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Table 1- Comparison of major water accounting frameworks and rationale for selecting MCA-WAF in this
study
polba Gidgi 15 MCA-WAF GBS LYy 9 O (g )lwlus Jolaio srgn )b duglio -Y Jouo

Physical Economic Water Balance Enterprise Basin /
Framework Primary Scale Water Decision Policy Main Application

. Accounting Reconstruction
Accounting g Support Support

Basin-scale water
IWMI Water . . allocation and
Accounting River basin v o v o w productivity

w assessment

Basin water

WA+ River basin v _ J v accounting an.d .
water productivity

assessment

Environmental-
economic
Partial v accounting and
national water
statistics

SEEA-Water ~ auonal/ v
Regional

Assessment of direct
Water Footprint and indirect water
Product / . .
Assessment Process W Partial — — Partial — use and
(WFA) ) sustainability

impacts

Environmental
impact assessment
throughout the
product life cycle

Life Cycle
Assessment duct aftial Partial — Partial —

Corporate water
reporting and
sustainability
disclosure

N v Partial v —

Physical water
accounting, flow
network
reconstruction, and
operational water
management

MCA-WAF Enterprise v — v v Partial
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Table 2- Input Source Categories and Definitions (Mineral’s Council of Australia, 2022)
(Mineral’s Council of Australia, 2022) Jllos (539,9 golio i g B guudiwd -Y Joua
Source Definition Input Sub-Category Sub-Catggory Description
Er;fggtatlon and Precipitation is a broader teNhat in (&%fall, snow and hail.
Surface All water naturally open to the atmosphere, except Rivers and Creeks Water extracted from rivers an@;gek \Ma} of may not run through the site lease.
Water for water from oceans, seas and estuaries. Ext TSt \
xema’ surtace Water extracted frgmydams a es external to the site.
Water Storages
Dewatering Groundwater extractedhto ide safe access to the ore body as part of mining operations.
Water beneath the earth’s surface that fills pores or - - -
. . Abstraction from Groundwater extractedhfrom bores to supply water to be used in a task or stored for use in
Groundwater cracks between porous media such as soil, rock, .
. . Bore Fields a task.
coal, and sand, often forming aquifers. - - - -
Entrainment Wategin the ramlal, pically the ore to be processed.
Estua ter extgacted n estuary.
Sea Water from oceans, seas and estuaries. = W R Y
Water Sea / Ocean Waler e ted from the sea or ocean.
Water supplied by an entity external to the Contract / Municipal at is purchased or supplied from an industrial or municipal water supplier.
operational facility. Third-party water contains
Third Party water from the other three sources. When the u‘h ¢ L . Lto the si
source is known, the physical source (surface water, Waste Wﬁter \ e waste water of an organization or community external to the site.
groundwater and sea water) should be noted.
\
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Table 3- Output Source Categories and Definitions (Mineral’s Council of Australia, 2022)

(Mineral’s Council of Australia, 2022) Jldos 9,5 solio ()l g b gusvaiws -V Jous

Source

Definition

Output Sub-Category b Category Description

Surface Water

All water naturally open to the atmosphere, except for water from
oceans, seas and estuaries.

Discharge ed discharge to surface water.

Uncwcrolle
Environmental Flows  Dischar u d ’ support environmental initiatives.

Seepage Seepage“from thelsite to groundwater.
Groundwater Water beneath the earth’s surface that fills pores or cracks between pag Ny pag \'&1 i £
porous media such as soil, rock, coal, and sand, often forming aquifers. Aquifer reinjection wWate ' A actively manage.d (as opposed to natural processes)
by ite to recharge an aquifer.
. Estuary ntrolled or controlled discharge to estuary.
Sea Water Water to oceans, seas and estuaries. Ny -
Sea / Ocean r ?X)ntrolled or controlled discharge to the sea or ocean.
Third Party Water supplied by an entity external to the operational facility Third Party X Water supplied to third parties.
Evaporation from the site, including but not limited to evaporation of
water from tailings storage facilities, water stores, and used for dust
Other Includes evaporation, entrainment, task loss and any other destination suppression.

that is not covered by the other pathways.

Water in waste or product streams. Typically, the water in the tailings,
coarse rejects, concentrates or product.

Water removed, not recovered or otherwise lost during a task.

\ N

N
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Fig. 3- Quantitative water network diagram of the steel production chain in the studied industrial complex (m%)
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Table 5- Water Input-Output statement
Ol (29,5699, Cardy &30 —0 Jsuz
VOLUME OF WATER TOT
. BY QUALITY (m?/year
. "&\ Moo Nores
CAT.1  CAT.2  CAT.3 (m?) )
Surface Water - - - w e
Bore Fields 1728995 1414439 1611878 55 Measured, High 1
Groundwater Dewatering 1280968 68 Measured, High 2
Opﬁﬁ‘t’nal Entrainment . - 2487467 ]4%.68 Estimated, Medium 3
Sea Water Sea 12676200 - u . 12676200 Measured, High 4
Third Party - - “l -
Total operational Inputs 14405195 1414439 93 18961226.7
Surface Water - - - -
Groundwater - h - -
Sea Water ‘- ‘ - -
Operational Third Party - 1498650 1498650 Measured, High 5
Output Evaporgtion 153 4750  421153.5 44129351  Simulated, Medium 6
Other Entrainin Wt 1243733 2487466.7  3731200.2 Measured, High 7
ask Des - 8259036.7 8259036.7 Measured, High 8
Total Operationalxu 15390 1248483 12666307  13930180.4
Storage Chan . - 2360
Total O - 4659605 Measured, High
OMW*
Total OM - 0
OMW w ) 0

Storage \ Clgmge o

* Other Managed W
(CAT. 1: Fresh Wate}b‘. 2: Brackish Water; CAT 3: Saline Water)



% ui/"!.'.a!’db.."./@{

T ikl
b iz ol (el Sy B 51 (a5 olio S g 08 42 o 9 1y 31 ol JUit 5 (glocioynd 0 bl Yl (Stawly (S5l & Jpa
B! oyl 5 alold JSouS b (295 5 (6399 Egeme o S 0dd Cu (il e Dl i) 3 8 o] o yia YYE (85 s >
byl i g She oyjle goime aw 4 Ol 9.3 5l ()l el JalS by pae g Sllas o3ga000 )3 Of 1 auoe elisl 5| 230 olgise )
WA ) e Ay (Dgud oo 00D 305 O Jodo slacasny o as placddlbol sl (K slaals )8 4
(o9 o S L85, o )8 (Sl s )3 ool g5 late | (Kb (pe iitd 1955 & Soome cdsgae slonly (gales ()
Gl 021> olaid] 095 4 1) alisee (sl gaiosy «glite EC e & ol (o) 5

CaSin a4 dx el b g )l bl jluws S (e ey ws0gySio VFr e v Lo @ EC L ¢ yime i  iSaj ]

g 4 Ol opl CuaS (tomin & Dl o 51 0)b 0l ane 4 (e (sla e 3 JLE 53,5 oSy

03> L (6,505l L 0dld £45 15 o oy ydae 395 5D 0l dund dmdgs 4 ol oyl

S5 el eads culdy

Pyl opl Vere 5l S EC g 34 00 (63505185 pono ol 55 043 by gy byl by jlons célyy o (F

-

S o i |y @hbl S b 4 (giludYed sladsly Gluy (55,8 l5we wctndy ol (D

.L“A.M)l DD]‘) )‘)5 LS.} D)LA.«‘) 66.35 dJuJD.))

Lmky9)9bl9nM)bLmM9u)buéaw)l)&>bﬁwbu5970 (;'
\

u - -

Qo> VR U o Gl A o )lsl ol 4 ¥ 0)ge j0 &S adsd gla yinlesl il (VY

503l s g
X

5 93 03y 0,5l ) gae o oyl 5 Blodd duslbxe pBB)l pl (] )B 4 (6399 Kiw im0 Comd 4y &5 S o oSS

u
ol 04 48,5 4o 1> 48 Y 00y ¢ pland dlge b a0l yers > 4y alboly (ol

T eid | gl o Wl S > 4 anld ul (b3S e Sl (gjledYs8 g (gjluduS glassly 4y oS lodes (A
P9d s

3929 b —\QW Jote ol sl 00 03,51 & Jg B )3 (g lopeals 13 €85 Cundg ygo oyl cnl Jole (silwesly wshl

ol ol YL Hlael SLiS 595 45 Lilodgs makiame (6350305 £o5 3l aodld 1o y> WA I o «ol (39,5 9 (63959 pdlie o i ld M3

355 08 dnlme g 3l il IS g Sl &S Cesl ala gl et Sl dne 4 e (Sl e LT (gl ST by w0l L

015 2)lg 5 a8 3l 0ad Loy O a8’ Shotas (sl p5¥ gl a8 &yt b (rizmed 0,5 51,8 bgaye Lol )5 )18yt 5 L

Tl 42 2 B O s 31025 48 sl 03,8 oalitl gl ey Ol e 1 5 e dlome el (53loundd (09 5] 3o ol s &,

Dgycen sled 4 Oy oo 385 sl p3Y Clelidl ) 1



% ul/“ﬂ.._a!’db&@{

gl{l.l,f’cb‘{},n(«)'y(’i
Table 6- Accuracy statement

19 0018 10 Cdd Curdg Wy —F Jguo

High Medium Low Total
Quantification Volume Percent Volume Percent Volume Percent Volume Percent
(m?/year) (m?/year) (m?/year) (m?/year)
Measured 36,860,972 99.9 - - - - 36,860,972 98.2
Estimated - - 248,747 59.2 250,000 100 498,747 1.3
Simulated 20,140 0.1 171,154 40.8 - - 191,294 0.5
Total 36,881,112 419,900 250,000 29,246,739

Condg 4o 5 Ol g9yl oslital )3 llas 15ly 1o oaes 855 My JS 50 003) 9 de Ol s i 4 ALY sl (slyime

Olpde 1) oddauial g odd,)lS auds Ol glgil 5l oolil lise Jglia ol wanl Lasuie Gisu ol

ol Wds Ol Gyne JialS ) S b cudibge doyd isled ¢ Jod ol (95 5l Ban (oo
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Table 7- Water types in the reservoirs of operatio

Slbos 03gumo 30 10 ST Elgil pis =V Jgu?

Water Type Source ﬁ)w (%ar)
New Water Store w 40859

New
Bore Fields “‘ 6523
Subtotal New 18712480
Worked Steel Plants Return 438946
Subtotal Worked h 438946
Totd} e 19151426
Table 8- wate es in the operational tasks

ledos sazlyo ooliul 3590 ol glgl -A Jous

u
Water type (m’/year
Tasks U Flow ype (m'year)
- New Worked treated Worked

Water ned in ore 248,746.7 248,746.7 - -
New wa r%tore 795,313 795,313 - -

Concentrating ixe er store 4,574,108 4,135,162 - 438,946
gs & sedimentation pond 1,254,775 - 1,254,775 -

u Water recovery plant 708,712 - - 708,712
Pelletizi Mixed water store 1,453,414 1,453,414 - -
Steelﬁ% Mixed water store 7,075,866 7,075,866 - -

Totals 16,110,934.7 13,708,501.7 1,254,775.0 1,147,658.0

Totals (%) 85.1 7.8 7.1
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Table 9- Statement of water operational efficiencies

Gl Gllos 5 Cardg Wygo -9 Jguz

Total volume to tasks (m>/year) 16,110,934.7
Total volume of reused water (m*/year) 1,254,775
Reuse Efficiency (%) 7.8

Total volume of recycled water (m*/year) 1,147,658
Recycling Efficiency (%) 7.1

Total volume of reused and recycled water (m?/year) 2,402,433
Operational Efficiency (%) 14.9

a9 b Lol (69,8 bokad 13 Ol I sume o3l dxwgs cly oo oW 3gvg S0l 4,5 cdegomo opl 3 Ol (cauo)d V0 g5 LIS
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Table 10- Statement of water consumption intensity based on production

9dg oyl el 3 T G pae Gudd Camdyg O g0 -V Jgu

Total company-wide water supply per unit of product (m3/Ton) 0.94
Operational boundary water supply per unit of product (m?/Ton) 0.48
Water consumption in concentrator plants per unit of concentrate (m?/Ton) 0.61

Water consumption in pelletizing plants per unit of pellets (m3/Ton) 0.74
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Figure 4- From Water Accounting to Management D )ﬂMaking: The Conceptual Pathway Developed in
" ThiwStudy
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1-  Water Accounting

8- m Council of Australia Water Accounting Framework
9- Flstation

10- Concentrate

11- Pelletizing

12- Steel Plants

13- Scope

14- Operational Input

15- Operational Output
16- Other Managed Water
17- Operational Facility
18- New Water Store
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19- Mixed Water Store
20- Measured

21- Simulated
22- Estimated

From Water Accounting to Managerial Decision-Making: An Empirical
Evaluation and Extension of the MCA-WAF Framework in a Water-Stressed
Mining and Industrial Complex

Abstract

. a7
tic tgols to improve
an erals Council

Increasing water stress in arid and semi-arid regions has highlighted the need for sys
water management. This study evaluates the capabilities and limitation
Water Accounting Framework (MCA-WAF) through its implementation grated iron ore-to-steel
industrial complex supplied by multiple water sources. The study advance framework by introducing
complementary water-intensity indicators, assessing data quality, and{demonstrating its role in supporting
managerial decision-making. The methodology involved recogstructing ater flow network, preparing a
physical water balance, and deriving performance indicatorgusin redominafitly measured data. Results show
that the facility receives approximately 18.9 million m® ofeWater Annually, of which 67% is supplied from
transferred water sources. Operational water efficie and recycling) was estimated at 14.9%,
substantially below commonly reported international valu dicating considerable potential for improving
water recirculation. In contrast, water consumption fﬁ ore concentrate production was only 0.61 m* t!,
lower than the global average, suggestihg that ciencies arise primarily from system-level water
management rather than production techno The accounting process also revealed a significant gap
between managerial perceptions and data-driv ality, with managers substantially overestimating the actual
recycling rate. The findings in@ate that intggrating MCA-WAF with economic indicators can transform it
from a reporting framework Mmto ffective deefSion-support tool for sustainable water management.

Keywords: Corporte water accqufiting, Minerals Council of Australia Water Accounting Framework,
Information disclosure, Water ncy, water recycling, water management
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