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ABSTRACT

|
l

According to the National Water Policy 2002 of India, water resources
development and management will have to be for a hydrological unit such as drainage
basin as a whole or a sub-basin, taking into account surface and ground waters for
sustainable use incorporating quantity and environmental considerations. All individual
developmental projects and proposals should be formulated and considered within the
frame work of such an overall plan keeping in view the existing agreements/awards for
a basin or sub-basin so that the best possible combination of options can be selected
and sustained. Water should be made available toc water short areas by transfer from
other areas including transfers from one river basin to another, if necessary, based on a
national perspective, after taking into account the requirements of all areas/basins.
Integrated and coordinated development of surface water and ground water resources
and their conjunctive use, should be envisaged right from the project planning stage and
should form an integral part of the project implementation. Irrigation intensity should
be such as to extend the benefits of irrigation to as large a number of farm families as
possible, keeping in view the need to maximize production. Irrigation being largest
consumer of fresh water, the aim should be to get optimal productivity per unit of
water. In view of the vital importance of water for human and animal life, for
maintaining ecological balance and for economic and developmental activities of all
kinds, and considering its increasing scarcity, the planning and management of this
resource and its optimal and equitable use has become a matter of the utmost urgency.

The Cauvery is an inter state river in South India originating in the state of



Karnataka and flowing through the states of Karnataka, Kerala, Tamilnadu, and
Pondicherry having a catchment area of 81,155 Km®. This basin has 16-sub-basins. It
has 75% and 50% water year dependable surface water potential of 16,470 MCM and
20,776 MCM, respectively. The total of 3,866 MCM ground water potential is available
for future use. The water requirement for the population of human and livestock
projected to the year 2050AD for all purposes as estimated is 39516 MCM. There are
15 major reservoirs and 58 medium and a large number of minor irrigation projects in
the basin. The total irrigable area 1s 2605200 Ha.

The sharing of the water resources of the Cauvery river is under dispute
between Karnataka and Tamilnadu for a long time and creates a law and order
problems in the states. The issue has been referred to The Cauvery Water Disputes
Tribunal (CWDT). The purpose of the study is to find out the technological and
realistic solution for the problem. The optimal allocation of surface water and ground
water is therefore necessary so as to optimize the annual water utilizations for
irrigation, domestic, industrial, hydropower and environmental uses. The interim award

of CWDT (CWDTIA) is to release 5800 MCM (205 TMC ft) of water from Karnataka

~

to Tamilnadu at Mettur reservoir.

To identify water surplus and water deficit basins, water balance studies are
generally carried out on an annual basis, and are usually done on a lumped basis. They
also do not take into account many important aspects, which influence the water
balance of a river basin to a large extent. In the present study, some of the most
important among them are considered for the water balance study, and two of them are
(1) the timewise variability and distribution in the surface water availability and its use

with respect to the yearly and the within year time periods, and (ii) the availability and
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use of the ground water in the basin. Further, in conventional water balance studies it
may not be possible to consider, the aerial variability and distribution of the surface and
ground water availab?e and its use in the basin, with respect to the locations of the
various reservoirs and Water use points. Therefore, an optimization model based on
linear programming was applied, which incorporates the above aspects of planning
effectively.

The main objectives of this study are as follows: (i) To evaluate the utilizable
surface and ground water resources on monthly basis for all 16 sub-basins and Cauvery
river basin as a whole, (ii) To estimate the water demands for the year 2050 AD for
different uses and to make the water balance studies on monthly basis for all the 16
sub-basins and the Cauvery basin as a whole, (iii) To develop a linear programming
optimization model for a river basin, planning and development for conjunctive water
use, with the aim to maximize the water utilization including intra-basin water
transfers, and to determine optimal and sustainable cropping pattern in terms of
irrigation intensity and productivity per unit of water, and apply it to the Cauvery river,
(iv) To study and analyze in detail the interim award given by the CWDT for sharing of
the Cauvery waters by the co-basin states in respect of the present study objective at
SI. No. (it1), and (v) To draw suitable conclusions from the above study.

It is found that during normal and bad water years, the Middle Cauvery sub-
basin is the only water surplus sub-basin, where as the Noyil and Arkavathi sub-basins
suffer the most from water deficit and the Chinnar sub-basin the least. The Kabini sub-
basin is not able to fulfill its intra-basin requirements completely during normal and
bad water years. From Mettur reservoir, a maximum of 7200 MCM can be exported (as

intra-basin export) to the sub-basins below Mettur during a normal water year. During a
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normal water year, the water share ratios above and below Mettur for 5800 MCM
exports (as intra-basin export) from Mettur reservoir to the sub-basin§ below Mettur is
0.98. The intra-basin water importing needs from outside the Cauvery basin, during
normal water year may be about 13444 MCM. From the linear programming results,
during a normal water year, the water extensive crops would not completely acquire
their respective crop areas at six reservoirs. The high benefit crops would acquire very
little crop areas at two reservoirs. Two reservoirs would require import of Sugarcane.
Upper Nugu reservoir is the most affected reservoir in terms of the crop area
occupation. Out of sixteen sub-basins nine sub-basins would spill in all the months
during a normal water year. Generally, a maximum monthly water utilization factor of
1 would be achieved in different months at all the sub-basins, except two sub-basins.
Similarly, a minimum of about 0.25 monthly water utilization factors would be
achieved, with and without ground water considerations. From the LP model result, the
maximum annual water utilization factor of 1 at Chinnar sub-basin and the minimum

annual water utilization factor 0.19 at Noyil sub-basin would be achieved.
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NOTATIONS

(A) Variables with Normal Characters

Variable -
' Descriptions
Notation
Ak Irrigation area of crop k, for site i, in sub-basin j
i j '
bX. Net benefit from crop k, of site i, in sub-basin j
1,

CCi; Annual capacity of canal at site 1, in sub-basin j

C: Conversion factor from m cm/month to mw-h

- Secondary energy generated at dam in mw-h for site i, in sub-basin j,

Eija in time t

Ei; Annual energy larget at site i, in sub-basin j

€5 Turbine and generator efficiency of hydropower plant at site |,
in sub-basin |

Eij. Tota! energy generated from hydropower plant at site i, in sub-basin j, in
time t

Elij Evaporation losses from site i, in sub-basin j, in time t

FC; Cereal food requirements of the people living in the area of site i, in sub-

' basin j

Fijt Contribution from upstream sites to the site i, in sub-basin j, in time t

FO, Oilseed crops requirements of the people living in the area of site i,
in sub-basin |

Fpi,; Pulses food requirements of the people living in the area of site i, in sub-
basin j

He Average storage head at dam, for site i, in sub-basin j, in time t

Hi, ; Hydro power capacity at site i, in sub-basin j

Hi . Number of hours in the period t at site i, in sub-basin j

;' Local inflow from the surrounding area at site i, in sub-basin j, in time 1

it
I Natural catchment inflow of site i, in sub-basin j, in time t




Variable

, Descriptions
Notation
Ir . Water that joins the main stream just above the irrigation diversion canal
bt site 1, in sub-basin j
Ir" Total annual irrigation target from site i, in sub-basin j
%)
Ir3. Total annual ground water irrigation target from site i, in sub-basin j
1]
Irs. Total annual surface water irrigation target from site i, in sub-basin j
)
In'. Total annual upstream irrigation water use targets of site i, in sub-basin j
vy
u™s Total annual upstream irrigation water use targets from surface water of
1, . - . .
) site 1, in sub-basin |
Tul & Total annual upstream irrigation water use targets from ground water of
" site 1, in sub-basin |
g™ Total annual upstream M & I water use target of site i, in sub-basin j
i.]
Tu™s Total annual upstream M & [ water use target from surface water of site i,
i
in sub-basin |
Iy™e Total annual upstream M & I water use target from surface water of site i,
1,)
in sub-basin j
; i Reservoir evaporation coefficient for site i, in sub-basin j, in time t
;j : % of return flow to river from irrigation from site i, in sub-basin j,
o in time t
K, % of return flow to river from irrigation from site w, in sub-basin j, in
> time t
Kt % annual irrigation from site i, in sub-basin j, in time t
K Reservoir evaporation from site w, in sub-basin §j, in time t
N; Number of sites, in sub-basin |
NB Number of sub-basins
NCI+ Total number of irrigated crops at site i, in sub-basin j
NCIEj Number of cereal crops irrigated by the site i, in sub-basin j
NCI?j Number of oilseed crops irrigated by the site i, in sub-basin j
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Variable

_ Descriptions
Notation
NCIipj Number of pulses crops irrigated by the site i, in sub-basin |
oc™ Annual water supply diversion from sites i, in sub-basin |
1,1
oc . Annual irrigation diversion from site 1, in sub-basin ]
)
Od, ;. Total release at site i, in sub-basin j, in time t for irrigation and water
supply
Od™, Release at site i, in sub-basin j, in time t, for water supply
L. 1
od!, Release at site i, in sub-bastn j, in time t, for irrigation
i)
OE %’ Export from site i, in sub-basin j, to irrigation area p, upstream of site ¢, in
* importing sub-basin j,
Og.; Total annual ground water target for irrigation, and municipal and
industrial from site 1, in sub-basin j :
g” Ground water available for municipal and industrial from site i, in sub-
e basin j, in time t
Og' = Ground water available for irrigation, from site i, in sub-basin j, in time t
[N .
Og’ Total annual ground water target for irrigation, and municipal and
5 industrial from site i, in sub-basin j
Og ™ Annual upstream ground water available for site i, in sub-basin |
L
Og* Annual downstream ground water available for site i, in sub-basin ]
1]
OIq’jI Import to irrigation area p, upstream of site i, in sub-basin j, from site q of
1,3,p exporting sub-basin jz
0 Total release from site 1, in sub-basin j, in time t
L),
or Mandatory releases to downstream natural channel from site i, in sub-basin
b j, intimet
0% 1 Mandatory releases to downstream natural channel from site w, in sub-
" basin j, in time t "
P p" irrigation area contributing regenerated flow to downstream site i
Piit Precipitation directly upon the site 1, in sub-basin j, in time t
S Initial storage in the site i, in sub-basin j, in timet
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Variable

Descriptions
Notation
Sij Final storage in the site i, in sub-basin j, in time t
Spi;a Secondary water release (spill) from site i, in sub-basin j, in time t
SPuw. Secondary water release (spill) from site w, in time t
TA,; Total cultivable command area (CCA) irrigation for site i, in sub-basin j
TE®* Export from site i, in sub-basin j, to site g, of importing sub-basin jg
Lj
TV Import to site i, in sub-basin j, from site ¢, of exporting sub-basin j;
ij ’
Wikjt Total water diversion requirements in depth of crop k, at site i,
in.sub-basin j, in time t
Ws '“ _ Total annual water supply target from site w, in sub-basin j
i
Ws' Annual water supply diversion from sites w, sub-basin j
LJ
WS;[J' Annual water requirement for industrial use from sites i, in sub-basin j
WsiR-H Annual water requirement for rural human domestic use from sites i, in
N sub-basin j
Ws iRj Annual water requirement for rural domestic use from sites i, in sub-basin j
wsRL Annual water requirement for live stock use from sites i, in sub-basin j
g
Ws .U Annual water requirement for urban domestic use from sites i
) in sub-basin j :
X Number of upstream irrigation areas contributing the regenerated flow to
L} site 1, in sub-basin j
Y:‘; Yield per quintal per hector area of crop k, from site t, in sub-basin j
Yd, Dead storage capacity of reservoir/site i, in sub-basin j
Ydmin, Gross capacity up to the minimum pool level of the reservoir/site 1, in sub-
N basin ), in time t
Y ; Gross storage capacity of reservoir/site 1, in sub-basin j
Ymax; ;, Gross capacity up to the normal pool level of the reservoir/site 1, in sub-
basin j, in time t
Zi; Number of upstream reservoirs/sites contributing to the flow of

downstream site i, in sub-basin j.
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(B) Variables with Special Characters

Variable o
_ Descriptions
Notation
i, j,1 Load factor at hydropower site i, in sub-basin j, in time t, for each period t
is an indicator of the energy demand
Ol j t % of annual upstream water use for irrigation of site i, in sub-basin j, in
time t
o % of return flow to river from upstream water use for irrigation of site i,
L)
in sub-basin j, in time t
Biit % of annual water supply from site 1, in sub-basin j, in time t
B; y % of return flow to river from water supply from site i, in sub-basin j, in
” time t
B ‘;vjt % of return flow to river from water supply from site w, in sub-basin j, in
[l time t
Bw,j,t % of annual water supply ( Ws,, ;) from site w, in sub-basin j, in time t
Ol % of downstream mandatory release (O, ,) returning to river from site w,
in sub-basin j, in time t
8 it Energy requirement in percentage at site i, in sub-basin j, in time t
i % of annual water use for industrial and urban from site i, in sub-basin j,
In time t
18 % of annual ground water for industrial requirement from sites i,
i, ] in sub-basin j
b & % of annual surface water for industrial requirement from sites i,
1) in sub-basin j
d)m{g % of annual ground water for rural human domestic requirement from site
. i, in sub-basin j
RHS % of annual surface water for rural domestic requirement from site i, in
b sub-basin )
¢m.8 % of annual ground water for live stock requirement from sites i, in sub-
b basin | '
¢m§~ % of annual surface water for live stock requirement from sites i,
") in sub-basin j
¢Us % of annual ground water for urban domestic water requirement from site
1) i, in sub-basin j
¢Us % of annual surface water for urban domestic water requirement from site
i

i, in sub-basin |
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Variable .
. Descriptions

Notation

;‘}iéj : Land use coefficient for crop k, for site i, in sub-basin j, in time t

o &IE % of export from site i, in sub-basin j, in time t, to site q, of importing sub-
e basin jg

wg,_j[ % of import to site i, in sub-basin j, in time t, from site g, of exporting
A sub-basin j;

(C) Subscripts and superscripts

Variable T
Notation Descriptions

i Reservoir/site i

] Sub-basin j

k Crop k

t Time t

w Reservoir/site contributing to the flow of downstream reservoir/site i

Ji Exporting sub-basin |

JE Importing sub-basin jg

Symbols for Units

Ha
Ham
Kg

Km

mm

MCM

Hectare
Hectare-meter
Kilogram
Kilometer

Meter

millimeter

Million cubic meter

Megawatts

Ix




MWhr

Megawatt hours

TCM ft Thousand million cubic feet

Abbreviations

CCA Culturable command area

CGWB Central Ground Water Board, Ministry of Water Resources, Government
of India

CWDT Cauvery Water Dispute Tribunal

CWDTIA  Cauvery Water Dispute Tribunal Interim Award

G&D Gauge and Discharge

NWDA National Water Development Agency, the society under the Ministry of
Water Resources, Government of India

NCIWRD The National Commission for Integrated Water Resources Development,

under the Ministry of Water Resources, Government of India
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Chapter -1

INTRODUCTION

1.1  GENERAL

Water resources planning and management is broadly concerned with the
accurate assessment, identification and development of different water resources
systems. The careful planning for allocation of water resources t.o different activities
has become extremely important to meet the ever increasing demand of water supply,
hydropower, irrigation, and environmental purposes etc. It emphasizes the need of
planning and development of river basin water resources, which is a complex and
difficult task, creates numerous political, social, economical, environmental and
engineering problems. Most of these difficulties are due to variable inflows and large
number of possible alternatives. Optimum panning of a large-scale river basin as a unit
of water resources system is having a high priority in the economic development of the
country. This has resulted in an urgent need for accurate and efficient management of
the water resources for its conservation and use. System engineering provides
systematic methodologies for studying and analyzing various aspects of a system and
its response to various parameters by using mathematical models. It assists in decision-
making process for all pertinent constraints by using optimization techniques. Efficient
planning of limited water resources is an important requirement in comprehensive
planning of river basin water resources. Hence river basin water resource planning has
become an increasingly important concept in comprehensive planning of water

resources.



1.2 INDIA’S NATIONAL WATER POLICY 2002

According to the National Water Policy 2002 of India, water resources
development and management will have to be a hydrological unit such as drainage
basin as a whole or a sub-basin, taking into account surface and ground water for
sustainable use incorporating quantity and environmental considerations. All individual
developmental projects and proposals should be formulated and considered within the
framework of such an overall plan keeping in view the existing agreements/awards for
a basin or sub-basin so that the best possible combination of options can be selected
and sustained. Water should be made available to water short areas by transfer from
other areas incluging transfers from one river basin to another, based on a national
perspective, after taking into account the requirements of the areas/basins. Integrated
and coordinated development of surface water and ground water resources and their
conjunctive use, should be envisaged right from the project planning stage and should
form an integral part of the project implementation. Irrigation intensity should be such
as to extent the benefits of irrigation to as large number of farm families as possible,
keeping in view the need to maximize production, Irrigation being the largest consumer
of fresh water, the aim should be to get optimal productivity per unit of water. In view
of the vital importance of water from human and animal life, for maintaining ecological
balance and for economic and developmental activities of all kinds, and considering
scarcity, the planning and , management of this resources and its optimal and equitable

use has become a matter of the utmost urgency.

1.3 STUDY AREA
The Cauvery is an inter state river in south India originating in the state of

Karnataka and flowing through the states of Karnataka, Kerala, Tamil Nadu and



Pondicherry having a catchment area of 81,155 Km?. The state wise drainage areas of
Cauvéry river basin are Karnataka 34,273 Km? (42.2%); Tamilnadu 43,867 Km’
(54.1%); Kerala 2,866 Km® (3.5)% and Pondicherry 149 Km? (0.2)%. This river basin
has 16-sub-basins. It has 75% and 50% water year dependable surface water potential
of 16,470 MCM and 20,253 MCM, respectively. The total of 3,866 MCM ground water
potential is available for future use. The water requirement for the pop.ulation of human
and livestock projected to the year 2050AD for all purposes are estimated as
39516 MCM. There are 15 major reservoirs and 58 medium irrigation projects and a
large number of minor irrigation projects in the basin. The total irrigable area is

2605200 Ha.

1.4 IMPORTANCE OF THE STUDY

The utilization of the water resources of the transboundary Cauvery river
system 1s under dispute. The interstate water dispute between Karnataka and Tamilnadu
about sharing of water and intra basin water transfers is pending from a long time and
sometimes creates a law and order problem in the states. The issue has been referred to
The Cauvery Water Disputes Tribunal (CWDT). The Supreme Court of India has given
the directives to the Government of India for interlinking of major rivers in the
Himalayan and the Peninsular regions to reduce the natural imbalance of water in the
country. The purpose of the study is aiso to find the technological and realistic solution
for the problem of Cauvery basin. Optimal utilization of available water resources and
conservation of the Cauvery river waters are the vital needs in the present context, to
meet the growing needs of the population are the vital needs in the present context. The
optimal allocation of surface water and ground water is therefore necessary so as to

maximize the annual water utilization for irrigation, domestic, industrial, hydropower

Ld



and environmental uses. The interim award of CWDT is to release 5800 MCM
(205 TMC ft) of water from Karnataka to Tamilnadu at Mettur, the 13™ reservoir in the
8" sub-basin. It would be interesting to carry out the study in reference to the interim

award of Cauvery Water Disputes Tribunal (CWDT).

1.5 THE PROBLEM IDENTIFICATION

The transboundary Cauvery river basin, the last but one at the tail end of the
Peninsular river system is short of adequate water resource to meet its present and
future demands, and the problem of sharing of waters between the two major basin
states, Karnataka and Tamilnadu, involving intra basin water transfers has been the
subject of a long-standing dispute. The National Water Development Agency (NWDA),
the society under the Ministry of Water Resources, Government of India, and The
National Commission for Integrated Water Resources Development (NCIWRD) under
Ministry of Water Resources, Government of India have carried the studies on the
water balance, i.¢., the study comprising of the sub-basins/basin wise assessment of, the
water yields, the existing uses, the reasonable requirements of the basin states in the
foreseeable future and the determination of the order of surpluses/deficits of Cauvery
river basin on an annual basis. The NWDA studies have not considered ground water
and the environmental water requirements while NCIWRD has considered 2/3 .of the
estimated ground water potential and the environmental water requirements. For
accurate assessment of the water resources, the water balance studies should be carried
out on a monthly basis, considering the environmental requirements and ground water
availability. In this study the water balance studies are carried out on a monthly basis,
considering the environmental requirements and ground water availability. This study

is also directed to develop a methodology to test the spatial variations with respect to



project sites and storage effect on the water balance studies of the system. The
approach and appropriate technique will naturally vary from problem to problem as the
configuration, state of development of the system and stage of decision making vary
over a vast range. (Maass et al., 1962; Hufschmids and Fiering, 1966; Hall and Dracup,
1970; Haimes, 1977; Loucks et al., 1981; Stedinger et al., 1983; Goodman, 1984,
Vedula, 1985; Srivastava, 1976; Chaturvedi, 1987; Simonomic, 1992; Srivastava and
Patel, 1993; Wurbs, 1993; Boney 1993; Sadeghian, 1995; Kohistanti, 1995; Sunita
Devi, 1997; Waikar, 1998; Dahe, 2000; Dahe and Srivastava, 2002; Kamal-Ali Abd Al-
Mohseen (2002); Jena, 2004; Deepti Rani, 2004). A large number of the studies on
river basin planning for large river systems generally have considered basic problem
constraints only. Very few such studies in the Indian context have incorporated the
interest of co-basin states in terms of sharing of the river waters with intra basin water
transfers and limiting its use under numerous techno-economic and management
constraints pertaining to treaties/ agreements/ tribunal awards.

Keeping the above facts in view this study is directed to develop a methodology
using linear programming optimization model to test the functioning of the

transboundary Cauvery river basin system.

1.6 THE OBJECTIVES OF THE STUDY

Keeping the above facts In view this study is directed to develop a methodology
using linear programming optimization (LP) model to test the functioning of the
transboundary Cauvery river basin system, which is an inter state river originating in

Karnataka and flowing through the sates of Karnataka, Kerala, Tamilnadu and

Pondicherry.
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1.7.1

The main objectives of this study are as follows:

To evaluate the utilizable surface and ground water resources on monthly basis
for all 16 sub-basins and Cauvery river basin as a whole,

To estimate the water demands for the year 2050 AD for different uses and to
make the water balance studies on monthly basis for all the 16 sub-basins and
the Cauvery basin as a whole,

To develop a linear programming optimization model for a river basin, planning
and development for conjunctive water use, with the aim to maximize the water
utilization including intra-basin water transfers, and to determine optimal and
sustainable cropping pattern in terms of irrigation intensity and productivity per
unit of water, and apply it to the Cauvery river,

To study and analyze in detail the interim award given by the CWDT for
sha_ring of the Cauvery waters by the co-basin states in respect of the present

study objective at S!. No. (i), and (v) To draw suitable couclusions from the

above study.

THE METHODOLOGY

The methodology adopted to achieve the objectives is outlined below:

Water Balance Studies

The monthly water balance studies were made to know the surplus and deficits

to find out whether the monthly water requirements are met or not and whether the

monthly intra-basin water transfers within the Cauvery basin are possible. The monthly

and annual water balances for each sub-basin are calculated and the monthly and

annual surplus and deficit are worked out,



1.7.1.1 Estimation of surface water and ground water potential

The 75% water year de_pendable surface water yields on monthly basis for each
sub-basins are calculated by distributing the annual 75% water year dependable yields
in the proportion of actual average monthly inflows/yields observed at the nearest
gauge and discharge (G&D) sites within or outside of the sub-basins. The sub-basin
wise ground water potential and the existing uses are calculated on the area basis from
districtwise ground water statistics, the data collected from the Water Resources of
India, a publication of Central Ground Beard, under the Ministry of water Resources,
Government of India, Fartdabad. The same procedure is adopted for 50%, 90% and

100% water year dependable flows.

1.7.1.2 Assessment of the water requirements/needs
Domestic requirements/nceds

The rural, urban and livestock population has been computed by projecting the
1981 census human population and 1982/83 census livestock population To 2050 AD
by using suitable compound ann;.lal growth rates for human and one percent for
hivestock. The domestic water requirements are calculated considering the per capita
water requirements of 70 liters, 200 liters and 50 liters per day respectively. The urban
population by 2050 AD is taken 60.70% of the total projected ‘population by 2050 AD.
The entire water requirement for the urban population and the 50% of the rural
population is proposed to be met from surface water. The entire water requirement for
live stock population and 50% of the requirement for the rural population is proposed to

be met from ground water resources.

Irrigation requirements/needs

The irrigation needs are calculated by keeping the utilization of existing and



ongoing major, medium and minor projects undisturbed while the net and gross crop
water requirements for future major medium and minor projects have been worked out
by climatological approach. It is considered that at least 30% of the maximum
culturable area for each sub-basin should be under irrigation for<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>