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Deep injection wells for storm water management in
Doha, Qatar
Puits d'injection profonde pour la gestion de l'eau de tempête à doha,
qatar
M. R. Jafari
CDM Smith, Doha, Qatar
F. G. Bernardeau
CDM Smith, Doha, Qatar
ABSTRACT: State of Qatar experiences low annual rainfall, intense storms, and high evaporation rates.
However, in recent years the incidents of surface water flooding and rising groundwater level have increased in
Qatar, and specifically in city of Doha. These increases are related to the ongoing and rapid urbanization taking
place across Qatar. Public Work Authority (PWA/ASHGHAL) has implemented an approach to collect and
discharge the flood water into a) positive gravity systems; b) Emergency Flooding Area (EFA) – Evaporation,
Infiltration or Storage with tinkering; and c) Discharge to deep injection wells. As part of flood prevention
scheme 21 deep injection wells are constructed to discharge the collected surface and groundwater in Doha city.
These injection wells are 400m deep and are constructed in a complex karstic subsurface condition with large
cavities. State of the art drilling, grouting, and geophysical techniques have been implemented in construction of
the wells to assure that the shallow aquifer would not be contaminated and impacted by injected water. This
paper presents design and construction process and issues associated with these injection wells. This system is
completed now and is under operation.
RÉSUMÉ: L'état du Qatar connaît de faibles précipitations annuelles, des tempêtes intenses et des taux
d'évaporation élevés. Cependant, au cours des dernières années, les inondations d’eau de surface et
l’augmentation du niveau des eaux souterraines ont augmenté au Qatar, et plus particulièrement dans la ville de
Doha. Ces augmentations sont liées à l'urbanisation rapide et en cours à travers le Qatar. L'autorité des travaux
publics (PWA / ASHGHAL) a mis en place une approche pour collecter et décharger les eaux de crue dans: a)
des systèmes à gravité positive; b) Zone d’inondation d’urgence (EFA) - Evaporation, infiltration ou stockage
avec bricolage; et c) Décharge dans les puits d'injection profonds. Dans le cadre du programme de prévention
des inondations, 21 puits d’injection en profondeur sont construits pour évacuer les eaux de surface et souterraines
collectées dans la ville de Doha. Ces puits d'injection ont une profondeur de 400 m et sont construits dans des
conditions complexes de sous-surface karstique avec de grandes cavités. Des techniques de forage, d'injection et
de géophysique à la fine pointe de la technologie ont été mises en œuvre dans la construction des puits afin de
s'assurer que l'aquifère peu profond ne serait pas contaminé et contaminé par de l'eau injectée. Cet article présente
les processus de conception et de construction et les problèmes associés à ces puits d'injection. Ce système est
terminé maintenant et est en cours de fonctionnement.
Keywords: deep injection well, emergency flood area, flood prevention scheme, geophysical tests, pumping and
injection tests, Qatar geology
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i.

Discharge into downstream positive
gravity systems.
ii. Emergency Flooding Area (EFA/pond) –
Evaporation, Infiltration or Storage with
tinkering.
iii. Discharge to deep injection wells under
gravity.
The disposal of storm water and shallow
groundwater using deep injection wells may have
both positive and negative impacts on the
environment. On the positive side, it is environmentally attractive because:
i.
Storm water runoff is permanently
removed from the biosphere, when the
technology is properly applied. Successful deep injection well systems do not
adversely impact the environment or
human health.
ii.
Injection well systems have a minimal
surface footprint and once constructed do
not significantly impact local environments.
iii.
Deep injection wells are not aesthetically
objectionable. Deep injection wells are
not visually intrusive, do not generate
noise, and do not have odor or dust
issues.
On the negative side, migration of the injected
water out of the injection zone could adversely
impact groundwater resources and other groundwater users. Another potential issue could be the
effects of the storm water interacting with the
formation in the injection zone that may, on the
long run, result in a level of dissolution of the
formation’s minerals affecting well integrity.

1 INTRODUCTION
In recent years the incidents of surface water
flooding and rising groundwater level have
increased in Qatar, and specifically more so in
capital city of Doha. These increases are related
to the ongoing and rapid urbanization taking
place across Qatar (see Figure 1).
All reported flooding incidents are reported to
and continuously monitored by the Public Work
Authority (ASHGHAL) Operation and Maintenance (O&M) Department. The ASHGHAL
O&M Department developed a database that is
continually updated to incorporate all incoming
reported flooding complaints – each of which is
given a unique identifier Flooding Hotspot
reference. Current number of hotspots in the
database reached to 863.

Figure 1. Flash flood in capital city of Doha

The design philosophy has been prepared to set
the overall context for the program of works then
to explore the technical issues and finally to
support the final flooding hotspots mitigation
recommendations. Technical solutions considered:
1) The existence of high ground water that will
affect the design solution;
2) The type of system discharge outlet employed in the final design and whether it is a
recommended temporary or permanent
design solution. Examples of system discharge outlets include:
ECSMGE-2019 – Proceedings

2 PROJECT DESCRIPTION
2.1 Flood Prevention Scheme (FPS) –
network details
During stage of FPS program, it was discovered
that some of the drainage networks could not be
connected to existing positive (gravity) system
due to the lack of such system or risk of over2
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loading downstream networks and creating
flooding elsewhere. The optimal interim drainage
solution for these areas is to discharge into the
deep injection wells. These wells were identified
in Al Wakrah, Al Khor and across Doha in
Meibaireek, Muaither South, Nuaija, Al Duhail
South and Al Dayeen. A typical layout of such
network is presented in the Figure 2.

Figure 3. Overview of the Project Sites in Doha City

Based on drainage design models established
for the FPS projects and the findings of the Drainage Master Plan Study it is estimated that for the
great majority of time in any given year a surficial
groundwater will be discharged into the deep injection wells with a small duration of storm runoff (up to 48hr discharge). It means that for
99.5% of time and more than 95% of total flow
volume will come from the surficial groundwater
and only 0.5% of the time from surface runoff.
Due to the fast track nature of the entire FPS
program and non-existence of the networks, it
will not be possible to establish credible flow volumes from the catchments to the deep injection
wells. Preliminary assumptions for expected average and peak injection volumes are 4500
m3/day and 9500 m3/day, respectively and will
need to be verified after the first 12 months of the
operation of the injection wells. Each deep injection well is fitted with an electromagnetic flowmeter which will record injected volumes versus
time.

Figure 2. Flood Prevention Scheme project in
Meibaireek, Doha

2.2 Project locations
As part of the FPS, a total of 21 deep injection
wells, 14 shallow and 12 deep monitoring wells
were implemented in 12 sites in different urban
areas of Qatar.
The drainage network connections to the injection wells were implementation only for 10 sites
(Site 1, 2, 3, 4, 5, 8, 9, 10, 12, 14) at the current
program phase. Drainage systems will be installed in the remaining sites (Site 6, 7, 11) at a
later stage.

2.3 Flow assessment
Injection wells will be used to discharge surficial
groundwater from networks of perforated pipes
throughout the year and rainfall events during the
rainy season.

IGS

2.4 Deep-well injection of storm water and
shallow groundwater
Injection wells are used throughout the world for
water and wastes disposal. Injection wells, as
broadly defined, range from shallow cesspits and
3
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Table 1. Geological Sequence of the Qatar Peninsula
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dry wells to deep wells that may be completed
over 1,000 m below ground surface. Deep
injection wells, such as those constructed in past
around the City of Doha, inject excess water into
confined aquifers with the intention of permanently isolate it from the surface biosphere.
A properly designed and functioning deep
injection well system will discharge collected
groundwater and storm surface runoff into a
permeable zone that is separated from overlying
aquifers and surface environments by essentially
impermeable confining unit. The injection zones
for deep injection well systems typically contain
saline water that is not being used for water
supply. The groundwater in the deep storage
zones have stagnant or very slow groundwater
movement and long retention times. Injection
wells are widely used and have been intensely
scrutinized in the United States.
The United States Environmental Protection
Agency (USEPA) concluded that underground
injection reduces human exposure to organic and
inorganic chemicals, and heavy metals by removing them from the environment. However, while
deep well injection is not inherently dangerous,
and can contribute to the protection of human
health and the environment, it will only be safe if
properly done. The critical technical issue is the
effectiveness of the confining strata above the injection zone to prevent upwards migration of the
injected fluids into overlying aquifers.

The shallow aquifer consists of limestone,
dolomite, gypsum, and anhydrite, which are part
of the Lower to Middle Eocene-aged Dammam
Formation. The upper part of the Dammam
Formation at the injection well sites consists
predominantly of limestones and dolomitic limestones.
The lower part of the Dammam Formation is
more lithologically diverse and contains interbedded limestones, silty limestones, gypsum,
dolomitic limestone, and chert. The Dammam
Formation strata encountered at most of the deep
injection well sites appear to belong (from top
down) to the Umm Bab Member (aka. Simsima
Member), Durkham Member, and Midra Shale
Member.
The Rus Formation consists of a series of
gypsum beds, one to six meters thick, that are
separated by interbedded dolomitic beds with
varying limestone (calcite) and clay contents.
The presence of beds of evaporite minerals

3 GENERAL GEOLOGY AND
HYDROGEOLOGY
3.1 General geology
Information on the geology and hydrogeology of
the thirteen (13) injection well sites was obtained
based on existing drilling and literature. The sequence of the geology in the Qatar Peninsula can
be summarized as in Table 1.

ECSMGE-2019 – Proceedings

4

IGS

Deep injection wells for storm water management in Doha, Qatar

(gypsum with minor anhydrite) can be readily
detected in geophysical logs. This gypsum unit
separates the shallow aquifer from the deeper
injection zone. Depending upon its hydraulic
properties, the gypsum unit may be a confining or
semi-confining (very low to low permeability)
unit between the injection zone and shallow
aquifer.

information was gathered by the field crew at
each location, including:
1) The existence of high ground water that will
affect the design solution;
2) Cuttings to be analyzed for geological
patterns assessment (Figure 4);
3) Drilling rates that provided information
about the nature of each layer;
4) Water strike, salinity variations with depth;
and
5) Other parameters such as water level
variations in the well.
Figure 5 presents core sample taken at 80.0
meter below ground surface. This sample indicated that there is a suitable formation which
could provide isolation between the shallow and
deep aquifers and act as an aquitard.

3.2 Hydrological assessment
To understand the hydrogeological units at the
various sites, the groundwater level in each deep
injection well of each site were assessed. The results indicated that at most sites where flood water management is required there is a difference
of one (1) meters to twenty-three (23) meters between shallow ground water levels in monitoring
wells and the those measured in injection wells in
deep aquifer. This head difference indicates that
a separating or confining layer is present between
the aquifers at these locations.
In order to determinate the natural site conditions and evaluate eventual environmental concerns, a series of site investigations will be performed during the well construction activities and
after the beginning of the injection operations.
The following sections will discuss the method,
the nature and the modality of the test usually are
involved development of deep well injection projects.

4.2 Geophysical logging
The geophysical logging is always run before the
casing installation in order to have a detailed site
stratigraphy. During the exploratory drilling
activities, general contractor carried out a suite of
geophysical logs to sufficiently characterize the
suitability of the project site subsurface geology
for the intended use. The interpretation of the data
was carried out in the context of extensive detailed geophysical and hydrogeological investigations carried out by general contractor
throughout the Greater Doha area.

4 FIELD INVESTIGATIONS
One of the major issues related to the project,
involve the evaluation of the gypsum unit, or
more generally the upper confining layer, which
has to prevent vertical migration of the injected
water.

4.1 Field data (drilling cctivities)
A first evaluation of the underground lithology
was carried out during the drilling and the well
construction activities. Various invaluable
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Figure 4. Flood Prevention Scheme project in
Meibaireek, Doha
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Figure 6. Caliper and E-Log for well S8-IW-1B (0 to 116
m depth)

Figure 5. Chert Core Sample from 77.95m bgl

4.4 Caliper and CCTV camera logging

4.3 E-Log (Gama ray and resistivity)

The downhole caliper was performed to obtain a
single continuous log of borehole diameter.
The caliper log is also useful for the identification of anomalies, breaks and discontinuities in the formation.
In addition to the above geophysical logging
method a CCTV camera logging was also performed downhole to provide visual inputs and
confirm the data acquired with other surveys.

The E-log measures both natural gamma and
resistivity. The natural gamma log is a good
indicator of the presence of shale or other
lithologies that are enriched in minerals and that
are natural gamma ray emitters.
The amount of gamma emission in shale
formations is proportional to the high natural
radioactivity content of radioisotopes such as
potassium-40, thorium-232, and uranium-238,
which become concentrated in clays and shales
by adsorption, precipitation, and ion exchange
but may also occur in other rocks, including
dolomite.
Resistivity logs measure the degree to which a
formation resists the flow of electric current.
An example of the results obtained from E-log
acquisition in most sites is shown in Figure 6. The
resistivity plot reveals the presence of layers with
low water content. High peaks of resistivity
observed between approximately 37 to 59 m
below ground level, which correlate to the presence of low permeability rock layers inferred to
be gypsum.
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5 INJECTION WELL SYSTEM
5.1 Injection well construction
An Environmental Permit was issued by Ministry
of Municipality and Environment (MME). And
Qatar General Electricity and Water Corporation
(Kharamaa) for construction of the injection
wells.
This permit included the requirement to extend
casing of the deep injection and monitoring wells
to not less than 120m or 160m below ground level
(bgl), depending upon the site and presence of
any foul network in the area. In the absence of
proper foul network, the well casing was extended to 160m bgl.
6
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Recharge wells are generally completed with
mild steel casing installed to the required depth,
cemented in place and then extended to 400m bgl
to be left as open hole below casing. Factually,
the open hole completion has been proven to
maximize injection capacity while remaining a
cost-efficient design. Figure 7 presents the
various stages of well construction.

Figure 8. Plan (top) and Section (below) of Typical
Injection Site

Figure 9 presents the wellhead assembly
installed within the manholes. The EFA pond
and the completed three manholes are shown in
Figure 10.

6 PUMING AND INJECTION TESTS
As part of deep injection well construction and
operation hydraulic testing including pumping
and injection tests were performed. The main objectives of hydraulic testing are summarized as:
1) Determine hydraulic properties (transmissivity, storage coefficient) of deep Umm Er
Radhuma formation;
2) Insure proper confinement of injection zone
(i.e. no communication between shallow
and deep aquifers);
3) Determine the specific injectability of the
well.
Results of pumping tests indicated that most
sites displayed medium to high level of lateral
interconnectivity which is a testimony of the
importance of secondary and tertiary permeability within the tested aquifers. Although the
shape of time-drawdown curves for the tests do
not show large effect of dual porosity, permeability values calculated categorize the tested
system as fractures karstic limestone aquifer with

Figure 7. Injection Well Completion – Stages 1 to 3

5.2 Wellhead assembly configuration
Figure 8 presents the general configuration of
injection system. On this configuration the collected storm water and groundwater form the
network will enter into a split flow manhole. In
dry season when the flow rate is too low the
collected water will enter directly into the
injection well via wellhead assembly. However,
during rain and high flow rate into network, the
collected storm and groundwater in the network
will flow into the lagoon/EFA (Emergency
Flooding Area) and then into the injection wells
via the wellhead assembly. The wellhead assembly will be installed in three manholes.
IGS
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versus 10-4m/s, extracted from pumping tests.
Figure 11 presents the maximum expected
injection rate under gravity at different site.

hydraulic conductivity values ranging from
3.12×10-6 to 9.47×10-4m/s.

Figure 11. Extrapolation of injection test results for
maximum injection rate under gravity at various sites

Figure 9. Constructed Manholes and Wellhead Assembly

7 CONCLUSION
As part of flood prevention scheme project to
control surface and groundwater table, 21 deep
injection wells of 400m deep were constructed in
Doha, Qatar. These injection wells collects the
surface storm water and the ground-water and
discharge it to the injection wells under gravity.
This wells are fully functional.

Completed
wellhead assembly
EFA Pond
Figure 10. General View of EFA Pond with Completed
Manholes for Wellhead Assembly

The results of injection tests illustrate heterogeneity and complexity of a karstic aquifer such
as the UER aquifer. With water level rising over
10 meters, FPS10 seems to be less prone to
receive the anticipated volume of recharge water
than the other sites such as FPS09 where under
similar injection rate increased by 1.6 m. This
observation is indeed controlled by the permeabilities, respectively in the range of 10-5m/s
ECSMGE-2019 – Proceedings
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