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0.00| |Unidentified, Hernando, County, Florida, USA #2 Limestone us E 12 3,300,000 ot 163 1988 Sep/s8. 4,600 |icowe Mo 037 0.00 143 1.80 1797642629 [ 0
1 i S Gim o us © or 155 1088 Sohorfs 700000 0 Jeonw st ool o 000 000 o013 o o] o
o3 Consolcated Cos Nt Tennessee, UA, coal o5 ww o 1000000 s 2 1588 s 250000 ot e st v 000 000 om0 o000 o o oo
oo [vervew, Ailsborough County,Forida v e 1088 o 216 [— st Umestone 000 000 000 000 B o B
a0 nidentiied, Hermando, County,Farids, UsA Umestone | o5 ¢ 2 w 1ot 1988 o ™ 000 000 o0 000 o o o
|Rain Starter Dam, Elko, Nevada, USA Au WR ER 27 1,500,000 u 98 1988 1988 |Placer Au 0.00 0.00 0.00 0.00 0 [ 0
0.00| |Surigao Del Norte Placer, Philippines (#1 of 3) (Manila Mining Corp) Au u 1987 9/1ul/87 [Pipsinks Istrat Coal 0.05 0.00 0.00 0.05 0 0 0.04587
o8 [Montcos No7, Rleigh County, West Virgina, UsA ool U 1587 a7 7,000 fese [r— st Col 000 000 om0 o000 o o o
sckovshy, Western soeria Coal s e T s2.000.000 u e 1087 2siarts? e 000 000 000 000 ) o |ooous
o atien, cina e us T 5 s 154 1587 sy 22% o Au ) 05t | oweowes | 1w 55 000 000 o0 000 B B o
oo Montana Tunnels, MT, Ush (Pegasus Gl S o5 w » 250000 u o 1987 o7 st Coal 000 00 000 000 B o B
aranma ine 155, A Conl s 3 ) 300000 s 7 1985 Toovss Curs 005 000 000 o005 o |ooszmusr| o
005 e Mmm; - Phllippines, No.3 Tllngs | Cunu 3 st 193 1986 17/0c/86 100,000 S strat fe 000 000 000 000 o B o
oo T, e T 0 ) = 1085 oass s 000 000 000 000 B o |sseos
o) story'sCreek, Tasmoria 0| vaersce 17 30000 or 151 1585 Lot 10 oo 5 000 000 om0 000 o o o
oo Fermirern P W € 7s 200000 or 10 1085 Loy st e oon a1 050 053 o |osssosns| o
053 abicto, Minas Gerai, e e Gty | Mooy | s ) 1985 s 0| n 7 Jeoowene S —— vz 000 000 om0 000 o o o
o Mineraling, 8¢, Conoda vz o ot s St or 158 1o86 2omarss e 000 000 13 136 o |issnassr| o
134 uangmetshan, cina e u 1985 1056 5 e st sand 000 000 000 000 B o B
oo Spring Creek Plat, Borgr,Texas, USA sand s 20000 or 1 1586 156 foao st Sand 001 002 000 003 o o oo
003 sonsalNorth Carolna, Ush sand wn 3 s 38,000 or o 1085 7nares o] 1 v 15 on o2t o2t 1052 osuseas | o )
1557 Pretavel Mine - Stava, North al, 2,3 Prealp Minerail v us ot 25 300000 s w 1985 s wo0| 8 0 [eowwtne e st ol 000 000 000 000 o o o
oo [PS———— Coal o5 w 7 1230000 w ) 1085 s « 026 on 000 0a o |osssrsoms]| o
oe] CerroNegroNo. (451 @ s o © 2000000 ) ) 1585 S soo0| s . « o5 oz om0 o028 o |oamssssos| o
028 [Veta de Agua cu us T 2 700,000 fQ 78 1985 3/Mar/s. 280,000 s e, fco P 039 011 350 399 3.99310809 0 o
359 [ o S e e , [ 1085 1055 | 4 w | it ool i 006 000 13 Lssaaiees | o B
138 |Quintette, MaEmot, BC, Canada Coal u 1985 1985 2,500,000 3 |Blint & Fourie, 2004 Au 0,01 0.04 0,00 0.05 0 0 0.05164
o0 Olnghouse, Nevada, UsA o W € s 20000 s B 1085 o5 I [E— it vano « S0 1 i e o o 000 000 000 000 ) o B
|EI Cobre No. 4 - El Soldado (Exxon) Cu DS st 50 EQ 44 1985 1985 Jicowo. PcO u 12000 1 1905 680 Py 0.00 0.00 0.00 0.00 0 0 0
[arsa, e -1 Teniente (covelco) w or 7 1985 o5 st . 000 000 om0 000 o o o




[Texasgulf 48 Pond, Beaufort, Co., North Carolina, USA

12,300,000

Apr/se.

Fe

000 000 000 000 3 o 3
000 IMirolubovka, Southern Ukraine: re us ear 2 80,000,000 st 210 1984 15/1n/84 - u 000 000 000 000 o o o
00| Battle M. Gold, Nevada, Au 0s € s 1,540,000 st n 1984 1084 feowo Vermicuite 000 000 000 000 o o o
oo Virginia Vermicuite, Louisa County, Virginia, Usa Vermiculte | WR 3 s st 179 1984 1984 feowo vein 287b 1881 000 000 000 000 o o o
00| Clayton Mine, idaho, Usa 8P o T 2 215,000 st 2 1983 2fhunjes oo e st 1385 vein u o 19 | 1saem7a | 1w 15 000 .00 000 000 o o o

[colden suniight, w, usa u o s u 51 1983 sfian/s3 654 oo st 1215120 vein Ay 000 000 000 000 o o 53605
0.00| |Grey Eagle, California, USA Au oS E u 53 1983 1983 100 Cu 0.00 0.00 0.00 0.00 0 o [
oo Vatlenar 1 and 2 w or s 1983 1983 feoo co w 00 03 | oos | oswioserr | 1087 ~100 Py 613 000 000 613 6125662044 B o
6.13] Sipalay, Phillippines, No.3 Tailings Pond (Maricalum Mining Corp) Cu WR mMw 37,000,000 N 187 1982 8/Nov/82 11,618,257 |1coLD, wise, Piplinks Smios |Strat Gypsum 0.00 0.00 0.00 0.00 0 0 0
oo [Roystr, Florida, Usa Gypsum us i 2 O 102 1982 1982 feowo Coal 005 000 007 012 o oaz20005 | o
o1y lAges, Hartan County, Kentucky, Ush Coal u 1981 18/0ec/s1 96,000 1 e e —— Vein u 0.087 1036, PyGa 000 000 000 000 o o o
oo i Mine, colorado, Usa Au u 3 1981 sorfe1 oo ———— fe 185 008 000 188 1878689337 o o
189 Baika chufichevs, Russia fe us st 2 27,000,000 s a1 1981 201 3so000| 1 oo, s srat 3 000 000 000 000 o o o
000 rexasgulf No. 1 Pond, Beaufort Co, North Carolna, USA 3 wa € 24700000 st 123 1981 1581 oo @ 000 000 000 000 o o o
00| Veta de Aqua A @ € 176 1981 1081 feoo w 000 000 000 000 o o o
oo Veta de ngua 8 @ e 77 1981 1981 feowo

[san Nicolas Cajmarca Peru 1980 Joss1 RIO TINGO Y DAROS EN LA AGRICULTUR Pco cu 1300 053 053 1967 100 Py 105 021 0.00 126 1.25961735 o )

[ | 1 Tyrone, New Wexia (Phelps Dodge) w us = & 2500000 s o) 1980 /00 2o00m| s . sat sond 000 000 000 000 o o o

Sweeney Talngs Dam, Longmont, Colorado, UsA Sand 7 s 119 1980 ay/s0 feowo co ) 12000 1 1 580 Py 000 ™ 000 000 o o o

[Marga, Sewell V1 Region, Rancagua, Chie - ElTeniente (Codelco) @ or 1980 Junfos — [ — co w 12000 1 1 ss0 py 000 000 000 000 o o o

[rena,Sewell Vi Region, Rancagu, Chie - i Teniente (Codelco) 3 or 1980 Junjos — [— Kyanite 000 000 000 000 o o o

[yanite Mining, Virgiia, UsA Kyanite 1 430000 or 67 1980 1580 feowo « 002 000 000 002 o o |ooisss
o0l [churchi copper, ac @ s 1979 1/0ec/79 37,85 oot u 1967 3 u 020 000 000 020 o 0195080492 0

e oz churchrock, New Wexic, Urited Nuclear u wR € u 370000 ) ) 1979 s6harrs 370000 —— | u 000 000 000 o o o o

[union Carbide, Uravan, Colorado, Ush u us T 3 s m 1979 Mar/79 feows o 002 000 000 002 o o |oonoe
ooy [unidentified, Bitish Columbia, Canada m 1979 1979 40,000 e e — strat Ol sands 000 000 000 000 o o o
00| Suncor E-W Dike, Alberta, Canada Oilsands wr w 30 s 118 1979 1979 feowo u 000 000 000 000 o o o
000 incident No. 1, o, Ontario, Canada u wr 3 s u 35 1979 1979 A Asp, Py 002 001 007 010 o 0.099683017| 0
o0 rcturus, Zimbabwe au us T 25 17:20m0 or 185 1978 3san/78 sso0| o 1 oo u 000 000 000 000 o o o
oo INorosaw, Japan Au 0s 2 225,000 e B 1978 14/1n/78 oo e 1950 001 021 007 032 o ossme2| o

[Mochikoshi Dike No 1 of 3, Sagami Bay Nr zu Japan (2 0f 2) nu us 1 2 476,000 tQ w 1978 102078 wo0| 8 1 o n 000 000 000 o001 0 o

[Mochikoshi Dike No 2 (of 3),5agami Bay Nr lzu Japan (2.0 2) A 19 £ 85 1978 103078 30| o E— et sher s A 000 000 000 000 o ooossssisa| o

[Mochikoshi Dike no 3(of 3), Sagami Bay Nr lzulapan (2 of 2) Au us T € 8 1978 14078 0 '@m usananma 1670028) 3 was  new constcted starer dam. Au 000 0.00 0.00 000 o 0 0
o.00f [Hirayama, Japan Au o5 9 87,000 €Q 56 1978 153178 - 0 ) e Strat Oilsands 0.00 0.00 0.00 0.00 o o o
oo Syncrude, Alberta, Canada Ol sands a i o 120 1978 1078 oo b 000 000 000 000 o o o
oo [adison, Missouri, Ush o we [ 1 or 7 1977 28/re/77 oo na u 1958 u 002 .00 000 002 B o loass
o0 [Grants, Milan, New Mesico, USA millie (Homestake Mining) u us i 2 st s 1977 feby77 30000 oo, s srat u 000 000 000 000 o o 21608
00| Western Nuciear,Jeffre City, Wyoming, UsA 12 u st 150 1977 1577 40 oo e 000 000 000 000 o o o
ood] PitNo. 2, Western Ree us T o st 9% 1977 1977 feowo strat Limestone 000 000 000 000 o o o
oo [Unidentified, Hernando, County, Florida, USA Limestone a € s o 182 1977 1977 oo v 000 000 000 000 o o o
000 [err-McGee, Churchrock, New Mesico, USh u we [ o e o 1976 sorf75 oo Pbzn 016 000 000 016 0 oassi733n2| o

[ o1e tetovo No. 4, vugosiava 20 us T 5 1,000,000 s 15 1976 s 300000 g fe 000 000 000 000 o o B
000 [Dashine, china fe us 37 £Q 36 1976 1576 oo swrat 3 000 000 000 000 o o o
oo [unidentiied daho, Usa 3 0s € u s 149 1976 1976 feoo Barite 000 000 000 000 o o o
oo Cadet No. 2, ontana, Barite a 3 2 s 15 1975 sep/7s feowo Aung 003 000 0.00 003 o o |oozss
003 siverton, Colorado, Usa Aug u 1975 Jony7s 48133 o fus Po2n 013 051 000 064 0 644631656 | 0
os] [Madiarevo, Bugaria Pb2n us T a0 3,000,000 st 219 1975 Ape7s so000| 2 oo sk cunu 127 202 | 112 | ssssaces | 107 Py 000 000 000 000 o o o
00| arr Fork, Utah, UsA (Anaconda) cuu 10 st 2 1975 Feb/s oo vein Pb2n Py, En, Ga 008 000 000 008 » ao7ossess] o
o0y [Mike Horse, Montan, Usa (Asarco) Pbzn us i 18 750,000 or 7 1975 1975 150,000 feoo Barite 000 000 000 000 o o o
000 oresser No. 4, Montana, Barite a € 15 o P 1975 1575 oo Mo 000 000 000 000 o o o
00| [eystone Mine, Crested Butte, Colorado, USA Mo u 6 1975 1975 feoo s Pbzn W 111 | os3 | soxusoars | 196 vGa 000 000 000 000 o B o
0.00| |Heath Steele main dam, Brunswick, Canada (American Metals) Pbzn WR RE 30 N 186 1975 1975 Jicow |Strat K 0.00 0.00 0.00 0.00 0 0 0
000 s Rocanille, Saskatchewan, Canada 3 us T 2 u % 1975 1975 oo st Trona 000 000 000 000 0 o o
00| [Unidentified, Green River, Wyoming, Usa Trona wr 3 1 u 161 1975 1975 feous Magmatic o 685 115 093 ™ 8936597024 o o
594 afokens, South A P us . 2 17,000,000 st 7 1974 11/Now7a 13000000 45 B oot v eosien e ioos o 0 S DOSAE A s o St i s S5 i s i g BT o 000 000 000 000 0 [ 0
oo [Golden ilin Mine, Colorado, Ush Au 2 u 50 1974 Nou/7a feous ica 002 000 000 002 o o 00208
0.02| |Deneen Mica Yancey County, North Carolina, USA Mica us st 18 300,000 st 37 1974 Jun/74 38,000 0 Jicowo. Ag 0.00 0.00 0.00 0.00 0 [ 0.00316
00| siver king, daho, Usa e 0s [ o 37,00 or 109 1974 1671070 5000 oo AgPb 000 002 000 002 0 o |ooes
o0l (Galena Mine, tdaho, USA 12 of 2 (ASARCO) 2gPb us w 5 or a 1974 1571074 se0| 1 oo, o swrat agPb 000 000 000 000 o o o
00| errien, France AgPb us & 3 s 10 1974 1578 oo Oilsands 000 .00 000 000 B o o
00| l6cos, Alberta, Canada Ol sands us i B s a7 1974 1974 oo Gypsum 000 000 000 000 o o o
00| [Unidentied, Mississippi, Usa #2 Gypsum us T 0 o 153 1974 1978 oo @ 000 000 000 000 o o o
00| [Unidentified, Canaca, Merico @ us T 5 or 159 1974 1974 feowo co w 3200 049 067 1911 2 Py 000 000 000 000 o B o
oo [Ray ine, Arzon, UsA nc #2 (ennecort) 3 us i s2 s 101 1973 s/reb/3 Pt 002 VALUE! 000 WALEL AVALUE!

[afokens, South Afrca, MorenskyTaiings dam, #1.0f 2 o us T 1973 w0000 oa cu 009 o6t 000 on o o0730657218| 0
073 |(unidentified), Southwestern USA. cu us E 43 500,000 st 169 1973 1973 170,000 25 |icoLD, wise, Rico |noted as *Southwestern US" in WISE 1 0.00 0.00 0.00 0.00 0 0 0

arth Resources, N, @ us i 2 or B 1973 1573 oo co @ 3200 049 067 1911 0 Py 000 ™ 000 000 L, o o

[Ray Mine, Arzon, Usa @ us i 52 s 100 1972 2/oee/n2 feoo

[Brunita Spain,Caragena, Spain (SMIM Penaroyal b b, us mMw 5 1,008,000 1972 20/0a/72 70,000 1 o oon s cespoct 201 G wse s strat cosl 026 165 893 1084 10.84347577 o o

10.84| |Buffalo Creek, West Virginia, USA (Pittson Coal Co.) Coal u Table 1 1972 26/Feb/72 500,000 64 125 |vein AgPb 0.00 0.00 0.00 0.00 0 o 0

3 (Galena Mine, Idaho, USA 1 of 2 (ASARCO) 2gPb us 3 14 e s 1972 1072 oo

|Atacocha, Peru 1971 = RIO HUALLAGA Y DAROS A VIAL (100,000 TON DE RELAVES) jtrat P 475 3.08 0.00 782 7822124229 o )
7280 Cites Sevice, Fort Meade, Forida, phosphate 3 u 2 1971 3/oecn 000000 120 st o A 016 000 636 652 6515316220 o o
652 |Certe] gold mine, Romania. Au 25 st - 1971 30/0ct/71 300,000 8 [iing wachfamanis, 300e14, Adevr,1oczo |12 MR Vein-strat He 11 1940 000 0.00 0.00 0.00 0 0 0

pinchi Lake, BC, Canada e wr € 13 R o5 1971 1971 feowo

icapampa, Alanza peru 2 e 1971 areco — 000 B N B

(Chungar peru 1971 w71 — st v 000 000 000 000 o o o

Western Nuctea, Jefrey City, Wyoming, UsA u st 181 1971 1011 oo ssc w 12 3 3 1967 s0 001 000 636 639 6392095488 o o
639 IMufulia, Zambia (Roan Consolidated Mines) Cu 50 1,000,000 s ) 1970 sep/70 68,000 PR T — st Clay 001 000 000 001 o o |ogom
o0 [Maggie Pye, United Kingdom, cay Clay us i 18 s 75 1970 Jan/70 15,000 heous, s strat Clay 000 000 000 000 o o o

park, Unted Kingdom Clay Wi T 3 or B 1970 1970 feow strat Clay 000 000 0.00 0.00 o o 0

Portworthy, United Kingdom Clay 0s % 15 st o7 1970 1970 feoo st Gypsum 000 000 000 000 o o o

lunidentied, Mississippi, Usa Gypsum us i 15 or 152 1970 1970 oo

|Almivirca,Quiruvilca, Peru,#2inc. 40 EQ [pacheco strat P 0.00 0.00 0.00 0.00 0 0 0
00| Willamsport Washer, Maury County, Tennessee, USA 3 2 u 192 1970 1970 feoo 000 B N B
0.00] [Buenaventura,Peru e 1969 R s 4 cu 001 000 000 0.01 ) 0 000599
o1 [Phoenix Copper, BC cu us SE 1969 12:5ep69 11,356 Fe 0.06 0.00 0.00 0.06 o 0061530562 0
00| Bibao, Spain re s 15 1969 1969 msow0| o o, wse e strat 3 000 000 000 000 o o o
00| [Monsanto dike 15, T, 3 0s € @ 1,230,000 s 86 1969 1969 oo 000 0 o o

[Vauli-Yacu peru us 80 € 1968 = et [Table 1 Page 2 brief desription of dama cause offailures In Peru ? 000 0.00 0.00 000 o 0 o

stoney Widdleton, UK B s 217 1968 syreb/ca oo Pozn 005 000 000 005 0 o 00513
o0y [Hokkaido, apan Pbzn us i 2 300000 e 57 1968 1068 00| o oo, s o strat ’ 000 000 000 000 o o o
oo Jgrico cheical, Florids, Usa 3 u 1 1968 1968 oo strat 3 000 000 000 000 o o o

[ K2, Saskatchewan, Canada 3 us i 3 u B 1968 1968 feoo 243 000 120 37 3711039319 o o
371 [winy Tilngs Dam, Poland s B 1967 130667 4,600,000 18 [cowsun Mo 001 000 000 001 o o |ooosss
00 Climax, Colorado, U - Mi (Climax Molybdenum Co) Mo u 3 1967 2pifsr 12,000 oo P p—— st 3 105 000 000 105 1054489145 o o
105 [MobilChermical,Fort Meade, Forids, phosphate 3 u B 1967 /67 2,000,000 oo, s E— strat coal 000 000 000 000 o o o

[unidentiied, United Kingdom Col 0s 20 st 144 1967 1967 oo st Coal 000 000 000 000 o o o

[Unidentified, United Kingdom #3 Coal 0s Mw 1 s 145 1967 1967 feowo strat Sand 000 000 000 000 o o o




1 [Unidentifed, nited Kingdom 2 Sand 0s € B 2 A s 146 1967 1967 feoo strat coal 1869 009 000 1029 1037 1037112791 o o
oo, Wt
1 103 1 [Aberfan, South Wales Colery Coal 2000 1 u 1965 21/0e/65 162,000 180 [Woesots ol xac hpscsternme. [ 425 okl s, Wast s n 00 000 000 001 o o |oosm
3 0.04| 3 tin 1966 10/9/1966 70,000 |wise. PbZn 0.24 021 34.86 3530 3529953112 o [}
1 35.30| 2 |Mir Mine,(Placalnica) Sgorigrad, Bulgaria Pbzn us T 1 A u 81 1966 May/66 450,000 8 488 |1cOLD, wise/Wood(21)/Stava Foundation (22) | e o detate " Istrat Coal 0.00 0.00 0.00 0.00 0 0 0
1 |witamihorpe, Uk Coal W 1 A or 183 1966 20/Marf65 oo st Gypsum 007 000 000 007 o 0068541794 o
2 007 1 |unidentified, Texas, Usa Gypsum us T 15 1 A s 154 1965 1966 130000 o, wse strat Gypsum 008 001 000 005 o o |ooss
3 00 1 |Gypsum Tailngs Dam (Texas, UsA) Gypsum v 1 700000 1 A s 1966 1966 so0| o o wse st Coal 002 000 000 002 o o |ooms3s
3 002 1 |Derbyshire, nited Kingdom coal 0s s 1 5 0 3 1966 1966 000 o feoo strat Coal 000 000 000 000 o o o
oo 1 |wilamthorpe, Uk 2 Coal 1 A o 26 1965 1965 oo strat Coal 000 002 000 002 o o |oowsrr
3 0.02| 1 |Tymawr, United Kindom Inc#2 ( see 1961) Coal 25 1 A ot 125 1965 29/Mar/65. 1 [HT Manto u 580 11 11 19the 20 Py 1.00 031 14.29 15.60 1559517128 0 0
1 1560 1 [eicobreid Dam @ us T 35 szsoo0| 1 A e 4 1965 28/Mar/ss 1o00000| 12 20 |ew ! 7 wanto w sw0 11 11 19thc 2 Py 018 031 000 049 o 0492227908 o
3 0.15] 1 |La Patagua New Dam, Chile (La Patagua - private) Cu us T 15 1 A EQ 69 1965 28/Mar/65. 35,000 5 Jicoo, Rico. |bresched, eleasing taiings that lowed down to. cu 0.01 0.13 0.00 014 0 o 0.13928
3 01 1 |losMaquisho.3 3 us 15 a0 1 A £ n 1965 28/Marfes 20| s o, o S —— 7 wanto « 580 11 11 19thc 20 Py 004 002 000 006 o o |oosa
3 00l 1 [ellavista, Chite « us i 20 asooo0| 1 A £ 2 1965 28/Mrf5 7000 1 feoo w 000 003 000 003 o o |ooz0s
3 003 1 |Hemovieio,Chile @ us T s 1 3 0 ss 1965 28/Mar/65 wo| 1 feowo e . e w 000 000 000 000 o o 7.96.05
3 00 1 |RemayanaNo.1,Chie 3 us T s 1 A £Q 9 1965 28/Marf6s 150 feoo st Limestone 000 000 000 000 0 o o
1 |cerroBianco de Popaico, hile limestone | WR [ o 2 A e 2 1965 28/Marfes feow [mev w 000 000 000 000 o o o
1 [eicerrado, chite 3 us T 2 2 5 £ a2 1965 28/Marfes feowo « 000 000 000 000 o o o
1 [ios MaguisNo.1 @ us T 15 2 3 £ 70 1965 28/Marfes feowo [mess w 000 000 000 000 o o o
1 [sauce No.1, chite 3 us T 6 2 A £ 108 1965 28/Mar/65 feowo = e w 000 000 000 000 o o o
1 [sauceno. 2, chite [ us i s 2 5 € 105 1965 28/marfes jeoo Cu 000 000 000 000 0 o 0
1 [Sauce No. 3, Chile Cu us 5 2 B EQ 106 1965 28/Mar/65. Jicowo. ldoms. " e cu 0.00 0.00 0.00 0.00 0 0 0
1 [sauce No.4, chile [ us T s 2 b £Q 107 1965 28/Marfes feoo s « 004 013 000 07 o o |oanm
3 o] 1 |cemoNegroNo. (ofs) @ us T 2 soo00| 1 A £ 2 1965 1965 so0| s E—— | F——— strat 3 000 000 000 000 o o o
1 |american Cyanamid, Forida #2 3 1 A u 4 1965 1965 feowo w 000 000 000 000 o o o
4 00| 1 [cerronegroo. (10f5) @ us i 45 2 3 € 2 1965 1965 feoo P—, @ 000 000 000 000 o o o
3 o000 1 |cerroNegroNo. (2of5) @ us T 5 2 3 e 2 1965 1965 feowo — 7 wanto w sw0 11 11 21stc 2 Py 000 000 000 000 o o o
1 |ErCobre Small Dam -1 oldado (penarroya) u us T 2 sgs000| 2 b £Q a5 1965 1965 oo B 000 000 000 000 0 o o
1 |Nyuda Creek, ussk B wa € 2 2 A o B 1965 1965 oo strat 3 000 000 000 000 o o o
1 |unidentifed, idaho, Usa 3 05 3 18 2 A st 150 1965 1965 oo Ph.IN A 1956 0078 o 001 006 000 007
1 [castano Vejo, Argentina, Minera Castano Viejo,National Lead Company S.A PhzNAL | wood T 5 w500 1 A s 1964 veo| 2 S ——— B a 000 000 000 000 o o o
1 [aicos, Texas, usa A 19 as000| 1 A u 2 1964 oayes oo v 000 000 000 000 o o 53605
3 000 1 |utah Constrution, Riverton, Wyoming, USA u 2 A or 74 1963 16/10n/63 100 oo v 178 000 000 174 1739907089 o 0
1 178 1 [Mines Development, Edgemont,South Dakots, USA u 1 B u 50 1962 /62 3300000 feows sn 500 012 221 1832 1831718096 o o
1 18320 1 [Huogudu, Yunnan i Group Co. Yunnan 5 us 1 A u 1962 1952 36230 5 7 e strat Gypsum 002 000 000 002 o o |oosss
3 002 1 |American Cyanamid, Forida Gypsum 1 A u 3 1962 1962 3785 o 000 000 000 000 o o |ooons
3 1 peru ) 1 £Q 135 1962 1962 250 ot 121 [E—— y 000 000 000 000 o o o
1 |Union Carbide, Maybell, Colorado, USA' u 1 A u m 1961 6/Dec/61 Jcowo. [Strat Coal 0.00 0.02 0.00 0.02 0 o 0.01649
3 002| 1 [rymawr, United Kingdon #1 Coal 1 A or 120 1961 w12/61 1 strat Coal 000 000 079 019 o ozgsniazss| o
2 07| 1 |iupile, Belgium Coal u u u 1961 1961 1 [ s o
2 Luciana Tilings Failure Satanna Spain 1 » s 1960 Laug0 000 05 18 [pemoser. om0 P — v 000 000 000 000 o o |ocoss
3 000 1 |Lowerindian Creek, MO, UsA b us 3 2 A si 7 1960 1960 8400 feowo y 032 000 000 032 o o3temem3| o
2 032 1 [Union Carbide, Green River, Utah, USA u 1 A or 170 1959 19/A0g/59 600,000 feowo u 1906 u 032 o3 021 156 | ss6273483 B o
1 156 1 | u 1200000 1 A £ 1958 - e0000| a0 3 |wessnn e ot
2 T witgo, peru us 0 1 EQ 1956 [pretecoicoro s desths wits Au 0.00 0.00 0.00 0.00 0 o 0
1 [Grootviel south africa u us i 1 » s s 1956 195 feoo strat 3 000 000 000 000 o o o
1 [unidentife, Peace Rivr, Florida, UsA 3/52 3 we € s 1 A s 165 1952 a2 oo P/
2 1 ntro Peru, ¥ Pa/2n us B E) 1 5 e 107 1952 —— ——
1 |Chinchan, yauliyacou Mine, Peru Ag 135 1962 Jicoto. strat P 0.00 0.00 0.00 0.00 0 0 0
1 |Unidentified, Alfaria River, Florida, USA 2/52 P WR E 8 1 A st 156 1952 Feb/52. Jicowo. strat P 0.00 0.00 0.00 0.00 0 0 0
1 |unidentifed, Peace River, Forica, UsA 9/51 3 wa w 5 1 A s 1657 1951 sepsst oo strat 3 000 000 000 000 o o o
1 |Unidentified, Peace River, Florida 7/51 P WR mMw 30 1 A SE 166 1951 Julfs1 Jicoto. strat P 058 0.00 0.00 058 0.57996903 0 0
1 05 1 |Unidentifed, Peace River, Florida, Ush 2/51 3 0s € 1 » s 168 1951 feb/s 1,100,000 feow s Pbzn 1m0 seoozzsl | 1509 6 Py 008 000 000 008 o 0070086686 | 0
2 ool 1 [sulivan Mine, Kimberley, BC, Canada Pb2n us i 1 A st 6 1928 1508 150,000 feowo co @ 1400 033 | oo | osewossra | 1007 2 Py 000 ™ 000 000 L, o |ooomss
3 oo 1 [castle Dome, Arizons, Usa w us T 1 A s 2 1947 29/sep/a7 o feowo vein e Py 002 000 000 002 o o |ooa0e
3 002| 1 |[Holinger, Canada Au us T 15 1 A o s 1924 1904 40,000 feowo w 4 1882 Py 000 000 000 000 o o o
1 [captains Fat Dump 3, Australa [ T 1 A u 2 1942 1902 oo =3 3 3500 o075 | o3 | 12077 | 1ses 400 vy 000 000 000 000 o o o
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is indisputable. Without major changes to law and regulation, and to industry
practices, and without new technology that substantially reduces risk and
increases loss control, our current prediction is for 19 Very Serious Failures
between 2018 and 2027.

We ask all users to read all guidance and commentary provided here before
planning and publishing a work using this database.

DOWNLOAD NOW

Current as of March 1, 2019

Fig1 VERY SERIOUS & SERIOUS TSF FAILURES
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History & Purpose Of Failures Database

The purpose of the database is to provide a meaningful resource of factual
authoritative data for analysis of trends, causes, and consequences, with a view
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to the changes that will result in effective loss prevention related to tailings
management. The aim is to give voice to the narratives of every significant
failure, not replace or overshadow the existing narratives.

Of course, it is important to note at the outset that, while tailings failures are a
leading cause of the most consequential mine failures to communities of origin,
to the environment, and to the investors whose trust finances production of the
minerals the world needs, large and significant losses occur even at facilities with
no on-site tailings or with adequate and even state-of-the art tailings
management. This database is important because it is a surrogate for all loss. It
is the only known publicly available compilation of loss, the only window we have
into the legal frameworks and corporate practices that create high-risk and high-
loss conditions.

The core of the database is the ICOLD/UNEP compilation by an international
expert panel convened between 1995 and 2001, and published in 2006. WISE
continued the global compilation by integrating all the Bulletin 121 failures and
posting all new failures reported to them. The WISE chronology dropped most of
the Bulletin 121 data descriptors and now reports only “significant” events since
1960.

World Mine Tailings Failures (WMTF) expanded the original Bulletin 121
compilation with independently researched, authoritatively compiled failures
from 1915 onward, and integrated all WISE updates and additions through 2015,
reformatting to the full Bulletin 121 layout. Missing descriptors in the WISE and
ICOLD/UNEP compilations were filled in element by element from many sources,
principally legal documents and technical reports.

The statistical value of ICOLD/UNEP dam-descriptive and cause-of-failure data
elements has not been fully established or explored, but WMTF continues all of
them.

The data are meaningful only at aggregations of 10 years. No other
aggregation level holds up for any kind of meaningful analysis or presentation.
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Presentation of the number of “failures” for a given year is meaningless. No
comparisons by country or company or resource sector are meaningful
without production data ( failures per ton of processed ore or failures per ton
of finished product) for a period of 10 years or more.

Three main expansions give voice to the failure narratives in terms of both cause
and consequence: severity coding, magnitude index development, and the
inclusion of economic history.

SEVERITY CODING

The ICOLD/UNEP expert panel intended to distinguish failure events by severity,
but the established coding did not lend itself to statistical analysis. They
distinguished “failures” from lower consequence “accidents,” but this two-layer
severity class had no structure that supported meaningful analysis, especially
trend and correlation analysis. Within the designation “failures,” ICOLD/UNEP
intended, and we have continued, to record all failures of any component of a
tailings management system.

The Bulletin 121 international panel established three measures of severity
(release, runout, and deaths), which also frustrated statistical analysis.

A four-level severity code system has therefore been created for WMTF from 1
(“very serious”) to 4 (“potential failure,” meaning an observed condition that, if
left unattended, could evolve to failure over time). The four-tier system relies
primarily, but not exclusively, on the three severity variables created by
ICOLD/UNEP (release, runout, and deaths), but it also places great reliance on
authoritative narrative. At present, only two of the classes, “very serious” and
“serious,” perform well in statistical analysis and it seems clear in correlation and
other analyses that the trends for both severity levels are shaped by a common
set of root causes in mine-specific and global economics.

Figure 1 above shows present linear trend lines and Figure 2 below shows the
actual values for release, runout, and deaths by decade through 12/31/2017.
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FIG 2 TSF DAM FAILURES BY DECADE FROM 1915 As Known 08/01/2018
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MAGNITUDE INDEX

The severity coding alone allows examination of only the frequency of high-

severity incidents over time, but not the degree of severity. Although, as shown in

Figure 2, the decadal summaries of release, runout, and deaths give an

impression of increasing severity, it was not possible to do any meaningful

statistical analysis with the data in this form.

Magnitde Inded

FIG 2 MAGNMUDE INDEX V. PRICE & GRADE
WRCINENTS P IMIDEN. >0, 10206
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Anindex is an econometric tool, especially used in trend analysis, which allows
disparate data elements to be unified via reference to a base year or period and
then combined by aggregation, with or without weighting, as evaluated by the
index developer. This approach was used to build the magnitude index setting
1991 to0 2000, the “red flag” decade of Bulletin 121, as the reference period. For
each incident, each element (release, runout, deaths) was expressed as a ratio to
the reference average, after which all three index scores were combined to form
a single numerical index. It was determined that raw scores gave each element
an equal weight (i.e., no weights were needed). Complete technical
documentation is available to anyone interested from
compiler@worldminetailingsfailures.org.

The index proved to be a very valuable statistical tool with strong correlations to
price and grade as shown in Figure 4 above. The relationships over time clearly
show that magnitude increased as grades fell and prices rose, dispelling a
popularly cited paper, asserting without econometric analysis, that failures occur
in lagged response to falling prices.

The magnitude index also, as expected, correlated significantly with storage
capacity and dam height at failure. (Larger facilities are, of course, expected to
cause more damage when they fail, which is not the same as larger facilities
having an inherently greater propensity to failure. Data are not presently
available to evaluate the latter.)

We invite, and hope ourselves to do, much further exploration of the magnitude
index. At this point, we are satisfied that it is a vetted and valid data element with
an important place in the database and in future research into cause and
consequence.

We assign severity code based on narratives and on authoritative documentation
of release, runout, and deaths. However, we not do not code magnitude if there is
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not sufficient complete information on release, runout, and deaths, as it relies

exclusively on the given numerical values of these elements.

INCREASING FAILURE RATE

The increase in failure rates per million tonnes of ore produced from 0.00044
(1998-2007) to 0.00045 (2008-2017) appears to be significant and to forecast a

continuing upward trend.
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ECONOMIC HISTORY

The ICOLD/UNEP expert panel acknowledged the powerful and important role
that mine-specific and global economics played in the failure trend to which they
were pointing. Most papers on cause, while tending to focus on engineering
causes, recognize the adverse effect of falling grades, the resulting increase in
mining costs per ton, and the attending squeeze on margins.

The predecessor of this database was a data set developed for three research
papers exploring these effects of mine-specific and global economics in depth
on the frequency and severity of catastrophic failures.
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Bowker Chambers (2015) Bowker, L.N. and Chambers, D.M. The Risk, Public
Liability, and Economics of Tailings Storage Facility Failures. Earthworks Action
2015.

This mapped the world trend of frequency of “very serious” failures against the
world trend in falling grades, establishing through canonical correlation analysis
the likely existence of a strong linear relationship in data known as of 12/31/2009.

Bowker Chambers (2016) Bowker, L.N. and Chambers, D.M. Root Causes of
Tailings Management Failures: The Severity of Consequence of Failures
Attributed to Overtopping 1915-2015.

This used the same data set as Bowker and Chambers (2015) and examined the
distribution of “very serious” failures across all thee ICOLD/UNEP expert panel-
established cause-of-failure elements, finding that, except for codes associated
with liquefaction (earthquake and slope instability), the distribution of high-
severity failures was essentially the same, suggesting a common root case,
previously posited as global and mine-specific economics.

Bowker Chambers (2017) Bowker, L.N. and Chambers, D.M. In The Dark Shadow
of The Supercycle: Tailings Failure Risk & Public Liability Reach All Time Highs,
Environments 2017, 4(4), 75; doi:10.3390/environments4040075

Bowker and Chambers (2017) used a greatly expanded data set of pre-2010
failures and included all known failures through 12/31/2015 and the addition of
economic history of the mines at which failures occurred. These data were
contributed by Dr. Bill Williams, a noted long-experienced economic geologist,
from his own files. Dark Shadows ( Bowker and Chambers, 2017) was therefore
able to reconfirm key findings of Bowker and Chambers (2015, 2016) with a more
complete data set for a longer period, as well as to examine the role of mine-
specific economics. Dark Shadows showed that, contrary to previously
asserted and widely-cited work, high-consequence failures are more frequent
in periods of rapid sustained price rise due to the greater participation of
marginal mines as producers.
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The strong linear relationship between grade and frequency of high-severity
failures was also revealed in linear regression (Fig. 5)

FIG 5 REGRESSION OF VERY S5ERIOUS by CUGRADE
(R=0.793)

TOELD HINE TANINGS FATLDEES.ORG 20018

cugrade
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While still very sparse, the data presently available do support meaningful,
although limited, inquiry and analysis. One of our development goals is to expand
data to include at least more details on already known “serious” and “very
serious” failures.

To explore failures in the context of global mineral economics trends, a parallel
mineral economics database was created and is also available free in Excel file
format. The parallel database provides annual data on copper grade, world mine
production, price, and estimated world ore production from 1915. Extensive
technical documentation is embedded in the download file at this site.

Download Mineral Economics Data Now

DATABASE MANAGEMENT

The framework for management and continued development of the database is
given in our bylaws. World Mine Tailings Failures is presently incorporated as a
nonprofit corporation in the state of Maine and we are in the process of filing for
incorporation under U.S. laws as a 501(c)(3).

Reflecting the scope of our chartered mandate to provide a multifaceted analysis
of all authoritative work about or with a direct bearing on mine tailings failures,
the work of compilation is conducted by five principal volunteer compilers each
with primary responsibility for compilation and analysis on one of five facets of
cause and consequence. The core team of volunteer stewards is supported by a
broader team of tailings experts who have volunteered to serve as peer
reviewers and contributors. Our Board also reflects the balance of expertise of
compilers and is responsible for general oversight of our work as well as for
approval of all policy and database development plans and budget priorities.

THE COMPILERS
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Chief Compiler & Executive Director Lindsay Newland Bowker (Bowker
Associates Science & Research in the Public Interest, USA) has four decades in
empirically-based law and policy, heavy construction risk management, and risk
finance that framed and informed her noted work in the economic causes of
Tailings Storage Facility (TSF) failures. It is primarily Lindsay’s work that has
evolved the database to its present form, assembled the team of stewards for its
future development, and framed the mandates of the nonprofit corporation
established to care for and further develop the database.

Chief Compiler, Engineering, Roberto Lorenzo Rodriguez (Instituto Geologico
y Minero de Espana, Spain) is a recognized expert in tailings risk management,
most notably in areas of causes (ultimately related to consequences) that have
not received needed attention in law, policy, and practice. He has authored 146
papers with 524 citations. The aim of his present research is to identify
opportunities and strategies for loss prevention and risk minimization.

Chief Compiler, Environmental Consequences, Steven H. Emerman (Malach
Consulting, LLC, USA) has 31 years of experience teaching hydrology and
geophysics, and has 66 peer-reviewed publications in these areas. Dr. Emerman’s
company specializes in evaluating the environmental impacts of mining on behalf
of mining companies, as well as governmental and nongovernmental
organizations. Dr. Emerman is multilingual and so can access and solicit studies,
legal documents, and technical documentation about environmental
consequences that might be available only in local or non-English publications.

Chief Compiler, Community of Origin Consequences, Cristiana Losekann
(Department of Social Sciences, Universidade Federal do Espirito Santo, Brazil)
does her main work in the interface between social movement and political
change, and in the disempowerment that results from loss of community.
Cristiana’s work on the community and social impacts of the Fundao failure bring
forward aspects of community and citizen loss beyond the customary discussion
and response of compensation to rarely acknowledged issues of adequate
disaster response and relief, and loss of voice through the dispersion of
displacement.
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Chief Compiler, Economic Causes & Consequences of Failures, Bill Williams
(Mine Analyst and Developer, USA) is an economic geologist with over 35 years
of experience in the exploration, development, and exploitation of oil and gas and
mineral deposits, mostly in the Americas and Europe. He currently serves as a
consultant and advisor to the mining industry, most recently with Zinc One
Resources, Inc., and Forrester Metals, Inc. He is a former CEO, President, and
Director of Orvana Minerals Corp., prior to which he was a Vice-President for
Phelps Dodge Exploration, overseeing activity in the Americas. He holds a Ph.D. in
Economic Geology from the University of Arizona and is a licensed Professional
Geologist. Bill has been a major contributor to the present form of the database,
adding the section on mine-specific economic context from his own extensive
personal files.

Acting Chief Compiler, Governance, Lindsay Newland Bowker is still seeking a
permanent volunteer for this important post at WMTF that will document how
existing law and policy affected the formation of a failure event and the response
toit.

We welcome and encourage all contributions with proper citations and
documentation, especially from individuals with technical expertise who speak
Chinese, Portuguese, Spanish, Swedish, Norwegian or other foreign languages,
and who are on the ground in countries where mine production is occurring. We
do foreign language searches for tailings failures and mine failures, but without
multilingual input from associates, we are not capturing all relevant information.
We provide primary sources for every entry.

Our aim s to provide more complete data on each failure with a bearing on
cause and consequence, not to provide a 100% complete list of all failures
that have ever occurred.

Dr. Dragana Nisic and Angel Brimo have been actively involved in helping frame
and launch WMTF and will be part of a larger distinguished panel of experts who
have agreed to serve as both contributors and peer reviewers. We are in the
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process of formalizing this larger pool of collaborative expertise as an Advisory
Committee.

We have invited a very distinguished panel of experts in different stakeholder
sectors to serve on our Board of Directors and the compilers will actively seek
and welcome their guidance on future development of the WMTF. The Board will
be formalized shortly and then announced.

We would welcome additional adjuncts and associates in each category and
always welcome informed input.

Next Steps

Federal Nonprofit Status

Free public access databases are usually compiled and maintained by
governmental organizations who determine content and access. What was a
data set, and is now a database, used by researchers, NGOs, governmental
agencies, mining consultants, investment portfolio managers and advisers, and
even grassroots organizations, has no natural governmental umbrella among any
existing global organizations. Itis too important to rely on what time can be
given to it outside of other mainstream work, as has been the case to date.
Incorporation as a nonprofit allows a suitable structure for expanding and
formalizing a broader stewardship for the database, as well as providing a
structure through which others can help finance its basic needs and future
development.

We are already a nonprofit in Maine and are now in the process of obtaining our
federal status as a 501(c)(3).
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REBUILDING THE NARRATIVE

The data are only meaningful to the extent that they accurately summarize or
present key elements in narrative, and capture or present those data elements
most closely associated with cause and consequence, and with mitigation of
harm. The story of every failure is the complete narrative, which changes over
time, bringing new insights, new facts, and new data. A principal goal is to rebuild
narratives for all consequential failures, expanding from only engineering
analysis to the role (positive or negative) of law and policy, and mine-specific and
global economics, as well as to a fuller description of consequences, both human
and community of origin, and environmental.

Each of the original Bulletin 121 failures had a small narrative. To date, except for
brief narratives presented in the appendix of Bowker and Chambers (2015), the
narrative in the failures database has been represented only in the bibliography of

resources used to develop the data record for every failure.
Our aim here at WMTF is to create a complete narrative, failure by failure.

We will publish the narratives one by one, as they become available, in a to-be-

added section on narratives.

Additional Data Elements

The volunteer compilers will propose to the Board their recommendations for
data element expansions and develop a budget estimate and project description
for each proposed addition. We anticipate only very limited funding support.

The data elements created by the UNEP/ICOLD expert panel have not been fully
explored as to their value in analyzing causes and trends. It is clear that some
elements, especially “runout” are not sufficiently clear as indicators of severity.

It is clear, though, that the data descriptors are somewhat out of date, especially
on the TSF itself and the characteristics of the tailings and their degree of
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consolidation and saturation at failure. It would be helpful to have a clearer,
better coded, picture on the condition of tailings at deposition and the means of
deposition.

Our aim will be to prioritize the addition of new data elements according to
deliberative and analytical value, seeking guidance and help from all stakeholder
sectors and from our eminent Board of Directors.

ESTABLISH LINKAGES WITH OTHER GLOBAL
DATABASES

There are no other failure-specific, publicly available, global databases. However,
there are many other global databases that can link to characteristics of national
or provincial governance, such as indices on public benefits of the minerals sector
by nation, and indices on the responsible mining policies of individual mining
companies. Re-coding and additional coding of the deposit, the parent company,
and country can facilitate these linkages by other researchers, even if the
external databases do not contain elements that themselves belong in the
failures database. One possible near-term objective, for example, might be to
add latitude and longitude and the USGS unique deposit ID.

MANY THANKS & FUTURE FINANCIAL NEEDS

We thank Dr. David M. Chambers for sharing part of a generous unsolicited grant
from a small foundation, given specifically in support of the work that Dr.
Chambers and Lindsay Newland Bowker have done together on the failures
database. Dr. Chamber’s donation from this grant created this website and
funded its basic web hosting and incorporation costs for the first three years.

We will shortly add a description of several small projects where funding would
help with important expansions. The database needs and welcomes this financial
support.
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The chief compiler and associate compilers receive no salaries or other form of
remuneration. Through funding, though, we hope to be able to retain research
assistants to assist in the main research and coding work of each development
goal. Also we need annual funding for the statistical analysis packages we use for
analysis and presentation of the database. Our planis to create a page on
WMTF compiler-recommended, Board-approved development goals with a
description and budget for each, so that donors can match their gifts of support
with their own main interests, work and commitments.
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