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SECTION 1
INTRODUCTION |

Backgqround

A report on an investigation into the rising water levels beneath
Doha was presented in May 1983 by ASCO’s in collaboration with
the Institute of Hydrology to the Ministry of Electricity and

Water. The Report included maps of the depth to water and water
table elevation for February 1983 based on data obtained from 180
boreholes. A mathematical model of the Upper Damman aquifer was

developed to infer recharge and flow from the aquifer system.

Only a limited appraisal of the rate of water level change could
be undertaken in 1983 as only 22 sites had monitoring data for
one year or more, However, since then, water levels have been
monitored regularly in a network of about 110 boreholes.

Al the request of the Ministry of Public Works, Drainage
Oivision, an update of the original study has been implemented,
utilising the new water level data to examine the present
recharge situation using the existing model, and a reassessment

for the Water balance for the year 1988,

Methodology

Overall approaph

To provide the basic data for the water balance the update has
been sub divided into two parts, the angineering study discussed
later in this section, which attempts to quantify the engineering
inputs and outputs to the system, and an update of the existing
model utilising new water level data.

The results from the engineering water balance and the new water
level data were brought together to ascertain the accuracy of the
1983 model and to recalibrate the original model in view of the
new data,



Engineering Water balance

As part of the overall approach the engineering components of the
water balance for the Study Area were assessed to identify both
recharge and outflow to and from the area. In doing so the Study
Area was sub-divided into suitable districts or zones where the
recharge and outflow could be accurately estimated, thus
differentiating between areas of high and low intensities of net
recharge, For this purpose the zones used for the Central
Statistical Organisation 1986 Census with the same reference
numhers (1 to 69) were utilised. In each zone an assessment of
the components of the engineering water badlance were made as
follows:- :

a) Recharge

1. From potable water ~ system losses, storage and
conveyance systems.

2. From sewage system losses, septic tanks outflow and
treated sewage system losses.

3.' From irrigation of farms, gardening, landscaping and
treated sewage effluent irrigation.

4. From rainfall
b) Qutflow
1. By the storm water drain
2. By groundwater flow to the sea and across the study

area boundary.

3. By infiltration into the sewage network.
4, By evaporation and abstraction of groundwater.

To assess the above required the collection of data for some of
the components and computation for others.

The overall engineering water balance was achieved by a system
analysis procedure. The logic of this system is shown in Fig.
GE1 from which it will be noted that the prime requisite was an
accurate evaluation of water consumption at each water
distribution stage together with number of consumers
{populaticn). These two parameters provide the basis for the
engineering water balance.

Before describing the methodology adopted in assessing these
parameters it should be noted that the output from the computer
model, with regard to groundwater flow to the sea and across the
study area  boundary, were used in the water balance
computations. Thus the computer model formed an integral part of
the system analysis.



Assessment of consumption and population was initiated by
dividing the study area into zones (QARS Zones) enabling a
detailed inspection of the water cycle inside each zone. the
choice of QARS Zone basic layout enabled us to compare the
results of our assessment with those collected during the land
use survey -with the added advantage of being similar to the
groundwater model grid. In each zone all available information
regarding housing type and special consumers was collected to
enable an assessment of water consumption to be made. the
analysis proceeded by projecting the number of properties in each
zone to the vyear of the study (1988). The properties were then
divided into four major categories, as follows:-

a) Arab Type houses

b) Flats

¢) Villas

d) Large Villas and Palaces

The maximum and minimum rates of occupancy and water consumption
in each type of property were then assessed.

In addition to the above the consumption in schocls, hotels,
restaurants, workshops, offices etc., were calculated separately
for each zone. This assessment 1is described in detail in
Appendix "F".

At this stage it was possiblé to calibrate the accuracy of this
approach with the predictions made by other departments and, and
also, by comparing the total consumption in the Study Area with
the total volume of water actually supplied in 1988. This latter
comparison proved to be most effective as the production in 1988
was lower than the water vrequirements and hence the produced
water was supplied and consumed.

Comparison of our computed figures for population with those
published (e.g. 1986 Census) show close corréspondence indicating
that the average occupancy rates provided a suitable basis for
establishing a relationship between housing and population which
was required to assess water consumption. Losses and wastes were
then assessed in each water—-carrying structure and conveyance
systems.

Having computed these parameters it was then possible to assess
the remaining terms of the water balance with some confidence
(See Section P _and Appendix F).

The engineering water balance equation produced a residual equal
to the change in aquifer storage.
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SECTION 2

WATER BALANCE

INTROGUCT LON

The water balance of any hydrologic system is, 1in 1its simplest
form, .

I+R+0zt S =0

Where 1 = inflow, R
storage

recharge, 0 = ocutflow and S = change in

In the case  of the opresent study there is a complex
inter-relationship between the various components of the water
balance, 1llustrated 1in seqguential form in Fig. GE1 (refer to
Section 1.3). a qualitative estimate of the annual rise in water
table, as a direct consequence of percolation losses from the
water distribution, sewerage and irrigation systems as a
proportion of net inflow, subsequently reduced by outflow from
the " aquifer, 1is the independent variable to be evaluated. . This
is equivalent to the aquifer change in storage over a defined
time period (1t year} and transformed into head by the
hydrogeological properties of the aquifer. The overall balance
for the study area may be therefore evaluated in the following
terms:

where I = inflow, T = transfer, and 0 = outflow, and the change
in aquifer storage S may therefore be evaluated as:

khere C = a Coefficient and CI = Recharge (R)

In an expanded and rearranged form equations (2 and 3) may also
be rewritten as.

(I1+I2+I3+Ia+I5+I6)=(T1+T2+T3 )+(01+02+03+0
4+05+0s+07) + S
and

S = )
(R1+R2+R3+R4+R5 )—(01+02+03+04+05+06+07 )

where

I = Distillate from distillation plants
Is = Groundwater from study area wells
14 = Returned treated sewage effluent

Is = Other imported water

ls = Rainfall

Ty = Export of potable water

T2 = Sewage system outflow

T3 = Evapo-transpiration
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Distribution system losses
Sewage system losses
Irrigation return

TSE system losses

Recharge from rainfall

Drainage of groundwater to sewage system
Abstraction for blending

Groundwater outflow inland

Seepage to sea

Groundwater evaporation

Storm water drainage

Farm irrigation abstraction

EVALUATION OF PARAMETERS

2.2.1

Inflow (1)

2.2.11

2.2.1.2

2.2.1.3

. Distillate from Distillation Plants (I1)

The total water production from distillation
plants delivered to the Study Area in 1988
was 77.144 Mm3. This 1is the sum of
metered production delivered to O0Doha from
both Ras Abu Abbud and Ras Abu Fontas
plants, details of which are given 1in
Appendix A.

Groundwater from external well-fields (Iz)

Groundwater 1is no longer abstracted from
wells fields in north-central Qatar.

Groundwater from Study Area Wells (Iz)

Within the Study Area groundwater 1is
abstracted from the aguifer for blending
with distilled water in addition to
groundwater imported from other well field
(I2). In 1988 a total of 2.032 Mm3 was
abstracted from wells sited at each
reservoir. This figure was obtained from
Water Department records, details of which
are given in Appendix A.



2.2.1.5

2.2.1.6

Within the Rayyan area and in isolated
locations elsewhere in the Study Area there

~are 52 small farms of total aggregate

demarcated area of 357 ha. The indicated
area under actual irrigation amounts to
173.2 ha ar 172% of the total area and the
total groundwater abstracted at these sites
amounted to 4.143 Mm3® 1n 1986/87. These
data are derived from a survey undertaken by
the Oepartment of Agricultural and Water
Research and  Appendix "D provides a

~detailed list of each farm, size and

groundwater abstraction rates. This is in
addition to other well abstraction other
than for Farming with amounted to
0.667 Mm3 in 1988 (refer to Appendix "D").

Return treated sewage effluent (I4)

A proportion of the total sewage effluent
from Doha is treated at the Al Naeejah
sewage treatment works and returned to Doha
where it is used exclusively for the
irrigation of  public parks, roundabouts and
roadside trees within the Study Area. 1In
1988 the total treated effluent returned to
Doha amounted to 5.0 Mm3, as determined by
the Sewage Section of the Engilneering

Services Department (See Appendix E). '

Other Imported Water (Is)

In recent vyears the habit of drinking
bottled water rather than tap water has
increased. In 1988, an average of 2,280
cases/day, equivalent to 0.015 Mm3yr-1
was sold by wholesalers in Doha.

Rainfall (Is)

There are six rain gauges within or adjacent
to the Study Area and during 1988 a total of
15 rainfall ‘“events” occurred ({A rainfall
event 1s defined as rainfall for any period
from less than one hour to a number of
consecutive days). Table C.2 (Appendix C)
lists the actual data (provided by the
Department of  Agricultural and |\Water
Research) together with calculated total
volume of rainfall for the nine storm
events, These data are calculated from
separate 1isohyet map 1lots shown in Maps R1
to R9 (Appendix "C"). The total rainfall
over the Study Area 1in -1988 amounted to
44.43 Mm3, equivalent to a mean depth of
153 mm.

From a probability study of annual rainfall
data from Doha Ailrport (FAQ, 1982) this
total 1is seen to have been nearly twice the
normal  average rainfall with a average
return period of 17 years. ‘



L2.2

Transfer (V)

2.2.2.1

2.2.2.2

Export of Potable Water (Ty)

A proportion of the potable water supply to
the Study Area (T1) is exported to
consumers 1in outlying districts by tanker
which amounted to 9.915 Mm3 in 1988,

Sewerage system Outflow (Tz)

In 1988 flow entering the sewage treatment
works at Al-Naeejah amounted to 26.346 Mm3
{(CED data). This flow 1s well in excess of
that which would normally be generated by
the sewered population and a certain
proportion must therefore be derived from
groundwater and other sources within the
drainage area. To0 determine this proportion
an estimate of sewage generation based on
population and potable water supply

'distribution was therefore undertaken.

From data derived from a number of sources
(Ministry of Municipal  Affairs, Civil
Engineering Dept., and aerial photographs) a
detailed analysis based on QARS zones, house
types and average occupancy rates was made.
This resulted in the finding that properties
of 4 different house types and special
consumers generated a total sewerage flow of
17.454 Mm3 in 1988 (See Appendix B). The
balance of 8.879  Mm3 is  therefore
considered to be drainage from the aquifer.
[See para 2.2.4.1 (C1)].

At the same time the proportion of the
population not connected to the sewage
system and discharging directly to septic
tanks is estimated to have generated a total
of 6.283 Mm3. [See para 2.2.3.2 (Rz2)
below]. The total sewage cutflow from the,
Study Area 1is therefore calculated to be
23.828 Mm3 or 80% of the total domestic
water consumption of 29.703 Mm® in 1988
(Table A.8, Appendix A). it has been
assumed that this difference may be
accounted for by losses, and the remainder
not reaching the sewerage system having been
lost to evaporation from car-washing,
¢leaning floors, outside walls, driveways,
pavements and human perspiration.
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2.2.2.3

Evapo-transpiration (T3)

The annual potential evapo-transpiration
rate for the climate of the Study Area is of
the order of 1800 mm (FAQO, 1981) which
represent.s an approximate upper limit to
evapo-transpiration from vegetated surfaces.
Actual evapcration and evapo-transpiration
can only be deduced by difference with other
derived or measured parameters into which
residual errors may o©r may not e
accumulated. The estimated evaporation and
evapo-transpiration loss may be summarised
as follows:-

a) Evaporation from ponding, wet
soil, and interception
following rainfall 40.19 Mm3

b} Evaporation of potable water
from domestic activities 4,20 Mmd

¢} Evapo-transpiration of potable
and TSE water from irrigated
gardens, landscaped areas and
farms (1300 ha.} 22.87 Mm3

67.265 Mm3

Evaporation 1is equivalent to a mean depth of
137 mm following rainfall of 153 mm and
evapo-transpiration is equivalent to a mean
depth of 1728 mm from 1300 ha. of vegetated
area.

Recharge (R)

2.2.3.1

Potable Water Distribution System Losses
(R1)

Total potable water used in the Study Area
1s made up of distilled water from the
distillation/power plants at Ras Abu Fontas
and Ras Abu Abbud and wells at the service
reservoirs for blending and a minor guantity
of bottled water, less an amount exported by
pipeline or tanker to areas outside the
Study Area. The total quantity of potable
water supplied to the Study Area throughout
1988 amounted to 69.276 Mm3 made up as
follows:-



TABLE 2.1

POTABLE WATER SUPPLIED TO STUDY AREA IN 1988

Total Average Paak
Source Mm? /Year m3 /Day m3 /day
Frem Distillation
Plants to Doha {I1) 17.144 211,352
From Blending Boreholes
(I3) 2.032 5,566
Bottled Water imported :
(Is) : 0.015 41
Total Production 79.190 216,960 237,669
(May)
Less guantity supplied .
outside Study Area (Ti) 9.915 27,163 31,237%
Total potable Supply
to Study Area 69.276 189,797 206,432

* Assumed 15% above average rate.

No information 1is available of the quantity
of water actually supplied to clearly
defined individual districts in the Study
Area during 1988. In order to assess the
proportion of the total production used in
different localities, use was therefore made
of estimates of water requirements contained
in the Doha Water Loss Control Report (198§)
prepared by ASCO. In this Report, estimates
are given for consumption requirements for
various property types.

The study area has been sub divided into
districts as adopted for the 1986 Census
(QARS Zones). The location and extent of
each of these zones is shown on Maps M2, M3,
in Appendix "F”.

The estimates in the Report were based on a
survey of dwellings carried out in 1982/83
in selected QARS Zones. Appropriate rates
of water consumption were adopted both for
domestic and garden watering purposes for
each type of dwelling, and allowances were
also made for special consumers and losses
in each area,



To obtain comparable figures applicable for
1988, the number of dwellings in each area
was reviewed  and adjustments made to take
into account recent development and new
housing constructed to  accommodate ‘the
increased population in the area. These
were considered in  six  components as
follows:-

1) Average daily consumption in each zone,
taken at 0.87 of peak domestic
consumption derived from data provided by
sample metering of different types of
property, leak detection surveys and
assessments made in the Master Plan (See
Table A.1, Appendix A).

2) Commercial users such as shops,
workshops, offices, schools and other
miscellaneous consumers but excluding
-garden watering. Here too a factor of
0.87 times peak consumption figures with
an added 10% allowance for losses was
assumed based on sample meterings of
different types of consumer (Table A.8
Appendix A).

3) Special consumers, individual hotels
large palaces, government guest house,
hospitals, army barracks, stadiums and
race course, markets, slaughterhouses,
the airport and training institutions
based on sample meterings of 14 of this
type of consumer. In each case the area
of garden was also surveyed and the total
consumption derived between domestic and
irrigation consumption. (Table A.5,
Appendix A).

4) Losses by leakage from 5 R.C. reservoirs
determined from a test of the West Bay
Reservoir and careful inspection of the
remainder. (Table A.6, Appendix A).

5) Losses from three tanker filling stations
assessed from the number of tanker
fillings per day at each station based on
data given in Water Department Report No.
2 - Utilisation of Water Tanker Filling
Stations (Table A.7, Appendix "A"}.

6) Losses from the distribution system
assessed as a residual after account for
all consumption but supported by data
from the Leak Detection Pilot Schemes in
six sample areas of the Study Area as a
separate project undertaken by ASCO (See.
5 (h) Appendix A).



The deduced <total quantity of potable water
required in each of the QARS Zones as
described above amounted to 180,734 md/day
which is c¢lose to the average quantity
actually supplied during 1988, estimated to
be 189,797 m3/day, thus confirming the
validity of the approach. A small
adjustment (4.8%) has therefore been made to
each QARS Zone figure to bring the total to
an exact balance. The probable consumption
of potable water 1in 1938 may be summarised
as follows:-

TABLE 2.2

CONSUMPTION OF POTABLE WATER

1)

2)

3)

The domestic and commercial

consumption incl. bottled water

29.709 Mm3 (43%)

Total gardening water

- Private
- fandscaping

17.197 Mmd
9.231 Mm3 (38%)

Total distribution system
losses {Reservoirs, TF§,

pipe system)

Total Potable Supply = 69.076 Mm® (100%)

The proportion of potable water supplied and which is
likely to be 1lost to the system and re-charge
groundwater beneath Doha will vary depending on the
way it 1s wused, and for the purpose of this section
{(which excludes gardening) the following percentages
have been used:- (See Section 1.3 Methodology)

Domestic use 2%
Use 1in shops, offices, etc. 5%
Losses from Reservoirs 90%
Losses from Tanker Filling Stations  60%
Losses from Underground Pipelines 95%

On the basis of the above percentages the total
recharge derived from potable water sources under 1988
rates of supply 1is estimated to be 10,382 Mm3
summarised in the following Table. '



TABLE 2.3

RECHARGE FROM POTABLE WATER DISTRIBUTION SYSTEM
(EXCLUDING GARDENING)

1988
Recharge in 1988

Source Mm3
Domestic Use ¢.594
{osses - Reservoirs 0.035
T.F.S. 0.280

pistribution ‘ 9.473

Total 10,382

2.2.3.2 Sewerage System Losses (Rz2)

Losses from the sewerage system are composed
of direct leakage and from septic tanks, all
of which is considered to be recharge. For
the purposes of this study it has been
assumed that 1% of the total sewage outflow
is lost to leakage at service Jjoints at
levels above the groundwater table. - (Refer
to Appendix "B").

On this basis the total leakage would amount
to 174,543 m3/yr.

All outflow from septic tanks is assumed to
recharge  groundwater, As a result of
detailed estimates of sewage outflow, of
property but sub~divided into  those
receiving mains supply (either connected or
unconnected to the sewerage system), those
outside designated sewerage drainage areas
and those served by tanker. Table 2.4
summarises these findings.



TABLE 2.4

RECHARGE FROM SEWERAGE SYSTEM-

1988
Source Mm3
1) Losses from sewerage system , 0.175
2) Septic tanks on mains supply ‘ 4,283
3) Septic tanks supplied by tanker 2.000
Total 6.457
2.2.3.3 Irrigation Return (Ra)

Irrigation 1in the Study Area is practised
throughout the vyear on all private gardens,
municipal landscaped areas, public parks and
on all farms, except for brief periods

" following upon rainfall.

In general 1irrigation efficiency is low and
there 1s evidence that irrigation water
(from both .potable and TSE sources) applied
to private and municipal gardens is well in
excess of evapotranspiration demand. In
assessing the volume of percolation loss or
irrigation return, estimates were made on
the basis of a sub-division by source or
combination of sources, being (a) private
garden irrigation from the potable supply,
(b) municipal garden irrigation by potable
water, treated sewage effluent, and
groundwater and (c) farm irrigation from
groundwater and treated sewage effluent.



a)

b)

Private Gardens

The average daily requirement of potable
water was  taken as 0.8/ of peak
requirements, but with the addition of
66% of the net amount to allow for water
actually used in excess of
evapotranspiration needs. 1his figure 1is
based on the difference between sample
leak detection surveys of blocks of flats
without gardens and wvillas with gardens
together with evapotranspiration data.
By this approach it was calculated that
21.502 Mm® or 3t%x of the total potable
supply was used for private garden
irrigation. Of this total it is deduced
that 45% was transmitted to the aquifer
by percolation, giving a total of 9.67¢
Mm3 in 1983 (See Appendix A}.

Municipal Gardens

Irrigation of municipal parks, landscaped
areas surrounding public and government
buildings, roundabouts, afforestation and
avenues of trees on major roads is
undertaken by reticulated and mobile
(tanker) systems using both potable water
and treated sewage effiluent and by
groundwater pumped on site. The total
area of public parks and landscaped areas
irrigated by potable water in 1988
amounted to 123.983 hectares to which an
observed average irrigation rate of 16
m3 d-! was applied (Appendix A}.

Evapotranspiration demand for these areas
is estimated to be of the order of 1100
mn yr-' and recharge 1s calculated to
have amounted to 3.830 Mm* yr-!' in
1988, freated sewage water is applied
for irrigation at - Muntaza Park (8
hectares) traffic roundabouts and public

landscaped areas (32.86 hectares}),
avenues (22,000 trees) and farms (68.1
hectares). The total amount of treated

sewage effluent applied amounted to 3.60
Mm3 with an additional 0.40 Mm3
utilised in smaller unaccounted ways
throughout the Study Area. Recharge from
this source 1s calculated to be 3.13
Mm3  yr-?, A number of traffic
roundabouts, landscaped areas and palace
gardens  are irrigated by groundwater
pumped on site. Recharge from these
areas 1s calculated to have amounted to
0.442 Mm3 in 1984, : .



¢) Farm Irrigation

There are 52

active

rate of 1700 mm for

alfalfa and date palms,
area under actual

ha. Average

to 1.1687 Mm3.

amount of treated
utilised for irrigation
and return percolation

is estimated to be 0.160 Mm3.

The following table summarises the total

irrigation return flow from different

sources.

TABLE 2.5

the
irrigation
irrigation
estimated from FAD data
irrigation return

farms within
Study Area where pumped wells abstracted
a total of 4.143 Mm3 in 1986/487.
an  assumed average = evapotranspiration
the irrigation of
indicated

is

efficiency
to be 77% and
would therefore amount

In addition,

RECHARGE FROM IRRIGATION (Mm3 yr-t)

sewage effluent
on a few farms
from this source

Potable Water

T.8.E. Groundwater

1) Private Gardens 7.738 - -
2} Municipal Gardens 4,154 3.13 0.442
3) Farms - 0.16 1.167

11.89 3.29 1.609

Total recharge from irrigation

2.2.3.4 Treated Sewagqe Effluent Distribution System

Losses (Rs)

The treated sewage effluent distribution
system consists of four concrete towers and
rising mains and irrigation mains of 300 mm
ductile 1iron pipe.
Appendix E). An estimate of 15 - 20% loss
from the system was adopted.
‘assumed that 95% of this loss would recharge
groundwater and which amounted to 0.95 Mm3

in 1983,

{(See Map TSE

It was further




Rainfall Recharge (Rs)

In 1988 there were 15 rainfall events
covering or partially covering the study
area with above average totals. The annual
total recorded at Doha Airport showed a
recurrence interval of 17.5 vears and tha
storm of 16 - 17 February to have one of 15

years. The vyear under study may therefore
be considered to have been one of "high
rainfall”. O0f the 15 storm events nine

precipitated amounts of less than 5 mm a day
and are considered to have been
insignificant in terms of recharge. Table
C.2 Appendix "C" shows data from rain gauges
located within or adjacent to the Study
Area.

' Recharge from rainfall within the Study Area

evidently takes place but in terms of other
components of the water balance its effect
in normal vyears 1s however a minor cne,
Drawing upon the detailed observations of
rainfall and recharge in the desert areas of
Qatar carried out by FAO (1981), and taking
into account the characteristics of
urbanisation of between a fifth and a
quarter of the study area, estimates of
recharge have been based upon the following
percentages of rainfall,; '

Open desert areas (238 km*) = 10%
Built up areas incl. gardens (54 km®) = 7.5%

giving a weighted mean recharge percentage
of 9.54%. “(For a detailed discussion see
Appendix "C"). The total recharge over the
Study Area .in 1988 1s calculated to have
been 4.239 Mm3 equivalent +to a mean depth
of 13.61 mm. Table 2.6 summaries these

. data.



TABLE 2.6

.RECHARGE FROM RAINFALL

Recharge
Total Rainfall Built-up Open-Uesert Total
Date Mm3 (22%) (78%) Mm3 . mm
of Total of Total
Area Area
1472 3.22 0.07 0.24 0.31 0.99
16-17/2 14.89 0.31 1.11 1.42  4.55
21/2 7.03 0.15 0.52 0.67 2.15
22/2 7.49 0.16 0.56 0.72 2.3
24/2 9.49 0.20 0.71 0.91 2.90
24/4 2.3 (.05 0.17 0.22 0.1
Totals 44,43 0.94 3.3 4.25 13.861

2.2.4

Qutflow (Q)

2.2.4.1

2.2.4.2

Drainage of Groundwater to the Sewerage
System {01)

The proportion of sewage to drainage water
discharged to the treatment works at Al
Naijah 1s discussed in para 2.2.2.2
[Sewerage System OQutflow (L2)]. This was
deduced to be 8.879 Mm® in 1988 or 34% of
the total flow.

Abstraction for Blending (0z)

A limited quantity of groundwater from the
aquifer within the Study Area is abstracted
for blending with distillate and external
groundwater. In 1988 this amounted to a
total of 2.032 Mm?,



2.2.4.4

2.2.4.5

Groundwater outflow inland (Os)

As a result of the rise in piezometric level
under the c¢ity of 0Ooha, groundwater flow
potentials in all directions emanating from
the plezometric “mounds” have become .

“established thus causing groundwater to

leave the study area. While approximations
of this value may be determined from the
hydrogeologic  properties of the aquifer
under uniform conditions, a more accurate
determination was evaluated by  the
groundwater model (See Section 6:Run A/1) by
which all hydrogeclogic properties are
considered in a series of simultaneous
finite difference equations. PDetails of the
mathematical model are given in Section 6
and it .will be recalled that the modelled
area covers only 54.6% of the Study Area.
The modelled wvalue for outflow of 1.370
mm3 yr-1 was therefore adjusted by a
scaling factor of 1.179 which is the ratio
of net recharge determined for each area.
The outflow from the Study Area, that is
across the northern, western and southern
boundaries, was therefore calculated to be
1.615 Mm?® in 1988 by this approach.

Seepage to the Sea (Q4)

The rise in piezometric 1level under Doha
reaches 1ts maximum in the Khalifa Town and
Muntaza areas of Doha from where relatively
steep piezometric gradients towards the
seaward boundary of the Study Area have
become established. In the same manner as
that emploved to determine outflow (0s)
the total groundwater flow acress this
boundary was evaluated to be 14.749 Mm3 in

1988, after adjustment from a modelled value

of 12.51 mm3 yr-' by a similar scale
factor of 1.179.

Groundwater Evaporation (Os)

Groundwater evaporation probably takes place
from minor areas in the Musherib and Garrafa
areas where a combination of topographic
lows and high piezometric level has resulted
in depths to groundwater of less than 1 m.
Taking into account the area now built-over
and the small restricted area of soils kept
permanently moist by capillarity, the total
evaporation loss 1is estimated to be 1.000
Mm3 .



2.2.4.6

2.2.4.7

Surface Water Drainage (Oe)

Shallow groundwater and seasonal surface
run—off 1is drained through a drain extending
from the Corniche near the old Souk to the
Water QDepartment, and through a second
{south) branch from the Arab Bank Roundabout
to the "B" Ring Road in the vicinity of the
Mechanical Engineering Department
workshops. (See Map 57 in Appendix "B").
The original drain to the Water Department
has been blocked for a number of years but
1s now belng re-opened. The discharge of
this drain was measured on four occasiocns at
intervals throughout 1988 by the Water
Department. - The total discharge was
calculated to be 2.000 Mm3 1n 1988.

Groundwater Abstraction for Irrigation
(07)

There are 52 active farms within the Study
Area of a total aggregate demarcated area of
3587.20 ha. The majority of these farms are

-small -and c¢oncentrated within the Rayyan -

Sailiyah area along the western margins of

the Study Area. tach 1s irrigated by
groundwater pumped from one or two wells on
each farm. From data provided by the

Department of .Agricultural and |Water
Research, the total abstraction amounted to
4,143 Mm® in 1988. (See para 2.2.3.3 (c¢),
Appendix "D” and Map A1), This in addition
to 0.867 Mm® which has been abstracted
from other wells for other than Farm
irrigation giving a total abstraction of
4.81 Mm3 in 198%8.



G

CHANGE IN STORAGE AND RISE IN PIEZOMETRIC LEVEL

The change in storage in 1988 may be derived from the parameters
evaluated in the foregoing section as follows:-

WATER BALANCE

1988

Inflow ' ' _ Mm3
I1 ' Distiliate 77.144
I3 Internal Gw 6.542
I TSE 5.000
Is Imported 0.015
Is Rainfall 44.430

133.430
Transfer
T1 . Export - 9.915
Tz Sewage outflow , 17.454
T3 Evaporation 67.265

34,630
Recharge
R1 - Dist. system losses - 10.380 fanng
Rz Sewerage system losses ' 6.457 (60,
R3 Irrigation return 16.790 (réﬁnj
Ra TSE distribution system losses 0.950 S 20T
Rs Rainfall recharge 4,239 (206 )

32,5001 38800

Qutflow
01 Drainage of groundwater to sewerage system ’/’8.8?9f/ {Bnan)
0z Abstraction for blending <7 2,032 (33
03 Groundwater ocutflow inland (hgzi) 1.370 (F£\§§
04 Seepage to sea (570 (1pze)’ 14,749 (1447
0s Groundwater evaporation 1.000 v {@Soe)
Os Storm water drainage 2.000 v (2<un)
07 Farm abstraction 4.810°  (gepd

(133.43 - 94.630) - (34.84)
A 1)
+ 3.96 Mm3 yr-! (Say 3.96 Mm3 yr-1)

Therefore s

< 2B Malig”
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APPENDIX "A"

RECHARGE FROM THE POTABLE WATER SYSTEM

A.1 INTRODUCTION
The objective of this Appendix 1s to assess the guantity of
potable water supplied in 1988 to each of the various zones into
which the Study Area has been sub-divided, and to estimate the
proportion which is likely to constitute a source of re-charge to
groundwater.
A.2 TOTAL PRODUCTION OF POTABLE WATER IN 1988
In 1988 the potable water used in the Study Area came from three
sources:
a) Distilled water from Desalination Plants at Ras Abu Fontas
- and Ras Abu Abbud.
b) -Groundwatér from boreholes at the reservoirs. This was
added to the distilled water to make it palatable.
<) Imported bottled water to Study Area.
The total guantity produced from each of the above sources during
1988 is indicated in Table A.1. The figures given in this Table
are based on the Water Department’s Annual Chart of Potable Water
Production. :
TABLE A.1
POTABLE WATER PRODUCTION - 1988
Ras Abu Ras Abu Distribution
Blending Abbud Fontas Total
Month (m3) (m3) (m3) (m3)
January 212,200 726,814 5,255,704 6,124,307
(197,558)
February 113,906 599,710 4,965,411 5,701,520
(196,604)
March 87,780 751,570 5,436,210 6,375,800
{205,670)
April 165,707 B77,746 5,427,223 6,528,431
(217,614)
May 175,954 922,981 - 6,187,222 7,367,736
_ (237,669)
June 171,126 878,192 5,890,136 = 6,937,214
_ . (231,240)
July 179,784 949,468 6,072,946 7,260,288

(234,203}




TABLE A.1 (Contd.)

~ POTABLE WATER PRODUCTION - 1988

Ras Abu Ras Abu ‘
Blending Abbud Fontas Total
Month (m3) (m3) (m3) (m3)
August 189, 441 963,024 5,984,669 71,179,772
, (231,605)
September 181,127 939, 447 5,697,419 6,780,749
| (226,024)
October 186,523 753,462 5,732,111 6,679,839
‘ (215,479)
November 181,268 647,534 3,394,034 6,173,969
(205,799)
December 186,930 819,406 5,241,163 6,194,962
(199,837)
Total 2,031,746 9,859,354 67,284,248 79,304,587
Daily
Average 5,566 27,012 184, 340 217,273
Note: Average Daily Total for each month shown in brackets
A.3 PROPORTION DELIVERED TO CONSUMERS QUTSIDE THE STUDY AREA

A proportion of the total production from these sources of supply
was 1n fact delivered to consumers cutside the Study Area. Most
of this was taken by tankers to outlying areas, small quantities
supplied to ships at Doha Port and at private jetties, and the
remainder transferred from Ras Abu Fontas by pumping to Umm Said
and Wakrah.

Estimates of the quantities supplied to varilous localities
outside the Study Area in 1988 are given in Table A.2. The
figures given are largely derived from information obtained from
the various Tanker Filling Stations regarding the number of
tanker trips made daily to the various ocutlying localities.



TABLE A.2

POTABLE WATER SUPPLIED TO LOCALITIES OUTSIDE THE STUDY AREA

1988
Locality m3 /day - m¥/year

Al Moidher (50%) 518 189,070
Ferique Mahmmad Soud 380 138,700
Labara : 22 8,030
Kirana : 27 9,950
Al Kharaitiyat 382 139,430
Shahaniyah Camp 164 59,860
Duhail Camp and Housing 168 61,320
Umm Salal Mohamad : 1,606 . 586,190
Saliyah Camp and Housing . 215 78,475
Bunkering (Doha & QPC Ports) 1,300 474,500
Air Craft 32 ' 11,680
Dairy farm 150 54,750
Bani Hajer and Al Attiyah 410 149,650
Salwa road Industrial Estate © 4,200 1,533,000
Private Tankers 4,900 1,788,500
Umm Said/Wakrah (Pumped) (12,689) 4,631,409
Total 27,163 9,914,514
A.4 TOTAL QUANTITY SUPPLIED TO STUDY AREA

On the basis of the figures given in Table A.1 and A.2 the total
guantity of potable water supplied to the Study Area throughout
the whole of 1988 amounted to 69,276,000 m3. This figure is
made up as indicated in Table A.3 below:-



TABLE A.3

POTABLE WATER SUPPLIED TO STUDY AREA IN 1988

Total Average Peak
Source m3 /Year : m3 /day m3 /day
From Distillation Plants 77,143,602 211,352
From Blending Boreholes 2,031,746 5,566
Bottled Water imported to
study area 15,000 41
Total Production 79,190,348 216,960 237,669
, : ' (May)
Daduct quantity supplied
" outside Study Area 9,914,514 27,163 31,237 %
~ (From Table A.2)
Total Supply to Study Area 69,275,834 189,797 206,432

A.5

*Assumed 15% above average rate

METHOD OF ASSESSING QUANTITY SUPPLIED TO INDIVIDUAL DISTRICTS
(Refer to Methodology)

The estimates are based on a survey of dwellings carried out in
the 1986 Census in each of the QARS Zones into which the Study
Area 1is now subdivided. Appropriate rates of water consumptions
have been adopted both for domestic and garden watering purposes
for each type of dwelling, and allowances were also made for
special consumers and losses -in each area, these have been based
on data obtained from the Ministry of Electricity and Water and
reference to ASCO’s Leak Detection Study of 1985/86. ’

To obtain comparable figures applicable for 1988, the number of
dwellings 1in each area was reviewed and adjustments made to take
into account recent development and new housing constructed to
accommodate the increased population in the area. The resulting
figures were divided intc components as explained below.

A.5 (a) Average daily quantity used for domestic purposes

Average daily domestic consumption in each zone has
been taken at 0.87 x Peak domestic consumption. This
implies a peaking factor of 1.15, which has been
found to be representative of the pattern of
production in recent years and very close to the
monthly ratio for 1988 which was 1.09 (See Table
A.1). .

An additional 10% of the nett flgure was added to
allow for losses inside the consumers premises (e.g.
due to overflowing tanks, taps left running,
excessive use of water for car washing etc.)



A.5 (b)

A.5 (c)

A.5 (d)

Average daily quantity used for garden watering

Here, too the average daily consumption for garden
watering purposes has been taken at 0.87 x the peak
consumption. In this case, however, an additional
66 of the npett figure was added to allow for the
extra quantity of water which is actually used over
and above the real needs of the trees, plants and
‘grass. '

Note 1 The additional 66% of nett consumption is
equivalent to 40% of total consumption, which
corresponds to the allowance made for losses
(refer to Methodology).

2 Dpata collected by Ministry of Industry and
Agriculture and during the execution of Leak
Detection Pilot Schemes indicate that while
the evapotranspiration could be equivalent to
11 litre/day/m?, actual application is in the
order of 18 litre/day/m?.

Other Uses

This covers consumption in shops, offices, schools

-and other miscellaneous uses (excluding garden

watering). = The average quantity is again taken as
0.87 times the peak figures for 1888 given in ASCO’s
Leak Detection Study with an extra 10% allowance for
losses. This is included in the total domestic

~ consumption figure shown in Table A.8.

Irrigation of Public Open Spaces and Government
Properties (Landscaping)

The quantities estimated to have been used for the
irrigation of public open spaces and Government
properties in 1988 are shown in Table A.4. These are
hased. on data obtained from The Ministry of Municipal
Affairs, Doha Municlpality and allows for the losses
arising from the application of water in excess of
plant requirements,



TABLE A.4
POTABLE WATER USED FOR MUNICIPAL IRRIGATION

JANUARY 1988 TO DECEMBER 1988

Qars Area Total
Zone Location (m?) (m3)
1 Foreign Ministry 20,714 331
2 H.H. Amir’s Office Gardens 36,800 565
2 -Round about near
H.H. Emir’'s Office 1,405 22
4 Jaidah Flyover Round about 3,000 80
Cable and Wireless Roundabout 2,000
5§ M.E.D. Round about 2,789 44
6 Flower Clock Round about - 1,061 37
Qatar Central Library 1,256
19 Customs Dept. Round about 2,240 2086
Government House 3,600
Qatar Monetary agency 3,500
Qatar National Bank 3,500
11 Guest Palace ‘ 15,000 247
Guest Palace Round about 452
12 Ministry of Interior garden 39,376 630
13 0l1d Diwan Emiri 2,400 38
15 Montaza (Tadamon) Roundabout 1,194 19
16 Volkswagen Roundabout 829 13
17 Doha Stadium 7,875 134
Flyover at Ras Abu Abbud 500
18 National Museum Roundabout 614 122
‘ National Museum Garden 2,000
Ministry of Municipal Affairs 5,000
Garden
20 Radio and T,V. Station 2,000 84
21 Rumaillah Hospital ‘ 47,000 783
‘ Rumaillah Roundabout 1,964
22 Trees and roundabouts 29,309 437
23 Landscaping 10,273 361
Landscaping 12,328
24 Ramada Hotel Roundabout 4,000 1527
Maternity Hospital 6,000
Qatar Preparatory School 7,875
Montaza Park 65,233
Cultivated area (Bukshisha) 4,500
Osman bin Affan School 7,875
25 Landscaping 9,075 199
Montaza Housing Grassed area 3,379
26 Peugeot Roundabout 1,175 19
28 Gulf Hotel Roundabout 855 14
32 kKhalifa Town North Park 10,060 142
{10% potable)
Khalifa-Town North School - 7,875
34 Khalifa Town Secondary School 7,875 232
Regional Tralning Centre 1,000
Community Centre, Khalifa 5,000
Grassed triangle opposite 650
Mosque
35 Kulaib Primary School 7,875 126
36 Trees on roads - 42




TABLE A.4 (Contd.)

POTABLE WATER USED FOR MUNICIPAL IRRIGATION

Qars Area Total
Zone +  location (m*) (m3)
37 Yarmouk School, Al Hitmi 7,875 535
Grassed triangle at al Hitmi 750
Trees on Road
Hamad Hospital 8,000
Roadside Plantings near Hamad :
Hospital 2,000
Trees on roads
white Palace (20% potable) 37,500
White Palace Roundabout 1,018
38 Trees on roads 386
Roundabout at H.H. Heir
Apparent’s Palace 2,800
Musherib Primary School 7,875
Trees on Roads K
39 Salwa Food Centre (20% potable) 30,000 128
40 Civil Aviation Play Field 5,600 798
40 Grassed Area at New Salata 17,625
40 Istiqlal Secondary School and
. Landscaping 26,625
41 Landscaping 1,712 293
Landscaping 7,705
Landscaping 8,304
42 {andscaping 8,219 356
Airport Entrance 14,102
44 Ahmed B8in Hanbal Secondary 7,875 126
School
45 Isolation Hospital
47 Incinerator (Mahraqa) 3,000 . 48
48 Airport V.I.P. Wing Gardens 11,800 315
Arabian Gulf Play Field 7,875
51 Grassed Semicircle at Gharrafa 500 134
Gharrafa Boys School -7,875
52 Trees on Roads 862
School Dormitories Gharrafa 7,875
Rayyan (sheikh) School 7,875
Sheikh Ahmed Palace Rayyan 10,000
Rayyan Primary School 7,875
Rayyan Gardens 3,500
Dukhan Roundabouts (Rayyan) 2,000
54 Amir’'s Area School 7,875 3,578
Amir’s Area Public 7,875
Jaidah petrol Station
Roundabout 9,994
Trees on road reservations
55 Khalifa Stadium 9,000 144
56 Wholesale Market 3,100 50
61 Sheraton Hotel 78,180 1,250
Total 1,239,830 19,387




A.5 {e} ~ - Special Consumers
These are Hotels, large palaces, Guest Houses,
Hospitals, Army Camps etc. The consumption of these
consumers are summarised in Table A.5 below:-

TABLE A.5

SUMMARY OF SPECIAL CONSUMERS — DOHA 1988

Daily Consumption

(m3/day)
Qars
Zone Consumer Domestic Gardening
2 Emir’s Palace and gardens o 140 Nil
4 Sofitel Hotel ) 74 Nil
11 Guest Palace ‘ 22 Nil
villa opposite Falcon Club 15 74
13 0l1d Diwan Emir ‘ 35 Nil
Sheikh Ghanim’s Villa 21 180
20 Guest villas 18 Nil
Radio and T.V. Centre 74 Nil
21 QGPC Housing and Falcon Club 100 466
Army Housing near Falcon Club 296 Nil
Rumaillah Hospital 148 Nil
Large Villa and Gardens near
‘ White Palace 15 165
Doha Hospital 192 15
24 Ramada Hotel ‘ _ 467 716
‘ Maternity Hospital 346 Nil
Montazah Clinic 7 22
26 Soft Drinks Factories 230 Nil
- Clinic Centre T .22
28 Gulf Hotel 400 266
Oasis Hotel 251 163 °
villa next Oasis Hotel 16 146
ODoha Club 100 44
29 QGPC Installation near Gulf Hotel 355 . 222
32 Health Centre 7 ' 22
33 Palace at Markiyah 22 244
34 Regional Trading Centre ' 74 Nil
36 2 Palaces near Jaidah Petrol
Station ‘ 37 407
37 White Palace 22 Nil
Hamad Hospital 1110 ' Nil
a8 1 Palaces 100 429
1 Palace 15 74
39 3 Palaces fronting Salwa Road 34 365
40 1 Palace fronting Salwa Road 15 407
3 Palaces fronting "C" Ring
Road 30 222
43 2 Large properties 22 136

45 Isolation Hospital 52 Nil




TABLE A.5 (Contd.)

SUMMARY OF SPECIAL CONSUMERS — DOHA 1388

Daily Consumpticn

(m3/day)
Qars
Zone _ Consumer Domestic Gardening
48 Airport 14 Nil
53 Clinic at Rayyan 7 22
Race-course 37 N1l
54 . Army Barracks 148 Nil
Emir’s Palaces 108 659
2 Palaces 15 244
55 Khalifa Stadium 30 Nil
Pony Stables _ 22 Nil
56 Dairy Farm 222 Nil
Police Training College 74 N1l
Wholesale Market 143 : Nil
" ESD Road Dept. 74 Nil
56 Livestock Market 148 Nil
Slaughterhouse 370 Nil
58 Abu Hamur tight Industrial Area 148 Nil
61 Sheraton . 740 Nil
Total | | 7234 5732
Note: Gardening Component of Government special consumers
are already included in No., A.4.
A5 (f) . Losses from Reservoirs
On the basis of the analysis made in section 1.3
(Methodology) the 1losses from reservoirs in 1988 are
assessed as 1in Table A.6 below:-
TABLE A.$§
ESTIMATED LOSSES FROM RESERVOIRS
Reservolr
Qars Capacity Loss
Zone Reservoir {m3) (m3 /day)
R.C. Reserveirs
48 Alrport 40,500 12
52 New Salwa Road 81,000 24
24 0ld Salwa Road 22,500 7
56 Gharrafa ] 81,000 24

67 HWest Bay 27,000 8




TABLE A.6 (Contd.)

ESTIMATED LOSSES FROM RESERVOIRS

Reservoir
Qars -Capacity - Loss
Zone Reservoir (m3) (m3/day)
Ground Storage Tanks
New Rayyan 4,500 13.50
48 Airport 4,500 13.50
24 0ld Salwa Road (empty) 4,500
Fariq Omran (Demolished) 4,500
Total | 27
A.5 (g) Losses at Tanker Filling Stations
On this basis, of the analysis made in Section 1.3
{Methodology) the 1losses at Tanker Filling Stations
are assessed at 1218 m3/day as indicated in Table
A.T below:- :
TABLE A.7
LOSSES AT TANKER FILLING STATIONS
Estimated
No. of Estimated
Qats Fillings Loss
Zone Tanker Filling Station Par day (m3/day)
24 0l1d Salwa Road 1321 647
. 56 Gharrafa 568 279
48 Airport 595 292
Total 2484 1218
A.5 (h) Losses from Underground Pipelines

As mentioned 1in Section 1.3 (Methodology)} and from
observations made on a number of typical areas as part
of Leak Detection Pilot Schemes carried out by ASCO
recently, the losses from underground pipes (mainly
service connections) are estimated at (50-60)X of
domestic consumption. (Refer to Methodology). Thus
an average figure of 56X of total domestic consumption
is used.



A6 ESTIMATED QUANTITY OF POTABLE WATER
USED IN 1988 BY QARS ZONES
The resultant total of the quantity of potable water required in
each QARS ZONES when estimated as described above amounted to
{Bo-73y4 196y048  m3/day which compares with the average quantity
actually supplied during 1988, which has been estimated at
187,797 m?/day (See Table A.3).
The close correspondence between these two figures indicate that
the method adopted for assessing the proportion of water
supplied to each QARS ZONE 1is as accurate as is likely to be
achieved with the information available. A small adjustment
4&1?{3% {8=%%) has been made to the individual QARS ZONE figures to
bring the total into an exact bhalance.
Details of the resultant quantity of water used in each QARS
ZONE after adjustment as explained above are given in Table A.S.
AT " PROPORTION OF POTABLE WATER LIKELY TO RE-CHARGE GROUNDWATER
The proportion of water supplied and which is 1likely to
re—charge groundwater beneath the Study Area will vary depending
on the way it 1is used, and for the purpose of this study the
following percentages have been used (refer to Section 1.3
Methodology).
Domestic use : 2%
Watering of private gardens ' 45%
Irrigation of Public¢ open spaces 45%
Use in shops, offices, etc. 2%
Losses from Reservoirs 90%
{osses from Tanker Filling Stations 60%
Losses from Underground Pipelines _ ‘ 95%
On the basis of th above percentages the total recharge derived
from potable water sources under 1988 rates of supply 1s as
shown below. Summary of potable water usage is given in Table
A8, ‘
Source m3 Recharge in 1983
Domestic Use 593,890.00
Gardening - © Private 7,738,932.00
Landscaping 4,154,245.00
Losses - Reservoirs 35,150.00
T.F.S. ©280,101.00
Distribution 9,473,379.060

Total 22,275,697.00




TABLE A.8

SUMMARY OF POTABLE WATER USAGE

AVERAGE
PEAK ) m3/d ADJUSTED
CONSUMPTION AV, LOSSES  LOSSES BY 4.8%
ITEM m3 /d FACTOR  FACTOR  INCLUDED m3/d
t. Domestic (A.5a) 67,638 .87 1.1 54,729 67,976
2. Garden watering
{A.5h) 31,067 .87 - 1.66 44,866 47,117
3. Other Users (A.5c) 6,596 .87 1.1 6,313 6,629
4. Landscaping (A.5d) 15, 806 - - 15, 806 16,599
5. Special Consumers
(A.be)} a) Domestic §,716 .87 1.1 6,427 5,750
b} Gardens 5,732 .87 1.66 8,218 8,693
6. Reservoirs (A.5f) 102 102 107
7. T.F.S. (A.59) 1,218 1,218 1,279
8. Losses from (A.5h)
Underground 67,638 .87 .56 32,953 34,606
maing and services
9. Bottled water 41 - - 41 41
180,734 189,797

Table A.9 Lists the recharge in 1988 per each QARS ZONE while
Maps W1,2 illustrate the locations of Reservoirs, Tanker filling
Stations and major Potable Water consumers.

The above table shows that the

follows: -

1. Total domestic consumption including
other users such as offices, workshops
etc. and including consumed bottled

water

2. Total Gardening Water - Private
Landscaping 9,231,655

3. Total losses through Distribution
System (Reservoirs, Tanker filling
Stations, distribution mains and

house connections)

 Total

consumption

in 1988 was as
%
29,709,484 m3 43%
17,197,627 m3
m3 8%
13,137,138 m3 19%
69,275,905 m® 1006.0
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" APPENDIX 8



B.1

APPENDIX "B”

RECHARGE FROM SEWERAGE

INTRODUCTION

The objective of this Appendix 1is to assess the volumes of
sewerage generation which 1s transported by the sewage network to
the treatment plants and volumes which are disposed of in septic
tanks, Infiltration from groundwater into the piped system is
also assessed 1in this Appendix along with estimates of storm
water drain outflow. The recharge i# each of the QARS ZONES to
which the study area has been subdivided is also computed.

POPULATION DISTRIBUTION

Population figures for the study area have beenh derived from the
14686 Census and projected forward to the year of the Study i.e.
1988. :

The occupancy figure for each property type, as indicated in
Appendix F Methodology, has been adopted to determine the
population within each pumping station zone. A percentage of non
connected properties as given by CED has been adopted to
determine the sewage flow generated in each Pumping Station zone.

The population distribution for sewered and non sewered areas are
given 1n tables B.1 and B.Z.



TABLE B.1

POPULATION SERVED BY DESIGNATED PUMPING STATION ZONES

POP SEWAGE  POP SEWAGE
P.S ZONE  CONNECTED FLOW M3/D NOT CONNECTED  FLOW M3/0
1 21, 351 3,085 4,270 - 764
2 847 167 - -
3 2,331 450 - -
4 11,029 1,811 551 95
5 17,795 3,121 890 164
6 12,387 2,192 - -
7 7,209 1,245 - -
8 13, 640 2,329 682 123
9 17,107 2,322 4,211 174
10 8,848 1,624 177 33
"o 13,192 2,458 396 76
12 ~ - S 2,750 ' 550
13 . 2,655 416 531 104
14 16, 959 2,408 4,466 . 647
15 21,205 3,052 5,30 1,017
16 120 24 24 5
17 7,644 1,143 1,529 286
18 2,403 472 2,087 413
19 - - - ' -
20 4,281 859 - -
21 - - - -
22 L - - - . -
23 14, 495 2,792 - -
24 - - - ~
25 11,155 1,851 - . -
26 - : - - -
27 2,331 - - -
28 - - - -
29 - - - -
30 5,492 1,102 - -
31 11,101 2,126 2,220 425

Totals 225,571 37,472 30,138 5,479



TABLE B.2

POPULATION QUTSIDE OF PUMPING STATION ZONES
(OUTSIODE OESIGNATED PUMPING STATION ZONES)

(JARS POPULATION FLOW

ZONE M3 /D

10 4,396 - 760

22 124 25

24 574 115

32 151 36

33 2,260 450

34 1,857 380

35 2,985 590

37 1,320 . 258

33 457 93

39 2,087 419

40 2,574 | 544 A

41 1,300 259

196 39

43 126 25

47 479 96

49 300 50

51 8,370 1,750

52 15,431 2,974

53 360 104

54 3,544 7105

56 2,158 468

Total 51,054 10,139

B.3 HOUSE TYPE
The house type used are those accepted for the potable water
distribution assessment. (refer to Section 1.3 Methodology).
Each different type of dwelling has been counted for the areas
covered by the sewerage system, 1t has been assumed that the
connected and unconnected properties for the zone is as given by
the CED.

B.4 OCCUPANCY RATES

The occupancy rates used are those listed in the potable water
section (Appendix A) and section 1.3 (Methodology) and reference
is therefore made to that sections.



B.5

SEWAGE FLOW

As  the usage and sewage generation cannot be accurately
determined as a per capita figure, certain assumptions had to be
made and the results adjusted to conform with the data available.

The sewage flow has been calculated according to the type of
dwelling. This allows for both the different occupancy rate and
a different wusage per capita to be taken for each dwelling type.
The total flow from the connected dwellings can then be compared
with the total flow that 1is received at the sewage treatment
works.

The theoretical sewage generated can also be compared with the
flow calculated from pump run hours to ensure that the
assumptions made for sewage flows 1in the various zones are
realistic.

8.6 SEWAGE TREATMENT FLOWS
Table B.4 below lists the record of sewage treatment works in
1988,
TABLE B.4

SEWAGE TREATMENT WORKS RECCORD ~ 1988
Month Av. Flow Return Effluent x Effluent to
{1988) m3/day to Doha m3/day  Abu Naklah/

Rakiyah
m3 /day

Jan 713,574 12,700 60,874
Feb 90,803 11,210 79,393
March 93,035 12,530 80, 505
April 77,320 14,780 62,540
May 70,763 16,411 54,352
June 65,253 14,600 50,653
July 59,186 14,870 44,316
Aug 66,400 16, 120 50,280
Sept 66,937 14,010 52,947
Oct 67,287 ' 14, 160 53,121
Nov 64,914 10,890 54,024
Dec 69,271 11,370 57,901
Total 26,345,848 4,996, 130 21,349,718

Av. Flow 72,180 m3/d




B.7

AVERAGE SEWAGE GENERATION

The overall figure used for design purposes for a sewage
reticulation scheme in the Middle fast is 270 litres/capita/day.

The design flow allows for a certain amount of infiltration,
industrial or high flow rates in particular areas and further
zoning alterations, and is also of use for sizing capital works.
This figure should not be used for calculating actual flows. For
a more detailed flow estimate we have assumed an average water
consumption figure on an annual basis, of 87% of the Peak daily
water consumption figure derived from the "Qatar National Plan
for Water Supply”.

The sewage generation has been taken as 95% of the average daily
water consumption for each type of dwelling (5ee Table B.5).
This percentage 1is accepted to be representative of the ratio of
water delivery to dwellings and the sewage generation,

TABLE B.5

AVERAGE DATLY WATER CONSUMPTION

{ccupancy Total Average Water

Description rate Cons. m3/day

Arab House 8§ - 10 Ty

Flat
villa

Palace

4 - 5 ) I oy
5 -7 ' ' _ i-So

12 - 20 &-\o

B.8

SPECIAL CONSUMERS

Consumers such as hotels, hospitals. colleges etc., are treated
as special consumers and the sewage generation from these sources
has been added to the domestic sewage generation,

The “special consumers” which are non domestic users are given in
Table B.6. The proportion of the total water supply that
contributes to sewage generation is considered within the sewage
pumping station zones and those that are outside these areas but
within the Study Area.



TABLE B.®

SPECIAL CONSUMERS - NON

DOMESTIC

GQARS DESIGNATED DRAINAGE QARS OUTSIDE DRAINAGE
ZONE AREAS ZONE AREAS
Description Water Description Water
Consumption Consumption
m3 /day m? /day
2 Emir’s Palace 140 53 Race Course 37
4 Sofitel Hotel 74 55 Khalifa Stadium 30
Two Palaces 25 54 Pony Stables
0ld Diwan and Palace 72 Dairy Farm and
Guest Villas & : Police Training
T.¥. Station 74 College 318
QGPC Housing, Falcon 56 Wholesale Market
Club & Army Housing 396 & Road Dept. 222
Rumaillah Hospital 148 56 Livestock Market
Villa near white Abattoir and
Palace and Doha Abu Hammur 666
Hospital 2117 _—
24 Ramada Hotel 467 1273
Maternity Hospital &
Clinic 353
26 Soft Drink Factories 230
: Clinic 7
28 Gulf Hotel, Qasis
Hotel and Doha Club 871
29 Ras Abu Abbud Power
Station _
(Accommodation) 3556
3z Health Centre 7
33 Palace 22
34 Training Centre 74
36 Two Palaces 37
37 White Palace and
Hamad Hospital 1132
38 Seven Palaces 100
Palace 15
39 Three Palaces 34
40 One Palace 15
Three Palaces 30
43 Two Palaces 22
45 Isoclation Hospital 52
48 Alirport 14
52 Rayyan Clinic 7
54 Barracks 148
54 Emir’s Palace and
Two Other Palaces 123
61 Sheraton Hotel 740




B.9

INFILTRATION

Infiltration 1into the sewage reticulation system takes place for
a number of reasons, some of the common ones being:-

a) Leakage at joints.
b) Leakage due to illegal connections.
c) Damage due to outside sources such as Service Authorities.

d) Contractor’s pumping ground water from excavation into
adjacent sewerage manholes.

The amount of infiltration 1s likely to be higher where the
standing ground water level is, highest due to hydraulic head or
in the case of Contractor’s interference with excavation even at
shallow depths. The highest water table, of the sewered areas is
in central Doha where all of the examples given above will have
the highest incidence.

This infiltration has a negative effect on the Rising Water Table
as it 1is helping to alleviate the problem, in the short term, by
the transfer of ground water from central ODoha, via pumping
stations, to the sewage treatment works, on the outer boundary of
the study area, and from there out of the study area completely.

From the theoretical flows derived from the connected property
types, tests carried out by the CED, and from a comparison with
actual flow - received at the sewage treatment works the
infiltration 1is assumed to be approximately 34% of the actual
flow received at the sewage treatment works.

The ipnfiltration has been proportioned out for each of the QARS
Zones on the basis of area and proportion of connected properties
within that zone for a flow of 8,891,513 md/year. )

The contributing zones are assumed to be those with a standing
water table at ground level down to five metres below actual
ground level. This would indicate that the majority of
infiltration is in Central Doha with a small contribution from
Gharrafa.

Data obtained on pump run hours for each Pumping 5tation was
compared to the theoretical flows, which gave an indication of
the proportion of infiltration within each Pumping Station zone,
howaver the accuracy of the hours run meter for the pumps withn
some of the pumping station zones are considered to be
unacceptable and have been disregarded.



B.12

SEWAGE RECHARGE OF GROUND WATER TABLE

Where properties are not connected to the sewerage system and the
sewage discharge 1s to septic tanks, 1t can be assumed that all
of the flow 1s recharging the water table. '

Far the areas outside the designated drainage zones there is a
population of 51,054 (See Table B.2). This population is

‘generating a sewage of approximately 4,282,819 m3/year over the

study area. {all on septic tanks).

Within the drainage areas there was a recharge of approximately
1,999,738 m¥ in 1988, (Septic tanks).

There 1s a negligible amount of recharge from a piped sewage
system that is working as designed, since the liquid part of the
sewage finds the 1line of least resistance to be along the
pipeline, rather than out of cracked pipes or bad joints. If the
pipeline 1s broken or 1in surcharged condition, then 1local
discharge c¢ould occur, but the places where this happens are not
quantifiable. A nominal amount of 1% of the piped sewage has
been assigned to this losses giving a recharge of 174,543
m3 /year. :

Sewage Generated and Sewage Generated and

connected to Sewerage System Discharging Groundwater
m3/yr m3/yr

Properties 13,677,252 Properties within

Drainage Areas
not connected

1,999,738

Special
Consumers 2,133,571 Outside
Others . 1,643,512 D. Area 3,701,100
TOTAL 17,454,335 Others

' Outside 581,518
Flow received —_———
at works 26,345,848 TOTAL 6,282,256

The annual sewage generation per capita in 1888 amount to
213/1/day, which is considered to be acceptable.

STORM_WATER DRAIN

The existing Storm Water Drain runs from the Corniche to the
Water Department for one section and to B-ring road for the other
section,

At present the drain is being replaced by a box culvert to

~increase the capacity, but for the purpose of this study the

system adopted in the "ASCQ" report of 1982/83 will be adopted.

The amount per vyear that is discharged to the Bay has been
estimated from the running of the pump and its rated capacity as
2.0 Mm3/yr. -



SUMMARY OF RECHARGE AND OUTFLOW IN EACH QARS ZONE 1988

/

RECHARGE STORM

FROM | _ WATER
QARS SEWERAGE DRALN
ZONE m3 /d INFILTRATION m3 /d
1 64 390 535 ims 80
2 5% 693 _
3 125 908 ' 1,158 L 238LD
4 83 1,239 gy  siélet
5 194 633 1,336 ey @At
6 45 216 134 Yo W
7 26 442 891 Yok
8 0 0 '
9 0 0
10 892 0
11 65 760
12 68 889
13 | 38 : 502 g%
14 a7 823 _ 535 19
15 32 ‘ 963
16 190 877
17 67 532
18 3 218
19 1 0
20 11 0
21 52 0 -
22 171 452
23 293 769
24 179 1,348
25 76 1,448
26 487 0
27 267 1,334
28 39 -0
29 13 0
30 0 0
31 0 0
32 136 0
33 463 0
34 618 1,022
5 602 0
36 60 224
37 742 1,377
38 , 295 . 420
39 716 592
40 575 257
41 282 145
42 546 0
43 34 0
44 1 0
45 _ 306 1,057
46 0 0
47 106 0
48 ' 9 0
49 50 0
50 0 0

3,



SUMMARY OF RECHARGE AND OUTFLOW IN EACH QARS ZONE 1988

RECHARGE STORM
FROM WATER

QARS SEWERAGE DRAIN

IONE me/d INFILTRATION m3/d

51 1,774 0

52 3,552 0

53 702 0

54 1,112 6o S5 589

55 98 0

56 1,327 232

57 0 0

58 0 0

59 0 0

60 0 0

61 14 703

62 0 0

63 3 267

64 4 437

65 6 630

66 5 479 - :

67 5 460

TOTAL 17,690 24,327 5,479 ~) S §8 ¥ 22

m3 /d W 20 Ub‘c

TOTAL 6,456,900 8,879,237 2,000,000

md3/yr




i i \
{ 00695v9! ! ! _ _
} 619292F | 8EL6661 | E¥SVIL m mFonNv" SEEVSY ! ' _
i HiadlV, hr" @@ \ 1 " 1 ,
06911 m " ! : , S6LLb! voUSYy | LISEELZ | 00LLOLE! SE/6661 ! {4k
R AT A " " _ . 661 | 26217961} WVIOL
. ¢ €8 Cozalp !9 _ _ _
“_M o - — _ 18y 1 022k ! Sv8§ L ovior ! 6 ! L P/
T TR L L RS T L A S s Fiol
: ' ' o ) ! v 6LV b H " ! '
"m mo 10 mm ¢ 0 1 0£9 ' g | m m "m mmmv b9
L o 0 L 0 - 0 BEIE : _ " " P sy 99
: H ¢ 0 ''0 1 1 D ' 192 1y : ) 1 N 0 T4 bogo
m y o 10 b 0 i 0 ¢ P “ “ " ' bver 199
i o t 0 Lo o 0 TV ! " m Lo vez 1 €9
M “ 1 0 " 0 " “ 0 “ 0 ] “ u £04 H " 0 " 0 " 9
; r 0 L0 ' o ! M i 0 ‘0 i ! " ! L Y ' 19
; “ WNm 10 ' 0 L o i 0 b0 m “ | ' 1 9 i 0 ' 09
; v L2EL 0 EeEL ' 0 Ly + 0 i1 0 “ j " “ Lo ;0 P 6§
: ) 826 Y ‘0 ' R AN} R TAY i ! : i 1 0 1 0 'ogg
P2tk 1 oLooL “ | 82 ! 0L _ v LY } g8 _ _ i 0 I 0 |
tzoL ! osL | o0 I B 1 A : P8y 10 Leie 1 e
t i ] 1 1
1 2658 1 viOE P gTs 0 P ost ! ez lzoe . ! 0 o P99
| IR I 65 } 0 P otos L1 POyt 6E , 99 0L e L el 1 be
H ] ' ) ] 1 1
w tos  1os L o 0 L 0 ' o pre | priee Gdes b0t 1 &
; e 10 o to 103 1O “ " i “ i 0 0 Pl
: 190L 101 i o 1 ¢ b0 ' 991 | " “ | og » 0 L 0 i 0g
W PO ‘g Lo 1 0 90l !0 Lo " ' 02 ! 1 0 } 0 T
" 1 90€ oz b9z : Mw 10 0 “ ; " ! 96 ! w | 96 18y
. h ] 1 ' b ] |
* . wm b o ' 0 L 1 02 ' ge6l | o2 i ! “ ' 0 0 o LP
; h | S ' ' 6 1 0 ' 921 ! | » 6V " - 2 P9y
| Povs 109 {2y ! P S2 ! 888 ! " " “ 29 togsL ., §¥
: P2z | 6S2 ' o v € I 09 ' 297 . _ b1z | g + 0 L9zl Uy
X ' GIS 1 t 1 £ t . : bC ! ' 1 90 H Y] 1 !
; ; 1 ¥¥S Y ; | 652 i 902 " ; _ i 6 |2 v 198 ey
: POl el AP S " ! AT A i 1
Y e ' N ' B : ' ! ; t ' '0 I 99 '
' 2y 1 €6 ' v6l ' g " | g801L | 26 i 44 ' pps ! oz p 992 Y
: L 1 85¢ ' BSY \ 1 €6 7 041 ' gy ' 1 0F b 6Ly i : GV H )4
;09 ' 0 i h MN i 85z | 7282 iz " b pLL | o6 ! mmm 1196 Y,
1 ! y O ' oLy X g ¥ “ Gl01 ' 1 ” 119 \ a
. 1 mw i M”
muam«ﬂme"wonh<hw *d!GILDINNOD | SHIMIS | _ “ 5 m S va KON
1 f ! ' b P ! "
T i €] S LT B v i
i " ! HOZY | J9UVHOIY} IDUVHOIY! I TVIOL | SH3HIO | WID3dS : 3mnwommmmlommzoo" 9T1S3W00; OTLSINOD:
M . " " ; . T s PR I SVAaMy § MOT4 1 MO ! Qv
; ! “ T i OI1VIS [3DVYNIVY¥O:0ILIINNOD, i SUV0
V | 30ISIN0 |  ONIdWNd | 30ISLnO! . NOD} NOTLVLS
g o ¢+ 1ON i ONIdWNd |
M_ T - -
“ 209 ! 26% '
. _ ot .
g9 ! ' i 0 ' :
EIE IR I L _
Dggy ! i 0 ' 0 | PobBE 062 . " I 065 1 Ol _ .
; " v OF ' gg : 2 ! 29y bz 1 z1 " y O | 0gg ' yel | 62 boge
_ ! m Po ' 0 ' o " Mv 12 by | L osy 10 ” womv Pove
; g 10 i ! ! ] ' ' v L ! | N I 4
! R 0 EEERE. ' o “ | " A e
i 3 1 ' ! " ¢ 1
m m MMN ! 0 } 92 'l " N m 625 . 68 ! ) “ m 0 ! M m 1o
_ S e voRL vl “ 158 " ' g AT e
! ! 1 ! b £a ' ' ! d ' ' ! ’
Y m 0 1 Ol¥ At g ; v b2 ! ] ' y 9¢ ' 2LS !
_ b 1S _ “ boviL 1o _ " _ ! 8¢
o el sz o e o | 182 i R Rt
! Y] ' ! v SHE I peed ' ' i ) ' ) ! 192
L 57 ooy P o i 0 R A 208 Cgly o o sez LT
L2 ' o . “ e o A - P _ " _ L ogyl ! b2
RO o Pt P 0 s e ! " S i pae T
! | i i 10 bzl X ! : ! , i 419 i &2
£ i 0 m 0 ' P 0 L g0l DA " " o | 202 b1z
N AR ! 65 S P o L ope ! oeel ! m ! o 8 P02
oy Ll Ly o pgve el ! " " b o | 261 P oo
1 ¢ ' ' 2661 i p ) t ! | t
'Ig b o L1 ' SL g “ P LEL b _ 1 69 ' 169 _
i ! ! ¢ 8261 ! 1 ! o v X 4L
' gg S ' e el Lo ; v 061 \ ' ! v LLL R TA 1
. _ o€ ! r LOEL b L0l _ . “ _ ! L 9t
| 89 ' o " i 8 ' 0 Y “ _ " _ 1 L} L gieL 1 S)
' 6o o P €9 ' opy ' o " i ¥l " _ _ | Ve ' 00Z1 i
' ! ' ) N ¢ bivl 1z ! : ' ! . .
L 268 1 268 " s Lot + 0 L0zt ! o : " " Y L &b9 gL
10 ' _ _ .268 | _ _ . “ T
' 9 | m ' 0 i 0 0 0 peet m : » £6 | geol | m”
Y ! 1 O ' Ly : 0 ! ' ! 094 1 0 Y| “
! 1 0 | 02 g ! ) 0 " _ ! " ' o _ 0
LSt 1 0 L Zv | g 0 b1y | pog ! | " | 0 Lo 8
 v6t "0 ' egl ! i 0 ' 5LE ' e ! ‘ “ ; 1 0 boog
e’ 10 " O S R " : poz tes b L
b g ' | §9 gl ; v L26 L oovi ! : _ 4 4 ' 281 \
' 2t ¢ 0 2L ' 1 0 e 9181 vl ; ! ' ' gg i ! 9
b 1g ' ! ) €1 ' o ! " _ | 666 _ 1 981 } 181 !
1 2q ' 0 N ooy ' g " st v Ve ! i ' 1 §9 'lva “ g
1o O A A R b dm e :
L] * | 1 e
Acam1 | 3DHYHOTN ISNOTLVLS - A _ ! ' oe 08¢ .
_ 11SNOTLVLS *d!Q3LI3NNOD} : | Y _ P ¢
| vior § 30ISINO hovzoo“ mmmmNm n mawwwwom:oJu § 4} " sNoD 1SNOD 1 e v b
i 1 19 - . " . o ' ! VI ' ' ‘
" | 39MVHO3Y | 3DUVHOTY} IOUVHOR! L V0L i SYIHIO ¢ WIOS | zodmowam.lomwzoo_ DI1SINOA} D1LSTHOA: INOZ
_ _ . " “ " Sl mold | NOILVIS “mcmuwmuau Wt | WD i SHY
! r “ 3018100 “ ONT ! “DmHOwZZDUd NOILVIS "
drind " b . 4
3018100} 1ON | ONIdKnd !



PesT wuwd

ARS | CONNECTED {NOT CONNECTED ICONNECTE;NOT CONNECTED!  ADJ ADJ
ONE'! F V. A P L F VvV A ! FLOW !  FLOW  {CON FLOW NOT CON
: ‘ | | JOTAL | TOTAL | FLOW
1 ;1% 0 62 0! 34 16 L 237 | 60 ! 231 56
2 L 92 4 102 4} 16 1 18 D 289 | a4 | 280 41
3 1649 10 275 1! 70 1 30 L 1118 | 120 {1086 112
4 265 19 228 0 28 4 22 | 666 | 70 647 65
§ y2712 6 318 0! 88 1 79 L 804 | 199 | 781 185
6 | 4 5 82 0 11 1 20 P 187 | as | 182 42
7 1 5 0 21 0 13 5 I 88 | 21 | 86 20
81 0 0 0 O} : 0! 0 ! 0 0
94 0o 0o 0 0} : 0 0! 0 0
i 0 0 0 0} : 0| 0 | 0 0
11 ) 161 63 520 3. 8 3 27 1125 ) 57 | 1093 53
12- 1462 76 316 41 24 4 17 L1110 58 1 1079 53
13 1176 124 158 91 ¢ T° 8 L 662 | 32 | 643 30
14 {208 283 382 0! 6 8 5 L 1235 | 256 | 1200 24
15 | 454 42 550 0 5 8 I 1418 | 18 1 1378 17
16 | 361 15 65% 0! 71 4 69 L1298 | 190 1261 177
17 {361 32 190 0 41 3 11 LT 63 | 697 59
18 1 70 21 35 0 187 0! 152 0
19§ 0 0 0 0! | 0 0 0 0
20 1 2 19 1 0% 1 6 1 P30 | 1 29 10
21 | T2 93 0 1% 18 25 i 208 | 53 | 202 49
22 | 218 181 133 0} 48 39 28 | 690 | 149 | 671 138
23 | 492 395 116 20} 97 101 28 3} 1350 | 302 1 1312 280
24 | 498 409 258 6% 15 11 8 L 1530 | a4} 1486 40
25 11092 517 317 22} 26 14 8 | 2461 | 55 | 2391 51
26 | 414 170 525 0} 138 57 175 L1517 | 506 | 1474 470
27 L 779 181 769 1} 114 25 69 1 2304 | 262 | 2238 243
28 § 104 143 135 0! 5 8 T L 527 28 | 512 26
29, 0 0 95 0! 5 L 157 ) 8 | 153 8
3 { 0 0 0 0} : 0 0 ! 0 0
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33, 0 0 0 0] : 0 0| 0 0
34 |32 771 235 41 40 86 26 I 1854 | 209 | 1801 194
3% ¢ 3 19 0 0} 1 7 L 30 | 1" | 29 10
36 | 41 285 2 21 5 39 } 386 | 60 | 375 55
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APPENDIX C



APPENDIX "C"

RECHARGE FROM RAINFALL

c.1 INTRODUCTION

A detailed study of rainfall and recharge over Qatar was
published in 1978 (Pike et al) and later brought up to date by
the joint Ministry of Industry and Agriculture/FAQ project in
1980 (FAD, 1981). In these studies the rainfall record at Doha
Airport, maintained since 1962/62, was analysed 1in detail
particularly with regard to its statistical properties. It was
concluded that both individual storm and annual rainfall totals
conform to a Weibull type distribution with a pronounced negative
skewness. The long-term average rainfall at this station over 21
years 1is 77.8 mm, with a maximum annual fall of 229.7 mm
(1964/65) and - a minimum of 0.4 {1961/62). An individual storm
may account for 65% of the annual total and Table (C.1) shows the
probability of annual and storm rainfall totals at Doha Airport.
Storm rainfall is defined as an event lasting from a few minutes
to several days with continuous or intermittent rain.

TABLE C.1
PROBABILITY OF ANNUAL AND STORM RAINFALL,
DOHA

Recurrence Intervals (yrs) © Annual , Storm
{mm) (mm)

5 _ _ 35 ' 7
10 75 18
15 120 40
20 ‘ 180 62
25 260 105
30 260 170

Source : FAO (1981)

c.2 RAINFALL. IN 1988

In 1988 there were 15 rainfall events covering or partially

covering the study area with dbove average totals. The annual

total recorded at Doha Airport showed a recurrence interval of

17.5 years and the storm of 16 - 17 February to have one of 15

years. The year under study may therefore be considered to have |

been one of “"high rainfall”. Of the 15 storm.events Aine eem- M-
precipitated amounts of less than 5 mm a day and are considered

to have been insignificant in terms of recharge. Table {C.2)

shows the data from rain gauges located within or adjacent to the

Study Area.



TABLE (C.2)

RAINFALL OVER OR ADJACENT TO STUDY AREA 1983

Date Mumtaza Airport Sailiyah  Wukair Umm el Wadi Port
Afai Al Wassa

8/1 2.0 1.0 Nil 0.6 4.0 5.0 Nil
17/1 Nil 4.1 3.8 1.0 0.4 1.0 Nil
18/1 10.6 Nil Nil Nil 12.2 14.0 10.4
13/2 1.8 2.5 2.0 1.2 5.6 Nil Nil
*14/2 5.7 6.7 5.2 16.0 19.6 31.2 10.1
*16-17/2 51.2 41.30 34.4 42.4 66.3 62.0 49.8
*21/2 20.0 30.1 25.0 15.0 31.2 42.0 11.6
*22/2 22.0 22.3 9.4 31.0 31.4 35.0 29.7
23/2 2.8 0.3 2.8 0.2 Nil 3.4 9.9
*24/2 33.4 26.8 27.4 36.0 30.0 30.4 28.0
1/3 2.0 0.4 0.4 3.2 0.8 1.6 0.7
2/3 2.2 2.3 2.6 2.4 4,8 2.4 2.9
23/4 Nil 5.7 0.4 Nil - 0.6 1.2 Nil
*24/4 7.0 Nil - 8.0 9.4 20.6 25.0 3.6
26/4 6.0 5.6 1.4 0.4 Nil Nil 8.0

¥ = Significant Storm

C.3 RECHARGE FROM RAINFALL

Recharge from rainfall within the Study Area evidently takes
place but in terms of other components of the water balance its
effect is 1likely to be a minor one., Nevertheless, drawing upon
the detailed observations of rainfall and recharge in the desert
areas of Qatar carried out by FAO (1981), and taking into account
the characteristics of urbanisation of between a fifth and a
quarter of the study area, estimates of recharge have been based
upon the following percentages of rainfall;

13

Open desert areas (238 km=*) 10%

Builf-up areas incl. gardens { 54 km?) 7T.5%

giving a weighted mean recharge of 9.54%.

The study Area 1is underlain by the Midra Shales at the base of
the 0Oammam Foundation overlying the sulphate facies of the Rus
Formation, in common with much of eastern, western and southern
Qatar where recharge is confined to isolatéd depression areas and
estimated by FAO (1981) to be of the order of 6% of annual
rainfall. In the study area, however, recharge contributes to a
shallow aquifer above the Midra Shales acquitard where subsurface
conditions are likely to be similar to that in northern Qatar
where recharge 1is estimated to be of the order of 10% of annual
rainfall or 15% of storm rainfall above a certain limit. '



However, this percentage refers to recharge after run—off and
ponding in depressions where subsurface fracturing associated
with collapse structures provides preferred paths and enhanced
conditions for recharge. Geological investigations within the
Study Area  have revealed a high variation in hydraulic
transmissivity values in the Simsima Formation and fracturing is
therefore likely to be less than that found associated with the
widespread and contiguous system of depressions of northern
Qatar. For this study therefore a value of 10% of storm rainfall
has been adopted.

In estimating recharge from urban areas there are no data to.
drawn upon but the methods adopted by ASCC’s in their study of
1982/83. within the built-up area there are considerable areas
of bare soil along road verges, 1in villa gardens and on
construction sites where disturbance by earth-moving equipment
has created large areas of small depressions. Ponding of run-off
from .adjacent areas is therefore commen and recharge in these
areas 1is likely also to be of the order of 10% of storm
rainfall. On the other hand, soakaway pits and preponderance of
flat-roofed houses, recharge from these areas is likely to be
reduced. An average value of 7.5% of storm rainfall is therefore
considered to be a reasonable estimate for these built-up areas.

Table (C.3) shows the estimates of recharge from the six
significant storms which occurred in 1988,

TABLE (C.3)
RECHARGE FROM RAINFALL

Recharge :
Total Rainfall Built-up Open - Desert Total
Date Mm?3 (22%) (78%) Mm? mm
14/2 3.22 0.07 0.24 0.31 0.99
16-17/2 14.89 0.31 1. 11 1.42 4,55
21/2 7.03 0.15 0.52 0.67 2.15
22/2 7.49 0.16 0.56 0.72 2.31
2472 9.49 0.20 0.71 0.81 2.90
24/4 2.31 0.05 0.17 0.22 0.71%
Totals 44.43 0.94 3.31 4.25 13.61




v
SUMMARY QF RAINFALL RECHARGE BY ZONE — 1988

QARS RAINFALL QARS RAINFALL
ZONE RECHARGE ZONE RECHARGE
M3 /YEAR M3 /YEAR

1 3,811 54 310,411
2 5,034 . 85 244,961
3 4,969 56 . 958,771
4 6,299 60 - 15,405
5 2,894 61 61,666
6 3,708 62 9,208
7 3,723 63 28,586
10 12,595 64 20,592
11 12,990 65 31,917
12 10,442 66 31,452
13 9,004 67 98, 131
14 _ 4,683 90 194,505
15 6,638 91 375,638
16 5,283 -

17 6,661

18 6,961

19 8,049

20 18,620

21 11,224

22 9,001

23 16,097

24 22,746

25 20, 158

26 14,520

27 19,697

28 10,106

29 13,373

31 86,802

32 37,822

33 42,013

34 38,813

35 15,804

36 30,342

37 36,520

38 50,573

. 39 38,223

40 45,732

41 16,516

42 . 22,895

43 25,540

44 42,089

45 60,368

46 46,479

47 42,697

48 134,792

49 145,446

51 304, 060

52 202,705

53 121,460

TOTAL = 4,239,043
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IECHARGE FOR RAINFALL

EVENT OF 14th FEd 1388

TOTAL

QARS TOTAL 20ME BRAIX A RAINB RAINC AREA A AREA B AREAC TOTAL | RECHARGE !
L10NE AREA RAIY 7 URBAN DESERT ! RECHARGE
{km2) [ 2 (] a2 o ke2 @y (2% m (18%) + 1
1 0,201 0,0005 10,0000 @g.0000 0.201  0.003 6.000 s i a8 64 0.4
? 0,381 0.0005 0.0000 0.0000 0.33)  0.000 0.080 W 18 i1 KEL 0.41
] 0.313  0.0085 0,0085 0.0000 0,186  0.18T 0.000 3BT 10 80 320 0.8
4 0.477 0.G085 0.0000 0.0000 0477 0,900 0.000 4055 | L] 0 81 .94
5 0,320 0.0085 0.0000 0.0000 0.222 0,900 0.000 1887} i 0 ) 180 8.8
§ 9.289 0,0085 0.0000 0.0000 G.289  0.000 ¢.000 1457 5 18 4 0.8
1 0.283  0.0095 0,0000 0.6000 0,283  0.000 4.000 M 5 m 261 0.91
10 0.008  0.0145 0.0125 0.0006  0.45¢  0.455 0,000 10803 | 2 812 | 1041 114
")I 0,850 0.0105 0.0115 0.0000 0.475  0.415 0.000 10450 | 218 o L 1.05
12 0.780  0.0105 0.0095 0.0080 0,330  0.3%0 0.000 . 7800 , 164 540 ! T4 9.45
1 0,667 0.0085 0.0005 0.0000 0.330 .34 0.000 go0d 126 LTV i 0.86
14 0.350 0.0075 o0.0000 0.6000 0.350  0.000 0.000 %25 | 35 195 | 250 0.72
3] 9,511 0.0675 0.0000 0.6000 0,511 0.000 .000 kiXK I 80 285 368 0.12
16 0412 00075 0.0085 0.0000 0,206 0.206 0.000 J98 | B9 u i 0.7
11 0.527  0.0085 0.0000 0.0060 0,521  0.000 0.600 g M m o 21 0,8t
13 0.550  0.0005 0.0000 0.0080 0.550  0.000 0.000 505 110 389 498 1.4
18 0.632 0.0095 0.0000 0.0080 0.832  0.000 2.000 04 3 128 ur 573 0.4
2 1,318 0.0145 0.0125 0,0000 0,650  0.659 0.000 15816 | 332 umn 1504 1.4
i 0.817 0.0105 10,0000 0.0000 G.817  0.000 0.000 579 | 180 £38 ! 818 1.00
n 0,544  0.0095 0.0000 0.0000  0.544  Q.008 0.000 §11¢ | 128 455 584 0.9¢
P} 1,168 0.0075 6.0085 0.0000  0.584  0.584 0,000 9344 | 196 §35 | 891 0.76
U 1,106 0.0055 10,0085 0.0000 0.853  0.853 0.000 10236 AL 62 | 51 0.51
4] 1,502 0.0055 0,0065 0.00060 Q.75  0.750 0.000 012 18 i g0 .57
26 1,136 0.0055 0.0065 0.0075 0.284 0,568 0.8 T 15§ 548 104 6.62
2 1,645 9.0075 0.0085 0.0000 0772 0.773 0.000 12381 25 920 | 17 0.76
i) 0.802 0.0085 0.0000 0.6000 0.802  0.000 0.000 818 | 160 561 121 0.9
3] 1.066 0.0105 0.9080 0.0000 1,086  0.000 0.000 11193 | 215 833 1068 1.00
‘ )1 5,068 0.0155 0.0165 0.0175 1,783 1.780 1,790 8883 | 1354 654 8450 1.5
kY, $ATC 0.0045  0.0155  0.9000 1.237  1.237 Q.000 3TN0 2t 28 3540 1.43
3 2,810 0.0135 0.0045 0,000 1.408 1,405 0.000 39354 | 26 88 ] 1.4
k[ 2637 0.0125  0.013% 0.0000 1318 1319 0,000 4282 | 13 P 3270 1.
B 1,08 0.0125 0.0135 0.0000 0.544 0545 0.000 14158 ; 0] 10583 1351 1.4
i 2,081 0.0105 0.0145 0.0000 1040 1,041 0.000 20892 480 1 2184 1.0%
n 2,578 0.0105 0.0115 0,000 1.289 1,289 0.000 28358 | 588 10 | 2108 1,05
K} 1,50 0.0095 0.0085 0.0000 1770 1770 0,000 31860 | 11 nn | 039 0.36
it 2,160 0.0075 4.0065 0.0000 t.840  0.520 0.000 19780 | 415 un 1881 0.8
{0 3,480 0.0065  0.0055 00000 1740 1740 0.000 20880 | 418 155¢ ! 1992 0.87
i §.250  0.0055 0,0065 0.0000  0.625  0.625 0,000 1500 18 558 | (1] 0.57
LY, 1.780  0.0055 0.0065 0.0800  0.830  0.890 0.000 10680 | U 15 | 1014 0.5
4 1,040 0.00865 0.0075 0.0000 0.870 0,870 0.000 13580 | 28 11 1296 0.§7
W 3190 00065 0.0075 0.0085  0.798  1.594 Q798 2305 | 502 118 ! an .72
4 4670 0.0065 0.0075 0.0000 2,335 2335 0.000 32690 | 11 s 1 0.87
i 3.400  0.0085 0.0085 0.0000 1740 1740 0,000 3320 | 11 233 ) 2088 0.8
i 3040 0.0075 0.0085 0.0000 1,670 1.670 0.600 26720 | 61 1988 | 2549 0.76
4 1,060 0.0080 0.0065 0.8000 5.53¢  5.530 0.000 80185 | 1683 5961 | 1650 0.6%
i 11,042 6.0070 0.0080 0.0000 5.870  5.871 0.000 85535 | 2008 e ! il 0.76
54 12,666 0.0155 0.0180 0.0000 9.33%  9.333 0.000 312656 | 542 W, 20 1.60
5 12,196 0.0110 0.0130 0.0000  6.556  6.558 0,000 157382 | 10 R1FIR [{ ]1 1AL
Y] 8,050 9.0120 0.0000 0.0000 8.058  0.900 0.000 95685 | p{ 11 195 ! 5228 1.14
5 21,716 0.0080 0.0100 0.0000 10,858 10858 0.000 135444 | $102 1Wa4y ) 18645 0.36



5%
56

0

§1
62
§3
B4
6%
§6
§1
Ll
9

19,258
16,63

1.106
.21
0.650
1,980
1,420
L0
2248
6,330
15.41%
28.02%

0.0080

0.0070

0.0128
9.0140
0.012%
0.0135
0.0135
0.0145
0.0165
0.015%
0.0085
0.0100

0.0100
0.0110

0.0135
0.0180
9,013
0.0145
0.0000
0.0155
0.0173
0.0164
0.0083
0.0120

TOTAL

¢.0000
6.0000

0.0000
9.0000
0.0000
0.0000
0.0000
0.0000
0.0000
{0000
0.018%
0.0000

§.62
3.9

0,553
2.105
0,32
0.800
.40
1,010
LU
3.165
5,158

14,012

§.52¢
38.319

0.553
2.106
0.3%
0.990
0,000
1,410
114
3,165
5.158
14,013

0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
§.15¢
0.060

173322
689742

14318
§3166
8450
a1
19170
2110
KL
101280
147014
308216

3223562

3638
14474

i
1326
11
111
402
T4
802
2126
3086
§410

67656

12891
§132%

1870
4100
629
2083
1426
2389
I
1836
10840
22038

1n

16535
53301

1312
§026
806
1l
1824
3062
3646
9662
14028
23410

307528

0.86
0.2

124
1,43

1.4

1.34
1.29
1.4
1,62
1.43
0.91
1.0§



SECHARGE FOR RAINFALL

EVERT OF 16/17th FEB 1988

QARS TOTAL ZONE RAIN A RAIN B HAIN ¢ AREA A AREA'D AREAC TOTAL | RECHARGE ) TOTAL
L10NE AREA RAIN 1 URBAN DESERT | RECHARGE
(kn2) [ ] d kn? o k2 o ) () M (188) | mn
1 0.291 0.0505 G.0515 0,0000 0,146 0,145 0.000 1484 | n 104 | 141§ 4,87
2 0.381 0.0515 0.0000 ¢6.0000 0.381  6.000 0.000 19622 | 42 1460 | 1812 4.9
i 8,073 00515 0.0000 6.0000 0.373 0,000 0.000 13210 | 403 1428 1 1833 4.91
{ 0,477 0,0515 0.0505 £.0000 9.23%  0.23¢ 0.000 T 432 | i1 181e | 13U 447
§ 0,222 0.0505 G.0000 0.0000 0,222 0.000 0.060 1M1 23 84 1070 $.82
b 0,283 0.0505 0.,0000 0.0000 0.28%  0.000 0.000 14595 308 1086 | 1342 4,82
1 0.288 0.0505 0.0000 0.0000 0.288  0.000 0.000 {4544 ) 308 1082 | 1387 §.82
10 0,000 0.0525 00000 0.0000 0.908  0.000 0.000 4iT23 | 1002 35 4553 5,01
1 §,950 0,0525 0.0000 5.0000 .95 0,000 0.000 40875 | 1041 m o 4758 5.401
1} 0.780 0.0515 0,0600 0.0000 0.780  0.000 0.000 4070 | 843 2488 1832 49
'\13 0,667 0,0815 0.0000 0.0008 0.667  0.000 0.000 3435y | [ 2556 un (W)
: H 0,350 0.0515 9.0000 0.0000 0.350  0.000 0.000 18028 | 18 1341 172 4.9
15 0.5¢1 0.0505 0.0000 0.,0000 0.511  0.000 0.000 25806 | 542 1920 | 2462 i.82
18 0,412 0.0495 0.0000 0.0000 0.412  0.000 0.008 20394 | 428 1518 | 1946 4.1
1 0,527 0.0485 0.0405 0,0000 0,263  0.264 0.000 2584 542 1922 | 2464 4,67
13 0.550 0.0495 .0485 0.0000 0.18%  0.367 0.000 26458 | LT 1999 | 2562 4,86
18 0,632 0.0505 0.0080 0.0000 0.532  0.000 6.000 31916 | 870 5T 3045 .82
A .31 0,053 0.0000 0.0000 1,318  0.000 0.006° TOSM3 | 1480 541 | b2l 5.10
1 0.817 0.0825 0.0000 0.0000 0.817  0.000 0.000 42893 | 500 K1V 4092 5.01
29 0.644  0.0525 0.0000 0.0060 0,644  0.000 0.000 3340 0 516} 225 5.01
P¥] 1,168 0.0525 0.0000 9.0000 1,168 0.000 0.000 61320 | 1287 4563 | 5850 5.01
Lt 1706 0.0515 0,0000 Q.0000 1,706  0.000 0.000  &78s% | 1844 §538 | 8382 4.91
35 1502 0,0505 0.0495 9.0000 6751 0.751 0,600 75100 1576 5588 1165 41
i 1,136 0.0495 0.0485 0.0475  0.284  0.568 0.284 55096 1156 4100 | 5256 4.53
a 1,545 00485 0,047% 90,0000 0773 0772 4.000 746D 1556 5518 ! 1015 .58
i 0.802 O0.MI5 0.0000 0.0000 0.502  0.000 0.000 38095 | 800 8% | 44 4,53
i} 1,066 0.0465 0,0000 90.0000 1,066  0.000 0.000 49589 1040 3680 4129 4.4
3 5,368 0.0865 0,0585 0.0000 2,684 2,684 0.000 300608 | £309 2068 | 28678 5.34
K] L4140 0.0555 0,0000 0.0000 2474 0,080 0,006 137307 2882 10211 1309 §.29
kK] 2,841 0.0845 0.0535 0.0000 1.874 9,937 0.000 152063 | 3196 11330 | 14526 517
‘/‘34 2.637 0.0855 0.0545 0.0000 1,319 1,318 0.000 445036 | EN Y] 0792 1 13836 §.25
T 1,080 0.0545 0.0835 0.0000 0.545  0.544 0.000 58807 | 1244 )i 5610 5.15
(] 3,081 0.0585 0,055 0.0000 0.6%4 1,387 0.000 114100 | 2348 MY ) 10886 5.23
I 2,578 00535 0,0000 0.0000 2573  0.000 0.000 137023 | 2895 10263 | 13158 5.10
L] 3,540 0.0835 0.0545 0.0000 1770 1,770 0,000 191060 | 012 14225 | 18297 5.15
K1} 2,760 0,0525 0.0835 0.0000 380 1,380 0.000 146280 | w7 10885 | 13955 5.06
[} 3,480 0.0515  0,0805 0,0405  1.160 1160 1160 {75140 | 1688 707 1 16766 4.82
4 1,250 0.0495 0.0505 0.0000 0.625  0.62% 0.600 2500 1312 $#5 5961 .1
Y] 1780 0.0485 0.0475 0,045  0.593  0.593 0.504 B45H | 1175 5291 8066 ¢.5
43 1,040 0.0d85 0.0495 0.0000 0970  0.870 0.600 95080 | 1995 o 4068 .61
i 3.186  0.0485 0.0¢95 0.0000 1.595 1,505 0,000 186310 KL 116831 ) 14012 4.6
H) LATO 0.0470  D.0456  0.0000 2,335 2.335 0.006 214820 | TH 15985 | 20444 LY
6 3,80 0.0475 0045 0.0000 1740 1,740 0,000 160080 | 3360 AL IF R (1] 439
{1 L340 0.5 0.0425 0.0000 1670 1,670 9.000 - 145200 | 3048 10811 13861 15
48 1,060 0.0460 0,030 0.0000 5,530  5.530 0.000 492170 ;10330 36623 1 46853 425
4 19,962 00420 0.0430 0.0450  3.980 3,981 3.981 51748§ | 10861 W7 L 49268 4,13
51 18.666  0.0500 0.0570 0.0000 $.333  0.333 0.000 082628 | 221N 0561 | 103283 5.53
5 13,116 0.0560 0.0580 0.0000  6.558  6.558 0.000 74612 | 13601 55631 1 MIm 5.44
53 8,058 0,0560 0.0520 0.0000  4.000 4,029 0.000 435832 | 8133 iy o s 5.15
54 .16 0.0550  0.0500 0.0000 10,358 10.858 0.000 1040080 % 23828 B4B36 | 108765 5.01
5% 19,258 00440 0.0460 0.0000  9.62% 5,629 0,000 8e&610 | 18188 §4486 82618 28
56 15.638  0.0%80 0.0450 0.0000 38.31%  38.319 0.000 80417 | 66752 236668 | 303418 1.4



60 1,106 0,085 0.0515 0.0000 0.553 0,553 0,000 57512
§1 210 00525 9.0515  0.0000 2,105 2.106 0.000 218972
62 0.650 0.0525 0.0000 ©.0000 9.650  0.000 0.000 34128
§3 1,980 0.0505 0.0000 0.0000 5.980  0.000 0.000 103850 282 7% 7 5.01
B 1,420 0,053 0.0060 0.0000 1.420  0.000 0.000 75970 1534 5643 1248 5.10

v 4180 |
| i
| i
i \
§5 2,040 0,025 0.0835 0.0000 1426 O.714 0.000 3084 | 2373 B3 1 1073 5.04
' '
| |
1 1
' 1
i |
1 |

4546 16204
11§ 2538

5487 4.9
20830 4.3
J2h6 501

§6 .24 0.0335 0.0000 0.0000 2,248 0.000 9.000 120268 v} 8944 11474 5.10
§1 §.300 0.0535 0.054% 00006 3065 3.165 0,000 3480 N 25436 3610 §.1§
80 15415 0.0420 0,000 0.0006 15,475  0.000 0.000 649950 13641 48364 §2005 4.0
9 20,005 0.0420 0,040 0.0000 14.012 14013 0.000 1205076 25292 83612 114984 .10

TOTAL 14828456 1M 1107880 1420388




RECHARGE FOR RAINFALL

EVENT OF 21st FEB 1988

M

1657298

158106

CARS TOTAL IOKE RAIN A RAINGB RAINC AREA A AREA B AREA C  TOTAL | RECHARGE ! J0TAL

1ONE AREA RAIN 1 URBAN DESERT | RECHARGE
(Xn2) [} B ] kn? k2 Kke? W3 0 (2%)  m (188 ) 83 (2
1 0.201  0.013% 0.0145 0.0000 0.446 0,145 0,000 0y 85 03 18 U
2 0.181 00135 0,045 0.0150 0,095 0,130 0.0%6 5418 | 11§ 408 | 5 1,37
i D.TY 00145 0.0455 0.0185  0.093  0.186 0.0 518 121 4 §52 1.48
i 0.417 0.0155 0.0165 6.0000 0,238  0.23% 0.000 1533 | 160 568 | 1 1.53
5 0.222  0.0045 0,0155 G6.0000 Q.004  0.f48 0.000 167 ! 5t N 1.45
§ 0,280 0.0145 0.0600 ©0.0000 0.260  0.000 0.000 uy 28 n o i 1.38
! 0.288  0.0125 0.0135 0.0045 0,012  0.t44 0.012 088 ! 82 pi.{ I in 1.2¢
10 0,90 0.0145 Q,0185 0.6000  0.454  0.455 0.000 13638 | 286 1018 130 1.8
| 0.95¢  0.0045  0.0155  0.0000  0.63 0,317 0.000 14082 ) 296 1048 | 1344 1.42
12 0,730 0,0145 Q,0155 0.0000 0.39%  0.390 0.080 1700 | L1 i 11§ 1.43
13 0.667 0,0165 0.0175 0.0000 0.331 0,33 0.000 11340 ) bE} 844 | 1082 1.52
I 0.350 0.0175 0,0185 o.0000  0.17%  4.115 0.00¢ §i00 | 132 i | £01 1,12
15 0.511  0.0165 0.0000 0.0000 0511 9.008 0,000 8432 | m §21 | 804 1.57
16 0.412 0.0155 0,0165 9.0000 0.206  0.206 0.000 §592 | 138 T 529 1.53
17 0.527 0.0145 G.0000 0.0000  G.527  9.000 0.000 1642 | 180 569 128 1.38
18 8.550  0.9125 0.0135 0.0000 G.21%  0.27% 0.000 T5¢ | 150 55 682 1.4
19 ¢.832  0.0115 0,025 0.0000  0.316  0.316 0.000 1584 | 159 564 T4 1.14
20 1318 0.0155 0.0185 0.0000  0.878  0.440 9,000 20869 | 418 1883 | 1491 1.5
a 0.317 6,0155 0,665 0.0000 0.408  0.409 0.000 13073 | M4 813 | 1247 1.5
2 0544 00175 0,0185 00000 0.32 0,32 0.000 11582 | 243 863 | 1106 1.12
2 1168 0.0185 0,005 0.0205 0389 6.3 9.300 2707 i 1645 | 1 1.8§
U 1,106 9.0200 0.0190 0.0000 0,853  0.853 0.000 3347 698 s | KN 1.86
25 1.502 0,021 0.01%0 0.0180  0.500  6.581 0,501 2037 669 2§t | 2 1.84
26 1,136 0.0185 0.0205 6.0000 0.868  0.562 0,000 22152 | 455 1643 | PARE! 1.86
a 1.5 0,0170 0.0190 6.0000 0773 0172 0,000 2Taee 54 2089 ) 2653 1.12
bi 0,802 0.0155 00170 0.0000 0,401 0.401 0.000 13033 | 4 s | 1243 1,55
3 1,066 0.0160 0.0000 0.0000 5,066  0.000 0.000 17086 | 353 1268 ) 1621 1.53
3 5,368 0.0050 0.0230 0.0000 2.584  2.684 0.000 128832 | i 4587 1 129 2.
3 2474 00195 0.0208 09,0000 .23 1,237 0.000 43480 | 1038 82 4120 1.9
N 2410 0.0205 0.0195 0.0185  0.937  0.937 0.937 54815 | 1150 e 5229 1.86
P .67 0.0175  0.0185 9,0000 LM% 1,318 0.000 4466 | 986 8 ! 4528 1.72
it 1,088 0.0175 0.0165 0.0000 0.55  0.544 0.000 18514 | KLY k15 1766 f.62
3 2,081 0.0205 0.0195 0.018%  6.694  0.604 0.693 0531 | 852 E[1F{/ BN 1.86
n 25718 00185 0,017 0.0185  0.35% 0,359 0.850 45716 ! ! KLY 4104 1.61
L 3.540 00185 0.0205 0.0215 1160 1,180 f.180  TST0 ) 1523 e 6923 1.98
kL 2760 0.0210 0.0205 00000  1.840 0,820 0.000 57500 1201 nn 5436 1.9%
] 1,480 0.0000 0.0000 00,0000 3.480  .000 0.000 69600 ) 1461 iy 6640 1.4
i 1,250 0,0215 0.0205 0.0000  0.625  0.525 0.000 4250 | 551 1953 | 2504 2.00
Y] 1,780 0.0245 0,025 0,002 0.593  0.593 0.5%4 41820 | 8 s 3990 .
i3 1,840 0.0200 0.0000 0.0000 1,040 0.000 0.000 33300 | Bid 8 | i 1.5t
i 3,190 0.0265 00215 0.0205 1,083 1,080 1.06¢ 62586 | 1439 04 543 2.05
4 4670 0.0240 0.0260 0.0000 2,335 2,335 0.000 116750 2450 131 I Y K Y
4 2,400 0.0220 0,000 0.0000 f.T40 1140 0.000 80040 | 1680 8986 ) 1636 2.18
i LU0 0,055 6,025 0.0000 1670 1.670 0.600  88S1D | 1858 8586 - Bl 2.53
i 11,060 6,0200 0,270 9.0000 5.530  5.530 0.000 254910 | 5455 19340 ) 24708 .U
H 11,842 0,0300 0.0260 0.0200 1.980  3.981 3.981 02528 349 2512 1 886t .4
5 18.666  0.0230 0.0000 90.0000 14.666  0.000 0.080 420318 | N MG | 40057 .19
Y] 13,016 00210 0.0250 0.0000  4.558  6.550 0.000 309668 | 6331 WY um 2.19
53 .05  0,0085 0.0000 0.0000 E.058  0.000 0.000 205419 £313 15200 1 19603 2.4
$1.116 00240 0.0020 0.0000 14,418 1,238 0,000 SO6TO8 ! 10635 s | sl .1
55 19,068 9,005 0.0235 0.0245  6.420 6420 6.41% 482561 9488 BTG L M .U
56 16538 0.0215 0.0200 0,023 34018 19,40 19,159 A ¥ X 1233 | 2.06



&0
6l
62
&
64
65
66
Y
90
9

1.106
4.211
0.630
1.980
1.420
2.140
1.860
6.530
15.475
28.025

0.0145
0,0200
9.0155
0,0183
0.0163
0.0205
0.0205
0.0225
0.0295
0.0210

0.0135
0.0170
0.0165
0.0175
0.0175
0.0195
0.0215
0.0215
0.0280
0.0230

0.0000
0.0000
0.0000
0.0165
0.0185
0,0185
0.0225
0.0205
0.0000
0.0000

0.553
2,108
0.325
0.660
0.413
0.13
0.600
2.110
1731
14,002

TOTAL

0.553
2.106
0.35
0.660
0.473
0.713
0.600
2.110
.78
14.013

0.000
0.000
0.000
0.660
0.474
0.714
0.600
2.110
0.000
0.000

16590
71562
10400
J4650
24851
4729
38100
136095
444906
100623

1026689

348
1635
218
121
522
87
812
2836
9338
14705

147476

1234
s

™
2518
1849
3105

10127
33106
521355

522810

1583
1432

3308
2
3981
392
12983
42444
66839

670346

1.4
1.7
1,53
1.87
1.67
1.86
2.05
2.05
2.1
2.38



IECHARGE FOR RAINFALL

EVENT OF 22nd FEB 1988

QARS TOTAL IONE RAIN A RAIN G RAINC AREA A AREA B AREA S TOTAL | RECHARGE : TOTAL

Z0KE AREA RAIN ¢ URBMY DESERT | RECHARGE
{ke2) ] ] ] fa? ({7 { VI X/ A 15} S (188} | m 1]
i 9.291 0.0275 0.0285 0.0000  0.150 0,13t 6.000 §134 | 11 805 78 .67
? 0381 0.0215 0.0285 0.0000 0213 0,193 0,000 19585 m 185 | 1016 2.8%
3 .473 0.0275 0.0265 0.0000 0.17%  0.200 0.000 10058 ! M 148 | 854 .57
) 0.477  6.0265 0.0235 0.0000 0,362  0.115 0,000 {2526 253 3 118§ 2.5
§ 0.222 0.0265 0.0000 0.0000  0.222  0.000 6.000 5561 | 121 438 Bt 2,53
b 0,289 0.0265 0.0275 0.0000 0.044 0,145 0.000 Taod | 164 LTI T4 .58
! 0.288 0,0215 00285 0.0000 0.t44  0.144 0.000 gosd | 158 800 | 168 3.61
10 0,008 0.0300 0295 90.0000 0734 0475 0.080 27443 | m 0y 2503 2.85
11 0.050  0.0285 0.0205 0.0000 0,415 0,415 0.0660 27850 | 513 2850 | 2628 an
12 T80 0.0075  0.0285  0.0000  0.300  0.390 0.000 21840 ) 458 1625 | 2084 2.67
'w‘ 13 0.667 0.0055 8,065 0.017% 0067  G.30 0.188 17675 | KH 1315 | 1685 2,53
Tl ¢.350 0.0245 0.0255 0.0000 0175 0.175 0.000 750 | 184 §51 | 235 2,19
15 0.511 0,005 60255 0.0000 0,255 0,286 0.000 12176 | 248 % 1218 2.1
16 §.412 0,005 0.0265 0,800 0.206  0.206 0.000 10712 | 205 191 | 1022 248
ik 0527 0.0075 0.0000 0.0000 0,507  0.000 0.000 14493 ! 304 1078 1183 2,62
12 0.550 0.0285 0.0000 0.0060 0.550  0.600 0.000 15675 1 166 | 1495 31
19 0.632 0.0000 0.0000 0.0000 0,632 0.000 0.000 {8322 ! 5 1364 | 1748 o.n
0 1,398 0.0205 0.0305 0.0000 0.65%  0.559 0,000 39540 | 830 2042 an 1.0
3| 0,817 0.0015  0.6085 G.0000 0.409  0.408 0,900 22878 ! 480 1762 | 21 2,87
n 0.644 0,005 0.0285 G.0000 0322 4.302 0.000 18032 i 1342 ! 1126 367
| 1,166 0.0155 0.0045 0.003% 0,616 0.475 0.07T 29185 612 2169 | 278 :.38
U 1,706 0,025 10,0035 6.0025 0.365  0.T10 .63t 39825 | 836 2983 | 3704 r 4]
25 1,752 0.0M5  3.0035 0,023 0,500 0.862 Q600 41072 | 262 3066 1918 .4
b3 1,136 0,045 0,0235 0.0000 0.550  0.586 0.000 27246 572 w4 .4
21 1545 0,0215 0.008% 00085 0,200 0,580 0,765  4Q3TH | 841 3005 | 3852 .48
28 9,802 0,025 0.0060 -0.0000 0.802  0.000 0.000 22857 - 480 1ol 2181 N
2 1,086 0.,0285 00295 0.0090 0,533 0,533 0.000 30dt4 | - 849 200 2944 LN
k| 6,368 0.0315 0.0000 0.0000 5,368  0.000 0,000 169097 1549 12582 1 1813 .0
Y] 2,474 0,0105 0.0000 0.0000 2474 0.000 0.008 TS5 1584 5615 ) 1199 .4
j ") i L8110 0.0005 0.0000 Q.0000 2811 0.000 0.066 45736 | 1799 8380 | 81n 2.4
—~ W 2,537 0.030% 0.0205 9.0000 2.012 0.625 0.000 79804 | 1615 5038 | 1613 3.8
kH 1.08¢  0.0305 0.0000 0.0000 1.088 0,000 g.000 33215 | 11H un | 369 2.9
¥ 2,081 0.0015 0,085 0.0000 140 1,041 0,000 58269 1223 0 5559 2.67
i 2518 0,015 G.0285 00205 0.859  0.859 0.850 T34} 1541 5465 | 1001 an
k1 540 0,015 0,05 0.0065 1180 1180 (.180 o270 ! 1895 17 ) 8612 2.4
3 2,760 0.0240 0.0220 0.9006 1,380 1380 0.000 63480 ! 1332 i | 5056 2.19
(1] 3.480  0.0110 0.0000 0.0000 3.480  0.000 0.000 73080 1534 543 5972 2.00
i 1,250 0,025 0,0000 0.9000 1.25¢  0.000 0.000 28125 | 0 093 | 2683 215
# 1080 0.0025 0.6035 00000 1,187 0,593 0,000 L0843 LEY) 0 817 .11
4 1940 00210 0.0230 00000 0970  9.97¢ 0.000 42680 195 i 41 2,10
| 3,100 0.0235 .0.0000 0.0000 3,190 g.000 0.000  Ti965 1473 5578 | 1152 2.4
4 4,670 0.0235 0.0000 0.0000 4670  0.000 0.000 fo97ds 2303 yge 10410 LU
i 480 0005 0.0000 6.0000 3.486  0.000 0.000 85260 | $184 X7 814 2.4
i L0 0040 0.0000 0.0000 .30 0.000 0.000 80150 | 1682 5965 1 T84T ')
# 11,060 6.0230 0.0060 0.0000 5,530  5.530 0.000 2T08T0 5687 r[ia] X {11 .3
L 11,942 0.0730  0.0270 0,000  5.971 5,971 0.000 298550 | b2§4 YA I Tt 2.3¢
3| 18.565 0,005 0.0305 0.0000 9.333  0.33% 0.000 578646 | 12148 43058 1 55203 2.9
LY 13,116 00270 0.010 0.0000 6,558 6,558 0.000 87248 1108 738 ) 35035 A1
5} §.058  0.0215 0,005 0,0000 4,020 4,029 0.000 1853 189 13781 L fT68 .18
i N.018 0,010 0.0M0 0.0000 10858 10.858 0,000 488810 10258 kLT I 13k rA L
85 19,250 0.0180 0.0150 0.0000 9629 9.629 0.000 IS | 6659 2645 ) 3014 1.1
58 76,683 0.0150 0.0030 0.0000 33.341  33.342 0.000 1456381 , 30579 108007 ) 138908 1.81



i0
)
§2
83
b4
6
§6
6

9

1.106
2
9.650
1,980
1.4
2140
1,800
§.330
15,475
28,028

0.0305
0.0315
0.0305
0.0305
0.0305
0.0315
0.0315
0.9345
0.0143
0.0260

0.0000
0.0303
0.0000
0.4000
0.0000
0.0305
0.0000
0.0000
0.0000
0.0009

TOTAL -

0.0000
0.0000
0.0000
0.4000
0.0000
0.0000
8.0000
0,0000
0.0000
0.0000

1,106
2,106
0.650
1.920
1,420
1.010
1,800
§.330
15,475
28.02%

™ (S

0.000
2,10
0.000
0,000
0.000
1,070
g.000
0.000
0.000
0.000

0.009
0.800
0.000
0.000
0.000
9.000
0.000
§.000
0.000
0.000

313
130542
19825
§03%0
4310
§6340
56700
199295
179138
128650

1495468

108
L
31
1267
909
1392
190
4185
1481
15193

157315

%10
i
1475
LT
%
136
219
14837
wmn
2

§57183

318
12454
1891
5181
kY
§329
5403
19022
10
9513

115068

2.9
2.9
.4
2.9
2.9
2.9
3.0
0
LU
2.48



{

Tt T AR e n 0

RECHARGE FOR RAIXFALL

EVENT OF 24th FEB 1948

L

QARS TOTAL ZOME RAIN A RAIN B RAINC AREA A AREA B AREAC TOTAL RECHARGE ' T0TAL

10KE AREA RAIN % URBAX pEstRr ! RECHARGE
(Ku2) £ n P kn2 k32 k@ ) %) m {88 § m [T
1 0,201 0.0205 6.0000 0.0000 0,200 0.0 0.t00 g585 ! 180 639 ) g8 2.91
? 0,361  0.0205 0.0305 0.0000  0.254  4.127 0.000 11367 | XL 846 | 1034 2.35
3 0,373 0.0305 0.0000 0.0000 £.373  0.000 0.000 11317 | XL 841 1088 2.9
L] 0417 0.0365  0.0315 0.0000 0,318,159 0,600 14708 | kD 1004 | 1403 U
5 0.222 0.0305 0.0000 0.0000 G222 0.000 0.000 s 42 504 | 1113 2.4
b 0.23¢ 0.0295 0.0205 0.0000  O.144 0,145 0.000 B8 114 834 | Ak 28
1 0.288 40.0295 0.0000 0.06000 6.2  0.000 0.000 3496 | 118 832 | M1 2.8
10 0.900  0.02%0 Q.0000 00000 0,909 0,000 0.000 2367 553 1962 | 513 .11
11 8,950  0.0295 0.0000 0.0000 0,956  0.000 0.000 28025 | 588 2085 | 2674 .81
12 0,730 0.0235 0.0305 0.0000 0.3%0  0.390 9.000 23400 | 9t 1 ! 23 2.6
1l 0,867 0.0305 0.6315 0.0000 0.33%  0.334 0.000 20678 | 434 1539 | 1873 2.86.
-\H 0.350 10,0325 0.03{5 0.0000 0.088  0.262 9.060 (it43 | P2} | 8 | 1069 3.03
15 0,511 0.0305 0,045 0.0600 0170 0,341 0,800 15927 . U 185 | 1519 2,91
16 0,412 0.0295 0.0305 0.0000 8.137  0.215 0.000 12429 | p{]] 95 | 1186 2.88
17" 0.5 0.0205 0.0085 0.0000 0.263  0.264 0.000 15283 N 137 1458 a1
18 0,550 0.0295 0.9285 0.0000 0.183  0.367 0.000 15858 KEK: 1180 | 1513 2,18
11 0.632 0.0285 0.0000 0.0060 0.632  0.600 0.000 18012 | 378 1340 1718 2.12
p{ 1380 00090 0.0295 0.0000  0.659  0.65% 0,006 38552 | 809 2888 | 1678 2.1
A 0.817  0.0295 00305 0.0000 0.408  0.400 6,000 24510 ) §14 1824 | 2338 2.86
2 8,644 0.0305 0005 4.0000 0,322 Q.32 0.000 19464 AL 1486 1405 2.%6
b4} 1.168  0.0315  0.0325 0.0000  0.584  0.58¢ 0.000 37N | 184 e | 3566 1.08
U 1706 0.03t5 0.0330 0.0006 0.853  0.853 0.000 55019 | 1155 4094 | 5249 3.08
25 1,502 6,8315  0.0025 0.0000  0.751 0,751 0.000 42064 | 1008 B 4585 3,08
2 1,13 0,015 0.0308 0.0000 0.568  0.568 0.000 3526 | 134 %20 | 1360 2.96
) 1545 0,0305 0.0285 0.0098 0,386  0.386 0773 45578 | 457 19 4348 2.8
i} 0,362 0,0085 0.0275 0.0000 0.267  0.535 0.000 22322 | 468 1561 | FAR] 2.66
2 1.086 0.6215 0.0265 0.0000 0,593  0.53 0.000 28782 604 e 146 2.5
H 5,368  0.0090 0.0000 0.0000 5.368 0,000 0.000 55672 | 1067 11584 | 14851 ' RI
kY] 2,404 0.0000 0.0000 6.0000 2474 0,000 0.000 TiT4E | 1546 5330 ) 345 wn
3 0.811 0.0200 g.0008 60,0000 2.811  0.000 0.600 §i518 | 11iLl §08s | T a1
oM 0,537 0010 0,005 0.0000 1318 1,319 0.000 I7133 | 1619 5740 1 1358 2,78
s 1,089 0.0205 0.0290 0.0000 0.2 0.7 0,000 3iTNT 568 280 | 026 21
3 2,081 00205 0,615 0.0305 G52 0.520 1.080 631 ) 1332 472 6055 .4
i 35780 0.0205 0,0305 0.0000 1.28%  1.289 0.000 130 | 1[4 5758 | 1 2.86
ki 3,540 0.0315 0.0320 0.0000 1.TT0 1770 0.000 112395 ) 23 LKL T (1[4, .0
ki 3760 0.0330 0.0320 0.0000 0.920 1,840 0,000 BO240 1873 b4 | B51d 1,08
{ 3,480  0.032%  0.0330 0.0000 1740 1,740 0.000 113970 2392 a8t ) 10813 i1
4 1,250 6,035 0.0335 0.0000  0.525  0.62% 0.000 41250 866 068 | 1038 1.15
[h) 1,780 00315 0.0305 0.0295 0.590 0,580 0.800 54280 1138 0wy ) s 2.91
4 1,940 0.0325 0.0335 0.0060 0.970 0.370 0.000 64020 | 134 H T 6108 1,15
i 2,190 0.0335  0.032% 0.0000 1598 1,505 4.000 105270 2208 L3I I v [ & 1.15
4 L6700 0095 0,035 0.0000 1168 168 2.3 140102 | 2940 10425 ) 13366 2.86
4 1,430 6.032¢ 00006 0.0000 3.480  0.000 0.000 111360 | PEKH N (1111 .08



T APy e

vt

@RS TOTAL Z0ME RAIN A RAING RAINC AREA L AREA B AREAC TOTAL | RECHARGE ) TOTAL

W8E  MRER BN 1 URBAN DESERT | RECHARGE
{ke2) ] ] n n (1IN T YRR R b I (i) 1 m )
Y 1,0 0.0295 0.9000 4.0006  3.340  0.000 0.000 98530 2068 13t $490 2.8
i 11,060 0.0279 0,000 0.0000 11,060  0.000 0.000 298620 | 6267 2021 ) 28488 .58
Y 11,942 0.0260 9.0000 0.9000 19,942 0,000 0.000 310492 8547 204 | 29621 .42
51 18,666 0.0000 0.0000 0.0000 18.666  0.000 0.000 41314 ) 113K 40280 | 5164 L
h? 13.116  0.0200 0.0000 0.0000 13116 0.000 0.000 393480 | 8258 28280 37538 2.8
LY .08 0.0310 4.0000 0.0000 8.058  0.000 €.000 248798 | 5243 19588 1 26 .96
M M6 0.0020 G.0000 0.0000 21716 0.000 0.000 G941 ) 14585 StT10 ) 66295 1.08
55 19,258 0.0300 0.0000 0.0000 13,258  0.000 0.000 5TIVAD 0 12128 2991 1 55118 .86
i 716638  0.0320 0.0000 0.0000 76.638  0.000 90.000 245216 -1 SH7M 182489 | 233960 3.05
60 1,106 0.0200 0.0000 0.0000 1,106  0.000 0.000 3074 673 181 1060 LN
61 4211 0,0290 0,0000 0.0000 4241 0.000 0.006 122119 2583 087 ;11650 L1
62 0,650 0.0200 0.0000 0.0000 O.650  0.000 0.000 18850 3% e ) 1798 .1
i3 1,980 0,020 0.0000 6.0000 4.986  0.000 0.000 57420 1205 a1 8473 2.1
1} 1,420 0.0290 0.0000 0.0000 1.420 0.000 0.000 41380 854 T 3828 N
(1] 2,440 0.0290 10,0000 0.0000 2.140 0,000 0.000 62060 | 1103 #18 | E1H LN
'\;6 1.800 0.0280 0.0000 0.0000 1.B60  0.000 0.000 52200 | 1046 k1.1 T 1989 .1
1 §.330 0,0200 0.0000 0.0000 6,330  0.000 0,000 33570 - 3853 13666 ) 17513 2.1
0 16,475 0.0270 0.0000 0.000 95.475  0.000 G6.000 417825 | 8769 091 1 39861 2.58
tH 26.005 0.0300 0.0030  6.000 14012 04013 0,000 eslTy | 13528 65630 | 84218 .0

TOTAL 9430167 199180 104182 405362




AECHARGE FOR RAINFALL
EVERT OF 24th APRIL 1988

QARS TOTAL Z0ME RAIN A RAINB RAINC AREA A AREA B AREA S TOTAL | RECHARGE ; TOTAL

I0KE  AREA . RN ) URBAW DESERT | RECHARGE
(K2} I | ) Kn? K w2 omb 4 {22%)  ml %) + m
Rk | 0,291 0.0050 0.0055 4.0000 0,097 0.1%4 0,000 1552 3 115 143 .51
1 0,381 0.0055 0.0000 0.0000 0.381 0,000 9.009 006 | i 156 ! 00 0.52
1 8,311 0.0055 0.0065 0.0000 0.124  0.249 ¢.000 not 48 m o Y 0.59
4 §.477 0.0055 0,0065 0.0000 0,318 0,159 0.000 e 5 ar 265 0.56
5 6,222 0.005% 0.0000 0.0000 0.222 0.000 0,000 1201 | % § 116 0.52
b 0,288 0.0045 0,0000 0.0000 0.28%  0.000 0,000 1304 | n a ! 124 0.43
1 ¢.288 0.0045 0.0000 0.0000 0.288  0.000 0,000 1296 | n 8% 124 .43
18 6,303 0.0065 0.0075 0.0000 0.666  0.303 0.000 o | 130 462 | 593 0,85
11 ¢.950 0.0065 0.0000 0.0000 6.850 0,000 0,000 $75 | 130 4 588 0.62
12 §.780 0.0055 0.0065 0.6000 0.520  0.260 @.000 4550 | 43 13 434 0.56
13 0.667 0,0065 0.0000 0.0000 0.667  0.000 0.000 436 | 9 o i 0.62
\JN 0,350 0.0065 0.0000 0.0000 6,350  0.000 £.000 n o 48 164 | Al 0.2
15 0.511 0.0055 0.0000 06,0000 8511  0.000 0.000 AT 5 i 158 0.52
16 §.412  0.0045 0.0055 G6.0000 0,308 0.104 ¢.090 1958 | 4 14 ] 187 0.45
IR Y 0,521 0,0045 06,0035 0.0000 0,263 0.264 0.090 10 4 157 01 0.38
18 0.550 0.0045 0.0035 0.0000 G215 0,215 0.000 200 | 46 S | 1 10 0.38
19 0.632 0.0035 0.0045 0.0000 0.3%6 0.316 0.000 2528 53 18 4 1.1
20 1,318 0.0875 6.0000 ¢.0000 1,318 0.000 0.000 9885 | 01 136 | 9843 6.72
U 0.817  8.0065 G.0075 0.0000 0.408  0.400 0.000 5120 | 120 it ) 545 0.67
b4, §.644 0.0075 0.0000 0.0000 0.644  0.000 0.090 i 10 kL1 461 0.72
4 1,168 0.0075 0.0000 0.0000 §.168  0.000 0,000 8760 | 134 §52 | 836 0.12
2 1,106 0.6065 0.0075 10,0000 0.569  1.137 0.000 12226 | 1 o | 1166 ¢.68
2 1,562 0.00%5 0,005 0,0000 0,750 0,751 0,000 12 | 189 671 260 0.57
{3 1,136 60055 0.0045 0.0035  0.284  0.558 0284 512 101 Ho | 18 0.43
i 1,545 0,003 0.0045 4.0000 0,713 0,772 0.000 §180 | 130 460 ) 580 0.38
238 ¢.802 0.0025 0.0000 G.0000 G802 0,000 9.000 005 | Y} W 191 0.24
u 1,066 0.0023 0.0000 0.0000 1.066 0,000 0.000 2665 56 198 ! 154 0.24
k) 5.368  B.0135 0.0125 0.0018  L.7BQ 1,189 1790 67099 | 1408 4493 | $401 1.1%
k] 2AT4 0.0105 0.0095 0.0000 1.855  0.618 0.000 25369 | 522 1087 2418 £.98
% .81 0,010 0.0095 0.0085  0.103  1.405 0700 26705 | 569 197 B8 . LY
')_14 2,637 0,008 0.0085 0.0006 1,758 0.87% 0.000 4413 | 507 1% | 2306 881
3. 1.089 0,0085 0.0000 0.0000  1.08%  0.000 0.000 g257 ! 194 589 | LEX] 0.5t
36 2.081 0,009 0.0085 0.0000 f.040  1.041 0,000 18729 | LK 139 1781 0.86
¥ 2.579  0,0085 0,007 0.0000 1,289 1.28% 0.000 o624 | FXX . 1535 1964 0.16
k14 3.540 0.0095 0.0085 0.0000 1,770 1170 0.000 31860 | 669 un 039 .86
3 2,760 0.0095 0.0035 0.0000  0.920  1.840 0.000 24380 | 512 1814 | 2326 0.84
Tl 3,480 0.0075 0.0000 0.0000  3.480  0.000 0.000 28100 ‘1 54 1442 | 1 0.12
) 1,250 0.0065 0.0055 0.0000 0.625 0,625 0,000 7500 15 558 | AL} 0.5
{2 1,780 0.0055 0.0045 0.0035  0.50%  0.593 0.594 009 ! 168 546 164 0.4
K] L340 00015 0,0085 0.0000 0,970 0.970 0.000 13580 | 285 1011 1246 0.§7
i 380 0.0005 0.0085 0.0000 2127 1.063 G.000 19§72 413 164 | 1817 0.59
[ 4,670 0.0050 0.0030 00000 2,335 2.335 0.000 1880 | i 1380 1782 0.3
4§ 1.480 0.0085 0.005% 0.0045 1,160 1,160 1,160 18140 | 402 1 1826 0.52
I 1340 0.0035  0.0025 00015 MY L1134 39 115 TAI 1% 0.4

i 1,060 0.0020 10,0000 0.9000 5,530  5.530 0.000 11060 | P, 823 | 1055 0.10 -

" 11,940 0.0000 0.0000 0.0000 11,942  0.000 0.000 . } 0 0 0.00
5 10,666 0.0120 0.0040 0.0000 .33 9.333 0.000 242658 ' 5063 18057 |} 23180 1.4
52 1.5 00030 00110 0.0000  £.558  6.558 0,000 157392 | 3303 11z 15015 A4
Y] 8.058 C.0135 00125 Q.0115 2,686  2.686 2.686 100728 | 31! 7408 | 9604 .19
5 .06 00115 00105 0.0005  T.238 T8 1240 228006 | 4186 16987 1 N 1.00
- 5 19.258  6.00%0 0.0100 0.0000 12,830 E.M9 0.000 179741 im 135 0 1 0.89
1] 16,638 0.0085 0.0075  0.0000 38.319  38.319 0.000 613104 | 12868 45622 1 58480 .76




§0
i1
§2
§
§4
£
66
i1
9
#

1,106
{211
0.550
1,480
1.420
2140
2.28
§.330
15,415
28.02%

0.0065
0.0070
0.0075
0.0075
g.007§
0.0085
9,0095
0.008%
0.0000
0.9040

0.0800
0.0080
0.0000
0.008%
0.0085
0,0085
0.0105
9.0108
9.0000
0.0000

0. 0000
¢.00%0
4,0000
0.0000
0.8000
0.0000
0.011%
0.0115
0.0000
9.0000

1.108
1,404
0,630
1340
0,710
1,010
0,562
2,110
15,475
28,008

TOTAL

0.000
14
0.500
0,680
g.710
1,010
1124
2.110
0.000
0.000

0.000  T188
1400 33681
0.000 4875
0.000 18510
§.000 11360
0.000 19260
0.562 23604
2,110 66465
0.000 0
0.000 112100

2310053

151
101
102
i
V&)
04
495
1395
0
2353

48483

§35
2501
363
154
L
1433
1756
4346
0

- 3R

171836

586
3214
468
1480
1084
1837
2282
§341
0
10834

22031%

0.82
0.76
g.12
0.1
0.76
0.8
1.00
1.0
g.00
0.38
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APPENDIX "D

RECHARGE FROM WELL ABSTRACTION

INTRODUCTION

There are 52 active farms within the Study Area of a total
aggregate demarcated area of 357.20 ha. Total groundwater
abstracted from wells on site amounted to 4.143 Mm3® in 1986/87
and with an assumed average evapotranspiration demand of 1,700 mm
for the irrigation of alfalfa and date palms, the indicated area
under actual irrigation is 175.2 ha. or 49% of the total area.
Average 1irrigation efficiency is 72% and irrigation return would
therefore amount to 1.167 Mm3. Table D.1 lists each of these
farms against their Ministry of Agriculture number who also
provided the basic data on farm size and well abstraction rates.

TABLE D.1

TS “\gw
-

i
= pn
USQ% Q(‘j:;'m Ext},\{action %
No. {m3x103) Area TET m3 Loss Remarks
{ﬁ‘w GER. 1986-87 m? “{x 1.7m) (m3)
341 b7 45 - 88,000 149, 600 6,738
369 5) 179 86,000 146,200 32,800
373 ol 86 6,000 78,200 7,800
376 : 45 53,000 90, 100 6,738
376-A Abandoned
377 o Abandoned
379 73 122,000 207,400 10,930
381 . " (38,000) (64,600) Potable
382 76 22,000 37,400 38,600
383 43 - 21,000 35,700 7,300
390 42 87,000 147,900 6,289
393 105 120,000 204,000 15,722
403 26 15,000 25,500 500
405 - ' Abandoned
407 178 89,000 151,300 26,700
408-A Abandoned
410 : Abandoned
411 52 16,000 27,200 24,800
412 26 7 : 11,000 18,700 7,300
413 86 6,000 10,200 75,800
420 33 20,000 34,000 4,94
421 48 52,000 88,400 7,187
422 67 101,000 171,700 10,032
424
426 13 34,000 57,800 15,200
427 43 31,000 52,700 6,439
429 130 - 40,000 68,000 62,000
430 Abandoned
432 31 ) 43,000 73,100 4,642
436 85 175,000 297,500 12,727
437 29 9¢, 000 168, 300 4,342




TABLE B.1 (Contd.)

Farm Extraction
No. (m3x10%)  Area ET md Loss Remarks
1986-87 m? (x ¥.7m) {m3)

441 67 85,000 144,500 10,032

444 143 53,000 90,100 52,900

445 336 100,000 170,000 166,000

447 14 44,000 74,800 2,096

449 Abandoned
450 82 © 440,000 748,000 12,278

453 48 49,000 83,300 7,187

456 Abandoned
457 : Abandoned
459 55 28,000 47,600 7,400

463 17 . 16,000 27,200 2,545,

465 125 137,000 232,900 18,7186

466 193 © 101,000 171,700 26,300

470 125 153,000 260,100 18,716

471 ‘ Abandoned
472 24 7,000 11,900 12,100

473 ' 32 . 21,000 35,700 4,791

474 a1 ' 44,000 74,800 16,200

475 ’ 48 27,000 45,900 2,100

479 29 37,000 62,900 4,342

482 66 40,000 68,000 9,882

483 110 128,000 217,000 16,470

488 74 : $,000 15,300 58,700

492 318 62,000 105, 400 212,600

496 (255,000) (433,500) Potable
497 188 147,000 249,900 28,149

497-A 59 124,000 210,000 - 8,834

498 129 260,000 442,000 19,315

588-A Abandoned
595 86 36,000 61,200 24,800

644 35 36,000 61,200 5,241

644-A 43 11,000 18,700 24,300

Total 4,143,000 3,572,000 2,975,476 1,187,524

OTHER WELLS

The following table has been éxtracted from the original Report as no
current data could be obtained.

WELL EXTRACTION AREA ET. M

NO. M3 Mz (X 1.7 M) LOSS

1 44,869 11,000 14,358 30,511
2}

] 203,947 50, 000 65,263 138, 684
3} .
4 367, 106 90,000 117,474 249,632
5 16,272 - 3,600 5,207 11,065
5 16,272 3,600 5.207 11,065
7

18,356 ' 4,500 5,874 12,482

Total 666,822~ 162,700 213,383 453,439




SUMMARY QOF ABSTRACTION RECHARGE BY ZONE -~ 1988

"FARM WELLS WITHIN OTHER WELLS IN
STUDY AREA STUDY AREA
QARS RECHARGE RECHARGE
. M3 3
ZONE NO M3 /YEAR TOTAL NO ﬂ\/YEARa_W “ .

1 FARM WT GULF/CINEMA 12,482
35 TV RO —
37 _ HITMI
38 463 .. 2,545 2,545
40 488 58,700 58, 700
51 376 6,738 100, 457
379 10,930 T
382 38,600
383 - 7,300
390 - 6,289
51 369 - ' 32,800
373: 7,800
51 » _ .
52 412 - 7,300 137,003 ;
: LUCKTAHA PARK (I,IT) 138,684
413 75,800 T
420 4,941
421 7,187
422 10,032
432 4,642
436 12,727
437 4,342
441 10,032
53 393 15,722 151,360
403 500
407 26,700
411 24,800
426 15, 200
427 - 6,438
53 429 62,000
54 465 : 18,716 292 877
466 26,300 —_
54 444 52,900 EMIRS PALACE 249,632
54 445 166, 000 -
447 2,096
450 12,278
453 7,187
459 7,400

o oikas




SUMMARY OF ABSTRACTION RECHARGE BY ZONE - 1988 (Contd.)

FARM WELLS WITHIN OTHER WELLS IN
STUDY AREA STUDY AREA
QARS RECHARGE [ 7 RECHARGE
ZONE NO M3 /YEAR TOTAL NO \\ M3 /YEAR
55 470 18,716 377,146
472 12,100 e
473 4,791
474 16,200
475 2,100
595 24,800
644 5,241
644-A 24,300
55 492 212,600
497 28,149
497-A 8,834
498 19,315
56 - 482 9,882 30,694
56 479 4,342
_ 483 16,470
60
62
63
64
65
66
67 341 6,738 6,738
TOTAL 1,167,523 442,374
k\ | 57826( I




SUMMARY OF ABSTRACTION RECHARGE BY ZONE - 1988 (Contd.)

FARM WELLS WITHIN OTHER WELLS 1IN
STUDY AREA STUDY AREA
QATS RECHARGE RECHARGE
ZONE NC - M3 /YEAR TOTAL NO M3 /YEAR

The location of the Farm wells and other wells are shown on Map A/1.
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FARM | EXTRACTION |
: , AREA  ; E.Tm3 |
No- m3 L om2 (x 1Tm) | LOSS 1 1 CALC ¢ LOSS 2 . TOTAL
) 1986-87 | A (m3) ! LIST 1 (m3) } Loss
' : ! | : 1 U (b
s 1 450000 38000 § 149500 i —5 ’ ()
360 : 179000 | 86000 | 146200 ; 328 0| 45000 | 6738 i 6738
376 : 86000 | 46000 | 78200 ! 7880 : 0 0! 32800
e 45000 | 53000 | 90100 0! 0 0! 7800
377 : 01 0! 0! 0 i 45000 i\ 6738 i 6738
379 1 01 0 i 0! 0! 0! 0 0
e | 73000 ! 122000 ! 207400 ! : 0 0! 0
182 ! 76008 ! 0! 0! g : 73003 {10030 | 10930
' ! 22000 | ' ! ' 0!
ggg f 43000 | 21000 ! 32?33 {38600 0 | 0| 38608
393 ! 42000 | 87000 ! 147900 D 0 0! 7300
103 105000 | 120000 | 204000 : 0} 420004 - 6289} 6269
405 : 00 ! 15000 | 25500 ! 500 ! 00 | 15722 ; 15722
407 I o 0 i 0 0! 0 | 0 . 0 500
| 78000 ! ! 0!

o 000 {89000 {11300 | 26700 : o | 0
ae 0 ! 0! 0! o 0!l 0! %
! 52000 | 16000 | : ! 0 0!

::g E 26000 { 11000 E f;?ﬁﬁ | 24800 E O.E ¢ 5 24803
420 : 86000 ! 6000 | 10200 ! Jboodl 0 0! 7300
421 | 33000 } 20000 | 34000 r 75800 0} 0! 75800
422 : 48000 | 52000 | 88400 ! 0 i 33000 i 49411 4941
424 : 67000 | 101000 | 171700 ! 0 i 48000 ; 7187 i 7187
126 : 0! 0! 0! 0| 67000 ! 10032 { 10032
po | 73000 | 34000 ! 57800 ! 0 0! 0! 0
a1 1 43000 | 31000} 52700 P 19200 0! 0! 15200
4 . 130000 | 40000 | 68000 0! 43000 ! 6438 | 643
30 | 0! ! ' 62000 | 0! ! 8
432 ' ' 0. 0! 0! ' 0. 62000
436 : 31000 | 43000 | 73100 | l 0 0 0
437 ! 85000 | 175000 | 297500 | O} JwWoo: 404z A%
441 : 29000 | 99000 | 168300 | 01 85000 ; 12727 % 12727
444 | 67000 | 85000 | 144500 ! 0. 29000 { 4342, 4342
445 143000 1 53000 4 90100 E o0y | 1000 10032 ! 10032
447 ! 14000 ! o | 170000 | 166000 ! o | 01 52900
449 ' ! 4000 ; 74800 | 0! ' 0 ; 166000
450 ! 0. 0! 0 X ; 14000 | 2096 | 2096
453 : 32000 { 440000 | 748000 | g l ¢ 0 0
o E 8000 49000 | 83300 | 0! 82000 | 12278 ' 12278
457 : 0 ! 0 : 0! 0! 0 : 7187 | T187
I 0! 0! : ' 0. 0

1 0. ¢! X
1 0 ; 0
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_FARM E EXTRACTION E AREA | E.Tm3 | LOSS 1. | CALC ! LOSS 2 ! TOTAL
No. ; hrg::agg) i m2 E(x 1.7m) E (m3) | LIST | (m3) ! LOSS
- . 1 1 ' L
(.} RO SR NN B N
:gg 5 55000 E 28000 | 47600 ! 7400 ! 0! 0! 7400
| 1 1
pr : 1;;333 : 16000 | 27200 : 0 : 17000 E 2545 i 2545
' 1 137000 | 232900 ! 0 1 125000 } 18716 ! 18716
466 ' 198000 ;. 101000 } 171700 ! 26300 ! 0! 0 1 26300
470 ' 125000 | 153000 ! 260100 ! 01 125000 ! 18716 ' 18716
471 | 0 0. 0! 0 0} 0! 0
472 ! 24000 ! 7000 ;11900 | 12100 ! 0 0 12100
473 ' 32000 ; 21000 | 35700 ! 0} 32000 ! 4791 ! 4791
474 ! 91000 | 44000 | 74800 ! 16200 ! 0! 0! 16200
475 ' 48000 ; 27000 | 45900 ! 2100 | 0! 0! 2100
479 ! 29000 | 37000 ! 62900 ! 0! 29000 ! 4342 ! 4342
482 ' 66000 | 40000 ! 68000 ! 0 66000 ! 9882 ! 9882
483 ' 110000 | 128000 | 217600 ! 0 1 110000 | 16470 ! 16470
488 ! 74000 ! 9000 | 15300 ! 58700 ! 0! 0 ) 58700
492 ! 318000 ; 62000 | 105400 | 212600 ! 0! 0| 212600
496 ' 0! 0! 0! 0! 0! 0} 0
497 ' 188000 | 147000 | 249900 ! 0 | 188000 | 28149 ! 28149
497-A ' 59000 | 124000 ! 210800 ' 0} 59000 ! 8834 ! 8834
ggg E 129000 E 260000 | 442000 | 0 1 129000 | 19315 ! 19315
595 ! 86000 ; 36000 , 61200 ! 24800 ! 0} 0 ! 24800
g:: R E igggg E 36000 | 61200 ! 0 35000 ! 5241 ! 5241
- ' {11000 | 18700 ! 24300 ! 0. 04 24300
TOTAL - 514%p00 3572000 2975476 1167524 1172000 265323
ot ceni 1 902200 ———————
BAFF ELERCE 265324 0.149731 | 1167523 | 1167523
TOTRL. oF  CALL LT LTT2 WG
% Clo M 25100 = O 1aT1

e —————
LTI, 00
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APPENDIX "E"

'lRECHARGE FROM TREATED SEWAGE EFFLUENT T.S.E.

INTRCOUCTION

Treated Sewage Effluent is produced at the Naeejah Sewage
Treatment works, located South of 0Doha. The T.S5.&. is pumped
back to Doha through rising mains into the T.S.E. Towers. This
7.5.E. 1is then delivered to vegetation areas in Greater Doha
through irrigation pipelines or tankers.

The treated sewage effluent 1is exclusively wused by the Doha

-Gardens Section of the 0Doha Municipality for the irrigation of

public parks, roundabouts and roadside trees. The irrigation
network is constructed and commissioned by the Civil Engineering
Department of the Ministry of Public Works; and is handed over to
the Garden’s Section for Operation. The network is continually
expanding as it 1is planned to completely phase out the tanker
service, Daily production figures of the T.8.E, Irrigation
pipelines details and layouts were obtained from CED engineers.

Data obtained from The Doha Municipality included an indication

~of where TSE, desalinated water and well water was used for

irrigation. In addition estimates of dirrigation demand for
planted areas were given and have been adopted for this study.
This section of the report only covers T.S5.E. usage and other
types of water used for irrigation will be covered in other
appropriate sec¢tions.

T.5.E. PRODUCTICN

The daily average production of T.S.E. at the Naeejah Sewage
Works for the summers and winters of 1988 and 1989 were as
follows: -

" Year Summer . Winter
m3 /day m3 /day
1988 15,200 12,520

1889 14,748 11,803



The average daily production of T.S8.E. at the Naeejah Sewage
Treatment Works for 1988 is given below in Table No. E.1.

TABLE E.1

THE AVERAGE DAILY RETURN OF TSE TO DOHA

Treated
Year Month Return Effluent to foha Comments
md /day

1988 January 12,700
February 11,210
March 12,530
April 14,780
May 16,411 ' 1988 Total TSE
June 14,600 ‘ Retruned to
July 14,870 Doha =
August 16,120 4,996,330 md
September 14,010 _
October 14,160
November 10,890
December 11,370

1989 January 11, 340
February 11,780
March 10,690
April 12,550
May 11,800 1989 Total TSE
~June 15,150 Returned to
July 15,760 Doha =
August 15,850 ' . 4,846,516 m3
September 15,250 :
October 14,680
November 13,090
December ‘ 11,370

*x Assumed figure

Sources : CED, Doha South Sewage Treatment Works.



E.3

E.4

E.S

THE T.5.E. IRRIGATION SYSTEM

The TSE 1Irrigation System consists of four concrete Towers,
rising mains and irrigation mains which have been extended since
the ASCO study of 1982/83, refer to drawing TSEf.

On a similar basis as adopted for the water mains in Doha and
allowing for deterioration of mains over the last 7 years we
would estimate a 1loss from the system of 15 - 20% of annual
flow. It is assumed that 95% of this loss recharge the
groundwater and taken as 0.95 m3/yr distributed evenly over the

routes of the TSE mains. ’

T.S.E. TANKER SERVICE

A number of roads in Ooha, and all planted reoads in Rayyan,
Gharrafa, Salwa and Ghanim Jadeed areas are still supplied by
tankers. :

VEGETATION

7.5.E. 1is basically used in watering two types of vegetation (a)
roads trees and (b) parks, gardens and roundabouts. Both types
of vegetation are described below.

E.5.1 Road Trees

Generally roads are planted with three rows of trees,
one along the central reservation and one.row along
each side of the carriageway. Arrangement of trees and
their densities vary from road to road and s¢ does the
tree and flower bed species. The following types of
tree arrangements were identified in the study area and
are shown in Table E.2.
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TABLE E.2

TYPES OF TREE ARRANGEMENTS
ALONG_ROADS (DENSITIES)

Cen%ral
Reservation: Sides:
Row of Rows of
Type Trees Trees
A Two Two:
' One each side
B One + Two:
Grass One each side
- C One Two:
One each side
D One - Not Planted
E Flower Not Planted
Beds only
F Not Planted Two:
One each side
G Flower Cne:
Beds One each side
H One + Not planted
Grass
E.S5.2 Public Parks

The main park where T.S.E. is used at the present time
is Montazah Park. Montazah Park, which is located
between the "B" and "C" Ring Roads in Doha. Doha
Gardens Section indicated that the older part
(approximately 40,000 m?) of which about 37,000 m* is
planted mainly depends on T.S.E. for its watering while
the new part is entirely watered with potable water
from the distribution system.



E.6

E.5.3 Gardens and Roundabouts

The majority of roundabouts and gardens for Government
Buildings are watered with potable water direct from
the Water Oistribution Mains but there are a few which
depend upon the T.5.E. These are listed in Table E.3,

E.5.4 Farms

Four farms 1in the Central 0Ooha area are watered by
T.S.E. and they have a combined gross area of 68.1
hectares. From the water used on the other farms in
the area it can be estimated that the application rate
on this area is 4.473 metres/year on the 10% effective
area.

The annual applied volume 1is therefore:-
10% x 68.1 x 4.473 m = 304,658 mi/year

The evapotranspiration is 1,700 m of
the effective area:
10% X 68.1 x 1.700 m = 115,770 m3/year
Giving a recharge in the area of the
farms of 188,888 m3/year

WATERING POLICY AND DAILY CONSUMPTION

As mentioned earlier the Doha Garden Section uses T.S.E. to water

- two types of vegetation (a) Road Trees and (b) Parks, Gardens and

Roundabouts. As indicated in ASCO’s report Doha Gardens Section
policy 1is to water parks, gardens and roundabouts daily, six days
a week, and to water trees twice a week during the winter months
and three times during summer months. There are approximately
(22,000) trees within the study area, which are watered by the
irrigation mains and tankers.

From the ASCO study it was indicated that the Doha Garden Section
provide between 60 and 200 gallons of T.S.E. for every tree per
week. For the purpose of this study the same applicatons rate of
550 1/wk in the winter and 820 1l.wk 1in the summer for tree
watering has been adopted. The spacing of trees along roads was
also investigated and it was found that trees are spaced a 8 m
apart on average. Various roads were found to have different
types of tree arrangements along the central reservation and
sides, these are listed in Table E.2.

Where quantities of T.S.E. used were not given by the Doha
Gardens Section it was calculated in the following manner:-



a) Trees

Number of trees in row
1 km long = 1000 m

8 m/tree

Number of gallons of T.S.E.
used per week in a road with
3 rows of trees 2 kms long ' =

-TABLE E. 3

PARKS, GARDENS, ROUNDABOUTS AND

ROADS WATERED WITH T.S.E.

125 trees

25 x 3 x
307 m3/w

2 x 820
K

Area (m?) Av. Consumption
Name/Ref Type [No. of trees] m3 /D
A-Ring Road
A2 - A3 i 110] 12.55
A3 - A4 [ 110] 12.55
A9 - A10 { 5,000) 72.00

[ 44}
A0 — A1t ( 4,500) 65.00

[ 28] '
A1t - A12 (10,500} _ 152.00

[ 83]

A12 - A13 ( 5,400) 78.00

{ 25]
B-Ring Road
B2 - B5 [ 220} 25.00°
B5 — B6 { 1,379) 20.00
B8 - B9 { 1,860) 27.00
B9 - B10 { 2,700) 39.00
Bt0 - B11 ( 1,620} 23.00




AR B P A L v s T AT

Area (m*) Av. Consumption
Name/Ref Type {No. of trees] m3 /0
C-Ring Road
CR1 - C2 D/1 [ 331] 44.45
C2 - C6 D [ 850} 114.16
c6 - C7 B { 8,962) 153.50
[ 532]
¢7 - c8 ¢ T 1073 14.37
c9 - C12 H [ 395] 53.05
€12 - C13 c [ 763] 102.47
D-Ring Road
D1 - D2 D/1 ( 1,212) 67.97
: [ 319]
D2 - D3 D/1 ( 810) 33.51
[ 149]
D3 - D4 H ( 1,310) 74.68
[ 358]
D4 - D5. c [ 123] 13.40
D5 ~ D6 C [ 159] 17.23
D6 - D9 c/D [ 644] 69.89
D9 - D11 C [ 808] 88.08
D11 - D12 o} {151 17.23
Corniche
CR1 - CR4 C ( 3,593) 52,21
[ 367]
CR4 - CRS B ( 2,195) 31.93
, [ 200]
CR6 - CRT B (31,070) 451.98
{ 96]
CR7 - CRY A (65,520) " 950.00
[ 436)
CR9 - CR10 A (22,483) 326.00
: [ 213] '
CR10 - CR11 A (41,379) 600.00
[ 356]
CR11 - CR12 ¢ T 662] 75.51
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Area (m?) Av. Consumption

Name/Ref Type {No. of trees] m3 /D

Muntazah Road

C4 — B4 E { 2,320) 33.65

G. H. Avenue

CRS - A3 E ( 4,000) 6§4.00
( 76]

Rayyan Road

c8 — D9 /¢ ( 3,602) 52.40
[ 358)]

D9 to

Dukhan R/A D [ 401] 45.74

Salwa Road

BC5.1 — C6 [ 63] 7.19

¢6 — S4 : 0 [ 2,050] 233.83

Rayyan Area

Gharrafa R/A

to MOE .

Dormitories c [ 568] 64.75

MOE Dormitories

to Sh Khalid

Roundabout C ) 554] 63.19

Sh Kalid R/A

to Attiyah

P. Station F [ 107] 12.20

Attiyah P.

Station to

Racecourse C [ &74] 99.69

Ghanim £l Jadid

Khalifa Stadium

Road and Zoo

Roads D [ 1718] 88.74




Area {(m#) Av. Consumption

Mame/Ref Type [No. of trees] m3 /D
Miscellaneous Roads
D1t - €12
- A10 D/C/A [ 1,428] 162.88
D16 - V2 C ( 820] 93.53
v2 - C1 c [ 196] 22.36
V4 — V2 ¢ [ 425] 48.48
vz - Vi c [ 837] 95,47
C10 — A9 E ( 2,124) 30,80
cD7.1 - CD8.1 F [ 343} 39.29
D7 - Cv D [ 397} 45.28
c2 - B3 H ( 4,389) 63.84
[ 163]
c2 - D1 E ( 1,17%) 17.09
‘ { 97]
B2 - GH2 H [ 276] 31.438
D7 - FI C [ 1,113] 126.95
C1 -~ AIR/RA | - ( 147] 16.77
BC5.1 -~ BC6.1 D [ 135] 15.40
B7 - CR8 D { 108} 12.32
CRA1 — CRA2 ¢ [ 120] _ 13.69
A1z - CR11 G ( 3,793} 55.00
[ 46]

_CR6 — CR6.2 E ( 700) 10.00
CR1é - A13 E ( 2,069) 30.00
R/Abouts
A-Ring Road 120
B-Ring Road 100
¢-Ring Road 324
D-Ring Road 550
Corniche 358
Miscellaneous (12,000) 256
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Area (m?) Av. Consumption
Name/Ref Type [No. of trees]) m3 /D

Special Cons.

H.H. Emirs Office (34,000) 228
Northern Garden

Montazah Park (37,000} 420
Hamad Hospital (12,533) 217
Khalifa Park (85,050) 278
Khalifal Al

Jadded (24,641) 218
Racecourse { 4,551) 66
Attiyah Petrol

Station ‘ {( 3,850) - . 48
Wholesale

Market (42,660) 4386
Wholesale .
Market [ 235] 26
Rumaillah |

Hospital ‘ [ 252] 29
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b)

Parks and Raoundabouts

As for parks and roundabouts it was attempted to establish a
rate (litres/square meter) from bulk guantities of T.S.E.
used in parks of known areas given by the Gardens Section,
but it was found that these rates varied widely. The rate
of 11 1litres per metre sqguare per day for winter and 18
litres per square metre per day based on a six day week was
used. This rate was established in the Qatar Water Master
Plan. :

The estimated annual usage of T7.S.E. is therefore calculated
as:-

Losses . 1.00 Mm3/year
Farm Irrigation 0.30 Mm3/year
Watering 3.30 Mm3/year
Total 4,60 Mm3/year

This compares with an amount supplied of 5.0 Mm3/year.
The difference is assumed to be a recharge uniformly spread
over the irrigated areas.

E.7T EVAPOTRANSPIRATION AND RECHARGE

£.7.1

Evapotranspiration for a mature date palm under ideal
watering conditions varies between 900 - 1300 mm per
annum and for a deciduous tree from 700 - 1050 mm per
annum. The measurement being per square metre of
spread of the branches.

The majority of the trees under consideration are
mature and therefore a figure of 1000 mm/year for
evapotranspiration will be taken as an average on a
spread of four square meters per tree. The total
evapotranspiration is therefore:-

22,000 x 4 m x1.0m
= 88,000 m3/year or 0.088 Mm3/year.

Due to the “ponding” method of irrigation there is a
loss due to direct evapotranspiration which is taken as
25% of the pond (i.e. 4 square meters/tree) at 67.5% of
the Mean Open Water Evaporation which takes account of
the number of waterings during the year.

25% x 22,000 x 4 m? x 67.5% x 2.52 m
37,422 m3/Year
0.037 Mm/Year

This gives a total evapotranspiration and ponding
losses of 0.125 Mm3/year.



E.7.2 Grassed Areas

The watering for grassed areas is above that required
for maximum growth and therefore the evapotranspiration
is the annual amount for grass used elsewhere in the
report {i.e. 1100 mm/year) plus an amount for ponding.
This amount for ponding is taken as 67.5% of the Mean
Open Water Evaporation on 10% of the area.

This gives a total evapotranspiration for grassed areas
of:-

491,688 m* x 1.100 m + 10% x 491,688 m?
X B67.5% x 2.526 mm

540,856 + 83,835
0.625 Mm3/Year

The recharge to ground water is the amount used for
irrigation less evapotranspiration and losses. Thus
the recharge to groundwater is as follows:—.

4.99 - (0.123 + 0.12 + 0,05 + 0.625) = 4.07 m3/year.

E.9 ZONAL RECHARGE TO GROUNDWATER

The following table lists the total recharge from TSE in each
QARS Zone which consists of recharges from irrigation return and
system Josses as estimated for 1988. :

wd

Qars Zone Total TSE Recharge

No. m3
1 36,220.32
2 216,632.88
3 2,731.73
4 0.00
5 13,581.62
] 15,519.89
7 30,756.856
8 0.00 )

9 0.00
10 : 65,115.37
11 ‘ 230,283.18
12 ‘ 209,511.53
13 : 6,221.16
14 20,276.68
15 ‘ 26,797,717
16 20,013.09
17 ' 40,626.76
18 ‘ 26,405.69
19 ' 19,587.79
20 ‘ 45,376.03
21 118, 986. 31
22 : 37,854.80
23 : 73,134.24
24 : , . 218,397.83
25 } ‘ 48,520.18

1



Qars Zone Total TSE Recharge

No. : m3
26 49, 405.69
21 53,976.15
28 28,206.97
29 0.00
30 , 0.00
31 0.00
32 232,858.70
33 47,418.38
34 79,182.39
35 49,651.05
36 85,763.61
317 ' 40,553.36
38 | 89, 343.21
39 110,027.53
40 108,424.13
41 58,614,92
42 . 72,356.89
43 36,190.32
44 26,118.47
45 47,801.54
46 0.00
47 13,247.47
48 65,747.94
49 . 0.00
50 0.00
51 34,416.67
52 93,616.47
53 _ ' 133,403.01
54 119,003, 33
55 36,351.59
56 259,526.76
57 0.00
58 - 0.00
59 0.00
60 523,484.34
61 101,605.14
62 37,993.44
63 58,516.74
64 . 55,091.,50
85 _ 0.00
66 0.00
67 0.00

TOTAL 4,080,449.00
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APPENDIX F



F.1

F.2

APPENDIX "F”

METHODOLOGY

METHOD ADOPTED TO ASSESS PRESENT WATER CONSUMPTION

In order to produce a basis for the estimation of water
consumption, it is clearly necessary to obtain full information
regarding present consumption, not only in overall terms, but
district by district in the <case of the study area.
Unfortunately no district meters have been installed anywhere in
Doha or for that matter elsewhere in the country, and thus no
direct information was available on which to base estimates of
present consumption.

The usual approach in these circumstances is to sub-divide the
whole study area into districts of similar characteristics, to
estimate the population in each district, and then to apply a per
capita allowance appropriate to districts with those particular
characteristics. Additions are then made for special consumers
and to allow for losses.

If reliable data is available on the total quantity of water
supplied, an overall check can be carried out by comparing this
with the aggregate of the estimated consumption of all the
various districts. This gives at least some assurances that the
estimates are of the right order.

UTILISATION OF LAND USE SURVEY

The above procedure was 1in fact followed, but with certain
modifications due to difficulties in determining representative
per capita allowances for individual districts. This difficulty
arose from three special circumstances:-

a) One somewhat unusual characteristic of housing development
in Qatar is that individual districts frequently contain
houses of many different types, In many cases large villas
are in close proximity to blocks of flats or low income
housing. '

b) Domestic consumption per capita varies widely ranging from
50 litres per day for immigrant workers in crowded living
quarters rising probably to 500 1litres per day for the
residents of large villas with all modern water - using
appliances and frequently with swimming pools.

¢) A large proportion of the total water consumption is used
for watering gardens, and the quantity used 1is related more
to the type of house and area of the garden than on the
number of occupants.



In view of the above factors, it was considered that better
results could be obtained by assessing appropriate water
consumption for each type of house rather than on a per capita
basis. The adoption of this variation to the normal procedure
was facilitated as far as the study area was concerned by data on
housing, which was given in the 1986 Census conducted by the
Central Statistical Organisation.

WATER CONSUMPTION FOR STANDARD TYPES OF PROPERTY

F.3
A) Classification of property
The Census for Doha referred to above subdivides dwellings
into four categories:
a) Arab type houses
b) Flats
¢) Vvillas
d) Large Villas and Palaces
Table F.1 below summarises the characteristics of each type of
dwelling: '
TABLE F.1
WATER CONSUMPTION RATE
TYPE OF OCCUPANCY DOMESTIC GARDEN
DWELLING DESCRIPTION RATE m? /day m?/day  REMARKS
1 Arab This is a 6 to 8 2.0 0.30 The high
House ‘traditional Arab depending rates of
house with wide upon occupancy
internal size- location and water
able open spaces and consumption
often planted nature of were used for
with trees for neighbour- such areas as
shade These are hood Doha Jadeed,
found in older Farique
parts of the Abdul-Aziz
Study Area. and Umm
Ghuwailina
where large
number of
immigrant
labour are
concentrated.
2 Flats Mainly new 5.0 1.20 )] -
residential
blocks
3 Villas 5toé 1.70 1.00 Considerably
{Small & high rate of
medium water
size) consumption

was registered
at Villas with
gardens .




TABLE £.1 (Contd.)

WATER CONSUMPTION RATE

TYPE OF QCCUPANCY DOMESTIC GARDEN
DWELLING DESCRIPTION RATE m3 /day m3/day  REMARKS
4 Large 12 - 20 7.0 20.0 The major part
Villas & of potable
Palaces water consum-
ption is used
in gardening.
5 Spec— These are hotels see note see hote see nhote
ial guest palaces, below below . below
con- extra large . -

sumers palaces, army
and labour camps

Method of Assessment

Normally consumption c¢an be established reasonably
accurately from records of water consumed at a number of
dwellings of each type. Not all dwellings in the study area
are metered, however, sample meter readings for each house
type were obtained from the Ministry of Electricity and
Water, Consumer Affairs Section. From the information
obtained estimates of water consumption were made for the
various types of dwellings in the study area.

It should be appreciated that the unit quantities estimated
represent nett consumption (i.e. the quantity needed for
use). It does not include water which is wasted either in
the form of leakage from service pipes, overflowing tanks,
or excessive watering of gardens. An allowance for this
wasted water under the heading of “"Losses” is made
separately. .

Arab Type Houses in Study Area

The number of occupants of this type of house varies
appreciably. An average of 7.5 persons per house was
adopted by the Town Planners for houses within the "C” Ring
Road and 5 persons per dwelling elsewhere. We have used
somewhat similar figures ranging from 8 persons per house
for central areas to 6 persons per house near the outskirts
of the town. On this basis, the nett consumption per house
would range from 2000 litres per day to 1500 litres per day.

However, many of the Arab type houses, particularly those
outside the "B Ring Road have small gardens for a few
trees, and it would be reasonable to allow 200 - 300 litres
per day for watering these,



An overall consumption of between 1800 and 2300 litres per
day has therefore been made for this type of house in the
Doha area. The higher figures are used for houses nearer
the town - centre, as these are frequently occupied by large
numbers of immigrant workers and the occupancy rate may
possibly be even higher than the average of 8.0 adopted _
above. '

Flats

For the assessment of peak consumption a figure of 1200
litres per day per flat has been used, which represents a
per capita usage of 266 litres per day during peak periods.

Villas

For purposes of assessing water consumption, as no
distinction between large and small villas is made in the
Census, Vvillas have been considered all the same but
consumption has been taken as the average for small and
large villas:

a) Small Villas
These are wusually constructed in estates with plots
averaging 400 square metres in area. Occupants have
generally a low/medium income. Usually a small amount
of garden watering is carried out.

For this type of villa a peak consumption of 1700 litres
per day has been allowed based on:-

Domestic consumption 5 occupants

@ 250 lpd. = 1250 l1pd.
Garden watering

40 m?* irrigated @ t1 1lpd. = 440 lpd.
(see for excess irrigation)

Total = 1690 1pd.

It will be noted in this respect that the per capita
domestic allowance made for these small villas (250 litres
per day) 1is similar to that adopted for the occupants of
flats, which is what might be expected.

b) Medium size Villas

Typical villas of medium size are on plots of about 1000
square metres 1in area, of which perhaps 150 square
metres are irrigated. The occupants of this type of
villa have generally a medium/high income, and the
villas are wusually provided. with modern water using
appliances.

The peak allowance considered appropriate for this type
of villa is 3500 litres per day made up from:—



Domestic consumption

6.5 occupants @ 300 lpd . = 1950 lpd.
Garden watering
150 m* irrigated @ 11 lpd per m* = 1650 lpd.
{see L for excess irrigation)

Total = 3450 lpd.

In the 1986 Census, no distinction is made between small
vilias and medium sized villas, and for purposes of
assessing water consumption, the average consumption for
small and medium sized villas has been applied.

Large Villas and Palaces

The fourth type of classification which is used in the 1986
Census comes under the heading of “"Large Villas and
Palaces”. Many of these have recently been constructed, and
no doubt incorporate extensive water using facilities and in
many cases have swimming pools.

" No reliable information is available on the average number
of occupants of these palaces. The Town planners have
estimated an average occupancy rate of 10, It is probable
that there is a wide variation in occupancy between
different palaces, and it 1is bhelieved that some palace
complexes might well have 50 or more occupants.

However, the number of occupants is probably not very
significant insofar as by far the largest use for water is
for garden watering. The water consumption for this purpose
depends on the area irrigated, and it was possible to-make
an estimate of this from air photographs.

An estimate of consumption for these large villas and
palaces has been made on the follow1ng bases:-

a) Palaces in small compounds (not exceeding 5000
square metres in area)
Domestic requirements 12 occupants
@ 500 1pd - = 6.0 md/day
Garden watering ' '
1250 m? irrigated @ 11 lpd

per m? = 13.75 m3/day
Total (approx) = 20.0 m3/day
b) Palaces in large compounds (exceeding 5000 square

metres in area)

Domestic requirements 15 occupants
€@ 500 lpd = 1.5 m3/day

Garden watering
2500 m® irrigated ¢
11 lpd. per m? = 27.5 m3/day

Total . = 35,0 m3/day



Note: Some very large Palace complexes or

- Palaces with an exceptionally large area

under irrigation have been treated as

"special consumers”, and their
requirements individually assessed.

Water Consumption in Qffices

Although comprehensive data 1s given in the Land Use Survey
regarding the amount and distribution of office space in the
study area, no direct information was available to determine
a suitable figure for water consumption per 1000 square
metres of office accommodation. A somewhat indirect method
was therefore used to arrive at this figure as follows:

The wusual consumption for office workers in the U.K. is 45 =
55 1pd. In Doha, in view of the hotter climate, a slightly
higher figure is con51dered appropriate, and a figure of 60
1pd. has been used.

The Annual Statistical Abstract 1987 gives a total of 32,549
people 1in Government employment. It is estimated that about
30,000 of these occupy offices in Doha. This figure of
30,000 1s similar to that quoted in the 1987 Traffic Study
Up-date. This Traffic Study also gives an estimate of the
number . of people in private offices in Doha (10,000), and
having regard to this, the total number of office workers in
Doha in 1988 is taken as 40,000.

On the above basis, the total water consumption for office
workers amounts to 40,000 € 60 lpd. = 2400 m3/day. The
total area of office space as derived from the data given in
the 1986 Census amounts to 400,000 m?. A figure of 6.0
m?/day per 1006 m* of office space has therefore been used
to assess water consumption in offices in the Doha area.

Water consumption in Shops

A similar procedure has been used to estimate the water
consumption in shops.

The allowance per shop worker is taken as 60 l.p.d. i.e.
similar to that for office workers.

The number of workers in retail and wholesale occupation is
taken as 13,000 based on the figure given in the Traffic
Study Up-date. The total water consumption for shops would
thus amount to 780 m3/day.

According to the 1986 Census the total shop area in Doha in
1986 amounted to 300,000 m*, and thus the water requirement
per 1000 m3 of shop area works out at 2.6 m3/day. An
allowance of 3.0 m3/day has in fact been used for the
purpose of the estimates made in this Study.



Water consumption in Workshops

The same method ~ of computation was also used to assess the
water consumption in workshops per 1000 m* of workshop
space, :

The number of employees in workshops in the Doha area was
taken as 5000 based on the figure quoted in the 1987 Traffic
Study Update. Allowing a daily consumption rate of 60
l.p.d. as for shop and office workers, then the total
consumption in workshops would amount to 300 m3/day.

The total workshop area in 1986 according 1o the Census
amounted to 260,000 m®, and the average consumption thus
works out at 1.16 m3/day per 1000 m*. An allowance of 1.0
m3/day has in fact been used in the estimates made in this
study.

Water consumption for Schools

Schools 'in Qatar are not metered and thué there is no
reliable information regarding their water consumption.

In the U.K., a rate of 25 l.p.d. per pupil is frequently
adopted as representative of consumption in schools, and the
same figure has been adopted as applicable‘to Qatar.

Available information & suggests that the average number of
pupils per school in Doha at present is around 1000. On
this basis the present water consumption per school is taken
as 25 m3/day.

The Government’s present policy is that new schools should
be built to accommodate fewer pupils ranging from 480 in
Elementary Schools to 360 in Secondary Schools. On this
basis, water consumption at such schools would be reduced to
between 10 and 12 md/day.

However, it 1is also understood that it is the Government
policy to provide all schools in future with a grassed
playing area. The water required for the irrigation of this
is assessed at 86 m3/day (based on an area 105 m x 75 m
with a rate of application off 11 litres/m?). Thus the
total water consumption at schools in the future is likely
to be in the region of 100 m3/day, and this figure has
been adopted for all schools, except those in which there 1is
insufficient space available for such a playing area.

Consumption for watering gardens, parks and _public open
spaces

Data has been obtained from the Doha Municipality which
indicates the irrigation demandfor all planted areas within
the study area, and has been adopted for this study.
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M. Special consumer

There are always a number of special consumers of water, the
consumption of whom cannot be estimated by the method
applicable to standard types of dwellings as described
above, and these have to be assessed on the basis of their
individual circumstances.

Normally any major consumers of this type are metered, in
which case there 1is no difficulty in identifying them and
assessing their consumption from the meter records. In
Doha, however, only a limited number are metered, and the
requirements for the others have therefore been estimated
largely by judgment and comparison with similar consumers
for which information was available. In many instances, the
major proportion of consumption is for the watering of large
gardens, 1in which case the estimates were based on the
potential area to be irrigated. '

A list of the special consumers is given in Water Balance
Section together with estimates of " their consumption in
19838.

- COMPUTATION OF WATER CONSUMPTION IN-THE STUDY AREA

The results obtained by applying the consumption as described
above to the data on housing given in the Land Use Survey
(projected to 1988) are given in table A.9 (Appendix "A").

As far as the study area is concerned it was convenient to use
the same districts (QARS zones) as were used in the Up-dated Land
Use Survey with the same reference numbers. The system of
sub-division 1is shown on Figs. M2, M3. This system has an added
advantage of similarity with the computer model grid. The 1988
consumption in each Zone were determined by applying the
appropriate allowance per house (as assessed above) to the number
of dwellings of each type as given in the Land Use Survey. The
consumption of any special consumers in each Zone have also been
included. '

COMPARISON OF COMPUTED CONSUMPTION IN 1988 WITH TOTAL QUANTITY
ACTUALLY SUPPLIED

The average daily total supply in 1988 was 216,960 m3/day
inclusive of blending water and imported bottled water. OQut of
this amount a total of 27,163 m3®/day was supplied outside the
study area giving a net supply of 189,797 m3/day to the study
area.

The computed total consumption in the study area by the method
described above 1s 196,048 m3/day on average. Hence a
difference of 3.3% between supply and computed consumption which
we consider to be acceptable considering the complexity involved
in consumption computation. i
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COMPUTATION OF AVERAGE DAILY CONSUMPTION

By Inspecting the records of potable water production it was
possible to arrive at a peaking factor of 1.15. Hence the
average daily consumption was taken to be 0.87 of peak
consumption. This peaking factor was found to be representative
of the pattern of production in recent years and very close to -
tha monthly ratio for 1988 which was 1.09.

COMPUTATION OF LOSSES

An overall assessment was first made of the total losses which
include:

a) Leakage from Reservoirs.

b) Logsses at Tanker filling Stations and Tankers spillage.

c) Losses through distribution system and service connections.
d) Domestic losses which include:

Overflow from Tanks
Excessive car wash
Taps left running 7
other forms of domestic wasteful use. -

e) Losses 1n gardening by excessive application of water.

The assessments of losses from various activities as indicated in
the 1985 Leak detection Study by ASCO’s have been adopted for the
ourpose of this study, as no other information is available at
present.

However 1t  1s understocd that the Water Department are currently
investigating 1leakage in Doha and will have information available
on completion of the study, at which time leakage assessment
could be reassessed. ' :

LOSSES IN DOMESTIC USE

Over and above the domestic consumption as allowed for using
dwelling types an allowance of 10% has been made to account for
domestic losses. - These are the losses which occur inside the
consumer’s premises (e.g. due to overflowing tanks, taps left
running, excessive use of water for car wash etc.,). The users
include shops, offices, schools and other miscellaneous uses
(excluding garden watering) while special consumers include
Hotels, large palaces, guest houses, hospitals, army camps etc.
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LOSSES ATTRIBUTABLE TO GARDENING

These losses were assessed in two different ways. Firstly by
comparing winter and summer months consumption; and secondly by
reference to previous studies.

An analysis of the estimates of water consumption for the year
1988 1indicates that approximately 58,000 m3/day out of the
total requirement of 189,797 m3/day can be attributed to garden
watering or other irrigation usages. It is interesting to
compare this figure with the difference in consumption between
winter and summer months. In 1988, for example, the peak monthly
rate of production averaged 238,000 m3/day in May, whilst the
minimum monthly production (in February/March) averaged only
196,000 m3/day. It will be noted that the difference (42,000
m3/day) 1is very close to the estimated quantity of water needed
for the irrigation of gardens.

LOSSES FROM RESERVOIRS AND TANKER FILLING STATIONS

There 1is at present no indication that significant quantities of
water are being lost by leakage from reservoirs. This conclusion
was borne out by a test carried out at West Bay Reservoir in
January 1983 and from a careful inspection of other reservoirs.

Nevertheless, it 1is considered advisable to assume a small loss
from all reservoirs based on the rate normally considered to be
acceptable i.e. 10 mm drop per week 1in the reservoir water
level. This is equivalent to a loss of approximately .03% of the
nominal capacity.

On this basis the losses from reservoirs in 1982 are assessed as
in Table A.6 — (Appendix "A"). o

Three Tanker Filling Stations within the Study Area were in
operation during 1988, The number of tanker fillings taking
place per day at each station is assessed. This assessment is
based on data given in Water Department Report No. 2 (Utilisation
of Water Tanker Filling Stations).

From observations of filling operations it is estimated that the
quantity of water lost through spillage 1is in the region of
0.7 m® per filling operation. On this basis, losses at Tanker
Filling Stations are assessed at 1740 m3/day.
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LOSSES FROM UNDERGROUND PIPELINES IﬂCLUDING SERVICE CONNECTIONS

It is believed that by far the largest proportion of losses which
occur in the potable water system results from leakage from
buried service  pipes which supply individual houses from the
distribution system. Ltosses from the transmission pipalines and
distribution mains themselves are thought to be relatively small,
except possibly in the older parts of the town where asbestos
cement pipes have been used.

From observations made on a number of typical areas as part of
Leak ‘Detection Pilot Scheme carried out by ASCO recently, the
losses from underground pipes are estimated at (50 -~ 60)% of
domestic consumption.

RECHARGE TO AQUIFER

In Water Balance Section a number of factors have been used to
generate the recharge to the aquifer from all sources. This
section is concerned with the basis for selecting these factors.

The proportion of water supplied and which is likely to recharge
the aquifer beneath the Study Area vary depending on the what it
is used, and for the purpose of this study the following factors
have been chosen:

a) Domestic use - (2%)

We have assessed the losses through domestic usage to be 10%
and we consider that only these guantities of water losses
which reach the ground generates recharge to the aquifer.
From observations and analysis of the mechanics of these
losses we estimated that 50% approximately of the losses
reach the ground surface (i.e. overflowing tank, cleaning of
patios, car wash etc.) only 40% of this amount is assumed to
recharge the aquifer giving an overall factor of 2% of the
total domestic consumption. The factor has also been
applied to losses from water usage in shops offices etc.

b) Watering of Private Gardens and Public Open Spaces - (45%)

This factor 1is supported by data collected by Ministry of
Agriculture/FAQ regarding irrigation return as obtained from
Iysimetry Studies (Pike et al). The same factor has been
used for farm irrigation losses.

¢) Losses from Reservoirs - 90%

As far as the losses from Reservolr are concerned it could
be assumed that 100% of the losses result in aquifer
recharge. However we have allowed for the proportion of
losses which does not reach the aquifer and evaporate or end
in blending wells and is re-used.



d)

f)

Lossgs from Tanker Filling Station - 60%

The losses from Tanker filling Stations are in the form of
over-spillage during the filling operation. These
quantities of lose water ends either on . the surfaced
court-yard and evaporates or form a run-off towards the

drains and the soakaway. Thus the recharge is partially
similar to surface water recharge and partially similar to
recharge from Reservoirs. Therefore a factor between 45%

and 90% was selected (i.e. 60%).

Losses from underground pipes and service connections (95%)

In selecting this factor we have allowed for a proportion of
the losses to evaporate through ponding when service
connections are relatively shallow or run on the surface.
Thus a Tactor of (95%) was selected.

Losses from sewage system, septic tanks and rainfall

For a nominal loss of (1%) from the sewage network it is
assumed that a factor of 100% to generate recharge could be
used. This 1is borne by the depth of the pipework. For
septic tanks a factor of (100%) have been used firstly due
to their depth and secondly due to the saturation condition
around the tanks and continuity of flow. As for rainfall
recharge factors these are discussed in detail in Water
Balance Section.






