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ABSTRACT

Irrigated agriculture is the largest water consumer all over the world as well as in Australia
Therefore, managing water more effectively in irrigation distribution systems is one of the
most important and urgent challenges facing Australia. The correct estimation of conveyance
water losses from an irrigation system is vital for the proper marexgeoh the systeniThe

loss of water due to seepage, leakage and evaporation from irrigation channels constitutes a
substantial part of the usable wat&he scarcity of water resources and inefficiency of
irrigation infrastructures convinced the Australigovernment tgursue modernization and
automation of irrigation distribution supply networks in major irrigation districts of the
country. The automation includes installation of automatic control structures with remote
monitoring,one example of whictsithetotal channel control technology (TCG) Rubicon

Water Main objectives of usinguutomationare to supply water nean-demand and to

control channel water levels. TCC includes supervisory control and data acquisition
(SCADA) technology which will result in integrated databaskreal time measurements of

flow and water levels fothe whole syi'em. This data has the potential to be used to identify
sections of channel with high rates of seepage or leakage. Pondage tests are acknowledged as
the best direct method for seepage measurement, and the recorded water level data from
automated systems g periods of gate closure can be treated as pondage test data. A
comprehensive review of seepage studiestified examples ahe successful application of

TCC datafrom a limited number of selected channels during certain periods of season.
However,no studywas located that us@dCC datacollected ovethe whole irrigation district

or for wholeirrigation seasons to estimate seepage and leakage losses during peyetds of

shut down. Given that Coleambally Irrigation Corporation Limited was thesmhlgmeable

to provide data for three irrigation seasons, this study aimed to estimate seepage and leakage
losses for the entire channel network of CIA using TCC data during periadgesfiosure.

Using Microsoft SQL serverl database containing ti€C data inthe form of individual

tables was created. ®odel consisting of the database aonde written in C# wadeveloped

to identify all pondage conditions for any given pool in the networkortthe pondage data

into rejected and accepted samplasdd upon set criteribinear regression was used to give

an estimateof the seepage ratler any gauge im pool during a pondage condition. The
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model was tested fahe 2010/11 irrigation season and ideatif 1073 pondage conditions

for different poolson the network, among which 295 were rejected as they did not meet the
specifiedcriteria. The model waalso applied fo2009/10 and 2011/12 seasons and average
seepage rasdor each pondage and pool were estimated.

The results clearly showedhat seepge losses from the CIA are significanwith
approximately20% of the estimated seepage rates in all three segsemterthan 0.5 mm/hr

(12 mm/d) A number of cases with significapthigh loss rates were observed during each
season.The median seepageate for 2011was lowerin comparison with the other two
seasons, while the median seepage rates were similar between the 2009 and 2010 seasons.

A number of pools with several pondage conditions were identifiedheybssible factors
affectingthe estimtion of seepage ratesere evaluatedThese include, duration of gate shut

down, surface water elevation at the start of the pondage condition and its relation to supply
level of the channel at each gauge, accumulated depth of rainfall during the poedadge p
seasonal variations in seepage rate, number of water level measurements in the pondage,
suspected unauthorized water usage, noise associated with measurements and leakage

through macro pores in banks of the channels.

Pools with very high rates of wex loss indicative of leakage were addressed and the
application of a polynomial trend line rather than linear regression for modelling the seepage

rate in those samples was assessed.

Given that higher loss rates occur at higher channel water elevations similar to operational
levels thecorresponding seepage estimates wesel to:

9 identify pools with high loss rad@vhich require remediation workand

1 give an estimate of the possiblater loss during normal operation in each channel

Theloss rates abccurring athigher channel water elevations were compared with seepage
estimates fronan earlierstudyin the CIA whichidentified several locationsotentiallywith

high seepag®sses. Results of the comparison showed a good agreemehbse poolsvith
moderate seepage loss€m the other hand, in poalhere the present study indicated high
loss rates angossible leakage at higher channel water elevations, the lossestiteste

from the TCC dataveregreaterthanin the earlier study.
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Chapter 1: Introduction

1.1. Background

Water is essential to sustain life. It plays an important role in food and energy production,
determining the quality of life, and in the integrity and sustainability of nataxataments
as well. It is also considered central to social and economical development and represents an

important input into Australia's economy, particularly agriculture.

Aust r al i ahasraddaonalynbeem yelianbnthe agriculture industry. fie agriculture
industry is the largest consumer of water, consuming 52% of total water use @009
(ABS, 201(). In the year 2062 0 1 O Australiads tot al w a
GL, with the agriculture industry being the single largeseuby far at 6,987 GL or 52%

(ABS, 201(). Generally speaking, agriculture industry is the biggest water consumer in most
countries that are economically dependent on this sector. For insthecagriculture
industry in Pakistan, consuming almost 97% of all river water is the biggest water consumer

in the country (Kahlown and Majeed, 2002).

The main sources of water for society comes from surface watee fiorms of rivers, lakes,

reservoirs,dams and rainwater tanks, and from underground aquifara/ells and bores.
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Given that Australia is an island continent, precipitation (rainfall and snow) plays an

important role in supplying water.

Long-term drought in many parts of Australia as wallaverse effects of increased water

use on river health has changed the way Australians regard water.

With the exception of Antarctica, Australia is considered to be the driest inhabited continent
(in terms of runoff per unit area) on the planet aedquires the most efficient water use
management. More than a third of the continent is desert area and oviirtisoof the
continent is classified as arid or seanid. This is further exacerbated by the highly variable
nature of rainfall. Average anabrainfall varies considerably across Australia. Large areas of
the country receive average annual rainfalls off @800 millimetres (mm), while about half

of the continent experiences an average annual rainfall of less than 300 mn2QAB.

Due to he variability and seasonality nature of annual rainfall and riversflawAustralia,
successful ongoing production of many crops and pastures is dependent on irrigation.
Irrigation is an artificial application of water to the land or soil with the airpro¥iding a

pasture or crop with the amount of water it requires for optimal growth.

Although in 200910, irrigated agricultural land comprised only less than 1% of all
agricultural land in Australia, the gross value of production from irrigated lands®b$
billion, which represented 29% of the total gross value of agricultural production iin D09
Therefore the irrigation industry contributes a major part in the Australian economy (ABS,
201(M).

The development of large scale irrigation schemesrae agricultural activities possible in
areas inland of Australia. Irrigation in Australia started in the early 1800s, mainly through
the initiative of individuals who developed water resources to ensure feed for livestock.
During the 1880s, in responge drought the first large scale irrigation schemes in Australia
limited to individuals or small groups of individuals were introduced. The first major
developmenbccurredin 1882 with the formationof the Loddon Irrigation Works (Hallows

and Thompson1995). Other schemes soon followed in nearby catchments as the area
surrounding Mildura and Sheppartorene suitable for agricultural production while the
development was partly funded by income from the Victorian Goldfields. This development

later spread denstream to South Australia and upstream into the Murray, Murrumbidgee
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and various tributaries of the Darling River. Still to this day, the Murasling irrigation

system remains the largest of its type in Australia.

The required water for irrigation isupplied from two main sourcesyer systems and
undergroundaquifers Major river systems used for irrigation in Australia in@uthe
Murray-Darling system, theOrd Riverin the Kimberley region of Western Australiand

many rivers along the east coast of Australia.

Managing water more effectively is one betmost important and urgent challenges facing
Australia. Due to severe and extended droughts that have caused considerable changes in
water supplies, the irrigation industry has faced many challenges over the past decade,
struggling to fill the gap betweehe supply and demand for water. At the same time, climate
change and increasing climate variability are likely to increase the uncertainty of water
supply. As a result, irrigation industry is under considerable pressure to adopt best practice

methods tancrease efficiency in terms of water use and productivity.

In response to reduced water availability in 2008 the Australian irrigation industry
consumed 31% less water, equivalent to 7286 Gigali{GL) 6 to agricultural land
compared with water uga in 200405 (11 147 GL) (ABS 201). However, the gross value
of irrigated agricultural production increased from an estimated $13.97 billion ifi @DOO
$14.99 billion in 200606 (Mackinnon et al2009).

1.2 Conveyance waterosses in irrigation distribution system

An irrigation distribution system is comprised of delivery systems, which receives water that
has been abstracted from the different water sources before delivery to irrigation farms. An
extensiveirrigation distribution system consistd a network of open channel conveygrs
distributaries, fielcchannels, pipes, pumps if a higher level branch is to be supplied from the
conveyor, regulators for water level control, offtake structures to supply distributary or lateral
canals, outlets anculverts for road or railroad crossing.he correct estimation of
conveyance water losses from an irrigation system is vital for the proper management of the

system.
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In most cases, irrigation delivery systems are inefficient and much of the water dinested

the irrigation channels and pipes does not reach end users.

Depending on the irrigation infrastructure, methods, scheduling and the management
practices of irrigators, the conveyance efficiency of Australian irrigation areas femges?

to 90 percent(Khan et al.2008. Conveyance losses in the distributaries and field channels
in Pakistan are reported to be around 25 and 30%, respectively (Kagti@lvy2005). In the
context of irrigatioawater supply, conveyance losses are reported as the difference between
the volume of water supplied to irrigation customers and water delivered to the system. In
general water losses in an irrigation distribution systensistof the following components:

Seepage
Evaporation
Leakage

Spill

Unrecorded usage
Outfalls

= =2 4 A4 -4 A -

Water meter inaccuracy

The loss of water due to seepage and evaporation from irrigation channels constitutes a
substantial part of the usable water. By the time the water reaches the field, more than half of
the water supplied at the head of the chamwael belost due to seepagand ewaporation
(Sharma et al.1975). Measurements conducted in Pakistan also indicate that about 50% of
the water delivered from canals to farm
(Kahlown et al., 2000). Seepage is the ndisninart process byhich water is lost in the

canal as well as evaporation which can attribute a high proportion of losaesl areas.
Seepage is gignificant issue invater resources management as it not only reduces fresh
water resources but also causes water loggalization and groundwater contamination
(Swamee et gl2000a). Water logging refers to the saturation of soil wi#tter In some
situationsthe groundwatetevel (which is the surface where the wapeessure heas equal

to theatmospheric pressytanay betoo high to permit any agriculture. Reducing seepage is

particularly bengcial in areas with saline groundwater and high watertables.

Water may also be losly leakageflowing throughlarger openings in the canal bed or sides.

Water can also be leaked due to inefficiency of gates and other control structures as well as
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spilling when the water elevation in channels surpasses the maximum Qergllls are
referred to water flowing from downstream end of a delivery system. Outfalls often flow
back into rivers or to downstream users. Unrecorded usage usually refers to unmetered water
received through outlets and unauthorized water consumption or water thedringlet
inaccuracy refers to conditions where flow meter device, systematically-rtewed the
volume of water flowing through the meter. Many authors tend to believe that one of the
greatest potentials for increasing water supplies for agriculture igdigsto control and
decrease the water loss in irrigation channels (Corey, 1973; Kemper et al., 1975; Trout et al.,
1977; Reuss et al., 197Recognizing the inefficiency of irrigation systems, remedial and

modernization works on the irrigation infrasttuies have since started

1.3 Modernization ofirrigation distribution systems

In each irrigation distribution system, older parts including pipes or unlined channels are
generally built to a lower standard and have greater leakage and seepage tossagmrce
loss measurements in unlined channels highlighted that most of the water loss takes place

through the upper portions of the channel banks (Kahlown and Kempd}, 200

Most important irrigation districts in Australia were built almost 100 yegs Significant

water losses have been experienced in these districts, partly due to ageing irrigation
infrastructure but also the available technology at the time the districts were built. In the same
way, no pumping was used in most Australian irrigathannels and water was delivered
only under the power of gravity. Therefore, water was kept above supply levels which led to
large distribution losses due to spillage and outflows. The scarcity of water resources and
inefficiency of irrigation infrastrutires convinced the Australian governmentpiarsue
modernization and automation of irrigation distribution supply networksajor irrigation

districts of the countryThe rrigation modernizatioimvolves the following works:

Rationalizing irrigation cannels that are unused
Lining irrigation channels to reduce seepage and leakage
Replacement of irrigation channels with pipelines to reduce seepage, leakage and

evaporation
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1 Automating irrigation channel gates to better control and measure the flow of wate
1 Replacing manual water meters with automated meters to measure water flows to

farms more accurately.

As part of the modernization project, in order to reduce and control seepage and leakage
losses and improve the efficiency of the water delivery systemeirrigation channelsre
subjected to lining technology. Lining is a remediation technology that has been widely

practiced on irrigation channels all over the world.

A perfect lining is considered to be able to control the seepage. It is possitddutme r
seepage about 30 40% in a wellmaintained canal with a 99% perfect lining, however,
seepage from a canal cannot be controlled completely (Wachyan & Ruk®8mh Akkuzuy

2012). Significant seepage losses from a canal are inevitable even linids(Chahar

2001; Swamee et aR002). On the other hand canal lining deteriorates with time and as the
hydraulic conductivity increases, becomes severely ineffective in controlling the seepage
(Swamee et al. 2000byloreover, when cracks develop irethning, the water loss is likely

to approach the quantity of seepage from an unlined canal (Wachyan and RUSBin
Channel automation is a way of improving the efficiency of irrigation networks by using new
technology to control the flow of waterofin the storage through the distribution system to
the irrigator. It involves replacing manual flow control structures in channels with updated
gateshat accurately measure flowend provide real time measurement dai@ontrols
include pneumatic and electronic sensors positi@ezhchgate; timers that open and close
irrigation gates at set times; and fully automated centralized control of multiple gates and

channels using hydraulic control.

The major soutleastern irigation companies including Coleambally Irrigation Cooperative
Limited (CICL), GoulburaMurray Water and Murray Irrigation have investedremedial

and modernization works and have employed automatic control structures in order to improve
their operationkefficiency and minimizing water losseBhe evolution of control systems in
Australia has now progressed to the stage where automation is being applied to the operation

of entire irrigation distribution supply networks.
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1.3.1 Total channel control

One of pioneer companies in providing channel automation technology in irrigation is
Rubicon Water. The commercial name of their technology applied in major irrigation districts
in Australia is called Total Channel Control (TCC).

Total channel control (TC) is a breakthrough in both irrigation management and flow
measurement as it transforms the inefficient manually operated open channel networks
(Figure 1.1) into automated, integrated and remotely controlled systems with high

efficiencies (Figure 1.2 , 3.and 1.4). The system is based on two aspects:

1 The control of large networks of solpowered canal regulators and gates, which are
linked through radio telemetry
1 Advanced computer software, which enables the automatic and remote operation of

the entirecanal network.

This technology brings a whole new range of automatic control gates as well as control
software that delivers smart control of multiple regulating sites, rather than individual control
of standalone sites, as is common across the rural veatdorities within Australia.
Automated irrigation network operation eliminates the significant limitations that come with
manually operated networks and assists in the detection of leaks and provides an alert for

repair.

Fig 1.1 Inefficient manually operated Dethridge Wheel meter outlets
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Fig 1.3 Real time control of flow measurements with automated gates

An important feature of TCC technology is supervisory control and data acquisition
(SCADA). With the main objective of supplying water near on demand and controlling water
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levels in different channels of the system, SCADA technology enables the systetoigper

to monitor the behavior of the irrigation supply system and to control the key system
components from the office computer. The control center computer is based on-theaeal
development environment, which enables full integration oftred datainto production of

flow and water level databases for the entire channel system. The database includes a variety
of measurements, including water flow measurements for each agatevater level

elevations upstream and downstream of each gate.

Fig 1.4 Recision water measurement instrumentation combined with wireless communications networks

1.4 Hypotheses

The main hypotheses for this research are:

1 Combined losses (seepage, leakage and evaporation) from irrigation channels under
pondedconditions can be determined from TCC data during periods of shut down
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1 Individual component losses (seepage, leakage and evaporation) can be separated
from the total combined losand
1 Combined losses under dynamic conditions can be predicted frdmdivedge

gained under ponded conditions

1.5 Objectives

The main objectives of this work are to:
15.1. Objective 1: AEsti mation of combined

Automation of irrigation channels potentially allows large numbers of pondage tests. Based
on the datavhich comes from TCC, any reaches of any channels during periods of shut down
of irrigation gates can be treated as pondage tests. Pondage testing is a direct way of
recording the losses through a section of channel that uses a water balance approach to
determine seepage losses in an isolated section of channel. The drop in water level over time
in the pond can be defined as total amount of losses including seepage, leakage and

evaporation.
15. 2 Objective 2: AEsti mation of seepage al

After estmating the magnitude of evaporation loss, it is possible to separate the sum of
seepage and leakage from the total loss. Using the hypothesized nature of the seepage
process which exhibits a gradual decline with time and the nature of leakage which has a
sharp drop through the time, attempts will be made to separate these two components from

each other.

1530bjective 3: Al nvest i gestimatianrof seepagefradecit or s
each poob

In an automated system the skoivns or pondage coitibns occur in an apparent random
fashion as a response falls in consumer demand. Consequently they occur at various times
throughout the season, are of varying duration, and occur at different water levels relative to
full supply. Further the TCC systeanly records water levels when a change occurs hence
the water level data is spaced unevenly in time. All of these and any noise in the data itself

affects the ability to extract accurate seepage rates from the data.
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1540bj ective 4: mddlel vapable qf rea timte seeplage assessment for

the entire irrigation systemo

A model capable ofnalyzing data fronthe entire irrigation network and estimating the
seepage rate based on real time measuremdhtdlow integrated databases during periods
of shut dowrto be builtand pools with high losses to be identified.

1.6 Outcomes and significance

1.6.1 Outcomes
A number of outcomes are expected from this study which are:

1 Evaluation of pondage test method for theasurement of combined losses in
irrigation channels.

1 A process by which channel seepage can be estimated from routine TCC
measurements
Evaluation of different factors affectirggtimation othe rate of seepage apool.
Establishment of an appropeamodel to estimate the seepage losses during normal
channel operation.

1 Identifying the locations with high magnitude of losses which require remediation.

1.6.2 Significance

Most of the previous research on combined losses has been conducted based on the field data
measurements. Historically only small numbers of pondage tests have been monitored
manually some of which have included a high percentage of human error. In yeaes)t
automation of irrigatiorchannelshas provided a largaumber of pondage conditisable to

be usedor estimation of losses. The present study aims to have an accurate estimation of
combined losses in order to identify reaches of irrigation chanmigh high possible loss

rate. Furthermore the different factors affectesfimation ofthe rate of seepage will be
investigated in order to build up a modelestimatethe seepage ratiuring normal channel

operation
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1.7 Structure of the Thesis

This chapter has provided a brief background to the subject area and introduced the
objectives of the remaining seven chapters of this dissertation. Chapter 2 serves as a
comprehensive review of seepage and evaporation estimation techniques, summarising
previows findings with a conclusion of most suitable method for estimation of each of the
combined losses. Chapter 3 introduces Coleamlibalbyation District the case study of this
project. General information regarding major commodities produced in the amrazal

rainfall, temperaturend TCC datés also provided in this chapter.

Chapter 4 describes the development of an improved model to detect all possible pondage
conditions and calculate a first estimate of seepage rate for all the historical datadhtough

the entire channel network.

Chapter5 reviews results of the model atite algorithm applied to give a first cut estimate

of seepage per each pondage sample and for each pool. While Chapteids a detailed
evaluation of different factors afféaty the estimation of seepage rates from the model as
well as thefeasibility of using other models instead of linear regression in estimation of
seepage rate. Chapter 7 covers a comparison of the findings of the model with results of
previous studies to emonstrate the capability of the model in seepage rate estimation.
Finally, Chapter 8 discusses the key findings of this work and presents a number of

recommendations for further research in this area.
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Chapter2: Literature review of
conveyance water loss measurement in

Irrigation channels

2.1 Introduction

Earthen channels are undoubtedly one of the most important elements inrigation
distribution system They are ae of the main mechanisms for the transport and delivery of
water that have mostly been constructed using local materials, often with poor-water
retaining characteristicén Australia High quality soil for channel construction is often
limited by availablity or cost. Despite attempts to reduce permeability, construction methods

have often failed to achieve a watertight barrier, particularly in older channels.

Between 1% and 14% of the total water supplied for rural use via earthen channels is lost due
to seepag€Brinkley, et al., 2009. Previous surveys also indicated that, around 4% of total
water supplied for rural consumption is lost through seepage (ANCID, 2000b). \\oreo
according to preliminary estimates the magnitude of seepage losses in east coast states of
Australia could sum up to approximatd0 GL/annun{ANCID, 2003. Therefore, sepage

from earthenchannelsremains an Australiawide issuein most irrigation distribution

systens.
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2.2. Seepage Losses

Seepage is usualtefinedasthe slow movement of water through small openings and spaces
in the surface of unsaturated soil into or out of a body of surface or subsurface water
(Meinzer 1923) Seepagein channet involves the relatively uniform passage of water
through the wetted perimeter of the channel prafiten due to poorquality of substrate

material

A major impact of continuing seepage from irrigation channels is the gradual increase of
watertables tauite a high level in some areas which ultimately led to land degradation in
many regions. Reduced irrigation efficiencies, increased operational cost and water shortages
downstream are other consequenckseaepage impacts (Upadhyaya and ChauRa02;
Cakmak et al.2004; Jansen et a2006).

2.2.1 Channel Leakage

Usually the measured seepage loss in channels includes a leakage component. Therefore
seepage in channels refers to both seepage and leakage as separating them is not easy in
practice. Leakag is usually referred to loss of water through macro pores in the banks of a
channel (Fig 2.1)

=X . S e ke

2: Deep vertical seepage

Figure 2.1 Mechanism of seepage from channels (ANCID, 2003)

It was observed that 80% addkage occurred within the top 8 cm of the maxinoy@rating

level of the banks obld channels (Kahlowmt al.,2004). Generally the wetted permeable

layers of top portions of channel banks provide ideal growing conditions for vegetation which
furnish a rich supply of food for worms, crayfish and other insects, causing ipaes in

the bank of the channel. Consequently, as the channel banks become densely populated, their
permeability increases 20 times that of the adjacent field soil and as well as their roughness

coefficients,with the rise of water level in channalusingleakageto increase exponentially
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(Kahlown et al., 2004)Removing vegetation from channels can decrease the operating level
of water to the designed value by reducing the roughness coefficient of the channel (Akram et
al., 1981, Kahlowret al.,2004). Deteriorated channel junctions, overtopping of the banks,
dead storage in over excavated sections of the channels and leakage through highly
permeable upper portions of the channel banks are the most important factors contributing to

leakage losses imrigation channels (Trout, 1979, Kahlown et &004).

Leakage also refers to loss of water through stoplog regulating structures, poor gate seals,
Dethridge wheels and piping along structures that have inadequate cut offlwaksge

often starts o small scale, but the moment water has found a way thidgmnelbanka

hole will develop throughand if not stopped in time, the tunnel becomes larger and the
channé bank mayultimately be washed awayTherefore in channels where leakage is
happeningthere is a distinctive pattern in the water level drop such that leakage can be
separated from seepage, but usually there is no clear way of splitting the two components

from each other
2.2.2 Factors Influencing Seepage

Comprehensive studie$ seepage have itemized theedominantvariables affecting seepage
rates in irrigation channels as being (Hotes, 1985; Akbar, 2003; Alam and Bhutta, 2004;
Swamee et al., 2000; Swamee, 1994, 1995; ANCID, 2003):

Soil characteristics (type, permeability, pele size)
Chemistry of soil and water (viscosity of water, salinity of soil and water)

Sediment load carried and deposited by water

= =2 A =

Hydraulic characteristics of the channel (channel water level, wetted perimeter of the
channel and depth to ground water)

Length of time water has been in the channel

Age of the channel

Velocity of flow

= =4 4 =2

Presence of other constraints such as wells, drains and impermeable soil layers

Channel seepage is influenced by the permeability of the layers forming or adjacent to the
wetted perimeter of the channel. Water seeps quickly through a sandy soil and slowly through
a clay soil, and sehannelsconstructed in sandy soils will hageeate seepage losses than

channes in clay soilsThe magnitude of seepage ratesmntined channelsaries for different
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soil types withabout 150 Lm?/day in clay loam 250 Lm?/day in sandy loam, and
respectively750 Lim?/day or more in sandy or gravebpil (Swan, 1978ANCID, 2003.

The results of seepage through the sides dfianel can sometimes be very obvious, such as
when fields adjacent to éenhanné become very wet, and even have standing w&arthe
other hand, eepage loss through théanrel bed is difficult to detect because water goes

down and does not appear on the nearby ground surface.

Seepage is also affected by the hydraulic characteristics of the channel and surrounding area.
Hydraulic characteristics of the channel are the chanatdr leve| wetted perimeteof the
channeland depth to ground water. Depth to ground water or the differbeteeen the
channel water level and the groundwater elevation in the lotsesto the channeldefined

as netavailable heads oneof the mos significant factors in determining the seepage loss
rate from a channel (McLeod et,d1994).Generally the seepage rate increases with greater
water depth in the channel as well as greater net available head.

The significant depth below the channetipaffecting the seepage rate is considered to be
approximately five times the bed width of the channel. While at a distance of approximately
ten times the bed width of the channel, the effect of seepage losses on the watgnahble

elevation isconsdered to beminimal (ANCID, 2003).

The salinity of water will also affect seepage rates. Waters with low salinity are likely to
decrease the permeability of the channEte quality of the channel water can also influence
seepage rates becawsmsiderable amounts stispended particles seal goires and create

a sediment lining, thereby reducing seepage in a relatively short time. Permeability of lower
portions of channel banks and the bed decrease with deposition of sediments (Kaldbwn
2004). Even smahmounts of sediment wiliffect the seepage ratever a long period of time
(ANCID, 2003).The combination of weeds asddiment deposition may be the mdpxtor

for reduction of seepage from-BB year old channels (Akbar, 2003).

2.3 Quantifying Seepage Losses

Seepage rates are obtainable either by direct measurement or by estimation. Numerous

studieshave beenconducted over the past sixty years with the objective of quantifying
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seepage rate. The mentioned affecting factors arprétdmnart focus of either analytical

methods or predictive models.

Seepage measurement techniques can be categorized in the following(gféGiis, 2000,
2003):

1) Point measurements

2) Direct measurements
3) Geophysical techniques
4) Soil classification

5) Remotesensing

6) Groundwater techniques
7) Mathematical modeling

8) Hydrochemical andgsotopicmethods
2.3.1. Point measurement techniques

Point measurement refers to tecjues that measure infiltration bydraulic conductivityof

a soilat a given poinby adding wate to the channel and measuring the @tevater loss

The hydraulic conductivity of a soil is a measure of the soil's ability to transmit water when
submitted to a hydraulic gradierit. is presumed that the water used for measurement is
similar in chemial characteristicdo the water that normally runs in the channel. The
infiltration rate has a direct relationship to potential seepage. Therefore results are used to
infer the point distribution of seepage potential at a point. To obtain a broad coutthge
infiltration variability, many point tests are usually requiredAustralia,the most commonly

used techniqueare thosewith relevantavailableequipment and experienced operators to

undertake the field tests and analyse the field data to prawdtd infiltration rate

Pointmeasurement techniquean be undertakegither when the channel aperating or not,
depending on the particular technigieebe used.The most applicable point measurement
techniques for channel seepage measuremewustralia areldaho seepage meters for
operating channels and ring or disc infiltrometers for empty channels (ANCID, ZR¥IB).
type seepage meters are another type of point measurement equipmesitotid be

installed while the chanfsareout of serice.

The most commonly used devices for point measurement of seepage rate are seepage meters.

Their technology devel opment goes back to
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measure water loss from irrigation chann@saelson and Reeve, 1944)he process for
seepage rate measurement using a seepage meter is to push the cylinder part of the device
into the channel bottom (Figure 2.2f.the pressure head inside the seepage rbeimsmes
equalwith the pressuren thechannelthe outflow fromthe seepage meter is a measuréhef
seepagehroughthe portion of the bottom thas ienclosed by the seepage meter (Bouwer,
1965).

Initially it was demonstrated that the seepage meter can be used to rapidly locate sections of
channel with a high seepadoss and economically obtain an estimate of the total seepage
loss from a section of chann@ouwer, 1961, Smith, 1973; Byrnes & Websterl981).

Later on, several seepage meter measurement studies with the oligebtivaden the range

of conditions mder which the meterould betestedwere accomplished. It was shown that

due to the variable nature of soil and bed lining, point measurement techniques are not
sufficiently reliable for seepage rate estimation and numerous point measurements are
requiredto obtain a reliable seepage estim@euwer, 1965; Kolupaila, 1964; Smith, 1973;
Smith & Turner 1981 Smith, 1982;SKM, 1997a ANCID, 2000, 2003; Brinkley et al.,

2000, 2004. Common reasons behind the inaccuracy in measuremieasslier meters were

due to disturbance of channel bed on insertation and the pressure difference between the
interior of the meters and the outside wgouwer 1965;Smith & Turner 1981)At the

same time, a skilled operator or technician vathtabke expertise in the equipment being
usedis required to conduct the tests relialfeepage meters were shown to measure flows
with an error of 23 % or less when tests are conducted by an expert operator (Carter, 1970).
However, it was concluded earlier Blupaila (1964) that point measurement techniques
may result in estimates with high error percentages whether or not tests are conducted by an
expert operatorReliability of belltype seepage measurement \a& shown to be highly
variable and subjeateto high user errogndtherefore does not represent a viable method for

determiningchannel seepage (Hotchkissskt 2001;Worstell and Carpenter, 1969).
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Figure 2.2 Seepage meter with submerged plastic bag (ANCID, 2003)

Given the fact that seepagoccurs through a small proportion of the channel, it was
demonstrated that point measurement techniques are considered to be best for determining
the distribution of seepage losses generally over short lengths of ch&hkid| (9973,

ANCID, 2000; 2003Brinkley et al, 2000, 2004 andcannot be reliably extrapolated to other
locations(ANCID, 2000& 2003).

2.3.2. Direct measurement techniques

Seepageates havebeen traditionally determined using direseasurementethods rather
thanindirect methods which involve monitoring the water table adjacenhaonet or by
using predictive models which involve the application of developed equations or
relationships (Bakry and Awad, 1997The @mmon direct methods used to meastrannel
seg@age rate include, ponding tests and influtflow measurements (Engelbert, 1993

Engelbert et al., 1997).

The inflow-outflow method is based on selecting a channel or length of channel and

measuring the rates of water flowing into and out of the sectimmg water balance
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approach, after taking into account additional inflows and losses along the section of the
channel being investigatedhet difference between inflow and outflow is attributed to
seepageAccuracyin resultsdepends orthe accuracy oflow rate rainfall and evaporation
measurementdMoreover, here is a need for knowledge of any other possible losses such as
outflow diversions One of the most important issues with this method is provitlow
measurementsf sufficient accuracy, padilarly for short sections of channel, channels with

low flows or low seepage rates

Given the fact that accuracy of the inflamtflow technique is dependent on accurate flow
measurements, is more suited to high flow channels where losses are likelyetonuch
higher than measurement esANCID, 2003). Traditionally, flow rateneasurementaere
conductedusing propeller or etgromagetic typeflow meters, whichweretime consuming
and didnot allow for replicate measuremerdaring an appropriate tienframe (Herschy,
1999;Rhoads et al., 200&Kinzli, 2010.

Flow rate measurement can be conducted using a number of techniques. The two most
commontechniques are the application airrent meter to determine average veloaity

using regulatingstructure such as flumes or weirs with automatic recording galyés

fairly accurate current metering the errors indicated in the inflow and outflow measurements
are reported to be as high as +110%he estimated seepaf@/eller & McAteer, 1993).
Similarly, Alam and Bhutta (2004) indicated that measurement errors of this method can
often exceed the magnitude of measured seepagmreement to thaGmith (1982)also
indicated thagiven the fact that theeepagés calculated as a small difference between two
relatively large quantitieshe seepage loss must be large or errors in the measurements make
it meaningless. SimilarlyAlam and Bhutta (2004), highlighted that any possible seratirs

in the flow measurment canlead to largeerrors in the calculated seepadaukker et al.

(1994) also, found a wide range of variation in their estimated seepage rates due to errors and
uncertainties in measuremergsad concluded that the actual seepage losses could deviate

largely from the observed values.

The inflowoutflow method can be conducted at various scales, from an entire irrigation
system, to an isolated section of chanNelson & Robinson (198 used the inflowoutflow
method for seepage determination in Namh¥ictoriaand recommended this technique as it
was capable of covering the entire channel system. Similtgller and McAteer (1993)

recommended the method for reaches long enough to have seepage losses at least 5% of
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inflows. This was supported by Ata et al. (2004), whauggested that infloioutflow tests
should be adopted for seepage measurements in the main irrighionet with high
discharge especially for longer reaches with a limited number of offtakeshould not be
used for seepage int&mtions where seepage rates are fairly small and there is no possibility
to use sufficiently long reachesherefore this method is considered to be more suitable for
long sections of a channelvhich contain appreciable seepagweferably without any

diversionsand contain suitable structurescorporate measuring devic@NCID, 2003).

The inflow-outflow methodis considered to biéhe onlydirect measurement techniquéich
reflects actual operating conditions and permits measurement withoutititenrto system
operationgSkogerboeet al., 1999; Dukker &dl., 1994) While, Alam and Bhutta2004) as

part of introducing difficulties working with this method, mentioned that water levels are
required to remain steady and constant during theai@ish may not bdeasiblefor longer
channekections

The basic equation for calculating seepage losses using the-mikilaw method is

S= % 2.1)

whereSis seepage ratd)-is inflow rate,0; is outflow rate,E is evaporation along reacl)
is diversions along reach,is inflow along reachP is averaged wetted perimeter ahds

length ofchannereach.

The application of this method has also been compared with point meastsdathniques.
Akbar (2003) made a comparisdretween the inflowoutflow and ldaho Seepage Meter
measurement and results showed that there was no significant difference in the mean seepage

rate per km between the two techniques.

Pondage tests are acknedfied as themaostaccuratalirect method for seepage measurement

in irrigation channelgSmith, 1973; Smith, 1982MicLeod 1994 Akbar, 2003 ANCID,

2000a, b, 2001, 2003a; KTF, 1999, 2002 SKM, 1997a, b, 2006Brinkley, 2000, 2004;

Bodla et al., 1998Sarki et al. 2008. A pondage test uses a water balance to determine
seepage losses in an isolated reach of chaiihe. method relies othe construction of
earthen banks to create leatoof channelsectiors where the drop in water level can be
measurd. The location of the barriers depends on project objectives and might be determined

by geophysical surveys or perhaps anecdotal information. However in many cases existing
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structures can betilized. Any existing structures suitable for forming a sedladier should

be utilised where possible to minimise the number of barriers required to be constructed.
Pondage testing using the channel automat®m, potentiallyuseful technique for routine
appraisal ofeakage and seepage, as the system effecis@btes pools, and provides water

level data for the analyséBoultonet al, 2007).

In general, a section of channel is blocked off with barriers at each end and filled with water
up to, or slightly higher than, the level at which it usually flows rymperation. As the
water level in the channel section falls, the level is measured bpexratorhook gauge, or a
waterlevel recorderThe time between measurements is also recorded, necessary corrections
for evaporation and rainfall made, and theuli#isg seepage loss rate computdd.the water

level is always filled up to or higher than operating leu@ks tmethod has the advantage of
accurately representing normal flow conditions but is very much dependent on accurate

measurement of the pond dept

Other advantages of using pondage testing are that the influence of localised conditions is
reduced and the opportunity for human error is also diminiBE§1 2006) Brinkley et al.

(2004) showed thatpondage tests were the most accurate meadnchanmel seepage
assessment with a good degree of repeatability in the results, with a maximum difference of
25% between ratesvhich was attributed to changes in depth to watertable and channel bed
properties.The pondage test method provides an average neagesflux for the entirety of

the surface water feature being considered. This is in contrast to other methods, such as

seepage meters, which only measure seepage at a point.

An important disadvantage of pondage teststla¢ the test must be conducteatside of

normal operatng periods. In other wordshe channel must remain out of use during fests
while from economic perspective thestallation cost of embankments to isolate reaches of

the channel can be higA disadvantage of the pondage teshat tit cannot identify specific
locations of channel leakage or seepagtin the reachAnother apparent drawback is that
because the channels are closed and there is no through flow, sediment sinks to the bed of the
channel and reduces permeability camgal tooperatingconditions. However, under normal
operational conditions there will also be periods of low flow andlow, during which
sedimentation will take place. Hence imaonelsectionseven thoselesilted recentlya layer

of fine sediments always expecteSKM 2006) Similar to other measurement techniques,
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seepage estimates may be misleadingny eomponent of the water balancamot be

adequately accounted for or effectively measured.

The basic equation for calculating seepage losseg tie pondage test method is:

W[d; dy E+R]
P(ty tq)

S= (2.2)

whereS is seepage raté)V is average surface width betweémandt,, d;andd, arewater
levels att;andt, respectively (averaged betweefs and d/s gaugesR is rainfall along
reach between; andt,, t;is time at first measurement of water levels a@pds time at

subsequent measurement of water levels.

Estimates of evaporation and rainfall can be obtaimech fthe nearest weathestation
However for more accurate resulisrainfall gaugeis usually established adjacent to the
ponds especially if the nearest weather station is a significant distance from the site. As well
as basic data concerning the soil and the basic channalutigditata, it is very important for

the interpretation of the results that the extent of any silt layers lining the channel is known.
The typical duration of a pondage test is in the range of four to tenlfiegisfall during the

test causes significemnmeasured runoff into the ponds, the test will need to be cancelled as
this inflow will not be accounted for effectively in the water balance.

The most appropriate time for conducting pondage tests is at the end or beginning of the
water distribution season, so as to minimise disruption to the system. Of these two options,
the ideal time is at the end of the water distribution season, immedafere the shutdown

of the system, as stfurface conditions are closest to those encountered during operation.
However, pondage tests can be conducted at the beginning of the season which can be an
advantage if initial channel starts up losses are dfiapmterest. The analysis of pondage

test results conducted byicLeod et al (1994) who carried out several pondage tests at
various times (Augustlay) over two irrigation seasomms northern Victoriashowed that the

seepageestsnearer the middle dhe irrigation season had a tendency for higher rates.

The application of pondage test as a useful technique for seepage estimation has been shown
in several studies conducted in irrigation districts in Austr&imith, 1973; Smith, 1982;
McLeod 1994 ANCID, 2000a, b, 2001, 2003a; KTF, 1999, 2002 SKM, 1997a, b, 2006
Brinkley, 2000, 2004; Bodla et al., 1998Several studieslso have been conducted in

different irrigation districts in Pakistan to show the accuracy of results achieved through both
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pordage and inflow outflow methods (Boddh al.,1998 Skogerboeet al.,1999 Dukker et
al., 1994 Alam et al.,2004 and Sarket al.,2008).

In most casethe ponding method was mentioned to be a more reiai¢thod for seepage
estimationcompare to the inflowi outflow method $mith, 1982Bodlaet al.,1998 Alam et
al., 2004; Sarki 2008 Schulz,2009.

Smith (1982) indicated that pondage testing in relatively short sections of channel removes
the larger items from the water balance equation gi@rgubstantial improvement in the
accuracy of the estimated seepage loss. Alam et al. (2004)csisolered the pordie test
method to be more accurate than the infloutflow method as variability of various
statistical parameters from the ponding tess comparatively less.

At the same timeSarki et al (2008 suggested thdahe actual seepage loss could be expected

to lie somewhere betweasstimates othe twomethods Their study showed that apding

test measured water losse2%ss than an flow-outflow test. They indicated different
reasons such as silt deposition in ponding test and the different section length for each

method for this difference.

While, Skogerboe et al. (1999) considered the infloutflow the highly preferred method of
measuring channel losses, because the losga® being measured under the normal
operating conditions. Howeverhdy suggestedhe application ofponding method when
channel losses are relatively low. They could not consider theagertdsta standard metid

for evaluating channel losses, contrary to some other autbamge channels evaluated by
them showed negative loss tevhich is unexplainable.

2.3.3 Geophysical techniques

Geophysical techniques involve measuring the reflected electrical curagrtath been sent
into water or soil medium. From a cost perspective, these techniques are relatively
inexpensive if using existing data or maps. On the other hand, in other cases when drilling

and classification are required are moderately expensive (ANZDIOB).

Geophysical techniques, including electromagnetic (EM) and electrical resistivity (ER), are
suitable methods for qualitative distributed assessment of relative seepage along channels in
contrast to direct and point measurement methods which reegxpert operators and are

unable to quantify distributed seepage losses along the length of channel (Khan et al. 2008).
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The preferred EM technique for geophysical channel seepage assessment directly detects the
impact of seepage on the groundwater. heoivords the instrument must focus on the zone
immediately above and several metres below the watertable. The most relevant geophysical
techniques to Australian conditions for channel seepage detection are electromagnetic
(specifically EM31 and EM34) antksistivity (ANCID, 2003). EM31 is considered to be
suitable for shallow watertables (surface to approximately 5m) and EM34 can be used for
deeper watertables (ANCID, 2003). However, it must be assured that seepage is controlled by
the unsaturated zone e surface clogging processes. Otherwise the techniques will give a
high percentage of errorSKM, 2006)

On the other hand, ER techniques can be used to determine resistivity of the soil underlying
the channel. Measurement of electrical resistivitgaifs beneath a channel was shown to be

an indicator of the likelihood of seepage (Wantland and Goodman, 1962). Correlating
measured ER data of soil underlying the channel to channel depth and then to actual seepage
rates measured with seepage meters, s et al. (2001), developed a procedure to
guantify seepage losses in unlined irrigation channels. It is expected that areas with high
seepage have a higher electrical resistivity (Hotchiisd, 2001; Streeet al, 2003). Street

et al. (2003) concdlded that resistivity worked best where there was a diffuse seepage from
the channel, especially near the watertable. However, Smith & Turner (1981) suggested that
the resistivity traversdid not locate the zone of high seepage but only dedeébe shallow

coarse sand aquifer thascoincident at that poinEurthermoreHotchkiss(2007) indicated

that the application of ER is very limited asatjuires the development ofacal quantitative

relationship from actual measurements
Geophysichtechniques can be used in two ways for seepage assessment:

1 Mapping the distribution of high and low seepage zones

1 Quantification of seepage rates

Mapping the distribution of seepage rates loarachieved with thapplication of geophysical
technique ane. Fowever it is more confident to validate them wilimited direct or point
testing(Brinkley et al.,2000, 2004; ANCID, 2003Khan et al., 2008/\Vattet al., 2008).

From 1998 onwarddhe application of EM31 equipment replaced tldaho meter for
primarily qualitative measuremerdtong the banks of the channels and sections of the Main

Canal ofthe Coleambally Irrigation Aregiven the highly variable results of Idaho meter due
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to locationdifferences and operator error (SKM, 2006; CICL, 2088kanet al. (2008) used

an Electromagnetic (EM31) survey for identifying critical sections of the irrigation supply
channel systeras part ofqualitative seepage analys&milarly, Watt et al. (2008) used the
geophysical technique to measures the resistofithe soil in order to assess seepage points
along irrigation channels in theo@ambally Irrigation Area. SKM (2006)also, used
electrical conductivity measurememisovided byAllen & Merrick (2003) and Allen (2005)
and thermal imagery obtained frommane to identify areas with potential high vertical and
horizontal seepage and leakage hotspots in the first 18 km of the Coleambally MairACanal.
the same timelkbar (2003) indicated thahé EM-31 method washown to be an important
initial predictive toolas the electrical conductivityaluesobtained from the EMB1 surveys

provided annsight into the most likely locations to have high seepage rates.

ANCID (2003) demonstrated th&MW31 surveys combined with 4situ seepage monitoring
are nost effective in identifyinghe distribution of seepag8imilarly, Brinkley et al. (20@)
demonstrated thageophysicaltechniques when calibrated against direct measurement

techniques could provide a reasonably accurate quantitative assessment @& sdepag

ANCID (2003 recommended the combination of geophysical surveys and pondage tests as
the most suitable approach for intermediate to large scale investigaB#&ins. (2006)
combined theesults ofelectrical conductivity imageryassessment of the dienents below
the channel bedf the Main Canal in Coleambally and pondage testquiantify vertical

seepagéosses

Due to the potential for rapiseepage assessmeniong channel sectiorthe application of

geophysics has become an important aspatatofral resources management.
2.3.4 Remote Sensing

Remote sensingefers to any kind of data recording by a sensor which measures energy
emitted or reflected by objects located at some distance from the sensor and includes aerial
photography and sate#i imagery.In contrast to direct and point measurement methods,
capable of directly measuring a physical property at a single location, remote sensing
techniques use high density sampling of-suldface and neesurface properties to provide
essentially ontinuous data along the channel. An important advantagenabte sensing

techniquess that they can be conductedhout interfering with channel operatiordn the
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other hand, given the fact that it assumes that seepage has a surface expression, thus sites

where moist soil occurs which are not affected by seepage will be detected as seepage sites.

Depending on the source of datamote sensing techniques are coaeed tobe elatively

inexpensiveHowever proper interpretation will increase the costs (ANCID, 2003).

Brinkley et al. (20@) and similarly ANCID (2003showed that remote sensing could be best
suited to investigations where the primary aim was ideatiin of land degradation
associated with channel seepage, and would be most useful where lateral seepage is
predomnart. McGowen (2001) and Nellis1982 addressed the application of remote
sensing techniques for detecting channel seepage losses ialiaustid USA respectively.
However, remotesensingtechniques are not generalliged to quantify channel seepage
(ANCID, 2003).

Engelbert et al. (1997) used an integrated method of remote sensing and geophysics to locate
channel seepage in the NebraskalewPower and Irrigation district which was the basis for
the Hotchkiss et al. (2001) study. The authors indicated that the method was adequate for

locating the areas of seepage. However, the quantity of seepage was not validated.
2.3.5 Saoil classificabn

As mentioned earlier,0d type is one of the mosmportantvariables effecting seepage rate.
Considering the fact that seepage is primarily a function of hydraulic conductivity, soil and
geological data can be used to access actual or potentiafjseEpahermore, soil categories

of a channel, can be a basis for seepage categories of higher and lower seepage zone within
the channelHowever, theapplicationof material properties and distributions alone is not

effective in seepage ragstimation

Soil and geological profiling are typically produced at regional scates can be used to
provide a preliminary ass&ment of the ground conditions. At the same time, they can be
used to picture the conditions where seepage is more likely to h&bpsave, seepage rate
estimation cannot be made just by using them solEhtt et al. (2008highlightedthat the

soil type affects the water movement only in the initial stages of saturaheir. simulation
results demonstrated thatae the profile becomesaturated the soil type does not affect the

water movement.
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Igbal et al. (20Q) used the Agricultural Region of Alberta Soil Inventory Database
(AGRASID), a primary source of soils information, in conjunction with a GIS to estimate the
total volume of seepage withan number ofrrigation districts.They grouped seepage rates

from each reach of 11 irrigation districts in southern Alberta into differenttexilral

classes By using the measured seepage rates, they developed seepage curves based on

channelkapacity to estimate the seepage ratechannelkegment.

The application of seepage rate for different soil types is considered to be a usefulfimrethod
providing a first estimate of zones of seepage loss from a sy#tewerthelessany
correlations made between soil type and seepage potfmtisore detailecassessmerare
likely to be of limited accuracy (ANCID, 2003).

2.3.6 Groundwater Assessment

The application of groundwater assessment techniques are based on changes in hydraulic and
chemical conditions of the aquifer below a channel, after penetrated water reaches the
watertable. The trends in groundwater levels in comparison with channeliogdiaes can

be used to indicate seepage and possibly estimate the loss rate.

Knowing the hydraulic conductivity of the aquifer, the seepage rate can be calculated from
the water level informationA series of piezometers as tools to measure pressure of

groundwater at a specific point, located at right angles to the channel are usually used to
conduct a groundwater assessment. By determining the hydraulic conductivity of the aquifer

from the water level informationhe seepage rate can be calculated.

Groundwater information can be used either for seepage identification when using water
levels in groundwater monitoring bores or seepage rate calculation byamshgical and
numerical techniquesr by using the chemical properties of channel watergaadndwater

to identify and estimate the seepage rate. Quantification of seepage rates can be done either
by using simple analytical equations or by using complex numerical groundwater models.
Simple analyticalapproaches to seepage quantification @né/ suitable for a first cut
estimate as they require a large number of assumptions on the general properties of aquifers
and results cannot be precise. Groundwater assessment techniques have the advantage tha
there is no limit to the size of chanred wellas no interruption in channel operation and

seepage losses will be determined under dynamic cond{déGID, 2003.
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The main shortfall of seepage ratgiantification using piezometric or hydrochemical
groundwater data alone is that it is concentrated slice across the channel which may not
be representative of broader channel conditiaeswell as the difficulty in accurately
determining the hydraulic conductivity which magguire specialist technical inp(ANCID,
2003b).

Analytical methods for seepage measurement are equation based. Seepage estimation is basec
on knowledge of the relevant hydraulic properties of the soil and of the boundary conditions,
such as depth to groundwatehannelcross section, and water depthrditz 1977).
Analytical solutions for channel seepage estimation in a homogeneous isotropic porous
medium of large depth for different sets of specific conditions have been given by
Vedernikov (1934) ; Muskat (B2); Harr (1962); PolubarinovKochina (1962); Morel

Seytoux (1964); Bruch (1966);h@har (2000) and Swamee (2001). Jeppson (1968) also

presented a numerical solution for seepage measurement.

The application of adopted methods for specific conditions @rahneldimensions are
limited. An exact mathematical solution to the problem of seepage ¢hanned of
various shapes with water table at infinite depth in a homogeneous isotropic porous

medium of large depth has been given by Vedernikov (1934).

Muskat (182), PolubarinovaKochina (1962), and Harr (1962) studied seepage losses
by using mathematical analysis for triangular and trapezactimhnes. At the same time,
Morel-Seytoux (1964) dealt with the case of a rectangtifanneland the solution has ée
obtained by conformal mapping and the use of Green functions. For transient seepage, Collis

George and Smiles (1963) proposed a solution for rectangular channels.

With the application of finite differences method, Jeppson (1968) presented a solution fo
seepage from channels through layered porous mediums. He considered the lagers to

anisotropic with different ratios of horizontal to vertical permeability

Bruch (1966) and Bruch and Street (1967a,b) obtained an analytical solution for seepage
from a triangulachannelin a soil layer of finite depth overlying the drainage layer.

Bouwer (1978) presented solut&ior channelseepage for various depths and shapes of the
channet and of positions of groundwater table in three tymés soil conditions,

including, high hydraulic conductivity, low hydraulic conductivity and the hydraulic
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conductivity in which the thin layer of sediment below tbleannelis much lower than

the underlying soil.

Chahar (2000) and Swameeakt(2001) obtained an analytical solution for seepage from a
rectangular channel in a soil layer of finite depth overlying a drainage layer using
inversion of hodograph and conformal mapping techniques.

On the other hand, numerical methods laging used extensively to quantify and estimate the
seepage rate. The benefit of numerical modeling is that the variability of aquifer properties
can be taken into account. The flow system can be simulated and calibrated against variation
of water levelsin the aquifer under changed hydraulic conditions in the channel which
enables the understanding of the way seepage occurs, the factors that affect seepage entering
the groundwater, and the potential consequences of seepage for land degradation, (ANCID
2003).

2.3.7 Seepage predictivenodelling

Seepage as mentioned earlier is a complicated process and depends on a number of factors.
Thus, it is a difficult tasko incorporate althe affectingfactors inany calculation(Kraatz,

1977). From the modelling perspective paysical model, which can incorporate all of these
factors and accurately predict seepage rate, is not easy to désaaopthe development of a
complicated model capable of predicting losses needs to have forecasidepéndent

variables affecting the seepage procétmtieed et a/1996).

Hamid et al. (1996hoticed that due to climatic and other uncertainties, the water loss series
observed over a period of time can be treated as a stochastic @odeas be moded by

time series techniques. Treithorsmentioned that due to the difficulty to ascertain the
fraction of total losses attributable to evaporation or seepage, from an operational point of
view, evaporation and seepage should be treatetkruone singleheading such as
transmission losses in an irrigation system. They explored the possibility of the
autoregressive integratedoving average (ARIMA) process as a viable model option for
transmission losses serieshelTauthoraused monthly discharge data fralanuary 1971 to
December 1990 recorded by timeperial Irrigation District,California, USA for their study.

They calculated the transmission losses in the district by indlatlow technique, and

changed the data into percentage series to make it el@ethas the inflow discharge was

PhD Dissertation Page30



Literature review of conveyance water loss measurement in irrigatiorchannels

not constant for each month. D#tam the first 19 years (January 19Dkcember 1989; 228
months) were used for the model development and data from the last year anuary
December 1990; 12 months) were utilized for vh&dationof the final model. Their model

showed 95% confidence bounds for the forecasts.

Khan et al. (2008) showed thattificial neural networksANNS) can be successfully applied

to analyze distributed channel seepage. They conducted a stuithe Murrumbidgee
Irrigation Area for evaluating seepage losses in the irrigation channels. By using ANNS,
Khan et al. (2008) combined qualive measurements with local quaatite seepage
estimates as a workable distributed quatN® technique.In order toidentify critical
sections with high seepage the authors used the EM31 survey technique while, for the
purpose of bulk water losses measurement, the inflotflow method was used. After
identifying hot spotsas having potentially high seepage ldaho sqege metemwith the
purpose of quantitative seepage rate measurement was used. Finally in order to train the ANN
model,the data collected by theentionednethodswvere usedRadial Basis Function (RBF)

was usedfor the training purposesThe inputs to themodel comprised oEM31 data,
hydraulic conductivity, salinity and depth to groundwater table with actual seepage results
from the Idaho seepage meter compared to predicted seepage rate as outputs. The trained
ANN was subsequently used to convert qualieadistributed seepage data to quantitative
distributed seepage rates. Téthorsdivided the entire dataet into three sets comprising

70%, 20% and 10% of data for training, cresdidation and testing purposes, respectively.
The analysis clearly indated that mostignificant seepage (>20 mny/dccurred in less than

32% of the surveyed channel length, therefore the channel lining investments should be
initially applied tothe locationsof the channel systementified as having potentially high
seepge. Their study indicated that ANNs can be successfully applied to analyze distributed

channel seepage by using key input variables.

Watt et al. (2008) usealgeophysical technique to modi#annelseepage in the Coleambally
Irrigation Area in NSW, Austré. To rapidly assess seepage points along irrigatiannet

the geophysical technigueas usedio measure the resistivity of the soil. Following the
geophysical surveying, the resistivity data was compiled and sorted for the program ESAP
Response SurfacSampling Design (RSSD) frothe USDASalinity Laboratory (Lesch et

al., 2000). This program was used to determine stochastically where the points for the soil
sampling regime should be. In conjunction, soil sampling was conducted along the
geophysical swey. In combination with the geophysical surveys the soils textural analysis
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was used for deciding the input parametns the Hydrus 2D/3D model. Hydrus is a
software package for the simulation of water, heat and solute movement inantiihrree

di mensi onal vari abl y s a 2006).&heauthorsnused thimodel ( Gi m’
to conceptualize the possible watervament below a channel after many years of use. Their
analysis of the results indicated a higher hydraulic conductivity will yield a more rapid
saturation of the soil profile and therefore the rising of the watertable in the irrigation area.
The results sbwed the water tables under the irrigation areas will remain stable for the initial
part of the irrigationHoweverat some poinwill show a rapid rate of increase leading to the

risk of water logging andalinization.

24 Evaporation

Apart from seeage, he other major component obnveyancdosssthrough an irrigation
distribution systemis the evaporation los$-or the case of lined channels, the evaporation
component can be substantial in the total percentageAossnsiderable amount of water
may be lost from a network of lorpanne$ through evaporation in arid or semi arid regions.
Evaporation losses from irrigation channels in northern Victoria can be as much as 70
GL/year (Winter & Albrecht2011). Similarly, evaporation losses from aguitural water
reservoirs can be pattially large and represent a significgrdrtion of thetotal water
managed for irrigation in arid or semiid climategHudson,1987).Go kbulak and O zhan
(2006) indicatd that estimated evaporation losses from lak&s dams in Turkey are greater
than the water consumed for domestic and industrial &segoration losses from storages
in Queensland can potentially exceed 40 per cent of total water stored etjp@0®L/year
which is enough to irrigate about 125008a and generate an annual gross crop value of
about US$ 375 million (Craig et a2005).

The most important factors affecting the evaporation processiatejmperature, sunshine
hours, humidity, cloud cover, solar radiation and wind speed (Hamesd &895).Initial
measurement and experimentation of evaporation goes back to 18th centur{paitoen
(1802) started the empirical hydrodynamic approach to the evaporation problem. He stated
that evaporation is proportional to the differenceapor pressurbetweerthe surface of the

water and in the air and that the velocity of the wind affects this proportionality.
Subsequently, numerous researchgtelling 1882 Fitzgerald 1886, Carpenter 1889

Meyer, 1915 Rohwer 1931, Penman 1948 Marciano and Harbeck1954 started
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investigaing the evaporationprocessb as ed on Dal tandpfogosed segealr i pt
equations on the basis of large amounts of experimentalvdaitzh all had thegeneral form
of (Sartori, 2000

Jew=(@+bV)(Ry - R) (2.3)

whereq,, is the heat fluxes by convection and evaporatbis the wind velocityP,, R, are
water vapor partial pressure at the air and water temperatures, abndire empirical
coefficients.

Generally the heat and mass transfer processes by evaporation from a free water surface take

place according to two mechanisms:

1 Transfer of heat and mass by the molecular motion (diffusion)
1 Transfer of heat and mass by the gross motion of the fluid over thesuaitzce

(advection)

Near thewater surface where the fluid velocity is lcamd advection is considered to be
negligible the dominantmechanismof heat and mass transfesr via molecular motion or
diffusion. However, h a very thin layer of air immedidyeabove the water surface, vapas
availablewhich is regarded as being due to the action of molecular diffusion. With forced
convection, the evaporation is caused by a combination of advectidiffusion, being the
dominart component of the mechamsof heat and mass transfer generally made by the bulk
or gross motion of the fluifLi et al, 2005)

A large number of equations for estimating evaporative rate are available in the literature.
Most of theseempiricalequationshaveresuled from regression analysef large numbes of
experiments Nevertheless, these equations continue depending or being valid for only
particular systems and climates similar to those when the measurements were made. Sartori
(2000) carried out a critical resiv on several weknown equations employed for the
calculation of the solar evaporation rate from free water surfaces. A number of publications
in the scientific literature compare different methods for estimating open water evaporation

rates. Finch and &l (2001) presented a full review of these methods.
The common methods used for estimagngporation rates are as follow:

M Pan factors
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i Mass balance

1 Energy budget

M Bulk transfer

1 Combined methods
2.4.1 Pan factors

Evaporation pans have betaditionally used to estimate evaporation rates for many years.
Pan evaporation is simply the depth of water evaporated from the pan during a day. These
pansvary in dimensions but the most commoneis the US Class A parfhe Australian
Government Bureau of Meteoogly (ABM) began installing Class A pans in the 1960s.
Daily data from these devices have been collected at many meteorological stations for
decades especially in rural areas where the information can be used for irrigation scheduling
(Gifford, 2004).The gplication of pan factors in estimating evaporation in channel water
loss studies has been cited by many authors (Nelson and Robinson, 1966; Mg&&d,

Igbal et al., 2002; SKM, 1997a, 200Bpultonet al.,2007 Shirsath and Singl2009 Schulz,

2009 Langet al., 2009).

Given the fact thatlirect use of data from pans located some distance away from the water
body can result in significant erroris order toadjustthe evaporatiofrom pan with water

body evaporation, pan coefficients whiafe simply the ratio of the water body evaporation

to pan evaporation, have been appl(itnter, 1981) However, he most importanshortfall

of this technique is that coefficients are specific to the pan type, its location and the nature of

the water body and sequire calibration for individual applications.

Nelson & Robinson (198 estimated evaporation from thrddferent channels in Northern
Victoria using class A pamvith coefficient of 0.9 While SKM (2006) used a class A pan
with a coefficient of 0.7 forestimating evaporation losses in Coleambally. Furthermore,
Poulton et al. (2007andLanget al. (2009)estimated evaporation ifatura with a class A

pan using a pan coefficient of 1.

Due to the differences in size between the pan, the water body anginyveir, pan
evaporation measurements are not recommended to be used directly for evaporation
estimation.Observations of Purcell (2003) from monitoring small reservoirs in reash
NSW and southern Queensland showed that pan evaporation generallpadosorrelate

very well with small reservoir evaporation using data collectesliten
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2.4.2 Mass balance

Mass balance is a simple method which calculates evaporation as the change in volume of

water stored and the difference between inflowsattlows Finch& Hall, 2001)

dv

Qri +Qgi Qo+ Qg 4
As

E= P+

(2.4)

whereE is the evaporation rate from the water boeys the mean rate girecipitation over

the sampling period); is the surface inflow rat€,, is the sufaceoutflow rate,Qy; is the
groundwater and seepage inflow rafg, is the groundwateand seepage outflow raté,is

the water stored anils is the surface area.

Although such a method is simple in principle it requires detailed and accurate meassireme

of surface and subsurface flows which are rarely available. Any errors in estimating
components of the mass balance results in a direct error to the evaporation estimate
(Gangopaghaya et al., 1968) further complication can arise if baok groundwagr storage

occurs whichcan increase the total storage capacity as much as 12% with the consequent
error in the estimation of evaporation if not taketo account(Gangopaghaya et al., 1966)
Leaney and Christen (2000) suggested this method for irnigekiannels where evaporation

and seepage are major components of total losses.
2.4.3 Energy budget

The energy balance method as applied to water bodiesesl lngpon conservation of energy
principles.In this method the evaporation from a water bodgsmated as the difference
between energy inputs and outputs measured at arsitgher wordsevaporationfrom a

water body is estimated as the energy component required closing the energy budget when all
the remaining components of the budget are kndwis procedure is the most data intensive

of the standard evaporation procedures, but it has wide applicabilityany differing water

bodies for time periods of minutes to years. The enbgjygnce for a water body may be
expressed adensen, 2010)

Q=R —zH+Q  Q (2.5
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wherel, is the change in energy stored in the wateryiodMJdm 2t 1, R, is net adiative

energy to the water body in Md 2t *, am, E /1000 is the energy utilized by evaporation in

MJm 2t 1 m, is density of liquid water in kgn 2, > is the | atent he
MJ kg !, E is the evaporation rate in mm' , H is the energy convected from the water

body as sensible heat MJ m °t 1, Q, is the net energy advected into the evabody by

stream flow or groundater inMJ m 2t 1, andQ, is the energy advected by the evaporated

water inMJm 2t 1.

The energy associated with evaporatiorcasnprisedof two categoriesthe heat required to
convert water intovapor (vaporization) andhe energy of thevater vapor molecules carried
from the water body (advection)his methods widely considered to be thmost accurate
methodof estimating evaporation (Assoulige Mahrer, 1993 Hoy & Stephens1977). As
such it is often used as a reference method against which other matbodslidated or
calibrated.Mcleod (1996) used thieeatbudgetmethod forestimatirg evaporation fromwo
irrigationchanneldn northern Victoriaandcomparedhe estimatedesults with the estimes
provided by Class A pan data. Mcleod (1996) indicated that the heat budget getbtite
best estimate of the evaporation from thegation channel during periods when data were
available. Andersofi1954) andStewart& Rouse(1976 also indicated that the energy budget
method can give accurate estimatesifable measuremerdseavailable However, foreach
water body, special equipent is requiredLarge number of frequent measurements and
difficulty in conducting some of them are some of the drawbackhefenergy balance

method
2.4.4 Bulk or mass transfer

Evaporation rate can also be estimated using the application otrbolfer formulae. A

simple version of such a bulk transégruation is shown in Equation(8eng 1991):
E=CUe; e) (2.6

whereC is a mass transfer coefficiett,is wind speed ante; e) is the difference between
saturated vapoumrgssure at the temperature of the water surface and the vapour pressure at a
specified height in the air above the water surface. The mass transfer coefficient is similar in
concept to a drag coefficient incorporating transfer across the viscous skiatlaélyerwater

surface and through the turbulent flow above it.
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Numerous studies have shown that the coefficient changes at wind speeds corresponding to
the onset of capillary wave formation on the water surface. As well, the coefficient depends
on the stattity of the atmosphere (Liu et al., 1979). The coefficient may also vary depending

on fetch across the water surface and vegetation of the surrounding land. This method
requires measurements of wind speed, vapor pressure, and air and water surfaceutempera

as well as estimates or measurements of water temperature.

Singh and Xu (1997) used the climatological data of northwest Canada to test 13 mass
transfer equations. After calibrating estimates for each site, a comparison was made between
the estimateé evaporation and pan data at four sites. The authors observed good agreement
between the estimates and measurements for a particular site. However in case of sites where
equations were not calibrated, agreements were gadford et al.(1984)alsoindicated that

mass transfer equatiorsse most convenient and useful for determining evaporation from

flowing channes.

Simon and Mero (1985) did not recommend the mass transfer method to estimate evaporation
from Lake Kinneret in Israel because of inconsistesults and largscatter in estimates of

the transfer coefficienOn the contrarySacks et al. (1994) fourgbod agreement (generally
within 8%) between the enerdpudget evaporation anasionthly masdransfer evaporatio

for a shallow lake in Florida. Howevdor a similar but deeper lal@mpatibilities were low

(mean monthly difference of 24%)

24.5 Combination method

The combination methods combine the mass transfer and energy budget principles in a single
equation Two of the most commonly known combination methods are the Penman equation
(Penman, 1948) and the PennManteith equation (Monteith, 1965). The combination
equations require inputs of net radiation, air temperature, vapor premsd wind speed.
Undouledly, the most widely used formula to estimate evaporation in the last fifty years, has
been the Penman equation (Penman, 1948). Its success when applied in many different
locations is attributable to its physical basis. Penman combined the mass tnadsésergy

budget approaches and eliminated the requirement for surface temperature to obtain his
expression for the evaporation in mm per day from open water which has the following form
(Finch& Hall, 2001)

_ YRy r f(u)(ea e)
E= Y+ ¢ + Y+ ¢ (2.7)
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whereR,, is the net radiation in units of equivalent depth of water fdhm @ slope oft h e
the saturated vapor presstieenperatureurve and is the psychometric coefficient (Q/ )e-

and f(u) is the wind function Penman subsequently modified this to a form commonly
knownas Penmark; , theevaporatiorrateexpectedrom short well wateregdegetéion. A

more general form of combination equation is given by the PeNmateith equation
(Monteith, 1965).The evaporation rate is obtained from the simultaneous solution of
diffusion equations for heat and water vapor, and the energy balance equation. When applied

to open water it takes the following form:

A+ NCp(ea €)/Ta

E= -
Y+ r

: (2.9

where the aerodynamic resistancg is the resistarte that the water molecules
encounter in moving from the water surface to @nexice height in the atmosphenad is
inversely proportional téhe wind speed. Thisquation has the same physibakis as the
Penman equation but does not contam émpirical calibration factoigherent in the wind
functionused by Penman. It this often considered teepresent the best description of the
evgoration praess (Finch & Hall, 2001)

An empirical approximation of the Penman combination equatesmade by Priestlegnd
Taylor (1972)to eliminate the need for input data other than radiadimsh is known as the
PriestleyTaylor equation:

YA

E= 1(0.85Y+0.63r) (2.9

Accuracy of assumptions made in tReiestleyTaylor equation has been validated by a
review of approximately30 water balance studies which it was commonly found that, in
vegetated areas with no water deficit or very small deficits, approximately 95% of the annual
evaporative demand was supplied by radiation (Stagnitti et al., 1889%eover, both
Penmanand PriestleyTaylor equations \Wwen applied in areas of low moisture stress,

produced estimates within approximately 5% of each ¢®tauttleworth and Calder, 1979).

Mcleod (1993)used thePenmarMonteith methodto estimate evaporation in Northern
Victoria. The results were then comedrwith class A pan evaporation and no strong
correlation was found between the two methods. SimilMliyJannet et al. (2008) used the
PenmarMonteith method to develop a model for estimating evaporation from open water

surfaces in the MurraParling Bash (MDB). The model was developed as part of the
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Murray-Darling Basin Sustainable Yields Project which aimed to estimate the quantity and
temporal variability of water resources across the MDBe model was tested against
measured datasets from seveneatéht locations within the MDB and was shown to produce
reliable estimates of the net radiation (difference in average daily values less than 5%), water
temperature (difference in average daily values less than 6%), and evaporation (difference in
average dily values less than 10%) from water bodies ranging in size from irrigation
channels to large reservoirs. McJannet et al. (2@0&)pared their results witMcleod

(1993) and pan A evaporation with coefficient of 0.7 five same period of timen
agreenent to Mcleod (1993), the comparison revealed taatelationship between mobkad

and pan evaporation was not particularly strokigreover, he slope and intercept of the
modeled dataset and the regression reported by Mcl(#6€63)were very similar ying
confidence in the modeld results for irrigation channel$he annual average evaporation
estimated from théMcJannet et al. (2008nodel was 1626 mm with 1491mm derived by
McLeod (1993).Consideringthe comparison of measured with mdddlevaporabn rates

for that locationand given the fact thato measured time series data was available for that
site, McJannet et a(2008) suggested that the model was making reasonable evaporation

estimates.

In many parts of Australia especially n irrigated areas there are now many automated
wedher stations (AWS)Therefore, daily weather data, including solar radiation, humidity
and windspeed, can be olweed for estimating evaporation. In major irrigation districts of
Australia, evaporation values areadhtedon the basis ahe PenmarMonteith equation.

2.5 Previous combined losses studies in Coleambally and Goulburn

Murray

2.5.1 Goulburn Murray Irrigation District

GoulburnMurray Rural Water Corporation trading as GoulbMuarray Water (GMW) is a
statutory Corporation constituted by Ministerial order under the provisions of the Water Act
1989. GMW services a region of 68,000 square kilometres, bordered by the Great Dividing
Range to the south, the River Murray to the north and stretching from @gnryohe east to
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Nyah in the westA comprehensive review of channel seepage studies conducted between
1962 and 2011 across the Goulbiaorray region was made ainiigh potentials of seepage
in different channels across the area as wellaa®us seepagemtes reported by different

authors were highlighted.

Torrumbarry

b

Figure2.3 Goulburn-Murray Irrigation District ( Australian Gov., Dep. of Sustainability, 2013

Nelson & Robinson (19§ highlighted seepage losses between 4.3% and 26% of the total
inflow in 3 different channels in Northern Victori&obinson (1971jnade a reviewof the
distribution efficiency in the Goulburn Murray irrigation distraatdestimated the levels of

efficiency and losses dsllows:

Table 2.1 Levels of efficiency and losses in the Goulbuiurray irrigation 1971 (Robinson, 1971)

Recorded efficiency 69%
Measurement loss 7%
Outlet leakage 1%
Other losse¢Evaporation, Seepage, outfalls, the 23%

The author referred the easurement los® a quantity of water delivered to farms but not

recorded because of inaccuracyh@asurement by Dethridge meter.

Smith (1982) reviewedlifferent channekeepagemeasurementrials in different irrigation

districts d Goulburn Murrayarea and highlighted seepage rates between 13 and 102 mm/d in
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different channels (Table 2.2). At the same ti®mith and Turner (198 Bstimated seepage

rateas low a$.2 mm/dfrom anunlinedirrigation channein Northern Victoria

Table 2.2 Sample results of seepage resu{Smith, 1982)

Channel District Method Seepage rate
mm/d
Western(Nelson & Robinson, 1966) Swan Hill I/O 102
No.11(Nelson & Robinson, 1966) Rochester I/O 13
No.31(Nelson & Robinson, 1966) Nth. Shepparton I/O 25
E.G. Main (Anon., 1970) Shepparton I/O 13to 19
2/10 (Smith, 1973) East Shepparton Pond 13
2/10 (Smith, 1973) East Shepparton Meter 17

Similarly, Dunstone(1998) made a comprehensive review of the previous seepage studies
conducted between 1962 and 1983 in the GoulMuirray region and highlighted seepage
rates from 2.4 to 16 L/m?/day. Strong and Barrorl994) also estimated seepage losses
between 2.7 an@3.5 mm/d from on farm channels in Goulbirray region. Strong and
Barron (994)suggested that u 50% of ground water recharge may come frorfasm

and district channeld his was supported hyeeson et a1995)who suggested that €arm
channel seepage losseay be up to 3 ML/km/yeagqual to 6.75 mm/dn large area farms
within the Murray Valleyirrigation areaMcLeod et al (1994)also, performed 19 pondage
testsat twochannel sitegh northern Victorieand measured seepage losses of between 14 and
34 mm/d in the large Tatura East @hnel and between 5 and 9 mniwidthe Dhurringle
Channel.Brinkley et al. (20@) also, conductedtotal number of 81 gndage testacross
different sites inGoulburrMurray Waterareaswhich returned seepage rates ranging from
0.1 mm/d to 48 mm/d.

SKM (2000)categorized the potential ineffiencies and losses in channel distribution systems
in northern Victoria intanine different component3 éble2.3).
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Table 2.3 Components ofunaccounted for water in the Goulburn-Murray Water irrigation

System from 1989/90 to 1998/99 (SKM2000, SKM, 2006)

1989/90 to 1998/99
Adopted Error Range
Component Whole of GMW
of the syste
Average % Low (5 High (95 Adopted error
ML/yr ’ percentile) | percentile) range
Outfalls 298 281 30% 244,762 | 701,914 | -10% to +100%
Leakage 84,865 9% 52,099 | 243,200 | -50% to +200%
Seepage 54,010 6% 41,798 65,916 | -25% to +25%
Evaporation 100,610 10% 78,761 121,302 | -25% to +25%
?Iﬁf’rfgm 64,292 7% 52,469 75,695 | -20% to +20%
Theft 5,500 1% 3,407 15,768 | -50% to +200%
Dogtiitl'(c & 37,573 4% 39,151 73,055 0% to +100%
Meaér“r';?‘e”t 110,178 11% 110,178 | 110,178 0%
Unaccounted
for Water 224,970 23%
(UFW)
Total UFW 980,277 100% | 622,625 | 1,407,028

Considering the results of several condugbeedage tests in certain channel sections
northern Victoria,SKM (2000) concluded that leakadgessescomprised 9% of the total
unaccounted flows, while seepage wasdhe total. They statethat in the case of outfalls
and measurement error, sintte implementationof Total Channel Control, outflows have

been reduced to almost zero and metering accuracy has improved by around 2%.

However, higher seepage rates have also been reported irpatte of Northern Victoria.
Lawler (1990)highlighted seepage losses as muchGamm/dfrom onfarm channels in the
Campaspe Region of Northern Victomden channels were filled up to their supply level
and 50mm/dat the end of the irrigation perio&imilarly, Watts and Thompson (2001)
estimatedseepage lossf 81000m? overthree seasons (807 days) from one of the channels

diverting water from the Murray River in Victoria

From 1998 onwardse Australian National Committee on Irrigation dciinage (ANCID)
conducted majochannel seepagaudies in different channels in tMurrayi Darling system,
focusing on how to quantify seepage; channel seepage remediation in order to find the best

way to treat seeping channels, and channel seepage enagratgdecision support to look at
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how to make the difficult decisions on whether expensive remedial works should be carried
out or not(ANCID, 2000a, b, 2001, 2003a;, KTF, 1999, 2002).

At the same time, the application of TCC data has been addressediinber of small scale
studies.Poulton et al. (2007) conducted a trial water savings project involving channel
automation over the duration of 20@807 irrigation seasons across 20% of thent€al
Goulburn Irrigation Area and showed thedkage and msarement error represengeeater

part of the system loss than previously thou§taiultonet al. (2007) highlighted that due to

the errors of measurement (£ 2% at each regulator) sufficient precision of measurement was
not possible. Thus, the differend®tween inflow and outflow measurements taken at
adjacent regulators during the irrigation season have not been successful in determining
losses in an individual pool. Poultat al. (2007) introduced an improved methazhlled

60i nf | ofer moreacduse @ssessment of system loss in individual pools during channel
filling, in which the downstream regulator is closed, and a small inflow to the pool is used to
just balance the leakage and seepage tdbavever, given thabnly a few preliminary inflow

tests have been conduct#ti2007, no result was reported inighstudy.Poultonet al.(2007)

used the channel automation data to apply pondage testing on isolated pools for a period of 7
10 days.To carry outthe pondage tests, each pawds brought ugo full supply level and the
regulator gates close®oultonet al. (2007) suggested that theate of recessioduring the

first 24-48 hours represesithe total lekage, seepage and evaporation, which assumes that
leakage, occurs mainiy the eroded seicin of the bank within 150mm of the full supply

level of G-MW channelsWhile, loss measurements several days later tifeepondage test

commencd are taken to represent seepagearaporatior(Figure 2.4)
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Langham Rd pool RN49-50 Pondage test results
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Figure 2.4 Example of analysis of pondagéest data Poulton et al., 2007)

Figure 24 shows a high leakage rate in May 2004 during the first day of the tesBii4En

that, kaks were repairdoetween February and April 2006sabstantially lower leakage rate

was then recorded in the pondag# te May 2006 (B). The pondage test in May 2007 shows
that without further leak repair, the pool again has a high leakage rate (C). In all tests the
estimated seepage rate was betweénndm/d (D). The components of loss, expressed in

terms of the fall ichannel water level, are shown in the table below.

Table 2.4Estimation of leakage andseepagel Langham Rd pool RN4950 (Poulton et al., 200y

Year Seepél\?aer;ol_rzzlé?]ge and Leakage | Evaporation | Seepage
(mm) (mm) (mm) (mm)
May-04 91 84 1.3 5.7
May-06 9 4 1.3 3.7
May-07 78 71 2 5

To provide additional confidence in the estimation of leakage and seepage from pondage
tests, in May 2006, Poulton et &007) operated the CG234 system without planned water

delivery in the system. The inflow to the system, after adjustfoer@vaporation, was 43.3
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ML/d while the total loss recorded in the pondage tests, in the period immediately after the
test was 25.1 ML/d. Aerefore the leakage and seepage measurement, bgsendaige tests,

only accounted for about 58% of the system inflow. Poulton €2@07 indicated sme of

the differencedue toauthorized (and neauthorized) extraction from channels by customers,
included in the system inflow, becluded in the pondage test results. Poulton €2@07)
suggestedhatthe best estimate of leakage and seepage is at least 20% highgoridage

test resultsThe reasons behind this suggestion were:

1 Corporate recoslof channel dimensions are thought to underestimate the actual
dimension and
1 loss rates are likely to be higher under normal operating conditions, given that in a

pondage test the hydraulic head is always less than that at full supply level.

Schulz (2009 introducedthe application ofautomated channel control data ofM® in
conjunction with the pondage test methtml estimate seepage losses in some random
irrigation channels. Schulz (2009)uggested thatoise associated with measurement errors

and othe factorsshould be eliminated before any analysis (Figure 2.5 and 2.6)
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Figure 2.5 Data cleansing due to short term fluctuations (Schulz, 2009)
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Figure 2.6 Data cleansing due tautliers (Schulz, 2009)

FurthermoreSchulz (2009kuggested variable loss rates instead of one constant seepage rate

during a pondage test (Figure 2.7)

Rate 1: Leakage + Seepage
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Figure 2.7 variable loss ratesduring a pondage tes{(Schulz, 2009)
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Schulz (2009kuggested that testing @oolsin which the loss rate vagd with wder table
elevationsshould be done after hydraulic conditiomsre stabilized in that ared:inally for
the issue of adjusting the ponding results with dynamic conditiectailz (2009suggested
that correction factors should be applied to the resditsvever, no result was provided in
his study.

Another study that addressed the application of TCC data in a number of selected channels
was conducted biang et al. (2009 who used TCCdata fromNo. 2 channel in the Central
Goulburn Irrigation Area to showow daily measurements of meter@eliveries and total
system offtake can be used to characterize the temporal distribution of leakdgeeepage
losses.Assuming theft is negligible and any bias in measurement inaccuracies has been
eliminated by the irtallation of TCG Lang et al(2009 comparedtie daily total of metered
deliveries passing the 136 flume gates that regulate flow onto farms with the daily off take (or
diversion) to CG2 plus the flow passed to CG3 and attribilte difference between these
numbers to a daily record of the water lost to evaporatiormetered useleakage and

seepage (Figure 8.
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Figure 2.8 An example period of total metered deliveries and offtake to the CG@.ang et al., 2009)

Taking in toaccount thalifference between the metered deliveries recorded to May 15th and
the system use reported as-rmaetered use,niorder to estimate the seepage and leakage
losses in CG2, Lang et dR009 separated the net evaporatioss and ummetered useut
for the period between the end of channel filling and Mdy (Esgure 2.9) Given that he
Goulburn Weir evaporation record was only available to August 2008 and bathirifed|

and evaporation records contained short peraddsccumulated or misgindata,Lang et al.
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(2009 used an appropriate regression equation in conjunctiontiatipattern of rainfall or

evaporation at other nearby stations to infill the missing data.
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Figure 2.9 An example period of net evaporation losses and total lossgsang et al., 2009

Lang et al.(2009 excluded periods adjacent to and including the channel filling and end of

season phases, where the relationship between metered deliveries and CG2 offtake appeared

to be affected by changes in system storage from dagsets

Basedon seepageatesderived from previous pondage tests undertakerPdnyiton et al

(2007 in June 2006 and May 20@@at showedhat seepage rates remain relatively constant

from year to yeain order toestimate the portions of systens$es attributable to seepage and

leakage Lang et al.(2009 adopted a fixed seepage rate6onm/dequivalent to a 2 ML/d

loss across the CGZAfterwards,Lang et al.(2009 calculated thanedian daily leakage
losses of 9 ML/di 11 ML/d between 2003/04nd 2005/06, and 3.5 ML/d 5.5 ML/d
between 2006/07 and 2007/0&able 25).

Table 2.5Estimates of unmetered use and losses to evaporation, seepage and leakage for CG2 (Lang et al., 2009)

Un-metered Net Evaporation Seepage Leakage

Season (20th- 8_Oth (20th- 8ch

Use (Average) percentile) (Average) percentile)

ML/d ML/d mm/d ML/d mm/d ML/d mm/d

2003/04 1.8 0.7-2.4 2.2-7.2 2 6 4.9-14.2 | 14.7-42.8
2004/05 0.9 0.9-2.3 2.6-6.8 2 6 4.8-13.8 | 14.5-41.8
2005/06 0.5 0.6-2.4 1.8-7.2 2 6 5.7-16.0 | 17.2-48.2
2006/07 0.9 1.0-2.6 3.0-8.0 2 6 2.7-87 | 81-26.2
2007/08 2 0.7-2.6 2.2-7.8 2 6 0.7-80 | 21-241
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2.5.2 Coleambally Irrigation District

The Coleambally Irrigation District (CIDlocated south of Griffith, New South Wales is one

of the major irrigation districts of MurraRarling BasinNumerous channel seepage studies
have been performed in thEIA). Most of the quantitative measuremewtse based on
Idahoseepagenetermeasurements (Akbar, 2003; SKM, 1997a, b; SKM, 2006; Morton et al.,
1994; Kinhill, 1995; Stewart, 199684aher& Smith, 1997 anda few onpondage tests

(SKM, 2006) EM survey data were also used in identifying locatiorth Wwigh seepage
potential in the area (Harding, 2008|en & Merrick, 2003;Allen, 2005.

The majority of seepage studies in the CIA were done only for the Main canal or a few
identified locations with high potential seepage. However with the completietectrical
conductivity imaging ofall the irrigation supply channelsx CIA, Allen (2005) identified
locations with high potential seepage rate throughout the entire network and divided them

into 5 different priorities.

From the seepage magnitude prospective, different total amounts per year have been
highlighted by various authord&an der Lely (1994) suggested thHs GL/year of water

being recharged to water tables from cropping in 333 farms in CIA is lost via sdepage

leaky supply channels. This was supported by Pratt Water (2004), CSIRO (2008yvand

(1995) who suggested that channel seepagmtributes 12 Glyearfrom 1,400 hectares of
channes.

Pratt Water (2004¢onducted their study based annual envirament reports prepared by
Coleambally Irrigation Corporation Limited (CIClandKhan et al. (2004and claimed that

for the CIA,the combined savings could amount to as much as 53,000 ML frorfanear
losses and 120,000 ML/yr from darm losses (Tabl2.6). In agreement to that, CSIRO
(2005) also demonstrated that around 38 GL/year of water is lost due to seepage from

channels and rice farms (Table 2.7).

In addition, having reviewed the previous seepage studies and consideoiad ehannel
length of 4® km and average wetted perimetef 18 m SKM (1997a) concluded that
seepage and leakage loss fralirchannelsexcluding the Main Canal in the CIA amounted to
9.8GLl/yea.

Seepage rates have also been estimated in other studies with a focus on Maiar Cana

number of channelsikbar (2003) estimated seepage losses between 11 and 27 ML/year
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from selectedarms in CIA during the irrigation seasons of 1997/98, 1998/99 and 2B/
With the application ofexisting automatic water level record§KM (2006) estimated
seepage loss in the first 18 km of the Main Canal and the results were betweé&n32800

ML/year.

Table 26 Accounted losses and water savings in the darm and near farm zones(Pratt Water, 2004)

Combined water Savings
Previous losses ML/yr (Pratt Water
Component estimates 2004)

On-farm zone

Seepage 10,000 10,000
Deep percolation 35,000 35,000
Irrigation technology conversion 45,000
Reduced area of rice growing 30,000
Total 45,000 120,000
Near-farm zone

Seepage 15,000 38,000
Evaporation 15,000 15,000
Total 30,000 53,000

Table 2.7 Accounted losses and water savings (GL/y(ICSIRO, 2005)

"EFH "B "H O
Previous New Previous New
Component of system knowledge assessment  knowledge assessmen

Coleambally Irrigation
Seepage 15 30145 4i 16 4i 16
Deep percolation - - 2941 2941
Evaporation 15 15 - -
Irrigation technology
conversion - - - 1574
Total 30 45i 60 3357 48131

1 Within and near thgirisdiction of the irrigation corporations. Evaporation losses from
channels and dams.
2 Including rice
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From 1998 onwards qualitative measurements using EM31 equipment took place along the
banks of the channels including sections of the Mzanal 17 kilometresalong sections of

the Bundure 3 supply systeand 2 kilometres along sections of the Boona Main Supply
Channein CIA (Table 2.8)

Based on the results of electrical conductivity imagery assessmeptiohents below the
channel beaf the Main CanalAllen & Merrick, 2003; Allen, 2005, SKM (2006) assessed

the scale of water losses in the first 18 km of the Coleambally Main Canal to identify areas
with potential high vertical seepa@€gure2.10)and thermal imagery obtained frompane

to identify areas with potential horizontal seepage and leakage hotspots respectively.

Table 2.8 Summary of seepage investigations and treatments since 1993/94 (CICL, 2008)

Pondage | Idaho | EM-31] EM-31 | Thermal|Hydrogeop| SPOT Clay Bank

Testing | Meter | bank |pontoon| Image hysics Tubes | Total Lining | Rebuild Total
1993/94* 0 54.3 0 0 0 0 0 54.3 0.0 0.0 0
1994/95 0 72.5 0 0 0 0 0 72.5 8.7 1.0 9.7
1995/96 0 66.1 0 0 0 0 0 66.1 3.8 3.3 7.1
1996/97 0 56.3 0 0 0 0 0 56.3 0.0 15.3 15.3
1997/98 0 0 0 0 0 0 0 0 0.5 4.1 4.6
1998/99 0 0 178 0 0 0 0 178 1.6 1.2 2.8
1999/00 0 0 17 0 0 0 0 17 1.0 1.7 2.7
2000/01 0 0 2 0 0 0 0 2 0.8 0.1 0.9
2001/02 0 0 0 145 0 0 0 145 0 25 2.5
2002/03 0 1 0 0 0 12 0 13 0.2 0.4 0.6
2003/04 0 0 0 0 0 60 0 60 1.2 0.6 1.8
2004/05 0 0 0 0 55 12 2 69 0 13 1.3
2005/06 0 2 0 0 4 2 8 0.35 14 1.75
2006/07 0 0 0 0 0 428 0 428 25 0.9 3.4

Total (km) 252.2 197 145 55 516 4 1169.2 | 20.65 33.8 54.45

*=Channel maintenance data for 1993/94 unavailable
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Figure 2.10Submerged and floating array resultsin Coleambally Main Canal (Allen, 2005; SKM, 2006)

Pondage testing was used to quantify vertical seepage losses, while horizontal seepage and
leakage assessment was done ussitg specific infiltration measurement®ne large
pondage test was performed during the winter closure period of the Coleambally Main Canal
(Figure 2.11)

Actual Pondage Test 1

Tombullen Reservoir

Two ponds:
Pond 1: 16554 m
Pond 2: 3000 m

1¢t Regulator: Tubbo Wells

AU DM DM Dl Ditd Bl Dl DL DL DKM DU DU DIGG Bise DI Did DA HLMG DNGS DU OIS D0 2000 SLS

2nd Regulator: Horticulture

Figure 2.11 The pondage location othe Main Canal, Winter 2005 (SKM, 2006)
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The pond was 16,550 m long including the branch to Tomb&Egervoir. When the water
depth in thechannelwas between 1.7 m and 2 m, combined seepage and leakage was
observed over a 9 and 28 day period, resulting in observeesiois400 ML and 275 ML
respectively. The measured loss range was 2,800 ML to 3,90@eMlirrigation seasgn
similar to the los®f 2860 ML/seasomletermined by SKM (2000)The loss rate durg the

first period was 20 mm/d and 15 mnddring the second peridéFigure2.12) SKM (2006)
highlighted that the difference might have been caugeatifferent relative levels of water in
thechanneland the ground during the observation periods. The results suggested that 80% of

the losses may occur in 20% of the channel length or even over a smaller length.

Water Levels at Main Canal Offtake, Tubbo Wells and Horticulture Regulators

3.00

100
[ [ [ [ [ [ [ [ [ [ [ [ [ [ [ |
N Rainfall mm 24 hrs to 0900 Main Inlet Channel (Downstream) Tubbo Wells (Upstream)
= = = Tubbo Wells (Downstream) = = Horticulture (Upstream) r 90
2.50 80
_ canal closed _ canal being drained : ‘lombilljlgirjlllrlens)enloir __ canal closed _
= = g o 70
N .
AN AN e
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Figure 2.12 Water level drop in ponded frst 18 km of Main Channel (SKM, 2006)

Using GPS positioned vertical electrical conductivity imaging along with depth recording,
Allen (2006) conducted towed gebectric surveys oulifferent channel®f the CIA. Allen,

(2006) used the results of the resistivity images to seémgiage hot spots in channéisvas
followed by placingSeepage Penetration Observation Tubes (SPOTSs) in channels identified
from geocelectric imaging of aquifers beneath tbleannet. The SPOT measurement is a

form of infiltrometer test (Figure 2.13)
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Hook gauge
mL water to refill
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Figure 2.13Principal of SPOT seepage measureme(BKM, 2006)

Based on the conductivity levels in the bed of the chaniAkds (2006) prioritizedthe
suspectocations with high poterdl seepage loss into 5 different groups (Table E@ure
2.14 and2.15 illustrate the seepage test sites and the measuredirétedain Canal.

Table 29 Priorities of hotspotchannels in Coleambally (Allen, 2006)

Priority Criteria Seepage mm/d
1 Blue (EC<400uS/cm) from 0 to 12 m and >500m wide continuously 40
2 Blue (EC<400uS/cm) from 0 to 12 m and <500m wide continuously 20
3 Agua (EC<800uS/cm) from 0 to 12 m or blue in most depth slices 10
4 Blue (EC<400uS/cm) in several but not all deglibes or aqua in most slices 10
5 Green (EC<1000uS/cm) from 0 to 12 m and >1km wide continuously 10
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Figure 2.14 Main Canal seepage test sites and the rates measured in preliminary observatigAdlen, 2006

Bundure Main Canal Vertical EC Section
— Zoom In

Figure 2.15 Main Canal seepage testites superimposed over a vertical EC section of sediment

beneath thechannel @Allen, 2006
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Approximate locations of any given channel reach classified in each priority were identified.

Moreover, considering length and width of the wetted perimeter gsedfioeach leaky

channel, the total amount of water loss per six month period and the cost required for channel

remediation were estimated (Table 2.10)

Table 210 Summary of total amount of seepage in each prioritgyAllen, 2006)

o Length Area Seepage Loss (ML) per

Priority COSTS six month irrigation
(m) (m2) season

1 12,200 | 507,600 | $15,228,030 3,655

2 8,910 185,540 | $5,566,200 668

3 14,770 | 173,520 | $5,205,600 312

4 19,180 | 417,800 | $12,534,000 752

5 8,850 104,500 | $3,135,000 188
Total 63,910 $41,668,830 5575

2.6 Conclusion

A comprehensive review of applicable seepage measurement techniques as well as previous

seepage estimates in two of the biggest irrigation districts of Australia was undeFRaken.

the purposes of channel seepagémation the pondage test method is considered to be most

suitabletechnique The key factors making this technique most appropriate are:

1 it uses asimplewater balance to determine seepage losses in an isolated reach of

channel,

the influence of localised conditions is reduced,

the opportunity for human error is diminished,

pondage tests provide an average net seepage flux for the entirety of the surface water

feature being considered, this is in contrast to other methodsasseepage meters,

which only measure seepage at a p@nt]

1 it hasa good degree of repeatability in the results
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Pondage testing using channel automatiatg hasthe promisdo be a useful technique for
routine appraisal deakage and seepage, as slystem effectively isolates pools, and

provides water level data for the analyses

At the same time, utilizing the existimggulating structures in automated systems instead of
earthen bank constructi@iminates some of the disadvantages of this tecien for

example:

1 it decreasethecost ofapplying this techniqueand
1 it effectively allows simultaneous pondage testing in each pool throughout the

channel systemwithout taking the channetat of use as it previously used to do.

A comprehensive regiv of various water losses studies in different parts of Northern
Victoria was done and for the purpose of evaporation estimation, the application of different
techniques was evaluated. It was shown that in majority of recent studies evaporation was
estimded using a class A pan with various factors for different locatioasnbthation
methodsalso proved to be an effective means dgaporation estimation. The key factors
making this technique most appropriate are:

9 Calculations are based on readily avdéatata and

1 The model has a physical basis

In addition, h many parts of Australig especially m irrigated areas there are now many
automated weher stations (AWS)Therefore, daily weather data, including solar radiation,
humidity and windspeed,can be obtaed for estimating evaporation. Given that in major
irrigation districts of Australia, evaporation values are calculatedhe basis of Penman
Monteith mathematical equation, it was decided to use the evaporation estimates from the

AWS insteadf class A pan evaporation.

A comprehensive review of channel seepage studies conducted acressittiesn Murray
Darling region was performed arfdgh potentials of seepage in different channels across the

area as well agarious seepage rates repongddifferent authors were highlighted.

The review highlighted seepage rates as high as 400 mm/d in some parts of Northern Victoria
before remediation and 48 mm/d combined seepage and leakage losses after channel

remediation works. Channel seepage lossemuch as 15 GlL/year and 10 GL/ypeg and
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post channetemediation works have been estimated in CIA. Thus, it can be concluded that

high seepage rates are occurring, even after remediation.

The successful application ®CC data for the purpose of sege and leakage estimation in
Northern Victoria has been reported previoustglton et al.2007, Schulz,2009 Lang et

al., 2009. Despite the success, these studies were limited in that they used a small number of
selected channels as well as preplanpendage conditions. The work proposed in the
current research is unique in that it uses the entire TCC data for a whole irrigation scheme
during entire irrigation seasons to estimate seepage and leakage losses during periods of gate
shut down. This appezh will thereforeoffer a mean of continuous automated monitoring of
seepage lossdhat facilitates real time identification and control of leaky channels. Given

that Coleambally Irrigation Corporation Limitedlas the only scheme able to provide that

data (for three irrigation seasons), this study aims to estimate seepage and leakage losses for
the entire channel network of CIA using TCC data during periods of gate closure.
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Chapter 3: Coleambally Irrigation Area

3.1 Introduction

The Coleambally Irrigation Area was chosen as the principal study area due to it being one of
the first fully automated irrigation districts in the world and havimge years of historical

data. The Coleambally Irrigation Area (CIA) is located within the Riverina in the Statt

of New South Wales, Australia (Figure 3.1).

Irrigation water within the Riverina region is sourced from both surface water and
groundwaer. Surface water is the major water source and psedbomnartly in the mid
catchment region around Griffith, Leeton and Coleambally. Groundwater is mainly used in
the upper catchment, east of Wagga and also in theatitiment near Darlington Pointhd

region includes the Murrumbidgee Irrigation Area, Coleambally Irrigation Area and single
license holders, referred to as private diverters. Irrigation commenced in the Murrumbidgee
area prior to World War | and expanded across the region during thesebs 60 years.

CIA was established between 1958 and 1970, when the Water Conservation and Irrigation
Commission acquired pastoral lands to make use of the water being diverted from the Snowy
Mountains HydreElectric Scheme. This arealtxcated atibout 650 kilometres southest of
Sydney and waslevelogd for the sole purpose of irrigated agriculture. The Coleambally

town was opened in 1968 and the area surrounding it has a population of about 1200 people.
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Figure 3.1 The Coleambally Irrigation Ar ea in relation with Australia (Khan S, 2008)

The majority of the irrigation water for the area is diverted from the Murrumbidgee River and
is accessed from the Gogelderie Weir pool. The water is supplied via a 41 kilometre main
canal and 477 kilometres aupply canalgFigure 3.2) The area has 734 kilometres of
drainage channels that flow to the Billabong and Yanco Creeks.

Prior to 1991 the Department of Land and Water Conservation managed all irrigation water
across the state of New South Wales. Aft801L the Coleambally Irrigation Area was
managed as part of the Murrumbidgee Irrigation Area and Districts. During 1997, the
Governor of New South Wales declared the irrigation Corporation to be a State owned
corporation under the State Owned Corporatigics 1989. On December 6th 1999, the
Coleambally Irrigation Limited was established as a medium to assist with the transfer of the
state owned corporation to becoming a locally owned entity. The following day saw the
Minister for Land and Water Conservatitransfer all assets, rights and liabilities for the
previous corporation to Coleambally Irrigation District, making the company irrigator owned
and operated. Over this period a general meeting with the shareholders was held and it was
votedunanimouslyfor Coleambally Irrigation Limited to become Coleambally Irrigationr Co

operative Limited.
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Figure 3.2 Schematic map of supply and drainage systems in Coleambally (CICL, 2012)

The Coleambally Irrigatiorea isknown for its production of rice. Other crops grown in the
area include wheat, barley, oats, canola, soybeans, maize, sunflowers, lucerne, grapes, prunes

and pastures for sheep and cattle.

3.2 Climate

The Coleambally Irrigation Area is located in the BeVest area of New South Wales,

within the Riverina. This area is particularly known for its unremittingly dry ssndi status
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(Stern et al, 2000), which is evident with the cool winters and hot summers. There are two
weatherstations in the area (FiguBe3). At both stations potential evaporation (mm/hr) is
calculated using the Penmatonteith equatior{CICL, 2006) while daily rainfall in mm and

maximum and minimum temperature and wind speed are also measured.

GCOLEAMBATIVAS
&

10 12 14 16 18 0

=

Figure 3.3 Location of weather stationsin the CIA (CICL, 2013)

Figure 34 and 35 show the average temperature and rainfall during 2009 at AWS/1
and AWS/2. The temperature distinctly displays a summer and winter change, with summer

experiencing average temperatures of about 22 °C andntamperatures averaging 11°C.
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Figure 3.4 The averagetemperature and rainfall for CIA at AWS/1

Measured cumulative rainfall & averaged temperature at AWS/2
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Figure 3.5The average temperature and rainfallfor CIA at AWS/2

Due to the seasonal temperature changes, it is expected the evaporation is sieaitanal.
Figure 36 and 37 indicate there is a definite seasonality to the evaporation rate calculated
using Penmaionteith equation in the CIA. This area experiences high rates of evaporation
in summer with significantly lower rates during winter.
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Figure 3.6 The calculated evaporation rate for the CIA during 2009-2011 at AWS/1
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Figure 3.7 The calculated evaporationrate for the CIA during 2009-2011 at AWS/2

The climate of the CIA is highly conducive to extensive crop production with the aid of
irrigation water predomnartly due to the high amounts of solar radiation. However, soil type
may affect the type of crop grown on a farm.
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3.3. Soil Types

Five different soil types can be found in the CIA. These five soil types are: Sand hill
formations, Red Brown Earths, Prior Stream Formations-8kihMulching Clay and Self
Mulching Clays(Watt, 2008) The spatial distribution of these soil types is presented in
figure 38.

Bl ton Se Mulching
B Prior Stream Formations
Red Brown Earth
Sandnél Formations

B Ser Mulching Clay

O —— B /otec Body
G 25000 m
Soils of CIA

Figure 3.8 Soil types of the Coleambally Irrigation Area(Watt, 2008)
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3.4. Geology and Topography

As it can be seen in Figure93he topography of the area is reasonably consistent, with minor
variations throughout the area. The area is known for the flatness as theresayeifroant

hilly regions, whichranges from 128 meters above the Australian Height Datum to 108
meters. Ths indicates the water movement in the CIA will be from the East towards the
West.

Figure 3.9 Topography of the CIA (Watt, 2008)

3.5. Crop production

As previously mentioned the CIA was setup as a meausliaing the excess water from the

Snowy HydreElectricity Scheme. Due to the soil types and volume of the water available the
CIlA and Murray I|Irrigation Area became Aust
illustrates the area of the six major crops grown in the CIA and their proportitime of

delivered water for the whole area. The effect of the drought (2000 to present) is noticeable
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with the present area of the rice production decreasing and the area of wheat and pasture

production increasing.

Table 3.1The area and the proportion of praduction for the highest producing crops in the CIA (CICL, 2006)

Rice Soybeans Corn Wheat Pastures Canola |
Proportion Proportion Proportion Proportion Proportion Proportion
Area | of delivery | Area | of delivery | Area | of delivery | Area | of delivery | Area | of delivery | Area | of delivery
Year (ha) (%) (ha) | (%) (ha) | (%) (ha) | (%) thay | (%) (ha) | (%)
200506 | 18025 | 62.8 2106 | 2.91 3306 | 6.96 13610 | 8.36 15440 | 8.69 1748 | 0.89
2004/05 | 8142 | 43.98 1495 | 224 3671 | 719 20287 | 18.8 12865 | 10.8 2681 | 1.27
2003/04 | 12597 | 55.8 1938 | 3.5 3545 | 57 21192 | 14.98 12131 | 7.5 1763 | 0.7
2002/03 | 11395 | 46 1788 | 1 4788 | 9.3 21346 | 204 10183 | 7.4 2005 | 1.7
2001/02 | 27493 | 67.5 3297 | 34 3B08 | 4.2 21103 | 9.2 11581 | 6.1 2191 | 0.6
2000001 | 30440 | 73.9 4551 | 5.9 4074 | 5.7 14276 | 4.6 11998 | 4.7 2155 | 0.4
1999/00 | 24138 | 77.7 2185 | 3.9 1178 | 3.1 12649 | 6.1 T485 | 44 2152 1 0.7
1998/99 | 24491 | 738 4139 | 5.7 1059 | 1.3 13963 | 1.7 13879 | 8.1 2184 | 1.7
1997/98 | 24624 | 704 4998 | 7.5 1678 | 2.4 14943 | 74 9964 | 6.l 2053 | 0.4

As it can be seen in Table 3.1 with approximately 63%, water in the Qdfedomnartly
consaimed in rice production. Pastuesmd wheat water consumption are the next largest

consumers of water witeach consuming about 8%waéter.

3.6. TCC technology in CIA

Prior to the implementation of TCC technologies, CICL operated a traditional gravity channel
supply system where wateffficers, through manual operation of drop logs and doors,
attempted to balance supply and demand and minimise water losses through escapes to the
drainage system. To ensure an expected level of customer service, the tendency was to run
channels at slightlgbove ordered flows to ensure customers were delivered in line with their
expectations. As a consequence the system escapes tended to run continuously throughout the
irrigation season leading to large volumes of escape flows lost to the channel sysgem. Th

operating policy also led to land being commanahede thaninitial design.
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Fig 3.10Dethridge Wheel meter outlets prior the installation of TCC technology in CIA

In response to declining water availability, in 2002, CICL made the decision to in6@ll
automation technologies to improve the efficiency of the channel delivery system. TCC
involves the replacement of manually operated g@iegire 3.10)and drop logs in channel

with automatic control gates (Figure B)Iwith the objective of supplyingvater neaon
demand, maintaining tight water level control and with zero outfalls or escape flows.
Through the employment of TCC technology in CIA, 322 gates and 435 farm outlets were

installed.
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Fig 3.11 Replacement of new gates in different sizes insteaddrfop board checks and theridge wheels

As of September 2007 CICLOG6s entire channel
flow capacities ranging from 15 ML/day to 6,000 ML/day is remotely dpdral'he CID is

the first open channel system in the world to largely automate regulators in its entire channel
delivery systen{CICL, 2008)

3.7. Data provided from TCC technologyin CIA

As mentioned in the first chapter, an important feature of TClntdogy is the real time
control of the entire channel network which leads into production of water level elevation and
flow measurement databases for the entire network. Given the fact that this study aims to
estimate the seepage rate throughout the wéydeem, the input data provided from TCC
technology consisted of:

1 Flow measurements at all automated main gates and farm outlets, recorded irregularly

at changes in the flow rate.
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1 Water level elevations at all automated main gates and farm outletdy usaatded
irregularly at changes in the flow depth; each main channel gate has two water level
records (upstream and downstream). The data used in this project is the upstream side
only as the downstream data was considered by the data provider tor ity
(Figure 3.12).Watersensor on the downstream side being out of water more often
might be the case for the poor quality of the data.

1 Rainfall data usually recorded regularly every 30 min

1 Evaporation data usually recorded regularly every 30 min

Rainfall event is only measured once a day at 9 am and recorded against the same day.
However, the measured rainfall is recorded and repeated at 30 min intervals for the entire
day. Considering the weather data, including solar radiation, humidity amtspeed, the

hourly evaporation rate (mm/hr) is estimated based on PeNateith equation.

The data was provided for i&igation seasondetween 2009 till 2012 in Microsoft excel
CSV format.Each irrigation season starts at Jun® 80d ends at 29of June next yeaiThis
include 3 Microsoft excel files for each of rainfall and evaporation records during22d@9

56 Microsoft excel file for flow measurement records of all gates and farm outlets during
20092012 and 20 Microsoft excel file for upstmealevation records of all gates and farm
outlets during 2002012.

Main gatel
Main gate2
Main gate3 Upstream side of gatel
Upstream side of gate2 [r—

Upstream side of gate3 "
Downstream side of gatel

Downstream side of gate2 -_‘-

L
Downstream side of gate3 //

Figure 3.12.Schematic cross section of gates incorporating pools on a channel

-—-‘"'-_
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The cumulative value of rainfall and estimated rate of evaporation is provided from the two
automated weather stations located at Northern and Southern side of the district. Rainfall is
measured in millimeters and evaporation is calculated, using the Ré&homaeith equation

in mm per hour.

3.8. Conclusion

CIA was chosen as case study for the purposes of this project due to being one of the first
automated irrigation districts in the world and having several years of historical data.
Through the employnm of TCC technology in CIA, 322 gates and 435 farm outlets were

installed.

The datgprovidedfor the present study includes flow measurements for each of main gates
and farm outlet comprisinga pool, enablingthe no flow conditios to be detected. Water

level elevation®n thedownstream side dhe upstream gate arttie upstream side of rest of

the gates in a poqgfincluding one main gate and one or more farm outlets)e also
provided. The dailyainfall andhourly evaporation ratevere provided from tvo automatic
weather stations located at Northern and Southern side of the district. Consequently based on
the location of each channel the required datahe no flow periodss extracted from the

automatic weather station that is closer to the channel.
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Chapter 4: Model Development

4.1 Introduction

Chapter 2 introduced a number of different techniques that have been applied for seepage rate
estimation in channels. From tlaéscussion in section 2.5 it is clear that the pondage test
method is the most appropriate technique for seepage rate estimation in channels due to its
simplicity and being able to provide an average net seepage flux for the entirety of the surface

water kature compared to other techniquesny ofwhich only measure seepaagea point

It is hypothesised that the recorded water level data frgomeated channel control systems
during period®f gate closure can be treated as pondage test data for sespaggtimation.

This chapter discusses the development and operation of a new model that applies pondage
test methodlogy to automateahannel controtlata during periods athut down in order to

estimate seepage raia different channel reaels

4.2 Overview

Considering the objectives of this project and the format of the data provided from the TCC
system, it was decided to create a database containing the provided data in form of individual

tables and link those tables together.
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Due to the facthat Microsoft excel is unable to link tables together and Microsoft access had
size limitations for databases, it was decided to work with Microsoft SQL Server to build the
required database. The created database consists of 9 tables. In order t@léxtoastble
pondage conditions from throughout the entire channel network, a ma@#lplatform was
developed Appendix A) Considering the input data and by using a water balance equation,
the model is able to calculate seepage rate for each indigdtegduring pondage periods in

any given pool.

The algorithm applied in the model is illustrated in Figure 4.1.

Creating Coleambally database

Main Glza;?s‘& Pool pool m e'z:algl\j\: em VZ?et\e/;tI%\:]el AWS Accumulative Accumulative
i ID Evaporation (mm/hr Rainfall (mm/hr
reach | tite details "ot data P ( ) ( )

A 4

Flow measurement data of all gates incorporating a pool

No flow condition period for each gate be detected Smallest time among all zero flow periods be distinguished

Water level elevation selection during no flow condition

Find water level elevation records for each gate during the pondage period

Evaporation and rainfall data selection

Select AWS Evaporation & Rainfall approximatel  Generating evaporation & rainfall data for exact time steps of each gate's
every 30 min water elevation records using linear function if not available

A 4

Correcting the effect of evaporation and rainfall from water level elevation of each g

Corrected water level elevation= water level elevation + delta Evaporatietta Rainfall

A 4

Classification

Total number of decline ratio Sequential decline ratio R square value

Figure 4.1 Algorithm applied in the computer model
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As it can be seen in Figure 4.1 the steps needed to be appheda@vided data tobtainan

estimate of the seepage rate include:

Identify zero flow periods
Extract water level data for each individual gate during pondage periods
Adjust for rainfall and evaporation

Correcting the effect of rainfall and evaporatfoneach individual gte

= =2 =4 A4 -4

Estimate the seepage rate using linear regression trerfddieach individual gate

By allocating weights to individual rates, the seepage rate for each pondage period is
averaged from the weighted individual rates. The model is also able to cakedgiage rates

for all individual gauges and all possible pondage periods in one reach of the network. The
output of the model is ithe form of a table summarized general information of the studied
pondage conditions including, start and end date of gmgeriod, number of measured
water elevation of each gate during the pondage period, value of several criteria that is
defined for the model to categorize each pondage condition, seepage rate for each gauge and

finally an averaged seepage rate for thedage condition.

4.3Microsoft SQL Server

Microsoft SQL Server is eelational database management systRDBMS) that canstore
and retrieve data as requested by other software applicétieasrPro, 2013). The data can
be retrieved from a SQL server database by query mechanigmerf consists of various

kind of questions presented to the SQL database in a predefined format.

Microsoft SQL server express 2008 is a free version of Microsoft SQL server with the
maximum database size of 4 gigabyte and high speed query processing that was chosen to

built up the required database to serve the purposes of this study

4.4 ColeamballyDatabase

The input data for seepage analysis providedehalf of CICLby RubiconWaterconsisted

of:
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1 Flow measurements at all automated main gates and farm outlets, recordediyregula
at changes in the flow rate,

1 Water level elevations at alutomated main gates and farm outlets, usually recorded
irregularly at changes in the flow depth; each main channel gate has two water level
records (upstream and downstream). The data used in this project is the upstream side
only as the downstream dataswconsidered by the data provider to be poor quality

1 Rainfall data usually recorded regularly every 30 amd

Evaporation data usually recorded regularly every 30 min

The data ereprovided for 3 years between 2009 till 2012Mircrosoft excel CSV famat.
Theseinclude 3 Microsoft excel files for each of rainfall and evaporation records during
20092012, 56 Microsoft excel fikefor the flow measurement recordsr all gates and farm
outlets during 2002012 and 20 Microsoft excel fdefor the upstrem water elevation

recordsfor all gates and farm outlets during 262912.

Using the Microsoft SQL server express 2008, the input data was defiribd form of

number of tablegFigure 4.2) Furthermore the relations between each of the tables were
defined. Since the basis of this study was to analyse the TCC data during pondage conditions
or periods of shut down, t he f i1 r gentifypthei mar vy

pondage conditions.

Based oraschematic map of Coleambally IrrigatiomsBict (CID), the following tables were

defined in the database:

Main Reach

Gate Name

Pool Name

Pool Detail

Flow data

Water level elevation

Automatic weather station (AWS) ID

Evaporation

= =/ =4 A4 A4 A4 A5 - -

Rainfall
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TBLaws
¥ AWS_ID
StationID
StationName

Describtion

® ChannelName

TBLMainChannel *

ﬁ

TBLGate *
@ GateName

IsFarmGate
AWSID

MainChannel

TBLGateElevationInfo *
F TableID
GateName
ReadingDate

Model Development

" TBLPool *
@ PoolName

MainChannel

TBLGateFlowInfo *
¥ TablelD
GateMName
ReadingDate

@_1—8

TBLPoolDetails *
¥ PoolDetailsID
PoolMame
GateName
IsUpStream

Bl Rainfa TBLEvap
? RainfalD o # EVAPID elevation
StationID E StationID

ReadingDate ReadingDate

EValue

FlowInfo

EValue
< I 3

Figure 4.2 Diagram of tables in Coleambally data base

The following section defines each of the tables depict&igure 4.2:
4.4.1 Main channel table

The first table defined for the database whanneltable. Based othe schematic map of
CID (Figure 3.2, Chapter 3jhe whole district was divided to 2@ain channelsThe main
channetable(Table 4.1)has only one column which ke channehame.

Table 4.1 Main channel table

Channel Name
1 ARGOON
2 BOONA
3 BUNDURE
4 BUNDURE 3
5 BUNDURE 4
6 BUNDURE 5
7 BUNDURE 6
8 BUNDURE 7
9 BUNDURE 8
10 COLY 10
11 COLY 11
12 COLY 2
13 COLY 3
14 COLY 4
15 COLY 5
16 COLY 6
17 COLY 7
18 COLY 8
19 COLY 9
20 MAIN
21 TUBBO
22 YAMMA
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4.4.2 AWS table

The second table defined for the database was AWS (fBdiide 4.2) whichhastwo columns
including station ID and Station name. Since there were trdyweather stations available

in the district the table has only 2 rows.

Table 4.2AWS table
Station ID | Station Name
1 AWS1 AWS1
AWS2 AWS2

4.4.3 Gate table

The next tablelefined for the database which is the first table related to the previous tables is
gate table. It consists of four columns including, gate name, main reach, farm gate and AWS
ID. The table consisted of 316 main gates and 410 farm outlets ofApiendixB). Table

4.3 is asample of pardf gate table

Table 4.3Sample of part of Gate table

Gate Name Cl\rfl:r:%el Farm outlet AWSID
98/2 COLY 10 1 AWS1
99/1 COLY 10 1 AWS1

ARGOON ARGOON 0 AWS2
ARGOON 1 ARGOON 0 AWS2
BUNDURE-3 BUNDURE 3 0 AWS2
BUNDURB-8 BUNDURE 3 0 AWS2
BUNDURE-S BUNDURE 3 0 AWS2
COLY 9B ESC COLY 9 0 AWS1
ESC ARGOON] ARGOON 0 AWS2
ESC 10 COLY 10 0 AWS1
ESC 11 COLY 11 0 AWS2

From Table 4.3 it can be seen tlia first column represents name of the gate, the second
column represents the main reach on which the gate is located, the third column shows
whether the gate is a farm outlet, indicated by 1 or a main gate, indicated by zero and finally
the forth columnthe AWS ID which is the nearest AWS ID to the gate, determined based on

thelocatiors of each main reach and the two weather stations.
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Rainfall data provided from each tife weather stations, is usually recorded regularly every

30 minutes Accumulative value of rainfall was calculated prior to rainfall table definition.

The table has 4 columns including, rainfall id, station id, reading date and value. Table 4.4

asample of part afherainfall table.

Table 4.4 Sample of part ofRainfall table

Rainfall ID | Station ID Reading Date Value
991 AWS1 24/11/2009 10:08 4.6
992 AWS1 24/11/2009 10:38 4.6
993 AWS1 24/11/2009 11:23 4.6
994 AWS1 24/11/2009 11:53 4.6
995 AWS1 24/11/2009 12:23 4.6
996 AWS1 24/11/2009 13:08 4.6
997 AWS1 24/11/2009 13:38 4.6
998 AWS1 24/11/2009 14:23 4.6
999 AWS1 24/11/2009 15:08 4.6
1000 AWS1 24/11/2009 15:53 4.6

As it can be seen ihable 4.4 the first column represents rainfall id, which counts in future

calculation as an id for each rainfathlue. The second column indicates the station from

where the data was provided. The third column presents the date when each value was

recorded and finally the fourth column represents accumulative value of each record.

4.4.5 Evaporation table

Evaporatiordata provided from each of weather stations is usually estimated in mm per hour

unit, using PenmanMonteith method, regularly every 30 min. Accumulative value of

evaporation was calculated prior to table definition. The table has 4 columns including,

evapration id, station id, reading date and value. Tables/aSample of parof evaporation

table.
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EVAPID| Station ID Reading Date E Value

71134 AWS1 4/08/2009 12:01 | 0.0810838
71135 AWS1 4/08/2009 12:25 | 0.1629621
71136 AWS1 4/08/2009 12:49 | 0.2446133
71137 AWS1 4/08/2009 13:01 | 0.2931137
71138 AWS1 4/08/2009 13:25 | 0.3897113
71139 AWS1 4/08/2009 13:49 | 0.4862418
71140 AWS1 4/08/2009 14:07 | 0.5584683
71141 AWS1 4/08/2009 14:31 | 0.6545923

As it can be seen ifiable 4.5 the first column represents evaporation id, which counts in

future calculation as an id for each evaporation value. The second column indicates the

station from where the data was provided. The third column presents the/ldateeach

value was recorded and finally the fourth column represents accumulative value of each

record.

4.4.6 Pool table

Considering the location of different gates and flow direction based on the schematic map,

any possible pool resulted during periods shut down was

defined for the database

(Appendix B) Table 4.6s asample of parof the pool table

Table 4.6 Sample of part ofPool table

Pool Name Main Channel
ARGOON,2 ARGOON
ARGOORM,3 ARGOON
ARGOORM, 4 ARGOON
ARGOOM,5 ARGOON

ARGOOM, ARGOON 3 ARGOON
BOONA 4, ESC BOONA 9 BOONA
BOONA 9A, ESC BOONA BOONA

BOONAO,1 BOONA

As it can be seen the table consists of 2 columns including pool name and the main reach on
which the pool is located. Names of pools were defined consideringntiiedhe upstream

and downstream gates incorporating each pool.

PhD Dissertation Page80



Model Development

4.4.7 Pool details table

The next table defined for the database was pool detail table. The main purpose of defining
this table was to introduce all gates and farm outlets incorporatingpeathFurthermore,
upstream gate of each pool was defined in the tghpeendix B) A Sample of part othe

pool detait table is presented ifable 4.7. As can be seen the table has 4 columns. The first
column shows the id of each pool detail. The sdamiumn presents the name of pool, while

the third column presents a gate included in that pool and finally the fourth column indicates

if the gate is the upstream gate or not.

Table 4.7 Sample of part ofPool details table

Pool Details ID Pool Name GateName Is Up Stream
8 TUBBOL1,2 5-Mar 0
9 TUBBO1,2 TUBBGL 1
10 TUBBOL1,2 TUBB& 0
15 TUBBO3,4 120/3 0
16 TUBBO3,4 639/1 0
17 TUBBOS3,4 TUBBGEB 1
18 TUBBO3,4 TUBB®! 0
19 TUBBO4,5 11-Mar 0

4.4.8 Gate flow info table

Information regarding each gate consists of flow and water elevation measurements. Table
4.8 presentsa sample of parof gate flow info defined for the database. It consists of 4
columns including table id, gate name, date when the flow was recordedhalhg flow

value for all the gates during 2009 to 2012.

Table 4.8 Sample of part ofGate flow info table

Table ID Gate Name Reading Date Flow Info
891 MAIN CANAL INLE] 25/09/2010 3:38 272.948
892 MAIN CANAL INLE7 25/09/2010 8:42 363.716
893 MAIN CANAINLET | 25/09/2010 10:51 363.19
894 MAIN CANAL INLE7] 25/09/2010 17:20 427.364
895 MAIN CANAL INLE7] 25/09/2010 17:29 458.191
896 MAIN CANAL INLE] 25/09/2010 19:51 453.931
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4.4 .9 Gate elevation info table

The last table defined for the database was gateation info(Table 4.9) Similarly to gate
flow table, it has 4 columns including table id, gate name, date when the elevation was

recorded and finally the elevation value for all the gates during 2009 to 2012.

Table 4.9 Sample of part ofGate elevationinfo table

Table ID Gate Name Reading Date elevation
1592505 YAMMA 26 4/09/2010 14:05 1.469
1592506 YAMMA 26 4/09/2010 14:11 1.458
1592507 YAMMA 26 4/09/2010 15:07 1.468
1592508 YAMMA 26 4/09/2010 15:30 1.478
1592509 YAMMA 26 4/09/2010 15:52 1.489
1592510 YAMMA 26 4/09/2010 16:16 1.499

45 Model

In order to be able to retrieve and analyse the large quanfii¢ Gfdata efficientlya model

was built up inC# environment in conjunction with the SQL server softwargroduce a
standaloneexecutable program that can be operated on any personal computer running under
Microsoft Windows.The graphical user interface (Figur&yhas been designed to be simple

and user friendly.
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> — — — - |
82 PoolFlowinfoReport _— - [o/@] = |
Conditions
Channal: ARGOON - Pool: ARGOON1-2,1-3 - Min Hours: 48

Display Report

=-ARGOON 1-2. 13
- 175/1

. *Start:30/06/2010 6:54:24 AM - “End:12/10/2010 3:47:35 AM

- *Start:23/10/2010 7-38:59 AM - “End:26/10/2010 11:31:38 PM

- *Start:31/10/2010 2:09:16 PM - “End:4/11/2010 £:00:37 AM

- *Start:18/11/2010 12:32:29 PM - “End:23/11/2010 7:00:30 AM

. *Start:26/11/2010 5:15:23 PM - *End:4/12/2010 12:00:23 PM

. *Start:7/12/2010 5:50:24 PM - *End:13/12/2010 7:00:27 AM

. *Start:25/12/2010 7-02:42 AM - “End:28/12/2010 12:15:35 AM

- *Start:13/01/2011 10:04:13 PM - “End:18/01/2011 2:40:20 PM

. *Start:5/02/2011 9:16:57 AM - *End:23/02/2011 1:40:26 PM

- *Start:5/03/2011 3:01:41 AM - *End:7/03/2011 2:15:26 PM

- “Start:14/03/2011 7:10:52 AM - *End:16/03/2011 3:00:25 PM

- “Start:1/04/2011 12:35:11 PM - *End:27/06/2011 2:18:58 PM

=-175/2

“Start:30/06/2010 3:00:24 AM - “End:27/01/2011 5:03:58 PM

o *Start:29/01/2011 1:43:11 PM - *End:28/06/2011 7:54:00 AM

£ ARGOON 12 ARGOON1-2 | ARGOON 1-3 i
----‘gtartﬂﬂfﬂ&fzglaﬂagmﬂfmm;End:13f03;'§‘11?;g:15}2\:;3 PM 30/06/20106-.. | 30/06/20103... 10/08/201010... 10/08/201010...
- *Start:3/09/2010 5:43: - “End:6/09/20 :15:
- *Start:14/09/2010 1:29:01 PM - *End:16/09/2010 3:08:32 PM 30/06/20106:... |30/06/2010 3:... |3/09/20105:4... |3/09/20104:3...
- *Start:26/11/2010 12:51:43 PM - *End:29/11/2010 7:19:24 PM 30/06/2010 6. |30/06/2010 3:... |14/09/2010 1-... |14/09/2010 12...
- *Start:11/02/2011 5:37:03 PM - *End:14/02/2011 7:45:29 AM : : :
- *Start:10/04/2011 3:46:31 AM - *End:12/04/2011 3:15:20 PM /11/20105:.. |30/06/20103:.. |2611/201012.. |26/11/20101
- ARGOON 13 5/02/20119:1.. |29/01/2011 1:... |11/02/2011 5.... |11/02/2011 4.
- *Start:10/08/2010 10:41:24 AM - *End:14/08/2010 3:29:17 PM 1/04/2011 12 |29/01/2011 1~ | 10/04/2011 3-... |9/04/2011 8:5...

- “Start:3/09/2010 4:33:13 AM - "End:6/09/2010 8:54:04 AM

- “Start:14/09/2010 12:24:23 PM - "End:16/05/2010 3:04:38 PM
- “Start:26/11/2010 1:11:20 PM - "End:23/11/2010 12:06:24 PM
- “Start:11/02/2011 4:42:23 PM - "End:14/02/2011 7:12:47 AM
- “Start:9/03/2011 7:37:47 PM - "End:12/03/2011 10:45:52 AM
- “Start:9/04/2011 8:57:25 PM - "End:12/04/2011 1:13:02 PM

Figure 4.3 Screen shot of main user interface fothe computer model

gl MainForm EM

Master data  Calculation | Report
Single Pool/Gate
All Pool/Gate

Figure 4.4 Screen shot of main user interface to report the analysis
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With the main objective of extracting all possible pondage conditions for each pool from
TCC data, the model is enabled to report the analysis for single pool or all pools located in
one main reach (Figure 4.4). Furthermore, an option for minimum pondage s designed

for the model.

Themain steps in theodelare outlined in the following sections.
4.5.1 Zero flow period detection

After the whole district was defined for the system, the next step was to define a pondage
condition for each pool. Fits table containing the flow measurement data for all gates for
the year 2010 was defined in the database as gate flow table. Afterwards a minimum optional
time for pondage duration was defined for the model and it was expected that if the flow
information for all the gates in each pool were available, the model starts to find and show
zero flow duration for each of the gat€onsequently if all the gates in a pool had a zero
flow time in common, there is a period when all gates are closed, then thabondinm is
identified and introduced as the pondage conditi®n.gain a better understanding of each
step, all the required calculat®will be presented for a sample pool. The selected pool is
situated between RGOON 1-2 main gate on upstream sideREOON 1-3 main gate on

downstream side of the pool acontainsfarm outlets 175/1 and 175/2.

After all zero flow periods for each of the 4 gates incorporating the pool were detected by the
model (Figure 4.5),ansidering a minimunof 48 hourspondage perit, 6 possible scenarios

are extracted from TCC data (Tabfel0Q. Selection of start and end date of pondage period
among zero flow conditions for all the gates were made based up on the closure function as

mentioned earlier.
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=- ARGOON 1-2,1-3
= 1751

- “Start: 307062010 6:54:24 AM - "End:12/10/2010 5:47:36 AM
- “Start: 23102010 7:28:55 AM - “End:26/10/2010 11:31:38 PM
- 5tart:3110/2010 2:09:16 PM - *End:4/11/2010 6:00:37 AM

- “Start: 18112010 12:32:2% PM - “End:23/11/2010 7:00:30 AM
- “Start:26/11/2010 5:15:23 PM - *End:412/2010 12:00:23 PM
- “Start: 7122010 5:50:24 PM - “End: 1311272010 7:00:27 AM

- “Start: 25122010 7:02:42 AM - "End:28/12/20010 12:15:35 AM
- “Start: 137012011 10:04:13 PM - "End: 18/01/2011 2:40:20 PM
- “Gtart:5/02/20171 5:16:57 AM - "End:23/02/2011 1:40:26 FM

- “Start:5/03/2011 3:01:41 AM - “End:7/03/2011 2:15:26 PM

- “Start: 14032011 7:10:52 AM - *End:16/03/2011 3:00:25 PM
- “Start: 17042011 12:35:11 PM - “End:27/06/2011 2:18:58 PM

= 17572

- “Start:30/06/2010 3:00:24 AM - “End:27/01/2011 5:03:58 PM
- “5tart:23/01/2011 1:43:11 PM - *End:28/06/2011 7:54:00 AM

-ARGOON 1-2

- “5tart: 107082010 10:41:12 AM - *End:13/08/2010 10:52:53 PM

- “Start:3/09/2010 5:43:41 AM - “End:6/09/2010 4:15:31 AM

- *Gtart: 14092010 1:25:01 PM - *End: 167092010 3:08:32 PM
- “Start:26/11/2010 12:51:43 PM - "End:29/11/2010 7:19:24 PM
- *5tart: 110220171 5:37:03 PM - *End: 147022011 7:45:25 AM

- “Start: 10/04/2011 3:46:31 AM - “End: 12042011 3:15:20 PM

-ARGOON 1-3

- “Start: 107082010 10:41:24 AM - "End: 14082010 3:29:17 PM
- *5tart:3/09/2010 4:33:13 AM - *End:6/09/2010 8:54:04 AM

- “Start: 14092010 12:24:2% PM - “End: 16092010 3:04:38 PM
- *5Btart: 264112010 1:11:20 PM - *End:253/11/2010 12:06:24 PM
- “Start: 117022011 4:42:23 PM - “End: 140272011 7:12:47 AM
- *5tart:3/03/2011 73747 PM - *End:12/03/2011 10:45:52 AM

- “Start:9/04/2011 8:57:25 PM - “End: 12042011 1:13:02 FM

Figure 4.5 Screen shot ofill zero flow periods for each of the gates incorporating\rgoon1-2, 1-3 pool

Table 4.10 Zero flow periods for pool RKGOON 1-2, ARGOON 1-3

Pondage ARGOON-P Farm outlet no. 175/1 | Farm outlet no. 175/2 ARGOON-B
condition Start date | End date | Startdate | End date | Startdate | End date | Start date | End date
10/08/2010 | 13/08/2010 | 30/06/2010 | 12/10/2010 | 30/06/2010 | 27/01/2011 | 10/08/2010 | 14/08/2010
1 10:41 22:52 6:54 9:47 3:00 17:03 10:41 15:29
3/09/2010 6/09/2010 | 30/06/2010 | 12/10/2010 | 30/06/2010 | 27/01/2011 | 3/09/2010 6/09/2010
2 5:43 4:15 6:54 9:47 3:00 17:03 4:33 8:54
14/09/2010 | 16/09/2010 | 30/06/2010 | 12/10/2010 | 30/06/2010 | 27/01/2011 | 14/09/2010 | 16/09/2010
3 13:29 15:08 6:54 9:47 3:00 17:03 12:24 15:04
26/11/2010 | 29/11/2010 | 26/11/2010 | 4/12/2010 30/06/2010 | 27/01/2011 | 26/11/2010 | 29/11/2010
4 12:51 19:19 17:15 12:00 3:00 17:03 13:11 12:06
11/02/2011 | 14/02/2011 | 5/02/2011 | 23/02/2011 | 29/01/2011 | 28/06/2011 | 11/02/2011 | 14/02/2011
5 17:37 7:45 9:16 13:40 13:49 7:54 16:42 7:12
10/04/2011 | 12/04/2011 | 1/04/2011 | 27/06/2011 | 29/01/2011 | 28/06/2011 | 9/04/2011 | 12/04/2011
6 5:06 10:08 12:36 17:34 13:49 7:54 20:57 13:08
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4 52 Water elevation selection

Having selected the pondage condition period the next stegiil water elevation records

for each gate during thpondage period. Since the time and number of water elevation
measurement records do not match with flow measurement records 4TEbJethe model

will search among all water elevation records to find the data related to required gates and
will find water elevation records for each gate during the detected zero flow condition.
Number of water elevation and flow measurement records for different gates of a sample pool
during several pondage conditions is illustrated in Table £dB&sidering the first posde
pondage condition the water elevation records are preseniatlied.11.

Table 4.11 Water elevation records selection for pondage3 of RGOON 1-2, ARGOON 1-3 pool

The water elevation recorti®low theupstream gate of the poolvenot been considered for

Gate name Reading date elev\;\:g[r?(rmm)
175/1 14/09/2010 18:18 1638
175/1 15/09/2010 16:15 1630
175/1 16/09/2010 14:12 1619
175/2 14/09/2010 13:54 1688
175/2 14/09/2010 14:04 1691
175/2 15/09/2010 11:51 1691
175/2 16/09/2010 7:04 1680
175/2 16/09/2010 9:48 1680

ARGOON-3 14/09/2010 14:55 1613
ARGOON-3 15/09/2010 5:46 1615
ARGOON-3 16/09/2010 3:43 1604
ARGOON-3 16/09/2010 5:50 1603

the analysis as advised by Rubicon to only use the gatieamof each gatgChapter3,

section 3.7)

Table 4.12 Number of flow and water elevation measurement records for each gate during possible pondage

conditions
Pondage condition 1| Pondage condition 2| Pondage condition 3| Pondage condition 4
Gate Flow Watgr Flow Watgr Flow Water Flow Wate_r
elevation elevation elevation elevation
records records records records records records records records
ARGOON 2 158 Upstream 133 Upstream 94 Upstream 129 Upstream
175/1 4 4 3 3 3 3 3 7
175/2 4 4 3 24 3 5 3 7
ARGOON-B 158 4 134 6 94 4 130 8
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4.53 Evaporation and rainfall data

The next step is teelect the related value of evaporation rate and rainfall during the pondage
period. Evaporation rate and rainfall vadder the two weather stations in the distnegre
provided for the period of 2009ntil 2012. The purpose of accountifgy the relaed AWS

data at this stage is to calculate the water losodlyeto the seepage. Since all the variables
should be homogeneous and tlee sameunits, using the time difference between two
sequential rates, the evaporation rate was first converted frolimetie per hour intaa
cumulative depth imillimetres. Consequently both rainfall and evaporation were imported

into the modein theform of accumulative value.

On the other side, since the water elevation recordings are per geds, niecessany find

the related evaporation and rainfall data from the AWS database for the exact time steps as
for water elevation recordings of each gafi#D hastwo weather stationdocatedin the

North and South of the distri¢Figure 4.6) Based on longitudinal lation, main channels

were divided into two groups (Tab#®13 to apply weather station data intiee seepage
calculation. Inthe case of Main Riveras it was the only main channel runniegstwest
acrossthe district, those of the pools located on the north side of the Main River were

counted in AWS1 group and the rest of them in AWS2, respectively.

LT:‘;K BUNDURE

e x‘""-—-.,__h__;/

Figure 4.6 Locations of two AWSs in CID
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Table 4.13 Distribution of main channels for usage of AWS data

AWS1 AWS?2
TUBBO BUNDURE 1
BOONA | BUNDURE 3
COLY 2 | BUNDURE 4
COLY 3 | BUNDURE 5
COLY 4 | BUNDURE 6
COLY 5 | BUNDURE 7
COLY 6 | BUNDURE 8
COLY 7 COLY 11
COLY 8 ARGOON
COLY 9 YAMMA
COLY 10 MAIN 2
MAIN 1

After identifying which weather station datgereto be used for the calculatidor each main
channel and also identifying the homogeneous AWS data for the model, the next step is to
find the evaporation rate and rainfall value for each timefstegach of the gates during the

zero flow period.As menioned earlier, since the analysis is based on the information
provided for each gate, required AWS data should be provided for the exact time steps for
each of the main gates and farm outlets incorporating a pool. Therefore where time steps
were differentthe value of AWS data was calculated using lineggrpolation To gain a

better understanding of evaporation and rainfall selection fr@AWS databasea sample

of calculation for pondage conditiod of ARGOON 1-2, ARGOON 1-3 pool has been
providedin Table 4.14 and 4.15.
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Table 4.14 Accumulative values of evaporation and rainfall from AWS2 database

Accumulative Accumulative
Date Evaporation(mm) Date Rainfall(mm)
AWS/2 | 14/09/2010 14:35 1710 AWS/2| 14/09/2010 14:50 370
AWS/2| 14/09/201015:05 1710 AWS/2 | 14/09/2010 15:20 370
AWS/2| 14/09/2010 15:35 1710 AWS/2 | 14/09/2010 16:05 370
AWS/2 | 14/09/2010 16:05 1710 AWS/2| 14/09/2010 16:35 370
AWS/2 - - AWS/2 - -
AWS/2 - - AWS/2 - -
AWS/2 - - AWS/2 - -
AWS/2| 16/09/2010 13:05 1713 AWS/2 | 16/09/2010 12:20 393
AWS/2| 16/09/2010 13:35 1713 AWS/2 | 16/09/2010 13:05 393
AWS/2| 16/09/2010 14:05 1713 AWS/2| 16/09/2010 13:35 393
AWS/2| 16/09/2010 14:35 1713 AWS/2 | 16/09/2010 14:20 393

Table 4.15Calculated evaporation andrainfall value for each of thegates and farm outletsn ARGOON 1-2,
ARGOON 1-3 pool

Gate name Reading date elev\ell\:%tr?(rmm) Evaporation(mm) | rainfall(mm)
175/1 14/09/2010 18:18 1638 1710 370
175/1 15/09/2010 16:15 1630 1712 393
175/1 16/09/2010 14:12 1619 1713 393

Gate name Reading date Wg ter Evaporation(mm) | rainfall(mm)

elevation(mm)

175/2 14/09/2010 13:54 1688 1710 370

175/2 14/09/2010 14:04 1691 1710 370

175/2 15/09/2010 11:51 1691 1711 393

175/2 16/09/2010 7:04 1680 1712 393

175/2 16/09/20109:48 1680 1712 393
Gate name Reading date elev\;\:iitr?(rmm) Evaporation(mm) | rainfall(mm)
ARGOON-3B 14/09/2010 14:55 1613 1710 370
ARGOON-3B 15/09/2010 5:46 1615 1710 370
ARGOON-3 16/09/2010 3:43 1604 1712 393
ARGOON-3 16/09/2010 5:50 1603 1712 393

4.54 Evaporation and rainfall corrected data

Having provided the AWS data for each gate, the next step is to eliminate the effect of
evaporation rate and rainfall value from the water elevation measurement records at each
time step. Theevaporation and rainfall corrected data for each time step is calculated using

the following equation:
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Correctedwater elevation,, = measuredwater elevation, + E, E; (R, Rj) 4.1)

where E is the evaporation along the chaifmeh), R is the raifall along the channgimm),
n represents any of the time steps during the pondage period and 1 represents the first time

step in the zero flow period.

The result of the corrected water elevation for pondageprovided infable 4.16.

Table 4.16 Correded water elevation data of 3rd occurred pondage in ARGOON-2, ARGOON 1-3 pool

Gate name Reading date Water elevation(mm) [ evaporation(mm) rainfall(mm) corrected elev.(mm)
175/1 14/09/2010 18:18 1638 1710 370 1638
175/1 15/09/2010 16:15 1630 1712 393 1609
175/1 16/09/2010 14:12 1619 1713 393 1599

Gate name Reading date Water elevation(mm) | evaporation(mm) rainfall(mm) corrected elev.(mm)
175/2 14/09/2010 13:54 1688 1710 370 1688
175/2 14/09/2010 14:04 1691 1710 370 1691
175/2 15/09/201011:51 1691 1711 393 1669
175/2 16/09/2010 7:04 1680 1712 393 1659
175/2 16/09/2010 9:48 1680 1712 393 1659

Gate name Reading date Water elevation(mm) | evaporation(mm) rainfall(mm) corrected elev.(mm)
ARGOON-3 | 14/09/2010 14:55 1613 1710 370 1613
ARGOON-B 15/09/2010 5:46 1615 1710 370 1615
ARGOON-B 16/09/2010 3:43 1604 1712 393 1583
ARGOON-3 16/09/2010 5:50 1603 1712 393 1582

Having gone through all of these, the next step was to control the capabilityrobtiedin
relating tables of the database together and furthermore check the quality of the data provided

for this project.

4.6 Data quality assessment

Data quality assessment is a procedure for determining s@tistivhether or not a data set

is suitable foits intended purpose. This assessment is a scientific and statistical evaluation of
data to determine if it is of the type, quantity, and quality needed and may be performed
either during a project to check the process of data collection or at the endraject to

check if objectives were m@EPA Quality System2013) Since one of the major tasks of the

model is to extract the related data from different tables of the database, it was required to
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assess the capability of the model to link the reldtd and furthermore have a preliminary
assessment of quality of the data provided for the purposes of this study. Data quality
assessment of the project was first done using-201Q data and then was completed for
other years.

4.6.1 Missing data

A full assessment for all channels during 22001 wascompleted. Pondage conditions for
minimum of 48 hours throughout all main reaches were identified and related data was
extracted by the model form the databasesuRsof the preliminary assessmestiow hat

out oftotal number o210 pools35 of themhad to beexcluded from the study due to lack of

data and33 of them had ngondagecondition as illustrated in Table 4.17. Lack of data
occured when data of one or more of the gates in a pool were unkallabrefore, pools

with missing data in each main reach were detected and then it was determined whether the
missing data is the flow or the elevation data of the gate. Consequently a list of all missing
data was provided. Furthermore, in case of poothowt any possible 48 hours pondage
condition, the optional pondage duration in the model was changed to see if a shorter duration

pondage condition was possible or not.

Table 4.17Summary of missing data for20102011data

o Excluded pools| pools without a No of
Missing data N
Year because of minimum 48 hr pondage
main gate | farm outlet missing data | pondage condition condition
20102011 14 60 35 33 1073

In response to the missing data list provided information of majority of main gates and some
of farm outlets were provided by Rubicon Water. In case of rest of missing farm outlets, since
there was no datavailable in the Rubicon datse, in order to optimize the number of
pondage conditions they were all assumed to be closed during the ergaBoinriseason.
Table 4.18 shows the changes in number of possible pondage conditions during 2010

irrigation season after the missing data analysis.
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Table 4.18Changes in total number of pondage conditions for 2010 season after importing the missing data

Total no. Of Total no. Of
Year pondage condition pondage condition

before the analysis| after the analysis

20102011 1073 1163

4.6.2 Preliminary data quality analysis

Following the missing data analysis, in order to assess the quality of the data provided for this
study a quality assessment was done for data of-2010 year. Considering an ideal
seepage pattern which is a graduatlidéng curve with time, based on changes of the
corrected water elevations of each gate,dage conditions were dividedtmaccepted and
rejected samples. Furthermore, the accepted and rejected samples were classified into
different groups.

4.6.3 Acceped samples

If correctedvater elevatiosof all or some of the gates incorporating a pool during a pondage
condition show to have a realistic decrease with time, the pondage is then classified as an
accepted sampleSince at the start of assessment, no criteria was defined to configure
whether a sample is an accepted or a rejected one, it was required to plot and observe the
changes of corrected water elevations of all the gates in the pool withAttoepted samples

werethenclassified into 5 different groups as follow:

4.6.3.1Priority 1

Depending on number of gates in the pool if all the gates hasame pattern for water
elevatiors and 75 to 100% of numbers of recorded data for all the gates show a declining
curve with time, the pondis treated as priority 1. An example of what might be deemed a
priority 1 is given in Figure 4.7

PhD Dissertation Page92



Model Development

Coly 610
A 1520
1510 o=
£ 1500 Aa_/\\
o 1490 =
3 1480 ~
. 1470 D 2
% 1460
= 0 100 200 300 400
Time(hr)
Coly 611
~ 1480
E 1460 =%
T>" 1440 \I\
L 1420 =
£ 1400
= 0 100 200 300 400
Time(hr)

Figure 4.7 Example of priority 1, a pool betweenColy 6-10& Coly 6-11

4.6.3.2Priority 2
If a pool only ha the information of ae gate and 75 to 100% of number of recorded data for
the gate show a declining curve the pastreated as priority @or example Figure 4.8)

Farm outlet no. 2005

1660

1640 5\

1620 NC
£ 1600
=
= 1580 \\\
Q1560
(]
w1540 \\_\
% 1520
= 1500

0 100 200 300 400

Time (hr)

Figure 4.8 Example of priority 2, a pool betweenARGOON 3-8 & farm outlet number 2005
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4.6.3.3Priority 3

Depending on number of gates in the pool if some of the gattesot all of themhave the

same pattern for water elevation and 75 to 100% of number of recorded data for the gates
show a declining curve the porsltreated as priorit$ (for example Figurd.9).

Farm outlet no. 23/1

1680
E 1675 ™\
£ [\
Sl o~
< 1665
5 \/
g 1660

1655

0 10 20 30 40 50 60 70
Time (hr)
Coly 53

1505
S 1500 ) 2o
£ \
5 1495 \
>
()
~ 1490
Q
§ 1485 \

-~
1480
0 10 20 30 40 50
Time(hr)

Figure 4.9 Example of priority 3, a pool betweenColy 5-2 & Coly 5-3

4.6.3.4Priority 4

A ponding condition is classed as priority 4 if the pool contains a number of gates, all gates
show the sampattern for water elevation and 50 to 75%t@recorded data for all the gates
show a declining curvéor example Figure 4.10)
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Farm outlet no. 175/1

1640
‘S 1635 o
£ 1630 // \\
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Figure 4.10 Example of priority 4, a pool betweenARGOON 1-2, ARGOON 1-3

4.6.3.5Priority 5

If a pool only hathe information of one gate and 50 to 75%h&fof recordecelevationdata

for that gate show a declining curve the posdreated as priority $for example Figre

4.11)
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Figure 4.11 Example of priority 5, a pool between EDXONA 7, BOONA 7-1

4.6.4 Rejected samples

If correctedwater elevatios of all the gates incorporating a pool during a pondage condition
showed an increase with time or contained signifi¢actuations or all remained constant,
the pondage is then classified as a rejected sarpke.causal reason behind a rejected

sample is not clear but it might be due to noises in automation recording systems or having
sensors out of water.

Results of peliminary analysis showed that out of 1073 possible pondage conditions in 2010,
73% of them were categorised as accepted samples in different groups and 27% of them were
treated as rejected samples (Figure 4.1®)alysis of accepted samples showkdt ait of
778accepted sample327were classified as priority 1, 22 them were grouped as priority
2,1050f them were grouped as priority 55 were grouped in priority 4 argb of them were
classified as priority $Figure4.13).
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Figure 4.12 Proportion of accepted and rejected samples in 2010

priority 5
9%

priority 4
%

priority 3
13%

Figure 4.13 Statics of accepted samples

Results of preliminary analysis of 2010 data show that the model was capable to satisfy the
required demands of the project and TCC data can be used as a reliable source for further
channel loss investigation.

4.7 Improved analysis of pondage samples

Following the prelinmary analysis of 2010 data, threstios were defined for the model and

an improvedanalysis was done for TCC datf 2010 irrigation seasorFurthermore, using
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linear regressionthe seepage rate was calculateat each water level gae during a

pondage condition.
4.7.1 Criteria

In order to classify the corrected water elevation data of all possible posdagdes

throughout the whole distrithree criteria are defined for the madEhese are:

i1 Total decline ratio
1 Sequential deatie ratio

1 R squared

4.7.1.1 Total decline ratio
The first criterion applied in the classification of the corrected water elevation data, is called
the total decline ratio. Using the following equation, the ratio is calculated for each gate and

pondage conton.

Total number of points showing adecline
Total number of points 1

Totaldeclineratio = (4.2)

In order to define the ratio for the model the difference between each two sequential
corrected elevation data values was calculatetlifashown to have a decrease was counted

in the dividend. Furthermore if there was no difference between two points, meaning that the
elevation remained constant, it also was counted in the dividend. Since the first point cannot
be counted in the calcuiah of the dividend, the divisor is one unit smaller than the total

number of points.

4.7.1.2 Sequential decline ratio

The sequential decline ratio is the result of total number of points in a row showing a
decrease divided by total number of points. Using the following equation, the ratio for each
gate was calculated.

Total number of points in arow showing adecline
Total number of points 1

Sequentialdeclineratio = 4.3

Total number of points in a row refers to highest number of decline measurement records in a
consecutive fashion. For example if there are multiple slopes showing decline in one plot, the

model will consider the slope with the highest number of measuiets po
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As there might be more than one possible ratio in a pondage, all are calculated and the

maximum value among all ratios is selected as the sequential ratio.

4.7.1.3 R squared value

The final criteria used for the data classification wWesR2 value, determined by application

of linear regression to the plots of corrected water elevation readings versus time for each
gate. The linear regression model also gave a first estimate of the seepage rate for each
pondageThe rate of water elevatiorhange (corrected for evaporation and rainfall) during
pondage period is taken as the seepage rate. Therefore, the slope of the linear regression fit
was used as the estimate of seepage rate for any given gauge.

After a pondage condition is identified byetmodel, the value of each criterion for each of

the gates incorporating the pool is calculated separately (Figure 4.14).

6 CommonElevation = <
= Fond Gates Sequential Ratio = %100
Lg’; Descent Ratio = %100
t.. ARGOON 1-2 UpStream Count=6
sum X = 35519.52

sumY =9578.33

sum XY = 56701604.6396
sum X2 = 210275180.0938
sum Y2 = 15291535.5697
R*2=0.813370253545024

GateName ReadingDate elevation Evap Rairfall EvapComected  HourlnYear A =-0.545089234367301
» 3/09/20106:10.. | 1610 1636363467 322.401281 1610 5386.177 B = 4823 27299364901

ARGOON 13 | 4/09/2010407 | 1606 1683763572 | 322 401281 1608395105 530813

ARGOON 13 | 4/09/2010 1244 _| 1613 1689133175 | 337201781 1600964208 5316739

ARGOON 13 |4/09/201010:21... 1603 1689.085205 | 337201781 159171628 5926356

ARGOON 13 |5/09/2010204.. |1602 1689.97642 | 337201781 1590.807475 | 5930.08

ARGOON 13 |6/09/2010 1201 _| 1538 1652212721 343 302181 1576443354 5952027

Figure 4.14 Screen shot of criteria calculation for each of the gates

4.7.2 Classification

The concept of classification was based the behaviour of corrected water elevation
changedor each gate in the pool during the pondage time, evaluated using theefirssl

criteria. A full assessment of all samples based on different main chdonedi TCC
historical data were done and accepted samples based on the criteria were classified in 5

different groups.

47.2.1 Group 1
In pools with several gates, if all gates have a total decline ratio amichore than 70%, the

pool is classified agroup 1. Figure4.15shows the corrected water elevatilots for two
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gauges irone of pools as an example of grduprhere both total and sequential decline ratio
are 100%.

1680 -

1670 -

y =-0.4012x + 3072.2
1660 - R2=0.9903
1650 -

1640 -

Water elevation (mm)

1630 r .
3475 3525 3575
Time (hr)

1660 -
1650 -
1640 -

y =-0.42x + 3108.7
R2=0.9756

1630 -
1620 -
1610 -
1600 T T

3470 3520 3570
Time (hr)

Water elevation (mm)

Figure 4.15Example of a pool classified in group 1

4.7.2.2 Group 2
If a pod has information from only one gate and that gate haotal decline ratio and“R

greater than 70%, i classified in grouj2 (for example Figure 4.16)

1575 +
1570 -
1565 -
1560 -
1555 +
1550 -
1545 -
1540 -
1535 -
1530 -
1525 T T T T T ]

6835 6840 6845 6850 6855 6860 6865

y =-1.8853x + 14469
R2=0.9538

Water elevation. (mm)

Time (hr)

Figure 4.16 Example of a pool classified in group 2
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4.7.23 Group 3

For a pool with multiplgjatesif some but not all ofhe gatesiavea total decline ratio and’R
greater than 70%, the pool would be classified in g@upigure4.17 shows the corrected
water elevation pattern of gatBem oneexamplepool that is classed agoup3 where the
values of total and sequential decline ratio are both 50% for the first gate while 80% and 60%

for the second gate respectively

1494 -
1492 -
1490 -
1488 -
1486 -
1484 -
1482 -
1480

5910 5920 5930 5940 5950 5960 5970

y =-0.2152x + 2763.9
R?=0.6088

Water elevation (mm)

Time (hr)

1500 ~
1495 -
1490 -
1485 -
1480 -
1475 -

1470
5900 5920 5940 5960 5980

y =-0.3696x + 3680
R?=10.968

Water elevation (mm)

Time (hr)

Figure 4.17Example of a pool classified in group 3

4.7.24 Group 4

In pools with several gates, if all gates/ba totl decline ratio and Ryreater than 50% but
less than 70%, the pod classified as group(fior example Figure 4.18T he values of total
and sequential decline ratio are 62.5% and 37.5% for the first gate while 60% and 47% for

the second gate respediy (Figure 4.18)
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1720 -
1710 -
1700 -
1690 -
1680 -
1670 -
1660 -

y =-0.3444x + 2231.7
R2=0.5229

Water elevation (mm)

1650 T T T T T T )
1520 1540 1560 1580 1600 1620 1640 1660

1550 -
1540 -
1530 -
1520 -
1510 -
1500 -
1490 -
1480 -
1470 T T T T T T T ]

1520 1540 1560 1580 1600 1620 1640 1660 1680

y =-0.4516x + 2226.5
R2=0.7839

Water elevation (mm)

Time(hr)

Figure 4.18Example of a pool classified in group 4
4.7.25 Group 5
If a pool ha only one gate and that gatestzatotal decline ratio and’Ryreater than 50% but

less than 70%, the pow classified in group §or example Figure 4.19)
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Figure 4.19Example of a pool classified in group 5
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Table 4.19.Distribution of accepted samples in different main reaches

No. Of Accepteq _pondage Total no. of | Total no. of Ratio of Groupl
, conditions &2
::/Ial n | pondage | ~ ™ < ) accepted rejected acceptedto to total
=} =} o o o
cnanne condition 5 5 5 5 5 samples samples total samples
O] O] V] V] ) samples
ARGOON 54 7 19 4 9 1 40 14 74.07% 48.15%
BOONA 207 46 66 9 9 19 149 58 71.98% 54.11%
BUNDURE 201 74 31 20 8 9 142 59 70.65% 52.24%
COLY 366 114 | 65 40 | 13 27 259 107 70.77% 48.91%
CHM:lill\lilEL 52 13 13 5 2 6 39 13 75.00% 50.00%
TUBBO 59 22 4 7 6 3 42 17 71.19% 44.07%
YAMMA 134 51 24 20 8 4 107 27 79.85% 55.97%
TOTAL 1073 327 | 222 | 105 | 55 69 778 295 72.51% 51.16%

Based up on new criteria requirements, pondage samples were categorized in different
groups. Analysis of the results showed that Coly had the highest number of pondage
conditionswhile the Main channel with only 52 had the lowasimber/counobf pondage
conditions among all main reaches of the district. The analysis also showed that
approximately 70% of the accepted samples met the criteria requirements of the first and the
secondgroup (Table 4.19, with 42% in first group and 28% in second group respectively
(Table4.19.

4.8 Model output

Having completedthe analysis for each pondage samplesummary table comprised of
generalcharacteristics of the sampbéus values of required critenaill be reported by the
model (Table 4.20)

As it can be seen in Table 4.20, the first column refers to name of the pool. The second and
third columns refer to start and end date of pondage period. Every five columrthe#@r
column (for instance % till 8™ column) refer to characteristics of each of the gates

incorporating the pool. These characteristics comprised of:
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Number of points which refers to number of measured elevation values for each gate during

the pondage period

SDRrefers to value of sequential decline ratio calculated by the model

TDR refers to value of total decline ratio calculated by the model.

R squarerefers to R sgare value estimated from linear regression by the model.
Seepage rateefers to the gradient of the linear regression estimated by the model.

Priority refers to priority of the pondage sample based on values of required criteria.
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Table 4.20 Model output for all occurred pondage samples on pool RGOON 1-2, 1-3 in 2010 irrigation season

Farm outlet no. 175/1 Farm outlet no. 175/2 ARGOON-3

Pondage)  Start End g';'n :’Sf SDR | TDR Sanre Seepage] g;'n g SDR | TDR Sanre Seepage] Blc())ihg SDR | TDR Sq'jare Seepage] Priorty
1 10/53’2510 13/3;3:/52310 4 | 66.67%| 66.67%| 060 | -0.13 4 | 66.67%| 66.67%| 059 | -0.12 4 | 66.67%| 66.67%| 0.48 | -0.09 4
2 3/0;/23?10 6/02:/12210 3 | 100% | 100% | 0.92 | -0.63 | 24 |13.04%| 56.52%| 0.72 | -0.69 6 100% | 100% | 0.91 | -0.54 1
3 14/?3:/22810 16/359:/5210 3 | 100% | 100% | 092 | -0.88 5 50% | 50% | 0.97 | -0.70 4 | 66.67%]| 66.67%| 0.86 | -0.90 1
4 26/1171:/12210 29/1121:/5210 7 | 16.67%| 33.33%| 0.01 | 0.10 7 | 16.67%| 33.33%| 0.00 | 0.01 8 | 42.86%| 57.14%| 0.06 | -0.25 | Rejected
5 11/572:/5311 14/2?122011 4 | 100% | 100% | 096 | -0.56 7 | 100% | 100% | 0.79 | -0.75 7 | 66.67%| 66.67%| 0.84 | -0.74 1
6 10/%‘:%011 12/5;/12211 4 | 66.67%| 66.67%| 0.41 | -0.19 3 | 100% | 100% | 0.99 | -0.41 4 100% | 100% | 0.99 | -0.46 1
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4.9 Conclusions

Considering the objectives of this project and the format of the data provided from the TCC
system, it was decidetb create a databas®nsistingof individual tables and link those
tables togetherMicrosoft SQL server was selected to build the database to accommodate
these linked tables and the large quantity of TCC dadaputer software was written in C#

to interogate the database aadalyse pondage samples from TCC data. ddmapleted
result isa robust tool, for identificatiorand analysisof all possible pondage conditisn
throughout the entire netwarKhis tool is capable analysis to classify pondage gales

based upon set criteria and estimate seepage rates fogaaphpondage and pool in each

irrigation season.

The model was tested for 2010 irrigation season and it was skowie capable of
identifying all pondage conditionfor any given pool inthe network and classifying the
pondages (rejected and accepted samples) based upon the set criteaacepbed samples

were categorized into 5 different groups. The results of the assessment showed that out of
1073 possible pondage conditions, 778 thetcriteriafor being suitable for identification of
seepageThe remaining295 samples were rejected due to haarigw R? from the linear
regression or lowotal decline ratio. The analysis also showed that approximately 70% of the
accepted samples met the criteria for the first and the second groups, with 42% in the first

group and 28% in the second group, respectively.
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Chapter 5: Gauge, Pondage and Pool

based Seepage rates

5.1 Introduction

Chapter 4 introduced the development of tdoenputermodel built up for the analysis of
pondage samples. Furthermore, as introducedhiaptér 4, a databaggovided fom the
2010 irrigation season TCC data of CICL was createdsioand validate the capability of the
computemodel to identify any pondagmndition throughout the entire network, classify the

accepted samples based up on required criteria and estimate the seepage rate.

This chapter discusses the analysis of all possible pondage conditions durir@D2QQfter
development of the Coleambaltlatabase by adding 2009 and 2011 irrigation season TCC

data. Three different seepage rates were defined in the model:

Gauge raté based on the data from a single depth gauge
1 Pondage raté an average of the gauge rates in a single pondage test fama giv
pool

1 Pool rate’ an average of the pondage rates in a given pool in a single season

The linear regression model was used to give a first estimate of seepage rate gaugach
during each pondage condition. While evaluating various possible factors affecting the
seepage rate for each pondage sample, two variables were defined for any given individual
rate in thecomputermodel and by allocating weights to individual ratas,average seepage

rate for each pondage is calculated from the weighted gauge rates.
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Similarly, two variables were defined for any given pondage rate and by allocating weights to
pondage rates, an average seepage rate for each pool in each seasotateccflom the

weighted pondage rates.

5.2 Coleambally database development

The historical data provided from automated TCC systems of CICL as described in Chapter 3
covers the 2002011 irrigation seasons. While, for the purposes of model testing and
validation, the database described in Chapter 4 only consists of 2010 irrigation season TCC
data. In order to accomplish a comprehensive analysis of all pondage conditions during 2009
2011 and due to the large volume of data in each year, two more datafthsttee same
format as the 2010 Coleambally database were created for the 2009 and 2011 irrigation

seasons.
5.2.1 Missing data

After creating the 2009 and 2011 databasdsjlaassessmenf all channelsduring 2009
2011was ane. Pondage conditionasting for a minimum of 48 hours throughout all main
reaches were identified and related data was extracted by the model from the databases.
Resultsof the preliminary assessmeanteach yeashow thatsome of the poolbave to be
excluded from the studyue to lack of data anebme haveo pondagecondition(Table 5.1).

Lack of data is the case when one or more of the gauges in a pool have no data available in
the database.

In the case of pools without a minimum 48 hours pondage condition, the optionkzgaeo
duration in the model was changed to see if use of a shorter duration pondage condition

resulted in an increase in the number of samples.

Consequently, pools with missing data in each year were identified and it was identified
whether the missing tka was the flow or the elevation information for the gauge. Finally a

list of all missing data for each year was prepared and sent back to Rubicon Water.
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Table 5.1 Summary of missing data for2009-2011

Excluded pools No of
Missing data pools without a >0
Year because of | ™" 48 | hondage
;'Eige ;3{;2 i missing data fg:éjifi‘gﬁ condition
201062011| 14 60 35 33 1073
20092010| 6 94 75 26 668
20112012| 95 3 86 19 604

In response to the prepared list of missing data, further information on the majority of main
gates and some farm outlets was provided by Rubicon Water and the number of pondage
conditions identified in each year increased (Table 5.2). However, therestileseme farm

outlets and main gates without any data in the database. Although the reason for this seemed

to be due to gate closure it was decided to exclude those pools from the study.

Table 5.2 Changes in total number of pondage conditions after impting the missing data of all three seasons

Total no. Of Total no. Of
Year pondage condition | pondage condition
before the analysis| after the analysis
20092010 668 851
20102011 1073 1163
20112012 604 808

5.2.2 Analysis of acceptedamples

A comprehensive analysis of all possible pondage conditions duringa®@08011 irrigation
seasons was dongeparately for each yeaand accepted samples in each year were
categorized in different groups based on set criteria. Results of theiarstipwed that the

2010 irrigation season had the highest number of pondage samples and highest number of
accepted samples respectively among the 3 years of historical data. While, the other two
irrigation seasons had similar number of pondage condifodsaccepted samples. Based
upon the analysisput of total number of 2758 pondage conditions 66% of them met the

criteriaand were grouped in different classesictepted samples (Talde3).
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Table 5.3 Summary of accepted sample analysifor 2009-2011data

Total no. Of Total no. Of| Total no. Of
Vear F?;Jr;sj:;i Grgup Grgup Grgup Grzup Grgup accepted rejected
conditions samples samples
20092010 851 243 | 178 | 63 9 29 522 329
20102011 1073 327 | 222 | 105 | 55 69 778 295
20112012 834 295 | 122 | 87 12 15 531 303
Total 2758 865 | 522 | 255 | 76 113 1831 927

5.3 Seepage magnitude

As described in Chapter 4, the linear regression model was apip(dats of corrected water
elevation readings versus time for eagiuge to estimate°Rialue as one of the defined
criteria for thecomputermodel. The linear regression model was also used to give a first
estimate of seepage rate for egelnge during each pondage condition (Figure 5.1).
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©
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3 y =-0.42x + 3108.7
g R2=/0.9756
=
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1600

3470 3490 3510 3530 3550 3570 3590
Time (hr)

Figure 5.1Example of gplication of linear regression to estimate seepage rate

As can be seen in Figure 5.1, the gradient of the linear regression, equal to rate of corrected

water elevation changesiiihg pondage period gives the average seepage rate at each gauge.
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5.3.1 Seepage rate per gauge

As mentioned in the introduction section, using the linear regression model, the seepage rate
for each of the gauges in a pool during any possible pondaggitioo is calculated
individually (Appendix C, Table C1). Histograms of seepage rate magnitudes for all the
gauges in accepted and rejected samples during each of the three irrigation seasons were
plotted separately (Figures 5.2, 5.3 & 5.4).
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Figure 5.2 Histogram of gauge basedeepage rate for all pondagesamples during 2009 irrigation season
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Figure 5.3 Histogram of gauge basedeepage rate for all pondagesamples during 2010 irrigation season
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Figure 5.4 Histogram of gauge basedeepage rate for all pondagesamples during 2011 irrigation season

As can be seen in Figures 5.2, 5.3 and 5.4, the histograms of accepted samplesashowed
skewed distribution to the right in all three years while histograms of rejected samples in all
three years sheed a skewed distribution to the lefioreover, analysis of seepage
magnitude showed that in 2009,3% of thegauges gaveeepage rates greater than 0.5 mm
per hour(equal to 12 mm per daySimilarly in 2010 and 2011,02% and14% of thegauges
gavesee@ge rates greater than 0.5 mm per hobe 2011 data had the smallest median rate
with 0.15 mm per hour while, the medians in 2009 and 2010 were 0.19 and 0.2 respectively.

On the other hand, the proportion of accepted gauges with seepage rates less than 0.2 mm per
hour was greater in 2011 with 59% of the total compared to 49% in 2010 and 51% in 2009.
Moreover, the ratio of rejected to accepted gauges was far greater inwWaBl63%
compared to 50% in 2010 and 58% in 2011.

At the same time, based on different groups of accepted samples and given that majority of
the accepted samples belong to the first 3 groups, histograms of gauge based seepage rates for
the first 3 groupsluring 2009201 1are plotted in Figures 5.5 to 5.7.
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Figure 5.5 Histogram of gauge basedeepage rats in 1 group during 20092011 irrigation seasors

As can be seen iRigure 55 all three histogramsshowed the same pattern with a skew

distributionto the right. However, the histogram of 2011 seepage estimates had a greater
proportion between 0 and 0.5 mm per hour (equal to 12 mm per day) with 86% compared to
74% in 2010 and 69% in 2009. In other words, the histogram of 2011 data had the lowest
medan with 0.18 mm per hour compared to 2009 with 0.26 and 2010 data that had the

highest median with 0.3 mm per hour.
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Figure 5.6 Histogram of gauge basedeepage rate in 2ndgroup during 20092011 irrigation seasos
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As can be seen iRgure 56 similar b group 1all threehistogramsshowed the same pattern

with a skewdistributionto the right. However, the histogram of 2009 seepage estimates had a
greater proportion between 0 and 0.5 mm per hour (equal to 12 mm per day) with 75%
compared to 72% in 2018nd 71% in 2011. The 2011 seepage estimates had the lowest

median with 0.23 mm per hour while the medians for 2009 and 2010 were equal at 0.25 mm

per hour.
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Figure 5.7 Histogram of gauge basedeepage rate in third group during 20092011 irrigation seasos

As can be seen iRigure 57 all histogramsshowed tohavea same pattern with a skew
distributionto the right. However, due to low proportion of data at the tail of each histogram,
especially in 2011, these data might be considered as oulflersover, Figure 5.7 shows

that the histogram of 2010 seepage estimates had a lower proportion between 0 and 0.5 mm
per hour (equal to 12 mm per day) with 87% compared to 94% in 2009 and 92% in 2011. In
other words, the number of seepage estimates griéeter12 mm per day in 2010 was
greater than 2009 and 2011. However, both 2009 and 2011 had the same median value of
0.13 mm per hour while the median in 2010 was 0.15 mm per hour.

Comparing median values of all three group based histograms in differest yezan be

said that the group 1 had the maximum median value in 2009 and 2010 and as the level of
group increased, the median value decreased. On the other hand, the median of group 2
histogram of 2011 data had the maximum value, while group 1 haktlead highest value

and group 3 had the lowest median value.
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5.3.2 Seepage rate per pondage

A causal factor affectinghe estimation okeepage rasein each pondage sample tise
number of measuredater elevatiompoints at each of thgauge in a poolSincethenumbers

of measured points aauges during pondage conditions were not necessarily the same, a
weighing for eachgaugebased on this numbevas considered. The decision to chotse
number of measured points as a deciding factor was madeleongithe fact that there is
more confidenein the gaugéasedseepage rates witnhigher number of points compeat

to those with only two or three points.

In order to estimate the pondage based seepage rate, a weighting was allocated to each gauge
taking in to account the number of measured points at all gauges in each pool, and the
pondage based seepage rate is calculated as a weighted mean of the inghvigeaates
(Appendix C, Table C1)

In a pool with n gauges where a pondage condition occurred, the seepage rate for the first
gauge isS; and number of measured points for the first gauge is eqbil Bimilarly S, and
N, stand for seepage rate andmber of measured points for th& gauge during the

pondage condition. The weight for each gauge will be calculated as:

- N
W= g (5.1)

Consequentlyhe seepage rate for the pondage will be calculated using the weighted average
(Equation 5.2).

Spondage = BL;SZW (5.2)

In order to indicate the level of confidence imck estimated pondage based seepage rate,
two variables were defined for each pondage sample:

1 Number ofmeasuregbointsper pondage (NMPP)
91 Level of confidence (LOC)

The definitions of NMPP and LOC differ depending on the group (as given in section 4.7.2)

into which that ponding condition belongs as shown below in Figure 5.8.
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Loc= EF:
n
Nmpp= 21N
n
Loc= R%;
NMPP= N
n
NMpp= BN

Wheregate met criteria requirement

Figure 5.8 Determination of LOC & NMPP variables for each pondagesample according to the group

Obviously the pondage rates in groups 2 and 5 were exactly the same as gauge based rates.

However in groups 1 and 4 the seepage rate for each pondage sample was cakinigted

the explained mean average method. Similarly in group 3 averaging was performed between

gauges that met group 3 requirements. The resulting histogrfasegepage rate magnitudes

for all possible pondage samples during each of the three irrigatasorse were plotted

separately in Figures 5.9, 5.10 and 5.11.

Number of occurrence

120
100
80
60
40
20

PONDAGE BASE 20

001 0.2 04 06 08 1

Seepage rate (mm/hr)

12 14 16 25

4 18

Figure 5.9 Histogram ofpondageseepage rateduring 2009 irrigation season
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Figure 5.10 Histogram ofpondageseepage rateduring 2010 irrigation season
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Figure 5.11 Histogram ofpondageseepage rateduring 2011 irrigation season

As can be seen from the histograms, the pondage rates also shei@aed distribution to

the right in all three yearddowever, the proportion of pondage rates less than 0.5 mm per
hour was greater in0A1 with 84% of the total compared to 78% in 2010 and 76% in 2009. In
other words, histogram of 2011 pondage seepage rates had the lowest median value with 0.18

mm per hour comparing to 0.22 in 2009 and 0.24 mm per hour in 2010.
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Summary of median valuesrfgauge, group and pondage based seepage rates in all three

years are illustrated in Table 5.4.

Table 5.4 Summary of median values of estimated seepage rates during 260®11

Median Value

Year | Gauge | Groupl | Group2 | Group3 Average | Pondage
rate rate rate rate priorities rate
2009 0.19 0.26 0.25 0.13 0.21 0.22
2010 0.2 0.3 0.25 0.15 0.23 0.24
2011 0.15 0.18 0.23 0.13 0.18 0.18

Table 5.4 shows that the median values for different estimated seepage rates in 2011 are
considerably lower compared wi009 and 2010. Furthermore, the average value of all
three groups median is approximately equal to median of pondage rate. At the same time,

group3 seems to have a lower seepage rate in compare with the other two priorities
5.3.3 Seepage rate per pool

Given the fact thaseepage estimates from the only comprehensive study done in CIA area
indicates locations with high seepage Idq#dlen, 200), in order to be able to make
comparison between the findings of this stadyg Allen (2006), it was decided tefthe a set

of rules to automatically estimate pool based seepage rates based on the pondage based rates
in each pool. Again a weighted mean of the pondage based rates was applied to estimate the

pool based rate.

In a pool where n accepted pondage cood#tioccurred, the seepage rate in the first pondage
is S, and NMPP of the first pondageNs. Similarly S, andN,, stand for the seepage rate and
NMPP of " pondage sample in the pddippendix C) Weights for each pondage based rate
and the pool baseskepage rate were calculated using equations 5.1 and 5.2.

Moreover, in order to indicate the level of confidence in each estimated pool based seepage
rate, using equations 5.3 and 5.4 two new variables were defined from averaging the LOC
and NMPP of eachqndage sample:

n >
Locp= 225 (5.3)
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B} NMPR
n

NMPPP= (5.4)

where LOCP is the level of confidence in each estimated pool based seepage rate and

NMPPP is the average number of measured points in each pool.

5.4 Conclusiors

Two more years of historical data were added to #taldhse, all pondages identified and
classified, and seepage rates estimated for each gauge. Based on the individual gauge seepage
rates estimated by the linear regression model for accepted samples in each pool during each

season, an average seepagefoateach pondage and pool was estimated.

Histograms of seepage rate magnitudes for all the gauges in accepted and rejected samples
during each of the three irrigation seasons were plotted separdteéy histograms showed

clear differences between thecapted and rejected samples and the clear similarities
between the accepted results for the three years.

Results of the analysis showed that seepage losses from the CIA are significant, with about
20% of the estimated seepage rates in all three seasatergtean 0.5 mm/hr (12 mm/d).

While a number of pondages with significantly high loss rates were observed during each
season. The median seepage rate for 2011 was lower compared with the other two seasons,
while the median seepage rates were similar bivilee 2009 and 2010 seasons.
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Chapter 6: Evaluation of factors
affecting the seepage rates estimated
using TCC data

6.1 Introduction

As described irfChapters, themodel uses Anear regressioasa first estimatef the seepage

rate for eaclgaugein agivenpool during shut down perigdin order to clarify the quality of
seepage estimates resulting from the model, an evaluation of all pondage conditions
occurring in different pools during the three irrigation seasons was undertaken and possible
causal factors affecting the estimated seepage rates were introduced. A humber of pools with
several pondage conditions were identified and correlations betwedliffdrent seepage

rates resulting from different pondage conditions were interpreted. Pools with very high rates
of water loss indicative of leakage were addressed and the application of a polynomial trend
line rather than linear regression for modellinge tseepage rate in those samples was

assessed. Finally a comparison with previous seepage studies that used TCC data is provided.

6.2 Causal factors affecting the estimated seepage rate from TCC data

A full detailed analysis of all pondage conditidios selectedbools during 20092012 was
done and various features affecting the estimateepage rates were introducékhe
evaluation consists of correlation assessment of the estimated seepage rates in different
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pondage conditions for each pool as wsllexaluating various possible factors affecting the
difference in rates if this is the case. These include, duration of gate shut down, surface water
elevation at the start of the pondage condition and its relation to supply level of the channel at
each gage, accumulated depth of rainfall during the pondage period, seasonal variations in
seepage rate, number of water level measurements in the pondage, suspected unauthorized
water usage, noise associated with measurements and leakage through macrobpoies in

of the channels. A number of examples for each feature are provided in each section.
6.2.1 Effect of rainfall

As previouslydescribe in Chapter 4, daily accumulatidepthof rainfall measured immis

applied for calculation of corrected water elgéon for each gauge. Given the fact that only

the total depth of daily rainfall not its distribution during each day is available, the removal of
rainfall effect from measured water elevations can cause a sharp drop in corrected water
elevations especigllwhen a considerable amount of rainfall occurred and consequently
affect the shape of corrected water elevation plots as well as the estimated seepage rate per

gauge.

The rainfall may occur at the beginning, in the midtibeyard the end or a combinatianh

two in any pondage condition and will consequently reform the shiate corrected water
elevation plot respectively. This was observed in corrected water elevation plots of all gauges
in BOONA 9, 91 pool during a pondage condition with one consiikr rainfall at the
beginning of the pondage condition followed by one slight one in the middle with total
amount of 97 mm (Figure 6.1). However, given that the pondage condition lasted for 40 more
hours after the last rainfall occurrence and a sufficminber of measurements were
available, the seepage rate for the remaining part of pondage condition-estisnaedand
compared with the seepage rate estimated by the model (Appendix D). At the same time a
rise in the plot prior to the occurrence ofnfail as shown in Fig 6.13 can be due to the fact
that any rainfall event was measured at 9 am and recorded against the same day. Therefore
the imperfect knowledge of exact timing of the rainfall event could potentially cause the rise
and fall in the correted water elevation plot. Furthermore it is likely that the magnitude of
the actual rainfall in the channel of interest will be different to the rain measured at the
closest AWS. Rainfall can be highly spatially variable, and this variability will besktdir

short duration high intensity events such as summer storms.
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As shown in Figure 6.1, removal of this initial rainfall period from the ponding test changed

the estimated seepage and increased thalRe of the line of best fit.

Corrected water elevation plot of BOONABgauge
during a pondage condition with 97 mm rainfall

1650
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E y =-2.1381x + 1584.8

< 1550 3 RZ=0.876

T 1500 ——

s y =-1.8455x + 1571.2

g 1450 Rz =0.9842

5 1400

5 0 10 20 30 40 50 60 70
S Time (hr)

Figure 6.1 Rainfall effect on corrected water elevation plot of BOONA 91 in BOONA 9, 9-1 pool during a pondage
condition with total amount of 100 mm rainfall

The same situation was also observed in corrected water elevation plots for all gauges in
ARGOON 3A, 220/1pool in form of two rises and falls during a pondage condition when
three rainfall events with total amount of 110 mm occurred (Figure 6.2). However, given that
enough measurements for the remaining part of pondage plot after elimination of the rises
and fdls were available, seepage rate was re estimated and reduced from 2.1 to 1.85 mm/hr
(Appendix D)

Corrected water elevation plot of farm outlet
220/1 during a pondage condition with 110 mm
rainfall
T 1640
g 1620
% 1600 -
3] 1223 \ y =-2.4418x + 1618.9
IS R2=0.8502
= 1540 N~
@ 1520 \50\‘
8 1500 v =-1.5108x + 1573.3
5 1480 R2 = 0.9969
)
0 10 20 30 40 50 60
Time (hr)

Figure 6.2 Rainfall effect on corrected water elevation plot of farm outlet 220 in ARGOON 3A, 220/1 pool during a
pondage condition with total amount of & mm rainfall
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On the other hand, when a sufficient humber of measured points or sufficient pondage
duration after the noise elimination was not available, the pondage sample was taken out
from the analysis. A good example of this is illustrated in Figusewhere 47 mm rainfall
occurred during a 55 hour pondage condition on BOONAT p@éol. From Figure 6.3 it can

be seen that only three points are available in the remaining part after the rise and fall
eliminations. Furthermore, due to short duratiorpondage condition after the rainfall, this

pondage sample was removed from the ana{ygpendix D)

Corrected water elevation plot of BOONAT gauge
during a pondage with 47 mm rainfall

g 1500

£ 1480

= y =-0.2403x + 1437.6
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£ 1440 : ~—
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S 1400

§ 0 10 20 30 40 50 60

Time (hr)

Figure 6.3 Rainfall effect on corrected water elevation plot of BOONA 71 gauge in BOONA 7, 71 pool during a
pondage condition with total amount of 47mm rainfall in 2010/11 season

Figure 64 shows another pondage condition on COLY -4, ool with total amount of 30
mm rainfall which was removed from the analysis duko number of measured points as

well asshort pondage duration after the eliminagof rainfall effect(Appendix D)

Corrected water elevation plot of farm outlet 27/2
during a pondage with 30 mm rainfall
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Figure 6.4 Rainfall effect on corrected water elevation plot of BOONA 71 gauge in COLY 7, 71 pool during a
pondage condition with total amount of 47 mm rainfall in 2009/10 season
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However, the results of the analysisowed that whenever the amount of occurred rainfall
was low (Figures 6.5 and 6.6) or the pondage duration was very long (Figure 6.7), the

estimated seepage rate was not affected by the existence of the fappalhdix D)

Corrected water elevation plot of farm outlet 2005/1
during a pondage with 14 mm rainfall
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1650 &
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Figure 6.5 The estimated sepage rate not affected by the existence of rainfall due to low amount of 14 mm rainfall
during a pondage condition on ARGOON 38, 2005/1 pool in 2009/10 season

Corrected water elevation plot of farm outlet 2005/1 during a
pondage with 5 mm rainfall
g 1650
— 1600
©
g 150 y =-0.9682x + 1574
= 1500 R2=0.,9242
3
‘g 1450 =551
S 1400
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Figure 6.6 The estimated seepage rate not affected by the existence of rainfall due to lbowount of 5 mm rainfall
during a pondage condition on ARGOON 38, 2005/1 pool in 2009/10 season
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From Figures 6.5 and 6.6 it can be seen that if sufficient number of measurements are
available the occurrence of rainfalls up to 15 mm during a normal pondage condition (around

5 days) will have minimal effect the estimated seepagdAaigendix D)

Corrected water elevation plot of TUBBO 9 gauge during
pondage condition with 97 mm rainfall
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Figure 6.7 The estimated seepage rate not affected by the existence of 97 mm rainfall due to long duration of a
pondage condition on TUBBO 8, 9 pool in 2010/11 season

Corrected water elevation plot of BUNDUREL&auge during a
pondage condition with 90 mm rainfall
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Figure 6.8 The estimated seepage rate not affected by the existence of 90 mm rairdalk to long duration of a
pondage condition on BUNDURE 80T/ 8-1 pool in 2011/12 season

At the same time, whenever long enough pondage condition with considerable number of

measured points after eliminating the rainfall effect was available (Figure r6tii¢ evhole
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duration of pondage condition was very long (Figure 6.8), a considerable amount of rainfall

up to 100 mm did not affect the estimated seepage rates (Appendix D).
6.2.2 Surface water elevation in the channel

It was anticipated that the seepagte should be positively correlated with the depth of water
in the channelA detailed analysis of all pondage conditions in a number of pools was
completed and theesults of the analysis for all studied pondage samples showeth¢hat
maximum rate of spage in each poaccuredduring a pondage sample stagtat higher
water levels in channekhile the lowest estimated rate was related to samples starting at

lower water elevations in the channel.

Corrected wter elevation plot of 640/1 farm outlet at
lower water levels in the channel
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E 1500 y =-0.1017x + 1494.2
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Corrected water elevation plot of 640/1 farm outlet at
higher water levels in the channel
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Figure 6.9 Initial water elevation effect on the estinated seepage rate of 640/1 farm outlet BUNDURE 3-11, 312
pool during two pondageconditionsin 2010/11 season

Figure 6.9 presents corrected water elevation plots of farm outlet 640/1 in BUNDURE 3
3-12 pool during pondage conditions started at highest and lowest recorded channel water
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elevations compared to the channel supply level of 1789 mm. The estimgiageseate for
the pondage condition starting at the higher water elevation was higher compared to the

estimated seepage rate of the other pondage contippendix D)

Corrected wter elevation plot of BUNDUREL%tarted at
lower water levels in the channel
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E 1250
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c© 1150 2=
=
:8 1100 -<
@ 1050
8 0 50 100 150 200
Time (hr)
Corrected water elevation plot of BUNDUREL &tarted at
higher water levels in the channel
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Figure 6.10 Initial water elevation effect on the estimated seepage rate BUNDURE 7-1 gauge in BUNDURE 70T,
7-1 pool during two pondageconditionsin 2010/11 season

Figure 6.10 also shows a similar condition in BNDURE 70T, 71 pool during pondage
samples with initial maximum and mimum recorded water elevations compared talh f
supply level of 1708 mm at BUNDUREZT gauge. The estimated seepage rate at the lower
water elevation was almost half of the estimated seepage rate at the highest recorded water

elevation(Appendix D)
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6.2.3 Seasonal effect

It is believed that chanheeepagencreasesvith greater net available heg@ilicLeod et al,
1994. Given the fact that water table elevation changes during different seasons, it is
expected that seepage rates might decrease during winter when water table elevations are

higher andncrease in summer when water table elevations are lower.

Considering the observed variations of estimated seepage rates in diffarenof the
irrigation season, each season can be divideithree major periods including thenitial,
middle and therad periodsof the seasofiTable 6.1)

Table 6.1 Distribution of months in different periods of each irrigation season

July
August
September

Initial

October

November
December
January
February

Middle

March

April
May
June

End

As previously introduced in Chapter 3, each irrigation season starts on'thaf 30ne and

ends at 29 of June next year. The initial period of each irrigation season covers the last two
months of winter and initial months of spring when water table etmsaiare higher and
estimated seepage rates are expected to be lower. The middle period of each irrigation season
is from the middle of spring till the end of summer when water table elevations below the
channels are decreasing and consequently it is #&2gét have higher seepage rates during

this period. In addition, the results of the investigation showed that in the majority of
channels, water levels were approximately at operational elevations during this period.
Finally the last period of each irrifjan season starting at the end of summer and continuing
towards the end of the irrigation season when water table elevations below the channels are

increasing is expected to have lower seepage rates.
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Figure 6.11 illustrates the difference between theneséd seepage rates in two pondage
conditions, started in the initial and in the middle period of 2010 irrigation season in
BUNDURE 54, 55 pool where the seepage rate for the initial period was lower compared to
the one in the middle periddppendix D) A closer look at Figure 6.11 shows that the initial
water elevation in the pondage condition during the initial period is far lower than that for the
middle period. At the same time the estimated seepage rate for the second pondage condition

was reestimated due to the occurrence of 45 mm rainfall.

Seasonal effect on the estimated seepage rate of Bundw® 5
gauge in the intial part of the season
= 1260
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§ 1100
0 200 400 600 800 1000 1200
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Seasonal effect on the estimated seepage rate of Bundw® 5
gauge in the middle part of the season
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Figure 6.11 Seasonal effect othe estimated seepage rate ¢fvo pondageconditionsin BUNDURE 5-4, 55
during the initial and the middle periods of 201011 irrigation season

Another example of two different pondage conditions occurring in the initial and in the

middle period of 2010/11 irrigation season is illustrated in Figure 6.12 where the estimated
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seepage rate for the pondage condition that took place in the middlesebdwn was almost

twice the magnitude of the seepage rate estimated at the initial period of the season. The
gradual increase and sudden drop in the corrected water elevation plot during the mid
October pondage condition is associated with the effect ofif@ rainfall. Therefore, after+e
estimating the seepage rate for the remaining part of the second pondage, the new seepage
rate became equal with the estimated seepage rate during the initial period. The initial water
elevation in the pondage conditioarthg the initial period is far lower compared to the other

initial elevation and the full supply level of 1723 ngAppendix D)

Seasonal effect on the estimated seepage rate of Tubbo 8 gauge
the initial part of the season
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Seasonal effect on the estimated seepage rate of Tubbo 8 gauge
the middle of the season
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Figure 6.12Seasonal effect othe estimated seepage rate ¢fvo pondageconditionsin TUBBO 7, 8 poolduring the
initial and the middle periods of 2010 irrigation season
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On the other hand, the estimated seepage rate in the beginning of the season is not always the

lowest rate, especially when the initial channel water level is close to operational elevations.

Seasonal effect on the estimated seepage rates of 221/1 Fari
outlet in the initial part of the season
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Figure 6.13 Seasonal effect ohe estimated seepage ratdn three pondageconditions occurred inTUBBO 6, 7 pool
during the initial, middle and the endperiods of 201011 irrigation season
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An example of this situation is illustrated in Figure 6.13 where the initial water elevation in

the channel during the pondage condition which occurred at the beginning period of the
season is greater than the other two samples from the middle and tdveaets! of 2010/11

season on TUBBO 6, 7 pool. Subsequently the estimated seepage rate at the earliest pondage
condition is greater than the other two rates. Moreover, the estimated seepage rate decreased
towards the end of the season and reached the loatesin the last pondage condition

occurred at late June 20{Appendix D)

Corrected water elevation plot of BUNDURE-3Ayauge during a
pondage condition towards the end of 2009/10 season
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Corrected water elevation plot of BUNDURE-3Ayauge during a
pondage condition in the middle of 2009/10 season
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Figure 6.14Seasonal effect orthe estimated seepage ratef two pondageconditions in BUNDURE 3A O/T,
BUNDURE 3A-1 pool during the middle and towards the end periocf 2009/10irrigation season
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A comparison of estimated seepage rate during the middle and towards the end of the season
is illustrated in Figure 6.14 where the seepage estimatedon@dage conditiomowards the

end of the seasowas lower compared with similar pondage condition occung in the

middle of the season

6.2.4 Pondage condition duration

Another factor affecting the estimated seepage rates was the duration of the pondage

condition.
Corrected water elevation plot of 2005/1 farm outlet during 500
hours pondage condition in late Aug
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Corrected water elevation plot of 2005/1 farm outlet during 250
hours pondage condition in early Sep
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Figure 6.15 Duration effect onthe estimated seepage ratef two pondageconditionsin ARGOON 3-8,
2005/1 pool in201011 irrigation season
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Figure 615 shows two pondage conditions on ARGOOI8,2005/1 pool starig at similar

water elevations during similar periods thie 2010/11 irrigation seasobut with different
durations. From Figure 6.15 it can be seen that duration of the pondage condition in
September is approximately twice the duration of the August pondage. At the same time, the
number of measured points in the September pondage was 27 and 16 for thepAndage
condition. On the other hand, the estimated seepage rate for the August pondage condition

was almost 60% higher than the rate estimated for SeptéAyeendix D)

This was also repeated in the case of two long pondage conditions, startedaatvsatel

levels during October on BUNDUREM3, ESC 4 pool in 2009/10 irrigation season where

the estimated seepage rate for the shorter pondage condition was almost twice the rate
estimated for the longer pondage period (Figure 6.16). Similarly, the murhlmeeasured

points was 55 for the longer pondage condition and 23 for the shorter one respectively
(Appendix D)
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Corrected water elevation plot of 596/1 farm outlet during 120
hours pondage condition in early Oct
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Corrected water elevation plot of 596/1 farm outlet during 400
hours pondage condition in mid Oct
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Figure 6.16 The effect of pondage duration orthe estimated seepage ratef two pondage conditiondn BUNDURE 4-
13, ESC 4 pooHburing October of 2009/10irrigation season

Furthermore, in order to evaluate the effect of pondage duration on the estimated seepage rate
in a long pondage period, using the linear regression the seepage rate was estimated for the
initial 60 and 150 howrand compared with the average seepage rate of the entire 380 hours
pondage condition. It can be seen that the estimated seepage rate for the initial 60 and 150
hours pondage duration were 70 % and 60 % higher than the averaged seepage rate
respectively.Comparison of the estimated seepage rates for the shorter pondage conditions

and the whole pondage duration shows that the decrease in the water elevations in the longer
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pondage periods compare to shorter durations might be an explanation to the effect of

pondage duration on the estimated seepage rate.

Results of the analysis suggest that the duration of a pondage condition hasrae
relationship with the estimated seepage rate while it has a direct relationshipumitier of
measured pointsSupposely, between two pondage conditions occurred at similar channel
water elevations during a same period of the season, it is expected to estimate lower rates of

seepage for a longer pondage.

The effect of pondage duration on the estimated seepage ratesimfcaisort pondage
conditions can be substantial when number of measured points is small and variations

between the estimates are high.
6.2.5 Number of measured points

Results of the detailed analysis of all pondage conditions revealedvétet elevatia
measuremas during shut down periods dmbt always commencexactly at the stadnd or

finish exactly at the endf pondage conditia Thisresuledin asmaller number of records
andawater elevation record coverirgshorteduration compaed tothe real pondage period
which was a common problem the majority of pondage samples less than 3 d&ygure

6.17) This was also highlighted as part of pondage duration effects on estimated seepage

rate.
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Figure 6.17 Water elevation measurements of COY 7-1 gauge covering less duration compare to original pondage
period with small number of measured points
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However, some of the pondage conditions had a reasonable number of measured points
despite the fact that they covered a shorter duration than drgpnalage period (Figure
6.18).

- TUBBO3,4 -

_ 1435
E 1430
E 1425 t‘\.
— 1420
E 1415 \\
2 1410

1405 >
£ 1395
g 1390 o~
5 1385

1380

000 TTOZ/0T/E
B TTOZ/OT/E
9EIGTTOZ/OT/E
000 TTOZ/OT/E
i TTOZ/OT/E
9ECGTTOZ/OT/E

ETETTTOZ/T/T
PEFTTTOZ/OT/E
ETETTTOZ/OTSE
PEFTTTOZ/OTSE
ETELTTOZ/T/E

Figure 6.18 Water elevation measurements ofUBBO 4 gauge covering less duration compare to original pondage
period with reasonable number of measured points

Therefore, itcan be concludethat there is more confidence istienated seepage rates in
pondage conditionwith high number of recorded points comgéto samples witha lower
number ofrecorded pointsHowever, a high number of measurements do not always provide
more confidence im pondage condition as noise in the measurements may sometimes

produce a large number of repeated elevations.
6.26 Noise associated with measurement devices

Analysis of the corrected water elevation plots highlighted the possible presence of a number
of cases associated with potential noise in the measurement dduiga® 6.19 presents an
example of noise in water elevation measurements at BOONA 7 gauge in BOONA 8, 9 pool
during a 44 hours pondage condition without any rainfall. As can be seen in Eitj@rthe

water elevation remained constant for half of the pondage duration and suddenly started to
decrease rapidlfAppendix D) However, unauthorized water usage remains as another
possible explanation for the rapid decline in the water elevation.
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Noise assosciated with water elevation measurement of
BOONA 7 gauge during a pondage in early Feb
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Figure 6.19 Noise associated with water elevation measurements of BOONA 7 in BOONA 8, 9 pool during a pondage
condition without any rainfall

This was alsmbservedduring a pondage conditidn late Novembef010in COLY 5, 51

pool as illustrated in Fige 620 where a considerable number of measurements were
recorded in less than 10 hofgppendix D) The question remains whether it can be related

to the measurement device, a high possible leakage in the channel or it could be related to an

unauthorized water usage.

Noise associated with water elevation measurements at COLlY 5
gauge
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Figure 6.20 Noise associated with water elevation measurements of COLY¥15in COLY 5, 5-1 pool during a pondage
condition without any rainfall
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At the same time, noise was also observed in some other casesawbastderablanaumber
of measurement®f repeated elevations wemecordedfor several times(Figure 6.21)
(Appendix D).

Noise associated with water elevation measurements at
2008/1 farm outlet

1600
1550 |\

1500 \
1450 ‘\“‘\

1400
1350
1300

Corrected water el. (mm)

0 50 100 150 200 250 300
Time (hr)

Figure 6.21 Noise associated with water elevation measurements of 2008/1 farm outlet in YAMMA74 ESC 4 pool
during a pondage condition without any rainfall in 2009/10 season

Error in the measurements was also observed at lower water elevations in the channel mostly
at the beginning of the season where the recorded water elevations for some of gauges in the
pool were equal to zero. This might heedo the lower elevation of surface water compare to

the sensors level at some of gauges resulting in sensors being put out of the water and

assuming no water was available in the measurements.

6.26.1 Noise in rejected samples

Apart from the highlightedoises in accepted group of pondage conditions, noises associated
with measurement devices were also observed in some unexplainable and unusual plots in the
rejected pondage conditions. many cases this noise is the probable cause of the ponding
condition being rejected.
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Noise at higher water elevations in rejected pondage conditiot
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Figure 6.22 Noise associated with water elevation measurements of 182/1 farm outlet in YAMMA 1, 2 pool during a
pondage condition without any rainfall in 2009/10 season

Figure 6.22 shows an exampleasfunusual water elevation plat higher water levels in the
channel during a pondage condition without any rainfall. The pool consists of 5 gauges where

all of them had similar water plots during the pondage péApgendix D)

Noise associated with continues increase in measured water elevatic
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Figure 6.23 Noise associated with continuous increaserneasured water elevations
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Another common situation observed in majority of rejected pondage samples was the point
that the measured water elevations continuously increased during the entire pondage period.
Figure 6.23 shows the measured and correctegrwaevations of TUBBO 12 gauge in
TUBBO 11, 12 pool during a pondage condition with 10 mm rainfall where the measured

water elevations continued to rise for the entire pondage du(agppendix D)

Noise at lower water elevations in rejected pondage conditior
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Figure 6.24 Noise associated with continuous increa in measured water elevations

Another common situation observed in majority of rejected pondage samples was where the
measured elevations were constdmting the entire pondage periothis suggests that the

water level is below the bottom of the senand has nothing to do with noise in the system
However,in some casebased on the measured water elevation databmaget elevations

were measured by sensors. An example is presented in Figure 6.24 where the measured
elevation at YAMMA 2 gate remainedonstant at 1055 mm. Howevelhe minimum
measured water elevati@nthis gate based on the databases 450 mm which makes Figure

6.24 unexplainable.

6.2.7 Possible leakage

Another possible factor affecting the rate of seepage in different channels was the possible

existence of macro pores in the bank of channels resulting in a high rate of water loss via
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leakage. This suggests that high rates of water loss at high watatiaievin any given

channel might be due to possible leakage.

A full detailed analysis of all pondage conditions was done and samples with high rates of

water loss in different channels were identified. Results of the analysis showed that all high

rates ofwater loss occurred at water elevations close to full supply level of different channels.

However, the ideal curve of seepage rate showing a rapid rate of water loss via leakage at the

beginning of the pondage condition was only observed in some of titag® conditions

that had a sufficient number of measured points as well as long enough pondage durations

(Table 6.2). Furthermore, in a pool with several pondage conditions at high water elevations,

the longer pondage condition might have a lower estuinatepage rate as the result of

duration effect in compare with other pondage conditions. However, the long pondage

conditions with high number of measured points at higher elevations close to full supply level

in any given channel are of interest for grogsible leakage detection.

Table 6.2 Identified pondage condition with possible leakage

Estimated
seepage rate

No. Pool Season  Start date End date I;’r\]"égr

regression
(mm/d)
1 TUBBO OFFTAKE, BOON/ 2009 22/05/2010 21:01 | 25/05/2010 6:05 32.40
2 BUNDURE MAIN3, 14 2009 23/09/2009 18:27 7/10/2009 7:27 34.08
3 BUNDURE-#, 42 2009 9/06/2010 19:52 28/06/2010 9:31 21.12
4 COLY 9@, 9G3 ESC 2009 2/11/2009 13:15 4/11/2009 9:19 37.20
5 | BUNDURE-1, ESC BUNDURE 2009 26/04/2010 10:40 | 29/04/201016:54 83.93
6 BUNDURE-43, ESC 4 2009 16/10/2009 15:52 3/11/2009 0:42 13.68
7 BUNDURE-3, ESC 4 2009 5/10/2009 13:24 | 10/10/2009 17:32 25.44
8 YAMMA 155, 1A6 2009 30/09/2009 18:45 6/10/2009 3:04 21.36
9 BUNDURE-Z, 7-2 2009 28/05/2010 20:41 | 28/06/2010 6:17 19.44
10 BUNDURE MAIN7, ESC 2 2010 21/09/2010 18:00 | 10/10/2010 21:23 23.52
11 BUNDURE 7 O/T;17 2010 5/11/2010 18:59 8/11/2010 4:57 57.36
12 TUBBO1,2 2011 22/03/2012 10:49 | 26/03/2012 4:11 126.24

Figure 6.25 shows the corrected water elevation plot for one of the gauges in BUNBDURE 7

1, 72 pool during a pondage condition identified with possible leakage started at higher

water levels in the channel compared to full supply level of 169(/AppendixD).
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Corrected water elevation plot of BUNDURE2'®Huring a pondage

1550 condition on BUNDUREZ, 7-2 pool
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Figure 6.25 Possible leakage identified at BUNDURE-Z gauge during a pondage condition on BUNDURE-1Z, 7-2
pool in 2009/10 season

It can be seen from Figure 6.25 that the seepage rate did not remain constant during the
pondage period and the cated water elevations dropped rapidly in the initial part of the
plot followed by a gradual decline in the elevatioBssically the sharp initial drop in
corrected water elevation plot is due to leakage which is followed by a gradual decline that is
due b seepagé€Figure 2.7).Therefore, in order to find the most suitable trend line to model

the water loss, a polynomial trend line was also applied to the corrected water elevation data.
It can be said that polynomial trend line is more suitable to modediithnnel seepage in this

case which is similar to the ideal seepage curve.

The variations of estimated seepage rate using the polynomial trend line at different water
elevations at BUNDURE -2 gauge shows that the maximum seepage rate occurred at the
highest water elevation and decreased gradually at lower water elevations (Figure 6.26).
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The estimated seepage rate iusing polynomial trend line a
different water elevations at Bundure 2 gauge
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Figure 6.26 The estimated seepage rate using the polynomial trend line at different water elevations at BUNDURE 7
2 gauge

At the same time, the variation of the estiethseepage rate showed a linear association with
different times of the pondage period (Figure 6.27).

The estimated seepage rate using polynomial trend line versu
pondage time
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16
14 |y
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Figure 6.27 Linear variation of the estimated seepage rate using the polynomial trend line against time

Another example of a pondage condition witghrate of water loss is illustrated in Figure

6.28 where the estimated seepage rate via linear regression highlighted a high rate of water
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loss during this pondage conditighppendix D) Similar to the previous plot, variable water

loss rates were obseny during the pondage period. Given the fact that the pondage condition
happened at high water levels compared to the full supply level of 1717 mm in the channel,
this high rate of water loss might be due to possible leakage as well as possible unduthorize
water usage. At the same time, considering the form of the plot and different water loss rates
during the pondage period, a polynomial trend line was also applied to the corrected water
elevation data and compared with the linear regression model. Byntlze polynomial

trend line is seen to be more suitable to model channel seepage in this case.

Corrected water elevation plot of TUBBO 2 during a pondag
condition on TUBBO 1, 2 pool

g 1550
= L N
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©
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Figure 6.28 Possible leakage identified at TUBBQ gauge during a pondage condition on TUBBO 1, 2 pool in
2011/12 season

This was also observed in anotipemdage condition where possible leakage was suspected
and where the polynomial trend line was seen to be more suitable to model the seepage
similar to the previous condition (Figure 6.Z8ppendix D)
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Corrected water elevation plot of 591/2 farm outlet during a
pondage condition on BUNDURE MA1S, 14 pool
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Figure 6.29 Possible leakage identified at 591/2rfa outlet during a pondage condition on BUNDURE MAIN-13, 14
pool in 2009/10 season

The variation plot of the estimated seepage rate by polynomial trend line at different water
elevations highlighted the maximum rate of 3.5 mm/hr at the highest watettiaieva
followed by a gradual decline at lower water elevations (Figure 6.30). Similarly, the variation

of the seepage rate showed a linear decline during the pondage period (Figure 6.31).

The estimated seepage rate iusing polynomial trend line a
different water elevations at
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Figure 6.30 The estimated seepage rate using the polynomial trelide at different water elevations at 592/1 farm
outlet
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Variation of the estimated seepage rate using polynomial trend line

at different times
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Figure 6.31 Variations of the estimated seepage rate at 591/2 farm outlet using the polynomial trend line at different
times

6.2.8 Possible sources of uncertainty

Potential sources of error lie seepage estimates resulted from TCC data. The first is the
uncertainty in TCC flow measurements. This uncertainty is estimated to be +5% prior to
2007/08 when pressure sensors were used in Flume gates and +2.5% once the ultrasonic
sensors were installedierified by Manly Hydraulics Laboratory (Rubicon, 2013). The
second source of the uncertainty is the potential error in TCC water level measurements.
Maximum and minimum sensor levels are defined for each channel in the TCC system.
Lower water elevationscmpar ed t o the sensords | evel re
water and assuming no water was available in the measurements. Similarly, higher water
elevations result in sensors being drowned in the water and assuming water is kept at the
fixed maxmum elevation. Uncertainty in evaporation measurements (including uncertainty in
wind speed, net radiation and air temperature) is another potential error in seepage estimates
resulted from water balance approach. A greater uncertainty is the R&fongeih estimate

itself and the fact that it ignores advected energy in the dry air blowing over the channel,

resulting in a significant underestimate of evaporation on some days.
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6.3 Interpretation of different seepage rates in any given pool

Based on all tb causal factors described in the previous section, it is assumed that the
variation in the estimated seepage rates for different pondage conditions in any given pool
can be interpreted. Table 6.3 illustrates the estimated seepage rates as well general
chaacteristics of all pondage conditions in the TUBBO 10, 11 pool during the 2009/10

irrigation season.

The data in Table 6.3 shows that no pondage condition occurred in the beginning period of
the season at low levels of the channel. Furthermore, aparttmtast pondage sample that

took place during the end period, the rest of the pondage conditions occurred during the
middle period. The highest rate of seepage was for the pondage condition which occurred at
the highest water elevation in the channdie Bffect of pondage duration on the estimated
seepage rate can be seen in tllep8ndage sample where the estimated seepage rate has
decreased compared to other pondage conditions which took place at lower water levels
(Figure 6.32). With the seasonafedt as well as the longer pondage duration coinciding, a
lower seepage rate was estimated for the last pondage condition compared with the 3
pondage sample which took place at a similar water elevation in the channel (Figure 6.32).

Table 6.3 General chaacteristics of all pondage conditions orTUBBO 10, 11pool during 2009/10 season

Pondage L Seepage | No. MaxEL | SupplyEL | Duration

Condition start End Priorty (mm/hr) | Points | (mm) (mm) (hr)
1 23/10/2009 13:10 29/10/2009 9:04 1 0.27 10 1555 1732 140
2 2/11/2009 8:01 20/11/2009 9:31 1 0.19 32 1513 1732 434
3 26/11/2009 8:31 14/12/2009 9:26 1 0.32 30 1627 1732 433
4 18/12/2009 8:53 | 21/12/2009 15:02 1 0.19 5 1365 1732 78
5 23/12/2009 14:11 30/12/2009 9:19 1 0.26 12 1375 1732 163
6 2/01/2010 8:01 5/01/2010 9:40 1 0.44 1539 1732 74
7 11/01/2010 12:14 | 13/01/2010 19:00 1 0.72 1598 1732 55
8 20/01/2010 7:59 24/01/2010 9:27 1 0.91 10 1668 1732 97
9 28/01/2010 16:38 3/02/2010 9:02 1 0.43 11 1583 1732 136
10 6/03/2010 21:57 10/03/2010 7:55 1 0.60 8 1640 1732 82
11 27/05/2010 8:44 28/06/2010 20:30 1 0.25 45 1622 1732 756

ey
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The effect of pondage duration on estimated seepage rate of 3r
pondage condition
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Figure 6.32 Qrrected water elevation plots ofTlUBBO 11 gauge during3 pondage conditionson TUBBO 10, 11 pool,
occurred at higher water elevations in thechannel (Appendix D)
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Another example of a pool with several pondage conditions at high water levels in the
channel is provided ifable 6.4.According to the information in Table 6.4, four pondage
conditions which occurred at high water elevations in the channel can be Iigtlighe

first pondage condition had the highest water elevation compared to other samples, while as a
result of the coincidence of the seasonal affect (being during the initial period of the season)
and pondage duration, the lowest seepage rate wasatdirfor this pondage condition
(Figure 6.33). At the same time, a higher estimated seepage rate f8mbedage condition

might be due to it being in the middle of the season. The estimated seepage rate 'for the 7
pondage condition (that occurred in the middle of the season) was slightly higher th4n the 5
sample which might be due to the shorter pondage period. Finally the lower estimated
seepage rate for thé"®ondage condition compared with thB §ample migt be due to
pondage duration effect as provided in Figure 6.33. From the operational prospective it can
be said that, although the highest rate was estimated fof"tkaniple but considering the
longer pondage period as well higher number of measuiatsgbe §' sample might present

the normal operational condition in the pool.

Table 6.4 General characteristics of all pondage conditions on TUBBO 40T, 2026 pool during 2011/12 season

Pondage o Seepage No. MaxEL | SupplyEL | Duration
- Start End Priority ]

Condition (mm/hr) Points (mm) (mm) (hr)
1 19/08/2011 22:50 1/09/2011 5:34 1 0.27 20 1753 1785 295
2 5/09/2011 1:33 7/09/2011 7:22 1 0.23 3 1608 1785 54
3 16/09/2011 1:39 21/09/2011 8:34 1 0.26 7 1644 1785 127
4 29/09/2011 1:42 6/10/2011 9:40 1 0.23 7 1645 1785 176
5 29/10/2011 23:27 | 3/11/2011 17:57 1 0.39 4 1725 1785 115
6 4/11/2011 21:18 8/11/2011 16:00 1 0.38 4 1696 1785 91
7 20/12/2011 20:07 | 23/12/2011 15:30 1 0.44 5 1739 1785 67
8 16/02/2012 11:34 | 18/02/2012 19:46 1 0.47 3 1646 1785 56
9 17/03/201212:06 | 15/04/2012 20:44 1 0.39 29 1748 1785 705
10 16/04/2012 13:06 | 9/05/2012 12:00 1 0.31 23 1530 1785 551
11 21/05/2012 16:22 | 11/06/2012 22:39 1 0.31 21 1598 1785 510

ey
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The effect of pondage duration and seasonal effect on estimatel
seepage rate of the7th pondage condition
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Figure 6.33 rrected water elevation plots 0f2026/1 farm outlet during 3 pondage conditionson TUBBO 40T, 2026
pool, occurred at higherwater elevations in thechannel (Appendix D)
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The detailed analysis of th& pondage condition showed that no rainfall occurred during the
pondage period and the slight rise and fall in the plot might be due to noise in the

measurement or the movement of surface water as a result of wind.

Corrected water elevation plot of the 10th pondage
condition
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Figure 6.34 Evaluation of corrected wéer elevation plots of 2026/1 farm outlet in TUBBO 40T, 2026 POOL during
longer pondage conditions at lower water elevations in the channel to identify possible leakage (Appendix D)

Figure 6.33 shows thathen thepolynomial trend line was applied to tleerrected water
elevation data of the 9th samplegrovedto be more suitabléhan thelinear regression. At
the same timecorrected water elevation ddta the 10th and the last samples were plotted to
check ifa leakage component can be identifiediry longpondage conditions at lower water
elevations (Figure 6.34). As can besen Figure 6.34, none of the plots had any identifiable
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leakage components and the linear regression was the best trend line to model the seepage

rate in both plots.

6.4 Discussion

In order to evaluate the quality and accuracy of estimated seepage rates from TCC data, a full
detailed analysis of all pondage condigan different channels from 200&® 2011 was

completedand the factors affecting the estimates were addiesse

Results of the analysis showed that the occurrence of rainfall during a pondage condition can
influence the estimated seepage rate. Detailed examination of gauges corrected water
elevation plots showed that the existence of a rainfall event caused andsfall in the
corrected water elevation plot. Due to the fact that rairde#r a 24 hour periodvas
measured at 9 athe next daynd recorded against that day, the imperfect knowledge about
the exact timingand rateof the rainfall may explain theccurrence of rise and fall in

corrected water elevation plots whenever a considerable rainfall occurred.

Based on further consideratiahwas decided to remove tiperiod covered by thisse and

fall from the corrected water elevation plot anestimate the seepage rate for the remaining
part of the plot. However due to shortage of remaining measured points or short duration of
the remaining pailin some casest wasnecessaryo entirely eliminate some of the pondage
conditions from the analysis. Bdz (2009) alsandicated that pondage tests during which
rainfall hasoccurredshould be eliminated from the analysdn the other hand the results of

the analysis showed that whenever the amount of rainfall was low or the pondage duration
was very longthe estimated seepage rate was not affected by the existence of the rainfall.
More rainfall occurred during 2010/11 than in the other two irrigation seasons, a greater

number of pondage conditions in that season were affected by the occurrence &f rainfal

The initial water elevation in the channel in any given pondage condition is another important
factor affecting the estimated seepage rates. This study showed that water elevation had a

direct relationship with the estimated seepage rate.
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The variation of estimated seepage rates during each irrigation season highlighted a seasonal
affect which might be as a result of watertable levwdisLeod et al (1994)also showed the
importance of a seasonal effect on differences in seepage estiBatak (2009 however
suggested that testing gools in which the loss rate vaad with water table elevations
should beperformedafter hydraulic conditionare stabilized in that aredn our study,each
irrigation season was divided into three periods and it Wwasvis that greater rates often
occur in the middle of the season, while lower rates were observed at the beginning and
towards the end of the season. Analysing all pondage conditions in any given pool in
different periods of all three seasons, it was shohat the lowest initial channel water
elevations occurred at the beginning period of all seasons, meaning that two causal factors
coincide at the beginning of the season resulted in the lowest seepage rate among all pondage
conditions in any given poolLang et al.(2009 excluded periods adjacent amd including

the channel filling and end of season phdsms their analysis.

Pondage duration was also seen as another feature influencing the rate of seepage. Results of
the analysis showed that pondageation has an inverse relationship with seepage estimates,
meaning that between two similar pondage conditions in terms of initial water elevation and
time of occurrence, a higher seepage rate is expected in the shorter pondage. At the same
time, it was shwn thatwater elevation measurents during a shut down period dibt
commenceexactly at the start of pondage condition which resulbh small number of

records covering shortedurationthan the actugbondage periodConsequently the number

of measured points during any given pondage condition was introduced as another factor

affecting the reliability of the estimated seepage rates.

As a number estimated seepage rates were postulated to be inaccurate possiblya&ue to t
effect of noise in the water elevation data, the analysis required data clezchntz (2009)

also noted thahoisewas associated with measurement errorgheir studyand therefore

such factors must be eliminated before conducting the analysis.v@wsely, Lang et al.
(2009 assumed thainstallation of TCCcompletely eliminatesany bas in measurement

inaccuracies.

In addition, some evidence of possible unauthorized water usage was observed in the
analysis. This was also supported®ghulz (2009andPoulton et al(2007), while Lang et
al. (2009 claimed water theft to be negligible.
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Results of the analysis suggested that whenever several factors coincide, the initial water
elevation is the most important factor affecting the differences imat&td seepage rates for

different pondage conditions in any given pool.

Apart from the pondage conditions at the beginning of the seasons at lower water levels
which result in lowest estimated rate, analysis of all pondage conditions in number of
selectedpools suggested that the estimated seepage rates for the remaining pondage
conditions with similar initial water elevations should stand in a certain range. However, high
rates of water loss are expected whenever the initial water elevation increaseslaselrito

full supply level. This was also supported Bgulton et al (2007 who estimated a fixed

range of seepage rates at different channels as wiedinaset al (2009 who adopted a fixed

rate of seepage for certain channels in their study.

Moreover, our findings suggest that any high rates of water loss occurring at higher water
elevations in different channels might be due in part to leakage through macro pores in the
channel bank at or near the full supply level. Several pondage conditionkigttinates of

water loss in different pools during the three irrigation seasons were identified and the
corrected water elevation plots were provided. However, the ideal seepage curve (showing a
decline in the loss rate with time or with lower water Igwehich indicates a leakage
component was only observed in some of the samples. Results of the analysis suggest that the
ideal form of water elevation plot can sometimes be found in longer pondage conditions with

a high number of measured points and abhé@ighannel water levels.

A polynomial trend line was applied to corrected water elevation data of pondage samples
where leakage was suspected. It was observed that whenever the ideal seepage curve was
available, the polynomial trend line was the besidat to estimate the rate of water loss

while for all other pondage conditions the linear regression was the simplest and preferred

approach.

6.5 Conclusion

Considering the detailed analyses of all pondage conditions in number of selected pools

during three years of historical data, the following conclusions can be made.

PhD Dissertation Pagel56



Evaluation of factors affectinipe seepage rates estimated using TCC data

1 Data cleaning is necessary for pondage conditions during which a considerable
amount ofrainfall hasoccurred However, inthe case of longer pondage periods with
a high number of measurements, the effect of rainfall on the estimated seepage rate is
negligible.

1 Pondage duration has inverse relationship with seepage estimates, meaning that the
estimated seepage rate decreases with increasing duration.

1 The number of measurements of water elevation is greater during longer pondage
conditions, which means that there is more confideincestimates from pondage
conditions with a higher number of measured points.

1 Considering the seasonal changes in water table elevation below the channels, lower
rates of seepage can be expected at the beginning and towards the end of each
irrigation seaon, while higher rates are likely to be foumevardthe middle of the
season.

1 The initial water elevation in the channel is one of the most important factors
affecting the variations in different seepage estimatasypool.

1 Any possible leakage in ahnels casometimese traced in longer duration pondage
conditions with high number of measuremeatsl whichoccurred at high water
elevations.

1 Application of polynomial trend line to plots of data with possible leakagee
shown to be more realistito model the seepage compared to linear regression. On the
other hand, linear regression proved to berttwest reliablemears to estimate the

seepage rate for the remaining pondage conditions.
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Chapter 7: Identification of pools with
high seepage rates and comparison of
results with previous seepage estimates
in CIA

7.1 Introduction

This chapter containsdetailed evaluation of poskepage rateend pools with high seepage
ratesare identified. For a better understanding of changes in estimated pondage results at
different water levels in each pool, the estimated seepage rate for the most ideal pondage
condition (with high number of measured points and long pondage duration) if available or
the pondage sample withe highest seepage raamd high channelwater levelss selected.
Analysisof the two ratess used tdighlight poolsthat require remediatioworks.Pools with

high seepage rat@seclassified in four different categories.

In addition, the averaged pool and selected pondagesesattompared to the most recent
and the only comprehensive seepage study in Gfpletedoy Allen (2006).

7.2 ldentification of pools with high seepage rates from analysis of TCC

data

The procedure used to analyse the pool seepage rates is outlined in Figure 7.1. This consisted

of: (i) identification of the most ideal pondage condition (in terms of longtidarahigh
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channel water level and sufficient number of points) if available or simply the pondage
condition occurred at the highest channel water level in the channel, and (ii) comparison with

the average seepage rate for the pool.

Averaged pool estimate

High or very high (Loss rate > 1( High-Medium (10 > Loss rate >! Mediumlow (10 > Loss rate > 5
mm/d) mm/d) mm/d)

A 4

Extract the details of the most ideal pondage sample that can be related to normal opearting cq

High or very high loss rate High loss rate Medium loss rate

A 4

Correlating the pondage estimate to normal operation condition & identification of pools that req
remediations

High loss rate is expected during norm: High loss rate is expected during norm: Medium loss rate is expected during
operating condition operating condition operating condition
The pool requires remediation The pool requires remediation No remediations required

W

Check the details of the extracted pondage sample to see if it is an ideal long po
condition started at higher level of the channel for possible existing leakage

Figure 7.1 Application of the averaged pool estimate and the selected pondage ratédentify pools with high loss
rates require remediation

Based orthe averaged rate of pool estimate during three years as well as the higher loss rate
at higher channel water leve(&ppendx E), pools with high rates of water loss were

classified in four different categories:

1 Pools with seepagestimategreaterthan 20 mm/dayvere introduced as category 1

1 Pools with seepage estimates greater than 15 but lower than 20 mm/day as category 2

1 Pools with seepage estimates greater than 10 but lower than 15 mm/day as category 3

1 Pools withseepage estimates lower than 10 mm/day in which a high rate has occurred
at higher channel water elevation as category 4

Results of the analysis show that hggepage rates in each of the first 3 categories during

each season are due to one or more high pondage based seepage rates which mainly occurrec
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at higher water levels or in the middle of the irrigation season or both. However in some
cases all pondage $&d seepage rates in a pool were high and approximately in the same
range. It is suggested that the estimated seepage rates for categories 1 to 3 might include a
leakage component especially when the higher seepage rate resulted from an ideal pondage
condtion. In addition, it is suggested that in other cases when a significant loss of water
occurs and conditions are the same as for the other (lower) pondage samples, the loss of

water might be due to unauthorized water usage.

Table 7.1 shows the list oflgdools with high loss rates greater than 20 mm/day (category 1).

From Table 7.1 it can be seen that the majority of pools in this priority are from the
BUNDURE main channel while, TUBBO had the second highest number of pools istthe 1

priority.

Except fa three of the pools (BUNDURE 2, 10, TUBBO 1), high rates of water loss could be
seen in both the averaged pool estimate and the higher water loss of the remaining pools over
the three irrigation seasons. However, the reason for selection of the thrgghteghpools

was due to high rates of water loss which occurred in one season. Comparison of the two
rates in each of the pools in th& dategory shows that they all had high rates of water loss

indicated by both the averaged pool estimate and theripginelage estimate.
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Table 71 Pools with high water loss grouped asategory 1

vAN | S 2009 2010 2011 Ful
O S:(;)r?allge No of Sljelgr?:ée el\évvztzgn Sge?r?allge No of Silg:)]:gr;e el\évviﬁ:)n S(I:eor;)alge No of Sl—(lalggzée el\:evviﬁtr)n SZF:_ply
CHANNE| O
o (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm)
BUNDUE | 15 234 7 37.9 1677 19.7 2 22.8 1719 1776
BUNDURE 18 21.0 1 21.0 1619 1665
BUNDURE 39 29.3 6 34.6 1590 17.5 4 19.0 1602 1698
BUNDURE 42 40.9 3 56.9 1598 1708
BUNDURE 45 235 2 49.9 1623 26.1 1 26.1 1632 1752
COLY 9 221 1 22.1 1322 321 2 37.0 1467 1757
MAIN 6 33.5 2 33.6 1349 14.7 2 19.2 1343 16.3 1 16.3 1346 1531
MAIN 16 42.6 3 51.6 1599 17.5 3 23.3 1635 362 1 36.2 1589 1789
TUBBO 1 24 1 2.4 1261 104.6 2 104.6 1467 1717
TUBBO 5 57.7 2 624 1457 23.3 1 23.3 1451 1535
TUBBO | 11 204 2 27.6 1358 1784
TUBBO | 12 21.2 2 21.2 1486 1642
TUBBO | 13 33.8 3 33.8 1270 39.8 2 40.8 1392 1501
BUNDURE 2 59.5 3 87.6 1647 8.8 5 113 1674 1770
BUNDURE 10 5.9 2 6.0 1347 4.8 1 4.8 1195 50.8 1 50.8 1499 1627
Averaged
Seepage 31.5 38.4 20.0 25.0 45.6 45.8
(mm/d)
Max 59.5 87.6 40.9 56.9 104.6 104.6
Min 5.9 6.0 24 24 16.3 16.3
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Due b the considerable effect of the high pondage estimate on the averaged pool estimate in
this category, no pools with medium pool estimate were observed in Table 7.2. Considering
the channel remediation works undertaken in CIA, no improvements couldrb®oseay of

the pools that had data available for all three years. However, the data from the 2010 and
2009 seasons suggest a decline in seepage rate in BUNDURE 2, 15 and 39 pools. Analysis of
pools in the category 1 suggests that these high rates af sgemight be due in part to
leakage. Moreover, six of these pools were previously identified in section 6.2.6 of Chapter 6
as having possible leakage, based on their individual plots of gauge water elevations during
the pondage periods. The averagellopaol estimates in 2011 season was greater than in the
other two years due to two high rates in the TUBBO 1 and BUNDURE 10 pools.

Similar to the I category, the majority of pools in thé“2category were located on
BUNDURE main channel, while YAMMA hathe same number of pools highlighted with
seepage estimates more than 15 but less than 20 mm/day (Figure 7.3). Results of the analysis
for this group of pools showed that the majority of high seepage rates occurred at near full

supply elevations.

Moreover the effect of the higher pondage estimate on the averaged pool estimate can be
seen in majority of the pools in Table 7.2. However, the comparison of the two rates
highlighted two of the pools (BUNDURE 48, YAMMA 42) with a considerable number of
pondageconditions during one season that had medium pool seepage estimates and high
seepage rates at supply levels of the channel. The reason behind this is due great number of
pondage conditions which occurred at lower channel water elevations resulting in lower

seepage rates.

The data in Table 7.2 suggests that seepage rates have decreased in some pools in sequentia
years possibly as a result of improvements to the channels. For example, high rates of water
loss were still occurring in YAMMA 13 and MAIN CANAI22 pools while the estimated
seepage rates for COLY 32, 37 and YAMMA 17 pools decreased by 84%, 81% and 88%
respectively. Results of category 2 also suggest that these high rates of water loss might
include a substantial leakage component. At the same timee of these pools were

previously identified with possible leakage and plotted in section 6.2.6 of Chapter 6.
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Table 72 Pools with high water loss grouped asategory 2

vAN | S 2009 2010 2011 Ful
O S:(;)r?allge Noof Sljelgr?:ée e?:e\(/e;tgcr)n S(I:eopoallge No of Sl—(lelggzgr]e el\évviﬁ:)n S(I:eor;)alge No of Slllgszgge el\(/e\@a\tteicr)n Sue?.ply
CHANNE| O
o (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm)
BUNDUE | 22 16.8 3 254 1589 13.8 8 17.3 1650 20.9 5 31.2 1380 1780
BUNDURE 40 24.2 4 25.7 1561 154 5 16.3 1704 1726
BUNDURE 44 16.8 1 16.8 1395 1845
COLY 4 24.3 1 24.3 1591 9.8 1 9.8 1692 1770
QoLY 32 40.3 1 40.3 1503 4.6 3 5.0 1440 51 7 6.5 1533 1571
COLY 37 27.2 1 27.2 1683 5.6 4 53 1679 1922
MAIN 14 160 1 16.0 1363 1512
MAIN 22 17.0 2 19.9 1575 26.3 3 31.2 1658 15.2 6 262 1625 1715
YAMMA 13 21.5 1 21.5 1447 17.3 1 17.3 1518 1630
YAMMA | 42 22.0 2 23.0 1573 23.9 5 24.2 1606 8.6 11 14.4 1642 1686
YAMMA 46 18.7 2 19.7 1492 1987
ARGOON| 1 24.7 1 24.7 1673 8.8 1 8.8 1683 1750
BUNDURE 48 23.3 4 96.0 1625 8.2 14 31.2 1626 1757
YAMMA 17 27.4 6 75.4 1367 7.3 12 8.9 1664 16%
Averaged
Seepage 22.6 33.5 19.6 27.7 12.2 15.0
(mm/d)
Max 40.3 96.0 27.4 75.4 20.9 31.2
Min 16.0 16.0 4.6 5.0 5.1 5.3
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Analysis of all the pools identified as thd 8ategory showed thall high rates of water loss
occurred at near full supply elevations in different channels (Table 7.3). Furthermore, it can
be seen from this table that the majority of pools in this group are located on BUNDURE

main channel.

In contrast with previous tegories, a wide difference was observed between the averaged
pool estimate and the higher pondage estimate fmyrof the pools in this category. In
addition, the comparison of the two rates highlighted some of the pools with high pool
estimates and veryigh pondage estimates (COLY 79, BUNDURE 19, 33, 41, TUBBO 10,
ARGOON 16, BOONA 23 and 28) and some with medium pool estimate and high pondage
estimate (COLY 1, BUNDURE 43).

The majority of the pools in Table 7.3 had high seepage rates in 2009 and 2016 any
evidence of improvement as a result of undertaken remediation works. However, the
estimated seepage rates in 2011 showed a drop of about 60% in the majority of the pools

compared with seepage estimates for 2010 and 2009.

Finally, the pools graoed as category 4 with averaged pool estimates of less than 10 mm/day
and high pondage estimate greater than 10 mm/day are provided in Table 7.4jdritg of

the pools in this category had similar pool and pondage estimates around and less than 10
mm/day, while some had medium pool and high pondage estimates (COLY 31, 39, 78) and
some had very high rates at higher channel water levels (COLY 63, YAMMA 1)

The data in Table 7.4 indicates that the seepage rate has declined in the majority of pools
includedin this category. However, in the case of COLY 31, MAIN 8, TUBBO 9 and
YAMMA 31 high rates of seepage still occurred in 2011 and in the case of YAMMA 1 where
pondage conditions occurred at different channel water levels, no judgment about the

possible sgege rate at higher channel water levels in 2011 can be made.
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Table 7.3 Pools with high water loss grouped asategory 3

—
MAIN | = 2009 2010 2011 Full
CHANNEI 8 S:;p?;ge No of STSQaeée el\t/evvae:tei(r)n S:eopoaige No of silg;?:ge e?évviggn S:eo;;ge No of S@ggaegr;e el\(/a\</a;t?<r)n Sueﬁ)_ply
(ol (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm)
ARGOON| 16 17.8 9 36.0 1662 16.1 4 20.4 1663 6.6 3 6.6 1648 1887
ARGOON | 17 18.4 3 22.1 1687 15.2 5 36.3 1655 8.5 5 8.4 1593 1721
BOONA 28 6.5 3 13.9 1631 20.7 11 28.1 1691 14.4 1 14.4 1600 1820
BUNDURE 19 155 4 27.4 1385 13.9 5 154 1350 6.4 2 7.9 1428 1434
BUNDURE| 33 14.3 5 19.2 1625 20.2 3 20.2 1657 9.2 13 10.3 1663 1705
BUNDURE 34 14.4 1 14.4 1385 8.3 2 8.6 1090 8.2 1 8.2 1446 1544
BUNDURE 35 13.3 1 13.3 1521 11.5 2 11.5 1613 8.2 1 8.2 1553 1670
BUNDJRE| 41 9.3 4 11.8 1660 13.0 10 27.4 1665 1700
COLY 1 9.0 7 154 1713 8.6 13 10.8 1692 13.2 13 23.4 1715 1738
COLY 6 14.2 9 24.2 1641 13.2 10 15.1 1657 1730
TUBBO 6 7.9 1 7.9 1307 7.8 2 11.9 1359 17.8 1 17.8 1427 1519
TUBBO 10 13.0 13 17.0 10.5 12 13.0 8.0 11 11.5 1786
YAMMA 8 11.7 1 11.7 1459 1576
YAMMA 29 17.9 4 34.3 1439 13.7 1 13.7 1512 8.8 5 10.3 1490 1731
BUNDURE 1 13.1 6 25.5 1670 11.9 2 11.9 1656 12.8 3 13.7 1668 1760
YAMMA 36 10.9 2 125 1592 1677
BUNDURE 43 19.5 1 195 1479 9.7 2 18.7 1571 1691
ARGOON | 15 26.5 1 26.5 1559 8.3 1 8.3 1447 8.9 8 9.4 1577 1719
BOONA 16 12.7 2 16.1 1584 10.6 7 11.5 1642 7.5 2 8.6 1577 1692
BOONA 23 104 2 16.6 1600 11.5 5 13.0 1600 1691
CcoLy 79 4.8 1 4.8 1410 16.7 5 33.8 1543 55 9 6.2 1564 1660
Averaged 135 18.9 12.7 17.3 9.7 11.1
(mm/d)
Max 26.5 36.0 20.7 36.3 17.8 23.4
Min 4.8 4.8 7.8 8.3 55 6.2
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Table 74 Pools with high water loss grouped asategory 4

m—
MAIN | 2009 2010 2011 Full
@) Pool Higher Water Pool Higher Water Pool Higher Water Supply
CHANNE O Seepage No of Seepage | elevation | Seepage No of Seepage elevation Seepage No of Seepage elevation el.
ol (mm/d) | Pondage| (mm/d) (mm) (mm/d) | Pondage| (mm/d) (mm) (mm/d) | Pondage| (mm/d) (mm) (mm)
BOONA | 20 9.1 1 9.1 1505 | 11.0 9 15.0 1553 7.9 6 8.4 1517 | 1586
BUNDURE 46 12.5 5 16.3 1487 8.0 4 10.6 1554 6.0 3 9.6 1561 1698
COLY 5 8.7 1 8.7 1522 12.1 7 14.9 1629 7.8 4 7.8 1541 1640
COLY 11 4.9 1 4.9 1173 13.4 1 13.4 1448 8.7 1 8.7 968 1565
coly 13 16.6 3 18.2 1689 4.9 2 4.8 1692 6.3 2 8.9 1680 1818
COLY 31 9.9 3 19.4 1452 1.8 1 1.8 1452 10.2 5 25.7 1434 1567
COLY 34 11.9 4 13.3 1386 8.6 2 8.6 1423 6.6 1 6.6 1430 1450
COLY 39 9.8 4 14.6 1676 10.3 3 11.3 1597 7.5 1 7.5 1560 1744
COLY 63 15.2 8 26.4 1356 7.4 37 7.6 1383 5.8 22 5.9 1387 1676
COLY 67 11.1 2 11.1 1511 6.0 1 6.0 1493 1578
COLY 70 9.5 5 11.0 1616 1853
COLY 73 11.6 2 16.6 1390 5.0 4 5.0 1431 1580
COLY 78 9.6 6 14.2 1468 1701
MAIN 8 4.6 3 4.6 1594 3.1 6 3.6 1579 12.4 2 14.9 1635 1752
TUBBO 9 8.4 1 8.4 1396 4.5 6 6.5 1379 10.1 1 10.1 1237 1563
YAMMA 1 16.3 2 20.6 1655 2.5 1 2.5 1099 1738
YAMMA | 14 9.5 2 10.6 1583 7.0 4 8.4 1585 1724
YAMMA | 31 8.3 1 8.3 1598 8.8 1 8.8 1630 8.2 2 10.1 1590 1743
YAMMA | 35 6.2 3 10.6 149% 1634
YAMMA | 37 9.3 1 9.3 1564 1764
YAMMA | 39 10.0 2 11.8 1410 5.8 1 5.8 1382 8.6 2 8.6 1403 1564
Averaged 10.4 13.0 7.7 9.0 7.5 9.2
(mm/d)
Max 16.6 26.4 13.4 15.0 12.4 25.7
Min 4.6 4.6 1.8 1.8 2.5 2.5
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The pml estimate and higher seepage rates for all the pools on each main channel were
averaged to give aapproximate magnitude of seepage losses at different main channels of

CIA during each irrigation seas@irable 7.5).

Analysis of the main channels (Table5) suggests that TUBBO main channel had the
highest seepage losses, followed by the Main Canal and the ARGOON main channel.
Moreover, comparison of the loss rates in different seasons indicates that seepage losses were
higher during the 2009 season than2010 and 2011 (Table 7.5). Except for the TUBBO

main channel and the MAIN CANAL, the loss rates in other main channels were lower in

2011 season compared with 2010.

Table 75 Averaged epageates for all pools and estimated operational losses #achof the main channels during 3
irrigation seasons

2009 2010 2011 Average| Average| Ratio of
. Pool
Main Pool Higher Pool Higher Pool Higher Pool Higher seepagé
channel Seepage | Seepage | Seepage| Seepage| Seepage| Seepage Seepage Seepage operationa
condition
(mm/d) (mm/d) (mm/d) (mm/d) (mm/d) (mm/d) (mm/d) (mm/d)
ARGOON 17.4 22.9 10.5 12.7 7.8 9.2 11.9 14.9 0.8
BOONA 7.1 10.1 7.9 11.1 6.9 7.6 7.3 9.6 0.8
BUNDURE 12.5 18.6 9.4 13 11.1 114 11.0 14.3 0.8
COLY 8.0 10.1 8.5 10.6 6.0 8.0 7.5 9.6 0.8
MAIN
CANAL 14.1 154 8.3 9.9 14.4 16.8 12.3 14.0 0.9
TUBBO 17.6 22.1 10.9 125 30.3 304 19.6 21.7 0.9
YAMMA 9.3 13.2 7.6 9.6 7.0 8.3 8.0 104 0.8
AVERAGH 12.3 16.1 9.0 11.3 11.9 13.1 11.1 135 0.8

Assuming that the estimated loss rates at higher channel water elevations can give an estimate
of the possible water loss during normal operatioedanh channellhe results in Table 7.5

also suggest that the averaged loss rate expected during operational condition in the majority
of the channels was 20% greater than the estimated averaged poalriage26092011.

While the expected loss rate in the Main Canal and TUBBO main channel is 10% greater

than the estimated averaged pool rate during -2004.

Considering thecross sectional dimensions of different channels across the CIA, wetted
perimeterfor any given pool is calculated. At the same time based on positions of upstream
and downstream gates of each pool, length of any given pool can be calculated. Putting into
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account the lengtandthe wetted perimeter of each pool, total annualume of he water
lost due to seepagmn becalculated foeach pool and up scaled for the entire scheme during
each season (Tabre6).

Table 76 Total annual water loss due to seepage for the entire CIA during each season

Total annual seepage Total length Total length of channels
Season calculated from of channels covered| covered in the analysis/
the analysed pools (MY in the analysis (Km) Total length (%)
2009 9135 225 50.8%
2010 12697 271 61.4%
2011 10666 260 58.9%

The results in Table 7.6 suggest that total annual seepage loss in different seasons were
similar. While due to lower proportion of channel lengths covered in the analysis during 2009

season, the resulted annual seepage losthelmsvest among the thremasons.

A summary of previous seepage studies in compare with the total annual water loss

calculated from the analysis of TCC data is illustrated in Talle

Table 7.7 Comparison of total annual water loss calculated from TCC datavith previous seepagetudies

Study Area (ha), length(km) Seepage (ML)
Seepage estimates fror
TCC data up scaled fg 252 km 10833
all the analysed pools
Van der Lely (1994) 333 farms 15000
Tiwari (1995) 1,400 hectares 12000
On farm 53000
Pratt Water (2004) Off farm 120000
CSIRO (2005) channels and rice farm 38000
SKM (1997a) aII.chann.eIs 9800
excluding main canal
All analysed pools 9738
TCC excluding main canal
SKM (2006) first lgkm of 3900
the main canal
first 18km of No pondage was
TCC the maincanal available

The results inTable 7.7 show that the annual seepage losses resulted from the analysis of
TCC data were in agreement with previous studidee total seepage losses for all the
analysed pools excluding the main canal was averaged for all three seasons and showed to be
in good agreement with SKM (1997a). Given that TCC pondage data during any of the
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three irrigation seasons for tifiest 18 km of the main canalvas availableno comparison
was made with SKM (2006).

Overall, the comparison of the annual seepage losses from the analysis of TCC data with

other seepage studies sugg#sés high seepage losses are occurring in the CIA.

7.3 Comparison of seepagestimates from TCC datawith previous studies

A comprehensiveeview of seepage studies conducted in the CIA was provided in section
2.4.2 of Chapter 2. According to the reviewtal seepage losses high as 10 GL/year are
occurring in the CIA. The most recent and the only comprehensive seepage studynasCIA
done by Allen (2006)Based on thelectricalconductivity levels in the bed of the channels
Allen (2006) made a full assessment of seedagses throughout the entire channel network

and classified thhigh seepagenptspoj locations in 5 different prioritie€Trable 2.9)
7.3.1 Seepage hot spot locations (Allen, 2006)

Using GPS positioned vertical electrical conductivity imaging aloity aepth recording,
Allen (2006) conducted geoelectric surveusing GPS positioned vertical electrical
conductivity imaging and depth recording different channel®f CIA andused the results
to indentify channelseepage hot spot¥he resistivity imags show the presence of lower
conductivity fresh watr below the bed of the channélowever, he resistivity imaging
technique in itself does not indicate if theepage is actively occurring from ttigannel.In
order to quantify the magnitude of lossesllen (2006) placed Seepage Penetration
Observation Tubes (SPOTs) in channels identified fribia geoelectric imaging.The
methodology applied to use the SPOTs was to equhkzmside waterdvel with the outside
and placea wire hook gauge at the inside water lefglo to threedays later, the volume of
water added to bring the inside water back to the hook gaagmeasuredConsideringhe
time interval, inside pipe diameter and volume of water added, the infiltratienn mm/day

wascalculated

Based on the conductivity levels in the bed of the channels,-@fmenced with the
likelihood of active seepage based on surface soil features from the Google map and also the
EM31 soil rice suitability survey maps of tiaole irrigation area, Allen (2006) prioritized

the suspect seepage hotspots five different groupsAppendix G.
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The locations identified by Allen (2006) as seepage hotspots typically cover only a small part
of a channel reach whereas the pool dateigdes seepage rates for the entire length of that
reach. The hotspot locations were identified by the name of the reach or of one of the
neighboring farms. Given that the names of all gates and farm outlets in any given pool as
well as name of the mairhannel of which the pool is part are available in the Coleambally
database (Appendix F), the identified seepage hotspots in Allen (2006) study can be related to
the relevant pool (Appendix G). Although the majority of the pools in tharibrity of Allen

(2006) were found, none had pondage data during the three irrigation seasons §J.able 7.

Table 78 Seepagestimates for each pool containing hotspots identified as priority 1 by Allen (2006)

o © 2009 2010 2011

2 Main channel g Seepage Seepage Seepage

n o (mm/day) (mm/day) (mm/day)

1 MAIN CANAL 19 | none available| none available| none available
3 MAIN CANAL 24 | none available] none available| none available
25 COLY 40 | none available| none available| none available
35

50 YAMMA 11 | noneavailable| none available| none available
53 YAMMA 18 | none available| none available| none available
65 BUNDURE 2 | none available| none available| none available
66 BUNDURE 1 | none available| none available| none available

Table 79 shows the seepage rateshe related pools for identified locations in priority 2 (20
mm/d). From Tabl& .9 it can be seen that except for five locations, the remaining hotspots in
the 2nd priority were linked to their related pools. T€&page estimates were available for

all but two of the poolsResults of the comparison showed five pools with loss rates less than
the 20 mm/d estimated by Allen (2006). At the same time, five of the pools (TUBBO 10, 6,
YAMMA 46, BUNDURE 18 and 46) had high loss rates around 20 mm/d during§ 200

2011 seasons. Results of the analysis showed that the high loss rates during operational
conditions have decreased in TUBBO 10 and BUNURE 46. The estimated high loss rate in
BUNDURE 18 occurred in 2009 and no data for this pool was available dherZpd0 and

2011 seasons. At the same time, the high loss rates in the other two pools occurred during the
2011 season and require further investigation for remediation purposes. Surprisingly, the
estimated loss rate for YAMMA 46 occurred at water levélsc below the full supply

level of the channel. Hence, it can be assumed that the loss rate that might occur during

normal operation will be greater than the Allen (2006) result.
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On the other hand, five of the pools (TUBBO 1, 11, BUNDURE 1, 2 andd®high loss

rates greater than 20 mm/d during different irrigation seasé@mnsong which only
BUNDURE 1 and 2 had lower loss rates in the next season at similar channel water
elevations. TUBBO 1 was the only pool to have a very high loss rate during 2@bh sewl

the rest of pools showed high loss rates during 2009 and 2010 but had no pondages during the
2011 season.

Results of the comparison showed that the estimated loss rates in the remaining pools were
lower than that inferred by the measurementligin (2006).
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Table 79 Seepageestimates for each pool containing hotspots identified as priority 3 by Allen (2006)

- ' Pool 2009 2010 2011 Full
Pool Higher . Pool Higher . Pool Higher .

Q Cf?g?ll:l]el seopage | NOOf Segpage Elevation| g o° .| Noof Segpage Elevation| ¢ o7 . | Noof Segpage Elevation | Supply el.

» ID (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm)
2
4 Main canal 21
8 TUBBO 11 20.4 2 27.6 1358 1784
9 TUBBO 11 20.4 2 27.6 1358 1784
10 TUBBO 1 2.4 1 2.4 1261 104.6 2 104.6 1467 1717
11

13 TUBBO 6 7.9 1 7.9 1307 7.8 2 11.9 1359 17.8 1 17.8 1427 1519
14

15 TUBBO 10 13.0 13 19.0 1687 10.5 12 13.0 1719 8.0 11 9.4 1748 1786
18 BOONA 1 6.2 1 6.2 1280 1539
20 BOONA 25 6.4 5 12.0 1631 6.3 11 16.1 1617 1804
36 YAMMA 44
51 YAMMA 46 18.7 2 19.7 1492 1987
54 YAMMA 18
55 YAMMA 19 7.5 1 7.5 1451 8.5 1 8.5 1685 1886
60 YAMMA 14 9.5 1 10.6 1583 7.0 4 8.4 1585 1724
64 BUNDURE 1 13.1 6 255 1670 11.9 2 11.9 1656 12.8 3 13.7 1668 1760
67 BUNDURE | 15 23.4 7 37.9 1677 22.8 2 24.5 1616 1776
69 BUNDURE| 2 59.5 3 87.6 1647 8.8 5 11.3 1674 1770
70

74 BUNDURE| 13 4.1 4 4.8 1497 2.8 1 2.8 1145 1567
75 BUNDURE| 5 4.9 6 5.3 1568 3.9 5 4.8 1660 1735
77 BUNDURE | 15 23.4 7 37.9 1677 22.8 2 24.5 1616 1776
78 BUNDURE | 18 21.0 1 21.0 1619 1665
80 BUNDURE | 34 14.4 1 14.4 1385 8.3 2 8.6 1090 8.2 1 8.2 1446 1544
84 BUNDURE | 46 125 5 16.3 1487 8.0 4 10.6 1554 6.0 3 9.6 1561 1698
85
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Comparison offte estimatedbssrates for pools linked to seepage hotspothe 3rd priority
showed that out of ten available pools with data, three of them (YAMMA 36, BUNDURE 40
and 43) had loss rates greater thanlibenm/d as suggested by Allen (2006) (Tabl)/.

The results show that the loss rates decreased slightly in BUNDURE 40 and 43 pools during
2010 compared with the 2009 season while no data was available for either of the pools
during the 2011 season. Tbther pool had a higher loss rate during operational conditions in
2011. One of the pools (COLY 8) had a similar loss rate as suggested by Allen (2006). On the
other hand, the estimated loss rates in the remaining pools were lower than 10 mm/d which

mightbe due to possible remediation works undertaken after 2006.

Table 711 shows the estimated loss rates for the related pools linked to the identified
locations of the @ priority of Allen (2006). Comparison of the loss rates in this group show
that two ofthe pools (YAMMA 39 and COLY 11) experienced loss rates greater than the 10
mm/d as suggested by Allen (2006). Both pools had data available for the three seasons.
Comparison of the estimated loss rates in different seasons showed lower loss ratéar at simi
condition in 2011 for YAMMA 39, while the only 2011 pondage sample for COLY 11
occurred at a lower channel water elevation. The estimated loss rates for the rest of the pools
in Table 711 were less than 10 mm/d.

Finally, thepools linked to seepagetspots identifiecspriority 5 with 10 mm/day seepage

rate are illustrated in Table ¥2. The results of the comparison show that both pools with
available data in Table 2 had loss rates lower than 10 mm/d. However, COLY 42
experienced loss rate arald0 mm/day at approximate supply elevation during 2009 and
had lower loss rates in 2011 possibly as a result of remediation works undertaken in COLY

main channel.
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Identification of pools with high seepage rates and comparison of results witbrev.

- 2009 2010 2011 Full

E) Main Pool Pool Higher . Pool Higher . Pool Higher . Supply

.40;)' channel Seepage No of Seepage Elevation Seepage No of Seepage Elevation Seepage No of Seepage Elevation ol
ID (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm)

17 COLY 50 6.7 1 6.7 1526 8.5 1 8.5 1495 1747

19

24 COLY 8 6.1 1 6.1 1550 8.3 2 9.9 1480 1664

27 BOONA 4 4.5 2 55 1416 1605

37

39 YAMMA 12

41 ARGOON 1

48 YAMMA 44

52 YAMMA 43

56 YAMMA 19 7.5 1 7.5 1451 8.5 1 8.5 1685 1886

58 YAMMA 26 7.2 1 7.2 1423 55 3 6.5 1437 1644

61 YAMMA 36 10.9 2 12.5 1592 1677

71 | MAIN CANAL 5 21 4 2.1 1558 1809

79 | MAIN CANAL 11 6.1 1 6.1 1239 4.1 1 4.1 1147 1554

81 BUNDURE | 40 24.2 4 25.7 1561 154 5 16.3 1704 1726

83 BUNDURE | 43 19.5 1 19.5 1479 9.7 2 18.7 1571 1691

86
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Table 711 Seepageestimates for each pool containing hotspots identified as priority 4 by Allen (2006)

o 2009 2010 2011 Full

Z) Main Pool Pool Higher . Pool Higher . Pool Higher . Supply

.(% channel Seepage No of Seepage Elevation Seepage No of Seepage Elevation Seepage No of Seepage Elevation ol
ID (mm/d) Pondage|  (mm/d) (mm) (mm/d) Pondage|  (mm/d) (mm) (mm/d) Pondage|  (mm/d) (mm) (mm)

6 MAIN CANAL| 13

7 MAIN CANAL| 21

16 COLY 11 4.9 1 4.9 1173 134 1 134 1448 8.7 1 8.7 968 1565

21

23

26

28

30 COLY 47

32 COLY 51 5.8 2 6.0 1554 4.0 1 4.0 1353 55 1 55 1563 1674

38 YAMMA 49

40 YAMMA 12

42 COLY 48 7.9 1 7.9 1287 1621

43 ARGOON 21

45

47 ARGOON 22

49 YAMMA 48

57 YAMMA 51 2.5 1 2.5 1060 1902

59

62

63 YAMMA 39 10.0 2 11.8 1410 5.8 1 5.8 1382 8.6 2 8.6 1403 1564

68

72

73 BUNDURE 7 7.5 1 7.5 1154 1.9 1 1.9 1139 1538

76 BUNDURE 5 4.9 6 5.3 1568 3.9 5 4.8 1660 1735

82
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Table 712 Seepageestimates for each pool containing hotspots identified as priority 5 by Allen (2006)

- _ . 2009 2010 2011 Full

2 | cnannet || st | Moot | 29 Tetevaion| 7o T voor | 29 Tetevaion| (7o T voor | 590 | etevation| SUPY
ID (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm)

22

29

31 COLY 40

33 COLY 42 8.9 2 9.6 1721 4.0 2 3.8 1718 1860

34 COLY 64 4.6 1 4.6 1682 1750

44

46
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7.4 Discussiorand Conclusions

Analysis of all the pools based on the findings of Chapter 6 highlighted that the averaged
pool estimate solely cannot identify pools with high loss rates which require remediation
works. Given that higher loss rates occur at higher channel water elevations similar to
operational condition, the most ideal pondage condition among all the pondage samples or
simply the pondage sample that only occurred at higher channel water elevations were
selected and the estimated pondage rate was used in conjunction with the averaged pool

estimate to:

1) Identify any pools with either high pool or pondasgepagé¢hat require remediation
and
2) Compare the seepage results in different yeadetdify any impovement in channel

condition due to remediation works undertaken in any channel.

Moreover,the estimated loss rates at higher channel water elevations can give an estimate of
the possible water loss during normal operatioaaoh channel. This loss ratas also used

as the basis for comparing the results of this study with other seepage studies done in the
CIA.

An analysis was done for all the pools and based on the averaged pool seepage rates during
the three years, pools with high loss rates weratified and grouped in four different
categories. Analysis of the identified pools highlighted that a leakage component can be
expected in the majority of the pools in th& 2", some of the pools in thé%and a small

number of the pools in thé"4aegory. Moreover, it was shown that higher loss rates can

exist in pools with medium averaged pool estimates.

It was further shown that the estimated loss rates during operational conditions are
approximately 20% higher than the averaged pool estimatesdst of the main channels in
CIA.

The estimated loss rates at higher channel water elevations were compared with seepage
inferred from EC measurements by Allen (2006), who aimed to identify locations with high
potential for seepage. The related pooldach of the identified locations was linked and the

seepage estimates were compared. Because no pondages occurred in any of the pools linked
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to locations in the SLpriority of Allen (2006), no comparison was made. Howewsults of

the comparison for porities 2 and 3 highlighted a number of pools with greater loss rates
compared with the seepage estimates of Allen (2006). Given that all pools in these groups
showed evidence of possible leakage, it can be concluded that leakage was not estimated in
seepge results of Allen (2006) study. Similarly, the comparison of loss rates for%he 3
priority showed a number of pools with loss rates greater than 10 mm/d and which also
showed evidence of possible leakage. The comparison for"thwrierity showed better
agreement between the results and only two of the pools experienced loss rates greater than
10 mm/d. The estimated loss rates in the fifth priority also showed a good agreement with

both pools having loss rates less than 10 mm/d.

In summary, results of the comparison showed a reasonable agreement with the estimates of
Allen (2006) in lower priorities were no leakage was available. On the other hand, I{ the 2
and the % priorities where a number of pools were suspected with ahpedsiakage at

higher channel water elevations, the estimated loss rates from the TCC data were greater
compared to the estimates of Allen (2006). The difference might be due to a number of

limitations in both studies.

Allen (2006) useda geophysicaindicator of high potential seepag®e conjunction with
measurements of the seepage losspecific poins. This methodology addressed high
vertical losses but might possibly have missed lateral water losses (leakage) through the
channel banks. Moreovein most locationsthe seepage was onlyccurring along amall
proportion of the reacland the pondage basedeepage rasefrom the TCC datacannot
represent the seepage rate of the specified locatioradition, mndage conditions occur
randomly in differet channel s at different water el ev
Therefore, not all the pondage conditions haveideal requirements such as long duration

and full supply elevation.
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CHAPTER 8: Conclusions and

Recommendations

8.1 Review of research

Conveyance water loss area significant concern in any irrigation scheme. The conveyance
water losss referto seepage, leakage and evaporationekfem the irrigation channed.
Pondage tests are acknowledg as the best direct method for seepage leakage
measurement in irrigation channeBn the other handhé evaporatiofoss can bestimated

using datacollected from nearby automated weather stations.

In the past, pndage testing requiehe constuction of earthen banks to create lgakof
sectiors of channel where the drop in water leweluld be measured. However, TCC data
from the existing regulating structures in automated systems during perigdseafosure,
effectively allows pondage tésg in eachand everypool throughouta channel system

The application off CC data from a limited number of selected channels in Northern Victoria

for the purpose of seepage and leakage estimation has previously proved to be successful.
However, the appiation of TCC data for an entire irrigation network can lead to an
evaluation of all factors affecting the estimated seepage rates during different pondage
conditions as well as real time measurement of seepage and leakage losses in any given pool

on different channels in the system.
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This study has addressed these issues successfully in four key chapters 4, 5, 6 and 7 of this

dissertation that are focused on:

1 Development of a model for pondage condition detection through the entire network
and analysis of CC data for the purpose of seepage estimation

1 Evaluation of all factors affecting the estimated seepage rates during different
pondage conditions in any given pool

1 Demonstrating the application of model results to estimate loss rates during normal
channel operation

1 Demonstrating the application of model results to address pools with high loss rates

that require remediation

8.2 Major outcomes and key findings

The major outcomes and key findings are given in the following sections acctwodihg

issues addressed in this research study.

8.2.1 Development of a model for detection and analysis of all pondage conditions

through the entire network

Under this study aovelcomputemrmodel capable of automatically detecting and analysing all
pondage contdibns throughout the entire network has been develop&d. underlying
hypothesis for theomputermodel is that the seepage and leakage losses can be estimated

and separated from combined losses during periods of shut down.
The model consists of two par

The first isa database consisting of all the TCC information for each gauge, pool and the
automated weather station data in form of 9 tables created in Microsoft SQL server
environment. In the database, the irrigation district has been divided tobaumf main
channels and based time locatiols of different gauge resultingpools have beerdefined
Second, amodel written in the C sharp environmemis beerpresented to analysthe
pondage samples from TCC data. Thedel isa robust tool for iderfication of all pondage

conditiors throughout the entirehannelnetwork, classify pondage samples based upon the
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set criteria and estimate seepage rates for each gauge, pondage and pool in each irrigation

season.

The model has enabled the first comemsive analysis of TCC data for a whole system and

for whole seasons. Moreover, the model has enabled an assessment to be made of the quality
of the TCC data. Furthermore, the magnitude and distribution of losses have been estimated,
showing that seepagedses from the CIA are significant. In addition, results of the analysis
highlighted lower magnitude of losses for 2011 season in compare with 2009 and 2010
seasons. While, the magnitude of losses for 2009 and 2010 seasons were approximately
equal.

8.2.2 Evaluation of all factors affecting the estimated seepage rates during different

pondage conditions in any given pool

In order to evaluate the quality and accuracy of estimated seepage rates from TCC data, a
detailed analysis of all pondage condisdha occurred in a number of selected poiwls
different channels from 2009 till 20Mlasundertakerand the factors affecting the estimates

of seepage rategere addressed

It was highlighted by the results of the analysis thatinitial water elevation ithe channel
in any given pondage condition has a direct relationship with the estimated seepage rate, with

higher rates of seepage occurring at higher water elevations.

Furthermore, the variation of estimated seepage rates during any given irrigation seas
highlighted a seasonal affect which might be as a result of watertable levels. Consequently,
lower rates are expected during months with higher watertable elevations at the beginning or
towards the end of each season while, greater rates are expetttedniindle of the season

when the watertable elevations are lower.

Pondage duration has also been shown to be inversely related to the seepage rates estimated
using linear regression. However, comparison of the estimated seepage rate at the start of
longe pondage conditions compared to the averaged seepage rates has revedher that
decrease in the water elevations in the longer pondage periods emigjain effect of

pondage duration on the estimated seepage rate

It has been further highlighted thdtetwater elevation measuremts during a shut down

period didnot commencexactly at the stadnd the endf pondage condition which resedt
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in small number of records coveriray shorterduration than the actuapondage period.
Therefore, the number agheasured points during any given pondage condition has been

introduced as another factor affecting the reliability of the estimated seepage rates.

Detailedanalysisof the corrected water elevation pldtgs shownhat a rainfall evenduring

a pondage aualition causs a rise and fall in the corrected water elevation ptat influences

the estimated seepage raidis is due to use of daily rainfall totals and a corresponding
uncertainty in the timing and duration of the rainfall events. Hence, thendsialahas been
removed from the corrected water elevation plots and the seepage rate has been re estimated

for the remaining part if sufficient duration and number of measured points were available.

The possiblgpresencef noisein the water elevationadaassociatedvith the measurement
devices as well as unauthorized water usage has been addressed as other factors influencing

the estimation of the rate of seepage.

Results of the analysis have highlighted that high rates of water loss occurringeatwadgr
elevations might be due in part to leakage through macro pores in the channel bank at or near
the full supply levellt has been further concluded that an ideal form of water elevation plot
(showing a decline in the loss rate with time or with dowvater level) which indicates a
leakage component can sometimes be found in longer pondage conditions with a high

number of measured points at higher channel water levels.

In this case the polynomial trend line was the best model to estimate thé watteinloss
while for all other pondage conditions the linear regression was the simplest and preferred

approach.

8.2.3 Demonstrating the application of model results to estimate loss rates during

normal channel operation

Given that the channel watelevatiors during normal operation condition araintained at
about the fullsupply level, tis suggests that tHess rateestimatedor pondage conditioat

the highest water level isach pool can be used as an estinohtthe loss rate that might
occu duringchanneloperation This loss rate can also be used as the basis for comparing the
findings of this study with other seepage studies done in the CIA.

A comparison was made between the estimated loss rates and Allen, (2006) Resuilts.

of the comparison showed a good agreement in lower loss rates. While, the estimated loss
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rates for cases suspected with a possible leakage showed to be greater in compare of
estimates of Allen, (2006). The difference between the results might be due to missing
patential lateral water losses in channel banks in Allen, (2006) study although his

methodology proved to be successful in addressing high vertical losses.

8.2.4 Demonstrating the application of model results to address pools which require

remediation

The estimated seepage rate for each pool can be used as a basis for rapid identification of
pools which require remediation works. Furthermore, the comparison of the estimated loss
rates at highest water level during each season in one pool can also behigeligtat pools

that show lower loss rates as a result of remediation or pools that still require remediation.

8.3 Recommendations for further research

The estimated seepage rates for different pools suffer from two major deficiencies. Firstly,
based orthe fact that e pool basedseepage rates amveraged based amtbpendent on
pondage based seepage rates all the pools have sufficient number of pondage carditi

at various water elevations which influence the estimated pool based seepadzecatedly,
pondage conditions occur randomly in different channels at different water elevations based
on the systemds objectives. Therefore, not
the requirements of an ideal pondage condition such as longlenloiration and full supply

elevation.

During the course of this PhD study it has become evident that the real time control of
irrigation channels based on the analysis of TCC pondage data has the potential to bring
about significant improvements iwater resources managemeiihe model has been
evaluated using existing TCC data from CICL. The o#rens identified for further research

are:

1 Better understanding of what is causing the so far unexplained fluctuations in water
levels of rejected pondagamples
Use of recording rain gauges to irape the accounting for rainfall

Evaluation of the model with other existing TCC data and comparison the results
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Further investigation of factors affectitite estimated seepage rate in different pools
Automatingthe computermodel with further information including EM survey data
and different soil types in order to evaluate the correlation of seepage estimates with
those related values

1 Automating thecomputermodel with polynomial trend line for pondage samples
suspected with leakage at higher channel water elevation

1 Combining thecomputermodel with soft computing techniques like neural networks

in order to build up a predictive model
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Appendix A

#pragma warning disable 1591
namespace Coleambally.Common.Data {

/Il <summary>

/Il Represents a strongly typed in - memory cache of data.

llI</lsummary>

[ global ::System. Serializable 0l

[ global ::System.ComponentModel.DesignerCategoryAttribute( "code" )]

[ global ::System.ComponentModel.Toolboxltem( true )]

[ global ::System.Xml.Serialization.XmISchemaProviderAttribute( "GetTypedDataSetSchema" )]
[ global ::System.Xml.Serialization.XmIRootAttribu te( "AllPoolReportDS" )

[ global ::System.ComponentModel.Design.HelpKeywordAttribute( "vs.data.DataSet" )]

public  partial class AllPoolReportDS . global ::System.Data.DataSet {

private  ReportDTDataTable tableReportDT;

private global ::System.Data.SchemaSerializationMode _schemaSerializationMode =
global ::System.Data.SchemaSerializationMode.IncludeSchema;

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]

public  AllPoolReportDS() {
this .Beginlnit();
this .InitClass();

global ::System.ComponentModel.CollectionChan geEventHandler schemaChangedHandler =
new global ::System.ComponentModel.CollectionChangeEventHandler( this .SchemaChanged);
base .Tables.CollectionChanged += schemaChangedHandler;
base .Relations.CollectionChanged += schemaChangedHandle r;
this .EndInit();
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
protected  AllPoolReportDS(  global ::System.Runtime.Serialization. SerializationInfo
info, global ::System.Runtime.Serialization. StreamingContext context) :
base (info, context, false ){
if  (( this .IsBinarySerialized(info, context) == true )){
this .InitVars( false );
global ::System.ComponentModel.CollectionChangeEventHandler
schemaChangedHandlerl = new
global ::System.ComponentModel.CollectionChangeEventHandler( this .SchemaChanged);

this .Tables.Collec tionChanged += schemaChangedHandler1;
this .Relations.CollectionChanged += schemaChangedHandler1,
return

string  strSchema=((  string )(info.GetValue( "XmlSchema" , typeof (string ))));
if (( this .DetermineSchemaSerializationMode(info, context) ==
global ::System.Data.SchemaSerializationMode.IncludeSchema)) {
global ::System.Data.DataSet ds = new global :System.Data.DataSet();
ds.ReadXmlISchema( new global :System.Xm |.XmITextReader( new
global ::System.lO.  StringReader (strSchema)));

if ((ds.Tables[ "ReportDT" ]!= null

base .Tables.Add( new ReportDTDataTable(ds.Tables[ "ReportDT" ]));
}
this .DataSetName =  ds.DataSetName;

this .Prefix = ds.Prefix;

this .Namespace = ds.Namespace;

this .Locale = ds.Locale;

this .CaseSensitive = ds.CaseSensitive;

this .EnforceConstraints = ds.EnforceCons traints;

this .Merge(ds, false , global ::System.Data.MissingSchemaAction.Add);
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this .InitVars();
}
else {
this .ReadXmiISchema( new global ::System.Xml.XmITextReader( new
global ::System.lO.  Str ingReader (strSchema)));

this .GetSerializationData(info, context);

global ::System.ComponentModel.CollectionChangeEventHandler schemaChangedHandler =
new global ::System.ComponentModel.CollectionChangeEventHandler( this .SchemaChanged);

base .Tables.CollectionChanged += schemaChangedHandler;

this .Relations.CollectionChanged += schemaChangedHandler;

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]

[ global ::System.ComponentModel.Browsable( false )]
[ global ::System.ComponentModel.DesignerSerializationVisibility( global ::System.Componen tModel.

DesignerSerializationVisibility.Content)]
public  ReportDTDataTable ReportDT {

get {
return  this .tableReportDT;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
[ global ::System.ComponentModel.BrowsableAttribute( true )]
[ global ::System.ComponentModel.DesignerSerializationVisibilityA ttribute( global ::System.Compon

entModel.DesignerSerializationVisibility.Visible)]
public  override global ::System.Data.SchemaSerializationMode SchemaSerializationMode {
get {
return  this ._schemaSerializationMode;
}

set {
this ._schemaSerializationMode = value ;
}

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l

[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]

[ global ::System.ComponentModel.DesignerSerializationVisibilityAttribute( global ::System.Compon
entModel.DesignerSerializationVisibility.Hidden)]
public  new global ::System.Data.DataTableC ollection Tables {
get {
return  base .Tables;
}

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0]

[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]

[ global ::System.ComponentModel.DesignerSerializationVisibilityAttribute( global ::System.Compon
entModel.DesignerSerializationVisibility.Hidden)]
public  new global ::System.Data.DataRelati onCollection Relations {
get {
return  base .Relations;
}

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 01

[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
protected  override  void InitializeDerivedDataSet() {
this .Beginlnit();
this .InitClass();
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this .EndInit();

}
[ global ::System.Diagnost ics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  override global ::System.Data.DataSet Clone() {
AllPoolReportDS cln = ((AllPoolReportDS)( base .Clone()));
cln.InitVars();
cln.SchemaSerializationMode = this .SchemasSerializationMode;
return  cln;
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
protected override bool ShouldSerializeTables() {
return  false ;

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
protected  override  bool ShouldSerializeRelations() {
return  false ;

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ glo”bal I:I:Syster?.CodeDom.CompiIer.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
wor t?o.?elgted ) overr ide void ReadXmlSerializable( global ::System.Xml.XmIReader reader) {

if (( this .DetermineSchemasSerializationMode(reader) ==
global ::System.Data.SchemaSerializationMode.IncludeSchema)) {
this .Reset();

global :System.Data.DataSet ds = new global ::System.Data.DataSet();
ds.ReadXml(reader);
if  ((ds.Tables[ "ReportDT" ]!=  null

base .Tables.Add( new ReportDTDataTable(ds.Tables[ "ReportDT"  ]));
}

this .DataSetName = ds.DataSetName;

this .Prefix = ds.Prefix;

this .Namespace = ds.Namespace;

this .Locale = ds.Locale;

this .CaseSensitive = ds.CaseSensitive;

this . EnforceConstraints = ds.EnforceConstraints;

this .Merge(ds, false , global ::System.Data.MissingSchemaAction.Add);
this .InitVars();

}
else {
this .ReadXmi(reader);
this .InitVars();
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 01
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
protected over ride global ::System.Xml.Schema.XmISchema GetSchemaSerializable() {

global ::System.lO. MemoryStream stream = new global ::System.|O. MemoryStream ();
this .WriteXmlSchema( new global ::System.Xml.XmITextWriter(stream, null ));
stream.Position = 0;
return  global ::System.Xml.Schema.XmISchema.Read( new
global ::System.Xml.XmITextReader(stream), null );
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 01
[ global ::System .CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
internal void InitVars() {
this .InitVars( true );
}
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[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
internal void InitVars(  bool initTable) {
this .tableReportDT = ((ReportDTDataTable)( base .Tables[ "ReportDT" 1));
if  ((initTable == true )) {
if (( this .tableReportDT != null )){
this .tableReportDT.InitVars();
}
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
private  void InitClass() {

this .DataSetName =  "AllPoolReportDS" ;

this .Prefix = "

this .Namespace = "http://tempuri.org/AllPoolReportDS.xsd" ;
this .EnforceConstraints = true ;

this .SchemaSerializationMode =

global ::System.Data.SchemasSerializationMode.IncludeSchema;
this .tableReportDT = new ReportDTDataTable();
base .Tables.Add(  this .tableReportDT);

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]

private  bool ShouldSerializeReportDT() {
return  false ;
}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l

[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataS etGener
ator" , "4.0.0.0" )]
private  void SchemaChanged( object sender,
global ::System.ComponentModel.CollectionChangeEventArgs e) {
if  ((e.Action == global ::System.ComponentModel.CollectionChangeAction.Remove)) {
this .InitVars();

}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  static global ::System.Xml.Schema.XmlSchemaComplexType
GetTypedDataSetSchema( global ::System.Xml.Schema.XmISchemasSet xs) {

AllPoolReportDS ds = new AllPoolReportDS();

global ::System.Xml.Schema.XmISchemaComplexType type = new
global ::System.X ml.Schema.XmISchemaComplexType();

global ::System.Xml.Schema.XmlSchemaSequence sequence = new
global ::System.Xml.Schema.XmlSchemaSequence();

global ::System.Xml.Schema.XmISchemaAny any = new

global ::System.Xml.Schema.XmlSchemaAny();

any.Namespace = ds.Namespace;

sequence.ltems.Add(any);

type.Particle = sequence;

global ::System.Xml.Schema.XmlISchema dsSchema = ds.GetSchemaSerializable();

if  (xs.Contains(dsSchema.TargetNamespace N {
global ::System.lO. MemoryStream sl1= new global :System.lO. MemoryStream ();
global ::System.lO. MemoryStream s2= new global :System.lO. MemoryStream ();

try
global ::System.Xml.Schema.Xml Schema schema= null ;
dsSchema.Write(s1);
for (global ::System.Collections. [Enumerator ~ schemas =

xs.Schemas(dsSchema.TargetNamespace).GetEnumerator(); schemas.MoveNext(); ) {
schema = (( global ::System.Xml.Schema.XmISchema)(schemas.Current));
s2.SetLength(0);
schema.Write(s2);
if  ((sl.Length ==s2.Length)) {
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s1.Position = 0;
s2.Position = 0;
for  (; ((sl.Position != s1.Length)
&& (s1l.ReadByte() == s2.ReadByte())); ) {

1

}
if  ((sl.Position == s1.Length)) {
return  type;

}
}
}
}
finally
if ((s1 !'= null )){
s1.Close();
}
if ((s2!= null ) {
s2.Close();
}
}
xs.Add(dsSchema);
return  type;
}
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]

public  delegate void ReportDTRowChangeEventHandler(  object sender,
ReportDTRowChangeEvent e);

/Il <summary>
/Il Represents the strongly named DataTable class.

llI</lsummary>
[ global ::System. Serializable 0l
[ global ::System.Xml.Serialization.XmISchemaProviderAttribute( "GetTypedTableSchema" )]

public  partial class ReportDTDataTable
global ::System.Data.TypedTableBase<ReportDTRow> {

private  global ::System.Data.DataColumn columnGateName;
private  global ::System.Data.DataColumn columnPoolName;
private  global ::System.Data.DataColumn columnStartDate;
private  global ::System.Data.DataColumn columnEndDate;
private  global ::System.Data.DataColumn columnSegLevelGatel,
private  global ::System.Data.DataColumn columnDesLevelGatel,;
private  global ::System.Data.DataColumn columnR2Gatel,;
private  global ::System.Data.DataColumn columnAGatel;

private  global ::System.Data.DataColumn columnSegLevelGate2;
private  global ::System.Data.DataColumn columnDesLevelGate2;
private  global :System.Data.DataColumn columnR2Gate2;
private  global ::System.Data.DataColumn columnAGate2;

private  global :System.Data.DataColumn columnSegLevelGate3;
private  global ::System.Data.DataColumn columnDesLevelGate3;
private  global :System .Data.DataColumn columnR2Gate3;
private  global ::System.Data.DataColumn columnAGate3;

private  global :System.Data.DataColumn columnSegLevelGate4;
private  global ::System.Data.DataColu mn columnDesLevelGate4;

private  global :System.Data.DataColumn columnR2Gate4;
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private  global ::System.Data.DataColumn columnAGate4;
private  global ::System.Data.DataColumn columnSeqgLevelGate5;
private  global ::System.Data.DataColumn columnDesLevelGate5;
private  global ::System.Data.DataColumn columnR2Gate5;
private  global ::System.Data.DataColumn columnAGate5;
private  global ::System.Data.DataColumn columnSegLevelGate6;
private  global ::System.Data.DataColumn columnDesLevelGate6;
private  global ::System.Data.DataColumn columnR2 Gate6;
private  global ::System.Data.DataColumn columnAGate6;
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  ReportDTDataTable() {
this .TableName = "ReportDT" ;
this .Beginlnit();

this .InitClass();
this .EndInit();

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]

internal ReportDTDataTable( global :: System.Data.DataTable table) {
this .TableName = table.TableName;
if ((table.CaseSensitive |= table.DataSet.CaseSensitive)) {
this .CaseSensitive = table.CaseSensitive;

}
if ((table.Locale.ToString() != table.DataSet.Locale.ToString())) {
this .Locale = table.Locale;

}
if ((table.Namespace != table.DataSet.Namespace)) {
this .Namespace = table.Namespace;

this .Prefix = table.Prefix;
this .MinimumCapacity = table.MinimumCapacity;

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom .Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
protected
ReportDTDataTable(  global ::System.Runtime.Serialization. SerializationInfo info,
global ::System.Runtime.Serialization. StreamingContext context) :
base (info, context) {
this .InitVars();
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.D  esign.TypedDataSetGener
ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn GateNameColumn {
get {
return  this .columnGateName;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0]
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn PoolNameColumn {
get {
return  this .columnPoolName;
}
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}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( " System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn StartDateColumn {

get {
return  this .columnStartDate;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn EndDateColumn {
get {
return  this .columnEndDate;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn SeglLevelGatelColumn {

get {
return  this .columnSeglLevelGatel,
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn DesLevelGa telColumn {
get {
return  this .columnDesLevelGatel,;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn R2GatelColumn {

get {
return  this .columnR2Gatel;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0]
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn AGatelColumn {
get {
return  this .columnAGatel;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.Cod eDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn SeqLevelGate2Column {

get {
return  this .columnSeglLevelGate2;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0]
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]

public  global ::System.Data.DataColumn DesLevelGate2Column {
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get {
return  this .columnDesLevelGate2;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn R2Gate2Column {

get {
return  this .columnR2Gate2;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public global ::System.Data.DataColumn AGate2Column {
get {
return  this .columnAGate2;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn SeglLevelGate3Column {
get {
return  this .columnSeglLevelGate3;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn DesLevelGate3Column {

get {
return  this .columnDesLevelGate3;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn R2Gate3Column {

get {
return  this .columnR2Gate 3;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn AGate3Column {
get {
return  this .columnAGate3;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0]
[ globa | ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn SeqLevelGate4Column {

get {
return  this .columnSegLevelGate4;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0]
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[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
"4.0.00" )]

public  global ::System.Data.DataColumn DesLevelGate4Column {

get {
return  this .columnDesLevelGate4;
}

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
"4.0.0.0" )]

public  global ::System.Data.DataColumn R2Gate4Column {

get {
return  this .columnR2Gate4;
}

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
"4.0.0.0" )]

public  global ::System.Data.DataColumn AGate4Column {

get {
return  this .columnAGate4;
}

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
"4.0.00" )]

public  global ::System.Data.DataColumn SeglLevelGate5Column {

get {
return  this .columnSeglLevelGate5
}

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0]
::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
"4.0.0.0" )]

public  global ::System.Data.DataColumn DesLevelGate5Column {

get {
return  this .columnDesLevelGate5;
}

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0]
::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
"4.0.0.0" )]

public  global ::System.Data.DataColumn R2Gate5Column {

get {
return  this .columnR2Gate5;
}

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
"4.0.0.0" )]

public  global ::System.Data.DataColumn AGate5Column {

get {
return  this .columnAGate5;
}

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0]
::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
"4.0.0.0" )]

public  global ::System.Data.DataColumn SeglLevelGate6Column {
get {
return  this .columnSegLe velGate6;
}
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}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn DesLevelGate6Column {

get {
return  this .columnDesLevelGate6;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn R2Gate6Column {
get {
return  this .columnR2Gate6;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.Type dDataSetGener

ator" , "4.0.0.0" )]
public  global ::System.Data.DataColumn AGate6Column {

get {
return  this .columnAGate6;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
[ global ::System.ComponentModel.Browsable( false )]
public int Count{
get {
return  this .Rows.Count;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0]
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  ReportDTRow this [int index] {
get {
return  ((ReportDTRow)( this .Rows[index]));

}
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]

public event ReportDTRowChangeEventHandler ReportDTRowChanging;

[ global ::System.CodeDom.Compiler.GeneratedCodeAttr ibute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  event ReportDTRowChangeEventHandler ReportDTRowChanged;

[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  event ReportDTRowChangeEventHandler ReportDTRowDeleting;

[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]

public  event ReportDTRowChangeEventHandler ReportDTRowDeleted;

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.00 ")
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[ global
ator"

[ global
ator"

public  void AddReportDTRow(ReportDTRow row) {

this .Rows.Add(row);

}

[ global ::System.Diagnostics.
::System.CodeDom.Compiler.GeneratedCodeA ttribute(
"4.0.0.0" )]

public  ReportDTRow AddReportDTRow(

string GateName,
string PoolName,
System. DateTime StartDate,
string EndDate,
string  SeqglLevelGatel,
string DesLevelGatel,
string R2Gatel,
string  AGatel,

string  SeqglLevelG ate2,
string  DeslLevelGate2,
string R2Gate2,
string  AGate2,

string  SeqglLevelGate3,
string  DeslLevelGate3,
str ing R2Gate3,
string  AGate3,

string  SeqglLevelGate4,
string  DesLevelGate4,
string R2Gate4,
string  AGate4,

string  SeqglLevelGate5,
string  DeslLevelGate5,
string R2Gate5,
string  AGateb5,

string  SeqglLevelGate6,
string  DesLevelGate6,
string R2Gate6,
string  AGate6) {

ReportDTRow rowReportDTRow = ((ReportDTRow)(
object [] columnValuesArray =

rowReportDTRow.IltemArray = columnValuesArray;

GateName,
PoolName,
StartDate,
EndDate,
SeqglLevelGatel,
DesLevelGatel,
R2Gatel,
AGatel,
SeqglLevelGate2,
DesLevelGate2,
R2Gate2,
AGate2,
SegLevelGate3,
DesLevelGate3,
R2Gate3,
AGate3,
SeqlLevelGate4,
DeslLevelGate4,
R2Gate4,
AGate4,
SeqglLevelGate5,
DesLevelGate5,
R2Gate5,
AGate5,
SeqlLevelGate6,
DesLevelGate6,
R2Gate6,
AGate6};

this .Rows.Add(rowReportDTRow);

return

}
[ global

rowReportDTRow;

::System.Diagnostics.

::System.CodeDom.Compiler.GeneratedCodeAttribute(

"4.0.0.0" )]
public

override global

DebuggerNonUserCodeAttribute 0l

"System.Data.Design.TypedDataSetGener

this .NewRow()));

new object [J{

DebuggerNonUserCodeAttribute 0]

"System.Data.Design.TypedDataSetGener

::System.Data.DataTable Clone() {
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ReportDTDataTable cIn = ((ReportDTDataTable)( base .Clone()));
cln.InitVars();
return  cln;
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Desi gn.TypedDataSetGener

ator" , "4.0.0.0" )]
protected  override  global ::System.Data.DataTable Createlnstance() {
return  new ReportDTDataTable();
}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l

[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
internal void InitVars() {
this .columnGateName =  base .Columns[ "GateName" ];
this .columnPoolName =  base .Columns[ "PoolName" ];
this .columnStartDate = base .Columns[ "StartDate" J;
this .columnEndDate = base .Columns[ "EndDate" J;
this .columnSeqgLevelGatel = base .Columns[ "SeglLevelGatel" ;
this .columnDesLevelGatel = base .Columns[ "DeslLevelGatel" J;
this .columnR2Gatel = base .Columns[ "R2Gatel" J;
this .columnAGatel = base .Columns[ "AGatel" J;
this .columnSeqgLevelGate2 = base .Columns[ "SeglLevelGate2" J;
this .columnDesLevelGate2 = base .Columns[ "DeslLevelGate2" J;
this .columnR2Gate2 = base .Columns[ "R2Gate2" J;
this .columnAGate2 = base .Columns[ "AGate2" J;
this .columnS egLevelGate3 = base .Columns[ "SegLevelGate3" [;
this .columnDesLevelGate3 = base .Columns[ "DeslLevelGate3" J;
this .columnR2Gate3 = base .Columns[ "R2Gate3" J;
this .columnAGate3 = base .Columns[ "AGate3" J;
this .columnSeqglLevelGate4 = base .Columns[ "SegLevelGate4" J;
this .columnDesLevelGate4 = base .Columns[ "DeslLevelGate4" ;
this .columnR2Gate4 = base .Columns[ "R2Gate4" ];
this .columnAGate4 = base .Colum ns[ "AGate4" J;
this .columnSeqgLevelGate5 = base .Columns[ "SegLevelGate5" J;
this .columnDesLevelGate5 = base .Columns[ "DeslLevelGate5" |;
this .columnR2Gate5 = base .Columns[ "R2Gate5" ];
this .columnAGate5 = base .Columns[ "AGate5" J;
this .columnSeqgLevelGate6 = base .Columns[ "SegLevelGate6" |;
this .columnDesLevelGate6 = base .Columns[ "DeslLevelGate6" ];
this .columnR2Gate6 = base .Columns[ "R2Gate6" ];
this .columnAGate6 = base .Columns[ "AGate6" J;

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l

[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
private  void InitClass() {

this .columnGateName = new global ::System.Data.DataColumn( "GateName" ,
typeof (string ), null , global :System.Data.MappingType.Element);

base .Columns.Add( this .columnGateName);

this .columnPoolName =  new global ::System.Data.DataColumn( "PoolName" ,
typeof (string ), null , global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnPoolName);

this .columnStartDate = new global :System.Data.DataColumn( "StartDate"
typeof (global :System. DateTime ), null , global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnStartDate);

this .columnEndDate = new global :System.Data.DataColumn( "EndDate" ,
typeof (string ), null , global :System.Data.MappingType.Element);

base .Columns.Add( this .columnEndDate);

this .columnSeqlLevelGatel = new
global ::System.Data.DataColumn( "SeqglLevelGatel" , typeof (string ), null ,
global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnSeglLevelGatel);

this .columnDesLevelGatel = new
global ::System.Data.DataColumn( "DesLevelGat el", typeof (string ), null ,
global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnDesLevelGatel);

this .columnR2Gatel = new global ::System.Data.DataColumn( "R2Gatel" ,
typeof (string ), null , global :System.Data.Ma ppingType.Element);

base .Columns.Add( this .columnR2Gatel);
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this .columnAGatel = new global ::System.Data.DataColumn( "AGatel" ,
typeof (string ), null , global :System.Data.MappingType.Element);

base .Columns.Add( this .columnAGatel);

this .columnSeqLevelGate2 = new
global ::System.Data.DataColumn( "SeqgLevelGate2" , typeof (string ), null ,
global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnSeqLevelGate2);

this . columnDesLevelGate2 = new
global ::System.Data.DataColumn( "DesLevelGate2" , typeof (string ), null ,
global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnDesLevelGate2);

this .columnR2Gate2 = new global :System.Data.DataColumn( "R2Gate2" ,
typeof (string ), null , global :System.Data.MappingType.Element);

base .Columns.Add( this .columnR2Gate2);

this .columnAGate2 = new global :System.Data.DataColumn( "AGate2" ,
typeof (string ), null , global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnAGate2);

this .columnSeqgLevelGate3 = new
global ::System.Data.DataColumn( "SeqlLevelGate3" , typeof (string ), null ,
global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnSeglLevelGate3);

this .columnDesLevelGate3 = new
global ::System.Data.DataColumn( "DeslLevelGate3" , typeof (string ), null ,
global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnDesLevelGate3);

this .columnR2Gate3 = new global ::System.Data.DataColumn( "R2Gate3" ,
typeof (string ), null , global :System.Data.MappingType.Element);

base .Columns.Add( this .columnR2Gate3);

this .columnAGate3 = new global ::System.Data.DataColumn( "AGate3" ,
typeof (string ), null , global :System.Data.MappingType.Element);

base .Columns.Add( this .columnAGate3);

this .columnSeqglLevelGate4 = new
global ::System.Data.DataColumn( "SeqlLevelGate4" , typeof (string ), null ,
global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnSeglLevelGate4);

this .columnDeslLevelGate4 = new
global ::System.Data.DataColumn( "DesLevelGate4" , typeof (string ), null ,
global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnDesLevelGate4);

this .columnR2Gate4 = new global ::System.Data.DataColumn( "R2Gate4" ,
typeof (string ), null , global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnR2Gate4);

this .columnAGate4 = new global ::System.Data.DataColumn( "AGate4" ,
typeof (string ), null , global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnAGate4);

this .columnSeqgLevelGate5 = new
global ::System.Data.DataColumn( "SegLevelGate5" , typeof (string ), null ,
global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnSeqLevelGate5);

this .columnDesLevelGate5 = new
global ::System.Data.DataColumn( "DesLevelGate5" , typeof (string ), null ,
global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnDesLevelGate5);

this .columnR2Gate5 = new global :System.D ata.DataColumn( "R2Gate5" ,
typeof (string ), null , global :System.Data.MappingType.Element);

base .Columns.Add( this .columnR2Gate5);

this .columnAGate5 = new global ::System.Data.DataColumn( "AGate5" ,
typeof (string ), null , global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnAGate5);

this .columnSeqlLevelGate6 = new
global ::System.Data.DataColumn( "SeqlLevelGate6" , typeof (string ), null ,
global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnSeqLevelGate6);

this .columnDesLevelGate6 = new
global ::System.Data.DataColumn( "DeslLevelGate6" , typeof (string ), null ,
global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnD esLevelGate6);

this .columnR2Gate6 = new global :System.Data.DataColumn( "R2Gate6" ,
typeof (string ), null , global ::System.Data.MappingType.Element);

base .Columns.Add( this .columnR2Gate6);

this .columnAGate6 = new global :System.Data.DataColumn( "AGate6" ,
typeof (string ), null , global :System.Data.MappingType.Element);

base .Columns.Add( this .columnAGate6);

this .columnSeqgLevelGatel.Caption = "SegLevelGate" ;
this .columnDesLevelGatel.Caption = "DesLevelGate" ;
this .columnR2Gatel.Caption = "R2Gate" ;
this .columnAGatel.Caption = "GatelA" ;
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this .columnSeqLevelGate2.Caption = "SegLevelGate" ;
this .columnDesLevelGate2.Caption = "DesLevelGate" ;
this .columnR2Gate2.Caption = "R2Gate" ;
this .columnAGate2.Caption = "GatelA" ;
this .columnSeqLevelGate3.Caption = "SegLevelGate" ;
this .columnDesLev elGate3.Caption = "DesLevelGate" ;
this .columnR2Gate3.Caption = "R2Gate" ;
this .columnAGate3.Caption = "GatelA" ;
this .columnSeqLevelGate4.Caption = "SegLevelGate" ;
this .columnDesLevelGate4.Capti on= "DeslLevelGate" ;
this .columnR2Gate4.Caption = "R2Gate" ;
this .columnAGate4.Caption = "GatelA" ;
this .columnSeqgLevelGate5.Caption = "SegLevelGate" ;
this .columnDesLevelGate5.Caption = "DesLevelGate" ;
this .columnR2Gate5.Caption = "R2Gate" ;
this .columnAGate5.Caption = "GatelA" ;
this .columnSeqLevelGate6.Caption = "SegLevelGate" ;
this .columnDesLevelGate6.Caption = "DesLevelGate ";
this .columnR2Gate6.Caption = "R2Gate" ;
this .columnAGate6.Caption = "GatelA" ;
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0]
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  ReportDTRow NewReportDTRow() {
return  ((ReportDTRow)( this .NewRow()));

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
protected  override  global ::System.Data.DataRow
NewRowFromBuilder( gl obal ::System.Data.DataRowBuilder builder) {
return  new ReportDTRow(builder);

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0]
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
protected  override  global :System. Type GetRowType(){
return  typeof (ReportDTRow);

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
protected  override  void OnRowChanged(global ::System.Data.DataRowChangeEventArgs
e){

base .OnRowChanged(e);
if  (( this .ReportbTRowChanged != null )){
this .ReportDTRowChanged( this , new
ReportDTRowChangeEvent(((ReportDTRow)(e.Row)), e.Action));
}

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0]
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]

protected override  void OnRowChanging( global ::System.Data.DataRowChangeEventArgs
e){
base .OnRowChanging(e);
if (( this .ReportDTRowChanging != null )){
this .ReportDTRowChanging( this , new
ReportDTRowChangeEvent(((ReportDTRow)(e.Row)), e.Action));
}

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Dat a.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
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protected override  void OnRowDeleted( global ::System.Data.DataRowChangeEventArgs
e){
base .OnRowDeleted(e);
if  (( this .ReportDTRowDeleted != null )){
this .ReportDTRowDeleted( this , new
ReportDTRowChangeEvent(((ReportDTRow)(e.Row)), e.Action));
}

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l

[ global ::Syste m.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]

protected  override  void OnRowDeleting( global ::System.Data.DataRowChangeEventArgs
e){

base .OnRowDeleting(e);
if (( this .ReportDTRowDeleting != null )){
this .ReportDTRowDeleting( this , new
ReportDTRowChangeEvent(((ReportDTRow)(e.Row)), e.Action));
}

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  void RemoveReportDTRow(ReportDTRow row) {
this .Rows.Remove(row);

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  static global : :System.Xml.Schema.XmlSchemaComplexType

GetTypedTableSchema( global ::System.Xml.Schema.XmISchemaSet xs) {

global ::System.Xml.Schema.XmISchemaComplexType type = new
global ::System.Xml.Schema.XmISchemaComplexType();

global ::System.Xml.Schema.XmlSchemaSequence sequence = new
global ::System.Xml.Schema.XmISchemaSequence();

AllPoolReportDS ds = new AllPoolReportDS();

global ::System.Xml.Schema.XmISchemaAny anyl = new
global ::System.Xml.Schema.XmIS chemaAny();

anyl.Namespace =  "http://www.w3.0rg/2001/XMLSchema" ;

any1l.MinOccurs = new decimal (0);

anyl.MaxOccurs = decimal .MaxValue;

anyl.ProcessContents =
global ::System.Xml.Schema.XmISchemaC ontentProcessing.Lax;

sequence.ltems.Add(any1l);

global ::System.Xml.Schema.XmISchemaAny any2 = new

global ::System.Xml.Schema.XmISchemaAny();
any2.Namespace = "urnischemas - microsoft -com:xml - diffgram -v1";
any2.MinOccurs = new decimal (1);

any2.ProcessContents =
global ::System.Xml.Schema.XmISchemaContentProcessing.Lax;

sequence.ltems.Add(any2);

global ::System.Xml.Schema.XmlSchemaAttribute attributel = new
global ::System.Xml.Schema.XmISchemaAttribute();

attributel.Name = "namespace” ;

attributel.FixedValue = ds.Namespace;

type.Attributes.Add(attributel);

global ::System.Xml.Schema.XmlSchemaAtt ribute attribute2 = new
global ::System.Xml.Schema.XmISchemaAittribute();

attribute2.Name = "tableTypeName" ;

attribute2.FixedValue = "ReportDTDataTable" ;

type.Attributes.Add(attribute?2);

type.Particle = sequence;

global ::System.Xml.Schema.XmISchema dsSchema = ds.GetSchemaSerializable();

if  (xs.Contains(dsSchema.TargetNamespace)) {
global ::System.lO. MemoryStream sl1= new global ::System.|O. MemoryStream ();
global ::System.lO. MemoryStream s2= new global :System.lO. MemoryStream ();

try {
global ::System.Xml.Schema.XmISchema schema = null
dsSchema.Write(s1);
for (global ::System.Collections. [Enumerator  schemas =

xs.Schemas(dsSchema.TargetNamespace).GetEnumerator(); schemas.MoveNext(); ) {
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schema =
(( global ::System.Xml.Schema.XmISchema)(schemas .Current));
s2.SetLength(0);
schema.Write(s2);
if  ((sl.Length == s2.Length)) {
s1.Position = 0;
s2.Position =0;
for (; ((s1.Position != s1.Length)
&& (s1l.ReadByte() == s2.ReadByte())); ) {

1

}
if  ((sl.Position == s1.Length)) {
return  type;

}
}
}
}
finally {
if ((sl!'= null )){
s1.Close();
}
if ((s2!= null ) {
s2.Close();
}
} }
xs.Add(dsSchema);

return  type,

}

/Il <summary>

/Il Represents strongly named DataRow class.

llI</lsummary>

public  partial class ReportDTRow : global ::System.Data.DataRow {

private  ReportDTDataTable tableReportDT;
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
internal ReportDTRow( global ::System.Data.DataRowBuilder rb) :

base (rb) {
this .tableReportDT = ((ReportDTDataTable)( this .Table));
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public string  GateName {

get {
try {
return  (( string )( this [this .tableReportDT.GateNameColumn]));
catch (global :System. InvalidCastException e){
throw new global ::System.D ata.StrongTypingException( "The value for
column \'GateName \'in table \ 'ReportDT \'is DBNullL." ,e);
}
}
set {
this [ this .tableReportDT.GateNameColumn] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  string PoolName {

get {
try {
return  (( string )( this [this .tableReportDT.PoolNameColumn)));
catch (global :System. InvalidCastException e){

PhD Dissertation Page219



Appendix A

throw new global ::System.Data.StrongTypingException( "The value for
column \'PoolName \'in table \ 'ReportDT \'is DBNull." ,€);
}
}
set {
this [ this .tableReportDT.PoolNameColumn] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  System. DateTime StartDate {
get {
try {
return
(( global ::System. DateTime )( this [this .tableReportDT.StartDateColumn]));

catch (global :System. InvalidCastException e){
throw new global :System.Data.StrongTypingException( "The value for
column \'StartDate \'intable \ 'ReportDT \'is DBNull." ,€);
}
}
set {
this [ this .tableReportDT.StartDateColumn] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  string  EndDate {
get {
try {
return  (( string )( this [this .tableReportDT.EndDateColumn)));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'EndDate \'in table \ 'ReportDT \'is DBNull." ,e);
}
}
set {
this [ this .tableReportDT.EndDateColumn] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public string  SeglLevelGatel {

get {
try {
return  (( string )( this [this .tableRepor tDT.SeqLevelGatelColumn]));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'SeglLevelGatel \'in table \ 'ReportDT \' is DBNull." ,e);
}
}
set {
this [ this .tableReportDT.SeqLevelGatelColumn] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCod eAttribute ()]
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  string DesLevelGatel {
get {
try {
return  (( string )( this [this .tableReportDT.DesLevelGatelColumn]));
catch (global :System. InvalidCastException e){
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throw new global ::System.Data.StrongTypingException( "The value for
column \'DesLevelGatel \'intable \ 'ReportDT \'is DBNull." ,€);
}
}
set {
this [ this .tableReportDT.DesLevelGatelColumn] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public string R2Gatel {

get {
try {
return  (( string )( this [this .tableReportDT.R2GatelColumn)));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'R2Gatel \'in table \ 'ReportDT \'is DBNull." ,€);
}
}
set {
this [ this .tableReportDT.R2Gate1Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  string  AGatel {
get {
try {
return  (( string )( this [this .tableReportDT.AGatelColumn]));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'AGatel \'in table \ 'ReportDT \'is DBNull." ,e);
}
}
set {
this [ this .tableReportDT.AGatelColumn] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  string  SegLevelGate2 {

get {
try {
return  (( string )( this [this .tableReportDT.SeglLevelGate2Column]));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'SegLevelGate2 \'in table \ 'ReportDT \'is DBNull." ,e);
}
}
set {
this [ this .tableReportDT.SeqLevelGate2Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  string DesLevelGate2 {

get {
try {
return  (( string )( this [this .tableReportDT.DesLevelGate2Column]));
catch (global :System. InvalidCastException e){
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throw new global ::System.Data.StrongTypingException( "The value for
column \'DesLevelGate2 \'intable \ 'ReportDT \'is DBNull." ,€);
}
}
set {
this [ this .tableReportDT.DesLevelGate2Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::Syst em.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public string R2Gate2 {

get {
try {
return  (( string )( this [this .tableReportDT.R2Gate2Columny)));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'R2Gate2 \'in table \'ReportDT \'i sDBNull." ,e);
}
}
set {
this [ this .tableReportDT.R2Gate2Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  string  AGate2 {
get {
try {
return  (( string )( this [this .tableReportDT.AGate2Column]));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'A Gate2\'in table \ 'ReportDT \'is DBNull." ,e);
}
}
set {
this [ this .tableReportDT.AGate2Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public string  SegLevelGate3 {

get {
try {
return  (( string )( this [this .tableReportDT.SeglLevelGate3Column]));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'SegLevelGate3 \'in table \ 'ReportDT \'is DBNull." ,e);
}
}
set {
this [ this .tableReportDT.SeqLevelGate3Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  string DesLevelGate3 {

get {
try {
return  (( string )( this [this .tableReportDT.DesLevelGate3Column]));
catch (global :System. InvalidCastException e){
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throw new global ::System.Data.StrongTypingException( "The value for
column \'DesLevelGate3 \'intable \ 'ReportDT \'is DBNull." ,€);
}
}
set {
this [ this .tableReportDT.DesLevelGate3Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedD ataSetGener

ator" , "4.0.0.0" )]
public string R2Gate3 {

get {
try {
return  (( string )( this [this .tableReportDT.R2Gate3Column)));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'R2Gate3 \'in table \ 'ReportDT \'is DBNull." ,€);
}
}
set {
this [ this .tableReportDT.R2Gate3Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "Sy stem.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  string  AGate3 {
get {
try {
return  (( string )( this [this .tableReportDT.AGate3Column]));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'AGate3 \'in table \ 'ReportDT \'is DBNull." ,e);
}
}
set {
this [this .tableReportDT.AGate3Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public string  SeglLevelGate4 {

get {
try {
return  (( string )( this [this .tableRepor tDT.SeqLevelGate4Column]));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'SegLevelGate4 \'intable \ 'ReportDT \' is DBNull." ,e);
}
}
set {
this [ this .tableReportDT.SeqLevelGate4Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  string DesLevelGate4 {

get {
try {
return  (( string )( this [this .tableReportDT.DesLevelGate4Column]));
catch (global :System. InvalidCastException e){
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throw new global ::System.Data.StrongTypingException( "The value for
column \'DesLevelGate4 \'intable \ 'ReportDT \'is DBNull." ,€);
}
}
set {
this [ this .tableReportDT.DesLevelGate4Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public string R2Gate4 {

get {
try {
return  (( string )( this [this .tableReportDT.R2Gate4Column)));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.Str ongTypingException( "The value for
column \'R2Gate4 \'in table \ 'ReportDT \'is DBNull." ,€);
}
}
set {
this [ this .tableReportDT.R2Gate4Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  string  AGate4 {
get {
try {
return  (( string )( this [this .tableReportDT.AGate4Column]));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'AGate4 \'in table \ 'ReportDT \'is DBNull." ,e);
}
}
set {
this [ this .tableReportDT.AGate4Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public string  SeglLevel Gate5 {

get {
try {
return  (( string )( this [this .tableReportDT.SeglLevelGate5Column]));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'SegLevelGate5 \'in table \ 'ReportDT \'is DBNull." ,e);
}
}
set {
this [this .tableRepo rtDT.SeqLevelGate5Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  string DesLevelGate5 {

get {
try {
return ~ (( string )( this [this .tableReportDT.DesLevelGate5Column]));
catch (global :System. InvalidCastException e){
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throw new global ::System.Data.StrongTypingException( "The value for
column \'DesLevelGate5 \'intable \ 'ReportDT \'is DBNull." ,€);
}
}
set {
this [ this .tableReportDT.DesLevelGate5Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::Syst em.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public string R2Gate5 {

get {
try {
return  (( string )( this [this .tableReportDT.R2Gate5C olumn));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'R2Gate5 \'in table \ 'ReportDT \'is DBNull." ,€);
}
}
set {
this [ this .tableReportDT.R2Gate5Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  string  AGate5 {
get {
try {
return  (( string )( this [this .tableReportDT.AGate5Column]));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'AGate5 \'in table \ 'ReportDT \' is DBNull." ,e);
}
}
set {
this [ this .tableReportDT.AGate5Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public string  SeglLevelGate6 {

get {
try {
return  (( string )( this [this .tableReportDT.SeglLevelGate6Column]));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'SeglLevelGate6 \'in table \ 'ReportDT \'is DBNull." ,e);
}
}
set {
this [ this .tableReportDT.SeqLevelGate6Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  string DesLevelGate6 {

get {
try {
return ~ (( string )( this [this .tableReportDT.DesLevelGate6Column]));
catch (global :System. InvalidCastException e){
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throw new global ::System.Data.StrongTypingException( "The value for
column \'DesLevelGate6 \'in table \ 'ReportDT \'is DBNull." ,€);
}
}
set {
this [ this .tableReportDT.DesLevelGate6Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public string R2Gate6 {

get {
try {
return  (( string )( this [this .tableReportDT.R2Gate6Column)));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'R2Gate6 \'in table \ 'ReportDT \'is DBNull." ,€);
}
}
set {
this [ this .tableReportDT.R2Gate6Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSet Gener
ator" , "4.0.0.0" )]
public  string  AGate6 {
get {
try {
return  (( string )( this [this .tableReportDT.AGate6Column]));
catch (global :System. InvalidCastException e){
throw new global ::System.Data.StrongTypingException( "The value for
column \'AGate6 \'in table \ 'ReportDT \'is DBNull." ,e);
}
}
set {
this [ this .tableReportDT.AGate6Column] = value ;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.Type dDataSetGener

ator" , "4.0.0.0" )]
public  bool IsGateNameNull() {
return  this .IsNull(  this .tableReportDT.GateNameColumn);

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator' , "4.0.0.0" )]

public  void SetGateNameNull() {

this [ this .tableReportDT.GateNameColumn] = global ::System. Convert .DBNull;

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator* , "4.0.0.0" )]

public  bool IsPoolNameNull() {
return  this .IsNull(  this .tableReportDT.PoolNameColumn);

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribut e( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  void SetPoolNameNull() {
this [ this .tableReportDT.PoolNameColumn] = global ::System. Convert .DBNull;
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}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  bool IsStartDateNull() {
return  this .IsNull(  this .tableReportDT.StartDateColumn);

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  void SetStartDateNull() {

this [ this .tableReportDT.StartDateColumn] = global ::System. Convert .DBNull;
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  bool IsEndDateNull() {
return  this .IsNull(  this .tableReportDT.EndDateColumn);

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  void SetEndDateNull() {

this [ this .tableReportDT.EndDateColumn] = global ::System. Convert .DBNull;
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( " System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  bool IsSegLevelGatelNull() {
return  this .IsNull(  this .tableReportDT.SeqlLevelGatelColumn);

}
[ global ::System.Diagnostics. DebuggerNo nUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  void SetSeqgLevelGatelNull() {

this [ this .tableReportDT.SeglLevelGatelColumn] = global ::System. Convert .DBNull;
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  bool IsDesLevelGatelNull() {
return  this .IsNull(  this .tableReportDT.DesLevelGatelColumn);

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  void SetDesLevelGatelNull() {

this [ this .tableReportDT.DesLevelGat elColumn] = global :System. Convert .DBNull;
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  bool IsR2Gatel1Null() {
return  this .IsNull(  this .tableReportDT.R2GatelColumn);
}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
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[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
"4.0.00" )]

public  void SetR2GatelNull() {

this [ this .tableReportDT.R2Gate1Column] = global ::System. Convert .DBNull;

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
"4.0.00" )]

public  bool IsAGatelNull() {
return  this .IsNull(  this .tableReportDT.AGatelColumn);

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
I:I:Systenl?.CodeDom.CompiIer.GeneratedCodeAttribute( "System.Data.Design. TypedDataSetGener
4'0'0'?3ublic)] void SetAGate1Null() {

} this [ this .tableReportDT.AGatelColumn] = global ::System. Convert .DBNull;

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
I:I:Lls%s(t)eg?.CogeDom.CompiIer.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

public  bool IsSeqLevelGate2Null() {
return  this .IsNull(  this .tableReportD  T.SeglLevelGate2Column);

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
I:I:Systenl?.CodeDom.CompiIer.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
4'0'0.c|Joublic)] void SetSeglLevelGate2Null() {

} this [ this .tableReportDT.SegLevelGate2Column] = global ::System. Convert .DBNull;

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0]
I:I:Afs%s(t)eg?.Co)cieDom.CompiIer.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

public  bool IsDesLevelGate2Null() {
return  this .IsNull(  this .tableReportDT.DesLevelGate2Column);

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
I:I:Systerg.CodeDom.CompiIer.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
4.().O.(;])ublic)] void SetDesLevelGate2Null() {

} this [ this .tableReportDT.DesLevelGate2Column] = global ::System. Convert .DBNull;

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
I:I:AfSés(t)eg].CoﬂeDom.CompiIer.GeneratedCodeAttri bute( "System.Data.Design.TypedDataSetGener

public  bool IsR2Gate2Null() {
return  this .IsNull(  this .tableReportDT.R2Gate2Column);

}

[ global ::System.Diagnostics. DebuggerNonUserC odeAttribute 0l
I:I:Systerf].CodeDom.CompiIer.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
4'0'0'?)ub|ic)] void  SetR2Gate2Null() {

} this [ this .tableReportDT.R2Gate2Column] = global ::System. Convert .DBNull;

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
I:I:f%séeg?.CoﬂeDom.CompiIer.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

publi ¢ bool IsAGate2Null() {
return  this .IsNull(  this .tableReportDT.AGate2Column);
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}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l

[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  void SetAGate2Null() {

this [ this .tableReportDT.AGate2Column] = global ::System. Convert .DBNull;
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  bool IsSeqLevelGate3Null() {
return  this .IsNull(  this .tableReportDT.SeqLevelGate3Column);

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  void SetSegLevelGate3Null() {
this [ this .tableReportDT.SegLevelGate3Column] = global ::System. Convert .DBNull;
}

[ global ::System.Di agnostics. DebuggerNonUserCodeAttribute 0l

[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  bool IsDesLevelGate3Null() {
return  this .IsNull(  this .tableReportDT.DesLevelGate3Column);

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.00 ")]
public  void SetDesLevelGate3Null() {

this [ this .tableReportDT.DesLevelGate3Column] = global ::System. Convert .DBNull;
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  bool IsR2Gate3Null() {
return  this .IsNull(  this .tableReportDT.R2Gate3Column);

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  void SetR2Gate3Null() {

t his [ this .tableReportDT.R2Gate3Column] = global ::System. Convert .DBNull;
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  bool IsAGate3Null() {
return  this .IsNull(  this .tableReportDT.AGate3Column);

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttr  ibute ()]
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  void SetAGate3Null() {
this [ this .tableReportDT.AGate3Column] = global ::System. Convert .DBNull;
}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
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[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

[ global
ator"

::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
"4.0.00" )]

public  bool IsSeqLevelGate4Null() {
return  this .IsNull(  this .tableReportDT.SeqgLevelGate4Column);

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
I:I:Systenl?.CodeDom.CompiIer.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
4.().O.(;)Jublic)] void SetSeglLevelGate4Null() {

} this [ this .tableReportDT.SegLevelGate4Column] = global ::System. Convert .DBNull;

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
I:I:f%séeg?.Co)c}eDom.CompiIer.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

public  bool IsDesLeve IGate4Null() {
return  this .IsNull(  this .tableReportDT.DesLevelGate4Column);

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
I:I:Systen:.CodeDom.CompiIer.GeneratedCodeAttribut e( "System.Data.Design.TypedDataSetGener
4'0'0.c|Joublic)] void SetDesLevelGate4Null() {

} this [ this .tableReportDT.DesLevelGate4Column] = global ::System. Convert .DBNull;

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
I:I:Lls%s(t)eg?.CogeDom.CompiIer.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

public  bool IsR2Gate4Null() {
return  this .IsNull(  th is .tableReportDT.R2Gate4Column);

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0]
I:I:Systenl?.CodeDom.CompiIer.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
4'0'0'?3ublic)] void  SetR2Gate4Null() {

} this [ this .tableReportDT.R2Gate4Column] = global ::System. Convert .DBNull;

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
I:I:AfSéséeg].Co)cieDom.CompiIer.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

public  bool IsAGate4Null() {
return  this .IsNull(  this .tableReportDT.AGate4Column);

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
I:I:Systerf].CodeDom.CompiIer.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
4'0'0'?)ub|ic)] void  SetAGate4Null() {

} this [this .table ReportDT.AGate4Column] = global ::System. Convert .DBNull;

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
I:I:AfSés(t)eg].CoﬂeDom.CompiIer.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetG ener

public  bool IsSeqLevelGate5Null() {
return  this .IsNull(  this .tableReportDT.SeqlLevelGate5Column);

}

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
"4.0.0.0" )]

public  void SetSegLevelGate5Null() {
this [this .tableReportDT.SeqLevelGate5Column] = global ::System. Convert .DBNull;
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}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  bool IsDesLevelGate5Null() {
return  this .IsNull(  this .tableReportDT.DesLevelGate5Column);

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  void SetR2Gate6Null() {

t his [ this .tableReportDT.R2Gate6Column] = global ::System. Convert .DBNull
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  bool IsAGate6Null() {
return  this .IsNull(  this .tableReportDT.AGate6Column);

}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttr  ibute ()]
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  void SetAGate6Null() {
this [ this .tableReportDT.AGate6Column] = global ::System. Convert .DBNull
}

}

/Il <summary>
/Il Row event argument class

[lI</lsummary>
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]

public class ReportDTRowChangeEvent : global ::System. EventArgs {

private ReportDTRow eventRow;

private  global ::System.Data.DataRowAction eventAction;

[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener
ator" , "4.0.0.0" )]
public  ReportDTRowChangeEvent(ReportDTRow row, global ::System.Data.DataRowAction
action) {
this .eventRow = row;
this .eventAction = action;
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0]
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "Syste m.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  ReportDTRow Row {

get {
return  this .eventRow;
}
}
[ global ::System.Diagnostics. DebuggerNonUserCodeAttribute 0l
[ global ::System.CodeDom.Compiler.GeneratedCodeAttribute( "System.Data.Design.TypedDataSetGener

ator" , "4.0.0.0" )]
public  global ::System.Data.DataRowAction Action {
get {
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return  this .eventAction;

}

#pragma warning restore 1591
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Table B.1 ARGOON Gate table

ARGOON-3 ARGOON FALSE AWS2
ARGOON-3 ARGOON FALSE AWS2
ARGOON-3 ARGOON FALSE AWS2
ARGOON-8 ARGOON FALSE AWS2
ARGOON-3 ARGOON FALSE AWS2
ARGOON-8 ARGOON FALSE AWS2
ARGOON 3A ARGOON FALSE AWS2
ARGOON ARGOON FALSE AWS2
ARGOOR ARGOON FALSE AWS2
ARGOON ARGOON FALSE AWS2
ARGOOM ARGOON FALSE AWS2
ARGOOMN ARGOON FALSE AWS2
ESCARGOON 1] ARGOON FALSE AWS2
ESC ARGOON ARGOON FALSE AWS2

Gate Name Main channel | Farm outlet AWSID
174/1 ARGOON TRUE AWS2
174/2 ARGOON TRUE AWS2
175/1 ARGOON TRUE AWS2
175/2 ARGOON TRUE AWS2
176/1 ARGOON TRUE AWS2
178/1 ARGOON TRUE AWS2
178/2 ARGOON TRUE AWS2
179/1 ARGOON TRUE AWS2
179/2 ARGOON TRUE AWS2
180/1 ARGOON TRUE AWS2
182/2 ARGOON TRUE AWS2
183/1 ARGOON TRUE AWS2
184/2 ARGOON TRUE AWS2
193/1 ARGOON TRUE AWS2
193/2 ARGOON TRUE AWS2
194/1 ARGOON TRUE AWS2
194/2 ARGOON TRUE AWS2
195/1 ARGOON TRUE AWS2
196/1 ARGOON TRUE AWS2
197/1 ARGOON TRUE AWS2
198/1 ARGOON TRUE AWS2
2002/1 ARGOON TRUE AWS2
2005/1 ARGOON TRUE AWS2
210/1 ARGOON TRUE AWS2
211/1 ARGOON TRUE AWS2
212/1 ARGOON TRUE AWS2
213/1 ARGOON TRUE AWS2
214/1 ARGOON TRUE AWS2
215/1 ARGOON TRUE AWS2
216/1 ARGOON TRUE AWS2
217/1 ARGOON TRUE AWS2
21712 ARGOON TRUE AWS2
218/1 ARGOON TRUE AWS2
219/1 ARGOON TRUE AWS2
220/1 ARGOON TRUE AWS2

ARGOON ARGOON FALSE AWS2
ARGOON 1 ARGOON FALSE AWS2
ARGOON-1 ARGOON FALSE AWS2
ARGOON-2 ARGOON FALSE AWS2
ARGOON-3 ARGOON FALSE AWS2
ARGOON-2 ARGOON FALSE AWS2
ARGOON-5 ARGOON FALSE AWS2
ARGOON 2 ARGOON FALSE AWS2
ARGOON 3 ARGOON FALSE AWS2
ARGOON-3 ARGOON FALSE AWS2
ARGOON-2 ARGOON FALSE AWS2
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Table B.2 BOONA Gate table BOONA 7L BOONA FALSE AWS1
- BOONA 2 BOONA FALSE AWS1

Gate Name Main channel | Farm outlet AWSID
BOONA 9 BOONA FALSE AWS1

10-Jan BOONA TRUE AWS1
BOONA 4 BOONA FALSE AWS1

1039/1 BOONA TRUE AWS1
BOONA 9A BOONA FALSE AWS1

120/1 BOONA TRUE AWS1
BOONAL BOONA FALSE AWS1

120/2 BOONA TRUE AWS1
BOONALO BOONA FALSE AWS1

141/1 BOONA TRUE AWS1
BOONAL1 BOONA FALSE AWS1

143/2 BOONA TRUE AWS1
BOONAL2 BOONA FALSE AWS1

145/1 BOONA TRUE AWS1
BOONAL3 BOONA FALSE AWS1

146/1 BOONA TRUE AWS1
BOONAL4 BOONA FALSE AWS1

150/1 BOONA TRUE AWS1
BOONAL6 BOONA FALSE AWS1

151/1 BOONA TRUE AWS1
BOONAL7 BOONA FALSE AWS1

152/1 BOONA TRUE AWS1
BOONAL8 BOONA FALSE AWS1

154/1 BOONA TRUE AWS1
BOONAL9 BOONA FALSE AWS1

155/1 BOONA TRUE AWS1
BOONA2 BOONA FALSE AWS1

156/1 BOONA TRUE AWS1
BOONA20 BOONA FALSE AWS1

156/3 BOONA TRUE AWS1
BOONA3 BOONA FALSE AWS1

157/1 BOONA TRUE AWS1
BOONA BOONA FALSE AWS1

158/1 BOONA TRUE AWS1
BOONAS BOONA FALSE AWS1

159/1 BOONA TRUE AWS1
BOONA6 BOONA FALSE AWS1

160/1 BOONA TRUE AWS1
BOONAY BOONA FALSE AWS1

161/1 BOONA TRUE AWS1
BOONAB BOONA FALSE AWS1

162/1 BOONA TRUE AWS1
1631 SOONA TRUE AWSL BOONAO BOONA FALSE AWS1
163/2 BOONA TRUE AWS1 ESCBOONA  BOONA FALSE AWS1
164/1 BOONA TRUE AWS1 ESCBOONA  BOONA FALSE AWS1
165/1 BOONA TRUE AWS1 ESCBOON/  BOONA FALSE AWS1
166/1 BOONA TRUE AWS1 ESCBOONA  BOONA FALSE AWS1
167/1 BOONA TRUE AWS1 ESCBOONA BOONA FALSE AWS1
169/1 BOONA TRUE AWS1 ESCBOONA  BOONA FALSE AWS1
ESC BOONA  BOONA FALSE AWS1

2-Jan BOONA TRUE AWS1

2-Feb BOONA TRUE AWS1

222/1 BOONA TRUE AWS1

538/2 BOONA TRUE AWS1

642/1 BOONA TRUE AWS1

643/1 BOONA TRUE AWS1

656/1 BOONA TRUE AWS1

657/1 BOONA TRUE AWS1

665/1 BOONA TRUE AWS1

675/1 BOONA TRUE AWS1

676/1 BOONA TRUE AWS1

8-Jan BOONA TRUE AWS1

9-Jan BOONA TRUE AWS1

9-Feb BOONA TRUE AWS1

BOONA 12 BOONA FALSE AWS1

BOONA 12 BOONA FALSE AWS1

BOONA 12 BOONA FALSE AWS1

BOONA 7 BOONA FALSE AWS1
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BUNDURE 3A | BUNDURE 3 FALSE AWS2
BUNDURE 3B| BUNDURE 3 FALSE AWS2
ESC BUNDUR| BUNDURE 3 FALSE AWS2
ESC BUNDUR| BUNDURE 3 FALSE AWS2
609/2 BUNDURE 5 TRUE AWS2
610/1 BUNDURE 5 TRUE AWS2
610/2 BUNDURE 5 TRUE AWS2
611/1 BUNDURE 5 TRUE AWS2
611/2 BUNDURE 5 TRUE AWS2
612/1 BUNDURE 5 TRUE AWS2
612/2 BUNDURE 5 TRUE AWS2
613/1 BUNDURE 5 TRUE AWS2
613/2 BUNDURE 5 TRUE AWS2
614/1 BUNDURE 5 TRUE AWS2
BUNDURE 5 | BUNDURE 5| FALSE AWS2
BUNDURE-% | BUNDURE 5 FALSE AWS2
BUNDURE-3 | BUNDURE 5 FALSE AWS2
BUNDURE-3 | BUNDURE 5 FALSE AWS2
BUNDURE-8 | BUNDURE 5 FALSE AWS2
BUNDURE-5 | BUNDURE 5 FALSE AWS2
ESC BUNDUR| BUNDURES  FALSE | AWS2
573/1 BUNDURE 6 TRUE AWS2
574/1 BUNDURE 6 TRUE AWS2
BUNDURE 6 | BUNDURE 6 FALSE AWS2
BUNDURE-6 | BUNDURE 6 FALSE AWS2
ESC BUNDUR| BUNDURE 6| FALSE AWS2
584/1 BUNDURE 7 TRUE AWS2
584/2 BUNDURE 7 TRUE AWS2
585/1 BUNDURE 7 TRUE AWS2
587/1 BUNDURE 7 TRUE AWS2
669/2 BUNDURE 7 TRUE AWS2
684/1 BUNDURE 7 TRUE AWS2
BUNDURE 7 | BUNDURE 7 FALSE AWS2
BUNDURE-T | BUNDURE 7 FALSE AWS2
BUNDURE-Z | BUNDURE 7 FALSE AWS2
BUNDURE-3 | BUNDURE 7 FALSE AWS2
ESC BUNDUR| BUNDURE 7| FALSE AWS2
578/2 BUNDURE 8 TRUE AWS2
579/1 BUNDURE 8 TRUE AWS2
580/1 BUNDURE 8 TRUE AWS2
581/1 BUNDURE 8 TRUE AWS2
582/1 BUNDURE 8 TRUE AWS2
BUNDURE 8 | BUNDURE 8 FALSE AWS2
BUNDURE-8 | BUNDURE 8 FALSE AWS2
BUNDURE-8 | BUNDURE 8 FALSE AWS2
ESC BUNDUR| BUNDURE 8§ FALSE AWS2

Gate Name Main Farm outlet | AWSID
545/2 BUNDURE TRUE AWS2
546/1 BUNDURE TRUE AWS2
547/1 BUNDURE TRUE AWS2
547/2 BUNDURE TRUE AWS2

BUNDURE-1 BUNDURE FALSE AWS2
ESC BUNDUR‘ BUNDURE FALSE AWS2
31-May BUNDURE 3| TRUE AWS2
31/6 BUNDURE 3| TRUE AWS2
508/3 BUNDURE 3 TRUE AWS2
541/2 BUNDURE 3 TRUE AWS2
545/3 BUNDURE 3 TRUE AWS2
574/3 BUNDURE 3 TRUE AWS2
57713 BUNDURE 3 TRUE AWS2
578/3 BUNDURE 3 TRUE AWS2
59/2 BUNDURE 3 TRUE AWS2
590/3 BUNDURE 3 TRUE AWS2
607/2 BUNDURE 3 TRUE AWS2
607/3 BUNDURE 3 TRUE AWS2
608/2 BUNDURE 3 TRUE AWS2
610/3 BUNDURE 3 TRUE AWS2
614/2 BUNDURBE TRUE AWS2
619/1 BUNDURE 3 TRUE AWS2
619/2 BUNDURE 3 TRUE AWS2
621/1 BUNDURE 3 TRUE AWS2
623/1 BUNDURE 3 TRUE AWS2
623/2 BUNDURE 3 TRUE AWS2
624/1 BUNDURE 3 TRUE AWS2
633/1 BUNDURE 3 TRUE AWS2
634/1 BUNDURE 3 TRUE AWS2
636/1 BUNDURE 3 TRUE AWS2
640/1 BUNDURE 3 TRUE AWS2
647/1 BUNDURE 3 TRUE AWS2
650/1 BUNDURE 3 TRUE AWS2
651/1 BUNDURE 3 TRUE AWS2
664/1 BUNDURE 3 TRUE AWS2
670/1 BUNDURE 3 TRUE AWS2
BUNDURE-B BUNDURE 3 FALSE AWS2
BUNDURE-B1 BUNDURE 3 FALSE AWS2
BUNDURE-B2 BUNDURE 3 FALSE AWS2
BUNDURE-33 BUNDURE 3 FALSE AWS2
BUNDURE-3 BUNDURE 3 FALSE AWS2
BUNDURE-3 BUNDURE 3 FALSE AWS2
BUNDURE-3 BUNDURE 3 FALSE AWS2
BUNDURE-3 BUNDURE 3 FALSE AWS2
BUNDURE-8 BUNDURE 3 FALSE AWS2
BUNDURE-3 BUNDURE 3 FALSE AWS2
BUNDURE-8 BUNDURE 3 FALSE AWS2
BUNDURE-8 BUNDURE 3 FALSE AWS2
BUNDURE 3A| BUNDURE 3 FALSE AWS2
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Table B.4 COLY Gate table

Gate Name Main Farm outlet | AWSID
COLY 2 ESC COLY 2 FALSE AWS1
COLY 2 COLY 2 FALSE AWS1
ESC COLY12 COLY 2 FALSE AWS1
3-Jan COLY 3 TRUE AWS1
4-Jan COLY 3 TRUE AWS1
5-Jan COLY 3 TRUE AWS1
6-Feb COLY 3 TRUE AWS1
8-Feb COLY 3 TRUE AWS1
COLY-2 COLY 3 FALSE AWS1
COLY-3 COLY 3 FALSE AWS1
CoLY 2 COLY 3 FALSE AWS1
ESC COLY 3 COLY 3 FALSE AWS1
11-Jan COLY 4 TRUE AWS1
11-Feb COLY 4 TRUE AWS1
12-Jan COLY 4 TRUE AWS1
13Jan COLY 4 TRUE AWS1
14-Feb COLY 4 TRUE AWS1
17-Jan COLY 4 TRUE AWS1
18Jan COLY 4 TRUE AWS1
19-Jan COLY 4 TRUE AWS1
20-Jan COLY 4 TRUE AWS1
COoLY4 COLY 4 FALSE AWS1
COLY 2 COLY 4 FALSE AWS1
COLY B COLY 4 FALSE AWS1
COLY 4 COLY 4 FALSE AWS1
COLY 5 COLY 4 FALSE AWS1
COLY 4 COLY 4 FALSE AWS1
ESC COLY 4 COLY 4 FALSE AWS1
21-Jan COLY 5 TRUE AWS1
22-Jan COLY 5 TRUE AWS1
23-Jan COLY 5 TRUE AWS1
23-Feb COLY 5 TRUE AWS1
24-Jan COLY 5 TRUE AWS1
24-Feb COLY 5 TRUE AWS1
25-Jan COLY 5 TRUE AWS1
COLY 5 COLY 5 FALSE AWS1
coLya COLY 5 FALSE AWS1
COoLY 2 COLY 5 FALSE AWS1
COLY B COLY 5 FALSE AWS1
coLy & COLY 5 FALSE AWS1
ESC COLY 5 COLY 5 FALSE AWS1
28-Jan COLY 6 TRUE AWS1
29-Jan COLY 6 TRUE AWS1
30-Jan COLY 6 TRUE AWS1
31-Jan COLY 6 TRUE AWS1
32/1 COLY 6 TRUE AWS1
33/1 COLY 6 TRUE AWS1
34/1 COLY 6 TRUE AWS1
35/1 COLY 6 TRUE AWS1
36/1 COLY 6 TRUE AWS1
37/1 COLY 6 TRUE AWS1
38/1 COLY 6 TRUE AWS1
39/1 COLY 6 TRUE AWS1
40/1 COLY 6 TRUE AWS1

41/1 COLY 6 TRUE AWS1
COLY 6 COLY 6 FALSE AWS1
COLY¥-1 COLY 6 FALSE AWS1
COLY 40 COLY 6 FALSE AWS1
COLY41 COLY 6 FALSE AWS1
COLY @ COLY 6 FALSE AWS1
COLY B COLY 6 FALSE AWS1
COLY 4 COLY 6 FALSE AWS1
COLY 6 COLY 6 FALSE AWS1
COLY 6 COLY 6 FALSE AWS1
COLY @ COLY 6 FALSE AWS1
COLY-8 COLY 6 FALSE AWS1
COLY® COLY 6 FALSE AWS1
ESC 6 COLY 6 FALSE AWS1
27-Feb COLY 7 TRUE AWS1
28-Mar COLY 7 TRUE AWS1
29/2 COLY 7 TRUE AWS1
30/2 COLY 7 TRUE AWS1
42/1 COLY 7 TRUE AWS1
43/1 COLY 7 TRUE AWS1
44/1 COLY 7 TRUE AWS1
45/1 COLY 7 TRUE AWS1
46/1 COLY 7 TRUE AWS1
654/1 COLY 7 TRUE AWS1
COLY 7 COLY 7 FALSE AWS1
COLY-1 COLY 7 FALSE AWS1
COLY-2 COLY 7 FALSE AWS1
COLY-4A COLY 7 FALSE AWS1
COLY-Bb COLY 7 FALSE AWS1
ESC COLY 7 COLY 7 FALSE AWS1
45/2 COLY 8 TRUE AWS1
47/1 COLY 8 TRUE AWS1
48/1 COLY 8 TRUE AWS1
52/1 COLY 8 TRUE AWS1
55/1 COLY 8 TRUE AWS1
56/1 COLY 8 TRUE AWS1
COLY 8 COLY 8 FALSE AWS1
coLy4a COLY 8 FALSE AWS1
COLY 2 COLY 8 FALSE AWS1
COLY 8 COLY 8 FALSE AWS1
COLY & COLY 8 FALSE AWS1
COLY S COLY 8 FALSE AWS1
COLY 8 COLY 8 FALSE AWS1
ESC COLY 8 COLY 8 FALSE AWS1
57/1 COLY 9 TRUE AWS1
58/1 COLY 9 TRUE AWS1
59/1 COLY 9 TRUE AWS1
60/1 COLY 9 TRUE AWS1
61/1 COLY 9 TRUE AWS1
61/2 COLY 9 TRUE AWS1
62/1 COLY 9 TRUE AWS1
63/1 COLY 9 TRUE AWS1
63/2 COLY 9 TRUE AWS1
64/1 COLY 9 TRUE AWS1
65/1 COLY 9 TRUE AWS1
65/2 COLY 9 TRUE AWS1
66/1 COLY 9 TRUE AWS1
67/1 COLY 9 TRUE AWS1
68/1 COLY 9 TRUE AWS1
69/1 COLY 9 TRUE AWS1
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69/2 COLY 9 TRUE AWS1 101/1 COLY 10 TRUE AWS1
70/1 COLY 9 TRUE AWS1 102/1 COLY 10 TRUE AWS1
73/1 COLY 9 TRUE AWS1 102/2 COLY 10 TRUE AWS1
74/1 COLY 9 TRUE AWS1 102/3 COLY 10 TRUE AWS1
75/1 COLY 9 TRUE AWS1 103/1 COLY 10 TRUE AWS1
7512 COLY 9 TRUE AWS1 104/1 COLY 10 TRUE AWS1
76/1 COLY 9 TRUE AWS1 105/1 COLY 10 TRUE AWS1
76/2 COLY 9 TRUE AWS1 107/1 COLY 10 TRUE AWS1
77/1 COLY 9 TRUE AWS1 662/1 COLY 10 TRUE AWS1
78/1 COLY 9 TRUE AWS1 96/1 COLY 10 TRUE AWS1
79/1 COLY 9 TRUE AWS1 96/2 COLY 10 TRUE AWS1
80/1 COLY 9 TRUE AWS1 97/1 COLY 10 TRUE AWS1
81/1 COLY 9 TRUE AWS1 97/2 COLY 10 TRUE AWS1
82/1 COLY 9 TRUE AWS1 98/1 COLY 10 TRUE AWS1
83/1 COLY 9 TRUE AWS1 98/2 COLY 10 TRUE AWS1
83/2 COLY 9 TRUE AWS1 99/1 COLY 10 TRUE AWS1
84/1 COLY 9 TRUE AWS1 COLY 10 COLY 10 FALSE AWS1
85/1 COLY 9 TRUE AWS1 COLY 1a COLY 10 FALSE AWS1
86/1 COLY 9 TRUE AWS1 COLY 13 COLY 10 FALSE AWS1
87/1 COLY 9 TRUE AWS1 COLY 14 COLY 10 FALSE AWS1
88/1 COLY 9 TRUE AWS1 COLY 186 COLY 10 FALSE AWS1
89/1 COLY 9 TRUE AWS1 COLY 16 COLY 10 FALSE AWS1
90/1 COLY 9 TRUE AWS1 COLY 10 COLY 10 FALSE AWS1
90/2 COLY 9 TRUE AWS1 ESC 10 COLY 10 FALSE AWS1
91/1 COLY 9 TRUE AWS1 108/2 COLY 11 TRUE AWS2
92/1 COLY 9 TRUE AWS1 110/1 COLY 11 TRUE AWS2
92/2 COLY 9 TRUE AWS1 111/1 COLY 11 TRUE AWS2
93/1 COLY 9 TRUE AWS1 112/1 COLY 11 TRUE AWS2
93/2 COLY 9 TRUE AWS1 113/1 COLY 11 TRUE AWS2
94/1 COLY 9 TRUE AWS1 114/1 COLY 11 TRUE AWS2
COLY 9 COLY 9 FALSE AWS1 118/1 COLY 11 TRUE AWS2
COLY4 COLY 9 FALSE AWS1 118/2 COLY 11 TRUE AWS2
COLYQ2 COLY 9 FALSE AWS1 119/1 COLY 11 TRUE AWS2
COLY4a3 COLY 9 FALSE AWS1 170/1 COLY 11 TRUE AWS2
COLY44 COLY 9 FALSE AWS1 171/1 COLY 11 TRUE AWS2
COLY45 COLY 9 FALSE AWS1 172/1 COLY 11 TRUE AWS2
COLY46ESC 9 COLY 9 FALSE AWS1 COLY 12 COLY 11 FALSE AWS2
COLY 2 COLY 9 FALSE AWS1 COLY 18 COLY 11 FALSE AWS2
COLY 3 COLY 9 FALSE AWS1 COLY 14 COLY 11 FALSE AWS2
COLY @ COLY 9 FALSE AWS1 COLY 15 COLY 11 FALSE AWS2
COLY B COLY 9 FALSE AWS1 COLY 16 COLY 11 FALSE AWS2
COLY B COLY 9 FALSE AWS1 COLY 1Y COLY 11 FALSE AWS2
COLY g COLY 9 FALSE AWS1 COLY 18 COLY 11 FALSE AWS2
COLY 8 COLY 9 FALSE AWS1 COLY 19 COLY 11 FALSE AWS2
COLY D COLY 9 FALSE AWS1 ESC 11 COLY 11 FALSE AWS2
COLY 9B COLY 9 FALSE AWS1
COLY 98 COLY 9 FALSE AWS1
COLY 980 COLY 9 FALSE AWS1
COLY 9B COLY 9 FALSE AWS1
COLY 9B COLY 9 FALSE AWS1
COLY 98 COLY 9 FALSE AWS1
COLY 9B COLY 9 FALSE AWS1
COLY 9B COLY¥ FALSE AWS1
COLY 9B COLY 9 FALSE AWS1
COLY 9C COLY 9 FALSE AWS1
COLY 9@ COLY 9 FALSE AWS1
COLY 92 COLY 9 FALSE AWS1
COLY 9B ESC COLY 9 FALSE AWS1
ESC 9B COLY 9 FALSE AWS1
100/1 COLY 10 TRUE AWS1
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Table B.5 MAIN CANAL Gate table

Main

Farm

BUNDURE 1 O/T MAIN | FALSE AWS2
BUNDURE MAIN O/T MAIN | FALSE AWS2
BUNDURE MAIN MAIN | FALSE AWS2
BUNDURE MA{RND MAIN | FALSE AWS2
BUNDURE MA#NL MAIN | FALSE AWS2
BUNDURE MAIN2 MAIN | FALSE AWS2
BUNDURE MAIN3 MAIN | FALSE AWS2
BUNDURE MA{M MAIN | FALSE AWS2
BUNDURE MAIRNS MAIN | FALSE AWS2
BUNDURE MAINS MAIN | FALSE AWS2
BUNDURE MAIN/ MAIN | FALSE AWS2
BUNDURE MAI8BI MAIN | FALSE AWS2
BUNDURE MAI# MAIN | FALSE AWS2
BUNDURE MAI6I MAIN | FALSE AWS2
BUNDURE MA{KR MAIN | FALSE AWS2
BUNDURE MAI8I MAIN | FALSE AWS2
BUNDURE MA#8I MAIN | FALSE AWS2
BUNDURISPUR O/T MAIN | FALSE AWS2
COLY2 MAIN | FALSE AWS1
CoLYa MAIN | FALSE AWS1

ESC BUNDURE MAIN MAIN | FALSE AWS2
GRANTS ESC MAIN MAIN | FALSE AWS1
GRANTS REGULATOR| MAIN | FALSE AWS1
HORTICULTURREGULATO| MAIN | FALSEH AWS1
KOORUMBEEN MAIN | FALSE AWS2
MAIN CANAL ESC MAIN | FALSE AWS2
MAIN CANAINLET MAIN | FALSE AWS1
MORUNDAH REGULATO| MAIN | FALSE AWS1
NO 3 REGULATOR MAIN | FALSE AWS1
PRICKLEY REGULATOR MAIN | FALSE AWS2
TOMBULLEN INLET MAIN | FALSE AWS1
TUBBO ESC MAIN | FALSE AWS1
TUBBO WELLS MAIN | FALSE AWS1

GateName channel | outlet AWSID
14-Jan MAIN TRUE| AWS2
15-Jan MAIN | TRUE| AWS2
2013/1 MAIN | TRUE| AWS2
2023/2 MAIN TRUE| AWS2

44/3 MAIN TRUE| AWS2
542/2 MAIN | TRUE| AWS2
544/2 MAIN | TRUE| AWS2
545/1 MAIN TRUE| AWS2
548/1 MAIN TRUE| AWS2
548/3 MAIN TRUE| AWS2
549/1 MAIN TRUE| AWS2
549/2 MAIN TRUE| AWS2
551/1 MAIN TRUE| AWS2
551/2 MAIN TRUE| AWS2
551/3 MAIN TRUE| AWS2
552/1 MAIN TRUE| AWS2
552/2 MAIN TRUE| AWS2
554/1 MAIN TRUE| AWS2
554/2 MAIN TRUE| AWS2
555/1 MAIN TRUE| AWS2
555/2 MAIN TRUE| AWS2
569/2 MAIN TRUE| AWS2
572/1 MAIN TRUE| AWS2
574/2 MAIN TRUE| AWS2
575/1 MAIN TRUE| AWS2
577/1 MAIN TRUE| AWS2
578/1 MAIN TRUE| AWS2
588/1 MAIN TRUE| AWS2
589/2 MAIN TRUE| AWS2
590/1 MAIN TRUE| AWS2
591/1 MAIN TRUE| AWS2
591/2 MAIN TRUE| AWS2
596/2 MAIN TRUE| AWS2
606/1 MAIN TRUE| AWS2
606/3 MAIN TRUE| AWS2
607/1 MAIN TRUE| AWS2
608/1 MAIN TRUE| AWS2
609/1 MAIN TRUE| AWS2
615/1 MAIN TRUE| AWS2
615/2 MAIN TRUE| AWS2
615/3 MAIN TRUE| AWS2
667/1 MAIN TRUE| AWS2
669/1 MAIN TRUE| AWS2
672/1 MAIN | TRUE| AWS2
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Table B.6 TUBBO Gate table

Farm

Table B.7 YAMMA Gate table

GateName Main channel AWSID
1-Jan TUBBO TRUE AWS1
1-Feb TUBBO TRUE AWS1

11-Mar TUBBO TRUE AWS1
120/3 TUBBO TRUE AWS1
18-Mar TUBBO TRUE AWS1
2-Mar TUBBO TRUE AWS1
2010/1 TUBBO TRUE AWS1
2020/1 TUBBO TRUE AWS1
2026/1 TUBBO TRUE AWS1
2026/2 TUBBO TRUE AWS1
2026/3 TUBBO TRUE AWS1
221/1 TUBBO TRUE AWS1
226/1 TUBBO TRUE AWS1
31/4 TUBBO TRUE AWS1
4004/1 TUBBO TRUE AWS1
4005/1 TUBBO TRUE AWS1
5-Mar TUBBO TRUE AWS1
507/2 TUBBO TRUE AWS1
540/2 TUBBO TRUE AWS1
6-Mar TUBBO TRUE AWS1
639/1 TUBBO TRUE AWS1
661/1 TUBBO TRUE AWS1
663/1 TUBBO TRUE AWS1
673/1 TUBBO TRUE AWS1
7-Apr TUBBO TRUE AWS1
9002/2 TUBBO TRUE AWS1
BOONA TUBBO FALSE | AWS1
ESC TUBBO TUBBO FALSE | AWS1
ESC TUBBD TUBBO FALSE | AWS1
KERARBURY TUBBO FALSE | AWS1
TUBBO 4 OT TUBBO FALSE | AWS1
TUBBO TUBBO FALSE | AWS1
TUBBGL TUBBO FALSE | AWS1
TUBBGLO TUBBO FALSE | AWS1
TUuBBGEL1 TUBBO FALSE | AWS1
TUBBG@EL2 TUBBO FALSE | AWS1
TUBB@ TUBBO FALSE | AWS1
TUBBO3 TUBBO FALSE | AWS1
TUBBGB TUBBO FALSE | AWS1
TUBB®} TUBBO FALSE | AWS1
TUBBGb TUBBO FALSE | AWS1
TUBB@6 TUBBO FALSE | AWS1
TUBBG& TUBBO FALSE | AWS1
TUBB@B TUBBO FALSE | AWS1
TUBB®® TUBBO FALSE | AWS1

GateName | Main channel Farm outlet | AWSID
118/3 YAMMA TRUE AWS2
119/2 YAMMA TRUE AWS2
170/2 YAMMA TRUE AWS2
171/2 YAMMA TRUE AWS2
172/2 YAMMA TRUE AWS2
173/1 YAMMA TRUE AWS2
181/1 YAMMA TRUE AWS2
182/1 YAMMA TRUE AWS2
185/1 YAMMA TRUE AWS2
186/3 YAMMA TRUE AWS2
187/1 YAMMA TRUE AWS2
187/2 YAMMA TRUE AWS2
188/1 YAMMA TRUE AWS2
188/2 YAMMA TRUE AWS2
189/1 YAMMA TRUE AWS2
190/1 YAMMA TRUE AWS2
191/1 YAMMA TRUE AWS2
191/2 YAMMA TRUE AWS2
192/1 YAMMA TRUE AWS2
192/2 YAMMA TRUE AWS2
200/1 YAMMA TRUE AWS2
2006/1 YAMMA TRUE AWS2
2007/1 YAMMA TRUE AWS2
2008/1 YAMMA TRUE AWS2
2009/1 YAMMA TRUE AWS2
201/1 YAMMA TRUE AWS2
202/1 YAMMA TRUE AWS2
204/1 YAMMA TRUE AWS2
205/1 YAMMA TRUE AWS2
205/2 YAMMA TRUE AWS2
206/1 YAMMA TRUE AWS2
206/2 YAMMA TRUE AWS2
208/1 YAMMA TRUE AWS2
209/1 YAMMA TRUE AWS2
209/3 YAMMA TRUE AWS2
219/3 YAMMA TRUE AWS2
501/1 YAMMA TRUE AWS2
502/1 YAMMA TRUE AWS2
502/2 YAMMA TRUE AWS2
504/1 YAMMA TRUE AWS2
504/2 YAMMA TRUE AWS2
507/1 YAMMA TRUE AWS2
508/1 YAMMA TRUE AWS2
508/2 YAMMA TRUE AWS2
510/1 YAMMA TRUE AWS2
511/1 YAMMA TRUE AWS2
512/1 YAMMA TRUE AWS2
513/1 YAMMA TRUE AWS2
514/1 YAMMA TRUE AWS2
514/2 YAMMA TRUE AWS2
515/1 YAMMA TRUE AWS2
516/1 YAMMA TRUE AWS2
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517/1 YAMMA TRUE AWS2 YAMMA 1B YAMMA FALSE AWS2
518/1 YAMMA TRUE AWS2 YAMMA 1B YAMMA FALSE AWS2
519/1 YAMMA TRUE AWS2 YAMMA 2 YAMMA FALSE AWS2
521/1 YAMMA TRUE AWS2 YAMMA 21 YAMMA FALSE AWS2
524/1 YAMMA TRUE AWS2 YAMMA 22 YAMMA FALSE AWS2
524/2 YAMMA TRUE AWS2 YAMMA 23 YAMMA FALSE AWS2
525/1 YAMMA TRUE AWS2 YAMMA 24 YAMMA FALSE AWS2
526/1 YAMMA TRUE AWS2 YAMMA 25 YAMMA FALSE AWS2
527/1 YAMMA TRUE AWS2 YAMMA 26 YAMMA FALSE AWS2
527/2 YAMMA TRUE AWS2 YAMMA 3 YAMMA FALSE AWS2
529/1 YAMMA TRUE AWS2 YAMMA 31 YAMMA FALSE AWS2
530/1 YAMMA TRUE AWS2 YAMMA 22 YAMMA FALSE AWS2
531/1 YAMMA TRUE AWS2 YAMMA 33 YAMMA FALSE AWS2
532/1 YAMMA TRUE AWS2 YAMMA 24 YAMMA FALSE AWS2
533/1 YAMMA TRUE AWS2 YAMMA 35 YAMMA FALSE AWS2
533/2 YAMMA TRUE AWS2 YAMMA 4 YAMMA FALSE AWS2
534/1 YAMMA TRUE AWS2 YAMMA 41 YAMMA FALSE AWS2
534/2 YAMMA TRUE AWS2 YAMMA 42 YAMMA FALSE AWS?2
535/1 YAMMA TRUE AWS2 YAMMA4-3 YAMMA FALSE AWS2
537/1 YAMMA TRUE AWS2 YAMMA 44 YAMMA FALSE AWS?2
537/2 YAMMA TRUE AWS2 YAMMA 45 YAMMA FALSE AWS?2
539/1 YAMMA TRUE AWS2 YAMMA 46 YAMMA FALSE AWS2
540/1 YAMMA TRUE AWS2 YAMMA 47 YAMMA FALSE AWS2
541/1 YAMMA TRUE AWS2 YAMMAL YAMMA FALSE AWS2
571/1 YAMMA TRUE AWS2 YAMMAL YAMMA FALSE AWS2
645/1 YAMMA TRUE AWS2 YAMMA1A YAMMA FALSE AWS2
659/1 YAMMA TRUE AWS2 YAMMA1A7 YAMMA FALSE AWS2
666/1 YAMMA TRUE AWS2 YAMMA2 YAMMA FALSE AWS2
COLY 11 YAMMA FALSE AWS2 YAMMA3 YAMMA FALSE AWS2
ESC YAMMA YAMMA FALSE AWS2 YAMMA4 YAMMA FALSE AWS2
ESC YAMMA YAMMA FALSE AWS2
ESC YAMMA YAMMA FALSE AWS2
ESC YAMMA  YAMMA FALSE AWS2
ESC YAMMA YAMMA FALSE AWS2
YAMMA YAMMA FALSE AWS2
YAMMA 11 YAMMA FALSE AWS2
YAMMA 12 YAMMA FALSE AWS2
YAMMA 13 YAMMA FALSE AWS2
YAMMA 14 YAMMA FALSE AWS2
YAMMA 15 YAMMA FALSE AWS2
YAMMA 16 YAMMA FALSE AWS2
YAMMA 17 YAMMA FALSE AWS2
YAMMA 18 YAMMA FALSE AWS2
YAMMA 1A1 YAMMA FALSE AWS2
YAMMA 1A YAMMA FALSE AWS2
YAMMA 1A YAMMA FALSE AWS2
YAMMA 1A YAMMA FALSE AWS2
YAMMA 1A YAMMA FALSE AWS2
YAMMA 1A YAMMA FALSE AWS2
YAMMA 1A YAMMA FALSE AWS2
YAMMA 1A YAMMA FALSE AWS2
YAMMA 1A YAMMA FALSE AWS2
YAMMA 1B YAMMA FALSE AWS2
YAMMA 1B YAMMA FALSE AWS2
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BOONAS5,7 BOONA
BOONA7 1 BOONA
BOONA7,8 BOONA
BOONATL,7-2 BOONA
BOONA72, ESBOONA7 BOONA
BOONAS,9 BOONA
BOONAGY,10 BOONA
BOONA94 BOONA

Table B.10 Pool table of BUNDURE main channel

Pool Name Main channel
ARGOON 11 ARGOON
ARGOON-1, 1-2 ARGOON
ARGOON-2, 1-3 ARGOON
ARGOON-3, 1-4 ARGOON
ARGOON-4, 1-5 ARGOON
ARGOON-b, ESC ARGOON ARGOON
ARGOON 2, 198/1 ARGOON
ARGOON 3, ARGOOH 3 ARGOON
ARGOON-3, ARGOON-3 ARGOON
ARGOON-2, ARGOON-3 ARGOON
ARGOON-3, ARGOON-3 ARGOON
ARGOON-3, ARGOON-8 ARGOON
ARGOON-8, ARGOON-G ARGOON
ARGOON-8, ARGOON-8 ARGOON
ARGOON-8, 2005/1 ARGOON
ARGOON 3A, 220/1 ARGOON
ARGOON, ARGOAN ARGOON
ARGOON,2 ARGOON
ARGOOR,3 ARGOON
ARGOOM,4 ARGOON
ARGOOM,5 ARGOON
ARGOOMN, ARGOON 3 ARGOON

Table B.9 Pool table of BOONA main channel

Pool Name Main channel

BOONA 4, ESC BOONA ¢ BOONA
BOONA 9A, ESC BOONA | BOONA
BOONAO,1 BOONA
BOONAL1,2 BOONA
BOONA10,11 BOONA
BOONA11,12 BOONA
BOONA12,12 BOONA
BOONA12,13 BOONA
BOONA12A,12-2 BOONA
BOONA12, ESC BOONA1 BOONA
BOONA13,14 BOONA
BOONA14,16 BOONA
BOONA16,17 BOONA
BOONA17,18 BOONA
BOONA18,19 BOONA
BOONA19,20 BOONA
BOONA2,3 BOONA
BOONA20, ESC BOGBIA BOONA
BOONAS,4 BOONA

BOONA4,5 BOONA
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Pool Name Main channel
BUNDURE 1 O/T, BUNDURE 1 BUNDURE
BUNDURE-1, ESC BUNDURE 1 BUNDURE

BUNDURE-B, BUNDURE3 BUNDURE 3
BUNDURB-11, BUNDURER? BUNDURE 3
BUNDURE-B2, BUNDUREIB BUNDURE 3
BUNDURE-33, ESC BUNDURE BUNDURE 3

BUNDURE-3, BUNDURE3 BUNDURE 3

BUNDURE-3, BUNDURE& BUNDURE 3

BUNDURE-3, BUNDURES BUNDURE 3

BUNDURE-3, BUNDURE® BUNDURE 3

BUNDURE-8, BUNDUREB BUNDURE 3

BUNDURE-3, BUNDURES BUNDURE 3

BUNDURE-8, BUNDURES® BUNDURE 3
BUNDURE-3, BUNDUREBL BUNDURE 3

BUNDURE 3A O/T, BUNDUR#& 3 BUNDURE 3
BUNDURE 38 ESC BUNDURE 3 BUNDURE 3
BUNDURE 5 O/T, BUNDURE 5 BUNDURE 5

BUNDURE-5, BUNDURES BUNDURE 5

BUNDURE-8, BUNDURE3 BUNDURE 5

BUNDURE-3, BUNDURE4 BUNDURE 5

BUNDURE-8, BUNDURES BUNDURE 5
BUNDURE-5, ESC BUNDURE 5 BUNDURE 5
BUNDURE 6 O/T, BUNDURE 6 BUNDURE 6
BUNDURE-6, ESC BUNDURE BUNDURE 6
BUNDURE 7 O/T, BUNDURE 7 BUNDURE 7

BUNDURE-¥, BUNDUREZ BUNDURE 7

BUNDURE-Z, BUNDUREZ BUNDURE 7
BUNDURE-3, ESC BUNDURE 7| BUNDURE 7
BUNDURE 8 O/T, BUNDURE 8 BUNDURE 8

BUNDURE-8, BUNDURE3B BUNDURE 8
BUNDURE-8, ESBUNDURE 8 BUNDURE 8
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COLY®, 97 COLY 9
COLY g, 98 COLY 9
COLY B, 99 COLY 9
COLY @, 912 COLY 9
COLY 9B, 9B COLY 9
COLY 98, 9B2 COLY 9
COLY 980, ESC 9B COLY 9
COLY 98, 9B3 COLY 9
COLY 9B, 9B4 COLY 9
COLY 98, 9B5 COLY 9
COLY 9B, 9B7 COLY 9
COLY 9B, 9B8 COLY 9
COLY 9B, 9B10 COLY 9
COLY 9C, aC COLY 9
COLY 9¢, 9G3 ESC COLY 9
COLY 10, 10 COLY 10
COLY 1a, 163 COLY 10
COLMO0-3, 164 COLY 10
COLY 14, 165 COLY 10
COLY 18, 106 COLY 10
COLY 18, 167 COLY 10
COLY 13, ESC 10 COLY 10
COLY 11, 122 COLY 11
COLY 12, 113 COLY 11
COLY 1B, 114 COLY 11
COLY 14, 115 COLY 11
COLY 15, 116 COLY 11
COLM1-6, 127 COLY 11
COLY 17, 118 COLY 11
COLY 18, 119 COLY 11
COLY 19, 172/1 COLY 11

Table B.12 Pool table of MAIN CANAL

Pool Name Main channel
COLY -2, COLY 2 ESC COLY 2
coLyYa,2-2 COLY 2
CcoLY4,32 COLY 3
COLY2,33 COLY 3
COLY3,34 COLY 3
COLY3l, ESC COLY3 COLY 3
COLY 6, ESC COLY 4 COLY 4
COLY4,42 COLY 4
COLY2,43 COLY 4
COLY8,44 COLY 4
COLY4,45 COLY 4
COLY4,4-6 COLY 4
COLY54 COLY 5
COLY4,52 COLY 5
COLY2,53 COLY 5
COLYB,54 COLY 5
COLY#41,ESC6 COLY 6
COLY64 COLY 6
CcoLY4,6-2 COLY 6
COoLY40,611 COLY 6
COLY®,6-3 COLY 6
COLYR,64 COLY 6
COLY#l,6:5 COLY 6
COLY+%5,6-6 COLY 6
COLY®,6-7 COLY 6
COLYg4,6-8 COLY 6
COLY®B,6-9 COLY 6
COLY®,6-10 COLY 6
COLY7:1 COLY 7
coLYa,7-2 COLY 7
COLY-2,7-4 COLY 7
COLY-A, 75 COLY 7
COLY-B,ESC COLY 7 COLY 7
COLY 4,85 COLY 8
COLY B, 86 COLY 8
COLY8,& COLY 8
coLY4,82 COLY 8
COLY®,83 COLY 8
COLYB,84 COLY 8
COLY 9, COL*®9 COLY 9
COLY 42,913 COLY 9
COLY 43,914 COLY 9
COLY 44, 915 COLY 9
COLY45,9-16ESC 9 COLY 9
COLY 2,93 COLY 9
COLY 3,94 COLY 9
COLY 4,95 COLY 9
COLY B, 96 COLY 9

PhD Dissertation

Pool Name Main channel
BUNDURE MAIN O/T, BUNDURE MAIN MAIN
BUNDURE MAIN BUNDURE MAJB MAIN
BUNDURE MAIN), BUNDURE MA#$MNL MAIN
BUNDURE MAINL, BUNDURE MAIN2 MAIN
BUNDURE MAIN2, BUNDURE MAINB MAIN
BUNDURE MAIRN3, BUNDURE MAIN MAIN
BUNDURE MAi{M, BUNDURE MAIN MAIN
BUNDURE MAiR, BUNDURE MAIDG MAIN
BUNDURE MAiN, BUNDURE MAIN MAIN
BUNDURE MAIN/, ESC BUNDURE MAIN MAIN
BUNDURE MAIB, BUNDURE MA#N MAIN
BUNDURE MAI4 BUNDURE MAJ MAIN
BUNDURE MAI8] BUNDURE MAJN MAIN
BUNDURE MAIR, BUNDURE MA{® MAIN
BUNDURE MAI8, BUNDURE MAJN MAIN
BUNDURE MAi{8] BUNDURKAIN-10 MAIN
BUNDURISPUR O/T, 44/3 MAIN
GRANTS REG, PRICKLEY REG MAIN
HORTICULTURE, NO. 3 MAIN
KOORUMBEEN, ESC KOORUMBEEN MAIN
MAIN CANAL INLET, TUBBO WELLS MAIN
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MORUNDAH REG, GRANTS REG MAIN
NO 3 REG, MORUNDAH REG MAIN
PRICKLEY REG, BUNDURE GIAIN MAIN
TUBBO WELLS, HORTICULTURE RE MAIN

Table B.13 Pool table of TUBBO main channel

Pool Name Main channel
TUBBO 4 OT, 2026 TUBBO
TUBBO OFFTAKE, BOQO TUBBO
TUBBO1,2 TUBBO
TUBBO10,11 TUBBO
TUBBO11,12 TUBBO
TUBBO12,ESC TUBB( TUBBO
TUBBO2,3 TUBBO
TUBBOS3,4 TUBBO
TUBBO4,5 TUBBO
TUBBO5,6 TUBBO
TUBBO6,7 TUBBO
TUBBO7,8 TUBBO
TUBBOS,9 TUBBO
TUBBO9,10 TUBBO

Table B.14 Pool table of YAMMA main channel

Pool Name Main channel
YAMMA 1 OFFTAKE, YAMMA 1 YAMMA
YAMMA 11, YAMMA 22 YAMMA
YAMMA1-2, YAMMA 13 YAMMA
YAMMA 13, YAMMA 4 YAMMA
YAMMA 14, YAMMA 15 YAMMA
YAMMA 15, YAMMA 16 YAMMA
YAMMA 16, YAMMA 17 YAMMA
YAMMA 17, YAMMA 18 YAMMA
YAMMA 18, ESC YAMMA 1 YAMMA
YAMMA 1AL, YAMMA 12 YAMMA
YAMMA 12, YAMMA 148 YAMMA
YAMMA 1A3, YAMMA 1A% YAMMA
YAMMA 1A, YAMMA 15 YAMMA
YAMMA 15, YAMMA 14 YAMMA
YAMMA 146, YAMMA 1A YAMMA
YAMMA 1A7, YAMMA1A YAMMA
YAMMA 1A3, YAMMA 14 YAMMA
YAMMA 1A9, ESC YAMMA 1A YAMMA
YAMMA 1B, YAMMA 1B YAMMA
YAMMA 1BEL, YAMMALB-2 YAMMA
YAMMA 1R, YAMMA 18 YAMMA
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YAMMA 1B3, ESC YAMMA 1B YAMMA
YAMMA 2, YAMMA-2 YAMMA
YAMMA 21, YAMMA 2 YAMMA
YAMMA 22, YAMMA 23 YAMMA
YAMMA 23, YAMMA 24 YAMMA
YAMMA 24, YAMMA 5 YAMMA
YAMMA 25, YAMMA % YAMMA
YAMMA 26, ESAMMA 2 YAMMA
YAMMA 3, YAMMA-B YAMMA
YAMMA 31, YAMMA 2 YAMMA
YAMMA 32, YAMMA & YAMMA
YAMMA 33, YAMMA 34 YAMMA
YAMMA 34, YAMMA 35 YAMMA
YAMMA 35, ESC YAMMA 3 YAMMA
YAMMA 4, YAMMA-2 YAMMA
YAMMA 41, YAMMA £ YAMMA
YAMMA 42, YAMMA4-3 YAMMA
YAMMA 43, YAMMA 4 YAMMA
YAMMA 44, YAMMA & YAMMA
YAMMA 45, YAMMA 46 YAMMA
YAMMA 46, YAMMA 4 YAMMA
YAMMA 47, ESC YAMMA 4 YAMMA
YAMMA, YAMMA YAMMA
YAMMA1,2 YAMMA
YAMMAIA, YAMMA 1A YAMMA
YAMMAZ2,3 YAMMA
YAMMAS, 4 YAMMA
YAMMA4, YAMMA 3 YAMMA
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Table B.15 Pool details table of ARGOON main channel

Pool Details ID Pool Name Gate Name Is Up Stream
2547 ARGOON 1-1 174/1 FALSE
2548 ARGOON 1-1 176/1 FALSE
2549 ARGOON 1-1 ARGOON TRUE
2550 ARGOON 1-1 ARGOON-1 FALSE
2551 ARGOON-1, 1-2 17472 FALSE
2552 ARGOON-1, 1-2 ARGOON-1 TRUE
2553 ARGOON-1, 1-2 ARGOON-2 FALSE
2554 ARGOON-2, 1-3 175/1 FALSE
2555 ARGOON-2, 1-3 175/2 FALSE
2556 ARGOON-2, 1-3 ARGOON-2 TRUE
2557 ARGOON-2, 1-3 ARGOON-B FALSE
2558 ARGOON-3, -4 178/1 FALSE
2559 ARGOON-3, -4 178/2 FALSE
2560 ARGOON-B, 14 ARGOON-3B TRUE
2561 ARGOON-B, -4 ARGOON-2 FALSE
2562 ARGOON-%, 1-5 179/1 FALSE
2563 ARGOON-%, 1-5 179/2 FALSE
2564 ARGOON-%, 1-5 ARGOON-2 TRUE
2565 ARGOON-%, -5 ARGOON-b FALSE
2566 ARGOON, ARGOAN 182/2 FALSE
2567 ARGOON, ARGOAGN 183/1 FALSE
2568 ARGOON, ARGOAN ARGOON TRUE
2569 ARGOON, ARGOAN ARGOON FALSE
2570 ARGOON,2 ARGOON TRUE
2571 ARGOON,2 ARGOOR FALSE
2572 ARGOOR,3 184/2 FALSE
2573 ARGOOR,3 195/1 FALSE
2574 ARGOOR,3 ARGOOR TRUE
2575 ARGOOR,3 ARGOOMN FALSE
2576 ARGOOM,5 193/2 FALSE
2577 ARGOOM,5 194/1 FALSE
2578 ARGOOM,5 ARGOOM TRUE
2579 ARGOOM,5 ARGOOMN FALSE
2580 ARGOOM, ARGOON 3 194/2 FALSE
2581 ARGOOM, ARGOON 3 2002/1 FALSE
2582 ARGOOM, ARGOON 3 219/1 FALSE
2583 ARGOOM, ARGOON 3 ARGOON 3 FALSE
2584 ARGOOM, ARGOON 3 ARGOOMN TRUE
2585 ARGOON 3, ARGOOAN! 3 210/1 FALSE
2586 ARGOON 3, ARGOOAN 3 ARGOON 3 TRUE
2587 ARGOON 3, ARGOOH! 3 ARGOON-2 FALSE
2588 ARGOON-3, ARGOON-3 218/1 FALSE
2589 ARGOON-3, ARGOON-3 ARGOON-2 TRUE
2590 ARGOON-2, ARGOON-3 ARGOON-2 FALSE
2591 ARGOON-2, ARGOON-3 ARGOON 3A FALSE
2592 ARGOON 3A, 220/1 220/1 FALSE
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2593 ARGOON 3A, 220/1 ARGOON 3A TRUE
2594 ARGOON-3, ARGOON-3 21111 FALSE
2595 ARGOON-3, ARGOON-3 217/1 FALSE
2596 ARGOON-3, ARGOON-3 ARGOON-2 TRUE
2597 ARGOON-2, ARGOON-3 ARGOON-3 FALSE
2598 ARGOON-3, ARGOON-3 212/1 FALSE
2599 ARGOON-3, ARGOON-3 ARGOON-3 TRUE
2600 ARGOON-3, ARGOON-3 ARGOON-3 FALSE
2601 ARGOON-3, ARGOON-3 216/1 FALSE
2602 ARGOON-3, ARGOON-B 217/2 FALSE
2603 ARGOON-3, ARGOON-3 ARGOON-3 TRUE
2604 ARGOON-3, ARGOON-3 ARGOON-3 FALSE
2605 ARGOON-3, ARGOON-8 213/1 FALSE
2606 ARGOON-3, ARGOON-G ARGOON-3 TRUE
2607 ARGOON-3, ARGOON-G ARGOON-8 FALSE
2608 ARGOON-8, 2005/1 2005/1 FALSE
2609 ARGOON-8, 2005/1 ARGOON-8 TRUE
3021 ARGOON-b, ESC ARGOON 180/1 FALSE
3022 ARGOON-b, ESC ARGOON ARGOON-b TRUE
3023 ARGOON-b, ESC ARGOON ESCARGOON 1 FALSE
3032 ARGOON-8, ARGOON-3 214/1 FALSE
3033 ARGOON-8, ARGOON-3 215/1 FALSE
3034 ARGOON-8, ARGOOR-8 ARGOON-8 TRUE
3035 ARGOON-8, ARGOON-3 ARGOON-8 FALSE
3036 ARGOON 2, 198/1 198/1 FALSE
3037 ARGOON 2, 198/1 ARGOON 2 TRUE
3038 ARGOOR,4 193/1 FALSE
3039 ARGOOR,4 196/1 FALSE
3040 ARGOORM,4 197/1 FALSE
3041 ARGOOM,4 ARGOON 2 FALSE
3042 ARGOOM,4 ARGOOR TRUE
3043 ARGOOR,4 ARGOOM FALSE
3143 ARGOOM,4 ARGOOM FALSE
3144 ARGOON-5, ESC ARGOON ARGOON-b TRUE
Table B.16 Pool details table of BOONA main channel
PoolDetailsID PoolName GateName IsUp Stream
2185 BOONAO,1 120/1 FALSE
2186 BOONAO,1 2-Jan FALSE
2187 BOONAO,1 BOONA TRUE
2188 BOONAO,1 BOONAL FALSE
2189 BOONAL,2 120/2 FALSE
2190 BOONAL,2 2-Feb FALSE
2191 BOONAL1,2 675/1 FALSE
2192 BOONAL,2 8-Jan FALSE
2193 BOONAL,2 9-Jan FALSE
2194 BOONAL,2 9-Feb FALSE
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2195 BOONAL,2 BOONAL TRUE
2196 BOONAL,2 BOONA2 FALSE
2197 BOONAZ2,3 10-Jan FALSE
2198 BOONAZ2,3 1039/1 FALSE
2199 BOONAZ2,3 BOONA2 TRUE
2200 BOONAZ2,3 BOONA3 FALSE
2201 BOONAS3,4 141/1 FALSE
2202 BOONA3,4 BOONA3 TRUE
2203 BOONA3,4 BOONA4 FALSE
2204 BOONA3,4 ESC BOONA FALSE
2205 BOONA4,5 222/1 FALSE
2206 BOONA4,5 BOONA4 TRUE
2207 BOONA4,5 BOONAS FALSE
2208 BOONAS5,7 643/1 FALSE
2209 BOONAS5,7 BOONAS TRUE
2210 BOONAS5,7 BOONAY FALSE
2211 BOONA7,8 143/2 FALSE
2212 BOONA7,8 145/1 FALSE
2213 BOONA7,8 538/2 FALSE
2214 BOONA?7,8 642/1 FALSE
2215 BOONA?7,8 665/1 FALSE
2216 BOONA?7,8 BOONAY TRUE
2217 BOONA7,8 BOONAS FALSE
2218 BOONAS8,9 BOONA 7 FALSE
2219 BOONAS8,9 BOONAS TRUE
2220 BOONAS8,9 BOONAD FALSE
2221 BOONAI10,11 BOONALO TRUE
2222 BOONAI10,11 BOONAL1 FALSE
2223 BOONA11,12 169/1 FALSE
2224 BOONA11,12 676/1 FALSE
2225 BOONA11,12 BOONAL1 TRUE
2226 BOONA11,12 BOONA1L2 FALSE
2227 BOONA12,13 167/1 FALSE
2228 BOONA12,13 BOONA1L2 TRUE
2229 BOONA12,13 BOONAL3 FALSE
2230 BOONA71 BOONA 7 TRUE
2231 BOONA71 BOONA 71 FALSE
2232 BOONAL,7-2 657/1 FALSE
2233 BOONAL,7-2 BOONA 171 TRUE
2234 BOONATL,7-2 BOONA 2 FALSE
2235 BOONA72, ESC BOONA7 656/1 FALSE
2236 BOONA72, ESC BOONA7 BOONA 2 TRUE
2237 BOONA72, ESC BOONA7 ESC BOONA 7 FALSE
2238 BOONA9.9 BOONA 9 TRUE
2239 BOONA9.9 BOONA 4 FALSE
2240 BOONA9.9 BOONA 9A FALSE
2241 BOONA16,17 BOONALG TRUE
2242 BOONA16,17 BOONAL7 FALSE
2243 BOONA17,18 162/1 FALSE
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2244 BOONA17,18 BOONAL7 TRUE
2245 BOONA17,18 BOONALS FALSE
2246 BOONA18,19 158/1 FALSE
2247 BOONA18,19 161/1 FALSE
2248 BOONA18,19 BOONAL8 TRUE
2249 BOONA18,19 BOONAL9 FALSE
2250 BOONA19,20 159/1 FALSE
2251 BOONA19,20 BOONAL9 TRUE
2252 BOONA19,20 BOONA20 FALSE
2253 BOONA20, ESC BOGBIA 160/1 FALSE
2254 BOONA20, ESC BOGBIA BOONA0 TRUE
2255 BOONA20, ESC BOGBIA ESC BOONA FALSE
2256 BOONA12,1:2 156/3 FALSE
2257 BOONA12,12 BOONA 12 TRUE
2258 BOONA12,12 BOONA 12 FALSE
2259 BOONA12,12-2 154/1 FALSE
2260 BOONA12,122 BOONA 12 TRUE
2261 BOONA12,122 BOONA 12 FALSE
2262 BOONA12, ESC BOONA12 155/1 FALSE
2263 BOONA12, ESC BOONA12 BOONA 12 TRUE
2264 BOONA12, ESC BOONA12 | ESC BOONA 1 FALSE
2265 BOONA16,17 157/1 FALSE
3044 BOONA13,14 152/1 FALSE
3045 BOONA13,14 164/1 FALSE
3046 BOONA13,14 166/1 FALSE
3047 BOONA13,14 BOONAL3 TRUE
3048 BOONA13,14 BOONAL4 FALSE
3049 BOONA14,16 156/1 FALSE
3050 BOONA14,16 163/1 FALSE
3051 BOONA14,16 163/2 FALSE
3052 BOONA14,16 165/1 FALSE
3053 BOONA14,16 BOONA 12 FALSE
3054 BOONA14,16 BOONAL4 TRUE
3055 BOONA14,16 BOONALG FALSE
3056 BOONA 4, ESC BOONA 9 150/1 FALSE
3057 BOONA 4, ESC BOONA 9 151/1 FALSE
3058 BOONA 4, ESC BOONA 9 BOONA 4 TRUE
3059 BOONA 4, ESC BOONA 9 ESC BOONA 9 FALSE
3060 BOONA 9A, ESC BOONA 9A BOONA 9A TRUE
3061 BOONA 9A, ESC BOONA 9A| ESC BOONA 9 FALSE
3062 BOONAO9,10 146/1 FALSE
3063 BOONAO9,10 BOONA 9 FALSE
3064 BOONAO9,10 BOONALO FALSE
3065 BOONAO9,10 BOONAD TRUE
3066 BOONAO9,10 ESC BOONA FALSE
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Table B.17 Pool details table of BUNDURE main channel

Pool DetaildD Pool Name Gate Name Is UpStream
2747 BUNDURE-1, ESC BUNDURE 1 547/1 FALSE
2748 BUNDURE-1, ESC BUNDURE 1 547/2 FALSE
2749 BUNDURE-1, ESC BUNDURE 1 BUNDURE-1 TRUE
2750 BUNDURE-1, ESC BUNDURE 1 ESC BUNDURE 1 FALSE
2751 BUNDURE-3, BUNDURE3 607/3 FALSE
2752 BUNDURE-3, BUNDURE3 BUNDURE-3 TRUE
2753 BUNDURE-3, BUNDURE3 BUNDURE-3 FALSE
2754 BUNDURE-3, BUNDURE3 607/2 FALSE
2755 BUNDURE-3, BUNDURE3 664/1 FALSE
2756 BUNDURE-3, BUNDURE3 BUNDURE-3 TRUE
2757 BUNDURE-3, BUNDURE3 BUNDURE-3 FALSE
2758 BUNDURE-3, BUNDURE# 31-May FALSE
2759 BUNDURE-3, BUNDURE# 31/6 FALSE
2760 BUNDURE-3, BUNDURE# 545/3 FALSE
2761 BUNDURE-3, BUNDURE-3 59/2 FALSE
2762 BUNDURE-3, BUNDURE# BUNDURE-3 TRUE
2763 BUNDURE-3, BUNDURE# BUNDURE-3 FALSE
2764 BUNDURE-3, BUNDURES 608/2 FALSE
2765 BUNDURE-3, BUNDURES 619/1 FALSE
2766 BUNDURE-3, BUNDURES BUNDURE-3 TRUE
2767 BUNDURE-3, BUNDURES BUNDURE-3 FALSE
2768 BUNDURE-8, BUNDURE® 508/3 FALSE
2769 BUNDURE-8, BUNDURE® 578/3 FALSE
2770 BUNDURE-3, BUNDURE® 590/3 FALSE
2771 BUNDURE-3, BUNDURE® 619/2 FALSE
2772 BUNDURE-3, BUNDURE® 621/1 FALSE
2773 BUNDURE-3, BUNDURE® BUNDURE-3 TRUE
2774 BUNDURE-3, BUNDURE® BUNDURE-8 FALSE
2775 BUNDURE-8, BUNDUREB 623/1 FALSE
2776 BUNDURE-8, BUNDUREB BUNDURE-8 TRUE
2777 BUNDURE-8, BUNDUREB BUNDURE-3 FALSE
2778 BUNDURE-8, BUNDUREB BUNDURE 3A O/T FALSE
2779 BUNDURE 3A O/T, BUNDUR#& 3 624/1 FALSE
2780 BUNDURE 3A O/T, BUNDUR#& 3 BUNDURE 3A O/T TRUE
2781 BUNDURE 3A O/T, BUNDUR# 3 BUNDURE 3A FALSE
2782 BUNDURE 3A ESC BUNDURE 3 670/1 FALSE
2783 BUNDURE 3A ESC BUNDURE 3 BUNDURE 3A TRUE
2784 BUNDURE 32 ESC BUNDURE 3 ESC BUNDURE 3A FALSE
2785 BUNDURE-3, BUNDURES 541/2 FALSE
2786 BUNDURE-3, BUNDURES BUNDURE-3 TRUE
2787 BUNDURE-3, BUNDURES BUNDURE-8 FALSE
2788 BUNDURB-11, BUNDURER? 640/1 FALSE
2789 BUNDURE-B1, BUNDURER BUNDURE-B1 TRUE
2790 BUNDURE-B1, BUNDURER BUNDURE-B2 FALSE
2791 BUNDURE-3, BUNDUREBL 577/3 FALSE
2792 BUNDURE-8, BUNDUREBL 614/2 FALSE
2793 BUNDURE-8, BUNDUREBL 623/2 FALSE
2794 BUNDURE-8, BUNDUREBL 651/1 FALSE
2795 BUNDURE-8, BUNDUREBL BUNDURE-B1 FALSE
2796 BUNDURE-8, BUNDUREBL BUNDURE-8 TRUE
2797 BUNDURE-8, BUNDUREBL BUNDURE 3B O/T FALSE
2798 BUNDURE-82, BUNDURER 633/1 FALSE
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2799 BUNDURE-32, BUNDUREIB 634/1 FALSE
2800 BUNDURE-B2, BUNDUREIB 647/1 FALSE
2801 BUNDURE-B2, BUNDUREIB BUNDURE-B2 TRUE
2802 BUNDURE-B2, BUNDUREIB BUNDURE-B3 FALSE
2803 BUNDURE 4 O/T, BUNDURE 4 557/1 FALSE
2804 BUNDURE @/T, BUNDUREH} BUNDURE 4 O/T TRUE
2805 BUNDURE 4 O/T, BUNDURE 4 BUNDURE-2 FALSE
2806 BUNDURE-4, BUNDURE2 557/2 FALSE
2807 BUNDURE-4, BUNDURE2 558/1 FALSE
2808 BUNDURE-#, BUNDUREZ BUNDURE-# TRUE
2809 BUNDURE-#, BUNDUREZ BUNDURE-2 FALSE
2810 BUNDURE-2, BUNDURE3} 562/1 FALSE
2811 BUNDURE-2, BUNDURE3} BUNDURE-2 TRUE
2812 BUNDURE-2, BUNDURE3 BUNDURE-3 FALSE
2813 BUNDURE-3, BUNDURE4} 560/1 FALSE
2814 BUNDURE-3, BUNDURE4} BUNDURE-3 TRUE
2815 BUNDURE-3, BUNDURE4} BUNDURE-4 FALSE
2816 BUNDURE-4, BUNDURES 561/1 FALSE
2817 BUNDURE-4, BUNDURES% 563/1 FALSE
2818 BUNDURE-4, BUNDURES BUNDURE-4 TRUE
2819 BUNDURE-4, BUNDURES% BUNDURE-8 FALSE
2820 BUNDURE-8, BUNDURE® 564/1 FALSE
2821 BUNDURE-8, BUNDURE® 565/1 FALSE
2822 BUNDURE-8, BUNDURE® BUNDURE-8 TRUE
2823 BUNDURE-8, BUNDURE® BUNDURE-@ FALSE
2824 BUNDURE-@, BUNDURE#A 566/1 FALSE
2825 BUNDURE-@, BUNDUREZA 567/1 FALSE
2826 BUNDURE-6, BUNDURE#A BUNDURE-@ TRUE
2827 BUNDURE-@, BUNDUREZA BUNDURE-2 FALSE
2828 BUNDURE-4, BUNDURES& 566/2 FALSE
2829 BUNDURE-4, BUNDURES& BUNDURE-24 TRUE
2830 BUNDURE-4, BUNDURES& BUNDURE-8 FALSE
2831 BUNDURE-8, BUNDURES% 568/1 FALSE
2832 BUNDURE-8, BUNDURE% BUNDURE-8 TRUE
2833 BUNDURE-8, BUNDURE% BUNDURE-@ FALSE
2834 BUNDURE-4, BUNDURE XD 597/1 FALSE
2835 BUNDURE-4, BUNDURE XD BUNDURE-20 FALSE
2836 BUNDURE-4, BUNDURE X0 BUNDURE-@ TRUE
2837 BUNDURE-4, BUNDURE X0 BUNDURE 4B O/T FALSE
2838 BUNDURE-20, BUNDUREHXL 598/1 FALSE
2839 BUNDURE-20, BUNDUREHXL BUNDURE-20 TRUE
2840 BUNDURE-20, BUNDUREHXL BUNDURE-#1 FALSE
2841 BUNDURE-241, BUNDURER 599/1 FALSE
2842 BUNDURE-241, BUNDURER 600/3 FALSE
2843 BUNDURE-241, BUNDURER BUNDURE-#1 TRUE
2844 BUNDURE-41, BUNDUREX BUNDURE-#2 FALSE
2845 BUNDURE-42, BUNDUREX3 599/2 FALSE
2846 BUNDURE-42, BUNDUREX3 601/1 FALSE
2847 BUNDURE-42, BUNDURE-#3 BUNDURE-#2 TRUE
2848 BUNDURE-#2, BUNDUREYS BUNDURE-#43 FALSE
2849 BUNDURE 4B O/T, BUNDURHE 4 571/2 FALSE
2850 BUNDURE 4B O/T, BUNDURHE 4 BUNDURE 4B O/T TRUE
2851 BUNDURE 4B O/T, BUNDURHE 4 BUNDURE 4B FALSE
2852 BUNDUREB-1, ESC BUNDURE 4 600/1 FALSE
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2853 BUNDURE 4B ESC BUNDURE 4 BUNDURE 4B TRUE
2854 BUNDURE 4B ESC BUNDURE 4 ESC BUNDURE 4B FALSE
2855 BUNDURE-23, ESC BUNDURE 4 596/1 FALSE
2856 BUNDURE-23, ESC BUNDURE 4 BUNDURE-43 TRUE
2857 BUNDURE 6/T, BUNDUREDL 609/2 FALSE
2858 BUNDURE 5 O/T, BUNDURE 5 BUNDURE 5 O/T TRUE
2859 BUNDURE 5 O/T, BUNDURE 5 BUNDURE-5 FALSE
2860 BUNDURE-5, BUNDUREZ 610/1 FALSE
2861 BUNDURE-5, BUNDURED BUNDURE-5 TRUE
2862 BUNDURE-5, BUNDURED BUNDURE-3 FALSE
2863 BUNDURE-3, BUNDURES 610/2 FALSE
2864 BUNDURE-3, BUNDURES 611/1 FALSE
2865 BUNDURE-3, BUNDURES BUNDURE-3 TRUE
2866 BUNDURE-2, BUNDURE3S BUNDURE-3 FALSE
2867 BUNDURE-8, BUNDURE4 611/2 FALSE
2868 BUNDURE-8, BUNDURE4 612/1 FALSE
2869 BUNDURE-8, BUNDURE4 612/2 FALSE
2870 BUNDURE-3, BUNDURE4 BUNDURE-3 TRUE
2871 BUNDURE-3, BUNDURE4 BUNDURE-8 FALSE
2872 BUNDURE-8, BUNDURES 613/1 FALSE
2873 BUNDURE-8, BUNDURES BUNDURE-8 TRUE
2874 BUNDURE-8, BUNDURES BUNDURE-5 FALSE
2875 BUNDURE-5, ESC BUNDURE § 613/2 FALSE
2876 BUNDURE-5, ESC BUNDURE § 614/1 FALSE
2877 BUNDURE-5, ESC BUNDURE § BUNDURE-5 TRUE
2878 BUNDURE-5, ESC BUNDURE § ESC BUNDURE 5 FALSE
2879 BUNDURE 6 O/T, BUNDURE 6 573/1 FALSE
2880 BUNDURE 6 O/T, BUNDURE 6 BUNDURE 6 O/T TRUE
2881 BUNDURE 6 O/T, BUNDURE 6 BUNDURE-6 FALSE
2882 BUNDURE-6, ESC BUNDURE § 574/1 FALSE
2883 BUNDURE-6, ESC BUNDURE § BUNDURE-6 TRUE
2884 BUNDURE 7 O/T, BUNDURE 7 669/2 FALSE
2885 BUNDURE 7 O/T, BUNDURE 7 584/1 FALSE
2886 BUNDURE 7 O/T, BUNDURE 7 BUNDURE 7 O/T TRUE
2887 BUNDURE 7 O/T, BUNDURE 7 BUNDURE-¥ FALSE
2888 BUNDURE-¥, BUNDUREZ 584/2 FALSE
2889 BUNDURE-Z, BUNDURE2 585/1 FALSE
2890 BUNDURE-¥, BUNDUREZ BUNDURE-T TRUE
2891 BUNDURE-¥, BUNDUREZ BUNDURE-Z FALSE
2892 BUNDURE-Z, BUNDUREZ BUNDURE-Z TRUE
2893 BUNDURE-Z, BUNDUREZ BUNDURE-3 FALSE
2894 BUNDURE-3, ESC BUNDURE 7 587/1 FALSE
2895 BUNDURE-3, ESC BUNDURE 7 BUNDURE-3 TRUE
2896 BUNDURE 8 O/T, BUNDURE 8 578/2 FALSE
2897 BUNDURE 8 O/T, BUNDURE 8 579/1 FALSE
2898 BUNDURE 8 O/T, BUNDURE 8 BUNDURE 8 O/T TRUE
2899 BUNDURE 8 O/T, BUNDURE 8 BUNDURE-8 FALSE
2900 BUNDURBE-1, BUNDURE3 580/1 FALSE
2901 BUNDURE-8, BUNDURE3 BUNDURE-8 TRUE
2902 BUNDURE-8, BUNDURE3B BUNDURE-8 FALSE
2903 BUNDURE-8, ESC BUNDURE 8§ 581/1 FALSE
2904 BUNDURE-8, ESC BUNDURE 8§ 582/1 FALSE
2905 BUNDURE-8, ESC BUNDURE 8§ BUNDURE-8 TRUE
2906 BUNDURE-8, ESC BUNDURE 8§ ESC BUNDURE 8 FALSE
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3067 BUNDURE 1 O/T, BUNDURE 1 545/2 FALSE
3068 BUNDURE 1 O/T, BUNDURE 1 546/1 FALSE
3069 BUNDURE 1 O/T, BUNDURE 1 BUNDURE 1 O/T TRUE
3070 BUNDURE 1 O/T, BUNDURE 1 BUNDURE-1 FALSE
3071 BUNDURE-33, ESC BUNDURE 574/3 FALSE
3072 BUNDURE-33, ESC BUNDURE 610/3 FALSE
3073 BUNDURE-33, ESC BUNDURE 636/1 FALSE
3074 BUNDURE-33, ESC BUNDURE BUNDURE-33 TRUE
3075 BUNDURE-8, BUNDURES 650/1 FALSE
3076 BUNDURB-8, BUNDURES® BUNDURE-8 TRUE
3077 BUNDURE-8, BUNDURES® BUNDURE-S FALSE
Table B.18 Pool details table of COLY main channel
Pool Details ID PoolName Gate Name Is Up Stream
2266 COLYA,2-2 CcoLY 2 TRUE
2267 COLYA,2-2 COLY -2 FALSE
2268 COLY3,32 5-Jan FALSE
2269 COLY3,32 COLY3 TRUE
2270 COLY3,32 COLY-2 FALSE
2271 COLY2,33 4-Jan FALSE
2272 COLY2,33 6-Feb FALSE
2273 COLY2,33 COLY-2 TRUE
2274 COLY2,33 COLY-3 FALSE
2275 COLY3,34 3-Jan FALSE
2276 COLY3,34 COLY-3 TRUE
2277 COLY3,34 COoLY -2 FALSE
2278 COLY3, ESC COLY3 8-Feb FALSE
2279 COLY3, ESC COLY3 COLY-3 TRUE
2280 COLY3, ESC COLY3 ESC COLY 3 FALSE
2281 COLY4,42 14-Feb FALSE
2282 COLY4,42 coLY4 TRUE
2283 COLY4,42 COLY 2 FALSE
2284 COLY2,43 13-Jan FALSE
2285 COLY2,43 17-Jan FALSE
2286 COLY2,43 COLY 2 TRUE
2287 COLY2,43 COLY B FALSE
2288 COLY4%,46 11-Jan FALSE
2289 COLY4%,46 11-Feb FALSE
2290 COLY4%,46 COLY S TRUE
2291 COLY4%,46 COLY 4 FALSE
2292 COLY4,45 19-Jan FALSE
2293 COLY4,45 COLY 4 TRUE
2294 COLY4,45 COLY S FALSE
2295 COLY54 25-Jan FALSE
2296 COLY54 COLY 5 TRUE
2297 COLY54 coLy4a FALSE
2298 COLYH,52 24-Jan FALSE
2299 COLYH,52 24-Feb FALSE
2300 COLYH,52 coLy4a TRUE
2301 COLYH,52 COLY 2 FALSE
2302 COLY2,53 23-Jan FALSE
2303 COLY2,53 COLY 2 TRUE
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2304 COLY2,53 COLY B FALSE
2305 COLYB,54 21-Jan FALSE
2306 COLYB,54 22-Jan FALSE
2307 COLYB,54 23-Feb FALSE
2308 COLYB,54 COLY B TRUE

2309 COLYR,54 CoLY 3 FALSE
2310 COLY8,44 12-Jan FALSE
2311 COLY8,44 18Jan FALSE
2312 COLY8,44 COLY-8 TRUE

2313 COLY&,44 COLY 4 FALSE
2314 COLY6:4 COLY 6 TRUE

2315 COLY6:4 COoLY 4 FALSE
2316 COLY4,6-2 28-Jan FALSE
2317 COLY4,6-2 CcoLy 4 TRUE

2318 COLY4,6-2 COLY @ FALSE
2319 COLY®,6-3 29-Jan FALSE
2320 COLY®,6-3 COLY @ TRUE

2321 COLY®,6-3 COLY B FALSE
2322 COLYR,64 30-Jan FALSE
2323 COLYR,64 COLY B TRUE

2324 COLYR,64 COoLY 4 FALSE
2325 COLY®,65 31-Jan FALSE
2326 COLY®,65 COLY 4 TRUE

2327 COLY®,65 COLYH FALSE
2328 COLY4%,6-6 32/1 FALSE
2329 COLY%,6-6 COLY 6 TRUE

2330 COLY%,6-6 COLY 6 FALSE
2331 COLY®,6-7 33/1 FALSE
2332 COLY®,6-7 COLY 6 TRUE

2333 COLY®,6-7 COLY &G FALSE
2334 COLYG,68 34/1 FALSE
2335 COLYG,68 COLY & TRUE

2336 COLYG,68 COLY B FALSE
2337 COLY®,6-9 35/1 FALSE
2338 COLY®,6-9 41/1 FALSE
2339 COLY®,6-9 COLY B TRUE

2340 COLY®,6-9 COLY® FALSE
2341 COLY®,6-10 36/1 FALSE
2342 COLY®,6-10 40/1 FALSE
2343 COLY®,6-10 COLY 40 FALSE
2344 COLY®,6-10 COLY® TRUE

2345 COLY40,611 37/1 FALSE
2346 COLY40,611 39/1 FALSE
2347 COLY40,611 COLY 40 TRUE

2348 COLY40,611 COLY 41 FALSE
2349 COLY7:1 27-Feb FALSE
2350 COLY7:1 46/1 FALSE
2351 COLY7:1 COLY 7 TRUE

2352 COLY7:1 COLY-1 FALSE
2353 coLYa,7-2 28-Mar FALSE
2354 coLYa,7-2 COoLY-1 TRUE

2355 coLya,7-2 COLY-2 FALSE
2356 COLY2,7-4 29/2 FALSE
2357 COLY-2,7-4 30/2 FALSE
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2358 COLY-2,7-4 44/1 FALSE
2359 COLY2,7-4 45/1 FALSE
2360 COLY2,7-4 COLY-2 TRUE
2361 COLY2,7-4 COLY-4 FALSE
2362 COLY-A,7-5 43/1 FALSE
2363 COLY-A,7-5 654/1 FALSE
2364 COLY-A,7-5 COLY-4 TRUE
2365 COLY-A,7-5 COLY-B FALSE
2366 COLY-B, ESC COLY 7 42/1 FALSE
2367 COLY-B, ESC COLY 7 COLY-b TRUE
2368 COLY-B, ESC COLY 7 ESCCOLY 7 FALSE
2369 COLYS8,-& 56/1 FALSE
2370 COLYS8,-& COLY 8 TRUE
2371 COLY8,8 CoLY 4 FALSE
2372 COLY4,82 55/1 FALSE
2373 COoLY4,82 CoLY 4 TRUE
2374 COLY4,82 COoLY 2 FALSE
2375 COLY®,83 45/2 FALSE
2376 COLY2,83 48/1 FALSE
2377 COLY®,83 CoLY 2 TRUE
2378 COLY2,83 COLY B FALSE
2379 COLY8,84 COLY 8 TRUE
2380 COLY8,84 COLY 8 FALSE
2381 COLY 8,85 52/1 FALSE
2382 COLY 8,85 COLY 8 TRUE
2383 COLY 4,85 COLY S FALSE
2384 COLY B, 86 COLY B TRUE
2385 COLY B, 86 COLY-® FALSE
2386 COLY 2,93 94/1 FALSE
2387 COLY 2,93 COLY 2 TRUE
2388 COLY 2,93 COLY 3 FALSE
2389 COLY 3,94 59/1 FALSE
2390 COLY 3,94 60/1 FALSE
2391 COLY 3,94 COLY 3 TRUE
2392 COLY 3,94 COLY 4 FALSE
2393 COLY 4,95 61/1 FALSE
2394 COLY 4,95 93/1 FALSE
2395 COLY 4,95 COLY @ TRUE
2396 COLY 4,95 COLY S FALSE
2397 COLY B, 96 61/2 FALSE
2398 COLY B, 96 62/1 FALSE
2399 COLY B, 96 92/1 FALSE
2400 COLY B, 96 92/2 FALSE
2401 COLY B, 96 93/2 FALSE
2402 COLY B, 96 COLY S TRUE
2403 COLY B, 96 COLY® FALSE
2404 COLY B, 96 COLY 9B FALSE
2405 COLY 8, 97 91/1 FALSE
2406 COLY 8, 97 COLY® TRUE
2407 COLY 8, 97 COLY g FALSE
2408 COLY g, 98 90/1 FALSE
2409 COLY g, 98 90/2 FALSE
2410 COLY g, 98 COLB-7 TRUE
2411 COLY 49, 98 COLY 8 FALSE
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2412 COLY 9B, 9B 63/1 FALSE
2413 COLY 9B, 9B 63/2 FALSE
2414 COLY 9B, 9B COLY 9B TRUE
2415 COLY 9B, 9B COLY o FALSE
2416 COLY 98, 9B2 64/1 FALSE
2417 COLY 9B, 9B2 COLY 98 TRUE
2418 COL¥B1, 9B2 COLY 9B FALSE
2419 COLY 98, 9B3 65/1 FALSE
2420 COLY 98, 9B3 COLY 9B TRUE
2421 COLY 98, 9B3 COLY 9B FALSE
2422 COLY 9B, 9B4 65/2 FALSE
2423 COLY 9B, 9B4 66/1 FALSE
2424 COLY 9B, 9B4 67/1 FALSE
2425 COLY 9B, 9B4 COLY 9B TRUE
2426 COLY 9B, 9B4 COLY 98 FALSE
2427 COLY 98, 9B5 68/1 FALSE
2428 COLY 98, 9B5 COLY 98 TRUE
2429 COLY 98, 9B5 COLY 9B FALSE
2430 COLY 9B, 9B7 69/1 FALSE
2431 COLY 9B, 9B7 76/1 FALSE
2432 COLY 9B, 9B7 7612 FALSE
2433 COLY 9B, 9B7 7711 FALSE
2434 COLY 9B, 9B7 COLY 9B TRUE
2435 COLY 9B, 9B7 COLY 9B FALSE
2436 COLY 8, 99 89/1 FALSE
2437 COLY B, 99 COLY B TRUE
2438 COLY B, 99 COLY 9 FALSE
2439 COLY 9B, 9B10 70/1 FALSE
2440 COLY 9B, 9B10 74/1 FALSE
2441 COLY 9B, 9B10 7512 FALSE
2442 COLY 9B, 9B10 COLY 980 FALSE
2443 COLY 9B, 9B10 COLY 9B TRUE
2444 COLY 980, ESC 9B 73/1 FALSE
2445 COLY 980, ESC 9B COLY 980 TRUE
2446 COLY 980, ESC 9B ESC 9B FALSE
2447 COLY 9, 912 78/1 FALSE
2448 COLY 9, 912 88/1 FALSE
2449 COLY @, 912 COLYQ2 FALSE
2450 COLY @, 912 COLY® TRUE
2451 COLY @, 912 COLY 9C FALSE
2452 COLY42,913 79/1 FALSE
2453 COLY42,913 COLYQ2 TRUE
2454 COLY42,9-13 COLY4a3 FALSE
2455 COLY43,914 80/1 FALSE
2456 COLY43,914 83/1 FALSE
2457 COLY 43,914 COLY4a3 TRUE
2458 COLY 43,914 COLY 44 FALSE
2459 COLY 44,915 81/1 FALSE
2460 COLY 44,915 COLY 44 TRUE
2461 COLY44, 915 COLY45 FALSE
2462 COLY 9C, aC 86/1 FALSE
2463 COLY 9C, aC 87/1 FALSE
2464 COLY 9C, aC COLY 9C TRUE
2465 COLY 9C, oC COLY 9@ FALSE
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2466 COLY 9€, 9G3 ESC 83/2 FALSE
2467 COLY 9¢, 9G3 ESC 85/1 FALSE
2468 COLY 9@, 9G3 ESC COLY 9@ TRUE
2469 COLY 9@, 9G3 ESC COLY 9B ESC FALSE
2470 COLY 45, 916ESC 9 82/1 FALSE
2471 COLY 45, 916ESC 9 COLY4a5 TRUE
2472 COLY 45, 916ESC 9 COLY4Q6ESC 9 FALSE
2473 COLY 10, 1D 96/1 FALSE
2474 COLY 10, 1D 96/2 FALSE
2475 COLY 1a,01 97/1 FALSE
2476 COLY 10, 10 COLY 10 TRUE
2477 COLY 10, 1D COLY 12 FALSE
2478 COLY 1a, 1063 100/1 FALSE
2479 COLY 1a, 103 9712 FALSE
2480 COLY 1a, 1063 98/1 FALSE
2481 COLY 1a, 103 98/2 FALSE
2482 COLY 1a, 1063 99/1 FALSE
2483 COLY 1a, 163 COLY 12 TRUE
2484 COLY 1a, 163 COLY 138 FALSE
2485 COLY 13, 164 101/1 FALSE
2486 COLY 13, 164 102/1 FALSE
2487 COLY 18, 164 102/2 FALSE
2488 COLY 18, 164 COLY 13 TRUE
2489 COLY 18, 164 COLY 14 FALSE
2490 COLY 14, 105 102/3 FALSE
2491 COLY 14, 1065 103/1 FALSE
2492 COLY 14, 1065 COLY 14 TRUE
2493 COLY 14, 1065 COLY 18 FALSE
2494 COLY 18, 106 COLY 18 TRUE
2495 COLY 18, 106 COLY 16 FALSE
2496 COLY 18, 167 104/1 FALSE
2497 COLY 18, 167 105/1 FALSE
2498 COLY 18, 167 662/1 FALSE
2499 COLY 18, 167 COLY 18 TRUE
2500 COLY 18, 167 COLY 10 FALSE
2501 COLY 17, ESC 10 107/1 FALSE
2502 COLY 17, ESC 10 COLY 10 TRUE
2503 COLY 13, ESC 10 ESC 10 FALSE
2504 COLY 11, 112 114/1 FALSE
2505 COLY 11, 112 COLY 11 TRUE
2506 COLY 11, 112 COLY 12 FALSE
2507 COLY 12, 113 118/1 FALSE
2508 COLY 12, 113 COLY 12 TRUE
2509 COLY 12, 113 COLY 1B FALSE
2510 COLY 1B, 114 113/1 FALSE
2511 COLM1-3, 114 118/2 FALSE
2512 COLY 1B, 114 COLY 1B TRUE
2513 COLY 1B, 114 COLY 14 FALSE
2514 COLY 1%, 115 112/1 FALSE
2515 COLY 14, 115 119/1 FALSE
2516 COLY 14, 115 COLY 14 TRUE
2517 COLY 14, 115 COLY 15 FALSE
2518 COLM1-5, 116 170/1 FALSE
2519 COLY 15, 116 COLY 15 TRUE
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2520 COLY 15, 116 COLY 16 FALSE

2521 COLY 16, 117 111/1 FALSE

2522 COLY 16, 117 COLY 16 TRUE

2523 COLY 16, 117 COLY 1Y FALSE

2524 COLY 17, 118 110/1 FALSE

2525 COLY1-7, 118 171/1 FALSE

2526 COLY 17,118 COLY ¥ TRUE

2527 COLY 17,118 COLY 18 FALSE

2528 COLY 18, 119 108/2 FALSE

2529 COLY 18, 119 COLY 18 TRUE

2530 COLY 18, 119 COLY 19 FALSE

2531 COLY 18, 119 ESC 11 FALSE

2532 COLY1-9, 172/1 172/1 FALSE

2533 COLY 19, 172/1 COLY 19 TRUE

3002 COLY -2, COLY 2 ESC COLY 2 ESC FALSE

3003 COLY -2, COLY 2 ESC COLY 2 TRUE

3004 COLY 4, ESC COLY 4 20-Jan FALSE

3005 COLY -6, ESC COLY 4 COLY 6 TRUE

3006 COLY -6, ESC COLY 4 ESC COLY 4 FALSE

3007 COLY4@1, ESC6 38/1 FALSE

3008 COLY41,ESC6 coLy4a1 TRUE

3009 COLY 41, ESC6 ESC 6 FALSE

3080 COLY 9B, 9B8 COLY 98B TRUE

3081 COLY 9B, 9B8 COLY 9B FALSE

3078 COLY 9B, 9B8 69/2 FALSE

3079 COLY 98, 9B8 75/1 FALSE

3126 COLY 9, COL*®9 57/1 FALSE

3127 COLY 9, COL®29 58/1 FALSE

3128 COLY 9, COL*®9 COLY 9 TRUE

3129 COLY 9, COL*®9 COLY 2 FALSE

Table B.19 Pool details table of MAIN CANAL
Pool Details ID Pool Name Gate Name Is Up Stream

2907 MAIN CANAL INLET, TUBBO WELLSY MAIN CANAL INLET TRUE
2908 MAIN CANAL INLET, TUBBO WELLSY TOMBULLEN INLET FALSE
2909 MAIN CANAL INLET, TUBBO WELLSY TUBBO WELLS FALSE
2910 BUNDURE MAIN5, BUNDURE MAIN BUNDURE MAIRNS TRUE
2911 BUNDURE MAINS, BUNDURBAIN-17 BUNDURE MAIN7 FALSE
2912 BUNDURE MAINS, BUNDURE MADNG BUNDURE MAIRS TRUE
2913 BUNDURE MAINS, BUNDURE MADNG BUNDURE MAIRNS FALSE
2914 BUNDURE MAIM, BUNDURE MADN BUNDURE MAIM TRUE
2915 BUNDURE MAiIM, BUNDURE MAIN BUNDURE MAIRNS FALSE
2916 BUNDURE MAIN3, BUNDURE MAIN 590/1 FALSE
2917 BUNDURE MAIN3, BUNDURE MAIN 591/2 FALSE
2918 BUNDURE MAIN3, BUNDURE MAIN BUNDURE MAIRN3 TRUE
2919 BUNDURE MAIN3, BUNDURE MAIN BUNDURE MAIM FALSE
2920 BUNDURE MAIN2, BUNDURE MAINB 589/2 FALSE
2921 BUNDURE MAIN2, BUNDURE MAINB 591/1 FALSE
2922 BUNDURE MAIN2, BUNDURE MAINB BUNDURE MAIRN2 TRUE
2923 BUNDURE MAIN2, BUNDURE MAINB BUNDURE MAIN3 FALSE
2924 BUNDURE MAINL, BUNDURE MAIN 588/1 FALSE
2925 BUNDURE MAINL, BUNDURE MAIN BUNDURE MAINL TRUE
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2926 BUNDURE MAINL, BUNDURE MAIN? BUNDURE MAIN2 FALSE
2927 BUNDURE MAIN), BUNDURE MAIN 577/1 FALSE
2928 BUNDURE MAIN), BUNDURE MAIN 578/1 FALSE
2929 BUNDURKAIN-10, BUNDURE MAIN BUNDURE 8 O/T FALSE
2930 BUNDURE MAIN), BUNDURE MAIN BUNDURE MAIND TRUE
2931 BUNDURE MAIN), BUNDURE MAIN BUNDURE MA#NL FALSE
2932 BUNDURE MA#8) BUNDURE MAIND 669/1 FALSE
2933 BUNDURE MA#8i BUNDURE MAIND BUNDURE 7 O/T FALSE
2934 BUNDURE MA#8) BUNDURE MAIND BUNDURE MA{RND FALSE
2935 BUNDURE MA{8i BUNDURE MAIND BUNDURE MAI8I TRUE
2936 BUNDURE MAI8, BUNDURE MAIN 574/2 FALSE
2937 BUNDURE MAI{8, BUNDURE MAIN 575/1 FALSE
2938 BUNDURKAIN-8, BUNDURE MAIN BUNDURE MAI8I TRUE
2939 BUNDURE MA{8, BUNDURE MAIN BUNDURE MA#8I FALSE
2940 BUNDURE MAIR, BUNDURE MAIS 555/2 FALSE
2941 BUNDURE MAIR, BUNDURE MAIS 572/1 FALSE
2942 BUNDURE MAIR, BUNDURE MAIS 609/1 FALSE
2943 BUNDURE MAIR BUNDURE MAI® BUNDURE 5 O/T FALSE
2944 BUNDURE MAIR BUNDURE MAI® BUNDURE 6 O/T FALSE
2945 BUNDURE MAIR BUNDURE MAI® BUNDURE MA{KR TRUE
2946 BUNDURE MAIR BUNDURE MAI® BUNDURE MA8I FALSE
2947 BUNDURE MAi8, BUNDURMAIN-7 554/2 FALSE
2948 BUNDURE MAi8, BUNDURE MAIN 555/1 FALSE
2949 BUNDURE MAi8, BUNDURE MAIN 607/1 FALSE
2950 BUNDURE MAi8, BUNDURE MAIN 608/1 FALSE
2951 BUNDURE MAi8, BUNDURE MAIN BUNDURE MAIBI TRUE
2952 BUNDURE MAi8, BUNDURMAIN-7 BUNDURE MA{KR FALSE
2953 BUNDURE MAI# BUNDURE MAIN 552/1 FALSE
2954 BUNDURE MAI# BUNDURE MAIN 554/1 FALSE
2955 BUNDURE MAI# BUNDURE MAIN 606/3 FALSE
2956 BUNDURE MAI# BUNDURE MAIN BUNDUREESC O/T FALSE
2957 BUNDURMAIN-4, BUNDURE MAIN BUNDURE MAI# TRUE
2958 BUNDURE MAI# BUNDURE MAIN BUNDURE MAI6I FALSE
2959 BUNDURE MAIN BUNDURE MAIB 549/1 FALSE
2960 BUNDURE MAIN BUNDURE MAIB 549/2 FALSE
2961 BUNDURE MAIN BUNDURE MAIB 551/1 FALSE
2962 BUNDURE MAIN BUNDURE MAIB 615/2 FALSE
2963 BUNDURE MAIN BUNDURE MAIB 672/1 FALSE
2964 BUNDURE MAIN BUNDURE MAIB BUNDURE MAIN TRUE
2965 BUNDURE MAIN BUNDURE MAIB BUNDURE MAI8BI FALSE
2966 PRICKLEY REG, BUNDURE MAIN O BUNDURE MAIG/T FALSE
2967 PRICKLEY REG, BUNDURE MAIN O COLY 11 FALSE
2968 PRICKLEY REG, BUNDURE MAIN O KOORUMBEEN FALSE
2969 PRICKLEY REG, BUNDURE MAIN O MAIN CANAL ESC FALSE
2970 PRICKLEY REG, BUNDURE MAIN O PRICKLEY REGULATOH# TRUE
2971 PRICKLEY RBGNDURE MAIN O/T YAMMA FALSE
2972 MORUNDAH REG, GRANTS REG COLY 7 FALSE
2973 MORUNDAH REG, GRANTS REG COLY 8 FALSE
2974 MORUNDAH REG, GRANTS REG GRANTS REGULATOR FALSE
2975 MORUNDAH REG, GRANTS REG MORUNDAH REGULATO, TRUE
2976 NO 3 REG, MORUNDAH REG 15Jan FALSE
2977 NO 3 REG, MORUNDAH REG 2023/2 FALSE
2978 NO 3 REG, MORUNDAH REG COLY4 FALSE
2979 NO 3 REG, MORUNDAH REG COLY 5 FALSE
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2980 NO 3 REG, MORUNDAH REG COLY 6 FALSE
2981 NO 3 REG, MORUNDAH REG MORUNDAH REGULATO FALSE
2982 NO 3 REGJORUNDAH REG NO 3 REGULATOR TRUE
2983 BUNDURE MAIB| BUNDURE MA#N 548/3 FALSE
2984 BUNDURE MAIB| BUNDURE MA¥N 551/2 FALSE
2985 BUNDURE MA48, BUNDURE MAWN 551/3 FALSE
2986 BUNDURE MA48, BUNDURE MAWN 606/1 FALSE
2987 BUNDURE MA1B, BUNDURE MA##I 615/1 FALSE
2988 BUNDURE MA48, BUNDURE MAWN 615/3 FALSE
2989 BUNDURE MAIB| BUNDURE MA#N BUNDURE-3 FALSE
2990 BUNDURE MAIB| BUNDURE MA#N BUNDURE MAIBI TRUE
2991 BUNDURE MAIB| BUNDURE MA#N BUNDURE MAIA FALSE
2992 GRANTS REG, PRICKLEY REG COLY 10 FALSE
2993 GRANTS REG, PRICKLEY REG COLY 9 FALSE
2994 GRANTS REG, PRICKLEY REG GRANTS REGULATOR TRUE
2995 GRANTS REG, PRICKLEY REG PRICKLEY REGULATOF FALSE
3013 HORTICULTURE, NO. 3 14-Jan FALSE
3014 HORTICULTURE, NO. 3 COLY 3 FALSE
3015 HORTICULTURE, NO. 3 HORTICULTURREGULATO TRUE
3016 HORTICULTURE, NO. 3 NO 3 REGULATOR FALSE
3017 TUBBO WELLS, HORTICULTURE R{ COLY 2 FALSE
3018 TUBBO WELLS, HORTICULTURE R HORTICULTUREGULATO FALSE
3019 TUBBO WELUSORTICULTURE REG TUBBO OFFTAKE FALSE
3020 TUBBO WELLS, HORTICULTURE R{ TUBBO WELLS TRUE
3107 BUNDURE MAIN O/T, BUNDURE MAIN 542/2 FALSE
3108 BUNDURE MAIN O/T, BUNDURE MAIN 545/1 FALSE
3109 BUNDURE MAIN O/T, BUNDURE MAIN 548/1 FALSE
3110 BUNDURKAIN O/T, BUNDURE MAIN BUNDURE 1 O/T FALSE
3111 BUNDURE MAIN O/T, BUNDURE MAIN BUNDURE MAIN O/T TRUE
3112 BUNDURE MAIN O/T, BUNDURE MAIN BUNDURE MAIN FALSE
3113 BUNDURE MAIN O/T, BUNDURE MAIN BUNDURSPUR O/T FALSE
3114 BUNDURE MAIN7, ESBUNDURE MAIN 596/2 FALSE
3115 BUNDURE MAIN7, ESC BUNDURE MAI| BUNDURE MAIN? TRUE
3116 KOORUMBEEN, ESC KOORUMBEE 2013/1 FALSE
3117 KOORUMBEEN, ESC KOORUMBEE 544/2 FALSE
3118 KOORUMBEEN, ESC KOORUMBEE KOORUMBEEN TRUE
3119 BUNDURBSPUR/T, 44/3 44/3 FALSE
3120 BUNDURSPUR O/T, 44/3 667/1 FALSE
3121 BUNDURISPUR O/T, 44/3 BUNDURESPUR O/T TRUE
3122 BUNDURESC O/T, ESC BUNDURE MA| 556/1 FALSE
3123 BUNDURESC O/T, ESC BUNDURE MA| BUNDUREESC O/T TRUE
3124 BUNDURESC O/T, EBUNDURE MAIN1 BUNDURE 4 O/T FALSE
3125 BUNDURESC O/T, ESC BUNDURE MA| ESC BUNDURE MAIN FALSE
Table B.20 Pool details table of TUBBO main channel

Pool Details ID Pool Name Gate Name Is Up Stream

2149 TUBBO1,2 5-Mar FALSE

2150 TUBBO1,2 TUuBB&L TRUE

2151 TUBBO1,2 TUBB@ FALSE

2152 TUBBO3,4 120/3 FALSE

2153 TUBBO3,4 639/1 FALSE

2154 TUBBO3,4 TUBBGB TRUE
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2155 TUBBO3,4 TUBB&4 FALSE
2156 TUBBO4,5 11-Mar FALSE
2157 TUBBOA4,5 TUBB&4 TRUE

2158 TUBBO4,5 TUBBGb FALSE
2159 TUBBO6,7 221/1 FALSE
2160 TUBBOG6,7 4005/1 FALSE
2161 TUBBO6,7 7-Apr FALSE
2162 TUBBOG6,7 TUBB@G TRUE

2163 TUBBOG6,7 TUBBG&Y FALSE
2164 TUBBOS,9 226/1 FALSE
2165 TUBBOS,9 31/4 FALSE
2166 TUBBOS,9 TUBB@B TRUE

2167 TUBBOS,9 TUBB® FALSE
2168 TUBBO9,10 4004/1 FALSE
2169 TUBBO9,10 6-Mar FALSE
2170 TUBBO9,10 661/1 FALSE
2171 TUBBO9,10 663/1 FALSE
2172 TUBBO9,10 TUBBG@ELO FALSE
2173 TUBBO9,10 TUBB® TRUE

2174 TUBBO10,11 507/2 FALSE
2175 TUBBO10,11 673/1 FALSE
2176 TUBBO10,11 TUBBG@ELO TRUE

2177 TUBBO10,11 TuBB@Ll FALSE
2178 TUBBO11,12 2020/1 FALSE
2179 TUBBO11,12 540/2 FALSE
2180 TUBBO11,12 TUBB@L1 TRUE

2181 TUBBO11,12 TUBBG@12 FALSE
2182 TUBBO12,ESC TUBBO 2010/1 FALSE
2183 TUBBO12,ESC TUBBO ESC TUBBO FALSE
2184 TUBBO12,ESC TUBBO TuBB@L2 TRUE

3010 TUBBO7,8 TUBBO 4 OT FALSE
3011 TUBBO7,8 TuBBG&Y TRUE

3012 TUBBO7,8 TUBBGB FALSE
3082 TUBBO5,6 ESC TUBBD FALSE
3083 TUBBO5,6 TUBBO3 FALSE
3084 TUBBO5,6 TUBBGb TRUE

3085 TUBBO5,6 TUBB@b FALSE
3086 TUBBO2,3 18-Mar FALSE
3087 TUBBO2,3 KERARBURY FALSE
3088 TUBBO2,3 TUBB&® TRUE

3089 TUBBO2,3 TUBBGB FALSE
3130 TUBBO 4 OT, 2026 2026/1 FALSE
3131 TUBBO 4 OT, 2026 2026/2 FALSE
3132 TUBBO 4 OT, 2026 2026/3 FALSE
3133 TUBBO 4 OT, 2026 TUBBO 4 OT TRUE

3134 TUBBO OFFTAKE, BOON 1-Jan FALSE
3135 TUBBO OFFTAKE, BOON 1-Feb FALSE
3136 TUBBO OFFTAKE, BOON 2-Mar FALSE
3137 TUBBO OFFTAKE, BOON BOONA FALSE
3138 TUBBO OFFTAKE, BOON TUBBO OFFTAKE TRUE

3139 TUBBO OFFTAKE, BOON TUBBGL FALSE
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Table B.21 Pool details table of YAMMA mainchannel

Pool Details ID Pool Name Gate Name Is Up Stream
2534 YAMMAL,2 170/2 FALSE
2535 YAMMAL,2 YAMMAL TRUE
2536 YAMMAL,2 YAMMA2 FALSE
2537 YAMMA2,3 171/2 FALSE
2538 YAMMA2,3 YAMMA2 TRUE
2539 YAMMA2,3 YAMMAS FALSE
2540 YAMMAS, 4 172/2 FALSE
2541 YAMMAS, 4 173/1 FALSE
2542 YAMMAS, 4 181/1 FALSE
2543 YAMMAS, 4 ARGOON FALSE
2544 YAMMAS3,4 ARGOON 1 FALSE
2545 YAMMAS3,4 YAMMA3 TRUE
2546 YAMMAS3,4 YAMMA4 FALSE
2610 YAMMA4, YAMMA 3 182/1 FALSE
2611 YAMMA4, YAMMA 3 187/1 FALSE
2612 YAMMA4, YAMMA 3 187/2 FALSE
2613 YAMMA4, YAMMA 3 188/1 FALSE
2614 YAMMA4, YAMMA 3 188/2 FALSE
2615 YAMMA4, YAMMA 3 YAMMA 2 FALSE
2616 YAMMA4, YAMMA 3 YAMMA 3 FALSE
2617 YAMMA4, YAMMA 3 YAMMA 4 FALSE
2618 YAMMA4, YAMMA 3 YAMMA4 TRUE
2619 YAMMA 2, YAMMA-2 189/1 FALSE
2620 YAMMA 2, YAMMA-2 YAMMA 2 TRUE
2621 YAMMA 2, YAMMA-2 YAMMA 21 FALSE
2622 YAMMA 21, YAMMA 2 185/1 FALSE
2623 YAMMA 21, YAMMA 2 186/3 FALSE
2624 YAMMA 21, YAMMA 2 190/1 FALSE
2625 YAMMA 21, YAMMA 2 YAMMA 21 TRUE
2626 YAMMA 21, YAMMA 2 YAMMA 22 FALSE
2627 YAMMA 22, YAMMA 2B 206/1 FALSE
2628 YAMMA 22, YAMMA 2B YAMMA 22 TRUE
2629 YAMMA 22, YAMMA 2B YAMMA 23 FALSE
2630 YAMMA 23, YAMMA 2 200/1 FALSE
2631 YAMMA 23, YAMMA 2 206/2 FALSE
2632 YAMMA 23, YAMMA 2 YAMMA 23 TRUE
2633 YAMMA 23, YAMMA 24 YAMMA 24 FALSE
2634 YAMMA 24, YAMMA 25 201/1 FALSE
2635 YAMMA 24, YAMMA 25 202/1 FALSE
2636 YAMMA 24, YAMMA 5 205/1 FALSE
2637 YAMMA 24, YAMMA 5 YAMMA 24 TRUE
2638 YAMMA 24, YAMMA 5 YAMMA 25 FALSE
2639 YAMMA 25, YAMMA 76 204/1 FALSE
2640 YAMMA 25, YAMMA 76 205/2 FALSE
2641 YAMMA 25, YAMMA 76 YAMMA 25 TRUE
2642 YAMMA 25, YAMMA 5 YAMMA 26 FALSE
2643 YAMMA 3, YAMMA-3 191/1 FALSE
2644 YAMMA 3YAMMA 31 YAMMA 3 TRUE
2645 YAMMA 3, YAMMA-B YAMMA 31 FALSE
2646 YAMMA 31, YAMMA 2 191/2 FALSE
2647 YAMMA 31, YAMMA 2 YAMMA 31 TRUE
2648 YAMMA 31, YAMMA 2 YAMMA 32 FALSE
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2649 YAMMA 32, YAMMA 3 192/1 FALSE
2650 YAMMA 32, YAMMA & YAMMA 32 TRUE
2651 YAMMA 32, YAMMA & YAMMA 33 FALSE
2652 YAMMA 33, YAMMA 3 192/2 FALSE
2653 YAMMA 33, YAMMA 3 209/1 FALSE
2654 YAMMA 33, YAMMA 34 YAMMA 33 TRUE
2655 YAMMA 33, YAMMA 34 YAMMA 34 FALSE
2656 YAMMA 34, YAMMA 35 208/1 FALSE
2657 YAMMA 34, YAMMA 35 YAMMA 34 TRUE
2658 YAMMA 24, YAMMA & YAMMA 35 FALSE
2659 YAMMA 35, ESC YAMMA 3 2006/1 FALSE
2660 YAMMA 35, ESC YAMMA 3 ESC YAMMA 3 FALSE
2661 YAMMA 35, ESC YAMMA 3 YAMMA 35 TRUE
2662 YAMMA 4, YAMMA-2 659/1 FALSE
2663 YAMMA 4, YAMMA-2 YAMMA 4 TRUE
2664 YAMMA 4, YAMMA-2 YAMMA 41 FALSE
2665 YAMMA 41, YAMMA £ 515/1 FALSE
2666 YAMMA 41, YAMMA £ YAMMA 41 TRUE
2667 YAMMA 41, YAMMA £ YAMMA 42 FALSE
2668 YAMMA 42, YAMMA 8 516/1 FALSE
2669 YAMMA 42, YAMMA 8 YAMMA 42 TRUE
2670 YAMMA 42, YAMMA 8 YAMMA 43 FALSE
2671 YAMMA 43, YAMMA 4 517/1 FALSE
2672 YAMMA 43, YAMMA 4 YAMMA 43 TRUE
2673 YAMMA 43, YAMMA 4 YAMMA 44 FALSE
2674 YAMMA 44, YAMMA 46 518/1 FALSE
2675 YAMMA4-4, YAMMA 46 519/1 FALSE
2676 YAMMA 44, YAMMA 46 YAMMA 44 TRUE
2677 YAMMA 44, YAMMA 46 YAMMA 45 FALSE
2678 YAMMA 45, YAMMA 46 521/1 FALSE
2679 YAMMA 45, YAMMA 46 YAMMA 45 TRUE
2680 YAMMA 45, YAMMA 46 YAMMA 46 FALSE
2681 YAMMA 47, ESOAMMA 4 2008/1 FALSE
2682 YAMMA 47, ESC YAMMA 4 YAMMA 47 TRUE
2683 YAMMA 1AL, YAMMA 12 YAMMA 1AL TRUE
2684 YAMMA 1AL, YAMMA 12 YAMMA 1A2 FALSE
2685 YAMMA 122, YAMMA 18 YAMMA 1A2 TRUE
2686 YAMMA 122, YAMMA 148 YAMMA 1A3 FALSE
2687 YAMMA 1A3, YAMMA 1AL 504/1 FALSE
2688 YAMMA 1A3, YAMMA 1AL 504/2 FALSE
2689 YAMMA 1A3, YAMMA 1AL YAMMA 1A3 TRUE
2690 YAMMA 1A3, YAMMA 1A YAMMA 1M FALSE
2691 YAMMA 1A, YAMMA 15 507/1 FALSE
2692 YAMMA 1A, YAMMA 15 YAMMA 1M TRUE
2693 YAMMA 1A, YAMMA 15 YAMMA 15 FALSE
2694 YAMMA 145, YAMMA 156 508/1 FALSE
2695 YAMMA 145, YAMMA 156 YAMMA 1/5 TRUE
2696 YAMMA 145, YAMMA 156 YAMMA 146 FALSE
2697 YAMMA 148, YAMMA 159 513/1 FALSE
2698 YAMMA 1A8, YAMMA 15 666/1 FALSE
2699 YAMMA 1A8, YAMMA 15 YAMMA 1A8 TRUE
2700 YAMMA 1A8, YAMMA 15 YAMMA 1/ FALSE
2701 YAMMA 19, ESC YAMMA 1A 514/1 FALSE
2702 YAMMA 1A9, ESC YAMMA 1A 514/2 FALSE
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2703 YAMMA 149, ESC YAMMA 1A ESC YAMMA 14 FALSE
2704 YAMMA 1A9, ESAMMA 1A YAMMA 1A9 TRUE
2705 YAMMA 1B, YAMMA 1B 535/1 FALSE
2706 YAMMA 1B, YAMMA 1B YAMMA 1B TRUE
2707 YAMMA 1B, YAMMA 1B YAMMA 1BL FALSE
2708 YAMMA 1BL, YAMMA 1B 537/1 FALSE
2709 YAMMA 1BL, YAMMA 1B 537/2 FALSE
2710 YAMMA 1BL, YAMMALB-2 YAMMA 1BL TRUE
2711 YAMMA 1BL, YAMMA 1B YAMMA 1R FALSE
2712 YAMMA 1B, YAMMA 18 539/1 FALSE
2713 YAMMA 1B, YAMMA 18 540/1 FALSE
2714 YAMMA 1B, YAMMA 18 YAMMA 1B TRUE
2715 YAMMA 1B, YAMMA 18 YAMMA 1B3 FALSE
2716 YAMMA1B3, ESC YAMMA 1B 541/1 FALSE
2717 YAMMA 1B3, ESC YAMMA 1B ESC YAMMA 1 FALSE
2718 YAMMA 1B3, ESC YAMMA 1B YAMMA 1B3 TRUE
2719 YAMMA 11, YAMMA 22 524/1 FALSE
2720 YAMMA 11, YAMMA 22 YAMMA 11 TRUE
2721 YAMMA 11, YAMMA 22 YAMMA 12 FALSE
2722 YAMMA 12, YAMMA 13 525/1 FALSE
2723 YAMMA 12, YAMMA 13 YAMMA 12 TRUE
2724 YAMMA 12, YAMMA 13 YAMMA 13 FALSE
2725 YAMMA 13, YAMMA 4 526/1 FALSE
2726 YAMMA 13, YAMMA 4 527/1 FALSE
2727 YAMMA 13, YAMMA 4 YAMMA 13 TRUE
2728 YAMMA1-3, YAMMA #4 YAMMA 14 FALSE
2729 YAMMA 14, YAMMA 15 527/2 FALSE
2730 YAMMA 14, YAMMA 15 YAMMA 14 TRUE
2731 YAMMA 14, YAMMA 15 YAMMA 15 FALSE
2732 YAMMA 15, YAMMA 16 529/1 FALSE
2733 YAMMA 15, YAMMA 16 530/1 FALSE
2734 YAMMA 15, YAMMAL-6 YAMMA 15 TRUE
2735 YAMMA 15, YAMMA 16 YAMMA 16 FALSE
2736 YAMMA 16, YAMMA 17 531/1 FALSE
2737 YAMMA 16, YAMMA 17 532/1 FALSE
2738 YAMMA 16, YAMMA 17 YAMMA 16 TRUE
2739 YAMMA 16, YAMMA 17 YAMMA 17 FALSE
2740 YAMMA 17, YAMMA 8 533/1 FALSE
2741 YAMMA 17, YAMMA 88 YAMMA 17 TRUE
2742 YAMMA 17, YAMMA 88 YAMMA 18 FALSE
2743 YAMMA 18, ESC YAMMA 1 533/2 FALSE
2744 YAMMA 18, ESC YAMMA 1 534/1 FALSE
2745 YAMMA 18, ESC YAMMA 1 534/2 FALSE
2746 YAMMA 18, ESC YAMMA 1 YAMMA1-8 TRUE
2996 YAMMA, YAMMA 118/3 FALSE
2997 YAMMA, YAMMA 119/2 FALSE
2998 YAMMA, YAMMA 501/1 FALSE
2999 YAMMA, YAMMA YAMMA TRUE
3000 YAMMA, YAMMA YAMMA1 FALSE
3001 YAMMA, YAMMA YAMMAL FALSE
3024 YAMMA 1A7, YAMMA1/A8 511/1 FALSE
3025 YAMMA 1A7, YAMMAL1/8 512/1 FALSE
3026 YAMMA 1A7, YAMMAL1/8 YAMMA 1A8 FALSE
3027 YAMMA 1A7, YAMMAL1/8 YAMMA1A7 TRUE
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3028 YAMMAILA, YAMMA 1A 502/1 FALSE
3029 YAMMAILA, YAMMA 1A 502/2 FALSE
3030 YAMMAILA, YAMMA 1A YAMMA 1AL FALSE
3031 YAMMAILA, YAMMA 1A YAMMA1A TRUE
3092 YAMMA 46, YAMMA 4 571/1 FALSE
3093 YAMMA 46, YAMMA 4 YAMMA 46 TRUE
3094 YAMMA 46, YAMMA 4 YAMMA 47 FALSE
3095 YAMMA 1 OFFTAKE, YAMMA 1 645/1 FALSE
3096 YAMMA 1 OFFTAKE, YAMMA 1 YAMMA 11 FALSE
3097 YAMMA 1 OFFTAKE, YAMMA 1 YAMMA 1B FALSE
3098 YAMMA 1 OFFTAKE, YAMMA 1 Y_A_MMAl_ TRUE
3099 YAMMA 1 OFFTAKE, YAMMA 1 YAMMA1A FALSE
3100 YAMMA 26, ESC YAMMA 2 209/3 FALSE
3101 YAMMA 26, ESC YAMMA 2 219/3 FALSE
3102 YAMMA 26, ESC YAMMA 2 YAMMA 26 TRUE
3103 YAMMA 146, YAMMA 14 508/2 FALSE
3104 YAMMA 146, YAMMA 14 510/1 FALSE
3105 YAMMA 16, YAMMA 14 YAMMA 1/6 TRUE
3106 YAMMA 16, YAMMA 14 YAMMA1A7 FALSE
3090 YAMMA 46, YAMMA 4 2007/1 FALSE
3091 YAMMA 46, YAMMA 4 2009/1 FALSE
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Table C.1 Detailed resultsof all gauges oPARGOON main channel during 2009/10 season

Pool Gate 1 Gate 2 Gate 3 L Seepage
Start End Priority
ID NMP | SDR | TDR | 4 Seepagel NMP | SDR | TDR| 4 Seepage| NMP | SDR| TDR | 4 Seepage (mm/hr)
2 | 7/03/2010 | 9/03/2010 13 0.67 | 0.67 | 0.61 -0.98 16 0.60 | 0.67 | 0.69 -1.20 4 -1.09
3 | 28/05/2010 | 30/05/2010 | 3 050 | 050 | 0.38 | -0.19 4 0.33 | 0.33| 0.70 -0.22 2 1.00 | 1.00 | 1.00 -0.29 3 -0.29
4 | 28/05/2010 | 30/05/2010 2 1.00 | 1.00 | 1.00 -0.86 2 1.00 | 1.00 | 1.00 -0.66 4 1.00 | 1.00 | 1.00 -0.50 1 -0.67
5 | 28/05/2010 | 30/05/2010 | 3 050 | 050 | 0.58 | -0.19 3 1.00 | 1.00 | 0.99 -0.28 5 1.00 | 1.00 | 0.90 -0.31 1 -0.29
15 | 17/04/2010 | 19/04/2010 | 8 1.00 | 1.00 | 1.00 | -1.09 8 1.00 | 1.00 | 1.00 -1.09 6 1.00 | 1.00 | 1.00 -1.13 1 -1.10
16 | 6/08/2009 | 12/08/2009 | 41 0.15 | 0.90 | 0.97 -0.80 2 -0.80
16 | 8/09/2009 | 28/09/2009 | 47 0.63 | 0.89 | 1.00 | -0.43 2 -0.43
16 | 28/09/2009 | 9/10/2009 15 093 | 093 | 1.00 | -0.62 2 -0.62
16 | 12/02/2010 | 19/02/2010| 9 0.50 | 0.88 | 0.92 -0.97 2 -0.97
16 | 26/02/2010 | 1/03/2010 8 071 | 071 | 0.86 | -0.68 2 -0.68
16 | 5/03/2010 | 8/03/2010 | 18 | 029 | 0.65 | 0.99 | -133 2 -1.33
16 | 8/03/2010 | 11/03/2010 | 14 038 | 069 | 1.00 | -0.85 2 -0.85
16 | 30/03/2010 | 12/04/2010| 17 | 081 | 0.88 | 0.98 | -0.39 2 -0.39
16 | 17/04/2010 | 23/04/2010 8 1.00 | 1.00 | 0.98 -1.51 2 -1.51
17 | 29/01/2010 | 15/02/2010| 133 | 0.26 | 0.64 | 093 | -0.92 2 -0.92
17 | 19/02/2010 | 11/03/2010 | 64 0.44 0.84 | 0.86 -0.80 2 -0.80
17 | 29/05/2010 | 28/06/2010 | 62 0.38 | 0.79 | 0.85 -0.38 2 -0.38
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Table C.2 Details of Pondage conditions in different pools of RGOON main channel during 2009/10 season

Pool ID Start Du.(hr) Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority S pondage(mm/hr) LOC NO Points| Max EL | Supply EL
2 7/03/2010 51 -0.98 UPS -1.20 4 -1.09 0.65 15 1655 1671
Pool ID Start Du.(hr) Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority S pondage(mm/hr) LOC NO Points| Max EL | Supply EL
3 28/05/2010 50 -0.19 -0.22 UPS -0.29 3 -0.29 0.69 2 1497 1707
Pool ID Start Du.(hr) Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority S pondage(mm/hr) LOC NO Points| Max EL | Supply EL
4 28/05/2010 50 -0.86 -0.66 UPS -0.50 1 -0.67 1.00 3 1607 1710
Pool ID Start Du.(hr) Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority S pondage(mm/hr) LOC NO Points| Max EL | Supply EL
5 28/05/2010 62 -0.19 -0.28 UPS -0.31 1 -0.29 0.95 4 1615 1742
Pool ID Start Du.hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority S pondage(mm/hr) LOC NO Points| Max EL | Supply EL
15 17/04/2010 53 -1.09 -1.09 UPS -1.13 1 -1.10 1.00 7 1559 1719
Pool ID Start Du.hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority S pondage(mm/hr) LOC NO Points| Max EL | Supply EL
16 6/08/2009 164 -0.80 UPS 2 -0.80 0.97 41 1636 1772
16 8/09/2009 476 -0.43 UPS 2 -0.43 1.00 a7 1594 1772
16 28/09/2009 263 -0.62 UPS 2 -0.62 1.00 15 1527 1772
16 12/02/2010 176 -0.97 UPS 2 -0.97 0.92 9 1598 1772
16 26/02/2010 71 -0.68 UPS 2 -0.68 0.86 8 1661 1772
16 5/03/2010 80 -1.33 UPS 2 -1.33 0.99 18 1645 1772
16 8/03/2010 51 -0.85 UPS 2 -0.85 1.00 14 1592 1772
16 30/03/2010 313 -0.39 UPS 2 -0.39 0.98 17 1635 1772
16 17/04/2010 151 -1.51 UPS 2 -1.51 0.98 8 1662 1772
Pool ID Start Du(hr) S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority Spondage(mm/hr) LOC NO Points| Max EL | Supply EL
17 29/01/2010 417 -0.92 UPS 2 -0.92 0.93 133 1687 1727
17 19/02/2010 478 -0.80 UPS 2 -0.80 0.86 64 1676 1727
17 29/05/2010 733 -0.38 UPS 2 -0.38 0.85 62 1595 1727
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Table C.3 Details of Pondage conditions in different pools of BOONA main channel during 2009/10 season

Pool ID Start Du(hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)] LOC | NO Points| Max EL | Supply
25 26/03/2010 61 -0.94 -0.99 UPS N.A 1 -0.96 0.98 9 1604 1661
25 29/03/2010 118 -0.23 -0.22 UPS N.A 1 -0.22 0.94 9 1550 1661
25 3/04/2010 58 -0.18 -0.17 UPS N.A 1 -0.18 0.96 4 1545 1661
25 5/04/2010 137 -0.08 -0.07 UPS N.A 1 -0.08 0.75 8 1532 1661
25 26/05/2010 58 -0.19 -0.19 UPS N.A 1 -0.19 0.98 53 1633 1661

Pool ID Start Du(hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)] LOC | NO Points| Max EL | Supply
26 6/09/2009 57 uPs -0.17 2 -0.17 1.00 3 1630 1689
26 9/09/2009 53 UPS -0.08 2 -0.08 1.00 3 1622 1689
26 23/09/2009 57 UPS -0.04 5 -0.04 0.50 3 1626 1689
26 4/10/2009 57 UPS -0.29 2 -0.29 0.96 3 1644 1689
26 26/11/2009 50 UPS -0.97 2 -0.97 1.00 2 1635 1689
26 24/12/2009 64 UPS -0.34 2 -0.34 0.96 4 1633 1689
26 4/03/2010 289 UPS -0.34 2 -0.34 0.78 13 1691 1689
26 5/04/2010 104 UPS -0.22 2 -0.22 0.99 5 1633 1689
26 11/04/2010 60 UPS -0.22 2 -0.22 0.99 3 1636 1689
26 14/04/2010 62 UPS -0.21 2 -0.21 0.98 3 1626 1689
26 24/04/2010 80 UPS -0.39 2 -0.39 0.98 4 1645 1689
26 2/05/2010 83 uPs -0.28 2 -0.28 0.87 4 1644 1689
26 6/05/2010 53 UPS -0.20 2 -0.20 1.00 2 1636 1689
26 10/05/2010 54 UPS -0.21 2 -0.21 0.90 3 1634 1689
26 14/05/2010 70 UPS -0.25 2 -0.25 1.00 3 1628 1689
26 17/05/2010 71 UPS -0.24 2 -0.24 0.98 3 1626 1689
26 20/05/2010 70 UPS -0.19 2 -0.19 0.96 4 1626 1689
26 23/05/2010 333 UPS -0.14 2 -0.14 0.92 16 1646 1689
26 6/06/2010 124 UPS -0.12 2 -0.12 0.93 5 1625 1689
26 11/06/2010 66 UPs -0.18 2 -0.18 0.98 4 1624 1689
26 14/06/2010 99 UPs -0.05 2 -0.05 0.82 4 1621 1689
26 18/06/2010 99 UPSs -0.11 2 -0.11 0.99 4 1620 1689
26 23/06/2010 155 uPs -0.12 2 -0.12 0.77 8 1626 1689
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Pool ID Start Duyhr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)] LOC | NOPaints Max EL | Supply
1 18/05/2010 253 -0.26 -0.25 UPS -0.08 3 -0.26 0.81 48 1280 1539
Pool ID Start Du(hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)| LOC | NO Points| Max EL | Supply
5 11/05/2010 48 -0.28 UPS -0.46 1 -0.37 0.94 5 1667 1774
5 28/05/2010 78 -0.24 UPS -0.18 1 -0.21 0.99 4 1629 1774
5 11/06/2010 418 -0.14 UPS -0.14 1 -0.14 0.97 27 1617 1774
Pool ID Start Du.hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)| LOC | NO Points| Max EL | Supply
7 7/09/2009 48 N.A UPS -0.63 2 -0.63 0.97 6 1502 1509
7 24/05/2010 262 N.A UPS -0.23 2 -0.23 0.89 19 1510 1509
7 9/06/2010 52 N.A UPS -0.28 2 -0.28 0.99 3 1481 1509
7 11/06/2010 434 N.A UPS -0.17 2 -0.17 0.99 28 1479 1509
Pool ID Start Du(hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)] LOC | NO Points| Max EL | Supply
8 7/09/2009 52 -0.15 UPS N.A 5 -0.15 0.54 4 1576 1747
8 24/12/2009 69 -0.36 UPS N.A 2 -0.36 0.91 6 1586 1747
8 5/02/2010 48 -0.91 UPS N.A 5 -0.91 0.90 5 1584 1747
8 6/03/2010 114 -0.52 UPS N.A 5 -0.52 0.87 11 1602 1747
8 28/03/2010 49 -0.09 UPS N.A 2 -0.09 1.00 2 1577 1747
8 9/04/2010 48 -0.54 UPSs N.A 2 -0.54 1.00 2 1576 1747
8 13/04/2010 51 -0.08 UPsS N.A 2 -0.08 1.00 2 1574 1747
8 16/04/2010 60 -0.04 UPsS N.A 2 -0.04 0.99 3 1577 1747
8 24/04/2010 69 -0.24 UPsS N.A 2 -0.24 0.87 4 1580 1747
8 1/05/2010 60 0.11 UPsS N.A 2 -0.11 0.92 5 1582 1747
8 3/05/2010 53 -0.34 UPS N.A 2 -0.34 0.93 3 1582 1747
8 7/05/2010 72 -0.06 UPsS N.A 5 -0.06 0.58 4 1580 1747
8 17/05/2010 74 -0.09 UPsS N.A 2 -0.09 0.90 4 1575 1747
8 22/05/2010 311 -0.17 UPsS N.A 2 -0.17 0.72 22 1616 1747
8 4/06/2010 51 -0.22 UPsS N.A 2 -0.22 0.99 3 1580 1747
8 6/06/2010 53 -0.19 UPsS N.A 2 -0.19 1.00 2 1578 1747
8 9/06/2010 486 -0.15 UPS N.A 2 -0.15 0.98 35 1582 1747
Pool ID Start Du.hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)] LOC | NO Points| Max EL | Supply
16 14/11/2009 58 -0.26 UPs -0.51 3 -0.51 0.55 115 1585 1676
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16 25/05/2010 79 -0.64 UPS -0.70 1 -0.67 0.95 8 1584 1676
Pool ID Start Du.hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)| LOC | NO Points| Max EL | Supply
20 6/03/2010 106 UPs -0.38 5 -0.38 0.75 14 1505 1612
Pool ID Start Dushr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)] LOC | NO Points| Max EL SUBIOW
22 28/95(%010 756 -0.22 UPS -0.21 1 -0.21 0.99 58 1552 1738
Pool ID Start Dug(hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)] LOC | NO Points| Max EL | Supply
23 9/03/2010 33 -0.69 UPS N.A 2 -0.69 0.95 4 1600 1637
23 28/05/2010 766 -0.43 UPS N.A 5 -0.43 0.74 510 1574 1637
Pool ID Start Du.hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)| LOC | NO Points| Max EL | Supply
28 4/08/2009 572 UPS -0.07 -0.07 4 -0.07 0.94 40 1408 1774
28 9/09/2009 53 UPS -0.60 -0.57 1 -0.58 0.93 5 1631 | 1774
28 4/10/2009 57 UPS -0.16 -0.16 1 -0.16 0.85 1614 1774
Table C.4 Details of Pondage conditions in different pools of BNDURE main channel(BUNDURE 1) during 2009/10 season
Pool Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)] LOC | No. Points| Max el. Supply
1 15/03/2010 53 -0.96 -1.06 UPS -1.07 1 -1.03 1.00 6 1663 1677
1 4/04/2010 75 -1.06 -1.06 UPS -1.07 1 -1.06 1.00 7 1670 1677
1 7/04/2010 235 -0.76 -0.75 UPS -0.74 1 -0.75 0.99 18 1582 1677
1 17/04/2010 187 -0.63 -0.64 UPS -0.64 1 -0.64 0.98 12 1371 1677
1 26/04/2010 76 -1.92 -1.94 UPS -1.95 1 -1.94 1.00 8 1642 1677
1 30/04/2010 675 -0.21 -0.21 UPS -0.26 1 -0.23 0.82 86 1536 1677
Pool Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)| LOC | No. Points| Max el. Supply
2 9/09/2009 148 -0.22 -0.69 UPS N.A 1 -0.46 0.73 16 1547 1770
Table C.5 Details of Pondage conditions in different pools of BNDURE main channel(BUNDURE 3) during 2009/10 season
Pool Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority S Loc | No. Max | Supply
3 21/06/2010 174 -0.34 UPS -0.36 1 -0.35 0.98 12 1199 | 1509
Pool Start Dushr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority S LOC | No. Max | Supply
4 11/1}/2909 289 -0.16 UPS -0.20 1 -0.18 0.83 33 1286 1487
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4 | 28/11/2009 | 335 -0.29 UPS -0.38 3 033 | 068 | 34 1263 | 1487
4 | 15/12/2009 | 143 -0.21 UPS -0.20 1 021 | 0.87 | 12 1315 | 1487
4 | 26/01/2010| 75 -0.20 UPS -0.15 1 -0.17 | 0.75 6 1155 | 1487
4 | 15/06/2010| 317 -0.21 UPS -0.21 1 -0.21 | 0.99 | 21 | 1274 | 1487
Pool Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority S Loc | No. Max | Supply
5 | 11/11/2009 | 143 -0.23 -0.21 -0.20 UPS -0.23 1 -0.22 | 0.99 1568 | 1735
5 | 18/11/2009 | 125 -0.28 -0.26 -0.23 UPS -0.22 1 -0.27 | 0.86 1457 | 1735
5 | 28/11/2009 | 351 -0.24 -0.23 -0.23 UPS -0.24 1 -023 | 0.98 | 18 1463 | 1735
5 | 15/12/2009| 146 -0.21 -0.22 -0.24 UPS -0.21 1 022 | 096 | 8 1461 | 1735
5 |22/01/2010| 660 -0.06 -0.17 0.14 UPS -0.16 3 -0.17 | 055 | 35 | 1342 | 1735
5 | 16/06/2010| 291 -0.18 -0.17 -0.18 UPS -0.16 1 -0.18 | 094 | 16 1558 | 1735
Pool Start Dushr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority S LOC | No. Max | Supply
6 | 28/10/2009 | 288 -1.05 -1.05 -0.88 UPS 1 -1.05 | 0.77 | 16 1612 | 1708
6 | 10/11/2009 | 167 -1.01 -1.02 -1.62 UPS 1 -1.01 | 0.80 1645 | 1708
6 | 18/11/2009| 130 -1.07 -1.08 -0.41 UPS 1 -1.07 | 0.74 1641 | 1708
6 | 28/11/2009| 368 -0.96 -0.97 -0.91 UPS 1 -0.95 | 0.96 | 32 | 1605 | 1708
6 | 15/12/2009| 154 -0.34 -0.33 -0.25 UPS 1 -0.33 | 0.95 9 1708
6 | 22/01/2010 76 -0.43 -0.47 -0.41 UPsS 1 -0.44 | 0.93 6 1708
6 | 26/01/2010| 604 -0.22 -0.22 0.01 UPsS 3 022 | 063 | 42 1708
6 | 24/05/2010 49 -0.17 -0.08 -0.40 UPS 1 -0.21 | 0.99 3 1708
6 | 28/05/2010 50 0.71 -0.62 -0.68 UPS 1 -0.67 | 1.00 2 1708
6 | 16/06/2010 | 288 -0.24 -0.25 -0.24 UPs 1 025 | 097 | 20 1708
Pool Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority S Loc | No. Max | Supply
7 | 26/06/2010 65 -0.24 -0.38 UPS -0.09 1 -0.31 | 1.00 4 1154 | 1538
Pool Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority S LOC | No. Max | Supply
8 | 23/06/2010 54 -0.10 -0.15 -0.05 N.A UPsS 0.02 3 -0.13 | 0.48 3 1109 | 1567
8 | 26/06/2010 64 -0.34 -0.29 -0.19 N.A UPsS -0.14 1 -0.25 | 0.72 4 1101 | 1567
Pool Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority S LoCc | No. Max | Supply
9 | 9/06/2010 171 -0.14 0.06 UPS -0.16 3 0.15 | 061 | 10 1014 | 1499
9 | 22/06/2010| 151 -0.15 -0.12 UPSsS -0.18 1 -0.15 | 0.86 8 1252 | 1499
Pool Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority S LOC | No. Max | Supply
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10 9/06/2010 237 -0.25 -0.25 -0.25 -0.25 -0.25 UPS -0.26 1 -0.25 0.99 14 1347 1627
10 | 22/06/2010 49 -0.22 -0.14 -0.27 -0.22 -0.23 UPS -0.26 1 022 | 0.94 4 1270 | 1627
Pool Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority S LOC NQ- MQX SUPP'V
11 | 9/06/2010 | 461 -0.50 UPS -0.50 -0.51 1 -050 | 1.00 | 38 | 1546 | 1576
Pool Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority S Loc | No. Max | Supply
12 | 11/06/2010 425 -0.15 UPS -0.10 1 -0.12 0.91 25 1311 1582
Pool Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority S LoCc | No. Max | Supply
13 | 24/09/2009 | 144 N.A UPS -0.18 2 -0.18 | 0.80 | 17 1270 | 1567
13 | 11/11/2009 | 290 N.A UPS -0.20 2 -020 | 0.98 | 28 1497 | 1567
13 | 28/11/2009 | 314 N.A UPS -0.17 2 -0.17 | 0.97 | 34 1152 | 1567
13 11/96{%010 440 N.A UPS -0.13 2 -0.13 0.98 27 1223 1567
Pool Start Dushr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority S LOC | No. Max | Supply
14 | 11/11/2009 | 289 -0.23 -0.23 -0.23 -0.26 -0.23 UPS -0.24 1 -0.24 | 097 | 15 1594 | 1764
14 | 28/11/2009 | 318 -0.19 -0.22 -0.19 -0.20 -0.21 UPS -0.22 1 020 | 0.99 | 17 1531 | 1764
14 | 15/12/2009 | 140 -0.23 -0.22 -0.20 N.A -0.23 UPS -0.22 1 022 | 0.94 9 1501 | 1764
14 | 26/01/2010 30 -0.28 N.A 0.23 N.A -0.30 UPS N.A 3 -0.29 | 0.54 3 1194 | 1764
14 15/05/2910 321 -0.16 -0.15 -0.16 -0.13 -0.17 UPS -0.17 1 -0.16 0.94 18 1397 1764
Pool Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority S LOC | No. Max | Supply
15 | 12/09/2009 636 -0.49 UPS -0.61 1 -0.55 0.87 77 1520 | 1833
15 | 14/10/2009 208 -1.13 UPS -1.13 1 -1.13 1.00 40 1621 1833
15 | 31/10/2009 58 -1.58 UPS -1.59 1 -1.58 1.00 15 1667 1833
15 5/11/2009 76 -1.59 UPS -1.57 1 -1.58 1.00 18 1677 1833
15 | 7/03/2010 37 -1.52 UPS -1.18 4 -1.35 | 0.65 8 1683 | 1833
15 | 28/05/2010 52 -0.86 UPS -0.93 1 -0.90 0.97 6 1674 | 1833
15 | 8/06/2010 489 -0.98 UPS -0.99 1 -0.99 1.00 72 1644 | 1833
Table C.6 Details of Pondage conditions in different pools of BNDURE main channel(BUNDURE 4) during 2009/10 season
Pool ID Start Du.thr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage | LOC | No. Points| Max el. | Supply
18 9/06/2010 456 -0.87 -0.88 UPS -0.88 1 -0.87 0.98 65 1619 | 1797
Pool ID Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage | LOC | No. Points| Max el. | Supply
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19 5/10/2009 56 N.A UPS -0.34 2 -0.34 0.99 3 1365 1404

19 15/03/2010 68 N.A UPS -1.14 2 -1.14 1.00 4 1385 | 1404

19 13/05/2010 67 N.A UPS -0.29 2 -0.29 1.00 3 1304 1404
Pool ID Start Duyhr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority S pon_(_jgge LOC | No. Points| Max el. SUPDW

20 17/10/2009 128 -0.05 -0.14 UPS -0.05 3 -0.10 0.50 8 1485 1652

20 13/05/2010 63 0.06 -0.01 UPS -0.12 3 -0.12 0.27 3 1481 1652

20 9/06/2010 114 -0.08 -0.04 UPS N.A 3 -0.08 0.64 6

20 19/06/2010 78 -0.06 -0.10 UPS -0.06 1 -0.07 0.93 4 1456 | 1652

20 25/06/2010 68 -0.26 -0.17 UPS 0.14 3 -0.22 0.52 4 1456 1652
Pool ID Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage | LOC | No. Points| Maxel. | Supply

21 6/10/2009 103 0.18 -0.23 UPS -0.22 3 -0.23 0.66 8 1480 1544

21 17/10/2009 415 -4.52 -0.20 UPS -0.40 3 -0.20 0.68 26 1481 1544

21 13/05/2010 48 -0.14 -0.16 uPs -0.41 1 -0.15 0.98 3 1501 1544
Pool ID Start Dushr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage | LOC | No. Points| Maxel. | Supply

22 5/10/2009 130 -1.06 UPS 2 -1.06 0.97 23 1733

22 16/10/2009 437 -0.55 UPS 2 -0.55 0.95 55

22 13/05/2010 48 -0.64 UPS 2 -0.64 0.97 4
Pool ID Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage | LOC | No. Points| Maxel. | Supply

23 20/06/2010 199 N.A UPS -0.07 2 -0.07 0.87 5 1560 1720
Pool ID Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage | LOC | No. Points| Maxel. | Supply

26 7/03/2010 59 -0.33 -0.61 UPS -0.65 1 -0.33 0.80 7 1531 1597
Pool ID Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | Spondage | LOC | No. Points| Maxel. | Supply

31 17/11/2009 188 -33.63 UPS 0.22 3 -0.22 0.61 19 1339 | 1428
Pool ID Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage | LOC | No. Points| Max el. | Supply

33 7/09/2009 288 -0.44 uPs N.A 2 -0.44 0.97 33

33 5/10/2009 150 -0.80 UPS N.A 2 -0.80 0.99 22

33 12/10/2009 68 -0.38 UPS N.A 2 -0.38 0.96 5

33 30/10/2009 165 -0.58 UPsS N.A 2 -0.58 0.99 22

33 17/11/2009 187 -0.67 UPS N.A 2 -0.67 0.89 28
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Pool Start Du(hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority S pondage LOC | No. Points| Max el. Supply
34 20/11/2009 138 N.A uPSs -0.60 2 -0.60 0.99 7 1385 1562
Pool Start Dufhr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage LOC | No. Points| Max el. Supply
35 20/11/2009 138 -0.56 UPS -0.55 1 -0.55 0.98 7 1521 1662
Pool Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage LOC | No. Points| Max el. Supply
36 26/09/2009 79 0.03 -0.11 UPS -0.27 3 -0.27 0.36 4 1414 1695
36 20/11/2009 440 -0.21 -0.21 UPS -0.21 1 -0.21 0.98 25 1577 1695
36 9/12/2009 9:03 145 -0.29 -0.24 UPS -0.17 3 -0.27 0.67 8 1246 1695
36 19/01/2010 78 -0.20 -0.32 UPS -0.07 3 -0.20 0.68 1407 1695
36 5/02/2010 447 -0.20 -0.19 UPS -0.20 1 -0.20 0.98 25 1512 1695
36 8/03/2010 52 -0.41 -0.45 UPS -0.21 1 -0.36 0.99 3 1486 1695
Pool Start Dughr) | S1(mmv/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage LOC | No. Points| Max el. Supply
39 1/09/2009 62 -1.12 -0.96 UPS N.A 1 -1.04 0.99 6 1516 1723
39 26/09/2009 190 -0.92 -0.92 UPS N.A 1 -0.92 1.00 17 1567 1723
39 5/10/2009 69 -1.63 -1.64 UPS N.A 1 -1.64 1.00 8 1561 1723
39 12/11/2009 143 -1.50 -1.40 UPS N.A 1 -1.45 1.00 17 1590 1723

39 19/01/2010 107 -1.09 -1.13 UPS N.A 1 -1.11 0.99 13
39 10/03/2010 83 -1.29 -1.22 UPS N.A 1 -1.26 0.97 10
Table C.8 Details of Pondage conditions in different pools of BNDURE main channel(BUNDURE 6) during 2009/10 season
Pool ID Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | Priority | S pondage (mm/hr) LOC No. Points Maxel. Supply el.
40 18/09/2009 | 409 -0.82 UPS -0.83 1 -0.82 0.99 59 1534 1726
40 15/10/2009 | 123 -1.32 UPsS -1.30 1 -1.31 1.00 25 1554 1726
40 24/10/2009 | 618 -0.06 UPS -0.71 3 -0.71 0.43 83 1528 1726
40 22/11/2009 | 354 -1.11 UPSs -1.04 1 -1.08 0.98 215 1561 1726
Pool ID Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | Priority | S pondage (mm/hr) LOC No. Points Max el. Supply el.
41 18/09/2009 | 427 -0.49 UPS 2 -0.49 0.89 64 1660 1700
41 15/10/2009 | 123 -0.96 UPS 2 -0.96 0.99 24 1649 1700
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41 16/03/2010 283 -0.36 UPS 2 -0.36 0.98 32 1641 1700
41 | 28/03/2010 | 210 -0.26 UPS 2 -0.26 0.98 19 1471 1700
Table C.9 Details of Pondage conditions in different pools of BNDURE main channel(BUNDURE 7) during 2009/10 season
Pool ID Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)] LOC | No. Points | Maxel. | Supply
43 28/05/2010 748 N.A -0.47 UPS -0.52 1 -0.49 0.80 55 1479 1691
Table C.10 Details of Pondage conditions in different pools of BNDURE main channel(BUNDURE 8) during 2009/10 season
Pool ID Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)| LOC | No. Points| Max el. Supply
46 27/11/2009 228 N.A N.A UPS -0.68 2 -0.68 0.98 32 1487 1670
46 12/02/2010 83 N.A N.A UPS -0.48 2 -0.48 0.99 9 1487 1670
46 3/03/2010 160 N.A N.A UPS -0.66 2 -0.66 0.93 27 1487 1670
46 22/03/2010 239 N.A N.A UPS -0.53 2 -0.53 0.96 30 1426 1670
46 7/04/2010 683 N.A N.A UPS -0.37 2 -0.37 0.88 63 1479 1670
Pool ID Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)| LOC | No. Points| Max el. Supply
47 25/03/2010 192 -1.56 UPS -1.50 1 -1.53 0.77 11 1467 1613
47 8/04/2010 2:28 702 -0.08 UPS -0.08 1 -0.08 0.90 34 1460 1613
Pool ID Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage (mm/hr)| LOC | No. Points| Maxel. Supply
48 11/09/2009 76 -1.12 N.A UPS N.A 2 -1.12 0.99 16 1456 1757
48 28/11/2009 258 -0.60 N.A UPS N.A 2 -0.60 0.98 35 1554 1757
48 3/03/2010 44 -3.98 N.A UPS N.A 2 -3.98 0.99 20 1625 1757
48 25/03/2010 202 -0.19 N.A UPS N.A 5 -0.19 0.69 27 1243 1757
49 8/04/2010 2:28 707 -0.24 N.A UPS N.A 5 -0.24 0.79 60 1332 1757
Table C.11 Details of Pondage conditions in different pools dEOLY main channel(COLY 2) during 2009/10 season
Pool ID Start Du.hr) S1(mm/hr) | S2(mm/hr) | Priority | S pondage (mm/hr) LOC No. Points Max el. Supply el.
5/08/2009 10:47 60 -0.22 UPS 2 -0.22 0.90 6 1679 1738
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1 26/08/2009 9:59 53 -0.47 UPS 2 -0.47 0.96 1681 1738
1 16/09/2009 19:50 73 -0.26 UPS 2 -0.26 0.90 6 1682 1738
1 5/03/2010 15:01 140 -0.64 UPS 5 -0.64 0.86 18 1713 1738
1 13/05/2010 21:00 57 -0.23 UPS 2 -0.23 0.99 4 1673 1738
1 20/05/2010 13:32 55 -0.17 UPS 2 -0.17 1.00 3 1671 1738
1 24/05/2010 8:11 184 -0.19 UPS 2 -0.19 0.84 12 1678 1738
Pool ID Start Du.(hr) S1(mm/hr) | S2(mm/hr) | Priority | S pondage (mm/hr) LOC No. Points Max el. Supply el.
2 13/05/2010 21:42 56 UPS -0.24 2 -0.24 0.99 5 1625 1796
2 20/05/2010 13:38 55 UPS -0.18 2 -0.18 0.83 4 1614 1796
Table C.12 Details of Pondage conditions in different pools cdEOLY main channel(COLY 3) during 2009/10 season
Pool ID Start Du.(hr) S1(mm/hr) | S2(mm/hr) | S3(mm/hr) Priority S pondage LOC No. Points Max el. Supply el.
5 24/05/2010 103 -0.32 UPS -0.40 1 -0.36 0.96 99 1522 1688
Pool ID Start Du.hr) S1(mm/hr) | S2(mm/hr) | S3(mm/hr) Priority S pondage LOC No. Points Max el. Supply el.
6 12/12/2009 55 -0.87 UPS N.A 2 -0.87 0.99 9 1608 1730
6 24/12/2009 76 -0.86 UPS N.A 2 -0.86 0.99 10 1610 1730
6 13/01/2010 60 -0.95 UPS N.A 2 -0.95 0.99 13 1612 1730
6 22/01/2010 69 -0.88 UPS N.A 2 -0.88 0.99 12 1618 1730
6 30/01/2010 50 -0.96 UPS N.A 2 -0.96 0.96 11 1623 1730
6 20/02/2010 78 -1.01 UPS N.A 2 -1.01 0.99 13 1641 1730
6 13/04/2010 552 -0.50 UPS N.A 2 -0.50 0.99 60 1540 1730
6 7/05/2010 69 -0.48 UPS N.A 2 -0.48 0.96 7 1522 1730
6 23/05/2010 131 -0.37 UPS N.A 2 -0.37 0.98 74 1512 1730
Table C.13 Details of Pondage conditions in different pools dEOLY main channel(COLY 4) during 2009/10 season
Pool ID Start Du(hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) Priority S pondage (mm/hr) LOC | No. Points| Max el. Supply
7 9/02/2010 110 -0.27 UPS N.A 2 -0.27 0.96 8 1412 1720
Pool ID Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) Priority S pondage (mm/hr) LOC | No. Points| Max el. Supply
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8 1/04/2010 66 -0.19 UPS -0.32 1 -0.25 0.89 6 1550 1664
Pool ID Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) Priority S pondage (mm/hr) LOC | No. Points| Max el. Supply
9 31/05/2010 687 -0.09 -0.43 UPS -0.51 3 -0.47 0.63 64 1322 1626
Pool ID Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) Priority S pondage (mm/hr) LOC | No. Points| Max el. Supply
10 1/Q4/%Q10 186 -0.15 -0.15 UPS -0.15 1 -0.15 0.99 69 1395 1644
10 15/05/2010 332 -0.18 -0.19 UPS -0.18 1 -0.18 0.96 76 1493 1644
Pool ID Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) Priority S pondage (mm/hr) LOC | No. Points| Max el. Supply
11 1/04/2010 280 0.07 UPS -0.21 3 -0.21 0.49 82 1173 1635
11 15/05/2010 332 0.00 UPS -0.07 4 -0.07 0.53 66 973 1635
Table C.14 Details of Pondage conditions in different pools cdEOLY main channel(COLY 5) during 2009/10 season
Pool ID Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | Priority | S pondage (mm/hr)| LOC | No. Points | Maxel. | Supply
13 24/12/2009 71 -0.52 uPsS -0.59 1 -0.56 0.93 7 1671 1636
13 4/02/2010 77 -0.79 UPS -0.76 1 0.77 0.92 10 1689 1636
Pool ID Start Du.(hr) | SI(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | Priority | S pondage (mm/hr)] LOC | No. Points | Max el. SUPD'Y
14 24/%2{?009 69 -0.16 -0.21 UPS -0.35 3 -0.35 0.55 3 1271 1528
14 6/03/2010 103 -0.42 -0.41 UPS -0.56 3 -0.49 0.64 9 1310 1528
Pool ID Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | Priority | S pondage (mm/hr)| LOC | No. Points | Maxel. | Supply
15 24/12/2009 69 -0.19 UPS -0.44 1 -0.32 0.75 6 1503 1569
15 5/03/2010 135 -0.34 UPS -0.45 4 -0.40 0.65 17 1561 1569
15 28/03/2010 48 -0.24 UPS -0.08 3 -0.24 0.48 5 1500 1569
15 23/04/2010 68 -0.25 UPS -0.34 1 -0.34 0.94 5 1498 1569
15 19/05/2010 49 N.A UPS -0.21 2 -0.21 1.00 2 1500 1569
15 23/05/2010 329 -0.19 UPS -0.19 1 -0.19 0.97 22 1515 1569
15 6/06/2010 75 -0.18 UPS -0.21 1 -0.19 0.95 5 1437 1569
15 9/06/2010 66 -0.19 UPS -0.19 1 -0.19 0.98 5 1402 1569
15 12/06/2010 49 -0.08 UPS -0.23 3 -0.23 0.59 4 1370 1569
15 20/06/2010 69 -0.17 UPs -0.16 1 -0.16 0.96 5 1265 1569
15 23/06/2010 109 -0.07 UPS -0.14 4 -0.10 0.63 6 1231 1569
Pool ID Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | Priority | S pondage (mm/hr)| LOC | No. Points | Maxel. | Supply
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16 26/11/2009 88 -0.47 -0.38 -0.07 UPS N.A 3 -0.42 0.55 7 1667
16 24/12/2009 77 -0.32 -0.09 -0.15 UPS N.A 3 -0.32 0.47 6 1667
16 6/03/2010 | 124 -0.45 -0.45 -0.48 UPS N.A 1 -0.46 0.76 13 1555 | 1667
16 15/03/2010 | 84 -0.21 -0.23 -0.23 UPS N.A 1 -0.22 0.93 7 1525 | 1667
16 28/03/2010 54 -0.22 -0.21 -0.18 UPS N.A 1 -0.20 0.96 4 1667
16 6/04/2010 74 -0.22 -0.23 -0.16 UPS N.A 1 -0.21 0.97 4 1667
16 9/04/2010 56 -0.43 -0.21 -0.16 UPS N.A 1 -0.27 0.74 3 1667
16 23/04/2010 94 -0.21 -0.26 -0.19 UPS N.A 1 -0.20 0.88 7 1667
16 19/05/2010 | 56 -0.11 N.A -0.12 UPS N.A 1 -0.11 0.98 3 1667
16 23/05/2010 | 331 -0.12 -0.10 -0.10 UPS N.A 1 -0.11 0.89 23 1667
16 6/06/2010 75 -0.14 -0.18 -0.17 UPS N.A 1 -0.16 0.94 4 1667
16 9/06/2010 66 -0.13 -0.10 -0.05 UPS N.A 1 -0.09 0.99 4 1667
16 12/06/2010 49 -0.15 -0.09 -0.14 UPS N.A 1 -0.12 1.00 2 1667
16 14/06/2010 58 0.00 0.02 -0.16 UPS N.A 3 -0.08 0.66 3 1667
16 17/06/2010 | 88 -0.13 -0.10 0.02 UPS N.A 3 -0.12 0.64 5 1667
16 20/06/2010 | 69 -0.14 -0.09 -0.12 UPS N.A 1 -0.13 0.99 4 1667
16 23/06/2010 | 109 -0.13 -0.16 -0.09 UPS N.A 3 -0.16 0.63 6 1667
Table C.15 Details of Pondage conditions in different pools dEOLY main channel(COLY 6) during 2009/10 season
Pool ID Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) Priority S pondage LOC No. Points| Maxel. | Supply el.

17 11/02/2010 183 -0.14 UPS N.A 2 -0.14 0.91 11 1598 1750

17 11/03/2010 156 -0.15 UPS N.A 5 -0.15 0.68 11 1603 1750

17 23/04/2010 96 -0.23 UPS N.A 2 -0.23 0.90 5 1614 1750

17 24/05/2010 306 -0.12 UPS N.A 2 -0.12 0.94 18 1610 1750

17 17/06/2010 119 -0.11 UPS N.A 2 0.11 0.94 7 1613 1750

17 25/06/2010 69 -0.25 UPS N.A 2 -0.25 0.96 5 1607 1750

Pool ID Start Du.thr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) Priority S pondage LOC No. Points| Maxel. | Supply el.
20 20/11/2009 453 -0.15 -0.15 UPS 3.44 3 -0.15 0.63 46 1284 1680
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20 24/12/2009 62 -0.24 -0.36 UPS -0.43 1 -0.34 0.78 1466 1680
20 4/05/2010 86 -0.23 -0.24 uPsS -0.10 1 -0.19 0.90 1466 1680
20 24/05/2010 | 306 -0.14 -0.14 UPS -0.16 1 -0.15 0.96 18 1474 1680
20 17/06/2010 119 -0.12 -0.08 UPS -0.10 1 -0.11 0.96 7 1368 1680
20 25/06/2010 69 -0.16 -0.08 UPS -0.17 3 -0.16 0.69 4 1340 1680
Pool ID Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) Priority S pondage LOC No. Points| Maxel. | Supply el.
23 30/05/2010 717 -0.09 UPS -0.09 1 -0.09 0.92 48 1351 1594
Pool ID Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) Priority S pondage LOC No. Points| Maxel. | Supply el.
24 24/05/2010 62 -0.29 UPS -0.46 1 -0.46 0.70 6 1421 1687
24 28/05/2010 52 -0.07 UPS -0.09 1 -0.09 0.72 2 1392 1687
Pool ID Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) Priority S pondage LOC No. Points| Maxel. | Supply el.
25 24/05/2010 62 -0.41 UPS -0.48 1 -0.45 0.83 4 1456 1536
25 28/05/2010 52 -0.41 UPS -0.19 1 -0.30 0.97 3 1450 1536
Pool ID Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) Priority S pondage LOC No. Points| Maxel. | Supply el.
26 24/05/2010 164 -0.21 UPS -0.23 1 -0.22 0.88 11 1494 1564
Pool ID Start Du.(hr) Gatel5 Gate25 Gate35 Gate45 Priority Seepage LOC No. Points| Maxel. | Supply el.
27 4/10/2009 54 -0.26 -0.23 UPS -0.23 1 -0.24 0.84 5 1527 1669
27 24/04/2010 57 -0.26 -0.38 UPS -0.31 1 -0.32 0.85 4 1531 1669
27 24/05/2010 179 -0.22 -0.22 UPS -0.23 1 -0.22 0.90 12 1535 1669
Pool ID Start Du(hr) Gatelb Gate25 Gate35 Gate45 Priority Seepage LOC No. Points | Maxel. | Supply el.
28 24/04/2010 107 -0.17 -0.15 -0.27 UPS 1 -0.16 0.73 7 1371 1524
28 4/05/2010 7 -0.22 -0.29 -0.20 UPS 1 -0.24 0.74 5 1368 1524
28 20/05/2010 63 -0.07 -0.15 -0.16 uPs 3 -0.07 0.40 4 1357 1524
28 23/05/2010 358 -0.12 -0.13 -0.11 UPS 1 -0.12 0.89 39 1379 1524
28 7/06/2010 102 -0.13 -0.13 -0.13 UPS 3 -0.13 0.68 6 1356 1524
28 11/06/2010 84 -0.09 -0.08 -0.14 UPS 3 -0.09 0.58 5 1358 1524
28 17/06/2010 115 -0.11 -0.10 -0.07 UPS 3 -0.10 0.61 7 1360 1524
28 22/06/2010 73 -0.07 -0.14 0.00 UPS 3 -0.11 0.54 5 1359 1524
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Table C.16 Details of Pondage conditions in different pools cEOLY main channel(COLY 7) during 2009/10 season

Pool Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | Priority | S pondage| LOC | No. Points | Max el. Supply
29 7/03/2010 57 -0.75 -0.85 UPS -1.09 1 -0.92 0.76 5 1667 1655
Pool Start Duhr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mmihr) | S5(mm/hr) | S6(mm/hr) | Priority | S pondage| LOC | No. Points | Maxel. | Supply
30 | 4/02/2010 55 -0.64 UPS -0.41 4 -0.52 0.58 6 1606 1652
30 | 24/04/2010 53 -0.29 UPS 0.12 3 -0.29 0.76 3 1613 1652
Pool Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | Priority | S pondage| LOC | No. Points | Max el. Supply
31 22/11/2009 89 -0.13 -0.19 -0.10 -0.11 UPS -0.08 3 -0.16 0.64 6 1442 1671
31 | 21/02/2010 91 -0.28 -0.25 -0.22 -0.33 uPsS -0.22 1 -0.26 0.88 7 1450 1671
Pool Start Duf(hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | Priority | S pondage| LOC | No. Points| Maxel. | Supply
32 | 11/05/2010 67 -1.68 N.A UPS -1.68 1 -1.68 0.99 10 1503 1521
Pool Start Du(hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | Priority | S pondage| LOC | No. Points| Maxel. | Supply
33 | 23/04/2010 79 -0.20 UPS N.A 2 -0.20 0.91 4 1575 1672

33 | 11/05/2010 429 -0.08 UPS N.A 2 -0.08 0.93 81
Table C.17 Details of Pondage conditions in different pools dEOLY main channel(COLY 8) during 2009/10 season

Pool ID Start Du(hr) S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | Priority | S pondage (mm/hr) LOC No. Points | Maxel. | Supply
34 4/03/2010 21:14 180 -0.57 UPS -0.54 1 -0.56 0.76 24 1386 1538
34 15/03/2010 8:58 71 -0.47 UPS -0.47 1 -0.47 0.99 8 1333 1538
34 24/05/2010 18:22 63 -0.42 UPS -0.58 1 -0.50 0.85 3 1311 1538
34 28/05/2010 21:48 64 -0.34 UPS -0.23 1 -0.29 0.84 5 1315 1538

Pool ID Start Du(hr) S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | Priority | S pondage (mm/hr) LOC No. Points | Maxel. | Supply
35 9/09/2009 14:19 57 UPS -0.25 2 -0.25 0.92 3 1558 1627
35 24/05/2010 18:16 278 UPS -0.15 2 -0.15 0.93 18 1412 1627
35 9/06/2010 7:27 290 UPS -0.12 2 -0.12 0.83 19 1257 1627

Pool ID Start Du.(hr) S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | Priority | S pondage (mm/hr) LOC No. Points | Maxel. | Supply
39 5/03/2010 10:12 143 UPS -0.62 2 -0.62 0.82 7 1676 1706
39 15/03/2010 9:13 55 UPS -0.40 2 -0.40 1.00 4 1608 1706
39 24/05/2010 18:22 63 UPS -0.29 5 -0.29 0.67 5 1610 1706
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39 | 28/05/2010 21:48| 64 UPS -0.24 2 -0.24 | 0.4 5 | 1607 | 1706 |
Table C.18 Details of Pondage conditions in different pools dEOLY main channel(COLY 9) during 2009/10 season
Pool Start Dufhr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority S Loc| No. | Max | Supply
42 | 9/10/2009 116 -0.39 -0.42 UPS -0.39 1 -0.40 | 0.89| 14 1721 | 1860
42 | 27/10/2009 73 -0.34 -0.29 UPS -0.33 1 -0.32 | 0.88| 10 1714 | 1860
Pool Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority S LoCc| No. Max | Supply
43 | 10/10/2009 | 214 -0.11 UPS -0.13 1 -0.12 | 0.75| 17 | 1645| 1676
43 | 27/10/2009 | 244 -0.16 UPS -0.17 1 -0.16 | 0.92| 24 | 1694| 1676
Pool Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority S Loc| No. Max | Supply
44 | 24/09/2009 | 176 -0.40 UPS N.A 5 -0.40 | 0.60| 41 1690
44 | 10/10/2009 | 214 -0.43 UPS N.A 2 043 | 0.76| 34 | 1425| 1690
44 | 6/05/2010 | 458 -0.19 UPS N.A 2 -0.19 | 0.89| 34 1690
44 | 7/06/2010 | 510 -0.10 UPS N.A 2 -0.10 | 0.76| 25 1690
Pool Start Du.hr) | SI(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority S Loc| No. Max | Supply
45 | 25/05/2010 | 67 -0.27 UPS -0.27 1 027 |[1.00| 60 |1591| 1664
Pool Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority S Loc| No. | Max | Supply
46 | 25/05/2010 68 -0.36 0.02 UPS -0.36 3 -0.36 | 0.67| 50 1600 | 1686
Pool Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority S Loc| No. Max | Supply
48 | 31/05/2010 | 203 -0.31 -0.16 -0.41 -0.34 -0.30 UPS -0.32 -0.32 1 -0.33 | 0.75| 12 1287 | 1621
Pool Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority S Loc| No. | Max | Supply
49 | 25/05/2010 74 -0.21 UPS -0.30 3 -0.30 | 0.57| 58 1599 | 1729
Pool Start Du(hr) [ S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority S Loc| No. | Max | Supply
50 | 25/05/2010| 68 -0.29 -0.27 UPS -0.28 1 028 | 0.84| 36 |1526| 1747
Pool Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority S Loc| No. Max | Supply
51 | 20/08/2009 93 -0.21 UPS -0.20 1 -0.21 | 0.74| 10 1356 | 1674
51 | 31/05/2010 | 666 -0.25 UPS -0.25 1 -0.25 | 1.00| 33 1554 | 1674
Pool Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority S Loc| No. | Max | Supply
53 | 31/05/2010 | 192 -0.39 -0.43 UPS -0.39 1 040 |[1.00| 9 |1497| 1724
Pool Start Duhr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority S Loc| No. | Max | Supply
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54 | 3/04/2010 42 -0.39 UPs -0.29 1 034 |098| 4 1538 | 1562
54 | 5/04/2010 54 -0.26 UPS -0.27 1 026 |096| 4 1458 | 1562
Pool Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority S Loc| No. | Max | Supply

55 | 19/09/2009 | 417 -0.13 UPS N.A 5 -0.13 | 0.52| 865 | 1399
55 | 9/02/2010 86 -0.64 UPS N.A 2 064 | 098] 9 1481
55 | 18/02/2010| 111 -0.98 UPS N.A 2 098 |096| 18 | 1591
55 | 23/02/2010| 235 -0.23 UPS N.A 5 023 |086| 27 | 1451
55 | 1/04/2010 | 285 -0.55 UPS N.A 5 -055 | 0.99| 527 | 1459
55 | 16/04/2010 | 101 -0.71 UPsS N.A 2 071 |099| 14 | 1536
55 | 30/04/2010 | 417 -0.44 UPsS N.A 2 044 |098| 38 | 1457
55 | 1/06/2010 | 142 -0.40 UPS N.A 2 040 | 099| 12 | 1444
55 | 13/06/2010 | 236 -0.48 UPS N.A 2 048 | 086| 26 | 1451
Pool Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority S LOC| No. Max | Supply
56 | 31/03/2010 | 68 -0.26 UPS -0.22 1 024 |082| 7 1461 | 1507
56 | 3/04/2010 48 -0.33 UPS -0.11 3 033 |065| 4 1453 | 1507
56 | 5/04/2010 95 -0.30 UPS -0.13 4 021 |071] 8 1453 | 1507
56 | 10/04/2010 | 59 -0.42 UPS -0.36 1 039 | 098| 4 |1452| 1507
Pool Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mmihr) | Priority S Loc| No. | Max | Supply
57 | 5/06/2010 | 439 0.01 -0.07 0.04 UPsS -0.05 3 -0.05 |032| 25 |1217| 1605
Pool Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority S Loc| No. Max | Supply
59 | 22/04/2010| 79 0.05 -0.08 -0.16 -0.12 UPS -0.16 3 014 |038| 6 1702 | 1913
Pool Start Duhr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority S Loc| No. | Max | Supply
60 | 23/04/2010 | 68 -0.32 -0.34 UPsS -0.21 1 029 |089| 6 1692 | 1789
60 | 30/05/2010 | 114 -0.23 -0.12 UPsS -0.12 3 -0.18 |060| 5 1696 | 1789
60 | 12/06/2010| 55 -0.47 -0.43 UPsS -0.42 1 044 |099| 4 1693 | 1789
Pool Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority S Loc| No. Max | Supply
61 | 1/04/2010 | 285 -0.06 -0.18 -0.18 -0.18 UPS 1 -0.18 |0.74| 17 | 1723| 1883
61 | 30/04/2010| 117 0.37 -0.16 -0.18 -0.17 UPS 3 017 |066| 7 1724 | 1883
61 | 1/06/2010 99 N.A -0.05 N.A -0.04 UPS 1 -0.04 |088| 5 1719 | 1883
61 | 13/06/2010| 93 -4.07 -0.18 -0.11 -0.19 UPS 1 -1.14 | 0.95 4 1726 | 1883
61 | 17/06/2010 | 117 N.A -0.13 N.A -0.13 UPS 1 -0.13 | 0.94 7 1709 | 1883
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Pool Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority Loc| No. Max | Supply
62 | 6/04/2010 | 60 -1.02 -0.24 UPS -0.26 1 -025 |0.88| 4 |1402| 1745
62 | 12/04/2010 | 174 0.13 0.01 UPS -0.32 3 -032 | 032| 8 |1282| 1745
62 | 28/05/2010 | 67 N.A -0.31 UPS N.A 2 -031 | 1.00| 2

Pool Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | S8(mm/hr) | Priority LOC| No. Max | Supply
63 | 2/11/2009 54 N.A -1.55 UPS -0.66 1 -1.10 | 0.77 8 1356 | 1935
63 | 13/11/2009 49 N.A -0.82 UPS 0.24 3 -0.82 | 0.47 8 1322 | 1935
63 | 18/12/2009 | 93 N.A -0.70 UPS -0.17 1 -0.44 | 1.00| 8 |1524| 1935
63 | 4/03/2010 | 133 N.A -0.82 UPS N.A 2 -082 | 0.79| 12 | 1315| 1935
63 | 15/03/2010 | 103 N.A -0.57 UPS -0.58 1 -058 | 0.99| 8 |1619| 1935
63 | 6/04/2010 60 N.A -0.38 UPS N.A 2 -0.38 | 0.92 6 1935
63 | 12/04/2010 | 174 N.A -0.42 UPS -0.39 1 -0.41 |1.00| 10 | 1400| 1935
63 | 22/04/2010 89 N.A -0.38 UPS -1.03 1 -0.70 | 0.97 5 1501 | 1935

Table C.19 Details of Pondage conditions in different pools cdEOLY main channel(COLY 10) during 2009/10 season
Pool Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | Priority S pondage LOC No. Max | Supply
67 6/05/2010 72 -0.47 -0.47 UPS -0.45 1 -0.46 1.00 5 1511 | 1511
Pool Start Du(hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | Priority S pondage LOC No. Max | Supply
68 24/05/2010 67 UPS -0.49 2 -0.49 0.92 6 1568 | 1680
Pool Start Du(hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | Priority S pondage LOC No. Max | Supply
69 20/05/2010 56 -0.34 -0.32 -0.27 UPS -0.30 1 -0.31 0.98 3 1356 | 1499
69 24/05/2010 67 -0.40 -0.38 -0.42 UPS -0.50 1 -0.42 0.91 4 1335 | 1499
Table C.20 Details of Pondage conditions in different pools dOLY main channel(COLY 11) during 2009/10season
Pool ID Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage| LOC | No. Points | Maxel. | Supply el.
71 2/06/2010 349 N.A UPS -0.09 2 -0.09 0.90 17 913 1680
Pool ID Start Du.(thr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | Spondage| LOC | No. Points | Max el. | Supply el.
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72 23/04/2010 55 -0.24 UPS -0.33 1 -0.29 0.75 3 1600 1687
Pool ID Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage| LOC | No. Points | Max el. | Supply el.
73 | 22/08/2009 | 50 N.A N.A UPS -0.31 2 -0.31 0.96 6 1383 1591
73 | 23/04/2010 | 55 N.A N.A UPS -0.69 2 -0.69 0.97 5 1390 1591
Pool ID Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage| LOC | No. Points | Max el. | Supply el.
74 26/11/2009 64 N.A N.A UPS -0.48 2 -0.48 0.74 7 1595 1642
74 15/02/2010 82 N.A N.A UPS -0.37 2 -0.37 0.95 7 1564 1642
75 | 23/04/2010 56 N.A N.A uPsS -0.40 2 -0.40 0.93 3 1570 1642
75 | 26/05/2010 | 193 N.A N.A UPS -0.27 2 -0.27 0.99 12 1556 1642
Pool ID Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage| LOC | No. Points | Maxel. | Supply el.
75 | 23/04/2010 | 53 -0.52 UPS -0.34 1 -0.43 0.97 3 1392 1511
75 | 23/05/2010 | 255 -0.19 UPS -0.23 1 -0.21 0.91 16 1413 1511
Pool ID Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage| LOC | No. Points | Max el. | Supply el.
76 | 23/04/2010 59 -0.51 UPsS -0.23 1 -0.37 0.89 3 1527 1572
76 | 23/05/2010 | 309 -0.12 UPS -0.14 1 -0.13 0.88 18 1549 1572
76 | 12/06/2010 | 111 -0.06 UPS -0.06 1 -0.06 0.84 6 1071 1572
Pool ID Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage| LOC | No. Points | Maxel. | Supply el.
77 24/05/2010 64 -0.28 N.A UPS -0.42 1 -0.35 0.77 4 1463 1761
77 28/05/2010 65 -0.23 N.A UPS -0.38 4 -0.31 0.52 4 1453 1761
Pool ID Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage| LOC | No. Points | Maxel. | Supply el.
78 24/05/2010 64 -0.45 UPS -0.56 N.A 1 -0.50 0.92 3 1465 1701
78 28/05/2010 65 -0.49 UPS -0.36 N.A 1 -0.43 0.98 3 1463 1701
Pool ID Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | Priority | S pondage| LOC | No. Points | Max el. | Supply el.
79 14/05/2010 | 341 -0.20 UPsS 5 -0.20 0.70 76 1410 1623
Table C.21 Details of Pondage conditions in different pools dIAIN CANAL during 2009/10 season
Pool Start Du(hr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority | S pondage | LOC No. Max | Supply
3 | 24/09/20 56 0.00 N.A -0.42 UPs -0.46 4 -0.44 0.55 14 | 1516 | 1621
3 | 4/10/200 82 -0.37 N.A -0.36 UPs -0.33 1 -0.35 0.93 7 1515 | 1621
Pool Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority | Spondage | LOC | No. | Max | Supply
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4 14/05/20 65 -0.12 UPS -0.12 1 -0.12 0.95 4 1424 | 1608
4 | 28/05/20 103 -0.26 uPsS -0.32 1 -0.29 0.89 6 1424 | 1608
4 | 26/06/20 56 -0.14 UPS -0.04 1 -0.09 1.00 3 1414 | 1608
Pool Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority | S pondage | LOC | No. Max | Supply
6 23/09/29 334 N.A -1.42 UPS -1.39 1 -1.41 0.80 77 1349 | 1489
6 14/10/20 208 N.A -1.37 UPS -1.40 1 -1.38 0.88 44 1170 | 1489
Pool Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority | S pondage | LOC No. Max | Supply
7 | 23/09/20 370 UPsS -0.08 5 -0.08 0.86 36 | 1594 | 1783
7 | 12/10/20 264 UPS -0.06 5 -0.06 0.68 26 | 1582 | 1783
7 | 24/05/20 232 UPS -0.24 2 -0.24 0.81 18 | 1635 | 1783
Pool Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority | Spondage | LOC | No. | Max | Supply
8 26/09/20 333 UPS -0.19 2 -0.19 0.97 36 1582 | 1753
8 10/10/20 299 UPS -0.19 2 -0.19 0.94 33 1577 | 1753
8 | 24/05/20 230 uPs -0.19 2 -0.19 0.95 14 | 1594 | 1753
Pool Start Dufhr) | Si(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority | Spondage | LOC | No. | Max | Supply
9 | 26/09/20 656 UPS -0.09 5 -0.09 0.89 73 | 1528 | 1747
Pool Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mmihr) | Priority | Spondage | LOC | No. | Max | Supply
16 | 11/09/20 95 -2.15 UPS 2 -2.15 0.99 28
16 | 24/05/20 70 -0.60 UPS 2 -0.60 0.87
16 28/05/20 52 -0.11 UPS 2 -0.11 1.00
Pool Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority | S pondage | LOC No. Max | Supply
11 17/06/20 275 -0.26 -0.23 -0.26 -0.25 UPS -0.27 1 -0.25 0.97 19 1239 | 1554
Pool Start Dughr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority | Spondage | LOC | No. | Max | Supply
14 | 3/10/200 100 N.A -0.66 UPS -0.68 1 -0.67 0.85 23 1363 | 1590
Pool Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority | S pondage | LOC | No. Max | Supply
15 4/10/200 81 N.A -0.27 -0.31 UPS 3 -0.31 0.62 10 1265 | 1622
Pool Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | S7(mm/hr) | Priority | S pondage | LOC No. Max | Supply
22 | 27/05/20 118 -0.84 -0.83 UPS 1 -0.84 0.99 10
22 | 1/06/201 653 -0.80 -0.57 UPS 1 -0.68 0.93 56
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Table C.22 Details of Pondage conditions in different pools cfUBBO main channelduring 2009/10 season

Pool Start Du(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | Priority | S pondage | LOC No. Max el. Supply
10 4/11/2009 57 -0.23 -0.69 -0.64 UPS 1 -0.66 0.80 7 1641
10 | 10/12/2009 70 -0.68 -0.65 0.71 UPS 1 -0.68 0.99 8 1662
10 | 23/12/2009 24 -0.83 -0.60 N.A UPS 1 -0.72 0.94 4 1664
10 | 24/12/2009 65 -0.70 -0.63 -0.63 UPS 1 -0.65 0.94 8
10 3/01/2010 77 -0.72 -0.69 -0.74 UPS 1 -0.72 0.99 8
10 | 11/01/2010 85 -0.82 -0.76 -0.80 UPS 1 -0.79 0.99 10 1687
10 | 18/01/2010 61 -0.61 -0.60 -0.64 UPS 1 -0.62 0.98 7
10 | 25/01/2010 93 -0.71 -0.69 0.71 UPS 1 -0.70 1.00 11
10 3/02/2010 128 -0.71 -0.70 -0.68 UPS 1 -0.70 0.97 14
10 16/02/2010 78 -0.73 -0.64 -0.72 UPS 1 -0.70 0.99 11
10 | 26/02/2010 | 121 -0.62 -0.63 -0.65 UPS 1 -0.63 0.96 14
10 | 16/03/2010 85 -0.62 -0.60 -0.64 UPS 1 -0.62 1.00 8
10 | 21/05/2010 | 189 -0.38 -0.37 -0.37 UPS 1 -0.38 0.99 93
Pool Start Du.hr) [ S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | Priority | S pondage LOC No. Max el. SUIQD'Y
11 | 22/05/2010 91 -0.82 -1.20 -1.22 -1.08 UPsS -1.11 1 -1.15 0.96 12 1358 1340
11 | 27/05/2010 91 -0.65 -0.51 -0.51 -0.51 UPS -0.49 1 -0.51 0.87 7 1248 1340
11 | 10/06/2010 69 0.04 -0.15 0.07 0.06 UPS -0.20 3 -0.17 0.39 4 1154 1340
11 18/06/2010 49 0.02 0.00 0.05 0.05 UPs 0.14 3 0.14 0.20 2 1154 1340
Pool Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | Priority | S pondage | LOC | No. Max el. Supply
2 23/10/2009 | 140 -0.25 -0.32 UPS -0.23 1 -0.27 0.87 10 1555 1732
2 2/11/2009 434 -0.18 -0.18 UPS -0.20 1 -0.19 0.94 32 1513 1732
2 26/11/2009 | 433 -0.31 -0.32 UPS -0.33 1 -0.32 0.96 30 1627 1732
2 18/12/2009 78 -0.19 -0.23 UPS -0.14 1 -0.19 0.85 5 1365 1732
2 23/12/2009 | 163 -0.26 -0.26 uPs -0.26 1 -0.26 0.86 12 1375 1732
2 2/01/2010 74 -0.54 -0.47 UPS -0.31 1 -0.44 0.99 5 1539 1732
2 11/01/2010 55 -0.75 -0.64 UPS -0.76 1 -0.72 0.99 5 1598 1732
2 20/01/2010 97 -0.90 -0.89 UPS -0.95 1 -0.91 0.99 10 1668 1732
2 28/01/2010 | 136 -0.41 -0.47 UPS -0.40 1 -0.43 0.95 11 1583 1732
2 27/05/2010 36 -0.25 -0.25 UPS -0.25 1 -0.25 0.98 45 1622 1732
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Pool Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | Priority | S pondage | LOC | No. Maxel. | Supply
4 19/05/2010 | 176 -0.25 N.A uPsS 2 -0.25 0.89 14 1544
4 28/05/2010 | 762 -0.31 N.A UPS 2 -0.31 0.99 64 1619
Pool Start Dushr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mmy/hr) | Priority | S pondage | LoC | No. Max el. | Supply
5 12/10/2009 87 N.A -2.55 UPS -2.67 1 -2.61 0.99 19 1451 1492
5 16/10/2009 136 N.A -2.23 UPS -2.25 1 -2.24 0.99 24 1277 1492
Pool Start Du.(hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | Priority | S pondage | LOC | No. Maxel. | Supply
6 24/05/2010 | 68 0.08 -0.02 uPsS -0.33 3 -0.33 1.00 2 1307 1503
Pool Start Du.hr) | S1(mm/hr) | S2(mm/hr) | S3(mm/hr) | S4(mm/hr) | S5(mm/hr) | S6(mm/hr) | Priority | S pondage | LOC No. Max el. Supply
9 25/06/2010 59 -0.08 -0.36 -0.43 UPS -0.53 1 -0.35 0.87 3 1396 1564
Table C.23 Details of Pondage conditions in different pools of AMMA main channel during 2009/10 season
Pool ID Start Dufhr) | Siem/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Max el. | Supply
1 6/04/201 50 -0.87 UPS -0.86 1 -0.87 1.00 5 1655 1738
1 24/05/20 192 -0.61 UPS -0.61 1 -0.61 0.98 13 1651 1738
Pool ID Start Dushr) | SL(mm/hr | SAmm/hr | Sgmm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Max el. | Supply
3 23/09/20 50 -0.29 0.09 UPS -0.23 3 -0.26 0.48 5 1517 1704
3 5/04/201 59 -0.55 -0.48 UPS -0.48 1 -0.50 0.96 5 1533 1704
3 25/05/20 164 -0.23 -0.20 UPS -0.21 1 -0.22 0.82 10 1514 1704
Pool ID Start Du(hr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Maxel. | Supply
4 5/04/201 57 -0.18 UPS -0.18 1 -0.18 0.84 4 1595 1705
4 25/05/20 89 -0.20 UPS -0.20 1 020 | 0.72 7 1607 1705
4 28/05/20 69 -0.28 UPS -0.14 1 -0.21 0.95 4 1599 1705
Pool ID Start Du.(hr) | SYmm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Max el. | Supply
5 28/05/20 69 -0.45 N.A UPS -0.40 1 -0.19 0.84 7 1334 1633
Pool ID Start Du(hr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Maxel. | Supply
6 28/05/20 288 N.A N.A UPS -0.53 2 -0.53 0.99 28 1518 1691
Pool ID Start Du.(hr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC | No. Points| Max el. | Supply
7 19/05/20 501 N.A UPS -0.08 2 -0.08 0.81 33 1443 1631
Pool ID Start Du/(hr) | SYmm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Max el. | Supply
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8 19/05/20 502 -0.51 -0.44 -0.51 UPsS 1 -0.49 0.98 29
Pool ID Start Dufhr) | SL(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Max el. | Supply
13 30/09/20 138 N.A UPS -0.90 2 -0.90 0.97 21 1447 1571
Pool ID Start Du(hr) | SY(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Max el. | Supply
14 28/05/20 61 -0.49 -0.56 UPS -0.59 1 -0.53 0.99 3
Pool ID Start Du(hr) | SL(mm/hr | SAmm/hr | Sgmm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Max el. | Supply
15 17/05/20 44 -0.20 -0.22 -0.14 UPS 1 -0.17 0.96 4 1465 1522
15 28/05/20 88 -0.31 -0.34 -0.33 UPS 1 -0.33 0.93 5 1467 1522
Pool ID Start Du(hr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Maxel. | Supply
16 29/08/20 122 N.A -0.09 UPS -0.09 1 -0.09 0.80 10 1631 1920
16 10/10/20 146 N.A -0.22 UPS -0.23 1 -0.23 0.83 15 1661 1920
16 22/01/20 62 N.A -0.65 UPS -0.63 1 -0.64 0.86 10 1580 1920
Pool ID Start Dushr) [ SL(mm/hr | SAmm/hr | Sgmm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Max el. | Supply
20 23/04/20 201 -0.50 -0.54 UPS -0.57 1 -0.54 0.98 12 1568 1621
20 21/05/20 451 -0.34 -0.35 UPS -0.35 1 -0.35 0.99 25 1458 1621
Pool ID Start Du(hr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Maxel. | Supply
21 21/04/20 487 -0.39 N.A UPS 2 -0.39 0.97 48 1575
21 12/05/20 661 -0.43 N.A UPsS 2 -0.43 0.95 63 1540
Pool ID Start Du(hr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SSmm/hr | Priority | S pondage| LOC | No. Points| Maxel. | Supply
22 28/05/20 64 -0.44 UPS -0.49 1 -0.46 0.94 3 1547 1700
22 7/06/201 515 -0.09 UPS 0.02 3 -0.09 0.49 25 1246 1700
Pool ID Start Du(hr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Maxel. | Supply
23 28/05/20 64 N.A -0.26 -0.46 UPs -0.43 1 -0.39 0.94 4 1658 1827
23 10/06/20 443 N.A -0.11 -0.12 UPs -0.11 1 -0.11 0.87 29 1524 1827
Pool ID Start Duhr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SSmm/hr | Priority | S pondage| LOC| No. Points| Maxel. | Supply
24 26/11/20 48 N.A UPS -0.67 2 -0.67 0.96 6 1490 1651
24 6/03/201 57 N.A UPS -0.95 5 -0.95 0.69 9 1503 1651
24 28/05/20 62 N.A UPs -0.46 2 -0.46 0.81 5 1483 1651
24 10/06/20 457 N.A uPs -0.20 2 -0.20 0.99 34 1368 1651
Pool ID Start Duyhr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SSmm/hr | Priority | S pondage| LOC| No. Points| Maxel. | Supply
25 26/11/20 48 N.A N.A UPS -0.76 2 -0.76 0.95 6 1486 1528
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25 6/03/201 64 N.A N.A UPs -0.78 2 -0.78 0.80 8 1490 1528
25 28/05/20 62 N.A N.A UPS -0.47 2 -0.47 0.80 5 1478 1528
Pool ID Start Du(hr) | SL(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | S§mm/hr | Priority | S pondage| LOC | No. Points| Max el. | Supply
26 26/11/20 53 N.A -0.66 -0.56 UPsS -0.55 1 -0.59 0.76 7 1435 1645
26 28/05/20 65 N.A -0.65 -0.66 UPS -0.56 1 -0.62 0.93 5 1413 1645
Pool ID Start Du(hr) | SL(mm/hr | SAmm/hr | Sgmm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Max el. | Supply
27 26/11/20 53 N.A -0.80 UPS -0.78 1 -0.79 0.85 8 1614 1739
27 7/03/201 87 N.A -0.57 UPS -0.48 3 -0.52 0.68 12 1628 1739
27 18/05/20 488 N.A -0.27 UPsS -0.27 1 -0.27 0.99 37 1575 1739
Pool ID Start Du(hr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Maxel. | Supply

28 26/11/20 97 N.A -0.52 UPS 2 -0.52 0.85 5
28 27/01/20 71 N.A -0.33 UPS 2 -0.33 0.99 3
28 4/03/201 151 N.A -0.31 UPS 5 -0.31 0.60 12
Pool ID Start Dughr) [ SYmm/hr | SAmm/hr | SImm/hr | S4(mmy/hr) | SEmm/hr | Priority | S pondage| LOC | No. Points| Max el. | Supply
29 23/09/20 294 -0.62 UPS -0.60 1 -0.61 0.98 46 1462 1463
29 7/10/200 180 -0.57 UPS -0.57 1 -0.57 0.98 27 1490 1463
29 24/05/20 100 -1.47 UPS -1.40 1 -1.43 0.93 16 1439 1463
29 28/05/20 55 -0.90 UPS -0.87 1 -0.89 0.94 5 1342 1463
Pool ID Start Du(hr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SSmm/hr | Priority | S pondage| LOC | No. Points| Maxel. | Supply
30 23/09/20 296 -0.39 UPS -0.40 1 -0.40 0.91 37 1466 1732
30 7110/200 180 -0.16 UPS -0.27 1 -0.21 0.90 23 1391 1732
30 24/05/20 93 -0.40 UPS -0.33 1 -0.36 0.76 8 1555 1732
30 28/05/20 52 -0.49 UPS -0.90 1 -0.70 0.99 3 1539 1732
Pool ID Start Duhr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SSmm/hr | Priority | S pondage| LOC| No. Points| Maxel. | Supply
31 24/05/20 93 -0.32 UPS -0.35 1 -0.35 0.82 7 1598 1743
Pool ID Start Du.(hr) | SYmm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC | No. Points| Max el. | Supply
32 25/09/20 573 N.A N.A UPS -0.40 2 -0.40 0.99 84 1418 1571
32 24/05/20 248 N.A N.A UPS -0.19 2 -0.19 0.83 17 1398 1571
32 25/06/20 82 N.A N.A UPs -0.24 5 -0.24 0.54 8 1122 1571
Pool ID Start Duyhr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SSmm/hr | Priority | S pondage| LOC| No. Points| Maxel. | Supply
33 25/09/20 587 N.A uPs -0.13 5 -0.13 0.95 55 1503 1831
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33 22/10/20 148 N.A UPS -0.13 2 -0.13 0.85 12 1443 1831
33 27/11/20 2 N.A UPS -62.56 2 62.56 | 0.98 4 1681 1831
33 29/11/20 146 N.A UPS -0.14 2 -0.14 0.91 12 1686 1831
33 19/12/20 58 N.A UPS -0.35 5 -0.35 0.98 5 1653 1831
33 7/02/201 81 N.A UPS -0.35 5 -0.35 0.61 10 1688 1831
33 14/02/20 68 N.A UPS -0.19 2 -0.19 0.98 5 1657 1831
33 1/03/201 165 N.A UPS -0.16 5 -0.16 0.63 20 1683 1831
33 15/03/20 61 N.A UPS -0.84 2 -0.84 0.99 10 1689 1831
33 28/05/20 70 N.A UPS -0.39 2 -0.39 0.93 3 1653 1831
33 25/06/20 66 N.A UPS -0.22 2 -0.22 0.87 3 1636 1831
Pool ID Start Du(hr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Maxel. | Supply
34 27111120 287 -0.03 N.A UPS 5 -0.03 0.57 342 1705
34 24/05/20 81 -0.36 N.A UPS 2 -0.36 0.82 5 1601 1705
34 28/05/20 70 -0.26 N.A UPS 2 -0.26 0.99 3 1602 1705
34 25/06/20 66 -0.39 N.A UPS 2 -0.39 0.95 5 1612 1705
Pool ID Start Du(hr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Maxel. | Supply
39 7/03/201 76 -0.53 N.A UPS -0.49 1 -0.49 0.74 9 1410 1564
39 17/03/20 71 0.31 N.A UPS -0.30 1 -0.30 0.99 5 1397 1564
Pool ID Start Du(hr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SSmm/hr | Priority | S pondage| LOC | No. Points| Maxel. | Supply
40 4/03/201 49 -0.29 UPS -0.44 1 -0.29 0.74 2 1533 1780
40 29/03/20 55 0.00 UPS -0.49 3 0.00 0.68 2 1573 1780
40 23/04/20 57 -0.44 UPS -0.15 3 -0.44 0.53 3 1586 1780
Pool ID Start Du(hr) | SI(mm/hr | SAmm/hr | SImm/hr | S4(mm/hr) | SEmm/hr | Priority | S pondage| LOC| No. Points| Maxel. | Supply
42 7/09/200 60 -0.38 UPS 2 -0.38 0.99 7 1628 1686
42 18/01/20 273 -0.96 UPS 5 -0.96 0.71 121 1573 1686
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Appendix D

Table D.1 Detailed results of BOONA 91gauge in BOONA 9, 91 pool illustrated in Figure 6.1

Measured Estimated Accumulative | Corrected
Gate name Date el. (mm) eva(pncl)lfna)tlon rainfall(mm) | el. (mm)
BOONA A 15/10/2010 4:23 1563 1625.91 453.00 1563.00
BOONA 4 15/10/2010 6:06 1568 1625.92 453.00 1568.01
BOONA A 15/10/2010 6:38 1573 1625.92 453.00 1573.01
BOONA A 15/10/2010 7:38 1583 1625.93 453.00 1583.02
BOONA 4 15/10/2010 8:25 1593 1625.94 453.00 1593.03
BOONA A 15/10/2010 9:06 1603 1625.95 453.00 1603.04
BOONA 4 15/10/2010 9:52 1613 1625.97 453.00 1613.06
BOONA A 15/10/2010 10:53 1623 1625.98 537.81 1538.27
BOONA 4 16/10/2010 1:42 1618 1626.79 537.81 1534.07
BOONA 4 16/10/2010 4:24 1613 1626.83 537.81 1529.12
BOONA A 16/10/2010 9:42 1603 1627.44 537.81 1519.73
BOONA 4 16/10/2010 15:57 1593 1628.90 549.81 1499.19
BOONA A 16/10/2010 23:06 1583 1629.57 549.81 1489.85
BOONA 4 16/10/201023:51 1582 1629.57 549.81 1488.86
BOONA A 17/10/2010 5:53 1573 1629.59 549.81 1479.88
BOONA 4 17/10/2010 11:22 1563 1630.16 550.01 1470.24
BOONA 4 17/10/2010 17:49 1553 1631.62 550.01 1461.71
BOONA 9A 15/10/2010 7:26 1632 1625.93 453.00 1632.00
BOONA 9A 16/10/2010 3:02 1669 1626.80 537.81 1585.08
BOONA 9A 17/10/2010 1:11 1634 1629.58 549.81 1540.85

Table D.2Detailed results of farm outlet 220/1 in ARGOON 3A, 220/1pool illustrated in Figure 6.2

Measured Estimated Accumulative | Corrected
Gate name Date el. (mm) eva(z?rrna)tlon rainfall(mm) | el. (mm)

220/1 5/02/2011 6:10 1606 2410.42 793.02 1606.00
220/1 5/02/2011 8:59 1614 2410.44 793.02 1614.02
220/1 5/02/2011 9:19 1625 2410.46 793.02 1625.04
220/1 5/02/2011 10:32 1635 2410.47 848.82 1579.25
220/1 5/02/2011 15:27 1645 2411.33 848.82 1590.11
220/1 5/02/2011 18:19 1655 2411.45 848.82 1600.24
220/1 6/02/2011 4:33 1650 2411.54 848.82 1595.32
220/1 6/02/2011 6:41 1645 2411.56 848.82 1590.34
220/1 6/02/2011 12:38 1635 2412.41 903.02 1526.99
220/1 6/02/2011 18:13 1625 2415.15 903.02 1519.73
220/1 6/02/2011 23:22 1615 2415.82 903.02 1510.40
220/1 7/02/2011 2:56 1610 2415.92 903.02 1505.50
220/1 7/02/2011 6:33 1605 2415.93 903.02 1500.51
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Table D.3Detailed results ofBOONA 7-1 gauge in BOONA 7, 71 poolillustrated in Figure 6.3

Measured Estimated Accumulative | Corrected
Gate name Date el. (mm) eva(pr)r?rr]?)tmn rainfall(mm) el. (mm)
BOONA 1L 13/11/2010 19:03 1462 1728.44 579.81 1462.00
BOONA 1L 13/11/2010 20:09 1472 1728.47 579.81 1472.03
BOONA 1L 13/11/2010 23:12 1482 1728.48 579.81 1482.04
BOONA 1L 14/11/2010 3:35 1482 1728.50 579.81 1482.06
BOONA 1L 15/11/2010 1:54 1476 1729.98 627.01 1430.34
BOONA 1L 15/11/2010 12:02 1472 1731.27 627.21 1427.42
BOONA-1 16/11/2010 0:13 1466 1734.79 627.21 1424.95

Table D.4Detailed results of27/2 farm outlet in COLY 7, 7-1 poolillustrated in Figure 6.4

Measured Estimated Accumulative | Corrected
Gate name Date el. (mm) eva(;:r?;]a)tlon rainfall(mm) el. (mm)

27-Feb 7/03/2010 16:57 1639 1150.95 145.00 1639.00
27-Feb 7/03/2010 17:02 1649 1150.95 145.00 1649.00
27-Feb 7/03/2010 17:08 1659 1150.98 145.00 1659.03
27-Feb 8/03/2010 0:26 1667 1151.18 145.00 1667.23
27-Feb 8/03/2010 20:13 1656 1154.95 175.80 1629.20
27-Feb 9/03/2010 6:45 1649 1155.47 175.80 1622.71
27-Feb 9/03/2010 16:00 1645 1156.79 175.80 1620.04

Table D5 Detailed results of 2005/1 farm outlet in ARGOON 38, 2005/1 pool illustrated in Figure 6.5

Gate Measured Estimatt.ed Accumulative | Corrected
name Date el. mm) | Evaporation | intalimm) | el. (mm)
(mm)

2005/1 17/04/2010 9:08 1662 1453.99 170.20 1662.00
2005/1 18/04/2010 5:44 1608 1457.85 170.20 1611.86
2005/1 19/04/2010 2:18 1560 1461.58 170.20 1567.59
2005/1 19/04/2010 22:54 1528 1465.34 170.20 1539.35
2005/1 20/04/2010 19:28 1502 1468.17 170.20 1516.18
2005/1 21/04/2010 16:04 1474 1470.85 183.80 1477.26
2005/1 22/04/2010 12:38 1453 1472.69 184.40 1457.50
2005/1 23/04/2010 9:13 1434 1474.66 184.60 1440.27
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Table D .6 Detailed results of 2005/1 farm outlet in ARGOON 38, 2005/1 pool illustrated in Figure 6.6

Gate Measured Estimat(.ad Accumulative | Corrected
name Date el. (mm) evaporation rainfall(mm) el. (mm)
(mm)

2005/1 13/02/2010 8:01 1598 1104.22 82.60 1598.00
2005/1 14/02/2010 3:24 1554 1107.58 82.60 1557.36
2005/1 14/02/2010 8:30 1546 1107.67 82.60 1549.45
2005/1 14/02/2010 9:51 1544 1107.79 84.20 1545.97
2005/1 14/02/2010 11:10 1527 1108.16 84.20 1529.34
2005/1 14/02/2010 22:47 1524 1112.50 84.20 1530.68
2005/1 16/02/2010 3:20 1491 1118.74 84.40 1503.72
2005/1 16/02/2010 22:43 1468 1125.30 84.40 1487.28
2005/1 19/02/2010 0:01 1418 1140.52 84.40 1452.50

Table D.7 Detailed results of TUBBQO9 gauge inTUBBO 8, 9 poolillustrated in Figure 6.7

Measured Estimated Accumulative | Corrected
Gate name bate el. (mm) eva(pr)];)rrna)tlon rainfall(mm) el. (mm)
TUBB®® 15/10/2010 7:05 1292 1625.92 453.00 1292.00
TUBB® 15/10/2010 7:25 1302 1625.93 453.00 1302.00
TUBB® 15/10/2010 7:46 1312 1625.93 453.00 1312.01
TUBB® 15/10/2010 8:27 1322 1625.94 453.00 1322.02
TUBB® 15/10/2010 8:56 1332 1625.95 453.00 1332.02
TUBB® 15/10/2010 9:20 1342 1625.95 453.00 1342.03
TUBB® 15/10/2010 9:54 1350 1625.97 453.00 1350.04
TUBB® 15/10/2010 10:16 1353 1625.97 537.81 1268.24
TUBB® 15/10/2010 13:32 1363 1626.15 537.81 1278.42
TUBB® 16/10/2010 5:30 1354 1626.84 537.81 1270.12
TUBB® 16/10/2010 6:09 1353 1626.86 537.81 1269.13
TUBB®® 16/10/2010 12:04 1343 1627.87 549.81 1248.15
TUBB® 16/10/2010 19:11 1333 1629.51 549.81 1239.78
TUBB® 17/10/2010 1:18 1323 1629.58 549.81 1229.85
TUBB® 17/10/2010 3:39 1319 1629.59 549.81 1225.86
TUBB® 17/10/2010 7:20 1313 1629.60 549.81 1219.87
TUBB® 17/10/2010 12:51 1303 1630.52 550.01 1210.59
TUBB® 17/10/2010 19:11 1293 1631.75 550.01 1201.83
TUBB® 18/10/2010 1:46 1283 1631.81 550.01 1191.88
TUBB® 18/10/2010 8:16 1272 1631.88 550.01 1180.96
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Table D.8Detailed results of BUNDURE 8-1 gauge inBUNDURE 8-OT/ 8-1 illustrated in Figure 6.8

Measured Estimated Accumulative | Corrected
Gatename Date el. (mm) eva(pncl)lfna)tlon rainfall(mm) | el. (mm)

BUNDURE-8 28/02/2012 9:53 1534.14 3857.61 1313.18 1534.14
BUNDURE-8 28/02/2012 15:56 | 1538.46 3858.55 1326.78 1525.80
BUNDURE-8 29/02/2012 15:41 | 1529.60 3859.79 1329.18 1515.78
BUNDURE-8 1/03/2012 15:26 1536.13 3861.22 1344.38 1508.53
BUNDURE-8 2/03/2012 15:11 1533.25 3862.96 1351.38 1500.40
BUNDURE-8 3/03/2012 14:39 1549.56 3865.05 1352.58 1517.60
BUNDURE-8 4/03/2012 14:41 1561.01 3866.77 1402.97 1480.39
BUNDURE-8 5/03/2012 14:26 1547.12 3870.83 1403.17 1470.35
BUNDURE-8 6/03/2012 6:10 1534.54 3873.05 1403.17 1459.99
BUNDURE-8 6/03/2012 14:11 1527.39 3874.94 1403.17 1454.72
BUNDURE-8 7/03/2012 1:45 1519.54 3877.46 1403.17 1449.40
BUNDURE-8 7/03/2012 13:56 1515.80 3879.92 1403.17 1448.12

Table D9 Detailed results of 640/1 farm outlet during the shorter pondage condition illustrated in Figure 6.9

Measured Estimated Accumulative | Corrected

Gate name Date el. (mm) eva(;::r;a)tlon rainfall(mm) el. (mm)
640/1 30/10/2010 18:00 1305 1861.34 538.01 1305.00
640/1 30/10/2010 22:44 1312 1861.41 538.01 1312.08
640/1 31/10/2010 21:03 1307 1863.95 570.21 1277.41
640/1 1/11/2010 19:22 1297 1867.21 571.81 1269.07
640/1 1/11/2010 23:37 1296 1867.30 571.81 1268.16

Table D.10 Detailed results of 640/1 farm outlet during the longer pondage condition illustrated in Figure 6.9

Gate Sate Measured Estimatt(?d Accumulative | Corrected
name el. (mm) eva(;::rrna)lon rainfall(mm) el. (mm)
640/1 30/06/2010 4:20 1507 1593.05 253.00 1507.00
640/1 1/07/2010 1:19 1502 1593.05 253.00 1502.00
640/1 1/07/2010 22:18 1497 1594.17 253.00 1498.11
640/1 2/07/2010 19:17 1493 1594.81 253.00 1494.75
640/1 3/07/2010 16:16 1487 1595.97 253.40 1489.52
640/1 4/07/2010 13:15 1482 1596.74 253.40 1485.29
640/1 5/07/2010 10:14 1481 1597.21 253.60 1484.56
640/1 6/07/2010 7:13 1477 1597.83 253.60 1481.18
640/1 7/07/2010 4:12 1475 1598.98 253.60 1480.33
640/1 8/07/2010 1:11 1469 1600.28 253.80 1475.43
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640/1 8/07/2010 22:10 1465 1601.38 253.80 1472.53
640/1 9/07/2010 19:09 1460 1602.92 253.80 1469.07
640/1 10/07/2010 16:08 1457 1603.97 254.00 1466.92
640/1 11/07/2010 13:07 1457 1604.84 260.00 1461.79
640/1 12/07/2010 10:06 1455 1605.76 260.00 1460.70
640/1 13/07/2010 7:05 1453 1607.18 260.00 1460.13
640/1 14/07/2010 4:04 1472 1607.75 260.00 1479.70
640/1 15/07/2010 1:03 1473 1608.79 281.20 1460.53
640/1 15/07/2010 22:02 1470 1610.09 284.40 1455.64
640/1 16/07/2010 19:01 1465 1611.36 284.40 1451.91
640/1 17/07/2010 16:00 1461 1612.34 284.60 1448.68
640/1 18/07/2010 12:59 1457 1613.04 284.60 1445.39
640/1 19/07/2010 9:58 1456 1613.69 286.80 1442.83
640/1 20/07/2010 6:57 1453 1614.62 286.80 1440.77
640/1 21/07/20103:56 1449 1615.95 287.00 1437.90
640/1 22/07/2010 0:55 1445 1617.20 287.00 1435.15
640/1 22/07/2010 21:54 1440 1618.65 287.00 1431.59
640/1 23/07/2010 18:53 1435 1620.19 287.00 1428.14
640/1 24/07/2010 15:52 1431 1621.36 287.20 1425.11
640/1 25/07/2010 12:51 1428 1621.76 287.20 1422.51
640/1 26/07/2010 9:50 1424 1621.99 287.40 1418.54
640/1 27/07/2010 6:49 1422 1622.72 287.40 1417.27
640/1 28/07/2010 3:48 1418 1624.26 287.80 1414.40
640/1 29/07/2010 0:47 1428 1624.82 287.80 1424.97
640/1 29/07/2010 21:46 1427 1625.43 291.00 1421.38
640/1 30/07/2010 18:45 1424 1626.23 291.80 1418.37
640/1 31/07/2010 15:44 1418 1627.29 292.00 1413.24
640/1 1/08/2010 12:43 1415 1628.08 292.40 1410.63
640/1 2/08/2010 9:42 1413 1628.96 295.20 1406.71
640/1 3/08/2010 19:44 1406 1635.95 295.20 1406.70
640/1 4/08/2010 16:43 1402 1636.86 295.20 1403.61
640/1 5/08/2010 13:42 1396 1637.83 295.20 1398.58
640/1 6/08/2010 10:41 1393 1638.73 295.20 1396.48
640/1 7/08/2010 7:40 1393 1640.07 295.20 1397.82
640/1 8/08/2010 4:39 1389 1641.72 295.20 1395.46
640/1 9/08/2010 1:38 1386 1643.38 295.20 1394.12
640/1 9/08/2010 19:49 1381 1645.60 295.20 1391.35
640/1 10/08/2010 16:50 1398 1646.84 298.20 1406.59
640/1 11/08/2010 13:51 1401 1647.39 306.60 1401.74
640/1 12/08/2010 10:52 1397 1648.17 308.80 1396.32
640/1 13/08/2010 7:53 1398 1649.45 308.80 1398.60
640/1 14/08/2010 4:54 1395 1651.17 309.00 1397.12
640/1 15/08/2010 1:55 1391 1653.09 309.00 1395.04
640/1 15/08/2010 22:56 1391 1654.20 309.20 1395.94
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Table D.11 Detailed results oBUNDURE 7-1 gaugeduring the shorter pondage condition illustrated in Figure 6.10

Measured Estimated Accumulative | Corrected
Gate name Date el. (mm) eva([r):r;a)tlon rainfall(mm) el. (mm)

BUNDURE-Z 5/11/2010 18:59 1598 1883.18 572.01 1598.00
BUNDURE-Z 5/11/2010 21:52 1588 1883.36 572.01 1588.17
BUNDURE-Z 6/11/2010 0:15 1578 1883.40 572.01 1578.21
BUNDURE-Z 6/11/2010 3:19 1568 1883.44 572.01 1568.25
BUNDURE-Z 6/11/2010 7:07 1558 1883.44 572.01 1558.26
BUNDURE-1 6/11/2010 8:19 1553 1883.54 572.01 1553.36
BUNDURE-Z 6/11/2010 10:53 1548 1884.35 572.01 1549.17
BUNDURE-Z 6/11/2010 13:49 1538 1885.91 572.01 1540.73
BUNDURE-Y 6/11/2010 17:18 1528 1887.62 572.01 1532.44
BUNDURE-Y 6/11/2010 21:09 1518 1888.11 572.01 1522.93
BUNDURE-Z 7/11/2010 0:32 1508 1888.18 572.01 1513.00
BUNDURE-Y 7/11/2010 5:10 1498 1888.21 572.01 1503.03
BUNDURE-Z 7/11/2010 6:38 1494 1888.22 572.01 1499.04
BUNDURE-Y 7/11/2010 9:57 1488 1888.64 572.01 1493.46
BUNDURE-1 7/11/2010 18:35 1467 1893.36 572.01 1477.17
BUNDURE-Z 7/11/2010 22:49 1457 1893.61 572.01 1467.42
BUNDURE-Y 8/11/2010 3:41 1447 1893.67 572.01 1457.49
BUNDURE-Z 8/11/2010 4:57 1445 1893.68 572.01 1455.50

Table D.12 Detailed results ofBUNDURE 7-1 gaugeduring the longerpondage condition illustrated in Figure 6.10

Measured Estimated Accumulative Corrected
Gate name Date el. (mm) eva(pr)]:)rrna)tlon rainfall(mm) el. (mm)

BUNDURE-Z 26/08/2010 2:49 1279 1671.58 319.40 1279.00
BUNDURE-1 26/08/2010 14:54 1269 1672.39 321.60 1267.61
BUNDURE-Z 26/08/2010 20:29 1259 1672.75 321.60 1257.97
BUNDURE-Z 26/08/2010 21:32 1258 1672.76 321.60 1256.98
BUNDURE-Z 27/08/2010 5:28 1249 1672.82 321.60 1248.04
BUNDURE-Z 27/08/2010 9:47 1239 1673.00 322.20 1237.62
BUNDURE-Y 27/08/2010 17:28 1229 1674.55 322.20 1229.17
BUNDURE-Z 27/08/2010 19:09 1229 1674.59 322.20 1229.21
BUNDURE-Z 28/08/2010 0:03 1219 1674.60 322.20 1219.22
BUNDURE-Z 28/08/2010 7:21 1209 1674.60 322.20 1209.22
BUNDURE-Z 28/08/2010 11:02 1199 1675.05 322.40 1199.47
BUNDURE-Z 28/08/2010 16:46 1193 1676.41 322.40 1194.83
BUNDURE-Z 28/08/2010 20:29 1189 1676.51 322.40 1190.93
BUNDURE-Z 29/08/2010 4:06 1179 1676.51 322.40 1180.93
BUNDURE-Z 29/08/20109:21 1169 1676.64 322.40 1171.06
BUNDURE-Z 29/08/2010 14:23 1161 1678.03 322.40 1164.45
BUNDURE-Z 29/08/2010 16:22 1159 1678.35 322.40 1162.77
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BUNDURE-¥ 30/08/2010 2:17 1149 1678.48 322.40 1152.90
BUNDURE-Z 30/08/2010 8:37 1139 1678.51 322.40 1142.93
BUNDURE-¥ 30/08/2010 12:00 1134 1679.27 322.40 1138.69
BUNDURE-Z 30/08/2010 17:00 1129 1680.50 322.40 1134.92
BUNDURE-X 31/08/2010 0:59 1119 1680.57 322.40 1124.99
BUNDURE-Z 31/08/2010 8:20 1109 1680.61 322.40 1115.02
BUNDURE-Z 31/08/2010 9:37 1110 1680.73 322.40 1116.15
BUNDURE-¥ 31/08/2010 19:03 1099 1682.90 322.40 1107.32
BUNDURE-Z 1/09/2010 2:18 1091 1682.97 322.40 1099.39
BUNDURE-¥ 2/09/2010 0:13 1091 1684.26 322.40 1100.68

Table D.13 Detailed results ofBUNDURE 5-5 gaugeduring the shorterpondage condition illustrated in Figure 6.1

Measured Estimated Accumulative | Corrected
Gate name bate el. (mm) eva(rr):rrna;tlon rainfall(mm) el. (mm)

BUNDURE-5 5/02/2011 10:48 1617 2410.48 848.82 1617.00
BUNDURE-5 5/02/2011 11:54 1627 2410.54 848.82 1627.06
BUNDURE-5 5/02/2011 12:30 1629 2410.59 848.82 1629.11
BUNDURE-5 5/02/2011 15:39 1637 2411.33 848.82 1637.85
BUNDURE-5 5/02/2011 17:29 1647 2411.43 848.82 1647.95
BUNDURE-5 5/02/2011 23:43 1657 241151 848.82 1658.03
BUNDURE-5 6/02/2011 10:53 1651 2411.97 903.02 1598.29
BUNDURE-5 6/02/2011 13:26 1647 2412.91 903.02 1595.23
BUNDURE-5 6/02/2011 22:31 1637 2415.79 903.02 1588.11
BUNDURE-5 7/02/2011 8:43 1627 2416.08 903.02 1578.40
BUNDURE-5 7/02/2011 9:16 1626 2416.16 903.02 1577.48
BUNDURE-5 7/02/2011 19:32 1617 2421.20 903.02 1573.52

Table D.14 Detailed results oBUNDURE 5-5 gaugeduring the longer pondage condition illustrated in Figure 6.11

Measured Estimated Accumulative | Corrected
Gate name Date el. (mm) eva(ﬁ)];)r:?)tlon rainfall(mm) el. (mm)

BUNDURE-S 17/07/2010 12:14 1246 1611.93 284.60 1246.00
BUNDURE-5 17/07/2010 23:32 1248 1612.43 284.60 1248.50
BUNDURE-5 18/07/2010 20:31 1244 1613.64 284.60 1245.71
BUNDURB-5 19/07/2010 17:30 1241 1614.62 286.80 1241.49
BUNDURE-5 20/07/2010 11:52 1236 1615.07 287.00 1236.74
BUNDURE-5 20/07/2010 14:29 1233 1615.63 287.00 1234.30
BUNDURE-5 21/07/2010 11:28 1231 1616.27 287.00 1232.95
BUNDURE-5 22/07/2010 8:27 1230 1617.20 287.00 1232.87
BUNDURE-5 22/07/2010 12:11 1226 1617.63 287.00 1229.31
BUNDURE-5 23/07/2010 5:26 1226 1618.65 287.00 1230.32
BUNDURE-5 24/07/2010 2:25 1222 1620.19 287.00 1227.87
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BUNDURE-5 24/07/2010 11:09 1216 1620.35 287.20 1221.82
BUNDURE-5 24/07/2010 23:24 1218 1621.51 287.20 1224.98
BUNDURE-5 25/07/2010 20:23 1214 1621.94 287.20 1221.41
BUNDURE-5 26/07/2010 14:53 1206 1622.49 287.40 1213.76
BUNDURE-5 26/07/2010 17:22 1206 1622.72 287.40 1214.00
BUNDURE-5 27/07/2010 14:21 1199 1623.79 287.80 1207.67
BUNDURE-5 28/07/2010 11:20 1204 1624.45 287.80 1213.32
BUNDURE-5 29/07/2010 8:19 1206 1624.84 287.80 1215.71
BUNDURE-5 30/07/2010 5:18 1204 1625.45 291.00 1211.13
BUNDURE-5 31/07/2010 2:17 1202 1626.23 291.80 1209.10
BUNDURE-5 31/07/2010 12:38 1196 1626.59 292.00 1203.27
BUNDURE-5 31/07/2010 23:16 1198 1627.54 292.00 1206.21
BUNDURE-5 1/08/2010 10:00 1206 1627.79 292.40 1214.06
BUNDURE-5 1/08/2010 12:32 1196 1628.08 292.40 1204.35
BUNDURE-5 1/08/2010 20:15 1196 1628.77 292.40 1205.04
BUNDURE-5 2/08/2010 7:25 1186 1628.85 292.40 1195.13
BUNDURE-5 2/08/2010 11:19 1176 1629.28 295.20 1182.75
BUNDURE-5 4/08/2010 3:16 1181 1635.97 295.20 1194.44
BUNDURE-5 5/08/2010 0:15 1177 1637.02 295.20 1191.49
BUNDURE-5 5/08/2010 21:14 1173 1638.46 295.20 1188.93
BUNDURE-5 6/08/2010 9:36 1166 1638.52 295.20 1181.99
BUNDURE-5 6/08/2010 18:13 1165 1640.07 295.20 1182.54
BUNDURE-5 7/08/2010 15:12 1159 1641.50 295.20 1177.97
BUNDURE-5 8/08/2010 12:09 1156 1642.40 295.20 1175.88
BUNDURE-5 9/08/2010 9:10 1153 1643.47 295.20 1173.95
BUNDURE-5 10/08/2010 3:23 1148 1645.65 295.20 1171.13
BUNDURE-5 10/08/2010 15:44 1167 1646.77 298.20 1188.24
BUNDURE-5 11/08/2010 0:24 1161 1647.00 298.20 1182.47
BUNDURE-5 11/08/2010 12:16 1177 1647.26 306.60 1190.33
BUNDURE-5 11/08/2010 15:02 1167 1647.48 306.60 1180.55
BUNDURE-5 11/08/2010 21:25 1160 1647.70 306.60 1173.77
BUNDURE-5 12/08/2010 0:18 1147 1647.75 306.60 1160.82
BUNDURE-5 12/08/2010 2:05 1157 1647.77 306.60 1170.84
BUNDURE-5 12/08/2010 12:14 1147 1648.46 308.80 1159.33
BUNDURE-5 12/08/2010 18:05 1157 1649.42 308.80 1170.30
BUNDURE-5 13/08/2010 15:27 1153 1650.85 309.00 1167.53
BUNDURE-5 14/08/2010 12:28 1160 1651.95 309.00 1175.62
BUNDURE-5 15/08/2010 9:29 1159 1653.22 309.20 1175.69
BUNDURE-5 15/08/2010 11:55 1167 1653.60 309.20 1184.07
BUNDURE-5 15/08/2010 14:36 1157 1653.79 309.20 1174.26
BUNDURE-5 16/08/2010 6:30 1153 1654.22 309.20 1170.70
BUNDURE-5 16/08/2010 12:45 1147 1654.74 312.20 1162.21
BUNDURE-5 17/08/2010 4:22 1146 1655.58 312.20 1162.06
BUNDURE-5 17/08/2010 14:02 1137 1656.80 312.40 1154.08
BUNDURE-5 18/08/2010 4:03 1141 1657.49 312.40 1158.76
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BUNDURE-5 18/08/2010 13:06 1147 1657.81 312.40 1165.08
BUNDURE-5 19/08/2010 0:44 1157 1658.25 312.40 1175.52
BUNDURE-5 19/08/2010 1:20 1147 1658.27 312.40 1165.54
BUNDURE-5 19/08/2010 4:31 1144 1658.29 312.40 1162.56
BUNDURE-5 19/08/201015:10 1137 1659.86 317.60 1151.93
BUNDURE-5 20/08/2010 1:52 1137 1660.49 317.60 1152.56
BUNDURE-5 20/08/2010 23:13 1134 1662.40 317.80 1151.27
BUNDURE-5 21/08/2010 11:21 1127 1662.84 317.80 1144.71
BUNDURE-5 21/08/2010 20:34 1126 1664.30 317.80 1145.18
BUNDURE-5 22/08/2010 17:55 1122 1666.39 317.80 1143.26
BUNDURE-5 23/08/2010 11:22 1117 1666.92 317.80 1138.79
BUNDURE-5 23/08/2010 15:15 1118 1667.40 317.80 1140.27
BUNDURE-5 24/08/2010 22:15 1127 1669.41 318.00 1151.08
BUNDURE-5 24/08/2010 22:30 1117 1669.41 318.00 1141.08
BUNDURE-5 25/08/2010 4:42 1115 1669.46 318.00 1139.13
BUNDURE-5 26/08/2010 2:19 1115 1671.58 319.40 1139.85
BUNDURE-5 26/08/2010 16:07 1107 1672.54 321.60 1130.62
BUNDURE-5 26/08/2010 23:56 1109 1672.78 321.60 1132.85
BUNDURE-5 27/08/2010 21:33 1100 1674.60 322.20 1125.07
BUNDURE-5 28/08/2010 8:37 1097 1674.63 322.40 1121.90
BUNDURE-5 28/08/2010 19:10 1093 1676.49 322.40 1119.77
BUNDURE-5 29/08/2010 16:47 1091 1678.39 322.40 1119.67
BUNDURE-5 30/08/2010 14:24 1091 1680.03 322.40 1121.30
BUNDURE-5 31/08/2010 12:01 1091 1681.39 322.40 1122.66
Table D.15 Detailed results offTUBBO-8 gaugein early Augustillustrated in Figure 6.12
Measured Estimated Accumulative | Corrected
Gate name Date el. (mm) eva(prJ:rrna)tlon rainfall(mm) el. (mm)
TUBBGB 5/08/2010 14:00 910 1471.99 324.80 910.00
TUBBGB 6/08/2010 0:56 907 1472.62 324.80 907.62
TUBBGB 6/08/2010 7:13 900 1472.65 324.80 900.66
TUBBGB 6/08/2010 11:20 890 1472.98 325.40 890.39
TUBBGB 6/08/2010 21:55 886 1474.16 325.40 887.57
TUBBGB 7/08/2010 1:20 880 1474.16 325.40 881.57
TUBBGB 7/08/2010 9:51 870 1474.27 325.60 871.47
TUBBGB 7/08/2010 18:54 863 1475.53 325.60 865.74
TUBBGB 7/08/2010 23:42 860 1475.53 325.60 862.74
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Table D.16 Detailed results of TUBBO-8 gaugein mid October illustrated in Figure 6.12

Measured Estimated Accumulative | Corrected
Gate name Date el. (mm) eva([r):r;a)tlon rainfall(mm) el. (mm)
TUBB@EB 15/10/2010 7:01 1432 1625.92 453.00 1432.00
TUBBGB 15/10/2010 7:33 1442 1625.93 453.00 1442.00
TUBB@EB 15/10/2010 8:00 1452 1625.93 453.00 1452.01
TUBB@EB 15/10/2010 8:35 1463 1625.94 453.00 1463.02
TUBB@B 15/10/2010 9:01 1473 1625.95 453.00 1473.02
TUBB@EB 15/10/2010 9:30 1483 1625.95 453.00 1483.03
TUBB@B 15/10/2010 9:56 1486 1625.97 453.00 1486.04
TUBB@EB 15/10/2010 14:40 1473 1626.31 537.81 1388.59
TUBBGEB 15/10/2010 14:44 1462 1626.31 537.81 1377.59
TUBBGB 15/10/2010 14:58 1472 1626.31 537.81 1387.59
TUBB@EB 15/10/2010 23:56 1462 1626.74 537.81 1378.01
TUBB@EB 16/10/2010 5:32 1457 1626.84 537.81 1373.12
TUBB@EB 16/10/2010 8:18 1452 1626.91 537.81 1368.19
TUBBGEB 16/10/2010 14:22 1441 1628.53 549.81 1346.80
TUBB@EB 17/10/2010 3:41 1438 1629.59 549.81 1344.86
TUBB@EB 17/10/2010 12:46 1431 1630.52 550.01 1338.59
TUBB@EB 18/10/2010 1:50 1425 1631.81 550.01 1333.88
TUBB@EB 18/10/2010 8:21 1421 1631.88 550.01 1329.96
Table D.17 Detailed results 0221/1 gaugén early July illustrated in Figure 6.13
Measured Estimated Accumulative | Corrected
Gate name Date el. (mm) eva(prJ:rrna)tlon rainfall(mm) el. (mm)
221/1 2/07/2010 21:03 1525 1431.95 276.80 1525.00
221/1 3/07/2010 18:02 1520 1432.99 283.20 1514.64
221/1 4/07/2010 15:01 1516 1433.76 283.20 1511.41
Table D.18 Detailed results 0221/1 gaugen mid Oct illustrated in Figure 6.13
Gate Sate Measured Estimatfed Accumulative | Corrected
name el. (mm) eV?ﬁﬁ%m” rainfallimm) | el. (mm)
221/1 14/10/2010 23:58 1443 1625.89 453.00 1443.00
2211 15/10/2010 19:34 1523 1626.67 537.81 1438.98
221/1 16/10/2010 17:43 1524 1629.30 549.81 1430.61
221/1 17/10/2010 15:52 1525 1631.29 550.01 1433.40
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Table D.19 Detailed results 0221/1 gaugen late June illustrated in Figure 6.13

Measured Estimated Accumulative Corrected
Gate Date ti
name el. (mm) evaporation rainfall(mm) el. (mm)
(mm)
221/1 25/06/2011 16:01 1450 2367.87 1010.42 1450.00
221/1 26/06/2011 14:36 1447 2368.90 1010.62 1447.83
221/1 27/06/2011 13:11 1445 2369.83 1010.82 1446.56

Table D.20 Detailed results oBUNDURE 3A-1 gaugetowards the end of 2009/10 season illustrated in Figure 6.14

Measured Estimated Accumulative | Corrected
Gate name Date el. (mm) eva(pr):rrna)tmn rainfall(mm) el. (mm)

BUNDURE 3& 8/06/2010 19:34 1644 1567.54 242.40 1644.00
BUNDURE 32 9/06/2010 4:29 1634 1567.58 242.40 1634.04
BUNDURE 3A 9/06/2010 4:51 1634 1567.58 242.40 1634.05
BUNDURE 32 9/06/2010 14:13 1624 1567.96 243.40 1623.42
BUNDURE 32 10/06/2010 0:47 1614 1568.31 243.40 1613.77
BUNDURE 3& 10/06/2010 1:28 1613 1568.31 243.40 1612.77
BUNDURE 32 10/06/2010 8:48 1604 1568.36 243.40 1603.82
BUNDURE 3& 10/06/2010 19:49 1594 1569.65 243.40 1595.11
BUNDURE 32 10/06/2010 22:27 1591 1569.66 243.40 1592.13
BUNDURE 3A 11/06/2010 5:10 1584 1569.69 243.40 1585.15
BUNDURE 3A 11/06/2010 13:18 1574 1570.21 243.40 1575.67
BUNDURE 32 11/06/2010 19:26 1569 1570.76 243.40 1571.22
BUNDURE 3A 12/06/2010 0:42 1564 1570.82 243.40 1566.28
BUNDURE 32 12/06/2010 9:03 1554 1570.90 243.40 1556.36
BUNDURE 3A 12/06/2010 16:25 1546 1572.24 243.40 1549.70
BUNDURE 3& 12/06/2010 19:24 1544 1572.37 243.40 1547.83
BUNDURE 32 13/06/2010 5:03 1533 1572.38 243.40 1536.84
BUNDURE 3& 13/06/2010 13:07 1523 1572.97 243.40 1527.43
BUNDURE 32 13/06/2010 13:24 1524 1573.08 243.40 1528.54
BUNDURE 3& 14/06/2010 1:09 1513 1573.70 243.40 1518.16
BUNDURE 34 14/06/2010 9:17 1503 1573.75 243.40 1508.21
BUNDURE 3A 14/06/2010 10:23 1504 1573.86 243.40 1509.32
BUNDURE 3A 14/06/2010 20:42 1493 1575.01 243.40 1499.47
BUNDURE 34 15/06/2010 6:47 1483 1575.01 243.40 1489.47
BUNDURE 3& 15/06/2010 7:22 1483 1575.01 243.40 1489.47
BUNDURE 34 15/06/2010 13:41 1472 1575.87 243.40 1479.33
BUNDURE 3& 16/06/2010 4:21 1463 1576.33 243.40 1470.79
BUNDURE 34 16/06/2010 12:05 1452 1576.71 243.40 1460.18
BUNDURE 34 16/06/2010 23:40 1442 1577.91 243.40 1451.37
BUNDURE 32& 17/06/2010 1:20 1441 1577.97 243.40 1450.44
BUNDURE 34 17/06/2010 8:25 1432 1578.26 243.40 1441.72
BUNDURE 3& 17/06/2010 10:33 1422 1578.49 244.40 1430.96
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BUNDURE 3A 17/06/2010 12:50 1412 1579.19 244.40 1421.65
BUNDURE 3A 17/06/2010 13:31 1422 1579.35 244.40 1431.82
BUNDURE 3A 17/06/2010 22:19 1424 1579.84 244.40 1434.30
BUNDURE 3A 18/06/2010 8:43 1412 1579.88 244.80 1421.94
BUNDURE 3A 18/06/2010 19:18 1404 1581.14 244.80 1415.20
BUNDURE 3A 18/06/2010 21:14 1402 1581.14 244.80 1413.20
BUNDURE 3A 19/06/2010 5:14 1392 1581.25 244.80 1403.31
BUNDURE 3A 19/06/2010 12:51 1382 1581.78 244.80 1393.85
BUNDURE 3A 19/06/2010 16:17 1378 1582.15 244.80 1390.21
BUNDURE 3A 20/06/2010 5:23 1372 1582.22 244.80 1384.29
BUNDURE 3A 20/06/2010 11:50 1362 1582.57 244.80 1374.63
BUNDURE 3A 20/06/2010 13:16 1359 1582.84 244.80 1371.90
BUNDURE 3A 20/06/2010 19:02 1352 1583.20 244.80 1365.26
BUNDURE 3A 21/06/2010 1:58 1342 1583.20 244.80 1355.27
BUNDURE 3A 21/06/2010 7:58 1331 1583.20 244.80 1344.27
BUNDURE 3A 21/06/2010 10:15 1328 1583.29 245.20 1340.95
BUNDURE 3A 21/06/2010 12:55 1321 1583.59 245.20 1334.26
BUNDURE 3A 21/06/2010 20:24 1311 1584.00 245.20 1324.67
BUNDURE 3A 22/06/2010 2:20 1301 1584.00 245.20 1314.67
BUNDURE 3A 22/06/2010 7:14 1295 1584.00 245.20 1308.67
BUNDURE 3A 22/06/2010 8:36 1291 1584.00 245.20 1304.67
BUNDURE 3A 22/06/2010 15:52 1281 1584.69 245.20 1295.35
BUNDURE 3A 23/06/2010 4:13 1273 1584.85 245.20 1287.52
BUNDURE 3A 23/06/2010 6:10 1271 1584.86 245.20 1285.52
BUNDURE 3A 23/06/2010 14:14 1261 1585.85 245.20 1276.51
BUNDURE 3A 24/06/2010 1:12 1254 1586.40 245.20 1270.06
BUNDURE 3A 24/06/2010 3:54 1251 1586.44 245.20 1267.10
BUNDURE 3A 24/06/2010 12:24 1241 1587.10 245.40 1257.56
BUNDURE 3A 24/06/2010 22:11 1235 1588.22 245.40 1252.68
BUNDURE 3A 25/06/2010 3:08 1231 1588.30 245.40 1248.77
BUNDURE 3A 25/06/2010 11:53 1221 1588.69 245.40 1239.15
BUNDURE 3A 25/06/2010 19:10 1229 1588.99 245.40 1247.45
BUNDURE 3A 26/06/2010 10:59 1211 1589.32 252.80 1222.38
BUNDURE 3A 26/06/2010 16:09 1209 1590.22 252.80 1221.28
BUNDURE 3A 27/06/2010 7:31 1200 1590.36 252.80 1212.43
BUNDURE 3A 27/06/2010 13:08 1191 1590.93 253.00 1203.80
BUNDURE 3A 28/06/2010 3:37 1179 1591.59 253.00 1192.45
BUNDURE 3A 28/06/2010 10:07 1177 1591.67 253.00 1190.53
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Table D.21 Detailed results oBUNDURE 3A-1 gaugein the middle of 2009/10 season illustrated in Figure 6.14

Measured Estimated Accumulative | Corrected
Gate name Date el. (mm) eva(pr)r?rr]?)tmn rainfall(mm) el. (mm)
BUNDURE 3& 14/10/200922:25 1621 233.10 0.00 1621.00
BUNDURE 32 15/10/2009 1:52 1616 233.23 0.00 1616.13
BUNDURE 3& 15/10/2009 6:02 1611 233.28 0.00 1611.18
BUNDURE 3& 15/10/2009 10:32 1601 233.60 0.00 1601.49
BUNDURE 32 15/10/2009 16:40 1591 235.48 0.00 1593.38
BUNDURE 3& 15/10/2009 22:15 1590 236.09 0.00 1592.99
BUNDURE 32 16/10/2009 5:35 1581 236.18 0.00 1584.08
BUNDURE 32 16/10/2009 10:24 1571 236.64 0.00 1574.54
BUNDURE 32 16/10/2009 17:14 1563 238.79 0.00 1568.68
BUNDURE 32 16/10/2009 18:09 1561 238.92 0.00 1566.82
BUNDURE 32 17/10/2009 3:44 1551 239.35 0.00 1557.25
BUNDURE 32 17/10/2009 9:32 1541 239.59 0.00 1547.48
BUNDURE 3& 17/10/2009 12:13 1537 240.68 0.00 1544.57
BUNDURE 3A 17/10/2009 16:25 1531 242.78 0.00 1540.68
BUNDURBA-1 18/10/2009 1:24 1521 244.20 0.00 1532.10
BUNDURE 32 18/10/2009 7:12 1513 244.21 0.00 1524.11
BUNDURE 3& 18/10/2009 7:56 1510 244.24 0.00 1521.14
BUNDURE 32 18/10/2009 13:28 1500 246.16 0.00 1513.06
BUNDURE 32 18/10/2009 22:57 1490 248.94 0.00 1505.84
BUNDURE 32 19/10/2009 2:11 1487 249.03 0.00 1502.93
BUNDURE 3A 19/10/2009 7:11 1480 249.05 0.00 1495.94
BUNDURE 3A 19/10/2009 11:45 1470 250.27 0.00 1487.17
BUNDURE 32 19/10/2009 21:54 1460 253.75 0.00 1480.64
BUNDURE 32 20/10/2009 1:40 1456 253.75 0.00 1476.65
BUNDURE 32 20/10/2009 6:48 1450 253.77 0.00 1470.67
BUNDURE 3A 20/10/2009 10:57 1440 254.83 0.00 1461.73
BUNDURE 32 20/10/2009 18:05 1430 259.55 0.00 1456.45
BUNDURE 3& 20/10/2009 20:37 1429 260.15 0.00 1456.05
BUNDURE 3A 21/10/2009 5:34 1420 260.40 0.00 1447.30
BUNDURE 3& 21/10/2009 10:14 1410 261.19 0.00 1438.09
BUNDURE 3A 21/10/2009 15:34 1400 264.47 0.00 1431.37
BUNDURE 34 21/10/2009 15:46 1399 264.80 0.00 1430.70
BUNDURE 3A 22/10/20092:25 1391 267.05 0.00 1424.95
BUNDURE 3& 22/10/2009 3:32 1389 267.08 0.00 1422.97
BUNDURE 34 22/10/2009 9:36 1379 267.40 0.00 1413.30
BUNDURE 3A 22/10/2009 15:50 1369 270.94 0.00 1406.83
BUNDURE 34 22/10/2009 21:09 1367 272.79 0.00 1406.68
BUNDURE 3A 23/10/2009 3:14 1359 272.98 0.00 1398.88
BUNDURE 34 23/10/2009 9:05 1349 273.22 0.00 1389.12
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Table D.22 Detailed results 02005/1 farm outletin late August of 2010/11 season illustrated in Figure 6.15

Measured Estimated Accumulative | Corrected
Gate name Date el. (mm) eva([r):r;a)tlon rainfall(mm) el. (mm)

2005/1 21/08/2010 2:28 1663 1662.40 317.80 1663.00
2005/1 21/08/2010 23:49 1654 1664.30 317.80 1655.91
2005/1 22/08/2010 21:10 1632 1666.43 317.80 1636.03
2005/1 23/08/2010 18:32 1606 1667.51 317.80 1611.11
2005/1 25/08/2010 7:58 1564 1669.47 318.00 1570.88
2005/1 26/08/2010 5:35 1544 1671.59 319.40 1551.59
2005/1 27/08/2010 3:12 1524 1672.81 321.60 1530.61
2005/1 28/08/2010 0:49 1509 1674.60 322.20 1516.81
2005/1 28/08/201022:26 1490 1676.51 322.40 1499.52
2005/1 29/08/2010 20:03 1473 1678.48 322.40 1484.48
2005/1 30/08/2010 17:40 1455 1680.55 322.40 1468.56
2005/1 31/08/2010 1:05 1452 1680.57 322.40 1465.57
2005/1 31/08/2010 1:50 1451 1680.57 322.40 1464.57
2005/1 31/08/2010 2:20 1451 1680.57 322.40 1464.57
2005/1 31/08/2010 2:50 1450 1680.57 322.40 1463.57
2005/1 31/08/2010 15:17 1437 1682.34 322.40 1452.35

Table D.23 Detailed results 02005/1 farm outletin early Sep of 2010/11 season illustrated in Figu& 15

Gate Date Measured Estimattt.ed Accumulative | Corrected
name el. (mm) ewﬁ%%m” rainfall(mm) | el. (mm)
2005/1 7/09/2010 16:56 1660 1695.81 354.00 1660.00
2005/1 7/09/2010 17:42 1659 1695.87 354.00 1659.06
2005/1 8/09/2010 9:06 1649 1696.01 354.20 1649.00
2005/1 9/09/2010 2:06 1640 1698.56 354.20 1642.55
2005/1 10/09/2010 0:03 1637 1699.93 354.20 1640.91
2005/1 10/09/2010 22:00 1627 1701.95 369.20 1617.93
2005/1 11/09/2010 19:57 1615 1704.55 369.40 1608.34
2005/1 12/09/2010 17:54 1602 1706.57 369.40 1597.36
2005/1 13/09/2010 15:51 1590 1709.03 369.80 1587.41
2005/1 13/09/2010 20:05 1589 1709.24 369.80 1586.62
2005/1 15/09/2010 2:42 1591 1709.96 370.00 1589.15
2005/1 15/09/2010 5:26 1589 1709.98 370.00 1587.17
2005/1 16/09/2010 0:39 1578 1712.21 393.20 1555.20
2005/1 16/09/2010 22:36 1566 1713.80 393.20 1544.79
2005/1 17/09/2010 20:33 1554 1716.44 393.20 1535.43
2005/1 18/09/2010 18:30 1542 1718.59 393.20 1525.58
2005/1 19/09/2010 16:27 1528 1720.95 393.20 1513.94
2005/1 20/09/2010 14:24 1516 1723.16 393.20 1504.15
2005/1 22/09/2010 2:32 1500 1726.68 393.20 1491.66
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2005/1 23/09/2010 0:15 1488 1729.42 414.40 1461.21
2005/1 23/09/2010 22:46 1476 1732.40 414.60 1451.98
2005/1 24/09/2010 20:54 1464 1735.48 414.60 1443.07
2005/1 25/09/2010 19:00 1449 1738.95 414.60 1431.54
2005/1 26/09/2010 17:07 1435 1742.28 414.60 1420.86
2005/1 27/09/2010 8:54 1428 1742.62 414.60 1414.21
2005/1 28/09/2010 1:37 1421 1745.73 414.60 1410.31
2005/1 29/09/2010 4:34 1406 1748.78 414.60 1398.37
Table D.24 Detailed results 0696/1 farm outletin early Oct of 2009/10 season illustrated in Figure 6.16
Gate Date Measured Estimattgd Accumulative | Corrected
name el. (mm) evﬁﬁﬁ%m” rainfallimm) | el. (mm)
596/1 5/10/2009 13:24 1589 192.34 0.00 1589.00
596/1 5/10/2009 18:11 1579 194.35 0.00 1581.01
596/1 5/10/2009 23:38 1573 194.86 0.00 1575.53
596/1 6/10/2009 1:42 1569 194.87 0.00 1571.53
596/1 6/10/2009 7:49 1559 194.90 0.00 1561.56
596/1 6/10/2009 12:15 1549 195.94 0.00 1552.60
596/1 6/10/2009 16:32 1539 197.59 0.00 1544.25
596/1 6/10/2009 18:37 1538 198.27 0.00 1543.93
596/1 7/10/2009 1:10 1528 198.56 0.00 1534.22
596/1 7/10/2009 8:02 1518 198.63 0.00 1524.29
596/1 7/10/2009 13:03 1508 200.03 0.00 1515.69
596/1 7/10/2009 13:36 1508 200.27 0.00 1515.93
596/1 7/10/2009 21:48 1498 203.08 0.00 1508.75
596/1 8/10/2009 8:06 1488 203.29 0.00 1498.96
596/1 8/10/2009 8:35 1487 203.31 0.00 1497.98
596/1 8/10/2009 15:12 1478 205.69 0.00 1491.35
596/1 9/10/2009 3:34 1470 207.41 0.00 1485.07
596/1 9/10/2009 5:34 1468 207.41 0.00 1483.08
596/1 9/10/2009 12:45 1458 209.01 0.00 1474.67
596/1 9/10/2009 22:33 1452 211.75 0.00 1471.41
596/1 10/10/2009 2:21 1448 211.83 0.00 1467.49
596/1 10/10/2009 12:20 1438 213.34 0.00 1459.00
596/1 10/10/2009 17:32 1432 215.80 0.00 1455.46
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Table D.25 Detailed results 0696/1 farm outletin mid Oct of 2009/10 season illustrated in Figure 6.16

Gate Date Measured Estima’E:zd Accumulative | Corrected
name el. (mm) eva(rr)r?r;a) 'on rainfall(mm) el. (mm)
596/1 16/10/2009 15:52 1599 238.30 0.00 1599.00
596/1 16/10/2009 18:24 1597 239.05 0.00 1597.75
596/1 17/10/2009 2:37 1589 239.35 0.00 1590.05
596/1 17/10/2009 9:22 1579 239.59 0.00 1580.29
596/1 17/10/2009 13:23 1573 241.21 0.00 1575.91
596/1 17/10/2009 16:21 1569 242.78 0.00 1573.48
596/1 18/10/2009 4:52 1559 244.21 0.00 1564.91
596/1 18/10/2009 8:22 1554 244.27 0.00 1559.97
596/1 18/10/2009 11:32 1549 245.12 0.00 1555.82
596/1 18/10/2009 21:29 1539 248.89 0.00 1549.59
596/1 19/10/2009 3:21 1532 249.04 0.00 1542.74
596/1 19/10/2009 6:53 1529 249.05 0.00 1539.75
596/1 19/10/2009 11:58 1519 250.27 0.00 1530.97
596/1 19/10/2009 23:00 1509 253.75 0.00 1524.45
596/1 20/10/2009 2:50 1505 253.75 0.00 1520.45
596/1 20/10/2009 8:50 1499 253.99 0.00 1514.69
596/1 20/10/2009 14:20 1488 257.28 0.00 1506.98
596/1 20/10/2009 21:47 1482 260.21 0.00 1503.91
596/1 21/10/2009 1:31 1478 260.33 0.00 1500.03
596/1 21/10/2009 9:04 1468 260.75 0.00 1490.45
596/1 21/10/200915:25 1458 264.47 0.00 1484.17
596/1 22/10/2009 3:35 1451 267.08 0.00 1479.78
596/1 22/10/2009 7:09 1448 267.13 0.00 1476.83
596/1 22/10/2009 13:32 1438 269.28 0.00 1468.98
596/1 22/10/2009 22:19 1435 272.84 0.00 1469.54
596/1 23/10/2009 7:33 1428 273.03 0.00 1462.73
596/1 23/10/2009 14:27 1418 276.15 0.00 1455.85
596/1 23/10/2009 17:16 1417 278.19 0.00 1456.89
596/1 24/10/2009 9:24 1408 279.69 0.00 1449.39
596/1 24/10/2009 12:13 1404 281.11 0.00 1446.81
596/1 25/10/2009 3:38 1398 285.12 0.00 1444.81
596/1 25/10/2009 7:10 1397 285.28 0.00 1443.98
596/1 25/10/2009 13:46 1388 287.88 0.00 1437.57
596/1 26/10/2009 2:07 1382 291.01 0.00 1434.71
596/1 26/10/2009 8:05 1378 291.30 0.00 1431.00
596/1 26/10/2009 21:04 1372 297.05 0.00 1430.75
596/1 27/10/2009 2:50 1368 297.42 0.00 1427.12
596/1 27/10/2009 15:22 1358 301.02 0.00 1420.72
596/1 27/10/2009 16:01 1357 301.31 0.00 1420.00
596/1 28/10/2009 9:33 1348 303.51 0.00 1413.21
596/1 28/10/2009 10:58 1346 303.96 0.00 1411.66
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596/1 29/10/20095:55 1339 308.93 0.00 1409.63
596/1 29/10/2009 7:20 1338 309.05 0.00 1408.75
596/1 29/10/2009 13:56 1328 311.83 0.00 1401.53
596/1 30/10/2009 1:47 1325 315.09 0.00 1401.79
596/1 30/10/2009 10:39 1318 316.30 0.00 1396.00
596/1 30/10/2009 20:46 1311 320.30 0.00 1393.00
596/1 31/10/2009 1:32 1308 320.47 0.00 1390.17
596/1 31/10/2009 9:55 1298 321.15 0.00 1380.85
596/1 31/10/2009 15:45 1299 324.69 0.00 1385.39
596/1 31/10/2009 23:30 1288 325.84 0.00 1375.54
596/1 1/11/2009 8:50 1277 326.31 0.00 1365.01
596/1 1/11/2009 10:44 1277 327.37 0.00 1366.06
596/1 2/11/2009 5:43 1277 333.80 0.00 1372.50
596/1 3/11/2009 0:42 1277 341.48 3.40 1376.78

Table D.26 Detailed results o0BOONA-7 gaugein BOONA 8, 9 poolillustrated in Figure 6.19

Measured Estimated Accumulative | Corrected
Gate name Date el. (mm) eva(;:r?;]a)tlon rainfall(mm) el. (mm)

BOONA 7 7/02/2011 14:50 1682 2022.07 885.42 1682.00
BOONA 7 8/02/2011 12:33 1671 2025.47 885.42 1674.40
BOONA 7 8/02/2011 13:15 1661 2025.97 885.42 1664.90
BOONA 7 8/02/2011 14:05 1651 2026.52 885.42 1655.44
BOONA 7 8/02/2011 15:14 1641 2027.06 885.42 1645.99
BOONA 7 8/02/2011 16:58 1631 2027.81 885.42 1636.74
BOONA 7 8/02/2011 19:25 1621 2028.66 885.42 1627.59
BOONA 7 9/02/2011 0:06 1611 2028.77 885.42 1617.69
BOONA 7 9/02/2011 4:14 1601 2028.77 885.42 1607.69
BOONA 7 9/02/2011 5:24 1599 2028.77 885.42 1605.69

Table D.27 Detailed results of£OLY 5-1 gaugein COLY 5, 5-1 poolillustrated in Figure 6.20

Measured Estimated Accumulative | Corrected
Gate name Date el. (mm) eva(;::rrna)tlon rainfall(mm) el. (mm)

coLy4a 29/11/2010 9:27 1545 1775.65 668.81 1545.00
CoLy & 29/11/2010 9:45 1535 1775.70 668.81 1535.05
coLy4a 29/11/2010 10:01 1524 1775.70 669.41 1523.45
coLy4a 29/11/2010 10:18 1514 1775.75 669.41 1513.51
CoLy & 29/11/2010 10:36 1504 1775.75 669.41 1503.51
coLy4a 29/11/2010 10:56 1494 1775.87 669.41 1493.62
coLy & 29/11/2010 11:17 1484 1775.98 669.41 1483.74
coLy4a 29/11/2010 11:44 1474 1776.07 669.41 1473.82
coLy 4 29/11/2010 12:16 1464 1776.15 669.41 1463.90
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coLy 4 29/11/2010 12:59 1454 1776.28 669.41 1454.04
CoLY 4 29/11/2010 14:03 1443 1776.55 669.41 1443.31
CcoLy 4 29/11/2010 15:31 1433 1777.05 669.41 1433.80
CoLY 4 29/11/2010 17:32 1423 1777.36 669.41 1424.11
CcoLy 4 29/11/2010 20:20 1413 1777.68 669.41 1414.43
CoLY 4 29/11/2010 23:40 1403 1777.78 669.41 1404.53
CoLY 4 30/11/2010 1:53 1397 1777.86 669.41 1398.61
CcoLy 4 30/11/2010 3:42 1393 1777.93 669.41 1394.68
CoLY 4 30/11/2010 14:16 1382 1778.95 672.01 1382.10
coLy 4 1/12/2010 0:12 1382 1779.63 672.01 1382.79
CoLY 4 1/12/2010 8:32 1381 1779.77 672.01 1381.93

Table D.28 Detailed results of 2008/1 farm outléh YAMMA 4 -7, ESC YAMMA 4 pool illustrated in Figure 6.21

Gate Sate Measured Estimat::d Accumulative | Corrected
name el. (mm) ewzﬂgm” rainfall(mm) | el. (mm)
2008/1 18/01/2010 23:23 1573 914.36 61.00 1573.00
2008/1 19/01/2010 3:38 1567 914.57 61.00 1567.21
2008/1 19/01/2010 8:11 1557 914.78 61.00 1557.42
2008/1 19/01/2010 12:22 1547 916.56 61.00 1549.20
2008/1 19/01/2010 18:12 1537 920.38 61.00 1543.02
2008/1 20/01/2010 5:33 1527 921.81 61.00 1534.45
2008/1 20/01/2010 9:36 1517 922.22 61.00 1524.86
2008/1 20/01/2010 13:41 1512 924.99 61.00 1522.63
2008/1 20/01/2010 15:05 1507 926.31 61.00 1518.95
2008/1 21/01/2010 4:24 1499 930.39 61.00 1515.03
2008/1 21/01/2010 6:00 1497 930.42 61.00 1513.06
2008/1 21/01/2010 10:11 1487 931.21 61.00 1503.85
2008/1 21/01/2010 16:22 1477 935.56 61.00 1498.20
2008/1 22/01/2010 3:56 1467 938.65 61.00 1491.29
2008/1 22/01/2010 4:47 1466 938.75 61.00 1490.39
2008/1 22/01/2010 10:32 1457 940.75 61.00 1483.39
2008/1 22/01/2010 15:27 1446 946.65 61.00 1478.29
2008/1 23/01/2010 1:05 1436 951.81 61.00 1473.45
2008/1 23/01/2010 3:51 1434 952.32 61.00 1471.96
2008/1 23/01/2010 9:56 1426 953.43 61.00 1465.07
2008/1 23/01/2010 15:46 1416 957.99 61.00 1459.63
2008/1 23/01/2010 23:04 1413 961.18 61.00 1459.82
2008/1 24/01/2010 7:55 1406 961.51 61.00 1453.15
2008/1 24/01/2010 14:04 1396 964.35 61.00 1445.99
2008/1 24/01/2010 18:17 1391 967.42 61.00 1444.06
2008/1 25/01/2010 5:44 1386 968.60 61.00 1440.24
2008/1 25/01/2010 11:18 1343 969.91 61.00 1398.55
2008/1 25/01/2010 11:18 1320 969.91 61.00 1375.55
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2008/1 25/01/2010 11:18 1337 969.91 61.00 1392.55
2008/1 25/01/2010 11:19 1349 969.91 61.00 1404.55
2008/1 25/01/2010 11:19 1363 969.91 61.00 1418.55
2008/1 25/01/2010 11:20 1374 969.91 61.00 1429.55
2008/1 25/01/2010 11:21 1342 969.91 61.00 1397.55
2008/1 25/01/2010 11:21 1319 969.91 61.00 1374.55
2008/1 25/01/2010 11:21 1349 969.91 61.00 1404.55
2008/1 25/01/2010 11:22 1363 969.91 61.00 1418.55
2008/1 25/01/2010 11:22 1334 969.91 61.00 1389.55
2008/1 25/01/2010 11:23 1347 969.91 61.00 1402.55
2008/1 25/01/2010 11:23 1362 969.91 61.00 1417.55
2008/1 25/01/2010 11:24 1336 969.91 61.00 1391.55
2008/1 25/01/2010 11:24 1315 969.91 61.00 1370.55
2008/1 25/01/2010 11:25 1300 969.91 61.00 1355.55
2008/1 25/01/2010 11:25 1323 969.91 61.00 1378.55
2008/1 25/01/2010 11:25 1305 969.91 61.00 1360.55
2008/1 25/01/2010 11:26 1327 969.91 61.00 1382.55
2008/1 25/01/2010 11:26 1319 969.91 61.00 1374.55
2008/1 25/01/2010 11:26 1302 969.91 61.00 1357.55
2008/1 25/01/2010 11:26 1325 969.91 61.00 1380.55
2008/1 25/01/2010 11:27 1307 969.91 61.00 1362.55
2008/1 25/01/2010 11:27 1328 969.91 61.00 1383.55
2008/1 25/01/2010 11:27 1343 969.91 61.00 1398.55
2008/1 25/01/2010 11:28 1353 969.91 61.00 1408.55
2008/1 25/01/2010 11:28 1332 969.91 61.00 1387.55
2008/1 25/01/2010 11:28 1346 969.91 61.00 1401.55
2008/1 25/01/2010 11:29 1328 969.91 61.00 1383.55
2008/1 25/01/2010 11:30 1309 969.91 61.00 1364.55
2008/1 25/01/2010 11:31 1296 969.91 61.00 1351.55
2008/1 25/01/2010 11:31 1280 969.91 61.00 1335.55
2008/1 25/01/2010 13:30 1280 971.38 61.00 1337.02
2008/1 25/01/2010 21:01 1300 975.86 61.00 1361.50
2008/1 25/01/2010 21:02 1289 975.86 61.00 1350.50
2008/1 25/01/2010 21:04 1275 975.86 61.00 1336.50
2008/1 25/01/2010 21:04 1301 975.86 61.00 1362.50
2008/1 25/01/2010 21:05 1289 975.86 61.00 1350.50
2008/1 25/01/2010 21:06 1307 975.86 61.00 1368.50
2008/1 25/01/2010 21:07 1294 975.86 61.00 1355.50
2008/1 25/01/2010 21:07 1277 975.86 61.00 1338.50
2008/1 25/01/2010 21:08 1302 975.86 61.00 1363.50
2008/1 25/01/2010 21:08 1290 975.86 61.00 1351.50
2008/1 25/01/2010 21:09 1308 975.86 61.00 1369.50
2008/1 25/01/2010 21:09 1294 975.86 61.00 1355.50
2008/1 25/01/2010 21:10 1310 975.86 61.00 1371.50
2008/1 25/01/2010 21:11 1295 975.86 61.00 1356.50
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2008/1 25/01/2010 21:11 1318 975.86 61.00 1379.50
2008/1 25/01/2010 21:11 1301 975.86 61.00 1362.50
2008/1 25/01/2010 21:11 1289 975.86 61.00 1350.50
2008/1 25/01/2010 21:12 1313 975.86 61.00 1374.50
2008/1 25/01/2010 21:12 1330 975.86 61.00 1391.50
2008/1 25/01/2010 21:12 1310 975.86 61.00 1371.50
2008/1 25/01/2010 21:13 1328 975.86 61.00 1389.50
2008/1 25/01/2010 21:13 1340 975.86 61.00 1401.50
2008/1 25/01/2010 21:13 1317 975.86 61.00 1378.50
2008/1 25/01/2010 21:14 1300 975.86 61.00 1361.50
2008/1 25/01/2010 21:14 1321 975.86 61.00 1382.50
2008/1 25/01/2010 21:14 1303 975.86 61.00 1364.50
2008/1 25/01/2010 21:15 1291 975.86 61.00 1352.50
2008/1 25/01/2010 21:15 1315 975.86 61.00 1376.50
2008/1 25/01/2010 21:16 1331 975.91 61.00 1392.55
2008/1 25/01/2010 21:16 1343 975.91 61.00 1404.55
2008/1 25/01/2010 21:17 1357 975.91 61.00 1418.55
2008/1 25/01/2010 21:18 1334 975.91 61.00 1395.55
2008/1 25/01/2010 21:19 1312 975.91 61.00 1373.55
2008/1 25/01/2010 21:19 1330 975.91 61.00 1391.55
2008/1 25/01/2010 21:19 1309 975.91 61.00 1370.55
2008/1 25/01/2010 21:19 1295 975.91 61.00 1356.55
2008/1 25/01/2010 21:20 1310 975.91 61.00 1371.55
2008/1 25/01/2010 21:20 1328 975.91 61.00 1389.55
2008/1 25/01/2010 21:20 1341 975.91 61.00 1402.55
2008/1 25/01/2010 21:21 1355 975.91 61.00 1416.55
2008/1 25/01/2010 21:22 1366 975.91 61.00 1427.55
2008/1 25/01/2010 21:24 1337 975.91 61.00 1398.55
2008/1 25/01/2010 21:25 1354 975.91 61.00 1415.55
2008/1 25/01/2010 21:26 1364 975.91 61.00 1425.55
2008/1 25/01/2010 21:28 1337 975.91 61.00 1398.55
2008/1 25/01/2010 21:28 1354 975.91 61.00 1415.55
2008/1 25/01/2010 21:29 1364 975.91 61.00 1425.55
2008/1 26/01/2010 8:43 1360 976.34 61.00 1421.98
2008/1 26/01/2010 9:28 1328 976.70 61.00 1390.34
2008/1 26/01/2010 9:29 1307 976.70 61.00 1369.34
2008/1 26/01/2010 9:29 1322 976.70 61.00 1384.34
2008/1 26/01/2010 9:30 1333 976.70 61.00 1395.34
2008/1 26/01/2010 9:31 1346 976.70 61.00 1408.34
2008/1 27/01/2010 3:56 1339 984.78 61.00 1409.42
2008/1 27/01/2010 7:18 1336 984.98 61.00 1406.62
2008/1 27/01/2010 21:01 1324 993.00 61.00 1402.64
2008/1 27/01/2010 21:46 1308 993.17 61.00 1386.81
2008/1 27/01/2010 21:47 1318 993.17 61.00 1396.81
2008/1 28/01/2010 5:44 1312 993.77 61.00 1391.41
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2008/1 28/01/2010 7:52 1308 993.82 61.00 1387.46
2008/1 29/01/2010 0:12 1303 1001.48 61.00 1390.12
2008/1 29/01/2010 19:35 1303 1009.43 61.00 1398.07

Table D.29 Detailed results of 182/1 farm outleéh YAMMA 1, 2 pool illustrated in Figure 6.22

Measured Estimated Accumulative | Corrected
;ﬁi Date evaporation .

el. (mm) (mm) rainfall(mm) el. (mm)
182/1 12/06/2010 9:53 1656 1570.98 243.40 1656.00
182/1 12/06/2010 16:59 1662 1572.29 243.40 1663.30
182/1 13/06/2010 6:52 1670 1572.38 243.40 1671.40
182/1 13/06/2010 9:01 1672 1572.39 243.40 1673.41
182/1 14/06/2010 2:42 1682 1573.70 243.40 1684.72
182/1 14/06/2010 3:51 1682 1573.70 243.40 1684.72
182/1 14/06/2010 18:17 1692 1575.01 243.40 1696.03
182/1 15/06/2010 0:50 1694 1575.01 243.40 1698.03
182/1 15/06/2010 14:50 1702 1576.08 243.40 1707.09
182/1 15/06/2010 21:49 1706 1576.33 243.40 1711.34
182/1 16/06/2010 9:06 1712 1576.35 243.40 1717.37
182/1 16/06/2010 18:48 1713 1577.74 243.40 1719.76
182/1 17/06/2010 12:20 1702 1579.03 244.40 1709.04
182/1 17/06/2010 14:14 1712 1579.43 244.40 1719.44
182/1 17/06/2010 15:47 1711 1579.64 244.40 1718.65
182/1 18/06/2010 12:46 1715 1580.46 244.80 1723.08
182/1 19/06/2010 9:40 1702 1581.37 244.80 1710.99
182/1 20/06/2010 6:44 1697 1582.22 244.80 1706.84
182/1 20/06/2010 11:30 1692 1582.48 244.80 1702.10
182/1 21/06/2010 3:43 1686 1583.20 244.80 1696.82
182/1 21/06/2010 7:36 1682 1583.20 244.80 1692.82
182/1 22/06/2010 0:42 1675 1584.00 245.20 1686.22
182/1 22/06/2010 5:34 1672 1584.00 245.20 1683.22
182/1 22/06/2010 21:41 1665 1584.78 245.20 1677.00
182/1 23/06/2010 3:50 1662 1584.85 245.20 1674.07
182/1 23/06/2010 18:40 1653 1586.29 245.20 1666.51
182/1 23/06/2010 23:09 1652 1586.36 245.20 1665.58
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Table D.30 Detailed results of 2020/farm outlet in TUBBO 10, 11pool illustrated in Figure 6.23

Gate Date Measured Estimatsad Accumulative| Corrected
name el. (mm) eva([;?r;a)tlon rainfall(mm) | el. (mm)
2020/1 | 16/04/2010 22:00 1519 1302.54 204.80 1519.00
2020/1 | 17/04/2010 18:35 1522 1305.69 204.80 1525.16
2020/1 18/04/2010 12:27 1525 1307.18 204.80 1529.64
2020/1 | 18/04/2010 15:10 1525 1308.46 204.80 1530.92
2020/1 19/04/2010 11:45 1527 1310.47 204.80 1534.93
2020/1 20/04/2010 8:21 1530 1312.57 204.80 1540.03
2020/1 20/04/201015:13 1535 1314.61 204.80 1547.07
2020/1 21/04/2010 4:55 1533 1315.14 204.80 1545.60
2020/1 22/04/2010 1:30 1536 1317.97 204.80 1551.43
2020/1 22/04/2010 22:05 1538 1320.96 205.00 1556.23
2020/1 | 23/04/2010 18:40 1538 1324.50 205.00 1559.76
2020/1 24/04/2010 4:04 1545 1324.90 205.00 1567.17
2020/1 24/04/2010 15:15 1549 1325.37 209.20 1567.43
2020/1 | 25/04/2010 11:50 1553 1326.32 215.00 1566.58
2020/1 25/04/2010 22:52 1555 1327.78 215.00 1570.05
2020/1 26/04/2010 8:25 1556 1327.80 215.00 1571.07
2020/1 27/04/2010 5:00 1558 1329.89 215.20 1574.95
2020/1 28/04/2010 1:35 1560 1332.10 215.20 1579.16
2020/1 29/04/2010 18:45 1564 1334.53 215.20 1585.59
2020/1 29/04/2010 22:01 1565 1334.63 215.20 1586.69
2020/1 30/04/2010 15:20 1566 1336.50 215.20 1589.56
2020/1 1/05/2010 11:55 1569 1337.64 215.20 1593.70
2020/1 2/05/2010 8:30 1573 1339.18 215.20 1599.25
2020/1 3/05/2010 0:18 1575 1341.38 215.20 1603.44
2020/1 3/05/2010 5:05 1576 1341.38 215.20 1604.44
2020/1 4/05/2010 1:40 1578 1344.03 215.20 1609.09

Table D.31 Detailed results of YAMMA-2 gaugein YAMMA -1, 2pool illustrated in Figure 6.24

Measured Estimated Accumulative | Corrected

Gate name Date el. (mm) evaporation rainfall(mm) el. (mm)
(mm)

YAMMA2 4/08/2009 19:37 1054 1.42 0.00 1054.00
YAMMA2 5/08/2009 11:42 1054 1.90 0.00 1054.48
YAMMA2 6/08/2009 3:47 1054 3.38 0.00 1055.96
YAMMA2 6/08/2009 19:52 1054 5.93 0.00 1058.52
YAMMA2 7/08/2009 11:57 1054 6.83 0.00 1059.42
YAMMA2 8/08/2009 4:02 1054 8.67 0.00 1061.25
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YAMMAZ2 8/08/2009 20:07 1054 10.45 0.00 1063.03
YAMMA2 9/08/2009 12:12 1054 10.95 0.00 1063.53
YAMMA2 10/08/2009 4:17 1054 12.23 0.00 1064.81
YAMMAZ2 10/08/2009 20:22 1054 14.44 0.00 1067.02
YAMMAZ2 11/08/2009 12:27 1054 15.62 0.00 1068.20
YAMMA2 12/08/2009 4:32 1054 17.24 0.00 1069.82
YAMMA2 12/08/2009 20:37 1054 18.88 0.00 1071.47
YAMMAZ2 13/08/2009 12:42 1054 19.43 0.00 1072.01
YAMMAZ2 14/08/2009 4:47 1054 20.43 0.00 1073.01
YAMMA2 14/08/2009 20:52 1054 21.76 0.00 1074.34
YAMMA2 15/08/2009 12:57 1054 22.81 0.00 1075.39
YAMMA2 16/08/2009 5:02 1054 25.05 0.00 1077.63
YAMMAZ2 16/08/2009 21:07 1054 27.16 0.00 1079.75
YAMMA2 17/08/2009 13:12 1054 28.32 0.00 1080.91
YAMMA2 18/08/2009 5:17 1054 29.63 0.00 1082.22
YAMMA2 18/08/2009 21:22 1054 31.85 0.00 1084.43

Table D.32 Detailed results of BUNDURE 2 gaugein BUNDURE 7-1, 7-2 pool illustrated in Figure 6.25, 26, 27

Measured Estimated Accumulative | Corrected | Seepage
Gate name Date . .
el. (mm) evaporation rainfall(mm) | el. (mm) | (mm/hr)
BUNDURE-Z 28/05/2010 1479 1552.60 222.40 1479.00 1.69
BUNDURE-Z | 29/05/2010 6:22 1471 1552.67 222.40 1471.07 1.66
BUNDURE-Z | 29/05/2010 9:21 1469 1552.72 239.20 1452.32 1.64
BUNDURE-Z 29/05/2010 1459 1553.41 239.20 1443.01 1.62
BUNDURE-Z 29/05/2010 1449 1553.49 239.20 1433.09 1.60
BUNDURE-Z | 30/05/2010 3:20 1439 1553.49 239.20 1423.09 1.57
BUNDURE-Z | 30/05/2010 9:00 1429 1553.51 241.60 1410.71 1.55
BUNDURE-Z 30/05/2010 1419 1554.02 241.60 1401.22 1.52
BUNDURE-Z 30/05/2010 1409 1554.36 241.60 1391.56 1.50
BUNDURE-Z | 31/05/2010 0:19 1406 1554.41 241.60 1388.61 1.49
BUNDURE-Z | 31/05/2010 5:31 1399 1554.49 241.60 1381.69 1.47
BUNDURE-Z 31/05/2010 1389 1555.02 242.00 1371.82 1.45
BUNDURE-Z 31/05/2010 1379 1556.31 242.00 1363.11 1.41
BUNDURE-Z 31/05/2010 1377 1556.31 242.00 1361.11 1.40
BUNDURE-Z 1/06/2010 2:54 1369 1556.31 242.00 1353.11 1.38
BUNDURE-Z 1/06/2010 9:47 1359 1556.42 242.00 1343.22 1.35
BUNDURE-2 | 1/06/2010 15:59 1349 1557.56 242.00 1334.36 1.33
BUNDURE-Z | 1/06/2010 18:18 1347 1557.63 242.00 1332.44 1.32
BUNDURE-Z 2/06/2010 0:43 1339 1557.64 242.00 1324.44 1.29
BUNDURE-Z 2/06/2010 8:18 1329 1557.64 242.00 1314.44 1.26
BUNDURE-Z | 2/06/2010 13:38 1319 1558.50 242.00 1305.30 1.24
BUNDURE-Z | 2/06/2010 15:16 1317 1558.82 242.00 1303.62 1.24
BUNDURE-Z | 2/06/2010 23:56 1309 1559.03 242.00 1295.83 1.20
BUNDURE-Z 3/06/2010 7:53 1299 1559.03 242.00 1285.83 1.17
BUNDURE-Z | 3/06/201012:15 1290 1559.65 242.20 1277.25 1.15
BUNDURE-Z | 3/06/2010 13:00 1289 1559.78 242.20 1276.38 1.15
BUNDURE-Z | 3/06/2010 22:34 1279 1560.68 242.20 1267.28 1.11

PhD Dissertation

Page314




Appendix D

BUNDURE-Z 4/06/2010 7:23 1269 1560.69 242.20 1257.29 1.08
BUNDURE-Z 4/06/2010 9:14 1266 1560.74 242.20 1254.34 1.07
BUNDURE-Z | 4/06/2010 12:11 1259 1561.25 242.20 1247.85 1.06
BUNDURE-Z | 4/06/2010 22:50 1249 1562.28 242.20 1238.88 1.01
BUNDURE-Z 5/06/2010 6:13 1241 1562.28 242.20 1230.88 0.98
BUNDURE-2Z 5/06/2010 7:56 1239 1562.29 242.20 1228.89 0.98
BUNDURE-Z | 5/06/2010 12:53 1229 1562.81 242.20 1219.41 0.96
BUNDURE-Z | 5/06/2010 21:55 1219 1563.58 242.20 1210.18 0.92
BUNDURE-Z 6/06/2010 3:12 1214 1563.64 242.20 1205.24 0.90
BUNDURE-Z 6/06/2010 8:31 1209 1563.69 242.20 1200.29 0.88
BUNDURE-Z | 6/06/2010 15:19 1199 1564.95 242.20 1191.55 0.85
BUNDURE-Z 7/06/2010 0:11 1196 1565.24 242.20 1188.84 0.82
BUNDURE-2 7/06/2010 9:18 1189 1565.28 242.20 1181.88 0.78
BUNDURE-Z 8/06/2010 2:01 1182 1566.46 242.20 1176.06 0.71
BUNDURE-Z 8/06/2010 8:29 1179 1566.46 242.20 1173.06 0.69
BUNDURE-Z 9/06/2010 0:39 1172 1567.55 242.40 1166.95 0.62
BUNDURE-2 9/06/2010 7:41 1169 1567.63 242.40 1164.03 0.59
BUNDURE-Z | 9/06/2010 21:38 1164 1568.29 243.40 1158.69 0.54
BUNDURE-Z | 10/06/2010 8:36 1159 1568.33 243.40 1153.73 0.50
BUNDURE-Z 10/06/2010 1153 1569.63 243.40 1149.03 0.46
BUNDURE-Z | 11/06/2010 7:10 1149 1569.70 243.40 1145.10 0.40
BUNDURE-Z 11/06/2010 1143 1570.54 243.40 1139.94 0.37
BUNDURE-Z | 12/06/2010 7:42 1139 1570.87 243.40 1136.27 0.31
BUNDURE-2 12/06/2010 1133 1571.42 243.40 1130.82 0.29
BUNDURE-Z | 13/06/2010 5:18 1129 1572.38 243.40 1127.78 0.22
BUNDURE-Z | 13/06/2010 9:34 1124 1572.40 243.40 1122.81 0.20
BUNDURE-2 13/06/2010 1119 1573.18 243.40 1118.58 0.19
BUNDURE-Z 14/06/2010 1109 1574.47 243.40 1109.87 0.09
BUNDURE-Z | 15/06/2010 3:33 1108 1575.01 243.40 1109.41 0.04
BUNDURE-2 15/06/2010 1099 1575.75 243.40 1101.15 0.00
BUNDURE-Z | 16/06/2010 0:31 1100 1576.33 243.40 1102.73 -0.05
BUNDURE-Z 16/06/2010 1091 1577.83 243.40 1095.23 -0.13
BUNDURE-Z 17/06/2010 1091 1579.81 244.40 1096.22 -0.22
BUNDURE-Z 18/06/2010 1091 1580.96 244.80 1096.96 -0.30
BUNDURE-2 19/06/2010 1091 1581.72 244.80 1097.72 -0.38
BUNDURE-Z | 20/06/2010 9:26 1091 1582.25 244.80 1098.25 -0.47
BUNDURE-Z | 21/06/2010 6:25 1091 1583.20 244.80 1099.20 -0.55
BUNDURE-Z | 22/06/2010 3:24 1091 1584.00 245.20 1099.60 -0.64
BUNDURE-Z | 23/06/2010 0:23 1091 1584.81 245.20 1100.41 -0.72
BUNDURE-Z 23/06/2010 1091 1586.34 245.20 1101.94 -0.80
BUNDURE-2 24/06/2010 1091 1588.14 245.40 1103.54 -0.89
BUNDURE-2 25/06/2010 1091 1588.93 245.40 1104.33 -0.97
BUNDURE-2 26/06/2010 1091 1589.58 252.80 1097.58 -1.06
BUNDURE-Z | 27/06/2010 9:18 1091 1590.40 253.00 1098.20 -1.14
BUNDURE-Z | 28/06/2010 6:17 1091 1591.59 253.00 1099.39 -1.22
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Table D.33 Detailed results of TUBBG2 gaugein TUBBO-1, 2poolillustrated in Figure 6.28

Measured Estimated Accumulative | Corrected
Gate name Date el. (mm) eva(pr)r?rr]?)tmn rainfall(mm) el. (mm)

TUBB® 22/03/2012 10:49 | 1467.437 3470.78 1403.38 1467.44
TUBB@ 22/03/2012 10:49 | 1467.437 3470.78 1403.38 1467.44
TUBB® 22/03/2012 12:01 | 1452.046 3471.05 1403.38 1452.31
TUBB® 22/03/2012 12:01 | 1452.046 3471.05 1403.38 1452.31
TUBB@ 22/03/2012 13:11 | 1436.634 3471.38 1403.38 1437.23
TUBB® 22/03/2012 13:11 | 1436.634 3471.38 1403.38 1437.23
TUBB® 22/03/2012 14:23 | 1421.462 3471.93 1403.38 1422.62
TUBB® 22/03/2012 14:23 | 1421.462 3471.93 1403.38 1422.62
TUBB®& 22/03/2012 15:49 | 1406.314 3472.49 1403.38 1408.02
TUBB®& 22/03/2012 15:49 | 1406.314 3472.49 1403.38 1408.02
TUBB® 22/03/2012 17:08 | 1391.173 3472.80 1403.38 1393.19
TUBB®& 22/03/2012 17:08 | 1391.173 3472.80 1403.38 1393.19
TUBB® 22/03/2012 18:34 | 1376.081 3473.12 1403.38 1378.42
TUBB®& 22/03/2012 18:34 | 1376.081 3473.12 1403.38 1378.42
TUBB® 22/03/2012 20:04 | 1361.069 3473.22 1403.38 1363.52
TUBB® 22/03/2012 20:04 | 1361.069 3473.22 1403.38 1363.52
TUBB®& 22/03/2012 21:32 | 1346.066 3473.24 1403.38 1348.53
TUBB® 22/03/2012 21:32 | 1346.066 3473.24 1403.38 1348.53
TUBB®& 22/03/2012 23:04 | 1331.036 3473.24 1403.38 1333.50
TUBB& 22/03/201223:04 | 1331.036 3473.24 1403.38 1333.50
TUBB@ 23/03/2012 0:40 | 1316.029 3473.24 1403.38 1318.49
TUBB® 23/03/2012 0:40 | 1316.029 3473.24 1403.38 1318.49
TUBB& 23/03/2012 2:15 | 1301.026 3473.24 1403.38 1303.49
TUBB®& 23/03/2012 2:15 | 1301.026 3473.24 1403.38 1303.49
TUBB® 23/03/2012 3:54 | 1285.985 3473.24 1403.38 1288.45
TUBB® 23/03/2012 3:54 | 1285.985 3473.24 1403.38 1288.45
TUBB® 23/03/2012 5:28 | 1270.917 3473.24 1403.38 1273.38
TUBB® 23/03/2012 5:28 | 1270.917 3473.24 1403.38 1273.38
TUBB@ 23/03/2012 7:22 | 1255.865 3473.25 1403.38 1258.34
TUBB& 23/03/2012 7:22 | 1255.865 3473.25 1403.38 1258.34
TUBB®& 23/03/2012 8:27 | 1244.539 3473.26 1403.38 1247.03
TUBB& 23/03/2012 8:27 | 1244.539 3473.26 1403.38 1247.03
TUBB®& 23/03/2012 8:37 | 1240.771 3473.26 1403.38 1243.26
TUBB@ 23/03/2012 8:37 | 1240.771 3473.26 1403.38 1243.26
TUBB& 23/03/2012 10:37 | 1225.763 3473.40 1403.38 1228.39
TUBB@ 23/03/2012 10:37 | 1225.763 3473.40 1403.38 1228.39
TUBB& 23/03/2012 11:23 | 1220.711 3473.58 1403.38 1223.51
TUBB@ 23/03/2012 11:23 | 1220.711 3473.58 1403.38 1223.51
TUBB& 23/03/2012 11:58 | 1210.257 3473.68 1403.38 1213.16
TUBB& 23/03/2012 11:58 | 1210.257 3473.68 1403.38 1213.16
TUBB® 23/03/2012 14:00 | 1195.247 3474.09 1403.38 1198.56
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TuBBeR 23/03/2012 14:00 | 1195.247 3474.09 1403.38 1198.56
TUBB@® 23/03/2012 16:44 | 1180.201 3474.61 1403.38 1184.03
TuBBeR 23/03/2012 16:44 | 1180.201 3474.61 1403.38 1184.03
TUBB@® 23/03/2012 19:49 | 1165.077 3474.97 1403.38 1169.26
TuBBeR 23/03/201219:49 | 1165.077 3474.97 1403.38 1169.26
TUBB@® 23/03/2012 22:24 | 1150.065 3474.98 1403.38 1154.27
TUBB@® 23/03/2012 22:24 | 1150.065 3474.98 1403.38 1154.27
TuBBeR 24/03/2012 1:24 | 1135.018 3474.99 1403.38 1139.23
TUBB@® 24/03/2012 1:24 | 1135.018 3474.99 1403.38 1139.23
TuBBeR 24/03/2012 4:41 | 1120.009 3475.00 1403.38 1124.23
TUBB@® 24/03/2012 4:41 | 1120.009 3475.00 1403.38 1124.23
TuBBeR 24/03/2012 7:59 | 1105.001 3475.01 1403.38 1109.23
TuBBeR 24/03/2012 7:59 | 1105.001 3475.01 1403.38 1109.23
TUBB@® 24/03/2012 10:46 | 1089.541 3475.30 1403.38 1094.06
TuBBeR 24/03/2012 10:46 | 1089.541 3475.30 1403.38 1094.06
TUBB@® 24/03/2012 14:19 | 1074.429 3476.08 1403.38 1079.73
TuBBeR 24/03/2012 14:19 | 1074.429 3476.08 1403.38 1079.73
TUBB@® 24/03/201222:28 | 1059.397 3476.85 1403.38 1065.47
TUBB@® 24/03/2012 22:28 | 1059.397 3476.85 1403.38 1065.47
TuBBeR 25/03/2012 7:57 | 1044.347 3476.85 1403.38 1050.42
TUBB@® 25/03/2012 7:57 | 1044.347 3476.85 1403.38 1050.42
TuBBeR 25/03/2012 14:11 | 1029.166 3478.19 1403.38 1036.57
TUBB@® 25/03/2012 14:11 | 1029.166 3478.19 1403.38 1036.57
TuBBeR 26/03/2012 0:26 | 1014.126 3479.73 1403.38 1023.08
TuBBeR 26/03/2012 0:26 | 1014.126 3479.73 1403.38 1023.08
TUBB@® 26/03/2012 4:11 | 999.1128 3479.73 1403.38 1008.07
TuBBeR 26/03/2012 4:11 | 999.1128 3479.73 1403.38 1008.07

Table D.34 Detailed results of 591/2 farm outleh BUNDURE MAIN 13, 14 poolillustrated in Figure 6.29, 30, 31

Gate Date Measured Estimated Accumulative | Corrected | Seepage
name el. (mm) | evaporation (mm) | rainfall(mm) el. (mm) (mm/hr)

591/2 23/09/2009 18:27 1544 152.6940193 0 1544 3.4686

591/2 23/09/2009 21:44 1534 152.8073293 0 1534.11 | 3.423951
591/2 23/09/2009 23:46 1524 152.8432943 0 1524.15 | 3.396289
591/2 24/09/2009 1:59 1514 152.8700374 0 1514.18 | 3.366151
591/2 24/09/2009 4:28 1504 152.8883214 0 1504.19 | 3.332369
591/2 24/09/2009 6:57 1494 152.8993545 0 1494.21 3.2986

591/2 24/09/2009 7:32 1491 152.9049114 0 1491.21 | 3.290671
591/2 24/09/2009 8:34 1488 152.9970914 0 1488.3 3.276609
591/2 24/09/2009 8:39 1487 153.0981602 0 1487.4 3.27548
591/2 24/09/2009 8:54 1484 153.0981602 0 1484.4 3.27208
591/2 24/09/2009 11:36 1474 154.0572514 0 1475.36 3.23536
591/2 24/09/2009 14:21 1464 155.0672752 0 1466.37 3.19796
591/2 24/09/2009 17:22 1454 156.0702913 0 1457.38 | 3.156929

PhD Dissertation

Page317




Appendix D

591/2 24/09/2009 20:17 1444 156.2400469 0 144755 | 3.117271
591/2 24/09/2009 22:52 1434 156.2585223 0 1437.56 | 3.082129
591/2 25/09/2009 1:58 1424 156.2612373 0 1427.57 | 3.039969
591/2 25/09/2009 2:31 1422 156.2612373 0 1425.57 | 3.032489
591/2 25/09/2009 5:09 1414 156.2667164 0 1417.57 2.99668
591/2 25/09/2009 8:40 1404 156.6122564 0 1407.92 | 2.948849
591/2 25/09/2009 11:12 1394 157.7802292 0 1399.09 2.9144

591/2 25/09/2009 14:03 1384 159.2621917 0 1390.57 2.87564
591/2 25/09/2009 16:46 1373 160.4155478 0 1380.72 | 2.838689
591/2 25/09/2009 20:09 1362 161.1882239 0 1370.49 2.79268
591/2 25/09/2009 20:11 1351 161.1882239 0 1359.49 | 2.792231
591/2 25/09/2009 20:14 1341 161.1882239 0 1349.49 | 2.791551
591/2 25/09/2009 20:21 1352 161.1882239 0 1360.49 2.78996
591/2 25/09/2009 20:25 1363 161.1882239 0 1371.49 | 2.789049
591/2 25/09/2009 21:30 1362 161.2360873 0 1370.54 2.77432
591/2 26/09/2009 0:33 1353 161.2941176 0 1361.6 2.73284
591/2 26/09/2009 3:00 1343 161.3346271 0 1351.64 2.69952
591/2 26/09/2009 7:09 1333 161.4526571 0 1341.76 2.64308
591/2 26/09/2009 9:30 1322 161.6887771 0 1330.99 2.61112
591/2 26/09/2009 12:34 1312 162.2901786 0 1321.6 2.569409
591/2 26/09/2009 12:49 1323 162.3964636 0 1332.7 2.566009
591/2 26/09/2009 13:52 1312 162.6754295 0 1321.98 | 2.551729
591/2 26/09/2009 14:43 1302 162.9466036 0 1312.25 | 2.540169
591/2 26/09/2009 14:53 1313 162.9466036 0 1323.25 | 2.537911
591/2 26/09/2009 16:17 1303 163.2144443 0 1313.52 | 2.518871
591/2 26/09/2009 16:29 1304 163.2144443 0 131452 | 2.516151
591/2 26/09/2009 20:33 1293 163.5658366 0 1303.87 2.46084
591/2 27/09/2009 1:29 1282 163.6613683 0 1292.97 | 2.393751
591/2 27/09/2009 5:49 1272 163.6970008 0 1283 2.334809
591/2 27/09/2009 8:13 1262 163.8130018 0 1273.12 | 2.302169
591/2 27/09/2009 10:09 1252 164.2177131 0 1263.52 2.27588
591/2 27/09/2009 11:28 1255 164.4825466 0 1266.79 | 2.257969
591/2 27/09/2009 14:31 1242 165.40876 0 1254.71 | 2.216489
591/2 27/09/200917:09 1231 166.2234647 0 1244.53 2.18068
591/2 27/09/2009 17:48 1242 166.3235597 0 1255.63 2.17184
591/2 27/09/2009 22:08 1232 166.5950674 0 1245.9 2.112911
591/2 28/09/2009 3:34 1221 166.6782574 0 1234.98 | 2.039009
591/2 28/09/2009 6:27 1215 166.6956874 0 1229 1.9998

591/2 28/09/2009 7:14 1211 166.7219274 0 1225.03 | 1.989151
591/2 28/09/2009 12:05 1201 167.8215044 0 1216.13 | 1.923191
591/2 28/09/2009 18:20 1191 169.9778078 0 1208.28 | 1.838191
591/2 29/09/2009 0:34 1181 170.0707649 0 1198.38 | 1.753409
591/2 29/09/2009 1:26 1180 170.0707649 0 1197.38 | 1.741631
591/2 29/09/2009 6:10 1171 170.0707649 0 1188.38 | 1.677249
591/2 29/09/2009 10:16 1161 170.7139119 0 1179.02 | 1.621489
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591/2 29/09/2009 16:54 1151 173.2228137 0 1171.53 1.53128
591/2 29/09/2009 23:11 1141 173.4055767 0 1161.71 | 1.445831
591/2 30/09/2009 6:05 1131 173.4311079 0 1151.74 | 1.351991
591/2 30/09/2009 11:19 1121 174.8327853 0 1143.14 | 1.280809
591/2 30/09/2009 18:12 1114 178.0766433 0 1139.38 1.1872

591/2 30/09/2009 21:10 1111 178.2489729 0 1136.55 | 1.146849
591/2 1/10/2009 10:32 1101 179.3567376 0 1127.66 | 0.965071
591/2 1/10/2009 13:11 1096 180.8945526 0 1124.2 0.929031
591/2 2/10/2009 6:06 1091 184.000634 0 1122.31 0.69896
591/2 2/10/2009 8:10 1089 184.132339 0 1120.44 | 0.670849
591/2 2/10/2009 16:16 1081 186.7322443 0 1115.04 | 0.560689
591/2 3/10/2009 3:09 1082 186.9692585 0 1116.28 0.41268
591/2 3/10/2009 22:08 1080 188.1992323 0 111551 | 0.154511
591/2 4/10/2009 13:58 1071 189.6364388 0 1107.94 -0.06083
591/2 4/10/2009 18:07 1072 190.3382616 0 1109.64 -0.11727
591/2 5/10/2009 12:01 1061 191.6831813 0 1099.99 -0.36071
591/2 5/10/2009 13:06 1061 192.1094013 0 1100.42 -0.37544
591/2 6/10/2009 8:05 1051 194.8992029 0 1093.21 -0.63361
591/2 6/10/2009 16:42 1040 197.590378 0 1084.9 -0.7508

591/2 6/10/2009 17:38 1050 197.988738 0 1095.29 -0.76349
591/2 7/10/2009 3:04 1042 198.5838758 0 1087.89 -0.89179
591/2 7/10/2009 7:27 1040 198.6088796 0 1085.91 -0.9514

Table D.35 Detailed results of TUBBG11 gaugein TUBBO-10, 11pool during the 3" pondage conditionillustrated

in Figure 6.32

Measured Estimated Accumulative | Corrected
Gate name Date . .

el. (mm) evaporation rainfall(mm) el. (mm)
TUBBG@EL1 27/11/2009 12:52 1617 515.78 27.00 1597.37
TuBB@l1l 27/11/2009 18:52 1614 518.89 27.00 1597.48
TuBB@l1l 28/11/2009 1:48 1607 519.56 27.00 1591.14
TuBB@l1l 28/11/2009 13:36 1597 522.22 27.00 1583.81
TuBBaAL1 28/11/2009 20:59 1587 525.87 27.00 1577.46
TuBBaAL1 29/11/2009 9:02 1587 526.38 27.00 1577.97
TuBB@AL1 30/11/2009 4:07 1579 529.94 28.80 1571.73
TuBBa@al1l 30/11/2009 6:56 1577 530.04 28.80 1569.83
TuBBa@al1l 30/11/2009 20:54 1567 534.89 29.60 1563.88
TuBBa@al1l 30/11/2009 23:12 1567 534.96 29.60 1563.94
TUBBG@EL1 1/12/2009 12:47 1557 537.12 29.60 1556.11
TUBBG@EL1 1/12/2009 18:17 1554 540.32 29.60 1556.31
TUBBG@EL1 2/12/2009 8:36 1546 541.52 29.60 1549.51
TuBBa@al1l 2/12/2009 13:23 1541 543.72 29.60 1546.71
TuBBa@al1l 2/12/2009 19:45 1536 546.73 29.60 1544.72
TuBBa@al1l 3/12/2009 12:28 1526 551.80 29.60 1539.79
TuBB@AL1l 3/12/2009 20:41 1516 556.95 29.60 1534.93
TuBB@AL1l 4/12/2009 14:29 1506 561.73 29.60 1529.72
TuBB@AL1l 4/12/2009 15:58 1505 562.91 29.60 1529.90
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TuBBall 5/12/2009 9:24 1496 566.17 29.60 1524.16
TUBBG@L1 5/12/2009 11:03 1495 566.78 29.60 1523.77
TUuBB@L1 6/12/2009 6:06 1486 572.56 29.60 1520.54
TUBBG@L1 7/12/2009 1:06 1476 578.50 29.60 1516.48
TuBBall 7/12/2009 13:55 1466 581.66 29.60 1509.65
TuBBall 7/12/2009 20:18 1465 585.54 29.60 1512.53
TuBBall 8/12/2009 11:29 1455 587.34 29.60 1504.33
TUBBG@L1 8/12/2009 15:23 1451 589.58 29.60 1502.57
TUuBB@L1 9/12/2009 10:28 1455 590.75 36.00 1501.34
TUuBBG@L1 10/12/2009 5:33 1448 594.57 36.00 1498.15
TuBBall 10/12/2009 9:43 1445 595.29 36.20 1495.68
TuBBall 10/12/200915:12 1435 597.97 36.20 1488.36
TuBBall 11/12/2009 0:38 1436 600.39 36.20 1491.77
TUBBG@L1 11/12/2009 15:29 1425 604.15 36.20 1484.54
TUBBG@L1 11/12/2009 19:43 1427 606.40 36.20 1488.78
TUBBG@L1 12/12/2009 14:48 1419 610.01 36.20 1484.40
TuBBall 12/12/2009 16:54 1415 611.30 36.20 1481.69
TuBBall 13/12/2009 9:53 1414 614.07 36.20 1483.45
TuBBall 13/12/2009 17:10 1405 618.46 36.20 1478.85
TUBBG@L1 14/12/2009 4:58 1404 620.50 36.20 1479.89
TUBB@L1 14/12/2009 9:26 1402 620.84 36.20 1478.23

Table D.36 Detailed results of TUBBGL1 gaugein TUBBO-10, 11pool during the last pondage conditionillustrated

in Figure 6.32

Measured Estimated Accumulative Corrected
Gate name Date .

el. (mm) eva(prJ:rrna)tlon rainfall(mm) el. (mm)
TuBBa@al1l 27/05/201018:23 1622 1389.709 246.7991 1622
TuBB@AL1 28/05/2010 5:43 1618 1389.74 246.7991 1618.031
TuBB@AL1 28/05/2010 15:23 1617 1390.468 246.9991 1617.559
TUBB@EL1 29/05/2010 12:21 1621 1391.027 259.1991 1609.918
TuBBa@al1l 30/05/2010 9:20 1615 1391.521 261.5991 1602.012
TuBBa@al1l 31/05/2010 6:20 1608 1392.275 261.5991 1595.766
TuBBa@al1l 31/05/2010 7:24 1608 1392.292 261.5991 1595.782
TuBBaL1 1/06/2010 3:18 1600 1394.002 262.1992 1588.892
TuBB@AL1 1/06/2010 9:43 1597 1394.11 262.3992 1585.801
TuBB@AL1 2/06/2010 0:17 1592 1395.354 262.3992 1582.045
TuBBa@al1l 2/06/2010 10:13 1587 1395.495 262.3992 1577.186
TuBBa@al1l 2/06/2010 21:16 1584 1396.789 262.3992 1575.48
TuBBa@al1l 3/06/2010 15:21 1577 1398.165 262.3992 1569.855
TuBB@AL1 3/06/2010 18:15 1577 1398.488 262.3992 1570.179
TuBBaAL1 4/06/2010 15:14 1568 1399.936 262.3992 1562.627
TuBBaL1 4/06/2010 15:53 1567 1400.034 262.3992 1561.725
TuBBa@al1l 5/06/2010 12:13 1559 1400.687 262.5992 1554.178
TuBBa@al1l 5/06/2010 14:01 1557 1401.008 262.5992 1552.499
TuBBal1l 6/06/2010 9:12 1553 1401.78 262.5992 1549.271
TuBB@AL1l 7/06/2010 6:11 1548 1403.332 262.5992 1545.823
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TuBBall 7/06/2010 8:03 1547 1403.335 262.5992 1544.825
TUBBG@L1 8/06/2010 8:01 1539 1404.525 262.7992 1537.816
TUuBB@L1 8/06/201010:11 1537 1404.642 262.7992 1535.933
TUBBG@L1 9/06/2010 6:39 1532 1405.753 262.7992 1532.044
TuBBall 9/06/2010 14:31 1527 1406.045 264.3993 1525.736
TuBBall 10/06/2010 3:38 1527 1406.472 264.3993 1526.162
TuBBall 11/06/2010 0:37 1522 1407.777 265.5993 1521.268
TUBBG@L1 11/06/2010 8:25 1517 1407.843 265.5993 1516.334
TUuBB@L1 11/06/2010 21:36 1515 1408.898 265.7993 1515.189
TUuBBG@L1 12/06/2010 12:24 1507 1409.521 265.7993 1507.811
TuBBall 12/06/2010 18:35 1507 1410.543 265.7993 1508.834
TuBBall 13/06/2010 15:34 1500 1411.543 265.7993 1502.834
TuBBall 14/06/2010 8:32 1497 1411.693 265.7993 1499.984
TUBBG@L1 14/06/2010 12:33 1495 1412.126 265.7993 1498.417
TUBBG@L1 15/06/2010 9:32 1490 1412.858 265.7993 1494.148
TUBBG@L1 15/06/201013:12 1487 1413.475 265.7993 1491.766
TuBBall 16/06/2010 6:31 1485 1414 265.7993 1490.291
TuBBall 17/06/2010 3:08 1477 1415.779 265.7993 1484.07
TuBBall 17/06/2010 11:52 1467 1416.534 266.9994 1473.624
TUBBG@L1 17/06/2010 13:30 1455 1417.007 266.9994 1462.097
TUBB@L1 17/06/2010 13:48 1465 1417.109 266.9994 1472.199
TUBBG@L1 17/06/2010 16:38 1475 1417.555 266.9994 1482.645
TuBBall 18/06/2010 0:29 1475 1417.712 266.9994 1482.802
TuBBall 18/06/2010 21:28 1470 1419.021 266.9994 1479.112
TuBBall 19/06/2010 6:11 1465 1419.134 266.9994 1474.224
TUBBG@L1 19/06/2010 18:27 1463 1420.139 266.9994 1473.23
TUBBG@L1 20/06/2010 15:26 1457 1420.913 267.5994 1467.404
TUBBG@L1 21/06/2010 8:28 1455 1421.066 267.5994 1465.557
TuBBall 21/06/201012:25 1454 1421.33 267.7994 1464.62
TuBBall 22/06/2010 9:24 1451 1421.82 267.7994 1462.11
TuBBall 22/06/2010 12:58 1445 1422.045 267.7994 1456.336
TUBBG@L1 23/06/2010 6:23 1445 1422.654 267.7994 1456.945
TUBBG@L1 24/06/2010 2:39 1435 1424.018 267.7994 1448.308
TUBBG@L1 24/06/2010 3:22 1440 1424.025 267.7994 1453.315
TuBBall 25/06/2010 0:21 1437 1425.633 267.9994 1451.724
TuBBaLl 25/06/2010 21:20 1439 1426.276 267.9994 1454.367
TuBBaLl 26/06/2010 18:19 1434 1427.613 276.3997 1442.303
TUBBG@L1 27/06/2010 15:18 1427 1428.648 276.5997 1436.138
TUBBG@L1 28/06/2010 9:29 1425 1428.873 276.5997 1434.364
TUBBG@L1 28/06/2010 12:17 1422 1429.229 276.5997 1431.719
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Table D.37 Detailed results of TUBBGL1 gaugen TUBBO-10, 11pool during the 8th pondage conditionillustrated

in Figure 6.32

Measured Estimated Accumulative | Corrected

Gate name Date el. (mm) evaporation rainfall(mm) el. (mm)
(mm)

TuBB@L1 20/01/2010 10:18 1668 870.49 61.40 1668.00
TUBB@EL1 20/01/2010 12:43 1658 871.98 61.40 1659.49
TUBB@EL1 20/01/2010 14:05 1658 873.07 61.40 1660.58
TuBB@L1 20/01/2010 17:01 1648 875.32 61.40 1652.83
TuBB@L1 21/01/2010 4:48 1638 877.72 61.40 1645.23
TUBB@EL1 21/01/2010 11:39 1628 878.82 61.40 1636.33
TUBB@EL1 21/01/201017:21 1618 882.64 61.40 1630.15
TuBB@L1l 22/01/2010 4:24 1607 885.08 61.40 1621.59
TuBB@L1 22/01/2010 5:11 1609 885.20 61.40 1623.71
TUuBB@EL1 22/01/2010 11:28 1597 887.36 61.40 1613.87
TUuBB@EL1 22/01/2010 15:33 1587 892.64 61.40 1609.16
TuBB@L1l 23/01/2010 1:30 1577 895.12 61.40 1601.64
TuBB@L1l 23/01/2010 4:15 1570 895.64 61.40 1595.15
TUuBB@EL1 23/01/2010 7:41 1567 896.08 61.40 1592.60
TUuBB@EL1 23/01/2010 15:25 1557 900.04 61.40 1586.55
TuBB@L1 23/01/2010 23:28 1553 903.70 61.40 1586.21
TuBB@L1l 24/01/2010 6:57 1547 903.88 61.40 1580.40

Table D.38 Detailed results of 2026/1 farm outléh TUBBO 40T, 2026 poolduring the 7th pondage condition
illustrated in Figure 6.33

Measured Estimated Accumulative | Corrected
Gate Date fi
name el. (mm) | ©Vaporalon i ainfalimm) | el. (mm)
(mm)
2026/1 21/12/2011 19:49 | 1739.07 3006.76 1187.40 1739.07
2026/1 22/12/2011 11:47 | 1729.92 3008.32 1187.40 1731.48
2026/1 22/12/2011 11:49 | 1731.48 3008.56 1187.40 1733.29
2026/1 22/12/2011 14:51 | 1727.07 3009.87 1187.40 1730.19
2026/1 22/12/2011 19:33 | 1724.17 3011.53 1187.40 1728.94

Table D.39 Detailed results of 2026/1 farm outléh TUBBO 40T, 2026 poolduring the 9th pondage condition
illustrated in Figure 6.33

Measured Estimated Accumulative | Corrected
Gate Date evaporation
name i

el. (mm) (mm) rainfall(mm) el. (mm)
2026/1 18/03/2012 11:47 1748.52 3457.85 1403.38 1748.52
2026/1 19/03/2012 11:32 1730.69 3461.51 1403.38 1734.35
2026/1 20/03/2012 3:27 1715.13 3464.61 1403.38 1721.88
2026/1 21/03/2012 3:12 1699.52 3467.89 1403.38 1709.56
2026/1 22/03/2012 2:57 1683.76 3470.42 1403.38 1696.32
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2026/1 23/03/2012 2:43 1668.78 3473.24 1403.38 1684.17
2026/1 24/03/2012 2:27 1653.97 3474.99 1403.38 1671.12
2026/1 25/03/2012 2:12 1642.09 3476.85 1403.38 1661.09
2026/1 26/03/2012 4:44 1628.53 3479.73 1403.38 1650.41
2026/1 27/03/2012 4:29 1616.09 3482.91 1403.38 1641.15
2026/1 28/03/2012 4:14 1604.06 3484.87 1403.38 1631.08
2026/1 29/03/2012 3:59 1592.52 3487.97 1403.38 1622.64
2026/1 30/03/2012 3:44 1581.48 3490.52 1403.38 1614.15
2026/1 31/03/2012 3:29 1569.74 3493.50 1403.38 1605.39
2026/1 1/04/2012 2:14 1558.16 3496.26 1403.38 1596.57
2026/1 2/04/2012 1:59 1548.78 3498.36 1403.38 1589.29
2026/1 3/04/2012 1:44 1537.40 3501.20 1403.58 1580.55
2026/1 4/04/2012 1:29 1525.52 3504.19 1403.58 1571.66
2026/1 5/04/2012 1:14 1514.37 3506.92 1403.58 1563.24
2026/1 6/04/2012 0:08 1503.97 3509.62 1403.58 1555.53
2026/1 6/04/2012 23:53 1490.81 3512.66 1403.58 1545.42
2026/1 7/04/2012 23:38 1479.58 3515.06 1403.58 1536.59
2026/1 8/04/2012 23:23 1467.91 3518.15 1403.58 1528.01
2026/1 9/04/2012 23:08 1456.20 3521.14 1403.58 1519.29
2026/1 10/04/2012 22:53 1444.38 3524.43 1403.58 1510.75
2026/1 11/04/2012 22:38 1434.75 3526.91 1403.58 1503.61
2026/1 12/04/2012 22:23 1423.91 3529.51 1403.58 1495.36
2026/1 13/04/2012 22:08 1414.11 3532.15 1403.58 1488.21
2026/1 14/04/2012 21:53 1405.92 3533.67 1403.58 1481.53

Table D.40 Detailed results of 2026/1 farm outléh TUBBO 40T, 2026 poolduring the 1st pondage condition
illustrated in Figure 6.33

Measured Estimated Accumulative| Corrected
Gate Date i
name el. (mm) evaporation rainfall(mm) | el. (mm)
(mm)
2026/1 20/08/2011 21:40 | 1753.24 2470.67 1074.02 1753.24
2026/1 21/08/2011 20:32 1741.85 2472.57 1074.02 1743.76
2026/1 22/08/2011 19:24 | 1732.51 2474.48 1074.02 1736.33
2026/1 24/08/2011 2:47 1720.08 2476.61 1074.02 1726.02
2026/1 25/08/2011 1:45 1712.20 2478.69 1074.02 1720.22
2026/1 26/08/2011 4:41 1702.01 2483.90 1074.02 1715.24
2026/1 27/08/2011 3:55 1693.24 2486.09 1074.02 1708.66
2026/1 28/08/2011 3:09 1685.00 2488.27 1074.02 1702.60
2026/1 29/08/2011 2:23 1677.02 2490.17 1074.02 1696.53
2026/1 30/08/2011 1:37 1669.46 2492.29 1074.02 1691.08
2026/1 31/08/2011 0:51 1661.13 2494.56 1074.02 1685.02
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1074.02 ‘ 1680.03‘

Table D.41 Detailed results of 2026/1 farm outléh TUBBO 40T, 2026 poolduring the 10th pondage condition
illustrated in Figure 6.34

Gate Sate Measured Estimatt(_ad Accumulative | Corrected
name el. (mm) eva([;?rr:) 'on rainfall(mm) | el. (mm)
2026/1 | 16/04/2012 22:02 | 1530.23 3539.12 1403.58 1530.23
2026/1 | 17/04/2012 21:51 | 1519.86 3541.95 1403.58 1522.69
2026/1 18/04/2012 21:40 | 1509.74 3544.50 1403.58 1515.13
2026/1 | 19/04/2012 21:29 | 1505.90 3545.84 1406.38 1509.83
2026/1 | 20/04/2012 21:05 | 1497.36 3547.88 1407.98 1501.73
2026/1 21/04/2012 20:54 | 1487.46 3550.17 1407.98 1494.12
2026/1 | 22/04/2012 20:43 | 1479.02 3552.36 1409.18 1486.66
2026/1 | 23/04/2012 22:09 | 1468.67 3555.13 1409.18 1479.08
2026/1 | 24/04/2012 21:58 | 1458.31 3557.05 1409.38 1470.44
2026/1 | 25/04/2012 21:48 | 1446.44 3558.84 1410.18 1459.57
2026/1 | 26/04/2012 21:38 | 1438.63 3560.51 1410.18 1453.42
2026/1 | 27/04/2012 21:28 | 1429.80 3562.74 1410.38 1446.63
2026/1 | 28/04/2012 21:18 | 1419.73 3565.08 1410.38 1438.90
2026/1 | 29/04/2012 21:08 | 1411.71 3567.75 1410.38 1433.55
2026/1 | 30/04/2012 20:58 | 1401.01 3569.65 1410.38 1424.74
2026/1 1/05/2012 20:48 | 1391.37 3572.17 1410.38 1417.63
2026/1 2/05/2012 20:38 | 1384.16 3574.10 1410.38 1412.34
2026/1 4/05/2012 2:56 1373.78 3576.17 1410.38 1404.04
2026/1 5/05/2012 2:47 1334.46 3578.13 1410.38 1366.68
2026/1 6/05/2012 2:39 1330.93 3580.20 1410.38 1365.22
2026/1 7/05/2012 2:31 1335.87 3582.21 1410.38 1372.16
2026/1 8/05/2012 2:23 1331.58 3583.83 1411.18 1368.70
2026/1 9/05/2012 2:15 1327.19 3586.47 1411.18 1366.95

PhD Dissertation

Page324



Appendix D

Table D.42 Detailed results of 2026/1 farm outléh TUBBO 40T, 2026 poolduring the last pondage condition
illustrated in Figure 6.34

Gate Date Measured Estimatt(.ad Accumulative | Corrected
name el. (mm) eva(;::rrjl)lon rainfall(mm) el. (mm)
2026/1 22/05/2012 0:32 1598.03 3612.02 1411.18 1598.03
2026/1 23/05/2012 0:23 1587.74 3614.00 1411.18 1589.73
2026/1 24/05/2012 0:16 1577.42 3616.68 1411.18 1582.08
2026/1 25/05/2012 0:08 1570.96 3617.37 1411.18 1576.32
2026/1 | 25/05/2012 23:59 | 1565.25 3618.03 1414.78 1567.67
2026/1 | 26/05/2012 23:51 | 1557.59 3618.71 1416.38 1559.09
2026/1 | 27/05/2012 23:43 | 1548.34 3620.15 1416.58 1551.08
2026/1 29/05/2012 0:03 1539.03 3621.61 1416.58 1543.22
2026/1 | 29/05/2012 23:58 | 1529.82 3623.19 1416.58 1535.59
2026/1 | 30/05/2012 23:51 | 1520.68 3624.66 1416.58 1527.92
2026/1 | 31/05/2012 23:46 | 1511.46 3626.26 1416.58 1520.30
2026/1 1/06/2012 23:39 1503.06 3627.67 1416.58 1513.32
2026/1 2/06/2012 23:33 1494.41 3629.01 1416.58 1506.00
2026/1 3/06/2012 23:28 1486.61 3630.15 1416.58 1499.34
2026/1 4/06/2012 23:22 1474.96 3631.84 1416.58 1489.39
2026/1 5/06/2012 23:16 1471.43 3633.03 1420.40 1483.22
2026/1 6/06/2012 23:10 1463.87 3634.72 1420.40 1477.35
2026/1 7/06/2012 23:03 1455.29 3636.16 1420.60 1470.02
2026/1 8/06/2012 22:57 1447.05 3637.57 1420.60 1463.18
2026/1 9/06/2012 22:51 1438.64 3638.95 1420.60 1456.15
2026/1 10/06/2012 22:45 | 1430.65 3640.36 1420.60 1449.57
2026/1 11/06/2012 22:39 | 1422.23 3642.04 1420.60 1442.83
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Appendix E

Table E.1 Analysis of pool based seepage rates in ARGOON main channel

2009 2010 2011 Full
POOL . . Pool . . Pool Higher .
Pool Seepagg No of Higher Seepage Elevation Seepage No of Higher Seepagd Elevation Seepage No of Seepage Elevation | Supply el.
ID (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm)
1 -24.7 1 -24.7 1673 -8.8 1 -8.8 1683 1750
2 -8.7 1 -8.7 1557 -7.5 1 -7.5 1603 1702
3 -8.7 3 9.4 1650 1708
4 -4.9 2 -4.9 1682 1710
5 -7.0 1 -7.0 1615 -7.4 1 -7.4 1681 1742
7 5.4 11 -55 1685 4.4 6 -4.8 1689 1700
8 -10.1 1 -10.1 1330 1619
10 -7.4 1 -7.4 1479 1650
11 -7.6 2 -10.1 1314 1441
12 -16.5 1 -16.5 1623 1677
14 -5.9 3
15 -26.5 1 -26.5 1559 -8.3 1 -8.3 1447 -8.9 8 9.4 1577 1719
16 -17.8 9 -36.0 1662 -16.1 4 -20.4 1663 -6.6 3 -6.6 1648 1887
17 -18.4 3 -22.1 1687 -15.2 5 -36.3 1655 -8.5 5 -8.4 1593 1721
18 -8.2 1 -8.2 1216 1723
19 5.7 1 5.7 1496 -14.1 2 -24.5 1554 1655
20 -3.2 1 -3.2 1144 1526
Averaged
Seepage -17.4 22.9 -10.5 -12.7 -7.8 9.2
(mm/d)
Max -26.5 -36.0 -24.7 -36.3 -8.9 -24.5
Min -7.0 -7.0 -3.2 -3.2 4.4 -4.8

PhD Dissertation

Page328




Appendix E

Table E.2 Analysis of pool based seepage rates in BOONA main channel

2009 2010 2011 Full
POOL pool Higher . pool Higher . pool Higher . Supply
seepage No of Seepage Elevation seepage No of Seepage Elevation seepage No of Seepage Elevation al.
ID (mm/d) Pondage| (mm/d) (mm) (mm/d) Pondage| (mm/d) (mm) (mm/d) Pondage| (mm/d) (mm) (mm)
1 -6.2 1 -6.2 1280 1539
3 -3.0 1 -3.0 1470 -3.9 2 -5.8 1484 1615
4 -4.5 2 -5.5 1416 1605
5 -4.3 3 -8.9 1667 -5.5 7 -9.8 1650 -4.8 7 -5.2 1689 1774
6 4.7 1 -4.7 1299 -4.3 1 -4.3 1698 1766
7 -5.9 4 -5.5 1510 4.4 8 -8.2 1588 -6.7 3 -8.9 1593 1670
8 -5.7 18 -8.6 1586 -5.3 16 -11.3 1592 1592
9 -6.9 1 -6.9 1587 1685
10 -5.5 1 -5.5 1513 1628
11 -9.0 2 -11.0 1662 1734
13 -7.6 3 -13.0 1598 -7.3 1 -7.3 1632 1803
14 -7.5 2 -7.5 1658 1710
16 -12.7 2 -16.1 1584 -10.6 7 -11.5 1642 -7.5 2 -8.6 1577 1692
20 9.1 1 9.1 1505 -11.0 9 -15.0 1553 -7.9 6 -8.4 1517 1586
21 -7.0 1 -7.0 1151 1820
22 5.1 1 5.1 1552 -8.1 9 -12.0 1719 -8.1 7 -8.6 1703 1740
23 -10.4 2 -16.6 1600 -11.5 5 -13.0 1600 1691
24 -8.8 1 -8.8 1182 1351
25 -6.4 5 -12.0 1631 -6.3 11 -16.1 1617 1804
26 -5.2 25 -9.4 1645 -3.4 42 -5.8 1625 -4.8 12 -6.2 1658 1690
28 -6.5 3 -13.9 1631 -20.7 11 -28.1 1691 -14.4 1 -14.4 1600 1820
Averaged
Seepage -7.1 -10.1 -7.9 -11.1 -6.9 -7.6
(mm/d)
Max -12.7 -16.6 -20.7 -28.1 -14.4 -14.4
Min -4.3 5.1 -3.0 -3.0 -3.9 -4.3
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Table E.3 Analysis of pool basedegpage rates in BUNDURE main channel

2009 2010 2011 Full
POOL - - -
Pool No of Higher Elevation Pool No of Higher Elevation Pool No of Higher Elevation | Supply el.
Seepage Seepage Seepage Seepage Seepage Seepage

ID (mm/d) Pondage| (mm/d) (mm) (mm/d) Pondage| (mm/d) (mm) (mm/d) Pordage (mm/d) (mm) (mm)
1 -13.1 6 -25.5 1670 -11.9 2 -11.9 1656 -12.8 3 -13.7 1668 1760
2 -59.5 3 -87.6 1647 -8.8 5 -11.3 1674 1770
3 -8.4 1 -8.4 1199 -3.1 1 -3.1 1129 1509
4 5.5 5 -5.3 1315 -5.3 7 -8.6 1305 1487
5 -4.9 6 -5.3 1568 -3.9 5 -4.8 1660 1735
6 -14.6 10 -25.2 1645 -5.8 7 -10.6 1625 -71.4 3 -9.4 1620 1708
7 -7.5 1 -7.5 1154 -1.9 1 -1.9 1139 1538
8 -5.0 2 -6.0 1101 1567
9 -3.6 2 -3.6 1252 -2.8 1 -2.8 1222 -11.5 1 -11.5 1384 1499
10 -5.9 2 -6.0 1347 -4.8 1 -4.8 1195 -50.8 1 -50.8 1499 1627
11 -12.1 1 -12.1 1546 -8.3 1 -8.3 1276 1576
12 -3.0 1 -3.0 1311 -1.9 1 -1.9 1246 -6.4 1 -6.4 1510 1582
13 -4.1 4 -4.8 1497 -2.8 1 -2.8 1145 1567
14 -4.9 5 -5.8 1594 -3.1 2 -6.5 1588 1764
15 -23.4 7 -37.9 1677 -22.8 2 -24.5 1616 1776
16 -7.1 10 -15.8 1593 1645
17

18 -21.0 1 -21.0 1619 1665
19 -15.5 4 -27.4 1385 -13.9 5 -15.4 1350 -6.4 2 7.9 1428 1434
20 2.4 6 -2.6 1485 2.1 2 -2.2 1573 -3.7 2 -4.6 1521 1653
21 -4.7 3 -4.8 1481 -5.8 9 -5.5 1522 -3.2 4 -5.3 1494 1658
22 -16.8 3 -25.4 1589 -13.8 8 -17.3 1650 -20.9 5 -31.2 1380 1780
23 -1.7 1 -1.7 1560 -5.3 1 -5.3 1527 1720
24 -3.5 1 -35 1620
25

26 -8.1 1 -8.1 1501 -8.7 2 -8.9 1517 -3.8 1 -3.8 1505 1597
27

28
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29 38 1 338 1540 1750
30
31 53 1 53 1339 5.0 2 8.9 1334 1620
32 9.9 1 9.9 1331 1663
33 143 5 19.2 1625 202 3 20.2 1657 9.2 13 103 1663 1705
34 14.4 1 14.4 1385 83 2 8.6 1090 8.2 1 8.2 1446 1544
35 133 1 133 1521 115 2 115 1613 8.2 1 82 1553 1670
36 52 6 53 1577 41 1 41 1638 1695
37
38 27 1 27 1248 8.9 2 8.9 1643 1724
39 293 6 346 1590 175 4 119.0 1602 1698
40 242 4 257 1561 154 5 16.3 1704 1726
41 93 4 11.8 1660 13.0 10 27.4 1665 1700
42 40.9 3 56.9 1598 1708
43 195 1 195 1479 9.7 2 187 1571 1691
44 16.8 1 16.8 1395 1845
45 235 2 49.9 1623 26.1 1 26.1 1632 1752
46 125 5 16.3 1487 8.0 4 10.6 1554 6.0 3 96 1561 1698
47 9.2 2 36.7 1467 15 6 14 1539 1613
48 233 4 196.0 1625 8.2 14 31.2 1626 1757

Averaged | 4, g 18.6 9.4 13.0 111 11.4

(mm/d)
Max 59.5 196.0 -40.9 56.9 50.8 50.8
Min 17 17 15 14 32 7.9
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Table E.4 Analysis of pool based seepage rates in COLY main channel

Appendix E

2009 2010 2011 Full
POOL - - -
Pool No of Higher Elevation Pool No of Higher Elevation Pool No of Higher Elevation | Supply el.
Seepage Seepage Seepage Seepage Seepage Seepage

ID (mm/d) Pondage | (mm/d) (mm) (mm/d) Pondage| (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm)
1 -9.0 7 -15.4 1713 -8.6 13 -10.8 1692 -13.2 13 -23.4 1715 1738
2 -5.2 2 -5.8 1625 -7.0 11 -17.0 1771 -7.4 6 -31.4 1772 1796
3 -7.1 1 -7.1 1666 -9.9 2 -9.9 1692 1709
4 -24.3 1 -24.3 1591 -9.8 1 -9.8 1692 1770
5 -8.7 1 -8.7 1522 -12.1 7 -14.9 1629 -7.8 4 -7.4 1541 1640
6 -14.2 9 -24.2 1641 -13.2 10 -15.1 1657 1730
7 -13.7 10 -19.9 1565 -10.1 23 -31.9 1630 1729
8 -6.1 1 -6.1 1550 -8.3 2 -9.9 1480 1664
9 -22.1 1 -22.1 1322 -32.1 2 -37.0 1467 1757
10 -4.0 2 -4.3 1493 -2.9 3 -5.0 1396 -4.0 4 -5.0 1465 1644
11 -4.9 1 -4.9 1173 -13.4 1 -13.4 1448 -8.7 1 -8.7 968 1565
12 -5.6 2 -6.0 1711 -3.5 6 -4.1 1717 1769
13 -16.6 3 -18.2 1689 -4.9 2 -4.8 1692 -6.3 2 -8.9 1680 1818
14 -11.0 2 -11.8 1310 -9.6 6 -10.6 1417 -6.8 2 -7.2 1348 1528
15 -5.8 11 -9.4 1561 -7.0 11 9.1 1599 -3.8 4 -4.8 1538 1658
16 -4.9 17 -11.3 1555 -8.2 28 -13.9 1517 -6.1 21 -18.7 1636 1667
17 -3.6 7 -5.5 1614 -4.8 13 -7.2 1642 1750
18
19 -3.6 1 -3.6 1450 1650
20 -3.9 8 -4.6 1466 -4.7 14 -4.6 1634 -3.1 7 -3.1 1610 1680
21
22 -9.3 1 -9.3 1546 -3.6 1 -3.6 1542 1752
23 2.4 2 2.2 1351 -1.9 2 -1.9 1262 -12.4 2 -12.2 1562 1660
24 -8.8 2 -11.0 1421 -7.5 1 -7.5 1650 1687
25 -9.0 2 -10.6 1456 -2.3 1 -2.3 1456 1700
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26 5.3 1 5.3 1494 -3.4 1 -3.4 1473 1691
27 5.9 3 7.7 1531 5.4 3 5.8 1521 1624
28 -3.0 8 2.9 1379 3.4 8 75 1368 2.6 5 -4.3 1356 1524
29 75 3 75 1662 7.6 2 -8.4 1671 1856
30 7.7 2 -12.2 1606 2.7 2 -3.3 1623 1839
31 -9.9 3 -19.4 1452 -1.8 1 -1.8 1452 -10.2 5 -25.7 1434 1567
32 -40.3 1 -40.3 1503 -4.6 3 5.0 1440 5.1 7 -6.5 1533 1571
33 2.1 2 4.8 1575 -35 10 -9.6 1600 1672
34 -11.9 4 -13.3 1386 -8.6 2 -8.6 1423 -6.6 1 -6.6 1430 1450
35 -35 3 -6.0 1558 -10.0 6 -10.6 1616 -4.8 1 -4.8 1522 1631
36 -10.2 1 -10.2 1516 -9.0 3 -13.0 1607 1814
37 -27.2 1 -27.2 1683 5.6 4 5.3 1679 1922
38 -6.0 3 -9.4 1553 -3.2 1 -3.2 1564 1696
39 -9.8 4 -14.6 1676 -10.3 3 -11.3 1597 75 1 75 1560 1744
40

41 -3.0 1 -3.0 1690 1770
42 -8.9 2 -9.6 1721 -4.0 2 -3.8 1718 1860
43 -35 2 -3.8 1694 2.2 6 1750
a4 -6.9 4 -10.1 1425 -4.2 1 -4.2 1482 1690
45 -6.6 1 6.6 1591 1720
46 -8.6 1 -8.6 1600 1720
47

48 7.9 1 7.9 1287 1621
49 7.3 1 7.3 1599 25 1 25 1309 -6.8 1 -6.8 1681 1729
50 -6.7 1 6.7 1526 -85 1 -85 1495 1747
51 5.8 2 -6.0 1554 -4.0 1 -4.0 1353 55 1 55 1563 1674
52

53 -9.7 1 9.7 1497 1720
54 71 2 -8.2 1538

55 -8.9 9 -10.6 1457 1700
56 -6.6 4 -9.4 1452 -11.2 1 -11.2 1403 1550
57 1.2 1 1.2 1217 -0.2 1 1650
58 -8.7 1 -8.7 1585 1650
59 -33 1 3.3 1702 -9.0 1 1920
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60 -7.5 3 -10.6 1693 -1.1 1 1800
61 -6.7 5 -27.4 1726 -5.3 2 -6.6 1689 1883
62 -6.9 3 -6.9 1402 -3.1 5 -4.6 1695 -5.0 4 -7.4 1701 1745
63 -15.2 8 -26.4 1356 -7.4 37 -7.4 1383 -5.8 22 -5.9 1387 1676
64 -4.6 1 -4.6 1682 1750
65 -8.9 1 -8.9 1637 1896
66 -3.7 1 -3.7 1558 1720
67 -11.1 2 -11.1 1511 -6.0 1 -6.0 1493 1578
68 -6.2 1 -6.2 1606 1680
69 -8.9 2 -10.1 1335 5.1 2 5.1 1428 1500
70 -9.5 5 -11.0 1616 1853
71 2.1 1 2.1 913 -7.6 5 -7.2 1694 1750
72 -6.9 1 -6.9 1600 -5.5 2 -6.7 1661 -5.3 3 -5.0 1661 1687
73 -11.6 2 -16.6 1390 -5.0 4 -5.0 1431 1580
74 -8.4 4 -11.3 1570 -6.0 4 -6.0 1619 1650
75 -6.0 2 -5.3 1413 -7.5 5 -10.6 1409 -4.6 3 -4.6 1449 1711
76 -3.5 3 -3.4 1549 -6.6 6 -12.0 1667 -4.6 5 -4.6 1576 1722
77 -8.0 2 -8.4 1463 -7.5 1 -7.5 1479 -3.8 3 2.4 1468 1624
78 -9.6 6 -14.2 1468 1701
79 -4.8 1 -4.8 1410 -16.7 5 -33.8 1543 -5.5 9 -6.2 1564 1660
Averaged
Seepage -8.0 -10.1 -8.5 -10.6 -6.0 -8.0
(mm/d)
Max -40.3 -40.3 -32.1 -37.0 -13.2 -31.9
Min -1.2 -1.2 -1.8 -1.8 -0.2 -2.3
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Table E.5 Analysis of pool based seepage rates in MAIN CANAL

2009 2010 2011 Full
POoL Pool No of Higher Elevation Pool No of Higher Elevation Pool No of Higher Elevation Supply
Seepage Seepage Seepage Seepage Seepage Seepage el.
ID (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage| (mm/d) (mm) (mm/d) Pondage| (mm/d) (mm) (mm)
1
2
3 -9.6 2 -10.6 1515 -9.2 2 -9.8 1565 1650
4 -2.5 2 -2.8 1424 -2.7 10 -2.9 1482 -4.0 1 -4.0 1457 1608
5 2.1 4 -2.1 1558 1809
6 -33.5 2 -33.6 1349 -14.7 2 -19.2 1343 -16.3 1 -16.3 1346 1531
7 -1.4 2 -1.0 1630 1783
8 -4.6 3 -4.6 1594 -3.1 6 -3.6 1579 -12.4 2 -14.9 1635 1753
9 2.1 1 2.1 1528 -1.4 1 -1.4 1433 2.4 2 -3.1 1550 1747
10
11 -6.1 1 -6.1 1239 4.1 1 4.1 1147 1554
12
13
14 -16.0 1 -16.0 1363 1512
15 -7.3 1 -7.3 1265 1622
16 -42.6 3 -51.6 1599 -17.5 3 -23.3 1635 -36.2 1 -36.2 1589 1789
17
18
19
20
21
22 -17.0 2 -19.9 1575 -26.3 3 -31.2 1658 -15.2 6 -26.2 1625 1715
2
Averaded | 144 -15.4 8.3 9.9 14.4 -16.8
(mm/d)
Max -42.6 -51.6 -26.3 -31.2 -36.2 -36.2
Min -2.1 -2.1 -1.4 -1.0 -2.4 -3.1
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Table E.6 Analysis of pool based seepage rates in TUBBO main channel

2009 2010 2011 Full
PooL Pool Higher . Pool Higher . Pool Higher .
Seepage No of Seepage Elevation Seepage No of Seepage Elevation Seepage No of Seepage Elevation | Supply el.
ID (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm)
1 2.4 1 24 1261 -104.6 2 -104.6 1467 1717
2 -8.3 11 -21.8 1668 5.1 3 -9.6 1582 1732
3 -1.5 3 -1.7 1653 1850
4 -7.2 2 -1.7 1619 -7.4 5 -10.8 1614 1721
5 -57.7 2 -62.4 1457 -23.3 1 -23.3 1451 1535
6 -7.9 1 -7.9 1307 -7.8 2 -11.9 1359 -17.8 -17.8 1427 1519
7 -2.5 3 -3.6 1346 -1.8 -0.1 1287 1469
8
9 -8.4 1 -8.4 1396 -4.5 6 -6.5 1379 -10.1 1 -10.1 1237 1563
10 -13.0 13 -19.0 1687 -10.5 12 -13.0 1719 -8.0 11 9.4 1748 1786
11 -20.4 2 -27.6 1358
12 -21.2 2 -21.2 1486 1642
13 -33.8 3 -33.8 1270 -39.8 2 -40.8 1392 1501
14
Averaged
Seepage -17.6 -22.1 -10.9 -12.5 -30.3 -30.4
(mm/d)
Max -57.7 -62.4 -33.8 -33.8 -104.6 -104.6
Min -7.2 -1.7 -1.5 -1.7 -1.8 -0.1
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Table E.7 Analysis of pool based seepage rates in YAMMA main channel

2009 2010 2011 Full
POOL - - -
Pool No of Higher Elevation Pool No of Higher Elevation Pool No of Higher Elevation | Supply el.
Seepage Seepage Seepage Seepage Seepage Seepage

ID (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage (mm/d) (mm) (mm/d) Pondage| (mm/d) (mm) (mm)
1 -16.3 2 -20.6 1655 -2.5 1 -2.5 1099 1738
2 -6.3 1 -6.3 1553 -3.3 1 -0.1 1092 1676
3 -7.6 3 -12.0 1533 -3.1 1 -3.1 1094 1705
4 -4.7 3 -4.7 1607 -4.5 1 4.5 1616 -2.5 1 -2.5 1590 1705
5 -4.6 1 -4.6 1317 -6.9 3 -8.9 1436 -2.9 1 -2.9 861 1633
6 -6.8 2 -7.2 1551 -3.8 2 -11.5 1541 1691
7 -2.0 1 -2.0 1443 -4.5 1 -4.5 1337 1631
8 -11.7 1 -11.7 1459

9

10 -30.7 1 -30.7 1447 1507
11

12

13 -21.5 1 -21.5 1447 -17.3 1 -17.3 1518 1630
14 9.5 1 -10.6 1583 -7.0 4 -8.4 1585 1724
15 -6.2 2 -7.4 1467 -5.2 8 -5.8 1488 1522
16 -7.5 3 -14.9 1580 -8.4 6 -10.6 1676 -3.6 6 -5.0 1644 1920
17 -27.4 6 -75.4 1367 -7.3 12 -8.9 1664 1695
18

19 -7.5 1 -7.5 1451 -85 1 -85 1685 1886
20 -9.8 2 -13.0 1568 -11.0 3 -11.0 1503 -2.8 1 -2.8 1089 1621
21 -9.9 2 -10.3 1540 5.1 2 5.1 1539 1690
22 -3.8 3 -11.0 1547 -2.2 1 -2.2 1234 5.1 4 -7.0 1635 1700
23 -4.4 2 9.1 1658 2.7 1 2.7 1448 -6.1 3 -7.0 1689 1827
24 -8.9 4 -16.1 1490 -4.5 4 4.1 1373 -5.3 2 -5.8 1509 1651
25 5.1 2 -5.8 1504 1565
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26 7.2 1 7.2 1423 5.5 3 6.5 1437 1644
27 9.1 3 -19.0 1614 -8.8 6 -12.2 1633 -8.6 4 -8.9 1617 1739
28 9.1 3 12,5 1663 7.4 12 -6.5 1638 -3.8 7 -6.2 1591 1690
29 -17.9 4 -34.3 1439 -13.7 1 -13.7 1512 -8.8 5 -10.3 1490 1731
30 -8.3 4 -16.6 1540 -8.8 1 -8.8 1563 -6.5 2 -6.7 1550 1732
31 -8.3 1 -8.3 1598 -8.8 1 -8.8 1630 -8.2 2 -10.1 1590 1743
32 5.7 3 7.7 1541 1640
33 5.5 11 -19.2 1689 -3.0 8 -3.4 1685 3.1 3 4.1 1648 1831
34 -8.3 3 -9.4 1612 -6.6 15 -8.6 1649 1705
35 -6.2 3 -10.6 1496 1634
36 -10.9 2 -12.5 1592 1677
37 -9.3 1 -9.3 1564 1764
38 -3.3 2 -0.1 1484 5.4 2 5.5 1502 1535
39 -10.0 2 -11.8 1410 5.8 1 5.8 1382 -8.6 2 -8.6 1403 1564
40 -7.0 1 -7.0 1533 -4.9 2 -5.0 1645 -6.7 8 -13.2 1534 1780
41 -3.8 1 -3.8 1475 5.8 4 -9.4 1485 1656
42 -22.0 2 -23.0 1573 -23.9 5 -24.2 1606 -8.6 11 -14.4 1642 1686
43
44
45
46 -18.7 2 -19.7 1492 1987
47
48
49
50 -1.9 1 -1.9 938 1760
51 25 1 25 1060 1902

A(‘r’r‘frﬁ}g‘)ad 9.3 -13.2 7.6 -9.6 -7.0 -8.3
Max -22.0 -34.3 -27.4 -75.4 -30.7 -30.7
Min 2.0 -2.0 2.2 -0.1 -1.9 -0.1
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Table F.1List of gates and farm outlets in different pools 0ARGOON main channel

ARGOON main channel

Pool name Gates & farm outlets ID
ARGOON 1,1 174/1]176/1|ARGOON 1JARGOON1] 1
ARGOON-1, 1-2 174/2]ARGOON -1|ARGOON 2| 2
ARGOON-2, 1-3 175/1]175/2]ARGOON L|ARGOON B| 3
ARGOON-B, 1-4 178/1|178/2|ARGOON B|ARGOON #| 4
ARGOON-%, 1-5 179/1|179/2|]ARGOON #|ARGOON 5| 5
ARGOON-5, ESC ARGOON 1 | 180/1]ARGOON -B|[ESCARGOON 1| 6
ARGOON 2, 198/1 ARGOON 2 |198/1 7
ARGOON 3, 4 193/1|196/1|ARGOON 2|ARGOGB|ARGOOM|197/1] 8
ARGOON 3,-B 210/1|ARGOON 3]JARGOONILB 9
ARGOON-3, 32 218/1|ARGOON-3|ARGOON 2]ARGOON 3A| 10
ARGOON-2, 33 211/1|217/1|ARGOONB-2|ARGOON 3| 11
ARGOON-3, 34 212/1JARGOON 3|ARGOON 3} 12
ARGOON-3, 35 216/1|217/2|ARGOON 31|ARGOON F| 13
ARGOON-S, 36 213/1|ARGOON B|ARGOON B| 14
ARGOON-B, 38 214/1|215/1|ARGOON 3B|ARGOON B| 15
ARGOON-8, 2005/1 2005/1]ARGOON-3| 16
ARGOON 3A, 220/1 220/1JARGOON 3A| 17
ARGOON;1 182/2|183/1|ARGOON|ARGOGN| 18
ARGOON,2 ARGOON|ARGOON| 19
ARGOOR,3 184/2|195/1|ARGOON2|ARGOONM3| 20
ARGOOM,5 193/2|194/1|ARGOOM|ARGOONM,| 21
ARGOOMN, 3 219/1|194/2|2002/1|ARGOON 3JARGOGS| 22
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BOONA main channel

Pool nhame Gates & farm outlets ID
BOONAO,1 120/1]2/1|BOONA|BOONAL| 1
BOONA1,2 120/2]2/2|675/1]|8/1|9/1|9/2|BOONA -1|BOONAZ2| 2
BOONA10,11 BOONALO|IBOONAL1| 3
BOONA11,12 169/1|676/1|BOONA11|BOONA12| 4
BOONA12,12 156/3|BOONA 12|BOONA 1P| 5
BOONA12,13 167/1|BOONA12|BOONA13| 6
BOONA12,12-2 154/1|BOONA 121|BOONA 122| 7
BOONA12, ESC 12 155/1|BOONA 12|ESC BOONA 12| 8
BOONA13,14 152/1|164/1|BOONA13|BOONAL4|166/1| 9
BOONA14,16 156/1|163/1|163/2|165/1|BOONA 12|BOONAL4|BOONA1G| 10
BOONA16,17 BOONALG|BOONAL7|157/1] 11
BOONA17,18 162/1|BOONAL17|BOONAL18| 12
BOONA18,19 158/1|161/1|BOONA18|BOONALY| 13
BOONA19,20 159/1|BOONA19|BOONA20| 14
BOONAZ2,3 10/1|1039/1|BOONA2|BOONAZ| 15
BOONA20, ESC 3 160/1|BOONA20|ESC BOON?3| 16
BOONA3,4 141/1|BOONA3|BOONA4|ESC BOONA| 17
BOONA4,5 222/1|BOONA4|BOONAS| 18
BOONAS5,7 643/1|BOONA5|BOONAT7| 19
BOONA7 1 BOONA 7|BOONAT] 20
BOONA7,8 143/2|145/1|538/2|642/1|665/1|BOONA-7|BOONAS| 21
BOONA7L,7-2 657/1|BOONA 71|BOONA 72| 22
BOONAZ, ESC 7 656/1|BOONA 72|ESC BOONA 7| 23
BOONAS,9 BOONA’|BOONAS|BOONAQ| 24
BOONA 4, ESC 9 BOONA 4 |ESC BOONA 9|150/1|151/1] 25
BOONA 9A, ESC 9A BOONA 9A|ESC BOONA 9A| 26
BOONAY9,10 BOONA 9|BOONAO|BOONA9|ESC BOON2|146/1| 27
BOONA9,4 BOONA 9|BOONABBOONA 9A| 28
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Table F.3List of gates andfarm outlets in different pools of BUNDURE main channel

BUNDURE main channel

Pool name Gates & farm outlets ID
BUNDURE 1 O/T;11 545/2|BUNDURE 1 O/T|BUNDURE|346/1| 1
BUNDURE-1, ESC 1 547/1|547/2|BUNDURE 1|ESC BUNDURE 1| 2
BUNDURE-B, 32 607/3|BUNDURE-2|BUNDURE-2| 3
BUNDURE-B1, 312 640/1|BUNDURE-31|BUNDURE-32| 4
BUNDURE-B32, 313 633/1|634/1|647/1|BUNDURE 32|BUNDURE-33| 5
BUNDURE-83, ESC 3 574/3|610/3|636/1|BUNDURE 33| 6
BUNDURE-3, 33 607/2|664/1|BUNDURB-2|BUNDURE-3| 7
BUNDURE-3, 34 31/5|31/6|545/3|59/2|BUNDURE 33|BUNDURE-3| 8
BUNDURE-3, 35 608/2|619/1|BUNDURE 3|BUNDURE-3| 9
BUNDURE-B, 36 508/3|578/3]|590/3]|619/2|621/1|BUNDURE 35|BUNDURE 8| 10
BUNDURE-8, 37 623/1|BUNDURB-6|BUNDURE-3|BUNDURE 3A O/T| 11
BUNDURE-3, 38 541/2|BUNDURE-3|BUNDURE-3| 12
BUNDURE-8, 39 BUNDURE-8|BUNDURE-8|650/1| 13
BUNDURE-S, 311 577/3|614/2|623/2|651/1|BUNDURE 211|BUNDURE-3|BUNDURE 3B O/T]| 14
BUNDURE 3A O/T,3A 624/1|BUNDURE 3A O/T|BUNDUREI3A 15
BUNDURE 3A ESC 3A 670/1|BUNDURE 3A|ESC BUNDURE 3A| 16
BUNDURE 4 O/T;14 557/1|BUNDURE 4 O/T|IBUNDURE|4 17
BUNDURE-, 42 557/2|558/1|BUNDURE 4|BUNDURE 2| 18
BUNDURE-10, 411 598/1|BUNDURE-10|BUNDURE-41]| 19
BUNDURE-41, 412 599/1|600/3|BUNDURE 41|BUNDURE-42| 20
BUNDURE-22, 413 599/2|601/1|BUNDURE 42|BUNDURE-43| 21
BUNDURE-43, ESC 4 596/1|BUNDURE-43| 22
BUNDURE-2, 43 562/1|BUNDURE-2|BUNDURE-3| 23
BUNDURE-3, 4-4 560/1|BUNDURE-3|BUNDURE 4| 24
BUNDURE-4, 45 561/1|563/1|BUNDURE 4|BUNDURE 5| 25
BUNDURE-8, 46 564/1|565/1|BUNDURE %|BUNDURE 4| 26
BUNDURE-@, 47 566/1|567/1|BUNDURE 46|BUNDUREZ| 27
BUNDURE-4%, 48 566/2|BUNDURE-Z|BUNDURE-8| 28
BUNDURE-§, 49 568/1|BUNDURE-8BUNDURE Q| 29
BUNDURE-g, 410 597/1|BUNDURE-10|BUNDURE-8|BUNDURE 4B O/T]| 30
BUNDURE 4B O/T,-4B 571/2|BUNDURE 4B O/T|BUNDURE14B 31
BUNDURIESC O/T, ESC 1| BUNDURESC O/T|[ESC BUNDWREN-1|556/1|BUNDURE 4 O/T| 32
BUNDURE 4B ESC 4B 600/1|BUNDURE 4B|ESC BUNDURE 4B| 33
BUNDURE 5 O/T-15 609/2|BUNDURE 5 O/TIBUNDURE|5 34
BUNDURE-5, 52 610/1|BUNDURE-3|BUNDURE 2| 35
BUNDURE-3, 53 610/2|611/1|BUNDURE 2|BUNDURE 3| 36
BUNDURE-3, 54 611/2]|612/1|612/2|BUNDURE 8|BUNDURE 8| 37
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BUNDURE-%, 55 613/1|BUNDURE-8BUNDURE 5| 38
BUNDURE-5, ESC 5 613/2|1614/1|BUNDURE B|ESC BUNDURE 5| 39
BUNDURE 6 O/T;16 573/1|BUNDURE 6 O/T|BUNDURH|6 40
BUNDURE-8, ESC 6 574/1|BUNDURE-8| 41
BUNDURE 7 O/T-17 669/2|584/1|BUNDURE 7 O/T|BUNDURH]7 42
BUNDURE-Y, 7-2 584/2|585/1|BUNDURE -1|BUNDURE-2| 43
BUNDURE-Z, 7-3 BUNDURE-Z|BUNDURE-3| 44
BUNDURE-3, ESC 7 587/1|BUNDURE-3| 45
BUNDURE 8 O/T-18 578/2|579/1|BUNDURE 8 O/T|BUNDURH|8 46
BUNDURE-8, 82 580/1|BUNDURE-8|BUNDURE-2| 47
BUNDURE-8, ESC 8 581/1|582/1|BUNDURE |ESC BUNDURE 8| 48

Table F.4List of gates and farm outlets in different pools ofCOLY main channel

COLY main channel

Pool name Gates & farm outlets ID
COLY 2, COLY 2 ESC COLY 2 ESC|COLY| 2 1
coLy2,2-2 COLY Z|COLY 2| 2
CoLY4,32 5/1|COLY 3L|COLY 2| 3
COLY2,33 4/1|6/2|COLY 32|COLY 3| 4
COLY3,34 3/1|COLY 3|COLY 34 5
COLY3, ESC 3 8/2|COLY #|ESC COLY 3| 6
COLY 4, ESC COLY 4 20/1|COLY 4b|ESC COLY 4| 7
COLY4,4-2 14/2|COLY 41|COLY 2| 8
COLY2,4-3 13/1]|17/1|COLY 42|COLY 4| 9
COLY®,4-4 12/1|18/1|COLY 43|COLY 4| 10
COLY4,45 19/1|COLY 4|COLY 4| 11
COLY4,4-6 11/1]11/2|COLY 45|COLY 4| 12
COLY54 25/1|COLY 5|COLY-H 13
COoLY4,52 24/1]24/2|COLY 51|COLY 2| 14
COLYR2,53 23/1|COLY 2|COLY 5] 15
COLYB,54 21/1|22/1|23/2|COLY 53|COLY 5| 16
COLY41,ESC6 38/1|COLY 6L1|ESC 6| 17
COLY68 COLY 6|COLY1% 18
CcoLY4,6-2 28/1|COLY 6l|COLY &| 19
COLY4.0,611 37/1|39/1|COLY 610|COLY 41| 20
COLY®,6-3 29/1|COLY &|COLY 8| 21
COLYR,64 30/1|COLY &|COLY &4 22
COLY#®,65 31/1|COLY &|COLY 6| 23
COLY+%,66 32/1|COLY &|COLY &| 24
COLY®,6-7 33/1|COLY &|COLY &| 25
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COLYH,68 34/1|COLY &|COLY &| 26
COLY#,69 35/1|41/1|COLY 68|COLY &) 27
COLY®,6-10 36/1|40/1|COLY 610|COLY &) 28
COLY7:1 27/2|46/1|COLY 7|COLY-Z| 29
COLYZ,7-2 28/3|COLY 7L|COLY 2| 30
COLY2,7-4 29/2|30/2|44/1|45/1|COLY 7-2|COLY #| 31
COLY®3,75 43/1|654/1|COLY 74|COLY | 32
COLY:B, ESC COLY 7 42/1|COLY B|ESC COLY 7| 33
COLY 8,85 52/1|COLY &4|COLY S| 34
COLY S, 86 COLY B|COLY &) 35
COLYS, 8 56/1|COLY 8|COLY-H47/1] 36
coLv4,s2 55/1 |COLY &|COLY &) 37
COLY®,83 45/2|48/1|COLY 82|COLY S| 38
COLYS,84 COLY B|COLY & 39
COLY 9:2 57/1|58/1|COLY 9|COLY-9| 40
CcoLY 42, 913 79/1|COLY A12|COLY 43| 41
COL¥®-13, 914 80/1/83/1|COLY 913|COLY 44| 42
COLY 44, 915 81/1|COLY 94|COLY 45| 43
COLY 45, 916ESC 9 82/1|COLY 95|COLY 96ESC 9 44
COLY 2,93 94/1|COLY 2|COLY S| 45
COLY 3,94 59/1|60/1|COLY 93|COLY 94| 46
COLY 9,95 61/1|93/1|COLY 94|COLY | 47
COLY S, 96 61/2|62/1|92/2|92/1|93/2|COLY 9-5|COLY S|COLY 9B| 48
COLY 8, 97 91/1|COLY S|COLY 9| 49
COLY g, 98 90/1|90/2|COLY 97|COLY SB| 50
COLY 8, 99 89/1|COLY SB|COLY 9| 51
COLY ®, 912 78/1|88/1|COLY 912|COLY ®|COLY 9C| 52
COLY 9B, 9B 63/1|63/2|COLY 9B|COLY 98 53
COLY 98, 9B2 64/1|COLY 98|COLY 9 54
COLY 980, ESC 9B 73/1|COLY 9B0|ESC 9B| 55
COLY 98, 9B3 65/1|COLY 9R|COLY 98| 56
COLY 9B, 9B4 65/2|66/1|67/1|COLY 9B3|COLY 98| 57
COLY 98, 9B5 68/1|COLY 9BI|COLY 98| 58
COLY 9B, 9B7 69/1|76/1|76/2|77/1|COLY 9B5|COLY 98| 59
COLY 9B, 9B8 75/1|COLY 9F|COLY 988|69/2| 60
COLY 9B, 9B10 70/1|74/1|75/2|COLY 9B10|COLY 98| 61
COLY 9C, aC 86/1|87/1|COLY 9C|COLY o 62
COLY 9€, 9G3 ESC 83/2|85/1|COLY 9€L|COLY 93 ESC| 63
COLY 10, 1D 96/1|96/2|97/1|COLY 10|COLY 10| 64
COLY 14, 103 100/1|97/2|98/1|98/2|99/1|COLY 10-1|COLY 18| 65
COLY 18, 104 101/1|102/1|102/2|COLY 1G3|COLY 18| 66
COLY 14, 105 102/3|103/1|COLY 164COLY 16| 67
COLY 18, 106 COLY 18|COLY 16| 68
COLY 18, 107 104/1|105/1|662/1|COLY 166|COLY 14| 69
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COLY 10, ESC 10 107/1|COLY 14 |ESC 10| 70
COLY 11,112 114/1|COLY 11|COLY 12| 71
COLY 12, 113 118/1|COLY 12|COLY 18| 72
COLY 1B, 114 113/1|118/2|COLY 113|COLY 14| 73
COLY 14, 115 112/1]119/1|COLY 1#4|COLY 15| 74
COLY 1b, 116 170/1|COLY 15|COLY 1¥| 75
COLY 16, 117 111/1|COLY 15B|COLY 17| 76
COLY 17, 118 110/1|171/1|COLY 147|COLY 18| 77
COLY 18, 119 108/2|COLY 1B|COLY 1DB|ESC 11| 78
COLY 19, 172/1 172/1|COLY 1B| 79

Table F.5List of gates and farm outlets in different pools oMAIN CANAL

Main CANAL

Pool name Gates & farm outlets ID
BUNDURE MAIN O/T, 1 gﬁ?féﬁﬁ?}/ﬂg&gg&iUgﬁURE MAIN O/T|BUNDURE MAIBUNDURE 1 1
BUNDURE MAIN 3 549/2|549/1|551/1|615/2|672/1|BUNDURE MAIN3|BUNDURE MAHY| 2
BUNDURE MA#ND, 11 577/1|578/1|BUNDURE 8 O/T|IBUNDURE MAINBUNDURE MAHi1| 3
BUNDURE MA#M, 12 588/1|BUNDURE MAHI1|BUNDURE MAH2| 4
BUNDURE MAIN?, 13 589/2|591/1|BUNDURE MAIN2|BUNDURE MAHI3| 5
BUNDURE MAIN3, 14 590/1|591/2|BUNDURE MAIN3|BUNDURE MAHi4| 6
BUNDURE MAiIM, 15 BUNDURE MAIM|BUNDURE MAHI5| 7
BUNDURE MAILNS, 16 BUNDURE MAINS|BUNDURE MAHIG| 8
BUNDURE MANG, 17 BUNDURE MAINS|BUNDURE MAH17| 9
BUNDURE MAIB| 4 ?;}(_\8@;51/2|551/3|606/1|615/1|615/3|BUNDURE 31|BUNDURBAIN-3|BUNDURE 10
BUNDURE MAIAl 6 552/1|554/1|606/3|BUNDURE ESC O/T|BUNDURE MABUNDURE MAH]| 11
BUNDURE MA#8l 7 554/2|555/1|607/1|608/1|BUNDURE MAINS|BUNDURE MAHY| 12
BUNDURE MAIK 8 fASAS|/[\2|.|85|72/1|609/1|BUNDURE 5 O/T|BUNDURB$T|BUNDURE MAHR|BUNDURE 13
BUNDURE MAI8I 9 574/2|575/1|BUNDURE MAHK8|BUNDURE MAHS| 14
BUNDURE MAI8I 10 669/1|BUNDURE 7 O/T|IBUNDURE MAMNBUNDURE MAH| 15
BUNDURE MAIN7, ESC 2 596/2|BUNDURE MAHiI7 16
GRANTS REG, PRICKLEY REG | COLY 10|COLY9|GRANTS REGULATOR|PRICKLEY REGULATOR| 17
HORTICULTURE, NO. 3 14/1|COLY A |HORTICULTURREGULATOR|NO 3 REGULATOR| 18
MAIN CANAL INLET, TUBBO WH MAIN CANAL INLET|TUBBO WELLS|TUMBULLEN INLET|TUBBO ESC]| 19
MORUNDAH REG, GRANTS RE( COLY7|COLY8|GRANTS REGULATOR|MORUNDAH REGULATOR| 20
NO 3 REG, MORUNDAH REG 15/1|2023/2|COLY 41|COLY 5|COLY 6|MORUNDAH REGULATOR|NO 3 REGULAT( 21
KOORUMBEEN, ESC KOORUME KOORUMBEEN|544/2|2013/1|ESC KOORUMBEEN]| 22
PRICKLEY REG, BUNDURE MAI| BUNDURE MAIN O/T|COLY¥1IKOORUMBEEN|MAIN CANAL ESC|PRICKLEY 23
oIT REGULATOR|YAMMA|
TUBBO WELLS, HORTICULTUR TUBBO WELLS|HORTICULTURE REGULATORITOBBQ OFFTAKE]| 24

REG
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Table F.6List of gates and farm outlets in different pools offTUBBO main channel

TUBBO main Channel

Pool name Gates & farm outlets ID
TUBBO1,2 5/3|TUBBO1|TUBBG2| 1
TUBBO10,11 507/2|673/1|TUBBG10|TUBBGL1| 2
TUBBO11,12 2020/1]540/2|TUBBG11|TUBBG12| 3
TUBBO12,ESC TUBBO 2010/1|ESC TUBBO|TUBAQ)| 4
TUBBO2,3 18/3|KERARBURY|TUBR{OUBBG3| 5
TUBBO3,4 120/3|639/1|TUBBG3|TUBB®&4| 6
TUBBO4,5 11/3|TUBBG4|TUBBG5|9002/2| 7
TUBBO5,6 ESC TUBBOTUBBG5|TUBBG6|TUBBO3| 8
TUBBOS6,7 221/1|4005/1|7/4|TUBBO-6|TUBBQGY| 9
TUBBO 4 OT, 2026 TUBBO ©T|2026/1|2026/2|2026/3| 10
TUBBO OFFTAKE, BOONA TUBBO OFFTAKE] 1/1|1/2|2/3| TUBBKDBOONA| 11
TUBBO7,8 TUBBO 4 OT|TUBBQTUBBGS| 12
TUBBOS,9 226/1|31/4|TUBBG8|TUBB®9| 13
TUBBO9,10 4004/1|6/3]|661/1|663/1| TUBBO-10|TUBB®9| 14

Table F.7 List of gates and farm outlets in different pools off AMMA main channel

YAMMA main channel

Pool name Gates & farm outlets ID
YAMMA 11, 1-2 524/1|YAMMA 11|YAMMA 12| 1
YAMMA 12, 1-3 525/1|YAMMA 12|YAMMA 13| 2
YAMMA 13, 1-4 526/1|527/1|YAMMA 1-:3|YAMMA1-4| 3
YAMMA 14, 1.5 527/2]YAMMA 14|YAMMA 15| 4
YAMMA 15, 1-6 529/1|530/1|YAMMA 1-5|YAMMA 16| 5
YAMMA 16, 1-7 531/1|532/1|YAMMA 1-6]YAMMA 17| 6
YAMMA 17, 1-8 533/1|YAMMA 17|YAMMA 18| 7
YAMMA 18, ESC 1 533/2|534/1|534/2|YAMMA 1-8| 8
YAMMA1AL, 1A2 YAMMA 1A1|lYAMMA 1A2| 9
YAMMA 1A2, 1A3 YAMMA 1R2|YAMMA 1A3| 10
YAMMA 1A3, 1A4 504/1|504/2]YAMMA 1A3|YAMMA 1A4| 11
YAMMA 1A4, 1A5 507/1|YAMMA 1A4|YAMMA 1A5| 12
YAMMA 146, 1A6 508/1|YAMMA 1A6|]YAMMA 1A5| 13
YAMMA 146, 1A7 511/1|512/1]YAMMA 1A8|YAMMALAT| 14
YAMMA 1A7, 1A8 513/1|666/1|YAMMA 1A8|YAMMA 1A9| 15
YAMMA 1A8, 1A9 514/1|514/2|ESC YAMMA 1A|YAMMA 13} 16
YAMMA 149, ESC 1A 535/1|YAMMA 1B|YAMMA 14| 17
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YAMMA 1B, 18 537/1|537/2]YAMMA 1B1|]YAMMA 1B2| 18
YAMMA 1BL, 1B2 539/1|540/1]YAMMA 1B2|YAMMA 1B3| 19
YAMMA 1B, 1B3 541/1|ESC YAMMA 1B [YAMMA-BB 20
YAMMA 1B3, ESC 1B | 189/1]YAMMA 2|YAMMA 21| 21
YAMMA 2, 21 185/1|186/3|190/1]YAMMA 2-1|YAMMA 22| 22
YAMMA 21, 22 206/1]YAMMA 22|YAMMA 23| 23
YAMMA 22, 23 200/1|206/2]YAMMA 23]YAMMA 24| 24
YAMMA 23, 24 201/1]202/1|205/1]YAMMA 2-4]YAMMA 25| 25
YAMMA 24, 25 204/1|205/2]YAMMA 25]YAMMA 26| 26
YAMMA 25, 26 191/1|YAMMA 3|YAMMA 31| 27
YAMMA 26, 2 191/2|YAMMA 31|YAMMA 32 28
YAMMA 3, 8 192/1|YAMMA 32|YAMMA 33| 29
YAMMA 31, 32 192/2|209/1|YAMMA 33]YAMMA 34| 30
YAMMA 32, 33 208/1]YAMMA 34|YAMMA 35| 31
YAMMA 33, 34 2006/1|ESC YAMMA 3]YAMMAS} 32
YAMMA 34, 35 659/1]YAMMA 4]YAMMA 41| 33
YAMMA 35, ESC 3 515/1|YAMMA 41]YAMMA 42| 34
YAMMA 4, 41 516/1]YAMMA 42|YAMMA 43| 35
YAMMA 41, 42 517/1]YAMMA 43|YAMMA 44| 36
YAMMA 42, 43 518/1/519/1]YAMMA 44|YAMMA 45| 37
YAMMA 43, 44 521/1]YAMMA 45|YAMMA 46| 38
YAMMA 44, 45 571/1|)YAMMA 46]YAMMAA4-7|2007/1|2009/1] 39
YAMMA 45, 46 2008/1|ESC YAMMA 4]YAMMAZ} 40
YAMMA 46, 47 508/2|510/1]YAMMA 1A6]YAMMALA7| 41
YAMMA 47, ESC 4 118/3|119/2|501/1]YAMMA|YAMMAL OFFTAKE|YAMME 42
YAMMA 146, 1A7 170/2|YAMMAL|YAMMA2| 43
YAMMA, 1 502/1|502/2]YAMMA 1A1|YAMMA 1A| 44
YAMMAL,2 YAMMA 26|209/3|219/3] 45
YAMMAIA, 14 YAMMA 1 OFFTAKE|645/1]YAMMA 1A[YAMMA 1B|YAMMA 1 46
YAMMA 26, ESC 2 171/2|YAMMA2|YAMMA:3| 47
YAMMA 1 OFFTAKEL1 | 172/2|173/1|181/1JARGOON|ARGOONYAMMA-3|]YAMMA-4 48
YAMMA2,3 182/1|187/1/187/2|188/1|188/2] YAMMA 2|YAMMA 3]YAMMA 4|YAMMA4| 49
YAMMAS3, 4 50
YAMMA4, 3 51
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Linking the related pools to seepage hot
spots of Allen, (2006)
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Table G.1 Linking the related pools to seepage hot spots of Allen, (2006) priority 1

Approximate location Main channel Pool
ID
Murrumbidgee Offtake directly downstream MAIN CANAL | 19
Around the end of Wallace Road MAIN CANAL | 24
Farms 56 and 57 between Culley Rd and Channel 9Rd COLY 40
Upstream of the Escape
Farms 503 and 504 YAMMA 11
Farm 535 YAMMA 18
Farm 549 (northeast block) BUNDURE 2
Farm 548 and 549 (southwest block) BUNDURE 1

Appendix G

Page350



Appendix G

Table G.2 Linking the related pools to seepage hot spots of Allen, (2006) priority 2

Approximate location Main channel Pool
ID
5 isolated priorstreams in a 12km stretch in the vicinity of Tom Bullen Reservoir
2 isolated deep seepage pathways between Wallace Road and Mellington Road Main canal 21
Farm 1009 TUBBO 11
The Boona Offtake TUBBO 11
Farm 5, O'Neil Rd TUBBO 1
Between O'Neil an®bonald Ross Rdwarious prior stream sands linked to deeper prior stream complex.
Just downstream of Tubbo 3 offtake TUBBO 6
Was not surveyed but priority 2 is inferred from results in the adjacent Tubbo segment. To F14 only.
Just upstream obemo Farm, Tubbo 4 offtake TUBBO 10
West of Cockys Lane BOONA 1
Farm 1022, Pine Dr BOONA 25
Farm 118, Morundah Rd YAMMA 44
Parts of features on farms 502, 645 and 510 YAMMA 46
Farm 535 YAMMA 18
Farm 537 YAMMA 19
West of the airstrip bridge, FarB10 YAMMA 14
Just downstream of the Main Offtake BUNDURE 1
Just downstream of Bundure 3 offtake BUNDURE 15
Bundure 1 was empty and not surveyed but its location suggests that it has a priority site BUNDURE 2
Bundure 2 was empty and not surveyed litstlocation suggests that it has a priority site
Farm 650, McLarty Rd BUNDURE 13
Farm 634, McLarty Rd BUNDURE 5
Just near Bundure 3 offtake BUNDURE 15
Lloyd Rd, Farm 557 BUNDURE 18
near the Bundure 5 escape BUNDURE 34
just downstream of thaBundure offtake BUNDURE 46
Various sites on Ramsay property
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Table G.3 Linking the related pools to seepage hot spots of Allen, (2006) priority 3

) ) ] Pool

Approximate location Main channel
ID

F661 was F90, Kook Rd COLY 50
West of Cockys Lane
Farm 16 COLY 8
West end of Farm 169, Bull Rd BOONA 4
Farm 119
Downstream end of Yamma, Farm 507, prior stream probably just east of the canal YAMMA 12
Where Argoon crosses Morundah Rd ARGOON 1
Upstream of Yamma 1la offtake YAMMA 44
Parts offeatures on farms 502, 645 and 510 YAMMA 43
Farm 537 YAMMA 19
Farm 205, Fairlie Grange Road YAMMA 26
Farm 515, the canal runs adjacent to a prior stream YAMMA 36
Farm 589 MAIN CANAL 5
Just downstream from Bundure offtake MAIN CANAL 11
near theBundure 6 escape BUNDURE 40
at the Bundure 7 escape BUNDURE 43
Ramsay property generally (excluding priority 2 features)
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Table G.4 Linking the related pools to seepage hot spots of Allen, (2006) priority 4

Appendix G

Approximate location Main channel Pool
ID

Wallace Rd to Mellington Road MAIN CANAL 13

Farm 26 MAIN CANAL 21

Farm 19, near Kidman Way COLY 11

Pine Dr just south of Lovegrove Rd

Farms 1038 and 1013

4 shallow prior streams between Channel 9 Rd and Morundah Rd

Just east oFarm 7000, Bull Rd

Farms 61 and 58 COLY a7

Farm 89 COLY 51

Farm 171, Morundah Rd YAMMA 49

Downstream end of Yamma, Farm 507, prior stream probably just east of the canal YAMMA 12

north-south stretch- farm 93 COLY 48

farm 194 ARGOON 21

Various features along Hannabus Rd

Four Corners Road ARGOON 22

Upstream of Yamma la offtake YAMMA 48

Two isolated shallow prior stream$&arms 188 and 189, Hutchings Rd YAMMA 51

Various isolated shallow prior streams along Fairlie Grange Road

Farms 510 and 516, the canal runs adjacent to a prior stream

Farms 518, 517, 516, 515 and 510, the canal runs adjacent to a prior stream YAMMA 39

Between Main and Bundure 4 offtakes (excluding priority 1 and 2 sites)

Farm 592

Farms 61%nd 664, 3 shallow prior streams, Glenn Rd BUNDURE 7

Farm 631, McLarty Rd, Two shallow prior streams BUNDURE 5

Farm 583, Three shallow prior streams
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Table G.5 Linking the related pools to seepage hot spots of Allen, (2006) priority 5

i ) , Pool
Approximate location Main channel

ID
West end of Kyola Rd
Parts of the downstream end of the canal, Bull Rd
Farms 61 and 58 COLY 40
Farm 83 COLY 42
Farm 97(north) COLY 64
Kerslake Rd
Generally along Hanabus Rd
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