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INTRODUCTION {0 SACAA
Surface Mined Land
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INTRODUCTION
Rehabilitated Surface Mined Land




LAND USE OPTIMISATION {0} SACAA
Conditional prescription — Water, Energy and Food Nexus
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. SACAR
S
CHEMICAL

RESEARCH QUESTIONS? Amelioration
Soil pH
Electrical conductivity
PLANT Fertility
GROWTH g © PHYSICAL
RESPONSES Amelioration
Biomass production an ‘#::r::igzizte
Botanical composition Water holding capacity
Basal cover
BIOLOGICAL

Amelioration

SUSTAINABLE PLANT PRODUCTION <@e== HEALTHIER SOIL  Microbial activity
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International Understanding {2 SACAA

*Adsorption of metals and
colour from waste waster
*Pathogen and odor
reduction from sludge
*Acid mine drainage
*Neutralization

*Cheap

*Less energy expenditure
*Short process duration
*Better strength
*Prevents top soil loss

eImproves nutrient
condition
*Revegetation of
disturbed/degraded
land

Bricks

Waste stabilization
/treatment

Wasteland
Reclamation

FLYASH

Suppl
UTILIZATION upplement of

Cement/concret

Roads and
Embankments

New Products

In Agriculture

*Corrects pH
«Better aeration,
percolation
*Provides nutrients
*Enhances growth
and yield

*Light weight
aggregates

[ ess permeability
«Better strength

«Zeolites
*Blackboard chalks
*Ceramic filters

Malik & Thapliyal, 2009
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INDUSTRIAL BYPRODUCTS
Beneficiation, application and safe use

South African fly ash

— Class F (Bitumious coal) — Silicious FA

Calcium silicates

Alkaline material pH,,9 =8 - 10

Fresh or weathered ash

CaCoO, equivalent £ 20% (Internationally referenced) 5
Local Research findings £ 25-35% FLY ASH .

GREEN
FUTURES
HUB
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A

. 5 SACAR
Proven Hypothesis e SACAA

Plant yield response

>
Seasonal - TiMme

Aiken and Heidrich (2014) WACAU
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' % SACAA
Hypothesis & SACAR

9.0 10.0

Nitrogen
Phosphorus
Potassium
Calcium and Magnesium
Sulphur

Boron

Copper and Zinc
Molybdenum

Iron and Managanese

Aluminium

Acidic Neutral Alkaline
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Proven Hypothesis

e==Control e | +C+M
5500 -

4500 -

3500 -

2500 -

1500

Soil Penetration resistance (KPa)

o
=
o
N
o
w
o
S
o
(%2
o
[e2)]
o

500 -

-500 -

Soil Depth (cm)

REEN
UTURES
UB

Copyright 2023

LT E)



PHASE 1 - CFA Compositions

Basic bioavailable macro nutrient analysis

P (Bray 1) Ca K Mg
mg.kg?! mg.kg? mg.kg?! mg.kg?
63 171 10.4

FA (A) 194 3732
FA (B) 100 3765 33 159 11.7
Average soil

30 600 80-120 200 55-7.0

requirement
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: e {5} SACAA
PHASE 1 - Soil Compositions =
mg.kg? | mgkg! | mg.kg! | mg.kg?
54 14 12 9

BLACK 27.49

BROWN 10.19 260 17 11 4 0.54 15
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7.4 SACAA

L]
W SOUTH AFRICAN COAL ASH ASSOCIARION
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Application rates Il e
* Cover soil
 Lime: Opt.(33%-) (L-) 6.7 tons hat
Opt. (L) 10.0 tons hal
Opt.(33% +) (L+) 13.3 tons ha?
* Flyash: Opt.(33%-) (FA-) 33.5 tons ha'
Opt. (FA) 50.0 tons ha™
Opt.(33%+) (FA+)  66.5 tons ha'l
* Flyash/ Opt.(33%-) (OM-) 112.0 tons ha™
organic Opt. (OM) 167.0 tons ha™
mixture Opt.(33%+) (OM+) 222.0 tons ha'l

 Control and Standard Mine treatment
* 4 tons hat(MgCO,)

i,,
%
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CONTROL ‘j}

FLY ASH
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s SACAA

CHEMICAL AMELIORATION

http://matrixxco.net/other/fly-ash-concrete/

Residual Alkalinity (Glass Phase)
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CHEMICAL AMELIORATION {0 SACAA

-+-CFA+ = CFA -+ CFA- -+-C -= SMT

Q
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Soil pH(H,0)
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Months

Influence of CFA treatments, relative to C and SMT (Standard Mine Treatment) treatments, on soil pH,,q,
over a 72-month period. Note SMT treatment was augmented bi-annually
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Influence of treatments on DM vyields 1A = Fly ash

45 2A = Fly ash / NPK mix
40 T 3A = Fly ash / organic M1
= 35 [T 4A = Fly ash / organic M2
% 30 [ - 5A = Lime
E 25 [ 1 6A = Lime/ NPK
% 20 7A = Lime / organic M1
15 8A = Lime / organic M2
10 9A = NPK
5 I 10A = Organic M1
0

L A 11A = Organic M2
10A 3A 2A 11A 4A 9A 7A 6A 1A B8A 5A 12A
t t 12A = Control

N |
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PHYSICAL AMELIORATION — Water holding capacity

——Control —-CFA- —+~CFA —=CFA+ —--SMT
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The influence of CFA treatments, relative to C and SMT treatments, on the soil water
holding canacitv (WHC %)
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The effect of fly ash ameliorants on the soil strength (soil penetration resistance - kPa)
of a sandy loam soil (30 cm depth)
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MICROBIOLOGICAL AMELIORATION

upg FDA hydrolyzed / g soil / min
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@ Dry root mass m Tot nodules / g dry root
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AMELIORANT
Rhizobium nodulation in relation to root biomass for ameliorated soils
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PHASE 2 — Research Bins

(uoQg)
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SACAR

SOUTH AFRICAN COAL ASH ASSOCIATION
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PHASE 2 — Research Bins Summer season SACAA
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PHASE 2 — Open Air Phytotron Summer Season growth @ SACAA
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PHASE 3 - Field Research - Season field preparation

~ application
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PHASE 3 - Field Research (
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PROCEDURE

* Plants were evaluated at
the following two
phenological stages of each
species

* Both soils and plant
components are subjected
to phytotoxicity analyses

(+/- 3000 samples)

grass

Copyright 2023



72 SACAA

SOUTH AFRICAN COAL ASH ASSOCIANON

A

PHASE 3 - Field Research - Season field growth

2d
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PHASE 3 — Field Research - Season field growth @ SACAA
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PHASE 2 RESULTS

Maize DM yield - Boot stage (Mine soil)
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PHASE 2 RESULTS
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PHASE 2 RESULTS
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PHASE 3 RESULTS

Final Maize Grain Yield

16000

14000
12000
10000
8000
6000
4000
2000
0
(4

SRR ELR RS TP O E
& é?’ & © zx\r & év & O ,@ & & & & .ot, & *x\r O°°
2

Yield (kg/ha)

& & & & 8

&k @ & <°\ <°\ <°\ & @ RS
L & ¢ & & & & S S N
) & & & @ v Lol S S & &

Copyright 2023



PHASE 3 RESULTS

Soya Dry Matter Production
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PHASE 4 - LEACHING STUDIES - b SACAA
International Framework

L E A F

Leaching Environmental Assessment Framework

A Decision Support System for

Beneficial Use and Disposal Decisions U -
in the United States and Internationally... i/o‘\
: 3]
* Four leaching test methods ﬁM+

* Data management tools L

* Geochemical speciation and mass transfer modeling
* Quality assurance/quality control for materials production
* Integrated leaching assessment approaches

... designed to identify characteristic leaching behaviors
for a wide range of materials and scenarios &

... provide a material & scenario-specific “source-term”.

Kosson, D. and van der Sloot, H.A (2014) WACAU
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PHASE 4 — LEACH XS MODELLING i} SACAA
. E A F

LeachXS structure

/ Ma;ceri:;ljls \ Materials Excel
(Leaching data, A
| Composition, Physical Leacgmg SgreatiﬁhEEtS
wracteristics) . Database (Data, Figures)
f
S <
Reports

Scenarios\
(e.g., fill ,

| characteristics Scenario (Falllizsy bl
; D / Database Scenario and Material
@ﬁ;’gg&gﬁ?ny Descriptions)
Regulatory
. (Regulatory Regulato
l thresholds and Dagta basrey
Other Models

(Source Term and
Parameters for
Fate, Transport,

and Risk Models)

criteria from different
jurisdictions)

Kosson, D. and van der Sloot, H.A (2014) WACAU (g
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PHASE 4 - LEACHING STUDIES i) SACAA

& ; LeachXS™ Pro = =)
e | )l Database ¢ Export i Tools © Help
~ g
Current database: Y/ i \/
| J ...\LXS Database Pretoria Samples (06-07-18).mdb Select other | Report Material
database... | Samples... | references
Database Verification
= Welcome

."w """.

A pao’

Assistance

Analyze, Compare, and Display Leaching Data
Acid/Base Neutralization Capacity

Import or Add New Data
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PHASE 4 - LEACHING STUDIES 2
EPA 1313 EPA 1314
pH Dependant Test Column Testing
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Leaching Assessment Results ) SACAA

pH dependent concentration of Boron pH dependent release of Boron
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PHASE 4 -

LEACHING STUDIES
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!

CONCLUSION 1 SACAA

* UNDERSTAND THE
— Fly ash properties
— Soil chemical, physical and microbiological properties
— Soil condition
» Deficiencies
* Phytotoxicity and soil toxicity
* Leaching risk

— Plant species (growth requirements)

match it to the

PROPOSED AGRICULTURAL USE
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@ cskom @ SACAR Agnﬂinreoh
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Prof. Wayne F. Truter
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