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CHAPTER |

INTRODUCTION

1.1  General Statement

Gold, one of@ed premd&/ﬂ s long been a part of human

history. Humans h for amental-purposes

ue to its beauty, rarity and
durability (Kear
chemical reacti isank: deanti-rust material (DMR,

2008). For thous H.. Jeieristics have motivated

strength in both p ¢ mic —H W the ( e can actually imply the

stability and w : ve occurred in Thailand

Sj'lf

for many decades.gifow, er a E’fn 1 cltdi --\l kara Gold Mine in Phichit
id

province, are currentl operatiol
"'.!af-.
P
Mineral processmg ﬂ_., ":i fraction es usually produce enormous loads
IJH
of crushed, 43 c W be otential risk to the

environmertaHeEsome-PeHoc-0ReXPOSHEE-O-e-RatamMeatbetiny (Cidu et al., 1997).

Acid mine dra 7 e tia"F_-
in the mining Mstry (Akabzaa et al., 2007). The process@]

usually accelerate‘v@ mining exposes metﬁilphlde in mineralized rock and mine

ﬂﬁmmmw ﬁfnﬂi::firi:

d|sso d by rain, leading to the pr(?ucnon of acidity dramage Subsequently,

qRIas ASUANIINGTIAY

surface runoff and ground water (Nriagu, 1978; Smith and Skema, 2001; Piyush et al.,

pact often concerned

acid mine drainage is

2007; Akabzaa et al., 2007; Bennett, 1969). Consequently, the high metal concentrations

within acid mine drainage may in turn cause severe toxicological effects on aquatic



ecosystems (Hazen et al., 2002). Metals remaining in solution may be directly toxic to
biota or may enter the food chain with primary producers and subsequently be amplified
to toxic levels (Bryan, 1976). Although some heavy metals are found in small quantities

and some (likes copper and zinc) are required for a normal metabolism, when the

quantities of these oligoelements YACre eyl become toxic and can cause damage
and malfunctioning of h ) , 2005). Environmental protection
should be carefully lgpned™Rsgrter to eli —__Mwinimize any short and long-

term environmenta ;l___ip_eiézs EE
that may be very difficul i

Beatrice, San ' Q. T ehbgit | iged T0r gold since 1900, but

e, serious problems may occur

"épst.enormous.

_ - .‘ _'.‘-‘H"

o gold mining belt,

was abandoned ng'yab 0. 2 \mineSi8long the belt. Each mine
is located under 5 Mupfure nel SOy AT from the mines and their

i i } V.fl l‘. s . .
dumps can eas; - - systen » ine Iphides are arsenopyrite

(FeAsS), pyrite (FeS#ll qalend’ (PO f:.;ﬁ *. ’ SOLK)."C8/d is generally locked up in
ldl
sulphides or occurs in glose ontact to th hides,1s@ processing is associated with
) r 1ol e J e . .
release of acid, arsenic dWgE metals into g that' flow into the Mupfure River.

Chemical results obtained#She) ' :  ater is slightly contaminated with
respect to B} conta ine dumps (Ravengai
et al., 2005)L

)k il i

H EA
| |
In Thai | d, there are many areas facing the enviromental threat of mining

activities. For exa‘ admium contaminatun the agricultural land of Mae Sot

corftamfhatlo stream sedimeht i cree ond Pha Phum

District, located in Kanchanaburi fovmce Western T land, has resulted fr

q ﬂﬂ‘ﬁﬁﬂ‘im umgm ﬂﬂﬁ 8

contamination, harming human health, has been disclosed in the vicinities of an

abandon tin-mining area in Nakhon Si Thammarat Province. Acid mine drainage (AMD)



in the Li District area of Lamphun Province, has been the main cause of manganese

contamination in the reservoir water. Its manganese content exceeds the Thai standard

y the runoff passing mine, collapse of
ant distribution. For example, the

ne Spain in 1998, the tailing

for surface water.

Besides, the AMD can,

adia r (a tributary of the

' B08; Kraus and Wiegand

. along the river and

la %l rca. Dofiana National

Sioloqicel re i in the world, was also

‘I‘L

affected by th : "‘-,__w of toxic spills from the
glitain a 'g W&s 4000 mg kg of Pb and

Aznalcollar Mine. T
9000-15000 mg kg’ o‘.

Many cases meat a 7 ed significantly by accidents and
human errk;,x er unexpected problems F surred, despite the use of
environmenkl | .Mkeh into consideration.

et jm
Among these m ats, in m |1 countries because of

mismanaged oper tion. Therefore, impact of mining wastes should be taken into

AUy AansNgIny

and mg have a potential to acid generatlon

R1aNN SNNAINEIA L

been used by economic geologists to explore and classify mineral deposits. It is also a
key to understand the environmental signatures. Hence, mineralogical and chemical

characteristics are one among many scientific tools that will lead to identification and



classification of potential sources of such problems. Subsequently, appropriate
prevention and mining plans can be designed based on these data. The best practice
usually involves the integration of between acid generating waste and non-acid

generating waste managements (Plumlee and Logsdon, 1999).

menced in July, 1995. It has been

in operation for OvVekglEn=ye ? , tons of wastes have been

continuously produﬁ ama ;Trm ‘ in: ' ; erefore, chemical testing,
a— .

particularly detections o o i m Rgavy metals yields significant data

for mining an ' i [ "h- tatio "WRethe leaching potentials

y

of significant toxi ‘ Mdeveloping appropriate
management._A nugglri or predic : \ s - 3Osstudied in order to simulate
contaminated ' ule .. aI Nfiformation obtained are
summarized anq | .. ( f t ‘ ".\ c pental protection plan and
management stfategig. illbe-cons 0 th to Minimize threats for their

operation.

1.2 Objectives

e 0

waste priorlo

characterizatioﬁ soli s) hﬁo be carried out based
on geochemic? ests Consequently, the foIIowing sub-objecti have been set:

ﬂe%EJ'Jmmﬁw g1n73

0 To identify and quantify the ‘avy metals in mwmastes e.g., soil, rock

ARIRINIURHRTINGD a1

® To estimate the potential of acid generation from the mining wastes

pes of solid mining

anagement. Therefore,




® To predict area in which may become affected using a surface water numerical

model capable to simulate the distribution of surface water and transportation of

Wi
1.3 Hypotheses '\\“

1. Solid

heavy metals.

® To develop and recommend ste management plan for the mine

concern due to

2. The agi ' ihg @ aldhiyine affects heavy metal

mobility and cause gfvirg

1.4 Scope of Stugh g
i / i3 f"
.r"J.r TR ” f"i ial' B .
Brealf Akara t"*"f" s @k alefly the border of Phichit and
\ ,

[ Moyl

el

F N e o e
i .

1. The stu c.

Phetchabun Provinces

2. This study is_{ox *"f:f -1-" -2 'H id wastes generated from mining

activities. @
§

L
3. The :[ﬂironm
ﬁrlentatlon O‘TQ eport
Tueﬂ pg ﬂ ﬂdﬂsjhnsﬂ lyenhjssertatlon

will be divided into seven chapters‘hlch will describe he whole work of thl

QWﬂﬁﬁﬂﬁﬂm%’]’mmﬂﬂ

sed omurface water quality.
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g

Chapter I: Introduction, background and motivation of the study are given and
followed by the objective and scope of the study. That are already reported herein this

chapter.

Chapter lI: Literatur ’ Id mine operation and theoretical
background, particularl : ‘ / eneration and heavy metal
contamination from naj s, as wellﬁ“__;model for surface run-off are
summarized in t@ ! §

Chapt

etail of the study area

are revealed in assumption used for

mat of manuscripts within
s@e results obtained from the

mathematical mo i im "Chapt sioAdand recommendations are

Chapter IV: Chemi d. drainage assessment of mine

tailings from-He’ mine are described. Th hetnigal composition and

heavy met* s

) e
potential to gen ate aci

ver, assessment of
] -
ental reiln s of leaching tests for

metal at different%—( conditions are given at the end of the chapter for evaluation of

AUEINENINGINT

Chapter V: Geochemical characteristics of waste rocks are reported in this

apter. It includes general information and characte n of all_wast rockue .

revealed before leachable metals from waste rock at different pH conditions are also

assessed from the experiment.



Chapter VI: Acidic potential assessments of waste rocks are given in this
chapter. It provides results of assessments of potential to generate acidic drainage from
waste rocks. Different assessment procedures were used to confirm each other before

waste rock management are planed and proposed.

Chapter VII: provi l/

this study. The possi ea is assu __:_@avallable model before
ns ake pro

suggestion ofthw ﬁ '. @hapter

nd recommendation based on

ﬂﬂﬂ’)ﬂ&lﬂﬁﬂﬂﬁﬂﬁ
QW’]Mﬂ'ﬁﬂJﬂJ‘W’]’JﬂEﬂﬂU



CHAPTER I

THEORETICAL BACKGROUND

m\\\if//g,

2.1.1 Gold i

—‘_ — | ‘
i_‘!,a-rr; =
Gold hawr—d nost poptldrepreC Is since the prehistoric
. ™
| 1 —
period. It is a chepi€dl el Sig € apd has atomic number of

Ny enturies, has been used
as money, a , shiny and the most

malleable and!d j@%s color. Nowadays, most

Ii \

demand has ing ear*d price 1 =“'._ cd"and the expansion of the
: iifﬁ' .

jewelry industry. T ar reo dsof g0 f ma dating backwards as far as

\

4500 years ago. Therel& a ....-..S:. tating e II\ khamen Cemetery contained
ol iy

f f e
royal property wholly ‘'made«or glaz od Fror his evidence shows that Egyptians

had a way to produce gold-plates/ More
plating ancsl yin ‘metal g t
. 10 e i o

. =
In the ‘w}sent days, g

economic upheav? ii old is still one of the mgst qwdﬂed and widely accepted forms

mrzm mmmmm -

for In national Settlements (BIS). Gpld also offers protection against a weak currency

RIN TSNy TS Y

good currency hedge. As an asset class, gold has all the advantages of being

ptians possessed the arts of gold

old’s hardness and

|
protection a@nst both political and

universally regarded as a form of currency, without what being subject to the economic

and monetary policies of one particular country's government.



Gold mining involves the science, technology, and business of the discovery of
gold. Gold may be found in many places, most common rocks but in very small
quantities. More often it is found in greater quantities in veins associated with igneous

rocks, rocks created by heat s QL ite (Jhe Shark Group, 2003).

In Thailand, q&bmported o’
———

for all parts of the industries.

For an example, frof the 2 ? Foreign Trade, Thailand

imported a total unt nd its value was 152 US $

as been taken place for

Depart most significant gold
occurrences in Thailz d],- 596 "ut,ﬁ: i “ E a EE), Chiang Rai Province,
(Il) Lampang , P e l 0 Sukh -.:_.Y,.E-:!f (1 Lil‘a,.l' Nong Khai and Udon Thani
Province, (V) Phichit, : '*"-Efiﬁﬁi vincg and (V) East area of Thailand

including (a) Prachin Buri ;;,?"“""‘2 and (b) Chachoengsao, Chon Buri and
)

Rayong Prowince E oS, y the akara mine,

however, has 9EE0.0p! erating tusSing-neas machin Siava Rl edata=fiern the Department of

dl.‘.' currence locations in

Mineral resoufce

AUINENINGINg

AN TUAMINYAE

Thailand as sh
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Location |
— Chiang Rai

MYANMAR

20N =m

Location I1
Lampang, Prae, Sukkothai

Location 11
Nongkai, Loei, Udornthani

Location IV
Pichit, Petchaboon and Lopb

Location V
East of Thailand

s|have to explore the

potential areas; 3oil r chﬂical analyses because
i
visible gold rafé#y occurs in the rock. Gold naturally originate

eep within the earth in

h

placei called poc_gtne cavities in the earth%d with ore, or a rich deposit of gold.

UEINENINEANT

Thes
the q zone, the technological process of hard rock mining will begin (The Shark

Group, 2003).

RIANTUUM TN
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2.1.3 Gold Mining Process

In general, a gold mine has 3 principle steps of operation including mining,

mineral dressing and metallurgical extraction (or gold concentration).

of a mineral resource before the

W] be defined as the act of

du-!?mhe or more component part

und in order to access

Mining Process: als@™

commercial resource.is Seleste

tunneling and diggt ' roungn or
—
of the mined m , Whi the -

one or more of

ot al., 1996). There are
three types of minige, i. ine t e aRd in situ (solution) mine.
Regarding to surfacg#mini e dividediint '8 ibgroups including open pit,

open cast and il mi : A is 8 AfBeused on the open pit

’ \
During the ing OU and Vé .. ck are firstly removed from

\

the entire area of the "' | planag ¢ ery large quantities. Some crushing of

overburden or waste rockepay=-e or efficient handing and/or use for
construction within the w-ﬁg ta fo 1989 showed that surface mines

produce ei@i nes as much waste per I

and waste h

waste rock foleI".buiI suré

contaminated f significant concentrations of potentially hafmful minerals, they must

mines. Overburden

f a mine (e.g., inert

However, if they are

be disposed as ha,'& waste arhurst anMronha 1999).
l\/l/nera/ Dressmg ore processmg mvolves the size reduction and separation of

the |nd|V|duaI minerals in the ore- b‘rmg hard rock (e.giE#u, Cu, Pb and Zn)

PRIATRIIMAINETAY

changes to the mineral component of the ore, but is a means of achieving the physical

separation (and concentration) of different mineral phases (e.g., target mineral from
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gangue minerals or of one valuable mineral from another). Mineral processing method

can be divided into two groups, size reduction and separation of mineral phases.

Size reduction is undertaken usmg crushers and grinding mill. Crushing and

omi n@n-economic minerals from one another
rocesses in which separated

characteristic i ' part 2 O™etic properties, electrical

properties and s

¢ t aphic bonds in the ore
mineral in orderlt i an _f,- ":o ptallurgical methods of ore
: - llactive metallurgy. Extractive
metallurgy is bas; 3 ;.-s__' g., A » Cu, Zn, Ni and P) and
Felglend to a lesser degree on
electrometallurgy (e.g., Al c-L_.;._;:..;g ..... 003; Ripley et al., 1996). Ore is first

crushed and processgdeateerding to. the s_of the subsequent process. A

leaching _"_-V-__V.---V--._v_ﬁ,_“_...V-_‘. : _ g rm of dilute metal-
a S uses cyanidation

et .
method. Cyanicma (asas solutionI |i used to dissolve gold.

After passing throu h the gravity concentration process, gold is extracted from the ball

AU ﬂﬂ%’ww -

CIL r|butor via a ring main system. The alkaline solution is added to ensure that free

anide ions, which_are essential r the reaction arﬁt lost as_free cyani as.
Q ﬁ ick s d eﬁ Col/m% | ieg pH/} eg

cyanidation. The optimum pH is 10.3. The other two necessary components are oxygen
and water. The electrochemical reaction of gold dissolution is described by Elsener’s

equation:
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4AU+8CN™ +0,+2H,0 <> 4Au(CN);, + 4(OH)

The general unit operatio ' npine are depicted in Figure 2.2. This unit is
carried out in the stripping_an ‘I i@ washing of carbon, stripping of gold
from loaded carbon, “elgeilt g /a regnant solution and carbon

. yastewal - ] @ is discharged along with
waste solids (tW ili .; : . Therefore, before the

wastewater runs.th mwill Bndergo a cyanide destruction

process in order Qg ( id ~-‘. C o IR._acceptable level prior to
discharge to 1999, LW 8, Jeherat®@&from the extraction of
gold and silver / S ): w.the final products are

concentrates of mu ements { i associated minerals, such as

____________________

_____________,

Cvanlde + NaOH =+ > Metal adsorb on AC

ﬂummmmﬂmfﬁ

LS, AIATINAINENA Y
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2.1.4 Mining Wastes

All three principal activities of the mining activity produce waste. Mine wastes

can be defined, based on their states as solid, liquid and gaseous by-products

generated from mining, minera ‘dnd metallurgical extraction. Regarding to

solid wastes, they are u i onomic value and accumulate at

mine sites. Besides, li seous “)!Mjgh to the environment and in

turn impact to th tearea. Wine wastes=areseatcgorized and described in
s S——
more detail as p ed inaFeh :

Table 2.1 Operaii®nal #inj : theiry id, gaseous and liquid

wastes @fottesa e

xamples of wastes

Open p|tm|n|ng, JfiCerg o v aste rocks, overburden, spoils,

mining J - N "miningtwater, and atmospheric
oy . % cMigsions
' R
Mineral processing, ¢g Proce ste \ ailing, sludge, mill water, and

washing, mineral fuel atmospheric emissions

processing

Pyrometa@ _ ed ores, flue dusts,

| . . .
and ﬂosphenc emissions

ist of soil,
artl eﬁsﬁaste rock

rangﬂrom clay-size particles to boulder-size fragments. The primary sources of mine

wastes are rock, soil and sedlmen‘from surface mini perahons espeC|aII
IRIINNFUURTINEA SR

from mineral processing. Physical and chemical oharactenstlcs of mining Wastes vary

according to their mineralogy and geochemistry, type of mining equipment, particle size

of the mined material and moisture content (Lottermoser, 2003).
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Waste Rock: It has become a more significant threat when open pit mining

has replaced underground mining, particularly in developing countries; consequently,

the volumes of waste would be mcreased Waste rock is normally coarse (10 to over 20
cm in diameter) maybe with

- \ e concentration. Sulfide minerals which
: i crust may contain in the large

ral pyrite (FeS,) tends to be

commonly form as mino e

the most COfﬂmOﬂSu-ﬁﬂlﬁ;—(ﬁkl‘I ‘ ﬁses sulfidic materials to an
oxidizing envwonme_gg t | ‘ alfeally.unstable. A series of complex
chemical wea ' ' S Nftiated. ®his occurs because the
mineral assemb . - . prium with the oxidizing
W &, solution’s acidity, much of
ing - jons. Acid buffering is
and hydroxides. Silicates
which make up*the of, the minere : l|t’:i , rush are the major buffering
capacity in the e m '""'1 ‘ p’ an important role in acid
buffering reaction. ,- = : aC@y, dolomite (CaMg(CO,),) or

magnesite (MgCO,) will neu f ze-acid gen 2dl from sulfide oxidation.

Vs in the separation

ile waste, with 100%
= P,.

finer than 150 Imi rons. al, genI rally with no rocks mixed

in. In the gold m|n their colors vary between light brown and dark grey. After gold is

A TR IIILex s oo i

tran rted in slurry form to the pond via pipeline (Ramrez-Cordero and Canizares-

IR SINTA Ny A

Tailings often have high sulfide content (mainly in form of rejected pyrite,
marcasite and pyrhotite) and are much finer than waste rock. Although tailings have

much higher surface area than waste rock, the uniform and fine particle size lead to
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much lower permeability than that appear in waste rock pile. Therefore, the increased
surface area available for oxidation and leaching reactions may be balanced by
reduced contact with oxygen due to a slower moving waterfront and slower

replenishment by oxygen rich Water Consequently, tailings often generate Acid Mine

Drainage (AMD) more slowlyt raled by the coarse waste rocks (Mitchell,
1999). Z)’

2.2 Acid Mine D@“ple *EHVI@S%
———

operation, esp e metal leaching include

rapid-weathering eta o} a| | -51;‘17“} : .""_‘ % ditions to increase solubility
' F‘ -.l

and high flow rates p ugh dotaniinate -\ erice and Errington, 1998). In

it 3
addition, runoff can also*gie seri @blems because it can permeate

overburdened piles, di ff'/ i __;' em the heaps, and contaminate

groundwat@ — irﬁo\'

w

eration has ended.

AMD e
H

ner aste the by-product is
water with hightl"acidic, sulfide-rich drainage, leading to the bilization of metals. In

|ng proces‘ﬁ are 2 |mportant typuf wastes generated The first one is

VE} nh ; w ' }e ro k ich pass
the milling process and become extracted by cyanide. After being processed,

tailing are composed of small partl"es such as sand gfilsilt. The other type [

RINTUAURTING IR

process.

the mj

tai

thro
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The acid production in a rock is tied directly to the amount of sulfides bound up
in the rock in various form. Sulfides are crystalline substances that contain sulfur
conbined with metal or semi-metals but no oxygen. The most general from of sulfide is

“pyrite” (FeS,). Other forms include Fe1-xSx, Fe3S4, FeS, CuFeS4, ZnS, PbS, HgS and

Conss. \\\" / /

After these s in mme/ﬂ% to the air and water, toxic
metal ions and w §E§§@ released ;@nt The sulfide ions are

then oxidized into solub

The proc : gCid ,j-.,, _..! Bd to ;H".,‘ @lion of acid mine drainage
(AMD). It is related to tR€ oxi ation of pyfil sic om@lerburden from mine operation

and precipitation of Fe hydra our common chemical reactions that

pyrite m oxygen

v+ ﬂ acid
f U ANENS YNy

aC|d enerated for each mole of pynte

AR SIRIRURINEIAY

pyrite  + oxygen + water — ferrous iron + sulfate + acidity
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The second equation is the conversion of ferrous iron to ferric iron. It consumes

one mole of acidity.

AFe? + 4H o 4Fe” + 2H,0 [3]

ferrous iron + oxygen |ron + water

The third e drol Sis f& splits the water molecule.

-—==-

These moles of acidli ferated byp

[4]
y) + acidity

Jhites fokmed by ferric iron. The

2 and propagation of the

|. .ﬁ' = L %
overall reaction. The ak blage/Ver ﬁ Pl CORtinUBINti either the ferric iron and

._.‘ ' -ﬁg e \ 1
pyrite is depleted. ’[hrl eactio !-i;?,éf’- dizing '.i- not oxygen.

i -:i__d'__r a-r

FeS, + 14Fe® T=SHL,O——3%Fc’" | 2507 + 16H° [5]

i)
DYI@+ erric’ {/b W B Sf

d y

te + acidity

Whil St urring if neutralizing

- e
minerals are a\iﬂﬂ}ble. The ates such as@lcite can neutralize the
acidity generated‘y the oxidation of pyrlte ) and although slower to react,
tralization
ca a he shown as

foIIo

QW@Mﬂ?ﬂJﬂJW]’JVIFJ'] ot

Mg, Al,Si,0,,(OH), +8H,50, — 5Mg*" +2AI°*" +3Si0,+850; +12H,0 [7]
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The subsequent problem generated from Acid Mine Drainage (AMD) likes Metal
[Leaching (ML) occurs when metals/heavy metals are leached from their source and flow
with the runoff from rain or flooding. Acid Mine Drainage (AMD) and Metal Leaching

(ML) can cause harmful effects on the environmental health of downstream ecosystems.

The discharge of acidic water ¥ ncentrations into natural reservoirs can

cause the depletion of aqBeElCy term, they accumulate in the

environmental metrieggin faiths of sedi __‘,__@:n‘ace and groundwater. The

metal contaminanis can. cause=healti effects: ings directly by touch or
—

. .ﬁ !,:f'"p Broblems. Examples of
contaminated miningfsitegfare gi ;--gvgré;. _

j e

Y e ;
Van dam (2008) st diett the e impact of metals released from the

decommissioned MOUﬂt:F jold/ ine in the wet-dry tropics of northern

ntory and an acid

rock dramal hwater ecosystems

of the Edith RIE] c e:ﬁoi.e., duckweed, green
|
alga, cladocera; snail, green hydra, fish, etc., are determin : assess the toxicity of

retention pond Wa‘rn Mount Todd mine. THgdhining activities have resulted that the

FUHANENENEING

ranging from 0.007 to 0.088%. And ‘e percentage d||ut| f the water |nh|b|t|ng

ARIRINTN NAIINERY
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The Furtei gold mine in Sardinia, Italy lies in a sensitive environment, because of
the close proximity to an inhabited area, and specifically to important water reserves
and to agricultural activities (Pelo et al., 2009). The highest potential threat for the

environment is mostly represented by mineralized rocks exposed in waste dumps and

o syffides (mainly pyrite (FeS,) and enargite
or aC|d drainage generation and
uandA —___QQN Co and Cd). It is reported

that the dranagi(wtﬂls—exhlged its c S low as pH 2, while for metals
release, up to 5, 150 a ) Cu,and"Alsespectively. However, leaching

solutions and i ith mine #the propylitic alteration

open pits that contain signific

(Cu,AsS,)). These matefi

release of toxic ele

tigatea-the-y ater quality which was carried out in the
rural area subject to | om the Guangdong Dabaoshan
Mine, Sout@ China. The result of AMD affe ) er. The pH of water

was 2.9 + &3

et
more than 600 H es high

_ that the acidity was
| —
e Chi P e National Standard for

Irrigation water qu |ty As a result, concentration of various metals of potential toxicity

mﬁrﬁ NENSNYNT
aﬁ*’i‘ﬁj&j@ﬁ%mummm g

for acidic mine generation is the primary water quality concern
this potential is largely determined by mine waste composition. Iron sulfide minerals are

often present in mine waste and their oxidation leads to the production of acid.
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Theoretically, sulfide bearing rock can produce acidic drainage when exposed
to air and water. But, not all of exposed sulfide bearing rocks result in AMD. In some

cases, acid drainage fails to occur when the sulfide minerals are non reactive, such as

when the rock contains suffigier f
generated. Although the ae [

alkaline material and-Qenee, ¥ ralizing reaction. Neutralized

AMD may still comal/ewﬂtratuans b@.
st—"—ﬁ'—F e

Regardi

atenal to neutralize any of the acid

|t comes to contact with sufficient

s proposed to predict
AMD under vari ns. However, the most
common statie tes J& _ J : . : (ABA) as recommended
by Kwong (20Q8% i ’ . . AMD may occur due to

complexities of sical cffemicalfand
p . ©) f’;

L’

iolog \ "1 os. Therefore only static

o - ate tesults. A combination of

method alone may nojibe l&{ fsJ‘-'. e

= &
1

kinetic and static hod' is usugh; ,é;'- oF's incrogle e ability of results. Therefore,
in this study, kinetic h‘. d|t osts ha edil@ assess the AMD potential and
confirm the ABA tests in sev = _;..;;,;,,_:‘: , this aesessment is usually very time-
consuming and expensive | 3) test has been proposed as a
Comparabl&_ ‘to kinetic humic ity cell tests 3. 7). Advantages of

NAG test, ikl A nique have made it

e ﬂgeneratmg potential of

rocks sample along W|th ABA method (Schafer 2000 Greenhill

ﬂ%ﬂ%ﬂﬂ%ﬁsﬂﬂ g1n73

The acid-base accounting |(Iudes static laborailGig procedures that assuhe

used static procedure for estimating/quantifying the potential of a mine waste’s capacity

becoming a hiﬂ Y reco

(Furguson and Erickson, 1998). This procedure was developed at West Virginia
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University in the late 1960s. ABA tests are designed to measure the balance between
the acid-generating potential (oxidation of sulfide materials) and acid-neutralizing
potential in a sample. The values obtained from the acid-base account are referred to
the maximum potential acidity (MPA) and the acid neutralizing capacity (ANC),

respectively. The difference b
producing potential ( NAP '

d ANC value is referred to the net acid

SO Jtof sample.

ple, these two values

are necessary t ' ) € Tpayse Nith TAeset of criteria. If NAPP is

at could be generated by the sulfur
contained within a samp g derived by assumes that all the
sulfur me ed in the sample occu rs _ ' yrite reacts under
oxidizing co, |

i {

FeS +15/4 O, + 7/2H,0 => Fe(OH) +2H,50,

AU INUNINYINT-

kllograms of H,SO, per tone of material (i.e. kg H,SO,/t).

QW’]@%@@MNW”HWQH

Acid-Neutralization Capacity is typically evaluated by the titration type

procedures based on the methodology of Sobek et al. (1978). The acid formed from
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pyrite oxidation will react to some extent with other acid neutralizing minerals contains
within a sample. This existing acid buffering is computed in terms of the ANC. The ANC
was determined by first giving each sample a fizz test rating in order to determine the
amount and concentration of acid reqwred to be used in the test. Each sample was
then reacted with a known am ar ized amount of acid (commonly HCI or
H,SO,). The mixture wasw ted with NaOH to determine how

'-.. the sa |s expressed in the units of

a

A maj mptions intrinsic in the

tests do not corr assumes that:

(4) Neutr ,-,';.‘“ )elow certain thresholds do not

,pt-.-a

influence water quality. — -
LTI
Begause these assumptions do | , ) researchers have
questioned | A ; ihg drainage quality
(diPretoro and rﬁ‘ uch 1 NevI |I eless, on a field scale,

researchers have f und static tests to be quite useful. For example, Skousen et al.

Lt ﬁmm bt ek b i

90%

q RHNIUURINYA Y

The NAG test was developed more than 20 years ago to evaluate the acid

producing potential of a sample. The NAG test is usually used in association with the
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NAPP to classify the acid generating potential of a sample. The NAG test directly
measures the sample’s ability to produce acid though sulfide oxidation. The NAG test
uses H,O, to complete the oxidation of the sulfide mineral(s) present. Hydrogen

peroxide is added to the sample during the NAG test, so that both acid generation and

acid neutralization reactions J@ag gimaltaneously. The measurement of the
solution’s pH is taken after{heNBAGL i eroxide is complete. The acidity

of the solution of the NAG-CS atic iopgis a direct measurement of the

Paktur_we (2 desig 1-' e ,;'!‘ 0% ase accounting program to
calculate the ralizglfiong@ing ,:‘o =nefati " ‘ i tailings and waste rock
based on their mi alog a'. ompg f ol 8ih08, B\ scd instead of ABA tests
to screen mine tailinggfnd j fu'f

r

Tran et al. (20 studied 0 of sa@imples from mine sites in South
Carolina, USA and Sudbury 0 anac determine the key implications for dump
construction with regarciitd 4he. ainage. The study consisted of

investigatic@ _________________________ _ mping sites as well

\ ealed that from the

e perc:iﬂfge of potential acid

as their geol
-
study, each clI.pring

generated.

A HANUNINEINT. -

ta||| from a mine in Lechang Clty, Guangdong Province, China. Their experiment

ilized the ABA a NAG t co pare_and conﬂrr& results, The fouruh
q T R B A A VB Y ot
layers of tailings. The amounts of heavy metals i.e, Pb, Zn, Cu, and Cd ,of acidified

tailings on the surface (at 020 cm depth) were significantly higher than those of non-
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acidified tailings, which further revealed that acidification enhanced the mobility of

heavy metals in the tailings.

2.4 Criteria for Classification of M|n|ng Waste

The metho " NC gmpa

ly used to set assessment
criteria. There a tion potential, based on

ABA test.

Weber et al _ . e resull 3 oRNARByest that a negative NAPP

3 positive NAPP indicates

While the cfj ria @dapteq “"?""t' is '“-i lli st (1992) are shown in Table

'
.,,

2.2.

. a
e waste .

£
i

Table 2.2 Criteria for cla Sify

7

Pﬂ kg H@)Jton)
entially acid generating >20

ql HutChlson and Ellison (1992)
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NAG Test Criteria

The criteria of NAG test was suggested by EGI (2005) that if NAG pH higher

than 4.5, it would be considered as non-acid forming whereas range of less than or

equal to 4.5, it appears to be aci

Then theﬂw
B
shown interest | e cl

relation to AM

any previous papers have

iction of water quality in

To protect ARD' '_‘_fj [oRen nAnagemeht of rock waste is required.

Best Practices | i M ;t' Mirtg= ystraligh( Environment Australia,

1. No net'did @rmi Stentia 1 F): k»"l. gl classified as NAF may, or

may not, have a signif s cORi@nt and reactivity of carbonate
f E L 3

minerals and ANC within thEmater: v adequate to neutralize all the acid

that theoretlcally could b f-f!":.'-', 0 ined sulfide minerals. Material

atenalI ways has a significant

sulfur content, he acid generating potential of which exceeds the inherent acid

mm b1 Fiba e

aC|d ralnage if exposed to atmospherlc conditions.

MRIATBUMINEE

en there is an apparent conflict between the results from the Net Acid Production

Potential Test (NAPP) and Net Acid Generation Test (NAG).
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2.5 Surface Water Model
2.5.1 Surface Water Model

To protect the proble /e joccur to the vicinity area. It needs to

A{ribution of water quality and
eful ! qui@ extent and severity of

convert precipitation to

address the affected are

to help build underst

water quantity proolemmmsee=tS
——
problem. 2

transpofr

system. During the

ality is changed. Some

is '8 yhat almost cover flat plain,
the study is also focus on the sportal eavy metal affected from AMD. The

selected model should be ableta!simula

over flat pl@

pditions; a) transportation of water

oy

ntage of the models as

with water and/or

shown in Tablejﬁﬁ an .-:i'
ﬂUEJ’JVIEJVITNEI’Wﬂi

QW’]Mﬂ‘iﬂmW]’mFJ']ﬂEJ
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Table 2.3 Model advantage (Kitipan, 2007)

28

Model n
n »n o
i 2 O S 5
= J W o = O < <
2N, 5|2 2 8¢
= C
i X n O P—C <
® Availability X X X X X
> i
® Distributed paramete ‘ X X X
semi-distributed mo : -
® GIS integrated _ X X X
® Flows and st are | X X
]
represented in g
simplified or concepilfal
manner 4
® Chemical transpo_tt- d X
fate processe |
® Simulate event hy g*q’l' - X X X
® Two-dimensional overl X X X
routing approach
e
%)
%)
&2 » =z
] S )
= =z < L1 e <
e
C
<

)siderable amounts of

spatial data are required

9: > | TREX

® | umped parameter

X

X
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Two-dimension Runoff Erosion and Export (TREX)

TREX was selected to use in this study because TREX is a numerical modeling

framework to simulate fate and transport of chemical across watersheds. It focuses on

the event transport of metal in r.IREX code is designed to simulate multiple

|
: branching in the upstream and

fet consider —M—ﬁow process other than water

loss at the suﬁaf:wr Ch&@l traTeT S. TREX has consisted of 3
a— -

components tha e i Ahis st mely; ology process, sediment

watershed outlets and alsg

downstream directionss

Sical modeling framework to

simulate chemi ) ' ’ t . sclgh TREX (Two-dimension

Runoff Erosion an o) Watérs| ed-maogie )deling framework developed

dj Q .

USEPA WASP andglPx gfries o‘;f'rwﬁ
o

Ohi ard fate process from the

a8celing, which is added to

expanded CASC2D t' ecatc=a= Model to simulated contaminant

oot

in Figure 2.3. At

f metals in surface

water. Conseqﬁ?'\tly, genér;
L]
can be negle€téd because storm event are short-lived, las

hours. In p,artiuﬁr“ss transfer and r on process such as volatilization,

AUHTRENTNEART

timé“al'e for simulations or because these process do not occur for metal. Other

conceptual framework

g no more than a few

process such as dispersion and dﬁsion can also begfiiglected because at t

He time
ale !o mu tﬁ S orﬁo%s re rga ' ﬂxpeje ﬂ
minate advecCtion. At'the event time scale, subsurfaCe tran also neglected.

As a results, the transport and fate processes most important for the event simulation of

metals are
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® Advective water column transport

® Chemical partitioning between water (truly dissolved), dissolved

organic compounds (DOC) (or other binding agent)(bound), and soil
(particulate) phas

Transpoq\‘ #/) net burial) of solid and particulate

soIvW an e) phase chemicals;

«s0lidssand chemicals.

ﬂ?JEJ’JVIEJVIﬁWEHﬂ?
RIAINTUURITINIA Y



Wy,

olatiliza ,,ﬂ

External Loads and
—__Boundary Conditions

Kinetic Processes:
Biodegradation
Hydrolysis
Oxidation
Photolvsis

Water ; Ao, Wy - .

Advection | Advection
—>

| Particulg ‘ i [ % L L WParticulate
«— Contagaifiant 4 r. ina A 5 W 20ntaminant

Particulate Kinetic

|
N 1 Y |
|
|

2 : ) | R

Dispersion : Y - rg} ' A N | IDispersion
. Eor . ______Lj'i__J

; > |
: 'sl F ; 1 |

_Material? _ Processes
surficial v Habhid v e v
Sediment Porewater transport Porewater tra ' Settling Resuspension
Subsurface [ e
Sediment t L K Burlal

1
d.- b

ning between dissolved Mtlculate and DOC phases occurs in the sedM"ntS as conceptualized in th
radation, hydrolysis and omwtlon can also occur in the Went as conceptualized in the water col

F.gmrzmmem ﬂmwmm
QW’]@\?ﬂiﬂJﬁJW\’mmﬂﬁl
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TREX is generalizing watershed rainfall-runoff, sediment transport and
contaminant transport modeling framework. It focuses on the event transport of model in

surface water. This framework can simulates chemical partitioning and phase

W

TREX consmmpc‘mts

P — .
chemical transp 7 ionak - gamization of TREX

distribution, advection, erosion, and dissolved phase infiltration in surface

water, soil and sediment a area and stream water.

ogic, sediment and

component is pr

Parameters,
Initial and

Boundary data §f 7} T F e ."-. . -
J e age and¥\iovement
| €S
Parameters, J i T . ;
Initial and ———»] GitieRt 1 raf BMmponent

Boundary data

Parametersk) L —

Initial and

Boundary dgj

output

output

ediment

Output Post-processing

aminant

AuLIMENINeINg

Flgure 2.4 TREX Hierarchy and mfcﬁwtlon flow Vallue

QW’IMMQ&&JWTA NN

manual (Valluex et al., 2006b) as below;
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1. Hydrology process; can be viewed as submodel within itself as;

1.A) Rainfall and interception

Precipitation is the b€

ing of hydrologic cycle but not all rainfall can
I t/vegetable cover and some may
return to the atmosphef VApOrt . Forthi ‘ not all the precipitation can be

used to accou n | ﬁi

by the fraction

rface, it needs to subtract
ipitation volume can be

expressed as ne

Where
A = r [La]
I, >at the surface [L/T]
v, L]

ﬂuﬂ’aﬂﬂmnmi
QRIAN TN INAE

a) Infiltration and Transmission Loss
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The transport of water from surface to subsurface called Infiltration.
which affected from several factor including hydraulic conductivity, capillary action and

gravity. The general equation can be express by:

Where

\ed the wetting front [L]
Sibn ess]
) ﬂ-.
0|stu ensionless]
| . o sionless]

-

\infiltratdl water depth [L]
Moreover, Te : at similar to infiltration in overland
areas, water-ig strean : be'lo o trfmission loss. The
transmissicLA_ ss rate may be expressed as -

A
e

ﬂﬂﬂ?ﬂﬂ“fliﬂtﬂﬂ?

transmission loss rate [L/T]

effec‘e hydraulic Condu“y L/T]

capil ary pressure ( suctlon ead at the wetting front L

effective sediment porosity [dimensionless]

total sediment porosity [dimensionless]

S
1
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o = residual sediment moisture content [dimensionless]
= effective sediment saturation [dimensionless]

T = cumulative (total) depth of water transported by

surface as small,

discontinuous surfa ipitation re Sl urface depressions is
depression storag S ( 8P Sefits.a threshold limiting the
occurrence o | ifle. depression storage

threshold, ovegl

e ptflon overland plane exceeds
. ¥ "i, g
the depression storage gitresholetSit-gover consefyation of mass and

-
conservation of momentum. &l lationships on the overland flow are

ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂ’]ﬂ?
QW’]Mﬂ’iﬂlﬂJWﬂﬂmﬂﬂ

unit discharge in the x- or y-direction

B

resistance coefficient for flow in the x- or y-

direction



36

n = manning roughness coefficient [T/Lm]

While Channel flowing watershed is defined as one dimension

continuity equation from gradually wjalong a channel. The manning

relationship may be used

AU EJ INYNITNYINT-

th , qty Total sediment transport area flux in the x- or y-

qm AYNIHNNIANEAY

Jg = sediment deposition volumetric flux [M/L°T]
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a flow by the actior™e =THE erosiof flux '
-ﬁ—F'-a_t | __ =
particle removal he venti hecor ion of particle at the

boundary. In ch ' grticles air isthe flow when the
exerted shear st igle promotion. The

relationship is consi rgasonaple esi \6if the totahload:

Co Bl e[particle by weight at
th e tra ns Qr_[:nuux..---.-u.-.u‘.-.".‘ N[occ ] -

A 458
\
M advective (flow) velocity (inthe' n-gradient direction)
[L/T]

ﬂUE?ﬂﬂsﬁﬁMﬂ’lﬂi

= graw?mn acceleration [L/T ]

R 6\1 mmmszm Ha Y

concentration of entrained sediment particles at the

transport capacity
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2.C) Deposition

Deposition is the loss of material entrained in a flow to a bottom

boundary by gravity (Sedimentati | fl e_ced by many factors including particle

density, diameter and sha

as an equation below

V

y [L/T]
in the flow [M/L"]

\ 2
o\ é""

While wate andf ediment m . 1'lﬁ_l d

network, it may transpért the ..’ r'ff oa ‘F‘ watershed. Chemical exist in the

plane or along the channel

channel environment and onvtar @ pe Bnts x-,;
- —-‘{".{"ﬂ*

' -:6 (DOC) or other

: HS and
chﬁmmmmwm Ny
RIAN ﬁmﬁmmzﬁ A

2) advection-diffusion.

e

(3) Particle-associated.

(3) erosion.

(4) deposition.
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(5) infiltration.
And (6) mass transfer and transformation process

(chemical reactions).

3.A) Chemical Partiiohidgkahd P ; oL

In general, che a -.“ |eren e tiC. Some are hydrophilic and
some are hydrophekics\Ala e icagovemﬂgﬁh water, many chemicals
are hydrophobi : n br wee 3 plved; , and particle-

associated (particie : fonihg “Patticulate phases is a

-II“. yution) coefficient for

istribution) coefficient for

[dimensionless]

i)
anﬁn coefficient [L3/M]
111

The equilit‘t‘Jnrtition coefficient canf@igllised to describe the fraction of the

AUBMENIREINT
RN ININIINYaY

Doc”b

f, =

pxn

N
1+ Dy, + Y M7
=1
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f o pxn
pn N
1+ Dy, + Y M7,
n=1
Where Jg’uon ‘thet the dissolved phase

‘ Balipsiie DOC-bound phase

particulate phase

L1

Advection fransglrts all.ehEmical . For th& two-dimensional flow in the

; e i, F, F 2 . —
overland plane, a chemical €&ntir _’f [ bgoustthe sediment continuity

f +f, +Z . =V,C,
ﬂUEJ’JVIEJVI NN
Where o ‘Chemlcal advectiygsfiyx in the x- or y- dlreC

R mﬂﬁmmg'm 88

particle index = 1,2,3, etc

“ 71

Vo, = resuspension (erosion) velocity of particle “n
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[(L/T]
fq = fraction of the total chemical in dissolved phase

in the water column [dimensionless]

n of the total chemical in the bound phase
mn [dimensionless]
chemical in particulate phase

n” in the sediment

Batiation in the water column

sediment bed cg s'‘eguat Since ligle phase chemicals
move with the particl@s trai ctrTeerosion/and depositien fluxes of chemicals are
o= | 4,

describes as

WERVEVESTRIE

= ‘resuspensmn (ero veIOC|ty of part|cle

W8N NIMARIINEIAY

associated with particle “n” in the water column

[dimensionless]
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f = fraction of the total chemical in particulate phase

associated with particle “n” in the sediment

column [dimensionless]

TREX maj e N __ ' ted parameters. Inputs

thelsimulation such as the

p seri )f times steps to be used for

wydrologic simulations

T e ra‘E‘pPrt simulations

i . .
ort simulations

- memtal conditions such as air
Group E| ' Il
temperature and wind speed

Group F ‘nTo specify parameteM model output control

“T X is TuU y-dis ributed and Is designed to be compatible with data from raster

GIS sources. In particular, dataﬁescnbmg eIevaUhsoH types, and us

ARIINIUHALINEY &)
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Table 2.5 Input summary

1) watershed elevation 2) soil type

3) land uses ) grain size distribution of particle

7) Soil erodibility facto : € roughness (manning , n)

9) rainfall mtercephﬁi-——‘

.
11) land managerm @ act = 7 oefficient of metals

g

Output summa

i ‘;f r'r

‘ \ '
Model oylButs @fe aglfo desigeds Datiblefordse with GIS. As a result,
§ ). {4e ﬁ, ‘ \

transport and fate o e$ Jst'i ‘ U ation of metal are:

® Advec. watezCo

® Chemical ': (truly dissolved), dissolved organic

J!J,
3 i )O(

compounds gents) (bound) and solid

afd particulate

o nf|Itrat|on of dissolved and bound (moblle) phas e chemical

fAH ANUNINEINT.-

aI transport and fate simulation results. TREX can provide output in several

different formats including Eomt in-tiMme, point-in-space, Samulative- time, and ma

RN It #AAEAaY
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CHAPTER 1ll

SAMPLE COL

This research is \

Gold mine; they |nclu

ND METHODOLOGY

/ from all activities in the Akara

Wasj roc operat|on and tailings from

mineral processmg .0 lialenviconmental impacts on acidic
leaching and hea\iy : ' on Ag=wastes are the main concern
under this study. - : e activities of the mine,
focused particul eported in the previous

chapter. At the end ghofcetionspiah ahdihecdmmefeations would be suggested

Characterizati rf*-ﬂw~ -_ 1"'[1‘; elements were carried out
using Inductively C led Iasm ,ry- higsion c"'g\ ros€ope (ICP-OES). The sample
powers were digested @hde r.;;,-“@ 05%tandard methods. EPA 3052

o
method was initially applled to-anatyze-a-tol omposition in waste rocks and tailings.

Subsequently, EPA 30 ger to determine leaching potential
of toxic me X : es from undisturbed

area were alb

rock and tailinqi'r hen, yzedf
L]

@ng Inductively Coupled
Plasma Opt|cal' m|SS|on Spectroscope (ICP- OES) model vista-mpx CCD simultaneous

HULTNENINGINT

“Jndsturbed top soils were also studied for the multi-element analyses and used as

a background concentration in the v‘nlty area. Ores ar classmed as a m|n|n

RINSNFUANII NN

processing and none of them will be left after the mining is closed.
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In addition, major compositions of all waste rock groups and tailings were

determined in the form of oxide conte

gX-Ray Fluorescence Spectrometer (XRF). X-

.

ANalytical based at NCE-EHWM were
nd @w geol
tly applied:

Ray Fluorescence (XRF) spe
initially engaged to qua mpositions of the samples. This
was taken as a ke teristics and environmental

signatures. These d rt as well as environmental

ated for all waste rock
types and tailing. ] Hg=ABA) 't y INERACid Generation (NAG) test,

two main worl effethogls;’ deriermed itkhis Study. These methods are

assumed to asses gng-ierm 4:};1 oM lhey can predict the post-
i &M \ ‘

y
§

| ’7 !
1 '.r': ‘: ';

mining water quality a

The possible ri lfs';ju:_"r;;ﬂ ent soufce is not only on the mineral
F i A siet ‘
characterization of waste rock --,-mr------:;; dlso the quality of the potential leachate

B e,
e i IR

which is a consequen e heavy metal direct to the

environmen& ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, sat-different pH conditions

were Condutb d EPA 1312 method

he rf 3Uits from this study are
L]

=,
(Synthetic Precimi tion

expected to indicate the significant metal concentration that may pollute the environment

(sediment,.surfa ‘a r wate tc ' chipng test was_simulated the acid
dr t sgi thellea t8ls | se of t r id m ﬂina occurring

in theﬂea.

ARIRINTUURIINYINY
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3.1 Study Area

Akara Gold Mine

The study area, A ‘ i yon the boundary between Phichit
and Petchabun Provi n the ea &e Chao Phraya Basin along a

gently undulatlng ter

the mining and pr
activity, it was
in the north of the gt argf, g o, heant Sihor hetf Qoundary of the site. The
vicinity area is mostiy®ccubie _ Jubaday sl ‘ beople living around the area
obtain clean watgfffrom i_n’ n ground . The! o pects are located within
a zone of silicified valfanigh rg'. : 3 ;{E{r KM Rin. Which forms a slightly elevated
landform surround®d b ow Iy Ing r|

Geologically, f ini reacis it along III"\ 2 | oei-Petchabun volcanic belt.

The belt is occupied by Uppt parallel zones of ancient island arc

containing mafic to intermeglia E::-vy andesite and basaltic andesite) in

association @ i xtensively along this
belt but mosl’ ré small nugget found.

Mineralization hj'ﬂae ceared in shallow to steeply
11
dipping structurgs! According to exploration data, the highest v_'m

the study area are (‘:[ in gold-bearing vein vma and stock-work veinlets which are

fiu ﬂﬂ%ﬂﬁﬁ%ﬂ”fﬂ’?
QW’]Mﬂ?ﬂJﬂJW]’JVIFJ’]ﬂEJ

mercial gold deposits in
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: ]::;m_kl Z
MEANMAR o i___:-- 7 C-H pit x [—
inewaste
placerpent
Bangkok 2
x -
1 - ROM Pad =
CAMBODIA = - —
NDAMAN hewal
. o N
GULF OF THAILAND - - - ; CIL Plant
I A
\:’.::Tl_i HIN N
|
- i ! i e Facility (TSF, L. S0
E [ L - - A
y } ! ,"I‘ A | Top Soil
J | { ; ROAD
| 'l L : :
/ (o
¥ .
.l]
'.‘ .
Figure 3.1 The locationg¥of ineg@nd priority targets for potential

extensions into e

Jer, a epithermal gold

model. There ajwo C—ﬁnd D pits. The C-H pit,
gl
developed first he largest ore reserve. C-H Pit covers a maxiem area of 167 Rai. C-H

pit is mined to a de‘fﬂpproxmately 110 metw)elow the existing ground level. C-H is

AUHINENINE

processing plant constructed within t@ mine site that proc es the mined ore.

ks mined to

is an ore

q RIANNIUURIINIAY

breccias. Gold values occur over a wide range of grade, with the average being 2.5 g/t. The
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silver to gold ratio in the primary ore is 2.5:1 with more than 5:1 in the enriched oxide and

transition zones.

Ore from this pit stored*e réd of 2 ggnately 18 rai, from here it is fed into the

There is a taili g€ . Ol south afea of the mine site that stores

J '] \

the mine processin ilings. ers. a F-‘_;l: 2 'l. ately 200 Rai. In the preliminary
plan, the embankment wés ‘f:__‘:y:.:de imd of 9.75 million tones of tailings
over the lifetime of the projec BU=NoW,=S e project will be extended and tailing

storage will be increasedste "‘/ 1 *“vf\r ®

O Al

ailings.

i
Field sur¥ey and sample collection were conducted in Jum&'2005 and March 2006.

Waste rOCA(‘ “)es of waste rock, fcung classification of mining geologist,

waste rocks are Classifie asaolc nic clastic rock, porphyritic andesite,

andesite, silicified tuff, silicified lapilli tuff and shear Ore contact). After

R ﬁ‘ﬁﬁ?ﬂi‘ﬂﬂﬂﬁﬂﬁﬂ Ay

3.2
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Ores: 2 types of ore-containing rocks (mineralized rocks) have been classified,

based on the gold-silver proportion, as high grade ore (higher 1 g/ton gold) and low grade

ore (0.8-1 g/ton gold) during the mini ss. Both groups were collected from the stock
pile at the Akara Gold mine. Fig *

/ p were selected as representatives.

'1—
i

ﬂ:!m"‘_

Clastic, 2:

apilllf tuff and 6:

Sheared tuff.

QW’]Mﬂ’iﬂJﬁJW]'JVIFJ’]ﬂEJ
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pit of Akara Gold Mine.

ﬂUEJ’J‘VlEJVIﬁWEJ’]ﬂ?
qmmmmummmaﬂ
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Tailings: have been disposed within the tailings storage facility (TSF) covering the
area of about 3.2 km’. The locations of sampling point in tailing storage facility (TSF) are

shown in Figure 3.4. All samples werg] e; f using hand auger (Figure 3.5) and planed to

e —
the TSF area. Th ocatigns we

0-1 m and 1-2 m, respe€lively. AQQ ¢

represent whole tailings prode _ I ihg 3 to 4 years of mine production.
However, old tailings plagée, Bepe %ged with water which cannot be

collected. Finally, tailing_Samples-were c“ecte ent locations distributed over

kenson thessurface, at depths between

ere then sealed in plastic

igs.
container and transpori@d to Jé :

FigurﬂA Map of the study site, showing the location of sampling point in tailing storage
facility (TSF), Akara Gol‘Mine in Phichit-Petgff@lgun provinces. (map ruied

ARTNIUARTINE A E
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AUINENINYINS

AN TUAM TN
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Undisturbed Topsoils: are assumed to be representative of environmental
background of the study. They were sampled from the undisturbed area nearby the mine

site. These samples were randomly, cw F n from surface downward 30 cm depths at

each point (Figure 3.6). All sar\\ /lﬂ,_transported back to the laboratory.
é

Figure 3.6 S@if san F"’"““' ':-J_ ) St rbed area nearby the mine.

I, T ‘i
3.3 Sample Preparatiops &JW
Ta//nt iy N
delivered to the‘ﬂi'uora aratmThey were air-dried for
L
about 72 hours.“8libsequently, the dried samples were crushed g agate mortar into fine
powders and passi%mgh 0.075-mm mesh Mto further experiments. Samples were

hoﬂn% sHj an sﬁ ﬂnﬂet nw ﬂ ﬁvﬂereﬁake place.
This' ple storage procedure was suggested by Tessler etal. (1979).

ARIAAIAUANTINGIND

before grinding with tungsten-carbine disk mill. Then passed through 0.075 mm mesh prior

njfrom the mine were
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to further processes; however, all milled samples had be been stored in polyethylene bags

until analysis taking place. This preserved procedure was recommended by Tessier et al.

(1979). All plastic containers and gl ??e used in laboratory were cleaned with de-
a

fr t least 12 hr before rinsing again with
i [ are shown in Figure 3.5. All of

i [ty of Science, Chulalongkorn

et of Geology, Faculty

AUEANENINEINS
IR TUNNINY 1Y
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3.4 Analytical Procedure

3.4.1 Major Element Analyses ,

X-Ray Fluorescenc

the major and minor i ] “-_@nerals (Norrish and Chappell,
1967; Van Johns:w o : " - echnique is easily applied to
solid samples and“Sampl e 5 notiC lical d. N his study, samples were
prepared as fu ] .. i with 6.5 g lithium tetra-
borate (Li,B,O.).i Material was fused at high
temperature. Eventu srénfs in oxide ‘I ‘ re gbtained using a PANalytical
ModelAxios systi ) : A in 1 9 -. al standards. Condition
of operation was se / A for at ) ) Mg, AlLO,, SiO,, P,0,, K,0 and
Ca0 and 60 kV/4 ] . St e orek iBiatiOMwith reference standards
including sediment ign ’ Gch l"".l"\ )8, COQ-1, SCo-1, SGR, SDO-
1, STM-1, PCC-1 and _f i ":_ U.S."g@blogical survey (USGS) and the

geological survey of apan ation 'was then taken before weight

LY é

= |
Microwaﬂgassisted acid solubtlization has been recom%nded with proof as the

most suitable meth? for digestion of complex mitnies such as soil and rock. This method

AUYINYNINYINT

total mcentratlons which were dlgest d following the EPA 3052 procedure. This method is

QRTINS ININY

percent oxides were reporte f)‘:" :

response to a regulation that requires total sample decomposition. On the other hand, EPA
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3051 is applied to evaluate leaching potential of elements, particularly concern of toxic

leaches, that maybe taken place under the reproductive acid mine drainage. All solutions

obtained from both digestion procegd i were subsequently analyzed by Inductively
Coupled Plasma Optical Emisgi “ I ; -OES) with geological standards were
used for calibration. §§ ‘ é

S

EPA 3052 P : repiesentallve

sample-of,up to 0.5 g into a digestion
vessel and add 9 ml_gé ' e 5 : ml hydrofluoric acid (HF)
_-:.-_"»_:‘ ve el is sealed and heated
in the microwav : 3 S . e ie i08pcrmit specific reactions
and incorporates regni ¥y £ °C.in-ape - ) less 1 lap 5.5 min and remaining at
180 + 5 °C for @ i Y ] a.'il Stion WA fter cooling, filtrate the

/ :‘I:r \ g ;' er. At the end, further dilute
the filtrated solution in 56 s ‘.:r?s . "';l"n_ a polyethylene container at 4

o ) | | "ﬁ E 1"'; k
C |CP '5.'.-— _li'; l\
ol ol e
O R b

EPA 3051 Procedure: Th: o 0.5 g is transferred into a fluorocarbon

microwave digestion vesse mperature was risen to 175 °C for
less than 5 ninutes and remained betw: ) ance of the 10 min
irradiation p& i

=

water. The solu“

th 50 ml of deionized

poref liameter of Whatman filter
L

paper. At the eh , further dilute the filtrated solution in a 50 ml volumetric flask and keep it in

AUITNENINYINS

qCP Analysis: The solution samples obtained from both microwave digestion

procedures were analyzed for the hﬁvy metal elementaliBiy Inductively Coupled uma

(MAG-1), Rrliesit T A iigh Volcan® OBs BHVOTI I w

also digested under EPA 3052 to standard solutions then used to calibrate analyses of all
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samples. Bank and standard solutions prepared from AGV-2, BHVO-1, and MAG-1 were
also systemically used per each sample lot of 10. Finally, concentrations of elements were

computerized and reported.

potential acidity=sliPA) g Bl &aci MANC), respectively. The
difference between : - acid producing potential
(NAPP). The MPA gj Alsulfur content that could be
generated by g % pyrite according to the

following reaction:

> J,\ H,50,

According to above reac ) Ble containing 1 %S as pyrite would be

— i
\ il
The AN | commonly determined by the Modified Som method (sobek, 1978).

The method mvolve‘r ing a known amount o ple of acid at pH less than 2 for 1 to 2

P ﬁﬂ M ﬂ;ﬁﬁﬂﬂitm:;f::

bubb or audible “fizz". Rate of th?ubbllng or “fizz" and the addible acid was s

Qmmmmummmaﬂ
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Table 3.1 Volume and normality of hydrochloric acid used for each fizz rating

Fizz Rating HCI
Normality

None 0.1

0.1

0.5

0.5
Then, a k ‘ Adardze Bcid (HCI) is added to an
accurately wei o]f he se igact (With heating), then back-
titrating the resid ' ol ¢ . onsumed by sample with
standardized sodium .I i _ ‘ '- ur.' 3 ‘ ount of unreacted HCI. The
amount of acid con mg'l DYy reag wg'-‘.,;lp#f?‘, ample i'*,ll en*talculated and expressed in

the same units as the MPA, f utf‘m@{-_
A -

343‘Set i “""""W r
NAGLs ; |

provides an in(fﬂ? tion o

ement of NAG also

sulfid_ 5| (Miller et al., 1994 and

1997).The test involved reaction of a sample with hydrogen peroxide ( ) to rapidly

oxidi sulfide mi resented th aci eration and acid neutralization occur

then QSumed by alkaline constituents in the sample. If the sample after reaction has a pH

of 4.5 or less that it is considered to t‘amd forming. The nglgmount of acid rema|n|

ARINNTUHRNT MBIRY
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3.5.4 Leaching Test

synthesizes an aqueousg iof | e aip/acid rain water (of sulfuric and

o

nitric acids). T eri z \ e ture of acid solution. Sulfuric
(H,SO,) and nitri ' dre Mb in th e tatio 6040 by weight. The mixed
acid was added to, ; § Wwater Lath re h| \ Then add the mixed acid
(H,SO, and HN ample. "B,rs\dlicer 30 rpm. Filtrate the
leaching fluid from lis usi ;.- 'Si 1 | Repeat all steps by adjust
the pH of deioni J f t ixed apdialain With pure deionized water

with no acid mixing Is;of k"., Wl cre analyzed ICP-OES.

TREX was g |q"__ e catchment. A model is
; o
created using t llowing procedures. i l

£ usInaningng -

outpu ominant soil and land use ID?m each cell are exported as ASClII file.

ARIANT I URIINYIAY

cells not larger than 30,000 to 50,000 cells in the model. TREX is fully-distributed and is
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designed to be compatible with data from raster GIS sources. In particular, data describing
elevation, soil types, land used and contaminant distributions can be processed in a GIS

and used as model inputs.

TREX model is ex

compatible with GIS ASCII file. Then, it will be

ediment loss and historical

The cha ] ej ' f’ eflandigria cell centering to grid cell

center that repres i ' .m_, atershed. | ¥ 10€8iion of channel cells within

DEM is typically deter -o rom st ’! .1 g. : / - ‘E". 2 tiMtechniques using GIS system.
I l\i L}
Alternative tools to milhe Ioca 0N¢ '.?"’- han el cells I"l. 1d Stkeam channel network in this

research is ArcMAP 9.3, pF

I
el

In order to modelset f"/“ the user specify a stream network that
defines the Joeation of cells contain , ftoolggy of this network is

then used totp C ) '.formation.
ot
m

The first map is called a “link” map containing a grid of integers that denote channel

AU InENTNEINT-

contﬂ integer numbers that designate the connectivity between each grid cell (and thus

NANEINY

flow direction) within an individual I|nl‘

IRIAINIUY

are presented in Figures 3.8 to 3.11.




The Project Area : Elevation

nnnnnnnnnnnnnnnnnnnnnnn

ﬂu&mﬂmwmm
aﬁﬁa&ﬁﬁ“ﬁmﬁﬁﬁmaﬂ
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Akara boundary and Stream

ﬂuﬂgmﬂwﬁﬁﬁﬁﬁﬁ”
ammmmwnw’mﬂ

el/stre



63

The Project Area : Soil Code Information

nnnnn

L] L
43 oM Code 15
vind 'Soil Code 16
11} - Soil Code 17
oil Code 25
[ ] Soil Code 33

3 v
AULINENINEINT

= B Soil Code 62

||||||||

QRIRATUURIINLAE
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The Project Area : Land Use Information

aﬂmm;ﬁumwmaﬂ
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Under the required data for TREX simulation, the explanation of the data was
gathered. Within the watershed, the Land Development Department database defines 12

soil classifications to 12 soil codes]

land use types. These soil codes are

Table 3.2 (
I
o)
Soil Fractio
6 7 6 4 49 | 55 56

% sand £ o fe. & | 23 4 27, 3| 47 | 256 | 753

% silt ss 4 3l oy 65 . % | 34 | 409 | 155

% clay 4.5 ; 18.9 9 M08k 1 386 | 15.8 | 33.5 | 12.7

Source: AGIESIH?R008 f

/, 1=
i ].l | —

Then the ’Er" gle , xturali €lasSes suggested by the U.S.
Department of Agricul ( i ervation Service was used to
classify soil texture. The soil claSSHEaHOR= rmined by plotting the percentages of
three individual soil paaticlel : le on the USDA Soil Textural
Triangle (Fi _ igle class percentages
will fall withirL) L Li soils in the vicinity of

. . -

Akara mining we“ then cla ZoF \ ll

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂi
QW’]Mﬂ?ﬂJﬂJW]’JVIFJ’]ﬂEJ
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: ‘
A} ‘@' ‘ f“ A \a\ th

Figure 3.12 Soil@i€xturg l._. d clay for soil

classifighftio

Table3.3 Classificatiog

Soil code Soil class
Soil code 6 Clay
Soil code 7 S0il code 33 Silty loam

Soil code 15 7 ode 46 Clay loam
Soil codg,16

Soil dprE A

§ A
Soil ¢ yﬁ andy loam
-

|
ﬂ
These disified soils are used to select the other ropriate parameters in

modeling. The moct‘ | slhen expected to yield uonably good results in terms of runoff

RRBINDNINEING
el paramete jecl’to calibrati ctive hydraulic'Conductivity

(Kh), roughness (Manning n), sail e‘dlbl“ty , land c factor (C) and the c

q m.mmm UATINYIRY
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Table 3.4 Summary of model parameter values for the project boundary

(after Wanielista et al., 1997).

Parameter

Application

Clay loam

ER loam

Minimum infiltrati@

(in/

il C1ay loam

Effective y loam

Porostiy Sandy loam

T

A2
. f"{-":ﬂgk‘_"

oam
¢ X
& 2
e phal
| |
Mannin | 0.012-0.030 Graveled s e

0.012-0.033 u Bare clay-loam

AN TUAM TN



o)

CHAPTER IV

CHEMICAL CHARACTERISTICS AND ACID DRAINAGE ASSESSEMENT
OF MINE TAILINGS FROM AKARA GOLD MINE THAILAND

Abstract \\\"////
Acid Mine |’a grm many abandoned mines
d—"_pp_
because of its e

cesses, many kinds of
wastes are pro

Lsources of environmental
degradation. The i SinicaMehagacterization of the end-

processed tailings Akdra CGold Mine. B ¥ gest gold mine in Thailand.

Tailing sampli ( _ati "'l . es of chemical and
mineralogical comp@Sitioifs. &s & -12%-* i QUanti the GhgMmical analyses are slightly
,-f' # i ". %,
different from p ® but :;;l:_ﬂ?‘;‘::;- pponents cam notpe clearly differentiated.
]B 4 , _ \
For instant, it ma agsumed, that i'-“E Jend-proces odh ilings, which were mixture
. Vel \
between high and loylfore cBReehifates d havey similar mineral components.

However, the little variation 6fehe o ®h may be caused by the ore refining
processes that are somepgweya

and quick @ | particular. In addition, clay -iea ing layers may also

influence au

hemical additives, alkali cyanide

the tailings is not
I

related to deptﬁnd o} dﬂosal step has spreaded
them over the pehd during operation.

AUEINENTNEING -

Consequently, most toxic elements (e.g., Co, Cu, Cd, Cr, Pb, Ni and Zn)
were found falling within the standaﬁ of Thailand Soil Q@&lify Standards for Habl

IRINS NI NERY

concentrations. As a result, at pH 2 Mn can leach out exceeding the Thailand Surface

Water Quality Standard for Agricultural (Mn < 1ppm) and the Thailand Industrial Effluent
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Standard (< 5 ppm). Although leachate at pH 4 and neutral condition contains lower Mn
than the Industrial Effluent Standard it still exceeds the surface water quality standard.
Interestingly, Pb can be leached out exceeding both standards (0.2 ppm for the

industrial effluent standard and 0.05 ppm for the surface water quality standard). For Ni

leaching, its concentration is;

| ggndustrial Effluent Standard at all pH
conditions but it still exe h /g Standard at pH 2 and 4. This

information would be.ake: A-Mte:co side‘ratio nvironmental monitoring.
——— T o ~

-

accounting ( . gherdti siss, TNB%esults of ABA and NAG

tests show that ili gleg cont Nalle of Suifur. However, they also

(e.g., Ni, Mn a S _ eeding the standards at low

Pb) #hat 5 ’

pH; the AMD condiffons ay leac¥tpl ,' | inetal reles
. Yol

. Therefore, preventions of
oxidizing process and, SSQlufi€ d b nediWith great care. In addition, Mn
PAS then both elements would be taken
into consideration. Barrie -of. example, would be placed over
the tailingk _-,g_-__-_____: o] gtaker. Native grass is

recommen ion rate. Monitoring

of water quam@md als
AutIneningIng

Mining processes incIuding‘aw material grindig@iere refining and solididste

ormous solid wastes Wit;L SKs 10 aCid geheration and heavy al Ie!c

cause contamination of surface water and groundwater during mine operation or even

long after mine closure (Conesa et al., 2007). Among the solid wastes, tailings are one of
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the most concerns, particularly when they have low pH and high concentrations of
heavy metals (Shu et al., 2001). This eventually leads to Acid Mine Drainage (AMD) that
usually contains high levels of heavy metals. Consequently, AMD significantly impacts

water quality and natural ecosystems (Hu 1998).

/// r low alkaline conditions can be

Sulfur-bearing tail\
weathered within a & ra few ently, generation of severe

acidity and amdi”',_ﬂf-“’a e dranage.

degree of heavy metal _ Jmigg.activity usually vary from place

y occ.ur( ison, 1995). The extent and

to place de fies  O™Mailings (Jung, 2001).

Management of ize the environmental
impact. For exam 38y arca Whas Suffered from major impact
resulting of mi ity Vi .; S a Of mi -o ad been dumped into

the bay over a lon -".," Wl afithez-Sanchez, 2007).

During the § SEahniques s\.; been developed to predict

acid-forming potenti f'-r"." ., 5. HM@vever, two commonly used
f g .

techniques are Acid-Base Aceg récedure and hydrogen peroxide direct

oxidation procedure test (Ferguson and Erickson,

1988; Pakt@ )99; Jennings et al., 200C _ -a. have been typically

used to cont' o' e [
- (o
{
The Iarges old mine in Thailand, Akara Gold Mine, was selected for this study

VR °EIW§WEE?‘W$EZET::!

ABA d NAG tests have been taken into consideration with increasing trend in the near

S The_main_obj Eftlve of this st dy is to ev Iuats't id-formin otglrmal ine

chemical and mineral composmons were initially investigated before leaching

experiments of heavy metal were carried out at various pH conditions. The results
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earned from the study could be very useful for environmental management and best

practice of the mine operation.

4.2 Study Site

The Akara Gold

/7.
/ the boundary between Phichit and
&a has been classified as an

epithermal gold genesis=fie e 238 te¥Zst for twenty years. During
the operation, ck anal.pardly. | construction of a tailing

Petchaboon province

storage facility (I hin three emplacements.

ﬂﬂﬂ’)ﬂ&lﬂﬁﬂﬂﬁﬂﬁ
QW’]Mﬂ'ﬁﬂJﬂJ‘W’]’JﬂEﬂﬂU
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2000 m C-H pit

e~

MTANMAR

N
Minewaste

placerent

— waste
Emplacement_

0
. a '&F — en

500

Sampling Point

@
> B [Topsoil
e | ROAD

Figure 4.1 Sketch map : S Gold' Mine along the boundary of

Phichit and .P. ( wing land utility including tailing
@r | for the study (map

=
The Tﬁﬁus located on the southern area of the mingwisee Figure 4.1). In the

preliminary plan, ‘e“bankment was cons ed covering an area of about 320

ﬂmﬂ@ﬂﬂﬂlﬂﬁm@;ﬁﬁ

mining project, the tailing storage u‘then expected to ncreasmg its capacnt tgp19

QW’Iﬁ‘ﬁﬂ?ﬂﬂJWﬂﬂmﬂ d

The vicinity area is mainly flat plain with only two hills, namely Khao Mo and

Khao Pong, located in the north of the mining site. The regional area is mostly occupied
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by agriculture land, paddy field in particular. Hence, AMD and its consequences would
be a major environmental concern, especially in the case of flooding over the

surrounding areas.

4.3 Ore Processing and Tailing\“- y//
Physical and@esses a 4wlve in ore dressing. After the
crushing unit, crus “tramn: rte utogenous grinding (SAG)
——— - E

and followed by Co , ).a with six hydrocyclones.

Crushed ore is_s@ | i MO - Aficr passing through the

ensure that free ¢ I chrareses i@action, are not lost as free

cyanide gas. Be "-\ to the mill feed conveyer to

achieve an opti o' : itable apidallon. The other necessary
components are oxygegfand we > hemigal reaction of gold dissolution is

described by Elsener’'s equ

4AU + SONEA O N); +4(0H)"

Y

The folldy
which include@cid gdr from loaded carbon,
L

gjJand goldroom area

electrowinning™®f gold from pregnant solution and carb regeneration. Finally,

wastewater from t’g &ess and solid Waste,%alled tailings, is discharged into the
TS %eﬁo%ewt%ewsﬁuw Hﬁltﬂ $ndergo a
cyéﬂ destruction process in order to reduce the cyanide concentration to an
acceptable level prior to discharg&o the TSF (Akara Mime, 1999). Tailing is tMIIy

QRN INHNIINGARY

tween
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4.4 Sample and Analytical Method

Tailing samples were collected systemically from 13 different locations (TSF 1 to

TSF 13) distributed over the area of TSF (Figure 4.1). Most samples were collected at 3

different depths of 0, 1 and 2 m, B ) orage edge, only one sample could be
taken on the surface (0 )€ yallmg Hand auger was used for

sampling; hence, slurry.1Tatek sually situ depth could not be taken for

investigation. Sub ic bags and transported to

laboratory wher sieved through a 0.075

mm mesh prior

' Tl \ A o
spectrometer ( /—\Na ;:_m,- d atgt ‘-l,ili- CE M) was initially engaged
by 5 L1
to quantify major ,? inor s,‘-{oﬂ P pOsit 1"\‘!l. M the samples. Operational

condition was set at ' A for an of \ ). MgO, ALQO,, SiO,, P,0,, K,0

before calibration with reference

total

standards including sedi 7 ' r__.;' ch as AGV-2, BHVO-2, COQ-1,

SCo-1, SGR, SPQ icdfby|the U.S. Geological
%t o (5

Survey (USE tic calculation was

ol
then taken befcrﬁwel

In addition‘rﬁlogical phases preschitdfl the samples were identified using X-

ﬁ
>
O
QO

nﬁ (X thg Geology
ent, Chulalongkorn UnlverS|ty “Selective samples, which were distinguished

from XRF results, were analyzed uﬁer operational copiition of 40 kV/ 30 mA
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Total multi-elemental analyses of heavy metals and toxic elements containing in
tailing samples were carried out following the EPA 3052 method. Samples, about 0.5 mg
of sample powder, were digested by a mixture of 3 ml concentrated hydrofluoric acid

and 9 ml concentrated nitric acid before making volume to 50 ml. All samples were

carefully prepared to make surgythi@ pawders were totally digested without any
& . /) on samples were analyzed using
plasiia-Op (ICP-OES), Varian model
vista-mpx CCD, @A L
BHVO-1 and MA -1) w micallys ‘— 3 Beeach sample lot of ten. Finally,
'\

concentration

hapder SW 486, EPA method
1312 (Syntheti ighatigh L S 8, SBLP itt\gme modification of the
methods. The ex ) 1 " ked acid solution. Sulfuric

(H,S0,) and nitrfc (H aic € mixe | ti' -,__ 60:40 by weight. The mixed

ach p "'t and¥, respectively. Then 1 g of

sample was added intg#the -acid ; andlpure distilled water (pH =~ 6.5)

PrEREREC:C
yrieny

before shaking for 18 hrs undet ates of all pH conditions were analyzed

\ A VA
3asurement of acidity or

| —
alkalinity of them; mple b ve res‘|i The test was prepared

by 1 g powder sample mixed with 20 ml deionized water, and then tested with a pH

ﬁﬂﬁ. SIS

s must be carried out

QW’]ﬁﬁcﬂﬁﬂ% UHIAINHIRY

(Ferguson and Erickson, 1988). This test was originally designed to evaluate the acid
producing capability of coal-mine wastes. It is now applied to evaluate both coal-mine

waste and metal-mine wastes (White et al., 1999). Recently, net-acid producing potential
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(NAPP) has become the most usual measurement for acid-base accounting of the mine-
waste samples; consequently, the samples will be classified as either potentially acid
producing or non-acid producing. NAPP comprises two components, i.e., maximum

potential acidity (MPA) and acid neutralization capacity (ANC) (Weber et al., 2004).

“ﬁ’f/z/ﬁd ANC from MPA (Hughes et al., 2007;

The MPA is Calculale m the.cont ,
._FF -

NAPP is determined by subtra

Coastech Research Inc.,

or reaotive sulfur in the sample.

In this study, total-5 w ulfur analyzer (Leco CS-400

analyzer). Alt : i fay i H o SUl i COMtent involved by carbon

y

component leadj ' f \ , WOuIGNpe more appropriate for
environmental_ ass y ore o T K J 0 that combustion
furnace techni i iflg IFE Urne ks ut - alintification of the sulfur

dioxide evolved, a gifor acolifie e de 1| ""-.."o feta) sulfur and, therefore, the

L’

il ot & .
rodugfion aa,,.' assumes ghat'all 'sulfur i

MPA is determined ro"' he totz .w.‘*,' fltiplied ByRSOwhich is amount of H,SO,

-
e

maximum acid present as sulfide. The

(kg/t) produced througjgfoyroi :}:" \d pyrite (Pafker and Robertson, 1999).

The ANC is )bek method. Known amount of
standardizég-
boiling of tkk

ot
back-titrating V\m standa

ighed sample, before

hen, the solution is
|l s

to termine the amount of

the remaining HCI. The amount of acid consumed by the reaction within the sample is

wﬁﬂm% YNNG -

Net Acid Generation (NAG) addmonal static teg alwais used in assoMon

QW’W*&H@%%W]@ Be

based on the principle that hydrogen peroxide accelerates the oxidation of iron sulfide

minerals. The acid consequently produces and dissolves neutralizing materials;
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eventually, the net result of the acid production and neutralization can be measured

directly from its pH (report as NAGpH) (Miller et al., 1990; White et al., 1999).

4.5 Results and Discussion

4.5.1 Tailing Char.

XRD, respectivelymas eBo

al C‘acteum"arried out using XRF and

samples were grouped

|

based on their d figate homogeneity of tailings.
Subsequently, all : a6 Ve lia 8,including SiO, versus the

i 2 04.3.

sio, Iof thé Mikin 66mpesitien o alltai iy, samples which fall within a

wide range of Fig 2)Althodgh t -.""-,‘_  IS% ificant relation between

SiO, and other oxids, | ps of tailing’ can' Be d inguished. The first group
| (8—1

the second one have |ghe *.‘t_:.,_' about 47 lith higher Fe,O, (> 16%) (Group B).

contents (Group A) whereas

However, both groups -aff:_,;"" a:_:.' of sampling. This heterogeneous

e ?}P"‘
distribution@er a ﬁ ter, which appears
oftime, is feeding into

ﬂﬂﬂ?ﬂﬂ‘ﬂ?“ﬂiﬂﬂ‘i

qmmnmum'mmaﬂ

the pipeline s

middle of pon
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% TiO,
o
(%

Group A

% AlLLO,
®

% MnO
-

hi
(Group A) and lower SIO, and Fe,O, group (Gr:

Figure 4.2 Variation diagrams, ;’gtting of SiO aﬁt other major anduwor
' e oup B). :
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%MnO
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ﬂUEJ’JVIEJVIﬁWEHﬂﬁ

Flgu .3 Variation diagrams, plotting of MgO against other oxides showing clearly

two groups (A and B) gtamngs with differﬂl O, and Na,O conteru

QRN IUNAINETAY
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Although MgO contents range in a narrow range of 1.3-2 %, relationship of MgO
against CaO, Fe,0, and TiO, can be observed as positive relation which increasing
MgO appears to have higher amounts of CaO, Fe,O, and TiO,, slightly (Figure 4.3). In

addition, plots of Na,O and Al,O, against MgO also show two different groups. The first

group (Group A) contains lo
higher Al,O, (>20%) whe \ ‘ A%/ B) contain higher MgO (1.6-2%)
with higher Na,O (0O d lower , @10%). These two separated

groups are conco;__ﬂ_ﬁsa Eﬁd-,s; separkated & and Fe,O, as reported earlier.
|

Consequently, Group A VBRSO, and Fe,O, whereas Group B

g,

"i._‘-

1341.6§6) with lower Na,O (0.2 - 0.4 %) and

be occurred by different

causes. MgO, | j ¢ kely ¢ ) ©rigic ®ompPesition of the ore-bearing

rock whereas Al, éPe ¢ Liby-or Mo Askio™Bk, degree of alteration (clay
j - AW

content). On thé oth | Jappes havelsignificant difference that may be

1‘1 L
due to amount of r * ‘; N) addadhintelthe process. For CaO, its

contents may be 1;- as well as free lime additive added

for identification of

tative XRD patterns

are shown in FiﬁTHe 44
FiLlEJ’mEJVITNEﬂﬂ‘i

qmmnmum'mmaﬂ
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Figure 4.4 Remisentative XRD patterns of tailings Groups Aﬂi B from Akara gold

min artz S= alkallfelds = calcite; P = pyrite; K = kaolinite;

ANBINENINGIN:
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As a result, there is not clearly different mineral phases present in both tailing
groups. Quartz (SiO,) appears to be the main component along with other minerals such
as alkali feldspar, calcite (Ca(CQ,)), pyrite (FeS,), kaolinite (Al,Si,O,(OH),) and talc

(Mg,(Si,0,,)(OH),,Mg0O 4SiO, H,0). Apart from calcite, the others seem to be original

phases contained in the ore;aceling Jrdtks . hich have been undergone alteration
process (Akara Mine, 19 i | the mineral processing and have

been left in the taili

be notify that qui-c_v___e_,gné Eﬁo inte Vc ss. Although there is some
difference of Na, con ASS R y additives, no significant

crystalline ph ariations in content of

the described ition; besides, chemical

4.5.2 Total HeavyVialald /
i / i3 f"
‘, r,a B’
tg‘f ontai c\ "I'P'” 0s anal '4.‘ d BYAICP-OES are summarized in

vy #- ’ , .
r compared [ gncentrations in ore material and the

Total heavy.

Table 4.1. The resul

undisturbed topsoil as well ‘J’N—-- ~Thail Quality Standards for Habitat and

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ



Table 4.1 Summary of total heavy metal concentrations in mine tailing samples from

Akara Mine based on EPA 3052 method and ICP-OES analysis.

Depth Elements (mg/kg)
Cu Pb Mn Ni Zn
0Om average  <0.05 £3 41.86 1789.92 6.37 132.52
22.58-
Min-max <O 05 1517-2782  4.6-8.2 79-231
standard
(N=13) 323.45 1.16 43.94
deviation
m average ) . 3 2303.08 7.43 127.23
Min-max=<0. 4 \ | 5032731 5.4-10 89-177.5
standard . 7 .
(N=12) 386.28 1.40 29.18
deviation
2m average 2176.33 7.18 171.56
min-max J i, M-A8N 124 WO 7882900  57-11 112228
standard ¢
(N=12) J 328.15 1.53 34.61
deviation
—T'r- ¥
average 10.47 £ 2081.68 6.98 143.46
all i :
f P 2. 12 4.58- 78.6-
sample  min-max . et . 219923 1517-2900
19762 18-09— 10.99 230.9
standard P f}‘;:’-’w
(N=37) y 8 04.27 1.41 40.79
deviatior
Low Grade Ofg" 2.17 47.62
High Grad Ore™ .= 1.27 156.05
Undisturbed Topsoii” . . 4.946  0.8925 | .Llui 7971 3.56993 63.36

Thailand Soil Quality "

UHANUNITNYINTG-

Stan

(%g ’

° Low grade ore (0.8-1 g/tonne goIc‘H|gh grade ore (>4#f8@ytonne gold) (Akara 1“

ARAANNIUARTINETIRE
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Concentrations of most elements varied slightly with depth. However, in general,
concentrations of most elements are more or less falling within ranges of low grade and
grade ores; only Cr and Ni appear to have higher than those in initial ore materials. In

addition, all elements in tailings are higher than those contain in undisturbed topsoils.

Regarding to Cr and Ni, their coptets | oiljare also higher than ore materials. Both
elements may tend to be lei | . . % eathering and artificial extraction
processes. However ~---:.:!_=_§_._nz-___:i"o the Thai —___m\rty Standards for Habitat and

Agriculture, they WeE"QQDQ—EE; 7
one exception, n co rafi e ), thegsiondaid 00 mg/kg). This result is
\

are 1.74 + 5.38, ely. The Thailand water

quality standar for ‘both surface water and
ground water (PC DPO08 an not be directly attributed
to the human activities @inig 1g)-Onrihe ofl it be due to the background Mn

JV‘-

concentration of the area. In e Mn concentrations in tailing exceed

the standard for Habita 2ver, acceptable for the standard
for other purpoeses that limits concentration ¢ | reover, Mn has no

phytotoxmtt d area.

HUEINININGINT

AII of the tailing samples were undergone the leaching experiment at three

different pH Cond|t|ons 2 4 and€5 to find out thnetal that may Ieachu[he

escribed in the earller part esults of leacha Ie meta of the talling samples were

plotted in comparison with the Thailand industrial effluent standard and the Thailand

surface water quality standard for agricultural as presented in Figure 4.5.
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100

OLeaching at pH2

@ Leaching at pH4
OLeaching at pH 6.5
Olndustrial effluent standard

O Sufrace water quality standard

10

Metal Concentration (ppm)
[E=Y

0.01 - I

Zn °
Figure 4.5 e G et rations analyzed from
leachates] : apdmigns in comparison with the

ailand surface water quality

Leached elements at different pH cc _ g are compared with
the Thailan& i Wsirface water quality

— pl
standard. The%” veal t condiI s are below both the

industrial effluent s ndard and the surface water quality standard. On the other hand,

AuE Iy ﬂ%*w HINT -

only pH 2. For Ni it exceeds the surface water standard at pH 2 and 4 but stlll falls

low the mdustnal effluent stan rd at_all experlmﬁ H. Concentrahon
concluded that pH play the most important role in the leaching process. This agrees well

with the previous studies reported that metals have a tendency to leach more at extreme

acidic pH conditions (Van der Sloot et al., 1997; and Jang et al., 2002).
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Among the concerned metals, Pb seem to be the most problematic metal
because they can be released exceeding the standards at all pH even the neutral

condition and Mn can be released exceeding the surface water quality at all experiment

pH. There is no relationship behye otgl metal concentration in a solid waste and

its ability of leaching; theref eact /n used to determine the potential
of solid waste that mgyecortamine un 2009). Mn, which highly

contains in taHrg’__Wa h@wd have tendency for
contamination. Howeverg § igh*as. er metals. On the other hand,

Pb with more Ui WAL initial tailings but high

potential to lea : te, hawever, thust eeliaken during the whole

R ..I e .
oldiVlinERi8iling samples are shown in
Table 4.2. All samplesjfire 21 1 cs .\“- ing from 7.64 to 8.96 with an

-u':. ;
average of 7.97. Hughes et a2 [ daste pH is an indicator of the net-acid

producing potential (NA samples usually yield neutral paste

pH Wherea@ VVVVVVVVVVV jor instant, all tailing

samples Wih APP. The paste pH

test may indicﬁ the the 'Bfepared sample but the
L]
pyrite oxidatioA*feactions are time dependent. Thus the past&pH results provide little

indic on of the r(p“y of a sample to rodyamd mine dramage (Kania, 2008).

‘ “The results of ABA and NAG tests are summarized in Table 4.2. For ABA test,

tailings generally have moderate sﬁur content, rangmﬁm 2.32 10 4.48% S

neutralization capacity (ANC), its calculated values range from 98 to 172 kg H,SO,/t with

an average of 136.33 kg H,SO,/t. In conclusion, ANC values are greater than MPA
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values in all samples, which indicate sufficient neutralizer available to react acid
produced from sulfide oxidizing process. Consequently, negative NAPP, ranging from -
9.912 to -87.01 kg H,SO,/t with an average of -39.82 kg H,SO,/t are yielded from

calculation (Table 4.2). For NAG test, all NAGpH were measured and yield a range of

7.2-9.4 with an average of 8.19m cle
of the tailings. 7 \\

r icates more neutralizer against acidity

2

e classified on the basis of

en samples have positive
sample yield negative
NAPP and NA: 4 {UG) en | gow any conflict results
between NAG and | St ; J05) -! y, A _o and NAPP results of all
tailing sampleg g . _ . Wheri Ml classification of acid
‘ ' nples fall within the NAF
quadrant. In

g., at o, 1, and 2 m) show

insignificantly differght

AUINENINYINS
ARIAINTUNRINYINY
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Table 4.2  Summary of acid potential tests for Akara Gold Mine tailings including,
paste pH, acid-neutralization capacity (ANC), maximum potential acidity
(MPA), net-acid producing potential (NAPP), net-acid generation (NAG),

NAGpH, and total sulfur contents.

Depth NAPP NAGpH Class
(m) (kg H2S04/t)
average -35.82 7.92
Om
min-max -75.92 --9.91 7.2-9.1 NAF
Standard 4
(N=13) 20.16 0.64
deviation
avera -40.12 8.32
Tm
min-max -85.07 --12.3 7.6-9.3 NAF
Standa
(N=12) 21.80 0.46
deviation
average -42.05 8.37
2m
min-max ! 4 W 58 -87.01--27.94 7.3-94 NAF
J i gl |
Standard 2l |
(N=12) T AOG . 16.34 0.68
deviation # .r., L
all average 8 it :; > -39.24 8.19
sample  min-max 6 ) 4.8 3 -87 --9.91 7.2-94 NAF
Sta adare
(N=37) ' 19.22 0.62

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ
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I
5]
- A— N DY 4R R
PAF
-110 1‘0 C;O
Figure 4.6 AM lass ca bns Of ""‘ 11, iNe tailings with three different
depths,/ 17058 Fowekn WNEPP and NAGpH criteria,
(diagram sug este
Both MPA and ANC#0i ,_.. g Iin ather high compared to those of all
waste rock in Ch in this mine usually
contain dominant-pyrite-with-subore opyrite (Akara Mine,

il i
1999); these sﬂj t:jlﬁf as identified by XRD
111
after gold extr, | lon process. Consequently, they potentiall Id high MPA contents

that are in turn ﬁ ing H,SO, by omda” reaction (Lei and Watkins, 2005).

AULININT WENG:

progressively from the lowest level ‘omde zone to the hest level of pnmary

qmmmmmnmm At

calcium and sodium may be left from the additive (quicklime and NaCN) that are
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ta|||ngs in this stu;y are classi

90

routinely added into the process. Therefore, these may contribute sufficient

neutralization for these tailings.

4.6 Conclusions and Recommendations

|
/ w insignificant difference among

the tailing samples althe * i —"_‘-aw«)n besides, relation between

the tailing samp

» w —‘_““ i e and vertical profiles are not
,_‘._FF o

clearly recogniz€d™ The ' sUIL~Qf, Syst disposal procedure and
A ‘ N

Chemical and mings2

heterogeneou med in the process from

time to time. The have been feeding into

the pipeline situate fayo ( ne lically disposing through the

",

ionsl GO '; the tailing samples are
restricted within the ] ity: St drds fe itat and Agriculture except
Mn appears to have .' it thal adardy 800 mg/kg). According to the
water monitoring data, Mn o : 1 z ncreaSing slightly in the past 3 years

(data from Polyuth et 3 500 006; 2007). The causes of Mn

increase h@ ——f ,,,,,,, ff
indi adifio

aching experiment
n and even neutral
pH for Pb andmﬂ . Thu nitoring fis needed although the

contamination may be involved by the background of the area.

AUBININTNEIAT-

(NAF). Some previous works (Romano et al., 2003; Demer et al., 2007) suggest

the ut|I|ty of non -acid forming ta|l|n as a cover materifisver other construcnoruch

ied as “NAF” and their pH were adjusted to maintain
around 9-10 in cyanidation process before releasing to the TSF, high leaching rate of

heavy metals (e.g., Pb, Mn) even at neutral pH are reported herein. It is not advisable to

HAAIVEARS
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use these tailings as cover material to protect reactions from oxygen and water. In
addition, tailings, themselves, need to be controlled avoiding the interaction with oxygen

and water.

From a number of exi erejf tailings had been placed in lakes, for

% -term submergence of potential
____ﬂens of AMD control (Ritcey,

iling facility for a long term period

o

-
able strategy in this case.

example in northern Canada

acid-forming materi

2005). However, th

supply a large amount o

Alternatively, it i ' 7. ‘ \DA -‘ S and water infiltrations.
Undisturbed top sgii o .. URE Yo . cover; this aims to be a
fertilizer sourc gtation. Ve . o-: e sown to stabilize the
top  soll surfa‘C ' f 1_ ,"1\?"..“._ addition, recommended
practices/manageme ) Gold Miye }"a“.""s_. g
7 \

p wellland shallow well waters should
However, in case of increasing
Mn and Pb), more frequent

etals. Thus, pH is

i
Eﬁongly r nﬁnormg programs.

= D|ve sion of surface water flowing away from tailing storage should be

fu TGy T bk LT

be permanently topped by concrete or blasted rock to avoid collapse

and

ammﬁ”ﬁfuwrmmaﬂ



CHAPTER V

GEOCHEMICAL CHARACTERISTICS OF WASTE ROCKS FROM
THE AKARA GOLD MINE, PHICHIT PROVINCE, THAILAND

\\\W/g,

GeocherV U i i—e rocg colle & C-H pit, Akara Gold mine,
g
Pichit Province, Thailan estige :d to“evaaie, their potential of heavy metal

Abstract

impacting the ronmef. yoEe have B8N classified, based on
field experience @ifmining ggdl@gist, aswolc Sephyritic andesite, andesite,
silicified tuff, silicifiegfapilift & .n:_é', adiRRicRNeNEst two types are ore contact.

The major com@Ositiofs off waste FBEKE®Ehovy thatthehajom8iO, concentrations are
\ - L0

increasing againstg@ecr, SI g Of T F 47 ".\ ghd MgO. The results reveal the
. Y .‘. 3 _—.s
geological of wéste rQfk is e&

consistency in wagle rogks. Di V egree o ti6fll had modified some rocks
1 b

he area and showed the

locally depending on g Io 1 gificONlIff, shear tuff and silicified lapilli

tuff but not for the volcanic c1a hyri @esite and andesite.

Re@ ) to heavy metals con a : : comparing to the
general ignb

rocks Whereas EH and

wvely high in all waste
icified I P li tuff. The results of the

totally metal in waste rock which were digest until no residual is chemically in the same

AU %wm o

Ieachmg metal by the water pH condition are not related. Some of enrichment

metals/leachable metals may not each under wate Condmon Effect o
a

PRIRIATU NN Y

and 6.5). The results show the strongly relationship between pH and leached metal. The

concentration of leached metals is increasing with decreasing pH. The leached test

showed most metals such as Cd, Cu, Mn, Pb, Ni, Zn are leached exceed the Thailand
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standard of surface water for agricultural at pH 2 whereas there are only Pb and Mn are
exceed the standard of industrial effluent. Pb and Mn become the most interested in this
study together with Cu because these three metals can be leach since the pH is at
neutral. The data suggest that the leaching formation should be strongly controlled and

monitored even the AMD doe I! n y . This information should be taken into

consideration of the furth

ace amounts can be
m.in the economic deposit.
ehind the mining process.
o ng periods, particularly

I'-., d properly. As reported in
many cases ar ‘ ofld, ;?};r 0 .ro\ d ‘ es cluding gold mine) may

i.

release acidic we ainage or AMD, to the

e
environment. Moreove / ith it als@8dissolves heavy metals from
surrounding soils and rock&=§ ads_to ination of natural water supply and

consequently threaten ecgs adis et al. 2000; Benzaazoua et at.

e

The Alﬁ 9o minmw Thailand and it is still
L
under operatic Although none of obvious environmental Mpacts are conclusively

evidenced, some oﬂns have been |n|t|atng0m both mlnlng 0 erator and some
enyvir mul Hmesl w E’W‘[ b§tew co on ormg and
protmon plans. Apart from AMD evaluation, investigation of the geochemical

characteristics of waste rocks, mc‘dmg heavy metal g8jtents and their poteu to

l/va ﬁvﬂ/s ma 1 ﬁ raIUlce;ov! nta pa ﬂ
erefore, this p asi t0 characterize geoChemi ractefistiCs of

rock wastes; (ii) to estimate total heavy metal contents in these waste rocks; (iii) to

evaluate their potential of heavy metal leaching. Finally, results from the study may be
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applied along with some AMD assumption to develop the best practices of

environmental protection.

Waste rock samples were collected from C-H Pit at Akara Gold Mine (Figure

5.1). They are classified, bas igvestigation of mining geologist, into 6

types including volcanic ‘elé \ ' ite, andesite, silicified tuff, silicified

lapilli tuff (ore contachizand Sheare Apalyses and experiments were

carried out at tw 9 seror Excalence for Environmental and
—— -

Hazardous Waste Man (NG T\,\ alalongkorn University. Whole-rock

analyses usin : e 8/ PANAL { vere initially carried out for
major and mino MpPQESItiQR's JOfif the=H -~ e quantitative analyses
were operated undegfconglitighs o '4 ?sl B e 8 MO, Al,O,, SIO,, P,O,, K,O
and Ca0) and @8 kv/48 m, .(f -ui,!. | andard references (i.e.,
S@o-1, SERAE M P88y and JG-1) supplied by

,'f !
. ’ - §= o 4 kL .
U.S. Geological'Survalf (USGS .:.s,-.r,.-_t‘;.:c; F apan (GSJ). Finally, percent

AGV-2, BHVO-2, GOQ-

weight oxides weref8utof aticall dg &d And repofic MMResults from this part were

upr

.r

used for geochemical g 'F*’.JJ' 1 pri er experiments.

P S

80

Subsequently, tw ) {f"' d proge
to digest t@ samples prior to solution an

Optical Em&;'

=
arsenic using /m mic Ab

and EPA3051, were applied
Coupled Plasma-
erminations, except

S). : th digestion techniques

were used to evalu te the total forms and leaching potential forms of all heavy metals,

AUy N mﬁiwmm e

f leaching procedure will be reported along with results later. All results are

llected and discussed in term o geochem|c I char@mtlc and Ieachlng Mnal

protection plans will be recommended at the end.
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5.2 Geology and Mining

Since 1993, Akara Mine has been operating in the “Chatree Gold Deposit”
located on the eastern edge of the undulating Chao Phraya Basin. It is about 280 km

north of Bangkok, the capital ci Based on regionally geologic setting, this

gold deposit is situated alogGd . Icanic belt which is bound by the
upper Permian and AQE:-'-:- el zones @nd arc containing dominant
cks %desmﬁm andesite in particular) i

mafic to intermedi anic-r - n
-‘P“"'P— ." -+
association with € sedimeptiry rogks. Yoy are found in this area as
J 1

gears to have been related

very small nug
to epithermal proce8sS ings i ste 3s. Gold-bearing veins are
O

crucially characteri oy bifegtiz f" f0ck-werk \ s which mostly consist of

quartz and calcji’ so-gelle qfariz-eert on# 2 hee and Poot-heng, 2006).

Ore reserves have @een s_t" ated ;.;)‘ " pg activity. However, more
' y Tl

prospects have#bee is“ vered. - e ,':;. entimine "and operation has been

started in some pagl Thefefore, " "%’['1'1‘”'r fay stay L ‘e 3@tion longer than expected.

Pz A

Consequently, mining was 85 ‘*r.‘.?:r-i“‘ en rocks have been disposed with

Conventional open pit" ph the gold extraction process.

ated in the tropical climate and

ﬁ; cane, peanut and

L]
Main rt types at C-H pit are petrologically classffled as andersitic lithic

la |oc|a ene-phyric andesﬂe”cystal lithic breccia unit which these
ﬁe rlain ﬂ B | VIU WHén:I@ﬂ)%gi However,

vvasqrook classmcatlon under this study follows the mining geologists’ routine

identification because they will be gsny for communicgiig during the mine o

TN NEIRY

which the last coupled types are ore contact which sample locations of each waste rock

are shown in Figure 5.1.



96

= fr'l,\‘ ‘. .

U ELIJMEJ NN 'm

localities in C-H mmmwlt (modified after URS 1999). 1 = volcamc astic;

qWIANTITN I INYTNGY
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5.3 Geochemical Characterization

Major and trace analyses were carried out using XRF for rock powders and ICP-

OES for EPA3052 solutions, respectively; representative analyses are summarized in

ogl plptting of SiO, against other oxides of all
nts, all waste rock types can be

ncludin ium- and low-silica contents.

Table 5.1. In addition, graphic

samples is shown in Fig \
|

categorized into 3

Silicified tuff contaimest ety ©
—— I
andesite, silicifi [ red t

ereas porphyritic andesite,

m wide rage of 50-65%

gstic appearsi est SiO, range of about

AUINENINGINg
RINNTUUNINYAY



Volcanic clastic

Porphyritic andesite

Silicified lapilli tuff

Sheared tuff

Sample No. 1 No. 2 No. 3 No. 1 No. 2 No. 3 No. 1 No. 2 No. 3 No. 1 No. 2 No. 3
sio, 45.94 47.23 47.00 62.61 6272 | 61.1 54.88 51.06 52.92 573 51.44 57.02
TiO, 068 0.71 0.60 0.58 057 0.60 0.56 0.65 0.69 0.40 0.42 063
ALO, 14.58 16.35 12.63 13.67 1279 | 13.7 1479 1632 13.85 1185 11.44 12.96
Fe,0, 7.78 7.97 7.96 5.26 513 5.25 3 5.25 4 8 5.03 5.69 7.74 453 513 6.10
MnO 033 033 035 035 033 035 0.18 3 03 0. 0.43 0.46 0.55 0.36 031 054
MgO 4.40 6.16 455 3.04 221 1 7 S 1 126 3.77 486 4.09 1.78 223 279
ca0 293 7.07 1155 3.07 351 3.72 98 7 3.53 428 411 1136 13.41 10.70
K,0 6.54 6.85 461 7.90 7.46 74 1, 8 0.46 3 05 10.19 10.40 1077 0.13 017 0.24
Na,0 091 1.07 0.71 111 131 ’ ogd M o 0.7 73 185 1.97 0.79 0.64 064 1.00
P,O, 0.21 0.23 017 0.18 0417 0.20 0.15 o i 10 k 0.15 019 0.20 0.14 0.14 0.16
Lol 8.54 6.62 9.45 252 3.01 312 55 55 24 5 6. 435 422 436 1112 13.94 9.02
Total 99.84 100.59 99.58 10029 | 9921 | 10074 | 41q@fo o 20 33 99.53 100.10 100.07 99.61 99.27 101.16
i Ta HOsiti
Ba 298.38 | 508.04 104.34 49.09 4079 | 6912 |[#*o00.278 82513 - 105 10900 | 135320 | 164430 | 1415.70 28.96 48.77 1223.10
Co 26.64 30.44 32.16 21217 | 20774 | 2282 5 68, —— 427 | 33.86 4917 68.07 81.44 47.60 45.60 42,53
cr 9.91 577 12.29 3.42 301 8.84 100 20 « 61 290 7.70 8.35 7.73 12.93 13.07 12.83
cu 116.43 67.55 112.66 9.90 1078 | 111.01 51.05 46, : 138.37 90.91 81.33 141.56 142.47 97.37 90.43 145.14
Ga 1473 14.25 16.26 4.90 3.83 12.36 11.26 o, 3 13.36 12.45 1263 12.23 10.25 12.16 11.19
Nb 479 3.78 460 0.26 0.21 1.10 11 3.8 4.44 3.56 4.05 4.44 416
Ni 2.02 1.43 2.40 1.00 0.74 1 L_gs‘t 258 227 258 331 270
Pb 330 293 3.24 563 6.40 -t Tls 573 28.64 267 551 2.00
Sc 34.49 31.30 65.00 333 347 (&3 2"59 58.21 51.45 46.33 29.23 44.39
Sr 60.93 145.87 49.19 2110 1758 | 345y 63y 4664 114.85 109.64 158.23 181.93 152.41
U 6.57 6.98 8.07 4.86 486 s.m Il 425 95 sarillf 55 619 6.23 5.90 6.23 5.58
v 168.41 103.98 143.41 17.29 1407 | o34 98.37 100.38 100.70 130.77 15233 | 124.90 149.50 151.36 125.48 89.78 88.15 93.46
1118 9.51 13.60 1078 6.73 8.02 8.44
Zn 25.50 27.37 32.94 101.43 2117 27.04 26.85
7 31.83 19.02 2241 61.64 3041 34.68 36.59
La 497 5.21 8.74 7.73 6.44 7.11 6.65
Ce 12.41 12.13 17.45 22.49 22.80 2214 24.99
Nd 8.70 7.04 9.04 7.34 258 3.31 270
Sm 3.18 1.75 w 1.77 233 3.74
Gd 439 452 N 1 % : ~ 05 ) 14.33 4.66 3.91
Yb 0.85 0.64 : m I \ a I 0.69 0.73 0.70
= -2
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In general, TiO,, Fe,O,, Al,O, and MgO have decreasing trend against increasing
of SiO,. Although the other elements display fluctuate correlation, CaO contents of silicified

lapilli tuff and porphyritic andesite appear to lower than the other rocks. Low K,O contents

of sheared tuff and silicified tuff with | ligh _Si02 of silicified tuff may be caused by
alteration process of the are . LeBas et al. (1986), plots of SiO,
against alkali content waste rock because they are
geologically related t learly distinguishes these
waste rocks with ¢ ples fall within the field
between tephrite basg - 0" ™eiEio various composition of
fragments embedded j ! I ar itc an handesite are typically fitted
within their field€: I ey theses roGRS .." ity ‘haract® zed within mafic to
intermediate  geocgffica o offsitigns B A oM silicified lapilli tuff s
chemically similar to_tgbhri h olite indice _ | | pposition. For silicified tuff
and sheared tuff, i€y . tly the ¢ ' ogmpakitions that may confirm

effect of alteration as n tld d \‘f’"
/

-
r,.:".ﬁ.

F N e o e
i .

= _J‘-]n‘:
B ﬂ'i;l:fiy 'y

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ
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samples from C-H pit of Akara gold mine showing some correlation of these

waste rocks.
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LeBas et al 1986

16||||IIIIIIIIIIIIIIIIIIIIIIII|||||||||
-A Volcanic clastic —

14 A Phophyritic andesite Phonolite

] Andesite

12 HT] silicified tuff
'<> Silicified lapilli tuff
10 _’ Sheared tuff

[~ Foidite )
Na,0+K,0 8 |- Rhyolite  _
6 — -
4 _
2 — -
E uliu)sl
0
35 75
Figure 5.3  Alkali¥silica fiscimination-diaor ‘{ 986) applied for waste rock

h are related to volcanic

Rare earth ele

against REE ct
5.4). All 6 typet

-t
slopes; however, SH‘I ified tu

yaste samples are normalized

ed o

pidergram (Figure
o0 HREE with gentle
g pate: |1 round Ce, Nd and Sm

which may be a result f alteration. Moreover, silicified lapilli tuff also slightly presents such

" wﬁmwé’wy ghic

later aI t|on process which may have taken place during gold mineralization involved

their composmons Different degree of alteration hadﬁdlﬂed these rocks M

have highly effected whereas silicified lapilli may also be modified with lower degree. On

the other hand the other groups, i.e., volcanic clastic, porphyritic andesite and andesite,
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seem to have no influence of the alteration process. In addition, it should also be notified

that silicified lapilli tuff and sheared tuff are usually contacted by the mineralization zone.

Rock/Chondrites Sun+McDon. 1989-REEs Ragck/Chondrites Sun+McDon. 1989-REEs

T T T T T T T ]
[/\ Volcanic clastic A Ph phy ritic andesite a
- | S -
o \ 3
E A ]
A i
10 =— -
1= —
E , 3
T ]
| (] Andesite -
100 — _f: =
FEN -t 3
ok & .
F dg, . 3
- s Sk :
n A o ol i
» "
o % :‘_ ﬂ‘ i N
! N
1 EW’ F =
T J x ! r L
[
1) silciied tapili tuf | ‘.. / i
- — -
—_—
100 — - —
= e ' 3
- 6% §
L v i
10 =— =
1 —

AUE N T

Figure 5 4 Chondrite-normalized REE‘atterns of waste roﬁamples (chondrite

ARIANNIUHNATIN

involved in the later stages.

'SLQEJ
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5.4 Heavy Metals
Selective heavy metals, possible harmful elements, are picked up to report in this
part that will initially give idea of total form of these heavy metals of all waste rocks from the

mine prior to consideration of tt

hing potential forms. Total heavy metal
compositions are statistically sul ) il 720 2 with graphically plotted in Figure

5.5. Average heavy metal WoicThile ' ocks reported by Hawkes and

Webb (1962) is used for-compart " ) @ons of arsenic (As), silver

(i.e., As, Ag, Cd, C f | _' that ten ‘v_'-_i © Rcentration than those in
the natural igneous stagiar 5 Ag, Gd: €8 inalll rock types are higher than

appears with higher

I‘ y J".d‘

concentration in the o ro) s whe --“U"": gMorl o Sillkified tuff and silicified lapilli
; i ", )

tuff. As in this study excdBds thelmatutal th -10 times in andesite and

silicified tuff. While the nafural {g jneous '“ mg/Kg, As concentrations from this

study are up to 22 mg/kg. A -- :

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ
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from each waste rock type from C-H pit of Akara mine in comparison with

10

natural igneous rock standards of Hawkes and Webb (1962) in red lines.
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Table 5.2 Statistics of total heavy metal analyses of wa \Ies fr # Akara Gold Mine.

Element Volcanic clastic Py iti €: ‘esite ——— Silicified Sheared tuff
Concentration N - - Lapilli tuff
(mg/kg) - ¢
Range 2.93-5.32 - 4 8.8@ — 17.00 - 27.60 1.70-5.47
As Average 4.1 4 9 22.06 3.90
S.D. 0.98 1.8 8151 1 4.13 1.68
Range 0.20-0.32 0.80°1.4 =0.87 42 0.43-0.59 0.29-0.50
Ag Average 0.28 1.0 6 0 0.50 0.38
S.D. 0.05 1 6 0.08 0.08
Range 0.18-0.20 y 4-0 i i L. 5 0.17-0.44 0.17-0.20
Cd Average 0.19 0, - 2 0.28 0.19
S.D. 0.01 i 34 3 0.13 0.01
Range 26.64-32.33 4 2».2' q' 3 6 49.17-85.73 13.10-47.6
Co Average 30.54 229 X . 6. 68.00 38.24
S.D. 2.31 53 .20 15.84 14.22
Range 3.92-12.29 : 2.84 - .61 6.21-8.60 12.83-18.59
Cr Average 8.48 4.24 7.72 14.44
S.D. 3.49 2.58 1.33 0.93 2.46
Range 47.64-122.45 1.00-1]1 0.91-216.78 81.33-142.47 37.31-258.98
Cu Average 93.35 113.63 125.85
S.D. 33.57 28.72 83.67
Range 942.00-122 'fq234.00-1543.00 1103.00-1320.00
Mn Average 1070.40 ] LY 1412.20 1228.60
S.D. 109.87 -I-Iii! '.. 123.54 86.50
Range 1.27-2.40 H| l 0.45-1.61 - 2.73-312 'II 1.75-2.60 2.58-3.35
Ni Average i o 2.93
S.D. 0.37
Range - 1.41-5.51
Pb Average j 3.05
S.D. A L 1.61
Range g45732484 8.92-83.42 18.80-21.60 32.80-61.42 33.91-124.99 16.52-34.65
Zn Average 27.33 42.33 ‘ 66.25 23.12

74
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The total heavy metals contained in waste rocks may or may not release to reach
the harmful level and impact the environment. Thus the assessment of leaching potentials
of these metals is more suitable information for environmental protection plan. Because

some rock contains heavy metals with h \qunts but only some chemical form can be

i . Ihe altofcife ' nding in mineral host. Therefore,
relation between total formemandeass ] }of individual metals are made

and present graphically=in=Eigur " . As‘ resu ships between total forms

and leachable formm/ ; ez0D pffem this study which linear

equations are fit to.s ‘Figure. s hailost cases, the leachable

concentrations are loyg 0 . \BYMaken the lowest and highest
total concentrati D g n :- Opriage, eqlidtions, percentages of
leaching potential rfmeigls e, colth A B JO8-63.18% for As, 80.41-
81.85%for Ag, 0-92.784ffor ¢ 165 é', o : DK15% for Cr, 91.06-100% for
Cu, 87.90-99.67% ’ { 93.5 19K/ ‘ O POV o 44.29-76.53% for Zn,
respectively. For inst |t.ﬂ' ihay ’_,ﬁp WG se scenarios, a very strong

rock g D-100 H‘l of metals can be leach into the

. o gt g &
environment. o

= _J‘-]n‘:
B ﬂ'i;l:fiy 'y

acid pass through the wast

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ
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concentrations and leachable concentrations of selective metals analyzed

from waste rock from the C-H pit, Akara Gold Mine, Phichit Province.
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5.5 Experimental Leaching Test

Leachable metals are of the ava

ilable potential sources of toxicity from the mine

wastes. As reported in the previg 1 S ¢ (e.g., As, Ag, Cd, Co, Cu, Mn and

Pb) have potential to leackt ; 2 enyiron ; / h strong acidic condition may
not happen in the realit otection [ Fétaken with great care.

using various single _, hem rAct Wigues (Quevauviller et al.
1996). Dungan te t ol er D di .5 iOg8hip Detween the total metal

concentration and its#feaci br -* d te; he 1 e { -. g tests are often used to

-h-f
determine the potential G a. [ wagteto co ' ."i,‘ ahvater supply. An alternative
' \ !

leaching procedure, tHe sy etic p *: fion | hing “‘I'\.' edure (SPLP, SW-846 method
1312) which may offer m@fe rgli .-—*:.[-d!‘gj’: psteMock dump (Dungan and Dees
2009; Smith 1997), was de3|9 d ;—-—------w:-: gaching test of heavy metals of waste

rocks under thissstudy.«i 5 15 SUPPO: 7 oreﬁalistic assessment of

metal mobilit;ij o e

been chosen t at al.eonditions. Exceptionally
: e

Exiraction at pH 4 has

3 |
lower pH values“ ay occur only affide-rich environme Therefore, three pH

conditions of 2, 4 ar?6 (DI water) were as&aj for this experiment. The results of

-fu mmﬂm WEd ™
9 AINTNUNIINYINY
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7 AINTRIUNINIAY

and/or the standard water quality for agriculture (dash blue lines) (both

standards suggested by PCD, 2008,).
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In general, most metals have higher ability to leach out at lower pH (pH2); besides,
many metals show just little difference of leaching at pH 4 and 6.5. Mn, Pb and Cu appear

to be the most concern in the leachate because both metals in all rock types yield high

concentration in the leachates at all phil itions which are over the standards in most
xceeding the standards in some
@i high concentration in the rocks
(both total and leac able_form: —-- Ithate = itions are lower than the
standards. In additi 7 i : e no standard for Co in

the Thailand industri

For Cr, t ‘--.--» \ergeth stafdards at pH 4 and 6.5

but it will increase st Ay .ufT- pH 2.8Esakiku 008) explained that Cr

In conclusion, M and * FCanbe relée eeding the standard of water quality

for agriculture of Thailand aj 57 o ”' neutral. Thus, these metals may

contaminate v{ﬁw Q on. cﬁ

between the E ching capacity drop
dramatically at p

effluent standard Tﬂu pH
uﬂﬁs”ﬂﬂﬁwﬂglﬁ
mmarized*that p ears "to"be" the¥significant

factor mfluencmg the release of meta" Metals are W|de| own to have a tend

117 ANIREINIINGTRY

nificant difference

o di

ﬂthe Thailand industrial

report*
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5.6 Discussion and Conclusions
Six types of waste rocks are routinely classified as volcanic clastic, porphyritic

ili 'f{ pilli tuff and sheared tuff. Based on
S } show good relation of TiO,, Fe,O,,

mafic to intermediate vocanic

andesite, andesite, silicified tuff,

n (Diemar et al., 2000;

As, Ag, Cd, Co, ahd ;’:{T’:‘rw “ i r e roek types are found higher than

the averages of natural i O.fﬁ_p.i; reporte es and Webb (1962) besides, Cu
and Pb are foung hig : vy metal analyses

show different g r wanbe fitted well by the
i

linear equations. U epending of rock type

and metal type, be potentially leached out to the environ t under strong acidic

condition. However, ‘p ental leaching tests e different pH conditions (2, 4 and

%ﬂfﬂ’Jﬂﬁmﬁﬂﬂﬂﬂjsb:CZi‘;Z

their ability to leach easier than the‘thers in most cas The other metals ar,

Qmﬁi‘lﬂfﬁ?ﬂﬂﬁ”ﬁﬂma d

Overall data reveal that the waste rocks have high leaching potential of leaching

even under the neutral condition in some cases, particularly P, Mn and Cu. However, pH
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condition appears to be the significant factors influencing the degree of metal release.
More amount metals are increasingly leached against lowering of pH. On the other hand,

the high pH condition results a lower leaching metal. The results of leaching experiment

changing environmen Gk -' : ater should be strongly
recommended to W 0 all pH condition should
be recommended togot® - . pntam . \e eigaier from mining site also
should be restricted Q4 6 gl Finally, the obtainable
data on the amo _ | iNe wa De JdVe Y in risk assessment. In
‘ - . | b . the protection plan. If
there are the presence . : al 7 . .'._0 chain; however, in the
o

the mining site into Y, =i, /s0lis o Iels: vegetation. Both kind of

itaminant transport from

and alHman M Risk -Ill'u essment should be quantified.

J pr o
The applied of potential” gene I,:;: :.:m..--{' d the relation of ordinary people

Ecological Risk Assessme

behavior should be done S|te‘ 'ﬁfb:—w acceptable of risk assessment.

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂi
QW’]Mﬂ?ﬂJﬂJW]’JVIFJ’]ﬂEJ



CHAPTER VI

ACIDIC POTENTIAL ASSESSMENT OF WASTE ROCKS FROM THE
AKARA GOLD MINE IN THAILAND

Abstract

Acid mine
against the mi
generation po
waste rock stora
therefore conducte z e pe enia ) ation in the largest operating
gold mine in Thalland @i 7 :- ; acid generation (NAG)
tests. Six types of st O.‘ K irfC U g vole ) : phyritic andesite, andesite,

silicified tuff, si crfle Ia | Atuffean
4

geologists for mineg pr essinga

these rock types Wer'

Under various coraiti indicate that volcanic clastic and

experim

silicified tu@ 77777777777 i i;é’u\e tuff and shear tuff
t it is possible that
AMD generati(m. may osurt | ue to the lag time of
dissolution of acid- neutralrzrng source. Acidic generation fro
occurgin the fu n_enviro ition, _p the o tion of the
sul Hﬁ% H:ﬁ w ijeﬁrﬂp design for

Was“ock dumping and storage and storage is necessary to reduce the risk of AMD

some waste rocks may

generatlon in future Itis advrsable t,’lnstall a surface m ement system to conuhe

q |nstaII a seoond water storage pond next to the main storage pond 1o store the spille

water during storm and rainy season. A water quality monitoring plan needs to be put in



114

place, focusing on the disturbed areas, such as water storage ponds and the mine pits

in particular.

6.1 Introduction

Mineral processin / duce enormous loads of crushed
rock wastes and taili ntlal risk to the environment

4 the gtural Wzt du et al., 1995). Acid mine

after some period

drainage (AMD) often concerned with the

mining industr ine drainage is usually
accelerated whe ning/expbsby meta “hincral z8d rock and mine wastes
to oxygen and wategfallgiing rdditl oxidkaigr ‘ f Jes. Sulfide oxidation has the
potential to proglfice siflfaté’ dhi e _ ackllwhen it is dissolved by

rain, leading to they® od|j trl cidit ntly, the acid drainage can

. i '
arsenic, selenium, miercully and cg * ’,f' g surfagelru and ground water (Nriagu

dissolve heavyi etalglfs ' Jo N aste "'. G "'-, such as lead, zinc, copper,
1978; Smith and Ske " [F iyush-et =AkaZaa et al. 2007; Bennett 1969).
Consequently, the high T— Ce in acid mine drainage may in turn
cause severe toxicologije 20N -‘7 tems (Hazen et al., 2002). Metals
remaining @1 tion ma v tox € he food chain with
primary prkﬂ , f els (Bryan, 1976).
Although somefl'fﬁ avy ies an,‘ ome (likes copper and

zinc) are required for a normal metabolism, when the quantities of these oligoelements

AUy
QW’]Mﬂ’iﬂJﬂJW]'JVIFJ']ﬂEJ
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6.2 Study Site

The Akara Gold Mine was selected for this study because it is the biggest active and

accessible gold mine in Thailand. The mine is located along the boundary between

t e eastern edge of the Chao Phraya
orth of Bangkok (Figure 6.1).

re over a period of fourteen

AUBININTNGINT

Province. C-H pit samplmg site under this study and two rock waste

dumping sites (D dum and C-H dump) rélidaled on the right map

ammnmumwmaﬂ

Geologically, the mining area is situated along the Loei-Petchabun volcanic belt.

The belt is occupied by Upper Permian and Triassic parallel zones of ancient island arc
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containing mafic to intermediate volcanic rocks (e.g., andesite and basaltic andesite) in
association with marine sedimentary rocks. Gold-silver ores are found extensively along
this belt but most occurrences appear to be invisible deposit with very rare small nugget

found. Mineralization has been suspected as epithermal processes occurred in shallow

to steeply dipping structures. (A ordingl to loration data, the highest commercial
gold deposits in the studysace ate ¢ bl ' -bearing vein, breccia and stock-

and may be able oz_ge 3Nof ORmental impact if great care is not
taken into ac A g I jeCtawas ated to investigate the

potential of acid i ; V r ata, GoldMine. Rock samples were
taken from C-H pi i : ora 0 5 lodieally, all types of waste rock

exposed in thi Bimilgtr . 0 orpitsie e sOWllioughout the deposit.

i
§

The ab eviatifhs ﬁ\l. :

refer to the list first t av i misu ~ ,.,.F Qithe ter )i o]le

he reader is advised to

Bfainage

Acid Neutralization Capacity

ANYNT

“ | Non Acid Forming

qma&nm”ﬁ%%ﬂmﬁ’ ¢)
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6.3 Methods and Materials

AMD assessment actually requires estimation of potential for acid generation

from mining waste materials. Regarding to the waste rocks, there are several methods

ances either static or kinetic conditions.
/ ide is ABA as recommended by

Kwong (2000). In addi e .*-Q-‘ ction an of AMD may occur due to

complexities Ofp
s————

method alone ca t pre i P

static method

proposed to predict AMD und

However, the most commg

ses. Therefore only static

ombination of kinetic and
herefore, in this study,

kinetic humidity. M Mpotential and confirm the

ABA tests in rhany very time-consuming and

"|| Y
s a ComBarable Bglito kinetic humidity cell

expensive. NAGHest s @Eenl propose
L]

tests by Akabzaa gifal. (FOO@. Adve f esho NAGKCSILiNGIlding lower cost, and being
j ¥ .

i %

a rapid and simfle teglinigl elha 2 -made 8,2 highly Fecommended method to
J‘iﬁ e : 1l, !

evaluate the acid gghe ' g potg 'i;m K8 samp ehalongd \with ABA method (Schafer

1 gt

2000; Greenhill 2000).,

This study wa and determination of their acid

7 ‘ S '- cH “:g, A i\
producing r' ,,,,,,,,,,, é;) C-H pit, the main
operation oﬁh . for all rock samples.
Finally, resultsTI; the s

@ characteristics of the
waste rocks In the mine; subsequently, an environmental assessment and an

{Wﬁﬁﬁaﬁi“ﬁ? NEINT

F|ve samples of each Waste.:ock type, based o|og|cal field cIassﬁMon

t n c a M%ags befo ﬂ ﬂ
testmg The |nd|V|dua| samples were crushed in a jaw crusher to less than 5 cm an

then ground using ball mill to finer than 25 ym powder. Each sample was sieved through
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a 0.075 mm mesh prior to using them in the experiments. Eventually, these powder

samples were ready for ABA and NAG tests.

ABA test (Weber et al., 2004) measures the balance between the MPA and the

ANC. The difference between d hel ANC values is described as the NAPP
(expressed in kg H,SO /t

imple multiplication of

total sulphur wit : ), whDi lation assumes that all
the sulfur is contaj ' W ‘ \ § fom stochiometry of pyrite
oxidation, cal ' : . ecules of acid will be
produced for eac ' resent. (N th ~"‘-f" ial sulphur contents were

analyzed by the’ Lecaffighlterpgratire’c tion h _ d. Average sulphur contents
: etermined by the modified

Sobek method adopteg ernational Pty Ltd (EGI). It was

Stry

determined initially by a »—test ratin e neutralization potential prior to

determination of required=amedrtiof acid i he calcium carbonate contained

in the roc __________ oer et ¢ 1., 2004). F : g
personal bik & (Fa

ay be affected by

ktunc et al., 2001);
= -

therefore, the ‘ﬁz tests ut by oll one researcher for all

samples at the sam time to minimize such bias. Subsequently, each sample was mixed

Ay Ty TINER Tl o

d from the reaction. Finally, the NAPP was then calculated by subtracting the

ﬁl from_the calculated MPA. e NAPP_ result |s% ex ressed in the M of ‘
q e NeIae

There are various criteria for evaluation of AMD production potential, based on

ABA test. Weber et al. (2004) suggested that a negative NAPP indicates a net
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neutralizing capacity, on the other hand, a positive NAPP indicates a net acid generation
capacity. In addition, lLei and Watkins (2005) showed the criteria adapted from

Hutchison and Ellison (1992) as shown in Table 6.1.

Table 6.1 Classification criteria “"’ﬁia of mine waste based on ABA”.

Zone of

® Adapted f ff AncLEllisa™ (1892 Sliec kel and Watkins (2005)

"

The NAG 1€t in Iv : f 1_ 180Kk amBle and hydrogen peroxide

L’

i AN .
which is assumed to g Idl r. u. or" ohidefninekals |

NAG test, both & |d enera !1 'I i agid .\'. on reactions can occur

the sample. During the

simultaneously; theref 2 finatresultac pres@fits a direct measurement of net
acidic amount generated by e-sample.-2 ams of rock powder sample was added
by 250 ml o_f 15% hydie e xas placed inside a fume hood
for 24 hour vl then boiled for 1 hour. Af : rr ture, the final pH of
NAG Test (M ing 0.1 mol/l NaOH
solutions until tlﬁjome o] ity. Fina@.NAG was calculated in

term of kg H,SO,, /tﬁlnkelman and Giffin, 1986

AU EJ@VJ%J?A@NM ﬂ‘i

acid neratmg potential of a sample The NAPP and NAG test procedures are

emeptary Jj AP pr vides, theoreti
types of reaction. The criteria of NAG test suggested by EGI (2005) are that NAGpH

>4.5 would be considered as non-acid forming whereas range of <4.5 as acid forming.
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6.4 Results and Discussion

The results of ABA and NAG tests are presented in Table 6.2; besides, calculations of

net neutralization potential (NAPP = MPA - ANC) is also included. As a result, sulphur

content detected from rock sa s frogp 0.1120 to 6.384 % whereas ANC of all

?/)f the rock waste samples contain

at least 1 % total S, ing @otal S. The highest sulphur-

containing rock@ ; Wi e very low ANC value (=

38.7+16.3 Kg H,SO /). | sijicjfie \ FfRgoMi@ining the highest ANC (= 134242
N " '-_

samples ranges from 13.

4
fp'-

Kg H,SO,/t), a

The assum| { utations W -.v- used to predict acid

generation fr >SS i€ 0T the Yavai ble 20i generating and acid

neutralizing materight argf avj 10 reé '1. ) ®007). The classification of
i ' -\ X

acid generatin pote' er therABA, A Clitetighfor Waste rock samples from

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂ?
QW’]Mﬂ'ﬁﬂJﬂJ‘m?ﬂmﬂﬂ
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Table 6.2 Analyses of acid-forming potential of waste rocks from the Akara Gold Mine in

Thailand.
% suphur AP ANC NAPP
Sample NAG pH
By Leco Kg H,SO/t kg H,SO,/t kg H,SO,/t

volcanic clastic rock (1) 2.28 ' 6 95.15 -25.38 7.58
volcanic clastic rock (2) 0! 63.04 -32.75 7.26
volcanic clastic rock (3) -135.2 7.03
volcanic clastic rock (4) ~ 18 6 -23.64 7.24
volcanic clastic rock (5) s 36.11 1 -26 7.36
Porphyritic andesité Virs -2 3 -6.77 5.65
Porphyritic andesits - A ) -6.58 6.11
Porphyritic andesite (3 81 179 -7.82 5.48
Porphyritic andesité®4) 5 7 -14.49 4.53
Porphyritic andesite ( 0.62 4 -5.87 6.03
Andesite (1 flecf - i -4.88 6.5
Andesite (2) 1.9 0 9.0 7.02
Andesite (3) 4 ¥ 8! -4.37 7.08
Andesite (4) {i .'l. 16} 10.03 414
Andesite (5) J 1.07 -51.58 7.47
Silicified tuff (1) d 1" -105.63 6.08
Silicified tuff (2) 0.11 - 96.69 -93.32 7.25
Silicified tuff (3) 1 -102.17 7.6
Silicified 'a) E 0.7 6.22
Silicified twf E 60.84 7.18
Silicified Lapilli uif‘(ﬂ - '_ 44.49 2.55
Silicified Lapilli TE‘} ) 3.09 41.61 i 1' 52.94 2.52

Silicified Lapilli TE(?:)

eared tuff (2) ‘ 194.92 2.&

o/ ¥ 26

Sheared tuff (5)
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Table 6.3 Classification of acid generating potential using various criteria for waste rock

samples from the Akara Gold Mine.

NAG Test

. EGI°
Hutchison NAG pH

volcanic clastic NAF 7.58 NAF
volcanic clastic.rock (2)as ] NAF 7.26 NAF
volcanic clastic rock 1 NAF 7.03 NAF
volcanic cla MJ“ t NAF 7.24 NAF
volcanic clastlc -Mli. n\ NAF 7.36 NAF
Porphyriticg@ifCesite llg’t m ¥ uc 5.65 NAF
Porphyritic andeg ﬂ l’ LE‘ F ' uc 6.11 NAF
Porphyritic afi€esite ’m uc 5.48 NAF
Porphyst ; T i g% pac \ uc 453 NAF
' uc 6.03 NAF

uc 6.5 NAF

uc 7.02 NAF

Andesitell® INE gk o capac uc 7.08 NAF
Andesite (4) 'I - uc 414 PAF
Andesite (5) 8 [ ' g capdeity NAF 7.47 NAF
Silicified tuff (1) - izing capacity NAF 6.08 NAF
Silicified tuff (2) _ el : a2 ot apacity NAF 7.25 NAF

NAF 7.6 NAF

10176 = 0 A— - -J -fAF 6.22 NAF

\ AF 7.18 NAF

Silicifie APl tu i i 2.55 PAF
Silicified.lapilli tuff (2) 2.52 PAF

q Sheared tuff (2) 181.26 Net acid generation PAF 2.78 PAF

Sheared tuff (3) 115.2‘ Net acid generatg PAF 2.65 UDAF

a

eber, et al.
° Hutchison et at 1992 cited in Lei and Watkins (2005)

° Environmental Geochemistry International PTY LTD (EGI), 2005
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According to the classification summarized in Table 6.3, the results of ABA and
NAG tests show consistency in 4 rock types: volcanic clastic rock, silicified tuff, silicified
lapilli tuff and sheared tuff. Based on the criteria proposed by Weber et at. (2004) and

Hutchison (1992), volcanic clastic rock and silicified tuff are similarly classified as “net

‘

neutralizing capacity” and NAR ereas silicified lapilli tuff and sheared

tuff are classified as “net ag ) ectlvely Shear tuff rocks contain

the highest percent afasulptt r low ANC (= 38.7+16.3 Kg

H,SO, /). Thereforei,ﬂs‘__e’are under all criteria. It should

be noted that pyrite in.s the field investigation.
‘ under both ABA and
NAG criteria. Silicifighf tufiffogks £ oMtaliaigMANCY 100 %ghi, SO,/ and low MPA (10

"

kgH,S0,) thaty 1 tg : ization .. %ai adidic generation. Although

volcanic clastic ro S Cg ta' lowek f\’;;_ AN sili ed tuff SAeir sufficient neutralization

L’

capacity can still neutgglize &‘ ,.,. cadi ‘ek' , -acldic potential.
-.l ! :
/ e \
Only porphyritigFandesit .J;_r,-.-' gedNfitonsistency between ABA and

,p-i-

NAG tests. These two rocks vere-classifi BC under Hutchison criteria. Therefore,

both rock types have_meodk ing to low MPA values. By taking
two from trt iteria as NAF, both rock suitable to classify as

NAF.

¥ i

Although C sification of acidic potential can be completely assessed, the most

mzrﬁﬂwﬁ’wmﬁ -

) volcanic clastic rock, 2) porphyrltlc andesite, 3) sheared tuff and 4) the rest

QRIS e

the mining period by the mine geologists are shown in Table 6.4.
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Table 6.4 Tonnages of waste rock estimated for disposal

Average
Volume
Rock Type NAPP : Amount (ton) Class

| (m”)

(kgH,S©

1. Volcanic clastic rock 24,691,158 NAF

2. Porphyritic andesite S s | | 1/ 29,227 NAF

3. Andesite NAF
4. Silicified tuff NAF
5. Silicified lapilli tuf_}c e PAF
6. sheared tuff PAF
The total mig€ waftes i 16 16 36 ‘ \" gcupied by volcanic clastic
rock (about 24,@80,008or Sfixct 3 te, ._ 8T silicified lapilli tuff) >

1

sheared tuff > porghyri j g’ e it respt "-,\ 8e Onihe acid forming potential,
andesite and sificifiegiftufffere, classified @8l AR Siliciii@g (aPilli tuff is suitable to be
controlled as the BAF giaterial. weye ey aré fou ly mixed while gathering.

Tonnages of individua i3 5 not g H@Wever, the acidity of the mixed
material can be calculated __,_ B-he _,; age estimation of individual materials.
Therefore, two assumption s made. nd silicified tuff group is classified
as NAF m{&l : ﬁ
groups (NA&P \

=
mixture. The atﬂi| iC po

mixing of these two

idic potential of the

ying t'h“ tonnage of waste rock

with the average NAPP value from the ABA test in terms of kgH,SO,. The estimates of

ﬁmrﬁwz“l” TNYINT
ammmmummmaﬂ
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Table 6.5 Estimated amounts of acid generation and neutralization (in form of H,SO,)

that may occur after closure of mining activity.

Mixing Amount Net Acidity | Mixing Amount Net Acidity
Rock Type Class 3
Ratio® (ton) kgH,SO, | Ratio (ton) kgH,SO,
1. Volcanic )
NAF - 2x10 - 24691158 -1.2x10
clastic rock | \
2. Porphyritic .
29227 - 29227 -2.4 x10
andesite — —
4. Andesite 9
8 . 14243378  -1.7x10
3. Silicified tuff i
5. Silicified 1 ,
1 8 \ 1 1582597.6 6.4 x 10
lapilli tuff .
6. Sheared tuff Y Ka ' = 1461333 2.15x10°
° mixing ratio ; the ratio b en An ite+Silcifi _tuff( lapi
In both gétio, n Itrali ity olcafic clastic rock (—1.2x109
Y ¥ - .
kgH,SO,) is sufficiegl to leutralize v i lapilli tuff and shear tuff.
Although 100% of mix@d gr % silicified lapilli tuff, possibly

generating about 6.4 x10° ient to cause AMD. Consequently,

based on the results of thi erated as far as the neutralization

capacity fr@l

aterials. However,

e of dissolution of

neutralizing s than neutralization (Lei

izi oﬂe,
and Watkins, 2005);

protchon plan |s‘nn:ted or practiced anrelessness Good management of

fuanEningng—

|
consequently, AMD may occur afteﬁlong period of time if

€ after mine Closure.

ammnmum'mmaﬂ
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6.5 Conclusions and Recommendations

The results of the geochemical testing of the waste rock from Akara Gold Mine,

Thailand indicated two types of waste rock that having the potential to generate the
acidity (classify as PAF): silicifiedMagi sheared tuff. Of most concern to the
environment is the sheaige® _ S€ aC|d forming potential with low
neutralization capacity _,‘:1_-_-..__._&_& aI S con In contrast, there is silicified
tuff which has h;w : — _

———
With very huge a nt.Q

to 250 kgH,S

,SO,/t) in the project area.

e neutralization (ANC 60
Bidity generated by PAF
materials, shear ilighfi Etufy His, a long-term possibility
after the mine’s clo , ey be ge . iibe lag time of dissolution of
acid-neutralizin T _ :* a ,. o g and good runoff
management should be | 1in ! , "

ice of waste rock placing

management. Based th the 1 ing 're Oentions are suggested to

e gl
1ol e

P S

®  Covering the PAF ,'.4.._—......7 NA Sflal and then the clay layer would be

improve disposal pgicticg® and cg "'WT I generat "f\l.' des:

designed to 1‘:{:"1. er or oxygen ingress. Control

ignificantly reduce

the.k/ ‘———ﬁ 7777777 ﬁ

al surface will also
slow thiﬁxidatio

AW AR

area see Figure 1). Thus, only the rain fall can pass the waste dump.

A8 ATRINRIIN BN

ools to assess acid generating potential, particularly in environmental impact
assessment of mining projects during active mining and/or before opening the new

mine to support a circumspect mine waste management plan. These would be the first
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strategy of the project to prevent the acid generation. Hence, the cooperation between
the mine environmental section and field geologists is also very important. The results of
estimated acid generating potential of waste rock from the environmental section need

to be properly communicated to the practice section for implementation of sound

management of waste rock placi

ﬂ?JEJ’JVIEJVIﬁWEHﬂ?
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CHAPTER VII
CONCLUSIONS AND RECOMMENTDATIONS

Thirty waste rock samplesier !
Akara Gold Mine are the mgidNmatens

main wastes that wilsREgiCTatier closure _Mhese may cause a serious

sgven tailing samples collected from the

Both types of materials are the

environmental impacf SInCe they-have G&pacﬂ% !eamdlc drainage and heavy

metal leaching. The qugh age fror N € is a function of mine waste
composition . e study of mine waste
characteristics i . ntiplans. The future quality
of drainage must b Ctegd g haa i S this study is focused on their
chemical char isti F ’ ,‘ ' . toNgid drainage formation
and heavy metal Ig hing ’ ; f 1_ ion ROk this study provides such
good idea for €nvirogine ,f." 7 . natic model, TREX, was
also applied base@ 'n barame ;:12, 2dl from t’.\ I. dy and intended to yield
transport of some mej ut _ crTORMEVen communication with the

model provider could not solvesthesproblen MWever, changing in concentration of the

source still gives an. "’/ ansparte dings will be summarized and

enVIronme nanag el bl bt

7.1 Environmeﬁ Impac :ﬂ.
Taili S locations
ﬂ ﬂ ﬁ vﬁ Ej %C“ ﬂgtlﬁlﬁchemical

cha eristics and the acid generating potentials. Result reveals that their chemical
ompositions are sl htly d|fferent fsm lace to place @&8@mineral components <ynot
qwﬁ 2 LT Tats %gfqmﬁ
alkali feldspar calcite Ca CO pyrite  ( FeS kaollnlte (ALSI,O and talc
(Mg,(Si,0,,)(0H),,,MgO 4SiO, H,0O). Distribution pattern of their chemical compositions

are unsystematically spreading over the TSF due to circulation of disposal system.
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Although all heavy metal contained in tailings are higher than those of
undisturbed topsoils in the area, most of them are still lower than the Thailand Soil

Quality Standards for Habitat and Agrlculture Except Mn, its concentrations appear to

have higher content than the stani dgon experimental leaching test, only Mn
and Pb seem to be the me; 0 4 eoause they can be released with

concentrations over -;,_,_;.._ el efﬂuent - the surface water quality
standard at all experimen D)= er hand, the other metals (e.g.,
— .

Cr, Cu and Zn) are mos

gonstrate that all tailing
samples are class ' i [_fogp ) . aterials. Although the tailing
samples contai igh amo | sulfur, . Wllich acid neutralization
capacity. Thus, Fh _. Y B f 1_ ycitl -"‘\ " pore sufficient to suppress
the generated “4cid. e nly se taili gs ﬁ,\k:"'-__.- pOtential to generate acid

drainage. Howeve tall [ e ied folbe contrgi/es voiding the interaction with

oxygen and water d s potentia 10 Mn&@hd Pb under acid and neutral

= =
Waste rHJI s unde ifled, ba on field experience of

mining geologlst s volcanic clastic, porphyritic andesite, andesite, silicified tuff,

Augly 'm%’wsiﬁ*s::ﬁ:

undertaken some alteratlon process with different degrees. Based on S|I|oa

arntent these rocks can be categorized _into threeﬁm roups lncludm
(Na,0+K,0) (proposed by LeBas et al., 1986) was applied to these rocks. Volcanic

clastic samples fall within the field between tephrite basanite and trachy-basalt that

would be due to various compositions of fragments embedded in this rock type.
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Porphyritic andesite and andesite are typically fitted well with their fields. On the other
hand, silicified lapilli tuff is chemically similar to tephri-phonolite. Silicified tuff and
sheared tuff, they mostly fall out the common rock compositions that may be caused by
alteration process. The similar depletion REE patterns of all waste rocks would indicate
the close relations in initial pro ma process of all rock types; however,

later alteration process w uring gold mineralization involved

their compositions. % _ ?.
' =

— 1 SS——

Regarding 10 he s, Ag, Cd, Co and Mn higher

than the natur waste rocks are found

higher than the ave available forms to
leach lower than t Iy Cd, Co, Cu, Mn, Ni, Pb
and Mn, can s ; ront A of relationships between
total forms and le ' e e constructed as reported
in Chapter 5. l 1 w are lower than the total

concentrations by :

'--f-r- ‘ w

P

Experimental leaching=tes d 6.5 were carried and compared with

the Thailand industria
agnculture@

rocks, mayh) :

= =
condition appdlﬁ to be nfluenci the release of metals.

dard of surface water quality for

Aad~high total forms in the
wgef standards. The pH

Most metals have hj herablllty to leach out when pH is dropped. Cd, Cr, Cu, Mn, Pb, Ni

Ay Gl z“m THYHS "
QW’]@&?‘IM%MW%W B’ﬂoﬂs&l

these waste rocks. Volcanic clastic, porphyritic andesite, andesite and silicified tuff are
classified as NAF materials whereas silicified lapilli tuff and sheared tuff are classified as

PAF materials. It should notified that the ore contacted materials, silicified lapilli tuff and
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sheared tuff, significantly contain a high percent of sulfur leading to potential of acidity
generation over the neutralization capacity. These PAF materials need a good
environmental management for placing in proper dumping site which try to reduce the

risk of AMD generation for a long t|me after mining closure.

Contamlnamﬁﬂ/er t@stud ed to simulate using TREX
Its in terms of runoff

model. The mM : ig

However, result . wallkthe times. Results show

ials) in the watershed.

some changing of ations With! inconsig : frend but no transportation of
sediment from, initig ¢ « 2|l o8 ] | .". \ s error was discussed
with the model pro P L. Mettu | G 1d0 8iate University, it could not
be solved. That# als - ture ofihe area an ing of some information.
F g : \
\

The model calibrat a "ﬂ]?'"» the 4t there e’

% \
-runoff vo nd p

been investigated by any Agency. In-ac vicinity of the mining site is mostly

records in the boundary of

flow in the stream have never

occupied by flat plain in. 0g ifference and flowing rate must be

low.

IR
"

Howevjﬂ y d@ibute watershed model
with respect of Metal source remediation. It allows the user to

ntify key source areas,
such gs waste |I§“n the Watershed HM TREX is flexible to specn‘y several
di n% %hiﬂ ? w a % move in
dlffe“t paths: (1) as non-reactive particle that move Ilke soil and sediment; (2) as

sorbed chemicals that undergo e‘rjlhbnum partitionip@@gnd redistribute the

from the dissolution process undergoes equilibrium partitioning. The user can also use
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point source and distributed load as approach to specify the result of a leaching

process.

However, to assess the potential affected area, the elevation data are

l cted o cover Sai Yang Rung Basin which is

considered. The study boundan

the closest waterway fror rs). The factor that influences the

direction of surface ----:._5_1_,3;3 evation of %Typmally, water flows from a
higher point of ung@nE Eo rbNer pgnt of
According to study bo [ r i

decreases fro h-e o 8outh-wes

ient because of natural gravity.

at the elevation of the basin

" £e's 1 5y | B8N Chit Suea Ten .- | Mining Area

ammnmummmaﬂ

Figure 7.1 Estimate the flow direction following the decreasing of elevation in the study

boundary and possible affected area.
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Thus, it may conclude that the runoff flows from north-east to south-west as
shown by dash arrow in Figure 7.1. It is possible that area on the west of the mine may

be affected from the mine drainage, particularly in case of over flooding from the mine.

From this assumption, Ban Long Du may be the highest risky area. Monitoring should be

greatly concerned espemally [ when it may have flooding spill over the
mine. \

anagement at Akara

ome rock waste. Mine

7.4.1 Mine ast

To improve the man -:" M lec entrol AMD, controlling the problem
at the |n|t|@1r recor generation can be
achieved t& fiele, air and water)

i

supporting theﬂd—

® Rock ‘aASegregat/on and Bung This would include thoroughly

% E; w liftuff In S eﬁ tuff) with
. “ ~ enough net neutralizing potential rock. Neutral pH levels within the waste

system can be mamteuﬁd Waste rock s be placed restr|ct|

RTRNIEEM WK

dependent on the reactive surface area (Lapakko, 2002). Mixture of different

size materials will be helpful to lower the pore volume of waste dump; then
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availability of air and water will be decreased. PAF materials are
recommenced to maintain a large size for reducing the surface area
whereas NAF material with a smaller size should be placed between the PAF

layers. Covering the PAF material with NAF material followed by clay and

topsoil layer befori NiNg ative grass to reduce erosion would

oxygen

L covers can alternatively
be fiRimize oxygen diffusion
d | weliminate water infiltration
posed to weathering.
74.2
Waste diling storage'fe - |0k atel on the western side of mine.

5e high erosion. This is an

ould be constructed along hill

® (Collecti and Treatment of Contam/nam‘s Over spills from the waste dump

A UYINININYING.

and drainage system aro nd the mine should be improved to prevent mining

oLl a»aﬂmumwmﬂfﬂ

the rainy season.
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® Diversion system of runoff flowing away from tailing storage should be
constructed to avoid de-construction of the facilities. Diversion system might
be small ditch system lined around the tailing storage facility. These ditches

should also be permanently topped by concrete or blasted rock to avoid

collapse and er05|

The tinuously improved to

rthermore, long-term

® Monitori r00rs fsurface vell'e sh&llow well waters should be
XY A% . , ,

6 1,.:'_?' =0 case Of inCfeasing concentrations of

L] 1 \

£ f .

gPecially Nt Firsp oragiiequent sampling (every 3

® |tis recommended to collect sediment in Klong Sai Yang Rung in which

ﬂﬁﬁﬁ“ﬁw%‘ww%

0 Not only soil sample in the project area, but also soil sample outside the

A SSsfANEN sy
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® Some water level gage stations in the stream should be installed to study

further the relation between rainfall and flow rate in the area. That will be

useful for modeling.

ﬂUEJ’JVIEWIﬁWEHﬂi
R AINTNUNIINYINY
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Appendix A

Table A-1 Averages of heavy metal in ngtyral igneous rock and sand stone. (Hawkes
and Webb, 1962) ‘1/

M

Heavy meta s | Neous roe Sand stone
R R W
* : 9/kg) "'--,,_ (mg/kg)

swg® / //] B NNNR
I T N\,

ﬂﬂﬂ’)ﬂ&lﬂﬁﬂﬂﬁﬂﬁ
QW’]Mﬂ'ﬁﬂJﬂJ‘W’]’JﬂEﬂﬂU
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Table A-2 The Thailand industrial effluent standard and The standard of surface water

quality for agriculture (PCD, 2008)

parameter: %\wygﬂ nt The standard of surface

water quality for agriculture

AR ey 5-0

\.'\.. ..‘__ < 1.0 mg/l

M _
I//I‘ ‘“ 3 "4; < 0.05 mg/l

Cr (he

Cr Tr-l nt) llll ii’m\ < 0.5 mg/l
FHI T\ I
ST 2\ N
ea'df -L__,% ﬂ\\ < 0.05 mg/l
‘Nﬂ N <0.1mg/l
Manan(?;' lu‘ 4 -,- : < 1.0 mg/l
ArserflAs < 0.01 mg/!

#

AUEINEN NGNS
IR IUNNINGA Y
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Table B-1 Total heavy metal concentrations in mine waste rock samples from Akara

Mine based on EPA 3052 method and IGPsOES analysis.

reg@ t

| ELEMENTS (mg/l)
Sample
4 Mn Ni Pb Zn
volcanic Calstic 64 9. S 1125 2.02 3.30 25.50
volcanic Calstic ==30.44 ’ 5.77 g 2 | 143 | 293 27.37
volcanic Calstic e .16 12.29+, 2.40 3.24 32.94
volcanic Calstic 1229 2.14 3.02 27.61
volcanic Calstic 3 18 1.27 4.09 24.26
Porphyritic Andesite 0 171710 3 Sk 1.00 5.63 88.42
Porphyritic Andesj 0. .74 3. 8 130 74 6.40 98.79
Porphyritic Andesite A 1.61 2.38 29.80
Porphyritic Andesi 04 ' |ff.293! .07 1 97 0.45 0.84 35.34
Porphyritic Andesite .0 R 0.51 0.65 9.21
Andesite 0‘.l‘ | Rl 9 1.46 12.21 20.25
Andesite 5'. 46 : 5 1.54 5.24 22.20
Andesite 16 55.2 1181 1.53 11.25 22.85
Andesite 0.17 3 11 1293 1.31 3.08 24.07
Andesite 0.15 - 45.67 1035 | 1.40 16.03 20.45
Silicified tuff ; 1302 | 2.73 14.55 55.93
Silicified tuff ) @ 3.91 37.14
= -

Silicified tuff i b 22.04 39.90
Silicified tuff . ;J 7 3.12 33.21 42.67
Silicified tuff H' 0.20 62.96 2.60 97.87 804@ 2.83 7.71 69.47
Silicified lapilli tuff 1342 | 2.54 4.43 39.85
Silicified lapilli tuff

heareg t
Sheared tuff 0.17 42.53 12.83 145.14 1232 | 2.70 2.00 26.85
Sheared tuff 0.20 13.10 14.78 77.31 1194 | 2.72 1.41 28.14
Sheared tuff 0.19 42.36 18.59 258.98 1294 | 3.35 3.65 41.44
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Table B-2 Total heavy metal concentrations in mine waste rock samples from Akara

Mine based on EPA 3051 (Nitric Acid) method and ICP-OES analysis.

ELEMENTS (mg/l)
Sample
Ni Pb Zn
volcanic Calstic 1.83 0.15 21.45
volcanic Calstic 4.04 1.35 4.80 20.74
volcanic Calstic 045 | .‘4 s 2.20 2.29 29.84
volcanic Calstic 7 - _.07 ~ e 1.94 5.82 25.08
volcanic Calstic ol f 0 ' 1.07 2.27 27.56
Porphyritic Andesite il 192.5 . OB \ ! 0.64 2.81 80.42
Porphyritic Andesite 0] 198. 0 16 : 1 3.45 69.02
Porphyritic Andeéite 0.1 84 - ' 1 2.14 2.93 21.93
Porphyritic Andesit 6 V /.00 ' 3 T 1.53 28.34
Porphyritic Andesite 0. s ¥ ! 2 1 0.30 0.35 4.92
Andesite v : 84 | 57.91 53 1 .24 5.73 18.80
Andesite 0.08 '. 7 1 7 1.42 1.54 28.32
Andesite 0. 51 . 6.06 04 1.50 6.85 19.01
Andesite 7 9 |#f% A 76 1.29 0.84 21.60
Andesite 0.09 ﬁﬁ_ .20 1008 1.37 8.90 18.95
Silicified tuff 'J 1267 2.75 12.81 52.77
Silicified tuff ) SEV 1.68 32.80
Silicified tuff [} 13.15 32.83
Silicified tuff . ,:..! I’%O9 24.58 36.19
Silicified tuff _]'I.U 0.17 56.03 4.22 90.74 767 ",ngt% 10.24 51.42
Silicified lapilli tuff : 0.13 38.77 6.68 @1 1164 2.65 1.28 34.56
SiI'I U .‘ ".* .:'. “f'!
Si: =E’-Ii .l' EEJ‘E o :
Sili_ciﬂlabillituff ' 0.44 | 67.90 519 | 113.31
Silicified lapilli tuff 0.12 51.15 | 7.75 94.95
f:q q %Y *!-}ir! * g 5 4
heare@ tUf ; 11 & ol 32.68
Sheared tuff 0.12 28.48 11.09 140.14 1144 | 2.54 0.66 25.58
Sheared tuff 0.11 47.78 9.53 64.32 1006 1.98 0.94 17.24
Sheared tuff 0.13 2214 11.23 224.36 1162 | 2.75 1.22 34.65
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Table B-3 Total heavy metal concentrations in mine tailing samples at surface depth

from Akara Mine based on EPA 3052 method and ICP-OES analysis.

Sample
Cd : Mn Ni Zn
110 | <00 —— 14.15‘ 1950 | 626 | 1485
T2-0 <0.00 et 977 432 2782 | 824 | 199.8
T3-0 <0.055 ﬂ // A 7 1555 | 5.93 84
140 | <008 l I @ \ 0% \& 1805 | 546 | 1118
T5-0 <0.05 ¢ l’ '!r | \\ ; 1745 | 814 | 1056
T6-0 D 1579 | 458 | 1319
70 | 005, 1517 | 54 | 1625
78-0 R’ y 1778 | 4.9 78.6
790 <0.05 1817 | 7.02 106
T10-0 “009 1667 | 629 | 1176
T110 | 00 AT 5097 | 3469 | 1812 | 617 | 1345
t120 | %% [REY @94 69 | 1111
T13-0 j‘ 1908 | 7.58 | 2309

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ
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Table B-4 Total heavy metal concentrations in mine tailing samples at depth 1-2 m from

Akara Mine based on EPA 3052 method and ICP-OES analysis.

'l” enfents (mg/1)

Sample =

Ni Zn
T2-1 9.32 119.9
T3-1 10.12 173.2
T4-1 6.29 105.8
T5-1 7.81 133.7
T6-1 7.6 138.7
T7-1 7.42 177.5
T8-1 6.77 109.2
T9-1 5.44 107.1
T10-1 8.49 156.3
T11-1 7.33 89
T12-1 7.07 119.8

-— I_‘ ..ry' v

T13-1 5.5 96.5

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ
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Table B-5 Total heavy metal concentrations in mine tailing samples at depth 1-2 m from

Akara Mine based on EPA 3052 method and ICP-OES analysis.

'l” enfents (mg/1)

Sample

Ni Zn
T2-2 10.99 159.7
T3-2 7.5 201.5
T4-2 7.5 136.3
T5-2 8 60 5.66 188.6
T6-2 15 _‘i“ ‘\ 7.21 132.5
T7-2 m %\h\ ‘ LN . 7.09 192.3
T8-2 .09 M\\ 6.04 | 2118
T9-2 |904, k-,_; 6.04 112.2
T10-2 8.97 228.3
T11-2 5.77 164
T12-2 6.32 156.8
T13-2 7.02 174.7

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ
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Table C-1 Major elements in mine taili gs mples at surface depth from Akara Mine.

ﬂLlEJ’JVIEJVITNEﬂﬂ‘i
QW’]Mﬂ’iﬂJﬂJW]'JVImﬂEJ

Na,O MnO | Fe,0, | LOI | TOTAL
Sample
TSF010 | 054 121 | 18.93 | 3.46 | 100.24
TSF020 | 0.27 0.90 | 11.11 | 4.25 | 102.27
TSF030 | 0.26 y 0 1.04 | 12.05 | 6.36 | 101.04
s TS P BANNSY = || o
TSF 04 0 | J..L 65, 13, 1.08 | 11.01 | 4.38 | 101.76
I fo AN
TSF050 | 0.83 Vi ‘ 0 360" 118 | 15.08 | 5.85 | 101.11
TSF060 | 0.71 ! 3 ’, %\‘l 0.96 | 14.63 | 6.01 | 100.93
et
TSFO70 | 077 ﬂ - 54 _f”rﬁ r I \ 067 | 1.07 | 13.02 | 7.14 | 101.75
TSF080 | 1.21 f 864 | 1.79 | 17.10 | 3.85 | 100.35
TSF090 | 0.88 142 | 21.16 | 3.94 | 101.30
TSF100 | 047 1.47 | 16.19 | 3.02 | 101.15
TSF110 | 0.7¢ 57 ﬁ\69 18.61 | 3.63 | 100.86
TSF120 | 0.7 BByl do7 | 1775 | 510 | 10077
TSF130 | 0.56 o.@l 0.98 | 16.04 | 514 | 100.60




Table C-2 Major elements in mine tailing samples at depth 0-1 m. from Akara Mine.
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Sample

wr

TSF 02 1

TSF 03 1

LOI

TOTAL

;.._hbn 93

TSF 04 1

[—

TSF 051

TSF 06 1

_x

70

TSF 07 1

TSF 08 1

TSF 09 1

TSF 10 1

TSF11 1

TSF 121

TSF 131

ﬂﬂﬂ?ﬂ&lﬂiﬂﬂ’]ﬂi

12.06

4.1

101.92

18.57

5.23

101.09

18.55

4.09

100.42

11.09

3.52

100.76

18.80

3.65

100.44

17.27

4.64

101.26

14.80

5.73

101.93

20.05

7.23

101.91

11.05

3.14

101.79

15.09

4.94

101.88

5.68" 0.65

13.53

5.02

101.76

8.38 | 0.42

8.40

3.74

102.16

QW’]&\‘Iﬂ‘iﬂJﬂJW]’JVIFJ']ﬂEJ




Table C-3 Major elements in mine tailing samples at depth 1-2 m. from Akara Mine.
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[
Gl

46 .58

ﬂﬂﬂ?ﬂ&lﬂiﬂﬂ’]ﬂi

sample |10 | M50 | ALO

TSF 022 | 0.30 | 1.

TSF032 | 0.83 -

TSF 042 | 055 |

TSF 052 | 0.46 0
TsFo062 | 030 | 1.

TsFo72 | 0eagl1.67gl a7 ff46.
tsEos2 | 025 Lafa (#af | %6
rsFoe2 | 079 16 &

sk 102 | 021 | s o7
TSF112 | 0.41 | 1.90 7.
TSF122 | 0.56 | 1.60 | 7.3
TSF 13 2

79

CaO | TiO, | MnO | Fe,0, | LOI | TOTAL

@™ 052 | 112 | 9.06 |5.02 | 101.37

" 111 | 2513 | 3.73 | 101.72
1.20 | 15.34 | 3.35 | 100.74

1.20 | 18.03 | 4.93 | 100.95

7045 | 1.04 | 10.15 | 5.22 | 101.39
0.5801.33 | 20.18 | 3.91 | 101.13

9 146 | 14.81 | 2.02 | 101.04
620M0.56 | 1.38 | 19.89 | 3.94 | 101.32

31 41089 | 1272 | 3.11 | 101.13
12.9%| 0.79 | 1.29 | 18.03 | 3.57 | 100.68
1.01 | 0.55 | 1.01 | 16.00 | 4.81 | 100.80
17.99 | 4.28 | 100.85

QW’]&\‘Iﬂ‘iﬂJﬂJW]’JVIFJ']ﬂEJ
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Appendix D

ql- ipe tailings at surface depth including, paste pH,
| i .
| pate idity (MPA), net-acid producing potential

i Wﬂy

pH (kg H.SO) (%P (kgdh, SO/ ~ Class

NI /L E N\~
ERR et/ I &\ i
£ 7 /7] B\

Table D-1 Acid potential tests for Akara Gel

acid-neutralization capacity (ANC),

(NAPP), net-acid generatiqn (

Sample Paste

T3-0 NAF

oo o F I o AN R

75-0 141 g E ‘1“-.\.&‘ NAF
T6-0 ' H m '\ ‘i ; ‘ el
T7-0 792 . ﬂ M; {; Td‘ W 1 NAF

o I B RN
T9-0 7.94 ﬂ "‘r i [ 96 5.9 \ W NAF
- NATET AR B

T10-0 8.01 NAF
T11-0 7.99 NAF
T12-0 8.2 NAF
T13-0 7.68 —87.20 53 . NAF

222

=L

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ
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Table D-2 Acid potential tests for Akara Gold Mine tailings at depth 0-1 m including, paste pH, acid-
neutralization capacity (ANC), maximum potential acidity (MPA), net-acid producing potential

(NAPP), net-acid generation (NAG), NAGpH, and total sulfur contents.

Sample Paste NAGpH

pH Class

T2-1 NAF
T3-1 NAF
T4-1 NAF
T5-1 NAF
T6-1 NAF
s Ilﬁ: L T \ \\\ e
- o g = W\ ‘h\ e

v Z s Tk AR N
T10-1 : ‘i 169, J‘W f?' 'u m ‘ NAF
- R WA

T11-1 NAF

T12-1 NAF

T13-1 NAF

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ
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Table D-3 Acid potential tests for Akara Gold Mine tailings at depth 1-2 m including, paste pH, acid-
neutralization capacity (ANC), maximum potential acidity (MPA), net-acid producing potential

(NAPP), net-acid generation (NAG), NAGpH, and total sulfur contents.

Sample Paste NAGpH

pH Class

T2-2 NAF

T3-2 NAF

T4-2 g Iﬂj‘ E\\\ "' NAF

o 7 777 A NN e
o wf J4l 3 3 \\\\ e
- VHLIFECT. ) \'*'&\ '\

ﬂUEJ’JVIEJVITNEI’Wﬂi
QW’]Mﬂ?ﬂJNW]’mFJ’]ﬂEJ
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Appendix E

NAG Test

The NAG test is use inef tg€ gbsults of the theoretical ABA Tests. It
provides a direct asse terial to produce acid after a
period of exposure t re is aimed to determine that

hydrogen peroxide agi gomple the acid formed with the

@ hominal 4 mm and a sub

sample pulverized } T 0% aly 200 MeSW (S5 )N leiling and process residue

Reagents

Reagent 1: al RB8agent 30% w/v (100 V), or

equivalent, diluted 1:1 with-d€i@ -i zed H,0 t Refer to Note 1).

Re@ 2: NaOH -0.50 M St

Reagent3:
Il

Procedure

AuginENsneng

dd 250 ml of 15% H,0O, to 2.5 g of sample powder (tailing or pulverlzed waste
rock) in a 500 ml wide mout Comcal flask
q RIRAF IR I NI AL
hood .Notice that before commencing test, the H,O, is at room temperature.
3. Allow sample to react until ‘boiling’ or effervescing ceases. Heat sample on hot

plate and gently boil until effervescence stops or for a minimum of 2 hours.
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(Do not allow sample to boil dry — add deionized water if necessary. pH and Eh
(if possible) values should be recorded approximately every 15 minutes for the

first 2 hours and per|od|cally on, th next 24 hours, or until values have reached

equilibrium)

4. Allow solution to.c cord final pH (NAGpH).
5. Rinse the s : & of the flask down into the
— - E

NaOH

| concentration

0.1 M

05M

Calculation@

ﬂummmm #1173

= volume of base ﬁOH titrated (ml)

R axmmummma d

W = weight of sample reacted (g

NOTE: If NAG value exceeds 25 kg H,SO, per tonne, repeat using a 1.00 g samples.
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Appendix F

Acid-Base Accounting (NAPP Test)

materials is found b own excess of standardized

hydrochloric acid. T i . re that the reaction between

1) ) Se Watgr. f latek jUshto Blling in a beaker. Allow to

r f g W L
cool slightlyg@nhd gouginto ‘a C INkascarite tube. Cool to room

temperajiffe befbre
J

N . o i
2. Hydrochlo ac (HCI "-"Eﬁ“}ﬁi*

equivalent). | P o

I
el

N, "I"l.'° grade (Fisher So-A-54 or

3. Sodium hydroxidf‘ 0.5 N: Dissolve 20.0 g of NaOH

pel 'Bn C le-free er. Ero‘ ect from CO, in the

i »
| of certified 0.1 N

HCI inﬂea EH until a pH of 7.00 is
11
obtain i” Calculate the Normality of the NaOH using th llowing equation:

MU’JVIEJVI?WEI’M?

= Vol meofHC

QW’]MHQNHWWVIHW&B

V, = Volume of NaOH used.

N, = Calculated Normality of NaOH
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4. Sodium hydroxide (NaOH) approximately 0.1 N: Dilute 200 ml of 0.5 N NaOH
with carbon dioxide-free water to a volume of 1 liter. Protect from CO, in air with

ascarite tube. Standardize solutio by placing 20 ml of certified 0.1 N HCl in a

beaker and titrating

Calculate the N

5. Hydrochlori 2 ml of concentrated HCI

to a volu tion by placing 20 ml of

the known.h i 2 “and.ti ating with prepared HCI

e
6. Hydrocilﬁric acid

volume of?llter with distilled water. St rdize solution as before, but use 20

mHydrocgJ; a;d l!][ E part aC; pegwater Di\u‘ te 550 ml of

concentrated HCI with 750 r‘of distilled water.

qwaqmﬂ‘mumfmmaﬂ

Flasks, Erlenmeyer, 250 ml

I
N: Diluteaﬂp ml of 0.5 N HCI to a

2. Burst, 100 ml (one required for each acid and one for each base).
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3. Hot plate, steam bath can be substituted.

4. pH meter (Corning Model 12 or equivalent) equipped with combination

electrode.

5. Balance, can be

Procedure

1. Place ap on a piece of aluminum
foil.

2. Add g presence of CaCQ, is
indicated

3. Rate the bujgBlingfor #1227 slep 2ed Mich S\ Wigie 2.

4. Weigh 2.oolg' I ( ;'5' s-than. ¢ o 3260 ml Erlenmeyer flask.

. _. _ \ ‘
5. Carefully add H@F indicated’by Tak {0 thelflask containing sample.

6. virling vV 5 minutes, until reaction is complete.
NOTE: reactiomgi g i9R. S visib!e and particles settle
evenlv.e -

il
7. Add disEhl

J [

Boil conte s of flask for one minute and cool to slightly above room

ﬂmj mmmmﬂ% -
qmmmmummmaa
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Table 2: Volume and Normality of Hydrochloric Acid Used for Each Fizz Rating (Sobek

et al., 1978)
Fizz Rating HCI (Normality)
None 0.1
Slight 0.1
— '
I\/Iodera e % 0.5
AN

9. Titrate usingd®.1 N Of 0 .;., C n hation exactly known), to pH

7.00 usigg an e_' tr|c y [ € glconcentration of NaOH
E i I,I ;i g' \ i 1

used in thegfitrati n'." olild -‘-v“' -"x S @on8entration of the HCI used in

i / 0d I‘ 1 .' \

step 5. NOTE: tr..E th -‘-"-f,a 5 Stan 8. ding of pH 7.0 remains for at
_ / 2N

least 30 sec@hds l'

j’ ’ ! ." $

10. If less than 3 m#f of ld’?rjﬁiﬁr: )btal a pH of 7.0, it is likely that the

HCI| added was nojr, “-”ﬂ,u :,-_v ¢ of the base present in the 2.00 g of

'4"1{"

sampleg. A heﬁxt higher volume or

Con ~ -.j‘;-“-.-.-----n---“---v-u.uu-w--u—---"-— d
..|

qﬂ ...
ﬂﬁﬂ?ﬂﬂﬂiﬂtﬂﬂ?

1. C“tant (ml acid in blank) / mI base in blank).

q mzmmm INYIAY

(N of add).
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