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Abstract
 

Irrigation by gravity from a 
water delivery system ;here 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 not used in order to conserve head. Instead a desired 
distribution of the flow is achieved by sizing canal and channel turnouts. 
Tu~rnout size depends on the required discharge rate and on the differential 
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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HYERAULIC ESIGQ OF
 

A CANAL SYSIM FOR GRAVITY IRRIGATICN
 

By
 
Timothy K. Gates, William 0. Ree,
 

Mohamed Helal, Azza Nasr and David J. Molden
 

INMDJTIN 

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, '"dequate 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 channel 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 not 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 (farm channels) 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 canal 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 channel maintenance, i.e., clearing and removing vegetative 
growth. So the designers stayed with the plan to base their design on 
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. Actually, the 
theory is relatively simple and ordinary hydraulic computation procedures 
were used.
 

A limitation of the model is that provision has been madeno 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 iESCRIPTION 

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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Abyuha canal (1980 data). 
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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 wore efficient 
channel 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 on Figure 1. 

Continuous versus rotation flows were studied for both systems. The finding 
was that a system with a single distributary canal carrying flow every 
day (continuous flow) would require the smallest canal and would not 
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". 

PERFRMANCE REQUIROE S 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). 
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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 syatem 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 first making detailed
hydraulic and economic studies. Rather, judgedit was 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 mesqas may be eliminated and 
replaced with roads. 

turnout3. 	 Equip each to a mesqa with an adjustable gate. 

4. 	 Do not 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 overflow). 
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WER REXUIRMU M AND EELIVERY SCHEWLE 

The volume 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 Penman, 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 ot 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 volume ot 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 volumes were estimated volumes ot 
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 efficiency of 0.90 and application efficiency of 0.70)
provided the estimate ot the water volume to be diverted into the Abyuha
canal each month. These volumes are given in Table 1 and illustrated in 
Figure 3. They range from 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 OJNSUMPTIVE LSE AND LAND PREPARATION AND 
I')TAL WATER REQUIREMENT (INCLUDING IOSSES) FOR THE ABYUHA REGION. 

Crop Land Total Water 
Month Consumptive Use Preparation Requirement 

(m3) (m3) (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 frequency, rate, and duration of 
flow delivered to the canal to meet the water requirements of the region 
served (Jensen, 1980). In Abyuha the water requirements had to be met 
under a condition of seasonally variable and limited available head. A 
rigid rotation of variable frequency, rate, and duration was selected as 
the most appropriate type of schedule to deliver water to the mesqas 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 
January, 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 from changing irrigation rotations 
(opening and closing gates) along the canal and mesqas. Thus, the gross 
daily flow rate for the canal, Qd, was determined as: 

(1.1)vQd ­
(N)(n) (3600 sec/hr)
 

Where 

V = volume of water required for a given month, m3 

N = number of operating days during month 

n = daily hours of irrigation 

Values of Qd computed for each month are given in Table 2. 
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TABLE 2. GROSS [AILY FUW RATE FOR 
THE ABYUHA CANAL FOR EACH 
MONTH. 

Gross Daily 
Month Flow Rate 

(m3/s) 

JAN 0.970 
FEB 0.560 
MAR 0.726 
APR 0.769 
MAY 0.681 
JN 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 month 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 respective 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, qd, was computed on a monthly basis for each alternative area dis­
tribution and is given in Tables D1 through D12 of Appendix D. 

The gross daily flow rates wuld provide the monthly water requirement if 
all mesqas and turnouts were operated for the entire period each day. How­
ever, some mesqas and turnouts would be flowing at a rate too small for 
efficient application of water. The solution was to reduce the inmber of 
mesqas and turnouts cperating 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 minimum mesqa and turnout flow rate of 0.020 m3/s was 



Table 3. AREA DISTRIBUTION ALTERNATIVES 1 (EXISTING) AND 
2(FMIJE) FUR MESQAS AND 'UNOUTS WV ABYUHA CANAL 

Meoqa Turnout Area Served (feddans)
No. No. Alternative 1 Alternative 2 

1 10.0 10.0
 
2 3.0 3.0
 
3 5.0 5.0
 
4 90.0 90.0
 
5 50.0 50.0
 
6 6.0 6.0
 
7 90.7 90.7
 
8 15.0 15.0
 

10 8.0 8.0 
11 83.0 109.0
 
12 12.0 12.0
 
13 58.0 -­
14 62.7 130.0
 
-- 2.5 2.5 
15 b4.1 -­
16 68.2 138.2
 

2 2.3 2.3
 
3 3.5 3.5
 
4 5.0 5.0 
5 2.8 2.8
 
6 2.5 2.5
 

17 7.0 7.0 

7 2.3 2.3
 
19 10.0 13.8 

8 2.0 2.0
 
9 2.5 2.5
 

20 84.5 -­
21 65.1 104.6 
22 118.0 118.0
 
23 65.0 65.0
 

25 49.4 49.4
 
26 39.7 39.7
 
27 30.3 44.6
 
28 28.2 -­
29 28.6 54.9 
30 36.5 -­
31 -- 24.1
 

Total 1213.4 1213.4
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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 make the change
from one rotation to another. The monthly rotation schedules and respec­
tive mesqa, turnout, and canal design flow rates are given in Tables D13 
to E24 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 annual delivery schedule for the Abyuha canal given
in Early, et al. (1984). 
and duration of each 

This schedule 
monthly flow 

summarizes the frequency, rate, 
rotation for the existing area 

distribution. 

HYMAULIC ]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 channels. 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 
mesqas and in the Abyuha Canal, 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 channels 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 forcomputed 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 channel in the system is gradually
diminished as it exits the turnouts along the channel's length. Examples of 
rapidly varied flow that commonly occur in canal systems are flow through
measuring flumes, over check structures, through channel enlargements or 
contractions, around bends, and through turnouts. Rather than 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 itinto 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 channel. 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 channels, the same procedure is used for analysis of 
the flow in the distributary canal. Again an iterative solution is 
required t6 balance the flow condition in each of the farm channels with
that in the distributary canal. If the constraints imposed on the system 
are violated the values of hydraulic parameters or hydraulic variables mst 
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 unidirectional within any channel except at the location of 
turnouts. 
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2) The velocity and momentum distributions across the channel section are 
uniform; that is, the velocity and momentum coefficients are assumed to 
be unity. 

3) The streamlines are parallel within any channel; thus, the pressure 
distribution is hydrostatic. 

4) The slope ot any channel is less than critical slope and is relatively
small. Thus, the effects of slope on pressure head and on the force on 
channel sections are negligible. 

5) The Manning equation may be used to determine the friction loss in the 
channels. 

6) 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 channel, moving in an upstream direction. Stations in a channel are 
defined by type as follows: 

Type 1 	 At the head of the channel. This is the location of the first 
station for every channel. 

Type 2 	 At the end of the channel. This is the location of the last 
station for every channel. 

Type 3 	 At the location of each cpen turnout (all turnouts from the distri-. 
butary canal to the farm channels 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 ot each structure for measurement or control: 

Type 4A 	 Cutthroat flume 
Type B 	Trapezoidal flume
 
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 
channel: 

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

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

Computations are made for each of the farm channels and then for the 
distributary canal. The model is described in a step-by-step outline in 
Appendices A, B and C. For a nore detailed discussion of the hydraulic 
concepts the reader is referred to a standard text of open channel 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 mesqae. 

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 meeqas.
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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. 

B. 	 Boundary conditions on the system were identified. The lower boundary 
conditions on the system were the water surface elevation to be 
supplied at the farm turnouts and the nature 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 ISDA (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 uater 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. 

C. 	 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 
mesqaa 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. 

D. 	 The fol lowing 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 mesqa. 

3. 	 Refined cost estimates for construction and construction materials. 

4. 	 Refined estimates of turnout location on mesqae. 

E. 	 Additional alteriative sets of hydraulic parameters were selected for 
the mesqas to allow a refined system design to be determined. The 
additional survey data %ereused to develop additional alternatives of 
cross-section parameters, types of farm turnouts, and lining for 
mesqa design. Alternatives wre 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, 1ASu(i,l), 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 ;ere 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 channel 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 ,iesqas and canal; (6) requirements for efficient wter 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. 

F. 	 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 meeqa, the final design was for a 
system composed entirely of earth channels with Manning's hydraulic 
roughness, n, equal to 0.04. Since vegetative growth in earth chan­
nels is a perennial 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 analysis of the system are 
given as Tables El to E42 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 tu 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 channel hydraulic parameters and variables 
determined for the Abyuha canal and mesqas are given in Tables 4 and 	5
 
respectively. A definition sketch of a channel cross-section is given in 
Figure 4. The channel side slope was 1.0 for the canal and all of the 
mesqas. 

Table 4. 	 CHANNEL HYDRAULIC PARAMETERS FOR THE ABYUHA CANAL 
(REFER TOD FIGURE 4). 

Section Bottom Bottom Depth Channel Left Bank Right Bank 
of Channel Slope Width Top Width Top Width Top Width
 

BW D CTW LBTW RBTW
 
(kin) (m/m) (M) (m) (M) (M) (in)
 

0.000-0.400 0.0001 3.0 1.62 6.24 4.0 2.0 
0.400-2.260 0.0001 3.0 1.62 6.24 1.0 2.0 
2.260-3.200 0.0001 2.0 1.62 5.24 1.0 -
3.200-4.080 0.0001 1.5 1.62 4.74 1.0 
 -
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Table 5. CHANNEL IYERAULIC PARAiETES FOR MESQAS ON ABYuHA CAAL 
(REFER M FIGURE 4) 

Meoqa Channel length Bottom Bottom Depth Channel Left Bank Right Bank 
No. Iype Slope Width Top Width Top Width Top Width 

BW D CiW 1BTW RBIW 
(M) (m/m) (M) (M) (M) (M) (M) 

1 Earth 550 0.0004 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 1.01 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 
1b Earth 1850 0.0003 0.35 1.08 2.51 0.60 0.60 
17 Earth 100 0.0002 0.35 0.51 1.38 0.60 0.60 
19 Earth 260 0.0003 0.35 0.59 1.54 0.60 0.60 
20 Earth 2110 0.0003 0.35 1.18 2.71 0.60 0.60 
21 Earth 1895 0.0003 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 0.60 
25 Earth 985 0.0003 0.35 1.03 2.41 0.60 0.60 
26 Earth 850 0.0002 0.35 0.80 1.96 0.60 0.60 
27 Earth 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 



-LBTW CTW i TWj 

-33C 

D U 

Figure 4. Definition sketch for channel cross-sectiod parameters." 
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Table 6 summarizes the pipe sizes designed for the inlets to the meeqas.
The sizes ranged from 20 an diameter to 75 cm diameter. The head operating 
on the pipe was a determining factor. For example, mesqa 4 needed a 45 an 
pipe to serve 90 feddane while mesqa 20 needed a 65 cm pipe to serve 84.5 
feddans, the ditterence 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 canal. Detailed structural specifications for 
the various components of the system are given in Owinn, et al (1984). 

The flow velocities computed for the Abyuha canal and mesqas were low. 
Maximum velocity computed for the canal was 0.47 m/s. Maximum velocities 
tor the mesqas ranged irom 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 inFigures

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 not 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 mesqas), 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 measuring should not bea flume 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 INILMIS ') MSQAS AND URNT ON 
ABYUHA CANAL
 

Mesqa No. No Area Served Pipe Size 
(feddan) (ID, cam) 

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 50 
8 15.0 20
 

10 8.0 20 
11 83.0 070 
12 
 120 20
 
13 
 58.0 50 
14 
 62.7 65 

1 2.5 20
 
15 64.1 50
 
16 68.2 65
 

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 
 6b.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 tlow 
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 new 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 new system a mathematical system 
model was developed for programming on a micro computer. The model was 
constructed &s 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 
channel 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: DECRIPTION OF THE HYIAULIC S"STk1CNDD)L 

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

Appendix G. 

A. Enter Hydraulic System.Parameters and Boundary Conditions 

The following hydraulic system parameters and boundary conditions 
must be specified as inputs to the 
model (all u'its are of the SI 
system of kg/m/s): 

1) The total nmber of stations along the distributary canal, M,

and the We of each station i (STA(i))
 

2) The distance of each 
STA(i) from the head of the distribu­
tary canal, L(i) inmeters.
 

3) The seepage rate per unit length of the distributary canal, s
 
in (m3/s)/m. (Seepage outtlow isconsidered 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 on the distributary canal:
 

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

Hydraulic 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, So(1)

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

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

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

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

Friction factor (Darcy - Weisbach) of pipe for each
 
STA(i) with a turnout, f(i)
 
Length of pipe at each SiA (i)with a 
turnout, Lp(i)
 
inmeters.
 
Diameter (inside) of the pipe at the last STA (i)

with a turnout, (i) in meters 
Height of the bottom of the gate above the pipe
 



invert at the last STA(i) with a turnout, dg(i) in 
meters
 
Optional: 	 Diameter (inside) of the pipe at each 

STA(i) with a turnout, d(i) in meters 
Height of the bottom of the gate above 
the pipe invert at each STA(i) with tur­
nout, dg() in meters 

yp 	 4 Structures for measurement or control: 

Type 4A, 	 Cutthroat and Trapezoidal Flumes: (Figures Al 
4B 	 andA2) 

Length of the flume located at STA(i), Lf(i) 
in meters 
Throat width of flume located at STA(i), 
Wf(i) in meters 
Submergence ratio of flume located at
STA(i), SR(i) 
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 STAi). 
Ec(i) in meters 

Type 5 Bends 

Coefficient for head loss due to bend, at STA(i), 
Kb(i) 

Type 6 Changes in section parameters of the canal: 

Type 6A 	 Section enlargement or contraction: 
Side slope beginning at STA(i) of the canal, 
Z(i) and/or 
Bottom slope beginning at STA(i) of the 
canal, So(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), Ke(i), or for head loss due to 
contraction at STA(i), Kc(i) 



for m for 
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sketch is '-also ,applicable-Figure Al. 	 Definition sketch of cutthroat flume at a STA(i) in a canal. (Me 
to a STA(ij) in a farm channel with the notation (i) replaced by (ij)). 
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Type 6B 	Hydraulic roughness or bottom slope change:
 
Hydraulic roughness beginning at STA(i)
 
of the canal, n(i) and/or
 
Bottom slope beginning at STA(i) of the 
canal, So(i)
 

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

5) 	 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(ij)). 

6) 	The distance of each STA(ij) from the head of each farm
 
channel, L(ij).
 

7) 	The seepage rate per unit length of each farm channel ;. s(i) 
in (m3/s)/m 

8) The parameters and boundary conditions associated with each
 
type of STA(ij) on each farm channel:
 

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

Hydraulic roughness of each farm channel at the head,
 
n(i,1)
 
Side slope of each farm channel at the head, Z(i,l) 
Bottom slope of each farm channel at the head, 
So(i,l) inmeters 
Bottom width of each farm channel at the head, 
W(i, 1) in meters 

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

Elevation of the bottom of each farm channel at the 

end, E (i,N(i)) in meters 

Type 3 Turnouts on each farm channel: 

Design flow rate for any type of turnout at STA(ij), 
qd(i,J) inm3/s 
Elevation of water surface on field at the outlet of 
any type of turnout at STA (ij), %St(ij) inmeters 
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Type'3A 	Pipes with adjustable gates (Figure A4): 
Friction factor (Darcy-Weisbach) of pipe
 
for each STA(i,j) with a pipe turnout,
 
f(ij)
 
Length of pipe at each STA(i,j) with a 
pipe turnout, 19(i,j) inmeters
 
Diameter (inside) of pipe at the last
 
STA(ij) with a pipe turnout, %(i,j) 
in meters
 
Height of the bottom of the gate above
 
the pipe invert at the last STA(i,j) with
 
a turnout, dg(i,j) inmeters
 
Optional: Diameter (inside) of pipe at
 

each STA(i,j) with a pipe turn­
out, %(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 

Type 3B 	Siphon tubes (Figure A5): 
Length of siphon tube at each STA(i,j) 
with a siphon tube turnout, T.,(i,j) in 
meters 
Siphon tube entrance head loss coef­
ficient, K(i,j) 
Siphon tube roughn-.za coefficient, ns(i,j) 
Diameter (inside) of siphon tube at the 
last STA(i,j) with a siphon tube turn­
out, ds(i,j) in meters 
Optional: Diameter (inside) of siphon
 

tube a;': each STA(i,j) with a 
siphon tube turnout, ds(i,j)
 
in meters
 

Type 3C 	Bankcuts (Figure A6):
 
Length of bankcut at each STA(i,j) with 
a bankcut turnout, Lb(i,j) in meters
 
Elevation of the floor of the bankcut at
 
each STA(i,j) with a bankcut turnout,
 
Eb(i,j) in meters
 
Hydraulic roughness of the bankcut at each
 
STA(i,j) with a bankcut turnout, nb(i,j)
 
Width of the bankcut at the last STA(i,j) 
with a bankcut turnout, Wb(i,j) in meters 

http:roughn-.za
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Optional: 1Width of the bank cut at 
.,,.each STA(ij) with a bank cut 
turnout, 	Wb(ij) inmeters
 

'1qp 4 	'Structure for measurement or control on each farm
 
channel: 

Type 4A, 	Cutthroat and trapezoidal flumes:
 
4B 	Length of the flume located at STA (ij), 

Lf(ij) inmeters 
Throat width of the flume located at 
STA(ij), Wf(ij) inmeters 
Submergence ratio of the flume located at 
STA (ij), S(ij) or 
Floor elevation of flume located at 
STA(ij), Ef(i) 

Type 4C 	Check structures
 
Crest length of check located at
 
STA(ij), Le(ij) in meters 
Crest elevation of check located at
 
STA(ij), E(ij) inmeters
 

Type 5 	Bends 
Coefficient for head loss due to bend,,at STA(ij),Kb(i,j) 

Type 6 	Changes in section parameters of each farm channel: 

Type 6A Section enlargement or contraction:
 
Side slope beginning at STA(ij) of the 
farm ditch, Z(i,j)
 
Bottom slope beginning at STA(ij) of 
the farm ditch, So(ij) 
Bottom width beginning at STA(ij) of 
the farm ditch, W(ij) in meters 
Coefficient for head loss due to enlarge­
ment at STA(ij), Ke(ij), or for head 
loss die to contraction at STA(ij), Kc(ij) 

Type 6B 	Hydraulic roughness or bottom slope change: 
Hydraulic roughness beginning at STA(ij) 
of the farm ditch, n(ij) and/or 
Bottom slope beginning at STA(ij) of 
the 	farm ditch, So(i)
 



- 42 -


Type 7 	 "Dummy" computational station:
 
No input parameters required
 

The section parameters of all stations not of types 1, or 6 are
assumed to be the same as the closest upstream station of type 1 
or 6 unless otherwise specified. 

B. Compute Hydraulic Variables n Farm 	Channels 

Hydraulic variables are computed in each farm channel receiving
water from the distributary canal. Beginning with the station 
corresponding to the last open turnout in the farm channel
(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(ij) on a farm 	channel is given below. The subscript i in
the notation refers to the number of the station corresponding to
the location of the farm channel on the distributary canal. 
The subscript j refers to the number of the station on the farm
channel. The values 	 revealof i and j nothing of the tye 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 inthe computational sequence. However, since the hydrau­
lics at any station 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(i,x) in m3/s between STA(ix) and
 
STA(i,x-1).
 

Q(ij) 	= Q(i,j+1) + qd(ij) + s(i)[L(ij+1)-L(i,j)] (Al) 
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Now Q(ix+1) = s(i) [L(i,N(i)) - L(ix+1)] since there is only 
seepage flow in the farm channel cbwnstream of STA(i,x). 
Thus, 
Q(i,x) = s(i)[L(i,N(i)) - L(ix+l)J + qd(ix) + 

s(i)[L(i,x+1) - L(ix)] 
= qd(i,x) + s(i)[L(i,N(i)) - L(i,x)J (A2) 

b) 	 Compute the head loss, Ht(ix) in meters, to pass an actual 
fiow rate, q(i,x), equal to the design tlow rate, qd(i-x), 
through the turnout at SA(i,x). 

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

Hjt(ij) =q(i,j) 2[f(ij) (Lp(i,j)/dp(i,j)) + I +i-Xo(i)J(A3) 

2g Ap(i,j) 2 

Where Ap(ij) = 	the nominal cross-sectional area of the 
pipe with gate at STA(ij) 

= 	 lTdp(ii) 2 (A3a) 

4 

4o(ij) = the entrance loss coefficient for the pipe 
with gate at STA(ij) 

-- 0.481 dg(ij) -3.168 = 0.481(A3b)
 

dp(ij) 

g 	 = acceleration due to gravity 
= 9.81 m/s 2 

Equation (A3b) for Ko(ij) 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. 

Ht(ij) = 	 8 q(i,j) 2 (A4)
Gs UI J)z ,.TZ ds (1, 3)4 
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Where Cs(i,j) 
= siphon tube discharge coefficient 

= gS(i,j) - 1000ds(i,j) 4 1 3  	 (A5) 

(1 .25X10 6) 	ns 2 Ks(i,j) 2 Ls(i,j)+ 1000 ds(i,j) 4 / j 

ns(ij) = 	 siphon tube roughness coefficient, 0.008 for alumin­
um tubes up to 7.6 an in diameter and 0.012 for 
aluminum tubes over 10 cm in diameter (Jensen, 1980). 

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

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

The water surface elevation just upstream of the point where 
water enters the farm channel turnout is equal to the head loss 
through the turnout added to the elevation of the water surface 
standing on the field at the outlet of the turnout. Figures A4, A5, 
and A6 illustrate this for any STA(ij). 

Expressed mathematically for STA(i,x),
 
WSu(i,x) = Ht(i,x) + WSt(i,x) (A6)
 

d) 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, 

E(i,x) = E(iN(i)) + [L(i,j+l)-L(i,j)] So(ij) (A7) 
j =x 

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

The flow depth at any point along the farm dannel is equal to 
the difference between the water surface elevation and the 
bottom elevation of the dhannel at that point. 

Thus,
 
Du(i,x) =WSu(ix) - E(i,x) 	 (AS) 

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

For a trapezoidal section,
 
Au(ix) = Du(i,x) W(i,x-1) + Du(i,x)2 Z(i,x-l) (A9)
 

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

Vu(i,x) = Q(i,x)/ Au(ix) 	 (Al0) 

h) Compute the kinetic energy of flow just upstream of STA(i,x),
 
KEu(ix) inmeters.
 

KEu(i,x) = Vu(i,x) 2 /2g 	 (Al1) 

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

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

J) 	 Compute the wetted per'imeter just upstream of STA(i,x), 
Pu(i,x) in meters. 

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

Ru(i,x) = Au(i,x)/Pu(ix) 	 (A14)
 

1) 	Compute the friction slope just upstream of STA(i,x), SFu(i,x)
 

From Manning's equation,
 
SFu(i,x) = Vu(ix) n(i,x-1 )2/Ru(ix)4/3 (A15)
 

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

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

WSd(i,j) = WSu(i,j+l)+ [L(i,j+l)- L(ij)] So(i,j) (A16) 

b) 	Compute the bottom elevation at STA(i,j), E(ij). 

E(i,j) = E(i,j+l) + [L(i,j+l) - L(i,j)] So(i,j) (Al7) 

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

Dd(i,j) = Sd(i,j) - E(ij) (Al 8) 

d) Compute the cross-sectional area of flow just downstream of 
STA 	 (ij), Ad(ij) in m2. 

For a trapezoidal section,
 
Ad(i,j) = Dd(i'j) W(i,j+l) + Dd(i,j) 2 Z(ij) (A19)
 

e) Compute the average velocity of flow just downstream of
 

STA(i,j), Vd(i,j) in m/s. 

Vd(i,j) = Q(i,j+l)/Ad(i,j) 	 (A20)
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f) compute the kinetic energy of flow just downstream of 
STA(i,j), IEd(ij) in meters. 

KEd(ij) = Vd(i,j) 2/2g (A21) 

g) Compute the energy line elevation just downstream of 
STA(i,j), ELd(i,j) in meters. 

ELd(i,j) = Wtd(i,j) + Id(i,j) (A22) 

h) Compute the wetted perimeter just downstream of STA (i,j), 
Pd(i,j) inmeters. 

For a trapezoidal section, 
2Pd(i,j) = W(ij) + 2 D3(ij) [1 + Z(i,j) 2]1	 (A23) 

i) 	Compute the hydraulic radius just downstream of STA(i,j),
 

Rd(ij) in meters. 

Rd(ij) = Ad(i,j)/Pd(i,j) (A24) 

J) Compute the friction slope Just downstream of STA(i,j), 
SFd(ij).
 

Fran Manning's equation,
 
SFd(i,j) = Vd(i,j) n(i,j)'/Rd(i,j) 41 3 (A25)
 

k) 	 Compute the average friction slope for the section of the farm 

channel between STA(i,j) and STA(i,j+1), SFa(ij+i). 

SFa(i,j+I) = (SFd(i,j) + SFu(i,j+t))/2 (A26) 

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

HL(i,j+1) = SFa(i,j+l) [L(i,j+1) - L(ij)] (A27) 

m) Compute a new energy line elevation just downstream of 
STA(i,j), ELd(i,j)'in meters. 
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ELd(ij)' = ELu(ij+1) + IHL(i,j+1) 	 (A28) 

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

i) 	 If IE~d(i,j) - ELd(i,j)1_ 0.001, ISd(ij) is sufficiently 
accurate. Go to section (B2o).
 

ii) 	 If I ELd(i,J) - ELd(i,j)l > 0.001 select a new trial value 
of %~d(ij) and return to section (2b). 

o) 	 Compute the flow rate just upstream of STA(ij), Q(i,j) in
m3/s. 

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

Q(ij) = Q(i,j+l) + q(i,j) + s(i)[L(i,J+l) - L(ij)] (A29) 

ii)For stations not of type 3,
 

Q(i,j) = Q(i,j+l) + s(i) [L(i,j+l) - L(ij)] (A30) 

p) 	 Compute the water surface elevation and flow depth just 
upstream of STA(ij), Wu(ij) and DU(ij) respectively in 
meters.
 

i) 	 For stations of type 3, onsider the momentum change due 
to abruptly diminishing flow at the turnout to determine 
Du(ij). 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(i,j) - Flu(ij) =
 
pQ(i,j) Vu(ij) - pQ(i,j+1) Vd(ij) (A31)
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Figure A7. Definition sketch for application of the momentum principle to flow at a STA(i) with an open
turnout in a canal. (The sketch is also applicable to a:STA(i,j) in a farm channel with the 
notation (i) replaced by (ij)). 
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Wher Fd(ij).'and F(ij) = 	the force due to wter pres­
sure on the section just down­
stream and just upstream of 
STA(ij) respectively.
 

--,z the jass density of water 

Expanding equation (A31) gives 

: L 6(W(i,j) + Dd(ij) 	Z(i,j)) 

[W(ij-1)Du(i,j)+Du(i,j) 2 Z(i,j-1)] x 

I3w(i,j-l) Du(i,-J)+2Du(i,J)2 z(i~j-1 g 

6(w(ij-l)+Du(ij)z(i,j-1)) I 

Su(i'jl)2 	 Ad(ij)j (A32) 

Equation (A32) is solved by trial and error to determine ::, 
Du(ij). 

Determine %u (ij) as
 
WS(idj) - E(i.j) + Du(ij) (A33)
 

ii) For stations of type,4, 

Type 4A, cutthroat flume: 

If the flume floor elevation, Ef(ij), is specified, 
Du(ij), W1u(ij), and the submergence ratio SR (i,j) 
are computed as follows (refer to Figure AB). 

Determine the downstream flow depth on the flume, Hb(ij) 
in meters 

Hb(ij) = Wd(ij) - Ef(ij) 	 (A34) 



WSd ( i)-

Q V)
 

I) '
 

* , -i).) EHa.i 

Figure A8. Definition sketch of flow through a cutthroat or trapezoidal flume at"-a STA(i) in a canal'.(The sketch is also applicable to a SfA(ij) in a farm dannel with the notation (i) replaced
by (ij)). 
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Compute the transition submergence, SRt(i,j), from the fol­
lowing equation. 

SRt(ij) = 0.485 + 0.1887 Lf(ij) ­ 0.0269 Lt(i,J) 2 +(0.01021
Lf(i,j)2J (A35a) 

Compute the upstream flow depth in the flume, Ha(i,j ) ,in 
meters, required for free flow using the following equation 
tor free flow in a cutthroat flume. 

Q(ij) = 3.281(1 .025-h-i-3.0) KiWf(ij)1.025 %(i,j)nl1 (A36a) 

Where 

n I = 1.418 + (0.405/Lf(i,j)) (A37) 

K1 = 2.962 + (1.448/Lf(i,j)) (A37a) 

Compute the submergence ratio for Hb(ij) computed from
 
equation (A34) and Ha(ij) computed from equation (A36a) 

SR(ij) = Hb(i,j)/Ha(i,j) (A35b) 

If SR(ij)_<SRt(ij), the flow isfree and the solution for 
Ha(ij) and SR(ij) is achieved. 

If SR(ij) > SRt(ij), the flow is submerged and Ha(ij) 
must be recomputed by trial 
and error from the following 
equation for submerged flow in a cutthroat flume. 

Q(ij) (3 .28 1)n"1 I "975 K2Wf(ij) I .025 (Ha(j)Hb(J) A36b) 

_Ilg Hb(ij)1J 2 

[a(ij)j 
Where 

K2 = 2.51 - 0.801 In (Lf(ij)) (A38) 
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n2= 1/[0.748 - (0.064/Lf(ij)] (A39)
 

Equations (A37), (A37a), (A38), and (A39) 'are valid for
 
0.46:6 Lf(ij)IS2.74 meters. 

Recompute SR(ij) 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 where Ha(ij) is measured
 
(Figure A8) gives
 

Ef(ij) + Ha(ij) + Va(i,jI 2 /2g + hif =
 
E(ij) + Du(ij) + Vu(ij) /2g (A40)
 

Where Va(ij) = the average velocity of flow-in 'the , flulm
 
at STA(ij) at the point uere Ha(ij) is
 
measured
 

hzf - the energy loss due to friction between the 
section just upstream of the flume at
 
STA(ij) and the section where Ha(ij) is
 
measured
 

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

htf = 0.1 [(Va(i,j)2/2g) - (Vu(ij)2/2g)] 	 (A41) 
Now
 
Va(i,J) - Q(i,j)/Aa(iJ) (A42)
 

Where Aa(iJ) - the cross-sectional area of flow in the 
flume at STA(i.j) at the point where Ha(ij) 
ismeasured 

The value of Aa(ij) may be cxnputed from the following relation 
(Skogerboe et.al, 1973)
 

Aa(ij) 	= [Wf(ij) + (4 Lf(i,j)/27)] Ha(ij) (A43) 

Now
 
Vu(ij) 	- Q(ij)/Au(ij) 

- Q(i,j)/[Du(i,j) W(ij) + M(ij)2 Z(i,j)] (A44) 

http:Lf(ij)IS2.74
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Substitution of equations (A41) through (A44) into equation (A40)
allows Du(ij) to be solved by trial and error since the values 
of all other variables are known. The value of %Su(ij)may 
then be computed from equation (A33). 

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

Compute the transition ratio, SRt(ij), from equation (A35a). 

Compute the sumergence ratio, SR(i), from equation (A35b). 

If SR(ij) SRt(ij), compute Ha(ij) from equation (A38a)

for free flow and compute Hb(ij) from equation (A35b).
 

If SR(ij) > SRt(ij), combine the relations given in
 
equations (A35b) and (A36b) to obtain the following equation

for submerged flow.
 

Q(ij) 	= 

(3 .28 1)nl-1 975 K2Wf(i,j) 1.025 [(Hb(ij)/SR(ij)) - Hb(i,J ) ]n l 

(-log SR(i,J)) n 2  (A45) 

Solve equation (A45) for Hb(ij) by trial and error and com­

pute Ha(ij) from equation (A35b)o 

Determine the flume floor elevation as 

Ef(ij) = Wd(ij) - Hb(ij) 	 (A46) 

Use equations (A40) through (A44) and equation (A33) to calcu­
late Du(ij) and %u(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 which is designed for a flow range of 0.015 to 
1.665 m3/s. 
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If the flume floor elevation, Ef(ij), is spe­
cified, Du(ij), WSu(i,j), and the submergence ratio 
SR(ij) are computed as follows (refer to Figure A8). 

Determine the downstream flow depth in the flume, Hb(ij) 
in meters, from equation (A34). 

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

5Q(ij) = 2.810 Ha(ij) 2 . - 1.359 Ha(ij) 2 + 

1.325 Ha(ij) I -. 0.244 Ha(ij) + 0.036 x 

Ha(,) 0.002 	 (A47a) 

Compute the submergence ratio from equation (A35b). 

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

If SR(ij) > 0.85, the flow issubmerged and fla(ij) and 
SR(ij) must be recomputed as follows: 

ot) 	 Call the value of Ha(ij) computed for free flow from 
equation (A47a) by the notation 1a(ij). 

P) 	Compute Ha(ij) for submerged flow by trial and error 
from the following equation for submerged tiow in an 
E-2 	 trapezoidal flume. 

Ha(ij) = Ha(i,j)' 1+5.083 x 10 -7 exp (12.// x 
Hb(ij)/ Ha(i,j))J (A4/b) 

1) 	Recompute SR(ij) from equation (3/b). 

Compute D(ij) by trial and error from equation (A40) 
where hit, Va(ij), and Vu(ij) are given by equations 
(A41), (A42), and (A44) respectively and uhere Aa(ij) is 
computed as (Robinson, 1980). 

Aa(ij) = 0.61 Ha(ij) + 1.25 Ha(i,j) 2	 (A48) 
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Compute Wu(ij) from equation (A33) 

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

If SR(ij) < 0.85, compute Ha(ij) from equation (A47a) and 
Hb(ij) from equation (A35b). 

If SR(ij) >0.85, compute Ha(ij)' from equation (A47a) and 
solve equation (A47b) for Ha(ij) where [Hb(i,j)/Ha(i,j)j 
= SR(ij). Compute Hb(ij) from equation (A35b). 

Compute the flume floor elevation from equation (A46). 

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

Compute k~u(ij) from equation (A33).
 

Type 4C, check structure:
 

Compute the downstream head over the crest of the check
 
structure, hc2 (i,j).
 

hc2(i,j) = td(ij) - Ec(ij) (A48a)
 

Compute the upstream head over the crest of the check 
structure, hcl(i,j), for a condition of free flow from 	 the 
following equation for free flow over a broad crested w¢eir. 

Q(ij) = 1.767 Lc(ij) hc 1(i,j)1 "5  	 (A48b) 

Compute the submergence ratio for the check structure, 
SRc(i,j). 

SRc(i,j) = hc2(i,j)/hc1(i,j) 	 (A48c) 

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

Q(ij) = 11.767 Lc(ij) hc 1(i,j) 1 "5 ] [9.81[hc2(i,)] 
[h cl(iJ) 

7.55 	 hc2(i,j) 2- 2.26 J0.5 (A48d) 

[hci(i,j) I 
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Compute the upstream water surface elevation as 

WSu(ij) - hcl(i,j) + Ec(i,j) (A48e), 

Compute the upstream flow depth using equation (AB) with j 
sustituted for x. 

iii) For stations of type 5, bend in the channel 

Compute the head loss due to the bend, hib(ij) in meters, 
as a function of the velocity head just downstream of the 
bend. 

hlb(i,j) - Ib(i,j) d(i,j) (A49) 

Where Kb(i,j) = bend head loss coefficient 

Compute %u(i,j) as 

WSu(i,j) =te d(i,j) 
Compute Du(i,j) as 

+ hlb(i,j) (AS0) 

Du(i,j) = Dd(i,J) + hlb(i,j) (A51) 

iv) For stations of type 6 

A station of type 6 would occur at 
channel where the dimensions and/or 

a location 
roughness 

in 
of 

the 
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 channel section 
parameters (hydraulic roughness, side slope, bottom slope, 
bottom width). 

Stations where an abrupt change in the bottom elevation 
of the channel occurs (i.e. drops or ramps) are not con­
sidered 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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Figure A9. "efinitionsketch of flo though a sudden- dianel imlargement, at -a STAi) in a canal.' (hesketch is also applicable to a SA(i,j) ainA farm cnannel with the lxitation (i) replaced
by (ij)). 
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Jb(iJ)+Vu(ij) 2 /2g = W(i,j)+(Vd(i,j) 2 /2'g)+h~ (A52) 

Where hje head loss due to sudden enlargement 

- Ke(i,j) [(Vu(i,j)2/2g) - (Vd(ij)2/2g)] (A53) 

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

Du(ij) Dd(ij) + 

1 Q(ij)22g ii il­Du~~j) J-i)Du~~j)Z(i,J-1) 2- Vd(i'J 

Solve equation (A54) by trial and error for Wu(ij) and 

determine M.u(ij) from equation (A33). 

Contraction of the dannel section: 

Applying the Bernoulli energy equation to STA(ij) where 
a sudden contraction of the channel section occurs gives 
(Figure Al0) 

Du(i,j)+(Vu(i,j) 2 /2g) = Dd(ij)+(Vd(ij) 2 /2g)+hZc (A55) 

Where hlc - head loss due to rudden contractin 
- Ic(ij) [(Vd(i,j) /2g) - (Vu(ij) /2g)] (A56) 

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

Du(ij) - Dd(ij) + 

1 Vd(i,j) 2 Q(i) 2 x 
2g [(Du(iJ) W(i-1,j)+Du(i,J)2ZW-1,,j) 2 

1+ci))(A57)
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Solve equation (A57) by trial and error for Du (ij) and 
determine M'u(ij) from equation (A33). 

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

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

That is 

Du(ij) - I(ij) 	 (A58) 
andWSu(i,j) WSd(iJ) 	 . ,(A50) 

v) 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 (A59) are used to compute Du(ij) and %u(ij) respec­
tively. 

vi) 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,l) and W.u(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, Ht(ij) in meters. 

Ht(ij) = WSu(ij) - 1%t(ij) 	 (A60) 

r) 	 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(ij), ds(ij), or Wb(ij)) required to pass a 
specified design discharge rate, qd(i,j); and/or determine the 
gate setting for a specified or computed size of pipe turnout, 
dp(ij), and design discharge rate, qd(i,j). 
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i) 	 Determine q(ij) in m3/s for a specified size of turnout. 

Type 3A, pipe turnout: 

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

Type 3B, siphon tube turnout: 

Combine equations (A4) and (AS) and rearrange to solve
 
directly for q(ij)
 

Type 3C, bank cut turnout:
 

Compute q(ij) by the gradually varied flow analysis
 
outlined inAppendix B.
 

ii) Determine the size of turnout (dp(i,j), ds(ij), or 
Wb (ij) inmeters) required to pass a specified design 
discharge rate, qd(i,j). 

Pipes and siphon tues 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 ID. by 0.025 m 
increments.
 

These limits may be easily danged 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, Ht(ij). 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 ,ay 
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, Ht(ij). 
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'lpe3A, pipe turnout with gate: 

Select an initial pipe diameter size, dp(i,j) in meters, 
from the range ot available sizes.
 

Conpute the value ot q(ij) from equations (A3) and (A3a) 
using the selected value of dp(ij).
 

Compute the absolute ditterence between the design value
 
of flow rate, qd(i,j), and thr computed actual value,
 
q(i,j):
 

G1 =I qd(i,j) - q(i,J) (A61)
 

Select subsequent values of dp(ij) and compute correspond­
ing values of q(i,j). 

The value of dp(ij) selected is the cxe that minimizes 
the value of G1.
 

If the value of q(i,j) computed from equation (A3) and 
(A3a) for the selected value of dp(ij) is less than 
qd(i,J), increase the selected value of dp(ij) 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 ilow 
rate, qd(i,j)• 

Type 3B, siphon tube turnout:
 

Select an initial siphon tube diameter size, ds(ij) in 
meters, from the range of available sizes. 

Compute the value ot q(i,j) using equations (A4) and (A5) 
with the selected value ot ds(i,j). 

Use equation (A61) to compute the absolute difference bet­
ween the design value of discharge, qd(ij) and the com­
puted actual value, q(ij).
 

Select subsequent values of ds(ij) and compute corres­
ponding values of q(i,j) and G1.
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The value of ds (ij) selected is the one that minimizes 
the value of GI . 

T[pe 3C, bank cut turnout: 

Following a procedure similar to describedthat above for 
pipes and siphon tubes, incremental values of bank cut 
width, Wb(ij) 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 may be selected that will pass an actual 
flow rate equal to the design flow rate. 

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

When a specified or computed value of 
pipe size, dp(i,j),

will not pass the exact design flow rate, qd(i,j), for
 
the computed head on the turnout, Ht(ij), 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(ij) 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(ij), computed
in sections (B2ri) or (B2rii) is equalnot to the design
flow rate, qd(i,j), compute a new value of Q(i,j) from
 
equation (A29). Call this new computed value Q(i,j)'. Compare
Q(i,j)' with the old computed value, Q(ij): 

G2 = IQ(i,j) - Q(i,j)YJ (A62) 

If the difference is not sufficiently small (eg.G2 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 G2 becomes sufficiently small.
 

http:eg.G20.05
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s) Compute the cross-sectional area of .flow just upstream of 
STA(i,J), Au(i,J) inm?. 

Au(i,J) - Du(i,J) W(iJ-1) + Du(i,J) 2 Z(ij-1) (A63) 

t) -Compute the average velocity of-flow just upstream of 
STA(ij), Vu(ij) in m/s. 

Vu(iJ) - Q(i,j)/Au(i,j) (A64) 

u) Compute the kinetic energy of flow just upstream of STA(ij), 

KEu(i,J) in meters. 

KEu(i,J) - V(ij)2/2g (A65) 

v) Compute the energy line elevation just upstream of SrA(i,j), 
ELu(i,J) inmeters 

ELu(i,J) = WSu(i,j) + FEu(i,j) (A66) 

w) Compute the wetted perimeter just upstream of STA(i,J), 
Pu(i,J) in meters 

Pu(i,J) - W(iJ-1) + 2 Du(i,J) [1+Z(i,J-1)2]1/2 (A67) 

x) Compute the hydraulic radius just upstream of STA(i,J), 
Ru(iJ) inmeters 

Ru(iJ) - Au(i,J)/Pu(i,J) (A68) 

y) Compute the friction slope just upstream of STA(i,j), 
SFu(i,J).
 

From Manning's eqiution,
 
SFu(i,J) - Vu(i,j) n(iJ-1) 2 /Ru(i,j) 4" 3 (A69)
 

3. 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
 
downstream of each STA(ij) downstream of STA(i,x), WSu(i,j)
 
and VBd(i,j), respectively, inmeters.
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There is cnly seepage flow in the farm channel downstream of 
the last open turnout at STA(i,x). It is 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, 

WSu(i,j) = WSd(i,j) = Su(i,x) 	 (A70) 

Where x<j_<N(i) and where the momentum change at the last 
open farm turnout is negligible. 

b) 	 Compute the bottom elevation of the farm channel at any 
STA(i,j) downstream of STA(i,x), E(ij) inmeters. 

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 channel 
at STA(i, N(i)) plus the total rise in the bottom elevation 
between STA(i,N(i)) and STA(i,j). That is 

E(i,j) =E(iN(i)) + [L(i,k+l) - L(ik)] So(ik) (A1) 

kij
 

Where k = dummy counter 

c) 	 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, inmeters.
 

Du(i,j) = Dd(i,j) = WSu(i,j) - E(ij) 	 (A72) 

Where x<j<N(i) 

C. 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 inan 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 channel 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 channel com­
puted in section B. Thus, iterative refinements of the computa­
tions of the flow conditions in each farm channel are required 
to achieve a balance with the flow conditions in the distributary 
canal when a fully open pipe outlet 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 number of the station on the distributary 
canal. The value of i reveals nothing 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 channel taking water from 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 outlined IW section BI for the 
farm channels. 

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+1) - L(y)] 	 (A73) 

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

Also, the flow rate from the distributary canal to the 
farm channel 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) 
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Q(y) = s[L(M) - L(y+l)] + s[L(y+1) -L(y)] + Q(y,l) = 
Q(y,1 ) + s [L(M) - L(y) ] (A75) 

b) 	 Compute the head loss, Ht(y) in meters, to pass a flow 
rate, q(y), through the pipe outlet to the farm channel at 
STA(y). Substitute y for (i,j) in equations (A3), (A3a), 
and (A3b). 

c) 	 Compute the water surface elevation just upstream of
 
STA(y), 1Su(y) in meters.
 

WSu(y) = Ht(y) + WSt(y) (A76) 

Now, the tailwater surface elevation on the pipe outlet to 
the farm channel at STA(y), WSt(y) in meters, is equal to 
the computed water surface elevation at the head of the 
farm channel, Su(y,l). Ihat is, 

WSt(y) = WSu(y,l) (A77) 

Combining equations (A76) and (A77) gives 

WSu(y) = Ht(y) + WSu(y,l) (A78) 

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

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

i=y 

e) 	 Compute the flow depth just upstream of STA(y), IDu(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 wietted 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 channels. 

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

WSd(i) = Wlu(i+1) + [L(i+1) - L(i)] So(i) 	 (A80) 

b) Compute the bottom elevation at STA(i), E(i) in meters; 
the flow depth just downstream of STA(i), DJ(i) inmeters; 
the cross-sectional area of flow just downstream of 
STA(i), Ad(i) inm2 ; the average velocity of flow just 
downstream of STA(i), Vd(i) inm/s; the kinetic energy of 
flow just downstream of STA(i), KEd(i) inmeters; 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) inmeters; 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+I), SFa(i+l); and the head loss due to friction 
between STA(i) and STA(i+), HL(i+I) in meters from 
equations (A17) through (A27) respectively with the nota­
tion i substituted for (i,j). 

c) Compute a new energy line elevation just downstream of
 

STA(i), ELd(i)' inmeters. 

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

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

i) 	 If I ELd(i) - ELd(i)1 < 0.001, k~d(i) is sufficiently 
accurate. Go. to section (C2e). 
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ii) If] ELd(i) - ELd(i)'I > 0.001, select a new trial 
Value of NSd(i) and return to section (C2b) 

e), "Cmpute the flow rate just upstream of STA(i), Q(i) in 

m3/s.
 

i) 	For stations of type 3, 

Q(i) Q(i+l) + q(i) + s[L(i+l) - L(i)] (A82) 

Now, the flow rate from the distributary canal to the farm 
channel at STA(i) is equal to the computed total discharge 
at thehead of the farm channel. That is, 

q(i) = Q(i,1) 	 (A83) 

Thus,
 

Q(i) - Q(i+l) + Q(il) + s[L(i+) - L(i)] 	 (A84) 

ii) 	 For stations not of type 3, 

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

f) 	 Compute the water surface elevation and flow depth just up­
stream of STA(i), Wu(i) and Du(i) respectively in meters. 

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

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

Determine V'u(i) as 
WSu(i) = E(i) + Du(i) 	 (A86) 

ii) 	 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 (ij) 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 6A, enlargement or contraction of the channel section: 
The computational procedures described in section B2piv 
for the farm channels are followed with the notation 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) is considered to be unaffected by a mere 
change in roughness, or transition from one mild slope 
to qnother. 

That is : 

Du(i) = D(i) (A87)
 
and
 
WSu(i) = WSd(i) (A88)
 

v) 	 For stations of type 7, "dumy"computational the station. 
The 	 flow conditions just upstream of a "dumy" station are 
the 	same as those just downstream. Thus, equations (A87) 
and 	 (A88) are used to compute Du(i) and k.u(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(1) and NSu(l) are computed from 
equations (A87) and (A88) for i=1. 

g) 	 For stations of type 3, determine the head on the outlet to 
the farm channel, Ht(i) in meters. 
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Ht(i) 	= Wu(i) - Ist(i) (A89) 
= Su(i) - WSu(i, ) (A89a) 

h) 	 For stations of type 3, compute the height of the gate set­
ting, dg(i) in meters, to pass the tlow iate q(i), with the 
computed value ot head, Ht(i), for a specified size ot pipe 
inlet, dp (i), that is partially closed; or recompute the 
tlow rate to the tarm channel, q(i) in m3/s, the head on the 
inlet, Ht(i) in meters, and all hydraulic variables in he 
tarm channel tor a specified size of pipe outlet, dp(i), that 
is fully open; or compute the size ot pipe outlet, dp(i) in 
meters, and gate setting, dg(i) inmeters, to pass q(i) with 
the computed value ot Ht(i). 

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

If the value ot Ht(i)'is less than the value of Ht(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, Ht(i). The value ot dg(i) 
is computed from equations (A3), (A3a.), and (A3b) where the 
value of Ht(i) is that computed from equation (A89). 

If the value of Ht(i)' is greater than the value of Ht(i) 
computed from equation (A89), then the computed head on the 
pipe outlet, Ht(i), is not adequate to pass q(i) for the 
specified pipe size. Thus, the flow rate into the farm 
channel will be less than originally computed. The actual 
flow rate is dependent in part on the value ot Ht(i). 
However, the value ot Ht(i) isdependent upon the value o 
WSu(i) and the value of kbu(i,l) which is in turn dependent
 
on the value of q(i). 

Thus, a trial and error solution is required to balance the 
flaw condition in the farm channel with that in the distri­
butary canal. This involves recomputing the hydraulic 
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variables in the farm channel until such a balance is 
achieved. he procedure followed is outlined below and 

c) 	 From equations (A3) and (A3a) compute a new value of 
flow rate to the farm ditch, q(i) in m3/s, for the 
head, Ht(i), computed from equation (A89) and the spe­
cified size of fully open outlet pipe, dp(i). Call 
this computed value q(i)'. 

(3) 	 Compare the new value of flow rate,, q(i), with the 

old 	value, q(i), computed from equation (A83). 

G3 q(i) - q(i)t 	 (A90) 

If the difference is sufficiently small (eg. 
G3 < 0.05 q(i)), So to section (C2i). 

If the difference is not sufficiently small, go to 
section (C2hil) below.
 

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

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

E) 	 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 gate setting, dg(i) in 
meters, are to be determined: 

Select an initial pipe outlet diameter size, dp(i) in 
meters, from the range of available sizes. 
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Compute the value of q(i), from equations (A3) and (A3a) 
using the selected value of dp(i). Call this computed 
value q(i)'. 

Compute the absolute ditterence between q(i), computed 
from equation (A83), and q(i)' using equation (A90) for 
G3 . 

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 
03a) for the selected value of 4p(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(i) computed from 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 flow just upstream of 
STA(i), Au(i) in m4; the average velocity of tlow just 
upstream of STA(i), Vu(i) in m/s; the kinetic energy of tlow 
just upstream of STA(i,j), KEu(i) in meters; the energy line 
elevation just upstream of STA(i), Eu(i) in nmkters; the 
wetted perimeter just upstream of STA(i,j), Pu(i) in meters; 
the hydraulic radius just upstream of STA(i), Ru(i) in 
meters; and the friction slope just upstream of SIA(i), SFu(i) 
from equations (A63) through (A69) respectively with the nota­
tion i substituted for (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() downstream of STA(y), k~u(i) 
and 	V~d(i) respectively in meters.
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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 tiow 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 where the momentum change at the last 
open outlet isnegligible.
 

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

The 	bottom elevation at any STA(i) downstream ot 6IA(y) is
 
equal to the bottom elevation at the end of the dist'i.butary 
canal at STA (M) plus the total rise in the bottom elevation 
between STA(i) and SEA(M). That is 

M-1 
E(i) = E(M) + [L(k+l) - L(k)J So(k) (A92) 

k=i
 

Where k = dummy counter 

c) 	 Compute the depth of water standing just upstream and just 
downstream of any STA(i) downstream of STA(y), Lb(i) and 
Dd(i) respectively inmeters.
 

Du(i) = Di(i) = ZSu(i) - E(i) 	 (A93) 

Where x < i <M 

D. 	 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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APPE4DIX. B: COMPUTATION OF FLOW ) A BANKOUT . .OUGH 

- -FA -

Aql91) P )--P","+"I '"J"l+"
 

Figure B1. 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(ij) 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, Wb(i,J),
 
required to pass a specified flow rate or (C)determination of the
 
head loss tirough the turnout, Ht(i,J) for a specified width of cut
 
and flow rate. Reference is made to Figure B1 in the analysis pre­
sented.
 

For purpose of computation the bankcut channel at 1ITA(i,J) is divided 
into P equally spaced stations. Each station along the bankcut chan­
nel, is designated as STA(i,j,k) where lk-.P. The distance between 
each STA(i,J,k) is Lb(i,J)/(P-l). The greater the total number of
 
stations, P, selected, the greater will be the precision of the
 
computations and the mre computational time will be required.
 

Beginning with the station at the end of the bankeut where the flow
 
enters the farm field, STA(i,J,P), computations are made at each suc­
cessive station rmving in an upstream direction and ending at
 
STA(i,J,I) 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(i,J) in m3 /s, through the bankcut at 
STA(i,J) for a specified width of cut, Wb(i,J) in meters. 

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

2. 	 Compute the hydraulic variables for each STA(iJ,k) along the 
bankcut were k = P to 1. 

a) Compute the depth of flow at STA(i,j,k), d(i,J,k) in 
meters 

For k = P, 

d(i,J,P) = Mt(i,J) - Eb(i,J) (B1) 

For I < k < P, compute an initial trial value of flow 
depth as 

d(i,J,k) = d(i,Jk+l) + SF(i,J,k+l)[Lb(i,J)/(P-l)] (B2) 

b) Compute the cross-sectional area of flow at STA(I,J,k), 
A(i,J,k) inm2. 

A(iJ.k) = d(i,J,k) Wb(i,J) (B3) 

c) Compute the average velocity of flow at SrA(i,J,k), 
V(i,J,k) in m/s. 

V(iJ,k) = q(i,J)/A(i,J,k) 	 (B4)
 

d) Compute the Idnetic energy of flow at STA(i,j,k), 
KE(i,J,k) inmeters. 

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

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

For 	k = Ps 

EL(i,J,P) = WSt(i,J) + KE(i,J,k) 	 (B6)
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For I <k P, 

EL(,J,k) = d(ij,k) +E(ij) + KE(I,J,k) (B7) 

f) Compute the wetted perimeter at STA(i,J,k), P(i,J,k): in 
meters. 

P(i,J,k) = 2d(i,J,k) + Wb(iJ) (B8)
 

g) Compute the hydraulic radius at STA(i,J,k), R(ijk) in
 
meters.
 

R(i,Jsk) = A(i,J,k)/P(ijk) 
 (B9) 

h) Compute the friction slope at STA(i,Jk), SFi,J,k). 

From Manning's equation, 

SF(i,J,k) = V(iJk)2 nb(i,j)2/R(i,J,k)4/3 (BlO)
 

Note: Sections (A2i) through (A21) are only for k < P. 

i) Compute tle average friction slope between STA(i,J,k) and 
STA(i,J,k+l), SFa(i,Jk+l). 

SFa(i,J,k+l) = [SF(i,Jk) + SF(i,J,k+l)]/2 (Bll) 

J) Compute the head loss due to friction between SrA(i,J,k)
 
and STA(i,J,k+l), HL(i,J,k+l) in meters.
 

HL(i,J,k+l) = SFa(i,J,k+l) [Lb(i,J)/(P.1)] (B12)
 

k) Compute a new energy line elevation at SrA(i,J,k),
 
EL(i,J,k)' in meters.
 

EL(i,J,k)' = EL(i,J,k+l) + HL(i,J,k+l) (B13) 

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

i) If I EL(i,J,k) - EL(i,J,k)' 0.001, d(i,J,k) is 
sufficiently accurate. If k=-l, go to section (A3). 
If k > 1, return to section (A2a) and begin calcula­
tions for next upstream station, S2A(i,J,k-1).
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ii) Ifj EL(i,J,k) - EL(i,Jk)' j > 0.001, select a new 
trial value of d(i,J,k) and return to section (A2b) 

3. 	 Compute the water surface elevation at the entrance to the 
bankcut at STA(i,J), WS(i,J,l) in meters. 

WS(i,J,) = d(i,J,l) + Eb(i,J) 	 (B16) 

4. 	Compare WS(i,J,l) and WSu(ij) to determine if the trial value 
of q(i,J) is 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 bankcut, WS(i,J,l), 
is sufficiently 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,J).
 

i) If I WSu(i,J) - WS(i,J,I) 150.001, the value q(i,J) is suf­
ficiently accurate and a solution is achieved.
 

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

B. 	 Compute the width of cut at STA(i,J), Wb(i,J) in meters, required 
to pass a specified flow rate, q(i,J), with the computed head 
loss, Ht(iJ). 

1. 	 Select a trial value 0f cut width, Wb(i,J) in meters. 

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

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

4. 	 Compare WS(i,J,I) and WSu(i,J) to determine if the trial value 
of Wb(i,J) is sufficiently accurate or if a new trial value 
needs to be selected. 



i) 	 If I WSu(ij) - WS(i,J,1) I :- 0.001, the value of Wb(iJ) 
is sufficiently accurate and a solution is achieved, 

ii) 	If WSu(i,J) - WS(i,J,1) I > 0.001, select a new trial 
value of Wb(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(i,a), 
Ht(i,J) in meters, for a specified cut width, Wb(ij), and flow 
rate, q(i,J). 

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

2. 	 Compute the head loss through the bankcut turnout, Ht(i,J) in 
meters. 

Ht(i,J) = WSu(i,J) - Wst(iJ) 
= WS(iJ,1) - Wt(i,J) (B17) 
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APPENDIX C: APPLICATION OF THE MDMENEUM PRINCIPLE TO DETERMINE HE 
CHANGE IN 11W DEPTH AT A ZJRNOUT 

ot I 

Figure Cl. Application of thle mnmentum 
principle at a SI'A(i) with 
an open turnout. 

Consider the short channel section with length AL at a SrA(i) with an 
open) turnout (Figure Cl). The upstream height or the section is 
defined by the depth of flow just upstream or SrA(i), Dui). The 
downstream height is defined by the depth of flow just downstream or 
STAi), Dd(i). The rrentum 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 or hydraulic section parameters; the down­
stream flow depth, Ddi); and the flow rates just upstream and just 
downstream of STAU), QUi) and Q(i+l) respectively. The following 
assumption. are nude in the development of this equation: 

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

2. 	 The forces ani the section of length A L due to shear on the sides 
and 	bottom of the '..hannel are negligible. 

3. 	 The bottom slope of the channel is very small and A L is small; 
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thus, the force ca the section due to the weight component in the 
direction of flow is negligible. 

4. The velocity and momentum coefficients are unity. 

5. The density of the water is constant. 

According to Newtons second law of motion, the rate of change of 
momentum in a body of water flowing in a clinel 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 A L at a 
STA(i) with an open turnout gives 

Fd(i) - Fu(i) = (Q(i)Vu(i) - pQ(i+l)Vd(i) (Cl) 

Where Fd(i) = the resultant force in the line of flow due to the water 
pressure a the section Just downstream of STA(i) 

Fu(i) = the resultant force in the line of flow due to the water 
pressure a the section Just upstream of STA(i) 

= the density of water 

A resultant force, F, acting in the line of flow due to the water 
pressure oa 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 section. That is, 

F = Apcg' (C2) 

Where Dcg = 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, Dcg, 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 trree 
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 given in Table Cl. 
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0C 0 

D,A 

Figure C2. 	Flow cross section ina trapezoidal
 
channel with center of gravity, cg,
 
and depth from water surface to 
center of gravity, Dcg.
 

Table C1. Determination o f Dcg by Area-Moment Method
 

Part Area 

A D2Z/2 
B WD 
C D2Z/2 

WD+D2Z 


The relation for Dcg is thereby 

Moment Am 


D/3 

D/2 
D/3 


Dcg 


determined as 

Dcg = [(WD2/2 + (D3Z/3)]/(WD+D2Z) 
= (3WD + 2D2Z)/6(W+Dz) 

Area Moment
 

D3Z/6
 
WD2/2
 
D3Z/6
 

(WD2/2)+(D3Z/3)
 

(03) 

Applying equations (02) and (C3) to the 
and Just downstream of SgA(i) gives 

cross-sections Just upstream 

FuCi) = Au(i)pg[(3W(i-l)Du(i) + 2Du(i) 2 Z(i-1))/6(W(i1) 
Du(i)Z(i-1))] 
and 

+ 

(04) 

Fd(i) = Ad(i)pg[(3W(i)Dd(i)+2Dd(i)2Z(i))/6(W(i)+Dd(i)Z(i))] (05) 
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Relations for Au(i) and Ad(i) 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)DI(i-1) + D(i)2Z(i.l)] x 

3W~-1Dui)+ D(i)Z(i) I 

6(w(i-1) + 2i(i)z(i-1)) (C6) 

Relations for Vu(i) and Vd(i) as function of the flow rate in thea 
channel are given in equations (A64) and (A20) with the notation i 
substituted for (ij) and repeated here 

Vu(i) = Q(i)/Au(i) (A64) 

= Q(i)/[W(i-l)Du(i) + DJ(i) 2 Z(i-1)] (C7) 

and 

Vd(i) = Q(i+l)/Ad(i) (A20)
 

Substituting the relations given in equations (C5), .(C6), (C7), and
(A20) for Fd(i), Fu(i), Vu(i), and Vd(i) respectively in equation (CI) 
gives 

Ad(i) 3W(i) Dd(i) + 2Dd(i) 2Z(i) g "1 

6(W(i) + D(i)Z(i)) I 

[W(i-1)Du(i) + lb(i) 2Z(i-l)] Wi-1)Du(i) + 2Du(i)2Z(i.l) 1 g
6(w(i-1) + DJ(i)z(i,-)) 4 

[W(i)Du(i-1) + DU(i)2Z(i-1) - Adi) (C8) 

For a STA(ij) in a farm channel, equation (C8) takes the form pre­
sented in equation (A32) inAppendix A. 
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APPENDIX D. 	 GROSS DAILY FLOWI RM~S AN~D 
FIlM HOTAI(1 SCHECULE 



Table DI. (MOMS [MILY FLOW RATES FOR THE MWITH OF JANUARY 
FOR MESQAS AND 2URNOUTS ON ABYUH CANAL FOR AREA 
DISTRIBUTION ALTERNATIVES 1 AND 2. 

Meoqa Turnout Gross Daily Flow Rate (m3 /s) 
No. No. Alternative I Alternative 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
11 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 U.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 -­
31 -- 0.0193
 

Total 0.970 0.970 
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Table E2. GROSS MILY FLOW RATES FOR THE MNTH OF FEBRUARY 
FOR MESQAS AND URNOUTS CN ABYUHA CANAL FOR AREA 
DISTRIBUTION ALTERNATIVES I AND 2. 

Mesqa Turnout Gross Daily Flow Rate (m3/s)
No. No. Alternative 1 Alternative 2 

1 O.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 U.0069 0.0069 

10 0.0037 0.0037
 
11 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 0.0011 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
 

/ 0.0011 0.0011
 
19 0.0046 0.0064 

8 0.0009 0.0009 
9 0.0009 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 -­
31 -- 0.0111 

Total 0.b60 0.560 
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Table E8. 	 GROSS IAILY FILO RATES FOR TE M)NTH OF MARCH 
FOR MESQAS AND TURNOUTS CN ABYUHA CANAL FOR AREA 
DISTRIBUTION ALTERNATIVES I AND 2. 

Meoqa Turnout Gross Daily Flow Rate (m3 /s)
No. No. Alternative I Alternative 2 

1 
 0.0060 0.00602 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 
 0.0090 0.0090
 

10 	 0.0048 0.0048 
11 
 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
 

I 	 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 0.0171 0.0329 
30 
 0.0218 -­
31 
 --	 0.0144
 

Total 
 0.726 0.726
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Table D. 	 (0SS IAILY FILW ]RATES FOR THE MONTH OF APRIL 
FOR MESQAS AND TURN0U[S ON ABYUHA CANAL FOR AREA 
DISTRIBUTION ALTERNATIVES I AND 2. 

Meeqa Trnout Gross Daily Slow Rate (m3/s)
No. No. Alternative I Alternative 2 

1 	 0.0063 0.0063

2 0.0019 0.0019
 
3 U.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

11 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 0.022 
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 U.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 -­
31 	 -- 0.0153
 

Total 	 0.769 0.769 
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Table W. GROSS DWILY FLOW RATES FOR THE MONTH OF MAY 
FOR NESQAS AND UNOTS CN ABYUHA CANAL FOR AREA
DISTRIBUTION ALTERNATIVES 1 AND 2. 

Mesqa Turnout Gross Daily Flow Rate (m3/s)
No. No. Alternative 1 Alternative 2 

1 0.0056 0.0056 
2 0.0017 0.00173 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

11 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 0.0011 0.0011
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 -­
31 -- 0.0135 

Total 0.681 0.681 
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Table D6. 	 GROSS [MILY FUNW RATES FOR THE MONTH OF JUNE 
FOR MESQAS AND [URNOUTS 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 0.0089 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 U.0806 0.0806
 
8 0.0133 0.0133
 

10 0.0071 0.0071
 
11 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 -­
31 	 -- 0.0214 

Total 	 1.078 1.078
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Table D7. 	 ( 0SS DMILY FLOW RATES FOR THE MMNTH OF JULY
FOR MESQAS AND TRNOUTS CN ABYUHA CANAL FOR AREA 
DISTRIBUTION ALTERNATIVES 1 AND 2. 

Meoqa Turnout 	 Gross Daily Flow Rate (m3/s)

No. No. Alternative I Alternative 2 

1 0.0114 0.01142 0.0034 0.0034
3 0.0057 0.00574 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 0.009211 0.0950 0.1247
12 0.0137 0.013713 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 0.002917 0.0080 0.0080
 

7 	 0.0026 0.002619 0.0114 0.0158
8 0.0023 0.0023
9 0.0029 0.0029

z2 
 0.0967 	 -­21 
 0.0745 0.1197
22 
 0.1350 0.1350

23 
 0.0744 0.0744
 

2b 
 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 E8. 	 GROSS I ILY FLOW RATES FOR [HE MJNTH OF AUGUST 
FOR MESQAS AND TURNOUTS WN ABYUHA CANAL FOR AREA 
DISTRIBUTION ALTERNATIVES 1 AND 2. 

Meaqa 'lurnout Gross Daily Flow Rate (m3 /s) 
No. No. Alternative 1 Alternative 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 0.0101 
13 0.048/ -= 
14 	 0.0527 0.1092
 

1 0.0021 0.0021 
15 0.0538 -­
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 0.00,1 

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 -­
31 -- 0.0202
 

1.019
Total 	 1.019 
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Table D9. GROSS rAILY FLW RATES FOR UHE MNTH OF SEPTEMBER 
FOR MESQAS AND TURNOUTS CN ABYUHA CANAL FOR AREA 
DISTRIBUTION AL2ERNATIVES 1 AND 2. 

Mesqa Turnout Gross Daily Flow Rate (m3 /s)
No. No. Alternative I Alternative 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 
11 
 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.O079 

8 0.0011 0.0011 
9 0.0014 0*0014


20 0.0482 ­
21 0.0372 0.0597
 
22 0.067.' 0.0674
23 0.03/1 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 -­
31 -- 0.0138 

Total 0.693 0.693 
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Table D10. 	 GROSS DAILY FLOW RATES FOR THE ?NTH OF OCTOBER 
FOR MESQAS AND IURNOfUTS WN ABYUHA CANAL FOR AREA 
DISTRIBUTION ALTERNATIVES 1 AND 2. 

Meoqa iJiinmit Gross Daily Flow Rate (m3 /s)
No. No. Alternative I 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 
11 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 -­
31 -- 0.0042 

Total 	 0.211 0.211
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Table D11. GROSS DILY FLOW RATES FOR THE MONTH OF NOVEMBER 
FOR MESQAS AND TURNOLTS ON ABYUHA CANAL FOR AREA 
DISTRIBUTION ALTERNATIVES 1 AND 2. 

Meeqa Trnout Gross Daily Flow Rate (m3/s)
No. No. Alternative I 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
 
1! 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 -­
31 
 -- 0.0072 

Total 
 0.361 0.361
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Table D12. 	 GROSS 1MILY FLOW RATES FOR ThE MMNTH OF IECEM4BER 
FOR MESQAS AND TURNOUTS CN ABYL41IA CANAL POR AREA 
DISTRIBUTION ALTERNATIVES 1 AND 2. 

Mesqa 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 0.0303 0.0303
 
8 0.0050 0.0050
 

10 0.0027 0.0027
 
11 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 HE TWO AREA DISTRIBUTION 
ALTERNATIVES. 

Mesqa 'iirnout Flow Rates 
No. No. Alternative 1 


Rotation 1 


1 20 

2 20 

3 20 

4 72 

5 40 

6 20 

I 73 

8 20 


10 20 

11 66 

12 20 

13 46 

14 50 


1 20 

15 51 

16 55 


2 20 

3 20 

4 20 

5 20 

6 20 


17 20 


7 20 

19 20 


8 20 

9 20 


20 68 

21 52 

22 94 

23 52 


25 40 

26 32 

27 24 

28 23 

29 23 

30 30 

31 --


(Zps)

Alternative 2
 

Rotation I
 

20
 
20
 
20
 
72
 
40
 
20
 
73
 
20
 

20
 
87
 
20
 

104
 
20
 

110
 
20
 
20
 
20
 
20
 
20
 
20
 

20
 
20
 
20
 
20
 

84
 
94
 
52
 

40
 
32
 
36
 

44
 

20
 

Canal Total 1251 1248
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Table D1 4. 	 FEBRUARY FLOW ROTATION SCHEDULES FOR ABYUHA CANAL FOR
 
THE TWO AREA DISTRIBUTION ALTERNATIVES.
 

Meeqa Tbrnout 	 Flow Rates 'Zps)
Meq Not Alternative 1 Alternative 2 
No. No. Rot Rot2 Rot3 Rot4 Rot5 Rot Rot2 Rot3 Rot4 Rot5 

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
 
11 192 	 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
 

25 114 114 
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 DI5. 	 MARCH FUTW RDTATION SCHEDULES FOR ABYIHA
 
CANAL FOR THE WO AREA DISTRIBUTION
 
ALTERNATIVES.
 

Mesqa Turout 	 Flow Rates (Zps)
No. No. Alternative I Alternative 2Rot I Rot 2 Rot 3 Rot I 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 21 	 27 

10 	 20 20
 
11 149 196
 
12 	 22 22 
13 104 	 -­
14 113 233
 

1 20 20
 
15 115 -­
16 122 248
 

2 20 20
 
3 20 20
 
4 20 20
 
5 20 20
 
6 20 20
 

1/ 	 20 20 

7 20 	 20
 
19 	 20 20 

8 20 	 20
 
9 20 20
 

20 152 -­
21 117 188
 
22 212 212
 
23 	 11/ 117 

25 	 89 89
 
26 	 71 71 
21 	 54 80 
28 	 51 
29 	 .51 99 
30 
 65 -­
31 --
 43
 

Canal Total 817 722 827 760 711 889 



--
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Table D16. 	 APRIL FLW ROTATION SCHEDULES FOR ABYUHA
 
CANAL FOR THE IW AREA DISTRIBUTION
 
ALTERNATIVES.
 

lMeeqa Turnout 	 Flow Rates (Zps)
No. No. Alternative 1 Alternative 2 
Rot Rot 2 Rot 3 Rot I Rot 2 Rote 3 

1 20 	 20
 
2 20 	 20 
3 20 	 20
 
4 1/1 	 171 
5 95 95
 
6 20 20
 
7 173 173
 
8 29 29
 

10 20 	 20 
11 158 	 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 	 94 94 
26 	 76 
 76
 
27 58 85
 
28 	 54 
29 
 54 	 104
 
30 	 69 

31 	 -- 46 

Canal Total 859 752 877 798 929 753 
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Table Dl 7. MAY FLOW ROTATION SCHEIULES FOR ABYUA CANAl iOR

THE WO AREA DISTRIBUTION ALTERNATIVES.
 

Mesqa i1rriout Flow Rates vs)..No. 'No ilternative Rt , Alter tive 2No. No. Rod Rot2 Rot3 Ro4 Rot Rot2 Rot3 Rot 

1 22 22
 
2 20 20
 
3 20 20
 
4 202 202
 
5 112 112
 
6 20 20
 
7 204 204
 
8 34 34
 

10 20 20
 
11 186 245

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 

25 111 111
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 NOTATION SCHEDULES FOR 
ABYUHA CANAL FOR THE TWO AREA 
DISTRIBUTION ALTERNATIVES. 

Flow Rates (Ips)Meqa Turnout Alternative 	I Alternative2NRoti Rot 2 Rot I Rot 2 

1 	 2U 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
 
11 147 194
 
12 	 21 21 
13 103 -­
14 111 231
 

1 20 20
 
15 114 -­
16 	 121 246
 

2 2U 	 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 
23 115 115 

25 88 88
 
26 71 71
 
2/ 54 79
 
28 50 -­
29 	 51 98 
30 65 -­
31 -- 43 

Canal Total 1174 1170 1249 1095
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Table DI 9. JULY FLOW R)TATION SCHEDULES FOR 
ABYUHA CANAL FOR THE W AREA
DISTRIBUTION ALTERNATIVES. 

Flow Rates (Ips)Meoqa 'fNrout Aternative 1 Alternative 
No. No. Rot I Rot 2 Pdt F Rot 2 

1 23 23
 
2 20 20
 
3 20 20
 
4 206 206
 
5 114 114 
6 20 20
 
I 208 208 
8 34 34 

10 20 
 20 
1 190 249 
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
 

7 20 2019 
 23 32
 
8 20 20
 
9 20 20
20 
 193 -­

21 
 149 239
 
22 
 270 270
 
23 
 149 149
 

25 113 113
26 
 91 91
 
27 
 b9 102

28 
 64
 
29 
 65 126

30 
 84 -­
31 
 -- 55 

Canal Total 1481 1450 1574 1357 
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Table E20. AUGUST FLOW ROTATION SCHEDULES FOR 
ABYUH CANAL FOR THE WO AREA 
DISTRIBUTION ALTERNATIVES. 

Flow Rates (ps) 
Meeqa 'lbrnout iwRaeN. Nou Alternative I Alternative2Rot T Rot 2 Rot I 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 20 20 
11 139 183 
12 20 20 
13 97 -­

14 105 218 
1 20 20 

15 108 -­

16 115 232 
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 -­

21 109 176 
22 198 198 
23 109 109 

25 83 83
 
26 67 6/ 
27 51 175 
28 47 -­

29 48 92 
30 61 -­

31 -- 40 

Canal Total 1116 1115 1165 1043 
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Table D21. SEM ER FLOW RDTATIOW SCHEWLES OR ABYUHA CANAL FOR 
THE TWO AREA DISTRIBUTION ALIERNATIVES. 

Flew Rates (Ips)Meqa Thrnout Alternative 1 Alternative 2 
No. No. Rot Rot2 Rot3 Rot4 Rot Rot2 Rot3 Rot4 

1 23 23 
2 20 20
 
3 20 20 
4 206 206
 
5 114 114 
6 20 20
 
7 207 207
 

S8 34 34 

10 20 20
 
11 190 249 
12 27 27
 
13 132 -­
14 143 297
 

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
 

7 20 20 
19 23 32
 

8 20 20 
9 20 20 

20 193 -­
21 149 239
 
22 270 270
 
23 148 148
 

25 113 113 
26 91 91 
27 69 
 102
 
28 64 -­
29 65 
 125
 
30 83 

31 -- 55 

Canal Total 610 566 847 903 610 647 767 904 
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Table 22. 	 OCTOBER FLOW ITATION SCHEDULES FOR ABYUHA CANAL FOR
 
THE TWO AREA DISTRIBUTION ALTERNATIVES.
 

Mesqa ~tmoutFlow Rates. (Zps)
Meaqa 'lltout Alternative 1 	 Alternative 2 

No. No. Rot Rot2 Rot3 Rot4 Rot5 Roti Rot2 Rot3 Rot4 Rot5 

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 
11 72 	 95 
12 20 	 20
 
13 51 -­
14 55 113
 

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
 
7- 20 20
 
7 20 20
 

19 20 20
 
8 20 20
 
9 20 20
 

20 	 74 -­
21 57 91
 
22 103 103
 
23 5/ 5/
 

25 43 43
 
26 35 35
 
27 27 39
 
28 	 25 -­
29 	 25 48
 
30 	 32 ­
31 	 -- 21 

Canal Total 282 258 316 234 244 282 288 320 194 243 
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Table D23. 	 NOVE1BER FILO ROTATION SCHEDULES FOR ABYUHA CANAL FOR 
THE IWO AREA DISTRIBUTION ALTERNATIVES. 

Flow Rates 	 Zps)Meoqa Turnout Alternative 1 Alternative 2 
No. No. Roti Rot2 Rot3 Rot4 Rot5 Rotl Rot2 Rot3 Rot4 Rot5 

1 20 	 20 
2 20 20
 
3 20 20
 
4 134 134
 
5 / 	 75
 
6 20 	 20
 
7 135 135
 
8 23 23
 

10 20 	 20
 
11 124 162
 
12 20 20
 
13 86 -­
14 93 193
 

1 20 20
 
15 96 -­
16 102 206
 

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 21
 
9 20 	 20 

20 126 -­
21 97 156 
22 176 176 
23 97 97
 

25 74 74
 
26 b9 
 59
 
27 45 6/

28 42 -­
29 43 
 82 
30 55 -­
31 36
 

Canal Total 424 386 398 399 415 424 438 407 332 415 
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Table D24. MECM94BER FEW ROTATION SCHEMES FOR ABYUHA. CANAL FOR 
THE TWO AREA DISTRIBUTION ALTERNATIVES. 

Flow Rates ps)Mecqa Turnout Alternative 1 if Alternative 2 
No. No. Rot Rot2 Rot3 Rot4 Rot5 Ro Rot2 Rot3 Rot4 Rot5 

1 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
 
11 139 182
 
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 -­
31 -- 41 

Canal Total 467 421 421 449 466 467 480 434 373 467 
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APPENDIX E: EXMdL WMPUTER PRINMIUTS OF 
YIERAULIC ANALYSES OF ABYUHA SYSThM 



"" HYDRAULIC PANAETER VALUE /R/ITATN ON FAN CHANNEL T2 

PARAMNETE VALUILS FOR EACH STATION 
PARANITER STAC 1) TCA(2) STA( 3) 

STATION TlPr6 I 3C 2 

DISTANCE TO STATION (n) I 29 31 

BOTTOM ELEV AT STATION (m) 48.25. 

SECTION PARAMETERS: 

1I%:QULZC ROrJC)4ES
SIDE SLOPE .4 

.6. 
hOTTOWIDTHo(l) .t ,2 

TURNOUT PARAMETERSi 

"ESICNLJ RaTE 
FIELD NB 

(t3/1s)
EEyA 

PIPE TURNOUT 

FRICTION FACTORP;PE LEN^.T" (n) " " -

PE D ALTER(n)GATE SETTING (m) : .... 

SIPHON TUDE TURNOUT 

QtLNIAq curFF10410" LENGTH (m) 

SIPM34 DIA (n) 

D.V9CUT TURNOUT 

%jUCHNLSS C)LrF -

94 

P.AtTLENG114 (Aq).. U1 Lk' n)
CUT WIDTH %m) 

0
40 b.! 
9.09 

-

-

FLUME PARAMETERS: 

ILLUC LENGTH IA) 

FLUM'E FLOO3R ELEV (n)--

CI'ECX 6LREST RLEATIOFt;L1'H CiPARcAMETERS, l "- -

Cg1* L 1-

I'E. CTD I CCOErrF- C ". 

£ENLARG~.E&T LOSS LOEVF 

CONTaACT1CW LOSS COEFr 

1.9 



Table E2 

ADY'UA/JUL/ROT2 

PARAhCTER 

STATION TYPE 

DISTANCE TO STATION (.) 

BOTTOM ELEY AT STATION (m) 

SECTION PARAMETERS: 

MV:pAULIC ROUGHNESS 
ID SLOP 
F3- -0 P (m,'BOTTOM MIDTH (m) 

TURNOUT PARAMETERSs 

STA 1) 

I 

0 

-

0.045 
.11 

0.000100.20 

HYDRAULIC PARAMETER 9LUES FUR STATIONS UN FARM CHANNEL T3 

PARAhEIER VALUCS FOR EACII STATION 

STAC 2) STA4 3) 

3C 2 

29 30 

- 40.25 

040 0.040
1.0 1.00

0.00010 0.00010"0.20 0.20 

DESIGNFLOW RATE (nt3/s)
FIELD wS ELEV (n) . 

4054 

PIPE TURNOUT 

FRICTION FACTOR
PIPE LENGTH (n) 
PIP DIALTLR )(n)
GATE SETTING (n) 

SIPkON TUBE TURNOUT 

ROUG4NLS5 COEFF 
EPTRANCE COFF
SIPFUN LLNGTH (m)
SIPHON NA Ca 

" 

-
-
-
-. 

- " 

-

--

P " 
. 

BAthCUT TURNOUT 

C0U:!H4LSS COEFFS4,*,CUT LE-1IH (n)!'3 ,:.V1ti I-k ( )
-ANKZUT WIiIH in) 

" 
0.62 " 

-

FLUME PARAhETERS: 

rl!." 
° 

k.I.[TS C( ' 

FL...k F.JOR .LLV Ce,) -

CZEt1 LENCTH 4.)
C ET ELEVATION (m) -

ENLA;Ett,.ENT LCUS COEFF -

i 0 LOCS 170,E~F -



Table E3
 

HYDRAULIC PARAMETER ABYUHA/jUL/ROT2VALUES FUR STATIONS ON FARM CHANNEL T4 

PARAMETER VALULS FOR EACH STATION 
PARAMETER STAt 1) STA( 2) STAC 3) 

STATION TYPE I 3C 2 

DISTANCE TO STATION (m) " 29 30 

DOTTON ELEY AT STATION (m) - - 40.25 

SECTION PARAMETERS: 

H' r--JLjC ROUGHNESS 01'~ ~ 
1C M SLOPE 

BOTTOM WIDTH (n) 
,m/em) .0000 

0. 
0.0 

.0.n 
. ooo 

TURNOUT PARAMETERS: 

PESICN - L :ATE (mf3.'$)
FIELD US ELEV (m) 

--
-

1.920 
48.74 

PIPE TURNOUT 

FqICTION FACTORP!'E LENGTH (m)
PIPE DIAhLTER (m) 

-

-

_ 

-
GATE SETTING (n) 

SlPt J' TUDE TURNOUT 

RCUGuNSS COEFF 
EN-RANCE COEFF - -
SI?.14.N4NTI(em)
S:PHON D.A (e) --

PANKCUT TURNOUT 

rC'JCV4ESS COEFF - 0.020-, 
LACUTEENGTH (e)A%-NLUT LLEU ()BANKCUT WIDTH %n) - .00:0.200 -

FLUME PARAMETERS: 

FLU4E LENGTH (m)
FLOME IOTH (e)
SflmrqGENCE RATIO
FL:JhE FLOOR ELEV (e) 

-
-

-

, 

-
-

-

CHECK rAlAflETERS: 

CREST LENGTH (m)
CREST ELEVATION (m) - " -

BEND LCSS COEFFICIENT - . -

ENLARGE"ENT LOSS COEFF - - -

CONTRACTION LOSS COEFF 

1 5LPTEP2ER *9a3 



Table E4
 

HYDRAULIC PARAMIETER W IDIN ON FARM CHANNEL T5 

PARAMETER VALUES FOR EACH STATION 

PARAMETER STA( 1) STA( 2) STA( 3) 

STATION TYPE I 3C 2 

ZtSTANCE TO STATION (m) 0 29 36 

BOTTOM ELEV AT STATION (m) - - 41.25 

SECTION PARAMETERSs 

SIDE SLOPE 36 
BOTTOM SLOPE (m/m)
SOTTOM SIDTH (n) 

c ! 9. o 

TURNOUT PARAMETERSt 

DESIGN 
FLOW RATE (at3/s)
FIELD WS ELEV (n) 

-
• 

PIPE TURNOUT 

FRTCTION FACTOR 
PIPE LLNGTH (n)
PIPE DIAMETER (n)
GATE SETTING (m) 

-

-
-

-

- --

SIPHON TUBE TURNOUT 

ROUGHNESS COEFF - -ENTRANCE COEFF -' 
PHONLENGTH (m)

SIPhON DIA (m) - - -

VANKCUT TURNOUT 

ROUGHNESS COEF 
F44KCUT LENGTH (m)
FAkNCUT LLEV 
PANKCUT WIDTHa 

-
-

-

i.. 
0 6 
.S 

-

FLUME PARAMETERSt 

FLUME LENGTH (n)
rLV"E WIDTH (a)
SUUhLRGLNCE RATIO 

-
-
-

-
-
- --- -FLUME FLOOR ELEV(a) -

CHEC% PrAAETERS: 

CREST LENGTH (n)
CREST ELEVATION (n) 

- - -

BEND LOSS COEFFICIENT 

ENLAREMENT LOSS COEF- - - -

CC-QTRQCT104 LOSS COEFF 

13 s5PTEiEt 1913 



Table ES 

ABYUHA/JUL/ROT2
HYDRAULIC PARAMETER VALUES FUR STATIONS ON FARM CHNNEL T& 

PARAMETER VALUeS FOR EACH STATION 

PARAMETER STAC I) GTA( 2) STA( 3) 

STATION TYPE 
 I 3C 2
 

DISTANCE TO STATION (n) 
 9 29 39
 

BOTTI ELEV AT STATION (m) 
 46.25 

SECTION PARAIETERSt
 

lOTTO" SLOE,. '*t
 
OTTO WITH (m) 4-206M I.P: "Pitl
 

TURNOUT PARAMETERSa
 

DESIGN
FD RATE t2t3/s)
FE.D ,mE ,,,96
 

PIPE TURNOUT 

FRICTION FACTOR - -
mEt NCTHP

GATE ET n)
 

SIPHON TUBE TURNOUT
 

ROUGHNESS COEFF
 
NTRNCE COEFF 
 -IPHON LENGTH (n) 

-
­ - -SIPHON DIA (n)
 

SANKCUT TURNOUT
 

"OUGHNESS COEFF 
 - .2 -
SANKCUT LENGTH 
(m) - ±.eSe,SAfNKCUT L :
,it
IBNKiCUT WADTH (lo-
 Int --


FLUME PARANETERSt 

FLUME LENGTH (m)
FLUMjE WIDTH (m)
SUhLE OLNCE RATIO 
FLUME FLOOR ELEV CR) 

-

-
-

-

-

-

-

CHECK PARAMETERSr 

CREST LENGTH (n) 
CREST ELEVATION (n) 

DEND LOSS COEFFICIENT 

-

-

-

ENLARGEMENT LOSS COEFF -

CONTRACTION LOSS COEFF - -

"* -'C -9E7
 

~ ~kIbre Docunb.Ah&LLA roi W.t­



--

'Table E6 

ABYUlAIJUL/ROT2 

HYDRAULIC PARAMETER VALUES FUR STATIONt, ON FARM CHANNEL 17
 

PARAMIETER VALUCS FOR EACH STATION
PARAMETER 

STA(C ) STAC 2) 9TA( 3) STA( 4)
 

STATION TYPE 
 1 
 7 
 3C 
 2
 

DISTANCE TO STATION (m) 
 6 
 50 
 99 
 100
 
BOTTOM ELEV AT 9TATION (n) 


40.44
 

SECTION PARA ETERSZ
 

HYDRAULIC ROUGHNESS 
 4 
 .640SIDE SLOPE 4 0.40 .BOT7O . 60SLOPE (rn/a) 1.00BOTTOM WIDTH (a) 
6.6 o.0020. 
 6.00ool
0i 
 PO 
 0.35 
 6.35
 

TURNOUT PARAMETERSs
 
DESIGN |
 
FLOU RATE (nt3/s)
 
FIELD .SELEV (.,) 


.
 

PIPE TURNOUT
 

FRICTION FACTORPIPE DIAMETER (n) ­ - -

GATE SETTING (a) -- -i 

SIPHON TUBE TURNOUT
 

ROUGHNESS C2EFIF
 
ENTRANCE CO FF 
 -

SIPHUN LENGTH (n)

SIPHON DIA (n) 
 -


BANKCUT TURNOUT
 

ROUGHNESS COEFF' - - .026
 
DAN4'WCUT LENGTH (n.)
LA'.' CUT LLEV CR) -
SANKCUT WIDTH (m)4.6 - 4.600ANCTIDNC) ­- - 6.200 -

FLUME PARAMETERS:
 

FLUME LENGTH (n)
FLUE UIDTH (") - .- -SU;MZRCLNCE RATIO -
FLUME FLOOR ELEV(a)
m-


CHECK PARAMETERS:
 

SEND LOSS COEFFICIENT
 

ENLARGEMENT LOSS COEFF
 

CONTRACTlON LOSS COEFF
 

.13 SEPTENDCIt 1903
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Table E7 

PA 4ETER 


STATION TIPE 


DISTANCE TO STATION (n) 


BOTTOM ELEV AT STATION (n) 


SECTION PARAMETERS
 

HYDRAULIC ROUGHNESS 

SIDE SLOPE 

POTTON SLOPE (,/,)

BOTTOM WIOTH n) 


TURNOUT PARAMETERSt
 

DESIGN
FLOU RATE Cgf3/%
FELD WS ELEV.(n 


PIPE TURNOUT
 

FRICTION FACTOR
PIPE LENGTH (n) 


SIPHON TUBE TURNOUT
 

ROUGHNESS COEFF 

ENTRANCE COEFF
 
SIPHON LENGTH (m)

SIPHON DIA Cm) 


BANXCUT TURNOUT
 

ROUGHNESS COEF 

.1NkCUT LENGTH (n)

SANkCUT ELEV (n)
BANkCUT WIDTH (n) 


FLUME PARAMETERS: 


FL''E LENGTH (m)

FLUME WIDTH (n)

SQ'!flERGENCE RATIO 

FLUME FLOOR ELEV (n)
 

CHECK PARAMETERS,
 

CREST LENGTH (m)

CREST ELEVATION (n) 


BEND LOSS COEFFICIENT
 

ENLARGEMENT LOSS COEFF
 

CONTRACTION LOSS COEFF
 

Illl~II PAWAi IIflu *AaII| f)LII S( .l .5ll. inNll* f llutlum.SA 16 • 

51AI I) STA( 2) STAC 3) 

-

1 

9 

3C 

29 

-

2 

31 

40.25 

6.941 

... 

.146 
ee. 1g.6i" g.g.
t.2.2 

! 

- -
-

_ 
_ 

- _ 

- -

-

-
-

.-
2 , 

:40 . -- 2II 

-

-

. " 

-

-

-

- -

-
-

- . 

-33.SEPTEFDPEPW 9 
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Table, E8 

AEYUIIA'JUL/PU r2 
HYDRAULIC PARAHETLR VALUES FUR STATIONS ON FAR" CHANNEL 19 

PARAMETER VALUES FOR EACH STATION
 

PARAMETER, 


STATION TYPE 


DISTANCE TO STATION (n) 


BOTTOM ELEV AT STATION (n) 


SECTION PARANETERSt
 

HYDRAULIC ROUGHNESS 

SIDE SLOPE 

OTTOM SLOPE (/)
BOTTOM WIDTH (n) 


TURNOUT PARAKETERSj
 

DESICN
FLOW RATE (m13/9)

FIELD US ELEV (n) 


PIPE TURNOUT
 

FRICT ION F A C TOR
rj|-
LNGTH .)

f DIAMLTER (m) 


GATE SETTING (m) 


SIPHON TUBE TURNOUT
 

RCJGHNESS COEFF 

ENTRANCE COEFF 

Sl.'UN LENGTH (m)

SIPhaN DIA (A) 


BANKCUT TURNOUT
 

ROUGHNESS COEFF
 
NCJT LENGTH (n)


PAN9CUT ELEU (m)

F4ACUT WIDIH (m) 


FLUME PARAMETERSt
 

FLU'ME LENGTH (a) 

SU'IRGENCE RATIO

FLUM- FLOOR ELEV Ca)(m 


CHECK PARAhETERS:
 

CREST LENGTH (m) 
CREST ELEVATION Cm) 

BEND LOSS COEFFICIENT 


ENLARGEMENT LOSS COEFF
 

CONTRACTION LOSS COEFF
 

STA 1) 8TAB 2) STAC 3) STAC 4) 

1 7 7 3C 

1 106 125 150 

- - - -

6.046 0.640 
1.0 1.60 

.00.0030 
0..0.35 

6.640 
1.00 

.35 

0.040 
1.06 

0.35 

- -
8.023 
0.69 

..... 
---­
- - - -

- -

- -
- - . 

-
_ 

-
-
_ 

- " 
-

-
-
- -

!2600 
4 070.50.200 

- -

- - -
-

-

- -

- - -

- - __ 

Best Abe 


STA( 5)
 

2
 

260
 

46.28
 

0.040
 
1.00
 

0.0o03o
 
0.,3
 

-

-

-
-
-

-
--

-
-

0 

Do c tEPER 1983
 



Table<;E9 

A .YU'.A/UL/gO2HYDRAULIC PARAMETER VALUES FOR STATIONS ON FARM CHANAEL TO 
77 

PARAMETER TAt i) STA( 2) STA( 3) 

PARAMETER VALUES FOR EACH STATION 

STATION TPE 

DISTANCE TO STATION (a) 

BOTTOM ELEV AT STATION (m) -

1 

9 

3C 

29 

-

2 

39 

40.25 

SECTION PARAMETERSt 

HYDRAULIC ROUGHNESS 
SADE SLOPE 
DOTTOM SLoPE ,.."')ISOTTOhU INT (m)' 

6.949'0840' 6.640 

TURNOUT PARAETERS, 
DESIGN 

FLOU RATE (nt3fs) 
FIELD US ELEV (n) 1 

PIPE TURNOUT 

FRICTION FACTOR 
•PIPE LENGTH (m)
PIPE DjAhJTER (")GATE STTING (0) 

-
-
-

-

_ 
-
-

-

SIPHON TUBE TURNOUT 

ROUGHNESS COEFF
ENTRANCE COEFFSIP ON LENGTH (m)SIPHON DIA (e) 

-

- -
_ 

-

_ 
-

PANkCUT TURNOUT 

ROUCRINESS COEFSANCUT LENGTH (m)FANNCUT LLE'. (.
EAN%(CUTWIDTH 0%ePA 

FLUME PARAMETERS, 

FLUE LENGTh (fm)
FLUME UIDTH (m)-
SUl-;RrL4CE RATIO-
FLU E FLOOR ELEV (m) 

-

-

-
-
-

CHECX P4RI ETERS: 

CFEi LENGTH in-
CRESY ELEVATION (n) 

FE%Z L:SS COEFFICIENT 

ENLARGEMENT LOSS COEFF 

-

- . 

-

CO-T CACnE LOSS CCErF 

WPA 13 SEPTEMPER, 1i3BD~tArckbeDcrn 



Table E1O 

HYDRAULIC PARAMETER ABYUIIA/.UL/ROT2VALUES FOR STATIONS ON FAkN CHANNEL 19 

PARAPETER STA( 1) STA( 2) STAC 3) 

PARAiETLR VALUS FOlt EACH STATION 

STATION TYPE 1 3C 2 

DISTANCE TO STATION (n) 0 29 30 

BOTTOM ELEV AT STATION (n) - 48.25 

SECTION PARAMETERSt 

HNDC~ALL? ROUGHNESSSDOE SLOPE 
BOIO SLOPE C,,/.,)'OTTCM MIDTN (,)WID0 

6 646-
1. 

0.00 
.. 

6646
1 o. 

.81
0.20 

TURNOUT PARAMETERS: 

DESIGN 
FLOJ RATE (nt3,s)
FIELD US ELEV (m. -

PIPE TURNOUT 

FRICTION FACTOR 
PIPE LENGTH 0)
PIPE DIAMLTER (m)GATE SETTING (n) 

-

-

-,­

- -. _ CD-0 

SIPHON TUBE TURNOUT 

RCJUHNESS COEFF 
ENTRANCE COEFF
SIPHON LLNGTH (m)SIPHON DIA (m) 

-
-

-

-
-

- -

3AW!KCUT TURNOUT 

R.JGNNLSS COEFF 
FANKUT LENGTH '(m) 

1= T LLEY (m)DANKCUT WIDIH (m) 

--

-

.620-0.020 
-4u*6 

.- -

FLUME PALAmETERS: 

FLUME LENGTH t.)
C WLtEWIDTH iN 
FLUME FLOOR ELEV C,) -

-

- . 

-

CH{ECK P49APETES: 

C R E J T L ENG T 6n )(-.r)
CET ELEVATIN(Y" . 

" -

-E%7 LOBS COEFF:CIENT - - -

ENLARGEMENT LOSS COEFF 

CONTRACTION LOSS COEFr - _ 

1SEOErVED 19e7 
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Table Ell 

PARAhETER 


STATIONLTYPE -


DISTANCE TO STATION (Em) 


POTTOM ELEV AT STATION (n) 


SECTION PARAMETERS:
 

"NDRAULIC ROUGHNESS 

SIDE SLOPE 

PFTT(I SLOPE (.'mi)
SOTTC1 WIDTH t,) 


TURNOUT PARAMETERS:
 

FLOW RATE (t3/s)
FIELD WS ELV (n)
 

PIPE TURhOUT
 

F97CTXON rACTOR---------P:PE LENGIH t")
P1IL DIANETER (n)GATE SETTING (n) 


SIPHON TUBE TURNOUT
 

RCUC14NESS COEFF 

EN7CANCE CL

1
EFSIyfC!N LENGTH (m)
SIPHN 
DIAC n%
 

BANkCUT TURNOUT 


RC.'..NESS COEFF 
?-'kV LENGTH (n,) 
1 %%C:UT LLLV 4n,) 
BA%-CL'T WIDTH (m) 

FLUME PAKAPETERS:
 

rL!.%! LEV'1U 

t Sn,
F,-!7
FCZRELEVin
 

CHECK PARAMETERS: 

C~rS' LENCT14 Cmq)CREST L RTII (-)C,) 

PEND LOSS COEFFICIENT 


CCNTA;I~NLOSS CZOU* 


STA(-1) 


-

0.040 

1.00 


0.00030 

0.35 


-
... 


-

-

-

-

-

-

hYDRAULIC PAAIEER YALWOft IS IQ53 ON F4RM CHAiEL 20 

PARAMETER VDALUES FOR EACH STATION 
STAC 2) STAC 3) STA( 4) STAC 5) STA( 61 STAC 7) STAC 8) SrA9f 9, -SuT(10u 

7 7 7 7 7 7 7 . 

t oo 200 300 400 500 600 700 800 900 -

- - -­

0.40 
1.00 

0.00030 

1.040 
1.0 

0.00 
0 .35 

0.040 
1.00 

0.3 

0.40 

aO. 

0.040 
0 

0.5 

6.040 

0.00030 
0.35 

0.040 
1.00 

.O 
0.J5 

0.040 
0 

0.Q 3 5 

0 

_ 
-

-_-

. -
.. 

- -

,.­

- . .a 

- -

_- . 

. . 

-

-" 

- _ 

------­

" -

-

- - " 

- -

-- ... . . ... :.' 

- -

_ ----.­ - "- - -

-­

skal CI13 SEPTE11-ER 1503 



Table Eli (Cont.)
 

*I11R,1Las: I I nIAII VAL1I . I: !7.oIrI nIff uleI ,P L1iIiii.L k0 (f-I 1'4uLZ$, 

PARAIIETER 

STATION TYPE 

DISTANCE TO STATION (n) 

BOTTOM ELEV AT STATION (n) 

GTACII) 

3C 

lose 

STA(12) 

3c 

1051 

-

STA(13) 

3C 

1058 

PARAMNILR VALULS FOR EACH STATIOH 
STA(14) STA(15) STA(16) STA(17) 

3C 3C 3C aC 

1065 1072 1079 1086 

STArT1) 

3c 

1093 

STAIrt) 

3C 

i200 

STt2G). 

'2 

- 2110 

. 

SECTION PARAhETERS: 

H14ALI.LIC ROUGHNESS
: LPE1.00 

1 SLOPE (n/n)TTOn UIDTH in) 

0.040 
0.000 

0 

0.040
1.00 

0 
0.35 

0.040
1.00 

0.00030 
0.35 

0.040
|.UO 

0.00030 
s..0 

0.040
I,0 

0.0U00o 
5 

0.040
i.0 

0.00030 

10 

0.60030 
0. 

0.040
1.be0 

0.0030 

. 

0.040 
•1.00 

0.00030 
0 

0 

39.. 

00-

Nis, 

TIRNUJT PARAMETERS: 
DESIGN 

FLIJ RATE -413/sFELD.N6.06 

PIPE TUFNOUT 

FRICTION 
FACTOR 

":P LE.l11ia n, 
PIP E D IA MCtTER . )---

0.02J4 1 !E4 0024 
1o.4 

0.05 
4.V 

0.04 
40. 1 

0.0!4 
4.!g96!,4 

: 

-

SIPH3N TUbE TURNOUT 

ROVCGHESS COEFF 

ENTIZANCE COlEFrS1'JiQtNLENGTH (A)SIPHON DIA (m) - . 

_ 

BANXCUT TURNOUT 
ROUGHNI.SS COLFFFOAOkCG LENG..... m.20
ANCOT.00 r ,t EL(1 in) -bAhkCUT WIDTH i) 

" 0.20 
1:12.600
46.39 

-

* " 
" 
0. .120 

.00
40.39 .'40.39 

-(0 

0.020 
,.600
40.39 

0.020 
,.0o,40.30
40 .-

0.020 
1
40,3 

0.026 
0 1.430'1 

0.020 
o 

40.3­
:-

FLUME P'ARAETERS: 00 

FLu-E LENGTH (At 
V' 'E UIPT . " SL9I QVENCE cATiOFL, £EFLOOR ELEV (A)n 

---
- "­

-

. -

CHECK e'AkAhETERS: 

r_ (-.. 
CREST A.U-N 

BEND LOSS COEFFICIENT -

" 

. 
.L+ -­

- • 

. 

. 

.­

-
-

. 

ENLAQ.ENEAIT LOSS COEFF " - . " 

CONTRACTION LOSS COEF -­

13 SEPTEBER 193
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Table E12 

HYDRAULIC PARAMETER 
AtYU 1A/JUL/ROr:'-
VALUES FUR siArtuNI. ON FARMl L1I1.,INLL 21 

PARAMIETER 

STATION TYPE 

DISTANCE TO STATION (m) 

BGTTOn ELEV AT STATION (m) 

STA(1) 

0 

-

STAC 2) 

77 

t0 

STA( 3) 

7 

200 

PARAIETER VALUES 

STA( 4) STA( 5) 

7 7 

300 400 

FOR EACH STATION 

STA( 6) STA( 7) 

7 7 

500 600 

STA( 8) 

7 

700 

ST0.E 9) 

7 

STAfIf5) 

1-7C 

91 . 

SECTION PARAhETERS: 

HYrAL'LIC ROUGHNESS 
SIDE SLOPE 
P011CM SLOPE (eq/n)
FQTTCn WIDTH (n) 

TURNOUT PARAhETERS: 

PES I 
FLOW 4ATE (0?3/s)FIELD WS ELEV (,) 

1.040 
1.00 

0.00030 
6.35 

0.040 
1.06 

0.00030 
0.35 

0.046 
1.06 

.. 004 
6.35 

0.040 
1.000 

6.600300. 
.35 

6.040 

600300 
09.35 

--00 

0.040 

.001000 
0.35 

0.046 
1..000 

000030 
6.135 

0.040 

0.00030 
0.35 

0.040 
1.00 

0.f00OSO 
0.35 

.040 
1.00 

0.0 
6.3 

PIPE 1URNOUT 

FRlICTION FACTOR 
P :ENGTH (m) 
P I'ETER m)(-n)
GA E SETTING (s) 

-
-
-
-

- " 

_- . 

-

.. 

... 
- -

. .. 
-

-
-
-

-

-

-

_ 

SIPHON TUBE TURNOUT 

. !,ONLENGT*IHm)()-
SIfhCN DIA tn) - -

- - " -

BANKCuT TURNOU. 
ROUGHNESS COEFF 

LEr.Z:H (M)
SANCUT ELEV (n) 

FLUML FAhAETEAS. 

t--1%CL77WIDT (m)4i.39. 

002-

FLUhE LENGTH (m) 

SL'b - L.0.E RAIOFL'-:& -LCR E.EV (mn) 

-"-­

------

CnECtK ek.A-1ETERS: 

Cresi LENCTYN 
:~Es£.~Arlz'.(n) 

s..0rLL!. CIENT----­

---­
------

CO 4T-C 1CI LOSS COEFF-----
-

Dost A7~~1133a!r~I Dar~ 
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Tab:e E12 (Cont., 

PARAMETER 


STATION TVPE 


DISTANC TO STATION (n) 


ZTTOM £LEV AT STATION (m) 


SECIIUN ARA"ETERS:
 

rRAOLIC ROUGHNESS 

S:E SLOPE 


SLOPE (.')

WIDTH n)
(N) 


TURNOUT PARAMETERS: 

DES'.;M
 
FLOW WI:4ATE (oqt3/s)
SELEV in)

FIELD 

PPEIL UNOUT 

FRICTION FACTOR 

GATE SETTING (,) 

SIPHUN TUBE TURNOUT 

*CVGktESS COQFF-. FLNCECCEFF( 


SIPHON DIA in) 


BANkCUT TURNOUT
 

r:'~ CC:YFIkA CUT LENIIH )
*t 
VCtjlITFr'V j l 

BAkCiUT WIDIM tn) 

rLU"E PARAPETERS:
 

FLV' E WIDTH (n,) 

FLUM'- FLOOR LL tn) 


4ECkC rAkA?.ETERS-


CREST ELEUATIVU*(n) 


iEV - COELG L! 

AIJTUIIA/JUL/RUT2 

HYDRAULIC PARAHETER VALUES FOR STATIONS ON FAfn CHANrEL 21 (COtITINUED) 

PARAMEIER VALULS FOR EACIH STATION
 
STA(tI) STA(12) STA(13) 
 STA(14) STA(15) STA(16)
 

3C 
 3C 
 3C 3C 3C 
 2
 

922 
 929 
 936 
 943 
 950 1895
 

3V.42
 

0.040 0.40 .40 0.46 0.040 0.040
 
1.00 
 1.000 
 .40 

sTlC -IT .3 0. 0.35 0.3e . 

1
0.O0903 

5 0.o .OTC0 0. , 0.3• 
.030 8.00030 0.00 0.0
 

0.025
U!" 0,,
0.025
 , o. oo
4051 U51 
 4.51 40.1
 

-


- _ ­

- - .
 .
 
- -


-


.20 6.20 I.0201,600 111,0 1.600 0.020 0.0290U
40.39 
 40.3e 40.39 
 403/ .+40 37 r
-
 - - C.:!UU.
 

w 
- -n­

-


-E
 

CONTR4CTICN LOSS COE£F ­

-rPT"
,- ... ". 
 3 rp 19M
 

-ATM 
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-- 
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-- 
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IsibIG 


PARAMETER 


STATION TIPE 


DISTANCE TO STATION (m) 


BOTTOM 	ELEV AT STATION (m) 


SECTION PARAMETERSI
 

HNDRAULIC ROUGHNESS 

SI:E SLOPE 

BCTTCr SLOPE t./) 

I.OTTCM WIDTH 4,) 

TURNOUT PARAMETERS: 

VESIG4FLOW kATE (mf3/s)

FIELI WS ELEV (n) 


PIPE TURNOUT
 
FRICTION 
FACTOR 


PIPE LENGTII()DIAMETER )-PIfPL (A) • 

GATE SETTING (a) 

SIP:ON TUBE TURNOUT 

ROUGHNESS COEF-
EN-RANCE COEFFSIf'CN LENGTH (m)

SIPHON DIA (a)(m) 


FANKCUT TURNOUT
 

RO'.HNLSS CEEFF 

N LCUT .a)
WD 


PLUME 	PARAMETERS:
 

FLUi. Tt InFLUME WIDTH
S L3%[ ;O-

FLUME FLOOR ELEV (a) 

C.S*~.a 
C"ST ZLACEj.
 

C;EtS ELEVAT1ON tn) 


T-%DL0- S COEFFICIENT---

E%-AG-LaT L05%, tUlE)F 

C:%T~A-
:~'. ~c,-.rr-

STA( 1) 


1 


0 


-

6.040 

,.oo


0.0003 


0.35 


-

--

-

-

-
-

-

-

II P I A i; 

til.Uilt .DNlcllS/16 Till I.-IC I.W.,VII, 1.1VA1LIfLt%IuM llutW. UN *AIS LIIHAIINfL22. 

PARAMETER VALULS FOR EACH STATION 

STA( 2) STAt 3) STA( 4) STA( 4) STAC 6) STAC 7) 


7 7 
 7 7 
 7 7 


t00 200 
 300 400 
 500 606 


0.040 0.040 0.040 0.040 0.040 0.045
1.00 ,.040 :.i.00 	 1.00 1.00
0.0000 0.0030 6.0030 0.60030 6.0000 0.000 
0.35 1 0.35 .35 
 P.H 0.5 .55 


-

-16!2 


- i -' - -o 

" 
 -

- - -
- - - - -- - -

--.
 

-

-
 -

- - : - ­
''.*-


-- .
 

- .-

- - -

AiikbAAt DOfu* i 

STA( 8) 


7 


700 


0.040 

0.,0


0.600O 


.35 


-


.-


-

.	 ­

-

.,STA( 9)1' 


7 


800 

0.040

1.0


6.00030 


0.
 

.
 

-

...-


-

- . 

STA(10)
 

3c
 

930 

0.040

1.00


00630
 

,o.,,
 

-

-

-

40.32
 

"
 

-



----

-- -- 
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Table E13 (Cont.j 

PARAMETER 


STATION TYPE 


DISTANCE TO STATION (m) 


BOTTOM ELEV AT STATION () 


SECTION PARAMETERSZ
 
HIDRAULC 4OUGHNESS 

SIDE ELOPE 

FOITCO.SLOPE (.t/n)

tOTTCWUIDTH (n) 


TURNOUT rARAhETERS:
 

DESIGN S ELATE
FXL* (m3)

FIELD WS ELE 
 (m) 


PIPE 7URNOUT
 

Fl::TFoN rACTOR-S'rE LENGTH ("))P I L D I A M E T ER 
(a )
GATE SETTING (n) 


SIPI;.% TUBE TURNOUT 

P 'rINEss roEFF---
E''A%: CJF-SI'.4ON LENGTH (m)
S):Fmu DIA Cm) 

OANXCVT TURNOUT
 

R' JHOESS COEFF 

-.%.cUr Lrt:GTNH ).,-,,T it , )

FAN CUT UIDTH tn) 

FLUME PAWAMETERS'
 

F!Lt".L LEN#ITH (m, 
S: .. :LY7r RATIO----
F,:- iFLCOR LLLV in) 

CHECk FAkAMETERS:
 

CR S'LEVA.A () 

BEN LCt: CCrFICIEur 

CT4AC7:UN LOSS tOEFF
 

4%PK 

STA4.11) 


3C 


937 


-

0.040 

1.00 


0.00030 

0,35 


504 

4044 


-

0.020 

1.600 

40.J2 


-4.-


-

I IIt' .I 


STA(12) 


3C 


944 


0.0 

1.00 


0.00030 

0.35 


44 


_ 


0.020 

1.600 

40.32-


STA(13) 


3C 


951 


_
 

40 

1.00 


.00030o 

0.35 


.05 

40.4 


-

, 0,02 

,--1600


40.32 


::,al z 

PARAIILIEk VALULII tOR EACH 
STA(14) 


3C 


958 


0040 

1.00 


0.0030 

0.35 


0.2 

46.44 

--


0.020 

1.600 

40.3k 


-. IAIL01,
STA(]I ti STA(If.) 

3C 
 3C 


965 
 972 


040 
 0400 

1.00 
 I.UO


0.0003 
 .00.6N

0.35 0.45 


.2 25

40.44 40.44 

E.Tk~t%7 

979 


1.00 

0.0o3o 


0.35 


.0 

46.44 

LTh(flb 


3C 


986 


0.040 

1.00 


0.0030

0.35 

05 

40.44 


0.020 

1.400 " 

44.32
0 0 

-

S14!l~i 


3C 


993 


0.04C 

I.i0 


0.o000 


0 0 

40.44 


-
-


0.020 

l.6 

, .i2 

STA(25
 

3C
 

t0o
 

0.040
 
1.00
 

0.
 
OR5
 

0025
 
40.44 

-


0.020
 

4(.2

40.200 

-

- -

0.020 0;020 
 0.0201.a00 
 1'.600 
 1.600
40.3 
 40.32 
 40.32
03-
 -

7 



Table E13 (Cont.)
 

PARAMETER 

STATION TYPE 


DISTAMXE TO STATION (W) 

BOTTOM ELEV AT STATION A) 

SECTION PARAuIETER S 

HYDRAULIC ROUGHNESS 

SIr-L SLOPE
 
DOTOR sioPE Cn/ ,)
1181101 INTH (n) 

TURNOUT PARAMETERSt
 

DESIGN
 
FLU; RATE (f3s)
FRELD US EL V (m) 

PIPE TURNOUT
 

FRICTION FACTOR 

PIPE LENGTH (n)

PIPE DIAMETLR (n) 

GATE SETTING () 


SIPHON TUBE TURNOUT
 

RQUGHNESS CGEFF
 
ENTRANCE COEFF
 
SIPHON LENG1H ()

SIPHUN DIA %m)
 

DANk-CUT TURNOUT
 

PANkCUT LENGTH (W)
fANkCUT LL'V (n)
E'44KCUT IDIN cn) 

FLUHE rARAMETERS:
 

FL ! .EhZTH mj)-
FLLI'r QJITTH (@,I 
FLUhI FLOUR LLUV (m) 

kE 'T ELOEVA1ICN .) 

EN;~'.~dLOS3S CCELi 

:~~±ni.~ ~3E'CO[rF 

HYDRAULIC 

STAC21) 

PAd ETEt 

AYWIAJUJLPIjI I U 

VALUES FOR STATIONS ON FARM CHANNEL 

PARAMETER VALUES FOR EACH 

22 (CONTINUED) 

STATION 

2 

2085 

39.10 

0.040 

... 1 
0.35 

-

-
-
-

-

13 0LTEriPE& 93 

-



- - -- 

- -
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Table E14 

PARAMETER 

STATION TPE 


DISTANCE TO STATION Cu) 


BOTTOM ELEV AT STATION (n) 

SECTION PARAhETERSs
 

HVD44UIC ROUGHNESS
SILE SL OE 

S~TCh 311 iq/) 


TUilN3UT/CULVERT PARAMETERS
 

FESIG. 
E 
 13s
 

PIPE TLRNT OR CULYT
 

FRICTION FACTOR
 
PIPE LENGTH (a) 

PIPE DIANETER (m)

GATE S TTING u 


4IPHON TUBE TURNOUT
 

Rly'.nS SOEFF 

S.0:N LENGTH Cu)

S. haf DIA tu) 


BAN4CU1 TURNOUT
 

Eo
-EV oE,I-4OUCG44ESS COEFF
I6A%LXT LENGT 4u 
'4N1UTWID1H 1.) 

FLUmE PARAftETERS: 

FLUNE LENGTH (n) 

VL'E kl.lT.I" 4uSR ,RI;
CL RATIO 

Ft..UTE FOCR 1C)ELE m 


CHEC-c PAR44ETE4,~S 

SENr LOS C.EvrICIENT 


E4R;ArErl LOSS COEFF
 

CONTRACTION.LOSS COEFF---------

STut ) 


I 

6 


...... 

ai+
Y 1

0.010 


-
-

-


....
 
-
....
 

-

ABYUHA/JUL/OT2HYDRAULIC PARAMETER VALUES FOR STATIONS ON FARM CHAINEL 23 

PARAMETER VALUES FOR EACH STATION 
STA( 2) STA( 3) STAC 4) STA( 5) STA( 6) STAt 7) 

3C 3C 3C 3C 3C 3C 

41 50 6 76 so 99 

Y412ai: *i38: 9i+ Ml+3 021| IM++
03 9i24 9
''988 '~~'S~ ~ '19 

.2L 40.26 661 1021 


+ -. 
- -


-
-
 -

1 : 21
,.o:o .5 1.0 61 185l s iiuH i 
05 05 04 ~ ,6 ' 
0.01 o .60 14 P611
6..* 0604 


. . . . - .
 

- ...... 

-- ~ o n '..2 

E.147-

STA(8) 

3c 


too 


1983 

31 


021
 

-

-

-


i
 
( 

STA(9) 

- 2 

208
 

t i;'--


Ml
 
P
 

-

-

9m
 



----

---

--
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Table E15 

PARAMETER 


STATON TYPE 


DISTANCE TO STATION (a) 


BOTTOM ELEV AT STATION (a) 


SECTION PARAMETERS:
 

HYDZAULIC ROUGHNESS
SID=SLOE 

SOI1TJ SLOPE (n/a)
POTTCM IDTH () 


TURNOUT PARAMETERS:
 

DES:'N
FLV. RATE (pf3/s)
FIE,. US ELEV in) 


PI'E TURNOUT
 

FRICTION FACTOR
PIPE LENGTH (a) 

PIPE DIAMETEK (m)
GATE SETTING (n) 


SIPP.ON TUBE TURNOUT
 

ROUGHNESS COEFF 

ENTRANCE COEFF--SIPi,ON LENG7H (n)
siPHON DIA in) 

PANCUT TURNOUT
 

ROUGUNESS COEFF

F'ANCUT LENGTH (a)
.14N-UT LLLV tnS4%IkZUT WJIH in) 

FLUME rARAMETERS: 

FLV"L LENGTH (m)
FLe.s' ' IITH 410. ,: t,% 

FLE FLICR LL (a) 

CHECk PAATCRS;
 

CiEET ELe-VAIAUN t") 


t *1. 

~I~. LOSS C12ErF 

STA( 1) 


1 


6 

.05
609 


-

-

-. 


--

....
 

.
 

-

" ­

.. 


-


-. 

ADYUHA/JUL/ROT2
 

HYDAULIC PARAMETER VALUES FUR S1ATIUIIS EN FARM CHANNEL 25 

PARAMIETER VALUES FOR EACH STATION 

8TA( 2) STAC 3) STA( 4) STAC 5) STAC 6) STA( 7)
 

3C 3C 3C 
 3C 3C 2
 

72 79 
 96 93 
 985
m6O 


39.68
 

6.6401i 4.4, IOe, 1.648' . : 4
.00 9.9 40, 
0.0030 .a. 6 1 c.0 sl eoo3


6.35 35.00036H6­oi 603 0.35 6 ,0O0.3
 

02
6. 
 023 6.623
46.75 46,7! 46.75 46,76 602340,25
 

- "-- - " 
-
 - . " --­

-
 - " -"
 
-


-
- -

-

-

.6 G .621 - .626 0.026. E21.668-1.36 
 1600 .
 1.600 ­40.63 

"'--

- 4.63 40.63 40.63 40.63 ­- " 
 . - 0.U0 ­

. ---.-

-
 - - - . .
 

" 
 - ....
 

-

-

B~t Avcdk~bnDo~ t
 

http:1.668-1.36


Table H16 

PARAb.ETER 

STATION TYPE 

DISTANCE TO STATION (n) 

*3TTO _LE, AT STATION 

S01. IO I'A'AMETERS; 

N IROUGHt;-SS 
c.Fi -'C* -0
" s 

STA( 1) 

t 

0 

0 040 

0.50 

-

HYDRAULIC PARAMETrR 

STAC 2) STA( 3) 

7 7 

t00 200 

-

0.040 0.040 
0..40 . ." 

AMl UIIA/JUL/fU 12VALUES FUR S IATI[WS3 UN FARM CIIMLNFL 26 

PARAMrTLR VALULS FOR LACII STATIEN 

STA( 4) STA( 5) STA( 61 SIA 7) 

3A 3A 3A 2 

320 3E.0 400 850 

- - 40.07 

0.049 0.040 0.040 0.0400.00 0600.0 0.440 U.0. 

F.I'. 65 

0.-40..9 
£LE?3) -

0 
- 0.030 0.030 

40.. 
0.030 
403.6"9 -

P,'Pr-TUNNOUT 

F.C1ICN FACIOQr::'c L.,4GT4 in) 
P.,L FIAf'ETF. (n) 
C-E SETTINt;4n) 

SIPs,,; TUBE TURNOUT 

• ._:I--Hk'SS COE;F
E-RA:.E CLFir
S . HIt. LEN.T-t i n 

--

-

-
-

-

-

-

_ 

-

-

-O 
-

--­

0.20 

, 

0.0302.030 
2-
.10 

0.03000 
0.0o 

20 

-

E'ANXCUT 

,v 

TURNOUT 

. ; - -rr 

- - -

FLUI" fvA.ETERS: 

".L" ,::lfi .,,% -t. 

CiErmc 1*4'FTFRS: 

C'-£S ELE.ATIUN Sn) -­ , 

CCNL 
Z
A'
; r 

L
N 

LCS; COEFF 



---

-- 

Table E17 

PARAMETER 


STATION TYPE 

DISTANCE TO STATION in) 


POTTOR ELEV AT STATION in) 


SECTION PARAMCTERS:
 

"% OtUL!C ROUtG1NESS 
-::- -.CFP 

[iOT',. SLOPE (0)
.T': :Ta 

TURNUU1 PARAMETERS:
 

1PESI3
F, AIL nt3,.,) 
FIELD~WS ELEV (m) 


PIPL TLRNOUT
 

F;ICT',C FACTOR 

":v- Lr:CTIlC 4,)

F' ,E "ANL:T-7 (n) 
GATE SETTING In) 

lN

SIP$,Y TUE TUR'IOUT
 

-:J'GwmLSS COEFF 
E*.TqRJCE_ CU.LISV-VN L.NGTi (M)
S:P-ON DI '.) 

SANP.LJT TUNO2jT 

.'JGH%LSS C,..FF----­
-W%.. LLtd..N (A)
L F..-, 'In'% 

-'' I, L :t* t. 

I:U ;-F..: tq
te'r. 


STA( 1) 


I 

6 

-


0.020 

1.00 


0.0003 	0 

0 


-
-

-
-
-
-

-

-

-
- . - -. 

-

ADYUI:A/JUL/f11r2
 

HYDRAULIC PARAMETER VALUES ru Er[,TIOd., 0N 

PARAMLTER VALUES 

STA( 2) STA( 3) STAf 4) STA( 5) 

3A 3A 3A 2 

60 of 
 100 802
 

- - - 40.00 

a.020 0.020 
 0.020 0.020
 
1.00 1.00 
 1.00 1.40
 
0 .00030.80000 0.000303
 

0.30 0.30 
 0.36 O00.3
 

00.023 
40,79, 40.79 4!7
 

O.0 o 
 0.0 o
2.00 EO 
 2.000.20 0.20 0.20 
 -
0.20 0.2:0 0.20
 

-

- - - -

- - -
 -

-

- -

- "- --


FARM CI IMNEL 27
 

FOR EACII STATIOi,
 

*.±est.) -" --... 	 . 

::eA~ 	 ­ wv.r-aca o r4 a 



Table E18 

HYDRAULIC PARAMETER ABYUIA/JUL/ROT2VALUES FOR STATIONS ON FARM CHANNEL 20 

PARAMETEl 

STATION TYPE 

DISTANCE TO STATION Wm) 

BOTTOM CLEV AT STATION 

SECTIVN PARAMETERSi 

SVRAULICROUCNESSSl:cSL-E 
POC:0M SLOPE (nt)
'OllGn WIDTH In) 

TURNOL! rARAhETER3: 

STAC I) 

1 

0 

-

0.00030 
0.35 

STAC 2) 

7 

106 

-

g0C3 
0.00330 

0.35 

STA( 3) 

7 

200 

8fl60.400.00 

.00030 
0.35 

PARAMETER VALULS 

STA( 4) STAC 5) 

3C 3C 

236 243 

040.104o .00.0 1.00 
0.00030 .O030 

0.35 0.5, 

FOR EACH STATION 

STA( 6) STA( 7) 

3C 2 

250 780 

3.94 

o104o (
1.06 

0.0030 0.00030 
0.35 0.J5 

DESIGNFLL6FIE SRATERATE (mt3/s)(/) 
S40.02 

-- - 0.021 0.021 
40.02 

" 0(021
406.2 

PI#'L TURNOUT 

FlICTION FACTOR 

0IPE LENGTH (n)IE PIAMLTCR (a) 
GATE SETTING (n) 

-

. 
-

-

-

.S3 

SIPHON TUDE TURNOUT 

RIOG NESS COEFF 
ENTRANCE CUEFFS IP'ON LLNGTH (n)SIPhON DIA (m) 

-
-
-

- -
-
-

-

- -

BANKCUT TURNOUT 

ICJCHNLSS COEFF 
"krL'T LFtUJTH (m-

i ULLTLLI-
?A XCLT U1TH (Z-

- 0.0201.600 
40.70 

0.6201.600 
40.70 

0.020-.0 UO 
40 -

FL ,L "' ATERS: 

FLUM LLNrTH (n) 

•,,4-9 m 

N-1f !zs~ 



Table E19. 

uaIS'bIsw If; S*.1S,Lh 10. 40 1 . h 1.01# . 
*llIlIllllA/ o ISO -:imIItt'd1 . S i le i*S l, . 5)55|.5ftj S.$Sft55fl LL '". 

PARA ETER 

STATl-. TVPE 

DISTANCE TO STATION cm) 

POTTOI ELEV AT STATION 4m) 

SEC!Lv PAqA4ETER5: 

NrAtLIC"ROUGINESS 
-. '- LrPP 
P.-ZOM V'HL (,m)
P fQ IJORtaIDTH t) 

TL'Z%CZ.-P AEE 

STA( 1) 

1 

0 

0.040 
1.00 

0.000,30 
0.35 

-

STA( 2) 

7 

too 

0.040 
1.00 

0.00030 
0.35 

STAt 3) 

7 

200 

-

0.040 
li.o 

0.00030 
0.35 

PARAnLrLR VflLUL; 

STA( 4) STA( 5) 

7 3C 

300 336 

0.040 0.040
1.0 I.0 0 

0,0003U 0.,u3o 
0.35 0.35 

FUR LAL,1 1.14lIj 

STA( 6) STAC 7) 

3C 3C 

343 350 

- -

0 040 0.640
.U0 1.0 

.b20 0.00s 
0.35 0.35 

SI 

2 

670 

3V. 85­

0.0401.00 
0.0vtou 

0.35 

- 7 

"3) 

DEE-*1-" 
S:'- ATC (,,,t3'slF;. m;i E tLt2,) 

P. L TURNOUT 

0.022
40.64 0.0:2 

40.(.4 
0.02 
40.64 

s"QCT!ON FACTOR 
P;P'E LENGI. k" 

':IL L'A--LTLRt,);.%TE SE1Tlwtj. )-

-

-
--

- -

-
---­

-
-.. 

-
-

w 

SI"'*Y4 TU14ETUzM0UT 

E!T?'~ ul 
L,. 

r 
n)#4-in) . 

--­
-­

SANL..;T TUkNOUT 

. L---l,.:.ld L-

:;.S. 

n),) ,-

)->. . 

-0020 

•-- ...­

. .. 

1.-400 
41m.51 

0.0?J01.i.40 
4 . 52 

0.020
1.600 
4 0 .5 Z 

.:.b0 -

FL 
=". 

L%L;,lls 
'. L&~ 

e,.
A ohr.. 

- -

-i;-

--
- -

-

-

-

-

E%* aor - *r 3 . F 

BestAakb
 



.. aW... .E20.-

PAIRA ETER 

STATION TYPrE 

DISTANCE TO STATION (n) 

BOTTOh ELEV AT STATION tn; 

STA( 1) 

0 

-

HIDRAULIC 

STAC 2) 

3C 

36 

-

PARAfETLR 

STA( 3) 

3C 

43 

AYUHA/JUL/RTOy2V.ALUE FUR STATION5 UN FARn U-.-JUL SO 

PARAMETER VALUES FOR EACH STATION 

STA( 4) STA( 5) STA( 6) 

3C 3C 2 

50 57 600 

-

SECTION PA44AeETERS: 

H'l'AUL:C RO.GHNEt -zr-c St *PE 
.Sllotl "LOPE (,/n)
1TTN .IDTH (n) 

TURNOU1 PAZAMETERS: 

rESIGN 
-*.C E (Et3.*s)

FIELD VSELE. (*,) 

0.040
1.00 

0.00020 
0.35 

-

0.0401.00 
6.00020 

0.350 

0.021 
48.68 

0.040 . 
6.00020 

0.35 

8.021 
40.68 

0.04U1.00 
000:0 

6.350.3 

0.021 
40.6 

0.0401.00 
0.00020 

0.021 
40.69 

0.0401.00 
0.00020 

0.3 

PIPE TL'qNOUT 

F;ICT:ON FACTOR 
PIPE LE it) 
PIE . ENiA'L en') 

GATE SETTING (m) 
---

-

-- _ 

S.IP.tN TULr 1URNOUT 

RCUG-NESS COEFF 
E C~-CS V F 

S AI (m ))-­

-
-

- -.-

ZANKCUT 
TURNOUT 

t kb",i'l40.56AS--TWIDH .() - 40.56 405 4U.!., 

rLU"E PAR.APETERS: 

L N-T. 

-'%E Z 

Ie, 

T!a 

C'-T! 
-- - - -

E:N.-'.-. -i.. Lr': i,e_ r -



Table E21 

ABYUIIA/JUL/RUT2
HYDRAULIC PARAMETER VALUES FUR STAIIONS ON DISTRIBUTION CANAL 

PARAMETER STAC 1) STAC 2) STA( 3) 

PARAMETER VALUES FOR EAN STATION 

STAC 4) STA( 5) STAC 6) STAC 7) STAC 8) STA( 9) STACIO). 

STATION TYPE 

FARM CHANNEL CODE NO. 

1 6A .7 7 49 5 7 . .7 7 

DISTANCE TO STATION (n) 

BOTTOM ELEV AT STATION (n) 

4. 

-

14 

-

- 100 

" ....... 

200 300 410 500 - 600 700 800 

SECTION PARAMETERS: 

NlZqRALIC ROUGHNESS 
SIDE SLOPE 
FG-7C SLOPE (tn/)
BOTTOM WIDTH 

TURNOUT PARAMLETERSs 

0.040 . 
0.00 R 

0.00010 
2)200 

0 .0940 
1.00 

0.00610 
.3..0013.00 

0.040 
- 1.0 

6.00010 

0.040 
1.00 

6.00010 
" 3.00 

0.04 
1.00 

0.00010 
3.00 

-040.040 * 0 640 
1.00 i.00 

0.00010 $ 0.00010 
3.00 -3.00 

0. 
1.00 

"0.00010 
3.00 

.040 
1.00 

0.Gt020 
3.00 

1.040 
1.00 

0.0 D 
0 

PIPE TURNOUT 

FRICTION FACTOR 
PIPE LENGTH4C) 
PIPE DIAMETER (m)CATE SETTING (n)-

-o. 

.... 

.".' 

.. 

" -

--­
.. 

-

" .. 
-

-" 
-" - -

--
--

-

-
--

" 

-

-

_ 

SIPHON TUBE TURNOUT 

ROUGHNESS COEFFEnRANCE COEFFSIPHON LENGTH (a)SIFH~N DIA (a). -

-
-

-
- -

-

" -
"-

_ 

: 

-
_ 

-

_ 
. 

" _-.. -­
-
--

-
--

ANKCUT TURNOUT . 

R.XiGIINESS COEFF--
BANKCUT LENGTH (n) 
iF=CU7 ELEV (a)b•NCUT WIDTH (m) 

:" 
-

-
. 

--. --­

- - --

FLUME PARAMTERSs 

F'L"L'LENGTH (a)
FLUME WIDTH 
S-- ..LCE R.ATTO 

LflFLOOR ELEY (n)------­

- - " -

-

. 
-
- -

3,6603()0 30 
0;8"0 

" --
--­

" -- . " - - -

CHECK PARAMETERS: 

CZES- LCNGTH (a) 
CREST ELEVATION (a) 

PEND LCSS COEFFICIENT 

ENLA;EEhT LOSS CGEFF 

CONTRACTION LOSS COEFF 

-

-.. 
-

-

1.000 

-

-

- . 

. 
. 

-

-

- . 
-

-

- . 

-

0.250 

-
-. 

-

-

. -

- - "­

-
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Table E21(Cont.)
 
ALIYUIIAJ LUr t 2 

HYDRAULIC PARAMETER VALUIS FOR S ArIUNS ON DISIRIBUTION CANAL (CONTtJUVD) 

PARf MLIL UALULsrOR EALH STATION
 

PARAMETER SIA(M1) 
 STAC12) STA(13) STA(14) 
 STA( t,1 STA(I6) STA(t7) STA(16) S1A(19) STA(20,
 

STATION TYPE 
 6e 69 6A 6A 
 " 7 
 5 3A 3A 3A
 

FARh CHANNEL CODE NO. 

T2 T3 
 T4
 

DISTANCE TO STATION () 940 
 932 1688 1696 1290 1366 
 1435 1470 1564 
 1565
 

POTTOM ELEV AT STATION (m) 
 - - -

SECTION PARANETERS: 

HYDRAULIC ROUGHNESS 6.63 06046 640
SIZE SLOPE 1.62 a .6, 606
Co*.66 .04o 0.041 o.0,o C14,BOTTOM SLOPE ("/a) 6.66s06 6.66,, .. ,.00b, 0 .60616 6.006 .o, .o 0.,o1 0.So
 

60TTQh WIDTH (n) 03.66M3. 3.66 .66 |.0 " .00 
 .00
.00 R"OD11g 

TURNOUT PARAMETERS 

PIPE TURNOUT 

FRICTION FACTOR
PIPE LENCT (n) -..
PIPE D1AM-TER (a) - - 0.0 .! 1 .OGATE SETTING fn) 0.080 f l,- - 1 0:20, a 

SIPHON TUPE TURNOUT 

ROUGHNESS COEFF ..... 
 . - -ENTRANCE COEFF . ­ - - -SIPHON LENGT" (m) -
­- - -
 - -SIPHON DIA (ml ....-
 - - - l ­

9ANkCUT TURNOUT 

POUr4N.SS COEFF 

-EAACUT LENGIH (n) - " ­ --- "'- ­ -ANK.CUT ELEV (a) - ­ - - - - 1 -

B4NCUT WIDITH tm) - . - ­ - -

FLWIE IVARAPETEISt 
"12.'i LEN.T4 (a) - . .- . .
 
FLu.aE UDI"W- In) .--


t-'ERCNCE RATIO - -

-

­- - - - "
 
P.LfLMZ FLOOR LV (n) ---------


CHECK PARAMETERS: 

CRiST ELEVATION to) - - . - - ­ - ; " - - -

OVND LOSS COEFrCIENT - - "- - - 0.250 

£.%;-E.-:.NT LOScS COCVF - -, -: o.5o0 -

CO11RACTION LOSS COEFF 0.250 ­

13 .lPTf. l-a. 1953 
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-- 
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Table E21 (Cont.) 

PARAMETER 


SSTATION TYPE 


FARM CHANNEL CODE NO. 


DISTANCE TO STATION (n) 

DOTTOM ELEV AT STATION (a) 

SECTION PARAMETERS:
 

HYDRAULIC ROUGHNESS 

*IDE SLOPE 

9ZTTCM SLOPE (n/n)

VOTIOM WIDTH (n) 


TU.4CL1 rARAMETERS.
 

PIPE TURNOUT
 
FRICTION FACTOR 

WE LENGTH (M) 

PIPE DIAMETER (p)
CATE SETTING (n) 


SIPHON TUBE TURNOUT
 

ROUCH4ESS COEFF
 
EVNTRANCE COEFF
SIPHON LENGTH (m) 

SIPHON DlI Cen) 


PANKCUT TURNOUT
 

ACUCHNESS C 
 (EFF
DANKCUT LENGTH (m) 


1±-.' ENGTH(p)(m-
DANKCUT WIDTH (n) 


FLUME PARAMETERS: 

FLtPrE LffTH (n.)----FLUME IIDTH (m9)
SUPSERGLNCE RATIO 

FLUME FLOOR ELEV (,) 


CHECK PARAhETERSt: 


CRESI LENGTH (p)
 
CREST ELEVATION (n9) 


END LOSS COEFFICIENT 
ENLARCEMENT LOSS COEFF 


CONTRACTION LOSS COEFF 


AbYUIIA/JULIFOT2
HYDRAULIC PARAMETER VALULS FUR S1ATIUNS ON OLSIRIBUTIUN CANAL (CONTINUED) 

PARAhEILR VALULS FOR EACH STATION 
8TA(21) STA(22) STA(23) STA(24) STA(25 
 STA(26) STA(27) 
 STA(28) 


3A 3A 3A 
 5 JA 5.3 A A 

T6 17 T7 
 1 TO 


1600 1642 1700 
 1710 
 1716 115 
 1850 1089 


- - " -

0.040 
 .040 0.040 0.040 
 0.040 0.040
1.00 1.00 0.640 0.040
- 1.00 1.00. 1.00 - 1.00 ,0.00010 0.00010 1.00 1.00
0;9001 0 0 .00010. 0.00010 0.00010
3.00 - 3.00 0.00010 0.000103.00 3.00 . 3.00 13.00 
 3.00 
 .. 00 


0.030 -. 630 0.030 ­ -0.030 -- 0.030 0.030 
7.00 7.00 - 6.00 
020 07.00).00 . . ­:0.2000 0.20 - - - .2- . 0.20 - - .. 0.20 0.20 

•
-.. --.. --- - ' - ­
- -

- " -".- - . ­- . -.-.­-"-
 .
 . ­
- - - . - - ""-

- - . . - .'.- - • 

-, .--. -- "-. .-.-­
- 1 - - ­- - - -

. . ­

- . -----­

i0.230 


-- . - ­ . r 
 1
 

- -

S1A(29) 


3A
 

T9
 

181 


0.040 

1.00 


0.0010 

3.00 


0.030 


7.4s 

0.20 


-

-

- -

-

STA(30)
 

199C
 

0.OA0
 
1.00
 

0.00610
 
3.00
 

-

-

-

"
 

-

0250 
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Table E21 (Cont.) 

IItARULIC PARAMLILR VALUL! fUf "AJ'lJ" cudUPI9EJjUIU a LANAL (UUI4IIIIJ,.,LI, 

PARAMETER 

STATION TYPE 

FARM CHANNEL CODE NO. 

DISTANCE TO STATION ( ) 

BOTTOM ELEV AT STATION (.) 

STA(31) 

6A 

2020 

STA(32) 

&A 

2029 

STA(33) 

3A 

20 

2177 

PARAMLTER VALULS FOR EACH STATION 
STA(34) CIA Its) SIA(I&) STA(37) 

6A JA 3A 

21 22 

2275 2330 2400 2545 

STAt(z) 

6A 

2627 

STA139) 

6A 

2637 

STA(40) 

3A 

23 

2756 

SECTION PARAMETERS: 
HY qAULIC ROUGHNESSSIDE S OU. 
SOTIE SLOPE ( )BO 

T 
TOM0 WLH ()

UIDTH Cn 

TURNOUT PARAMETERS: 

04 
0.00 
ooo 
2.TTOn2.00 

.00 

.000010 
3.00 

0.4 

1.000.00010 
3.00 

0.040 
1.000010 
2.00 

0.00 
1.000.00100ooo 
2.Uo 

0400.0.04 
100 
L.00 

0 
1.00o.ouoo 
2.00 

040 
0.00o.oooo 
1.50 

0.04L 

0.0 T 0 
2.00 

0.0 

.0o00110 
2.00 

PIFE TURNOUT 

FRICTION FACTOR 

PIPE LENGTH R()
P1.eL DIAmLTER C.m)GATE SETTING (m) 

SIPFON TUBE TURNOUT 

-
-
-!-

04 

6.00 
0.t0.70 -. 

0 900 
000 A9-

- .00 

.60 
- 002­

07 z 

ROUGHNESS COEFF
ENTRANCE COEFFSIPHUN LENGTH (C) 

SIPHON DIA (.) 

-
-

-
-

. 

-

BANKCUT TURNOUT 

RQUG4INLSS COCFF 
IBANKCUT LENGTH (m,)1ANKCU1 LLEU (m) 
FANkCUT WIDTH (f) 

--­

---­ " 
-"" 

" - " 

FLUME PARAMETERS: 
-

FLUME LENGTH (m)FLUME WIDTH (,)
SUI-MERGENCE RATIO 
FLUME FLOOR ELEV () 

--

-

- - - - -

-

" - -

CHECK PARAMETERS 

CREST LENGTH (M) 
CREST ELEVATION () 

_ 
-

- -
-

. -
-

•_.­
-- -

PEND LOSS COEFFICIENT 

ENLAQCEI.ENT LOSS COEFF 

=%' ;A :ON LESS COEFr 

-

-

0.500 

" 

1.000 

- "3-

-

-

" "'' 

_ 

0.00,100 

-

- " 

--

_- - -

" -

...­

1 O -
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_Table E21 Cont.) 

PARAMETER 
 - -

STAT:CV TYPE 


FARM C14ANNEL CODE NO. 

DISTANCE TO STATION (m) 


SOTTOh ELEV AT STATION (m) 


SECTION PARAMETERS:
 

H DRAULIC ROUGHNESS 

SII'E SLOPE 


SLOPE (/1

BOTTOM WIDTH (m) 


TURNOJT PARAhETERS1
 

PIPE TURNOUT
 

FRICTION FACTOR 

PIPE LENGTH (m)

PIPE DIAMPTLR (m)

GATE SETTING (m) 

SIPHON TUPL TURNOUT
 

ROUGHNESS COEFF
 
ENTRANCE CCEFF

SIVH:IN LENGTH (n) 

SIPHON DIA (n) 


SANKCUT TURNOUT
 

ROIGHNESS COEVF 

?AKCUT LENGIH (n)
frAf<CUI [LEV (m)DAhKCUT WIDTH (n) 


FLUME PAKAhETERS:
 
b.N( fl 


S~..~~tLCRAITIO-------
FLUME FLOOR ELEY (m) 

CEI LENGTH tm) 


CREST ELEVATION (nm)----


SEND LOSS COEFFICIENT
 

ENLA-T LOSS COEFF.0. 


C.T1CN LOSS COEFF 

AbU~fA/Jt"P OT2 

HYDRAULIC PARAMETER VALULS FOR SIAILUNS ON DISTRIBUIION CANAL (CONTINUED)
 

PAPANEIER VALULS FOR EACH STATION
 

STA(41) STA(42) STA(43) STA(44) 
 STh(451 STA(46) STA(47) 
 STA(4Uj 


7 3A 
 7 3A &A 
 3A 7 
 6A 


25 
 26 
 27 


295 2950 3050 
 3173 3200 3337 
 3430 3515 


- - _ ­

0,040 0.40 
 0.0 0,040 
 0.040 0.040040
00.00
0.91M 0.001 1 0 1.00 0.04'.0TTC, 0.01010 o1.1Y0 b o d ­8.810 
.000.0010 .0,68 0'.0,0o02.00 2.00 0.Ofits 0.0
2.00 2.00 
 1,50 1.so 
 ..1.50 1, 


-

-

0.026 
.00 
030 
-

-

0.26 

,
.0.3 
5-

-035-

0 

0-0.026 

0.35-

-

- -

+ 

-
-

- --­
. - -

--­

. 

" ­

- -

-
-
-
-

" 
... 

-

-
-
- -

-
-
-
-

-

-
-

-

-" 
-

-. . .++ - -

-..- -°-

- " " ..... -

--­

- - - -- 0.100 
 0.5U0
 

3Tr(49) STt(5Z
 

6A . 3A
 

26
 

3525 .3526
 

-
 -

+ 0.0
.,0o
0.oo .oo6* 
1.50 1.50
 

- - 7 0.-) 

- 0.026.020
 

to 

- -

" 
 -
-


-
 -

"
 

-
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Table EZ1(Cont.)
 

HYDRAULIC PARAMETER VALUEs 
8 R STATION ON DISTRIBUTARY CANAL (CUNTINUIED) 

PARAMETER VALUES FOR EACH ETATION.PARAMETER 

STA(SI) 
 STA(32) 
 STA(53) 
 STA(54) 
 STA(55)
 

STATION TYPE 
 7 3A 
 7 
 3A 2 
FARM CHANNEL CODE NO. 29 
 30
 
DISTANCE TO STATION (W) 
 3625 
 3734 
 3830 
 3918 
 4091
 
BOTTOM ELEV AT STATION 
W ) ­ - - 39.49
 
SECTION PARAMETERS:
 

Po,,oM SWOE W.moo i.00 ,o
o°6+ 

BOTTOM W ITN (n) 
 04O ms 
 0• PIS•-1l IT:
 

TURNOUT/CULVERT PARAMETER9,
 

PIPE TURNT OR CULVT
 

I P E L E N T H (a )
FRICTION FACTOR - *O0moo - 0. io -PIPE DIAMETER () 
 0.40 

CATE SETTING (A) 

1.0 
-
 -

SIPHON TUBE TURNOUT
 

ROUGHNESS COEFF -NTNC OFF 
 - - -

SIPHON LENTH (.,) 
 -SIPHON DIA W.) ­- , 

BANKCUT TURNOUT
 

r UHNESS COEFF 
 - 1 
-AN0,CUT LENGTH 
(A) 
 .
 ...
 

r.NCTELEY Cm) 

r MWCU 

--
-
IDIH C(,) 


FLUME PARAMETERS" 
FLU!"t LENGTH in) I 

. . " 1 " 
FLUNE WIDTH (W) 
 - - -

ScbLGLC ATIO--
FLUME FLOORELEV (A)
 

CHECK PARAMETERS:
 

CREST LENGTH C.) 
 -CREST ELEVATION C.n)-


BE%-'L0S3 COEFFICIENT 

-


EN.ARZEnENT LOSS COEFF 
 -


CONTRACTION LOSS COEFF 
 - . 



Table E22 

A9YUHA/JUL/ROT2 

WAULIC UAR lADLE VALUES FOR STATIONS ON FARM CHANNEL FCT2 

VARIABLE VALUES FOR EACH STATION 

VARIABLE STAC 1) STA( 2) STA( 3) 

STATION TYPE I 3C 2 

FARM CHANNEL CODE NO. 

DISTANCE TO STATION (m) 0 29 36 

BOTTOM ELEV AT STATION (m) 46.25 40.25 4.25, 

FLOW RATE 
IN SECTION (mt3/s) 1.i26 6.126 6.106 

AVERAGE FRICTION SLOPE 
IN SECTION (A/m) 6.66061 0.e6814 6.e6666 

FLOW VARIABLES UPSTREAM 

lATER SURF ELE (A)
FLO.) EPTH (A4)1
FLOWl VE.LOCITY ln/S) O.6571 .5G O.606 

FLOM VARIABLES DOWNSTREAM-

WAkTERSURF ELLEV to)
FLOW DEPTH (a)
FLOW VELOCITY Eels) 

:g4 

0.0571 
: g
.6a.6 

9.4Oei 
4 :0.U 

O.6O66 

- ~4 

TURNOUT VARIABLES 

ACTUAL 
FLO RATE (.t3/s) - 6.02 " -

TINT HEAD LOSS (A) - - .12 -

PIPE TURNOUT 

PIPE DIAMETER ()
GCAE SETTING (n) 

. 
- -

- -­
-

SIPHON TUBE TURNOUT 

SIPHON VIA (n) - - - -

DANXCUT TURNOUT 

PANKCUT UIDTH t.) -. 211 1 

FLUME VARIABLES 

SUPHERGEhNERTIFL.!?*E §LCJK LEY (Ato) --

CHECK VARIABLES 

CREST ELEVATION (n) - -

CtLVEqT Y4EADLOSS 



'Table' E23 

HYDRAULIC 
ABYUHA/JUL/POT

2VARIABLE VALUES FOR STATIONS ON FARM CHANNEL FCTS L 

VARIABLE 

STATION TYPE 

FARM CHANNEL CODE NO. 

DISTANCE TO STATION (n) 

BOTTOM,ELEV AT STATION (m) 
FLOW RATE 

IN SECTION (mt3/s) 

AVERAGE FRICTION SLOPEIN SECTION (n/i) 

FLOW VARIABLES UPSTREA" 

STA( 1) 

1 

0 

40.25 

0.020 

0.80000 

STAC 2) 

3c 

29 

43.25 

" 

0.020 

STA( 3) 

2 

30 

40.25 

" 

9.0o 

0o.001 

VARIABLE VALUE5 FOR EACH STATION 

WATER SURF ELEV 00(n)f 
FLOW VLLOCITY (n/s) 

FLOW VARIABLES DOWNSTREAM 

0.0571 0.9569 9.0.0 

FLOW DEPTH LE(m'FLOW VELOCITY (n/s) ' 
0.0571 0.0000 

fl 7 
0.0002 

TURNOUT VARIABLES 
ACTUAL 

FLOW RATE (nt3/s) 

TRNT HEAD LOSS (n) 

_ 

-

6.020 

6.012 

1 

-

PIPE TURNOUT 

PIPE VIA"ETER (m)
GATE SETTING (n) 

SIPHON TUBE TURNOUT 

- -

SIPHON DIA (n,) -

BANkCU! TURNOUT 

FANkCUT WIDTH (m) - 1 0.200 1 

FLUME VARIABLES 

LUg F LOSR LEV (n) . -j " '. 

CHEC9 VARIABLES 
-.-

CREST ELEVATION in) 

CULV%'T "EAD LOSS 



7:able, k2T 

.BYUHA/JUL/ROT2 
HYDRAULIC VARIABLE VALUES FOR STATIONS ON FAR" CHANNEL FCT4 

VARIAPLE STA(I 1) STA( 2) STA( 3) 

VARIABLE VALUES FOR EACH STATION 

STATION TYPE , 

FARM CHANNEL CODE NO. 

3C 2 

DISTANCE TO STATION (m) 

DOTTOQ ELEV AT STATION (m)-

0 

40.25 

29 

40.25 

30 

48.25 

FLOW RATE
IN SECTION int3/s) 

AVERA E FRICTION SLOPEIN SECTION cm/o) 

FLOW VARIABLES UPSTREIM 

WATER SUF ELEV 0,FLOWl DEPTH (a) 
FLd V.ELOCITY (/s) 

FLOW VARIABLES DOUNSTREAN 
WATER SURF ELEV (em) 
FLOW DEPTH (") 
FLOW VELOCITY (W/t) 

0.020 

0.00000 

40:.i0 
0.0571 

40.753 

0.500 
O.0571 

1.020 

0.00004 

"4 40 ol 
0.0. 
0.0568 

40.752 

0.502 
.0000 

. 

;. 000 

0.0000 

40 ogS2
0.50 

0.0000 

40.752 

0.502 
60002 

TURNCUT VARIADLES 

ACTu~MF!C& RhTE tnt3/s) - 0.020 -

TRNT HEAD LOSS (n) - .012 -

PIPE TURNOUT 

PIPE DIANETER (m) 
CATE SETTING (em) 

SIPHON TUBE TURNOUT 

- . --

SIPHON DIA (eq) --

SANKCUT TURNOUT 

DANkCUT WIDTH 6,)0 0.200 -

FLU#IE VARIlABLES 

FG.vRTIO 
FLLPERFLOI ELEV 4.). - --

CHECK VA :A!LES 

CREST Z EEATIO, (m) 

CULVERT HEAD LOse 

- -



Table E25
 

ABYUHA/JUL/ROT2
 
HYDRAULIC VARIABLE VALUES FOR STATIONS ON FAkM CHANNEL 
FCT5
 

VARIABLE VALUES FOR EACH STATION
 

VARIABLE 
 STAC 1) STA( 2) STA( 3)
 

STATION TYPE 
 I 3C 2
 

FARM CHANNEL CODElYNO.
 

DISTANCE TO STATION (") 
 0 29 30
 

BOTTOM ELEV AT STATION (em) 40.25 40.25 
 40.25
 

FLOW RATE

IN SECTION (emt3/s) 0.020 0.020 
 0.0oi
 

AVERAGE FRICTION SLOPE 
 -

IN SECTION (m/m) 
 0.21000 0.00604 6.00000
 

FLOW VARIABLES UPSTREAM 
 .
 

AY4TR VRIF ELEU (m) 
 46. 53 4.752 4
FL.J DEPTH (m) 0.500 
 0.50
FLCW VLLOCITY (m/s) 6.0571 0.0568 
 0.0000
 

FLOW 'ARIAKLES DOWNSTREAM
 

hATER SuRF ELEY (n) 
 46.753
FLC4 --PH (em) S. 4B0I 0.5
0:;
 
FLOW VLLOCITI em/s) 0.0571 6.0000 
 0.coca-


TURNOUT VARIABLES
 

ACTUAL 
FLOW RATE tnt3/s) - 0.020 -


TRNT HEAD LOSS (m) 
 - 0.612 

PIPE TURNOUT
 

PIPE DIAMETER (m) 
 -
GAlE SETTING (m) ­

SIP!,ON TUBE TURNOUT
 

BAN-CUT WIDIH tem) 0 .200 

FLU4E VARIABLES
 

;:LLO
F-, 
 ELEV 4ft1 - -" -u~ - -

CMECK VAXIAFLES 

CREST ELEVATION (n)
 

CU. 'EQT NE40 LOSS 



ARYUN/JUL/R0T2
 
HYDRAULIC VARIABLE VALUES FOR STATIONS ON FARM CHANNEL 
FCT6
 

VARIABLE 


STATION TYPE 


FARM CHANNEL CODE NO.
 

DISTANCE TO STATION (n) 


DOTTOM ELEV AT STATION (") 


FLOW RATE

IN SECTION (n3/s) 


AVERAGE FRICTION SLOPEIN SECTION (nI) 


FLOW VARIADLES UPSTREAM
 

WATER SURF ELEV (n) 


FLOM VLLOCITY ("/s) 


FLOW VARIABLES DO NSTREAM
 

UAERSURF 
 ELV 


FLOW VELOCITY (m/ 


TURNOUT VARIABLES
 

ACTUAL
 
FLOW RATE (mt3/s) 


TRNT HEAD LOSS (m) 


PIPE TURNOUT 

PIPE DIAMETER (m)
GATE SETTING (n) 

SIPHON TUBE TURNOUT 

SIPHON VIA (Em) 

BANCUT TURNOUT
 

DANACUT HIDTA (m) 


FLUME VARIABLES
 

S~E~r~ERATIO 
FLUME iLOR ELEV (m 

CHECX V'ARIABLES 

CREST ELEVATION (n) 

CULVERT hEAD LOSS
 

STA( I) 


I 


0 


40.25 


S.020 


0.600 


4"7 


6.857t 


4 
1:nU 

0 , 


-


-

-

- ." 

-

-

-

STA( 2) 


3C 


29 


40.25 


9.120 


6.e0014 


40:
 

6.0568 


11:M 

,.0, 


.o20
 

6.012 


-

-.0 200 

VARIABLE VALUES FOR EACH STATION
 

STAC 3)
 

2
 

39
 

40.25
 

9g.00
 

eIoeo
 

0.000
 

41.
 

,.,
..
 

-

-




Table E27
 

ABYUHA/JUL/ROT2
HYDRAULIC VARIABLE VALUES FOR STATIONS ON FARM CHANNEL 
FC1?
 

VARIABLE STA( I) STA( 2) STA( 3) 

VARIABLE VALUES FOR EALt 

STAC 4) 

ATION 

STATION TiPE 1 3c 2 

FARN CHANNEL COOE NO. 

DISTANCE TO STATION (m) 

OTTOM ELEU AT STATION (m) 

0 

40.46 

50 

4i.45 

99 

40.44 

100 

40.44 

FLOW RATE 
IN SECTION (nt3/s) 

AVERAGE FRICTION SLOPE 
IN SECTION (m/m) 

FLOW VARIABLES UPSTR-AN 

WATER SURF ELEV 4m)
FLOW DEPTH 
FLCW 'LOCITY tnis) 

FLOW VARIABLES DOWNSTREAM 

0.020 

6.00000 

40.757 
:)0.297 

0.1042 

8.620 

0.020 

40.747 
0297 

0.1041 

0.920 

S.09020 

40.738 
0.298 

0.1037 

0.000 

9.0000 

46.738 
0.298 

0.0000 

F~-D5jF LIV (m)
FLOW VELOCITY (n/s) 0.1042 

4 :~ 
6.1039 

43:3U 
0.0000 

8:8 
0.0000 

TURNOUT VARIABLES 

ACTUAL 
FLOW RATE (nt3s/) 

TRNT HEAD LOSS (n) 

-

-

-

-

0.020 

0.018 

-

-

PIPE TURNOUT 

PIPE DIAMETER 0 )GATE SETTING (") -
- -

SIPHUN TUBE TUROUT 

SIPHON DIA Ce) 

VANkCUT TVRNOUT 

SANICUT WIDTH tnj - 0.200 

FLUME VA4iAB.ES 

S'!qE;ECE RATIO 
FiLh FLCtIR ELfV (m)-

CHECk VARIABLES 

CkEST ELEVATION (m) 

CULVERT HEAD LOSS 



Table E28 

ABYUA/JUL/ROT2 
HYDRAULIC VARIABLE VALUES FUR STATIOS O FAh CHANNEL FCT7 

VARIABLE VALUES FOR EACH STATION 

VARIABLE STA( 1) STA( 2) STAC 3) 

STATION TYPE 1 3C 2 

FARM CHAhNEL CODE NO. 

DISTANCE TO STATION (m) 0 29 30 

BOTTOM ELEV AT STATION (a) 40.25 40.25 40.25 

FLCW RATE 
IN SECTION (nt3/$) 0.020 0. 0.006 

AVEqAGE FRICTION SLOPE
IN SECTICN (#/n) 0.0000 0.4004 0.00000 

FLCW VARIABLES UPSTREAM 

WATER SURF EL V 411;5J 48g 

FLOd VLOCITY (n/s) 0.0571 0.0568 6.5000 

FLCU VARIABLES DOUNSTREAM 

.A'ER tCFELEV (.t
FLOW DEPTH tt , 40.753 . 4g4::n4 

b 

FLOV'VLOCITVta/s) 0.0571 0.0009 0.0000 

TURNOUT VARIADLES 

ACTUAL 
FLOW RATE %nf3Is) 0.020 

TRNT NEAD LOSS (n) - 0.012 

PIPE TLRNOUT 

Pt" DIAMETER (n)
GATE SETTING (m) -

-
-

-

SI.HON TULE TURNOUT 

SIPHON DIA (n) -- - _ 

PANkCLT TLRNOUT 

&ANkCUT IDTH (m) - 0.200 -

FLUME VAR IABLES 

?UF.| R ENC
FLUAE FLOOR 

ATIO-...
LEV (n) -; 

ChECk VAklABLES -. 

CREST ELEVATION (n) 

CC VEqT hAD LOSS 



Table EZ9 

VARIABLE 


STATION TYPE 


FARM CHANNEL CODE NO.
 

DISTANCE TO STATION (m) 


BOTTOM ELEV AT STATION (m) 


CLaU RATE
IN SECT.'N (.,t3Is) 


AVERAGE FRICTION SLOPE
I% SECTI0.4 


FLOW ARIAILES UPSTREAM
 

WATEQ,SL~ ELEV (m)
FLC-.-EF 
 .. )FLdVLLC.lTY 
n/%) 


VLO VAqIAPLES DOUNSTREAM
 

WA' R St, ELEV ()

PLed L.ED4 

FLO4 VCLOCITY mI/s) 


TURNOUT VARIABLES
 

FLCJ RATE (mt3/s) 


TRNT HEAD LOSS (m) 


PIPE TCRkOUT
 

P19E ZIAML1ER in).
GAIE SETTINC C.n) 

SIFhNO T 
LV E TURNOUT 

SIppi43N LIA (m,)­

BA%<CL*T TURNOUT
 

WIDTH q.) 

FLUME VARIASLES 

FLL ELEV in) 


-PECK UAB..ES 

CREST ELEVATION 
(m)
 

CULVERT HEAD LOSS
 

STA( 1) 

1 

ABYUHA/IUL/R0T2HYDRAULIC VARIABLE VALUES FOR STATIONS ON 

VARIABLE VALUES 
8TA' 2) STAC 3) STA( 4) STA( 50 

7 7 3C 2 

FARM CHANNEL FC9 

FOR EACH STATION 

0 

40.36 

0.023 

0.00000 

ISO 

40.33 

6.023 

0.00010 

125 

40.32 

0.823 

0.00009 

150 

46.31 

6.023 

0.00008 

266 

40.28 

0.600 

0.00000 

40.727 
0.3690.0873 

40.? 
6.386.0806 

4 
0.1:5 

940.078V 
40?13 
0.4000.0771 

40.713 
040.0000 

40.727 
9)0.369 
0.0873 

4 .717 
0.399 
0.0805 

40.715 

0.394 
0.0788 

40.713 

0.400 
6.0000 

40.713 

0.433 
0.0000 

-

-

- -

-

0.023 

0.023 

-

-

-

-A-CUT 0.200 

- " -
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j"able E3I 

HYDRAULIC 
ABYUHA/JUL/ROT2 

VARIABLE VALUES FOR STATIONS ON rARM CHANNEL FCT9 

VARIABLE STA( 1) STA( 2) STAC 3) 

VAkIABLE VALUES FOR EAiH STATION 

STATION TVPE 

FARM CHANNEL CODE NO. 

1 3C 2 

DISTANCE TO STATION (n) 

rOTTO4 ELEV AT STATION (n) 

0 

40.25 

29 

40.25 

30 

41.25 

FLOW RATE 
IN SECTION f.t3/s) 

AVERA;E FRICTION SLOPE 
IN SECTION 4"/m) 

FLOW VARIABLES UPSTREAM 

WA-ER SU9F ELEV (a)
FLOW DEPTm ()
FL.;u VELCIT1 (M/$) 

FLOWi VARIABLES DOWNSTREAI 

WATER SURF ELEV (m)
FLOW I £P' c,
FLOW VELOCITY (/is) 

TURNOUT VARIABLES 

0.020 

0.00000 

40.753 
0.500 

0.057t 

40.753 
0.500 

0.0571 .-

0.020 

0.00004 

40.752 
0.502 

0.0568 

40.732 
0.502 

0.0000 

0.000 

0.60000 

40.752 
0.502 

0.1000 

40.72 
.'

0.0000 
40' 

ACTUALFLC4 RATE Ent3/s) 

TRNT HEAD LOSS (m) 

-

-

0.020 

0.012 

PIPE TURNOUT 

PIFE rIAMETER (m)
CATE SETTING (m) 

-
-

SI'.(Tj:.C TURNOUT 

SIPHON VIA (m) 

BA.kCUT T&'RN:UT 

PA%%CLT WJIDTH 

FLUME VAR1A.LES­

..) - 0.200 

SUE 
FL.PE 

FE 
A 

RATIO 
LV in) 

CRES7 ELL.4713-

CVLVEqT 1EA* LOSS 
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Table E32 (Cont.)
 

A9YUHA/JUL/ROT2HYDRAULIC VARIABLE VALUES FOR STATIONS ON FARM CHANNEL FC20 (CONTINUED) 

VARIABLE VALUES FOR EACH STATIONVARIAPLE STA(I) STA(12) STA(13) STA(14) STA(15) STA(16) STA(17) STAIa) 
STATION TYPE 7 3C 3C 3C 3C 3C 3C 3CFARM CHANNEL CODE NO. 

T2 
DISTANCE TO STATION (m) 100 1851 1058 1065 1072 1079 10& 1093
BOTTOM ELEV AT STATION (m) 39.60 39.59 39.59 39.59 39.58 39.58 39.58 39.58 
FLOW VATE
IN SECTION (.,?3/s) 0.193 0.193 0.169 8.145 0.121 9.997 0.673 0.049 
AVER GE FRICTION SLOPEIN SECTION (/m) 0.00615 1.00013 0.00010 .00807 0.00905 9.60063 6.e0o02 0.00001 

FLOW VARIASLES UPSTREAM 
WATER SL-QF ELEV~ 40.;4 1 ::;31 41.$31 4 40.8: 4.34 4054 40.534FLO r~qn 0.38 0 46 0.948 0.50 025 91 .57 &.959FLOU VLLZCITY C./,) 0.1599 0.1574 0.1373 0.1174 0.6976 8.%779 0.0584 6.0390 

FLOW VARIABLES DOWNSTREAM 
UATEC S!.c ELEU (g) 46.541 40.535 46.534 40.534 40.534 40.534 40.534 40.534 
FLOW DEFTH %n) 0.938 0.947 8.949 6.951 0,953 "955 59 
FLOW VLLOITY (/SI) 0.1599.. 0.1377 0.1177 0.0979 0.0782 0.0586 6.4392 0.99• 0o39 0. ,, 

TURNCUT VAF:ABLES 

STA(19* 

3C 

T3 

1100 

39.57 

0.025 

0.00000 

4nl.534 
a 961 
0.0198 

40.534 
0.91. 
0-9910.0000 

CTA(20) 

2 

T4 

2110 

39.27 

-0.900 

0.000o 

41.;34­
:.Z64 

0.0000 

49.Z34 
4.947 

1.2640.200oo 

FL3 RATE (nf3/s) - .024 0.024 0.624 0.024 024 0.824 0.024TRNT HEAD LOSS m) .0.824 0.024 0.024 8.424 0.024 0.024 

PIPE TURNOUT 

PIPE rIAMETER (m) 
GATE SETTING (n) -

-
SIPHON TUBE TURNOUT 

SIPpCN DIA (n) -
, 

0.024 

0.024 -

PANICUT TURNOUT 

4NkCjT .IDTH t.) - 00.200 .200 020 0 200 0.206 0 200 0.200 

FLUME VAIA1..ES 
S*-$*LGCl E CATIO-.'. 

"- - "" 
FL 0 4E rT -7"; FLEV (--

0.20- -

. 

-

CLVIT bEAn LOSS
 



--------

Table E33 

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

VARIABLE STA( 1) TA( 2) STAC 3) 

VARIABLE VALUES FOR EACH STATION 

STA( 4) STAC 5) 9TA( 6) STA( 7) STA( 8) STA. 91 STAMPC0 

STATION TVPE 

FARM CHANNEL CODE NO. 

1 7 7 7 - 7 3c 

DISTANCE TO STATION (m) 

BOTTOM ELEV AT STATION (n) 

I 

40.01 

Ise 

39.98 

210 

39.95 

311 

39.92 

406 

39.59 

500 

39.86 

6B 

39.93 

703 

39.96 

go@ 

39.77 

915 

39.73 

FLOW RATE 
IN SECTION 4nt3/1) 

AVERAGE FRICTION SLOPE 
IN SECTION ) 

FLOW VARIAI:..ES UPSTREAM 

6.152 

0.1000 

0.152 

0.00026 

6.152 

9.0025 

1.152 

0.025 

9.151 

0.00024 

0.151 

0.00623 

0.151 

6.00022 0.00020 

9.116,151 

0.00019 

9.151 

0.00018 

WATER SURF ELEV (m)
FLZ; rErT.4 4,0 
FLOW VLLOCITV (n/s) 

40.739 
0.730 

0.1924 

46.713 
0.734 

0.1906 

40.688 
0.739 
0.1885 

40.663 
0.744 
6.1860 

40.639 
0.751 

0.1833 

40.617 
0.758 
0.1802 

40.595 
6.767 

6.1767 

40.575 
0.776 

0.1729 

40.556 
.U7 

0.1688 

40.535 
S.ELI 

0.1637 

FLOW VARIAILES DOUNSTREAM 

WATER S .F ELEV t) 
FLOM DEPTH 0a)
FLOg %LLCCITT (n/S) 

40.739 
0.730 

0.1924 

40.713 
0.734 
6.1905 

140.688 
0.739 
0.1884 

40.663 
0.744 
0.1859 

40.639 
0.751 

0.1831 

40.617 
0.758 

0.1900 

40.595 
0.767 
0.1766 

40.575 
0.776 

0.1728 

40.5b6 
0.787 

0.1687 

40.536 
0.eC2 
0.1364 

t 

Ua) 

1 

TURNCUT VAR:ADLES 

ACTUALFLOW RATE (at3/s) 

TRNT HEAD LOSS (n) 

--

- -

-

_ 

-

-

-

-

-

-

0.025 

0.025 

PIPE TURNOUT 

P'IPE !IAnETER (o) 
CATE SETTING (n) 

--

SIPHON TUBE TURNOUT 

SIPHO T ) -- -(m) 

BA..j ULRNCL.T 

CrEST C~rAT:04 4..) 

C.EA: LCE 



Table E33 (Cont.) 

VARIABLE 


STATION TYPE 


PARN CHANNEL CODE NO.
 

DISTANCE TO STATION (a) 


BOTTOM ELEV AT STATION (n) 


FLOW RATE
 

IN SECTION (nt3/s) 


AVERASE FRICTION SLOPE
IN SECTION i,,.) 


FLOM VARIABLES UPSTREAM
 

WATER Suvr ELEV (a)
FLW E ,#
(n)

FLC.W VELCCITY (m/s) 


FLOW VARIABLES DOWNSTREAN
 

WATER SUSF ELEV (n:
FLC DEPTP (m)
FLOW VLLOCITY (n/s) 


TURNOUT VARIABLES
 
ACTUAL
 

FLCW RATE (03/s) 


TRNT HEAD LOSS (n). 


PIPE TURNCUT 

CA () 

SIFSJU TLUtE TLRNCUT 

SIlohN DIA i, 

BA%:KCUT TA'UT 

S C v (l 


FLUPIE R:.ES 


A9YUHA/3ULROT2
 
HYDRAULIC VARIABLE VALUES FOR STATIONS ON FARk 
CHANNEL FC21 (CONTINUED)
 

VARIABLE VALUES FOR EACH STATION
 

STA(11) STA(12) STA(13) STA(14) STA(1S) STA(|b)
 

3C 
 3C 3C 3C
IC 
 2
 

922 929 936 
 943 955 
 1895
 

39.71 39.71 39.71 
 39.71 39.70 
 39.42
 

0.126 0.101 6.176 
 0.051 0.026 
 0.660
 

0.60011 6.00007 0.00004 
 0.00602 6.60000 
 0.00006
 

413 14:14.30 '8:J 280.a, 2
 05

0.1304 0.1041 0.0779 
 0.0520 0.026&4 00
 

41.53 46.536 46.536 40.536 
 40.536 40.536
0.924 
 0.826
0.1044 692
0.0782 6.5522 #.130
0.265 0%32000 6.66
 

0.025 '9.025 0.625 
 0.825 0.025 
 -

0.025' .. 025 
 0.026 . 0.026 0.026 ­

- - .
 - -

0.200 6.206 0.200 
 0.200 . 0.200 
 -

.
 



Table E34 

IYDRAULIC 

ADYIJIJA, I Il./ROT2 
VARTADIE VALUES FOR STA1IONS N FARM ClIAKfJEL FC22 

VARIABLE 

STATION T'PE 

FAqM CHANNEL CODE NO. 

DISTANCE TO STATION-Cm) 

POTTOh ELEY AT STATION (m) 

F..J RATEIN SECTIOM (ft3f%) 

IN EITIL. t 

FLCJ VAQ:APLES UPSTREAM 

~X E R ~ g qJ C,
:L.J %-LOCITY (n.,) 

rLCu VARIABLES DOWNSIREAM 

F60. LE a) 

L C.W% L I..'T N
rL .LOCZTl /S 

STA( 1) 

1 

0 

39.75 

0.2"7 

0.00000 

4 . .0 
0.22!;3 

40.03 

:9p*4 7 0.2253 

STA( 2) 

7 

t0 

39.72 

0.277 

0.00027 

4 .6 . 
0.2240 

40.666 

0 .9 5 1 0.2240 

STA( 3) 

7 

200 

39.69 

0.277 

0.00026 

4 .6 0:0 
0.2225 

40.640 

.9 5 4 0.2224 

VAkIABLE VALULS FOR EALI STATION 
STAC 4) STA( 5) STAC 6) STAC 7) STA( 8 STA( 9 

7 7 7 7 7 7 

300 400 500 600 700 800 

39.66 39.63 39.60 39.57 39.54 39.,51 
-9 

0.277 0.277 0.27 0.276 0.2769.270.26 -0276 

0.00026 0.00025 0.00025 -0.80024 0.00023 0.0-C23 

" 

61 4 40 .5 8 8 4 0 .5 6 4 4 0 5 40 4 0 5 1 6 4 0 ,4940.2200 0.2109 0.2167 0.2143 u.2127 0.2urD 

40.614 40.588 40.564 40.540 40.516 40.494 
0 .9 5 8 0.9 6 3 0.:968 0 .9 7 4 0 .9 a *.9j0.2207 0.2100 0.21o6 0.2143 :.2114 n.'J8 

STA(tO, 

3C 

930 

39.4 
4 

0.2760-.274 

0.00022 

4 0 .4 .6 
0.2047 

40.4c", 

_4 &0.1 0 

1-a 

ACTUAL 
rL7; kZTE i t3/s) 

TRNT hiAD LOSS (,, _ 

-C0.Y 
- .E - .t34 

0 0'1 

F 

SUI'"ERSENCE RATIO _ 
"-" 

--- 0201 

CREST ELEVATION (.) - -

CUL1EFT P-EAD LOSS 

~ A~llable ­



Table E34 (Cont.)
 

ABYUIIA/JUL/ROT2
HYDRAULIC VARIABLE VALUES FOR STATIONS ON FAkM CHlANNEL 
 FC22 (CONTINUED,
 

VARISIA. 

STI -1pe 

FARM CHANEL CODE NO. 

BISTA1C£ 10 STATION C() 

IOTT0N ELEV AT STATION Ce,) 

IN SECTZ'N Cmft3/$ 

IANECTION-C,#,, S.66S1? 
IN SECTION ("Io) 

II' S1A41) 

3C 3C 

DSACTOSAIN()T2::
937 944 

39.44 39.44 

0.251 0.226 

.013 

SA(13) 

3C 

951 

39.44 

8.201 

.6610 

VARIABLE VALUs FCOk EACH STATION 

61A(14) 11 STA(I6) SIA ) 

3 3 3C 3C 

958 965 972 979 

39.44 39.44 39.41 39.43 

0.176 6.151 0.126 0.161 

.06669 .066 .0004 .0002 

T2 

906 

39.43 

0.076 

0.6071 

3C 

T3 

993 

39.43 

0.C51 

0.00001 

,3
T4-'-­

1000 

39.43 

O,02S 

.00006 

FL J VAC:AIRLES UPSTREAM, 

FZATE §QF ELEV in)
FL;. LOCITY in :) 

FLOW VARIABLES DOUNSTREAM 

CtURF L.ELEYPT eg) 

jn% 
.u. .CITI tRig) 

TURNOUT VARIABLES 

40:44j 
0.1793 

40.441 

1.022IT0.1a13 

4f 
0.1610 

40.--4662 

.400.1430 

0.1427 

60)40.4664.46 

01.0460,1248 

0.1245 

1..,80.1 

,.oz 
0.10a4 

103 
404 
0.08 

, 
0.0885 

:4&1 

0.0709 

46:6 
0.0707 

.030 

4 

1:4~8.20.0532 

4.66 
0,0530 
1.036 

03 

410:4.c..660.035& 

4.466 
0.385 
0.031 

40O.C l 

44.:6 
0.0130 
155, 

0.O01 

FLOU w4TE (t3/s) 

TOT 'EAD LOSS (0) 

PIPE 'L4NOUT 

0.025 

6.026 

0.025 

0.025 0.025 

0.025 

0.025 

6.025 

0.025 

0.025 

0.025 

0.025 0.025 

'.266.026 

.. 

- O2& 0.02 

PIOE VIAMETERC) 
GAE SETTING 

-

- "t) 

SII tsYA se,o 

- IDTH e, )
rL £ 

00.200 
-= .= .E .200 0.200: 0.200 2000.2 0 : 60.200 .200 0O 2gu 0.200 ":] .0 

FLUE ;LOOR ELEV (1) -

CFiST 

CUI.EST 

L&..:VATION 

EAD LOSS 

in) 

~~VIC 



Table E34 (Cont.)
 

HYDRAULIC VARIABLE 
ARYUHA/JUL/ROT2 

VALUES FOR SLATIONS ON FARl CHANNEL FC22 (CONITINUEV, 

VARIABLE VALUES FOQ EACH STATION 

VAR:ASLE $1A 21) 
. 

STATION TYPE 2 

FARM CHANNEL CODE NO. T5 

DISTANCE TO STATION (n) 2095 

BOTTOM ELEV AT STATION (a) 39.18 39.10 

FLOI rATE 
IN SECTION (t3/s) 6.00 

4VERACE FRICTION SLOPE 
lN SECT1O4 - ,) 0.00060 

-LOW %ARlAbLES UPSTREAM 

MA-ER SUC ELEV (n)FLCa IEP-.t tin% 41.461.36t 

FLCJ VLL:%3TY nm/s) 0.000 

FLOW %AR APLES DCJNSTREAh 

WA7ER SU;F ELEV (m) 40.466 
FLCJ ZEP tn)
FLCJ VLLZ-ITI in/s) 

1.366 
0.0000 

TURNOUT VAR:ABLES 

ACTUAL 
FL..J RATE t3/s) 

TRNT HEAD LOSS (m) -

PIPE TURNOUT 

POE rlA .TrER (m)
GATE ~TN n 

-

SIPHON TU:E TURNOUT 

SxPU"ov DA (W 

BANkCUTTURNOUT 

CULVERT hEA. LOSS 



HYDRAULIC 
A9YUHA/JULROT2 

VARIABLE VALUES FOR STATIONS ON FAN CHANNEL FC23 

VARIAPLE 

STATION TfPE 

FARN CHANNEL CODE NO. 

STAt I) 

! 

STAC 2) 

3C 

STAC 3) 

3C 

VARIABLE VALUES FOR EACH STATION 

STA( 4) STA( 5) ETAC 6) STAC 

3C 3C 3C 

7) 

3C 

STA( 6) 

3C 

STA( 9) 

2 

DISTANCE TO STATION in) 

IOTT04 ELEV AT STATION 0m) 

FLOW RATE 
IN SECTIO tnt3/s) 

AVERqAE FRICTION SLOPEIN SECTION (In.) 

FLOW VARIABLES UPSTREAM 

IAERDUP ELEV m
FLOW (n.VL. iiL.Z1TT (ps) 

FLOW VARIABLES DOUNSTREAM 

0 

39.70 

6.147 

9.661 

1 
2 

40 

39.77 

9.147 

6.66619 

4( 
1Y

.1275 

50 

39.77 

6.126 

6.66087 

44::6 

6.1087 

69 

39.77 

6.1, 

6.66635 -

4.484 

toY 
8.0901 

76 

39.76 

.094 

.90663 

40.685 

0.9 
0.6717 

as 

39.7 

6.663 

0.80892 

4: 

2 
0.153 

. 

9 

39.76 

0.6661 

418 

6.6 

1o 

- 39.75 

,8.0426.621 

9.1688 

.-
6.0176 

2080 

39.16 

6.000 

6.0066 

40 

0.0000 

WATER SUq: ELEV (m)
FLCQDEPT-4 ()
FL~I V LOCT9 (2/9) 

TURNOUT VARIABLES 

40.688 
0.964 

6.1296 

46.685 
0.913 
6.1092 

40.685 
0.916 

6.6966 

40.685 
.919 

0.6721 

40.685 
0.922 
.0537 

46.685 
6.925 
6.0356 

465 
.. 

0.6177 

4:6 
V31 

6.0060 

40La95 
1.-25 

0.0000 

U' 

ACTUAL 
FLCW RATE (nft3/s) 

TRNT HEAD LOSS (a) 

PIPE TURhOUT 

-

-

6.621 

8.025 

0.021 

0.025 

0.21 

6.024 

0.021 

0..023 

0.621 

0.025 

6.021 

6.025 

. 0.021-

0.025 

-

-

PIPE DIAMETER in 
SA'E SETTING in) 

-
--­

SZP.UN TV..E TURNOUT 

SIPHON DIAuq) - - _-

DANkCUT TURNOUT 

AACT WIDTH (m) 

Fttl %.AqAKES 

- 0.180 6.180 0.190 0.180 _0.180 0.180 6.160-

CREST E~:~~ 

CL69LERT EE L3SS 
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Table E38
 

VARS L[ 
 SIA( 1) 


STAT:. TYPE 
 I 


FARM C-4%N.1.L CODE NO.
 

DIST4SCE ! STATION 0) 
 0 


OT13M ELI: AT STATION 
(m) 40.24 


ZN £.C'IcN i.,t3l) 
 0.069 


ivE C% rKtIGr$SLOPE
 
IN S-C"1 iw.% 
 0.00000 


FLO. V4QI91.LES UPSTREAM
 

tLEV (n) 40.804 

F _.u.. ' . hTY n / s) 0 ,|4 1 8 
FLO- VARIA tm?
F.X. T4-ES DOWNSTk£EAh 064 

-: r-EV€£_ 40 004 
F-U. vcX'T| (n/t.) a..|41 

F*.O. ki-E (-?/s)_ 


T;NT HE*1 LOSS (n) -

'~v t LN2UT 

ET TTT1NG cm) 
 -


•AkI- "io­

'E-egL 

HYDRAULIC VARIAPLE 

S7A(2) STA( ) 


3A 3A 


60 
 B0 


40.22 
 40.22 


0.069 
 0.046 


6.00005 0.00002 


40.06 


0 . 13 60 0 . 0 89 3 
0.~7 0..3 

40.0U1 41000 
0.0906 0.0447 


0.023 
 0.823 


0.051 
 6.650 


0.20 0.20 


VALUES FOP SfATIOr4S 0#N FARM CKW#NEL FC27 

VARIAKtE VALUES FOR EACH SIATION 

SA( 4) SlAr to 

3
 

100 
 802
 

40.21 
 4u.00
 

0.023 
 0.000
 

6.00000 0.0000
 

40.?9 40.799
 

044 0
0 . 0 .0 0 00 

0?AJ 0?9 

07 4 .'9 
0.90000 0.0000 


Ch."
 

0.023 
 -

0.049
 

0.20
 

A m I" D 



Table E39* 

ASYUHA/SUL/ROT2 
HYDRAULIC VAkIABLE VALUES FOR STATIONS ON FARIM CHANNEL FC2B 

VARIA LE STAt I) STAC 2) STA( 3) 

VARIABLE VALUES FOR EACH STATION 

STA( 4) STA( 5) STA( 4) STA( 7) 

STATION TYPE 

FARn CHANNEL CODE NO. 

1 7 7 3C 3C 3C 2 

DISTANCE TO STATION (n) 

BOTTO ELEV AT STATION (n) 

1 

41.17 

IS0 

43.14 

266 

46.11 

236 

43.10 

243 

40.11 

256 

46.1 

71 

39.94 

FLOU RATE 
IN SECTION (nt3/s) 

AVERAGE FRICTION SLOPE 
IN SiCTION t 

FLOW VARIASLES UPSTREAM 

64TER .rqFELEV (m)
FLCU IEzTH 4)
F"C VL.3CIT (m/S' 

FLOWi VARIADLES DOWNSTREAM 
WATER S'.Q ELEV (a' 
P.G. EE-TN .FLOW VLLOCIT (n/s) 

064 

0.66000 

40.952 
0.678 

0.0914 

40.052 

0.70780.0914 

8164 

0.00016 

. 

40.946 
6.762 
0.0863 

46.94S 

6.7026.0061 

8.064 

0.60905 

40.941 
0.727 

1.0812 

46.841 

0.7276.6812 

6.064 

8.0005 

40.839 
a.736 
0.3795 

46.946 

6.7360.6532 

6.843 

6.0062 

40.9839 
6.738 
0.0529 

46.940 

0.7306.0268 

0.922 

0.9031 

40.839 
0.743 

6.3267 

46.839 

6.740O.000 

6.6o 

6.663gm 

40.839 
6.879 

6.6000 

46.939 

6.8990.0006 

TURNOUT VAqIAPLES
ACTUAL 

FLOJ RATE (nf3/$) 

TqNT READ LOSS (n 

--

--

0.121 

0.019 

0.621 

0.619 

0.121 

0.619 

-

--

PIPE TURNOUT 

PIPE DIA"CTER (,)
GATE SETTING (n) 

.... 
- - - - - -

S1FHJN !iBL TURNOUT 

SIPI.ON DIA (m) - - -

SANKCUT TURNOUT 

5ANVUT UDTH 0) -0 8.200 0.200 0.200­

.'LUME VARIAB,.ES 

F-, 
NIE.CERATIO-----­

-i EL£E ()(o- - - - - -

ULVETHED LOSS 

CULVERT NESS LOSS 



Table E40 

ABYUHA/$UL/ROT2 
HYDRAULIC VARIABLE VALUES FOR STATIONS ON FARM CHANNEL FC29 

VARIABLE 

STATION TYPE 

FARN CHANNEL CODE NO. 

DISTANCE TO STATION (m) 

BOTTOM ELEV AT STATION (n) 

PLOW RATEIN SECTION %mt3ls) 

AVERAZE VR:-:ON SLOPEIN SECTION n,n) 

FLOW VARIABLES UPSTREAM 

WA'£g ELEV oA)
FLOW DE#1H (A)
FL - -".L 1TN iA!5 

FLOM VARIABLES DOWNSTREAM 

UAIER SUJ-- ELEV (n) 
FL. EE IA, 
FLU ~LLTY (n/s) 

TURNCJT VAR14SLES 

STAC 1) 

1 

0 

40.05 

0.067 

0.00000 

40.685 
0.634 

0.l0bbO.NOaU 

40.685 
0.634 

0.1066 

STA( 2) 

7 

is$ 

40.02 

0.667 

6.60009 

t 

40.677 
0.656 

40.677 
0.656 
6.1008 

STA( 3) 

7 

266 

39.99 

.0666 

6.96008 

40.669 
6.678 
O0.053 

40.669 
0.678 
.0952 

VARIABLE VALUES FOR EACH STATION 

STA( 4) STA( 5) STAC 6) STA( 7) 

7 3C C 3C 

361 336 343 356 

39.96 39.95 39.95 39.95 

6.666 0.666 6.644 6.622 

6.00007 9.00006 9.00003 0.06061 

40.663 40.661 40.661 40.6610.702 0.710 0.7 .50.098? O.OUO *. Oties 0.82Y3 

40.663 40.661 40.661 40.661 
6.702 0.711 0.713 6.715@.6899 0.0508 6.6294 0.0060 

STAC 9) 

2 

671 

39.65 

0.000 

0.60060 

40.661 
0.11 

o.ofjOo 

40.*61 
0.!1 

6.0000 

-

-
c-l 

,A) 

ACTUAL 
FLC6 RATc o-fs) 

TRNT HEAr LOSS (m) 

P'E TsI.%:.JT 

- -

- -

-

2.022 

0.021 

0.022 

0.01 

6.022 

6.621 

PIPE r;4f1-.TER 0A0 ----

SIPHO DVIA (A) ..... 

DAN.CUT 1,4NOUT 

SARS1'1TWIDTH A-- 0.200 0.208 0.200' -

CREST ELV TI1O An)-------­
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Table E42
 

ABYUHA/3UL/ROT2
 

HYDRAULIC VARIABLE VALUES FOR STATIONS ON DISTRIBUTARY CANAL
 

VARIABLE VALUES FOR EACH STATION 

VARIABLE STA( I) STAC 2) STAC 3) STA( 4) STA( 5) STA( 6) STA( 7) STA( 8) STA(.9) STA(IO) 

STATION TYPE 

FARM CHANNEL CODE NO. 

I 6A 7 7 49 5 7 7 7 7 

DISTANCE TO STATION (n) 0 14 100 290 300 410 500 600 700 800 

BOTTOM ELEJ AT STATION (n) 

FLOW RAI-
IN SECTION ,mt3/s) 

AVERA7E FRICTION SLOPE 
IN SECTION .M'n) 

39.92 

1.473 

0.00000 

39.92 

1.473 

0.00067 

39.91 

1.473 

0.00007 

39.90 

1.473 

0.00007 

39.99 

1.473 

0.00007 

39.89 

!.472 

0.00011 

39.87 

1.472 

0.00011 

39.96 

1.472 

0.00011 

39.85 

1.472 

0.00011 

39.84 

1.472 

0.00011 

FLOW VARIABLES UPSTREAN 

WATER "z ELEV (n)
FLiJ DEF-4 (e)
FLW VOLLCCITN (n/s) 

41.504 
1.596 

0.4643 

41.495 
1.578 

0.4667 

41.493 
1.585 

0.2026 

41.486 
1.s0 
0.2021 

41.480 
I.t92 
0.2015 

41.273 
1.396 

0.2399 

41.262 
1.394 
0.2403 

41.252 
.93 

0.2404 

41 .241 
1.392 

0.240b 

41.2 
1.ii2 

0.2408 

FLOW VARIA ES DOUNSTREAM 

WATER SUZF ELEV (n)
FLCU r-E-H (m) 
FLOW VELCCITY tn/%) 

TURNOJT VAR:ABLES 

41.504 
1.586 

0.4643 

41.499 
1.582 

0.2031 

41.493 
1.595 
0.2026 

41.486 
1.588 

0.2021 

41.205 
1.397 

0.2397 

41i272 
1.395 

0.2401 

41.262 
1.394 

0.2402 

41.252 
1.393 
0.2404 

41.241 
1.392 

0.240a 

4t.230
1.392 

0.2408 

-1 

ACTUAL 
FLOW RATE xnt3/%) 

TRNT HEAD LOSS tn) 

.... 

- - -

- -

PIPE TURNOUT 

PICEC ?IAMETR In)
C7E SETTING (m) 

- -

SIPHEN TLIDE TURNOUT 

SlPHZ'; 1A %n)-------- -

SANkCOZT !'3 

FLJE - . 

CR..T t -

eat A.A 
4$.,T1 

- - -­
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Table E42 (Cont.)
 

ABYUIIA/3UL/ROT2 
HY)RAU4.IC VARIABLE VAIUES FOR SIATIONS Of tISTPIUTARY CANAL (COTIUED) 

VARIABLE VALUES FOR EACH STATION
 

VARIABLE STA(21) STA(22) STA(23) 
 STA(24) STA(25) STA(26) STA(27) 
 STA(28) SIA(29) STA(30p
 

STATIZN TvPr 3A 3A 3A 5 3A 
 5 3A 3A 3A 5
 

FARM CHANNEL CODE NO. T5 T6 17 
 T7 19 
 TB T9
 

DISTANCE TO STATION (n) 1600 1642 
 1700 1710 1716 
 1815 1850 1980 1881 
 1990
 

90TTC1 ELEV AT STATION (n) 39.74 39.73 39.73 39.73 
 39.73 39.71 
 39.71 39.71 39.70
 
FLOW ZATE
 

IN SETIC4 %nt3/s) 1.410 1.390 1.370 1.350 1.350 
 1.330 1.329 1.306 
 1.286 1.26h
 
AVERA;E FRICTXION SLOPE
 
IN SE:T:T. ,-,.' 0.00010 0.00010 0.00009 
 0.00009 0.00009 0.00009 0.00009 
 0.00008 0.00008 000008
 

FLOW JARIAE.ES UFSTREAM
 

WAIEQ SZV ELEV (m) 41.139 41.135 41.130 
 41.129 41.128 41.119 41.115
F-.: -:'-.-) 1.400 1.401 1.401 41.j13 41.113 41.105
1.4112 1.401 1.402 1.402
FLOW VELLXIT' is/s) 0.2288 0.2255 0.2221 0.2188 1.403 t.4CJ 1.4;6
0.2109 0.2153 0.2153 
 0.2115 0.2062 0.2045
 

FLOW VARIADLES DCONSTREAM
 

UA-ER St- ELE£ (n) 41.139 41.135 41.130 41.120 
 41.120 41.119 41.116 41.113
FL-. • 41.113 41.104
1.401 1.401 1.402 
 1.4e1 1.401 -1.402 1.403
FLiM VELXCIT1 (n/s) 0.2255 0.2222 0.2188 0.21U9 1.403 1.40s 1.405
0.2156 0.2154 0.2116 
 0.2082 0.2U4? 0.2046
 

TLRNC,;T VAr:ABLES
 

ACT-UAL 

FL3W RATE (ft3's) 0.020 0.020 0.020 ­ 0.020 - 0.026 0.019 0.019
 

TNT NEAZ LOSS (m) 0.38b 0.302 0.373 ­ 0.375 
 - 0.388 0.360 0.360
 

PIPE TUQ0OU1
 

P A' C{1 0.20 0.20 0.0 
 0.20 
 - 020 0.20 0;20
GATiE -TTNCG (i) 0.07 007 0.07 - 0.07 - 0.08 0.07 C0
 

SINCN 1..j. TURNOUT
 

SIHPHN DIA (n)
 

• ,%CU:NOUJT 

PA%-.C, T ;jIPTN n 

FLUME 

- v A'10 ­

3~- t a -- ­ - -- IV 

http:JARIAE.ES
http:HY)RAU4.IC
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DATA INPUT/EDIT PROGRAM
 

LIST
 
10 'Program Data Input
 
20 p
30 Data is entered for the main canal and each mesqa.

40 'After entry, data is stored in the aprropriate file.-A data
 
50 'edit program allows for change of data.
 
60 1 
90 COLOR 7
 
100 DIM S(100, 6 9 ),STANUM(100),TOUT(100),ST$(15),N$(30)sPT 
 (12'2,7) TT$(15)'iDATMAX
(12)
 
110 CLS : PRINT "Please wait..."
 
120 GOSUB 20000
 
200 1
 
210 'Main menu
 
220 1
 
230 KEY OFF
 
240 COLOR 7 : CLS
 
250 X = 20 
260 LOCATE 2,X t COLOR 15
 
270 PRINT "Data Input/Edit Menu"
 
280 COLOR 7
 
285 AW(I) = "Input Data" : 
 A$(2) "Edit Data" I A$(3) "Copy Directory" i A$(4
) = "Quit" 
290 Y = 5: Q = 1
 
300 FOR I = 1 TO 4
 
310 LOCATE Y,X : PRINT AW(l)
 
320 Y = Y + 2
 
330 NEXT
 
340 LOCATE 15,10
 
350 COLOR 15
 
360 PRINT "Type the beginning letter to select, or'"
 
370 LOCATE 16,10: PRINT "Press " + CHR$(24) + " to move curnor up"

380 LOCATE 17,10: PRINT "Press " + CHR$(25) + " to move cursor down"

390 LOCATE 10,10: 
PRINT "Press return to accept selection"
 
400 Y = 5 : YMIN = 5 : YMAX = 11
 
420 LOCATE Y,X x COLOR 0,7: PRINT A$(Q)

430 A$ = INKEY$ : IF A$ = "" THEN 430
440 IF ASC(RIGHT(A$,I)) = 72 OR ASC(A$) = 56 THEN GOSUB 600460 IF ASC(RIGT$(A$,1)) = 80 OR ASC(A$) = 50 THEN GOSUB 640 
465 COLOR 7 
470 IF ASC(A$) = 73 OR ASC(A$) = 105 THEN Q 1 GOTO 520 
480 IF ASC(A$) = 69 OR ASC(A$) = 101 THEN 0 = 2 GOTO 520
490 IF ASC(A$) = 67 OR ASC(A$) = 99 THEN Q = 3 : GOTO 520 
500 IF ASC(A$) = 81 OR ASC(A$) 113 THEN CLS a END= 
510 IF ASC(A$) <> 13 THEN BEEP : GOTO 420 
520 ON 0 GOSUD 10000,15000,25000,900 
530 OTO 240
600 Y = Y - 2 : IF Y < YMIN THEN Y = Y + 2 :BEEP a RETURN 420 
602 COLOR 2 
605 LOCATE Y+2,X & PRINT A$(Q) : 0 = 0 - I 
610 RETURN 420 
640 Y = Y + 2 t IF Y > YtAX THEN Y = Y - 2 1 BEEP I RETURN 420 
645 COLOR 7 
6,50 LOCATE Y -2, X :PRINT A'() : Q = Q + I 
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900 CLS 
910 END
 
970
 
980 
990 '­

10000 'Data input subroutine
 
10010
 
10020 ' Data for the distribution canal and'mesqas ar'e-input.
 
10030 ' 

10040 'Menu
 
10050 CLS
 
10060 X = 20
 
10070 LOCATE,2,X : COLOR 15
 
10000 PRINT "Data Input Menu"
 
10090 Y = 5
 
10100 A$(1) = "Input Distributary Canal Data" i A$(2) = "Mesqa Data Input" : A$(

3) = "Disk Drive / Directory Specification" : A$(4) = "Quit"
 
10110 COLOR 7
 
10120 FOR I = 1 TO 4
 
10130 LOCATE YX
 
10140 PRINT AS(I)
 
10150 Y = Y + 2
 
10160 NEXT
 
10170 p
 
10160 COLOR 15
 
10190 LOCATE 15,10 : PRINT "Type the beginning letter to select1 vr"
 
10200 LOCATE 16,10 : PRINT "Press " + CHR$(24) + " to move cursor up"

10210 LOCATE 17,10 : PRINT "Press " + CHR$(25) + " to move cursor down"
 
10220 LOCATE 18,10 : PRINT "Press enter to accept selection."
 
10230 1 
10240 Y = 5 : YMIN = 5 1 YMAX = 11 : 0 = 1
 
10250 LOCATE Y,X : COLOR 0,7 a PRINT A$(Q)
 
10260 A$ = INKEY$ : IF A$ = "" THEN 10260
 
10270 IF ASC(RIGHT$(A$,I)) = 72 OR ASC(A$) = 56 THEN GOSUB 10800
 
10280 IF ASC(RIGHT$(A$,I)) = 80 OR ASC(A$) = 50 THEN GOSUB 10900
 
10290 IF ASC(A , = 73 OR ASC(A$) = 105 THEN 0 1 SOTO 10350
 
10300 IF ASC(A$;) = 77 OR ASC(A$) = 109 THEN 0 - 2 GOTO 10350
 
10310 IF ASC(A$) = 68 OR ASC(A$) = 100 THEN 0 = 3 GOTO 10350
 
10330 IF ASC(A$) = 81 OR ASC(A$) = 113 THEN RETURN 240
 
10340 IF ASC(A$) <> 13 THEN BEEP : SOTO 10250
 
10350 ON 0 0OSUD 11000), 12000, 13000, 14500 
10360 GOTO 10050
 
10800 Y = Y - 2 : IF Y < YMIN THEN Y - Y + 2 cBEEP i RETURN 10250
 
10810 COLOR 2
 
10820 LOCATE Y+2,X : PRINT AW(O) e 0 = 0 - I
 
10e30 RETURN 10250
 
10900 Y = Y + 2 : IF Y > YMAX THEN Y = Y - 2 a BEEP a RETURN 10250
 
10910 COLOR 7
 
10920 LOCATE Y -2,X PRINT A$(Q) 1 0 - 0 + 1
 
10930 RETURN 10250
 
10940
 
10950
 
11000 'Distributary Canal Data input
 
11100 1
 
11110 IF D$ = "" THEN GOSUB 13000 'enter disk drive and dir if needed
 
11115 COLOR 7 a CLS i FMESQ - 0 
11120 1 
11130 ON ERROR GOTO 11900 
11140 FILES D$ + "DIST.DAT" 
11150 01 ERROR GOTO 0 
11160 'Djitribution canal data oxists 
11170: PRINT "Distributary canal data exitits." 
11180 PRINT "Type R to return to input menu." 
11190 PRINT "Type D to delete existing distribution canal data and 
J1200 PRINT "input nvw dat:a. " 

A I 7 1 :1',_1L'A " , -:". . .... 
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11220 IF .0; "r" OR I"1" THEN Id' TURN
11230 IF Q$ <>"d" AND 01; <>'D" THEN BEEP : SOTO 11210
 
11240 1
 
11250 'Input distribution canal data
 
11260 ON ERROR T0100
 
11270 F$ = "DISr.DAT"
 
11200 GOSUD 11700 
 'Enter station data
 
11350 DSMAX = s"rAMAX
 
11360 'Set tUrntOut flags along distribution canal
 
11370 FOR I = 1 TO DSMAX

11380 IF STANUPN(I) = 3 OR STANUM(I) 
 = 4 OR STANUM(I) 5 THEN TOUT(I) = 1 'ELSE
TOUT(I) = 0 : SOTO 11410

11390 FF$ "STA" + RIGIIT'(STR$(1,LEN(STR$(I))-I) + ".DAT" 
11400 OPEN D$ + FF$ AS #1 LEN = 
128
 
11410 CLOSE 01
 
11420 NEXT
 
11430 S = 1
 
11435 S = S + 1 
11440 IF S = STA11AX THEN RETURN 
11450 IF TOUT(S) = 0 THEN 11435

11460 PRINT : PRINT "Enter data for mesqa at station";S;"(Y/N)?"
 
11470 INPUT Q$

11480 IF Q$ = "N" OR Q$ = "n" THEN RETURN 
11490 IF Q$ <> "Y" AND Q$ <> "y" THEN BEEP i SOTO 11470
 
1150o FMESQ = 1
 
11505 F$ = "STA" + RIGHTIP(STR$(S)LEN(STR$(S))-I) 
 + ".DAT" 
11510 GOSUB 11700
 
11520 GOTO 11435
 
11530 1 
11670 1
 
11680 'Enter station data
 
11690
 
11700 CLS
 
11705 IF FMESQ = I THEN GOSUB 24020 ELSE GOSUB 24100 
 'set datmax(

11710 INPUT "Input channel name ";CN$
11720 GOSUB 30050 
 'Enter station typos

11730 GOSUB 30490 
 'Edit station types

11740 GOSUB 30010 
 'Enter data at stations
 
11750 GOSUB 31330 'Print data
 
11760 GOSUB 31560 
 'Store data
 
11770 RETURN
 
11780 '
 
11900 IF ERR 
= 53 THEN RESUME 11260
 
11910 ON ERROR GOTO 0 : RESUME 11270
 
11920
 
11930
 
11999 
'
 
12000 'Mosqa data input
 
12010 
12020 COLOR 7 t CLS 
12025 FMESQ = 1 'mesqa flag12030 IF D$ = "" THEN GOSUB 13000 'disk drive and dir 
12040 ' 
12050 ON ERROR GOTO 12600 
12060 FILES D$ + "dist.dat" 
12070 ON ERROR SOTO 0 
1200 
12090 IF ERR = 53 THEN RETURN
 
12106 . 

12120 FILES D$ + "STA???.DAT" 
12130 FRINT
12140 PRINT "Enter station number along distribution canal at which data is to b 

1210 /"oUf~N'r "fr' :+ enter to return to the mnL. " ... ' '' ',.'.v .r . 
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12170 IF Q = 0 THEN RETURN
 
12180 ON ERROR GOTO 12660
 
12190 F$ "STA" + RIGHT$(STR$(Q),LEN(STRi(Q))'I) + ".DAT"
 
12200 FILES D$ + F$ 
12210 ON ERROR GOTO 0 
12220 
12230 'Check to see if mesqa data exists 
12240 OPEN D$ + F$ AS i1 LEN = 128 
12250 FIELD #1,2 AS RA$,18 AS RA$ 18 AS RA$(2), 18 AS RA(3); IS AS RA$(,4)p,.l 
8 AS RA0(5), 18 AS RA$(6), 18 AS RA$(7) 
12260 GET #1,1 
12270 CHECK = CVS(RA$(7)) 
12280 CLOSE #1 
12290 IF CHECK = 0 THEN 12410 
12300 1 
12310 PRINT : PRINT "Mesqa data exists." 
12320 PRINT "Type R to return to the menu, 
12330 PRINT "Type D to delete existing mesqa data and enter new data." 
12340 INPUT Q$ 
12350 IF Q$ = "R" OR Q$ "r" THEN RETURN 
12360 IF Q$ <> "D" AND Q$ <> "d" THEN 12340 
12370 
12400 'Enter mesqa data 
12410 FMESQ = 1 
12420 GOSUB 11700 
12430 RETURN 
12480 P 
12600 IF ERR <> 53 THEN ON ERROR GOTO 0 
12610 CLS 
12620 PRINT "Enter the data for the distribution canal first." 
12630 PRINT: PRINT "Press any key to continue." 
12640 AS = INKEY$ : IF AS = "" THEN 12640 
12650 RESUIME NEXT 
12660 IF ERR <> 53 THEN ON ERROR GOTO 0 
12670 PRINT : PRINT "Turnout does not exist on station ";Q;" of distribution can 
al.11 
12680 PRINT "Reenter station number" 
12690 RESUME 12160 
12700 RETURN 240 'return to main menu 
12900 
12910 
12920 12920 ' 

13000 'Disk drive and directory specifications 
13010 1 
13020 'Drive location 
13030 COLOR 7 : CLS 
13040 PRINT "Input Disk Drive letter (without colon) where data is to be found." 
13045 PRINT "Press enter to accept ";: COLOR 0,7 : PRINT "Drive ";DDEF$ : COLOR 

13050 INPUT D$
 
13060 IF D$ <> "a" AND D$ <> "b" AND D$ <> "c" AND D$ <> "A" AND D$ <> "B" AND D 
$ 0 "C" AND D$ <> "" THEN PRINT "Reenter drive letter." : GOTO 13050 
13065 IF D$ = "" THEN D$ = DDEFS 
13070 DR$= D$ + ":" 

13075 DDEF$ = D$ 
13076 IF FCOPY = I THEN RET.URN 
13080 UN EIVROR GOTO 13400 'trap for file not found 
13085 PRINT : PRINT "Current directories: ": PRINT 
13090 FILES DR$ + "*." 
13100 ON ERROR GOTO 0
 
13110 1
 
13130 PRINT : INPUT "Enter directory name:";DN$
 
13140 ON "RIOR GOTO 13450
 
1 371 00$ r DIR + "1\", + DN$ + "\"
 

• . , ' r-,.~ :~ ... .. ...... .... .. .T.-.. ..
 

7 
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13165 ON ERROR GOTO 0
 
13170 RFTURN
 
13180 
13400 IF ERR = 53 THEN PRINT "No current directories" a RESUME 13100 
13410 ON ERROR GOTO 0 
13450 'trap for no current directories 
13460 IF ERR <> 53 THEN ON ERROR GOTO 0 
13470 IF FEDIT = I THEN GOTO 13520 
13480 INPUT "Make new directory (Y/N)";Q$ 
13405 IF Q$ = 'n" OR Q$ = "N" THEN RESUME 13130 
1349o IF Q$ <> "Y" AND Q$ <> "y". THEN 13480 
13495 PRINT "Creating Directory" 
13500 IKDIR DR$ + "\" + DN$ : RESUME 13165 
13510 1 
1352o "Directory not found, please reenter. " 
13530 RESUME 13130 
13540 
14080
 
14090 
14500 RETURN 240 'quit to main menu 
24970 ' I 

14900 
14990 '­

15000 'Edit data 
15010 1 
15020 CLS : FEDIT I 
15030 X = 20 
15040 LOCATE 2,X a COLOR 15 
15050 PRINT "Edit Menu" 
15055 Y = 5 
15060 A$(1) = "Change Station Types" i A$(2) "Edit Data at Station" i A$(3) 
"Dis~k Drive/Directory Selection":A$(6) = "Quit":A$(4) = "Rename Channel":A$(5) = 
"Print Data"
 

15065 COLOR 7
 
J5070 FOR I = 1 TO 6
 
15080 LOCATE YX
 
150;(190 PRINT A$(I)
 
15095 Y = Y + 2
 
15100 NEXT
 
15110 COLOR 15
 
15J20 LOCATE 17,10 : PRINT "Type the beginning letter to select, or"
 
15:30 LOCATE 18,10 : PRINT "Press " + CHR$(24) + " to move cursor up"

15140 LOCATE 19,10 : PRINT "Press " + CHR$(25) + " to move cursor down"
 
15150 LOCATE 20,10 PRINT "Press enter to accept selection"
 
15160 Y = 5 : YMIN = 5 : YMAX 15 : Q = 1
 
15170 LOCATE Y,X : COLOR 0,7 : PRINT A$(Q)
 
1100 A$ = INKEY$ : IF A$ = "" THEN 15100 
25190 IF ASC(RIGHT$(A$,I)) = 72 OR ASC(A$) 56 THEN GOSUB 15300 

IfF20)ASU (R1GHT$(A$, 1)) 80 OR ASC(A$) = 50 THEN GOSUB 15340 
1'.:'I0 IF ASC(A$) = 67 OR ASC(A$) = 99 THEN 0 = I : GOTO 15270 

0 WF5.ASC(A$) = 69 OR ASC(A$) = 101 THEN 0 = 2 : GOTO 15270 
',240 IF ASCA) = 68 OR ASC(A$) = 100 THEN 0 = 3 : GOTO 15270 

1 ,..4. IF ASC(A$) = @2 OR ASC(A$) = 114 THEN 0 4 GOTO 15270 
15.50 IF"ASC(Aq;) = 80 OR ASC(A$) = 112 THEN Q 5 : GOTO 15270 
is..s 1r ASC(A$) = 81 OR ASC(A$) = 113 THEN 0 6 GOTO 15270 

I'5260 ir A11(A$) <> 13 THEN DEEP : 80TO 25170 
15'70 ON 0 1(;'Uyi 16000, 17000, 13030, 18000, 16B500119500 
.m'0 oro 1.,2r). 

15700 Y = Y -A IF Y < YMIN THEN Y Y + 2 IFIEEP a RETURN 15170 
15 -10 (OLOR 2 
153 2 LOCA'. Y4 2, X : PRINT A$ Q) • Q 0 - 1 
15330 RETURN 15170 
15.4(Y = Y 4 IF Y > YMAX THEN Y Y - 2 : DEEP a RETURN 15170 
25350 COLOR 7 
15 6(1 L.OCA'I Y - . X I rm wrl1T A.D) : P = Q + I 



15970 
15980 
15990 ' ------------------­
16000 'Edit station types
 
16010
 
16020 IF D$ = "" THEN GOSUB 13030. 
16030 GOSUB 19200 'Choose file to be edited 
16035 IF FDAT = I THEN RETURN 
16040 IF STAMAX = 0 THEN RETURN 
16045 STAMi = STAMAX : FOR K I TO STAMAX : TOUT(K) = STANUM(K) :NEXT 
16050 GOSUB 30490 'edit station types 
16060 IF FMESQ = I THEN 16160 
16070 'create files for additional stations or new turnouts 
16080 FOR K = 1 TO STAMAX 
16086 'Create new data files 
16090 IF STANUM(K) < 3 OR STANUM(K) > 6 THEN 16130 
16095 IF K < STAMI AND TOUT(K) = STANUM(K) THEN 16130 
16100 FF$ = "STA" + RIGHT$(STR$(I),LEN(STR$.(K))-1) + ".DAT" 
16110 OPEN D$ + FF$ AS #1 LEN 1.28 
16120 CLOSE #1 
16130 NFXT 
16140 ' 

16150 'Store new station types
 
16160 GOSUB 31580
 
16170 RETURN
 
16180
 
16970 ' 

16980
 
16990 '---------­
17000
 
17010 'Edit data subroLtine
 
17020 1
 
17030 IF D$ = "" THEN GOSUB 13030 
1704C GOSUB 19200 'Select mesqa
 
17045 IF FDAT = I THEN RETURN 
17050 P 
17060 COLOR 7 : CLS 
17070 PRINT "Enter station number along channel
 
17075 PRINT "Press enter to return to menu."
 
17076 INPUT I
 
17080 IF I > STAMAX THEN PRINT "No. of stations =";STAMAX t PRINT "Please reent
 
er." : GOTO 17070
 
17090 IF I = 0 THEN GOSUB 31580 : RETURN 'store then return 
17091 CLS COLOR 15 '
 
17092 LOCATE 1,1 : PRINT "Station "S;" along distributary canal"
 
17094 LOCATE 2,1 : PRINT "Station "I;" along mesqa" 
17095 LOCATE 3,1 : PRINT ST$(STANUM(I)) 
17096 COLOR 7
 
17100 COLOR 7 
17104 'Set datmax(
 
17105 IF RIGHTI.(F$,1) = "D" THEN GOSUP 24100 ELSE GOSUB 24020 
17106 Y = 5
 
17116 FOR K = I TO DATMAX(STANUM(I) 
17120 ST = STANUM(1) 
171,) LOCATE Y,40 - LEN(N$(PT(STOlK)))
 
17140 HU.rNT N$(PT(STI,K));
 
17150'PRINT " = ";S(IPT(ST,2,K))
 
1716) Y Y + I 
J7170 NEXT 

1710) (3L1SUD 31000 
17105 GOTO 17060 
17190 ITURN 
17200 
17210 
17970
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1 7 9 9 0 ' " ......- ­
18000 
18010 'Change channel nafne
 
18020 ' 
18030 IF D$ = THEN GOSUB 13030
 
18040 GOSUB 19200 'Select file
 
18045 IF FDAT 1 THEN RETURN
 
18050 1
 
10060 COLOR 7 : CLS
 
18070 PRINT "Old channel name3 "ICN$
 
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 - 1 THEN RETURN
 
18520 GOSUB 31370 'Printout
 
18530 RETURN
 
18540
 
18550 '
 
18970
 
18980
 
18990 '­
19200 'Choose file to be edited
 
19210 1
 
19220 COLOR 7 : CLS :FDAT = 0
 
19230 PRINT "Choose file to be edited or printed"

19240 FILES D$ + "*.DAT"
 
19250 PRINT : PRINT "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 INPUT 0
 
19290 IF 0 = 0 THEN F$ = "DIST.DAT" a FMESQ 
- 0 ELSE F$ - "STA" + RIGHT$(STR$(Q

),LEN(FTRT(Q))-1) + ".DAT" : FMESQ I :S = 0 
19295 DD$ = D$ + F$ 
19300 OPEN DD$ AS #1 LEN = 128 
1931) FIELD #1,2 AS RA$,18 AS RA$(I),18 AS RA$(2), 18 AS RA$(3)p 1B AS.RA$(4), 1 
8 AS RA$(5), 18 AS RA$(6), 18 AS RA$(7)
 
19320 GET #1, 1
 
19330 STAMAX = CVS(RA$(7))

19340 IF STAMAX 
= 0 AND FCOPY = 0 THEN CLOSE #1 GOTOS 19900
 
19345 PRINT : PRINT "Retrieving data"
 
19350 CN$ = RA$(6)
 
19360 FOR S = I TO STAMAX
 
19365 GET #1,S
 
19370 STANUM(S) = CVI(RA$)
 
19380 FOR J = 1 TO DATMAX(STANUM(S))
 
19390 S(SPT(STANUM(S),2,J)) = CVS(RA$(J))
 
19400 NEXT
 
19410 NEXT
 
19420 CLOSE #1
 
19425 S = Q
 
19430 RETURN
 
19500 FEDIT = 0 : RETURN 240 'return to main menu
 
19900 PRINT "There is no data in the file to be odited."
 
19910 PRINT "Pluase use data input tt enter data."
 
19920 PRINT "Press any key to ccntinue."
 
19930 A$ = INKEY$ : IF A$ = "" THEN 19930 
19935 FDAT -I
 
19940 RETURN
 
19950
 
1 ')'Tj') 



19900 ' '
 
19990 '-­
20000 'Subroutine read string data
 
20010
 
20015 DDEF$ = I" 
20020 FOR J = I TO 12
 
20030 READ ST$(J)
 
20040 NEXT
 
20050 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 
20070 DATA "Type 4A - Cutthroat.Flume", "Type 4B - Trapezoidal Flume", "Type 4C -
Check"
 
200G0 DATA "Type 5 - Bend", "Type 6A - Enlargement or Contraction","IType 6B - Ch 
ange in Roughness, Bottom Slope or Seepage Loss " 
20090 DATA "Type 7 - Intermediate Station"
 
21010 '. 
21020 FOR J = I TO 30 
21030 READ N$(J)
 
21040 NEXT
 
21050 ' 

21060 DATA Distcnce to Station (m),Bottom Elevation at Station 
(m)
21070 DATA Hydraulic roughness,Bottom Slope (m/m),Side Slope,Bottom Width

21080 DATA DeEw-gn Flow Rate (m^3/sec),Field Water Surface Elevation Cm) 

(m) 

21090 DATA Fric ion Factor,Pipe Length (m),Pipe Diameter 
(m),Gate Setting (m)21100 DATA Roughness Coefficient,Entrance Loss Coef-ficient,Siphon Length (m),Sip

hon Diameter (m)

21110 DATA Roughness Coefficient,Bankcut Length (m),Bankcut Elevation (m),Bankcu
 
t width (m)

2112: 
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 = I TO 12
 
21520 FOR K = I TO 2
 
21530 FOR KK = I TO 5 
21540 READ PT(ST,K,KK)
 
21550 NEXT: NEXT: NEXT
 
21560 1
 
21570 DATA 3,4,5,6,30
 
21500 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 
21600 DATA 1,22,23,24,25 
21690 DATA 1,21,22,23,24 
21700 DATA 1,22,23,24,25 
21710 DATA 1,25,26.,0,0 
21720 DATA 1,26,2B,0,0 
21730 DATA 1,27,,, 
21740 DATA 1,29,,, 
21750 DATA 1,5,6,2B,29 
21760 DATA 1,4,6,61,62 
21770 DATA 1,3,4,,30, 
21780 DATA I,:,5,27, 
21790 DATA 1,,,, 

' .I . , r I , 



22020 READ I'T$ (J) 

22030 NEXT
 
22040 
22050 DATA 1,2,3A,3B,3C,4A,4B,4C,5,6A,6B',7 
23000 'READ DATMAX ARRAY 
23010 FOR I = 1 TO 12 
23020 READ DATMAX (I) 
23030 NEXT 
23040 p 
23050 DATA 5,2,5,5,5,5,5,3,2,5,4,1 
23999 RETURN 
24000 'Additional mesqa data 
24010 ' 
2402C0 FOR K = 3 TO 5 
24030 PT(K,1,6) = 7 : PT(K, 2,6) = 11 
24040 PT(K,1,7) = 8 : PT(K,2p7) = 13 
24045 DATMAX(IK) = 7 
24050 NEXT 
24060 RETURN 
24090 'Set datmax: for distribution canal 
24100 FOR K = 3 TO 5 
24J 10 DATMAX(K) = 5 
24120 NEXT 
24131 RETURN 
24140 
24 970 
2498&.
 
24990 
25000 'Copy directory
 
25010 1 
25020 'Files under a directory are copied onto another directory.. 
25030 ' 
25040 FCOPY = I 
2V050 GOSUD 13030 'Drive location 
25060 'Specifify directory 
25070 PRINT 
25080 ON ERROR GOTO 29000 
25090 FILES DR$ + "*. " 
25100 ON ERROR GOTO 0
 
25110
 
2512o PRINT : PRINT "Input directory name where data is to be copied from (witho 
ut \):" 
25130 IN4PUT OD$
 
25140 ON ERROR GOTO 29100
 
2150 FILES DR$ + "\" + OD$ 
25160 ON ERROR GOTO 0
 
25170 1
 
25180 PRINT : PRINT "Input drive location (without :) where data is to bc copied


" to. 
25190 INPUT NDR$
 
25200 IF NDR$ <> "a" AND NDR$ <> "b" AND NDR$ <> "c" AND NDR$ <> "A" AND NDR$ <> 

"13" AND NDR$ 0 "C" GOTO 25190 
25210 PRINT : PRINT "Input new directory name (without \) where data ir.- to be co 
pied to" 
25220 INPUT ND$
 
25225 ON ERROR GOTO 29200
 
25220 PRINT "Creating directory."
 
25230 MK.'DIR NDR$ + ":\" + ND$ 
25240 DO. = DRI. + "\" + OD$ + "\" 
25230 D1'4$ = NI)F$ + ": \" + ND$ + "\" 
2521,0 1)1- DO$ : F$ : "DIST. DAT" 
252. PRINT "I)TST" 
252i0 GOSUB 19295 'Restrievo Data
 
25280cJ D$ 1)NI 

,..,r % 'R 1 I4Tm " ;t.- o i n g Da t a " 
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25300 I)SfMAX = STAIIAX 
25305 FOR S = i ro DSMAX : IF STANUM(S) > 2 AND STANUII(S) < 6 THENTOUT(S) I E 
I-SE TOUT(S) = 0 
25306 NEXT 
25310 FOR K = I TO DSMAX 
25320 IF TOUT(K) = 0 GOTO 25400 
25330 D$ = 10$ 
25340 F$ = "STA" + RIGHT$(STR$ (K) ,LEN(STR$(K))-l) + ".DAT" . FMESQ I 
25:345 PRINT F$
 
25350 GOSUD 19295 'Road data
 
25360 D$ = DN$
 
25365 PRINT "Storing Data"
 
25370 GOSIJL3 31590 'Store data 
25400 NEXT
 
25410 FCOFY = 0 : RETURN 
28990 'Error traps 
29000 IF ERR <> 53 THEN ON ERROR (OTO 0
 
29010 PRINT "No current directorius on drive ";DR$ 
29020 PRINT "Press any key to return to main menu." 
29030 A$ = INKEY$: IF A$ "" THEN 29030 
29040 RESUME 29050 
29050 RETURN
 
29060 ' 
29090 'trap no directories
 
29100 IF ERR <> 53 THEN ON ERROR GOTO 0 
29110 "Directory not found, please reenter."
 
29120 RESUME 25130 
29130 1 
29190 'trap for existing directory 
29200 IF ERR <> 75 THEN ON ERROR GOTO 0 
29210 PRINT : PRINT "Directory exists, please reenter." 
29220 RESUME 25220 
29970 
29980 
29990 --------------------------------------­
30000 'Subroutine station types 
30010 1 
30020 ' Station types along the channel are chosen until the end of the 
30030 'channel is encountered. 
30040 ' 

30050 STA = 1 :STANUM(1) = 1 :STANUM1 1 
30060 Y = 8: X 10 : STANUM = 3 
30070 CLS
 
30000 STA1 =I : Y1 1 
30090 STA = STA + 1 
30100 LOCATE 5,1 
30110 CT = 1 YMIN = 5 : YMAX = 19 
30120 FOR J = T0 12 
30130 IF J = 3 OR J = 6 OR J = 12 THEN PRINT
 
30140 PRINT TAB(i0) ST$(J)
 
30150 NEXT
 
30160 COLOR 15 
3017(0 LOCATE 21,1 : PRINT "Press Enter to accept station type"
 
30180 LOCATE 22,1 : PRINT "Press " +CHR$(24) + " to move cursor up"
 
30190 LOCATE 23,1 : PRINT "Press " + CHR$(25) " to move cursor down"
 
30200 COLOR 7
 
30210 LOCATE 2,J :PRINT "Station ";STA1;" = ";ST$(STANUr11);"


11 

30220 IF FMES0 = I THEN LOCATE 1,1 : COLOR 15 :PRINT "Station " 4 STR$(S) + al 
ong distribution canal": COLOR 7 
30230 COL(IR 7 
30240 LOCATE 3,1 : PRINT"SoIert Station Type for Station ";STA 
30250 LOCAIF YX : COLOR 0,7 1 PRINT ST$(EJTANIJM) 
30266 A$ INI'.(Y$ : IF A = "" THEW 30260 
30270 IF ( '((r II III(A$ , 1 2 II :N -;i 1":30410 



30290 IF <> THEN IJkEP S 30260ASC(Aq-) 13 GOTO 
30300 Y1 = Y - 4
 
30310 STANUM(STA) = STANUM
 
30320 IF STANUM = 2 THEN STAMAX STA :COLOR 7: RETURN
 
30330 IF FST = I THEN COLOR 7 : RETURN
 
30340 SrA1 = STA
 
30350 STA = STA + I
 
30360 STANUMI = STANUM
 
30370 GOTO 30200
 
30380 GOSUB 30460
 
30390 Y = Y - 1 : IF Y < YMIN THEN Y = Y + I cBEEP i RETURN 30250 
30400 IF Y = 7 OR Y = 11 OR Y = 18 THEN Y= Y - 1
 
30410 STANUM = STANUM - I t RETURN 30250
 
30420 GOSUB 30460
 
30430 Y = Y + 1 i IF Y > YMAX THEN Y = Y - 1 : BEEP : RETURN 30250
 
30440 IF Y = 7 OR Y = 11 OR Y = 18 THEN Y = Y + 1
 
30450 STANUM = STANUM +- : RETURN 30250
 
30460 LOCATE YX : COLOR 7 a PRINT ST$(STANUM) cRETURN
 
30470 COLOR 7
 
30480 RETURN
 
30490 'Edit station types
 
30500 '
 
30510 COLOR 7 : CLS
 
30520 FOR 3 = 1 TO STAMAX
 
30530 PRINT "STA ";J;" = TYPE ";TT$(STANUM(J))p
 
30540 CT = CT + 1
 
30550 IF CT > 60 THEN CT = 0 : GOSUB 30590
 
30560 NEXT
 
30570 CT = 0
 
30580 PRINT
 
30590 PRINT : PRINT "Press return to accept station types "
 
30600 PRINT "Type the number of the station to change the station type" 
30610 INPUT STA 
30620 STANUMI= STANUM(STA)
 
30630 STANUM = 3 : Y m 8 
30640 IF STA = 0 THEN FST = 0 1 RETURN 
30650 IF STA < 1 OR STA > STAMAX THEN 30610 
30660 CLS 
30670 IF STANUIM(STA) = 2 THEN FST = 0 ELSE FST = 1 
30675 STA1 = STA 
30680 GOSUB 30100 
30690 COTO 30510 
30700 'Save distribution channel station types
 
30710 '
 
30720 FOR STA = I TO STAMAX
 
30730 DSTA (STA) = STANUM(STA) 
30740 NEXT 
30750 RETURN 
30760 RETURN
 
30770 'Subroutine enter station data
 
30780 
30790 ' Appropriate data for each station are entered. 
30000 
30810 FOR I = 1 TO STAMAX 
30820 CLS 
300330 LOCATE 1,1
 
30840 PRINT "Station "pI;ST$(STANUM(I)) 
30B50 PRINT 
301360 PRINT "Type the value of the parametur, then press enter. 
30070 PRINT 
30801 Y - 5
 
301390 FOR , = 1 TO DATMAX(STANUV())
 
30900 ST = STANUM(1)
 
30910 L.OCATE Y,40 - LEN(N$(PT(STIK)))
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3094.0 Y =.Y A 1
 
309'50 NEXT
 
30960 GOSL - 30990
 
30970 ';EXT
 
30980 RETURN 
30990 'Edit station data 
31000 YMIN = 5 : YMAX = DATMAX(STANUM(I)) + 4 
31010 X1 = 25 
31020 LOCATE Y + 2,X1 
31030 COLOR 15 
31040 PRINT "Press enter to accept values" 
31050 LOCATE Y + 3, XI 
31060 PRINT "Press " +CHRA(24) + " To move cursor up" 
31070 LOCATE Y + 4,XI 
31080 PRINT "press " +CHRS(25) + " To move cursor down" 
31090 LOCATE Y + 6,X1: PRINT "Input new value: ";:Y1 = CSRLIN 
31100 COLOR 0,7 : PRINT " " :COLOR 7 
31110 Y = 5: X = 42 
31120 LOCATE Y,X COLOR 0,7 : PRINT S(IPT(ST,2,Y-4)) 
31130 A$ = INKEY$ IF A$ "" THEN 31130 
31140 IF ASC(RIGHT$(A$,1)) 72 THEN GOSUB 3"1220 
31150 IF ASC(RIGHT$(A$,I)) 80 THEN GOSUB 31250 
31160 IF ASC(A$) = 13 THEN COLOR 7 : RETURN 
31170 IF ASC(A$) < 46 OR ASC(A$) > 57 THEN BEEP : SOTO 31120 
31180 LOCATE Y1,42: PRINT A$;:INPUT "",B$ 
31190 S(I,PT(ST,2,Y-4)) = VAL(A$ + B$) 
31200 LOCATE Y1,42 : PRINT "6 

31210 GOTO 31120 
31220 GOSUB 31280 
31230 Y = Y - 1 : IF Y < YMIN THEN Y Y + 1 sBEEP 
31240 RETURN 31120 
31250 GOSUB 31280 
31260 Y = Y + 1 : IF Y > YMAX THEN Y = Y - 1 : BEEP 
31270 RETURN 31120 
31280 COLOR 7 
31290 LOCATE Y,X 
31300 PRINT S(I,PT(ST,2,Y-4));" 
31310 RETURN 
31320 'Print channel data 
31330 CLS 
31340 INPUT "Would you like a printout of the data (Y/N) ";Q$ 
31350 IF Q$ = "N" OR Q$ = "n" THEN RETURN 
31360 IF Q$ <> "Y" AND Q$ <> "y" THEN 31340 
31370 PRINT : PRINT 
31380 PRINT "Make sure printer is on and press any key to continue " 
31390 A$ = INKEY$ : IF A$ "" THEN 31390 
31400 LPRINT 
31410 LPRINT : LPRINT TAB(20) "Channel Name: ";CN$ 
31420 LPRINT 
31430 IF FMESQ = 1 THEN LPRINT TAB(20) "Station 0";S;" on distributary canal" : 
LPR I NT 
31440 FOR J= 1 10 STAMAX 
31450 ST = STANUM(J) 
31 60 LPRINT TAE(32) "STATION ";J 
31470 LPRINT TAR(32) ST$(ST) 
31480 LPRINT 
31490 FOR K = I TO DATMAX(ST) 
31500 LPRIN' TAD(40 - LEN(N$(PT(ST,I,K)))) N$(PT(ST,tK))+" = "; S(J,PT(ST,2,1K) 
31510 NEXT 
31520 LPRINT 
31530 NEXT 
31540 LPRINT : LPRINT i LPRINT : LPRINT 
31550 IETURN 
31560 'Store daLta 
:3 t57,.1 
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31590 DD$ = D$ + F$
 
31600 OPEN DD$ AS #1 LEN = 128
 
31610 FIELD #1,2 AS RA$,1 AS RA$(I),18 AS RA$(2)0, 18 AS RA$(3).,18 ASRA$(4). I
 
0 AS RA$(5), 18 AS RA$(6), 10 AS RA$(7)
 
31620 LSET RAS;(6) = CN$
 
31630 LSET RA$(7) = NKS$(STAMAX)
 
31640 PUT #1,1
 
31650 FOR I = I TO STAMAX
 
31660 ST = STANUM(I)
 
31670 LSET RA$ = MKI$(ST)
 
31680 FOR J = 1 TO DATMAX(ST)
 
31690 LSET RA$(J) = MKS$(S(I9PT(ST,2qJ)))
 
31700 NEXT
 
31710 PUT #1, I
 
31720 NEXT
 
31740 CLOSE #1
 
31750 RETURN
 
32000 p
 
32010 'Subroutine read data
 
32020
 
Ok
 



PROGRAM OF MATHEMATICAL SYSTEM MODEL
 

PLIST
 
1 PRINT TIME$
 
10 DIM S(70,69),T(20,11),T$(69),TT$(12),PT(!2,7),DATMAX(.12),ST(69),D(69,11),PTS(
 
2,12),SOLD(69),OP$(10),PTS1(15),RA$(7),STANUM(15)
 
50 GOSUB 30000
 
110 DEF FNPA(XX)=PI*XX^2/4
 
120 DEF FNKO(XX,YY)=.481*(YY/XX)^(-3.168)
 
130 DEF FNCS(DD)=S1,15)*SQR((1000*DD)^(4/3)/(1250000!*SlCI,)^62*S(I 15)^2*8(11,1
 
4)+(1000*DD' (4/3))))
 
140 DEF FNQS(CS,D,H)=SQR(H*G/8)*CS*D^2*PI
 
150 DEF FNCQ(HA,HB)=1.767*S(I,26)*HAA1.5*SQR GHB/HA-7.55*(HB/HA)A2-2.26)
 
160 DEF FNAREA(SS,BW)=S(U,43)*BW+S(U,43)^2*SS
 
215 GOSUB 29030
 
217 CLS : PRINT "Program running..."
 
220 F$="DIST.DAT
 
226 CTOLD=O
 
230 GOSUB 22004
 
234 GOSUB 22530
 
235 U=STAMAX:DSMAX=STAMAX
 
240 GOSUB 20030
 
245 IF U<DSMAX THEN SEEP=SEEP+S(U,27)*(S(U+I, 1)-S(U,1))
 
250 IF ST<3 OR ST>5 THEN U=U-I:GOTO 240
 
260 UEIEG=U-1
 
270 GOSUB 22000
 
280 GOSUB 1200
 
285 MESQFL=S(1,31):MESQEL=S(1,33)
 
290 I=U:FI=O:X=U
 
300 GOSUB 20030
 
305 S(U+1,31)=SEEP
 
310 S(U,11)=MESOFL
 
315 S(U, 13)=MESOEL
 
330 GOSU 3050
 
340 GOSUB 4050
 
341 FOR K=1 TO 69:SOLD(K)=S(UK):NEXT
 
342 GOSUB 1810
 
343 U=UBEG+I:FOR K=1 TO 69:S(UK)=SOLD(K):NEXT
 
344 SOSUB 18500
 
350 F1=1
 
360 FOR U=UBEG TO I STEP-1.
 
365 I=U
 
370 GOSUB 20030
 
380 IF ST>2 AND ST<6 THEN 500
 
400 S(I,31)=S(I+1,31)+S(I,27)*(S(I+1,1)-S(I,1))
 
410 GOSUB 5050
 
420 GOSUB 3050
 
430 GOSUB 4050
 
.440 GOSUB 18500
 
450 GOTO 600
 
500 GOSUB 22000
 
510 GOSUD 1200
 
535 I=U:FI=I
 

540 605UB 20030
 
542 S(U,11)=MESQFL
 
543 S(U, 1:1-MESOEL
 
550 GOSUB 5050
 

http:GHB/HA-7.55*(HB/HA)A2-2.26
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500 rOOSUD 4050 
570 GOSUrs 16500 
600 FOR I(=I TO 69: SOLD (I%)=S(lJI) :NEXT
 
610 NEXT
 
620 GOSUB 18720
 
650 END
 
1200 V=STAAX:FI=O:F3=0:F4=O:F=O:FIO=F.Fll=0:F12=0
 
1210 PRINT:PRINTtPRINT TAB(37)"Channel: 
";CN$:PRINT
 
1220 FOR I=V-1 TO 1 STEP-1
 
1241 6(I,2) =S(I'+I,2)+S(1,5)* (8(1.1,1)-S (I,1)

1250 IF FI=1 A,41) MID$(T$(1),I,1)="3"ThEN 1310
 
1260 S(I,31)=S(+1,31)+S(I,27)*(S(I+1,1)-S(,1))
 
1310 IF FI=I THEN 1400
 
1320 IF MIID$(T$(I),I,I)="3"THEN X=1 ELSE 1540
 
1340 GOSUB3 3050
 
1350 GO.SUB 4050
 
1355 GOSJB 165o
 
1360 GOTO 1540
 
1400 GOSUB 5050
 
1410 GOSUB 3050
 
1450 IF MI- $(T$(1),I,1)<>,,3,,THEN 1530
 
1 160 GOGUD 8030
 
1530 GOSUD 4050 
1540 REM
 
1550 J=I:GOSUB 19020
 
1569 NEXT I
 
1590 60SU 16000
 
1592 t'IFSQFL=S (1,31) :M-IESQEL=S (1,33)

1595 GOSUB 2010
 
1605 REl URN
 
1650 S(X,42)=s(x,33)
 
1660 S(X,43)=S(X,34)
 
1670 S(X,45)=S(X+1,31)/S(X,35)
 
1690 FOR J=V TO X+I 
STEP-1
 
1700 G(J,33)=S(X,33):S(J,42)=S(J,33)
 
1710 S(J,34)=S(J,33)-S(J,

2 ):S(J,43)=S(3,34)

1720 S(J, 36 )=S(J,31)/S(X,35):S(J,45)=S(J,36)
 
1725 GOSUD 19020
 
1750 NEXT J
 
1760 RETURN
 
1810 X=l:S(X,42)=S(X,33) :S(X,43)=S(X,34):S(X,45)=S(X+1,31)/S(X,


3 5 )
1820 FOR U=DSMAX TO X+I STEP-1
 
1830 GOSUB 2003o:
1840 IF U>DSMAX THEN S(U,31)=S(U,31)+S(U,27)*(S(U+1,1)-S(U,I)) ELSE S(U,31)=O

1850 S(tJ,33)=S(X,33) :S(U,42)-S(U,33)
 
1860 S(U,34)=S(U,33)-S(U,2) :S(U,43)=S(U,34)
 
1870 S(L),36)=-S (U,31)/FNAREA(S(U,4),S(U,6))
 
1880 S(U,45)=S (U,36)
 
189: GOSUB 18500
 
1900 NEXT
 
1910 IdTTURN 
2010 FOR K= TO 69:FOR UU=U-1 TO U+I 
2020 S(JU, K)=0: NEXT: NEXT: RETURN 
3050 S(I ,31) =S(I+1,31 )+S( I,11 +S( 1,27) * ($1I+I,1 $-SI11)
3;00 IF F11 THEN 3.180 
3120 IF MIDS (T$(I) ,I,1)="3"THEN GOSUB 8030
3160 S(I,33)=s(r,32)+S(I, l 3 ):S(I, 3 4 )=S(I,33)S(I,2:F=I:RETUrCN
3100 O '1VAL (MID!, "II(1), 1,1))GOTO 3330,3330,3200,3230,3260,3290,3330 
3200 uOSUD 7050 
3205 F;(I,32)S(1,33)-(I,13) 
3207 RETURN 
3230 IF rs(I)=l'4A"0R T$(I)="4j"THEN GO5UYJ 11030 ELSE GOSUB 6030 
3240 IRFTI.I[N 
3260 (;OllrL 14040: RE TURN
.'", .'., " .j " ' ', , I . ,.- rI, ,I
ri I, , :,.,-* ,., 1' 
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3(: IF H'$(I)="6"THEN 60S1JB 16040:RETURN 
3330 GOSUI 17030
 
Z-335 RETURN 
4050 IF 101 THEN 4160
 
4060 S(I,35)=S(I,44)
 
4070 S(1,36)=S(I,45)
 
4080 S(I,37)=S(I,46)
 
4090 S(1, 38)=S(I,47)
 
410 S(I,39)=S(I,48)
 
4110 S(I,40)=S(I,49)
 
4120 S(1,41)=S(I, 50) 
4130 RETURN
4160 S(I,35)---S (I,34) *S (I-1,6)+S (I,34)^2,S(I-1, 4)
 

4170 S(I,*36)=S(I,31)/S(I,35)
 
4160 S(I,37)=S(I,36) ^2/2/G
 
4190 S(1, 38)=S(I, 33)+S(,37
 
4200 S I,39)=S(I-1,6)+2*S(I,34)*SQR(1+S(I-1,4)A 2)
 
4210 S(I, 40)=S(I,35)/S(I,39)
 
4220 S(I,41)=S(I, 36)"2*S(I-1,3)^2/S(1,40) (4/3)
 
4230 RETURN
 
5050 L=S(I+1, 1)-S(I, 1) 
5055 S(I,42)=S(I+1,33)+S(I,5)*L
 
5530 S(I, 43) =S(I, 42)-S (I,2)
 
5540 S(I,44)=S(I,43)*S(I,6)+S(I,43)^2*S(I,4)
 
5550 S(I,45)=S(I+1,31)/S(1,44)
 
5560 .(I, 46)=S(1,45) '2/2/G
 
5570 S(I,47)=S(I,42)+S(I, 46)
 
5580 S(I,48)=S(I, 6)+2*S(I ,43)*,SQR(1+S(I,4)^2) 
5590 S(I, 49)=S(I, 44)/S(I,48)
 
5600 S(I,50)=S(I 45) 2*S(I,3)^2/S(I,49) ^ (4/3)
 
5610 S(1+1,51)=(S(I, 50)+S (1+1,41))/2
 
5621 S(1+1,52) =S (1+1,51) *L
 
5631:1 RI=S(I+1,38)+S(I+1,52)
 
5640 R2=S (Y,47)-RI
 
5650 IF ARS(R2)<.0001 THEN RETURN
 
5660 S(I,42)=S(I,42)-R2/(1-S(I,45)^2/G/S(I,49)+1.5*S(I,50)*L/S(I,49))
 
5670 GOTO 5530
 
6030 S(I,68)=S(I,42)-S(1,28)-S(I,2)
 
6040 S(I,67)= (6(1,31)/1.767/S(I,26))A(1/1.5)
 
6050 S=S(I,68)/S(I,67)
 
6060 IF S<.65 THEN 6290
 
6070 S(1,67)=S(I,6G)/.65
 
6080 HA=S(I,67):HB=S(I,66) 
6090 Q=FNCQ (HA, HW) 
6095 DERR=S(,31)-Q
 
6100 R8O=QERR
 
6110 IF ABS(OERR)<.OI*S(I,31)THEN 6290
 
6130 IF QERR< THEN HAI=HA-.01 ELSE HAl=HA+.01
 
6140 S(I, 67)=HA I
 
6150 Q=FNCQ(HAI,HB)
 
6155 QERR=S(I,31)-Q
 
6160 RBI=QERR
 
6170 IF ADS(LERR)<.O1*S(I,31)THEN 6290
 
6175 IF RBO*R4I>O THEN RBO=R81:HA=HAI:S(I,67)=HA:GOTO 6130 
.180 HA2=. 5* (HAHA1):S(I,67) HA26190 O.=,FNCO. (HA2,1I1EP) 

6195 VERR=:S (I,3I)-Q
 
6200 R02=OERR 
6210 IF dS( R.jERF<.iS(I,3I)THEN 6290 
6220 IF Pf2*R(3O0O THEN HA1=HA2:RBI=R82 
623(z IF Rf2*R00>=O THEN HA=HA2:RG0RE2 
6250 6010 61E]
 
6260 IETURN 
6290 S( 3417)-S ( I,67) 4.S (I,G( 28)
630Q (1..") S(1, 4 PS (J,2) 

http:HAl=HA+.01
http:HAI=HA-.01
http:S(1,67)=S(I,6G)/.65
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7050 S(l, "4) 13)4Z)( 
7060 GOSU 7300 
7070 R90=R2 
708(0 IF Ah'(R90)<=.O001 THEN 7250 
7090 R50=0(1,34)
 
7100 IF R90> THEN R51=R50+.O1 ELSE R51rRSO-.01 
7110 S(I,34)=R51
 
7120 GOSUD 73(10 
7130 R91=R2
 
7140 IF ADS(R91)<=.0001 THEN 7250 
7150 IF R90*R91>0 THEN R90=R91:R50=R51:GOTO 7090 
7160 R52=.5*(R51+RSO):S(I,34)=R52 
7170 GOSUB 7300 
7100 R92=R2 
7190 IF ABS(R92)<=.001 THEN 7250 
7200 IF R924:R90<0 THEN R51=R52:R91=R92 
7210 IF R92*R90>=O THEN R50=R52:RCO=R92 
7220 S(I,34)=R52 
7230 GOTO 7160 
7250 5(I,33) =9(I,34)+S(I,2)
 
726: RETURN 
730) R6=3*S(I,6) *S(I,43)+2*S(I,43)^2*S(I,4 
7310 R7=6(S(I,6)+S(I,43)*S(I,4)) 
7320 R8=S(I-1,6)*S(I,34)+S(I,34)^2*S(I-1,4)
 
7330 R9=3*S(I--1,6)*S(I,34)+2*S(,34)^2*S(1-1,4) 
7340 RI0=6*(S(I-1,6)+S(I,34)4.S(I-1,4)) 
7350 R1l=1GS (S(I,4.t)*R6/R7-R8*R9/RIO) 
7360 R12=S(I,31)"'2/R8-S(1+1,31)"2/S(I,44) 
7370 R2=R11-R12
 
7380 RETURN 
0030 IF T$(I)=1"3B"THEN 0840 
8040 IF T$(I)="3C"THEN 9530 
8110 IF FI=1 THEN 8170 
8130 S(I,53)=FNPA(S(I,B))

8.135 S(I,64)=FNKO(S(I,8),S(I,9)) 
B140 SI 2-SI 1 

8145 S(I,32)=S(I,22)^2*(S(I,10)*S(I,7)/S(I,8)+I+S(I1,64))/(s(I,53)2*2*G) 
8150 F1O=O:F11=O:F12=0 
8155 RETURN 
8170 IF S(I,8)<>O AND S(I,9)<>0 THEN 60SUB 8455 
8175 IF S(I,8)=O THEN GOSUB 8400 
8180 IF S(I,9)=0 THEN GOSUB 0205 
B85 RETURN 
0205 F11=1 
8210 S (1,9) =S (1, ) 

0215 S(I,53)=FNPA(S(I,8))
 
8220 9 (I,64)=FNK()(S(I,0) ,S(I,9)
 
1230 S(1,12)=S(I,11)
 
8235 H=S(1,12)"2*(S(I,10) S(1,7)/S(I,E)+1+S(1,64)/(S(1,53)^2*2*B)
 
8240 IF F12=0 AND H<S(I,32)THEN F12=1:G0TO 8270
 
6250 S(I, 12)=SQOR(S(I,32)*2*S (I,53) 2/(S(I, 10)*S(I,7)/S(I,8)+1+S(1,64)
 
0260 f7 j 1=0:F12=O: GOTO 10720
 
8270 F4=1
 
8275 GS(1,53)=FtF'A(S(I,8))

E12c.0 9(1, 9)=((2* *. (1, 32)*S (1, 53)^-2/S (1,11)^-2-S (1, 10) *S(C,7) /S (1,8ED-1)/.481 

0375 F4-(: F 100: FI I=0: Fl 2=C: RETURN 
H400 F3=I :I1) 1 05O:S9(1,3) =DIAM: S (1,9) rI)IAM: S-DIAM 
'1405 (1,53)=FNPA (DJAM)
 
8410 G(I, 64) ="I'KNI0 (DIAM, GS)
 
E1415 S(I, 12) --3R(S(I,32)*2*0G*(I,53)"2/(S(10)* (1,7)/DIAM+I+S(1,64)))
 
o,120 IF S (I, 12) < (I 11 THLN DIAI'CDIAM4 •:05: o,=DIAI': GOTO 840b 
If4 25 0)::--';)1I -( ,9)=DIAM:GOSUD 0I,6205 
0430 1"3I',0: REITUI'N 
t 'l '.' 
1. 1 , '.- , 

I--
, . 

.I;--I 
, -. 1 r l -.,, I, . ",I N, 

http:R51rRSO-.01
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0465 S(1, 64) F .. ((1, () (1, )

0470 00( ( (I 42)=,41.lUI 1((,, 2i ) (,53 10) tS(1,7) /S U,B8)'f1"+S(1,64))) 

6480 IF Fl|=l THEN Fi=0O:60TO 10720
 
8040 IF Fl=l "FIETN 8915
 
8880 S(I,12)=S(I,11)
 
8890 G(I,55)=FNCN(S(I,17))
 
8095 1(I,3.2)=84:S(I111)"2/0(I,55)U2/PId2/S(I,17)"4/6
 
8900 S(I,33) =S(I, 32) +S(I,2)
 
8905 Ia'TURN
 
8915 H-S(I,33)-S(I, 13):S(I,32)-H
 
8920 IF S(I,17)<>0 THEN 9030
 
8940 00l.I)=S (1,11)
 
8945 rL.D.= 1000000!
 
0950 l)z. 05 

8935 IF D>.076 THEN S(1,16)=8.000001E-03 ELSE S(I,16)=.012 
6957 CS=FNCS(D)
 
8960 (?NEl-J=FNQS (CS, D, H) 
8965 RNEWl=ABS(S(I,11)-QNEW)
 
8970 IF RNEW<ROLD AND D<.22 THEN QOLD=NEW: IROLD=RNEW: D=D+.025: GOTO 8955 
8975 S(I,12)=VOLD 
0980 S(I,55)=CS
 
8985 S(I,17)=D-.025
 
0987 FRINT"q = ";S(I,12),"d = ";S(I,17) 
8990 GOTO 10720
 
9630 D=S(I,17)
 
9040 QOLD=S(I,11)
 
9050 CS=FNCS (D):S '1,55) =CS 
9060 QNE'W=FNQS (CS, D,H) 
9070 IF ABS(Q0LD/QNEW-1)<.05 THEN S(I,12)=0NEW:S(I,55)=CS:G0TO 10720 ELSE 9080
 
9077 QNEW=FNQS (CS, D, HNEW) 
9080 S(1,31) =S (I+1,31)+QNEW 
9085 PRINT"Qnew = ";QNEW
 
9087 -1=8$*0NEN2/CS"'2/PI'2/6(I,17) ^4/8
 
9088 PRINT"h = ";H
 
9090 GOSUB 7050 
9100 HNEW=S(I,33)-S(I, 13)
 
9105 FRINT"Hnew = ";HNEW 
9110 IF ABS(H/HNE-1)>.005 THEN:GOTO 9077
 
9120 S(I, 12)=QNEW 
9130 S(1,32) =HNEW 
9140 GOTO 10720 
9530 P=20 
9540 IF F1=1 T4EN 9590
 
9560 IF S(I,21)=O THEN 9600
 
9570 S(I,12)=S(I,11):F6=1:GOTO 9620
 
9590 IF S(I,21) <>0 THEN 9570 
9600 S(I,21)=.18:S(I,12)=S(I,11)
 
9620 IF F6=0 THEN 9810
 
9630 G0SUB 1'o010 
9640 RBO=R23
 
9650 IF ABS (R80) <=TOL THEN F6=0:GOTO 10720 
9660 R40=5(T,12)
 
9670 IF R80<0 THEN R41=R40-INC ELSE R41=R4':O+INC
 
9680 S(I,12)=R41
 
9690 GOSUB 10010
 
9700 R01=R23
 
9710 IF ABS(R0I)<='IOL THEN F6t=:GOTO 10720 
9720 IF RBO*RO1>0 THEN R80=RRl1 R40=R41:GOTO 9660 
9730 R42=.5.(R41+R40) :S(1,12)=R42 
9740 l(]S1LJB 10010 
9750 RP82-R23
 
9760) IF AS0(RE2) <=TL. THEN F6=0: r -iTO 10720 
9770 IF P82RG0<0 "FIEN R41*:R42:: .I,12)=R42:U81=R82 
9780 IF R4=R4,2: S (1,12) =R42:RFJn-R021M82*RUO>.-0HEN 
9790 Gi0r(j 973( 

http:ABS(Q0LD/QNEW-1)<.05
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9020 RBO=R23
 
9030 IF ABS(R60)<=TOL THEN F6=0:GOTO 10720
 
9840 R40=S(I,21)
 
9850 IF R80<0 THEN R41-R40+INC ELSE R41=R40--INC
 
9860 6(I,21)-R41
 
9070 GOSUB 10010
 
9B80 R81-:R23
 
9890 IF ABS(R81)<=TOL THEN F6=O):GOTO 10720
 
9900 IF ROOWR1 >0 THEN R80=R81: R40=R41 GOTO 9040
 
9910 R42=.5*(R41+R40):S(I,21)=R42
 
9920 GOSUD 10010
 
9930 R82=R23
 
9940 7F ADS(Ra2)<=.002 THEN F6=0:GOTO 10720
 
9950 IF R82*RB)<O THEN R41=R42:S(I,21)=R42:R8=R82
 
9960 IF R82*R80>=O THEN R40=R42:S(I,21)=R42:R80=R82
 
9970 GOTO 9910
 
10010 K=P:T(P,1)=S(I,13)-S(I,19):GOSUB 10340
 
10(020 FOR K=P-1 TO 1 STEP-1
 
10030 T(K, 1)=T(K+1,1)+T(K+1,B)*SI,18)/(p-1)
 
10040 GOStIB 10340
 
10050 R90=R21
 
10060 IF ADS(R90)<=TOL THEN 10220
 
10070 R50T (W,I)
 
10080 IF R90<0 THEN R51=R50+INC ELSE R51=R!SO-INC
 
10090 T(1, 1)=R51
 
10100 GOSUB 10340
 
10120 R91R21
 
10130 IF ADS(R91)<=TOL THEN 10220
 
10140 IF R90*R91>0 THEN R90=R91:R50=R51:GOTO' 10070;
 
10150 R52=.5*(R51+R50):T(K,I)=R52
 
10160 GOSUB 10340
 
10170 R92=R21
 
10160 IF ABS(R92)<=TOL THEN 10220
 
10190 IF R90*R92<0 THEN R91=R92:R51=R52:T(IK,1)=R52
 
10200 IF R9'*R92>=O THEN R90=R92: R50=R52: T (K,1)=R52
 
10210 GOTO 10150
 
10220 NEXT K
 
10240 T(1,11)=T(1,1)+S(I,19)
 
1026( IF F1<>1 THEN S(I,32)=T(1,i1)-S(I,13):F60-RETURN
 
10290 R23=S(I,33)-T(1,11)
 
10300 RETURN
 
10340 T(K,2)=T(IK',1)*S(I,21)
 
10350 T(K,3)=S(I,12)/T(K,2)
 
10360 T (K,4)=T (K,3)"2/2/G
 
10370 IF K=P THEN T(K,5)=S(I,13)+T(K,4) ELSE T(K,5W=T(K,I;)+S(I,'19)+T(K,4)
 
10360 T(IW,6)=2*T(K, 1)+S(I,21)
 
10390 T(K, 7)=T (K,2) /T (1",6)
 
10400 T((8) =T (, 3)^2.S (I,20)^2/T (K,7) (4/3)
 
1041: IF K=P THEN REI URN
 
10420 T(K,9)=(T(K,8)+T(K+I,8))/2 
10430 T (K,10) =T (K,9)* (S(I, 18)/ (P-1)) 
10440 R20=T (K+1,5)+T (K,10) 
10450 R21=T (K,5) -R20 
10460 RETURN
 
10510 GO7O 10720
 
10550 R70=S(I, I1)-S(I, 12)
 
.10560 IF ALIS (R70)<=. (5*S(I,11 )THEN RETURN
 
10570 IF R70>) THEN R99-(S(I,II)-R70/2)/S(I,11) ELSE R9g9=(S(I,11)+R702)/S(I,11)
 
10590 R=I:U=I 
10610 FOR I=1 TO M 
1320 S(I,65)=S(I,11)
10630 S(1,11)=R99*S(1,11)
 

1(6,40 NEXT I
 
1065C) F13-1
 
1 Il,.,*% O: I I1 1, 
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10730 R5=ABS(S(1,31)-Rt) 
10740 RETURN 
11030 IF T$(I)="4B'THEN 12300 
11080 S(I,66)=.485+. 1887*S(I,22)-.02695S(I,22)12+.0102/S(Ip22)A2 
11100 N1=1.418+.405/S(I,22)
 
11110 N2=1/(.748-.064/S(I,22))
 
11120 K1=2.962+1.448/6(I,22)
 
11130 K2=2.51-.80l*LOG(S(I,22))
 
11135 C2=3.281"(N1-I.975)*K2*5(I,23)^1.025
 
11150 IF S(I,25)=0 THEN 11235 ELSE 11175
 
11155 RETURN 
11175 S(1, 56)-S (I,42)-S(1,25) 
11180 R34=3.2E3 1"(N1 -1.975) *K1* S (I, 23)1. 025 
11185 HA=(S(I,31)/R34)^(1/N) 
11187 S(I,57)=HA 
11190 S(I,24)=S(I,56)/HA 
11195 IF S(I,24)<=S(I,66)THEN GOSUB 11980:RETURN 
11205 GOSUB 11670 
11207 GOSUB 11970 
11210 RETURN 
11235 IF S(I,24)<=S(I,66)THEN 11250 ELSE 11360 
11250 R34=3.281A(N1-1.975)*KI*S(I,23)^1.025 
11255 HA=(S(I,31)/R34)^(I/N1) 
11260 S(I,57)=HA 
11265 S(I,56)=HA*S(I,24)
 
11270 5(1, 25)=S(I, 42)-S(I,56)
 
11272 GOSUB 11980
 
11275 RETURN
 
11360 S (I,56)= (S (I, 31) *(-L O*LGBS(I,24) }^N2/C2) 1(1/N1)/(1/S (I,24)-1),
 
11370 S(I,57)=S(I,56)/S(I,24)'
 
11380 S(1,25)=S(I,42)-S(1,56)
 
11390 GOSUB 11980
 
11400 RETURN
 
11670 S(I,57)=S(I,56)/S(I166)
 
11680 GOSUB 11880
 
11690 R90=R43
 
11700 IF ABS(R90)<.O1*S(I,31)THEN RETURN 
11710 R50=S(I,57) 
11720 IF R90<0 THEN R51=R50-.01 ELSE R51=RSO+.01
 
11730 S(I,57)=R51
 
11740 GOSUB 11880
 
11750 R91=R43
 
11760 IF ABS(R91)<.OI*S(I,31)THEN RETURN
 
11770 IF R90:R91>0 THEN R90=R91:RSO=R51:GOTO 11710
 
11780 R52=.5*(R50+R51);S(I,57)=R52
 
11790 GOSUB 11880
 
11800 R92=R43
 
11810 IF ABS(R92)<.OI*S(I,31)THEN RETURN 
11820 IF R90*R92<0 THEN R51=R52:S(I,56)=R52:R91=R92 
11830 IF R9gi*R92>=O THEN R50=R52: S(I,56)=R52:R90=R92 
11840 GOTO 11700 
11880 R40=3.201I"(lq1-1. 975)*K2$S(I, 23)11025*(S (,571-S(I,56 ))NI 
11890 R41=(-LIO*LOG(S(I,56)/S(I,57)))^N2
 
11900 R42=R40/R41:R43=S(I,31)-R42
 
11910 RETURN
 
11970 S(I,24)=S(I,56)/S(I,57)
 
11980 6(I,58)=(S(I,23)+4*S(I,22)/27) *S(I,57)
 
11990 S ,59)=S(I,31)/S(I,58)
 
12000 S(1,34)=S(1,25)-S(I,2)+S(I,57)+1. 1*(S(i59)-2/2/)
 
12015 GOEUrB 13150
 
12020 RETURN 
1230C, E(1I,66)=.85 
12390 IF S(I,251=0 THEN HA=(S(I,42)-S(I,2))*.B ELSE S(I,56)=S(I,42)-S(I,25):HA=i
 
(1,56)/2
 

1 ^I"S°,2.5-Y2*IIA-+Y3*(1 5-Yq*tiA+Y5*.SR(HA)-.002)3)-( 

http:E(1I,66)=.85
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12440 IF ASS(HA/Hnl-1)>.01 THEN HIA=HAI:GOTO 
12410
 
121145 HAFIA1
 
J2450 IF S(I,25)<>0 THEN GOSUV 12500:RETURN
 
12460 IF S(I,24)<=S(I,66)THEN GOSUB 12660 ELSE 
 0SUB 12730
 
12465 RETURN 
12500 IUWA7HA 
12510 S=S(I,56)/HAF
12520 If-S<=S(I,66)THEN S(1,57)=HAF:S(I,24)=S:SOSUD 13110:RETURN 
12550 HA=.U*HAF
 
2560 FHj(HA-I AF* (1101 *EXP (Q2*S(I,56)/HA)

12570 FHA!=I+HAFr:*QCM22*S(xI,56)/HA^2EXPc(2.*S(I,56)/HA)
 
12560 HAI=HA-FHA/FHA1
 
12590 IF ADS(HA/HAX-I)>.01 THEN HA=HAIrGOTO 12560
 
12597 R76=5 (I,1)-R75
 
12600 S(I,57)=HA1
 
12610 S(I,24)=-S (I,56)/HA1
 
12630 GOSUB 13110
 
12640 RETURN
 
12660 9(I,57)=HA
 
12690 S(I, 56)=HAF*S (,124)
 
12700 S(I,25)=S(7,24)-S(I,56)
 
12705 GOSBJB 13100
 
12707 RETURN
 
12730 S(1,57)=HA*(I+QI*:EXP(Q2*S(I,24)))
 
12740 S (I,56)=S(I,57*)S(I,24)
 
12750 S(J,25)=S(I,42)-S(I,56)
 
12760 GOSUB 13100
 
12770 RE fURN
 
13100 S(J,25)=S(I,42)-S(I,56):,GTO 13120
 
13110 S (I,24) =S(I, 56)/S (1,57)
 
13120 S(I, 5) =.61*S(I,57)+1.25*S(1,57),^2
 
13130 S(I,59)=S(I,31)/S(I,5S)
 
13140 S(I,34)=S(,25)-S(I,2)+S(I,57)+1.1*(S(I,59)A2/2/6) 
13150 GOSUD 13320
 
13160 R90=R46-R47
 
13170 IF ABS(R90)<.O1*R47 THEN 13390
 
13180 R50=S(I,56) 
13190 IF R90<0 THEN R51=RSO+.01 ELSE R51=R50-.01 
13200 S(I,34)=R51 
13205 GOSUB 13320 
13210 R91=R46-R47 
13220 IF AD3(R9g)<.Ol*R47 THEN 13390 
13230 IF R90*R91>0 THEN R90=R91:RSO=R51:GOTO 13180 
13240 R52:=.5t(R50+R51):S(I,34)=R52 
13250 GOSUB 13320 
13260 R92=R46-R47 
13270 IF ABS(R92)<.O1*R47 THEN 13390 
1320 IF R92*R9o<0 TIHEN R51=R52:S(I,34)=R51:R91=R92 
13290 IF R92*R90>=0 THEN RO=R52 S (I,34)=R50: R90=R92 
13300 GOTO 13240
13320 RI,=S (1 31) /(S (I,34)*S (I,6) S (I, 34) ^2*S (i14))
 
13330 R15=. 1* (5(1, 59) -2-R44^2) /2/6 
13340 R46-S (1,25) -*S (I, 57) +S (1 50)"E2/2/G+R45 
13350 R47-S(I ,2)+S(I,34)+R44^2/2/G 
13360 RETURN 
13390 S (1,33)=5(1, 2)+S(1,34) 
13400 RETURN 
14040 S (1,60):9 (, 29)* S (I, 46)
14060 (, 33=S (1,42)+S (I,60) 
14080 S(1,:34)=S (1,43)+S (1,60) 
14090 RLTURN 
15030'1 IF TlE:N COEF=0(I,62):KU,:I ELSE COEF=S(Ij61):KU=-I
TIH,61)E= 


1507') S (1,*,)=S (1,43) +2*S(1, 45)^2/2/G
.i50'fl0 (-3f)'; ll I{v 'I' 

http:R51=R50-.01
http:R51=RSO+.01
http:ADS(HA/HAX-I)>.01
http:ASS(HA/Hnl-1)>.01


" 193,
 

151:0c 1F A (RYQ).O1(1,3,)IIIiN 15470 
15110 R60=S(I,34)
 
15120 IF R90<0 THEN R61=R60+.01 ELSE R61=R60-.01
 
15130 S(I,34)=R61
 
15140 G8SUB 15210
 
15150 R91=S(I,34)-R51
 
15160 IF ABS(R91)<.1*S(I,34)GOTO 15470
 
15162 IF R90*R91>0 THEN R90=R9I:R60=R61:GOTO 15110
 
15163 S(I,34)=.5*(R60+R61)hR62=S(I,34)
 
15164 GOSUB 15210
 
15165 R92=S(I,34)-R51
 
15166 IF ABS(R92)<.01*S(I,34)THEN 15470
 
15170 IF R904R92<0 THEN R61=R62:S(I,34)=R62:R91=R92
 
15180 IF R92*R9O>=O THEN R60=R62aS(I,34)=R62:R90=R92
 
15190 GOTO 15163
 
15210 RS0=(S(1,31)/(S(I,34)*8(I-1,6)+S(I,34)A2*8(I-I,6))),

2 .
 
15220 R51=S(I,43)-+IKU* (S(I,45)^2-R50)/2/B*(COEF+KU)
 
15470 S (I, 33)=S (1,34)+S (I,2)
 
15480 RETURN
 
16040 S(I,34)=S(I,43)
 
16060 S(I,33)=S(I,42)
 
16070 RETURN
 
17030 S(I, 34)=S(, 3)
 
17050 S(I,33)=S(I,42)
 
17060 RETURN
 
18000 F$="STA"+RIGHT$(STR$(U),LEN(STR$(U))-1)+,".RES
 
18010 DD$=Di;+F$
 
18020 OPEN DD$ AS 42 LEN = 18
 
18030 FIELD #2, 18 AS RAI$
 
18035 CT=I
 
10040 FOR S=1 TO STAMAX
 
18050 GOSUB 18200
 
18060 NEXT 
18070, CLOSE412 
18060 RETURN 
18200 LSET RAIl;=MKS$(ST(S)) 
18210 PUT#2,CT 
18220 FOR K=I TO 9 
18230 LSET RAI$=MKS$ (S(S,PTS1 (K))) 
18240 CT=CT+1 
18250 PUT#t2,CT 
18260 NEXT 
18270 FOR K=1 TO 2 
18280 LSET RAI$=MKS$(S(S,PTS(KST(S)))) 
18290 CT=CT+ I:PUfT0T2, CT 
18295 NEXT 
18300 IF ST(S)<3 OR ST(S)>6 THEN 18410 
18305 LSET RA1$=MKS$(S(S,11)) 
18307 CT=CT+1: PUT07,CT 
18310 LSET RAI$=MKSli(S(S,12)) 
18320 CT.hCl'+ 1: PUT412, CT 
16330 LSET RAI$=II::SSS,32n 
18340 CT CT+1:PUT4J2,CT 
18410 RETURN 
18500 F$='DIST.RES
11-1510 DDI-=D i-Fl 
10520 OFEN DD$ AS 112 LEN = IS 
18530 FIELD #2, 18 AS RA2$ 
1851) CT-CTOLD4 1 
10550 S=U: ST CS) --D (U,O) 
185,0 Gui;UD 11200 
11565 CTOLD:CT 
0570 CLOSEi2
 

105110 Id: IURN 
187;':0 l)I)1. D1.*"° )1 . RES 

...'":"!'..,"':"L " *j' 'H -. .
 '' °""' . .. ':. .
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187-10 FIELD #2, 113 AS RA24
 
10750 CT=CO
 
10755 PRINT:PRINT: PRINT TAD(32) "Distributary Canal":PRINT
 
10760 FOR St.DSMAX TO I STEP -I
 
18770 CT=CT+I: GET#2, CT
 
18700 ST=CVS (RA2$)
 
18785 T$(.)=TT$(ST)
 
18790 FOR K=1 TO 9
 
18795 CT=CT+1:GET#2, CT
 
10000 S (S,PTSI (K)) =CVS (RA2$)
 
18010 NEXT
 
1820 FOR 1(=I TO 2
 
1830 CT=CT+1: GET#2, CT
 
10840 S(S,PTS(K,ST))=CVS(RA2$)
 
10842 NEXT
 
18844 IF ST<3 OR ST>6 THEN 10860
 
10850 CT=CT+I:GET#2,CT
 
18052 S(S,11)=CVS(RA251
 
18854 CT=CT+I:GET#2,CT
 
18856 S(S, 12)=CVS(RA2$)
 
18850 CT=CT+1: GET#2, CT
 
18859 S(S,32)=CVS(RA2$)
 
18060 =S:GOSU 19020:PRINT
 
18870 NEXT 
10880 RETURN
 
19020 FR T NT:PRINT TAB(35)"Station ";3;tPRINT
 
19025 PFINT TAB(36)"Type ";l'$(J)
 
19026 A$=OP$ (1) : GOSUB 19400
 
19030 PRINT USING"###.##4#";S(,,2)
 
19040 A$=OP$(2) :GOSUB 19400
 
19050 PRINT USING PU$S(J,31) 
19060 A$=OP$ (3): GSSUB 19400
 
19070 PRINT USING PU$;S(J,33)

19080 ON VAL(IIID$(T$(J),I,I))GOTO 19150,19150,19220,1934019150,19150, 
 19150
 
19150 RETURN
 
19200 A$=UP$(4):GOSUB 19400
 
19210 PRINT USING PU$;S(J,11)
 
19220 A$=OP$ (4) GOSIJD 19400
 
19230 PRINT USING PU$;S(J,12)
 
19240 A$=OP$(6):GOSUB 19400
 
19250 PRINT USING FU$;S(J,32)
 
19260 IF T$(J)<>"3A"THEN 19300
 
19270 A$="Pipo Diameter (m)":GOSUB 19400:PRINT USING PU$;S(J,8)

19280 A$="Gate Setting (m)":GOSUB 19400:PRINT USING PU$;S(J,9)
 
19290 RETURN
 
19300 IF T$(J)="3B"THEN A$='Siphon 
 Diameter (m)":GOSUB 19400:PRINT USING PU$;S(J 
,17) : RETURN 
19310 A$="Banlf.cut Width (m)":GOSUB 19400:PRINT USING PU$;S(J,21) 
19320 RETURN
 
19340 A$="Submergence Ratio":GOSUB 19400:PRINT USING PU$;S(J,24)

19350 A$="Flume Floor Elevation (m)":GOSUB 19400:PRINT USING PU$;S(J,25) 
19360 RETURN 
19400 PRINT TAB(40-LEN(A$))A$;" = ";:RETURN 
19520 G!COM=DISTFL /MESQFL
19530 IF ABS(COMP-1)<.05 THEN RETURN 
19540 GOSUD 22000 
19550 FOR S=1 TO STAMAX 
19560 5(5, I1)=fCOIP*S(S,11) 
19570 NEXT 
19580 .O-LID 1200 
19590 I:-U:F1---| 
19600 GOSUD 20030
1961.0G: S(L.W ) --EDJAll: S(U 9)}=DGH: S(Up 17)1 BSD)IAM: S(Up2J)=BWID 
J9620 i rrlJr N 54? 

'2F 'f i) ;!.IB . 1 ,.0 

http:ABS(COMP-1)<.05
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20045 ST - I(UU,U)
 
20050 FOR K=I TO 4
 
20060 S (LU,K+2)=D (UIJU,
K)
 
20070 NEXT
 
20080 S(UU,27)=D(UU,5)
 
20090 S(ULJ,2)=D(UU,6)
 
20100 FOR K=1 TO DATMAX(ST)
 
20110 S(UU,PT(ST,K) )=D(UU,iK+6)
 
20120 NEXT
 
20125 NEXT
 
20127 S" = D(U,O) : ST(U) = ST : T(U) = TT$(ST)
 
20130 FOR K=1 TO 69
 
20140 S(U+1,K)=SOLD(K)
 
20150 NEXT
 
20190 GOSUB 31100
 
20200 RETURN
 
22000 F$="STA"+RIGHT$(STR.$(U),LEN(STR$(U)).-1)+".DAT
 
22004 DD$=D$+F$
 
22005 OPEN DD$ AS #1 LEN = 128
 
22010 FIELD #1,2 AS RA$,18 AS RA$(1),18 AS RA$(2), 16 AS RA$(3), 1S AS RA$(4), 1
 
8 AS RA$(5), 10 AS RA$(6), 18 AS RA$(7)
 
22020 GET#1,I
 
22030 STAMAX=CVS(RA$(7))

22040 FOR 1=1 1-0 STAMAX:FOR K=1 TO 69:S(IK)=0NEXT:NEXT
 
22060 CN$=RA$ (6)
 
22070 FOR S=1 TO STAMAX
 
22080 GET01,S
 
22090 ST=CVI (RA$)
 
22091 ST(S)=ST
 
22095 T$(S)=TT! (ST)
 
22100 FOR J=I TO DAThAX(ST)

22110 S(SPT(ST,J))=CVS(RA$(J))
 
22115 NEXT
 
22121) IF ST=1 THEN 22210
 
22125 IF ST = 10 THEN 22150
 
22130 S(S,6)=S(S-1,6)
 
22140 S(S,4)=S(S-1,4)
 
22145 IF ST= 11 THEN 22210
 
22150 S(S,5)=S(S-1,5)
 
22160 S(S,3)=S(S-1,3)
 
22170 S(S,27)=S(S-1,27)
 
22210 NEXT
 
22220 CLOSE01
 
22230 RETURN
 
22530 GOSUB 31010
 
22535 FOR S=1 TO STAMAX
 
22540 D(SO)=,ST(S)
 
22550 FOR K=I TO 4
 
22560 D(S,K)=S (S,K+2)
 
22570 NEXT
 
22500 D(S,5)=S(S,27)
 
22590 FOR K=1 TO DATMAX(ST(S))
 
22600 D(S,K+6)=S(S,PT(ST(S) pK))
 
22610 NEXT
 
22630 D(STAMAX,6)=S(STAMAX,2)
 
22635 D(STAMAX,6)=S(STAMAX,2)
 
22637 NEXT
 
2264t. FOR K=STAMAX-1 TO I STEP-i
 
22650 D(K,6)=f(K+1,6)+S(KS)*(S(K+1, )-SCKI))

22660 NEXT 
22665 GOSLJB 31100 
22670 VkETURN
 
23021) 1V$--" STA"l+RTG.HT$ (STR$ (U) ,LEN (STR$ (U) ) -1) +". OUT 
23025 RETURN 

ll,'f' ,.1 'V[y I "" "f. ,,t f r:N I r 

http:STA"l+RTG.HT
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.,J I: ; ;3 1 AS (1Q3'r.0 1" L L ;.1 . CA I 1A, A. IA (1), (1.:i] IIR (2), 10 I0.1.(3)1 , 1s A'(4) 
8 A.0 RA$(5), I0 AS RA$(6), 10 AS RAi$(7) 
23060 LSET RAI; (6) =CN$ 
23070 I.SET RA$ (7) =MI(S$ (SI AMAX) 
23080 PUT11 1, 1 
23090 FOR I=1 TO STAMAX 
23100 ST"STANUM (I) 
23110 LSET RA$=MKI$(ST) 
23J20 FOR J=1 TO DATIAX(ST) 
23140 NEXT 
23150 PUT411, 
23160 NEXT 
23170 CLOSE41 
23100 RETURN 
29030 COLOR 7:CLS: DDEF="D 
29040 PRINT"Input Drive letter (without colon) where data is to be found. 
29050 FRINT"Press enter to accept ";.COLOR 0,7-PRINT"Drive ";DDEF$,COLOR 7
 
29060 INPUT D$
 
29070 IF ID< >"a"AND D$< >"b "AND D$< >"c"AND D$< >"A"AND D$< >"B"AND D$< >"C"AND D$< >"
 
"THEN PRINT"Reenter drive letter.":GOTO 29060
 
29080 IF D$=""THEN D$=DDEF$
 
29090 DR$=D$+" :
 
29100 ON ERROR GOTO 29300 
29110 PRINT:PRINT"Current directories: ":PRINT
 
29120 FILES DR$+"*. 
29130 ON ERROR GOTO 0
 
29140 PRINT:INPUT"Enter directory name:";DN$
 
29150 ON ERROR GOTO 29400
 
29160 D$=DR$+" \ "+DN$+" \ 
29170 FILES D$
 
29100 ON ERROR GOTO 0
 
29190 CLS:PRINT"Program running
 
29200 RETURN
 
29300 IF ERR=53 THEN PRINT"No current directories. Please replace disk and press 
any key to continue. 

29305 A$=INKEY4: IF A$=""THEN 29305 
29306 RESUME 29110 
29310 ON ERROR GOTO 0 
29400 PRINT"Directory not found. Please reenter. ":RESUME 29140 
30000 REM 
30010 FOR ST=I TO 12
 
30020 FOR K=1 TO 5
 
30030 READ PT(ST,K)
 
30040 NEXT:NEXT
 
30060 DATA 3,5,4,6,27
 
30070 DATA 1,2,0,0, 
30080 DATA 1, 10,7,8,9 
30090 DATA 1,16,15,14,17
 
30100 DATA 1,20,18,19,21
 
30110 DATA 1,22,23,24,25
 
3012 DATA 1,22,23,24,25
 
30130 DATA 1,26,20,0,0
 
301-40 DATA 1,29,,, 
30150 DATA 1,4,6,61,62
 
30160 DATA 1,3,5,27,
 
30170 DATA 1,,,,
 
30190 FOR J=1 TO 12
 
30200 READ TT$(J) 
30210 NEXT
 
30230 DATA 1,2,3A,ZD,3C,4A, 4B,4C,5,6A,6D,7 
30250 FOR I=1 TO 12 
30260 READ DA11HAX(I) 
30270 NEXT
 
30290 DATA 5,2,5,5,5,5,5.,3,2,5,4,1 
S,343:10 Y1: ,2. n j Y2:r; j35 9: Y3-,nI. _'25. Yqd-' /14 : YS5!=. 036 

,..'"v7" I ~1 .. . "...; 7 1: V 1, , . .'.. L ': .,- ,.7 7: V - 1 1 . ."." 
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30320 1=5. 083E-07: C!2=12. 77 
30330 G=9.810001:PI=3.141592654# 
30340 LIO=.434294481i 
30350 TOL=.002, INC-. 005 
30360 PIJ$="#4t#. #4141 
30520 FOR K=3 TO 5 
30530 PT(K,6)=11 
30540 PT (K,7)=13 
30550 DATMAX (K) =7 
30560 NEXT 
30660 FOR K=1 TO 6 
30670 READ OP% (K) 
30680 NEXT 
30690 DATA Bottom Elevation (m),Flow Rate in Section (mA3/s),Upstream-Water Surf 
ace Elevation (m) 
30700 DATA Actual Flow Rate (mA3/S),Design Flow Rate (m^3/s),Turnout Head Loss 
m) 
30810 FOR K=I TO 12
 
30820 FOR J=l TO 2
 
30830 READ PTS(J,K)
 
30840 NEXT:NEXT
 
30850 DATA 0,0,(,0 
30860 DATA B,9,17,0,21,0 
30870 DATA 24,25,24,25,28,0
 
30680 DATA 0,0,0,0,0,0,0,0
 
30900 FOR K=I TO 9:READ PTS1(K):NEXT
 
30910 DATA 1,2,31,33,34,36,42,43,45
 
30990 RETURN
 
31010 FOR K=3 TO 5
 
31020 DATMAX(K)=5
 
31030 NEXT
 
31040 RETURN
 
31100 FOR K=3 TO 5
 
31110 DATMAX(K)=7
 
31120 NEXT
 
31130 RETURN
 
Ok
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APPEDIX G: NOTATION
 

The following symbols are used in this report.
 

Symbol Description Units 

A Cross-sectional area of flow in aChanel (i 2 ) 

A(ij,k) Velocity of flow (average) in a bankcut at 
STA(i,j ,k) (mis) 

Aa(i) Cross-sectional area of flow at the point ,here 
Ha(i) ismeasured in flume at STA(i) on the 
distributary canal (m2) 

Aa(i,j) Cross-sectional area of tlow at the point ubere 
Ha(i,j) ismeasured in flume at STA(i,j) on a 
farm channel 

Ad(i) Cross-sectional area of flow in the distributary 
canal just downstream of UDA(i) 

Ad(i,j) Cross-sectional area of flow in a farm channel 
just downstream of STA(i,j) (m2) 

Au(i) Cross-sectional area of flow in the distributary 
canal just upstream of STA(i) (m2) 

Au(i,j) Cross-3ectional area of flow in a farm channel 
just upstream of STA(i,j) (m2) 

Cs(i,j) Discharge oefticient of siphon tube for'turnout 

at STA(i,j) on a farm channel 

D Depth of flow in a channel () 

Dcg Depth from water surface to the center ot 
gravity of a channel section (i) 

,Dd(i) Flow depth inthe distributary canal just 
downstream of STA(i) () 

Dd(ij) Flow depth in a farm channel just downstream of 
STA(i,j) () 
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Symbol Description Units 

Du(i) Flow depth in the distributary canal just 
upstream of STA(i) () 

Du(i,J) Flow depth ina farm channel just upstream 
of STA(i,j) () 

d(ij,k) Flow depth ina bankcut at STA(ij,k) (m) 

dg(i) Height of the bottom of the gate above the 
pipe invert at STA(i) on the distributary canal () 

dg(i,j) Height of the bottom of the gate above the pipe
invert at STA(ij) on a farm channel () 

dp(i) Diameter (inside) of the pipe for turnout at 
STA(i) on the distributary canal () 

dp(i,j) Diameter 
STA(ij) 

(inside) at the pipe for 
on a farm channel 

turnout -t 
(T) 

ds(ipj) Diameter (inside) of siphon tube for turnout 
at STA(ij) on a farm channel (re)­

E(i) Channel bottom elevation 
distributary canal 

at STA(i). on the 
(m) 

E(ij) Channel bottom elevation 
farm channel 

at STA(ij) on a 
() 

Eb(iJ) Elevation of floor of bankcut turnout at 
STA(ij) on a farm channel (i) 

Ec(i) Crest elevation of check at STA(i) on the 
distributary canal (i) 

Ec(i,j) Crest elevation of check at STA(ij) on 
a farm channel (i) 

Ef(i) Floor elevation of flume at STA(i) on the 
distributary canal (m) 
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Symbol Description bits 

Ef(i,j) Floor elevation of flume 
farm channel 

at STA(ij) on a 
(in) 

EL(i,j,k) Energy line elevation 
STA(i,j ,k) 

in a barikcut at 
() 

EL(i,j ,k)' New energy line elevation 
STA(i,j ,k) 

in a bankcut at 
(0) 

ELd(i) Energy line elevation in the distributary 
canal just downstream of STA(i) (M) 

ELd(i,j) Energy line elevation in 
downstream of STA(i,j) 

a farm channel just 
(i) 

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 
just downstream of STA(i,j) (m) 

ELu(i) Energy line elevation in the distributary 
canal just upstream of STA(i) *(in) 

ELu(i,j) Energy line elevation 
upstream of STA(i,j) 

in a farm channel just 
(m) 

F Resultant force acting in the line of flow 
on a channel section due to water presure (N) 

Fd(i) 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) 

Fd(i,j) Resultant force in the line of flow in a farm 
channel due to the water pressure on the section 
just downstream of SEA(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(ij) Resultant force in the line of flow in a farm 
channel due to the water pressure on the 
section just upstream of STA(i,j) (N) 

f(i) Friction factor of pipe fe'r 
on the distributary canal 

turnout at STA(i) 

f(i,j) Friction factor of pipe for 
on a farm channel 

turnout at STA(i,j) 

GI Absolute difference between design value of 
turnout flow rate and computed actual value (m3/s) 

G2 Absolute difference between old value of channel 
flow rate and new computed value (m3 /s) 

G3 Absolute difference between old value of actual 
turnout flow rate and new computed value (m3 /s) 

g Acceleration due to gravity (m/s2 ) 

Ha(i), Upstream flow depth In flume at STA(i) 
distributary canal 

on the 
(M) 

Ha(i,j) Upstream flow depth 
a farm channel 

in flume at STA(i,j) on 
(M) 

Hb(i) Downstream flow depth 
distributary canal 

in flume at STA(i) on the 

(M) 

Hb(ij) Down9tream flow depth 
farm channel 

in flume, at STA(i,j) an a 
(M) 

HL(i) Head loss due 
canal between 

to friction In the distributary 
STA(i-1) and STA(i) (i) 

HL(ij) Head loss due to friction in a 
between STA(i,j-1) and STA(i,j) 

farm channel 
(M.) 

HL(i,j,k) Head loss due to friction in a bankcut between 
STA(i,jk-1) and STA(i,j,k) (M) 
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Symbol Description 'Units 

Ht(i) Head loss through the pipe turnout 
on the distributary canal 

at STA(i). 
(i) 

Ht(ij) Head loss through the turnout at STA(i,j) 'n 
farm channel 

a 
(m) 

hcl (i) Upstream head over crest of check structure 
at STA(i) on the distributaty canal (M) 

hcl (i,j) Upstream head over crest of check structure 
at STA(i,j) on a farm channel (M) 

hc2(i) Downstream head over crest of check structure 
at STA(i) on the distributary canal (M) 

hc2(i,j) Dbwnstream h_-ad over crest of check structure 
at STA(i,j) on a farm channel (M) 

hZb(i) Head loss due to bend at STA(i) on the distri­
butary canal (m) 

hZb(i,j) Head loss due to bend at STA(i,j) on a farm 
channel (M) 

hlc Head loss due to sudden contraction of channel 
section (M) 

hZe Head loss due to sudden enLargement of channel 
section (M) 

hZf Energy loss due to friction between the section 
just upstream of flume and the section xhere 
the upstream f].ow depth inthe flume ismeasured (M) 

K1 Coefficient used in free flow equation for cut­
throat flume 

K2 Coefficient used in submerged flow equation for 
cutthroat flume 
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Symbol Description Units 

Kb(i) Coefticient for head loss due to bend at STA(i) 
on the distributary canal 

Kb(i.j) Coefficient for head loss due to bend at STA(ij) 
on a farm channel 

Kc(i) Coefficient for head loss due to channel con­
traction at STA(i) on the distributary canal 

Kc(i,j) Coefficient for head loss due to channel con­
traction at STA(ij) on a farm channel 

Ke(i) 

Ke(t'j) 

Coefficient for head loss due to channel 
ment at STA(i) on the distributary canal 

Coefficient for head loss due to channel 

at STA(ij) on a farm channel 

enlarge­

enlarge­

KE(ijk) Kinetic energy of flow in a bankcut at STA(i,j k (M) 

KEd(i) Kinetic energy of flow in the distributary canal. 
just downstream of S-A(i) (i) 

KEd(ij) Kinetic energy of flow 
downstream of STA(ij) 

in a farm channel:just 
(M) 

KEu(i) Kinetic energy of flow in 
just upstream of STA(i) 

the distributary canal 
(M) 

KEu(i,j) Kinetic energy of flow in 
upstream of STA(ij) 

a farm channel just 
(m) 

KO(i) Entrance head loss coefficient for pipe with 
gate at STA(i) on the distributary canal 

Ko(ij) Entrance head loss 
gate at STA(ij) on 

oefficient for pipe with 
a farm channel 

Ks(i-,j) Entrance head loss coefficient of siphon tube for 
turnout at STA(ij) on a farm channel 

%7 
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Symbol Description Units 

L(i) Distance of STA(i) 
butary canal 

from the head of the distri­
(i) 

L(ij) Distance of STA(ij) from 
channel 

the head of a farm 
(i) 

Lb(i,j) Elevation of floor of bankcut turnout 
on a farm channel 

at STA(ij) 
(M) 

LC(i) Crest length of check at STA(i) on 
distributary canal 

tihe 
(m) 

Lc(ij) Crest length of check at STA(ij) on a 
farm channel (m) 

Lf(i) Length of the flume located at STA(i) on 
the distributary canal (i) 

Lf(ij) Length of the flume 
on a farm channel 

located at STA(ij) 
() 

Lp(i) Length of pipe for turnout 
the distributary canal 

at STA(i) on 
(m) 

Lp(i,j) Length of pipe for turnout at STA(i,j) 
on a farm channel (i) 

Ls(ij) Length of siphon tube for turnout at 
STA(ij) on a farm channel (m) 

M Total number of stations along the distri­
butary canal 

N(i) Total number of stations along the farm 
channel located at STA(i) on the distri­
butary canal 

n(i) Channel hydraulic roughness at STA(i) on 
the distributary canal (s/mi/3) 

n(i,j) Channel hydraulic roughness at STA(ij) 
on a farm channel 
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Symbol Description Units 

Exponent used in free flow equation for 

cutthroat flume 

n2 Exponent used insubmerged flow equation 
for cutthroat flume 

nb(i,j) Hydraulic roughness of bankcut turnout 
at STA(i,j) on a farm channel (s/ml/ 3 ) 

ns(iuj). 

P 

Roughness coefficient of siphon tube-for 
turnout at STA(i,j) on a farm channel 

Number of computational stations along 

a bankcut 

(s/m/ 3 ) 

P(i,j,k) Wetted perimeter ina bankcut at STA(ijk) (m) 

Pd(i) 

Pd(i,j) 

Pu(i) 

Wetted perimeter in the distributary canal 
just downstream of STA(i) 

Wetted perimeter ina farm channel just, 
downstream of STA(i,j) 

Wetted perimeter in the distributary canal,, 
just upstream of STA(i) 

(M) 

(In) 

(m) 

Pu(i,j) Wetted perimeter in a farm channel just 
upstream of STA(i,j) (i) 

Q(i) Flow rate in the distributary canal at STA(i) (m3 /s) 

Q(i,j) Flow rate ina farm channel at STA(i,j) (M3/s) 

QWi)' New computed value of flow rate in the 
distributary canal at STA(i) (m3is) 

QIJ)' New computed value of tlow rate in 
channel at STA(i,j) 

a farm 
(m3/s) 

Qd Gross daily flow rate (m3 /s) 
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Symbol Description Units 

q(i) Actual flow rate for turnout 
the distributary canal 

at STA(i) on 
(m3 /s) 

q(i,j) Actual flow rate for turnout 
on a farm channel 

at STA(i',J) 
(m3 /s). 

q(i,j)' 

qd(ij) 

New computed value of turnout flow rate at 
STA(i,j) on a farm channel 

Design flow rate for turnout at STA(i,j) 

on a farm channel 

(m3 /s) 

(m3 /s) 

R(i,j,k) Hydraulic radius in a bankcut at STA(ij,k) (m)' 

Rd(i) Hydraulic radius in the distributary canal 
just downstream of STA(i) (M) 

Rd(i,j) Hydraulic radius in the distributary'canal, 
just downstream of STA(i,j) (i): 

Ru(i) Hydraulic radius in 
upstream of STA(i) 

a farm channel just' 

(M) 

Ru(i,j) Hydraulic radius in a 
upstream of STA(ij) 

farm channel, just 

(m) 

SF(i,j,k) Friction slope in a bankcut at STA(ij,k) (m/m) 

SFa(i) Average friction slope in the distributary 
canal between STA(i-1) and STA(i) (m/M) 

SFa(i,j) Average friction slope in a farm channel 
between STA(i,j-1) and STA(i,j) (r/r)­

SFa(i,j,k) Average friction slope in a bankcut between 
STA(i,j,k-1) and STA(i,j,k) (m/m) 

SFd(i) Friction slope in the distributary canal 
just downstream of STA(i) (n/m) 

SFd(i,j) Friction slope in a farm channel just down­
stream of STA(i,j) (m/m) 
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Symbol, Description Units 

SFu(i) Friction slope in the distributary canalijust 
upstream of STA(i) (m/m) 

SFu(ij) Friction slope in a 
of STA(ij) 

farm channel just upstream 
(m/m) 

So(i) Channel bottom slope at STA(i) 
distributary canal 

on the 
(r/M) 

So(i,j) Channel bottom slope at STA(ij) 
farm channel 

on a& 
(mr/) 

SR(i) Submergence ratio of, flume 
the distributary canal'.-

at STA(i) 
"' 

on 

SR(iij) Submergence ratio of flume at STA(ij) 
on a farm channel 

SRc(i) Submergence ratio for check structure 
STA(i) on the distributary canal 

at 

SRc(ij) Submergence ratio for check structure at 
STA(ij) on a farm channel 

SRt(i) 

SRt(ij) 

Transition submergence of flume at STA(i) 
on the distributary canal 

Transit"gn submergence of flume at ,STA(i,j) 

on a farm channel 

STA(i) Station (i) on +he distributary canal 

SSTA(ij) Station (j) 
station (i) 

on 
on 

the farm channel located 
the distributary canal 

at 

STA(i,j,k) Station (k) on 
at station (j) 
at station (i) 

the bankcut channel 
on the farm channel 
on the distributary 

located 
located 
canal 

.aSeepage rate per unit length of 
butary canal 

the distri­
- (m3 /s) /m] 
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Symbol Description Units 

s(i) Seepage rate per unit length of the farm 
channel located at STA(i) on the distri­
butary canal [(m3/s)/m] 

V(i,j,k) Velocity of flow (average) in a bankcut at 
STA(i,j ,k) (m/s). 

Va(i) Velocity of flow (average) at point uhere Ha(i) 
is measured in flume at STA(i) n the distri­
butary canal (m/s)" 

Va(i,j) Velocity of flow (average) at point %here 
Ha(i,j) is measured influme at STA(i,j) on 
a farm channel (m/s) 

Vd(i) Velocity of flow (average) in the distributary 
canal just downstream of STA(i) (m/s) 

Vd(i,j) Velocity of flow (average) in a farm channel 
just downstream of STA(i,j) (mis). 

Vu(i) Velocity of flow (average) inthe distri­
butary canal just upstream of STA(i) (mis) 

Vu(ij) Velocity of flow (average) in a farm channel 
just upstream of STA(i,j) (m/s) 

W Channel bottom width (i) 

W(i) Channel bottom width at STA(i) on..the distri­
butary canal (i) 

W(ij) Channel bottom width at STA(i,j) on a farm 
channel (M) 

Wb(i,j) Width of bankcut turnout at STA(i,j) an a 
farm channel (M) 

Wf(i) .Throat width of flume at SrA(i) 
butary canal 

-m the distri­
(M) 
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Symbol Description Units 

Wf(i,j) Throat width of the flume..at STA(ij) on a 
farm channel (i) 

WS(i,j,k) Water surface elevation in a bankcut at 
STA(i,j ,k) (i) 

WSd(i) Water surface elevation in the distri-, 
butary canal just downstream of STA(i) (M) 

WSd(i,j) Water surface elevation in a farm channel 
just downstream of STA(i,j) (i) 

WSt(i) Tailwater surface elevation on pipe outlet 
to farm dannel at STA(i) on the distri­
butary canal (m) 

WSt(ij) Elevation of water surface on field at 
the outlet of turnout at STA(i,j) on a 
farm channel (i) 

WSu(i) Water surface elevation in the distri­
butary canal just upstream of STA(i) (n) 

WSu(i,J) Water surface elevation in a farm channel 
just upstream of STA(i,j) (m) 

Z Channel side slope 

Z(i) Channel side slope at STA(i) 
butary canal 

on the distri­

Z(ij) Channel side slope at STA(i,j) on a farm 
channel 

A L Length of short channel section at 
of turnout 

location 
(m) 

p Mass density of water (kg/m3 ) 


