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Executive Summary

This study aimed to assess the stability of Tailing Storage Facilities 1 (TSF1) and determine the
leakage of TSF1, as well as evaluate the transformation of residual cyanide in tailings. Field
survey data were undertaken. There were 20 boreholes, the tailings samples were collected at 3
depths: 0-5 m, 5-20 m and 20-24 m. There were 6 boreholes, the soil around TSF1 were
sampled. Tailings and soil samples were analyzed for heavy metals, including arsenic, cadmium,
chromium, mercury, manganese, nickel, lead, zinc and cyanide, in terms of Soluble Threshold
Limit Concentration (STLC) and Total Threshold Limit Concentration (TTLC). Furthermore,
groundwater at monitoring wells around TSF1 and adjacent areas, and surface water sources
used for agriculture and consumption as well as weeds at TSF1 were sampled to define the

possible boundary of contaminant transportation and probability of health risk.

The tailings samples were free from mercury, but other heavy metals were found in amounts
lower than the standard value of STLC, excluding of lead. By comparison, tailings had higher
concentrations of arsenic, lead and cyanide, than the soil. The concentrations of arsenic and
lead in tailings were slightly higher than those in natural soil. Arsenic and lead may be originated
from parent ore, which were arsenopyrite and lead carbonate. Lead carbonate was less soluble
in water. Cyanide may be a residual chemical in the metallurgical process. The concentrations
of cadmium, chromium, nickel, and zinc in tailings samples and natural soil were similar, which
may be minerals in the parent ore. However, manganese in tailings and soil samples were varied.
This may be dealing with the natural declining of igneous rocks at gold mine. The contaminants
can be divided into two groups: those that are present in the parent minerals (magnetite,
ilmenite, garnet, zircon and platinum), including arsenic, cadmium, chromium and nickel; and

those that are present in chemicals added during the metallurgical process, such as cyanide.

To confirm the level of heavy metals and cyanide remaining in the tailings and soil in the
borehole around the TSF1, the tailingsand soil samples with the dissolved contaminant
concentration (STLC) were characterized. If STLC values exceeded the standard levels, then the

total contaminant concentration (TTLC) was cross checked. The tailings were stored in TSF1 for
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long period, these sampled may be changing in properties. The drainage of Tailings Storage
Facility 2 (TSF2) was sampled to define the fate of contaminants. None was different in tailings
at TSF1 and TSF2, particularly arsenic, chromium, manganese, nickel, and zinc. Others were
cadmium, lead, mercury, and cyanide, they were decomposing under a weak acidic environment.
Inversely, the soil samples at agricultural areas around the TSF1 was higher concentration of
heavy metals than the tailing, indicating that this area enriched in minerals, especially chromium,
manganese and nickel. Cyanide contamination may refer to a contaminant generated from the
metallurgical process, tailing at TSF1 was remaining at a very low concentration. This finding was
proven that the cyanide removal process is highly effective. Arsenic was co-existing mineral, the
tailing had lower concentration than the natural soil. The major form of heavy metals in tailing
were sulfate compounds, they could be released by leaching. There were no different from the
natural weathering process. The soil samples in the surrounding area, were higher levels of
manganese and arsenic than the drainage at TSF2. Perhaps, manganese was in soil parent. High
manganese concentration in soil is required for cassava growth, as manganese is an element
that stimulate the enzymes in carbon dioxide and nitrogen decomposition process. The high
level of arsenic in agriculture soil may be due to pesticides. While the pioneer plants growing on
the TSF1 were indigenous weeds, free from chemicals, pesticides, and chemical fertilizers, they
can reflect the up taking and bio-accumulating of heavy metals. Nickel and zinc may be found
higher than others, which are both micronutrients and enzymes. Nickel (Ni) is an enzyme in
nitrogen transformation and seed germination processes. Zinc (Zn) is supplied for synthesis of
auxin hormones, chlorophyll, and conversion of glucose to starch in photosynthesis. This is a
controlling function in the transformation of carbohydrates. The pioneer plants could survive
even in a low moisture content, low fertility, and acidic conditions (pH higher than 5.5). The
plants especially Leucaena and Mimosa at TSF1 were only shrub weeds, which can stay on

semi-arid of silt layer, under low organic matters and nutrients.

The Standard Penetration Test (SPT)- drying method (without adding water) was conducted.
None of pore water was found, referring to no redistribution of groundwater in the unsaturated
layer of (unsaturated zone) tailing at TSF1. The infiltration always flows downwards under

gravitational force, the leachate was collected via the percolation pipe (Underdrainage) and it
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was recirculated into metallurgy process. If there was a leakage, groundwater can seep and fill
into pore to maintain the groundwater level. The groundwater table in TSF1 must equal to the
natural groundwater table. The finding confirms thatthere is no leakage of the liner layer
underneath TSF1. Furthermore, Vertically Electrical Sounding (VES) using Schlumberger electrode
method (Schlumberger Array) and 2-Dimensional Resistivity Survey using a hybrid Wenner and
Schlumberger methods were examined to determine the thickness of soil/rock layers, the depth
of soil/rock layers, and to identify the cracks, fractures, or cavities in rock. These data were input
to a geological model for evaluating the leakage of TSF1. The model confirmed that there is no

leakage at TSF1.

The amounts of heavy metals and cyanide was associated with the leakage of TSF1 to
groundwater and surface water resources. If there is a leakage of TSF1, both heavy metals and
cyanide in tailing will be leached and carried to groundwater and surface water bodies. The fate
of contaminants in residues and leachates can be influenced by the environment. The analysis
results can be interpreted as follows:

(1) If the ore contains mercury, the form of soluble mercury is Hg". In contrast, there was
no presence of mercury in tailings and water samples. The ore is originally free of mercury.

(2) Cadmium, chromium and lead, which are coexisting minerals of gold, did not leak
into the environment. If cadmium was released from tailing, they were in the soluble forms of
free ions (Cd?"). None of cadmium in water samples, surely that there was no leaking. Similarly,
if there was existing of chromium, they will be in the form of either COH)?* or Cr(OH)**, which
are trivalent chromium (Cr(lll)).These forms are hydroxide compounds that may be partially
soluble in water, and Cr(OH) may be presented as Cr(l). There was no chromium contamination,
there is no leaking. The lead will be in a form of lead carbonate, which is slightly soluble in
water. It is impossible to migrate to environment via leaching.

(3) Cyanide in the tailings did not leak into the environment too. As same as chromium
and cadmium, no cyanide contamination was found in both surface and groundwater sources.

4) Manganese (Mn) in groundwater at deep wells and at shallow wells and surface water
exceeded the groundwater and surface water quality standards, there were 9, 12 and 6 sources,

respectively. The form of manganese may be varying due to environmental conditions, the
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predominant was in the form of free ions of Mn?*, MnCO; and Mn;0,. Crystal manganese in the
forms of MnCO; and Mn,0, are the anodes of lithium batteries. Free ion of Mn?* may react with
lead especially PbCOs;. This reaction can generate the lead-carbonate compounds, which are the
component of a hydrated Cerrusite, Hydrocerussite, Pb(CO5),(OH),. The lead carbonate
compounds are insoluble in water. Coincidently, the soluble lead was too low, inferring in
stability of lead in tailing.

(5) Arsenic (As) may be in the form of compounds HAsO -, H,AsO, and H;AsO;. The first
two forms will be As(V) and the last form will be As(lll). The compounds in the form of arsenic
with valency +5 are less toxic than arsenic with valency +3. Most of the groundwater samples
were HAsO,*, and surface water samples were H,AsO,". Only samples from GWDL (GWST15) and
TSF5339 were H;AsOs, which is toxic. A well namely GWDL (GWST15) is source of the community
water supply, and it is located outside Chatree gold mine. A well namely TSF5339 located at
the south of TSF1, where arsenic contamination was found in lower than the Maximum
Permissible Concentration Level (MPCL) of groundwater (0.05 mg/l).

(6) Arsenic was exceeded the MPCL at 2 monitoring wells, namely TSF5338 and TSF6691.
The monitoring wells, namely TSF6472, which is 60 meters deep, it was adjacent to TSF5338
and TSF6691, the concentration of arsenic only 0.008 mg/l. The other monitoring well, namely
TSF5339, which is 30 meters deep, the arsenic was 0.0089 mg/l. Both samples are much lower
than the MPCL. It can be confirmed that there was no plume of arsenic contamination. The
arsenic found in TSF5339 may be originated from the gold ore, which is often found in the form
of Pyrite (FeS,), Arsenopyrite (FeAsS), Arsenide (As(ll)) and Sulfosalt (Ag;AsSs). The transformation
of arsenic in both of TSF1 and aquifer may be under a negative redox potential or an oxygen-
limited oxidation state or anaerobic. Conversely, TSF5339 was under the positive redox potential
and plenty of dissolved oxygen in the water. The arsenic found in pond TSF5339 did not obey
this condition. There was no supporting evident that the arsenic in can move downwards to the
deeper groundwater wells, namely TSF5338 and TSF6691. Arsenic at both wells, TSF5338 and
TSF6691 were continuously examined, they were always exceeded MPCL. The arsenic found in

observation wells TSF5338 and TSF6691 may be a source of Arsenopyrite (FeAsS).
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The monitoring of leaking and contaminating at site may be indicated by the presence of lead,
manganese or nickel in monitoring well. Nickel has the lowest retardation in the site. These
metals were naturally embedded in the ore. Under the RCRA, mining wastes include waste
generated during the extraction, beneficiation, and processing of minerals. Bevill exclusion does
not extend to downstream chemical manufacturing, fabrication or other activities that use a
saleable commodity as a primary raw material, even if these activities occur at the same facility.
The tailing is byproduct, it must be disposed. Considering the chemicals used in the cyanide
removing process, only copper sulfate (CuSO,) may be able to indicate contamination. Copper
(Cu) has a distribution coefficient (Kd) in the range of 1.4-333, inferring higher retardation than
nickel. However, copper sulfate is used with much lower concentration, so it may be under
detection limit. If arsenic and cadmium were used as indicator, arsenic and cadmium are also
components of pesticides, they might be interfered. Therefore, cyanide indicated the leaking

and nickel monitored for warning.

The tailings were wasted from metallurgical process, they were disposedin TSF1. The
contaminants in tailings were soil pollution and can be uptaken by pioneer weeds. The health
risk may be possibly consequence in consuming of contaminated plants or dirt from hand to
mouth. For the sake of post land use, the health risk was accessed. The populations were
classified by age, there were children and adults. If the area is served as a recreational area,
there may be some activities for families and tourists, assuming they had stayed 7 days per year.
In the case of residences and workers, the scenario were included 3 different cases: (1) local
people (exposure to pollutants may be equal to a lifespan of 70 years), (2) migrant workforce
who stayed in the area until retirement (exposure to pollutantsin the area is equal to 30 years),
and (3) local workforce who partially worked in the area for a period of time (average exposure
to pollutants in the area is equal to 9 years). The weeds were the bio-indicator the exposure of
contaminants in the soil surface. A hazard quotient (HQ) is the ratio of the potential exposure to
a non-carcinogenic substance and the level at which no adverse effects, for children in all
scenarios were lower than 1.0, which is a low and acceptable. However, children may risk from
a carcinogenic pollutant, arsenic, higher than 0.000001 (1 person per million population), which

is a high value. The risk areas were the rice fields, which pesticides containing arsenic were
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applied for pest controlling. Perhaps, local people may risk from carcinogenic pollutants and
carcinogens if they contact with contaminated water, plantation soil in cassava and rice fields.
However, workforces who stayed until retirement and partial stayed in some period, they may
risk from exposure to carcinogenic pollutants, especially arsenic. For tourism or recreation, both
children and adults have a low risk from exposure to non-carcinogenic and carcinogenic
pollutants and they were acceptable. It was also found that weeds were free of mercury and
did not accumulate cyanide and cadmium. However, arsenic, chromium, manganese, lead,
nickel and zinc may be accumulated in plant roots and stems, but their concentrations were
low. These weeds are safe, so it can be articulated that the closured TSF1 may be post used

with non-restricted condition and can be grown for non-edible plants.

MM-NO8 u.12/15



