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DEEP DARK TUNNELS

INTO THE EARTH Lower capital and

WITHOUT MOVING ANY ROCKS:

BIG OPEN PITS

Minimal noise, dust, and

operating costs greenhouse gas impact

This type of mining bl -
~ Themost n  giveshuge advantages Minimal visual
envurqnmentally : for companies and disturbance
friendly way communities.
to mine =<
IN-SI1TU RECOVERY (1:11) «—
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In 2016, 48% of Most uranium Gold, copper, and commumtles leaCh pads or tallmgs
the world's mined mining in the USA, uranium can also
uranium was from Kazakhstan, and be extracted using
ISR operations. Uzbekistan is by ISR. the ISR method.

s

LTA 2024

STER 1 STEP 6 Commonly used lixiviants in ISR operations

Leaching solution is Mining solution is
pumped through the |, | recycled back to the
injection wells. | wellfield. In-situ

S Ay recovery largely
recycles water.

Well arrangement is a
series of five-spot

Lixiviant Co-reagents  Conditions  Dissolved metal species
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/ Challenges of ISR \

IContainment of leaching
agents

'l Monitoring and managing
subsurface fluid flow

IEnsuring minimal
disturbance to surrounding
ecosystems

'|Addressing potential
groundwater contamination
concerns

The Problems With Current Barrier And
Containment In Practice

0 Inefficacy
0 Viscosity

0 Environmental toxicity

0 Cost

Different types of barriers and containments in practice

Inorganic
Cement-based
barriers

» Portland
cement, sand,
bentonite, clay

» Subjectto
cracking

Organic
Epoxies and resins

» Sodium silicate,
epoxy, acrylate
gel, montan wax

Expensive, poor
performance,
limited data

Frozen

» Liquid nitrogen,
calcium chloride
brine, CO,

High viscosity,
environmental
toxicity

Get inspiration from.... Nature




Microbially induced mineral precipitation
(biocementation)

.« — Natural process by which microbes form inorganic minerals
and polymers as part of their basic metabolic activities

Recorded in a range of geological structures varying from
travertines, corals, stromatolites to beach rocks in terrestrial
and marine environments

Wide range of minerals can precipitate
Carbonates

Phosphates

Sulphides

Oxides

Silicates

R? R? R? R? R?
LR X R X R X I X4

Bio-mineralization of calcium carbonates in natural structures (A)

Corals (B) Stromatolites (C) Limestone cave www.sciencedaily.com (Murugan, et al. 2021; Dhami, et al., 2013)
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Bacterial metabolic routes in MIMP

Ureolysis Photosynthesis

-+Hzo->2NH,+co, ."HzO-»CHzO“Oz

HCO; — CO, + OH"

e M0 e O Ca® + HCOs - .
OH + CO, = HCOys i 2l

Ca? + HCOy _>- + H,0 \ / H* + OH = H,0
Sulphate Reduction Ammonification
Siighate « 210101 + v~ — — .+ 02— NH; +CO; + H,0
HS- + 2HCOy + 2H,0

HCO; — OH + CO, NH; + H,0 = NH;+ OH
cat-+ cos —» [N - / \ Ok + CO; = HCO

H* + OH" = H,0 i Ca® + HCOs "- i
NOs_
Methane Oxidation Denitrification
Methane + SO — HS + HCOy + H,0 CH,COO + 2.6H* +1.6NOs —

2C0O; + 0.8N; + 2.8H,0

ca®+ HCO; — [€4C03 + H,0 Ca®*+ CO; + 20H- — [I6AE04) + H:0

CO, + H,0 > HCO, + H*
Ca® + HCO; CaCo, + H,0
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Benefits of MIMP

S ALTA 2024

Microbially induced calcium carbonate precipitation (MICP)

Cell suspension (i),(ii(iii) Soil (viii) ' . Cemen;fation solution (iv), (vi
¢ [cells] ’ J Panitflesize . o [Ca¥']

* Strain + Density J [Ure?]

+ Cultivation parameters : l():':lcmm source

Grouting protocol (iv), (v), (ix)
« pH

+ Temperature

+ Retention time

* Injection method

+ Number of injections

CaCO; crystals form bridges
+ Compressive strength 1

+ Permeability |

+ Porosity |
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Erosion mitigation with biocementation: a review
on applications, challenges, & future perspectives
Anant Aishwarya Dubey® -

Navdeep Kaur Dhami® - K. Ravi® -
Abhijit Mukherjee®
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Biopolymer-biocement composite treatment for stabilisation of soil

against both current and wave erosion

Anant Aishwarya Dubey'? @ - Jack Hooper-Lewis? - K. Ravi' @ - Navdeep Kaur Dhami?® -
Abhijit Mukherjee?

arigimat rite WM&R

Effective method for upcycling construction
and demolition waste into concrete:
A life cycle approach

Abhijit Mistri’-23(0, Venkata Ravi Sankar Cheela5(,
Brajesh Kumar Dubey*(, Navdeep Dhami?,
Sriman Kumar yya', Abhijit

and Sudhirkumar V Barai'-¢




Limitations of MICP

e Extreme conditions such as lower pH conditions

By-products and Uncontrolled Growth

mmmm  Obtaining Uniform Treatment
~
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Microbially induced phosphate precipitation

Wide range of

el Il i Struvite Apatite Baricite Vivianite Variscite
compounds can phosphate

precipitate

Insoluble phosphate

. ) Soluble phosphate
Characterization

Enhancement g y
Isolation

Precipitation

Organic acids/Acid phosphatase

“ @0 ©® @

Advantages of bio-phosphates as grout material

UNontoxic
[Better performance and stability under low pH conditions

[ Can be extracted from natural sources as fertilizers and bones of livestock

0(qQian C, 2018) 12
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Hydroxyapatite (HAP) Ca (PO,).(OH)
10 Ca(OH), + 6 HsPO, — Cayo(PO4)s(OH), + 18 H,0
*Thermodynamically stable in its crystalline state
=Similar composition to bone mineral

*Biological sources or wastes such as mammalian
bone, marine or aquatic sources, shell sources, and
plants and algae and also from mineral sources

=Can be synthesised chemically or microbiologically
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Experimental data on hydroxyapatite solubility in aqueous solutions at
different pH from literature sources: (1) Rootare et al. (1962), (2) Wier
et al. (1971), (3) Avnimele et al. (1973), (4) Chuong (1973), (5)
McDowell et al. (1977), (6) Bell et al. (1978), (7) Verbeeck et al. (1980),
(8) Mahapatra et al. (1982)

Bacillus subtilis
ATCC 6051

Gram-positive
Biofilm producing
Ureolytic bacterial culture
capable of producing
nano-hydroxyapatite

(Yu et al., 2021).

e S
ATCC13525




Bacteria + Cementation Fluid
(‘ryqfnl analyqpq

* *e\,, Crustal Scanning Electron Microscopy
..‘ %R %% See _ rysta X- ray Diffraction
O 1 I precipitation  SEEEE) Nanomechanical

' characterisation
Acid Solubility Test

Growth condition optimization
Enzyme activity measurements

= Mineral Characteristic
Optimised + L Hydraulic characterisation
Bacterial
culture . .
Mine tailings Service life assessment
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. Growth curve for 3 different cultures
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. Concentration of soluble calcium ions, phosphate and pH over the time
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* Precipitation by S. pasteurii
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Precipitation by P. flurosence XRD results
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Raman Analysis For HAP Precipitation Nanoindentation Results For HAP
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* Abiogenic precipitation

SM: RESOLUTION
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¢ Raman result
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. The impact of biofilm production on mineral precipitation
B.subtilis

EM HV: 5.0 kv
Det: LVSTD
B1: 10.00 SM: RESOLUTION

6hr after treatment

WD: 9.84 mm
View flold: 23.3 ym | 6 um
SM: RESOLUTION

12hr after treatment

VS

S.pasteurii

SEM HV: 5.0 kv

WD: 15.14 mm V: 5.0 kV
Det: LVSTD View fleid: 9.7 ym 2 um LvSTD

B1: 10.00 SM: RESOLUTION u 10.00
pampie 3

WD: 15.16 mm I
View fleld: 18.3 ym | & um
SM: RESOLUTION

6hr after treatment 12hr after treatment
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Experimental system Nutrients bulk, Plate counts, Dry weight

Bulk liquid 1 SOIE®
Nutrients e o [ - e |
Celis + EPS o ) o A
Surface Time

e

TBIOFLMDIVER

CLSM + Quantitative
Image analisys

Biomass mg

Biofilm mass EPS mass

s, pasteruii  MB.subtilis M P. fluorescens
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. Acid solubility of Biogenic Hydroxyapatite/ Calcite
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Ongoing Experiments

Bio-cementation of Mine Tailing

e
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* Successful production of phosphate biocement as

Fi n d i ngs hydroxyapatite achieved

* Bacterial culture plays a crucial role in determining the
morphological-mineralogical-nanomechanical properties of
precipitated hydroxyapatite

* Biofilm and extrapolymeric substance producing cultures can
create uniformity in HAP crystal orientation and pattern

* Biogenic hydroxyapatite demonstrates higher stability in pH
environments (>5)

* Co-precipitation of carbonate and phosphate biocement offers
promising solution for sustainable barriers

* Further studies to be conducted to investigate the efficacy of
biocement barriers under simulated subsurface conditions over
longer durations

W) ALTA2024®
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