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312, All ofﬁompanics have installed sctlling'ponds u§ing pond water fbr washing. ’]hc\ call this
water recyeling systom a closed circuit but aclualli_v' il is‘nol“ At the outlet of the pon&, average
efflucnt pH is less than 3 against the cfiluent slandards of 6 tb 9‘ éinlcc river \\'a[cr ilsc!f is alrcadv
pollwted and there is no difference between river water and w ashmg plant cl'ﬂucnt in Icrms of pH The

av eragc dnschargc from active arcas is sunummcd in Table 111-3 below:

TABLE 111-3

AVERAGE DISCHARGE FROM ACTIVE AREAS

Parameters : © Active Mine® ~ Santa Catarina
Average Discharge Discharge Standard
pH . 29 | 5109
fon(mg/) - . oA T
Sulfate (mg/) - - 321 : ‘ ¥
Aluminum (mg/) T | & A e 0aF

a/ Collected during January, February and May 1997 at seven active arcas.
b/ Federal standard because the State of Santa Catarina does not specify suifate norm,
¢/ Federal standard because the State of Santa Catarina does not spocify alummum nora.

3.33. . The Team r'cgards the ZETMESA gmdelmes as_a good c._\_'a_mplc of responsible mine waste
‘management in southern Santa Calanina énd prbposes additional spcciﬁ'calions in Section H-A of Main
~ Text, Ho“e\cr prachcall\ no company is complwng mth the ZETTA;’]ESA rccommcndatlons dcspilc

being rcquued to do so by the environmental operauon license issued by FATMA
C. FS Sites Studies

L Acid Water Treatment

(a) ' Geochemical ~ Assessment

()] Objective

BTN The objeclive of the gcochemlcal charactemauon of mmmg wasles was 1o gaihcr relevant
‘ chemical data needed to dov elop effoctl\c plans for nuugalmg thc effects of ac;d reck dramagc (ARD)

from abandoned and aclive coal mining sites in southern Santa Catarma. _
(u)  Methods

' 315 Solid waste samples were collected from each of the four FS sites using a Case 580H backhoe.

Test pits were dug to a maxirum depth of 4 m.  Each pit was logged (maferial types, depth to water

' The sening pond s not exchusively uscd for the washing giant and olfer wakors axc nming info the sume pond
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table, pH and EC ofﬂvatci final dcplh of pit) and samples collected according to waste (ypes, coloration,
mincralogy and degree of saturuuon .A total of 152 | samples were collceted and shipped to
FUCRUUNFSC for. analysis. A subsct of these samplcs were analyzed for total metals and teachable
mc(als usmg Umlcd States Enuronmcnlal Protection Agency (US EPA) Mcthod 1312, - An Acid-Base
Accoummg (ABA) program based on guidclines provided in the US EPA Documcni EPA 600/2-78-034

methods, was also performed on sclected samples.

(i) Geochemical Characteristics of Mine Waste

3.16. The results of the total and lcachable metals analyscs and the ABA fests pér_l'urmccl OR mine
waste Sampleé collected at the FS sites are summarized below. - Ox'c}burdcn wastes (sandstonc) have
ey lm\ sulfur conccnlrauons and also negliptble nculrahzahon potcnhal These wastes arc not a

sourcc of poor quahh leachate bul \\ould be sullablc for conslruchon purposcs Most black rc]ect
samp!es conlamcd hngh concculraimns of sull‘ur in both non-ouchzed and oxidized form. All but one
sample indicated neghgnble neutrah?almn potcnllal All but a fow samples exhibited negative |
ncutralization pot;nhal \\thh indicates the malenals will produce acm‘m on mposurc to air and water.
Concentrations of Al, Ca, Fe, Mn, Cr and Zn were detccted but are not thought lo be a problcm
Concentrations of As, Cd, Cu, Pb and He were closé to or at the detection limits. Leachates from the o
'I:PA 1312 procedure contained dctcdablc concentrations of Al, Ca, Cu, Cr, Pe Mnand Zn.  Total and
icachablc mctal concemralmns are mosll\ weakly correlated. Leachablc metal concentrations are
corre’tatcd with the ieachate pH 'Ihc geochemlcal characterization ol‘ the mdmdual FS sites arc

presented in Section 1-C-11 of Main Text.

(b) Treatability Tests

337 Rench-scale lrcatabiiily tests were performed as part of the ARD feasibility study at fhe |
Environmental Rescarch Center at FUCRUUN ESC during Fcbmér_\' and March of 1997. ‘Thc_\' include
waste neutralization fests, biocide (reatment of acidic mine wasles, acid water neuiralization and
precipitation Lests_.'and passive biological treatment tosts.  The results of these treatability tesis are
presented in FS Sites Study. Scclion H-C-1l of Main Text, | '
2. Remedial Alternatives for FS Sites

(a) Fiorita Remedial Alternatives

(i) Description .

3.48. Due to the ack of reclamation during and after mining activities, the dragline mining méthod

resulted in deposition of large conical piles of coarse bouldeny sandstone waste throughout the sitc about
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230 ha in arca (Flgure 111-3), leavi ing ponds and lakes sporadacall) localcd aiong the north :md south

highwalls or surrounded by overburden wastes.  Along roads, of in shailo“ streams in the site, black
shale wastes or washing plant rejects were dumped.  Those black wasles arc prcsumed {0 have been
breught in from somewhere ¢lse outside the FS site for 111cgal disposal, since there were no coal w ashmg

f; acnlmcs durmg mmmg opcratlons in ihc site.

319 Ow:rburdcn waste itself docs ﬁot contain'p\'ritc aud is not h source of ARD In addition, duc

to hard sandstonc overburden waste, e\cn afer many years of ncg,hgcnce is in a very stablc condluon

without any serious surface crosion, which gcncrall\ causes landslide or river bed rising. Prc\cnuon

measwes agamst such problcms caused b\ crosmn would nol be rcqmrod for the Fiorita rcmedlahon

Overburden w aste dumps were thercfore trealed maml\ from aland usc or lands;ape standpomt Then,
two simple aliematives for its remcdlahon were con31dcrcd e, (1) fc-gradmg and cov enng with grass

secded cla) or (u) Ica\e it as it is.

3.20. o 'l‘nrcé altemati\‘es for each F§ site were doveloped by creating three distinct grdupings of

_ rcmedsai acllons for amd “aler lreatment However, since overburden waste dumps exist only in the

Florlla FS site, the rcclamahon of merburdcn wasle dumps would be rcqulrcd resullmg in six remedial

aItemames for the Fiorita FS _s:t'e‘

321 Alternative 1: The 'fca'tu'res of lhi; alternative are source rcmo{él, on-site disposal, passive
treatment and 0\’erburdeh wastc dumb reclamation (Figﬁré 111-4). " Black reject material and ‘exposed
p\ntlc shalcs are lhoughl to be the pﬂmar\ source of acxdm and metal comammanon to the Rio Fiorita.
Thosc source malcnals \\mﬂd be excay ated and disposed of by either placing them under a minimum of
one mcter waler in one of sev cral eustmg on- s:te ponds or placing them in an enginecred on-sile waste
repository which is cox‘cred with a wct cover or capillary bamier system (Figure 111-3).  Following
remO\ al of the p\nhc shalcs, the excavated areas would be covered with an oxygen limiting vegetated

cox er system 1o prevent the 0\ldatlon of any py ritic shales in the foot wall of the pit that nray have been

'e\poscd dunng excav ation. Sma!l aCLdzc seeps and streams entering the Rio Fiorita would be treated

through passive blo!oglcal (realmcnt 38 stcms in conslructcd acrobic or anaerobic wellands (Figure 111-6).

Qverburden \\aste dumps \\ou!d bc re-contoured, re-graded and covered with grass sceded clay.  The

remedial actions are as follo“s

Excavation and on-site disposal of exposed reactive waste,
Subaqueous disposal in existing on-site ponds;

Construction of an on-site waste repository;,

Construction of passive wetland treatment systems;

Contro! of channel erosion and mstallatlon of aeration drop structures;

B W N =
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6. Diversion of _cleéﬁ_wék:r; and

7. Overburden reclamation (single layer dry cover).
3.22. Alternative 2: The features of this alternative ar source containment under wet cover
systems, pas'si\'éllrcatmcﬁi and overburden waste dump reclamation (Figure 1l§-7). A major diffecence
from Allcmé{i\'c lis smircc_: lylélerial disposal.  Black rcjoct material and pyritic shales would be left in
place and caﬁpcd “"iLH a wet cover systein.  However, limitéd reactive wastes, those located in water
courses and in {hc arca with fhe potential for water lc\'éls to fluctuate through the wastes and the lhrc#t
of daiﬁagc to a cover s_\‘s'lcm during floods.  Passive wetlands, channct, crosion control, acration drop
structures, clean water diversion and overburden waste dumps reclamation arc identical with Altemative

1. The remediat aclions are as follows:

1. Covering of reactive wastes with a wet cover system;

2. Limited excavation and on-site disposal of exposed reactive wastes;

3. Construction of passive wetland trealment systems;

4. Control of channel erosion and installation of aeration drop structures;
5. Diversion of clean water; and

6. Overburden reclamation (single layer dry cover).

3.23. Alternative 3: The features of this alicmative arc source control, passive treaiment and
overburden waste dump reclamation (Figure 11E-8). A major difference with Allcrnative 2 is a reactive
waste covering system.  Black reject matenial and pyritic shales would be lefl in place and capped with
a dry cover. The proceduré of limited excavation and on-site disposal of ¢xposed reactive wastes is
identical with Alternative 2 except for the coverning system.  Passive wetland and overburden waste

dumps reclamation are identical with Alicmative 1 and 2. The remedial actions are as follows:

Covering of reactive wastes with dry soil cover systems;

I.
2. Limited excavation and on-site disposal of exposed reactive wastes;
3. Construction of passive wetland systems;
4. Control of channel erosion and installation of aeration drop structures;
5. Diversion of clean water; and
6. Overburden reclamation (single layer dry cover).
3.4, Other alternatives: The enly difference between Alternalives 1, 2 and 3 is that Alternatives

4, 5 and 6 eliminate overburden dumps reclamation.  All other actions are identtcal.

(it} Remedial Cost and Effectiveness Estimates

3.25. - The hnmcrié_al simulation modcl was constructed to predict wates quality afler (aking
miligation measures for the Fiorita FS site as shown in Section H-B of Main Text..  Together with load

reduction effectiveness estimated for the alteralives, cost ¢slimales are summarized on Table Figure
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t1-4 below. Dcta'ﬂs ére p'réscnlcd in Séction 11-D of Main Text.

. TABLE 1KI-4
FIORITA REMEDIAL COST AND EFFECTIVENESS

Estimated Loads Reduction(%) pH?  Cost (RS million)

Alternative 1 : 90 - 98 46-50 12.4
Alternative 2 - 60-170 38-40 11.2
Alternative 3 20 - 40 35-37 8.4
Alternative 4 90 - 98 45-50 73
Alternative 5 60-70 38-40 5.6
Alternative 6 20-40 15-3.7 28

a/ Estimated at the downsircam boundary of the FS site (Current pH = 3.3).

3.26. In the most ¢fcctive alternative (Aliernative 1), metals and acidity concentrations arc
expected to be reduced by as much as 90 to 98 pereent.  In spite of the greatest reduclions, i would not
meet the existing Brazilian surface water quality norms.  Since the current cstimation do not count on

the effect of overburden waste reclamation, there is no diffcrence between Altematives 1, 2, 3 and

Altematives 4, 3, 6 in terms of pH. respectively.

(b) Rocinha Remedial Alternatives
(i} Description

3.27. The Rocinha FS site is approximately 71 ha in area, straddling the Rio Rocinha, which used to
be the site of several coal washing plants (Figure 11-9),  Coarse rejects were deposited extensively as
valley fill and side hill dumps mainly on the north bank of the Rio Rocinha until they became a flat
elevated terrace.  Wash plant fines were apparently discharged dirccily into the Rio Rocinha.  Fincs
were also deposited in numerous settling basins or impoundments.  In the course of valicy filling, the
water of the Rio Pézza Dcz, a tributary of the Rio Rocinha, was blocked to the Rio Rocinha by the
dumped rejects over original extensive cobble and gravel deposits, and a short cut tributary to the Rio
Rocinha was artificially created.  Extensive valley filling as occurred at the coal washing arca resulied

in oblitcration of the originat valley trace of the Rio Pazza Dez. Currently, coarse rejects are being

excavated and re-washed to recuperate coal.

3.28.  Alternative I: The features of this alternative are source containment, passhve trealment and
erasion controls (Figure lll-lO}. Pyritic black reject dumps would be left in place and capped with a

wel cover or capillary barrier.  Prior (o capping, the waste dumps would be re-graded and re-contoured.

Surface drainage channels i\"ou!d also be installed to collecl and transport runoff awav [rom the capped

areas to reduce erosion' during intcnse rainfali cvents (Figure 111-11).  Lime would be also applied to
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the surface of reactive waste pilcs prior to capping.  Existing surface ponds would be drained and
filled to prcvént seepage into lhé undcﬂﬁng wastes.  Several acidic sceps and streams would be treated
thmugh passive bwbgtcal Ircatmenl sV slcms including both anacrobic and acrobic wetlands. Clean
water in the Rio Pazm Dez, abmc the FS site would be intercepted and diverted to the Rio Rocinha in a
concrete-tined channgl, A pouon of the flou {rom lhc Rio Pazza Doz 1s belicved to currenily flow
undcrground through reactive wasles thcn d;schargcs mtc the channel at RS-9. The remcdiat actions

are as follows:

Covering of reactive wastes with an oxygen-limiting wel cover system;
Applying hme to reactive waste dumps;

Limited excavation and on-site disposal of exposed reactive wasles;
Draining and filling surface water impoundments;

Construction of passwe wetland treatment systems;

Control of channel erosion and installation of aeration drop structures;
Diversion of clean water; and

Stabilizing the Rio Rocinha river channel.

e Al

329, Alternative 2: The featurcs of this alicmative are seurce containment, passive (realment and
crosion controls (Figure 11i-12). Differences are reaclive waste covering systems, using a dry soil
cover instcad of a wel cover svsiem used in Alicrmative 1, and no application of lime to the waste

surfaces in this alternative.  The remedial actions are as follows:

1. Covenng of reactive wastes with a dry cover system;

2. Limited excavation and on-site disposal of exposed reactive wastes;
3. Draining and filling surface water impoundments;

4. Construction of passive wetland treatment systems;

5. Control of channel erosion and installation of aeration drop structures;
6. Diversion of clean water; and
7. Stabilizing the Rio Rocinha river channel.

3.30, Alternative 3: The featurcs of this aliernative arc source containment and crosion conirels
(Figure MI-13). A difference is that the passive wetland treatment svstems described wunder

Altematives | and 2 are omitled from this Aliemative 3. The comedial actions are as follows:

Covering of reactive wastes with a dry cover system;

Limited excavation and on-site disposal of exposed reactive wastes;
Draining and filling surface water impoundments;

Control of channel erosion and installation of acration drop structures,
Division of clean water; and

Stabilizing the Rio Rocinha river channel.

B ed  as
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(i) = Cost and Effectiveness Estimates
33 The numerical simulation model was constructed to predict water quality afler taking
mitigation measures for the Fiorila FS sitc as shown in Scction 11-B of Main Text. Together with toad

reduction effectivencss cstimated for the alternatives, cost estimates are summarized in Table 11I-5

below, Details are presented in Scction 11-D of Main Test.

TABLE 11I-5

ROCL‘\!HA REMEDIAL COST AND EFFECTIVENESS

Estimated {.oads Reduction(%j pH*  Cost (RS million)
Alternative 1 up to 93 less than 4.5 8.1
Altemative 2 60-70 36-38 5
Altenative 3 . 25-30 less than 3.5 33
a/ Estimated at the monitoring point (RS-11) stightly downstream of the FS site boundary (Current
pH=13.1)
3.32, In the most cffective allemative (Altemative 1), metals and acidily concentrations are

expected 10 be reduced by up o 95 percent.  Tn spiie of the greatest reductions, it would not meet the

existing Brazilian surface water quality norms.

(c)  Carvio Remedial Alternatives
(i)  Description

333 The main feature of the Carvo ES site is the flowing from the abandoned Mina Santana’s
decline portal. The porlal opens ento an arca (less than 2 ha) and the surface siream drains into an
unnamed rock channel which flows into a 100 m-long culvert.  The culvert drains into an incised valley
which joins the Rio Canvdo.  The volumelric flow rate from the portal varies from 4.3 (o 20 m’/in.

The pH of the water is relatively high, about 4.5 standard units.

334 The mine drainage from Mina Santana, however, is not the major source of pollution to the
Rio Carvdo. Drainage from the massi\'é coal rejcci dumps located upstream of the unnamed stream
contributes 50 percent of the acidity load, 89 percent of the aluminum toad, and 73 percent of the iron
load immédi‘atel:y downstream of tﬁe conlfuence of this strcam and the Rio Canvdo because the rejects
are cuﬁcnlly being éctivél_v re-washed fo recover part of the residual coal content (Figure [II-14).

Despite this large toad contribution, the waste piles were not included in the Rio Carvao FS site.

335 Alternative 1: The feature of this altemative is active treatment. A lime nentralization

trealment plant capéblé of treating 25 m*/min of mine discharge would be constructed near the mine
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portal (Figﬁrc [11-13).  The design of the treatnient p.lant wonld be palterned afier the process known as
the High Density Sludge (HDS) process (Figure 111-16),

3.36. Altcrnau\e 2 Thc featurc of this aliemative is passive welland treatment.  The drainage
from the Mma Sanlana portal \\ould be treated using anacrobic and acrobic wellands (o reduce acid and

metal !oadings_

137 Altcrnative 3: The featurc of this alicmalive is passi\'c treatment with open limestone drains.
The limestone drain consists of a trapezoidal channel filled with limestone rip-rap (Figure 1M4-17).
thn acid water comacls the hmcslorsc some of the calcium carbonate dissoh cs, adding alkalinity and
ncutralizing some of the acidity in the water.  The total length of the epen limestone drain would be
approximatcly 450m duc to land availability restriction.  The width of the drain would vary depending

on the gradient in order to maintain a f airly constant velocity of 2 m/scc.

{(ii.) Remedial Cost and Effectivencss Estimates

3.38. The simulation model using the simple cquation with assumption of a completely mixed
condition was construcied to predict water quality afler taking mitigation measures for the Canvio FS
site as shown in Section [I-B of Main Text. Together with load reduction effecliveness estimated for
the alternatives, cosl estimates are summarized in Table 111-6 below.  Details are also presented in

Section 1i-D of Main Text ..

TABLE I11-6

CARVAO REMEDIAL COST AND EFFECTIVENESS

Loads Reduction Rate (%) pH ¥ Cost (RS million})
Alternative 1 100 4.6 6.1+ 0.7 car®
Alternative 2 - - (11.0)
Alternative 3 10 4.0 0.3

a/ Pstimated at the monitoring point (CS04) right before joining the Rie Carvio (Current pll = tess than 4).
bf Annual operating cost.

3.39. In the most eflective a!tcma.ti\'c (Altlernative 1), metals and acidity concentrations are
expecied to bé: redﬁced b\ nearly 100 percent,  In spite of the greatest reductions, it would not meet the
cxis(ing Brazilian surface water quality norms. Because large sources of acid and metal loadings are
dischargcd from an active coke plant upstream of the monitoring point (CS04) in the unnamed stream.
The lai'g'er‘s'dﬁrécs of !hosé loaclings should be mitigated first.  This also indicates that water quatity
should be ev alualed on ihe Rio Urussanga basin as a whole in the overall remediation study, taking into
oons:derahon the cﬂ"ects of olhcr upslrcam and downsiream (ributary influxes.  Alternative 2 requires

70 hcctares for wetland consl_ructlon, “'hercas only less than 2 to 3 heclares are available in the FS site.
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fquipment Nurber Equipmest  Description Size or Gapacity Watorials of coﬂs'_l.rwtlnn Hydraulic Retention 1ime Inflow Rate Overftow Rate  Underfios Pate Height  Width or Diameter
1-1 $ludge ard lire oix tark, 1 each 54 A Epoxy coated steal 30 mlsutes 10.3 ad/nin 10.3 m3/xin ¢ wl/min §n 0z83n
T ka8 Rapid mix tarks, 2 gach 15 03 e Epoxy coated stee! t minute 30,7 wd/min 30.7 vd/win ¢ m1/min im D=2%=
T-3 Heutralization reastion tank, 1 sach 30t w3 Epoxy costed stes! 1% mindtes 40,7 23/min 10.7 wd/min 9 od/min 5n Dz=fm
T4 Sollds coatact typa clarifier/thickener 14736 P3 Epoxy costed stee! B haurs 30,1 83/min 19.1 »3/nin $1.6 md/min 0m b=41a
1-5 As8 tine slurry make up tacks, 2 each 24 83 ea Fibsr Rainforced Plastic 8 hours 0.1 m3/min 8.1 m3/min 3 m3/min in D=1am
it Flocculant make Lo tark 1a3 FiSer Reinforced Plostic 24 hours 0.0l n¥/min  0.01 a3/nin 0 Wd/min im D=1fax
~t Reagent cluery transfer pump, 2 In parallel 12 p3/min Dusi dinghram, 316 5§ NA NA A LTS KA NA
-2 Cherifinr fead pumps, 2 in paratlsl 307 md/min ea Ceatrifugal, - 304 83 NA A L NA HA NA
-3 Studge purp © 11,8 nd/nin Dual disphran, €$ K M K A A K
P ske up water feed pump 1 sd/min Centrifugal, 304 55 NA W A N HA “"‘
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U1 Sludge/iine tark motocized miver NA High speep motorized mixes RA HA A NA XA N
u-2 83 Fagid motorized mixers, 1 each tank M Eigh speep motarized mixer W HA R NA KA KA
u-3 Pesction tank mctorized mixer S m Slow speed motorized mixer W M NA m NA HA
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-6 M8 Lime slurry motorized miver, 1 each tenk MA . High socep motorized siver - 1N NA HA oA A M
-1 Siudge storage impoundment 95 hectars . Earthen impoundment with capacity for 20
C : years sludge production, assures 10 meter
depth . ‘ ) Lo -
o ‘ FIGURE 1LI-16
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Allcmali\'é 2 would not be physically feasible. In the overall remediation program, Alternative 3

would be only a practical mitigation alternative for improvement of the whole Urussanga river basin,

(d) Capivari Remedial Alternatives
‘(i) . Dcscriplion

340 -~ Since thé m'id-ll9408, uncontrolled disp0§31 of wastes occurred in the marshy flats surrounding
the Rio Estiva dos Prégcis (F igu_rc ll_l-‘IS). E:\lcn'si\'c wasle materials were transported by raihway from
the CSN’s Capivari \\'aﬁhing plant and disposed of in a low-l_{ing arca of peaty soifs. A large acid lake
(pH 3) i\'as c:'r_&:ai.éd by gravity, bccausé those soils are extremely sofl and was unable (o sustain weight
of the dumpcd \(‘éslcs and sank together with the wastes. Sut.)scqucnl'l_v, dvkes were constructed to
contain the wastes in the current location.  The arcas required for renediation total 240 ha, i.c. 80 ha of

the acid lake, 80 ha of exposed waste and 80 ha of undisturbed but polluted arca south and southeast of
the lake.

141 The Rio Estiva do Pregos has been diveried info two ditches upstream of the site and north of
lhc.majﬂr Brazilian highway, BR-101 and both eater the site.  The western branch passes under BR-
101 and is immediately diverted east b\ a dil_\'é along the northern boundan of the waste disposal arca.
There is no surface water aischargc from the acid lake {o the river.  Very tiftle scepage into the Rio
Estiva dos Pregos occurs along the northern and northeastern dykes.  The river appears to be slightly
above the water of the acid lake along lhe' northern boundér_v since the quantity of water in the steeant is
significantly decreased in the coursc of flowing from the northern boundary' down to the south while the

pH of the water changes from 6 to 3.7.

342, Alternative 1: The features of this aliernative are source containment, impoundment closure
and passive trealnient. A ground water cut-off wall would be constructed to completely surround the
reactive waste piles and impoundment (Figurclil-19).  The purposc of the cut-off wall would be to
coniain conlémiﬁalcd groundﬁater within the sitc boundarics and prevent further subsurface migration

of acid and metal contaminants into and out of the site.  The remedial actions are as follows:

1. Construction ofa groundwater cut-off wall;

© 2. Filling the impoundment with inert material;
3. Covering of reactive wastes and impoundment with a wet cover system; and
4 Conslruc_tion of passive weiland systeins.
3.43, Alternative 2: The features of this allemative are surlace water diversion, source confainment,
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impoundment closure and passive treatruent {Figure 111-20). A difference is that a surface waler
di\'érsion structure is bcing replaced with the groundwater cul-off wall in Alternative 1. Waler in the
Rio Dos i?rcgos would Bg diverled around the site in a concrete open channgt for the reduction of the
surface water inflow into the Capivari pond that occurs (hrough scepage or surface flows at lhb northern
end of @hc. pon.d‘ Di\:crling the river would also prevent the river water from becoming contaminated
by secpage from the pond as il flows around the east side of the pond.  The remedial actions are as

foltows:

1. Clean water diversion; _
2. Filling the impoundment with inert material,
3. Covering of reactive wastes and impoundment with a wet cover system; and
4. Construction of passive wetland systems.
344 Alternative 3: The featurcs of this altemative are source containment and impoundment

closure,  Dhfferences between Alicrnative 2 and 3 are the climination of the susface water diversion
structure and passive wetland treatment systems from Altemative 2 (Figure H1-21).  Also, the reactive
wastes and closed impoundment would be capped with a doyv soil cover, rather than a wet cover svstem

in Altermatives | and 2. The remedial actions are as follows:

1. Filling the impoundment with inert material; and
2. Covering of reactive wastes and impoundment with dry soil cover systems.

(iiy Remedial Cost and Effectiveness Estimates

3435 ﬁc simutation model using the simple equation with assumption of a completely mixcd
condition was construcied to predict water quality afler taking miligation measures for the Canvde FS
site as shown in Scction [-B of Main Text.  Together with load reduction eftectivencss estimated for
the alternatives, cost estimaics are suounarized on Table 111-7 below.  Dclails are also presenicd in

Section I1-13 of Main Text,

TABLE 111-7

CAPIVARI REMEDIAL COST AND EFFECTIVENESS

Loads Reduction Rate (%) pH * Cost (RS million)
Alternative 1 up to 93 33 36.7
Altemative 2 90 - 98 50-57 185
Alternative 3_  less than 50 less than 4.3 145

af Estimated at the monttoring point of PT-14, downstream ol the FS site boundary (Cusrent pll = 3.7).

3.46. In Aliernative 1, the construclion cost of the cut-off wall would be almost prohibitive.
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Alternative 2 would be the most practical and eflective remedial alternative with the reduction of metals
and acidity concentrations by 90 (098 percent.  In spite of the greatest reductions, it would not meet the

cxislihg Brazilian surface water quality norms.
3. Cenclusions of the FS Site Study

3,47, The majof conclusions of the £§ site study arc as follows:

2 The arca is so polluted that the most ccoaomlcal covering system, i.¢., doy sotl cover system,

has little impact. Both heavy metal conccnlrattons and pH fevels remain practically
~ unchanged;

© Using mote cffective technologies, i.c., wet cover or capillary system and passive wetland
treatment, would not restore water quality to the level required by existing Brazilian norms for
surface water quality within the FS sites themselhves.  However, the significant reduction in the
acidity level and metal concentrations resulting from these methods would allow natural healing
forces originating from growing water plants and increased bacteria activity to play, thus
further neutralizing the water.  Overall remediation for washery reject dumps should be based
on the combination of wet cover system and passive wetland;

= The active treatment would achieve loads reduction by nearly 100 percent.  As in the case of
the Carvdo FS site, which is being surrounded by dischacges of targer sources of acidity and
meta) concentrations, the instaltation of an active neutralization plant would not be an effective
solution. The farger pollution source arcas should be mitigated first,

< Water quality should be evaluated based on the individual river basins as a whole in the overall
remediation study, taking into consideration the effects of other upstrecam and downstream
tributary infiuxes.

<> Although overburden waste is treated as acidity free material, re-grading and covering with
grass seeded clay (dry cover) would be required for effective land use.,

kS 48 Land use restriction. Aller remediation, lmutcd arcas, such as black shale wasic disposal
arcas, channe! improvenents, waler dncrs;on slruclurcs wetland treatment systems, cte., must be
protecicd from hvman actmt) that \\ouId dcgradc these facilitics. However, these areas are expected
to be suitable for h\estock granng and “alerl'cml and \\lldllfe hab:tal Morc intensive human activity
such as residential development, farming or timber production would have to be restricted, specifically

in the arcas capped with wet cover systems. On the other hand rcclaimcd 0\'erburdcn waste areas are

- expocted o be suitable for a varicty of land uses, including park Iand and recreation, livestock grazmg

timber produchon or other uses
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D, Ovemlt Remedt'ation

1 Approach to 01 erall Rcmedmnon

3.49. chhnolog;cs applicable !o the region’s ac:d mck dramagc (ARD) nnllgauon mcludmg dcsngn
criteria, arg prcﬁcmed in Scetion 11-C-1 of Main Text. HO\\C\CI’ duc to the fact that lhlS is only a pre-
feasibility slud\ individual pollution sources as well as wasle dumps in the whole slucl\ arca have not
been fully identified to discuss specific dcmgmng for mdmdual waste dumps ll is lhcrcforc assumed
that remedial a\,uons taken in the ES sites study could be applicable for overall rcmcdia!lon However,
since there are no identical sites mth Carvio (undcrground niine water) and Capu ari (3 Iargc lake ﬁ!lcd
\\llh \\ashcr\ rc_;ecl) in the rcglon their fmdmgs ha\c not been used for the overall cost cstlmalcs
Overall wastc dumps arc classificd into several paﬂcms with simitar charactcrlshcs in terms of remedial

actions using da!abasc paramcters such as wasle bype, topographical type and whether it is “with river”

or “without river”,

3.50. Overall remedial écliéils for orcr't;u'rdcn. waste dump are bas;ed. on the ‘Fiori_la'.slud_\'.
However, washery reject irealmcnt was ¢climinated from overall overburden cemedial actidns, since
rejoct is rare.ly found in the other overburden waste areas. The amount of 'rchrading \{'ofk for waste
dumps depends on meir'mpOgraphicm tvpes.  They were classificd into three types with different
coeflicient for re-grading: .(i} sé\\':(dragllec waste dump), cocmcicni_= 1.00; (i) héa:p (siaékéd waste
dump), coef'ficicnt = 0.75; and (i) Nlat (Natly spread waste dump), cqcfﬁcieﬁt = 0.20. Eéch type was
categorized further into two, i. €., river flow or no river in (he wasle areas. Deference belt\\'ceﬁ the two

in remedial action is with or without river bank protection work {revetment),  The remedial actions are

as follows:

i.) Overburden waste re-grading;
i1.) Road construction,;

iii.) Dry covering (single layer sy slem)
iv.} Re-vegetation; and

v.) River revetment, if the river exists in the dump area.

3L Overall runcdlal actions for “ashcn rCJccl dump arc based on the Rocinha slud\ The arca
has two topographacal types of \\asher\ rejecl and their re- gradmg or fev eling costs are also daﬂercni (1)
a slope arca; and {u) a flat arca. O\erall rejcct dumps \\ere therefore clasclﬁed into h\o tvpes. Each
type was catcgonzed further mlo two, 1. c., river flow or no river in the \\_aslr; areas. Since wet cover
system is refatively ctpcnsi\'c another c'alcg;or\; was added, which is a fejccl dump not dircetly
comnceted with rivers and ground\\alcr rcscr\cs In that later ;:atcgbn' dr\ cover was uscd, because

littte risk and similar resulls are cxpcctcd totahng 425 ha as illustrated ; m Figure A- 2 of Scction ll Aof

Main Text., The remedial aclions are as follo“s

___98__



(A} Wet cover and wetland

" Re-grading;
Road consiruction;
Wet covering, L
Channe! construction;
Welland construction:
Re-vegetation; and -
River revetment if the river exists in the dump area.

I

(B Drv covcr_(This is idcntical tothe ovcrbnrdcn{rcmcdial actions without river flow.)

Overburden waste re-grading;
Road construction,

Dry covering; and
Re-vegetation.

el il

2. Overall Remediation Cost Estimates

3.52, Unit costs (R$1000/ha) for vanving wasle dumps according to the above definitions are

summarized in Table 11-8,
3.33. Overall costs include those for remediation of abandoned, active and inaclive arcas.
However, it should be noted that remediation costs for the active and inactive arcas do not include

investments needed for current operations (o comply with environmental regulations.

354 Estimatcd overall remedial costs are presented in Tables 111-9 through 111-11.
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. TABLE I11-8

ESTIMATED OVERALL REMEDIAL UNIT COSTS

Waste Type Topo-Type River = Unit Costs (R$1,000/ha)
Saw River Flow 20.1 :
‘ Saw No River - 258

Overburden (\White Waste) Heap River Flow - -26.6
Heap No River 232
Flaa. River Flow - 20.%
Flat NoRiver -~ 1735
Flat. - RiverFlow. = 863
. . Flat - NoRiver 717
Washery Reject (Black Shale)  Slope River Flow 319
Slope No River - 79.3

{(No Groundwater/No River) 18.2

TABLE 111-9

OVERALL REMEDIAL COST ESTIMATES

Items Wet Cover (R$000) Wet/Dry Cover (R$000)
Labor 22411 21,198
Parts 10,125 _ 9.654
Tire 553 320
Fuel/Lub. - 10430 ‘ © 9,950 -
Depreciation 6,327 6,027
Overhead 18,840 ' 17,850 -
Cement 4,143 3,878
Mortar 1,842 . 1818
Sand 528 493
Cobble 2.129 1,997
Clay 57,209 52,371
Royalty for clay 17,213 15,751
Gravel 18,339 15,198
Limestone 36,974 30,666
Board 2,386 2,182
Timber 259 237
Nail 69 63
Stect bar 3,013 4,415
Fertitizer 1846 3,854
Sceds 1,006 1,008
Cellulose 2.663 2,668
Emulsion 947 949
Organic matter 2,681 2,256
Mobilization (3%) 11,267 10,252
Engincering (3%) 11.862 . 10,765
Contingeney {10%) 24,909 22607
Total 274,003 248,673
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TABLE 1I-10

OVERALL REMEDIAL COST ESTIMATES BY LAND STATUS
(WET COVER SYSTEMS) -

Uit SR 5 4000
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TABLE NI

A1

OVERALL REMEDIAL COST ESTIMATES BY LAND STATUS -
(WET/DRY COVER SYSTEMS)

ﬂwuﬁny Wase l)pe To Tipe

Unit: SR 11000

—102—
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E. Ovemll Water Quahty Simulation

3 35, 0\ crall \\alcr quaht\ snmulallcm almcd at nnllgated \\a!cr quahl\ prediction was conducted
for the three affocted river basms i.¢., Rio Tubario, Rio Urussanga and Rio Ararangua, ¢xcept for their

tidal arcas.

L Nd mericdl Sinulation Modei

3.56. ' Thc numerical simulation model consists of a ﬂo“ model and a walcr quallh modcl The
flow model sunula!cs the l‘lou volume of thc river and the water quaht\ model simulates the waler

guality of the river,  Figure 111-22 (page 86) shows the struuturc of the boxes in the simulation modcl.

3.57. The following is the mass balance cquation by the model used (o calculale the concentrations

of various paramcters in cach box.

1
C = — {Q;.; +(Q\‘ZQ{C EQAE}C\“!“ZJAC*‘ZL{B}

O:: River flow volume (nt'/s)

C:: Concentration in the box (mgﬂ)

Cy: Concentration of the uppermost area (mgfl)
Q. Inflow volume from the catchmont arca (nr'/s)
Oyt Inflow volume [rom active mincs {m’/s)

Q.5 Inflow volume from abandoncd mincs (ni*/s)
2 Lo Load amount from aclive mines (ing/s)

2 L5 Load amount from: abandoned mines (mg/s)

2, Assumption of Pollution Leoad

3.38. The simulation conditions for (he load amounts from active and abandoned mincs and (he

precipitation mechanisms of iron and aluminum ions were st up as follows:

(a) Pollution lead from active mines

3.59. Based on the hypothesis that pollution load increascs in propoition to coal production from
. aclive mines, pollution load from active mines was estimated by calculating the load per unit of coal
production, usiﬁg active mine's cfflucat monitering results and their coal production records except for
Metropolitana Company, u'hosc coal preduction was one order of maé,niludc larger than the other
monitored mines.  Using thls unit load and the ooal produclion of each active minc, the pollution load

" from all of ach\e mines were estimated.  The sct up waler quallt\ of ihc active ming's cfllucnt is

presented in Tablg 112,
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TABLE 118 12 _
POLLUTIO'\I LOAD l~R0\! ACTIVE MINI-'S

pH _ ( ) o 2.81
SO4 - {mph) ' 2,838
Dis. Fe  {(mg/l} 391
Al (mgfl) 123
{b) Pollution load from abandoned areas
3.60. The abandoncd mme arcas are clasmﬁcd as \\ashcr\ reject arcas and c\crburdcn \\ astc a:cas

Washcr\ rCJcci arcas gcncrall\ have a h1gh po!emlal for aCIdtc water gcneratmn On thc olhcr hand
overburden waste arcas have a low potcnt:al for acidic water gencrahon However, o*.crburdcn arcas
tend to be pollution sources duc to the mixture Of pyrite contained oxcrburdcn or 1llcgai dumping of
washery waste. In lh]S model, the poiluuon load per umt of waste area (ha) was estimated bascd on the
monitoring data from lhc Rocinha and Fionta FS siles, as rcpr&‘scmah\c of the washery reject arca and

the overburden waste arca, rr:specmcl_\. The sct up water quality of the effluent dlschargcd from

washeny reject areas and overburden waste areas are presented in Table HI-13. -

TABLE FI1-13

POLLUTION LOAD FROM ABANDONED AREAS _

Washery reject areas Overburden waste areas
pH (-} 33 .32
S04 {mg/h) 645.0 : ' _ 494.0
Dis. Fe (mg/l) 94.3 S 295
Al {mg/l) 44.8 327
3. Prediction of Water Quality fmprm'emem Effects
(a) Scenarios
36l Improvements in water gquality gencratcd b\ lakmg the acid water comrol measures were

estimated b\ using the simolation model on the assumption that pollution load from all of the abandoncd
mines would be ev enly reduced at fixed rates of 920% and efiluent dlschargc fmm all active arcas \\ould

comply with Brazilian cfflucat standard.  The scenarios assumed are dcscnbcd in para led o{' this

chapter.

{b) Equation

3.62, The lollowing is the prediction equalion.

C;= Q Qi Ciur ¥(Ox- EQ‘IC" 20B)Cx+ Tl taZlg)

% Lic" + Pollution load when all active arcas would comply with Brazitian effluent standards.(mg/s)
a : Pollution toad reduction rates 90% of thosc from all of the abandoned mines
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{c) Prediction Results

1.63. Tab!c 1I- 14 summarizes results of the case study m«.ludmg pH \aTucs and improvement ratcs.

The characteristics of the ﬁndmgs arc as follows:

= Scenario I: The largest improvement effect was generaled by assuming that acid water
is controlled at both active and abandoned mines. The water quality of all the rivers
was improved by achieving an average pH vahie of 5.5, except for the Rio Sangdo in
the Rio Ararangua basin. - In the most effective points, the pH was increased up to 6-
7. However, there are some less effective points where pH levels remain below 4.
As for the Rio Sangio, the improvement effects were very small and, even at the most
effective point,” the pH value was about S, Figure 1I1-22 shows lhe comparison
between the current pH value and predicted pH value in scenario I.

o Sccnario 1: pH was mcreased up to 4. 5 5. 0 in ave'rage, including 1he lower and upper
areas in the Rio Tubardo and Ric Urussanga. The pH of the upper areas, however,
remains below 4.0. In the Rio Ararangud, both branches remains below 4.0 due to
the effect of the active mine's effluent.

<> Scenario III; Relatively large improvement effect was observed in the Rio Mae Luzia
in the Rio Ararangué basin, as the average pH was increased to over 4.0. In other
rivers, pH remained less than 4.0.

(d) Evaluation

3.64. Based on the exisling reporis regarding ph)wplﬁnkton and zooplankton in acidified lakes, a
decrease in spécies lfi'chness and diversity of phvioplankion i\'ﬁh decrease in pH was obsenced and the
greatest changes in comj)osition were found in the pH interval 5-6, below which characleristic specics
may often cstablish large populations in acidified lake. An efiect of pH on zoo.p!ank(on was not
obscrved until lake pH dropped 'llaelow values of 3-5.5.  In the lake with pH less than 5.0, many species
are completely climiﬁated (.Grecn & Leuven, 1986). An cﬂ‘e;l of pH on benthos \\'ag observed in the
pH interval 3-6 in tl;e Kitakami river (Hukusima, 1986) and an effect of pH 6:\ the high rophic level
began below pH value of 6.0 (Sakamoto, 1991). Sﬁmmarizing the existing reports, the negative cffects
of pH on aqﬁatic kife arc found in the pH-intcrﬂ'al 3-6.  These studies imply the possibility of restoring

the ccosystem in the polluted rivers, if the pH level can be increase to more than 3, as in Scenario €.

3.68 The pH \'\'as increased to more than 3.0 on average for all the rivers except for the Rio Sangdo
onfy in Sccnarid L Thcsc case study results indicate the 1mporlancc of taking measurcs for both active
and abandoned mings (o recover the ccosystem in the polluled m Crs. Rccmcn of the pH lo over 3.0 in
the Rio Sangao is conmdcrcd to be dlfﬁCult because of the narrow cal\hmcnl arca, no large branches

\uth clcan w ater and mlensnc conccniral:on of mincs,
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3.66. The w ater quality of all the mcrs will not achlc\c the Brazilian ambicnt criteria pH 69,
even il Scenario 1 is selected. Hcmcwr as somc aquahc tife can inhabit walcr with a pH vatue of 5.0
or grealer, the c\cculton of Sccnano I would cnhanf'c lhc scll‘-punﬁcauon capacity by neutrahzauon of
acid with organic materials originating from aquanc ltfc and would prevent dtssolutmn zmd leachmg of
some kinds of heavy mclals Thcrcforc w ater quality m]l be rcstored in the long tcnu by

implementing Scenario 1.

F. Condusr'a_ns and Recammendations

3. 67 Thc “a!cr quaht\ snmulahon sho“s thal even Sccnano l would not enhrel\ rcstorc W a|er
quaht; to the leve! required by existing Braztlian norms !'or surface wi ater quaht\ in the al]cctcd rners
Neither Scenario 11 nor Scenario 11§ would achieve an:, meaningful lmprox_cmeni‘. Onl_\ Sccnano I,
which is expected to achieve more than pH 5 in the large ijan' of the region’s river systems, would
reduce acidity and melal concentrations {o rcach significant levels .t;h.al would allow natural healing

forces originated from growing water planis and increased bacteria activity to pla_v; thus further

neutralizing the water.

3.68. It is recommended that not only remediation of mined-oul arcas bul a!so_rchabililatioﬁ of

active arcas, including current operation praclices, be incorporated into an overall remedial program.

Scenario Il or Scenario I would not sobve the problem.
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CHAPTER V. S'I‘RA’I‘EGY AND PROGRAM FOR
RECUPERAT!NG me OUT AREAS

A, REMEDIA TION STRA TEGY

1 Conclusions 'af the Technical Evahmtioit

4.01. . As dlscussed in Chapler 1l aboxc the mmcd oul arcas arc so polluted that the ‘mosl

cconomlcal cover sxslcm i.c., dry 501l cover  system, has h!t!e mlpaLt Both heavy metal
conccnlrauons and pH lcxcls rematin prad.lcall\ unchangcd Usmg more eflective methods, ie, \\cl
cover or capillary brcalx S\slcm and passn\e \\cﬂand h‘eatmcm “ould also not restore water quality to
the lC\ cl required by exisling Brazlllan norms for surface waler quality \uthm the FS sitcs themselves,
Hm\e\cr the significant reduction in aCidth and melal concentratlions resulting from these nicthods
“ou!d allo“ natural heallng forces originating from growing water plants and increased baclenia activity
to pla\ lhus furthcr neutralmng the water.  Simulation models built by thc JICA Team to tost water

quality show that thc water outside the FS sites partially meets Brazilian norms.

4.02. . The Icéhnicai cvaluation further shows that:

1. Using wet cover for the whole black reject area' is relatively expensive.
However, as in-depth analysis indicates that dry cover may be used in polluted
areas not directly connected with rivers or ground water reserves with little risk
and similar results (425 ha), a wet/dry cover system could be used. It is in fact
the most cost effective method.

2. Active areas (i.e., areas still being used by mining companies for waste disposal
and washing) are much more poliuted than abandoned areas’. Thus, remediation
of abandoned areas will most likely not bring any improvement unless active
areas are also remedied.

2 -Proposed Remediation Strategy

4.0 - Given the conclus:ons of |hc FS stud\ , particularly the fact that the areas to be remedicd are
50 pollulcd that no cost- cffective melhod would restore waler quality to the level of Brazilian ambient

standards for surface water, several alternatives arc possible:

¢+ Do nothmg This alternauve is not accep!able because the pollutmn problem
- will continue and most likely get worse

1 Total poilused arca; 724 ha, Black rojoct arear 2,526 ha, Ovabusdon waste aea: 2, 196 ha
? Abandoned area: 3,292 ha, Acthe arca 1,154 ha, Inactive arca; 278 b
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. Make mmmg compames comply with environmeptal regulations. Do not
do any remediation, This alternative does.not appear feasible because itis
not reasonable to expect mining compames to discharge mining water according
to norms when the surroundmg rivers where the dlscharged water will finally
end up remain polluted; and -

. Address the problem using the most cost- eITecuve approach i.c., using a
w et!dry cover system.

| 4 04 To solve the problcm requircs remediation. Thcre is no olher dltcmati\'c A!so as
dlSCUSSCd above, allhough the water m51de the FS siles docs not mccl Branhan s1andards, outside lhc SF
sHes pamaII\ mects these slandards b\cn if ll did not, groumg waler plams and increased bacteria

acimt\ in the FS sutes will furlher ncutrah/c the w ater ‘illd cxentualh achlc\c Branhan standards

4,05, Hm\c\cr o mmmu?e the nsl\s a t\\o phasc approach 1s proposcd In the first ﬁfnasc
rcmcdiallon \\ou!d be Ilmued lo actnc areas. As mentioned a‘bme active arcas arc the most poilutcd
and their clcan up is a sinte qzm inone condmon for the success of any remediation program ~As these
arcas arc still being used b\ mining compamcs in thc;r normal extraction and bcncf cnatmn activ ltles the
first phase should also include measures to help these compames conducl lhe:r op-cranons in an
environmentally responsible manner and address the issue of slrcngthenmg FATMA (and other agcncws
involved in momtormg mining opcrallons such as DNPM) to ensure that mmmg compamcs fully comply

\mh cn\lromncmal rcgulahons particularly with regard to water dxscharge and recuperation of mined-

out land.

4.06. It is only when active arcas are lotally remedicd and mining companics are in full compliance
with cnvironmental regutations that the second phase focusing on remediation of abandoned arcas would

be implemented.  This stcategy is safer, cheaper, and casier lo manage. '

» Safer because no remediation investment will be made unless mining companies
properly discharge used water and comply with environmental regu]auons
Measures and actions 1o strengthen FATMA and DNPM and i improve mining
operations would be implemented first.  Thus, the financial loss resulting from
an eventual project failure (e.g, mining companies’ non-compliance to
environmental regulations) would therefore be relatively small;

¢ Cheaper because remediation of active areas, coupled with environmental
compliance of mining companies, are likely to lower pollution loads in
abandoned areas, thus decreasing their remedlatmn cosl and

¢ Easier to manage because breaking the pro;ect down into two phases facniltates
financing as well as 1mplementat|on
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4.07,

It should howeyver, be noted lhal unless the two phases are mplcmcn(cd ne snp,mf'canl

benefits are to be c\pctl(‘d

4.08.

4.09,

B. REMEDIATION COST AND BENEFITS

Cost Estimates

Thc (otal cost of the r'cmcdialion program h'as been estimated using the following assumptions:

The 0verall remedlanon program wnll use a wet/dry cover system.  Prices for

the major items of the program (labor, equipment, spare parts, and materials,

such as cement, gravel limestone, sand, clay, etc.) have been calculated | using
quotations given by local construction companies, such as SETEP (Sociedade
de FEstudos de Topografia e Construgdes), and double-checked with the
Departemento de Esiradas de Rodagem de Santa Catarina; and

It is fikely that mining companies which own 81% of the poltuted land will do
the remediation work themselves as they are equipped to do so.  This may also
be the case for the municipalities {owners of 7% of the polluted land) which can
rely on the Santa Catarina Government to help them carry out the work’.

Thus, 88% of the remediation is likely to be done by force account instead of
being contracted out. For simplicity, we assume that the Santa Catarina
Government will also help the private individuals, owners of the rematning 12%,
so that all the work would done by force account.  Thus, the market prices for
matérials estimated above would be decreased by 15%, while costs such as
depreciation, profits, etc. would be ignored.

Table 1V-1 below shows that the total cost of the remediation program is cstimated at

R$143.0 million, inbluding 16% physical contingency', i.c., an average cost per hectare of R$30,700.

TABLE 1V-1

TOTAL REMEDIATION COST

RS%million
Materials 98.2
Consumables 10.0
Parts 102
Seeds, Chemicals, ete. 7.2
Engineering , 6.2
Contingency 132
Total : 145.0

% Santa Catarina’s Agsiculture Socrutariat as well as the Road Construction Dopartroct of the Transportation

Socrotanat have the nocossary equipina 10 do the work by foroe acoowit.
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4.10, Abandonced argas account for aboui two thirds of lhc total cost (R$93.5 million and aclive
arcas (including som¢ 278 ha currently not uscd by mining compamcs because of a iCmporan stoppage

of production) for about one lhll‘d (R'B)l 5 mllhon)

2 Benefit Esfinmrés

4.1 An infdéplh study undertaken with UNESC’s assistance to quanlify the likely social and
ccononic benefits to the region resulting (rom the rémediation of thc'cm'_ironhacnl'al damages caused by
coal mining pol!u(ion ‘ap'pcars in Scction [T of Main Text., - A su:i{mar;\; of the quantifiable benefits is

shownon Table V-2 bgldw. .

TABLE 1V-2

SUMMARf OF BENEFITS
{R$ million)
o Minimum ‘ 7 Maximum
Land Pollution - ‘ : o
- Increase in Land Value 7710 - : -~ 191.2

- Forestry Resources
- Fauna and Flora
- Recreational Usc

19.5 every 7 vears
- 2.3/vear from year 3
2.2/vear from vear 3

19.5 every 7 years
- 9.3/vear from year 5
8.5/vear from year 3

Water Pol!ulioh _

- Higher Water Cost 13.3/ear - 28.7/vear

- Additional Investments - 525 323

- Bringing Water to Non- .
Connccted Arcas 1.0/vear I.0/vcar

- Ri¢e Cultivation 3.0/vear 14 8/vear

- River Fishing 0.6invear S to 1.2 inyear S to

16.7 in vear 23 352 invear 25
- Fishertes Resources? 33.2in 5 years 33.2n 5 ygars

Land and Water

- Tourism Development® I IAvcar L.1/vear
Souvrce: JICA Team’s cslimatcs

* Benefits contingent upon other measures.

412 ‘The project also gcnerates many imporiant non-quantifiable benefits such as improvement of
cnvironmental prolection in Santa Catanna and arresling pollulton of ground Ww ater The ca.lculalions‘

also ignore the multiplicr cffect of mcrcascd economic aclmt\ and production as a rcsu!l of lhc

remcdiation.  These are described in Anncx Section ll[ and shoulfd be laken into accqunt when

cvaluating the merits of the project.
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3 Economic Viability of the Project -

413, Taking the cconomic value of the cds; cstimated in Table 1V-1 above (ie., total cost of
R$l45.ﬁ million ntinus taxcs cstimated {o a\'crage‘ '16%) and only minimum benefits as calculated in
Table V-2 (Baéc casc), the project’s cconomic rate of return {ERR) is cstimated to be 16.8%, assuming
an i:l\plClllénlalion pcriod of 10 ycars,  Seasilivily analysis, assuming an increase in cost and a decrease

in benefits of 15%, shows that the ERR romains aceeptable at 14.3%,

C. ' THE FIRST PHASE: ENVIRONMENTAL IMPROVEMENT OF MINING
OPERATIONS AND REMEDIATION OF ACTIVE AREAS

1 Description
4.14, The first phase would have two compongents:

1. An institutional strengthening component to address the needs of FATMA, DNPM
and other public agencies inyolved in monitoring coal mining operations, as well as
those of the mining companies themselves. Financing woutd include staff’ training,
improvement of operating policies and procedures, equipment, such as vehicles and
computers, to increase staff efficiency, water quatity monitoring equipment {mining
companies only), as well as improvements of the coal mining’s policy and institutional
framework as described in paras. 2.58 - 2.72 of Chapter 1l above; and

2. An investment component to finance the remediation of the active areas and other
capital requirements of mining companies (such as water neutralization plants) to help
them comply with eavironmental regulations.

4.15. Remediation investnents would start only when mining companies have improved their
operalions (with the assistance financed under the project) and fully comply with envirenmental
regulations. :This phased apj)roach minimizes risks and silﬁp!iﬁcs project exccution, as clforls are first
concentrated on implementing the institutional strengthening component and on cnsuring (hat mining

companies properly carvy out the watcr ncutralization investinents.  This simplification should improve

the project’s chances of success.

2. First Phase Cost Estimates and Financing

4.16. Cost cstimates of the first phase as well as illustrative financing schemes are presented on
Table 1V-3 below for discussion. They are not based on detailed project information which docs not
oxist at present. Their_maiﬁ purpose is to gi\'é an order of magnitude of the project. Detailed cosl

eslimatés will be prepared when the decision to go ahcad with the project is taken.
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TABLE 1V-3

PHASEL:  PROJECT COST AND FINANCING

RSMiLLION %

Cost
- Institutional Str:englhcn'ing Coﬁlponcnl o o 33 ‘ .?4
- FATMA (3.3) (1.6)
. - DNPM : (L) (1.4)
- Mining Companics : (1.0) ‘ (1.4)
- Investment Componicnt D ' 667 92.6
- Remediation of Acti\'c: Arcas _ 3Ly . (L))
- Water Neutralization® (13.2y 21.1)
Total _ 72.0 . 1000
Financing
- Mining Companics o 517 718
- Remediation ‘ : (36.5) C{30.1)
- Water Neutralization® IR () ' 21:1)
- Santa Catarina Government 100 139
“- Remediation : (1e.0y . . {139 .
- Federal Government _ : : IO3 143
- Remediation - (5.0) - {6.9)
- Technical Assistance . (5.3) - {74

Total ' 72.0 100.0

Sources of Financing

- Loan from Intemational Lenders® o 40.0 355

- Mining companics L7 16.3

- Federal Governmeat 10.3 14.4

- Santa Catarina Government 16.0 - 138
Total | 72 0 100.0

*Passive wetlands,  This investinent is nccdcd onl\ 10 the extent lhal mmmg \\ater cannol bc c\acuatcd
from the mings fast cnough to be contaminated with pyrite acidity. A thorough assessiment should be done
during project preparation.  On the other hand, investments, such as improvéments of seitling ponds or
closed circuit systems, may be needed to make current opemllons in compliance with environmental
regutations.  They should also be estimated at the ime of pro‘;ecl preparation.

*In addition 1o the loan from bllatcral or mullxlalem! IEndc.rs it is possible thal HCA acocpt to finance
patily or totally the strengthening of DNPM and/or FATMA on 2 grant basis.

4.17. Mining companies would finance about 72% of the tolal cost of lhe flrs! phase, mcludmg

100% of the water neutralization cost and over 70% of the remediation cost. However, they are
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cxpecled to rccupcrale miost of it through an increasc in land valuc': The seclor as a wholo would not be
ﬁnanmall\ aﬂectcd a!l'nough the snuallon may be dnflcrcm at ihc mdmdual company level, dcpcndmg
on the \aluc of the land. Muung compamcs \\ould also benefit from techmcal assistance av mhblc

under the pro_|o:.l o lmpl’O\c mmmg opcrahons

4.18. Contribulion by Santa Catarina state would amount to R$10 million (aboﬁt 14% of the tofal
projoct cost).  However, it is expected to recover most of it, if not all, through increases in sales laxes
resulting from the rccupcralioﬁ work.  In addition, Santa Catarina would receive resources from the

cherél Govemnmcid to steengthen FATMA,

4.19. Finally, the Federat Gb\‘émnlcn'l would contribute the remaining R$10.3 ::11i§li0n (14% of the
projeet cost) but, like Santa Calarina, it would also recﬁpcratc part of it through an increase of profit

taxes brought about by the recuperation activities.

4.20.: | An éxlcanal loan in an amdﬁnt of R§40 millien would be contracted from bilateral
or multilateral lenders to help finance the investment component (remcdiatien and water neutralization}.
These funds would be passed on to Bi\DESC (Banco de Dcscmolumcnto do Estada de Santa Catarina,
. Santa Catarma s dov elopmcnt bank) for on- ICndmg {0 Mining companics at prev alhng market conditions.
It is possible lhal, in addition to the external loan from bilateral or meltitateral lenders, JICA aceept to

_finance the strengthening of DNPM andfor FATMA on a grant basis.

3. Organization, Management and Implementation
@ Overa_ll Coordination
) 21. Because of the importani rolc that the state of Santa Catarina will play (either as the borrower

of the external Toan or as the main pubhc institution rcsponslblc lor the remediation program), il is
proposed lhat the Spccaal Pro;ccts Dmswn within lhe Oﬂlcc of the Govemor be the praject’s overall
coordinator. lt \\;Il be _assnsted by FATMA. Also, a Project Management Umit {(PMLU) would be
created m'llﬁn the Special Projcci.s Division to help manage and coordinate the various componcnts ol
the progra.ni PMUI’s main tasks érc fo: (i) monitor everall project implementation.  This includes
preparing pcriodié i)rogrcs§ reports for the Brazilian authorities as well as for the external tender(s) and
hclping solve technical preblems which may arise during implementation; and (i) be the externat

lenders’ main contact. The Unit will have a small technical stafl and will report directly to the Governor.

% Mining companics are expeciad to firanoe R§36.5 million toward the cost of remadiation, while (he yatue of the recuperatod
Tand is estimated between R$32 1 mition and R$76.5 million .
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{b) - The Institutional Strengthening Compon ‘n

4.'22. Gn e lhc 1mpor|ancc of strengthenmg FATMA as \\cll as thc central rolc itw lll ptay in the
pro;ccl 1t is proposed that- FATMA be rcsponsnbk, for the 1mplcmenlatlon of this componcm under
PMUF's overall supcmslon with the e\ccplnon of DNPM strcuglhcmng which would be managcd by
DNPMitsclf.  The principles gowrnmg the lmplcmentatmn and dasburscmcm of funds for the various

beneficiany agcncres arg as follom

s Coal Mining Pelicy and Institutional Framework. A federal commission
composed of representatives of MME, DNPM and SIECESC would be
established to prepare a program aimed at strengthening the policy and
institutional framework for. coal mining operations along the lmes of the
recommendat:ons in paras 2.58 10 2 72 of Chapter lI

s FATMA woulcl prepare and implemem a strengthening program based on the
directives outlined in paras, 2132 to 2.126 (pages 34 to 37) above.
Disbursements of funds will be conditioned upon the successful implementation
of the various actions included in the slrengthemng program,

. DNPM will be asked to make a comprehenswc assessment of its needs and to
prepare a plan of action to improve its capacity to monitor the activities of coal
mining companies. = Approval of such a plan would be a condition of
disbursement of funds for DNPM’s technical assistance; and '

s Mining Companies. There are at present six compames extraclmg and
washing coal in Santa Catarina. They ail need strengthening, although the
needs may vary from company to company - To help. them prepare
strengthening programs (including detailed mining plans spec:l’ymg waste
materials control measures) tailored to their specific needs, fiinds for short-term
consultant services would be available under the project. Approval of
individual strengthening programs would be a condition of disburséments for
technical assistance to each mining company. Given the delicate financial
situation of most of them, subject to the Brazitian authorities” approval, it is

proposed to provide the technical assistance on a grant basis.  This would also

provide an added incentive for the mmmg compames to comply to
enwronmentai regulations.

(c) The Investment Conmoném
1) Financic.-i Arrangements
4.23. Funds for remcdlauon would be on-lent from the chcral Goxemmcnt or 'the state of Santa

Catarina (dcpending on who is the borrower of the external loan) to BADESC for re-lending to mining
companics. Terms and conditions for the transfer of funds (i) from the Federal Government or thc state

of Santa Catarina to BADESC and (ii) from BADESC to thé"mining’coih'panics (iriterest rafes and
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maturity of the subloans, forcign etchangc risk, ' subproject risks, subproject éppraisal and supcrvision,
disbursement of f‘unds cic.) would be aprced bet\\ccn the various partics during project preparalion.

‘ Ho\\c\cr th\ should, by and largc rcﬂcct on- gomg market conditions in Brazil.

(i) Adminis!ra!i ve A rrangemen!s

4.24. BADI:SC “ould managc lhc investment componcnt undcr PMU’s overall supervision. The
bank would bo rcspon51blc for appraismg the remediation pmposals {subprojcets) presented by mining
companics, for asscssmg (heir soundness, for dlsburﬂmg thc funds and supery ising the implementation of

1hc rcmcd:atmn work, BADESC would assumg lhc pﬂ}jccl risk and be respons:blc for loan collection.

4.25. FATMA and DNPM would be rCSponsiblc for cnsuring that remediation propoééls are
technically and enuronmenta!h sound. 'I‘hcs shoutd approve the proposals bcfore the bank can finance
thcm Refusal by a mmmg company to rcmcd\ mined-out land would result in the revocation of its

operaling license.
D. THE SECOND PHASE: REMEDIATION OF ABANDONED AREAS
L. Governing Principles
4.26. The sccond phase would consist of recuperating the 3,292 hectares of land abandoned after

being mincd-out and lelt without any remediation.  As discussed in para 4.07 above, it is imperative

that all the polluted tand be remedied for the environmental benefits to materialize.

4.27. As a prninciple, owners of the polluted land should be responsible for the remediation as they
will.beneﬁl'thrbugh an expecled increase in the vatue of the land which could be substantial. As shown
on the table betow, 76% of that land belong to mining companics, 14% to private individuals and the

remaining 10% to municipalitics, These owners arc thus expected to pay for the remediation cost,

TABLE §V-4

OWNERSHIP OF ABANDONED AREAS

{(IN HECTARES)
Poltuted Lan'
- (ha) (%)
Private lndividuals ] 448 14
Mining Companies * 2,504 76
Municipafitics 340 _10
 Total ‘ 3,292 100

Source: JICA Study Team
* Including CSN (Companhia Siderirgica Nacionaf)
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4.28, llowcvcr gi{'cn the c&lchlalilics and the fact lhc present owners may not be the original
polluter, it is proposcd that the chcral Government and the slatc of Santa Catarina atso help by
conlnbutmg 10% cach lo“ ard the total rcmcdta!wn cosl The cost sharing among the different parties

lmol\\.d would be as follows:

. I,andO\vneré: : _ 80%

- Santa Catarina state 0%
- Federal Government | 10%
429. A lando“ncr who sclcct not to rcmcd\ his land ma\ do so b\ gl\mg it to thc mumc:paht\

where the land is !ocatcd Like the first phasc funds \\ould bc madc available (hrough BADESC to

help landowners who do not have the cash to finance the remediation work,

430. A commission chaired by FATMA and composed of reprosentatives of AMREC and Santa
Catarina state \l\'ould be cstablished to oversee the remédiatibn brocess. . SIECESC and r_eprcscntati\'cs
of individua! landlords could alse participatc as obécn‘crs. The corﬁmissicn’s main résp-bnsibilitiés
would bc to: (i) check lhc authenticity of land titkes; (3i) approve rcmcﬂial pmposafs presented by
landmmcrs (iii) register land donal:ons to municipalitics by landoxmers who do not w ant to remedy;

and {(iv} casure that the whole process is fair and fransparcnl,

2, Description
431, Like the first phase, the second phase would have two components: -

1. A technical assistance component to (i) help landowners prepare remedial
proposals as well as loan requests to BADESC; and (ii) support the work of
the Commission in areas where its technical expertise is lacking; and

2. An investment compenent 1o help finance the remediation cost.

3. Second Phase Cost Estimates and Financing

4.32. At this stage. cost and financing of the sccond phase can 6_:1]5' be rough estintates.  Firmer
cosis would be caleulated when the first phasc is completed and a technical assessment conducted on the
level of pollution reduction achigved. The rough cost estimates are prescated on Table 1V-5 below

only for discussion and 10 show the magnitude of the project.
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- TABLEIV-§-
PHASE II:  PROJECT COST AND FINANCING

: RS MILLION Y%
- Cost '

_ . Technical Assistance Cdmponent | ' 5.0 s
- Remediation Commission ' (0.5) (0.5)
- - Landowners - {4.5) (4.6)
- Investment Component 935 94,9
Total 98.5 100.0
Financing
- Landowners" - N 74.8 75.9
- Mining Companies” e (56.9) (57.8)
- Private Individuals® (10.2) (10.3)
- Municipalities” (7.7 (7.8)
- Santa Catarina Government 1i.8 12.0
- Remediation" (9.3) (9.4)
- Technical Assistance (2.5) (2.6)
- Federal Government 11.9 12.1
- Remediation" (9.4) (9.5)
- Technical Assistance (2.5) (2.5)
. Totat S 98.5 100.0

Sources of Financing

- Loan from International Lenders® 60.0 60.9

- Landowners® 14.8 15.0
- Santa Catarina state 11.8 12.0
- Federal Government 11.9 121

Total 98.5 100.0

1 Based on the cost sharing formula on para. 4.28
* Bascd on landownership structure as shown on Table 1V-4
* Assuming a debt/equity ratio of 80:20, ie., landowners will finance the recuperation with a toan from

BADESC {through intcrnational lenders) representing 80% of the cost and will cover the remaining 20%
_with their own funds.
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4 Organiation, Management and Imp!eménm!ion

(8  Overall Coordination

433, The .Remc.diation Coﬁ*umissioh_ “'oﬁld be thé p\'crall coordinator of fhc project. lf’i;, %‘nfer
alia, responsible for (i) managing the technical assistance funds available under the projeet 1'6 help
landcmncfs 'pIICparé rcn_ﬁcéiial proposals énd loan rcqﬁcsls to BADESC; (ii) moniforing d_\'crall proiiécl
implementation progress; and (iii) relations and contacts with the Brazilian authoritics and the éxlc_mal

tender(s).

(b) The Investment ngponen_;

4.34. Like in the first phase, funds for remediation would be passed to BADESC for re-l«_:nding to
landowners at the sahxc conditions as in the first phase. BADESC would be_'rcsponasiblc for appraising
the rcmedi‘;a_l p’rbposals, for asscséing their soundncss, for disburﬁ-ing thic funds and supcrvising the
implementation of the remediation work, It would assume lhé piojcd risk and would be responsible for

loan collection.

POST SCRIPT

PSt. In spite of indication from the ttle of this Study, “Feasibility 'Stud_v"o_r'l Recﬁpcralion of
Mined-Out Arcas”, the Team's conclusions and recommendations have tuned Qut.to bn;: t.'hc clear!fuﬁ of
active mining and rcject re-washing areas first.  In addition to the fact that the four FS .sites .a'xrc 0
polluted that even using maost effective technologies would not restore Water quality to the Jevel
required by existing Brazilian norms for surface water qualit_\" within the FS sites _thcniseh'cs, the
active areas are much more polluted than the abandoned areas, so that remediation of the
abandoned areas will most Iikely not bring any improvement untess the actii'e areas are also

remedied.

PS2, Remediation Vdf both arcas (aclive and abandoncd) and full compliance of mining companies
with Brazilian environmental regulations would have the results of bringing the pH_ level of the viater {o
more than pH 3, due to significant reduction of acidity and metal concentrations. This would allow

natural healing forces originated frem growing water plants and increased bacleria activity to play, thus

further ncutralizing the water.

PS3. To solve the problem requircs remediation. There is no other alternative.  Since , in addition
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{0 Ihc most pol!uted arca, the aclive areas (1, 432 ha} account for less than half the abandoned arca
(3,292 ha) a two phasc approach is proposcd to mmmn?c the risks, In lhc first phase, remediation
would be hmtlcd to the actnc arcas. In rc«:ponse toa strong rcquest from lhe coun!erpart FATMA the
proposcd program has mcludcd improvement of coal mining eperations and strengthening of
enumnmcmal prolection in Sanla Catarina with a \IC\\ 1o formulating a comprehcnsnc program aimed
at ensunng that this SEVCIC polluuon from coal mmmg and non compliance with i ironmental
rcguiauons would not occur again in the future. It is only when active arcas are tola!l\ remedicd and
mmmg companics are in full compllance \\1th environmental regulations that the su:ond phase (ocusing
on remcdlahon of the abandoncd arcas \\ould be lmptcmcnicd lt should, however, be noted that

unlcss the two phases are smplcmemcd a0 sigaifi cant benefits are (o be expected,

PS4. NEXT STEPS ¥OR THE FIRST PHASE: Given the project’s changc of focus {from remediation
of abandoncd mined-out arcas to aclive areas), thc Tcam recommends that more work be needed to
completo the Stud} prior to implementation of the ﬁrst phase. This additional work includes, infer alia,
(a) review of individual mining and reject re-washing plans to have a better handle of the project cost;
and (b) thorough assessment of the financial condition of the mining companics fo ensure that they can

meet their financial obligations under the project.

—121--












	CHAPTER Ⅲ. TECHNICAL EVALUATION OF RECUPERATION OF MINED-OUT AREAS 
	B. CHARACTERISTICS OF POLLUTION 
	3. Active Areas 

	C. FS SITES STUDIES 
	1. Acid Water Treatment 
	2. Remedial Alternatives for FS Sites 
	(a) Fiorita Remedial Alternatives 
	(b) Rocinha Remedial Alternatives 
	(c) Carvão Remedial Alternatives 
	(d) Capivari Remedial Alternatives 

	3. Conclusions of FS Site Study 

	D. OVERALL REMEDIATION 
	1. Approach to Overall Remediation 
	2. Overall Remedial Cost Estimates 

	E. OVERALL WATER QUALITY SIMULATION 
	1. Numerical Simulation Model 
	2. Assumption of Pollution Load 
	3. Prediction of Water Quality Improvement Effects 

	F. CONCLUSIONS AND RECOMMENDATIONS 

	CHAPTER Ⅳ. STRATEGY AND PROGRAM FOR RECUPERATING MINED-OUT AREAS 
	A. REMEDLATION STRATEGY 
	1. Conclusions of the Technical Evaluation 
	2. Proposed Remediation Strategy 

	B. REMEDIATION COST AND BENEFITS 
	1. Cost Estimates 
	2. Benefit Estimates 
	3. Economic Viability of the Project 

	C. THE FIRST PHASE: ENVIRONMENTAL IMPROVEMENT OF MINING OPERATIONS AND REMEDIATION OF ACTIVE AREAS 
	1. Description 
	2. First Phase Cost Estimates and Financing 
	3. Organization, Management and Implementation 

	D. THE SECOND PHASE: REMEDIATION OF ABANDONED AREAS 
	1. Governing Principles 
	2. Description 
	3. Second Phase Cost Estimates and Financing 
	4. Organization, Management and Implementation 


	POST SCRIPT 
	Cover 



