WJ GROUNDWATER LIMITED = QIT QATAR LLC

Groundwater control
Geotechnical instrumentation
Geothermal systems

Groundwater remediation
Pumping tests
Well drilling

Barry O’Sullivan - Projects Manager Qatar

Groundwater Control in Arid Environments.

7th November 2012




WJ GROUNDWATER LIMITED = QIT QATAR LLC

Established for 30 years in UK and in Middle East for
15 years

Construction Dewatering

Pumping Tests, Analysis & Modelling

Treatment & Remediation of Contaminated Groundwater

Instrumentation / Automated Monitoring

Geothermal Wells and TRT testing

Water Supply Wells
Qatar, Dubai, Abu Dhabi, KSA, Hong Kong, UK & Ireland
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sharing knowledge
u
building best practice

WJ Groundwater are the
authors of the industry
best practice publication
on groundwater control
design and practice

CIRIA - C515 GROUNDWATER CONTROL
- DESIGN AND PRACTICE
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Outline of the Presentation

» Active pumping techniques in Qatar
» Range of application of the dewatering techniques
» Trenching & sump pumping
» Wellpoints

» Deepwells
» Cut-offs and dewatering

» Groundwater Control Case Studies in Qatar

» Barwa Financial District
» North East Car Park
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Range of application of techniques

Vacuum _ Vacuum
necessary ' beneficial '

°1 e Wy
| ! 8 | (| i)
| A
Single stage wellpoint
| : l ||| |
51—+ > _ R NCHHL L LT
Lo | | = | ik i Hll Ve
s § | Ejectors | | | ['wo stage wellpoints il Excessive |
g 8 | | | | ||Deepwells -\ ||seepage
== || <2 | | 5 | | flows: ||
= 2 i i | cut-off or
L o FH HHE e e M er 1T
2 T | | 3 B[] | 4 ‘excavation
% § g 5 | : ' Deepwells | i ||may be
o S | L] | - ‘necessary |
8 a® | I Y
15»——* o i ——T—-Ho-~"———+-—~_-°l—“°j‘; +H+ - -ttt
| e | |
| s
. 1 HHE N
20 Lt L L S LT - | L LU
10 10 10 10 10 10

Permeability (m/s)



WJ GROUNDWATER LIMITED = QIT QATAR LLC

Trenching & sump Pumping
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Trenches and
sumps:

- Narrow

Deep enough

Free draining

Sump / well
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Typical sump pumping arrangements

1.5m diameter

45 gallon’ Diesel sump Duty and concrete manhole rings
oil drum with pump standby
10-15mm holes Steel pipe with  Submersible 100-150mm
Submersible 10-15mm slots  PuUmps uPVC landdrain
pump Power
Power
| SuPply

E‘:g-“-,’ .v 'y
5 Yool

a) Perforated b) Perforated steel pipe c¢) Concrete manhole rings
oil drum with driving point fed by French drains
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Same technique — Different out come
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Wellpoints

Duty and
standby pumps
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Deepwells
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INTERNAL DEEPWELLS

D-WALL CUT-OFF
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Summary of techniques

Sumping Wellpoints  Deepwells

Depth m Limited to 6 Unlimited

excavator (per Stag e)
depth/stability

Flow I/s 1to 50 1 1to 50

Spacing m 10 to 100 1to3 5to 150

Quality of Poor (initially) Very good Very good
discharge
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Cut offs and dewatering
Why install a cut off?

»inflows would be excessive
»there is no suitable discharge point
»the groundwater is contaminated and treatment prohibitively costly

»external drawdown may cause unacceptable impact on adjacent structures

Not all earth retaining structures form a hydraulic barrier

Hydraulic barrier Non-hydraulic barrier
* Diaphragm Walls  Contiguous Piles
e Secant Piles e Soldier Piles

« Sheet Piles  Battered Slopes
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Groundwater control and physical cut-off
wall toed into a low permeability strata

Impermeable
cut-off walls

Sump pump

L

" 'w"

Lﬂwered watér level
. inside cut-off

— Very low permeability stratum—

From CIRIA C515
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Groundwater control and physical cut-off
wall toed into strata with some isotropy

Impermeable

I cut-off walls e ——
i i / Pumped wells \

s Luwered |
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Diagram of the state of the theory
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Barwa Financial District, Westbay, Qatar
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0

Both the external and mternal
drawdown was the same ‘

Water Level (m QND)

-15
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Time (Date)
External Piezometers e Dig Level

g eters
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LIST OF COORDINATES
S/No. Easting Northing
01 223198.475 395387.042
02 223245.575 395411.887
03 223292.674 395436.732
04 223339.774 395461.578
a5 223386.872 395486.419
06 223433.972 395511.268
o7 223481.072 385536.113
08 223528.171 395560.959
Q9 223575.270 395585.804
10 223622.370 395610.649
11 223572.353 395705.466
12 223525.259 395680.623
13 223478.164 395655.780
14 223431.070 395630.938
15 223383.976 395606.095
16 223336.881 395581.253
17 223289.787 395556.410
18 223242.692 385531.567
19 223195.598 395506.725
20 223148.504 395481.882

® Monitoring Well
® Existing Deepwells

providing services involving WIGL or any other purpose expressedly agreed by WIGL in writing. You must only take copies of and disclose the drawing to the extent necessary for those purposes. In any event, this copyright notice the

© Wi Groundwater Limited(WIGL) 2006. The copyright, database rights and any other rights in this drawing belong to WIGL or its suppliers and are WIGL's confidential information. This drawing may be used solely for submitting a bid or
drawing to the extent necessary for those purposes. In any event, the copyright nottice must appear in all copies or extracts frome the drawing. Any right not expressly granted in this notice or otherwise by WIGL are reserved.
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WJ GROUNDAWATER - QIT QATAR LLC
J1763 - Northeast Carpark Project, w
Doha, Qatar - Dewatering

Reduced Dynamic Water Levels
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Sample of WJ dewatering , instrumentation and treatment
projects in Qatar
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Impermeable
cut-off walls

Sump pump
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Cut-Off: State of the Theory
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Cut-Off: State of the practice
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3.0 m QNHD (0 m bgl)
Hydraulic Fill / Made Ground (MG / HF) 0.0 m QNHD (3.0 m bgl)

Caprock (CR)
Upper Distinctly Weathered Simsima Limestone

-5.0 m QNHD (8.0 m bgl)

-10.0 m QNHD (13.0 m bgl)

Lower Distinctly Weathered Simsima Limestone
(LDWSL)

—=22.5.m QNHD (25.5 m bgl)
Partially Weathered Simsima Limestone (PWSL)

Midra Shale (MS)
Upper Rus Formation (URF)

Lower Rus Formation (LRF)

_-52.0 m QNHD (55.0 m bgl)




WJ GROUNDWATER LIMITED = QIT QATAR LLC

SPT N Value
40 60

Made Ground / Hydraulic Fill
= Silt
Caprock

Distincily Weathered
Limestone

@)
e
Z
)
E
:
|
§
D
i4




WJ GROUNDWATER LIMITED = QIT QATAR LLC

The Current Hydrogeological thinking

Pemeability (m/s)
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Figure 1: Groundwater Model

Elevation (mQNHD)
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The following permeabilities have been assumed.

Strata Permeability k/ky
(m/s)

Made Ground 5x 107 1

Cap Rock 5x10” 1

Limestone 5x10” 14

Midra Shale 2x10" 1

Rus Formation 5x 107 1
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Figure 2: Model Qutput
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