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Abstract

Irrigation by gravity from a water delivery system where the difference in
elevation between the canal's source and the fields is small requires care-
ful use of the limited head available. Drop structures normally used to
control flow are mot used in order to conserve head. Instead a desired
distribution of the flow is achieved by sizing canal and channel turnouts.
Turnout size depends on the required discharge rate and on the dirfferential
head., This head in turn is determined by flow rates in the connected chan~
nels and their cross-sections, hydraulic roughnesses and slopes. Since the
flow rate and head are interdependent, an iterative procedure is required
to solve the turnout size problem., Furthermore, a change in water level at
a single point may be reflected throughout the entire system. A computer
model solves the hydraulics of the integrated system. Application of the
model is demonstrated in the design of the distribution system for the
Abyuha region in Middle Egypt.
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HYIRAULIC DESIGN OF
A CANAL SYSTEM FOR GRAVITY IRRIGATION

By |
Timothy K. Gates, William O. Ree, .
Mohamed Helal, Azza Nasr and David J. Molden

INTRODUCTION

The rehabilitation of the irrigation system for the Abyuha area in Egypt
involved a change from a partial to a complete gravity flow delivery
system. A computer model was developed to aid in the design of the new
system.

At the outset the designers realized the difficulties they faced in
designing a gravity flow delivery system with a small head difference bet-
ween the water surface elevation in the canal's source and the agricultural
land elevation. They could not readily follow the specifications for water
control set forth in Jensen (1980) where it is stated, "Adequate structures
must be provided in the delivery systems to permit control and regulation
of the water flow" or those of Robinson and Humphreys (1976) who said, "An
efficient irrigation system requires that the operator have complete
control of the water. Open chamel water control on the farm is achieved
by using structures to control the water as it is conveyed from the main
canal or lateral headgate ........... to its destination on the field".
Water control by structures is best accomplished when structures have
unchanging head-discharge relationships which means freedom from tail water
effects. To eliminate such effects would require head-consuming drcps
which could mnot be used in a small head system. Thus, the designers opted
not to use drop structures for water control in the system except for
checks in the mesqas (tarm chamels) as needed. Instead, they would rely
on a careful accounting of all head losses to estimate the tail water ele-
vation at a structure location. The tail water would be taken into account
in the design of the structure. They realized that the system operation
would be affected by the friction factors for the distributary camal and
mesqas. As the friction factors varied so would flow distribution charac-
teristics of the system vary. This variation could be kept within limits
by canal and chamel maintenance, i.e., clearing and removing vegetative
growth., So the designers stayed with the plan to base their design m
carefully selected turnout sizes and on friction control. The alternatives
were to abandon the design attempt or to design a system requiring pumps.
The latter alternative was not very attractive in view of the high cost of
energy.
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A design procedure (Appendices A, B and C) was developed that will be use-
ful for application to relatively level areas with limited elevation dif-
ferences between land surface and water supply surface. The model may seem
complex because of the great amount of detail involved. Actuzlly, the
theory is relatively simple and ordinary hydraulic computation procedures
were used.

A limitation of the model is that no provision has been made for including
drop structures for regulating flow division. It is suited for level areas
like the one which led to the development of the design procedure, the
Abyuha region of Middle Egypt.

SITE DESCRIPTION

The Abyuha region of the Egypt Water Use and Management Project (EWUP) is
in Middle Egypt about 17 km south of the city of El-Minya. It is an inten-
sively cultivated, irrigated area of about 1213 feddans (509 hectares)
where the principal crops are berseem (a forage legume), cotton, sugarcane,
broad beans, corn and wheat. The average farm size is about 0.83 feddans
(0.35 hectares). The site is served by the 4000 meter long Abyuha canal
which in turn receives its water from the Ibrahimiya canal. Twenty-seven
mesqas receive water from the Abyuha canal and distribute it to the fields.
In addition, nine turnouts are used to directly irrigate a total of 25.4
feddans (11 hectares) at various locations adjacent to the canal. Figure
1 is a map of the area.

The site is quite flat, its surface varying but one meter in elevation.
About 700 feddans (294 hectares or about 60 percent of the area) was irri-
gated by gravity flow, though with low head. at the time of design for-
mulation. Hand operated tambours (Archimedes screw) or diesel engine
driven centrifugal pumps lifted water to the remaining area.

Irrigation water is supplied by the Ibrahimiya canal which receives its
water directly from the River Nile. The possible flow rate into the Abyuha
canal depends directly upon the Ibrahimiya canal water level which varies
seasonally, reaching a peak in July or August and a low in December. This
level is a primary constraint on gravity irrigation feasibility and there-
fore hydrographs of the canal water level for several years were given
close scrutiny. For the design of the Abyuha system the 1980 water level
shown in Figure 2 was selected for future water level prediction. There is
little or no rain in this area; thus, for design purposes precipitation was
assumed to be zero.
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Figure 2. Water level available in Ibrahimiya canal at the inlet to

Abyuha canal (1980 data).



PRELIMINARY INVESTIGATION

Studies of the existing system showed that small stream sizes were a major
problem. Head at the farm fields was often inadequate because of excessive
head losses upstream. Also, lack of control of the flow into and out of
the mesqas caused excessive loss of water to the drains. Any plan for a
gravity flow delivery system would need to address these problems. Also,
the many small fields under separate ownerships dictated that the existing
layout of the water delivery system essentially would have to be retained.
Some minor changes could be made if found desirable, such as eliminating an
existing mesqa and supplying the affected fields from an adjacent
mesqa. The eliminated mesqas would be replaced with roads to facilitate
farm access and thereby promote mechanization of farming practices.

Comparison of the water surface elevation in the Ibrahimiya canal with the
‘land elevation revealed that it was possible to bring the entire area under
gravity irrigation. The water level would need to be raised in the distri-
butary canal and the head thus gained be conserved by a more efficient
chammel system and adequate turnouts.

Several systems were investigated before the final selection was made. The
single canal of the present system was compared with a two canal system,
the second canal located at the Belt shown o Figure 1.

Continuous versus rotation flows were studied for both systems. The fiuding
was that a system with a single distributary canal carrying flow every
day (continuous flow) would require the smallest canal and would mnot
require a flow dividing structure. The flow would be rotated among groups
of adjacent mesqas. This is an accepted practice. Cerdon (1972) defined
it as, "The principle of rotational irrigation .......... based upon con-
tinuous water deliveries to relatively large areas which are subdivided and
receive water by rotation".

PERFORMANCE REQUIREMENTS AND SPECIFICATIONS

At the outset goals were identified and these are summarized in the
following performance requirements:

1. Deliver water to any point in the area by gravity flow and within time
to meet crop need (or approach these requirements as nearly as
possible).



2. Have the capacity to supply water requirements with flow during day-
light hours only (since farmers in the area were accustomed to irri-
gating during the day only).

3. Have the capability to deliver water with flow rates and head large
enough to facilitate high application efficiency.

4. Prevent waste of water through drain outflow.
5. Have a system acceptable to farmers.
6. Have a system simple to operate.

7. Make the changeover with the least disturbance to present operation
and take no additional land out of cultivation.

The preliminary investigation and discussion with staff and project people
led to the establishment of specifications for the system. Some specifica-
tions were based on current standards for irrigation work, others were
based on the opinions of people who were acquainted with the area and knew
what was practical and acceptable. For example, the initial decision not
to line the canals and mesqas was made without Ffirs: making detailed
hydraulic and economic studies. Rather, it was judged that for the given
conditions the costs of lining would far outweigh any benefits derived.

The specifications for the Abyuha system were:
1. Retain the present location of the distributary canal except for minor
straightening or shifting to stay within the designated legal boundaries

for the canal.

2. Retain the present mesqa locations. Some mesqae may be eliminated and
replaced with roads.

3. Equip each turnout to a mesqa with an adjustable gate.

4. Do mot line the canal.

5. Provide a flow measuring flume in the distributary canal.

6. Install outlet check structures at the end of the distributary canal and

each mesqa to create head needed at turnouts and to prevent flow to
drains {except for emergency overflcw).



WATER REQUIREMENTS AND LELIVERY SCHEDULE

The wolume of water required by a crop during a specified time depends upon
the crop, its stage of growth and climatic factors. Potential evapotrans-
piration formulas like the Pemman, the Blaney-Criddle or the Jensen-Haise
which provide a relationship among these variables are generally used to
estimate the water requirement. For a detailed presentation of these
methods see Jensen (1980). In Egypt the Ministry of Irrigation (1981) has
developed information on depth of water required for major crops in Lower,
Middle and Upper Egypt for each month of the crop growing season. These
data were used to estimate water demand, The areas of each crop at
Abyuha were measured during the period ot 1980 through 1982 (Helal, et al,
1984) and these areas multiplied by the depth of water requirement to
determine the wolume of water needed for crop consumptive use for each
month. The maximum volumes of consumptive use determined for each month
were used for the design. Added to these wolumes were estimated volumes of
water required for land preparation (planting irrigations). Dividing the
sum by the overall efficiency of the system (estimated as 0.63, the pro-
duct of a conveyance etficiency ot 0.90 and application efticiency of 0.70)
provided the estimate ot the water wolume to be diverted into the Abyuha
canal each month. These wolumes are given in Table 1 and illustrated in
Figure 3. They range trom a low of 257,000 cubic meters in October to a
high of 1,690,000 cubic meters in July.

TABLE 1. WATER REQUIRED FOR CROP OONSUMPTIVE (SE ZND IAND PREPARATION AND
TOTAL WATER REQUIREMENT (INCLUDING LOSSES) FOR THE ABYUHA REGION.

Crop Land Total Water

Month Consumptive Use Preparation Requirement
@3) @ (m3)

JAN 300,00 - 476,000
FEB 388,000 616,000
MAR 557,000 884,000
APR 571,000 906,000
MAY 408,000 114,000 829,000
JUN 800,000 1,270,000
JUL 1,065,000 1,690,000
AUG 782,000 1,241,000
SEP 514,000 816,000
OCT 136,000 26,000 257,000
Nov 258,000 10,000 425,000

- DEC 311,000 494,000
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A canal delivery schedule specifies the trequency, rate, and duration of
flow delivered to the canal to meet the water requirements of the region
served (Jensen, 1980). 1In Abyuha the water requirements had to be met
under a condition of seasonally variable and limited available head. A
rigid rotation of variecble frequency, rate, and duration was selected as
the most appropriate type of schedule to deliver water to the mesgas and
turnouts. Continuous flow of a variable rate would be maintained in the
Abyuha canal to serve the mesqa and turnout rotations.

The net daily rate of flow required for each month was calculated by
dividing the volume of water requirement by the total operation time during
the month. The total operation time generally was computed as the total
number of days in the month multiplied by a daily time ot irrigation of 12
hours, Flow to the canal would be shut ott at night. In the case of
Jarmary, the month of closure tor canal maintenance, the number of
operating days was assumed to be only five. Since the water level in the
Ibrahimiya canal is very low during January adequate head is not available
to supply the extremely high flow rate required for the short pre-closure
irrigation. Thus, it was necessary to increase the daily time of irriga-
tion to 15 hours and to make the safe assumption that half of the water
requirement for January could be supplied from soil root zone storage and
water table contribution during the closure period. Gross daily flow
rates were computed by increasing the net daily flow rates by 10% to com-
pensate for time losses expected trom changing irrigation rotations
(opening and closing gates) along the canal and mesqas. Thus, the gross
daily flow rate for the canal, Q4, was determined as:

Q = a.n)v
(N)(n) (3600 sec/hr)
Where
V = wlume of water required tor a given month, m3
N = number ot operating days during month
n = daily hours of irrigation

Values of Qg computed for each month are given in Table 2.
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‘TABLE 2, GROSS IAILY FLOW RATE FOR
' THE ABYUHA CANAL FOR FACH

MONTH,
; Gross Daily
‘Month Flow Rate
' (m3/s)
JAN 0.970
'FEB 0.560
MAR ‘ 0.726
AFR 0.769
MAY 0.681
JUN 1.078
JUL 1.388
AUG 1.019
SEP 0.693
OCT 0.211
NOV ) 0.361
DEC 0.406

The gross daily flow rate for a given momth was apportioned among the mesqas
and turnouts in proportion to the respective areas served. The total area
served by a mesqa was dependent on which mesqas were to be replaced by roads
in the future and how their ruspective areas would be reapportioned for ser-
vice by the remaining mesqas. A future alternative for area distribution
which considered mesqa replacement by roads is given in Table 3 along with
the existing area distribution. The gross daily flow rate for each mesqa or
turnout, q4, was computed on a monthly basis for each alternative area dis-
tribution and is given in Tables D! through Di2 of Appendix D.

_ The gross daily flow rates would provide the monthly water requirement if
all mesqas and turnouts were operated for the entire period each day. How-
ever, some meeqas and turnouts would be flowing at a rate too small for
efficient application of water. The solution was to reduce the number of
mesqag and turnouts operating at one time while increasing the flow rate and
reducing the operating time. For example, for July if mesqas serving half
the area received the entire Abyuha canal flow for half time the flow rates
would need to be doubled bringing some to an acceptable flow rate. Even so,
some of the mesqas and turnouts would be assigned flows too small. In
these cases a minimm mesqa and turnout flow rate of 0,020 m3/s was
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Table 3. AREA DISTRIBUTION ALTERNATIVES 1 (EXISTING) AND

2(FUTURE) FUR MESQAS AND TURNOUTS (N ABYUHA CANAL

Alternative 2

Area Served (feddans)

Alternative 1

Turnout
No.

Mesqa
No.
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assigned. Months having smaller flows typically required more than two
divisions, or rotations, to appropriately increase the flow rates. In
selecting the number of rotations for a given month consideration had to be
given to the time required to accomplish an irrigation and mske the change
from one rotation to another. The monthly rotation schedules and respec-
tive meeqa, turnout, and canal design flow rates are given in Tables D13
to R4 of Appendix D for the existing area distribution and for the pro-
posed future area distribution.

The frequency with which a given rotation occurs in a month and its dura-
tion are primarily dependent on the evapotranspiration rate, crop
characteristics, the water storage capacity of the soil, and the time
required to change rotations. These factors were considered in deve-
loping the proposed amnual delivery schedule for the Abyuha canal given
in Early, et al. (1984). This schedule summarizes the frequency, rate,
and duration of each monthly flow rotation for the existing area
distribution.

HYIRAULIC DESIGN

Determining the hydraulic system parameters, system variables, and required
head of water to deliver the design flow rates was a complex problem of
spatially varied flow in open chammels. To facilitate the solution and
allow for the analysis of several alternative designs, a mathematical
system model was developed for programming on a micro computer. Care was
taken to develop the model as a general one which could be used for
designing similar systems in other parts of Egypt. The model was used to
determine system variables, including water surface profiles in the
megqas and in the Abyuha Camal, and the water level required in the
Ibrahimiya Canal for alternative sets of hydraulic system parameters. A
feasible alternative which appeared most desirable was then selected as
the design. The system model and the design procedures used are discussed
below. Copies of the computer programs, written in Basic language for the
IBM Personal Computer, are given in Appendix F.

System Model

The model that was developed simulates flow in a network consisting of a
distributary canal serving several farm chamels from which fields are
directly irrigated. For a specified set of hydraulic system parameters and
boundary conditions the model is used to determine values of system
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variables required to deliver the design flow rates at elevations required
on the field. The primary system variables determined for the delivery
network are turnout sizes, flow depths, flow velocities, and water surface
profiles. Adjusted flow rates are also computed for conditions where
control of turnouts is not of adequate precision to deliver the exact design
flow rate for a given head loss. Structures existing within the network for
water conveyance, control, or measurement are accounted for in the analysis.

The hydraulic condition represented by the model is one of spatially varied
flow in a network of non-prismatic open channels with local occurrences of
rapidly varied flow. The flow is classified as spatially varied since the
discharge entering at the head of any chamel in the system is gradually
diminished as it exits the turnouts along the chammel's length. Examples of
rapidly varied flow that commonly occur in canal systems are flow through
measuring flumes, over check structures, through chamel enlargements or
contractions, around bends, and through turnouts, Rather thanm determining
detailed water surface profiles for these local conditions of rapidly varied
flow, the model computes the total head loss or momentum change created and
Incorporates it into the spatially varied flow profile.

Beginning with the elevation of the water surface on the irrigated field
farthest downstream, trial and error solutions of the flow equations are
used to compute head losses and momentum changes that determine the water
surface profile upstream in the farm chamnel. Iterative solutions are
required to select the proper turnout vent sizes to discharge the required
flow rates with the computed head available. After solutions are obtained
for each of the farm chamels, the same procedure is used for analysis of
the flow in the distributary canal. Again an iterative solution is
required td balance the flow condition in each of the farm chammels with
that in the distributary canal. If the constraints imposed on the system
are violated the values of hydraulic parameters or hydraulic variables must
be adjusted to obtain a feasible solution. Since many different com-
binations of parameter and variable values may yield feasible solutions,
the designer must judge the best solution based on the criteria that he
has selected.

Several basic assumptions that were made in the development of the model
are stated:

1) 'The flow is wnidirectional within any channel except at the location of
turnouts.



2)

3)

4)

5)

6)
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The velocity and momentum distributions across the chammel section are
uniform; that is, the velocity and momentum coefficients are assumed to
be unity.

The streamlines are parallel within any chammel; thus, the pressure
distribution is hydrostatic.

The slope ot any charmel is less than critical slope and is relatively
small. Thus, the eftfects of slope on pressure head and on the force on
charmel sections are negligible.

The Mamming equation may be used to determine the friction loss in the
chamnels.

The hydraulic control of pipes and siphon tubes used for turnouts in the
system is governed by the condition of a submerged outlet. '

The model determines the hydraulic variables at each successive station in
a chamel, moving in an upstream direction. Stations in a chammel are
defined by type as follows:

Type 1 At the head of the charmel. This is the location of the first

station for every chamel.

Type 2 At the end ot the chamel. This is the location of the last

station for every chammel.

Type 3 At the location of each open turnout (all turnouts from the distri-.

butary canal to the farm chamels are assumed to be of Type 3A):

Type 3A Pipe with adjustable gate
Type 3B Siphon tube
Type 3C Bank cut

Type 4 At the location of each structure tor measurement or control:

Type 4A Cutthroat flume
Type 4B Trapezoidal tlume
Type 4C Check structure

Type 5 At the location of each bend.
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Type 6 At the location of each change in the section parameters of the
charmel:

Type 6A Section enlargement or contraction
Type 6B Hydraulic roughness or bottom slope change

Type 7 "Dumy" station located between two stations separated by a
large distance in order to increase computational precision,

Computations are made for each of the farm chammels and then for the
distributary canal. The model 1s described in a step-by-step outline in
Appendices A, B and C. For a more detailed discussion of the hydraulic
concepts the reader is referred to a standard text of open chammel flow
such as Chow (1959).

Design Procedures

Outlined below are the procedures that were followed in employing the
above described model to design the Abyuha system.

A. The following baseline survey data were collected initially to allow
selection of boundary conditions, hydraulic system parameters, and
constraints for use in design:

1. Hydraulic properties of farm fields to be surtace irrigated.
a. Field length and width
b. Surface roughness
c. Type of irrigation - basin, furrow, etc.

2. Topographic surveys of farm land adjacent to mesqas.
3. Cross-sections of the Abyuha Canal and each of the mesqas.

4. Locations of mesqas and locations and types of other stations on
the Abyuha Canal.

5. Locations and types of farm turnouts and other stations on the
mesqas .

6. Hydraulic parameters associated with each type of station to be
considered for installation on the Abyuha Canal or the mesqas.
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7. Water surface elevation in the Ibrahimiya Canal at the head of the
Abyuha Canal throughout the year.

8. Cost estimates for construction and construction materials.

Boundary conditions on the system were identified. The lower boundary
conditions on the system were the water sw-face eclevation to be
supplied at the farm turnouts and the mnature of control at the end of
the mesqas and the canal. Under the severe conditions of a densely
planted and hydraulically rough field of berseem (a fodder crop similar
to alfalfa), a depth of flow at the head of the field was calculated
using the procedures outlined in USDA (1974) for level border irri-
gation as practiced in Abyuha. The depth calculated was about 0.12 m.
This depth was added to the field surface elevations along each mesqa
to determine the water surface elevations to be supplied at the farm
turnouts. The water surface in the mesqas and the Abyuha Canal were to
be controlled by outlet check structures.

The upper boundary condition on the system was the water level eleva-
tion in the Ibrahimiya Canal. This elevation determined the total
energy available to force the required flow rate through the system
and distribute it to the farms at the elevations required at the tur-
nouts. For a hydraulically feasible design, the head required to
operate the system could not exceed this available energy.

Alternative sets of hydraulic parameters were selected for determina-
tion of an initial system design.

To allow the renovation of the Abyuha Canal to begin on schedule, the
initial baseline survey data were studied to proceed with an initial
system design. Knowing the design field water surface elevations to be
served by each mesqa, the design flow rates for each rotation, and the
expected water level in the Ibrahimiya Canal during each rotation,
alternative values of hydraulic system parameters were selected. In
this initial design run, only earth channels were considered and the
mesqas were assumed to have pipe turnouts. A later refined design
(discussed below) ccnsidered other alternatives for mesqa design.
Analysis was made for area distribution alternatives one and two to
design a system of adequate capacity to serve either case.

The following additional survey data were collected to allow a refined
system design.

1. Additional and refined topographical surveys of farm land adjacent
to mesqas.
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2. Additional cross-sections along each maeqa.
3. Refined cost estimates for construction and construction materials.
4. Refined estimates of turnout location on mesqas.

Additional alternative sets of hydraulic parameters were selected for
the mesqas to allow a refined system design to be determined. ‘The
additional survey data were used to develop additional alternatives of
cross-section parameters, types of farm turnouts, and lining for
mesqa design. Alternatives were constrained to require no additional
system operating head than that computed in the initial design. That
is, the water surface elevation at the head of the mesqa, WSu(i,1), had
to be less than or equal to that computed in the initial design for the
alternative to be considered feasible. Required operating head,
overall mesqa width, construction and maintenance costs, and farmer
acceptibility were the main criteria used to evaluate alternatives and
select the refined design.

Constraints on the selection of the values of hydraulic system parame-
ters for the intital design included: (1) the need to keep canal
construction costs low; (2) the need to prevent additional farm land
from being consumed by chamel cross-section; (3) the future possibi-
lity of replacing some mesqas with roads and thereby increasing the
area served by other mesqas (4) the available head given the water
levels in the Ibrahimiya Canal; (5) the expected level of maintenance
of the nieeqas and canal; (6) requirements for efficient water manage-
ment and irrigation scheduling; and (7) availability of equipment and
expertise for construction. Working under these constraints, alter-
native values of hydraulic system parameters were selected, the model
was employed, and the resulting hydraulic system variables were
studied. 'The peak demand rotation for July established the size of
pipes required at the mesqa inlets. Gate settings were determined for
the other rotations. Though subject to additional refinements, an ini-
tial system design was selected that would allow construction of the
canal and the headgates for the mesqas to begin.

The final refined system design was analyzed to determine the effects
of various levels of maintenance on system operating head.

With the exception of one lined mesqa, the final design was for a
system composed entirely of earth channels with Maming's hydraulic
roughmess, n, equal to 0.04. Since vegetative growth in earth chan-
nels is a peremnial problem in the area, the model was used to analyze
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system operation under conditions of limited maintenance, that is for
n = 0,06 and n = 0,08. A condition of good maintenance (n = 0.03) was
also considered.

G. The final refined system design was analyzed to determine the effect of
a water measuring flume on system operating head.

Obtaining accurate flow measurement with a flume requires a condition
of free flow or low submergence. Consequently, a significant amount of
head loss must occur through the flume. The model was used to deter-
mine the additional system operating head that would be required if a
flume were installed.

RESULTS

Example computer printouts of the hydraulic amalysis of the system are
given as Tables E1 to EA2 of Appendix E for July/rotation 2/alternative 1.
Tables El to E21 contain the hydraulic parameter values and boundary con-
ditions that were specified as inputs to the model. Tables E22 to E42 con-
tain the computed hydraulic variable values. Similar analyses were
performed for the various alternatives described in the preceding section
to determine final designs for the canal and mesqas.

Summaries of the principal chamel hydraulic parameters and variables
determined for the Abyuha canal and mesqas are given in Tables 4 and 5
respectively. A definition sketch of a chamel cross-section is given in
Figure 4. The chanmel side slope was 1.0 for the canal and all of the
mesqasg .

Table 4. CHANNEL HYIRAULIC PARAMETERS FOR THE ABYUHA CANAL
(REFER TO FIGURE 4).

Section Bottom Bottom Depth Chamel Left Bank Right Bank
of Chamel Slope  Width Top Width Top Width Top Width
BW D CIw LBTW RBTW
(km) (m/m) (m) (m) (m) (m) (m)
0.000-0.400 0.0001 . 1.62 6.24 . 2.0
2,0

2.260-3,200 0,0001

3.0

0.400-2,260 0.0001 3.0 1.62 6.2
2.0

3.200-4.080 0.0001 1.5

0
0
.0 -
0
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Table 5. CHANNEL HYIRAULIC PARAMETERS FOR MESQAS ON ABYUHA CANAL
(REFER TO FIGURE 4) '

Mesqa Channel Length Bottom Bottom Depth Chammel Left Bank Right Bank
No. Type Slope Width Top Width Top Width Top Width

BW D CIW LBTW RBIW
(m) (m/m) (m) (m) (m) (m) (m)
1  Earth 550 0.0006 0,35 0.82 1.99 0.60 0.60
3 Earth 180 0,0002 0.35 0.80 1.95 0.60 0.60
4 Earth 1400 0,0002 0.35 1.09 2.53 0.60 0.60
5 Earth 1400 0.0002 0.35 1.001  2.37 0.60 0.60
6 Earth 200 0,0002 0.35 0.88 2.10 0.60 0.60
7 Earth 875 0.0003 0.35 1,02 2.39 0.60 0.60
8 Earth 255 0,0003 0.35 0.82  2.00 0.60 0.60
10  Earth 182 0.0002 0.35 0.57 1.48 0.60 0,60
11 Earth 1550 0.0003 0.35 1.12  2.58 0.60 0.60
12 Earth 275 0.0002 0.35 0.57 1.49 0.60 0.60
13 Lined 1640  0,0003 0.30 - - 0.30 0.30
14  Earth 1650  0.0003 0.35 1.15  2.65 0.60 0.60
15 Earth 1650 0,0003 0.35 0.90 2.16 0.60 0.60
16 Earth 185  0,0003 0.35 1.08 2.5 0.60 0.60
177 Earth 100  0.0002 0.35 0.5 1.38 0.60 0.60
19 Earth 260 0,0003 0.35 0.59 1.5 0.60 0.60
20 Earth 21710 0.0003 0,35 1.18 2.7 0.60 0.60
21  Earth 1895 0.6003 0.35 1.05  2.46 0.60 0.60
22 Earth 2085 0.0003 0.35 1.26 2.87 0.60 0.60
23  Earth 2080 0.0003 0.35 1.16  2.68 0.60 0.6V
25 Earth 985  0.0003 0.3 1.03 2.4 0.60 0.60
26 Earth 850 0,0002 0.35 0.80 1.96 0.60 0.60
27 karth 802 ~ 0.0003 0.35 1.02 2,38 0.60 0.60
28 Earth 780 0.0003 0.35 0.96 2.27 0.60 0.60
29 Earth 670 0.0003 0.35 0.93 2.21 0.60 0.60

30 Earth 600 0.0002 0.35 0.94 2,23 0.60 0.60
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Table 6 summarizes the pipe sizes designed for the inlets to the meeqas.
The sizes ranged from 20 om diameter to 75 cm diameter. The head operating
on the pipe was a determining factor. For example, mesqa 4 mneeded a 45 cm
pipe to serve 90 feddans while mesqa 20 needed a 65 cm pipe to serve 84.5
feddans, the difterence in pipe size being attributed to the different com-
puted heads on the two pipes.

Pitching of side slopes, bends and bridges were included in the design for
selected locations in the cansl. Detailed structural specifications for
the various components of the system are given in Gwinn, et al (1984).

The flow velocities computed for the Abyuha canal and mesqas were low.
Maximm velocity computed for the canal was 0.47 m/s. Maximm velocities
for the meeqas ranged trom 0.06 m/s to 0.23 m/s. At these velocities ero-
sion would not be a problem.

Examples of water surface profiles in the Abyuha canal are shown in Figures
5 and 6 for July/rotation 2/alternative 1 and October/rotation 5/alter-
native 1 respectively. The symbols along the bottom profile indicate the
station type. The large head loss that would be created in the canal by a
trapezoidal E-2 flume is clearly illustrated.

Figure 7 shows the available water level (1980 data) in the Ibrahimiya
Canal compared to the water level required for operating the new gravity
system under conditions of good, fair, and poor maintenance if a measuring
flume were mot installed in the canal. With good maintenance (n =.03 in
the canal and mesqas) the available water level should always exceed the
required water level making operation of a good gravity system feasible
throughout the year except during December when the water level in the
Ibrahimiya is very low. With fair maintenance (n =.04 in the canal and
mesqas) there should be adequate head available throughout most of the year
with the exception of the winter months when some pumping from mesqas may
be required. Under conditions of poor maintenance (n =.06 in the canal and
n =.08 in the meeqas), the operation of a good gravity system will be prac-
tically impossible.

Figure 8 shows that if a trapezoidal E-2 measuring flume is installed in
the canal, significantly more operating head would be required. Even under
conditions of good maintenance (n = 0.03), adequate head would be available
for operating the system only during the summer months. Thus, it was
concluded that a measuring flume should mot be installed. Instead, the
canal headgate should be calibrated and equipped with continuous water
level recorders for flow measurement.
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Table 6. PIPE SIZES FOR INLEIS I MESQAS AND TURNOUTS ON

ABYUHA CANAL
Mesqa No. ‘lurnout No. Ar?; o ngSEd l()i'ff .:.‘;il;;e
1 10.0 20
2 3.0 20
3 5.0 20
4 90.0 45 .
5 50.0 45
6 6.0 20
7 90.7 X0
8 15.0 20
10 8.0 20.
1 83.0 70
12 12.0 20
13 - 58.0 50"
14 62.7 65
15 64.1 50
16 68.2 165"
2 2.3 20 .
3 3.5 20
4 5.0 20
5 2.8 20
6 2.5 20
17 7.0 20"
7 2.3 20
19 10.0 20
8 2.0 20
9 2.5 20
20 84.5 70
21 65.1 40
22 118.0 65
23 65.0 70
25 49.4 30
26 39.7 35
27 30.3 35
28 28.2 30
29 28.6 40
30 36.5 30
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SUMMARY

The rehabilitation of the irrigation system for the Abyuha region in
Middle Egypt involved a change from a partial to a complete gravity flow
delivery system. Preliminary studies of the existing system and investiga-
tions of alternatives for system renovation were briefly described. The
performance requirements and specifications indentified for the mnew system
were presented along with a description of how water delivery schedules
were determined for supplying the time varying water requirements.

To aid in the hydraulic design of the mew system a mathematical system
model was developed for programming on a micro computer. The model was
constructed a8 a general one appropriate for use in similar gravity irriga-
tion system design problems where the difference in elevation between the
land surface and water supply surface is limited. The model was described
in detail and its application was demonstrated in the design of the Abyuha
system. The design procedures used in employing the model were presented.

The principal hydraulic parameters and variables designed for the Abyuha
canal and mesqas were summarized. Results showed that operation of a gra=
vity irrigation system in Abyuha would be highly dependent on the degree of
chatmel maintenance in the system. A measuring flume could not be
installed in the system due to the excessive operating head required.
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APPENDIX A: DESCRLPTION OF THE HYDRAULIC SYSTEM MDDEL

A list of the notation used in Appendices A, B and C is given in

Appendix G. ‘

A. Eﬁ_ter Hydraulic System Parameters and Boundary Cmdit}j_}.on"s
The following hydraulic system parameters and boundary conditions
must be specified as inputs to the model (all units are of the ‘SIL
system of kg/m/s): :

1) The total mumber of stations along the distributary canal, M,
and the type of each station i (STA(1))

2) The distance of each STA(i) from the head ot'vthe distribu-
tary canal, L(i) in meters.

3) The seepage rate per umit length of the distributary canal, s
in (m3/s)/m. (Seepage outtlow is considered to be a positive
value while seepage inflow must be entered as a negative
value)

4) 'The parameters and boundary conditions associated with each
type of station o the distributary canal:

Type 1 Head of the canal (STA(1)):

Rydraulic roughness of the canal at the head, n(1)
Side slope of the canal at the head, Z(1)

Bottom slope of the canal at the head, 50(1)

Bottom width of the canal at the head, W(1)

Type 2 End of the canal (STA(M)):

Elevation of the bottom ot the canal at the end,
E(M) in meters

Type 3 Turnouts to farm chamels (Pipes with adjustable
gates):

Friction factor (Darcy - Weisbach) of pipe ftor each
STA(1) with a tumout, f£(i)

Length of pipe at each SIA (i) with a turnout, Lp(i)
in meters.

Diameter (inside) of the pipe at the Jlast STA (1)
with a tumout, dE(()i) in meters

Height ot the ttom of the gate above the pipe
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invert at the last STA(L) with a tumout, dg(i) in -

Type 6

meters
Optional: Diameter (inside) of the pipe at each
‘ STA(i) with a turnout, dp(i) in meters
Height of the bottom of the gate above
the pipe invert at each STA(i) with tur-
nout, dg(i) in meters ‘

S_truc_tiires for measurement or control:

Type 4A, Cutthroat and Trapezoidal Flumes: (Figures 'Al_

4B and A2)
Length of the flume located at STA(i), Lf(i)‘A
in meters ‘
Throat width of flume located at STA(i),
Wg(i) in meters
Submergence ratio of flume located at

STA(1), SR(1i) ,
Floor elevation of flume located at STA(i),
Ef(i).

Type 4C Check structure (Figure A3): :
Crest length of check located at STA(i),

‘Lc(i) in meters
Crest elevation of check located at STA(i)

'Ec(i) in meters

| Bends

Coefficient for head 1loss due to bend, at STA(i).
Kp(1)

Changes in section parameters of the canal:

Type 6A Section enlargement or contraction:
Side slope beginning at STA(i) of the canal,
Z(1) and/or
Bottom slope beginning at STA(i) of the
canal, Sy(i) in meters and/or
Bottom width beginning at STA(i) of the
canal, W(i) in meters ‘
Coeffcient for head loss due to enlargement
at STA(i), Kao(i), or for head loss due to
contraction at STA(1), K.(1)
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Type 6B Hydraulic roughness or bottom slope change:
Hydraulic roughness beginning at STA(1i)
of the canal, n(i) and/or
Bottom slope beginning at STA(i) of the
canal, Sp(i)

Type 7 "Dummy" computational station:
No parameter values required as input

The total number of stations along each of the farm channels
(farm channels are located at each STA (i) of type 3 on the
distributary canal), N(i), and the type of each station i,

J(STA(1, ).

The distance of each STA(i,j) from the head of each farm;
chamel, L(i,3). .

The seepage rate per mit ‘length of each farm channel s(i)
in (@3/s)/m

The parameters and boundary conditions associated with each
type of STA(i,j) on each farm channel:

Type 1 Head of each farm channel (STA(1,1)):

Hydraulic roughness of each farm channel at .the head )
n(i,1)

Side slope of each farm channel at. the head Z(i 1)
Bottom slope of each famm dlannel at the ‘head,
So(1,1) in meters

Bottom width of each farm chamel at the head

W{i,1) in meters

Type 2 End of each farm channel (STA(L,N(i)):

Elevation of the bottom of each farm chammel at the
end, E (1,N(i)) in nleters '

Type 3 Turnouts on each farm chamnel:

Design flow zate for any type of turnout at STA(i,j),
qd(i,j) in m’/s

Elevation of water surface on field at the outlet of
any type of turnout at STA (1,j), WS¢(i,j) in meters
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V'Iypve'SA Pipes with adjustable gates (Figure A4):

Type 3B

Type 3C

Friction factor (Darcy-Weisbach) of pipe

for each STA(i,j) with a pipe turnout,

£(1,3)

Length of pipe at each STA(i,j) with a

pipe turnout, Lp(i, j) in meters

Diameter (inside) of pipe at the last '

STA(i,j) with a pipe turnout, dp(i,j)

in meters

Hdeight of the bottom of the gate above

the pipe invert at the last STA(i,j) with

a turnout, dg(i,j) in meters

Optional: ameter (inside) of pipe at
each STA(i,j) with a pipe tum-
out, 'dp(i,j) in meters
Height of the bottom of the
gate above the pipe invert at
each STA(i,j) with a turnout,
dg(i,j) in meters

Siphon tubes (Figure A5):
Length of siphon tube at each STA(i,j)
with a siphon tube turnout, Lg(i,j) in
meters ‘
Siphon tube entrance head loss coef-
ficient, Kg(i,3) o
Siphon tube roughn..s coefficient, ng(i,j)
Diameter (inside) of siphon tube at the °
last STA(i,j) with a siphon tube turn-
out, dg(i,j) in meters
Optional: Diameter (inside) of siphon
tube aii each STA(1,j) with a
siphon tube turnout, dg(i,j)
in meters

Bankcuts (Figure A6):

Length of bankcut at each STA(i,j) with
a bankcut turnout, Ly(i,j) in meters
Elevation of the floor of the bankcut at
each STA(i,j) with a bankcut turnout,
Ep(i,j) in meters

Hydraulic roughness of the bankcut at each
STA(i,j) with a bankcut turnout, np(i,j)
Width of the bankcut at the last STA(4,j)
with a bankcut turnout, W,(i,j) in meters
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Typé 5

Type 6

Optional: ‘Width of the bank cut at

each STA(i,j) with a bank cut-
tumout: Wy(1,3) in meters

Structure for measurement: or control on each farm

channel

Type 4A, Cutthroat and trapezoidal flumes:

4B

Type 4C

Bends

Length of the flume located at STA (1,j),
Le(i,3) in meters

Throat width of the flume locat:ed at
STA(1,3), Wg(i,j) in meters

Submergence ratio of the flume located at
STA (1,3), SR(i,j) or

Floor elevation of flume located at
STA(1,3), Ef(1)

Check structures

Crest length of check located at
STA(1,3), Le(i,j) in meters ,
Crest elevation of check located at
STA(1,3), Ec(1,]) in meters

Coefficient for head loss due to bend at: S'I'A(i,j).

Kp(1,3)

Changes in section parameters of eachfarm channel:

Type 6A Section enlargement or contraction:

Type 6B

Side slope beginning at STA(i,j) of the

farm ditch, Z(i,j)

Bottom slope beginning at STA({i,j) of,
the farm ditch, Sy(1,j)

Bottom width beginning at STA(i,j) of
the farm ditch, W(i,j) in meters
Coefficient for head loss due to enlarge-
ment at STA(1,j), Ke(i,j), or for head

loss due to contraction at STA(i,j), K.(1,3)

Hydraulic roughness or bottom slope change:
Hydraulic roughness beginning at STA({i,j)
of the farm ditch, n(i,j) and/or

Bottom slope beginning at STA(i,j) of
the farm ditch, Sy(1)
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Type 7 "Dummy" computational station:
No input parameters required

The section parameters of all stations mot of types 1, or 6 are
assumed to be the same as the closest upstream station of type 1
or 6 wnless otherwise specified.

Compute Hydraulic Variables in Farm Channels

Hydraulic variables are computed in each farm chamnel receiving
water from the distributary canal. Begimning with the station
corresponding to the last open tumout in the farm chamel
(station type 3A, 3B, or 3C) computations are made at each suc-
cessive station moving in an upstream direction and ending
with the station at the head. Trial and error procedures are used
to achieve balanced solutions of the energy and momentum
equations at each station and between stations.

A general decription of the computational steps for each
STA(1,j) an a farm channel is given below. The subscript 1 in
the motation refers to the number of the station corresponding to
the location of the farm chammel on the distributary canal.
The subscript j refers to the mmber of the station on the farm
channel. The values of i and j reveal nothing of the type of
station under consideration (except in the case of the first
and last stations) but indicate the relative location of the
station along the flow channel and thus the place of that sta-
tion in the computational sequence. However, since the hydrau-
lics at any staticn are dependent upon its type, the type of each
station determines the method of computation used.

It is assumed that the last open turnout on the farm channel is
located at STA (i,x) where 1< x < N(i).

1) Initialize Hydraulic Computations at STA (i,x).
a) Compute the total discharge in the
farm channel, Q(1,x) in m3/s between STA(i,x) and
STA(i,x"‘])o

Q,3) = Q1,3+ +qq(1,§) +s(1)[L(L,jH)-L(1,§)] (A1)
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Now Q(1,x+1) = 8(1) [L(1,N(1)) - L(i,x+1)] since there is only
seepage flow in the farm chammel downstream of STA(i,x).
Thus,
Q(i,x) = s()[L(1,N(1)) - L(1,xH)] +qq(i,x) +
= qq(i,x) + s(i)[L(i,N(1)) - L(i,x)] (A2)

Compute the head loss, H¢(i,x) in meters, to pass an actuals
tlow rate, q(i,x), equal to the design ‘tlow rate, qq(i,x),
through the turnout at STA(i,x).

i) For turnout of Type 3A, substitute x tor j and qq(i,x) for
q(i,j) in the following equations.

He(1,5) =3¢0 ? [£(1,3) (Lp(i,J)/dp(i j)) +1 +1<°(1 J)J(A3)
2g Ap(i, ?

Where Ap(i, j) = the nominal cross-sectional area of the
pipe with gate at SEA(i,J)

4

Ko(1,j) = the entrance loss coetficient for the pipe
with gate at STA(i,J)

dg(1, 1) -3.168
dp(L.3)

= 0,481 (A3b)

g = acceleration due to gravity
= 9,81 m/sl

Equation (A3b) for K,(i,j) was developed from data presen-
ted in USBR (1967) and Bos (1978).

ii) For a turnout of Type 3B substitute x for j and qd(i,x) for
q(i,j) in the following equations.

He(1,3) = 8 Q(i ) (a4)
Cg(L, )% w? dg(1,3)* g
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where Cg(1,3)

= giphon tube discharge coefficient 1/
. 2
= KL, [ 1000dg (1,3) /3 T as)

(1.25X106) n32 1<9(1,j)2 Lg(i,3j)+ 1000 d8(1.3)4/3

ng(i,j) = siphon tube roughness coefficient, 0.008 for alumin-
um tubes up to 7.6 cm in diameter and 0.012 for
aluminum tubes over 10 cm in diameter (Jensen,1980).

iii) For a turnout of Type 3C, an analysis of gradually varied
flow through a small channel cut through a farm channel bank
is used to calculate the head loss for a given flow. The
details of this analysis are given in Appendix B.

Compute the water surface elevation just upstream of STA(i,x),
WSu(i,x) in meters.

The water surface elevation just upstream of the point where
water enters the farm channel turmout is equal to the head loss
through the turmout added to the elevation of the water surface
standing on the field at the outlet of the turnout. Figures A4, AS,
and A6 illustrate this for any STA(i,j).

Expressed mathematically for STA(i,x),
WSu(i,x) = He(1,x) + WS¢(1,x) (A6)

Compute the bottom elevation of the farm channel at STA(i,x),
E(i,x) in meters.

The bottom elevation at STA(i,x) is equal to the bottom elevation at
the end of the farm channel at STA(i,N(i)) plus the total rise in
the bottom elevation between STA(i,N(i)) and STA(i,x). This total
rise is computed as the sum of the products of the length of each
intervening reach between stations and the bottom slope of that
reach. The bottom slopes of each reach are known since the location
of and bottom slope beginning at each station of type 1 or 6 is
specified.
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That is,
N(i)-1

E(i,x) = E(1,N(1)) + > = [L{,3+1)-L(1,3)] So(1,3) (A7)
j=x

Compute the flow depth just upstream of STA(i,x), Du(i,x) in
meters.

The flow depth at any point along the farm channel is equal to

. the difference between the water surface elevation and the

bottom elevation of the chamnel at that point.

Thus,
Du(i,x) = Wsu(i,x) - E(i,x) (A8)

Compute the cross-sectional area of flow just upstream of
STA(1,x), Au(i,x) in m2.

For a trapezoidal section, 9
Au(i,x) = Du(i,x) W(i,x-1) + Du(i,x)° Z(1,x-1) (A9)

Compute the average velocity of flow just upstream of
STA(1,x), Vu(i,x) in m/s.

Vu(i,x} = Q(L,x)/ Au(i,x) (a10)

Compute the kinetic energy of flow just upstream of STA(i,x),
KEu(i,x) in meters.

KEu(1,x) = Vu(i,x)%/2% (A1)

Compute the energy line elevation just upstream of STA(i,x),
ELu(i,x) in meters.

ELu(i,x) = WSu(i,x) + KEu(i,x) (A12)

Compute the wetted pecvimeter just upstream of STA(1,x),
Pu(i,x) in meters.

For a trapezoidal section,
Pu(i,x) = W(i,x-1) + 2Du(i,x)[1+ 2(1,x-1)2]1/2 (A13)
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Compute the hydraulic radius just upstream of STA(i,x),
Ru(i,x) in meters.

Ru(i,x) = Au(i,x)/Pu(i,x) (A14)
Compute the friction slope just upstream of STA(i,x), SFu(i,x)

From Mamning's equgtion,
SRu(i,x) = Vu(i,%)® n(i,x-1 )&/Ru(i,x)*/3 (a15)

2) After completing initial hydraulic computations at STA(i,x),
calculations are made at successive upstream stations, that is for
each STA(i,j) where j = (x-1) to 1. Iterative solutions by
trial and error are required.

a)

b)

d)

e)

Compute an initial trial value of water surface elevation
just downstream of STA({,j), WSd(i,j) in meters. This may
be done by agsuming uniform flow between STA(i,j) and the
last computed station, STA(i,j+l).

Wsd(1,j) = WSu(i,j+1)+ [L(i,j+1)- L(1,5)] So(i,]) (A16)
Compute the bottom elevation at STA(i,j), E(1i,j).

E(itj) = E(isj'H) + [L(i’j'H) = L(ivj)] SO(iaj) (A17)

Compute the flow depth just downstream of STA (i,j), Dd (i,j)
in meters.

Dd(1,j) =wWsd(i,j) - E(1,3) (418)

Compute the cross-gectional area of flow just downstream of
STA (1,3), Ad(1,3) in n?.

For a trapezoidal section,
Ad(1,j) = Di(1,3) W(i,3+) + Dd(d,§)2 2(1,3) (A19)

Compute the average velocity of flow just downstream of
STA(1,J), Vd(i,j) in m/s.

vd(1,3) = Q(i,j+)/ad(1, ) (420)
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Compute the kinetic energy of flow just downstream of
STA(1,j), KEd(i,j) in meters.
KEd(1,3) = Vd(1,3)%/2¢ (a21)

Compute the energy line elevation just downstream of
STA(,J), ELd(1,)) In meters. | |

ELA(1,9) = WSd(1,3) + KEd(1,3) @22

Compute the wetted perimeter just downstream of STA (i,3),
Pd(i,3) in meters.

For a trapezoidal section, 9:1/2 ,
Pd(1,3) = W(i,) + 2 Di(L,3) [+ zcd, AV (423)

Compute the hydraulic radius just downstream of STA(i, 1,
Rd(i,j) in meters.

Rd(1,3) = Ad(1,3)/Pd(1,]) (424)

Compute the friction slope just downstream of STA(i,j),
SFd(1,3).

From Manning's equgtion, 9 4/ -
SFd(1,3) = Vd(1,3)* n(i,§)*/Rd(1,)*/3 - (a29)

Compute the average friction slope for the section of the farm
channel between STA(i,j) and STA(i,j+1),"SE‘a’§j.;fj¥]). '

SFa(1,§+1) = (SFA(1,3) + SPu(i,j+1))/2 | (A26)

Compute the headloss due to friction between STA(i,j) and
STA(i,§+1), HL (1,j+1) in meters.

HL(ioJ'H) = SFa(ivJ'H) [L(ioj'ﬂ) = L(ioj)] (A27)

Compute a new energy line elevation just downstream of
STA(1,j), ELd(i,j)'in meters.
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ELA(1,§)' = ELu(i,§+1) + HL(1,j+1) | (A28)

Compare ELd(i,j) and ELd(i,j)'to determine if trial value
of WSd(1,j) 1is sufficiently accurate or if new trial value
needs to be selected.

i) If|ELd(,3) - ELd(i,3)]% 0.001, WSd(i,]) is sufficiently
accurate. Go to section (B20).

i1) I€| ELd(1,]) - ELd(,3)] > 0.001 select a new trial value
of WSd(1,j) and return to section (B2b).

Compute the flow rate just upstream of STA(i,j), Q(1,j) in
m~/s.

i) For stations of type 3, initially substitute the design
discharge, q4(i,j), for the actual discharge, q(i,j),
the following equation.

Q(1,j) = Q(L,jH) +q(i,3) + s(d)[L(1,jH) - L(1,3)] (A29)
ii) For stations not of type 3,
Q1,J) = Q(i,jH) + s(1) [L(1,jH1) - L(i,3j)] (A30)

Compute the water surface elevation and flow depth Just
upstream of STA({,j), WSu(i,j) and Du(i,j) respectively in
meters.

1) For stations of type 3, consider the momentum change due
to abruptly diminishing flow at the turnout to determine
Du(i,j). Reference is made to Figure A7 in the discussion
that follows. Assumptions and procedures used to derive
equations (A31) and (A32) are given in Appendix C.

From Newton's 2nd law,

Fd(ioj) - Rl(i,j) =
PQ(L, i) Vu(i,j) - pQ(i,i+1) vdd,s) (A31)
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Where Fd(1;]) and Fu(1,j) = the force due to water pres-
R sure an the section just down-
stream and just upstream of

STA(i,j) respectively. '

P- | memss density of water

‘Expanding ‘equation (A31) gives

Ad(1,3) Lm(i.j) Di(1, §)+2Dd(4,1)2 2(1.1)] g -
6(W(1,3) + DA(1,3) Z(1,1))

[W(L,3-1)Du(d, §)+Dudd, §)%2(1,3-1)] x

| o
| W, 3-DDuct, 1)+20uci, %2 (1, 3-1) g

6(W(1,3-1)+Du(i, j)2(1,3-1))

- Qd, )2 ) T-Tewin?
- [W(1,3-1) Da(i, 3-1)+Da(L, )21, 31 ad(1,3) | a32)

Equation (A32) is solved by trial and error to deteﬁnine}{_ﬁ
Du(i,j). 7

Determine WSu (i,j) as - o
WSu(L,3) = E(1,3) +Du(1,3) o @3y

For stations of type4,
Type 44, cutthroat flume:

If the flume floor elevation, Ef(1,j), 1s specified,
Du(i,j), WSu(i,j), and the submergence ratio SR (i,j)
are computed as follows (refer to Figure A8).

-

Determine the downstream flow depth an the flume, Hy(i,j)
in meters

Hp(1,3) = W8d(1,j) - Eg(i,3) (a34)



Figure AS8.

Definition sketch of flow through a cutthroat or trapezoidal flume at a STA(i) »in a canal. -

(The sketch is also applicable to a STA(i
by (1,3)).

,J) in a farm charmmel with the notation (i) replaced

-1 -
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Compute the transition submergence, SR¢(1,3); from the fol-
lowing equation.

SRe(1,3) = 0.485 + 0.1887 Lg(1,3) - 0.0269 Le(i,i)2 +

0.0102 8
Lg(1,3)2 (A35a)
Compute the upstream tlow depth in the tlume, Ha(1, j) in

meters, required for free flow using the tollowing ‘equation
tor free flow in a cutthroat flume.

QL 3) = 3.281(1+085M01-3.0) gy 5314025 1 (4 M (A36a)

Where
n = 1.418 + (0.405/Lg(4, 1)) | " (437)
K1 - 2,962 + (1 .448/Lf(1';j)) (A37a)

Compute the submergence ratio for Hpy(i,j) computed trom
equation (A34) and Hg(i,j) computed trom equation (A36a)

If SR(1,j)<8R¢(1,j), the flow is tree and the solution tor
Ha(i,j) and SR(i,j) is achieved.

If 5R(1,J) > SRe(1,j), the ftlow is submerged and Hy(i,j)
must be recomputed by trial and error from the following
equation for submerged flow in a cutthroat flume.

ny-1.975 1.025 . n
AL, = _(3.281) KoWg(1,3) """ (Ha(1,3)-Hp(1,3)) (A36b)

- |10g B9} ™
Ha(i,j)

Where

Kz = 2,51 - 0.801 In (L§(i,5)) (A38)
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ny = 1/[0.748 - (0. 064'/Lf(1,j)] (439)

}Equations (A37), (A37a), (A38), and (A39) are valid for
" 0.46 = Lg(1,3)< 2.74 meters.

Recompute SR(i,j) from equation (A35b) .

Applying the Bernoulli energy equation to the flow between
the section just upstream of the flume and that at the
entrance to the flume vwhere Hy(i,j) is measured
(Figure A8) gives

Eg(1,d) + Ha(L,3) + Va(1,3)%/28 + byg =
E(L,3) + Du(i,3) + Vu(1,3)%/2¢ (440)

Where V4(1,j) = the average velocity of flow in - the - flume.
at STA(1,j) at the point where Ha(i j) is
measured

hif = the energy loss due to friction between the
section just wupstream of the flume at
STA(i,j) and the section where Hy(i,j) is
measured

Brater and King (1976) suggest that the head loss, hzg, for
a well designed transition can be estimated by the relation

hze = 0.1 [(Va(1,1)%/28) - (Vu(i,)%/28)] (a41)
Now
Va(i,3) = Q(1,1)/Aq(1,1) (442)

Where A;(i,j) = tiie cross-sectional area of flow in the
flume at STA(1,j) at the point where Hy(1,3)
is measured

The value of Ay(i,j) may be computed from the following relation
(Skogerboe et.al, 1973)

Ag(1,3) = Me(l,3) + (4 Le(1,3)/27)] Ha(1,4) (443)

Now
Vu(i,3) = Q(i,3)/Au(d,}) 9
= Q(1,3)/[Du(i,3) W(L,3) + Du(i, i) 2(1,3)1  (A%4)
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Substitution of equations (A41) through (A44) into equation (A40)
allows Du(i,j) to be solved by trial and error since the values
of all other variables are known. The value of Wsu(i, j) may
then be computed from equation (A33).

If the submergence ratio, SR(i,j),is specified for the cutthroat
flume, then Du(i,j), WSu(i,j), and the flume floor elevation,
Eg(1,j) are computed as follows. : : ‘

Compute the transition ratio, SR:(i,j), from equation (A35a).
Compute the submergence ratio, SR(i), from equation (A35b).

If SR(1,3) SRe(1,j), compute Hy(i,j) from equation (A38a)
for free flow and compute Hy(i,j) from equation (A35b).

If SR(i,J) > SRe(i,j), combine the relations given in
equations (A35b) and (A36b) to obtain the following equation
for submerged flow.

Q(,J) =
(3.280)™19oue 1, 3) 1025 (my (1, 3) /SR(L, 9)) - By(t, 3) 1™
(-1og SR(1,3))"2 (445)

Solve equation (A45) for Hy(i,j) by trial and error and com-
pute Hy(i,j) from equation (A35b).

Determine the flume floor elevation as

Use equations (A40) through (A44) and equation (A33) to calcu-
late Du(i,j) and WSu(i,j) as discussed above.

Type 4B, trapezoidal flume:

Note: Five different types of trapezoidal flumes have
been calibrated and presented in the literature
(Robinson, 1980). These flumes vary in size and in
the flow range which they were designed to measure.
The calibration equations and equations defining
the flow cross-section geometry vary with the type
of flume. The flume utilized in the model is flume
E-2 vhich is designed for a flow range of 0.015 to
1,665 m3/s.
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If the flume floor elevation, Eg(i,j), is spe~
cified, Du(i,j), WSu(i,j), and the submergence ratio
SR(1, j) are computed as follows (refer to Figure A8).

Deterinine-' the downstream flow depth in the flume, Hp(i,j)
in meters, from equation (A34).

Compute by trial and error the upstream flow depth on the.
flume, Hy(i,j) in meters, required for tree flow from the
tree tlow equation given in Robinson (1980).

QU,3) = 2.810 Ho(1,§)%*7 - 1.359 Hy(1,§)? +

1,325 Hat,9)"*3 - 0.264 By(d, §) + 0.036 x

Ba(1, 9 - 0,002 @utey
Compute ti';e submergence ratio from equation (A35b).

If SR(1,j) is less than or equal to the transition sub-
mergence of 0.85 for an E-2 tlume, then the flow is free
and the solution for Ha(i,j) and SR(i,j) 1is completed.

If SR(i,j) > 0.85, the flow is submerged and Ha(i,j) and
SR(1,j) must be recomputed as tollows:

oK) Call the value of Hy(i,j) computed for free flow from
equation (A47a) by the motation Hq(i,j)'.

p) Compute Hy(i,j) for submerged flow by trial and error
from the following equation tor submerged flow in an
k-2 trapezoidal flume.

Hga(4,3) = Hg(1,3)" [145.083 x 10 =7 exp (12.// x
Hp(1,3)/ Ha(d,3))] (A4/b)

x) Recompute SR(1,j) from equation (3/b).

Compute Du(i,j) by trial and error from equation (A40)
where hit, v,(i,j), and Vy(i,j) are given by equations
(A41), (A42), and (A44) respectively and where Ag(1,j) is
computed as (Robinson, 1980).

Bg(L,3) = 0.61 Hy(1,3) + 1.25 Hy(d, ) (a48)
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Compute WSu(i,j) from equation (A33)

If the submergence ratio, SR(i,j), is specified for the
trapeziodal flume; Du(i,j), WSu(i,j), and the flume floor
elevation, Eg(i,j), are computed as follows:

If SR(i,j) < 0.85, compute Hgy(i,j) from equation (A47a) and
Hp(i,j) from equation (A35b).

If SR(i,j) >0.85, compute Ha(i,j)' from equation (A47a) and
solve equation (A47b) for H,(i,j) where [Hp(i,3)/Ha(1,3) ]
= SR(i,j). Compute Hy(i,j) from equation (A35b).

Compute the flume floor elevation from equation (A46).

Use equations (A40), (A41), (A42), (A44), and (A48) to
calculate Du(i,j) as discussed above.

Compute WSu(i,j) from equation (A33).
Type 4C, check structure:

Compute the downstream head over the crest of the check
structure, h.o(i,j).

hea(1,3) = W8d(1,3) - Eq(1,3) (A48a)

Compute the upstream head over the crest of the check
structure, h.1(i,j), for a condition of free flow from the
following equation for free flow over a broad crested weir.

Q(L,3) = 1.767 Le(i,3) het(1,3)1*2 (A48b)

Compute the submergence ratio for the check structure,
SRe(1,3).

SRe(1,3) = hea(1,3) /het1 (1, 5) (A48c)

If SRc(1,3) >0.65, the upstream head over the crest struc-
ture must be recomputed for a condition of submerged flow
by trial and error using the following equation (Varshney
and Mohanty, 1973).

Q(i,3) = 11.767 Le(1,3) hep(1,3)'+] [9.81] he2(i. )| .
hCI (i ’j)

\ 12
7.55 hao(1,3)
hoy(1,3)

- 2,26 [9°° (A48d)
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‘Canput:e t:he upst:ream water surface elevation as

'wSua.j> = he1(1,1) +Ec<i.j> - (448e).

- 1ii)

iv)

‘Comput:e the upstream flow depth using equat:ion (a8) with j

subst:itut:ed for x.

For stat:ions of type 5, béhddn the chammel

Compute the head loss due to the b’end,' h)p(1,j) in meters,
as a function of the welocity head just downstream of the
bend.

h;p(1,3) = Ky(1,3) REd(1,J ) (449)
Where Ky(1i,j) = bend head loss coefficient

Compute WSu(i,j) as

WSu(d,§) = WBd(L,3) +hrp(d,]) | @s50)
Compute Du(i,j) as . o
Du(i, 1) = Di(1,1) + hyp(L, ) (as1)

For stations of type 6

A station of type 6 would occur at a location in the
channel where the dimensions and/or roughness of the
channel section change over a relatively short distance.
In the case of a change in the dimensions (enlargement
or contraction) a head loss and change in water surface
elevation would occur and are computed in the model. If
only the roughness (due to vegetation or lining for
example) or bottom slope changes, the water surface ele-
vation is assumed to remain constant. In either case, a
station of type 6 establishes a new set of chamnel section
parameters (hydraulic roughness, side slope, bottom slope,
bottom width).

Stations where an abrupt change in the bottom elevation
of the chammel occurs (i.e. drops or ramps) are not con-
gidered in the analysis.

Type 6A, enlargement of the channel section:
Applying the Bernoulli energy equation to STA(i,j) where

a sudden horizontal enlargement of the channel section
occurs gives (Figure A9)
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DU(i.J)+Vu(1.j) %j2g = m<1.3>+<Vd<1 32 2jeyhge (A52)
Where hze= head 1oss due to sudden enlargement
= Re(L, ) [(Vu(i.j)z/Zg) - (vd(1,)%/28)] (853)

Substituting equations (A53) and (A44) into equation
(A52) gives

Du(i,j) = Dd(i,§) +

® [m(i )] W(i.j 1)+Du(:l.j)22(1 j 1)]2 IR
(e e

Solve equation (A54) by trial and error for Du(i, j) andf*’
determine WSu(i, j) from equation (A33). '

Contraction of the channel section:

Applying the Bernoulli énergy equation to STA(i,j) where
a sudden contraction of the chamnel section occurs gives
(Figure A10)

Da(i, 1)+(Va(i, §)2/28) = DA(L,3)+(VA(L, §)2/28)thge  (ASS)

Where hy. = head loss due to gudden oontractign
= Ke(1,3) [(Vd(L,3)%/28) - (Vu(i,3)°/28)] (AS6)

Substituting equations (A56) and (A44) into equation (A55)
gives

Du(i,j) = Dd(i,j) +

1 {2 Q(, 1) X
28 [(Du(i,3) W(i-1,3)+Du(t,§)%2(1-1,1)12

(14K (1,3)) (A57)
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Solve equation (A57) by trial and error for Du (i,j) and

determine WSu(i,j) from equation (A33).

Type 6B, change only in hydraulic roughness or bottom
slope of the channel:

The depth and water surface elevation just upstream of
any STA(i,j) is considered to be unaffected by a mere
change in roughness, or transition from one mild slope
to another.

That is :

Du(i,3) = Dd(i,3) <A58>
and . : ‘
WSu(i,j) = wsm.j) <A59>;,, ,

For stations of type 7, "dummy" computational station(

The flow conditions just upstream of a "dummy" station are
the same as those just downstream. Thus, equations (A58)
and (AS9) are used to compute Du(i,j) and WSu(i,j) respec-
tively.

For stations of type 1, head of channel

The flow conditions just upstream of STA(i,1) at the head
of the channel are the same as those just downstream. Thus
Du(i,1) and WSu(i,1) are computed from equations (A58)
and (A59) for j=1.

q) For stations of type 3, determine the head on the farm channel
turnout, He(i,j) in meters.

r)

He(1,3) = WSu(i,j) - WSe(d,3) (460)

For stations of type 3, determine the discharge rate through
the turnout, q(i,j) in m3/s, for a specified size of turnout
(and gate setting for type 3A); or determine the size of
turnout (dp(i,j), dg(i,j), or W(i,j)) required to pass a
specified design discharge rate, q4(i,j); and/or determine the
gate setting for a specified or computed size of pipe turnout,
dp(i,j), and design discharge rate, qq4(i,j).



1)

ii)
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Deternine. q(1,J) in n%/s for a specified size of turnout.
Type 3A, pipe turnout:

Rearrange equations (A3), (A3a), and (A3b) to solve
directly for q(i,j).

Type 3B, siphon tube turnout:

Combine equations (A4) and (A5) and rearrange to solve
directly for q(i,j)

"I‘ype 3C, bank cut turnout:

Compute q(i,j) by the gradually varied flow analysis
outlined in Appendix B.

Determine the size of tummout (dp(i,j), dg(i,j), or
Wp (1,j) in meters) required to pass a specified design
discharge rate, q4(i,j).

Pipes and siphon tul;es are available from manufacturers
in standard sizes. The model assumes the following avail-
able sizes:

~ Pipes: 0.10 m I.D. to 1.00 m I.D. by 0.05 m increments.
ments.

- Siphon tubes: 0,05 m I.D. to 0.20 m I.D. by 0.025 m
increments.

These limits may be easily changed to fit existing con-
ditions.

Since pipes and siphon tubes are available in incre-
mental sizes, it is unlikely that an available size
would pass the design flow rate exactly with the available
head, He(i,j). Thus an available size is selected that
will pass an actual flow rate closest to the design flow
rate. In the case of pipes with gates, a gate setting may
be computed that will control the inlet area of the selec-
ted pipe to pass an actual flow rate equal to the design
flow rate with the available head, Hr(i,j).



Type 3A, pipe tumout with gate:

‘belect an initial pipe diameter size, dp(i. J) in meters,
from the range ot available sizes. ;

Compute the value ot q(i,j) from equations Aa3) and (AJa) A
using the selected value of dp(i, ). -

Compute the absolute difterence be'ween the des ign wvalue
of flow rate, qq(i,j), and the computed actual value,
q ¢4 »J ): '

61 =| qa(1,3) - q(i,3) | (a61)

Select subsequent values of dp(i, j) and compute oorrespond-
ing values of q(i,j),

The value of dp(i, j) selected is the one that minimizes
the value of Gj.

If the value of q(i,j) computed from equation (A3) and
(A3a) for the selected value of dp(i J) is less than
qq(i,j), increase the selected value of dp(i,j) by
one size increment (eg. by 0.05 m).

Go to step (B2riii) with the selected value of dp(i,j) to
determine a gate setting that will pass the design tlow

rate, qq(i,j).
Type 3B, siphon tube turnout:

Select an initial siphon tube diameter size, dg(i,j) in
meters, from the range of available sizes.

Compute the value of q(i,j) using equations (A4) and (AS)
with the selected value ot -dg(i,j).

Use equation (A61) to compute the absolute difterence bet-
ween the design value ot discharge, qd(i,j) and the com-
puted actual value, q(i,j).

Select subsequent values of dg(i,j) and oompute corres-
ponding values of q(i,j) and Gi.
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The value of dg(i,j) selected is t'he qile_“/t::'hat minimizes
the value of Gj. o B

Type 3C, bank cut turnout:

Following a procedure similar to that described above for
Pipes and siphon tubes, incremental values of bank cut
width, Wp(i,j) in meters, are selected and the flow
equations presented in Appendix B are solved to determine
the width that will pass the design flow rate. It is
assumed that any width of cut can be made in the field and
thus a width my be selected that will pass an actual
flow rate equal to the design flow rate.

1ii) For a turnout of type 3A, determine the gate setting for a
specified or computed size of pipe turnout, dp(i, j), and
design flow rate, qq(i,j).

When a specified or computed value of pipe size, dp(1,3),
will not pass the exact design flow rate, qq4(i,j), for
the computed head on the turnout, He(i,j), a gate setting
may be computed that will provide the desired control. The
gate setting is specified as the height of the bottom of
the gate above the pipe invert, dg(i, j) in meters
(Figure A4). The value of dg(i,j) is computed from equa-
tions (A3) and (A3b).

If the actual discharge through the turnout, q(i,j), computed
in sections (B2ri) or (B2rii) 1is not equal to the design
flow rate, qq4(i,j), compute a new value of Q(i,j) from
equation (A29). Call this new computed value Q(i,j)'. Compare
Q(1,3)" with the old computed value, Q(i,j):

G2 = | Q(,3) - Q(1,) ] (462)

If the difference is not sufficiently small (eg.G9%0.05 x
Q(i,j)) then repeat the calculations in sections (B2p)
and (B2r) with the new computed value, Q(i,j)'. This process
is repeated until Gy becomes sufficiently small.


http:eg.G20.05

. g)

t)

W)

y)

- 65 -

Compute the cross-sectional area of flow just: upst:ream of
STA(1,1), Au(i,j) in n?. . :

AuCt,9) = DaCt,3) WCL,3-1) + Dut, )2 zu.j-il) (463

‘Compute the average velocity of flow Just upst:ream of

STA(LY), WL,)) in w/e.
Vu(,3) = Q(t, /Aut, 1) (464)

Compute the kinetic energy of Flow Just upstream of STA('i*,.J).
KEu(i,j) in meters.

KBu(1,§) = (i, $)%/2 (a65)

Compute the energy line elevation just upstream of SI'A(i, j).
ELu(i,j) in meters

ELu(i,j) =Wsu(i,j) + Keu(i,j) | (466)-

Compute the wetted perimeter just upst:ream of STA(4,j),
Pu(i,j) in meters

PuCt,d) = W(L4-1) + 2 Dact,d) (142t 3-2) 2 (467)

Compute the hydraulic radius just upst:ream of STA(i, j).
Ru(i,j) in meters ,

Ru(i,j) = Au(i,3)/Pu(i,)) (468)

Compui:e the friction slope just upstream of STA(i,Jj),
SFu(i,j).

From Manning's equation,
SFu(i,3) = Vu(i, J‘;S nc,3-1)%/Rut, 3)%/3 (469)

. Selected hydraulic variables are computed at stations downstream

of the last turnout at STA(i,x).

a)

Compute the water surface elevation just upstream and just
dowvnstream of each STA(i,j) downstream of STA({,x), WSu(i,j)
and WSd(1,j), respectively, in meters.
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There is only seepage flow in. the farm chammel downstream of
the last open turnout at STA(i,x). It 1is assumed that the
hydraulic gradient due to this flow is very small and may be
neglected. Thus, the water surface elevation at any STA(i,j)
downstream of STA(i,x) is equal to that at STA(i,x). That is,

Wu(i,d) =Wsd(i,j) = Wu(l,®) . (70)

Where x<j<N(i) and where the momentum' change at the last
cpen farm turnout is negligible.

Compute the bottom elevation of -ﬂle farm chamnel at any
STA(1,j) downstream of STA(i,x), E(i,j) in meters.

The bottom elevation at any STA(i,j) downstream of STA(i,x) is
equal to the bottom elevation at the end of the farm chamnel
at STA(i, N(i)) plus the total rise in the bottom elevation
between STA(i,N(i)) and STA(i,j). That is

N(i)-1
E(1,j) = E(1,N(1)) + [L(1,k+1) - L(1,k)] So(i,k)  (A71)
k = j ,
Where k' = dummy counter
Compute ‘the depth of water standing just upstream and just
downstream of any STA(i,j) downstream of STA(i,x), Du(i,j) and
Dd(i,j), respectively, in meters.
Du(i,j) = Dd(1,j) = WSu(i,j) - E(4,J) (a72)

Where x<j< N(1)

Compute Hydraulic Variables in Distributary. Canal with Refinement
of Computations in Farm Channels

After values of ' hydraulic variables in each.of the farm channels
have been initially computed, similar computations are made for
the distributary canal. Beginning with the station corresponding
to the last farm channel taking water from the distributary canal
(station type 3A), computations are made at each successive sta-
tion moving in an upstream direction and ending with the station
at the head of the canal (STA(1)). The hydraulic condition at the
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head of any farm charmel must combine with the hydraulic condition
in the canal at the outlet to the farm channel to produce an out-
let flow rate that matches the flow rate in the farm chamnel com-
puted in section B. 'Thus, iterative refinements of the computa-
tions of the flow conditions in each farm charmmel are required
to achieve a balance with the flow conditions in the distributary
canal when a fully open pipe cutlet is specified.

A general description of the computational steps for each STA(i)
on the distributary canal is given below. Included is a descrip-
tion of the iterative procedure for balancing the flow conditions
in the farm channels with those in the distributary canal when a
fully open pipe outlet is specified. The subscript i used in the
notation refers to the mmber of the station on the distributary
canal. The value of i reveals mothing of the type of station
under consideration (except in the case of the first and last
stations) but indicates the relative location of the station along
the distributary canal and thus the place of that station in the
computational sequence. However, since the hydraulics at any sta-
tion are dependent upon its type, the type of each station deter-
mines the method of computation used.

It is assumed that the last farm chamnel taking water fram the
distributary canal is located at STA(y) where 1 < y < M.

1) Initialize hydraulic computations at STA(y). The procedures
followed are similar to those ocutlined iu section B1 for the
farm chamnels.

a) Compute the total discharge in the distributary canal,
between STA(y) and STA(y-1), Q(y) in m3/s.

Q(y) = Q(y+1) +q(y) +s[L(y+) - L(y)] (A73)

Now, Q(y+1) = s[L(M) - L(y+1)] since there is mly flow
due to seepage in the distributary canal downstream of
STA(y).

Also, the flow rate from the distributary canal to the

farm charmel at STA(y) is equal to the computed total
discharge at the head of the farm ditch. That is,

q@y) = Q(y,1 (A74)



b)

d)

e)

Q) = S[LOD - LipH)] + s[L(yH) - Liy)] + Q(y.1) =
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Thus,

Qly,1) +s[L®) - L(y)] (A75)
Compute the head loss, He(y) in meters, to pass a flow
rate, q(y), throughk the pipe outlet to the farm chammel at
STA(y). Substitute y for (1,j) in equations (A3), (A3a),

and (A3b).

Compute the water surface elevation just upstream of
STA(y), WSu(y) in meters. o

Wsu(y) = He(y) + Wst(y) (A76)

Now, the tailwater surface elevation o the pipe autlet to
the farm chanriel at STA(y), W5t(y) in meters, is equal to
the computed water surface elevation at the head of the
farm channel, WSu(y,1). That is,

WSt(y) = WSu(y,1) (A77)
Combining equations (A76) and (A77) gives

WSu(y) = He(y) + WSu(y,1) (A78)

Compute the bottom elevation of the distributary canal at
STA(y), E(y) in meters,

M-1
E(y) = E(M) + [L(iH) - L(i)] So(i) (A79)

1=y
Compute the flow depth just upstream of STA(y), Du(y) in
meters; the cross-sectional area of flow just upstream of
STA(y), Au(y) in m2; the average velocity of flow just
upstream of STA(y), Vu(y) in m/s; the kinetic energy of
flow just upstream of STA(y), KEu(y) in meters; the energy
line elevation just upstream of STA(y), ELu(y) in meters;
the wetted perimeter just upstream of STA(y), Pu(y) in
meters; the hydraulic radius just upstream of STA(y) ,Ru(y)
in meters; and the friction slope just upstream of STA(y),
SFu(y) from equations (A8) through (A15) respectively with
the notation y substituted for (i,x).
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2) After completing initial hydraulic computations at STA(y),
calculations are made at successive upstream stations in the
distribution canal; that is, for each STA(i) where i = (y-1)
to 1. The procedures followed are similar to those outlined
in section B2 for the farm chamnels.

a)

b)

d)

Compute an initial trial value of water surface elevation
just downstream of STA(i), WSd(i) in meters. This may be
done by assuming wniform flow between STA(i) and the last
computed station, STA(i+l).

WSd(1) = WSu(i+l) + [L(iH1) - L(i)] So(i) (A80)

Compute the bottom elevation at STA(i), E(i) in meters;
the flow depth just downstream of STA(i), Dd(i) in meters;
the cross-sectional area of flow just downstream of
STA(i), Ad(i) in m?; the average velocity of flow just
downstream of STA(i), Vd(i) in m/s; the kinetic energy of
flow just downstream of STA(i), KEd(i) in meters; the
energy line elevation just downstream of STA(i), ELd(i) in
meters; the wetted perimeter just downstream of STA(i),
Pd(i) in meters; the hydraulic radius just downstream of
STA(i), Rd(i) in meters; the friction slope just
downstream of STA(i), SFd(i); the average friction slope
for the section of the distributary canal between STA(i)
and STA(i+1), SF5(i+1); and the head loss due to friction
between STA(i) and STA(i+1), HL(i+1) in meters from
equations (A17) through (A27) respectively with the nota-
tion i substituted for (i,j).

Compute a new energy line elevation just downstream of
STA(i), ELd(i)' in meters.

ELd(i)' = ELu(i+l) + HL(iH+1) (A81)

Compare ELd(i) and ELd(i)' to determine if the trial value
of WSd(i) is sufficiently accurate or if a new trial value
needs to be selectad

i) If|ELd(i) - Ed(i)| < 0.001, WSd(i) is sufficiently
accurate. Go to section (C2e).
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11) If| ELd(1) - ELA(1)] > 0.001, select a new trial
' ‘value of WSd(i) and return to section (C2b)-

Compute the flow rate just upstream of STA(i), Q(i) in

“m3/s.

ii)

i) For stations of type 3,
QL) = QUH) +q(i) + s[L(iH) - L(1)] (482)
Now, the flow rate from the distributary canal to the farm

chammel at STA(i) is equal to the computed total discharge
at the head of the farm channel. That is,

q(i) = Q(i,1) (483)
Thus, |
QW) =Q(iH) +Q(i,1) +s[L(iH) - L(L)] (A84)

For stations not of type 3,

Q(1) = QiH) + s[L(i+) - L(1)] (A85)

£) Compute the water surface elevation and flow depth Jjust up-
stream of STA(i), WSu(i) and Du(i) respectively in meters.

1)

ii)

For stations of type 3, consider the momentum change due
to abruptly diminishing flow at the cutlet to the farm
chammel to determine Du(i).

Equation (A32) with the notation i substituted for (i,j)
is solved by trial and error to determize Da(i).

Determine WSu(i) as
WSu(i) = E(i) + Du(i) (A86)

For stations of type 4 (Type 4A, cutthroat flume; type 4B,
trapezoidal flume; type 4C, check structure) the com-
putational procedures described in section B2pii are
followed with the notation i substituted for (i,j) in the
variables.
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iii) For stations of type 5, bend in the channel, the com-

' * putational procedures described in section ‘B2piii are
followed with the notation i substituted for (i, j) in the
variables.

- iv) For stations of type 6

Type 64, enlargement or contraction of the channel section:
The computational procedures described in section B2piv
for the farm channels are followed with the motation i
substituted for (i,j) in the variables.

Type 6B, change only in hydraulic roughness or bottom
slope of the channel:

The depth and water surface elevation just upstream of
any STA(i) 1is considered to be unaffected by a mere
change in roughness, or transition from one mild slope

to smother. .

That is :

Du(i) = Dd(i) (487)
and

WSu(i) = Wsd(1) (A88)

v) For stations of type 7, "dummy" computational the station.
The flow conditions just upstream of a "dummy" station are
the same as those just downstream. Thus, equations (A87)
and (A88) are used to compute Du(i) and WSu(i) respec-
tively.

vi) For station of type 1, head of distribution canal

The flow conditions just upstream of STA(1) at the head
of the distributary canal are the same as those just
downstream. Thus Du(l1) and WSu(l) are computed from
equations (A87) and (A88) for i=1.

g) For stations of type 3, determine the head m the autlet to
the farm channel, He(i) in meters.
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He(i) = WSu(l) = WS¢(i) (A89)
= Wu(i) - Wsu(i,1) (A89a)

For stations of type 3, compute the height of the gate set-
ting, dg(i) in meters, to pass the tlow irate q(i), with the
computed value ot head, Hi(1), for a specified size ot pipe
inlet, dp (i), that is partially closgd; or recompute the
tlow rate to the farm chamel, q(i) in m3/s, the head on the
inlet, Hg(i) in meters, and all hydraulic variables in the
tarm chammel tor a specified size of pipe autlet, dp(i), that
is fully open; or compute the size of pipe outlet, dp(i) in
meters, and gate setting, dg(i) in meters, to pass q(i) with
the computed value ot Hi(1).

1) For the case where the size of the pipe autlet, dp(i), is
specified, compute trom equations (A3), (A3a) and (A3b) the
head on the pipe outlet, H¢(i) in meters, required to
pass the outlet flow rate, q(i), for the case where the
pipe 1is fully open. Call this computed value H¢(i)'.

If the value ot Hy(i)'is less than the value of Hy(i) com-
puted from equation (A89), then determine the height to set
the gate above the pipe invert, dg(i) in meters, to pass
q(i) with the available head, Hi(i). The value ot dg(i)
is computed from equations (A3), (A32), and (A3b) where the
value of Hi(i) is that computed from equation (A89).

If the value of Hi(i)' is greater than the value of Hg(i)
computed from equation (A89), then the computed head on the
pipe autlet, Hi(i), is not adequate to pass q(i) for the
specified pipe size. Thus, the tlow rate into the tarm
chammel will be less than originally computed. The actual
tlow rate is dependent in nart on the value ot Hi(1).
However, the value ot Hi(i) is dependent upon the value ot
WSu(i) and the value of WSu(i,1) which is in turn dependent
on the value of q(i).

Thus, a trial and error solution is required to balance the
flow condition in the tarm chammel with that in the distri-
butary canal. This involves recomputing the hydraulic



variables in the farm chamnel wntil such a balance is
a'chieved.‘ The procedure followed is outlined below and

«) From equations (A3) and (A3a) compute a new value of
flow rate to the farm ditch, q(i) in m/s, for the
head, Hp(i), computed from equation (A89) and the spe-
cified size of fully open outlet pipe, dp(i) Call
this computed value q(i)°'. " Lot

@) Compare the new value of flow rate, q(i)’, with t:he
old value, q(i), computed from equation (A83)

63 = | a(d) - q(d)} 90)

If the difference is sufficiently small (eg.
G3 < 0.05 q(1)), go to section (C21).

If the difference is mot sufficiently small, go to
section (CZhix) below.

¥) Compute a new set of "design" turnout flow rates,
qdq(i,j), for the farm channel. These new values are
designated as qq(i,j)'.

§) Go to section (B) with the new values of design flow
rate, q4(i,j)', and recompute the values of all of the
hydraulic variables for the farm channel at STA(i).

€) Go to section (C2e) with the new value of q(i) com-
puted from equation (A83) and continue computations
through section (C2hi)

The above procedure is repeated until G3 becomes suf-
ficiently small.

ii) For the case where the size of the pipe outlet, dp(i) in
meters, and the height of the pgate setting, dg(i) in
meters, are to be determined:

Select an initial pipe outlet diameter size, dp(1) in
meters, from the range of available sizes.
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Compute the value of q(i) from equations"(AS) and (A3a)
using the selected value of dp(i). Call this computed
value q(i)°'. : ‘

Compute the absolute dittérence between q(i), oomputed
from equation (A83), and q(i)' wusing equation (A90) for
G3. o

Select subsequent values of dp(i) and compute corres-
ponding values of q(i)' and G3.

The value of dp(i) selected is the one that minimizes the
value of G3.

If the value of q(i)' computed from equations (A3) and
(AJa) for the selected value of dp(i) is less than q(i)
computed from equation (A83), increase the selected value
of dp(i) by one size increment (eg. by 0.05 m).

Use the tinal selected value ot dp(i) and the value of
q(1) computed trom equation (A83) to compute the height of
the bottom of the gate trom the pipe invert, dg(i) in
meters, from equations (A3), (A3a), and (A3b).

i) Compute the cross-sectional area of tlow just upstream of
STA(1), Au(i) in m¢; the average velocity of tlow just
upstream of STA(i), Vu(i) in m/s; the kinetic energy of flow
just upstream of STA(i,j), KEu(i) in meters; the energy line
elevation just upstream of STA(i), ELu(i) in mcters; the
wetted perimeter just upstream of STA(i,j), Pu(i) in meters;
the hydraulic radius just upstream of STA(1), Ru(i) in
meters; and the friction slope just upstream of STA(i), Sku(i)
from equations (A63) through (A6Y) respectively with the nota-
tion i substituted tor (i,j).

3. Selected hydraulic variables are computed at stations downstream
of the last turnout at STA(y).

a) Compute the water surtace elevation just upstream and just
downstream of each STA(1) downstream of STA(y), WSu(i)
and WSd(i) respectively in meters.



b)

c)
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There is only seepage flow in the distributary canal
downstream of the last open outlet at STA(y). It is
assumed that the hydraulic gradient due to this flow is very
small and may be neglected. Thus, the water surface eleva-
tion at any STA(i) downstream of STA(y) is equal to that
at STA(i). That is, '

WSu(i) = WSd(i) = WSu(y) (A91)

Where x < j M and vhere the momentum change at the last
open autlet is negligible.

Compute the bottom elevation of the distributary camnal at any
STA(i) downstream of STA(y), E(i) in meters.

The bottom elevation at any STA(i) downstream of STA(y) is
equal to the bottom elevation at the end of the dist:ibutary
canal at STA (M) plus the total rise in the bottom elevation
between STA(i) and STA(M). That is

M-1
E(i) = EM) + E [L(kH1) - L(k)] Sp(k) (A92)
k=1
Where k = dummy counter
Compute the depth of water standing just upstream and just
downstream of any STA(i) downstream of STA(y), Du(i) and
Dd(i) respectively in meters. ‘
Du(i) = Dd(i) = WSu(i) - E(i) (A93)

Where x <1 <M

Compute the water surface elevation required in the parent canal
at the inlet to the distributary canal and the required headgate
setting to pass Q(i) to the distributary canal. The appropriate
calibrated equations relating Q(i) to the head loss through the
gate for conditions of free and submerged flow should be used.
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APPENDIX B: COMPUTATION OF FLOW THROUGH A BANKCUT

Wil o gmgn. £ (L) ' . STA (L))
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Figure Bl. Flow through a oankcut turnout.

Often a farmer will make a cut through the bank of the farm channel to
allow the water to flow directly to his field. An analysis of gra-
dually varied flow through the small channel formed by a cut at
STA(1,J) allows:’ (A) determination of the flow rate, q(i,J), for a spe-
cified width of cut or (B) determination of the width of cut, Wp(4,J),
required to pass a specified flow rate or (C) determination of the
head loss through the turnout, H¢(1i,J) for a specified width of cut
and flow rate. Reference is made to Figure Bl in the analysis pre-
sented.

For purpose of computation the bankcut channel at STA(1,Jj) is divided
into P equally spaced stations. Each station along the bankcut chan-
nel, 1s designated as STA(4,J,k) where 1€k €P. ‘The distance between
each STA(1,J,k) 1s Lp(4,J)/(P-1). The greater the total rumber of
stations, P, selected, the greater will be the precision of the
computations and the more computational time will be required.

Beglnning with the station at the end of the bankcut where the flow
‘enters the farm field, STA(4,J,P), computations are made at each suc-
cesslve station moving in an upstream direction and ending at
STA(4,J,1) at the entrance to the bankcut. Trial and error procedures
are used to achieve balanced solutions of the energy equations for the
specified boundary conditions.
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The bankcut cross-section is assumed to be rectangular., Its bottom is
assumed to have zero grade.

A. Compute the flow rate, q(1,J) in m3/s, through the bankcut at
STA(1,J) for a specified width of cut, Wy(1,J) in meters.

1. Select a trial value of flow rate, q(i,J) in m3/s.

2.

Compute the hydraulic variables for each SI‘A(i J,k) along the
bankcut were k = P to 1.

a) Compute the depth of flow at STA(1,J,k), d(1,J,k) in

b)

c)

d)

e)

meters
For k = P,
d(i.'J:P) = VBt(i,J) - Eb(i,J) (B1)

For 1 { k <P, compute an initlial trial value of flow
depth as

d(1,J,k) = d(1,J,ktl) + 8F(1,J,k+1)[Lp(1,3)/(P-1)]  (B2)

Compute the cross-sectional area of flow at STA(1,J,k),
A(4,J,k) in P,

A(1,J3.k) = d(1, J,k) Wp(1,J) (B3)

Compute the average velocity of flow at STA(1,J,k),
V(1,J,k) in m/s.

V(1,J,k) = a(1,3)/A(4, J,k) (BY)

Compute the ldnetic energy of flow at STA(1,J,k),
KE(1, J,k) in meters.

KE(1,J,k) = V(1,4,k)2/2g (B5)

Compute the energy line elevation at STA(1,J,k), EL(1,J,k)
in meters.

For k = P,

EL(1,4,P) = WSg(1,J) + KE(4, J,k) (B6)



f)

g)

h)
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EL(1,3,k) = d(1,3,k) + By(1,d) + KE(4,4,k) (B7)
Conpute the wetted perineter at STA(,3,K)," P4, 3,k): tn -

meters.,
P(~1,J,k) = 2d4(1,4,k) +Wy(1,)) (B8)

Compute the hydraulic radius at STA(i,J,%), R(1,J,k) in
meters. ‘

R(1,J,k) = A(i,J,k)/P(i,J,k)k | - (B9)
Campute the friction slope at STA(1,J,k), SF(1,J,k).
From Manning's equation,

SF(1,J,k) = V(1,4,k)2 np(4,5)2/R(4, 3,k)4/3 (B10)

Note: Sections (A21) through (A21) are only for k < P.

1)

J)

k)

1)

Campute the average friction slope between STA(4,J,k) and
STA(1,J,k+1), SFa(t,J,k+l).

SFa(1,d,kH) = [SP(1,4,k) + SF(1,J,k+1)]/2 (B11)

Compute the head loss due to friction between STA(4, J,k)
and SI'A(i,J,k'l'l), HL(1, j,k+1) in meters.

HL(1,d,kH) = SFy(1,d,k+1) [Lp(L,d)/(P-1)] (B12)

Compute a new energy line elevation at STA(1,J,k),
EL(4,J,k)' in meters.

EL(1, J,k)' = EL(4, J,k+1) + HL(1,J,k+1) (B13)

Campare EL(i,J,k) and EL(4, j,k)' to determine if trial
value of d(4,J,k) 1s sufficiently accurate or if new trial
value needs to be selected.

1) Ir | EL(1,4,k) - EL(1,3,k)" | € 0.001, d(1,8,k) is
sufficiently accurate. If k=1, go to section (A3).
If k > 1, return to section (A2a) &nd begin calcula-
tions for next upstream station, STA(1,J,k-1).
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1) If| EL(1,4,k) = EL(1,4,k)' | > 0,001, select a new |
trial value of d(1,Jj,k) and return to section (A2b)

Compute the water surface elevation at the entrance to the
bankcut at STA(4,J), WS(1,J,1) in meters.

ws(4,4,1) = d(1,4,1) + Ep(1,J) (B16)

Compare WS(1,J,1) and WSu(1,J) to determine if the trial value
of q(1,J)) 1s sufficiently accurate or if a new trial value
needs to be selected.

A solution is achieved when the computed value of the water
surface elevation at the entrance to the bankecut, WS(1,J 1),
is sufficlently close to be considered equal to the value of
the water surface elevation in the farm channel just upstream
of the bankcut tvrnout, WSu(i,Jj).

1) If|Wsu(1,J) - ws(4,4,1) |£0.001, the value q(1,J) 1s suf-
ficlently accurate and a solution is achieved.

11) If | WSu(1,J) - WS(1,J,1) | > 0.001, select a new trial
value of q(1,J) and return to section (A2) to begin a new
trial of gradually varied flow calculations.

B. Compute the width of cut at STA(4,J), Wy,(1,J) in meters, required
to pass a specified flow rate, q(1,J), with the computed head
loss, Hg(1,3).

1.

2.

Select a trial value of cut width, W,(1,J) in meters.

Compute the hydraulic variablés for each STA(1,J,k) along the
bankcut where k = P to 1 using the same procedures outlined
above in section (A2).

Compute from equation (B16) the water surface elevation at the
entrance to the bankcut at STA(1,J), WS(1,J,1) in meters.

Compare WS(1,J,1) and WSu(i,j) to determine if the trial value
of Wy(1,J) 1s sufficiently accurate or if & new trial value
needs to be selected.
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1) If | WSu(1,d) - WS(1,4,1) | £0.001, the value of Wy(1,J)
1s mt‘ficiently accurate and a solution is achieved.

11) If | wSu(1,J) - WS(4,J4,1) | >0.001, select a new trial
value of Wy(i,J) and return to section (B2) to begin a
new trial value of gradually varied flow calculations.

C. Compute the head loss through the bankcut turnout at STA({,J),
Hy(1,J) in meters, for a specified cut width, W,(1,J), and flow

rate, aq(1,J).

1. Compute the hydraulic variables for each STA(4, j,k) along t:he
bankcut where k = P to 1 using the same procedures outlined
ahove in section (A2).

2. Campute the head loss through the bankcut tumout Hg(1,d) in
meters.

Hg(4,J) = Wsu(4,J) - wst(4,Jd)
= Ws(1,J,1) - Wst(1,J) (B17)
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Figure Cl. Application of the momentum
principle at a STA(1) with
an open turnout.

Consider the short channel section with length AL at a STA(1) with an
open turnout (Figure Cl). The upstream height of the section is
defined by the depth of flow Jjust upstream of STA(i), Du(i). The
downstream height is defined by the depth of flow Jjust downstream of
STA(1), Dd(1). The momentum principle may be applied to the section
to develop an equation that will allow the value of Du(i) to be deter-
mined from known values of hydraulic section parameters; the down-
stream flow depth, Dd(1); and the flow rates Just upstream and Just
downstream of STA(1), Q(1) and Q(1+1) respectively. The following
assumptions are made in the development of this equation:

1. The pressure distribution on both sides of the turnout at STA(1)
is hydrostatic.

2. The forces an the section of length AL due to shear on the sides
and bottom of the channel are negligible.

3. The bottom slope of the channel is very small and AL is small;
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thus, the force on the section due to the weiélut component in the
direction of flow 1s negligible.

4, The velocity and momentum coefficients are unity.
5. The density of the water i1s constant.

According to Newtons second law of motion, the rate of change of
momentum in a body of water flowing in a channel is equal to the
resultant of all the external forces acting on the body. Applying
this principle to the short section of channel with length AL at a
STA(1) with an open turnout glves

Fd(1) - Fu(1) = pQ(1)Vu(1) - PpQ(1+1)Vd(4) (c1)

Where Fd(1) = the resultant force in the line of flow due to the water
pressure on the section Jjust downstream of STA(1)

Fu(i) = the resultant force in the line of flow due to the water
pressure an the section Jjust upstream of STA(1)

f = the density of water

A resultant force, F, acting in the line of flow due to the water
pressure on a section in the channel is the product of the cross-
sectional area of flow, A, and the pressure on the center of gravity
of the sectlon. That is,

F = ApeDeg (c2)

Where ch = the depth from the water surface to the center of gravity
of the section.

A sketch of a cross-section in a trapezoidal channel is shown in Figure
C2. The depth to the center of gravity of the section, ch, may be
determined as a function of the depth of flow, D; the side slope, Z;
and the bottom width, W. The cross-section is divided into t\ree
parts for purpose of analysis: part A, part B, and part C. Parts A
and C are of equal area. Moments are taken for each part about the
line 0-0 coincident with the water surface as glven in Table Cl.
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Figure C2. Flow cross section in a trapezoidal
channel with center of gravity, cg,
and depth from water surface to
center of gravity, ch.

Table Cl. Determination of ch by Area-Moment Method

Part Area Moment Arm Area Moment
A D2z/2 D/3 D3z/6
B WD D/2 WD2/2
C D2z/2 D/3 D3z/6
WD+D27, Deg (WD2/2)+(D3z/3)

The relation for Dgg 1s thereby determined as

[(WwD2/2 + (D32/3)]/(WD+D2Z)

ch
(3WD + 2D22) /6(W+DZ) (c3)

Applying equations (C2) and (C3) to the cross-sections Jjust upstream
and Jjust downstream of STA(1) glves

Fu(1) = Au(1)pgl (3W(1-1)Du(1) + 2Du(1)2z(1~1))/6(W(1-1) +
Du(1)z(1-1))1] (Ch)
and
Fd(1) = Ad(1)pel (3W(1)DA(1)+2DA(1)22(1))/6(W(1)+Dd(1)z(1))] (C5)
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Relations for Au(i) and Ad(1) as a function of flow depth are given
in equations (A63) and (A19). Substituting the relation given in
equation (A63) for Au(i) into equation (C4) gives

Fu(i) = W(i)Du(i-1) + Du(i)2z(i-1)] x

MA-1DDu(l) + 20u(i)2z(i-1)] ..
L 6(W(i-1) + Du(i)z(i-1)) ]Pg )

Relations for Vu(i) and Vd(i) as a function of the flow rate in the
channel are given in equations (A64) and (A20) with the notation i
substituted for (i,j) and repeated hnore

Vu(i) = Q(i)/Au(i) (A64)
= Q(1)/[W(i-1)Du(i) + Du(i)2Z(i-1)] (7))

and

Vd(i) = Q(i+1)/Ad(1) ‘ (A20)

Substituting the relations given in equations (C5), -(ce), €7), and
(A20) for Fd(i), Fu(i), Vu(i), and Vd(i) respectively in equation (C1)
gives

ad(1) | H() D) + 2Dd(1)22(1) |4 -
6(W(i) + Dd(1)z(i))

[W(i-1)Du(i) + Du(i)2z(i-1)] | MWE-DDu) + Zm(i)?-Z(i-I)] g
6(W(i-1) + Du(i)z(i-1))

.{ Q(i)2 J - [9@&& J (C8)
W(i)Du(i-1) + u(1))4Z(G- Ad(i)

For a STA(1,j) in a farm channel, equation (C8) takes the form pre-
sented in equation (A32) in Appendix A.
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Table DI. GROSS DAILY FLOW RATES FOR THE MONTH OF JANUARY
FOR MESQAS AND TURNOUTS (N ABYUHA CANAL FOR AREA
DISTRIBUTION ALTERNATIVES 1 AND 2.

Mesqa Turnout Gross Deily Flow Rate (m3/s)
No. No. Alternative 1 Alternmative 2
1 0.0080 0.0080
2 0.0024 0.0024
3 0.0040 0.0040
4 0.0719 0.0719
5 0.0400 0.0400
6 0.0048 0.0048
7 0.0725 0.0725
8 0.0120 0.0120

10 0.0064 0.0064

1 0.0663 0.0871

12 0.0096 0.0096

13 0.0463 -

14 0.0501 0.1039

1 0.0020 0.0020

15 0.0512 -

16 0.0545 0.1104

2 0.0018 0.0018
3 0.0028 0.0028
4 0.0040 0.0040
5 0.0022 0.0022
6 0.0020 0.0020
17 0.0056 0.0056
7 0.0018 0.0018
19 ' 0.0080 0.0110
8 0.0016 0.0016
9 0.0020 0.0020

20 0.0675 -

21 0.0520 0.0836

22 0.0943 0.0943

23 0.0519 0.0519

25 0.0395 0.0395

26 0.0317 0.0317

27 0.0242 0.0356

28 0.0225 --

29 0.0229 0.0439

30 0.0292 -

N - 0.0193

Total 0.970 0.970
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Table D2. GROSS DAILY FLOW RATES FOR THE MONTH OF FEBRUARY
FOR MESQAS AND TURNOUTS ON ABYUHA CANAL FOR AREA
DISTRIBUTION ALTERNATIVES 1 AND 2.

Mesqa  Turnout Gross Daily Flow Rate (m3/s)
No. No. Alternative 1 Alternative 2
1 0.0046 0.0046
2 0.0014 0.0014
3 0.0023 0.0023
4 0.0415 0.0415
5 0.0231 0.0231
6 0.0028 0.0028
/ 0.0419 0.0419
8 0.0069 0.0069

10 0.0037 0.0037

n 0.0383 0.0503

12 0.0055 0.0055

13 0.0268 -

14 0.0289 0.0600

1 0.0012 0.0012

15 0.0296 -

16 0.0315 0.0638

2 0.001M 0.0011
3 0.0016 0.0016
4 0.0023 0.0023
5 0.0013 0.0013
6 0.0012 0.0012
17 0.0032 0.0032
/ 0.00M 0.0011
19 0.0046 0.0064
8 0.0009 0.0009
9 0.000Y 0.0009

20 0.0390 -

21 0.0301 0.0483

22 0.0545 0.0545

23 0.0300 0.0300

25 0.0228 0.0228

26 0.0183 0.0183

27 0.0140 0.0206

28 0.0130 -

29 0.0132 0.0253

30 0.0169 -

3 -- 0.0

Total 0.560 0.560
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Table D3. GROSS DAILY FLOW RATES FOR THE MONTH OF MARCH
FOR MESQAS AND TURNOUTS ON ABYUHA CANAL FOR AREA
DISTRIBUTION ALTERNATIVES 1 AND 2,

Mesqa  Turnout Gross Daily Flow Rate (m3/s)
No. No. Alternative T Alternative 2
1 0.0060 0.0060
2 0.0018 0.0018
3 0.0030 0.0030
4 0.0539 0.0539
5 0.0299 0.0299
6 0.0036 0.0036
7 0.0543 0.0543
8 0.0099 0.0090

l U U .Oms 0 00048

1 0.0497 0.0652

12 0.0072 0.0072

13 0.0347 -

14 0.0375 0.0778

1 0.0015 0.0015

15 0.0384 --

16 0.0408 0.0827

2 0.0014 0.0014
3 0.0021 0.0021
4 0.0030 0.0030
5 0.0017 0.0017
6 0.0015 0.0015
17 0.0042 0.0042
/ 0.0014 0.0014
19 0.0060 0.0083
8 0.0012 0.0012
9 0.0015 0.0015

20 0.0506 --

21 0.0390 0.0626

22 0.0706 0.0706

23 0.0389 0.0389

25 0.0296 0.0296

26 0.0238 0.0238

27 0.0181 0.0267

28 0.0169 -

29 .01 0.0329

30 0.0218 -

K} - 0.0144

Total 0.726 0.726
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Table D4. GROSS DAILY FLOW RATES FOR THE MONTH OF APRIL
FOR MESQAS AND TURNOUTS ON ABYUHA CANAL FOR AREA
DISTRIBUTION ALTERNATIVES 1 AND 2.

Mesqa Turnout Gross Daily Flow Rate (m3/s)
No. No. Altermative 1  Altermative 2
1 0.0063 0.0063
p 0.0019 0.0019
3 0.0032 0.0032
4 0.0570 0.0570
5 0.0317 0.0317
6 0.0038 0.0038
7 0.0575 0.0575
8 0.0095 0.0095

10 0.0051 0.0051

1 0.0526 0.0691

12 0.0076 0.0076

13 0.0368 -

14 0.0397 0.0824

1 0.0016 0.0016

15 0.0406 --

16 0.0432 0.0876

2 0.0015 0.0015
3 0.0022 0.0022
4 0.0032 0.0032
5 0.0018 0.0018
6 0.0016 0.0016
1/ 0.0044 0.0044
7 0.0015 0.0015
19 0.0063 0.0087
8 0.0013 0.0013
9 0.0016 0.0016

20 0.0536 -

21 0.0413 0.0663

22 0.0748 0.0748

23 0.0412 0.0412

25 0.0313 0.0313

26 0.0252 0.0252

27 0.0192 0.0283

28 0.0179 --

29 0.0181 0.0348

30 0.0231 .-

N - 0.0153

Total 0.769 0.769
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Table w. GROSS IAILY FLOW RATES FOR THE MONTH OF MAY
FOR MESQAS AND TURNOUTS ON ABYUHA CANAL FOR AREA
DISTRIBUTION ALTERNATIVES 1 AND 2.

Mesqa Turnout Gross Daily Flow Rate (m3/ 8)
No. No. Alternative 1 Alternative 2
] 0.0056 0.0056
2 0.0017 0.0017
3 0.0028 0.0028
4 0.0505 0.0505
5 0.0281 0.0281
6 0.0034 0.0034
7 0.0509 0.0509
8 0.0084 0.0084

10 0.0045 0.0045
n 0.0466 0.0612
12 0.0067 0.0067
13 0.0325 -
14 0.0352 0.0730
1 0.0014 0.0014
15 0.0360 -
16 0.0383 0.0776
2 0.0013 0.0013
3 0.0020 0.0020
4 0.0028 0.0028
5 0.0016 0.0016
6 0.0014 0.0014
17 0.0039 0.0039
7 0.0013 0.0013
19 0.0056 0.0077
8 0.001 0.001
9 0.0014 0.0014
20 0.0474 -
21 0.0365 0.0587
22 0.0662 0.0662
23 0.0365 0.0365
25 0.0277 0.0277
26 0.0223 0.0223
27 0.0170 0.0250
28 0.0158 -
29 0.0160 0.0308
30 0.0205 -
3 - 0.0135

Total 0.681 0.681
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Table D6. GROSS [AILY FLOW RATES FOR THE MINTH OF JUNE
FOR MESQAS AND TURNOUTS ON ABYUHA CANAL FUR AREA
DISTRIBUTION ALTERNATIVES 1 AND 2,

Mesqa Turnout Gross Daily Flow Rate (m3/s)
No. No. Alternative 1 Alternative 2
1 0.0089 0.0089
2 0.0027 0.0027
3 0.0044 0.0044
4 0.0800 0.0800
5 0.0444 0.0444
6 0.0053 0.0053
7 0.0806 0.0806
8 0.0133 0.0133

10 0.0071 0.0071

n 0.0737 0.0968

12 0.0107 0.0107

13 0.0515 --

14 0.0557 0.1155

1 0.0022 0.0022

15 0.0569 -

16 0.0606 0.1228

2 0.0020 0.0020
3 0.0031 0.0031
4 0.0044 0.0044
5 0.0025 0.0025
6 0.0022 0.0022
17 0.0062 0.0062
7 0.0020 0.0020
19 0.0089 0.0123
8 0.0018 0.0018
9 0.0022 0.0022

20 0.0751 -

21 0.0578 0.0929

22 0.1048 0.1048

23 0.0577 0.0577

25 0.0439 0.0439

26 0.0353 0.0353

27 0.0269 0.0396

28 0.0251 -

29 0.0254 0.0488

30 0.0324 -

K} -- 0.0214

Total 1,078 1.078
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Table D7. GROSS DAILY FLOW RATES FOR THE MNTH OF JULY
FOR MESQAS AND TURNOUTS ON ABYUHA CANAL FOR AREA
DISTRIBUTION ALTERNATIVES 1 AND 2.

Mesqa Turnout Gross Daily Flow Rate (m3/s)
No. No. Alternative T Alternative 2
1 0.0114 0.0114
2 0.0034 0.0034
3 0.0057 0.0057
4 0.1030 .0.1030
5 0.0572 0.0572
6 0.0069 0.0069
7 0.1038 0.1038
8 0.0172 0.0172

10 0.0092 0.0092

1 0.0950 0.1247

12 0.0137 0.0137

13 0.0664 -

14 0.0717 0.1487

1 0.0029 0.0029

15 0.0733 -

16 0.0780 0.1581

2 0.0026 0.0026
3 0.0040 0.0040
4 0.0057 0.0057
5 0.0032 0.0032
6 0.0029 0.0029
17 0.0080 0.0080
7 0.0026 0.0026
19 0.0114 0.0158
8 0.0023 0.0023
9 0.0029 (.0029

20 0.0967 -

A 0.0745 0.1197

22 0.1350 0.1350

23 0.0744 0.0744

25 0.0565 0.0565

26 0.0454 0.0454

27 0.0347 0.0510

28 0.0323 -

29 0.0327 0.0628

30 0.0418 -

31 - 0.0276

Total 1.388 1.388
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Table D8. GROSS DAILY FLOW RATES FOR THE MONTH OF AUGUST
FOR MESQAS AND TURNOUTS (N ABYUHA CANAL FOR AREA
DISTRIBUTION ALTERNATIVES 1 AND 2.

‘Mesqa  ‘Turnout Gross Daily Flow Rate (m3/s)
No. No. Alternative 1 Altermative 2
1 0.0084 0.0084
2 0.0025 0.0025
3 0.0042 0.0042
4 0.0756 0.0756
5 0.0420 0.0420
6 0.0050 0.0050
7 0.0762 0.0762
8 0.0126 0.0126

10 0.0067 0.0067
11 0.0697 0.0916
12 0.0101 0.010
13 0.048/ ) -
14 0.0527 0.1092
1 0.0021 0.0021
15 0.0538 L -
16 0.0573 0.1161
2 0.0019 0.0019
3 0.0029 0.0029
4 0.0042 0.0042
5 0.0024 0.0024
6 0.0021 0.0021
17 0.0059 0.0059
7 - 0.0019 ~0.0019
19 0.0084 0.0116
8 0.0017 0.0017
9 0.0021 0.0021

20 0.0710 -

21 0.0547 0.0879

22 0.0991 0.0991

23 0.0546 0.0546

25 0.0415 0.0415

26 0.0334 0.0334

27 0.0255 0.0375

28 0.0237 -

29 0.0240 0.0461

30 0.0307 -

3 - 0.0202

Total 1.019 1.019
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Table D9. GROSS IMAILY FLOW RATES FOR THE MONTH OF SEPTEMBER
FOR MESQAS AND TURNOUTS ON ABYUHA CANAL FOR ARFA
DISTRIBUTION ALTERNATIVES 1 AND 2.

Mesqa Turnout Gross Daily Flow Rate (m3/s)
No. No. Alternative 1  Altermative 2
1 0.0057 0.0057
2 0.0017 0.001/
3 0.0029 0.0029
4 0.0514 0.0514
5 0.0285 0.0285
6 0.0034 0.0034
7 0.0518 - 0.0518
8 0.0086 0.0086

10 0.0046 0.0046

1 0.0474 0.0622

12 0.0068 0.0068

13 0.0331 -

14 0.0358 0.0742

1 0.0014 0.0014

15 0.0366 -

16 0.0389 0.0789

2 0.0013 0.0013
3 0.0020 0.0020
4 0.0029 0.0029
5 0.0016 0.0016
6 0.0014 0.0014
17 0.0040 0.0040
7 0.0013 0.0013
19 0.0057 0.0079
8 0.0011 0.0011
9 0.0014 0.0014

20 0.0482 -

21 0.0372 0.0597

22 0.067. 0.0674

23 0.0571 0.0371

25 0.0282 0.0282

26 0.0227 0.0227

27 0.0173 0.0255

28 0.0161 -

29 0.0163 0.0313

30 0.0208 -

K] - 0.0133

Total 0.693 0.693
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Table D10, GROSS DAILY FLOW RATES FOR THE MONTH OF OCTOBER
FOR MESQAS AND TURNOUTS ON ABYUHA CANAL FOR AREA
DISTRIBUTION ALTERNATIVES 1 AND 2,

Mesqa lurnout Gross Daily Flow Rate (m3/s)
No. No. Alternative 1 Alternative 2
1 0.0017 0.0017
2 0.0005 0.0005
3 0.0009 0.0009
4 0.0157 0.0157
5 0.0087 0.0087
6 0.0010 0.0010
7 0.0158 : 0.0158
8 0.0026 0.0026
10 0.0014 0.0014
1 0.0144 0.0190
12 0.0021 0.0021
13 0.0101 -
14 0.0109 0.0226

1 0.0004 0.0004
15 0.0112 -
16 0.0119 0.0240
2 0.0004 0.0004
3 0.0006 0.0006
4 0.0009 0.0009
5 0.0005 0.0005
6 0.0004 0.0004
17 0.0012 0.0012
7 0.0004 0.0004
19 0.0017 0.0024
8 0.0003 0.0003
9 0.0004 0.0004

20 0.0147 -

21 0.0113 0.0182

22 0.0205 0.0205

23 0.0113 0.0113
25 0.0086 0.0086
26 0.0069 0.0069

27 0.0053 0.0078

28 0.0049 -

29 0.0050 0.0096
30 0.0063 -
3 - 0.0042

Total 0.21 0.211
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Table DI1. GROSS DAILY FLOW RATES FOR THE MONTH OF NOVEMBER
FOR MESQAS AND TURNOUTS (N ABYUHA CANAL FOR AREA
DISTRIBUTION ALTERNATIVES 1 AND 2.

Mesqa Turnout Gross Daily Flow Rate (m3/ 8)
No. No. Alternative 1  Alternative 2
1 0.0030 0.0030
2 0.0009 0.0009
3. 0.0015 0.0015
4 0.0268 0.0268
5 0.0149 0.0149
6 0.0018 0.0018
7 0.0270 0.0270
8 0.0045 0.0045

10 0.0024 0.0024

1t 0.0247 0.0324

12 0.0036 0.0036

13 0.0172 -

14 0.0186 0.0386

1 0.0007 0.0007

15 0.0191 --

16 0.0203 0.0411

2 0.0007 0.0007
3 0.0010 0.0010
4 0.0015 0.0015
5 0.0008 0.0008
6 0.0007 0.0007
17 0.0021 0.0021
7 0.0007 0.0007
19 0.0030 0.0041
8 0.0006 0.0006
9 0.0007 0.0007

20 0.0251 -

21 0.0194 0.0311

22 0.0351 0.0351

23 0.0193 0.0193

25 0.0147 0.0147

26 0.0118 0.0118

27 0.0090 0.0133

28 0.0084 --

29 0.0085 0.0163

30 0.0109 -

K] - 0.0072

Total 0.361 0.361
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Table D12. GROSS DAILY FLOW RATES FOR THE MONTH OF [ECEMBER
FOR MESQAS AND TURNOUTS ON ABYUHA CANAL FOR AREA
DISTRIBUTION ALTERNATIVES 1 AND 2.

Mesqga  Turnout Gross Daily Flow Rate (m3/s)
No. No. Alternative 1  Alternative 2
1 0,.0033 0.0033
2 0.0010 0.0010
3 0.0017 0.0017
4 0.0301 0.0301
5 0.0167 0.0167
6 0.0020 0.0020
7 0.0302 0.0303
8 0.0050 0.0050

10 0.0027 0.0027

" 0.0278 0.0364

12 0.0040 0.0040

13 0.0194 --

14 0.0210 0.0435

1 0.0008 0.0008

15 0.0214 --

16 0.0228 0.0462

2 0.0008 0.0008
3 0.0012 0.0012
4 0.0017 0.0017
5 0.0009 0.0009
6 0.0009 0.0009
17 0.0023 0.0023
7 0.0008 0.0008
19 0.0033 0.0046
8 0.0007 0.0007
9 0.0008 0.0008

20 0.0283 -

21 0.0218 0.0350

22 0.0395 0.0395

23 0.0217 0.0217

25 0.0165 0.0165

26 0.0133 0.0133

27 0.0101 0.0149

28 0.0094 --

29 0.0096 0.0184

30 0.0122 --

31 - 0.0081

Total 0.406 0.406
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Table D13. JANUARY FLOW ROTATION SCHEDULES FOR ABYUHA
CANAL FOR THE TWO AREA DISTRIBUTION

ALTERNATIVES.
' Flow Rates (Ips)
Mﬁgqa Jhggout Alternative 1 Alternative 2
* * Rotation 1 Rotation 1

1 20 20
2 20 20
3 20 20
4 72 72
5 40 40
6 20 20
/ 73 73
8 20 20
10 20 20
1 66 87
12 20 20
13 46 -
14 50 104
1 20 20
15 51 -
16 55 10
2 20 20
3 20 20
4 20 20
5 20 20
6 20 20
17 20 20
7 20 20
19 20 20
8 20 20
9 20 20
20 68 -
21 52 84
22 94 94
23 52 : 52
25 40 40
26 32 32
27 24 36
28 23 -
29 23 44
30 30 -
3 - 20
Canal Total 1251 1248
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Table D14. FEBRUARY FLOW ROTATION SCHEDULES FOR ABYUHA CANAI FOR
THE TWO AREA DISTRIBUTION ALTERNATIVES.
Flow Rates (Ips)
M;sqa Tu§nout Alternative 1 Alternative 2
0. O« T'Roti | RotZ | Rot3 | Roth | Rot5 || Rotl | Rot2 | Rot3 | Roth | Rots
1 23 23
2 20 20
3 20 20
4 208 208
5 116 116
6 20 20
7 210 210
8 35 35
10 20 20
n 192 252
12 28 28
13 134 —-~
14 145 300
1 20 20
15 148 -
16 158 319
2 20 20
3 20 20
4 20 20
5 20 20
6 20 20
17 20 20
7 20 20
19 23 32
8 20 20
9 20 20
20 195 -
21 151 242
22 2/3 273
23 150 150
25 N4 14
26 92 92
27 70 103
28 65 -
29 66 127
30 85 —
31 -— 56
Canal Total 617 | 574 | 509 619 | 642 617 | 635 | 551 | 515 642
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Table D15. MARCH FLOW ROTATION SCHEDULES FOR ABYUHA

CANAL FOR THE TWO AREA DISTRIBUTION

ALTERNATIVES.
Flow Rates (Ips)

Mﬁsqa IUEnout Alternative 1 Alternative 2
0. O« [Rot 1| Rot 2| Rot 3| Rot 1] Rot 2] Rote 3
1 20 20
2 20 20
3 20 20
4 162 162
5 90 90
6 20 20
7 163 163
8 2] 27

10 20 20

1 149 196

12 22 22

13 104 -

14 13 233

1 20 20

15 ns -~

16 122 248

2 20 20
3 20 20
4 20 20
5 20 20
6 20 20
17 20 20
7 20 20
19 20 20
8 20 20
9 20 20

20 152 ~-

21 17 188

2 212 212

23 11/ 117

25 8y 89

26 71 71

2/ 54 80

28 5 —-—

29 5 99

30 65 -

K}| - 43

Canal Total 817 722 827 760 m 889
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Table DI6. APRIL FLOW ROTATION SCHEDULES FOR ABYUHA

CANAL FOR THE TWO ARFA DISTRIBUTION

ALTERNATIVES.,
Flow Rates (Ips)
Mﬁgqa 'Iu§nout: Alternative 1 Alternative 2
. O« [Rot T[Rot 2| Rot 3|[Rot 1] Rot 2| Fote 3
1 20 20
2 20 20
3 20 20
4 mn mm
5 95 95
6 20 20
7 173 173
8 29 29
10 20 20
1 158 207
12 23 23
13 110 --
14 119 247
1 20 20
15 122 -
16 130 263
2 20 20
3 20 20
4 20 20
5 20 20
6 20 20
17 20 20
7 20 20
19 20 20
8 20 20
9 20 20
20 161 -
21 124 199
22 224 224
23 124 124
25 9% 9%
26 76 76
27 58 85
28 34 --
29 34 104
30 69 -
31 -- 46
Canal Total 859 752 877 798 929 753
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Table DI7. MAY FLOW ROTATION SCHEDULES FOR ABYUHA CANAL fOR
THE TWO AREA DISTRIBUTION ALTERNATIVES.

, Flow Rates ( ps)
Mﬁgqa 1u§nout Alternative 1 Alternative 2
0. O+ [Rotl [ RotZ [ Rot3 | Ror% | [ RotT | Kot2] Rot3 | Roth
1 22 22
2 20 20
3 20 20
4 202 202
5 12 112
6 20 20
7 204 204
8 3% 34
10 | 20 20
1 186 245
12 27 27
13 130 -
14 141 292
1 20 20
15 144 --
16 153 310
2 20 20
3 20 20
4 20 20
5 20 20
6 20 20
17 20 20
7 20 20
19 22 31
8 20 20
9 20 20
20 190 --
21 146 235
22 265 265
23 146 146
25 m m
26 89 89
27 68 100
28 63 -
29 64 123
30 82 -
31 - 54
Canal Total 600 | 558 | 835 | 888 600 | 638 | 756 | 888
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Table D18. JUNE FLOW ROTATION SCHEDULES FOR
ABYUHA CANAL FOR THE TWO AREA
DISTRIBUTION ALTERNATIVES.

Flow Rates (ips)
Mﬁgqa 'Iu;noout Alternative 1 Alternative 2
* * Rot 1 | Rot 2 Rot 1 | Rot 2
1 20 20
2 20 20
3 20 20
4 160 160
5 89 89
6 20 20
7 161 161
8 27 27
10 20 20
" 147 194
12 21 21
13 103 -
14 m 23
1 20 20
15 114 --
16 121 246
2 20 20
3 20 20
4 20 20
5 20 20
6 20 20
1/ 20 20
7 20 20
19 20 25
8 20 20
9 20 20
20 150 -
21 116 186
22 210 210
23 115 15
25 88 88
26 n n
2 54 79
28 50 -
29 5 98
30 65 -
N - 43
Canal Total 1174 1170 1249 1095
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Table D19. JULY FLOW ROTATION SCHEDULES FOR
ABYUHA CANAL FOR THE TWO AREA
DISTRIBUTION ALTERNATIVES.

. Flow Rates (7ps)
Mﬁeqa Tuﬁnout Alternative 1 Alternative 2
0. O [Rot T [Rot 2 |[RE T |Rot 2

1 23 23
2 20 20
3 20 20
4 206 206
5 114 114
6 20 20
/ 208 208
8 34 34
10 20 20
] 190 249
12 27 27
13 133 -
14 143 297
1 20 20
15 147 -
16 156 316

2 20 20

3 20 20

4 20 20

5 20 20

6 20 20

17 20 20

/ 20 20

19 23 32

8 20 20

9 20 20

20 193 [

21 149 239

22 270 270

23 149 149

25 113 113

26 91 9

27 69 102

28 64 -

29 65 126

30 84 --

K)| - 55

Canal Total 1481 1450 1574 1357
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Table D20, AUGUST FLOW ROTATION SCHEDULES FOR
ABYUHA CANAL FOR THE TWO AREA
DISTRIBUTION ALTERNATIVES.

. Flow Rates (Ilps)
Mﬁsqa luﬁr;out Alternative 1 Alternative 2
0. * [Rot 1 | Rot 2 || Rot T | Rot 2
1 20 20
2 20 20
3 20 20
4 151 151
5 84 - 84
6 20 20
7 152 152
8 25 25
10 2 20
1 139 183
12 2000 12
13 97 N
14 105 o 218
1 20 | - 20
15 108 | -
16 115 11 232. :
2 20 . 20
3 20 1 20
4 20 L2001
5 200 | 120
6 20 ] 4420
17 2 1] 20
7 200 | 20
19 20 © 23
8 20 20
9 20 : 20
20 142 -
21 109 176
22 198 198
23 109 109
25 83 83
26 67 6/ .
27 51 175
28 47 -
29 48 92
30 - 61 -
K)| - 40
Canal Total 1116 1115 1165 1043
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Table D21. SEPTEMBER FLOW ROTATION SCHEDULES FOR ABYUHA CANAIL FOR
THE TWO AREA DISTRIBUTION ALTERNATIVES.,

Flow Rates (Ips)
Mﬁfqa IUﬁgout Alternative 1 Alternative 2
0. * [Roti | Rot2 | Rot3 | Roth | | Rotl | Rot2 | Rot3 | Roth
. 23 23
2 20 20
3 20 20
4 206 206
5 114 114
6 20 20
7 207 207
.8 : % 34
10 : 20 20
n 190 249
12 27 v 27
13 132 . --
14 143 297
1 20 20
15 146 -
16 156 316
2 20 20
3 20 20
4 20 20
5 20 20
6 20 20
17 20 20
20 20
19 23 32
8 20 20
9 20 20
20 193 -
21 149 239
22 270 270
23 148 148
25 13 13
26 9N N
27 6Y 102
28 64 -
2Y 65 125
30 83 -
K1} - 55
Canal Total 610 | 566 | 847 { 903 610 | 647 | 767 | 904
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Table 22, OCTOBER FLOW ROTATION SCHEDULES FOR ABYUHA CANAIL, FOR
THE TWO AREA DISTRIBUTION ALTERNATIVES.
\ Flow Rates (Ips)
Mﬁsqa manwt Alternative 1 Alternative 2
0. O« [Roti1 | Rot2 | Rot3 | Roth | Rots || Rotl | RotZ | Rot3 | Roth | Rots
1 20 20
2 20 20
3 20 20
4 79 /9
5 44 44
6 20 20
7 79 79
8 20 20
10 20 20
n 72 95
12 20 20
13 51 -
14 55 13
1 20 20
15 56 -
16 60 120
2 20 20
3 20 20
4 20 20
5 20 20
6 20 20
17 20 20
- - 20
7 20 20
19 20 20
8 20 20
9 20 20
20 74 -
21 57 N
22 103 103
23 5/ 5/
25 43 43
26 3 35
27 27 39
28 25 -
29 25 48
30 32 -
n - 21
Canal Total 282 | 258 | 316 234 | 244 282 | 288 | 320 | 194 243
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Table D23. NOVEMBER FLOW ROTATION SCHEDULES FOR ABYUHA CANAL FOR

THE TWO AREA DISTRIBUTION ALTERNATIVES.

Flow Rates (7ps)
Mﬁaqa Th;nout Alternative 1 Alternative 2
0. O« 'Roti | RotZ | Rot3 | Roth | Rot5 || Rotl | Rot2 | Rot3 | Roth | Fots
1 20 20
2 20 20
3 20 20
4 134 134
5 /5 75
6 20 20
7 135 135
8 23 23
10 20 20
1 124 162
12 20 20
13 86 -
14 93 193
1 20 20
15 9% -
16 102 206
2 20 20
3 20 20
4 20 20
5 2 20 -
6 20 20
17 20 20
7 20 20
19 20 20
8 20 2]
9 20 20
20 126 -
21 97 156
22 176 176
23 97 97
25 74 74
26 59 59
27 45 6/
28 42 -
29 43 82
30 55 ne
31 - 36
Canal Total 424 | 386 | 398 3991 415 424 | 438 | 407 | 332 415
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Table D24. [DECEMBER FLOW ROTATION SCHEDULES FOR ABYUHA CANAL FOR
THE TWO AREA DISTRIBUTION ALTERNATIVES.
Flow Rates (ips)
Mzeqa TUEnout Alternative 1 Alternative 2
0. O« "Rot1 | Rot2 | Rot3 | Roth | Rot5 || RotT | Rot2 | Rot3 | Roth | Rots
] 20 20
2 20 20
3 20 20
4 151 151
5 84 84
6 20 20
7 152 152
8 20 20
10 20 20
1" 139 182
12 20 20
13 97 -
14 105 218
1 20 20
15 107 -
16 114 231
2 20 20
3 20 20
4 20 20
5 20 20
6 20 20
17 20 20
7 20 20
19 20 23
8 20 20
9 20 20
20 142 -
21 109 1/5
22 198 198
23 109 109
25 83 83
26 67 6/
27 51 75
28 47 -
29 48 92
30 61 -
3 - 4
Canal Total 467 | 421 | 421 449 | 466 467 | 480 | 434 | 373 467
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APPENDIX E: EXAMPLE COMPUTER PRINIOUTS OF
| HYIRAULIC ANALYSES OF ABYUHA SYSTEM



ARY

/JUL/7BUT,
HYDRAULIC PARANETER VALH“g gnﬂ STA‘!ONS OM FARM CHANNEL T2

PARAMETER VALULS FOR EACH STATION

PARARETER 8TAC 1) BTAC 2)  STAC B
STATION TrPE o 3¢ 2
DISTANCE TO STATION (m) ce 29 3
BOTTON ELEV AT STATION () = - 40.25.
SECTION PARANETERS:
HyY2RAULIC _ROUCHNESS 0.04 0.04
sgagt‘gus!{grg ¢ Iaf ) l"“g . lll 3
- " ", . .
Barréa cibrh ¢ it éﬂ

h.x3 TE _(mt3/%)
FIELD e el P38}

PIPE TURNOUT

FRICTION FhCT

P*FE L% &Y .
PIPE D ﬁHLTER (ﬂ'
CATE SETTVING (n)

NIRANCE €8 F
TeraN - LENGTH (n) L
SIPHJN 1A (n .

i

BANKCUT TURNOUT

\ ii0
FLLFE FLDJ? [LEU (h,

CMECK PakameTERS:  § -

SILLY LEVGYS (@) )
CREST ELEU&T!OH (n)

S ENYNE]

BEND § 26§ tccrr-r.cm

ENL&RGEFEVT LOSS COEFF

b-"“,u..’h-x

EQNTiACTlGN Logs COEF

R 1

B

N

‘15 SEPYERPER 1§97

-1 -



Table E2

O
w

ABYUHA/JUL /RQT2
HYDRAULIC PARAMETER VALUES FOR STATIONS ON FARM CHANNEL T3

PARARETER VALULS FOR EAUH STATION

PARANCTER STAC 1) STAC 2)  sTaCc

STATION TYPE 1 3c 2
DISTANCE TO STATION (m) 0 29 30
BOTTON ELEV AT STATION (m) - - 40.25
SECTION PARANETERS:

HYZSAULIC ROUGHNESS 9.04
SILE SLOP 1.0
B23°T0M SLOPE (m./m) 0.0001
BOTTOR WIDTH (w) 0.2

TURNOUT PARAMETERS:

DESICN
FLUW RATE (nt3/%)
FIELD WS ELEV (n}

[
o
o-
- ®
>0
e

PIFE TURNOQUT

FRICTION FACTOR
PIPE LENGTH (m)
FIPE DlA LTLR n)
GAlE SETTXNG (L.})

RN
= eIt -

SIFHON TUBE TURNOUT

FLUME PARARETERS: C T

FLyme [y
aip

SENCE dato

FLJOR =LV (m)

b

CHeCs rawahﬁ!tﬁs

ENCTH () : - o Tl
LEVATION (e Ss - o2

l"ll"

BIND LS COEFFICLENT - o
ENLAZGERENT LOSS COEFF , - L= T LT

TINTRANIION LQST FOEFF - . - o -




Table E3

B HA/ T
HYDRAULIC PARAMETER ¥ gUR TA?IONS ON FARM CHANNEL T4

PARAMETER VALULS FOR EACH STATION

PARARETER B STAC ) SIAC2)  sTac ©
STATION TYPE . . 1 3¢ 2
DISTANCE TO STATION (m) ° . 29 30
BOTTON ELEV AT STATION (m) - - au.25
SECTION PARAMETERS:
HYDRA ROUGHNE: 4 04 .
S T T R
FDITON WIDTH (m" 92018 -09°13 +039148
TURNOUT PARANETERS:
GN ‘
ES! (nt3.s) - .8.020 -
FIELD Ue ELEV (o) = 40.54 -

PIPE TURNOUT

FSICTION FACTOR -
PI2E LENGTH (m) -
FiPE DIAMLTER (m) -
GATE SETTING (m) -

UGUNESS _COEEF
«“RANCE COEFF
ﬁ

N DLNGTIL (o)
oN BEACIN, ¢

PANKCUT TURNOUT

SCUCKNESS COEFF
Endlqu tENGTH (n)

BANACUT WIDTH \n)

FLUME PARAHETEFS:

rLUﬁL LENhTH (m)
ADYH ( )
NCE RATIO
FLOOR ELEV (m)

CHECK FATANETERS:

CRESY LENGTH ()
CREST ELEVATION (m)

(B

BEND LOSS COEFFICIENT .-
ENLARGEMENT LOSS COEFF -
CONTRACTION LOSS COEFF : -

13 SEPTERZEP 1733

j-flélt};~ 



'lfable E4

vorauLIc paranctez SAtDES’ FOR‘ETAR1ons o FARM CHaMNEL TS

PARAMETER VALUES FOR EACH STATION

PARAMETER 8TAC 1 8TAL 2) STAC 3) M
STATION TYPE 1 3C 2
LISTANCE TO STATION (m) [ 29 30
BOTTONM ELEV AT STATION (n) - - 40.25

SECTION PARAMETERS:

H{DB&ULXC ROUGHNESS [ ]
[ ]

[3
BOTTON SLOPE (n/n)
BOTTOM WIDTH (n)

TURNOUT PARAMETERS:

DESIG
FLOU RATE (R'JII)
FIELD WS ELEV (m)

[N}
Y )
- .
1
»0
"

PIPE TURNOUT

PIPE DIANETER (m)
GATE SETTING (em)

SIPHON TUBE TURNOUT

COEFF
ENT hNCE QEFF
IPHON LENGTH (n)
SIPHUN DIA (w)

RANKCUT TURNOUT

ngu GHNESS C

NACUT LILEV
FANKEDT BYBYH ('-3

'H
L
A€,
ﬂ
{~4
-
r
M
nzo
(31~
-
X
-~
3
-
[N

N oo

ocenN
-

FLUME PARAMETERS:

FLUNE LLNGTH {w)
FLUNE VI {(m
SUbﬂtAkaCE ATIO0
FLUME FLOOR ELEV (n)

[N

[N}
i

RN

CHECK PASARETERS: R

CREST LENGTH ( - .
SREST EENSINER (o = =

BEND LOSS COEFFICIENT - - -
ENLARGENENT LOSS COEFF - o= -

CONTRACTION LOSS COEFF - C - -

13 SEPTERBER. 1982

411 -



Table ES

HYDRAULIC P

ABYUHA/JUL/RAT2
ARAMETER VALUES FUR STATIONS ON FARM CHANNEL T6

PARARETER VALULS FOR EACH STATION

PARAMETER 8TAC 1) STAC 2)

STAC 3)
STATION TrPE gy x 2
DISTANCE TO STATION () . 29 30
BOTTON ELEV AT STATION () - - a.25
SECTION PARAMETERS:
HYDRAULIC ROUGHMESS "o () o0
BoTin GigThR (M "'“5' .00  e.0piig

TURNOUT PARAMETERS: .

FrBohare oy

PIPE TURNOUT

(]
>0
[
. ®
)
>0

FRICTION FACTOR
E!';E tg?'r'x_«é (i')"

SIPHON TUPE TURNOUT

NGNNESS COEFF
OEF

g ANCE COEFF
IPHON LENGTH (m)
SIPHON DIA (w)

BANKCUT TURNOUT

W0V COEFF - 3.820"
ggﬂcqr CERGTH (o) - TR
BANKEOT uxE‘m et - LT

FLUME PARANETERS: ] ) .

FLUNE LENGTH (L
FL RE MIDTH (n)

sSu hLRCLNC AT10
FLUNE FLOOR EI.EV (m)

CHECX PARAMETERS:

CREST LENGTH (m)
CREST ELEVATXON (n)

BEND LOSS COEFFICIENT - . - -
ENLARGENENT LOSS COEFF - S e -
CONTRACTION LOSS COEFF - - -
- : Lol 1T SEPTCpEE 391
LI NP Xx i! b}.’ D ) B ST "'
Rvailable Documen?
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"Table E6

.‘r

HYDRAULIC PARAMETER

ABYUHA/JUL 7/ROT2
VALUES FOR STATIONS ON FARM CHANNEL 17

PARANETER

PARAMETER VALULS FOR EACH STATION

t'BTA(fl)

8TAt 2)

8Tat )

8TAC 4)

STATION TYPE

DISTANCE TO STATION (w)

BOTTON ELEV AT STATION (n)

SECTION PARAMETERS:

HYDRAULIC ROUGHNESS
SID

BOTTOM SLOPE (n/m)
BOTTOM WIDTH (m}

TURNCUT PAR“HETERS:

DESIGN . [

FLOW RATE (nt3/s)

FIELD WS ELEV (n)
1

PIPE TURNOUT

ETiE Lon cacron
N
PIPE DIAHETER (m)
GATE SETTING (w)

SIPHON TUBE TURNOUT

ROUGHNESS S EFF
gNYRANCE COEFF
IPHUN "LENGTH (m)
SIPHIN DIA (m)

BANKCUT TURNDUT

ROUGCHNESS COEFF
FANCCUT LENGTH (m)
EANKCUT ELEV  (m)
FANKCUT BIDTH (w)

FLUME PARARETERS:

FLURE LENGTH (n)
FLURE UIDTH (em)
SULhIRCENCE RATIO
FLURE FLOOR ELEV (nm)

CHECK PARAMETERS:

RESE EERSTYVLR’ oo

BEND LOSS COEFFICIENT

ENLARGEMENT LOSS COEFF

CONTRACT10N LOSS COEFF

?

3c 2

79 100

»HO
[
am
nNe
"

R
h
o
Y

)
¥
g:g
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Table E7

PEENNEL IR SR

[
CANAM !.'.n m . V0 '.lnl LLITUISN P PN SR TP R

POUAIL II W VA% i L IJ.II ..lﬂl it

PARARETER sTac 1)
STATION TYPE 1
DISTANCE TO SYATION (a) [
BOTTOM ELEV AT STATION (m) -

SECTION PARAMETERS!:

HYDRAUL!C ROUGHNESS 0.040
SIDE S PE [1]
ROT SLOPE (m/m) L‘
BDTTOH WIDTH (m) .

TURNOUT PARAMETERS:

r&:fn“3§55{8'3'33

PIPE TURNOUT
FR!CT!ON FACTDR

Bl%E BfE

SIPHON TUBE TURNOUT

QUGHNESS COEFF
NIRANCE COEFF
1PHON LENGTN (.} ]
IPHON DIA

(AN

BANKCUT TURNOUT

ROUGHNESS COEFF

: INKCUT LENGTH (m)
EANRCUT ELEV (m)
BANKCUT WIDTH (m)

FLUME FARAMETERS:

L

WIDTH (n)

o GENCE TI0
LURE FLOOR ELEV (n)

CHECX PARAMETERS:

CREST LENGTH (m)
CREST ELEVATION (m)

BEND LOSS COEFFICIENT -
ENLARGERENT LOSS COEFF -

CONTRACTION LOSS COEFF -

Y

N

?f‘a

“13 SEPTEFPER: 1902
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Table E8

HYDRAULIC PARAMETER

ABYUHASJUL/RUT2
VALUES FUR STATLIUNS DN FARM CHANNEL 19

PARAMETER VALUES FOR EACH STATION

PARANETER ' 8TAC 1)

8TAC 2)

8TAL 3)

STAt &)

STAC S

)

STATION TYPE 1
DISTANCE TO STATION (m) (]
BOTTOM ELEV AT STATION (m) -
SECTION PARANETERS:

HYDRAULIC ROUGHNESS ..ICO
SIDE SLOPE 1.0
BOTTCON SLOPE (n/m) ..000 0
BOTTOH HIDTH (m) 8.

TURNQUT PARAMETERS:

SICH
OW_RATE (n13/s)
ELD US ELEV (m)

PE
FL
F1

PIPE TURNOUT

FQICTION FACTOR

PIE bYane
PED AHLTER (n)
GATE SETTING (m)

SIPHON TUBE TURNOUT

ANCE COEFF

BANKCUT TURNOUT

RCUGHNESS COEFF
EANSCJIT LENGTH (m)
BANKCUT ELEV (n)
FANARCUT WIDIH (m)

[N

FLUNE PARANETERS:

FLUME LENGTH (m)
5uuh~kcgnce RATIO
Lune FLOGR ECEGC(m)

CHECK PARAMETERS:

EREST EEREINIER <o -
BEND LUSS COEFFICIENT -
ENLARGEMENT 1.OSS COEFF -
CONTRACTION LOSS COEFF -

?

.
.

?

125

3c

150

(RN [N [N

togt

Best Avallable Docurn

~

' as3 ad”

nt
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Table'iES.

* ABYUHA/ JUL/ROT2

) HYDRAULIC PARAMETER VALUES FOR S'I’ATIQNB ON FARN CHANNEL T8

PARAMETER

PARAMETER VALUES FOR EACH STATION

8TAC )

8TAC 2) STAC 3)

STATION TYPE

DISTANCE TO STATION (n)

BOTTOM ELEV AT STATION ()

SECTION PARANETERS:

RAULIC ROUGHNESS
HSLOPE (n-m)
h RIDTH (M

no

TURNOUT PARAMETERS:

Eg&csaTE ¢ f}l')
"
FIELD WS ELEV (m)

PIPE TURNOUT

FRICTION FACTOR
PIPE bEacy TR )
CATE DITENER (&

SIPHON TUBE TURNCUT

ROUGHNESS COEFF
ENTRANCE COEFF
SIPRUN LENGTH (m)
SIPHON DIA (m)

PANKCUT TURNOUT

ROUCHNESS COEFF
SANACUT LENGTH (m)
EONSCUT ELEV (n;
BANKCUT WIDTH (n

FLUNE PARAMETERS:

FLURE LENGTM (m)

FLUFE RIDTH (n)
UESLRCENCE RATIO

FLUHE FLOOR ELEV (n)

CHECK PARAETERS;

£ EEREATLOR (m
SEND LISE COEFFICIENT
ENLARGEMENT LOSS COEFF

CONTEACYIION LOSS COEFF

3¢ 2
29 3
- 40.25

8.040

il

W3

1t
111

Best Avallahle Document

| 13.SEPTENPER 1982

-6l -



.Table E10

ABYUHA/JUL/ROT2

HYDRAULIC PARAMETER VALUES FUR STATIONS OM FAKN CHANNEL T9

PARAMETER VALULS FOR EACH STATION

PaRamETER STAC 1) STAC 2)  8TAC 3)
STATION TYPE 1 3 2
DISTANCE TO STATION (a) e 29 30
BOTTON ELEV AT STATION (w) - - as.25
SECTION PARANETERS:
HYDPRAULIC ROUCHNESS .04 040 6049
RaTToR Y é BPE (asm) ° o5;°'- e':ii°8f .'a%a“§
EOTICA GIDTH (m3™ e 3¢} NS 8218 . e )

TURNOUT PARAMETERS:

DE IGN
Od RATE (nt3./s)
FIELD §S ELEV (m)

PIPE TURNOUT
gN FALTDR

NGTH
lﬂHLTER (n)
SETTING (m)

1™ e

SIPHON TUBE TURNOUT

OULENESS COEFF
?;FANCE COEFF
1P

HUN LLNGTH (n)
HON DIA (m)

BANKCUT TURNJUY

R.JGHNLSS CQEFF
kUT LENGTN (n)
AN\ ELLV

BANKCUT WIDTH (n)

FLUME FARARETERS:

FLUNE LtNuYN lﬂ)
eLusg UI
SeiMiau

l
FLUHE FLODR ELEV (n)

CHECK PaRARETERS:

ERERT BENSINAR (s

FEND LUSS COEFFICIENT -

ENLARGENENT LOSS COEFF -

CONTRACTION LOSS COEFF -

>0
o
X

N
o>
"

[N R

13 SEPTErLEP 1902
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Table E11

- an

- HYDRAULIC PMME'I:ER 5%&3’?1‘:"&’5?3710;:3 ON FARM CHANNEL 20

PARANETER VALUES FOR EACH STATION

PARAMETER . STAC1) - STAC2)  STAC 3)  STAC 43  STAC 50 STAC &1 STAC 79 Stre o) L STAC10)
STATION TYPE S T 4 7 7 ? 7 7 7 T2 .
DISTANCE TO STATION ¢w> . ‘0 . 100 200 300 400 500 600 . 700 800 900
BOTTON ELEV AT STATION () - - - - - - - - - -
SECTION PARAMLTERS: _ .
WY RAULIC ROUGHNESS 0.0‘0 I..Qd; 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.0‘8 :
BETT 3 2R cmrse 0.03338  0.08335  o.083%8 000030  0.000%0  0.080% 0.00030  o.0bed8 o.cdifd o.09i%
N L] - . . N . . - . - . . - LR ] . .
BOTTOR WIDTH sa)" 0.33 0.35. " e.35 .35 .35 9.35 0.35 6.35 0.33 3
N £ .
TURNOUT PARAMETERS:
.
pES=oy
F&OH RATE (n13/s) - - - - - - - - - - N
FIELD ©S ELEV (n) - - = - - - - A g
PIFE TuRNOUT i~$
-
FRTCTION FACTCR - L
PIPELENGIN (a) - 'l
PiFE BIANETER (a} - ~
GATE SETTING (m) -

SIPHON TUBE TURNOUT

RCUGHNESS COEFF
EMTRANCE COSFF
SIFHOEN LENGTH (n)
SIFHIN DIA ()

BANKCUT TURNOUT

ROUSHNESS COEFF

B3N CUT LENGTH (n)
LENNCUT ELLY  (n)
BAMKCUT WINTH (m)

FLUNE PANAMETERS:

FLUNL LENZTY ( ;)
-l

iH an}
Al 83710
S3F ELIV vmd

CHECK PARANETERS:

NETU {n)
EVATIUN (m)

[ sl

BEND 1.0S5 COEFFICIENT S

CONTRACTION LOSS COCFF - - - - -

AvalGois Document —wees

o]




Table E11 (Cont.)

LT T e Lnyuna s seary T . N
Y URMILIEC PARAMLTER VALLE 4, | LIGYIONL N 1 ave Lt L 20 LUk Inuts,

PAKAMLTILR VALULS FOR £ALH STATION

PARANETER STAC11)  STAC12)  STACI3)  STAUI4)  STAGIS)  sTaGier STA(17)  'STAt1)  “cTarger. .- STat2es.
STATION TYPE 3¢ 3¢ 3c 3c 3c ic c . 3¢
DISTANCE TO STATION (n) 1000 1051 1059 1065 1072 1079 1086 1093 1100
BOTTON ELEV AT STATION (m) - - - - - - - - -
SECTION PARANETERS:
HYDRAULIC _ROUGHMESS 0.040 0.940 0,040 0,040 8.040 0.040 0,048 0.040 . 0,040
S1R2 SULFE i.00 i.00 i.0y i.00 i.00 i.u0 i.9 i.ug L i.o0
ECITGR SLGPE (/) 0-00032  ©0.00030  0.0063u  0.00630- o.086% .00 0.80030  0.00630  g.0a030
FOTTON UIDTA () 0. 0.35 0.35 .35 0.33 0.33 0,35 9.35 6.23
TURNUUT PARAMETERS:
FL 3 Rare 3/ 0.0p4 024 0,024 028 ¢ 024 9,025 0,024 0.024 0,024
L (n? o & Y: . -
FiectOlEel 203 48,51 %51 248 26, 1 . ab.5) £0.51 20°8? - 45,51 4t.51 -

PIPE TuKNOUT

FRICTION FACTOR - - e - - - -
PIPC LENGYIH in) - - - - - - -
PIPE DIAMETER <(m) - - - - - - o -
GRTE SETTING () - - -~ - - - -

SIPHIN TUBE TURNOUT

ROUGHMNESS CQEFF
ENTSANCE CDEFF
SIPHUN LENGTH (m)
SIPHON DIQ (m)

tin
YRR
e
AR
RN
RK

BANLCUT TURNOUT

RN

ROUGHNL S5 _COLFF - 8. 020" To.op n;oﬁg‘ -
EANMCUTLENGTH ()  1.600 1,660 1.6 -
EANREUT ELCU  (prd 40.39 46,37 40,39 -
EANACUT WIDTH (e =7 S 8,200 -
FLUNE FARANETERS:
FLUE LENGCTH (n) - ' - - -
ELrwE UInTu |1 - p z :
SUR“ERCENCE RaTIO - Z = -
FLomE FLOOK ELEV (m) - o —— gy
CHECK PAKARETERS: -
CREST LENCTH (n) . - . - . -
CREST ZLEVATIUN 1) - =z ot z
BEND LOSS COEFFICIENT - - - -
ENLARSEMENT LDSS COEFF - - - -
CONTRACTIUN LOSS COEFF - - -
i 13 SEPTEMPER 1983
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Table 512

ARYWIA/ JUL /RO TS - T T
HYDRAULIC PARANETER UALUES FUR STATIONS ON FARM LusuniL 21 : : ‘

PARAMETER VALULS FOR EALH STATION

PARANETER _ STAC 1) BTAC 2) . STAC 3)  BTAC 40 STAC ) STAC &) BTAC 70 STA( &) _STRL. 93 sTacty)y
STATION TYPE : L ? 7 7 7 7 7 7. . 7?7 M s
DISTANCE TO STATION (m) 0 100 200 300 ato 500 600 7ce ety 1% .
BCTTON ELEV AT STATION (n) -~ - - -

SECTION PARANETERS:

HYDRAM IC ROUCHNESS 0.040 9,040 0.040 9.040 9.040 0.040 0.040 0.040 0,040 0.040
RONTCR LEPE (or. ) 0.00639 0.08638 0.08338 v.00630 0.00839 0.60038 0.00630 0.0063y 0.¢36 49 0.03630
EJTiin WIDTH " “T8.35 ‘T0.35 “70.3% “70.35 “70.38 “T0.3% ‘Te.35 ‘70,35 et et 3 1
TURNOLT PARAMETERS:
- - - - - - - - - 0,0
- - - - - “l-‘l
BANKCUT TURNOU: o
RQUGHNESS COEFF -, - Te.g29"
F3as.: LERGIH (m) =7 - 1,600
EanaCOT ELEV  (m) - - . 49.39 .
EANCUT SIDIH (a) - z R o

FLURE FANANETERS:

FLUN[ LENPTH (n)

SUBH&_.LNQE )
FLusi “LCIR ELEV ()

CrECK FAANETERS:

t
A
1"
Ul
[
'
.
2’
-
L ood
9
S
~
2
~
[ ]

BIND Ly SOCFFICLIENT -
ENLAISZE=TNT LGS ToorF -

CONTRACT 10N LOSS COEFF -

=gel -



* Table Ei2 (Cont..

ABYUITAZTOL/7K0TS )
HYDRAULIC PARAMETER VALUES FOR STATIONS ON FARM CHANNEL 21 (CONTINUED) i

PARAMETER VALULS FOR EACH STATVION o

PARAMETER - . ‘STAL11) STAC12) STA(13) 6TA(14) STA15) 8TAC16) ok L e
STATION TYPE : v .3e 3c 3c ac i 2
DISTANCE TQ STATION (m) 9a2 929 936 943 950 1895
SITTON ELEV AT STATION (m) - - - ’ - - 37,42

SECTICN FARAMETERS:

0.040

) s.00030

" -00038
TURNOUY PARAMETERS: -

DESIcN
FLOW RATE (m?3/s) 0.
FLIELD WS ELEV «n) 40

e

2
N -]
o5
>

2

.

o

0

®e

. ® .
o3
FY ]

2

R
a5

[N

PIPL TURNOUT

-yt -

XTNHO
I
x
(2]
orm;
L]
(w]
=]
m
"
"
Tt

BANKCUT TURNOUT

RI-2wNGS COnFF

SANNCUT LEMGTH (m) .
FANATUT Folfy'  ¢pmd : .
DANNCUT WIDIH () . -

Pl

FLUNE PARAMETERS:

ENLARGIRINT LOu Coify - - -
CONTRACTICON LOSS COEFF - - -

13 SrPTEWIER 1933



o\ll\llllo\l llll /I'll M . . .
[2)] I‘A"\(Il I FARAN IR VALULS (UR STATLONL UN FARM CHANNEL 22"

e PARANETER VALULS FOR EACH STATION

PARARETER

87AC 1)

" 'aTat 2).

STAC 3)

STAC 4)

8TAC )

STAC &)

STAC 7)

sTAC. @)

eTar 93

sTac10y

STATION TYPE

DISTANCE TO STATION ()
BOTTOM ELEV AT STATION (m)
SECTION PARAMETERS:

C ROUGHNESS
LOPE (u/n)

WIDTH ¢

TURNOUT PARAMETERS:

SIPHON TUBE TURNOUT

RGUGHNE:S COCFF
EN"RANCE COLFF
SIFHON LENGTH (m)
SIPHON DIA (m)

BANKCUT TURNCUT

FLUME PATANMETERS:
Fio ACTH ()
FLUH‘ UIDTH (n\ w2
FLUHE FLOOR ELEU (m)

CHECK PacamETERS:

=ENCTS (=)

SLEVATION (m)
FEND LOYS COEFFICIENT
ENCASTE“ENT LOSL COEIF

CINTLASTITe LDSS Qaorr

i 1 Tan "

?

100

?

WO M
[T =11

?

300

?

400

0.040

1.00
0.00030
0.35

EYRE

?

Soo

?

600

‘700

ey

‘3¢

- g2l =



‘Table E13 (Cont,)

———— e -

SAVDRAE I ARAME IR VALY "‘ ‘llll VOt GOl 1, S0 00400t 2eetat 5y
PARANLIEK VALULS FOR LACH alhllou ’

PARANETER STACIL)  STACI2)  STAUI3)  BTACI4)  STACIS) | STACIG) STAU17) - WTANIE) © (u1a719  STACzYs
STATION TYPE ac 3c 3c 3c 3 Ic 3c 3c 3c Ic
DISTANCE TO STATION (m) 937 944 951 958 965 972 979 - 986 993 1009
BOTTON ELEV AT STATION (m) - - - - - - - - - -
SECTION PARAMETERS:

HYDRALLIC JOUGHNESS 0.040 9,040 0.040 0.040 0.04y v.a40 0.040 0.019 0,04¢ 0,040

S1DE SUOPE ~i.00 i.00 i.00 1.00 i.90 i.00 - 1.00 i.vo i.00 i.go

EGYTGF SLOPE Ca/m) 0.00030. ' £.08030. . 0.00030  0.60638  0.085630 . 0.04554 0.00038 - 0,00030  0.00330 0.09033

EOTTCH WIDTH (m) .0.35° 0.35 "'le.35 0.35 0.35 CT0.335 0.35 0.35 6.33 .
TURNUUT FARAMETERS:

FEASare (ae3- %) 9.025 0255 70,0358 0,025 0,025 0.025 0,025 0.025 .o 02% 0,025

FIELE ws ECEY cm) 40.3%2 426.44" 40.42 46.43 4b.44 40.4% 4b.43 40.44 49.44 4b.43

PIPE TURNOUT '

Y
)] (R
NN
e
L1
1
i
11

EANKCUT TURNUUT

R GHNLSS COEFF 0.020- 8.920 -
EasaloyY er-h'“‘ (n) 1.500 % B ALY
| A 1T SO 40.32 4.2

BANACUT UlD‘“ tn) - .

LURE PARANETERS:

FL U-L LENGTH «n)
Fe i \

IR

- 91 -

e &

9% 0 e
&b«(}arn."l {ec ve. it i

WP TEMLIR 1932



Table 513 (Cont ]

ABYUNA7
HYDRAULIC PARAMETER VALUES FOR STATIONS ON FARM CHANNEL 22 (CONTINUED) -

/ JUL /7RIJY

PARAMETER VALULS FOR EACH STATION

PARANETER . STA(21)

STATION TYPE 2
DISTANCE TO STATION (n) 2085

BOTTON ELEV AT STATION () 39.10

SECTION PARANHETERS:

HYDRAULIC ROUGHNESS oiogi
sS.xon inre éag™ s.03833

TURNOUT PARAMETERS:

RATE '3/ b
rk?;n 0ifelplM

PIPE TURNOUT

FRICTICON FACTOR i -
PIPE LENG -
#1PE DIlAN Ttl (n)- -
GATE SETTING (m) -

SIPHON TUBE TURNOUT

QUCHNESS CGEFF
NIRANCE COEFF
IPHON LENGIH (m)
IPHON DIA (W)

BANACUT TURNOUT

- -

L6 B

oepmont

13 “CetEnzes 1983



Table E14

ABYUHA/JUL/7ROT2
HYDRAULIC PARAMETER VALUES FOR STAT!ONS ON FARM CNGINEL 23

PARAMETER VALUES FOR EACH STATION

PARAMETER ...~ - GTAC.1).

STAC2)  STAC 3)  GTAC 4)  STAC3)  G6TAC 6)  GTAC7)  STAC B) - STAC 9
"STATION TYPE V S iy £7S 3 3 3c ac 3
DISTANCE TO STATION (n) . . a0 s o 76 e 9 100
BOTTON ELEV AT STATION (m) - - - - - - - -
SECTION PARANETERS:
g‘:;:ULIC ROUGHNESS .i!gg .ieas L .ieaz .‘,as [ ] . 3 [ ] . .'23' 0 . 043
281108 2186 Al 0-03038  0-0303%  e-eptyp  o.ogeyy o '8°§g . 'l’ig hle | "'8'53 0. °3°§3

TURNIUT/CULVERT PARARETERS:

ESIGH
RATE (m13/9) -
FIELD W3 ELEV (n)

PIPE TURNT OR CULVT

FRICTION FACTOR -
PIPE LENGTM ( -
PIPE 3£ﬂhETER (n) -
GATE SETTING (m) -

SIPHON TUBE TURNOUT

RQUT o

ENSRANCE COBEE”
SIERZNLENGTH (m)
SIFRN DIA 1A

BANKCUT TURNOUT

ROQUGHNESS COEFF
FAnL ZUT LEN GTH (n)
FANMSOT ELEV
EaNAZVUT RIDIN (u)

t1 )

FLUME PARARETERS:

FLUNE LENGTH (m)
FLUFE hITH |n
Sub=rRue¥CL RATIO
FLUFE FLOLR ELEV (m)

CHECKX PARAMETERS:

n
A S
mm
ynt.

"
[ ]

[y VATION ()
SENT LOSS COErFICIENT -
ENL2R3ZEINENT LOSS COEFF : -

CONTRATTION LOSS COEFF -

WELOSUE S wR owR wR uh

e
e
Shen
i
e

R
[ER N}

58 B LR

%:828 LR 9:223 t 9:250
%38 LR T 610 %638 1] CHY 1] ) 1]

[N
tie
1910
[N
[N
e
[N

L o8 Y oW B 5
Avgllebiz Document

Sl P ginede
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TR e 2924
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. Table E15

ADYUHA/ JUL /ROT2
HYDRAULIC PARANETER VALUES FUR S1ATIUHS UN FARM CHANNEL 25

PAKAMETER VALUES FOR EACH STATION

PARARETER ' . STAC1)  BTAC2)  BIAC 3> BTAC 4 STat 51 oTAC & 8TAC 7) ]
STATION TYPE 1 3c 3c 3c ac 3c 2
DISTANCE TO STATION Cm) ® 72 79 TS 93 R 963
BOTTON ELEV AT STATION (w) - - - - - - 39.68

SECTION PARAMETERS:

HYDSAULIC ROUGHNESS 9.04
SIPZ SLOPE 1.8
EQI1uN SLOFE (m/m) .-00033
EOTTCH WIDTH (n) 8.3

TURNOUT PARAMETERS:

DESIG
FLOG | RAYE (n?3/5) -
FIELD WS ELEV (n) -

PIVE TURNOUT

B . H"
N
D
FRICTION FACTOR - o
PIPE LENGTH (n) . - [
FIPE DIARETER (m) -
CATE SETVING tm) -

KOUGHNESS COEFF -
ENTRANCE COEFF -
S1PiON bENG]H (n) -
SIPHON DPIA (m) -

BRANKCUT TURNOUT

ROUGHNESS COEFF

FAOACUT LENCTH (m)
BaNacUT Lkl (m)
FANAIUT WIDIH ()

LUNME FARANETERS:

’.
TNCAIILI Tt Llnz wuwlrd - - - - - -

CONTRAITION LOSS n0ErF - - - -



http:1.668-1.36

Table E16

AUYUHAsJU L/Nu e
HYPRAULIC PARAMETER VALUES FUR STA ATIONS UN FARA CHARNEL 26

PARANETLR VALULS FUR LACH STATION

PARARETER - BTAC 1) STat 20 sTac 3 star 4 STAC %) STAc &) SlaC 7) - Ll
STATION TYPE 1 R 4 7 3a 3A 3 -3
DISTANCE TO STATION (m) ] 100 200 320 3e0 400 850
EITTON £LEV AT STATION (m) - - - - - - 40.07

SZCTIGN PARARETERS:

0.040 0.040 0.840 0.040 0.030 0.040
(P08 YOO - S 1 S P+ N 11 SN
« g - . . . - o
- .50 0.5 0.%0 0.%0 L 0.50 v.0
TIRNOUY FARAMETERS:
DESIGN -
Fila RATE (m13°4) - - - 0.030 0.030 0.030 -
FIELD WS SLEV m) - 40.4L9 40.67 40.&?; -
IPe TURNDUT
- - - uénzu 0.030 . 0.030 -
- - - 2,00 2.00 2,00 -
- - - . 0.20 0.20 0.20 -
- - - - - 0.0 -

IEER

gy
NRE]
1at

v
Shery o
L N )

R EN

e

Foom - ?L;u\ ——ly A

CHECK PAVARETERA:

rhd YRR,
aTIUN (n) -

SEND L{7C SCECFICIENT -
ENLATIO~ENT LG CRErY - - - - .
CONTRACYIiON LOSE COEFF - - - - o=

TTUY ERErIenty eqay

- 0E1 -



Table E17

ADYUL:A/ UL,

HYDRAULIC PARAMETER VALUES Fux

¥0
5F

5]
ATIOHS UN FARM CHANNEL a7

PARANETER

PARANETER VALUES FOR CACH STATION

STAC 1) STAC 2) ETAC 3) STAL &) STA( 5)
STATION TYPE 1 34 34 34 2
DISTANCE TO STATION (n) ° 60 8e 100 802
POTTON ELEV AT STATION (m) - - - - 40.00
SECTION PARAMLTERS:
1C ROUGHNESS 0.020 0.029 0.020 0.020 0.020
SLOPE Cmm) 0.08639 0.08630 0.00030 0.08038 0.0063g
QITTA (ms 3¢ 1 ¢ H “T0.30 70,30 9338
TURNUUT PARANETERS:
pESIGY
FoGh ~ATE (nf3, o - 23 0.02 9,03 -
Fitl o ustel e z $%53 253 46.78 -
PIPL TURNOUT
FIICTIGN FACTOR - 0,030 0,030 0,030 -
FIPE LONGTH i} - . 2,00 2,00 2.0 -
EivE DIANETER (m) - 0.20. 9.20 . 0.20 -
GATE SETTING (m) - 0.50" 020 0.30 -

SIPr N TUKE TURNOUT

RIUGHNLSS COEFF
“TRANZE COLIF
SaYHUN LENGTH (M)
SIPRON DIN (@)

BANs ST TURNDLT

SJITHNLSS COCFF
0T LINGTH (m)

AR
* A
]

n)

LEMIIN {an
CLLeaTUN L

11 RN

| NN

T

i

R

Illl_

n

= 1¢€1



Table E18

ABYUHA/JUL /ROT2 .
HYDRAULIC PARAMETER VALUES FOR STATIONS ON FARM CHANNEL 28

PARANETER VALUES FOR EACH STATION

PARANETER . STAC 1) STAC 2) STAC 3 STAC 4) STAC 5) STAC &) STAC 7)
STATICN TYPE 1 ? ? 3C 3ic 3C 2
DISTANCE TO STATION (m) 0 108 200 236 243 a50 780
BOTTOM ZLEV AY STATION (m) - - - - - - 37.94

SECTIUN PARAMETERS:

EﬁﬂgtsEEROUGﬂNESS 0 0§§

Y .
1 1
C:0M SLOPE (m/m) 0.00
CTICH WIDTH (n) ‘e

H
s
3
K
TURNOLY FARAMETERS:

FLUW RATE (m13/¢)
FIELD WS ELEV (m)

[N
]
o
)
.10}
Nss

-
Py}
[

.
on
o=

"

PIFE TURNOUT

14t
[N
111
1
[N
e

[ARN}

JUSHUNESS COEFF
NTRANCE COZFF
RGN LENGTH (m)
IFhON DIA )

BANKCUT TURNOUT

ECUCHNLSS COEFF
FAVKCUT LEETTH (m)

ANACUT EL (XY <
BANKEUT GTETH ¢m

eveh
=111
(NN}

FLUNE “ARAMETERS:

n)
(~

LLN3TH
SEARY
e MNCE AT IO
FLOOR £1LV (m)

tiry
t1i
Lo

i

T JRTaN -a
CT%HTT200 % 10

- 21 -

i R L

<«
1

"



Table E19-

: u-umn/lm rune : ’ ’ :
HYDRAR 105 PORABL I I Va5 30l Q00T 100, i § Ak Lastain L 3%

T s e tmtis = ot s 4 o ¢ e o 21 ot et e e e

PARARLILR VALULY FUK LALY LIAEIGON

© PARARETE STAC 1) STAC 2)  BTAC 30 STAC 4)  STAC 5)  BTAC 61 STAt 7 SIAC Wy - T
STATION. TYPE 1 7 ? 7 3c 3c ac -
DISTANCE TO STATION (n) o - 100 208 300 336 343 350 670
POTTON ELEV AT STATION (w) = - - - - - - - 3v.85
SECTILS PARAMETER:
HIFSAULIe ROUGHNESS 0;040 0,040 0.040 0.040 0.040 0,040 "~ g.04p 0.v40
SI1T SLOPE 1.00 1.00 1.00 1.00 1.09 i.ue 1.00 1.00
ES o™ SLoPL «nm) 0.00030 - 9.00u30 0.vuv30 0.0003y 0.0uvan 0.0ubL20 0.00020 0.ve03y
BG1T0n GIDTH (a) 0.35 .35 0.35 0.33 0.335 0.35 .35 0.35
TLENS: © PARIMETERS:
DESIIN
FLUURATE (mtd's) - - - - 0.022 0.0:2 0,022 -
Fie D &S ELEV im) - - - - 40.04 . -40.04 40.04 C- -
: . .
it 3
PIHL TURNOUT ) N —
FRICTION FACTOR B . ‘ o
r . Ny - - - - - - - - -
FIPE LENGTN ind - i - - - . - =
St DLAPCTER (m) - - - - - - - T
SATE SETTING <m) - - - - - .- -
SIFUIN TUBE TURNOUT . iE
lana - 27 - = - -, - 2
Lo i E - = - - - =5 - =
L. HLTH iA) - - - - - - - -
sipPnin l;n (.} - - - - - Rad - d- :
BAGaUGT TURNOUT - s N )
- - 0.9:0 “0.uz0 0.020 -
- - 1.000 1.4680 1.600 c-
- - 45,52 44,52 49,52 -
- - - - U.2u0 -
FLUME +arasEvees:; .
BEND 155 COEFFICILNT - - - - .- L= - -
EAIARIESDNT 1083 (MEEF - ~ - - - -
JTuTHSTLis Llis THECE - - - - - - -

.‘)‘

Best Available Documon’

e

£

R4

—an



-we--Table E20..

: ABY
HYDRAULIC PARAMETLR VAL

UHA/JUL/ROT2
UES FUR STATIONG UM Fake Lk, sy

PARAMETER VALUES FOR EACH STATION

PARANETER STAC 1) . ETAC2)  STAC 3>  STAC 43 STAC &)  STac &
STATION TYPE 1 3c 3c 3c ac 2
PISTANCE TQ STATION (s) 0 36 43 50 57 600
BOTTOh ELEV AT STATION (m) - - - - - 39.86
SECTION PAYAMETERS:
HYDRAUL 1C_ROJGHNESS 0.040 0.040 0.040 0.04u 0.040 0.040
SIDE SUIPE i.o00 1.00 - -i,00 vi,0 i.00 i.00
EIITUA ZLOFE (m/m) 0.08020  0.0002¢ ' -9.00020  0.00020  0.00020  0.p0on
EJTTOM ZIDTH (b 0.35 0.35 0.35 9. 0.3% 0.33
TURNOUY PASAMETERS: .
?55132 E (mt3-g) "g.02 0.021 9.021 0.021 !
Fod. Rav . - L " X . -8, . -
FIECD us ELEC <o) z 3:°%2 46.68° - ab e 46.69 z
PIPE TUSNOUT °
F31CTZON FACTOR i - - - - i
PIFE LENZTH (m) -2 < z = . =
Foat DSE TLR im) - - = - _ -z
GATE ZETTING () - . < z - z z
SIFHN TUEC TURNDUT T
RCUS-NESS COEFF - - - - - -
ESTGR2nCE CCEFE - - - - - -
S0 W 0 B3I imd - c z z z z
§iondy Bia~tm) - = z - - Bt
FANKCUT TURNDUT
g - .90 =
£ - S IRAT -
i - K LRTA -
e - co.duy o T
TEND LUir Tt IoronT ST i 0 - - e

3 IH'?. ’:ﬂ: .g'___’
Bagt Availablis

<R AT ‘!-’

4 toas mhovee na

= VET -



_Table E21

N ' ABYUHAZJUL/ROT2 :
.. HYDRAULIC PARAMETER VALUES FUR STATIONS ON DISTRIBUTION CANAL

PARAMETER VALULCS FOR EACH STATION

PARARETER , . BTAC1) © STAC 2)° 'BTAC 3) STAC &)  STAC S)  STAC &)  STAC 7)  STAC 8 | STAC.9) . sTAC10).
STATION TYPE B Pt IR ) .7 7 as 5 ? 7 e e
FARNM CHANNEL CODE NO. ’
DISTANCL TO STATION (@) .9 RS Y I - 100 200 300 a10 © 500 - 600 700 . - 800
BOTTOM ELEV AT STATION (m) - = T - - - - - ) - - -
SECTION PARAMETERS: T B E T
M) DEAULIC ROUGHNESS 0.040 0,048 . 0,040 0,040 0,040 - 0.040 9.040
SIDE SLOPE : "i.00 i.00. - "i.00 . “i,00 1,00 - "i.00 i.00
ECTTCR SLOPE (n/n) .0.80810  ©0.00610 * . '0.00610. ogéle  ~o.08610 . 0.cgdis  0.03i30 -
POTTON WIDTH (n Tii3.00 300 3000 3,00 - 3,08 -7 3,00 Tbo

TURNOUT PARAMETERS: . LT

PIPE TURNOUT

FRICTION FACTOR
PI1PE LENGTH (m)

PIPE DIAMETER (m)

CATE SETTING (m) .

1t
1610
RN
‘;lnl,
NN
RN
RN

SIPHON TUBE TURNOUT E e

EOUGHNEES COEFF

4!
°-4
n
v
r'd
n
1
[ EE N}
e
tis
1evd

BANKCUT TURNOUT

RIUGHNESS COEFF
BﬂNhCUT LENGTH (m)
ESNCUT ELEV ()
EANACUT WIDTH (ﬂ)

FLUNE PARAMETERS:

Fot~L - LENCTH (m)
FLUHE UIDTE {n)

SCE RATIO
FLUH: FLOOR EL;U tm)

Teer

CHECX PARAMETERS:

c -
CREST ELEVATION tm) o

PEND LCES COEFFICIENT -

_ENLARGERENT LOSS COEFF ~  ~ = -

COMTRACT10K LOSS COEFF - - - T - -

13 SCPTEMEER 19B3



Table E21(Cont.)

AIYUHGI%ULIEOTE
HYDRAULIC PARAMETER VALULS FOR STATIUNS ON DISIRIBUTION CANAL (CONTINUED)

PARGALILR VALULS FOR EALH STATION

PARANETER. SIA1)  STAU2)  STAGY)  STAG14)  STAGS)  BTACe)  STAUZ) _ STRG18) | STAGI9  STA(Z0)
STATION TYPE ' “ oB B oA 6a 7 7 5 I 34 3
FARN CHANNEL CODE NO. 12 13 Ta
DISTANCE TO STATION (a) " 94y, 982 1988 109 1208 1300 1435 1470 1584 1562
BOTTON ELEV AT STATION (md - - - - - - - - - -
SECTION PARAMETERS: ’ . . '3’13,
HYDRAULIC ROUGHNE 0.03 0,040 " 0,040 0.040" 0.0a0 0.0
SIoE eroFE 8s i%es i'88 *5%%8 i.00 S b1 BRI iles 9988
BQTTON SLOPE (n/m) sei1e  s.egine  e.0910  e.0giin ©0.00810 - 0,00810  e@.c3itg
BATTOR GIDTH (A 3.08 3.00 3.00 "3.00 SRR T REERRe M 1 IS M 1
TURNOUT PARANETERS: : - . S
PIPE TURNOUT L E
ERICTION FaCTOR - - - - - - 0,030
PIPE LENGTH  (m) c = z - z b 5938 -
FIVE DISSETER” (m) - < = z - z _e:20
GATE SETTING ¢n) b g z z z b - 9220

SIPHON TURE TURNOUT

ROUGHNESS COEFF
ANCE COEFF

. <1PNON LENGTH (m)
SIPHON D1A (W)

R
e

e
AN

YRR

RERY)
XNE)

PANACUT TURNOUT N T RSO R e Ea R

POUCHNESS COEFF
Baracur LENG]N (n)
PANKCUT EL

BaNalUT HlJTH \n)

FLUME PARARETERS:

FLUNZ LENZTH (@)
FLUNE WIDIH <m)
SULSERGENCE RATIO
Fiune FLOOR ELEV (m)

CHECK PARAMETERS:

c T LENCTH (m?

CES
CREST ELEVATION (m)

PEND LOSS COEFFICIENT

EN_ATIENENT LOSS COSFF

CONTRACTION LOSS COEFF

13 SEPTRALEe 1981
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PARAMETER . C U sTAd2) - sTAC22) STA(23) STa(24) STAtES) STat26)  BTA@Y) STA(28) 31A¢29) ~ - STA(30)
CSTATION TYPE. 3a . 3a 3a $ a 5 2 3A 3n s
" FARM CHANNEL CODE NO. . -TS . - '1g 17 17 19 T8 19

DISTANCE TO STATION (m) 7" * 1800 1642 1700 1710 1710 1015 1850 1080 1881 199¢

BOTTOM ELEV AT STATION ¢a) . "=~ o - - - - - - - -

SECTION PARANETERS: .. o

HYDRAULIC ROUGHNESS 0 0,040 0,040 - 0.940
SIDE_SLOPE 0 i.o0  i.os i.00°
ESTISY SLoeE (ntm 0 0,00010 . 0.09510 ©.03810
BOTTON UIDTH (m) [ N 1 300 300

TURNCUT PARAMETERS:

PIPE TURNOUT
ERICTION FaCTOR - 30 0,030 0,030 -
n) - 60 - 7,00 7.85 -
PiPE BIASEYERtm) = 20 0.20- .20 -
GATE SETTING (n) = 'z =20 z

Table E21 (Cont.)

D

ABYUNAZJUL /KO
HYDRAULIC PARAMETER VALULS FOR STATIU

aT12
NS ON DlSlRIBUTIUN CANAL (CONTINUED)

PARAMETER VALULS FOR EACH STATION

SIPHON TUBE TURNOUT

: ROUGCHNESS COEFF
ENTRANCE COEFF
S1FHON LENGTH (m)

. SIPHCN DIA (m)

BN RN
LA
141

PANKCUT TURNOUT

RCUGHNESS COEFF
BAIKCUT LENGTH (n)

-3 EL
BANKCUY U!DTH (a)

ey
XRR]
N

FLUNE PARAMETERS:

FLUrE L?N?TH (n)
FLUNS (m)
SUBNMERGENCE RATIO
FLURE FLOOR ELEV (n)

CHECK PARAMNETERS:

CRESY LENGTH (mw)

CREST ELEVATION (m PP
BEND LOSS COEFFICIENT -~ . o~
ENLARCENENT LOSS COEFF . - ) . .
CONTRACTIOM LOSS COEFF R -

§
e

IR

13 SEPTEMEER 1983
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Table E21 (Cont.)

N ATYINIAZ NN /0070
HYDRAULLIC PARAALTER VALULS Huk STATLIONL o DILIRIBULIUN CRUAL CCUKEINGLY,

PAHﬁHbYER VALULS FOR EACH STATION

—

PARAMETER . L STAG3I1)  STAGI2)  STAMIZ)  STAM3A)  STAc3s) | stacse) STA(37) ~ S1AC23) . 3TarI9)

STACan) .

STATION TYPE. . T e A 3a 6A sa oy 3a A 6a 3
FARM CHANNEL CODE MO, - . . , ' 20 21 a2 ‘ a3’
DISTANCE TO STATION (m) ‘2020 2929 2177 2275 2330 2400 2543 2627 2637 27

BOTTOM ELEV AT STATION (wm) - - - =
SECTION PARAMETERS:
H

Y
S1
134
BO

UL!CEROUGHNESS 06
QM SLOPE (m/m) 0.00
] 2

m

nea
]
TTON WIDTH (m)

TURNOUT PARAMETERS:

PIFE TURNOUT

1
LENGTH

= DIAN ETER (n)
SETTING (m

ol
. .oos
[N

SIFHON TUBE TURNOUT o SR B o |

ESS COEFF
NCE COEFF
LENGTH (m)
DIA (m)

[+]
NT
1
1 <

-

R
E
S
S

RIEED
e

PBANKCUT TURNOUT

ROUGHNLSS COCFF
EANACUT LENG!M (n)
FANKCUT ELEV (m
BANRCUT WIDTH (n)

N
"
LA

FLUME PARAMETERS:

FLUME LENCTH {m)
FLUNE MIDTH )
SUFHcRGLNCE T10
FLUNZ FLOOR ELEV (n)

CHECK FARAMETERS:

CR[&
REST

LENG
ELE

a) .
CATIOR (o -

BEND LOSS COEFFICIENT - C e

ENLAYGEMENT LOSS COEFF SR TR 1Y 1T R e

3NTSACTION LCSS COEFF 0500 . Lo L 0.100 et L

13 SEPTEREEF 1923
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.:Table E21(Cont.)

DYULINZ It/
HYDRAULIC PARARETER VALULb FOR Sl1AlL

ror
NS UN DISTRIBUTION CANAL (CUNTIHUED)

PARANZTER -

PARANETER VALULS FOR EACH STATION

‘STAC41)

STAC42) STAC43) STA(44)

ST1HCA5) STA(48) STA(A7)

STAcay)

3TRC49). T STALTI)

ETATION TYPE
FARN CHANNEL CODE NO.

DISTANCE TO STATION (m)

BOTTON ELEV AT STATION (m) -

SECTION PARANETERS:

NYDgAgLIC ROUGHNESS
SQTTOH SLOPE (m/m)
R3TTON WIDTH (m)
TURNOUT PARAMETERS:

PIFE TURNOUT

SIFHON TURE TURNOUT

ROUGHNESS CUEFF
ENTRANCE Ci

SIFHUN Lt.NGTH n)
S1PHON DIA ()

BANKCUT TURNOUT

ROUCHNESS CULFF

EANNCUT LENGIH (m)
EARCCUY ELEV  (m)
EANKCUT WIDTH (m)

FLUNE PAKANETERS:
FLUNC LENGTH
£L ] (‘"’

LLN‘E KATIO
FL;HE FLOOR ELEV (m)

CHECK CATANZTERS:

CREST LENGTH «m)
CFEST ELEVATION (n)

BEND LOSS COEFFICIENT
E*LA‘“EHENT LOSS COEFF

SaONTRALY ch Lass LDEFF

? 3A 7 3A

as 26

2886 - 2958 3050 3173

6A 3A 7
a7

3200 3337 3430

0.100 . -© -

13 SEPTENEE? 19
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Table EZl (Cont )

PR S -

HYDRAULIC PARAMETER VALUESB¥8"“ {U&

a;zoﬂ DISTRIBUTARY CANAL (CUNTINUED)

PARANETER VALUES FOR EACH ETATION

PARANETER STA(S1)  STA(S2)  STA(S3)  STA(SA)  STA(SS)
STATION TYPE A 7 3 7 3a 2
FARM CHANNEL CODE No. 29 30
DISTANCE TO STATION () 325 3734 3830 3v18 4081
BOTTON ELEV AT STATION (n) - - - - 39.49
SECTION PARANETERS:
YpEA NT 4 40 04
s el T BT R TR
BaTion GIBTH (my" g 3¢ 12 03048 i -03018 e 1
TURNOUT./CULVERT PARANETERS:
PIPE TURNT OR CuLUT
FR ACTOR - - 0,026 -
it PR T
cate BETTERER (&3 - < - .38 -

SIPHON TUBE TURNOUT

ngcnggs COEFF
glPMON LEN8$H (m)
SIPHON DIA (m)

BANKCUT TURNOUT

ROUGHNESS COEFF

[aNACUT LENGYH (m)
EANNCUY ELEV n)
EANKCUT WIDIH (n)

FLUNE PARANETERS:

FLU™E NGTH «
FLome BEREIM S92
awb‘*\ul E

FLums FLOGO ELEU (m)

CHECK PARAMETERS:

CREST LENGTH -
CREST ELEUﬁTION (n) -

BEND 1083 COEFFICIENT -
ENLARGERENT LOSS COEFF -

CONTRACTION LOSS COEFF -

- ot1 -



‘Table E22

vt g e

ABYUHA/JUL/ROT2

KYDRAULIC VARIABLE VALUES FOR STATIONS ON FARM CHANNEL FCT2

VARIABLE VALUES FOR EACH STATION

VARIABLE ' S 8rat

BTAC 2) BT B
STATION TYPE ' 1 3c 2
FARN CHAMMEL CODE NO. _
DISTANCE TO STATION (n) e 29 3
BOTTOM ELEV AT STATION (md  48.23 40.25 .25
FLOW RATE -
IN SECTION (nt3/3) 0.028 0.020
AVERAGE FRICTION SLOPE : -
IN SECTION (n/m) 000888 0.00004

FLOW VARIABLES UPSTREAN
HAT F Iy
PLou DEPYN THSY 20
FLOU VELOCITY (w/s)  0.8571
FLOM VARIABLES DOWNSTREAN '

WATER SURF ELEV (w)
FLOW DEPTH_(m)
FLOW VELOCITY (a/s)

TURNOUT VARIABLES

ACTUAL

FLOW RATE (nt3/s)
TRNT HEAD LOSS (w)
PIPE TURNOUT

PIPE DIAMETER (m) .
GATE SETTING (n) :

SIFPHON TUBE TURNGUT

SIPHON DIA (m) .

BANKCUT TURNOUT
BANKCUT UIDTH (m) -
FLUNE VARIABLES

gURRERGEWCE RATIO .
FLURE FLCOR ELEV (m) -

 CHECR VARIABLES

. CREST ELEVATION (wd = =

AVERT HEAD LOSS

-



PR—.

Table ‘E23
‘—A&Jl~

ABYUHA/JUL /ROT2 R RS
HYDRAULIC VARIABLE VALUES FOR STATIONS OM Fagm CHAMNEL FCT3 = . . e

VARIABLE VALUES FOR EACH STATION

VARIARLE ) . STAC 1) 8TAC 2) 8TA¢ 3)

STATION TYPE ' Ty . 3¢ 2
FARN CHANNEL CODE NO.

DISTANCE TO STATION (m) e 29 30

BOTTON ELEV AT STATION (n) 40.25 - 40,23 40,23
FLOW RATE ‘ B L '
IN SECTION (nt3/s) 8.020 -

AVERAGE FRICTION SLOPE = - ROREA
IN SECTION (rray - s.88000

FLOW VARIARLES UPSTREAN

WATER suRe LEV 753
FRRGRoEYRE € () .33
FLOW VtLOCITY (n/s) 0.0571

FLOM VARIABLES DOWNSTREAM

FLOG"pERTE ELEV () CRST S J5T R

FLOW VELOCITY (n/s) 0.0571 0.0000 . 9.6008

TURNOUT VARIABLES

ACTUAL

FLOW RATE (nt3/s)
TRNT HEAD LOSS ()
PIPE TURNOUT

PIPE DIAMETER (m)
GATE SETTING (n]

SIPHON TUBE TURNOUT

SIPHON DIA (m)

BANACUT TURNOUT
PANACUT WIDTH (m)
FLUNE VARIAKLES
Q' RCEN ATIO
RESFEREE BNI%cm)

CHECK VARIABLES

CREST ELEVATION (m) - - -

CULVEST mEad Losg

- et -



“iTable; li24

. .-.J..‘M...u‘ L2eaf

ABYUHA/JUL/ROT2 :
HYDRAULIC VARIABLE VALUES FOR STATIONS ON FARM CHANNEL FCT4

VARIABLE VALUES FOR EACH STATION

variame o STAC D sTAC2)  STAC ) [
STATION TYPE . 1 ac 2

FARM CHANNEL CODE WO. >1 RS .

DISTANCE TO STATION (m) . 1“161>vvv{‘;'gv. 30

BOTTON ELEV AT STATION (.)~7'1higs'*" s oanzs

TOSEETIEN (mr3/sn oQogd'nu i,i;oéo%Tj~;f5.qoij

AVERASE FRICTION SLGPE T O
IN SECTION (n/e) 0.00000 . .0.00004" - 9.00000"

FLOY VARIABLES UPSTREAM

BATER SUEF ELEU (n)
FLCW DEPTH
FLOJ LELO;ITY (n/8)

FLOW VARIAPLES DOWNSTREAN

WATER CUQF ELEU (m) '
FLOW DEPT ")
FLOH VELOCITY (n/s)

TURNCUT VCARIABLES

ACTua
Fi.OW RATE (nt3/s)

TRNT HEAD LOSS (m} -
PIPE TURNOUT

cATE SETTENER Y
SIPHON TUBE TURNOUT

SIPHON DIA (w)

BANKCUT TURNOUT
RAKKCUT WIDTH (m)

FLUME VARIARLES

IENERG
r

EACE RATIO
LUME FLOUR ELEV (r)

CHECK vaRrtanieg

CREST LLEVATION () - i R

CULVERT MEAD LOSS



_Table E25

ABYUHA/JUL/ROT2
HYDRAULIC VARIABLE VALUES FOR STATIONS ON FAKM CHANNEL FCTS

VARIABLE VALUES FOR EACH STATION

UARIARLE STAC 1) STAC 2>  STaC 3)

STATION TYPE -© 1 3c 2

FARM CHANNEL CODE.NO.

DISTANCE T0 STATION (n) (] 29 30
BOTTON ELEV AT STATION (mn)  40.25 40,25 40,23
fLOU R L :

IN bECTlOV (nt3/s)

AVERAGE FRICTION SLOPE
IN SECTION t(m/n)

FLOB VARIAFLES UPSTREANM

R G'IF ELEU {(m)

EATER S
FLCAS DEF

FLCOW VLL OC!TV (n/s)
FLOW VARIAKLES DOWNSTREAM

%A!ERbSuRF ELEV n)
FLOW ULLOLIT! \n/s)

TUﬁNUU? VARIABLES

ACTUAL
FLOU RATE wnt3/s) , -
TRNT HEAD LOSS (n) -
PIFE TURNOUT

PIFL DIARMETER (m) R
CATE SETTING (m) T

SITHON TUBE TURNOUT

SIFndN PIA m) g

BANATUT TURNOUT

EANACUT WIDIH un) -

FLUME VARIABRLES

s_; -E3IEN
L

= AR AL Le =

CHECK VASIARLES
CREST ELEVATION (n) - . - -

CU_VERT HEAD LOSS

15



HYDRAULIC VARIABLE VALUES FOR STATIONS ON FARM CHANNEL FCTé

ABYUHA/JUL/ROT2

VARIABLE VALUES FOR EACH STATION

VARIABLE STAC 1)

8TAC 2> 8Ta¢ I

STATION TYPE 1

FARM CHANNEL CODE NO,
DISTANCE TO STATION (n) [ ]

BOTTOM ELEV AT STATION (n) ~ 40.25

FLOW RATE .
IN SECTION (n%3/s) 0.020

AVERAGE FRICTION SLOPE
IN SECTION (n/m) 0.09000

FLOW VARIABLES UPSTREAM

WATER SURF ELEV {n) 40.7
FLOW DEPTH (m) 9.50
FLOW ULLOC!YY (n/s) $.0571

FLOW VARIABLES DOWNSTREAM
WATER ) .
FLOG pePTR TV “4:253
FLOW \ELUC!TY (n/9) l.0§7!
TURNOUT \'ARIABLES
ACTUAL -
FLOU RATE (mt3/s) -
TRNT HEAD LOSS (m) -
PIPE TURNOUT

PIPE DIAMETER (n)
GATE SETTING (»

SIPHON TUBE TURNOUT

SIPHON DIA (m) -

BANKCUT TURNDUT -
BANACUT WIDTH (m) -
FLUME VARIABLES

SUTEIZENCE EATIO -
FLUNE FLGOR ELEV (m) -

CHECKX VACIARLES RN

CRESY ZCEVATION (m) -

CULVERT HEAD LOSS

‘3¢

2

29 3
40.25 ' 40.25
0.02¢ 0.000.
0.80004  0.00000

R R R Freit

0020

ST -



Table E27

ABYUHA/JUL/ROT2

HYDRAULIC VARIABLE VALUES FOR STATIONS ON FARM CHANNEL FC17

VARIABLE VALUES FOR EALH STATION

VARIABLE STAC 1) STAC 2) STAC 3) STA( 4)
STATION TYPE 1 ? 3C 2
FARM CHANNEL CODE NO.
DISTANCE TO STATION (m) 0 50 99 100
BOTTOM ELEV AT STATION (m) 40.46 48.45 40.44 40.44
FLOM RATE
IN SECTION (at3/s) 0.020 8.020 9.020 0.000
AVERAGE FRICTION SLOPE Y
IN SECTION (n/m) 6.680000 0.0002¢0 9.08020 8.60000
FLOW VARIABLES UPSTRCAN
WATER SURF ELEV (m) 40,757 40.747 40.738 490,738
FLOW DPEPTH (m) 0.297 . 297 e.298 0.298
FLCW V2LOCITY (mss) 0.1042 8.1041 0.1037 0.0000
FLOW VARIABLES DOWNSTREAM
T SURF . . . .
FOLE"SHEE LSV *0:232  43:282 4238 .23
FLOW VELOCITY (n/s) 0.1042 0.1039 ¢.0000 6.0000
TURNDUT VaRIABLES
ACTUAL
FLOW RATE (mt37g) - - 0.020 -
TRNT HEAD LOSS (m) - - 0.018 -
PIPE TURNOUT
PIFE DIAMETER (n) - - - -
GATE SETTING (w) - - - -
SIPHUN TURE TURNOLT
SIPHON DIA (m) - - - -
BANACUT TURNCUT
FANACUT WINTH (m) - - 9.200 -
FLURE vatjian s
S1:R=iISENCE RATI - - - -
Fiulhs FUOOR ELEV (m) - - - -
CHECN VRRIABLES
CREST ELEVATION (n) - - - -

CULVERT HEAD LOSS

T 9T -



Table E28

ABYUHA/ JUL /kOT2
NYDRAULIC VARIABLE VALUES FUR STATIONS ON FARM CHAMNEL FCT?7

VARIABLE VALUES FOR EACH STATION

VARIARLE STa¢ 1) STAL 2) sSTal 3)

STATION TYPE 1 3C 2

FARN CHANNEL CODE NO.

DISTANCE TO STATION (m) 0 29 30
BOTYON ELEV AT STATION (m)  40.25 40.25 40.25
FLCK RATE g

1N SECTIGN (nt3/e) 0.020 0.0 0.000
AVERAGE FRICTION SLOPE

IN SECTIEN Cm/ng 0.08000  0.60804 . 9.00000

FLCW UARIABLES UPSTREAM

gtTER :gRF ELEU (L.} 48: 33 48:3%% 48: igj
FLOW V;LOC!TY (n/s) 0.0571 0.0568 8.8000

FLCW VARIABLES DOWNSTREAM

SERLENSE ELEV (m 48.753 4g.2352 40.
Flos rErTh T 0.500 0.533 0.50
FLG VeLOCITY (nrs) 6.0571 0.0000 0.0000

TURNOUT CARIABLES

ACTUAL
FLOY RATE «nt3/s) - 0.020 -
TRENT HEAD LOSS (m) . 0,012 -
PIPE TURNOUT B 5

PISS DIANMETER (e) - 8 -

GATE SETTING « - -

SISHCN TUEE TURNUUT

SIPHON DIA (m) - - e

PANRCCT TURNOUT N PR

EAMMCUT WIDTH ()~ - gi200” -
FLUNE VARIABLES

SUFNERSENCE RAT T - -
FLUNE FLOO! ELsso(n)_ - S -

ChECA VAR1ABLES
CREST ELEVATION (m) - - .-

CULVERT nIaD LOSS

-



.Table E29

ABYUHA/JUL/ROT2
HYDRAULIC VARIARLE VALUES FOR STATIONS ON FARM CHANNEL FC19

VARIABLE VALUES FOR EACH STATION

VARIABLE §TaC 1) 8Tat 2) §TAaC 3) §Tac 4y STal 5

STATION TYPE 3 ? 7 3c 2
FARN CHANNEL CODE NO.

DISTANCE TO STATION (m) o 100 125 150 269
RJTTON ELEV AT STATION (m) 40.3% 40.33 490.32 4.3 40.28
FLOU RATE

IN SECTION (mt3r/s) 9.023 8.023 0.623 0.023 0.000

AVERACE FR!C’ION SLOPE : )
ih SECTION e/ 9.00000 6.000820 0.0000% 9.00008 6.00000

FLOW VARIAKLES UPSTREAN

WATER SR v ( 40.7227 40,2713 40.71 40.713 40.71
eI v N 5 N 7 I v+ B R 4
FLOM VARIARLES DOUNSTREAM /
WATIR SUEF CLEV (m) 4p.727 49.217 40.715 48.713 40.713
Etc: S:L”'ITY (n/s) 0 5853 o?éggg _096;33 ,03633: 0?6333
TURNOUT VaRIABLES o)
FEES Rate (mrarm - - - 0.023 -
TRNT HEAD LOSS (m) - g - 9.023 -
PIPE TLRNOUT
ST HHERy z z - < -
SIFHON Tyurg TURNOUT - ) -
SIPHIN DIA (m) - ) - - - -
BANKCLT TuaNQuT
BANACUT WIDTH cm) - - < 0.200° -
FLURE VARIASLE Sl W :
PLESESFEESE BRI ) = - : < =
SRECK UARIABLES

CREST ELEVATION (n) - - - - .

CULVERT MEAD LOSS

-8p1 -






‘Tablé E31

ABYUHA/JUL/ROT2
HYDRAULIC VARIABLE VALUES FOR STATIONS ON FARM CHANNEL FCT®

VARTABLE VALUES FOR EACH STATION

VARIARLE 8Tat 1) 8TAC 2) STAC 3)

STATION TYFE 1 3c 2

FARN CHANNEL CODE ND.

DISTANCE TO STATION (nm) ° 29 3s
EOTTON ELEV AT STATION <n)  49.2% 40.25 48.25
FLOW RATE '
IN ss;r,ou ‘nt3/8) '0.020 6.020 8.000
AVERE € angfxon SLOPE
IN SEZTION (m/m 0.00000 0.00004 $.80000
FLON CARIABLES UPSTREAN .
WATER SUsF ELEV {n) 40,753 40.752
FLGW DEPTH 0.500 0.502
FLSH VELLCITY (mrs) 0.8571 0.0568
FLOW VARIAFLES DOWNSTREAN
WATER SUSF ELEV (m) 40.753 40,752 40,7352
FLCE DEPTH (m 0.500 0.502 0.5%02
FLOW CELOCITY ¢ass) 0.6571 -  0.0000 0.0000
TURNCUT VARIARLES
ACTUA .
FLow | xar: (nt3/5) - 0.820 C-
TRNT HEAD LOSS (n) - o812 .
PIPE TURNOUT L
E LIA HETER (m) - - -
GA E SETTING (m) - = -
SIFNCN TuHE TURNOUT )
SIPHCN DIA (m) - - : : =
BANACUT TURNIUT ‘
BANACLT WIDTH (m) - 0.200
FLUNE vaRIARLES
SUFrELISFS TS gar - -
FLONE L0 T ELEV () - . -
SHIIN VaNIs fs
CREST ELsvATION (m) - - -

CULVESY kEan LJSS

- 08l -






Table 532 (Cont.)

e e

ABYUHA/JUL/ROT2

HYDRAULIC VARIABLE VALUES FOR STATIONS ON FARM CHANNEL FC20 (CONTINUED)

VARIABLE VALUES FOR EACH STATION

LTACZ0)

CARIARLE STac11) ) STa(12) STAC1YD) STA(14) 8TAc15) STa(16) STA(17) STrRt18) STAtLIT
STATION TYPE - ? ac 3c 3c 3c ac 3c 3c ac z
FARN CHANNEL CCDE NO. T2 13 ;,rq
DISTANCE TO STATION (m) 1000 1051 1058 1065 1072 1079 188¢ 1093 1100 2110
BOTTOM ELEV AT STATION (m)  39.80 39.59 39:59 39.58 39.58 39.58 . 39,58 39,58 »;"39.57 o 59.37
OB T6n (mr3se 0.193 0.193 0.169 0.145 0.121 0.097 0.073 0,049 . 6.028 < 0.000 -
INFEEEE,ERISTION siore 0.60015  .80013  0.00016  0.00007  0.00005  o.s0083 vq.unoda q,égboq;
FLOW VARIAELES UPSTREAM . o ‘ 7 =
RENERESLL  NEB o oam osmo oo SEOEE OB s oum o
FLOW VARIAELES DOMNSTREAM e
YATER SUSE ELEV (m) 40.541 40.535 40,534 40.534 40.534 40.534 40.534 40.534 40,574 40234
FEOY BECERD cavm -o¥i3%8 a?ng;; it 1 0Y597% 1 0%%82 %332 0 9159 0’5480 03500
TURNCUT VARIALKLES - 7
PO Eate (nr3/e - 0.024 8.024 0.024 o nzc' 0.824 0.024 0.024 -
TRNT HEAD LOSS (m) - 0024 - 0.024 0.024  u. 924 0.024 9024 0.024 -
PIPE TURNOUT '
cATE By R T Z : ot : z T b
SIPHON TUBE TURNOUT : i ’
SIPHCN BIA () - - - - - = - -
PANKCUT TURNOUT 7 7 ;
EANACLT wIDTH 1) - 0.200 0.200 0.200 v.200 'n?d{2594 S

FLURE VARIARLES

SUFMLIGC
FLimg £

catIo -
G FLEV (m) -

C~ECN vaxzanifg
CRES” ELTLaATION (m) -

SULVERT KEad Lass

- 251 -



‘Table E33

ABYUHA/JUL/ROT2 .
HYDRAULIC VARIABLE VALUES FOR STATIONS ON FARM CHANNEL FC21

VARIABLE VALUES FOR EACH STATION

vARTABLE 8TAC 1) GTAC 2)  BTAC 3)  STAC 4)  BTAC S)  BTAC 6)  8TAC 7)  GTAL 8  5Ta¢ 95 STRUI8)
STATION TYPE 1 7 7 7 7 7 7 ? 7 - s
FARM CHANNEL CODE WNO. . B
DISTANCE TO STATION (m) ’ 190 208 300 an S0 680 780 808 918
BOTTOM ELEV AT STATION (n) 40.01  39.98 39,95 .92 39.09 39.86 .39.83 39.00 . 39.97 ":35.73;‘
TOSECTIoN (mtase 182 g.as2 0152 0152 9.151 e.131 . 15t mis 0.151 ,6,:;.“’
AVERAGE FRICTION SLOPE ' ' o .

TION (n/ea) 000000 . 6.00026  0.90025  9.00025  0.00024  0.00023. 000022 '0.00020 - 0.00019  0.00018°
FLOW VARIALLES UPSTREANM L - s , . , E , R v

VATER SUF ELEV (n) 40.739 40.713 40.688 40.663 40,639 40.617 49.395 40,575 A0ISSe " 40,538 -
0,230 . 0.73a 0,739 (744 49231 0.758 8,967 : 0.776° - 0.7ur.. 0 601
FLO GeLoc1iy tass) 0.i924 - “0.i%0s 0.i885 0.i860 0.i833 0.ig02 0.i767 9.i729 ‘- 0.ié698 0. 1637
FLOW VARIAYLES DOUNSTREAM :
WATER Si3F ELEV (m) 40,739 40,713 -40.688 40.663 40.637 40.617  40.59% 40.575. . 40.%%6 40.536 "
FLON DEPTH (n) 0.230 0,734 1739 0,744 0.751 0.758 0.767 0.77& 0.757 :
FLOW CELLCITY (m/s) 0.1924 0.i%05 0.i984 0.i859 0.i831  o.idoe 0.i%66 0.i720" 0.1667. 0.i3es
TURNCUT VARIABLES C -
ACTUAL
FLOW RATE (n13/s) - - - - - - - - - 0.023
TRNT HEAD LOSS (m) - - - - - : - - - - © e.c25
PIPE TURNOUT
PIPE DIARSTER (m) - - a2 - - S = - -
CATE SETTING tm) - - - - - - e le - =
SIPHGN TUBE TURNOUT o o PR : S S I
. N I b -, -
SIPHON DIA (m) - - e - TP R Y- -
PANAIUT TURNCLT . w
EANAT T 2IDTH wm) - - - - - - - g.260
FLUNZ CR3Iin_ES

: 'ESI -



Table E33 (Cont )

Q-»w B LI NN 1Ay G
ABYUHA/JUL/ROTZ
. HYDRAULIC UARTABLE VALUES FOR STATIONS ON FAKN CHANNEL FC21 (CONTINUED)
VARIABLE VALUES FOR EACH STATION
VARTABLE  STAUI1)  STAC12)  STAWI3)  STAGI4)  STAG1S)  STAcles
STATION TYPE ’ 3c L3 3c ac 3c 2

FARM CHANNEL CODE NO.

DISTANCE TO STATION (m) 922 929 . .93s 943 958 1895
BOTTON ELEV AT STATION (n)  39.71 3971 T 3971 39m 39.70 39.42°
FLOW & .f v L 3 .
INCSECTION (nt3/s) 0128 0.101 0.076. -~ 0.051 ‘0,026 0,008

AVERASE FRICTION SLOPE : S
IN SECTION (mrem) -0.90011 . 0.90007 - 9.00004  9.90002  9.00000 0.90000

FLOW VARIABLES UPSTREAM

H“YEF SUSC ELEV (m) 4

0. 48.53 48,535 an.s36 40.53
PEPIN ta) o 08 ‘8 838 o83k 383 1:38
FLEY SR (mrmd 0.1304 e.i04i 0.877% 0.9520 0.0264 0.4008-
FLOV VARIAFLES DOWNSTREAM
WATER SURF ELEV (m) 40.536 49.535 40.536 40.536 40.536
ELCM DEPTH cay ) . %0:83% 0.826 s,524 0830 . o833
FLOW CELOCITY (m/s) 0.i044 0. 6782 0.é% 0.9265  ©.6000
TURNOUT UARIAFLES '
ACTUAL : - T el
FLCH RATE (mt3/3) . 0.925 © 0.025  g.025. . .
TRNT MEAD LGSS (m)

CL'e.026 . ~0.026 S eweme. -
PIPE TURNCUT : e

an RIAKETER (m)
LTTING ()

SIFNIN TULT TLANGUT

SIPHIN DIA m)

BAKKCUT TLANCUT

BANKCLT WIDTH (a) 0.200° -

FLURE vaRZIar _Z8

SLIm T vat g . - . - T e i
Flosl o0 T ZLEY ve - PR e
SRESN sSsIa ol
CSI37 Lom aTIidw amd - - K. - - -

= pST. -



Table E34

ABYUHAZ JUL/ROT2

HYDRAULIC VARIADLE VALUES FOR STATIONS 0N FARM CHANNEL FC22 il e
UAKIABLE VALULS FUR EALH STATION N
VARTIARLE ’ STAC 1) STAt 2) STat 3) STAC 4) sTaC 5 STAC &) sTAC 7) STAC 8) SThe 92 " STR(10,
STATION TYPE- B 1 - ? ? ? ? ? 7 ? ? 3c

FARM CHAMNEL CODE NO.

DISTANCE TO STATION.(m) 0 100 200 300 400 500 600 700 800 930 .,
FOTTOR ELEV AT STATION (n) 39,73 39.72 "39.69 39.866 39.63 39.60 39.57 39.54 . 29.%1 39.47
FLld RATE ) v R o S
IN SECTICN (wt3/5) 8.277 0.277 0.277 8.277 0.277 - 0.277 0.2%6 - 0.276 - .--'0.276 L 10.278

AVIIAZZ TIITTION SLONE . L O T T VL
IN SESTICS (mim) 0.00000 . 0.00027  0.00026  0.00826  0.00025 0.00025 .70.80024 ° 0.00023- p.04c23 . 0.00022
’ < R T TE T e : - L
FLC4 VARIAPLES UPSTREAM , i , T T
JATER, TLSF LLEV () 40,493 40,666 40.5640 40.614 40,588 40.564 . 40.540 ap.51g a0 29 49.8:6 f
S A 0,347 0:951 0:82% .95 0.9¢3 0:%c8 0.974 0761 ] Givey
25T 00013 imrey 6.2253 0.2230 0.32325 0.2200 0.2189 0.3167 0.2143 v.2117 4. 206y 0.2927 Ch
! \ L
FLCW VaRIASLES DOWUNSTREAM " ;
, - L o
Jate FCLEY (m) 40.673 40.666 40.640 40.614 40.%68 40,504 40.540 40.%1¢ ap.ava an.ar7 - Bl
Foca ) 0.%37 0.951 0.954 0.958 0.%6 0. %6 0.974 0,591 0,928 REEE y
FLCw 0.3253 0.32a0 0.3224 0.2207 0.3108 - 0.2106 0.2143 c.210¢ 0.3588 018687 -
TLINST
-\CTUG ‘ . . .
FLTE R3TE (mt3/s) - - - - - - - L s -
TRAT hIaD LOSS (md - - - - - T = e -
SIFmvh Uit TUNKOWT T :
SIC-3N DIA () - . - - e - e L  < - N
BAMACZT TURNOUT
BA T LIATM (my - Lo CeTT e =
Flomi - e . S ) . . . _
SURDERSENCE gATIO - = LT e L
C38 ECEV ¢m) - - - - . -
CRECA VAAIABLES
CREST ELEVATION (n) - - - - - - - -
CULVEFT »ZaD LOSS

- — e

Best Available Document’



Table E34 (Cont.)

ABYUHA/JUL/ROT2
HYDRAULIC VARIABLE VALUES FOR STATIONS ON FAKM CHANNEL FC22 (CONTINUED:

VARIABLE VALULS FOR EACH STATION

VARJALLE Sladiy STad1 S1Aa(13) S1a¢14) Sl’f‘-;;;kl —“g';h‘(-;l;; 4 ’::"ﬂ(-ltl—;._:..l';;;l“-;;:.' 'T Staezs
TATION “vPE 3c 3c 3c ac 3c 3c 3c 3¢
FATA CHANVEL COPE NO. , 7 T3 :
DISTAKCE 10 STATION (m) 937 944 95 938 965 972 9 ves - ee3 :ipoo'
BOTTORM ELEV AT STATION ta)  39.44 39.44 39.44 39.44 39.44 39.47 39,43 39.43 . 39.43*f’~‘~;9;i317
RN (nt3/8) 0.251 0.226 0.201 0.176 0.151 - e.126 o.101 0,07 oot ijo§oépl
TN SEcTion Sasgy store 9:00017  ©6.00013  0.00010  0.00008  0.00006  0.¢003s ©.00002  0.00001 0.00001 “0.00600.
FLOW UACIANLES UPSTREAN ‘ . S
ROERELL N omE mm owm am N N B I P R 3
FLOM VARISBLES DOWNSTREAN ; '
EEERELD M g mam wmaw SR Mam o wm aw
TUFNOUT VARTABLES '
0.025 0.e25  o.025 0.025 8.025 0.025 0.025 0.025
TRNT uEAD LOSS (m) 0.026 0.025 0.025 0.025  0.e25 “0.028 v;'o.ng; . 0.02

PIPE ILINGUT

SITelN “LNT THRNNLT -

3Irnih BIA <my -

Fasal. Y TrRsounr

UT JIBTH <m) 0,200
S.SsiaiiusT Qa310. -
PLORE Lok S0E % -

CoE88 vALIARLES *
CREST CLEVATION tm) -

CULVERT -EAD LOSS

y Avallohle Docume nt

- 96T -



‘Table E34_(Cont.)

ARYUHA/JWL 7ROT2 E
HYDRAULIC VARIABLE UALUES FOR STATIONS ON FARM CHANNEL FC22 (CONY!*UED!

VARIABLE VALUES FOX EACH STATION .

VARIARLE ' s1ai2n.
STATION TYPE 2
FARM CHANNEL CODE NO. £
DISTANCE TO STATION (m) 2085
BOTTCN ELEV AT STATION (w)  39.18  39.10
THOSECTION (t3/e) 0.000

AVERACE FRICTION SLOPE
IN SELTION (~rm) 0.00000

FLOMW \ARIABLES UPSTREAM

WATIR_SUES ELEV (m) 40464
FLCd DEPI.y ¢t 1:36
FLCd CELOCITY cassd 0.0000-
FLOW VARTABLES DOWMSTREAM
MATER SULE ELEV (m) 40.466
FLLd DEPT tm) 1,366
FLCS VeLOCITY inss) 0.5000
TURNOLT VARISBLES
ACTUAL
FU.d RATE <mt378) -
TRNT HEAD LOSS (m) R
PIFE TURNOUT
PICE TIAMETER (m) e
GATE £:TTING tmd = -
SIFKUN TULE TURNOUT
SIPUOV DIA (#d -

BAMKCUT 'TURNOUT

BANRLCE™ UIDTH (WY -

TLURE SASIAILES

SREIST Ll ATION vay : -

CULVERT nEAl LOSS

RS



ABYUHA/JUL/ROT2
HYDRAULIC VARIABLE VALUES FOR STATIONS ON FARH CHANNEL FC23

VARIABLE VALUES FOR EACH STATION

VaRIaRLE S$Ta¢ 1) 8TACt 2) 8TAC I 8TAC 4) B8TAC 5) STAC &) 8TAC ?7) BYA(/Q)‘

STATICN TYPE 1 3c 3c 3c 3C 3C 3c 3C
FARM CHANNEL CODE NO.

DISTANCE TO STATION (n) ) 40 S0 o8 7 8 9 108
ROYTCN ELEV AT STATION (m)  39.78 39.77 39.77 39.77 39.76 9.76 . 39,76 - 39.7%
FLOU_RATE . PN BT

IN SECTION (n13/3) 0.147 0.147 0.126 0.105. 0.084 0.063 - e.042. " 9,021

AVERASE FRICTION SLOPE - - ' L e
IN SECTION ?n/n) 9.00000 - e.00009 9.00007 6.08083 - @.00003 0.00002 0.00001 - " g.00000

FLOW VARTARLES UPSTREAM

FLOG DEpTa tayw o™ N 1 S 0 R X S 31 B Y ‘819%% h ‘gf§§§ - 4355
FLis VELESITT (ars) o.i296  8.i275  #.1087  0.0900 = 0.6717 0 855 0.9 0.0176

FLOMW VARIABELES DOWUNSTREAM ' ’

WATER SUSS ELEV (m) 40.688 48.685 49.685 48,485 40,685 40.685 49,685 48.4685
R M SN 0 i298 o iged oYivee oti%dt 006335 --?53%2 ety 0 5080
TURNDUT VARIABLES
FECU kaTE (mt3/es - e.821 - 0.821 0.021 s.021 o e.s21 C e.e21 o 0.021 -
TRNT HEAD LOSS (m) - $.023° 0,025 - 9.024 0.923 o.ezs fpii25 : :i.ézs
PIFE TURNOUT . Lo E
WE NI - : : - : E : :
IFHUN TULE TURNOUT
SIPHON PIA m) - - - - - - - -
BANACUT TUSNOUT o ) S o L
BAVACUT WIDTH «m) - 0.180 0.180 0.180 0.180
FLUE VASTARLES ' ' i : SRR
e AN >z >z T z z :
SeIIv wailazi iz . . -
CSZ3T £L5027I0% a? - - - - - )

CLLVERT wEal L365

-. 881 -









“Table E38

HYDRAULIU VARIAVLE VALUES FOW SIATIONS ON FARM CHenNEL FCa7

VARIAKLE VALUES FOR EACH STATION

VARIARLE S1a¢ 1 STat 2) STAC 1) ETac 4) E1hat &)

STATION TYFPE 1 3A 3A 3A

a
-

FARE C=aNNZL CODE NO.

DISTANCE T2 STATION (n) ¢ (1] 80 100 802
BOTI3M ELE. AT STATION () 40.24 40.22 40.22 40.21 40.00
TLOe haTe

IN SiCYICN (wt3rg) 0.069 0.069 0.04s 0.823 0.000

ng:AGP ‘E'CY'CH SLOPE
IN S CI10A (msm 0.00000 8.00005 9.00002. 9.00000 0.0v000

FLOL URRIRILES UPSTREAM

1a1 4g.804 40,00 40.80 49.7v9 40.79
25 0. lglﬂ o?i§Zé o?6§3§ 015240 _o?ézgn
FLO- VARI3L_ES LOWNSTREAR ’
advis 40.003 40.811 40.808 40.799 40.799
i q?ig?g 06956 006347 076000 0%4000
TURAILT wsiraties T ' '
FioS aume (2378 - 6.023 . g.e23 0.023 -
TINT HEAD LOSS (m) - 8.051 °  4.050 0.049 -
FIeE YLonayT o : - ’
carf SETrinet s’ t, SRR -+ ,',7' 3%28. N :
L T TR £ 1T e h ' {‘ e - #
EPCTINNIE 'S K - R < =
DANGTHT TRNGUT
TAN Y LT e - - - - -
Fllma o2s70tics
v o ‘Y waTIY - ' - - - -
ER £ z z z = z
T R R T
[ ST N PO TS - - - - -

=191~



Table E39°

ABYUHA/JUL /ROT2 .
HYDRAULIC VAXIABLE VALUES FOR STATIONS ON FARM CHANNEL FC28

VARIABLE VALUES FOR EACH STATION

VARIABLE 8TAL 1) STAL 2) 8TA¢ 3) STAC &) STAC 5) STAL &) sTAtl 73
STATION TYPE 1 ? ? ac 3c 3c 2
FARR CHANNEL CODE NO.
DISTANCE TO STATION (m) [} 108 200 236 243 2350 788
BOTTON ELEV AT STATION (n) 49.17 40.14 48,11 40.10 40.19 48.18 39.94
FLOG RATE 5
IN secr.on (nt3/s) 0.064 0.064 0.064 0.064 0.043 0.922 0.008
AVERAG bElCT 0 PE
anssc$ l \ 8o 0.00000 0.00006 0.00005 $.00005 0.80082 0.00801 e.80800
FLOV VARIASLES UPSTREAN £
KATER €.3F EL EV (n) 40,852 40,8456 40.941 40.839 40.839 40,839 40.839
FLCW PESTH «n 6.678 9.702 0.727 .736 0.738 0.7 e.68%9
ZGw vL_JCITY (n/s‘ 0.0914 0.0863 0.0812 9.0795 0.0529 0.0267 0.0000
FLOW VARIAKLES DOMNSTREANM
VATER c"nr EL:v [C)) 40,852 48.845 40.841 40.948 40,940 40.839 40.839
-Cw PE 0.678 0.702 0.727 8.738 0.73y .740 ¢.899
FLow Ut'acIY\ Y (mre) 0.0914 0.9861 0.0812 0.0532 0.0268 0.0000 0.0000
TURNOUT VaRIARLES
2CTUAL :
FLOZ RATE (mt3/s) - - - 0.021 0,021 0.021 -
TRINT HEAD LOSS (w2 - - - e.019 s.e19 0.019 -
PIPE TUSNQUT
PIPE Dla cren (n) - - - - - - -
GATE SETTING (m) - - - - - - -

SIPHIN TUBE TURNOUT

SIPHON DIA (W) -

BANRCUT TURNOUT

TANKIUT WIDTH () -

FLURE VARIAELES

- - 0.200 ~0.200

- ZQI: -



Table E40

ABYUHA/JUL/ROT2
HYDRAULIC VARIABLE VALUES FOR STATIONS ON FARM CHANNEL FC29

VARIABLE VALUES FOR EACH STATION ’ . o

VARIARLE STaC 1) 8TAC 2) 8Tat ) 8TAC 4) 8TA( 5) 8Tal &) 8TaC 720 STa¢ &)

STATION TYPE 1 ? 7 7 3c 3c 3c 2
FARM CHANNEL CODE NO.

DISTANCE TO STATION (m) ) 108 200 30 336 343 350. - 678
BOTTON ELEV AT -STATION (n)  40.05 40.02 39.99 39.96 39.93 39.935 39.95 39.65
€LOW RATE
IN SECTION \nt3/s) . 0.087 0.067 0.066 0.066 0.066 9.044 0.022 6.000
AVEQASE £Q1I7ICN SLOPE T
IN SECTION nsmd 0.00000  9.00069  9.00008  0.00007  0.00006  8.00003  0.90881  0.80080
FLOW VARIAELES UPSTREAM ¢
wa- 40,685 42677 40.669 40.563 40.661 40.65 40.66 40.0661
FLO 0.63 0 0.878 0.702 0:710 1713 0:71 0 011 .
FL 0.1000 8. IUIII 0.0"5_3 ) 0.0699 0.0uHD 8.0%585 0.02y3 ﬁ.ﬂﬂﬂ’.
FLON VARIABLES DOWNSTREAN - , T Y
) ' e - OV
YATER SUST ELEV (m) .40.605 49.677 - 40,669 40.663 40.861 . . 40,661 40.561 40.561 By
FLID TEFS 4 (m 0.634 0.656 0:478 . ‘8.702 0:711 0:713 0.715 0.a11 i
FLED CELe iy cred 0.1066 0.i1008 0.8952°  9.8899 9.9588 0.0294 0.0000 0.6000 B
TURNDJT VAR <ELES
ACTUAL
FLCh FaTe (mt3.5) - - - - 2.022 _0.022 . s.e22 -
TRNT HEAT LOSS (m) - - - - - 0.021 0.321° 0021 -
PITE TUR~NZJY
PIPE TIARCTER (m) - - - - - - - - -
BRYE SETTING (md - - - - - - - -
SIFSN Teod TodNOUT .
SIPHON DIA (n) - - - - - - - -
BAaNaCUT Toandut . -
BANKZ'T UIDTH ¢(m) - - e -l 0.200.. . 0.200...  0.200- -
FLUNE vasias 3 ‘ T '
o, - - - - ooz z 'z -

SRION waszar s
CREST SLEVATION «m) - - - - - - -

QP UEST wTar o axa






Table E42

ABYUHA/JUL/RNT2
'HYDRAULIC VARIABLE VALUES FOR STATIONS ON DISTRIBUTARY CANAL

VARTAERLE VALUES FOR EACH STATION

VARIARLE ETa¢ 1) STAC 2) STAC D) 8TAC 4) STat 5 8TAaC 6) sTac 7» STAC 8) ST&(<9)‘.' Sfaﬁlﬂjw__

STATION TYPE 1 oA K4 7 4B S 7 7 .7 7
FARM CHANNEL CODE NO.

DISTANCE TO STATION ¢m) 0 14 100 200 300 419 500 500 700. 808’
BOTTOM ELEV AT STATION {(n) 39.92 39.92 39.91 39.90 39.89 39.88  39.87 .39.86 . 39.65. 39.84
FLOW RATE o .
IN SECTION «nt3/s) 1.473 1.473 1.473 1.473 1.473 L.472 1.472 1.472 1.472 1.472:
AUERAZE FRICTION SLOPE : ' . : o
IN SECTION smie) 0.00000  0.00067  0.00007  0.00007  0.00007  0,00011 0.00011 0.00011 0.00011 0.00011
FLOW VARIABLES UPSTREAM .
MATER_SUIF ELEV (m) 41.504 41.495 4].433 41.486 41.468 41.273 41.262 41,752 41.2a1 -41.239
FLCB DEFSS_ () 1.586 1578 1:58 1:588 1:592 1 1:594 1:393 1592 '1:%92
FLIW VELCCITY <m/s) 0.4543 0.4667 0.2026 0.2021 0.3015 0. 2399 0.2303 0.2304 0.2408 n.2408
FLOW VARIAELES DOWNSTREAM ‘ . .
VATER SUSF ELEV (n) 41.504 41.499 41:493 41.486 41.205 41272 41 .262 o a1.252 41.241 41.230
FLow pEe- 1.386 1:582 1S 1.588 1,397 395 L1393 1392 1:35z
FLSH CELSCITY (red 0.4543 - 0.2031 0.2028 0.2021 0.2397 .o, 15385 0. a4na_r [ 0.3304 - 0.3%00 0.2a08
TURNDJT VARIARLES ' ;
ACTUAL
FLIW RATE (n13/s) - - - - - - - - - -
TRNT HEAD LOSS (m) - - VN - - = - = -
PIFE TURNOUT
PIEE DIARMETER (m) - - .- - - - - - - -
GATE SETTING «n) z - - z z z - z z .
SIFHON TURE TURNOUT ,
SIFHIN DPIA a) - - : - - ) - - - - : vz
BANKTUT TURNDuY
FANel .t wITTH e - - - - = - - - -
FLlng tasia I8
[ 3 RSy SaTIn - - - n.n - - - - -
Fli-o . e il z < - - 20728 - - - -






Table E42 (Cont.)

ABYUHA/JUL/ROT2

HYDRAULIC VARIAKLE VALUES FUR STATIONS O LISTRIBUTARY CANAL (CONTINUED)

VARIABLE

VARIABLE VALUES FOR EACH STATION

sTa(21) 8TA(22) 8TA(23) STA(24) STA(ZY) 8TA(26) STA27) STA(28) S14(29) STR(30)
ETATION TYPES 3A 3A 3A S 3A 3 3A 3A A S
FARM CHANNEL CODE NO. 15 T6 17 17 19 T8 19
ISTANCE TO 3TATION (m) 1600 1642 1700 1710 1716 1913 1850 igee 1831 1990
BOTTCY ELEV AT STATION (n)  39.74 39.73 39.73 39.73 39.73 39.7% 39.71 . 39.71 39.7: 39.70"
FLOW TaTE ' SR
IN SECTION nt3/s) 1.410 1.390 1.370 1.350 1.350 1.330 1.329 1.306 1.286 1.266
AVERAZE rnx:?xou SLOPE . S gy
IN SESTION (ermd 0.00010 0.00010 0.00009 0.00009 0.00009 0.00009 0.80009 0.00008 - '0.00008 0:00008"
FLOW JARIAE_ES UFSTREAM
WAz ER :cRF ELFU (») 41,139 41.135 41,130 41.129 41.128 41.119 41,115 41 . 113 41.113 41.105
Fo by Z 1.400 1.401 1.401 1.402 1.401 1.402 1.402 1.403 1.303 1.454
FLOW VELSCITY <ars) 0.2288 0.2255 0.2221 0.2188 0.2189 0.2153 0.2153 0.2115 0.Zus2 0.2045
FLOW VARIAFLES DCUNSTREAM
;'ER SL' ELEU n) 41.139 41,135 41.130 41.128 41.128 - 41,119 41.116 41.113 .41.113 41,104
Fe 1.401 1. 1.402 1.401 1.4u1 1,402 1.403 1.403 1.407% 1.40%
FL3G CEL SIS (ared 0.2255 0.3222 0.2198 0.21u49 0.3156_ 0.2154 6.2116 0.2u82 - 0.2049 0.2046
TURNLCUT vaAS TARLES
AT '
FLJH RA TZ (mtd/g) 0.020 0.020 0.020 - 0.020 - 0.026 0.019 0.019 -
TRNT HEAD LOSS (m) 0.386 0.382 0.373 - 0.375 - o;zhe 0.360 0.360 -
PIFE TURNIUY . R
PIiZ TIAmLTER (m) 0.20 0.20 0.20 - 0.20- - . 0.20. 0.20 020 -
GATE ~ZTTING () 0.07 0.907 +0:07 - 0.07 - “0.08 0;02 .07 -

SISHIN T..LZ TURNOUT

SIPHGN DIA (m)

BRXIUT ~CINSUT

BANARG T SIDTH (mY

FLURE vadfan sy
s PoRATIQ
.. LIV )
L<SCa L2 a7 23
CR2ET £, ATy v

=25, LIlE

3

o5t Avalloble Document

_ L9I
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APPENDIX F:' COMPUTER PROGRAM OF HYDRAULIC MDDLL
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DATA INPUT/EDIT PROGRAW

LIST

10 "Program Data Input

20 °* A o ;

30 ° Data is entered for the main canal ‘and each mesqa.

40 ’After entry, data is stored in the aprropriate file. A data

90 ’edit program allows for change of data.

&40 ? v R o

Q0 COLOR 7 ; S o e

100 DIM 5(100,69),STANUM(iOO),TDUT(IOO),ST$(15),N$(30),PT(12;2;7),TTQ(iS);DATMAX
(12) ‘ '
110 CLS : FRINT "Flease wait..."

120 GOSUB 20000

200 *

210 "Main menu

220 °

230 KEY OFF

240 COLOR 7 ¢ CLS

250 X = 20

260 LOCATE 2,X : COLOR 15

270 FRINT "Data Input/Edit Menu"

280 COLOR 7 , _

285 A%(1) = "Input Data" : A$(2) = "Edit Data" 1 A%$(3) = "Copy Directory" 1 A$(4
) = "Quit" ‘

200Y = 5: @ = 1
300 FOR I = 1 TO
310 LOCATE Y,X 3
J20Y =Y + 2
330 NEXT

340 LOCATE 15,10
350 COLOR 15

360 PRINT "Type the beginning letter to select, or" v

370 LOCATE 146,101 FRINT "Press " + CHR$(24) + " to move cursor up"
380 LOCATE 17,10: PRINT "Fress " + CHR$(25) + " to move cursor down"
390 LOCATE 18,10: PRINT "Press return to accept selection"

400 Y = 5 ¢ YMIN =5 3 YMAX = 11 .

420 LOCATE Y, X t COLOR 0,7: FPRINT A%(Q)

430 At = INKEY$ ¢ IF A% = “" THEN 430

440 IF ASC(RIGHTH(A%,1)) 72 OR ASC(AS) =5
460 IF ASC(RIGHTS (A%$,1)) BO OR ASC(A%) = §
445 COLOR 7

470 IFF ASC(A%) = 73 OR ASC (A%)

4
PRINT Ati(1)

6 THEN GOSUB &00
0 THEN GOSUB &40

nu

B

105 THEN B = 1 ¢ GOTO 520

480 IF ASC(A%) = 69 OR ASC(A%$) = 101 THEN @ = 2 GOTO S20
A90 IF ASC(A%) = 67 DR ASC(A%) = 99 THEN @ = 3 : GOTO 520
900 IF ASC(A%) = 81 OR ASC(A$) = 113 THEN CLS : END

910 IF ASC(A%) <> 13 THEN EEEP : GOTO 420

520 ON @ Gosup 10000, 15000, 25000, 200
930 GO0 240 )

60O Y =¥ = 2 : IFY < YMIN THEN Y = Y + 2 $EEEP : RETURN 420
602 COLOR 2

605 LOCATE Y+2,X & FRINT AS(@) : @ = Q - 1

610 RETURN 420

GA0 Y =Y + 2 1 IF Y > YMAX THEN Y = Y - 2 ; BEEP RETURN 420
645 COILOR 7

OGO LOCATE Y =2,X tFRINT A%(D) ¢ O =0 + 1

BN A AR

P
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00 CI.S

910 END

Q70 '

980 *

990 ’-

10000 ’Data input Jubroutinc

10010 N
10020 Data for thg distribution canal and’ mesgas -are input.
10030 7 ' ‘
10040 'Menu

10050 CLS

10060 X = 20

10070 LOCATE,2,X ¢ COLOR lb

10080 PRINT "Data Input Menu"

10090 Y = 5
10100 A$(1) = "Input Distributary Canal Data" : A$(2) = "Mesqa Data Input“ e A
3) = "Disk Drive / Directory upecificatxon" t A$(4) = "Quit"

10110 COLOR 7 .
10120 FOR I = 1 TO 4
10130 LOCATE Y, X
10140 PRINT A%(I)
10150 Y = Y + 2
10160 NEXT
10170 *
10180 COLOR 15
10190 LOCATE 15,10 ¢ PRINT “Type the beginning letter to select, or"
10200 LOCATE 16,10 : PRINT "Press " + CHR$(24) + " to move cursor up"
10210 LOCATE 17,10 t FRINT "Press " + CHR%(25) + " to move cursor down"
10220 LOCATE 18,10 : PRINT "Press enter to accept selection.®
10230 * ’
10240 Y = 5 : YMIN =51 YMAX = 11 ¢t Q@ = 1
10250 LOCATE Y,X ¢ COLOR 0,7 1 FRINT A%(Q)
10260 A = INKEY$ : IF At = "* THEN 10260
10270 IF ASC(RIGHTS(A%,1)) = 72 OR ASL(A%) = 56 THEN GDSUB 10800
10280 IF ASC(RIGHT4(A%,1)) = B0 DR ASC(A%) = S50 THEN GOSUB 10900
10290 IF ASC(A%} = 73 OR ASC(AS) 105 THEN @ = 1 1 GOTO 10350
10300 IF ASC(A%) 77 OR ASC(A%) 109 THEN @ = 2 3 GOTO 10350
R =
R

10310 IF ASC(A%) 68 OR ASC(AT) 100 THEN 3 ¢ GOTO 10350
10330 IF ASC(A%) 81 OR ASC(A%) 113 THEN RETURN 240

10340 IF ASC(A%) <> 13 THEN BEEP GOTO 10250

10350 ON @ GOSUR 11000, 12000, 13000, 14500

10360 GOTO 10050

10800 Y =Y - 2 3 IFY < YMIN THEN Y = Y + 2 tBEEF 1 RETURN 10250
10810 COLOR 2

10820 LOCATE Y+2,X ¢ PRINT A%$(Q) ¢t @ =@ ~ 1

10830 RETURN 10250

10900 Y =Y + 2 ¢ IFY > YMAX THEN Y = ¥ -~ 2 ¢ HEEP 1 RETURN 10250
10910 COLOR 7

10920 LUCATE Y -2,X 1PRINT A%$(Q) 1 @ = Q@ + 1

10930 RETURN 10250

10940 *

10950 °*

11000 ’Distributary Canal Data input

11100

11110 IF D% = " THEN GOSUE 13000 *enter disk drive and dir if needed
11115 COLOR 7 ¢+ CLS 1 FMESQ = O

11120

11130 ON ERRDR GOTO 11900

11140 F1LES D$ + "DIST.DAT"

11150 ON ERKROR GOTO O

11160 "Distribution canal data enists

11170 PRINT "Distributary canal data exiets.”

11180 FRINT "Type R to return to input menu.”

11190 PRINT "Type D to delete existing distribution canal data and
11200 PRINT "input new data."

LI0L T e C e

nnn
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11220 IF @% = "r" OR @% = "R* THEN RETURN

11230 IF @$ <>"d" AND @% <>"D" THEN EEEP : GOTO 11210

11240 ¢

11250 "Input distribution canal data

11260 ON ERRDR GOTO 0

11270 F$ = “DIST.DAT"

11280 GOSUB 11700 *Enter station data

11350 DSMAY. = STAMAX

11360 *Set turntout flags along distribution canal

11370 FOR I = 1| TO DSMAX ‘ R .
11380 IF STANUM(I) = 3 OGR STANUM(I) = 4 OR STANLM(I) = 5 THEN TOUT(I)”='1“E,ELSE
TOUT(I) = 0 : GOTO 11410 ) '
11390 FF$ = "STA" + RIGHT4 (STR$ (1) ,LEN(STR$(I))~1) + “,DAT"

11400 OFPEN D% + FF% AS #1 LEN = 128

11410 CLOSE #1

11420 NEXT

11430 § = 1|

11435 § = § + |

11440 IF § = STAMAX THEN RETURN

11430 IF TOUT(S) = 0 THEN 11435

11460 PRINT : FRINT "Enter data for mesqga at station"§S;" (Y/N)?Y
11470 INPUT Q% y

11480 IF @% = "N" OR 0% = "n" THEN RETURN .

11490 IF @% <> "Y" AND @F <> "y" THEN BEEF : GOTO 11470

11500 FMESG = 1

11505 F$ = “gTA" + RIGHT4 (STR%(8) ,LEN(STR%(S))~1) + "“,DAT"

11510 BOSUEB 11700

11520 GOTO 11435

11530 ?

11670 °*

11680 ’Enter station data

11690 *

11700 CLS

11705 IF FMESR = 1 THEN GOSUB 24020 ELSE GOSUB 24100 *set datmax(
11710 INFUT "Input channel pame "sCN%

11720 GOSUE 30050 ’Enter station types
11730 GOSUB 20490 'Edit station types
11740 GOSUB 30010 'Enter data at stations
11750 GOSUR 31330 . 'Print data

11760 GOSUE 31540 *Store data

11770 RETURN

11780 *

11900 IF ERR = 53 THEN RESUME 11260
11210 DN ERROR GOTO O : RESUME 11270
11920 *
11930 *
11999 *-
12000 ’Mesqa data input

12010 *

12020 COLOR 7 @ CLS

12025 FMESD = 1| " "mesqa flag

2030 IF D$ = "" THEN GOSUB 13000 'disk drive and dir

12040 *

12050 ON ERROR GOTO 12600

12060 FILES D$ + "dist.dat"

12070 ON ERROR GOTO O

12080

12090 IF ERR = 53 THEN RETURN

12100 2

12110 CL.S

12120 FILES D% + "STA?7?.DAT"

121320 FRINT

12140 PRINT "Enter station number along distribution canal at which data is to b
e onberoag,

12350 PRINT "Mrass enter to return to the menu.®
Lt PR I S
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12170 IF @ = O THEN RETURN

12180 ON ERROR GOTD 12640 SR , L
12190 F$ = "STA" + RIGHT® (STR$(Q) ,LEN(STRH: () )~1) + ".DAT"
12200 FII.LES D$ + F$ o
12210 OWN ERROR GOTO O

12220 °* '

12230 'Check to see if mesqa data exists

12240 OPEN D% + F4 AS {1 LEN = 128 . L

12250 F1ELD #1,2 AS RA%$,18 AS RA%(1),18 AS RA$(2), IB AS RA*(S), 18 AS RA%(4), 1.
8 AS RA%(S5), 18 AS RA%(4), 1B AS RA$(7) e

12260 GET #l 1

12270 CHECK = CVS(RA%(7))

12280 CLOSE #1 :

12290 IF CHECK = O THEN 12410

12300

12310 PRINT : PRINT "Mesqa data exists."

12320
12330
12340
12350
12360

FRINT "Type R to return to the menu,

PRINT "Type D to delete existing mesqa data and enter new data.”
INFUT 0%

IF 0% = "R"™ OR B% = "r* THEN RETURN

IF Q% <> "D" AND R% <> "d" THEN 12340

12370 °

12400
12410
12420
12430

’Enter mesga data
FMESR = 1

GOSUE 11700
RETURN

12480 °

124600
12610
12620
12430
12640
12650
124660
12670
al."”
12680
12690
12700
12900
12910
12920
13000
13010
13020
13030
13040
13045
7
13050
130460

IF ERR <> 53 THEN ON ERROR GOTO O

CLS

PRINT "Enter the data for the distribution canal first."

FRINT: PRINT "Press any key to continue."

A% = INKEYS : IF A% = """ THEN 12440

RESUME NEXT

IF ERR <> 53 THEN ON ERROR GOTO O

PRINT : FRINT “Turnout does not exist on station ";0;" of distribution can

PRINT "Reenter station number"
RESUME 12160
RETURN 240 *return to main menu

12920 "

*Disk drive and directory specifications

?

*Drive lacation

COLOR 7 : CLS

PRINT "Input Disk Drive letter (without culon) where data is to be found."
FRINT "Press enter to accept “;: COLOR 0,7 : PRINT "Drive "j;DDEF$% : COLOR

INFUT D$
IF D$ <> "a" AND D$ <> "b" AND D$ <> “c” AND D$ <> "A" AND D$ <> "B" AND D

% <> "C" AND D$ <> "" THEN PRINT "Reenter drive letter." : GOTO 13050

13065
13070
13075
13076
13030
135085
13090
13100
13110
13130
13140
13150

Aaran,

PURNULEY b L P

IF D$ = "" THEN D% = DDEF$

DR% = D$ + g

DDEF$ = D%

IF FCOFY = { THEN RETURN

ON ERROR GOTO 13400 ’trap for file not found
PRINT 3 PRINT "Current directories: ": FRINT
FILES DR$ + "X,

DN ERROR GOTO ©

PRINT : INPUT "Enter directory name:";DN$
ON ERROKR GOTO 13450
BE o= DICE + "\" 4 DN$ + "\"

B
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13165 ON ERROR GOTO ©

13170 RETURN

13180 °*

13400 IF ERR = §3 THEN PRINT "No current directories" 3 RE’UME 10100
13410 ON ERROR GOTD O

13450 ’trap for no current directories

134460 IF ERR <> 53 THEN ON ERROR GOTO O

13470 IF FEDIT = 1 THEN GATA 13520

13480 INFUT "Make new directory (Y/N)";Q%

13485 IF Q% = "n" OR @% = “N" THEN RESUME 13130

13490 IF Q% <> "Y" AND Q4 <> "y" THEN 13480
13495 PRINT "Creating Directory"

13500 HKDIR DRe + "\" + DN$ : RESUME 13165
13510 .
13520 "Directory not found, please reenter.
13530 RESUME 13130
13540 *

14080 °
14090 °
14500 RETURN 240 'quit to main menu
14970 * ‘
149680 *

14990 T~

15000 *Edit data

15010 °

15020 CLS ¢ FEDIT = 1

15030 X = 20

15040 LOCATE 2,X : COLOR 15

15050 FRINT "Edit Menu"

15055 V = 5 ‘

105060 A% (1) = “Change Station Types" : A%(2) = "Edit Data at Station" 1 A%$(3) =
"Disk Drive/Directory Selection”":A%(6) = "Quit":A%(4) = "Rename Channel":A$(Y) =

"Print Data"

150465 COLOR 7
15970 FOR I = 1 TO &

15080 LOCATE Y,X
15090 PRINT A$(I)

G095 Y =Y + 2
15100 NEXT
15110 COLOR 1S
15320 LOCATE 17,10
15130 LOCATE 18,10
15140 LOCATE 19,10

PRINT "Type the beginning letter to select, or"
FPRINT "Press " + CHR$(24) + " to move cursor up"
FRINT "Press " + CHR$(25) + " to move cursor down"
151850 LOCATE 20,10 PRINT "Fress enter to accept selection

15160 ¥ = 5 ¢ YMIN S YMAX = 15 =+ & = 1

9170 LOCATE Y,X : COLOR 0,7 : FRINT A%$(Q)

15100 % = INKEY$ : IF A% = "* THEN 15180

1L190 IF ASC(RIGHT$(A%$,1)) = 72 OR ASC(A$) = 56 THEN GOSUER 15300

H0D IF ASC(RIGHT$ (A%, 1)) = BO OR ASC(AY%) = 50 THEN GOSUE 15340

5”!0 IF ASC(AS$) = 67 DR ASC(A%) = 99 THEN @ = 1 : GOTO dA70
1L220 TF ASC(AT) = 69 OR ASC(A%) = 101 THEN @ = 2 : GOTO 15270
19240 1F ASC(NS) = 68 DR ASC(A%) = 100 THEN O = 3 : GOTO 15270
lbﬁ@ﬁ IF ASC(AT) = 82 OR ASC(A%$) = 114 THEN @ = 4 : GOTO 15270
1L2UO1F ASC(AtY = 80 OR ASC(A%) = 112 THEN Q = S : GDTO 15270
1U050 TF ASC(AL) = 81 OR ASC(AT) = 113 THEN @ = & : GOTO 15270
G260 TF ASC(AY) <> 13 THEN BEEF : GOTO 15170

15270 0N 0 GOSUR 16000, 17000, 13030, 18000, 18500, 19500

15080 GUTO 15020

15300 Y = ¥ = 2 ¢ IF Y < YMIN THEN Y = Y + 22 tREEP : RETURN 15170
157510 COLOR 2

15320 LOCATE Y42,X ¢ FRINT A$(Q) @
15330 KETURN 15170

@ =0-1
13340 Y = ¥ + 2 ¢ IF Y > YMAX THEN Y = Y -~
o

2 3 BEEP : RETURN 15170

b Y

15350 COLOR 7

15740 LOCATE Y =2, X sPRINT Ad) 3 0 = Q + 1

R A TR Lt o O ER o B T B
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15970 °
15980 °
15990 °
16000 "Edit station types

16010 7 }

16020 IF D% = "" THEN GOSUB 13030

146030 GOSUR 19200 ’Choose file to be edited

16035 IF FDAT = 1 THEN RETURN :

16040 IF STAMAX = O THEN RETURN :

16045 STAM1 = STAMAX : FOR K = 1 TO STAMAX : TOUT(K) = STANUM(K) :NEXT
16050 GOSUR 30490 'edit station types

16060 IF FMES® = 1 THEN 14140

16070 *create files for additional statzons or new turnouts

16080 FOR K = § TO STAMAX

16086 *Create new data files !

16070 IF STANUM(E) < 3 OR STANUM(K) > 6 THEN 146130

1609% IF K < STAMI AND TOUT (k) = STANUM(K) THEN 16130

16100 FF$ = "STA" + RIGHT$(STR$ (K),LEN(STR$(K))-1) + ".DAT"

16110 OFPEN DY + FF$ AS #1 LEN = 128

16120 CLOSE #1§

16130 NEXT

16140 °

16150 "Store new station types

16160 GOSUB 31580

16170 RETURN

16180 °
16970 °*
16980 ?
16990 °
17000 ?

17010 *Edit data subroutine

17020 *

17030 IF D$ = "" THEN GOSUBR 13030

1704C GOSUB 19200 'Select mesqa

17045 IF FDAT = 1 THEN RETURN

17050 ?

17060 COLOR 7 : CLS .

17070 PRINT "Enter station number along channel "

17075 FRINT "Press enter to return to menu.”

17076 INPUT I

17080 1F I > STAMAX THEN PRINT "No. of stations = ";8TAMAX 1 PRINT "Please reent
er.” : GOTD 17070

170920 IF I = O THEN GOSUB 31580 : RETURN ’store then return

17091 CI.S : COLOR 15 B

17092 LOCATE 1,1 : PRINT "Station "S;" along distributary cenal"

17094 LOCATE 2,1 : PRINT "Station "I;" along mesqa"

17095 LOCATE 3,1 : PRINT ST$H(STANUM(I))

17096 COLDOR 7

17100 CcoLor 7

17104 'Set datmax ( .

17105 IF RIGHTH(F%,1) = "D" THEN GOSUR 24100 ELSE GOSUB 24020

17106 ¥ = 5 .

17810 FOR K = 1 TO DATMAX (STANUMCI))

17120 ST = STANUM(I)

17130 LOCATE Y,40 - LEN(NS$(FT(ST,1, K)))

17140 FRINT N$(FT(“T 1,K));

17150 FRINT " = ";S(I,PT(ST,2,K))

12160 Y = ¥ 4+ 1

17170 NEXY

171680 GOSUD 31000

17405 GUTD 17040

17190 RETURN

17200 °

17210

17970

R Ly TR
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17990 °*
18000 °’ .
18010 "Change channel pane
18020
18030 IF D$ = "" THEN GOSUB 13030

18040 GOSUB 19200 *Select file

18045 IF FDAT = 1 THEN RETURN

18050 *

18060 COLOR 7 : CLS

18070 PRINT "0ld channel name: “jCN$

18075 PRINT <

18080 INPUT "Input new channel name ";CN$

18090 GOSUB 31580 ., ‘'store

18100 RETURN

18110

18120 ?

18490 ’Print Data

18500 IF D$ = "* THEN GOSUB 13030

18510 GOSUB 19200 'Choose file

18515 IF FDAT = § THEN RETURN -

18520 GOSUB 31370 *Printout

18530 RETURN ‘

18540 ’

18550 *

18970 *

18980 °?

18990 ’*~

19200 'Choose file to be edited

19210 2

19220 COLOR 7 : CL® :FDAT = O

192350 PRINT "Choose file to be edited or printed"

19240 FILES D% + "x.DAT"

19250 PRINT : FRINT "Type return to edit DIST (distributary canal)"

19260 PRINT "Type the station number then enter to choose stations along"
19270 PRINT "the distribution canal"

19280 INFUT @ . ]
19290 IF @ = 0 THEN F$ = “"DIST,.DAT" : FMES® = O ELSE F$ = Y“STA" + RIGHT$ (STR$ (@
)JLEN(STRE(Q))-1) + ".DAT" : FMESR = | :6 = R )
1929% DD$ = D% + F$

19300 OPEN DD$% AS #1 LEN = 128 . L
19310 FIELD #1,2 AS RA%,18 AS RA%$(1),18 AS RA%(2), 1B AS RA%(3), 18 AS. RA%$(4), 1
8 AS RA%(S), 18 AS RA%(6), 18 AS RA%(7)

19320 GET #1, 1

19330 STAMAX = CVS(RA%(7)) )

19340 IF STAMAX = 0 AND FCOPY = O THEN CLOSE #1 : GOTO 19900

19345 PRINT : PRINT “"Retrieving data" :

19350 CN$ = RA%(6)

19360 FOR S = 1 TO STAMAX

19365 GET #1,5

19370 STANUM(S) = CVI (RA%)

19380 FOR J = 1 TO DATMAX (STANUM(S)}

19390 S(5,PT(STANUM(S),2,J)) = CVS(RA$(I))

192400 NEXT

19410 NEXT

19420 CLOSE #1

19425 § = @

19430 RETURN

19500 FEDIT = O ¢ RETURN 240 ‘return to main menu

19900 PRINT “There is no data in the file to be odited."

19910 PRINT “Please use data input te enter data."

© 19920 PRINT "Press any key to continue."

19930 A% = INKEY$ : IF A% = "* THEN 19930

19935 FDAT = |

19940 RETURN

19930 *

10370 »



19980 *.
19990 *- ‘
20000 '"Subroutine read string data

20010 ° ‘
20015 DDEF$ = "B"

20020 FOR 4 = | TO 12

20030 READ ST$(J)
20040 NEXT

20030 DATA "Type 1 =~ Head of Channel",Type 2 - End of Channel
20060 DATA "Type 3A - Pipes with adjustable gates", "Type 3B - Siphon Tube"; Type
3C - Bankcut ' ‘ R
20070 DATA "Type 4A - Cutthroat.Flume","Type 4B - Trapezoidal Flume","Type 4C: -
Check" » ~ . : o
20060 DATA "Type 5 - Bend","Type 4@ - Enlargement or Contraction",*Type &B ~ Ch
ange in Roughness, Bottom Slope or Seepage Loss "

20090 DATA "Type 7 =~ Intermediate Station®
21010 .

21020 FOR 4 = 1 TO 30
21030 READ N%(J)

21040 NEXT

21050 /;

21060 DATA Distznce to Station (m),Bottom Eievation at Station (m)

21070 DATA Hydraulic roughness,Bottom Slope (m/m),Side Slope,Bottom Width (m)
21080 DATA Des.gn Flow Rate (m"3/sec),Field Water Surface Elevation (m)

21090 DATA Fric‘ion Factor,Pipe Length (m),Pipe Diameter {m),Gate Setting (m) _
21100 DATA Roughness Coefficient,Entrance Loss Coefficient,Siphon Length (m),Sip
hon Diameter (m) )

21110 DATA Roughness Coefficient,Bankcut Length (m),Bankcut Elevation (m),Bankcu
t width (m)

21120 DATA Flume Length (m),Flume Width (m), Submergence Ratio,Flume Floor Elevat
ion (m) .

21130 DATA Crest length (m),Crest Elevation (m)

21140 DATA Bend Loss Coefficient, Enlargement Loss Coefficient, Contraction Loss
Coefficient,Scepage Rate (m"3/s)/m

21500 "Read point array

21510 FOR ST = { TO 12

21520 FOR K =1 70 2

215330 FOR KK = 1 TO 5

21540 READ PT(ST,K,KK)

21550 NEXT: NEXT: NEXT

»

215460
21570 DATA 3,4,5,6,30
21580 DATA 3,5,4,6,27
21590 DATA 1,2,0,0,
21600 DATA 1,2,0,0,

21610 DATA 1,9,10,11,12
21620 DATA 1,10,7,8,9
21630 DATA 1,13,14,15,16
21640 DATA 1,16,15,14,17
21650 DATA 1,17,18, 19,20
21660 DATA 1,20,18, 19,21
21670 DATA 1,2.,22,23,24
21680 DATA 1,22,23,28,35
21690 DATA 1,21,22,23, 24
21700 DATA 1,22,23,24,25
21710 DATA 1,25,26,0,0
21720 DATA 1,26,28,0,0
21730 DAYA 1,27,,,

21740 DATA 1,29,

21750 DATA 1,%,6,28,29
21760 DATA 1,4,4,61,62
21770 DATA 1,3,4,30,
21780 DATA 1,3,%,27,
21790 DATA 1,,,,

BRI Dplﬁq‘m7¢t%nn'ngns
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B22020 READ TT4(J)

22030 NEXT

22040

22050 DATA 1,2,3AR,3B, 3C, 4A, 4B, 4C 9, 6A 68 7

23000 "READ DATMAA ARRAY

23010 FOR I = 1 TO 12

23020 READ DATMAX (1)

23030 NEXT

23040 *

23050 DATA 5,2,5,5,5,5,9,3,2,5,4,1

239799 RETURN

24000 *Additional mesqa data

24010 *

20020 FOR K = 3 TO &

24030 PT(K,1,6) = 7 ¢t PT(K,2,6) = 11

24040 PT(K,1,7) = B ¢ PT(K,2,7) = 13

24045 DATMAX(K) = 7 .

24050 NEXT

24060 RETURN

24090 *SYet datmax for distribution canal

24100 FOR K = 3 T0O0 5

24110 DATMAX(K) = §

24120 NEXT

24130 RETURN

24110 *

24970 7

2496, ?

24990 .

25000 'Copy directory

25010 °

25020 *Files under a directory are copied onto another directory..

25030 ° ‘ ) ,

25040 FCOPY = 1

20050 60OSUB 13030 *Drive location

205060 *Specifify directory

28070 FRINT

25080 ON ERROR GOTO 29000

25090 FILES DR$ + "X,

23100 ON ERROR GOTO O

25110

25120 FRINT : PRINT "Input directory name where data is to he copied from (witho

ut \) "

251730 INFUT OD$

?5140 ON ERROR GOTO 29100

25150 FILES DR$ + "\" + 0OD%

2q160 ON ERROR GOTO O

25170 * . .

25180 PRINT : PRINT "Input drive location (without :) where data is to bc copied
to. [1]

25190 INFUT NDR$ ‘

25200 IF NDR% <> "a" AND NDR% <> "b" AND NDR$ <> "c" AND NDR$ <> "A" AND NDR$ <>
"B" AND NDR$ <> "C" GOTO 25190

25210 PRINT : PRINT "Input new directory name (without \) where data is to be co

pied to"

25220 TNPUT ND$

25220 ON ERROR GOTO 22200

25228 PRINT "Creating directory."

20230 MEDIR NDR$ + ":\" + ND%

25240 DOG = DRY + "\" 4+ OD% + "\"

25200 DN% = NDR$ + "31\" + ND&% + "\"

2260 DE = DO% ¢+ F$ = "DIST.DAT"

20265 PRINT "Dhrsiye

25270 GOSUB 19295 *Restrieva Data

20200 D% = DR

226N PRTINY “.10:1ng Data"

preh ey
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205300 DEHAX = STANUAX . -

25305 FUR § = 1 TO DSMAX : IF STANUM(S) > 2 } AND uTANUM(S) < & rHFN TDUT(S) = 1 E
JSE TOUT(S) = 0

25306 NEXT

25310 FOR K = 1 TO DSMAX

25320 IF TOUT(K) = O GOTO 25400
25330 DY = DO$ L .
23340 F$ = "STA" + RIGHTS(STR$ (), LCN(JTR$(K)) ~1) + ", DAT" : FMESQ = 1
25345 FRINT F4 o ’
25350 GOSUB 19295 *Read data
253460 D$ = DN%
253485 FRINT "Storing Data" :
25370 6OSUB 31590 'Store data
25400 NEXT
25410 FCOFY = O : RETURN
28990 *Error traps
29000 IF ERR <> &3 THEN ON ERRNOR GOTO O
29010 FRINT "No current directorices on drive ";DR$
29020 FRINT "Fress any key to return to main menu."
29030 A% = INKEY$: IF A% = "" THEN 29030
29040 RECUME 29050
29050 RETURN
29060
29090 *trap no directories
29100 IF ERR <> 83 THEN ON ERROR GOTO ©
29110 "Directory not found, please reenter."
29120 RESUME 25130
29130 *
29190 *trap for existing directory
27200 IF ERR <> 75 THEN ON ERROR GOTO O
29210 FRINT : FRINT "Directory exists, please reenter."
29220 RESUME =z5220
29970 ?
29980 ?
29990 *
30000 ’Subroutine station types
30010 *
30020 ? ‘Station types along the channel are chosen until the end aof the
30030 *channel is encountered.
30040 * :
30050 STA = 1 :STANUM(1) = 1 $STANUML = 1
30060 Y = 8: X = 10 ¢t STANUM = 3
30070 CLS
J0080 STAL =1 & Y1 = 1
30090 STA = STA + 1
30100 LOCATE S, 1
30110 CT =1 ¢ YMIN =5 : YMAX = 19
30120 FOR J = 1 TO 12
30130 IF J = 3 0RJ = 6 OR J = 12 THEN PRINT
30140 PRINT TAEC(10) STH(J)
30150 NEXT
30160 COLOR 15
30170 LUCATE 21,1 : PRINT "Press Enter to accept station type"
3N180 LLOCATE 22,1 : PRINT "Press " +CHR¢(24) + " to move cursor up"
30190 LOCATE 23,1 : PRINT "Press " + CHR$(25) " to move cursor down"
30200 COLOKR 7
30210 LLOCATE 22,3 :PRINT "Station ";STAL1;" = ";STS(STANUMI) "
1]
30220 IF FMESQH = 1| THEN LOCATE 1,1 3 COLOR 15 :FRINT "Station " + STR$(S) + " &

ong distribution canal”: COLUR 7

S0230
30240
30250
20240
oﬁ°/U

AR

COLOR 7

LOCATE 3,1 : FRINT"Select Station Type for Station ";8TA
LOCATE. Y, X ¢ COLOR 0,7 1 PRINT STH(STANUM)

A% = INFEYS ¢ IF A% = """ THEHR 30260

ir ﬂﬁ((RTbH11(AT 1)) = 72 THUN GOGLR S0500

-1'



30290
J0300
30310
30320

JIO3I30
30340
30350
303460
30370
30380
30320
30400
30410
30420
30430
30440
30450
30460
30470
30480
I0490
30500
30510
30520
30530
30540
30550
305460
30570
30580
30S590
304600
30610
30620
JINL6I0
30640
30650
306460
J0&70
304675
304680
3046920
30700
30710
30720
30730
30740
30730
J0740
IN770
30780
30790

- 18 -

IF ASC(N%) <> 13 THEN BEEP : 60TO 30240
Yl =Y - 4 :
STANUM(STA) = STANUM.
IFF STANUM = 2 THEN STAMAX = STA :COLOR 7: RETURN.
IF FST = 1 THEN COLOR 7 : RETURN
8STA1 = STA
STA = STA + 1
STANUM1 = STANUM
GOTO 30200
GOSUE 30440
Y=Y=-11 IFY <YMINTHEN Y = Y +
IFY=70RY =11 0RY = 18 THEN Y =
STANUM = STANUM - 1 : RETURN 302450
GOSUB 30460 o
Y=Y+ 13 IFY >YMAX THEN ¥ = Y = § 1 BEEP : RETURN 30250
IFY=70RY=110RY =18 THEN Y =Y + 1
STANUM = STANUM + 1 ¢ RETURN 30250 .
LOCATE Y,X : COLOR 7 & PRINT ST$(STANUM) cRETURN
COLOR 7
RETURN
’Edit station types
COLOR 7 ¢ CLS
FOR J = 1 TO STAMAX
FRINT "STA ";J;" = TYPE "; TT$(STANUM(J)),
CT = CT + 1
IF CT > 60 THEN CT = 0 : GOSUB 30590
NEXT
CT =
PRINT
FRINT : PRINT "Press return to accept station types "
FRINT "Type the number of the station te change the station type"
INFUT STA
STANUM1= STANUM(STA)
STANUM = 3 : ¥Y = 8
IF STA = O THEN FST = 0 ¢ RETURN
IF STA < 1 OR STA > STAMAX THEN 30410
CLS
IF STANUM(STA) = 2 THEN FST = O ELSE FST =
8TA1L = STA
GOSUR 30100
COTO 30510
’Save distribution channel station types
FOR STA = 1 TO STAMAX
DSTA(STA) = STANUM(STA)
NEXT
RETURN
RETURN
*Subroutine enter station data

’

! Appropriate data for each station are entered.

1 ¢BEEP 3 RETURN 30250
Y -1 :

30000 *

JINs1O
30820
30830
30840
30850
JI060
30870
30840
20890
J0900
JO910
ZOYN0

Tegee e

FOR I = 1 TO STAMAX

CLSs

LOCATE 1,1

PRINT “Station "jI;ST$(STANUMCI))
PRINT

FRINT "Type the value of the parameter, then press enter."
FRINT

Y =5 .

FOR K = 1 TO DATMAX (STANUM(I))

ST = STANUM(I)

LOCATE Y, 40 ~ LEN(N$(FPT(ST, 1,K)))
FPRINT H!lFT("T 1, f))'

T RTIN - ey s
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30940
30950
30960
30970
30980
J0990
31000
31010
31020
31020
31040
31050
31060
31070
31080
31090
31100
31110
31120
J1130
31140
31150
31140
31170
31180
31190
31200
31210
31220
J1230
31240
31250
31260
31270
31280
31290
31300
31310
31320
31330
31340
31350
J13460
31370
31380
31390
31400
31410
31420
31430
LFRINT
31440
31450
21440
31470
31480
J1190
J1500
31510
JI1520
31530
316540
31580
I1040
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Y =Y+4l

NEXT

Gosun 30990

VEXT

RETURN

’Edit station data -

YMIN = 5 1 YMAX = DATMAX(STANUN(I)) + 4

X1 = 25

LOCATE Y + 2,X1

COLOR 19

PRINT "Press enter to accept values"

LOCATE Y + 3,X1

FRINT "Press " +CHR%(24) + " To move cursor up"

LOCATE Y + 4,X1

PRINT "press " +CHR$(25) + * To move cursor down"

LOCATE Y + 64,X1: PRINT "Input new value: "§:Y1 = CSRLIN

€COLOR 0,7 : PRINY © " :COLOR 7

Y = 5: X = 42 .

LOCATE Y,X ¢ COLOR 0,7 : PRINT S(I,PT(ST,2,Y-4))

At = INKCEY$ : IF A% = """ THEN 31130

IF ASC(RIGHT%(A$,1)) = 72 THEN GOSUB 31220

IF ASC(RIGHTY (A%,1)) = B0 THEN GOSUB 31250

IF ASC(A%) = 13 THEN COLOR 7 : RETURN

IF ASC(N%) < 46 OR ASC(A%$) > 57 THEN BEEP : GOTO 31120

L.LOCATE Y1,42: FRINT A%;: INFUT "",B$

S(I,PT(ST,2,Y-4)) = VAL(A% + B$)

LOCATE Y1,42 : PRINT " "

G010 31120

GOSUEB 31280 .
Y=Y~-12:IFY<VYMINTHENY =Y + 1 tBEEP

RETURN 31120

GOSUR 31280

Y=Y+1: IFY>VYMAX THEN Y = ¥ - 1 ¢ BEEP

RETURN 31120

COLOR 7

LOCATE VY, X

PRINT S(I,PT(ST,2,Y-4));"

RETURN

’Print channel data

cLs

INFUT "blould you like a printout of the data (Y/N) "j;Q¢
IF Q% = "N" OR Q% = "n" THEN RETURN

IF 0% <> "Y" AND @% <> "y" THEN 31340

PRINT : FRINT

FPRINT "Make sure printer is on and press any key to contznue "

A = INKEY$ ¢t IF A% = "" THEN 31390

LPRINT

LPRINT : LFRINT TAB(20) "Channel Name: ."jCN$
LPRINT ’

IF FMESG = 1 THEN LFRINT TAB(20) "Station #";5;" on distributary canal" :

FOR J= 1 TO STAMAX

ST = STANUM(J}

LPRINT TAE(32) "STATION “;J
LPRINT TAR(32) ST$(ST)
LPRINT

FOR K = 1 TO DATMAX (ST)

LPRINT TAB(40 - LEN(N$ (PT(S5T,1,K)))) N$(PT(ST,1,K))+" = *

MEXT
LLPRINT
NEXT
LPRINT ¢ LFRINT 1 LFRINT : LPRINT
RETUIRN

'Store data

SLN7D 7

[ R A

e r . R "
-'ll.—c.“. -...n’ ' t. '”'m ‘O'a e b -0 l -

S(J,PT(ST,2,K))
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31590 DD% = D% + F$
314600 OPEN DD+ AS #1 LEN = 128 o B
31610 FIELD #1,2 AS RA%,1B AS RA%(1),18 AS RAt(2), 18 AS RA%(3). 18 -AS RAH(4). 1
B AS RA$(S), 18 AS RA$(4), 18 AS RAD(7) R
314620 LLSET RA%(A6) = CN$

31430 LSET RA¢(7) = MKS$ (STAMAX)

314640 PUT #1,1

31450 FOR I = 1 TO STAMAX

314660 ST = STANUM(I)

31670 LSET RA® = MKI$(ST)

31480 FOR J = 1 TO DATMAX (ST) N

31690 LSET RA%$(J) = MKSS(S(I,PT(57,2,J)))

1700 NEXT

31710 PUT #1, I

31720 NEXT

31740 CLOSE #1

31750 RETURN

32000 °

32010 ?’Subroutine read data

32020 °

0k
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PROGRAM OF MATHEMATICAL SYSTEM MODEL

PLIST
1 PRINT TIMES
10 DIM S(70,49),T(20,11),T$(&69),TT$(12),PT(12,7),DATMAX (12),5T(69), D(69 11),PTS(
2,12), SDLD(69) 0P$(10) PTSl(lS) RA$(7) STANUM(lS)
50 GDSUB 30000
110 DEF FNPA(XX)=PI$XX"~2/4
120 DEF FNKO(XX, YY)-.4BI#(YY/XX)“(-3 168) .
130 DEF FNCS(DD)=S(I 15) ¥SER( (1 000%DD) ~(4/3) /7 (1250000! %5(1, 16)“2!8(1 15)“218(1 1.
4)+(1000%XDD"~(4/3))))
140 DEF FN®S(CS,D,H)=SCR (H¥G/8) xCSXD"~2%P1
150 DEF FNCQ (HA, HB)—l 767%5(I,24) kxHA~1 . 5%50R (GxHB/HA-7.55% (HB/HA) ~2-2. 26)
160 DEF FNAREA(SS, BW) =5 (U, 43)th+S(U 43)“2*85 '
215 GOSUR 29030
217 CLS : PRINT "Program running..."
220 F$="DIST.DAT
226 CTOLD=0
230 GOSUB 22004
234 GOSUB 22530
235 U=5TAMAX:DSMAX=STAMAX
240 GOSUB 20030
245 IF U<DSMAX THEN SEEF=SEEP+S(U,27) %(5(U+1, 1)—S(U 1))
250 IF ST<3 DR S8T>»5 THEN U=U-t%: GDTO 240
260 UBEG=U-1
270 GOSUB 22000
280 GOSUB 1200
285 MESQFL=S(1,31):MESREL=5(1,33)
290 1=U:F1=0:X=U
00 GOSUB 20030
309 S(U+1,31)=SEEP
310 S(U, 11)=MESOFL
315 S(U, :3)=MESQEL
330 GOSuUp 3050
340 GOSUB 4050
341 FOR K=1 TO &69:S0OLD(K)=68(U,K) s NEXT
342 GOSURBR 1810 )
343 U=UBEG+1:+0R K=1 TO &%9:5(U,K)=50LD(K)::NEXT
344 GOSUB 18500
350 Fi1=1
360 FOR U=UBEG TO 1 STEP-1 -
365 I=U
370 GOSUB 20030
380 IF ST>»2 AND 8T<&6 THEN S00
400 S(I,31)=5(I+1,31)+5(1,27)%(8(1+1,1)~85(I,1))
410 GOSUB 5050
420 GOSUB 3050
430 GOSUB 4050
.440 GOSUB 18500
450 GOTO 400
500 GNSUB 22000
510 GOSUB 1200
535 I=U:F1=1
540 GOSUB 20030
$42 $(U, 11)=MESQFL
543 S(U, 17 =MESQEL
uﬁﬂ GasSUr S050
— L OGN e
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880 GOSUn 4050
G970 GOSUD 18500

400 FOR K=1 TO 6?2 SOLD (1) =8 (L, 10 :NEXT

610 NEXT ’

620 GOSUB 18720

&50 END

1200 V=STAMAX:F1=0:F3=0:F4=0:F5=0:F10=0:F11=0=F12=0
1210 PRINT:PRINT:PRINT TAB(37)"Channel: s CNS: PRINT
1220 FOR I=V-1 TD | STEP-1

1241 S(I,2)=S(I+1,2)+S(I,5)#(S(I+1,1)-5(1,1))

1250 IF Fi=1 AND MIDE(T$(1),1,1)="3"THEN 1310

1260 8(1,31)=S(I+1,31)+S(I,27)*(S(I+1,1)-5(1,1))

1310 IF Fi=1 THEN 1400

1320 IF MIDS(T$(I),1,1)="3"THEN X=1 ELSE 1540

1240 GOSUR 3050

1350 GOSUB 4050

1355 GOSIR 14650

1360 GOTO 1540

1400 GOSUR S050

1410 GOSUE 050

1450 IF MIVE(TE(T), 1,1)<O"I"THEN 1530

11460 GOSUE 8030 : -

1530 GOSUnl 4050

1540 REM

15350 J=1:G0SUR 19020

1569 NEXT 1

1590 GOSUR 18000

1592 HFSQFL=S(1,31):MESQEL=S(1,33)

1599 GOSUE 2010

1605 RETURN

1650 8(X,42)=5(X,33)

1660 5(X,43)=5(X, 34)

1670 5(X,45)=8(X+1,31)/5(X, 35

1690 FOR J=V TO X+1 STEP-1

1700 S(J,33)=°(x,33):S(J,42)=S(J,33)

1710 S(J,34)=S(J,33)-S(J,2):S(J,43)=S(J,34)

1720 S(J,36)=S(J,31)/S(x,35):S(J,45)=S(J,36)

1725 GOSUBR 19020

1750 NEXT g

1760 RETURN

1810 x=U:S(X,42)=S(X,33):S(X,43)=S(x.34):S(X,45)=S(X+1,31)/S(X,SS)
1820 FOR U=DSMAX TO X+1 STEP-1

1830 GOSUR 20030

1840 IF U>DSMAX THEN S(U,31)=S(U,31)+S(U,27)¥(S(U+1,1)~S(U,1)) ELSE 8(U,31)=0
1850 S(U,33)=S(x,33):S(U,42)=S(U,33)

18460 S(U,34>=°(U,33)—S(U,2):S(U,43)=S(U,34)

1870 S(U,36)=°(U,31)/FNAREA(S(U,4),S(U,b))

1880 §5W1,45) =85 (U, 34)

1890 GOSUB 18500

1900 NEXT

19210 RETURN

2010 'OR K=1 TO &9:FOR UU=U-1 TO U+1

2020 S(UU,K) =0 NEXT:NEXT: RETURN

050 S(I,31)=S(I+1,31)+S(I,11)+S(I,27)*(S(l+1,1)-S(I,1))
300 IF Fl=1 THEN 3180

3120 IF MIDS(T$(I),1,1)="3"THEN GOSUB 8030

3160 S(I,ZS)=S(I,32)+S(I,13):S(I,34)=S(I,33)-S(I,2):F1=1:RETURN
3180 0N VAL(MID® i (1), 1,1))G0TO 3330,3330,3200,3230,3260,3290,3330
3200 6GOSUT 7050

I205 8(1,32)=S(I,33)~u(1,13)

J207 RETURN

3230 IF T#(I)="4A"0R TH(I)="4B"THEN GOSUD 11030 ELSE GOSUB 4030
3290 RETURN

3260 GOSUR 14040 RETURN
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JBI00
3330
3334
4050
060
4070
4080
4090
4300
4110
4120
4130
41460
4170
4180
4190
4200
4210
4220
4230
S5050
S05
8530
9940
5990
S5460
Q970
59980
5590
$5600
9610
5621
5630
S640
5650
9640
5670
&0O30
6040
&LOS0
6060
&LO70
6080
6090
&O9S
&100
6110
6130
&L140
6150
6155
6160
6170
6175
&180
6190
46195
6200
L2210
&220
462720
L2250
G200
6290
OHZ00

LN RS
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IF TH(1)="aB"THEN GOSUB 16040 RLTUhN
GOSUD 17030

RETURN

IF I<>1 THEN 4140

S(1,35)=6(I,44)

5(1,36)=5(1, 45)

S(I,37)=5(I, 46)

S(1,38)=5(I,47)

§(I,39)=5(I, 48)

S(I,40)=S(I, 49)

S(I,41)=5(1,50)

RETURN

S(I,35)=5(1,34) ¥S(1~1,6)+5(1,34) ~245 (I~1, 4)
S(1,36)=5(1,31)/5(1,35)

S(1,37)=8(1, 36)~2/2/6
5(1,38)=8(1,33)45(1,37)
S(1,39)=6(1~1,6)+2X5(1,34) ¥SOR(1+8(I~1,4) ~2)
S(I, 40)=8(1,35) /8 (1,3%)
SCI,A1)=6(1, 38) 245 (1~1, 3)A2/5(1,40)~(4/3)
RETURN

L=S(I+1,1)-5(I,1)

9 6(1,42)=86(1+1,33)+5(1,5) kL

S(I,43)=8(1,42)-5(1,2)
S(I,44)=S(I,43)*S(I,b)+S(I,43)A2*S(I,4)
S(1,45)=5(1+1,31)/5(1,44)
65(I,46)=5(1,45)"2/2/6
S(1,47)=5(1,42)+5(1, 46)
S(I,48)=S(I,6)+2*S(I,43)*SQR(1+S(I,4)A2)
5(I,47)=5(1,44)/5(1,48)
S(1,50)=8(1,45)"2%5(1,3)"~2/8(1,49)7(4/3)
S(I-+1,01)=(S(I,50)+5(1+1,41))/2
G(I+1,52)=5(I+1,51) kL.
R1=S(I+1,38)+5(I+1,52)

2=81{],47)-R1

IF ARS(RZ2)<.0001 THEN RETURN
S5(1,42)=8(1,42)~-R2/(1-S(1, 49)*2/G/8(1,49) +1.5%5(1, 50) ¥L/5(1,49))
GUTU 5530

S(1,68)=5(1,42)-5(1,28)-5(1,2)
S(I,67)=(5(1,31)/1.767/8(1,26))“(1/1-5)
S=5(I,68)/5(1,47)

IF 8<.63 THEN 4290

S(1,67)=5(1,68)/.45
HA=S(I,&7):HB=5(1, 48)

O=FNCQ (HA, HI)

OERR=8(I, 31)~0Q

RBO=0ERR

IF ABS(CERR)<.01%5(1,31) THEN 6290

IF QERR<0O THEN HAl= “A— 01 ELSE HAl=HA+.01
S(1,467)=HAL

0= FNLO(HAX HB)

QERR=S(I,31)”Q

RB1=0ERR

IF ABS(DERR) <. 01%5(1,31)THEN 6270

IF RBOYREI >0 THEN RBO=RB1:HA=HAL1:S(I,467)=HN:GOTO 6130
HA2=. 5% (HA+HAL) : S(1,67)=HAR
O=FNCOHAZ2,HR)

QERR=5(1,31) -C!

RO2=0ERR

IT ARS(OERR) <. 015 (1, 31) THEN 6290

IF REZ2XRBOZO THEN HAl=HAZ:RB1=RB2

IF RO2ARBO>=0 THEN HA=HA2:RBO=RB2

G010 &180

RETURN
5(1,34)~s<1 67)45(1,26)
G, 50 =61, 54 +8(T, 2)
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7050 SO, 54)=45(1,43)
70460 GOSUB 7300
7070 RPO=R2
7080 IF ARG (R90)<=.0001 THEN 7250
7090 RS0=5(X,34)
7100 IF RP0>0 THEN RS1=R50+.01 ELSE R51~RS50-.01
7110 S(I,34)=RS]
7120 6OSUR 7300
7130 RLI=R2
7140 IF ABS(R91)<=,0001 THEN 7250
150 IF RPO¥RP1>0 THEN R0=R?1:RS50=RS1:G0TO0 70%0
7160 R52=.5%(RS1+R50):S(I,34)=RE2
7170 GOSUR 7300
7180 R92=R2
7190 IF ABRS(R92)<=.0001 THEN 7250
7200 IF RP2¥RP0<0 THEN R51=R52:R?1=R?2
7210 1F RP2¥R90>=0 THEN RS0=R52: R90=R92
7220 §(I,34)=K52
7230 GOTO 7140
7230 S(I,33)=5(1,34)+5(1,2)
7260 RETURN :
7300 R6=3%5(1,6) %¥G(1,43) +2%5(1,43)2%5(1, 4)
7310 R7=6%(S(1,6)+5(1,43)%5(1,4))
7320 RB=5(I—-1,6)%S(I,34)+5(1,34)"2%S(I~1,4)
7330 RP?=315(I-1,46)%5(1,34)+2%5(1,34)~2%5(1~1, 4)
7340 R10=6%(S5(1—1,6)+5(1,34)%5(I~1,4))
7350 R11=06%(S(I,4+) *R6/R7-RBYRI/R10)
7360 R12=5(1,31)"2/R8-5(1+1,31)72/5(1,44)
7370 R2=R11-R12
7380 RETURN
8070 IF TH(I)="3IB"THEN 8840
8040 IF T3(1)="2C"THEN 9530
8110 IF Fi1=1 THEN B170
8130 S(1,53)=FNPA(S5(I,8))
8135 S(I,64)=FNKO(5(I,8),5(1,9))
8140 S(I,12)=5(1,11)
8145 S(I,32)=6(1,12)"2%(S(I,10)%5(1,7)/5(1,8)+1+5(1,64))/7(¢(5(1,53)~2%2%6)
8150 F10=0:F11{=0:F12=0
8155 RETURN
8170 IF S(1,8)<>0 AND S(I1,9)<>0 THEN GOSUB 8455
8175 IF S(I,8)=0 THEN GOSUB 8400
8180 IF S(1,9)=0 THEN GOSUR 8205
8185 RETURN
8205 F11=1
8210 S(1,9)=5(I1,8)
8215 8(I,S3)=FNPA(S(I,8))
220 S(I,64)=FNIZO(S(I,B8),8(I,9))
8230 S(1,12)=5(I,11)
B35 H=G(I,12)"2%(S(I,10)%5(1,7)/5(1,8)+1+5(1,44))/(S(I,53) 2%2%6)
8240 IF F12=0 AND H{S(I,32)THEN F12=1:G0TQ 8270
8200 G§(1,12)=80R(G(I,32) x2*GXS(I,53)72/(S(1,10)%5(1,7)/5(1,8)+1+5(1,44)))
8260 F11=20:1F12=0:60T0 10720
8270 Fa=%
8275 S(I,53)=FNFOA(S(I,8))
8200 G(I,9)=((2¥6GX5(I,32) ¥5(1,53)"2/5(1,11)2-5(1,10) %¥5(1,7)/5(1,8)~1)/.481)~ (-1
75.68)%5(1,0)
8375 F4=0:F10=0:F11=0:F12=0: RETURN
84A00 FI=1:DIAM=.03:5(1,8)=DIAM:S(1,?)=DIAM:CS=DIAM
405 S(1,53) =FNPA(DIANM)
8410 5(1,64)=FNEO(DIAM,GS)
B0 ST, 12)=00R(S (I, 32) $2¥GXS(1,53) 2/ (S (1, 1M ¥S(I1,7) /DIAM+I+S(I, 64)))
0220 IF GO, 12 <G, 1) THEN DIAM=DIAM+.05: GE=DINM: GOTO B840%
G425 S, 0 :=DINM: S (1, F)=N1AM: GOSUD 8205
(3420 P3=0: RETURN
t14%0 Flo-1
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BAGLS §(1,6M =FIO(GT,8),5(1,%))
0470 G1, 12)=SORIS (T, 32) k24655 (1, 53) ~2/(5(1, 10) ¥S(I,7) /85(1,B)+1+6(1,44)))
8480 1F F10=1 THEN F10=0:GOTO 10720

8840 IF Fi=1 THZN 8915

86880 S(I,12)=5(I,11)

6890 S¢I,53)=FNCS(S{I,17))

BO9S S(I,32)=0%5(1,11)72/5(],55)~2/PI*2/S(1,17)"4/G
8900 S(I,33)=8(1,32)+5(1,2)

8905 KETURN

8915 H=S(I,33)-8(1,13):6(I,32)=H

8920 IF S(I,17)<>0 THEN 9030

8940 GOLD=G(I,11)

8945 ROLD=1000000!

950 D=, 05

8955 IF D>, 076 THEN S(I,14)=8.000001E-03 ELSE S(I,16)=.012
8957 CS=FNCS (D)

8960 GNEL=FNDS (CS, D, H)

8965 RNEW=ABS(S(I,11)-GNEW)

8970 IF RNEW<ROLD AND D<.22 THEN GOLD=ENEW:ROLD=RNEW:D=D+.025:G0OTO 8955
8975 $(I,12)=00LD <

8980 S(1,55)=CS

8985 S(I,17)=D-.025

8987 FRINT"q = "3S(1,12),"d = ";8(I,17)

8950 GOTO 10720

9030 D=5(I,17)

9040 RULD=5(I,11)

9050 CS=FHCS(D):&1{1,55)=CS

9060 ONEW=FNRS(CS, N, H)

9070 IF AES(QULD/GNEW-1)<.05 THEN S§(T,12)=QNEW:S(I,55)=CS:GOTO 10720 ELSE 9080
9077 ONEW=FN@S (CS, D, HNEW)

9080 S(I,31)=5(I+1,31) HEINEW

9085 PRINT"Gnew = ";GNEW

Q0B7 H=BXONEW"2/CS“2/PI~2/8(1,17)"4/G

088 FRINT'h = ";H

9090 GUSUR 7050

9100 HNEW=6(I,33)-5(1,13)

9105 FRINT"Hnew = ";HNEW

9110 IF AKES (H/HNEW-1) ».005 THEN:BOTO 9077

9120 S(I,12)=0NEW

9130 S(I,32)=HNEW

9140 GOTO 10720

9530 F=20

9540 JF F1=1 THEN 9590

9560 IF S(I,21)=0 THEN 9600

9570 S(I,12)=6(1,11):F6=1:60TO 9420

9590 IF S(I,21)<>0 THEN 9570

9600 S(I,21)=,18:5(1,12)=8(I,11)

9620 IF F&=0 THEN 9810

9630 GUSU 10010

9640 RBO=K23

9650 IF AES (RBM) <=TOL THEN F&=0:GOTO 10720

96460 RAO=S(T,12)

9670 IF [B0O<O THEM R41=RA40-INC ELSE R41=RAO+INC
9680 §(I,12)=RA41

9690 GOSUR 10010

9700 RB1=R23

9710 IF ABRS(RB1)<=TOL THEN F&=0:G0TO 10720

9720 IF RBOXRB1>0 THEN REBO=RGI:R40=R&1:GOTO 9660
0730 RA:=, SX(RA1HRAO) 1 S(1, 12) =RKA2

9740 GOSUE 10010

9750 [A2=R23

9760 IF ARG (RA2) <=TOL THEN Fé6=0:0 ,70 10720

9770 IF RB2IROO<O THEN R41:R42: (1,12) =RA2: RB1=RO?2
9760 IF KEA2AREOM:0 THEN RA0=RA2:S (1, 12)=R42: RBO=ROZ
790 GUTO G770 :
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9HZ0 RBO=R23S
9030 IF ABS(RBO) <=TOL THEN F&=0:C0TO 10720,

9840 RAO=S(I1,21)

9850 IF RB0OKO THEN R41=RAO+INC ELSE R41—R4o INC
9860 S(I,21)=R41

9870 BOSUR 10010

98B0 RB1:=R23

9890 IF ABS(RE1)<=TOL THEN F&=0:GOTOD 10720

9900 IF RBOXRBL>O THEN R80=RB1:R40=R41:GOTO 9840
9910 RA2=,5% (RA1+RA0) 1 §(1,21) =RA2

9920 GOSUR 10010

9930 RE2=RIZI

9940 IF ABS(RO2)<=.002 THEN Fé=0:G0TO 10720

9950 JF RBZFRBO<O THEN R41=R42:S(1,21)=R42;RE1=RE2
9960 IF RB2¥RB0O>=0 THEN R40=R42:S(I,21)=R42: REO=RE2
9970 GOTO 9910

10010 K=P:T(P,1)=58(I,13)~5(I,19):GOSUB 10340

10020 FOR K=F-1 TO 1 STEP-1 _

10030 T (K, 1) =T (K+1, 1) +T (K+1,B) ¥8(1, 18) 7 (P~1)

10040 GOSUR 10340

10050 RPO=R21

10060 IF ALS(RP0)<=TOL THEN 10220

10070 RS0=T (K, 1)

10080 IF R90<0 THEN RS1=R50+INC ELSE RS1=Ri0-INC-
10090 T(K, 1)=R51 :
10100 GOSUE 10340

10120 RP1=R21

10130 IF ABS(R91)<=TOL THEN 10220

10140 IF ROO¥R7130 THEN RP0O=R91:RS0=RS1:GOTO 10070
10150 RS2=, 5% (RS1+RS0) : T (K, 1) =RS52

10160 GOSUR 10340

10170 R92=R21

10180 IF ABS(R92)<=TOL THEN 10220 -
10190 IF RPOXR92<0 THEN R91=R92:R51=RS2: T (K, 1)=R52
10200 JF RPO¥RF2>=0 THEN RP0O=R92:R50=RS2: T (K, 1)=RS2
10216 GOTO 10150

10220 NEXT K

10240 T(1,11)=T(1,1)+8(I,19)

10260 IF F1<>1 THEN S(I,32)= =T(1,11)=5(1,13) :F&=0; RETURN
10290 R23=5(I,33)-T(1,11)

10300 KETURN

10340 T(K,2)=T (<, 1) X5(1,21)

10350 TK,3)=6(1,12) /T(K,2)

10360 T(K,4)=T(K,3)~2/2/6

10370 IF K=P THEN T(K,5)=8(I,13)+T(K,4) ELSE TIK, S)=TAKy 1) +8 (1, 19) +T (K, 4)
10380 T(K, 6)=2KT (KK, 1) +8 (I, 21)

10390 TAK, 7)=T (K, 2) /T (K, &)

10800 TS, B) =T (I, 3) ~24S (1,20)72/T(K, 7V~ (4/3)

10410 IF K=F THEN RETURN

10420 T(K,9)=(T (i, B) +T (K+1,B) ) /2

10430 T, 10) =T (K, 9) X (5 (I, 18) 7 (P-1))

10440 R20=T (K41, 5) +T (K, 10)

10450 R21=T (I, 5) ~R20

10460 RETURN

10510 GOTO 10720

10550 R70=5(1,11)-5(1,12)

10560 IF ALS (R70) <= .OSXS(1,11) THEN RETURN

10570 IF R70>0 THEN R99=(S(I, 11)~R70/2)/5(I,11) ELSE R99=(5(I, 11)+P70/2)/S(I 11)
10590 R=1:U=I

10610 FOR I=1 TO M

10620 G(1,45)=5(1,11)

10630 S(1,11)=RIPXS(I,11)

10640 NEXT 1

10650 F1i=1

14050 Ot
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10730 RS=ABS(S(1,31)-R4)

10740 RETURN

11030 TH(I)="4R"THEN 12300

11080 q(x 66) =, 485+, 188745 (1, 22) -, 0269%S (I, 22)*2+ 0102/8(1;22)~2
11100 N1=1.418+.405/8(1,22)

11110 N2=17(. 748, 06475 (1, 22))

11120 K1=2.962+1.448/8 (1, 22)

11130 K2=2.51-.801XLOG(S(1,22))

11135 C2=3.281~(N1-1, 97u)*h2*8(1 23)~1, 025

11150 IF S(I,25)=0 THEN 11235 ELSE 11175

11155 RETURN

11175 S5(1,56)=3(1,42)-8(T, 25)

11180 R34=3. 281~ (N1-1.975) kK1KS (I, 23)~1 025

11185 HA=(S(I,31)/R34)~(1/N1)

11187 8(I,57)=HA

11190 S(I,24)=5(1,56)/HA

11195 IF S(1,24)<=S(I,bk) THEN GOSUB 11980: RETURN
11205 GOSUE 11670

11207 GOSUB 11970

11210 RETURN

11235 IF $(1,24)<=S(I,46)THEN 11250 ELSE 11340
11250 RT4=3.281(N1~1.975) XK1XE (1, 23) ~1, 025

11255 HA=(S(I,31)/R3I4)~(1/N1)

11260 S(I,57)=HA

11265 S(I,56)=HAXS (1,24)

11270 S(I,25)=8(I,42)~5(1,56)

11272 GOSUB 11980

11275 RETURN

11360 S(I,56)=(5(I,31) k(~ L!OtLDB(S(I 24)))*NZ/C’)*(I/NI)/(I/S(I 24)-1)
11370 §(I1,57)=5(1,56)/5(1,24)

11380 S(1,25)=6(1,42)-8(1,56)

11390 GOSUB 11980

11400 RETURN

11670 S(I,57)=5(1,56)/S(1,46)

11680 GOSUB 11680

11690 RIO=R43

11700 IF ABS(RY0)<.01%S(I,31)THEN RETURN

11710 R50=5(1,57)

11720 IF R90<O THEN RS1=RS0-.01 ELSE RS1=RS0+. o1
11730 S(I,57)=R51

11740 GOSUB 11880

11750 R91=R43

11760 IF ABS(R91)<.01%S(I,31)THEN RETURN

11770 IF RP0¥R?1>0 THEN R90=R91:RS0=R51:GOTO 11710
11780 RS52=.5% (RS0+RS1):5(1,57) =R52

11790 GOSUE 11880

11800 R92:=R43

11810 IF ABS(R92)<.01%¥S(I,31)THEN RETURN

11820 IF RY0XR92<0 THEN RS1=RS52:5(I,56)=RS2:R71=R92
11830 IF RPO¥RF2>=0 THEN RS50=R52:S(I,56)=R52:RI0=R72
11840 GOTD 11780

118680 RA0=3, 281~ (N1-1.975) KK2¥S (1, 23)~1. 025k (S (1 57)-S(I,ab))‘N1
11890 R41~( LLOXLOG(S(1,56) /S(1,57)))~N2

11900 K42=RA0/R41:RA3=G (1, 31)-RA2

11910 RETURN

11970 S§(1,24)=58(1,56) /5(1,57)

11980 8(I,58)=(S(I,23)+4%5(1,22) /27)¥5(1,57)
11990 S(1,59)=6(1,31) /S(1,58)

12000 S(I1,34)=5(1,25)-5(1,2)+6(1,57)+1. 1*(5(1 59)~2/2/6)
12015 GOSUB 13150 ,
12020 RETURN
12300 &1, 64)=.85
12390 IF §(1,25)=0 THEN HA=(5(I,42)=8(I,2))%.8 ELSE §(1,56)=S(1, 42>-S(I 25) t HA=S
(1,56) /2
12410 FH= q<1,91)—(v1*nnAh.5-vzrun~ Y TEHAN L . S=YAXHA+YEASOR (HA) =, 002).
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12430
12440
12445
12450
12460
124485
12500
12510
12520

590
!° 6“
12570
12580
12590
12597
12600
12610
12630
12640
12680
12690
12700
12705
12707
12730
12740
12750
12760
12770
13100
13110
13120
13130
13140
13150
131460
13170
13180
13190
13200
13205
13210
13220
13230
13240
13250
13260
13270
13280
13290
13300
13320
13330
13340
13350
133460
13390
13400
14040
110460
14080
14090
150320
15070
J SO0
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HAL=HA=FI1/FH1
IF ABS (HN/HA1-1) >, 01 THEN HA=HA1l: bDTU 12410
HA= Hﬁl
IF S(I,28)<>0 THEN GUSUE 12500: RETUIN
1F H(I 24)<=5(1,656) THEN GOSUBE 12680 ELSE;GQSUB%12730
RETURN 4
Hal =HA
6=5(1,54) 7/HAF
I ‘.)'\=\.)(I 64)THEN S(I1,%7)=HAF: 8(1, 24)—-S=BOSUD 13110 PETURN
HA=, GXHAF
FHA~HA- HAFX (1101 XEXP (Q2XS (1, S4) /HA)) .
FHAL=1+HAF Q1 X025 (1, 56) /HA2XEXP (D25 (1 56)/HA)
HA1=HA~-FHA/FHAL
IF ADS(HA/HAL-- 1)> 01 THEN HA=HA1:GOTD 12540
R76=5(1,31)~-R7
S(I,S7)=Hﬂl
S(I,24)=5(1,564) /HAL
GUSUR 13110
RETURN
S(I,57)=HNA
S(1,%56)=HAXS(I,24)
S(I,28)=6(],24)-8(1,54)
GOSUR 13100
“ETURN
S(1,57)=HA*(1+@1tEXP(92*5(1,24)))
S(I 56)~9(I,57)*S(I,24)
F(I, 9)=85(1,42)~-8(I, 54)
GOSUER 13100
RE fURIM
S(1,20)=6(1,42)-5(1,564) :G0TO 13120
S(1,24)=5(1,%6)/5(1,57)
S(I,08)=.61%8(1,57)+1. 25%8(1,57)"2
S(1,59)= S(I,ol)/S(I 58)
G8(1,34)=5 25)-8(1,2)+8(1,57)+1. 1%(8(I, 59)“2/2/6)
GOsSUB 13320
RP0=R46-R47
IF ABS(RP0)<.01%R47 THEN 13390
R50=8(1,56)
IF RP0<0 THEN RS1=RS0+.01 ELSE RS51=R50-.01
S(I,34)=R51
6GOsSuUBR 13320
R?1=R46L~KR47
IF ARS(RF1)I<.O1¥R47 THEN 13390
IF RP0%¥R91>0 THEN RP0=R%1:RS0=R51:G0TO 13180
RS2=.5% (RE0+R51) : S(1, 34) =R52
GOsUR 13320
RP2=RA4&6~-R47
IF ABS(RP2)<.01%XR47 THEN 13390
IF RPZ¥R0O<Q THIZN R51=R52: 8(I,34) =R51: RP1=R92
IF R2XR%0>=0 THEN RS0=R82:S5(1,34)=R50: RY0=R92
GOTO 13240
RA4=5(1,31)/(S5(1,34)%S(1,4) +8(1,34)"2%5(1,4))
RAG -.lY(q(I 9)*7—544A2)/”/P
R4&6=5(1,% 5)1q(1,57)+S(I,59)A2/2/G+R45

RA7=G(1,2)+8(1,34) +R44~2/2/6G
RETURN

S, G(I,2)+8(I,34)
HETURN

ST, 60)=6(1,27) 4S(1, 46)
S(I,33)=6(T,42)+6(T, 40)

SC1,34) =6 (T,43) 465 (1, 60)

RETURN

IF 6(1,61)=0 THEN FOEF:S(I 62) KU1 ELSE COEF=5(I,41) ;KU=—1
5(1,_4)~Q(1 ABVAZRE (1, 45) ~2/2/6

GOV 15250

LKA Y A | AR I IR |
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15100
15110
15120
15130
15140
15150
15160
151462
15163
15164
15145
15166
15170
19180
15190
15210
15220
15470
15480
146040
16060
16070
17030
17050
170460
18000
18010
18020
18030
18035
18040
18050
18060
18070
18080
18200
18210
16220
18230
18240
18250
18260
18270
18280
18290
18295
18300
18305
18307
18310
18320
18330
18340
18410
18500
183510
18520
18530
18540
l‘l’C)
18460
1856%
10570
18500
1870

NP L

-.193:

iF ﬁﬂé(RVO)\.Ol*”(l,34)T”EN 15470
R60=5(1, 34)

IF R9040 THEN R&61=R&0+. 01 ELSE R61=R60- o1
5(1I,34)=R61

GOSUR 15 10

R?1=85(I,34)-R51

IF AHS(591)< 01%5(1,34)607T0 15470 :

IF RPOXR91>D THEN R?O R?1:R60=R61:60TO 15110
§(I,34)=.5% (R&O+RE1) t RA2=5(], 34)

B0sSuUB 15210

RY2=5(1, 34) -R51

IF ABS(R?2)<.01%S(I1,34)THEN 15470

1IF RPOIRI2<Q THEN Rbl R&62:5(1,34) =R62: R91=R92
IF R92%R05>=0 THEN R&0=R&62: S(I 34)=R62 R90=R92
GOTO lulbo

RO0=(5(I,31) 7 (S(I,34)x5(1-1,6)+5(]I, 34)“2*9(1 1 6)))“2
RS91=8(I, 4Q)FPU‘(Q(I 45)“?-Ru0)/2/6*(CUEF+IU)
S(I,33)=5(1,34)45(1,2)

RETURN

S(1,34)=5(1,43)

S(1,33)=5(1,42)

RETURN

S5(1,34)=5(1,43)

S(1,33)=5(1,42)

RETURN

Fe="STA"+RIGHTS (STRS (U), LEN(STR$(U)) 1)+".RES
DD$=Ds+F%

OPEN DD?% AS #2 LEN = 18

FIELD #2, 18 AS RAl#%

CT=1

FOR S=1 TO STAMAX

GOSUE 18200

NEXT

CLOSE#Z2

RETURN

LSET FA14=MKS$(ET(S))

FUTH#2,CT

FOR K=1 TD @

LSET RA1$=MKS%$(5(5, PTSI(K)))

CT=CT+1

FUT#2,CT

NEXT

FOR K=1 TO 2 )

LSET RA1$~MKQ$("(S PTS (K, ST(S)))Y
CT=CT+1:FUT#2,CT

NEXT

IF ST(S)<3 OR ST(S) >4 THEN 18410

LSET RA1$=MKS$(8(S,11))

CT=CT+1:PUTH#2,CT

LSET RA1$=MIE $ S(s, 12))

CT=CT+1: FUTH#2,CT

LSET RAL1$=MES$(5(5,32))

CT=CT+1:FUTH#2,CT

RETURN

F$="DIST.RES

DDI=DH+F$

OFEN DD% AS #2 LEN = 18

FIELD #2, 18 AS RA2%

CT=CTOLD+1

S=U:ST(S)=D (U, 0)

GOSUEB 182200

cCroLp=CTr

CLOGE#2

IRETURN

DN =D+ D1ST . KES
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18740 FIELD #2, 18 AS RA2Y

10750 CT=0

18755 PRINT PRINT FRINT TAB(I 2) "Distributary Canal "sPRINT
18760 FOR S=DSMAX TO L STEP -1

18770 CT=CT+1 GET#2,CT

18780 ST=CVS(RA2%)

18765 T$(H) =TT4 (ST)

187920 FOR K=1 TO 9

189795 CT=CT+1:GET#2,CT

18800 S(S,PTSI () )=LVS (RAZT)

18010 NEXT

18820 FOR KK=1 TO 2

10830 CT=CT+1:GET#2,CT

18840 S(S,PTS(K,ST) y=CVS (RA2$)

10842 NEXT

18844 IF ST<3 OR S§Tr46 THEN 188460

18850 CT=CT+1:GETH2,CT

18852 5(S5,11)=CVS(RA2%)

16854 CT=CT+1:GET#2,CT

18856 5(5, 12)=C\'S(RA2%)

18858 CT=CT+1:6ET#2,CT

18859 S(H 32)=CVS (RA2%)

18860 < -J.GOQUU 19020: PRINT

18870 NEXT

10880 RETURN

12020 FPRINT:FRINT TAR(3S)"Station “'J;IPRINT

19025 FRINT TAB(E6) "Type ";T$(J)

19024 A4=0F$(1): GOSUER 19400

19030 FPRINT USING"#t . Hit#" 3851, 2)

19040 A$=0F$(2): GOSUR 19400

19050 FRINT USING FU$;S(J,31)

19060 A4=01% (3) : GOSUE 192400

19070 PRINT USING PU$;5(J1, 3I3)

19080 OGN VAL(MIDS (TS (D), 1, 1))GOTO 19150, 19150,19220 19040 191u0 191u0 191u0
19150 RETURN

19200 A$=0F$ (1) : GASUE 19400

19210 FPRINT USING FU%;S(J,11)

19220 A$=0F$(4) : GOSUR 19400

19230 FPRINT USING PUS;5(J,12)

19240 A$=0P% (&) : GOSUB 19400

19250 FRINT USING FU$;5(3,32)

19260 IF T$(I)<P"IAYTHEN 19300

19270 A$="Fipe Diameter (m)":GOSUB 19400: PRINT USING FU%3;5(J,8)
19280 Nnd="Gate Setting (m)":GOSUB 19400:PRINT USING PU%; S(J 9)
19290 RETURN -
19300 IF T$(J)="3B"THEN A$="Siphon Diameter (m)":GOSUE 19400:PRINT USING FU$;S(J
s 17) s RETURN

19310 Nd="Bankcut Width (m)":GOSUE 19400:FRINT USING PU$3;5(0,21)
19320 RETURN

19340 At="Submergence Ratio":GOSUB 19400:FRINT USING PU%3S(J,24)
19350 N$="Flume Floor Elevation (m)":G0SUEB (9400:FPRINT USING FU$; S (J, 25)
19260 RETURN

19400 FRINT TAE(AO-LEN(A$))A%;" = ";:RETURN

19520 QCOM=DISTFL/MESQOFL

19570 IF ARS(OCOMF—-1)<,0% THEN RETURN

19540 GOSUD 22000

19550 FOR S=1 TO STAMAX

19560 8(5, 1) =NCOHPkS (S5, 11)

19570 NEXT

19580 6GOBLUEB 1200

19590 1=U:Fi=1

19600 GOSUD 20030

19610 S<U, ) =BDIAM: (U, 9) =BGH: 5 (U, 17) =BSDIAM: s (u, Zi)JBWID
196220 l\l. IUI\N HBA2

L0050 hH.UB 200

frlteT '."" LRI Y NS |
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20045 ST = DCUU, 0)

20030 FOR K=1 TOD 4

200460 8 (LU, K+2) =D (UU,K)

20070 NEXT

20080 §(UU, 27)=D(UU, 5)

20090 S(UU, 2)=D(UU, &)

20100 FOR K=1 TO DATMAX(ST)

20110 S((UU,PT(ET,K) )=D(UU, K+b)

20120 NEXT

20125 NEXT

20127 87 = D(U,0) : ST = ST H T$(U) = TT$(ST)

20130 FOR K=t TO 69

20140 S(U+1,K)=50LD(K)

20150 NEXT

20190 GOSUB 31100

20200 RETURN

22000 F$="STA"+RIGHT$(STRS (W), LEN(STR$(U)) 1)+".DAT

22004 DDE=D$+F%

22005 OPEN DD% Aq #1 LEN = 128

22010 FIELD #1,2 AS RA%,18 AS RA$(1),18 AS RA%(2), 18" AS PA$(3), IB AS RA$(4),

8 AS RA%$(S), 18 AS RA$(6), 18 AS RA$(7)

22020 GET#1,1

22030 STAMAX CVS(RA$ (7))

22040 FOR I=1 TO STAMAX:FOR K=1 TO 69:8(1 K)=0=NEXT NEXT

22060 CN$=RA% (&)

22070 FOR S=1 TO STAMAX

22080 BGET#1,S

22090 ST=CVI (RA%)

22091 ST(S)=S8T

22095 TH(S)=TTH(8T)

22100 FOR J=1 T0O DATIHAX (ST)

22110 S(S,PT(S5T,J))=CVS(RA%(J))

22115 NEXT

22120 IF ST=1 THEN 22210

22125 IF ST = 10 THEN 22150

22130 §(5,46)=5(5-1,4)

22140 5(5,4)=5(5-1,4)

22145 IF ST = 11 THEN 22210

22150 6(8,5)=5(5-1,5)

22160 §(S5,3)=5(5-1,3)

22170 §(8,27)=5(5-1,27)

22210 NEXT

22220 CLOSE{#!

22230 RETURN

225370 60OSUB 31010

22535 FOR S=1 TO STAMAX

22540 D(5,0)=5T(S)

22550 FOR K=1 TO 4

22560 D(5,K)=5(5,K+2)

22570 NEXT

22580 D(5,5)=5(5,27)

22390 FFOR K=1 TO DATMAX(ST(S))
22600 D(S,K+6)=5(8,PT(ST(S),K))

224610 NEXT

22430 D(STAMAX, 6)=5 (STAMAX, 2)

22635 D(STAMAX, 6) =5 (STAMAX, 2

22637 MEXT

22640 FUOR K=STAMAX—-1 TO 1 STEP-1

22650 DK, 6)=D(K+1,86)+S (K, 5) ¥ (S(K+1,1)-6(K, 1))

22660 NEXT ‘
22644 GOSUB 31100

22670 LETURN

23020 t$""STn"+RIGHT¢(STR$(U) LEN(STR#(U)) H+. 0uT
23025 RETURN

LR020 DDA DERF
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30320
30330
30340
30350
30360
30520
30530
30540
30550
30540
304660
30670
30680
30690

ace Elevation (m)

30700
m)

30810
30820
30830
30840
30850
30860
30870
30880
30900
30910
30990
31010
31020
31030
J1040
31100
31110
31120
31130
Ok
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M1=5.083E-07: Ua=12.77
G=9.810001:FI=3.141592454{
L10=.4342944811 .
TOL=.002: INC=.005
PUS="$14t4, #iH1

FOR K=3 TO 5

PT(K,6)=11

PT(K,7)=13

DATMAX (K) =7

NEXT

FOR K=1 TOD &

READ OP$ ()

NEXT .
DATA Bottom Elevation (m) Fluw Rate in: Sect'an (m“S/s) Upstream Water Surf

DATA Actual Flow Rate (m*3/s) Design Flu Rateb(mﬁsls) Turnaut Head Loss (

FOR k=1 TO 12
FOR J=1 TO 2

READ FTS(J,K)

NEXT:NEXT

DATA 0,0,0,0

DATA B,9,17,0,21,0

DATA 24,25,24,25,28,0

DATA 0,0,0,0,0,0,0,0

FOR K=1 TO 9:READ PTS1(K):NEXT
DATA 1,2,31,33,34,36,42, 43,45
RETURN

FOR K=3 TO 5

DATMAX (K) =

NEXT

RETURN

FOR K=3 TO §

DATMAX (K) =7

NEXT

RETURN



- 198 -



APPENDIX G:

- 199 -

NOTATION

The following symbols are used in this report.

Symbol Description Units
A Cross-sectional area of flow in adlarmel (mz)
A(i,j,k) Velocity of flow (average) in a bar‘xkcut' at
STA(1, j k) (m/s)
Ay(1) Cross-sectional area of flow at the point where .
Hg(i) is measured in flume at STA(i) on the i
distributary canal ‘(ml).
Ay(1,3) Cross-sectional area of tlow at the point where v ,
Hg(i,j) is measured in flume at STA(i,j) on a
tarm channel (m2)
Ad(i) Cross-sectional area ot flow in the dis,tributary‘
canal just downstream ot SILA(i) (mé).
Ad(i,j) Cross-sectional area of ftlow in a farm chammel N
just downstream of STA(i,j) (m2)
Au(i) Cross-sectional area of flow in the distributary -
canal just upstream of STA(i) (ml)
Au(i, j) Cross-sectional area of flow in a farm charmel '
just upstream of STA(i,j) (m2)
Cs(1,3) Discharge coefticient ot siphon tube tor ﬁitno;;t
at STA(i,j) on a farm chamel
D Depth ot flow in a chamel (m)
Deg Depth from water surtace to the center of
' gravity of a chammel section (m)
Dd(i) Flow depth in the distributary canal just
downstream of STA(i) (m)
Dd(4,J) Flow depth in a farm chamel just downstream of
STA(1,3) | (m)
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Symbol Description Units
Du(i) Flow depth in the distributary canal just
| upstrean of STA(L) , (m)
Du(i,J) Flow depth in a farm channiel Just upstream
: of STA(i,j) L (m)
d(i,3,k) Flow depth in a bankcut at sm(i; 1.6 @)
dg(i) Height of the bottom of the gate above the
: pipe invert at STA(i) on the distributary canal (m)
dg(i,3) Height of me bottom of the gate above the pipe v
invert at STA(i,j) o a farm channel ; (m)
dp(1) Diameter (inside) of the pipe for turmout at v
STA(i) an the distributary canal (m)
dp(i, 3) Diameter (inside) at the pipe for turmout: at ,
, STA(1,j) on a farm chanmnel ‘(m)
dg(i,3) Diameter (inside) of siphon tube for turnout.
at STA(i,J) a a farm channel (m)"
E(i) Channel bottom elevation at STA(i) on the ’3_‘.‘_.1:2..
: distributary canal - (m)
E(i,j) Channel bottom elevation at STA(1,j) o a.
' farm channel ~(m)
Eb(1,J)  Elevation of floor of bankeut turnout at |
C STA(i,j) on a farm channel (m)
Ec(1) Crest elevation of check at STA(1) m the
distributary canal (m)-
Ec(1,3) Crest elevation of check at STA(i,J) o
a farm channel (m).
Ef(1) Floor elevation of flume at STA(i) ¢n the
o (m)

distributary canal
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Synbol Description Units
Ef(i,3) Floor elevation of flume at STA(i, j) m a. |
farm chamnel (m)
EL(1,3j,k) Energy line elevation in a bankcut at o
STA(1,J,k) @)
EL(i,j,k)’ New energy line elevation in a bankcut at
STA(1,3,k) (@)
ELd(i) Energy line elevation in the distributary
canal just downstream of STA(i) (m)’_{
ELd(i, j) Energy line elevation in a farm channel just
downstream of STA(i,j) (m)
Eld(i)’ New energy line elevation in the distributary
canal just downstream of STA(i) (m)
ELd(i,j)’ New energy line elevation in a farm channel
o just downstream of STA(i,j) (m);
ELu(i) Energy line elevation in the distributary
: canal just upstream of STA(i) “(m)
ELu(i,j) Energy line elevation in a farm channel just ,
upstream of STA(1,j) (m)
F Resultant force acting in the line of flow
on a channel section due to water presure N)
Fd(1) Resultant force in the line of flow in the
distributary canal due to the water pressure
on the section just downstream of STA(i) (N)
Fti(j.,j) Resultant force in the line of flow in a farm
| channel due to the water pressure on the section
just downstream of STA(i,j) (N)
. Fu(i) Resultant force in the line of flow in the
distributary canal due to the water pressure
on the section just upstream of STA(i) (N)
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Symbol Description Units
Fu(i,j) Resultant force in the line of flow in a farm
channel due to the water pressure m the
section just upstream of STA(i,j) N)
£(i) Friction factor of pipe for turnout at STA(i)
on the distributary canal
£(1,3) Friction factor of pipe for tumout at: SI‘A(i, J)
' on a farm chamel )
Gy Absolute difference between design value of
turnout flow rate and computed actual value (m3/s)
) Absolute difference between old value of chamnel
flow rate and new computed value m3/8)
G3 Absolute difference between old value of actual
turnout flow rate and new computed value (m3/8)
g Acceleration due to gravity (m/s2)
Ha(ij), Upstream flow depth in flume at STA(i) on the
distributary canal (m)
Ha(i,3) Upstream flow depth in flume at STA(i.,J) (o ¢
a farm channel (m)
Hp(1) Downstream flow depth in flume at STA(i) m the
“ distributary canal (m)
Hy(1,3) Downstream flow depth in flume at STA(i,j) m a
‘ farm channel (m)
HL(1) Head loss due to friction in the distributary
: canal between STA(i-1) and STA(i) (m)
HL(1, ) Head loss due to friction in a farm chamnel
between STA({i,j-1) and STA(i,j) (m)
" HL(1,j,k)  Head loss due to friction in a bankcut between
STA(ioJ lk-l) and STA(lvjok) (m)




-

Description

cutthroat flume

Symbol Units
He (1) Head loss through the pipe- turnout at :STA(1) . S

on the dlstributary canal " _,:(m‘)‘
He(1,3) ~Head loss t'hrough the tumout at STA(:I.,J) m a -

farm channel (m)
he1(1) Upstream head over crest of check structure o

at STA(i) on the distributary canal (m)
he1(1,3) Upstream head over crest of check struct:ure ‘

at STA(i,j) m a farm channel (m)
hao(1) Dovnstream head over crest of check structure o

at STA(i) on the distributary canal ' "‘(m)
hea(i,3) Downstream h-ad over crest of check structute

at STA(i,j) on a farm channel (m)
hzp(i) Head loss due to bend at STA(i) an the distri- ,,

butary canal | (m)
hzp(i,j) Head loss due to bend at STA(i,]}) an a farm .

channel (m).-
hze Head loss due to sﬁdden contraction of channel

section ‘ (m).
hie Head loss due to sudden eniargement of channel _

section ' (m).
hz¢ Energy loss due to friction between the section

just upstream of flume and the section where

the upstream flow depth in the flume is measured (m)
K1 Coefficient used in free flow equation for cut-

throat flume
. Ko Coefficient used in submerged flow equation for
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Symbol , Description ‘_ Uni ts |
Kb(i) " Coefticient for head loss due to bend at S’I.'A(i)
on the distributary canal LT | o
Kp(1,J)  Coefficient for head loss due to bend at S'I‘A(i, J)"‘;
SO on a farm channel
Kc(i) Coefficient for head loss due to chann‘el‘con- B
FER traction at STA(i) on the distributary canal
Kc(i,j) Coefficient for head loss due to chammel con-
. S traction at STA(i,j) on a farm channel
Ke(i) - Coefficient for head loss due to charnel enlarge-f .
o ment at STA(i) on the distributary canal - '
Ke(i‘, j) ~.  Coefficient for head loss due to channel enlarge-f@j
R at STA(i,j) on a farm channe’ A T
KE(i, _],k) Kinetic energy of flow in a bankcut at ‘STA(i,‘j k)"f-;p (@)
KEd( i) Kinetic energy of flow in the distributary canal‘
o just downstream of STA(1) : (m) -
KEd(i, 3) Kinetic energy of flow in a farm channel just
.o downstream of STA({,j) (m)
KEuk(i) Kinetic energy of flow in the distributary canal
o just upstream of STA(i) : »(m)y
KEu(i, §) Kinetic energy of flow in a farm channel just :
upstream of STA(i,j) . (m)-
Ko(i) Entrance head loss coefficient for pipe -with
i gate at STA(i) on the distributary canal
Ko(i,3) Entrance head loss coefficient for pipe with
2 gate at STA(i,j) on a farm channel
Entrance head loss coefficient of siphon tube for

' Ks"(;i_";j')

turnout at STA(i,j) on a farm channel
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n(i,3)

Symbol - Description Units
L(1) Distance of STA(1) from the:head of the distri-
butary canal " (m)
L(i, 3) Distance of STA(L,j) from the head of a farm |
channel ' (m)
Lv(1,3) Elevation of floor of bankcut turnout at STA(i,j).
L on a farm channel ‘ -
Lo(1) Crest length of check at STA(i) on'the
distributary canal (m)
Lo(i,3) Crest length of check at STA(i,j) ma |
farm channel (m)
Lg(i) Length of the flume located at STA(i) cn )
the distributary canal o (m)
Le(d, 3) Length of the flume located at SIA(i,j)
: on a farm channel (m)
th(i) Length of pipe for turnout at STA(1) - :
the distributary canal (m) .
Lp(i,3) Length of pipe for turncut at STA(i,j)
on a farm channel (m)
Lg(1,3) Length of siphon tube for turnout at
STA(i,j) on a farm channel ' (m)
M Total number of stations alorig the distri-
’ butary canal
‘_N("i),'r Total mumber of stations along the farm
channel located at STA(i) on the distri-
butary canal
n(i) : Channel hydraulic roughness at STA(i) on
e the distributary canal , (g/ml./:3)

Channel hydraulic roughness at STA(l, J)
on a farm channel (s/m1/3)
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Synbol  Description Units
ny ~ Exponent used in free. flow: equation for
cutthroat flume
ng | | Exponent used in submerged flow . equation
for cutthroat flume
np(i, ) Hydraulic roughness of bankcut mfnout.
at STA(i,j) o a farm chamnel ;o (s/ml1/3)
ng(1,3) Roughness coefficient of siphon tube for —
turnout at STA(i,j) on a farm channel »’('s/ml/ 3)
P Number of computational stations along
o a bankcut
P(i,j,k) Wetted perimeter in a bankcut at STA(i j k) (m)
Pd(i) Wetted perimeter in the dlstributary canal .
just downstream of STA(i) (m)-
Pd(i,j) Wetted perimeter in a farm channel Just
o downstream of STA(i,j) ‘(m)?-
Pu(i) o Wetted perimeter in the dlstributary ‘canal, .
o just upstream of STA{i) (m).
Pu(i, ) Wetted perimeter in a farm channel just
" upstream of STA(i,j) ';_(m).-
Q(i) ‘: Flow rate in the distrlbutary canal at SI'A(i) (m3/s)f;
Q(i,j) Flow rate in a farm channel at SI'A(i, _]) f(m3/s)"jy:
Q(i) v New computed value of flow rate i the Sl
distributary canal at STA(i) ',(m3/s)'
Q)" New computed value of flow rate in a farm' e
a channel at STA(i,j) - (w3/s)

Qd Gross daily flow rate (m3/s)




Symbol | Descrl.ption
q(i) Actual flow rate for tumout at: S]?A(i) m
the distributary canal
q(i,3) Actual flow rate for tumout at: S]?A(i,_])
‘ on a farm channel
qd,j)’ New computed value of turnout - ﬂow rate at
‘ STA(1,j) on a farm channel SR S
qq(i.3) Design flow rate for turnout at’ STA(1, J)
on a farm channel . (
R(,j,k) Hydraulic radius in a bankcut at STA(i,J,k)
Rd(i) Hydraulic radius in the distributary canal B
just downstream of STA(i) (m)
Rd(1,1) Hydraulic radius in the distributary canal
Jjust dowastream of STA(i,j) -(m):
Ru(i) Hydraulic radius in a farm dlamel Just
upstream of STA(1) (m)
Ru(i,j) Hydraulic radius in a farm channel Just ,
upstream of STA({,j) ‘ "(111_1‘):;
SF(i,j,k) Friction slope in a bankcut at S]?A(i, i k) (m/m)
SFa(1) Average friction slope in the distributary EE
canal between STA(i-1) and STA(i) / (m/m)
SFa(1,3) Average friction slope in a farm channel
between STA(i,j-1) and STA(i,j) (I}}/Iq)‘-
SFa(i,j,k) Average friction slope in a bankcut between
STA(i,j,k-1) and STA(i,j, k) (m/m)
SFd(1) Friction slope in the distributary canal - N
Jjust downstream of STA(i) (m/m)
SFd(i,j) Friction slope in a farm channel just down- R
: stream of STA(i,j) (m/m)
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symbol ,_‘De‘srci"i”ptim | Units -

SFu(i‘)'b - “Friction slope in the distributary canal just s
. .. upstream of STA(i) . . e

Sm(i‘; j) | Friction slope in. a farm charmel just 'upstreamf-:-_;;,
- of STA(4,j) , LT e

So(l) Channel bot:tom slope at. STA(i) o the
S - distributary canal

So(i,j) , Channel bottom slope at STA(i,j) am a
L farm channel

SR(i) ~ Submergence ratio of. flume at S]?A(i) m
o the distributary canal R e

SR(iﬁ',{ J) Submergence ratio of flume at STA(i, j)
B on a farm channel

SRc‘(‘iv)‘ Submergence ratio for check structure at
IR STA(i) on the distributary canal

SRa(i,3) Submergence ratio for check structure at:
S STA(i,j) on a farm channel

SRe(1) - Transition submergence of flume at STA(L)
o on the distributary canal

SRt(i. j) Transition submergence of flume. at: STA(1,3)
v el on a farm channel

STA(i) B Station (1) on *he distributary canal

_:STA(i j); - Station (j) on the farm channel located at
: V station (1) on the distributary canal

‘, STA(i,J,k) - Station (k) an the bankcut channel located
-~ at station (j) o the farm channel located
at station (i) on the distributary canal

8 Seepage rate per unit length of the diétri- e
‘butary canal [(m3/s) /m]
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Symbol Description Units
s(i)v‘ Seepage rate per unit length of the farm
. channel located at STA(i) on the distri- o
butary canal [(m3/s)/m]
vV({i,j,k) Velocity of flow (average) in a bankcut at o
STA(1, j,k) (m/s)
Va(i) Velocity of flow (average) at point where Hg(i)
is measured in flume at STA(i) on the distri- o
butary canal (m/s)
Va(i,j) Velocity of flow (average) at point where
Ha(i,j) is measured in flume at STA(i,j) an ‘
a farm channel ; (m/s)
vd(i) Velocity of flow (average) in the dlstributaryk; o
canal just downstream of STA(i) (m/8)".
Vd‘(i, ) Velocity of flow (average) in a farm channel ,
just downstream of STA(i,j) :v(lpr//si);
Vu(i) Velocity of flow (average) in the distri- o
butary canal just upstream of STA(i) . (m/s) .
Vu(i, j) Velocity of flow (average) in a farm channel | ,‘
just upstream of STA(i,j) (m/s)
W Channel bottom width (m) |
W) Channel bottom width at STA(i) on. the distri-
; butary canal (m)
W(i,3j) Channel bottom width at STA(i,_]) cn a farm
- - channel _ ‘ (m)
Wb(i,j)' Width of bankcut turnout at STA(i,_]) o a;
farm channel ( C (m)
. Throat width of flume at STA(i) on the distri-

butary canal (m)
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Sywbol vesiption Units
Wf(i,j)*' ."]hroat width of the flume at S’l‘A(i,J) m a o
f:farm channel - (q;)‘
WS(i,j,k) , -_Water surface elevation in a bankcut at o
WSd(ii): Water surface elevation in the distri-‘ .
B : butary canal just downstream of S’I.‘A(i) }._(m)j
Wsd(i,j) Water surface elevation in a farm channel; |
S Jjust downstream of STA(i,j) ‘ (m)
WSt (1) Tailwater surface elevation on pipe outlet
__ to farm chamnel at STA(1) on the distri- o
butary canal “(m)-
WSt(i';j) Elevation of water surface on field at
the outlet of turnout at STA(i,j) m a .
farm channel ‘(m)
WSu(i) Water surface elevation in the distri- _
- butary canal just upstream of STA(i) (m) -
WSu(i ,j) Water surface elevation in a farm channel
S Just upstream of STA(i,j) (m)
Z Channel side slope
Z(i)“ Chammel side slope at S’I.‘A(i) cn the distri-‘
butary canal
Z}(i‘,'j)' Channel side slope at S'I.‘A(i,j) m a farm
v channel
AL Length of short channel section at location
L of turnout (m)
F | Mass density of water (kg/m3)




