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5 Sources and the Mechanism of Water Pollution
5-1  The Source of Water Pollution by Mining Activity
5-1-1 Mine Drainage, Infilirating Watet from Tailing Dam and Waste Ore Stockpile
{1) Water Pollution Sources
The pollution source of miniag activity can be divided into the following three classes about three river
strcams which flew from the slope of the Mt Cerro Rico de Potosi. (Rio Huaynamayu river, Rio

Korimayu river and Rio Agua Dulee after recciving Quebrada Jayajmayu and its branch stecam)

@ Mine drainage (Minc water)
This is the water flowing out from inside of the mine,

@ Iofiltrating water from low grade ore stockpite
This is the infiltrating water from a stockpile of waste rock that was mised out and Iefl.

@ Iufilirating water from failing dams
‘This is the infiltrating water from tailing dams, and can be categorized in the following 1ypes:

-1
The infiltzating water from waste ore, called “SUCU”, which was generated from pgravily
concentration ore dressing 2 on the surface.

32:
This is the infiltraling water from tailings dams which was generated from the gravity concentration
of tia processing plant, which activily was carricd out until [0 years ago.

@-3:
This is the infiltrating water from tailings dams which was geaerated from the flotation of lead ;;nd
zine that was carried out 10 years ago.

@-4 .:

This is the infillrating water from the idled heap leaching pad for silver.
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{2} Characteristics of Sampling Points

‘the following thirly sampling points were selected in order 1o study the mechanism of water pollution
by mining acid effluent in Potosi'®,  There are many stockpiles of both waste rock and low-grade ore io
close on the three mining sites.  The wide rainfall strcams sun both, on surface and undrrgmuud and
ftow iato rivers during the rainy season.  Itis diflicnit to decide a sampling poiat al cach source of water
pollntion, because (he rainfall streams run down widely over these poltution sources making acid effuent.
Therefore, samplings were cacried out at streams located ncar pollution sources, springs, pools, a well and
50 on to get hold of the pollution conditions.

The remaining water pollution sources are houschold and processiag plant wastewater.  Some
sampling poiols were also selected (o study the present state of water potlution.

Sampling points are shown in Figure 5-1-1.  Characteristics of cach sampling poiot are illusirated in

Table 5-1-1.

(3) Result of Water Survey
1) The survey method

Water surveys were carried out during both seasons, rainy and dry. Sampling was carried out from
31/Janvary to February during the raiay season and in June duriog the dry scason in 1998.  Analyses
were carried out jmmediately after sampliog.

Since it did nol rain as we had expected, some selected sampling points did nol have any water for
analysis,

Water analyses were carried out according o ASTM. At some points, we measured the sectioos and
the velocity of the fluid to calcufate the water volume. This primilive measuring system was used

becavse the size and the current of the sireams were too small.
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2) Resulls of Water Analysis and consideration
Results of both svater analysis and water volume at cach sampliog point are shown in Table 5-1.2,
Water qualitics at cach sampling polut are as follows:
On sile, it was very difficult to distinguish between @) low grade ore stockpiles and @-1 taitings dams
called “SUCU”, because both are stockpiled at the same place and mixed together. Wastowaler

characteristics were coasidered and representative data colleclion points were selected.

@  Mine drainage

Typical wastewater is from sampling poinl No.t2. Whea water quality from the rainy and the dry
scasons are compared, the pHl was 2.28 and 2.22, and they are low wvalues for either season. The
concentrations of Cu are 182mg/l. and 198mg/l, #n 1,050mgl. and 1,130mg/l, Cd 16.4mg/l. and
24.0mg/L. and concentrations of heavy metals were higher than the other sampling sites, The
concentration of SO4 is 31,000mg/L that is the highest among all samples, The ratio of Fe3+ lo T-Fe is
high, so one can surmised that the wastewater is oxidized inside of the mine. The high concentration of

As was detecled during the dry scason.  This stream flows into Rio Huaynamayu river.

@  Infiltraling water from low grade tailings dams

The representative sample is No.13.  The wastewaler quality has almost same characteristics as the
mine drainage. ‘The pH value of 1.86 was the towest value among all samples. The concentration of
Cuis lﬁmg/L, 7n 710mg/l. and Cd 4.6mg/L. and concentrations of heavy metals were high.

The concentration ﬁf S04 was 19,600mg/L that is the second height, so one can guess that the

waslewater was oxidized.  After raining, this wafer flows into Rio Huaynamayu river.

®-1: lofiltrating water from waste ore called “SUCU”

The typical wastewater samples are no.1 and No.18. The value of cach parameter is oot as high as
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No.12 or No.13.  Tor No.1 and No. I, pH arc 2.58 and 3.09, Cu 60.0mp/7, and 4.40mg/1, 7n 14/l
and 916mp/l, Cd 14.0mg/l. and 45.0mg/, and Sn 433mgd. and 21.9mpl., respectively.  ‘The
waslewater quality has almost same characteristics as No.12 or No.13.  These streams flow into
Qucbiada Jayajmayu river.

@-2: Infilating water from taitings dams generated from the gravily concentration of tin processing
plant

The typical poltution source is the tailing dams of San Mignel,  The (ypical wastewater is No.26. A
spring Nows during all the seasons.  This stream flows into Rio de La Ribera, directly.

‘The values of each parameter during both the raiey and the dry scason are pl 3.14 and 2.99, Cu
5.20mg/L and 6.20mg/1., Zn 60.0mg/L. and 75.0mg/, respectively. The concentration of SO during
the rainy scasen was 1,290mg/1..

@-3: [Infiltrating water from tailings dams generated from the flotation of lead and zine

The typical pollution source is the tailing dams of Saw Miguel. The typical wastewater is No.16,
There is no watei during the dry seasoh,

The value of ptl is 2.38, Cu 96.0mg/1., Zn 529mg/L. and Cd 1.50mg/l,, and SO, is 9,690mg/l..
@-4: lofiftrating water from the idle heap leaching pad for silver

The PLAHIPO silver leaching plaot is located on the arca of Polosi. - This sampling point is No.27,
but it is difficult to take a sample because of the shutdown.  On the other hasd, COMCO is located south
of Potosi.  Siuce the water system location is differest from the Potosi area, this problem was exchided
from our consideration.

There is no great difference between the dry season and the rainy season. The well water that js used
for houschold water is slightly polluted. ~ The river water has high level of suspended solids, so probably

it was polluted by the wastewater from ore-processing plants aed households.

—162—




(4} The Mechanism of poltution origin in the mountain

The rivers in Potosi are polluted daily by three types of water discharge: mine drainage, houschold
wastewaler and ote processing plant wastewater,  On the other hand, the iafilirating water from both
tailings dams and low-grade ore stockpiles in the Cerro Rico Mowntain also pollutes the rivers in the rainy
scasor.

Since mainly sulfide ores are extracted at the metal mines, mincrals such as pyrite, chalcopyrite,
sphalerite and galena still remain at the mining site even afler closure of the mine.  They react with the
oxygen in ground water or air and generate acid water containiog heavy metals.

The 1ailings ate carried outl of a mine also become a source of mine pollution becavse the melals
dissolve in rainwater. Moreover, tailings flow out or are scattered by winds and cause environnieotal
pollutiont'?.

OF Mt. Cetro Rico, there are three “SUCU™ at the west, the norihwest and the soutbwest,  Their
extents are 32,000m2, 400,000m2 aud 90,000m2, respectively.  Many stockpiles of waste rock and low-
grade ore are in close on slopes of miniog sites. o case of Mi, Cerro Rico, oxide ores are stockpiled at
above 4,400m height, and sulfide ores below 3).  Outside of Real Socavon at the foot of Mi. Cerro Rico,
the presence of mine drainage can be seen all year round.  There is the PLAHIPO sitver leaching plant at
the east of Mt. Cerro Rico that is idle now. The San Miguel tailing dams is located at the west of the
urban ares, at the north of which there is a spring, and from where water is flowing out into Rio dec f.a
Ribera River all year round. The wide rainfall streamss run both, on surface zod underground of these
sto-:kpii-es, and springs and infiltraling water may flow into rivers again.

There are three places where acid mine eftluent is flowing now; No.12 of mine drainage, No.26 of
spring near the San Miguel tailings dams and No.24 of Quebrada Jayajmayu river water. ’l.he
representative places, where the infiltrating water flow out from stockpiles or tailings dams, are many
stock;)iles located on mining sites and the San Miguel tailings dams.  “The water flowing from these

places indicate acid of sulfuric acid, and contain heavy meials and arsenic. These heavy metals in the
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acid mine efiluent reacls with alkalinity in both river water and processing plants wastewater to form
hydroxide and concentration of soluble ones will be reduced by coprecipitation mechanism.
*1: Mctal Mining Agency of Japan Technical Developmeat Department, Technical Development of
Mine Pollution Control in fapan
*2: Bo Lundberg (1996) CORPORACION MINERA DE BOLIVIA Environmental audit of the Cerro

Rico Praject, Potosi

{5} Map of pottion source and polluted route

Cotored par of Figure 5-1-1 cover is presented the map of pollution seurce arovnd Mt Cerro Rico.
The polluted routcs are classified along Ric Huaynamayu, Rio Korimayu, and Quebrada Jayajmayu from
the mountain as illustrated in Figure S-1-1 cover.  Besides these three, uppes part of Rio Vilacollomayu
river has a potential risk of polluted route because ore stockpiles is located there.

Rio de La Ribera is polluted by discharged tailings from ingenios, too.

5-1-2 Tailing out of Ingenio (85 and Alkaline Water)
Al the ingenios (42 in total} discharge all of their mioeral processing tailags without any treatment into

all the rivers, 1o begin with the La Ribera river, which betong to the four fluvial systems in the Potosi city

arca. This causes serious water pollution in thesc rivers. The said tailing is composed of SS (Solid

portion) and alkaline water(Aqueous portion). Both of these components of the taiting, S and alkaline

water, are the sources of {luvial water pollution caused by the ingenios. The said pollution associated

with the mineral processiog sector as well as that associated with the mining sector are the major sources

of the fluvial water pollution. @
In recent years, the fluvial water pollution brought about by the ingenios grows worse due lo the

reasons mentioned below.

As a tin (Sn) quotation took a suddcn big drop in 1985 as a result of a collapse of the ITC, the ingenios
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in Potosi City changed their operational processes from conventional gravily concenlration to Iotation.
Up to that time, gravily concentration was used to recover tin oxide mineral (Cassiterite: Sald,), and alies
that, flolation was employed to stait to recover tead sulMide mincial (Galena: PbSY and zine suiide
mincral (Sphalerite: ZnS8).  The said conversion of their operational processes resulted in the following
four items of altesation;

{D Grain fining: Grain size of the tailing torned to be fine becavse the grain size for ore freatment
was switched from coarse and medium size (several mm~0.5mm) in conventional gravity
concentration to medivm and fine size (0.3~0.05mm) in newly employed flotation.

@ Start of flotation reagent use: In accompany with excessive addition of flotation reagents, residual
reagents left in the tailings, such as frother, collector (xanthates ete.,} and depressor (cyanide ete.,)
were discharged into the rivers without any treatment, |

@ Rise of plI: The pH of the taitiag turned to high alkalinity because a raise of pit in flotation is an
optimum condition for recovery of lead sulfide and zine sulfide minerals.

% @ Insuflicient technology: The majority of ingenios have empirically conducted their operations.
Thercfore, it is hard to say that they have employed the optimum process flow and operational conditions
to the treatment of current orc out of the Potosi Mine.  As a result, they came to discharge the tailings
containing great quantities of unrecovered heavy metals due to insufficiency of their recovery.

The former Figure 2-24 shows the relationships {as of Oct. '98) between the locations of the ingenios,
rivers and sampling points for analysis of the fluvial water quality.

The gur\'ey concerning the tailings out of the ingenios met with difficuliies, however, shot sanﬁp!ings
were eventually allowed at ihe sites of six ingenios. These analytical results are shown in Table 5-1-4,

é{% In this table, such ampbdteric elements as As, Sb, Cd, Cr, Pb, 7n, 8n elc,, which dissolve in high alkaiine
waler are considered as a result of redissolution of their amphoteric compounds.  All the data concerning
ingenio A, C and F are omitted as anomalous values because, judging from the analytical data of pH or

lead and zinc, their operations at the time of sampling were considered nol to be in normal conditions.
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The rest of data concerning ingenio B3, 1Y and 1 are taken as the indications of alkaline water (Aqueous
portion).  In addition to these data, the major operational factors of the ingenios are shown in Table 5-1-
5 incliding the analytical data of raw ores, concentrates and tailings (88: Solid portion).  The effluent
standard in DBolivia and the cosresponding evaluation of the operational tesulls in comparison with the
level of the standard are jointly shown io the column of tailings (Aqueous portion) in Table 5-1-5.

The resubts are summarized as follows;

(D Pvaluation according (o the efiluent standard in Bolivia

Faclors cxceeding the level of the standard, inclusive of partial or jodividual excess, are SS
{corresponding to solid i)crlion of tailing), pH and Fe{dissolved), Pb, Zn, Sn, As, Cd and CN.

It is unable to evaluate dissolved tons of Hg and Cr because these analytical dala are not available.

@ Total load of fluvial water pollution caused by the tailings out of ingenios ([ |- The daily
efflueat standard)
@-18S
=SS 31,800~97,300mg/1. [ <60.0mg/.]
- Istimated total amount of failings 1,040~ 1,280t/d------- -+ ----- 343~422 thousand tfy
+  Estimated mietal amownt io tailings
Pb 70~214mg/. {<0.6mgil.) 0.22% : 23~2.8t/d > 759~y
0700~ 14 mg/L {<3.0mg} 2.2% : 22.8~28.1¢d > 7,524~9.2734y
So M6~4H8my/l{<20mg/l]  0.46%: $8~5.9¢ > 1,584~1,9470y
As 23~T8mg/l [<1.0mg/1.] 0.08%: 0.8~1.01d — 264~3301y
Cd 2.2~6.8mg/ [<0.3mg/1.) 0.007%: 0.07~00%d -> 23~30/y
2)-2 Atkaline Water Standards of Discharge of Iiflluent(* 1)
+ pH 114~124[6.9]

Dissolved heavy metals elc,,

Fe(dissolved): 32~ 138Smg/L, [ < 1.0mg/L]) : 328~~2,222kg/d -> 108~733tfy
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Ph: 0.5~2.2mg/E. [ <0.6mg/l 1S~ d0tke/d o> LB~ 13210y
Sn: 22.6~87.Tmg/l. [ <2.0mg/l | 1232~ 1, 443%kg/d -> FI~4761y
As: None of analysis
Cd: 0.04~0.09mg/1.[<0.3mg/L] 1 040~1.4%g/d —> 0.1~051y
CN: 0.04~0.22mpfA. [CN™ <02mpAl] 2 040~2.63kpMd > 0.1~1.20y
D Sectional load of fluvial water pollution caused by the tailings out of the corresponding
ingenios
Table 5-1-6 and Table 5-1-7 indicate the sectional or jntervaltic toads of fluvial wates pollution.
Tigure 5-1-2 illustrates a general view of the fluvial water poilution and so on caused by the pollutants

in miving and mincral processing sectors in the Potosi arca as so far mentioned,
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No.3:
Nod:

No.s:
No.6:
No.7:
No.8:
No.9:
No.1g:
No.ltl:
Na.12:

No.13:

No.14:

No.15:

No.16:

No.17;
No 18
No.19:
No2:
No.21:
No.22:
No.23:

No2d

No.25:
No.26:

No.27:

No.28&:

No.29:
No.30:

Table §.1-1 Samplig Points for Acid Contaminants Sources

Tt is located at the crossing point of Jayajimayu Ravine and the railsvay. There is a “SUCU” in and
around it. Volume of effiuent is low during the dry season.

Itis located at the crossing peint of the railway and the Huackajchimayu branch. During the dry season,
there is usually no watcr,

The spring is located al the crossing point of the railway and the Agea Dulce River.

‘This sampling point is located at the end of the small stream, which is a branch of the Vilacoya Mayu
River. “the niine entrances can be found upstream. There is no water during the dry season.

it is located on the branch of the Vilacollo Mayu River before it mixed with water from No.4 sanipling
point, There is same water because a dam for agricultural use was built vpstream.

It is situated on the west flank of the Juckuy Huacajehi Mountain, in the Canta Canta Valley, upstream
of the Vilcollo Mayu River. Water can be casily seen during the dry season. There are some ore
stockpiles upstream.

It is located after the mixing point of No.4 and No.5 sampling points.

Itis a dam located in the branch of the Vilacollo Mayu River

This sampling point is 1nh]lratmg water coming from inside of the taI!mg dany, Iocalcd at the
beginning of Huaynamayu branch. We can sec some water even in the d:y season.

This spring is located besides the Huaynamayu branch.

Tt is located before the houschold wastewater is discharged from Campamenta Paitaviri.,

It is tocated ouiside of Real Socavon, at the foot of the Cerro Rico Mountain. The presence of water
canbe seen all year round. This is consideced a typical mine drainage poltution.

It is located on the northeast foot of the Cerro Rico Mouatain, which is covered by low-grade ore
stockpiles. ‘There are some small pools of infiltrated water from the stockpiles.

It is located on the north side of the Cerro Rico Mountain. During the dry scasop, there is no
infiltrating water from this “SUCVY” which is the largest in this area. When it rains, great watere runolf
that flows rorth towards the Korymayu branch,

It is located in the center of Korymayu branch, There is no water during the dry season except from
the tailings of the processing plants using flotation methods.

This sampling point of infiltraling water from the lailing dams of San Miguel has some water during
the dry season. San Migoe! has two types of tailings dams; &2 and 3-3. At this sampling point, the
infiltrating water is 3-3.

This spring is localed a [ew meters from the railway at the bottom west side of the Mojon Punta
Mountain. It is surrounded by mine entrances.

1t is located in the Qda. Jayajimayu River, below the electrical power lines. There is some infiltrating
water from the nearest “SUCU” during the dry season.

‘This spring is {ocated a few hundred meters upsircam of the No.18 sampling point. The water flows
into the Jayajimayu River.

‘This spring is localed at the beginning of Huackajchimayu branch.

This sampling point is situated at a spring. It is located near and upper side of sampling poict No.20.

It is Tocated in the Cantu Marca village. This sampling point is a well for houschold wastewater
potlution.

The spring is located at the bottom of the Chapini Punta Mountain and crosses the river in front of the
taiting dams of San Miguel. There are no discharges during the dry season.

It is located at the crossing point of the Fayajimayu River and the road to Uyuni, beside the bridge.
There is a stream all year around.

We did not see any infilirating water from the tailing dams of Ingenio Taiten.

This spring is bocated in the north part of San Miguel 1ailing dams, we ¢an see the stream all year
round.

There is monitoring equipment for groundwater at this point that is located near the PLAIIPO sibver
leaching plant.

It is }ocaled af the southeast base of the Cerro Rico Mountain in a new mining area that is gencraling
mine drainage. A gray stream was found that seams 10 be water from rock drilling.

It is located at the Rivera River, before household pollution ocvurs.

1t is located at the end of the Rivera River before the joint with the Aljsmayu River. Ore-processing
plants have atready polluted the water at this point.
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Table 6-1-4  Analysis of Tailings of Some Ingenios{ Concentrators)

: analysis of samples obtained hy shnt-sampling( '98.2.9,10)

{ngenlo Ingenio Ingenio Ingenio Tngenio I;g_e_ni(_) -
A B C D E F
o s e | ewm|  os 0.55 024 0.66 027
?1; o % 0] o.lik)w 4.87 015 | 0.19 0.11
7;:7 gI . 171.90 14.00 666.70 152.90 130.90 56,90
Zn % | 3.90 Y 6.34 0.48 o 0.60
Ca % 0.18 0.02 0,006 0.19 0.04 0.01
Fe % 15.90W 7.84 21.08 17.75 7.61 4.1
Wa. | S8 mg | 152,00000] 97,300.00 31,5&)70"(;”_ 75,200.00 | 79,500.00 95,300.00—-
ter | PD*| % 139 . 9.1 31 7.2 1.6 9.1
pil *2 12,09— 11.39 6.01? 12.40 11.66 1.242
As L ogl : o
Sh gl <0.19 <0.10 <0.10 . <0.10 <0.10 <0.10
cd mg/l 0.03 0.04 32.00 0.09 0.09 0.57
Cu mg/l 0.05 0.04 0.05 0.04 0.05 ) 0.19
Cr mg/l <0.008 0.041 0.207 0.467 0.429 €0.005
Fe mg/l
;e( H) | mg 8540 | 1792 69.95 79.08 59.05 42.20
Fe(lll} | mg/ 049 | M 70.14 JEAEY ss93 | 3 |
lig gl 4.55 2.21 147 0.6} 159 6.14
ul_“_:__ mg/l 0.43 0.54 14.66 0.44 0.34 3.58
Pb ﬁ mg/l 1.45 - 0.52 2.70 2.44 0.68 0.67
Zn mg/ 0.78 0.10 1.45 0.73 0.27 15.50
Sn mg/l 99.22 87.73 31.59 2332 22.59 15.54
CN g/t 0.146 0.22 0.059 0.186 0.043 0.018
S0 g/l
COD mg/i 159.00 60.00 26.00 120.00 47.00 34,00
BOD mg/l Non 0.06 0.76 .67 1.14

Note *I: Pulp Density, *2: 14.8~17.0°C

O fnvestigated by Itoh
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Table 5-1-5 Principal Results of Ingenios(Total), Standards of Discharge

of Efflucnt of Bolivia and Judgement

1. Iteadi]}g!p of Mine Ore)/Concentrate/Talling 1 Solld Divislon

Grade % ] Quantity of Or¢ or Metal 1/d ] Standards of Dlsch;rge of quinlg(;l)i
assump- | assumption | assumption | assumplion | judge- | value of day | value of month
tion : Min. > Max, Irvange  |meni{s2) mp/l mig/
Run of Mine Ore 1,300 ) §,600 1,300~1,600
Concenlrate 1 2626 a2 260~320
Pb Conc. m 272 2227
Zn Cone, 2408 296.0 240300
Tailing(*3) 1,037 1,277 1,040-4,280
P CETION SOV = 0 D 28 L. x4
To-214mg
w
sno [Less [ 48
as 058
| 25~78mg/
ca L L T A D e
2268mgh | X 03 0.45
2. Tailing(Soluble, ete.) : Liguid Division
Measured Valaes Standards of Discharge of Effluent{*1)
except unusual vatues(*4) judge- | value of day | value of rmonth
i ment{*2} mg/d mg/l
SS 31,800-97,300r21 X 60mgA -
FD 7.2-91% '
ol 11.4-124 X 6.9 69
"As None of analysis{ £t gi) 1.0mgA 0.5mgA
Sb <040 1 gn o] 1.0mgad | |
ca © 0.04~0.09mgA O 0.3mgA 0.15mg/
Cu 0.04-0.05mgA O 1.0mg 0.5mg1
Cr 0.041~0.46TmgN A [cr(M10mgn [Cr(IN)0.5men
‘ Cr(V)0.1mgA [Cr(V¥1)0.05mgn
Fe Tota} . 3L63-135.01mgA X 1.0mp/t 0.5mg1
Fe({l) 17.92-79.08mg/ -
Fe(lil) i 13.71-558.93mg/1
Hg None of analysis{ & g1) e 6.002mgA 0.001nig
Mn 0.34~0.54mgh
Pb 0.52-2.4dmg? . x 0.6mg/} 0.3l
Zn 0.£0-~0.73mpl O 3.0mgd L.5mg/l
Sn 22.59~87.73mg1 x 2.0mg/l _ 0mgl
CN 0.043-0.220mg X |[CN- 02mgd |CN- 0.1mg1
COD 47.00-120.00mgA O 250mgil
BOD 0.06-D.67mgA 0) $0mg
i) *1 : Limites Permisibles para Descargas Liguidas{ Propuesta)

*2:

*3

{Reglamentos ala Ley 3z Medio Ambiente: Bolivia}, There is no standard in column with slant lines.
Q : under the standard, A “hard 1o judge, X : over the standard, ---- none of analysis

: The tailing corresponds to " 88 ™ ai 2, Tailing: 1.quid Division
*4:

Reler to Table 5-1-4
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Table 5-1-6 Tailing 1 discharged from Ingenios between Each Section of
Sampling Points for River Water Quality : Solid Division

Qres Pb In Sn As Cd 1
Section *1 Ingenio *2 - 'T -
sy | s3] Va3 vd | @3 v %] vg | %rA | 1d
o e o i
- .\ | _———]
1. The t{pper streant| None |
of Ribewa river ~ ‘ ”__/_—w—"" N
Sampling point 1 [ Sy . %
2, Sampling point 1 | No.l~1§, 35, 39, 411 0.9 9.1 1.9 6.3} 0.03
~ 40 Folal 18 ~ 1022 ~ 22 ] ~ | 046 ~ | 008 ~ |O0O7] ~-
Sampling point § 07| 1.1 11.2 2.3 6.4l 0.04
. S — [
——‘I‘__
3. 'Fhe upper stream | None 1
-——_-—F‘-‘ -
of Huaynamaya ri. ~ [
0 . /
Sampling point 2 S Sy
4, Sampling point 2 | No.l6~19, 36 76 1.7 0.06
~ Total 5 ~.1022] 02| 22| ~ | O046] O04] 0081 ~ (0.007] 0.01
Sampling point 4 23 21 0.07
/
$. The upper stream | None ]
k) /
of Korimayu rl. ~ | ]
Sampling point 3’ /_-—-""/
"]
6. Sarapling points | No.20~22 46 1.0 0.2 0.04 _
4and § ~ Total 3 ~ |e22] o0t| 22| ~ (0467 ~ | 0.08) ~ [0.007] 0.00
Sampling point 6 56 12 0.3 0.05
7. Sampling point 3 | No.23-25 116 26 0.5 0.09
~ ‘ Total 3| ~ 0.3 ~ ~ ~ | om
Sampling point 13 143 : 31 0.7 0.11
8. Sampling point 6 | No.26~34, 37, 18, 261 0.6 5.7 1.2 0.21 :
~ 41, 42 ~ =~ ~ ~ ~ 0.02
Sampling point It Total 10 an 0.7 71 1.5 026
9, Sampling point | No.34 19 00 0.4 0.62
8and 9 ~ Total 1| ~ ~ ~ 0.1] ~ 0.00
Sampling point 10 23 0.1 05 6.02
10, Sampling point Ned2, 3} 108 0.2 24 0.5 0.09
10 and 11 ~ Total 2 - - ~ ~ ~ 0.01
Sampling point 12 133 ¢33 29 0.6 0.1
‘ . 1,037 23 29 48 0.33 0.97
Total No.1~42 Total 42 ~ ¥ - A - v - h .. v -
1,277 28 28.1 59 1.02 0.0%

3£) *1 : As for sampling points, refer to Figure 1-2-4 and Figure 2-2-4.
*2 : As for number of Ingenios, refer to Table 2-2-3 and Figure 2-2-4.
*3 1 Assumption. Refer to Table 5-1-5.
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5-2  The Mechanism of Water Pollution in Rivers
5-2-1 Water Pollution in Rivers

The worst potluters are acid mine water which contains heavy metal jons, acid infiltrating water from
waste ore stockpiles, Sucu, and (ailing dams which also contain heavy metal ions and untreated
discharged tailings from ingenios to Rio de La Ribera and other river streams.  There tailings consist of
0.05 - 0.3 mm diameter of gangue mineral parlitates conlaining unrecovercd heavy metals and alkaling
watcr of plf between 9.5 and 12 containing residual chemicals which are used for mineral processing
processes.  Solid conteat of discharged tailing is 104 or slightly less than that.

The results of water poltution mechanism are shown in the following paragraphs using laboratory
analysis data of water and sediment samples from Rio de La River until Rio Pilcomayo.  Table 5-2-1

shows the mechanism of water pollution and Figuse 1-2-4 and Figure 5-2-1 illusirate examples.

5-2-2 Watcr Qualily of Dx La Ribera, Tarapaya and Pilcomayo Rivers
(1) 88 and pH variations
The analysis of water samples suggests that the SS content in water of the Tarapaya river system
decreases as sampling points moved dewnstream from Rio de La Ribera, Rio Alja Mayu and Rio
Tarapaya river, as shown io Figure 5.2-2.  There are two major factors that contribule to this.  First of
all, the river system merges with vatious rivers on its course, which have relatively a high level of tlow,
namely (slaning from the upper stream) Rio Huaypantayy, Rio Jesus Valle (mainly Rio Huarampaya) and
Rio llua-nca:ani. Secondly, the 88 contenl scems (o seltle into the bottom as it is carried by river waler.
Although the geaeral trend was seeo commonly among all the rivers surveyed, different patlemns and
tevels were fouad between differcat sampling points, including some seasonal variations, as sumararized
in Figures 5-2-3 and 3-2-4.  For instance, the concentratiop level of 88 in Rio Pilcomayo was much
lower'than that in the Tarapaya tiver systemn.  Then, the conceatration Jevel in the Tarapaya river system

remained constant up 1o May and tended (o risc in deep dry season.  In contrast, the concentration fevel
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in Rio Pilcomayo showed a gradual decline after March.  The river in lower flow contains less S5
ordinarily, the scasonal change of S8 concentration in the Tarapaya river system js quite strange, because
large amount of SS is obligated to put into the river.

Within the Tarapaya river system, the pllin Rio de 1.a Rivera changed greatly after the conflucnce
with Rio Huaynamayu, and it then stabilized at 8-9 in Rio Tarapaya, These changes are shown in Figure

5-2-5.

(2)  Relationship between dissolved ions in river water and 88 constituents

In the Tarapaya dver system, there was a tendency that, as the pH of river water turned from acidity to
alkalinity, metals dissolved in waler decreased and became less than metallic constituents contaised in
solid matters suspended in water. A typical example is shown in Table 5-2-2.  The original data of this
table arc extracled in Table 4-2-2 which obtained from analysis of water quality and sediments using
samples collected in mid-April {the ninth round of sampling).

For example, water collected at sampling point No.4 showed acidily and a high percentage of metals
dissolved in water. On the other hand, water samples taken from point Nos i1, 12 and 15 showed
alkalinity and contained a higher percentage of heavy mctals carried as part of §8, particularly iton and
zine.

Thus, the analytical method to use only the filtrate after removing the 5SS content does not reveal the
true pictore of water pollution in Polosi as it neglected heavy mietals contained in solid matters.  We
supposcd that such preireatment of samples is customarily carried out al UATF laboratory or other
facility in the cily. Instead, the filtrate aod the solid content should be separately analyzed to determine
heavy melal contents, which must be added up to attaio accurate data,

An alternative method is to dissolve the sample including the solid conteat by means of acid treatment
under heated and pressurized conditions (the.method to pretreal a specimen for analysis, as specitied in

ASTM D1971), which allows analysis of the whole sample.
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{3) Variation of heavy metal constitucnts in river water

Theoretically, there must be some relationship between the pll of a water solution and heavy mctals
dissolved in it. ‘The general trends obscrved in Rio de 1.a Rivera and Rio Farapaya are shown i Figures
5-2.6 through 5-2-14.

First of all, solubitity levels of cadmium, iron, manganese and zinc declined largely with the rise in the
pl. The decline of solubility occurs in a linear manuer when data are plotted on an semi-logarithmic
graph paper.  This is because melallic hydroxides produced by alkalinity show low solubility, as
llustrated in Figore 5-2-1. The ?cact ion is actually occurred in the river, not in the laboratory.

Secondly, solubility levels of arsenic, copper and lead also declined with the rise in the pli and tended
to show sigas of rising again. These three clements appear to have dissolved again at pH8 to pll9.  The
re-dissolving process may have started by forming complex foas. For instance, lead scems to have re-
dissolved at a Tevel pHI or 2 lower than the theoretical level. It is interesting 1o note that cadmium and
zine did not indicate a clear re-rise in solubilily due 1o alkalinity, whereas copper showed an apparent
rising trend.

lo contrast, no closc association between variations of pH and solubitity was confirmed in mercury and
antimony. Antimony is present in SS and sediments, while its dissolution level in waler is extremely
tow. However, ils variation is not clearly identified compared 1o arsepic.  Mcercury is another
myslerious constitucnt.

Water in Rio Huaynamayu, Rio Korimayu and Quebrada Jayajmayu, which are originated in acidic
sources, conlains arseaic. On the other hand, a very small amount of arsenic is dissolved in alkaline
river water.  In all the rivers surveyed, S8 and scdiments contain a farge amount of arsenic.  Variation
of arsenic is similar to that of heavy metals, although there are some differences in quantity.

As seen in Table 4-2-2, analysis of water samples taken from all tbe pojats detected litle chrome and

free cyanide ion.
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Absence of chrome reflecis the fact that it is not contained in the ores produced in and around Potosi.
Fhus, there seems 1o be o risk of water comtamination by chrome,

As a large amount of cyanide is used by ingenio’s Noating separation process, cyanide should be found
in water samples.  However, analysis showed very few signs of cyanide, and it is not confirmed as lo
whal metal combines with cyanide. At this point of time, therefore, the cnvironmenial behavior of
cyanide is largely vinknown,

Cyanide tends to form a complex jon with cadmiuny, copper, lead, iton andfor zinc. ‘Thus, cither
combined cyanide or a complex compound with any of the above metals must be detected in the water
samples.  However, the analytical method used here is not able to detecl a combined cyanide, so thal a
metal(s) that form a complex fon with cyanide necds to be detected. At the same time, complex ions
with cyanide may be small in number or do nol cxist at all in the alkaline water samples that dissolve a
very small amount of metal {ons.

The COD, a key indicator of water contamination by organic substances, was high in Rio de La Rivera
and Rio 1ualampaya where mugicipal waste water flew in.  Also, the effect of chemical agents used in

the metal concentration process cannot be negated.  The COD was low in rivers that had no urban areas

upsirean.

4) Relationship between constituents fa river water and sediments

In the dry scason during which a rapid cbange in_water ftow or soil discharge due to the heavy rain is
not likely to occur and most SS centents come from ingenio facitities, S8 contents may settle in Riode 1 a
Ribera and Rio Aljamayu to become major constituents of sediments. To examine validity of this
bypothesis, the relationship between o:omposilioﬂ of heavy metal conteots in the SS and that in the
sediments was analyzed. ‘Fhe results of analysis of major pollutants (arsenic, cadmium, lead and zinc)
and tia (an important resource available in i’otosi) are presented in Figures 5-2-15 through 5-2-19,

As seen in these figures, cach constituent is present o both the 88 and the sediment, with relatively
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high levels of concentration,  More specifically, sediments in Rio “Tarapaya and Rio Pilcemayo, until
Pueate Mendez, are heavily contaminated by arsenic and heavy metals. At all the sampling poiats of the
Tarapaya river system, the level of concentration reaches a few hundred ppm for arsenic, a fow ten ppm
for cadmium, a few thousand ppm for tead, and a few ten thousand ppm for ziac.

Concentration of tic alsa reached a few thousand ppm level.  Although much lower levels, serious
contamination was detected in the sediments taken al Pucate Meadez of Rio Pilcomayo. While data on
the §S contents and sediments show same order concentration level, the two sets of dala are necessarily
consistent with cach other; compared to the contents of heavy n;etals in the S8, those in the scdiments
varied in a wider range. A reason for this is not known at present. [t is quite important to make well
organized program to continue monitoring and 1o know water contamination more ¢xacily.

Fisally the level of concentration used for cateulation of quantitative pollution analysis in chapter 4 are

As 220ppm, Cd 50-60ppm, Pb 1,500ppoy, Zn 15,000-20,000ppm and Sa 2,000ppm.
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Figure 5-2-2 Trend of $S contents in Rio De la Ribera-Aljamayu-Tarapaya
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Figure 5-2-4 Seasonal change of SS contents in Rio Pilcomayo
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pH vs. Concentration of As
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Figure §-2-6 pH vs. concentration of As
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pH vs. Concentration of Sb
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Figure 5-2-7 pH vs. concentration of Sh
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pH vs. Concentration of Cd
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Figure 5-2-8 Relation between pH vs. Concentration of Cd
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pH vs. Concentration of Cu
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Figure 5~-2-8 Relation between pH vs. Concentration of Cu
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pH vs. Concentration of Fe
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Figure 5-2-10 Relation between pH vs. Concentration of Fe
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pH vs. Concentration of Hg
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Figure 5-2~11  Relation between pH vs. Concentration of Hg
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pH vs. Concentration of Mn
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Figure 5-2-12 Relation between pH vs.-Concentration of Mn
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pH vs. Concentration of Pb

mg/l,

lo - VR R O — R e e
¢ No.1

1 No.6
b4 A No.ll
X No.15

X No.17 ¢
4 0O No.19 @
a
l L k ] . 'y 1 1
o X
o
*
0 D
g % »®
%‘ﬁ x X %
Y. S X X
o o o
a @ °q
¢
01 | — e - —
D A A A
A
]
©
© oo B 4
oo L - B — @
] 2 1 6 8 10 12 11
pH
Figure 5-2-13 Relation between pH vs. Concentration of Pb
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pH vs. Concentration of Zn
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Figure 5-2-14 Relation between pH vs. Concentration of Zn
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Figure 5-2-15a Contents of Asin SS
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As in Sed.
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Figure 5-2-15h Contents of As in scdiments
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Cdin §S
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Figure §-2-16a Contents of Cd in §S
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Cd in Sed.

250 r
(o]
200 |
x
A
160 } x
A
X
X [0 20d rd. Feb. |
» © :
O 6th rd. Mar.
Allth rd. May
X ¥ 15th rd. Jul.
1060 | X 17th rd. Sep.
o ¢ |© 19th rd. Nov.
A x A
0
x
A ° x o
¢ X x Q
X o A "
50 | o * o 9 %
a X a o X
x
a ° x
a
8]
q ° A
0 'l i 'l [ 1 L 1 a ]
4 5 6 1 12 15 17 22 18 25 Sampling Poin
De la Ribera Alja Mayu Tarapaya Pileomaye  River
Potosi S. A laPuente Matlino M.F. Mondragon  P. Mendez  Place

Figure 5-2-16b Contents of Cd in sediments
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Figure 5-2-17a Conlents of Pb in S$

—204 -



Pb in Sed.
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Figure 5-2-17b Contents of Pb in sediments
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Znin S8

80,000 ¢
60,000
w0 b o3id 10 Peb.
0O 6th rd. Mar.
A llthrd. May
X 16th rd. Jul.
A & 17thrd. Sep.
® 15th rd. Nov.
[ ]
[ ]
20,000 } °
a
S x
¢
a ¥ 5 A i A A
a
A a
L
0 4 ] i ] (] '} 1
4 5 2
6 3 1215 17 2 13 25 Sampling Poin
De Ia Ribera Atja Mayu Tarapaya Pilcomayo  River
Potosi S.A. LaPuente Matino M.F. Mondragon P. Mendez  Place

Figure 5-2-18a Contents of Zn in SS
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Znin Sed.

Figure 5-2-18b Contents of Zn in sediments
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Sriin SS
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Figurc 5-2-19a Contents of Sn in 88
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Snin Sed.

ppin
10,000
X
oY
8,000 ¥
X A
X
b 4 s
o
6,000 | °
o X X
: X a o 2nd . Tieb. |
8 D6th rd. Mar.
4 | X 4 A 11th rd. May
o o X & . IX15thed. Jul
X 17th rd. Sep.
Rt x x O 19th rd. Nov. |
X
® © X ¢ o o
<
x 0
< X
2,000 G a 0
X a
< <
0 ] ] 1 | ) | 1 | 1 1 A . ) | i ] J
4 5 6 11 1215 17 2 i3 25 Sampling Point
De la Ribera _ Alja Mayu Tarapaya Pilcomayo  River
Potosi S.A LaPuente Malino M.F. Mondragon  P. Mendez  Place

Figurc 5-2-19b Contents of Sn in sediments
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6 Study on Conatermeasures

The countermeasures for improvement are studicd from the viewpoint of such three aspects as of
mine pollution control  plan, environmenial management plan, and enlightenment, education and human
resources development.  ‘The mine pollution control plan is composed of lwo categories of
countermeasuies.  The one is to directly perform mine poHution contrel and the other is to inditectly
support the implementation of mine pollution contrel through a securement of the resources of
environmental costs.  The environmental management plas is to perform environmental improvement

on the slandpoinl of environmental managenient.

6-1  Mine Pollution Control Plaa

The proposal of countermeasures for eavironmentat improvenient is shown below, which is made
from the standpoint of mine pollution control plan, Target of mine pollution control is to
aécomplisb effluent standard of environmeatal law in Bolivia.

The technologies for mine pollution control with regard to the direct countermeasures are genérally
shown in Table 6-1-1. These technologies are classified into two categories in the table.

‘The first onc is applicable and should be pul into practice in the mine pollution area in Potosi City,
and the second one is inapplicable and impossible to be carried oul.  The technologies in the firsl
category are summarized below, by classifying mine pollutios sources into two sectors such as  mining
sector and mineral processing sector.  The po!!u_lion sources in mining sector are mine water and
drainage, waste rock ctc.,, (waste rock: Desmonte, waste out of primitive gravily concentration: Sucu,
tailing out of gravily concentration, failing out of {lotation, heap in beap feaching), scepage walter from
waste dump and taiting dam, aod piled dump,  The pollution sources in mineral processing seclor are

tailings out of the ingenios and so on.  'The general coocept is itlustrated in']-'igure 6-1-1.
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Diccet Covntermeasures for Mining Pollution Control

@ Mining sector
-1 Mine : Contaminated mine water and drainage (acld)> A. Water treatment
_ ‘ (neutralization, ncutralized sludge*! treatment)

(-2 Waste rock and waste dump :

Contaminated scepage water (acid) -> A, Water treatment

{ncutralization, neutralization shedge*! treatment)
B. Vegelative stabilization: plantation
Piled dump contaminated by hazardous substance
= B. Construction of bank, retaining wall

B. Vegetative stabilization

@ Mioeral processing sector
@-1 logenio (Concentrator) : _
Tailing 1 {Fine particle mineral confaminated by hazardous substance (SS)) {Solid portion]
-» A. Treatment in final disposal dam (scdimentation in tailing dam)
Tailing 2 (Poltuted waste water (alkaline)) fAqueous portion)

> A. Water treatment (neutralization, neutralization sludge*! treatment)
*1:  Reaction product by neutralization

'The technologics for pollution contro! indicated above by Aor B are categorized as follows;
* A : Useful countermcasures against the curremt mine pollution and the effects will be
remarkable and perceptible.  Urgent performance is required,
“B: Counlt‘*'r.mea's.urcs expected to prevent from further outbreak of mine pollution. Steady

performance is indispeasable even if speading many times before accomplishment.

The direct countermeasures against mine pollution are, as so far mentioncd, practicat execution of the
poltution control technologics.  Meaowhile, the indirecl covnicrmeasures are to secure fesources of
environmental costs which the ingenios are currently unable to burden due ta peor managemeot and
financial situation. The iodirect countermeasures evealually conlribute to control mine pollution by
facilitating the ingenios to durden c¢nvironmental costs and to pul into practice the direct

countermeastires.,
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Iirst of all, as one of the indircet countermeasures, “An improvement of a curient preduction process
at ingenio” will be carried out to belter its financial sitwation,  This is, however, still insufficicnt to fully
secure resources of environmental costs.  “Dstablishment of the Paviconment & Safety Rescarch
Center” will be planaed chicfly aimiag at human resources development required to maintain mine
pollution control technology and technical capability iu the field of mineral processing for securement of
enough resources of cnviroamental costs for mine poltution control.

Subscquently, based on analysis and studics on the research results obtained from the rescarch center
meationed above, more countermeasures wilk be introduced for the purpose of further improvement of
financial situation of the ingenios. These witl be “Intreduction of a tin recovery concesntrator out of
inpenios’ tailings”, “Introduction of a model concentrator” and “Recovery of valuable melals from waste
rock and Sucu”,  As a fina) stage of a scrics of covntermeasures, the tcam proposes “Construction of an
integrated concentrator” in view of an infensive operatien  theough unification of the current operations
in the ingenios which lie scaltered and remain in the medium, small and petty scales.  As a result, the
ingenios will be able to sufficiently secure the resources of covirommental costs and come to be
consistent with “Envirosment” aad "Production”.

The basic policy for the implementation of the mive pollution cootrol plan (Short, medium and long
terms) is ilustrated in the following “Basic Flow of Mine Pollution Control Plan” with applicable
technologics and their priosities in an iudividual sector of pollution sources (Mining and mineral

processing).
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Basic Flow of Mire Pollution Control Plan

Direct
Miaing Seclor T
Countermeasure
{91
Bl - e
Direct T
Countermeasute
§ Mineral (9}
Processing e i

Sector [4) T

(5] | | {8}
Indirect —Pp

Countermeasure & (6 7
S
7]
Note: The items above in time series are shown as follows;
6-1-1 Treatment of tailing and waste watcr control al tailing dany: 3]
_ 6-1-2 Study on production process improvement al ingenios [4]
@ 6-1-3 Treatmeot of mine water and secpage water from waste rock dump @ [1)
6-1-4 loiroduction of tin recovery concentrator out of Ingenios’ tailings: 5]
6-1-5 Introduction of model concentrator : 16]
6-1-6 Recovery of valuable metals from waste rock and Sucu : 171
6-1-7 Construction of integrated concentrator {Industrial estate) : (8]
6-1-8 Vegelative slabilization on waste rock dump and old tailing dam 2]
619 Establishment of Environment & Safety Research Center : 91

The study on economic feasibitity for these countermeasures is carried out and the result is shown in

% Chapter 7, FINANCIAL AND ECONOMIC ANALYSIS.
R

The basic idea and the fundamental plan for mine pollution control in the mineral processing sector

are shown in Figure 6-1-2 and Table 6—1-2, respeetively.
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6-1-1 Treatment of Tailing and Waste Water Control at Tailing Dam : Aforesaid item [3]

Under the economic assistance by Germany (KIW), the municipality of Potosi City plans to constnsct
a tailing dam (DCSA) to treat the tailings discharged from the Ingenios (Concentrator) in the city.
Potosi City instructs to manage the operation of DCSA under the leadership by the Water Service
Burcau (AAPOS), as a core body, in participation with all the Ingenios in the city.

Utilization of a tailing dam is rt‘cogn'i?cd as the most suitable way for tailing disposal.  The study
team exchanged views with responsible persons of the DCSA construction project and proposes to start

its early operation in linc with the utifization of the planned tailing dam.

Countesrmeasures
@ ‘Taitings from all the Ingenios -> Slurry teansportation*? to taiting dam
@ Tailing 1 (8S: Solid portion) - Sedimentation in tailing dam
@ Tailing 2 {Alkaline water: Aqueous portion) —> Neutralization*?, sedimentatica of neutralization
sludge in taiting dam _
pH control of decanted waler and s I(‘t;-)'t‘l(‘,
discharge
*2: When the pll is adjusted between peutral and weak alkalinity, concentration of dissolved
bazardous metals will be kept below the effluent standard level
*3: Co-precipitation of hazardous heavy metals like As ete, is vlilized during (he formation of
hydroxide of Fe** cte., in acidity approximately between pH 4 and 6, Among flotation rcagents,
cyanide is recognized as a form of CN" because of its low concentration, and is oxidized or

oplically decomposed in the same manner as xanthates during the transportation to a tailing dam and

the reteation in a tailing pond.

Performance of all these cbuntcrmrasures will bring about perfect control of mine pollulion' caused by
tailings out of the Ingenios, which are the polution sources in the mineral processing sector.

Required iterss :

@ Slumry lranspoﬂathn (cchnt;logy ol‘laiiings into a tailing dam.

@ Operation and management technology for slurty transportation.

(3 Operation and management technology with regard to a taiting dam.
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@ Solid/liguid separation technology

® Treatment technology of alkatine water

6-1-2 Study on Production Process Improvement at Ingenios : Aforesaid item [4]

The team grasps an optimum process condition of mineral processing through investigation, mincral

=

processing test and analysis, and is carrying forward technical gnidance through the meeting with the
owners of lagenios to achieve harmonization of productivity improvement with ¢svironmental
conservation.  The team proposes to every owner of the Ingesios a positive employment of the
optimum technotogy that will be consistent with ¢nvironmental conservation.

An estimated character of the current failing is shown as follows, jointly with metal quotations for
refcrence,

* Grain size of grinding output (Flotation feed) : 465 mesh{+0.208 mm) 20~30%

* Flotation pH = 11.4~124

* Flotation density : PD (Pulp Deasity) : 7.2~9,1%

* Lead : Grade 0.22%, metal amount 2.3~2.8 /d, quotation{ *97L.ME Selilement) 624 $/Mt
Zinc : Grade 2.2%, metal amount 22.8~28.3 1/d, quotation{ ‘97L.ME SHG) 1,317 /M
Sitver : Grade 111 g/t, metal amount 115~ 142 kg/d, quotation( ‘97H& H N.Y.) 489 ¢ /TR. OZ.
Tin : Grade 0.469%, ﬁu‘lal amount -£.8~5.9 /d, quotation( *97LME HG) 5,647 §/M1
Note : Tin sulfide mineral (Stannite: Cu,FeSnS,) is included in lead or zinc concentrale and
tin is sometimes an element for penalty in the custom ore markel. Tin oxide migeral

(Cassiterite: Su(,}is included in the tailing ouf of lead/zinc flotation.

ng The amount of metals left in the tailing shown above indicates thal the tailing is discharged
" accompanied by great quantities of valuable metals, such as lead, ziae, silver and tin. In view of this
situation, the {cam bas carried out technical guidaace so as to recover valuable metals as much as

possible.
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The following countermeasures are planned based on the results of survey and mincral processing
test.  The specifications, resulis and analysis of the mineral processing test are shown in “Mincial

Processing” in ANNEX(6).

Countermeasnies :
. As fof lead, zinc: sibver ¢ lmpmvcmem of individual recovery of lead, zinc and silver, in e
patticular. @
@ !mproumem of grinding efliciency Oplmmm gram fining of fotation feed
A liberation grain size of sphalerite (70S) out of he Potosi Mine is approximately 0.10 mm,
Mecanwhile, the present graio size of flotation feed remains in too coarse to liberate sphalerite
satisfactorily. 'Vhere is a concern that curcent gnndmg opcranon 1s conducied under continval and
unreasonable overload in order to jucrease in production volume and results in unsahsfactory

tflotation efficiency and low recovery,  Improvement of the recovery will be promoted by proper
grain fiving of flotation feed.

@ Exteosion of flotation time : Increase in flotation pulp density

The curreal flotation pulp deasity is very weak, 7~9 ¢, and, as a resull, flotation ‘time
remains in shorl.  Improvement of the recovery will be achicved by raising ftotation pulp density
up to approximately 20~25 %, with resultant cxtension of flotation time about three times or more

as long as current one.

@ l.ooking over [Totation reagents

Improvement of the recovery will be achieved by looking over each flotation reagent{collectors,

efc.), in particular.

By means of the counlermeasures mertioned above, there is a possibility for inprovement of the

recovery {approximately, fead by 4 %, zinc by 2.5 %, sitver by 3 %) even if the current [acnlmes were

left as they are.

. Asfor tin: Start of new recovesy of tin
@ Separation and recovery of stannite oul of lead concentrate and zinc concenlrate.

@ Separation and recovery of coarse size cassiterite oul of lead/zine tailing, which is liberated

in the said grain size.

Both of these have a possibilily to substantially improve the tecovery (additional recovery of tin
sulfide : approximately 70 %, and tin oxide: approximately 30 %) only through the intreduction of
gra\ |1y concentration (Shakmg table).
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The results of the said mincral processing are estimaied and shown in (he former Table 6-1-3(1). A
general idea of the aloresaid countermeasures is shown in Figure 6-1-3,
Required items :
® Mineral determination technology (Mineral composition, mineral grain size {decision of
libcration size] etc.,)
@ Latest technology of mineral treatment

@ Designing technology of mincral processing facifitics

6-1-3 Treatmcﬁt of Mine Wiater and Seepage Water from Wasi-c. Rocl£ Dump : Aforesaid item [1]

Outilowing water from suspended or abolished mines and from new or old waste rock dunips are in
acidity and contain hazardous heavy metals and so on. The said water dircelly pour into the rivers
causing a wide range of cavironmeatal deterioration as a result of washing away of these melals 1o the
downsiream as forms of ions and SS.  Therefore, close atl;‘ntion has to be ﬁai& to the cutflowing water
contro), such as discharge into the river after the {re'am:enll for ﬁolluiion-frfc like nciltralization and
neutralized studge se&iﬁlentation.

It is currently uander the study that the aforesaid outflowing wzlttc.r are ﬁcult;aklizcd with the alkaliac
wasle w;aler -eul of “.].C Tngenios inside of the tailing dam (DCSA) of which consteuction is under
planning. 1?6\\'6'&, vil is concern .o[ 1.his process that the dam life would come to short and the bank
wounld b-croﬁm .wcak. The Ic"am proposcs to ireat the said oulﬂmﬂ;’ing waler in Iher manuer of optimum
condi.l.ion‘in coﬁformily with cconﬁmic principles.

I is considered as poor feasibility to mewly build a large type of aeutralization facilii)'.
'lhclrefore, .il 1;5 recénlnlendcd to study on a smaller f;cilii}' laking into consideration environmental
advaglages in the geograéhicai (‘ou.dition,. variati(';n lof flow volume, water qualilyland $0 on.

It is necessary for the proposal to give careful consideration both to environmental impact aad to
qﬁaix;ly variation of the .was!.e water discﬁarg&d into the rivers, broughl aboul by the construction of a

new neutralization facility.
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Countermeasure : Treatment of contaminated acid water, such as mine water and seepage walter

from waste rock dump
Plan@® Neutralization of acid water in the mining sector with alkaline water in the mincral
precessing sccior

Plan@ Independeat neutralization of acid water in the mining sector : Single or double stages

In the neutratization in both Plan@ and @), co-precipitation reaction of hazardous heavy metals

like As ctc. is utilized during a hydroxide formation of Fe®* in acidity approximately between ptid and
6.

As a result of the study on the plans above, the process flow is shown in Figure 6-1-4.  The treatment
micthod of resultant neutralization sludge is shown in Table 6-1-1.

Required items :

@ Treatment techoology of acid water

@ Tieatment technology of neutralization sludge

@ Designing technology of neutratization facilities

@ Kuowledge concerning reactions in neutralization chemistry and heavy metal ions

@ Kuvowledge concerning oxidalion process of ore body and ore
6-1-4 Introduction of Tin Recovery Concentrator out of Ingenios” Tailings : Aforesaid item {5]

The current operation of the Ingenios directly discards the tailings in which greal quantities of
valuable metals such as lead, zine and tis are left. Io view of this, the team has c;.xrricd oul. technical
guidance to recover the valvable metals as much as possible before discharge of the tailings int§ the
fiver.,

As for re-treatment of the tailings, the team proposes to build a common facility rather than individual
one, where some of more than 40 Jagenios jointly re-treat their faitings with share in the advantages of
targe scale,

In addition, the team recommends to study on a construction site of the tajling re-treatment facility

taking the upper part of the platcau as a first priotity, where the new San Axtonio taiting dam (DCSA)
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mentioned in Paragraph 6-1-1 is planned to be tuilt.

Among the valuable metals remaining io the tailings, lead, zinc, tin sulfide and a pad of tin oxide will
be able to be recovered, to a cortain extent, by means of the operational process improvement of the
current [ngenios.  However, a recovery of the rest of tin oxide bas to be dealt with in the tin recovery
concentrator because the operational process improvement of the Ingenios is unable to cope with thal,

Namely, in case of the Potosi Mine ore, tin oxide mineral {Cassiterite: Sn(},) left in the lead/zine
flotation tailing is considerably fine in its liberation particle size, approximately dozens of fm. For
this rcasen, a recovery of coatse cassiterite by means of gravity concentration (Shaking table) mentioned
in @, Paragraph 6-1-2, “Study on Production Process Imptovement at Ingenios”, is estimated as at most
approximately 173 of the total amount of cassiterite. The balanced 2/3 of cassitesite is of fine/micro-
fine in its liberation particle size and moves into the tailing because of difliculty in its recovery during

the gravily concentration.

Countermeasure : ,
Fine/micro-fine cassiterite left in the tailing will be recovered by means of flotation after the said

gravity concentration (Shakiag table) followed by regrinding.

Figure §-1-5 shows the process flow obtained by the resulis of mineral processing lest.

By this method, there is a possibility to considezably imprave a tin recovery, approximately by 40 %
as tin oxide. Table 6-1-3(2) shows an estimated mineral processing result in case of adding the said tin
recovery process to the Ingenios that would achieve the production process improvement mentiosed in
Paragréph 6-1-2.

Required items :

(D Treatment technology of iin ore

@ Designiog techuology of concentrater for tin mineral processing
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6-1-5  Introduction of Model Concentratar : Aforesaid item [6)

The tcam has made suitable advises (o the exisling Ingenios and proposes to constritel a model
concentrator which realizes an application of the atest technology and an optimization to the local
conditions. The team proposcs also the necessity of constructing a continuous mineral processing test
facility prior to the construction of the model concentrator,

The model concentrator takes aim al ‘high economic fealurcs and f{acilities consistenml with
environmental conscrvation by use of ike latest technology.  Although the model concentrator by itsell
is a competitive one, the target is that its facilities will give practical and precise cxamples when a local
business pmknietor, taking into consideralion the local conditions, would plaa to buitd a furnther
compctitive concentrator by cquily fund in the future,

‘The continvous mineral processing test facility isn’t for actual production but for full study on
distinctive character of the local ores and so on in view of a successive construction of a optinmm maode]
concentrator,  In order to be consistent with “Lnvironment” and “Production”, it is necessary to finally
achieve an ictensive operation by means of an integrated conceotrator (considered as apprpximalcly
1,500 1/d) instalied with .lhe latest facilities.  As a preparatory stage, it is planoed (o build a model
concentrator (200 t/d) which will fuaction in the same manner as the said integrated concentrator. It
will be important to confinm the effect of the model coacentrator first and thea to promote integration of
the Ingenios.

The said mode} concentrator will be buill on the upper part of the platcav where the new tailing dam
(DCSAY) is planaed to be built, and will be included in the integrated conceatrator after itls construction.
Figure 6-1-6 shows the process flow based on the results of mineral processing test

Designing of facilities and estimation of construction costs are made based on the process flow
obtained from the test results.

The construction costs are estimated by use of the survey resulis on 9 machinery and equipment
supplicrs in Bolivia and 7 local sub-constructors in Polosi City.

Construction cost of the 200 t/d model concentrator is estimated as 1,430 miltion yen (11.92 miillion
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doltars [Y£2073)) in total (Refer to the following table).

Cost
Mechanical T : oMY
[ Flectrical T asoMiLy
Civil & Building ST YA R
Adjustment & Test Run - 0MiLY i
Total L4oMitLYy

‘The construction costs are estimated bascd on a furn-key and within the scope of the indications
shown in the flow sheet, P & 1D and the equipment list io ANNEX(8). The costs for site preparation
{land readjustment, soit improvement, piling cte.,) are not included in the esiimallion‘ It is assumed that
power and water supplies are available in the neighborhood of 1he construction site and access roads are
suftiviently arcanged.

The exchange rate is sel as ¥ 120/ 3 and its variation and cosl escalation aren’t taken into account,

6-1-6 Recovery of Valuable Mclals from Waste Rock and Sucu : Aforesaid item [7})

Waste rock (Desmonte) and waste (Sucu) from a primitive gravity concentration are left in beap on a
mountainside of the Potosi Mine, which were discharged from old mining only limited to of  silver and
tin minerals. These volumes are said to be as much as ene bundred million toos. Seme private
caterprises bave altcady carried out metal recovesy business out of a ctrtain waste rock. The tecam
proposes lo start on a large scale, in the future, a recovery business of valuable metals out of waste rock
and Sucu by selecliug‘a cerlain suitable and economically feasible place*®.

It is meaningful also for Muture vegetative stabilization on the mountainside o remove and ulilize
waste rock and so or which were feft in the past.

*6: As a cxample, Desmonte “Cero Rico” 5,608 thousand tons (Ag 213.1 git, Sn 027 %)
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[ Countermeasures : Recavery of valuable metals tike silver, tin ete., out of waste rock etc.,
Plan @, Alter crushing, silver recovery by means of heap leaching with eyanide solution
Plan @), Recovery of coarst cassiterite by means of crushing, grinding and gravity concentiation

{Shaking table), then, making all slime through regrinding, and recovering cassiterite in its

liberation particle size of fine/micro-fine by means of flotation. Successive recovery of silver

from the flotation tailings by means of tank leaching with eyanide

An general idea of the sajd countermeasures is shown in Figure 6-1-7.
Required jtems:

@ Technology of cyanide leaching

@ Techoology of heap leaching

@ Technology of valuable metal cecovery, such as zinc precipitation, CIP ctc,,

6-1-7 Construction of Integrated Concentrator (Industrial estate): Aforesaid item {8}

The problems in the existing ingenios in the neighborhood of Potosi City are, as m.enlioned in the
other paragraphs in this report, difficulty in burden of environmental costs due to individually small
scale and poor management basis and resultaot international incompetitiveness.

For the solution of these problems, the team proposes o construct an iolegrated concentrator with
1,500 t/d of treatment capacity, in order to conduct inteasive operation by unifying the existing ingenios.

For the purpose of promotion of 1he operation under a reasonatﬁe reduction of environmental costs by
means of the latest and modified facilitics referred to the model concentrator, it is vonsidered most
rational that all the facilities conceraed are concentrated near a lailing dam.

Therefore, the team would Jike to propose, as a future view, eslablisﬁmcnt of an industrial estate
including as well the tailing re-treatment facilities previously mentioned.

The team recommends 1o study on a construction site of the integrated conceatrator 1aking the upper
parl of the platcau as a first priority, where the new San Antonio tailing dam (DCSA) menticncd in
Paragraph 6-1-1is planned to be built

The ptocess flow in the said concentrator is the same as in the model concentrator and shown in
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Figure 6-1.6.

The investmeat costs are ied 1o ¢stimate by applying a 0.65 th power method to the sum of the
investment costs for the 200 1/d model concentrator.

‘the estimated mineral processing resubts are shown in the former Table 6-1-3(2).  As it is expected
sonie deterioration of crude ore grade comparing to those al the preseal ingeoios, the metal amouat in
crude ore is planned to be kepl unchanged by joereasing in the teeatment volume of crude ore.  The said
increase in the treatment volume will be achieved without any rise of mineral processing cost as a resul(
of reduction of the unit cost (3/) brought about by mass-production effect.  An improvement of mineral
ptocessing results will be eosured through application of optimum process flow and conditions to the
Polosi Mine ore aod introduction of the [atest technology (for example: micro bubble type column
flotation machine) to tin {lotation to realize recovery of fine/micro-fine cassiterite.

As a result, an individual recovery will be considerably improved such as, lead 60.0>72.0 %, Zioc
81.9->89.3 %, silver 74.8—>83.8 % and tin 0->70 %.

Fiﬁally, financiat foundation will be intensificd and coexistence of “Environment” and “Production”
will be realized.

Required items :
(D Designing technology of mineral processing plapt in large scale

@ Operational tecbnology of mioeral processing plant in large scale

6-1-8  Vegelative Stahilization on Waste Rock Dump and Old Tailing Dam : Aforesaid ilem [2]

Old -wasle. rock dumps and tailing dams are so far lefl as they arc, where the recovery of valuable
melals is oot feasible through the current techaology.  If leaving the situation as it is hercafter still,
coviroomental deterioration jo the neighborhood will continue, which is caused by heavy metal
dissolution iato acid water flowing out of the said dumps and dams.

lu.mder to prevent the said pollution, vegelative stabilization is eventually required.

However, huge funds are necessary for its implementation even though thal is technically available.
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‘Therefore, the positive participation of the residents is indispensable for promotion of the plan for soil
heap-up and vegetative stabilization on the said dumps and dams.  “The team proposes 1o ¢stablish an
implementation structute capable of steady deliberate advance of the plan, even if slow, cxtending over
long terms in view of utilization of public funds iv case of the absence of mine owners.

It is necessary to take suitable conntermeasures which will be able to prevent from new and additional

poltution at the said dump and dam sites,

Countermeasures : Prevention or reduction of outflowing of contamioated secpage waler, aod
preveation from scattering and effluxian of dumped pile containing hazardous substance
@ Construction of bank and retaining wall

@ Vegetative stabilization : Adjustment of decant discharge equipment, soil heap-up, vegetation

Figure 6-1-1 shows a general view of the said countermecasures and so en,

On the occasion of the implementation of the said countermeasures, it is necessary to survey
beforchand the presence and volume of sulfide minerals, especially pyrite (FeS,}, io 1he dumped pite,
which are the sources of acid water. 1t is as well necessary to survey beforchand the presence and
volume of hazardous heavy metals in the dumped pile, which cause water pollution dissolved with acid
water oul of sullide minerals. Then, the pecessity and priorily are to be clarified for ‘Ihc
implementalion of cach covntermeasure.

Required items :
@ Expertisc of soil heap-up and vegetation
@ Coasideration of environmental conscivalion A

@ Civil construction and management
6-1-9  Establisbment of Envitonment & Safety Research Center: Aforesaid item {9

It becomes clear through the survey thai the current systems in the Bolivian side with regard to

“Eovirenment” and “Safety” are insuflicient and have the problems shown below.
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[Tech- [ 1) Mining (Direct | Dinsufficient understandings of mine  pollution control |
notogy pallution control | counter- technology as a whele, and insafficicnt study on apphicable
Measures technology.

@ 1nsuofficient  approach and study on oplimum  procoss
conditions of applicable technology.
@ Insufficient actual proof of applicablc lechnology.

(2)Indirect D Insufficicnt  understandings  of mineral procissing
counter- lechnotogy as a whole, and insufiicient study on applicable
measures technology.

@ Insufficient approach and study on optimum provoss
conditions. of applicable technology.
_ _ @insuflicient actual proof of applicable technology.
Z)Environmen-lat | (1) Insufficient monitoring system
oontrot {2) Insuflicicnt baws and reguiations
(3) Insufficient organization for enviranmental conservation

{4} Insufficient environmental characteristics ]
2Muman | HMine pollution |~ Several dozens of technicians are centering around the mining and chemical
Ksour- control depastments of UATE, and in private mines and Ingenics. However, they

cos | arg insufficient in practice due to poor condition of aforesaid item 1.1).
Z)linvironman-tal { - Some persens in charge are in the state and prefecture. and insufficient in
control practice due to poor condition of aforesaid jtem 1.2).  Furthermore, the
environmental section in the prefecture has as small as only 3 persons in
charge. L
3.1:quip- DMine pollution { + UATF has no continuous fest facilities concerning eavironment and mineral
ment control processing, and is poor in other pessessing equipment and analytical
equipment, e
2)Environmen-al |+ Insufficient monitoring equipment
control

In order to solve these problems and to activate the mining activily in cenformity with cnvironmental
conscrvation, the team proposes the establishment of the Environment & Safety Research Center and the
responsible grappling with its management by the Potosi prefcciure.

Namely, for the purpose of secuting technical experlise cope with the aforesaid preblems, it is
required to human resources developmeat and introduce proper facilities.

The said rescarch center will be organized to perform development of new technology, formation of
new technical and management systems and implementation of monitoring in view of environmental
co:_llrolr and improvement, bearing in mind how to achicve conformity of mining activity with
environmental administration,

It is another major purpose of the said rescarch center that home and foreign cnvironmental
moitoring fechaology and cquipment are arranged and introduced u acceptable way fo the actual
sitvation of Potosi Prefecture, and that the proper administrative and technical systems are es!ablgshcd,
which are sell-sustainable by Potosi Prefecture. “1he rescarch of both optimum process flow and

optimum conditions will be carried out through various environmental and mineral processing tests by
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means of newly installed continuous test facilities in the said gesearch center.

Furthermore, achicvements made by the said research center will be applicd to the other relevant

places in Bolivia,
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Table 6-1-3(1) Estimation of Mineral Processing Result of Ingenios

at Present/in Futurve[ 11

Pyesent

Pwore .

1 .Mined orc

| Existing Tngenios(total 42):

individual (reatment

Integrated concenlrator:

integrated tyeatsnent

1 Run of mine ore _ —— —
1} Orc Reseavch by the prefecture{1998)
quantity Facilitics capacity(A) 2,365¢/d
Treajimend scale{]i) 1,702~1,7424/d
Treatment vatio( B/A) 72~74%
Annuat operalion days 330d/y snp.]]
Opcration ratio 75-90% | sup,
Treatment rale 1,277~1,568¢/d | — Iacrease of Ireatincal rate
: :1,327¢d[ sup. ] = X aboul 1.13 = 1,500t/d[sup.}
421~517 thousand tfy y
1438 (housand {fy -> X aboul 113 = 495 thousand tfy
: sup, sup.
2) Grade Ph 0.85~2.50% (> 1.1%[sup.] Ph 1% {sup.]
Zn 8.0~17.0% ?‘3" 11.6%(sup. Zn 10%{sup.]
Ag 125~700g/t (> 350g/({sup. Ag 310g/i[sup.]
Sn 2. (>0.6%(sup.]) Sn 0.5% [sup.]
Deposit data: —* Decrease of grade -
* Ag-Zn ore: 1994 COMIBOL
Ag 644g/t (—> 350g/1) > X about §7%
In 11.58% - X #
- 8n erer 1986 COMIBOL,
— Sn 1.01% (= 0.6%[sup.]) - X "
3) Metal Ph 1,324 X 1.1% = 15.01/d Pb 1,500¢/d X 1.0% = 15.0¢/d
quantity Zn 132743 X 18.6% = 150.01/d Zn 1,500/ X 10.0% = 150.01/d
Ag 1,3271/d X 350g/t = 464.5kg/t Ag 1,5001/d X 310g/t = 464.5kgt
Sn 1.3271/d X 0.6% = 7.51/d Sn 1,5001/d X 0.5% == 7.5¢/d

2 Unit cost

i

0.7

3 I’h concentrate
:P’b {lotation

Recovery and concentrale grade:
insulticient
Evaluation objects: I'b, Ag

Recovery and concentrate grade: np
Evaluation ohjects: b, Ag

1) Orc " Ore distribution 1.1~2.9% '
quantity > L7%(sup.} = 1.6%[sup.]
: 132704 X 1.7% = 22,644 1,5001/ X 1,6% = 24.01/d
2) Grade 'b (30)~52% ((-:. 40%{sup.}) Pb 45% [sup.]: ohjective 60% up
(Zn 9~(20)% (= 15%|sup.1)) (Zn 10%{sup.))
AF (2,!})())0)~6,000g/l(~> 4,500g/t Ag 5,060g/t rsup.]
Sup. : :
[3) Metal Ph 22.61/d X 40% = 9.01/d Ph 24.01/d X 45% = 10.81/d
quantity (Zn 22.61d X 15% = 3.41/d} (Zn 24.01/8 X 10% = 2.4(/Q)

Ag22.60d X 4,500/t = 101.7kg/d

|_Ag 24.00/d X 5.060p/t = 121.4kgfd

4) Recovery

Ph (40)~65% [tests: 54-76% ]
: C > 60.0%
Ag (23)}-37%[tests: 18.5~72% ]
= 21.9%

Ph 72.0%: ehjective 85% up
Ag 26.1%: ohjective 90% up(*1)

4 Za concentrafe
:Za Notation

Recovery ard concenlrale grade:
-insuefficient
Evaluation objcets: Zn, Ag

Recovery and concentrate grade: up
Evaluation ohjects: Zn, Ag

1) Ore Ore distribution 14.0-28.6% -
quantity > 18.5% [sup.} ‘ > 17.5% (sup.]
- 1,3271/d X §8.5% = 245.51/d 1.5008/d X 17.5% = 262.51/d
2) Grade (M 1.2-03.0% (> 1.5%[sup.]) {(rb I.O%[sup‘.]}
Zn 549.0}—63.5%(% S0.0%?snp.]) Zn 51.0% [sup.): ohjective 55% up
: Ag (300)~4,400p/¢(-—> 1,000g/tfsup.]) | Ag 1,020g/t[sup.]
3} Meial (Ph 245.51/d X 1.5% = 3 Ti/d) (Ph 262.51/d X 1.0% = 2.6i/d)
quantity Zn 245.5¢8 X 50.0% = 122.8(/d Zn 262.51/d X 51.0% = 133.9¢/d

4} Recovery

Ag 245,5d X 1,000g71 = 245.5kg/d

Ag 262.5t/d X 1,020g/1 = 267.8kg/d

Zn (83)-88%[tests: 58-83%]
-> 81.9%

Ag (30)~48%[tests: 13.2~58.8% ]
SR —> $2.9%

Zn 8%.3%: objeclive 90% up
Ag §7.7%: ohjective 90% up(*1)

Nole sup.: supposilion, Improvement cffeel i

n Pb, Zn Notation of existing Ingenios should be

- ‘estimated to be 1/3 of effect in above (able,, *1: total recovery of Ph, Zn conc.
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)

No recovery, evalualion object: Sn

Sn grade: 0.3% of oxide Sn{Cassitevite
:SnO; ilsulﬁdc Sn{Stannite:Cu:keSnS.)
= 1[sup.] :

New recovery, cvaluation ohjecl: Sn
Sn grade: 0.25% of oxide Sn+0.25%
of sullide Sn = total Sn 0.5%

5.1 Sulfide Sn
concenfratle
with tahle

At present, ore condaining sulfide Sn
has been mined as hardly as possible,
Lyt in casce to mine it major of suifide
Sn should be conlained in Pb, Zn
concentrales.

268.11/d

- Ore quantily
- Gyade Sn L1%([sup.]
- Mctal guanfity Sn 3.01/d

- Distriibution 80% of sulfide Snfsup.]|

5.2 Oxidc Sn
concepfrate
with (able

At prescat, oxide Sn has becn
insufliciently recovered litlle  al
Ingenio 'Santa Catalina’,

a

Separation of sulfide Sn lrom Pb, Zn
concentrales with shaking tables

* Ore quantity  17.31/d
- Grade Sn 15% [sup.]
- Melal quantity Sn 2,6¢/d

| - Recove 0% of Sulfide Snfsup.] |
Liberated coarse exide Sn will be
recoveved with shaking table,

+ Qre quantity  5.5t/d

- Grade Sn 20% [sup.]
- Metal quantily Sn L.14/d

5-3 Oxide Sn
concentrale
with flotation

- Recovery__30% of oxide Snlsup.] _
After 5.2, oxide Sn will be recovercd
with regrinding and Nelation

» Ore quantity  10.00/d

- Grade Sn 15%sup.)

+ Mclal gquantity - Sn 1.5¢/d

- Recovery  40% of oxide Snfsup.]

6 Tailing____
1) Ore Cale, 1,327-22.6-245.5 = 1,058.%1/d Cale, 1,500-24.0-262.5-17.3-5.5-10.0
quantily s 349 theusand 1/y = L1814/d: 3190 thousand ¢y
2} Grade Ph 0.25~0.94%%sampling Ph cale. 0.14%
: 0.1£~4.57% }(calc. 0.22%)
Zn 0.5~3.0%[sampling: 0.48~6.34%]| Zn calc. 1.2%
{cale. 2.2%)
Ag 50~100g/t{ sampling: 14~670g/t} Ag calc, 64g/t
écal. Iiigh)
Sn {calc. 0.46%) Sn cale. 0.19%
1) Metal Ph 15.0-9.0-3.7 = 2.3¢/d rb 15.0-10.5-2.6 = 1.6(/d
quantity Zn 150.6-3.4-122.8 = 23.81/d Za 150.0-2.4-133.9 = 13.71/d
Ag 464.5-101.7-245.5 = 117.3kg/d Ag 464.5-121.4-267.8 = 75.)kg/d
Sn 7.5-2.6 = 4.9¢/d Sn 7.5-2.6-1.1-1.5 = 2.31/d
4) Distribution | Pb cale. 15.3% b cale. 10.7%
Zn cale, 15.9% Zn cale. 9.1%
Ag calc. 25.3% Ap cale. 16.2%
Sn cale. 65.3% Sn cale, 30.0%

2. Rejected ore
(Desmonte),
efc.

At Present, Ag has been recovercd
with heap leaching{cyanide leaching
process} at Conco plant.

Idca 1. After crushing, Ag will he
recovered with heap leaching
{cyanide leaching process).

1)Ore quantily 1,000t/d: :
, 330 thousand (fy

2)Grade Ag 213g/t

3)Leaching rate  Ag 60%

43Mclal recovery Ag: 1,000t/d X
213g/t X 60% = 127.8kg/d

1dea 2. Aller erushing, oxide Sn will
he recovered with grinding,
table, regrinding and flofation,
and alter that Ag will be
recovercd with lank Ieaching
cyanide leaching process).

1}Ore quantity  1,0001/d;
330 thousand fy
2)Grade Ag 213gt
S50 0.27%
3leaching rate  Ag H0%
recovery Sn 70%

4)Metal recovery Ag: 1,0000/d X
213g/t X 9% = 191.7kg/d
‘ C - 8 1,0004/8 X
0.27% X

70% = 1.91/d

Nofe *: Ohjeclive Desmonte: Cerro Rico 5,608 thousand ¢(Ag 213.1g/i, Sn 0.27%), elc.

—230—~



.uouﬂaaeogo WO Ay !
JO1ETIERUCD porELdou]

eI} PO T gim T Ja(ie) WodJ JoJeNuaouod

T GOnEmES 0y GOLR[NED> (g UOITE[ND|EY 1¢769 GONTIAD[ED ;") % dg| g
, UORTINID 17701 aonendNEy 7T onu{ndfe> (7L HORR[MICH 15T % BV |-181p
| wogEImIT> 117G uolEnSeEd 1] WONRTMIT LT woNTIRED 16°ST %O ™
m gonTmmaIeD + 07 aone[ned JL°GY monEmEd 10T aoNrINHEY C ST % Ad| W
| GODEIRIEY 61 0 TOIeTuIEY 97T TONEMIES P () BOLEMIED 0P o, Uy
| monedIE> 1 §9 goyeIoed ¢ YO TORT[MHE 1 86 woupwmoIe> ¢ 11 13 By
! gonemyw : T ZonEMOEd 1 o7 aonemae> : §°1 wenvmITy : 27 o W7
, uonEdre> wonEm=> 910 aonEmIed (5170 uonenofed (TC0 % Qe [ PEID
GonEmoies I SORL L L e AT GONE[Ad[d : g OSO'L i UGRITINST T 6850 | L L A
T GonenS{es (L TONE[I[E H°0L | % Uy !
W o, 2| Axoa
W o wy| -0d
m % qd] -0
! @onduansse ¢S] aodaEnsse g el o Uy
e By
I G\V H_N
_ % qd{pmn|  rawo
! OOANIRRE K7y GONANHUSSE ~q oy PA[qen(y ug
! . : 7 Uy
| qONEMHED 1 [7LG AONEMOTD ¢S HORTINDLY Irps bt Ly Ll id ] % By| AI0A
i ToREMI{E> 1768 wonEmed (°pg aonenED PR wonvmaer 16718 BHoYL W
%ed] -9
; % Ly
: wofdmnsse ; 0Z0'T aoppdmmnssT § (00 T nondunsse : 00T wondwmsss ¢ (0)'T Vi By
: aoudansse :0'1$ uondwnsse :§(S wondwmnsse 005 wondmnsse 10708 o, uy,
wondmnsse (T gondummsse ¢ gondumsse Sy uondumnsse g a5 qd | pran o lg)
; HONAUINSSE 15007, VONATINSSE 6 7S¢ ToNdW@NNT L5250 GOINAWMIGST 5 opy7 PA Uy ay
| o, ay
m yonEINI 197 ToneInIed 1£°CT HONEInd[ed 1¢-¢7 aonemnded :G 17 o By | Axaa
! : . . % 9L 09
, TOUSINHTD (°TL wonrnyed 10'ko nonemaed ()°'p9 aonwnafed {('09 % qdi -
% s
W gonpdumsse : 0O)‘s nondumsse : 05’y aondmnsse : g5y aorydansse : 5y )3y
| wondamsse @ O] uondwnsse 1 g| goudwmmnsse ¢ ST wondumsse @ QY e uyg
W uonpduinsse ©  Sp vondumsse :  op gondwnsse ¢ op gondmnser ;1 Op 2 qd | pead 2u0))
TORAMNSSE 1Ty GONAWNSSE <[ v UONAWNSSE ([ F7 DA deng | qd
: . — 31EHUIIUD )
%01 | 01 00T 00T RN
“ 01 i 001 001 001 % By |-151p
_ 001 001 001 001 %L ™
001 001 001 007 % 9d| SN
TONATNSET S5} HONAIGNSIE 10 TOHAWSSE 197 . TRy 7T
agondoaasse :  OI¢ vonydmnsse @ gs¢ wondumsse : (5 no:&E_zan 0S¢ 13 3y
gondamsse 501 wondmmnsse 91T uondwnsse :9°fY wonduansse 97| o Uz
! gondmnsse 10'T wondwnsse 1T wopdmnsse ;1Y aondmnsse 171 9% Q| peto | ado dunn
I]mﬂﬂ.ﬁzd 05 T UOTIATINSTE /70T < 000 T~00%' T | GOHAmONST (L7¢ [ <= (K9 1-00E 1__ | aondunsse T7¢ < (0 T-00¢t |~ PA_[UEN0;  Jo uny

LIpa00ad u1], + sassadoxd
poacaduny qim soindur 3Mmsxg

i ST O Ui JO [R19T0 JO AIUEnD JO SOMUI et <= 20 SUI J¢ G Jo Ajjgend Jo
{ 2 Jorminy wi3uasalq 1e soruaguy Jo 3nsay wﬂmmooo.ﬁ [BIDUTA] JO TORRWOST

sossoooad poscadan qum
ao.ﬂau:- uEﬁ.x.m

TOSENTIN [CHPIATPAT qITM
SI0IC[UIIWOD TH [VI0] ¢
1aasaad e sormaSay Junstxy

[ JO GRY JO UoIIapaT A6 ENTIIuGY poY

@

Amvm - @ %_ﬁ

—231—



‘paajdmwod oq Lew nonesueld juun and (032 “oJ0 pagaalar)sjsTa Je paednad (|8 sdewmeap sunm pognjjod proe ssnesdy
‘Aaessaoou aq pimom and (*33 *3x0 pndIdR)sEM WO dBvURIp JuTW pynjod pIde JOJ JUSTIUI] QONEZYCHNIN 1II0N

(3daouo) Yeary 150304 Wl panjdde aq 03 AJojouyoa] wonUIAAIJ/ONUCD) wonN[led SUN | -

|

arep Zayiey |
€ STpUIF poZIemnoN ) .
Huey
“mep JTITE3 3¢ IN0 PALXIEY M Pinom ping 1uerenrddng Laqem IELINS T
ITIVDEIT] RONEZIENNIU s13 “Jeipes Jo [JUBEN 3y BoneZjeinan| | wedp jo ddreqasiq  \j
INem JaIEMe [is pIIennIU 3q Avm

Jo1em SmIn ponjjod pIoe jey) 95Ed U 1MON Aesmames 3quedaad pur goneurd ‘pos gqum Ja 1940 :

! uonEIO) pUT UOHBNUNIUD AJArLE Jenddd
‘uonenuadaucs Ayaexs sanumrad Jo sTuipef,

seam

sgearelp pmm pajufiod prY

smpe], -
[ TIPS «— 1'1UIDUO))

| -9 dxndy

S210

paabng

210 durpy

TOTETUaOU0y|  Jo uny

| :ormaguy |

ey

—232—



Present

lngcnlos [Tow Productivity] —> Small Profit Margin _—> No Responsibility for Pollution Costs

| Tailing{ Wastc)

Discharge in-to Ribcra River and other Rivers{ Mine Pollutlon Occurrcenee} <--

Yutvre

Ingenios l [High Productivity] —> Large Profit Margin -> Responsibitity for Pollution Costs

Tailing ( Wastc )
N
Tailing Tond Neutralization Treatment for Waste { Watcr), and
Deposition Treatment by Sedimentation
for Waste{Ore} and Shuidge Caused
by Ncwiralization Treatment
¥
Clarificd Water{Over-flow of Tailing Pond )

will be Discharged to River[ No Mine Pollutjion] €~ —s

Figure 6 -1-2  Present/Future Situation of Ingenios

as a Result of Background Analysis
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_C:l‘:nde Ore
[Crushing (1) I
E!gsiﬁcatior( -l)—]

——— - —y

v v
Finc{ — ) Coarse( + )
N|

v
%iﬂ(_liné | #1 |Cnishing(2) |

[ Classification (2) |

Coarse (+ ) Fine(—)

.

Ph Flotation | *2
v v
Sink Froth
Zn Flotation | +2 (PhCone, )
v Vv *3
¥roth Siik IGravi(y Concentration (1) I
(Zn Cone.) ( Tailing ) Heavy  Light
3 ¥4
Gravily Gravity Ph Conc, Sn Conc,
Concent.(2) | |Concent.(3) Stannite
—3 e S
Light Hcavy Light Heavy
¥ ¥ ! !
Zn Cong. Sn Conc 1 Tailing Sn Conc.2
(Stannite ) ( Coarse Cassiteritc)

Figure 6 - 1 -3  Measures for Process Improvement of Existing Ingenios
{ Concept )
O As for recovery of b and Zn
*1  Improvement of grinding cfficiency: making particle size of flotation
fine in optimum
*2  Extension of flotation time: increase of flofation pulp densily,
and revue of flotation reagents -
(O As for recovery of Sn
*3  Stannite may be recovered from Pb Conc. and Zn Conc.
*4  Liberated coarse size Cassilerile may be recovered from P’b/Zn
flotation.
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One stage ncutralization mixed
with mine acid water and

mincral processing atkatine water

or
One stage neutralization Two stage nculralization
wilh minc acid waler with mine acid water
Ca(OH): (or CaQ)
Crude wafer or Crude waler
Mincral processing alkaline water <———— CaCOs
Neufralization | abeut pHS~6 Neuiralization { |~ahout pH4
| Oxidation with acration ¥—Ca(0OH):(or Ca0)
Solid/liquid scparation Neutralization 2
N ahout pHS5~6
Neutralized Freated water  ahout pH6 up | Oxidation with
sludge Selid/liquid separation | acration
(Toxic_element) — 1
l y Neufralized Treated water about pH6 up
Final treatment To_river sludge
(Toxic clecment)
| {

Final treatment Yo river

Figure 6-1-4 Neutralization of Mine Acid Water{Study Example)
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Conc, Tail.
! l
Sulfide Ore Regrinding
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FeS:, elc.) Clasification | Destime
v ¥
Medium, fine Slime

|

Sn flofation (1) | Rougher (and Scavenger )}

v M

Tail. Conc.

{ Ca mincrals®1, J{
Si0;, efc.) Sn flotation(2) | Cleaning(1)
v v

Middling Cong.

( Ca mincrals*1, l
SiO;, ete.) Sn flotation{(3) | Cleaning(2)
¥ v

Middling Conc,

(Ve oxide mincrals l

¥2, ete.) 8n Cone. : Finc size SnO:

Figure 6 -1 -5  Flow Chart of Sn Flotation
Neote *1: CaF, elc., ¥2: FeCOs, clc,
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[¥)) flofation 1]  Rougher(, Scavenger)

\ 4 Y
Conc. Tail,
{Phb_Notation 2| Clea- [Zn Notation ] Rougher (, Scavenger)
v v Ilillg A4 V
I'b middling C'l((mc. Tail. Cone,
I'b Conc.: PhS ( |FL;S= flotation | ) Z? flotation 2 |
\4 v v A
{Conc. }: Fe§,, Tail, Cong. Zn _middling
{ FeAsS) A
[Magnetic scparation |  Zn Cone.: ZnS
v W
Non mag., Mag.: ¥e.04, FeinS

[ Classification 1 }

\ 2 N A4
Coarse: >apr. 74 4 m  Medium: apr, 74~38 1 m  Fine: <apr.38 4 m
VS b

'Graviiy J - Gravily
concentration 1] * concenlration 2| *
v ' *: Shaking table

—, _
Heavy Lilghl Heavy Lighlt
Sn Conc.1 Sn Conc.2 Regrindin
: Sn0: : SnO:
[Ciassification 21 Deslime
v ¥
Medium, finc Stime: <apr. 3~5 im
[Sl: Notation 1| Reugher(, Scavenger)
Y A4
Cong. Tait.: Ca minerals, SiO;, ¢lc.

: Gangue minerals

{Sn_Notation 2| Cleaner 1

k. A4
Conc. Sn_Middling 1: Ca minerals
R
[Sn flotation 3 ] Cleaning 2
v Y
Conge. Sn Middling 2: Fe oxide
mincrals

Sn Conc. 3: SnO:

Figure 6 - 1 -6  Flow Chart of Model Concentrator
: Recovery of PbS, ZnS (both with Ag) and SnO;

—~237—



Rejected ore, cle,
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&———CN -

Heap Leaching

v

Ag

Proposal 2

Rejected ore, elc.

|

Crushing

Grinding

Gravily Concen(ration

Heay Light
! ,
Sn Cone, 1 |Regrinding
(Coarse SnQ:)
Sn Flotation
R
[ —
Sn Cone. 2 |Tank Leaching
(Fine SnQ:) l

Figure 6-1-7 Recovery of Valuable Metal or/and Minerals

Ap

from Rejected Ores, ete.(Concept)
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