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Figure 1- Location and Satellite images of Mazraeh copper mine tailing dam.
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Figure 2- Typical cross-section and raised stages of Mazraeh copper mine tailing dam (Barzegari et al., 2023).
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Table 1- Grain size characteristics of rockfill materials in the study dam body (Toossab consulting company, 2018).

Grain size distribution limits (mm)

Material type % <236 %< 19 D max D min
3A 15 40 400 )
Rock fill 3B 10 30 800 ;
3B1 10 30 1000 ;
Filter 2A 50 90 19 0.075
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Figure 3- Boreholes location and engineering geological cross-section along the Mazraeh copper mine tailing dam
(Toossab consulting company, 2018).
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Figure 4- Granitic rockmass outcrop in the left abutment (left) with high weathering and the right abutment (right)
with low to moderate weathering.
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Figure 5- Different methods of constructing and raising of tailings dams a) downstream b) upstream c) centerline.
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Figure 6- Cross-section of the tailing dam raising using 10 m upstream method.
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Figure 7- Cross-section of the tailing dam raising using 5 m upstream and 5 m downstrem method.
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Figure 8- Cross-section of the tailing dam raising using 5 m downstrem and 5 m upstrem method.

Sl gy 005 o0 )18 S5 Ll pd a4 S Cenn iy 95550 5o Ve (Faia¥

ooy cnl 5o S Sldes alaiie mhaw 3)ls o], OB Y sy Cle a4 Cod (65,50 Slhiles e

ol adgl oose ahaio 00,5 o S5l g mopeyie VPO sga>  Slbes e LIS Y gy Cend (T Sl ST S5
el o o0ls lad A S yo e, 00 S Y ogam s cpl o s aldly el (g i

\5¥



VPt (e ¥ 0l ot JLo wi558l8350 000
Hydrogeology, Volume 9, No. 2, 2025

Reservoir

280

Existing Tailings Lovel 2082 ma.s.|,

ELEVATION (m.a.s.)

MAIN EMBANKMENT
SECTION A-A ( RAISE UP TO 2095)

"Scale 1500 € AS

9335 0 y0 N gy 1w gad )T gl (pb e pdalle -4 B
Figure 9- Cross-section of the tailing dam raising using 10 m centerline method.
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Figure 10- Cross-section of the tailing dam raising using 10 m downstrem method.
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Figure 11- Cross-section of the tailing dam raising using 5 m centerline and 5 m upstrem method.

ols (rizmen g Gone @ Blate (S (5LaS g anlllae
Al e Sl 0 dw B b ol 035 Gl oS
—aoz Glp e Fex YO olol b (Lt 053 ool (]
2o 5 p Sl iSes Gk 5l 6ise slacle; sl
Saze Byae lp Al a4 o] sase Sl 9 o &
oga alold o Cuwlw cpl Ll onys I Glasl g b
Las ojls 18 s cawoymly Slg et aily 5l g0 VY
Cusgazme 4 4293 b ol plrale 56 pSel> 5 calo ol
Trlae S & 0558 Gad Slacle 5l (G g L
» bl Blas as sleas 510 .0Y JSK8) e )5

28,5 )18 Cuglsl o waled slml (il

&5 &y axdllan 9590 T yb 0309 SCUS gu0

Sllas oz g)awdml Ghy,y jo Sl o, e
wiboo yidon p3¥ oloj g 2l 2l ane o sa g (s K
albly gloow wd 5 lp g okelae (Jbg) @3S ol (Js
u-" wede CyeoRds g WY‘J 6}"""%]" L é.bl...a o a).ajdu
Olwaige 5 Gl Jol Coglel g ogllae hg) cand 5 i35
05}5 U""}) U"‘ )l o.bl.ﬂ.a.w‘ ulial ‘6")}‘ LswabjAm b}’j
940 g uL..La.C > 03)19) \b)b.a U”‘ 4.1.0.‘> )‘ ..))L,\.;
25 05l50 4 (lg oo anlllae 350 059 0 (Vb 2l oo
:0)5 o)L’:;‘
3 W M Cawsol o (B slad Chsgasne (!

090 Al s 285 slp 09250 slaudgaza (p yiege

S o wleige JUbl 1) 35 slad I pi5 5 0og
5 gy Sldes plil b 35 inlouS il sl

.(google earth jl 48,8 ») T Cawd b 30 o 1 G y9u8 SO 0 3 ool 9 albl auw (slo,lgnle y guad —1Y S

Figure 12- Satellite image of the tailing dam and the sump in the downstream for storing the passing drains (derived
from geegle earth).
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Figure 13- Current status and tail elevation inside the dam reservoir.
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Figure 14- Comparison of the cross-sectional area of the raising operation (rockfill volume) and the amount of
downstream slope foot displacement in different raising variants.
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Figure 15- Layout of the dam body after raising to level
2095 using the optimal method.
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Figure 16- Aerial image of the dam body area after
raising to level 2095 using the optimal method.
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Table 4- Engineering parameters of the materials used in the study dam body (Toossab consulting company, 2018).

Material type @' (degree) C' (kPa) (kNN/{mB) ( G];:’a)
Rock fill Normal stress
(3A,3B,3B1) function 22 40 0.30
Filter 2A) 36 0 20 35 0.33
Drainage (2B) 36 0 20 30 0.33
Old tail 31 3 19 6 0.35
New tail 28 3 19 6 0.45
Bed Rock Linear Elastic 22 1000 0.20

|- Materials

0 Stiff Taiing
B Weak Taiing
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Figure 17- Modeling the study tailing dam body and foundation using Geo-Studio software.
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Figure 18- Images of the tailings dam slopes stability analysis results, including the minimum safety factor and
critical failure surface.
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Figure 19- Maximum vertical and horizontal displacements generated in the dam body at the end of the raising
operation using Sigma/W.
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Figure 20- Maximum vertical displacement generated in the dam body during the raising operation stage using
Plaxis.

VY.



VPt (e ¥ 0l ot JLo wi558l8350 000
Hydrogeology, Volume 9, No. 2, 2025

Ot 4> 50 5 (50 o s 43Sl (sl 995 g0 Aoy
@ i 5l pas Jodoay aalllas 550 albly v S5
(B slad yad w8 g cans ol o Ol o s Culw
b g5 sl s s 46 o sy s 2lS s
Sl ool sl JUlS Lis 5 p5Y Slages ol b ooySas a>
O Sid g 0S8 el Asg CanaVl slac]
(=l 2lS0lsy 5l smiiny sl e S5 albly

238 ol el

Sl Sl
g ySid W0o,S Saclus 3udsw ol gad g Oldlas sl

gy oo (_s_a’lojqé

&bw

BT AR RN RS CA RSP LT JURVES SR S ST
5 Sl Blad 51 ol ae e o e albly a5 Shes
AP -V0F (DA (65909555 ,0up . Cuid

Slosal, AYAY (oiS gp,aelip g Copin lojle
aals wilomy oo 5 o0, 5 cile (b
FAY oot

@l IS ATV o Gusb jslis (pwaige <8 55
sy io albl v 28 5 cwaige (ol (py g (ol (e
BV FAVYYAY il oplet

—05 G5 AYAY Ol Gusb jaline qwdige &S L0
e albl a0 i yhas g Sl o)) (g
FVFANVYYY 5055 ol

VoAD 55 6 ad ) ae)ie o ome albl v diny 5 o
FAFAV-VAOF 5158 o)lad (ke

Ve o 5 (eulid e lajle
Reference

Alizadeh, P., Latifi, M., 2025. The study of the
factors affecting phreatic line position and stability in
upstream tailings dams. Results in Engineering, 25,
104092.

A

S5 A%
Wyzge e p> il jelied (BuioS cal 5o
Oy B) o Ve gl sl asde )50 o (yine albl o 108 5
Sl el 85 158 gy 950 (55 Vo0 U 515
by 5l el JKisle al Cldlas jelaie oyl
ol 00l r:l?u‘ aalaioe (5)..90)).1 9 Mgs) s‘s..ud...e,o
sbylxe 85 i o b ad calie sloa I s
30 B slad 590 g 09290 sodguse dlex 3l alisee
o duslin (65 K Sldas po g albly s el
- oo Aoyl dihaie (0 (g yS0) ) o oy oS Wi
i Glaedsl 0, e g cawn il g, 5l eslaiul 0o )8
S Cawd sl 0 yane 4 bgy e glad Codguze fdow
e o5 ey Jses calgd 53 5 8,55 15 gl 5o
&85 4wy (o Ve 3532) il sln end
O g 595 S0 Dogoty Jo O Gl &gty (oS 5
Ol 398 Ego90 . Cawl ool slpiing g,V & jg0d i
—0 O B slrols Blasl g albl o b G was
b2l s bk com @by Jole (oged polaie b Culs
5 (5 S sl caelas glaas o b g lacysgaze 516 005
sloced g)lub slad=s plxl b s <oy (b ol
Geostudio Slope/w ;5 (g3l Joo b Cewa¥l 5 Cawsd iyl
3l i b 15,5 5 sl ol ool it 5
Los gl p .Cewl ouls (yuuss Plaxis ¢ Geostudio Sigma/w
oo il (8l el 3,50 o (SIS, 5 (S e
Wgzge albl aw 4oy las b alic jebay w285 5l
G ,L cdls g0 50w gl J Sl ons ol
2 (SHbl acs Llo) loj ) g5, Jlos! 5 (Sl
FORIES 9 (5)“3)1"’)'9‘-.’ 0,99 sl ul)l) alises J}‘).o
‘é—‘-’L’-‘“‘ A C;l.%&.l.?u 30 ] 4..3; Oy (5)“))J.°)'ec’
S Ay &y Bt slwoyes oy mhaw b bl o po
Olaebl oy polis slo lis sgz g0 s g ool Jlasl
@l bl 25b e el dw G )k sle S
3lasm aw zU 515 0 ezt o8B Sl iSTas ol
Sy9lp el £¢ SAY sgu> 65 V-0 L o PRy
Sheolaul b oo aiay u,S— il il aslie a9 F
ol 1y o> Slepe Plaxis ¢ Sigma/W sla l381s 5

RPN



VPt (e ¥ 0l ot JLo wi558l8350 000
Hydrogeology, Volume 9, No. 2, 2025

Kossoff, D., Dubbin, W.E., Alfredsson, M.,
Edwards, S.J., Macklin, M.G., Hudson-Edwards, K.A.,
2014. Mine tailings dams: Characteristics, failure,
environmental impacts, and remediation. Applied
Geochemistry, 51, 229-245.

Ledesma, O., Sfriso, A., Manzanal, D., 2022.
Procedure for assessing the liquefaction vulnerability
of tailings dams. Computers and Geotechnics, 144,
104632

Lei Y., Dai Q., Zhang B., Kong C., Yang J., 2022.
A gradient smoothing technique-based S-FEM for
simulating the full impacts of anomalies on seepage
solutions and its application in multi-parameter
seepage inversion. Water Resour Manage 38, 753-773.

Lottermoser, B., 2007. Mine  Wastes:
Characterization, Treatment and Environmental
Impacts. Springer, Berlin,

Lyu, Z., Chai, J., Xu, Z., Qin, Y., Cao, J., 2019. A
comprehensive review on reasons for tailings dam
failures based on case history. Advances in Civil
Engineering, 4159306.

Marcuson III, W.F., 1981. Moderator’s report for
session on Earth dams and stability of slopes under
dynamic loads. Proceedings of the International
Conference on Recent Advances in Geotechnical
Earthquake Engineering and Soil Dynamics, St. Louis,
Missouri, 3, 1175.

Martin, T.E., Davies, M.P., 2000. Trends in the
stewardship of tailings dams. In Proceedings of
Tailings and Mine Waste 2000, 16 May 2022 London.

Management and Planning Organization of Iran,
2015. Guidelines for the design, construction, and
operation of tailings dams. Regulation No. 682. [In
persion]

Mendoza, O.T., Hernandez, M.A.A., Abundis,
J.G., Mundo, N.F., 2006. Geochemistry of leachates
from the El Fraile sulfide tailings piles in Taxco,
Guerrero, Southern Mexico. Environmental
Geochemistry and Health, 28(3), 243-255.

Morgenstern, R., Vick, S.G., Viotti, C.B., Watts,
B.D., 2016. Fundao tailings dam review panel. Report
on the immediate causes of the failure of the Fundéo
Dam.

Nabavi, M.H., 1976. An introduction to the
geology of Iran. Geological Survey of Iran, 109 p. [In
persion]

Naeini, M., Akhtarpour, A., 2018. Numerical
analysis of seismic stability of a high centerline tailings
dam. Soil Dynamics and Earthquake Engineering, 107,
179-194.

Niekerk, H.J.V., Viljoen, M.J., 2005. Causes and
consequences of the Merriespruit and other tailings
dam failures. Land Degradation & Development,
16(2), 201-212.

\YY

Barzegari, G., Mashhadi Jafarloo, R., Nadiri, A.,
2023. Investigating the performance of Mazrach Ahar
copper mine tailings dam from stability and seepage
aspects. Hydrogeology, 8(1), 156—169. [In persion]

Burritt, R. L., Christ, K. L., 2018. Water risk in
mining: Analysis of the Samarco dam failure. Journal
of Cleaner Production, 178, 196-205.

Coulibaly, Y., Belem, T., Cheng, L., 2017.
Numerical analysis and geophysical monitoring for
stability assessment of the Northwest tailings dam at
Westwood mine. International Journal of Mining
Science and Technology, 27, 701-710.

Davies, M. 2001. Impounded mine tailings: What
are the failures telling us? Canadian Mining and
Metallurgical Bulletin, 94, 53-59.

Davies, M., Martin, T., Lighthall, P., 2000. Mine
tailings dams: When things go wrong. In Tailings
Dams 2000: Association of State Dam Safety Officials,
U.S. Committee on Large Dams. Las Vegas, Nevada.

Edraki, M., Baumgartl, T., Manlapig, E.,
Bradshaw, D., Franks, D. M., Moran, C. J., 2014.
Designing mine tailings for better environmental,
social and economic outcomes: A review of alternative
approaches. Journal of Cleaner Production, 84, 411—
420.

EPA, 1994. Technical Report - Design and
Evaluation of Tailings Dams, U.S. Environmental
Protection Agency, Office of Solid Waste,
Washington.63

GRIDA, 2016. Mine Tailings Storage: Safety is no
Accident. A UNEP Rapid Response Assessment.
United Nations Environment Programme and GRID-
Arendal.

ICOLD, 2001. Tailings dam-risk of dangerous
occurrences. Lessons learnt from practical experiences.
Bulletin 121. Commission Internationale des Grands
Barrages, Paris.

Jakka, R. S., Ramana, G., & Datta, M., 2011.
Seismic slope stability of embankments constructed

with pond ash. Geotechnique Geology Engineering,
29(5), 821-835.

Kasperski, K.L., Mikula, R.J., 2011. Waste
streams of mine oil sands: characteristics and
remediation. Elements, 7(6), 387-392.

Kemper, T., Sommer, S., 2002. Estimate of heavy
metal contamination in soils after a mining accident
using reflectance spectroscopy. Environmental Science
& Technology, 36(12), 2742-2747.

Khamseh, A., Shahbazi, F., Oustan, S., et al., 2017.
Impact of tailings dam failure on spatial features of
copper contamination (Mazrach mine area, Iran).
Arabian Journal of Geosciences, 10(244).


https://hydro.tabrizu.ac.ir/article_17169_b173cdccaa05cae81d9c3093b295dfc3.pdf?lang=en
https://hydro.tabrizu.ac.ir/article_17169_b173cdccaa05cae81d9c3093b295dfc3.pdf?lang=en
https://hydro.tabrizu.ac.ir/article_17169_b173cdccaa05cae81d9c3093b295dfc3.pdf?lang=en

VPt (e ¥ 0l ot JLo wi558l8350 000
Hydrogeology, Volume 9, No. 2, 2025

United States Environmental Protection Agency
(UNEP)., 1994. Technical report: Design and
evaluation of tailings dams. U.S. Environmental
Protection Agency, Office of Solid Waste, 68 p.

Vandeberg, G. S., Martin, C. W., Pierzynski, G.
M., 2011. Spatial distribution of trace elements in
floodplain alluvium of the upper Blackfoot River,
Montana. Environmental Earth Sciences, 62, 1521—
1534.

Vick, S.G., 1990. Planning, design, and analysis of
tailings dams. Wiley, New York, 369 p.

Washington State Department of Transportation
(WSDOT)., 2010. Standard specifications for road,
bridge, and municipal construction (M 41-10).
Construction Administration Office, Engineering and
Regional Operations Division, 220 p.

WISE (World Information Service on Energy),
2024. Chronology of major tailings dam failures.
Online since.

WISE (World Information Service on Energy
Uranium Project), 2012. Chronology of major tailings
dam failures. Online since.

Yu, D., Tang, L., Chen, C., 2019. Three-
dimensional numerical simulation of mudflow from a
tailings dam failure across complex terrain. Natural
Hazards and Earth System Sciences, 20(3), 727-741.

Yu, H., Zahidi, 1., Fai, C.M., Liang, D., Madsen,
D.@.,2025. Tailings dam failures: A critical evaluation

of current policies and practices. Results in
Engineering, 25, 103973.

Zardari, M.A., Ormann, L., Mattsson, H.,
Knutsson, S., 2014. Numerical analysis of staged
construction of an upstream tailings dam. In
Proceedings of National Conference on Civil
Engineering. Department of Civil Engineering,

QUEST Nawabshah, Pakistan.

Zhao, X., Zhang, L., Li, S., 2024. Research on the
static liquefaction failure of upstream tailings dams
under continuous discharge conditions. Computers and
Geotechnics, 176, 106785.

Nimbalkar, S.S., Annapareddy, V.S., Pain, A.,
2018. A simplified approach to assess seismic stability
of tailings dams. Journal of Rock Mechanics and
Geotechnical Engineering, 10 (6), 1082-1090.

Ormann, L., Zardari, M.A., Mattsson, H.,
Bjelkevik, A., Knutsson, S., 2013. Numerical analysis
of strengthening by rockfill embankments on an
upstream tailings dam. Canadian Geotechnical Journal,
50(4), 391-399.

Ozer, A.T., Bromwell, L.G., 2012. Stability
assessment of an earth dam on silt/clay tailings
foundation: A case study. Engineering Geology, 151,
89-99.

Penman, A.D., (2001). Risk analyses of tailings
dam construction. In Proceedings of the Conference on
Safety of Mining Dams Seminar, Géllivare, Sweden.

Piciullo, L., Storresten, E.B., Liu, Z., Nadim, F.,
Lacasse, S., 2022. A new look at the statistics of
tailings dam failures. Engineering Geology, 303,
106657.

Rico, M., Benito, G., Diez-Herrero, A., 2008.
Floods from tailings dam failures. Journal of
Hazardous Materials, 154(1-3), 79-87.

Shahriari, M., Aydin, M. E., 2017. Lessons learned
from analysis of Los Frailes tailing dam failure. In
International Conference on Applied Human Factors
and Ergonomics. Springer, Cham, Switzerland.

Stark, T.D., Moya, L. and Lin, J., 2022. Rates and
causes of tailings dam failures. Advances in Civil
Engineering, p.7895880.

Toosab Consulting Engineers, 2018. Final report
on geology and engineering geology of the raising of
Mazraeh tailings dam. Report No. 7781-410481. [In
persion]

Toosab Consulting Engineers, 2018. Seismicity,
seismotectonics, and earthquake hazard report of the
Mazraeh tailings dam. Report No. 7771-410481. [In
persion]

Toosab Consulting Engineers, 2019. Design report
of the foundation and body of Mazraeh copper mine
tailings dam (raising up to elevation 2085 m). Report
No. 7954-410481. [In persion]

\YY


https://www.sciencedirect.com/journal/journal-of-rock-mechanics-and-geotechnical-engineering/vol/10/issue/6
https://www.sciencedirect.com/journal/computers-and-geotechnics/vol/176/suppl/C

