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Study on Designed Capacity of Dharoi dam vs. Actual Command Area Irrigated

Executive Summary

Surface water irrigation of Gujarat state had bediaring 70s with the planng of major and medium
irrigation schemes such as, Ukai, Kakrapar, Kad&aagdar Sarovar, and Dharoi etc. Dharoi dam was
built across Sabarmati River during 1971 to 1978. The estimated cost of the project was Rs 17.58 crores
since then the project cost hascreased many folds. The latesstimated cost as per revised
implementation schedule works out to Rs. 134.51 crdies.main purpose of the scheme was to provide
irrigation facilities to 127 villages of Kheralu, &fiagar, Mehsana, Sidhpur and Vijapur talukas of
Mehsana district through R.B.M.C. and 49 villageslddr and Himmatnagatalukas of Sabarkantha
district through L.B.M.C. The annual area undeigation was estimated as 36842 ha (91000 Acres).
There after cropping pattern was changed to thatcommand area requirement of 43320 hectares.
Along with this changes several issues emerged such as (01) lack of irrigation in tail area; (02) difference
in actual command area in compare to designed comh@iea; (03) mismanagement and over utilization

of water by farmers; (04) poor or late responseaire) failure by farmer as well as department; (05)
Inappropriate repair and maintenance of canals anthge made by users etc. In whole all the issues
were leading towards mismanagement of comunarea. To overcome mismanagement issues
Government of Gujarat had adopted the concept of Participatory Irrigation Management (PIM) in Gujarat
state since 1995. lit was also introduced ie haroi Right Bank Command jointly by Irrigation
Department (ID) and Development Support centre Ahmedabad. Village Thalota of Visnagar taluka was
selected as pilot project. After completing the relitation works of old canals, the entire command area

of 337 ha of village Thalota was taken over tne canal water co-operagivsociety by signing a
Memorandum of Understanding with ID.

Experiences of village Thalota have provided opputy of learning to scale up PIM activities in other

parts of command area. The experiences then spread over command area and presently the whole
RBMCA has about 128 ICs managing about 25,784 ha of command area and about 20,491 farmer
members. The performance of water co-operativ&haroi Right Bank command area is promising. But

due to uncertainty of irrigation water, trequired targets have not been achieved.

It is true that any positive development raises more&tgtions to make system more and more efficient.
Keeping this in mind and to check the impact of PIM on command area as well as to address newly
emerging issues like feasibility of inflow water augi reducing rainfall in catchment area, water use
efficiency in command area, parallese of groundwater in commandear changing cropping pattern and
extension of command area etc., gresent study has been conductéth whe following objectives to
achieve main aim of checking up of the water useieficy of the Dharoi irrigation project in order to
culling out lessons for improving efficiency, equity and sustainability of irrigation in the command area.

(01) Study design capacity of the dam vs Actuahe@nd area irrigation — by studying spread of canal

network and increase or decrease of irrigate@ds before and after PIM introduction;

(02) Use of canal water as intensive source terestve source within command area — by analyzing use
of canal water as intensive or extensive source @faition with respect to use of groundwater in study

area. The command area falls under the North Gujagadrreof Mehsana and other districts that have

been declared Dark Zone by the Central Ground M\Bdard. The intension of this agreement was to

carry out identification of such area within conmdaarea, when canal water is utilized as intensive
source of irrigation and

(03) Assessment of water availability in the catchnagat of the dam - This has been carried out with a
view to understand over all feasibility of the systeithwespect to changing rdall pattern and land use

in catchment as well command area.

An integrated approach was adopted to carry the study by a team of Arid Communities and
Technologies (ACT), Development Support Center (PSGsnagar, Officials ofirrigation Department

ACT-DSC 2012 [
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and members of WUA. WUAs had been formeddiscuss methodology and desired outcomes of the
study. Methodology and findings of the study had been finalized through review and discussion in
consultation with stakeholders in workshops and meetings. Squarsry and secondary data were
collected through appropriate sources and methadsddal monitoring was carried out during the study.
GIS and remote sensing data of appropriate pepi@PIM i.e. year 2003-04 and post PIM year 2007-08
were collected and used to generate various dtiermaps of command area. Based on these maps and
field data on water use efficiency and zone wisegmateation such as land use, watershed etc. had been
made to achieve the objectives of study. Evasugh the study had main focus on right bank canal
however, some of the aspects at catchment area levelals® been undertaken for considerations for
more effectiveness of the study.

In addition to above methodology n@us literature was also revied to device specific methods of
assessment of water use efficiency, to define extensive or intensive areas of command as well as to frame
further developmental strategies for better util@matdf water in command area. The important literature
reviewed were research papers published by latenmal Water Managememstitution, Development
Support Center, Government publications, CentrabuGdwater Board , universities etc. As far as
specific analysis was concern several consultatiatis farmers, experts were also carried out during
study. For water use efficiency approach propdselraelsen (1950) amendment proposed by American
Society of Civil Engineer’s Irrigation and DrainaDevision Task Committee, later on concept revised by
Jozef Takac, Pavol Nejedlik, Berd Siska in 2008 and they have derived method for water use
efficiency based on crop yield were also reviewed. H@wnedue to lack of some consistency in data and
resources efficiency has been evaluated by own methodology devised based on experts’ advice.

Irrigation Management in Dharoi Irrigation Scheme

The Sabarmati Reservoir Pec} is located across river Table 1: Estimated Command Area of
Sabarmati near village Dharoi in Satalasana taluka Dharoi Irrigation Scheme

Mehsana district, Gujarat state. From geodetic Co- Irrigation Command | Estimated
ordinates point of view it is located on latitude N’ 24 Type Area (ha)
00'00” and longitude E 7%52'00”. The project | Under flow LBMC 12350
comprises a masonry gated spillway structure flanked dmigation RBMC 45559
either side by non over flow dams and earthen dams [aggder Lift LBMC 630

4 numbers of saddle dams in dykes of 5420 m lopgrigation RBMC 2546
Command area of project is on both sides of Sabarmati Total 61085

River, through two main canals namely, L.B.M.C. (Left
Bank Main Canal) 29.50 km long and R.B.M.C. (Riglaink Main Canal) 43.50 km. long. (Table 1)

The project was planned for irrigation facilities t®71villages of Kheralu, \énagar, Mehsana, Sidhpur

and Vijapur talukas of Mehsana district througiB®RI.C. and 49 villages of Idar and Himmatnagar
talukas of Sabarkantha district through L.B.MThe annual area under irrigation was estimated as
36842 ha (91000 Acres). There after cropping pattead changed and had changed command area
requirement of about 43320 hectares. (GoG, 2007) The distribution system of canal was originally
considered as unlined. There afli@ing to the canal was considered up to 8 ha block. On account of
saving due to lining, command area increaseth 8320 to 56680 hectares keeping the total water
requirement same as 218.33 Rh.77 lift). The actual survey of command area was carried out and it
was found that the area under irrigation system&&85 hectares against 56680 hectares assumed while
preparing project report. (Table 1) Extensioh Right Bank Command area has been proposed by
irrigation department in southeast and north waséeeas around Mehsana city. As per this proposal in
the year 2004, total 23887 ha have been addedaiccimmand area at the cost of Rs. 5477.61 Lakh. The
benefit of this extended command area has gondQovillages of Mehsana (100 villages) and Patan (49
villages) districts. Till year 1997 drinking water was supplied to Ahmedabad and Gandhinagar Cities.
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However, latter on it has been stopped and theesgquantity has being allated to command area
villages. Government of Gujarat had adopted the concept of participatory irrigation management (PIM) in
Guijarat state since 1995. Accordinghe concept of PIM had been iodluced in the Dharoi Right Bank
Command. Village Thalota of Visnagar taluka wakeded as pilot project. To achieve the concept
implementation the Development Support Centenn@tdabad has extended its full co-operation as an
NGO. Generally, the ID manages the canal irrigation in the command areas of completed irrigation
scheme. The farmers receive water according xedfiirrigation shdules. In PIM, the Water Users
Associations (WUASs); called ICs in the study as\WEAs were registered under Cooperative Act, play
important role in system and irrigation managementiqudarly at tertiary (minor canal) and secondary (
Distrbutary/ Branch canal) levels. The Following iscamparative analysis of ID managed irrigation and
PIM.

Managed by Department Managed byrrigation Cooperatives (IC) under
PIM
Stage I Department estimates quantity based irrigation
potential( generally area) after monsoon e In PIM, the ICs and their upper levgl
Stage I Executive Engiee (EE) issues notice far Associations i.e. Distributary Federatign,

asking irrigation demand application from Branch federation and Main canal federatjon
farmers within a mentioned period. In case| of participate in the irrigation planning,
insufficient demand, #h EE can increase tle  implementation and monitoring processes
duration actively depending on progress of their
Stage Ill: At completion ofiotice period, the EE calls the  formation and stage of operations.
Irrigation  Advisory Committee meeting. |fe The ICs signs an agreentdor 5 years to take
there is no advisory comittee, then, EE calls  over canal irrigation management from the ID.
meeting of Deputy Executive Engineefss The ID hand over following authority to tHe
Section Officers, Work Assistants, Village |Cs; irrigation and crop planning, water
Sarpanch, President and Secretary of Irrigafion distribution to individual farmers, water charge
Cooperatives. In this meeting they dec|de fixing and collection from farmers, operatign

expected crops and crop wise area rotaion and maintenance of canal system, conflict
pe”Od, number of watering, watering wise resolution among farmers etc.

volume of water etc. e In case of distributon management |oy
Stage IV:  Department takes action for completing cooperatives, Stages I, II, Ill, and VIl remgin
cleaning and repair works of canal systtm same, while following mcedures are different
before commencement of irrigation. than department management system.
Stage V:  Farmer submits demand form and pays Wafer The Chairman of ICs and their federations ( if
charges to the department in advance i a ggjsts any) are also inweld in the stage-Il and
stipulated time frame. stage-lll for the purpose of project level

Stage VI:  Based on demand, responsible officer prepares irrigation planning.

demand format and then forwards it to highqr |, stage-Il, the EE collect the irrigation demand

authority. . directly from the IC and not from the individugl
Stage VII:  If the farmer does not pay in advance or even farmers.

after receiving water or he/she do mischief then Irrigation department is responsible to supply

dﬁpartment fines h'.?; (\;w_thgnet hF?IfI time mare demanded quantity of water by particular
charge or as prescribed n Dept. Rules Cooperative at its canal head.

Stage VIII: After completion of above formahnes. Officials of Iirigation departments help IC fo

department releases water for irrigation durjing . . ;
Rabi season normally after 16th October. |ID prepare compiled demand form that is going to
: be forwarded to higher authority.

also releases supplementary irrigation for kharif R , .
crops based on the local situation e Along with irrigation department’s technica

Stage IX:  Water distribution in Main, Minor, sub minor assistants, and canal watchmen, pre_S|dents’ and
takes place simultaneously secretary of IC are qually responsible fo

Stage X: Farmer is responsible to drawing water for| his misuse of water. L .
g own crop P g e Th IC prepares budget considering likely

Stage XI:  To prevent over use / misuse , monitor water Income and expenditures on different heads jand
it can raise the water charges if it got defict
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flow and level in canal, irrigation departmegnt budget. IC appoints its own canal operator and
appoints technical assistants and canal other paid staff
watchmen. e IC collects water charges from farmer at the
time of submission of demand form by farmer
e |IC’s canal operator inform and gives gate pass
to farmer in advance for his turn of irrigation
e Watchmen gives permission to farmer |to
irrigate his farm only aér he shows receipt ¢
paid charges
e |IC provides irrigation report to the ID gn
regualr interval and ID officers check ICfs
reported irrigation area @ 10% sample for
verification at the end of season
e |D issue Bill to the IC against the irrigated area
from canal
e On timely submission of Govt. dues from
collected water chargek; receives incentives
of 20 % rebate on irrigation revenues.
e |IC has authority to fine the farmer against his
mischief or offending rules of IC

="

e lrrigation department’s canal officer provides
technical support to IC to fulfill their technical
procedures.

e The ICs and their federations conduct irrigatjon
review meeting for culling our lessons

Presently, about 196 ICs manage irrigation in Rigahk Main Canal Command area of Dharoi dam.
Initially during 1995-2005, the ICs were registetgttler Cooperative Act but subsequently from 2005
onwards, all the ICs or say Water User Assooiai (WUASs) formed through recognition by Circle
Office of Superintending Engineer. About 129 h@ve been formed ad facilitated by DSC whereas
remaining cooperatives have be@oiinated ID directly or by other NGOs. All these ICs are managing
canal water irrigation. In addition, there are several priZateewell mandalisvho are also managing

bore well irrigation but source of water is groundwater in the command area. ICs established by DSC are
spread over about 89 villages and manage abouB2H:@ of irrigation area. There are about 20,491
farmers who are members of these ICs and rests of the farmers are entitled for receiving water from
respective IC as non-members. There are two Federations which are constituted by these ICs at Branch
level, one of them (Branch 2 @&eration) has undergone for agreement with Government and has taken
charge of water distribution also. The other Braoahal-1 federation is an informal body constituted by
about 80 ICs of branch canal-1. This federation is yet to be registered.

The Study Area

There are two distinct divisions of study area i,e. (01) Catchment area of the Dharoi dam and (02) the
Dharoi Right Bank Main Canal Command. Most (ab8&dfo) of the Sabarmati river catchment area falls
under the jurisdiction of Rajasthan state. The total catchment area is abowg3a10While the Right

Bank Main Canal Command (SRBMC) area spreads 8V@.54 sg.km (81,754 ha) including 4298 ha of

lift irrigation. The canal network in RBMC area hagal length is about 969.5 km where main canal has
total length of about 63.5 km. Land use patterthin RBMC area has been estted with the help of
remote sensing data of LISS 4 of years 2003 and 2008ever, it is important to mention here that the
resolution of image of year 2003 was of 23 x 23 m pixels whereas that of year 2008 was of 6 x 6 m pixels.
The RBMC area has been classifiedarfive classes such as (01) Irrigated land; (02) Fallow/Dry Land;
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(03) Water Logged Areas; (04) Settlements and {@&)er Body. The dominant land use in the command
area is irrigated agriculture (52853 Ha) followed by wet and fallow areas (28664 Ha). Water bodies in the
RBMC area are spread over about 1.82 sq.km.

Water Resources in RBMCA

The Right Bank Main Command Area has also otheemsesources than canal such as storage tanks,
ponds, check dams as well as wells and bore wellaatixtg the groundwater. There are about 237 water
bodies distributed in RBMC area. Categorization of the water bodies based on their storage capacity, use
and depth of water column was carried out. Acegdod depth of water column about 175 structures are

of less than 3 m depth while about 58 structures are of more than 3m depth. The water column depth
criteria have been considered mainly to redefine feeafi a particular structure in irrigation support, such

that, structures less than 3 m depth can be considsregtharge structures and more than 3m depth can

be used as storage structures which can be linkedcanthl system and then it can collectively be used

by farmers. The total water storage capacity Ibbtauctures is about 53 MCM out of which about 13
MCM water is stored in small structures whilboat 40 MCM storage is in more than 3 m deep
structures.

Geologically Mehsana District area represents two maik formations viz., The Aravalli hills, in north
and in north east, the catchment area of Dhanai dabuilt up by the Precanibn basement rocks and
the late Quaternary unconsolidated sedimentary dsp@srt of Cambay basin (occurs in downstream
areas of Dharoi Dam) are derived by fluvial tyaors from north-eastern catchments of Aravalli hills and
are partly mixed with blown sandsom southwest (Patel, 1986). Georphologically, the area is
divided into three main zones viz., (01) The hidlymountainous terrain; (02) Piedmont zone; and (03)
The central and southern alluvial plains

Table 2: Aquifer Characteristics in Mehsana District

Aquifer Thickness Depth Formation Parameters
(m) (m)

Phreatic 5-30 Upto3Q Exceptin pediment zone and flood plains generally dry (3 - 12|% and
transmissibility 210-350 sgm/day)

Aquitard 5-30 10-60| Sandy clays with Kankar

Confined | 20-30 35-90| Clayey sand with gravel piezometric surface 15— 30 m

Aquitard 10-15 55—-110 VYellow sticky sandy clay

Confined Il 15-25 110-160 Same as above piendc surface 20 — 35 m Avage transmissibility
75 — 160 sgm/day

District Mehsana is one of the classical examplegroundwater resource ¥idopment and subsequent
deterioration and depletion. As far as the study @reancerned there are total 8834 wells and bore wells
out of which about 5930 structures are continuously extracting groundwater. About 3078 of groundwater
structures are bore wells and 5746 are open wells. (Bal#lecording to various geohydrological studies
carried out by geological survey of India, UND&d CGWB during differ& periods, groundwater
development history of Mehsana can be categorized in to three phases suchPas ((®¥35 phase:
Groundwater at shallow depth (5-10m) and obtaiineah dug wells by bullock and manual lift of water;
(02) 1935 — 1955 phaseGroundwater level declined to 1@-3n and dug cum bore wells became
prevalent and diesel pump set were used for lifting the water andP¢{38)1955 phaseGroundwater

level began to declined rapidiyné from sixties decline has been between 1.3 m every year. Deep tube
wells fitted with electric motor have been usediftogroundwater from 100-250 m depth. In short, all
studies have concluded that
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¢ The ground water mining has depleted a series of alluvial aquifers
Groundwater quality deterioration is almagparallel phenomenon from post 1955 with the
development of tube wells and electric motors

¢ Soil feasibility is gradually affected due to irrigation by high TDS water and has resulted into
disappearance of several crops

So far the study area is concerned; wells anfiable 3 Use wise categorization of Wells and Bore
bore wells together provide irrigation to aboutvells in RBMC Area

31,199 ha area. To understand the exploitation asType of GW Bore well Open Well
well as extensive or intensive use of canal water  Source

in RBMC area well density per village / blockUsed No. 2791 3129
was computed. In Dharoi RMBC area the deptbhisuse no. 287 2617
of water table, below ground level (bgl), rangegotal 3078 5746
from less than 5 m to more than 20 m withinrrigation (ha) 23571 7628

unconfined aquifers whereas in confined
aquifers it ranges from 100 m to more than 180 maxtgd. Based on static water level, the study area has
been categorized into four zone viz., (01) Very Shallow zone SWL less than 10 m; (02) Shallow zone
SWL 10 to 20 m; (03) Deep groundwater zone LSkénges from 20 to 100 m and (04) Very deep
groundwater zone SWL more than 100 m. Comparisgiveen well density and water level shows well
density is more in areas where groundwater ocatirshallow depth and it decreases as the depth of
groundwater level is more. GWRDC has categorMetisana as Dark zone in their categorization.

During the study groundwater quality in RBMC areswatermined based on various physico-chemical
parameters such as Total Dissolved Solids (TDS), pH, hardness and ionic content. TDS and pH
determination in groundwater of study area was carried out at 10 sq km grid within RBMCA. The
assessment was done for post monsoon and post wedsons of the year 2008 & 2009 respectively,
because during winter most of the farmers integlgiwse groundwater for irrigation purposes. To
characterize study area from salinity point of viewSTBaps were prepared for whole area for both the
seasons and the areas were categorized into diveszsuch as (01) Excellent water quality (TDS <500
mg/l); (02) Good water quality (TDS 500-1500 mg(Q3) Moderate/ permissible water quality (TDS
1500-2000 mg/l); (04) Brackish /partial saline waterligguéT DS 2000-3000 mg/l); and (05) Saline water
quality (TDS>3000 mg/l). Fig 3 shows that TDS corication increases in western part as well as in
areas around Meshva, Sankhalpur, Champa villaggegdpre monsoon seasons. The eastern part of
command area shows good to excellent groundwater quality from TDS point of view during post
monsoon as well as post winter season.

Impact of PIM

Cropping pattern in study area has been studieddier @0 understand changedropping pattern before

and after PIM activities as well as to understand water use efficiency. After PIM Wheat, Mustard and
Caster productions have significantly increasethan command areas whereas slight decrease has been
seen in Cumin seed, isabgool, grass and vegetable émpther major impact on crop in the area is
change in crop variety such as earlier in most of the areas indigenous cotton and caster were sawn which
are replaced by BT cotton and hybrid caster.

PIM impact has also been assessed based on batbedtar PIM changes in irrigated area. PIM has been
promoted since 1995-96 but the intensive spreadMfdelivity started after year 2004. Before year 2004
there was only 28 ICs in entire command areeerdfore considering year 2004 as benchmark year,
changes in irrigation area as well as land use in RBMCA have been analyzed. Analysis of remote sensing
data shows that total about 22,512 ha of area was under irrigation during Rabi season of year 2003-04 in
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block no. 1,2,3 and 4 while it was about 36,412dbéng year 2007-08. Total irrigation area in seven
blocks was about 63,235 ha. Comparative analysis of first four blocks show about 61.74% of increase in
irrigated area after PIM. Two factors can be consid@oethis significant changim RBMCA (01) Canal
rehabilitation works irabout 254 km length of canals were completed by WUAshereas about88

km length of canal was surveyedcnd Rs. 658 were estimated to céetg the task and (02) Re-Lining

of main canal, branch canal-2 and branch cédly the ID. Involvement of ICs in R&M, O&M,
irrigation management, evolutionf better management practices, regulatory norms for water
management and distribution etc. Today in RBMCA, PIM activities are already spread over about 25,784
ha area that was only about 5100 ha before £684. Today there are about 129 ICs in 89 villages,
managing irrigation water in command area and aPo91 farmers who are members of these WUAs.

Increase in irrigated area is definitely a measurenpgfovement of overall system but, sustainability of
this increase still remains questionable unless undelisiga on improvement in water use efficiency,
maintenance of inflow in reservoir, extensioncommand area as well as intensive or extensive use of
canal is developed. Therefore the present study Isascalried out such estimation with some sort of
limitations such as data, time and resources.

Wateruseefficiency was computed from scheme irrigatidficeency, per ha water use (duty), and yield.

If the scheme irrigation efficiency is 57 %, that can be categorized as good category according to some
eminent irrigation engineetike Israelsen (1950Annually computed water use per hectare area shows
about 0.4031 mcft/ha was during year 1979#0ereas it was 0.188 during 2009-2010. However
minimum water use per ha was in year 1996-8@ maximum was in year 1980-81. An average duty
before PIM period was 0.34 mcft/ha whereas after RIlgl 0.232 mcft/ha. The water use efficiency on

the bais on Grain productivity (for 100 kg producti@md income (for 1000 Rs) has been carried out
based on case studies of 10 minors of command area. Wheat, Mustard, Cumin, Fennel, Cotton, Caster,
Lucerne, and maize crops were irrigated in total B@Grea by farmers during year 2007-08. However
main winter crops such as wheat, mustard, cuminfe@mokl irrigated in 376 ha we considered for this
analysis. Quantity of irrigation water was calcutatsonsidering number of waterings and discharge
measurement 10 cm water column per watering.n3pabduction of the particular crop was estimated
based on average production of respective crop through survey of four farmers in particular Minor
command beneficiaries. Water use efficiency based on grain productivity was computed for per 100 kg
production. In addition to produoti base water use efficiency, atig was made to understand water

use efficiency for Rs. 1000 incorfrem a particular crop. According to this analysis for Rs. 1000 income
wheat crop requires water in the range of 128 -84 whereas cumin requires maximum water i.e. 471
cum. DSC has also carried out stuiy water use efficiency fromroductivity and income point

of view for wheat crop in detathrough trial with about 10 farmers of the RBMC area in Rabi
season of year 2006. As per this study, wadguirement per kg of wheat production ranges
between 381 - 2038 lits where goss and net water productiesi range betweesD — 258 lits

and 20 to 173 lits spectively. Total per ha wheatgoluction varies from 2500 — 5000 kg.
Minimum water requirement of 381 liters wasnsumed for one kg wheat in black/clay loam

soil in village Hasanpur in branch canal-2i2038 liters consumption was noticed in sandy/
sandy loam soil of Dedasan village in the head reach areas near reservoir

Canal water use

The RBMC command area has been designed for exéensiw of Dharoi canal water, as other local
water resources are available in the command areasyi$iem is designed on 50% irrigation intensity. .
Various factors like extend of ground and surface mage, number of waterimyovided through ground

v/s. surface source, gradual extension of commaga @nd changes in cropping pattern characterize use

of canal water as extensive or intensive. Therefore, to consider any particular part of RBMC area as

ACT-DSC 2012 Vi



Study on Designed Capacity of Dharoi dam vs. Actual Command Area Irrigated

intensive irrigation command area or extensive irrigation by canal irrigation one one particular factor is
very difficult. RBMC area has also very good gndwater potential within shallow and deep aquifer
systems of loose alluviums. In both kinds of areas people use canal water extensively as well as
intensively depending on numbers of watering alledaby department during a particular irrigation
season. However, in some areas immediately adpitiie dam i.e. villages around Dharoi, Madhasana
people use canal water mainly for recharge pegpdn case of deep groundwater areas people use
groundwater and canal water supplementary to e#todr based on crop type and number of watering.
Block wise percentile analysis of irrigation in areasdifferent sources has been carried out to define an
area as intensive command otaxsive command area. About 31199%ea was irrigated during 2007-

08 through groundwater. Maximum groundwater basggiation practices (7008 ha) exist in block no. 7
where as minimum is in block no. 1 (1742 ha.) Tg@undwater based irrigation is provided in about
24,329 ha (77.98 %) whereas that of open well bessprbvided in about 6870 ha. (22.02 %) Source wise
comparison shows that in case of block no. 1 open well based irrigation (68.22 % ha) is higher than the
bore well based irrigation (31.78 %). The ratio of well irrigation is very low in case of block no. 2 (9.43
%), 3 (3.10%) and 4 (6.63 %). The analysis cleghigws whole command area is using both the sources

of water almost equally. Howevehock no. 6 and 7 can be categorized as intensive groundwater irrigated
and intensive canal water irrigated areas respectively whereas rest of the blocks are almost using both the
resources equally. Number of irrigations in a patic season was also  studied with 11 selected
cooperatives in order to understand extensive vs intensive use of canal water during year 2007. Out of
total 300 waterings onl{L35 waterings were made availalitem canal water whereas 168 waterings
were facilitated by groundwater. The fact itself gades that the command area is now using canal water

as an extensive source of water.

The ID and ICs would develop a joint action plamn water allocation and irrigation rescheduling in
intensive and extensive canal irrigation petskfor maintaining equity and efficiency.

RBMC area has continuously extended after the irrigation started. The bases of expansion were gradual
development and up-gradation of canal networkesgsfTotal about 23410 ha has been added to RBMC
area since year 2005 mainly in block no 2, 3, 463nd 7. Besides expansion in different blocks,
maximum extension of about 12,738 ha has bddedthrough expansion ofjht bank main canal along

with expansion in brancho. 4 and 5. Irrigation departmead planned to expand command area to
about 56,695 ha and yet they have achieved eigans about 41.3 % only. According to irrigation
department they have stopped water supply of 40%RiIsec/year to Gandhinagar, and Ahmedabad since
1997 and has diverted it for the expansion.

The sustainability of command area extensionlieen understood from catchment yield point of view.

The total catchment area of Dharoi Dam is al&&#t0 sq.km out of which about 2361 sg.km area is
interrupted by construction of small and big reservoirs such as tank, dam etc. Therefore, only about 58 %
of total catchment is directly generating runoff for Dharoi reservoir. The rainfall records of 4 stations for
last 33 years have been analyzed for runoff estimation and inflow water computation in reservoir.
Average annual rainfall of the catchment area ism@8distributed among 32 days during rainy seasons.

Fig. 3 shows decreasing trend in average dnrauafall from year 1977 as about 800 mm to 2009 as
about 700 mm. However, there is no significant chasgs in daily intensity of rainfall. The Hydrograph

study of catchment yield in compare to irrigation water supply indicates there was narrow gap between
rainfall and inflow % in to dam during 1977-#&t has widen over the period of time.

Hydrograph of received rainfall, vs. received inflawreservoir for a period from year 1977 to 2009
shows even though gradual decrease in inflow an@dinpn area irrigated is not as significant as was in
the years e.g. 1986-87 or during year 1999-2000. It also reveals that before 1995-96 there was a clear
dependency of irrigated areas on water inflow in the dam. Whereas period of year 1995 - 2004 seems
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transitional period while from 2004 onwards variation in inflow has not much significant impact over
irrigated area that clearly shows an impact of spread of PIM activities in RBMCA.

Recommendations

Findings of the study have clearly revealed thatead of PIM in RBMCA has resulted into better
management practices at almost all the levelsfrioen sub minors to main canals. It has also led to
extension of command area as well as helped in increasing efficiency of the overall system. Besides canal
water, groundwater has also played very importalg in maintaining and increasing irrigated areas in
RBMC. Along with all these positive impacts sevetiareats are also taking place as far as the
management and sustainability is concerned. These threats are at both the levels i.e. catchment and
command area level. It seems that PIM in Dhagoon the verge of paradigm shift from surface vs.
groundwater irrigation management to well rplad conjunctive use of ground and surface water
management for sustaining agriculture basealiiwods in this water deficit region.

Catchment level main threat is, decreasing runda# to decrease in rainfall and changes in landuse
pattern whereas threat in command area is its extense because of groundwater use. The depletion in
water level and deterioration of water quality amajor threats for groundwater. Application of bad
quality groundwater has impacted soil quality. Avastcommand area threat is linked with equitable
distribution management in extended command .aWéh these considerations, geo-hydrological
characteristics and popularity of PIM activities in 8 area, four main sets of recommendations have
been made for future sustainability andtéeirrigation management in RBMC area.

1. Recharging ground water and local surface water bodies through canal water

2. Watershed management Activities in the command areas

3. Evolving Better Irrigation management practices at main/ distributor canals and below Minor canal
level

On farm Irrigation management and agriculture extension
1. Recharging Local Surface and Groundwater Bodies through canal water

There are about 233 small, medium and major mstreictures already existing in RBMC area. These
bodies have been created under various Govt. schamedocal initiatives. Recharging of at least
medium and major of these structures by canal miat@roposed to make use of such structures for
decentralized pond based irrigation management. Bhisk distribution of these structures shows that
about58 structures are of medium and majorsize that can be consider for thisMajor physical
activity required for this is to construct feeder @laftom nearest outlet or canal network. To establish
proper irrigation management with this strategy ititiane should go for two to three pilot projects in
each block in first phase then plan for up-scalingest phase based on experience. The respective near
by IC and federation can be encourages and empdwer canal fed management of pond irrigation.
This is also help in reducing pressure on direct irrigation from canals.

Considerations of Groundwater Potential for Block wise Distributimiipwing strategies can be
proposed for use of groundwater potential
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Groundwater Water TDS Strategy
Class Level (mg/l)
Range (M)

Shallow Good 10-20 <1500 | Re-estimate allocation of water volume according to requirement for

Groundwater Areas groundwater recharge and allocate surplus water to bad quality| deep
groundwater areas.

Deep Good >20 <1500 | Promote micro irrigation practices and efforts for change in cropping

Groundwater Areas pattern less water intensive crops. Needs micro level mapping for
intensive and/or extensive grounaker and canal water use.

Shallow Bad 10-20 >1500| Use Canal water for recharge and improve groundwater quality

Groundwater Areas

Deep Bad >20 >1500 | Use only canal water intensively

Groundwater Areas

2. Watershed Development and Management Activities

_There are two major rivers viz., (01) Rupen and (02) Pushpavati are péssingh block no 5, 6 and 7

in western part of RBMC area. Watershed develapnactivities in this area can have qualitative and
guantitative impact on groundwater resources of the area. It is already discussed earlier that block no. 4, 5
and 6 of RBMC area have more than 5000 open wells which can be directly benefited by these activities
through improvement of water quality. Activities like ctastion of new recharge structure, de-silting of
existing small sized water harvesting structuresharge of groundwater through dug wells etc. can be
planned to encourage recharge within watershedsaHowever, for micro planning of watershed, PRA
needs to be held in command aneaespective watershed aredarious agencies like NABARD, ID,
CGWB, and Integrated Watershédanagement Support Unit and others can be approached for the
funding.

3 Better Irrigation Management Practices

Main / Distributary canal level: There needs to bermvement in management at Main and Distributory

canal levels through following practices,

e Improvement in System Infrastructures through canal lining

e Water Measuring structures throughout the length of the main and distributary canals for better
planning and monitoring

e Improvement in communication facilities like ustlInformation Coomunication technologies ( cell
phones SMS services, establishing irrigation / farmer call centre, mobile irrigation van, audio/ video
confeencing) to control over illegal water pooling

¢ Reuvisiting watering schedule method and the scheduling planning process with WUA'’s consultations
keeping in view cropping pattern, soil types, ground water use etc.

o Encourag@Vara bandhfi rotational water supply

o Decentralized decision making and reviewrdfjation processes with ICs and their federation

e Redefine and/ or review roles and responsibsgitiof different stake holders such as Irrigation
department, WUAs, federations, aN&Os based on experiences.

¢ Award, reward and incentives for judicious wateely water meter usage, adaptation of low water
intensive crop, adaptation of micro irrigation systems.

o Disincentives in case of misuse or over use of ivaigh water intensive crops, water stealing.
Computerized record keeping and data managerat all levels. This needs a proper capacity
building of various stake holders.

e Motivation and awareness programmes for the éasmand other water users for soil and water
conservation and management
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Minor / Sub Minor Level:

e Setting up of performance monitoring of WUAs atori / sub minor level i®ne of the important
requirements.

o All minors should be facilitated with volumetrimeasurement, supply and pricing system for
controlled water use and incentivizing farmers

o Farmer should be encouraged / incentivized for adoption of volumetric water allocation.

o Need to develop mechanism and management of resource for asset management like canals,
volumetric infrastructure etc.

e Improvement requires in communication facilities upghte minor level, also to enable continuous
and easy management by the department or the WUA

e Capacity building of the WUAs and farmers foeation of awareness about right to get water as per
designed discharge

o Department along with NGO should organizenass awareness program on economics in crop
selection and emphasis on return per drop of water.

e Design a capacity building program for developmentibfeast one Para worker per village with
specific capacity skills of irrigation management techniques.

e Additional facilities like office building/ commandrea hut/ command area service center and night
irrigation facilities with control monitoring system.

4 On Farm Irrigation Management and agriculture extension

For better irrigation management at farm level there is a need to give more emphasis on farmer’s
education and updating him with ést information of management infigation water demand through
agriculture extension system. Department shdalthch specific schemes for modern water saving
technigues in specifically targetedteas such as good quality deep groundwater areas, (Fig. 5.3) etc.
mapping of such areas and blocks needs to be pbfmr department so that techniques like drip /
sprinkler / PINS can be promoted to large mass.

Promotion of soil testing and vermi compost atder techniques for improvising humus content and
water holding capacity of soil especiadlgndy soils of branch -1 command area.
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1. INTRODUCTION

Development Support Centre (DSC) is a Noov&nmental Organization (NGO) working for
Participatory Natural Resource Managementc&i1995, DSC is associatetth the promotion

of Participatory Irrigation Maagement (PIM) program in tail end villages of Sabarmati
Reservoir Project (a major irrigation project)ldtaroi in Gujarat. Village Thalota was the first
villages where DSC has started its PIM activitiesperiences of this village have expanded the
PIM activities in whole Dharoi command aredlong with irrigation department, DSC has
played major role in promoting Participatory latgon Management (PIM) in the state as well as
in the country. In case of Dharoi commandbtigh north Gujarat field unit DSC has promoted
about 175 Water User Associat® (WUAs). So far as RiglBank Main Command area is
concerned DSC has formulated about 130 Irrigatiooperatives in about 89 villages. Not only
that DSC also facilitates syshatic capacity building of ICs, canal renovation works, water
distribution management etc.

Present report is of the study conducted by Aammunities and Technologies (ACT), based
on invitation of DSC, to understd various aspects of Dha&am command area in order to its
water use efficiency, changes taking place watpect to PIM promotion, use of command area
as extensive or intensive as well as extensib command area in compare to its designed
capacity.

1.1 AIM AND OBIJECTIVES

The main aim of the study proposed by DSC igheck the water use efficiency of Dharoi
irrigation project.To achieve the designed aim the study lteen divided into three phases such
as

e Study design capacity of the damAsstual command area irrigation.

e In this case the spread of canal netwbas been studiedtaf PIM introduction
however to carry out assessment of expgansif area previous data, i.e. since 1980
have been reviewed.

e Use of canal water as intensive or extemsource of irrigatin within command area

e Use of canal water as intensive or exiemsource of irrigation has been understood,
with respect to use of groundver in study area. The im&on of this agreement was
to carry out identification of such ar@athin command area, where canal water is
utilized as intensie source of irrigation.

e Assessment of water availability in catchment area of the dam.
e This agreement has been carried out withesv to understand over all feasibility of

the system with respect to changing rainfall pattern and land use in catchment as well

command area.
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1.2 APPROACH AND METHODOLOGY

An integrated approach hasemeadopted to carry out the study where a team of ACT, DSC
Visnagar, officials of irrigabn department and members of WUA had been formed to discuss
the methodology and desired outcomes of thidystWorkshops and consultations were main
tools for the interactions. Several primary and secondary data were collected through appropriate
sources and methods. Seasonal monitoring aaased out during the study. GIS and remote
sensing data of appropriate period, pre Pl& year 2003-04 and post PIM i.e. year 2007-08
were collected and used to geate various thematimaps of command area. . Based on these
maps and field data, water usdficiency and zone wise catggation such as land use,
watershed etc. have been made to achikgeobjectives of study. Even though the study has
main focus on right bank canal, some of the etspat catchment area level were also
considered for bettereffectiveness of thedgt Detail methodology of éhstudy is discussed
below.

Data collection: Various primary and secondary dataraveollected through available published
/non published data in various fasrauch as reports, researclpg®, matrix, maps etc. Required
primary data such as groundwalevel, water quality, soil quéy, cropping patte etc. were
collected through field wils in study area. These datarev@cquired through various methods
viz., well inventory, famer surveys, soil sampling and il — outflow measurement of canal
water. Selected water use associations (Anmegut) were consulted rfavater use efficiency
analysis in the area. Crop cycle was understbomligh focus group discussions with farmers of
different villages of RBMCA.

Meteorological data, especially annual rainfalladeecorded at different locations in command
and catchment areas were acquired by using welo&Indian Meteoralgical Department. In
addition, rainfall recorded at Dharoi dam sitas also reviewed for rainfall analysis.

Further, block wise irrigation da was collected from irrigation department as well as branch
office of DSC. Various canal rpa and command area maps waiso acquired from irrigation
department which were digitized on GIS s®aite to generate various thematic maps.
Information related to water allocated in different command area and respective irrigation were
collected for longer period and usedste the changing trend in command area.

Field Surveys. RBMCA villages were surveyed to assess the potential of surface and ground
water resources and their contribution to irrigatiSpecific formats were developed to carry out
this survey.

Soil Water Sampling: To evaluate the physical-chemical properties of the soil and water
sampling method was adopted. Thieole area was divided in tontesq. km. sized grid. Samples
were analyzed in laboratory. About 86 samplesaf and water were collected from command
area and then analyzed fdotal Dissolved Solids and pH. About 16 water samples were
analyzed for detail water chemistry.

Thematic Mapping: IRS P6 remote sensing datamwigation for the years December 2004, 2007
and January 2008 were used to carry out land usgsadlt is important talarify here that the
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PIM activities in RBMC had started during 199549@wever the sizable spread of PIM in the

area has taken place during 2004erHfore irrigation season oegr 2004 was considered here

as before PIM period. The LISS — 4 images were used for this assessment. Besides this, image
toposheet and command area maps (preparedibgtion department) weresed to generate
various thematic maps such as canal netwweter resource distribution, water quality maps,

crop pattern maps, land use map ®tarious soft-wares such &arta Linx, Irdas, Arc view, and

Idrisi were used for analysis and mapping.

Water Use Efficiency Assessment: Based on several parameters water use efficiency, intensive
and extensive canal water use areas were assessed. However, detail methods of these
assessments are discussed in respective chapter.

Consultation and Workshops: Interaction through workshogonsultation and meeting was
done at various stages of stuty different objectives likefinalization of methodology, to
discuss and fine tune the outcomes, to propos@efustrategies and doions etc. In this,
consultations with various resaer persons from different fieldsere held including technical
experts, government officials, academicians amal mxperts. They were consulted individually
and / or collectivef through workshops.
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2. DHAROI IRRIGATION SCHEME

2.1 LOCATION

The Sabarmati Reservoir Project is locatedose river Sabarmati near village Dharoi in
Satalasana taluka of Mahesana district, Gujarat state. From geodetic co-ordinates point of view it
is located on latitude N 2400'00” and longitude E 7252°00”. The nearest meter gauge
railway station is about 14 km at Taranga hiltistawhere as it is direlgt approachable by road.

With respect to state capital, @#inagar it isbout 125 km in north and linked to Ahmedabad —
Gandhinagar — Visnagar — Ambaji State Highway.

L LS

B3 0 30 180 Kilamelers

. : B9 At 43 v
S L 15 Kilomestars

Sty Area

Fig 2.1 Location of Dharoi Command Study Area
Source: Census Handbook, GoG (2001), GoG, Irrigation Department (2005), SOI (1965)

2.2 PROJECT COMPONENTS

Dam: The project comprises of a masonry gatedwsay structure flanked on either sides by
non over flow dams, earthen dams and 4 saddle dams in dykes ain348Q. Earthen portion
of the dam is about 828.91 m long while the ga@itl way consists of 12 gates of 49 x 37 feet
size and has a total length of about 219.46 ne. [Ehgth of non over flow portion of spill way is
about 149.96 m.

Canal / Digtribution system: Command area of project is on batides of Sabarmati River.
There are two main canals namely, LBMCeft.Bank Main Canal) of 29.50 km length and
RBMC (Right Bank Main Canal) of 43.50 km.nigth. The full supply discharge at the canal
head of LBMC and RBMC is 4.96 Cumecs (175 Cusecs) and 2Qtecs (715 Cusecs)
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respectively. Distribution systems lined up to 8 ha block to serve a total CCA of 61085 ha
including 2546 ha undadift irrigation.

Table 2.1: Estimated Command Area of Dharoi Irrigation Scheme

Irrigation Type Command Estimated
Area (ha)
Under flow irrigation LBMC 12350
RBMC 45559
Under Lift irrigation LBMC 630
RBMC 2546
Total 61085

Total ultimate potential in Right Bank Comntanf Mahesana District is 45559 + 2546 ha =
48105 ha and 12980 ha in Left Bank Command (Sabdr&dbistrict). Thus out of total area of
61085 ha, total ultimate irrigation potential creat@do June 2000 is 59963 ha. (Table no. 2.1)

- ’ P
Plate 2.1 View of Canal Water Control System

Benefits: The project provides irrigation benefits tallages of Mahesana and Sabarkantha
Districts and water supply teities of Ahmedabad an@andhinagar. Depending upon
availability of water, the pret also provides water to thernp@wer station at Ahmedabad and
Gandhinagar.

Irrigation: The project was planned for irrigation fatods to 127 villages of Kheralu, Visnagar,
Mahesana, Sidhpur and Vijapufuigas of Mahesana distrititrough RBMC and 49 villages of

Idar and Himatnagar talukas of Sabarkanthaidighrough LBMC. The annual estimated area
under irrigation was 36842 ha (91000 acres). There after cropping pattern has changed. This has
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changed the command requirement of ab#8820 hectares (GoG, 2007). The distribution
system of canal was originally considered asnaual. Later on lining to the canal was considered

up to 8 ha block. On account of water saving ttukning, command area increased from 43320

to 56680 hectares keepij the total water requirement same as 218.33 {7 lift). The actual

survey of command area was carried out and it was found that the area under irrigation system
was 61085 hectares against 56680 hectares assumiegreparing projeaeport (Table 2.1).

Irrigation performance has beassessed for both side commdaarea by irrigation department
(Table 2.1). As per this, with fullupply discharge of 4.96 cumecs and 29.26mecs
respectively at the canal headlddMC and RBMC , a lined distribution system up to 8 ha block
has been planned to servetadal ICA of 61085 hectares gluding 3176 hectares under lift
irrigation..

The year-wise and season wigggation potential created andilized under both canals since
1979-80 are compiled. It is seen from the daga thil potential has been created by June 2000.
Further it is seen that maximum area irtegghso far has been 40182 hectares during 1993-94
through RBMC, LBMC and Tank Bed cultivation.

Extension of right bank command area was pre@gdsy irrigation department in southeast and
north western areas around Mehasana city. Ashpe proposal in the year 2004, total 23887 ha
area was added to total command areaeattist of Rs. 5477.61 Lakh (Annexure 2.1 and 2.2).
The benefit of this extended command areaguae to 149 villages d¥lehasana (100 villages)
and Patan (49 villages) districts.

Water supply: Till year 1997 drinking water wasugplied to Ahmadabad and Gandhinagar
cities. However, later on it was stopped and the same quantity was allocated to command area
villages.(Table no. 2.2)

Table 2.2 Water Supply Distribution from Dharoi Scheme

Supply To Quantity
Mgd Cusecs

Ahmedabad 150 278
Gandhinagar 11 20
D/S riparian right 16 50
Ahmedabad and Gandhinagar Thermal Powerl0 18
stations

Total 187 346

Source: Irrigation Department, 2005

Finance: The Sabarmati project was cleared Ggntral Water Commissioner (CWC) and
planning commission in 1971 at the estimated coRsot7.58 crores. Since then the project cost

has increased many folds. The latest estichatest as per revised implementation schedule
works out to be Rs. 134.51 crores. Total expenditure up to August 2000 is Rs. 120.60 crores. The
increase in cost of the project was mainly aectount of change of scope of the work and
escalation in prices dhbor and material. The project has been funded by the Gujarat State from
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its own resources and there has been no extass&tance for the project. The benefit to cost
ratio of the project is 1.61.

Participatory Irrigation Management: Government of Gujarat daadopted the concept of
participatory irrigation management (PIM) @ujarat state since 1995. Accordingly the concept

of PIM had been introduced in the DharogRi Bank Command. Thalota village of Visnagar
taluka was selected as pilot project. After ctetipg the rehabilitation wils of old canals, the
entire command area of 337 ha of village Thalota was taken over by the irrigation co-operative
society. To achieve the concept Developmempdu Center, Ahmadabad has extended its full
co-operation as an NGO till 2009. The efforts mhgedDSC to establish PIM cooperatives have
been discussed in proceeding chapters. Methbdsigation management through participatory
approach have been discussed in subsequent discussion.

2.3 IRRIGATION MANAGEMENT

Managed by Department

Managed byrrigation Cooperatives (IC) under
PIM

Stage I:

Stage Il:

Stage lll:

Stage IV:

Stage V:

Stage VI:

Stage VII:

Stage VIII:

Department estimates quantity based irrigation

potential( generally area) after monsoon
Executive Engiee (EE) issues notice fg
asking irrigation demand application fro
farmers within a mentioned period. In case
insufficient demand, # EE can increase th
duration
At completion ofotice period, the EE calls th
Irrigation Advisory Committee meeting.
there is no advisory comittee, then, EE call
meeting of Deputy Executive Enginee
Section Officers, Work Assistants, Villag
Sarpanch, President and Secretary of Irriga
Cooperatives. In this meeting they dec
expected crops and crop wise area rota
period, number of watering, watering wi
volume of water etc.

e In PIM, the ICs and their upper
r Associations i.e. Distributary Federatig

m  Branch federation and Main canal federat

5 over canal irrigation management from the |

e

ICs; irrigation and crop planning,

de

5€  resolution among farmers etc.

Department takes action for completing cooperatives, Stages I, II, Ill, and VIII rem

cleaning and repair works of canal syst
before commencement of irrigation.

Farmer submits demand form and pays W
charges to the department in advance i
stipulated time frame.

Based on demand, responsible officer pref
demand format and then forwards it to hig
authority.

If the farmer does not pay in advance or €

after receiving water or he/she do mischief then
department fines him with one half time mare

charge or as prescribed in Dept. Rules
After completion of above

department releases water for irrigation durjng

Rabi season normally after 16th October.
also releases supplementary irrigation for kh
crops based on the local situation

formalities

M same, while following mcedures are differer
than department management system.
el The Chairman of ICs and their federations
1 @ esists any) are also inved in the stage-Il an
stage-1ll for the purpose of project lev
areés jrrigation planning.
ngr
directly from the IC and not from the individu
VeN farmers.
Irrigation department is responsible to sup
demanded quantity of water by particu
Cooperative at its canal head.
Officials of Irrigation departments help IC
p Prepare compiled demand form that is going
be forwarded to higher authority.
Along with irrigation department’s technic

arif
[ )

leve

nl
on

of participate in the irrigation planning,

e implementation and monitoring processes
actively depending on progress of their

e formation and stage of operations.

fe  The ICs signs an agreentdor 5 years to tak

[ The ID hand over following authority to the
_ water
fion  distribution to individual farmers, water charge
: fixing and collection from farmers, operation
lon and maintenance of canal system, conflict

In case of distribution management by

in
t

if

el

In stage-lIl, the EE collect the irrigation demand

Al

ply
ar

(0)
to

=

assistants, and canal watchmen, presidents

and
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Stage IX:
Stage X:

Stage XI:

Water distribution in Main, Minor, sub min
takes place simultaneously

Farmer is responsible to drawing water for
own crop

To prevent over use / misuse, monitor w,
flow and level in canal, irrigation departme
appoints technical assistants and c4g
watchmen.

or

his

ater
nt
nal

secretary of IC are qually responsible for

misuse of water.

Th IC prepares budget considering
income and expenditures on different heads
it can raise the water charges if it got de
budget. IC appoints its own canal operator

other paid staff

IC collects water charges from farmer at

time of submission of demand form by farme
IC’s canal operator inform and gives gate p|
to farmer in advance for his turn of irrigation

Watchmen gives permission to farmer

irrigate his farm only @ér he shows receipt ¢

paid charges

IC provides irrigation report to the ID an
regualr interval and ID officers check ICls

reported irrigation area @ 10% sample
verification at the end of season

likely

and
ict
and
he

r
ass

=

for

ID issue Bill to the IC against the irrigated anea

from canal

On timely submission of Govt. dues from

collected water chargek; receives incentive
of 20 % rebate on irrigation revenues.

IC has authority to fine the farmer against
mischief or offending rules of IC

Irrigation department’'s canal officer provid
technical support to IC to fulfill their technic
procedures.

The ICs and their federations conduct irrigat
review meeting for culling our lessons

D

his

S
Al

on
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3. THE STUDY AREA - Right Bank Main Command Area

3.1 SPREAD AND LOCATION

There are two distinct divisions of study area ((8.) Catchment area of the dam and (02) the
Sabarmati Right Bank Main Canal Command. sMof the catchment area falls under the
jurisdiction of Rajasthan st The total catchment ardga about 5540 sq.km, while the
Sabarmati Right Bank Main Canal CommgB8&RBMC) area spreads over 817.54 sq.km (81,754
ha) including 4298 ha of lift irrigation commanthe canal network provides irrigation facility
to about 149 villages of Kharalu, Mehasana, SatlasUnjha, Vadnagar, Vijapur, and Visnagar
Talukas (Fig. 3.1). Vinegar (3%@illages) and Vadnagar (36 \aljes) talukas have maximum
number of villages facilitatedy canal irrigation. The entire sonand area has been divided into
7 blocks (Annexure 3.1). Taluka wise distribatiof villages of RBMC is given in Table 3.1.

Table no. 3.1: Number of Villages Covered and Typwise Length of Canal in RBMC Area.

Village wise Distribution Details of Canal Network
Taluka Village (No.) Length (km)
Kheralu o5 Type of Canal No.
Mehasana 8 Maifanal 1 63.5
Satlasana 15 Branches 3 51
Unjha 13 Distributaries 14 117
Vadnagar 36 Minors 151 285
Vijapur 17 SubMinors 451 453
Visnagar 35
Total 149 Total 969.5

The canal network in RBMC area has total kangf about 969.5 km where in main canal has
total length of about 63.5 km. Afmr as number of canals is concerned, sub minors in the
RBMCA are about 451 where as minors andrithigtaries are about 154nd 14 respectively.
Main canal has total three branches.

3.2 CLIMATE

The climate of study area is characterized byoasummer and general dryness for the major

part of the year. The year may be divided into four seasons. The cold season is from December to
February. The hot season is from Marchtiie middle of June followed by the southwest
monsoon season which continues up to the er@eptember. October amdbvember constitute

the post monsoon or transition period.

Rainfall: Records of rainfall in the district are @able for 12 stations for sufficiently long
period (Annexure 3.2). The tals of the rainfall at these statis and for the district as a whole

are given in Table 3.2. The aveeagnnual rainfall in the distrigs 618.7 mm. Aout 97 % of the
annual rainfall in the district is received dwgithe southwest monsoaire. during months of

June to September, the rainiesdnth being July. The rainfall ithe district in general increases
from the west towards the east. The variation in the rainfall from year to year is large. In the
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eight year period the highest annual rainfalbanting to 181 % of theormal occurred in 1956
and 1951 was the year with the lowest annuafaliamounting to 46 % of the normal. In this
eighty years period, the annual rainfall in the rdistwas less than 80 % of the normal in 18
years. Out of these 18 years there were bwoasions of two consecutive years and three
occasions of three consecutive years. It wilsben from Table 3.2 that the annual rainfall in the
district was between 301 a0 mm in 43 years out of 50. @m average there are 29 rainy
days (i.e. days with rainfall of 2.5 mm or more)ityear in the districlThis number varies from
21 at Sami to 34 at Dharoi. Theeaviest rainfall in 24 hours raded at any stations in the
district was 369.6 mm at Kalol on September 17, 1950.

Legend Parli
Catchment Streams
Water Body

[ Sub Catchments

Blocks
Command Area

# Village Location

=" Mehsana

Fig. 3.1 Catchment and Command Area of Dharoi Irrigation Dam
Source: GoG Irrigation Department (2005), SOI (1965)
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Table 3.2 Frequency of Annual Ranfall in Mahesana District

Range in mm No. of years Range in mm No. of years
201-300 2 701-800 9
301-400 9 801-900 6
401-500 8 900-1000 2
501-600 3 1001-1100 1
601-700 8 1101-1200 2

Source: GoG, 2008

Temperature: There is no meteorologicalbservatory in the distri. The description which
follows is based on the records of the obserndoin the neighboring districts, where the
climatic conditions are similar to that of this dist. After February there is rapid increase in the
temperature. May and the early part of June before the onset of the monsoon constitute the
hottest part of the year. Meaaily maximum temperature in Mas about 41° C and the mean
daily minimum temperature isbaut 26° C. Nights durg June are comparatively hotter than
May. The heat in summer is intense and onviddial days the maximum temperature may reach
over 47° C. With the advance of the monsootthm district by about middle of June, there is
appreciable drop in the day teempture but the nights continie be as warm as during the
summer season. After the withdrawal of monscalmput the end of September, there is an
increase in day temperature and a secondarymuemiin dry temperature reached in October.
However, the nights become progressively cool@r&eptember. It is only after November that
there is rapid decrease in bate day and night temperaturesaudary is the coldest month with
the mean daily maximum temperature at 283@ the mean daily minimum temperature at about
11°C. During the cold season, in associatidth ypassing western distbances, cold waves
affect the district and the minimum temperataceasionally drops down to about the freezing
point of water.

Humidity: During the monsoon season, the relative hitynid high being generally above 70
%. The air is generally dry during the rest of tear, the driest part being the summer season
when the relative humidity is less than 30 %.

Winds: Winds are generally light with some increas speed during the later part of summer
and early part of monsoon season. During theodefipril to September the winds blow mostly
from directions between south and west, thetlsevestern being predonant. The winds are
light and variable in directions during Octop¢he easterly and northwesterly being more
common in the morning and the westerly andmeessterly occasionally ithe afternoons during
the period November to March, while the mornwigds are mostly between north and east, the
afternoon winds are generally fratirection between west and north.

3.3 GEOLOGY AND HYDRO-GEOMORPHOLOGY

Geologically, Mehasana distrietrea represents two main rofikmations viz., The Aravalli

hills, in north and north east, the catchmemtaanf Dharoi dam is built up by the Precambrian
basement rocks and the sedimentary deposits acaownstream areas of Dharoi Dam. These
sediments are part of Cambay basin. The satang formations are un-consolidated alluvial
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derived by fluvial transport from north-eastern catchments of Aravalli hills and are partly mixed
with blown sands from southwest. The deposition took place during late Quaternary sedimentary
formation. The site of deposition was the Camlbasin which was formed during Tertiary
sedimentary formation due to block faulting ang baen a tectonically active region ever since.
Neo-tectonic movements also accompanied tlignsntation process (Patel, 1986). Thus the
deeper layers have fluvio-marine charagtenile the upper layers have fluvio-aeolian
characters. The thickness ofdsaents is more than 1,000 m aoomprises alternate layers of

clay, silt, sand and gravel that show pinchamgl swelling structure of layers (Fig. 3.3).

Geo-morphologically, the area divided into three main zong&ig. 3.2) (01) The hilly or
mountainous terrain; (02) Piedmont zone; ar8) [the central and southern alluvial plains

The hilly or mountainous terrain having high relief and ruggi¢opography covers northern part

and most of the catchment area of the Dharoi ddrs zone is composed of hard and fractured
rocks. Dissected hills and major valleys arg@amtant landforms of this zone. Many lineaments
representing either fractures or faults are providing pace to water movement to carve such
landforms in this zone. Vegetation density isursg on the lower slopes (debris slope) of hill
whereas more in the valleys.

/ LINEAMENTA
» PRECAMBRIAN ROCKS

e HILLY TERRAIN
~ ALLUVIUM

17|00 75|00}
(After Mulay and Nayak, 1983)
Fig. 3.2 Hydro-geomorphic Map of Mahesana District from Landsat Imagery.
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Piedmont zone occurs along the foothills of hilly texin and is sloppy towards south west. It
comprises of loose to semi-consolidated materials which seems to be derived from hilly terrain
and deposited on lower slopes. In this zone, thea@atagetation is sparsely seen and an almost
complete absence of cultivated areas.

The central and southealluvial plains of clay and sand are of alluvial origin. This zone is
gradually sloppy towards SW. This inference is nya@itawn from the stream and river courses.
Most of this area provides good agiiture land as it is gentle slope and comprises of clayey
alluvial. The main river passinfprough the study area is Sabatinwzhich originates in Aravali
hilly tract of Rajasthan in north and flows thgh alluvial plains of Mehasana and Ahmadabad
districts of Gujarat in southnd southwest. Rivulets of Ban&iver are also passing through
western part of RBMC area. Riv8abarmati shows its ephememnalture in downstream of the
dam area.

Table 3.3 Aquifer Characteristics in Mehasana District

Aquifer Thickness Depth Formation Parameters
(m) (m)

Phreatic 5-30 Upto 30, Except in pednt zone and flood plains generally
dry (3 - 12 % and transmissibility 210-350 sqgm/da

Aquitard 5-30 10-60 | Sandy clays with Kankar

Confined | 20-30 35-90| Clayey samith gravel piezometric surface 15-30 m

Aquitard 10-15 55 —-110| Yellow sticky sandy clay

Confined II 15-25 110-160 Same as above piezometric surface 20-35 m Average
transmissibility 75-160 sqgm/day

As discussed, post Miocene alluvium and oldea®wmary sedimentary formations form multi-
layered confined aquifer systems designated & #&nd C in the post Miocene, and D and lower
Tertiary sands, within the Miocene sedimentse Tepth to piezometric surface in the tube wells

in the region varies from less than 20 meters bgl in extreme west and northeast to more than 120
meters bgl in the central and southern paite piezometric surface elevation varies from +10
meters (amsl) in the extreme west to -20 matetbe central, to -50 meters in the southern to

+70 meters in northeast (Fig. 3.3).

Due to their high permeabilitthe coarse layers comprisiraj sandy and gravelly horizons
formed the aquifers which are separated byigeermeable silty and clayey horizons. Two
major aquifer units have been identified. Tuyper unit is mostly phreatic but becomes semi-
confined to some parts. The lower unit commieéa few hundred meters of alternating sandy
and argillaceous beds from tbenfined aquifer system.

Fig. 3.3 is the subsurface crosstgen from Sabaramati Rivés Rann of Kachchh. Brackish to
saline conditions are observed in deeper aquifers which are generally found below 250 m depth
but occasionally even at much shallower depfitee continuity of aquifers occasionally gets
disrupted due to pinching of layers or fadisplacement. According to Patel (1986), the lower
aquifers are hydro-statically undartesian conditions. The genkemgradient of aquifers is
towards west and these merge in eastern tcbreevhere, along the foloill zone of Palanpur-
Kheralu, these are exposed andeiee natural recharge. Towartheir western extension, the
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deeper aquifers abut against a thrust plaaa Radhanpur-Viramgam belt. Along this belt, tube
wells tapping the deeper artesian aquiférensfree flow at ground, have high temperature and
saline water.

100 M of o
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10 M 33 % 2 s 5 §
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Baweja 1954, 69, Rane 1963, Oza 1967, and UNDP/CGWB 1971-74
Fig 3.3 Hydro-geological Cross Section of North Central Cambay Basin

The upper aquifers are under semi-confined camditifrhey receive recharge (i) directly by
seepage from the shallow unconfined aquifer, (ii) by lateral flow from the recharge zone of
Palanpur-Kheralu foothill region in the east.eThhallow unconfined ader receives direct
recharge from (@) rainfall infilation, (b) nearby stream flownd, (c) by return flow from the
irrigation. As one moves westwards thegndwater progressively becomes saline.

The areas on the banks of the rivers drainirgrédggion, namely Saraswati, Rupen, Banas and
other smaller streams, get recharged durirg rdiny season (June ®eptember). At such
locations, groundwater levelsearelatively higher and shallo aquifers supply good quality
water.

3.4 OTHER WATER RESOURCES

The Right Bank Main Command Aréas also other water resourdlean canal water. These are
storage tanks, ponds, check dams as well dis wed bore wells dracting the groundwater.
These water sources were evaluated to nstaled their probablepotential for efficient
decentralized irrigation in command area. Weilentory and surfacevater source inventory
were carried out in all villages. A specificrfmat has been develapeor well inventory
(Annexure 3.4).
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3.4.1 Surface Water

There are about 237 water bodies distributed in RBMC area (Fig 3.4). Categorization of the
water bodies was carried out based on their stocagacity and use. Codering depth of water
column all structures have been categorizedtimtoclasses such as less than 3 m deep structure
(total 175) and more than 3 ne&p structures (total 58). The t@acolumn depth criteria have
been considered mainly to redefine the use ofrticpéar structure in irgation support. Such as

structures less than 3 m depth can be consigeredcharge structure and more than 3 m can be
used as storage structures which can be linkddaanal system then it can collectively be used

by farmers.

Table 3.4 Water Bodies in RBMC Area

Details Number| Unit
Total No. of Villages Surveyed 93 No.
Total Structures 237 No.

Storage Capacity
Water Stored in < 3 m average deep structure 1] MQ
Water Stored in > 3 m average deep structure 4 MG
Total Storage Capacity 53 MCM
Use wise Analysis
Cattle Drinking Water 167 No.

Domestic 12 No.
Recharge Structure 48 No.
Irrigation 3 No.
Fishing 1 No.

<<Z

The total water storage capacity of all stawes is about 53 MCM out of which about 13 MCM
water is stored in small structures whileoat 40 MCM storage is imore than 3 m deep
structures (Table 3.4). So far as the use ofetlségictures is concemh@bout 167 structures are
used for cattle drinking water while about 48 stunes are functioning agcharge structures.
About 12 structures are used flmmestic and remaining 3 and fustures are used for irrigation

and fishing respectively.

Block wise distribution of watestructures has also been carr@d to understands probable
potential in irrigation managemeat to increase irrigation effiency in a respective block and
than for overall irrigation management. As pas tthistribution, maximum water structures (63)
are in block no. 5 followed by block 6 (44 struets). Size wise all majostructures (3) are

located in block 7. Blocks 1 and 2 have lowesnhbar of water structures, even less than 20 in

numbers.
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Fig 3.4 Map Showing Surface Storage in Different villages
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3.4.2 Groundwater Resource

District Mahesana is one dhe classical examples of grouraher resource development,
subsequent deterioration and agn. As far as the study areaciancerned there are total 8834
wells and bore wells out of which abo®930 structures areontinuously extracting
groundwater. About 3078 groundwater structuaes bore wells and 5746 are open wells. The
geological survey of India had carried out grouathw investigation in M@sana area as early
as 1953-54. This was the period when grournidwaased development in Mahesana was in
initial phase. But within 15 years history development has strongly raised a demand of
artificial recharge of groundater by rainfall through open wellsy constructing appropriate
recharge structures. Even then since pgast decades this area is known for large scale
groundwater mining for irrigatiolhe study had concluded that

e The ground water mining has depletederies of alluvial aquifers.

e Groundwater quality deterioration is alst@ parallel phenomenon from post 1955 with
the development of tube wells and electric motors.

e Soil feasibility is gradually affected dueitoigation by high TDS water and has resulted
in disappearance of several crops.

Another study had been conducted by UNDIE &GWB for groundwater management during
1976, where in over exploited areas more thanl le’eleclination has taken place even more
than 25 m. Another exploratory work had beerried out during pilot projects for artificial
recharge during 1980s. The conclusion fromgtuely was that local vecal downward leakage
accounts for 90% or more of natural recharge to the alluvial aquifer zone in the overexploitation
area and that the only minimal contribution coolyrate laterally from the common recharge
zone. In short groundwater despiment history in Mahesana regican be sub divided in to
three phases

e Pre 1935 phaseGroundwater at shallow depth (5-10m) and obtained from dug wells by
bullock and manual lift of water

e 1935 - 1955 phasdsroundwater level declined to 10-30 m and dug cum bore wells
became prevalent and diesel pump sets were used for lifting the water.

e Post 1955 phaseGroundwater level began to dedirapidly and from sixties decline
has been between 1.3 m every year. Deepwvtis fitted with electric motor have been
used to lift groundwatr from 100-250 m depth.

So far as the study area is concerned, wellable 3.5 Use wise categorization of Wells
and bore wells together provide abouénd Bore wells in RBMC Area

31,199 ha of irrigation. To understand the Type of GW Bore well Open Well
exploitation as well as extensive or intensive  Source

use of canal water in RBMC area wallUsed No. 2791 3129
density per village / block has bedrPisuse no. 287 2617
computed. Detail of égnsive and intensive Total_ 3078 5746
command area is explained in proceedinjr'gation Ha 23571 7628

chapters. Fig. 3.5 shows village wise and blockewdlistribution of wells and bore wells in
RBMCA.
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Fig. 3.5 Village wise and Block wise Distribution of Wells and Bore wells
SourceGoG, Census Handbook, 2001, GoG, Irrigation Department (2005) ACT Field Data (2009)

Water Level: Depth of water level is one of the indiors of groundwatgotential in an area.
In Dharoi RMBC area, the depth of water taldelow ground level (bgl), ranges from less than
5 m to more than 20 m within unconfined aquif@gyure 3.3) whereas iconfined aquifers it
ranges from 100 m to motkan 180 m at places.

Based on static water level, the study area has t&tegorized into fouzones viz., (01) Very
Shallow zone SWL less than 10 m; (02) Shallmne SWL 10 to 20 m; (03) Deep groundwater
zone SWL ranges from 20 to 100 m and (O4jyMdeep groundwater ne SWL more than 100

m. Very shallow and shallow zones in studgaamare in the north, between main canal and
Sabarmati river and area arounilages of Chackarala, Palari, Haripar, Shekhpar, Jagatpar,
Paldi and Guja and small patches around Pud@aesaj and Savala villages. Western part of
study area is mostly characterized as very dgepndwater zone and rest of the area i.e. middle
and eastern part of the study area is of dgepndwater zone. (Fig. 3.6) Comparison between
well density and water level shewvell density is more in @a where groundwater occurs at
shallow depth and it decreases asdépth of groundwater level is more.
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Fig. 3.6 Static Water Level Based Groundwater Zone in Study Area.
Source: GoG Irrigation Department (2005), SOI (1965) ACT Field Data, 2009

Changes in water level during irrigation seas@ve been studied during study through static

water with monitoring for two esasons i.e. Post monsoon in year 2008 and post winter season

2009. The purpose of this monitoring is to unted the change in watével during winter
irrigation (Table 4.2, Fig. 3.7). There was ngndicant change observed in deep and very
deep tube wells whereas in very shallow arallstv area, water level in well has gone down and

in some cases wells became dried e.g. in villages Denap (DW 18), Eyasar (DW 22), Kansa (DW

38), Moti Hadol (RW 3) and Chada (RW 5) wias in villages Ganeshpu(DW 24), Visnagar
(DW 26), Gunja (DW 27), Karoli (DW 31) andlasava (DW 34) water level has gone down.
The range of depletion is between, 0.7 m to 2.8nsome of the wells war level is raised up
to about 0.30 m as in case of village Satuaw 6). Table 3.6 shows monitored water level

data in observation wells.

ACT-DSC -2012

19



Study on Designed Capacity of Dharoi dam vs. Actual Command Area Irrigated

«" Dharai
L r:g-':r-'l *
Esorke
it s ‘Village Locatiocn &
k & Borswell
w el
o i 12 KEometers— .'El&rlas.nn
& - 2 Ll 1
'- I.in-r:m . . i * Madhasana
. : & - i " T b Valmsana
. . * » ' wadnagar ? &
= - 5 i &
4 Tarakh . il . A Y ePipaldar a
| *Hazanpui & 3.
, & . «Ramgur 1r:rr|w:;mhya - -Glzdrnmn
I " "«'T-E-l'lﬂ gar 3 .Jan'uﬂll . &
o Em'mn:mna p i & e o & Sarcanpur
= Mehsana
Fig. 3.7 Locations of Monitoring Wells
Source: GoG Irrigation Department (2005), SOI (1965) ACT Field Data, 2009
Table 3.6: Seasonal Changes in Static Water Level in RBMC Area (2008-09)
Sr. | Sample Village Type Depth | Static Water Level (m) Use
No.| Code (m) Oct-08 Feb09
1 | DW2 Babhonsana Bore well 283.00 183.3b 183.35 Irrigation
2 | DW3 Moti Dau Bore well | 267.00 166.65 166.65 Irrigatjon
3 | DW4 Bhandu Well 15.000 11.70 11.5 Irrigatior]
4 | DW5 Vadu Bore well | 336.00 166.70 166.70 Irrigatjon
5 | DW6 Satusana Well 12.60 6.10 5.8 No use
6 | DW6 Satusana Bore well 267.00 166.65 166.6b Irrigdtion
7 | DW7 Valam Bore well | 233.00 166.70 166.70 Irrigatjon
8 | DW8 Gokalpur Bore well| 267.00 183.35 183.35 Drinking
9 | DW9 Unja Bore well | 266.00 166.70 166.70 Irrigation
10 | DW10 | Kambili Bore well | 333.00 183.30 183.30 Irrigatjon
11 | DW11 | Biliya Bore well | 142.00  130.00 130.00 Irrigation
12 | DW12 | Bhunav Bore well| 267.00 180.00 180.0( Irrigation
13 | DW13 | Lihoda Well 14.20 5.10 6 Drinking
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Table 3.6: Seasonal Changes in Static Water Level in RBMC Area (2008-09) contd...

Sr. | Sample Village Type Depth | Static Water Level (m) Use
No.| Code (m) Oct-08 Feb09
14 | DW14 | Lihoda Well 15.00 7.00 8.35 Nise
15 | DW15 | Dasaj Well 5.10 4.40 5.1 Irrigatign
16 | DW16 | Visnagar Well 17.9( 8.50 9.55
17 | DW17 | Denap Bore welll 200.00 167.0C 167.00 Irrigation
18 | DW18 | Denap Well 17.5( 7.00 Dry Irrigation
19 | DW19 | Tarap Well 12.15 6.75 8.9 Irrigation
2 | DW20 | Khansosan Well 1540 11.20 11.5
21 | DW21 | Kausa
22 | DW22 | Eyasar Well 8.50 8.10 Dry Drinking
23 | DW23 | Padugam Bore wel Irrigation
24 | DW24 | Ganeshpura Well 11.40 4.20 4.9 Irrigation
25 | DW25 | Sawal Well 18.60| 16.60 16.8 Irrigation
26 | DW26 | Visnagar Well 10.90 4.00 6.1 Irrigatipn
27 | DW27 | Gunja Well 12.60 7.50 9.95
28 | DW28 | Malekpur Well 10.00 3.00 Dry Irrigation
29 | DW29 | Umata Well 14.80] 14.10 14.4 Irrigation
3 | DW30 | Umata Well 10.80 7.10 10.7 Irrigation
31 | DW31 | Karoli Well 14.90 13.20 14.3 Irrigation
32 | DW32 | Hajipura Bore well Irrigation
33 | DW33 | Upera Bore well Irrigation
34 | DW34 | Masava Well 1290 11.50 14.3 Irrigation
35 | DW35 | Gokuliyu (N) | Bore well| 113.00 103.35 103.35 Irrigation
36 | DW36 | Rampura Well 19.40 12.20 13.9 Irrigation
37 | DW37 | Jaska Well 18.10 11.50 11.95 Irrigatjon
38 | DW38 | Kansa Well 18.40 12.10 Dry Irrigation
39 | DW39 | Sushi Borewell] 217.00  193.30 193.3( Irrigation
40 | DW40 | Salisana Bore well 233.00 193.30 193.30 Irrigation
41 | DW41 | Bhalak Bore well| 125.00 116.65 116.65 Irrigation
42 | DW42 | Trasvad Bore wellf 133.00 116.7% 116.7% Irrigation
43 | DW43 | Kahipur Bore well| 133.00 73.35 73.35 Irrigatjon
44 | DW44 | Vadnagar Bore well  133.00 66.70 66.70 Irrigation
45 | DW45 | Vadnagar Bore well 117.00  100.00 100.00 Irrigation
46 | DW46 | Champa Well 10.33 7.35 7.5 Irrigation
47 | DW47 | Vadnagar Well 12.33 10.00 10.4 Irrigation
48 | DW48 | Keshimpa Well 9.30 1.45 2.7 Irrigation
49 | DW49 | Kheralu Bore well| 127.00 113.20 113.20 Irrigation
50 | DW50 | Sundhiya Well 9.55 8.55 9.9 Irrigation
51 | DW51 | Sundhiya Well 18.00 2.35 11.1 Irrigatipn
52 | DW52 | Jagapur Well 10.65 7.65 6.7 Irrigation
53 | DW53 | Ambavadi(S) | Well 13.35 6.65 10.63 | Irrigation
54 | DW54 | Khanpur Well 12.67| 10.65 20.7 Irrigation
55 | DW55 | Unad Well 13.35| 10.70 13.7 Irrigation
ACT-DSC -2012
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Table 3.6: Seasonal Changes in Static Water Level in RBMC Area (2008-09) contd...

Sr. | Sample Village Type Depth | Static Water Level (m) Use

No.| Code (m) Oct-08 Feb09

56 | DW56 | Rajpur Well 11.65 9.65 Dry Irrigation
57 | DW57 | Bahadurpur Well 8.90 7.80 8.6 Irrigation
58 | DW58 | Dabu Borevell | 81.65 50.00 50.00 Irrigation
59 | DW59 | Undhai Bore well Irrigation
60 | DW60 | Pipaldar Bore welll  60.6f 43.35 Irrigation
61 | DW61 | Karbatiya Borevell | 65.00 46.65 46.65 Irrigation
62 | DW62 | Ransipur Bore well|  116.65 93.35 93.35 Irrigation
63 | DW63 | Techava Bore well Irrigation
64 | RW1 Dharoi Well 15.10 10.80 11 Irrigatipn
65 | RW2 Khodamali Well 12.40{ 10.70 11.3 Irrigation

66 | RW3 Moti Hadol Bore well| 33.3% 10.00 Dry Irrigation
67 | RW4 Dedasan Well 16.10 10.80 14.35 Irrigation
68 | RW5 Chada Well 9.40 3.40 Dry Irrigation
69 | RW6 Aspa Well 19.50 11.50 14 Irrigatipn
70 | RW7 Undani Well 21.00 11.40 12.3 Irrigation

71 | RW8 Valasana Well 16.80 12.10 12.6 Irrigation

72 | RW9 Valasana Well 19.80 17.90 18.6 Irrigation]

73 | RW10 | Sobhasana Bore well Irrigation
74 | RW11 | Navi Vagdi Bore well| 56.70 Irrigation
75 | RW12 | Sobhasana Bonell | 60.00 30.00 30.00 Irrigation
76 | RW13 | Kot Borevell | 63.35 33.30 33.30 Irrigation
77 | RW14 | Rampur(Kot) | Boreell | 66.65 60.00 60.00 Irrigation
78 | RW15 | Sadarpur Bore wel| 125.00 50.00 50.00 Irrigation
79 | RW16 | Madhi Borevell | 73.33 58.35 58.35 Irrigation
70 | RW17 | Sundarpur Boregell | 60.00 33.35 33.35 Irrigation
81 | RW18 | Jantral Boreell | 65.00 48.35 48.35 Irrigation
82 | RW19 | Kamalpur Bore well| 193.35 76.75 76.75 Irrigation
83 | RW20 | Kamalpur Bore well| 183.35 76.65 76.65 Irrigation
84 | RW21 | Abasana Bore wel| 163.35 76.65 76.65 Irrigation
85 | RW22 | Bamansa Bore well 146.65 100.00 100.00 Irrigation
86 | RW23 | Gundasan Boveell | 60.00 33.35 33.35 Irrigation

Water Quality: It is important to understand changes in groundwater quality in high
groundwater exploitation area senthe quality deterioration igarallel impact of water level
depletion. GWRDC has categorized Mehasariaaak zone in their cagorization. Groundwater

guality in RBMC area can be determined based on various physico -chemical parameters such as
Total Dissolved Solids (TDSpH, hardness and ion content.

Total Dissolved Solids:Determination of total dissolved solid a very efficient tool to draw
rapid idea about overall water quality. The sfiec@onductance of water provides measure of
the content of dissolved matter, whichpmpularly known as Total Dissolved Solids.
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TDS and pH determination in groundwater of stadga has been carried out at 10 sq km grid
within RBMCA (Fig. 3.7). The assessmentshiaeen carried out for post monsoon and post
winter seasons of the year 2008 & 2009 respegtilecause during winter most of the farmers
intensively use groundwatéor irrigation purposes.

To characterize study area from water quality pointiew, especially salinity, TDS values have
been plotted on study area map and 150 TDS maps prepared for whole area for both the
seasons. There are several use wise standasgeged by different agencies for limits of TDS
concentration such as for dking water. TDS vale up to 1500 mg/l is maximum permissible
limit by ICMR (1975) where as ISI (1983) has sugjgd up to 2000 mg/l of TDS permissible for
drinking water. Considering sudimits the study area has beernegporized in to five categories
of water quality, which are as per thefollowing:

(01) Excellent water quity (TDS <500 mg/l)

(02) Good water quality (TDS 500-1500 mg/l)

(03) Moderate/ permissible we quality (TDS 1500-2000 mg/l)
(04) Brackish /partial salin@ater quality (TDS 2000-3000 mg/l)
(05) Saline water quality (>3000 mg/l).

Fig. 3.8 shows changes in TDS concentration feef@) and after (B)winter irrigation in
RBMCA area of year 2009.

Following characterization of the study acea be understood based on changes in TDS

e Concentration increases towards western pathe RBMCA and area around villages of
Mehasana, Sankhalpur, Champa durirgmponsoon time i.e. before winter

e Good to excellent groundwater djitiaexists in eastern padf RBMCA, and it remains same
even after winter irrigation period.

e Village Ganeshpura (5700 mg/l), Bhandu (B5®g/l), Khandosan (4200 mg/l) and Dela
(4100 mg/l) were maximum saline villagegring post winter season of year 2009.

e TDS value in groundwater of villages of Moti Dau, Bhanbhanasana,, \&adiasana, Valam,
Gokalpura, Bhanau, Dasaj, Visnagar, KansaaBa Gunja, Umta, Karoli, Hajipura, Masva,
Salisana, Sundhiya, ranges between 2200 to B8&0during post winter season (Table 3.7).

Fig 3.8 shows that TDS concentration increagesvestern part as well as in area around
Meshva, Sankhalpur, Champa villages during pre monsoon seasons. The eastern part of
command area shows good to excellent groundwatditygfram TDS point of view during post
monsoon as well as post winter seasons.
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Fig. 3.8 Change in TDS Concentration During Poghonsoon 2008 (A) and Postinter 2009 (B) Seasons
Source: GoG Irrigation Department, (2005) SOI, (1965) ACT Field Data, 2009

Table 3.7 Post Monsoon (2008) and Post Winter (2009) TDS and pH Concentrations in
Groundwater of RBMC Area
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Sr. | Code Village TDS(mg/lit) pH
No. Nov'08 | Feb’'09| Nov'08| Feb’09
1 | DW1 Dela 254 4100 6.7 7.3
2 | DW2 Babhonsana 1690 2600 6.9 7.5
3 | DW3 Moti Dau 1490 2400 6.9 7.3
4 | DW4 Bhandu 3430 5500 7 7.5
5 | DW5 Vadu 1660 2600 6.5 7.6
6 | DW6 Satusana 2540 3600 7.3 7.2
7 | DW6 Satusana 2870 3600 7.1 7.1
8 | DW7 Valam 1470 3300 7.1 7.3
9 | DW8 Gokalpur 1690 2400 7.2 7.5
10 | DW9 Unja 787 1500 7.3 7.7
11 | DW10 | Kambli 1060 1800 7.4 7.6
12 | DW11 | Biliya 503 790 7.1 7.5
13 | DW12 | Bhunav 1470 2400 7.1 7.8
14 | DW13 | Lihoda 215 330 7.4 8
15 | DW14 | Lihoda 175 950 7.3 7.2
16 | DW15 | Dasaj 2580 3700 6.8 7.2
17 | DW16 | Visnagar 2170 2800 6.8 7.8
18 | DW17 | Denap 1260 184( 6.7 7.3
19 | DW18 | Denap 254 Dry 6.8 Dry
20 | DW19 | Tarap 653 1490 7.4 7.6
21 | DW20 | Khandosan 2540 4200 6.7 6.6
22 | DW21 | Kansa 1760 2600 7.1 7
23 | DW22 | Eyasar 667 Dry 7.5 Dry
24 | DW23 | Padugam 1100 1890 7.3 7.9
25 | DW24 | Ganeshpura 406( 5700 6.4 7
26 | DW25 | Sawal 1730 2400 7.5 7.5
27 | DW26 | Visnagar 264 720 7.7 7.9
28 | DW27 | Gunja 1940 2300 6.9 7.3
29 | DW28 | Malekpur 3670 -- 6.7 --
30 | DW29 | Umata 2220 3300 7.2 7.4
31 | DW30 | Umata 531 880 7.4 7.3
32 | DW31 | Karoli 157 2200 7.5 8.3
33 | DW32 | Hajipura 1390 2400 7.6 7.5
34 | DW33 | Upera 1190 185( 7.4 7.8
35 | DW34 | Masava 2540 360( 6.9 7.3
36 | DW35 | Gokuliyu (N) 584 820 7.5 7.9
37 | DW36 | Rampura 1370 1920 7.3 7.9
38 | DW37 | Jaska 313 540 7.3 7.8
39 | DW38 | Kansa 858 -- 7.1 --
40 | DW39 | Sushi 1230 1370 6.9 7
41 | DW40 | Salisana 1800 2700 6.9 6.6

Table 3.7 Post Monsoon (2008) and Post Witer (2009) TDS and pH Concentrations in
Groundwater of RBMC Area Contd...
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Sr. | Code Village TDS(mg/lit) pH

No. Nov'08 | Feb’'09| Nov'08| Feb’09
42 | DW41 | Bhalak 618 940 7 7.3
43 | DW42 | Trasvad 521 860 7.5 7.2
44 | DW43 | Kahipur 426 690 7.3 7.7
45 | DW44 | Vadnagar 570 860 7.2 7.3
46 | DW45 | Vadnagar 705 875 7.3 7.2
47 | DW46 | Champa 563 800 7.1 7.4
48 | DW47 | Vadnagar 784 100( 6.9 7.3
49 | DW48 | Keshimpa 287 640 7.5 7.7
50 | DW49 | Kheralu 633 1100 7.4 7.5
51 | DW50 | Sundhiya 1800 260( 6.5 7.
52 | DW51 | Sundhiya 735 123( 6.8 7.9
53 | DW52 | Jagapur 542 990 6.8 7.1
54 | DW53 | Ambavadi (S) 789 142( 7.3 7.4
55 | DW54 | Khanpur 712 1140 7.4 7.4
56 | DW55 | Unad 682 1170 7.4 7.5
57 | DW56 | Rajpur 584 Dry 7.6 Dry
58 | DW57 | Bahadurpur 2260 4000 7 7.2
59 | DW58 | Dabu 930 1530 7.4 7.4
60 | DW59 | Undhai 541 790 7.2 7.2
61 | DW60 | Pipaldar 342 -- 7.2 --
62 | DW61 | Karbatiya 337 700 7.2 7.3
63 | DW62 | Ransipur 247 410 7.3 7.3
64 | DW63 | Techava 322 510 7.1 7.9
65 | RW1 Dharoi 283 520 8.1 7.1
66 | RW2 Khodamali 244 452 8.2 7.5
67 | RW3 Moti Hadol 240 340 8.1 7.5
68 | RW4 Dedasan 242 800 8 7.2
69 | RW5 Chada 375 610 7.8 7.4
70 | RW6 Aspa 657 1210 8 7.1
71 | RW7 Undani 572 960 7.9 7.2
72 | RW8 Valasana 287 500 8.1 7.9
73 | RW9 Valasana 241 420 8.1 8.1
74 | RW10 | Sobhasana 658 600 8.1 7.4
75 | RW11 | Navi Vagdi 249 460 8.1 7.7
76 | RW12 | Sobhasana 250 440 8.2 7.0
77 | RW13 | Kot 272 570 8.1 7.6
78 | RW14 | Rampur(Kot) 338 560 8 7.2
79 | RW15 | Sadarpur 294 450 8.1 8
80 | RW16 | Madhi 400 680 8.1 7.6
81 | RW17 | Sundarpur 457 810 8 7.5
82 | RW18 | Jantral 294 510 8.1 7.7

Table 3.7 Post Monsoon (2008) and Post Witer (2009) TDS and pH Concentrations in
Groundwater of RBMC Area Contd...
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Sr. | Code Village TDS(mg/lit) pH

No. Nov'08 | Feb’'09| Nov'08| Feb’09
83 | RW19 | Kamalpur 247 500 7.2 8
84 | RW20 | Kamalpur 352 670 7.1 7.7
85 | RW21 | Abasana 340 750 7.2 7.5
86 | RW22 | Bamansa 536 950 7.1 7.3
87 | RW23 | Gundasan 280 520 7.2 7.1

pH: Another water quality parameteonsidered for evaluation ldydrogen lon Concentration

i.e. pH. The pH is a measuretbg solvent power of water. The pH value of water represents the
overall balance of a series efuilibrium existing in solutiorfHem, 1991). The pH of natural

water is largely controltby chemical reactiorend equilibrium among thens in solution. The

most important type of reactioaffecting pH in natural wateis hydrolysis, which is due to
predominance of carbonate and bicarbonate salts. Due to this, pH value tends to rise above 7
(Ageno and Valla, 1911). In study area almdkweter samples show pH value more than 7
thereby, indicating predominance lofdrolysis reaction due toahpresence of carbonates and
bicarbonates. The pH value of groundwater udlgtarea ranges from 6.4 to 7.5 (Table no. 3.7).

Hardness. Divalent metallic cations like calciunand magnesium are most abundant in
groundwater and are responsifile hardness of the wateks per study done by USEPA (1976),

the resistance capacity of community for accémtiaof the degree of hard water varies
depending on local condition. Calcium carbonatelhess in study area varies from 200 mg/lit
to 1820 mg/lit. About 38% of the analyzed watenot safe from hardness point of view.

lonic concentration: Cations and anions in combination with each other give rise to various
chemicals and minerals. To evaluate chempraperties of groundwaten study area, water
sampling in sixteen villages have been caroatl(Table .3.8). Important cations viz., calcium,
magnesium, and sodium while important anions., carbonate, bichonate, sulfate, and
chlorides were determined by sthard titration methods (Table 3.8).

Calcium (ca™): Calcium is one of the alkaline earth minerals and normally present in
natural water in dissociate form as the bivalent iroi* CBecause of wide spread
occurrence in rock and soil, and its ready sditybcalcium is present in nearly all water
(Hem, 1959), in case of study area’®ancentration is more than 900 mg/l in
Sundarpura, Visnagar, Khandos Ganeshpura and Khanpulages where as it is
lowest i.e. 200 mg/l isn Gokaliyu village.

Magnesium_Mg*): Magnesium is often analyzed with calcium in water analysis, as
both contribute to the hardness of wat&arbonate rocks like dolomite and limestone
are important sources of magnesium. Magnesaitgpical component of the important
silicate minerals in the dadolored Ferro Magnesium andtra basic rocks (Hem, 1959).
Mg concentration in groundwater of Chada, Sundarpura and Bamansa villages is almost
nil where as it is highest (1584 mg/l)Biandu village followed by Khanpur (1488 mg/I)
and Ganeshpura villages (1104 mg/l).
Table 3.8 Groundwater Chemistry in Mllages of RBNCA (year 2009) in mg/I
| Village | TDS| pH| Hardness| Alkanity| Ca | Mg | CO;|HCO;| ClI | SO, |
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as
CaCQO3

Khodamali | 244| 8.2 280 430 360 216 60p0 360 3899 27043
Chada 375 7.8 240 560 560 0 450 4%0 6735 23174
Sundarpur | 457, 8 390 470 920 0 900 300 6026  37%26
Bamansa 53 7.1 340 600 600 D 1350 3P0 5817 32842
Bhandu 3430 7 1610 540 6401584| 750 600| 4608 154656

1470, 7.1 300 850 480 240 300 870 13471 28915
Gokalpar 1690 7.2 270 710 440 240 3p0 690 8153 26064

2580 6.8 1130 860 880 672 750 750 10635 108557
Visnagar 2170 6.8 1400 740 1000 912 450 720 9R17 134486
Khandosan| 2540 6.7 1260 790 1440 672 450 600 8508 121066
Ganeshpura 4060 3/4 1820 590 1920 1104 BO0O 600 5317 174806
Gokaliya 584| 7.5 230 670 200 360 450 660 4963 22186
Salisana 1800 6.9 540 570 760 240 150 680 5672  51P46
Khanpur 712 7.4 280 870 2000 1488 300 870 3190 2704
Bahadurpur 2260 7 840 1000 600 64 300 900 8153  80p59
Techva 322, 7.1 200 310 440 168 750 360 3545 19325

Sodium (N&™) : Sodium is one of the alkali meta®d is most important and abundant

of the group in natural water. Sodium salts @ery important in # evaporate sediments.

In general sodium when leached from the rocks remains in solution. It takes part in
important precipitation reactidike calcium and magnesium because mainly all sodium
components are readily soluble (Hem, 1991).

Carbonate and bicarbonate (CQ and HCOs?) : Carbonate in the form of limestone
and dolomite and iron carbonate widely distributed on # earth surface (Davis and
Dewiest, 1967). When pH of the groundwasgebelow 4.3, the carbonate exists a€&;
however on crossing the limitsf the pH above 8.5, the carbonate form changes to the
bicarbonate (Hem 1991). Bicamhate is normally derived from complex atmosphere,
hydrosphere, lithosphere, introduction through (01) solubility o @Cthe water and
(02) chemical weathering of rocks by ¢€€aturated water (Davis and Dewiest, 1967).
The concentration of carbonates ionsgnoundwater ranges 150 mg/lit to 1350 mg/lit.
Bicarbonate ions range from 300 to 900 mg/lit.

Sulfate (SO,2): Sulfur occurs in water largely as sulfate ;S®igh concentration of
Sulfate shows a typical characteristic of aid region. Rainfall in semi arid and arid
regions or where soils are gypsiferous, it eom considerable amounts of sulfate as a
result of airborne dust, Heri959). In the upper oxidized layers of saild rock, sulfides
are largely been converted to sulfates anel gradually leached away by water but in
semiarid regions the soils are not fullgached and dissolved salts produced by
weathering may tend to accumulate in the s@lisnilarly fine grained sediments have
poor groundwater circulation, but over a lkargrea they may yield significantly high
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mineralized seepage having considerable amdivf Sulfate to water in adjacent coarse

grained aquifers. Sulfate con¢eation in RBMCA is very high.

Chloride (Cl " ): Sedimentary rocks especially ar®re important source of chloride.
Normally chloride in groundwateryccurs as resistant as guk of inclusion of carbonate
water, and is to be expected in any inctetgly leached deposit laid down under the sea
or in a closed basin where chloride present (Hem, 1991). When porous rocks
submerged by the sea at any time after themé#bion, they are impregnated with soluble
salts. Chloride concentration in studgawaries in range from 3190 mg/l to 10635 mg/I.

3.5 LANDUSE

Land use pattern in the RBMC arbas been studied with the hadp remote sensing data of

LISS 4 of two different periods viz., year 2003 and year 2008. For both the years images of

winter season (Month of December) has been seléatexhalysis so that estimation of irrigated
areas can be carried out. However, it is importambention here that the resolution of image of

year 2003 was of 23 x 23 m pixels whereas that of year 2008 was of 6 x 6 m pixels.

Therefore, the accuracy level of analysis of

year 2008 image is more than the image afable 3.9 Land Use Pattern in RBMC Area

Area(Ha)

year 2003. The RBMC area has been. La}nduse
classified in to five classes such as (Qlyrigated Agriculture

52853

Irrigated land; (02) Fallow/Dry Land; (03) Fallow / Dry Land

28664

Water Logged Areas; (04) Settlements an@ater Logged

7588

(05) Water Body. Table 3.9 shows land us&/ater Body

910

wise computed area during year 2008. Th8ettlement

3727

dominant land use in the command ared iFotal

93742

for agriculture followed by water logged Source: Analysis Based on RS Data Year 2008

and fallow areas. Water bodies in the
RBMC area spread over about 1.82 sqg.km.
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# Mehsana

Fig 3.9 Land Use Classification of RBMCArea Based on Remote Sensing Data (2008)
Source: NRSA, RS Data (2003) GoG, Irrigation Department (2006), SOI, (1965)
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3.6 SOIL

The soil is a dynamic natural body on the eartifiase, in which plantgrow, and is composed

of mineral and organic matersalnd living forms Buckman ar8rady (1960). In other words,
soil is the uppermost weathered layer of the earthist; it consists of rocks that have been
reduced to small fragments and have been rooiess changed chemically together with the
remains of plants and animals that live on it anidl iBoil consists of parle of varying rocks by
weathering and erosion processehlysical propertiegmechanical behaviof a soil greatly
influence plant growth. The plant support, rqmnetration, drainage, ation, retention of
moisture, and plant nutrients are linked with the physical condition of the soil. Physical
properties also influence the chemical andldgical behavior of all soils. The physical
properties of a soil depend on the amount, shape, arrangement and mineral composition of
its particles. The physical properties also awpen organic matter content and pore-spaces. The
important physical properties ofiare soil texture, soil structure, soil density, soil porosity, soil
color, soil temperature etc.

o

Dharoi
//

\

)

e

Legend {
N + Village Location /
A Soil Type
] Clayey
6 0 6 12 Kilometers [ | Loamy
! ‘ Sandy
Sandy Clay

Bamosefia ‘

* Mehsana
Fig. 3.10 Soil Map of RBMCA
Source: GoG, Irrigation Department (2006), SOI, (1965) ACT field Data, (2009)
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Table 3.10 Soil Type wise Range of Details of soil types and saturation percentages in

Saturation Percentages different villages of RBMCA are given in
Type Saturation (%) annexure 3.3. Maximum saturation percentage of
Clayey 27 -32 soil was observed in Kansa village i.e. 38.6 %
Loamy 20-31 whereas minimum has observed in Pipaldar i.e.
Sandy Clay 53-37 20.6 %. _There were Bhandu, Satusana, Kambli,
Sandy 53-26 Biliya, Visnagar, Khansosan, Eyasar, Rampura,
Vadnagar, Unad, Undai, Sobhasana, Jantral and

Kamalpur villages having more than 30 % sattion. Such high saturati percentages of soils
reflect good amount of moisture conservationacdy of soil. Table 3.11 shows soil type wise
maximum and minimum valuex saturation percentages.

3.7 Cropping Pattern

Cropping pattern in any area is adaptation of agro-climatic ahacteristics of the area and
availability of water. Besides this, soil compasitand soil health arevo important influencing
parameters for crop selection as they detezrpiroductivity. So far the study area is concerned
the cropping pattern has been studied in order to understand ahgpaféern before and after
PIM activities as well as to understand wateg efficiency. Table 3.11 shows change in crop
sown areas before and after PIM in seleatdldges of different command areas of RBMCA.
(Source-rabi Irrigation data, 2077, DSC) After PlWeat, Mustard and Caster productions have
significantly increased in the command areas whereas slight decrease has been seen in Cumin
seed, Isabgool, grass and vebttacrops (Fig 3.11). Table 3.Xlearly shows that there is a
significantincrease in total crop sown area from 5263.31 ha before PIM to 9998.5 ha after
PIM i.e. about 190 %in compare to before PIM.

Another major impact seen on crop in the areach@nge in crop variety sh as earlier in most
of the areas indigenous cotton arater were used to saw whiare now replaced by BT cotton
and hybrid caster.

-
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Fig 3.11 Changes in Crop Pattern Before and After PIM
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Table 3.11: Change in Cropping Before and After PIM

Crop Period Canal Total
MAIN BR 1 BR 2 BR 3
Wheat Before 123.12 286.1y 1082.31 64220 2133.80
After 84.41| 1006.06| 1566.23 1447.43 4104.13
Mustard Before 20.05 52.49 547.03 579.10 1198|67
After 6.49| 242.54 776.67 918.68 1944.38
Castor Before 108.97 601.338 325.50 228.86 1264.66
After 98.31| 1539.65 530.5( 468.28 2636.74
Cotton Before 4.85 60.29 71.16 17.55 153.84
After 7.45 73.29 63.96 41.24 185.94
Fennel Before 9.56 19.37 11.54 22.54 63.01
After 16.91 81.23 129.69 100.45 328.P8
Cumin seed Before 2.45 0.0¢ 6.50 3.56 12.51
After 0.20 3.08 13.2( 13.911 30.39
Fodder Before 5.16 17.96 60.97 12.85 96.94
After 5.31 57.58 221.97 130.52 415.88
Tobacco Before 11.64 28.63 3.18 1.95 45.85
After 5,57 119.67 0.00 10.73 135.97
Isabgool Before 25.27 60.32 20.79 1.81 108.19
After 6.90 22.42 1.9( 0.00 31.22
Grass/ Veg. / Before 122.85 43.84 12.95 6.70 186.34
other crops After 8.83 62.57| 94.12 20.556  186.07
Total Crop Before 433.92 1170.4 | 2141.87 | 1517.12 | 5263.31
Area After 240.38 | 3208.09 | 3398.24 | 3151.79 9998.5
Source: DSC, 2007
(zczz?errﬁlr;ﬁyF;ﬁtfecrgnon - Wheat/Tobbaco - Cluster bean - Caster/Variyali) Hadbi Navi

3 Year Crop Pettern
(Pearl Millet/Jowar - Caster - Pulses - Wheat/Mustard - Cotton - Pearl Millet/Jowar)

4 Year Crop Pettern
(Cotton - Groundnut - Wheat - Cotton - Millet - Caster - Cotton)

Pedhamli
Railway

/\/ Road

+ Village 10 Kilometers

/\/ Canal
Fig 3.12: Crop Pattern in RBMC Area
Source: GoG, Irrigation Department (2006), SOI, (1965) ACT field Data, (2009)
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To characterize crop pattern in study area, village level consultations with farmers in different
parts of command area were carried out. The robjective of the crop pgern evaluation is to
understand how farmers practice different crop asnager availability fom different sources.
Repetition of crop, annual crop cycle and comborati alternative crop we main parameters
considered for classification. Crqgattern of the area was classdiinto three classes such as
(01) Two year crop pattermvhere main crop cycle Baster / Fennel - Cotton — Wheat / Tobacco -
Cluster Bean — Caster / Fennf@?2) Three year crop pattewhere main crop cycle Bearl Millet
/Sorghum - Caster - Pulses - Wheat/Mustard - Cotton - Pearl Millet / SordB@nfour year crop
pattern where main crop cycle@stton - Groundnut - Wheat - Cotton - Millet - Caster — Cotton. (Fig
3.12)

Two Year Crop Pattern: To understand the pattern farmersrogation cooperatives namely M8
Dedasan Mandli village DedasadaBM 9 R / DO7L Valasana &falasana villages have been
consulted. This pattern is mainly adopted by fensrof the villages of Chada, Aspa, Dabu, Sipor,
Jantral, Ganeshpura, Rampur, Fudeda, Kag &hhabaliya. Terrain wise this pattern is
dominant in undulating terrain and in sandy soihditions. With respect to command area, this
type is popular in immediate command of the delnere minor are designefirectly from main
canal. There are two sub types netidn this patterrfTable 3.12 and 3.13). lcase of type A,
usually in first year farmer saws casteffennel in later part of monsoon i.e. during month of
August whereas in Type B farmers normally saw pearl millet as rain fed crop and then they saw
caster that remains up to summer season. In siajdr difference in both the types is that in
case of Type A farmers do not saw any crofirgt year during monsoon eheas in Type B in
all seasons farmer saws crop. Both types showasity in sawing duringvinter and summer of
second year. In both the types farmers samteviand summer cropping up to month of April
however, crops are different. Inseaof Type A there is a single crop mainly cotton while in
Type B it may be wheat or mustard dependiupgpn number of irrigation from canal water.
Another similarity in both types is that dagi month of April and Mayarmers keep their land
for drying but occasionally they also saw pearl millet.

Table 3.12 Two Year Crop Pattern of Study Area Type A

Type — A

Crop 2 Year (Caster / Fennel - Cotton - Wheat/Tobacco - Cluster Bean -Distribution
Pattern: Caster/ Fennel)
Village Dedasand Mandli | M 8 Dedasan Mandli
Month Crops

Year | Year Il Year lll
June Cotton
July
August Caster / Fennel
September
October Caster / Fennel Jantral
November Ganeshpura
December Rampur
January Wheat / Tobacco Fudeda
February Kot
March Chhabaliya
April Land Drying / Millet
May Cotton
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Table 3.13 Two Year Crop Pattern of Study Area Type B

Type — B
Crop 2 Year (Caster / Fennel - Cotton — Wheat / Tobacco - Cluster BearDistribution
Pattern Caster/ Fennel)
Village Valasana Mandli | SM 9 R/ DO7L Valasana
Month Crops
Year | Year Il Year Il
June Pearl Millet Pearl Millet Ranshipur
July Shobhshan
August Karbatiya
September Dediya
October Caster Wheat/ Mustard Caster Aspa
November Pipaldar
December Madhasan
January Chada
February Rangpur
March Denap
April Land Drying / Millet Gundrasan
May Kamalpur,
Kansa
Table 3.14 Three Year Crop Pattern of Study Area
Crop 3 Year (Pearl Millet/ Jowar - Caster - Pulses Replicability in
Pattern: Wheat/Mustard - Cotton - Pearl Millet/Jowar) village
Village Kambli Mandli D1R, SM5 &6 L
Kambli
Month Crops
Year | Year Il Year Il Year IV

June Pearl Cotton / Pearl | Jetalvasna, Tarabh,
July Millet Caster Millet | Valam, Satusana,
August (Optional) (Optional) Bhan(_:lu,

Laxmipura,
September Arnipura, Aidor
October Caster Caster | (Chamundanagar),
November Wheat / Khandosan,
December Mustard Udgam’ Vadu’

Bamansa, Randal,
January Nani Davu, Gunja,
February Upera, Kesimpa,
March Pilodra, Gadha
April Land Land
May Drying Drying _

Three Year Crop Pattern: In this case farmers grow Pearl millets in first year followed by long
duration corps like caster sown in late monsoandctober) that remasnstanding till April in
next year. The important characteristic of thittgra is that farmersdep their land dry for one
or two months in each year. During third yeamfars sow cotton or caster in the beginning of
monsoon season that remains until March. This padpern is dominant in agriculture areas of
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western part of study area. Accmgl to discussion with farmeithe selection of this kind of
cropping pattern is mainly due to availabilitymdor quality of groundwaten this area. Being a
tail area of Right Bank Main Canal when thiegve sufficient number of watering they sow
wheat or mustard. Table 3.14 showsason wise crop in this pattern.

Table 3.15 Three Year Crop Pattern of Study Area

Crop 4 Year (Cotton - Groundnut - Wheat - Cotton - Millet Replicability
Pattern: Caster - Cotton) in village
Village Dharoi | Mandli | M2L Dharoi Mandii
Month Crops
Year | Year Il | Yearlll | YearlV | YearV
June Cotton | Ground | Cotton Caster Cotton Dharoi to
July nut (Irrigation | Madhasan
August e
Octo to
September Dec
October
November
December Wheat
January Pre Pre
February (S;OWIng Pearl (S;awmg
roun Millet roun
Mar.ch Nut Nut
April Land Land
May Drying Drying

Four Year Crop Pattern: Repetition of pre sowing ground nutnmonth of January is benchmark
in this class of crop pattern. iBhtype is dominant in areom adjoining Dharoi dam to

Madhasana village. Farmers keep their land drying for two alternative years i.e. during
second and fourth year, while finst and third year's agriculturand remains occupied with
crop. Table 3.15 shows year wig®p type in this pattern.
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4. IMPACT OF PIM IN RBMC

4.1 CHANGES IN IRRIGATED AREA

Participatory irrigation management has beemmuted since 1995-96 butetintensive spread of
PIM activity started after ye@004. Before year 2004 there wereyo®8 ICs in entire command
area. Therefore considering year 2004 as benchyeankthe changes in irrigation area as well as
land use in RBMCA have analyzed.

Today about 196 cooperatives manage irrigaiioRight Bank Main Caal Command area of
Dharoi dam. About 129 Irrigation cooperativl€) have been formulated by DSC whereas
remaining cooperatives have directly been ttuted by Irrigation department directly or by

other NGOs. All these cooperatives are managingloaater irrigation. In addition there are
several privateanandaliswho are also managing bore welligation but source of water is
groundwater. ICs established by DSC are spreael about 89 villages and manage about
25,784 ha of irrigation areas. There are about 20,491 farmers who are members of these ICs.
There are two federations coimsted by these ICs at Branchvéd, one of them (Branch 2
Federation) has undergone for agreement W@tlvernment and has taken charge of water
distribution also.

For estimation of change inTable no. 4.1 Block Wise Changes in Irrigated areas
irrigated area, Rabi season of yeaBefore (Year 2003-04) and Rer (Year 2007-08) PIM.

2003-04 has been consider a®lock | Irrigated Areas (Ha) | Difference | Change
before PIM and that of year 2007- No. Year Year 2007- (Ha) (%)
08 has been considered as affer 2003-04 08

PIM stage. This analysis has be¢n 1 5551 3537 -2014 -36.3(
carrie_rd out with the help_ of remote™ 4964 7940 2976 59 95
sensing data of respective periogs. 3 5351 7753 2202 42 90
It is important to clarify that 4 6646 8785 5139 32 20
;?tr;r';’agf‘t&’sdfrr‘fgysgs B(b:rfgri 2 %Total | 22512 36412 13900 | 61.74
not been carried ¢wue to partial S | o 11571
data gap in satellite image of Rabi 6 | - 15252
season of year 2003. However, for /| === 8397

year 2008 land use pattern has beehotal | ---- 63235

analyzed for all

seven blocks.Source: NRSA RS Data 2003-04, 2007-08,

Table 4.1 and Fig.4.1, 4.2, 4.3, 4.4 skowomputed irrigation areaf before and after PIM
situations. Remote sensing data analysis slhlbaighere are total about 22,512 ha of area under
irrigation during Rabi season géar 2003-04 in block no. 1,2,8c&4 while it was about 36,412
ha during year 2007-08. Total irrigation areasé@ven blocks is about 63,235 ha. Comparative
analysis of first four blockshows about 61.74% of increaseiirigated area after PIM. To
understand reasons of rise in RBMCA, consultatuith various ICs and irrigation department’s
officials had been held. According to théatlowing are main reasons for this rise.
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Fig. 4.1 Change in Irrigation Areas in Block | of RBMCA

Source: NRSA RS Data (2003, 04, 07, 08 ) GoG, Irrigation Department (2006), SOI, (1965) ACaf&l{D09)
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Fig 4.2 Change in Irrigation Areas in Block 2 of RBMCA
Source: NRSA RS Data (2003, 04, 07, 08 )GoG, Irrigation Department (2006), SOI, (1965) ACT field D&a, (200
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Fig. 4.3 Change in Irrigation Areas in Block 3 of RBMCA
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Fig. 4.4 Change in Irrigation Areas in Block 4 of RBMCA
Source: NRSA RS Data (2003, 04, 07, 08) GoG, Irrigation Department (2006), SOI, (1965) ACT fie(@@n&h,
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Presently canal lining has taken place at all menwl most of the sub minor levels. That has
reduced conveyance lost as well as seepageal @ahabilitation works executed by ICs were
carried out during this period intawsly. Up to year 2009 total abod88 km length of canal
had been surveyedind estimates have been prepareBf658 lakh. Canal rehabilitation work
has significantly decreased seepage and coneeyisses from canal. Department data shows
thatabout 254 km length ofcanal rehabilitation work has been completed by 127 WUAs
under DSC'’s supervision. The WUAs have sharecdertizan 10% of the cost and remaining 90%
contributed by Govt. In additn, irrigation department is s executing cahaehabilitation
work through WUASs undedirect supervision.

Involvement of ICs in irrigation management rsother important reason for this increase. It is
already described in previousagiter that ICs have developed their regulatory norms for water
management and distribution. Today in RBMCAMPdctivities are already spread over about
25,784 ha area which was only about 5100 ha before year 2004. Todagréhabeut 129 ICs in

89 villages managing irrigation wex in command area and ab@@,491 farmers are member of
these WUAs.

Above discussion clearlyhsws that spread of PIM activitiéss encouraged important as well

as efficient water distribution that ultimately resulted in to overall increase in irrigated area in
RBMCA. In addition, increased us¥ groundwater in irrigation alscontributes tancrease in
irrigated area in RBMCA. Howevedjscussion on use of groundwaiiirrigation is mentioned
separately in proceeding discussions on intensivextensive use of canal water section.

Increase in irrigated area is definitely naeasure of improvement of overall system but,
sustainability of this increase still remains sfi@nable unless positivehanges take place in
water use efficiency. Keeping this in mind somerenaspects affecting the irrigation efficiency
have been evaluated based on ab#laata. It is important to cify that such assessment study
requires in depth primary investigation, appraf#idata and monitoring as well as resource.
Following aspects have been analyzed for this assessment.

Water use efficiency

Extensive and intensive use of canal water in RBMCA
Extension of command area

Water inflow in dam and catchment yield

4.2 WATER USE EFFICIENCY
4.2.1 Approaches

Various approaches exist to estimate water use efficiency. The basic concept of irrigation
efficiency, Ie, was set forth by Israelsen (1950) as tato of the irrigation water consumed

(evaporated) by cropuci, to the irrigation water delivered from a surface or groundwater source
to the canals or farm head gat\ég;

le = Irrigation Water Evaporated by Crops Water /Diverted, Delivered, or Applied
= UV = CropET - PM1)
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Where,CropETis the crop transpirain and evaporation @vapo-transpiratiorT, andPeis the

effective precipitation. Water use efficiencytiegtion by this method is known as Effective
Efficiency approach. This early definition, igh has been accepted by irrigation scientists
worldwide, is appropriate but limited paramefter irrigation design. It applies only to the
guantity of water that must be handled (puthpsonveyed, etc.) to accommodate an estimated
amount of beneficial use. For design purposess limited because it omits the necessary
leaching water.

As irrigation water is transpired by crops aedaporates from the osurface, salts remain
behind and accumulate in the soil. To maintairfavorable salt balance for optimum crop
production, these residual salts shibe periodically leacheddim the soil by applying excess
water. The ratio of the minimum amothR, of the applied irriglon water (in excess of

CropET- Pe, or Uci) that must pass below the crop root zone to maintain a favorable salt balance
is called the leaching fraction or requiremerR;

LR = Vir/ +Uci+ VLR (2)

The leaching requirement is specific for eacimbmation of irrigationwater quality and crop
because crops differ in their toleranto soil salinity. It is also function of the type of irrigation
application system, the frequency of irrigets, and to a limited extent soil texture.
Consequently Ayers and Wescot (1985) expandckassical concept of irrigation efficiency in
equation (1) to account for leaching requirements (and we designate expanded classical
efficiency asEi):

Ei = le/(1-Lr) (3)
or
Ei =( CropET — Pe) + \WR/\VD
=Uci + Vir/ W
= Uci/ (1-LR)\» 4)

Figure 1 shows a schematic vie an irrigation project supplieby diverting water from a
river. The relative locations of the data fts) needed for computing the classical irrigation
efficiencyEi, by equation (4) are also included in Fig. 4.5.

Irrigation scientists have struggledth the classical irrigationfiiciency concepts and tried to

tackle such problems as:

e How to deal with application ufiormity, effective rainfall, and estimating actual crop evapo-
transpiration

e What besides evapo-transpiration and nmgetihe leaching requirement is a legitimate
beneficial use

e How to deal with practical values for convega losses, application uniformities, leaching
requirements, meeting evapo-transpiratigotentials, and irgation frequency and
scheduling
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ana

Seepage

Fig. 4.5. Schematic View of a Diversion Prect and Terms Necessary for Defining Classical
Irrigation Efficiency

Most recently, the American Sogyedf Civil Engineer’s Irrigation and Drainage Division Task
Committee’s draft repoitrigation Efficiency and Distribution Uniformitydated 10 June 1994)
suggests a new application efficiency temmgation sagacity (IS):

IS = Irrigation Water Beneficially and Reasonably Used / Irrigation Water Applied (5)

Beneficial usesinclude such items as crop evapanspiration, leaching, germination,

temperature and humidity caal, and soil preparatioiReasonable usasclude water needed to

maintain drainage water quality, some deeg@ation due to non-uniformity and uncertainties
in salt management, and various logba&$ may not be economical to avoid.

Using irrigation sagacity (equan 5) provides an interesting@oach for system design and a
more realistic efficiency concefor evaluating irrigation systenisecause it justifiably includes
beneficial and reasonable usés addition to crop evapo-transpiration and the leaching
requirement. Its authors developée irrigation sagacity concept aoft concern that irrigation is
gaining a reputation of being inefficient and a@vavaster. Yet, irrigation sagacity, while it may
put farm irrigation efficiency ira better light, is still a classicatigation efficiency concept. It
includes desired deliverables amésonable irrigation water inputsjt it ignores rasable return
flows. In other words, irrigation sagacity still makierigation appear to keeless efficient user of
freshwater resources than it aadty is. Therefore irrigation sagity should not be employed for
water resource allocation purposes.

Jozef Takac, Pavol Nejedlik and Bernargkai in 2008 have derived method for water use
efficiency based on crop yield. They propodetlowing methods for water use efficiency
assessment.

Method I: Water use efficiency WUE [ kg/mm ]
IE=Yi/Yr*100
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Yiyield of irrigated plant [kg/ha]yr yield of non irrigated plant [kg/ha]
Method II: Irrigation Water Use fiiciency IWUE [kg/mm]
IWUE=Yi-Yr/I

Yi yield of irrigated plant [kg/ha]Yr yield of non irrigated plant [kg/ha];irrigation amount
[mm]

Jozef et. al. have carried ouglfi experiments on crops like wantwheat, spring barely, maize

and sugar beet during year 19t832006. They computed watereusfficiency and irrigation

water use efficiency for each crop. Based onrtbégperiment following conclusions were made

by them.

e Positive effect of irrigation comes mainly aetbrops harvested in late summer i.e.maize and
sugar beet. Irrigation efficienayas lower at the cereals.

e Irrigation water use efficiency was highastall crops during dry seasons when low
irrigation dosages were applied

e Total Precipitation s during the respective vegetation sedsmamount of water flowing
into the system is not the only parameter uheieing the efficiency of water use by the
crops. The way and the date of irrigation as waslthe nutrition and 8groperties and their
interactions play the decisive role.

It is true that not all water taken from a soufdeer, well) reaches the root zone of the plants.
Part of the water is lost durirtgansport through the cals and in the fields. The remaining part
is stored in the root zone and eventually usethbyplants. In other wosd only part of the water
is used efficiently, the rest of the water is losttfe crops on the fields that were to be irrigated.
Figure 4.6 shows the irrigation wates$es in canals; these are due to:

Evaporation from the water surface

Deep percolation to soilyars undernehtthe canals
Seepage through therms of the canals
Overtopping the bunds

Bund breaks

Runoff in the drain

Rat holes in the canal bunds

Nook,rwhE
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Fig 47. Irrigain water losses in the field
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Figure 4.7 shows the irrigation water losse the field; these are due to:

1. Surface runoff, whereby water ends up in the drain
2. Deep percolation to soilyars below the root zone

To express what percentage oigation water is used efficiently and what percentage is lost; the
termirrigation efficiency is used.

Thescheme irrigation efficiency(e in %) is that part of the water pumped or diverted through
the scheme inlet which is used effectively by phents. The scheme irrigation efficiency can be
sub-divided into:

The conveyance efficiency (eajhich represents the efficienoy water transport in canals, and
thefield application efficiency (ea)which represents the efficiency of water application in the
field.

The conveyance efficiency (ec) mainly depewndsthe length of the canals, the soil type or
permeability of the canal banks and the condition of the canals.

In large irrigation schemes moxeater is lost than in small schemes, due to a longer canal
system. From canals in sandy soils more watksisthan from canals ineavy clay soils. When
canals are lined with bricks, plastic or concretdy then very little water is lost. If canals are
badly maintained, bund breaks are not repaired prppad rats dig holes,lat of water is lost.

Table 4.2 provides some indicative values & ttonveyance efficiency (ec), considering the
length of the canals and the soil type in whiah ¢hanals are dug. The level of maintenance is not
taken into consideration: bad maintenance mestdhe values of Table 7 by as much as 50%.

Table 4.2 Indicative Values of the Conveyance Effiency (ec) for Adequately Maintained Canals

Soil type Earthen canals Lined canals
Sand | Loam | Clay

Canal length

Long (> 2000m) 60% 70%| 80% 95%

Medium (200-2000m) 70% 75%  85% 95%

Short (< 200m) 80% 85%| 90% 95%

Thefield application efficiency (ea) mainly depends on theigation method and the level of
farmer discipline. Some indicative values o€ thverage field application efficiency (ea) are
given in Table 4.3. Lack of disciplimaay lower the values found in Table 4.2.

Table 4.3 Indicative Values of theField Application Efficiency (ea)

Irrigation Methods Field Application Efficiency
Surface irrigation (border, furrow, basin 60%
Sprinkler irrigation 75%
Drip irrigation 90%
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Once tle conveyage and fiel applicaton efficiendes have ben deterrmed, thescheme
irri gation efficiency (e) can becalculatedusing the folowing formula:
BEC =23
B =
100

with

e = schene irrigatian efficiency (%)
ec = coweyance eftiency (%)

ea = fietl applicatia efficiency (%)

A schame irrigationefficiency of 50-60% & good; 40%s reasonile, while ascheme irrgation
efficiency of 20-30% is poor.

4.2.2 Water Use Efficiency of RBMC Area

Based o above disussed appraches wateuse efficiecy in RBMC area hasden compued by
using folowing metods.

Scheme Irrigation Efficiency: Most of themain, brach, distribuary and mnor canalsof the
RBMC area are lind and henceéhe convegnce efficiency value en be consilered abou®5%
and forfield appliaion methal is 60 %due to suréce irrigation method.Therefore skeme
irrigation efficiencyby using folowing eqution will be:

E = (ec*eA)/1®
= (95*60)/1®
=57 %

According to classifcation, thescheme effciency falls under good category (50 to 60 %).

Per Hectare Water Use (Duty): Yearly waer use peunit (hectarg area hadeen computd by
using irigation deprtment’s dgta from theyear 197980 to 20092010. Tab¢ 4.4 and Ry 4.8
show derease in pehectare \@ter use fran starting year of 197980 (0.4031mcft/ha) to2009-
2010 (0188 mcft/ta). Minimum water useper ha ism year 199607 and mamum is n year
1980-81.

Table 44 Year wise Irri gated Area and Duty

Year Released Area in Different Season (ha) | Total | Water Use

Water Kharif Rabi | Summer (ha) | Efficiency

in RBMC (mcft / ha)

(mcft)

1979-8 104 75 183 0 258 0.4031
1980-8 572 131 502 380 1013 0.5647
1981-8 650 16 677 593 1286 0.5054
1982-8 1862 135 4303 1685 6123 0.3041
1983-81 4546 0 5606 2637 8243 0.5515
1984-& 6862 21 11432 3729 15182 0.4520
1985-& 4663 3711 | 11750 2223 17684| 0.2637
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Table 4.4 Year Wise Irrigated Area and Duty Contd...

Year Released Area in Different Season (ha) | Total| Water Use
Water Kharif | Rabi Summer (ha) | Efficiency
in RBMC (mcft/ ha)
(mcft)
1986-87 0 0 0 0 0
1987-88 0 0 0 0 0
1988-89 4513 0 11129 2070 13199| 0.3419
1989-90 3189 0 11600 0 11600| 0.2749
1990-91 6700 0 12344 4483 16827| 0.3982
1091-92 7905 2989 | 15605 5179 23773| 0.3325
1992-93 9545 1559 | 17677 5942 25178 0.3791
1993-94 9614 4465 | 19377 5195 29037| 0.3311
1994-95 10447 0 20259 7175 27434 0.3808
1995-96 2757 6041 | 9059 0 15100/ 0.1826
1996-97 650 6019 0 0 6019 0.1080
1997-98 5098 0 14986 4235 19221 0.2652
1998-99 2627 0 11797 0 11797| 0.2227
1999-2000 0 0 0 0 0
2000-01 0 0 0 0 0
2001-02 5186 2523 | 13651 0 16174 0.3206
2002-03 0 0 0 0 0
2003-04 6805 0 18107 0 18107 0.3758
2004-05 1171 0 7405 0 7405 0.1581
2005-06 8893 0 22760 0 22760 0.3907
2006-07 11575 0 22430 4956 27386 0.4226
2007-08 11798 0 22205 4718 26923| 0.4382
2008-09 4117 0 16285 0 16285| 0.2528
2009-10 2726 0 14607 0 14607| 0.1866

Source: Sabarmati reservoir projeddharoi Dam, Salient features

Table 4.5 Maximum and Minimum Efficiency Ranges and Before and After PIM Change

in Water Use Efficiency

Duty MCFT/ha Year
Minimum 0.108 1996-97
Maximum 0.565 1980-81

PIM Impact

Average 0.340 1979-80 to 1994-95
Before PIM
Average 0.232 1994-95 to 2010
After PIM

To understand impact of PIM on water use efficietiey yearly data has been categea into
three categories such as (01) Before PIMfi@m year 1979-80 to 1994-95; and (02) After PIM
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i.e. fromyear 199495 to year P09-10. Téle 4.4 show that peha use of weer has de@ased
from 0.330 MCFT b 0.232 MC-T after PM, whereasaverage daease fronthe year 198-80
to year 09-10 is dout 0.284MCFT.
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Fig 4.8 Water Use Trend in RBMC area
Sour@ : GoG, Irrigetion Departnent, 2010

Per heddre water us efficiencywas also omputed baed on croparea estimizd throughthree
methodsi.e. (01) Area recorde by irrigation departrent; (02) Area calculad based orfield
data and03) irrigaed area computed throgh remote ensing dataThe estimation done ér the
year 2@7-08 and e water dbcated dung this yer was 1023 mcft. Average wate use
efficiengy found duing this yeawas 0.45mcft/ha. (Talke 4.6)

Table 46 Computed Irri gated Area by Different Method/ Source

Infor mation Source | Total lrri gated Area Duty
(ha) (mcft/ha)
Irrigation Departnent 22205 0.491916
Field Data 26699 0.409116
Remot Sensing [ta 24305 0.449414
Average mcft / ha 0.450149

Yield Base: The Water Use Effciency baseé on Grainproductivity (for 100 lg productian) and
income for 1000 R$ has beenarried out lbased on casstudies oflO minors & commandareas.
Wheat,Mustard, Cmin, Fennel Cotton, Cater, Lucere, and maia crops wee irrigated n total
506 ha eeas by famer during yar 2007-0§ Table 4.7).

To asses water usefficiency only four main winter cops such sawheat, nustard, cunm and
fennel irigated in 376 were caosidered. Irigated wate has beenstimated bsed on nurber of
wateringand 10 cmwater column per wagring (Tabk 4.8). Theassumptionof water @lumn
was manly based o discussiorwith a partcular farmerand/or menbers ofmandlis accordng to
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their observation. Grain production of the par#r crop was estimated based on average
production of respective crop thugh survey of four farmers iparticular Minor command
beneficiaries. Water use efiency based on grain productivity was computed for per 100 kg
production. In addition to productidbase water use efficiency attempt was made to understand
water use efficiency for 1000 Rs income frompaaticular crop. Table 4.6 shows that for 1000 Rs
income, wheat crop requires t®a in range from 128 — 23&um whereas cumin requires
maximum water i.e. 471 cum.

Table 4.7 Crop Production wise Water Use Efficiency

Crop Water UseEfficiency Water Use Efficiency
cum/100kg cum/1000 Rs. income
Wheat 167 — 300 128 — 231
Cumin 2000 471
Mustard 429 — 500 238-278
Fennel 1200 133-278

DSC has carried out study for water use efficiefrom productivity andncome point of view
for wheat crop in detail through trial with abdl@ farmers of the RBMC area in Rabi season of
year 2006. Table 4.9 shows farnmése details of wheat produeti, gross income, expenditure,
net income, along with water uper ha and per unit productiofihe table clearly shows that
water requirement per kg whgabduction ranges beeen 381 - 2038 lit wheras gross and net
water productivities range betwebf — 258 lit and 20 - Blit respectivelyTotal per ha wheat
production varies from 2500 — 5000 kg (Table 4.8).
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Table 4.8 Water Use Association wise Crop Pduction and Water Use Efficiency Estimation

Canal Total Crop | Cropped| Water Given for Irrigation Unit Total Water Use| Unit Total Water Use
Irrigation Area | Watering| Water | Volume | Product| Productio| Efficiency | Rate | Income Efficiency
Area (ha) (No) column| (cum) ion n (kg) (cum/100 | Rs./ (Rs.) (cum/ 1000
(ha) (m) (kg/ha) kg) Kg Rs.)
Production
DSM3 176 Mustard| 158 6 0.1 948000 1200 | 189600 500 18 3412800 278
Wheat 3 6 0.1 20460 3600 12276 167 13 159588 128
Fennel 0.36 6 0.1 2160 500 180 1200 90 16200 133
DSM4 25 Mustard 7 6 0.1 43320 1200 8664 500 18 155952 278
Wheat 9 6 0.1 52140 3600 | 31284 167 13 406692 128
DSM5 35 Fennel 7.00 6 0.1 42000 500 3500 1200 90 315000 133
Cumin 28 6 0.1 168000 300 8400 2000 43 357000 471
DSM6 11 Mustard 5 6 0.1 32760 1200 6552 500 18 117936 278
Wheat 2 6 0.1 14820 3600 8892 167 13 115596 128
Fennel 0.64 6 0.1 3840 500 320 1200 90 28800 133
M1R 24 Mustard 10 6 0.1 57660 1200 11532 500 18 207576 278
Wheat 10 6 0.1 60960 3600 | 36576 167 13 475488 128
Fennel 1.52 6 0.1 9120 500 760 1200 90 68400 133
M2R 17.2 Mustard 4 6 0.1 24660 1200 4932 500 18 88776 278
Wheat 5 6 0.1 27180 3600 16308 167 13 212004 128
Fennel 3.02 6 0.1 18120 500 1510 1200 90 135900 133
D.O 150 Mustard 29 6 0.1 174780 1200 | 34956 500 18 629208 278
Wheat 47 6 0.1 279000 3600 | 167400 167 13 2176200 128
M3R 39 Mustard 15 6 0.1 90000 1400 | 21000 429 18 378000 238
Wheat 10 6 0.1 60000 3000 | 30000 200 13 390000 154
D2R 8.5 Mustard 4 6 0.1 24000 1400 5600 429 18 100800 238
Fennel 2.00 6 0.1 12000 240 480 2500 90 43200 278
M8L 20 Wheat 15 6 0.1 90000 2000 | 30000 300 13 390000 231
main
Total 505.7 375.54
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Table 4.9 Water Use Efficiency for Wheat Crop in RBMCA (Year 2006)

Farmer / Wheat Gross Total Net Water used | Water used | Gross Water| Net Water
Village production | income | expenses | income in lakh Liters per Productivity | Productivity

in KG/ha | Rs./ha| inRs./ha Rs./ ha liters/ ha kg of Wheat (Rs.) (Rs.)

Natwar 3333 34167 20663 13504 67.94 2038 50 20

(Dedasan)

Dayabhai 3583 35167 14838 20329 46.64 1302 75 44

(Hasanpur)

Bhathuiji 4167 35694 13469 22225 24.65 592 145 90

(Karbatiya)

Bharat 4467 44867 14837 30030 42.30 947 106 71

(Kahipur)

Ishwar 3500 34625 13225 21400 26.68 762 130 80

(Khatoda)

Arvind 5474 53474 16095 37379 27.76 507 193 135

(Rangpur)

Rajendra 4731 45204 16449 28754 20.17 426 224 143

(Kansa)

Mahesh 4583 44167 13883 30283 23.08 503 191 131

(Kiyadar)

Varvaji 5000 49166.7| 16170.83 32995.8 19.06 381 258 173

(Sunhiya)

Vishnu 2500 25833 13150 12683.3 19.79 791 131 64

(Sundhiya)

Source: DSC, 2006
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4.3 EXTENSIVE vs. INTENSIVE AREA

Canal water in RBMC area of Dharoi dam is use@xdsnsive source of water, as there is an
availability of other water resource and extensf designed commandea. According to study
carried out by DSC in November 2003, for tail ensdend other deprived in the Canal Irrigation
System, for those concerned with equity aréawor of extensive irrigation that would provide
adequate water to raise less water intensiwpsclike millets while banning water intensive crop
like paddy, sugarcane and banaWhen the command area of Parambikulam Aliyar Project
(PAP) in Tamilnadu was extended, the originaigators protested. A committee, set up to
review the performance of PARame to the conclusion that extensive irrigation is more
desirable because the benefits can be distritotadiarge community. The aggrieved farmers —
the original irrigatorstook the matter to court- right up to the Supreme Court. The Supreme
Court decided the state had the right to dedgdeie and can order extensive or intensive
irrigation. In fact, in the designf most of the projects the apping pattern described is for
extensive irrigation over a large area. The prolikthat the cropping is ignored in practice, and
the irrigation department fails to control the heaadch farmers who raised water intensive crops
depriving the farmers downstreashtheir share of water.

The use of groundwater, number of waterirgmdual extension of command and changes in
crop type are main factors to characterize useaofl water as extensive or intensive. Because
of these factors canal water usage in designedeisas extended command area is now used as
extensive source of water. Therefore, to consahgr particular part of RBMC area as intensive
irrigation command area or extensiurrigation by canal irrigation igery difficult. In spite of
these limitations an attempt has been made fioalextensive or intensive use of canal water
based on source wise irrigation percentages bglaam groundwater in a particular block as
well as village. RBMC area has also very goodugdwater potential within shallow and deep
aquifer systems of loose alluviums. In both laraf areas people use chnater as extensively

as well as intensively depending on numbemaiterings allocated by department during a
particular irrigation season. However, in someagrimmediately adjoinintdpe dam i.e. villages
around Dharoi, Madhasana, and people use canat maiely for recharge purpose. In case of
deep groundwater areas people use groundwatkicanal water supplementary to each other
based on crop type amdimber of watering.

Table no. 4.10 Block wise Bore wells and/ell Base Irrigation during Year 2007-08

Block | Village Bore well Wells Irrigation Irrigation By Diff.
No. ha Sources (%)

Total | Use | Irri. | Total | Use | Irri. | Total | GW | Canal | Ground | Canal
No. | No. ha No. | No. | ha | Area | Irr. | Water | Water Water

6 165 | 165 554 | 298 | 298| 118§ 3537 | 1742| 1795 | 49.25 50.75

13 498 | 498 | 3678| 185 71 383 7940 | 4061| 3879 51.15 48.85

10 359 | 331 | 3622 200 | 70 116| 7753 | 3737| 4016 | 48.20 51.80

12 273 | 222 | 3407| 529 | 322 | 242 8785 | 3648| 5137 41.53 58.47

27 461 | 402 | 3922| 1814 | 1052 1343 11571| 5265| 6306 | 45.50 54.50

OO IWIN|PF

23 683 | 672 | 4708| 1834 | 429| 103Q 15252| 5738| 9514 37.62 62.38

7 11 567 | 429 | 4440| 1380 | 893 | 2568 8397 | 7008| 1389 83.46 16.54

Total 102 | 3006 | 2719| 24329| 6240 | 3135 6870 6323p 31199 3203649.34 50.66
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Therefore, number of watering,or type and groundwateawailability are three factors deciding
extensive or intensive use chnal water. Table 4.10 shows block wise groundwater based
irrigation done by farmers in RBMC area dwgiyear 2007-08. The table clearly shows that
about 31199 ha of irrigation during 2007-08 have been carriedittuthe help of groundwater

in the area. Maximum groundwater based itr@a practices (7008 ha) exists in block no. 7
where as minimum is in block no. 1 (1742 haalfle 4.10) Total groundwater based irrigation is

in about 24,329 ha (77.98 %) whereas thabmén well based is in about 6870 ha. (22.02 %)
Source wise comparison shows that in caselafk no. 1 open well based irrigation (68.22 %

ha) is higher than the bore wbkse irrigation (31.78 %). The rawf well irrigation is very low

in case of block no. 2 (9.43 %), 3 (3.10%) and 4 (6.63 %). Table 4.8 clearly shows that the
whole command area is using both the source of water almost equally. However, bock no. 6 and
7 can be categorized as inteesgroundwater irrigated area aimtensive canal water irrigation

area respectively whereas retthe blocks are almost ugj both the resources equally.

Another attempt has been made to understamensixe vs intensive use of canal water by
studying 11 selected cooperativesrigation pattern with respect to crop type and number of
irrigations given dung year 2007 (Table 4.11) .

Table 4.11 Crop wise Numbers ofrrigation by Different Source

WUA Total Irrigation Crop Cropped Watering (No)
Area (ha) Area (ha) Total | Canal | Bore well
DSM3 174.52| Mustard 158 5 3 2
Wheat 3.41 6 3 3
Caster 12.69 8 3 5
Fennel 0.36 6 3 3
Suva 0.06 5 3 2
DSM4 23.95( Mustard 7.22 5 3 2
Wheat 8.69 6 3 3
Caster 6.18 8 3 5
Fennel 0.086 6 3 3
Cotton 0.92 9 3 6
Maize 0.85 3 3 0
DSM5 35| Fennel 7 6 3 3
Cumin 28 6 3 3
DSM6 10.62| Mustard 5.46 5 3 2
Wheat 2.47 6 3 3
Caster 1.87 8 3 5
Fennel 0.64 6 3 3
Cotton 0.18 9 3 6
M1R 23.89| Mustard 9.61 5 3 2
Wheat 10.16 6 3 3
Caster 0.96 8 3 5
Fennel 1.52 6 3 3
Cotton 1.64 9 3 6
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Table 4.11 Crop wise Numbers of Irrigation by Different Source contd...

WUA Total Irrigation Crop Cropped Watering (No)
Area (ha) Area (ha) Total | Canal | Bore well
M2R 15.54| Mustard 4.11 5 3 2
Wheat 4,53 6 3 3
Caster 1.02 8 3 5
Fennel 3.02 6 3 3
Suva 0.88 5 3 2
Cotton 1.98 9 3 6
D.O. 146.87| Mustard 29.13 5 3 2
Wheat 46.5 6 3 3
Caster 11 8 3 5
Fennel 0.24 6 3 3
Cotton 60 9 3 6
M3R 35| Mustard 15 4 3 1
Wheat 10 6 3 3
Caster 5 6 3 3
Fennel 2.5 6 3 3
Lucerne 2.5 24 3 21
D2R 8.5 | Caster 2.5 6 2 4
Mustard 4 3 2 1
Fennel 2 6 2 4
M8L 20| Tobacco 5 8 2 6
main Wheat 15 8 2 6
MR 8 75 | Cotton 10 5 2 3
Caster 30 5 2 3
Fennel 5 7 2 5
Tobacco 30 10 2 8
Total 568.89 568.89 300 135 165

The Table 4.11 shows, out otab300 waterings in 568.89 haeas only 135 watering have been
made available from canal water whereas 168m@ys have beeratilitated by groundwater.
The fact itself indicates that the command are@ois using canal water as extensive source of
water.

In most of the cases 5 to 6 waterings weremgieedifferent crops wheas maximum number of
watering were given to TobazcLucerne and Cotton crops. Tab#.9 shows that during 2007
only 2 to 3 times water has been releaseduih canal, but total watering given by farmers
ranges from 5 to 6 in case of wheat, mustardfandel crops whereas 8 1@ times to crops
like cotton, caster etc. These casalss clearly show difficulties inlear divisions of areas from
intensive or extenseszuse of canal water point of view.
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4.4 EXTENDED COMMAND AREA

4.4.1 Expansion Areas

RBMC area has continuously expanded after the irrigation started. The bases of expansion were
gradual development and up-gradation of caretivork system. To undg&and extension in
command area, consultation with irrigation deent was held during the study and expansion
plan from year 2005-06 was discussed. &aBl12 shows block wise expansion made by
irrigation department in differg distributaries. Total abo@3410 ha area has been added since
year 2005 mainly in block no 2, 3, 4, 5, 6 and 7siBes expansion in different blocks maximum
extension of about 12,738 ha area has been atidedgh expansion of right bank main canal
along with expansion in branch no. 4 andlrsigation department had planned to expand
command area in about 56,695 ha and yet they haleved expansion to about 41.3 % only.
According to irrigation department they hastepped water supply todtrities of Gandhinagar
and Ahmedabad since 1997 and the surplus wasrbeen diverted for the expansion and
therefore, there will not be any shortage tbah arise in existing command area due to this
extension. According to therthese two cities were supplied 316 cusec water per day (i.e.
115340 cuseclyear). Fig. 4.9 shows areas wheamemamd has been extended. Extension has
mainly taken place towards south and western parts of RBMC.

| .
Dharoi

Legend

# Village Location N
/\/ Canal
[ Designed Command A
Extended Command
Dedasan

[__] Sabarmati River

Fig 4.9 Extended Command Area of RBMC
Source: GoG, Irrigation Department, 2010
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Table 4.12 Block wise Extended Command Area from Year 2005-06 to 2009-10

Block Branch/Minor Planned Extension (ha)
Extensions| 2005- | 2006- | 2007- | 2008- | 2009- | Total
(ha) 06 07 08 09 10
4 Right Bank Main 690 0 0 0 0 0 0
4 Vadnagar 4300 0 0 0 0 0 0
Distributaries
5 Branch — 2 7663 0 0 0 0 0 0
4 Sipor Loop Canal 2100 0 0 0 0 2100 2100
6 Branch — 3 11652 0 0 0 0 0 0
7 Tail End 6403 0 0 0 0 0 0
Distributaries - D2R
4 Ext. Vadnagar 2336 2336 0 0 0 0 2336
Distributaries
7A Ext. Right Bank 14435 0 0 12738 0 0 12738
Main Canal
Branch 4
Branch 5
2 Extended Kamalpur 805 400 405 0 0 0 805
Distributaries
2 Extended Sardarpur 3026 1000 1000 1026 O 0 3026
Distributaries
3 Extended Jantral 1080 700 0 0 0 0 700
Distributaries
3 Extended Abasana 2205 1705 0 0 0 0 1705
Distributaries
Total 56695 6141 1405 13764 O 2100 | 23410

Source: GoG, Irrigation Department, 2010

4.4.2 Expansion Sustainability Based on Catchment Modification

The sustainability of command area extension has also been understood from catchment
characteristics point of view. €hotal catchment area of Dhafdam is about 5540 sq.km out of
which about 2361 sg.km area igdmrupted by construcin of small and big reservoirs such as
tank, dam etc. Therefore, only about 58 % ofltotaichment is directly generating runoff for
Dharoi reservoir (Fig. 4.6).

The rainfall records of 4 stations of last 3&agehave been analyzed for runoff estimation and
inflow water computation in servoir. Average annual rainfaf the catchment area is 703 mm
distributed among 32 days during rainy seasémg.4.10 shows decreasing trend in average
annual rainfall from year 1977 as about 800 mr2G09 as about 700 mm. However, there is no
significant change seen in dailgtensity of rainfall. Table 4.13 and Annexure 4.1 show total
rainfall received in catchment area and volumewater received in reservoir in the form of
inflow. Average received inflow of all yesiis about 16 % however maximum and minimum
range of fluctuation varies from 50.5 mcm {rear 1977) to 2.66 mcm (in year 2004-05). The
hydrograph has been prepared toarsthnd change in volume of inflow water in reservoir with
reference to changes in averagmual rainfall (Fig 4.8). It indicates that there was a narrow gap
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between rainfall and inflow percentage inl@m during 1977-78 that has widen over the period
of time.

# Location of Sattlement
Streams
/\/ Dharoi Catchment Area
[_] Sub Catchments
I Waterbody
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Fig 4.10 Catchment Area of Dharoi Dam
Source: GoG, Irrigation Department (2006), SOI, (1965)
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Table 4.13 Estimation of Yearly Inflowin Dharoi Dam Reservoir (Year 1977-2009)

Year Total Irrigation Total Inflow
(ha) (MCFT)
1979-80 258 12949
1980-81 1013 44408
1981-82 1286 15172
1982-83 6123 12717
1983-84 8243 45464
1984-85 15182 29411
1985-86 17684 12757
1986-87 0 4792
1987-88 0 2018
1988-89 13199 27324
1989-90 11600 12426
1990-91 16827 49779
1091-92 23773 22562
1992-93 25178 76652
1993-94 29037 40531
1994-95 27434 85797
1995-96 15100 10529
1996-97 6019 12804
1997-98 19221 22979
1998-99 11797 9319
1999-2000 0 2203
2000-01 0 3491
2001-02 16174 12091
2002-03 0 3423
2003-04 18107 14503
2004-05 7405 3727
2005-06 22760 31712
2006-07 27386 28054
2007-08 26923 15476
2008-09 16285 14404

Based on received rainfall, catchment charactesistiad recorded received inflow in reservoir,
hydrogrphwas computed and their relationship witigated areas has beenosschecked with

the help of hydrograph (Fig 4.12) from year 1977 to 2009. Fig 4.9 shows that gradual decrease in
inflow change in irrigated areas not so significant as it was the years e.dl986-87 or during

year 1999-2000. Fig 4.13 is a hydrograph showitaticeship between raiwater inflows and
supplied irrigated areas. It clbareveals that before 1995-36ere was a clear relationship
between inflow in dam and irrigated areabkereas in period oyear 1995 - 2004 it seems
transitional period while fror2004 onwards variation in inflolwas not much significant impact

over irrigation area which clearly shows an irtpaf spread of PIM activities in RBMCA.

ACT-DSC -2012 60



Study on Designed Capacity of Dharoi dam vs. Actual Command Area Irrigated

Q @] »] O =] (@]
w Ln = ~N = o

A 88y
) . — — — 4] (s} ™ ,"
2007 o ! L ] ! L L mw m mw m mW m m m v}
- wc MSN | 1 1 | | | | | L |
ooz @ s i 08007
900¢ < = H - 80-L000
e B PO-£00773 ———— oo
moom. m " eot0mE I —— (9000
v0T 2 E - S.Sﬁm MR —— 90500
~ = £00¢ 1] k l" 509000
TCE R Hrooe m
i___ ﬂuoom. O g | mmm— 70£007
e s s ene 2 ME
000z £ ® b = _llllllm 201000
__u 6667 2 O i mmgﬂw c 10-0000
i 8667 » S ey © 00076561 <
o = L cwn i 2ok
._ - 61 SlE g uulvk LG
' ___ 9661 m i mm.qmﬂm 8 w0166 o
. - S66T | o Vhile 5 _u- (69661
...__m_mu.... I I EW_H w I mm.ﬂmﬂ_m = g 965667 ;
(T mmm_u = _ tTeGle < EEEEEE 7667
ﬂumm_u < 606612 mﬂa memmmmn 1666l
1L g, 064861 mmmmmmn 5760
I EW_H m C ERREGlE = m mmmmE 61600 G
I 686T S Ceect] S dEmmmmmn 160660
paet & < . =3 .
: _. ic mssel) € uw_.l 066867
L86T = - _ " .00
9361 & © RS ez 2
ol io sicr < N 88-L861 -
G861 3 = - o (39861 7__
- weis™ 2 -
C S - lu_._n 985861
coer & S ERI8670 -
86l 2 D . T mpmmm G536]
w7 | & TRRRTE / .
36T __ ..E.Sm._ 4. mmmE 386
1861 w " ot ...jﬂl B8]
036T — L - 81861
66T < bL-8L6T - " o0
L o - Z 180861
(] _- i _l-__ LLGT b ,
g 8 B B 8 8 8 © 2 o ¢ 9 o o
4 < 4 5 L ' d (o] 2 (@] w] Q =}
Q =] -] ] c »] [+] =] +] =] [~} [+] =
NN | e85 %5 R0

61

ACT-DSC-2012

Fig 4.13 Reationship Between Inflow in Reservar and Irriga tion in RBMC Area




Study on Designed Capacity of Dharoi dam vs. Actual Command Area Irrigated

5. RECOMMENDATIONS

Findings of the staly have clerly revealal that spred of PIM in RBMCA has resulte into
better mranagemenpractices atlmost all be levels ie. from subminors tomain canallt has
also lea to extensia of comnand area asvell as helgd in increaing efficiency of the werall
systemBesides caa water, gpundwater ls also plagd very imprtant role h maintainirg and
increasng irrigatedareas in RBAC. Lard use analysidas clearlyrevealed tht both thewater
resource have alnest equal ontribution in irrigation Along with all thesepositive mpacts
several reats arelao taking pace as farathe sustaiability is concerned. fiese threatsre at
both thelevels i.e. eichment ad commandevel.

So far he catchmenlevel thret is concened run offestimationdata has resaled thadue to
decreasén rainfall and changes land usepattern infow of runoff water to tle dam reseroir is
gradualy reducing(Table 4.13Fig 4.12).Whereas incase of coomand areaxtensiveuse of
groundvater has daeted wate level aswell as degaded waterquality. Application d bad
guality groundwaterhas impaad on soilquality. Anadher commad area theat is linkedwith
equitabé distribution managerent in extenled commad area. Wih these cosiderationsgeo-
hydrolagical charateristics andpopularity of PIM actvities in RBMC areafour main sts of
recomnendations Bve been rade for futue sustainaility and beter irrigation managerent in
RBMC area.

1. Rediarging localsurface ad ground wéer bodies

2. Better Irrigation managemet practicesat main/ digributary @nals and b@w minor canal
level

3. On farm irrigation managermnt

5.1 Recharging of Local Surface and Ground Water Bodies

These ativities canfurther becategorizedinto threemajor stratgies such a(01) Pondbase
irrigation managemat system; @2) Waterbed develoment and ranagemenectivities ard (03)
Use of &isting groindwater pogntial

5.1.1 Pond Based Irrigation Management System

There ae about 23 small, melium and

major water structues already eisting in

RBMC area. Rechaying of at kast these
medium and majorstructuresby canal

water isproposed d make useof such
structures for decetralized pod based
irrigation  managenent. Black wise

distribuion of these structure (Table

5.1) shaevs that abat 58 strudures are

of medium and mgor size that can be

conside ed for this. A schemat sketch
is shown in Fig 5.1for how to Ink these Fig 5.1 Sclematic Sketch ShowingRecharge ofL ocal
structurs and to set up irrigation Water Bodies by Canalwater

managenent systenaround it.
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Major physical activity required for this is to congt feeder canal from nearest outlet or canal
network. To establish proper gation management with thigategy, initially one should go for
two to three pilot projects in each block in fipdtase then planning of-scaling in next phase

based on experience.

Table 5.1 Block Size wise Distributiorof Water Bodies in RBMC Area

Structure Block Wise Distribution (No.)

Type Block 1 | Block 2| Block 3| Block 4 Bock 5| Block 6 | Block 7| Total
Small 6 18 29 26 40 40 16 | 175
Medium 5 2 4 10 23 4 7 55
Major 0 0 0 0 0 0 3 3
Total 11 20 33 36 63 44 26 233

5.1.2 Watershed Development and Management Activities

There are two major rivers viZQ1) Rupen and (02) Pushpavtitat are passing through block
no 5, 6 and 7 in western part of RBMC area &-R). Watershed Development activities in these

two watersheds can help to increase reghéne shallow aquifers of the area.

Village wise well/bore well distribution clearly shedarge number of well density exists in this
areas (Fig 3.5). Geologically, trerea is characterized as looskuvial area that has high

permeability and porosity. Due to unconsolidated nature of formations the area has good

recharge potential. Further, the general slopéhefarea varies between 2 to 5 degrees which

permits good sites to recharge structures.

Table 5.2 Benefited Blocks by Watershe®evelopment Activities in RBMC Area

Watershed Block | Existing Irrigation Potential
of Block (ha)
By Canal | By G.W | Total
Rupen Watershed 5 5595 5265 10860
6 10326 5738 16064
Pushpavati Watershed 6
7 3706 7008 10714
Total 19627 18011 | 37638
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Fig 5.2 Location of Watershed in RBMC Area
Source: GoG, Irrigation Department, 2010 SOI, 1965

Watershed development activities in this ataa have qualitative dnquantitative impacts on
groundwater resources of the aritas already discussed earli#rat in block no. 4, 5 and 6 of
RBMC area have more than 5000 open wells whichbeadirectly bendéted by this activities
through improvement of water quality. Activities likenstruction of new recharge structure, de-
silting of existing small sizedater harvesting structurescharge of groundwater through dug

wells etc. can be planned to encourage recharge within watershed areas. However, for micro
planning of watershed, PRA needs to be helddmmand area of respective watershed areas.
Proposed activities will ultimatgldecrease over burden on canal water and will increase the
water use efficiency in block no. 5, 6 and 7 which will increase the productivity of the area.

5.1.3 Considerations of Groundwater Potential for Block wise Distribution

It is already discussed that the RBMC areageheery good potential of surface as well as
groundwater resources. Consultations with faisnhave shown that some of the areas of
RBMCA have regenerated groundwapatential after canal watertimoduction in the area. It is
proven that parallel usef groundwater in RBMC area hadayed very important role in
maintenance of overall sustainability of irrigati Because of this, categorization of RBMCA as
intensive or extensive canal water using area is very difficult and therefore, consideration of
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groundwater potential in irrigation managementequally importantKeeping this in mind
groundwater of RBMCA is categorized based optheof water level and quality, into four
classes as shown in Fig 5.3.

Table 5.3 Preferred Irrigation ManagementStrategies Based on Groundwater Class

Groundwater Class Water TDS Strategy
Level (mgll)
Range (m)
Shallow Good 10-20 <1500 Re-estimate allocettiof water volume according 1o
Groundwater Areas requirement for groundwater recharge and allocate
surplus water to bad qualileep groundwater areas.
Deep Good >20 <1500 | Promote micro irrigation practices and efforts for
Groundwater Areas change in crop pattern for less water intensive crops.
Needs micro level mapping for intensive and/or
extensive groundwater and canal water use.
Shallow Bad 10-20 >1500 Use Canal water for recharge and impgrove
Groundwater Areas groundwater quality
Deep Bad >20 >1500 Use only canal water intensively
Groundwater Areas
# Village Location
[ ] Block Boundary
B Deep Groundwater and Bad Water Quality (>2500 ppm) M
P shalow Groundwater and Bad Water Quality (>2500 ppm)
I Deep Groundwater and Good Water Quality (<2500 ppm)
Shallow Groundwater and Good Water Quality (<2500 ppm)
. | Kiarm e
RS e —
Fig 5.2 Groundwater Potential Classes in RBMC Area
Source: GoG, Irrigation Department, 2010 SOI, 1965, ACT Field Data (2008, 09)
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5.2 BETTER IRRIGATION MANAGEMENT PRACTICES

For better irrigation managemepractices two levels of recommaations have been made viz.,
(01) at Main / Distributaries levaind (02) Minor / Sub Minor level.

5.2.1 Main / Distributaries Level

There needs to be improvement in managemeawviat and Distributarganal levels through the
following,

System infrastructure needs improvement bprowing canal lining ananeasuring structures
throughout the length of the main canals and distributaries to control seepage and leakage from
the structures. Communication figges also need to be improved in order to control illegal
water lifting from main and bra canals. Watering schedule method needs to be revisited and
the schedule planning process should be dogensultations with WUAs and their federations.
Wara bandhi / alternate running of canal methoougd be encouraged within group of farmers

or WUAs. This can be planned effectively innsultations with farmers/ users. Further, for
conjunctive use of water, possible water sgvarea should be mappky holding participatory
appraisal.

Decision making and review of irrigation processes also need to be ddéizedtsso that users
can be made more responsible. Therefore, rates responsibilities oflifferent stake holders
such as irrigation department, WUAs, federatiams$ IRGOs need to be revied and redefined.

There should be encouragement system in form of incentives for beneficiaries who judiciously
use water. This can be done by introducinigestes like incentive package along with water
meter usage, adaptation of low water intensive crop, adaptation of imigetion techniques.
Similarly disincentives should aldm® imposed in case of misuse or over use of water, high water
intensive crops, water stealing. Dep@ent needs to collaborate witderations to execute such
scheme.

Most important recommendation for system impraeat is computerized record keeping and
data management at all levels. This need®pgsrcapacity building ofarious stake holders.

5.2.2 Minor / Sub Minor Level

As decentralized decision making is important regqaient at main and distriubtary level, setting
up of performance monitoring of WUAs at mor/sub minor level is one of the important
requirements. All minors should be facilitated witilumetric system so thatse of water can be
controlled. Also farmers should be encourag@acentivized for adopdin of volumetric based
water allocation. There ia need to develop mechanism andnagement of resource for asset
management like canals, volumetric infrasture etc. Improvement is required in
communication facilities up to the minor level also to enabfgicuous easy management by the
department or the WUA.
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Capacity building of the WUA and the farmers foeation of awarenedsr their right to get
water as per design discharge or from the AMihould develop equitable norms. Department
along with NGO should organizenaass awareness program on ecoesrm crop selection and
emphasis on return per drop of water. Designpaciéy building program for development of at
least one Para worker per village with specitapacity skills ofirrigation management
techniques.

There is a need to make provision of additldaailities like office building/ command area hut/
command area service center and night irrigation facilities with control monitoring system.

5.3 ON FARM IRRIGATION MANAGEMENT

For better irrigation management at farm leveréhis a need to give more emphasis on farmer’s
education and updating him with latest infotroa on management of irrigation water demand
through agriculture extension sgst. Department should launsipecific schemes for modern
water saving techniques in sgexally targeted areas sudms good quality deep groundwater
areas, (Fig 5.3) etc. Mapping of such areas anckblneed to be preparbg department so that
techniques like drip / sprinkler /RS can be promoted with large mass.
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Annexure 1.1
List of Consulted WUAs

Block No. Village WUA

1 Dharoi M2L
Khodamali SM5L
Dedasan M 8

2 Valasana SM 9 R, DO7L
Rampur M17L,
Gundrasan M5R,D04R

3 Karbatiya SM36L, DO 33, DO 34, DO 35
Jantral 25L,26T,24R, 23R,
Chhabaliya M8 R

4 Vadnagar SM17
Vadnagar SM 12
Gunja ASM 12, SM5R,SM6R

5 Kesimpa MOL M1IR,SM1R,M2R
Kamalpur M1R
Kansa DSM3,DSM4,DSM5 DSM6,M1R,M2R
Gadha M5T

6 Rangpur M5L,M3L
Denap M14
Jetalvasna D3R
Valam D5T,D4L
Upera M2L,D1R
Kambli DIR,SM5L,SM6L
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Annexure 2.1

Salient Features of Dharoi Irrigation Dam Project

Location

Vill : Dharoi, Ta : Kheralu, Dist :
Mehsana

Purpose Irrigation & water supply
River Sabarmati

Area of catchment 5475 Km

Mean annual runoff in the catchment 1052 mm

Mean annual rainfall 633 mm

Year of commencement of construction work 1971

Year of completion 1978

Dam
Type Earther& Masonry
Bed rock Granite
Maximum height above the lowest point of 45.87 m
foundation
Length at the top of the dam 1207 m
Total volume content :
Concrete 0.07 Mn?
Masonry 0.24 Mn?
Earthwork 1.58 Mrh
Spillway
Type Ogee
Length 219n
Energy Dissipater Roller bucket
Maximum discharge 216628
Type, number & size of gate Traintor,12,(14.95m x 10.67m)
Reservoir
Area at full reservoir level 107 Km
Gross storage capacity 907.88 Mm
Effective storage capacity 131.99 Mm
Area under submergence :
(a) Forest 349.39 ha
(b) Waste land 2727.55 ha
(c) Culturable 7489.87 ha

No. of villages under submergence

19 patrtial, 28 full
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Canal
Length of canal 44 km (Right), 29.52 km (Left)
Capacity 20m’/s (Right), 5 m¥s (Left)
Gross command area 81754 ha (Right), 15670 ha (Left)
Culturable command area 70454 ha (Right), 12145 ha (Left)
Villages under command
District Taluka / No. of villages
Mehsana Kherali59
Visnagar / 28
Sidhpur / 16
Mehsana /7
Vijapur / 17
Sabarkantha Iddr4l
Himmatnagar / 9
Total / 177
Area Irrigated during last five years
Year Area Irrigated in Ha
2004-05 11839
2005-06 29645
2006-07 33139
2007-08 31393
2008-09 18993
Power Plant
Type Hydropower
Hydraulic head 31.7m
Maximum discharge 31s
Capacity 1.2MW
Cost
Estimated cost Rs. 9600 lacs
Expenditure up to March, 1987 Rs. 8354.94 lacs
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Annexure 2.2

Extension of Sabarmati (Dharoi) Right Bank Command Area

1. Name of project Extension of Sabarmati (Dharoi) right bank command|area
2. Salient features
i. Location (A) South and East of Mehsana city
(B) North and West of Mehsana city
ii. Benefited Area District Taluka Villages | Irrigated Area
No. No. Ha.
Mehsana 4 100 15087
Patan 3 49 8800
Grand 7 149 23887
Total
iii. Availability of water (1) Reservoir 75.75 Mcm
(2) By Shallow Tube well: 36.00 Mcm
From command area: 111.76 Mcm
iv. Method of Irrigation (1) Lift
(2) Drip, Drop
(3) Sprinkler
v. Length of extended79.80 km
distributaries
vi. Type of canal Unlined
vii. Benefit cost ratio 1.50
3. Year of A.A 8-1-1999
4. S.O.R. on which A.A[1998-1999
accorded
5. Year of O.T.S. with order No N.W.R. & W.S. Deptt.’s letter NO.
Dharoi/4096/1560/69/K/Dt.8.1.99
6. Amount of A.A. Rs. 5477.61 Lacs.
7. Expenditure incurred year |-1997-98 Rs. 3.70 Lacs.
wise 1998-99 Rs. 7.50 Lacs.
1999-2000 Rs. 2.20 Lacs.
(up to 20-12-99)
8. Total expenditure upto 31.8.99 Rs. 11.20 Lacs.
Rs. 13.40 Lacs.
Up to 30-11-99
9. Estimated expenditure for th&s. 150 Lacs.
year 1999-2000
10. Works completed (1) Survey & investigation of existing area of increasing

capacity.

(2) Collection of village maps and 7/12 details of exten
command area.

ded

(3) Finalized discharge of different canals.

(4) Tender of Rs. 124 Lacs are invited
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11. Works to be completed

As per Sr. No. 12

12. Works in progress and to

p€L) Design and fixing of alignment for extension

completed

(2) Preparation of plan estimates & D.T.P. for raig
existing canals

13. Works not in progress af
are to be completed

ndProject in progress

14. Physical and financing
planning (year wise)
Years Physical Financial
1999-2000 Raising of canal 20 km. 150 Lacs.
2000-2001 Raising of canal 50 km.
New canal to be extended13390 Lacs.
km
2001-2002 ----Do---- with C.D. works
New canal 25 km. 1600 Lacs.
Raising of canal 5 km.
2002-2003 Earth work and C..D. work 1600 Lacs.
2003-2004 ----DO---- 737.61Lacs.
15. Fund required (year-wise) 1999-2000 Rs. 150 Lacs.
2000-2001 Rs. 1390 Lacs.
2001-2002 Rs. 1600 Lacs.
2002-2003 Rs. 1600 Lacs.
2003-2004 Rs. 737.61 Lacs.

ing

16. Bar — chat

17. Benefits of the project

(1) Irrigatichacilities to 23887 Ha. Land of Mehsana
Patan districts .

&

(2) Recharge of ground water in the proposed comn
area.

hand

(3) Due to recharge of ground water rising of water t
lift from existing wells and tube wells will be reduced.

able

(4) Saving in electricity.

(5) Lower temperature of environment in command.

18. Reasons for delay

N.A.

19. Head of account

4701-C.0O.on M.&M. irrigation
03-Medium Irri. (Comm.)
698-Extention of Dharoi Right
Bank Command.

20. Whether included unds¢
AIBP/Salinity NABARD Aid

2iY es,
It is proposed for part finance
Under A.l.B.P.

21. Whether
proposed for

project can I
AIBP/NABARD

dt is proposed to get 65 % finance under A.l.B.P. f
Central Government.

om

Aid
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Block Wise Distribution of Command Area

Annexure 3.1

Block GCA of Each Block in (Ha) GCA of Each Bbck in (Ha) GCA of Each Block in (Ha)
No. Flow Irri. Lift Irri.  |Total Flow lrri. Ui ftlrri. | Total Flow Irri. Lift Irri.  Total
PIPC AIPC PIPC PIPC | AIPC PIPC PIPC | AIPC PIPC
1 | - 2343 466 2809 @ ----- - 878 294 1872 ------ 1438 294 1732
2 6014 3633 602 10249 5447 3503 347 9297 4560 2680 347 7687
3 5616 5551 3230 14396 3843 2794 1905 8542 3768 2805 1905 8078
4 9136| ------ | - 9136 6595 - | - 6595 4811 @ ------| e 4811
5 12676 ------ | --ee-- 12676 869l -] - 8691 7642 7942
6 20990 - | - 2099( 15745 | - 1574511652 - | --ee-- 11652
7 11498  ------ | e 11498 806p  -----o| - 8065 6403 6503
Total 65929| 11527 4298 81754 48386 7875 2546 58807 38836 6923 2546 48405
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Annexure 3.2
Rainfall Recorded at Various Stations in Mahesana District

STATION NO.OF | JAN | FEB| MAR | APR| MAY | JUN | JULY| AUG SEP| OCT NOVY DEC ANNUAL
YEARS
OF DATA

Mahesana 47 a 2.3 0.9 2.1 0/6 40 63.4 2525 164.7 105.2 5.0 2.6 1.3 604.60

b 03| 0.1 0.2 0.0 0.2 3.1 11y 9.6 4.7 0.5 0.2 0.1 30.70
Dharoi 28 a 28] 1.1 14 0.6 2.7 83|19 2766 2586 130.0 118 |10.3 | 2.8 78p.60

b 03| 0.1 0.1 0.1 0.3 3.7 11.p 11,9 5.2 0.7 D.6 0.2 34.40
Kalol 45a 1.0 | 15 0.4 15 2.9 74.3] 2874 201.y  158]7 9|7 30 0.9 743.00

b 01| 0.1 0.1 0.2 0.3 3.7 12.y 10,0 5.3 0.5 D.3 0.1 33.50
Patan 47 a 20 14 4.0 0.8 4.0 620 262.1 167.1 102.7 8.9 5.4 2.5 622.40

b 02| 0.1 0.2 0.2 0.2 2.6 10.6 8.9 4.0 0.4 0.3 0.2 27.V0
Visnagar 18 a 1.00 0.6 1.5 0.3 2.2 66.7 236.7 191.1 1465 186 |2.1 0.8 668.10

b 02| 0.1 0.2 0.1 0.1 3.1 10.6 9.4 5.4 0.9 0.1 0.1 30.20
Kadi 17 a 02| 0.0 0.7 0.9 0.3 584 26219 167.7 161.3 8.1 3.8 2.1 665.50

b 01| 0.0 0.1 0.0 0.1 3.8 11.1 9.2 5.8 0.8 0.2 0.1 30.80
Kheralu 18 a 1.3 14 9.3 1.2 0.9 66|3 2143 186.2 109.1 (14 1|0.3 0.6 60R.30

b 01| 0.1 0.4 0.1 0.1 2.7 10.y 101 5.1 1.1 D.1 0.1 30.70
Sidhpur 1% 0.4 | 0.0 5.3 0.0 0.9 61.3 | 2089 | 1475 | 754 | 10.7 | 0.1 1.1 511.60

b 01| 0.0 0.2 0.0 0.1 2.8 9.5 8.5 3.4 0.7 0.0 0.2 25.50
Chansama 19a 1.4 0.0 1.2 0/0 0J0 62.7 209.6 1549 132.7 7.8 2.4 2.1 574.80

b 01| 0.0 0.2 0.0 0.0 3.1 9.4 8.2 5.1 0.5 0.2 0.1 26.90
Sami 16 a 1.6/ 0.8 1.2 0.¢ 0.9 37/0  200.1 126.2 109.8 3.2 1.7 0.3 48p.80

b 0.10] 0.1 0.1Q 0.G 0.10 1.70 8.10 5.Y0 3.30 D.40 p.30 | 0.0 20.50
Hart/Harij 17 a 1.10 050 1.3( 0.0 0.10 5350 19150 130.20 105.00 |6.80 |2.30 | 0.9 .20 493

b 01| 0.1 0.2 0.0 0.1 2.7 8.7 6.6 4.5 Q.7 0.2 0.1 24)0
Vijapur 19a 12| 0.3 0.8 2.0 2.5 772 2443 170.7 150.7 19.6 |[3.2 3.0 675.5

b 01| 0.1 0.2 0.1 0.2 3.8 11.p 9.5 5.8 0.7 D.2 0.2 316
Mahesana(District) a 1.4 0.y 2.4 0|5 1|8 68.9 237.2 172.2 123.9 |10.1 3.1 1.5 §18.7

b 01| 0.1 0.2 0.1 0.1 3.1 10.b 9 4.7 Q.7 0.2 0.1 28.9
Source: GoG, 2008
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Annexure 3.3
Well Performa
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Annexure 3.4

Soil Type and Saturation Percentages in RBMC Area

Sr. | Sample Village Soil Type Saturation
No code Name Percentage
%

1 DS1 Dela Loamy 28.8
2 DS2 Babhonsana Loamy 30
3 DS3 MotiDau Redoamy 28.6

4 DS4 Bhandu Relbamy 31

5 DS5 Vadu Clayesgoil 26.2

6 DS6 Satusana Claysyil 32.4

7 DS7 Valam Clayegoil 30.2

8 DS8 Gokalpur Clayeyoil 23.8

9 DS9 Unja Clayeyoamy 28.8
10 DS10 | Kambli Sandglayey 32.8
11 DS11 | Biliya Sandglayey 36.6
12 DS12 | Bhunav Loamy 26.2
13 DS13 | Lihoda Sandy 26
14 DS14 | Lihoda Sandglayey 27
15 DS15 | Dasaj Reldamy 28.4
16 DS16 | Visnagar Loamy 32.8
17 DS17 | Denap Loamy 26.6
18 DS18 | Denap Rddamy 27.2
19 DS19 | Tarap Claydpamy 25
20 DS20 | Khansosan Clay®amy 31.6
21 DS21 | Kausa Loamy 23.2
22 DS22 | Eyasar Loamy 33.4
23 DS23 | Padugam Loamy 30
24 DS24 | Ganeshpura Loamy 24.2
25 DS25 | Sawal Black 27
26 DS26 | Visnagar Black 28
27 DS27 | Gunja Black 27.4
28 DS28 | Malekpur Loamy 24.6
29 DS29 | Umata Black 22.8
30 DS30 | Umata Loamy 27.6
31 DS31 | Karoli | - 26.8
32 DS32 | Hajijpura | ------ 26.6
33 DS33 | Upera | - 22.6
34 DS34 | Masava Loamy 23.6
35 DS35 | GokuliyyNartol) Clayeyloamy 22.8
36 DS36 | Rampura San@jayey 32.2
37 DS37 | Jaska Loamy 26
38 DS38 | Kansa Sandgamy 68.6
39 DS39 | Sushi RefandyClayey 27
40 DS40 | Salisana Loamy 26
41 DS41 | Bhalak Loamy 26
42 DS42 | Trasvad Rddamy 25.6
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43 DS43 | Kahipur Sandy 28.4
44 DS44 | Vadnagar Sandlayey 25.2
45 DS45 | Vadnagar Sandy 31.2
46 DS46 | Champa Sandlayey 22.8
47 DS47 | Vadnagar Loamy 24
48 DS48 | Keshimpa Sandlyamy 28.4
49 DS49 | Kheralu Sandgamy 26
50 DS50 | Sundhiya Saltyandy 25.4
51 DS51 | Sundhiya Loanglayey 28
52 DS52 | Jagapur Rédamy 26
53 DS53 | AmbavadiSundhiya) | Redbamy 25.8
54 DS54 | Khanpur Loamy 21.4
55 DS55 | Unad Loamy 32.4
56 DS56 | Rajpur Loamy 27
57 DS57 | Bahadurpur Loamy 23.6
58 DS58 | Dabu Loamy 27
59 DS59 | Undhai Loamy 24.8
60 DS60 | Pipaldar Loamy 20.6
61 DS61 | Karbatiya Sandgamy 30

62 DS62 | Ransipur Loamy 24.4
63 DS63 | Techava Loamy 27.2
64 RS1 Dharoi Clayey 26
65 RS2 Khodamali Claydpamy 27.4
66 RS3 MotiHadol Sandy 27.4
67 RS4 Dedasan Sandy 24
68 RS5 Chada Sandiyamy 26.6
69 RS6 Aspa clayelpamy 22.8
70 RS7 Undani Clayelpamy 32.4
71 RS8 Valasana Claydéyamy 27

72 RS9 Valasana Sandy 23
73 RS10 | Sobhasana = | - 31
74 RS11 | Navi Vagdi Sandy loamy 30
75 RS12 | Sobhasana Sandgmy 33
76 RS13 | Kot Sandy 26.2
77 RS14 | RampuiKot) Sandy 26.6
78 RS15 | Sadarpur Sandy 33.2
79 RS16 | Madhi Retbamy 23.4
80 RS17 | Sundarpur Sandy 27
81 RS18 | Jantral Sandlyamy 31.6
82 RS19 | Kamalpur Loanslayey 27.4
83 RS20 | Kamalpur | --m-mee- 31
84 RS21 | Abasana = |  ----e-- 27.2
85 RS22 | Bamansa = | o ----- 27.8
86 RS23 | Gundasan | ------ 30.4

ACT-DSC-2012

Xi



AGA KHAN FOUNDATION

Supported by the
Aga Khan Foundation
through the European Unian
funded SCALE Programme

This Pubbcation has been funded by the Eurcpean Urion




	ACT_1.jpg
	front back page.pdf
	1. Content.pdf
	2. DSC PIM Executive Summary.pdf
	3. DSC PIM Final Report.pdf
	4. DSC PIM Final Report.pdf
	5. Annexures.pdf
	ACT_2.jpg

