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ABSTRACT
Conveyance and distribution of water are an integral part of
an irrigation project. The efficiency of conveyance and
distribution, and the transport of ,water at minimym cost- and
with minimum loss, therefore essentially affects the tbtal
economy of an/arrigatiop project. Often the most imborﬁant
decision to be made by managers énd planﬁers in this respect
is whether or not irgigation water is to be conveyed and

.
distributed to users in lined or unlined canals, or by

pipeline. a

Materials used for canal lining are of a]mQSt infinite
variety, but only the most used alternativesz_qame]y
concrete,Jiningg~polyethy1ene ﬁembrane lining and p%pelines
were studied. Moreover, pipelines'were of primary‘cqncern as
suggested by the title of the study.

Irrigation districts in southern Alberta are installing
more buried pipeline delivery syftems than*ever before. This
part of the analysis, to be conduct®d on a micro scale.‘may
serve as ayguide to later, more detailed studies involv{ing
the overall investment of public and private funds in
irrigation within Alberta. |

‘ Two‘computgr progtgmmes were written; the first one to
caleulate pipe siies, friction losses, power requirements tb
develop required pressures and overcome frictioq ]déses in
pipes, seasonal_energy costs, tota1®and anﬁual‘costs usiﬁg
PVC-and concrete pipes; the second one to calculate

incrementél*fqrm_benefits and costs after completion of the

iv



<
project for.the case siudy of rehabilitation of the Bow
Island irrigation block.

Benefits énd costs of rehabilitating existing
irrigation blécks were examined using the three alternate
irrigation conveyance and distribution systems ment ioned
earlier. The feasibility of pipelines was determined by an
economic analysis of the following factors: water
conservation, reduced waterlogging or lowgr drainage
requirement, structural safety, total ¢apital cost, annual
cost, operation and maintenance cost, and the cost of
production for various crops.“Pipelines were found to be the
most feasible 5ption for.irrigation water distribution to
farm users and polyethylene lining was found to be {he least
feasible. However pipelines are benefjcial mainty when they

are pressurized.
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I. INTRODU?TXON
The first hnown pipeline system wgs found in ancient Rome,
where a remarkable stone arch drainage system was built to
make the foothills habitable and drain off the water
settling in the Forum (Peggs 1985). The system was Known as
the (loaca Maxima. The power of the structure was worshipped
in the form of a deity. Cloacina.

With the invention of the potter’'s wheel, cylindrical
clay "pipe” with fluted bell ends was made for special
drains. The length of the section was one cubit (45 to 50
cm! and was used profugely in Babylon, primarily for
drainmage in and around palaces, but occasionally for house
sewers. | .

Clay pipe ang stone shafts and ducts were well
constructed by the ancient Cretans and much of these dating
to 1400 B.C. are in a good state of preservation today. The
palaces of Nizams of ancient India contained clay pipe water
distribution systems throughout the structures. Water was
piped-by gravity to coﬁ\ainers over open fires in the
bedrooms of queens providing them with hot baths. These
systems can still be seen embedded in thé‘stone walls of the
palaces of central India (Peggs 1985).

Treated ﬁbtable water and natural gas necessitated the
development of buried service piping for homes, commerclal
buildings, and.industry. The use of gipes for irrigation

, . "4 . . .
water conveyance and distribution is relitvvely new and is

. » . o .
~restricted to the following conditions: to bring water to



fields which are at higher topographic elevations than the
water source, to irrigate land with sloping and undulating
topography, to convey water across hills and valleys. to
convey water across areas where the soil type mdkos canal
.construction difficult and to convey recycled sewage for
irrigation purposes in a safe manner (finkel 1982).

With the increased need for greater on farm 1rrigation
efficiency to save water, labour. and energy., there is an
increasing tendency for mechanizing and automating supply.
distribution and application systems. To obtain these
savings the whole system must be able to deliver water 1n a
wai that is flexibae in frequency, rate andrduration. For
best operation, the flow must be controlled at the point of
application by the irrigator so as to make on-the-spot
decisiqns (Jensen 1980). Again>a pipeline seems to be more
compatible with mechanized and automated irrigation methods.
There aré extreme pressures‘being made on the available land
and water, so it seems probable that much more efficient and
expensive irrigation systems will be justjfied in the near
future. The use of irrigation pipelines is rapidly
increasing in countries with a highly developed irrigated
agriculture. For example, in Israel almost all the -
irrigation water is conveyed and distributed through
pipelines. The trend of using pipelines for on-farm
irrigation water distribution in soaihern Alberta is also
becoming increasiqgly popular, and more and more pipeline

systems are being installed. There is a total of 325 km of



buried pipeline systems of all Kinds within irrigafioQ

-

districts in Southern Alberta. There are nine gravity or

pump pressurized lines serving a total of 6,800 ha of

irrigated land in five irrigation districts (Alberta

Agriculture, internal information).

fconomics is paramount in evaluating irrigation

practices, for irrigation is largely for the purpose of

increasing profit. Higher profits from more efficient

production will ultimately resultVdin lower prices for

sconsumers, and lower prices result in more consumption and a

higher standard of living. These factors should be kept in

mind and the most effective way to accomplish this is to

make economical developments (Israelsen dnd Hansen 1962).

The objectives of this study were to analyse the use of

pipelines for on-farm conveyance and distribution of

irrigation water as an alternative to open canal lining in

southern Alberta from the following points of view:

1

2.

land and water conservation,
capital costs,
operation and maintenance costs, and

net return to the farming enterprise.
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II. LITERATURE REVIEW

A. STUDY AREA

Southern Alberta is usually the warmest area of the
Prairie Provinces on an annual basis and experiences more
sunshine per year than any other part of Canadg. Chinooks
occur most frequently in the foothills of southwestern
Alberta, but the area affected extends acrosg the entire
South Saskatchewan River Basin. frequent strong winds (from
50 tpo 160 km /h) also characterize the region. The mean
annual precipitation in the basin varies from over 1,000 mm
in the mountains to approximately 300 mm in the extreme
southeast of Albetrta. The foothills receive about 500 mm per
annum. The extreme annual water deficit is about 200 mm
throughout the region, except in the Cypress Hills where the
.deficit is less than 100 mm and in the Rochky Mountains where
there is no deficit (Marv Anderson and Associates 1978).

. The average seasonal water deficiency was determined to
be a minimum of 92 mm for green peas to a maximum of 392 mm
for alfalfa for the Lethbridge area (Kroqman and Hobbs
1976). The Canada Depdrtment of Agriculture cites a minimum
irrigation requirement of 127 mm for flax and a méximuh of
406 mm for alfalfa of the crops grown in southern Alberta
(Dubetz and Hobbs 1966). This shows the substantial need for

supplemental irrigation and conservation of irrigation water

to fulfil these requirements efficient]y.

i

s



Supplemental irrigation is a practical wéy to increase
crop production and eliminate drought hazards. Irrigation
has provided security to farmegs living in the irrigated
areas and today irrigation has become a key factor in the
agricultural economy of Alberta. Droughts and increased cost
of agricultural production in reéent years have made the
costs of irrigating seem less prohibitive (Topham 1982) .

In 1915 the province passed the Alberta Irrigation
Districts Act. The act provided for the establishment of
irrigétion districts in which farm land -could be mortgaged
to provide funds for irrigation development. There are
presently 13 irrigation districts in the province, all
located within the South Saskatchewan River Basin. These
account for 84 percent of all the irrigation undertaken in
the province. The total area covered by these irrigation
districts is 465,600 ha. In addition to this, there are
approximately 40,500 hectares licensed for irrigation as
individually owned private schemes (Thiessen 1985). The
Prairie Provinces Water Board, formed in .1948, allocated
2,759,585 cubic decametres of water to irrigate 508,490
hectares in Alberta (Topham 1982). New areas can be
irrigated oﬁly by improving the efficiencies of the existing

irrigation systems.



B. EXIETING IRRIGATION SYSTEMS

The early irrigation systems were lakd out on the‘
contour of the land thereby creating many irregular
boundaries which are not conducive to the use of modern farm
machinery and large sprinkler systems.

Thiessen (1985) reported that\10 percent of the total
irrigated lands were affected by’%%epage from irrigation
canals. Stanley/SLN Consulting (1978) reported that mode;ate
"salinization was estimated to affec} 25 percent of all
irrigated land in the St. Mary River Irrigation District.

"Yaron (1981) reports that on moderately saline soils,
specialty crops (vegetables ana potatoes) éuffer yield
losses of 50 percent or more; yield losses for alfalfa are
also at the 50 percent level; wheat yield may be down by 40
percent. Yield losses for all other crops, except barley,
are in the order of 30 to 40 percent.

A moratorium on'irrigation expansion is in effect in
maﬁy areas due to a limited supply of water and limited.
lateral capacities._Thus there is a need to reduce the
‘seepage losses to irrigate the remaining irrigable area and

to reduce waterlogging and salinity.

Irrigation Efficiencies

Irrigation systems in Albefta operate with efficiencies
from 77 percent to 22 percent. This is the percentage of the
total diversion which is actually delivered to the farm

turnout. Farm efficiencies: are assumed to range from highs



of 60 to 65 percent to a low ¢f 4Q pefcent\(Heywood 1978). A
U.,S. Department of Agriculture study of 46 irrigation
projects showed that 37 perceﬁt.of the diverted water was
lost in conveyance, 23 percent in canal seepage and 14
percent in operation (Lauritzen and Terrell 13967).

During 1958 to 1968 the operation of the districts at
Vauxhall-Hays showed that the overall irrigation efficiency
was 38 percent, made up of a system conveyance efficienqy of
65‘percent\and a farm efficiency of 58 percent. Evaporation
losses in irrigatfon district canals were reported as 2-6
percént and seepage from canal laterals as 6-45 percent
(Heywood 1978) .

Seepage and‘return flow are two major~]oss factors.
Seepage losses from canal laterals in southern Alberta were
found‘to be 10-42 percent with-an average 9f421 percent and
return flow was 14-55 percent with an averaée of .34 percent
(Heywood 1978). Ploss et al (1979) have indicated that

. . ~
significant return flow volumes are not a problem since the

&
spill water can be beneficially utilized downstream. However
two disadvantages associated with return flow.were discussed
by Byrne (1983). Firstly, higher than required flow is
inefficient in terms of required system capacity and
maintenance. Secondly, seeﬁége'loss will be higheb,

resulting in compounded seepage related broblems..The volumé

of water lost to seepage every year can be approximated

using diversion and return flow data.
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Robinson (1978) studied the gross diversion for seven
irrigation districts in Southern Alberta (Eastern, Western,
Bow River, St. Mary, Lethbridge Northern, United ahd
Mountain View - Leavitt) in 1977 and found that total
diversion was 214,099 ha-m. The delivery efficiency for _that
year was 64 percent. (The delivery efficiency is definelas
the percentage of water delivered to the farmers to the
total volume diverted). Hence conveyance losses, including
return flow, were 36 percent. The total return flow volume
was 43,612 ha-m; therefore, the seepage loss volume Vsl was
.approximately 33,464 haim or 15.6 percent of the total
diversion. This shows the need to use facilities and

equipment to optimize water use by reducing the water

losses.

C. ECONOMIC IMPACT OF IRRIGATION

A study, conducted by Underwood - McLellan and A;soc1ates
Lfd. (1984) for the Alberta Irrigat1on PrOJects Association,
affirms the value of irrigation investments to the Province
of Alberte. Z\conclusion was that benefits from irrigation
act1v1ty extend far beyond the water users. The distribation
of expected annual bénefits was 15 percent for the water
users, 66 percent for the prov1nce and 19 percent for other -

Canadian provinces. Non—measured benefits through irrigation
projects include: potable water supplies to communities,
reservoirs for recreation, greater crop flexibilities and

agriculture production in an area with reliable harvest



weather .

Irrigable area has increased from 311,600 ha in 1970 to
more than 405,000 ha by 1982. This has resulted in a water
demand equal to or greater than the caquil{ties of the
existing.water storage aéd supply facilities. The water
demand is also nearing the ;imit of available water supply
in the basips. FurtherAincreases in the irrigated area can
take place 6nly if facilities and capabilities-are developed
both to conserve more of the natural runoff and to better

’
control the 1ossesvwﬁich occuc’within the supply,
distribution and.application systemé. Further, sprinkler
systems Qse‘a precise flow of water. Gravity systems are not.
so demanding. This, coupled with an'ever-increas}ng need to
conserve water, places a significantly greater reduinement
for water control in thé distribution system.

Pipelines, modern control technology, balancing
re§érvoirs located throughout the system and ;any other
design features are being utilized to adequately respond to
these and other expected needs.

Thelcontinuation of the present capital work§
rehabilitation programs of the Alberta governmenE will have
direct iﬁpacts on the farmers and on the irrigation
districts that serve those farmers. These impacts were
grouped (Hagan et al 1967) into three categories:

1. Imp}ovements in the water storage and delﬁvery systems

will allow. more areas to be irrigated because of better

acgess to water supply and improved water use
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efficjencies. _

Underwood Mclellan and Associates Ltd. (1984)
reported that the increase in irrigated area in Alberta
was 142,490 ha from 1970 through 1984 and Srojected an’
increase of 53,846 to‘70,850 ha from 1985 through 1989.
Yield increases from existing irrigated acres can be
anticipatedAwith a rehabilitated delivery system. This
impact includee the gain from rehabilitation in terms of
better farm managément, easie{ irrigation, more leiéure
time, and ggre time for other farming activities as well
as the actual crop yield increases resulting from the
potential of more precise irrigation scheduling. -

. Underwood Mclellan and Associates Ltd. (1984)
estimated yield increases for the major irrigation
districts from a low of one percent of present yields
for the Western Irrigation District (WID) to a high of
18 percéét of present yields for the Lethbridge Nor thern
Irrigation District (LNID) with a weighted average for
all districts of 5.4 percenf. '

Reconstruction of a particular lateral or system
eliminates the need for extensive maintenance activities
that accompany works which are nearing the end of their

=

useful life. This will result in savings to the
irrigation district. '

The estimated cost saVings to the irrigation _
districts in Alberta range from $1 million to $3 million

per year with an average of about $2.2 million per year

. ~/
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(Underwood MclLellan and Associates Ltd. 1984).

D. MULTIPLE PURPOSE WATER SUPPLY SYSTEMS

“Most major irrigation projects are part of multipurpose
water supply schemes. They may supply water for recreation,
municipal, wildlife and hydro-power usés, as examples, in
addition to irrigation. Such multipurpose water supply
development projects requ};e long Tead times for planning,
pﬁomotion,\design, financing and construction. Because of
the long }agtime between the construction and the
realization of the mu]tiple benefits, spe?ia] economic
evaluation issues are raised. hecent studies coqducted in
Alberta and Saskatchewan concluded that 15-20 pércent of the
total benefits of irrigation go to the farmer with the rest
going to society. The benefits to the rest of society come
from additional economic activity and employment beyond the
farm %ate which directly depend upon the‘irﬁﬁgationAactivity
(Underwood Mclellan and Associates Ltd. 1984) .

Methodology for economic evaluation of irrigation
projects is in a state of evolution. As the farm direct
benefits are’a small portion of total benefits, many
projects only become feasilile when the other beneficiaries
contribute to the cost. Because these benefits are diverse
and often difficult to assess, they have traditionally been
carried by governments, such as through the 86-14 percent

cost formula in Alberta (Hill 1986).
o«
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E. CAPITAL COST COMPARISONS OF ALTERNATIVE IRRIGATION SUPPLY

SYSTEMS

The construction of pipelines is not feasible in every

situation. In most cases the drop or available head will

govern the choice between open channel and pipelines. Three

typical examples in Southern Alberta are cited (Alberta

" Agriculture, internal information):

1.

In a Farming for the ﬁyture Project in the Lethbridge
Northern Irrigation District Laterél D1A, concrete
lining ¢ost was $201,900. The estimated cost of the
pipeline was $216,000. The available head there was only
1.05 m in 1.6 km, so there were not many drop structures
required and no power'savings were possible for
sprinkier systems. In this case the cost of the pipeline
was higher.than the concrete lining. The flat slopes
made the open channel system less expensive.

In 1977, Lateral F pipejine was constructed in the
United Irrigation District. The available drop there was
27 m. The capacity of the line was 2.5"m3/s and the
length was 1.1 km. The total price was $180,000 (13977
dollar). The alternative solutign was to construct a
series of drop structures for a total price of $310,000

3

with 30,600 m° of edrth moved. Here steep slopes made

the pipeline an economical choice.

. . The Magrath Irrigation District installed a gravity

pressure pipeline in 1983 for a total cost of $500,000.

Pressure at the deliveries varied from 310 kPa to 552

N
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kPa. The cost of concrete lining was estimated at
$525,000, which is more money for a less sophisticated
‘system.‘Heﬁé again the pipeline was an economical
alternative. i

These examples demonstrate that under d)fferent conditions,

different types of structures become economical.

F. ADVANTAGES OF IRRIGATION PIPELINES

Pipeline ;ystems have not been used much in the past
because of the high capital costs associated with them.
However, they may now be feasible due to the following
reastons:

High prices of farm land result in concern for areas
lost to production dQe to right-of-ways, severance and land
damages. Large farm machinery and irrigation systems require
large fields free of obstacles. Higher value of capital
investment results in a need to improve the system
efficiencies. High costs and other problems are associated
with operation and maintenance of open chaﬁnel systems.
Canal l{nings installed to reduce the canal seepage have
often resulted.in increased operation and maintenance
problemsland its effectiveness has often been disappointing
(CH2M Hill Canada Ltd. 1981). |

Buried pipelines‘have many advantages.bver the open
channe]\systems. Some of tﬁem are discussed in the following

pass%ges: ’
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Losses of wateh from seepage and evaporation in unlined
canals and ditches are usually high. The average seepage and
evaporation losses are reporteé to be 40 percént of the
total amount turned into a ditch or canal (Kraatz {977). A
limited supply of water makes such losses more serious.
Fewer hectares can be irrigated and crops may suffer from
Jack 6f sufficient water. Seepage, moreover, often results
iz.wéterlogged\fields. Where soil contains salts, the
installation of exbensive drainage systems becomes necessary
before the land can be éropped successfully. Irrigation
water conveyance with Pipelines reduces seepage losses to a
minimum and prevents waterlogging of the soil. Pipelines
also prevent water from seeping or evaporating before
reaching the crops, therefore more area can be irrigated
with the available supply..

Pipeline irrigation systems can be operated under
pressure. The pipe can be laid upﬁill or downgrade,
permitting irrigation of land too rough for oben ditches.
With pipelines, water can be delivered to any field or any
part of a field and flow can be controlled to the exact.
amount desired. No part need get too little or too much
water. \

Pipelines save land, labour and time. Open ditches take
valuable land out of cultivation, estimated to be 3-5
‘percent of farm areas (Kraatz 1977). Pipelines are located

mostly underground, permifting productive use of land above.

Much time and labour is saved by using pipelines because
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Q%pre are no land severances and corners. and farm machinery

v . . . . , . :
can be used without obstruction. Pipelines also save time

3 o
#tor the irrigator.
R,

Pipelines aid in insect and weed control. Banks of open

¢ "}agi}ches cannot 'be cultivated by machinery, and unless kept

“clean with hand labour. grow weeds which harbour insects and

scatter seed in the irrigation water.

Open ditches require considerable maintenance. A
pipeline system jnstalled by competent contractors requires
minimal maintenance. This can save up to $310/km/ year
(Jonas and Taylor 1978).

The édvantage of pip‘lines is dual for sprinkler
irrigated areas. Firstly, they save the costs Qf drop
structures, bridges and other crossings required in the case
of open channels. Secondly, they help in saving energy by
atilizing the head developed duepto downslopes. If slopes
are steep enough, irrigation water can be supplied to each
partel with full pressure without pumping. This can result
in savings of $400/dﬁarter section/year (%nes and Taylor

a

18978) .

L .
G. PIPELINE DELIVERY SYSTEMS

This section discusses the hyd?éalic principles of both

closed and open pipelines. Vgrious piping materials; -
available in Southern Alberta, and their suitability to

-

irrigation distribution age discussed.

v ~



Open Pipeline

In an open pipeline system, the flow of water into the
pipeline is controlled with an irrigation slide gate at the
turnout off the supply channel. The district operating staff

regulate the control gate such that the flow into the
pipeline closely matches the irrigation demand «f the water
users. This is a form of upstream flow control.

There is a division box:with a centre weir at all
delivery points off the pipeline. Irrigation slide gates are
instélled in the box upstream of the weir, af shown in Fig.
[I1.1 (Martin 1985). The weirs have a fixed minimum height to
just below the gate invert elevation, and the head on the
turnout gate is changed by adding or removing stop logs on
top of the weir. The turnout gates usually connect to an

’gajacent dugout or head ditch.

Full supply level (F.S.L) is the level of fluid under
atmospheric pressure when the system is working at full
capacity. Hydraulic gr?deline (H.G.L) is defined as the line
representing the sum of pressure head and elevation head in
a pipeline above'some datum line.

The pipelines are forced to run under full flow
conditions upstream of the division box due to the fixed

‘weir. Immediately downstream of the division box, the open
pipelines generally run under partial flow conditions
requiring proper air vents.

Chin Lateral 4 and 5 are opep pipeline systems located

within the St. Mary River Irrigation District (SMRID)
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southeast of Coaldale, Alberta. The pipelines consist of
Series 45 polyethylene pipe ranging from 400 mm diameter to
710 mm diameter. The design capacities of lLaterals 4 and 5

are 0.68 m3/s and 0.76 m3/s respectively (Martin 1985).

Closed Gr‘vity Pipeline

Closed gravity pipelines ogerate on a totally different

principle than open pipelines. Once the closed pipelines are
'filled, flows are regulated at the farm del{veries. This is
a form of downstream control. The slide gate or valve at the
inlet structure is normally operated in the open position. A
schematic diagram of a closed gravity pjpel%ne is shown in
Fig. 11.2 (Martin 19885).

With zero flow in the pipeline, the hydrauli¢ gradeline
or static head is level with the supply canal. As water
users turn on their deliveries, the flow in the pipeline
increases and the hydraulic gradeline is correspondingly
lowered as part of the static head i; cdnverted to velocity
head and.friction headloss. The pipelines are designed with
a minimum of 1.5 m of head above the natural ground,cat each
delivery point, when the system is at full design capacity.

' Due to the high hydraulic heads on the turnouts, valves
are used instead of traditional irrigation slide gates.
These valves can be connected to the turnouts of Sprinkler.
systems to utilize any surplus head off the pipeline.

Chin Lateral 6 is a closed gravity pipeline located

within the SMRID southeast of Coaldale, Alberta. The

[
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pipelipe is connected directly to the SMRID main canal and
flow ghanges in the pipeline do not significantly affect the
main canal flows. The system has a design cépacity of 1.32
m3/s and the static pressure at the downstream end is 310

v

kKPa (Martin 1985).

Closed Pressure Pipeline

The key difference between gravity and pressure
pipelines {s that in the latter case, the {ndividual farm
irrigation pumps are replaced with a common pump station.
The on-farm sprinkler irrigation systems are then connected
directly to the distribution pipeline. A schematic diagram
of a closed pressure pipeline is shown in Fig. I11.3.

The pump stations are designed to respond to a demand
in flow created by water users turning on their sy;fems.
These pipelines are therefore downstream control, or demand
type systems. The pump stations are usually automated in
order that the flow rate and pressures created by the pumps
match the requirements of the on-farm irrigation systems.

The Bow Island Lateral-12 pressure system is a good
example, located within the SMRID immediately south of the
town of Bow Island, Alberta. The pump station is located
adjacent to the SMRID main canal and has a capacity of 2.3

m3/s, with a system pressure of 500 KPa (SNC Consultants
Ltd. 1984). '
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Commonly Used Pipeline Materials

The three most commonly used piping materials in

irrigation distribution systems in southern Alberta are:

1.

2.

Polyvinyl Chloride (PVC)
Polyethylene

Concrete

Polyvinyl Chloride (PVC) Pipe

Solid wall PVC pipe has become more popular in
recent years, mainly betause it is now produced in
diameters up to 610 mm. The connections are usually bell
and spigot gasketed joints. The pipe is available in
pressure ratings which are sufficient for ahyiirrigaiion
distribution system.

" A new PVC pipe is the ribbed low head sewer pipe
which is available up to 910 mm diameter. This pipe,
whic% utilizes a bell and §;igot gasketéd joint, is
appropriate for open style pipelines or low head closed

pipelines (Martin 1985).

High Density Rp]yﬁthy]ene Pipe

Sotid wall high density polyethylene pipe has been
used ip southern Alberta for ten years in sizes up to
1,000 mm diameter. The joints are ?ade in the field
using the thermal butt fusion process (Martin 1985).

This pipe has been used on both open and closed gravity

.pipelines.

.
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Corrugated high density polyethylene pipe is also
locally available up to 610 mm diameter and utilizes a

corrugated coupler. This pipe is appropriate for low

head open distribution systems.

Concrete Pipe

Reinforced concrete IOW'head pressure pipe is
readily available in southern Alberta up to 1,050 mm
diameter. The joints are the ﬁew R-4 bell and spigot
design with a rubber 0’ ring gaskeét. The pipe is
designed to handle 75 kPa of hydrostatic pressure
without leakage. This pipe has been used on open
distribution systems and spillways (Martin 1985).

Prestre§sed concrete low-head pressure pipe is also
commonly used in southern Alberta. The pipe consists of
a steel cylinder wrapped with prestﬁessed wire followed
by an interior and exterior coating of cément mortar .
The pipe - is designed for high pressures and utilizes
steel bell and spigot joints with a rubBer "0’ ring

gasket (Martin 1985). This pipe can be used on low or .

high pressure systems.

H. GOVERNMENT INVOLVEMENT

In 1980 the Government of Alberta embarked onvan
expansion of its water resources and irrigation development
program. Alberta Environment allocated $234 mil]ign for
ma jor water conveyance and storaée wérks.'An additional $100

million was provided by Alberta Agriculture to assist the



irrigation districts in upgrading their delivery systems.
The agriculture assistance prograntprovides 86 percent of
the capital costs for rehabilitation. The irrigation

district funds 14 percent and also pays operation and

maintenance costs (SNC Consultants Ltd. 1984).

I. SUMMARY OF LITERATURE REVIEW

The following conclusions are derived from the review
of literature and were used in the assumptions for this
study.

1. There is a gubstantiél need for supplemental irrigat}on.
Irrigation is a'practical way to increase crqp
production and eliminate drought hazards in Southern
Alber ta. .

2. There is a dirc need to improve the efficiency of th?
existing irrigation systems so that the water saved can
be used to irrigate thé'large irrigable dryland in the
area. This will also protect the area from waterlogging
and salinity. )

3. Irregular boundaries created due to severance of land by
tHe earlier irrigation systems are a hindrance to more
economical farming operations with modern large size
fahm machinery and sprinkler systems.

4. A much larger portioh of the total bénefits of
irrigation p:ojects goes to society than farmers, so

many projects énly become feasible when the other

beneficiaries contribute to the cost.
¢

B
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Pipelines seem to be more compatible'@ith the new
mechanized and automated irrigation methods.

Pipelines are not feasible under all conditions,
especially when there are no head gains due to slope and

only a few drop structures are required for an open

channel system.
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III. DESIGN OF PIPELINES
A. STRUCTURAL DESIGN CONSIDERATIONS

Selection of Suitable Pipes
There are a number of factors that can influence the‘

designer in selecting the type or types of pipe syitable for

a particular scheme.

1. The diameters that are normally available:

2. The time taken to supply the required pipes,

3. Initial cdsts, including cost of pipe and necessary
structures and cost of installation,

4. Maintenance costs required to repair breaks,

5. Annual cqst, including\interest on investment,
depreciation, taxes, etc.,

6.. Maximum pressure head that will be developed inigsch

; type of pipeline, T
7. Possible effect of the external environment on the pipe

or joints.

Basic Principles |

As with otﬁer structures, underground pipe design
involves firstly estimating the maximum loads and stresses
‘:(o which the pipes will be subjected in service\ and
secondly ensuring that the pipes selected will, whenr
instai1ed in a specific manner , withstand these loads ;;d'

siresses with a safe but not an uneconomic degree of safety.

LY

26
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External loads arise from the weight of the overlying soil,
from external water pressures in some cases, and from any
sur face surcharges. In pressure pipelines the tensile stress
in the walls that result from the internal pressure also
have to be taken into account. The possible effects of an
"internal vacuum may also need consideration. Depending on
the site conditions, longitudinal bending (i.e. beam
effects) may occur and, also axial thrust or tension. The
first stép must therefore be to establish as much
information as possible on the site conditions that will.
exist.

The magnitude of an external load that develops on a
pipeline from overlying fill depends to a considerable
extdnt on the way pipe is installed. The amount of external
load a pipe of given i%trinsic strength is capable of

carrying depends greatly on the method of bedding.

Pipe Stiffness
The most important characteristic of a circular pipe of
uniform thickness, from the structural design point of view,

is flexural stiffness, Sf. This is given by the equation:
» _ 3 . /

where E is the plain strain elastic modulus of the pfpe
. /

material, I is the moment of inertia, per unit length, of

the pipe wall (t3/12 where t is the pipe wall thickness) and

B, is the outside diameter of the pipe (Young and Tﬁ%tt

1984) .

-
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k)

When a pipe section is buried in the soil, the
distribution of loads within the composite pipe-soil system
is governed mainly by the relative stiffness of the pipe and
the surrounding soil. This ratio (Y) is given by the
ékpnession:

Y = Es / S¢

where ES = plain strain elastic modulus of the soil.

(3.2)

Recent work by Gumbel et al. (1982) has shown that, for
AN

a value of Y less than 10, i.e. conditions in which
stiffness of the pipe is high compared with the\sur;ounding
soi]l more than 90 percent of the backfill load is carriea
by the ring bending action of the pipe. For a value Y
between 10 and 1000, the proportion of load carried bf the
pipe reduces from 90 percent to 10 percent, and for Qaldes
of Y g}eater than 1000 the pipe carries less than 10 percent
of the 1oaq, the greater part being transmit}ed to.the

surrounding soil.

Ecoﬁomic and Other Considerations

Normally the deciding factor will be the overall cost
of the completed work, although with the qualification that
the economy should not entail the sacrifice’of per formance
énd durability. As well.as initial cost, true economy heeds
to takg aécount‘of what may have to be spent over the years
on repairs and maintenance,\and of thé'useful life of the

installation.

o0



& Important as it is, however, cost is not the only
factor influencing decisions. Speed of construction,

availability of pipes, materials and installation equipment,

and disruption of traffic often need to be considered.

B. HYDRAULIC DESIGN CONSIDERATIONS

Selection of optimum pipe sizes, calculation of
friction and other loSses in the pipelines, and power
requirements for pressure pipelines are importanf

considerations for hydraulic design.

\ptimum Pipe Size Selection '

The three important factors for optimum pipe size

selection are: least annual cost, pressure drop available

+

“ and velocity allowable. Most pipelines, with the exception
of those sized for strength or some similar arbitrary
reason, fall into one or more of these categories (Nolte

b 1979) . g<_§3q
. !

Least cost applies when pipelines are being pressd*ized
through pumping. The approach is to balance the costs of

L4

operation with the amortized cost of construction to provide
a size which results in the lowest annual charge for the

\

pipeline. Under. the same flow rate, the amortized cost ~for a

large pipe is greater than for a smaller pipe, while the

7
annual operating costs are less for the larger pipe

diameter. With the optimum size, the sum of thNe two charges

will be at the minimum.
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Pressure drop available applies when pressure loss may
be dissipated by the pipe. Usually this is not used in
conjunction with a pressurized pipeline. Cohventionally,
calculation procedures require at leést an apbroximation of
the length of the pipe and the quantity and nature ot the
fittings in the system before the selection can be made.

Velocity allowable is the most used method of optimum
pipe size selection for irrigation pipelines. The purpose
may be either to keep flow velocity below some upper limit
or to hkeep the velocity above some vital minimum value. This

’method usually applies when two phase flow is present in the
pipeline.

A minimum velocity may be needed to avqid particle
deposition in the Qipes. Conversely maximum velocity limits
are required to be certain that velodty does not exceed
that which could cause erosion of the pipe as a result of
droplet (or solid particle) impingement. Other maximum
velocity limits relate to avoidance of vortices at the
outlets and prevention ©f bubble entrainment under similar
circumstances. —

Friction Head Loss Calculation

The capacity of a pipe of fixed dimensions depends on
the total head difference between the ends. This head is
consumed by friction and other losses.

The early friction head loss/flow relationships were

derived from field observations. These empirical

3
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relationships are still pogular in waterworks practice
although\Tore rational formulae have been developed.
Agfuming V is the mean flow velocity, D is the inside
diameter of the circular pipe and S is the head loss
gradient (in m head loss per m length of pipe)., some of the

/
equat ions more frequently applied as given by Stephenson

(1984) are:
Hazen-Williams § = K (v/c ) -82/p' 107 (3.3)
N4

where K1 = 6.84 for SI units. The average values of

Hazen-Williams friction coefficient Cw for concrete and PV(C

are 130 and 140 respectively.

Manning S = K, (n . V) /p'-33 " (3.4)

where K2 = 6.32 for SI units. Manning’'s n values for

concrete and PVC are 0.0t1 and 0.010 respectively.
Chezy S = K, (V/C,1%/D (3.5?

where K3 = 13.13 for SI units. Values of CZ again are a
function of Manning’'s n.
LY

Darcy-Weishach S = f . V2/{(2 . g . D) (3.6)

where f is a dimensionless resistance coeffitient and g is

acceleration due to gravity.
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Except for the Darcy-Weisbach formuta, the above

32

equations are not universal and the 'constants’ in the
equations depend on the units used. The friction coefficient
varies with the pipe diameter, surface configuration and age
of the pipe. Thus the Darcy-Weisbach equation will be the

right choice for precise calculation of friction losses.

Rational Flow Formulae Y

Although the qonventional flow formulae are likely to
remain in use for many years, more rational formulae are
gradually becoming popular in pipeline design calculations.
The new formulae have a sound scientific basis backed by
numerous measurements and are universally applicable. Any
consistent units of measurements may be used and liquids of
var ious viSCOSities’and temperatures will conform to the
proposed formulae.

The resistance coefficient f for equation 3;§ is a
function of Reynold’'s number (Re) and relative roughness
(k/D) as shown by equations 3.9 and 3.10. The Reynold’s
number takes into account the viscosity of fluid and k,
commonly called equivalent sand roughness, fakes into
account the pipe material.

The Reynolds number is calculated as Re = V . D/N. The
kinematic fluid viscosity N is adbsent in the conventional
flow formulae. The basic headloss equation for turbulent
flgw for a pipe of length L is:

he=f.L.VY(2.g.D (3.7)
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where f is the Darcy-Weisbach frjctién factor, D is the pipe
diameter and hg is the friction headloss (m) over a length
L.

In the design of many irrigation pipelfnes, the
discharge Q is determined by the irrigation fequirement of
the command area. V can be calculated from the simple

equation:

2) (3.8)

v=4Q/(3.140D
After calculating V, Re can be determined.
A close approximation of f is given by the following

equation (Stephenson 1984):
F = 0.0055 { 1 + (20000 k/D + 10°/Re) !/3) (3.9)

This approximation of f should be substituted in the right
hand side of the following equation by Stephenson (1984) to
obtain a better value by successive iterations.

0.5

1/ £9-5 = ~0.8686 1n {k/3.7D + 2.51/(Re . £0°2)} _ (3.10)

The computer program described in the following section
includes a subroutine to calculate f with any desired

accuracy.
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C. COMPUTER MODEL

A computer model was designed to establish the
hydraulic design parameters for pipelines and to calculate
total and annual costs of pipes using different pipe
materials.

‘' The impor tance of proper pipe size selection in the
design of pipelines can not be overemphasized. The program
presented here calculates and prints the following
information for every section of pipeline; diameter of pipe,
velocity of flow in the pipe, headloss due to friction for
PVC ana concrete pipe materials, power requirements to
develop the required pressure and overcome friction losses
in the section and cost of pipes for PVC and concrete pipe
materials. Calculations can be continued for as many
pipeline sections as requireq until all the pipeline is
complete. After all the sections are completed, the program
ﬁfints the following information for the entire pipeline:
total power requirements, energy cost, total cost of pipes,
and annual cost of pipes for PVC and concrete pipe
materials. This is major information required for hydraulic
design and economic analysis of an irrigation pipeliné

system.

Hydrau]ic\Design
The computer model is an interactive program. The user
supplies the requested information to the computer to

calculate the different parameters. The model assumes that
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discharge, pressure required, length and elevations of each
section have already been determined. The computerlarogram
calculates pipe diameters on the basis of predetermined
maximum allowable velocities. The diameter proposed by the
model is matched with the commercially available pipe
diameters. The commercial diameters are supplied as input to
the computer for further calculations.

THe program is designed to analyse the two alternate\
pipe materials, PVC and concrete. Friction losses are
calculated using the Darcy-Weisbach formula, as discussed in
the last section. Viscosity of water at 15°C was used for
calculating the Reynold’'s number, Re. For calculating the
power requirements to develop the required pressure at the
end of each section, the elevation and existing pressure at
the beginning of the section, and the elevation and pressure
required at the end of the section are supplied as input. |
For energy cost calculations the average seasonal irrigation
water requirements are a]so supplied as one of the inputs to
the computer.

o Thg output for each section is discharge, length of
section, pipe diameter, velocity of flow,.head loss due to
friction, and water power requirement using each material.
At the end of the program, the total water power requirement
and total and annual costs of pipes for each mate;ial are

1

printed.
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Pipe Cost Analysis

‘\Th? interest rate to calculate the annual amortized
cost o\i ipes is one of the requested inputs at the start of
the prgggéz‘ Length of the section and cost of the given
pipe size is sgpplied for each section of the pipeline.

The output for each section is price per metre and cost
of pipe for the section and at the end of the program, total
cost and annJal cost of pipes amortized over 50 years is
printed for both mgterials. The total energy cost is also
calculated for each material depending upon the average
seasonal irrigation water requirement. This will give an
estimate of comparative costs of pipes, power requirements

and energy. costs for PVC and concrete pipe.



IV. ENGINEERING OF BOW ISLAND LATERAL-12 REHABILIEATION
The Bow Island lateral-12 rehabilitation project, completed”
in 1983 is the largest, most sbphisticated and most
expensive pipeline for on-farm irrigation water distribution
in southern Alberta. This project was taken as case example
to study the feasibility of pipeiine for on-farm irrigation
water distribution in southern Alberta. Both the engineering
design and economics of the proposed alternatives irrigation

e

systems were analysed.

A. DESCRIPTION OF EXISTING BLOCK
The Bow Island irrigation block is located in the St.

\\\~Mary Rivef Irrigation District (SMRID) approximately 100 km

east of Lethbridge and just south of the town of Bow Island.

The oKiginal system wag designed and constructed by the

Prairie Farm Rehabilitation Administration (PFRA) and

Alberta Agriculture in 1952 (Keith Consulting Ltd. 1981).

-~

The preliminary work on the new system was stérted in 1980

by Alberta Agriculture at the reques f the SMRID to

provide a long range plan for the .dehabilitation of this

irrigation block.

is from the SMRID Main
- v
Canal. There is no on-stream storage available for th1s

Water supply for this bloc

block. The block is bordered on the east, west and north By
natural drains and on the south by the SMRID Main Canal.
ﬁ"b Waste water from the block:is spilled into the natural

drains and eventually spills ihto the South Saskatchewary : "‘}

37 . ‘
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River. The main lateral generally followed road allowances

while secondary laferals tend to follow land contours and

provided irrigation by gravity means on both sides of the »

canal. The layout of the pfe-project open ditch system is
shown in Fig. IV.1. Sixteen pafcels‘of land were suffering
from land severances. This caused some problems with the
mobile sprinkler irrigation systems which were being used.
The previously agsessed irrigation land, including
terminable agreements, totals 1,623 ha. The previous main
lateral varies in capacity from 2.0 m3/s at its turnout to
0.25 m3/s at the spillway into the drain (Keith (onsulting

1981} . .

The main problems to be corrected in this project as

discussed by Keith Consulting (1981) were: .

1. Alignment of lateral and sub-laterals. The existing
1atefal was at the soutih bgundary of the town of Bow
Island. This lateral was causing considerable seepage in
that area and was a barrier to town expansion.

. Seepage adjacent to the canal laterals

Weed growth

“Inadequate discharge capacity

O s W N

Inadequate drainage and increasing salinization on
adjacent land was also a growing concern.

The existing efficiencies'éfxthérﬁystem'wére 77 percent
for deliverys 50 pefcent for on-farm and 39 percent overall
(Stanley/SLN 1978). With the use of high p;fssure on-farm

sprinkler, irrigation systems, the on-farm efficiency level
~ (‘ A

-0
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SMRID MAIN CANAL

Figure IV.1, Pre-project Open Ditch System
Source: Ramsey and Gyrofi (1985). (No copyright involved) ©
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was expected to increase to 35 Percent mﬁking an overall
- efficiency of 45 percent by 1880 (SMRID 1981).

A summary of the existing irrigation in 1980 is
provided in Table IV.1. | .

The majority of the irrigatign in the block was by
sprinkleps and theigélenfial for gravity irrigation was
limited because héié and more %armers were adopting
sprinkler irrigaiig@@%#here were 1,382 ha under irrigation
and a potential f&ﬁ;ihéVQQSing the assessed area to.2,510

-

ha. . "1, _

Three basic irrigation systems were investigated by
‘Marv,_ Anderson & Associates éhd W-E-R Engineering (1981) for
rehabilitation of the Bow Island Block.

1.  An open channel system with a hard surface canal lining,

2. An open channel system with a buried polyethylene lining
and granular slope protection,

3. A buried medium pressure pipeline system with a pump
station [ocated either on the main feeder canal or
centrally located within the irrigation block.

Seven alternative systems were examined whi¢ch included
the three basic fr.igation system concepts with a number of
alternatives for ezéh as follows
CONCEPT A -

Open channel system with hard surface‘canal lining
inclu&ing the following alternatives:

A1 - plain concrete slip-form lining

A2 - reinforced,coﬁcrete slip-form lining

i

- ~ .
a - <

)
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Table IV.1 Summary@f Existing Irrigation of Bow Island
. RN

\'\

Block \ \

Item Value
Total area, ha 2,870
Irrigable area, ha 2,510
Assessed area, ha 1,623
Area irrigated, ha 1,382
Irrigation water used, ha-m _ ) 627
Water used, mm N 430
Land use factor percent = * s . 90

*Land use factor i& the percentage of assessed area actually

irtigated.

\

Source: SMRID (1981). (No Copyright invoiyed).‘ 

A2
\\
kS
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A3 - reinforced concrete precast lining
CONCEPT 8 - , 5:
Open chahnel_system with buriéé polyethylene channel
lining including the following alternatives: v
B{ - 30 cm granular slope protection‘
B2 - 30 cm random material and 15 cm granular slope
protection
CONCEPT C -
Buried medium pressure pipeline systems with pumping,
including the following alternatives:
C1 - main canal pumping station !
C2 - central pumping station with a 1220 mm diameter low
pressure water supply pipe or an open delivery channel
supplying water from the main canal to the pump station.
Alternatives Ci1 gnd C2 included examination of.precast
reinforced concrete pressure pipe and steel pipe for
diameters raﬁging from 457 mm to 1220 mm, and PVC and
asbestos cement pipe for diameters ranging from 203 to 406
mm.
Design methodology was based on " Channel System Design
for Southern Alberta" (Irrigation Division, Alberta
Agriculture 19795. Cost estimates were based on the latest
data available in the industry for the cost qf constructing /
canals, structures, pump stations and pipelines including 7K

information from the Irrigation Division; PFRA; Alberta

Energy and Natural Resourées; and pump and valve companies.
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The overall topographic s]gpe of the Irrigation Block
is from south to horth. THO difference 'n elevation between
the southern and northern limits of the block is about 33
metres. The gain in head was not enough to operate high
pressure sprinklers used in the block, and pumping was
necessary to develop the reqguired bressurés (Marv Anderson

and Associates and W-E-R Engineering 1981).

B. REHABILITATION ALTERNATIVES

From the seven alternati?e irrigation systems examined
for rehabilitating the Bow Island Irrigation Block, the
following three alternatives were recommended for more
intensive investigétion during this stage Il study (Marv

Anderson & Associates and W-E-R Engineering 1981).

CONCEPT A -
Open channel systems with hard surface canal lining
utilizing a plain concrete slip-form lining
CONCEPT B -
Open channel system with a buried polyethylene
channel lining, utilizing 30 cm random material and
4 15 cm-granular slope protection
CONCEPT C - !
‘ Buried Tediﬁm pressure phpe systems including a
| central pumping station with an open delivery

channel supplying water from the main canal to the

bump station.
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The following pipe materials and their respective size
ranges were selected, since they proved to be the most
economical; prestressed concrete cylinder sections for
diameters ranging from 610 mm to 915 mm, Polyvinyl Chloride
(PVC) pipe with diameters less than 610 nm (SNC Consultants

Ltd. 1984).

Available Information
The following information was taken by Marv Anderson &

Associates and W-E-R Ehgineering {1981) from Irrigation

Division (Alberta Agriculture) documents.

1. Identification of parcels along with their locations and
acreage and preliminary irrigation distribution layouts
tor supplying water to these parcels,

2. Criteria to be used to calculate water requirements and
net unit water demand, including an allowance for
on-farm irrigation efficiency, at 1 litre/sec-ha,

3. Topographic contour maps of the ent?fe Bow Island Block

-providing 1.5 m contour intervals.

Assumpt ions
Water requirements for a given area were calculated by '
Marv Anderson and Associates and W-E-R Engineering (1981)
according to the following assumptions:
1. The smallest economic parcel to be served by a sprinkler
system was gét at 16 hectares,

2. The basic amount of land to be irrigated on one quarter
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/

section was set at 57 ha which, when multiplied by 1
/s ha, gives a required maximum turnout capacity of 57
L/s for each quarter section of land,
Water requirements for parcels of land with an area of
more or less than 57 ha were calculated on the basis of
the number of hectares muitiplied by 1 l/s-ha,
Assumptions 2 and 3 above were assumed 10 be the same
for both‘the open channel and pipeline systems although
an additional 142 /s of capacity was added on the end
of cach lateral for the open channel systems to allow
for return flow and wasteway discharge,
The "irrigation factor” (F) was set &t F = 1.0.
This assumes that all farm operators will use water
simultaneously on their irrigable area,

, ,

Allowance for[fhannel seepage losses were not included

based on exten%ive use of impervious canal lining.

-

Design Capacities

Open Chaﬁnél Systems (Alternatives A1 and B2)

Two laterals were proposed by Marv Anderson and
Assoéiates and W-E-R Engineering (1981) to irrigate the
block by open channel systems. The total discharge
capacities for laterals A and B were 1.16 m3/s and 1.78
m3/s respectively, with lateral A gerving 962 hq and
lateral B serving 1,548 ha. The total discharge
C ?ﬁz}ties included requirements of 0.22 m3/s and 0.28

m /s respectively for lateral A and B for wasteway
/
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discharge. The use of two laterals instead of one may
haye been to avoid large drop structures that would have
been required to maintain allowable slopes within the

irrigation block>

| \

Pressure Pipeline System

Conveyance efficiency for pipelines is 100 percent.
The total discharge (Q) for the entire Block would be Q
= 2,510 ha { 1 L/s-ha = 2.51 m3/s as discussed in the
assumptiqps. A factor of 0.95 was applied to the design
discharge for the pumping plant to give a design

\

capacity 6f 2.38 m3/s. The need for this factor was not
discussed by Marv Anderson and Associates and W-E-R
Engineering (1981). One explanation is that the areas
left unirrigated in the corners of a quarter section
when centre pivots dre used or the areas lost during

construction as land damages will not require any water,

which will result in reduced system capacities.

Analysis of System Capacities

July is the month of maximum irrigation water

requirements. Krogman and Hobbs (1976) cited water

deficiencies of 160 mm for wheat, 173 mm for rapeseed and

109 mm for peas for southern Alberta for the month of July.

Wheat is the most widely grown crop in the Bow-lsland

A

irrigation block. Assuming a crop mix of 80 percent wheat,

10 percent-rapeseed and 10 percent peas, the average water

deficiency becomes 156 mm (0.58 L/s-ha).Water deficiencies

-

A
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for wheat, rapeseed and peas for the month of June are 58
mm, 58 mm and 41 mm respectively, thus some moisture may be
stored in the soil during the month of June for the month of
duly, if required. By doing so capacities of the system can
be further reduced.

Assuming a sprinkler system efficiency of 80 percent,
the irrigation requirements for July become 195 mm (0.725
L/s-ha). As 57 ha per quarter section were assessgd for
irrigatien, the assessed area becomes 2,210 ha out of 2;510
ha and the total system capacity for a pressure pipeline
system would be 1.60 m3/s. The system’s actual design
capacity is 2.38 m3/s (SNC Chsultants Ltd. 1984), which is
approximately 49 percent over the required capacity. If 100
percent of the area (2,510 ha) was to be irrigated the
required capacity would have been 1.82 m3/s, and the system
would be approxihately 31 percent over-designed, although it
is)highly unlikely that 100 percent area of the bloék wou iId
require irrigation at the same time. -

The designed capacities for the open canal systems were
2.94 m3/s as compared to 2.38 m3/s for pipelines. This means
that the conveyance efficiency for the open canals was
assumed to be 81 percent. Using the same procedure as for
pipelines the total discharge capacities for the open canals
become 1)97 m3/s, coﬁsidering 2,210 ha area to be irrigated,
and’ 2.25 m3/s for 2,510 ha irrigated. Thus the open canals

were also over-designed by the same percentage as pipelines.
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Construction Materials
The construction materials for open canal alternatives
were gravel, concrete, precast units for hydraulic

structures aﬁd\polyethyléne sheeting. All of these materials

/)
J

were available Q?ﬁ§in reasonable haul and shipping
distances.

As mentié%ed earlier,‘precast concrete cylinder
sections/wére used for diameters ranging from 610 mm to 915
mm and PVC pipes for diameters ranging from 203 mm to less

than 610 mm.
C. DESIGN OF ALTERNATIVE IRRIGATION SYSTEMS .

Alternative A1 - Concrete Lining

Open Channel System With Plain Slip-Form Concrete Canal
Lining.

For many years concrete canal linings have been placed
witH longitudinally operated lining equipment, common ly
called slip-forms. After excavation and trimming of the
subgrade, pouring, shapiag, compacting and smoothing of the
concrete lining is done with a slip-form. Slip-forms are
used for almost any size of irrigation canal. For small
canals they are usually subgrade-guided, aqd for large
canals, with lining perimeters exceeding 7.5 m, they are
usually §upported on wheels, érawlers or rails. )

The fotal length of slip-form channels proposed by Marv

Anderson and Associates and W-E-R Engineering (1981) was )

(
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about 27.8 Km. The lengths and sizes of the canals proposed

were as follows:

- 700 lin. m of 91 cm bottom width,

- 27,036 lin. m of 61 cm bottom width,

- side slopes were assumed 1o be 1.5:1,

- .  the minimum discharge capacity at the end of each
lateral would be 0.14 m3/s.

Maximum design velocity was set at about 2.13 m/s and a

minimum‘velocity at 0.61 m/s.‘The roughness coefficient,

“Manning’s n", was assumed to be 0.014. The longitudinal

slopes of the canals range from 0.0DA to 0.0018 metre per

metre. The b/d ratios ranged from 1.0 to 1.5. Forty-five

pumping units totalling 1790 kW were required to supply

pressure for the sprinkler systems. Right-of-way width

requirements for canals was an average of 23 m with total

area of 64 ha lost to production for this purpose.

A 63 mm thickness of concrete canal lining was
proposed. Two 102 mm diameter tile underdrains were to be
placed along the canal to minimize hydrostatic ground water
pressure against the concrete lining. The total length of
drain was estimated to be 42,672 m. The canal bottom was to

be situated at least 1 m above the water table to prevent

damage from freezing and thawing due to frost action.

Analysis of Concrete Lined Canal Design

The design Jof the concrete lined canal was in
» .
accordance with international standards found in the
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literature, i.e. Kraatz (1977). The reported permissible
flow velocities were in the range of 1.5 to 2.5 m/s for
brick and concrete lining. A Manning’'s n value of 0.011 for
exceptionally good finish to 0.018 for poorly finished or
badly maintained concrete canals have been reported by ICID
(1972). However, an éverage value of 0.014 has been adopted
by the .S. Bureau of Reclamation (1963) for well-finished
straight canals. Hence the designed value of n is
reasonable.

Side slope of 1.25:1 has been cited by Kraatz (1977)
éor canals with bottom widths of 1 to 4.27 metres, with
discharges of up to 62.3 m3/s. The project canals have
bottom widths of 0.61 to 0.31 metres and a maximum discharge
of 1.78 m3/s, with side slopes of 1.5:1, which are somewhat
cogservative. As the canal bottom was designed at least one
metre above tne water table, there seems no Heed for
underdrains to be included unless there was-a real danger of
the water table rising up to the canal bottom.

No general rule is available for specifying the
thickness of concrete lining. A figure is given by the U.S.
Bureau of Reclamation (1963) showing thickness in relation
to canal capacities for several lining materials used. This
figure gives a thickness of approximate]y‘SO’mm for
discharges of up to 5.664 m3/s for un-reinforced POFIT;;d
cement concrete lining. Kraatz (1977) has reported thickness
of 50 to 80 mm for small to medium-size canals in countries

with mild climates. Thus a thickness of 63 mm is quite
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reasonable for Alberta climates. _
1Y

A]ternaéive B2 - Polyethylene Lining

15 cm Granular and 30 cm Random Slope Protection and

Polyethylene Canal iLining

The basic layout and discharge capacities ¥ the open
channel system were the same for both alternative Al and B2.
The channel parameters for alternative B2 were:

- side slopes - 3:1

- bottom width (b) - 1.0 to 1.8 m

- design water depth (d) - 0.6 to 0.9 m

Canal right-of-way width reguirement was an average of 30.5
m with a total area of about 85 ha lost to production. The
b/d ratio was assumed to range from 3.0 to 3.5. The design
velocity was permitted to range from 0.6 to 1.0 m/s. The
roughness coefficient, "Manning’s n", was assumed to be
0.035. The longitudinal slopes of the canals were maintained
within a range from 0.001 to 0.002 metre per metre (Marv

Anderson and Associates and W-E-R Engineering 1981).

Analysis of Buried Poly Lining Design

The U.S. Bureau of Reclamation (1963) r%commendi a
maximum side slope of 2:1 for asphalt or plastic membranes.
Steeper slopes .are recommended for relatively unstable
material, such as uniformly graded sands, fine gravels or
silty sands. Lauritzen and Terrell (1967) recommended a

"maximum slope for earth covered membranes of 3:1 as used in



this'project design. -

The thickﬁess of the cover depends on the erosion
resistance of the material and local conditions, such as the
type of cleaning equipment, amount and type of animal
traffic within the canal section, and localized scour,
particularly at curves and structures. Tests carried out in
India to determine the thickness of soil cover for
protecting a membrane against damage from animal traffic
concluded that maintaining 30 cm of "sound cover”™ will
protect the membrane with a fair margin of safety against
livestock damage (Uppal et al 1965). The American Society of
Agricultural Engineers (ASAE 1982) recommended a minimum
thickness of soil cover for flexible membranes of 15.2 cm.
The bottom 7.6 cm should not be coarser Ehan silty sand.

There seemed fo be two problems with the designed cover
‘depth of this project. The designed -depth was 15 cm granular
and 30 cm random slope protection. Firstly,. it is excessive
according to“mést standards.Sécondly. difficulty has been
exper ienced Jith_the cover material slipping down the slopes
when two layers have been used. If. the erosion resistance of
‘the local méteriﬁl is insufficient, it is preferable to mix
~gravel into the éarthrand place the mixture in one layer
“(Kraatz 1977). -~ 0

Manning’; coefficient of roughness .(n) for buried
membrane lining is reported. as 6.025 for small canals and

- 0.020 to 0.0225 for large canals (Kraatz 1977). The

Manning’s n value proposed in this project design is 0.035
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which is again conservative and must result in larger and

more expensive canal cross-sections.

Alternative C2 - Buried Pressure Pipeline System

Central Pump Station lLocation with Open Delivery

Channel from Main Canal

The buried medium pressure irrigation pipeline system
for the Bow Island Block was designed utilizing a central
pump house location supplied wﬁth water by an open canall
from the SMRID main caral as shown in Figure 1V.2. Precast
reinforced concrete Hyprescon pressure pfpe was selected for
diameters of 610 mm and above for the main distribution
system. Smaller diameter feeder pipes were ‘composed of PVC
pipe. ‘

The alternative C2 désigns included pump station
structures and pipeline safety equipment. Pipeline pressures
rangedibetween 517 and 686 kPa with sectional valving
installation for protection against surge -and water hammer.
Pressure at the farm turnouts was in the order of 500 KPa.

The buried pipelines do not need a permanent
right-of-way but require an easement for maintenance

L 4
purposes.

Analysis of Pressure Pipeline Design ,
. *

", The computer model as discussed in the previous chapter

was used to analyse the Bow Island irrigation block. The

sections and the respective data used in the analysis ‘is

\
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given in Figure IV.3 and Table IV.2 respectively. Some of
the information given in Table IV.2 is approximate, however
the program was designed to be used in the designing process

of a préssure pipeNne irrigation Section is defined as

length of pipelinefbver which discharge in the pipeline

\\remains constant. Elevations at the start and end of the

nSection were determineﬁ\oz interpolating the lengths of

sectlonigVer the overall slope of the irrigation block. The
seasona | Jrrlgat1onu?equ1rements were assumed to be 400 mm
comering pympiﬁg ang application efficiencies of 80 percent
each."project and iagyeny general. The annual discount rate
was assumed'1g percéﬁt and maximum oermissib]e velocity was
assumed to be 2<m7sf Akbrief summary of the output is given
in Tab]e:;V.3 and a complete output from the program is
given in Ag@end1x A. Section 25 ;s shown in Appendix A is
the sum of farm&vs distribution system lengths from the main
pipeline to tihe centre 0f the land parcel} assuming
cemtre-pivots are used. " ‘ .
Total pumping requirements for concrete pipe are 1,586
kW and for PVC pipe 1,290 KW.the¥actual phmpgng station was
constructed with a total capa 1ty of 1, SSSDKWwand a mixture ' .
of concrete and PVC pipes. Thg progra% does not take into
account minor losses due to fittings and the elevations usedd
were only estimates, so no definite comments can be made

regard1ng pumping requ1rements used in the progect except

.that both were close to the theoretical value. The average

“
-

seasonal irrigation requirements used in the analysis was

=



Table 1V.2 Approximate

Section No. Discharge
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0.13

Data used in the Computer Model
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Table 1v.3 Summary of Output from Computer Model

[tem - Value
Maximum permissible velocity used, m/s 2
Annual interest rate used (percent) 15
Maximum discharge. m3/s N 2.075
Average seadonal irrigation requifed, mm 400
Total pumping)requirement for concrete (KW) 1,586
Energy cost for concrete pipe ; $70.,489
"Total pumping require for PVC pipe (kW) 1,290
Energy cost for PVC pipeA $57,333
Total cost of PVC pipe $1,388,380
Total‘cost %f concrete pipe £ $1,743,185
Annual cost using PVC pipe - . $208,349
" Annual cost using concrete pipe $261,718
\
W
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400 mm and the energy charge was $0.04/kWH.

Total cost of pipes as computed by the computer model
were $1,388,380 for PVC pipes and $1,743,185 for concrete
pipe. This estimate covers only 2,075 ha,the area covered by
the pressurized irrigation system. The rest of the area (435
hal is covered by a.gravity pipeline. Thqs the brogram may
be used to compare PVC pipe cost with concrete pipe cost
rather than comparing with the project costs which used both
pipe materials.

Annual cost was $208,449 for PVC pipes and $261,719 for
concrete pipes. The annual eneréy cost was $57,333 and
$70,489 using PVC and concrete pipe respectively. Again
energy cosqs give a measure of the savings that can result

by using PVC pipe instead of concrete pipe.

D. IRRIGATION WORKS LIFE EXPECTANCY .

The life expectancy of the main network as assumed by
Marv Anderson & Associates and W-E-R Engineering (1981) iﬂ
30 years for concrete lining, 40 years for polyethylene
lining and 50 years for pipelines. The life expectancy of
pumps and motors for the pipeline network is 25 years. The s
life expectancy of the on-farm irrigation wqus is 15 years
for pumps and motors, and sprinklier systems, and 50 years
for dugouts and underground distribution systems.

A study conducted by Alberta Agriculture (1975)

entitled "Evaluation of Concrete Slip-form Lining versus

Buried Polyethylene Lining" proposed design life of concrete
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alip-form lining as 50 years and polyethylene lining as 25
years. If this is assumed true then the concrete slip-form
lining option may be more economical than pipelines, however
the feasibility of polyethylene lining will be further
reduced.

Jdhe study also concluded that concrete slip-form lining
has a comparatively lower initial construction, and
operation and.maintenance cost than buried polyethylene
”jining. Concrete slip-form lining also provides very good
control of weed growth relat¥ve 4o buried membrane lining.

from the discussion in the previous sections it can be
concluded that there were no serious faults in the design,
however the following comments can be made:

1. Savings in cost were possible by designing thg systems
with smaller capacities without the dénger of any water
supply shortage for the crops,

2. Some of the design parameters like larger side slopes
for both the open channels and higher Manning’'s n values
and very thick slope protection for the polyethylene
1ining\gp ion were conservative and must result in
expensive\ cross-sections,

3. Life expectancy for slio-form lining was under-estimated
which can change tpe capital cost analysis of the

alternatives considered. A wrong decision may have been

resulted if the capital cost was a major consideration.

///’“

3
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V. ECONOMICS OF BOW ISLAND LATERAL-12 REHABILITATION
The burpose of the following sections is to quantify and
analyse all direct farm and non-farm costs associated with
the three rehabilitation alternatives considered for the Bow
Island irrigation block. As discussed in the last chapter,
the three rehabilitation options were:
1. An open channel system with a slip-form concrete lining
2. An open channel system with a buried PVC lining and
3. A buried (Concrete-Steel-PVC) medium pressure pipeline

system.

A total of 2,510 ha was considered serviceable under
any or all of the above systems (Table IV.1).

A. MAIN SYSTEM COSTS - )

Concrete Slip-Form Lining

Engineering design specified a 75 mm thick concrete
lining. Approximately 27.8 km of channels were proposed for
the Bow Island rehabilitation scheme. The slip-form lining
option had an estimated life expectancy of 30 years at a
cost of $4.7 million (Table V.1).

Assuming.an annualﬁigterest rate of 15 percent, the
annual cost of the main system woul e $715,811 amortized
over 30 years and $706,651 (Table V/.2) amoqtized over 50

years as proposed by Alberta Agriculture (1975).

61
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Table V.2 Comparative Annual Capital Costs for the

Irrigation Block

($ millions)

Alternative Main System On-Farm Cost \ Total Annual

Cost Cost
Concrete 0.716 ’ 0.563 1.279
Lining ,

0.706" 0.563 1.269
Polyethylene 0.738 0.563 1.301
Lining

0.758% 0.563 1.321
Pressure Pipe 0.858 . 0.419 1.277

* Considering 1ife expectancy of 50 years

# Considering life expectancy of 25 years

f
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Polyethylene Lining

The polyethylene lining option was also 27.8 km in_
length. The estimated (mid-1981) capital cost of the
polyethylene lined canal was $4.9 millien,(Table .V.1). Again
assuming an annual interest rate of 15 percent the annual
.amortized cost of polyethylene liniﬁg over the useful life
of the system as shown in Table V.2 would be $737,754
considering a life expectancy of 40 years and $758,027

‘considering a life expeq{ancy of 25 years as proposed by

.

Alberta Agriculture (1975) . 7 /

Pressurized Pipeline -
The pipeline alternative considered was a network of

L4 .
21.9 km of pipe. Electrically driven district pumps wer

- \/\ Z
required to maintain adequate water pressure. The life
expéttjkpy of the pipeline was anticipated at 50 years a
the estimated capital cost was $5.095 miliion. The pumps nd
motors for this option were expected to last for 25 years

and cost $605,000 with total cost being $5.7 m}&jions (Table

\

VL)L |

Assuming an annual intérest rate of 15 perceﬁI\}ﬁ
annual cost of the pipelines main system amort12ed over 350
~years period would be $764, 956 and annual cost of pumps and
motors amortized over. 25 years would be $393,593. Tota[
annual cost of pipeline and pumps and motors became $858,549

(Table V.2)
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Total capital costs were estimated by Marv Anderson and
Associates and W-E-R Engineering (1981). Although no
detailed analysis of these costs was done, however these
costs were considered acceptable because, as will be shown
in the evaluation section, the actual construction cost of
pressure pipelines was very similar to these estimates.
Therefbre it can be presumed that the estimated costs of
open channels are acceptable for feasibility analysis
purposes. |

\\

Considering the main systems only, the concrete
slip-form lining was the most economical alternative both on
the first cost and annual cost basis and the pressure
pipeline was the most expensive aIternathe. Hdwever,N
capital cost is only part of the analysis and does not give
;he complete picture. On-farm capital cost and annual ’
operation and maintenance cost both for the main system and
on-farm must be considered before reaching a complete
decision on economic analysis.

Annual Operation and»Maintenanée Costs

Maintenance costs include the salaries and wages of the
ma{nténance crew, equipment costs, materials, and vehicle
‘costs. Associated with the upkeep of the District’s
maintenance functions are structure repatrs, cleaning, weed

control, painting, drain cleaning and upkeep. Also vehicle

and equipment upkeep costs are included.

- -
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Operation costs arge those costs required to operate an
Irrigation District regardless of upkeep condition of that
district. Es&imated operation and maintenance costs (in 1981
dollars) for slip-form lining were $53,000 ($21.00 per ha),
for polyethylene lining $64,000 ($25.50 per ha) and for
pré;sure pipeline $68,000 ($27.00 per ha) as shown in Table
V.3,

It must be remembered that operation costs for pressure
pipeline included $40,000 as cost of energy to operate the
proposed central pumping station. When this energy cost is
deducted, annual operation and maintenance cost fors
pipelines becomes $28,000 ($11.00 per ha), approximately 40
percent of those for other options. However as will be shown
in the evaluation section the cost of energy for pipeiings
was under—esfimated as the actual energy cost during 1984
was $69,826 which is 75 percent more than the estimated cost
for pipelines. This cost was eQen greater for the 1983
season, while the cost of energy for open éanal systems was
estimated at $30,210. This analysis shows that the pipeiine
option was given some advantage ofer open cqnal systems'

during the original analysis by Marv Anderson & Associates

and W-E-R Engineering (1981).

B. ON-FARM COSTS AND REVENUE ESTIMATES
A1l costs involved in'getting aner from the system
turnouts to the crops were considered on-farm costs.

Conventional crop production costs, as well as other
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miscellaneous costs of on-farm irrigated crop production,

are discussed in the following sections.

Irrigation Capital Costs

The on-farm irrigation system for the two open channel
options included pumps and motors, dugouts, sprinkler
systems, and (PVC) water lines from the edge of the quarter
section to the centre of the field (ggsuming centre piwpts
were employed). In the case of the pipeline optigh, no
pumps, motors, or dugouts were required.

The resulting total on-farm irrigation capital costs
were $3.37 million for each of the open canal options and
$2.5 million for the pressurized pipeline option (Table
V.1). Assuming an annual interest rate of 15 percent, the
annual on-farm capital costs amortized over the useful life
of the equipment would be $562,756 for each of the open
canal options and $418,565 for thg pressure pipelineu(Table
V.2). Thus the pipeline has the least on-fanplifcag@ital cost.

Total on-farm and main system capital costs for the
pipeline option were $8.20 million, polyethylene 1ining
costs wer?$8 27 million and concrete lining costs were
$8.07 million (Table V. 1) L

Annual main system plus on-farm capital cost would be
$1,277,114 for the pipeliné’ Annual cost of open canal |
§§Stems depend on- the 1ife expectancy considered. Ffor
example, the cost of polyethylene lining would be $1,300,510

and $1,320,783 considering life expectancies of 40 years and.



25 years respectively. The total main sfgstem and on-farm
costs for slip-form concrete lining would be $1,278,567 and
$1,268,40Q7 for life expectancies of 30 years and 50 years

respectively. A summary of these costs is presented in Table

t

V.2.

Polyethylene lining is the most expensive option both
on the first cost and annual cost basis and may not be
considereq any further. The concrete slip-form lining is the'
least expéﬁsive and may be preferable over the pipeline on
this basis, however it may or may not be preferable on the
annual coétibasis depending on the life expectancy
considered. 1f the useful life of concrete lining is
considered to be 30 years it would cost $1,500 per year more
3han the pressure pipeline; while considering a useful life
of 50 years it would cost $8,700 less than the pressure
pipeline per aMaum. Thus the final conclusion should be
deferred until further analysis on the basis of annual
on-farm operation and maintenance.costs is completed.

Annual Operation and Maintenance Costs
The total annual on-farm operation and maintenance cost
% estimates include labour, maintenance and energy costs for
(::%l‘open canal ‘options and only labour and maintenance costs for
the pipeline qption, because the energy cost was included in
the main system operation éosts in the case of pipelines.

These estimates were made for the entire irrigation block by

Marv Anderson & Associates and W-E-R Engineering (1981).
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Estimated irrigation labour (operation) costs for the
open canal sygtems were $22J5682each and for the pipelines
it was $14,880 for the total block, a saving of 34 percent
over the open canal options. Mainténance cost was estimated
at $54,188 for each wof fﬁ;'open‘canal options and $28,210 in
fhe case of the pipe!iﬁé obtion. The savings. were 48 bercent
in favour of the pipeline option. Energy cost was estimated
at $90,210 for each of £he open canal options, Whereas this
estimate was $40,000 for the pibeline optfgn. In other
words, energy cost for the‘pipe]ine optioﬁwwas only 44
percent of those for open canal options. Table V.3 gives a
summary of total (main system plus on-farm) operation and
maintenance costs. The overall 5beration and maintenance
costs for the pipelines become only 50 percenl of fhose for
open canal options.

Table V.4 gives comparatng annual capital aﬁd
operation and maintenance Costsifor all the three
alternatives considered. Pressure Qipe]iné has the minimum
annual cost of $1,388,000. The cost of slip-form concrete
lining is §$%1.000 to $111,000 more than pipgline per annum
and the cost of polyeth}]éne fining is $144,000 to $164,000
more than pipeline per“annum depending upon the life

expectancy considered. However it is established that the

pressufe pipeline option was really the most economical

¢

alternative on an overall basis.
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.Table V.4 Comparative Total Annual Costs for the Irrigation

Block (Maimn System + On- farm)

{($ millions)

¢

Alternative Annual Capital Operation & Total Annual
Cost Maintenance Cost
Concrete . $1.279 0.22 1.499
Lining
1.269" 0.22 1.489
. v .
Polyethylenhe 1.301 0.231 1.532
Lining ’
K 321" 0.231 1.552
1.388

Pressuyre Pipe 1.277 ) L0111

Proposed life expectancy of 50 years
) ,# Proposed life expectancy of 25 years

e s )
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Production Costs
Marv Anderson & Associates and W-E-R tngineering (1981)
estimated cost of goods an; services (including
depreciation) for dry,land and irrigated crop production as
follows: )
Drytand . $50.76/ha
Irrigated land $331.57/ha
The unit costs J? production associated with livestochk
enterprises were found to be:
Dryland ) $7.06/ha
Irrigated tand $225.83/ha
Thus there was an additional cost of $280.81 per ha for
bringing dryland under irrigation for crops and $218.77 per
ha for livestock. These costs will be used to calculate the
incremental benefits and costs to the farmers after
completion of the projeét in the computer analysis given in

the Jast section. *

On-farm Revenue Estimates }

The crops and livestock production gross revenue
estimates Qerivedfby Marv Anderson & Associates'and W-E-R
Engireering (1981) were used to calculate the incremental
net benefits and costs. The estimates Of'gFOSS revenue per

ha for ;:;jgated and dryland crop production were determined
f

to be ollows:
Dryland =---------------~-~ $36.55/ha
’ \\\Irrigated land ----------- $614.38/ha
. : L

-
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and estimates for livettock produgdtion were: /}
\ Drytand --%------- R $9.81/ha ¢
y [rrigated lgnd ----- ----- $313.64/ha

—

This means there was an increase in farm revenues of $518.33
per ha through crops and $303.83 per ha through livestock

for the additional irrigated area.

C. ECONOMIC AND FINANCIAL ANALYSIS
A financial analysis of the revenue and expenditure
implications for affected producers was uﬁderta(@n to
. determine the benefit/cost ratios for the three alternatives
considered.
Irrigation District Dues ‘“\U
There were two costs which must be recovered by the
District to supply water at the farm turnouts:
(i) 7 percent of initial capital cost, and
(ii) 100 pefcent of operation, maintenance and
administration cost.
Assessea areas considered were 2,441 ha for slip-form
v lining, 2,421 ha for polyethylene lining and 2,498 ha for
pressure pipeline after deducting Tand damageslduring
. construction. Inflating all main system costs from Table V.2
at 6 percgnt per annum, the annual development‘cost per ha,
for the‘mafn systems after compl%tion of the project’in
1983, to the farmers would be $21.44 for slip-form lining,
$23.24 for polyethylene lining and $25.4§.£or pressure »
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pipelines.

The estimated water rate for the first operating year
(1983) including 100 percent of operation, maintenance and
administration for the assegssed areas was $33.58/ha for
slip-form lining, $39.63/ha for polyethylene lining and
$40.82/ha for pressure pipeljne (Marv Anderson z Associates
and W-E-R Engineering 1981). Thus total full cos;b’ water
rates and deve\opment levies per ha for 1983 would be $55.02
for slip-form lining, $62.87 for polyethylene lining,andl
$66.30 for pressure pipelines. These were the costs to be
compared to on-farm benefits to calculate the benefit/cost
ratios of the proposed options from a farmer’'s point of
view. EN
Computer Analysis of On-farm }ncrementa] Costs and Benef its

Some of thé important questions to be addressed at the
farm level are: -

- Whét were the-net benefits to Bow }sland farmers if any
oner of the rehabilitation schemes were implemented?

- Were the net benefits sufficient to allow farmers to pay
their "fair" share? " |

The fo1\owing iteTs are inportaﬁt to analyse the direct

incremental benefits to losal farmers after completion of

the project.

- increase iﬁ the irrig?b}e area,

- increase in the yield due to better water availability,

- lower costes of production, .
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-

land conservation.

The irrigated area was e;pected to increase 1,060 ha
using slip-form lining, 1,039 ha for polyethylene lining and
1,117 ha for pipelines after completion of the project (Marv
Anderson and W-E-R Engineering 1981). Existing irrigated
area was 1382 ha, thgs total land damages during
construction would be 68 ha for slip-form lining, 89 ha ﬁbr

. Polyethylene lining and 11 ba for pressure pipeline.

The farm delivery for the existing system was 430 mm
and farm efficiencies were 55 percent (SMRID 1881) making
236 mm of water a;ailable for plant Qse. On the other hand,
the new system was designed to provide 518 mm at the farw
and assuming 75 percent farm efficiency, the amount of W;ter
available for plant use was 3Q901,390 m;. In other wordé,
each of the three options was designed to déliver an extra
154 mm of waterf to the crop which can be assumed to increase
the yield. Again the production increase would probably
result in higher incomes for the farmers in the Bow Isiand
block. | )

The saving in costs of production due to rehabilitation
proposals (excluding SMRID main canal) estimated by Marv
Anderson & Associates and W-E-R Engineering (1981) weré’
$5.31/ha for slip-form lining, $5.36/ha for polyethylene

A _lining and $6.30/ha for pipeline. Furthermore, the obvious
advantage of the pipeline optipn may still be

i
;E under-estimated because of constantly changing land

ownership and future technological changes (e.g. 800 metre

~
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centre pivots), which are more economical to use and require
even larger unobstructed fields.

A program was designed to approximate the on-farm
incremental costs and benéfits of each of the rehabilitation
" options considered. Annual costs were calculated by
amortizing at an interest rate of 15 percent over the useful
life of the items being considered. The total area was
divided into two parts, expansion (newly irrigated area) and
inténsification (existing irrigated area with intensive
irrigated agriculture) after completion of the project. The
area for intensification was 1382 ha and area“” for, expanéion
was estimated by deducting the land. damages during )
construction from the remaining irrigable area. For *
expansion, extra costs and benefits to the farmers due to
irrigation were calculated by deducting the dryland
agriculture cost and revenues from the intensive irrigated
agriculture cost and revenue estimates. Programs’ used and
output for each option are given in Appendix B. The data for
all the expenses and revenues‘uas taken from Marv Anderson &
Associates and W-E-R Engineering (1981).

- The net benefits of ﬁehabilitation which could accrue
to average farmers in the Bow Island Block in a median yea;
if one of the rehabilitation proposals was actually
1mp1enented as given by computer calculat1ons are as
follows: ~ Slip-Form ------------ - $42. 97/ha

Poly Liner -------'*----$43.55/ha

Pipeline -------------- $100.47/ha
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rThese estimates are a good measure of the relative
profitability of each alternative system'and represent the
best estimate of the average farmer’'s "ability to pay" for
%rrigation rehabilitation in the Bow Island biock. These can
then be compared w{th the -financial requirement according to
the 86-14 faormula.

Considering for example, ﬁhe first full year of

operation for a new system (1983), the following incremental

benefits, costs and benefit/cost ratios were calculated:

. Option i Net Benefits Net Cost benefit/cost
. ratio -
per ha per ha
S1ip-Form Y $42.97 $55.02 0.78
Poly Ljner $43.55 $62.87 - 0.69
Pipeline  $100.47 © $66.30 1.51

.

The relative magnitude of these -benefit-cost ’
comparisons are noteworthy. Although thé per ha costs of
various proposals are similar, the per ha benefits are
differenf. re: open channel versﬁs pipe]ine. THis showed
‘that if thg 86;14 cost sharing. formula was applicablé for

both open channel and pipeline systems, farmers in the Bow

Island_BlocK shou ld have a strbng pre%erencé,for the

) pipe]ine alternative.

v
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The "premium” which €armers could apparently pay for
pressure pipeline (versus open channel options) migﬁt be as
high as $56.84/ha, principally because this particular
proposél is characterized by :

1. no on-farm pumps, notdrs, dugouts, or related operation

d & maintenance costs,

2. slightly lower production costs due to no linear
disturbances, and .

3. slightly higher revenue projections due to a slightly
larger irrigated area:

These estimate; are vqiz.specific to the Bow lsland
Block in that the proposed development would effectively
increase the area by 80 percent. g

However , about 50 percent of the special farm benefits

A

of a pipeline are realized because the pipeltne is

pressurized, not because it is a pipeline.

-



VI. EVALUATION OF THE BOW ISLAND PRdeCT
Water is drawn from the SMRID mafn_canal and delivered.to.a
computer controlled pumping station equ{pped with six 224 kW
and two 112 KW pumps capable of discharging 2.38 m3/s at a
minimum pressure of 500 KPa.

) From the time design work was started ﬁn January 1982
until construction was completed in t1me for the 1983
irrigation season, everything went accordwng to schedule.
The project is in its fourth year of operation. The total
pPOJect cost, as completed in 1983, was $6.44 miltlion (SNC
Consultants Ltd. 1984) whereas the estimated cost was $5.7

million (1981 dollars), an increase of approximately 6

&
-

percent per annqé which is not unexpected. In accordance
with the 86-14 plap, the Governmenf‘of Alberta contributed
$5.54 millian to the projeet.'The remaining $900,000 was
shared equally by the SMRID and the landowners, inc]ueing
the Town bf‘éew Island. The landowners contributed $254 per
ha. Every farmer arraqged.his own financing of this cost.
The project expectations arétdifficult to assess in a

comparative\way with the aj}ernative‘options examined for
rehabilitation of laieraT-fQ in the.Bow Island Block.

However, after two years of operation, some observations

13

- were made by Ramsey and Gyrof1 (1985) with régard to
efficiency, effectiveness and cost per ha . Fihanciallyﬁ the
land owners are paying exact]y what they aéq.pd to, name]y
actual energy cost plus 1 percent for operatlon and

.- maintenance. In 1984. the follow1ng costs were levied:

1 . L IR 78
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1 percent of Capital CQSt $61,752.24
Energy for Pumps S $69.826. 38
Total | $131,758.62
Total Amount of Water‘Deljvered | 792.2 ha-m
Co;t pef hecfére-metre . $166.29‘

Ramsey and Gyrofi (1985).

In 1983, the cost per ha-m was $179.32 and in’ 1985 the cost

per ha-m was $163.37.

J
-

A. EVALUATION OF PROJECT IN REEATION TO STUDY OBJEGTIVES

This section discusses the rehabilitation ﬁrdjéct in

relation to the objectives of the study, the use of

pipelines for on-farm conveyance and digtribution of
T ,
irrigation water as an alternative to open canal lining as

it affects:

v ~

1. land and water‘conservation,

2. capital costs,
3. operation and maintenance costs, and
4.

anetg?éiurn to the farming enterprise.

LY )
Land and ‘Water Conservation ’

. Estimated 1and)1ossés‘in right-of4ways and dubouts for

this project were 67.5 ha for the slip-form lining, 88 ha
™ for the polyethylene lining and only 1i ha for the pipeline

~option. Thus 56.5 to 77 ha of land were‘saVéd~by ‘choosing

the pipeline option for rehabilitation of ;He block.
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Similarly, water delivery efficiency after
rehabilitation was estimated at 81 percent for open canal
options and 100 percent for pipelines. Thus 138 percent of
the water was sa%gd by using pipelines. This water can be
utifizéd to bring more J;yland agea under irrigation using

the same amount of irrigation water.

Capital Costs

Considering the main system only, the slip-form
concretedlining was the most_economical option both on the
first cost and annual capital cost basis; and pifeline‘Was
the most expehsive option. The total capital co%f of
pipeliﬁe was $5.7 million with an annual cost of $858,549
amor tized at the discount rate of 15 percent over the life
of the system, Qﬁereas the tdtal capital cost of concgete
liniﬁg was $4.7 million with an annual cost of §705,651 to
$715,811 for 1ife expectancies of 50 years and 3d years
respecfively (Tables V.1 and V.2). Thus slip-form concrete
lining was a better?éhoice if capital cost was a major
concern. . U

These cost differences become ﬁargina] when on-farm.
capital costs are added to the ‘main system‘costs. The totaf'*
main system plus on-farm capital cost were2$8.03 mi]]ionifor'
slip-form concrgte lining, $8.27 million for polyethylene
lininq;and $8.20 million for pressure pipeline (Table V.1).
Annual main'system.and on-farm costs were $A,2571006 for

o

pressure pipeline. The annual costs for slip-form lining

-

*
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were $1,269,000 to $1,279,000 and for polyethylene linfng
were $1,301,000 to $1,321,006 depending upon the life
expecténcies considered (Table V.2). Again slip-form
éoncrete lining was most economical on the first cost basis
but i} may or may not be economical on an annual basis. For

~ example, slip-form lining could save $8,000 per annum over

N A

C pregsure pipeline considering a life expectancy of 50 years

‘will cost $2,000 more than pressure pipetine consideriné

4 a life expectancy of 30 years for slip-form lining.

Operation and Maintenance

1

< Total main system and on-farm operation and maintenance
~costs per season were estimated at $88/ha foﬁ’;lip-form
lining; $92/ha for polyethy]enellThung anq $44/ha for
" pressure pipelines {(Table V.3). This shows annual operation

L I
and maintenance .costs tor pressure pipelines were 50 percent

N ’

’ -
or less than those for open canal options.

Considering total annual estimated capital and_

operation and maintenance costs, for slip-form lining the

~ costs were $1,489,000, for polyethylene jining $1,552,090

g and for pressure bipg]ine,$1,388.000 (TAbJe V.4). There were

savings of $101,000 to $154,000 per annum through use of;i

%

pipe]ineslfThus a pressure pipeline wae the best choice from
. ) '

a farmer’s point of view. : .

aisdoe

& “' . T
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Net Return to the Farming Enterprise

Pipelines also showed a maximum net return to }he
farmers in the irrjgatioﬁ block. The estimated annual net
benefit in the case of slip-form lining was $42.97/ha, in
the case of polyethylene lining $43.55/ha and in the case of
pipelines $100.47/ha (page 78). Thus the net return for the
pipelines option was twice as much as for the open canal
options. ' i ‘

Fragm the previous~discussion it is og{ious that

pipelines were the best alternative for rehabilitation of

the block on an overall basis. T .

-

‘ '~
Effectiveness and Efficiency Values to the Landowners

The préssuriZed'pipeline system has increased
efficiency in farm operations. There is no need to move
around open ditches and dugouts. Sprinkler systéms can now

.be set to irrigate complete fields without obstruction.
~Individual sprinklers can be turned on or off in minutes
without affecting the main delivery system. For example, a
farmer can request watér for 50 percent og his irrigated
land and then rotate delivery to his indiyidual sprinklers
;as needed. In this.way, Qggration of the SMRID main system
can be-maintatned at a much steadier flow.
Another value to the landowAgké,hég beeﬁ a noticea51e
’deéline in sglipi;y probléms. After on]y*two years of o

operatfon.‘some>saline areas adjacent to the old open ditch

laterals had been reclaimed because of no seepage. A]sb, the
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weeds along the open channels no longer exist, thus reducing

on-farm weed control problems.
Ffelder soft wj'te spring wheat and rapeseed are the

ma jor crops*grown it the block. The«average yield of Fielder

-

*

wheat was 5.4 tonnes/ha (80 bushels per agre) and Hapesegg

»

averaged about 2.52 tonnes/ha (45 bushels per acre) in 1983.

The average yields in the area for that year were 2.42
*‘ toonnes/ha for 'wheat and 1.3 tonnes/ha for razpesged (Alberta
-

Agriculture 1984). Other crops grown in the block include
gugar beets, corn, malting barley, field beans and peas,"
a;though soft white spring wheat is the major one. Most -
crops are grown under contract and gontinuous cr?pping 15"

normal (Bradley 1984).

. [ S iﬁ‘
ﬁr o N ""
Possible Improvement in Future Systems . . -

One suggested improvement that éhould be considered %ﬁ
any sihilar sysiem'relates to the location of the farm ‘
turnoﬁts.»fhe turnoUté in the Bow Island:.block were located
near mid-duarter section boundaries to capitalize on’

-

existing on-farm piping. This has created a minor g

A problem when centre-pivot sprinklers are in operatgm
. . L. S |

turnout valves and area-are continually wet. It would be

better ®to locate the farm turnouts at the quafter“geétion

corners, at the junction éfﬁthe main 1ine and -farm turn-out.

A

i LIS !
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VII. SUMMARY AND CONCLUSIONS
* A stgdy review was uhdertaK@n to ascertain the need for
irrigation syétem rehabilitation and the status of exiskihg
}rrigation systems. The objeﬁtive was to analtyse the cost

-

effectiveﬁess of pipelines for on-farm irrigation water
‘\Conveyance‘and distribution. A review Qf some previous
rehabilitation projectsin southern A{befta. where .
alternative irrigétion systems were studied, was also
undertaken.
This inform;tion was used to analyse and evaluate the

-:Ehabilijation of the Bow Island block. The original study
conducted by Marv Anderson & Associates and W-E-R

v
Enginear ing was further analysed to wglidate their results,
L 4

both for the engi;eering design and economic analysis. Three

irrigatiqn system options, conFrefe slip-form lining, buried

polyethyleneAmembrén; lining and pressurized pipelines were
considered and studied in detail. Evaluation ¢f the
irrigation block after rehagilitation was also pgesented.

The following conclusions were drawn from the study.

1. Land lost in righfs-of-way and dugouts was a minimum in
the case of pibéiines( It was 68 ha fér slip-form
lining, 88 ha for ployefhylene lining and only 11 ha in
the case of pressure pipelines.

2. The system seems over-designed approximately 31 to 48
percent for the discharge capacitiesi This is more
sé}ious because there is no more expansion of the

irrigation block possible to utilized the extra capacity

\ n

85
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v

of the system. ’ .
S
3. Concrete slip fofm lining was the most economical and
polyethylene lining was the most expensive on a capital

cost basis. Total capital costs (main system plus
on-farm) were $8.07 million for slip-form lining, $8.27
million fér polyethylene lirring and $8.20 milthn for
pressure pipelines (Table V.1).

4. xYNNJa] operation and maintenance‘costs for tHe
'irrigation’blocK weré' minimum for the pressure pipeliﬁe
option, and were 50 percent or less of those for the
open canal options. Total on-farm and main system costs
pe; season wepe éstimated at $88/ha for slip-form
linipg, $92/ha for polyethylene lining and $44/ha for
pressure pipelineé {Table V.3).

5. *Pressure pipelines were found significantly more

) S -2
economical on the overall annual cost (capital plus
operation and maintenance) basis. The tOtal annual cost ‘
fq? pressure pipe!ine was $1,388,000, for polyethylene
lining $1.532,00b to $1,552,000 and for congrete lining

J— $1,489,000 to $1,499,000, depending upon the useful life
considered (Table V.4).

6. PRressure pipelines also showed maximﬁm ngt'retu:ns to
the farmers in the irrigation block. The estimated
annual net benefits were $42.97/ha in the case of
slip-form lining, $43.55/ha in the case of polyethylene

lining and $100.47/ha in the case of pressure pipelines.

7. Pressure pipelines gave the maximum benefit/cost ratio
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(o . . . '
frdmégge farmer's point of view. The estimated net

b

beneﬁ&{?cost ratios were 0.78 for slip-fqgrm lining. 0.69

»

f0ﬁ1§ yethylene lining and 1.51 for the pressure

pipélines._ o

8. Pipeline systems are most beneficial when they are

-

centrally pressurized because they el‘mihate the need
for)oqffarm pumps and motors, dugoutsiand related
ope;ation and maintenancebcosts. -
The choice of irrigation‘system‘that should be employed is
dependent upon th; topography of the irrigation block and
the method of irrigation used. For example, if there are
steep slopes in the area which will reqﬁire many drop
structures, crossings and inverted siphons,,fhe open canal
systems may be too expensive. Then the choice f pipelines
may be economical because there will be no need for drop
~ ‘ .
structures, crossings and siphons. Moreover, pipelines can

result in energy conservation by utilizing. the head

developed due to the slopes if sprinkler systems are used.



VIII. RECOMMENDATIONS FQR FURTHER WORK

As a result of various observations and conclusions obtained

from this study, some recomnendatipns for further work have

N

been developed ) N .

i

Evaluation of the rehaQilitated areas where pipeltines

are used should be done to affirm any significant

Yy o LY
increases in farm income due to intensive irrigation
practices after rehabilitation of the irrigation blocks.

The savings in the cost of production in the ®

rehabilitateé areas due to less weeds, less labour
requirements and less jinear disturbances 'in’ the usé.of
large farmlmachinery should also be evaluated.

Since the use of plastic pipes for irrigation water
conveyance and distribution is relatively new, there is
a need to study .the deformation of pipes undér farm
machinery or soil loads, which may change the flow
conditions in the sys}em.

Buried pipelines should also.be studied for the

deterioration of pipe materials under the action of soil

and water in southern Alberta to determine the ljfe-

expectancies of the pipe materials.

A
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APPENDIX A. COMPUTER MODEL FOR PIPELINES

10 ' PROGRAM DESIGN

15 ' Purpose To calculate diameter, friction loss
20 ' loss and tost of cqpcceté and pvc
pipelines ‘*. "

25 ' Programmer ‘ Saleem A. Sial

30 ' Programmed for Thesis

35 ‘' Language " Micro soft Basic (Basica)
40-'Designed for I?M—PC

45 'Date Fompleted June 1387 )
50 - mmmmmmmo e B e

100 ' ** MAIN SECTION *=
105 DEFDBL A-Z % " All double precision
108 OPEN ;DATA1"FOR OUTPUT\AS #1
110 GOSUB 200 "InitiaTization of variables
111 GOSUB 300 ' ‘ -
112 SECT =SECT + 1
115 GOSUB 310 T INPUT syétem parameters
120 GOSUB 900
172 INPUT "MORE SECTIONS ? 0 FOR NO, 1 FOR YES";MORE
174 IF MORE\= 1 THEN GOTO 112
17sébsuaRZ;B>
177 CLOSE#1"
178 BEEP ‘ \ A
180 END |
200 '** InitialiZzation of Varigbles
201 SECT = 0 -'Pipe sectj'on _humber
: .
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202 TCP = 0 "Total cost of pvc pipe
203 1CC = 0 ‘Jotal cosEer concrete 6fbe
204 TPRP = 0 fTotal power requirement for pvc pipe
206 TPRC = 0 ~ "TJotal power requiréments for concréte

pipe
220 KP =-0.00003 ’Rouéhﬁess of pvc pipe inm -,
222 N = 50 "Useful life of pipes in years
225 KC = 0.0006 - "Roughness of Concrete pipe in m
240 T0L .= 0.00000{ "Tolerance in Darcy roughness qutor
245 NEU = 1.15+10°% "Kinematic viscosity of water at 15

degree C m2/s
255 PI = 3.141593 @’constant pai
260 G = 9.81 "Acceleration due to gravity
1 »

295 RETURN ) ‘

300 ‘** Input System parameters *x*

301 INPUT "Give maximum permissiblie velocity m/s "; VP
302 INPUT "Give annual interest rate (decimal) "; 1
303 INPUT "Give seasonal irrigation required mm "; IR

304 INPUT "Give total assessed area ha ", TAREA

305 INPUT "Give total discharge m3/s "2 TQ

306 INPUT "Give energy charge $/KWH "; ERATE"

308 RETURN

310 INPUT "Give discharge of the section m3/s "Q

315D = (4 % Q/(VP » p1))0> .
3‘RINT "Calculated diameter is "; D | ‘
325 INPUT "Give the next higher diameter available inm "; D

330 INPUT "Give the length of the section inm ";L -
. | o



360

395

400 -

402
k405
410
415
420
425
490
500
505
525
530
531
535
540
545
595

INPUT “Give price of pve pipe $/m ™. PP

INPUT “Give price of concrete pipe $/m " PC

INPUT "Give elevation at the start of this section m

B

INPUT “"Give elevation at the end of this section m "¢

INPUT “Give pressure required at the end of section

hPa™: Pt »

INPUT "Give existing pressure at the start of section

N

kwPa" ;PB
RETURN
*+ Definition of variables =*x
. 2
V = 4 « Q /(PL = D7)

RE = Vv »~ D / NtU ‘Reynolid’ s number

NK = K/(3.7 » D1 :

NR = 2.51/RE

F - 0.0055 + ( 1+ (20000+k/D + 10%/RED/3)
x = (1709

RE TURN

“#++ Calculate Darcy friction facter F BBy iterations
NUM = X + (.8686 *«LOG(NK + NR =* X)
DENUM = 1 + 0.8686 * (NR /(NK + NR * X))

NX = X - (NUM / DENUM) ‘
NF = (1/NX)°

DIF = ABS(NF - F) .

NTOL = TOL * (1 + ABS(F)) )

Foe NF N ‘

RETURN )

a8
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' 600 PRINT "+¢ RESULTS ++
)
605 HF = F + | + V° /{2 + G « D) "triction hkad loss
610 PH =HF + (PE PBYI/Q. 8 + (Lt BEL) " pumping head

612 PH = PH » Q *1000/102.2 “Water power (kW)

615 PCOST = L » PRICL "Dipe cost
620 TCOST = TCOST + PCOST “Total pine cost’
625 TPH = TPH + PH "TotalWater power requirements

630 PRINT "Discharge Q ":Q ;"m3/s

635 PRINT “Length of section L " L."m

640 PRINT "Diameter of the section D "; D . "m

645 PRINT "Velocity of flow V LNV T "m/s

650 PRINT "Head loss due to pipe friction HFE "; Hf:"m

655 PRINT "Power requirement for this section PH " PH
KW

660 PRINT "Cost of pipe for this section ";PCOST."$%
690 RETURN : .
700 WRITE#1,

705 WRITE#1, "Discharge Q tm3/s): "5Q

710 WRITE#1, "lLength of section L (m): " L

715 WRITE#1, "Diameter of the section D (m): ": D

720 WRITE#1t1, "Velocity of flow V (m/sJ: %; v

725 WRITE#1, "Head loss due to pipe. friction HF (m): " HFf
730 WRITE#1, "Power requirement for this section (kW):"; PH

L

\

735 ‘WRITE#1, "Price of pipe PRICE ($/m): " ,PRICE

740 WRITE#1, "Cost of pipe for this section: $ ";PCOST

745 WRITE#1, )
-

750 RETURN



100

KOO WRITEAT, “#e+s RESULTS FOR COMPLETE PIPELINE ##*”
BOSH WRITE#1, BN
H10 TPRC = CINTITPRC)

$12 HOURS = IR * TAREA/(TQ * 360}

a

K15 TPRP = CINT(TPRP)

817 WRIIE#R, "Maximum permissible velocity m/s ": VP

819 WRITE#1, “Annual interest rate " |

821 WRITE#1, "Seasonal irrigation required mm " IR

823 WRITE#1, "Total pumping requirement for concrete
(kW) " TPRC

824 ECOSTC = HOURS * TPRC * ERATE

825 WRITE#1, "Energy cost using concrete pipe” ;ECOSTC

830 WRITE#1, "Total pumping requirement for pvc pipe KW
"L TPRP -

832 ECOSTP = HOURS = TPRP =* ERATE

834 WRITE#T1, ;Energy cost using PVC pipe $§ . ECOSTP

835 WRITE#1, "Total cost of pvc pipe $ ":TCP‘

840 WRITE#1, "Total cost of concrete pipe $ ",T7CC

845 ACP = TCP = I/(1 - (1/(1+I)N)) " Annual cost of pvc pipe
850 ACC = TCC = 1/(1 - (1/(1+I)N)) "Annual cost of concrete
. -»

pipe

855 WRITE#1, "Annual cost using pvc pipe $ ";ACP

860 WRITE#1, "Annual cost using concrete pipe $ ";ACC

872 WRITE#Y,

875 WRITEA T, "ok ook R R Rk

895 RETURN ’,)

900 K = KP : ’



905
910
915
920
922
925
930
935
936
937
938
940
941
942
943
946
947
948
949
950
952
954
960
962
964

966 -

968

PRICE =PP

TCOST =1CP

TPH = TPRP

GOSUB 400 'Define variable
GOosuB 500

WHILE DIF>NTOL

GOsSuB 500

WEND

WRITE#1, "SECTION No. ";SECT
WRITE#1,

WRITE#1, "=xxxx PVC PIPE =**x
GOsSuB 600

GOsuB 706

TPRP = TPH.

TCP = TCOST

K = KC

PRICE =PC

Tcost =TcC

TPH = TPRC

GOSUB 400 ’Defing variables
GOSUB 500 |
WHILE DIF > NTOL

GOSUB 500

WEND

WRITE#1,"**xxx CONCRETE PIPE *=x"
GOSUB 600

GOSUB 700

101



TPRC = TPH
TCC = TCOST

WRITE#1, "------

WRITE#T,

RE TURN

102



103

‘ START j>

INITIALIZE
(200)

INIATIAL INFUT
J00)

10fRE ™ ]
- FALSE o
— SECTIONS QT -

TRuE

SECTION INFUT .o
(310)

: /
FVC FIPE FIFELINE OUIfFUI
(F0Q0) (80O0) //

,(, —_——

i . . :
COMPUTE FRICTION . ( ST0F :>

(400, 500)

2o
1

FOWER REQUIRED
FIPE COST
(600)

SECTION QUTPUT
(700)

.

CONCRETE PIFE
(947)

o | - '

Figure A.1 Flow Chart for Computer Model
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Table A.1 Output from Computer Model For Bow Island Block

—— ~

Item ) Value

SECTION No. 1

xxx%* PV(C PIPE * A *

Dischérge Q (m3/s): 1.105
Length of section L (m}: 500
Diameter of the section D (m): .85
Velocity of flow V (m/s):. | 1.947
Head loss due to pipe friction HF (m): 1.348
Power requirement for this section PH (kW): ‘561.245
Price of pipe PRICE ($/m): 150
Cost of pipe for this section PCOST: $ 75000
x++* CONCRETE PIPE ===
Discharge Q (m3/s): ‘ 1.105
Lengtﬁ of section L (m): 500
Diameter of the section D (m): .85 °
Velocity of flow V (m/s): 1.947 .
~Head loss due to pipe friction HF (m): ’ 2.086
Power requirement for this section PH (kW): 569.230
Price of pipe‘PRICE ($/m): »‘ 180
Cost of pipe for this section PCOST: $ 30000

SECTION No. 2 /
. r

xxxx PYC PIPE *xx
Discharge Q (m3/s): _ Coe . 1.04

Length of section L (m): . 1650



“

Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (kW):

Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: §
**xx+x CONCRETE PIPE *x*=

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (KkW):

Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
SECTION No. 3

*xxx PYC PIPE **x

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (kW):

Price of pipe PRICE ($/m):
Cost of pipe for this,sectipn PCOST: $
"xx*%% CONCRETE PIPE *#x i

Discharge Q (m3/s):

105

.8
2.069
5.356
13.800
140
231000

1650
.8
2.069
8.368
44451
170
280500

.91

505

.75
2.060
1.754

- -6.641
130
65650

.91



Length of section L (m):
Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (KW):
R

'

Price of pipe PRICE ($/m): /

Cost of pipe for this section PCOST: $
SECTION No. 4 | '

| *xxx PYC PIPE *#x

Discharge Q (m3/s):

Length ofpsection L (m):

Diameter of the section D (m):
Veloéity of f]ow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (KW):

Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
**xx% CONCRETE PIPE *xx*

Discharge Q (m3/s):

Length of section L (m):

Diameter’ 6Ff the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

~

Power requirement for this section PH (KkW):

Price of pipe PRICE ($/m):
Cost of pipe for this section PCOST: §
SECTION No. 5

106

505
75
2.060
2.749
2.221
150
75750

. 845
300
.15

1.913
.906
-4.911
130
39000

.845
300
.15
1.813
1.410
-.745

150
45000
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Nass PVC PIPE +x

Discharge Q (m3/s): . .78
Lehgth of section L (m): 0505
Diameter of the section D (m): 7
Velocity of flow V (m/s): \ 2.027
Head loss due to pipe friction HF (m): 1.846
Power requirement for this section PH (kW): - 2.639
Price of pipe PRICE (3/m): 125
Cost of pipe for thi% section PCOST: § 63125
=*x*x*% CONCRETE PIPE =*xx
Discharge Q (m3/s): x . .78
Length of section L (m): 505
Diameter of the section D (m): : - 7
Velocity of flow V (m/s): ~ 2°027
Head loss due to pipe friction HF (m): 2.900
Power requirement for - this section PH (kW): 10.685
Price of pipe PﬁICE ($/m): 140
Cost of pipe for this section PCOST: § 70700
SECTION No. B
xxxx PYC PIPE #**x
Discharge Q (m3/s): .715
Length of séction L (m): 300
Diameter of the section D (m): > 7
Velocity of flow V (m/s): ‘ 1.858
Head loss due to pipe friction HF (m): .930
/fpwer requirement for this section PH (KW): -3.984

Price of pipe PRICE ($/m): S 125



Cost of pipe for this section PCOST: $
*+xx CONCRETE PIPE *=*x

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m}:
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):
o

Power requirement‘for this section PH (kW):

Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
SECTION No. 7

sxxx PYC PIPE #**= .

Discharge Q (m3/s):

Length of sthion L (m):

Diameter of \Pe section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

-

waer requirement for this sectiori PH (kW):

Price of pipe PRICE ($/m) :

Cost of pipe for faas section PCOST: §$
*xx%x CONCRETE PIPE =*x=

Discharge Q (m3/s):

Length of sectioh L (m):

Diameter‘of the section D (m):

Velocity of flow V‘(mJS):

Head loss due to pipe friction HF (m):

- Power requirement for this section PH (kW);

108

37500

.715
300

1.858
1.449
-.353

140
42000

.455
805
.55

1.915
3.517
15.659
96
77280

. 455
805
.55

1.915
5.574
24.816
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Price of pipe PRICE ($/m): 108
Cost of pipe for this section PCOST: § 86940
SECTION No. 8

axxx PYC PIPE ##*

Discharge Q (m3/s): , .065
Length of sectjon L (ml: 960
Diameter of the section D (m): i 2
Velocity of flow V (m/s): | 2.069.
Head loss due to-'pipe frigtion HE (m): 16.240
Power requirement for this section PH (kW): 9.057
Price of pibe PRICE ($/m): 30
Cost of pipe for this section PCOST: $ 28896
*x++x CONCRETE PIPE **=x "
Discharge Q (m3/s): . .065
Length of section L (m): ' 360
Diameter of thé section D (m): .2
Velocity of flow V (m/s): 2.069
Head loss due to pipe friction HF (m): 27.802
Power requirement for this sectdon PH (kW): 16.410
Price.of pipe PRICE ($/m): - 50

Cost of pipe for this section PCOST: $ 48000
SECTION No. 8 |
*xx* PYC PIPE *x*=x

Discharge Q (m3/s): ‘ .325
Length of section L (m): 400
Diameter of the section D (m): .45
- : '

Velocity of flow V (m/s): ' + 2.043

-’(



Head loss due to pipe friction HF (m):

Power requirement for this section PH (KW) :

Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
=*++ CONCRETE PIPE =*#x

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (kW):

Price of pipe PRICE ($/m): °

Cost of pipe for this section PCOST: $
SECTION No. 10

*xkx PVC PIPE **x

Discharge Q (m3/s):

Length of section L (m):
Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (kW):

Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
*x*xx CONCRETE PIPE =*x=x

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m):

~

110

2.506
1.610

78
31200

.325
400
.45
2.043
4.048
6.513
98
39200

195
805
.35

2.0268

6.700
5.150

47
37835

.195
805

7 .35



Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (KW):

/
Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
SECTION No. 11

*xxx PYC PIPE #»x=

zischarge Q (m3/s):

Lengih’of section L (m):

Diameter of the section\D (m):
Velbpity of flow V (m/s):

Head loss due to pipe friction HF (m):

\

Power requirement for this section PH (kW):

Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
*x*xx CONCRETE PIPE *x=x

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m) :
Velocity of flow V (m/s):

Head loss.due to pipe friction HF (m):

Power requirement for this section PH (kW):

Price of pipe PRICE ¢$/m):

Cost of pipe for this section PCOST: $ _'
SECTION No. 12

xxxx PVC PIPE #*=*

Discharge Q (m3/s): ;

111

2.027
10.991
13.339

85

68425

, .26
405

2.069\
2.989
2.515

60
24300

.26
405

2.069
4.870
7.301
92
37260

.195



@5'. Length of section L (m):

P
M velocity of flow Vo (m/s):

Q‘amoter of the section D (m):

ki

i |
%%ghead Joss due to pipe friction HF (m):

i’Power requirement for this section PH (KW):
¢ 'iﬁripe of pipe PRICE (§/m):
b
Cost of pipe for this section PCOST: §
*+2+ CONCRETE PIPE #+»
Discharge Q (m3/s):
Length of section L (m):
Diameter of th? séction D (m):
Velocity of fléw V (m/s):
Head loss due.to pipe fricfion HFE (m):
Power requirement for this section PH {kW) :
Price of pipe PRICE ($/m): |
Cost of pipe for this section PCOST: $
SECTION No. 13 |
xxxx PVYC PIPE **=

Digcharge Q (m3/s):

Length of section L ((m).: A ‘7

-

Diameter of the section D (m):

Velocity of flow V {(m/s):

Head loss dué to pipe friction HF (m):
Power requirement for this section PH (KW):
Price of pipe PRICE ($/m): '
Cost of pipe for this section PCOST: $

-

**xxx CONCRETE PIPE =**x

112

400
.35
2.0268
3.329
2.535
47

18800

195
400
.35
2.0268
5.461
6.604
85
34000

13

805
1.839
6.708

3.445

32200



ey
\

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m):

Velocity of flow V (m/s):

Head loss due to pipe friction HE {(m}:
Power requirement for this section PH (KW):
Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: §
SECTION Na. 14

rxax PVYC PIPE »x+

Diséharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m}:

Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):
Power requirement for this section PH (kW):
Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: §

xxxx CONCRETE PIPE =xx |

Discharge Q (m3/s):

Length of sectioh L (m):

Diameter of the section D (m):

Velocity of flow V (m/s):

Head loss "due to pipe friction HF (m):
Power requirement for this sectii? PH (KW):
Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: §$

48300

499 .525
140
28000

.97
200

.8
1.930
.883
502.506
170
34000



SECTION No. 15

veee PYC PIPE *2e

Discharge Q (m3/s) :

length of section L (m):
Diameter of the section D (m):
Velqgity of flow VvV (m/s):

l .

Head loss due to pipe friction HF (m):

Power requirement for this section PH (KW):

Price of pipe PRICE ($/m}:

Cost of pipe for this section PCOST: $
x+++ CONCRETE PIPE *xx

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (KkW):

Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
SECTION No. 16

*xxx PVC PIPE »*=

Discharge Q (m3/s):

Length of section L (m):

‘Diameter of the section D ‘(m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (kW):

-

114

.91
1350
A
2.060
4 690
23.945
130
175500

.91
1350

202500

. 715
960

1.858
2.978
-7.153



Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
e CDNC&ETE PIPE **»

Discharge Q (m3/s):

Length of section L (m}:

Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (KW):

Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
SECTION No. 17 /
xxx% PYC PIPE *x»*

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (kW):

Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: §
**+x*% CONCRETE PIPE =x*x

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

115

125
120000

L1115
960

i
1.858
4.638
4.466
140
134400

.065
460

2.069
7.782
5.585

30
13800

.065
460

2.069
13.322



Power requirement for this section PH (KW):

Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
SECTION No. 18

2xxr PVC PIPE *#»

Discharge Q (m3/s):

Length of section L (m}:

Diameter of the section D (m):
Velocity of flow V (m/s):

Head® 1oss due to pipe friction HF (m):
[}

Power requirement for this section PH (kW):

Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
*xx+ CONCRETE PIPE **=

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D {(m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (kW):

Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
SECTION No. 18

*xxx PYC PIPE #*x

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m):

116

9.109
50
23000

.585
1000
.6

+ 2.069
4.560 '
3.206
110
110000

.585
1000
.6
2.069
7.244
18.570
125

125000
\

.26
605



Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (kW):,

Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
x*x* CONCRETE PIPE *=*x

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (KkW):

Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
SECTION No. 20

wxxx%x PVC PIPE =

Discharge Q (m3/s):

Length bf section L (m):

Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (kW):

Price of pipe PRICE ($/m):

Cost 6f pipe for this section PCOST: $
x*xxx CONCRETE PIPE *==x

Discharge Q (m3/s):

Length of section L 'm):

117

2.069
4.464
11.357
60
36300

.26
605

2.0689
7.274
18.506
92
55660

.13
200

1.839
1.667
2,120

60

12000

.13
200



118

Diameter of the section D (m): .3
Velocityxéf flow V (m/s): 1.838
Head loss due to pipe friction HF (m): 2.736
Power requirement for this section PH (KW): 3.480
Price of pipe PRICE ($/m}: 78

Cost of pipe for this section PCOST: § ‘ 15600
SECTION No. 21 ‘

+xxs PYC PIPE ##*

Discharge Q (m3/s): . 325
Length of section L (;): - 805
Diameter of the section D (m): © .45
Velocity of flow V (m/s): 2.043
Head loss due to pipe friction HF (m): , 5.044
Power requiremengvior.this section PH (kW): 3.320
Price of pipe PRfEE\($/m): 78
Cost of pipe for this section PCOST: $ 62790
**x*x CONCRETE PIPE =*=

Discharge Q (m3/s): v .325
Length of section L (m): 805
Diameter of the section D (m): .45
Velocity of flow V (m/s): ' | 2.043
Head loss due to pipe friction HF (m): ' 8.146

v Power requirement for this section PH (kW): _ 13.186 |

Price of pipe PRICE ($/m): 98
Cast of pipe for this section PbOST: $ ‘ 78890

SECTION No. 22
xxxx PYC PIPE *xx



Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):
Power requirement for this section PH (KW):
Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
s+xx CONCRETE PIPE #+x

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (KkW):

Price of pipe PRICE ($/m):
Cost of pipe for this section PCOST: $
SECTION No. 23 |

—
xxxx PYC PIPE #*=
Discharge Q (m3/s):
Length of section(L {m):
Diameter of the section D (m):
Velocity of flow V (m/s):
Head loss due to pipe friction HF (m):
Power requirement for this section PH (kW):
Pficg/of pipe PRICE (é/m):

Cost of pipe for this section PCOST: §

.065
1000

2.069
16.916
10.759

30

30000

.065
1000

- 2.069

28.961
18.419
50
50000

.26
305

2.069

2.251
-4.450
60
18300



+4++ CONCRETE PIPE »x»
Discharge Q (m3/s):

Length of section L (m):
Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (KW):

Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: §
SECTION No. 24

ok pvc'plpg % %

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement for this section PH (KW):

"Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $
=xxx CONCRETE PIPE »x*x

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m):
Velocity of flow V (m/s):

Head loss due to pipe friction HF (m):

Power requirement;for this section PH (KW):

Price of pipe PRICE ($/m):

120

.26
305

2.069

 3.667

- 846
92
28080

.13
500

1.839
4.167
2.120

40
20000

.13
500

1.839
6.839
5.520

60



Cost of pipe for this section PCOST: §
SECTION No. 25

xx+x PUC PIPE #+*

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m):

Vélocity of flow V (m/s):

Head loss due to pipe friction HF (m): v
Power requirement for thig section PH (KW):
Price of pipe PRICE ($/m):

Cost of pipe for this section PCOST: $

*xx*x CONCRETE PIPE =**x

Discharge Q (m3/s):

Length of section L (m):

Diameter of the section D (m):

‘4elocity of flow V (m/s):

Head loss due to pipe friction HF (m):
Power requirement for this section PH (KW):
Price of pipe PRICE ($/m):

Cost of pipe for this sgction PCOST: §

*#+% RESULTS FOR THE COMPLETE PIPELINE ***x
Maximum permissible velocity used m/s
Annual interest rate used
Ma x imum discharge‘m3/s -

Total pumping requirement for concrete (kW)
Energy cost for concrete pipe $ S

Total pumping requirement for pvc pipe (kW)

121

30000

. 065
12800
.2
2.069
216.531
137.715
0

0

.065
12800
.2
2.069
370.696
235.766
0

0

2

.15
2.075
1586
70488.89
1290



Energy cost for PVC pipe $
Total cost of PVC pipe $
Total cost of concrete pipe $
Annual cost using PVC pipe $,

“ Annual cost using concrete pipe $

122

57333.33
1388380
1743185

208449.36
261719.26




APPENDIX B. PROGRAM: ECONOMICS

10 " PROGRAM ECONOMICS

15 ' Purpose To calculate the annual costs

17 and benefits of project

20 ' Language Micro soft Basic (Basica)

25 "Designed for ’){EMEPQ

30 'Date Completed | June 1987

1 T STt oeo

100 ' *=* Apnual Costs to the Farmers *»

102 1 = .15 ’Annual/interest rate

135 TAREA = 2498 "Total irrigable area after completion
140 EAREA = 1382 "Exigting irrigated area

145 NAREA = TAREA - EAREA ‘“Newly irrigated area

200 ' #* EXTRA COSTS AND INCOME FOR NEWLY IRRIGATED AREA *~»
205 CDLC = 50.76 ' production/ha for crops, dryland

210 CILC =331.57 ° ‘- - - - - - - - irrigated land

215 CDLL = 7.06 ' - - - - - Livestock, dryland

220 CILL = 225.83 ‘- - - - - - - - irrigated land™

225 ECIC =~(CILC - CDLC) J NAREA ' crops newly {rrig-land
230 ECIL = (CILL - CDLL) * NAREA " “livestock - -~ - - - -
235 GIDC = 96.55 ‘Gross income/ha from crops dryland

246 GIIC = 614.88 '- - - - - .- - irrigated land

'245 GIDL = 9.81 S livestock dry]and

250 GIIL. = 313.64 '- - - - - - - - - - -irrigated \/
255 EIC = (GIIC - GIDC) * NAREA Extra income from Crops
1260 EIL = (GIIL - GIDL) » NAREA ‘- - - - - - - livestock
265 NREV = EIC + EIL *  'Extra revenues from new area

123 "



270
275
280
285
290
295
300
305
310
315
320
325
330
400
405
410
415
420

425

430
435
440
445
450
455
460
465

124

CSS = 46000 * NAREA/57 "Cost of sprinkler systems

LSS =15 "Useful life in years

ACSS = €SS * 1/01 - (1/01+1)%>%))  “annual cost
CFDS = 9500 = NARCA/57 "Cost of farm distribution
LFDS = 50 "Usefui life in years

ACFDS =CFDS » 1/(1 - (1/(1+1)LFPS))  “anhual cost
NLAB = 28.31 » NAREA "Extra labour cost

NTAX = %.05 + NAREA + (0.025 * NREV) "Extra taxes
NINT = 14.20 * NAREA ‘"Extra intrest

NOM = 11.20 *= NAREA ‘0 &.M cost

NSAV = 6.30 * NAREA ’SaQing in cost of production
MCOST = ECIC +ECIL +ACSS +ACFDS +NLAB +NTAX

NCOST = MCOST + NINT +NOM -NSAV

&% EXTRA COSTS AND INCOME FOR EXISTING AREAS =*x
ECM = 5.06 * EAREA "Extra O & M cost

IREV = 417.87 = EAREA ‘Revenues from existing area
EPCC = 149.20 = EAREA ‘Cost for crops production |
EPCL = 101.66 = EAREA "Cost for livestock production
ESAV = 6.3 * EAREA ’Saving;.in cost of production

ETAX = 0.0é5 * IREV ‘"Extra taxes

EINT = 14.20 *» EAREA  'Extra interest

ELAB = 29.45 % EAREA  'EXtra labour cost

ICOST = ELAB + EINT <ETAX +EPCL +EPCC + EOM -ESAV
TGR = NREV +IREV- 'Total gross revenue

TCOST = ICOST +NCOST

CPH =TCOST/TAREA

BPH = (TGR - TCOST)/TAREA



500
505
550
555
600

602

605
612
615
617
620
625
630

GPO'

645
650
655
660

665.

670
675
680
685
690
695
700

PRINT
PRINT
OPEN

WRITE
WRITE

WRITE
WRITE
WRITE
WRITE
WRITE
WSITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

WRITE

125

"Cost per, ha: $": CPH

Benefit per ha: $". BPH

"DATA"FOR QUTPUT AS #1

#1,

#1,

#1,
#1,
#1.
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,

"OUTPUT"

"Total irrigable area after compietion”,

TAREA

"Existing irrigated area”, EAREA
"Newly irrigated area”, NAREA
"xx Extra cost for newly irrigated areé *x "
"Annual cost of sprinkler systems”, ACSS
"Ahnual cost of farm distribution, AGFDS
“Cost for crop production”, ECIC

*"Cost for livestock production”, ECIL
"Labour cost”, NLAB
"Taxes", NTAX
"Interest”, NINT _
"Irrigation O & M", NOM
“Savings in cost of productfon”, NSAV

"Total costs for new area"”, NCOST

"* Extra cost for existing irrigated area *"

"Irrigation O & M", EOM

"C6§t of crop production”, EPCC

"Cost of livestock productidn“, EPCL
"Savings in cost of production”, ESAV
"Taxes", ETAX ’
"Interest”, EINT B o

"l abour cost", ELAB - : .



710

720
725
730
735
740
745
750
760

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

CLOSE

71,
71,
71,

A1,

#1

#1,
#1,

#1,

#1,

#1

"Livestock from new acea”, b1l

“Total costs”, 1C0OSI
“++ EXTRA REVENUES *x»~

“Crops from new area”, tIC

"Total Crops- livestock”™, NREV
"Crops-Livestock from existing area”
“Total Revenue”, TGR
"Total Cost”, TCOST
"Cost. per ha", CPH

“"Benefit per ha”, BPH

126

IREV
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Table B. 1! Odtput from Program tconomics for S1ip Form

Concrete 1 ining

Existing irrigation area

Total irrigable arearafter completion
Newly irrigated area .

*+ Extra cost for newly irrigated area *»
Annual cost of sprinklers, pumps & motors
Annual cost of farm distribution & dugouts
-Cost for crop production

Cost for livestock production
Labour cost

Taxes

Interest

Irrigation O & M

Savings in cost of production .
Total costs for new area 4
** Extra cost for existing irrigated area **
Irrigatioﬁ 0O &M

Cost of crop production

Cost of livestock production

Savings in cost of production

Taxes

Interest

Labour cost

Value
1.382 ha
2,442 ha

1,060 ha

$192.409
$40, 485
$297 659
$231,896
$30.009
$30,320
$15,052
$62,010
$5,682
$894 . 158

$35,794
$206, 194
$140,494
$7,338
- $14,437
$19,624
$40,699



Total costs

o+ [XTRA REVENUES *+

Crops from new area

Livestock from new area

Total Crops - livestock
Crops-Livestock from existing area
Total Revenue

Total COST

Cost per hectare

Benefit per ha

128

$449,906

$549,430
$322,060
$871,490
$577,496
$1,448,986
$1,344,064
$550.40
$42 .97
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Table B.2 Output from Program Ecahem\ s for Polyethylene

Lining

[tem Value
Existing irrigation area 1,382 ha
Total irrigable area after completion 2.421 ha
Newly irrigated area 1,039 ha
** Extra cost for newly irrigated area *=*

Annual cost of sprinklers, pumps & motors $188,597
Annual cost of farm distribution & dugouts $39,683
Cost for croQ\production $291,762
Coqgl for livestock production $227,302
Labour cost $29,414
Taxes $29,720
Interest $14,754
Irrigation 0 & M - $60, 782
Savings in cost of production $5,569
Total costs for new area $876, 144
** Extra cost for existing irrigated area *x*

Irrigation 0 & M $35,794
Cost of crop production $206, 194
Cost of livestock production $140,494
Savings in cost of production $7,408
Taxes $14,437
Interest $1§,624

Labour cost

$40,699



Total costs

**+ EXTRA REVENUES =*=

Crops from new area

Livestock from new area

Tota)l Crops- livestock
Crops-Livestock from existing area
Total Revenue

Total COST

Cost per hectare

Benefit per ha

130

$449,837

$538,545
$315,679
$854,224
$577,496
$1,431,721
$1,326,280
$547 .82
$43.55
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Table B.3 Qutput from Program Economics for Pressure

Pipeline

[tem Value
Existing ir}igation area 1,382 ha
Total irrigable area after completion 2,498 ha
Newly irrigated area 1,116 ha

** Extra cost for newly irrigated area *x*

Annual cost of sprinkler systems $154,023
Annual cost of farm distribution system $27,926
Cost for crop production $313,384
Cost for livestock production $244,147
Labour cost §31,594
Taxes $31,922
Interest $15,847
Irrigation 0 & M $12,498
Savings in cost of production $7,031
Total costs for new area $824,312

** Extra cost for existing irrigated area **

Irrigation 0 & M ' - $6,993
Cost of crop production ' $206, 194
Cost of livestock production $140,494
Savings in cost of production | $8,706
Taxes $14,437
Interest \ $19,624

Labour cost $40,700



Total costs

+* EXTRA REVENUES »»

Crops from new area

Livestock from new area

Total Crops- livestock
Crops-Livestock from existing area
Total Revenue

Total COST

Cost per hectare

Benefit per ha

132

$419,737
$578,456
$339,074
$917,531
$577,496
$1,495,027

-$1,244,048

$498.01
$100.47




