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IRRIGATION SYSTEMS IN SINDH PROVINCE
I. Development of Irrigation
A.  Geography

The area of Sindh is 46944 mi?; of this half is mountains and sand
hills and the other half is suitable for crops. In northern Sindh,
the average annual rainfall is hardly three inches, however
rainfall increases slightly below Nawabshah reaching from five to
10 inches in coastal areas. Irrigated agriculture in Sindh thrives
on the River Indus which enters the province in the north-east and
flows in a southwesterly direction through the center of Sindh. 1In
ancient times the Indus was called the Sindhu and Sindh derives its
name from it.

B. Pre-Historic Irrigation in the Sindh

Small dams constructed across the bye-river or across the hill-
torrents were used to store the water during the high flows or
monsoons. During summers when high floods inundated vast areas on
either side, crops were raised in such tracts where the spill
sustained the crops that matured with the help of Persian wheels
and hurlas from wells.

Cc. Historic Period

The historians have narrated that as far back as the eighth
century, a distinction was drawn in assessing land taxes between
lands watered by public canals and lands watered privately. From
these records, one can infer the antiquity of artificial canals in
the Sindh. Evidence is also available that the Nara, an old course
of the River Indus, was used to distribute water through canals in
1830. The Mirs, rulers of Sindh, also levied additional taxes for
water used from the state canals.

D. British Period

The British conquered Sindh in 1843 and established a canal
department which was disbanded in 1849. A new department was
opened in 1851 which started work on deepening of the Begari,
Desert, and Nara canals. This reorganized department played a
significant role in expanding and improving existing inundation
canals. Weir controlled systems like Jamrao were introduced in
1899. Other canals completed during the British Period were the
Under Wah, Dhamrao and Pritchard on the right bank and the Nasrat
and Dad Wah on the left bank of the Indus.
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In the Sindh, the construction of Barrages was started in 1923 with
the initiation of the construction of the Sukkur Barrage on the
Indus River. This barrage, with three canals on the right bank and
four canals on the left bank, has a total command area of 8.28
million acres. It was completed in 1932 and the era of assured
irrigation supplies started for the first time in Sindh.
Development during the period 1932 to 1947 was very swift and the
experience gained by the local engineers prompted them to explore
the possibility of more barrages in Sindh.

F. Post-Independence Period

After the construction of the Sukkur Barrage which ensured
controlled supplies to the eastern and middle portion of the
alluvial belt, another barrage across the Indus upstream of Kotri
was considered necessary to assure water supplies to the southern
part. The Kotri Barrage was, therefore, constructed in 1955.
Guddu is the latest barrage constructed in Sindh Province and was
completed in 1962. The current position of development of the
canal systems of the above mentioned barrages is described below.
Salient features of the canal systems offtaking from Guddu, Sukkur
and Kotri Barrages are shown in Tables I-1, I-2, and I-3 at Pages
8,9 and 10 respectively.

II. Development of Canal Systems

A. Gudu Barrage (See Fig. I-1 at Page 11)

1. Left Bank Canals

The Ghotki Feeder is the only canal that off-takes from the left
side of the barrage. It is a non-perennial canal with a designed
intensity of cultivation of 60%. The actual intensity of
cultivation achieved on this system is 80%.

2. Right Bank Canals

Two main canals that off-take on the right side are the Desert Pat
Feeder and the Begari Sindh Feeder; both are non-perennial canals.
Two main canals that off-take from the Desert Pat Feeder are the
Desert Canal and the Pat Feeder Canal. The designed intensity of
the Desert Canal is 75% and that of the Pat Feeder Canal is 60%.
The actual intensity achieved on the combined Desert Pat Feeder is
64%. The Begari Sindh Feeder has a designed intensity of 75%
against which the actual intensity is 54%. Rabi supplies are
admitted in the non-perennial canals of the Gudu Barrage when
surplus supply is available in the river. Rabi croppings vary from
42% to 50%.
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1. Left Bank Canals

There are four canals taking off on the left side of this barrage.
The designed intensity for all the four canals ranges from 80% to
81%. On three of the canals, the K.F. West, Rohri Canal, and K.F.
East, this intensity has been exceeded. At present it is 100% for
K.F.West, 94% for Rohri Canal, and 125% for K.F.East. However, the
Nara Canal has just attained its targeted intensity of 81%.

2. Right Bank Canals

Three canals take off on the right bank. The designed intensity for
the N.W. Canal, Rice Canal and Dadu Canal are 81%, 88%, and 81%
respectively. The achieved intensities are respectively 62%, 144%,
and 83%.

c. Kotri Barrage (See Fig. 1-3 at Page 13)
1. Left Bank Canals

Three canals namely the Akram Wah (lined canal), the Fuleli Canal,
and the Pinyari Canal take off on the left side of Kotri Barrage.
The designed intensities for the three above mentioned canals are
80%, 71%, and 71% respectively (Source Akhtar Report). The achieved
intensities of 66%, 67%, and 39% respectively are less than the
targets.

2. Right Bank Canals

There is only one canal taking off on the right side namely the
Kalri Baghar Feeder. It is partly perennial and partly non-
perennial. The designed intensity for the perennial part is 73%
and for the non-perennial is 67%. The achieved intensity for the
above parts is 37% and 45% respectively. The main reason for the
low achieved intensity in this canal is that the operation of the
channel must contend with large volumes of run off from hilly
catchments, numerous leaks and blow outs, prolific weed growth, and
poor freeboard at a number of places. Steps are being taken to
improve ‘these conditions.

III. Current Situation

In Sindh Province there are both perennial and non-perennial
irrigation systems on the canals taking off from the three barrages
constructed on the River Indus. Canal systems of Sukkur, Kotri and
Gudu were completed in 1932, 1955 and 1962 respectively. With the
passage of time, irrigation developed on all of these canal
systems. Characteristics of the canals off-taking from the three
above mentioned barrages are described below:
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1s Right Bank Canals

a. Desert Pat Feeder Canal

The Desert Pat Feeder Canal off-takes on the right of Gudu Barrage
with a full supply discharge of 13,275 cusecs. This feeder is used
for supplies to Pat Feeder which mainly irrigates an area in
Balochistan Province. In Sindh Province, the total canal mileage
on the Pat Feeder is only 176 km with a CCA of 0.38 million acres.
The Pat Feeder and the Desert Canal offtake at RD 37.5 of the
Desert Pat Feeder. The Desert Pat Canal System in Sindh area has a
combined designed discharge of 7,391 cusecs. The total length of
channels on the Desert Canal is 617 km. The Desert Pat Feeder
Canal's maximum ten-day average discharge for the decade 1981-90
was 12,600 cusecs during 1988.

b. Begari Sindh Feeder

This channel which also off-takes to the right of Gudu Barrage has
a full supply design discharge of 14,764 cusecs. The total length
of irrigation channels on this system is 1,398 km which cover a GCA
of 1.02 million acres and a CCA of 0.977 million acres. Maximum
ten-day average discharge was 22,000 cusecs during 1989.

2. Left Bank Canals
a. Ghotki Feeder

This channel off-takes from the left of Gudu Barrage and has a
designed full supply discharge of 8,490 cusecs. The irrigation
channels on this system are about 1448 km long and cover a GCA of
1.00 million acres and CCA of 0.858 million acres. The maximum
ten-day average discharge was 10,700 cusecs during 1975.

B. Sukkur Barrage
1. Right Bank Canals

a. North West Canal

This canal having a capacity of 5,152 cusecs, off takes on the
right of Sukkur Barrage, and irrigates the northern area of the
Sukkur Barrage through 1,598 km (993 miles) of irrigation channels.
The GCA of this canal is 0.958 million acres and the CCA is 0.951
million acres. The maximum ten-day average discharge was 9,600
cusecs in 1988.





[image: image13.jpg]b. Rice Canal

This canal runs parallel and close to the North West Canal for its
first 10 km (6 miles) and then crosses the Sukkur-Quetta railway
line. Its designed full supply discharge is 10,658 cusecs and the
length of its channels is 998 km (600 miles). As the main crop of
this canal is rice, it runs only for six months during kharif. The
GCA is 0.54 million acres and the CCA is 0.52 million acres. The
maximum ten-day average discharge was 13,500 cusecs during 1971.

c. Dadu Canal

For the first 10 km (6 miles) this canal runs parallel and to the
left of the Rice Canal and the North West Canal. Its full supply
discharge is 3,150 cusecs and the length of the channel system is
1,038 km (630 miles). The GCA under the canal is 0.60 million
acres and the CCA is 0.55 million acres. The maximum ten-day
average discharge was 5,700 cusecs during 1979.

2. Left Bank Canals
a. Eastern Nara Canal

This is the biggest canal of the Sukkur Barrage Project and off-
takes on the left bank of Indus River with a designed full supply
discharge of 13,649 cusecs. The total length of channels on this
system is 2,679 km (1,610 miles) with a GCA of 2.5 million acres
and a CCA of 2.24 million acres. The maximum ten-day average
discharge was 13,600 cusecs during 1985.

b Rohri Canal

This canal runs almost parallel to the Indus River from Sukkur to
Hyderabad and is 335 km (207 miles) long. It has a designed full
supply discharge of 10,887 cusecs and the total length of the canal
system is 3,779 km (2,315 miles). It has a GCA of 2.8 million acres
and a CCA of 2.60 million acres. The maximum ten-day average
discharge was 16,600 cusecs during 1988.

c. Khairpur West cCanal

This canal is 46 km (28 miles) long and irrigates the areas of
Khairpur District to the west of the Rohri Canal. Its authorized
full supply discharge is 1,940 cusecs and the total length of the
irrigation channels in this system is 578 km (347 miles). The GCA
under this canal is 0.43 million acres and the CCA is 0.32 million
acres. The maximum ten-day average discharge was 2,600 cusecs
during 1988.
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This canal also off-takes on the left side of the Indus River and
is 21 km (14 miles) in ‘length with an authorized full supply
discharge of 2,094 cusecs. The total length of irrigation channels
on this system is 734 km (440 miles) with a GCA of 0.57 million
acres and a CCA of 0.37 million acres. The maximum ten-day average
discharge was 3,190 cusecs in 1987.

Cy Kotri Barrage
1. Right Bank Canals

a. Kalri Baghar Feeder

This is the only canal which off-takes on the right of the Kotri
Barrage. This feeder channel has a capacity of 9,000 cusecs at the
head. After flowing for 63 km (38 miles), it outfalls into the
artificially created Kalri Lake. This lake is 27 km (16 miles) in
length, has a surface area of 32,000 acres, and a storage capacity
of 370 million cubic meters which serves as a valuable reserve
during periods of low supply. From the lake, the 16 km (10 miles)
long K.B. Feeder feeds the remodelled Kalri Canal and the Baghar
Canal. A new 1link canal by-passing the Kalri Lake is being
constructed to overcome the weed growth problems. The total length
of the irrigation channels on this system is 1,110 km (666 miles).
The GCA under the canal is 0.69 million acres and the CCA is 0.60
million acres. The maximum ten-day average discharge was 8,900
cusecs during 1987.

b. Pinyari Canal

The Pinyari Canal off-takes from the left of Kotri Barrage with a
designed full supply discharge of 1,3636 cusecs. The total length
of irrigation channels is 1,260 km (756 miles) which covers a GCA
of 0.95 million acres and a CCA of 0.79 million acres. The maximum
ten-day average discharge was 10,470 cusecs during 1987.

[ Fuleli Canal

It is the second canal on the left of Kotri Barrage and has a
designed discharge of 14,859 cusecs. The total 1length of its
irrigation channels is 1,162 km (697 miles) which covers a GCA of
1.11 million acres and CCA of 0.93 million acres. The maximum ten-
day average discharge was 15,500 cusecs during 1983.
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This is the third canal on the left bank and is lined for the first
61 km (37 miles). It has a designed full supply discharge of 4,100
cusecs and has a GCA of 0.59 million acres and CCA of 0.49 million
acres. The length of the main canal is 271 km (163 miles) and that
of its irrigation channels is 483 km (292 miles). The maximum ten-
day average discharge was 4,100 cusecs in 1990-91.
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Salient features of Canals offtakings from GUDDU Barrage

_I' RIGHT BANK.

* Desert—Pat |Bagari Sin

LEFT BANK. |GUDDU
d|Ghotki Barrage.

FEATURE
feeder. feeder. feeder.
Totals.
,_ 1 |Start of Operation 1962 1962 1962 1962
2 |Culturable Commanded 380,827 | 958,857 855,231 | 2,194,915
Area (Acres)
3 |Original Designs 13.275 | 14,764 | 8,490 | 36,529
[_ Discharge (Cusecs) |
4 [Maximum 10 Day Av: 12,600 22,000 10,700
l_ Withdrawls (1981-91) (1988) | (1989) (1975)
5 |Designed Intensity % ™
a) Kharif. Desert 75 75 60
b) Rabi. Pat F 60 — —
6 ﬁsigned Cultivation. [ ]
(Acres)
(a) Kharif 277,660 | 719,143 513,139 | 1,509,942
(b) Rabi
Total | 277,660 | 719,143 513,139 | 1,509,942
7 |Actual Cultivation. [ T
(11 Year Ave- Acres)
(a) Kharif 1979-90. 178,293 | 384,982 409,277 | 972,552
(b) Rabi 80-81 to 90-91. 117,477 | 308.168 327,348 | 752,993
Total. | 295,770 693,150_} 736,625 | 1,725,545
8 —[Actual Intensity.
(12 Year Acres)
(a) Kharif 1979-90. 46.80 40.20 47.90 44.30
(b) Rabi 80-81 to 90-91. 30.80 32.10 38.30 34.30
| 77.60__= 72.30 | 86.20 | 78.60

* Desert Pat feeder supplies a sizeable irrigated area in Baluchistan
Province. Service areas and intensities shown are only for sindh.
C.C.A on DPF including Balochistan Province is 1,074,688 acres.





[image: image17.jpg]Table 1-2.

SALIENT FEATURES OF CANAL OFFTAKING FROM SUKKER BARRAGE

| Right Bank. | Left Bank.
Feature Northwest Rice Dadu Khairpur Rohri Khairpur  Nara canal
Canal Canal Canal. |Feeder west Canal. Feeder East
1) Start of Operation 1932 1932 1932 1932 1932 1932 1932,
2) Culturable Commanded 940,014 519,660 550,963 322,000 2,601,213 369,596 2,240,186
Area (Acres).
3) Original Design. 5,152 10,658 3,150 1,940 10,887 2,094 13,649
Discharge (Cusecs).
4) Maximum 10 day Av. 9,600 13,500 5,700 2,600 16,600 3,190 13,600
Withdrawl. (197H-99)
diee = Jofd
5) Design Cultivation.
(Acres)
a) Kharif. 27 88 27 32 27 32 28
b) Rabi 54 = 54 48 54 48 53
Total.
7) Actual Cultivation.
in Acres (10 years Avg.)
a) Kharif. m}—%.fﬁﬁo’ldz 334,494 457,301 198,546 112,477 718,666 129,472 742,092
b) Rabi 1981-82 To 1990-91. 447,920 0 260,692 147,899 1,392,568 169,479 1,102,764
Total. WO -/ #29/7°/% 783414 457301 459,238 260,376 2,111,234 298,951 1,844,856
8) Actual Intensity.
(10 Years Avg.)
a) Kharif. 198490 o5 0 = 2V 28 56 27 45 46 60 37
b) Rabi 1981~82 To 1990-91. 25 36 40 49 45 50 35

sl ke pepl e
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Salient features of Canals offtakings from Kotri Barrage.

RIGHT BANK. LEFT BANK. KOTRI
FEATURE Kalri Pinyari  |Fuleli Akram
Baghar Canal Canal Wah Barrage.
Feeder. Canal.
Start of Operation 1955 1955 1955 1955 1955
2 |Culturable Commanded 603,741 | 786,353 | 929,358 | 487,347 | 2,806,799
Area (Acres)
3 |Designs 9,000 | 13,636 14,859 4,100 41,595
Discharge (Cusecs)
4 |Maximum 10 Day Av: 8,900 | 10,470 15,500 4,100
Withdrawls (1983=94) 060 ~ F/ (1987) (1987) (1987) (1987) (1987)
5 |Designed Intensity %
? i) Per: 73 80
ii) N Per: 67 71 71
6 |Designed Cultivation.
(Acres)
(a) Kharif 289,796 | 558,311 | 659,844 | 216,869 | 1,724,820
(b) Rabi 163,010 | 86,449 | 102,229 | 53.608 | 405,296
452,806 | 644,760 | 762,073 | 270,477 | 2,130,116
7 |Actual Cultivation.
(12 Year Ave- Acres)
(a) Kharif $979-96. 140,326 | 209,768 | 414,615 | 185,481 | 950,190
®) Rabi’86=81 to 96-9t- 102,485 | 59.860 | 136,318 | 117,083 | 415,746
Total, ve-20/7% 20/)-1 3 242,811 | 269,628 | 550,933 | 302,564 | 1,365,936
8 |Actual Intensity.
(12 Year Acres)
(a) Kharif 1979-90. 2 ¢~ 23.20 26.70 44.60 38.10
(b) Rabi 80-81 to 90-91. 17.00 7.60 14.70 24.00

* kalri Baghar Feeder supplies Kinjhar Lake from which over 500 cusecs
are diverted for Karachi Muncipal water uses. ?

10
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WATER RESOURCES MANAGEMENT

I. General

Management of irrigation systems requires consideration of the
various resources available to an area including water, land and
people. As has been mentioned earlier herein, both land and people
are far in excess of available resources to provide water for

agricultural production.

The distribution of land capability classes suitable for irrigation

in Pakistan is as follows:

e e
Land Capability in Canal Irrigated Areas ( M.ac)

Class Capability Punjab
%

~I Very good ; 8.93
33 [

. II Good | 8.80
45
III Moderate 3.01
18
Iv Poor 1.26
4
Total 22.0
100

Source: Soil Survey of Pakistan.
II Future Water Resource Development Opportunities

A. Surface Water Supplies

NWFP

8indh & Total

Baluch; /., =
2.58 11.90
6.91 15.90
3.19 6.29 }
0.26 1.53

12.22 135.62

Essentially all of the surface water flow in Sindh has been
allocated to the existing irrigation systems. This means that only
those wet season or flood flows that are in excess of existing
diversion requirements are available

projects. Out of necessity,

various diversion points.

for development of new

the Irrigation Department tends to
divert more water into the existing canal systems than the
sanctioned discharge. This can be a major cause of freeboard loss
and canal berm erosion. The percent increase varies from canal to
canal and according to the availability of wet season flow at the

The availability of flood season water in Sindh is limited to a
period of about two months or less in drier years. 1In addition,
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[image: image23.jpg]the variations in the timing of the monsoon and rainfall means that
the high flow in the rivers does not occur at the same time each
year. The high flow in the Indus River is controlled by Tarbela
Reservoir which does not allow water in excess of the downstream
irrigation requirements to be released until the reservoir has been
filled. This further complicates any pre-season prediction of the
availability of flood water.

The construction of storage dams are means available to control and
have a reliable supply of surface water. However this should meet
the condition of clause of water apportionment accord signed
between the Provinces in March 1990. Figure 2-1 at Page 23 is a
schematic diagram of the Irrigation System in Pakistan.>///

III. Characteristics of a Well Managed Canal System

The main characteristics of a well operated canal system can be
enumerated in their order of importance:

1s Reliability (arrival of water according to
schedule) ;

2. Equitable distribution;

3. Efficient supply (minimization of canal losses);

4. Accountability, and discipline in distribution and use of
water;

5. Provision of adequate budget, staff and facilities for
operation and maintenance; and
TR
6. Minimum involvement of System Administration with water
distribution.

A well operated irrigation system should aim to achieve most, if
not all, of these characteristics within the constraints imposed on
the system by Government policies, topography and the physical
facilities provided during initial construction.
Improvements/betterments are made to alleviate or eliminate
physical constraints but not allocation constraints. These
characteristics are briefly discussed below : o :
21&»1_;5., . be

b P Reliability vl ols
Farmers should be kept informed about the flow conditions of their
channel. On perennial channels, the farmers should be notified
through the information media well in advance about annual closure
so that they cén plan their last watering to critical crops before
commencement of closure. In the case of non-perennial channels,
the dates of their opening and closing should be known to the
cultivators so that they plan their pumping operations accordingly.
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[image: image24.jpg]During the winter season two or three waterings each for a
fortnight are provided to non-perennial areas. The dates of such
waterings should be communicated to the farmers as early as
possible. For a silted channel, if the command of the outlet can be
improved without detriment to the working head of the channel, it
is desirable to remodel the channel. The outlets should be adjusted
for the revised FSL although doing this may generate opposition
from farmers who have been getting more water than their due share.
For a scour channel, masonry / groyns for bed profiles are
sometimes constructed to induce silting of the bed and raising of
the FSL.

2. Equitable Distribution.

The size of each outlet on an irrigation channel is so designed
that it draws its share of water on the basis of the area served.
If such distribution (known as equitable distribution) is arranged,
the designed quantity of water will reach the tail of channel.
However in some cases, it is affected by theft of water by
influential landlords by tampering outlets. This adversely affects
equitable distribution of water and non-ejection of proportionate
silt from channels to field. When silting or scouring of the
channel take place, then the equilibrium of equitable distribution
is upset. In the case of siltation, the upper outlets draw more
water due to high full supply levels and tail outlets suffer a
shortage. Similarly in case of scouring of a channel, the upper
outlet draws less discharge while the scoured material moved from
the upper reaches sometimes is deposited near the tail of the canal
resulting in flooding of this part of the command.

3. Efficient Supply.

Efficient supply requires that a high proportion of the water
discharged into a canal remains to be delivered to the outlets and
supplied to the farmers. Improving the efficiency of delivery of
canal water to farmers requires reduction of seepage losses through
a phased program of channel lining. Such a program will not only
reduce seepage losses but will improve the command of channels.
This is highly desirable in Sindh where flat land slopes restrict
canal commands.

4. Accountability and Discipline.

Unauthorized withdrawals of water seriously disrupt the ability of
an irrigation system to fulfill its primary objectives of
maintaining a reliable, equitable supply of irrigation water to all
farmers. Accountability and discipline should, therefore, be
enforced in control of withdrawals from the systems.
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[image: image25.jpg]5. Provisions for Operation and Maintenance

For operation and maintenance of canal systems according to
established standards, it is necessary that realistic budgets are
prepared in a timely manner based on up-to-date yardsticks
maintained by the Department. Updating and revision of yardsticks
has been made simpler through the use of computer programs.

6. Minimum Involvement with Water Distribution

This implies that, at each outlet, the farmers should form Water
Users Associations for managing water distribution along the
watercourse. It is generally known that disputes arise among
farmers over water distribution and that the Irrigation Department
has to take action under the Canal Act to fix turns of taking
water. There is an ordinance in Sindh for the farmers to form
Water Users Associations. Typically, a good deal of motivation and
social work is required to maintain these organizations.

IV. Crop-Consumptive Use
A General

Each crop has a definite growth period from germination to
maturity. During this period it consumes a certain amount of water,
a part of which is utilized in building the plant material and the
rest is either lost by evaporation from the soil surface and/or by
transpiration through the plant leaves. The total amount of water
consumed by a crop from germination to maturity is known as the
consumptive use water requirement of that crop.

Consumptive use is affected by many factors some of which are
natural and others are controlled by man. Important natural
factors are precipitation, solar radiation, temperature, humidity,
wind movement, period of the growing season, and the nature of soil
and topography. The man controlled factors are water supply and
its quantity and quality, date of planting, crop variety, fertility
level of the soil, plant spacing, water management, and
cultivation. All of the factors mentioned above can have a
considerable effect on plant growth and its consumptive use which
may vary from farm to farm, season to season, and day to day.

The consumptive use rate generally increases as young plants
develop, reaching a peak in.the middle stages of the growing season
and then declining near the time of harvest. An optimum production
of a specific crop at a certain location requires a definite amount
of water.
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[image: image26.jpg]B. Blaney-Criddle Method for Estimating Consumptive Use

1. Introduction

Water requirements for various crops can be estimated by a variety
of techniques. The literature describing the theoretical
foundations and practical applications of these methods is
extensive. Technical publication 24 of the United Nations Food and
Agriculture Organization (FAO) presents a particularly useful
description of the widely-used Penman equation.

The Blaney-Criddle method is an empirical formula for the
consumptive use of water in terms of temperature and daylight hours
that has been used to determine the water requirements of crops
grown in various parts of Pakistan. The method has the advantages
of having simpler data requirements than many other techniques and
of giving relatively reliable estimates of crop water demands for
the Sindh. The method is explained in the following paragraphs:

The rormula for the Blaney-Criddle method is
U = KF (Eq. 2-1)

Where U = seasonal consumptive use in inches for the total
crop period from sowing to maturing.
K = empirical consumptive use coefficient for the
growing period.
F = Sum of the monthly use factors for the period

and KF = (k, x k) (tp/100) (Eq. 2-2)

Where t = mean monthly temperature, degrees F

= 0.0173t - 0.314

k. = crop growth coefficient for particular crop
= monthly percentage of day time hours of the

year

monthly consumptive use factor = txp/100

short period consumptive, inches

Blaney Criddle established that disregarding many un-measured
factors consumptive use varies with temperature, and daytime
hours.

Multiplying the mean monthly temperature (t) by the possible
monthly percentage of day time hours of the year (p) yields
the monthly consumptive use factor (f). The sum of these
monthly factors (f) gives the seasonal crop factor (F) for any
site and specific crop.

The consumptive use coefficient (K) has to be experimentally
determined for a crop grown at a particular site. It can be
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[image: image27.jpg]determined on a monthly basis as well as for the entire
growing season. The product of K x F gives the consumptive
use of the crop.

For Hyderabad, at latitude 25 degrees 23 minutes north, the
following values may be used in the Blaney-Criddle equation.

Month t k, P

January 62.9 0.774 7.52
February 69.4 0.887 7.13
March 79.3 1.058 8.39
April 86.5 1.182 8.63
May 92.4 1.284 9.35
June 93.2 1.298 9.26
July 89.9 1.241 9.47
August 88.1 1.210 9.09
September 87.0 1.191 8.31
October 84.3 1.144 8.07
November 75.3 0.989 7.38
December 66.7 0.840 7.40

2. Example Calculation

To demonstrate the application of the Blaney-Criddle method,
the following example calculation is presented for cotton.
The cotton crop is sown in May and remains in the field until
mid-November. The monthly factor (k) and the seasonal value
(K) as determined for cotton are shown below:

Seasonal value (K) Monthly values (k)
May June July Aug Sep Oct Nov
.78 .22 .25 .74 .80 1.24 .86 .55

Suppose consumptive use is to be determined for the month of
July. From the above table the factor for July is 0.74. The
average mean monthly temperature for July is 89.9F and the
percentage total day time hours (p) is 9.47. The factor (f)
for July for cotton would be equal to 89.9 x 9.47/100 = 8.51.
The consumptive use for cotton for the month of July would be
8.51 x 0.74 = 6.30 inches.

Similarly the seasonal factor (F) for cotton is 0.78 (as shown

in the table above) for the period 15th May to 15th November.
The consumptive use for this period is worked out as below:
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[image: image28.jpg]Month Mean Temp & total daylight Consumptive use factor
(£)

(mean) hours

1 2. 3 4.=2x3

May 92.4 9.35 4.32 (half month)
June 93.2 9.26 8.63

July 89.9 9.47 8.51

Aug 88.1 9.09 8.01

Sep 87.0 8.31 7.23

Oct 84.3 8.07 6.64

Nov 75.3 7.38 2.78 (half month)

Total F = 46.12

Consumptive use for the season = 46.12 x 0.78 = 36 inches.

V. Method of Irrigation
Worldwide the following methods of irrigation are practiced:

a. Basin Irrigation

b. Furrow Irrigation

c. Furrow-cum-Basin Irrigation
d. Sprinkler Irrigation

e. Drip or Trickle Irrigation

These methods are briefly discussed below:

A. Basin Irrigation

This method is the most widely used in Sindh and involves the rapid
application of water through a water course to a level area which
is completely enclosed by dowels that retain water at a relatively
uniform depth over the enclosed area. If the field is not level,
the depth of water over the field will be uneven. During the first
irrigations, crop water demands will be less than when the plants
are more fully grown.

B Furrow Irrigation

In this method long furrows (sometimes 500 feet long) are made in
the field at right angles to the water course. A ridge separates
the furrows from the water course and the furrows do not
communicate with other. Water is discharged from the watercourse
to each of the furrows through a syphon. Furrow irrigation is often
used in the United States on cotton and vegetables.
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[image: image29.jpg]e. row-cum-Basin Irrigation

In this method the first three or four waterings, when plants are
small and their water requirements are low, are performed by furrow
irrigation as described above. Thereafter, when the ridges of the
furrows have subsided, the furrows are made to communicate and the
fields are flooded as for basin irrigation. This method is suited
for crops like maize, jawar and bajra.

D. rinkler Irrigation

In this method pressured water is sprayed into the air through
nozzles and is allowed to fall on the land like rain. There are
three types of sprinkler nozzles in use (a) rotating head
sprinklers (b) fixed jets; and (c) perforated pipes. Of these, the
rotating head nozzles are the most widely used. Because of their
small orifice size, sprinklers require water that is relatively
free of sediment to avoid clogging and excessive nozzle wear.

E. Drip or Trickle Irrigation

This method is suited for fixed root plants like orchards, grape
vines or gardens and requires sediment free water. Spring or
tubewell water is filtered before being distributed through a pipe
network to emitters close to the root zone of each plant. Because
only the area in the immediate vicinity of the crop roots is
watered, trickle irrigation can be a highly efficient means for
applylng irrigation water and is well suited for areas where water
is scare so long as the value of crops justifies the high costs of
system installation.

VI. Delivery Modes

Operation deals with the delivery of water to the watercourses and
not directly to the farmers. There are many operating strategies
or delivery modes that are used in irrigation systems. These
include:

a. Continuous flow

b. Proportional flow

c. Rotational deliveries
d. Demand deliveries

The operation of a run-of-river system where the river flows are in
a continuous state of change is a difficult undertaking. Each of
these strategies given above (or modified forms of these
strategies) may be appropriate at some time in the seasonal
operation of an irrigation system or sub-system. No one strategy
works all the time and all require continual changes and
adjustments.

The operating modes or strategies as defined in terms of the canal
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[image: image30.jpg]systems in Sindh are as follows:
A. Continuous Flow

When there is enough water in the river, all the canals run
continuously up to their designed discharges. This is generally
possible during the summer months.

B. Proportional Flow

When the flow in the river is not enough to run the main canal to
its authorized full supply demand, discharges to all canals can be
reduced by some proportion. One variation of this is to reduce all
canal discharges by an equal proportion. More typically in Sindh,
the shortage is allocated on basis of crop requirements. In case
any canal is to receive more water than its share, the decision
lies with the Chief Engineer of the Zone. The Chief Engineers of
the three zones, place indent/demand with Director Regulation who
arranges supply by placing proper indent with the Water Management
Wing.

c. Rotational Delivery

This method is used during periods of low flow when the available
water is delivered to one or more distributary canals according to
a rotation. During this rotation, a canal is totally closed for a
period of time and then runs with a full supply discharge.
Delivery periods frequently extend for multiples of seven days.
This mode is practiced widely in Sindh.

D. Demand Deliveries

Farmers sometimes request additional amounts of water or ask for
reductions in delivery to a distributary canal. Requests for
additional or reduced water can be honoured provided water is
available and there is canal capacity to carry it.
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[image: image32.jpg]CHAPTER 3
MAINTENANCE
I. General

Canal maintenance is the continuous process of repairing or
servicing the canal prism, embankments and appurtenant structures
to meet or conform to canal maintenance standards. Canal standards
are designed to keep the canal in what is described as "as-built"
condition. Because canals carry moving water containing sediment
and because embankments are exposed to weather, and to animal and
human activities, some leeway is allowed with regard to practical
and economic considerations. A primary consideration is to utilize
cost effective procedures.

There are three general types of systems operation which are
defined as: (1) regressive, (2) static, and (3) progressive.

A regressive operation is one where the physical system is mined
out. The canals and laterals and appurtenant structures are
generally in poor condition. Equipment is usually old and in poor
condition. As could be expected, there is little planning inherent
in this type of operation, and service to the water users is
generally inequitable and unreliable.

A static operation may be characterized as one that 1limits
deterioration of a system but unable to implement improvements in
facilities or service. This may be a perfectly acceptable type of
operation for the short term or for a system in such good condition
that further improvements would bring only marginal benefits. Many
progressively managed systems have undergone periods when they had
difficulty maintaining their existing operations due to adverse
economic factors. Service to water users may range from indifferent
to quite good. Planning the budget for this type of operation is
relatively simple; it usually consists of using last year's budget
modified slightly to reflect inflationary pressures with, perhaps,
the replacement of an existing structure or the addition of
freeboard on a reach of canal. An alternative is to use updated
yardsticks for budget preparation. Generally this approach is
being practiced in Sindh.

A progressive operation is characterized by efficiency and
competency. The distribution and drainage systems are open, weed-
free, and in good repair. Structures are in good condition and are
repaired or replaced on a regular basis. Needless to say, a great
deal of planning goes into a progressive operation. For the long-
term period, a progressive operation brings the largest return for
the money invested.
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[image: image33.jpg]II. Maintenance Programs
An effective maintenance program includes the following components:

Routine;
Preventive;
Seasonal;
Annual;
Unscheduled; and
Emergency.

Considerable planning and organizing are required to implement and
utilize these six programs effectively. These programs are
discussed below.

A. Routine Maintenance

Routine maintenance is defined as those tasks which must be
performed on a daily or weekly basis by an individual who does not
require or utilize check sheets. It is particularly applicable to
embankment maintenance work such as vegetation control, raincut
repairs, and repairs of berm cutting by groyns and to lubrication
of gates and hoists; painting etc. As will be noted below, many
similarities exist between routine and preventive maintenance.

Although routine maintenance may be, and often is, performed by an
individual, some of the items listed above can also be accomplished
effectively using machinery.

B. Preventive Maintenance

Preventive maintenance can consist of an effective but simple
method of scheduling the works at specific intervals, keeping
records of inspections and repairs, and using a checklist to ensure
that the inspection and work meet certain standards. In the
canal maintenance program, preventive measures are particularly
well suited for maintenance of structures and of related mechanical
equipment. A preventive maintenance program should be mandatory
for maintenance of equipment and vehicles.

ol Seasonal Maintenance

Seasonal maintenance includes such work as grading inspection
paths, repair of animal crossings and large scale raincuts and
groyns programs. Seasonal work is generally considered to be
accomplished under force account procedures using casual labour.

D. Annual Maintenance

Annual maintenance refers to major work tasks or programs that are
scheduled ahead of time. These include works that are located in
the canal prism and must be carried out during the closure period.
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[image: image34.jpg]Annual maintenance also refers to tasks that are carried out over
the entire year such a freeboard restoration program.

Annual maintenance is distinguished from routine activities by its
greater cost, complexity, and equipment requirements. Annual
maintenance is separated from seasonal work by its use of private
contractors or Mechanical Division machinery to do the work.
Although many annual maintenance programs have been accomplished
with crew labor, it is often more cost effective to include
equipment to ensure that soil compaction specifications and other
criteria are met or exceeded. Annual maintenance work is scheduled
for specific sites or canal reaches.

E. Unscheduled Maintenance

These activities originate due to weather or other unpredictable
causes. . Unscheduled maintenance requires unforeseen and
unscheduled repairs that must be performed quickly to return the
system to normal operation.

F. Emergency Repairs

Emergencies such as breaches result from deferred maintenance,
error in operation of water control structures, unusual weather
occurrences, or unnoticed burrowing by rodents. Because their
occurrence and severity cannot be predicted, contingency funds are
held in reserve to cover the cost of these repairs. Emergency
repairs must be carried out immediately to contain the damage and
to prevent additional damage or loss. Emergency repairs differ from
unscheduled maintenance in the degree of damage and the fact that
damage extends beyond the irrigation system.

III. Equipment Utilisation

The Executive Engineer Mechanical is in charge of all equipment; he
details machines for execution of works according to the
requirements of the field engineers. In general, equipment is
reserved for major activities involving large volume of earthwork.
Further details are given in Chapter 16 of volume 2.

IV. Rehabilitation and Improvement

A. Rehabilitation

Rehabilitation refers to the system or sub-system wise
reconstruction or restoration of facilities and/or structures from
a deteriorated condition to a serviceable condition that meets all

their original functions as well as meeting all performance stan-
dards.
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This refers to the relocation or addition of a new facility that
allows the canal to operate more efficiently to better distribute
water to the farmers.

Under the above definitions, the need for rehabilitation would only
occur as a result of a deferred maintenance program. Deferred
maintenance could be the direct result of a governmental policy or
the indirect result of inadequate budgets, poor management, and
improper repairs.

These two types of improvement programs require the expenditure of
funds that must be separated from the regular O&M budget. Thus,
these programs should not be confused with replacement.
Replacement refers to the periodic replacement of worn out
equipment and facilities such as gates, hoists, vehicles, and canal
lining that have more or less fixed and predictable life spans.

Rehabilitation and improvements are combined under the term capital
improvements with regard to funding and budgeting. These two
improvement programs can and should be carried out in conjunction
with a long-term canal improvement program funded through a budget
earmarked for these activities. Rehabilitation and improvements
should not be funded through the standing M&R budget which funds
ordinary and extraordinary repairs required to keep the system
within performance standards. Conversely, the ADP budget should be
used only for capital improvements. Under current regulations for
all ADP projects a PC-I proforma is to be prepared.

V. Budget Estimates for the O & M Work Program

One distinction between rehabilitation and 0&M activities lies in
how they are budgeted. Rehabilitation is essentially deferred
maintenance and is usually considered a capital cost expenditure
for which- funds must come from the Annual Development Program (ADP)
through the PC-1 procedures. The ADP budget may or may not be
supported by an International Lending Agency, the Federal
Government or other external financing. Maintenance, on the other
hand, is a recurrent cost that must come from the Non-development
Budget (NDB) of the Province.

The budget allocation for the various items of work relating to the
current financial year are made available by the Finance Department
to the Irrigation Department soon after the close of the financial
year on June 30th. Thereafter the Sub-Divisional Officers carry
out necessary surveys and collect other data for preparation of
detailed estimates. These estimates are submitted to the higher
officers and are sanctioned by them according to the delegation of
financial powers. This procedure is carried on until the first of
October when the first review of the current financial year becomes
due. All the works provided in the current financial year are
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[image: image36.jpg]reviewed and a statement is prepared which is called the first list
of excesses and surrenders. This list is based on the actual
expenditures for the first four months of the current financial
year and the last eight months of the financial year previous to
that. The total of these 12 months is compared with the
anticipated total expenditure for each item of work. On the basis
of this comparison, excessive demands are surrendered or additional
demands are requested for all the work items provided in the
current financial year.

It is important to plan and estimate each individual canal's work
for the next financial year. For this purpose the Sub-Divisional
Officer and Executive Engineer prepare a budget estimate of the O&M
Work for the next year by October 1st; i.e. nine months ahead of
the coming financial year. This budget estimate details all work
proposed to be carried out on main canals, branch distributaries,
and minors. The costing of the work should be done on the basis of
Yardsticks for canals. For this purpose discharges of channels and
lengths proposed to be dealt with for each channel should be given.
The works should be priortised under the following two headings:

1. Main canals and branches; and
2 Distributaries and minors.

This budget estimate is, in fact, the Work Program for the next
financial year and should form the basis for budget allocations by
the Finance Department. Existing yardsticks should be revised
annually taking into account inflation in the cost of labour and
materials to develop revised yardsticks for costing work proposed
for the next year.

If it is felt that some posts of a temporary nature or some other
works of a temporary nature are urgently required, a list of these
items is also submitted to the SE by the XEN on October 1st. The
budget of the current financial year is again reviewed in the
beginning of the next year, and a statement is prepared for each
item of work. This statement is called the second list of excesses
and surrenders. The second list is based on the actual expenditure
of the first eight months of the current financial year and of the
last four months of the previous financial year. In this way actual
expenditures are compared again with anticipated expenditures or
budget allocations and necessary actions to surrender excess funds
or to request additional funds can be taken. This second list is
usually due with the Finance Department on the 31st of March. The
Finance Department then prepares the final budget estimate for that
year. A budget calendar showing the dates of submission of various
budget returns from the SDO level to the Cabinet is enclosed for
reference in Exhibit 3-1 at Page 30.

VI. Plants, Tools, and Buildings
The major item of responsibility outside the canals is the
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[image: image37.jpg]maintenance of the permanent facilities of the Provincial
Irrigation Department which includes office buildings, rest houses,
and similar structures. These facilities must be maintained in
good condition and the rest houses must be staffed for touring PID
personnel and other authorized government employees.

A. Vehicles
Government vehicles have been provided from the Chief Engineer to
the Sub-Divisional Officer 1level. Major and minor repairs are

carried in accordance with standing orders or in the workshop at
Jamshoro. Proper log books should be kept of the operation and
maintenance of these vehicles.

B. Telegraph

The maintenance of units of the PID's canal telegraph system that
are still in operation is the responsibility of the Telephone and
Telegraph Department but O & M charges are being borne by
Irrigation and Power Department.

C. Plants and Stores

The XENs and SDOs are responsible for the correct storage of
supplies and materials to protect them from damage due to weather,
white ants, rodents, or other causes. The Sub-Engineer and the SDO
are responsible for maintaining up-to-date records on the issuance
and utilization of all supplies and materials. Materials used in
performing maintenance projects must be entered on proper indent
forms and charged to the appropriate work for which the materials
are needed. The operational cost of plants should be charged to
work. Also materials for emergencies should be available in
stores. A copy of an indent form is shown in Exhibit 3-2 at Page
31 to 33.

D. Maintenance Accomplishment

Responsibility for preparation of estimates with respect to
structures or other facilities requiring repairs lies with the SDO
and Sub-Engineer. Following the approval of the annual work
program, mentioned above, the canal officers will initiate actions
for accomplishing work in their areas of responsibility.

Most of the works are carried out by contractors. Some works where
large quantities of earth work are required or sediment and weed
clearance of drains is needed, are done by machine. This procedure
leaves the XEN with a reduced workload and enables him to perform
routine or preventive maintenance with small gangs or beldars more
effectively.

The amount of maintenance work actually performed during a year
will depend on the available budget.
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[image: image38.jpg]Exhibit 3-1
BUDGET CALENDER SHOWING THE DATES FOR SUBMISSION OF
VARIOUS BUDGET RETURNS IN PID SINDH.

From From
SDO XEN
to XEN |to S.E

M Budget for the
current Financial
year 1/7 to 31/10

O & M Budget for
next Financial Year.

Expenditures (SNE)
for non development
Budget (NDB) for
continuing or new 20th
i 3 Oct.
15th 5 th
Jan. Mar.

Budget Calendar for each year is issued by the Budget and
Accounts wing of the Irrigation & Power Department, Government
of Sindh. The dates are subject to minor changes.
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Page 1 of 3

INDENT FOR STORES

I:Central P.W.A. Code Paragraphs 106 to 108:)

Indent No. Date on

| DESCRIPTION No or Head of

| Quantity Account with name of
contractor
from whom
value is

[ recoverable

The stores should be delivered to by

———————————E

Indenting Officer (Divisional or Sub-Divisional Officer)
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INDENT FOR STORES

[ 1

| Central P.W.A. Code Paragraphs 106 to 108

— —
Indent No. Date on

|

| DESCRIPTION | No or Head of | Name of 8ignature of

| Quantity Account | work with Indenting

I name of Oofficer
contractor

| from whom

‘ value is
recoverable

delivered _
despatched
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l These stores should be

Certificate of Supply

This indent has (not) been complied with in full.
The alterations, which I have attested, accordingly been made by me

delivered

---------- to on by

despatched

Dated Supplying Officer
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INVOICE

— ==
| Central P.W.A. Code Paragraphs 106 to 108
s

—1
Invoice of stores supplied by to
Ordered by Dated Issued by the
DERCRIESLON No or Head of Name of Work
Quantity Account with name of
etc. contractor
from whom
value is
recoverable

Dated Supplying Officer

Dated Received Receiving Officer
* In the case of issues to contractors and private persons

this acknowledgement sent should set forth all the particulars
mentioned in para 210 of the Code.
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[image: image42.jpg]CHAPTER 4

WATER ALLOWANCE, DELTA AND DUTY

I. Water Allowance

The outcome of all considerations of the duty of water, irrigation
intensity, proposed crop ratios, and water availability leads to
fixing a water allowance which may be defined as the number of
acres of outlet capacity authorized per thousand acres of
cultivable, irrigable area. The water allowance defines the size of
each . outlet and also forms the basis for the design of the
distribution channel. The water allowance for various canals in
Sindh is shown in Table 4-1 at Page 36.

A. Kharif Full Supply Factor (FSF)

The kharif full supply factor is the area irrigated during the
kharif ceason divided by the authorized full supply discharge of
the channel.

B. Intensity of Irrigation

This is the percentage of the cultivable, irrigable area irrigated
during the year or kharif or rabi seasons.

From the above mentioned items, the water allowance per thousand
acres can be worked out as shown below.

Let the kharif full supply factor be 55 acres per cusecs for a
kharif intensity of 30%. Then the water allowance for 1000 acres
would equal 1000/55 x 0.30 = 5.45 cusecs and the outlet capacity
say for a CCA of 467 acres would be 2.55 cusecs. Kharif/rabi
intensities in Sindh for various canals are shown in Table 4-1 at
Page 36.

II. Delta

This is the total depth of water required by a crop during the
entire period that the crop is in the field from planting to
maturity.The delta of various crops in Sindh is given in Table 4-2
at Page 37.

III. Duty

The duty of water is defined as the relation between the area of
the crop irrigated and the quantity of irrigation water required to
supply the crop. Duty is also commonly expressed in "acres per
cusec" or the number of acres of cultivation of a given crop which
is irrigated by a flow of one cusec for the crop's base period.
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[image: image43.jpg]The duty is high when few acres can be irrigated by a one cusec
flow and the duty becomes lower when a larger number of acres can
be irrigated by the flow. It is necessary to state the place where
duty is measured because duty in the field is different from duty
at the outlet head.

Relation Between FSF (duty and delta)

When F = Full Supply Factor, acres
DW = Total depth of water supplied, ft
B = Base period of kharif or rabi, days

If we take a field whose area, in acres, is F, then the total
water supply to the field corresponding to a water depth, in
feet, of DW would be equal to FxDW acre feet which equals
DWxFx43560 feet®. For the same field of F acres, one cusec of
water is required to flow during the entire base period B.
This equals 1xBx24x60x60 feet?. Both of the gquantities
mentioned above represent the total volume of water supplied
to the area, F; therefore, the two quantities are equal as
shown in the following equation:

DWxFx43560 = 1xBx24x60x60

If the terms in the above equation are rearranged, then DW can
be expressed as follows:

DW = 1.98xB/F (Eq. 4-1)
By approximation

DW = 2B/F
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[image: image44.jpg]Table 4-1

Water Allowance and Intensity of
Cultivation for Kharif and Rabi in

Sindh

NAME OF FEEDER
OR CANAL

WATER ALLOW:
(DES)PER 1000
ACRES IN
CUSECS

INTENSITY OF
CULTIVATION (DES)

GUDDU BARRAGE: -
Begari Sindh Feeder
Desert Pat Feeder

a)Desert Canal
b)Pat Feeder Canal

Ghotki Feeder

SUKKUR BARRAGE: -
North Western Canal
Rice Canal

Dadu Canal

Nara Canal

Khairpur Feeder East
Rohri Canal

Khairpuf Feeder West
KOTRI BARRAGE: -
Akram Wah

Fuleli cCanal

Pinyari Feeder
Kalri Baghar Feeder

(a) Perennial
(b) Non-Perennial
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[image: image45.jpg]Table 4-2

Delta for Crops

SR. * ---Requirements--
Root Zone Farmgate
(af/ac) 71% eff

1 wheat 107 sl

2 Rice 3.54 4.99

3 Maize (Irriqg) 1.40 1.97

4 Coarse Grains 1.30 1.83

5 Sugarcane 3.68 5.18

6 Cotton 2.10 2.96

7/ Pulses 0.75 1.06

8 0il Seeds (ex cott) 1.05 1.48

9 Vegetables 1.63 2.30

10 Fruits 3.93 5.54

11 Rabi fodder 2.50 3.52

12 Kharif Fodder 1.70 2.39

* The Irrigation water requirements given at the root zone are from
World Bank Guide to the Indus Basin Model Revised (IBMR) for Punjab
wheat cotton zone, except fruit is for NWFP. This forms basis for
estimation of irrigation supplies at inter provincial levels. They
are based on current levels of application which are less than
optimal from the standpoint of high yields.

The Indus Basin Model typically assumes 90% efficiency in field
application and 51% efficiency between the water course head and
the root ‘zone requirement. It has been assumed that about half the
water loss occurs between the water course head and the farmgate.
Therefore, the estimates of water requirements at the farmgate
assume 71% efficiency in conveyance to the farmgate. This level of
efficiency is higher than that currently observed on many water
courses.
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RAINFALL GAUGES
I. Purpose

A basic understanding of rainfall measurement is important in
operations and maintenance of irrigation systems because collection
and interpretation of rainfall data is useful in forecasting
seasons of good river supplies and in estimating floods and the
spread of drainage water. Timely knowledge of rainfall in a
catchment is crucial to engineers in charge of headworks to ensure
their safe operation.

The following information is intended to present a general
background in the development of rainfall data. '~ More complete
references should be used as required.

II. Location of Rainfall Gauges

Sites for raingauges must be selected with care according to the
following recognized principles:

1. Raingauges in areas exposed to wind eddies underestimate
rainfall, therefore a certain amount of protection from
the wind is desirable. Accordingly gauge sites should be
selected so that the nearest standing object is no closer
than twice the height of the object, and no tree should
stand within 30 yards of the gauge.

2. A raingauge should not be constructed on the sides or top
of a hill nor should it be located on a building except
in very special circumstances.

3. Before installation, the site selected should be approved
by the Executive Engineer of the division.

III. Types of Rain Gauges
There are two main types of rain gauges
A. Non-automatic rain gauges

B. Automatic rain gauges

A. Non-Automatic rain gauge

Symon's rain-gauge is commonly used by the Irrigation Department,
WAPDA, and the Meteorological Department in Sindh.
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[image: image47.jpg]B. Automatic or Self Recording Raingauges

Integrating type recording raingauges are of three types:

1s Weighing bucket raingauge
2 Tipping bucket raingauge
3: Float type raingauge

These types are briefly described below:
1. Weighing bucket raingauge

This is the most commonly used raingauge and consists of a receiver
bucket supported by a spring or lever balance or any other weighing
mechanism. The movement of the bucket due to its increasing weight
is transmitted to a pen which traces the record on a clock driven
chart.

2. Tipping bucket type raingauge

This type of raingauge consists of 30 cm (12 inches) diameter sharp
edge receiver. At the end of the receiver is a funnel. A pair of
buckets are pivoted under the funnel in such a way that when one
bucket receives 0.25 mm (0.01 inch) of rainfall, it tips,
discharging its contents into a reservoir bringing the other bucket
under the funnel. The tipping of each bucket completes an electric
current causing the movement of a pen to mark on a clock driven
revolving drum which carries a chart.

3. Floating Type Automatic Raingauge

This type of raingauge resembles the weighing bucket type. A
funnel receives the rain water which is collected in a rectangular

container. A float is raised as the water level rises in the
container. Its movement is recorded by a pen moving on a recording
drum actuated by a clock work. When the water 1level in the

container rises so that the float touches the top, the syphon comes
into action and releases water. Thus all the water in the box is
drained out.

4. Advantages and Disadvantages of Recording Raingauges

The following are the advantages of recording type raingauges over
the non-recording type:

a. Rainfall is recorded automatically and, therefore, there
is no necessity of any attendant.

b. Recording raingauges give the intensity of rainfall at
any time while the non-recording raingauge gives the
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[image: image48.jpg]total rainfall in any particular interval of time.

Cis Recording raingauges are well suited for remote locations
where daily readings would be difficult.

d. The possibility of human error is reduced.
5. Disadvantages of recording raingauges include the
following points:

a. Recording raingauges are more costly than non-recording
gauges.

b. Recording raingauges are subject to electrical or
mechanical failures.

Ca Spare parts for recording raingauges may not be readily
available.

IV.Location of Non-Recording and Recording Type Raingauges in 8indh
A list of the location of non-recording and recording type
raingauges in Sindh which are maintained by the Meteorological

Department and WAPDA are given in Exhibits 5-1 and 5-2 at Pages
41, 42 and 43 respectively.

40





[image: image49.jpg]eBieyou| lew 8861 peqesepAH e1ue) Jewoieby we( opue} oL

..... op----- uodiy oseg-or-ueop (q
..... op--=-- 9861-L-01 eueyieq Ao (e eueyseq 6
..... op----- 0461-0L-92 inypng uoyiels Aemjiey JeeN yoy 8
Jex-IeRuinN
..... op----- 6261 uipeg ebe.ieg JO 801)j0 JeeN uipeg L
S0 18 ----- Op=s=== Ev61-€-02 YeysqemeN uoyelg Aemitey JeeN uepiped 9
o8d ----- op----- 6661/2881 peqeqooer yodiy peqeqooer S
08d ----- op----- 0g61'ludy Jeyediey) uoyiels Aemiey JeeN Joyud v
ogd ----- op----- £S61 yeysqemey ~ --=-- 0Q---- yeysqemeN €
OWQ eBieyou) 18230 8.61/L.81 peqeslepAH  ===-o 0Q---- peqesspAH F4
SOnW 8261 lyoesey yodiy yoeiey L
9 S v € 2 3
AON3OV NOILVTIVLSNI 10d1sia
NOILVOO1 NOILLV1S ON'S
ONIHOLINOW 40 Hv3A AAID
$39NVY - NIvd
A I U
HANIS NI
ANIW1IHYJIA TvII90T10HOI 1IN A8 G3NIVLINIVIN
S3ONVONIVH

L=S L18IHX3

41





[image: image50.jpg](ommrizoree)
ey
o
g
AN P pnrg v 281 ot pobum>
e e s punireg w0 11 | womoo) pmrres
oo proy oo couns w0
s ot ooy 0 g s RS wopor i
ove1)
Coeee  medmi e o e P
som1) Ao oy o o
Woi-t pewesky el o uom o e
o) oo o
sz Loy oo, g sy =)
ey
ez 10 o)
[T omim AT o ot wogw m r o wem. somtungivo.
e mpanm ) Ao praments
i) oeng ofors Pty Mo o o s ok PO 2S moows
o
o, omrms.
5o reiz o) 8 414 o of veory v 0
oo ) s oo o v Oy oo
Atopoiy o g com1) Aol s w0
vadvm wos o o o w0 0 o1 0 o
asvm
e Wwshame  iowisia
oy o men) ouvoon Nouvis
oNwoLNON NouyTvisN WO
souvan 300v0 - v






[image: image51.jpg]LesL'Ainp uipeg Uemo eueD YijeeH diseg emo ¥
peqeiepAH
peqeulessni ‘spdem |UBM[BJ PRWWEYNN I[EM
Buiping Kiojes0qe 16610 peqeiepAH enueD YieeH diseg oquing Jndireyy| €
(S)OWs 1010010 (1
0661 'AON Jeybues peoy JeyBues joyr uonels puo Jeybueg z
peqeiepAH dOOV UBnoiyy
epdem 0861'100 yeysqemeN hkie1008 uonels puo yeysqemen 3
AON3DY NOILVTIVISNI 10141810 NOILYOO NOLLV1S ON'S
ONIHOLINOW 4O HVaA AID $39NV9O - NIvd
z39vd I e R L L L

-6 118IHX3 v3dv 0081 NI (d0OV) YOdYM A8 G3NIVLNIVW SIONYONIVY

43





[image: image52.jpg]CHAPTER 6
SEEPAGE LOSSES
I. Introduction

As a part of monitoring the operation of canals, the officer in-
charge of the canal must know where all the water is going. The
major quantity of water running in the canals and water courses is
visible, but some quantity of water seeps into the ground and is
stored as ground water. Estimation of seepage losses is important
for computing the head discharge of canals so that outlets operate
at their design discharge allowing an equitable distribution of
water along the canal.

There are many methods of measuring seepage losses; rules of thumb,
empirical formulae, and actual measurements in the field. These
methods are discussed below:

II. Rules Of Thumb

Initially, the simplest method for determining seepage losses was
to account for 10% of the total discharge through the outlets or
channels in a given reach as seepage loss. This method, however,
is very unsatisfactory. It may give approximately the required
discharge at the head of channel, but will generally give a faulty
distribution of seepage within the individual sections of a
channel.

An improvement on this method is to add or subtract one percent of
discharge at any point for each thousand feet of length of reach
above or below it. However this method is also liable to large
errors.

A third method which has been in use for many years on large
channels is to take seepage losses as 8 cusecs per million ft? of
wetted perimeter of channel. This can be converted to a daily
volume rate by multiplying it by 86400 sec/day so that the
equivalent rate is 0.69 ft¥/ft?/day.

This rule is independent of channel discharge. Therefore, actual
discharge obsérvations need to be carried out to compute the
seepage losses in terms of wetted perimeter.

The wetted perimeter for trapezoidal canals is given by the
formula:

Wp = b + 2h (1+2)"? ft?/ft length (Eq. 6.1)

where Wp
b

wetted perimeter, ft
bed width of canal, ft
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h depth of water, ft

The wetted perimeter will change as the discharge changes.

For smaller channels up to 20 cusecs, a rate of 6 cusecs per
million ft? of wetted perimeter may be used.

III. Empirical Formulae

The Lacey formula presented below gives the wetted perimeter of a
channel in terms of its discharge.

Pw = 2.67xQ% (Eq. 6.2)
Some field conditions for alluvial channels in Sindh are such that
a trapezoidal slope is not maintained. Therefore Lacey's equation
given above should be used.
If K represents the seepage loss per million square feet of wetted
perimeter and Q, the discharge in any reach of a channel, then the
following empirical formula gives the seepage loss:

K = 5.0xQ"%> (Eq. 6.3)
Figure 6-1 at Page 48 gives the value for various discharges.

Combining Equations 6.2 and 6.3, the seepage loss Qa is given by
the following equation:

Qa = 0.0133xLxQ%%%* (Eq. 6.4)
where L is the length of reach in thousands of feet and Qa is the
seepage loss in cusecs in the regime channels per thousand feet in
length. Figure 6-2 at Page 49 gives seepage losses on the basis of
this formula.
For Sindh, the Lacy formula has been modified as the canals are
narrower and have slightly smaller width to depth ratios than
canals in the Punjab. For this reason, Equation 6.2 may be applied
in the slightly modified form shown below.

Pw = 2.5xQ% (Eg. 6.5)

This modification to Equation 6.2 1leads to the following
modification in Equation 6.4:

Qa = 0.0125xLxQ%%% (Eq. 6.6)
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[image: image54.jpg]IV. Field Measurement
There are two methods of field measurements.
A. Inflow - Outflow Method.

A reach of canal is selected. Water flow measurements are made
accurately with a current meter at the upstream and downstream ends
of this reach. The difference in discharge at the two ends is all
attributed to seepage. These measurements can be done easily and
do not interfere with the operation of the canal.

B. Ponding Method

This method can be used during the closure period of a main canal,
branch, or distributary. Towards the end of the closure period
water is stored above a regulator. In the downstream portion of a
channel where a seepage test is to be carried out, an earthen dike
or bund is constructed in the channel. A polyethelene sheet is
laid over the slope of the bund which faces the pond side to
prevent any seepage through the bund. The water stored upstream in
the channel is released to fill the pond downstream up to the
maximum level possible. A gauge is installed in the pond area
before starting the test. Hourly readings of the gauge are taken
for one week, or more if the closure period permits. Cross
sections are taken at both the ends of the pond and one in the
middle. Water levels are marked on the X-sections. The lengths
between the cross sections are also measured. From this data, the
volume of water is calculated and the rate of decrease in this
volume is noted to determine the rate of seepage.

A modification of the ponding method involves adding water to the
pond to maintain a constant water surface elevation. The volume of
added water is carefully measured and is considered to be equal to
the water lost. The rate of loss is given by the elapsed time.
For this test, installation of a tubewell may be necessary. Based
on this principle, the Punjab Irrigation Research Institute has
developed a technique for measuring seepage losses in a pond. The
details are given below:

c. Automatic Water Level Stabililzer System for
Seepage Measurement in a Ponded Section

Intensive research has been conducted by the Irrigation Research
Institute, Lahore, for devising a reliable, direct and accurate
seepage measurement technique that requires little labour. This
research as led to the development of the water level stabilizer
technique. The system works on the principle that the quantity of
water lost as seepage and evaporation from a free water surface in
a section is automatically added up by keeping a fixed pond water
level.
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[image: image55.jpg]The method works on the principle that when there is a gap between
the ponded water level in the test section and the upper end of the
float rod, an electric circuit is automatically switched on, and
the pumping system starts functioning, taking the water supply from
storage and delivering it into the test section. The pumping
continues and the aluminium rod of the float goes on rising until
it touches the level on a pointer gauge and the electric circuit is
disconnected. The readings in the water meter are recorded over a
certain period. The addition of water in the test section as given
by the water meter is calculated as water loss. From this, the
loss per million ft? of wetted perimeter can be worked out.

V. Seepage Losses in Lined Canals

Although no 1lining is totally impervious, the water losses to
seepage through the lining are usually insignificant. The seepage
losses depend largely on the state of repair. When the lining is
maintained is good condition, the seepage losses can be measured by
the ponding method described above.
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RODENT CONTROL
I. General

Rat holes are sometimes responsible for canal breaches. Rat holes
appear just above the water surface and may extend to the outer
slopes. These are dangerous if the water level in the channel
rises above the position of rat holes. This is particularly true
in the absence of a strong berm. The canal bank is the only place
in agricultural area that is above water and never cultivated and
disturbed. It is moist and cool in the.summer and is a ready
source of succulent roots. The soil is generally soft, moist and
easy to dig. The bank has a large area for extensive burrowing.

II. Conventional Methods

The conventional methods to control rodents include destruction of
burrows, flooding, release of natural enemies 1like cats and
trapping with different kinds of locally made traps. These methods
are restricted to particular locations only.

III. Elimination Through Poisoning Program

When rat activity cannot be controlled by conventional methods, an
alternative is to eliminate rats through a poisoning program. Such
a program must be maintained over time to be effective. Since
rodent populations may migrate and multiply rapidly. A beldar
armed with poison is an ideal agent for killing rats.

A. Types of Rats

1. Nesokia Indica

The Nesokia Indica, a burrowing rat, is locally referred to as the
Mole Rat or Blind Rat. Approximately ninety percent of the
observed activity on canal banks is by this rat. Evidence of its
activities are small piles of soil on the inside or outside
surfaces of canal banks. Its holes are often plugged near the
surface by two to four inches of soil.

Nesokia are plant root feeders. .They burrow primarily to feed on
succulent grass and plant roots. Their burrows, generally within
two to six inches of the bank surface are composed primary of
burrows running parallel to the bank; short burrows passing
perpendicular to the bank to the inner or outer surface utilized
for dumping soil; and occasional vertical holes which lead down and
out under the adjoining fields, where they will occasionally feed
on the roots of field crops such as sugarcane or wheat. Nesokia
are very strong burrowers and, although they prefer soft, moist
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[image: image59.jpg]soil, they can also dig in very hard soils. Nesokia are solitary
and seek others only for breeding. Their gestation period is about
30 days. One Nesokia's burrow complex will often extend for 20 to
30 feet along a canal bank. They seldom come to the surface during
the day.

2. Bandicota Bengalensis Rat

The second most prevalent rat is a field rat commonly known as the
short-tailed Bandicoot Rat and is a relatively new rodent. It
feeds on sugarcane, wheat, rice and other field crops and can cause
heavy crop damage. The Bandicoot Rat multiplies very rapidly and
generally lives in burrows below the fields in which it is feeding.
It also will store extensive grain reserves in its burrows. The
bandicoot rat moves to canal banks primarily between crop seasons
when there is no crop cover, when fields are being cultivated, or
when the fields are flooded. It is a surface feeder, and will
leave its holes open.

B. Poison Control Methods

The following two poison bait formulae and procedures were
developed by the Vertebrate Pest Control Center, P.0O.Box No.8401,
Karachi University Campus, Karachi-32, Pakistan. More information
can be obtained from this source, if required.

The name and composition of recommended poisons are as follows :
1 Phosphide Rat-cake

48% Wheat atta or flour

48% Broken rice, or wheat or maize (cracked)
2% Zinc Phosphide
2% Cooking oil

A sample formula for field use is:

2.5 kg Wheat flour
2.5 kg Broken rice, wheat or maize (cracked)
100 gm Edible oil
100 gm Zinc phosphide
+ enough water to make a stiff dough

a. In a clean container, bucket or mixer place the flour and
grain and mix well.

b. Add the zinc phosphide to the mixed ingredients. Mix
until the mixture is an even grey color. Do not over
mix, there may be a fire hazard from the zinc phosphide.

C« Add edible o0il and mix well.
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Slowly add the water and mix until a stiff batter is
formed

Place the bait on a smooth surface and roll flat until
1/2 inch thick. A wooden form and a piece of round wood
can be used to ensure rapid rolling and uniform thickness

Then, using a knife, cut the flattened bait into a the
square size of a five paisa coin.

Place in the shade with good air circulation to dry for
two-three days, turning occasionally. Protect it from
dew and rain.

Store in a cool dry place until used.

When handling zinc phosphide or mixing a bait containing
zinc phosphide never touch the poison, mix the bait, or
handle the wet bait with bare hands. Use gloves or
plastic bags over hands and a wooden paddle or stick for
mixing and spreading.

Wash all tools, containers and hands after mixing bait.
Do not eat or smoke during mixing unless hands are washed
first.

Never use a container for mixing that has contained
insecticides, or pungent chemicals for this will
contaminate the bait. Also never use the mixing
container for preparation of food.

The sequence of mixing the bait is very important. 2Zinc
phosphide reacts slowly with water to release the poison
gas phosphide. By adding the o0il to dry grain/zinc
phosphide mix, the oil coats the zinc phosphide particles
and reduces the water's contact with the poison. The
amount of water used is that which gives a stiff, not
sticky batter, suitable for easy handling and quick
drying. This technique ensures the maximum amount of
zinc phosphide in the bait with minimum deterioration.
This bait can be made using other acute poisons that do
not break down when mixed with water. It can also be
used as an anti-coagulant carrier, but chronic poisons do
not kill insects so grains must be insect free for long
storage of baits containing anti-coagulants. Zinc
phosphide reacts with water in the air and gradually
becomes less toxic. For this reason, when possible, make
small batches of baits as needed, not one large batch.
Fresh bait is more effective and attractive and kills
more rats.
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[image: image61.jpg]2. Loose Grain Zinc Phosphide Bait Poison

The bait is easy to prepare and at times is the best one
to use:

Five kg broken rice, cracked wheat or maize.
100 gm of cooking oil.

In a dry clean container, mix the grain and oil. Then
slowly add the zinc phosphide and mix until it is an even
grey color. Store in a well-sealed plastic bag.
Precautions for handling are the following:

a. When handling zinc phosphide or mixing a bait containing
zinc phosphide never touch the poison, mix the bait, or
handle the wet bait with bare hands. Use ‘gloves or
plastic bags over hands and a wooden paddle or stick for
mixing and spreading.

b. Wash all tools, containers, and hands after mixing bait.
Do not eat or smoke during mixing unless hands are washed
first.

o 8 Never use a container for mixing that has contained
insecticides, or pungent chemicals for this will
contaminate the bait. Also never use the mixing
container for preparation of food.

For large scale baiting programs, it is advisable for
quality control, to mix the bait at a central location
under expert supervision.

3s Recumin Bait Poison

To prepare a Recumin bait, use fairly clean broken rice,
cracked wheat or cracked maize. Place 19 parts of the
grain in a clean container for mixing. Add just enough
edible cooking oil to lightly coat the grain. When the
two are mixed, then while stirring or mixing, slowly add
one part of "Recumin" master mix (a light blue powder).
Mix until the grain is evenly coated. The bait is now
ready for use.

Ce Poison Bait Distribution Methods

1. Zinc Phosphide Baits
Distribute baits daily. Bait all open holes. Do this work early
in the morning or late in evening for the Mole Rat (Nesokia
Indica). It closes its holes except during the dawn and dusk
hours, so baiting for this rat is best done then. 1Its burrows can
be dug open and baited, but this is hard work. Since the rat holes
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[image: image62.jpg]would tend to be open at dusk and early evening, a crew (gang) can
be used effectively to move rapidly along a badly infected canal
bank and bait all visible holes and closed burrows. Coleman type
lanterns provide adequate light for this work.

The Bandicoot Rat (Bandicota Bengalensis) leaves its holes open.
Another baiting method is to carry a supply of rat cake bait when
inspecting or working along the canal, so that whenever an open
burrow is seen, it can be baited. The Beldar can perform this
function very effectively on his regular patrolling of the canal.

After repeated use of zinc phosphide baits, the rats may become
"bait shy". Then the type of poison may be changed to a chronic or
anti-coagulant type.

2 Recumine Baits

Place about 100 grams of the prepared bait per plastic bag and seal
them. Place one bag in field runs. Make a small slit in the
plastic bag. The poison can also be used in the loose grain form
in open burrows. Recumine is a slow acting poison so all holes
should be inspected and retreated each week. At the end of the
second week, close all holes. Later check for open holes and
retreat them as necessary.

After mechanical methods and poison methods have been employed and
a few rats, remain poison gas may be used. Gassing is usually done
as a '"clean up" operation after baiting. It is laborious,
expensive and dangerous.

3. Gassing Control Method

Detia or phosphide tablets as well as Cymag or Cynogas may be used.
Cymag is cheapest.

Three methods are used:

a. For tablets: Place them on a long-handled spoon and
place well inside the hole. Plug the hole with weeds or
grass, then soil, and pack to seal.

b. For powder: Have one man open the can, the other using
a long-handled spoon dig out a spoonful of powder and
seal the hole.

Cs For use of dust pump: 1Insert the tube or application
pump into the hole, seal the hole with grass, weeds, and
dirt,then give three-four pumps, withdraw the tube and
seal the hole completely. The dirt seal around the tube
prevents blowback.
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In all three methods always work with your back to the wind so any
escaping fumes are carried away from the applicator.

V. Menace of Porcupines for Canal Embankments

Another rodent which is very dangerous for canal embankments is the
porcupine. The face of this rodent is like a hare but it has very long
thorns on its body. It makes very wide burrows in the canal embankments
in search of tender roots of plants which are its favourite food.
Sometimes the burrows go right up to the edge of the berm and create
leaks which may develop quickly into breaches because of the width of
the porcupine burrows.

There are certain reaches of canals (generally main canals and branches)
which have wide banks and are infested with this type of rodent. Unless
action is taken, this rodent is always a source of great danger for the
safety of the canals. Even some lined channels have collapsed due to
the burrows reaching right up to the lining. The following actions are
recommended to combat this rodent:

A. Shooting Porcupines with Guns or Rifles

Porcupines remain hidden in the burrows during the day and come out at
night. Gunmen should be engaged for the reaches which are habitat for
porcupines. They should be provided with search lights to track the
rodents at night and shoot them as soon as they come out in search of
food. This method is partially successful.

B. Providing a Sand Core in the Embankment

An effective way to prevent porcupines from burrowing right up to the
edge of the water is to provide a sand core in the embankment. This
treatment should be carried out in the reaches of the canals which are
frequently attacked by porcupines. The sand should be perfectly dry so
that when the burrow reaches the sand core, the sand starts falling down
and the animal is unable to burrow it any further. The sand core should
be at least four feet wide and about six to-eight feet from the outer
edge of the top of the embankment. The depth of the trench should be up
to the hydraulic gradient line because below this line the soil is
saturated with water and the animal is unable to burrow in the
embankment. A sketch showing the position of the sand core is shown in
Figure 7-1 page 56. The top one foot of the sand core should be covered
with good earth so that the banks remain in motorable condition.

The above mentioned treatment has been described for providing the sand
core in the inspection path where generally the bank width is greater
than that of the inspection path. However, if a sand core is to be
provided in the non-inspection path, the engineer should use his
judgment for determining the sand core dimensions. Other parameters
should be kept the same as described for the inspection path.
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TYPES OF CANAL STRUCTURES

A general list of canal structures along with brief descriptions of
these structures is given below:

I. Cross Drainage Works

A. Aqueduct

Occasionally streams or drains cross irrigation channels or water
courses or a canal must be carried over a stream or other

obstruction. 1In these instances, water can be conveyed in elevated
structures supported on piers. Such structures are called

aqueducts. Aqueducts are frequently constructed of rectangular
concrete troughs, however, aqueducts may be constructed of other
materials. A sketch of an aqueduct constructed to allow a canal

to be carried over a drain is shown in Figure 8-1 at page 66.

B. Syphon Aqueduct

Syphon aqueducts are used when the FSL of the drain is higher than
the soffit of canal. Thus the drainage water flows by gravity
under the canal. A sketch of this type of structure is shown in
Figure 8-1 at page 66.

C. Super Passage

A superpassage is similar to an aqueduct, except that in this case
the drain is carried over the canal. The advantage of this cross
drainage structure is that construction of an aqueduct would
require elevating the canal on a high fill. A sketch of this type
of structure is shown. in Figure 8-2 at page 67.

D. Canal Syphon

In cases where the FSL in the canal is much higher than the bed
level of the drainage trough so that the canal runs by syphonic
action under the trough, the structure is called a canal syphon or
syphon. A syphon is a closed conduit designed to run full, and
usually under pressure, that carries canal water under rivers,
drainage channels, depressions, rail roads, and roads. Precast
concrete pressure pipes or monolithic concrete pipes are the most
common types of circular syphons. A drainage syphon is shown in
Figure 8-2 at page 67. Rectangular single or multiple barrel box
sections are also used as syphons. A dlsadvantage of syphons is
that inspection of a perennially flowing syphon is difficult.

E. Considerations for Selection of Cross Drainage Work
The factors which affect the selection of the suitable type of
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[image: image66.jpg]cross drainage works are (a) relative bed levels and water levels
of the canal and drainage, and (b) size of the canal and the
drainage. The following considerations are important:

s When the bed level of the canal is much above the HFL of
the drainage, so that sufficient headway is available for
floating rubbish and for the structural elements, an
aqueduct is the obvious choice. Similarly, if the bed
level of the drain is well above the FSL of the canal, a
super-passage should be considered.

2. The necessary headway between the canal bed level and
drainage HFL can be increased by moving the crossing to
a point downstream on the drainage. If, however, it is
not possible to change the canal alignment, or if such a
shift does not give sufficient headway between the two
levels, a syphon aqueduct may be required. In the case
of a syphon aqueduct, the HFL of the drain would be above
the bed of the canal.

3, When the canal bed level is much lower, but the FSL of
the canal is higher than the bed level of the drainage,
a canal syphon is preferred.

4. When the drainage and the canal cross at practically the
same level, a level crossing may be preferred. However,
whenever practicable, level crossings should be
avoided.

The considerations governing the choice between selection of an
aqueduct or a syphon aqueduct (or a super-passage and a syphon) are
the following: (1) suitable canal alignment, (2) suitable soil
available for bank connections, and (3) local foundation
conditions. As indicated earlier, under some circumstances, the
relative difference between the bed level of the canal and the HFL
of the drainage can be suitably altered by changing the canal
alignment so that the point of crossing is shied upstream or
downstream of the drainage. For example, if the canal alignment is
such that headway is not available between the HFL of the drain and
the bed of the canal, a syphon aqueduct could be constructed at the
crossing. However, if other conditions are not favourable for the
construction of the syphon aqueduct, the canal alignment may be
changed so that the crossing is shifted down stream so that
sufficient headway required for the construction of an aqueduct is
available.

II. Falls

Falls are irrigation structures constructed across canals to lower
canal water levels and to dissipate the energy liberated by the
falling water which might otherwise scour the bed or erode the
banks of the canal.
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[image: image67.jpg]The canal water level is designed with a certain slope to overcome
frictional losses. In Sindh, the general slope of the area which
is irrigated by the canal is slightly steeper than the water
surface slope of the main canal and the branches. Therefore, falls
have been located on these canals where the full supply level of

the canal rises much above the ground level. In the case of
distributaries and minors, the water surface level is almost the
same as the ground level. Therefore there are few falls on the

latter channels.

In Sindh there is generally one type of fall with a standard design
for the glacis and stilling basin for dissipation of energy by
formation of a standing wave. This type is shown in Figure 8-3 at
page 68. :

III. Escapes
Oon main canals, and branches regulator type structures are

constructed for discharging some of its water. There are three
types of these structures, which are known as escapes:

1. Surplus water escape;
2. Tail escape; and
s Canal scouring escape.

Surplus escapes are used during emergencies to reduce water
supplies in the downstream portion of the canal. In such cases the
escape acts as a safety valve. The capacity of the escape channel
should not be 1less than one-half to one-third the discharge
downstream of the cross regulator on the main canal or the
discharge at the largest off-take at the cross regulator, whichever
is higher. Escapes which discharge into a river at the river's FSL
are considered to be the most efficient.

A tail escape is provided at the tail end of the canal and is used
for:

Lw discharging surplus water reaching the tail of the canal;
and
2. maintaining the required FSL at the tail of the canal.

The scouring escape is constructed for the purpose of scouring
excess silt from the canal. A sketch of escape is shown in Figure
8-4 at page 69.

IV. Bridges
Wherever roads, foot paths, or animal paths cross canals, bridges

have to be constructed. The following four types of bridges are
constructed on the canals.
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These are usually constructed where a foot path crosses a canal.
They are narrow bridges, approximately 4 feet wide, and meant for
use by animals and pedestrians. Foot bridges are designed for a
loading of 100 pounds per ft2.

B. Village Road Bridge

These are meant to carry village roads, are approximately 14 feet
wide and can carry vehicular traffic. Village road bridges are
designed for a 25,000 lbs axle load plus 30% impact.

(% District Road Bridge

District road bridges are designed with widths of 18 feet between
wheel guards giving a roadway width of 16 feet. These bridges are
built to support a 15 ton steam roller with no allowance for
impact.

D. Arterial Road Bridge

These bridges are meant to carry a two-lane, main highway and has
a width of 22 feet. Arterial road bridges are designed to support
a tank load of 70 tons plus 30% impact.

v. Culverts

Culverts are structures that carry flood, and drainage water under
canals, roads, or railroads. They are generally constructed of
masonry or concrete pipes. Adequate cut-offs should be provided at
the upstream and downstream ends to provide protection against
scour.

VI. Regulators
A, Canal Head Requlator

A regulator which controls the supplies entering into a main canal
from a river is known as a head regulator. It may have a number of
spans separated by piers and operated by gates similar to a
barrage. Head regulators allow easy regulation of supplies in the
canal and the control of silt entry.

B. Cross-Requlator

A regulator on a main canal that raises the canal water surface by
gates to feed off-taking channels is called a cross-regulator. It
helps absorb fluctuations in water supply to the canal system and
offers some immediate relief during emergencies.
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A. Silt Excluder

These structure are designed to exclude silt from water entering a
canal. They are constructed in the river bed in front of canal head
regulator. An illustration of a silt excluder is shown in a sketch
in Figure 8-5 at page 70.

B. Silt Ejector

Silt ejectors are mechanisms designed to ‘extract silt which has
entered the canal and to discharge this silt back into the river.
Silt ejectors are constructed on the canal at some distance awvay
from the head regulator. An illustration is shown in Figure 8-6 at
page 71. .

Silt ejectors consist of a horizontal diaphragm placed slightly
above the canal bed. The canal bed is slightly depressed below the
diaphragm so that the height of silt tunnels below the diaphragm is
about 2.5 feet. The diaphragm thus separates the heavy silt charge
transported along the bottom of the canal from the remainder of the
flow. The escape channel from the silt ejector is given a steeper
slope so that the silt is discharged back into the river.

Chs Silting Tanks or Sediment Traps

A silting tank or sediment trap is an artificial basin constructed
along or in the irrigation channel through which all or part of the
canal supply is passed at a low velocity. Flow is generally routed
through silting tanks during the summer when the silt loads are
high. Silt tanks are designed with flat bottom slopes and wide
sections to reduce the velocity of flow, thereby encouraging
sediment deposition.

Silting tanks are constructed and operated for the following
purposes:

1. Where it is necessary to fill deep borrow pits or to
create a wide back berm behind the bank of a channel
which is in heavy fill.

2. For removal of injurious silt loads from irrigation
channels.

3. For reclamation of low-lying and water-logged areas
situated along the canals by raising the ground levels of
these areas.
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[image: image70.jpg]Three types of silting tanks are discussed below:
1, Outside Silting Tanks

This type of silting tank is constructed alongside a channel. A
typical layout of this type is shown in Figure 8-7 at page 72. The
advantage of this type of tank is that its construction and
subsequently its silt clearance is independent of the operation of
the canal. 1In this type, part or whole of the discharge of the
channel can be passed through the silting tank.

2; Ditch Type Silting Tank

This type of silting tanks is constructed by excavating a deep
ditch in the bed of the canal as shown in Figure 8-8 at page 73.
The width of the ditch is equal to the width of the channel bed and
its length is determined by the amount of sediment to be deposited
each year. Construction and silt clearance of this type of tank
requires closure of the channel. Besides that they lower the level
of water in the channel, ditch type silting tanks adversely affect
discharge of the outlets located in the reach of the tank. However
no inlets or outlets are required for this type.

3is Wide Channel Silting Tank

In this type of silting tank the channel is widened in the reach
where silt is proposed to be trapped. The bed of the tank is kept
at the bed 1level of the channel and the width is increased
according to the quantity of the silt to be removed. This type also
requires no inlets or outlets. However, channel closure is again
required for construction and silt clearance. This type of silting
tank is displayed in Figure 8-9 at page 74.

Design and other features of silting tanks mentioned above are
given in Exhibit 8-1 at page 63

VIII. Canal Outlet

These small structures admits water from the canal (distributaries,
minors, and rarely main canals) to a water course used for
irrigating lands. The responsibility for maintenance of outlets
lies with the Government. However, the maintenance of the water
courses downstream of these outlets is the responsibility of the
farmers who use them.
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DESIGN FEATURES OF SILTING TANKS

These design features relate to the silting tanks constructed
outside the channel. Design features of this type of silting tank
are discussed below:

1y Head Across the Inlet

In the case of silting tanks serving main or branch canals, the
head across the inlet should not be less than 0.5 feet under full
supply conditions. If the water surface slope in the canal from
the inlet to the outlet is not sufficient, the water elevation at
the inlet may have to be raised by installing a bund or a regulator
across the canal downstream of the inlet site. The head regulator
site or a fall of the canal may be used for this purpose.

2. Water Surface in the Tank

The water surface slope in the silting tank is usually on the order
of 0.00005 percent. This slope should be measured along the outer
bund A-B-C in Figure 8-7 at page 72 and not directly between points
A and C.

3. Angle of Inlets and Outlets

For small channels, inlets and outlets are generally kacha. The
openings for inlets and outlets should be placed at an angle of 45
degrees to the centre line of the channel because square openings
are likely to silt up easily. The position of an inlet in the case
of silting tanks worked on and "in and out" system must be moved
periodically, because the deposition of silt in such tanks reaches
a maximum level at the inlet and gradually diminishes towards the
outfall. No further silt removal can take -place unless the
position of the inlet is moved downstream. It may be necessary to
close an inlet after a period of a few weeks depending upon the
silt charge in the water and to open up another inlet a few feet
downstream until the silt removal operations are completed.

4. Outer Bund

All possible care should be exercised in designing and constructing
the outer bund of a silting tank, for, if breached, it will release
the water impounded in the silting tank. The inner slope of such
bunds is usually from 1V to 2H to 1V to 3H to withstand wave
action. The bund section is designed with a freeboard of at least
two feet. The inspection path should be carried on top of the
bund. Earthwork of the outer bund should conform to the standard
specifications for such works.

On opening the silting tank for the first time, water should be
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[image: image72.jpg]released into the tank very gradually, and the inner slope of the
bund should be thoroughly puddled from its toe upwards as the water
level in tank rises.

5. Laying of Borrow Pits

Before estimating earthwork required for construction of a silting
tank, a careful examination should be made of the area from which
earth for the outer bund is to be borrowed. Generally such areas
are already waterlogged, and deep borrow pits are not feasible.
Therefore, if proper care is not exercised in framing the estimate,
large excesses may be faced before completion of the work. In some
cases it maybe advantageous to dig seepage drains in order to lower
the water table in the vicinity of proposed borrow pits to enable
deeper excavations and lower costs for transportation of earthwork.
Whenever possible, borrow pits should be placed inside a silting
tank.

6. Types of Inlets
Inlets are usually of the following types:

a. A kacha open cut in the canal bank having its flanks
suitably protected.

b. A barrel or a large pipe placed at bed level. This is of
use only in the case of small channels and small silting
tanks.

Cs A needle regulator without any cross regulator (Figure 8-
10 at page 75) in the canal, i.e. without control of
water surface level in the canal. A pacca inlet has an
advantage over a kacha inlet, in as much as the former
can be closed immediately in an emergency.

d. A needle regulator combined with a cross regulator in the
canal thus ensuring proper control of water surface
levels under all conditions of supply in canal.

7. Design of Pacca Inlets

In designing a pacca inlet, care should be taken to provide a
smooth, eddy-free "approach" and to keep the crest level of the
inlet as low as possible, provided that the length of regulator
needles is not so long as to become unwieldy for manipulation. A
pacca inlet is sometimes combined with silt vanes in the canal bed
for greater silt induction into the silting tank.

8. Types of oOutfalls

Outfalls of silting tanks are of the following two types:
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[image: image73.jpg]a. A kacha open cut in the canal bank having its flanks
suitably protected.

5. A pacca high-crested weir.

A high crest is essential in order to prevent the development of a
well defined and comparatively deep channel inside the silting tank
from inlet to outfall which is the usual feature of the silting
tanks with " kacha" open outfalls. Such a well defined channel
carries a major portion of the flow through the silting tank with
the result that the most of the silt in suspension is passed back
into the canal. It has been observed in the case of some silting
tanks having kacha open cuts as their outfalls that instead of silt
depositing in the silting tank, the silt that had already been
deposited was scoured out. Therefore in order to successfully
carry out any large scale silting operations a high crested pacca
outfall is necessary.

Provided the water levels above and below a silting tank permit the
high crest of an outfall, a weir need not be built to the final
design level in the first instance but may be raised in successive
stages from year to year depending upon the level of silt deposits
in the silting tank. 1In this way water surface elevations in a
silting tank are raised slowly to the final design levels and the
outer bund of the silting tank is not placed under its design
conditions until the tank has been in operation for some time.
This type of operation protects the outer bund.

The full supply depth on top of the crest of an outfall is usually
restricted to 2.0 feet or 2.5 feet maximum. Greater depths of
water over the crest have the undesirable tendency of forming a
well defined channel in the silting tank.

9. Earthen Spurs in Large Silting Tanks
In large silting tanks, it is necessary to provide properly located
earthen spurs of suitable designs for the protection of the outer

bund against wave action generated by high winds. Figure 8-10 at
page 75 shows some of the spurs in a silting tank.
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ADMINISTRATION
I. Introduction

In Sindh the old administration and management system established
by the Colonial Government is still followed. It is a system of
built-in checks and balances that channels decisions up and down a
chain of command.

II. Administrative sStaff

A. Organization

In Sindh, the Irrigation and Power Department is headed by an
Additional Chief Secretary assisted by two Additional Secretaries,
three Deputy Secretaries, and 16 Section Officers whose offices are
located in Tughlaq House,Karachi.

The Additional Chief Secretary Irrigation & Power Department is
assisted by a complement of five Chief Engineers, 21 Superintending
Engineers/Directors, 68 Executive Engineers and equivalents, and
more than 300 officers of grade 17 and 16 in charge of civil,
mechanical and electrical Sub-Divisions, administration and
accounts, drawings & designs, laboratory and research and testing,
discharge observation, gauging and printing, agriculture extension
and many other faculties.

The Chief Engineers in charge of Sukkur, Kotri and Guddu Barrages
are responsible for operation and maintenance of canals, surface
drains and flood protection works. The Chief Engineer (Development)
is mainly concerned with the tubewells, drains, survey and
investigations and planning, design, and LBOD irrigation component
works.

The fifth Chief Engineer (Coordination) acts as a liaison between
the sindh Government,aid-giving agencies, and their consultants in
connection with rehabilitation of canals and drains, and training
of personnel in and outside the country.

Administration of power is divided into two regions, each headed by
an Electric Inspector for administration of the Electricity Act of
1910, the Electricity Rules of 1937, the Cinematograph Rule of
1962, and the Licensing Rules and Finance Act of 1964 for the levy
of electricity duty.

The headquarters of the Chief Engineer Coordination is in Tughlaq
House Karachi. The headquarters of the Chief Engineers for Sukkur
Barrage and Guddu Barrage are at Sukkur, while the headquarters of
the Chief Engineer for Kotri Barrage and the Chief Engineer
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[image: image85.jpg]Development are at Hyderabad. The Electric Inspector Karachi Region
is based at Karachi and the Electric Inspector Hyderabad Region is
based at Hyderabad.

The Region of a Chief Engineer is divided among a number of Circles
which are controlled by Superintending Engineers (SE). Each SE is
assisted by a team of Executive Engineers (XEN) who are,
themselves, supported by the Sub-Divisional Officers (SDO) and
revenue staff of each Sub-Division. There are a number of sections
which are manned by Sub-Engineers (SBE). Canal Daroghas, Tyndels,
Telephone Operators, Gauge Readers, and Beldars assist the Sub-
Engineers in the operation and maintenance of Canal Systems. A
diagrammatic view of the lines of commands is shown in Figure 9-1
at Page 82 to 86.

B. Service Condition of Officers

The Public Service Commission (PSC) implements the policies of the
Province through the Secretariat of the PID. They also form lists
and test potential government employees of grade 17 and above to
determine their qualifications. The Irrigation Department can
select from the list. Once assigned to the PID, all personnel
matters including pay, vacation, seniority, promotion, transfer
etc., are handled by the Department in accordance with the civil
service regulations. Appeals against decisions of Department are
heard by a Provincial Service Tribunal.

C. Personnel Management/Administration

The Provincial Government controls the employees of the Department
through the defined set of rules and regulations. The Provincial
Assembly passes acts and ordinances governing employees and their
rights. The Services and General Administration Department (S&GAD)
administers these Acts and Ordinances by preparing rules and
regulations for use by the Irrigation Department. The Secretariats
are responsible for implementing these regulations within their
departments. The S&GAD oversees each department's compliance. The
regular employers are governed by the Efficiency and Discipline
Rules of 1973.

III. Records Management

A. Budgetary Controls

There are three ways to prepare a budget. One is to list the total
requirements to both operate the system and to bring it into
compliance with the system's maintenance standards. The second, is
to take last year's budget and increase it by a percentage to cover
inflation and other needs. Both of these methods have
shortcomings. A much better method is to develop a budget based on
yardsticks for O&M functions, adjusted for increased labor and
material costs, and for the cost of improvements and betterment.
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[image: image86.jpg]Yardsticks are under preparation for canals, drains, flood bunds
and tubewells in Sindh. Certain budget returns have to be
submitted by specified dates from the lower offices to higher
officers. The statement showing dates of submission of these
returns is called the budget calendar. A copy of the Budget
Calendar for Sindh is shown in Exhibit 3-1 at Page 30 of Chapter 3.

B. Divisional Office Administration

Since Division is the backbone of the O&M functions, further
discussion is confined to the Division and its lower offices.

The Division is the basic level where planning and thus budgeting
begins. The Division is divided into three functional units. (1)
Operations, (2) Revenue and (3) Administration.

The Operations unit is normally divided into two to four Sub-
Divisions but this can vary according to the size of the canal
system. The Sub-Divisional officers are under the direct
supervision of the XEN. The latter inspects all Sub-Divisions once
a year to see that records relating to stock and T&P and accounts
are being maintained properly. Stock records (Form 11) are checked
in June and T&P articles, in September.

The Revenue Unit under each SDO is comprised of one Canal Assistant
and from 9 to 18 Abdars for each booking of irrigation. The XEN
checks booking of cultivation once each season. The preparation of
demand statements and collection of revenue is done by the Tapedars
who are under the charge of civil administration i.e. Deputy
Commissioner and Assistant Commissioners. The Canal Assistant and
Abdars are posted to the Sub-Divisions for administrative support.
The administrative staff is there to support the XEN in performing
his duties. The composition of each divisional staff will vary
according to the system and the facilities it is responsible for.
Operational activities are carried by the field staff shown in
Figure 9-2 at Page 87.

The administrative functions are generally carried out under three
sections: Drafting, Accounts, and Ministerial. The Divisional Head
Draftsmen is responsible for preparation of drawings and estimates
that require the direct supervision of the Xen. The Head Draftman
is also responsible for checking of all drawings and estimates
received from the SDOs. He is assisted by a Draftsman and a Tracer
in filing all drawings, and sanctioned estimates, and in
maintaining separate registers which catalogue all physical
features of the irrigation system including the buildings owned and
operated by the Department.

All maintenance engineering is performed at the division level.
Engineering generally involves repairs to irrigation structures and
embankments, and resetting outlets. These works are carried out by
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[image: image87.jpg]the SDOs and SBEs. The SBEs prepare the drawings and estimates for
routine works which are then checked in detail by the Head
Draftsman. On occasion, the XEN will ask that certain drawings and
estimates be prepared by the Head Draftman for review by the SDO
and the XEN.

The Head Clerk is responsible for most of the daily office routine
regarding correspondence, irrigation cases and returns,
communications and personnel. The Typist, Signaler, Record Keeper,
Naib-Qasids, and Messengers are under the Head Clerk who also
manages all correspondence and messages to the field, the
Superintending Engineer, and other offices.

Normally the Divisional Office is connected to the national
telephone system. The canal telegraph system, which connects the
divisional office with the cross regulators, subdivisional offices,
and SEs' headquarters. The Signalers and Gauge Readers keep the
officers informed at regular intervals about the operation of
canals.

The Accounts Section is responsible for maintaining all financial
accounts/records which includes contracts, materials and other
general accounts as prescribed. The Divisional Accountant compiles
and submits monthly accounts received from the subdivisions and

examines expenditures to avoid overruns. The Tender Clerk
maintains records of agreements; and the Billings Clerk checks the
measurements with tendered bills of quantities (BOQs). The

Storekeeper, who serves under the Billings Clerk, uses Forms 8, 9,
10, and 11 to keep records of stocks as well as malntalnlng the T&P
Reglster using Forms 13, 14, and 15. The divisional accountant
represents the Accountant General ‘Sindh.

The work of the Revenue Section does not directly affect the
operation and maintenance activities of the Division. The cCanal
Assistants work closely with the SDO. The XEN, SDOs and the Canal
Assistants are required to check on the work of the Abdars in the
field.

c. Sub-divisional Administration

The Sub-Divisional Officer is responslble for the day-to-day
operation and maintenance of the canals in his Sub-Division. As
with the Division, the SDO's responsibilities encompass operations,
revenue and administrative functions, and he has a small
administrative wunit to assist him in carrying out his
responsibilities. Figure 9-3 at Page 88 1illustrates an
organization chart for a typical Sub-Division.

There are normally three operating sections headed by Sub-Engineers
(SBE) but this may vary from two to five depending on the SBE local
situation. Under each SBE are from two to four beats each, headed
by a Darogha. The SBEs are assisted by Signallers, Telephone
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[image: image88.jpg]Operators, Tyndels, and Gage Readers to observe and report gauges
and to convey messages as required. Each Darogha heads a group of
beldars who perform routine maintenance and patrolling of canal
banks. In Sindh there is only one Canal Assistant under each SDO
and there may be from nine to 18 Abdars to aid the Canal Assistant
in carrying out his functions.

D. Personnel Records

Employees are a vital and important part of operations. The XEN
and/or SDO is responsible for their selection, assignments,
discipline, and cooperation. He must consider and dispose of their
complaints and grievances as well as coordinate their abilities
into a team. To accomplish this, the canal officer must know his
people, something he learns primarily through personal contact.
Good personnel records can contribute a great deal in carrying out
these responsibilities. Personnel Registers are maintained for
each individual up to Grade 16. Entries in the Personnel Register
are made by the XEN and the registers are submitted to the SE for
his comments. For officers there are separate forms. Assessment
reports on the working of officers are initiated by XEN and go up
to the Secretary through established channels. Reports are written
in triplicate and copies are filed in the SE's, CE's, and
Secretary's offices.

E. Payroll

The principal objectives of payroll or earning records are as
follows:

1. Prompt payment in the proper amount to all persons
entitled to be paid;

2. Proper accounting for and disposition of all
authorized deductions from gross pay;

3. Effective communication between employer and employee on
all payroll matters; and

4. Appropriate integration of the payroll records with the
cost accounting process.

There is nothing more disconcerting to an employee than not to be
paid on time or to be paid in a wrong amount. A procedure for time
reporting is the most important phase of payroll accounting, and
all personnel should be made aware of their respon51b111ty for
reporting time. Time reporting can be accomplished in several
ways; time sheets, SBE's daily reports, time reports submitted by
individuals and approved by someone familiar with their activities,
etc. These records can be maintained manually or by computer.
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[image: image89.jpg]F. Payments Auditing

Auditing, as it relates to the Division or Sub-Division, is
generally limited to the inspection by a representative of the
Comptroller Sindh involving analysis, tests, and confirmations as
proofs. It may be expanded to include the investigation or
appraisal of procedures or operations for the purpose of
determining conformity with criteria or policy dictated by
provincial laws or the PID. The general purposes of auditing
include:

1. Determination that funds have been properly
administered and accounted for;

2s Determination that assets and 1liabilities are
correctly stated;

3s Prevention and detection of errors;

4. Prevention and detection of fraud;

5. Assurance that financial reports disclose the
relevant and material accounting facts;

6. Assurance that T&P and stock returns have been prepared
and submitted for all transactions which have taken
place.

G. Office Equipment and Machines

Office routine is becoming increasingly mechanized. Types of
equipment most common to irrigation system offices are typewriters,
adding machines, calculators and photocopiers.

In addition to standard office‘equipment, computer cells have been

established in the offices of the Chief Engineers to assist in 0&M,
revenue, and administrative functions.
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ANNEX 1

GLOSSARY OF TERMS

(1) The process of mixing air or other gases with water sewage, etc.
(2) The process of relieving the effects of cavitation by admitting air to
the section affected.

A unit of volume used in irrigation practice. It equals the volume of
water required to cover an area of one acre, to a depth of one foot or
43,560 cubic feet. It will be noticed that a cusec day is equal to 1.98
acre feet ordinarily taken = 2.

The rise of bed levels in river channels or canal, particularly down-
stream of headworks or canal regulators.

The tail-race of a power plant, a pond or a reservoir at the outlet of the
turbines.

The rise in the natural water surface caused by an obstruction in the
waterway.

A floor or lining of concrete stone, etc. to protect a surface from ero-
sion, such as the pavement below weirs, falls or at the toe of a bund.

A channel, in which water flows with a "free" surface, constructed to
carry water above the natural surface level.

The area irrigated, on which water rates are levied (generally the same

as the area matured).

That portion of culturable irrigable area which is commanded by flow
irrigation. !

The area of the water-way of a channel at the discharge section line, this
is expressed in square feet or square meters.

The total area within the extreme limits set for irrigation by a project,
system or channel.
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That portion of the gross irrigable area which is commanded by flow
irrigation.

The area irrigated upon which crops have matured.

The area served by a non-perennial canal.

The unit of area, in irrigation practice, for final distribution. It is the
area served by the individual outlet. The village area may be divided
into several outlet areas or alternatively an outlet area may consist of
portions of several villages. Its boundaries are, or should be, defined by
the configuration of the ground, whereas village boundaries are not so
limited.

The area served by a perennial canal.

The area irrigated for which water rates are remitted owing to failure of
crops to mature or for other reasons.

A term applied to lands or climates that lack sufficient water for agricul-
ture without irrigation or rainfall.
The surface curve of a stream of water caused by an obstruction in the

channel such as a weir.

A cross wall or a set of vanes or other devices placed in a channel to
effect a uniform distribution of velocities across the section.

A weir equipped with series of sluice gates to regulate the water surface
above them.

The number of days in a crop.
Silt, sand, gravel or other detritus rolling along the bed of a stream.

A horizontal strip or shelf built into an embankment along the edge of a
canal.

Obstructions in the path of high velocity water to dissipate energy and
prevent scour.
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A large channel taking its supply from the main canal to convey water to
distributaries.

The revolving portion of a current meter driven by the force of the
current and whose revolutions indicate the current’s velocity.

A chamber, usually sunk by excavating within it, for the purpose of
gaining access to the bed of a stream or other body of water. If the
chamber is closed on top and the water excluded by air pressure, it is
called a pneumatic caisson.

A term applied to a canal with or without some form of head regulator,
dependent upon the surface level of the water in the river for its sup-
plies. It follows that inundation canals will only run when the supply in
the river rises to a level which permits of feeding the canal.

A canal whose primary object is transport by water.

The inner slopes and bed of a canal.

A canal whose headworks permit control of the water level of the source
of supply.

(1) When applied to a channel, the authorized full supply discharge.

(2) When applied to a reservoir or tank, the gross capacity is the quanti-
ty of water stored between bed level and the level of the sill of the
waste weir.

(3) When applied to an outlet, the outlet capacity is the discharge
passed by the outlet when the channel is running at authorized full
supply discharge.

The graph of the volume of reservoir tank, etc., as a function of eleva-
tions.

The ratio of the mean supply to the authorized full supply or capacity.

The capacity of a reservoir between flood level and the normal reservoir
level, provided for the absorption of floods.
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In a soil, water rises in the fine interstices between particles and results
in the raising of the contained water above the free water level.

Water held above the water-table in soil by capillary force.
Falling of river or canal banks by the undermining action of water.
A condition where a vacuum exists as a result of flowing water; com-

plete cavitation obtains when the pressure within the affected part is
reduced to that of the vapor pressure of the water.

A channel which is designed to irrigate during only part of the year
usually the "kharif" or summer season.

A channel which is designed to irrigate all the year round.

According to the International Society of Soil Science, this represents
soil particles under .002 mm. diameter.

Ratio of observed (actual) to theoretical discharge.

A factor in the Kuttar, Manning, Bazin and other formulae expressing
the character of a channel as effecting the friction slope of water flowing
therein.

A barrier built in water so as to form an enclosure from which water is
pumped to permit free access to the area within.

In a soil, is the resistance of particles against motion because of their
stickiness. Cohesion is high in clays, but may be very low in silt and is
entirely lacking in sand.

Soil particles smaller than .001 mm in diameter.

The portion of a current meter containing the electrical contacting
device for indicating single revolutions of the bucket wheel.
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The extent to which the cross sectional area of a jet or nappe is de-
creased after passing an orifice, weir or notch.

A "free" fall, so designed that the water surface level above it bears a,
fixed relation to the discharge passing. The level is usually fixed with
reference to the authorized full supply discharge.

(1) The top of a dam, dike, spillway or weir, frequently restricted to the
overflow portion: )
(2) The summit of a wave, the peak of a flood.

The crop ratio, or kharif: rabi ratio is defined as the ratio between the
areas anticipated to be irrigated in these two crops.

The device for determining the velocity of flowing water by ascertaining
the speed at which a stream of a water rotates a vane or a wheel.

The unit of discharge used in irrigation practice; a flow of one cubic foot
per second.

The unit of volume used in irrigation practice; the volume of water
resulting from a discharge of one cusec for one day (24 hours). This
equals to 86,400 cubic feet of water or nearly two acre-feet.

A wall, collar, or other structure intended to reduce percolation of water
along otherwise smooth surfaces or through porous strata.

An excavation in the base of a dam or other structure filled with rela-
tively impervious material to reduce percolation.

A structure created to impound water in a reservoir or to create hydrau-
lic head.

The reference point from which levels or distances are measured.

An expression used in irrigation practice to mean the depth of water
that would result over a given area from a given discharge for a certain
length of time. Alternatively, delta may be as the total volume of water
delivered divided by the area over which it has been spread.

(1) At the outlet-the cultivators’ water requirements.
(2) At the head of channel-the sum of all useful discharges required plus
total losses.
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The density of a soil is its weight per unit volume. A soil which consists
of solids and pores has two densities that of the mass termed "bulk"
density and that of the solids termed "absolute" density.

The rate of flow at a stated site, i.e., the quantity of water passing in a

unit time.

The line along which depths and velocities of water are measured
between two points located one on each bank of a channel.

(Commonly known as a distributary): A Government channel taking its
supply from a main line or branch, the function of which is to supply
water to minor discharge distributaries and outlets.

(Commonly known as minor). A small Government channel, usually
taking its supply from a major distributary, the function of which is to
supply water to outlets.

(Commonly known as sub-minor). A Government channel off-taking
from one already defined as a minor.
A long wall which separates the weir proper from the undersluices.

The natural lines of depression in an area, through which storm water
escapes to the river.

The ratio of the tail water elevation to the head water elevation, when
both are higher than the overflow crest of the structure being the datum
of reference.

When applied to a channel the area irrigated during a base period
divided by the mean supply utilized in cusecs.

The full supply factor obtained by a canal system or channel after it has

been opened for irrigation.

The slope of the energy line with reference to any plane.
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The elevation of the hydraulic grade line at any section plus the velocity
head of the mean velocity of the water in that section. The energy head
may be referred to any datum or to an inclined plane such as the bed of
a conduit.

The channel through which surplus or excess water may be removed
from a canal to a drainage.

A work designed to secure the lowering of the water surface in a chan-
nel and the safe dissipation of surplus energy.

A channel constructed primarily to convey water from one source of
supply to another.

The fixed distance over which a surface float is timed.

Undermining caused by the residual force of water flowing through the
subsoil, which acts in the direction of flow and is proportional to the
pressure gradient.

Is that state of a stream, either momentary or sustained in which the
energy or flow per unit mass of the stream is a minimum for the dis-

charge passing and the channel section through which the discharge
passes.

Flow at velocities greater than the critical.

Flow at velocities less than the critical.

A constant flow or discharge, the mean velocity of which is also con-
stant.

That type of flow in which any particle may move in any direction with
respect to any other particle and in which the head loss is approximately
proportional to the second power of the velocity.

A constricted water way.
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(1) The distance between the designed full supply level and the top of
the sides of an open channel or masonry work left to allow for wave
action, floating debris, or any other condition or emergency without
over-topping the banks of the channel sides of the structure.

(2) When applied to a dam, it is the distance from the top of the dam to
the water surface in the reservoir during maximum flood conditions.

A reservoir or pond at the head of a penstock or pipe line.

The area proposed to be irrigated in a project during the base period
divide by the authorized full supply discharge of the channel.

The curve resulting upon the plotting of discharges against equivalent
gauges.

The sloping floor below and in continuation of the raised crest of a weir.

A canal or channel which is owned maintained and operated exclusively
by the Government.

Soil particles retained on a 10 mesh sieve, which has openings 2 mm in
diameter.

A spur constructed with more permanent materials.

The embankments forming the upstream and downstream approaches of
a weir. The nose of a guide bank is heavily armored to withstand river
action.-

(1) The height of water above any point or plane of reference. Used
also in various compounds, such as energy head, entrance head, friction
head, static head pressure head, lost head, etc.

(2) The term is usually applied to the control work constructed at the
off-take of a channel subsidiary to main canal.

The minimum difference between supply and delivery water levels
available.
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When applied to dams, the gross head is the total fall or difference
between the elevation of water surface in the diversion pond and that in
the lower end of the tail race.

The difference of the water level or pressure between supply and
delivery sides, which is the minimum necessary to enable a module or
semi module to work as designed.

When applied to a dam, the net head is the gross head less all losses in
the conduit and tail race.

The works constructed at the off-taking of a main canal. It includes the
weir or barrage on the river.

The slope of the hydraulic grade line. The slope of the surface of the
water flowing in an open conduit.

The curve resulting from plotting discharges against each hour or day, of
the year.

The sudden and usually turbulent passage of water from low stage below
critical depth to high stage above critical depth during which the velocity
passes from hyper-critical to sub-critical. It represents the limiting
condition of the surface curve wherein it tends to become perpendicular
to the stream bed.

The right cross sectional area of a stream of water divided by the length
of that part of its periphery in contact with its containing conduit; the
ratio of area to wetted perimeter.

The right cross sectional area of a stream of water divided by the total
length of its periphery.
The total requirements of discharge at any place. It includes the dis-

charges actually used for irrigation as well as absorption losses in
between the indenting site and the place where irrigation takes place.

The percolating flow of ground water into a drain, gallery, or other
underground conduit.
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(1) A surface connection to a drain.
(2) A structure at the diversion end of a conduit.
(3) The upstream end of any structure through which water may flow.

The percentage of the culturable irrigable area irrigated during a year to
the total area. The pro_]ect intensity is the annual intensity targeted by
the project.

The floor, bottom or lowest part of the internal cross-section of a
conduit.

The quantity of water, exclusive of precipitation that is required for crop
production. It includes economically unavoidable wastes.

To remove alkali from soils by abundant irrigation combined with
discharge if possible.

A reduction of specific levels at any site which has originated at that site
or worked downstream from a site higher up.

A protective covering over all or a over portion of the perimeter of a
conduit, or reservoir or canal to prevent seepage losses.

That moisture content expressed as percentage of the weight of oven-
dried soil at which the soil will just begin to flow when lightly jarred. At
this stage cohesion and internal friction are practically zero.

The weight and cord attached to it used for determining depths at
observation points where it is impossible to use a sounding rod.

Losses from a canal or reservoir on account of evaporation and percola-
tion or seepage.

The sum total of losses of water by absorption, percolation and evapora-
tion. The total loss in a channel may be defined as be difference be-
tween the discharge at head of a channel and the usual discharge, i.e.,
the sum of outlet discharges.

The principal channel of a canal system off-taking from a river or other
source of supply.
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The point lying between the water surface and the bed of a channel at
which the velocity is equal to the mean velocity.

The device for measuring discharge from the direct measurement of the
depth of water flowing over it.

Device for ensuring a constant discharge of water from one channel to
another irrespective of the water level in each within specified limits;

The extreme value of any factors at which a module or semi-module
ceases to be capable of acting as such.

The range of conditions between the said limits, within which a module
or semi-module works as designed.

An embankment constructed along a river designed to prevent inunda-
tion of the area behind the embankment.

Flows in a sinuous path due to natural physical causes not imposed by
external restraint and occurs where varying discharges and silt loads lead
to curved flow and erosion of the banks.

The amplitude of swing of a fully developed meander from midstream to
midstream.

A sheet or curtain of water flowing over a weir dam, etc. The nappe
has an upper and a lower surface. A nappe is said to adhere if its lower
surface is in contact with the face of the work.

A narrow fall whose crest is usually at or near the bed level usually
without a glacis. In irrigation practice, notches are designed primarily to
maintain the depth-discharge relation of the canal at all stages of dis-
charge.

The points at segmented intervals along a discharge section line at
which the velocities and depths are measured.

The moisture content at which the maximum density is produced by a
specific degree of compaction.
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The point where water flows from a conduit, the mouth of drains and
sewers.

A structure which passes water from Government channels to a water
courses.

An outlet constructed in a main line or branch canal.

An outlet having a discharge that is independent of the level in the
water course, within working limits

A sheet metal disc bearing the observation point number and carried by
the pendant wire.

‘The wire marking section lines and carrying pendants upon it to indicate
the exact position of observation points.

Movement of water through the interstices of the soil.

‘The rate at which water flows through the soil under the action of a unit
hydraulic gradient.

A long line of inter-locked piles driven into the soil to form an imper-
meable cut off.

“The flow of water with high velocities under or around a structure built
on a permeable foundation. If not prevented, the flow will remove the
material from beneath the structure and cause it to fail

‘The lowest moisture content, expressed as a percentage of the weight of
oven dried soil, at which the soil can be rolled into thread 1/8" in
diameter without  showing sings of crumbling.

‘The numerical, difference between the liquid and the plastic limit. This
shows the percentage in moisture content through which soil remains
plastic.

‘The ratio of the volume of voids in given soil mass to the total volume
of the soil mass.
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The total measurable supply of water received directly from clouds, as
rain, snow and hail usually expressed as depth in inches or millimeters in
a day, month or year, and designated as daily, monthly or annual precip-
itation.

(1) The first seasonal filling of a canal reservoir or other structure.
(2) Starting the flow, as in a pump or syphon.

Total load or force upon a surface, also appropriately used to indicate
intensity of pressure or force per unit area.

The device for determining depths of water from the cubical measure-
ment of water trapped within it due to the different pressures created at
different depths.

The operation of semi-modules on a supply channel so that when supply
fluctuates each off-take draws always a constant proportion of the

supply.

(1) Earthy material as a mixture of clay, sand, and gravel, placed with
water to form a compact mass to reduce percolation.
(2) To place such material.

A closed conduit for supplying water under pressure to a water wheel or
turbine.
A fixed point whose level above sea level is known and by reference to

which the levels of gauges, etc., may be determined.

The process of distribution of supplies available in river between differ-
ent canals taking off it or between channels on a canal.

A structure through which the discharge can be varied at will, also
applied to a structure provided with means of varying the water surface
level above it.

The lake impounded by dam.

Pertaining to the banks of a body of water; a riparian owner is one who

owns the banks, a riparian right is the right to control and use water by
virtue of the ownership of the bank or banks.

xiii





[image: image110.jpg]Rotational
Working

Run-off

Sand

Segment

- Sliding Factor

Sluice

Shrinkage Limit

Shutter

Side Slope

Silt

Slope Gauges
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When the demand exceeds the available supply, operating the system so
that distributary channels receive the authorized full supply discharge or
no discharge at all. Each channel takes a turn of full supply for a
certain number of days while other channels are closed. The unit period
for which the channels run or are closed is known as the Rotational
Turn.

The part of precipitation that appears as flow in streams.

According to the International Society of Soil Science, soil particles 0.02
mm to 2 mm in diameter.

A specified length of the total discharge section line.

The ratio of net horizontal force to net vertical load acting on a struc-
ture.

(1) A conduit for carrying water at high velocity;

(2) An opening in a structure for passing debris;

(3) To cause water to flow at high velocities for the purpose of excava-
tion, ejecting debris, etc.

The moisture content expressed as a percentage of dry weight of the
sample at which the removal of additional water produces no further
change in the volume of the sample.

A plate of steel or wood construction hinged to the crest. Shutters are
used to regulate the level of river above the crest.

The slope of sides of a canal, dam, or embankment; custom has sanc-
tioned the naming of the horizontal distance first as 1.5 to 1 (or, fre-
quently, 1.5:1) meaning horizontal distance of 1.5 feet to 1 foot vertical.

(1) Water-born sediment. The term is generally confined to fine earth,
sand, or mud, but is sometimes broadened to include all materials
carried, including both suspended and bed load;

(2) Deposits of water born material in a canal or a reservoir.

Gauge fixed above and below a discharge section line on a slope for the
purpose of determining the water surface based through that discharge
section line.

Soil that contains harmful concentrations of mineral salts.
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Evaporation of water from moist soil.

The graduated pole with which depths of water are measured in feet or
centimeters at observation points.

The passage for spilling surplus water.

In irrigation practice, a projection into a stream, provided with an
armored head; the head may be of various shapes.

The total head without deduction for velocity head or losses. For
example the difference in elevation of head-water and tail-water of a
power plant.

An orifice in use when drowned by having the tail-water higher than all
parts of the opening.

The maximum discharge for which a channel or work is designed.
The average supply in a channel during a certain period. The sum of
the daily discharges run at the head of the channel in that period

divided by the number of days when the channel is flowing.

The sum of the daily discharges at the channel head divided by the
number of days in the base period.

A wooden disc or other floating matter used for timing over a fixed
distance in order to determine surface velocity.

The device fixed between the current meter and its means of suspension,
so that it may be free to swing in a horizontal plane.

A term applied in irrigation practice to an "inverted syphon", a tube or
"scaled" channel constructed to carry water at a level lower than at
which the open channel normally flows.

A pipeline crossing over a depression or under a highway, rail road
canal, etc. The term is common but inappropriate, as no syphonic

action is involved.

The ratio of the number of days the channel is in flow to the base days.
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The allowance made for time required for the effect of a change in
indent at one site to reach another indenting site.

A shallow wall constructed below the foundation level to provide a
footing for the pitching of the face of an embankment.

A grating provided at the entrance of a submerged outlet to prevent
entry of debris, jungle, etc.

Under shot gates-in irrigation practice generally confined to the open-
ings in the weir, adjacent to the canal head regulator.

The upward water pressure on the base of a structure.

The rate at which movement occurs, usually expressed in feet per
second.

The rate at which the surface layer of water moves in the centre of a
channel.

The average rate at which all the layers of water move between the

water surface and the bed of a channel at a specified distance from one
bank.

The velocity as observed after correcting for drift and angularity.

The average velocity of the discharge through a discharge sectional area
ie. Q/A=V.

The mean velocity in a channel immediately upstream of a weir dam,
venturi throat, orifice, or other structure.
A rod loaded with metal at one end so that it floats in a vertical posi-

tion. When being timed through a float-run, gives the mean velocity of
the water between the water surface and the bottom of the velocity rod.

The correction to be applied to a velocity rod velocity in order to
convert it to mean velocity.
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The rate at which the surface layer of water moves.

The section at which the boundaries of a jet passing through an orifice
or over a weir become parallel.

A wall generally of reinforced concrete or brickwork, immediately above
the face of a submerged orifice.

A cross wall built under the floor of a hydraulic structure designed to
divide the work into suitable compartments, or to provide cut-offs

A wall of masonry, sheet-piling, or puddled clay built inside a dam or
embankment to reduce percolation.

An account maintained of distribution of supplies between units of
interlinked canals or different channels of one canal.

The outcome of all considerations of the duty of water, proposed crop
ratio, water available, etc. The water allowance may be defined as the
number of cusecs of outlet capacity, authorized per 1,000 acres of
culturable irrigable area. The water allowance, therefore, not only
defines the size of outlet for each outlet area but also forms the basis
for the design of the distributing channels in successive stages.

An irrigator’s channel from which fields are irrigated directly, taking its
supply from a Government channel.

A condition where the ground water stands at a level that is detrimental
to plants. It may resu