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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 others 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. ' v

This program is the property of the District. Therefore, a recipient; fur.'ther
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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1.1

2.1

3.1

Introduction

This program is a hydraulic analysis system developed L?y the
Design Systems and Standards Group of the Design Divis1op and
the Data Processing Section of the Business and Fiscal Division
of the Los Angeles County Flood Control District.

Purpose

The program computes 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 pr1n01p1e use of the program
is intended for determining profiles in improved flood control
systems.

General Program Description

3.2 Basic Theory

The computational 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 per:.meter,

normal depth, critical depth, pressure, and momentum.

3.3 Camputational Procedure

3.3.1 Input Preparation

The channel or conduit system is initially subdivided
into the following elements: system outlet, reach,
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 outlet,
system headwork and any other element) and is limited to
a maximum 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
réduction 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, additional
Q cards may be supplied. The only limitation on the

number of profiles that may be run at one 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 composed of different roughness
coefficients a composite "n" based on anticipated depth
of flow should be hand computed. If an "n" value is not
specified with the input data, the program uses a value
of .014.

3.3.5 Water Surface Controls

Water surface controls at the downstream terminus
(System OQutlet 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 every section for the
given Q utilizing the "Specific Energy Equation".

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



The velocity head (Hy) is computed using the mean
velocity of the section. This may not be accurate in
the case of a complex 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 situation the user should be aware that
some 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
enerqgy (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
outlet is analyzed.

The upper stage w.s. profile, begins at the system outlet,
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 computation will proceed
upstream until the system headworks is analyzed. Note that
if the computed 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 1l0-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 FORTAN 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 thoroughly scanned 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 (from Phase II) to obtain a composite
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
€rrors are encountered, an error message will be issued and
processing will stop.

Output of the system consists of three reports:
l. 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
Outlet (SO) as number 1. Each successive element is 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 FigLire 5-1)

All elements are bounded on the upstream end by Section 1 and
the downstream end by Section 2 except System Outlet (SO) and
System Headworks (SH) which only have Section 1. 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 Outlet (SO) (Refer to Figure 5-2)

The system outlet is the downstream terminus of a channel.
X is equal 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 of 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 (reqular 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 outlet.
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 Outlet (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 from
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 1 or 2 can be a pipe.

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

The bridge exit is also considered to 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 element 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+1 may be a SH, R, JX or TS.

The section for element X+1 may be an open 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.



ELEMENT BOUNDARY LINES

~7Top of wall

@ { o .5'0/7@

N I 1:. '——-"“"—_
- ws. |-
r ?\—%—_ \f |
1
l Q! Q't sow |
bt
R i~
| \‘,l" N.' ya I {
I ‘,le- ---------- -—:k |
X S x 1% xes
ELEVATION



SYSTEM OUTLET

ELEVATION
FIG. 5-2

SYSTEM HEADWORKS

—
A

e
N
4
]
y
)
(

LEVATION
FIG. 5-3

9



‘-/nv.s/a,aesa el
T T T, "I'I’:\G |
| .. (L'/' : 1 \<." :
: \‘,‘}’ N: :\ \< i
! - & L L i
. s P
L.._'_r_"_/__-_..:.._.._’.r_-__.—{..._)E..l.... H

ELEVATION

v
PLAN A
(EXAMPLE OF CURVED ALIGNMENT)
-.‘24?'._ yA
< Pornt™,  peomeiEeee- ~
LR _ _
- ki
\ %l
PLAN B

(EXAMPLE OF A STRAIGHT REACH
WITH & PT. AT iD/S END)

FIG. 5-4
10



9 \
M ¥ | _Flow
0‘,‘40! W
M !
e 5 ]
g I A |
A=/ i X ) X/ i .
Ui a b b aadeiniade b , .
ELEVATION | JUNCTION
:5.’9;!_@ \o/ A f FiIG. 5-5
Aafem/fwa .
Low @z 0% Flow Qs

2-0—;‘6-;0/- Orre r\%\ﬁ
PLAN
R
% 1 Flow
T T -
7?7 L r 4 ey 7 o l\
N P i i TRANSITION
. Qr---“",‘“"};}\) !
Xl B X XAl FIG. 5-6
ELEVATION '
PLAN

11



BRIDGE ENTRANCE

Py Y r———

FIG. 5-7

ELEVATION
BRIDGE EXIT

ELEVATION
A
FIG. 5-8

12




?

WALL ENTRANCE 7/ SUDDEN CONTRACTION

2
o
/p]
7 S
NS
W M /“ W W ~I
X N .
R b Sy
SN | P N N
R | m.&m* Z (D)--Af--- 2| e
" z 0N Ll I A_V
1 O ™ ]
/ Q! P z| ! Q 3 Q!
: Vix g q° 5 =i Y
./l ) ._ v j P ’ l@ [N —_ !
>N h s m © o S N
<\ ™ . N
........... e | N IO N N By
Vrmﬁ}n_ﬂ 0 . @--i ...... ;IN.WNW.,*
! /mbm -~ f
I * -— T
i /Mﬂ X ~!
1 ) !
X! Ny L x|
S | | 1 |
-
<
=

EX /15 /077

13

~Solderr

ELEVATION
FiIG. 5-10




6.1 Channel and Conduit Section Description

Channels and conduits sections are classified as regular or
irregular 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 irregular 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 reqular 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 regular or irregular
channels are assumed equal.

6.1.2 Irregular Sections

The program utilizes the following irreqular cross sections:

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

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

14



6.1.3 Definitions & Restrictions for Irregular Sections

An irregular cross section (facing upstream) is defined by x and y
coordinates of points i (x, y) given in a counter clogkw1se direction,
from point i=1 to point i=n (minimm 3 points and maximum 99 points).
Point i = 1 (x, y) is where .

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

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

The center of the reference axis (x=o,y=0) 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 maximm 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.

15
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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 1-4. All dimgnsions
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
reqular cross sections, also to input data on piers for 115'regular
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
computation is desired.
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7.1.1 TITLE CARDS
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7.1.2 ELEENT CARDS
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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 composite 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 conposite 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 regt‘llgr
conposite watersurface profile print out and plot and in addition.
prints out the lower and upper stage profiles and prints computational
flow. A "2" placed in CCl results in the reqgular composite water surface
profile print out and plot and in addition prints out the lower and
upper stage flow profiles.
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Los Angeles County
Flood Control District

DATA CENTER JOB WORK ORDER

pare 3 /38/1

ATE WANTED Same

DIVISION D4t o1 card

PROGRAM No. +— O 5\ 5 P
Punch ’

Verify

Reproduce

Corrections

Interpret

Sort
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Computer On-line ]

Off-line Listing

IAVAY

Job Requested

SPECIAL INSTRUCTIONS:.
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8.1

OUTPUT DATA DESCRIPTION

8.1.1 Normal Output

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

8

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 F0515P 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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8.1.3 SAMPLE OUTPUT

51



sk
Aok
ki Y
T T2
Hedeok iy
el ¥

UnNd
UN3
Un3
UNS
UN3
Un3

176
%6
%6
%6
1v6
%6

8661

dur SAS 1dd°%d 6L YVW 8O Wd €1°60°2 YOIV WUUY Z9NI Y dsisud  Twe  wur
80F 8G9 SAS T¥d°%Y 6L ¥VW 80 Wd €1°60°2  4OIV WOLY ZyNTd ds1504 Tv6  Hur
HUF  8GGT SAS T¥d %Y 6L VYW B0 Wd €£1°60°2 HOTIV WOUY ZYNI Y dsls04  1%6 4o
U1 HSGST SAS 18d°%Y 6L ¥UW 80 Wd €1°60°Z 801V WOUY ZYN 1Y ds1504 146  gur
QUL 8GST SAS Tdd"%Y 6L ¥UW B0 Wd €1°60°2  HOIV WOUY ZYNI Y ds1s04  1v6  dur
QUM 8551 SAS Tdd*vd 6L ¥VW 80 Wd €1°60°2  BOIV WUUY Z9N1d ds1s04  Tv6 Hur
vy v TTTTTITILT vb 6666666666 Ceeeer
vy vy TITTTTTLLT vy 666666666666 NERNNN
vV vV 1 Y 66 66 er er
vy vy . _ 11 vy 66 reoer
vy vy _ 11 vy 66 er
VYYVVVYVYVIYY . 11 oYYt 666666666666 e
VVYYVYYVYYYY 11 YRy 666666666666 re
vy vy 11 vy oy 66 b6 e
W vy 11 vy by 66 66 re
Vv vy Tt vy by 66 66 rr
VVYYYYYYYYYY : 11 by 666666666666 I'IELETIIr
VVYYYYYYYY o 11 oy 6666666666  ITIPTPPPLP
dd  $S66556$%66  TITTTITILL 55656556656 00000000 44
dd 599666656595 TITTITITIT 545955655666 0000000000 44
dd §g 8 55 00 000 44
dd 4§ 144 g 00 0000 44
: dd g A $% 00 00 00 34
ddddddddddd $656656666 1§ $665666555 00 00 - 0U 49349444
dddddddddddd $4566556¢ 1 §66655656 00 00 00 44444444
dd dd s 1 $s 00 00 00 34
dd dd 14 1 S5 00 00 00 44
dd dd , S 1488 95 0U0O 00 34
dddddddddddd $5$56565566¢ 148 $66565565666 0000000000  J44449999944
ddddddddddd $45565555565 T 696966565566 0000000V 3339494444

UN4
L
UN3
UN3
Un3
UNd

52

Veskeokox
Vaesed
(23337
Vit
Vo e e ok
Voo



53

SLeg v v u)

0s*L s € ul

00°g 4 2 u?

0°0  0°0 0°U wo*s 0s*s  Q*0 0 € 1 al

) dodu . HLU1M  ¥313wy]g HLUIM  S¥3ld  4dAL  yn 3007

(0114 (6)A (8)A (LA . (9)a (VA {%)A (E)A (2)A (T)A ANI ¥4 ¢ ASVY T LH9IdH 431d JAY  4u on NHD 1335 uyv)

T d9vd . UNILSIT zchhmzmuwc.dmzchu = 311408d 49vdans LERR L)
ds$ 1404



1

UN 39vd

54

“NIVYU WYULS 3IdId UNV XUY TVIIdAL
= SI' ¢ UN INIT 9NIUVIH

6L61 ¢ L¢ wdd : 3Jlvy NUS¥dUdd "I NIAYVY A9 U4¥3UIND WAT4UYd 4 TdWVS
= S1 ¢ UN 3INIT YNIUVIH

00+5L UL 0Z+2L€ VIS *1 LINN 2026 UN fUYd
= SI 1 UN 3NIT 9NIUVIH

UNILSET Udvd 47LEL =~ 3H408d 3Iv4anS ddlvm
ONILSET Uuvd 47011 - 4711408d 3IV4Y0S ¥41vM

d s 160 4



H NVW

H NVW

H NVRW

H NVW

H NVW

H NVW

H NVW

H NVW

b4

0°0
Ld 9NV

0s°*%
ld 9NV

0°0
1ld 9NV

0%0
Y IHd

0°0
ld 9NV

0°0
1d 9NV

0°0
ld 9NV

0°0
Ld 9NV

0°0
% IHd

0°0
id 9NV

OUN 39vd

0*0

419NV

0°0
319NV

0°0
4TYNV

00°0¢
€ IHd

0°0
319NV

0°0
ITINY

0°0
3 TINVY

0°0
379NV

-00°0¢

€ IHd

00°91
3TNV

0o
Ad474 S M

0°0
SNIUvY

u*o
Stiuvy

(VR]
Siiavy

0°0 08°2sl 0°0 0°Sy
7=1Y3ANT €—-LY4ANI 20 €0
x® *

00"
SNIdvy

0°*0
snigvy

0°0

Saravy

0°0
SnIuvy

0*0 09° 1%L 0°0 . 0°0%1

#=LY3IANI €-L1¥3ANI 70 - €0
%* ¥

0°0

SHIavy

0e*est
Ad13 S M

3
1348
*
¢10°0 19
N 1248
P
€10°0 &
N 124S
%*
£10°0 e
N FRMERY
"
€100 0 Y €
N 2-1v1 1-1v7 194§
) * *
¢10°0 1
N 1248
%
€10°0 1
N 123S
&
£10%0 1
N 123S
*
£10°0 1
N 1.04s
*
£10°0 O b4 1
N Z-Lv1 T-1v1 1D3S
# %
€100 1
N B SER
%
1
12458
%

UNLLISET Udvd AINIWIIH - 4714084

ONILSIT UYvD 471110 - 4714094

ds T 604

£y *d9yL
LYJANL

€9°29L
LY3AN]
*

es 9L

IR-EV
*

0L 4L
LYIANT
*

€9 ¢Sl
LYdANI

e
b3

16*26L
LY4ANI
*

0L°1sL
LYIAN]
*

SU*LYL
Ly3aANI
*

0u° 1%L
LY4ANI
*

99149l
1Y3AN]
*

0v* 1y
1Y3AN]
%*

8%°0vL
LydANI

*

YU 004l S

NOLLVLS Vivd S/7n

SAIUMUVIH WHLSAS
00006

NUOILlVLS Vivd S/n

% HIOvid
00*06%L

NUILVLS vivd S/i

¥ ) HIVIY
00°008Y

NOILVIS vivd s/

% HIV3Y
0b*8%99

NUOILVLS Vivu S/n

* NULLONIP
06°8299

NOILVLS vivd S/n

* HIV3Y
0U°0%2¢%

NUILVLS viva s/n

¥ HIv3Iy
00°0L1Y

NUILlvlS vivd S/n

* HIV 3y

00°0€0Y }

NOILVLS vivd S/i

* HIV3Y
09°910%

NOILVLS vivd S/n

* NOTLIONGIP
06°000%

NOILVLS vivy S/n

* HIv3d
00°02L¢

NUITLVLS viva S/n

% L3TL0U WALSAS

dIVAENS Y Livm

4IV4UN1S ddLvM

S1

Sl

SI

Sl

St

S1

Sl

Si

S

Si

S

21

01

UN

UN

ON

UN

UN

UN

UnN

UN

ON

N

UN

UN

INIwIH
INELERE)
INECERE!
INECERE
INECERE!
INAW3TS
my,
INECERE!
INELERE!
IUELEAE]
INEPERE
IN3W3 T4

INdWd13



UNINNIYFY 3cz.m~ NUO1LVLIEWOI~u3 Y4 INNUINY Syuddd 1103 UN
UNILSTT UYvD In3wdg - 371404d FIvHuns LERR)

ONILSIT G¥VD 37014 - 3714044 IIVYNS - yILVM :
€ UN 39vd _,

d sl 90 4



34 + ANI

57

AITI®S M ‘SUNMUH NI NOILVA3ITI Lu3IANL SIVNOY B0 NVHL SS37 SI N3AIY zc~‘h<>u_._w dIVIYNS YALVM ~ xx 2 "UN ININYVM %=



0°0

- 0°0

00

0‘o

0°v 0*ou 0s°*L L1y 0°0

0°0 004°L

0°0  0°0  06°L 20179 0°0

0°0 | 261°Y

0°0° ©°0 DG L L1y VRd0)

00 191°¢

0°0  0°0 09°L 2Lty 0°0

0°0

0'0 80°L 06y Y9499 0°0

0°0 005" 4

0°0 80°L . 0%°*8 99% %9 0°0

0°0 166°9

0°0 80°L 0s°8 99479 0°0

0°0 16°2

0°0 80*L  05°*8 995 °G 0°0

0°0 G6T*8

0°0 80°L 05°8 9% °9 0°0

0°0

0°0 80°L 0s°8 6v€"L 0°0

070 005°8

00 80°L 05°8 6vE°L 0°0
%*******************%******%***************************

4z Hld3U WYUN

“UN Gl viu H1d3a A3
17 /4SV4 /19K WOILIND

dddAyY

1

0

¥31d
UN

J9vd

6L61 * 12 dW3d :

¥44dfisS

d1vd

962 LLL  09°¢
90°0 LU9400"
0%2°€LL  0€9°¢
L8 ¢ »ccwoc.
ZEL 6YL  0£9°C
$5°0 LOY500°
Y89 H9L  QLY°*e
60°0 Y9L900°
601°89L  €88°1
6£°S 188£00°
LEY Z9L  €8y°1
Sy 185€00°
200°86.  €yy°l
950 T88€00"
BSv LS. €¥y°l
$0°0 188€00°
Z1E°1SL  €yy°1l
80°0 16L4%00"
008°Y4L  L9L°2
09°1 20L500°
L96°%SL  191°2
4H IAY IS
*I4°0¥9  UvaH
AYdINI T3A

cutel 0°4ly
¢0°¢l c.wnw
2u°el U°uls
0%l c.mhm
[AVAR 0°099
1o°11 0°099
10°11 0099
10°11 0°099
Tu* 1t 0°099
e’ gl g°o08

GEET 0°008

14A v

999°0LL
0lytoLL
ZOL*99L
998°69L
922+991
%95°09L
611°96s
$L5°96L
62%°551
EE0°HGL

00e*esL

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

Add
*S*M

Yel'y

060y

FAVIV R,

7le el

9lL el

768 °8

690 s

§L0°%1

696°¢ 1

eey°*cl

0ZL*11

MOd 30

£6°29L  00°0USL
00100°0 - 00°01
(4947} 00*06vL
246000 0U*06Y
0L°8SL ~ 00°008Y
EBUR0°0 01141
£g°26L 06°899Yy
001000 ¥LS 1IN
[6°22  06°HlYY
490000 06°YBel
0L*TSL  00°0%es
4e900°0  00°0L01
S0°L%L  00°0LTY
00
996€0°0 00°0%y1 O
Ve I%L  00°0L0%
Y6200°0 0S¢l
Yy 1vL  06°v10%
SLEOU*0  YWLS LONNIF
0%"1%L  0%°000%
BZEOV*0 0$°082
87°0vL  00°0ZL¢
3 3 e 3¢ ofe 3k e e 2k e ol e ol e o o 3k Kok ok fe
0s "EREVA
A413
LY4ANT NUILYLS

Hld3dd

*NIVYHU WYULS 3d1d UNV XUY TVDIdAL

00+4L UL UZ+2LE VIS
ONLLSTT 471409d 30ovIdns ydLvm

ds1404d

NOSHIUdd *F NIAYVY AY U4YIINT WITHOUd 37dWvS
‘T LINND 2026 ON UYd



T oo

oe ell 10°0LL
L L3
- MH

€L*99L

J

6L61

4

ER AR A VA

L2 434

L1°09L

MH

E}

Lvd

NOSYdUdd °r

Fres oo

b¥* Y6l [9°¢4L Ze*usl 70 LYl YL %Y
I
~ .
3 I
3 M H ) 1
3 M H 9
y M H 9
E ’ M H o)
E M H 9

*NIVYU WYULS dd1d UNV XOW TVIIdAL
NIABVY AY UJ¥IINT WAT90Yd 3T1dWVS

™~

¥7°0%L

00°00sL
Y8 Ll
TL°uhEL
La*8Y¢L
e 161L
62°%11L
Y1°Le0L
VU*0YeY
A4 T
1L 508y
LS*Y2ZLY
Ly 199y
62°9L6Y
21°LbYyy

00°0eyy -

Y eghey
TL°692Yy
LS8y ly
et 11y
6l L0y
71°Ls64
00°UyYs
98°2089
1L*s2Ls
LG°8Yyg

ev° 1LYy

629644
1LY
V0*0YEsY
y8°292s
TL°681S
L$*801%
£7°*1e04

C62°hs6h

7L LigYy
00°008%
yg*dlLy
TL4%9y
LG BYGY
€yt loyy
629149y
Bl LEEY
00° 092y
CLARAEE
1L°6¢01y
La*BLO0Y
e 146¢
YAR T '13
v1°Ll6lE
00*02L¢

59



>_hu<xm U31107d 39 LUN AVW dWNP v LV mhznca YUd SNUILLVLS °¢
LIXd ¥0 IINVHING T1TvM =
LIXd d0 3IONVYLING 3901vy
Y4AU YNISSUYD SHA¥ND =
ANIT 3UVYY AY¥ING =
TANNVHD JU LHYI3AH =
NOTLYA3Td 4IV4uNsS Y3LvM =
Hid3u vIIilly) =
NGILVASIS LYIANT =
AYVSSOTY ° 1

S31LUN

—O2XTT WwXao >

60



Fk kK

ekxokV .

Bk V
HkERY
sk Ry
ok ok Y

1y¥vis
Lyvis
LaviLs
14v1S
13v1s
1¥v1S

IA At
Z121
rA XAt
[A YA
¢tet
étet

dUPrr 8681 SAS

lad*+y

6L

44

BC WV S0°66%L 80TV WUUY ZYNIY dsloUd 2120 dUf  1Luvis
gulr 4641 SAS Tad*vy 6L °¥3d 42 WV S0°6G°L 801v wOUd ¢YNIY dsisud 2121 dulr  Lyvis
U 84ST SAS Tdd*vY¥ 6L 43dd HZ WV S$0°65°L 801V woud Z9NILd dels04 2121 dur Luvis
q40f 8941 SAS T3d*%Y 6L 434 Y2 WV S0°6G°L 80lv WUOY ZHYNTY delis0d4 2121 "ulr  1uvis
UM 849591 SAS Tdd*vd 6L 934 8Z WV G0°65°L 80TV WUUY® AL ds1490d  21¢1 wul  LYvisS
HUM 86461 SAS Tdd*%d 6L H3d HC WV 40°6S°L Y01V woUY ZHNIY ds1904 <121 wul'  Lyvls
LAY vV gezeezeeeeeeee TTTTTITTE1T geeeeeeeeee TITITTIT111 ceeeer
vy vy 22Zedeeeeeeee TTTITTITIT1T cezeeeeeeeee Tttt cereeree
v vy x4 11 2¢ 11 rre e
vV vV e It 22 11 e r
vV vV e 11 2 il e -
VAAAAAAAA AT A ] 22 11 e 11 rr } \O
YVVVVVVVVVYY Zc 11 &4 11 e
vV vy ¢l 11 2e 11 r
vV v 24 11 &4 it (NN
vV vV 22 ez Tite 22 22 11ttt e
\AAAA A AN A AR A 2zecieeeeeee 150 I cézzeezeezee 1l rereereeer
VAAAAAA LA A ] 2ceeeeceeeee 11 2222222222 11 Cereeeeeee
dd 65656656459 TITTTILT0L 6699566646546 00000000 43
dd  46586545446¢ TITTITTITIT 646956555559 0000000000 44
dd 6% 11 99 ov 000 44
dd 9% 11 49 00 0000 44
dd 5% 99 0o 00 00 44
ddddddddddd 4455565599 11 64499649555 00 00 00 EEEEEEEE
dddddddddddd 544646969 11 4654455444 00 o 00 44494444
dd dd GG 11 %9 00 0Ou 0o 44
" dd dd 1 11 56 00 UV 00V 44
dd dd x4 1111 59 0000 44
dddddddddddd 654545555445 111 6466656646456 0000000000 444444444444
ddddddddddd 4454645666446 11 6695659545644 000V0VUL dddd444d4434

Vok k%
ok o % 3%
Ve e e ke
Vs
Voot
Viaeksedk



(0T)A
1

(6)A

9vd

{(8)A

(LA

(YA

(S)A

0°0 00°¢
0°0 00°¢
0°0 00°¢
duyd

(2)A (€)A (2)A (1)A ANI d2

12

00°0u
00° 0y
0u*uy

HLUIM
4Svd

INITLISTT NOTLINISH0 1INNVHD - 371409d 32vd4uiS

da140d

00° Vg
00°0¢
00°0¢

ydl3wvid
T LH9I3H

YydLvM

H1UIM
“¥dId 3Inv

4
1

0

Sydld
dU UN

13
€
1

4dAl
NHD

€
4
[

UN
IMELY

62

cCeco
cCoe

10U
Udv



63

* Sy3ld HLIM TINNVHD TVGI0Z3dV¥L 19IIdAL
| - SI € ON 3NIT 9NIUVIH
6161 * L2 834 : 31V NIHVHS *F NVWVS A4 UJ¥4LIN3 WA180Hd 3T1dwvsS
- SL Z ON INIT 9NIUVHH
00+562 01 00+902 VLS ¢ 334D VNOIIVE _
- S1 T UN 3NLT 9NIUVIH
ONTLSIT G¥VD 341010 — 4711308d 32V4u1S B3LvM

- ONILSIT Uuvd d0LIL - 3714048d 4Iv4Y01S d3ILvm
1 un 39vd d s1¢$04d



0 0°0
H NVW - ld 9NV

0 0°0
H NVW 1d 9NV

0 0°0
H NVW . 1ld 9Ny

0 0°0
H NVW Ld 9NV

0 0°o0
H NVW Ld 9NV

0 0°0
H NVW 1d 9NV

0 0°0
H. NVW 1ld 9nv

0°0
4TONY

0°0
39NV

0°0
FTINV

0°0
IT19NY

0°0
3T9NY

0°0
319NV

0°0
479NV

0°0
SNluvy

0°0
Sniuvy

0°0
Shiuvy

0°0
Snldvy

0°0
Sitluvy

0°0
Snidvy

0°0
Silluvy

0°0

Add S m

0°0
Adld S M

ININNIOAY MUN ST NOLLVLNdWUI-U

19 80%¢2
123S  1y3ANI
%
%10°0 1 80°¢e
N 133S  1y3ANI
* *
0L9°0 _ 1 LE®ST
dd 123S  1L¥d4ANI
*
%10°0 € Le*st
N 124S  LY3ANI
% *
€ T1°s1
193 L¥3ANI
- _
%10°0 1 1T1°91
N ’ 123S  LudaNI
* *
%10°0 1 00°st
N 123S  LudANI
%k *
%10°0 : 1 00°¢1
N 123S  LY3ANI
x* %
0,490 1 11t
dd 134S  1d4ANI
*
%10°0 r4 11°11
N 123S  1Y34ANI
* *
¢ 5601
124S  1ydAn]
sk
%10°0 i $6°01
N 124S 1 YdANI
* *
l %6°%6
1248  1udand
% %

UNLLSET U¥vd INIWdTH - 3714084

ONLLISTT YYD 47011 = 99t anvq

mxm»z:cUZW.mxcxzm Lidg3d un

SHYOMAVIH WILSAS ¥V ST €1 ON LNIWIIY

00°00462
NOTLVILS VLiVU S/0
00°00ss¢
NUTLYLS viva s/n
* HOViY v
89°09622
NOILVLS ViVG S/N
JONVYINTG 39Uluy v
89°0992¢
NOILVLIS  vivd S/n
* HIV3IY v
89°094%22
NOTLVLS vivd S/n
LIX3 39U1yy v
49°09%¢¢ .
NOILVLS vivd S/
* HIVYY Vv
9L°61v<ce
NUILVLS Yivd S/n
* ) "HIVIY ¥
9L*61c2e
NOTLVLS vivda s/n
* HIOV3Y Vv
00°08€12
NUILVLS vivu S/
JINVAILINTG 39UIdy v
00°08¢12
NUILv1S vivd S/n
* HOVId v
00°00¢cl2
NOILVLS vivu S/n
1IXx3 49Ulyy v
00°00¢e1e
NULLVLS viyy S/
* HJvdy v
00°0090¢
NUTLVLS vivd S/
* 411010 WHLSAS v

3Iv4YNS ddivmM

e v

SI

S1

SI

S1

SI

SI

SI

SI

S

Sl

Si

2t

11

01

ON

UN

UN

UN

UN

UN

UN

UN

UN

UN

UN

UN

-

IN3WIE
IN3W3T3
IUEPERE]
ICELERE)
1N3W313
=t
%)
INECERE
IEPERE!
ICENERE|
IN3W3T4
ICECERE

INdW4Id

iNIW34



U + ANI = A313°S°m *SWiMUH NI NUILVANII 1udan) SIVIod 3U NVHL SS347 S1 NdALY NUILVAITS JIVIUNS YALVM - %% 2 *UN ININYVM xx



00 _ : LIx3 3901y

0°0 0 00°t 00°08 00°0¢ 0e8°6T  .0°0  wey'zy 9PL 0T Te°92  0°0088%  260°2Z¢ Z86°91T  T1°61 89° 044922
00°€ . €92°91 60°0 $L2200° _ | 69200°0  z6*0%
0°0 0 00°€ 00708 00°0¢ 0€¥ 61 0°0  gwL°zy SBLT0T  9e°92  0°00S8S  096°1% 096°9T  00°61 YL°61v2e
| 00°¢ _ L6%*6 L0°0 €E49%200° _ 00020°0 g/°y¢
0°0 0 00°¢t 00°08 00°0¢ 0€8°61 0°0  9L9°2y €98 1T %9°LZ  0°0098%  1I18°0¢ YBE'YT €y 4] 10° l6€22
00°€ Lev*6 - 01°0 061200 . : : 0002070 £S°yE
0°0 0 00°t 00°08 00°0¢ 0E¥°*61 0°0  €£16°24 0SO°EL  66°8Z  0°0098S  £25°62 628°5T  6Y°gl 8h° vSELL
00°€ | Love , 11°0 BETE00° 00020°0 2L°vg
0°0 0 00°€ 00°08 00°0¢ 0L8°6T  0°0  g9nezy 65071  60°0t 0000585  40%°y2 90%°Ss1  00°€l  yiteleze
00°€ 026°L1 60°2 960£00° v 10200°0 Lv*5Ly
0°0 0 00°€ 00°08 00°0¢ 0€8°61 0°0  ZLE*OY I8L°21. 69°4Z  0°0068S  166°s2 676°ST  %9°T1 ' 62°9oyle
00°¢ | 02s°L1 : _ SL°0 L2¥200° _ _ 10200°0 62°%y¢
0°0 0 00°€ 00°08 00°0¢ oE¥tel  0%0 $29°%6¢ 6LE*ZT  €2°8Z  0°00S8S  99z°12 YET*YT  T1°11 oc.cxmﬁwﬂm
, 00°€ . JINVIING 390144
06°2 1 00°€ 00°08  00°0¢ $60°0Z  0°0  9Ylg£*et 682°T1  96°92  0°0098%  120°yZ L16°91  T1°11 00°0BETZ
00°¢ S8yl ¥Z°0  686200° 00200°0  00°0w
0s*2 1 00°€ 00°08 00°0¢ $50°02 0°0  1L0°6€ 9TT°TT  9L°92  0°00885  196°12 11041 $6°01 00°00€12
00°€ LIX3 490ivy
0°0 0 00°€ 00°08 00°0¢ OEY* 6l 0°0  2L0%6t v09°T1  ¥wE°LZ  0°00S8S  gyv°;2 BIS°91  §6°01 00°0UETZ
00°¢ £19°L1 0L*T 1£4200° 10200°0  00°00L
0°0 0 00"t 00°08 00°0¢ 0£8°61 0°0  e69¢°s¢ 9L6°0T  64°92  0°005HS  €6t°92 LS8 Yl bg'e 00°0090¢
***********************************************************************************************************************************
uz Hld4U WYUN 4H 4AV d§ us Wat4/74
4dld SUN df viu Hld4U LENE] *I4°uyy C@mI AdT4 MUY du LERE|
dd4AV  UN 12 /4svy /L9H - WILLTIYD  dddis AVYINS RETA RET. v} *Se*m - Hlddd LYdANT - NUTLVLYS
. * S¥dld HLIM HNNVHO IVGIUZIdVEL 1Y) [dAL
6L61 * [¢ 944 : 4ivu NIHVHS *f Wywvs AY UdddINg wilduyd 3 1dwWVS

- 00+442 UL 00+v02 vis ¢ A334D YNUTIVY
UNLLSTT 31130dd wu<um:m.mwh<3 .

ds1%04

1 J9vd



0°0 0 00°¢ 00°08 00°0¢ 0ty 61 0°0. $s¥°6v SY%6°Y S1°12  0°008S  0l6°2Y 0ty*61  ¥0°€Z

00°00562
00°¢ LOE*91 ~ %0%0 92€100° 29200°0 g1
0°0 0 .00°€ 00°08 00°0% VEY'6T  U°0  Elwtes T4y u1-22 0T00S8S  2.1°2%  9iT°6T  00°€Z  v1*8yvgz
00'e LSE* 9T g1°0 +15100° 29200°0 zo°v1i
00 0 00" 00°08 00°0¢ | 0£8°6T  0°0  LE9%°6%  <0v's 126z 0°00Sus Ze2 1y 09881 69°2Z  21°2gesZ
00°¢ LsE" 91 £9°0 82L100° . 29200°0  Zy"y4z
0°0 6 00°€ 00°08 00°0€ UEBTel 070 B0Z"6¥  9¥2°6 09wz  0°00S8S  296°6€  226°i1  %0°2Z  09*€0lsz
00°¢ L66°91 860 206100° . 29200°0  s€° Loy
0°0 0 00°€ 00°08 00°0¢ UEBTeT 00 Lzz®®y  OLITOT 69792  0°00SH5  LSO°8E . 2221 €10 S1°909%2
00°€ LSE°91 29°2 152200° 29200°0  $6° 4911
0°0 0 00"t 00°08 00°0€ | OE¥™6l  0°0  $09°Sy  LBI*TL  w8°9Z  0°00885  819°%¢ . WEL'9T  9°L1  02°[woez ~
00°¢ La€* 9T 91°2 649200 : 29200°0 zet08y
0°0 0 00°€ 00°08 00°0¢ _ OEYT6T  0°0  Buv ey ZISCIL - €2°4Z  0°00S8S  9€6°1¢ 995°91  LE'ST  y9*0yszZ
00°¢ . . IINVELNI 39014y
$2*T 2 00°¢ 00°08 00°0¢ 590702 070 991tey  OvE'Ol  T°6Z  0°008¥S  9Z8°ZE  wsvLl  L£°5l  89-09sez
00°¢ 1€5°81 2€°0 222£00° 0v200°0  00°001
92"l 2 00°€ 00°08 00°0¢ 880702 070 wwwtey  Z8ITOT  19°SZ 0°0088S 29926 266Ul T1°6l  w9°0yyer
*************v.w***********.************************%*********************************************************************************
uz _ HLdIU WYUN 4H - AAV 45 us W33/
¥ild ‘UN 4T VI HLdI0  A4T4 *73°0¥9  Uyan A3 MO 20 A4T4
WAUAY  UN© 12 /4SVH /19n CWWOLLIND  ¥3d0S AYYING 1A 14 o *S*m HLd3U  L¥3ANI  NOLLVLS

S¥dld HLIIM TdNNVHD IVUIUZ4dVYl TVIIdAL
6L61 * L¢Z Widd4 : JLvd NIHVHS °I" NYWVS AW UJY¥3LiNd WITHU UG 3 1dWVS
00+54¢ UL 00+90¢ VIS * M34¥d vNUTIVW

ONLASIT 47140dd 32v480S ¥Ilvm

4 J9vd dslsud



w

x
XYoo

34

X4

elL®yYy

Le® vy

H

Immmmucmmmmmmmm&mmm&mmcummmmczm

H

4

¢0°0Yy

d

99°6¢

2

e 1e

M

mcmmmmmcmmmmcmmmmmmmmmmmmmmmmmmcmmmmmc~

Immmmummmmmmmmmmmmmrimmummmmmmz

H

3

H
H

HYHYIdU8 Y YUYYYYIHEYHY IUHEdY UM

H

1T

4

3

3

J

J

J

J

M

mmccmrmmmccmmmmxmmmmmmcmmmmmmmmxmmmmmm—

J

3

o)

M

96°9¢

M

M

SYdld HLIM

09°¢e s¢*81

¢w22<IJ IVOTM7 daw

68 ¢l

Ve

I

1

1

v6°6

I

M
mmmmmcmImmmmmm:mmmmm¢mm¢mmm¢mcmmmxm¢mm~

1

1
Immmmwmmmmmmmmmwmmmmmcmmummcmmmzmmmmmxmmxmmm&mmmmmmxmmmmmmxmxmmxmmamm_

0000662 -

00°00%ge
00°00es¢
00°00¢9¢
00°0019¢
00° 00062
00°006%¢
00°008%2
00°00L%¢
00°00Yy%¢
00°*004a%2
00°00%%¢
00°00€%¢
00°00¢%e

00°001%¢"

00°000%¢
00°006€¢
00°008¢
00°00LE2
00°00v¢¢
00°005€¢
00°00%€¢
00°00€€2
00°002¢€2
00°001€2
00°000€¢
00°00622
00°0082¢
00°00L22
00°00y¢2
00°00622
00°00%¢2
00°00€22
00°00¢2e
v0*00122
00*0002¢
00°0061¢
00°00812
00°00L1¢
00°0091¢2
00°0051¢
00°00%1¢
00°00€12
00°00212
00°00112
00°00012
00°00602
00°0080¢
00*00L0¢
00°00v0¢

68



ATLOVX3 U41107d 3¢ LON AVW dWHP v LV SINIUd HUd SNUILVLS *¢
LIXd d0 FINVHIND TI9M =

LIXxd du IINVYLING H9U14Y

Y3AU UNISSUYD SdAdND =

ANIT 3UVEY AYYING =

TINNVHD JU LHYIIH =

NOILVYAJTT 30v4unS d3lvm =

Hid3u WJILi¥d =

NOILVASTd L¥4ANT =

i}

-—-uz:r_mxo:>—

AYVSSUTY * L

S d1UN

69



9.1 ERROR MESSAGES AND EXPLANATIONS
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9.1.1 ERROR MESSAGES IN EDITING THE ELEMENT CARDS

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

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

3) 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.

5) 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 HAD 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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1)

3)

9.1.2 WARNING MESSAGES IN EDITING THE ELEMENT CARDS

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. ’
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9.1.3 ERROR MESSAGES IN SEQUENCE CHECKING THRU CHANNEL

1)

2)

3)

”

5)

6)

7)

DEFINITION DATA

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

There must be a system headworks card at the end of the e}emerit
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 type 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 will 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.
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8)

NO SYSTEM HEADWORKS CARD BEFORE CHANNEL DEFINITION
OR CROSS SECTION POINTS ' '

The system headworks card was omitted or is out of sequence. It

‘should be the last element card and should immediately preceed

the channel definition cards. '
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9.1.4 ERROR MESSAGES IN SEQUENCE CHECKING CROSS SECTION

1)-

2)

3)

4)

5)

6)

7)

POINTS CARDS

INVALID OR MISSING NUMBER OF POINTS VALUE - MUST BE
BETWEEN 3 AND 99. CODE = XXX ISECT = XXX NO PTS = 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 MISSING - 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 ON LAST CROSS
SECTION ' '

The last input card was read before all 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.

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 humber 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. Sectio
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 value 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.
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9.1.6 ERROR MESSAGES IN CROSS SECTION POINT PROCESSING

1)

2)

3)

4)

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. ' :

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 seétion_point cards for
the data which is out of order. '

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.

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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9.1.7 COMPUTATION ERROR AND WARNING MESSAGES

1)

3)

4)

5)

6)

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 shoul.d pe
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 element have been
pProcessed. 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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7)

8)

9)

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.

81



12)

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 hydraulic 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
hydraulic 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.
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16)

17)

18)

19)

20)

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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21)

22)

23)

24)

25)-

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;

1If 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, sequence 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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26)

27)

28)

29)

30)

PIER WIDTH IS WIDER THAN CHANNEL WIDTH IN XXX, DEPTH =
XXX, PIER WIDTH = XXX;

Either force, area, or wetted perimeter, depth, and average pier W.idth
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 th.e
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 end 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, YMIN = 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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31) 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.

32) 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. -

33) 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.

34) A LATERAL ANGLE OF CONFLUENCE IS GREATER THAN 90 .
DEGREES IN DEPSMP, FIRST ANGLE OF CONFLUENCE = XXX,
SECOND ANGLE OF CONFLUENCE = XXX;

The angles 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. ' ’

35) 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 repres enting 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.

36) 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 PROFILE,
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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1l.1 PROGRAM LIMITATIONS

1)
2)

3)
4)

5)
6)
7)

8)

9)

9-28-81

A maxjmum of 200 elements are allowed per run.

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

Critical depth cannot exceed 100 feet.

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

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

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

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

The invert cross fall "e" in inches is optional and may be used onl!.y
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 DEFINITIONS

Symbol ~ Definition
A Cross sectional area of flow

Ap : Cross sectional area of pier

b Base width of channel

bnet Net base width of channel

bp Average base width of piers

D Depth of flow

Dc Critical depth

L Length between two stations

H Drop in invert between two points

DH ) Maximum open flow depth in a section:

Ten feet above channel height in open section,
Height of channel in closed section

DN ' Nommal depth

E Specific Energy

EGL- Energy Grade Line elevation

e . Invert cross fall in inches may be used with

channel type two only (optional)

F Force

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

HB Head loss due to bend or curve

HF Head loss due to friction

:9) Head loss in a junction

HMH Head loss in a manhole

Ht Head loss in a transition

BV Velocity head

INV Invert elevation in a channel section

M Mamentum

n Manning's n, coefficient of roughness

No P Number of piers in a section (max. of 10)
P Hydrostatic Pressure

Q Flow rate

R Radius of pipe"

RH Hydraulic radius

r Radius of curve on horizontal alignment
SF Friction slope (energy loss per foot)

Sc Critical slope. (slope at critical depth)
So Invert slope -

SE Super elevation

STA Station

\4 . Velocity

WP Wetted perimeter
- WS/HGL Water Surface or Hydraullc Grade Line Elevation
ZL Left side slope :
ZR 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) fromi =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) EZ’ cqordinaée oé base of pier, from P =1 to P = n given from left
o right (0>n=>10)
AX@ = X@) - X(1-1)
AYGE) = Y() - 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 YABEG) = Ymax
: and X(iBEG) is least X for Ymax
If [Y(D)< Ymax] then YABEG) = Y(D)

X(BEG) = [ A X(i+1) /AY(+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 Y(iEND) = Ymax
énd X(iEND) is the maximum X with Ymax.

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

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

where X(1) = X(iBEG)
Y(1) = Y(iBEG)

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

where X(n) = X(iEND)
Y(n) = YHEND)

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

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 geometry of the

channel or conduit section.

1.

2.

5.

6.

9-28-81

CHAN. TYPE 1:

A =D [bnet + 0.5 D (ZI+ZR)]
CHAN. TYPE 2:

A = [D . bnet] - [e. bnet/24]

CHAN. TYPE 3:

If D is less than Chan. height (H) see Process 1l. -Otherwise:
A =H [bnet + 0.5 H (3L+2R)] - [0.25 (1 + NOP)]

CHAN. TYPE 4:
If D is equal or greater than Diameter
A= 1 @®?

otherwise

A = (DR) \/2RD- (D)2 + [7T (R)® ,180] [Arcsin ((D-R)/R)] + 7T (R)/2

CHAN. TYPE 5:
€=ny/ ‘ - P=n

A= z AX(i) [¥Y(D) - ¥(i)] + 0.5[AX(i) - & Y(i)] - Z (bp) [¥(D) - ¥(P)]
‘-2 ‘ P=/

CEAN. 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.

1.

CHAN. TYPE 1:

we =D [\1+ @ + \1+@rr +e *NOP)] + bnet
CHAN. TYPE 2:

WP = 2D (1 + NOP) + bnet

CHAN. TYPE 3:

If D is less than chan. height (H) see Process 1. Otherwisé
WP = D[ \jl +(zZL) o+ \'1 +(ZR) + (2#NOP)] + [2bnet] + [H (ZL + ZR)]
CHAN. TYPE 4:

If D is equal or greater than pipe diameter (2R) then

WP = 27 R |

Otherwise

WP = [7TR/90] [ARCCOS ((R-D)/R)]

CHAN. TYPE 5:

tzn i P=r_
WP = Z \[[,AX(i)Jz +[AYWD]  + }i 2 [Y(D) - Y(P)] - bp
(=2 A P=1\

CHAN. TYPE 6:

If D is less than Ymax see Process 5. Otherwise

P=r_

(=1
= Z \l [ AXOT +[ av@]®  + Z 2 [Y(D) - Y(P)] - bp
(= 2
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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. CHAN. TYPE 1:
R .
P =0.5 (D) [bnet +D (ZL + ZR)/3], where bnet =b - (NOP = bp)
2. CHAN. TYPE 2:
Zz
P = 0.5 [bnet (D)" ]

3. CHAN. TYPE 3:

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

4. 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 = (& /3) {[(C)2 - (2C) + 3] \Izc - (Y +[Z7%‘(C'1)] [90 + ARCSIN (c-1)]}

5. CHAN. TYPE 5:

l‘=15,—\-| : P"‘"\— 2
P = O.SZAX(i) [D - Y(i)]z + AX(@E) AY(@E) [D - Y(E) +AY()/3] -20.5 bp [D - Y(P)]
€ =2, ] 4 P=)

6. CHAN. TYPE 6:

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

P =) 0.5AX(M) [D-YM]*+0.5AX() AYE) [D-Y@E) + AY()/3]

=

oF

=M )
- bp [Ymax - Y(P)] [D -~ 0.5 Ymax - 0.5 Y(P) ]

=\

)
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12.3.4 DEPTH OF FLOW (D)

Depth computation when area of flow is known.

l. CHAN. TYPE 1:

b= 1 bnet + \ﬁbnet)z+ 2(ZL + ZR) [A]}
2 +7Z

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

3. CHAN. TYPE 3:
Compute AH (The Full Area of a closed section).
Ifa is. less than AH see Process 1. Otherwise:
D = HGL - Inv. |
4. (HAN. 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. (HAN. TYPE 5:
Find D by trial and error from Area of part full section.
6. CHAN. TYPE 6:
Compute AH
If A is not less than AH then
D = HGL - Inv
Otherwise
Find D by iteration from Area of part full irregular section.
98
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12.4 COMPUTATIONAL PROCEDURES

Assumptions are: Steady one dimentional flow and incompressible fluids.

12.4.1 BASIC EQUATIONS OF STEADY FLOW

a) Equation of Continuity

Al.V1 = A2,V2 =Q

b) Manning's Formula (friction slope)

2 ) &
Sf = -{Qn/[1.486A RH)? ] }

c) Bernoulli's Equation (open flow)

v 2
D2 +HV2+ AL Sfav=D1+HVl1+ ALSo whereHV =V/ 2g

d) Bernoulli's Equatioh (pressure flow)

D2 +HV2+ A LSfav+Hm =D1+HV1+ A L So

. 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 Loss

HB = 0.2 HV \l A /90

where A is central angle of bend in degrees.
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g) Manhole Loss
Hmh = 0.05 HV (No. MN) where No. MH is number of manholes in a reach

h) Specific Energy

E =D +HV

i) Pressure - Momentum

P2+M2=P1+M1 =F
,
where M = (Q)™ / (Ag)

J) Critical Depth Dc

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

Ec =f (Dc) = Dc +HVC

k) Normal Depth Dn

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

ARH)? =1 (Dn) = [Qun] / [1.486 S0’ % |
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12.4.2 REACH ANALYSIS

a) Open Flow
Intermediate points are computed on the W.S. prot:ile in a reach using
the standard step method. The difference in velocity head between two
adjacent points is held t6 a2 maximum of ten per cent.
AL = (E2-E1)/ (So - Sfav)

b) Pressure Flow

EGL 1 = EGL 2 + Hf + Hm
D1 =EGL 1 -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)]

Supercritical flow: S.E. =2.6 [HV/r][b+D (ZL + ZR)]

CHAN. TYPE 2: (Rect. Sect.)

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

2 HV b/r

Supercritical flow: S.E.
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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 [HV1 - HV2]

12.4.4 JUNCTION ANAIL YSIS

AY = [(Q2.V2) - (Q1.V1) - (Q3.V3.COS03) (1/g) (1/A ave)] + AL Sf av
where A ave = [(Al + A2)/2]

and AY =D1+AH - D2

HJ = AY+ HV1 - HV2
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12.4.5  PIER ANATYSTS
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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 equation.
M2 +P2 = M1 [(A1-AIWALL) / A1] + P1 - P1 walls
where A1l wall is the area of the obstructed part of Al. And P1 wall is the

Pressure on the obstr_ucted part of Al

Upper Stagé 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-AIWALL) / A1l + P1 - P1 wall
otherwise find D1 by iteration from the following equation:
D2 +HV2 +Kc ABS [HV2 - 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
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