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ABSTRACT

tot al of 136.8 million cubic meters of m
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ation reported by the mining company to
'y avail able i n hBraaziylpiacmlt hsa wsgNeM ewrebbasnik
.5H (1 meter vertical for 1.5 meters hori.
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OQut of the 30 tailings dams, five (TP1, TP
Ri sk Category Medium with the remainder assig
scoring system provided in Bratehi dachegaohbhhbti
Characteristics, five aspects of Conselrhveati on
five tailings dams currently in Risk Category
March or April of 2024 SreceftdBl andssdameTP
score for Risk Category Medium is 41, multipl
Status must have occur rTehde tAN M hweenbgsei tteh ea sRsiisgkn s
dams to the | owest score (|l owesbobrite&pbntdbongdg b
design for either tKeMFhobhbl &l Madi mutmhFhoodt
year s. However, there is no aanvydiloldatlae | d ogsmam

have sufefeibcoiaerndt tfo eyoenatraifnl otohde alnOd, 0a0l Ol of the
for Mining DanmnmshtahlRABBM)t dtikted y cause of failuwu
n

10,9ear fl oodi sl fchtrmeyfchsie adrani knngo wn desi g fl ood
construction met hlo6d taasi laipnpgrso pdrai nast es,h aduhledn be i n
Medi um with the remainder assigned to Risk Ca
The computati onal dam break analyses that
are unrealistic because the pr edircetda & tteadi Imermmm
tailings velocities resulti g 5f2r &km | foanelt Lerress pce
failomr@as isamuy-2d&d¥okil ometers per hgewerarfor fa
fl ood. By contrast, the median tailings veloc
hoand even a norwmat hstutetmoodl nogi Tge 5 kil omet
computational dam break analyses are also dev
be regarded as highly wunreliable under any ci
Based on the dam break anal yse and a scor
of the tailings reservoir, the eX|stence of a
and the socioeconoshiPd iampadtr2 warli agsi gamd t
Associ atedcHasmi { DBAphonwhahgeall ot her taild]@

t hcel assifi Mati Gimersaoagei ngs for the existence o

socioeconwmire iampacdctr adgm brerak mohtypke for o
besides TPl and TP2 also showed the tailings
whil e the dam break analyses for TP1 and TP2
10,9ea fl ooyeai thl aodO0OO@ccurring in the downs
contradiction), the dam break analyses for th
the downstream water ways. Fi nalflrypmsbta steadi |oinn gas
dafmai lures, the heights and storage volumes o
dams should have runout distances grelatter tha
should alsp Oespobtedthéatl ose proximnoy of th
considerationfods daddki mpepsfsaiblidrigsy @o@r simply of
extreme precipitation event could result in t
summary, it shoul dnige d@dasmsmaed that M&NI mi aiel sh
DPAIl assi fi Blaghon range

Despite that the fact the Brazilian regul a
need to fully describe the poteinnitahe i PMpoBENM,S
considerably more information was availabl e I
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attention to the potenti al l oss of human | ife
of stream channels, the flooding of rural pro
aquatic |ife. However, thhee p200tle8n tPiIA&EIBM @d ss oo fe mi
downstream waterways by the I ocal popul ati on,
of fishing as both a food source and economic
concrete measurees ttohanti nd onulzee e winask ream I mpac
tailings dam failure.
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EXECUTI VE SUMMARY

A tot al of 136.8 million cubic meters of m
at the RNiderMor«toe ( MRN) bauxite mine in Orixir
northeasfTéeentBi adzxinlgs dam compl ex consists of
27 SP (Settl ement Pond) dams. The TP dams r ec:
conted®8%. offTavl ings reach a solids coatkhbhgef u
with a solids cd2h%eante i inramef emamge 18 one of
tailings thicken to a solids content of 55 %.
dams include 22 active dagsi,n otnlee i pracde ¥y afam
decharacterization.

According to information provided by the m

ency (ANM) and publicly available in Brazi/l

e in the process of decharacteri zathiicmh wer e

e dam construction materi al is placed on to

nstruction was prohibited in Brazil in 2019

2Ac.cording to the ANM websitdamsout wof wehe «ce

ing the downstream method, seven were const

[
ngytl @ge dams. Numerous changes have occurred
thods. For exampilrg tme Judghi2l®ilt9i, o od fl ot he 1
e descriptions were changed from upstream t
r
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centerline for eight tailings dams, and f

o otfaitlhiengs daomisa stshiafti emerfer ame upstream to ce

assified to upstream dams in June 2020.

The Brazilian regulations assign a Risk Ca
failure) to tailings dams, according to a sco
Characteristics, five aspect s eofDaGw nSsaefrevtayt iPolna
Brazilian regulations al s@oDR®GJsdrgrne sap dProd iemg i tad
consequences of failure), according to a scor
vol ume, the existencet hd eanwiorwmmsmea retaann piormppd att,
socioeconomic i mpact. Out of the 30 tailings
assigned to Risk Category Medium wi,t hwhihlee r em
two tailings dams (TP1, TP2) are assigned to
Medium. Just as with the construction method,
Categories. FofApexd m@Rloe,4,i n hMairRads k aGd ti en@osr ideas
TP2, SP4 NIRT@), vbePrreA,changed from Low to Medi

The objective of this report is to evaluat
terms of the I|likelihood and the consequences
reported by the mining companyntdo ptulbe i ddtyi awva
in Brazil on Tthhee oAbNM cweibvsel tweas subdivided into
qguestegasding the tailings dams at the MRN mi

l)Have the tailings dams been constructed in
2)Have the tailings dams been correctly <cl as
3)Have the classification ranges for the Ris
4)Are the results of the computational dam b
tailings dams?



5)Have the classification ranges for the Pot
6)Do the tailings dams have adequate Emergen
I n order to f acsipectiaalei srtesa,ditnhgi sbyr enpoponr t i ncl uoc
including the methods of tailings dam constru
wa treert e nt il o ng udeaftnraset imerc,hani sms of failure of ta
upstream construction method, the differences
empirical (statistical) dam break analyses, a
Since the extregsidemgdadm tome tANMiwebsi te I s nc
key information on each tailings dam on the M
report.

Compared with industry standards, the tail
st eept.yplihceal outerisgwbankkefl méoee vertical f
hori zorFtoal )24 of the 30 tailingsBylaowmnt raddt ,slto
maxi mum sl ope recommended for earthen dams by
and the maximum sl ope recommended for tailing
standard textbook on tailingoegdamséi oenslVYedldr d.
maxi mum sl opes, a slope steeper than 1V:2H co
of fdiolrunté)at particular characteristic of t

Al t houcguhr rtehnet ANMowkews it &i Il i sg sdams ( SP
S ucted using the upstream method, a

tream method was the generi dlemet ho
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n Brazilian regulations nor in industr
m dcalness swiefrieedd eas center |l i nel aasmsf,i ad ta<
aBba sed on asva@&ictabine @amadso®n changes in tl
it is mos$tthekehyl|lthgs dambewstelcon
Btntatudame dti |l | actdivfefliyc urletc etiovirnegc ot naci
ared construction method on the ANM w
ation, such as changing tailings dam

om t he wtpasge ement Hod tihre Bulnyg |l 2019, t oge
ion that the mining company possesses
original fAas builto documentation (wh
tdhees iogrni gainnda lwh at wa st aschtowad Idl yb ec ocnl setarru d
sense in which an upsitsntaagm dam daulrce a
to description), since an upstream da
ssademdgdamshagleo rai ses.

e tailings dam TP2 now has a score of

y Medium is 41, multiple aspects of de
d t o chantehetrhwei sRei,s kt hCeart éengiloyr yhho vient ar ina
elrassi fied from Risk Category-Apowl to Ri
ANM website assigns all/l tailings dams t
for design fitbedPcobabdspoMaxngiuim
d with a return period of 10
t shows that any of the tail
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changed to reflect an unknown design fl ood an
appropriate, then 16 tailings dams should be
assigned to Risk Category Low.

The computational dam break analyses that
are unrealistic because the predicted tailing
tailings velocities resulting2f komomat eusepeo
failomr@as isamumy-2dd@¥okil ometers per hgewrarfor f a
flood. By contrast, the median tailings veloc
hour and even a normal stream vel Adinttye rveistth ocnu
contrast is t the computational model for
tailings dam e seems to be much more re
kil ometers p , as averaged along the do

Based on hdea ceraikn g nayl sytseem  tamalt t

h gs reservoir, the
oeconomic | mpa
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« SPROyYnauwmtd &SiPLtlanc e
P1 or TP2.
[ |l e reasons as to
I w. Al | of the comp
years wit t aialfiilmgosty$ dd pmnfdai |
oad embankment with controll ed
gs velocities resulting f-rom f ai
S per tanerntb dafo@r®e BtilH ® mred ielrrso e r
mbankment du4.i@6323a Kisuomgt ey op
ers per hour duringAlathowgh dvamn
rom 2018 stated that the inte
c a tlino na dtidh asstihn atrhli ds e
the close proxi mi
ility of cascading
in the simultan

0
iI's no in
at , despi

ideration t he poss
Xtreme preoirpietaat daglhidaé&ree t
ams. |In summary, it shou be assumed that a
assigned to the DPA cl assi cation range Hi gh.
Despitet httalitee fBaatzi | i an regul ations were str
need to fully describe the potenti al i mpact s
considerably more information was avail abl e i
2023 Drvewions of the PAEBM. Both the earlier
attention to the potenti al |l oss of human | ife
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of stream channels, the flooding of rural pr o
aquatic |ife. However, the 2018 PAEBM al so e mj
downstream waterways by the dricraki p@ pwadtagrn oan
of fishing as both a food source and economic
concrete measures that could be taken to mini
tailings Acha@amhfeai lcumetehgeu eumaeela abl e dam break &
dams at the MRN -REseud sZdrheasd ftchre Saedti t ail i ngs
Il n particular, given that the taili-Rgscueloci
Zones| shbe | arger than they have actually bee
the MRN mine.
This report makes the following recommenda
Nort e:
1)For all tailings dams, buttresses must be
no steeper than 1V:5H. Tailings dams for w
must be afely c¢closed
2)Tailings dams for which the raises are con
be correctly identified as upstream dams a
Brazilian regul ations.
3)The Risk Categories for all tailings dams
to indicate the correct method of construc
4)YAIl |l existing computat i onreavlalduaamt ebdr etaok uanncaol vye
origin of the discrepancy between the pred
tailings flood velocities from past failur
5)For all tailings dams, dam break analyses
mi ni mize or fully explain any discrepanci e
and the typical tailings flood velocities
6)The integrity of the railroad embankment a
period of 10,000 years must tbheahevalaudtredad
embankment and culvert could withstand a f
then dam break analyses must be carried ou
embankment .
7)For failure due to overtopping during a f|I
fl ow correspoymeamngfitooad mMO@sOO0&] so be appli
waterways for both TP and SP tailings dams
8)Based on the precedihagr,imdgrhealPlotteaiitliiad g Asda
correctly scored on the ANM website.
9)For all tailings dams, the Emergency Actio
use of downstream waterways by the | ocal p
water and the |l oss of fishing as both a fo
10For all tailings dams, the Emergency Actio
should be taken to minimize downstream I mp
failure



OVERVI EW

ThMi nerRai<boo Norte ( MRN)
northeas,isrmhBr darlgest pro
Brazil and produces over 12 (mielel.FoTgh.endda mpa ity
Mi nerRai-tx0o Nortes(MRNegd 45% y the Swiss compan
Australian company SouAwuhsSt2r, alainan 2Qd&aMRaNn, t hRi @B r -
2029d)e. MRNMe persntaodr@lGst By mi | | i obaowubi tamkt ags ¢
30 t adialmSNgls X025 ;F3 gasnd 2Tabbglail ianrgds 22aa e t he w
crushed rock particles that remaihnasafbteeern t he

bauxite mine in Ori
ducer hymdd dpexd meer t er
2
b

removed from the ore body, plus chemical reag
The volume of storage of bauxite tailings at
with the first being the RiosITé&Gt4 Meli paomi ael
meters of tailings behind ;eisgehet Traabillei nlg)s. dAad nish
tailings dams are common at bauxite mines, th
ot her bauxite mine in the world, with the sec
Brazil, which haseil1lattail i20@$;dasme (THNEEBP 1) .
The tailings dam complex consists of three
(Settl ements®endi)TghceaZis? dams receive tailings
solids c®%.t elhai loifngl's reach a solids content of
tailings with a soRb#sacenteanhsfartbhd tangeel
theltags thicken t d DaAMs o0 I250uPeagmoat @amtt @dndd %wi
|l evel s reaching nearly Itlo otfhda hdea m ad rad enbgese cdaams
i mage from 2@24 O©seehEBi P BRicuirmgatdayams,earce va
while the SP dams i ncl ude n22 accutrirveentd aymsr,e coeni ev
and four dams in the (psrecec elad |l ef 2ddecharacteri z

According to informati on prAogvindce da bNya cti hoen am
ner[Mlawioonal M](nANM) Aagred cpyu olnii apl yBraawzaill aolml & h ¢
bsite, two of the SP dams that are in the p
upstream method, in which the dam constru
i I(IAMNdIs .20T2h5e) upstream met hod of constructior

(¢

Mi

we

t h

t a

(ANM, 20mHd9ayas denounced by (@{Dbhaer Imimg,ng20a3;usTul
According to the ANM website, out of the rema
t he downst r eeanm weerteh ocdo,n sstervuct ed using t-he cent
st age( daansT.8ly|l e o2a )y ast , according to&eAlilnf or mat i
structures are built in a single construction
practiceso ( MRN, 2025b) , meanhiagge Wlhats, awhi tchi
contradicts the information t harncyYMRNANMM)OVfiadred
posting on the ANM website (see Table 2a).
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.. Riverine communities
®  Areas of traditional use
-Tailings dams
Mining areas
PAE Sapucua-Trombetas

Saraca-Taquera National Forest

Flguﬁ'eelfallure of the tRiido nNyosr tdea n{sMRaN) tbhaeu xMitnee rnai - n«eo,
Municipality, Par§ State, in northeastern Brazil, <cou
bet ween the mine and Sapucu8§ Lake. The evaluat@wimon of
failure took into account the |l ocations oMapgpofmmamiti e
Borges and Branford (2020) .
Tabl e 1. Mi ne tailings at major bauxite mine

Company Mi ne Count Tailings Number

( MA) Tailing

Rio Tir Wei pa Austr 176.4 8
Mi nera-« Minera- « Brazi 136. 82¢ 30

Nort e Norte

Al coa MadadetrSaudi 59 3

Ri o Tir Gove Austr 50. 25 6

Hydro Mineracéo Brazi 50. 1 2

Paragominas

Alcoa AR Reynolds USA 41 . 37¢ 2

Alcoa AR Alcoa USA 32.64¢ 2

Alcoa Juruti Brazi 17. 74 6

Alcoa Pocos Brazi 11. 429 11
ISee Tabl ef 2ra Miome da+t @®l IRi ot WMeor Nbattae.from UNEP et al
Mi nera-«o Rio do Norte is owned 45% by Glencore, 33%
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Figure 1 - General arrangement of the Tailings Disposal System - Saraca Leste Plateau

uMbde2bauxite tailingsbeahBa@dteaiMRINNn grs ndkea ms,e X5 oafedwhi c
e 28pbl €he three TP (Thickening Pond) tailings dams r
te®%. offTavlings reach a solids content of wup to 25%
t he -2r5&n (pa el & nawmenfeewmfed he 22 active SP (Settl ement P
solids content of 55%. Figure from Pimenta de Cvila Cc

S5 D0 Q

Numer ous ¢
For exampl e,
description

n

c D

occurred in the desc
9 following the proh
S d from upn tupesatnt & aom stic
centerline fo ei g l i ngs dams, and from

(Angel ose20Zd4bTwo 39 the taidliagsi fdiaend ft ham we:
centerline damaswerfae ealgdionnumps@meg adnd@ h0Zdbl e

3)Both of the upstream dams (SP2_3 and SP6) ar
(see Tabhl sehda)d be noted that the Brazilian r
tailings dams constructed using the upstream
constructi on nmlehtunhso,d tihse ucnokmmpolwent.e category 1in

Al t eament o a monttanfntRai s ddapsdmleaamm dloh errek now
i s no indilciagan orneguwl aBtriaens t hat changes in co
supported by anyncsephrtepamdstboertharANM (202

h ges
i July
w e cha
r [ h t
T f
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Tabdae Tailings dams at the Minera-~«o Rio do N

Name Operation ConstruCurr Curre SI dpe
Met hod Hei g Vol un

(m) (mj )
Conventional Tailings
TP1 Acti ve Single 20 80875: St eerg
TP2 Acti ve Single 1%0 85586: Steerg
TP3 Acti ve Downstr 100 39B0S5 Steerg
Thickened Tailings
SP1 I n dechar: Single 180 202®O0( Steerg
SP2_ I n dechar. Upstre 220 593®m0C( Steerg
SP4 N Acti ve Center 260 65982°¢ Steerg
SP4 | l nactiv Center 2460 556881 St eeyg
SP5 L Acti ve Center 190 486427« Steerg
SP5 O Acti ve Center 230 7302Z6: Steerg
SP6 I n dechar:. Upstre 160 45868 Steerg
SP7A Acti ve Center 2D0 336%4°¢ St eeyg
SP7B Acti ve Center 280 617901 Steerg
SP7C Acti ve Center 370 847®1¢ Steerg
SP8 Acti ve Single 280 132709 Steerg
SP9 Acti ve Single 260 1@B9®m3 Steerg
SP9A I n dechar: Single 2D0 227801 Steerg
SP10 Acti ve Single 1®0 747B9( Steerg
SP11 Acti ve Single 230 72082¢ Steerg
SP12 Acti ve Single 1&5 54498¢ Steerg
SP13 Acti ve Single 10 291d5( Steerg
SP14 Acti ve Single 220 341&3°% Steerg
SP15 Acti ve Single 2GB0 516®&4] Steerg
SP16 Acti ve Single 180 8453®2: Steerg
SP19 Acti ve Downstr 23830 16026 ¢ Steerg
SP24A Acti ve Singl e 700 0 I nterm
S4B Acti ve Singl e 700 0 Il nterm
SR24C Acti ve Singl e 700 0 Il nterm
SR5A Acti ve Singl e 700 3472 I nterm
SP5B Acti ve Singl e 700 30877 I nterm
SP25C Acti ve Singl e 700 59513 I nterm
IData from ANM (2025)

The complete description OoAfl tfelapmetnrteoa mo nfornada FAREM o2 dd2e2s)c
upstream or unknown] . )
SSteep meadsteriméddhtt eSimemelsv: BH 2H O
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Tabdbdailings dams at the Miner a- «od RR ot emt iNeolr
Associ atledd Har m

Nam e Ri sk Catego Potential Asso
Classi f Score Classif Sco(rPA
Range (CRI1) Range
Conventional Tailings
TP1 MEDI UM 4 2 HI GH 22
TP2 MEDI UM 4 8 HI GH 22
TP3 LOW 23 MEDI UM 10
Thickened Tailings
SP1 LOW 31 MEDI UM 12
SP2 _3 LOW 38 MEDI UM 12
SP4 No MEDI UM 4 3 MEDI UM 12
SP4 Su LOW 35 MEDI UM 12
SP5 Le LOW 33 MEDI UM 11
SP5 Oe LOW 31 MEDI UM 12
SP6 LOW 30 MEDI UM 11
SP7A MEDI UM 4 3 MEDI UM 11
SP78B LOW 34 MEDI UM 12
SP7C MEDI UM 4 3 MEDI UM 12
SP8 LOW 33 MEDI UM 12
SP9 LOW 29 MEDI UM 12
SP9A LOW 2 4 MEDI UM 8
SP10 LOW 27 MEDI UM 12
SP11 LOW 27 MEDI UM 12
SP12 LOW 23 MEDI UM 12
SP13 LOW 22 MEDI UM 11
SP14 LOW 23 MEDI UM 8
SP15 LOW 19 MEDI UM 12
SP16 LOW 19 MEDI UM 12
SP19 LOW 22 MEDI UM 11
SRR4A LOW 12 MEDI UM 10
SR 4B LOW 15 MEDI UM 10
SRR4C LOW 15 MEDI UM 10
SR5A LOW 9 MEDI UM 10
SP5B LOW 9 MEDI UM 10
SPR5C LOW 9 MEDI UM 11
IData from ANM (2025)
Red indicates Ricrk FEattemgtoiral MEDI M ot ed Harm HI GH
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i gurhedBone i mage shows a high | evel of supernatant waf
Angel o (2024)

Typically, the risk of failure of a tailini
of ) the probability of failure and the consegq
regul ati ons ar e s oenaecwhh ata iclo nnfgussG dnagengibns i tahsadte g R e
[ Ri sk Category] (correspondi ng Daonuog hR oyt etnoc itahle
AssodiPodenti al A(sBP{cioartreeds ptbanrdm]lng t o t he conse
this report, the word firisko wil!/ be used in
consequences, while the phrase ARi sk Category
i n tahzei IBran r egul afth e nisRi(sAKNMZ a t2e0Ra2r)y. 0 i s not |
a number t hata isscoorbitnag nseyds tfermont hat takes i nto
Characteristics, five aspects of Conselrtvati on

mi ght be possible to use the Rick Category to
has never been donPeo.t elnnt iaals iAdgfsDoRdis avwreeyd, Hahrem mp |

accounting of alll of tadeorciomeg eqguetnem st lodt ftaa K e
reservoir volumedowhet examtpeogel @afi on, the en\
socioeconomic i mpact.
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Table 3. Changes in descrit2ion of dam constri
Taili Dat e Change Dat e Change

Dam Chan Chan¢

TP1 Upst Y¥eSamgl e ) 3

TP2 Upst ¥eSamgl e o) 3

TP3 Centerl e ) )

SP2/ ¢ Ups June Cent erUlp ster
Ups
Up s
Up s
Up s
Up s
Up s
Up s
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Up s
Data from ngelo (2
The complete descri
uptream or unknown].
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QAfl t felaprsetnrt eoa Mo nfornada fAREM &2 dd2e2s)c

Tab4.e Changes for Risk €ategory in 2023 and 2C

Tailing Dat e Change Dat e Change
TP1 2023 Medium Y April Low Y Me
TP2 2023 Medium Y April .Low Y Me
SP1 March ZMedium ° ) 8
SP4 No o) o) March ZLow Y Me
SP4 Su March ZMedium ° ) 8
SP7A d d April Low Y Me
SP7C d ) April Low Y Me
SP19 2023 Medi um o) o}

Data febo20A2nd4dg) and ANM (2025)

Out of the 30 tailings dams, f
Ri sk Category Medium with the rem
dams (TP1, TP2) are assigned to D
Table 23t as with the construct.i
Categories. ForApexdmploe,4,i n hMdarRaitsk Categories
TP2, SP4 Norte, SP7A, SP7C) (wpeleochahlyyed ANM,m
see Table 4). Numerous earlier changes in eit!
Harm (DPA) are | ikBdredt hen pPAeirgiedd Z@D24t)ao 2023,
documented 29 chagcgembi nnnBi skoCheegbrye chang
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yi eltdbed ad of 34 c.hahhgwes, odviearm g8¢ sy edagrnsey eht has |
Sshould be noted that the response to Angel o (
the numerous changes in construction method,

The objective of thiscaepsfhopBréeooévaheat
damg the MRbDomhnennprtoelradsi doiftthteh e onategaeaenophi of

failure, especially in terms of the informati
Mi ning Agency (ANM) and publ i cl yT haev aihlraolnliec ifma
of the tailings dams, in terms of the | eakage
breach of the dams, has been documented in ot
2020) and is beyon#&atheescepal abttbhns pbépohe.
of the tati ltimgsMRMMMIi ne i ncl ude Wanldrerdryd gr2 0t2d
facilitatespeadiahgsbg,ndohis report includes a
met hods of tailings dam constructiomnet émtei admnf
damsi,queftdaet imerc,hani sms of failure of tailings
construction method, the differences between
(statistical) dam br eakananaliysensg,s Tadmn ttrihdep urliesdtl
is followed by a more detailed summary of the
objective is subdivided into a sequence of si
dams on the ANM websiteaizs | nokegvainfablmatowtns
dam on the MRN mine is provided in -ADRIl &4&ppend
i nformation from the AMNM Nwevbesmbteer wals2 5downl oad

TUTORI AL ON TAI LI NGS DAMS

Met hods of Toanisltirnugest i banm C

Waste rtohcek rock that must biesrefmoer ddd mo g ieta
freeanding waste rock dump. By-gcammreast t abédc a
require confinementl bebbndeatdamal ¢twat Robggs 4in
thickening ,oft htehevettaitlaiings)gs are piped to the
dewat.€henmgi xture of tailings and water is the
crest of the dam through spigots that connect
Becautstree olffow solids contents, the tailings <car
storage facility.

Tailings can be divided into two sizes wit
the coarse tailings or sands (|l arger than 0.0
0.075 mm)dr ditheecbarge results in the separatior
The | arger sands settle closer to the dam to
farther from the dam to form a setthsngnpond
(see .FiTgy.pidc)al llya,i nneadt efrr oins trheec settl i ng pond al
mi ning operation.

At the present time, it I s common to thick
storage facility. Thus, conventional tailings
2N0%, whdéeshighthickenedl odspasheemnh@/sbl%.mgshaé
Filtered tailings have solids contents greate
transported to the tailingsOstgragetetaedl t ayl
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solids content high enough that theé¥Xloan be c
Cri ppen Belrhguesr,, wWiOtlh7 )a. -8 %) i dsecbaitlkenngsefat? the
(Thickening Pond) dams at the MRN mine are f

conventional tailinlg®5%Wi theataolidgscwoubkdt
Aficonventional 6 at the point of traBgeéertheo
thickening (to a solidsscwoiuéndt nott Phw) t wiet hia
categorgewnwsi hyghhi ckened or paste tailings.

Settling pond

Tube and spigots for
discharge of tailings

Precipitation of copper

FiguAe¢ 4he tailings storage facility of the Highland V:
di scharged in the upstream direction from a tube and s|
deposited nearbetahceh .d aSimatld efrorpmarat i cl es (sl imes) are tra
settling pond. The precipitation of copper in the tail.]
the ore Photo taken byw8the author on September 27, 20

Each of the three common met hods of buil di
centerline) begins with a starter dike, which
rock or the tailings from agsaedrfl|l itehre espgiagdce
never raised, then thst agellndatghse duapns tirse acnma |cloends
met hod, successive dikes are built in the ups
i ncreases. I t ids snuocscte scsoinvneo nd itkoe sb ufirlom waste r
tailings (typically with appropriate compact:.
since very little materi al i's r®mqui Mk for th
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downstream construction method is the most ex
materi al (Smomgpgdr el Ri gHi s met hod, successive d
downstream direction as the |l evel of stored t
is a balance between the advantages and disad
const med¢tioadrs (cBampareénFitdps s met hod, successiyv
pl acing constructi om mahtee rsilalp eo nd otwnes t br eeaacnh od n

The

center |ines of the raisesbc).incide as th

Supernatant Pond
\ Spigotted Tailings Beach

Tailings Discharge Line ~ Starter Dike

Tailings
Wide Beach Required for Upstream Design

)
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A A KA R R SR A AR R ” s
urlen 5tahe upstream construction method, successive di
red tailings increases. Dikes can be constructed wif
ction ofr otpaerl icnognsp a(cwtiitohn )p. The advantage of the meth
required for the construction of the dam. The di sad)
static |iquefcompiean weeadc aws d ithlges mamre bel ow t he dam.
struction MBetkzod , i €hii ll eeDgaddlsuizmbnrstamdc tRar by this met
ceptible to flood failure when the beach is too nar |
l'ings or excessive water in thebsettling pond. Fi gul
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Internal Drain

Impervious Layer

S A

Ponded Water
=l .. ~— starter Dike "

O AN AN, S S NN N VRS, N AN

Tailings
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Fi gurlen 5tbhe downstream construction method, successive
the I evel of stored tailings increases. Di kes can be c
or the coarsagrs flwacthi @m opfert xiolmprmcti on). The resistanc

because there
amount of mat e
Consulth) ng (20

re no uncompacted tailings below the da
ialkeequUc ompan ® thludad dab)h evilil grurees fi rno ik i Toa

N T
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Tailings Discharge Line

Spigotted Tailings Beach ~—

b Internal Drain
~ . /

1. = Starter Dike

Fi gurlen 5tche centerline construction method, successive
on the beach and on the sl ope

downstream of the previ ol

built upwards.udDi &ésfrcam meneowastre rock, natural soil,
of tailings (with proper compaction). The centerline mq
met hods Habpei Ri gsr msk odéf cosit!| ame. rThe resistance to sei
moderate because there are still some uncompacted tail]
suitable beach to avoid floodings)the dam. Figure from °

It wi || not be surprising that the | ess ex
vul nerable to failure Tailings dams construc:
vul nerable to failure by eitheruseitshm cddmqgiuse
on top of the wunco%apactlTehdi st, aielviemgs f( 4 ehee HKiagn t
structur al integrity while the underlying tai
or sliding ovegst hhPamsgoaenhseduttediusing the
vulnerability to failure during |iquefaction
underneath tihe) di Qrest {seet Ferg.hand, a tailings
downstream met hod could survive the complete
dam (s5he .FIOd. course, proper design and constr
l iquefaction of the dam itsel fT heev epnb awnhoermo ft h e
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l iquefaction i s exfplLliagiuneefda @ivne othhaen assaudibss eocft iFaan | u
Tailings Dams. 0
From another persp

ective, an wupstream dam
foundati ®a; (Bwelel &n,g.201
s
f

t

9). An accurate knowl ec
n entbioom dams$ i magwve dfaa
e foundatiiommg. tThhee ¢
t

e

feature of dam safety -
yielding or settling o
di kes can be predicted,
have been constructed on t

example, due to compact. the overlying d
bu i's not actwually known u |l the future ha

a
t

apart fronypenyofotdhaemr i n which the geotechnical
0
d

t hey are not actu

@®
t
b
t utbemvolottaae
0

S oc 8

should be a known quant iThye bdeiffofreer etnhcee sd abme ti wse e
an waetemti on dams wi | | be furthemydiascleys edv
of the phenomenon o
As a final not e
ervoirs?o0 a

—

l quefaction.

e MRN website asks,
nds, AMRNGOs reservoir
|l s withiatéethatnsypyakli éys
al |l watoe r(cMRIN, sTePs@ 2wbibt) h.i n
bet ween a fAdamo and a 0
i | iinrgisn gl agnor u omtcd rued easn d ott the -
or di ng otno Ltalr g eA WDsatnrsa |( iAaNC ONL

f
S
T
S
nioc tiusr e or embankment t hat i's buil
a
2

O ®d® @
- T C OO0

ted with the storage of tailings
, 2100 o.baAcd mrddiistg yt &St andard on
Areservoiro is-UNEPRAL, ai2l0i2rlgs dlehpu
rot isef the fAtailings dam, 0 and is the
g pond. The standard industry incl usi
to do with plateaus and valleys, as s

50 Xx~—~s Z—~<T O —~ =
o< " QO>PYLFTTOTOTO
~ 00D —Z"FYDTOD DO
SO WMOD T OO0 —
——0 40~ —

Tailings Deamedg end.i oWa tDearms

Although tailings dams and wategtention dams are both built for the purpose of
restricting the flow of water or waste containing water, they are fundamentally different types of
civil engineering structures. This important point was emphasized inxdi@od by Vick (1990)
entitledPlanning, Design, and Analysis of TailingsDamsAccor ding to Vick (1
recurring theme throughout the book is ttinre are significant differences between tailings
embankmentand wateret ent i on da msnstéuctdd byl govkeremernt agersiesdoo
waterretention purposes, tailings dams are subject to rigid economic constraints defined in the
context of the mining project as a whole. While waitgention dams produce economic benefits
that presumably outweighehr cost, tailings dams are economic liabilities to the mining
operation from start to finish. As a result, it is not often economically feasible to go to the lengths
someti mes taken to obtain fill for convention
In addition to the economic unfeasibility of traveling the distances that are sometimes
ideal for obtaining appropriate fill, Vick (1990) gives many other examples of ways in which it is
not economically feasible to build a tailings dam in the same waynadefretention dam. An
earthen wateretention dam is constructed out of rock and soil that is chosen for its suitability
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for the construction of dams. However, a tailings dam is normally built out of construction
material that is created by the mining operation, such as waste rock, the coarser fraction of the
tailings, or rockfill or earthfill that is quarried from the misige. In addition, a wateetention
dam is built completely from the beginning before its reservoir is filled with water, while a
tailings dam is built in stages as more tailings are produced that require storage, as more material
from the mining operatio (such as waste rock) becomes available for construction, and as
financing becomes available for further construction. The implications of staged construction
were summarized in the SME (Society for Mining, Metallurgy and Exploraliaiings
Management Handbook According to Snow (2022), AThe <cor
operational period of many years or even decades introduces the potential for discontinuity in
construction oversight, quality control, monitoring, and recognition of performancesféautor
can affect operation and safety. o
The consequences

dams are the very di
cited paper by Davi e
approxi mately 2 to 5 0
worl dwi de inventory of
probability somewher5
favorabl e comparison w than 1 in
dams. The comparison i more unfavorabl e
consider ed., HRturetshreerfmadrl ure statistics are for
i mpoundments can have environmental o6fai
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Tabl e 5. Documented failurestof tailings dams
Mi ne & LocatiCountYea Rel e¢tRuno Deat
Vol ur ( km)
(9
Vedanta Comp@&ngtr Il ndi 202 0 0.3 0o
Odi sha
Shanxi Daoer., A Waim Chin 202 224, ( 0o o]
Township Jiaokou
Province
Hi ndal co | ndMwsttir | Il ndi 201 o] 0.2 0o
Jhar khand
Al un8at ear ena, Pa Braz 201 o] o] o]
Vedanta Aluminium Indi 201 2,625 o} o]

Ash Pond, Jharsug
(Luoyang Xiangjia Chin22012,000 2 o}
Co. ,,Lubgang, Dahe

Henan Province

MAL MaAlyami,Ajukma Al Hungi«¢201 1, 000 10
Pl ant , Kol ont §r

I nd%strias QuZmic Braz 2002, 000 o o}
Mi nera-«o0o Rio Pom

Mi t a Minas Ger ai s

I nd¥%strias Qu2mic Braz 200 400, C 0o o}

Mi nera-«o Rio Pom

Mi % a Mi

nas Ger ai s

l nd%strias Qu2mic Braz 2001, 200 o o}
Mi nera-«o0o Ri o Pom

Mi &, a Mi nas Gerai s

Ajka Alumina Pl an Hungi¢199 43, 2 o} o}

Al coa, Texas USA 196 o] o] 0

Data from Center for Science in Public Participation (

The preceding discussion | argéekenwtcont damss
are in actiwveeopredadf onts Wsef ul l' i fe, or whe:]
and maintain-rtethe ndam,n a awnatier c o mpdtedretliyomrdi dcam
cannot simply be abandoned or it willneesntua
that are difficult to predict. However, the p
menti oned sever a&lr etimprheass,i zealnn At tlme lowmngs dam c
unl ess the tailings can be moved to another |
tailings dam is expected to confine the often
i nsipemct monitoring, mai ntenance, and review of
the mining project.

The need for pertpaitluian g snad aamhe niasicteheofpositi
industry aw.dS.alkor . édasftc o heatri nigce o t he SME (Soci ef
Met al |l ur gy ahai |EixmppdsorManaogemdmte kFamdmbgok ndustr
significant challenge in that these TSFs [ Tai |
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Unfortunately, humans have no experience in d
tailings management is required for as | ong a
According to TWer fJerS.( o2 ®)s,t MService recently
mine facility on National Forest System | ands
(FMEA) methodology ... The exercise identifie
sah as the probabhbhgi mami mumdf bbedeart mguake;
small er, chronic events |i ke seasonal storms
as diversion ditches, or it was the failure o

el ectr oonriicn gmosntiatt i ons t hat posed the greatest

recurrent natur al processes (such as wildfire
freeze thaw cycling) were the princripah drive
extended time horizon. This is due to the inc
performance | eading to more aewitdee nbornephdirefoomnma.
FMEA participants concluded that the natur al
present and would slowly degrade the recl ai me
mai ntaining system performance was ed wedhmi t me
forevighrer.e. i s no expirationy,daatned omi nriencg acnoan p aol
Sshould recogaliageundecar goand maintenance obl i
than they have currently planned for amd, in
(emphasis added) .

The need for peapewell mainhenaealdiusm heefr s
di scussed i n t h&afgeutiy akicres td:o c@unedchdl i nes f or Re
Managemd&rgtcording to Morrill et al. (2022), #dl
closure of tailings facilities be a factor in
safely closed when deposition vaftiteasi lhiarvggs bleaa
compl eted so that twuule nffaenohnityrieguinesperclty o
perpetuity or until there are no credible fai
ensure that an active tailings facility can b
[ Probabl eFIMaoxd ]Jmuomr MCE [ Maxi mum Credi bl e Earth
perpetual monitoring, inspection, and mainten
exi st |l ong enough to accomplish perpetual mo n
oprating companyo6s ability to eventually elim
consideration during the permitting process.
company can carry out per pedruadl icmirreataen dalfli ncar
modes, they must not approve the facility.o

The meaning of the expression Acredible fa
Thel obal Il ndustry St and(a@!dS doMa rTiafiil @ sn gtsh aMa niatgheea
ocredible failure moded is not associ-ated wit
UNP-ERI , 2020) .S&ne ttyh aRi rbsats:i sGui delines for Res
Managedmeefnitned fAcredi ble failure modeo as ﬁa p h
could potentially ddmMdrirm|ltdakhe aMEdROERYi | ur e
Managementf andéoo&!l ari fied, AWhile evaluati n
[ Potenti al Failure Modes], it i s I mportant to
pl ausi bl e. |l s the PFM conceivabl e or sphysical
occurrencre@diAbihenf ailure mode has a zero |i kel
Byler, 2022). I't should be clear that there a



modes from an aboveground facility aside from
such as an exhausted open pit.

By contrast, thePlaantrhiomg ., ofDddiegn.exdrodoknaly
(Vi ck,welmt9 0a ,st e p tfhuer tphoesti hignofntaatkhiemte of a tai |l i
facility is inevitable, even if there is perp
simply as a consequence of the multitimde of t
conference presentation, Vick (2014a) concl ud
than 50/50 are unlikely to be achievable over
system failure @dr dbalitleirt ys eappradadhhiendr ed year
AFor c¢closure, system failure is inevitable &
consequences. 0 In the accompanying conference
the retsehepteedofior design events, the cumul a
for typical numbers of failure modes and dur a
conditions, the |l ikelihood componesnetq uoefn crei s k
component matters € This counterintuitive res
conditions that it bears repeating.ottmr geaglr a
more stringent deddgasmantoereiralal yorr eod unceer wiissek ,
there are too many opportunities for too many
do is to push failure farther out in time. Sy
reduct iuorne ocfonfsaeigiluences as the only effective
cl osure. o

Liquefaction

A mass of mine tai lpianrgtsi ccloenss iisnt swhoifc hs otlhied p
particles are filled with a combination of ai
of mine tailings is a type of soil. Of <course
include oraganiosc gmaatitsenrs and be able to support
However, these biological properties are not
reference for more complete information on th
2011). The phrases fisoil 6 and fAmass of tailin
which | argely follows the presentation in ol

A nor mal stress means any stress t6)hatAis a
nor mal stress acting on a soil can be partial
pores. The effective stress i swadefri ped@dsasrthe
effective stress is a measure of the extent t
Atouchingo ea@fihet her mabest FeEgs without subtr
is also called the total stress

Terzaghi 6s Prtimecirpd sep csnsaeg ecsf tahastoi | mass to
exclusively to the change Ror edxXemplier,e SUpP EGESE
sedi ments are deposited on a river floodpl ain
tailings reservoir without compaction. The we
so that the parunddrest wailrl ocwm swdiiglhatt.e The amc
consolidation is determined by thhee pearfteicctli evse &
interacting with one another. Sufficient wate
consolidation could occur and at a sl ow rate.

26



.' @2 ";r
Paliso(dtat

LA

total stress

effective stress, o= o -1
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stress.

Figumbdebeffective stress in soil i s equal to the total

measure of the extent to which the solid particles al

Principle stateoftmatsotihe mespdm a change in stress is
Figure fbBom Geotechni CAL (202

The phenomenon of | iquefaction, in which a

uid, can be expl aiTeedaghri dseR7)eFmoeaphpeei cat i

—s—oT —T—"o0oWn
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gram -bandhei @ e faolft hFolugggh t he soli d particles

es are saturated with.wB8keemusthe hpart icl e
particles, the | oad (the weight of partic
and si de ofsbhtiagrmeé eddol i d particles The | oa
er due to the water pressure. The term per
ough the pores. A mix of coarse and rfine p;:
ticles will fill in the pores between the

er f1l ow.

Loopacki ng means t hatve(tohre csoosttiradiest iil)at kcatn t
id particles wildl tend to compact to a mor
a disturbance (such as an earthquake). If
speed of thecdnsburbampafrt tbetbali tbe ad
0O an increase(deae-tpoirgeh sviad).e hefprrRisg.eaansed wat
Sssure can deecsrterasses tah emoesftf etcot izver o or to th
ger Atoucho 6e.achkt otthies f{desieret Fitghe soi | ma s ¢
ch the water supports the entire |l oad and
ui d.
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compaction

leading to

liquefaction
Figute 7The diagram on the | eft, although the solid par
water, the particles touch each other, so that the | oat
Loopa&cki ng medds itshdin sthhaet enda s@actihat the solid particle
denspealcyk ed state following an increase in | oad or a dis
escape (due to | ow persnieuarbbialnictey) ,ort hteh es oslpiedesd coafn ntohte cdoirn
stress is converted into an increase in pore water pre:
pressure can decrease the effectipertsitaless md mosrngdro fet
ot her 6)s.eeAtFitgh.i s point, the soil mass has undergone |
and the mass of particles and water behavelsy | d&teuraatl édj!
pores amdhaclkedseglayr ti cl es. I f the pores are unsaturated
(decreasing the size of the pores), svobedahtavi arhewiplolr etsh e
convert the additional stress into increased pore wat el
pores are only 80% satur 8t.ed. Figure from Dol TPoMS (20

The phenomenon of | iquefaction is promoted
part€Caehesnti onal taidrie gess pd wiralgley fsawsddadaptiiebs!l e
because the tailings are very |l oosely packed
stofagel i ty wi tkhvoeunt tchoincpkaecnteedonand paste tailir
susceptible to |iquefaction because theftaild:.
the pores are unsatwag,atseadmerdomp acot itchre odams taac
size of the pores), so that the pores become
convert the additional stress into increased
possi bilfe teweenpores are only 80% saturated. The
for evaluating the susceptibility of soil or
incomplete gravity separatiomn a@umingofhydo amud e
tailings, which could make the tailings more
per meability.

Soil that is already in a defisel gspacaed) s
so that the solid particles will tend to expa
causes a strengthening, rather than a weakeni
water pressure A sondi timerwhdanp a&chte mpaarr tda xcd aensd
di sturbance is said to be in the critical st a
principle thaturbahlkcewiaglasadils will tend to
in which the critical void ratio (ratio of wvo
depends upon the €EhéecoiwgeoVveliquafastrensin
is further developed in the following subsect



Mechani sms of Failure of Tailings

The principal mechani sms of failure of tai
and UNEP, 2001):
l)overtopping
2)sl ope instability
3)seismic |liquefaction
4)static | iquefaction
5)f oundation failure
6)i nternal erosi on
The preceding mechani sms will be reviewed in
Overtopping occurs when a tailings pond co
additional precipitation or flow of surface w
of the outer embankment. Any wat éd fleoawdi ng e@v
away the embankment, and the resulting gullie
or its complete &i.s WMhpepddreanaean (Oved tPipp.i ng eve
catastrophic failure idempenfdsf lugpw nandc ewlr ett lee ra nt
any protective | ayer, such as a | ayer of rock
the same effect and could progress to the bre
embankment oncdd owa toevre rSttehpee ssiltusnipabi | ity can b
increase in pore water pressure within the da

Figuoéestoppin of an embankment dam often results in
show the overtopping and breach of the Glash¢gtte embanl
Association of State .Dam Safety Officials (2025

Seismic activity could | ead to | i qluteflhaad i o
already been mentioned that ¢ onvdeenptoisointaeld, wihtih
compactdambhetncdo mpacted bechumsadtiee ydaar, enatt ®o i ad
couladbhem ompacted during dam construction, but
i nadeqgaages e,l ascetiicwomiticd promote a sudden consol
dam mat evihiia&lh coul donl eaadd tthoe Itiag@tahrnegcst cayrcd iscat ur

di sturbances, such as dalgodwaomagt era velhd caud aad o ms
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the tailings eo tdbhmt maherphkEnomenon is referr
r cyclic liquefaction.

I f the |iquefaction is not initiated by <cy
mechanism is called static | iquefacdyolni.c St at
event that can promote a suiddlemarattitelmps witt ltol
opportunity for watexytbieseapatsExampldedeofan
stress on the uncompacted solid particles, su
that the taili wpd edcammat coatstoll @ daute .ofFai | ur e
tailings dam or tailings ponldi gaef adtsiooet yapit
proceeds to catastrophic failure of the taild@

| nt er nails etrhoes i pohne n otnheen osne ei pna gneh iocfh wat er t hr
foundation i s fast enough to entrain fine par
foll owed by a(bre®€POlsé thewdaamte of water i s
hydraulic gradient, which is the difference b
downstream sides divided byThteh ea plpeenagrtahn coef otfh en
water emer gi nogr fe aratehedent &ii lgi. nd®) i s a dangerou
indicates that internal erosion has progresse
particles, wigrahnedultadibengisner t helndamncadnst
eroglioes not necessarily proceed to catastroph
than either overTbpe) ngherappgaereédaceéeioh. muddy
|l ast chance to take corrective atchhe owmat evihilcév e
behind the dam or the emergency construction
l ength of the hydraulic pathway, both of whic

FORMATION OF CAVITY AND
.--"|'MOVEMENT OF FINES DOWNSTREAM

Figuteternnal erosion (also called piping) is a common
occurs when the seepage of water through the dam or it :
can | ead to a liotsys, offolsltorwecdt ubryala ibnrteeagcrh of t he dam. Fi

The most I mportant method of designing dam
reduce the rate of water flowing through the
be redmaiendt diynunantge ra |leovwe | on the upstream side
would also reduce the | ikelihood of overtoppi
hydraulic gradient iIis |l engthening the hydraul
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the outer embankment. From a theoretical stan
internal erosion is 1V:1H (1 meter vertical f
steep embankment would | eave nd.margin for er

Figurmnuwnhal

erosion (also called piping) is a common

occurs when the seepage of water through the dam or it:
can | ead to a liotsys, offolsltorwecdt ubryala ibnrteeagcrh of t he dam. Th
erosion of the Tunbridge dam in Tasmania, Australia, ir

The U.S. Army Corps of Engineers recommend
(11A from the horlezosinak)arttd eav. diddnsiomtde rnrgay ¢ @ s
USACE (2000), AFor sand | evees, a 1V on 5H 1| a
damage from seepage eXSiatfiengy GuoirtsHkEi hasdfodeRs
Mi ne TailingsonMamrasgementr i ti ng, AThe sl ope of
tailings dam must be | ow ernoda@ahltuo ekaelap tloe pa
called internal erosion) below an acceptabl e
with slopes 1V:5H or | ess, and additional fil
a slope steepert ot raemd ulc\e: Stthei nsloorpdeert o 1V: 5H, a
USACE. A proposal to construct or maintain an
justified in writing to both regulators and t
economscdeoations, but must demonstrate that,
erosion is still sufficie@ent(iMporunllilkelty adven 2W

Gentle slopes can also prevent failure by
gentl e embankment sl ope could reduce the 1ike
weight of the dam over a gGeatechaireal Eogome
Mi ne Waste Stof&fgeskFderlingi eéde requirement th
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solids of a given site must be maximized, tog
stability and the requirement to | imit rates
of a slope that can be wor hgd emédohmhaniadcaliings
to |ie in-2MhAe. rAanrgoeu nod fliSgure of 1 wvertical on
good compromlsébMi(rBiIé;tgmy,Mbﬁfﬁlﬁah)e)ltqw Carbon 1| nnc
(British @&l ©mlmicadfoiweg20t ream sl ope no steeper t
hori zohobal taillinndd ntkams th the regulations in
fré&mafetyolRi rstes, Al n al/l i nstances,o0a dam s/
(Morrill et al., 2022).

With regard to the precathiong dgbet emphami Ble
maxi mum sl ope of 1V:3H was not intended to ma:
to strike a balance between a need to protect
vol ume of tail i ngsuc(iwhyi ohhemisgphatc ee mtceciulpireed by
more space for stByr agperthralsitndfriedcre nichigeen)dla tS. o PAsr T
Corps of Emnbfebhgeé&sirstencedet pumbixc safety and
environment According to S$ihrecd). &L fAe m§afCotr p si
it is not appropriate to refer to balancing o
|l nstead, it is after tolerable risk guideline
consideredd4)bSARE, sathe w8uf eGuyi Ewirddalei e ff or
Responsible Mine iTSdlafke ngaf Maypwagleenegui di ng prir

construction, opefMMoir oinl,| aetd al osu2@22).

The standards of Blight (2010) and Morril/
while the standard of USACE (2000) refers to
international standards rel atedi dwl @&rh.e Asd coopredsi
t he EuropeanKeCpo niheissisgnonf,eait ures to help ensur e
¢ & slope angle of 3:1 (H:V) or flatter, depert
|l omhgrm design; steaperopidlioptes], y widnt doiomeéd aamand/ o
create the potential f®ravsgsentdn@dalsa2rdit0@d) i €t |
20180 .ol der industry standard (Martin et al .,
dams should be 1V:4H (14A from the horizontal
upstream dams showlidlbbeavVordaderecbinseldegr ed i
of the Upstream Construction Method. O

The European Commi ssion further called for
upstream dams, buAtc cfoortdoiantghet Buf opgand@memi ssi
term, damage by erosion, temperature and vege
the construction of the dam and by constructi
of 3:1 (eH:oM)t efrorsutrhf ace of the dam is for exan
such sl opes naturabkgyoodcug ton {tHen M aiRes BIREE T,
Tai lings anBeMWasAwvaiRloalkl e Techniques Reference
2018) An example given in the guidance docum
foll owing the failure of ehentAzhahgs!| dam, a$p:
the remaining portion of the dam was reconstr
prevent further f ai.l uTrhee (BGaarzbiariianno reetg ualla.t,i 02n0s
mawmuml|l ope, but the slope is taken into accoun
determine the Risk Category. This subject is
Tailings Dam Regul ations. o
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Assn addntotenaMRN cl aims that their tailing:
el

the tailings deposits are compl et y surround
reliance on confinement by natural atdalpddgroap hyt
structures do not rely on natural topography,
artificially constructed on f 1l at toerTrhairne, nparyo
be some <cir cunesht atnhcee sn autnudrearl whoipogr aphy woul d
practice is to rely on confinement by natur al
peri meters simply result in more oPBPpanhungti e
Desjigamnd AdhaTagislijsng$h®amener al aim is to ident
storage capacity can be achieved with the | ea
l imits of the storage volume required. This u
oher topographic depressions on suitably scal e
e mb

n kinmepnotu nd ment configurations for each pote
I o [

ng similar | ines, it has already been m
mi ne has an unusually | arge number of tailing
mine (se8udhbbhel da)ge number of tailings dams |
peri meter for a given total volume of tailing
tailings with no confinement by natudaim topog

peri meter maxi mizes f(Thereppser nonidioicesnenadr afvaii
that explains why MRN has chosen this unusual
mat erial that i s awaelh&blte esnmpplbetmiane asit emb
alternative is to construct a |l ong peri meter
MRN site is 31.7 meters (-SPA,QANGP,-NISHP-2255/8,i x t ai
SRP5B,-25®) omalrye 7 meters high (see Table 2a).

Dangers of the Upstream Constructi ot

The failure of thda upmset rCe am etgam adionBjffsa ingaadm n

Brazil, on January 2&deazbOhilsa¢c| wHi o tbBsubeatdhs
mi newos«kerBRgbentson et al., 2019), was a wat e
awareness of the danger of the wupstream const
preceding the Brumadinho disaster, there were
regardsergofthéehe upstream method i fhgusdhpeet d
di scussed in some detail, since this materi al

Based upon the engi neersishgc fpiMa bnlcd dod ecsf dT asicl
Dam Consandcthenéistorical record at the ti me
Agency (USEPA, 1994) concluded that AA tailin:
water accumulation (due to climatic sainndg taopog
met hod other than upstream construction €é ups
with a potential for rmiagh osneils nCiocmna cstsii wint yo.no L
(1 coLD) and the United Nations Environment Pr
in writing, Aln general, dams built by the do
those built by trhtei cuuplsatrrlieya nwhreent hsoudb,j epcat t o ear
built by the upstream method are particularly
There i s a general suggestion that this metho
t here fi searritshkquaakeo (1 CDL® rmreadomdiN&ErRdaliOOd)t o U
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was atdompit a presumption against the use of é u
justified by indepealdent20ev) ewbi Rbkhe the E
concurred in writing, fAThe main disadvantage
instability of the dam and its susceptibility
much safebuthanushogethe upstream method, par
|l oads €& [Upstream damsshighteet appkioadabl eqwk
identified after seismic evaluation é Upstrea
dam wal |l breakingo (Garbarino et al , 2018) .
FigurTehellf.ai l ure of the upstream tailings dam at the C-
January 25, 2019, which resulted in 2wvA&3 d&e avtalh £,r sihredl undi
in the gl obal awareness of the danger of the upstream
the Brumadinho disaster, there were already numerous cC:
metdhoin guidance documents asnodn reeguallat i(o2m0sl.9)Phot o fr om
Even before the Brumadinho disaster, the wu
was prohibited under all circumstances in Chi
[ Mini stry of MiSiiisntge nfaChNalcei)oln,al20doe7 ;I nf or maci - n
[ National System of Environment al I nformati on
dams in Chile hasb5ybeearns i(nsipidcaec el ¥700) oavred vbas n
earthquake in 1965 that c,aulsé doft hvehifcah |huarde boef e
using the wupvsatlrdeamcmetch od et al . , 2013; Val enz
repeated in the major earthquake in 1997, in
been constructed using the upstream metehod an
rai ses. By contrast, Chile has 757 tailings d
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met hod of construction is known. Out of the d
were constructed using the upstream method, a
Again | ong before the Brumadinho disaster,
thoroughly critiqued in the two available tex
Pl anning, Design, an@dViAok] y$980pf WwWhi thngasD#hI
and reprinted without revision in 1990. Accor
met hod, however, is |Iimited to very specific
di sadvanttoargse st.h aFta cc o n sa fr ati me tuhpes tarpepd nh cnaet ti hoond |
surface [water table] control, water storage
| ocation of the phreatic surface is a critica
upstream eambrantkmenttesd by tailings spigotting,
control of the phreatic surface within the em
embankments can be attributed to i nadenguate s
the embankment crest €& For this reason, upstr
where water accumul ation dt4eramnfccumat adi cneof
runoff, or high rates of mddmwamnkanlknonemnutmu | aar
used for water retention é The susceptibility
severe seismic ground motion is well document
density and generathg thaighi sgs udapo ®int wec ami me :
induced flow of the tailings, with disastrous
i nappropriate in areas of high seismic potent
si mpl estcoasnd yl gaastsi ng met hod, are subject to
Proper use of the method can be justified onl
and satisfied € The fact that soremdingteadriabl
advance of operation cannot help but inspire
would attempt to predict the phreatic surface
uneasiness is often mani famktmedmtby ypepr avhorsen
stability characteristics are more easily pre
susceptibility of upstream dams to failure du
establ i shedd®6®y t(HD& bmaydeaznd 1967) and was the bz
against upstream dams in ChGdcaet aanhnri9cZa@l. Hrhgi rse
Mi ne Waste St(dBrlage tFaciOlliot)i,esvhi ch was publ i sh
Bl'ight (2010) believed that wupstream dams wer
met hod of construction is no |l onger usBd i n m
areas having an arid climate and no seismicit
Foll owing the Brumadinho disaster, two add
upstream constructa oMi meshedi QANM, EABALS%2a y R
Renovables [Ministry of Energy and Nagn Renewa
that upstream dams are now prohibited in the
Ecuador and Peru Ecuador went further than t
met hod and permitting the cientcemf\cawcenehgotdoo
Mi ni sterio de Energ2a y RecdujSetopraebreal as uNo
del m®t odo hacia aguas arriba. De manera esta
aguas abajo, incluyendo | a presa de arranqgque.
aprobar8 en | os casoaciem deaele §t ar momd oh @ gp &@r mi t
hacia aguas abajo, siempre y cuando se cumpl a
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f2sica del doep[-Tshie ousdee ofe ltalvee su plsrnt rae asn amed ehrodi

way, the construction method will be downstre
construction method wil!/| be approved in cases
not allow for downstr eatns gfraovwtrha b loen | cyo nadnidt iwohnes
stability of Bhezthi bl sgsrdepobsed]the safe cl
dammsy August 2®2)O, dAWNMRnc 01t he deadltiomengot esa
than 12 im¢ | metoar £ udd mialilliiomgsculdi2c meters of t
30 million cubt &8emeeembserofkORadai | Segsember 2025
respecti velbyT heANhanmni0nlg® of fAsafe closureo i s &
subsection 0 Braakeigluilaant iToani sl.ion g s

Some -Borousnmmtadi nho gui dance documents reinforec

upstream tailings dams, but did not explicitdl
met hod. According to Canaids arne cDmmmeArscsed i talt d to nu
constructed tailings dams not be built in hig
il COLD Bulletin B 121 [I1COLD and UNEP, 2001] d
construction being the pot entriearaifnors attauirlaitnegds
density, resulting in tailings being in a con:
|l iquefaction €& The stability of the upstream
i mpounded tailings [hgy opponsthHetstdepgnhbdeatet
part of the upstream section é The extent of
perched water tables being common due to segr
relied oncuwmagevei anumae of the phreatic surf ai
occurring and/ or perched water tables are pre
upstream construction, particularly when wusin
characteristics and in climates where drying
seismicity.o

Finally, the SME (Society fdmiMimigsg MaMatga
HandbookCycAl d iAmpsirmfachced earl ier critiques of
the centerline method in writing, AUpstream c
construction, with the placement of the emban
cocnerns because of the potentially | ow strengt
and the potentialtfemngskekidegcadadtyi omdéclkedstsabi
related incidents have generally been predomi
upstream method is] typically more susceptibl
|l oadi ngo )TShneaE, S2ur2X2ace Mianismg cdarcdiboe@ld i n wri
AUpstream dams have a high probability (58%)
downstream and centerline dams are typically
failuse ®ownstream or centerline construction
of dam constructiono (Mohanty et al 2023) .

On t he oSa&feat vhakidr,st: Guidelines for Respor
(Morri || et al ., 2022) foll owed the regul atio
for a prohibition on new upstream tailings da
According to MéBethlbsetoalthé22thpnstrated ri
dam construction, upstream dams must not be b
is especially problematic in areas with moder
ne precipitation (more precipitation than eva

36



JOTMN—™3 *TICcoQ "~ TRWOC ——~c ~q

T SOSTIODOOTOLWLWSCnDa—0no o

creasingly severe with climate change é Exp
st cease, and these facilities must be safe
ere companies have been appmoarea jfwst pleegninr
nstruction. The deadline for safe closure m
mmunities, rather than economic considerat.
One of the mo®Btr usmiagmninhiocadretvepopiment s has b
e Global Tailing® Rodt alt s( @NBP yeti salby, FZ @2 kK
rst time, this analysis quantified the grea
sappearance of the upstream construction me
Frdnks( 20t21add , AControversy has surrounded t
stream facilitiirest,hd oabsmamce yoefarde fbiuni ti ve e
e risks of different facility types, upstre
dustry and a consensus has emerged that ups
der the right circumstances. 0 Franks et al
nstruction method was wel |l 12undAocowarydi my etno bl
. (2021), AWhile upstreamotatilihegshmakede
ak of 85 per cenil9@® newlPBagpielki tiea® O0idfM oche 0
eel2F.i gl.n addition, upstream facilities made
r the dlex@ad,elsqd P1PO®B 0aln9d8 91,9 8rlespecti vely, indic
nerally known even in those decdideesndthat th
t weigh the risks. According to Franks et al
straearmifti es make up 43 per cent of faciliti
wever, in the past twenty yepirts/ nather alumbam
cilities have risen sharply ¢é AtitpreeassdmRt3,0)t
rginally exceeds the number o2 .acAti vteh eu ppsrteas
me, AUpstream facilities represent a relati
uth America when compgdrmred ktso eAf railca &R 1Qc e
anks et al (2021) reinforced the gener al [
USEPA (1994) that Amost recent di ke dams h;
thods ratpher eamamet h@edeo (USEPA, 1994).
Among other information, the Global Tailin:
ncerns. The history of stability concerns i
any point in its historsy,abfleaell|l ed tex pkeea i eanrc
ability concerns, as identified by an indep
e same or @UMEPR f etrSewmitt f i@l ?cl ari fication @\
pend on f dootcoarls liemgadlsdditngn that are not nec
c h, and because remedi al action may have be
ightened risk. Stability concerns might 1inc
i | flamalyur e, pi ping etc. Il f yes, have appropr.i
en i mplemented? We also note that this ques;
iteri a, but rather the st éUNaErPd sehtiSpall.lerva&ilss o
al (2021) wused these responses to establi
en in cases where the stabilitild i sAuesr diing
anks et al (2021), fAOur findings reveal th
gher incidence of stability issues (18. 3%)
rsists even whein itmelsiegh agovernaemwoar sdtbtai h g



stability issue in active upstream facilities
control tests [age, height, volume, seismic h
properties of the upstream saampl,ehaivreotaalsimaltl
incidence of stability, however the estimated
sufficient to account for their higher than a
{3 A8 Volume reported in database
Phosphate A
Copper
Gold
Coal
Iran Ore
Zinc
Molybdenum &
Silver §120 B Downstream [ c
Bauxite z
Nickel EJOD
Diamands Z
U308 Z & {
Palladium § &0 Unstrearm
Platinum ki
Lead Z In-pit/landformjm—
Cobalt = l— Single raise E
s ] Centreline |
Manganese g ¥ 1 F }_J
Lanthanides 'E 0 { [ =
. Z le00 1920 1940 1960 1980 2000 2020 0 100 200 300 400 500 600
Potash Construction year Total number of facilities
0 1 2
Worldwide annual increase in tailings storage (km?), extrapolated from reported planned storage and production data
Figure 1. Tailings storage. (A) Tailings storage volume increase per year over the 2019-2023 period for a
range of commodities as reported in the dataset and extrapolated to world production. (B) Number of reported
facilities constructed per decade by raise type. (C) Reported tailings facilities by raise type. Shading indicates
active facilities.
feccording to Franks et al. (2021), dAwhile upstrean

-

a

I ned from a peak of 8592®rtecehld mpmdr neenitk AdD | nd w efsa d
g. 1B) . 0 | n ialdidtiitda so nma digp sup ed5n,f akl %, and 32-% of tot
9 -

u

49PF0 aln%d8 91,980espectivel vy, indicating that it was
tream constructi ounr edifdr onno tF roauntkwse iegth atlh.e (r2i0s2kls).. F |

wn =
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% with a past stability issue

20 - - % of active facilities
% of all facilities
]: Standard error due to sample size
15 4
L - Overall % for active facilities .- - o e 4 ___Ee .
10 1 .
; I
0 -[ T T

In-pit/landform Dry-stack Single raise Downstream Centrellne Hybnd Upstream

Figure 3. Stability of tailings facilities. Proportion of facilities with a stability issue by raise type. Error bar
lengths are binomial confidence intervals for the subsample represented by each bar, showing + 1 standard error
(approximately 68%).

gurlccld3r.ding to Franks et al. (2021), AOur findings r
gher incidence of stability issues (18.3%) than

ese facihihigh goeebiddoketei ket i hompsd &f a stabili
wice that of acti Vhedownmtgek athef gait[,i tvioduume, sei
d rlJaisnfoawdd t hathea hep ptrropaemts ®@mplods t(not alslimaltlheli
f
f
e
t
f
t

ct on th incidence of stability, howewetr t he esti:1
cient t account forThédestrahilgihty todpane avas bhge ams:s
Heosn this facility, at any point in its history, fa
e stabil
nt firm
il

h

e
(0]

(0]

n r , as identiafsi ed alby eamyi ndhep e
t t clarification AWe note that
t practice. As sueh,mawnd be
k. Stability concerns might
, have appropriately designt
r upon the appropriateness of th
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Il n addition to g
i sproportionately

reater stability iIssues, P
I
eel¥i gAccording t o,

e
arge representation of wup
JRaiicniiunlgl ot heet daalt.a b(a2s0e2s2 )o n
of
r

n

ms, the fraction failures as a function
we observe that fo a relativel
nstructiaesnnmet komdww €& For the [
nstruction method, a higher fr ncy (rela
ilings dams) is observed for t pstream m
nst med¢tioan (0. 11) and the downs eam constru
e failure database only ¢é suggesbé hbmbet he
failures é The anallysni st hpirse sreenptoerdt ]i,n uFsiign.g
nfailure databases, shows that the frequenc
mpared to the centrtehlei nseu.r vlehyi sc arrersiueldt oaugtr ebey
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who highlighted that active upstream faciliti
ot her construction methods. 0

100-
TS =
FAILURE
050 -
025 -
.00 -
s 05 el bk

oT

N

Fig. 13. Fraction of dams in the failure dataset to the total number of dams in
both datasets as a function of the dam construction method. US = upstream; DS
= downstream, CL = centreline; NA = not known.

FigadBky comparing datasets on global tailings ®am failu
with global tailings deatmsal(.FFir@ntkdsd )e,tetalal,. 20202 2 JUNEHO we
|l arge representation of wupstream tailings dams among t
Downstream, CL = Centerline. Figure from Piciullo et al
Set against all of the preceding cautions

the mining l|literature that upstream tailings

under i1ideal conditions (|l owigeabkbkmigi pgraodnert
not make mistakes. The Mdratsisn cetpagple.sr (I 200 @ 2h)i swk
fiUpstream dams are not necessaril yei msersartel yas
ot her types of dams provided site conditions

construction and operation are followed ¢é Con

for areas of moder at euptsot rheiagmh csoenisstmmiuccittiyo.n ,| mpn
combination of compaction of the outer shel/l

areas. o0 Martin et al. (2002) then presented t
Of particul atrhfaniptsd rieam e msulsdhoul d be raised
el f an upstream constructed dam is raised at

static undrained failure(#Maetio mteaad)alkd 2008y
the list of rulesthMamwdirmieaetg,aliOf(20@2)10addé¢dae
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not necessarily
for an upstream
all of the rule

h av ea sa abneyt tooenE asosd tsocnd mMmenetdh an e 2 /c
tailings dam to join the |ist
o (e

S mphasis added by Hopkins

30 m minimum beach
above water

Design phreatic level s
at ¥z height of dam

\

Filters and under-drainage
for starter dam

Starter Dam

Fi gurhMarlthi.n et al . (2002) Il isted ten rules forfioft he safe
the 10 rules, a O6scored of 9/ 102wWill0l, met amgcesms aisi loyn It
i mmedi ate candidacy for alhi sipsofr efaancitlaili @gst datm hav ¢ of
or all of the rules. o6 |t sThoeurled ibse nrodaed cddmste nsaus tvhiet h
communi ty, esrpiescki ailnldyu sitnroimeisgisdu qphi paed i awisgt it hat engineer
robust, wit-bhpsmuandpdefdbdbasd mechani sms. The need to obe)
not constitute 0a (bMosrirsi BloreSoafde ogd e2¢0kgnt en rul es by Mar
illustrated in the above f-tihkpahred f wlisdlgni ¢ hiartt druddd Itl s
I n partthiec telmbra,n k BeHn t& Vollape doft he rul e that fAuepstafeam dan
4H: 1V or flattero (Martin et al ., 2002) . Figure from M

Hopkins and Kemp (2021) reacted to the war
AThis is a slightly obscure statement that ma
(The interpretation by the autahnhodr Kiesmpt ha2t0,2 1f)r,
Martin et al. (2002) described upstream dam c¢
expedition in which everything would be fine
(2022) further advantedi sheheoretguoal by woBE5Ii
and operate an upstream tailings dam under th
precipitat-ioa aed peghodygnel . Even under those
influential paaerinwsthndasyrantecedent s, has
upstream dams and not a single one can be vVvio
broad consensus within the enrgisnke el rnidnugsa tcroi nensu ns
aviation and pipelines, that engineepedarmsdruc
defense mechanisms. The need to obey ten rule
basis for safe design. o

Il n March 2023 the minind e nudwsstrreya &MiEed rhgoldy
Surface MinanSiMHEHabmdderokr ound , Miwn it ihg ntdarad b @avia n «
rulAecsc.or di BNMEt S8ut hace MjiNédnhgmeélandobooe#& in Tabl e
storage facility failures by decade from 1950
met hod of raising the | evel of the dams has b
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S is in spite of the fact that the dangers
n recogni zedsde rf aranggx adrepclaed,e skl ohn (1972),
this method of dam constorfuctthieom & ast dpd targeupehdi
3). AccHdvMHEIi Umygdemgrnt dhend ,MT me nign Haxntdrby otkas on
me because the issues with upstream | ifts
rling, 2023) .
The insistence that the danger of-knhbwenupst
over five decades cannot be Tohveerree mpsh aas ilzier
ght to which such a dam [constructed using
|l ure occurs and the tailings flow out. In
dam by | iquefycltdaw nheiaghnhtox.culrn aftaote,r t he hi
struction iessplagmunedofwithddhaoddasgr ophKtohi
upstream construction met hoodfdwde .ntkhe® haml d
72) eRPRabompaedsofi between a typical water
, one built wusing the old upstream method
nstream method of construction, is most en
sents a comparison between -aowstepesbbnageg
l ings dam, shows that this type of tailing
pe stability, seepage control (internal dr
tor of safety of the ¢milnmdgs wWammals, odbtva D]
ding. Any change in conditions that woul d
ckly |l ead to failure by piping or sliding
e in iwatthel pored,s freezing of seepage out | ¢
torrenti al rainfal]l Under earthquake | oa
uefy and the subsequent highsd@ddkeashelrlkss
t, i f, at the time of the earthquake, part
hout the thrust from the | iquefied tailing
struction sufbheirndg hleuidli tsadwv amdémgef opr evi ou:s
onsolidated tailings. These tailings have
urated. Under static | oading conditions th
't wi tofouwt scheemmgerf ai l ure occurring in the d
end on the strength of the tailings within
l ings dam and the | ocation of tlhoea dpi hnrge a ttihci
e of dam may be subject to failure by 1|iqu
uitable for areas where the dabBverusitn breorde
smic areas this method of construction is
I ng sDavamst ream dam building is the only pr
struction of tailings dams to conventional
s Il ocated i nmagiogmitaidn eags, damds ,alrlegar dl es
structed using some of o(frenmpohfa stihse addodwends)t.r e a m
Deter mi.Eimptiirc ca$¢ DamsBreak Anal ys
Computati onal met hods for dam bRASkomnal ys
are -aswalwkel hed i n the mining industry.
produce very detailed predictions, tsiumens acsf f |
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the tailings flood. The dlsadvantage of these
|l arge number of i nput parameters, including d
(such as the dimensions and rhéeel ofygtctbwow beé
the tailings. Many of these parameters are po
could be subject to manipulation, which coul d

The standard method in engineering for buli
very |l arge number of parameters, some of whic
cali brate the model. Model wval i dtaitonosn wietfher s
observations For example, a city might have
The model should make predictions regarding,
some stormwater channel ,ewearmrt ntghat paarn ialudarhb e
predictions are completely di fferent from wha
event, then the modeclonmsededdesr etdo. bHeo weeovnepr |, e tmeolsyt
predictions atr®, shumtewhat exaocstely the same, as
mod el is calibrated, -kmeami partaamat etrlse amestadp a
predictions match the observations. I n the id
moael s are continually wupdated through cali br at
can be compared with predictions.

The problem with computational model s for
model s are never calibrated. Such models coul
occurred for a particular tail ianigl surdeanwearned btehi
used to calibrate a model for a future major
model that has ever been calibrated under the
computational model s ef aurnctadiilbirmg se dd &ne cfaauisleu rt en
observations (no flow depths, flow velocities
predictions. I n other words, computational t a
of confidencetabmost by defin

The process of shbuddt notwibtehl cab nmoursee do as i c
testing called verification. The process of v
software is a correct i mplementation of the m
demonstrat e@ Dstohfattiwstriew rFle@t |y sol ving the fl ow
model developed for a particular dam construc
particular tailingsdctharaaltiebbriastte casa madealotf dre
constructed imdiafdeféerenhocabyonnwi th differel

Il n the absence of any means arfaldyssdickrruati iadn
bui lsdomegfdaence linn aa smeondsellt.i vi ty analysis, eac
within its reasonabtenrfogethedcompl|l eembdet ange
parameters A sensitivity analysis is a key f.
predscbfoa model or in exposing the true | ack
vary widely for imepadompablasnedlecgisgced hef predi cti
regarded with great suspicion. Because of the
tailings dams, the sensitivity analysis is a
AssoclTaethwminc al Bulletin: TJriHermegsarDa mu Ba eratcdi n
in every step of the TDBA [Tailings Dam Breacl
undertaken for each critical step tloaaecohet
i mpact on the TDBA results. Recognizing the c



wave routing, i1t is important to examine a pl
a reasonably conservative estimate of the run
2021). Accordanbinhgst Man8SlyEmémt nidamdlyoBaw ery s
[ Tai l i ngs Byr etaltehr Aniad ysomg uncertainty. To ref
should be considered on all TBAs €& The sensit
i nput parameteromnsand mpodeli dlei mietastoinabl y conse
routing and inundation resultso (Clohan and K

An alternative to the reliance on comput at
parameters is the use of empirical or statist
Thmost recent statistical wmeddeEkvelfaopraasutrby aainldi |
La(20T®&kr. statistical mod el predicts the initi
initial runout I s the distance covered by the
energy as the tai ldenpgoss Afftatlelr o uhte ocfe stshaea itoani loifn
nor mal fluvi al processes could transport the
reach a major | ake or the ocean. When the ini
to separiaatigatatt frrom the subsequent normal f 1l u
failure of the tailings dam at the Samarco mi
Doce River, so that the initial runoubuextand
Lall, 2018).

Accor diuianrgraahudr iL al,tlhdg 20elBt) pr e diumtoaurt off trhed ei
t ai liisndgadme fHyc tdoerf i ned as

0 0 )

e e
£

wheHies t he height Wifs tthlree dtaont d Imevw ®lrisjpe of conf
(millions of Wudbittchenetvelrsme a@aimdt he spilA ( mi | |
l i kely predictions for the Daotlkuimeo noeft etrhse) saprid

W TWoCw? (2

(0] o8ttt 08 (3)
't shoul d be -(nd)t eax g rhehd sk Etyylye crpddsste quences of d
particul-arketlggecmosequence is that dam-failur
third of the stored tailicrge CcemakEdqo (23) ) .hat
result in the release of 100%®%tofi eelEdampto@msed t

(Lar raanudr iLajl | Cer20dB8 f or Science).i nTHearbdfier eP,artth
casen&wtVr) ( s hboeulcdal cul ated wusing Eq. (3) with

0 w 4

Eqs -( 30)2)wi | | be updated using more recent dat a
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The disadvantage of the empirical or stati
vol ume and the ruraute,nsiimnmlladetafi |t bd ttwow d
and arrival times of the tailoinmgs mloldedd tOH atco
another disadvantage is that the statistical
storage volume and no other characteristics o
topography (althesglanhbee polbad gckeaowsn)i The

comparison of the results of a statistical mo
model makes predictions that are very differe
model béhowiladwed with great suspicion. Another
a comparison of the predicted tailings flow v
measured from past tailings dam fasl tuhast. at &
roughly consistent with past tailings dam f ai
model to make predictions that are more det ai
Brazili aham®aglul agbsBons

The most i mportant Brazilian tailings dam

2019 (ANM, 2019b), which superseded Resolutio

anRlesol ut ioofn FA\Neob.r WOEHBAWN M7 , 2DR@23 , wWiridd m asnuwcpee rNsoe d e
7@B8¢d May L7ANMOIRM &a3) ut ioofn HNeob.r WOEBAWNMT , 2DR 223 Wwe
amended in 2023 and 2024 and no new tailings
Ssubsection focusses o the gpgamccorstmeant eadg wdi
upstream met hod and t recise rules for cal
Harm. The requirement for the (PRA&BYINncybeAct i
di scussed in the fiResponseso section.

According t oArAtNM 42 O0Ri29a p@iroi bida a utili ze
barragens de minera-«o denominadPBal a fmbnsa

0

n h
he p
S o]
p S

de

dest a Reso0Llsue- «pemm®:tedid e dd@ aamt met odol ogi a constr
barragens onde o0s maci-os de alteamento, se a
previamente | an-ado e depositado, estando tam
formados sobre rejeintaddaee ruessée posfadrmsdaahod jf®ri
raising mining dams is prohibornt etdheé hpoughoaerd ¢
Resolution, the folifuopwsitigeadied dni thendamppdyst |
met hodol ogy where the dam embankments rest on
and deposited, also including embankments for
resefResaolsuti on No. 95 of fAretb.r usall yCorm Vv2i0s2t2a sc oa
risco de rompi ment o, em especi al por |l iquef a-
montante ou por m®todo decl arado como desconh
concluir aa-descha altareragem nos seguintes prazc
para barragens com volume O 12 mil h»es de met
Barragens de Minera-«o do SI GBM; Iri. At® 15 d
volume2emikrb»é&s e 30 milh»es de metros c¢%bi co:
Barragens de Minera-«o do SI GBM; e 111 . At® 1
volume O 30 milh»es de metros c¥%bicos, confor
Minera-GBMApPt StheoB8der to minimize the risk o
|l iquefaction, of dams raised by the upstream
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devel oper -cnounsptl: edteec htahieh ¢tatfe rtihzeatdaomm wi t hin t he f

deandelsi: i . By September 1512202, ifoonr cducbmsc wriett
according to the National Mi ni ng Dam Registry
with a volume between 12 million and 30 milli
Dam Registry of SB8pGBMbpbeand5ii 202By03f0ormiddms nw
cubic meters, accordingstoyt lodg . $HtGIBBIMa I( SMisn iem
| ntegrado de Gest «o [dentBeagrrraatgeedn sS ydset eMm noefr aM a«noa
Dams] is publicly available in Brazi/l on the
Il n summary, existing upstream tailThnegs dam
word fAdecharacterizationodo requires careful <co
mean, since the concept does not really exist
According to the Bamnrabemndeemuhataere, daséar
[ Decharact er i zaéeds tnmiuntiunrga dgaune] ni«<so recebe, per ma
rejeitos e/ ou sedimentos oriundos de sua atiywv
ou de exercer fun-«o de barragem, de acordo c
[ i mi t amgdia,nt'ess d apas conclu2das:
a)Descomi ssi onamento: encerramento das opera
associadas, tais como, mas n«o se | imitand
destinadas °~ garantia da seguran-a da estr
b) Controle hidrol  -gico e hidrogeol -gico: ado-
el i m nar o aporte de 8guas superficiais e
redu-«o controlada da |inha fre8§tica no i n
c)Estabiliza-«0: execu-«o0o de medidas tomadas
gu2mica de |l ongo prazo das estruturas que
d)Monitoramento: acompanhamento pelo perzodo
conclus«o das obras de descaracteriza-«o,
de estabiliza-«o
[ structure that no | onger receives, on a perm
originating from its primary activity, which
dam, according to the tet¢thmicald pooj ¢ebe, fodmhp
stages:
a)Decommi ssioning: termination of operations
infrastructure, ssghgadspbpel Nnméeés | ienxdcempt t1
guarantee the safety of the structure;
b)Hydr ol ogi cal and hydrogeol ogi cal contr ol
eliminate the input of surface and groundw
reduction of the water table within the re
c)Stabilization: execution ofemmaphysescahkan
chemical stability of the structures that
d)Monitori-nog: fbol homi ni mum period of 2 (two)
dechar acwoerrkisz,ataiommi ng to ensure the effecti
measjur(eANM, 2022).
|l Aur s bemary, Adecharacterizationo does not
to a safe |l ocation (such as an abandoned open
does fAdecharacteripmuwutttiiomg® tnlkee etsaialriidngs meami | it
are no remaining Dcercehdairbalcet efraiizlautrieo nmordeegsu.i r e s o
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fiexecution of measur ed etrark gprh ytsd cgau a raanrdt eceh etnh e «
structures toha(tANM,ma2on2 20)n. sUnfeortunately, the

define Aphysical and chemical stability, o0 nor
could ever be guaranteed. I n other words, fdfde
tial ings dam regul ations is very 4diefrfme  memt tforaor
i nspections, macoatkdaoeasanficoeveswonding to

credi bl e fail urSeafneotdye sF)i,r sats: sQuaitdeed iinnes f or Re
Manage(meonrtr i I I len fadct , 2@®&9dharacterizationo d
that the deposition ofActcairldiimgs tlbad heo Bplaeti d li
fidechar acter iod esck att diiultiumrgas quemn«o recebe, per me
rejeitos e/ ou sedi ment @[ss torru cutnudroes etdlea ts @mq ald anvg
per manent basis, an input of tailingd and/or

(ANM,2.Zbhads, a decharacterized tailings storag
at any stage of the decharacterization proces

Aper manent . 0

From another perspective, the concept of i
Braziliani segntamsionntsent with mining industry
storageltawiabi expsai ndadiilmnmnglse Dévubld eand ti doWa tDEaM S
that, accordimgi tonbst MahhaegevVdMMEti skbann dabnodo kL a mme

and the U.S. Forest Service (Werner, 2025), t.
mai ntenance, which i s czoatpilcendclfyoldidwed emyt tfwc
monitoring, as described in the above four st
t hGl obal | ndustry St and(a@IdS Tom) ,T aa Il lifnagesi I M amigsegsesn
Apassive closureo or Apassive care, 0 must be
10,000 years (annual exceedance probability o
during the oper-8NEPRA| .pOAEGMCc(OIr&MM Sout h32, an
all p@om Members of I CMM and are, thus, obliga
of the GISTM for all tailings storage facilit
addition, Association Members oft hleCBMMsitmal ade
I nstitute of Mining and Metal lluinrsgy t(uAws IBMM)s,i |
Mi nera-«ot héeBRAMgrnati onal Al uminum I nstitute
Australia (MCA), solI§ThMti << owpdelaycreaeavahg n Ahet
Brazil, Europe, and the aluminum industry. By
any concept of a fidesign floodo for a fidechar
the fAdesign floadeéridedaiskcuissedhéeéniBeeponsesao

As a final not e, even t hdoeusgcho niihses iBornaazm el ni taono
[ decommi ssioning] as only the first step in d
Adecommi ssi oningo has a ydeamyudigfef draegrdti nmgesa mMiam
guidance ,doaumdntch Adecommi ssioningd means th
and the tailings dam has been removed. Accord
term 6decommi ssioningé is often ustehdi swhBeunl Ireetfi
the term 6decommi ssioningd is used when refer
|l onger retains tailings or water that may pos
of a dam i s consi derieglsirdrnizmgplort aominomfnothedea
in place holding tailings back wil/ still nee
can fl ow). I n general, water retaining dams ¢
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Decommi ssi on
dam and relo

i of a tailings
c
succinctly, A
r
(
I

e
i o @©OémplaadiCOpPdd
r dams that can b
r fl owable tail Ca
19)deocommndss ;mtodn
es, which is con
nance IS necesséd
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hi ®§aims r

;
contain wate [
lagisn ptolsati b
t

Associati on
storage faci ent with
perpetual ma i Y.1PAecmoani ng
environmenve, @aemss ptelcati contain noncontaminat e
dams that contain contaminated ds. When t
da ai
st

o —

m, the dam must be designed a nt ai ned
rucot ur e
This review of Brazilian tailings dam regu
i ing a tailings dam to a Risk Category a
gs dam, scor es Cdrag axd xirgmrdad cfdo)r(, Cteinv(€lseece!
s of the Conservation Status (EC) (see
see Table 8). For the Risk Category, thi
sboasétbgnedsade AAtsss oxcfi aR cetde rHtair m, r esul t i n
able 9). Each tailings dam is then assi:
i ng pon the value of Cd&lco(rke@ eo fhalyl e 10.
Y St at us a(skG)g ncso lau ndna ma uttoo nRal tsikc adaltye
r way, each tailings dam is assi
depending upon the value of DP
ort, three aspects of the Ri sk
bankments in the main section
si gn The uBreanz ialtiiaom r(esgwl dataibd res
mpe, but any sl opes steeper than 1V
fiogk tdhatte @gamry) c@utaro fc htalrea c0e rtiasitliicn g ¢
have the hkogéetstskopeTleréeeee mMdcred etndial) i
25, -B)P2lbave intermediate sl opes, corr
1V: 2H (compare Tabl es -24A 288,66 aSP. Th
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were constructed using the upstream
tion method is unknown are regarded a
ent to dechadragpptl ereiszd oupglsatmrsedm rd avihs ¢ h
unknown ( ANM, 202 2) .unlkmeo wono rbsetcrawcstei
m was abandoned and there is no ex
or because a mining company pur
re wasl moamyy se \genn td,0o ciutmewd wltd omer t
or a mining company to not Kknow
ed or commi ssioned
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dams h
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require
met hod
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Tab8aCl assi fncaeRimek o€Category (dvlescthen iacnadl
Characteri-dtics (CT)

Hei ght Average ¢ Length Design F Compacti
(a) the emban (c) (d) control
in the ma

Y (b) Y ~
Hei ght CGentle (O Length C PMF (Pro Document
(0) concrete (0) Maxi mum F that ver
(0) 10,9ear F control
(0) compact.i

accordanc
design a
veri fy
technol c
monitor.i

contr ol
execut.
(0)
15 m < He Intermec 50 m < L 10&Ckar F Geotechr
m (1Vv:2H O 200 m (2) studi es
(1) 1V: 3H) (1) verify th
(3) compact.i
accordanc
design
. . (4)
30 m O He Steep (> 200 m O L 50Wear F There we
m (6) 600 m (5) technol c
(4) (2) control a
is no inf
and/ or <co
whi ch i
contradic
design
(10)
Hei ght > Length > Return pe
(7) (3) than 500
unknown
Unreliab
(10)

Table redrawn from ANM (2022)
Continue@dbin Tabl e
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Tab8bk CIl assiinf itcedRtimsckno€at egory (dlesctheniacnadl t ai | i
Characteri-dtics (CT)

Exi stenc Foundat. Construc I nstrumert Age of
internal (g) Met hod (i) (j)
(f) (h)
Drainag Foundat Single ¢« Instrume Between ¢
constru investig (0) exists in year s
I n accordaccordanc with the (1)
the desic design desi gn
no drainze (0) (0)
design
(0)
Correctiv Foundatio Downstre I nstrume Bet ween 1
construct investi (2) exists th year s
compl et i« (6) accordanc (2)
dam desi gn, h
(4) process o0
i nstrumen
them in
complianc
design is
(2)
Drai nage Foundat Centerl I nstrume <5 years
that wo unknown/ (5) exists th years or
correspol unreliahb accordanc i nf or ma
design to design, (3)
i s nonex process o0
unknown, i nstrumen
study i s them in
or inope complianc
(10) design
(6)
Upstreat Dam not
unknowni nstrumen
(10) i s contre
the des
(8)

CTE=a(to j)
Table redmMdMvr 2f0R@m
Continuatban of Tabl e
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Tabd e Cl assi fiicmtti oRimskad@aitxegory (dwaste and

Conser 8aaft 68)

Rel i abil Seepage Deformati DeterioriSurficial
Spill wa (1) Settleme Sl opes [/ (o)
I nfrastr (m)
(k) (n)
Civil i nf Seepage There ar Deterior Surficial
we | | main controll . deformat sl opes an exi sting
in nor mal drainage settl emen does not operati
dam with (0) potenti (0)
need for compr omi (0)
infrastr safety «
(0) structu
(0)
I nfrastru Moi stur Exi stence Failures Exi stence
identi fie upwellir and subs protectioand/ or si
and corr downstrea with cor and surf subsiden
measur e stabl e measure: presence correctiwv
under monitored i mpl emen vegetat under
i mpl emen sl opes, (2) (2) i mpl emen
(3) abut men (2)
(3)

I nfrastru Moi stur Exi stence Surface Exi stence
identi fie upwellir and subs exposed and/ or si
and wit downstreas without presence subsidenc
i mpl ement surfaces, i mpl ement withoutcorrectiywv
the nece abut ment s the nece i mpl ement under
correctiv the implecorrectiv the nece i mpl emen
wi thout o of nece: (6) correctiyv (4)

restrict correctiyv (6)
spill way (6)

capacit

(6)

I nfrastru UpwellirExistence Pronoun:t Surficial
identifie downstree subsiden depressic no&axi st e
with rec with matl andslide sl opes, I (5)
spill way transpor potenti deep eros
and wit increasir compromi with the
correctiwv seepage safety « compr omi

(10) contained structu safety «
with the (10) structu
compr omi (10)
safety «
structu
(10)

ECFExk(to o0)
Table redrawn from ANM (2022)
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Tab8 e Cl assi fiicmtti ofimskad@aitxegory (dvldaasm eS afnat yt ai
Pl an! (PS)

Design Organi za Procedu Emergency Inspecti
Document Structur Manuals f Plan PAE monitorin
(p) Qualificeé Inspecti required for

Professio Monitori regul ator instrume]
Dam Saf et (r) (s) and Saf
(q) Anal ysi
(t)
Detail ed « Possessi Possesses Possesse: Regul arly
fas buil administr manual s (0) i nspecti:
document i with a qgqtinspection monitorin
(0) technical and operat based o
responsi bl dam not ¢ instrumeni
safety, or under item Safety Ana
classified IV, sole p dam not ¢
I, 11, 111 article 1 under item
sole para 12.334/ 2 'V, sole p
Article 1 (0) article 1
12.334/ 2 12.334/ 2
(0) (0)
Detailed d Possesses Possesse:« Does not Regul arly
builto doctechnical procedures PAE (not r Safety Ar
(2) (eit-heuwse monitori the regul a reports
contract (2) (2) (2)
responsi bl
safety
(1)
ifAiss0o dec: Possesse Possesse« PAE in pri«Regularly
(reconstru administr procedures (4) i nspecti
based on without a inspecti monitorin
conditictechnical (4) (4)
(3) responsi bl
safety
(3)
Prelimina Possesses Possesses Does not Regul arly
(5) administra manuals n«t PAE (when vi sual in
a qualif.ice procedur: by the re reports
manager re€ moni tamd r body) (6)
for dam i nspecti (8)
(6) (8)
Conceptua Regul arly
(8) neither in
monitoring
Safety Ar
reports
(8)
There is
document i
(10)

PSEp(to t)
Table redrawn from ANM (2022)
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Tab9 e Cl assiinf itcedPtoiscenoff i al HAsDPAIi d wadt e *and

Total Vo Existence of Environmente Socioeconomi
Reser vi popul ati o (c) (d)
(a) (b)
Very Sn NONEXI STENT I NSI GNI FI CA NONEXI STENT
O 500 tt (There are(The affected (There are no
m3 permanent /r of the dam affected area
(1) temporary/tra completely s t he dam)
the affected natur al char a (0)
of the daistructure sto
(0) -l nert wast e,
ABNT NBR 10
(0)
Smal | | NFREQUENT LOW SI GNI FI C LOW
500 thou (There are (area affecte (There is a s
mill?or permanently ¢ the dam does of residenti
(2) affected areaareaebé&vant e industrial, (
the dam, but interest or p facilities of
access roespecific |egi and cul tural
(3) Permanent Pre affected area
(APPs) , and s t he dam)
Il -IBhert waste (1)
ABNT NBR4)O0
(2)
Medi um FREQUENT SI GNI FI CAN MEDI UM
5 mil i« (There are (The affected (There is a
mill?or permanently c¢of the dam pr concentratior
( 3) affected area relevant env agricultural
the dam, but interest or infrastructu
municipal, si under specif socioeconomic
hi ghway or o excluding P importance in
and/ or enterp Preservation downstream o
may occasion and stores -or (3)
could be af Il nert waste,
(5) ABNT NBORO 41)0
(6)
Large EXI STI NG VERY SI GNI FI HI GH
25 milli (There are pe (dam stores t (There is a h
mill?or occupying thewaste classiif of residenti
(4) downstream o No-hnert, acco industrial o
t herefor e, hu NBR 10004) facilities of
affected) (8) and cul tural
(10) affected area
t he dam)
(5)
Very La AGGRAVATED V
O ®mO0I Imt ¢ SI GNI FI CAN
(5) (dam stores t

waste cl ass-i f

Hazardous acc

NBR 10. 004
(10)

DPAEF=a(to d)
Table redrawn from ANM (2022)
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Tabl®a Cl assificat idoki sfkorCéamiengonrgy dams

Ri sk Categ C R1
HI GH O 80 or EC
CLQ?\?I'GE!SCAT MEDI UM 40 < CRI <
LOW O 40
(*) A score of (10) in any Conservation
RI SK CATEGORY and the need for 1 mmedi at

Table redrawn from ANM (2022)
Tot al (GBb)ye= Technical Characteristics (CT) + Conserva

Tabl®b Cl assi ficat idobhotfeorrt inalniAsgs odcainast ed Har m

Potenti al AS ¢ DPA
Hl GH 01 3

CLéiﬁgEgCAT MEDI UM 7<DPA13
LOW 07

Talbe redrawrnf 20R@&m ANM

Al ong the above |lines, there
s afteasitl msgar datrhavhe cpbrbpehod bge
c onstor ygp2agdlotc u me mtr &t aovmi | abAe -ba dablbeu@&pent
compares the origintadaldleys i gan swtirtithe twehdh ta nwih sa @
di screpalhmeiiletsdo dAsument ati on has been standar
(Fell et al., 2015). The next | evel of danger
possesses ielieaddhede sibgn dent dtolcaumeesnt ati on, but no
hi gher | evel of danger i s as sniyg npeods steos steasi |nienigt
det ai |l ed debsuiigint ndoorc utnheen taast i mr,0jleuto da@o®IMop &S d
l'iteral t hein8asiewshyigcnh, or ef ers t o a document that

re si X Ppossi
dilavngtlo d@ si gn |
t

1>

a
@ u
ek
th

based on the current conditions (see Table 8)
tailings dams for which there is only a preli
doucment ation at all (see Tabl e 8).

SUMMARY OF TAI LI NGS DAMS AT MRN MI NE
Dam Break Analyses and Emergency Act

Theshection | argely reviews the consequence
MRN mine, based the succession of computation
Pl ans that wer e (aB/\VaH |Eanbgl een htagor iDah, i ,-CaRilDBPe@nat a d e
Cvila Consbltaoka, 20284 d2e&p420R25;he anal ysi
consequences of failur&Vef Engehhepsnasd dEed e®P ) h
scenarios. Scenari o A ea&ludud dftrlendo d {ywe afrl oae dluomOm
perfa@mdnual exceedanicre tpheo bwadbtidnwaygy ofddwa)str ean
dam without failure(eteafRygof lbheandi Tablge #a&:
establishes a baseline for compafi aonhawiihgth
Of particular interest i s tshoeutlhoecaastti oonf otfh et hger
intersection of 9(8s0e0e0 OFOi gN aln6da )5,8 OWhOiOc hE I s no't
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throughout the flooding maps for the other sc
year flood in the waterways downstream from t
community of Sapucu8, even widamsdThaenbpilmentol
Fig.prlobaabl y i ndicates the Ifemfhe {)d fas fcloanandbinn g t
choice for the Butmitthiod vwd o ormdatngg!l armihfei esd mien [
l ack of clarityulypeduerst tfol BBdH i B g ehdhiea rhifast o M2 0 1
ar e i scussed in this report.

enario B is the flooding that wild.l resul
meaning normal streamflow in the downst
I sm ot herFitghanl 6dbv earntda pimibd dcoddbnghblwat w
ailure of the wmodeh 8aTehheaociadtcaullaitnigosn daas
he tailings flood would pond behind a r
|l vert. Accordi sfbgRedoBréBdBEngeskeanmi ae@R0%
com intuito de verifioar[la iimt egrciodrenkeen
y be conducted toavériempankeneinniegHiowegyv
tion that suchanad stthued ys anmaes aesvseurnupetanrorn ewda
anal yses and DRAMer @OmROymeArctt & oche PG wainlsa (Cor
202,6Gpl| 26R-B) .20)2ulsat as with the bl-ue color
B VWa €€ nrgeetn tog)lr.a ral Hife2 éodriesds patt er n
tent of ponding behind the rai
ofgt ié&bgmbadmlkemematme( $ae kFiof cl
patstern) applies to BMA of thi
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or makfelaoow i n the downéseeahi gat ab6waged Tabl e
he computational dam break analysis showed t
ommunity of Sapucu8 (see Fig. 16c). There ar
hi ch seemst hteo csohnomu ntihtayt mé aSapdougnwoal Asunny
ThEe. first caveat is that the red triangle
pucu8 (compare with Fig. l6a), while Fig. 1
roxi mately 3500 meters to tThhee nsoerctohnwde scta v(eca
t, just as for failure of the Quarntdio wal | 0
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Figure 10-1: Flooding Footprint for Scenario A for Dams TP01 and TP02

—“ma~"—~r no T
Soo®OO D

o T Q
oS —C

woTT TS
o c

~0oT oo =

8vVP6&ngenhari a

d in the
rio A).
0O years
I 1 ogi cal
ngsei st oi
of 0.61
ug8 south
t add eo

Since

(called

(2018c) idéedlsaudlItatferd m haeefdlrooooddtiwnirgnht ha
waterways downst
anal yses of

Scenario

contradiction),

east

of

the grid

56

ream from the tailings d:
the failurersiod dfailing:
C) assumed a flood with

the above map shows t he
2ge (campdgthe wituke Eiogor Ppbé8aodbbably indicates
met er sBVBUEN g &nk aNwatae (tBMDel 8ltcacraitfiioend ofn t he
intersection of 9800000

fi nt fFa &ylue eBdVoPrrteEmgenharia (2018c) with

overl a



Tabllee. 1Fl ooding valugsafronr eftluc ondwpaiwli tollg $v0 @ & u t
bre&ch

SCENARIT@AAURAL FLOOD

Sectio Botton Maximuil Maxi mur MaXxi mu.!
El evati cDepth At El evat Vel oci
Waterwa in the AttaineiAtt ai ne:
the Sect ( m) Sectio Sectioao

(m) (m/ s)

ST 1 8DO0 328 8 £ 8 115

ST 2 788 140 8% 8 114

STN 3 7386 1DO0 8 B6 050

ST 4 6&0 190 830 040

STN5 6 556 24 0 6 P6 22 6

ST 6 62D8 310 6 8 8 112

ST 7 582 310 632 159

ST 8 56 8 340 5%®8 09 6

ST81 739 15 4 783 14 6

ST82 701 18 3 754 1.1 3

ST83 6 48 24 9 6 D6 119

ST84 6®5 170 6 55 135

ST85 6 D5 150 6 4 4 110

ST86 58 3 18 7 6 B0 0.8 6

ST87 6 B4 160 624 09 4

ST-88 566 0 18 9 58. 29 119

ST09 531 2.39 580 090

STLO 4 A8 315 5® 3 101

ST11 4 6 3 40 2 4 & 4 0.6 9

STL2 4 88 340 428 055

Table redBVPwriENfgremdtari a (2018

2See mapl6an. Fig.
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FLOODING FOOTPRINT
SCENARIO B - BREACH OF DAM TP0O1 - NORTH WALL
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Figure 10-2: Flooding Footprint for Hypothetical Breach in Scenario B of the North Wall of Dam TP01

Figur@®VP6lEngenharia (2018c)widalstuddtmt edi t heefodbootdhagnoih
tailings dam TPl during a fisunny day, 0 assuming no pr e
(called Scenario B). The calculation assumed that the
a controlled fl Awctolmdouwgh ttoh & V& )ERnegdeonnhsaardigau e( 2s0elj8aa r eal i
um estudo com intuito deda erradadfcerirtoaviisant egomhadeéedot hai
conducted to verif-yailee inina eiavewe ro,f tthheer & oiasd no i ndi ca
ever carried out. The blue color probably indicates t h¢

clariBVRdEngenhar wai ch20h8c)p did not tHlaacihfeyNdgtae t@eani ng
| ocation of the community of Sapucu8 sout(hccoamspiatrded w he
Fig.. 1%eae selection of floodingmpart damBEit geepd®d8YRPoommi nset t
Engenharia (2018c) with overlay of |l abels in English.

58



Talb#lb Fl oodi ng bvraelaudehsn drotrh wal | oDayd®1s d efn d rhieo A
TPO-SECENARRATBREACH OF THE NORTH WAI

Secti Distan Maxi mu Arri v Arri v Maxi mu
Rel ati I ncrea Time o Time o Fl ow F
the D the Wa Ruptu Ruptu Attain
AXi s Level Wa vie Wa vie t he Se

( k m) Attain 2 fee Peak (ds)
the Se (hh:m (hh: m

(m)
STo1 157 380 00: 4¢€ 01: 0¢€ 657
ST0 2 250 455 00: 5¢€ 01: 0¢ 655
ST 3 382 355 01: 07 01: 17 637
ST 4 48 5 34 8 01: 1¢€ 01: 3¢ 410
ST05 740 690 02:0¢ 02: 3¢ 90
ST 6 96 0 190 07: 1¢ 09:0C¢C 8.5
STo7 1DBO0 035 13: 2¢ 13: 2¢ 7.8
ST 8* 137 060 20: 1¢ 21:0¢C 6.3 4
ST 9~ 180 (**) (*) (*) (**)
ST O~ 2D3 (**) (*) (*) (**)
ST 1~ 2 ® 6 (**) (*) (*) (**)
ST 2+ 280 (**) (*) (*) (**)
(*™When the rupture hydrograph reaches 1t

downstream fl ows are regul ated.
(**) Attained the stopping criterion of

Table redBVPwriENfgremrdtari a (2018
2See mapl6b Fig.
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FLOODING FOOTPRINT
SCENARIO B -BREACH OF DAM TPO1 - SOUTH WALL
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Figure 10-3: Flooding Footprint for Hypothetical Breach in Scenario B of the South Wall of Dam TP01

igur8VP6Engenharia (2018c)wiclatlstuddtmt eadi t heefodobotdhags o bt
am TPl during a Asunny day, 0 assuming no precipitatiol
cenario B). The calculation assumed that tha tailings
ontrolled flow through tAhcec ocrudivnegr tt o( cBovhidb dERegdeoninheahrdi &i o( . 2
e que seja realizado um estudo com intawi[tlot dies veri fi c:
ecommended that ta svteuwdy yb & hceo-n ahid lcetger aijbt.ayn Hae et lree , r @ e r e
ndication that such a study was ever carried out. The
f 0.61 meters, buBVP hiEinsg ewnahsa rnvodti CchOatr8icf eddi d nnot cl ar i f
r ehsast c h e dN tad ttelren .l ocati on ofatt h e ec osmdutnhretiaes igflodS atphuec ug8r
ntersection of 9(8c000Mp0adr eN wvaihtdlu SEBi0OI0 &1 6Ha pt tcd atrd if li iersg ¢ hfal
rom a fisunny dayo fa@orhmurei toyf .8dPelSawplla wit§ieoanc ho ft hfel oodi ng
n

F
d
S
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i
o
c
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f
i nset taHlloef itnhiTa lgleep®NPRr.&mgenharia (2018c¢c) with overl a
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Talb#lc Fl oodi ng bweeladesuwfaddr of TP1 in thé 2ASunny
TPO-SECENARITBREAOCHTHE SOUTH WALL

Secti Distan Maxi mu Arri v Arri v Maxi mu
Rel ati I ncrea Time o Time o Fl ow F
the D the Wa Ruptu Ruptu Attain
AXi s Level Wa vie Wa vie t he Se

( k m) Attain 2 fee Peak (ds)
the Se (hh:m (hh: m

(m)
STo1 050 355 00: 2¢ 00: 5¢ 688
ST0 2 137 359 00: 3¢ 01: 1¢ 617
ST 3 250 392 00: 5¢2 01: 2¢C 592
ST 4 300 27 1 01: 1:2 01: 3¢ 535
ST05 410 22 5 01: 3¢C 01: 47 484
ST 6 540 22 1 01: 4¢ 02:1: 428
ST 7 6.5 1 23 7 02:01 02: 2¢ 390
ST 8* 755 187 02: 2¢ 02:5¢ 334
ST 9~ 1DO 116 03: 2¢ 03:5¢ 229
STLO* 162 149 06: 3¢ 07:0¢ 118
STL1+* 20k 6 106 10: 0¢ 10: 5¢ 56
STL2* 227 0.6 3 15: 17 20: 0°¢ 17
(*™When the rupture hydrograph reaches 1t

downstream fl ows are regul ated.

Table redVPwrENfgremncari a (2018
°See maple6icn. Fig.

Scenario C is the flooding that wil.l resul
overtoppistgowdm hi mgr&turn period of 10,000 yea
of O.F0olr%)e.xFaingp.l e,6d and Tabl ehafifdwabodB&Phal &t e
Engenharias (hef&epulre of the north wall of ta
CThe computati onadndam daemaumemeadwesti,s al t hougl

stowinth a return period o6hel0a00 0anygdaodsdmwai st ha s
period of wobubydI®@@cuédaer wat er walyes tdaiwinisrhg se adm o
i s an il 1 ogiTcheel rcedarutrrna dpieatiioadn.of the fl ood in
(corresponding to the magnitude of the fl ood)
the rate at which the tailings released from
Accor ddannga dtioan Dam AsTBlha db@mteciacm f2®@2H) evient i n
net womnkedi ately dowhS%airliamge®f StihealJds Rifheect he t vy ]
flood event that wa st haesns upnmteodr aftoerd twhiet chb ddei asctha nac
ot her words, while it cannaoeyte anteowrens § asi myl banaea
occuar taati | i ngs damnat hcaomenuMRN ymiorteh®a mscswdnpt i o
t hset orm magnitude wyéar diloppdambof aod®@Qf00®m t he
thewdstream side of the embankment of a tail!@
assumption, that is, the assumption that mini
the taiThegsaidlaimngs fl ood would al so encount e
Figs. 16d and 16b), so that the additional as
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survive the extreme storm and would fulfill t
forcing it to flow thcongérvaei cael @agstumpsi ano
downstredm iampactv.ent, despite the assumption
wat eramady st he survi val of BWR Emgdmmdoaalrde delmizaéhdk 8nce
the tailings fl ood ftrhoem naonr TdAVIewati d g poif reca cfha ialnwdr
the communi {yedft Sapogmud exnt &ndi.nd6I500 met er
and soutpetasnti ally obliterating the communit )

I n the case of the failure &Pt IEen geanlhtah i ma

t

(20X&d)cul ated that the ailingsommwmidt wi ¢ fl b a
Sapu(cue8e Fi g. 16e and Table 11le). l oommuBi CRSE
of SaewtcaurBds 3500 meters to the northwest (sec
assumpti ons -ytehaart folnoloyd awolu0Ol0Od occur i n the down
railroad embankment woulhd ms wmiwize the dtoavmm,t r
is also difficult 07 usnfd®@ r®ahd wbyattatiedshb:
embankment (compare Table 11e with Fig. 16e al
16b). Only the northern brasechivé thel wagser iva
failure of the south wall of TP1) would encou
and 16a) and-O0O@nityhwratlghir@iso¥hstream of the co
nort herwi tbhr atnhcehn sout hern branch (which would r
south waRAloow§ TF&)same |ines, it is confusing
t hat woul d ryear tf Ifowomdn vai t1DOno tailings dam f
did not show any i mpact of the ermrcowamtkenfwitthle
foot wbee fihe rupture hydrograph reaches the r
downstream f |l ®@wisn aTablre gul a)t.ed

As a finBVPekEamgphbari a a(t2 0 1udhcd)eQ s hSacwekndai rti hor e
the north wal/l of tailings dam TP2 will fl ow

Sapu(cue8e Fig. 16f and Table 11f). Just as with
consequences of failure of TP2 could have bee
10wear flood in the downstream wat embayk memd |
and culvert will survive an extreme stor m. I n
t here i s a cr evdeirbtloepfpfianiogmenr e achsbpdoen s(eo t o a st orn
period of 10,000 years) that wommumiesyl of | 8ap.
with potentially disastrous consequences. No
available to the author.

Il n terms of the four aspects of the Potent
tailings dams TP1 arEkiTR2,ncNMRN daes speofpiid das t«lwa ai
of downstreamEpopd eaf>ciontimpalst 6t delbErewmitradn me nt
i mpacSilgraisbinE St gnofilkcmmad¢t o anadotph®odndeconomi ¢

i mpachké doag Me di um] (see Tables A5 and B5). The
clarify that ekBExitetm et smaasmbempane oape&renanatf
jusante da barragem, portanta,t hveirdea sa rheu npaenoapsl e
ermanently occupying the affected area downs
at( sreieskKilabl e 9) . Since the reservoirs of TP
range 5 to 25 million cubic meters (see T.
= 2

p
b
t e

TP2 are DPA (see Tabl es A5 tahred rEBS)g,e lfa di

e
h
P 2
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(see Tables 2b and 10b) . I't should be noted t
classification DPA Medium (see Table 2b).
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Figure 10-4: Flooding Footprint for Hypothetical Breach in Scenario C of the North Wall of Dam TP01
Figur@®VP6&Engenharia (2018c)widalstuddtmmt edi t heefodbootdhagnoih
tailings dam TPl due to overtopping during a flood wit
wiahflood with a return period of 100 year.s Tihre the dowl
calculation assumed that the tailings flood would pond
the culvert (coApacrediwndg ht d i(B2\VORPb BEredgfeonnbeanrdigau e sej a real i
um estudo com intuito de verifochttaisntegommhadeedot hat
conducted to verif-yailee inina edyanveerye ro,f tthheer & oiasd no i ndi ca
ever carried out. The blue color probably indicates t h¢
clariBVRdJEngenhar wai c20h8c)p did not HlaacihfeyNdptae tt@eani ng

| ooamt iof the communitthye odedStatpaiacang lod t he grid intersect.i
E(compare wiThhusEFi ghel@ayp clarifies that the tailings f
reach and cfdnomwu npiatsyt , otfpn @3 e&emu d b8 Icyo norbul Bieteeyrseetl iencg itome of f
parameters fromlibnfsdthiBalgleep®VRr @Gamlgleaahhria (2018c) wit
in English.
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Talb#ld FI| oodi ng bvraelauehsn drotrh wall of TP1 for the
return pedr0i0o dr?emfr s1 0

TPO-SCENARITBREAGCHTHE NORTH WALL

Secti Distan Maxi mu Arriv Arri v Maxi mu
Rel ati I ncrea Time o Time o Fl ow F
the D the Wa Ruptu Ruptu Attain
AXi s Level Wa vie Wa vie t he Se

(km) Attain 2 fee Peak (/#s)
the Se (hh:m (hh: m
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Table redBVPwriENfgremrdtari a (2018
2See mapl6dn. Fig.
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Figure 10-5: Flooding Footprint for Hypothetical Breach in Scenario C of the South Wall of Dam TP01

Figur8VP6Engenhar.i 0l8c)wiclatlstuddtimt edi t heefodbbodhags o it

a (2
dam TP1 due to overtopping during a flood witahféadoodt ur
with a return period of 100 years in.tHhWédedawdsturl @ad mowma |
that the tailings flood would pond behind a railroad el
(compare wiAtclt oFidg ngl 6 m) BV Pb )ERegfeonheaardigqau e( 2s0elj8a real i zado
com intuito de verificar a0 i[nlttegirs draedceo ndnoe mad eed rtoh adta a og
verify the i sartaedr ietmjb.aonflk ortelnet eeoadé no i ndication that su

out. The blue color probably indicates the | imit of f1lq
BVP Engenhar wahi Ch0a8s)p did not tlaadarcihfeyNdtae tmreanl mgatoif o
the communi ay o©heSespddthikiasnglod the grid intersection o
(compare wiTthhuskFi ghelénayp clarifies that the taidh ngs f|
t hceommunity .9de Saplueatsi on of fl oodi ng lpmafr atnheitisa rgaerpferrotm i
fr@d@ddP Engenharia (2018c¢c) with overlay of |l abels in Eng
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Talb#leFl oodi ng bwralaussuwfadl of TP1 for the scenat
return pedr0i0o dr?emfr s1 0

TPO-SECENARITBREACHTEBE SOUTH WALL

Secti Distan Maxi mu Arriv Arri v Maxi mu
Rel ati I ncrea Time o Time o Fl ow F
the D the Wa Ruptu Ruptu Attain
AXi s Level Wa vie Wa vie t he Se

(km) Attain 2 fee Peak (/#s)
the Se (hh:m (hh: m

(m)
ST 1 050 48 1 00: 1:¢ 00: 1¢ 1321
ST 2 137 400 00: 1¢ 00: 31 801
ST0 3 250 42 4 00: 27 00: 4¢C 731
ST 4 300 29 6 00: 41 00: 5¢Z 630
ST 5 410 24 8 00: 57 01:1¢ 573
ST 6 54 0 24 1 01: 1C¢C 01: 32 522
STO7* 6.5 1 25 8 01: 2¢ 01:5¢C 473
ST 8+* 755 21 4 01: 4¢ 02: 0z 459
STO9* 100 22 6 02: 3¢ 03: 3¢ 386
STLO* 162 301 04: 4¢C 10: 3¢ 881
STL1* 2®6 384 05: 4¢C 14: 1¢ 874
STL2* 227 325 08: 3¢ 14: 2¢ 840
(*™When the rupture hydrogr apiht rieachamnmpdr

downstream flows are regul ated

Table redBVPwriENfgremrdtari a (2018
’See mapl6en Fig.

6 6



560000 570000 580000

FLOODING FOOTPRINT
SCENARIO C - BREACH OF DAM TP02 - NORTH WALL

9820000

)
x

9810000

9800000

o

Figure 10-8: Flooding Footprint for Hypothetical Breach in Scenario C of the North Wall of Dam TP02

FigurBVRB6Engenharia (2018c)wiclalstuddtmt edi t heef obodha@gnoiht
dam TP2 due to overtopping during a flood witahféadoodt ur
with a return period of 100 years in.tHiéedawadsturl @ad mowa
that the tailings flood would pond behind a railroad el
(compare wiAtclt oFidg .ngl & m) BV Rb )ERegfeonntheanrdiqau e( 2s0elj8aa real i zado
com intuiaro adei niteergirfiidcade do[ ateisoreaommeéofdedr o hiaa a s
verify the i sataegdr ietmb.aonflkonemeteroad here i s no indication
out. The blue col or probably indicates the | imit of f
BVP Engenhar wahi ch0ha8c)p did not mlaamlhfeyiNdpﬂa@tmreemnhan(gatmf
the communi ay oheSespddthfiasn gdods etchtei ognr iodf i9n8t0 0000 N
(compare wiThhusFi gheléna)p clarifies that the tailings f
and flowomasthitlye ofpoSemudwd lcyo nomulBieteeyrseetliencg itolne of f | o
parameters fromlibdsethi Eaglep®VRrE&mbgkaharia (2018c) wit
in English.
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TabllfeFlloodi ng bvreelaudelsrwfadrl 26 or TPhe scenario of
return pedr0i0o dr?emfr s1 0
TPO-SCENARITGBREACHTEBGE NORTH WALL

Secti Distan Maxi mu Arriv Arri v Maxi mu
Rel ati I ncrea Time o Time o Vel oc
the D the Wa Ruptu Ruptu Attain
AXi s Level Wa vie Wa vie the Se
( km) Attain 2 f ece Peak (m/ s)

the Se (hh:m (hh: m
(m)

ST 1 0.7 8 1m0 00: O¢€ 00: 11 21 4

ST 2 28 3 9.7 0 00: 1¢ 00: 1c¢ 150

ST0 3 529 140 00: 2¢ 00: 31 110

ST 4 7.7 4 180 00: 47 01: 0°¢ 013

ST 5 1@9 120 01: 1¢€ 01: 4¢ 00 4

ST 6 125 400 02:0C¢C 02: 271 090

ST 7~ 14 4 230 02: 41 03:0¢ 01 8

ST0 8 * 187 21 8 02: 5¢€ 03: 3¢ 010

ST 9~ 1% 4 190 04: 0¢ 04: 4¢ 050

STLO* 284 290 08: 1¢ 09: 57 050

STL1+* 285 330 11: 22 13: 02 04 0

STL2~* 3172 300 17: 4: 18: 0¢ 020

(*™When the ruptur hydr ogr apiht rieachampdr

downstream flows are regul ated

Table redBVPwriENfgremrdtari a (2018
2See maplé6fn Fig.

There is avail able document thaftorexpPPHhi

n o
nce of downBEXTI e@ mnpreipsutl ian g Jo,nstoh e
I

and {THExi st e

AEnNnvironmenB88l gnmprac BSodicei oec on oimd Me d.impralcnt t he
absence of otherbe nd o9 lmme dtomme keay sfthaoatladr 1 s tF
fl oodcommuamiety ,ofesPpaeguaddy, in terms of an AE
AResponseso section wild.l consider the avail ab
the assignment of those dams to the range DPA

Status of Decharacterizati on

This subsection revi ewsoft hteaisltiantguss doafmsd ekl
SP6, and SP9A, al | of which are designated as
website (see Table 2a). Since SP2_3 and SP6 a|
volumes | ess than 12bmel 2apn acbocdmegers Bseae
regul ations (ANM, 2022), the decharacterizat:i
September HbB we #perRo?j etthoeo[@ & £ & Ut fradeepdoerftd g n
decharacterization were submitted only Decemb
SP6. No available document has explained the
consequences for the mining complngh &oe kiast
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singtteege dams with no requirements for dechar:
submitted on July 1, 2023, and September 30,
For SP2 3, the stabilization works began o
December 31, 2023. The required 24 months of
day as the completion of stabilizatatont hes opt d:
time. The required 24 months of monitoring we
31, 2023, so that SP6 might also be fully dec
(2025) website f-monhhrhirpaeepforgtsaliihlaitz at i2é&n wor |
on November 3, 2021, or nearly two years befo
stabilizati ccd . dh@m tios riens onlovewatyhe preceding cor
mont hs of stabilization works began on July 3
moni toring was Fsocrh edPull,e dA NM (b2e0g2i5n). i ndi cat ed a
mont hs of stabilization works beginning in Ma
decharacteritzewer(iaflitend)u,ghwmiol e t he ot her t hr ece
some stage of decharacterization.
't is i mportant to note that tailings have
the tailings dams | isted asolido-nkde@lcihtairarcc]t ei
c r ifebsetdr uatsur a oOr ¢ maemeas cne intge sma sutc tduetedi.l ed de s

sistem na conforma-«o0o da estrutura existen
planta-«o de dispositivos de drenagem super:
macr odr e noangdeum)« op adroa fd uxo da drenagem pluvi a
acompanhament w[Ade oirrddingad omr dshe detail ed desig
reshaping the existing structure to enable re
drainage devices for decommiasnsd ommarcargonageé ) ckt os
channoenhi ngncst or mwater fl ow; and monitoring anc

f

es

he solution is provbDdedcbodoSPam3p whofgpbteta
on

m

D —TO0O +t0O0 o

QUESTI ONS

Based upon the preceding sections, the obj
foll owing questions regarding the tailings da
l1)Have the tailings dams been constructed in
2)Have the tailings dams been correctly <c¢l as
3)Havechhesi fi cfeotri arher aRnggeks Cat egory been cor
4)Are the results of the computational dam b

tailings dams?
5)Havecltaesi fi deotri amer aPogeesnt i al Associated H
6)Do the tailingsEnteangaicb@nadequat e

The met hodol ogy for answering each question i
the AResponseso section.
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RESPONSES
1: Tailings Dams are not Constructed Acc«

Il n comparison to industry standards, all o
excessively steep. With regard to all of the
AEm geral, os taludes de jusant e 0e [mmntgemtea adp
downstream and upstream(53I4oApefsromav]ehseaehsolsra'papolna
cressesstion of tailihgses precSPONngnglkotgenilg)even
the information on the ANM web site that 24 o
(compar e Tables 2a and 6a). Although a sl ope
|l i sted as the ost dangerous choice (see Tabl

STAKE: 64+0.00
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201.6 i
]
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Figure 1.17 - Cross-Section of Reservoir SP-9

Figurlen 1clompari son to industry standards, all of the t a
With regard to all of the tailindgsm dgemsalat otshe aMRMemi
montante apresentam [hol geaexkal det h&: dohstream and up:
1V: 1. 5H]. Thecabhowne showss an ex &dmpBy damtmr & aati | i fngrs aamt t
Army Cor of Engineers (2000.) FKFerqutiaielsi md o peaman,0 tsh e ek
Commi ssi requires slopes nd0s®iepleri £« hamh de/d 3iHh (& as tba
on taild@ dams (Blight, 2010). Although Brazil has n
1V: 2H <co ponds to the highest score ( hsegehetadb.llel kel il
Figur ®AM 20b) with overlay of |l abels in English.
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conditions for instability in Dam |I: A A desi
sloped (Robertson et al., 2019).

For contrast with the hsel oV fReNs nuofn et,h & htea irlainmng
and regulatory standards for slopes of outer
ATutorial 06 section. These standards are brief

1)For all earthen dams nd | evees, the U.S.
ma X i mum sIo(p]elﬁoffrlonStHhe horlez ogiUBIM)CEt, 0 avc

2000) .

2)For all t&adafletny sFidragns:, GuiTdell i mgs Mam alfe sne c
requires a maximum sl ope of 1V:5H (Morril/
3)The ol d mining industry standard for wupstr

(14A from the horizontal) (Martin et al .,

mi ning industry hast huepvw td eeraaru rcooends ttrhuec t U soen

r
(Darling, 2023; Turek, 2023).

4)The t eXetobtoeockhni c al Engineering rfeacro miiemel sWaas
maxi mum sl ope of 1V:3H (18A from the hori z

prevent coll apse and the need to store the
5)The European Commi ssion recommends a maxi m
tailings dams and for all tailings dams i n

6)ThMi ni stry Mohaemdhelkgwy Car b(oBr iltninsohv a@dlounmbi a)
requires a maXiaxdm(26opar ff ofnort hteaih drnigzso ndta:
7)A sl ope oA flrVvorh Ht el bhso rriezcoomgtnalzed as t he th

slope to prevent faiktrakbgl)nternal er osi

I n summary, tH&: dtydpHAalr smotplere oiori zontal ) t he
embankments of the tailing$idcdamwiath tmel udRN ym
2 Many Tailings Dams are Actually Up

Al t hough the current ANM website |ists onl
nstructed using the upstream method (see Tal
o do Norte indicated that the upisntgrse adna nmse taht
e MRN mine. According to PConefndramel ea Lrve d ean tCe
cumen-j BPARBSO-AT, a Pimenta de Cvila entende ¢

nsiderada, do ponto de vVvistantrsa, umais@ad , s & O¢
guma etapa de alteamento o eixo tiver sido
ma, apoiada somente em aterro compactado o
sist°ncia dos rejeitosabbkjdadoaf[dAcsi Bpartees-epna re
C u me RItP-2@D4 0-AT , Pi menta de Cvila understands
o]
[

O>S®Y T 0O0Md®M®—O0O0 DT —O0
wn

m a structur al point of view, as raised by
i sing the axpstheambepnoshdétdethat the port
compacted fill or competent foundati on, re
guarantee the stability of the structure]
Fig. 18a clearly shows dam construction ma
which is the essenti al characteristic of the
Thus, the consultants are essa&inlty adeérnyt eamligium e g
which has no basis in Brazilian regulations n
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RAISE
(COMPACTED FILL)
BASE FILL FOR ] £1205.00
CONSTRUCTION OF THE RAISE V . 204.00

(BULLDOZER-SPREAD FILL) y | - ‘
P L

TAILINGS / 7 : |-

= | ; EXISTING WALL
s 1

Figure 7 - Methodology of Raising applied to the reservoirs of the MRN Tailings
Disposal System
Source: Report No. QD5-JPA-26-24-109-AT

gurdé& t8asulting report for Minera-«o Rio do Norte cl
ne has been raisedsuntagdamecapstreami mpt materi al h a:
compacted tail i ngAsc c(ocrodmpnagr et owiPtihmefitga. , dsaan @ wirlme Consul
resentadleﬁ)ﬁlPdAc&clluﬁqB'htoa Pi menta de CV|Ia entende que
nsiderada, do ponto de vista estrutural, como altead:
teamento o eixo tiver sido desnleoscnmaad o appaori aa dnao nstoanmetnet,e |
mpactado ou funda-«0 competent e, independente da resi
tabilidadd Ao pmacie-nd e-d P-A & 4deATy méPntme@D® de Cvila unde
nnnc be considered, from a structural point of view, a
i sing the axis has been shifted upstream, provided t|
mpetent f adredast iodn,t hreegarmr ength of the tailings, i's s

ur e

i

f

ruct ]. Thus, the consultants are essentially argui
si s Br amoirl iiann irrbdguudtsrtyi banttsa whi ch coul d explain why
assi d as centerlinel @aasmisf, i adtdoughmd t wDamwedhaeamb bhbOeeec
si s, should be assumed that all Z®éveamet aicltiumg $ yd al
msi.menta de CvilaoBGonBsutsocdmceéi20@1® tamb®m defendi do
nternacional Andrew Robed t[somi  Rodrea d pto ni Gealcom sud g o
codgwmnt Andrew Robertson ( RPoibneernttsao nd eG eCovci o ndseul et nasinst! st)b]e.i &
rel assification of upstream dams not by refergnce to a
reference to a single individual, and nPoitmeenvtean dteo Cavniyl a
Consultoria (2021) with overlay of | abels in English.
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Zone structurally dependent Zone structurally independent

I
on the tailings of the tailings
RAISE I
(COMPACTED FILL) [
BASE FILL FOR £1.205.00
CONSTRUCTION OF THE RAISE < 1 £ 204.00
(BULLDOZER_SPREAD FILL) / ]\ 1 TPt

o
- )
K

TAILINGS

EXISTING WALL

Figure 8 — Division of the zones structurally dependent on and independent of the tailings
Source: Report No. QD5-JPA-26-24-109-AT

Figurdct®bding to Pimenta , K de@FCwWiulraa Gonduwlilstorai aa d202 ) t
maci -o estrutural mente independente dos rejeitos (7 di:i
dependente dos rejeitos (" esquerda do einxtoo,enunvaer mel h ¢
situa-«o diferente do conceito cl 8ssico de alteamento |
compl et amente apoiados no rejeito e, logo, a estabilid:
rejeito. Para& a@ueomprcowma-i«ocod de estabilidade das estru
resist°ncia do rejeito e dos materiais sobrejacentes act
desconsisgemameési st°ncia do rejeéetooesudomemadeei past aed e
alteamsntfa)t.ores de seguran-a obtidos s«o satisfat- -rios
nN«o ® dependente da [risgsnte n& iial Idost mat es ttolslee del i mi t at
structur al mass that is structurally independent of t hi
structurally dependent on the tailings (to the Il eft of
di ff drueantti oni from the classic concept of wupstream raisi
supported on the tailings and, therefore, the stabilit:
tailings To demonhgtcandithan ofhetdheaMRN structures is
tailings and the materials overlying them, stability ai
and the materials supportedpanttboemtlieubaesiged oembamnk me
safehtyai ned are satisfactory (FS>1.5), indicating that
of the tailingskasdbhe¢ ?@xfcwleaai WiRiNGEahercacsenHbifr MKRN]f h&adurtth
tailings dam at the MRN mine has been raised using the
remainder of the quote essentially states that the tail
acgteabl e factor of safety, an exception that has no bas
cressestion clearly shows dam constructhndncabtegi ahabnth
dam has beeher apseédegeaminpegtrteodvi t h FRigme htag . d & i Quirlea f Conr
(2021) with overlay of I abels in English.
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been raised using the updtwetam mhmeghoBa)lcompas
SP4 Norte, SP5 Leste, and SP5 Oeste have alll
Tabl e 2a)s.ecTthieo nc rfoosrs SP9 (seesedsgygiong)f oasSwe |
SP10, SP11, and-e%Pabl (sbewFithat 2G&@ dams have
have all been corseaigley dalmas gisftiecedabsesikagleT
embankments of salwi tthe na vtsaeitltilbiddes cdaonsSP4 Nort e,
Leste, SP5 Oeste, SP9, SP1, SP8, SP10;d,SP11,
20@a). Theresacteiaoanscawvasl able to the author f¢
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Figure 1.10 - Cross-Section of Reservoir SP-2/3

Figurdht9sreaedss on of tailings dam S®a@m3cochetrtugt sbonwmat
top of uncompacted tailings, indicating that SP2_3 has
5a ankd) 18®hus, tailings dam SP2_ 3 has beeB)therectly cl
excessively steep embankments showglud ealfsoamb®AMot(ed 20c |
overlay of | abels in English.

It can now be considered as to how many t a
upstream dams. Two tailings dams (SP2_3 and S
website (see Table 2a). An additi @balODeshegeart
upstream dams -pbacsteidoons ¢(dHee cThiegd.i kledby assumpt
the seven tailings dams that are |isted as ce
includes an additiomdl fSPWrA,t &iPI7iIBng SPd&Lms (O
nine upstream dams.
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Consultoria (2020b) with overlay of |l abels in English.
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Figur@d@h®t9dédradss on of tO=misdtlieenagrs! W asnh SWED & rh ec @rl satcreunetnito m  me
on top of uncompactedO¢ shiaési rbgese,n irmdiscat iursg ntgh atheSRSH st r
Figs. 5-b) andhd8a t @e shiaesgsbhedeam i R50orrectly cl asZamidfied as
The excessively steep embankment sFshbaukdfabmoPbmenbthaed
Consultoria (2020b) with overlay of | abels in English.
STAKE: 5+0.00 g
<
210
200
RESERVOIR SP1
190 TAILINGS -~
180 : __________________________________ ’7’7? _________
VARIEGATED CLAY
170
Figure 1.4 - Cross-Section of Reservoir SP-1

Figurdh20sradss on ofSPddiolwisngdhadamhe dam hlass nbeemeen r a
correctly scil egptlsdagfdi sbe nBasiHlmiwe vheer ,e xtcessi vely steep embank
noted (compare gwir ®AMFiI¢@.®POh) overl ay of Il abels in Engl.i
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Figure 1.11 - Cross-Section of Reservoir SP-8
Figurdh20kmsreads on ofSPt8aiolwisngdhhadamhe dam hlaas nbeéeemdeen r a
correctly scil eglssEgfei sdrbenBaSplmiwe vheer ,e xtcessi vely steep embank
noted (compatre gwirteh fFiognn. P11 menta de Cvila Consultoria (
T
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Figure 1.23 - Cross-Section of Reservoir SP-10
Figur@dhe2Oscraeadss on ofSPtlshdwangtshaltamt he dam hlaas nbéemeen r
correct!ly scil egptlsdEgfdi sdbe m@asiHlmiwe vheer ,e xtcessi vely steep embank
noted (compare gwirteh fFiogn. Pimenta de Cvila Consultoria (
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Figure 1.29 — Cross-Section of Reservoir SP-11

Figur@dh20dédradss on ofSPtlslidwsn gtshatamt he dam hlaas nbeemeen r
correctly scil negelsEgfdi ske nBdShlmive vheer ,e xtcessi vely steep embank
noted (compare gwirteh fFiogn. PiImenta de Cvila Consultoria (

STAKE: 28+0.00 32
<
1210
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g 2021 | 12
1190 5
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180 FILL/STACK e
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Figure 1.4 - Cross-Section of Reservoir SP-16

Figur@dheOesredss on ofSPtlsidwangtshaltamt he dam hlaas nbéemeen r
correct!ly scil eggtlsagfdi ssbdbe nBaspdlmiwe vheer ,e xtcessi vely steep embank
noted (compare gwirt ®DAMEI6g@ROA) overl ay of |l abels in Engli

The | ast category of potenti al upstream da
(TP1, TP2, SP8, SP9, SP9A, SP12, SP13, SP14,
dams, but for which the | isted ®ornstreudtaibdore 3
Sshould be clear that there is no |l ogical sens
singtteege dam in reality (as opposed to descrif
constructed on topndf austcageg adkcane dhasaina nrgasi sae s
5aMoreover, it is difficult to reconcile chan
ANM website in July 2019 (see Table 3) with t
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possesses both the original detailed design d
documentation (which should describe and expl
what was actually constructed) t Toh eT Pp2r, e cSePd9i An, g
SP14, and SP15 (see Appendices B4, P4, U4, an
January 2002, June 2007, January 2012, and Fe
It is theoretically possible that the desc
changed fr om wusptsatgree abne ctaou ssei,ngallee hough the orig
the raises using the upstream tnheatth otdh,e nsot arratiesr
simply renamwmecdgas damsi MThleepreceding explanat.
foll owing reasons
1)An example of a tailings dam for which the
upstreamsttaogesiingl TPl (see Table 3), which h
1989, a very long time to operate a tailin
2)Pi menta de Cvila Consultoria (2021) descr.
generic construction met hld at the MRN min
3)Befang rai se hadarmtyeae n icnognsshtdrauec tbeede,nl d epor t e
si ngytlage dam.
Tailings dams SP9 andsS&®3dGé damspbasedtonbel

cresesstions (see Figs. 17 and 20es)ec tailotnhso ungehr e
devel oped from original ebeus il g O tdhod ot uommee mt-baut ti of nr ©
i s0 documentation (reconstructed designs base

w4 ) . I n summary, bsaescetdi coms aavmd | acarb | ceh aamrgesss i n t
ANM website, it i s molsg tlaikleilrygd hdahdamsatatl etatsg |
SP6, SP4 Norte, SP5 Leste, SP5 Oeste, SP4 Sul
SP12, SP13, SP14, SP15) were const3thatedcaresisn
actively receiving taibkPaagd &b hmwpleskielepnd SP2 _ 3
12.
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Tabl dal2ings dams at t he Mi n@arar-eccot eRd oi ndfoo rNhoat
on analysistdy the author
Name Construction Ri sk Category
Cl assi fice Score (C
Conventional Tailings
TP1 Single stage MEDI UM 42 Y 62
TP2 Single stage MEDI UM 48 Y 68
TP3 Downstrean LOW 23 Y 33
Thickened Tailings
SP1 Single st LOW MEDI L 31 Y 41
SP2 Upstream LOW MEDI L 38 Y 48
SP4 N Centerline Y MEDI UM 43 Y 58
SP4 ¢ Centerline Y LOW MEDI L 35 Y 50
SP5 L Centerline Y LOW MEDI L 33 Y 48
SP5 O Centerline Y LOW MEDI L 31 Y 51
SP6 Upstream LOW 30 Y 40
SP7A Centerline Y MEDI UM 43 Y 58
SP7B Centerline Y LOW MEDI L 34 Y 49
SP7C Centerline Y MEDI UM 43 Y 58
SP8 Single stage LOW MEDI L 33 Y 53
SP9 Single ste LOW 29 Y 39
SP9A Single stage LOW MEDI L 24 Y 44
SP10 Single steze LOw 27 Y 37
SP11 Single ste LOoOw 27 Y 37
SP12 Single stage LOW MEDI L 23 Y 43
SP13 Single stage LOW MEDI L 22 Y 42
SP14 Single stage LOW MEDI L 23 Y 43
SP15 Single stage LOoOw 19 Y 39
SP16 Single steze LOw 19 Y 29
SP19 Downstrean LOW 22 Y 32
SR 4A Single ste LOW 12 Y 22
SR 48B Single ste LOw 15 Y 25
SR 4C Single ste LOW 15 Y 25
SP5A Single steze LOoOw 9 Y 109
SP 5B Single steze LOoOw 9 Y 19
SR5C Single steze LOWwW 9 Y 109
Ynformation to the left of the ardhow iIisfoakani omomot hé
arrow i s based on the analysis by the author.
3: Ri sk Categories have been I ncorrec
There are two aspects of t he )Tetchhanti csaulg gGhsat
t he Risk Categories for the tailings dams at
Tabl e 2b). The first aspect i1isedhiencomstpuevti
swhection. For the seven centerline dams (al/l
dams), all Ri sk Category scores (CRI) bBhould
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For the wsitglhgt samgl €éhat
scores (CRI) should be i

were argued to be act
nc
the construction method al
fr
t h

r
r b)a.s eBda sbeyd toenn tphoei ncth
one, the only chang

om Lows2KERaBd 33)
e
c

Rick Category increases t

The second aspect 1is design flood, for
assigned a score of zero, orresponding to de
or the flood with a return perboldi by abD,0001%
Tabl Budd)etin 194 Tafi ltimhg sl Mtaer Batfiedaryal Commi s
(1 COLD) dRerfobneebsl e¢¢ hMaxi mum aPéfbei gpreateehn (@BPMPH
precipitation for a given duration, met eorol o
particular time of yeartewmthlnmaahdot/Vhenéd ef |
t hPer obabl e Maxi magshhitl ¢ ad geRMFY | ood t hat <coul d
estimated from probable maxi mum precipitation
t he worpstodfulcaoondy cate@ehme@OL Aec c2Htd mtghse U. S.  Ar
Corps of ERMFNneees MfMohei ncorporate a specific
generally thought to be well beyoMHLE,h& 003,00

The design flood is the | argest flood that
fai,l] ugeener ally expressed eadgpuaeni tdecoarkebpwndane
fl ow rTahtee only definition of the expression ir

recent dam s afcetoy diiegguiltat Ofoinci. a | da Uni «o [ Of f
Uni ¢6@p24yazkkbe d®®@ [pdegiegm fl ood sofit ki an iflli aw
para o di mensionamant adefmisniedaremufras- @ do t ¢
estabel eci do deont upnmreonjteot ot ®oun [eEMb o matr at at uaed f or
the dam structures, defined based on the retu
current techniAlt hdwghlhi memeé preceding definiti
more informative in terms of why the concept

det anidiamgssafien' y gui dance documents a
definition of Adesign flDlaed in this
esi gmeFIfdod]ld used for design of th
y for Ssizing the spil lfwWaoo da nsdt corua d e
r i rement d.e TDOHe wti dihlsitraghsd i fnagc it
i ng some nddmade®ranaodfa stad mpg
ftoewe desmi gn flood (I DF) is

r
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ar et dee sd ggm efdr adoo Apwosartrtebdprplg ENkgA  t h
er gencylaMdn anqgesmeDnatm ASgaefinéceyy) TB & s &
n to withstand the Inflow Design FI
fasbuburengfi hhe dam or otherwise causi
process water into the downstream envi
for which the TSF andaté@dedesmeggedctyo spl
rom overtopping.
Requirements!|limget deam safety guidance docu
but without explicit definiAusnsabifandBEaigaoana
Committee oGuiLdefenbame,nAlTlai $i ogag®ameust be
adequate freeboard to retain design floods, n
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damagi ng t(hAdNClOdnb, R26d&8rdka@geAhdi aheDam Associ a
Application Dam SBé&miv@ n @ g iecttie Init anteesr t coo nNMi anii Me
of
t

[

c o f
mi ni ng dams ha a number maj or functions:
Design Flood ( 0O emsuUCanadiiean nbam
Association, 2

Il n the case he MRN mine, al |l tailings
ma-made embankme s (MBN, wWobbnoseer €amgs. o2 s
entering the tai i ngs storage f daieleibtoiaed, ttha
the difference in elevation between the dam c
FigTh&ye is no available document that states
could result intbeeraobpngyg dédmanyAlbf hough it
freeboard from the only available drone i mage
conclmrant.her issue with regard to the design f|
to withstand a storm with a given intensity a
particul arl methue nalpeenoae .of apy thtomamati oy ol
embankments t-onwienbkst snhdet crognt esitgrs cfolr@od oshou
corresponding to an unknown design flood (see

The consultants for MRN did carry out dam
of 10,000 yedr)s (Hwewe vrirgs .t he6d | ood that i s as
not whatbyi fidmesdmtn fl ood, 06 as it iDBi "reifd n@fdi din
da UriOXd4) and numerous tailings dam safety gu
Canadi an Dam Associati on, 2019; | COLD, 202 2;
ARai ny Dayo dam br eakvoad al yoscecsurt hant roevwserotnespep it
return period of 1f0) 0O@dntyradisct{se&ny¥iglsai m6étdh :
have the same return period.

I f the scoring is changed to reflect an un
construction method as appropriate, then 16 t
Medi um with the remainder seesiTgaghéd t1Q@)RiIi SheCa
with the greatest | ikelihood of failure is TP
the construction method to upstream and the d
dam2d8Plsatshe highest CRI score of 48, according
website (assuangieng osnisngluecti on and a design fl o
with a return péeseedTalhhl X ,vPelnO atiyhldaisth 8 . dam TP2
hascareomft M8 ANM (a2n0d2 5s)i maceeb stihtee mi ni mum scor e

Medi um( sse 4Tlabimaal 10 @) e aspects of de@gsadati on
Tablnmnusit) have occurred tfor crhalhgvwe ttd eMed iskm Ciarnt e
(see Tyl eomt)rast, since tailings dam TP1 has
website (see Table 2b), only a minor degradat
Ri sk Category from Low to )Medieumhian Amprainlgez0 2
CharactesriestTlabt asebbess |ikely to change from
anotOterer wi se, there is no infor maltaosani faised of m
Ri sk Category Low to Ri-AkriClat2@a24.y Medi um in
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4: Computational Dam Break Analyses are |

The purpose of this subsection is to asses
analyses in the Emergency Action Plans devel o
comparing the predictedavivéel oneiatsiuee meintitsheé rtoai
dam f ai |l ur 8)s. (Psaeset Ttaaillei nlgs filmosdomel|l deti dii le ss ia
materi al has not previ ouBHe meaesnu rceompn tl s df ri aam
dam failures areggrioepedf i nhhe pbalkevelhoei ty, I
over the entire runout, and the mean velociti
13)

Out of seven tailings storage facility fai
measured, most have exceeded 90 kil ometers pe
kil ometers per hour, as measurleidt yf oat t Stea faa,i |l
1985 (sl8e. Tlalbd eonly exceptions have been the t
(peak velocity measured at 22 kil ometers per
1965 (measured aturd7 (kidiyleo nHshvdease rp,eri th shoul d L
di sagreements among studies for the preceding
Aberfan, while Jeyapalan (1981) <cl ai med that
Bl ight (2010a)v efroaugned vtehlaotc itthye coul d have been a
(see 13ablFeor the tailings flood at EI Cobre, w
velocity was 47 kil ometers pert htolug ,aveaern aage awne
could have been as hi gh al8) .5 O0Alktihlooungent enros spteurdy
peak velocity for the tailings storage facild.
(1981) found a mean velocity in the range 110
i mplies a veryskergdabpeéakthel sameyway, Petl ey
average velocity of 120 kil ometers per hour f
faciliay Bmumadenho, which again i mpl3)i.eslm ve
summary, in the absence of other informati on,
is a reasonabl e assumption for a tailings flo

Average velocities over the entire runout
with median and mean values of 36 and 52 kilo
across all d3udiMesan( svead uleasbloever particul ar se
120 kil ometersl®er Theut oveeeviadlles of 2.5 and
particular sections that were found by Rana e
Aznalc-11ar, Swaied, biyn KoS®& fareea dilsp (2014), w
velocity over the entire runBBultn wassmmar ¥,i |iomtmet
absence of other information, an average velo
hour i s a reasonable assumption for a tailing
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Tabl €&mp3rical measurements of past tailings s
fl ow velocities

Site or Year Peak Ve Mean Vel o Mean Vel oc

Countr (km/ h) Entire R Particul a
(km/ h) (km/ h)
Baraho 192¢ 108 o) o)
Chil e
Tlal puj 1935 >90 3 25, 3273
Me X i c ¢
El Cob 196¢ 4% 59 o]
Chil e 29
Sgortg 196¢ ) 30 )
Bul gar
Aberfe 196¢ 22 18 o)
Wal es 16 2
Fort S3Me¢e 1977 o] 3386 o]
USA
Buffald% 197: o) 12 o)
USA
JuﬁilllQ?E o] 11-D60 o]
Bel giwu
Bafoke 197¢ 10°8 < 430 d
South ¢/ 36 4
Stava 198¢ 112 70% 30, 90
I taly 29, 85,
Aznalc 199¢ o) 60 2.5 6.
Spain
Samalrc 201¢ o) d 7, 40
Brazi
Brumadi 201¢ 1 0%8 o] 786 ,-1FD
Brazi 101 66,2120
65, 1<25

IRana et a
‘Macz2as et
SLuino and
“Blight (2
Jeyapal an
STakahashi
'Kossof(2atl 4
SRobert s(on0 1.ex) al .
‘Petley (201

0

It is noteworthy that some regul ations acc
average velocity for a tailings flood. Il n par
mi ni mum velocity of 20 kil ometeubsrpdrsbaparattes
di stance of 10 kil ometers between a tailings

mi ni mum separati oAc ctoirndei nogf t300 Ansisneuntbelse.i a Legi s
[ Legi sl ative Assembl|l x iPfarki mas fGCasaid®] di 2pb3% )
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consisckerzaana de autossalvamento a por-«o do vVva

tempo suficiente para uma interven-«o da auto
2UPara a delimita-«o0o da extensso dea adana dai !
entre as duas seguintes TAdiOKktmOr( dieazs qaipgarmteitr odk
curso diba vmmdre-;«d Ido vale pass2vel de ser ating
de trint[aAifiomutt heo parproseeissiodngs hof this | aw,
downstream of the dam in which there is not e
authority in an emer gemoey cuidt iddodnieatnh @ sd € loinmii td:
t he ext enrtesocfuet hzeo nsee,| ft he greatest between t he
wi || be cidf®sikdnen(eecdn kil ometers) -dlhengotrhhe oo w
the vall ey tdhaty aare Kd oroeda oMaeTeh ewil tehgii isnl tahtii rvtey
Mi nas tGeamissti pul ated that noecsce dAxczowuledd nlga v e
t he | egHiscdatvieodhggdai a concess«o de | icen-a ambi
amplia-«o0o ou alteamento de barragem em cuj os
identificada comuni dadfétnaszétonabdddant besglaa
|l icense for the construction, installation, e
ruptur e s c ean acroinonsu niidteyretsinfuydAsesoasnajll fei a Legi sl at |
Mi nass Ge&r0ali9) . According to Ministerio de Ener
[ Ministry of Energy and Non Renéwdbéid pr tdNlai e aé¢l
di sefo y construcci-n de dep-sitos de relave
ubi cada aguas abajo del mi smo que pudiera ser
gueda | imitada por | a maydrl0de kli dtsamibodigao da ggltesasd
abajo del pie de |l a presa a | o | argo del cur s
al canzada por |l a onda de iu[ndhee ideasieqan uaan @ | @Ac
of tailings deposits is prohibited in cases w
is identified that could be affected by the f
di stances: K IlUpmdtoerteendqvwrogtream from the toe
the val leeyporotri;onA offh territory that could be r
mi nufbe] signifzocaaceeodudbhbhreldb v adqdmMiGne]l he r es:
of Brazi IMi(hawt Gedeaicf) wihlel shudEsteradgiaossye dAdtni on
are I nadequate. 0

It was already mentioned that, subsequent
wi || continue to transport the tailings to th
US rivers, the mean fl ow vé&l booimey ewass per8hofue
summary, in the absence of other i nformati on,
assumptions can be made about tailings floods
1)The peak velocity wild@l exceed 100 kil omet e
2)The velocity averaged over the initial run
3)Fol l owing the initial runout, the tailings

they reach the ocean or a major | ake

Out of the awailAlcabhloama Pmamgemand computati on
t he MRNBWHR nkengle nh@P8Aa, 2020b; Pi menta de Cvil e
2020a 2021, 202B,) Gohoédeml| y2060a2&at hat prBWBRNnts t
Engenhar|(a;e(e2(5-1@a)"|d1BhBIa6$3d1bn t ®oef ftihres tt aairlriir
fl ood at a dlenpettharcsf)t Re feled®4¥t. 6shatfant (8Tt st
station just upstream ffTaoanpieh e ap ¢ alo atda ielmbrag :
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the mean tailings velocity over thefleonw iirse r u
regul ated by t hreaiclurlovaed ta nmtdfareokungefanrit,hieai | i ngs ve
t fel ow i's regul atedabyrohd feanbamlkéneimbuvomyghdayo
(Scenario B) and tyhearscfelnmaod o( ®derntdrei d 0C)0 0f0o r
TP2. Tkhelpeakies-l128@8ngel bmeme628 per hour durin
and -315318 ki |l ometegst pbersbenardaroh the fl ood wi

years, which are reasonably copsalstwealt owitihe g
exceed 100 kil onBMPe rEsn gpeenrh areieams( AZTOblud&@)ve corr e
the rupture and initial flow of tailings out
Tabl €eh4&. and mean tailingst! velocities after d
Dam and Peak Ta Mean Tai Mean Tal Mean Tal

Vel oci Vel oci Vel ocity Velocit

( km? h) ( kmi h) Railro Railro
Embankm Embankm
(kmi h) (kmy h)
ASunny Dayod Scenario
TP1 Nor 122. 0.69 0. 88 0. 31
TP1 Sou 62. 07 1.52 3. 23 1. 26
Scenari oYedr 1P|, 00 d
TP1 Nor 256. 9. 1. 47 4. 80 1.009
TP1 Sou 138. 4¢ 2. 71 4. 63 2. 41
TP2 Nor 351. 0 1.79 6. 23 1. 23
ICalculated from data in Tables 11b
Based on first arrival of tailings fi0dg9gd at depth of 2
‘Based on first arrival of tailings flood at depth of 2
‘Based on first arrival of tailings flood at depth f 2
regul ated by the culvert
Calcul ated as the difference between the distance to t
tailings flow is regulated by the culvert divided by t|

dept h tof( 02. 6fleem) at the above stations

On the otrkei cha@&nd meman tailings velocities
TP2 we+tle5@. &9 1 ometers per hour f2r7% akilluomet e
per hour for fayean éfsle@dad ab bfecarlf2tBh, eUpEGEae m eam of
the railroapdedmbaeldmmean tailings velocities
TP2 wé®8Be RBIl ometers per hour f o4. 80GEBIuocmest eoms a
per hour for fayedméfseeaudabbealdD, 0O0Bus, the
velocities are far | ess than the empirical ob
the initial runout i s about 35 kil ometers per
the daembaakment during a flood with a return
tailings are hardly greater than theb5mean fl o
kil ometers per hour. |l n ot her wordd sh,e trlreeg ac adrem
highly wunreliabl e f ort hprreeuwdghc tti megh d ohmeaTshseroeea no &
not enough BWPR oEmgdn lharriian(ly2 ®téee)r avail abl e d
input data for the model, which would make it
model s are so unreliable.
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An interesting contrast is -yeat ftheodowmpuh
tailings dam failure (s denoFRieg.r ell6aa baned (Tcaobn sei s
empirical observations) than threrecampuage i @i at
maxi mum velocities attained in each section i
hour), while the greatest of the maxi mum velo
(8.14 kil omed ee sTgllrlneehdodssr ) wel oci ty as averaged
about 5 kilometers per hour (Leopold, 1994),
|l ow si de, but not as detached from reality as
tailingdaptempdBeand 14). Thus, the computat.i
abilityeweonf madee Iwahtreocugh t he downsomepami sb@anaotfl
normal streamflow with a flood with ia hroauttur n
tailings char df diell pr ¢)o show where and in what
failing toThratscihg nriefailciaanyce of a compaai son bet
flood with a return period of 1@COteearsalis fu
Associated Harms have .beeen I ncorrectly Downgr

I n general, nothing is being done in any o
the reader that the computational model s ar e
tailings dam break analysescartehayrarne arbd \eeral
As wadiakbtussed, the stiamdarad riyndwdt ray spernad ttii o
woul d peiotmbeére confi dence in the predictions of
confidence. However, in the case of the MRN m
the available dam break anal yses. Based on th
sensitivity analysis would be to determine ho
reasonabl e range of wuncertainty of the Mannin
fl owaodfert he ospg)r efaontbetdhe dowestream water wa

As a fiimala matpe,yr fi ci al way, 1t might seem
velocities than water floods, which might exp
| ower than the velocities preadi ated(dcrdnoppaetrdi e dw
Tables 11la and LldQr bddwuseatsloemi migxti sre of tail
three TP tailings ponds h8% amd itnhitc kad®ss otl a dosn
before it is tramagsfpondd Moraoav&P, tavén in th:
(assuming normal streamflow), addititoaialli nwgad e
anwater by the downBurrielagn ava t cew emafys@mmif h g oe@lven't
with a return period of 10,000 years, an enor
of tailings and water both from precipitation
flood waters in downstr eadns wadteu aviatybse d d-v kg @ iyt
than fl oodsBasewaoerrnibahentailings dam failure

measured as averaged over t Hea oamtli2r & or uwr6du tk,i |
er hour with median and mean val uessecef TaADOI a&n
3). By contrast, the highest stream velocity
24.6 kil ometers per hour) in 1932 (Leopol d,
n excess of 100s &e | Danett ea ieBApyar hicdgsudet oods of w
I
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5: Potentithdr Msseochademrdl ncorrectly Downcg

The primary purpiosetofadabkeedbmsnundsecsi cpnrrec

SP tailing dams, as wel | as TP3, to Potenti al
TP2 have been assigned to DPA High (see Tabl e
of Tailings DanhsaRdt aMRN TR2ne®cei ved the cl ass

on the storage volumes (ddhd&ExTNashl°erncd a) daen ¢ otplud
jusantExi stence of downxstscembxepspmbgrttonbé As
Ambi en{ &hvinompaedbilgrisbint St gnofikmmad¢t oand t he
Soci oecoonNiSwicciooecondMaidd of Mededich in] acGsdée Tabl es A

Al t hough no available document explains these
it should be assumed that the kegommuobhbtyieft
Sapu(cue8e Figs. 16d and 16f), especially, in te

By contrast with TP1 and TP2, for all ot he

assessment of AExistence of PdowaoasFregmepbeu( a
existem pessoas ocupando permanentemente a 8r
estrada vi cionalf rdeeglunesnate | @aceal no peopl e per manei
affected area downstream of the dam, but ther
Appendi ces) . F o rii ESXP9sAt eamncde SoPfl 4d, 0o wnhset r eam popul
Al nexiskenéxi §tem pessoas permanentes/ resident
afetada a jus@ipnntEx i d@Telmetr @ agreen) no per manent/ r e:
temporary/transiting people ih (bedPbHaRrte ed a
us)

spite the aggessmant of tHbwnstream popul
some of the available dam break anal yNee,$ ef or
clearly show the tailings flood reaching the
with a return period-of. 10t, 0sOhOo uyl eda rbse (nsoetee dF itgh
Sapucu8 is southeast of t B8 0gPrn0Odt B nttheer sceocntm uonni
extending approxi mately 3500 meters to the no
(compare wWiEvkRnFis@., 16G&) dam break analyses for
assulmesdst r e me dfolwnesd recamtiiani e me anal yses for T
the two sets of dam break soméywagsareheotl| oe
the failuresSB8 SRI,| NenngtkerSiIPilg a f |l ood with a re
10,000 years was | ess than the flooding resul
in downstream waterways withdéugsawiptltaakil g nghko6
Thus, while the flooding map due to {f@ialrures
flood assumed a flood with a return period of
contrmadia@ags idi scusbeddeag!l map) duehs®P,8 aSHF9u,r e of
and NWPprobably assumed the weaker condition o
(an even more i |lllmgsuwnmnma rcyo,n ttih&ed i asstsid ogenemeonft dod w
popul atoi dirEsxd st i ngo f dirl nTTR&e qupeth$®PB2 | SPOY tamd S
Norit® entirel yt,h6 arbbaisterdaroyn. tlhne faavcai | abl e dam br
SP9, aMarstddd 4 | d al | recei Egishenkbieglhéstdosvact e e

popul.atheemsassuming thatSP&he $RINoirawmd | BIRHAout f
foll ow the same gener al pat hwawi a& -FPfsahid 6P
tailings dams should receive a DPA classificai
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Flgure 6.2- Floodlng area - Breach of Reservoir SP-8

Figur ®AM14262a0bul at ed twheesfuboond ifnagi Ituhraet of tail i ngs dan
overtopping during a floodNwiéeéhtherkboani peprobdt bé& & 06 mi
sout heast of the grid intécemparenwidhhSgDb@QenEpamcd a% 8
the tailings flood from an overtopemmugniftay | afpedaemu SBB |
obliterating the communityTPas(wase &Il go d4bBdywnahdr TPai (¢
words, the assignment of AExistence of downstream popul
TP2 and the assignment to the categor yB5 nafnrde gNuSe)n twafso r 1
compl etely arbitrary. I'n the same way, the determinatic
Harm cl assification range of High, while tailings dam .
arbitrabye(2é¢.TEven so, in some ways, the flooding fr
with a return period of 10,000 years was | ess than the
years in downstreamiwatnegrswayasm wWiatiHauute sany otmpar e with F
map due to failures of taiidiemgs fdams BB uomedTR2 fdwmidn gv
100 years in downstream wat ergwsa yfs) 6datnh e | fl logad c¢cian g crmangg r dau
tailings dam SP8 probably assumed the weaker condition
illogical contradiction). TheDAMW aRiagyhof.®AMreétd@®2 ®lb)s wa
with overlay of | abels in English.
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Figure 6.3 - Flooding area - Breach of Reservoir SP-9

Figur ®AM1L I 206a0byul at ed twheésfurboomd ifnagi Ituhraet of tailings dan
overtopping during a floodNwiéeéhtherkboani peprobdt bé& & 06 mi
southeast of the grid intécemparenwidhhu8BDbeQenEpamcd a8 (
the tailings flood from an overtopemmuyniftay | afpeSaemu SBP |
obliterating the community, as was albPs2o0 (sshecewnFifgor 1t6aei)l.i
words, the assignment of AExistence of downstream popul
TP2 and the assignment to the category I nfrequent for 1
compllyeterbitrary. I n the same way, the determination th
Harm rating of High, while tailings dam SP9 had a cl as:
Tabl e 2b). Even fslooodinngs ofrreo nwatyhse, ftahiel ure of tailings d
period of 10,000 years was |l ess than the flooding resul
downstream waterways without agy flédma)lingbudamwhal eut bese
to failures of taili ngsyedaarmsf [ToPold oars sTuPn2e dd uar i fnlgo cad 1wDi, tOhO (

in downstream waterways (an -fi)l,| otghe afll occadit mga dmad i douag | ti a
dam SP9 probably assumed the weaker condition of nor mal
contradiction). The meani bAMof 2 Fh @y ®@IAMr $ VRO bhnot cl ari
overlay of I abels in English.
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g rea - Breach of Reservoir SP-4N

Figure 6.1 - Floodin

Figureimeata de Cvila Consultoria (2020b) calculated t
dam4SRarmutee t o overtopping during a flood with a return
community of Sapucu8 southeast of the grid intersectiol
Thus, the map cl ari fm easn tohveetr ttoh®Pi4dnadwwdfridhied sue felc btoofd her ¢ o mm
Sapucu8, as was al so shown) farmrd tTaR 2 i(nsgese dRing. TIP6le )(.s elen |
assignment of AExistence of downstream populationodo to f
assignment to the categdr Wrctolrpeaqg vee nita b#5Ers wheds, | dBrbgpd nedtaem
trary. I n the same way, the determination that tail
sifiodtHoghyr awpel4e Ndudtdeisagsi dambSMedi uvemngwas compl e
trar gb)(.sekeveTmmbsoe, in some ways, thed4f Nawtteémg far om t
f d with a return period of 10f,rOeOn0f lycemd swiwtalks d ersest u rhn
1 years in downstream waterways without any tailings
f ding map due to failures oyedanmnifli ogd aAasnmsmdgdlaof | dd
period of 100 mevaatseriway whar rielal ogi efal, ctohnet rfal doiocdtiinogn )ma
fai of 4t &Niglrritodgasb Idya na sSsPumed t he weaker condition of
( meaning of
(

n more illogical contradiction). The
020b) with over

ur ®i meama de Cvila Consultoria (2

Soo
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The next step was to deter micmelwhihawveof th
consequences of failure thdheasé¢éept whasasefaam
guestion: Which of the SP tailings dams have
predicted runout distances for TP1 and TP2? T
empiricalrmadei afnhdLBbhall (2018) with the data
failures (Bsaesee dT aobnl et hle5 }0.8fwve dap hat €d st o ( 2)

W TWeown?d ®)
O  c@o 0° (6)

wheVres t hlei kmolst vol ume of the sHpiid It Hanidd m ofnasc
Vri s the total volume of confined tDadilsi ntghse and
modti kely runout (@sestambiEg(kiZBdametwhrnc)h defines
as a function of the dam heamdhtEq.sp(i4), vwHiuane

worcsase r unoarte dumsdEhraregeaead.f or tailings dams not
storage volumes at the MRN mine range from 0.
Tabl e 2a), -lwhkielley tdhaem nfoasctt or s at the MRN mine
(see Table 16). Since the storage voltuhmes and

data used to devel op t hbe) ,sttahtel snioidceall snhooduelld (bse
highly reliable for the MRN mine.

Tabl®mpirical measurements of past tailings s
and runout
N o Mi ne YeaHei ¢Stor Rel e Runo
(m) Vol uVol u (km
(M (M)
Dat asleatr roafuri and Lal l (2018
1 (unidentified), 197 43 0.5 0.1 25
2 Aitik mine, S200 15 15 1.8 5.2
(Boliden Ltd
4 Baf okeng, Soutl197 20 13 3 45
5 Bal ka Chufiche 198 25 27 3.5 1.3
6 Bell avista, 196 20 0.4 0.0 ©0.38
7 Bonsal, North C198 6 0.0:0.0: O. 8
8 Cerro Negro Nol96 20 0.5 0. 0¢ 5
9 Cerro Negro Nol198 40 2 0.5 8
10 Churchrock, New 197 11 0.3 0.3 110
Nucl ear
11 Cities Service, 197 15 12. ¢ 9 120
12 Deneen Mica Yanci197 18 0.3 0.0 0.0
Carolina, US
13 ElI Cobre New 196 19 0.3 0.3 12
14 ElI Cobre Ol d 196 35 4. 2 1.9 12
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15 Funédsamt ar em, Mi ne201 90 55 32 637
(Samarco)
18 Hokkaido, Ja|196 12 0.3 0.0 0.1
19 | mperi al Metals, 201 40 74 2 3. 7
Col umbi a, Can
22 Los Frailes, near 199 27 15 6.8 41
Ltd.)
23 Los Maquis Nc¢l196 15 0.0<«0.0: 5
24 Merriespouth Afri 199 31 7.0 0. 6 4
No. 4A Tailing
25 Mochi koshi No. 1197 28 0.4 0.0 8
27 Ol inghouse, Ne 198 5 0.1 0.0: 1.5
28 Oma i Mine, No. 1, 199 44 5.2 4.2 80
29 PrestavsdlavMi,neNor 198 29. 0.3 0.2 8
(Preal pi Mi ne
30 Sgurigrad, Bul9g 45 1.5 0.2 6
31 Stancil, Maryl 198 9 0.0°0.0¢ 0.1
32 Taoshi, Linfen Ci200 50. 0.2 0.1 2.5
China (Tahsan |
34 Tyrone, New Mexi 198 66 2.5 2 8
35 Veta de Agua 1198 214 0.7 0.2 5
Additional! Data Points
Williamson, Tanza 202 26 25. 7 12. 7.5
Jager sf cSmotudihn Afyi202 0o 22 6 6 3
Brumadi nho, Mina 201 87 12 9.5 600
Mi nas Ger ai s, t
Hector MinenRe®R201 17 0.1¢ 0. 1:
Dahegou, Viwdwagmrg 201 45 2 2 2
Province, China (
Wanji uwml Cnmi.n L i
ICenter for Science %n Public Participation (202
The use of Egqgs. (1),, (b5as eadn du p(o6n) tthhee nd apm ehde
vol umeSB#4 oNBRT eQest e, SP7C, SP8, SP9, and SP11
di stances than either TP1 or TP2 (see Table 1
a greatekempgstel ease vol ume t hy&meveint loearh eTrP 1 ad
dams (SP2_3, SP4 Sul, SP5 Leste, $PkB)] ySPLuOOU
di stances exceeding 10 kil ometers, so that th
predi ctuemouts for TP1 and TP2 of 14.2 and 13.7
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8az2d. on 35 tail i nagnsd dLaanmh |f a(i2lOuti8e) ® ,frokubnedt raa mpsomiepr b e

Figur

storage volume and mnBe.l ehlsies vrod paretl qwreecetTad | tomd hp owevri t h
additional data points from Center f%r S$cecisadndeée nign i Pulalni
in the release volume for a given storage vol ume. Exce|
vol umes at the MRN mine rminigleudim o mmét 8B r7(7SédcBBHIAE 03 O
vol emare in the middle of the range of the data used t
regarhdieghdalgi abl e for the MRN mine.
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