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Mr H C S Berry, FIE
President

“97 years of Relentless Journey towards Engineering Advancement for Nation-Building”

Message

It is my proud privilege to learn that 31* Indian Engineering Congress of The Institution of Engineers (India) on the
theme “SMART Technologies for Natural Resource Conservation and Sustainable Development” is scheduled to
be organized by the West Bengal State Centre of the Institution during December 15-18, 2016 at Kolkata.

Nowadays, everyone is aware of his own impact on the environment, thus definition of conservation has expanded to
address the effects of human consumption. We have now started encouraging the philosophy, “reduce, reuse, recycle,
buy local and reduce carbon footprint”. The ultimate aim of these measures is to conserve the natural resources, such as,
water and energy required for the human race to survive. To promote more resource efficient, greener and to make more
competitive economy, it is clear that significant innovation is required with respect to sustainable growth that needs to
go hand in hand with smart growth in order to reap the full benefits of green economy. India needs to reinforce synergies
between development and sustainable growth to deal with the climate change, environment and energy demands as well
as growing scarcity of natural resources. We need to change our policy currently based on overuse of natural resources

into innovation-driven green policies.

I am quite confident that this Congress will provide a common platform to the engineers and other stakeholders for
interactions and deliberations on SMART technologies to check the depletion of natural resources in a sustainable
manner. | am grateful to all the engineers, technocrats and policy makers of the country and to the foreign delegates for

participating in this event to make it a grand success.

I am sure that the papers presented during the Congress and published in this Technical Volume will create great impact
towards advancement of engineering and technology in the country.

Jai Hind

e -

(H.C.S. Berry)

Telephone: +91-33-2223-8311/14/15/16/34/40106299*, Fax: +91-33-2223-8345, Web: http://www.ieindia.org
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Message

[ am very glad to know that The Institution of Engineers (India) is organizing the 31 Indian Engineering Congress on
the theme “SMART Technologies for Natural Resource Conservation and Sustainable Development” hosted by the
West Bengal State Centre during December 15-18, 2016 at Kolkata.

Over the last few decades, the world has witnessed phenomenal economic growth with the dissemination of new
innovative technologies, accelerated globalization of the economy and implementation of various Government policies.
Recent economic liberalization policies have seen new strides in technology up-gradation, cleaner fuels, efficiencies in
production and environmentally sound practices. The planning process also seeks to diversify the economy further into
industrial and service sectors, while accelerating the growth rate. Development has to be long-standing and inclusive,
involving both the private and public sectors as partners. The national planning process emphasizes promotion of
people’s participatory institutions and social mobilization, particularly through empowerment of women and other
disadvantaged sections of the society, for ensuring environmental sustainability of the development process. Socio-
economic development consists of increase in the production, distribution, sale and consumption of food, goods and
services. The planning process in India seeks to increase wealth and thereby human welfare and provides a safety net

to the environment.

I believe that deliberations during the 31 Indian Engineering Congress will certainly enlighten us about SMART

technologies in the current scenario of economic condition with respect to sustainable development.
I wish the Congress a grand success.

Wishing you all Merry Christmas and Happy New Year 2017 well in advance.

Jai Hind agt
(N.B. Vasoya)

Telephone: +91-33-2223-8311/14/15/16/34/40106299*, Fax: +91-33-2223-8345, Web: http://www.ieindia.org
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Message

I am glad to know that The Institution of Engineers (India) is organising, the 315! Indian Engineering Congress at
Kolkata during 15-18 December 2016 with the theme as “SMART Technologies for Natural Resource Conservation

and Sustainable Development”.

Debates on conservation of natural resources and promotion of sustainable and inclusive development are incomplete
without a comprehensive understanding of issues of Science, Technology and Innovation (STI). Access to smart and
appropriate technologies will leverage steady improvements in living conditions, which will be a blessing for the most
vulnerable populations, and drive productivity gains which ensure economic stability.

In this context, I welcome and appreciate the efforts made by The Institution of Engineers (India) for choosing such
an apt theme for the Congress, which shares so much in common with the vision of policy-makers across the globe in
conserving as well as replenishing natural resources of the planet while dignifying the lives of the future generations.

I am sanguine that all the emerging issues will be discussed during the Congress in its right perspective. I am happy to
note that the edited Technical Volume of the Congress with ISBN No. will also be brought out on the occasion which
will benefit the scientists, engineers, technologists, policy makers, academicians and others.

I wish the Congress a grand success. !; 9 Ql_/-

(Ashutosh Sharma)

Technology Bhavan, New Mehrauli Road, New Delhi - 110016
Tel: 00 91 11 26511439 / 26510068 * Fax: 00 91 11 26863847 * E-mail: dstsec@nic.in * website: www.dst.gov.in
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Prologue

We are currently at the early but secure and irreversible stage of a remarkable and far reaching technological revolution.
The mastery and control of advanced technologies are dominating several high technology field and major segments of
manufacturing which emerged as a science based knowledge intensive high technology area with serious implications
for technical change, competitiveness, growth in employment, trade patterns, location of manufacturing activities
and global division of labour. Innovation driven growth is no longer the prerogative of the prosperous nations; some
developing countries have achieved significant economic growth through the creation and deployment of smart and
sustainable technologies. Issues of Science, Technology and Innovation need to be more participatory and inclusive, so
that, there is public interface in the scientific endeavour from the entire gamut of social actors. Aligning our interest in
synchronization with nature through adoption of smart technologies is a challenge which will keep motivating the entire
scientific community.

India has emerged as an economic and industrial power. As a member of the Group of Twenty (G20) and BRICS, it
has now a rapidly growing economy facing challenges in social and environmental issues. The accelerated growth in all
sectors and urban development in particular has thrown a challenge towards its natural resources. Modern protocols and
treaties on environmental protection and natural resource management are highly technology dependent. Adoption and
application of Sustainable, Manageable, Appropriate, Rational and Transferable (SMART) Technologies in all sectors
of development will be the most befitting action for effective Natural Resource Management in a sustainable manner.

Pursuant with this mission, the 31* Indian Engineering Congress of The Institution of Engineers (India) is being
organized on the theme “SMART Technologies for Natural Resource Conservation and Sustainable Development”
at Kolkata during December 15-18, 2016.

The Congress assumes huge response from the engineering fraternity across the country and abroad and is all set
to discuss all the relevant issues pertaining to the theme of the Congress in its right perspective. There are also be
concurrent Technical Sessions where peer-reviewed papers, encompassing various engineering disciplines from
academic and industrial sector across the country, will be presented. On this momentous occasion, this Technical
Volume of the Congress with ISBN no. is published containing the above mentioned presented papers. I am confident
that this Technical Volume of the 31** Indian Engineering Congress will benefit all practicing engineers, technocrats,
policy makers, researchers and academicians in all respect.

Let the Congress have its take-off! Meanwhile I extend my sincere thanks and gratitude to all the members of the
Technical Committee as well as the team of Technical Department of The Institution of Engineers (India) whose untiring
effort and relentless contributions have made this Technical Volume a reality. My sincere thanks are also due to the
persons behind the scene, but for whose silent contributions this publication would not have been a success.

(=

(Prof. N.R. Bandyopadhyay)
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Estimation of Deep Drainage under Subsurface
Drip Irrigation by using RETC Software

Ashish Patil™ and K.N. Tiwari'

Abstract: Interest in subsurface drip irrigation has dramatically increased in recent years because of growing
concern about the quality and quantity of soil and water are being adversely affected due to flood irrigation.
Relatively very little or no information is available on the distribution of soil water under subsurface drip emitters.
A better understanding of the water movement in unsaturated zone of soil through subsurface drip will provide
efficient water management practice. RETC (RETension Curve) is a computer program used which describes
hydraulic properties of unsaturated soils and involves soil water retention curve, the hydraulic conductivity function
and the soil water diffusivity function. For quantifying deep drainage under subsurface drip irrigation, soil water
retention function is used which depends upon seven independent parameters, i.e. the residual water content, the
saturated water content, the pore connectivity parameter, saturated hydraulic conductivity and the shape factors «,
n and m. A field experiment was conducted in a coarse textured lateritic sandy loam soil (Haplustalf) of Kharagpur,
India. Okra crop was grown in this soil and irrigated with subsurface drip irrigation system. The Maximum
Allowable Depletion (MAD) of 20% was maintained under subsurface drip irrigation to investigate the amount of
deep drainage. Maximum Root length of the okra crop for O to 45 days after sowing was considered as 30 cm. and
60 cm. after 46 to 93 days after sowing. Water drained beyond 30 cm. and 60 cm. soil depths during 0 to 45 days
and 46 to 93 days after sowing of crop was considered as deep drainage. The total seasonal water requirement of
okra crop was estimated and found as 642 mm. Average water distribution during okra crop growing season in the
soil profile was 42.9 mm. at 0 to 20 cm. soil depth, 44.36 mm. at 20 to 40 cm. soil depth, 42.78 mm. at 40 to 60 cm.
soil depth and 40.28 mm. beyond 60 cm. soil depth. Cumulative deep drainage throughout the okra crop growing
season was 0.44 mm, which proved effective storage of irrigation water with in the crop root zone due to application
of water through drip emitters.

Keywords: Subsurface Drip Irrigation; Hydraulic Conductivity; Lateritic Soil; Maximum Allowable Depletion.

Introduction

I nterest in subsurface drip irrigation has dramatically
increased in recent years because of growing concern
about the quality and quantity of soil and water are being
adversely affected by surface irrigation methods. Subsurface
drip irrigation (SSD) improves uniformity of water
application and water use efficiency for number of crops by
applying a low volume of water to the crop root zone. By
applying water below the soil surface, water is conserved
due to water application directly to the crop root zone and
reduced evaporative water loss. In subsurface drip irrigation
systems, emitters are placed below the soil surface so water
seeps from the emitters into the soil and spreads out in the
root zone due to capillary forces. A subsurface drip irrigation
method has high water use efficiency [1]. However,
application efficiency is affected due to water application

volume and by systern design parameters such as the depth,
emitter discharge rate and duration of water application,
which influence the extent of deep drainage water loss. Very
little or no information is available on the distribution of
water and deep drainage loss under subsurface drip emitters.
It can be determined theoretically using number of models,
such as HYDRUS, SWMS-2D and APRI [2]. These models
are complex in nature. This study aims in estimating deep
drainage under subsurface drip irrigation by using RETC
software. RETC (RETension Curve) is a computer program,
which describes the hydraulic properties of unsaturated soils
uses soil water retention curve, the hydraulic conductivity
function and the soil water diffusivity function. The RETC
code is a descendent of the SOHYP code previously
documented by van Genuchten (1978). As before, soil water
retention data are described with the equations of Brooks and
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Corey (1964) and van Genuchten (1980), whereas the pore-
size distribution models of Burdine (1953) and Mualem
(1976) are used to predict the unsaturated hydraulic
conductivity function [3]. In this study, deep drainage under
subsurface drip was estimated by using the Van Genuchten
equation (1980), RETension Curve involves, unsaturated
hydraulic conductivity function which depends upon seven
independent parameters i.e. the residual water content, the
saturated water content, the pore connectivity parameter,
saturated hydraulic conductivity and the shape factors a, n
and m.

Materials and Methods

The field experiment was conducted during February to June
2016 at the Experimental Farm of Precision Farming
Development Centre, Agricultural and Food Engineering
Department, Indian Institute of Technology Kharagpur,
located at 22° 19’ N latitude and 87° 19’ E longitude at an
altitude of 48 m above mean sea level. The soil at the
experimental field is coarse textured lateritic sandy loam
(Haplustalf). A field plot of 28 m long x 4 m wide was
divided into four equal strips. Each strip was named as R1,
R2, R3 and R4 of size 1 x 13 m? with a buffer strip of 2 m
left in the middle. The Miss Okra-18 (F1 hybrid) variety of
okra was selected and the seeds were sown at a spacing of
0.6 m x 0.3 m in the last week of February. Standard
agronomic practices such as fertigation and plant protection
measures were applied during the crop period. The fertilizer
dose of 100 kg N, 50 kg each of P and K were applied to
meet nutritional requirement of crop. Okra crop was grown
in this soil and irrigated with subsurface drip irrigation
system. The lateral lines were buried at 0.08 m depth and
laid parallel to the crop rows and each lateral served two
rows of crop. The laterals had ‘in line' emitters of 4 Lh™
discharge capacity at 0.3 m interval. Each emitter served the
irrigation water requirement of two plants, assuming each
emitter wets a strip of 0.6 m x 0.6 m. In this arrangement
there may is a possibility of overlapping of moisture front in
the longitudinal direction. Prior to initiate irrigation
treatment, the soil profile was saturated and then allowed to
bring at field capacity. The maximum root length of the okra
crop up to 45 days after sowing was assumed as 0.3 m. After
45 days, the soil profile was watered up to field capacity to
refill a depth of 0.6 m considering maximum root length of
the okra crop is 0.6 m. The maximum allowable depletion
(MAD) of 20% was maintained throughout the crop season.
The amount of water estimated to refill the plant-root
zone to field capacity was computed using the equation
SWR = CWU - P; where, SWR = Soil water requirement
(mm) and P = Precipitation (mm). Design depth of irrigation
(DD) = WHC x RZ x Pw x f.; where, WHC = Water
holding capacity (mm m™), RZ = Rooting depth (m),
Pw = Percentage of wetted soil surface (%) and f = water
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depletion factor (%). The Soil Water Requirement (SWR)
was calculated based on the Crop Water Use (CWU) and
Precipitation (P). The CWU was determined from the
moisture loss due to crop ET. Daily P data were recorded for
fall crop season. The Okra ET values were calculated based
on Penman Monteith equation. The Design Depth (DD)
indicated the water depletion level between irrigation events
and was determined from soil Water Holding Capacity
(WHC), crop Rooting Depth (RZ), water depletion factor (f),
and percentage of wetted soil surface (Pw) maintained at
100% according to a FAO guidelines for drip irrigation [4].
Each irrigation event was scheduled at DD values calculated
with 20% water depletion of field capacity (f value).
Irrigation water was applied when cumulative value of the
daily SWR equaled DD. The DD with lower f value
corresponded to a higher irrigation frequency events and
smaller quantity of water input during each application.

During the experimental period, the deep percolation loss
was computed from the unsaturated hydraulic conductivity
as a function of the prevailing moisture content and time
period. The unsaturated hydraulic conductivity was
estimated using Van Genuchten, (1980) equation,

K(S,) = K8, 'IL— - st ™m?
where, S, is the relative saturation given by,
_ 0- er
e 0.-06

S r

S

where, K = Saturated hydraulic conductivity (mm/day), 6 =
Volumetric soil water content (mm*® mm™), 6, = Saturated
volumetric water content (mm® mm™), 6, = Residual
volumetric water content (mm® mm?®), | = Pore
connectivity/tortuosity parameter and m = van Genuchten
parameter. These were obtained from the soil moisture
characteristic curve, field measurements and hydraulic
parameter optimization using software RETC. For estimating
the deep drainage loss, K (Se) of soil layer below the root
zone (30-60 cm) during 0 to 45 days was considered. From
46 to 93 days K (Se) of soil layer below the root zone (60-90
cm) was considered. Assuming a unit hydraulic gradient, the
deep percolation becomes equivalent to the hydraulic
conductivity value averaged for the time interval under
consideration [5]. Thus, the equation for estimation of deep
percolation loss (DP) becomes,

DP = gAt = K(S,)At

where, g = Mean volumetric flux density, mm/day, At =
Time period, days, K (Se) as defined above for the two
layers below the root zone (30-60 cm) for 0 to 45 days and
(60-90 cm) for 46 to 93 days. The total seasonal water
requirement of okra crop was estimated from the depletion of
soil water storage in the root zone taking into account
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rainfall, irrigation and deep percolation, and computing the
water balance given by Equation,

WR = [?dsdt + (R + 1) - DP
ty

where, WR = Crop water use, mm, ds = Change in soil water
storage in the root zone, mm, R = Rainfall, mm, | = irrigation
applied, mm, DP = Deep percolation loss, mm and (t;—t,) =
Start and end of the time interval under consideration, days.

Results and Discussion

Analyses of soil samples, collected from experimental plots
are given Table 1. The soils in the root zone depth (0-60 cm)
is acidic in nature (pH = 5.2) and with sand content varies
between 45.6 to 59.4%. The soil profile depth is
characterized as sandy loam with medium bulk density of
1.63 g cm™ and saturated hydraulic conductivity of soil
varies between 0.34 to 9.84 cm day™. Field capacity and
wilting point of soil profile varies from 0.24 to 0.28 cm® cm™
and 0.10 to 0.13 cm® cm™. Top 15 cm soil contains low
available N (214 kg ha™). The total seasonal water
requirement of okra crop was estimated and found as 642
mm. In order to assess soil moisture variation with time
under different treatments, soil moisture was measured in 0—
20, 20-40, 40-60, and 60-90 cm soil layers by using FDR
probe (Figure 1). The temporal variations of soil moisture in
the root zone and below the root zone of the experimental
crop were affected by irrigation treatment. In all soil layers
the temporal variations in soil moisture followed cyclic trend
with larger variations in the shallow layers of 0-20 cm layers
than in 20-40 cm, 40-60 cm, and 60-90 cm soil layers.

In 60-90 cm soil layer, the change in soil moisture was
minimum under the entire irrigation events. Figure 1 also
reveals that the depletion in soil moisture was relatively
rapid in 0-20 cm layer whereas it was gradual 20-40 cm,
40-60 cm and 60-90 cm soil layers. The soil moisture
variation within root zone of the crop was greatly influenced

Fig. 1: Temporal Variation of Soil Moisture
in Okra Crop at 20% MAD

by the crop water extraction during various stages of crop
growth. The data on soil moisture also indicated that the
amplitude of cyclic variation was more prominent in 0-20
cm soil profile because major part of the applied irrigation
water was lost through evaporation from the soil surface
beside the transpiration. In addition to this, a portion of the
applied irrigation water percolated to the lower layers also.
Major shift of soil moisture was observed after 45 days after
sowing because design depth (DD) of irrigation water was
8.9 mm for 0 to 45 days and 17.85 mm for 46 to 93 days.
Average soil water content during okra crop growing season
in the soil profile of 0-20 cm, was 42.9 mm, 44.36 mm at
20-40 cm soil depth, 42.78 mm at 40-60 cm soil depth and
40.28 mm beyond 60 cm soil depth. The values of Ks
(saturated hydraulic conductivity), 6 (volumetric soil water
content), 0, (saturated volumetric water content), 6, (residual
volumetric water content), | (pore connectivity/tortuosity
parameter) and m were obtained by soil moisture charac-
teristic curve, field measurements and hydraulic parameter
optimization using RETC software (Table 2) which were
required for determining deep drainage. Cumulative deep
drainage throughout the okra crop growing season was only
0.44 mm, which proved effective storage of irrigation water
with in the crop root zone due to application of water
through subsurface drip.

Table 1: Physical Properties of Soil

Particle Size Distribution, % . ; ; Wilting
Soil Depth Bulk Density, g cm™ Saturated Hydraullﬁ Field Sap‘%‘;“y' Point, cm®
- Conductivity, cm d cm® cm '3
Clay Silt Sand cm
0-15cm 14.3 26.2 59.5 1.69 9.84 0.26 0.10
15-30 cm 21.0 19.3 59.7 1.56 6.72 0.24 0.10
30-45cm 27.3 20.2 52.5 1.59 0.89 0.25 0.10
45-60 cm 28.6 19.2 52.2 1.63 0.74 0.26 0.12
60-90 cm 29.7 247 45.6 1.69 0.34 0.28 0.13
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Table 2: Estimation of Parameters by Using RETC Software

Days after Sowing Depth, cm Or, cm®cm™ ®s, cm® cm™ Ks, cm d™ 1
0 to 45 days 30-60 0.0418 0.3699 0.815 0.5
46 to 91 days 60-90 0.0447 0.3581 0.34 0.5

Conclusion

RETC (RETension Curve) software is simple and reliable
source for determining the hydraulic properties of
unsaturated soils such as 6 (saturated volumetric water
content), O, (residual volumetric water content), | (pore
connectivity/tortuosity parameter) and m (Van Genuchten
parameter) by using hydraulic parameter optimization
technique. It requires only physical properties of the soil as
input parameters for determining the hydraulic properties. It
is having the flexibility to change the appropriate input
parameters after validation by using field experiments.
RETC (RETension Curve) computer program is a potential
and reliable source to determine the deep drainage and
distribution of soil water under subsurface drip emitters.
Subsurface drip irrigation is found to be effective for
irrigation water application to okra crop at 20% MAD as it
retains maximum irrigation water within the crop root zone.
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Drip Irrigation Benefits Small and Marginal Farmers:
APMIP Experiences

K. Yella Reddy™, L. Narayan Reddy’, G. Paavan Kumar Reddy' and Ch. Sneha®

Abstract: Micro irrigation ranks near the top of measures and achieve efficiencies as high as 95%. The Andhra
Pradesh Micro Irrigation project (APMIP) has designed various micro irrigation systems for different crops by
considering the field requirements, adaptability by the farmers and also hydraulics and economic parameters. These
measures have helped in confidence building and lead to greater demand for micro irrigation in the state. In the
present study an attempt has been made to conduct detail field investigations and evaluate the implementation
performance of 10% of MI system installed in Ananthapuram district in 2014-15. The study indicates that 67.1% of
MI installations were owned by small farmers, 19.7% by big farmers and remaining 13.2% by marginal farmers and
in terms of category 56.8% of the MI systems were owned by BC farmers, 33.1% by OC farmers, 6.3% by SC

farmers and 3.7% of them by ST farmers.

Keywords: APMIP, Micro Irrigation, Drip Irrigation, Impact Assessment.

Introduction

griculture’s principal challenge has been raising land

productivity—getting more crops out of each hectare of
land. In Micro Irrigation water is carried through small
tubing and delivered to the plant near its stem to gradually
seep towards the root zone. Micro-irrigation technologies
adopted at six different locations in Kullu district of
Himachal Pradesh under the Farmer’s Participatory Action
Research Programme (Singh and Sharma, 2013), resulted in
a yield increase of 20-90% and water saving of 30-80%
over surface methods of irrigation and helped improve the
economy of the farmers.

Cost-effectiveness analysis of four water-saving irrigation
techniques that are widely implemented in China (Xiaoxia
Zou et al., 2013) finds that water-saving irrigation is cost-
effective in cropping with climate change, and has benefits
for climate change mitigation and adaptation, and for
sustainable economic development. Micro irrigation has the
highest marginal cost for adaptation, followed by sprinkler
irrigation and low-pressure pipe irrigation, but when
considering the revenues from improved adaptation, all of
the measures assessed are economically feasible. The results
suggest that for mitigation and adaptation objectives, micro-
irrigation performs best.

Drip irrigation has long been promoted as a promising way
to meet today’s world water, food and poverty challenges. In
most scientific and policy documents, drip irrigation is

framed as a technological innovation with definitive intrinsic
characteristics—that of efficiency, productivity and
modernity. Based on evidence from North and West Africa
as well as South Asia, Venot et al. (2014) showed that there
are multiple actors involved in shaping this imagery, the
legitimacy of which largely stems from an engineering
perspective that treats technology and potential as ‘truths’
that exist independently of the context of use.

A National Task Force Committee, appointed by the
Government of India (GOI) in 2003, has recommended that
69 million ha area is suitable for micro irrigation in India.
Realizing the importance for economic use of precious
ground water for irrigation, Government of Andhra Pradesh
(GoAP) has launched the APMIP, first of its kind in the
world on 3™ November 2003. The project was aimed at
bringing 0.25 million hectares (Mha) area under micro
irrigation in 22 districts of undivided AP, with financial
outlay of ¥ 11763 million for 5 years. Implementing agencies
have been setup at state level and district level for discussing
policy issues and for implementation of the project. Govt. of
AP has taken up number of measures for promoting micro
irrigation, like:
e Providing subsidy of the system cost,
o Creation of separate project cells in the districts,
e Positioning of qualified technical persons,
e Organizing exposure visits and capacity building
training programs,

*Water and Land Management Training and Research Institute (WALAMTARI), Hyderabad, India.
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e Guarantee of the MI equipment against manufacturing
defects,

e Quality check of equipment through CIPET,

e Monitoring and Evaluation through third party agencies,
and

e Providing agronomic and extension services.

The project prepares annual plans for coverage of Micro
Irrigation in the state based on the requirements and
demands. The annual state wise coverage of drip irrigation in
the year 2014-15 is 31386 ha.

Methodology

In the present study, Ananthapuram district was taken as a
case study. The total geographical area is 19.13 lakh ha. and
the predominant soil is red soil. It is the second lowest
rainfall receiving district in India and the annual average
rainfall is 553 mm. The coverage of drip irrigation system in
the year 2014-15 is 8514 ha.

The scope of the study was,

e Present status of MI system installed in the farmers
fields,

e Correctness in deliveries of Mi
reference to Bill of Quantities (BOQ),

e Training and Capacity building to farmers,

e Impact assessment on crop productivity, reduction in
labor cost for weeding, fertilizer application and
irrigation,

e Reduction in fertilizer use, and

e Increase in area of cultivation.

equipment with

Andhra Pradesh

Fig. 1: Map Showing Study area District in Andhra Pradesh
Data questionnaire was prepared to cover all aspects of Ml

system installation process like general information of the
farmer, landholding, status of MI system and Impact of Ml
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system. The Interns (students of final year B. Tech. Agri.
Eng) from college of Agricultural Engineering, Bapatla and
Madakasira conducted detailed field survey and verification.
The investigators were grouped into two teams of four
members each under execution of one program coordinator.
A tentative weekly schedule was prepared for conducting
detailed field investigation. The farmer’s details were studied
and based on that farmers were contacted before visiting the
field. The survey team visited each field. The coordinates at
the Head Control Unit (HCU) were checked and compared
with the Bench mark survey report to know if the field
belonged to that farmer. Every day each team has covered 8
Ml installed fields. The survey team interviewed the farmer
and obtained required feedback and entered in the desired
format Plate 1. The area of the field was measured using
Field area measure application Plate 2. The order of HCU,
control valves, flush valves were inspected and the lateral to
lateral and emitter to emitter spacing were checked if they
confirmed to the National Mission for Sustainable
Agriculture (NMSA) guidelines Plate 3. The collected data
was analyzed using Statistical Package for Social
Sciences (SPSS). The coordinates taken at HCU are placed
in Ananthapuram district map by using Quantum Geo-
graphical Information System (QGIS).

A.srinivaslu.b.k.samudram *
Perimeter: 361.8 m. Area: 1.035 ha

Plate 2: MI Field Polygon Generated through GPS
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N &
Plate 3: Measuring Lateral Spacing
Fig. 2(Plate 1-3): Field Study

Results and Discussions

The collected data in the prescribed format, was entered
in excel format required for analysis using SPSS package.
The different components analyzed were:

e Particulars of farmer

e Water source

e Ml system details

o Bill of quantities (BOQ) of Ml system

e Status of Ml system

e Impact assessment of MI system.

However, among different components studied, certain
parameters relevant to the theme of the paper are presented
here:

Particulars of Farmers

The farmers’ details pertaining to gender, category and social
status were analyzed in this head.

Gender Distribution of the Farmer

The analysis was carried out to find out the gender
distribution from the list provided by the PD Office.

Table 1: Gender Distribution of the Farmers Having MI Systems

Farmers
S. No. Sex
Number Percentage
Male 517 74.2
Female 180 25.8
Total 697 100.0

The study indicates that 74.2% of MI systems were owned
by male farmers and 25.8% by female farmers as shown in
Table 1.

Social Status of the Farmer

The analysis was carried out to find out the farmer distri-
bution according to the social status from the list provided by
the PD Office.

Fig. 3: Social Status of the Farmers having M| Systems

The study indicates that, 56.8% of the MI systems were owned
by BC farmers, 33.1% by OC farmers, 6.3% by SC farmers
and 3.7% of them by ST farmers as shown in Figure 3.

Type of the Farmers

The type of the farmers is classified in to three divisions
based on the Land ownership as Marginal farmer (MF)
(<1 ha) Small farmer (SF) (1-2 ha) and Big farmer (BF)
(>2 ha). This classification is based on the reference quoted
vide Ref. 4.

67.1% W Percent

40 60 80
Percent

Fig. 4: Category of the Farmers

The study indicates that, 67.1% of the Ml installations were
owned by small farmers, 19.7% by big farmers and
remaining 13.2% by marginal farmers as shown in Figure 4.

Verification of Status of MI Systems

Presence of HCU, water carrying system and other
equipment were physically verified in the fields and farmers
were also interviewed and obtained their response. Wherever
the MI system was not present in the field, the farmers
response was obtained in writing and based on feedback of
farmers the reasons of non-existence were recorded.
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Fig. 5: Status of MI System based on Existence

Out of the total 697MI installations verified, it was found
that systems were existing in 653 (93.7%) cases in the fields
and in the remaining 44 (6.3%) cases no MI system was
found. Based on the feedback of the farmers various reasons
were listed for non-existence of Ml systems in the field and
summarized in the Figure 5.

Impact Assessment of MI System

Among 653 Existing cases, impact assessment of Ml system
was carried out only for 628 farmers. As, 25 farmers are not
available at the time of survey. The details about the water
saving, increase in crop productivity, reduction in labor cost,
fertilizer usage, pesticide usage and saving on power
consumption were assessed and presented in following
tables.

Water Saving

By use of drip irrigation system water saving can be realized
as irrigation is given near the plants rather than the soil. The
farmers were interviewed to assess whether water saving was
realized by use of drip of MI system. The data collected is
shown in the Table 2.

Table 2: Water Saving with Use of MI Systems

Water Saving
S. Category of the Total
No. Farmer 0- 26- | 5l- 76—
25% | 50% | 75% | 100%
1. MF 43.0 | 41.7 12.7 2.6 100
. SF 38.4 | 36.8 21.0 3.8 100
3. BF 34.4 | 43.2 16.8 5.6 100
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between 0-25% followed by 36.8% farmers in 26-50%, 21%
in the range between 51-75% and remaining 3.8% farmers in
between 76-100%. Among big farmers 43.2% realized water
saving in the range of 26-50% followed by 34.4% farmers in
0-25%, 16.8% in 51-75% and remaining 5.6% farmers in
between 76-100%.

Crop Productivity

Drip irrigation increases crop productivity by efficient
utilization of water and fertilizers. Farmer’s feedback on
increase in crop productivity on use of drip irrigation was
obtained as shown in the Table 3.

Table 3: Crop Productivity Increase with Use of MI Systems

Increase in Crop Productivity
S. Category of the Total
No. Farmer 0- 26— o1~ 76~

25% | 50% | 75% | 100%
1. MF 73.4 | 215 3.8 1.3 100
2. SF 71.2 | 20.1 8.5 0.2 100
3. BF 712 | 21.6 5.6 1.6 100

The table indicates that the Micro Irrigation has contributed
to increase in crop productivity. Among marginal farmers
73.4% farmers observed increase in productivity in the range
of 0-25 %, 21.5% farmers in the range 26-50%, 3.8%
farmers in the range of 51-75% and remaining 1.3% farmer
increased productivity in between 76-100%. Among small
farmers 71.2% farmers observed increase in productivity in
between 0-25% followed by 20.1% farmers in 26-50%,
8.5% farmers in the range between 51-75% and remaining
0.2% farmer in the range of 76-100%. Among big farmers
71.2% farmers observed increase in productivity in the range
of 0-25% followed by 21.6% farmers in 26-50%, 5.6%
farmers in 51-75% and remaining 1.6% farmers in between
76-100% increase in Ml installations.

Reduction of Labor Cost

Generally reduction in labor cost is noticed by use of drip
irrigation in terms of labor requirement for weeding,
fertilizer application and irrigation. Information was obtained
from farmers regarding in labor cost with use of Ml system
and the data is presented Table 4.

Table 4: Reduction in Labor Cost with Use of MI Systems

The table shows that the Micro Irrigation has contributed to
saving of water. Among marginal farmers 43% realized
water saving in the range of 0-25 %, 41.7% farmers in the
range 26-50%, 12.7% farmers in the range of 51-75% and
remaining 2.6% saved water in between 76-100%. Among
small farmers 38.4% farmers realized water saving in

10

Reduction in Labor Cost
S. Category of the Total
No. Farmer 0- 26~ 51— 76—
25% | 50% | 75% | 100%
1. MF 62 241 | 10.1 3.8 100
2. SF 549 | 32.7 | 11.2 1.2 100
3. BF 56 33.6 8 2.4 100
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The table indicates that the Micro Irrigation has contributed
to reduction in labor cost. Among marginal farmers 62%
farmers observed reduction in labor cost in the range of
0-25%, 24.1% farmers in the range 26-50%, 10.1% farmers
in the range of 51-75% and remaining 3.8% farmers reduced
labor cost in between 76-100%. Among small farmers
54.9% farmers observed reduced labor cost in the range of
0-25% followed by 32.7% farmers in 26-50%, 11.2%
farmers in 51-75% and remaining 1.2% farmers in between
76-100%. Among big farmers 56% farmers observed
reduction in labor cost in between 0-25% followed by 33.6%
farmers in 26-50%, 8% farmers in the range between 51-75%
and remaining 2.4% farmers in the range of 76-100%.

Reduction in Fertilizer Use

Fertilizer use efficiency increases with use of MI system as
fertilizer in small quantities is applied along with irrigation
water. Farmer’s feedback was obtained regarding reduction
in fertilizer use with use of MI system and the data is
presented in Table 5.

Table 5: Reduction in Fertilizer with Use of MI Systems

5. Category of the Reduction in Fertilizer Use
No Farmer 0- 26~ 51- m- kel
25% | 50% | 75% | 100%
1 MF 772 | 15.2 6.3 13 100
. SF 73.6 | 18.9 6.8 0.7 100
3. BF 72 23.2 4 0.8 100

The table indicates that the Micro Irrigation has contributed
to reduction in fertilizer use. Among small farmers 77.2%

farmers observed reduction in fertilizer use in the range of
0-25%, 15.2% farmers in the range 26-50%, 6.3% farmers
in the range of 51-75% and remaining 1.3% farmers reduced
fertilizer use in between 76-100%. Among small farmers
73.6% farmers observed reduced fertilizer use in the range of
0-25% followed by 18.9% farmers in 26-50%, 6.8% farmers
in 51-75% and remaining 0.7% farmer in between 76-100%.
Among big farmers 72% farmers observed reduction in
fertilizer use in between 0-25% followed by 23.2% farmers
in 26-50%, 4% farmers in the range between 51-75% and
remaining 0.8% farmer in the range of 76—-100%.

Increased Area of Cultivation

With use of micro irrigation more area can be brought under
cultivation as more area can be irrigated with limited water
available. The feedback obtained from the farmers has been
analyzed and presented in pie chart to show the influence of
MI systems on area of cultivation.

® No increase in area
Increase in area

Fig. 6: Influence of MI System on Area of Cultivation

The Pie chart shows that in 63.6% of Installations farmers
did not cultivate additional area after installation of Ml
systems and in 32.6% installations farmers brought
additional area to cultivation.
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Fig. 7: Map showing Distribution of M1 Systems Studied in Ananthpuram District
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Farm Size and Area under Ml

Table 6 shows that majority of the farmers adopting Ml in
Ananthapuram (67.9%) are small farmers. Even though the
return is high under micro-irrigation, farmers are reluctant to
expand the area due to other constraints like high initial
capital cost, lack of technical knowledge in the operation and
maintenance of the systems and type of crops grown.

Table 6: Farm Size and Area Irrigated by MI Systems

Average Average % of

SI. | Type of | Percentage 9€ | sanctioned | Sanctioned
Farm

No. | Farmer | of Farmers | .. Area under | Area under

Size, ha

MI, ha Ml

1. MF 124 0.76 0.72 95.26
2. SF 67.9 1.52 1.14 75.00
3. BF 19.7 35 1.24 35.43

Cost and Returns Ml

The cost of the micro-irrigation system and farmers share
after subsidy varied across the farm sizes. It is comparatively
lower in the big farmers as compared to the other farms due
to economics of scale (Table 7).

Table 7: Ml Cost and Returns

Sl. | Typeof Ag’ erage Total |\ prosit | BC | IRR,
ystem Cost :
No. | Farmer Value Ratio | %
Invested by Farmer
1. MF 90000 90388.69| 1.93 | 22
2. SF 160000 153007.1| 191 | 21
3. BF 280000 190634.4| 1.65 | 15

Even though micro-irrigation could pay for micro-irrigation
investment— farmers still expect the subsidy for micro-
irrigation because of the following reasons:

1. Micro-irrigation capital investment as it varies from
70,000 to 1.3 lakh/ha depending upon the crops and type
of micro-irrigation system and farmers are reluctant to
make this investment quickly,

2. Farmers knowledge in the operation and maintenance of
the micro-irrigation systems is much limited as often the
systems are facing a lot of problems in terms of clogging
of the filters, drippers; also the required pressure from
the pumps is not always maintained due to poor
conditions of the pump sets resulting in low pump
discharge;

3. Except for wide spaced and commercial crops, micro-
irrigation is not suitable for all crops and spacing.

12
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Except in groundwater overexploited regions, farmers in
other regions do not see micro-irrigation as an
immediate need. Hence, providing incentives in terms of
subsidy helps the farmers to introduce the micro-
irrigation system in their farms and save water. The
table indicates that the benefit cost ratio and internal rate
of return are comparatively higher in marginal (1.93 and
22%) and small farmers (1.91 and 21%) as compared to
big farmers (1.65 and 15%).

Conclusion

Spread of micro-irrigation India has been widely noticed in
the last 10 years. Andhra Pradesh has expanded the area
under micro-irrigation. The study revealed that reached the
maximum expectation particular due to policy of govern-
ment. Further, helped in saving of water, increased in area,
reduction in fertilizer use and labor cost.

e The majority of the farmers adopting micro-irrigation in
Ananthapuram (67.9%) are small farmers.

e The study indicates 56.8% of the MI systems were
owned by BC farmers.

e The study reveals farmers lack of technical knowledge
in operation and maintenance of MI system.

e The 32.6% installations farmers brought additional area
to cultivation.

o The benefit cost ratio and internal rate of return are high
in small and marginal farmers as compared to big
farmers.

The recommendations are as follows:

e Farmers need practical training on effective use of
fertigation system.

o Filed staff should have basic knowledge on Ml system.

e The effective implementation of MI systems can be
achieved to increase in area by creating credit facilities,
after sales services, marketability, and capacity building
trainings to farmers.
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Impact of Floods on Sustainable Development
and its Management in Bihar

Mitthan Lal Kansal*, Kumar Abhishek Kishore? and Prashant Kumar?

Abstract: Flood causes enormous damage to life, property and infrastructure which affects the social, economic,
and environmental aspects of sustainable development. India is one of the highly flood prone countries in the world.
Bihar is one of the important states of the India which falls under Ganga river basin and is subject to frequent
flooding. The entire North Bihar is crisscrossed by some of the major rivers like Kosi, Gandak, Bagmati,
Mahananda, etc. meeting the river Ganga on its left bank. All these rivers originate in Nepal and Tibet which meet
the river Ganges in the lower reach. In this reach, the velocity of flow reduces, whereas, the spread of water
increases causing flooding in large plains of Bihar. Additionally, as the velocity of flow reduces, it causes the
problem of siltation. Siltation in various rivers has increased the bed of rivers, thereby, reducing the carrying
capacity which in turn has again increased the spread of flood waters covering a larger area under flood. The
flooding in Bihar has affected the all spheres of life and thereby the sustainable development in the state. This study
highlights the severity and characteristics of flood in Bihar and its socio-economic impacts during recent times.
Further, it discusses the required actions to manage floods through structural (embankment construction and
channel improvement, etc.) and non-structural measures like land-use planning, flood plain zoning, silt
management, flood forecasting and warning, etc.

Keywords: Floods in Bihar, Sustainable Development, Flood Management, Structural and Non-structural Measures.

Introduction

Water is needed for various human activities, and
therefore, most of the civilisations have developed on
the banks of rivers. However, as the density of people
increases, the flood plains are encroached for various
anthropogenic activities. As a result, flooding in such rivers
has affected the people in its flood plain to a great extent. It
has affected all spheres of life in such areas and has caused
adverse impact on sustainable development. Here, sustain-
able development means that development which meets the
needs of the present without compromising the ability of
future generations to meet their own needs (World
Commission on Environment and Development, Our Common
Future, 1987). The flooding in rivers has not only affected
the needs of the present generation but also affected the
ability of the future generation to meet their needs. The
conception of sustainable development has been developed
beyond initial intergenerational framework to much focus on
the goal of “socially inclusive and environmentally sustain-
able economic growth” since the Brundtland Commission
Report (1987). According to the principles of the UN
Charter, the Millennium Declaration identified the principles

and treaties on sustainable development encompassing the
economic and social development with environmental
protec-tion as show in Figure 1.
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Equitability
Business Ethics
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Fig. 1: Scope of Sustainable Development

The term sustainable development as stated by the UN
incorporates the issues of land development along with
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human development in terms of education, public health, and
the general standard of living.

Floods are frequent phenomenon causing huge losses to
lives, livelihood, infrastructure and public properties affect-
ing the sustainable development of the region. The rivers
carries significant sediment load from the upper part of
catchments. These sediments in addition to inadequate
carrying capability of the rivers cause floods. Flood is a state
of hydrological extreme of high water level in a stream
channel that results in inundation of land that isn’t ordinarily
submerged. Flood is an attribute of physical environment and
thus is an important component of hydrological cycle of
drainage basin. The National Flood Commission (1976) has
reported that about 40 MHa out of total area of 329 MHa in
the country is flood affected. This report, thus, revealed a
rapid increase in flood proneness in just over a decade. Most
of these area falls under Ganga and Brahmaputra basins. The
most flood prone basins are those of the Gang and
Brahmaputra in Uttar Pradesh, Bihar, West Bengal and
Assam. These five states are the most flood prone. The
commission analyzed the share of damage went up from 25
to 50 percent of the total and chronically flood prone Bihar
area has been increasing.

General Consequences of a Flood

Flash flood causes immediate and huge impacts, whereas
gradually occurring floods allows much time for evacuation
and protection of properties. Impacts of flood depend on
maximum duration and depth of flooding, the extent of
inundation in the floodplains, flow velocity and rate of rise of
flood levels (Gautam, et al.). Flood impacts have social,
economical and environmental consequence which affect the
sustainable development of any region.

Flood Status in Bihar

Three fourths of Bihar’s area and population lie in the
natural floodplains of the Ganga and its Himalayan
tributaries. About 6.880 million hectares out of 9.416 million
hectare comprising 73.06 percent of the state is flood
affected which accounts for approximately one-sixth of the
flood prone area in India. Major rivers flowing through
North Bihar originates from Nepal and the Tibetan region of
China. About 65% of the catchment area of Bihar’s rivers
falls in Nepal and Tibet and only 35% of the catchment areas
lie in Bihar (Sinha et al.). The upper part of catchment is
liable for the morphological activities within the downstream
reaches. It carries huge sediment load with its flow every
year which is responsible for change in morphological
behaviour of the stream. The matter of the flooding
is implicitly guided by sedimentation in river. This
sedimentation has gradually reduced the capability of the

river to drain extreme flows leading to flooding within the
plains.

The Ganga River, which serves as the main drainage system
for the state, flows from west to east and stretches 432 km
across Bihar, dividing the state into two.

The plain of North Bihar is mainly drained by two River
Gandak & Kosi (Figure 2) along with Ghaghara, Burhi-
Gandak and Mahananda. Major part of the catchment of
these rivers falls in Himalayan glacial region of Nepal and
Tibet hence these are snow-fed and perennial rivers. During
the monsoon period the flow in these rivers increases 50 to
90 times, leading to flooding in the plains of Bihar. The
southern rivers comprising the Karmanasa, Sone, Punpun,
Kiul, Badua and Chandranare mainly rain-fed and are either
dry or carry little flow during the non-monsoon months
(NDMA, 2008).
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Fig. 2: River Basin System in Bihar

The plains of Bihar, adjoining Nepal, are drained by rivers
that carry high discharge and very high sediment loads.
Gradients of these rivers vary from 22 cm per km to 7.5 cm
per km. at Indo Nepal boundary and at point of confluence
with the Ganga respectively (Sinha et al., 2012). So, the
rivers reach the plains and lose momentum and begin to
meander. Rivers like the Kosi are notorious for changing
course. As per the records it is evident that during 1736 to
1953 the river Kosi has shifted its course through a distance
of approximately 112 Km. towards westward (Kumar D.,
2015). Further Kosi embankment was constructed with a
series of spurs on both banks confining the course of river
Kosi (Figure 3).

Floods and Growth in Bihar

Agriculture is the backbone of Bihar’s economy, employing
78% of the workforce and generating nearly 30% of the State
Domestic Product (CSO, 2015). According to government of
Bihar 73% of the farmers are small and marginal farmers,

15



who not only cultivate their land but serves as agricultural
labour. So, sustainable development of Bihar principally
depends upon agriculture sector.

X
286" 30’

Fig. 3: Kosi River Course
(Source: Kumar D., 2015)

One of the major problems of agriculture development in
particular and economic backwardness in general of Bihar is
occurrence of frequent flood every year. Flood is a severe
issue along the river Ganga and its tributaries. In addition to
this flood also affect life, livestock, livelihood, productivity,
utilisation and security of investments, education as well as a
disincentive for additional investments in Bihar. As a result
the development of state is continuously lagging behind the
national average (Figure 4a & 4b).
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Fig. 4a: Per Capita GNP and GSDP of Bihar
(Source: CSO, 2015)
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In August 2010, the International Growth Centre (IGC) held
a national level meeting in Patna, Bihar on the topic of
‘Floods and Growth in Bihar’ to explore the multiple causal
issues around Bihar’s floods and the multiple impacts floods
have on the economic growth of the state. The workshop
report clearly states that there is a connection between the
incidence of floods in Bihar and economic growth,
particularly with respect to two factors: agriculture and
embankments (IGC, 2010). Agriculture is a major factor as
more than 80 percent of Bihar’s population is engaged in
agriculture as their main source of livelihood; however,
floods tend to devastate agriculture lands, particularly in
river basins where silt deposits from floods leaves the land
uncultivable and therefore forces farmers and their families
to relocate or seek alternative livelihoods. The second issue
is that of costs associated with embankments—building,
maintaining, and repairing—once breaches and damages
occur to the infrastructure. According to the IGC report, it is
estimated that the cost of managing embankments is far
higher than building them (IGC, 2010).

A recent example of this adverse economic impact is the
2008 Kosi floods where more than 500 villages were
inundated in the districts of Supaul, Madhepura, Purnea,
Saharsa, and Araria. According to Government of Bihar
figures, 236,632 homes were either completely or partly.
According to the Government of Bihar and the World Bank’s
Kosi Post Disaster Needs Assessment report of 2010, the
estimated damage is ¥ 5,935 million (GoB 2010). Approxi-
mately 1800 kilometres road including paved and unpaved
and 1100 nos. bridges and culverts were destroyed during
this flood. Intensive damage to flood protection structures
and irrigation network was reported including damage of
Kosi Barrage. Main Eastern Kosi canal was damaged in a
length of more than 6 km. Branch canal was also got
damaged in a length of 4 km while distributaries and sub-
distributaries in more than 150 km. Around 151 canal
bridges, and 138 regulators were fully or partially damaged.
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Around 154,000 Ha of paddy, 6,300 Ha of maize and 28,000
Ha of other crops were badly affected. This impact on
agriculture affected nearly five lacks farmers of the region.
Approximately 15000 livestock including 10000 milk
animals were lost their lives in this flood (GoB 2010).

In addition to those sectors, major damages were caused to
the social, health, livelihoods, education and environment
sectors. Among the flood affected population about 90%
were dependent on agricultural livelihood. Educational
infrastructure was severely affected in all 5 districts. Regular
curative and preventative health services also got disrupted
in these areas. Further 50,000 Ha of cultivable land has been
rendered fallow due to silt deposition causing a long term
impact on agriculture, and livelihoods. So, the floods caused
a makeable decline in the agricultural production due to
sediment deposition and loss of livestock, working capital
and other farm assets.

Flood Impacts on Sustainable Development in Bihar

Thus frequent flood have been responsible for many
problems in Bihar. Major one is the soil erosion and flooding
rendering the fertile cultivable land unsuitable for crop
production due to deposition of silt on the surface of variable
depth. This is the most severe environmental degradation
caused by floods, which in turn is threatening the sustainable
agriculture productivity (Figure 5).

Second is low and very fluctuating nature of growth over the
successive periods. Next, diversion of funds to flood control
measures leading to restricted investment in agricultural
sector. So flood plays a vital role in miserable growth rate of
state. Observation on growth rate in various sectors in last
decade shows the highly unsustainable pattern (Figure 6). Its
further study prevails that north Bihar which is major flood
affected part of the state is significant contributor of poor
development (Figure 7a &7b). However in some districts of

North Bihar prevails the comparatively high per capita
GSDP like in Begusarai district due to refineries and
Bhagalpur due to Silk industries there.
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Fig. 5: Productivity of Some Important Crops in Bihar
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(Source: Directorate of Statistics and Economics, Bihar)

Flood Management in Bihar

In the above context, to minimize negative consequences and
ill effects of flooding to maintain the sustainable growth of
the state, there is a need of planning for flood management.
Planning for flood management doesn’t involve absolute
control over flood but management of floods in such a way
to achieve the most beneficial result within the circum-
stances. Flood management measures may be classified into
two categories, (i) structural involving like construction of
embankments, flood retention walls, flood levees and
channel improvements, detention basins, etc., and (ii) non-
structural including land-use planning, zoning of flood prone
lands, redevelopment of flood-prone areas, compensation of
incentives, insurance, silt management policy and flood
forecasting & warning. Both the measures are not mutually
exclusive rather complementary to each other.
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Fig. 3: Nano-Particle based Water Purification

Idea No. 4

While constructing a building, if one adopts the sandwich
walls and roof system with two 25 mm thick ferrocement
with 50-60 mm thick Expanded Poly-styrene (Thermocole)
in between, the insulating properties of thermocole do
provide a building with excellent thermal and acoustic
properties. A sandwich construction in progress is given in
Figure 4.

A two storied building made in Lucknow, Uttar Pradesh for a
doctor couple, gave them an about 50% saving in weather
control units whether hot or cold. A floor added in a three
storied school building at Tilothu, Biharshowed a three
degree drop in temperature inside the building with sandwich
construction as compared to lower conventional con-
structions with one brick walls.

These advantages are in addition to about 40% saving in
overall embedded energy in materials and 25% saving in
labour component as compared to the conventional con-
struction. It is also to be noted that overall load of this
system of construction is very low and the fourth floor at
Tilothu was not possible at all because of the excessive
loading on the foundation.

T - SR

Fig. 4: Sandwich Construction in Progress

Conclusion

Using these ideas, our power requirements in the domestic,
office and entertainment domain can be reduced to a major
extent.
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Substation Automation: A Case Study

D.J. Patowary*

Abstract: The electrical power system has seen simultaneous development of few of its basic components—
Intelligent Electronic Device (IEDs) like numerical relays (NR), intelligent meters, vacuum circuit breakers (VCB)
etc. The advent of the IEDs has helped simplifying implementation of the substation automation (SA) system by way
of offering an intelligent and interactive platform beyond the conventional SCADA systems. Some important

capabilities of substation automation are:

¢ Increased performance and reliability of electrical protection.
o Capability to record alarms, events and disturbance which facilitates in power system fault analysis.

o Display of real time substation data.
¢ Remote monitoring and control.

¢ Increased integrity and safety of the electrical power network including advanced interlocking features.
e Advanced automation functions like intelligent load-shedding, tap changer, etc.

e Time synchronisation.

Keywords: Substation Automation System, IEC61850 Communication Protocol, Intelligent Electronic Device,

Retrofitting of Numerical Relay.

Introduction

TiII the year 2000, communication protocol of the IEDs
were different depending on manufacturers and protocol
converters were used to communicate two different make of
IEDs to integrate with substation automation system. Use of
protocol converters resulted difficulty in communication
which requires additional time, loss of data and also time
synchronisation was difficult. In 2001, IEC 61850 communi-
cation protocol was introduced as an International standard
with release of ten different standards. The new protocol has
got acceptance from the Industry. This was considered to be
one of the great things to happen in the field of IED com-
munication which had the potential to be a game changer.
The introduction of the Substation Configuration Language
(SCL) of the IEC 61850 protocol has facilitated the intero-
perability between IEDs of different manufactures bringing
great relief to the end users aspiring to implement Substation
Automation System. The GOOSE functionality (Generic
Object Oriented Substation Event) has made horizontal
communication possible between the IEDs thereby reducing
the control cabling. The client/server communication mode
with 100 Mbps Fibre Optic (FO) communication has made it
more efficient and faster.

In spite of acceptance of the new standard by the industry,
the proprietary protocols were not discarded. The IED
manufacturers were not ready to give up the proprietary
protocol. In India, the IEC 61850 protocol was mostly used
in the power distribution sectors while it was not marketed in
the other industry sector in the initial stage.

It is during that time, an opportunity came to implement a
substation automation system as part of a new project in one
of the Indian Oil Refineries and it was decided to take the
benefit of the IEC61850 communication protocol. In this
article it is aimed to share the experience of implementing an
SA System using the new communication protocol.

The salient features of the project were:

e Anew 11 kV distribution switchgear.

o Retrofitting of Numerical relay in old 6.6 kV switch-
gear.

e Creating facility for having a single substation
automation system where all substations of the refinery
will be integrated in future.

o Implementing an intelligent load shedding scheme.

e A substation automation system for control, monitoring
and measurement functions.

*Power and Utilities Department, Haldia Refinery, Indian Qil Corporation Limited, Haldia-721605, West Bengal, India. 54 djp792@gmail.com
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The first thing to be finalised in the new project was to use
the IEC61850 communication protocol for all the hardware
devices such as numerical relays, Ethernet switches, RTUs,
etc. so that the interoperability benefit can be utilised in
future. The decision to go for the new protocol was taken
after detail product evaluation by ensuring interoperability
test between the IED of different manufacturers- Siemens,
ABB and Areva. In order to utilise the objective as
mentioned above, detail planning was made as follows:

1. The new 11 kV switchboard to have numerical relays
complying to IEC61850 communication protocol with
dual redundant FO port. The relays to be utilised for
providing feeder status (breaker, transformer), control
(breaker ON/OFF) and measurement functions (Amps,
volt, MW, MVAR, MVA).

2. Installation of RTUs complying with IEC 61850
protocol in all substations of the refinery (total 14
substations) provision for future integration.

3. Retrofitting an old 6.6 KV switchboard with numerical
relays complying with IEC 61850 protocol.

4. All numerical relays to have dual redundant FO
communication port.

5. Interconnecting all substation RTUs with dual redundant
fibre optic network.

6. Implementing a customised load shedding programme
having contingency based load shedding with frequency
based load shedding as back up.

7. Use of numerical relays and RTUs as part of the load
shedding scheme by utilising the benefit of GOOSE
messaging; hard wired tripping from the RTUs in
substations having old relays.

8. A substation automation system to integrate all
functionalities — breaker control, feeder status, metering,
and transformer tap changer and load shedding.

9. GPS based time synchronisation for the complete
system.

10. To provide an intelligent and user friendly HMI for
operator control.
11. To generate shift wise report.

The project was successfully commissioned in the year 2008
with full functionality of control, metering and protection
functions and power load shedding scheme. It has gone
several expansions with addition of more substations and
also with numerical relays of other make. Few of the
building blocks of the project are discussed as follows:

System Architecture

The vision of the project was to build a new substation and
also integrate old substations under a new SA system. Hence
the architecture was built with a combination of numerical
relays and RTUs. The numerical relays to be used for

facilitating status, control and measurement functionality
including alarm, event and disturbance recording for the new
substation and other substation with retrofitting of numerical
relays. The RTUs will be used to collect data and send trip
command as potential free contact from the DO interface. A
dedicated FO network to interconnect all the RTUs and
numerical relays using industry grade Ethernet switches.
Ethernet switches were installed in the new switchboard to
connect the numerical relays. A part of the architecture is
shown in Figure 1.

Network Architecture

Local Control
Station [LCS)

FC Ring from other
substations

FO Ring to other
substations
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STGs & DGs CB L |
DO Modules: Hardwired trip e
commands GEl
CT Modules- Generators CT I
Inputs —
PT Modules- Generator PT
inputs, Generation Bus PTs

Protection Relays in the
new 11KV switchgear

Fig. 1: Network Architecture

Network Monitoring

The GOOSE feature of the IEC 61850 protocol was utilised
for horizontal communication for protection interlocks in the
new switchboard and also to send Load shedding trip
command. All operational (SCADA) and non-operational
(alarm, event) data from the new switchboard and the
retrofitted switchboard was available to the substation
automation system through a rugged FO communication
network. The most critical trip command for load shedding is
also sent through the same communication network. These
data are time critical and used for control and monitoring of
the power system like breaker ON/OFF, transformer tap
changing etc.

It was therefore critical to have a system of close monitoring
of the communication network. It was achieved through
dedicated software which indicates the status of communica-
tion in form of change of status in a dedicated network
monitoring window and alarm. The complete network
connecting the servers, RTUs, relays, LIUs and Ethernet
switches were monitored (Figure 2).
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Load Shedding

An intelligent and fast load shedding scheme is essential for
a process industry like refinery. The basic component of a
load shedding scheme are:

e A predefined load shedding priority table where non
critical loads are identified under different priority for
allowing to trip during contingency. The loads of the
identified feeders are known.

o Pre defined steps of frequency to generate trip command.

e Ability to monitor the gap between declared generating
capacity and system load.

SMART Technologies for Natural Resource Conservation and Sustainable Development

Based on above, two levels of load shedding scheme was
defined:

o Fast load shedding (contingency/power based) and

e Under frequency based load shedding

The Basis of Power based Load Shedding Logic was built as:

e The ON/OFF & Service position status (DI) of Generator
and Grid breaker.

o Generator is considered to be in service when breaker is
ON and breaker is in SERVICE and the load is >1.5
MW

o Total Load is calculated from individual Generators and
Grid (MW values). For this CT/PT input cards are
provided in the LCSs for the generators.

¢ MW rating of generators is predefined and Maximum
demand from Grid was considered.

The hardware utilised for the load shedding scheme are:

o Dedicated Load Shedding Controller (LCS)

e Remote Terminal Units (RTU)

o Numerical Protection Relays on IEC61850

e Human Machine Interface (HMI)

e Communication link/interface
RTUs/Numerical relays.

between LCS and

Limited flexibility to define generating capacity, changes in
priority table and control of the program was made available
to the designated operator. A relevant screenshot is shown in
Figure 3.
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Fig. 3: Screenshot
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HMI

Human Machine Interface (HMI) is the link between the
operator and the machine. The HMI should therefore be very
intuitively designed to ensure effective use of the intelligent
hardware/devices for convenient and safe use of the power
system. Considerable effort was put during the engineering
stage to build the interface should be simple to understand &
operated by the operator.

The single line diagram functions as the foundation to
provide all relevant information to the operator. Real time
data with regard to the status of the breaker or the status of
various interlocks was made available as pop up screens. The
real time status enables the operator to inform the
maintenance engineer in case of any trouble. Sufficient
checks and interlocks were provided to ensure safe operation
of breaker or changes in the load shedding program. The
real-time analogue values, breaker and interlock status,
communication status and alarm/ event enable the operator
to monitor the power system very efficiently and effectively.
A glimpse of the HMI is shown in Figure 4.

Interoperability

After successful implementation of the initial project,
opportunity came to realise the intended benefit in the initial

design phase when a new substation was to be integrated.
The numerical relays were procured with IEC61850 protocol
with due test certification from recognised international
testing institutions for IEC61850 compliance. However, after
connecting into the existing substation automation system,
there were communication error and the new relays were not
responding to commands and there was no status coming to
the HMI. Prolonged consultation with the R&D group of
both the vendor’s and interoperability test at the manu-
facturers’ R&D, the problem was not getting resolved. There
were reservations to share the SCL files of the new relays.
Ultimately, with firm ware update by the substation automa-
tion vendor, the new relays could be interfaced with the
existing system. The whole process took approx. one and
half years. This experience generated questions:

¢ Whether compliance certificate by verification institutes
guarantees intercperability between different make of
IEDs?

It will be therefore necessary to ensure interoperability test
before procurement action and also asking to submit the
Substation Configuration Language (SCL) files along with
the IED as part of purchase order condition.
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Fig. 4: A Glimpse of the HMI
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Wish List

Considering the immense potential of the present day IEDs
which is becoming more intelligent day by day and adding
more and more functionality due to continuous R&D, the
capability of the substation automation system must have
increased manifold. Some requirements which can bring
more value to power system automation and problems are
discussed here.

Integration of Vacuum Interrupter Operating
Cycle Diagram in NR

The operating cycle diagram as per IEC 62271-100 of a
Siemens make VCB is shown in Figure 5 which shows
relation between breaking current and interrupter life. The
Siemens make numerical relays can record the breaking
current as seen by the relay. Relays of other make may also
have this feature. By incorporating the vacuum interrupter
curve of different manufacturers in the relay library as a
standard feature and making provision to record the fault
current phase wise, an alarm or trip interlock can be
generated to prevent the VCB to put into service once the
interrupter reaches end of life. This can act as an important
safety interlock to prevent damage to installations.

Operating cycle diagram for 17.5 kV
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Fig. 5: Operating Cycle Diagram as per IEC 62271-100
of a Siemens make VCB

Standardisation of HMI

The manufacturers follow different approach for the HMI
design. Preparing an efficient and effective HMI based on
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various functionalities offered by the modern IEDs demands
lot of man hour during the design stage. Some manufacturer
may have tendency to complete the HMI design as soon as
possible to save man hour. A common standard adopted by
the industry for an intuitive HMI will benefit the end user.

Flash Memory

Some manufacturers (e.g. GE) provide Flash memory which
is very helpful for field upgrades. This can be made a
standard relay configuration in present day scenario to make
the task of the field engineer safer and easier.

External Communication for Critical Alarm

The numerical relay continuously monitors the current and
voltage profile and generates alarm/ events for minor
changes (e.g. O/c start, E/F start) in the system parameter.
These information can be very useful to the maintenance
engineers if it is known at the right time. This can prevent
many failures by doing preventive measures. This can be
made possible by establishing mobile connectivity to send
SMS based alarm to designated persons. Considering use of
mobile connectivity in many facets of day to day life, this
can be made as a standard feature by maintaining required
security level.

Report Generation

Generation of shift wise energy report is an important
activity. With installation of an intelligent substation auto-
mation system, the shift wise report generation should be
easily available from the servers. Although the SA provides
generation of daily reports, the quality of the reports is not in
the expected line. Having third party software can generate
customised report; but it should come as a standard tool as
part of the SA system. The vendors’ should give equal
importance to this aspect.

Conclusion

The IEC61850 based substation automation system can bring
many more benefit to the end user from the single reason that
it ends dependency on proprietary protocol. However
industry should come forward to make this open com-
munication protocol realise its intended goal and bring
benefit to the end user.
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A Novel Non-Intrusive Load Monitoring
Technique for Domestic Applications
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Abstract: The awareness of energy conservation has rapidly increased in recent years due to modern living
standard of people and decrease in the use of fossil fuels. In this context, load monitoring is very effective for the
end users to determine energy consumption and usage. Non-Intrusive Load Monitoring (NILM) is comparatively
new technique to identify the power consumption of individual appliances from the aggregated household data in a
single point of measurement. While many researchers have addressed the load identification using data driven
steady state and transient state features, most of them focus on techniques using event based supervised learning
method and some on optimization based methods. In this paper, a new simple idea of model based technique is
demonstrated that can be easily implemented in domestic households with prior knowledge of current patterns.

Keywords: Appliance Identification, Smart Metering, NILM, Smart Grid, Home Energy Management.

Introduction

mart metering is the technologies provide exact solution

for the implementation of energy management systems
for residential purpose. The Government of India has already
declared to install smart meter in several states for
appropriate consumption of electric power [1]. Identification
of loads is the major challenges in smart metering system
and also it fulfills the various tasks in the control smart grid
technology. Non-Intrusive Load Monitoring (NILM) is the
latest technique for the purpose of load disaggregation. In
this paper a new technique of a smart system (smart meter)
can capable to disaggregate the whole energy consumption
into individual consumers is presented. This way, the user
will have a better understanding on how the energy is used
and will be able to reduce his consumption Energy
management for residential homes and/or offices requires
both identification and prediction of the future usages or
service requests of different appliances present in the
buildings.

The issue of energy conservation has increased in recent
years owing to decrease in conventional fuel reserves and
increase in overall development. Overall devotion has been
given to improve the energy efficiency, reliability, and
functionality of household electric loads. Electricity is
typically sold on a per-unit consumption basis. Concerns on
climate change and global warming and reduction of
greenhouse gas emission are the chief interest in the
measures of energy efficiency. Today, most of the generated

electricity is consumed in commercial and domestic
household appliances. Available literatures indicate that
household electricity consumption can be reduced using
better energy management systems. Smart grid accompanied
with household automation network has the enough potential
to become a significant way of managing energy for
reducing residential energy consumption. To implement this,
home appliances have to be modified. Traditional load
monitoring method uses electricity meters at different point
of the electrical installation to measure all possible load
related variables. Various drawbacks are associated when
applying this method such as the division of the load circuit,
the cost of the electricity meters, the cost of installation, the
space for installation the hardware. Traditional electrical and
gas meters only measure total consumption and they provide
no information regarding when the energy was consumed at
each metered site. NILM has been major technique for
monitoring the energy consumptions. In NILM technology
smart meter play critical role for energy monitoring and
transmit the information to the utilities. Smart meters provide
a way of measuring this site-specific information, allowing
price-setting company to announce different charges for
consumption based on the time of uses and the season. Smart
meters also give information about the measurements of
surge voltages and harmonic distortion, allowing diagnosis
of power quality problems. Electricity pricing usually peaks
at certain predictable times of the day and the season. In
particular, if generation is constrained, prices can rise if
power from other jurisdictions or more costly generation is
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