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Conclusion:
1. Geochemical character of the gw. samples does
not allow bioremediation without pre-processing.

2. In-situ chemical oxidation of TPH is feasible
without pre-processing.

3. Desalination technology of sufficient capacity is
available (= a way of pre-processing?).
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Site

Geology, hydrogeology, hydrology
» 2 major water-bearing formations: =

« Kuwalt group (conglomeratic sand/gravel) and
« Damman formation (limestone, dolomite)

* 2 major drainage basins: ’ (ﬁ) | 1
« Raudhatain s320/- |
« Umm Al-Aish R ety
+ |solated lenses of freshwater szaol— of
« morf.. accumulation basins with ‘?’r U WAL
large watersheds (wadis, creeks) P/ B O
; 40

* Annual precipitation: —

« 121 mm/yr

» Occasional rain infiltration (forming I
“playa” lakes) 0 ALPEY |
FT @@ @@ VPR F

* Max. precipitation 40 mm/15-30 MIN| 4901 _ 2015: Glimatic Research Unit (CRU) of
University of East Anglia (UEA).

16 24

(0,) aumesadwa |

Rainfall (mm)
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Site

Water resources = m

* By 2040, Kuwait will be one of the 9 most draught-threatened
countries (World Resource Institute; August 2015).

» Groundwater usage: extraction rate = 12x recharge rate

« Tap water per capita usage = 442 L/day in 2014 (Mukhopadhyay and
Akber, 2018)

« (CZE =87 L/dayin 2014; CSO, May-2015)
« Public use with no taxes/fees (governmental subsidies)

« Sea water desalination = main source of fresh water = 95%

« Gw. pumping = 5% of fresh water usage

EPS biotechnology, s.ro.



History

The Gulf War EP.S

* Aug-2-1990 — Feb-28-1991

* |raqi debts after war with Iran + OPEC productlon limits +-
Kuwait crude-oil overproduction |

« USA ensured Saddam Husainse&to mtervene |

« =>|raqi invasion of Kuwait..
« Jan-17-1991: OPERATION DESERT STORM

« “Scorched earth” tactics (Mar/1991): .. swor
« Out of 914 operational oil wells T e

« 798 blasted & undermined => W

« 0604 on fire, 45 spouting oil and gas, 149 damaged -

« Upto 6 M crude oil barrels burned daily

+ Fire-fighting until Nov-6-1991 o , ok

« TOTAL of 240 M m? crude oil burned Y hitps:/imapasveta.info
« TOTAL of 3,5M m3 crude oil leaked

* Combustion products (soot & ash) coverca. 1772 km? (10% of Kuwait)

SR AN

EPS biotechnology, s.r.o. Akbar SA, 2011.
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History

The largest crude-oil leak in history m

« Ca2M m? of crude oil leaked into
Arabilan Gulf
* 300 crude oil lakes (h =2m, A=49 km?)

EPS biotechnology, s.ro.



History

Environmental impact \EF.S

* Crude oil = complex mixture of multi-carbon chains and VOCs:

« saturated alkanes, or aromatic hydrocarbons, nitrous compounds (e.g.,
pyrrole, pyridine), or sulphuric compounds (e.g., thiophenol, benzo-
thiophene)

* Molecular Sulfur = 2,25 hm.% => atmospheric imissions => acid rain

« ! Natural and combustion PAH (eg. benzo[a]pyrene)!!

« Contamination risk-potential (for gw. resources):
1. Directinfiltration from crude oll lakes:
» Not very likely <= crude oil weathering and “asphalting”=> vadose zone
retardation (numerical & empirical models: >100 yrs to reach the aquifer)
2. Combustion products deposited on land and leached by precipitation,
» Most serious threat identified so far (<20 days to rech the aquifer)
3. Infiltration of the fire extinguishing-seawater => gw. salinization
4. Undetected (underground) leaks from damaged oll infrastructure

* Despite the removal of 95% of the leaked crude oll, sites with
highly contaminated soils persist.

EPS biotechnology, s.ro.



History

Environmental remedy m

* Many projects in progress — under the auspices of the UNEP

- Soil cleaning: among others studied by Dr. Al Mutairi

* Groundwater remediation:
» Source areas &
» Recipient areas => EPS =>
« Laboratory testing of Umm Al-Aish gw. remediation:
* Bioremediation
e |SCO

* Desalination

EPS biotechnology, s.ro.



Testing

EPS

Remediation target values

Groundwater . " Remediation unit
) In situ conditions i
Quality Parameter output requirement
Before contamination:
1500 mg x L~ P
DS After contamination: 000 mg x L
>3000mg x L
TPH 0.01 mg x L~ (0.01 mg x L)
Odor <3 TON' <2 TON'
Discoloration <15 TCU? <10 TCU?
. —
PTR Bemedlatlon Upto20 L ¢!
Discharge
Sizing Small footprint, relocatable
Design Life Temporary (2 years)

Note: ' = Threshold Odor Number, = True Color Unit, ° = Pump-Treat-Reinject

EPS biotechnology, s.ro.



Testing

Umm Al-Aish groundwater samples GGO

+ Grwoundwater: (NP10, NP10, NP11, NP11, P20, P20, P20, P27U,
P28UA, P28UB, P33UA, P33UB, P33UB, P33UB)= TOTAL of 14 L

« Soil: bucket 1, bucket 2

* No crude oil (cultivation C-source)

ORP  Salinity(  EC u”’ TPH
Samplelabel pH/() (mV) ) (mS/em) (%) (me/kg
SR T 748  270.05 1.55 3.04 _ 0.35
medium
SOIL1 .21 _ _ _ 0.697 26600
SOIL?2 314 _ _ 0.663 23200

Note.: FTIR LOQ = 0,1 mg/L (mg/kg) !!

* Crude oil amendment => TPH content increase (BIO & ISCO)
» Mixed Water Medium = geochemical matrix for testing BIO
* Model sea water = geochemical matrix for testing ISCO

EPS biotechnology, s.ro.



Testing

BIO — methodology

« Samples: soil & groundwater

 Remediation:
« Natural attenuation
« Biostimulation (nutrient amendment)
« Bioaugmentation (adding isolates cultivated from sa
« Surfactant addition (increasing the TPH bioavailabilit
« Combination of the above said |,

* Analytics:
+ Agar cultivation ¥ Y
Epifluorescent microscopy (DA B SRS
Respiration capacity (CO, prod 0 s 2N
Plate counts (CFUxg" (dry weid s S
TPH degradation (%) L B

EPS biotechnology, s.ro. 16 / 28



Testing

BIO — results m

vy CO, Degrading
B:tc Setup Initial data produced  microbes ]:PH
(CFU/g, mg/kg) (mgkgday] (CFug &Y
e ;{::? g of SOIL1 (dry Heterotrophic 2.0x103
* sodum ande

. - 5
19 NEms 000l e Dcrading” 20710 12 23 500

» microorganisms (afterca. 1
month adaptation) TPH 26 600
« SURF: 100 L

*Cca f dry .

:;gi? g of SOLL2 Heterotrophic 0.0

» sodium ande

- . . P - 5
20 (NieyS0, 0375 oL NPso Degradmg®  {2.9x10 9 1.2x104 123 400

» microorganisms (after ca. 1

month adaptation) TPH 23 200
» SURF: 100 WL
I;Zdﬁ ol mixed water Heterotrophic 8.0x10%

« NP nutrients: 0.9 g/l

21 (VH)s0,+0375gLNPsol  Degrading®  [3.5x10° 0 031

* microorganisms (after ca. 1

3.5x10°
month adaptation) TPH

« SURF: 100 pl'L

* = bloaugmentation /

After 6-d cultivation

EPS biotechnology, s.ro.



Testing

EPS

BIO — discussion

 None of the obtained samples is suitable for bioremediation
without pre-processing

* Desert soil (sand):
* Low water activity,
* Lack of nutrients (C, N, P, S)
« => piomass development prevention

* Low initial TPH concentration in gw.
 Low TPH bioavailability in soils (strongly bound to soil-grains

— long term weathering?)
« => generation of biodegrading enzymes not induced...

EPS biotechnology, s.ro.



Testing

ISCO — methodology \EPoS

N o Set[z:f:r 12{32: SURF Na,S,0, Agentl Agent2
%] [ml] [m] [m] [g  [g] g
22 Blank 0.0 1000 0 0 0 0 0
23  MFR1 15 925 75 01 0.1
24  MFR 2 35 833 167 0.1 0.1
25 MFR 3 35 833 167 02 0.1
26 MFR 4 35 833 167 04 02
27  MFR 5 70 666 334 0.1 0.1
28 MFR SURF 3.5 833 167 0.5 01 0.1
29 APDS SURF 0.5 1000 0.5 5 0.1
30 APDS 1 05 1000 5 0.1
31 APDS 2 10 1000 10 0.1

EPS biotechnology, s.ro. 19 /28



Testing

ISCO — results m

Batch 24 .
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Testing

ISCO — results m

Batch 26
E- 500 45 “’3
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E 100 , & & e 25 g
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Testing

|ISCO — Results (tPH degradation kinetics) m
Batch Batch Label Coeffa T, [h] T (co) [h] T [°C]

23 MFR 1 -0.0784 124 249 21
25 MFR 3 -0.1008 97 193 21
27 MFR 5  -0.1014 96 192 21
28 MFR PAL NR*

29  APDS PAL  NR*

30 APDS 1 -0.0247 395 789 21
31 APDS 2 -0.0716 136 272 21

NR*, no results

EPS biotechnology, s.ro. 22 [ 28



Testing

ISCO — results m

TPH removal efficiency [%]
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Testing

ISCO — discussion m

» Despite the substantial salinity of the model sea water (EC =

3,4 mS/cm), no extinguishing by the present salt ions (typical
for H,O,oxidations) was observed in MFR reactions.

» Highest efficiency observed in MFR batches no. 24 and 26,
potentially capable to mineralize the present TPH in 178, or
171 hours, respectively.

* Groundwater salinity of the Umm Al-Aish aquifer is lower
(diluted by fresh gw., filtered during the formation percolation,

)

« =>GOO0OD POTENTIAL FOR IN SITU PILOT TEST

EPS biotechnology, s.ro.



Testing

EPS

Salinity — discussion

» Desalination targets the tap water quality ...

* Required desalination unit discharge is equivalent to discharge
of WW treatment plants in small-medium settlements =>

* An electrodiaysis unit RALEX® EWTU M90 equipped with
three EDR-IIl modules (MEGA a.s.) was recommended.

EPS biotechnology, s.ro.
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Conclusion:
1. Geochemical character of the gw. samples does
not allow bioremediation without pre-processing.

2. In-situ chemical oxidation of TPH is feasible
without pre-processing.

3. Desalination technology of sufficient capacity is
available (= a way of pre-processing?).
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