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Disclaimer

This water balance has been prepared for AARC Environmental Solutions by Tania Kennedy (SeeBuiltEarth Pty Ltd).
SeeBuiltEarth Pty Ltd retains copyright & Intellectual Property of the material contained within the report &
supplementary data & analytical methods. All rights remain with SeeBuiltEarth Pty Ltd.

This report has been prepared from information, data & assumptions provided by AARC Environmental Solutions
representatives, local suppliers & internal documentation.

Where possible, data, sources & raw information is separated to application, interpretation & implication assessments.

Whilst SeeBuiltEarth Pty Ltd & its employees have taken all reasonable care to ensure the facts, opinions & conclusions in
this report are fair, applicable, accurate & good to appropriate practice, SeeBuiltEarth Pty Ltd is not able to, & does not
verify the accuracy of the information & data supplied, & states that the models, frameworks & schematics are presented for
consideration & decision by AARC Environmental Solutions.

SeeBuiltEarth Pty Ltd do not accept any legal responsibility to any person, organisation or corporate identity for any loss or
damage which might event from the use of this report howsoever caused whether by default, breach of contract,
negligence or any other reason.

(S\ SEE.BUILT.EARTH Kogan Creek — Pit closure water balance — September 2020

Design for your place on the planet




Table of contents \\W

1 Introduction 4
1.1 KOGan Creek MINE OPEIALION ...ttt 4
1.2 STUAY PUIPOSE & ODJECTIVES ...ooveoiie s 4
2 Water systems of Kogan Creek pit void 5
2.1 Climate - rainfall & evaporation

2.2 General water balance state.............

23 Surface water & catchments............

2 GIOUNGWATET ..ottt 8888
2.5 Final pit diIMENSIONS & STOTAGE CUINVE ..ouveuerieeieieeiic ettt 7
3  Water balance structure & outcomes 10
3T OVEIVIEW etttk 10
3.2 Balance Calibration SETHINGS ... oottt 10
3.3 SCEMATIOS ottt R R 1
4 Outcomes 12
471  Scenario 1— full catchment reporting (N0 Pit CreSt DUN).......oiiiii s 12
4.2 Scenario 2 — pit only catchment (Pit CreSt DUNG) ...t 13
5 Appendix A - Balance tables 21

. SEE.BUILT.EARTH Kogan Creek — Pit closure water balance — September 2020

Design for your place on the planet




1.1 Kogan Creek mine operation

Kogan Creek mine is an open cut mine located in the Surat iver basin in southern Queensland, 15km
south of Brigalow, & 40km south east of Chinchilla.

The mine is operated to supply the adjacent Kogan Creek Power Station with approximately 2.5Mt of
coal each year, a single turbine station which provides 750MW baseload power into the Eastern
Australian power network.

Kogan Creek mine was opened in 2006: the mine is owned by CS Energy & operated by Golding.

1.2 Study purpose & objectives

A water balance for the final open pit void is required as part of Progressive Rehabilitation & Closure
Plan (PRCP) works & evaluation of final pit fate for water quality, quantity & landform closure.
Planned mine closure is expected around 2042.

AARC Environmental Services commissioned SeeBuiltEarth develop an analytical water balance for the
pit domain to assess & inform pit closure options.
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2 Water systems of Kogan Creek pit void @

2.1 Climate - rainfall & evaporation

Kogan Creek mine lays in a climate zone characterised by hot, dry summers & cold winters (BoM),
near the town of Chinchilla. Two nearby weather stations provide indicative rainfall & evaporation
rates, Chinchilla WTP & Ehlma Park:

e Chinchilla WTP (water treatment plant) is located 30km to the northwest of the site & provides
data from prior to 1900, providing a record of >100 years of rainfall data.

e EhIma Park is nearer, approximately 10km to the north east of the site, & with records
commencing in the mid 1950's.

Comparative annual rainfall (Figure 1) indicates both sites average between 350mm to 800mm rainfall
per year, but may be as low as 200mm in drier years, & regularly up to 1,000mm in wetter years.
Rainfall is comparable between the two sites from year to year, & together provide a continuous
record of indicative rainfall for the site. Average regional rainfall appears in decline since 1990.

Evaporation records are also available from Chinchilla WTP site since pre-1900. Monthly evaporation
rates are shown in Figure 2, & average daily to monthly evaporation in Table 1. A rolling 12 month
average evaporation trends show evaporation starting to vary more widely since 1960, & appears to
be increasing since 1990.

For longer-term indicators, residual rainfall trends (Figure 3) shows the seasons of the area, with
periods of continual average rainfall over several years, but with a strongly wet period from 1930 -
1950, & forming into a severe drier period since 1999. Residual rainfall charts the deviation of rainfall
from the average: when conditions are wetter, trends increase — when conditions are drier, trends
decline.

Table 1 - Daily & average evaporation rates

Station

Average daily (mm) 7.7 6.8 6.1 4.6 32 | 24 | 25 35 49 6.3 7.4 7.8

Monthly (mm) 2394 | 191.0 | 188.5| 137.1 | 99.0 | 71.8 | 78.2 | 109.3 | 148.0 | 195.8 | 220.7 | 2404

Annual = 1919.1Tmm

2.2 General water balance state

As a simple water balance from year to year, the Kogan Creek site from year to year is generally
strongly water balance negative. Annual rainfall averages 644.4mm, whilst annual evaporation rates
(on the condition water was present) can range up to 1,919mm in a year, a deficit of 1,250mm per
year.
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Annual rainfall - Chincilla WTP & Ehlma Park
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Figure 1 - Annual rainfall Chinchilla WTP & Ehlma Park
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Residual rainfall patterns since 1900
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Figure 3 - Residual rainfall of Kogan Creek region

2.3 Surface water & catchments

Landscape of the site is predominantly low gradient, with dark grey sandy loamy soils: high sodicity &
low strength & nutrients.

Figure 4 lays out the catchments of the site: with pit catchment shown as #38, with a total catchment
currently reporting to the pit of 1,468,071m? & in the event of a pit crest bund being installed, the pit
itself has a catchment surface area of 620,000m?.

2.4 Groundwater

No groundwater inflow is recorded into the pit of Kogan Creek mine: the pit is essentially dry unless
rain falls.

2.5 Final pit dimensions & storage curve

Pit storage volumes are determined by slicing a pit void at 1 metre intervals, & using unit height by
surface area to calculate volume. Storage curves & volumes are shown in in Figure 5.

Final pit void runs from an elevation of 253mAHD (deepest) to 325mAHD (pit crest), with a total void
space of 625,000m3. There is a noticeable change in elevation to storage ratio from base of pit to
~267mAHD, & again at 267-275mAHD as pit wall angles change.
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Figure 4 - Catchments of Kogan Creek mine: note pit catchment area (#38)
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Figure 5 - Pit storage curves for Kogan pit
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3 Water balance structure & outcomes @

3.1 Overview

The Kogan Creek pit domain water balance is an analytical balance running from January 1900
through to December 2019 by daily time steps. The actual 120-year rainfall record is applied as it
provides an appropriate range to assess variation of the types of events & sequences to be expected
in the region. Notably, if a drying climate occurs in the future, the condition is likely to increase the
severity of negative water balance for the site.

The model works through applying rainfall each day from the record onto catchment areas &
building a rainfall runoff model with initial loss & runoff coefficient suitable for landscape. Any water
volume which is water balance positive is stored within the pit as a volume with a surface area, with
evaporation on any water surface (based on the storage curve). The balance executes as a running
storage to see changes in water storage both as a total system & as a budget change.

Figure 6 provides a view of the balance configuration & setup for Kogan Creek mine pit domain.

Kogan Creek pit domain water balance

Area m2
RunoHDepthimm)

RunoffFactor OR PanFactor
V/s OR m3/d

Figure 6 - View of water balance configuration & step

3.2 Balance calibration settings

The balance is established through application of reasonable, conservative factors of rainfall, runoff &
evaporation relative to the geology & water system of the site. Fine-tuning of parameters is achieved
through trial & error & observing if the system provides a practical response given what is already
known about the system from empirical knowledge.

Table 2 presents the summary of water balance settings applied throughout all scenarios.

Table 2 - Water balance settings

Dates January 1900 through to 31 December 2019 (120 years), daily time steps

Rainfall sites Chinchilla WTP

Catchment areas Pit area - 620,000m? Adjacent catchment - 843,071m?
Initial loss 10mm (slope of pit) 15mm (low gradient catchment)
Runoff factor 0.85 (reporting direct to pit) 0.65

Average monthly evaporation by day, only applied if there is storage in pit & no rain.

Evaporation Factor applied to pan factor of 0.95

Groundwater inflow None

Pumping/extraction or loss = None
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3.3 Scenarios @

Two main catchment scenarios are run:

1. No pit bund at pit crest (adjacent catchment).
2. Pit bund at pit crest

Three starting storage states to assess the full range of states of water budget & understand
dynamics of the water balance:

1. Start at full storage (325mAHD) — to assess behaviour with a large body of water
(limitless supply to assess negative water balance potential).

2. Start at mid-storage (290mAHD) — to assess behaviour during wetter periods.

3. Start at low storage (255mAHD) — to assess likely starting point at closure.

Design for your place on the planet
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4 Outcomes & findings

4.1 Scenario 1- full catchment reporting (no pit crest bund)

Starting value

%
years
EEL
ve

rainfall

78%
ears
Full storage zvater
Figure? negativ
e
Mid-storage
Pit running storage volume & RL
25,000,000
PitMetrics
——————— WaterLeve
20,000,000
_. 15,000,000 69%
m
E
€ years
£ water
g '“--._L negativ
o, e
“ 10,000,000 T o
._L| L, _g' ¥ “Tl.l
B T . R
iy M PRI L "
g T Lt L, o
R B ’Ir‘m.',!L
5,000,000
0
%, v, (’a.ar %y a"""ec 1y 2.5 ’c.ae T34 1 %, 2, °"-a'
o s, 4, by, g, g, gy, s, e, s, ",
%00 o, Tor, oy “Togg oy Tog, Tog, o Togg Toq,

Kogan Creek — Pit closure water balance — September 2020

Strong
continuo
us
drying
stages
until
~1970,
then
forms
into slow
decline
of levels.

Strong
continuo
us
drying
stages
until
~1970,
then
forms
into slow
decline
of levels.




G

Seasonal mass balance \///

1,000,000
800,000
600,000

400,000

° 200,000 | | ‘ ‘
: p||| I|~" LEE ﬁLwﬁu mlﬂim T i I
% -200,000
-400,000
-600,000
-800,000
-1,000,000
Figure 8
Shows
impact
of wetter
51% period in
years early

Low-storage water century,

Figure 9 negativ = but
e returns
to
similar
level of

Key learnings from Scenario 1 (pit & adjacent catchment):

1. Pit levels stabilise into slow declining rates, regardless of starting volume by
end of the 120 year cycle in the drying to average rainfall periods.

2. Wetter periods may result in extra storage in the short term (low-storage
starting volume), but will trend similarly over time as rainfall returns to near
average.

3. Evaporation volumes highly dependent on size of pond area, with reduced
evaporation as pond areas decline near base of pit.

4.2 Scenario 2 — pit only catchment (pit crest bund)

Eull storage 83% years water negative Strong continuous dr.ylng stages until ~1980, when
Figure 10 changes to slow decline.

Mid-storage o . Impact of wetter & drier years shown, stabilises
Figure 11 73% years water negative ~1980, when changes to slow decline.
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Figure 12 storage options from 1980 in slow decline.

Key learnings from Scenario 2 (pit only catchment):

1. Diversion of adjacent catchment via a pit crest bund or similar:
a. Reduces potential storage
b. The water balance stabilises & reaches steady state, with seasonal
variation.
2. All scenarios return to a low storage outcome with seasonal volumes, even with
a large starting volume & across wet seasons.
3. Stabilisation is based on freshening rainfall to manage pit water quality. In the
event of a drying climate, size of pit storage will be further reduced.
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Figure 7 - Pit & catchment - full supply level water balance
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Figure 9 - Pit & catchment - low supply level water balance
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Figure 11 - Pit only catchment — mid-supply level water balance
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Figure 12 - Pit only catchment — low-supply level water balance
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5 Appendix A - Balance tables
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Scenario 1 - Pit & catchment — full supply volume @

Mass water movement profiles

FY StartDate EndDate Rainfall OtherWaterin i P ingOut Change
1901 / 171,984 - - 19,282,704 851
1902 113,051 - - 18,43 5
1903 2 194,430 - - 17,5 3 16,761,166
1904 90 381,01 - - 16,761,166 16,227,322
1905 299,554 - B 16,227,322 | 15624921
1906 / 393,314 15624921 | 15149890
1907 322466 15,149,890 | 146213926
1908 7 188,817 14621926 | 13,959,641
1909 o 1909 [P 13.959641 | 13399752
1910 359,458 | I | 13399752 | 12966724
1911 30/06/19 263,219 760,955 - 12966724 | 12468965
1912 321417 - - 779,063 - - 12,468,965 12,011,295
1913 30/06/13 170457 E B 746,506 - g 12011295 | 11435223 576,

133319 - - 722374 - - 11,435,223 10,845,121 89,
97,092 - - 715418 10,227,772 6518,
172,046 - - 675,741 9,724,054
- - b6, 441 .
B 8,048,235
314,288 8,425,522 )
268,997 587,303
75,120 | | 5813 7,321,194
284,663 | [ 541,710 7,064,127
348,002 | [ 529,344 6,882,785
| [ 548,971
520,975 713,95 6,490,618 23,33
- 500,348 - - 6490618 6,215,188 75430
- - 508,634 - - 5,215,188 5,902,100 1
- - 488,697 - - 5,902,100 5,683,119 1 0
- - 478,682 - - 5683119 5,455,591 27,528
B - 470,535 - - 5,455,591 ),
B - 457,304 - - 5,264,959
B - 5,077,485
B 5,224,366
5,058,001 4,802,191
4,802,191 4,601,567
4601567 | 4
4476214 |
4638773 | 11,330
427,532 4427483 | 16.254
303,308 2,443,697 4,326,356 17,34
232343 - - 2,326.356 4155,100 1
191,669 - - 4159100 3,950,166
306,668 - - 3,950,166 3,869,551 10,6
366,215 - - 3,869,551 3,842,605 26,946
436,571 - - 3,842,605 3893473 50,868
430,618 - - 3,893,473 3,946,909 53,436
296,681 - - 4,145 32,764
393,887 - - 3,854,145, 3873544 19,399
333410 3,873,544 3,830,598 !
204177 3,830,598 3,654,428 76,170
181,175 3,472,362
330077 3439726 55
580,346 3,653,969 214,243
980,805 426559 611,627
303171 426559 | 4164287 101,30
284,550 - - 4,164,287 4,046,358
276,016 - - 4,046,358 3932748
340231 - - 3,932,748
141,362 - - 3,884,058
373739 - - 364390
242,434 - - 368,652 3,517,698 26,234
253,476 - - 378,842 3392316 25,382
146,699 - - 3,168,867 223,44
326,023 3,168,867 3,148,569
243,140 3149569 | 3,041930
153,034 3041930 | 2843402
113,592 2,843,402 2629511
160,808 262951 | 2471353
293,290 2477353 | 246389
308,183 263,89 2,459,656
201956 - - 245965 2352535
363,157 - - 2352535 2418034
168.364 - - 2418038 2,289,167
258,682 - - 2,254,371
266,350 B B 4,070
168,629 - - 2,094,019
174,319 - - 1,980,977 1
187,614 , - i 1,684,807
468,206 1,884,807 2,078,263
318922 2,079,263
481,978 201275 2216229 203474
336,740 2216223 | 2261027 44,798
318,833 2261027 | 2271304 10877
259,035 2271304 | 2229391 41,913
188,393 - [ 293,066 - - | 229991 2125318 0
- 293,551 - - 2125318 2,350,653
- - 301,291 - - 2,350,653 2,306,450
278,261 - - 297,916 - - 2,306,450 2,286,795
136,506 - - 2,286,795 2116939
136,935 - - 2,116,939 1,969,987
191,510 - - 1,880,959
601 - - 1 2,105
250,234 - B 286,206 2 2,068,136 5,972
376,976 - - 280,009 2,069,136 2,166,103 9,967
193,781 292,856 2,166,103 2,067,028 19,075
328811 | | 76,192 | 2067028 2115115 48,087
422834 | | 292,252 2115115 | 2250244 135,128
169,286 | I 293,727 2250244 | 2125788 2
120371 | I 287,916 2125788 | 1958229
253,634 - 278,678 1,958,229 1933185
179,083 - - 276,080 1 1836175
409,711 - - 275,951 1 1,969,947
127,987 - - 278,642 1,969,947 1,796,444
174531 B B 272,180 44 172206
181,387 - - 266,291 1,722,016 1,637,112
336,493 - - 261 7 1,637,112 1,711,688
- - 257,796 1,711,688 1,778,330
B 268,580 - - 1,778,330 1,716,289 52,04
263,443 - - 1,716,289 2,031,247 31435
278,304 2,031,247 2,048,158 16310
286,320 2,048,158 2,077,792 29,634
284,739 | 20792 | 1962450 15,343
279,640 | ree24s0 | 166
272,447 | 1897284 4
271,365 - - Tmea | 720,116
- 260,647 - - 1,720,116 1601124 118,993
- - 259,025 - - 1,601,124 1492473 1
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Scenario 1 - Pit & catchment — mid supply volume @

Mass water movement profiles

FY  StartDate EndDate

P
1901 3 1, - - 426,519 - - 4,723,531 4,468,979
1902 3 3 2 - - 422,809 - - 4,468,979 4,159,205 1
1903 - - 3,955,095 4,110
1904 / 30/06/1¢ 381 - - 386,731 B B 3,945,374 [
1905 - - 1,338
1906 3,877,256
1507 3,819,118
1508 3.819,118 3,624,438
1509 3,624,438 3,518,801
1910 3,518,801 3,513,768 5033
1911 3,513,768 3,219,813 55
1912 - 3419813 3,375,630
1913 - - 3,375,630 3191421
- - 319141 2,979,999
- - 2,979,999 2735715
- - 2735715 2,586,070
- - 2,586,070 2,651,443
518,835 - - 2,851,770
250,153 - - 2,770,127
121,849 - - 2,557,2 212,90
314,288 2,550,879 2,654
268,997 313816 2,501,657 58,221
75,720 313319 2,277,446
284,663 295134 2,266,975 10
34 295,006 | 2319971 52,996
380,160 - - 314,804 2319971 2,385,327 65,356
297,658 - - 301,549 - - 2.385.327 2381436 89
224,936 - - 295.061 - - 231,311 0,125
195,565 - - 303,211 - , 2311311 2,203,651 107,660
7 - - 293,907 - - 2,203,651 2,179,461
294,814 - - 2,179,461 2,135,818
254,081 - -
289,973 - -
250439 - B
298,469 - -
304,764
299,208 2,267,823 2,205,236 62,568
234, | 2,205,236 2,208,374 3,138
2,208,374 2,489,371 280597
2,489,371 2391911 97,460
2391911 2,516,687 124,776
16,687 2504762 1
- - 2,504,762 2,429,384 :
304,787 - - 2.429,384 2316252 12,132
306,668 - - 297,146 - - 2,316,252 2,325,774 9,521
366,215 - - 308,005 - - 2,325,774 2,383,983 58,210
- - 2,383,983 2,514,932 130,948
- - 2,514,932 2,642,189 127,257
- B 2,620,554 2
311,038 - - 2,620,554 2,703,403 82,850
319,589 2,703,403 2,721,824 18,420
318,536 2,607,465 114,353
306,889 3,481,737 125,728
307,217 | 2,481,737 22,860
316,463 | 2,504,597 263,897
321,101 - - 2,768,494 3,428,260 659,765
303,171 - - 360,933 | 8,260 3,370,482 57
284,550 - - 359,826 - - 3,370,482 3,295,206 E
276016 - - 354,097 - - 3,295,206 3217124
340231 - - 351,227 - - 3,217,124 3,206129 10,995
349,159 - - 3,206,129 2998316
335,727 - - 2998316 3,036,328 3
338,113 - - 3,036,328 2,940,635 ) 4
346,829 - - 2,940,635 2,847 282 93,353
341,129 - - 2,847,282 2,652,836
] 321,857 2652836 2,657,002
243,140 322272 2,577,855
153,034 325416 2,405,459
302,485 216,552
16 289.876 2,087,484
293,290 284.778 2,095,995
291.063 2113115
290344 - - 2024714
282,020 - - 2024714 2,105,864
- - 2,105,864 1,993,427
- B 1,993,427 1,978,894 145

- - 1,978,894
- - 1,963,309

272,627 - -
265,683 - - 3,083
261,330 - - 1,675,063 206,889
272,687 1,881,953 5!
268,531 1,828,187 213,460
282,290 | 2,041,648 2,096,112 54,464
318,833 297,628 | 2,096,112 2117317 21,205
259,035 292,056 | 2117317 2,084,297 33,0
188,393 - - 284,041 | - 2,084,297 1,988,635
518,872 - - 285,625 - - 1,988,6: 2,221,896
257,088 - - 293,091 - - 2,221,896 2,185,893 36,003
278,261 - - 2,185,893 1
136,506 - - 2,174,656 163,316
136,935 - - 8
191, - - 1,869,141
503,601 - - 1,787.825 229,492
250,234 - - 2,017,317 1,985,721
376,976 2,087,567 101,846
193,781 2,087,567 1,994,690 )
328811 1,994,690 2,044 475 49,785
422,834 20444 2,187,037 142,562
169,286 2,187,037 2,063,858 179
121 2,063,858 1,898,812
253,634 1,898,812 1,880,198 18,614
179,083 - - 273,095 - - 1,880,198 1,786,186 4012
409711 - - 273,573 - - 1,786,186 1922337 136,151
127,987 - - 274,575 - - 1,922,337 1,752,901 169,43
269,362 - - 1,752,901 1,681,292
264,200 - - 1,681,292 1598479
258,490 - - 1,598,479 1,676,482
255413 - - 16 1,745,508

267,102 - - 1,745,508
261,436 - - 1,685,9: 316,966
276410 18,805
285,366 2,052,289 30,574
283,947 | X 1,937,752 1
275,367 | 1,937,752 1,876,846
272,277 | 1,876,846 6,170
2 268,436 2,791 5
140,463 - - 260,408 - - 1,702,791 1,584,036 118,754
150,387 - - 257,062 - - 1,584,036 1.477.348 1066
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Scenario 1 - Pit & catchment — low supply volume @

Mass water movement profiles

FY StartDate EndDate Rainfall |Groundwater OtherWaterin
1901 | 301 171,984 - - 94,130 197,837
1902 | 30706/ 113,051 - - 197,837 219,348
1903 194,490 - - 219,348 322,539
1904 jo6/150+ |ECKR - B 32253 553,025
1905 383,554 - , 025 674579 121554
1906 393314 183,490 574573 878,419 203,840
1807 322,466 | | 207,565 | 878419 | 993,335 114916
1908 188,817 | | 214,080 | 993,335 | 968,072 5,263
1909 8 3 267,509 | [ 216425 | 98072 | 1019172 51,100
1910 i 359458 - — 217,628 | oAz | 116,014 141,842
1911 ] 263,213 - - 225,147 1,161,014 1,199,085 38,072
321,417 - - 236,591 1,199,085 1,283,924 84,839
170,457 - - 233,726 - - 1,283,924 1,220,643 63,28
133,319 - - 227,740 1 1,126,209 34,434
97,092 - - 229,086 1 994,199 132,010
172,046 - - 212,579 953,666 40,5
380,067 - B 217,268 1,116,480 162,815
518,835 - - 231,114 1 1,404,226 287,745
250,153 246,764 1 1,407,615 3389
121,849 | | 251,436 1 [ 12m0e 129,600
314,288 | | 238921 1278016 | 1353395 75,379
268,997 | I 244,107 1353395 | 1364977 11582
720 243,340 1.364.977 1210653
284,663 - - 231,884 1210653 1,263,432
348,002 - - 235,940 - E 1.263432 1,375,506
380,160 - - 254,401 1 1501277
297,658 - - 248,777 1,501,277 1,550,158
224,936 - - 245634 1,550,158 1,529,461 2
195,565 - - 256,228 1,529,461 1,468,797 63
263,717 B B 250881 1,468,797 1,487,633 18,835
351,172 , B 254,204 1,487,633 1,484,600
379,322 254,143 1,484,600 1510373 5773
263,848 53,937 [ 1,526,264 15311
589,343 | | 258,508 1,857,146 330,862
279,041 268,240 | 185746 | 1,867,947 10,801
191,582 273564 1,867,947 1,785,966 819
236634 | — [ ETTRTE) | 1,751,457
297,442 - - 269,991 1,778,908
578,014 - - 272573 2084376
210440 B B 263,380 20422
427,532 - - 281,504
303,308 - -
232,343 - -
191,663 , B
306,668 , - - - I
366215 290,593 3.041.438 217,073 75636
436,571 | | 290,302 2117073 | 2263356 126,283
430618 | | 230,115 | 226335 | 240385 140,503
296,681 | [ 303,612 | 240385 | 2396928 3
393,887 - [ 298,843 - - | 23%9% 2491386 95,058
338410 - - 309,171 - - 2,491,386 2521225 29239

- - 307,342 - - 2,521,225 2,418,059 103,166
2,418,059 2,302,852 115,20
2336127 33,274

980,805 - - 2,609,369
303171 - B 3275436 3,224,944 50482
284,550 3,224,944 3,156,542 5402
276,016 5,156,542 3,089,965
340231 5,089,965 3,087,918
141,362 3087918 | 2887819
373739 2887819 | 2934653
242434 2934653 284,230
253476 2.844,230 2,757,484
146,699 - - 2,757,484 2,569,983
326,023 - - 2,569,983 2583811
243,140 - - 2,509,018
153,034 - - 320,870 2,341,167
113,592 - - 299,920 2,154 826
160,808 - - 3 2,027,208 2 ]
B 2,027,208 12,531
2,039,739 ] 20306
2,060,644 1578177 14
7979177 | 2.066285 87,107
2066285 | 1957858 5427
195785 | 1943325
25 | 1928703
168,629 - - 1,928,709 1,818,355
74319 - - 1,818,355
- - 1723118
- - 1,646,012

45,

481,978 - - 267,580 - - 1,801,216
336,740 - B 273,969 - - 2,015,627
313,833 - - 296,789 - - 202412
353,035 290,375 3.094.45
183,393 282341 2,062,515 1,967,953 1562
518,872 | | 284,313 | 1967953 | 2202526 234573
257,088 | [ 292,378 | | 216723 35,290
278,261 - | [ 269,438 - - | 276723 | 215539 12
136,506 - - 298,331 - - 2155399 1,994,153
136,935 - - 1,994,159 18! 5 141,584
191,510 - - 1,852,575 1,771,259
503,601 - - 2,001,865
250,234 - - 1,970,703
376,976 - -
193,781 - -
328811 - - 1,981,340
422834 2032435
169,286 2.175,760 |
120371 2,053,340
253,634 1,888,574 | 16,130
179,083 | I 78,432 94012
409,711 - - 272,804 1,915,352 136,920
- 273,788 1,746,702
- - 268,655 } 1,675,800
- - 263,943 - - 1,675,800 1,593,243 2,5
- - 257,891 - - 1,593,243 1,671,845 78,602
- - 254,867 - - 1,671,845 1,741,417 69,572
207,552 - - 266,811 - - 1,741,417 9,2
B 261,392 - - 1,682,145 317,010
276,367 - - 1,999,154 2,018,002 18,847
340 284,385 3,018,002 2,048,957 30355
163,410 | | 283811 | 2088957 1334556 114,401
214475 | | 274,937 | 193455 | 1,574,080
151,601 | [ 272,277 | 1874080 |
216,260 - [ 268,046 - - 1753403 |
140,463 - - 260,243 - - 1700414 1581818
150,387 - - 256,875 - - 1,581,818 1475317
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Scenario 2 - Pit & catchment — full supply volume @

Mass water movement profiles

FY  StartDate EndDate Rainfall |Groundwater | OtherWaterin | Evaporation GroundwaterOut| PumpingOut | StartVolume | EndVolume | Change
1901 %00 + IREED 1,020,185 | | 19240865 | 18328550 12314
1902 3 c 67,29 - - 1,011,213 | - - 18328550 | 17,384,605 3
1903 117,205 - - - - 17,384,605 16,548,090
1904 G 03 A 219,49 - - - - 16,548,090 15,865,386
1905 H 23 15865386 | 15150393
1906 E 221656 15150393 | 14524733
1907 / ' RS - - 824,995 - - 14524733 | 13888116
1908 112,304 - - 824,528 - - 13,888,116 13,175,866 2,250
1809 90 - I 13,175,866 | 12525424 :
1810 o EEES 12525424 | 11971663
1911 1 160,577 11,971,663 11,411,827
1912 2 176,440 - - - - 11,411,827 10,852,623
1913 /19 105,189 - - 697,716 - - 10,852,623 10,260,074 9
1914 84,478 674,298 | | 10260074 9,670,209
1915 58.339 663.986 | | 9670209 9,064,540
1916 /1915 ] 0s9a¢ - - 625,595 - - 9,064,540 5,547,886
1917 210,062 - - 595,744 - - 8,547,886 8,162,183 85,
1918 6/18 285,107 - - 566,784 - - 8,162,183 7,880,506 81,6°
1919 140,235 581,761 7,880,506 7438938 141,56
1920 68,984 574,593 | | 7439 6933310 5056
1921 3006019 ' IREEE - - 525,924 - - 6933310 6594378 5,332
1922 152,408 - - 515,730 - - 6,594,978 6,223,260
1923 9 : = - : 506, 6223260 5,774,747
1924 + IREAG] 469486 | | srrara 5,469,403
1925 9 202473 5,469,403 5217701
1926 / 3 200,840 - - - - 5,217,701 4,954,527
1927 169,272 - - - - 4,954,527 4,689,179
1928 E 137,178 412,506 | - 4,683,179 4413834
1929 109,405 419.280 | | aa3e3a 4103942
1930 /19 o IR - - 396,584 - - 4103942 3,858,486
1931 IS , B B - 3,858,486 3617
1932 160,577 - - - - 3,617,386 3,405, 1,
1933 151,881 3405573 3,136,701
1934 323,367 3,136,701 3176790
1935 9. 5 167,744 - - - - 3,176,790 3,006,754 7
1936 3 116,889 - - - - 3,006,754 2,785,644 221,110
1937 30/06 129,747 - B B - 2,785,644 2,587,783 97,861
1938 169,167 | | 2serres 2442802
1939 9 o I 305,379 - 2.442.802 2.448,248 5.446
1940 125,163 - - 304,226 - - 2,448,248 2,269,170 9,
1941 41 231,564 - - - - 2269170 2,208,716 60,45
161473 2,208,716 2,074,388 ]
136,757 2,074,388 1,933,597 140,79.
116,204 - - - - | 1,933,597 1,774,875 58,722
177,125 - - - - 1,774,875 3
198.416 - - - - 1,69 :
233,988 1625478 1,602.55 2
245951 1602556 1,598,970
166,532 - - - - 1,598,570 1513.297
225978 - - - - 1,513,297 1,496,488
190,511 - B B - 1,456,488 1438343 [
122,317 1438343 317,114 1
114,254 1317114 1133,772
189,509 - - - - 1199,772 1,160,003
7 - - - - 1,160,003 1,251,004
521,783 1,251,004 1,543,896
168,060 154389 1,461,434 E
155,834 1.461.434 7,369,504 31,930
59,207 - - - - 1,369,504 1,288,811 80,69:
1904 - - - - 1,288,811 1,244,263 1 3
89,379 1244263 1,101,446
214,594 1,101,446 1,097,267
142,659 - - - - 7,267 1,017,058 ;
138,706 - - - 935,128 81,
86,006 - B - BOG,440
182974 806,440 789,701 ;
141.710 789.701 735,268 54434
84,900 - - B - 735.268 625,644
73,517 - - - - 625,644 523,790 01,85!
100,446 523,790 468,083
167.164 468,083 485322
176545 485,322 503,956
115,466 B B B - 503.966 261,814
212,170 B B B - 461,814 520,466
101,553 520,456 267,516
159,734 7516 474614
150,353 - - - | 474614 467,437
99,392 - - - - 467,437 425,033
107,508 - - - - 425,033 395,893
107.297 395,893 366,842
259, 366,842 489,119
125,321 - - - 89,119 457,217
264,291 B B B - 457,217 572,199
186,455 572,199 585,320
7745 585,320 581,549
150,880 581,549 554,553
110,723 - - - - 554,559 503,85
279,521 - - - 858 615,512
151249 615,512 589,601
160.735 589,601 575,688
76,310 - - - — 575,688 481137 34,55
86,536 B B B - 481,137 418,669
112462 i B B - 418,669 395577 ]
268,770 45,189 395577 513,188 123611
142,079 448 | | 519,188 503,819 5369
212,539 - - 158,969 - - 503,819 557,416 53,597
114,623 - - 166,087 - - 557416 505,924 1,492
190,663 - - 9 - - 505,524 538,262 32,338
227,032 166,180 | | 538,262 602,723 64,461
103.081 , - 175485 - - 602723 530,292 3
72, - - 159,371 - - 530,292 443,278
147,244 B B 147,873 B - 443,278 42,649
109,405 268 415,192 3745
221,123 144,507 | 415,192 43184 76,652
81,738 - - 143,061 | - - | 491,844 411,980 79,864
101,395 - - 138,780 - - 411,580 387,106 4,874
103,661 - - - - 387,106 364,649
185,451 364,649 417,306
190.142 417,306 468,536
116,045 - - - - 468,536 437,485 31
320,943 - - - - 437,465 600,159 162,693
70853 600,159 596,455 704
173,278 596,455 592616 8
99,181 592616 520934
123,740 B B B - 520534 287,056
93,278 B B B - 487,05 427,328
126,061 427,328 415,609 T
88,53 41561 370,661
86,112 - - - 661 332,303
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Scenario 2 - Pit & catchment — mid supply volume @

Mass water movement profiles

FY  StartDate EndDate Rainfall OtherWaterin i PumpingOut | StartVolume Change
1901 3 107,930 423,592 4,681,691 4,366,012 5.680
1902 : 67.298 g g 416,219 g E 4366012 4,017,057
1903 30/06, 117,205 390,734 4,017,057 3,743,452 2
1904 3 9 219,49 - - 370,939 - - 3,743,452 3,591,992 151,460
1905 172,382 3,591,992 3,398,988 193,004
1906 3 905 3 0 21656 3396988 | 3.270.462 1
1907 9 188,403 3,270,462 3,114,524

1908 3 9 9 112,304
1909

3114524 | 2,884,053 23047
2884053 | 2,700,099 183,954

1910 2.700.099 2,588,518

1911 2,588,518 2,446,794

1912 2446794 | 2313706 133,089
1913 : I 2313,706 2122347 190,759
1914 84,471 2122947 | 1923468 199.479
1915 58,339 1,923 468 1,703,346 2.
1916 108,984 1,703,346 | 1,553,000 50,34
1917 916 210,062 1,553,000 1,514,915 5,0
1918 2 1514915 1553217 38.302
1919 /06 140,235 1,553,217 1,438,389 1,828
1920 68,984 1,438,389 1,255,348

1921 ng : 187,612 1,255,348 1,212,390 12,3
1922 9 152408 1.212390 1,124,289 1
1923 9 49,591 1,124,289 956,538 5
1924 3 3 164,161 956,538 911,424 45,11
1925 911,424 307,189 )
1926 907,189 892,120 5,069
1927 201,055 - - | 860,321

1928 5,706 860,321 301,794 8,528
1920 196,606 - B | 801,794 | 714577 87,216
1930 189.734 - TI4.577 675,987 91
1931 184,782 - 1 675,987 | 635.641

1932 - - 181,221 - 635,641 614,39 0,644
1933 /19 06/19 151,881 | - | 179,362 - | 614,39 | 587,516 7,480
1934 323,367 - - 179,819 - - S87.516 731,079

1935 3 167.744 | - | 184,126 | 31,079 | 714,697

1936 5 116,889 - | - | 189,380 - - | 714,697 | 642,191

1937 9 129747 - - 160410 - 642,191 591,528

1938 169,167 - - 178,459 - - 591,528 582237 9,29.
1939 3 9 310,825 178,509 582,237 714,567 132330
1940 125,163 - - 187,231 - - 714,567 652,499 52,08
1941 3 231564 180,574 652,439 3.489 50,990
1942 L 1614 - - 188,383 - - 703,489 676,579 26,910
1943 136,757 182,806 676,579 630,515
1944 30/06/1943 116,204 - - 178,493 - - 630515 568,225 62,290
1945 177125 174723 568,225 570,627 2402
1946 3 : g asa16 B g 178,652 g g 570,627 590,390 1,763
1947 9 3,988 177,587 590,390 646,805 56415
1948 3 9 E 245,351 | B | 177,586 - B | 646,805 | 715,171 68,365
1949 166,532 188,146 715171 693,556 21,61
1950 3 a1 225978 | — 182,049 - B 693,556 | 43929
1951 190,511 - 187,527 737,485 2,983
1952 122317 | | 188,476 | 0,468 | 66,159
1953 : ] - - 178,079 - - 674,309 840
1954 189.509 | - | 174,521 - — | 610,469 | 14,383
1955 9 320,047 - - 841 - - 625,457 134,220
1956 521783 | | | 759,678 | 327,99
1957 9 q  sa060 1,087,676 55,21
1958 95 5834 217.29 1.032.463 51,474
1959 159,207 - - 209,955 - - 970,989 5(
1960 190,458 920,241 5

1961 89,379 901,309 787,327

1962 9 214,59 787.327 806,804

1963 L 142,659 806,804

1964 6 3 136,706 752,946

1965 3 8,006 636,273

1966 3 E 182974 591,076 5794
1967 141,710 596,870 | 4,22
1968 30/06/19 06/1 34,300 562,647 ]
1969 478714 |

1970 404,854

1971 371.406 |

1972 4,772

1973 443,056 | 416,066

1974 416,066 478556

1975 | 427.786

1976 440,717

1977 142,079 449,021

1978 133,109 403,275 E
1979 3 107.508 136,003 380,780 49
1980 107,297 - - 131,638 - - 356,439 24,34
1981 259,284 132,971 356,439 482,782 126343
1982 /13 125,321 - - 157,023 - - 482,782 451,09

1983 264,291 146,617 451.0 568,780 117.701
1984 175,335 - - 568,780 581,900 13,120
1985 181,264 581,900 578,130 3,770
1986 177,870 - - 578,130 551,140 26,390
1987 160,505 551,140 501.330 42,810
1988 167,454 - | 501,330 | 13,424 112,004
1989 172,160 613,424 S87.513 25911
1990 174111 - B 587513 | 574,138 3,376
1991 170,582 574,138 473,836 54,2
1902 | 479,838 | 417,897 1,942
1993 417,897 394,805 23,0
1994 394805 | 518677

1995 518677 503,309

1986 3 3 212,539 503,309 | 557,052 5
1997 114,623 557,052 | 505,700 51,3
1998 9 190669 505,700 538,002 32302
1999 2. 132 538,092 602,694 64,602
2000 /19 103,081 602,694 530,264 ]
2001 72357 530,264 443,250 7,01
2002 0 147.204 443,250 442621 62
2003 (] 109,405 - - 136,801 - - 442,621 415,195

2004 30/06 2004 | EERED 144,507 415,195 491,847

2005 3 81,738 - - 143,061 - - 431,847 an,ge3

2006 3 10139 138.780 411,983 387,109 24
2007 3 2 103,661 - I - | 126,118 - - | 387,109 | 364,652 22,45
2008 185,451 132,794 364,652 417,309 52,658
2009 06/20 190,142 | B 138341 - B 017309 | 468,539 51,230
2010 116,045 147.087 468,539 437,468 1,071
20m I | 158,307 - - 1 437,468 | 600,162 162,693
2012 174,557 - 600,162 536,458 3,704
2013 | 596,458 | 592,619 3,840
2014 592619 | 520,937

2015 520,937 487,059

2016 487,059 42 1 59 ]
2017 427331 | 719
2018 5612 44,54
2019 370,665 332.306
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Scenario 2 - Pit & catchment — low supply volume @

Mass water movement profiles

FY StartDate EndDate Rainfall Groundwater | OtherWaterin PumpingOut | StartVolume | EndVolume
1901 6, 0 107,930 | - ), 56,188 113414
1902 30 E 67,298 - - - 113414 117,963
1903 : [ - - 63,906 - - 117,963 171,295
1904 = 219,496 | 93976 | 171,295 296,857
1905 172,382 114,970 296,857 354,268
1906 5 3 6 221,656 - - 127,119 - - 354,268 448,863
1907 3 3 188,403 - - 152,162 - - 448,863 485,104
1908 112,304 485,104 446,504

1909 O8] 146,401 | 144,486 | 448,417

1910 203,89 | - - 146,366 | - - 505,948

1911 ) 9 160,577 - - 154,819 - - 511,706

1912 176,440 - - 160,387 527,759 .0
1913 9 105,189 | 55,325 | 0,136
1914 I 9 84,478 - - 140,672 - - 224
1915 3 3 58,339 - - 136,024 - - 1
1816 ] a16 R B - 114,084 B B 5,100
1917 123,013

1918 159,331 |

1919

1920 0 68,984 - - - -

1921 187,612 | 434,188

1922 152,408 468,405 455,867
1923 9, 2 49,591 - - - - 455,867 372,175
1924 30! 4 164,161 - - - - 372,175 407,926
1925 3 ra2s TR 62,557
1926 200,840 | 501,059
1927 0 9 169,272 - - - - 515771
1928 928 137178 - - - - 499,490
1929 108,405 | 454,626
1930 o B 455,714
1931 144,451 | - - -

1932 30y L 160,577 - - 156,235 - -

1933 151,881 - - 142,926 462,763
1934 323,367 166,465 619,690
1935 3 34 3 167,744 | - - 174,362 | - - 613,072
1936 335 116,889 - - 179,214 - - 550,746
1937 129,747 - - 164,213 - - 516,254
1938 169,167 | 663 | 525,758
1939 0 10825 665,673

1940 30/ 3 125,163 - - - - 665,673 611,010
1941 I 231,564 - - 178,732 - - 611,010 663,857
1942 9 161,473 | 184323 | 663,857 640,992
1943 13 175,981 640,992 601,768

1944 3 116,204 - - - - 601,768 540,142

1945 30! 177,125 - - 166,84 - - 550,419

1946 196,416 176,302 572533

1947 233,988 | 169,416 | 637,105

1948 245,951 - - 9 - - 706,031

1949 - - 188,146 - - 684,417

1850 182,049 | 728,346

1951 186,988 731,868

1952 - - 186,956 | - - 667,227

1953 - - 17 - - 604,328

1954 174,521 619,316

1955 184,372 754,406

1956 193172 | - - 1,083,064

1957 - - 223,273 - - 1,027,851

1958 - - 217,063 - - 966,606 B1,
1959 | 915,858 0,748
1960 190,458 897,198 18,660
1961 30/06/1360  30/06/196 89379 B B B B 783,442 3
1962 f 214,594 - - - - 802919 19477
1963 743,374

1964 693,300 5
1965 - - - - 588,268 05

1966
1967
1968 8
1969 9 73517 - -
1870 30/ 1 o0ae B B 133,894 B B
1871 167,164 - 126,600 370723
1972 g 176,545 | 145,166 | 411,288 442,695

1973 115,466 | - - 142,299 | - - 442,69 415,833

1974 212170 - - 149,522 - - 415,833

1975 9 101,553 - - 152,294 - - 478512

1976 | 146,802 | 427741

1977 3  IEET - - 142079 - - 440673

1978 30/ 3 I 99,392 - - 139,109 - - 448977

1979 107,508 - - 136,003 - - 409,230 3!
1980 107,297 131,638 360735 E
1981 259,264 | - - 132,942 | 356,39 126,372
1982 12532 - - 157,023 - - 482,767 1,7
1983 3 264,291 - - - - 451,064 nwnm
1984 188,455 | 13120

1985 9 177,494
1986 5 150,880 - -
1987 ) 110,723 - - 160,505 - -
1988 578521 167,454

1989 151,249 | 177,160 |
1990 160,735 - - m - -

T
112,094

1991 310 - - sa2 - - 479,823
1892 88,536 | 448 |
1993 12,462 | 135,554 |
1982 30/ B 263770 - - 143,927 - - 518,662
1995 3 5 142,079 - - 157,448 - - 503,293
1996 3 312,539 557,037
1987 114,623 505,685
1908 3 y 190,669 | - 538,077
1999 y / 221,032 - - - - 602,679
103,081 B - - 530,248
72357 | I 443.235
147,244 - - 147,873 443.235 442,605 ¢
109,405 - - 136,801 - - 442,605 415,180 426
221129 - - - - 415,180 491,831
81738 | 491,831 411,967 79,864
101,395 411,967 387,094 24,874
103,661 - - - - 387,094 364,637 2,
185,451 - - - - 364,637 417,294
150,142 417,294 468,524
16,045 | 468,524 437453
320943 - - - - 437,453 600,147
7 - - - - 500,147 596,443
177,117 | 592,603
170836 520922 1,63
B - 57,617 | B B 487,044 3
- - - - 427,316 3,
415,597 T
370,643
- 332,291
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Design for your place on the planet




