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Plan of activities

Overview of the entire Mostar Valley to determine the
impact of mineral extraction/processing activities on
the environment

Primary target: Vihovici open pit mine (coal), located in
the core of city of Mostar, abandoned and only
partially remediated in 2010

Other targets: Red mud depo at Dobro Selo, River
Neretva, City of Mostar.

Technology: airborne remote sensing, light-weight
remote sensing, in-situ measurements, spectroscopy

Complex integration of various data and risk
assessment
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Acqwsmon 17 21 May, 2011 comblned methods of standard and light welght
sensing and supporting in-situ measurements with approval from pertinent
ministries and City of Mostar (end-user).

Main hyperspectral overflight: 19 th of May, 2011 (1st HSI over BiH)
In-situ measurements at the time of overflights




Airborne Operations
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Possibilities of Hyperspectral Detection
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Vihovici,around 2008







Vihovici i Mostar; today







Mostar from the ground, using Smartplanest™ UAV
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Around 300 GB of data was
collected at Mostar during
airborne campaign using Eagle Il
hyperspectral imager and
SmartPlanes '™ UAV.

The data were analyzed to

measure and indicate:

- Types of surface minerals
present in the given locations

- Water quality

- Vegetation health

- Geotechnical elements

- Waste (municipal/household)
accumulations (illegal).

www.photonsplit.com
info@photonsplit.com




Geology of Vihovici
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Geology, how acid-waste is forme

Oxidation of primary Fe-sulfide minerals by oxygen:
pyrrhotite:  Fe;Sg + 15.5 O, + H,0 —p 7 Fe?* + 8 SO,2-+ 2 H*
pyrite:  FeS,*3.50,+ H,0—pFe?'+ 250+ 2 '
Eateof Fe?"
No oxidation 44— P Biotic (pH<4) or abiotic (pH>4) oxidation
Fe?* +0.250, + H'—p Fe®* + 0.5 H,0
Fate of Fe3+
Salt precipitation & | TA Oxidation of sulfides by ferric iron
Al from (Ferric or mixed valence) | Fe,S; + 62 Fe?' + 32 H,0 —p 69 Fe?* + 8 SO, + 64 H'_
silicates CUFeS, + 16 Fe* + 8 H,0 —b Cu2* + 17Fe2* + 2 SO,2- + 16 H*
<—

Fe2* (g + $04%(aq + 7 H,0 —» FeSOe7TH O [ | Y

(melanterite i i i
Changes in temperature, ) Hydrolysis and ochre precipitation

relative humidity

At pH~1.5to 3, [SO4 > 3,000 pg mL-1, K* from silicates:

FeS0y« 7 HyO» FeSO, 4 Hy0p, + 3 H,0 3Fe )+ 280,24 K* + 6 HyO—p KFey3*(SO4)2(OH)g + 8 H
{melanterite) (rozenite) (jarosite)
- - - ) £ At pH~ 3 to 4, [SO,] ~ 1,000 to 3,000 ug mL-1:
+ +
Fe (aqy* 4 Fe @)t 6 304 (aq)* 21 HZO +0.5 02—§ 8Fe3.{aq’) + 3042' +14 Hyo_’ Fesoa(OH)s(so4)+ 22 H¥
FeZ*Fe 3*(S0,)(0H), * 20H,04, 2 (schwertmannite)
(copiapite)
At pH>5, [SO,] <1,000 ug mL-7:
3 +
v Fed o)+ 3H,0—> Fe(OH), + 3H°

({ferrihydrite)
FeZ*-(aq] + 48042‘(8(}) + 2Al3+(aa) +22H,0 —»

110
FeAl,(SOy), - 22H,0, ’
/ (halotrichite)
Dissolution, oxidation, hydrolysis
’ ' i Over a wide pH range, [SO4] < 1,000 ug mL™":

FeAly(SOg),+ 22H,0,,+ 0.25 O, — Fe*'(aqi+ 2H,0—» FeOOH + 3H'
Fe(OH), + 2AI(OH), + 4 SO,% + 8 H' + 13,5 H,0 (goethite)

Fig. 3. Processes that lead to secondary sulfate-mineral formation from oxidation of primary Fe-sulfide minerals. Acid-generating steps are
underlined. Reactions based on those of Scharer et al. (1994), Bigham (1994), Plumlee (1999), Rose and Cravotta (1998), Bigham and
Nordstrom (2000), and Jambor (2003).




Mineralogical Data

Worldview 2 Satellite
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Mineralogical Data
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Vegetation Stress

High light causes production of excess
excitation energy in the photosynthetic
reaction centers, resulting in direct
accumulation of a variety of reactive
oxygen species.

High temperature stress denatures
proteins and causes lipid peroxidation.

Water deficit, or drought, interferes
with metabolism. ROS produced
under drought conditions trigger
signaling pathways that generate
defense responses.

Soil salinity is usually caused by
excess salts of chloride and sulfate.
Salinity results in ion cytotoxicity and
osmotic stress, and decreases uptake
of nutrients. Resulting metabolic
imbalances lead to oxidative stress.

Air pollution with oxidizing species
(including ozone and sulfuric acid)
causes direct oxidative damage to
tissues. Local and systemic signaling
responses also occur.

Mechanical damage—both biotic
(e.g., from insect feeding) and abiotic
(e.g., from wind damage)—triggers
expression of defense-related genes.

Normal Stressed Dying Dead

Cold stress interferes with metabolic
processes (particularly enzyme
activity) and alters membrane
properties. Frosting can severely
damage tissues when ice forms.
Extracellular ice formation also
causes intracellular water deficit.

* Vegetation stress is usually related to some
external factor deleterious to the health of the

plant

e Stress can be noted in the infrared regions of
the spectrum before it is visible to the unaided

eye
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Vegetation Stress

Hyperspectral data
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Areas of vegetation stress correspond with the zones of former ore crushing (south) and
burning regions (north) — note spread (downwind) of CO2 and H2S and vegetation stress
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S B ' B
t’ ing high-reselution i

g..'.'
g Jtion imagery from
- “ Smartplanes'™UAV it is possible to discern

_ some of the accumulations of householg
| r A

~ waste.
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Waste

Concentrations of household waste
noted on the high-resolution imagery as
well as hyperspectral data.

4804800
4804800

4804600
4804600

These accumulations formed from 2010
to present day and are growing
considering no access control to the
mine.
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Problem that needs to be addressed
before area returns to state before 2007

4804200

4804000

D5 ¢
Lege

1 1
726200 726400 726600 726800



Geotehnical Hazards

Faults and unstable cuts, prone to sliding




Legend
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Combined hyperspectral and Smartplanes tm UAV imagery showing areas of expansive
clays in the northern and southern flanks of the Vihovici pit/lake. Clay minerals are most
problematic as they may swell and increase mass by over 200%.



Some of the observed slopes are in an
extremely unstable conditions and are
in imminent possibility of collapse,
possibly along the planes further
weakened by weathering and burning.
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Simulated scenario of pit breach

(based on collapse of the northern wall into the lake)

e -~

Large volume of water and material may surge out of the ruptured pit
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Hyperspectral data analyzed using red-mud

reflectance index (developed after Hungarian

spill). Legend
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Relatlve Reflectance

Hyperspectral data overlain on high-
resolution GE imagery showing the

dispersal of red mud along the axis of
mesa upon which is located.






Sampling

60 locations visited and 47 samples collected



Sample Analysis

Laboratory Analysis Spectral reflectance (in-situ)
* Chl, TSS, turbidity, » Fieldspec spectrometer
nitrites, nitrates, TN, TP, ASD — 350-2500 nm

Cd, Pb, Fe, total PAH,
PCB Ground Measurements - Water leaving reflectance
* |nstitute for public "
health, city of Mostar, /A
BH - | -
e |\

350 450 550 650 750 850 950
Wavelength [nm]




Correlation Search

Looking for correlation

between HSI and optically-
visible elements in water:
Chl, TSS, Turbidity (proxy for
other elements)

Observing spectrum between
350 nm and 1050 nm o ™ Wavelenght [nm] **

Using relationships between . ——
to wavelengths to determine -
correlations S
Based on the wavelength 2
pairs with greatest degree of

Turbidity (NTU)
TPxlimgl

04 0 o
Spectral ndices Turbidiy & TP

correlation, developed | | ey e oo
search and classification

al g O I’I'[h M S fO I Wate I Parameters (Y vs X) Regression relationship R?
classificiation [Chia] vs R443/RE55 Y= -7.075 - log,,- 0.089  0.62

[Chla] vs RA90/R555  Y=-7.656 - log,, +0.399 0.73
[Chla] vs R510/R555  Y=-12.656 - log,, +0.374  0.79
[Chla] vs R532/R555  Y=-25.223 - log,, +2.60  0.74
[Chla] vs R683/R555 Y= 2.353 - log,,—5.205 0.26
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Figure 1 - Results of the Mostar Water quality map and ground validation: TSM and Chl-a.



Neretva River

Biggest polluter is possibly
(relatively) the City of Mostar

Last week collectors and
separators were put in use by the
City.



Correlation of HS|I and Chemistry

HSI data suggest some correlation
between increase Fe in water samples
and abundance of surface Fe minerals
and approximate area where mine and
pit lake are conjoined by the submerged

tunnel. 100
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Chlorophyll and Nitrate
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Figure 1 - Chlorophyll concentration from water chemistry data (all stations)

Note: lakewater is still while Neretva is fast-moving, bottom effects



Cadmium, Lead and Iron

2 ¢ 4 e X o o
1 ¢d (ppb) ; PP Pt A RPN " Pb (ppb) (R e e o e b [2 2Feepn)
0.000 , : g K 0.000 y A : * 0000 - 10.200
0.001 - il o B, 55 0.001-0. ® 10.201-30.700
O 0011- ¥ R ¥ & 3 ) 0.191-0. 4 g ® 30.701-45200
O 0031- T b s i T =4 O 0351-0430 | W A R 97 b @ 25201-57.100 |f
O 0051- e, : A o “ O 0431- ' ¢ o 4 4 @ 57.101-83600],

Difficult to make firm impact calls based on too few samples, but Cd, Pb and Fe are all present
in the lake, in greater concentrations than in Neretva.

Also, values for Cd, Pb and Fe are all elevated on the measurement point below the Neretva
Tunnel
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Observations
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Air/Ground Observations:

All expected factors in improperly shut mining

Increased quantities of sulfate minerals,
possible alteration through uncontrolled

burn

Runoff of surface materials into water-

bodies, point and non-point source
pollution

Considerable geotechnical hazard
lllegal deposition and dumping of
household and industrial waste

Dispersal of alkaline dust (of unknown

metal and radiological quantities)

operation, clearly demonstrated by
ImpactMin

Water Observations:

Neretva river primarily affected
by the urban environment and
discharge from the urban area
Difficult to discern all elements in
fast-moving river

Faint evidence of increased
organic matter and heavy metals
in the small number of samples
taken — more detailed study of
sediment recommended (20
years of accumulation).



Important Points Crmin

First hyperspectral and first type of multi-sensor
investigation in Western Balkans.

Success in simultaneous or near-simultaneous acquisition
of various datasets required to resolve complex regional
problems

First organized collection of empirical data in last 20 years
(since 1992-95 conflict) in Mostar area

Opened paths to new elements of collaboration and
possibly new multidisciplinary projects (e.g. red muds)

Formed baselines and standards for integration into GEOS
as well as scientific contributions (WoS papers).



Conclusions min
. Combmedmethods of remote sensing alow orte

detection of evidence related to mineral extraction,
processing and waste-product deposition in Mostar Valley

* Even though majority of imaged areas are inactive the data
show and track changes to the environment in improperly
shut and abandoned/unmaintained facilities

 The most evident problems are geotechnical in nature,
illegal deposition of various types of waste, insufficient
water treatment infrastructure and dust dispersal from
waste-product facilities

* First real data after almost 20 year hiatus — good choice for
this type of study because of complexity and interactions

* Excellent baseline for remediation, continued monitoring
or other qualified projects in Horizon 2020

SEVENTH FRAMEWORK
PROGRAMME



