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Management Information Needs for

Groundwater Irrigation Within a
Large Canal System

Introduction

K.V. Raju'

Surface and groundwater irrigation are often in-
terdependent in canal irrigation systems in In-
dia. Most studies of groundwater irrigation fo-
cus on use, misuse, over use or under utilization
of groundwater, as a resource separate from sur-
face water. Many of such studies, however, are

carried out in command areas of large canal ir-

rigation systems.

In the State of Bihar in India, within large canal
irrigation systems, canal water is distributed (ot
necessarily “managed”) by the Irrigation Depart-
ment, while groundwater investigation, planning
and promotion of state tubewells are done by
the Minor Irrigation Department. On the other
hand, groundwater utilization by private (i.e.,
 individual) tubewells proliferates on its own,
mainly as an answer to a growing demand by
farmers for easy access and reliable control over
the resource. There is virtually no government
control over the use of these private tubewells.
River surface lift irrigation units have been in-
stalled by the Minor Irrigation Department,

HI6272

v

There is also a large number of private lift irri-

gation operations on river systems. The Minor -

Irrigation Department has installed state

tubewells, with the objective of helping marginal-

and small farmers. -

The purpose of this paper is to present a practi-
cal information base, which could be used to.

support managemeént decisions regarding canal
irrigation systems that have extensive
groundwater and surface lift irrigation within
canal command areas. The proposed
Groundwater Irrigation Inventory for Canal

Systems is intended to support enhariced con- -

junctive management of canal and lift irfigation

* water in a more efficient and sustainable ‘way.
Its aim is to better integrate information about .

the two sectors in management decision mak-
ing. This can be done both at the level of the
Irrigation Department and at the level of group

. farmer organizations, either at the field or sub-

minor canal levels.
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PRESENT SITUATION

Field level functions of the Irrigation Depart-
ment and the Minor Irrigation Department are -
performed without any coordination. Staff re-

ceive orders from their respective heads and
provide feedback up. the hierarchy. Decisions
are made independently, even though their func-
tions are closely and mutually dependent upon
the same resource base. Although both Depart-

ments belong to the higher-level Water Resources -
‘Department, very little planning or management
-oceurs jointly between them.

Minor Irrigation Department staff are organized:
on the basis of administrative boundaries. Irri: -

gation Department staff are organized accord-
ing to hydraulic boundaries. Within many
branch canal commands in India, there are large

areas (in some cases the whole block) which are-

under both surface and groundwater irrigation.
While the common resource is-often used con-
junctively,? it is rarely managed conjunctively, at
least beyond the individual farmer. One Execu-
tive Engineer, who has worked in both Depart-

_ments, reported, “They [i.e., officials] are sup-
:;)()sed to work according to guidelines from
-above and are answerable only to vertical hier-

archies.” There are virtually no horizontal link-
ages between these two Departients,

,The same Executuve Engmeer also mentioned
.’,that
slgned and ‘operated, it was thought that the

when canal irrigation systems were de-

whole area ynder the command could be fully

.lmgated by canal water. Hence, it was thought
that only the Irrigation Department would need
-to be in charge of the area.’

* When most large
canal systems are constructed or rehabilitated

in Indla or when the operations and mainte-

nance (O&M) practices become set routines, the
Irrigation Department gives little, if any, official
consideration to the utilization of available

'.groundwater in canal commands. This is the
- case for. providing full irrigation to unirrigated

areas.in the command area, and for supplemen-
tary irrigations during petiods of surface water

- shortage.
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As observed in large canal systems in the State
of Bihar, surface irrigation targets are planned
and distributed often without reference to the
extent or utilization of groundwater irrigation.
Furthermore, the extent of groundwater irri-
gated area within a crop season, and across crop
sgasons, is not reported in the irrigated area fig-
ures of branch canals.

Such local-level lapses in data and management
-constrain the capacity to manage water resources

equitably, sustainably and efficiently. Distribut-
ing the same amount of surface irrigation water
to areas differing in availability of groundwater
is neither equitable nor efficient. Both

swatérlogging and salinity are becoming severe

threats to the sustainability of irrigated agricul-
ture. This can often be attributed to the failure
of effective surface and groundwater manage-

ment.

India’s Eighth five-Year Plan (1992-97) rightly
notes that, “the plan estimates of potential [irri-
gated area] created do not distinguish between
the gross area irrigated by groundwater as a sole
source and as a supplement to surface works”
(Government of India, 1992). The lack of con-
junctive management at the group level in an
environment of extensive conjunctive use at the
individual level is somewhat like having two
cooks independently preparing different parts
of the same meal, from the same limited food
supply source, but without any communication
about how much or what type of food stock the
other is using, nor how much of it the other is
preparing. Without coordination, the results
may be too much, too little or harmful combi-
nations of food.

Whether for planning further water resource de-
velopment, facilitating conjunctive management,
or for environmental monitoring of human im-
pact on water resources, there is a need to es-
tablish information bases about the availability
and existing utilization of groundwater within
large canal systems. This can then be used as
decision support for conjunctive management
of irrigation water.
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The Study Area

This study has been carried out in a:

groundwater-rich area of North Bihar, India.
The Vaishali Branch Canal (VBC) of the Eastern
Gandak Project was selected for this study. The
objective was to test a practical method to ob-
tain an information base on different water
sources used for irrigation, and on water use
patterns in three sample minor canal commands
of a large canial system.

The VBC takes off at RD (Reduced Distance)
553.89 of Tirhut Main Canal (see Figure 1). It
has a maximum head discharge of 36.95 cumecs
(1,304 cusecs). The command area of this ca-
nal is bordered by Baya River and Bhushali
Distributory Canal on the west and Jaitpur
Branch canal on the east. The Gross
Commandable Area (GCA) of this branch canal
is 90,413 ha. The Culturable Command Area
(CCA) is 63,289 ha. The breakdown of the an-
- nual surface irrigation as adopted in the Project
Report of the Irrigation Department is as be-
low:

a) Kharif 70% of CCA 44,302 ha
b) Rabi 35% of CCA 22,151 ha
¢) Hot weather 8% of CCA 5,063 ha
d) Perennial 79 of CCA 4,430 ha
Annual irrigation

120% of CCA 75,946 ha

The topography of the command area is such
that the canal has to run across valleys and ridges
alternatively, The branch canal cuts through high

land and has filler through low reaches. Water

courses above one cusec discharge are being con-
structed by the project. Field channels below
one cusec capacity are being constructed by
- Gandak Command Area Development Author-

ity (CADA). Many water courses constructed

 earlier have become inoperative on account of

non-use or poor maintenance. Most of the chan-

nels constructed are not in use for want of proper

linking arrangements between outlets and chan-

nels constructed by CADA. Many outlets have
been damaged. As a result, when water is avail-
able in the canal, villagers resort to flooding their
fields by cutting the canal, distributaries, minors
and the water courses.

The practice of field-to-field irrigation contrib-
utes to the already existing problem of
waterlogging. Where the branch canal cuts
through high spots, in the absence of parallel
channels to irrigate high patches of land, culti-

“vators cut the canal. Where the canal goes

through filled low land, there is appreciable seep-
age from the unlined canal banks. The seepage
water creates a waterlogging problem, which the

_cultivators of low lying banks resent.

Since the commissioning of the canal, water has

. generally not been delivered to farmers on time.

The water supply system in different canals is
primarily based on the need of specific canal
commands. The official approach is to try to
run the distributaries, sub distributaries, minors
and water courses at their full supply level so
that these canals may run with non-silting and
non-scouring velocity. The branch and Main
Canal are, however, the exceptions in which
dnscharge varies with respect to the water re-

‘quirement within a certain period -- the period

of water indent is often 10 days).

In practice, there is often no water in the branch
or distributary canal at the time of need. Actual
dnscharge versus the designed dlscharge and an-
nual i irrigation in different seasons against what
was planned, is presented in Table 1.

It is evident from the above table that the canal
has run with only 30 to 32 percent of the design
discharge and the area irrigated during differ-
ent crop seasons is only 5 to 11 percent of the
culturable command area (CCA). Accordmg to
original design parameters, this branch canal was
supposed to irrigate 63,289 ha. Potential cre-
ated 5o far is only 17,200 ha, of CCA. - ‘At the
begirining of every season, the Irrigation Depart-
ment ﬁxes the targets and at the end of season it
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Fig. 1 SCHEMATIC. ORAWING OF VAISHALI
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clay and kankar The

- TABLE /. Discharge and anea irrigated as designed and achieved|—
. in Vaishall Branch Canal, , alqunfers are ft:inned by
Year Desgn  Actal Irigation _Inrgation_ z;r?;lﬁff&et;ef:':g |
discharge . discharge envisaged in achleved and 80 percent of the
incumecs  incumecs the project in ha. section: The depth of
(cusecs) (cusecs) ‘inha. _ the water table from
Kharf Rabl  Kharif  Rabl “Kharf Rabl | ground level is around
198667 3695 1334 850 44302 22150 - 3500 | 4 metef; d“;'"f pre-
T o oo (T e ks v
198768 3695 [134 709 44302 15506 6625 2975 | ing post-monsoon pe-
(1304)  (400) (250 , ' rlod in the study area.
1988-89 3695 12, 76 7.09 44302 15506 7,000 2515 ,
(1304)  (450)  (250) . ' The existing district
198990 3695 1276  7.09 44302 15506 6313 259 L""e" water balance
, : (1304)  (450) (250) ata are crude, inaccu-
5 A rately assessing the po-
Source: Office of the Executive Engineer, Samya, 1992 tential water resources

measures the achievements. During 1992-93,
target and achievement figures were as follows:

Achievement

Season Target v
Kharif 15000 ha. 10005 ha.
Rabi 2500 ha, 2010 ha.

Given faults in design and construgtion, and poor
_ maintenance during the 1992 Kharif Season, the
VBC irrigated only 10,000 ha. Representing
one-sixth of the designed command area, its
water deliveries are often inadequate and unre-

available. The ground
water reservoir is essentially full in extensive
areas before the end of the wet season. The
recent Groundwater survey carried out during
1986-87 (Ministry of Water Resources, 1991)
indicates, however, that the two districts in
which this study area is located have consider-
able undeveloped ground water resources; to the
extent of 64% of the CCG in Muzaffarpur Dis-
trict and 52% in Vaishali District,

In the study area, utilization of different sources
of water are administered as shown in Table 2.

liable.
[ TABI.E 2. Irrigation Sources and Admimstrating ]

Ground water Authorities, -

_ _ Source Operatedby  Main functlon - Other
Theé entire Gandak Project | - . ‘ functions
area is underlain by allu- |} Canal water Irrigation Dept. Water Canal network
vial deposits which attain distribution development &
a maximum thickness of ‘ Q&M -

" about 2500 m in parts of | Ground water 2) Minor Irﬁg State tubewells  Installation
North Bihar, and thin to Dept. - v N andO&M
feather edges where it b) '"de.‘flal Prvt. tubewell All related
meets Siwalik sediments of functions.
the Himalayan foothills. . ©) Usergroups  group tubewell - Partly installation
The alluvial sediments of and O & M.
the soil profile consist of | M- River Lift Minor Irrig. Lift irrig. Instalfation
sand of various grades, silt, Irrigation Dept. unit o&M
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The basic problem is that groundwater, lift irri-
gation and surface canal irrigation water are

combined at the field level to meet farmers’ .

needs. -The acquisition and delivery of one
source of water without regard for the availabil-
ity and use of other sources, will inevitably lead
to inefficient and inequitable water use and pos-
sibly to environmental problems such as
waterloggmg or salinity. The purpose of the
inventory is to provide a practical method for

obtaining a minimal information base which -

could support conjunctive management of the
total water resource base in large canal systems
where farmers also use groundwater for irriga-
tion.

STEPS IN DEVELOPING THE
GROUNDWATER IRRIGATION
INVENTORY

Givén the way the irrigation resource is divided -

up administratively, future use of the Inventory

method depends on the ability to link the dif-

ferent departments to develop a new conjunc-
tive resource use, information and management
system, The following steps were taken in de-
veloping and 1mplementmg the pilot inventory,
in collaboration wnth the departments con-
cerned.

1) A map of the Vaishali Branch Canal (VBC),

showing the canal network and command

" areas, was obtained (see Figure 1 for VBC
schematic diagram), -

2) . Based on the area indicated, data was col-
lécted both for hydraulic boundaries and
for villages, partly or fully irrigated by each
hydraulic boundary.

3) It was found that the branch canal has 32
hydraulic sub-units (including minors and
sub-minors) and 208 villages which are
pattly or fully itrigated.

4) For each of these villages, based on the 1981
demiographic cénsas and the 1986-87

groundwater census, preliminary estimates

- of the location and area irrigated by source
type (surface and groundwater) were iden-
tified.

5) After obtaining area irrigated figures dur-
ing the 1992 Khatif Season, and making re-
connaissanice inspections in the field, three
minors (m head, middle and tail end of
'VBC) were selected for detailed data col-
lection (see Figure 2 for a sample minor i.e.,
Chakwa minor located in the head reach of
the bran_ch canal).

6) To help.in the first round of field data col-
lection, key informants were selected from
each village. Informants were selected who

 a) knew the whereabouts of all or most irri-
gated village plots, b) knew about plot-wise
crops and itrigation sources (by current and
previous seasons), ¢) could make - village-
" level maps, and d) could communicate eas-
ily with all caste and social categones of
" farmers of the village.

7) Study team members and informants walked
through the sample minor commands with
wllage-level maps, sited each tubewell; and
identified its location on thc map (see e.g.,
Figure 3)

8) -Dependmg on the type of data collected,
data related to each tubewell was recorded
on the basis of direct observation or infor-
mation obtained from the key informants.

In the command area of selected minors, the
study attempted to 1dentlfy the:

a) _field-wise source of irrigation for four crop

sedsons;
¢

b) location or spatial pattern of tubewells;

¢) number of functional and defunct tubewells
and reasons for defunct;
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d) extent of groundwater use across seasons -

and crops:for ‘which it has been used

e) phystcal features of tubewell structures,

£) efficiency rates of machines;

g) estimates of annual machine-running hours

for owner’s and buyer’s ﬁelds,

h) extent of groundwater matkets in opera-
tion; -

1) extenit of subsndy scheme beneficiaries and
 ultimate use of items provided under this

scheme‘

i) productivity levels of different crops irri-

gated by groundwater and s'urface'Water;

k) extentof groundwater, canal water and con-
junctive water use patterns;

) role of groundwater-related institutions;

m) role of groundwater agencies in the instal-
lation and management of tubewells. .

From the study, a more abbreviated set of iridi-
cators was-identified which éxpressed spatially,
the extcnt and nature of groundwater and sur-

face irrigation use patterns Village key inform-
“ants in all cases readily identified all tubewell

locations and water sources by field, which were
later verified through field observatnon and in-
tetrviews with farimers.

Annex 1 provides a list of the kinds of informa-
tion collected in 1993 for the pilot Groundwater
Irrigation Inventory for Canal Systems, Mueh

“of the information obtained from this Inventory

is in the form of approximations based on field
observations and the local expertentlal knowl-
edge of farmers and knowledgeable farmer in-
formants, At first glance, an engineer might balk
at the approximate nature of the information

‘obtained. However, given the virtual absence

of any information base which is usable by ca-
nal system managers, this practlcal mventory ap-
proach allows for lmproved estimates of irriga-
tion requlrements

Data collected and processed through this
method showed enormous differences between
official records and study data measurements as
described in the following sections. Due to space
constraints, data pertaining to only one minor
(Chakwa) out of three selected minors, is pre-
sented.

Chakwa minor: ‘It is located in the head reach
of. the VBC and 1rrigates pam of four villages.

TABLE 3 Growﬂ1 of Thbewells in Chakwa mmor-number and area (acres)

1 ) : , -+ lrrigated,
Name of : I98I, " Groundwater 'Farm'ers Sur’veyl
Village " Census (1986-87) .
’ Demography ‘ . k ,
- Census Areairrigated. No 1970 1980 1985 1990 Total Area
, _ ‘to to  to to No
Nawandgar - No Area No Kharif Rabi Total 1980 1985 1990 1992
Nawanagar NA 2022 16 28 25 53 20 P | 426
Nizamat ' _
Nawanagar™ "~ NA NA . | 121 16 37 I I 1 i 3 798
Milky o - '
Rampur - NA NA 6 11 .8 19 15 | I 14.80
Khurd )
‘Jagdishpur ~ NA 1,67 6 10 7 17 10 | ( 2 12
21.89 39 70 56 126 56 2 2 3 1 7 4218
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The growth of tubewells in Chakwa minor is
presented in Table 3. Though canal irrigation

was started in 1974, all seven tubewells in the -

study area were dnlled after 1974. There is a
clear indication of unrellabihty and madequacy
from the early beginnings of the canal i 1mga-
tion. As years passed, uncertainty of canal irri-
gation has rapndly increased; out of 7 tubewells,
4 were drilled in the last seven years (1985-
1991).

However, two tubewells have become defunct
in the study area (see Table 4). The first, in-
stalled in 1982, was used until 1989. The man-
ager of the tubewell sold the diesel engine
needed to run the system in 1989 due to fre-
quent engine problems, theft of engine parts,
and a high repair cost. Due to lack of funds, he
~ could not purchase a new diesel engine. The
second, a scheduled caste farmer, received bor-
ing pipes, subsidized 100 per cent; from the
block office in 1989. Although assured one, he
never received a diesel engine from the block
office. Because he was unable to mobilize money
on his own to purchase a diesel engine, after
four years, the pipes still remain unused.

In the study area, the cropping pattern is mainly
paddy in Kbarif, wheat and maize in Rabi, and
in the summer most of the plots are kept fallow.
Other crops grown in small areas are  vegeta-
bles and pulses. Important varieties of paddy
grown here are local varieties like Bakoi and

" Bhadya, followed by high yielding varieties like

Pusa 34, Sita and Jaya. Yields are comparatlvely '

higher in HYV (978 kg/acre) than in local vari-

eties (745kyacre) ‘Lowest yneld rates (460 kg/

acre) are in kala britch variety, spread over 9

months, usually grown in chaur area by broad-
casting method.

Out of 54 acres of study area, more than five
acres is permanent “water stored area”, locally
referred to as a ‘Chaur’ area. During the end of
Kharif 1992, when we measured the area with
the farmers, the depth of the water stored var-
ied from 3 to 7 feet. According to farmers, this
area located along the VBC, was originally de-
pression area. During VBC embankment con-
struction, soil from this area was dug out, in-
creasing the depression. - Regular seepage from
VBC and accumulation of rainfall water, in the

TABLE 4. Status of tubewells in the villages of Chakwa minor

Name of As per Based on field survey
Village . Ground |
* water Within Outside  Instudyarea Outside study

census study ' o area

: wea  area Tota Func- Defunct Func- Defunct
R 2 3. 4 5. 6 7. 8 9.
Nawanagar NA } 19 20 ) 16 3
Nawariagar NA 3 8 n | 2 7 1
Rampur NA 1 14 5 22
Jagdishpur M‘ 10 o - 7 3

Note : a)NA NotA\mihHeintherepon.

b) Col. 4 includes kharif 1991 & Rabi 1991-92 area irrigated by 5 tubewells while remaining

two are defunct. Out of 5, 2 are located outside study area, butirdgates inside.
Source: a) For Col.2 & 3 : Population census 1981, Part X(A),
b) For Col.4,5 & 6 : Groundwater Census (1986-87), Sahebganj Block.
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“absence of drainage, has also increased the wa-

ter stored area,

For Cultivators of this water stored area, VBCis
viewed more as a problem than as a solution to
alleviate their poverty.. Local farmers said (for -
which local. irrigation officials also personally
agree) that, due to political pressures, the VBC’s
original’ demgn has changed dramatically. For
the same reasons, the canals and dlstnbutarles,
are called polmcal canals’. We observed simi-
lar problems, resulting from ‘political canals’ in
most parts of the VBC, both at its head and tail
reaehes .

_ The study aréa covered a total of 164 plots ac-
tually falling under the canal irrigated area. This

‘area was demarcated. As we_moved through
* our survey, we fourid that not all plots are irri-
gated by the canal. - Based on a survey of each
plot usmg spot checkmg followed by discussions

with the respective cultlvators different sources -
of irrigation were recorded for Kharif 1991,
Rabi 1991-92, Summer 1992, and Kharif 1992.
Table 5 and Table 6 present dlfferent sources of
irrigation during Khanf 1991 and Rab1 1991-
92. :

Technical Aspects

The Inventory may enable policy makers to es- -
timate the effective annual movement of water
tables in different sections of a canal system. It
is reported at present that aquifer draft in the
study area is only 25 to 40 percent of annual
recharge caiised by rainfall (CWRS, 1993).
However, the measurement basis for such wa-
ter balance estimates is generally quite weak. A
more practical approach is to s:mply monitor
water table movement perlodlcally, asis mcluded
in thls Inventory . o

Farmers in the study area reported that original

TABLE 3. Multiple sources of imgatlon in Chakwa minor during B

ot good quality spare

] Kharif |99| & Rabi 1991-92. ~ parts are not available
in the local market
, I(HARIF 1991 and suitably trained
IRRI o Sy 3 4 engine mechanics are
SOURCE Noof Area Noof -Area Noof Area Noof Area | O available on a
‘ " Plots " Plots Plots Plots - | timely basis. Inven-
lcal 3 078 16 . 328 47 1068 109 312 | tOrY dataon the lev-
Canal+Rain 14 230 4 077 7 in els of functiohal or
Ran-©~ 83 2470 88 2442 102 3607 41  |503 | defuncttubewellscan
| Tibewell 86 2044 48 20757 299 I 090 | be used to monitor
ol s en 1% o1 4 1585040 such problems. It can
, Syt . g - : =1 also be used to under-
. stand, both by users
and OfflClalS, present
B TABLE6 M:;:z‘: mmh;ﬁ?:; in Chalova "R levels of tubewell dis-
s — | charge and diesel con-
RABI 1991-92 : ' sumption, and to cal-
" IRRI | 2 3 4 culate the efficiency
SOURCE Noof Area Noof Area No”of Ara Noof Aréa. | |ovelsof efgiries. Our
Plots Plots Plots Plots: - study indicated that at
g:ﬂu © 3076 5 141 14 361 739 1079 precene diesel erigine
n.. . . .
Rin - . 45 1266 51 1534 60 1872 61 2537 vﬁi‘;iﬁ;’f&‘}/‘jf"&fg‘; |
Tubewell 50 2146 41 1723 24 (237 ,| 090 | 26 tested engines, 23
Total : 98 3488 97 3398 98 3470 10l 37.06 have lower than 35%
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[] TABLE 7. Efficiency of diesel pumpsets. -
Minors Chakwa Madan Shampur
Particulars Chapra |,
[ 1. No. of pumps tested 4 10 ]
(all 5 h.p)
2. Presence of sand 57 20 1
(gms/100 lit) (40-70) (10-31) (30-60)
3. Head (feet) 1S 10.4 17.8
(10.1-12.6) (10.3-10.7) (104-i8.8)
4. Discharge I 10 » 8
(lit/Sec) 9-12) (7-12) (2-10)
5. - Diesel 0.95 1.01 1.08
" consumption (0.80-1.10) * (0.90-1.13) (0.90-1.60)
(lit/hour) _ :
6. Efficiency of 37 29 31
pump (%) (33-39) (32-35) (8-47)
Note: |. Figures mentioned in item 2 to 6 are averages of
respective minors. ‘
2. Four tubewells in Madan Chapra and three in Shampur
are filter wells and have no sand in their water,
3. Figures in parenthesis indicate range.

TABLE 8. Water C_orivey'ance methods,

‘Minors Chakwa  Madan Shampur  Study
Particulars Chapra area
.1.. No. of owners 6 19 2| 47
2. No.of owners used
a.Unlinéd fleld channel 5 16 9 30
b.Unlined field channel | 3 12 16
and closed pipes
3. Closed pipe users
a.Own pipe v
i. No. of owners 5 -5
ii. Average length e 100 100
(feet) purchased
il Average total cost 590 590
b.Hired pipe (by buyers)
i. No. of buyers | 3 8 12
il. Average length 10 300 225 208
(feet) purchased
iil.Rental charges 0 10 10 10
"Rs/100 ft/day '

7 efficiericy (see table 7). Un-

derstanding the volume of
conveyance losses through in-
ventory data will help assess
the need for closed pipes in
some locations, either by wa-
ter sellers or by buyers (see ta-
ble 8). Some buyers lose as
much as 30 to 50% of the
amount paid for water rates
in conveyance.

Economic Aspects

Keeping in mind the welfare
of marginal and small farm-
ers as a State objective, it is
necessary to consider returns
accruing over their invest-

1 ment made in groundwater

extraction. 'This study found
that northern Bihar experi- .
ences a severe shortage in
electric power supply, ‘with
only one to two hours per day
typically supplied. Diesel en-
gines are nearly always used
for pumping. While boring is -
cheap in this region, acquiring
a diesel engine is costly for a
marginal and small farmer.
Therefore, the proportion of
diesel engines to the number
of borings is low. So diesel en-
gines have been made to be
mobile, with engines moving
from one tubewell point to an-
other, according to demand.

Growing  demand for
groundwater has provided an
effective leverage to tubewell-
cum-diesel engine owners to
form “mini cartels.” In their
frequent-but informal meet-

. ings, such owners agree to in-

crease water selling prices,

_normally whenever the diesel
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~cost rises, even if it rises only marginally (see
table 9):: Normally this increase is in a ratio (wa-
ter price: :diesel price) of 3 or 4 to 1. Sometimes
- it becomés's to 1, as it did in mid-1993. When
the diesel rate mcreased by 50 paise per liter,
the water selling rate shot up from Rs 20 to Rs

22 per liter. The b’ilyers often have little re-
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course to competition in a limited market envi-
ronment. The extent of water sellers and buy-
ers is presented in Table 10.

Left with no._choice, the buyer pays the price
demarided. The seller’s diesel engine efficiencies
vary from 20 to 65 percent (for 5 hp engines).

1

TABLE 9 Rise of diesel and water sellmg rates M
over time. -

Minors Rate of Rate of Water sellmg rates Rs/hour
" diesel ol
Years (Rs/LY) (Rs/Lt) Chakwa Madan Shampur
. Chapra
1975 i.68 8 10 - -
1980 242 1012 128 I
1982 34| I15-16 - 13 10 12.
1983 372 16 13 10 15
1984 3.71 17 13 10 15
1985 433 27 15 2 16
11989 5.36 .28 18 15 18
1991 . 5.38 35 8 5 18
6.52  41-42-51 20 20 20

1992

Note: |. Diesel and oil rates are collected from diesel pump
. station. v
2. Water selling rates are based on memory recall by a group
of farmers in respective minors.

TABLE 10. Extent: of water sellers and buyers in the study

area.
'Minor Chakwa ~ Madan Shampur Study Area’
Particulars ' Chapra
|. No. of .
a.Sellers _ 5 15 17 37
| bBuyers 25 79 82 186
2. Total area
- irrigated (acres) - - . _ ‘
aSellers 584 . 3256 34.76 73.16
(0.69-3.00) (0.21-9.50) (0.40-3.52) (0.21-9.50)
bBuyers 1465 4747 . 3740  99.52
- 20.49 80.03 72.16 172,68

a)Among 37 sellers. fve have only tubewells. They rent-in diesel
engine to irrigate their fields and also sell water.

b) Figures in parenthesis indicate range.

The resultant effect in- dis-
charge is from 2 to 12 liters
per second. Few sellers seem
to realize that discharge lev-
els are this low. We observed
1o efforts being made by sell-
ers to improve efficiencies.
Selling prices are standard-
ized and not related to vari-
able levels of efficiencies.
The buyer pays the same rate
(Rs. 20 per hour) irrespective
of discharge levels.. Distance
between the engine location
and the buyer’s plot varies
substantially. Conyeyance
losses in open field channels,

. vary from 20 to 50 percent.

Although' the state govern-
ment focuses on providing
subsidies for pipes for bor-
ing, little attention is paid to

I distribution pipes to curtail

conveyance losses. This study

found that an average of one-

third of all tubewell pipe

lengths obtained with subsi-
dies, was obtained in amo-

unts-more than required,

based on local water tables.

There is atendenty tosell the
additional unneeded pipe
lengths to others. (see table
11).

Time and cost

How: practical and beneficial

- can the Inventory approach

be, for use by existing Water
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——~| TABLE 10A Number of hours diesel pumpset run-seasonwise in Chakwa minor. |—‘

Summer Kharif Total
1992 1992 per annum
138.75 332.75
298.50 719.50
437.25 1052.25

Resources Department staff and canal irrigation
officials, in collaboration with the farming com-
munity?

Given the experience of this Study Team in Bihar,
- we conclude that under present conditions, the
proposed Groundwater Irrigation Inventory of
average-size minor canal commands (300-400
ha) can be completed in about three to four days
for the first time, and in about two days for sub-

Season Kharif Rabi
Minor 1991 9192
Chakwa -
a. Seller 168.00 164.75
b. Buyer 351.25 368.25
c. Total 519.25 533.00
- = 7ABLE //. Details of tubewell pipes
installed and sold (in feet)
SN Allotted Installed Sold
Chakwa Minor
| - 40 70 70
2 90 60 30
3 80 20 60 -
Madanchapra Minor
I "7 57 60
2 100 60 40
3 80 - 60 20
4 80 50 30
5 80 50 30
6 80 50 30
7 80 30 50
8 80 20 60
9 80 60 20
f0 80 60 20
I 80 50 30
12 80 60 20
13- 80 50 30
14 80 60 20
15 80 50 30
16 80 60 20
17 80 30 50

sequent annual inventories, depending on the
size of the particular minor canal command.
(This assumes that reasonably reliable village
maps with landholding boundaries are available.)
Inventory data can be collected with the assist-
ance of the village level worker (Gram sevak)
and the field operations staff of the Irrigation
Department. The data could be processed at
sub-division level for minors and distributaries
and at division level for branch canals. Further,
project-level data at the Chief Engineer’s office
and similarly, data of all projects in the State,
could be processed at the Water Resources De-
partment of the State. '

Approximate costs of implementing the
Groundwater Irrigation Inventory throughout
the VCB are estimated as follows:

A. - Field Data collection by
key informants

1) For 27 minors .
@ Rs.50/day/person for § days
per minor g
i.e., Rs.250/minor

Indian Rs.

6,750

for 27 minors
2) For 4 distributaries
@ 5 minors per distributary
Sx4x250 5,000
Toal A 11,750

B. Data processing

1) Data processing could be done at two
levels: Sub-division and Division lower
level 3 man days x 4 Sub-Divi.=12
at higher level 3 man days = 3

i.e. 15 man days x Rs.50/day 750*
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C. Travel

_ 3000
D. Stationary 500
E. Overheads .1000

Total (A-E) 17000

* (This money could be given as an incentive to
the existing staff rather than going for new re-
cruits just for this exercise. Money could be paid
on completion of the task (both A and B) at the
end of season, as we did during our study.)

The data thus processed could be presented to
higher-level officials. of branch canals and.to
project-level officials in the Water Resources De-
partment to enable more effective water man-
agement at the operational level and better plan-
ning at the policy level.

CONCLUSION

The obstacles to inter-departmental collabora-
tion and cooperation with farmer representa-
tives are challenging. However, it is hoped that
_greater awareness of wastage and problems
brought on by lack of such integrated informa-
tion and. management, and the potential ben-
cfits to be gained from the Inventory will in-
duce efforts to experiment with it.

At the end of this eight-month study, in a one-
day state level workshop held in April 1993, the
study findinigs were presented to top level offi-
cials and policy makers of the Bihar Water Re-
sources Department. Officials attending the
workshop were interested to extend the Inven-
tory to other areas and récognized the potential
for enhancing canal and groundwater irrigation
management through integrating information
from both sectors.

Participants expressed the value of an informa-
tion base as a decision-support tool. Of par-
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ticular concern was data on the increasing use
of groundwater in canal systems, farmers’ choice
of using multiple sources of water, the potential
role of water markets, and the importance of
group tubewells, particularly for marginal and
small farmers.

Preliminary application of the Groundwater Ir-
rigation Inventory has indicated that it would
be practical to supply the information base
needed to do the following:

1) establish effective horizontal linkages be-
‘tween canal irrigation and minor or
groundwater irrigation;

2) support necessary communication on re-
source use between farmers and the Water
Resources Department;

3) support a macro-level management perspec-
tive for managing both surface and
groundwater within a main canal system;

4) improve canal water distribution schedules
and efficiency;

§) increase the returns on investments made
from groundwater extraction by marginal
and small farmers;

6)  promote better understanding of improved
methods of farming for utilizing multiple
sources of water; and

7) enable various government or non-govern-
‘ment agencies to promote groundwater de-
velopment according to spatially rational
patterns, sensitive to local resource condi-
tions, rather than the present haphazard way
generally followed.
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Fig.3 CHAKWA MINOR "

INDEX
LOCATION OF STUOY TUBEWHLS-o
BORING DEPTH AND WATER TABLE
FROM GROUND LEVELIFEET).[ T}
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Annex 1.

“DATA INCLUDED IN THE

GROUNDWATER IRR[GATION INVEN-
TORY

The following is a list of the types of informa-
tion included in the Groundwater Irrigation In-
ventory. o

A. Data at Level of Well/tubewell

1.

Well/tubewell Identification

1.1 Well/tubewell ID number
1.2 Canal command location
1.2.1 Minor

1.2.2 Sub-Distributory

1.2.3 Distributory

1.2.4 Branch canal

1.2.5 - Project name

1.3 Field ID number

1.4 Name of Well/tubewell owner
1.5 Administrative boundary

C1.5.1 Village

1.5.2 Block
1.5.3 District/Province

Types of Well/tubewell

(In parentheses indicate depth in feet from

ground level)

2.1 Open dug well

2.1.1 Dug well without masonry steining .

2.1.2 Dug well with masonry steining
(either stone or brick)

2.1.3 Dug well with boring

2.2 Tubewell

°2.2.1 Shallow tubewell (Depth 20 M

t0 40 M)
2.2.2 Deep tubewells (Depth range
- 100-M and more) '

2.2.3 Bore wells: (Depth 20 M to 50 M)

2.2.4 Bamboo tubewell

Désign features of Well/tubewell
3.1 Openboring
3.2 Filter boring

- 3.2.1 Length of filter pipe

3.2.2 Length of blind pipe

B 3.2.3 ‘Packed with sand/gravel
'3.2.4 Diameter of pipe (inch)

Well/tubewell location is determined by:

4.1  Water availability point

4.2 Elevated point and suxtable for»
gravity flow

4.3  Central point of owner’s ﬁeld

44  Close to more of buyer’s fields

4.5 - Any other (specify)

Water Extraction Mechanism (WEM)
5.1 . Electric pumpset (h.p)

5.2 Diesel engine (h.p)

5.3  Animal Driven

54 Manual

5.5 ‘'Treddle pump

5.6  Others (specify)

. Type of well/tubewell Owner’

6.1  Private (irrespective of the tpr)
Owned by individual farmers

6.2  Group (irrespective of the type)
Owned by a group of individual
owner-farmers preferably with
adjacent land-holdings.

6.3 Public (also called state well/
tubewell) Owned and operated by
state government through its Minor
Irrigation Department.

6.4  Subsidized well/tubewell (Generally
listed under private wells) Owned by
individual farmers. (The investment
cost on drlllmg & casmg pipes has a
subsidy component ranging from 33.
to 90 percent distributed through
Block Dévelopment Office. The sub
sidy amount is based upon caste and
land holding size, owned by the
farmer.)

Who performs Installation, Operatlon and
Maintenance

7.1 Year of installation _

7.2 Installation was by whom

7.3 Operation is by whom

7.4  Maintenarce is by whom
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8.

Items

~ New

924

9.3
9.4

10.

(Individual owner/farmer, farmer
private
development agency/NGO, other,

group, state agency,

combination)

Installation cost
Date of

installation

Second
hand

Purchase price

If second hand
present market
rate for new one

1 2 3 4 s
8.1 Borrng pipes
8.2 Filter pipe

8.3 Drilling cost
8.4 Open well digging cost

- 8.5 Diesel pumpset
‘8.6 Electric pumpset

8.7 Labor cost
8.8 Any other (specify)

Financial Source For Installation Investment
9.1 Self financed

9.2 Partial assistance by

9.2.1. Neighbors

9.2.2 Relatives

9.2.3 Bank loan :
Government subsidy
Non-government organization
Cooperative societies

9.2.5
9.2.6

Fu“ ﬁnanoial assistance from
9.3.1 Government scheme
9.3.2 Non-government organization

In case of group well, members

94.1 Contribute equally

9.4.2 Contribute proportional to land
holding size

Tubewell Status

10.1 ‘Head (in feet)

10.2 Trapping shallow/deep aqurfer

10.3 Estimated seasonal running hours

10.4, Estimated seasonal discharge

10.5.  Present depth to groundwater table

10.5.1During Kharif
10.5.2During Hot weather
10.6 Estimated depth to groundwater
table five years ago
10.6.1During Kharif
10 6. 2Durmg Hot weather

11. Operatron and Malntenance cost of wcll/ :
tubewell
11.1  Annual cost of
11.1.1Diesel
11.1.20il
11.1.3 Electricity
© 11,1.4Maintenance mcludmg spare parts
and repairs

12. Pumpset hours run per yéar

Se.lson For buyers’ For owner’s Water selling
rate fields fields Per ~ Per “Per crop Hrs
Area Hrs Area  Hour Acre Season ?

1 2 3 4 5 6 738

12.1 Kharif o

12.2 Rabi

12.3 Ho_t Weather

' 13 'le‘.hmu)l Performance of WEM (baséd on

approximate averages by tubewell type/ca-,
pacity)
131
13.2

Estirated drscharge (liters/sec)
Estimated diesel consumption (htcrs/
hour) . .
133 Estimated power consumptron -
- (units'hour). : )

14. Avarlablhty and Sultabrhty of Technology

(based on categorrcal rankmgs from farmer

group interview)

14.1 Drilling equrpmem

142 Pumps

143 Motors (h. p)

144 Accessories

14.5 Distribution pipes

14.5.1Steel/rubber/PVCother

14.5.2Length (feet)
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15.

Technology for Water Dlstnbutlon

.15.1 Open Kutchha Channels

15.2 Open Pucca Channels .

-15.3 Underground pipes .

15.4 Partly. underground & partly ‘open
channels

. 15.5 . Make-shift plastic/pvc pipes

16. Type of Water Use

16.1 For use only on own. farm

16.2 For selling only ;

16.3 Both for use on own farm and
selling . :

{ 164 Group sharmg

16.5 Both for group sharing and selling
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18.. Local Water Selling Rates .

19. Area Irrigated by Tubewell- seasonwise and

cropwise

B. Data at Canal Command Level

20 Number of Wells/Tubewells within Com-

mand Area (separately for each hydraulic

~ boundary)

20.1 When tubewells first installed in area

20.2 Approximate number of tubewells 10
years ago

20.3 At present number of :

20.3.1 Wells with diesel pumpset

17. Criteria Used to Fix Water Selling Rates (If 20.3.2 Wells with electric pumpset
B . sold). : S 20.3.3 Tubewells with diesel pumpset
; . .17.1 - Individual well Operational 20.3.4 Tubewells with electric pumpset
¥ . expenditure and marginal profit 20.3.5Wells with electric and diesel
17.2  Group well Operational expenditure pumpset
17.3 State Tubewell As per rates fixed by
the Government
Methods \Source Pvt. Group State Lift . ¢ Canal .
s e Tubewell [ Well Tubewell Irrigation | Kharif | Rabi
; (5HP) (5-75 @Q5HP) | (SHP)
. HP) . '
o | Dieselfhour
R Electric/hour
: Per irrigation
Cropsfacre)
| Pady
1 Wheat
“Maize
Vegetables
Tobacco
For any crop
a) | irri/acre
b) > | irrfacr
Electric power
tariff rates
(Rs./HP/month)
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Irrig. 12 3 435

Fields\ Kharif _ Rabi
1 2 34 5§

Hot weather
1 2 3 4 5

Field Survey
No. No. Crop

Owner’s
1 .

2

3

Buyers
1.
3

20.3.6 Tubewells with electric and dicéel
‘pumpset
20.3.7 Wells with manual/animal drlven life

©20.4 Number of tubewells functional ac ~ 22.

least once during last three seasons
(Kharif, Rabi, Hot Season)
20.5  Number of tubewells defunct during
~ at least last three seasons due to: ‘
- 20.5.1Machine defunct

20.5.2Borewell defunct - 23

'20.5.3Both machine & borcwdl are de
funct
20.5.4 Water table has dropped too low for
, lifting
20.6 Number of other lift irrigation de

vices 24,

20.7 Number of other lift irrigation de
~ vices functional at least once during
last three seasons

25.

21. Aggregate area irrigated only by
- groundwater
21.1 Last Kharif season

26.

21.2 Last Rabi season
21.3 Last Hot season

Aggregate area irrigated only by surface Ir-

rigation

22.1 Last Kharif scason
22.2° Last Rabi season
223 last Hot season

Aggregaic area 1rr1;,dtcd both by ground and
surface Irrigation

23.1 Last Kharif season

23.2  Last Rabi season

23,3 Last Hot season

Area where agriculture is adversely affected
or made impossible by salinity (at any time -

during the year)

Area where agriculture is adversely affected

or made impossible by waterlogging (at any
time during the year)

Estimated average movement of

groundwater table over last five years
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Notes:

' This study was funded by the International Irrigation Management Institute, under grants from the ™

International Fund for Agricultural Development (IFAD) and the German Federal Ministry for Eco-
nomic Cooperation (GTZ). The author presently works for IIMI, India. :

2 By conjunctive use of surface and groundwater, we mean that both sources are used on the same land

during an agricultural season.
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