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Dear lng Pacora

ThIS letter report and attachments comprIses the fITst Quarterly Report on the actlVltIes completed dunng
the penod of June 1 to August 31,1997, on the projectjomtly sponsored by the Umted States Agency for
International Development (USAID) and CorporacIOn Mmera Nor Peru (CMNP) The purpose of thIS project IS to
IdentIfy and evaluate paSSIve treatment technologIes for potentIallffiplementatIon to mItigate aCId water problems m
Peru More specIfically, the feaslbIhty of thIS approach IS bemg evaluated at the San Fehpe tarhngs dam for Umdad
Mmera QUlfUVllca due to the new effluent standards estabhshed by the Programa de AdecuacIOn y Manejo
Amblental (PAMA) The San Fehpe tarhngs dami was operated m the 1970's and closed m approxImately 1980
The dam IS sItuated at an elevatIOn of approxImate 3570 meters, approxImately 3 kin from Shorey (3700 meters) At
the lower, northeastern end of the valley, the WIdth of the tadmgs dam at the crest IS approxlffiately 380 meters and
180 meters at the base The maxImum heIght at the crest IS approxnnately 30 meters The taIhngs dam IS
approxlffiately 750 meters long, WIth ItS long-axIS stretchmg from the upgradient, southwestern end of the valley
down to the crest SItuated m the northeastern end

Smce the month of June was pnmanly dedIcated to planmng the summer trIp to Peru (July 1 to August 28)
and ordenng of laboratory and field eqUipment, emphaSIS wdl be placed on the actlVltIes m Peru m July and August
The report IS dIVIded mto several parts ThIS letter report assnmlates and summarIzes the mformatIon gathered
dUrIng dISCUSSIOns WIth CMNP personnel and from the VISItS to TrujIllo and Umdad Mmera QUlfUvdca Several
appendIces are attached to this letter report AppendIX A contams all of the meetmgs that the Georgia Tech team
(GT, Dr Denms G Grubb and Mr Gregg W Hudock) partICIpated m Peru dUrIng the months of July and August,
1997 The two mdlVldual trIpS to QUlfUvilca dUrIng the penods of 13-18 July and 7-13 August are summanzed as
AppendIces Band C, respec1:lvely The envITonmental reconnarssance trIp (17 July) to the Esperanza Mme In Salpo
appears In AppendIX B A descnptIOn of the envrronmental, sod and Industrial byproduct samplmg actiVIties
completed m Trujdlo and QUlfUvilca dunng August are contamed m AppendIX D Based on a prelnmnary cost
es1:lmate, the u1:lhzatIon of geosynthetIcs and a subdram system appears to be a more cost effectIve solutIOn than the
cappmg and re-gradmg scheme proposed by Klohn-Cnppen Therefore, the use of geosynthe1:lcs to retrofit the face
of the tarlmgs dam to prevent erOSIOn and to lffiprove seiSlUlC stabIhty of the tarlmgs IS dIscussed m AppendIX E A
hst of the literature, reports and documents prOVIded to GT by CMNP durmg 1 July - 28 August IS presented m
AppendIX F The text that follows mcludes a summary of our observa1:lons and recommendatlons concernmg the
management of the San Felipe Tadmgs dam

1st Quarter ObJectlves

The mam obJectlves of the SIte VISIt to QUlfUvdca m July were to survey dramage trenches (DI-9, ClO-12)
at San Felipe tadmgs dam and to IdentIfy the 10ca1:lons for sod, tarhngs and mdustrIal byproduct samphng for the
August trIp We have not been able to process the survey data smce the actual benchmarks and coordmates of the
San Fehpe valley remarn m dIspute by surveyors from the PeruVIan Government Once these data are finalIzed we

1 Cover photo of re-vegetated areas and ponded water near the center of the San Fehpe tarhngs dam, lookmg due
East from the mldpomt of the northern SIde oftadmgs (October 1996)
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can provide you wIth a summary of our findings In August. selected water quahty parameters In San Fellpe valley
were quantIfied and locally aVaIlable SOlIs and mdustnal byproducts were collected In VIcimty of Umdad Mmera
QUlruvIlca TruJIllo, and along the transportatIon comdor between the two SItes Samples of San Fehpe taIhngs also
were collected These geomatenals were needed for the expenmental program at OT In Atlanta to test the
prehmmary feasiblhty of utlhzmg SOlIs and mdustnal byproducts to buffer pH and immobiItze metals m a porous
geochemical bamer (POB) for aCid mme dramage (AMD) mIugatlOn The evaluauon of the geotechmcal
engmeenng parameters of the soils and Industnal bvproducts IS now underway

Integrated Management Approach

The key strategies to IDlugate aCid rome drainage (AMD) Involve reducmg the exposure of sulfide mmerals
to both mOIsture (water) and oxygen (02) As such, water management programs are inIuated to dIvert ground and
surface waters around taIlings dams and impermeable caps are often used to minImiZe mfiltratlOn Water
management is Important for several other reasons Smce taIlmgs are usually coheslOnless SlIt-SIze particles, they are
prone to lIquefactlOn under water-saturated condluons dunng seismIC events and are prone to eroslOn dunng ramfall
events Many sulfides are reduced compounds that were formed under lImited oxygen condmons and they are
therefore relauvely stable under anaerobIC condluons Also the general trend IS that mono- dI- and some tn-valent
metals are most soluble under OXidIzed and aCIdIC condluons SO the promotIOn of reduced and anaerobiC condItions
IS favorable for metals ImmobilIzation Other key strategIes for controlhng AMD Include buffenng pH of pore or
surface waters to neutralIze the aCIdIty generated by sulfur and Iron oXIdatlOn reactions whIch are often catalyzed by
microorgamsms Since many of these IDlcroorganisms are aCidophilhc (aCId lOVing) the rate of AMD generatlOn can
be reduced by buffenng the pH above the optimal pH for organIsms such as T ferrooxulans (optlmal pH-2 5-35)

The longeVity of a pasSIve technology such as the porous geochemical bamer (PGB) is proporuonal to the
quantity and quahty of water to be treated ThIS IS generally true for any pasSive technology to be used at San FelIpe
The reqUIred treatment time In a POB and the hydraulIc conductlVlty of the POB both lumt the volume of water that
can be conveyed for a particular flow geometry The lowest possIble flows are therefore deSIrable Re-routmg of the
water from the decantauon lIne (D-4) and the dIversIOn canals flankmg both SIde of the tatlmgs dam (1 e •C-12)
around the pasSIve technology is an Important strategy In addItion to reducmg the volumetnc flow and mass loadmg
of arsemc on the pasSIve technology, there is conSiderable legal motivatIon to Isolate the effluent from the La Paloma
mme from the aCId water from San Fehpe and the clean surface water flOWIng around the taIl.tngs dam (C 12)
Sedunent transport from the San FelIpe taIlIngs dam. also should be ffilmffilzed to reduce the contammant loadmg and
potenual for pore cloggmg of the POB because sedunents can render pasSIve technologIes meffectIve An evaluatlOn
of the geotechmcal stabIhty of the tal1mgs dam must therefore mclude an eroslOnal protection component As
dIscussed WIth CMNP persontlel, several SOCIetal constraInts are also placed on the project Smce there IS currently
no solId waste or sewage treatment management approaches currently m place, there IS an unpetus to mcorporate
these schemes WIth the envIronmental strategy employed at San FelIpe EnVIronmental protecuon must be
undertaken In such a way as to mlmmlze the potential for theft of Infrastructure Also the applIcatIon must not
severely unpInge on the current land use by IndIgenous peoples so that they WIll not Interfere WIth the overall
approach taken at San FeItpe The optlmal geo-envIronmental solution for the AMD condluons at the San Fehpe
talhngs dam. must Integrate and balance these Issues OT beheves It has Identified an Integrated approach, which at
thIS prehmmary stage appears to satisfy these challenges Future work WIll be geared to venfymg the
appropnateness of the approach outhned below

Surface Water Management Plan

To ffilnumze the quantity of water to be treated by the pasSIve technology. as much surface water as
pOSSIble should be dIverted away from the San Fehpe tailIngs dam and the pasSIve technology used to treat the
AMD ThIS strategy achIeves multiple ObjectIves 1) the overall amount of water to be treated IS reduced, 2) a lower
flow rate through the pasSIve technology corresponds to a longer treatment time for pH buffenng and metals
rrnrnobIhzatlOn 3) the longeVity of the pasSIve technology is Increased and, 4) Increased water dIversIOn around the
pasSIve technology corresponds to an Increased dilution factor once the flows are merged together pnor to
EnVIronmental Momtonng Pomt XIV The approach also Involves the dIverSIOn of the surface water on the taIhngs
dam toward the Intake of the decantatIOn hne at the southwestern end of the taIlIngs DiversIOn of surface water on
the taIlIngs dam also neceSSItates the reparr of the drainage trench (C-I0) excavated In the northern corner of the
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taIlings dam and face of the taIlIngs dam The recommended approach to achIeve these goals must be well mtegrated
With the other aspects of the management scheme for the San Fehpe whngs dam

Re alIgnment of the EXisting Drainage Canals and Trenches

An Important part of the surface water management plan IS the re-alignment of several eXistIng draInage
canals and trenches 10 the vlclmty of the northwestern comer of the talhngs dam The current alignment entaIls the
removal of the aCidIfied surface water from the taIlmgs In drainage trench C 10 which later merges wIth the arsemc
laden effluent emanatmg from the La Paloma Mme portal, as shown m FIgure 1 After the convergence of C 10 and
the effluent from La Paloma, the combmed flow IS referred to as dramage trench C 11 ApprOXImately two hundred
meters later, the clean surface water flowmg m diverSIOn canal C-12 outfalls Into C II There are three maIn
complicatIOns that anse WIth the current draInage trench configuratIon 1) The surface water pondIng on the surface
of the tailIngs dam near the north-western comer WhICh flows m C-l0 becomes aCIdIfied unnecessarily, 2) the
arsemc-laden effluent from the La Paloma mIne (not owned by CMNP) outfalls Into the draInage trenches which
flow to samplIng pomt XIV, WhICh IS regulated by the PAMA for C\1NP, and, 3) the clean surface water flowmg In
C-12 outfalls mto C-ll and IS unnecessan1y contamInated by effluents from San Felipe and La Paloma

MItigatIOn of these problems Involves re-allgnment of the se\eral drainage trenches The key feature IS to
ehrmnate the current envIronmental liability born by CMNP under theIr PAMA due to the mlXlng of the La Paloma
mme portal effluent WIth the aCId waters from San Felipe One long-term solution for elImmatmg the unnecessary
contamInatIOn of clean surface water m the diverSIOn canal C 12 IS to prevent It from outfallmg mto C-II For
example, although a new pIpe will be reqUIred It IS deSIrable to re-alIgn C-II so that It flows under the Shorey Road
at a locatIOn downgradIent of sampling pomt XIV, as shown on FIgure 2 If tlus change IS made, It then makes sense
to relocated the eXISting C-12 canal to a pOSitIOn between the face of the tailings dam and the La Paloma mme portal
The re-allgned trench should extend further downhIll from the current 90 degree bend m C 10 where It turns to flow
toward La Paloma as shown 10 Figure 2 The flow In the new C-12 should not merge WIth the eXIstmg C-11, but
should flow somewhat parallel to the eXIstmg C-11 trench The proposed C-12 trench will ultImately merge with the
other San Felipe trenches near sampling pomt XIV ThIS alignment enables the clean water m C-12 to be used for
dilutIOn after the aCId waters m the other trenches (D1-9) are treated by passive techmques such as the PGB In the
long-term, only uncontammated water will flow In the re-aligned C-12

The short-term solutIon for the management of flows m trench C-lO mvolves Its dIsconnectIOn WIth C-ll
and confluence WIth the re-allgned C-12 trench The net result of the re-allgnment of C-10 and C-12 effectIvely
Isolates the La Paloma effluent In the eXistIng C-ll trench The proposed geosynthetIc re-mforced wall deSign calls
for the complete elImmatIOn dramage canal C-lO (see AppendiX E) The ponded water which currently flows mto
drainage trench C-lO will be re-dIrected toward the Inlet to the decantatIon line at the southwestern end of the San
Felipe tailings dam In the long term, the decantatIOn Ime will be extended to outfall on the downgradlent Side of the
PGB near samplmg pomt XIV Like C-12, thIS cuts down on the volume of water to be treated by a passive
treatment technology and prOVIdes maxImum dllutIon of post-treated water

Coupled WIth trench re-alignment the eXIstIng dIVerSIOn canals flankmg both Sides of the tailings dam
should be dredged to Improve the flow capaCIty of these canals SInce the dredged matenalls likely to be very
ferule, It should be spread on the tailmgs to encourage re-vegetatlOn near the southern end of the tailings The same
practIce should be followed for the soils excavated for the new trench alIgnments C-II and C-12 because more soil
fertIlity IS needed on the tailIngs than m the portIOns of the eXistIng trenches that wlll be backfilled and
decommISSIoned There are several pIles of soll haVing marginal fertIhty on the San Felipe valley floor that can be
used to backfill the deCOmmISSIOned portIOns of drainage trenches

EroSIOnal and SeIsmIC StabIlIty of the San Felipe Taihngs Dam

The PAMA for Umdad Mmera QUlfUvIlca mcorporates a $1 2 millIon estImate for the closure of the San
FelIpe tailIngs dam based on a re-gradmg scheme and cappmg of the tailIngs dam WIth low permeability soils The
rehabilItatIon and cappmg optIOn was prepared by Klohn-Cnppen (1996) There are two mam Issues pertaimng to
the eroSIOnal and geotechmcal (seISmIC) stability that must be addressed to ensure the long-term stability of the San
FelIpe tailIngs dam, regardless of which envIronmental protectIon optIon IS ultImately Implemented

I
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There are three major concerns where erosion IS concerned The face of the tailIngs dam IS hIghly eroded
and sediment transport of tailings affects both the overall geotechnical stabIlity of the dam as well as the efficacy of
any passive treatment technology that may be used to treat the aCid waters at San FelIpe Dunng the July stte VISit
the GeorgIa Tech team observed small crystals of pynte flOWing With other sedIments In the drainage trenches and on
the surface of the tailings Judgmg from the accumulatIOn of sediments where the toe drams outfall mto the dramage
trenches, It appears that the eXistIng toe dram system does not prevent the plpmg of tallmgs mto dramage trenches D
1 to D-3 and D-5 to D-9 The plpmg of taIlIngs has long-term consequences on geotechnical stabilIty and ongomg
differentIal settlement of the surface of the taIlings dam A new subdraIn system or additIonal draIns may be needed
to mimmize the flows In the eXIStIng toe draIns There IS another facet of erosIOn that has a more SOCIal dImenSIOn
Ammals such as frogs, brrds, pigS, cows, bulls, sheep, and burros In combmation wIth their tracks (footpnnts) were
ubiqUItouS in and around the San FelIpe tallmgs dam This observation suggests m part, that open grazIng of
lIvestock on the re-vegetated portIons of the taIlIngs IS a common practICe encouraged by the indigenous peoples
Pigs were observed burrOWing In the re-vegetated areas of the San FelIpe taIlIngs dam Brrds were nestIng In the
same areas The Impact of these annuals on the long term perfonnance of an Impenneable lIner IS dIscussed at the
end of the next sectIOn

Another Issue of great concern IS the geotechmcal and seIsmIC stability of the San FelIpe taIlings dam
RegIOnal seISffilC actlVlty (1970) resulted In the lIquefactIOn and faIlure of the AmlfVIlca taIlings dam There are
several factors which suggest that the San Fehpe taIhngs dam may be susceptible to a liquefactIOn type faIlure during
an earthquake The term lIquefaction IS used to descnbe the uncontrolled defonnatIOn of a porous matenal when
exceSSIve pore water pressures are not diSSipated When the pore pressure equals the effectIve stress (u =(J ),

lIquefactIOn occurs Large porewater pressures greatly Impact the lIquefaction potentIal of soIls and taIlIngs under
repeated or sudden straInS Dunng the November 1996 and the July 1997 VISitS, large areas of ponded water were
observed on the surface of the taIlmgs, a water saturated condItIOn bemg one of the maIn Issues related to poor
seISffilC performance of taIlIngs In contrast to prevIOUS site VISitS, In August 1997 the taIlIngs were observed to be
much dner, With lower flowrates and less ponded water However an artesian condItIon (an upward flow of water)
was discovered at pelzometer #5 A slffillar condItion was reported by Klohn-Cnppen (October 18, 1995)
Although the state of stress and liquefaction potential of the taIlmgs m the VlcmIty of pelzometer #5 was not
speCIfically evaluated, the observed artesian condItIon m pelzometer #5 mdicates a large pore water pressure bUIldup
wltlun the taIlIngs Ground movements (1 e , earthquakes) Increase the probabIlity of hquefactIOn occurrence,
therefore, a detaIled hquefactIOn analySIS of San Feltpe taIlmgs should be completed to evaluate the lIkehhood of a
tailIngs slope faIlure In the Intenm dewatenng the tailIngs to decrease the pore water pressures throughout IS
recommended

In the letter dated 18 October 1995, Klohn-Cnppen recommended that a detaIled seISffilC evaluatIOn be
conducted for the San Felipe tailings dam These recommendations were based on the observed water elevatIOns In
the eXIstIng pelzometers whIch suggested a relatively large thIckness of saturated tailings While It IS clear that
Klohn-Cnppen evaluated the hquefactIon potential based on corrected SPT values (N1)60 denved from correlations
utilIzmg aVaIlable CPT test data (ConeTech, 1995) for the Santa Catalma TaIlings dam It IS not known whether they
have repeated the analySIS for San Fehpe Our prehffilnary analyses USIng CPT- and SPT-based methods indIcate
that the San Fehpe taIhngs dam has marginal stabIlIty WIth respect to seISffilC shakIng We (also) recommend that
the seISffilC stabilIty of the San FelIpe taIlIngs dam be more thoroughly Investigated A study of thIS kind IS
envlSloned to be an Integral facet of any closure or remedIatIOn strategy unplemented at San FelIpe If the San
FelIpe tailIngs dam lIquefies, any passive technology located downstream of the taIlIngs WIll be destroyed

San FelIpe and the Programa de AdecuaCIOn y Manelo Amblental (PAMA)

The PAMA currently Incorporates the re gradIng scheme and cappIng of the taIlIngs dam WIth low
permeabIltty soIls as the remedIal approach for San FelIpe based on a reVIew of the PAMA and two reports authored
by Klohn-Cnppen (1995,6) The proposed rehabilItatIOn and closure alternative IS estImated to cost $12 ffillhon
With a 10% annual maIntenance cost The Klohn-Cnppen scheme has a purely geotechmcal and hydrologICal
emphasiS, 1 e the cost of treating the aCId waters from San Fehpe IS not addressed While a capping optIOn may
potentIally reduce the flow of aCid waters, It Will not ellffilnate them GIven the hIgh concentrations of rron (3-5,000
mgll), copper (1-300 mgll), zmc (1-600 mgll) and manganese (20-100 mgll) emergmg from the draInage trenches at
San FelIpe, some form of water treatment wIll almost certaIn1y be requITed As such, the true enVITonmental cost for
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compliance With the PAMA may be under-estlII'ated by the Klohn-Cnppen rehabilitatIOn and closure alternative
Moreover, with the exceptIOn of Its own agreement with CMNP, Georgia Tech IS not aware of any consultmg
engmeenng reports furmshed to CMNP which have as therr pnmary focus the water quality objectives to be attamed
m the San Feltpe valley for purposes of complIance With the PAMA

In addition to not directly addresslOg the environmental treatment of aCid waters, the contract documents
and draw10gs prOVided to CMNP by Klohn-Cnppen (7 March 1996) for the rehabilitatIOn and closure plan are not
accompanied by a seismIC study demonstratmg the supenor performance of the new geometry over the eXlstmg
configuratIon of the San Felipe tailIngs Another drawback to the Klohn-Cnppen scheme IS that It does not Illustrate
how the La Paloma effluents WIll be de-coupled from the San FelIpe effluents Also the re-graded profile abuts C
IOle 11 adjacent at the La Paloma mme portal, as shown by the approximate footpnnt of the re-graded tailings on
FIgure 3 Although the exact locatIons are not known, there are a few unmapped crevasses located near the
northeastern comer of the tailings dam m the vlclmty of surveymg pomt SFI which may be mtersected by the new
footpnnt Moreover, the extenSIon of the taIlmgs toward the Shorey road reduces the phySIcal space avaIlable on the
valley floor by approxImately 11,000 m2

, Ie, a portIOn of the space requrred to Implement passive remediation of
the aCId waters The space reduction may potentIally elimmate passive technologIes from consideratIOn leavmg
CMNP WIth two main optIOns pumpmg the aCId waters to the proposed SXJHDS plant 10 Shorey, or constructmg a
water treatment plant at the bottom of the San FelIpe valley The extenSIOn of the tailIngs dam also Increases the
total surface area of the tailings (top, bottom and SIdes) through whIch ramwater can mfiltrate and groundwater can
permeate The re-sloped surface of the tailings dam m the Klohn-Cnppen scheme has the potentIal to also convert
the eXIStIng C-12 to an aCid water If erOSIOn of the cap occurs Smce extensIOn of the taIlIngs WIll submerge the
eXlstmg dramage trenches (D-l to D-3 and D 5 to D 9) It IS not clear how these flows WIll be managed 10 the
granular subbase If sedIments contmue to enter the eXIstmg dramage trenches, It IS conceivable that the granular
subbase may eventually clog With fines WhIle these Issues may not be msurmountable, they are Issues that must be
addressed

Also WIth a capp10g optIOn several non techmcallssues anse The long term 10tegnty of an Impermeable
cap placed on the San FelIpe tailIngs dam IS likely to be hIghly compronused by grazmg livestock and burrowmg
ammals (pIgS) Durmg meetmgs With CMNP personnel and therr consultant, Ing FelIpe InJoque, It was discussed
that fencmg-off the taIlmgs dam was an undeSIrable optIOn due to theft of the fence, or ItS bemg breached by
mdlgenous peoples to penmt livestock graz10g Therefore, a closure plan WhICh does not mterfere WIth the
mdlgenous peoples or draws therr attenuon IS lIkely to be the most effectIve m the long term

Coupled EnVIronmental Restorauon and Geotechmcal Stability at the San Felipe TailIngs Dam

The conceptual strategy outlIned here stems from the OppOrtunIty presented by the wetlands at the
southwestern end of the tailIngs Water quality data recently obtamed on 14 August 1997 by CMNP for Punto 'A'
located near the mlet to the decantatIOn lIne at the southwestern end of the taIlmgs mdlcates that the surface water m
the already re-vegetated zone of the taIlmgs surpasses the effluent standards set forth 10 the PAMA for Umdad
Mmera QUlfUvdca In essence water flow1Og on the taIlmgs through the re-vegetated area IS not only buffered, but
aCidIficatIOn IS prevented and metals concentrations are suppressed

In order to take advantage of eXIstmg wetlands processes, the eroded face of the eXlstmg taIlmgs dalO
should be retrofitted WIth a geosynthetlc wall which proVides remforcement of the coheslOnless taIlmgs, as descnbed
m AppendiX E Bnefly, the eXIstmg face of the taIlIngs has a 2H IV slope and IS deeply channeled by eroSIOn The
geosynthetlc wall can be constructed begmmng at the base of the face of the eXIsUng taIlmgs dam WIth a vertIcal
slope of IV IH, or m a terraced style With 5 meter benches depend10g on the optimization of geotechmcal and
seIsmIC stabilIty, wall angle and cost The geosynthetlc wall Will be coupled With the mstallatIOn of a new subdraIn
system conslstmg of approXlDlately five honzontally-dnlled subdraIns to de-water a 300 meter Wide sectIOn or block
of taIlmgs runmng parallel to the eXisting crest of the tailIngs dalO ThIs remforced, dry block of tailIngs Will contain
the potentially lIquefiable wetlands portIOn of the taIlmgs dalO to the southwest In essence, the geosynthetlc wall
and subdraIn systems WIll prOVIde for the overall erOSIOnal, geotechrucal and selsnuc stability of the San Felipe
tailIngs dalO whIle fostenng enlargement of the wetlands

I
I

7 Quarterly Report



---------------- - - -

DRAWING
GoggHudodt

00

~

i
{

lCACION (jE~CANAl

./ "" DE RE80SE. EXCAVAOO
'" EN ROCA ~VER DETALLES

'" '" EN 13-7159-03-004)
./ USICACIOl'{ fiNAl

'" A OETERMINARSE
EN El TERRENO

cuFJETA PERIMETRAL

CORPORACION MINERA NOR PERU S A
UNlOAD MINERA QUIRUVILCA

FIGURE 3
Footpnnt of Proposed

Klohn-Cnppen Stabilization I~:'k,BER 1997

Base m p 5 an ad from Klahn C ppe F b ary 1996 San Felipe
Tailings Map (drawing If B 7159 03 003)



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Tlus approach to geotechmcal and seIsmiC StabIhty is compatible wIth the hydrologIcal, envrronmental and
SOCIal Issues pertatmng to the San FelIpe tatlIngs dam The synergy between the geosynthetlc wall and wetlands
makes it possIble to convert the aCId water currently floWIng m C-I0 to a clean water source for dIlutIon purposes by
re-drrectIng It Into the decantation hne The geometry of the geosynthetIc wall does not Interfere WIth the flow
emergmg from the La Paloma mme and It also proVIdes for the space to re-align C-12 to a pOSItIOn downgradient of
C-ll, ehmmatmg theIr confluence WIthOut changmg the eXIstmg footpnnt of the taihngs dmn, the geosynthetlc wall
option allows for the phYSICal space for pasSIve treatlnent technologies (such as the PGB) of the aCId waters from
San Fehpe

A SpeCIal opportunIty eXIsts to merge the geosynthetlc re mforced wall, subdram system and porous
geochermcal bamer (PGB) WIth the pnmary treatlnent of the sewage and wastewater from Shorey The current
estimate for treating the wastewater m the PAMA IS $125,600 wIth a 10% operatmg cost Dunng the July and
August tnps the use of the sewage and wastewater to neutraltze the aCId waters from San Fehpe was dIscussed The
method of conveyance for the wastewater from Shorey would occur mostly m a pIpe or trench dug along the Shorey
road The soIl excavated m the process of trenchmg also could be used to provIde a cover on the tathngs to promote
re-vegetatIon The location and conveyance method from the Shorey road to the taIlmgs has not been evaluated
Another strategy would be to retrofit the Tubena DeposItade Relaves San Fehpe to carry wastewater

The long-term strategy IS to convey (by graVIty flow) the wastewater from Shorey to San Fehpe where It would
outfall mto the aCId waters from San Fehpe at a locatIOn ImmedIately upgradlent of the PGB m order to dIlute the
aCId water WIth a mIcrobIally dIverse, buffered, and nutnent (orgamc carbon, nItrogen) nch water solutIOn The
ratIOnale behmd thIS IS that the eH-pH charactenstIcs of the aCId water and wastewater are essentIally OppOSIte and
that an anaerobIC and reduced condItion IS needed to rapIdly neutrahze the aCId water and to ImmobIhze the metals
It therefore may be pOSSIble to achIeve long-term treatlnent of both effluents With very httle effort

In the short-term, the wastewater from Shorey could be used to accelerate the re-vegetatton of the San
FelIpe tathngs dam Recall that C-lO WIll be ehrmnated and the surface re-sloped near the crest so that the surface
water on the tathngs dratns toward the southeastern end The surface water may still become aCIdIfied as It flows
toward the wetlands zone, InhIbIting the extenSIOn of the wetlands toward the crest of the dmn As the re-vegetated
zone slowly enlarges toward to the crest of the dam, an orgamc layer WIll form on the tathngs ThIS layer, once
formed, WIll reduce the quantity of water and oxygen diffusmg Into the surface of the taIhngs resultmg In the
aCIdIficatIOn of the tathngs Re-vegetatIon process can be accelerated by releasmg the sewage and wastewater along
the crest of the taIlmgs dmn m a fashton sirmlar to the ongmal placement of taIlIngs As the sewage flows toward the
southwestern end, the surface water IS buffered and the tathngs are fertIhzed m the process

The surface water qUalIty on the taIhngs appears to be satisfactory m the wetlands area of the San Fehpe
tathngs Smce there IS only one water quahty measurement recorded for Punto "A", thIS locatIOn should be
mOnItored to estabhsh the long-term trend m surface water quahty on the surface of the tatlmgs dmn Smce the
measurement of Punto 'A" was obtatned m the dry season, It IS expected that results obtaIned m wetter penods to be
of better qUalIty However there IS one unresolved Issue pertammg to thIS geo-envIronmental strategy that may be of
concern WhIle the surface water IS of good qualIty at the southwestern end of the taIhngs, It IS not known whether
there are any potential tOXIcologIcal effects on the local hvestock and wIldhfe due to the concentratIons of arsemc,
copper and lead m the tatlIngs themselves (as eVIdenced by therr correspondmg concentration m the aCId waters from
the toe dratns) It may turn out that the burrowmg and nesting actIVItIes m the wetlands should be prevented due to
therr deletenous Impact on the health of the local anlffials and hvestock It IS not known whether the grasses and
shrubs are metals tolerant, or If they concentrate metals that are subsequently mgested by ammals

ConclUSIOns and RecommendatIOns

The envrronmental remedlaton and momtonng of the San Fehpe taIhngs dmn IS closely hnked to other
actiVItIes WhIch may alter or affect the geotechmcal or hydrologIcal aspects of the taIlmgs dmn Changes In any of
these features WIthOut due conSIderation of other governmg Issues m the valley may negatively Impact any or all of
the works necessary In the San Fehpe valley We have identified the followmg Issues of concern
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GeorgIa Tech should be constantly updated wIth InformatIon pertammg to geotechmcal, hydrological and
envlfonmental work occumng at Umdad Mmera QUlfUvtlca New envuonmental data waste streams and
engIneenng works can slgmficantly Impact the remedial strategy for San Fehpe and Its associated cost For
example, arseruc concentratIOns emanatIng from the San Fehpe tathngs were first observed In November 1996
(agaIn m August 1997) However, Georgia Tech was not made aware of the November 1996 data while the
agreement was negotiated With CMNP (finahzed May 1997) As a result we l>ave had to subsequently revise our
strategy and testmg approaches for our work at San Fehpe

2 The effluent from the La Paloma mme portal should be Isolated from the San Fehpe effluents smce It represents
an unnecessary envlTonmentalltablhty under the PAMA for Umdad Mmera QUlruvI1ca The concentratIOns of
arsemc emanatIng from thIS portal alone exceed the PAMA An approach SImilar to the re ahgnment scheme
IdentIfied above should be deSIgned and Implemented as soon as pOSSIble

3 The dratnage canal flankmg both SIdes of the San Fehpe tallmgs dam should be dredged and repaired as soon as
pOSSIble SubstantIal flow of surface water onto the tadmgs occurs near the mldpomt of the southern edge of the
tallmgs ConstructIOn of a temporary dike may be necessary to direct the surface water toward the decantatIOn
lme and away from the center of the tadmgs

4 A detailed seISmtC study should be conducted of the San Fehpe talhngs dam as soon as pOSSible The seismic
study should be geared to collectIng data that WIll also prOVIde basehne data that can be used for geotechmcal
deSIgn of either the rehablhtatlon and closure scheme proposed by Klohn-Cnppen, or alternative geotechmcal
and hydrologtcal solutIOns such as the geosynthetlcs re-mforced wall and subdraIn Some data eXIsts on
earthquake recurrence mtervals magmtude, ground motIons, etc, m QUlfUvtlca but thIS needs to be better
Integrated WIth speCIfic site Informatlon ThIS evaluatlon should mclude laboratory and field components to
determme cychc tnaxIal testIng under vaned densltles and overburden pressures, resonant column torsIOnal shear
to evaluate the vanatIOn of propertIes WIth stram, and CPT and In-SItu shear wave testIng

5 The proposed geosynthetlc wall and subdraIn system should be evaluated more thoroughly as soon as pOSSible
At the present tIme It appears not only more cost effective than the Klohn-Cnppen optIOn but It appears to
prOVIde CMNP With more management optIons and flexlblhty for long term care ThIS evaluatIOn should mclude
a laboratory component to determme UV and chemtcal reSIstance of the geosynthetlcs, pullout tests
geosynthetlc-tathngs InterfaCIal shear behaVIOr, permIttIVIty, etc

The expenmental and analytIcal aspects of Issues 4 and 5 are beyond the scope of the eXIStIng agreement
between the GeorgIa InstItute of Technology and CorporaclOn MInera Nor Peru However, we beheve that If our
scope of work IS expanded and work commences In January 1997, actlvItIes related to Issues 4 and 5 can be
completed and Included WIth our annual report due May 1997 We are currently prepanng a summary report and
proposal whIch pnontlze data needs to be submttted to CMNP for conSideratIon dunng our upcomtng VISit to Peru In
December It has been a pleasure workIng WIth you on thIS project and we look forward to contInued cooperatIon In
thIS and other matters If you have any questIOns please do not heSItate to contact me

~~
Denms G Grubb
ASSistant Professor of CIvd & EnvlTonmental Engmeenng

cc
Mr MIchel Robert Pan Amencan SlIver
lng Andres Dasso, Pan Amencan StIver
lng Mano del RIo, Gerente General
Mr Alan DaVIS, USAIDlPeru
Mr Gdbert S Jackson, USAID/DC-LAC
Dr Joseph P MartIn, Drexel UmversIty
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AppendIx A

CMNPIUSAID Dally MeetJng Log, Uuly 1997 • 28 August, 1997

Tuesday, July 1, 1997

Depart Atlanta Hartsfield InternatIonal Airport at approxImately 1200 All luggage and necessary equIpment
was checked m wIth Amencan AIrhnes Global PosltIomng System (GPS) shIpped as aIr cargo vIa AmerIcan
AIrhnes (not possIble to check as excess baggage) Amve LIma Peru at approxImately 11 00 PM Escorted
through PeruvIan Customs by USAID personnel Learned from Amencan AIrhnes personnel that aIr cargo
would amve m Serhpsa and that It would have to clear customs before bemg released

Wednesday, July 2,1997

00 30 - Amved at the Hostal El Doral
09 00 - Secunty Bnefing WIth the ReSIdent Secunty Officer (RSO) at U S Embassy
10 30 - Meetmg WIth Embassy Cultural Affarrs Officer, Mr Helmut FIscher Grubb presented detaIls of aCId

mme drainage work Fischer proVides member lIst for Fulbnght CommISSIOn and recommends that
Grubb contact GUillermo Payet of Southern Peru, a member of the Fulbnght ComlsslOn

11 00 - MeetIng With Embassy Econormcs Secretary Knshna R Urs to brIef hIm on aCId rmne dramage work
FulbrIght Fellowship, and additional resources to support enVIronmental work m the mmmg sector
Accordmg to Urs the Fulbnght CornmtsslOn has a strong mterest m rmmng project due to the
SOCIOlogical and envIronmental emphasiS

1245 - Meetmg WIth Dr MarCIa Koth de Paredes Executive DIrector of US-Peru Fulbnght ComrmsslOn Dr
Grubb descnbes work to be conducted a survey of the enVIronmental mInIng problems m Peru, and
theIr applIcabilIty to passive treatment techmques Fulbnght focus has a Peru-WIde emphaSIS whereas
USAID sponsored project IS focused on the rmmng aCtIVIty m QUiruvIlca Koth de Parades requests
that Grubb parttclpate m US Embassy-PUCP teleconference dunng Fourth of July party to publICIze
Fulbnght aCLlvltles Grubb agrees

1445 - Meeting WIth Ing GIselle NaranjO NaranjO Mmmg Engmeenng SectIon Coondmator of PontIficIa
Umversldad CatolIca del Peru (PUCP) DISCUSSed Fulbnght FellowshIp (teachmg and research
components), toured the laboratory faCIlItIes of the Mmmg Engmeenng SectIOn NaranjO mtroduced
Grubb to Mr Dantel Landers and Mr DaVId Machuca. mmmg engmeenng students mterested m
coloaboratIng WIth Dr Grubb on enVIronmental projects In the rmnIng sector NaranjO and Grubb
agree to research and Inventory PeruVIan rmmng effluent problems WIth end goal of publIshIng a
Journal artIcle m the International rmmng Journals The second fOCI of the research IS to Inventory the
types of mdustnal byproducts aVailable In Peru

Thursday, July 3,1997

09 00 - Meeting WIth Mr Alan DaVIS at the USAID office DIscussed unresolved clause Issues attached to
USAID purchase order WIth GeorgIa Tech DIscussed strategIes to expedIte clearance process for
GPS eqUipment held In PeruvIan Customs office Grubb SIgnS affidaVIt releasmg eqUipment to US
Government to faCIlItate customs process smce the eqUipment IS 10 Peru under auspIces of USAID

11 30 - Lunch WIth Mr Alan DaVIS and two vIsItIng scholars from the Umverslty of Kent researchmg
opttrrnzatlon strategIes to enhance prOdUCtiVIty and enVIronmental protection 10 the fishmeal 10dustry

1500- Organtzatlonal meet10g at US Embassay-PUCP teleconference to be conducted on 4 July
16 00 - OrganIzatIOnal meet10g WIth Mr LlllS Jmme Castillo, DIrector of PromotIOn and Development at

PUCP and NaranjO about Fulbnght Approach of Fulbnght dIscussed along WIth stratagtes for long
term cooperation between PUCP and GeorgIa Tech mcludmg student and faculty exchanges,
recrult10g and Jomt research proposals

I
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Fnday, July 4, 1997

10 00 - Grubb participates In teleconference wIth Ms Enca FIelds another Fulbnght Fellow
1400- Luncheon WIth Dr Oscar Fnas of ConsorclO MInero Honzonte The Honzonte MIne IS located In

Parcoy, La Llbertad Department Fnas outhnes needs to control cyanIde waste effluent waste
problems and inVItes GeorgIa Tech team to VISit lOme to evaluate prehmlOary feasIbIhty of passIve
treatment technologIes to attenuate cyanIde Grubb dIscusses the US Government reqUIrements for m­
country travel under actlVltIeS sponsored by USAID Grubb later learns that Parcoy is m travel
restncted area and that obtaining a secunty clearance IS not hkely

15 00 - Met WIth NaranjO and Landers to dISCUSS strategy to IdentIfy the locatIOns of vanous agncultural,
mmmg and heavy mdustnes In Peru to correlate the locatIon of aVailable mdustnal by-products and
mmmg sItes DIscussed plan to obtain vanous mmes' PAMAs to understand the nature of the
PeruVIan mmmg effluent problems by regIOn Also dIscussed the need to undertake a survey of the
watershed studIes sponsored by the Mmistry of Energy and Mmes (MEM) to mdex the nver quahty 10
Peru DIscussed Importance of metals ImmobihzatlOn and amieloratlOn WIth natural plant species

Saturday, July 5,1997

09 00 - Grubb conducts teleconference between US Embassy- PUCP from PUCP campus

Sunday, July 6,1997 - No meet10gs

Monday, July 7,1997

09 30 - Grubb and Hudock meet WIth Landers and Muchaca at PUCP ActIon Items are to
a ) IdentIfy natIve plant speCIes 10 the Andes, speCIfically any speCIes WhIch can be claSSIfied as

metalophiles The plan IS to work 10 cooperatIon WIth the InstItuto Nactonal de Recursas Naturales
(INRENA)

b ) Identify 10dustnes throughout non-coastal Peru to quantify and ClasSIfy the avaIlable mdustnal by­
products 10 close proXillllty to vanous mmmg towns

c ) Identify the matenals and natural resources utIhzed by filnes, stock supphes, and the by-products of
such a consumption

d ) IdentIfy the natIve sods throughout the Andes
e) Coordmate WIth MEM to analyze EVAP and PAMA for PeruVIan mmes by regIOnal department
f) Use the above 1OformatlOn to conclude on the practicalIty of utIhzmg a pasSIve treatment technology

to treat mImng effluent problems (cyanide, mercury, aCId lOme dramage) 10 Peru

16 00 - Meeting WIth Ing Andres A Dasso, and log and Mano del Rio, the respectIve General DIrectors of
Pan Amencan SlIver (PAS) and Corporaclon Mmera Nor Peru (CMNP) to dISCUSS the
QUITUVlhcalShorey project Dr Grubb reVIews project focus to 10tegrate the pasSIve technology
mtended to treat the aCId waters and sewage slffiulatenously that utIhzes locally aVailable SOlIs,
10dustnal and agncultural by-products, and sewage Natural re-vegetatlon of the San Fehpe taIhngs
dam IS dIscussed and the 10terest of GeorgIa Tech team to evaluate the potentIal of local grasses and
shrubs to grow 10 the tathngs Heavy eqUIpment 1Oventory requested for Shorey/QurruvIlca.
InformatIOn requested concermng envIronmental test10g database and weather statIOn data for
QUITUvIlca Inqumes made about wastewater management plan, treatment facIhties and layout of
pIp10g network 10 Shorey Dasso mdicates that Mr Fehpe Injoque, an envIronmental consultant, IS
assIstmg CMNP 10 QUITUvIlca Grubb Informs Dasso of CESEL reports that have bIas toward
contarntnatlon form QUlfUvIlca and Salpo Dasso IndIcates PAS IS Interested 10 acqumng nghts In
Salpo Grubb offers to VISIt Esperanza filnes In Salpo to conduct SIte walk to guage potentIal
enVIronmental problems
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Tuesday, July 8,1997

11 00 - Meetmg with Mr Fehpe Injoque, an mdependent envIronmental consultant Injoque was retaIned to
develop and recommend envIronmental sound protocols, hygIene and practices Umdad Mmera
QUlfUvdca can utilIze Grubb and Injoque exchange Information on work efforts at Qutruvllca to
ensure compatlblhty of alms and work effort Mr Injoque who also consults for Empresa Mmera
Iscaycruz SA, suggests that GeorgIa Tech team present passive envIronmental technIques to
Iscaycruz as they are h1cely to be very mterested m such approaches

13 00 - Hudock and Landers consult WIth staff m PVCP Geography department to follow-up on actIOns Items
from 7 July GeographIc informatiOn. If aVaIlable, IS over very large scale Vanous mInlstnes of the
PeruVIan government posses thIS mformatlOn m GIS format Therefore an attempt WIll made to access

thiS data
1500- Meeting WIth Castillo ofPUCP Grubb and Castillo diSCUSS framework for mter unIversity

cooperation on USAID-CMNP project DISCUSS contractmg mechanisms for potential utIhzatlon of
laboratory facIhtles for analytIcal and column testIng

Wednesday, July 9,1997

0830 MeetIng WIth Ing Jose MogroveJo. DIrector General Asuntos Amblentales of the Mlmsteno de
Energta y Mmas (MEM) and Grubb, Hudock, NaranjO, and Landers Disucssed focus of Fulbnght
Fellowship and the USAID/CMNP Project Grubb requests access to EVAP, PAMA and watershed
study mformtlOn for mmmg actiVItIes m Peru by Department Mogrovejo mdlcates that watershed
reports are m reVIew Also whlle all reports and data are publIc mformatiOn MEM maIntaIns a pohcy
that COpIes cannot leave the premIses nor can personal photocopIers be used MEM can provIde
copIes at a cost of $1 OO/page Mogro"ejo suggests that perhaps It may be possible to loan some
reports to the UnIVerSIty Grubb and Mogrovejo agree that the fIrst Departments to be evaluated are
La Libertad and Hauncavehca (Grubb toured Huancavehca m June 1996) Grubb offers to review the
CESEL report for the RiO Moche Valley watershed m La Llbertad Mogrovejo accepts

Thursday, July 10, 1997

09 00 - Hudock, Landers, and Machuca VISIt INRENA and the Agncultural Institute to obtam mformatlOn on
local solis aVaIlable m the La Llbertad and HuancavelIca Departments SOlI maps, agncultural maps,
and plant hfe maps are aVaIlable at IRENA for both La Llbertad and Huancavehca Departments and
were both expenSIve and mcomplete (partial) The agncultural map for La Libertad contamed data for
several watersheds No mformatiOn about metalophtles and native plant species was obtaInable for the
Andes from IRENA Srrmlar mformatiOnal resources are aVaIlable at the Agncultural Institute,
however, thiS data revealed the same trends and gaps as those at IRENA

1500- Grubb meets WIth CESEL Engmeers, LUIS Moreno and Jorge Salas TheIr samplIng methods and
locations for the Rio Moche watershed are discussed CESEL does not proVide exact locatiOns of
samplmg pomts eIther descnptlvely or on maps It appears that CESEL has focused on Identlfymg
contammatIon mputs from known numng sources Inputs to Rio Meche from VIllages, towns
mumclpalitIes (sewage and garbage), and mdustry other than numng such as agnculture automoblle
reparr faCIlIties have not been quantJ.fied ThIs suggests an unfarr bias leamng toward numng mdustry
as sole contnbutors to poor nver water quality

Fnday, July 11, 1997

08 30 - Grubb, Hudock, and Landers all arnve at MEM to reVIew the watershed study entItled EstudlO de
EvaluaclOn Ambzental Terntoral y de Planteamento para La Reduccwn 0 ElzmmaclOn de la
ContammaclOn de Ongm Mmero en la Cuenca del Rw Moche prepared by CESEL Engmeers In
several areas the report did not satIsfy the statement of work prepared by MEM Several nustakes and
mconslstencles were discovered throughout the report CMNP's PAMA and EVAP are also reVIewed
Unfortunately, the reVIew of thIs report was not completed pnor to leavmg MEM at 16 30 hrs Return
VISIt planned
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16 00 - Grubb and Hudock are 1Ofonned that the GPS equipment has cleared customs and has been dehvered
to the Mining Engmeenng SectIOn at PUCP

17 00 Grubb, Hudock and LaIlders amve at head office of CMNP to finalize travel arrangements to Trujillo
and QUlruvilca Travel arranged for 13 July

18 00 - Grubb, Hudock, and Landers arnve at PUCP to Inspect and collect GPS eqUipment

Saturday, July 12, 1997

Grubb and Hudock test GPS equipment 10 Mrraflores The wmdows of opportUnity for the best configuration
of the NAVISTAR satellItes wIth the GPS receIvers are establIshed for San Felipe valley

Sunday, July 13, 1997

1000 -Grubb and Hudock depart LIma for Trujillo With a dnver and CMNP van
1800 -Grubb and Hudock amve m Trujillo

Monday, July 14, 1997

08 00 - Grubb and Hudock eat breakfast wIth Mr Michel Robert of Pan-Arnencan Stiver to diSCUSS the
overall strategy for envrronrnental programs for Umdad Mmera QUlfUvllca Accord1Og to Robert a
new water treatment plant wIll be bUIlt 10 Shorey near the crusher to mtercept and treat the combmed
effluents from the mme adlts and tathng dams The hIgh denSIty sludge solvent extraction (HDS/SX)
plant WIll produce gypsum (CaS04 2H20) and IS planned for a Nov 1998 start-up Robert suggests
that the re-use of gypsum as a cover matenal may be benefiCIal at San Fehpe Grubb mfonns Mr
Robert of conceptual approach for the San Fehpe tathngs and the types of mdustnal byproducts under
consideratIOn Robert 10dicates that the constructIOn of a coal-frred power plant IS under consideratIOn
approximately 10 krn from QUlfUvdca owmg to a large local depOSIt of anthracite coal Grubb
suggests that fly ash may serve as excellent matenal to buffer pH from San Fehpe and Inunoblhze
metals 10 the AMD To Identify other potential sources of 10dustnal byproducts a consensus emerges
that a mass balance should be conducted on Shorey/QulfUvilca to evaluate Incommg matenals and
goods and outgomg waste streams Grubb discusses Simultaneous treatment of sewage and AMD from
San Fehpe Robert descnbes CMNP s support of envrronmental programs 10 the town of QUlfUvtlca
and suggests that GeorgIa Tech conSider or attempt collaboratIon WIth the mumcipality of QUlfUvtlca
on wastewater Issues to further enhance envrronmental awareness 10 the commumty Grubb and
Hudock descnbe the land survey to be conducted With the GPS eqUIpment and Robert mdlcates that a
survey of the San Fehpe valley, as well as an entrre geotechmcal 1Ovestlgatlon was completed 10 the
last 2 years Depart TrujIllo for QUlfUvIlca at 08 30 hrs

1200 Grubb and Hudock arnve 10 Shorey and lunch WIth Mr Jose (Pepe) Pacora, Supenntendente de
Ingemena y Proyectos at Umdad Mmera QUlfUvllca, and Mr FelIpe InJoque, CMNP's envrronmental
consultant

13 00 - Grubb, Hudock Pacora, InJoque and Mr Jorge QUlspe, Jefe de Media Arnblente meet to diSCUSS the
San FelIpe tatlmgs dam Grubb requests a copy of the Klohn-Cnppen reports dealmg WIth San FelIpe
Santa Catalma and Arnuvtlca tathngs dam, the conce penetrometer test (CPT) data, and costs
estImates asSOCiated With each tatlmgs dam The cost of re-gradmg the tatlIngs WithOUt any treatment
of the aCId waters IS estimated at $1 2 mdlIon The treatment of Shorey sewage IS estImated to cost
$125,000 With an operatmg cost of 10% capital The use of sewage to neutralIze AMD IS discussed
along With a conveyance system to dehver sewage from Shorey to the San Fehpe Valley The use of
the gutter system along road appears to be most cost-effecttve alternative The sod and rock excavated
to Improve the road-Side gutter can be used In San FelIpe as a cover SOlI or constructIOn matenal m
San Fehpe

The water qUalIty data measured and Its frequency are discussed Currently one samphng pomt IS
located m the San Fehpe Valley pomt XIV The water qualIty parameters measured monthly mclude
pH, conducttvlty, temperature, total dIssolved sohds (TDS) flowrate, and total copper (Cu) lead (Pb),
zmc (Zn), and rron (Fe) Biannually, total arsemc (As), cadmIUm (Cd), Magnessium (Mn), and
cyanide (CN) are also tested Grubb and InJoque recommend expandmg the monthly water qualIty
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I
I test10g program the dramage ditches (Dl-D9) 10 the San Fehpe talhngs dam to mclude the followmg

parameters

It IS recommended that these parameters be evaluated on a monthly basIS by a thIrd party
laboratory whIch has establIshed effective and relIable data qUalIty assurance/qualIty control (QNQc)
procedures to ensure the mtegnty of the envIronmental testIng results It IS also recommended that at
least two field blanks be 10cluded to determme the background concentratIOns and accuracy of the
analytIcal eqUIpment used by the thIrd party laboratory

1400- Grubb, Hudock and InJoque conduct SIte walk of the San FelIpe taIlmgs dam and valley The water m
the dIverSIOn channels flanking the penmeter of the taIlings dam was stagnant m places and seepage
was occumng through the embankment allowmg water to accumulate In large quantItIes on top of the
taIlmgs dam The south-western and western portIons of the taIlIngs dam appeared to be essentIally
re-vegetated by natural grasses and shrubs, and a natural wetlands has formed WhICh IS home to a
vanety of wlldhfe mcludmg pIgS, frogs, tadpoles, Insects and bIrds The pIgS have greatly dIsturbed
the surface of the taIlIngs m places effectIvely convertIng the taIlIngs mto a sty The water leakIng
onto the taIlings eventually splIt, flOWIng In OPPOSIte dIrectIons due to dItches that were naturally
eroded mto the surface of the taIhngs toward the decantatIOn line and toward to the face of the
taIlings dam The surface water ponded on the northern end of the dam flowed Into a drainage trench
cut mto the surface of the taIlmgs dam at approXImately 10 hters per mInute In tum, thIS water
drained down the face of the taIhngs dam where the dam Intersects the valley wall The dramage
trenches below the taIhngs dam (Dl, D2 D3 D5, D6, D7 D8, D9), WIth the exceptIon of the decant
hne (04), all dIscharged water WIth a pH between 1 & 3 Arsemc contanunated effluent contInues to
seep from the La Paloma and merge WIth the effluent from the San FelIpe taIhngs The face of the
taIlmgs dam IS heaVIly eroded WIth washed-out taIlIngs scattered m the valley below

18 00 - Grubb, Hudock, and InJoque dISCUSS mtergrated pasSIve treatment concept for the San FelIpe taIlIngs
The plan Includes diveretIng all surface water on the taIlmgs to the decantatIon hne at the
southwestern end of the taIlIngs tam where the nver water IS Intercepted Judgmg from the water
quahty of decantatIon ltne and the abundance of biota and vegetatIOn on the taIltngs, the surface water
on the taIltngs IS antiCIpated to be neutral Even If It not, the water qualIty at D-4 suggests that the
surface water on the taIhngs does not sIgmficantly Impact the quahty m the decantation hne The
redIrection of the surface water to the decantatIOn lIne has the potentIal to slgmficantly reduce the
amount of water to be treated by pasSIve treatment technolOgies such as the PGB

The second aspect of water management Involves Isolatmg the acId waters from San Fehpe from
the La Poloma effluent contaImng arsemc The re dIrectIon of the surface water on the taIltngs to the
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Water leveUflowrate
Temperature (Centigrade)
pH (field and lab)
ConductiVity
Alkahmty (as CaC03)
Total Dissolved Sohds (TDS)
Dissolved Oxygen (DO)
BIOChemIcal Oxygen Demand (BOD)

Alurmnum (Al)
Arsemc (As)
Banum (Ba)
Cadnuum (Cd)
CalcIUm (Ca)
Chlonne (Cl)
ChromIum (Cr)
Copper (Cu)
Fluonne (F)
Iron (Fe, total)
Lead (Pb)
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MagnesIUm (Mg)
Manganese (Mn)
Mercury (Hg)
Nitrate (N03)
PotasSium (K)
Selemum (Se)
StIver (Ag)
SodIum (Na)
Sulfate (S04)
Cyamde (CN, total)
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decantation lme will ehnllnate the need for dramage trenches Col0 and C-II Realignment of Col0
and C-ll can also enable the draInage from the western penmeter channel to be pennanently Isolated
from La Poloma effluents This can be achIeved by feedIng the westenn penmeter channel IOto the
top of trench Col0 at the face of the taIlings dam Then, by dlsconnectmg Col 0 and C-ll and by
extendIng C-lO further downhill than the eXISting C-II trench, It IS possible to Isolate the La Poloma
effluents from those ongmatmg from San Fehpe The downgradient portIOn of C-II could be re­
aligned so that It does not merge WIth the San Felipe waters untll (or after) SamplIng Pomt XIV

The thIrd aspect of the water management plan for San FelIpe Involves the diverSIOn of the
penmeter channels and decantatIOn hne water to a locatIOn ImmedIately downgradlent of the PGB to
achIeve additIOnal dilutIOn and pH buffenng of San Felipe waters pnor to Sampling Pomt XIV ThIS
may requrre an addItIOnal sectIOn of buned pipe for the decantation line (D-4) smce It emptles Into the
central dramage trench

The fourth aspect of the water management plan for San Felipe mvolves the utllizatlon of sewage
from Shorey to help neutralize the aCid waters and to prOVIde a continuous source of nutnents,
microorganisms and organic carbon Immediately upgradlent of the PGB This strategy should foster
metals ImmobIlIzatIOn and pH buffenng pnor to water mfiltratlOn mto the PGB Pore cloggmg of the
PGB IS therefore potentially reduced whIle the sorptIOn and buffenng capacity of the PCB are
preserved, extendmg the service hfe of the PGB The use of the gutter system along Shorey road IS
envIsIOned to be most cost-effective method to convey the sewage to San FelIpe The soil and rock
excavated to lffiprove the road-Side gutter can be used In San FelIpe as a cover soIl or constructIOn
matenalIn San FelIpe A question to be resolved Involves the sewage loadmg rates

Tuesday, July IS, 1997

09 00 - Commenced all day GPS survey of the San Fehpe tailIngs dam, piezometers, and draInage trenches
Results contaIned m tnp report

Wednesday, July 16, 1997

09 00 - ContInued With the survey of the San FelIpe taIlings dam LocatIOns of seepage through penmeter
channels and surface vegetatIOn on the taIlIngs surface were mapped BASE receiver battenes exprre
before completIOn of survey

13 30 - While battenes recharge, Grubb, Hudock VISit QUlfUvIlca, CMNP's saw mIll and the Santa CatalIna
taIlIngs dam

18 00 - Evaluation of surveyIng data mdlcates that more than half of the survey pomts from the mormng
sessIOn cannot be processed because the reference data from the BASE receiver were not collected
after the battery supply was exhausted It IS also learned that approximately 20 pomts from surveyIng
seSSIOn on Tuesday could not be processed due to bad satelltte/rover configuratIOns and posItion
dl1utlOn of precISIon (PDOP) values

Thursday, July 17, 1997

0800- Re-surveyed mISSIng data pomts from Tuesday and Wednesday sessIOns MalfunctIOns With BASE
were encountered agaIn Fifty percent of data POInts lost due to satelhte trackmg problems at BASE
receIver

13 00 - Grubb, Hudock, and Mr DaVId Des Roslers of PAS VISit the Esperanza mIne located near Salpo In the
La Llbertad Department Tnp lasts five hours mcludmg round tnp commutmg time Detal1s of SIte
VISIt to Salpo contaIned 10 tnp report

20 00 - Hudock re-tests the BASE GPS receIver which now appears to operate properly

Fnday, July 18, 1997

08 00 - Grubb and Hudock return to San Felipe to complete the survey of the vegetation on the tlUltngs No
problems are encountered
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11 30 - Grubb and Pacora hold meetmg on CMNPIUSAID project while Hudock processes final surveymg
data and packs eqUipment Grubb requests the followmg Information

1- Detailed descnptlOn of storrnwater and wastewater system In Shorey for water from tOllets,
households and casmo mcludIng layout, flow rates and entry pomts to RiO Moche Water qualIty
for roadside ditches contammg septage also requested

2- UTM or latitude longitude coordinates for reference pomts SF1' and 'C" In San FelIpe valley
3- Copy of weather statiOn data from Shorey
4- Monthly quantities of sawdust produced and wood extracted at crusher
5- Copy of reports for HDSISX plant
6- Copy of PAMA
7- Copy of all water qualIty data obtamed In San FelIpe
8- CAD file for San FelIpe valley map
9- Inventory of heavy and earth moving eqUIpment
10- List of new public works and construction and any anticipated waste streams
11- Extra copies of San FelIpe maps
12- Monthly generatiOn rates of constructiOn debns
13- FacilIties to be de-comissiOned In next five years
14- BaSIS of estimate prOVided by Klohn-Cnppen for San FelIpe
15- Cost estimate for wastewater treatment m Shorey/QUlTUvilca
16- Map of Esperanza mmes m Salpo
17- TInletable when earthworks can be undertaken at San FelIpe

1400- Grubb and Hudock depart Qurruvdca for Trujillo and LInla
22 00 - Grubb and Hudock arnve In LInla

Saturday, July 19, 1997 No Meetings, Grubb departs to US for one week for other Georgia Tech busmess
Sunday, July 20,1997 No Meetings

Monday, July 21, 1997

Mr Hudock returns to Pontrlicla Umversldad CatolIca del Peru to begm work on transcnbmg all surveymg
data to the field books Global pOSitiomng system surveymg data cannot be completely processed until the
baselIne control pomt locations from the surveyors at CorporaclOn Mmera Nor Peru are received

Tuesday, July 22,1997

Hudock, Landers, and Machuca meet to locate mformatiOn categonzmg the dIfferent types of mdustnes
throughout Peru The PeruvIan Atlas aVailable from the PeruVIan National GeographiC Institute, contams
maps of the different agncultural crops grown In Peru as well as locatiOns of vanous PeruVian mdustnes

Wednesday, July 23,1997

Hudock, Landers, and Machuca meet to compde all the necessary Information found m the PeruVian Atlas
Color photocopIes are made for use back In the Umted States

Thursday, July 24,1997

Mr Hudock searches for a book of plants natIve to Peru Once again, the Peruvzan Atlas has a comprehenSive
11st of these No other books are located In US, Grubb has USAID/Georgla Tech contract approved

Fnday, July 25, 1997

Hudock begms to set the plans to ViSIt several mmes m vanous departments LikeWise, Ing Oscar Fnas
MartinellI ofConsorclO Mmero Honzonte S A will be consulted to obtain copIes of the all Envrronmental
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Thursday, July 31, 1997

Watershed MInIng reports conducted by the MEM These reports wIll be utlhzed to compose an artIcle about
the enVIronmental state of mInIng 10 Peru as well as the potentIal for passIve treatment systems at VarIOUS SItes
throughout Peru Grubb also WIshes to buy a PeruVIan Atlas for use back m the UOlted States

13 00 - Grubb presents results of QUlruvl1ca tnp to DaVIS of USAID and dIscusses upcommg samplmg tnp
Grubb obtams sIgned copy ofapproved USAID/Georgia Tech contract

15 00 - Grubb and NaranjO reVIew lecture matenals for Landfills and Geosynthettcs presentatIOn
20 00 - Grubb, Fnas and Hudock meet to dISCUSS strategIes and consultmg arrangements under USAID

contract whIch Includes Fnas and PUCP Fnas reIterates Interest to have GeorgIa Tech VISIt the
ConsorcIO Mmero Honzonte S A Mme 10 Parcoy Grubb doubts that U S Embassy WIll grant
clearance SIte mformatlon IS collected for purposes of applY10g for secunty clearance Grubb
mqurres how Fnas can help locatmg and quantllymg mdustnal and agncultural by-products m TrujIllo
and La Libertad Grubb 10qUIres IfFnas can aSSIst m obtamIng the watershed reports, PAMAs or
EVAPs from MEM for VarIOUS mmes throughout Peru

Wednesday, July 30, 1997

Grubb returns to LlIDa

Nomeetmgs
Nomeetmgs
Nomeetmgs
Nomeetmgs

Saturday, July 26, 1997
Sunday, July 27, 1997
Monday, July 28, 1997
Tuesday, July 29,1997

I
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0900- Grubb lectures on Landfills and Geosynthetlcs at PUCP WIth NaranjO provId1Og the translatIOn
Hudock begms data analySIS of CPT data from San Feltpe tailIngs dam collected by Conetec, Inc m
1995 Mr Hudock also begms to research other possIble methods to remedIate the San FelIpe taIl10gs
dam

13 30 - Lunch WIth NaranjO and Landers to dISCUSS the plans for the next month of work Next week, the
researchers plan to VISIt the MEM to finIsh the reVIew of CESEL Engmeer's - RIO Moche Cuenca
report, EstudlO de EvaLuaclOn AmblentaL TemtoraL y de PLanteamento para La ReducclOn 0

EllmlnaClOn de La Contammaczon de Ongm Mmero en La Cuenca del Rw Moche The plan also
mcludes revIewmg other mInIng reports to catalogue Peru-WIde problems to prepare aJournal artIcle
Informatlon needed mcludes types of metal and ore mIned, effluent types and concentratIOns (I e ,
water chemIStry data), tailIng and waste rock storage condItIons (I e , property, tlme of exposure,
storage envrronment, volume, dramage control, closure control plans), actual and potentlal
geochemIcal behaVIor of the major and mInOT elements m the effluent, and a lIst of
10dustnallagncultural by-products avaIlable throughout Peru

Fnday, August 1, 1997

08 00 - Grubb lectures on Landfills and Geosynthetlcs Hudock and Landers arrange meetmg WIth MogroveJo
of MEM for Tuesday at 9 00 A M

13 00 - Grubb completes Landfills and Geosynthetzcs lecture PUCP closes for the weekend
1730 - Grubb, Hudock and InJoque travel to office of Empresa Mmera Iscaycruz, SA, to meet WIth Mr Juan

Jose Herrera, Gerente General The Iscaycruz mme IS located approxImately 6 hours from LIma at an
altItude of approxlIDately 4700 meters The mme produces 1400 tons/day of z10c and lead
concentrate GLENCOR owns the Iscaycruz, Perubar and Casapalca mmes Perubar and Casapalca
produce zmc and lead concentrates Iscaycruz IS a relatlve1y new operatIon and aCId water have not
yet become an Issue At Iscaycruz, the OXIdatIon of the tailIngs IS prevented by deposItmg the tatlIngs
mto a lake under 2 meters of water Grubb nevertheless details pasSIve bamer approaches WhICh draw
upon geochemIcal, envrronmental, and geotechnIcal concepts Herrera prOVIdes overview and layout
of the Iscaycruz mIne Interestmgly, the lake has an elevated pH because of the hIgh quantIty of
llIDestone 10 the taIlmgs, therefore any bocamma aCId dratnage IS transported back to the lake and
uttlIzed to neutralIze the baSIC water Grubb also suggests VarIOUS seIsmIC and hydraulIc ways to
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consohdate the tadmgs m the lake to Increase longevIty of disposal operation and Improve
geotechmcal stabilIty

Herrera descnbes excessIve cohforms problem assocIated WIth the Imhoff tank for treating the
sewage from the mmmg town Because the mme IS located at approXImately 4600 meters the lack of
oxygen prevents the Imhoff tank from functlOmng properly The Idea of an anaerobIC treatment
system appears more feaSIble m thiS situation Grubb suggests that the problem might be solved usmg
a passive treament technology or weepmg tile bed compnsed by sand/silt and locally avatlable
mdustnal by-products

Saturday, August 2, 1997 - No Meetmgs
Sunday, August 3,1997 No Meetings

Monday, August 4, 1997

09 00 - Grubb and Pacora dISCUSS upcommg mme VISit on Fnday through Sunday (8/8-10) WIth addItIOnal
three day stopover m Trujillo (through 8113) to locate and sample vanous mdustrtal by-products m the
TrujIllo area Pacora grants permIssIOn for Landers to accompany the GeorgIa Tech team to
Qmruvdca To solve the erosIOnal problems WIth the face of the San Fehpe taIhngs dam and the need
to Improve selsmtc stablhty, Grubb descnbes retrofittmg of the San Fehpe taIhngs dam face WIth a
geotextlle retaImng wall and plans to dewater the slope to aVOId hquefactlon Pacora reveals Klohn­
Cnppen plans to stablhze the tadmgs dam, not prevIOusly known to GeorgIa Tech team

The deSIgn proposed by Klohn-Cnppen consists of two slopes Jomed by a smgle terrace The
bottom slope IS 3 1 and would extend approxImately 30 meters from the current toe of the tallmgs
dam The upper slope IS 5 1 and would end approxlffiately 50 meters behmd the current crest of the
tadmgs dam After reVlewmg thIS deSIgn, Grubb realIzes that If Klohn-Cnppen s deSIgn IS followed,
the constructed treatment barner WIth a wetlands down stream could not be constructed because of the
hmlted space avatlable below the taIhngs dam A conceptual deSIgn for the geotextile retammg wall
IS offered to Jose Pacora Arrangements are made for 5 gallon samphng buckets to arnve up the mtne
over the weekend Travel arrangements to Qurruvllca are made

1400 Grubb and Landers dISCUSS the posslblhty of comtng to graduate school at GeorgIa Tech and
collaborating on thIS USAID/CMNP project

Tuesday, August S, 1997

09 00 - Grubb, Hudock, Landers and Muchaua reVIew CESEL report at MEM A SIX page reVIew IS
submttted to MogroveJo

1500- Grubb and Pacora dISCUSS CESEL report, copIes proVIded to Pacora and Dasso Landers mtroduced
to Pacora, trIp to Qmruvilca IS finalIzed

Wednesday, August 6, 1997

09 00 - Grubb has a meetmg WIth Mr Edward Alarcon of USAID to dISCUSS the spending flexlblhty wlthm
USAID contract Alarcon mdlcates that expenmental and supphes budget mcludes both the US, Peru,
and shlppmg charges as descnbed m the mam proposal

13 00 - Grubb, Hudock, and Landers VISIt and tour Envrrolab-Peru analytical laboratory Samphng eqUipment
from Phase I left WIth EnvlTolab-Peru (m June 1996) IS retneved for to Qurruvdca Grubb obtams
pnce hstmg for the analytical tests performed by EnvlTolab-Peru

Thursday, August 7,1997

09 00 - Hudock and Landers VISIt the Institute of Geography to purchase a Peruvian Atlas and maps of the
LIma and Huancavehca departments The La Llbertad map IS sold out and not avadable

1200- GeorgIa Tech team packs research eqUIpment
1600- GeorgIa Tech team departs for Trujillo
22 00 - GeorgIa Tech team arnves In Trujillo
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Fnday, August 8, 1997

09 00 - Georgia Tech team departs TruJ1110 for QUlruvtlca
1230 - Arnval at the Untdad Mmera QUlruvdca nune m Shorey
1400- Grubb, Hudock, and Landers conduct site walk at San Fehpe Walk around the base of the San Fehpe

talhngs dam and utlhze the HORIBA water quality checker to determme the quahty of the water
seepmg from the toe drams at the base of the talhngs dam The measured water quality parameters are
pH conductlVlty turbidity dissolve oxygen, temperature and Sallmty DraInage canals Dl D2, D3
D4, D5, D6 and pomt XIV are sampled See the water qUalIty samphng results

Saturday, August 9,1997

1000- Two buckets of natIve soIl/structural fill from the southern slope of San FelIpe valley are gathered
whIle addItIOnal water qUalIty data IS collected for the remammg pomts throughout the valley With the
HORIBA water quality checker DraInage canals ClO, CII, D7, D8, and D9 are tested LikeWise, the
water pond on the taIhngs draImng southwest towards the decantatIOn hne, the confluence of D3 D4,
and D5 and a background water sample adjacent the waterfall behmd the tailmgs are also tested See
water quality samphng results

12 30 - Grubb leaves for TrujIllo because of an Illness
14 00 - Samphng of the sawdust pIle located around the saw mIll m QUlruvIlca and coal ash from both Shorey

and Qmruvtlca Two buckets of sawdust and two buckets of coal ash are obtaIned The coal ash IS the
remnants of a 1 4 clay/coal nuxture which the maJonty of the populatIOn around the mme utlhzes

1800- Meetmg With Ing EfraIn J Bontlla, Jefe de mgemena, and Mr Jorge QUlspe to diSCUSS the mfonnatIOn
requested by Grubb Hudock and Landers are proVIded With all water qUalIty data for the San Fehpe
Valley, contact mformanon concermng pOSSible sources of mdustnal by products In and around
TruJillo, Umdad MInera QUlruvIlca's PAMA, and the UTM coordInates of the surveyIng benchmarks
throughout the San FelIpe Valley Ing Borulla caunons Hudock and Landers that the PeruVIan
government has recently notIfied CorporacIOn MInera Nor Peru that the coordmates for two of the
three surveymg monuments unhzed by Nor Peru are mcorrect Therefore the surveyors are unsure
whether the gIven coordInates are correct We Will be nonfied If the benchmarks are discovered to be
Incorrect

Sunday, August 10, 1997

08 00 - Samphng of the San Fehpe taIhngs along the slope of the taIlmgs dam and samphng of the oXlsols
around the bottom of the taIhngs dam Four buckets of taIlIngs and two buckets of oXlsols are
obtaIned

10 00 - All twelve buckets of mdustry byproduct samples are sealed and packaged for dehvery to LIma and
Atlanta Georgia

13 00 - Departure for Trujillo
1630 - Arnval at the Regents Hotel m Trujillo
20 00 - Meetmg between Grubb, Landers, and Hudock dlscussmg the mformanon gathered up m the nune A

senous dISCUSSIOn follows because of the hIgh concentratIons of arsemc discovered seepmg from the
San Fehpe tadIngs It appears that arsemc was first dIscovered dunng the first arsemc screenIng In
November, 1996 Dr Grubb has never seen thIS water qUalIty mformatIon before and IS worned about
Its lDlphcanons Arsemc m aCId mme dramage IS much more dIfficult to treat and thIS project was
sohclted on the basiS that the only arsemc m the San Fehpe valley ongmated from the La Paloma
nune ThIS does not appear to be true and plans are made as to the next steps It IS unknown whether
the arsemc ongmates from the taIlmgs or IS naturally occurmg m the ground/surface water The
researchers begm to wonder whether the HDX treatment plant deSign, subnutted by SImmons,
properly accounts for the arsemc Later, a hterature search reveals that arsemc can be precipitated
WIth the additIOn of an alkahne, however disposal of arsemc contammated waste then becomes a
sIgmficant problem
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Monday, August 11, 1997

10 30 Leave for a tour of the Laredo Sugar Cane Factory Mr Carlos Casos Cabamllas, Penodista and
RelaciOnIsta Pubhco, of Cooperativa Agrana Azucarera Laredo LIDA provides a tour of the entire
sugar production process (from cane to bagged sugar) Dunng thiS time 4 buckets of samples are
collected, 2 of the post processed shreded sugarcane bagasse and 2 of sugar cane bagasse ash It IS
learned that thiS facihty has a gigantic stock pile of sugar cane bagasse ash With which they cannot
dispose

16 00 Arrange meetmgs With the Pllsen Trujillo Brewery and a local nce producer to tour their facIlities,
whIle loolang for mdustnal by-products

2200- Meeting With Jose Pacora concermng the Arsemc dIscovered In the San Felipe taihngs effluent In the
PAMA, tests on waste rock piles Illustated that the waste rock contained on the average 200 ppm of
arsemc Besides the problems With the arsemc fouling up the pasSive geochemical bamer proJect,
concern was vOiced over the newly deSigned water treatment/copper extractIOn plant and its ability to
precipitate the arsemc Furthermore, arsemc contarmnatiOn 10 the pasSive geochemical bamer and
water treatment plant by products creates a much more difficult disposal problem

Tuesday, August 12, 1997

11 00 - Meeting With Mr Walter Protzel Reelits Jefe del Departmento de ElaboraciOn, at the Pilsen Trujillo
brewery Dr Grubb descnbes the scope of the Georgia TechlUSAID/CorporaciOn Mmera Nor Peru
project and hiS deSIre to Identify mdusloal by products wluch could be of use Mr Reelits descnbes
the beer malang process and outlines all of the by-products and theIr uses A tour of the facIlities
follows, m whIch diatomaceous earth is IdentIfied as a possible useful mdustnal by-product
Currently the diatomaceous earth is dumped dIrectly mto the sewer and is never recycled or re­
utilized ThiS by-product is very surface active and bIOlOgically active, malang it a perfect candidate
for the PGB

Wednesday, August 13,1997

1000- Amve at the CorporaclOn Mmera Nor Peru Trujillo office for a bnef meeting With Mr Teodonco A
Zambrano Villanueva (DIrector Asuntos Legales) Grubb also bnefly talks on the telephone With Ing
Jose Pacora provIdmg detaIls of the successful meetings m TrujIllo and Laredo With PIlsen TrujIllo
and Laredo, LIDA

11 00 - Return to the Ptlsen Trujillo brewery for another bnef meetmg With Mr Reehts Reeehts requests
Grubb to prOVIde a detatled statement of the Georgia TechlUSAID/CorporaclOn Mmera Nor Peru
proJect's objective to the Pllsen headquarters m Lima Tlus protocol IS necessary before the PIlsen
head office Will grant Grubb access to the diatomaceous earth

17 30 - Amve at the Trujillo airport for the lop back to Lima
20 00 - Amve 10 Ltrna

Thursday-Tuesday, August 14 - 19,1997 No meetmgs - Travel to AreqUIpa, Cuzco and Machu Ptcchu

Wednesday,August20,1997

1000- Grubb amves at PUCP to prepare for hiS Remedzatzon Technologies lecture, to be given the followmg
day Landers secures pnces to ship the soIl, taihngs, and by-product samples back to the Umted States
through Panalpma Transportes Mundiales, S A

Thursday, August 21,1997

0830 - Grubb and Hudock arnve at PUCP to prepare for Remedzatlon Technologies lecture
09 00 - Grubb commences the full day Remedzatzon Technologies semmar, wluIe Hudock converts the UTM

control pomts for the San Fehpe Valley mto longitude and latitude geodetic coordinates and processes

I
I
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the GPS surveymg data EnvIronmental samplIng data collected dunng trIp 2 IS entered Into Microsoft
EXCEL

Fnday, August 22, 1997

08 30 - Grubb arrIves at PUCP to prepare far the second half of hIS RemedzatlOn TechnologIes lecture
0900- Grubb commmences Part 2 of RemedtatlOn TechnologIes Semmar (full day lecture)

Saturday, August 23, 1997 - No Meetmgs
Sunday, August 24,1997 - No Meetmgs

Monday, August 25,1997

09 00 - Grubb and Hudock begm compIlatIOn of tnp reports Grubb arranges meetmgs With LUIS JamIe
CastIllo (PUCP) and Jose Pacora (CMNP)

10 00 - Meetmg WIth Jose Pacora at CMNP LIma office Grubb provides CMNP WIth a letter of declaratIOn
for customs documents, for contamers of soIl and mdustry by-products Grubb presents Pacora WIth a
memo recommendmg the expansIOn of the water qualIty testmg program m the San Fehpe valley A
memo descnbmg the SIte VISIt ta Salpa IS presented to Andres A Dassa (PAS) Grubb bnefs Pacora
on the progress of the CMNPIUSAID project Pacora IS mformed that upon returnmg to the Untted
States, the research team wIll conduct a geotechrucal evaluatIon of the soIl and mdustnal byproducts
11us work WIll be completed dunng the Fall 1997 quarter Dependmg on the avaIlabIlIty of soIls and
mdustrIal byproducts after the completIOn of the geotechmcal evaluatIon, column leachmg tests should
commence m January, 1998

1200- Grubb and Hudock arrIve at PUCP Hudock prepares meetmg log Grubb prepares final Fulbnght
FellowshIp report Grubb's office IS packed

Tuesday, August 26,1997

10 00 - Arnve at PUCP Hudock contmuously updates the daily meetmg log whIle Grubb completes the
Fulbnght FellowshIp report

VVednesday, August 27, 1997

05 00 - Grubb departs LIma for Atlanta
20 00 - Hudock departs LIma for Atlanta

I
I
I
I
I
I
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AppendIx B

Qwruvdca Tnp Report, 13·18 July, 1997

Team Members

Dr Denms G Grubb, GeorgIa InstItute of Technology
Mr Gregg W Hudock, GeorgIa InstItute of Technology

Sunday, 13 July, 1997

Monday, 14 July, 1997

I
I
I
I
I
I
I
I

ObjectIve

10 00 hrs

1800 hrs

0730 hrs

0830 hrs

1200 hrs

To survey dramage trenches (01 9, CIO-12) at San FelIpe taIlIngs darn and to Identify locations
for soIl, taIlIngs and mdustrIal byproduct samplIng for August trIp

Grubb and Hudock travel from LIma to TrujIllo drIven by CorporacIOn Mmera Nor Peru (CMNP)
staff, for purposes of surveyIng the San FelIpe taIlIngs dam WIth a Global PositIonmg System
(GPS)

ArrIve m TruJIllo, EI Gran Marques Hotel

Breakfast at Hotel WIth MIchel Robert of Pan Amencan SIlver DIscussed the focus of the
USAID-CMNP sponsored research project at the San FelIpe taIlings dam When Grubb and
Hudock descnbed the types of mdustnal byproducts WhICh are of mterest, Robert suggested that
the constructIOn of a new coal-fired power plant beIng conSIdered approxImately 10 kIlometers
from QUITUvIlca may serve as a potentIal future source of fly ash Robert IndIcated that the
Inventory and purchasmg records for the mIne warehouse may also suggest matenals that may be
of potentIal use on the project Robert also Informed Grubb and Hudock that the planned SXlHDS
aCId water treatment plant In Shorey wIll produce gypsum Smce the gypsum may be of potentIal
use on the proJect, Grubb requests a copy of the Sunmons deSIgn report to learn more about the
SXlHDS plant

Depart for Shorey

ArrIved In Shorey, unloaded global positIOmng system (GPS) surveyIng eqUIpment

MeetIng between Grubb, Hudock, Pacora, Borulla, and FelIpe InJoque DIscussed samplIng needs
for the draInage dItches downgradient of the San Felipe taIlings dam (D I-D9), the decantatIOn hne,
and the canals flankIng both SIdes of the taIlmgs dam It was recommended that the sampling
program be expanded to Include the followmg parameters

I
I
I
I
I
I
I

1300 hrs

Water levellflowrate
Temperature (CentIgrade)
pH (field and lab)
CondUCtIVIty
AlkalInIty (as CaC03)
Total DIssolved Sohds (IDS)
DIssolved Oxygen (DO)
BlOchenucal Oxygen Demand (BOD)

Alununum (Al)
Arsemc (As)
Banum(Ba)
Cadnuum (Cd)

24

MagneSIum (Mg)
Manganese (Mn)
Mercury (Hg)
NItrate (N03)
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The water from the decantatIon lIne and the two dramage canals flanlang both SIdes of the San
FelIpe taIlIngs dam (1 e, C12) should be momtored on a monthly baSiS for the first eight
parameters lIsted above (at a mInImum) The dramage canals should be sampled at locatIOns pnor
two theIr confluence WIth the draInage trenches below the San FelIpe taIlIngs dam

It was requested that fax COpIes of all water qualIty data assocIated WIth the San FelIpe valley
mcludIng eXIstmg and newly collected data be sent to GeorgIa Tech to asSiSt In modelmg and
expenmental research To permit data analySIS and interpretatIOn, such as plotting trends m the
enVIronmental qUalIty data, It was also suggested that CMNP place all of the envuonmental data m
a database management or spreadsheet program ElectrOnIC copIes of enVIronmental qualIty test
data can often be obtaIned from thud party laboratones at no additIonal charge

Conducted three-hour SIte walk of San FelIpe taIhngS dam to descnbe the focus and strategy of
USAID-CMNP sponsored project to Hudock and InJoque, whIle IdentIfymg locatIOns for the GPS
survey The tree saplIngs planted along the dIvernon canals flanlang the taIlIngs dam were
mIssmg--presumable stolen by mdlgenous peoples or eaten by lIvestock grazIng at large m and
around the taIlmgs dam The presence of water was noted m both diverSIOn canals flanlang the
San FelIpe taIlIngs dam In places the water was stagnant and flOWing slowly wruch contnbuted to

The water samples from dramage trenches DI through D9 should be collected at the most
upgradient locatIOn m the draInage trenches, 1 e , 101.nere the water emerges from the taIlIngs dam
The trench wluch drams the surface water that ponds on the taIlIngs dam should also be mcluded,
1 e , m CIO at locatIOns Just pnor to and after Its confluence WIth the effluent emanatmg from the
La Paloma mIne portal (CII) These data Will prOVIde addluonal context to the InfOrmatIOn
already bemg obtaIned from samplIng Locauon XIV, SItuated next to the road to Shorey

AppendIxB
Qwruvl1ca Tnp Report, 13 18 July 1997

Potas.."J.um (K)
Selemum (Se)
Sliver (Ag)
SodIUm (Na)
Sulfate (S04)
Cyamde (CN, total)

25

When revIewmg the cost estImates m the PAMA, It became apparent that the cost estImate (-$1 2
mIllIon) prOVIded by Klohn-Cnppen was for taIlmgs re-gradmg and cappmg only, the treatment of
the aCid waters from San FelIpe was not mcluded The pOSSIbIlIty was then discussed of
slffiultaneously treatmg the wastewater food processmg water and sewage from Shorey (herem
collectIvely referred to as septage) and the aCid waters from San FelIpe To take advantage of
graVity flow it was suggested by Grubb that the septage from Shorey be dIverted to San FelIpe
usmg a pIpeline and/or the dItch along the access road to Shorey The septage contaIns suffiCIent
organIc carbon, mtrogen, phosphorus and dilutIon potentIal to promote the necessary nucroblal
acuVity to create the anaerobiC and reducmg condIuons wluch favor pH buffenng of aCid waters
WIth ImmObIlIzatIOn of metals It was also suggested that the rock and SOlI excavated to improve
the dramage ditch along the road could potentIally be used for re-vegetatIOn or to Improve slope
stability at San FelIpe The need for an estlffiate of the septage generatIon rates In Shorey was
dISCUSSed A rough estlffiate for the trench work was also prepared

It was dIscussed that these parameters should be evaluated on a monthly baSIS by a thud party
laboratory which has established effectIve and relIable data quahty assurance/quality control
(QNQC) procedures to ensure the mtegnty of the environmental testmg results At least two field
blanks should be mcluded WIth each samplIng round to determIne the background concentratIOns
and accuracy of the analytIcal eqUIpment used by the thud party laboratory It was mentIOned by
Grubb that the costs assOCIated WIth the proposed samplIng parameters and locatIons can be
counted as matchmg funds on the USAID-CMNP project

CalclUm (Ca)
Chlonne (Cl)
Chrormum (Cr)
Copper (Cu)
Auonne (F)
Iron (Fe, total)
Lead (Pb)

I
I
I
I
I
I
I
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I
I
I
I
I
I 1500 hrs
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I
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Tuesday, 15 July, 1997

Wednesday, 16 July, 1997

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

1800 hrs

10 00 hrs

13 00 hrs

1400 hrs

1700 hrs

0830 hrs

1200 hrs

the seepage of water through the embankments onto the taIlmgs It was concluded that dredgmg of
the diversIOn canals may be necessary In thiS case It would make sense to re-deposlt the dredged
solls on top of the tadIngs to In an effort to promote re-vegetatlOn and to reduce mfiltratlOn of
oxygenated water mto the talhngs It was esumated that approXImately 50% of the tallIngs are
already re-vegetated, partIcularly at the south western upgradlent end of the taIlings dam It was
also observed that the tallIngs are servmg as a habItat or nesung area for Insects frogs birds and
even grazmg ammals such as pigs and cattle Several large areas of the talhngs had been disturbed
by the pigS as it IS beheved that they feed on worms m the re vegetated areas of the talhngs Thus,
the long-term survivabilIty and effecuveness of a cappmg system is a major concern and may be
precluded altogether smce any fencmg system mtended to keep animals off the taihngs IS lIkely to
be breached or stolen by the mdigenous peoples VlSUal InspectIOn revealed that almost all of the
seedlings planted by CMNP along the dIverSIOn canals to mitIgate erOSion of the embankments are
mtssmg and presumed stolen

The Site walk revealed that effluent from the La Paloma mme portal sull merges With the effluent
from the San FelIpe tallmgs dam creatmg an unnecessary envIronmental liabIlIty for CMNP
Strategies for dIverslOn of San Felipe tailings water away from the La Paloma were discussed The
optIOns mclude, m order of preference (i) ehnunatmg the flow m C-1O by repalflng the trench m
the northwest corner of the tallIngs dam and re dIrectmg all of the surface water on the tallmgs
dam m a southerly drrecuon to the entrance of the decantatIOn lme, (11) closmg off the bend m C10
immediately upstream from La Paloma and creatmg a new CIO trench at a locatIOn downhill, but
parallel, to the eXIstmg C 11 trench and (3) isolating the eXIsung C11 trench downgradient of La
Paloma from all other San Fehpe dramage trenches mcludmg the pOSSible mstallatlOn of another
pIpe underneath the road to Shorey See mam text of report for enlarged dISCUSSIOn and figures

Return to Shorey

Grubb and Hudock survey the San Fehpe tallIngs dam WIth the GPS eqUIpment Area surveyed
mcludes the drainage trenches below the tallIngs dam (Dl-D9) and the trench excavated m the top
of the tailmgs dam to draln ponded surface water (C10) Two reference stauons were used for the
survey Survey monument SFI IS located near the southern edge of the tallings dam Survey
monument C IS located near the portal to La Paloma

Break for lunch

Return to San FelIpe to conunue survey from mornmg sessIOn The alignment of the dramage
trenches from therr StartIng pomt below San Fehpe to the Shorey road are surveyed The
alignment of C10 IS surveyed from ItS begtnnmg on the surface of the tallmgs dam to ItS
convergence With Cll Cll IS also surveyed to the Shorey road

Return to Shorey

Grubb and Hudock survey the seeps along the two drainage canals flankIng both SIdes of the
tallings dam (1 e , Cl2 and trench on southern SIde) An attempt IS made to apprOXImate the area
on the surface of the talhngs that has already been partIally or fully re-vegetated After completlOn
of the survey it was dIscovered that the GPS base stauon battenes were expended, and that many
data pomts were not recorded Allowed battenes to recharge for rest of day

Lunch

I
I
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Thursday, 17 July, 1997

I
I
I
I
I
I
I
I
I
I
I
I

1300 hrs

1500 hrs

0800 hrs

1200 hrs

13 00 hrs

Grubb and Hudock VISIt saw mdl In QUlruvdca Grubb Identifies where samples will be collected
dunng August tnp VISIt to Santa CatalIna taIltngs dam on return nde to Shorey

ReViewed PAMA and Sunmon sand KIohn-Cnppen's engIneenng reports on the HDSISX and
geotechmcal stabilIty of the Santa CatalIna dams, respecttvely Met With Michel Robert to obtaIn
more de.atls on proposed coal plant Coal deposit IS anthraclttc and has a low sulfur content
PrOject supposedly financed/supported by Japan Robert suggests that more details may
potentially be aVaIlable from MEM

Return to San Feltpe to re-survey data POInts not recorded dunng Wednesday sessIOn

Lunch

Five-hour Georgta Tech VISit completed In cooperation WIth Mr DaVId Des Rosiers to the
Esperanza mme owned by Banco WIese In Salpo, La Llbertad Department The tnp ongmated In
Shorey at approXImately 1 00 pm The purpose of the VISIt was to Visually evaluate the
envrronmental lIabIhttes asSOCiated With the Esperanza mme which may be potentIally mcurred If
Pan Amencan Silver (PAS) or CorporaclOn MInera Nor Peru (CMNP) acqUIres mmmg nghts for
the Esperanza Mme Three mme portals were VISited Esperanza 3130, Esperanza 3170 and
Rumatyllo 3350 (mme references proVided by Des Rosiers) It should be noted that July IS the
peak of the dry season m Salpo

The first portal ViSited was Esperanza 3130 The steepness of the mountaIn m thiS area IS
approXImately 45 degrees or greater As such, there IS very lIttle room for engmeered structures
Howe"er an abandoned crusher IS located at the Esperanza 3130 level which IS m extreme
disreparr Apparently the mmmg actlVlty was abandoned by ASARCO m the 1940s The mme
portal was open Des Roslers mdlcated that PAS/CMNP has been domg some exploratIon to
evaluate the qUalIty of the ore vems and to nnprove the ratllme mto the mIne Consequently, a
small quanttty of muck has been removed from the mme and has been dumped down the surface
slope of the mountaIn drrectly opposite of the mme portal An analySIS of the muck was not
conducted but gtven the small quantIty of muck present, the hazard IS not anticipated to be
slgmficant Water emanatIng from the mme portal was observed at a flow rate less than
approxnnately 1 ltterlsec The qualIty of the water was not evaluated No vlSlble SIgns of
contamlnatton related to aCId mme draInage were observed

The Esperanza 3050 portal was ViSIble below Esperanza 3130 but was not actually VISIted A
waste rock pue was observed at Esperanza 3050 which appeared to have a radIUS of approxImately
15 meters Des Rosiers mdicated that a road would be constructed to reach the Esperanza 3050 as
It was antICIpated that the excavated ore would be removed at thIS level and ShIpped via truck to
Shorey Des Rosiers also mdlcated that the water flowmg from thIS portal was also on the order of
1 hterlsec and that thts water would be recycled once the mme re-opened As before, It IS hkely

The prehmrnary final report recently subrnttted by CESEL S A to the Mlmstry of Energy and
Mmes (MEM) enutled EstudlO de Evafuacwn Ambcental Termoral y de Planteamento para fa
ReducclOn 0 EfzmmaclOn de fa Contammaczon de Ongm Mmero en fa Cuenca def Rw Moche
mdicates that mmmg related effluents m the Salpo regIOn are sImdar m compositlOn to the aCId
waters emanaung from Umdad MInera Qurruvilca However, CESEL S A dId not IndIcate the
exact sampltng locauons m therr report of the Salpo regIOn, so It IS dIfficult to establIsh whether
CESEL s data apphes to the areas VISIted by Des Rosiers and GeorgIa Tech personnel Moreover
Des Rosiers IndIcated that due to scarcity of water In the Salpo area, the water now emanatIng
from the Esperanza 3130 portal would be recycled for mmmg purposes If thts practIce IS
Insututed upon re-opemng of the mme, It IS hkely that the water WIll pose rntntmal envrronmental
nsk to the envrronment

I
I
I
I
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Fnday, 18 July, 1997

I
I
I
I
I
I
I
I
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I
I
I

1800 hrs

that thiS water will pose nummal environmental nsk If water recychng IS instituted upon re­
opemng of the nune The remammg challenge Involves the management of the waste rock pile at
Esperanza 3050 which IS known to contaIn Iron pynte The leachmg and aCidification hazard
posed by the eXlstmg waste rock pIle IS related to the mOisture content of the rock pile and hence
ramfall The same IS true for the waste rock that Will be excavated once the mme re-opens

There are several strategies for managmg the waste rock A few Ideas come to mmd consldenng
the proposed plans and site conditIOns at Salpo It may be possible to cover the eXlstmg waste
rock pIle With the SOlI that wIll be excavated when the access road IS cut to Esperanza 3050 This
may reqUIre a geotechmcal stability analysIs MlnlmlZlng the exposure of the waste rock to
oxygen and mOisture usmg a soil cover Will mitigate the formatIOn of aCid waters It also may be
pOSSible to re-vegetate the waste rock pile once covered With SOlI or sod-lIke matenals Another
strategy worth explonng would be to use the gypsum generated from the planned HDS/SX plant m
Shorey (once It comes on hne) as an lffipermeable cover for the waste rock pIles m Salpo By
bnngmg a quantity of gypsum from Shorey on the return haul to Salpo, the long-term gypsum
disposal capal.lty m Shorey IS lengthened The abtlIty of the gypsum to serve as an Impermeable
bamer for the waste rock piles In Salpo would need to be evaluated With a treatablhty study

The waste rock pIle at Esperanza 3170 was also vIsited Accordmg to Des Roslers, the nghts to
thiS portal are owned by a pnvate owner not Banco Wiese WhIle the rock was predommately
quartz, flecks of ITon pynte (perhaps 1 wt %) were sparsely distrIbuted throughout the quartz
matrIx m one rock sample that was Visually mspected The aCid generatmg capacity of the waste
rock was not evaluated However, the rock pIle appeared to be bone dry No water flow was
observed m the adjacent creek A management scheme slffitlar to that proposed at Esperanza 3050
may be conSidered for the present and future quantities of waste rock at Esperanza 3170 If nghts
are acqUired by PAS or CMNP at thiS level

Rumatyllo 3350, situated Just below the town of Salpo, was also VISited There appeared to be
mlmmalleakage of water from the mme portal « I hterlsec) No tadmgs or waste rock pIles were
observed m the area Approxlffiately fifty meters upgradlent of the Rumatyllo 3350 portal, a
contractor was begmmng the gradmg and foundatIOns for a new wastewater treatment plant for the
town of Salpo Des Roslers mdlcated that not only would the water from the nune portal be
recycled If mmmg operations were renewed at thIS level, but acqUisItion of the nghts to the effluent
from the wastewater treatment plant would also be conSidered for mmmg purposes A closed loop
CirCUit utilIzmg the recycled mme water and wastewater effluent from the Salpo treatment plant
should pose nummal environmental nsk

Return to Shorey

Re-survey vegetated area on top of taIlIngs

Grubb and Pacora hold meetmg on CMNPIUSAID project whde Hudock processes final surveymg
data and packs eqUIpment Grubb requests the followmg mformatlon

1- DetaIled descnptlOn of stormwater and wastewater system m Shorey for water from tOilets,
households and casmo mcludmg layout, flow rates and entry pomts to RIO Moche Water
quality for roadSide ditches contaImng septage also requested

2- UTM or latItude longItude coordmates for reference pomts "SF1 ' and "C" m San Fehpe
valley

3- Copy of weather station data from Shorey
4- Monthly quantities of sawdust produced and wood extracted at crusher
5- Copy of reports for SXlHDS plant
6- Copy of PAMA

I
I
I
I
I
I

0830 hrs

11 30 hrs
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1400 hrs

2000 hrs

2200 hrs

7- Copy of all water qUality data obtained In San Felipe
8- San Felipe valley map CAD file
9- Inventory of heavy and earth moving equipment
10- List of new publIc works and constructiOn With any antICipated waste streams
11- Extra copIes of San Felipe maps
12- Monthly generatIOn rates of constructIOn debns
13- FaCIlIties to be de-comlssloned In next five years
14- BasIs of estImate proVided by Klohn-Cnppen for San FelIpe
15- Cost estimate for wastewater treatment In Shorey/QulfUvl1ca
16- Map of Esperanza mmes m Salpo
17- Timetable for upcoming earthworks at San FelIpe (excavated SOlI can be used as cover

matenal)

Depart Shorey for Trujillo

Depart Trujillo for LIma

AmveLuna

I
I
I
I
I
I
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AppendIx C

QUlIruVIlca and Tl'UJlllo Tnp Report, 8-13 August, 1997

Team Members

Dr Denms G Grubb, GeorgIa InstItute of Technology (GT)
Mr Gregg W Hudock, GeorgIa Institute of Technology (GT)
Mr Damel GLanders, PontIficia Umversidad Catohca del Peru (PUCP)

Thursday,7 August, 1997

Fnday, 8 August, 1997

I
I
I
I
I

Objective

1600 hrs

2200 hrs

0900 hrs

To quantIfy water qualIty In San Fehpe valley and to collect localh a\atlable soIls and Industnal
byproducts In vicimty of Umdad Mmera QUlruvllCa, TrujIllo and along the transportation comdor
between the two sItes Samples of San Fehpe taIlIngs also were to be collected These
geomatenals are to be used In an expenmental program at GeoTgla Tech In Atlanta to test the
prelImmary feasIbIlIty of USIng soIls and mdustnal byproducts to buffer pH and lIDmObIhze metals
m a porous geochemIcal barner (PGB) for aCId mme dramage (A.\ID) mlOgatIOn

GT team departs LIma for TrujIllo

Amve Regents Hotel, TrujIllo

GT team departs TrujIllo for Umdad Mmera QUlruvIlca (UMQ)

Amve at UMQ m Shorey

Grubb, Landers and Mr Phl1lIpe Cantm (Yvan DIOnne Inc) conduct a SIte ",alk around San
FelIpe taIlmgs, whIle Hudock calIbrates the HORIBA water qualItv meter to measure the followmg
parameters pH, cOndUCtiVity (dIssolved solIds) turbIdIty (suspended solIds) dIssolved oxygen
(DO), temperature, and sallmty The qUalIty of the water from San FelIpe s toe drains and
decantatIOn lIne mto dramage trenches 01 02,03,05, D6 and D4 are measured respectively
Smlliarly, the water qualIty ofpomt XIV, the western dIversIOn canal (CI2) and dramage trenches
(DI-D3, D5 D9 and CI0-Cll) the decantation hne (D4) and the confluence adjacent to Shorey
road was sampled See AppendIX D for water qualIty test results

MeetIng between the GT team log EfraIn J Bornlla and Mr Jorge Qmspe Grubb requests a
copy ofUMQ's PAMA, a summary of all aVailable water qualIty data for San FelIpe, and the
UTM coordmates correspondmg to pomts SFI and C used as benchmarks dunng the GPS survey
at San FelIpe Wntten records of the solICIted water qualIty data are reYIewed Arsemc
contammatIon was first detected m the San FelIpe draInage trenches durIng the November, 1996
samplmg round Grubb first ViSIted San FelIpe In October 1996 pnor to the detection of arsemc
Unfortunately, the true extent of arsemc contamInatIon In San FelIpe Valle" cannot be quantified
due to the IIDllted water qualIty data Thus, to better delIneate cootammalJOn at San FelIpe, Grubb
recommends expandmg the monthly water qUalIty samplIng program to mclude the followmg
parameters

I
I
I
I
I
I
I
I
I
I

1230 hrs

1400 hrs

1600 hrs

Water leveJlflowrate
Temperature
pH (field and lab)
COndUCtiVity
AlkalInIty (as CaC03)

Total DIssolved SolIds (TDS)

30

Copper (Cu)
C)arnde (01 total)
Fluorme (F)
Iron (Fe total)
Lead (Ph)
MagnesIum (Mg)
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DIssolved Oxygen (DO)
Blochermcal Oxygen Demand (BODs)
Alurmnum (AI)
Arsentc (As)
Banum(Ba)
Cadrmum (Cd)
CalcIUm (Ca)
Chlonne (el)
Chrormum (Cr)

Manganese (Mn)
Mercury (Hg)
NItrate (N03)
PotassIum (K)
Selemum (Se)
SIlver (Ag)
SodIum (Ag)
Sulfate (S04)

Saturday, 9 August, 1997I
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0900 hrs

1000 hrs

1230 hrs

GT team meets WIth Ing Bomlla Strategy to sample 10dustnal byproducts In Shorey and
QUIrUvIlca IS dIscussed SamplIng contamers arnved 10 Shorey WIthout lIds In the 1Otenm, GT
team returns to San FelIpe to fimsh water qualIty testIng 10 the draInage trenches Samples to be
collected 10clude natIve soIls around San FelIpe, San FelIpe tatlIngs, sawdust from the UMQ
sawrmll, and locally avaIlable coal ash

Two buckets of natIve loamy soil are sampled from the southern slope edge of the San Fehpe
valley The water qUalIty of the draInage trenches, canals and ponded water 10 an around the San
Fehpe taIl10gs dam IS evaluated See EnVIronmental Samphng Results m AppendIX D for
samphng procedures and locatIOns

In contrast to the July 13-18, 1997 tnp the tathngs were much dner WIth lower flowrates and less
ponded water observed throughout However an artesIan condItIon (an upward flow of water) was
dIscovered at pelzometer #5 A slInllar condItIon was reported by Klohn-Cnppen (October 18,
1995) The observed arteSian condItIon 10 pelzometer #5 Indicates a large pore water pressure
bUIldup WIthIn the tatlIngs Large porewater pressures greatly impact the hquefactIOn potentIal of
SOlIs and tathngs under repeated or sudden straIns The term lIquefactIon IS used to descnbe the
uncontrolled deformatIon of a matenal when exceSSive pore water pressures are not dISSipated
The state of stress and hquefactIon potentIal of the tathngs In the vicimty of peizometer #5 were
not speCIfically evaluated However, ground movements (i e ,earthquakes) Increase the
probabihty of lIquefactIOn occurrence therefore, a detaIled lIquefactIon analySIS of San FelIpe
taIhngs should be completed to evaluate the hkehhood of a tathngs slope faIlure In the mtenm,
dewatenng the tatlIngs to decrease the pore water pressures throughout IS recommended

Ammals such as frogs, bIrds, pIgS, cows, bulls, sheep, and burros and combIned With theIr tracks
(footpnnts) were UbIqUItouS 10 and around the San FelIpe taIlmgs dam ThIS observatIOn suggests,
In part, that open grazIng of lIvestock on the re-vegetated portIons of the taIlIngs IS a common
practIce encouraged by the 1Odigenous peoples Also, pigS were observed burrOWIng In the re­
vegetated areas of the San Fehpe tatlIngs dam BIrds were nestIng 10 the same areas Several
Issues anse concermng the wIldhfe and lIvestock The long term Integnty of an lffipermeable cap
wIll be compromIsed by grazIng lIvestock and burrOWIng anlIDals (pIgS) It was dISCUSSed that
fenc1Og-off the taIl10gs dam was not a VIable optiOn due to theft of the fence or Its be10g breached
by IndIgenous peoples to perrmt lIvestock grazIng One strategy is to allow the south western
portIon of the tatlIngS dam a wetlands area as It currently is However, the compOSItIOn of the
tatlIngs and the surface water qUalIty may be such that the hvestock and wIldlIfe are beIng
adversely affected by the presence or IngestiOn of toXiC metals such as arsemc, lead, ZInC and lead
In turn, those people IngestIng meat and daIry products denved from these ammals may also be
adversely lffipacted A detaIled evaluatIOn of the surface water qualIty on the taIlmgs near the
Intake to the decantatIon lme was requested by Grubb to begIn developmg a framework to
establIsh whether the wetlands poses a hazard to anlffial lIfe

Grubb departs for TrujIllo due to an Illness
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Sunday, 10 August, 1997

Monday, 11 August, 1997
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1300 hrs

1400 hrs

1800 hrs

0800 hrs

10 00 hrs

13 00 hrs

1630 hrs

2000 hrs

0900 hrs

RemamIng GT team (Hudock and Landers) breaks for lunch

IndustrIal byproduct sampling actlVItJes In QutruvIlca and Shorey Two buckets of fresh sawdust
from beneath the blades of QutruVIlca s saw mIll are collected Two buckets of coal ash are
sampled one unweathered sample drrectly from the from the furnaces m Campartmento
QutruvIlca. and one weathered sample from an outdoor dISPOSal ptle m Shorey For more detalis
see AppendIx D

Meetmg WIth Ing Bomlla and Qutspe The mformatlOn requested by Grubb on August 8, 1997 IS
provIded to Landers and Hudock All water qUalIty data for the San FelIpe valley. contact
mformatlOn for potentIal mdustnal byproduct sources m TruJIllo, UMQ's PAMA, and the UTM
coordmates of the surveymg benchmarks throughout the San FelIpe valley are receIved Bomlla
cautlOns that the PeruVIan government has recently discovered two of the three surveymg
benchmarks utIhzed by CMNP are maccurate CMNP agreed to prOVIde updated benchmark
coordmates

Return to San Felipe valley for samphng of taIlmgs and surface SOlIs Four buckets of taIhngs
from along the slope of the dam and two buckets of surface soIls from below the dam on the valley
floor. are collected See AppendIx D for more detalis

Sample buckets (12) are packaged for exportation to USA

Departure for TrujIllo

Amval at the Regents Hotel m Trujillo

Meetmg between Grubb, Hudock. and Landers Grubb IS bnefed on the actlVlttes and techmcal
resources collected m Shorey and QUlfUVIlca The review of the newly acqurred water quahty data
proVIded by CMNP from the November 1996 samphng round mdlcates the presence of arsemc m
draInage trenches D1-D3 and D5-D9 at concentratIons on the order of 200 mgll Dunng Grubb s
ongmal VISIt m October 1996, CMNP mdIcated that they beheved the only source of arsemc m the
San Fehpe valley ongmated from the La Paloma mme portal smce no water qUalIty data on arsemc
m the San Fehpe valley was avatlable pnor to November 1996 Although It IS not known whether
the arsemc ongmates from the talhngs or IS naturally occumng m the ground or surface water,
there IS suggestIve eVIdence that the source of arsemc IS from the talhngs for two mam reasons 1)
UMQ's PAMA reported that several waste rock plies contaIn up to 200 mgll arsemc and, 2)
EnargIte (Cu3AsS4), chalcopynte (CuFeS2), and arsenopynte (FeAsS) are among the ores mmed at
UMQ As such, arsemc may occur m all of the taIhngs dams (San FelIpe, AmlfYllca, Santa
CatalIna) The GT team expresses concern that the presence of arsenIC may not only potentIally
affect the deSIgn approach the porous geochemIcal bamer for San Fehpe but the potentIal eXISts
that the performance of the SXlHDS treatment plant (proposed by SlID1Ilons) may be Impacted as
arsernc was not mcorporated as a deSIgn parameter It IS concluded that the management of arsenIC
contamInated matenals may requrre treatment alternatIves not prevlOusly envlSloned In the ongmal
PGB proposal or Simmons proposal

Transfer from Regents Hotel to EI Gran Marques

The sugarcane mdustry In Peru IS centered m TrujIllo Mr Teodonco A Zambrano VIllanueva,
Drrector Asuntos Legales, CMNP (Trujillo) arranges GT team meetmg WIth Mr Carlos Casos
Cabamllas. Penodlsta and RelaclOnIsta Pubhco, CooperatIva Agrana Azucarera Laredo, LIDA
The purpose of the VISIt was to explore If sugarcane waste products (bagasse and bagasse ash) are

I
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Tuesday, 12 August, 1997

Wednesday, 13 August, 1997
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1600 hrs

2200 hrs

llOOhrs

10 00 hrs

sUItable matenals to treat the AMD from San Fehpe Casos provides a detailed tour of the sugar
productIOn process (from cane to bagged sugar)

FIrst sugarcane stalks are shredded through a senes of machetes The mOIst, shredded fibers then
pass through a wet sugar extractIOn process USIng sequential extraction (solubilizatIOn of the
sugars) and roller pressmg A senes of approxunately five grooved roller presses extracts the
solubIlized sugars Casos IndIcates that after the last pressIng apprOXImately 96% of the sugar has
been removed and the mOIsture content of the fibers IS on the order of 4% to 10% The bagasse IS
then conveyed to a furnace where It IS IncInerated to produce steam power for the processIng plant
a small portIOn of the bagasse IS also used to make particle board furniture on the adjacent
property The ash resultIng from the sugarcane bagasse IS removed from the mCInerator, cooled
and stockpIled The Chief Engmeer mforms the GT team that due to changIng envIronmental
regulatIOns, there are few disposal optIOns avaIlable for the sugarcane bagasse ash As such,
avaIlable space for ash stockpIling IS a grOWIng concern The sugarcane bagasse sampling
actlVltles are descnbed m AppendIX D

Arrange meeting time WIth the PIlsen TrujIllo Brewery for the follOWIng day

DInner meetIng WIth Pacora and Mr Antoruo Mendoza Zavala at EI Gran Marques concernIng the
arsenIC concentrations observed In the San Felipe taIlIngs effluent from the November 1996
samplmg round GT team expresses concern that the new arsenIC findmg may Impact
enVIronmental options at San Felipe Arsemc IS more challengmg to lIDlllobdIze since It IS usually
more soluble (unless complexed) at hIgh pH an operational parameter of the PGB LIkeWIse,
SImIlar results for SXJHDS treatment plant are conceIvable To ensure the arsemc concentratIOns
m the effluent do not affect the deSIgn of the SXlHDS plant, CMNP should 1Oform SImmons of
thIS new development Grubb recommends quantIfyIng the natural arsenIC contammatIOn In San
Felipe valley through a metals analySIS of the taIlings and background water samples Pacora
agrees to proVIde addItIOnal water quahty test results for the draInage dItches throughout San
FelIpe valley, as soon as pOSSIble

GT team meeting WIth Mr Walter Protzel Reehts Jefe del Departmento de ElaboracIOn, of the
Piisen TrujIllo The purpose of the meeting IS to explore If waste byproducts (graIns, hops etc)
are SUItable matenals to treat the AMD from San FelIpe Reelits proVIdes a detaIled tour of the
brewery and breWIng process ReelIts explaIns that spent maIze and hops are pelletIzed and
recycled for agncultural purposes It IS later learned that dIatomaceous earth IS utIlIzed to clanfy
beer and w1Oe, whIch results 10 an anaerobIC, organIc nch and surface and bIOlogICally active
sludge WIth a high water content Reelits mdIcates that thIs matenails dIrectly dIscharged Into a
floor draIn but that he has been lookmg for a recycle apphcatIOn for some time He IS mterested m
explonng the potential be use of the matenal to mItIgate another envIronmental problem
Approval from the LIma office wIll be reqUIred However, no samples were aVaIlable SInce they
were m the mIddle of a production run

GT team meetIng WIth Zambrano at CMNP TrujIllo office Grubb 1Oforms Pacora of the
successful meet10gs at CooperatIva Agrana Azucarera Laredo LIDA, In Laredo and PIlsen
TrujIllo Brewery The four contaIners of sugarcane bagasse and bagasse ash are sealed and
packaged for export to USA

GT team meetIng WIth Reehts at PIlsen Trujillo Brewery Reelits 10dIcates he IS very Interested 10
potential collaboratIOn In order to obtaIn samples on future trIps, Grubb must descnbed recycle
applIcatIon and CMNPIUSAID project to Mr Egld Metzger, Corporate DIrector of Technology m
Callao to formalIZe cooperatIOn and obtaIn approval
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1730 hrs

2000 hrs

Depart Trujillo arrpon.

AmveLlffia
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AppendIxD

Environmental Samphng ActmtJes In QUIruvdca and Trujillo, 8-13 August, 1997

Sod and Industnal Byproduct Samphng

EqUIpment

Spade, hand trowel, 20 lIter buckets With sealable lIds

SOil and TaIlmgs SamplIng Procedure

After type and locauon of sample was selected, approximately 6" of the weathered top sOil/overburden was removed
to gam access to undisturbed unweathered natural matenal A spade was uulIzed to collect and place the geomatenal
sample Into buckets The buckets were then properly sealed and taped to prevent mOIsture loss Sample type and
locatIOn marked on container With permanent marker See Table D-l for samplmg locatIons and quantIties

Industnal Byproducts SamplIng Procedure

After type and locatIon of sample was selected, representatIve samples were taken from each source A spade and/or
hand trowel utIlIzed to sample and place the geomatenal mto buckets The buckets were then properly sealed and
taped to prevent mOisture loss Sample type and locatIOn marked on container With permanent marker See Table
D-1 for sample locatIons and quantItIes

TABLED-1
Inventory of Collected Solls and Industnal Byproducts

Date Sample Type Sample Source Number of ContaIner
ContaIners WeIght (lo1os)

8/10/97 Granular Top Soll Southern San FelIpe Vallev, above tallmgs 2 30
8/10/97 Sawdust Beneath blades of OurruvIlca Saw MIll 2 IS
8/10/97 Coal Ash Furnaces at Campamento Ourruvllca 1 30
8/10/97 Coal Ash Coal ash dISPOSal olle m Shorev 1 30
8/11/97 TailIngs San FelIpe TaIlmgs dam slone 4 35
8/11/97 Orgarnc Top SoIl San FelIpe Valley, below tallmgs 2 30

8/12/97 Sugar Cane Bagasse Cooperativa Agrana Azucarera Laredo
2 15

LIDA at last roller press

8/12/97 Sugar Cane Bagasse CooperatIva Agrana Azucarera Laredo
2 25

Ash LIDA ash dlsoosal pIle

SoIl SamplIng and ViSUal ClaSSificatIOn

Granular Top Sozl- Sample collected from the southern Side of San FelIpe Valley above taIlIngs and diversIOn
canals, see Figure D-1 The samplIng area IS sparsely covered by native grasses and shrubs Ground surface IS dry
crusty, and difficult to sample Top soIl IS medIUm-fine loam sandy-sIlty matenal' brown to orange-brown dry,
blocky, and partIally cemented

Sawdust - ReSidual product of eucalyptus tree mIllmg operatIon m QUlruvllca for fabncatmg mme shaft supports
Sample of fresh sawdust collected drrectly below space beneath saWmIll blades Sawdust IS medIUm SIzed, tan,
fibrous, and dry A large pIle of sawdust (apprOXImately 18 m X 10 m X 8 m) IS SItuated adjacent to the saWmIll

I
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Coal Ash - Two Independent samples collected from dIfferent locatIOns One fresh sample of ash IS collected
dIrectly from the furnaces In Campamento QUlfUvtlca mmmg camp QUlruvllca coal ash IS fine bnttle dry gray­
black matenal Second sample collected from an outsIde dIsposal pile In Shorey Shorey coal ash IS weathered
bnttle, dry, gray-black, and containS debns Both samples are the reSIdual product of a I 4 clay/coal mixture utilIzed
by the maJonty of the populatIOn for heatmg and cookIng In Shorey and QUlruvtlca

Tazlmgs Four grab samples collected from dIfferent locatIOns along the toe and slope of San FelIpe taIhngs dam,
see FIgure D-l Face of taIlmgs dam IS heavlly eroded and loosely compacted TaIlings are medIUm to fine sllty­
sandy matenal dense, gray, bnttle, and coheslOnless

Orgamc Top Sot! - Samples collected from San Fehpe Valley downgradlent of talhngs dam Both samples collected
on western SIde of draInage trench adjacent to road, see FIgure D-l Sampled matenal appears to be the sediments
and SOlI excavated from a draInage trench The collected soli sample IS slmllar to the many patches of orgamc SOlI
that are spread throughout San Fehpe Valley In general, the valley IS sparsely vegetated With shrubs and httered
WIth mounds of excavated topSOil OrganIC sOIl IS brown-black, medmm to fine Sized, dry poorly cemented orgamc
smelhng, and bnttle A prehnunary assessment of thiS soIl suggests that It IS potentIally claSSIfied as cambIsol,
hIStosol, or hthosol [FItzPatrIck, 1980] The actual classIficatlOn WIll be venfied WIth SOlIs authontIes In Peru

Sugarcane Bagasse - Two buckets of bagasse were collected at Cooperativa Agrarla Azucarera, Laredo LIDA after
the processed sugarcane bagasse emerges from the final grooved roller press The bagasse fibers are tan color,
shredded, warm, wet, and approXImately 2 to 8 cm In length and 0 1 to 10 cm In dIameter Dunng the sIte VISIt the
chIef engmeer mdIcated that after processIng the bagasse typIcally possesses a mOIsture content varymg between 4 ­
10% and contaInS approXImately 4% reSIdual sugar TypICally, postprocessed bagasse IS eIther incInerated to
generate electrICIty or collected to manufacture press-board for the furnIture mdustry

Sugarcane Bagasse Ash - After InCIneratIon, sugarcane bagasse ash at CooperatIva Agrana Azucarera, Laredo
LIDA IS stockpIled on SIte Two samples of cooled day-old sugarcane bagasse ash are sampled from the 4 m X5 m
X50 m stockpIle Ash IS hght, fine, dry, gray-black, stIff but bnttle matenal Ash partIcles are sub-rounded and
possess a varymg gravel to fine gram SIze Larger conglomerated gravelly ash resembles pumnuce and IS easIly
crushed

I
I
I
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Water QUality Samphng

Equipment

HORIBA U-10 water quality meter, calibratiOn solutIOn uncontammated water

Water Samphng Procedure

Dally autocahbratlOn of HORIBA U-lO water quahty meter perfonned with autocallbratiOn solutiOn Results
recorded In calibratIon log for quality assurance and quality control (QAlQC) purposes, see Table D-2

The HORIBA water quality probe was carefully lOserted into dramage trenches, canals, and ponded water to measure
water qUalIty parameters If sedIments were dIsturbed dunng probe msemon, testmg was termmated and retestlOg
was delayed for approxunately 30 mmutes untIl the water flowmg In the trenches flushed the suspended sohds from
the testmg locatIOn ConductIVity, pH, dIssolved oxygen temperature and salimty were measured in tnplicate at
each locatIOn Between samphng locatIOns, the HORIBA was cleansed With an uncontammated nnse water solutIOn
Table D-2 presents the results of the water quahty analyses (3 pomt averages shown)

Sample LocatIons

Background San Felzpe Stream - HORIBA probe mserted drrectly Into the flowmg stream, adjacent to a waterfall
located approxImately 100 feet upstream of the mlet to the decantatlOn lme pipe located m the southwestern end of
the of San Fehpe taihngs Water qUalIty parameters were measured in a water pool IS approxImately 05 meters deep
and 1 2 meters WIde Surroundmg terrain IS well vegetated WIth WaIst-hIgh grasses and shrubs

Surface Water on San Felipe Tazlmgs Near Intake to DecantatIOn Lme - Water qUalIty parameters tested by msertmg
the probe drrectly mto the flowmg surface water at approxrrnately 6 meters north-east of the mlet to the decantatIOn
lme thIS water ongmates from the ponded water m the center and north ""estern portIOns of San Fehpe taIhngs,
Stream dImenSiOns are approxrrnately 0 3 meters WIde by 0 3 meters deep Surroundmg area IS well vegetated WIth
knee-high grasses and shrubbery

Dramage Trenches (Dl-3 D5-9) & Decantatzon Lme (D-4) - HORIBA probe mserted drrectly mto the flowmg
AMD at the most upgradient locatIOn of each drainage trench, Ie, as the AMD emerges from the toe drams
Drainage trenches are approXimately 0 7 meters WIde and range between 0 3 to 2 meters lo heIght Depth of flowmg
water vanes between 5 to 25 centImeters

Confluence ofD-3 D-4 and D-5 - Water quahty parameters obtamed approxrrnately 1 5 meters from the decantatiOn
hne (D-4) outfall In a pool approxImately 1 meter 10 dlanteter and 0 5 meters deep VISUal observatIOns revealed
that the volumetnc rate of the water emerg10g from the decantaUon hne was approXimately four trrnes greater than
D-3 andD-5

Dramage Trench C-IO - Water quality parameters measured by msemon of the probe drrectly Into the water flowmg
10 the drainage trench at the bend 10 the C-lO drainage trench, approxunately 15 meters upgradient of La Paloma
mme portal The trench IS approXimately 0 6 meters WIde and 0 6 meters deep The flowmg water IS approXimately
15 cm deep

La Paloma Mme Portal - HORlBA probe mserted drrectly mto the effluent approXimately 5 meters from the La
Paloma mme portal pnor to Its confluence WIth C 10 and C-11 DraInage trench IS approxtmately 0 5 meters WIde
and 15 em deep Green algae and a whIte shme preCIpitate IS observed m the dramage trench

Pomt XN - Water quahty paranteters measured by msertmg the probe dIreCtly mto water flowmg m the trench
adjacent to Shorey road approxunately 100 meters upstream of the Rio Moche ACId water flow from San Fehpe IS
approxtmately 15 em deep and 1 meter WIde

I
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Table D-2
Water Quality Datcl for Umdcld Mmera Qmruvdccl 1

8-9 August, 1997

ConductIVlty Total DIssolved
TumIdity (NTUs)

DIssolved OxygenS Temperature
~ahmty (%)Sample LocatlOn pH

(mS/cm) ~ohd~3 (mgll) (mgll) ( C)

01 San Fehpe D I 216 2393 153120 ~eenote4 193 1343 143

02 San Fehpe D 2 201 2497 159787 see note 4 429 1210 150
03 ~an Fehpe, ~ 3 214 2013 128853 see note 4 109 13 27 120

- - -- - - --- - - -- -- ----- -- - - -----
04 San Fehpe D 4 (Decantallon Lme) 663 033 2091 see note 4 660 11 77 001
05 San Fehpe D 5 205 2137 136747 see note 4 181 1260 127
06 San Fehpe D 6 206 21 13 135253 ~eenote4 153 1257 125
07 San Fehpe D 7 203 2620 167680 2 075 13 70 159
08 San Fehpe D 8 203 2760 17664 0 0 262 1547 165
09 San Fehpe D 9 282 411 26283 1 282 1500 020
10 San rehp~ Confluence of D 3 D-4 D 5 243 1150 86400 5 475 1437 068- - - - ---
11 San Fehpe C 10 (above La Paloma) 351 056 3588 2 425 1790 002

-
12 San Fehpe La Paloma rmne portal 3 11 281 17963 8 513 1820 013
13 San Fehpe XIV 250 470 3010 1 see note 4 696 1080 022
14 Background San Fehpe Stream (see note 2) 730 007 459 3 604 1563 000
15 Surface Water on Talhngs Near DecantatIon Lme 687 065 4147 1 619 1733 002
16 Rio Moche Upstream of San Fehpe Confluence 347 312 19968 755 636 13 17 015
17 Rio ~oche Down~t~m of San Fehpe Confluen<:.e 315 328 20971 660 639 13 87 016- - -- - -- ----- - ---- --- ~-- - -- --
18 Porewater from QUIruvilca Sawdu~t Pile 540 056 3584 180 015 1560 002

CahbratIon (08/08/97) 400 448 28672 0 555 197 023
CahbratIon (08/09/97) 399 451 28864 0 598 165 023

NOTES All data obtamed WIth HORIBA U 10 water quahty meter
1

Surmnary data averaged over three mea~urements except for the QUlruvilca :>dwdust ~ample
2

San Fehpe stream ~mpled at waterfall approXimately 20 meteD. upgradient of the entrance to decantanllon hne

3 Total DIssolved Sohds (TDS) calculated by TDS = (ConductlVlty x 1000)(1 6xlO 5/2 5xlO S) [Snoeymk and Jenkms 1980]
4

Measured turbIdIty readmg of 10 WhICh YIelds httle pracl1cal meamng VIsually samples 1 15 were mdIstmgUlshable
5

Measured dIssolved oxygen readmgs corrected for average ailltude of 3570 meter~ by DOcorrec1ed =(DOmeasured) (P3S701Pseal<vel) [Stumm & Morgan 1996]
P3S70 = 651327 hPa proVlded by HORIBA Instruments Incorporated Techmcal InformatIon Reference Matenal

p... l<vel = 1013 hPa proVlded by HORIBA Instruments Incorporated Techmcal Inforrnalton Reference Malenal
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RIO Moche Locatlons Upstream and Downstream of San Feilpe - HORIBA probe Inserted directly Into the mIddle
of the RIo Moche at approxImately 10 meters upgradlent and downgradlent of Its confluence wIth the San Fehpe
effluent RIo Moche IS approxImately 5 meters wIde, WIth varyIng water depths RIver water IS a grayish-green
color, extremely turbId With an odor charactensttc of raw sewage Surroundmg area IS lIttered with rubbIsh and IS
sparsely vegetated WIth small grasses

I
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Pore Water from QUlruvzlca Sawdust Pile - Testmg locatIOn IS approumately 30 meters west and downgradlent from
the QUlruvtlca sawmill Adjacent to the sawdust ptle, several puddles are spread over an area of approXimately 15
meters by 5 meters The HORIBA water quahty probe was mserted dtrectly IOto the northernmost puddle Puddles
are black, covered by an orgarnc sheen, and exude a odor charactenstlc of anaerobiC decomposltlon The SOli has
been disturbed by the wheels of heavy eqUIpment and supports no vegetauon growth

DISCUSSIOn of Water QUalIty Results

Two correlatIOns were utIlized to transform and normalIze the data to the envrronmental conditIOns m San Fehpe
Valey Smce conductiVIty drrectly relates to total dIssolved solids (TDS) the followmg commonly used equatIOn
denvIng IDS from conductiVIty was uUlIzed [Snoeymk & JenkInS, 1980]

IDS = [ConductlVlty (~S/cm)][l 6 x 10 5/2 5 x 10 5]

I
The followmg equatIOn was utIlized to correct the measured DO readIngs at hIgh altttudes and low atrnosphenc
pressure [Stumm & Morgan, 1996]

I
I
I
I

where P3570 =651 327 hPa the average atrnosphenc pressure at 3570 meters and
PSEALEVEL =1013 hPa, the average atrnosphenc pressure at sea level [HORIBA CorporatIOn, 1991]

In several cases the measured dIssolved oxygen concentrations exceeded the saturated dissolved oxygen predictIOns
for 3570 meters (5 60 mgll at 15°C) It should be noted that the dIssolved oxygen saturatton values are calculated
on the basIS of dtlute aqueous solutIOns, so deVIatIOns can be expected for concentrated effluents such as AMD

Background San Felipe Stream - Upgradient of San Felipe tatlmgs, pH values are neutral, dIssolved solids
concentratIOns are Inslgmficant and dIssolved oxygen concentratIOns are elevated The Impact of the tatlmgs on San
Felipe Valley can be quantlfied by companng these water quality measurements to those at POInt XIV A substantIal
pH reductIOn of 4 8 occurs between these two POInts, whtle conductIVIty mcreases 65 tImes that of the background
stream

Dramage trenches (Dl 3, D5-9 C-lO) - Water qualIty parameters exhIbit low pH and hIgh condUctIVIty Dissolved
oxygen contents slgmficantly less than predIcted dissolved oxygen contents based on altItude correctIOns
ThIS suggests depletIOn of oxygen due to the OXIdatIOn processes asSOCIated WIth aCId mme dramage

DecantatIOn Lme (D-4) - Measurements mdlcate a pH neutral water WIth a low conductance SlOce water IS Isolated
from tatlings, elevated dIssolved oxygen concentratIOns were observed Water qUalIty parameters are conSIstent WIth
background data collected upstream of San Fehpe, see above

Suiface Water on Tazlmgs Near DecantatIOn Lme - Nearly neutral water qUalIty test results (pH =6 87) suggest that
the presence of a wetlands covenng San FelIpe tatlings sIgmficantly reduces the aCIdIficatIOn of ponded water ThIS
trend IS confrrmed by analytIcal samplIng conducted at Punto "A" by CMNP In August 1997

Confluence ofD-3 D 4 and D 5 - Measured water quality parameters suggest that AMD IS dtluted by the clean
stream water outfallIng from the decantatIon lme (D-4) In companson WIth samples DI-3 and D5-9, an mcrease m
pH of approXImately 0 4 IS observed As AMD IS dIluted WIth a larger pH source, pH mcreases dIssolved metals are
ImmobIlized, and water conductIVIty IS SImultaneously reduced The large DO concentratIOns m D-4 promoted
subStantIal mcreases m dIssolved oxygen at the confluence
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La Paloma Mme Portal - The leachate emanatmg from the La Paloma rome portal w~ observed to have a greater
pH a lower conductivity, and a greater dIssolved oxygen concentratIon than the San FelIpe effluent It may be
possIble that elevated dIssolved oxygen contents are attnbuted to the oxygen byproduct released dunng
photosynthesIs by the algae present m the dramage trench

Pomt XIV - After further dIlutIon of the San Felipe AMD at the confluence of the dramage trenches With water from
the diverSIOn canal (C-12) and decantatIOn lme (D-4) pH measurements rncreased by approXImately 0 5,
precipitatmg metals and slIghtly decreasmg conductIVity Elevated dIssolved oxygen values were measured due to
the dIlutIon, turbulence, and aeratIon of the AMD/stream water

Confluence ofSan Felzpe Effiuent With Rw Moche - Water QualIty parameters collected upstream and downstream
of the confluence of the San FelIpe effluent WIth the RIO Moche suggest the San FelIpe effluent has deletenous
Impacts on the RIO Meche The pH of the RIO Meche was lowered by 0 32 (3 47 to 3 15) However, It IS clear from
the already low pH that San FelIpe IS not the sole source of aCidIty to the RIO Meche

Porewater from QUlruvllca Sawdust Ptle - Water qualIty parameter teStIng was conducted to test the hypothesIs that
the dark, "burned" appearance of the sawdust m the VICInIty of the puddles was asSOCiated WIth the ongomg
OXIdatIon-reductIon reactIons between the sawdust and the puddles which were aCIdified due to the OXIdatIon of
naturally occumng lTon pynte In the soIls Drawmg on envlTonmental nuerobIOlogy and eH-pH pnnciples, It was
belIeved that once the observed organIC sheen formed on the puddles, OX\ gen diffuSIOn IDtO the puddles would be
InhibIted and anaerobIC and redUCIng COndItIOnS would begIn to offset aCIdificatIon Grubb suggested m October
1996 that the reactIOns occurnng In the puddles were a nucrocosm of AMD nutlgatIon processes envlSloned to occur
WIth a PGB Incorporatmg mdustnal byproducts The measured water qualIty parameters add credIbIlIty to thIS
hypotheSIS the measured pH (5 40) IS withm 0 I of the lower bound legal lInuts condUCtIVIty (056 mS/cm) IS
comparable to that of clean water, and, the dIssolved oxygen IS "ery low (024 mgll)
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Objective

Geosynthencs Retrofit of San Fehpe TaIlmgs Dam Face

To prOVIde an alternatIve to the Klohn-Cnppen rehabilItatIOn and cappmg solutIOn currently
speCIfied m the PAMA at a cost less than $1 2 mIllIon whIle SImultaneously accomplIshIng
multIple objectIves 1) to prevent erosIon of taIhngs from the face of the San Felipe taIlIngs dam,
2) to re grade and re-Inforce the taIhngs dam face to Improve geotechmcal and seismic stablhty
Without utIliZing addItIOnal space on the San Felipe valley floor where a passive treatment of aCid
waters can be lffiplemented, and, 3) does not mterfere With current land use patterns established by
mdlgenous peoples or draws therr attentlon

I
I
I

Conceptual Approach

ThIS AppendiX presents a conceptual approach to satISfy the above objectIves Without changmg the overall
footpnnt of the eXisting taIhngs dam The ratIOnale dnvIng the overall management scheme IS related to several
factors all of which must be optInuzed The pnmary factor IS cost A reduced cost appears to be made pOSSible by
the umque COndItIons at San Fehpe and the potentIal cost savmgs to be denved from the pOSitIve envIronmental
benefit of the wetlands at the southwestern end of the San Fehpe taIhngs dam Therefore the preservatIOn and
enlargement of the wetlands area IS a key feature of thIS deSIgn and management alternative even though It may
Imtially seem to be the worst pOSSIble thIng to do by conventIOnal thinking and remedIatIOn practIces However, the
proposed conceptual approach IS conSIstent WIth natural re-vegetatlon and amellOranon processes

The geosyntlIetIc wall wIll be coupled WIth the mstallatlOn of a new subdram system conslstmg of
approxImately five honzontally-dnlled subdraIns to de-water a 300 meter-Wide sectIon of taIhngs runnIng parallel to
the eXlstmg crest of the taIlmgs dam, as shown m FIgure E-2 It IS antICIpated that the subdraIns wIll be fabncated
of sIx-mch dIameter slotted HOPE pIpes double-wrapped With a heavy non-woven geosynthetlc fabnc The outfalls
of the new subdratns wIll be constructed With m-lme trap to InhIbIt the flow of atmosphenc oxygen up the draIns By

Water qUalIty data recently obtaIned on 14 August 1997 by CMNP for Punto A" located near the mlet to the
decantanon line at the southwestern end of the taIhngs mdlcates that the surface water m the already re-vegetated
zone of the taIlIngs surpasses the effluent standards set forth m the PAMA for Umdad Mmera QUlruvIlca In
essence water flowmg on the taIlIngs through the re-vegetated area IS not only buffered but aCIdificatIOn IS
prevented and metals concentrations are suppressed Hence a conSIderable fmanclal benefit can be potentially
realIzed If the surface of the taIlmgs IS re sloped so that all surface water draIns to the mlet to the decantatIOn hne
located at the southwestern end of the taIlIngs and not via dramage trench C-I0 Thts IS a very attractIve strategy
smce the flow In C-l0 represents one of the largest aCid water flows at San FelIpe Therefore, With the constructIOn
of the proposed geosynthenc re-mforced wall (see below), the eXIstIng dramage canal C-I0 wIll be elInunated and
the only flow of water In the re-allgned C-12 WIll be uncontanunated surface water (see main text) The re directIOn
of ponded water Will correspond to an Increase In the volumetnc flow of D-4

In order to take advantage of eXlstmg wetlands processes, the eroded face of the eXlstmg taIhngs dam can be
retrofitted WIth a geosynthetIc wall whIch prOVides remforcement of the coheslOnless taIlmgs Figure E-l shows a
schematIc of the eXiStIng cross-sectIon through the face of the tailIngs dam and the Klohn-Cnppen rehablhtatIon
scheme The eXistIng face of the taIhngs has a 2H 1V slope and IS deeply channeled by erosIOn FIgure E-l also
shows the eXIstmg San FelIpe profile supeflffiposed WIth the antICipated cross-sectIon of the proposed geosynthetIc
wall and subdram system Although the walliS antiCipated to have a slope of 1V IH, the final profile wIll depend on
the optInuzatIon of geotechmcal and selsnuc StabIhty, wall angle, and cost The chosen geosynthetic fabnc must be
charactenzed by a pore opemng SIze wluch WIll retaIn the taIlIngs partIcles to ehmmate sedIment transport whIle
allOWIng flow of water to ensure contInued de watenng and IDlmIDlzatlOn of acid water generatIon In thIS regard
heavy non-woven geosynthetIcs are preferable The base layer of the terrace will be constructed on the granular
starter berm where the erodmg taIlIngs are currently formmg multiple tall or allUVIal fans As such, the fmal
configuratIon wIll not mtersect or bury the La Paloma mme portal or any other eXistIng features of the San Fehpe
valley floor such as the dramage trenches or depreSSIOns/crevasses In the ground

I
I
I
I
I
I
I
I
I
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creatmg an anaerobic conditIOn for the full length of the subdram system mternal OXidatIOn and aCidificatIOn of the
taIlmgs should be mlmmlzed The new drams wIll be Installed at the same elevation of the base of the proposed
geosynthetIc wall This ImtIal configuratIOn has been chosen because It maxIrnlzes the honzontal reach of the new
subdram system on a umt cost baSIS and aVOIds haVIng to bore through (and subsequently compromise) the eXlstmg
granular starter benn However a detailed analySIS may eventually reveal that dnlhng through the starter benn IS the
best optIon In either case It IS hkely that the subdrams WIll not completely ehmmate flow m the eXlstmg subdram
system but the correspondIng reduction m hydrauhc head should lead to a reductIOn m the plpmg of tadmgs Into the
eXlstmg subdram system

The groundwater profile shown In Figure E-l dlVldes the tathngs mto two mam regIOns The southwestern end
IS wetlands area havmg a htgh water saturatlon The northeastern zone IS a dner, unsaturated regIOn In essence, the
new subdram system creates a dam WithIn a dam, as the dner and stronger downstream block of talhngs adjacent to
the geosynthetIc remforced wall retainS the wetter upstream block In thts way, the wetlands IS preserved while at the
same tIme the long tenn erosIonal and geotechmcal stablhty of the dam IS attatned The proposed alternatIve also
satisfies the other constramts on the envIronmental management m the San Fehpe vaHey The valley floor rematns
aVaIlable for the unplementatIon of passive envrronmental schemes grazmg of hvestock can contInue unhmdered
without unpactmg the geotechmcallmprovements, and there IS no mfrastructure (fences pumps etc) to be stolen

Prehmtnarv Cost Estimate

There are two maIn components to the system the geosyntheuc wall and the subdram system The estimates
prOVIded here are based on US market pnces and do not mclude mternatlOnal taxes and duties (I e SUNAT) It IS
felt that these costs are somewhat conservatlve smce the pnce of labor m Peru IS conSiderable less than m the Untted
States

Geosynthetlc Remforced Wall

The geosynthetlc wall shown m Figure E-lls anUclpated to be 30 meters tall With a Width of 180 and 380
meters at the bottom and top, respectively Five hfts per meter of wall height are requrred and a bench Width of 5
meters With a 1 meter wrap IS planned Accordmgly, approxunately 252,000 m2 of geosynthetlc Will be reqUIred, but
275,000 m2 Will be used as for planmng purposes Even If the final wall geometry changes somewhat thts estImate
IS representative of the overall geosynthetlcs requrrement The current pnce for Hoescht-Celanese l6-oz non-woven
continuous filament fabnc shipped FOB from Charleston, South Carohna, IS approXImately $1 341m2 For such a
large order, It may be pOSSible to negotIate a pnce as low as approxunately $1 251m2

, however, a pnce of $1 301m2 IS
more realIsttc Based on a $1 301m2 pnce, the matenal cost of the geosynthetlc alone IS anttclpated to be
approxunately $357,500 Whtle It IS currently recommended to use a l6-oz fabnc, a detatled analysIs should be
conducted to see If a 12 oz fabnc ($1 02/m2

) WIll proVIde the same long-term performance The matenal cost for
the l2-oz fabnc IS $281,000, or a saVIngs of $76,500 Contatnenzed shlppmg of either geosynthettc from South
Carohna to Peru Will be approXImately $98,000 based on a $3 500/contatner charge With 25 rolls per contamer The
cost of the geosynthetlc plus shlppmg to Salaverry (or Luna) IS conservatIvely estimated to be $379,000 to $455 500
dependmg on the fabnc selected Smce the geosynthetlcs can be clasSified eIther as a constructIOn matenal or
textIle one should negotIate for the lower of the two unport tanffs

An estimate of the constructIOn cost would mvolve the geosynthetIc transportatIOn charges from Salaverry to
Shorey ConstructIOn of the wall WIll reqUITe approxunately 4-5 months based on unskilled labor (10 men) With two
(max) backhoe operators, and several hght-welght compactors The constructIOn techmque can be completed on a
cut-and -cover basiS at the face of the taIhngs dam A full-SIze John Deere 310A backhoe rents for less than
$2500/month m the Atlanta area The cost for two backhoes over a six-month penod IS approximately $30,000
Therefore, If CMNP uses It own laborers currently on salary, It IS not ltkely that the msta1Iatlon cost Will exceed
$100,000

Subdram system

Tlus estimate assumes that a dIrectional dnlhng ng and operators are aVaIlable In Peru at a cost equal to or less
than the US market pnce for comparable services The current Installed pnce for dIrectionally dnlled pipeS less than

I
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o33m-dIameter (1 ft) IS approxImately $lSO/m ($40-50/ft) whIch mcludes moblltzatlOnldemoblltzatlOn, matenals,
dnlltng etc Each of the five subdrams wIll be fabncated of 6-mch dIameter slotted HDPE pIpe double-wrapped
wIth a heavy non-woven geosynthetIc and wIll be approxImately 300 meters long, for a total length of 1,500 meters
The correspondmg pnce estImate IS $225,000

Overall EstImate

Less Import tanffs, engmeenng deSign, constructIOn and geosynthettc transportatIon costs between Salaverry
and Shorey the mstalled cost of the geosynthehc wall and new subdram system appears to be on the order of
$704,000 to $780,500 Assummg the engmeenng deSIgn and constructIOn momtonng are an additional 10%, the
overall estimate approaches $774,400 to $858,550 excludmg Import tanffs and geosynthettc transportatIon costs
between Salaverry and Shorey TIus IS approxImately $350,000 to $425,000 less than the quote provIded by Klohn­
Cnppen ($12 mIllIOn) for the rehabIlItatIOn and cappmg speCIfied m the PAMA

Path Forward

Although mcomplete the preltmmary cost estImate for the geosynthetIc wall and new subdram system suggests
that thIS optIOn may fully pnce out at a total cost considerably less than the rehabllttatIon and cappmg option
currently mcorporated m the PAMA It IS Important to note that both alternatIves are purely geotechmcal and
hydrologIcal WhIle the geotechmcal and selsnuc stablltty of the San Feltpe tailmgs dam are mtegral parts of the
long-term care and management of the tatltngs dam, the PAMA makes the envlfonmentallssues pnmary In thIS
regard, the geosynthetlc wall and new subdram system appears more consIstent WIth the enVtronmentallssues and
SOCIal constramts governmg the San Feltpe valley, whtle SImultaneously allowmg for the spatIal needs of pa~slve
treatment technologIes (I e, PGB), whIch, If Implemented, must be located on the San Febpe valley floor
ImmedIately downstream of the dam By requmng less space and Impactmg only a small area of the eXlstmg taIlmgs
dam, the geosynthetlc wall and subdram system appears to proVIde CMNP WIth more management optIons and
flexlblhty for long-term care

The proposed geosynthetIc wall and new subdram system IS essentIally untested although It draws on many
pnnclples used m analogous apphcatIons There are several success stones mvolvmg the use of geosynthetIcs to re­
mforce poorly drammg sotls (smular to tatltngs) However the use of geosynthetIcs for tatltngs re-mforcement, let
alone at hIgh altItudes under high UV, aCIdIC and de-oxygenated condItions, IS relatIvely unheard of even by those
very knowledgeable on geo-envlfonmental appltcattons of geosynthetIcs such as Drs John Bowders Jr , Robert M
Koerner and James K Mttchell These researchers and others seemed to thmk the concept was mterestmg and held
potentIal proIDlse Such factors as the UV and chenucal resIstance of the geosynthetlcs geosynthetIc pullout,
geosynthetIc-tathngs mterfaclal shear behaVIOr geosynthetlc pernuttIvlty, etc, would need to be evaluated Coupled
WIth the emphasIS on wetlands and pasSIve treatment techruques such as the porous geochenucal barner utthzmg
mdustnal byproducts, there are several aspects of the geosynthetlc wall Itself that are mnovattve and may lead to
mterestmg research, deSIgn awards and good pubbc relatIons

On an econonucs baSIS alone, suffiCIent mottvatlon eXIsts to more fully explore and evaluate the feasIblhty of
the geosynthetIc wall and subdram system ThIs WIll probably mvolve an expenmental/empmcal component to
evaluate parameters such as pull out strengths and mterfaclal shear strengths between the geosynthetlcs and talhngs
LIkeWIse, the longeVIty of the geosynthetlcs must be evaluated under the aggressIve condttiOns asSOCIated With the
San Fehpe appbcatton Ifmstalled the geosynthetIc wall should also be mstrumented WIth mchnometers and
settlement detectIon deVIces to morutor the wall movements

The focus of the current project between GeorgIa Tech and CorporaciOn Mmera Nor Peru IS to evaluate
remediatIOn technologtes and the feasIbilIty of a porous geochenucal bamer to pasSIvely attenuate the aCId waters at
San Fehpe WhIle geotechrucal and hydrologIcal engmeenng Issues m the valley ulttmately affect the
appropnateness of certam remedatIon technologIes and the feaslblltty of the PGB, geotechmcal and hydrological
Issues are not part of the formal agreement However, GeorgIa Tech and Drexel Umverslty are wtlltng to help
IdentIfy an engtneenng deSIgn company WIth geosynthetIcs expenence m the event Klohn-Cnppen I SVS Ingemeros
IS not able to asSISt Corporacton Mmera Nor Peru m thIs matter
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The Georgia Institute of Technology and Drexel Umversity are well positlOned to provide research facIlities
and expertise numencal modelIng capabIlIties and techmcal oversight on the deSIgn constructIOn and
Implementation of geosynthetics applIcations The Department of ClVlI and Envlfonmental Engmeenng at the
GeorgIa Institute of Technology was recently awarded the MIddle AtlantIC Earthquake Center (MAEC) by the
NatIOnal SCIence Foundation Many geosynthetIcs companIes have large offices, headquarters, and/or manufacturmg
plants m the greater Atlanta area WhIle conSIderable research at GeorgIa Tech mvolves geosynthetIcs, Drexel
Umversity IS the home of the GeosynthetIcs Research InstItute, one of the largest research faCIlIties focused on
geosynthetic applications Because of the untested nature of thIS applIcatIOn, GeorgIa Tech is very Interested m
pursumg additIonal mechamsms for collaboration WIth CorporaclOn Mmera Nor Peru on the geosynthetic reinforced
wall and new subdraIn system The deterrrunatiOn of UV and chemIcal reSIstance of the geosynthetIcs, geosynthetlc
pullout reSIstance, geosynthetIc-taIlmgs mterfacial shear behaVIor, geosynthetic perrruttivIty, detaIled analyses,
modelIng and mstrumentatIOn momtonng has the charactenstics of a very mterestmg Ph D theSIS As such, the role
GeorgIa Tech enVlSlons IS that of a research arm and peer review/techmcal adVIsor on the construction and
ImplementatIOn phases
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Appenchx F

Literature ProVIded to GeorgIa Tech Team by CMNP, July. August, 1997

CorporaclOn Minera Nor Peru S A Rehabdltaczon Amblental- La Mma QUlruVllca y El Medzo Amblente

CorporaclOn Mmera Nor Peru S A Programa de Adecuaczon y Manejo Amblental Umdad Mmera QUlruvtica,
August, 1996

H A Sunmons Ltd QUlruVilca Mme Water Treatment Project BasIc Engmeermg Report, July, 1996

H A SImmons Ltd Letter to Ing Jose Pacora detmlmg QillruvI1ca Water Treatment Project dated 12 September,
1996 Report mcIudes

I DesIgn Cntena ReVISIon "N"
2 Mechamcal EqUlpment LIst dated 9 September 1996
3 Drawmgs - Process Flowsheets, Process & LOgIc DIagram
4 Summary of major changes to the CapItal Cost EstImate
5 CapItal Cost EstImate
6 OperatIng Costs for SXJCrystalhzatlOn and HDS

Klohn-Cnppen CorporaclOn Mmera Nor Peru SA RehabilitatIOn de La Zona de Relaves del Almlrvtica, Contrato
No CMNP-01-96, March, 1996

Klohn-Cnppen CorporaclOn Mmera Nor Peru SA, RehabilitatIOn de La Zona de Relaves de Santa Catalma,
Contrato No CMNP-02-96, March, 1996

Klohn-Cnppen CorporaclOn Mmera Nor Peru SA QUlruvllca Mme Santa Catalma Tallmgs Impoundment
StablltzatlOn ofMam Dam and Feaslbtllty ofexpanSIOn, Apnl, 1996

Water qualIty samplIng results for San FelIpe Valley

Table 01 - Pomt XIV Water QualIty Control for San FelIpe (January, 1996 - December, 1996)
Table 02 - Pomt XIV Water Quahty Control for San FelIpe (January, 1997 - July, 1997)
Table 03 - Pomt XIV Water QualIty Control for San FelIpe (September & November 1994, Apnl &

October, 1995, AprIl & December, 1996, August, 1997)
Table 04 - Drmnage Trench Water QualIty Control for San FelIpe (July, 1994, August, 1994 November,

1996)
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