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Background and Obijectives: Water scarcity is one of the most critical
environmental and economic challenges in Iran, if not the most pressing
one. Limitations in water supply have created serious challenges not only
for the mining industry but also for many other sectors of the country. One
such case is the Sarcheshmeh Copper Complex, the largest and one of the
most significant copper extraction and processing centers in Iran, located in
a hot and semi-humid region. Therefore, the sustainable and optimal
management of water resources in this industrial complex is a prerequisite
for the continuity of operations and regional development. At the same
time, a precise understanding and control of industrial water consumption
and the inflows and outflows of water-particularly in the concentration
stage of mineral processing, which is one of the most fundamental and
water-intensive operations of the complex-is of vital importance. This
study focuses on monitoring and optimizing water productivity in the
concentration stage of the Sarcheshmeh Copper Complex. For the first
time, the SEEA-W (System of Environmental-Economic Accounting for
Water) framework has been applied to map the internal water flows of the
complex and to quantify volumes of water consumed, recycled, and lost. At
the core of water accounting lies the recognition that, to date, no study has
specifically examined water productivity in the mineral concentration
process. In this study, the SEEA-W classification standard for water
resources was employed to accurately identify different categories of water
use and to track the inflows, consumption, recycling, and losses with
precision.

Materials and Methods: The data used in this study were obtained from
multiple sources, including volumetric records from fixed flowmeters
installed at various points in the plant, field measurements using portable
flowmeters, and volumetric calculations based on technical reports and
operational records. The focus of this study is on data from the year 2023
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(1402 in the Iranian calendar), in order to provide an up-to-date and
accurate assessment of water use in the concentration process. The
SEEA-W framework, recognized as an international standard for water
resource accounting, enabled a comprehensive and precise evaluation of
water flows. Within this framework, water inflows are categorized into two
main groups: (1) water abstracted from the environment, including surface
water, groundwater, seawater, and soil moisture; and (2) water abstracted
from the economy, which refers to water transferred from other units or
sections of the Sarcheshmeh Copper Complex to the concentration plant.
Correspondingly, water outflows are divided into two categories: water
returned to the environment and water transferred to other economic units.

Results: A considerable portion of the water is directed, along with the
tailings, to the thickeners, where it is further concentrated and subsequently
returned to the consumption cycle. In this study, water consumption is
defined as the volume of water that is lost during industrial use-namely, the
amount of water entering the concentration plant that does not return to the
environment, the sea, or other economic units. The findings revealed that
the majority of the water used in the concentration process is derived from
recycling and reuse, as approximately 78% of the water entering the
thickeners is collected and reused. Only 19% of the total water flow was
recorded as final consumption, which is considered as water lost. The water
recycling rate from the total water inflow to the thickeners was estimated at
93.82%, a relatively high figure. This outcome is encouraging for water
resource management and efficiency in water use. Moreover, the results
went beyond the initial data, showing that the largest share of water
consumption was attributable to the tailings thickeners, with a share of
21.64%, followed by the paste thickeners with 12.94%. A comparison of
water consumption per ton of feed input further indicated that less than
20% of the total water consumed per ton fell into the category of
ineffective consumption. Therefore, the majority of the water entering the
production process cycle is effectively returned.

Conclusion: These results highlight the plant’s strong capacity in water
use efficiency and underscore the importance of recycling and improving
water consumption practices. The application of the SEEA-W framework
in this study not only enabled transparent tracking of water flows but also
helped identify critical points and opportunities for improving water use
across different stages of the process. Although SEEA-W was originally
designed for macro-level and national studies, its application at the
industrial and operational level in this research provided accurate and
valuable insights into water consumption, recycling, and losses. Furthermore,
this system facilitates the assessment of the environmental and economic
impacts of water use, thereby supporting the development of effective
management strategies and policies. The findings were also compared with
international reports, particularly ICMM reports on the copper industry in
Chile, and demonstrated a relative alignment of the Sarcheshmeh Copper
Complex with global standards for responsible and sustainable water
use. Ultimately, this study offers a practical and reliable model for other
water-intensive industries and mining operations in the country. The
integration of combined frameworks, precise data, and innovative
approaches can play a key role in reducing environmental impacts and
improving the sustainability of water resources. Therefore, this approach
can contribute significantly to achieving sustainable development, water




security, and effective management of environmental and economic
challenges related to water. Moreover, the findings of this study can
support decision-makers and water resource managers in the mining sector
in adopting informed and long-term strategies-strategies that prioritize
reducing consumption, increasing recycling, and enhancing the management
of water resources. In this way, the research not only provides a scientific
and practical method for assessing and improving industrial water use but
also represents a meaningful step toward protecting the nation’s valuable
water resources.
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Figure 1. Steps of the Research Implementation.

1- Sustainable development

2- System of Environmental-Economic Accounting for Water
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Surface water
- Dam (Sarcheshme)
- Shoor River

Groundwater
(Khatoon-Abad wells)
Soil water

(Ore moisture)

Seawater abstraction
(Persian Gulf)

Water Use (Consumers)
- Concentration plants
- Molybdenum plant

- Filters

Return flows (Output)
- Tailings (thickeners / tailing dam)
- Discharge to Shoor River

 J

/

Reused water
- High rate thickeners
- Paste thickeners
- Tailing dam
- Smelter surplus

Wastewater from sewerage
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Figure 7. Schematic diagram of physical water supply, use, and return flows based on the SEEA-W
framework in the Sarcheshmeh Copper Complex.
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1- International Standard Industrial Classification
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3- Blue water

4- Grey water

5- Green water

6- Worked Water
7- Recycling Water
8- Fresh Water
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1- Endress+Hauser
2- Water balance
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Table 1. Physical water use in concentration operations (Year 1402).

Industries (by ISIC category)

5-33 41-43 35 36 37
Mining and quarrying
o J5
Condensation S S
Cubic meter per year : & e °
- g g 5 =2 Total
o IS = > = 5 ;
= 5% 8 EE =
£5 S 8 o > ?
_ o9 = =
S >= = g
5 35 2
o =< »
1. Total abstraction (= 1.i +1.ii) 14,948,226 2,289,051 267,288 2,492,746 0 19,997,310
1.i. From inland water resources: 6,022,469 597,976 89,423 2,492,746 9,202,613
- 1.i.1. Surface water 1,217,704 0 25,769 2,492,746 3,736,219
c
(<)
£ 1.i.1.i. Dam
£ AP
e (Sarcheshme copper complex dam) 1,217,704 1,217,704
>
c
° 1.i.1.2. River (Shoor River) 25,769 2,492,746 2,518,514
=
g 1.i.2. Groundwater
5 i.2.
2 (Khatoon-Abad wells) 3,537,759 597,976 63,654 4,199,389
1.i.3. Soil water (Ore moisture) 1,267,006
L1.ii. Abstraction from the sea
(Persian Gulf) 8,925,757 1,691,075 177,865 10,794,697
2 Use of water received from other 49 70g 41 0 30680 2,644,770 82,383,869
economic units of which:
2.a. Reused water 79,708,410 79,708,410
>
g 2.a.1. High rate thickeners 65,735,340 65,735,340
c
o
3 2.a.2. Paste thickeners 13,249,533 13,249,533
()
=
£ 2.a.3. Tailing Dam 0 0
= 2.a.4. Surplus water of the smelter 723,537 723,537
2.b. Wastewater to sewerage 30,689 2,644,770 2,675,459
3. Total use of water (=1 + 2) 94,656,636 2,289,051 297,976 5,137,516 0 102,381,179

A
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Table 2. Physical water supply in concentration operations (Year 1402).

Industries (by ISIC category)

41-43 5-33 35 36 37
Mining and quarrying &
o s
- _— Y
Cubic meter per year Condensation % g
. 2 é S Total
c > ° < ]
g 4 £ 5 8 2 =
S ] S O — he] 73
= = c o L c
g 2 0 g S
£ £s g g
A 3
4, Suppl)_/ of water to qthgr 0 0 0 0 78,984,873 0
> economic units of which:
£
g 4.a. Reused water 0
o
[<F)
2 4.a.1. High rate thickeners 65,735,340
c
g 4.a.2. Paste thickeners 13,249,533
4.b. Wastewater to sewerage
5. Total returns (=5.a+5.b) 0
5.a. To inland water resources 0 0 0 3,908,990 3,908,990
5.a.1. Surface water 0
E (Shoor river)
1S
§ 5.a.2. Groundwater 0 3,908,990 3,908,990
g _
p 5.a.3. Soil water 0
ES]
2 5.b. To other sources
= 0 0
(e.g., sea water)
6. Total S‘(‘i‘j{l’%’)"f water 0 0 0 3908990 78,984,873 82,893,863
7. Consumption (=3-6) 94,656,636 2,289,051 297,976 1,228,526 -78,984,873 19,487,316
ool led i 4l s A gl IS8 s &S L S 5 ad e wlal Aoy SO dsds ) eslanad L
el 0L pate Llis s O g8 SSE 4 Of G

RS
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Wastewater to sewerage Wl 2.61%
Tailing Dam
Surplus water of the smelter 1 0.71%
Paste thickeners N 12.94%
High rate thickeners I G4.21%
Persian gulf I 10.54%
Ore moisture W 1.24%
Khatunabad wells Il 4.10%
Shoor River Il 2.46%
Sarcheshme reservire dam W 1.19%

i S8 3 0k ealinal GaoT el Ao ys A S
Figure 8. Percentage of all water used in the concentration plant.

Consuption _ 19.03%

Paste thickeners _ 12.94%

Shoor River . 3.82%

i S 3 0l O jeae 5 4 e GO el des s -4 S

Figure 9. Percentage of all water supplied and consumed in the concentration plant.
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Figure 10. Use of different types of water according to their nature in the concentration plant.

Worked Water: 78%
Recycling Water: 6%
Fresh Water: 16%

78%
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Figure 11. Percentage of water types used in concentration operations from the industry perspective
(processed, treated, and raw water).
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Table 3. Water use and consumption per ton of input ore and concentration products.

Cubic meter per ton Input soil ~ Copper-Molybdinum Concentrate  Finak Copper concentrate
Water use per ton 3.33 137.51 640.63
Water consumption per ton 0.63 26.17 121.94
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Table 4. Operational Efficiency.

Year Operational Efficiency

Recycling Efficiency

Reuse Efficiency

1402 5.07 %

77.85% 82.93 %
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1- International Council on Mining and Metals
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