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ThlS lS a report on a Phase I lnvestlgat10n conducted In Peru
durlng May and June of 1996 The tOp1C was the feaslbll1ty of uSlng
porous geochemlcal barrler (PGB) technology to mltlgate the
negatlve envlronmental lmpacts of mlnlng actlvltles In Peru The
goal lS development and 1mplementatlon of cost-effectlve protectlon
of water resources The lnvestlgators were Dr Dennls Grubb of
Georgla Instltute of Technology and Dr Joseph Martln of Drexel
Un1vers1ty The proJect off1cer lS Mr Alan Davls, of USAID/Peru
In the early part of the V1Slt, the lnvestlgators were ass1sted by
Dr Frederlck Freeman of USAID/LAC

The proJect contlnued In the summer w1th laboratory testlng of
samples and dlScusslons w1th mlnlng flrms to contlnue the proJect
lnto a Phase II ThlS would entall a large-scale, multl-year
demonstratlon proJect that would both prov1de m1tlgatlon at the
host sltes and also support research lnto expand1ng the
appllcablllty and sClentlflc basls of the technology

D1Scusslons on a Phase II proJect dld not come to an agreement
wlth one maJor mlnlng company, but are stlll ongolng wlth another
company The maln purpose of thlS report lS to document actlvltles
and concluslons of the V1Slt to Peru The focus of Phase I was to
assess the physlcal settlng, pract1ces, and env1ronmental problems
of hard rock metal m1n1ng In the Andean reglons of Peru The task
was then to determlne lf the or1g1nal PGB concept was sound, elther
as orlglnally envlsloned or wlth approprlate modlflcatlons MaJor
tasks lncluded

1 D1SCUSSlons wlth a range of governmental and non
governmental oganlzatlons

2 Presentatlons to the mlnlng communlty to lnltlate a
technology exchange

3 Slte V1SltS to two mlnes to establlsh typlcal condltlons
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A summary of flndlngs lS lncluded In the maln report More
detall on the flrst two tasks lS lncluded In Appendlx A The thlrd
task lS addressed In detall In Appendlces Band C

As guests of Buenaventura, the lnvestlgators vlslted two
actlve mlnes Slte #1, Julcanl, lS In the Huancavellca Department
(dlstrlct) and lS part of the upper Amazon valley Sl te #2,
Uchucchacua, lS In Llma Department and dralns to the Paclflc
Locatlons are shown on the attached Flgure 1 The trlp from Julcanl
to Uchucchacua passed the La Oroya smelter and through the western
edge of the Cerro de Pasco mlnlng dlstrlct Other aspects of mlnlng
lmpacts on the enVlronment were observed

Program Descrlptlon

As expected, the scope of the proJect was adJusted as the
lnvestlgatlon proceeded Negotlatlons wlth mlnlng companles for
Phase II commenced early, but are stlll ongolng as of thlS wrltlng
(10/21/96 to 10/29/96) Hence, lt lS useful to reproduce the
Program Descrlptlon from the contract as a reference

I. Purpose

USAID Peru wlll enter lnto a Purchase Order wlth Drexel
Unlverslty WhlCh wlll undertake Phase I of a pllot study deslgned
to establlsh the prellmlnary feaslblllty of uSlng porous
geochemlcal barrlers at a mlnlng faclllty In Peru The focus lS on
mltlgatlng adverse effects of leachate from waste rock, talllngs
ponds, heap leach pads, and detentlon ponds In the Andes and upper
Amazon Valley The lntent lS to passlvely protect water supplles
uSlng local SOlIs and other materlals The local SOlIs may conslst
of lron-rlch (hlghly absorptlve) sands that are amended elther
dlrectly or In sequence wlth hlghly absorptlve materlals such as
dlatomaceous earth, Ilmestone, spent talllngs, and lndustrlal
byproducts such as fly ash, klln dust, sugarcane bagasse, rlce husk
ash or smelter scrubber ash All of these materlals are avallable
In Peru

A porous geochemlcal barrler wlll lmprove local groundwater
and surface water quallty Surface water wlll not only be lmproved
wlth respect to metals content, but also alkallnlty, pH, chemlcal
oxygen demand, and suspended SOllds Thus, In addltlon to better
protectlng the envlronment, there may be substantlal beneflt for
hydroelectrlc generatlon plants whlch are located In the Andean
reglon as less aggresslve surface water wlll translate lnto an
lncreased operatlonal Ilfe for the turblnes The use of porous
geochemlcal barrlers can also be lntegrated wlth wetlands proJects
or other forms of land reclamatlon In mlnlng areas that are
lntended to lmprove ecosystems and water quallty
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Once the geochemlcal barrler has exceeded ltS deslgn llfe, 1 e ,
ltS absorptlve capaclty for heavy metals has been exceeded, the
barrler ltself can be a retr1evable source of heavy metals by heap
leachlng The 1nert aggregates of the barrler can also be
lntegrated lnto a new barr1er A new geochemlcal barrler can be
constructed e1ther In the same or another downgrad1ent locatlon

II Speclflc Tasks/Components

Pllot Study Phase I

A techn1cal survey w1ll be conducted to establ1sh the
prel1m1nary feaslblllty of uS1ng porous geochem1cal barr1ers 1n a
p1lot study at a m1n1ng fac1l1ty In Peru The follow1ng tasks are
expected to be accompl1shed w1th1n the f1rst phase of a two-phase
p1lot proJect,

Evaluate the state-of-the-pract1ce of the m1n1ng sector act1ve
1n the PerUVlan Andes to 1dent1fy the current types of m1n1ng
act1v1t1es, the nature of the contamlnates 1nvolved, and how a
porous geochem1cal barr1er (and 1tS conf1gurat1on) can be
1mplemented glven the eX1st1ng technolog1cal, f1nanc1al and space
constra1nts of these facll1t1es Ident1fy and establ1sh co
operat1on w1th a local partner 1n the PerUV1an m1nlng lndustry In
co-operat1on w1th th1S partner, select a m1n1ng facll1ty at Wh1Ch
a p1lot study of the porous geochem1cal barr1er can be conducted
Collect and characterlze waste stream samples from the Slte

Draft (In f1nal) a letter of agreement or some other
acceptable form of wrltten agreement that clearly deflnes the
obJect1ves of the second phase of the study Th1S document must
also conta1n measurement lndlcators (to Judge progress and results
annually) respons1bllltles of both part1es (Vendor and local
partner) under Phase II of the pllot study, and the amount of
counterpart resources (both cash and In-k1nd support) that wlll be
provlded by local partner(s), wrltten approval of the agreement(s)
w1ll be obta1ned by USAID/Peru These agreements wlll be used by
the Vendor to secure resources 1n order to reduce costs under Phase
II The technlcal results of the f1rst phase w1ll, 1n part,
determlne whether a second phase lS recommended However, the
degree to Wh1Ch the Vendor can secure flrm and slgn1f1cant local
counterpart contrlbut1ons for Phase II of the p1lot study 1S
another 1mportant factor

To 1dent1fy and establlsh co-operat1on w1th a local laboratory In
Peru that can provlde techn1cal ass1stance w1th chem1cal and
analyt1cal testlng of contam1nants and geotechn1cal 1ndex test1ng
of sOll-llke mater1als
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To ldentlfy local Peruvlan sOlls, so11 amendments, and lndustrlal
byproducts and thelr sUltabl11ty and avallabl1lty for use as
absorbent and constructl0n materlals In a porous geochemlcal
barrler collect samples of select so11s, amendments and lndustrlal
byproducts to conduct a prellmlnary assessment and characterlzatl0n
of thelr englneerlng propertles to establlsh the technlcal
feaslbl11ty of a porous geochemlcal barrler at the slte chosen for
the pl10t study

In order to ensure wlder knowledge of the pl10t proJect, complete
the deslgn of and execute a strategy In co-operatlon wlth
USAID/Peru that results In some lnltlal announcements of the pl10t
study In the local medla, partlcularly In the mlnlng soclety
bulletln and trade newspapers

Pl10t Study Phase II (not funded under thlS Purchase Order)

Phase II of the pl10t study lnvolves a more SOphlstlcated
analysls of the technlcal feaslbl1lty of the use of porous
geochemlcal barrlers to attenuate contamlnatl0n emanatlng from
PerUVlan mlnlng actlvltles Key elements lnclude (a) evaluatlon of
the performance of the aval1able s011s, amendments, and lndustrlal
byproducts to attenuate ffilnlng leachate, elther slngly,
sequentlally, or In comblnatlon, and ldentlfy controlllng factors,
(b) the demonstratl0n of the feaslbl1lty of porous geochemlcal
barrlers wlth pllot scale models (c) emploYment of eXlstlng
computer codes to develop quantlflable deslgn methodologles wlth
experlmental data, development of an economlcally staged method for
englneers and regulatory agencles to evaluate the sUltabl1lty and
antlclpated performance of reglonal sOlls and lndustrlal byproducts
to as components of porous geochemlcal barrlers, and (e) the deslgn
and constructlon of a pllot scale barrler at the slte and
evaluatlon of ltS performance

III. Relatlonshlp to Mlsslon Strategy

ThlS actlvlty lS conslstent wlth USAID/Peru's strateglc
ObJ ectlve No 4, "Improved Envlronmental Management In Targeted
Sectors" WhlCh lncludes the ldentlflcatlon of low-cost envlronment
and natural resource (ENR) pllot proJects WhlCh are lnnovatlve and
potentlally sustalnable, promote pollutlon preventlon measures, and
also have an lmpact on the brown-green envlronmental agenda If
successful, thlS low technology procedure could lmpact on hundreds
of locatlons In Peru's hlghlands where worklng mlnes are
contamlnatlng the enVlronment and In areas where sltes have been
abandoned Other donors such as the Inter-Amerlcan Bank are
lffiplementlng envlronmental proJects In Peru's mlnlng lndustry and
such pllot proJects may help lnfluence such actlvltles
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IV. ReportJ.ng

Under the F1rst Phase of th1S proJect, the Vendor w1ll be
responslble for submlttlng a flnal report descrlb1ng all aspects of
th1S f1rst phase, 1nclud1ng those 1tems ment10ned 1n Sect10n III
above ent1tled "Spec1f1c Tasks/Components " In add1tlon, th1S
report wlll update any technlcal or operatlonal lnformatlon
furn1shed to date descr1b1ng Phase II of the Pllot ProJect,
lncludlng ltS budget and tlmeframe

Flve prlnted coples of thls report, In Engllsh and 1n Spanlsh,
and a dlskette contalnlng the document In flnal form uSlng Word
Perfect 5 1/5 2 for Wlndows wlll be submltted to USAID/Peru

Compl~ance note

The contract requlres executlon of an agreement w1th a local
partnershlp, and slte-speclflc sampllng and test1ng At least flve
flrms expressed ser10US lnterest In part1c1patlng In the proJect
However, It was slowly revealed that there lS an unwllllngness by
PerUVlan flrms to flnanclally sponsor envlronmental research,
especlally wlth cash as requlred by the USAID protocol A mlne tour
was generously flnanced by Mlnas Buenaventura, at an approxlmate
cost of $6500 It was thus antlclpated that at least one of the two
sltes vlslted would be the host for the p1lot demonstratlon slte,
as documented In Append1x A Accordlngly, water and solld samples
were taken at both sltes Due to "holdlng t1me" concerns,
Envlrolab-Peru, Wh1Ch follows U S EPA protocols, was commlssloned
to do the water sample analysls

The PGB team lnlt1ated negotlatlons wlth Buenaventura, as
descrlbed In Appendlx A, 1ncludlng subm1sslon of a draft proposal,
as reproduced 1n Appendlx D Desp1 te contlnued d1Scusslons, an
agreement could not be reached whlch lnvolved appropr1ate resource
comm1ttment on behalf of the mlne Consequently, the water sample
analys1s results are lncluded In thls report to characterlze
typlcal mln1ng env1ronmental data ThlS supplements data generated
by Buenaventura Wh1Ch 1S selectlvely reproduced In Appendlx "B"
Whlle nelther Buenaventura slte now appears llkely to be a pllot
study host slte, the descrlpt10ns 1n Appendlx Bare stlll qUlte
valld In 11lustratlng typlcal mln1ng condltlons

DlScusslons wlth Corporac1on M1nera Nor Peru (Northern Peru)
were ln1t1ated dur1ng the In-country VlSlt, and have cont1nued
Dr Grubb lS return1ng to Peru at the tlme of thls wrlt1ng
(10/21/96-10/29/96) to V1S1t the QU1ruvllca Mlne located about
100kM due east of TruJ1llo Th1S tr1p lS completely f1nanced by
Corporaclon Nor Peru and lS eV1dence of the1r keen lnterest In thls
technology It was not poss1ble to V1S1t the slte durlng the USAID
sponsored V1S1t A supplemental report to the Phase I report w1lI
be provlded to USAID/Peru as a courtesy
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Background

The purpose of thlS sectlon lS to place the proJ ect In
perspectlve, lllustratlng the maln features of the PerUVlan mlnlng
lndustry, and the assoclated envlronmental problems

Mlnlng Industry In Peru

Peru lS rlch In ffilneral resources, dlstrlbuted among three
baslc categorles

all & gas In the Amazon valley lowlands Wlth the need to
lnstall supportlng lnfrastructure, hydrocarbon extractlon
lS necessarlly on a large scale

Low technology (" a rtlsan") mJ.nlng for gold In SOlIs and
rJ.vers, prJ.marJ.ly J.n the upper Amazon valley and
lowlands

Hard rock mJ.nJ.ng for a range of metals J.n the Andes, on
both the Amazon and Coastal watersheds MJ.nJ.ng lS done on
all scales, but there are approxJ.mately 50 large mJ.nes

The last category lS the subJect of thJ.s study In addltlon to
the mlnlng and onslte ore concentratJ.on facllltJ.es, there are
several smelters, notably one of the world's largest at La Oroya
Whlle the waste materlal from these smelters may produce
envJ.ronmental problems of slmllar nature as mJ.ne or talllngs
leachate, the smelters are not part of the scope of thlS study

Metals mlnJ.ng has been done for thousands of years In the
Andes In pre-Columblan and colonlal tlmes, ore processlng
conslsted of varlatlons on the baS1C method of extremely flne
grlndJ.ng and gravlty separatlon,followed by reflnlng ln charcoal
smelters

Even wlth thlS hlStOry, there are many opportunltJ.es to re
open closed mlnes, expand eXlstlng ones, and develop new sltes
Peruvlan mlnlng actlvlty has J.ncreased recently due to restoratlon
of stabJ.llty, lncreased worldwlde demand, depletlon of supplles
elsewhere, and dlfflcultles In openlng new mlnes In North AmerJ.ca
and Europe The latter lncludes envlronmental regulatlon costs and
communJ.ty opposJ.tlon

Mlnlng accounts for over 10% of Peru's Gross Domestlc Product
(GDP), but J.S over 50% of the natJ.on's exports The maln products
are SlIver, Zlnc, lead, copper and gold A range of other metals
such as tJ.n, molybdenum and cadmlum may also be recovered Peru lS
ranked seventh worldwlde In non-ferrous and non-alumlna metals,
wJ.th the hlghest J.ndlvJ.dual ranklng belng SlIver, wlth a thlrd
place world standlng Consequently, whlle mJ.nlng J.S crJ.tlcal to J.ts
economy, Peru lS not In a posltlon to lnfluence the "world prlce"
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of any of the metal commodltles

The geology of the Andes lS too complex to descr1be here The
ma1n p01nt 1S that several metals can be recovered from the same
ore body, hence the gener1c label II po lYffietalII mlne The rock
surroundlng the ore velns, WhlCh must be removed to prov1de open
Plt or tunnel access, lS also qU1te var1ed, even at a slngle m1ne

Most of the copper product1on lS obtalned from open P1tS at
low and medlum altltudes 1n the South, an extremely dry area The
focus of thlS proJect 1S on the Central and Northern h1gh altltude
mlnes, as they have the h1ghest potent1al for lmpacts on water
resources on elther slde of the Cont1nental Dlvlde These mlnes are
In rugged terraln WhlCh usually dlctates ore recovery by tunnel1ng,
on-slte ore concentrat1on due to transportat1on dlff1cult1es, and
on-slte d1sposal of waste rock and talllngs Waste rock lS
generated by tunnel constructlon, wh1le tall1ngs are the SOlld
byproduct of ore concentrat1on processes These waste mater1als are
descrlbed 1n more detall below These are descr1bed 1n more detall
below There are about f1fty maJor m1nes MaJor copper m1nes
process on the order of 10,000 to 50,000 metrlc tons/day MaJor
polYffietal mlnes are classlfled as those Wh1Ch process from 350 to
10,000 metrlc tons/day

Mln1ng Operatlons

The metals sought are rarely present 1n the ore as dlst1nct
and v1slble velns, but are m1neral1zed as part of the ore matr1x,
generally only a few percent of the ore mass It lS necessary to
process the ore locally to concentrate the saleable product The
resultlng concentrate lS sh1pped to a smelter for further ref1nlng,
1ncludlng separatlon of the dlfferent metal const1tuents

Two stages are requlred In ore concentrat1on grlndlng and
extractlon Most extractlonprocesses lnvolve aCldlc and/or cyan1de
leachlng of a granular materlal to 801ublllze the de81red metals

Heap leachlng 18 a technlque WhlCh lnvolves coarse grlnd1ng of
the ore and extractlon wlth an aCldlc Solut1on spray for an
extended perlod ThlS technlque requlres a large surface area The
aCld Solutlon 18 collected, the metals contalned thereln are
recovered, and the spent aCld Solutlon lS re-used The talllngs
are a relatlvely dry, coarse materlal, and are dlsposed of by
dumplng 1n a plle WhlCh mayor may not have hydraullc contalnment

Metals concentratlon at most mlnes 1S a mlll or plant
operat1on The ore lS flrst ground to a sand or SlIt Slze to
lncrease the exposed surface area The metals are then extracted In
a contlnuous, hlgh volume process A large amount of water to
convey the SOllds as a slurry Depend1ng upon where and how much
water lS added, and other treatments, the flnal tall1ngs slurry may
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or may not be aCldlC

Waste dlsposal

The talllngs suspenslon lS deposlted In ponds that are often
formed by dams In nearby raVlnes or valleys The suspended SOllds
settle out of the slurry suspenSlon The surface water lS decanted,
and much of the conveylng llqUld conta1ned w1th1n the porous
part1culate mass dra1ns out the bottom The result lS a talllngs
plle However, after the lnltlal gravlty dewaterlng, seepage from
the base of the ta1l1ngs p1le wlll contlnue Tall1ngs slurry
deposltlon methods that produce a physlcally stable mass structure
also tend to produce an adverse slope compared to the local
topography, pondlng lncldent ralnfall and runoff from upland areas
on the surface untll the water dralns by seepage through the
granular mass

Constructlng adlts, drlfts and shafts to access thln ore
layers y1elds quantlt1es of waste rock that exceed the tall1ngs
volume by several orders or magn1tude Th1S mater1al has no
econom1C value, so lt 1S usually dumped as close to the m1ne
entrance as poss1ble Often, a talus plle 1S formed d1rectly
downslope from a h1llslde ad1t Consequently runoff down valley
sldeslopes as well as 1nC1dent ra1nfall percolates through the
waste rock plIes

EnV1ronmental concerns

A slgnlflcant env1ronmental concern at polYffietal mlnlng sltes
lS that most of the heavy metals are tOX1C to human, anlmal and
aquatlc health In thelr moblle forms Mlnlng exposes the metals to
moblllzatlon A second problem lS that process, waste p1le or mlne
dralnage leachates are often very aCldlc (an envlronmental concern
ltself), and the aCldlty fosters mobll1ty of the metal specles A
thlrd problem 1S the presence of other tOX1C or deleter10us
constltuents present In the effluents e1ther due to use In mllllng
(e g , cyanlde), or extracted onslte from the concentrate In order
to condltlon lt for the next step, smelt1ng (e g , manganese)
Effluents also contaln other pollutants lumped as total dlssolved
SOllds, and san1tary wastewater constltuents

LlgUld Wastes

Many mlners Ilve at mlnlng camps or nearby vlllages, usually
wlth thelr famllles They generate thousands of gallons of sanltary
wastewater dally, whlch mayor may not be treated before dlscharge,
usually lnto a nearby stream Untreated or poorly treated sanltary
sewage presents a health threat to downstream resldents, especlally
In dry seasons when the effluent may be a substantlal fractlon of
the streamflow The sanltary sewage problem was heretofore
unrecognlzed, however, the PGB technology can be applled to thlS
problem
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One of the more UblqUltOUS pollutants In mlnlng dlstrlcts lS
aCld mlne dralnage ThlS results when the parent rock contalns lron
pyrltes that aCldlfy upon exposure to alr and water Pyrlte content
In the bedrock lS pervaSlve In Peru Mlne tunnels lntercept
groundwater percolatlng through the rocks above the mlne Where
posslble, access tunnels lnto hlllsldes, or drlfts, are sloped
upward to ass1St dewaterlng However, thlS short-clrcultlng of the
natural dralnage pattern remalns after the m1ne lS abandoned, such
that aCld dralnage contlnues lndeflnltely

ACld leachate may also draln from talllngs plIes Even If the
plle lS lnltlally placed ln a perVlOUS but non-hazardous form, and
dralns as descrlbed earller, aCld dralnage wlll result lf the ore
contalns pyrlte The same sltuatlon wlll occur at waste rock plIes

The conventlonal Solutlon to aCld mlne dralnage and aCld mlne
waste leachate lS bulk treatment wlth Ilme ThlS lS physlcally
feaslble at most Andean mlnes, as Ilmestone lS wldely avallable
However, the quantltles of Ilme requlred and the transportatlon
dlfflcultles make such treatment very costly The problem lS
exacerbated when lt lS necessary to extend the pH lnto the baslc
range to lnduce preclpltatlon of dlssolved metals Llme treatment
lS not a permanent Solutlon It ceases when the mlnes lS abandoned

Summary of F~nd~ngs

Support for envlronmental protectlon

Appendlx A documents dozens of meetlngs wlth mlnlng flrms,
mlnlng and envlronmental assoclatlons, government agencles and
unlversltles, WhlCh lnvolved a hundred or more conversatlons These
many dlScusslons not only lndlcated awareness and concern for
negatlve envlronmental lmpacts from mlnlng but a hlgh lnterest In
cost-effectlve and sustalnable Solutlons ThlS lS drIven by a
comblnatlon of care about Peru's lmage, contlnued economlC
development, and protectlon of natural resources especlally rural
water supplles The mlnlng cornmunlty lS very well educated and
experlenced The capablllty of PerUVlan and lnternatlonal flrms to
extract value from the mountalns and foster cash economles In rural
areas lS not In questlon All partles recognlzed the lmportance of
envlronmental problems wlth abandoned and older sltes, and also saw
that new pro] ects tend to be on a larger scale and could be
sub] ected to onerous regulatlons The lntervlewed partles were
equally lnterested In technologles to prevent or mltlgate lmpacts,
and the framework In WhlCh envlronmental pollcles are developed and
executed An underlylng theme was a deslre to avold the adversarlal
approach to envlronmental protectlon percelved to have developed In
the Northern Hemlsphere
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Four crltlcal pOlnts In th1S regard are,

There lS a h1gh degree of lnter-1ndustry co-operat1on
M1n1ng compan1es don I t compete w1th each other for e1ther
publ1c favor or cost advantage, but aga1nst the world
market There lS an att1tude 1n favor of free exchange of
lnformatlon on envlronmental protect lon, rather than
see1ng such technology as a proprletary advantage Many
m1nes have the same problem In common, and the mlnlng
commun1ty lS qUlte colleg1al

Mln1ng flrms are aware that they are often the flrst
users of the water resources that are crltlcal to
expandlng the natlonal economy Irrlgatlon lS be1ng
expanded downstream of most mlnes on the Paclf1c
dra1nage Not only lS the Amazon Valley under world
scrutlny, but many mlnes ultlmately draln to 1t through
rlvers such as the R10 Mantaro that are developed for
both power generat10n and upland 1rr1gat1on In e1ther
case, the sanltary wastewater problem can be of equal
lmportance as the aC1d dra1nage due to the potentlal to
dlsperse 1nfect1ous d1seases

There lS a natlonal effort not only to expand the economy
but also to resettle the h1ghlands w1th famll1es who
m1grated to coastal c1t1es due to recent 1nstabll1ty
Mlnlng lS not only a maJ or source of nat10nal export
1ncome, but 1t lS a maJor component of the cash economy
1n the Andes and 1tS needs dr1ve educatlonal, health and
1nfrastructure development In remote areas

Many workers and thelr fam1l1es rotate llv1ng between the
m1n1ng camps and the1r home towns, v1llages and farms
These are generally downstream of the m1nes
Env1ronmental 1mpacts are real to the workers

The result lS very refresh1ng, everybody wants m1n1ng to
prosper, and to do so In a manner that does not damage other
nat10nal 1nterests The m1n1ng compan1es, mostly PerUV1an owned and
operated, want to do the r1ght th1ng It not II Just bus1ness II

However, the concept of lndustr1al fund1ng of env1ronmental
protect1on lS not well establ1shed 1n the m1n1ng culture,
espec1ally 1n Peru Th1S const1tutes a hurdle to cont1nued
collaborat1ve env1ronmental work of all k1nds

Physlcal Condltlons

Th1S lS a summary der1ved from conversat1ons, research, and
the m1ne tour At some ffi1nes, the cyan1de used In the concentratlon
process lS of concern However, the negatlve envlronmental 1mpacts
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at both of the sltes that were vlslted generally arlse from the
nature of the ore body, rather than from the mlillng process
Julcanl has aCld mlne dralnage and aCld talilngs and waste rock
dralnage problems due to a hlgh pyrlte content, In the ore and the
bedrock The Uchucchacua ore has a hlgh manganese content Wlth the
negatlve envlronmental lmpacts at the sltes vlslted belng generated
downstream of the mlll, Solutlons must also be executed between
the mlll and the lmpacted water resources Consequently, the mlne
tour report (Appendlx B) does not lnclude a reVlew of the mlnlng
and mlillng processes

Three sources of lmpacts on water supplles and aquatlc Ilfe were
ldentlfled

1 Generlc mlne and talilngs dralnage, wlth both the
aCldlty and the heavy metal solutes belng problems

2 Dlscharge of solutes that are speclflc to a Slte due to
the mlillng process or the unlque ore body mlneralogy

3 Untreated sanltary wastewater effluent

The fleld trlp lilustrated three features of Andean mlnlng that
domlnate the feaslblilty of solvlng envlronmental problems

1 Dlfflculty In dlsposal of mlnlng wastes In terms of
both stable sltes of requlred volumetrlc capaclty and
sltes that mlnlmlze the potentlal for offslte lmpact,
1 e , are on natural dralnage routes

2 Scarclty of water at upper elevatlons, such that water
dlverted for ore processlng must be returned to streams
to malntaln downstream potable, lrrlgatlon and aquatlc
11fe sustenance supplles

3 The lmpermanence and cost of conventlonal treatments

The rugged terraln and remote locatlons of mlnlng sltes,
severely restrlcts large-volume materlals movement Solutlons must
be "approprlate", 1 e employ the resources lrrunedlately at hand
Slnce much of the water avallable In the watershed In WhlCh a mlne
lS located must often be dlverted to process and sanltary uses,
Solutlons must focus on removal of pollutants and contamlnants
followed by release of the cleansed water Evaporatlve consumptlon
of water lS generally not favored The lack of sUltable sltes for
dlsposal of wastes of all klnds means that lt lS deslrable that
sludges not be generated dur1ng treatment

The sltes vlslted are typlcal In that effluent streams emerge
at many locatlons over a wlde area and range of elevatlons ThlS
greatly compl1cates conventlonal 1ntercept1on, collectlon,
treatment and dlscharge Solutlons ACld mlne dra1nage 1S a
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challenge at most mlnes In Peru The prlmary manlfestatlons are

1 ACld mlne dralnage emanatlng dlrectly from mlne adlts
or ground water seepage faces

2 ACld leachate from talilngs and waste rock due to
oXldatlon and aCldlflcatlon of the lron pyrlte content
ln the ore and matrlx

Desplte the dlfferent orlglns, these two problems lntersect ln the
dralnage paths from the mlne area, and may also overlap sanltary
sewage dlsposal concerns, and can have a common Solutlon at the
pOlnt of Juncture, 1 e the proposed porous geochemlcal barr1er
technology

Conclus~on

The Phase I lnvestlgatlon showed that the passlve PGB
technology as lnltlally concelved lS feaslble, but w1th
modlf~catlons Posltlve features lnclude passlve operatlon and
long-term Solutlon that can be readlly expanded, lf needed From
a deploYment standpolnt, PGB can satlsfy the need for dlspersed
dlscharge slte treatment, compared to the bulk treatment wlth Ilme
that lS the current practlce, PGB offers both cost and operator
tlme advantages To remove heavy metals from aC1d dralnage, PGB lS
based upon a less dramatlc pH adJustment than would be necessary
wlth pH adJustment alone, provldlng reduclng condltlons are
generated as well

San1tary wastewater dlsposal at mlnlng camps lS a serlOUS
problem that has not rece1ved much attent10n Controlled co
dlsposal of domestlc wastewater and mlnlng effluents wlll both
enhance the metals removal process, and mlt1gate the wastewater
d1sposal problem as well Another operatlonal advantage 1S "sludge
productl0n" 1n an entrapment mode The lntent lS to force solute
preclpltatlon or other removal mechan1sms to occur w1thln, or prl0r
to reachlng, the PGB medlum

Iron-rlch and slllca-rlch materlals that lmprove both
efflclency and permanency of the solute removal are aval1able The
lnltlal focus on the use of laterltlc SOlIs as the "sorblng" SOlI
mater1al does appear to be practlcal except for mlnes In the
Eastern Cordlllera, due to the dlstrlbutlon of laterltlc Salls
Instead, a varlety of locally obtalned sOlls and lndustrlal
byproducts are avallable

The status of the proJect at thlS t1me lS
negotlatlon w1th mlnlng compan1es to partlclpate
demonstratlon/research proJects of Phase II
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AppendlX A

Meetlng Log for May-June 1996 V1Slt

USAID/Peru Porous Geochemlcal Barrlers ProJect

Drexel Unlverslty - Georgla Instltute of Technology



Fr~day, 5/24/96

Dr DennlS Grubb, Georgla Tech, Co-PI, PGB team, arrlval In Llma

Meetlng @ USAID ORD
Alan Davls, USAID/Peru ORD
Gllbert Jackson & Frederlck W Freeman, USAID/LAC
Robert Armstrong, J Mlguel Angel Yepez, US Embassy
Jan Mueller-Volmer, EnVlro Pollutlon Preventlon ProJ (Ep3

)

Kenneth FUClk, Seacrest/EnvlroLab Peru

Descrlbed ongolng and completed USAID envlronmental proJects
Dlscussed PGB proJect background and scope
Dlscussed safety & securlty procedures In Llma and on mlne VlSlt
Dlscussed contacts to be vlslted

Actlon agreed that Dr Freeman would accompany PGB team untll
5/31/96

Sunday, 5/26/96

Joseph Martln, Drexel Unlverslty, Co-PI, PGB team, arrlval In Llma

Meetlng @ Seacrest/Envlrolab Peru Laboratory
Kenneth FUClk, Seacrest
LUlS A Bueno CarbaJal, Envlrolab Peru
Carmen Catter de Bueno, Int'l Analyt Svcs S A

Toured laboratory facllltles, dlscussed EPA protocols
Dlscussed parameters for water sample analysls, prOVlSlon of
sampllng equlpment, and shlpment of sOlI samples from Envlrolab to
USA
Dlscussed Mr FUClk's sOlI sampllng actlvltles at the Occldental
Oll facllltles In the Amazon lowlands

Actlon selected Envlrolab Peru as technlcal partner

Monday, 5/27/96

Meetlngs @ Pontlflcla Unlversldad Catollca del Peru (PUCP)
LUlS Jalme Castlllo Butters (Research Dlrector)
Rlchard Korswagen Edery (Chemlstry)
Oscar Enrlque Frlas Martlnelll (Mlnlng Engrg)
AntonlO Samanaga (Vlsltlng Dr Frlas from SVS Ingenleros)
Manuel Olcese Franzero (Engrg Dean)
Jorge V Zegarra Pellane (ClvlI Englneerlng)

Toured Unlverslty facllltles
Dlscussed co-operatlve research
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Dlscussed faculty development at USA graduate schools
Dlscussed mlnlng and envlromental lssues

Concluslon antlclpate Dr Frlas JOlnlng PGB team

Meetlng @ CEPIS (PanAmerlcan Center for Sanltary Engrg & SClence)
Serglo Caporall (General Dlrector)
Alvaro LU1S Cantanhode (Dlrector of SOlld Waste)

Dlscussed rural and urban envlromental problems, especlally
sanltary
Dlscussed access to llbrarles and laboratorles

Tuesday, 5/28/96

Meetlng ~2 @ USAID/Peru
Alan Davls, USAID/Peru

D1Scusslon on goals and procedures, reVlew of contacts

Concluslon agreed to base at USAID/ORD, meet wlth Mr DaV1S every
two days Such meetlngs not logged hereafter

Meetlnq #1 @ Mlnas Buenaventura Ingenleros, S A
Eduardo RublO Davlla
Jamle Sanchez Saavedra

Descrlbed Julcanl & Uchucchacua mlnes
Descrlbed aCld dralnage and other dlscharges, local envlronmental
lmpacts
Descrlbed llmlted volume avallablllty for talllngs dlsposal

Concluslon Expanded knowledge about Peruvlanmlnlng, lndustry very
concerned about envlronmental lmpact, publlC relatlons, Sr RublO
& Sr Sanchez enthuslastlc about PGB, lnvlted to further
dlScusslon of a fleld V1Slt

Meetlng wlth Colleglo Inglneros Metalurglcal D1V1Slon (lunch

Carlos Vlllachlca Leon (Prlnclpal In Consulcont SA)

Planned Thursday and Frlday presentatlons at Colleglo
Dlscussed Andean and Amazon mlnlng and envlromental problems

Meetlng @ resldence/offlce
Marla Chapuls, Consultant

Research on types and area dlstrlbutlon of mlnes
Dlscussed further contacts
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Wednesday, 5/29/96

Meetlng @ Mlnlstry of Energy Mlnes, Envlronmental Sectlon
Jose MogroveJo Castlllo, Envlronmental Dlrector

Descrlbe role of Mlnl$try
Dlscussed PAMA's (envlronmental reports to be submltted by each
mlne)

Concluslon Mlnlstry lS wllllng to share lnformatlon and make
lntroductlons, supports co-operatlve envlronmental protectlon

Meetlng @ SPDA (Prlvate envlronmental assoclatlon)
Manuel Pulgar Vldal, SPDA Dlrector
Antonlo Bernales (Consorclo)\

Descrlbed role of envlronmental groups In the mlnlng sector
Dlscussed a wlde range of urban and natural resource envlronmental
lssues

Meetlna #2 wlth Mlnas Buenaventura
Raul Benavldes Ganoza, CEO
Carlos Rodrlgues VlgO, EnVlr Audltor
Eduardo Rublo Davlla
Jamle Sanchez Saavedra

Descrlbed PGB use @ Julcanl and Uchucchacua In more detall
Actlon Buenaventura commltted to Julcanl & Uchucchacua mlne tour

Meetlna # 2 wlth Colleglo Inlglneros @ USAID
Carlos Vlllachlca Leon

Further preparatlon for presentatlons

Thursday, 5/30/96

Meetlng wlth Carlos Arranda, Southern Peru Copper
Canceled @ SPC offlce slte due to emergency

Meetlng #1 CorooraClon Mlnera Nor Peru , @ Llma Offlce
Marlo del RlO, Corporaclon Mlnera Nor Peru
Andres Dasso, Pan Amerlcan SlIver Peru

(near TruJlllo), recently

and aCld mlne dralnage to

Descrlbed gold mlne @ QUlruvllca
purchased from PanAmerlcan (ASARCO)
Descrlbed talllngs stablllty problem
coastal rlver
Dlscussed local materlal avallablllty
cement klln dust
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Concluslon lnvlted PGB team to a slte VlSlt

Meetlng wlth Horlzonte Mlne, S A @ Llma offlce
Jalme Uranga (Horlzonte)
Oscar Frlas (PUCP), consultant

Descrlbed gold mlne In Eastern range wlth aCld dralnage problems
Dlscussed potentlal for laterltlc sOlIs 10cally near the IDlne In
Eastern Andes
Dlscussed a transect of sOlI sampllng from mlne to Amazon Valley

Concluslon lnvlted PGB team to a slte VlSlt

Juevas Mlneras (weekly program) @ Instltute de Ingenleros de Mlnas
(11M) Co-ordlnate 6/14 PGB presentatlon wlth LUlS Bazo (11M
dlrector)

Mlne tour conflrmatlon wlth Raul Benavldes
Invlted to Cerro de Pasco by Jorge Merlno, CEO CentroIDln
Invlted to EI Brocal VlSlt by Juan Proano, CEO EI Brocal
Invlted to Unlverslty of Llma VlSlt by VenanClO Astucurl, Dean
Invlted to August 26 Mlnlng Congress, MaxlIDo Romero, 11M
DlScusslon, talllng dlsposal, James Shepherd, Consultant
DlScusslon, Oroya smelter, AntonlO CarneJo, Centromln
Many casual dlScusslons

Frlday. 5/31/96

Meetlng #2 @ PUCP
Nlcole Bernex
Amblentales

de Falen,
(IDEA)

Dlrector Instltuto de EstudlOS

Dlscussed envlronmental lssues In Amazon Valley
Dlscussed oll spllls, lmpacts of flber extractlon
Dlscussed use of sOlI as water fllter
Dlscussed ongolng sOlIs mapplng

Concluslon antlclpate Dr Bernex on PGB team, excellent source of
data

Meetlng wlth Socledad Naclonal de Mlnera y Petroleo
Walter Sologuren (Presldent)
Marla Arlas (Envlronmental manager)

Dlscussed background on PerUVlan mlnlng boom

Meetlng @ EI Doral Hotel Wl( Rlcardo Glesecke, Clty Councll
(Sanltary)

Dlscussed approprlate urban solld waste solutlons
Dlscussed approprlate landflll conflguratlon In a coastal desert
settlng
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Dlscussed eCOnOmlC lncentlveS to collect & recycle SOlld waste
Dlscussed wastewater and alr pollutlon lssues

Saturday, 6/1/96 to Tuesday, 6/4/96

Mlne tour of Julcanl (Huancavellca Department) and Uchucchacua
(Llma Department) under Buenaventura sponsorshlp Refer to mlne
tour report (Appendlx B) for personnel, ltlnerary, observatlons

Wednesday, 6/5/96

Meetlng #3 @ Mlnas Buenaventura
Carlos Rodrlguez
LU1S de la Cruz Renglfo (Chlef metals prospector)

Obtalned Julcanl and Uchucchacua envlronmental reports

Thursday, b/6/96 & Frlday, 6/7/96

Presentatlon #1 Short Course @ Instltuto de Ingenerlos de Mlnas
del Peru
Presentatlons by Dr
Lecture tOplCS shown

Grubb and Dr Martln
on attached announcement

Dr Martln departs for USA

Monday, 6/11/96
Meetlng #4 @ Mlnas Buenaventura

Alan Davls, USAID/ORD
Raul Buenavldes, Buenaventura
Walter F SlIva, Buenaventura
Carlos Rodrlguez, Buenaventura

Detalled dlSCUSSlon of Phase II study, lncludlng demonstratlon at
the Julcanl and Ucchuchacua Mlnes mlnes and research In the USA

Buenaventura eager to get the pro] ect movlng, lnterested In
slgnlng a letter of lntent to conduct the research to expedlte
and provlde matchlng collateral to USAID/ORD to support lts
lnternal fundlng requests

Dr Grubb suggested an Aug 15, 1996 start , agreed to provlde a
draft of the proposal on Thursday mornlng (6/13), offlclal
proposal from the respectlve unlversltles could be furnlshed wlthln
ten days to two weeks

Meetlng #2 Corporaclon Mlnera Nor Peru @ Llma Offlce
MarlO del R10, Corporaclon Mlnera Nor Peru
Andres Dasso, Pan Amerlcan SlIver Peru

Dlscussed V1Slt to QUlruvllca mlne, coordlnated wlth Jose Pacora,
Supt
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Dlscussed metals (gold, slIver, antlmony, lead and lron) and aCld
mlne dralnage
Dlscussed avalablllty of klln dust from Pascomayo cement factorles,
materlal from onslte anthraclte-flred copper cement/sulflde plant
Durlng meetlng, lt was learned that the US Embassy would not
grant clearance to PGB to V1Slt TruJlllo and QUlruvllca areas

Meetlng @ Occldental Peruana
Arturo EleJalde, Occldental Peruana (referral by

Vlllachlca)
Carlos

Dlscussed 011 exploratlon In Northern Peru, slte of Ken FUClk's
sOlI sample Dlscussed 011 splll treatments, geotechnlcal problems
wlth wet laterltlc sOlIs

Meetlng @ SVS Ingenleros Offlces
Dr Oscar Frlas, PUCP
Carlos Soldl, CONAM I SVS Ingenleros, S A

Dlscussed CONAM phllosophy and operatlon, lt lS not an enforcement
agency but an arblter, advocate and facllltator to ass1st w1th
technlcal expert1se any other governmental agency that already has
author1tatlve Jurlsdlctlon

Dlscussed the Lake Junln proJect
El Brocal lnherlted a smelter operated 1906-1982

It used hlgh sulfur (6%) and hlgh ash (35-40%) Pennsylvanla coal
Coal ash/slag plle runoff lS pH 3 to 3 5, m1ne dralnage lS PH =5
Runoff affects surface water at El Brocal and Lake Junln
Ash/klln dust from cement plant may be used to attuenate the aC1dlc
pH

Tuesday, 6/11/96

Meetlng #3 @ PUCP
Dr Nlcole Bernex, IDEAl PUCP
Dr Guzman Barron, Chancellor, PUCP

Dlscussed lnter-unlverslty cooperat10n and exchange
Interest 1n faculty for the Instltuto de EstudlOS Amblentales
(IDEA)
Research lncludes assessment, quantlfYlng ecologlcal damage by GIS
Remedlatlon of 011 contamlnatlon 1n the Amazon and mlne leachate
ffiltlgatlon

Meetlng #4 @ PUCP
Dr Oscar Frlas, PUCP

D1Scusslon of sampllng protocol for laterltlc sOlIs for ConsorClO
Horlzonte
D1SCUSSlon of prospectlve students, potentlal appllcatlon of Dr
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Grubb for a Fullbrlght scholarshlp to do research @ PUCP

Meetlng #5 wlth PUCP @ El Doral Hotel
Ms Katla Guanlra, PUCP student of Dr Frlas, employee of SVS
Dlscussed potentlal for study at Georgla Tech

Thursday, 6/13/96

Meetlng #5 @ Mlnas Buenaventura
Alan Davls, USAID/Peru
Raul Buenavldes, Buenaventura
Walter F Sllva, Buenaventura
MarlO Santlllan, Buenaventura
Carlos Rodrlguez, Buenaventura

D1Scusslon of PGB proposal for pllot-scale proJects at Julcanl and
Uchucchacua Presented budget shared by USAID and Buenaventura
Latter's dlrect cost about $200,OOO/yr for three years
Mr Benavldes thought budget too hlgh, suggested ellmlnaton of
Julcanl mlne

Later meetlng wlth Mr Rodrlguez, budget trlmmed to approxlmately
$80,000 for Uchucchacua slte only, re-submltted to Buenaventura

Meetlng #2. @ Southern Peru Copper
Mr Carlos Aranda, Southern Peru

Dlscussed PGB May be useful to SP In conflguratlon as an
lnflltratlon gallery SP generates 100,000 tpd of copper &
molybdenum talllngs @ 55% SOllds Dlscussed Southern Peru 's
current use of wetlands for aCld mlne dralnage

Presentatlon # 2 Jueves Mlneras @ Instltute de Ingenleros de Mlnas

Met wlth several consultlng englneers and mlnlng operators
Treatment of cyanldes lS the maJor lssue after aCld mlne dralnage
Jlm Shepard of Shepard Mlnlng SerVlces lndlcated that Knlght
Pelsold may be lnterested In lncorporatlng PGB In upcomlng pro] ects

Raul Benavldes stlll thought the PGB
acceptable

proposal too hlgh, not

Met wlth Jose Pacora, Northern Peru QUlruvllca, Superlntendent

Fr1.day, 6/14/96
Dr Grubb returns to USA
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AppendlX B

Mlne Tour Report for May-June 1996 V1Slt

USAID/Peru Porous Geochemlcal Barrlers ProJect

Drexel Unlverslty - Georgla Instltute of Technology

OUTLINE

Purpose of Mlne Tour
Mlnes Vlslted
Personnel
Itlnerary
Productlon and Settlngs of the Mlnes
Julcanl Mlne

OverVlew
ACld Dralnage
Talllngs ACldlflcatlon
Future Plans and Mltlgatlng Measures Underway

Uchucchacua Mlne
Overvlew
Water Sampllng
Future plans
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Purpose of M~ne Tour

The purpose of the m1ne and m1n1ng d1str1ct tour was to
acqua1nt the Porous Geochem1cal Barr1er (PGB) team w1th PerUV1an
ore mln1ng and mlll1ng pract1ce, Andean terra1n and hydrolog1c
settlng, and envlronmental lmpacts from m1n1ng Thls lnformatlon
and understandlng would then be used to assess the feaslb1llty of
uS1ng the PGB technology to attenuate envlronmental contamlnatlon
resultlng from mlnlng actlv1tles

MJ.nes VJ.sJ.ted

Julcan1 M1ne, Huancavellca Department, LU1S Jelasco, Supt
Uchucchacua M1ne, L1ma Department, Segundo BeJarano, Supt

Both are owned by Compan1a de M1nas Buenaventura SA, WhlCh
provlded all a1r/ground transportatlon, meals and accommodatlons

Personnel

The tour was led by Carlos Rodrlguez, Audltor Amblental for
Buenaventura, and two colleagues LU1S del Carplo (Englneer1ng
Super1ntendent) and Trod1mlro Salvat1essa, (Metallurglst) Dr
Dennls G Grubb (Georgla Instltute of Technology) and Dr Joseph P
Martln (Drexel Unlverslty) were the PGB team Also travellng wlth
the group was Alberto Lobo-Guerrero of Lobo-Guerrero Geologla LTDA
He was also a guest of Buenaventura who was survey1ng PerUV1an
m1nlng technlques to lmprove preClOUS metal mln1ng 1n ColombJ.a

ItJ.nerarv

Please refer to attached Flgure 1

Saturday, June 1
- Depart L1ma for Julcanl, chartered ATSA fllght, 10 30 AM
- Arrlve Julcanl, tour fac1ll ty and conduct water & sOll

sampllng, Noon-6 30 PM
- Overn1ght L1rcay, Buenaventura guest house

Sunday, June 2
- Depart Llrcay for Julcanl, 7 30 AM

Arrlve Julcanl, complete tour and sampllng actlvltles
Depart Julcanl for Acchllla, Noon
Arr1ve Acch1lla, new tall1ngs slte for Julcanl,10PM
Depart Acch1lla for Huancayo Vla Huancavellca, 10 30 PM
Arr1ve Huancayo, take lunch, V1Slt town, 12 30-3 00 PM
Depart Huancavel1ca for Huancayo, 3 00 PM
Arrlve Huancayo, 7 00 PM
Overnlght Huancayo, El Presldente Hotel

B-2



Monday/ June 3
- Depart Huancayo for Uchucchacua Vla La Oroya and Cerro de

Pasco, 6 30 AM
Arrlve La araya, observe smelter, take breakfast/ 9AM
Observe Lake Junln & Mantaro Rlver headwaters en route
Arrlve Uchuccchacua, tour mlll and conduct water sampllng,

2 30-6 00 PM
Leave Uchucchacua @ 6 00 PM
Overnlght @ Santa Rosa Hotel, Churln

Tuesday June 4
- Return to Llma Vla Sayan and Andahuasl, arrlve @ noon

Productl0n and Settlngs of the Mlnes

Both Julcanl and Uchucchacua are sllver mlnes wlth
underground worklngs and onslte mlils that produce concentrates for
smeltlng and reflnlng elsewhere Julcanl has been mlned to some
extent for decades It processes about 650 metrlc tons of ore per
day, produclng about 26,000 kg of sliver annually It also produces
about 500 metrlC tons each of copper and lead Uchucchacua lS a
newer mlne, opened ln 1975 and processes about 200 tons per day/
but lncreased productlon lS planned The mlne produces about
106/000 kg of sliver, 3800 metrlc tons of Zlnc, and 2400 metrlc
tons of lead annually

Julcanl lS about 500 kM Southeast of Llma, and about 45 kM
Southeast of Huancavellca In the Dlstrlct of Cochaccassa, PrOVlnce
of Angaraes, Department of Huancavellca The mlll and other surface
facliltles are at 4200 meters elevatlon, near the head of a valley
(Quebrada Palcas) that dralns to the R10 Opamayo, 600 meters lower
and about 2 kM dlstant The Opamayo flows past the town of Llrcay,
and ultlmately to the Mantaro and the Amazon Underground worklngs
extend under several converglng rldges such that there are surface
access and dralnage drlfts ln other watersheds, lncludlng the R10
Acchllla, WhlCh flows lnto the Opamayo below Llrcay

The area lS llghtly populated and agrlcultural/ wlth
Subslstence crops and stock grazlng The cllmate lS typlcal of the
hlgh grassland (Puna) wlth an annual ralnfall of about 700mm (306)
ThlS lS concentrated ln a wet season that tends to occur between
October and Aprll The annual maxlmum temperature lS about 13° C,
and the mlnlmum lS -2°C The local geology lS domlnated by
metamorphlc and sedlmentary rock, but there lS eVldence of volcanlc
actlvlty The mlnerallzed zone lS about 5kM long by 3kM wlde, wlth
several actlve and lnactlve mlnes The portlon of the Julcanl
complex to the Northwest lS called the Mlmosa mlne, whlle the

B-3
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MONITOREO DE LA CALIDAD DE AGUA

HOMBRE DE LA COMPANIA
UNlOAD MINEllA
ESTAClON
UBlCAClON

CIA. DE MINAS IIlI:NAVEN1\JRA S A.
JULCANl
EJ3
N.... 1000 lIoca .... luntI GIIldoIInl

ANALISIS QUIMICO

2;
("J Anollol. d. conltolln _ltorIoa_

LAS FECHA CAUDAL TEMP pM CONDUCT OXIGDIS ms TSS SUlFATOS N03 Pb In F. loin Cu Cd As Or Sb OUreza Acfd.Z
fill.eal let /umh./cml /maill /mantl /mantl /mantl /mllnll Imllntl Imlllltl ImoJlll /mann 'mann ,..- Imll/lll Imlllltl ,mlllltl ,mllntl Imlllln,

111'1'107-<12114 2500 2.. 0 4< 000 3300 IUD 1000
liN.' 215-04 114 2500 U 100 7450 1014 so 32000 5340 lIAO 1400

I S 21l-04 114 '21100 100 '53 '11754 5554 00 135 SO ,. 014 Il!!SO "22400 211470 ....55 SO ll.4II 1'1137 41104 00
IN 13-05 114 2500 170 U 000 at 50 mso 31500 ea70 tGO 11.23 2000

I OS 3Q.05.1I4 ..-2100 110 ......~1 " 10535 /147 505500 052 7720 112000 25500 SO 40 "'575 .-1107 4411500
IN QV.OtI.1I4 1500 130 • .0 000 51! 00 1102 50 31300 5330 SZT
IN 07.07114 1200 150 2.5 035 57 so 1007 so 32500 5540 1.1111 700
IN 15-07114 1200 140 2.lI 020 7000 855 so 30500 51 SO 1.1111 1700
IN 13-05-114 1200 130 2.a 010 73 so 54750 31500 4540 7.00 2.00
IN 2O.Q5.1I4 1000 150 3.0 5.11 8205 510500 015 ea50 57200 32000 4540 e.oo 1100
IN _114 1000 151 24 >2000 511 8218 57 520500 055 052 7550 75250 34830 4975 CI.5Z 359300
IN 24-011-114 1000 150 2.7 010 7150 87500 35250 48 SO
IN 011Q.1I4 1100 180 1I5 000 easo 81400 3S050 44110
IN 1!5-1Q.1I4 1000 150 24 050 5450 7eaoo 400 so 5000
IN 1ll-1Q.1I4 800 158 U >2000 5.5 7D43 3111 478700 154 7140 74800 37020 45114
IN 3Q.1Q.1I4 1200 150 2.4 051 7200 85300 341100 45 SO
IN 1411 114 1200 150 24 100 5150 754 00 393 so 41100
IN 23-11114 800 178 2.:J >2000 30 7575 333 452700 000 040 7550 50000 3(1500 5050 ll.53 lcalloo 31144 00
IN 1212114 1100 U - 031 7550 75200 415 so 411110 2.!15
IN 07.01115 1150 170 23 025 51150 511450 31500 35200 t.
IN 13·ot 115 1000 155 2.5 >2000 7037 412 451500 055 7500 7SOOO 41700 55110 0.5lI
IN 00-02115 1000 180 2.e 044 7500 100900 40500 7500 2:lII

IN lQ.D2115 1200 175 24 >2000 13453 54 l1S0700 045 93 SO 154400 47100 lea 00 II.n
IN 25-02 95 1300 170 2.5 053 SO 00 205500 49500 13500 CUI4

IN 04-0395 2000 150 24 000 5200 2505 00 411000 17000 11.75
,-

I"

BALANCE MASICO
-A-I< -U-E- -A -8-

FElH\ CAUDAL TDS TSS SULFATO N03 Pb Zn F. loin Cu Cd As Or Sb
fill.eal lKafdlal 1K0/d181 ,Kaldlal ,Koldlal ,Koldlal 'Koldlal IKo1d1l1 lKoldlal IIKaldl11 lKoldlal lKaldlat . IKafdlsl 'Ko/dlsl

7-02..- 2500 000 11504 U04 ('0 000 7125 000 21 SO
11-04-.- 2500 225 15738 2278117 71885 15735 0110- 21100 211525l1li 14742115 33U5 035 21448 3oeall5 73840 1(1557 120 2&.411

13-0!5-1I4 2800 000 lSOea 2401 ('e 75205 1(1520 242 22.33 4838
Q.05.1I4 2100 1112117. 28872 1117179 0114 14007 2002 3 515112 109511 15l1li 013

tJ!I.OII.lM 1500 000 10109 1714 (I 45578 9844 50D
7.07114 1200 035 5982 1044 8 34007 SO 55 157 728

15-07114 1200 021 7255 555P5 31522 5371 104 1753
13-05-114 1200 010 7520 578fll 325511 4a 11 725 207
0.Q5.D4 1000 70511. 4411 55 013 5748 753" 2754a 31123 2511 778

19oIIIIo1l4 1000 7_82 41125 4411711a 075 045 85 23 8501a 2l1li20 4298 045
4.(Jll-D4 1000 009 8178 758 II 3045a 4215
l1Q.1I4 1100 000 5327 532~7 2958a 34111

1!5-1Q.1I4 1000 043 7301 853_5 34aa2 4320
1ll-1Q.1I4 aoo 54110.20 2702a 32114115 113 41135 51702 255 aa 3244

Q.1Q.1I4 1200 053 7485 705 13 3al54 472a
1411114 1200 104 54 50 75175 40798 DaD
311 114 aoo 530585 23017 31l1a la 000 02a 52 aa 55295 25435 34111 037

1212114 1100 024 8104 S08t18 32300 3aaO 195
7.01115 II SO 023 4a 54 4a7P7 251137 29713 1311

13.01115 1000 S079117 355117 398735 04a 5555 873 P2 3S0211 a all 043
00-02115 1000 03a 54 SO a1l7-0 3411112 57311 1117
lQ.D2115 1200 04a 11704 1911 f5 45533 1741a 074
5-02115 1300 OSO all 55 23111 '1 55711 151 53 072

04-03115 2000 000 14170 4333 f2 55709 29375 130

FIGURE 4a
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NOMBRE DE LA COMPANIA
UNlOAD MINERA
ESTACION
UBICACION

MONITOREO DE LA CAUDAD DE AGUA

CIA DE MINAS BUENAVENTURA S A
JULCANI

• EJ -14
Quebrada Palcas

- - --. - - --.-

PARAMETROS
J'.8 FECHA CAUDAL TEMP pH CONOUCT TOS TSS SULFATOS N03 Pb Zn Fe Mn Cu Cd AlcalJn(It/seg) to) tumhs/cm) tmallt) (ma/lt) (ma/lt) (mg/lt) (mallt) (mg/lt) (mgllt) (mg/lt) (mg/lt) (mg/lt) (mg/lt)GS 160594 __10000 ' 96 ~ 11 00 .- 371 .. 006 019 ~ 167 / 025 008 ,1<0 005 19JUC 19 1294 15000 3412 192000 093 3000 40000 12000 1400 017lINAl07 01 95 20000 120 96 015 006 077 022 002 000liNN 13 01 95 200 00 125 62 34 19 3 3000 013 009 032 088 <002 001liN 030295 20000 12.0 28 086 829 27700 9400 2018 100liN 100295 100,00 107 28 1802 2725 71 208900 028 3630 48000 12100 2880 026liN 2S 02 95 30000 120 29 048 1300 19500 6190 1083 013!INA 0403-95 30000 90 28 000 2200 28000 2040 2050 021

(.) Anahsls de control en laboratono extemo

BALANCE MASrCO
PARAMETROS

FECHA CAUDAL TDS TSS SULFATOS N03 Pb Zn Fe Mn Cu Cd(It/seg) (Kg/dla) (Kg/dla) (Kg/dla) (Kg/dla) (Kg/dla) (Kg/dla) (Kg/dla) (Kg/dla) (Kg/dla) (Kg/dla)16 05 94 100 00 82944 9504 3205 052 164 1443 216 069 <00419 1294 150 00 4421952 2488320 12 as 38880 5184 00 155520 181 44 2220701-95 20000 259 104 1331 380 035 00013 01 95 20000 32832 5184 51840 225 156 553 1175 <035 017030295 20000 968 10869 478656 162432 34871 17 28100295 10000 2354400 61344 1804896 242 31363 414720 104544 24883 225250295 30000 1244 33696 505440 160445 28071 337040395 30000 000 57024 725760 52877 53136 544

FIGURE 4b
~



MONITOREO DE LA CAUDAD DE AGUA

HOMBRE DE LA COUPAN/A
UNlOAD MINEllA

ESTAClON
UBlCAClON

CIA. DE MINAS BUENAVEN1\JIIA SA
JUl.CANl

lID>
Agua_ladade cancha de .........

ANALISIS QUIMICO

• . . PARAMETROS

lA8 FECHA CAUDAl TEMP pH CONDUCT OXIODIS lOS TSS SUl.J'ATOS N03 Pb 41 Fe Mn Cu Cd As Cr Sb A1caJln OurBm Acldez
nl/seal (C\ I(umhs/cm (mo/lll (mg/ltl (mq/lll (mo/lll (mo/lll Im"/Itl (mo/ltl (mg/lll (mgllll (mg/ll) (mollt) (mo/lll (mollll lmaJIll (m"llll (mo/ltl Im"/I11

MINA ON1284 2.70 47 100 350 3800 0110 000 2.00

MINA 2().4.184 eoo 5e 200 040 300 720 040 010 1100

I SGS 2Q.Ool84 ~ 700 50 '57 ""428 '" tesoo -000 022 I' 2511 ..... 2,. " 017 1"<0005 /003e ~3O

INA a..05-84 400 55 000 020 500 1100 000 0.00 8235

MIN'" 13005 84 270 120 34 000 050 800 400 020 100 73GO 1000

1 SGS 30005 84 '-700 50 50 Fl_ Y 32 ,11a.eoo .. 004 582 171150 , 51.a ;" 021 00113 ......<005 I'll5000

MIN'" 08-0lI-84 500 50 44 000 000 300 240 015 010

MIN'" 15.05-84 700 50 52 ¥ 000 020 238 11110 070 003

MIN'" 27.ol1-84 700 150 72 010 040 1110 810 0110 003

MINA 07-0784 700 30 III 000 030 2110 15110 120 320 800

MIN'" 10-0784 500 SO 55 000 0110 200 leoo 110 100 2100

MIN'" 15-0784 lIOO 40 III 000 0110 280 eoo 010 000 1100

MINA 13_84 500 SO lI5 000 030 2110 1000 050 500 0.00

MlNA 20-0l1-84 lIOO 70 lI.3 000 100 2110 1000 0110 100 &00

MIN'" 2U-Ol1-84 500 80 n 52 2lI03 170S 00 000 030 140 500 020 100 200

MlNA 01l-0i-84 000 105 71 17411 52 - 14 1711100 Ollll 007 008 010 203 033 002 1500 11l12.00

MINA 10-0l1-84 1000 100 114 000 010 045 040 005

MINA 17.ou-84 000 00 lie 000 015 050 035 010

MIN'" 24.ou-84 700 100 SO 000 040 270 420 010

MIN'" 01 '0-84 eoo SO eo 000 0110 270 1150 040

MIN'" 0710-84 500 80 n 000 010 045 040 005

MIN'" 1510-84 000 00 lI5 013 007 001 113 013

INA 180'0-84 aoo "4 4a ~2OOO 45 5371 1I5 3311400 1100 012 000 022 2117 040 012 134000 1821100

MIN'" 22.0-84 500 ao lIS 024 002 000 ese 025

MIN'" 30010-84 700 eo 40 040 )40 010 850 033

MIN'" 071184 1000 100 lIS 013 005 000 105 011

MINA 1411 84 1200 110 lIS o III 005 000 101 010

MIN'" 18011 84 aoo "4 4a 2000 45 5371 1I5 3311400 025 040 270 200 040

MINA 2. 11 84 1200 110 lI4 r 007 007 018 200 002

MIN'" 2311 84 1500 213 71 15711 30 17411 2lI 112500 300 015 005 034 270 04e 002 2100 ll1aoo

MIN'" 121284 1500 120 58 all 034 018 427 000 001

MIN'" 07-0. as 1000 140 3.3 070 1400 43550 17240 037 000

IN'" 13-01 as 1500 130 411 8M 731 sa 4"00 023 1M 4140 2350 <002 001

MlNA 0S-02 as 1100 lIO 48 009 550 23925 aaoo 009 010

MIN'" '0-02 as 1000 .22 38 1445 2398 102 1471100 12a 11110 34500 13100 047 005

MINA 25-02 as 1000 100 31 030 1050 35750 1370 Oll7 o.a.

MIN'" a.-03 as 1000 100 32 000 850 40050 14200 058 004

(")

(")

( I An.lll1a d. _Itol." 1abOt'lorios .ld.......

FIGURE 4c
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MONITOREO DE LA CALIDAD DE AGUA

NOMllAE DE LA CCMPANlA
UNlOAD MlNERA
ESTAClDN
UBICAClDN

CIA. DE MINAS BUENAIIENTlJAA SA.

::{tj
RIo OplllNlfO, .gun 0Irib0 ..... "---"'"

ANALISIS QUIMICO
PARAMETROS

LAB FECHA CAUDAl. TEMP pH CONDUCT OXlGDlS 108 TBS SUlFATOS NDa Pb zn Fe Mn Cu Cd As Q' Sb Alcalln Oureza
(ltfSSQ) (C) (umhs/cm (ma/lll (ma/ll' (mg/lt) (mg/lt) (mg/ltl (mg/lt) (mo/ll\ (molltl (ma/ltl (mQ{It) (ma/ll\ (mo{lt, (ITIIIII) (mo{lt) (ma/ltl (mQIll\

MINA 14002114 41lOO 0 70 2CO 120 510 100 030 000 000
MINA 28-04-114 41000 s.s OCO 0110 100 000 100 0.00 000

I SGS 2lI-04 114 40000 SO 73 ,..- /4800 0"1 /151 <II' 117 "233 " 004 ;001 "'002 /0100
MINA 13-05 114 S7000 70 5.2 o.CO 0.70 1 110 000 000 000 3117 1200

I5GS 30-05 114 35000 SO 7.3 '900 30 ' 10700 0"1 /04S ~02O /048 ' 003 ... 003 ,,<GJIS .... 11700
MINA og.oe.lI4 30000 SO 70 OC3 070 210 0110 000 000
MINA 07-07114 10000 SO 10 OC3 070 000 050 040 2GO 400
MINA 10-07114 10000 00 U 003 100 lGO 100 000 000 300
MINA 13-011-114 10000 40 8.0 55 00) 070 300 100 000 200 ooa
MINI. 20-01I-114 0000 SO B.3 50 713 15300 00) 0110 OGO 100 020 100 400
MINA QlI.(JgII4 10000 101 a.5 lHlll SS S13 2S 15300 oee 00) 033 000 oee 001 001 20000 37000
MINA 01 lQ.114 20000 70 11 00) 050 190 100 010

MINA 19.1Cl-1I4 30000 IDS 1.3 4114 liS M5 1411 12S00 1I00 00) 013 005 0511 000 001 13300 24500
MINI. 3CJ.1Cl-1I4 50000 liD a.5 00) 005 000 0111 000

MINA 2311114 30000 122 e.1I 7GO SO 538 171 10200 100 000 024 000 00l 001 001 10400 32200

I PUC 1212114 40000 IlHl 00 107 105

MINA 1212114 40000 111 .. 00 000 000 OOB 000 003

MINA 07-0185 70000 120 e.S 001 032 121 007 000 000
MINA 13-0185 70000 1I0 711 SGO 211 53 5400 00'- 025 005 045 002 001
MINA 03002 85 eoooo 1I0 7,4 00" 011 000 007 000 000

MINA lQ.02 85 50000 107 a.5 3114 77 354 23 1000 00< 031 005 027 002 <001

MIN-" 04.Q3 85 210000 00 8.1 OOC 004 000 004 000 000

\,
\(,

~

1', Analla'a do conlral'~~lboraladoa_

BALANCE MASICO
PARAMETROS

F£CHA CAUDAl. ros TSS SUlFATDlI N03 Pb zn Fe Mn Cu Cd As Cr Sb
nl/sso' (I(Q/dla) (I(o/dial /Ka/dls) (I(a/dla) I(Kg/dla) (KQ/dlal (Kg/dial (KQ/dlal /Ko/dlal /Ko/dlal l/KcrJdlal /Ko/dlal l(I(aAIial

144l-114 41lOO 00 oa1l44 411786 211507 41472 12442 000 a.oo- '10000 000 S1002 35424 000 35424 000 o.- 400000 l5OBB1 GO 1501l7GO 1250 521110 57715 00525 22110 3411 022
13_ 370000 000 m'"e G07311 000 000 000 1173 23 30311.111
30-o5-ll4 350000 15120000 lI012.00 32350 GO 5350 14515 G04S 131110 1107 70B <1512- 300000 000 lSI," 51432 23328 000 000

7-W-114 100000 000 GO 48 000 .,20 94511 22404 345.011
Il1-m-114 100000 000 OB40 15552 lIll40 000 000 25lI.2D
1:J.011.l14 100000 . 000 GO 411 25112O SO 40 000 112 GO Cl.CIO
2O-OlI-lI4 IlOO 00 482S258 12048lHl 000 0221 4147 81112 1902 01112 275.411- 100000 702"20 2241140 1501120 7003 000 2851 000 5875 088 OOB
1 lQ.114 200000 000 OB40 22454 172 GO 1728

19.1Q.114 300000 114008 00 9l102o.BO 3205l1ao 233280 000 3370 12115 15283 000 2511
~1Q.114 500000 000 3458 000 25352 000
2311-114 300000 1311705 llO _.20 41_ 40 251120 000 0221 000 15811 2511 2511
1212-114 400000 lI0428llO 57715 382 ee
121_ 400000 11111 000 000 22810 000 10S7

"7-Gl~ 700000 000 I1I354 13181 52818 000 000
13.0105 700000 1270l2llO 50111510 50003 20 24111 15120 3024 272 III 1210 423
03.Q2115 eooooo 000 571)2 000 38211 000 000
"'l.. 95 00000 1529'5 CO 99)8 "l2'000 I '7" '''31''l2- 2100 11004 S84 <432

I oeD ' 5 OCO 000 I

(j)

\S FIGURE 4d



MONITORED DE U CALIDAD DE AGUA

o

I CIA. OIIllNAllIlUEHAVENlUlA ll.A.
I JUlCANL

IJ ZRIa Dponuora.Iuogo*__* mIno.

8•

NOIIBRE 01 LA COIIPANA
UNlOAD IIINERA
ISTAaON
UIlICAClON

- - - ...."..._....-_.........'"
" " -5

LAll. FECHA CAUIlAl. TEIIP pH CONIIUCT OXlOIlIS TOS TSS SUl.F"TOS NO:l Pb zn F. LIn Cu Cd CHI ,. Ct Sb AIcaJIn. DuIeza
(111....) ,e) lumhoIcml lmanll Ima,lII ,manll (mgnll ,rngnll ''''''/'1 lmanll Irngnll ,,,,,,ntl '"",ntl I"",nll ,1II!l/Iil lmalltl Ima/lll Img/It) lmanll lmanll, ,"-en IH aooo 00 • • a ••• ... ••• 0.•• 0.00 0.00

INA a...,..... .10000 ... 0" Z20 ... .00 ... .00 "00
I ;OS 211004.... /.aoooo ao '''7 , SI. , 7100 /tll. ......0 7 '040 ,0.71 ...... 'ooe ....co.OO5 '0.0'. 'ea.oo

INA t:J-OS.fH .....00 70 al 0.'4 a.. .70 000 000 0.00 .... 0.00

1 as ......... 1/.... 00 'a. 7. ...,... "",a• "'-'''00 / .. , • 45 """'1" ~ 205 .....0.., ,,-0010 ,..,.0.05 "'12500

"'N.! ..-.. :11200.00 .0 7 • 0'0 0.70 ••0 ... .00 0.00
"IN.! .7..7.... 1'00.00 ao ..a a'. 0." 000 2.70 0.1. uo "00
"IN.! .lI-07 .. 1100.00 ..A 7' .'0 .00 lOa .00 0.00 0.00 "00
"'N.! ,........ 1100.00 ao n 0.,. 0.40 IS. .00 0.00 100 0.00

INA 2Q.G8.04 ....00 ..A 75 I.Z IU 24500 0,. • 00 ... .00 000 0.00 1.00
INA ......... .00000 •• 75 1010 ... - 07 21400 0., • 0.'. 0.•• 15. 0.01 0..1 17Cl00 41100

INA 24...... 1....00 • 0 75 .to 0.'0 0.00 550 000
INA DIIG-M aooooo 70 7 • .t. ... .... 500 0.20
INA 11 to-tM .00000 ..a 71 • co 0.1• 0.00 ..'7 0.00
INA 1S1.0-0.I SQOOoo ,0.' 71 tlOI ... ..7 75 tS' 00 • 00 .c• .a• 005 .00 000 ••1 '.'00 tIll500

INA ~o-'Q.fH aooooo • 0 u ••0 • 17 0.05 ... 0...
INA 1411+1 .... 00 .0.0 ... a•• .11 000 ..20 0.00
INA nU44 SQOOoo In 7. - I.e 757 '23 ... 00 100 OC, 117 0.00 ...7 0.01 0... tl.oo ..100, 001 '.12... .....00 27.00 ... ...
INA 12120M 4QOQ00 77 015 0.1. • 00 ,.. 0.00 000
INA D1.QtoQS 7210.00 •• 0 U .., ... ••• ... 000 0.00
INA ISoOl-Q1 7210.00 10.0 7. .n ... ... 124 aa ..s II. 0.05 .... 0." 0..'
INA a:so02-oS .....00 .0 71 .. ) .05 000 107 0.00 0...
INA 1Q.02 vs 5tlOOO tl. 7. lOG ... :mJ 58 1'400 .". ... ... ... A.. co.Ot

INA 211.02085 .....00 • 0 •• •• s 0.25 o,a 000 0.00 .00
INA CMo03 85 a,oooo I.. ..5 aD' ooe 0.00 177 0.00 000

sas ....... ! /1100000 / 000' /oOQ / .... ""<0.03 ""<0.005 .....-
PUC ......5 500000 0....

n

r:

......n_*_on""",__
BALANCe MAII:O

?,

" "FECHA CAUIML TOS TlI8 SUl.FATOS NO:l Pb zn F. Mn Cu Cd CN ,. Ct Sb
(111....1 nc..1da\ /Kaldol /KaldI.1 !Ko/dlel !Ko/dl.l !Ko/dl.l (Ko/dl.1 1!K,,/dI.1 !KII1d1.1 Inca/dl'l lK"/dI.1 ' nca/dlel I_I IIICaIdIeI,...,..... .... 00 00100 ..... 228'1 eo 47520 "'0 0.00 0.00........ • IQQOO 000 e!l5~11 482." '04.00 ~ggz 0.00 II100tO""....... 'SClCI.oo '_00 27..... ..,2734 2722 '5552 27505 fM' 52 .... <, .. I." 0.00,...... ....00 aoo IlDe'a 558 I'" 0.00 aoo 000 lidO"

.... 0. 3... 00 I_II 104laoo 5_7 .. "'" .7801 t "II •• lea 5. 3812 U4la cI...2-II UOOOO 000 la35. I .... ,. ••7827 .00 000
7-117 •• 1'00.00 000 7... 000 2!UII 8_ uo 21850 5702.

18007 ,. 110000 0.00 .5 .. ..... 28512 000 000 57Q."

"-oe... ttenoo 000 .... '.258 3ao 18 000 .. .. 0.00
00QI.... 00000 ....1 .. 18827 04 000 7... .... 304 13 000 .00

_.._04
'000.00 "'IaOD

_eo
2110000 0.00 3D 7. 21178 '83a8 oa. ...

.oOll... ISClCI.OO .00 5'04 .00 71280 000

" ..... aooooo .00 _302t 5'04 00100 3458
t5 to-ot .00000 000 40.25 000 582.e aDO
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worklngs to the East are referred to as the Hermlnla mlne There
lS llmlted sOll cover, but the complex geologlcal hlStOry has
prov1ded many d1fferent materlals locally, ranglng from llmestone
to volcanlc deposlts

The Uchucchucha mlne lS about 200 kM North of Llma, 170 kM
Northeast of Huacho, ~nd 50 kM west of Cerro de Pasco Surface
facllltles are at 4500 meters elevatlon, Just below the Contlnental
D1v1de The area 1S almost bare of sOlI The topography has been
altered by glaclat10n, resultlng In serles of lakes on and below
the slte The lakes draln to the R10 Paton, a trlbutary of the R10
Huaura, Wh1Ch flows to the Paclflc The local area 1S sparsely
populated, but there are several hydroelectrlc statlons In the
valley R10 Huaura lS used extenslvely for lrrlgatlon below Sayan
The cllmate lS cooler than at Julcanl, wlth an annual maxlmum of
about 14°C, and a mlnlmum of -3°C Annual ralnfall lS about 900 rom
In the ralny season between October and Aprll, ralnfall can be as
much as 250 rom/month

Julcanl. Ml.ne

Overvlew

The ore lS ground by crushers and ball mllls ln an enclosed
plant The slurry lS subJected to a flotatlon process to separate
the concentrate The flne talllngs underflow lS then deposlted ln
a talllngs pond Flgure 2 lS a topographlc map that shows that
the mlll (Planta Concentradora) lS near the head of the Quebrada
Palcas valley A serles of fllled talllngs ponds or talllngs plIes
(Deposlto de Relaves #1 to #5) are arrayed In a terrace fashlon
below the mlll Flgure 3 lS a flow dlagram that lllustrates other
features, notably that three mlne dralns (Mlmosa, Hermlnl.a and
Gandollnl) flow lnto the Palcas lnto succeSSlon Flgures 2 and 3
also lllustrate that the current talllngs pond (Relaves #7) lS ln
an adJacent valley (Quebrada Huaccya) that parallels the Quebrada
Palcas but dralns dlrectly lnto the R10 Opamayo

Process water lS obtalned ln wetter perlods from a serles of
lnterceptor dltches that stretch across the slopes and across
saddles to adJacent valleys (Canal de AJoJasha, Flg 3) When thlS
source falters In dry seasons, mlne and talllngs plle dralnage lS
recovered by pumplng 40 to 120 meters up from the outlets of the
Mlmosa and Hermlnla mlne audlts ThlS pumplng also lntercepts
seepage from the old talllngs plIes

Flgures 4a through 4e lllustrate water flow and quallty
measurements by Buenaventura, wlth sampllng pOlnts labeled EJ-1,
EJ-2, etc The PGB team also took spot dry-weather samples,
labeled JWS-1, JWS-2, etc Locatlons of both sets of sampllng
pOlnts are shown on Flgure 3
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Ac~d Dra~nage

The ore and bedrock both have a h~gh ~ron pyr~te content Th~s

causes the maln envlronmental problem, aCld dralnage (AD)
or~g~nat~ng from both the mlne (AMD) and talllngs p~les (ATD) The
AD not only V1Slbly stalns the Quebrada Palcas flow, but a dlstlnct
plume lS vlslble for hundreds of meters below the confluence w~th

the much larger R~o Opamayo Th~s causes publ~c relat~ons problems
~n Llrcay In addltlon, there lS no sewage treatment San~tary

wastewater from the mlnlng camp lS dlscharged dlrectly ~nto the
Quebrada Palcas

The AMD problem lS qUlte vlslble at the lowest adlt, the Tunel
Gandollnl ThlS outlet lS Buenaventura water quallty sampllng pOlnt
EJ-3 and PGB sample lS JWS-3 The accumulated EJ-3 data lS shown
on Flgure 4a The AMD dlscharge ranges from 8 lis to 30 lis The pH
lS conslstent ln the range 1 9 to 3 0 ThlS AMD has a hJ.gh
concentratlons of lron, manganese, Zlnc, copper, and lead The
lron content ranges from 700mg/l to 2500 mg/l The lead
concentratlon often exceeds the US standard Max~mum Concentrat~on

Llmlt (MCL) of a 5 mg/kg (ppm) The analytlcal results of the
correspondlng PGB sample JWS-3 (shown ~n Append~x C), are a pH of
2 6, mln~mal alkallnlty, 0 53 ppm of lead, and 550 ppm lron At
thlS slte, AMD lS not Just an ac~d~ty problem, but a slgn~flcant

method of metalllc solute moblllzatlon

The Tunel Gandollnl draln dlscharges lnto the Quebrada Palcas ,
JOlnlng other aCldlc dlscharges These lnclude seepage from the old
talllngs and waste rock plIes as well as the mlne dralns Sampllng
pOlnt EJ-14/JWS-4 reflects all of these dlscharges and lS on the
Palcas Just above ltS confluence wlth the Opamayo The data lS
documented on Flgure 4b and Appendlx C The wet season (February)
flow from the mlne valley lS the range of 100 to 300 lis The pH
var~es from 2 9 to 9 5, wlth Sllght metals concentratlons The
low-flow (June) PGB values for JWS-4 show a pH of 2 6, but no
detectable lead and a low lron concentratlon

The lron pyrlte oXldatlon, catalyz~d by mlcrorganlsms In the
talllngs becomes aCldlfled when exposed to alr or another source of
oxygen ThlS lS lllustrated by PGB sampllng pOlnt JWS-6, WhlCh lS
located Just downstream of the set of flve old tall~ngs plIes (F~g

3) The pH ~s 3 1, the lead concentratlon lS 0 21 ppm, and there lS
a very hlgh lron content of 1750 ppm However, the lnltlal slurry
deposltlon lS not aCldlc, as lllustrated by the lnflow to the
current talllngs pond at the head of the Quebrada Huaccya Sampllng
pOlnt EJ-7/JWS-2 measures the slurry quallty The EJ-7 pH range lS
from 5 8 to 9 9, wlth the former representlng dry-season operat~on,

such that the process water lS partlally derlved from recovered
mlne dralnage The slurry llqUld contalns mlnlmal dlssolved metals,
as would be expected wlth an efflclent mllllng process The
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correspondlng PGB sampllng JWS-2 taken at the slurry plpe
dlscharge onto the pond conflrms thlS wlth a pH of 6 a and lron
content of 0,86 ppm However, at that sampllng, the lead content
was 0 25 ppm

ACldlflcatlon of the actlve talllngs pond lS lllustrated by
data from EJ-4,shown on Flg 4c The sampllng pOlnt lS at the outlet
of the talllngs pond underdraln that amounts to belng the II source II

of the Quebrada Huaccya The pH was In the 4 to 7 range ln 1994,
but dropped to pH = 3 In early 1995, Metals content lncreased (Fe
200-400 mg/l) ThlS was also shown wlth sample JWS-1, wlth pH =3 6
LlqUld pH thus drops 2 4 orders of magnltude In translt through
through the talllngs Slnce the actlve talllngs pond lS saturated,
the slurry flow (15 to 20 lis) brlngs oxygen lnto the talllngs

Impact on Local Water Resources

Flnally, the lssue lS the measurable effect on the Rl0
Opamayo Flg 4d lllustrates sampllng at EJ-l, upstream of the
confluence wlth the Palcas The Opamayo flow has been measured as
ranglng from 800 lis to 21,000 lis, pH ranglng from 7 to 8, and
detectlon of less than 1 a mg/l of any of the metals The PGB
sample JWS-5 lndlcated a pH of 8 5 Downstream of dlscharges from
both the Palcas and the Huaccya, at EJ-2 (Flg 4e), the pH lS
generally 6 5 to 7 5 and lron content lS mlnlmal

Future Plans and Mltlgatlng Measures Underway

There are four measures underway that may mltlgate negatlve
lmpact on the Quebrada Palcas and the R10 Opamayo

1 Extendlng the stormwater lnterceptor dltch system ThlS
wlll extend the perlod of tlme when the mlll uses neutral
process water It wlll also reduce lnflltratl0n lnto the waste
rock and old talllngs plIes WhlCh generates aCldlc dralnage at
the head of the Palcas

2 The Acchllla tunnel wlll be completed shortly, provldlng
acccess to a new talllngs deposlt In Pongoshuayco valley,
WhlCh dralns lnto the Opamayo below Llrcay Dralnage collected
at the Mlmosa and Hermlnla adlts wlll also be dlverted to
Acchllla There lS room In thlS valley for a treatment system
such as PGB

3 Unused mlne levels wlll be blocked, reduclng seepage to
Tunel Gandollnl Intercepted flow wlll be dlverted to the
Mlmosa and Hermlnla Mlne adlts, and thence to Acchl11a ThlS
wlll decrease the Tunel Gandollnl dlscharge

4 The old talllngs plIes are belng regraded to shed runoff
and covered wlth earth to reduce lnflltratlon and lncrease
vegetatlon, evaporatlon and transplratlon
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The lessened Tunel Gandollnl dralnage wlll stlll go down the
Palcas, as wlll dralnage from the current talllngs pond These are
permanent sources of aCld dralnage, so treatment wlll be requlred,
such as PGB

Uchucchacua M1ne

Overv1ew

Th1S 1S a larger m1ne than Julcan1, processlng about 1200
metr1c tons/day The bedrock lS metamorph1c 1n Wh1Ch the ore 1S
ah1ghly m1neral1zed ve1n The pr1mary concentrat1on process lS
slm1lar to that at Julcan1 ore gr1nd1ng 1n ball m1lls, floatat10n
to separate the concentrate, and d1sposal of the ta1l1ngs slurry
However, the result1ng concentrate has an exceSS1ve amount of
manganese, wh1ch could cause explos1ons dur1ng smelt1ng
Consequently, a llx1vat1on process lS used on a port1on of the
concentrate to reduce manganese content The waste generated lS
CO-d1sposed w1th the ta1l1ngs Ta1l1ngs dra1nage causes an
env1ronmental concern when the managanese e1ther d1scolors
downstream waters or prec1pltates on the banks Where mlnes wlth
aCld m1ne dralnage may have brlght red waterways downstream,
Uchucchacua has blackened streambeds A unlque feature of the slte,
a serles of lakes formed by glaclers, hlghl1ghts th1S problem due
to the V1Slbll1ty and res1dence tlme 1n each lake

There lS plenty of surface water at Uchucchacua Potable water
lS obtalned from Lake Caballocoha, above and away from the mlll As
shown on Flg 5, there are three maln lakes 1n succeS10n below the
m1ll Laguna Colqulcocha, Laguna Tlnquecocha, and Laguna Anllcocha
Surface dra1nage from the valley upstream and to the Northwest lS
lntercepted and dlverted through an excavated channel around the
flrst two The mlnes draln lnto Laguna Colqulcocha, and process
water lS pumped from lt at the rate of approxlmately 37 lis In
th1S conflguratlon, Laguna Colqulcocha functlons as a reserVOlr
supportlng lnternal reclrculatlon of mlne dralnage The hydrologlc
lsolat1on of the mlne dra1nage lS precautlonary As descr1bed
below, the m1ne dra1nage lS not aCldlc Uchucchacua lS one of the
few mlnes 1n Peru wlth llttle lron pyrlte In the bedrock or ore
However,wlth the long-term expanSlon of the ta1l1ngs depos1t as
descrlbed below, the dlverslon channel wlll allow runoff to flow
from the uplands to Laguna Anllcocha w1thout contact1ng the
lndustr1al area

The m1ne has operated Slnce 1975 The terraced ta1l1ngs plIes
are located between Laguna Colqulcocha and Laguna Tlnquecocha, and
draln lnto the latter The effect of the past release of excess
manganese lS eV1dent by the blackened rocks on the shore of Laguna
Anllcocha, WhlCh lS on the order of 100 hectares In surface area,
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MONITOREO DE LA CALJDAD DE AGUA
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MONITOREO DE LA CAUDAD DE AGUA

~OlfERI: 1:1: lA COIIPAF:IA
UllIDAD I !INERA
ESTACION
UBICACION

CIA OE M1NlIS llUENAVENTUfIA SA
UCHUCCHACUA
EU 10
ts.,uoa AnUcocha

ANALISIS QUIMICO

'I5GS
11180,-
~8O

~~ HOro71 I 13001---1--<OllO:l <OllO:l 400

Dureza 'TurbKlez

LAB 1 FECHA
P- A R AM e T ~A ~O-$

CAUDALI TEMP I pH I CONDUCT IOXIG DIS I TDS I TSS ISUlFATOS I N03 I Pb I Zn I F. I Mn(IILS.g) . (CL _~__ ~!ul1'll1s~mL (mg/ltL(mglll) (mglll) (mg/II) (mg'lt) (mg/Il) (mg/It) (mglill (mg II)

Cu

(mglll)
Cd I As I c, IAleah"

(mglll) lmg II) (mglll) (mg 111) (mglll (NTU)

IIPUCI'I(J3.OO94I~~1~_ ... 70L-!8 I I __~L L __ 81 _~687.lJC!1_ I O~I 0121 0111 9:'>00 DOl <001)I~S-.I ~0094L_43100L_1.3L20_t I I 1234L-~_L mOC1..L_ !~L_~D4I 0131 0041 8140 <01lO:l <01lO:l 1200 <III~S.J oa.0794L.!0l!.()Dl__ !.01 Ie I I I I I 802001 I J __~__ \ ooel 1200MIN"I ~06941 310001 701 71 L I .1 1 I ~) I I I I nooMINAI 120U'" ~3.ooL __ UL ~'_'----- L I__ ~ __ L_L I_ ~I I I '"00MINAI 19-01>941 309001 701 70 I I I I I I I I f 1"00ll~S \14-0I>94l L _ L.-I.~_L L.~ _~L.-__ L L __ ~__L __ ~ I ~~~ _ I I I 71l1DII~s.L~()I'- 941 344 00 I _ 80L.!!-1 I 431 l!lee L __.-L 140 00 ( ~ 1__ J _ I t 80 00115GS\ 01>09-941 \ L ~18 1___ I __I I I I I I I 1 11300MINAI 0710941 21lO00 I 101 I 78 I 8891 4:11 1231 I l03t 84700 I 2200 I O~ I 000 1 0041 9200 001 001 soo 80700MINAI 1110941 3llO001 1001 87 I 8lI01 I I I I I I I I 8700MINAI 03-11941 21lO001 1101 14 1 8lIOf I I I I I I I I 9600MINAIQ8.It841 21lO001 1001 80 I 101101 731 12301 1211 113S001 3001 0021 0101 0011 8010 000 001 800 ~OO
MINAI 12"841 21lO001 801 7 .. I 8llO1 I 1- I I I I I I 6100MINAI 301184\ 21lO001 1001 7.2! 8301 1 \ I I I I I I 6100MINAI 01>12841 11lO001 tlol 72 I ll321 I I I I I I I I nooMINAI IJ.128il---iQC!IlL_UL__U~L_.J0Qf1-----..UL__ t1tL 7tI __IllIQoI_ IDOI __ JIIlI ~ ~ llD8I11.IOll2lll1l ~ O,GIl ?tQO UQ{IO

000

PflOM 128 ~1 - -909 7 17
{ ) An.n•• t ••ludo en Sabor.lorio. t"no

JMiNiT'ia.S1N fM III 1rI- --Iiif --~ \011 • U'1IlI lIIit 0Il1 ..000 'UD ~Oi· -4-----11IMINA I '1-01" '1'00 t.t
1000

~-L.-.-jj
IMINA 11-02" I 1800 I 1

008 001 008 2220 <0011 I I I IIM/N~ 2202 ~l 20001 831 8t J, 1008 ~2 1382 1 82200 O~ 008 004 8820 001 I I 1 I I --t---829" ~7e 133433 4363 7~30 881 008 0 t4 12. 8149 00l 001 001 000 1883 78067

FIGURE 6e
00001601900416~ IBI,.722~0971834072982 1636822238 08 20811 48POOM

_..
~.~-- .-.~_._- ~-- .-

I'AAAMETROS
FECHA CAUDAL TDS TSS SULFATOS N03 Pb Zn F. Mn Cu Cd As Cr(II/sag) (Kg/d,a) (Kg/d,a) (Kg/d.a) (Kg/d,.) (Kg/d.a' (Kg/d.a) (Kg/dla) (Kg/d.a) (KgJdlA' (Kg/dill) (Kg/d'a) (Kg/dill)1J.~84 11lO00 27060048 22032 108142.. 132 19 181 H2 t7101 144863 <006:1 04823~84 7800 lI8'7~~ 7413 222 <020 63888 <0034 <003403-0084 80000 llO2 86 ..748:1 .... 3048 828 760 6:166 40 069 <0691:1-06-84 431 CO ~18 2662~46 29307 1048 484 149 303\ 2\ <0186 <0196060784 20600 1441280 162 147364
~0684 31~00

2639"1201>84 32300
2~1181801>84 30900
20382124-0684 330 OJ
20366126-()B.84 34400 46603 ..7 2..9681.. 2674940009-84 30000
282896071094 21lO00 26782 40 222480 182"20 47~20 108 000 086 186720 022 022111094 3llO 00
2933 2803-1184 21lO00
207360081184 21lO00 2~00 261360 1eD3600 8480 043 218 022 184616 000 022121184 2~00
144720301184 21lO 00
13176006 12 84 11lO00
88792131284 2000 1~1718 13478 1~33 173 017 014 017 M06 0001901" 1700 "7602 ~88 n406 007 001 <0044 3334 <001~21>01" 1700
13219

1&02" 1800 009 002 009 34 :l3 <002
2202" 2000 2388 10 1210 142042 009 014 007 17142 002ft~... .........- A.' A 'A A ••

A •• -.- - --

,

~
~ ,-

~" .-
-r



and more or less represents the edge of the mlne dlstrlct At the
tlme of the slte VlSlt, In the dry season, the lake level was
several meters below the splllway elevatlon

To mltlgate the manganese problems, a bulk Ilme treatment
faclllty has been lnstalled along the channel from the talllngs
pond to Laguna Tlnqulclocha A permeable rock dlke was bUllt across
the lake to allow the Ilme to dlsperse and managanese to
preclpltate In the upstream portlon of the lake The talilngs
effluent flows lnto the lake at about 40 lis In the dry season,
such that the retentlon tlme In the lake embayment lS on the order
of weeks or months The effectlveness of the Ilme treatment lS not
only lllustrated by the water quallty, but by the black manganese
carbonate preclpltated on the exposed delta sands Just below the
llme treatment slte However, thls lS qUlte costly, reportedly on
the order of $30,000 per month

Sanltary wastewater from the mlnlng camp recelves prlmary
treatment In an Imhoff tank and lS dlsharged lnto the downstream
half of Laguna Tlnquecocha, below the dlke

Water Sampllng

The quallty of the blended mlne dralnage lS measured at the
lnflow to Laguna Colqulcocha, at Beunaventura sampllng pOlnt EU
6, as shown on Flgure 5 The 1994 data record lS shown on Flgure
6a It can be seen that the flow rate lS varles from 20 lis to 60
lis The absence of pyrlte lS seen by the sllghtly baslc pH, In
the range of 7 to 8 and there are few solutes In slgnlflcant
quantltles, but manganese lS notably the hlghest concentratlon,
ranglng from 3 to 30 mgll The PGB team obtalned water sample UWS-1
from Laguna Colqulcocha, at the process water pumphouse Appendlx
C lndlcates that the pH was 6 6, lead and lron were below the
detectlon Ilmlt, but manganese was measured at 372 mg/l

Thus, the mlll process water starts wlth a "background"
managanese content Dependlng upon solublllty, thls mlght tend to
be lncreased In the talllngs effluent due to manganese removal from
the ore concentrate In the llxlvatlon plant Sampllng pOlnt EU-5 lS
at the talllngs pond outlet (Flg 5) and results are documented on
Flg 6b The pH lS neutral, lead and lron are stlll low, and the
manganese concentratlon In the effluent varles conslderably, from
66 to 1400 mg/l, but generally In the range of two or three tlmes
the oncentratlon In the process water The PGB sample UWS-3 was
taken at the same pOlnt In a dry season, and showed a pH of 6 5 and
a manganese concentratlon of 52 mg/l

The other mlne lnput lnto Laguna Tlnqulcocha lS the sanltary
flow from the Imhoff tank The effluent lS not chlorlnated
Sampllng pOlnt EU-8 (Flg 6c) lndlcates a hlgh bacterlal populatlon
In the sanltary effluent, whlch must be addressed In some manner
However, both the organlc content and the mlcroblologlcal
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populatlon may be of value In a PGB Solutlon that lnvolves co
dlsposal of sanltary and talilngs effluents

The effectlveness of the bulk llme treatment can be seen wlth
sampllng pOlnt EU-9, below the dlke In Laguna Tlnqucocha Analys1s
results shown on Flg 6d lnd1cates a neutral pH of 7 to 8, and
conslstent reductlon of the Manganese to a range of 150 to 250 mg/l
most of the tlme, but occa1slonal sp1kes to the 400 to 500 mg/l
level The bulk llme treatment and the lsolatlon of the mlx1ng and
prec1p1tat1on area by the d1ke not only successfully reduce
manganese content to the naturally h1gh background level, but
produce a cons1stency that protects downstream aquatlc llfe trom
shock loadlng

Flnally, sampllng results at Laguna Anllcocha provlde a
representatlon of both the effluent dellvered to the R10 Paton and
the comblned effects of dllutlon from the rest of the watershed and
the detentlon tlme In the lake Results of analysls from sampllng
pOlnt ED-8, at Laguna Anllcocha, are shown on Flg 6e The
managanese concentratlons are conslstently 1n the range of 50 to
100 mg/l That concentratlon may reflect slow desorptlon of the
managenese that coated the banks before the llme treatment was
lnltlated PGB sample UWS-4, at the splilway area, showed 80 mg/l
managanese

It can be concluded that the bulk llme treatment to remove
managanese from the talilngs effluent lS successful However, 1t lS
costly, and effectlve only as long as the mlne operates Post
abandonment ta1l1ngs dralnage would probably result 1n degraded
water qual1ty

Future plans

The ongolng product1on wlil generate more ta1l1ngs, and the
productlon rate lS expected to lncrease Thus, addltlonal talllngs
d1sposal capaclty lS requlred The local runoff dlverslon descrlbed
earller was lnstalled to accomodate converS1on of Laguna
T1nqulcocha to a new tall1ngs dlsposal slte ThlS was also part of
the reason for the dlke across the lake, formlng a "starter dlke"
for deposltlon In the upper portlon of the lake flrst ThlS wlil
lnundate the talilngs effluent treatment suystem 1n place, WhlCh lS
reagarded as temporary anyway A permanent Solut1on 1S sought

The Solutlon proposed by the PGB team was to use the deep cut
on the road from the plant to Laguna Anllcocha as the outlet path
for future dralnage ThlS prov1des a channel about 8 m wlde, up to
5 m deep, and several hundred meters long A porous geochemlcal
barr1er can be placed In the lower part of the cut, prov1dlng an
extremely long and favorable detentlon tlme The effluent lS
already neutral, such that the goal lS to produce reduclng
condltlons to obtaln the proper Eh-pH condltlons As lndlcated
above, thlS wlll be asslsted by CO-dlsposal of the talilngs and the
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sanltary effluents DlverSlon of the sanltary effluent dlscharge
pOlnt from ltS present locatlon In Laguna Tlnqulcocha lS requlred
anyway Dlscharge of thlS effluent lnto the porous bed formed In
the bottom of the road cut wlll cause an anaeroblc and reduclng
condltlon Flgure 6b 1nd1cates that the ta1l1ngs effluent lS of low
oxygen content, so 1tS rap1d deplet10n due to blolog1cal act1v1ty
lS expected Some addlt10nal organlc matter mlght be need to
susta1n the bacter1al f1lm on the part1culates Work lS needed on
select1ng the approprlate medlum for the PGB to support removal lS
requlred, but hlgh efflc1ency on a volumetr1c bas1s lS not requ1red
due to the large volume ava1lable 1n the road cut
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Results of Water Quallty Sample Analysls

Julcanl and Uchucchacua Mlnes

May-June 1996 V1Slt

USAID/Peru Porous Geochemlcal Barrlers ProJect

Drexel Unlverslty - Georgla Instltute of Technology
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......~<;.:.. Environmental laboratories Peru SA.

INFORME DE ENSAYO N°

60612
DRCXCL UNIVCRSITY

DomlcJllo legal

Tlpo de muestra
IdenhficaclOn
Fecha de Ingreso

Codlgo ENVIROLAB - PERU
Referencla

3141 Chestnut Street
PIlIladelpJlIa, PennsylvanIa 19104
Agua

96/06/13
60612
Mr Dennis G Grubb I Josep B Martm

60612-02 UWS-2

60612-03 UWS-3

60612-05 JWS-I

60612-06 JWS-2

60612-07 JWS-3

60612-08 JWS-4

60612-09 JWS-S

60612-10 JWS-6

60612-11 UWS-X

Anabsls pH

C6dlgo de
Illbor1torlD

Descrlpclon
de muestl1l

Metodo

Fechll de LimIte de ResuUado
Muestreo detecclon

• 43R

• 65R

• 36R

• 60R

• 26R

* 26R

• 85 R

* 31 R

* 66R

EPA ISO 1

Unldlld rechll de
Anahsls

96106/14

96/06/14

96/06/14

96/06/14

96/06/14

96106114

96/06/14

96/06/14

96/06/14

***

age 1

Av La Marina 3059 San Mlg.!EI- Uma 32 - PERU TelEfax 4520635 TEff 4515947Fax 4641964

Los resultados presentados corresponden solo a la muestra mdlcada.
Esla prohlbldo la reproducclon parcial 0 total del presente documento salvo autonzaclon de Envlrolab Peru
SM denota un metodo de ·Standard Melhods for the CxammatlOn ofWater and Wastewaters 18th Cd
EPA denota un metodo del U S EnVironmental Proteellon Agency del documento EPA 600/4 79 020

Methods for the Chemical AnalySIS of Water and W'iStes
N D slgmfica no delectable al mvel de detecclon mdlcado

[iinforme de Control de Cahdad les scra proporclOnado a su solicllud

LIma Peru,

• Seman'! del 03 de JUIllO 1996
NOTA R" La muestra lIego al Laboratono vencldo su
tlcmpo dc VIda
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ENVIROLAB - PERU

Sohcltante

•

INFORME DE ENSAYO N°
60612

DRCXCL UNIVERSITY

- .. - .

DomlClho legal 3 141 Chestnut Street

Philadelphia, Pennsylvania 19104
Tlpo de muestra Agua

IdentificaclOn

Fecha de Ingreso 96/06113

COdlgO ENVIROLAB - PERU 60612
Referencla Mr Denms G Grubb I Josep B Martm \Anabsls Sulfato Metodo EPA 375 4

C6dlgo de Descrlpcloa Fec"n de Limite de Resultado Unldad Fecha de
laboratorlo de muestrn Muestreo deteccl6n Anahsis

,
60612-02 UWS-2 • 05 1860 mglL 96/06/21

60612-03 UWS-J • 05 976 mglL 96/06/21

60612-05 JWS-I * 05 976 mg/L 96/06/21

60612-06 JWS-2 • 05 6]7 mglL 96/06/21

60612-07 JWS-3 • 05 1065 mg/L 96/06/21

60612-08 JWS-4 * 05 2062 mglL 96/06/21

60612-09 JWS-5 * 05 42 mg/L 96/06/21

60612-10 JWS-6 • 05 7 3271 mglL 96/06/21
::..

60612-11 UWS-X * 05 942 mg/L 96/06/21

***
• Semana del 03 deJUniO 1996

Lima Peru

Los resultados resenlados correspondc:a solo a la muestra mdlcada
Esta prohlbldo la reproduccl6n parcial 0 tDtaI del presente documento salvo auton:zacl6n de Envlrolab Peru
SM denota un metodo de Standard Mdhods for the Exammatlon of Water and Wastewaters 18th Ed
EPA denota un metodo del U S EnVironmental Protecllon Agency del documento EPA 600/4 79020

Methods for the Chemical AnalysIs ofWarer and Wastes
N 0 slgmfica no detectable al mvel de deteccl6n mdlcado

EI Inforrne de Control de Cahdad les sem pfopOrClOn'ldo a su SOhcltud
age2

Av La MarIna 3059 5an MiguEl - Uma 32 - PERU TE/Efax. 45Z0635 TEff 45/5947Fax 464/964



Sohcltante

ENV'ROLAB - PERU
Po};> EnvIronmental laboratorIes Peru SA.

INFORME DE ENSAYO N°
60612

DREXEL UNIVERSITY

DonucJlIO legal 3141 Chestnut Slreet

PhJladelphla, Pennsylvama 19104

Tlpo de muestra Agua

IdentlficaclOn

Fecha de Ingreso 96/06/13

Codlgo ENVIROLAB - PERU 60612
Referencla Mr Denms G Grubb 1Josep 8 Martm

Anahsis N-Nltrato Metoda EPA 352 I

C6dlgode Descnpclon Fcch'l de Limite de ResuUado Unadad Fecha de
laboT'Itorlo demuestra Muestreo detecclon Amihsls

60612-02 UWS-2 ... 001 930 mg/L 96/06/21

60612-03 UWS-3 ... 001 454 mg/L 96/06/21

60612-05 JWS-I ... 001 621 mglL 96/06121

60612-06 JWS-2 ... 001 1 013 mglL 96/06/20" ,

60612-07 JWS-3 ... 001 3 S5 mg/L 96/06/21

60612-08 lWS-4 ... 001 046 mglL 96/06/20

60612-09 JWS-5 ... 001 081 mg/L 96/06/20

60612-10 lWS-6 ... 001 040 mg/L 96/06120

60612-11 UWS-X ... 001 730 mg/L 96/06/21

***
• Semana dd 03 de JUniO 1996

~~CZRBJA
Gerente General

C I P N°6618

Lima, Peru, 3/07196

Los resultados presentados corresponden solo a la muestra mdlcad'1

Esta proillbido la reproducclon parcial 0 lotal del presente docomcnto salvo autonzacJon de EnvlTolab Peru

SM denota un metodo de Standard Methods for the Exammatlon of Water and Wastewatcrs \8th Ed

EPA denota un metodo del U S Environmental ProtectIOn Agency del documento CPA 600/4 79 020

Methods for the Chemical AnalySIS of Water and Wastes

N D slgmlica no detectable al mvel de deteccl6n mdlcado

Ellnforme de Control de Cahdad les sera proporclOnado a su sohcltud
Page 3

Av La Marina 3059 San MIf1Jel- Uma 32 - PeRU TEIEfax 45Z0635 TE" 4515947Fax 4641!J64



Sohcltante

ENVIROLAB - PERU
~.: ' Environmental laboratories Peru SA

INFORME DE ENSAYO N°

60612
DREXEL UNIVERSITY

3/07/96

Domlclho legal 3141 Chestnut Street

PhiladelphIa. Pennsylvama 19104

Tlpo de muestra Agua
IdentIficaclon

Fecha de Ingreso 96/06/13

Codlgo ENVIROLAB - PERU 60612
Referencla Mr Dennis G Grubb I Josep B Martin

Anahsls Dureza Total Metodo EPA 1302

C6dlgO de DesCrlllCl6n Fecha de Umllede ResUU1do Vnulnd Fecha de
laboratorlo de muestra Mue~treo deteccI6n Anahsls

60612-02 UWS-2 lit o I 2288 mglL 96/06/24

60612-03 UWS-3 lit o I 1970 mg/L 96/06/24

60612-05 JWS-I lit o I 1019 mglL 96/06/24
-

60612-06 JWS-2 lit 01 1114 mglL 96/06/24

60612-07 JWS-3 '" 01 527 mglL 96/06/24

60612-08 JWS-4 '" o I 868 mglL 96/06/24

60612-09 JWS-5 '" oI 328 mg/L 96/06/24
-

60612-10 JWS-6 '" o I ,;; ,263 mg/L 96/06/24
"-'

60612-11 UWS-X '" o I 1174 mg/L 96/06/24

***
• Semana del 03 de JUOlO 1996

Lima, Peru

Los resultados presentados corresponden solo a la muestra Indlcada

Esta prohlbldo la reproduCCl6n parcial 0 tolal del presente documento salvo autonzacl6n de Envlrolab Peru

'8M denota un metodo de ·Standard Methods for Ihe Exammatlon ofWaler and Wastewaters 18th Ed

I EPA denota un metodo del U S Cnvlronmenlal Protection Agency del documento CPA 600/4 79 020

Methods for the Chemical AnalySIS of Water and Wastes

N D slgmfica no detectable al mvel de deteccl6n mdlcado

EI [nforme de Control de Cahdad les ~era proporclonado a su sohcltud

/'
~IS BUENO CAR

Gerente General

CIP N"6618

Page 4

Av La Marina 3059 San Mlguel- Uma 32 - PERU TEIt=fax 4!5Z063S TEU 4515947 Fax 464/964

tl



ENV'ROLAB - PERU

Sohcltantc

•

INFORME DE ENSAYO N°

60612
DRCXCL UNIVCRSITY

... .. - .

3/07/96

Domlclho legal 3141 Chestnut Street

Philadelphia. Pennsylvania 19104

Tapo de muestra Agua

IdentdicaclOn

Fecha de Ingreso 96/06/13
COdlgO ENVIROLAB - PERU 60612
Referencl3 Mr Denms G Grubb I loser B Martm

Anahsis Alcahmdad Total Metoda 8M 2320-8

C6dlgode DescrlpcI6n Fecha de L1nute de ResUlt1do Unllhd Fecha de

laboratorlo demuestr1 Muestreo detecclon Anahsis

60612-02 UWS-2 • 01 8 mg/L 96/06/18

60612-03 UWS-3 • 01 24 mg/L 96/06/18

60612-05 lWS-I • o I NO mg/L 96/06/18

60612-06 JWS-2 • 01 22 mg/L 96/06/18

60612-07 JWS-3 • 01 NO mg/L 96/06/18

60612-08 JWS-4 • 01 NO mg/L 96/06/18

60612-09 JWS-5 * o1 183 mg/L 96/06/18

60612-10 JWS-6 * 01 NO mg/L 96/06/18

60612-11 UWS-X * 01 38 mg/L 96/06/18

***
• Semana del 03 de Jumo 1996

Lima, Peru

L BUENO CARBAJ
erenle General

CIP NQ 6618

Los resultados presentados corresponden solo a la muestra mdlcada

Esta prohlbJdo la reproduccI6n parcial 0 total del presente documento salvo autonzacI6n de Envlrolab Peru

SM denota un metodo de Stand1rd Methods for the Cxammallon of Water and Wastewaters 18th Ed

CPA denota un metodo del US Cnvlronmental ProtcctlOn Agency del documcnto CPA 600/4 79020

Methods for the Chemical AnalysIs of Water and Wastes

N D slgmfica no detectable al mvel de detecclon mdlcado

EI lnforme de Conlrol de Cahdad Ics sera pmporclOnado a su sohclwd
age 5

Av La MarIna 3059 San MigUEl - Urna 32 - PERU Tt:IEfax 452063S TEU 4515947Fax 4641964



Sohcltante

ENV'ROLAB - PERU
,_ ~',!. , EnvIronmental LaboratorIes Peru SA

INFORME DE ENSAYO N°
60612

DREXEL UNIVERSITY

DomlClho legal 3141 Chestnut Street
Philadelphia. Pennsylvama 19104

Tlpo de muestra Agua
IdentJficaclOn
Fecha de Ingreso 96/06/13
Codlgo ENVIROLAB - PERU 60612
Referencla Mr Dennis G Grubb 1Josep B Martin

Anahsis Plomo Metodo EPA 239 I

C6dlgo de Descrlpclon Fech1 de Linute de ResaUado UUldlld Fecha de
laboratono de muestrll Muestreo detecclon Anlihsls

60612-01 UW-I • 010 NO mglL 96/06/17

60612-02 UWS-2 * 010 NO mglL 96/06/17

60612-03 UWS-3 • 010 NO mg/L 96/06117

60612-04 UWS-4 • 010 ND mglL 96/06/17

60612-05 JWS-I • 010 014 mg/L 96/06/17

60612-06 JWS-2 • 010 025 mglL 96/06117

60612-07 JWS-3 • 010 053 mg/L 96/06117

60612-08 JWS-4 • 010 ND mglL 96/06/17

60612-09 JWS-5 • 010 ND mg/L 96/06117

60612-10 JWS-6 • 010 0.21 mg/L 96/06/17
***

• Semana del 03 de Jumo 1996

/~
.,-tillS BUENO CARBA AL

Gerente General

C I P N° 6618

LIma Peru 3/07/96

Los resultados presentados corresponden solo a ia muestra mdlcada.

Esta prohlbldo la reproducclon parCial 0 total del presente documento salvo autonzaaOn de Envlrolab Peru
SM denota un metodo de Standard Methods for the Exammallon of Water and Wastewaters 18th Ed

EPA denota un metodo del U S Environmental Protecllon Agency del documentoEPA-600/4 79 020

Methods for the ChemIcal AnalySIS of Water and Wastes

'N 0 slgmtica no detectable al mvel de deteccl6n mdlcado

Ellnforme de Control de Cahdad les sera proporclOnado a su SOhCllud
Page 6

Av La MarIna 3059 San Mlguel- Ums 32- PeRU TEltdax 4520&35 TE" 4515947 Fax 464/954



I-'age 7

Av La Marina 3059 San Mlquel- Uma 3Z - PERU Telefax 4520635 Telf 45/5947 Fax 464fCJ64

Los resultados presentados corresponden solo ala muestra Indlcada
ESla prohlbldo la reproducct6n parcIal 0 totaf del presente documenlo salvo autonz3cll'in de Envlrolab Peru

SM denota un metodo de "Standard Methods for the Exammatlon of Water and Wastewaters 18th Ed

EPA denota un melodo del U S Envlronmenlal Protection Agency del documento EPA 600/4 79 020

Methods for the Chemical AnalysIs of Water and Wastes

'N D slgmfica no delectable al mvel de deteccI6n mdlcado

EI Informe de Control de Cafldad Jes sera proporclOnado a su sohcllud

ENV'ROLAB - PERU
,~.',) . Environmental laboratories Peru SA

3/07/%

INFORME DE ENSAYO N°

60612
Sohcltante DREXEL UNIVERSITY

Domlclho legal 3141 Chestnut Street

PhIladelphia, Pennsylvania 19104

Tlpo de muestra Agua
IdentificaclOn

Fecha de Ingreso 96/06113

Codlgo ENVIROLAB - PERU 60612
Referencla Mr Dennis G Grubb I Josep B Martin

AnabsIs ZInC Metodo EPA 289 I

Codlgode Descnpclon Fecha de Lfmltede Resultado Umdad Fecha de
laboratorJo de muestra Muestreo detecclon An'hsls

60612-01 '"
"'I~} 6

UW-I 005 - '14 mglL 96/06117
i .",

60612-02 UWS-2 '" 005 360 mg/L 96/06/17

60612-03 UWS-J '" 005 ND mg/L 96/06/17

60612-04 UWS-4 '" 005 005 mglL 96/06/17

60612-05 JWS-I '" 005 665 mg/L 96/06/17

60612-06 jWS-2 '" 005 060 mglL 96/06/17

60612-07 JWS-3 '" 005 455 mglL 96/06117

60612-08 JWS-4 '" 005 525 mglL 96/06117

60612-09 JWS-5 '" 005 082 mgIL 96/06/17

60612-10 JWS-6 '" 005 515 mglL 96/06/17

***
• Semana del 03 de JUnlO 1996

Lima, Peru



ENV'ROLAB - PERU
... .. - .

INFORME DE ENSAYO N°

60612
SohcJtante DREXEL UNIVERSITY

Lima Peru /07/96

DomlclilO legal 3141 Chestnut Street
Phdadelphla. Pennsylvama 19104

TJpo de muestra Agua
IdentlficaclOn

Fecha de Ingreso 96/06113

Codlgo ENVIROLAB - PERU 60612
Referencl3 Mr Dennrs G Grubb I losep B Martin

Amibsis FIerro Metoda EPA 2361

05dlgo de De~crllldoD I echn de I lodte de ResuUndo Unldnd Fechll de

laboratorlO de muesfra Muesfreo defecclon AOlUiSlS

60612-01 UW-I * 020 325 mg/L 96/06/17

60612-02 UWS-2 * 020 6J5 mglL 96/06/17

60612-03 UWS-3 * 020 NO mg/L 96/06117

60612-04 UWS-4 * 020 NO mg/L 96/06//7
- ~

60612-05 JWS-I * 020 / '1950 'I mg/L 96/06/17
"""~t.q' ...-

,
60612-06 JWS-2 * 020 .. 0 86 mg/L 96/06/17

60612-07 JWS-3 * 020 5500 mg/L 96/06117

"60612-08 JWS-4 * 020 ~'-1 JS mg/L 96/06/17

60612-09 JWS-5 * 020 J67 mg/L 96/06117
"

60612-10 JWS-6 * 020 17500 mg/L 96/06/17

***
• Scmana del 03 deJumo 1996

Los resultados presentados corresponden solo a la muestra mdlcada
Esta prohlbldo la reproducclon parCIal 0 tolal del presente documcnto salvo autom:aelon de Envlrolab Peru
SM denota un metodo de Standard MedJlilds for the Exammatlon ofWater and Wastewaters 18th Ed
EPA denola un metodo del U S Environmental Protection Agency del documcnto EPA 600/4 79 020

Methods for the ChemIcal AnalysIs ofWarerand Wastes
N D ' slgmfica no detectable al mvel de defecclon mdlcado

EI Informe de Control de Cahdad les sera proporclonado a su sohclIUd
age 8

Av La Marina 3059 5an Miguel- Uma 3i!! - PERU TEldax. 45Z0635 TEIf 4515947Fax 4641964
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ENV'ROLAB - PERU
. ~j,.' Environmental laboratories Peru SA.

INFORME DE ENSAYO N°

60612
Sohcltante DREXEL UNIVERSITY

DomlcdlO legal 3141 Chestnut Street
PhiladelphIa, Pennsylvania 19104

Tlpo de muestra Agua

IdentlficaclOn

Fecha de Ingreso 96/06/13
Codlgo ENVIROLAB - PERU 60612
Referencla Mr Dennis G Grubb 1Josep B Martm

Anahsis Manganeso Metodo EPA 243 1

C6dlgode DescnpcI6n Fecha de Limite de Resull'ldo VDldad Fecha de

laboratono de muestra Muestreo deteccI6n Anihsls

60612-01 UW-I * 002 372 5 mg/L 96106117

60612-02 UWS-2 * 002 7000 mg/L 96/06117

60612-03 UWS-3 * 002 520 mglL 96/06/17

60612-04 UWS-4 * 002 800 mg/L 96/06117

60612-05 JWS-I * 002 500 mg/L 96/06117

60612-06 JWS-2 * 002 275 mg/L 96106117

60612-07 JWS-3 * 002 1000 mg/L 96/06117

60612-08 JWS-4 * 002 2140 mg/L 96/06117

60612-09 JWS-5 * 002 041 mg/L 96/06117

60612-10 JWS-6 * 002 2525 mg/L 96/06/17

***
• Sernana del 03 deJumo 1996

Los resulta s presentados corresponden soJo ala mueslra mdlcada

Esta prohlbIdo la reproduccJ6n parcial 0 total del presente docurnento salvo autonzacr6n de Envlrolab Peru

SM denota un metodo de Standard Methods for the Exammatlon of Water and Wastewaters 18th Ed

EPA denota un metodo del U S Environmental Protecllon Agency del documcnto EPA 600/4 79020

Methods for the ChemIcal AnalysIs of Water and Wastes

N D slgmfica no detectable al mvel de deteccI6n mdlcado

Ellnforme de Control de Cahdad les sera proporclOnado a su sohcltud
age 9

Av La Marina 3OS9 San Miguel- Uma 32 - PERU TelEfax 4S20635 Telf 4515947 Fax 4641954
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ENV'ROLAB - PERU
-?<r: - Environmental Laboratories Peru SA

INFORME DE ENSAYO N°

60612
Sohcltante DREXEL UNIVeRSITY

Domlclho legal 3141 Chestnut Street

Phtladelphla, Pennsylvama 19104

Tlpo de muestra Agua

Identlficaclon

Fecha de Ingreso 96/06/13

Codlgo ENVIROLAB - PERU 60612
Rcfercncl3 Mr DCIlI1lS G Grubb / Josep B Martll1

Anahsis Cobre Metodo EPA 220 I

COlhgo de De~crIJlCI(~D recla'! de Iinute de Resull'ldo Vnll...d Feclaa de
labor'!tOrlO de muestra Muestreo detecclon Anlilasls

60612-01 UW-I * 004 NO mg/L 96/06/17

60612-02 UWS-2 * 004 004 mg/L 96/06/17

60612-03 UWS-3 * 004 NO mg/L 96/06/17

606-12-04 UWS-4 * 004 NO mg/L 96/06/17

60612-05 JWS-I * 004 023 mg/L 96/06/17

60612-06 JWS-2 * 004 o11 mg/L 96/06/17

60612-07 JWS-3 * 004 300 mg/L 96/06/17

60612-08 JWS-4 * 004 445 mg/L 96/06/17

60612-09 JWS-5 * 004 006 mg/L 96/06/17

60612-10 JWS-6 * 004 45 mg/L 96/06/17

***
• Semana del 03 de JUnlO 1996

CIP W6618

Lima Peru, 3/07/96

I
t

Los resultados presentados corresponden solo ala muestra mdlcada
Esta prohlbldo la reproduccI6n parcial 0 total del presente documento salvo autonzaclOn de Envlrolab Peru
SM denota un metodo de Standard Methods for the Exammatlon of Water and Wastewaters 18th Ed
EPA denota un metodo del US EnvIronmental Protection Agency del documcnto I:PA 600/4 79 020

Methods for the ChemIcal AnalysIs of Water and Wastes

N D slgmtica no detectable al mvel de detecclOn mdlcado
El [nforme de Control de Cahdad les sera proporclOnado a su sohcltud

I-'age 10

Av La MarIna 3059 San Mlquel- Uma 32 - PERU TEIEfax 45ZD635 TE" 45/5947Fax 4641964



ENV'ROLAB - PERU
- .. - .•

INFORME DE ENSAYO N°

60612
DRexeL UNIVERSITYSohcltante

age 11

Av La Marina 3059 San M1qUEI- LIma 32 - PERU TfilEfax 4S20635 Tfi" 4515947Fax 4541964

Los resti tados presentados corresponden solo a la muestra mdlcada

- lfsta prohlbldo la reproduca6n parcIal 0 tolal del presente documento salvo autorJZK:16n de Envlrolab Peru

SM denora un metoda de ·Standard Methods for the exammatlOn of Water and Wastewaters 18th Ed

EPA denota un metoda dcl U S Lnvironlllcotal Protection Agency del docum~ EPA 600/4 79020
Methods for the Chemical AnalysIs of Watrr and Wastes

N D slgmtica no detectable al mvel de derecclon mdlcado

EI Informe de Control de Calldad les sera proporclOnado a su ~ohClllld

3/07/96

DomlclllO legal 3141 Chestnut Street

Philadelphia. Pennsylvania 19104

Tlpo de mncstra Agua
Identlficaclon

Fecha de Ingreso 96/06/13
Codlgo ENVIROLAB - PERU 60612
Referencla Mr Dennis G Grubb 1Josep B Martin

Anahsis CadmJo Metodo EPA 213 1

<:'odlgo de Descr11lclon JoeChli de I billie de Resullndo Unldnd Fechn de

labor'ltorlO demuestra Muestreo deteccl6n An:UlSIs

60612-01 UW-I * 001 NO mg/L 96/06/17

60612-02 UWS-2 * 001 NO mglL 96/06/17

60612-03 UWS-3 * 001 NO mg/L 96/06/17

60612-04 UWS-4 * 001 NO mg/L 96/06/17

60612-05 IWS-I * 001 NO mg/L 96/06117

60612-06 JWS-2 * 001 NO mg/L 96/06/17

60612-07 JWS-3 * 001 023 mg/L 96/06/17

60612-08 JWS-4 * 001 026 mg/L 96/06117

60612-09 JWS-5 * 001 NO mg/L 96/06/17

60612-10 JWS-6 * 001 009 mg/L 96/06/17

***
.. Semana del 63 de Jumo (996

Lima Peru,



age 12

Av La Marina 3059 5an Mlguel- Uma 32- PERU TelEfax 452'0635 Tt:/f 4515947 Fax 4641964

Los resultados presentados corresponden solo a (a muestra mdlcada
Esta prohfbldo la reproduCClon parCial 0 total del prescnte documento salvo autol1ZllClon de Envlrolab - Peru
8M denota un melodo de ·Standard Methods for lhe Exammallon of Water and Waslewaters 18th Ed
EPA denola un metodo del U8 EnVironmental ProtectIOn Agency del dOCJJJJ1Clllo EPA 600/4-79 020

Methods for Ihe Chemical AnalysIs ofWaler and Wasles
N D slgOifica no detectable 31 OIvel de detecclon mdlcado

Ellnforme de Conlrol de Calrdad les sera proporclOnado a su sohcltud

ENVIROLAB - PERU
: ~':f i. . Environmental laboratories Peru SA

3/07/96

INFORME DE ENSAYO N°

60612
Sohcltante DREXEL UNIVERSITY

DomlClho legal 3141 Chestnut Street
PhiladelphIa, Pennsylvama 19104

Tapo de muestra Agua
IdentlficaclOn

Fecha de Ingrcso 96/06113
COdlgO ENVIROLAB - PERU 60612
Referencla Mr Denms G Grubb I Josep B Martin

Anahsls Cromo Metodo EPA 218 1

C6dlgode DescrlpcI6n Fechll de Limite de Resultado UPidad Fecha de
laboratorlO de muestra Mucstreo deteccl6n Anlihsis

60612-01 UW-I • 002 NO mg/L 96/06/17

60612-02 UWS-2 • 002 NO mg/L 96/06/17

60612-03 UWS-3 • 002 NO mg/L 96/06/17

60612-04 UWS-4 • 002 ND mg/L 96/06/17

60612-05 JWS-I • 002 NO mg/L 96/06/17

60612-06 lWS-2 * 002 NO mg/L 96/06117

60612-07 JWS-3 '" 002 NO mglL 96/06/17

60612-08 JWS-4 * 002 ND mglL 96/06/17

60612-09 JWS-5 • 002 ND mglL 96/06/17

60612-10 JWS-6 * 002 NO mglL 96/06/17

***
• Semana del 03 de Junlo 1996

Lima Peru



Page 13

Av La Marina 3059 San MlguEI- Uma 3Z - PERU TelEfax. 45Z063S Te" 45/5947 Fax 464/964

Los resultados presentados correspondensolo a la muestra mdlcada
Esta prohlbldo la reproduccllln parcial 0 tGl'aI del presente documento salvo autonzaclon de Envlrolab Peru
SM denota un metoda de "Standard Mdhods for the ExammalJon of Waler and Wastewaters 18th Cd
CPA denom un metodo del U S Envlronmenlal ProlcclJon Agcn~y del documcnto CPA 600/4 79020

Methods for the Chemical AnalySIS ofWalicr and Wastes
N 0 slgnlfica no detectable al mvel de Iklecculn mdlcado

Ellnforme de Control de Cahdad les sera 1l£0porclOnado a su sohcltud

ENV'ROLAB - PERU
. .:',,' Environmental laboratorIes Peru SA.

JOT A

3/07/96

INFORME DE ENSAYO N°

60612
Sohcltante DREXEL UNIVERSITY

Domlclho legal 3141 Chestnut Street

Philadelphia, PennsylvaOla 19104
Tlpo de muestra Agua
IdentdicaclOn

Fecha de Ingreso 96/06/13

Codlgo ENVIROLAB - PERU 60612
Referencl3 Mr Dennis G Grubb I Josep B Martm

Anahsis Antlmonlo Metodo EPA 204 I

C6dlgode DesCrlllClcin Fech, de Llnute de Resultlldo Umdlld Fechll de
Illborlltorio de muestr2 Muestreo detecclCln Anahsls

60612-01 UW-l '" 020 NO mglL 96/06/17

60612-02 UWS-2 '" 020 ND mg/L 96/06/17

60612-03 UWS-3 '" 020 NO mg/L 96/06/17

60612-04 UWS-4 '" 020 NO mg/L 96/06/17

60612-05 JWS-I '" 020 NO mg/L 96/06117

60612-06 JWS-2 '" 020 NO mg/L 96/06/17

60612-07 JWS-J '" 020 NO mg/L 96/06/17

60612-08 JWS-4 * 020 NO mg/L 96/06/17

60612-09 JWS-5 '" 020 NO mg/L 96/06/17

60612-10 JWS-6 '" 020 ND mg/L 96/06/17

***
• Semana del 03 de JUniO 1996

Lima, Peru,

~ IS BUENO CARBAl
Gerente General
CIP N°6618



Page 14

Av La Marina 3059 San Migue/- Uma 32 - PERU TEIEfax 452.0635 Telf 45/5947 Fax 4641964

Los resultados presentadosc:orresponden solo a la muestra mdlcada
Esta prohlbldo la reproducCXln parCial 0 total del presente documento salvo autOl12llCI6n de Envlrolab Peru
SM denota un metoda de "'Siandard Methods for the E'lam matlon of Water and Wastewaters 18th r d
EPA denota un mc!todo del U S environmental Prolecllon Agency del docurncmo EPA-600/4-79 020

Methods for the Chemical AnalysIs of Water and Wastes
N D slgmfica no detectable al mvel de detecclOn mdlcado

E1lnforme de Control de Calrdad res sera proporclOnado a su SOhCllud

ENV'ROLAB - PERU
. ,i; EnvIronmental laboratorIes Peru SA.

'II

3/07/96

INFORME DE ENSAYO N°

60612
Sohcltantc DRexeL UNIVERSITY

Domlclho legal 3141 Chestnut Street

Philadelphia Pennsylvania 19104

Tlpo de muestra Agua

IdentJficaclOn

Fecha de Ingreso 96/06/13

Codlgo ENVIROLAB - PERU 60612
Referencl3 Mr Dennis G Grubb 1Josep B Martin

Anahsls Arsemco Metodo EPA 206 4

C6(hgo de De~erl"eI6n I ceh.. de I {llule de Resulilldo Ullulnd Jocelin de
laboratono demuestr.. Muestreo deteeel6n An:UISlS

60612-01 UW-I ... 005 NO mg/L 96/06/18

60612-02 UWS-2 ... 005 014 mg/L 96/06/18

60612-03 UWS-3 ... 005 019 mg/L 96/06/18

60612-04 UWS-4 ... 005 NO mg/L 96/06/18

60612-05 JWS-I ... 005 024 mg/L 96/06/18

60612-06 JWS-2 ... 005 008 mg/L 96/06/18

60612-07 JWS-3 ... 005 745 mg/L 96/06/18

60612-08 JWS-4 ... 005 275 mg/L 96/06/18

60612-09 JWS-5 ... 005 005 mg/L 96/06/18

60612-10 JWS-6 ... 005 088 mg/L 96/06/18

***
• SemanaddOJ de JUnJo 1996

LIma, Peru



Sohcltante

ENVIROLAB - PERU
41k~·, Environmental laboratories Peru SA.

INFORME DE CONTROL DE CALIDAD N°
60612

DReXEL UNIVERSITY

Domlclho legal

Tlpo de muestra

IdeotdicaclOn

Fecha de Ingreso

Codlgo ENVIROLAB PERU
Referencia

3141 Chestnut Street
Phaladclpllla. PennsyIvama 19104
Agua

96/06113
60612
Mr Denms G Grubb 1Josep B Martm

Aoahsls
M~todo

Fecha

pH
EPA 150 I

96/06114

Sulfato
EPA 375 4

96/06/21

Nltrato (como N)
EPA 3521

96/06/20
Grupo de control
IdentJlicacl6n de Equlpo
Canhdad Aftadlda

Vmdad

QC960614
Eleclrometnco

Duphcado

QC960615
TurbIChmetnco

20
mgIL

QC 960620
Colonmc!tnco

03

mg/L

IdentJlicacl6n de Blanco BLC 96062 I BLC 960620

Concentracl6n <05 <DOl

85-115%
o 15%

STD 960620

10498

10395

099

85-115%
0-15 %

BLe 960615 AD!

916

916

046

STD960615

9202

0-1 %

6061202

426

43

093

3/07/96

% de Recuperacl6n

% de recuperacI6n

% de desvlacl6n relahva

% de recuperacl6n (dup)

Muestra Adlclonada

Muestra de Control Numero

Llmltes de Aceptacl6n

Exactltud (% R)
PrecIsl6n (%PRD)

Lima Peru,

~a~c 15

Av La Marina 3059 San MIguf!/- Uma 3Z - PERU TEIEfax 45i!063S TEff 4515947Fax 4641964

EI BLANCO pasa por lodos los pasos del anahsis como lIullcador de conlammacl6n

EI % DE RECUPERACION (%R) mldc la cxaclltud dcl amihsis y cI % ReI AT1VO OJ: DESVIACION (%PRD) mldc la prccIsI6n

del amUlsIs y debe encontrarse denlro de los Ilnulcs mdlcados

DJluclOnes y olras dlficuIladcs analltlcas pueden causar que no se pueda oblener dalDs de cxaciliud y precIsl6n SI eslo OCUlTC la

MUESTRA DE CONTROL, una adlcl6n conoclda a agua de anahsls que se anahza CODjunlamenle con eI gropo es una medlda

aceptable de recuperacl6n



Sohcltante

ENV'ROLAB - PERU
,):;, environmental laboratories Peru SA

INFORME DE CONTROL DE CALIDAD N°

60612
DREXEL UNIVERSITY

Domlclho legal

Tlpo de mnestra
Identdicaclon
Fecha de Ingreso
Codlgo ENVIROLAB PERU
Referencla

3141 Chestnut Street
Philadelphia, Pennsylvania 19104
Agua

96/06/13
60612
Mr Denms G Grubb / Josep B Martm

Anahsis
Mt!todo

Fccha

Alcahmdad Total
SM 2320 B

96/06/18
Grupo de control
Identdicacuin de Equlpo
Cantldad Al'Iadlda
Umdad

QC 960618
VoJumetnco
Duphcado

mglL

Identlficacl6n de Blanco BLC960618

Concentracl6n <01

t"i:lye 16

Av La Marina 3059 San Mlgu~/-Urns 32- PERU TEIEfax 4520635 TEIf 4515947Fax 454/964

EI BLANCO pasa por todos los pasos del anahSlS como mdlcador de conlammaClon

EI % Dr: RECUPERAtiON (%R) mlde la cxacUlud del amihsis y el % RELATIYO DE OESYIACION (%PRD) mlde la precIsI6n

del anahsis y debe encontrarse denlro de los hmlles lIIdlcados

DIJuelOnes y olras dlficullades anah!leas puedcn causar que no se pueda oblener datos de exaclllud y preclsl6n 51 esto ocurre la

MUESTRA DE CONTROL una adlcl6n conoclda a agua de anallsls que se analiza conJuntamenle con eI gropo es una medlda

aceptable de recuperaclOn

0-1 %

60612-11

38

38

o

3/07/96

% de Recuperacl6n

% de desvlacl6n relatlV3

% de recuperacI6n (dap )

% de recuperacI6n

Muestra AdlclOnada

Muestra de Control Numero

Limltes de AceptacI6n

Exactltud (% R)
Preclsl6n (%PRD)

Lima, Peru,



Sohcltante

ENV'ROLAS - PERU
, ~Itj·' environmental laboratories Peru SA

INFORME DE CONTROL DE CALIDAD N°

60612
DREXEL UNIVERSITY

Page 17

Av La Marina 3059 San Mlguel- Uma 32- PERU TElefax 4520635 re" 4515947Fax 4641964

EI BLANCO pasa par todos los pasos del amiltsis como tndlcador de contammaclOn

EI % DE RECUPERACION (%R) mlde la exaclltud del amiltsis y el % RELATIVO DE DESVIACION (%PRD) mlde la precIsion

del amihsis y debe encontrarse dentTO de los limltes mdlcados

Dl)uclOnes y otras dlficultades analthcas pueden causar que no se pueda obtener datos de ellaclltud y preCIsion 51 esto ocurre Ja

MUE5TRA DE CONTROL una adlclon conoclda a agua de anahsis que se analtza conJunlamcnte con el grupo es una medlda

accptable de recuperaclOn

3/07/96

Domlclho legal 3141 Chestnut Street

Philadelphia, Pennsylvama 19104
Tlpo de muestra Agua

IdentlficaclOn

Fecha de Ingreso 96/06/13
Codlgo ENVIROLAB PERU 60612
Referencl3 Mr Denms G Grubb / Josep B Martm

Anahsls Plomo Zmc Fierro
M~todo LPA 2391 CPA 289 I CPA 2361
Fecha 96/06117 96/06/17 96/06117
Grupo de control QC960617 QC960617 QC 960617
Identlficacll~n de Equlpo AA AA AA
Cantldad Aiiadlda 10 10 10
VDJdad uglml ug/ml uglml

Identlficacl6n de Blanco BL 960617 BL960617 BL960617

Concentracl6n <010 <005 <020

Muestra AdlclOnada BL960617 BL960617 BL 960617

% de recuperacI6n 1000 1030 110 0

% de recuperaclOn (dup ) 1000 1050 1080

% de desvlacl6n relatJva 00 192 183

Muestra de Control Numero MC960617 MC960617 MC960617

% de Recuperacl6n 1000 ]020 1080
LfmJtes de Aceptacl6n

ExactJtud (% R) 87-122% 90-111% 89-1/2%
PrecIsl6n (%PRD) 0-92% 0·55% 0-6 I %

Lima Peru

L BUENO CARBA
erente General

CI P N"6618



SohcItante

ENVIROLAB - PERU
.~;,;.:. . EnvIronmental laboratorIes Peru SA

INFORME DE CONTROL DE CALIDAD N°

60612
DRExeL UNIVeRSITY

DomlClho legal 3141 Chestnut Street

Philadelphia Pennsylvama 19104

TlpO de muestra Agua
IdentdicaclOn

Fecha de Ingrcso 96/06/13
Codlgo ENVIROLAB PERU 60612
Referencla Mr Denms G Grubb 1Josep B Martin

Anahsls Manganeso Cobre CadmlO
Metodo EP/\ 243 I EPA 220 I EPA 2131
Fecha 96/06/17 96/06/17 96/06/17
Grupo de control QC 960617 QC 960617 QC 960617
Identlficaclon de Equlpo AA AA AA
Cantldad Atladlda 10 fO 10
UDldad uglmf uglml uglml

Identlficaclon de Blanco BL 960617 BL 960617 BL 960617

Concentraclon <002 <004 <001

Muestra Adlclonada BL960617 BL 960617 BL 960617

% de recuperaclon 1020 1010 1010

% de recuper'1clon (dup ) 1030 1030 1020

% de desvlaclon relatlva 098 196 098

Muestra de Control Numero MC 960617 MC960617 MC 960617

% de Recuperaclon 1000 fOOO 1000
Umltes de Aceptaclon

Exadltud (% R) 90-107% 87-111% 77·124 %
PrecIsIon (%PRD) o 47% 0-6 S% 0 136%

~CARB
Gerente Genera
C 1P N' 6618

Page 18

Av l..a Marina 3059 San MlgUEI- Uma 32 - PERU TEIEfax. 45Z063S TEff 4515947Fax 4641964

EI BLANCO pasa por todos los pasos del an<\hsls como mdlcador de contammaClOD.

EI % DE RECUPERACION (%R) mlde la exactllud del analrsis yel % RELAnvo DE DrSVIACION (%PRD) mlde la precIsI6n

dcl amllrsis y dcbe encontr1rse uenlro de los (nnltes lIIul<.ados

Dlluclones y otras dllicuJlades anal[lIcas pueden causar que no se pueda oblenerdatos de cxaclltud y precIsion SI esto ocurre la

MUESTRA DE CONTROL una adlclOn conoclda a agua de analrsls que se analIZa conJuntamente con el grupo es una medlda

aceptable de reeuperaclOn

Lima, Peru, 3/07/96



Sohcltante

ENV'ROLAB - PERU
I,q

., ";.:. . Environmental laboratories Peru SA

INFORME DE CONTROL DE CALIDAD N°
60612

DREXEL UNIVERSITY

Domlclho legal 3141 Chestnut Street
Phlladclphla, Pcnllc;ylvama 19104

Tlpo de muestra Agua
IdentlficaclOn

Fecha de Ingreso 96/06/13
Codlgo ENVIROLAB PERU 60612
Referencra Mr DenmsG Grubb 1Josep B Mart,"

Anahsls Cromo Anflmomo
Metodo EPA 2181 EPA 204 I

Fecba 96/06/17 96106/17
Grupo de control QC 960617 QC 960617
Identlficacl6n de Equlpo AA AA
Cantldad Aftadlda 10 10
UDldad ug/ml ug/ml

IdentlficacI6n de Blanco BLC960617 BLC960617

ConcentracI6n <002 <020

Muestra Adlclonada BL960617 BL960617

% de recuperacI6n 110 100

% de recuperacI6n (dup ) 110 100

% de desvlacI6n relatrva 0 a
Muestra de Control Numero MC 960617 MC960617

% de RecuperacI6n 100 100
Lfmltes de AceptacI6n

Exactltud (% R) 88 -113 % 57 90%
PrecIsl6n (%PRD) 0-67% 0-129%

Arscmco
EPA 2064

96/06/17
QC960617

AA
20

ug/ml

BLC960617

<005

BL 960617

95

90

541

MC 960617

90

70 108 %
0-135%

Page 19

Av La MarIna 3059 San Mlguel- Ums 32 - PERU TEIEfax 4520635 TEff 4515947Fax 4641964

EI BLANCO pasa por todos los pasos del ami!ISIS como mdlcador de conlamll1acu>n

EI % DE RECUPERACION (%R) mlde la exaclilud del aml!lsis y el % RELATIVO DE DESVIACION (%PRD) mlde la precIsl6n

del amlhslS y debe enconlrarse denlro de los hnllles II1dlcados

Dlluclones y otras dlficullades anahtrcas pueden causar que 110 se pueda obtener datos de exactltud y preCISIOn SI esto ocurre la

MUESTRA DE CONTROL una adlClO11 conoclda a agua de amlhsis que se analiza conJunlamenle can eI grupo es una medlda

aceplable de recuperaclOn

3/07/96Lima, Peru


