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SITE NAME: Aflaj Irrigation Systems of Oman
DATE OF INSCRIPTION: 16th July 2006

STATE PARTY: Oman

CRITERIA:  C (V)

DECISION OF THE WORLD HERITAGE COMMITTEE:
Excerpt from the Decisions of the 29th Session of the World Heritage Committee

Criterion (Vv): The collection of Aflaj irrigation systems represents some 3,000 still functioning systems in Oman. Ancient engineering
technologies demonstrate long standing, sustainable use of water resources for the cultivation of palms and other produce in extremely
arid desert lands. Such systems reflect the former total dependence of communities on this irrigation and a time-honoured, fair and
effective management and sharing of water resources, underpinned by mutual dependence and communal values.

BRIEF DESCRIPTIONS

The property includes five aflaj irrigation systems and represents some 3,000 such systems still in use in Oman. The origins of this
system of irrigation may date back to 500 A.D., but archaeological evidence suggests that irrigation systems existed in this extremely
arid area as early as 2,500 B.C. Aflaj, is the plural of falaj which, in classical Arabic means to divide into shares and equitable sharing of
a scarce resource to ensure sustainability remains the hallmark of this irrigation system. Using gravity, water is channelled from
underground sources or springs to support agriculture and domestic use, often over many kilometres. The fair and effective
management and sharing of water in villages and towns is still underpinned by mutual dependence and communal values and guided
by astronomical observations. Numerous watchtowers built to defend the water systems form part of the listed property reflecting the
historic dependence of communities on the aflaj system. Other buildings listed in association with the aflaj are mosques, houses,
sundials, and water auction buildings. Threatened by the lowering level of the underground water table, the aflaj represent an
exceptionally well-preserved form of land use.

Les cing systémes d'irrigation inscrits représentent les quelques 3 000 systémes d'irrigation encore en activitt en Oman. La
construction la plus ancienne pourrait remonter aux environs de 500 apr. J.C. mais des preuves archéologiques récentes suggéerent que
les systemes d'irrigation existaient dans la région des 2 500 avant J.C. Aflaj est le pluriel de falaj qui signifie, en arabe classique, «
diviser en parts ». Un partage équitable d'une ressource rare afin de garantir sa pérennité, tel est la marque de ce systéeme d'irrigation
qui conduit I'eau des sources souterraines, par gravité, sur des kilométres pour alimenter I'agriculture et les peuplements permanents.
La gestion et le partage équitable et efficace de I'eau dans les villages et les villes sont toujours sous-tendus par des notions de
dépendance mutuelle et de collectivité, et guidés par des observations astronomiques. De nombreuses tours de guet construites pour
défendre les systemes d'adduction d'eau sont intégrées au site. Elles refletent la dépendance des communautés aux aflaj. D’autres
constructions sont associées au systéeme : des mosquées, maisons, cadrans solaires, maisons de vente aux encheres de I'eau. Menacé
par la baisse du niveau des eaux souterraines, I'aflaj représente une forme d'occupation des sols exceptionnellement bien conservée.

1.b State, Province or Region: Dakhiliya, Shargiya and Batinah Regions

1.d Exact location:

Serial ID Number Name Locations Coordinates
1207-001 Falaj Al-Katmeen Nizwa, Dakhiliya, Oman N22 56 15.5 E57 40 32.8
1207-002 Falaj Al-Malki Izki, Interior, Oman N22 44 22.3 E57 46 35.6
1207-003 Falaj Daris Nizwa, Dakhiliya, Oman N22 59 56.0 E57 32 09.8
1207-004 Falaj Al-Jeela Sur, A'Shargiya, Oman N22 47 15.9 E59 10 26.1
1207-005 Falaj Al-Muyasser Al Rustaq, Interior, Oman N23 21 08.2 E57 27 57.6
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The aflaj irrigation system of Oman

1. IDENTIFICATION OF THE PROPERTY

l.a State Party

The Sultanate of Oman

1.b State, Province or Region

Name of property Region

1< Falaj Al-Khatmeen Dakhiliva
2. Falaj Al-Malki Dakhiliya
3. Falaj Daris Dakhiliya
4. Falaj Al-Jeela Shargiya
5 Falaj Al-Muyassar Batinah

l.c  Name of Property

The aflaj irrigation system of Oman

1.d Geographical coordinates

The upstream part of the nominated property are linear features (in some cases branched) and they are
almost entirely below ground. The UTM coordinates shown here refer to the starting and finishing
points, the mother well and the shari'a respectively. The below-ground sections are delineated by a

strip of ¢ 250 m immediately overlying them.

The downstream part of the nominated property is the overall cultural system of the falaj consisting of
the water distribution structures and traditional buildings (mosques, watchtowers, ancient houses,
sundials, auction buildings etc...) which are a part of agricultural demand areas. The UTM coordinates

Wilayat

Nizwa
Izki
Nizwa
Sur

Al Rustaq

refer to farthest northern, eastern, southern and western limits of the demand areas.

1



Shari'a

Mother well
568473 E, 2535269

1. Falaj Al-Khatmeen
569288 E, 2536777 N

Agricultural Demand area
Western limit

Northern limit Eastern limit Southern limit
569603 E,2535548 N | 570382 E 2535193 N 569253 E,2534433 N | 368614 E, 2534936 N
Shari'a

Mother well

2 Falaj Al-Malki
579736 E, 2514896 N

578197 E, 2537266 N

Western limit
577480 E, 2536203 N

Agricultural Demand area
Southern limit

Northern limit Eastern limit

S79110E, 2537112 N | 578701 E, 2535951 N | 577903 E, 2535036 N
3. Falaj Daris Mother well Shari'a
554936 E, 2543496 N 556315 E, 2540635 N
Agricultural Demand area
Northern limit Eastern limit Southern limit Western limit
556065 E, 2539544 N | 555757 E,2538373 N | 554698 E, 2536800 N | 554066 E, 2538196 N
Mother well Shari’a

4. Falaj Al-Jeela
717900 E, 2521730 N

723172 E, 2521664 N

Agricultural Demand area
Western limit

717826 E, 2521792 N

Southern limit
717927 E, 2521721 E

Eastern limit
718104 E, 2521751 N

Northern limit
717905 E, 2521829 N

Shari'a

Mother well
545097 E, 2586228 N

5. Falaj Al-Muyassar
547631 E, 2582594 N

Western limit

543272 E, 2586133 N

Agricultural Demand area
Southern limit

543824 E 2585671 N

Eastern limit

545082 E, 2586240 N

Northern limit

544265 E, 2587090 N

Maps and plans, showing the boundaries of the nominated property and buffer

Le
zone [see Annex A]

The topographical maps cover:
- The upstream part of the nominated property, the starting and finishing points, the shari'a
respectively. The below-ground sections are delineated by a strip of ¢ 250 m immediately
overlying them. These are linear features (in some cases branched) and they are almost entirely

below ground.



The downstream part of the nominated property include the cultural system of the falaj such as
watchtowers , mosques , old buildings, washing facilities, open irrigation structures and their
associated structures, palm groves, sundials and auctions buildings which are an integrated part of
the agricultural demand area.

1 Topographical map showing the location of the five nominated properties

2 Falaj Al-Khatmeen: topographical map showing :
a)- boundaries of upstream part of the nominated property and buffer zone
b)- major water structures and buildings proposed for the nomination.

3 Falaj Al-Khatmeen: Aflaj inventory record map

4 Falaj Al-Malki: topographical map showing:
a)- boundaries of upstream part of the nominated property and buffer zone.
b)- major water structures and buildings proposed for the nomination.

5 Falaj Al-Malki: Aflaj inventory record map.

6 Falaj Daris: topographical map showing:
a)- boundaries of upstream part of the nominated property and buffer zone.
b)- major water structures and buildings proposed for the nomination.

) Falaj Daris: Aflaj inventory record map

8 Falaj Al-Jeela: topographical map showing:
a)- boundaries of upstream part of the nominated property and buffer zone
b)- major water structures and buildings proposed for the nomination.

9 Falaj Al-Jeela: Aflaj inventory record map

10 Falaj Al-Muyassar: topographical map showing:
a)- boundaries of upstream part of the nominated property and buffer zone
b)- major water structures and buildings proposed for the nomination

11 Falaj Al-Muyassar: Aflaj inventory record map
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Map 1 Topographlcal map showing the location of the five
nominated properties
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Legend b
Underground chonnel =< } Point location fixed by "Differential” GPS
————— Covered surfoce channel /‘,{\
Open surfoce channel — wet < > Point location fixed by 3 minute
——— Open surface channel — dry A Averoged” GPS
— Open surfoce channel — unknown .,,( }, Point location fixed by "Single fix" GPS
[ Agriculturol demond areo s
Source - Daudi Source — Ghaily Source - Ainy Source - Dam
e wet wet e wet e wet
® oy © dry ® oy
@ unknown .
Supporting well
Access hole Sharia Collector/Storage basin
) wet wet wet Location of falaj inventory plate
© dry D dry dry @ Source — Unknown type
@ unknown D unknown unknown

Meosurement / sample point

Note:  The siting of the falaj is based on the location of the falaj sources found by taking a
GPS fix (os indicated on the map and in the legend).
Location of support wells subject to o moximum of 300m inoccurocy from true position.
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Q 0.25
N ————————————
Datum : WGS 84 Projection :
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Supportin ell
Access hole Shario Collector/Storage basin + upporting w
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© dry O dry [2] dry (® Source - Unknown type
© unknown O unknown o] unknown Measurement / sample point
Note: The siting of the falaj is based on the location of the folaj sources found by taking a
GPS fix (os indicoted on the mop and in the legend).
Location of support wells subject to a moximum of 300m inoccuracy from true position.
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Lf  Areas of upstream part of the nominated property , the proposed buffer zone and

the agricultural demand area.
These figures relate to the areas delineated in the topographical maps (see 1.e above).

Area of upstream Area of buffer  Area of Agricultural

nominated property (Km ) zone (Km®)  demand Zone (Km’ )

1. Falaj Al-Khatmeen 1.35028 17.564 1.004
2. Falaj Al-Malki 6 42.5571 1.572
3. Falaj Daris 3.89468 33.701 2.383
4. Falaj Al-Jeela. 0.309522 38.3946 0.14

5. Falaj Al-Muyassar 3.00501 31.8266 1.134



DESCRIPTION

2.a  Description of the property
2.a.1 THE AFLAJ SYSTEM OF IRRIGATION

The word falaj (plural aflaj) is applied to a complete irrigation system. In classical Arabic the cognate
word falaj means to divide property into shares, and in this case is applied to the division of water
among shareholders. The word therefore means an organization for the distribution of water among
those who have a right to it.

In physical terms, aflaj may be defined as an integrated system that collects groundwater, natural
spring water, or surface water and delivers it , by means of underground or surface channels using the
force of gravity alone, for domestic and agriculture purposes. It is distributed by means of irrigation
channels (fuljan) to individual agricultural holdings (falalij).

Three types of aflaj are recognized in Oman (their distribution is shown in Table I).

Governorate Daoudi Aini Ghaili Total Gran

or Region d

Total
Live Dead | Live | Dead Live Dead Live Dead
Batinah 153 40 382 |61 674 251 1209 352 1561
Shargiyah 193 125 215 23 253 37 661 185 846
Dakhiliya 183 96 169 27 149 126 501 249 750
Dhabhira 86 66 114 31 273 146 473 243 716
Muscat 12 13 109 21 52 32 173 66 239
Total 627 340 989 163 1401 592 3017 1095
967 1152 1993 4112

Table I Aflaj statistics at Governorate and Regional level (data from Aflaj Inventory Project,
March 1997-June 1998)

Note: A falaj is described at *live’ when water reaches its shari 'a and irrigates existing agricultural
land that is dependent upon its water. It also applies to aflaj whose flow stops suddenly or the water
of which does not reach the shari ‘a as the result of a collapse or channel blockage. A *dead’ falaj is
one in which the mother well has dried up completely, no water has flowed for a considerable time,
and no existing agricultural land is dependent upon its water.

e Ghaili This form is based on the perennial flow in a wadi (the name comes from the Arabic
word ghail, meaning water flowing on the surface). Water diverted by means of a partial dam from the
wadi is conveyed by means of covered or open channels to the demand area. In cases where the water
flow is small or intermittent, reserves are stored in holding tanks for distribution in periods of drought.
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The longitudinal section of a ghaili falaj is shown in Figure 1. Since the channels are open, the water is
not considered to be clean enough for domestic purposes. Ghaili aflaj represent 48% of the total of
those known in the Sultanate; their distribution is shown in Table II.

GHAILY FALAJ

DEMAND AREA

[—
R D~ A U [0 [ e i e e R
T G T — -

Figure1  Schematic longitudinal section of a ghaili falaj

Governorate Ghaili Aflaj Total
or Region
Live Dead

Batinah 674 251 925
Shargiyah 253 37 290
Dakhiliyah 149 126 275
Dhahirah 273 146 419
Muscat 52 32 84

Total 1401 592 1993

Table I Distribution of ghaili aflaj in the Sultanate

e Aini  The sources of water in this case are perennial mountain springs. They never dry up
completely, but their water flow is not constant, varying according to the season and the climatic
conditions in any given year. In form they are similar 1o ghaili aflaj, but because they are in use in
mountainous areas the broken terrain requires their relatively short delivery channels (100-250 m) to
be more complicated than those elsewhere, often making use of short stretches of stone-built aqueduct.
Figure 2 shows a schematic longitudinal section of an aini falaj. Aini aflaj feed holding tanks, from
which water is delivered to individual users. They make up 28% of the total number of aflaj in Oman;
their distribution is shown in Table IIL



ACCESS SHAFTS

‘THE OPEN SECTION OF THE FALAJ'S CHANNEL

AINY FALAJ
(Spring Fed)

DEMAND AREA

Figure2  Schematic longitudinal section of an aini falaj

Governorate Aini Aflaj Total
or Region
Live Dead
Batinah 382 61 443
Shargiyah 215 23 238
Dakhiliyah 169 27 196
Dhahirah 114 31 145
Muscat 109 21 130
Total 989 163 1152

Table III  Distribution of aini aflaj in the Sultanate

e Daoudi This type of falaj takes its name from the Prophet Suleiman bin Daoud, who according to
legend ordered the djinn to dig them. It is also know by the Arabic name ganat; the Pashtu word karez
is used in Iran and Central Asia, whilst in Morocco and elsewhere in the Maghreb countries the term

foggara is used.

The first step in creating a daoudi falaj is to identify the point at which what is known as the ‘mother

well’ (umm al-falaj) is to be sunk, a process for which there is considerable traditional expertise, based
on close observation of the upper slopes of the alluvial fan and on generations of experience. Surface
seepage and changes in vegetation are among the indicators used. The mother well, which may
sometimes be as much as 60m deep, is dug down to the aquifer at the base of a mountain (additional
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wells are in some cases excavated that feed into the main system). It may be necessary to sink several
trial shafis before the aquifer is reached. The eventual mother well is left for a few days, to confirm that
it accesses a genuine aquifer with an abundant and steady supply of water, and its sides are then lined
with rock or fired brick (made with *Omani concrete,” clay with a burnt palm tree filler) to ensure
stability. From that point onwards an underground delivery conduit is dug, sloping slightly, down
towards the settlement. The depths of the channels naturally decrease as they approach the shari ‘a, and
the final stretch is usually created using the cut-and-cover technique.

The course of the delivery channel. which may be several kilometres in length, must be determined
down to the site of the shari'a. The water level at the mother well having been recorded, levels are
taken down the length of the route between the mother well and the proposed outlet point. From this it
is possible for the gradient of the underground channel (usually between 1:1000 and 1:500, and
sometimes at an even shallower gradient of 1:2500) to be determined. The tunnel, normally about 0.9
m wide and 1.5 m high, is excavated with the water flowing freely in its course, enabling the workers
to ensure that the channel slopes down evenly. Where it passes through hard rock there is no need for
supports or lining (photograph 31 ), but in soft rock formations the roof is supported in various ways,
using palm tree trunks and flat stone slabs, stone blocks, or hoops of baked clay(photograph 32 ). It is
sometimes necessary for wadis or other obstacles to be crossed, and in such cases inverted siphons or
stretches of aqueduct are constructed.

Access shafts (al farda) for cleaning and ventilation are dug at regular intervals along the route of the
channel, at intervals of between 20m and 100m. The access shafts, the depths of which naturally
decrease progressively as the settlement that the falaj serves is approached, are carefully lined in the
same way as the mother well. In some cases these have a dogleg profile (see Figure 3), in order to
avoid interruption to or pollution of the water supply as a result of natural or human damage (in times
of war) and the upper, vertical, section of the shaft becomes filled with earth or damaged in some way.
In some cases alternative channels were constructed for use when hostile groups deliberately blocked
the main channels, Spoil from the construction and cleaning of the access shafis is heaped up around
their mouths so as to form protective dams (photograph 30 ) when flash floods occur.

Ground surface

[« [N .

Al farda
access shaft)

Figure3  Access shaft (al farda), showing safety feature



The water emerges at ground level at an outlet point known as the shari‘'a, where access is free for all.
Water may only be used in the first stretch after it emerges from underground at the shari'a for
drawing water for drinking and cooking purposes and for watering animals. The next stretch is
reserved for ablutions, in separate sections for, first, men and then women and children. After passing
through forts and mosques the channel reaches the area for washing the dead (mughisla). The
following stretch is reserved for washing clothes. Only from this point onwards is the water available
for irrigation of palm groves and other crops such as alfalfa, vegetables, and cereals. It is conducted by
an intricate networks of open channels to the holdings of the partners in the individual falaj system. In
the case of the larger aflaj the main channel may be split into two at the shari 'a.The arrangements at
the shari'a vary according to the size of the falaj and the community that it serves. In some cases
access is provided by means of elaborate constructions, but in others the facilities at the shari'a are
simple and functional.

Figure 4 shows a schematic longitudinal section of a daoudi falaj, and their distribution in the Sultanate
is given in Table IV.

DAUDIL FALAJ
{(Underground)

ACCESS SHAFTS

THE OPFN SECTION OF THE FALAJ'S CHANNEL  DEMAND AREA

Figure4  Schematic longitudinal section of a daoudi falaj

Governorate Daoudi Aflaj Total
or Region
Live Dead
Batinah 153 40 193
Shargiyah 193 125 318
Dakhiliyah 183 96 279
Dhahirah 86 66 152
Muscat 12 13 25
Total 627 340 967




Table IV Distribution of daoudi aflaj in the Sultanate
2.a.2 THE SOCIAL ORGANIZATION OF THE AFLAJ

An outstanding feature of the aflaj system in the Sultanate of Oman is the social and economic
structure that has permitted it to function successfully and largely unchanged for centuries. This is
based on an accurate system of water distribution which guarantees fair shares to stakeholders. As such
it plays an integral role in the socio-economic life of the country. Without it Oman would never have
been able to achieve nationhood, since only the availability of water made it possible for nomadic

peoples to adopt a settled way of life, which encouraged the development of agricultural and craft
skills.

The system is not based on any form of written or statute law, but rather on a traditional system of
time-sharing that is passed from one generation to the next. This confers a number of benefits to
society as a whole by:

- Maintaining mutual cooperation among those individual who use the
Jfalaj water for domestic and agricultural purposes (photograph 43 );

- Providing a source of family income by making it possible for
shareholders to put their water shares up for public auction or by
leasing those shares for specific periods;

- Providing a constant source of water for a variety of crops, especially
date palms;

- Encouraging the development of traditional crafts in the towns and
villages through which the aflaj pass and thereby creating
employment;

- Strengthening a sense of community and strengthening social
relationships between all those benefiting from the supply of water;

- Establishing procedures for settling disputes relating to water shares
or maintenance obligations in the form of an autonomous
administration responsible for the management of each falaj.

The highest executive authority in each system is the falaj agent (wakeel falay), appointed by the local
sheikh in consultation with the shareholders in the aflaj, who is assisted by experienced advisers. The
wakeel is responsible for the overall management of the fal/aj: his duties include responsibility for the
funds, regulation of the sale and rental of individual shares, and day-to-day overseeing of the operation
of the system. His subordinates, known as areefs (of which there may be a number, especially at the
larger aflaj), are responsible for distributing water shares. Individual shareholders have an obligation to
respect the quantity of water assigned to them and the periods when it becomes available.

Distribution is carried out by the areef, who diverts the water flow by applying or removing sluices at
the appropriate times of day or night for the agreed periods. Before the advent of clocks these were
determined by various methods, including close observation of the stars at night. It is not surprising,
therefore, that the Omani people should become very proficient in astronomy and be responsible for
important developments in this branch of science.

Monitoring is carried out by a group of experienced shareholders, who measure the flow rate of the
water in the falaj and take into account other factors, such as the tolerance of the crops being irrigated
to being without water. From this the distribution of the water is determined and also its periodicity,
which may range between seven and ten days. Irrigation is allocated to each user on the basis of this
periodicity. The overall period of distribution is divided into main and subsidiary share units. The main
division (baddah) is 12 hours, and these are further subdivided into kathba (1.5 hours), athar (30
minutes), ruba'a (7.5 minutes), thameen (3.75 minutes), and guyash (1.25 minutes). This system of
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division is shown in Table V., The length of these units may vary from one region to another, according
1o the capacity of the falaj. There are also variations adjusted to periods of drought and high flow: thus,
during droughts the athar may be reduced to 15 minutes (athar ghaez).

Division Period of time Subsidiary division
Baddah 12 hours 24 athar

Kathba 1 2 hours 3 athar

Athar 30 minutes -

Ruba’a 7.5 minutes Athar = 4 ruba’a
Thameen 3.75 minutes Ruba’a = 2 thameen
Qeyash 1.25 minutes Thameen = 3 quyash

TableV  Time distribution of falaj shares

2.2.3 THE AGRICULTURAL DEMAND AREA

The agricultural demand areas owe their existence to the falaj system for hundreds of years. Their
sizes vary from few to hundreds of hectares and change slightly from year to year according to the
falaj flow. The most common cultivated crops are date palms, lemon trees, fodder grasses and
seasonal crops. The trees offer the required shading for the houses and limit the evaporation for the
seasonal planting. Goats, sheep and cows are the most common encountered animals. Poultry
raising is also common. The management and operations of the water distribution system within the
demand area is undertaken by few experienced people as explained above, but for large areas a
committee selected among those who know more about the system may be required.

The natural beauty is the most common characteristics of the agricultural demand area. This beauty is
not spoiled by the new housing constructions, roads asphalting and the installation of wastewater and
potable water distribution systems. As it was for hundred of years most of the houses are located
within the private properties. The old watchtowers, mosques, building, washing facilities, palm groves,
sundials and auctions buildings testify on the genius, intelligence and engineering capabilities of the
falaj communities.

The demand areas are criss-crossed by a network of natural open channels varying in sizes according to
the area to be irrigated. Rocks mad or rags are the natural sluice gates from main to the distribution
channels. The falaj community is still attached to the old values and reluctant to drastic changes mainly
for the falaj system management.

Aware of the importance of the falaj in Oman History, restriction issued by local municipalities are
being implemented regarding the removal of palms and construction of new houses instead (Nizwa,
Falaj Al-Muyassar).
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2.a.4 THE FIVE NOMINATED PROPERTIES

The five aflaj with all water structures and traditional buildings that make up this nomination were
selected as being representative of the total stock of irrigation systems and demand areas communities
of this type in the Sultanate of Oman.

- Falaj Al Khatmeen [Inventory No. 3071]

Upstream part of the nominated area

This daoudi falaj is fed from the Wadi Al Meaidin, which is notable for its abundant flow during
periods of rain and its continuous (though not constant) flow throughout the year. The total length from
mother well to shari'a is 2450 m. For most of its length the channel runs underground.

The open channel passes beneath one of the well known Omani forts, Bait Al-Redadah (photographs 1
and 2 ), which was built during the Yaruba Imamates (1649-1711). At the entrance to the town the
channel is split into three equal sections (photographs 3 and 4), one of which irrigates the holdings of
the local people and the other two the agricultural land belonging to the State Treasury (Bait Al Mal).
The water for each of the three users is very accurately controlled: it has been shown that if three balls
of the same size and weight thrown into the channel before it splits into three, each will run
automatically into a separate branch channel.

The water quality is high: electrical conductivity 440 puS/cm, pH 7.61, temperature 30°C, The water
flow rate can vary between 800 and 100 /s, according to the water table level.

Downstream part of the nominated area

The total demand area is 1,004,345 m” of which 723,124 m’ is cultivated area. Most of the demand
area is owned by the government State treasury (Bait al Mal). Dates, lemons, Banana fodder, seasonal
crops and sugar cane are the most common cultivated crops. Surface irrigation (furrow and flood) is the
only method used.

The demand area is a touristical attraction known for its history. falaj water distribution system,
traditional buildings and its proximity from Jabal Al Akhdar another well known site for tourism.

The water structures and buildings proposed for the nomination are the following:

- The water distribution open channels and the structure used for distributing water among users .
This old system has been used for years and continues to get the full satisfaction of all users. No
mechanical devices are used (meters or measuring devices etc...). This is a proof that simple
solutions can solve complicated problems (photographs 3, 4).

- The abandoned traditional houses (Photograph 5,6) which occupy a large section of the demand
area as well as the watchtower (photograph 7) located on strategic point overlooking the demand
area. The most important features of these buildings are still there. These traditional houses and
watchtowers require renovation which cannot be done by the private owners. It is understood that
these structures are included among the monuments to be renovated by the Ministry of Heritage
and Culture (photographs 5 and 6).

- The traditional distribution system within the agricultural demand area which can compete with the
most sophisticated modern distribution system in terms of efficiency and water distribution equity
among users (photographs 8).
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The inclusion of these sites among the world heritage list is very welcomed by the citizens who find in
tourism a very important economical activity and a way of showing to the rest of the world the wealth
of Omani culture and history.

~ Falaj Al-Malki [Inventory No. 0606

Upstream part of the nominated area

Falaj Al-Malki is one of the largest aflaj in the Sultanate: its total length from mother well to shari'a
(including all its 17 branches) is some 14.875 m. It is believed to have been built during the major falaj

building in the Yaruba Imamates period. The falaj splits into two branches, supplying the former towns
of Nazar and Al-Yaman (photographs 9 and 10).

Recent intensive building in the area has resulted in severe pressure on the aquifer and this effect,
coupled with a scarcity of rain has led to a decrease in the water flow of the falaj, especially in periods
of drought. However, the state of conservation of the shari 'a and the feeder channels remains high.

The water quality is high: electrical conductivity 764.5 uS/em, pH 7.82, temperature 30°C.

Downstream part of the nominated area
The agricultural demand area covers 1,572,730 m’, 1,132,472 m’ of which is planted.

Dates, fodder and seasonal crops are the most common cultivated crops. Surface irrigation (furrow and
flood) is the only method used. The municipality is not allowing the construction of new buildings in
replacement of the removed date palms.

The water structures and buildings proposed for the nomination are the following:

- The upstream water distribution open channels and the structure used for distributing water among
users (Photographs 9 and 10 and 11).

- The watchtower located on a hill overlooking the demand area and the few scattered traditional
houses (photographs 12).

- Falaj Daris [Inventory No. 0500]

Upstream part of the nominated area

The largest in the Dakhiliya Region, this daoudi falaj is thought to be the oldest in the Sultanate, built
early in the Yaruba Imamates period. The total length of its three channels is 7,990 m. Most of the
water derives from the Wadi Al-Abiyadh.. The water flow reaches over 2,000 /s, but the aquifer has
been affected as a result of development pressures and so the flow rate falls during periods of drought.

The structure of the channel is in excellent condition, and the shari'a has been the object of some
simple but elegant landscaping (photographs 13 and 14 ) and interpretation ( photograph 15 ).

The water quality is high: electrical conductivity 477 pS/cm, pH 7.30, temperature 37°C.
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Downstream part of the nominated area

The cultivated area of the town of Nizwa that it supplies is 1,715,502 m?, whilst the total demand area
is 2,382,642 m® (Photograph 16).

There is an effort made by the government to preserve the falaj and demand area through the
implementation of strict restrictions through local municipalities regarding the removal of palms and
construction of new houses instead. Also a wastewater collection system will be constructed within the
demand area in addition to the existing potable water distribution network.

Dates, fodder, sugar cane are the most common cultivated crops. Surface irrigation (furrow and flood)
is the only method used.

According to the latest census (2003) the total number of inhabitants and houses are ? and ?
respectively.

The renovated fort and the landscaping of the shari'a of falaj Daris are very appreciated by visitors and
are among the most visited sites in the Sultanate.

The water structures and buildings proposed for the nomination are the following:

- The shari'a and downstream structures as well as water distribution open channels and the structure
used for distributing water among users.

The inclusion of these sites among the world heritage list will help in the protection of the demand area
from the increasing houses construction which is taking place (photograph 17).

- Falaj Al-Jeela [Inventory No. 2750

Upstream part of the nominated area

The aini form of falaj is represented in this nomination by Falaj Al-Jeela. It is a located in a very small
town in a remote and barren mountainous area of Wilayat Sur (photograph 18). The water comes from
a spring of the Wadi Shab (photograph 19 ), which is located in tertiary limestone above the town, and
is conveyed by means of tortuous open channels (photographs 20) and a small bridge (photograph 21 )
over a length of 161 m to a collection basin in the town itself (photograph 22 ). The water is used
principally for irrigating palm and pomegranate trees and tropical fruits. All the planting is high on the
edge of the wadi, and there is a protective wall against mudslides.

The falaj water is very pure (electrical conductivity 378 uS/em, pH 7.87, temperature 29°C), with an
average flow of 44 I/s. Like other aini aflaj, Falaj Al-Jeela maintains a stable flow rate throughout the
year and is barely affected by rises and falls in groundwater levels,.

Downstream part of the nominated area
The planted area is 10,034 m’, out of a total demand area of about 14,000 m* (photograph 18).

The demand area is limited in size by the surrounding mountains and can be a very attractive touristical
site.

The water structures and buildings proposed for the nomination are the following:

- The water distribution open channels are built along the side of the Mountains (photograph 20).
These channels are a proof of the expertise of the falaj community in the construction of water
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distribution channels in very difficult environment. These structures shall be preserved for the
coming generations.

- The small bridge supporting the water channel (photograph 22), for its ability to channel water
over the destructive wadi floods for hundred of years.

- The mosque (photograph 23). Beside its religious importance it is the symbol of the unity and
place of gathering of this small community.

- The on-farm water distribution open channels and the structure used for distributing water among
users (Photograph 24).

Falaj Al-Muyassar |Inventory No. 1446]

Upstream part of the nominated area

Another daoudi falaj, Falaj Al-Muyassar originates from a mother well 50 m deep. Including its
branches, the falgj is 5,783 m in length. The water is very pure (electrical conductivity 508 uS/em, pH
7.61, average temperature 31.9°C). The flow is relatively stable, but it can sometimes be affected by
the flow in the Wadi Al-Fara and the Wadi A-San, rising occasionally to 900 I/s and sinking as low as
100 Is.

Downstream part of the nominated area

The total cultivated area is 1,133,698 m’ by means of two main branches (photographs 25). Dates,
lemons, fodder and seasonal crops are the most common cultivated crops. Surface irrigation (furrow
and flood) is the only method used.

To prevent pollution to the aflaj and groundwater a wastewater collection system is under construction
within the demand area.

The water structures and buildings proposed for the nomination are the following:

- The access to shari'a. It is a sort of short tunnel (photgraph 26) to permit an easy access to execute
maintenance works and the inspection of the falaj flow.

- The old houses , mosque and fort in the vicinity of the falaj (photograph 27).
- The watchtower (photograph 28).
- The sundial (photograph 29).
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2.b  History and Development

There is some uncertainty about precisely where and when the daoudi falaj type of water management
system was invented. Its origins have been traced to the mining areas of Armenia and the northern
Elburz mountains along the southern shores of the Caspian at the end of the 2nd millennium BC. From
here it spread southwards into Persia, where it is known that the Assyrian ruler Sargon II, who reigned
at the end of the 8th century BC, and his successor Sennacherib built a number of aflgj. It began to be
diffused more widely during the Achaemenid period in Persia, from the mid-6th to the mid-4th
centuries BC. This was a period of Persian expansion, especially during the reign of Cyrus the Great,
and there is abundant evidence from the archaeological and historical records of contacts between
Persia and Arabia. Much of Oman came under Achaemenid rule in the mid-6th century BC, and from
AD 226 it formed part of the Sassanian Empire of Persia, until the Sassanians were finally driven out
with the coming of Islam in the 7th century AD. The close similarities between the aflaj in Iran and
those in Oman suggest that it was during the Sassanian period that this technique of water management
became common in Oman. According to legend, the Persians destroyed most of the ten thousand aflaj
that had been constructed there when they were expelled.

The importance of the frankincense trade through Oman to the world of the Near East from a very
early date makes it likely that cultural influences from Persia were entering the region before the
Achaemenids. There is archaeological evidence that the earliest period of aflaj construction in Oman
dates back to the 8th or 7th centuries BC, which suggests an Assyrian origin. However, some Omani
historians attribute the introduction of the technique to the Prophet Suleiman bin Daoud, who lived in
the 10th century BC.

Historical records indicate that there was a second period of falaj construction during the Yaruba
Imamates in the second half of the 17th century, when the Portuguese were finally expelled from
Oman, which became the first independent state in the Arab world.

The histories of the five aflaj that make up this nomination are unknown, since there are no written
records surviving. However, a number of inferences can be drawn from their size and location in
relation to old urban settlements. By virtue of its size and complexity, and the importance of the town
of Izki that it supplies, a case can be made for Falaj Al-Malki as one of the earliest in Oman. There are
similar indications that Falaj Daris, with its links to the town of Nizwa, is also of considerable
antiquity. The relationship of Falaj Al-Khatmeen to the Bait Al-Redadah fort, known to have been built
during the Yaruba Imamates, suggests that this falaj originated in the 17th century.
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JUSTIFICATION FOR INSCRIPTION

3.a  Criteria under which inscription is proposed

Criterion ii ~ The aflaj system in Oman is an outstanding example of an irrigation system of
considerable antiquity developed in the Near East and applied widely in the arid territory of Oman,
which survives intact and of immense socio-economic significance in contemporary life.

Criterion iv. Human occupation of large desert areas of Arabia did not become feasible until the aflaj
irrigation system was introduced into Oman. It made possible the development of a successful state
which played a vital role in the development of trade between Europe and Asia in the medieval and
later periods.

Criterion v The aflaj irrigation system in Oman has produced an exceptionally well preserved
example of a form of land-use which found widespread application over much of western and central
Asia. It is threatened by lowering of the water table over much of the area as a result of increased
contemporary demand for water and by climatic change. From the points of view of continuity and
conservation of water supply, and long-term sustainability of agriculture in a region where water
shortage through over-extraction will become an increasingly serious problem, the aflaj have a number
of important characteristics which justify a continuing faith in the falaj system and which must be
enhanced and not diminished by any changes to it. These characteristics are; water generally of very
good (or good) and near constant chemical quality; no possibility of endangering the water table (in
contrast with wells which are easily deepened) unless by a support well; water is brought to the ground
surface by gravity, and therefore without any pumping cost; village falaj land is long nurtured and of
good quality; falaj villages are a model of crop water use prioritisation; aflaj are the best example of
co-operative water management in Oman; a model of self~funding and self-help; the falaj committees
could form the basis of future local water management organisations (in partnership with MRMEWR
and its regional offices)

3.b Statement of outstanding universal value

The statement in the Holy Quran that *... we have made from water every living thing’ epitomizes the
dependence of humankind on water. This is nowhere more true than in the arid lands of Arabia, where
permanent human settlement did not become possible until the introduction of irrigation systems that
permitted the extension of agriculture beyond the immediate surroundings of springs or wells.
Relatively constant supplies of water were ensured for large areas of desert throughout the year, and
this in turn led to the growth of permanent urban settlements based on an assured agricultural
production and water resources for both people and livestock.

The aflaj system of irrigation consists of tapping substantial underground water resources and
conducting the water by means of deep underground channels, often over long distances, to towns and
villages where it is distributed to domestic and agricultural users. This technique is believed to have
originated in ancient Persia, and it has spread widely in desert lands, from Morocco to China, and even
into south and central Europe (where its use was confined to mining areas). The system in use in
northern Oman has been developed over many centuries and has resulted in the creation of a strong
social and economic structure that has survived intact to the present day.

There are four elements in the Omani aflaj systems that justify the attribution of *outstanding universal
value,” First, without the existence of gflaj there would have been no more than sparse, impoverished
settlement in this region (or elsewhere in the desert regions that stretch from Xinjiang to Morocco).
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Secondly, the technology has been brought to a high level in Oman, and has been functioning
successfully for more than two millennia. Thirdly, the organization of the water distribution system is
an outstanding example of a traditional structure that is at least a thousand years old and which
continues to play a vital role in the social and economic structure of Oman in the 21st century.
Fourthly, it is one of the largest concentrations of irrigation systems of this kind anywhere in the world:
over four thousand active or defunct systems have been identified.

The agricultural demand area is an outstanding example of sustainable agriculture. The cultivated area
is reduced or expanded according to the natural flow of the falaj. No mechanical intervention is
required. Water distribution structures are constructed efficiently by mean of open channels adapted to
the topographical situation. The aflaj with their demand areas create a unique environment where the
man lives in harmony with nature.

3.¢c  Comparative analysis (including state of conservation of similar properties)

The network of aflaj systems in Oman is neither the oldest nor the largest in the world. There are older
systems in northern Iran and that country has many thousands of aflaj. This method of irrigation is to
be found at the present time in many other countries: for example, China (Xinjiang), Cambodia,
Kazakhstan, Kyrgyzstan, Afghanistan, Pakistan, Turkey, Jordan, Iraq, Saudi Arabia, Egypt, Libya,
Tunisia, Algeria, and Morocco. The unique feature of the Omani system relates to the management of
the aflaj. The autonomous cooperative form of organization in Oman, which of considerable antiquity,
has survived intact since the sheikhs of the nomadic tribes in this part of the Arabian peninsula adopted
the Persian form of irrigation, making it possible for members of the tribes to adopt a sedentary way of
life based on agriculture, and established a tribal administrative apparatus. Not until very recently, as a
result of pressures resulting from rapid commercial and industrial development, has there been any
involvement on the part of central government, and only in the form of financial and technical
assistance: day-to-day management still remains in the hands of the shareholders in each falaj.

The traditional houses mosques and the watchtowers can be found in some other countries in the area;
however the Omani traditional houses and watchtowers have a particular architecture which cannot be
found in other places in the world. These houses were designed to provide a suitable environment
during the hot season and to take advantage of the available materials (stones from mountains, palm
trees etc..) for their construction. The location of the traditional houses is dictated by the proximity to
the falaj. Watchtowers are located in strategic place to insure a clear view of the whole demand area.
The sundials constitute a unique method for time measurement and consequently a very efficient tool
for water sharing between users.

3.d Authenticity and integrity

The basic layout of the contemporary Omani aflaj is wholly authentic. Records and archaeological
investigations confirm that this form of water location and distribution has not changed for more than
two millennia. Modern techniques are not used in their location, excavation, and design, and modern
materials such as concrete are used only for reinforcing the tops of the mother wells and access shafis,
at some of the shari‘a, and in the distribution channels to individual agricultural plots.

The authenticity of the management of the aflaj is equally incontrovertible. The traditional system of
ownership and management, which is centuries-old, functions efficiently alongside and complements
the contemporary administrative and scientific structure for the management of water resources in the
Sultanate. It is based on many generations of Omani citizens who have ensured its integrity as a
fundamental element in the survival of human society in this arid land.
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STATE OF CONSERVATION OF THE PROPERTY

4.a  Present state of conservation

The state of conservation of the five nominated aflaj is excellent. This is directly attributable to the fact
that they play a fundamental role in the social and economic life of the communities that they serve.
They are in no sense monuments or antiquities: they are essential components of the socio-economic
structure of the northern part of the Sultanate (the present-day Regions of Batinah, Dakhiliya, Dharirah,
and Shargiyah and the Governorate of Muscat). Failure to maintain them properly would have a
disastrous impact at both local and national level.

This is not the case, however, for the totality of the aflaj in Oman. Economic developments within the
Sultanate in recent decades, in particular the exploitation of the country’s oil reserves, have led to the
creation of high-income employment possibilities in the larger cities and a consequent migration from
the countryside. The enhanced affluence of the population has led to a substantial increase in the level
of imported goods and a reduction in the demand for local agricultural products. The economic value
of'the aflaj has declined and landowners have converted their agricultural holdings into more profitable
commercial and residential areas. The cost of maintaining old falaj systems and the lack of interest in
them on the part of the younger generations have made a substantial contribution to this state of affairs.

As for the historical traditional houses, watchtowers and water distribution structures they constitute an
important part of the falaj community and its history. Their preservation is given a very high priority by
the citizens.

In spite of the government effort to preserve this very important cultural heritage for Oman and human
history, there is a need for better maintenance of these structures in collaboration with all concerned
authorities in the country.

As for the agricultural demand areas, they are surviving these changes, owing this to the old generation
of farmers who are trying to cope with the economical and technological changes. Date palms and the
cultivation of grass are no longer profitable compare to other activities such as commerce and work
with the government. The increase in the sizes of farms coupled with drought periods are leading to the
losses of date palms. The temptation of new generation and the expectation of new housing similar to
those of towns have led to a disinterest in the houses and a tendency to either renovate these houses
with the introduction of new building materials and electrification. In many case the old towns in
demand areas are completely replaced by new towns in new locations

The main conservation problems are due to:

- Intrusion into the channels by water from wadis or excessive rainfall,
leading to the blockage and collapse.

B Collapse of tunnels as a result of erosion of old structures.

- Unauthorized human interventions.

- Accumulation of lime on the beds of channels.

- Penetration of tunnels by tree roots.onal houses

— The relatively high cost to maintain the traditional houses and fort and watchtowers.
- The lack of qualified people to preserve these valuable structures.

— Disinterest in agriculture which is less profitable.

- Lack of maintenance of the old properties.

- Tendency for new housing and more profitable agriculture with large size and modern
irrigation relying on wells.
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4.b  Factors affecting the property

i Development pressures

The past four decades have seen immense changes in the economy of the Sultanate of Oman, as in
most of the Gulf states, due to a considerable extent to the exploitation of the oil resources of the
region. The cities have expanded enormously, with the development of large residential, commercial,
and industrial zones, whilst smaller settlements around them have been transformed into dormitory
towns. The resulting changes in lifestyle have created a large increase in the domestic demand for
water.

There has been extensive highway construction, a process that is still continuing, and entirely new
industrial settlements have been created in formerly rural areas. The physical impact of these processes
on the traditional aflaj has been severe. The water requirements of new urban settlements cannot be
satisfied by aflaj and so these have been met by the drilling of very deep wells. The increased demand
has put the aquifers under extreme pressure, considerably greater than that arising from the low-level
falaj utilization. New roads have created direct and indirect threats to the aflgj, since their siting has
caused problems of vibration from heavy traffic and pollution from petrol filling stations, whilst
residential expansion has required rigorous control of domestic waste disposal, in order to avoid
pollution of the aquifers.

The tendency of new generation to have their own residency far from the old system of family, has led
to a disinterest in these houses and style of living in these area. This has led to the abundance of this
properties and a movement to cities where more facilities are available. Farming is no longer a
lucrative activity. Jobs in the cities especially with the government has led to a migration to cities
which led to the abandonment of agriculture which is run by expatriates who are coming from different
environment and don’t have the expertise to operate this typical irrigation system relying on limited
water resources.

i Environmental pressures

Recent decades have seen marked climatic changes across the world, which are now generally
accepted as resulting from global warming. This effect is abundantly illustrated in desert lands such as
the Arabian peninsula and confirmed by meteorological data: annual rainfall on the mountainous areas
which supply the aquifers has fallen steadily and periods of drought are more frequent and last longer
(photographs 33 and 34 ). As a result groundwater levels have been lowered, an effect exacerbated by
the depletion resulting from hydraulic pumping down to depths of several hundred metres, which is
widely practised in modern farms. Paradoxically, this climatic change has also brought with it
occasional episodes of exceptionally heavy rainfall, which can cause serious damage to the falaj
channels and other structures.

iii  Natural disasters and risk preparedness

Flooding is the most immediate threat to the stability and survival of the aflgj. It is impossible to devise
adequate precautions to counteract the erosive effect of heavy flooding on the underground water
channels. However, the Government allocates funds for the rapid restoration of sections of falaj
channels damaged by flooding.

The region is not subject to earthquakes and there are no volcanoes.
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iv Visitor/tourism pressures

At the present time there are no problems relating to visitor or tourism pressure. Tourist and
educational visits take placed infrequently, but these have no perceptible impact on the conservation or
management of the aflaj, traditional houses, mosques, and water distribution structures. In the event of
inscription on the World Heritage List it will be desirable for arrangements to be made with tourist
authorities and agencies to regulate access to the five properties that make up this nomination.

In general the visits to these aflaj are frequent and there is a tendency from visitors to respect the local
cultural traditions. The aflaj community is in general in favour of tourism which can be an important
source of income and development of infrastructure.

v) Estimated number of inhabitants within property, buffer zone

In each of the five aflaj there is no one living in the nominated area. The figures below relate therefore
solely to the 3.5 Km buffer zones. The figures are estimated, since there has been no recent census, and
refer to the condition of the areas in the year 2004.

| Falaj Al-Khatmeen 300
2 Falaj Al-Malki 3000
3 Falaj Daris 2000
4 Falaj Al-Jeela 0

5 Falaj Al-Muyassar 500

5. PROTECTION OF THE PROPERTY

S5.a  Ownership

The aflaj are owned by the individual shareholders, with certain shares allocated to the mosque for its
private lands (awgaf) and others to the religious school (madrassah). The legal title to shares is
recorded in the form of a registration document (sukk); ownership of these shares is absolute, and they
can be inherited. Only rarely is an entire haddah owned by a single individual, who will be a rich
proprietor with several farms. The details of ownership and all transactions are recorded by the wakeel
in a register (nooksha).

Certain baddah are owned communally by all the shareholders in the falaj, and these are available for
rent: tenants, known as mustagad, pay agreed rents (gadat alma'a). Rental auction sessions are held
weekly at a specific time and place, when a traditional auction procedure is followed. The auctioneer
(who may be an areef) sits in the middle of a circle of would-be tenants. One of these opens the bidding
by naming a price and placing a stick behind the auctioneer. Others can then indicate that they are
prepared to rent at this price in the same way, by placing a stick behind the auctioneer, who then raises
the price. Those not wishing to pay that rent remove their sticks progressively as the price rises, until
only one stick remains and the transaction is concluded at that price. The wakeel is in attendance to
collect the money, which is then available for overall fa/aj management purposes.

Individual shareholders may also buy or sell shares; this is only applied at athar level or below. The
average price of an athar is currently US$ 8290.00.

In periods of heavy rainfall, when the supply of water available exceeds the requirements of the
shareholders, surplus water is diverted away from the settlement to replenish the aquifer in a process
known as almghrad.
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The agricultural demand area farms are owned by individual farmers and in some cases by the
government. The houses are owned and shared between members of the family. As for the the old
houses forts and mosques they are owned by one or a group of people. The irrigation network is owned
and managed by the falaj community.

S.b  Protective designation

The Ministry of Regional Municipalities, Environment, and Water Resources (Directorate General of
Water Resources) created an inventory of aflaj in the Sultanate between March 1997 and June 1998.
The Ministry published an Aflaj Inventory Project Summary Report in 2001 which contains full details
of the objectives, scope, methods used, analytical data, and examples of the records; a copy of this
report accompanies this nomination (Annex E).

The inventory includes the following data:
- Location and depth of mother wells (photograph 36);
- The routes of falaj channels (photograph 37 );
- Measurement of flow rates,
- Data on water quality (photograph 38 );
- Definition and measurement of planted and demand areas;
- Data on state of conservation of channels and the nature of the flows.

Each inventoried falaj has been assigned a registration number and a registration plate has been placed
at the shari’a of each inventoried falaj (photograph 35 ).

The project was undertaken by 134 Ministry staff members, who were trained in recording and were
responsible for confirming the data; they were divided into 45 working teams distributed across the
Sultanate. Field laboratories were set up to measure water quality: 2958 samples were analysed. The
geographical distribution shown by the inventory is shown in Table I.

The overall results of the inventory are shown in Table V1.

Governorate Aflaj Demand Total area, Estimated No. of chemical
or Region counted areas ha water samples
demand, taken
million m’
Batinah 1561 1651 6458 104 1195
Shargiyah 846 602 5819 115 634
Dakhiliyah 750 644 8132 135 497
Dhahirah 716 644 4626 79 466
Muscat 239 159 1463 26 166
Total 4112 3684 26498 459 2958
Table VI Results of the aflaj inventory
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The following data were obtained as a result of the inventory:

- A total of 3648 demand areas and 5326 branches of the different
types of falaj were inventoried.

E The total area dependent upon aflaj water in the Sultanate is 26,498
ha, made up of 17,561 that are cropped, 976 ha that are developed but
uncropped, and 7,961 ha that are undeveloped.

- The total annual demand for aflaj water is about 459 million cubic
metres, 99.8% of which is used to meet agricultural demands.

- Falaj Al-Malki (Dakhiliyah Region) has the largest number of
branches (17).

- Falaj Ash-Shariq (Shargiyah Region) is the longest falaj in terms of
the total length of its branches (17, 289 m).

- The demand area of falaj system S0472 (Dakhiliyah Region) is the
largest (1,227 ha).

- The highest electrical conductivity value (16,700 puS/cm) was
recorded at Falaj Arhuyan (Shargiyah Region) and the lowest (115
uS/em) at Falaj Hail Muhadham (Batinah Region).

- The highest water pH value (12.9) was recorded at Falaj Qubil Malah
(Dhahirah Region) and the lowest (4.6) at Falaj Al-Harf (Batinah
Region).

- The highest water temperature (60°C) was recorded at Falaj
Hammam (Muscat Governorate) and the lowest (10°C) at Falaj Al-
Chamita Al-Sofa (Dakhiliyah Region).

A number of protective measures, which are set out in a standard official letter sent to all Aflaj
shareholders (see Annex G) been implemented relating to the aflaj :

New wells may not be dug within 3.5 km of mother wells.

- There shall be no water distribution in the vicinity of the mother well
or the branches of the falaj (this a traditional requirement that is
scrupulously enforced by the aflaj).

- In the event of new development (roads; residential areas; industrial
areas; buried oil, gas, electricity, telephone, or water pipelines),
protection zones must be created on either side of the route of a fulaj.
Effective protection must be provided where the line of a falaj crosses
any developments of this kind .

- If a petrol filling station is to be built near a falaj, it must be sited no
less than 30 m from the line of an underground channel and 10 m
from an open channel. All fuel tanks must be lined with impermeable
reinforced concrete to avoid pollution .

In addition, according to a traditional requirement that is scrupulously enforced by all the aflaj,
there may be no water distribution in the vicinity of the mother well or the branches of the falaj.

The government is allocating annual budget for the maintenance of Aflaj. Priority is given to damaged
aflaj according to their economical and social importance.
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5. Means of implementing protective measures

Maintenance programmes are based on regular monitoring programmes (see 6. below). Two main
actions are taken:

- Integrated construction consists of creating a new course for the falaj,
whether by changing the old course or extending it upward from the
existing mother well. This involves mechanical excavation of the
channel and the construction of a new one, using modern materials,
and also the construction of courses across wadis, in the form of
bridges or siphons.

- Restoration including repair of the existing channels and access shafts
(photographs 39 and 40 ).

If these measures fail to improve the water supply situation resulting from prolonged drought
conditions, support wells are dug to increase the water flow rate (photograph 41). These are modern
constructions, consisting of a well, a turbine-driven pump, a pipeline from the pump to the shari'a, a
control room, and, where there is no connection to the main electricity grid, a generator. Support wells
are actions of last resource and are only installed where the measures listed above have failed to
improve the falaj flow or it has been contaminated by hydrocarbons.

S5.e  Property management plan or documented management system and statement of
management objectives for the proposed World Heritage property

The very nature of the aflaj system is such that it is controlled and managed by the individual
shareholders working according to traditional practice. However, following the assumption of
responsibility by central government as part of the Second Five-Year Plan, these are supplemented and
supported by the programmes of the Ministry of Regional Municipalities, Environment, and Water
Resources. Details of relevant sections of the Ministry’s policies are given in Annex B.

Following the recommendations of Oman International Conference on Development and Management
of Water Channels (Aflaj), the Ministerial Decree (219/2003) was issued to form a committee grouping
several ministries to follow and implement the conference's recommendations (Appendix I). These
ministries are the Ministries of Regional Municipalities Environment and Water Resources, the
Ministry of Legal Affairs, he Ministry of Heritage and Culture, the Ministry of Interior, the Ministry of
Agriculture and Fisheries, Sultan Qaboos University, the Ministry of Social Development, Ministry of
Information, Ministry of Housing Electricity and Water, and the Ministry of Education.

5.f Sources and levels of finance

Traditionally, aflaj have been financed entirely by their shareholders. However, the high costs of
manpower and materials, as well as the deteriorating condition of the roofs of many channels, made it
increasingly difficult in the 1970s for shareholders to maintain their aflaj adequately. As a result, the
Government of Oman assumed responsibility for fa/aj maintenance in the Second Five-Year Plan
(1981-85) in the form of an extensive drilling and rehabilitation programme.
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5.2 Sources of expertise and training in conservation and management techniques

Expertise in the construction and management of aflaj has been handed down from generation to
generation, and the requisite knowledge and skills survive in most of the aflaj. However, migration
from the countryside and the unwillingness on the part of many of the younger generation to acquire
the necessary skills led to the responsibility for training in conservation and management skills being
taken over by the Government. Qualified staff are now working closely with the aflaj communities in
the application of modern maintenance and conservation techniques.

The Ministry of Regional Municipalities, Environment, and Water Resources operates annual work
camps(photograph 42), in coordination with other government and local sectors, the objectives of
which are:

- To transmit experience from fathers to sons in the maintenance and
construction of falaj channels; this takes the form of group projects
jointly between young people and falaj owners and agents.

- To educate young people about the unique irrigation system
represented by the aflaj so as to prevent the loss of this information as
the older generations die out.

- To make young people aware of the importance of water
conservation, especially in the form of the falaj system, since it will
be they who will suffer in the event of a serious lack of water
resources in the future when the population grows and yet more
demands are made on those resources.

- To transmit the expertise acquired by farmers regarding the on-farm
management which survived for centuries in a sustainable manner.

5.h Visitor facilities and statistics

Although aflaj constitute a very important aspect of the Omani heritage, they still do not figure
prominently on tourist and visitor programmes (see 4.b.iv above). However, in order to make them
more accessible to visitors, the Government has built new roads and paved existing ones in the more
inaccessible areas, with a limited amount of signposting on major roads. Of the five nominated aflaj,
only Falaj Daris has an interpretation board at its shari'a, and this will be expanded for the four
remaining aflaj. Also in collaboration with the relevant authorities for each Falaj a kind of presentation
room will be equipped with all traditional water flow measuring devises the construction and
maintenance and necessary information on the history of falaj and the demand area. For the purpose a
local will be trained to serve as a guide for tourists. The hospitality of the falaj community will be
reflected in this type a visitors showing the tradition of the falaj community. Appropriate signs will be
implemented in key locations to allow visitors to understand the falaj philosophy and traditional living
way of the community..

5.i  Policies and programmes related to the presentation and promotion of the property

As part of the encouragement of tourism and the diversification of touristical sites aflaj will be the
present time the Ministry of Regional Municipalities, Environment, and Water Resources has no
specific programme related to the presentation and promotion of aflaj in the Sultanate. However, it has
established links with the Directorate of Tourism of the Ministry of Commerce and Industry, and
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discussions will be initiated to consider the implications of World Heritage listing. The first
interpretation boards have been set up at the shari ‘a of Falaj Daris

At the present time the Ministry of Regional Municipalities, Environment, and Water Resources has no
specific programme related to the presentation and promotion of aflaj in the Sultanate. However, it has
established links with the Directorate of Tourism of the Ministry of Commerce and Industry, and
discussions are taking to consider the implications of World Heritage listing. Also there is an effort to
promote aflaj as part of the touristical attraction in the Sultanate and. The first interpretation boards
have been set up at the shari'a of Falaj Daris.

5.j  Staffing levels (professional, technical, maintenance)

Staffing levels vary according to the size and complexity of individual aflaj. In the smaller ones there
may be only the wakeel and a single areef, whilst for larger aflaj there may be two or three wakeels and
as many areefs: Falaj Al-Malki, Falaj Daris, and Falaj Al-Khatmeen, for example, each have two
wakeels.

Within the Ministry of Regional Municipalities, Environment, and Water Resources, the staffing of
Directorate of Aflaj, Springs and Water Permits (technical personnel — hydrologists, geologists, civil
engineers, and aflqj experts) is as follows:

Head Office (Muscat) 26
Dakhiliya Region 8
Shargiya Region 12
Batinah Region 8
Dhahira Region 7
Dhofar 5

It is impossible to assign a figure to the numbers of people involved in the management and
maintenance of the five aflaj that make up this nomination. This is the responsibility of the entire
community that depends upon its falaj for survival.
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MONITORING

6.a Key indicators for measuring state of conservation

The key indicators for monitoring are:
- Falaj flow;
- Water quality;

- State of conservation of structural elements (mother wells, underground channels,
access shafis, shari 'a).

6.b Administrative arrangements for monitoring property

The Ministry of Regional Municipalities, Environment, and Water Resources monitors the water flow
and quality at all the aflaj on its inventory monthly. Individual falaj communities carry out regular
monitoring of their systems and submit requests for assistance in maintenance or conservation
whenever their structural or hydrological structures are affected. Upon receipt of these requests, the
Ministry prepares technical specifications and drawings and supervises the maintenance work. The
Ministry of Agriculture and Fisheries is responsible for issues related to the protection and
safeguarding of traditional farming (dates) and the improvement of irrigation systems. The Ministry of
Culture and Heritage is actively taking the necessary measures to conserve and maintain cultural sites.

Beside the activities already undertaken by the existing above-mentioned ministerial committee, it is
proposed that a high level committee from the concerned ministries will meet to finalise the required
program and actions to be taken to achieve the objectives of this nomination.

6.c  Results of previous reporting exercises

The most recent published report covers the entire Sultanate. Falaj Flow Data 1983-2002 was
published in December 2003 in five volumes. A specimen of these reports in attached as Annex F.
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DOCUMENTATION

7.a  Photographs, slides, image inventory and authorization table and other audiovisual
materials

See Annexes C, D, and H

7.b  Texts relating to protective designation, copies of property management plans or
documented management systems and extracts of other plans relevant to the property

The key protection measure is the Water Wealth Protection Law, which was promulgated by Royal
Decree No. 29/2000. A copy of this Decree (in Arabic) is attached to this nomination as Annex B.

The articles of relevance to the aflaj
are the following:
Article 2

The water resources of the Sultanate shall be considered to be the wealth of the nation, the use of which
shall be subject to the controls that will be set by the Ministry [of Regional Municipalities,
Environment and Water Resources] in order to regulate such resources and their optimal use for the
benefit of the comprehensive development plans of the State.

Article 3

The Ministry shall take the necessary actions and measures to prevent deterioration of water quality
and quantity in any region of the Sultanate. In the event of any deterioration the Ministry shall take the
actions necessary for its control and treatment.

Article 5

It shall be prohibited to undertake any works which may adverse affect the underground recharge of
the aquifer whomsoever the owner of the land beneath which the aquifer lies may be.

It shall not be permissible to undertake any work which may change the route of aflaj or their facilities
without obtaining a permit from the Ministry.

Procedure for aflaj permits

Article 29

Aflaj owners and agents shall obtain a permit from the [Aflaj, Spring and Water Permits] Department
before carrying out any enlargement, repairs or maintenance on their aflaj (from the shari’a to the falaj

mother well), with the exception of necessary repairs in cases of emergency, provided that the
Department shall be notified of such repairs.

Article 30

If it is proved that enlargement or maintenance works have been carried out without a permit, the falaj
agent and the contractor shall be notified that the work must cease until a permit has been obtained.

In all cases the Wali of the Region shall be informed of works carried out on aflaj and the Wali shall
notify the Department of such works.
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There are no formal management plans in force for the five aflaj. They are managed by the wakeel in
each case, using the traditional form of management, in close collaboration with shareholders and the
local community.

7.c  Form and date of most recent records of property

See Annex E — Aflaj Inventory Project Summary Report form ( Ministry of Regional Municipalities,
Environment and Water Resources ; 2001 )

7.d  Address where inventory, records and archives are held

Ministry of Regional Municipalities, Environment and Water Resources
P.O. 2070

P.C.112

Muscat

Oman

Telephone + 968 707556

Fax +968 701515
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8.  CONTACT INFORMATION

8.a Preparer

Name: Zahir Khalid Al-Suleimani

Title: Director General of Water Resources Affairs, Ministry of Regional
Municipalities, Environment and Water Resources

Address: P.O. Box 461

City, Province/State, Country:  P.C. 112, Ruwi, Sultanate of Oman

Tel: + 968 701344/763436
Fax: + 968 799563
E-mail: zahrslmn@omantel.net.om
8.b  Official local institution/agency
Department of Aflaj, Springs and Water Permits
Directorate General of Water Resources Affairs
Ministry of Regional Municipalities, Environment and Water Resources
P.O. Box 2575
P.C. 112, Ruwi
Sultanate of Oman
Telephone + 968 763233
Fax +968 799563
8.¢c  Other Local Institutions
The Ministry has Regional Offices in each of the Regions in the Sultanate, from which
officials of the Department operate
8.d Official web site

http://www.mrmewr.gov.om
Contact name:

E-mail:
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ANNEX C Photographs

Falaj Al-Khatmeen

=
=

1 Falaj Al-Khatmeen: The shari’a passing beneath Bait Al-Redadah Fort

2 Falaj Al-Khatmeen: The shari’a passing alongside Bait Al-Redadah Fort



4 Falaj Al-Khatmeen: Distribution point, showing division into three equal
flows



5

6

Falaj AFKhatmeen: Old houses status

Bdidicaiiing?) 12, 7




8 Falaj Al-Khatmeen: Renovated and old irrigation water distribution systems



Falaj Al-Malki

Falaj Al-Malki: Detail of shari’a, showing state of conservation



12 Falaj AFMalki: Traditional houses (/¢ft) and a watchtower (right)



Falaj Daris

Falaj Daris: View of shari’a, showing access platform for
drawing water for domestic purposes

Falaj Daris: shari’a



Falaj Daris: information board at shari’a,



17 Falaj Daris: Advance of modern housing towards the demand area



Falaj Al-Jeela

18 Falaj Al-Jeela: General view of the town (/efi) falaj source (right)

19 Flaj Al-Jeela: The spring from which the falaj is supplied



20 Flaj Al-Jeela: General views of the conveyance open channels system from
the spring to the demand area.



Falaj Al-Jeela

Falaj Al-Jeela: The spring from which the falaj is supplied

Falaj Al-Jeela: The open water channel (left) and the small aqueduct crossing
the wadi (right)



23 Falaj Al-Jeela: Old mosque

24 Falaj AFJeela: Irrigation water distribution system



Falaj Al-Muyassar

25 Falaj AFMuyassar: two views of the distributioTn channels of the shari’a

26 Falaj Al-Muyassar : The access to shari'a



28 Falaj AFMuyassar: Watchtower

29 Falaj AFMuyassar: Sundial

Falaj Construction



Falaj Al-Muyassar

Falaj Al-Muyassar: two views of the distribution channels of the shari’a



Falaj Al-Jeela: General view of the town (left) and the retaining wall for the
palm groves (right)



Falaj construction

Top of an access channel (farda) Tunnel of small daoudi falaj

Interior of large daoudi falaj lined with clay and stones



Impact of drought

Shari’a of dry falaj

Effect of drought on palm
trees




The Aflaj Inventory Project

Affixing a
inventory
plate

Measuring coordinates
at a mother well




Conservation and restoration

Roofing with flat
stone slabs

A support Well




Measuring
the length of
channels

Water quality
measurement




A youth work camp

Local citizens working on
preserving an aflaj
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From the speech of
His Majesty Sultan Qaboos bin Said
On the 21st Anniversary of
Oman’s National Day

18 November 1991

My Dear People,

Of all the gifts which God has blessed us, water is the greatest. It must

be cherished and husbanded. Every effort must continue to be made

to develop this resource. If extravagance is forbidden by Islam, it is

even more applicable to water. Indeed, Islam emphasises in its
teaching that it 1s 6ur duty to conserve it. We cannot stress‘ too
stfongly the need to observe the conservation measures laid down by
the Government in 'this respect. The use of this vital resource
throughout the world can have a great impact on future development
strategies, and indeed could become a decisive factor in political

tension and thus world security.

Our Government has plans to increase our country’s water resources
to meet our national requirements without arduously affecting the
demands of conservation. These conservation demands will continue
to indicate the degree of our people’s ability to abide by these
measures.” Here, we urge you all to cooperate with the Government
in implementing these plans and measures. We are confident that you

will respond positively to this call.
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Water is a great blessing bestowed by God on Creation Without water there would be no life
n any of 1ts diverse forms Where there 1s water nations progress and develop in various fields
because water forms the base for the success and continuity of progress in both developed
and developing countries.

It goes without saying that Oman’s supply of water 1s limited. In this respect, Oman 15 1n a
simular position to most countries in the Arab world, many of which depend on ground water
as the principal source for their water requirements. This limited water supply stems from
several factors, including' rainfall, water usage, the extent and efficiency of efforts to maintain
and develop water resources and the extent to which such efforts find a response.

His Majesty Sultan Qaboos and the Government of Oman focused on water resources from
an early date, giving water the attention it deserves. This is evidence of the Sultan’s pragmatic
and realistic reading of the water situation 1n Oman and his faith 1n the vatal role 1t plays.

Such 1nterest continues to progress and keep pace with general developmental circumstances,
the changes that have taken place 1n all development sectors and the concomitant increase 1n
water demand. The Ministry set up to take responsibihity for the maintenance and preservation
of all Oman’s water resources, crowned all previous efforts 1n this direction.

There are more than 4,000 aflay in Oman, and they represent a priority for both the
Government and the people. The aflaj stand as a symbol of Oman’s ancient civilisation, whose
importance equals that of the legacy of forts and castles we have inherited. In fact, they are
arguably more important at the present time because the afla) are inseparably linked to the
hves of many of Oman’s people, for whom agriculture 1s their livelithood

Owing to their importance, the Ministry imitiated a project in 1997 to create an inventory of
afla) in Oman, to collate and document all relevant data on the aflaj accurately for future
reference.

This report focuses on the project’s activities, and sets out the mnformation collated about the
aflaj. As we write this foreword, the importance of the information here collated and the role
1t will play 1n facilitating the preservation of this legacy of Oman’s ancient civilisation fill us
with optimism. We hope that thus legacy will continue to flow in future ages, bearing witness
to the ingenuity of the Omani people and 1rrigating more of the date palms that stretch across
our land.

Ministry of Regtonal Municipalities, Environment and Water Resources
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A channel dug nto the earth or running along the earth’s surface that 1s used to collect

ground water, natural spring water, surface water, or to halt and collect flood water. The
channel may be covered or open. The water collected 1n this manner 1s transported from the
source along the channel using only the force of gravity 1n the direction of the sharr’a (q.v.),
1.e. no machinery 1s employed to raise the water.

FalajiSystem

An 1ntegrated system comprising falaj and demand area The system may be lumited to one

falaj and one demand area; alternatively, 1t may include more than one falaj and more than
one demand area linked by some means of water distribution.

The last access shaft (q.v) to the falay 1n the opposite direction to the sharr’a (q.v.), where

water first begins to flow in the channel (to supply the channel or part of the channel with
water) is termed the mother well The level of the water flowing into the mother well must
be higher than that of the shari’a for the falaj to continue to flow.

A branch of a falaj possessing the same characteristics of a falaj and increasing the amount of

water entering the principal channel. The branch jomns the falaj at a junction known as the

branch junction

Access Shaft (Eurda)

An opening 1n the form of a vertical shaft linking a covered subterranean falaj channel with

the surface. Cleaning, blockage removal, maintenance, repair and periodic supervision are
carried out at the access shaft

The point at which water first appears on the surface of the earth, or a point close to the area

where the water appears on the surface, 1n the case of the daudi falaj (q v) The term sharr’a
is also used to describe the point where water arrives at the demand area or the village
benefiting from the water 1n the case of the aim (q.v.) and ghaili (q.v.) categories of falay.

Live/Dead Fala

A fala) 1s termed “live” when water reaches the shari’a and irrigates existing agriculture
3] g g ag

dependent on the water The term further includes aflaj whose flow stops suddenly or whose
water does not reach the shar’a (q.v.) on account of a collapse or channel blockage
A falaj 1s termed “dead” when 1t has dried up completely from the mother well (q.v.) to the
shar1’a, no water has flowed for some time and no existing agriculture is dependent on the

water.
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A fala that draws water from significant subterranean depth is termed daudi. Usually, the flow
continues without being sigmificantly affected by the changes of season at the locale A falaj
1s termed daud: when at least one subsidiary branch conforms to the definition.

A falaj that draws water from one or more natural springs 1s termed aini. The water flows
from springs into the falaj channel, which transports 1t to agricultural land. A falaj 1s termed
aini when at least one subsidiary branch conforms to the defimition and when there are no

branches that conform to the defimition of a daud:

A falaj that draws water from a wadi, from water flowing on the surface of the earth, or from
subsurface water close to the surface of the earth in wadi channels or at the foot of
mountains A falaj 1s termed ghaili when it depends only on a subsidiary branch or branches

that conform to the definition
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The Omam Government believes the preservation, development and management of water
resources to be a key element 1n the agricultural, industrial and urban development of the
country and has done so since the dawn of Oman’s recent renassance. Its interest in this field
resulted 1n the establishment of the Ministry of Water Resources, which was empowered to
protect Oman’s water resources and provide guidance on water conservation.

To enable the Ministry to draw up a comprehensive plan to meet the end for which it was
established, a reliable reference of scientific information was required, on which 1t could draw
when taking measures to ensure the success of the Water Resources Comprehensive
Development Plan. The Ministry took the mitiative to collate water-related information as part
of a database, including ground and surface water research. It further conducted a well
inventory project - a pioneering step that represents one of the Minstry’s key achievements

To complete the information on Omant water consumption, the Ministry needed to deal with
the other aspect of natural water supplies, namely the aflaj, and give them the same level of
attention. In Oman aflaj represent the sole water source for some communities, who depend
on them for all their water, including agricultural, hvestock and domestic requirements. The
Minstry therefore commenced implementation of the Aflaj Inventory Project and made
available everything necessary for the Project to succeed and realise 1ts aims

Aflgj in the Sultanate of Oman are closely linked to nature and the people
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The Ministry mounted an intensive information awareness
campaign about the Project and its aims
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The goal of the Aflaj Inventory Project was to create a rehable database of aflay n Oman, and to link that
mformation to the Central Database at the Ministry The aflaj database comprises the following:

¢ the location and depth of mother well, other fala) features and source type.

¢ the route of subsidiary channels, the location and depth of access shafts - .
+ aflay discharge rate.

« 1nformation about water quality (salinity, pH, temperature) and a complete analysis of major 10ns.

 data on the overall size of the demand area, cropped atea, developed uncropped area and undeveloped area.

* nformation on the condition of the channel and flow nature.

* an estimate of consumption, demand and usage purpose

The results of the project revealed that one third of Oman’s total water consumption 1s provided by aflaj, thereby
confirming their importance as a source of water in the country. The management and conservation of aflaj water
1s thus a key priority. The evaluation and analysis of the data collated on the aflay achieved the following’

1 Assisted 1n the drafting of a water policy to meet developmental needs

2 Aided 1n the observation of potential changes to aflaj as a result of continued pumping or activities that
mught pollute the aflaj.

3 Helped the Ministry to estimate the scale of demand for water provided by aflaj and to formulate a program
of maintenance priorities

Fixing an inventory number to one of the Aflg
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Guven the importance of the project and the 1nformatlo/n collated, from the outset the Mimstry devoted full
attention to the project and made available every resource, in order to guarantee the success of the project and to
ensure 1t met the objectives set. The Ministry benefited greatly from the experience gained during the Well
Inventory Project, which was carried out from December 1992 to December 1995. A total of 134 staft from
Ministry departments and offices were seconded to work on the Afla) Inventory Project, most had previously
worked on the Well Inventory Project and had prior practical experience. This enabled them to complete the
tasks required by this pioneering project to the fullest extent

Forty Five field teams were formed for the purpose of collating information. All personnel were Omani nationals,
tramned to collate information about the aflaj and complete the field forms correctly The field teams were
distributed in the Water Resources Departments within the various regions of the country, according to the

number of aflaj 1n each region. .

The Aflaj Inventory Project used equipment, machinery and vehicles from Well Inventory Project (after maimntenance
had been carried out and fitness for use confirmed). This saved the Minustry much time and money

Vehicles and equipment used for inventory field operations
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The locations of the aflaj mother wells and branches were determined using Global Positioning System technology,
which determines location by reference to satellites. The differential mode was adopted 1n order to accurately and
reliably determune the aflaj location Maps - topographical, aerial-photo and other - were also used.

All aflay branches were surveyed and the necessary measurements taken; for example, total length, route and
Junctions with the falaj principal channel. Flow readings for every live falaj were taken in order to determine the
total annual flow for aflaj water for comparison with annual consumption (for the aflaj demand areas).

A sample of water was taken from live aflaj and analysed 1n the field to determine the water quality in terms of
temperature, pH and salimity. A second sample was sent to the Ministry Laboratory for further chemical analysis

Various typical aflaj were selected for each aflay size and type, to represent aflaj 1n a specific area A detailed and
comprehensive survey was carried out on the selected areas. Measurements were taken for the cropped area and
water requirement for each individual crop calculated. Irrigation methods in each demand area were recorded mn
detail for the purpose of evaluating efficiency of water use and to reach a realsstic figure when calculating the total
water demand 1n areas dependent on aflaj.
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Data Processing

The success of any large project relies wholly on the accuracy and quality of the data it provides. Many human and
material resources were thus made available to the project. Native Omani cadres well-trained 1n data processing
operations took part 1n data entry and quality control. Experts specialising in the configuration and design of
computer systems were also employed. -

The data collated on the inventory forms were subject to a preliminary check and then mput to a computer
configured and designed for this purpose. The accuracy of the mput process was checked.

Data input was further subjected to a series of stages of automated quality control to establish the accuracy of the
collated data and to correct technical errors that were not detected during the prelimunary review.

The first stage checked aflaj names and other documentary data, and confirmed that all the required data was
present The second stage data checked for techmical conformuty and confirmed the absence of any internal
contradiction that might affect data accuracy The third stage verified that the data could be plotted on the
computer and that all the data necessary for this purpose was available

Plotting Aflay systems using AutoCAD
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After the confirmation of accuracy and completeness of data, the project published a report on each individual fala
system contaiming the most important data; for example, general information, specifications, water quality
measurements, channel length, supporting wells, size of demand area, and an estimate of the water demand The
demand for water from the aflaj was estimated for each demand area, using the results of the detailed survey and
analysis. The total demand of areas dependent on aflaj water was thus conducted on a proper basis. Mimstry
specialists and experts were employed to obtain the optimum results.

The routes and features of the aflaj were plotted using a special AutoCAD system, which showed the location of
mother wells, branch routes, demand areas and other falaj features. These plots are one result of the project that
confirms the veracity and accuracy of the collated data.

Attached 1n the Appendix sample of falaj system reports and plots.

The Ministry published booklets containing aflay statistics and lists for the Sultanate. These booklets contain aflaj
names, inventory numbers, villages benefitting from aflay, aflaj type and status, and mother well coordinates

Preparing Fala) systems reports
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This and succeeding sections of the report present a summary of the project’s statistical results, imtially at national

level and subsequently at regional and governorate level

There 15 a total of 4112 aflaj of all types (ive and dead) in Oman, irrigating a total of 3684 demand area. A total of
2958 samples of water were collected and subjected to chemical analysis at the Ministry’s Water Quality Laboratory.
All data was processed and entered 1n the project database, which 1s now complete and available to interested

parties, researchers and decision-makers.

Note that the inventory included the Al Wusta and Al Janubiya regions; no aflaj were mventoried in the Al Wusta

region and only 184 natural springs were mventoried 1n the governorate of Dhofar.
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Aflaj inventoried nationally totalled 4112, of which 73 4% (3108) were live.The
aflaj included 1n the inventory were divided 1nto the three categories recognised
m Oman. dauds, ain1 and ghaili of which 23% were daudi, 28% aini type; and
49% ghail.

Most of the dead aflaj (1004) in Oman were of the ghaih type (54% ) and daudi
and aim were 31% & 15% respectively. The results show that aflaj can be found
" 1n 41 of Oman’s 59 wilayats. The number of aflay inventoried varied between
wilayat The largest number (408) were 1n Sohar wilayat, folowed by Ibr1 (363)
and Al Rustaq (294).
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The area dependent on aflaj water in Oman 1s 26498 hectares, 66.3% of which

15 cropped; 3.7% 1s developed uncropped; and 30% 1s undeveloped. The
Dakhliyah region has the largest area dependent on aflaj water - a total of
30.7% of the total aflaj dependent area 1n Oman. Batinah has the next largest -
a total of 24.4%. Sharqryah, Dhahirah and Muscat follow with figures of 22%,
17.4% and 5 5% respectively. q

The demand area of Falaj System S0472 1n the wilayat of Manah, Dakhliyah

region, 1s the largest in Oman and comprises a total area of 1227 hectares.

The total annual demand for aflay water mn Oman 15 460 mullion m’
Agricultural demand makes up the bulk of this figure, requiring 99.8% of the
total.

Dakhliyah has the highest annual level of demand for aflaj water, representing
29.4% of Oman’s total water demand Sharqiyah, Batinah, Dhahirah and Muscat
follow with levels of 25.1%, 22 7%, 17.2% and 5.6% respectively.
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PART3:

PROJECT RESULTS AT NATIONAL LEV

A total of 2,958 samples of aflaj water were analysed at the

Minustry’s Water Quality Laboratory. The chemical composition
was recorded, and the data linked to the project database, for use
by researchers and specialists for purposes of scientific research.

Measurement of electrical conductivity, pH and temperature is
an indicator of water quahity and switability of a particular water
for different uses.

" The electrical conductivity of aflaj water ranged between 115
pS/cm (a figure recorded at Hail Muhadham falay (F3166)
located in Saham wilayat, Batinah region) to 16,700 pS/cm (a
figure recorded at Arhyan falaj (F0917) located 1n Jaalan Bani Bu
Al wilayat, Sharqiyah region). The tests revealed (in terms of
electrical conductivaty) that the water of 2762 aflaj was suitable
for cultivation of all crops. The water of 159 aflaj was found to
be suitable for most crops and the water of 37 falaj was found to
be unsuitable for some crops.

The lowest pH value (4.6) for aflaj water n Oman was recorded
at Al Harf falay (F4357) 1n the wilayat of Al Awabi, Batinah
region. The highest pH value (12.9) was recorded at Qubail
Malah falaj (F2151) 1 Ibr1 wilayat, Dhahirah region, The results
demonstrated that the pH value of water of 2708 falaj was suitable
for all crops (pH value between 6 and 9.5). The water of 75 afly
was shghtly alkahne (pH value ranging between 9.6 and 10 5).
The water of 142 aflay 1in the area had a high alkaline
(greater than 10.5). The water of five other aflay was relatively
acidic (pH less than 6) which 1s unsuitable for some crops

The lowest aflaj water temperature (10 2°C) was recorded 1n Al-
Khamur Al-Sufla falay (F2597) in Nizwa wilayat, Dakhhyah
region. While the highest temperature (60.5°C) was recorded at
Al-Hamam falaj 1n the wilayat of Bawshar, Muscat Governorate.
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Field teams succeeded in measuring the discharge of 72% live

aflaj in Oman; flow in the remamnder was not measured for
" various reasons, mcluding bursts n aflaj channels, floods
resulting from substantial rainfall creating an over flow , and the
low discharge rate in some of the smaller aflaj. The total flow for
those aflyy whose flow was measured was found to be
approximately seven mullion m® per day based on a single
reading Note that most measurements were taken during the
" wet season of 1997, which explans the high figure recorded.

Data analysis revealed that 68% of aflaj had an area of less than
2 hectares and were 60% of live aflaj in Oman.

A total of 5326 branches of various types - daud, ain1 or ghaih
- were counted 1n the mventory. Note that the number of
branches exceeds that of the aflayj in Oman because each falaj
may comprise more than one subsidiary branch

Data analysis revealed that the total length of branches 1n Oman
reached a figure of 2726 km; 959 km of this length consist of
surface channels whilst 1767 km are underground

The data shows that Ash Shariq (F1306) in Bidiyah, Sharqiyah,
1s the longest falaj n terms of the total length of 1ts branches of
17.3 km, a 100 metres of surface channels and 17 2 km are
underground.

The Al Jahis subsidiary branch of Al Jahis falay (F1307) 1n

Bidiyah, Sharqiyah, 1s the longest branch in Oman with a total
length of 14 5 km.

The Al-Malik1 falay (FO606) located in Izki, Dakhliyah 1s the
largest falaj in Oman in terms of the number of branches. It
comprises a total of 17 branches.

Cumulative

of Demand Areas / Number of Aflaj

Cumulative Number

Bhlis sas gyane

Laay)

MV as ggane/

Ll

4000
3500
3000
2506
2000
1500
1000

500

>10-20 >20-40 >40-60 >60-80 >80-100 >100-500 >500
SUSA - ZLiay) Glolis datus Bl

>2-4 >4-6 >6-8

Demand Area Size - ha

<=2 8-10

Cumulative number of demand areas

gLaaYl Gbbis sue £ gans

Cumulative number of live Aflaj suppling demand areas
glsad) Blalio 55,5 (Al dadl Y 30 £ gane

was Water demand |

Lilad slalaay)

450.00

400.00

350.00

300 00

250 00

Luast alf uilall Slaliiay

-

150.00

100.00

Cumulative Water Demand - Mm’/yr

Ml/“ef—

50.00

0.00

MY S8 g e gea
S gt b BN ZWI e VY G WS e REH B oSS
oo Pl B B 6 AV 2 W OB W o5 b ey adl)
Bt WY Jam Ol g Los oLl 0 o 2 Y 143 ¢ s Ly
2l oLl pa eSO o g il 5L3 Colnzad pois g U 5853
SisdS g gast O o g 18 il £ DBV om0l > UL WIS
5513 opn 33 e Ly p gl 3 nSa fn g i s S5 2R 2251
dudd ) @I e w0 Y QWL gy oY1 G L sl
ot Sl odn plans OF ST ol o (B be LY Ll
Al W 535 p Ll ks n g Y QY ple g0 5 0kan 35 S
o BT L ln Lo W1 bl 0 71A OF B W I35 o U
ALl (5 gren o 22 YT e T ey Sleidy S
calzz a sl oY T 2l 5 guasdl SOV Al p 200 ¢ gt 3y
5y gl dol gl sde OF LDV ey 2Ly 2tally D3 9%l 51 51
0550 8 el OF 3} s Balol (5 e Lo 5 5 5umt) £ W e o
oty debo e ST e
Ll (6 g o o VI et g J) gl ¢ gt O UL JE o or
FedSAVAY gadan 0l 48 gl 404 L S YYY ) e
N s E 3
G s gn0aeh gou Sl gl § gt oo o s J sl Ol UL 3 0ns
ode! gun J,L&uwa__z,us ZM‘L‘;':\._;JJ LYt (YY)
FaSSAVSY pasbas ohpd e Ve L RS YSY Ly
oY) e e o 53
2kl b 3 Y il (V7 V3) ool ki U el oy
SV £50 Jlom 1 b iy el (5 e o el bl 25,20
e
NSt aaladly SHAN p @31 (10 13) (Sl s oy
gra;-gd\.\p\r.}\;.utr;,éb_ww\ﬁla‘»c,:}ymul
.\.Lpu\véw\\.xe.g

13

\Y




Of all Oman’s regions, Muscat has the lowest number of inventoried aflaj, 239 afla) were
mventoried in the Governorate Live aflaj make up 72.4% of the total. The Muscat aflaj
include all types - daudy, aini and ghaih Daudi aflay were 10.5% of the total; aim aflay 54.4%
and ghail aflaj make up the remainder of 35.1%

The majority of dead aflay in Muscat are ghaili, which represent 48.5% of
the total Aini and daud: aflaj make up the remainder with of 31.8% and 19.7% respectively.
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CAT GOVERNORATE AFLAJ STATISTICS -

Aflaj Demand Areas

The area dependent on aflaj water in Muscat Governorate 1s 1462.7 hectares. 66.2% of this area is cropped land A A TRECTFIOR EE WA & T VI s V£,V ok alails & CWS“ ol o dezall GbUl dloe caly
3.7% 1s developed uncropped land and 30.1% 1s undeveloped land. odhaton pf dmluss /Y 0, ) 948 50 nf dliaten
Qurayat district has the largest area dependent on aflaj water with 55.1% of the total area. The walayats of Al Amrat & L ¢ 5o o 100,Y as L At C)’L’N\ ol o szl ALl § 3o Lo o daWas b b ol 34y, el
and Bawshar have the next largest areas, forming 22.1% and 12.4% respectively. As Seeb, Muscat and Mutrah T vy § B draz CJL"’J boions y coedl LYy St Loy 7V Yy & s JOPE TN PPRA L TUNE WINPT N F AN ('j sl

collectively form 10.4% of the area. Note that Qurayat district also forms the largest area of agricultural land within

Ll f_)’“';u” 04,4 dy l&jJ}U Ll C}«.sl Eom e d)&\ U}\ S;J,UJSOL_{J; LYy ol y R PR IO CJ“';U“
Muscat Governorate, representing 59 9% of the total cropped area. Al 3 2ey 50l
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The annual demand for aflaj water 1n Muscat 1s 25.45 milhion m?® Agricultural demand makes up 99.9% of this figure.

Qurayat has the largest annual demand for aflaj water with a figure of 15.29 milhion m?. It 1s followed by. Al Amrat,
Bawshar, Al Seeb, Muscat and Mutrah, which have an annual demand of 3.99, 3 49, 2.16, 0.36 and 0.25 million m®
respectively.
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The lowest Electrical Conductivity (EC) reading for aflyy water 1m  Muscat Governorate

was recorded at At Tuwaiuyah falay (F2150) i Qurayat, which gave a figure of
272 pS/cm.The highest EC reading was recorded at Al Ghaiz falay (F0342) in Bawshar, which produced a reading
of 4720 puS/cm The results showed that the water of 153 aflaj in Muscat Governorate was suitable for all crops and
that the water of 13 was suttable for most The highest reading for salinity 1n the Governorate did not exceed 6000

pS/cm.
!
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Al Mugqta’t falay (F2924), Qurayat, produced the lowest pH value (5.4) recorded for aflaj water in Muscat
Governorate. The highest reading (11 4) occurred at Al Wagqibah falaj (F0315), As Seeb. Generally, the results showed
that the water of 155 aflaj in the Governorate was suitable for all crops (pH value ranging between 6 and Y.5) Only
one falaj had water that was shightly alkaline (pH ranging between 9.6 and 10 5), whilst the water of two aflaj in the
Governorate was significantly alkaline (pH value greater than 10.5). Only one falaj held water that was acidic (pH
value below 6); such water is unsuitable for some crops
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Batmah possesses the largest number of inventoried aflaj of any Omani region - with 1561. Live
aflaj form 77 5% of the total and the region includes afla) from all categories: dauds, a1 and
ghaili. Daud: aflaj make up 12 4% of the total; aim aflay 28.4%, and ghaili aflay - the largest
category - with 59.2%.
Most dead aflaj 1n Batinah are the ghaili category, 71.3% of dead aflaj. Aim and daud: types,
which make up 17.3% and 11 4% of the total number of dead aflaj in Batinah respectively.

A total of 1616 demand areas were included 1n the inventory 1n Batinah, wath a total area of
6,458 hectares 1219 samples of water were taken and sent to the Mimstry’s Water Quality
'Laboratory for chemucal analysis
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Aflaj dependent areas in the Batinah region total 6458 hectares, 69.2% of which 1s cropped land, 3.8% developed

uncropped land and 27% undeveloped land.

The wilayat of Ar Rustaq had the highest area of land dependent on aflay water, representing 35.2% of the total in
the region. The wilayats of Nakhal, Wadi Al Ma’awil, Sohar, Al Khaburah and Al Awabi followed with figures of
12.8%, 11.9%, 9.8%, 8.5% and 6.4% respectively The wilayats of Lawi1, Saham, Shinas, As Suwalq, Mahdah and Barka
collectively made up 15.4% of the total. Note that Ar Rustaq also formed the largest area of cropped land, with a

figure of 36.6% of total cropped area 1n the region
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The annual demand for aflaj water in the Batinah region is 104.23 mulhion m® Agricultural land accounts for 99.9%

of thus figure.

Ar Rustaq has the highest annual demand for aflaj water with a figure of 39.91 mmullion m®. The wilayats of Nakhal,
Wad1 Al Ma’awil, Sohar, Al Khabu, Al Awabi, Liwa, Saham, As Suwaiq and Shinas, Madha and Barka follow with

figures of 13.96, 13.21,9.12,7.31,7.19, 4.02, 3.05, 3.04, 2 67, 0.64 and 0.1 mlhion m® respectively.
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Zahra falaj (F3541), Shinas, gave the lowest electrical conductivity (EC) reading (115 pS/cm) for aflaj water in the
Batinah region The highest EC reading (4268 uS/cm) recorded at Ain Al Mahdeth falay (F2650) 1n the Nakhal
district. The tests showed that the water of 1185 aflaj in the region was suitable for all crops and that the water of

10 was suitable for most crops The highest reading for salimty 1n the region did not exceed 6000 puS/cm.
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BATINAH REGION AND |

Al Harf falaj (F4357), Al Awabs, gave the lowest pH value (4.6) recorded for aflaj water 1n the Batinah region. The Laelodl 36l 3 ulpf o Loy ¢ £, ilS ! FEUEONRY c,L:Jl (syovid)es A cLu LU ez, ) Laal>l ol 3 L}BT o
hughest reading (12.0) occurred at Al Bih falay (F3070) in the wilayat of Ar Rustaq. Generally, the results showed il ikl Gl v 3y ol of P e Sebls VY anle Biaals B s iy 5y Bl Sl 1Y S (Y ) el el
that the water of 1111 aflaj in the region was suitable for all crops (pH value ranging between 6 and 9.5). Twenty (Ve300 8,7 o Bpiasld 2 5 A e J b T ooy (3505 1 o Aiaaldd oo £ 1 2) sl I Jeol e

nine aflaj had water that was shightly alkaline (pH ranging between 9.6 and 10.5) whilst the water of 39 afla) in the ) S . ) S e Y 2o i e 22l 3 ots
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Dhahirah Region Aflaj Statistics

Dhahirah possesses the fourth largest number of inventoried aflaj of any Omani region with a
total of 716. Live aflaj form 66.1% of the total mnventoried and the region includes aflaj from
all categories: daudh, aini and ghaili Daudi aflay make up 21% of the total, ain1 20% ghaih aflay
for the largest group with 59%.

Most dead aflaj 1n the region were originally from the ghaili category, which forms 60.5% of
dead aflay. This group 1s followed by daud: and aini aflaj which make up 26.7% and 12.8%

respectively.
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The area dependent on aflaj water n the Dhahirah region totals 4625.5 hectares of which 61.8% 1s cropped land,
3.4% developed uncropped lands and 34.8% undeveloped land.

Ibri holds the highest area of aflaj-dependent land with 59.9% of the total in the region.The wilayats of Al Buraimi
and Dank follow wath figures of 12 1% and 12% respectively. The wilyatas of Mahdah and Yanqul collectively make
up 16% of the total. Note that Ibr1 also forms the largest area of cropped land, with a figure of 55.6% of the total

cropped area in the region.
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The annual demand for aflaj water 1n the Dhahirah region is 78 61 million m® Agricultural land accounts for 99.9%

of this figure.

Ibri has the highest annual demand for aflay water with a figure of 43.82 mllion m’
The wilayats of Al Buraimi, Dank, Mahdah and Yanqul follow wath figures of 11.06, 10.76, 6.54 and 6.43 milhion

m® respectively
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Al Aqul falay (F0110), Yanqul, gave the lowest (117 uS/cm) electrical conductivity (EC) reading for aflay water in
the Dhahirah region. The highest EC reading (6333 puS/cm) was recorded at Al Mahduth falaj (F0404) in the
wilayat of Ibri. The tests showed that the water of 452 aflay 1n the region was suitable for all crops and the water
of 13 aflaj suitable for most crops. Only one fala) was relatively saline (>6000 pS/cm); such water 1s suitable only
for certain crops, such as clover and date palms.
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The highest reading (12.9) occurred at Qubail Mallah falaj (F2151), also 1n the wilayat of Ibri Generally, the results
showed that the water of 404 aflaj in the region was suitable for all crops (pH value ranging between 6 and 9.5).
25 afla)y had water that was shghtly alkaline (pH ranging between 9.6 and 10.5), whlst that of 34 aflaj was
significantly alkaline (pH value greater than 10.5), which 1s unsuitable for some crops.
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Dakhliyah has the third largest number of inventoried aflaj of any Omani region with 750.
Live aflaj form 66.8% of the total which includes daudi aini and ghailh Daud: aflay make up
37.2% , ain1 26.1%, and ghaili 36.7% of the total number 1n the Dakhliyah regton.

Most dead aflaj 1n the region were originally of the ghail type, which forms 50.6% of total
dead aflaj. This group 1s followed by daudi and amni aflaj which make up 38.6% and 10.8% of
the total dead aflaj 1n the Dakhliyah region.
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The area dependent on aflaj water 1n the Dakhliyah region totals 8132 hectares 62 5% of this area 1s cropped land;
3 5% 1s developed uncropped land; and 34% 1s undeveloped land.

The wilayat of 1zki possesses the highest area of land dependent on aflaj water, representing 24.5% of the total 1n
the region The districts of Manah, Nizwa, Samail and Bahla follow with figures of 18.7%, 17.4%,13.8% and 11.7%
respectively. The dustricts of Bidbid, Al Hamra and Adam collectively make up 13 9% of the total Note that Manah
forms the largest area of cropped land, with a figure of 21.5% of the total cropped land in the Dakhhyah region.
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DAKHLIYAH REGION A

99.8% of this figure

The annual demand for aflaj water 1n the Dakhliyah region 1s 135.17 mulhon m’. Agricultural land accounts for

Manah has the highest annual demand for aflaj water with a figure of 30.06 million m® The wilayats of Nizwa,
Izk1, Samail, Bahla, Bidbid, Al Hamra and Adam follow with figures of 26.41, 22.13, 20.22, 15.79, 10.17, 6.54 and
3.86 million m?®respectively.
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uctivity

Al Masdara falaj (F3084), Nizwa, gave the lowest Electrical Conductivity (EC) reading for aflaj water 1n the
Dakhliyah region - a figure of 200 pS/cm. The highest EC reading for the Dakhliyah region was recorded at Dab’s
falay (F0650) in Samail wilayat, which produced a reading of 11013 uS/cm The tests showed that the water of 466
afla) in the region was suitable for all crops whilst the water of 30 aflaj was suitable for most. Only one falaj was

relatively saline (>6000 pS/cm); such water 1s suitable only for certan crops, such as clover and date palms
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Al Hadith falaj (F1601), Samail, gave the lowest pH reading recorded for aflaj water 1n the Dakhhyah region - a
figure of 5.1. The highest reading occurred at Al Karib Al Hidn falaj (F2265), in the wilayat of Bidbid, where the
pH value was found to be 12.0. Generally, the results showed that the water of 435 aflaj 1n the region was suitable
for all crops (pH value ranging between 6 and 9.5). 16 aflaj had water that was shghtly alkaline (pH ranging
between 9.6 and 10.5) whilst the water of 43 aflaj 1n the region was significantly so (pH value greater than 10.5)
Only one falaj had water that was acidic (pH value below 6), which 1s unsuitable for some crops
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Sharqtyah has the second largest number of mnventoried aflaj of any Omani region with a figure
of 846 Live aflaj form 78 1% of the total included 1n the inventory and the region includes aflay
from all categories. daudi, aimi and ghaili. Daudi aflyy make up 37.6% of the total; aim aflay
represent 28.1%; and ghail aflaj form 34.3% of the total number of aflaj n the Sharqiyah region.

Most dead aflaj n the region were originally of the daud: type, which forms 67.6% of the
total This category 1s followed by ghaili and aim aflaj, which make up 20% and 12 4% of the
total number of dead aflaj 1n the Sharqiyah region respectively

602 demand areas were included in the mventory, forming an area of 5818.7 hectares 644 samples
of water were sent to the Mimstry’s Water Quality Laboratory for chemical analyss.
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The area dependent on afla) water in the Sharqiyah region totals 5818.7 hectares. 72% of thus figure 1s cropped
land, 4% 1s developed uncropped land; and 24% is undeveloped land.

The wilayat of Al Mudhaib1 has the highest area of land dependent on aflaj water, representing 32.6% of the total
1n the region. The wilayats of Al Qabul, Ibra, Dima wa Al Tatyin and Jaalan Bam Bu Hasan follow with figures of
10.5%, 9.7%, 9.6% and 9.1% respectively. The wilayats of Bidiyah, Jaalan Bani Bu Ah, Al Kamil wa Al Wafi and Wad:
Bani Khalid collectively make up 28 5% of the total. Note that Al Mudhaib: also forms the largest cropped area,
with a figure of 32 6% of the total cropped area 1n the region.
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The annual demand for aflaj water 1n the Sharqiyah region 1s 115.45 mullion m® No readings for hivestock demand

1
were recorded 1n the region.

Al Mudhaib1 has the highest annual demand for aflaj water with a figure of 37.95 mullion m? The wilayats of Al
Qabul, Ibra, Dima wa Al Taryin, Jaalan Bani Bu Hassan, Jaalan Bani Bu Ali, Badiya, Sur, Al Kanul wa Al Wafi and
Wadi Bam1 Khahd follow with figures of 12.1, 11.36, 10.82, 10.5, 7.9, 7.54, 7.9, 6.31 and 3 88 mullion m’
respectively. :
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Al Mansur falaj (F1772), Al Mudhaibi, gave the lowest Electrical Conductivity (EC) reading for aflaj water 1n the
Sharqiyah region - a figure of 258 pS/ cm. The highest EC reading was recorded at Arhiyan falaj (F0916) m the
Jaalan Bani1 Bu Al wilayat, which produced a reading of 16700 uS/cm.The tests showed that the water of 506 aflaj
in the region was suitable for all crops with the water of 93 suitable for most. 35 aflaj were relatively saline (>6000
pS/cm); such water 1s suitable only for certain crops, such as clover and date palms
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Jabiya Salim Hamad falaj (F0856), in the wilayat of Jaalan Bami: Bu Ali, produced the lowest pH reading for aflaj
water 1n the Sharqiyah region - a figure of 6.5. The highest reading occurred at Al Juwaibiya falay (F2433), Al
Mudhaibi, where the pH value was found to be 12.1. Generally, the results showed that the water of 603 aflaj in
the region was switable for all crops (pH value ranging between 6 and 9.5). 4 aflaj had water that was shghtly
alkaline (pH ranging between 9.6 and 10.5) whilst the water of 24 aflaj 1n the region was significantly so (pH value
greater than 10.5), which 1s unswtable for some crops.
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FALAJ SYSTEM REPORT
Falaj System Number / Falaj Inventory Number S0500 / FOs500 @Y jeaa ad [ glih U G,
Other Connected Aflaj AN, Aagi y (g A0 30
Total Number of Aflaj 1 G £ gar
Total Number of Demand Area : 1 ghaal) Fhtia s
FALAJ DETAILS @.‘.ﬂ\ <lily BRANCH DETAILS &) guult by
Falaj Name (s) 1 DARIS wagld s Y QALY (panat) pual
] Branch Name : AL KABEER e ] S ludi paal
[ Source Type : Da'udi PITVIENH Jbadd gyl
Village AL ILAYAH adhall B A it Source Total Depth (m) , (8) Sreaall AL Fanlt -
Whadi : ALABYADH cond) 3 G et Source Depth to Water (m) (8)omaall sie plalt prhas A (Jaali
Catchment Name / No 058(ANDAM/HALF SYS) (cula pRi/pisic) o4 atedl o g pui
Wilayat . NIZWA Py A3gh pu Branch Name ¢ A'SHARQI P P%- \ Bl puat
MWR Regional Office NIZWA $IH Wﬂ‘)l dlgall 3l g e Source Type ¢ Da'udi Ll shadig s
Falaj Inventory Date 01/11/1997 VAV QY yaa 8 Source Total Depth (m) (#) il Al B
Source Depth to Water (m) (a)deaatt sie pLdl pudus N (Sanlt
FALAJ OBSERVATIONS il g ga
Branch Name . AL GHARBI A ¥ 36l g}
Falaj Type : DA'UDI J rRT wiligy Source Type . Da'udi PETY I sadll p gl
Falaj Status LIVE Ll ol A Source Total Depth (m) () Sheaalt Sl San
All Measurements Taken at gl d4f adge Source Depth to Water (m) (1) a6 S e o
Feature Type : Sharia dag py ¢ el p gi
MWR Site ID B8 cipbad quuan alptt oy DEMAND AREA DETAILS gliad) Lihia cliy
MEASUREMENTS - WATER QUALITY ,1*.,“ Bagn ‘;,Lugi Demand Area Name D01 : ALILAYAH 4pai : DOL gt dhia pu
EC (uS/cm) (Lab) 477 EVY 2 () (o Shapeng S04 gy oS Tplan gl Cropped Area (m?) * 1,715,502 ALV ITEE * (1p) &8 g 3l datuat
Dev./Uncropped Area (m*) * 95,306 ered - 9(1g) Aoy Al gb [ Aalealuddt Aatuall
pH @ab) 730 v () st A Undeveloped Area (m?) * 571,834 nare o (1) atuatuadl b Fatuah
Water Temperature (°C) 370 LA (op)sia 31 m Zg 1 . .
. Total Demand Area (m?) 2,382,642 YiPAYALY () Chad alhiad Lok datua
Air Temperature (°C) 330 e : (op)staedi 3 &g
Water Sample No F0500/11 F0500/11 : sl A o,
MEASUREMENTS - FLOW Gl
Discharge Rate Gt Jana
-gauge (m*/sec) (Gpdlifrp) Bt ol S
-float (m¥sec) (Gidyjry) ol jiga
-currrent meter (m*/sec) 06321 AT (R ) BB Qutyd 148
SURVEY - CHANNEL LENGTHS @n‘ h’-l‘,,ﬁ [ WATER DEMAND DETAILS zzuu‘ Q‘él:ﬁ&" &:lul#
Total length below ground (m) 6,480 SebAe (s) casd ciad = A Jghli Demand Area Name Do1 . ALILAYAH asall : DOL YY) ALhis pa
Total length at ground surface (m) : 1,510 ATLA RN (8) (radiow = ADH gl Crop Net Water Demand (m%yr) * 4,682,410 SAYCE Y (RfTp) Jpualaall g giadd D ClAaY e
Total channel length of falaj (m) 7,990 Vild. (8) SIpikl A Jahll Livestock Water Demand (m¥yr) 0 . (i.'..../r(.) Gl ggadt (e phaddt 10T
Total Annual Water Demand (m*yr) * 4,682,410 [T FTA R (1&«/\’9) WYall O g gledl GYEAYI £ parae
SUPPORT WELLS Bl JUW
Caution: * Values not based on direct field measurements, but are estimates based on the results hatil ol )l mall a0 e iladed § e WSy, 3 pdle Alia bl Jle e e il * Apd
of the agriculttural sample survey of the demand areas T\l Ghle e il )
Report Generated On : 19/Feb/2001 80500 - FOSOO
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SULTANATE OF OMAN
Ministry of Weter Resources

Department of Statistics and Fleld Data
FALAJ INVENTORY PROJECT

Falaj System

Falaj No.
Falaj Name DARIS
Wadi AL ABYADH
Village AL ILAYAH
Wilayat NIZWA

50500  gelewll plolas
FOS00 gl ‘f__s 2

L I
uu:;-)" ggﬁl
ERAT 358l
Sy LYell

Legend

e Undarground channet {:} Point tion fixed by “Differential® GPS
———— Covered surfoce channel s
———ee  Open surface channel — wat 1\ ) foint loca'hon fxed by 3 munute
————— Open surface chennel — dry 1 Averaged” GPS
~———— Open surface chonnel — unknown { } Pont lacotion fixed by "Single fix" GFS
o) Agriculturcl demond areg €
Source ~ Daudi Source —~ Ghaily Source ~ Ainy Source ~ Dam
wet wet wet wet
8 dry ® dry ® dry ® dry
unknown
Access hole Sherla Collector/Storoge bosin + Supporting wall
wet D wet @ wet @ Location of falay inventory plote
dry B cry dry (8 Source — Unknown type
(© unknown unknown B unknown

Note The siting of tha faloj is based on the location of the falo) sources found by taking a
GPS fix (as indicated on the map ond in the legend)
Locatron of support wells subject to a maximum of 300m inaccuracy from true position

Measurement / sample pont

“ ~=7

N D 050 100 150 gOO
km
Dotum . WGS 84 Prejection ¢ Transverse Msrcator

Map complied by MWR GIS CAD
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FALAJ SYSTEM REPORT )
Falaj System Number / Falaj Inventory Number : S0606 / F0606 TN e o3 [ i pli3 )
Other Connected Aflaj : : AU, At a9 i) U
Total Number of Aflaj : 1 G £ gpara
Total Number of Branches : 17 gl 33 ;
Total Number of Demand Area : 2 glhal) Fhlda s
FALAJ DETAILS il ety BRANCH DETAILS S8 gead) Silily
Falaj Name (s) 1 : ALMALKI P A (sanal) ot
2 \ Branch Name 1. ARRAESI - e ) ALt puaf
3 4 Source Type : Da'udi FLIY I haall p g
Village : ANNIZAR+AL YAMAN Oaglh ¢ 93 QAN pu Source Total Depth (m) (8) Al A0 Fandy
Wadi ’ : HALFIN +IMTY o i=ulla PEr W] Source Depth to Water (1) (a)sadh sle AL e () (Jandt
Catchment Name / No 058 (ADAM-HALFIN) (Cobla — pst ) e0A ¢ aaatucdt o) 9 o
Wilayat . IZKI TE 303 el Branch Name 2: AL AKHDAR radd Y Attt pad
MWR Regional Office SAMAIL St A S 4 iga e Source Type ¢ Da'udi L shad i
Falaj Inventory Date 26/05/1997 ' YAAV/es /YN B ean iy 8 Source Total Depth (m) (8) emdt i Gash
< Source Depth to Water (m) (8) saalt i L) gudaas (1 (Fanlt
FALAJ OBSERVATIONS il Slhal ga
Branch Name 3: ALASWAD St 3 r el paa]
Fala] Type - DA'UDI g i gsl Source Type : Da'udi POV Fhadi g g
Fala) Status ¢ LIVE : o ol Source Total Depth (m) : (8) Jhemad it Fand
All Measurements Taken at gy 181 gdye Source Depth to Water (m) - P ()t e sl e I Bl
Feature Type : Sharia Qag ) pladdi g g
MWR Site ID B0 gl s gl o DEMAND AREA DETAILS gliay) ddhis cuy,
MEASUREMENTS - WATER QUALITY ,L‘u_“ TS ‘:,Lu\*; Demand Area Name D01 : ANNIZAR FE IS} | g Al put
. R Cropped Area (m?) * : 740,170 VEeve * (19) Ae g 54 dabudd
EC (uS/em) - (Lab) i 7645 YIS () (el et B Hhagd Dev./Uncropped Area (m?) * 41,121 AT s (1) Aoyl g [ Aaduatudd) dabudl
Pt (Lab) 782 YA (&) wrraoned g Undeveloped Area (m*) * H 246,723 Y * (%) lalalodi b datuali
Water Temperature (°C) . 300 LI (op)stalt 312 3 8 g
R Total Demand Area (m?) 1,028,014 Vee YA NE ¢ (Te) (4" Alhial 4l daluedl
Air Temperature (°C) : 370 Y, s (op)s el B0 a 49 8
Water Sample No F0606/11 \ FO606/11 : st e o) Demand Area Name D02 : ALYAMAN o D02 g Alhis pus
. Cropped Area (m®) * 392,202 rANYLY * (Vp) Aoy il dabuat
MEASUREMENTS - FLOW / d‘ ) QL“‘*‘ Dev./Uncropped Area (m?*) * 21,789 VAL 5 (1) Ao 5al b [ Aaduatealt Aatuadlt
Discharge Rate D Jana Undeveloped Area (m*) * 130,734 Arevre * (1p) dabuaload b datuaalt
-gauge (m®sec) (Rl v ) Bhatts iyl S Total Demand Area (m?) 544,725 TR (%) Eia¥t Alhid Zieh Zatat
-float (m*/sec) (Aydiifrg) gikli Slga
-currrent meter (m>®/sec) 02264 DR AAT N (difrp) Bhad i st
SURVEY - CHANNEL LENGTHS Q-\.m Q\Jﬁ T WATER DEMAND DETAILS Z:‘SL‘“ QL)QSAY\ @iy
Total length below ground (m) 14,088 VEG AN 2 (8) e cual — A Jghli Demand Area Name Dot :  ANNIZAR S5 : DoL gYaY lhaie ot
Total length at ground surface (m) : 787 YAV (8) (painee — g gl Crop Net Water Demand (m*/yr) * 2,037,919 TeePVeAI o n (Ruffp) Gpuataall pganad b pliaW lle
Total channel length of falaj (m) 14,875 ViAve (s) gl AQH Jghli Livestock Water Demand (m%/yr) 15,576 VEVE ¢ (RafTp) cligall gl glgaY
Total Annual Water Demand (m%yr) * : 2,053,495 Vooorctae 1 (Lu/rp) slpdll i goludt pYaY) £ gare
SUPPORT WELLS e lucall J‘-}?‘ Demand Area Name Do2 : AL YAMAN ol ¢ D02 &Y Aklada pust
010/586, 010/592 RWATIRWAT ) Crop Net Water Demand (o'/yr) * 1,079,855 VooV RaARE 2 (RufTe) SpualanD g gk Ak G e
Livestock Water Demand (m®yr) ] . (Hha/¥p) D ggalt Ll g gl 5N
Total Annual Water Demand (myr) * 1,079,855 VoeVanee A (Riufrp) syl On g gluddt FYTAYH B gara
Caution: * Values not based on direct field measurements, but are estimates based on the results et ol ) mall A3 o lilaied § ke LSy, 5000 Gl SllE Jlo G e il ® Al
of the agricultural sample survey of the demand areas V! Shlia e A3
Report Generated On:  02/Apr/2001 80606 - F0606
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Minlstry of Water Resourcesa
FO606 - AL' GHARBI AR RAEST Depariment of Statistics and Fleld Data
i FALAJ INVENTORY PROJECT
i
I
Falaj System  S0606 ol pllas
4 FOB06 - AL AZRI (g alaj Name £atal
3 P ('-5‘;‘9" ' Wwadi HALFIN + INTY ]2 ool @“Iljz
] i 52 village AN NIZAR+ AL YAMAN croall = bl 24, all
FOBQ8 - AL GHARBI 'y Wilayat 1K1 sl 3Vsll
FOGQS - AL HASHMI
; .
; i
i
i ]
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@ !
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4!‘
Ve
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-3 - o e e+ o o o o e . A, . v A mhn S o, o s 5. St v WAy
) 010/ 588
@
Legend 'y
——— Underground channel { 54 Point locotion fixed by “Differential® GPS
e Covered surface channel /5
e Op@N surface chonnel — wet 4\ } Point locction fixed by 3 minute
———— Open surface channel - dry H "Averaged” GPS
e Qpon surface channel — unknown { Y Point iocation fixed by "Single fix™ GPS
Agniculturel demand area 3
Source — Daudi Source — Ghaily Source ~ Ainy Source — Dam
wat wet wet wet
® ® dy ® ® o
@ unknown -’- Supporting well
Access hole Sharig Collector/Storogs basin
@ wet D wet @ wat @ Location of falaj inventory piote
dry dry dry (@® Sourcs — Unknown type
b © unknown O unknown  {a] unknown Measuremaent / sample point
= — s o — e st sanrnne] Note The siting of the falo) 18 bosed on the locotion of the fala) Sources found by toking o
% GPS fix (o8 indicotsd on the map and in ths legend)
o Location of support wells subject to o maximum of 300m Inaccuracy from true pomition
0 050 100 150 &OO
N km
" Datum : WGS 84 Projection . Transverse Mercator
i Map complied by MWR GIS CAD -
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FALAJ SYSTEM REPORT il U i
Falaj System Number / Falaj Inventory Number : S1301 / F1301 : s LA NN PR TH A T-HP 5
Other Connected Aflaj : : AUB3N Jagi ja (g 29 N
Total Number of Aflaj : 1 : GV £ yara
Total Number of Demand Area : 1 : ghiadt Fhlla 20

FALAJ DETAILS Q“m <y BRANCH DETAILS & Ju.“ Uiy

Falaj Name (s) 1 : ADHDHAHIR AN P} A ($landl) puat
| Branch Name 1: ADHDHAHIR AW \ S5l pa)
H 1 Source Type ¢ Da'udi PRIV Jhadli gt
Village : ADHDHAHIR AR ¢ 3 R ) Source Total Depth (m) : , : (s) Sl A Fanlt
Wadi : BAIYA/ AN NAJD ol gb g paat Source Depth to Water (m) : : (8)ssadt sie pladl s (A1 (Janll
Catchment Name / No. : 060 (WADI AL BATHA) ( sladagdl gaig ) o¥e aapluadt b g pudt
Wilayat . : BIDIYAH ’ oy 494 gt
MWR Reglonal Office : IBRA st R 2t 8 jiga qiite
Falaj Inventory Date : 08/03/1997 ALLU7 0L J IV plll s 4y 0

FALAJ OBSERVATIONS il Clial ga

Falaj Type : DA'UDI PRIV i pgi

Falaj Status : LIVE e - AT IRAIPY

All Measurements Taken at LI URTUFS P9

Feature Type H H slaali p gd ,

MWR Site ID : : 32540 gl s ot o DEMAND AREA DETAILS gliad dibaia ciliy,

MEASUREMENTS - WATER QUALITY olaall 3a iyl Demand Area Name D01 : ADHDHAHIR AW ;D1 GWaY! Bk o

EC b . Cropped Area (m?) * : 569,545 (AR * (Vp) de gl dateadd)
: 421 [SANK +
H (psicm) (L.b) 82 (8) (b S Al Hhagd Dev./Uncropped Area (m?)* . : 31,641 A (1) Aoyl b ) AalaTocal) datuaali
. .21 ATy -
P (Lab) : (84) s g Undeveloped Area (m?) * : 189,848 VAAAEA ¢ * (1p) Aalaludli datudt
Water Tem perature (°C) . 340 i, {og)stali 31 a Ay 0 . .
. Total Demand Area (m?) : 791,034 VArLre (1) giia¥) ALhid Z0) dalual
Air Temperature (°C) [ 300 LCPOR (0p)s19¢d) 30 m &g 4
Water Sample No. : F13o01/11 F1301/11 : suli e ol
MEASUREMENTS - FLOW Gl g
Discharge Rate R Ghatli Jana
-gauge (m*/sec) : : (/) Bt uted S
-float (m*/sec) : 01476 GVEVY (Gaiifrp) ohhlt jien
-currrent meter (m*/sec) : B : (/v ) B i e
- 2 "

SURVEY - CHANNEL LENGTHS E—‘n\ <) gib e WATER DEMAND DETAILS 45\5141\ CA\Q\;&Y‘ iy
Total length below ground (m) : 4,964 (LTI (8) e caal = Al Jglal Demand Area Name Do1 : ADH DHAHIR AW, D01 gitad ARhis o
Total length at ground surface (m) : 390 LA (8) (rda = A gl Crop Net Water Demand (m*/yr) * : 1,552,106 VOOt g n (Raafrg) Gpataall g giadd (Aul £llaW) e
Total channel length of falaj (m) 5354 siret ) (8) 1gikl AL Jghaly Livestock Water Demand (m%yr) : 0 . (Aaaf?p) it gadd L ghusd) gAY

Total Annual Water Demand (m¥yr) * - 1,552,106 (YT FIES IS (1..4/\'0) ahall B4 g giaddt € YIaYE £ garae

SUPPORT WELLS Bastudl JU

Caution: * Valuesnot based on direct field measurements, but are estimates based on the results il ol )0 sl A e falaie) § o LTy s § 0l Alia Sl Jlo Luua e il ¢ Al
of the agnicultural sample survey of the demand areas Y 3hta e dud *
-

Report Generated On : 19/Feb/2001 S 1 30 1 - Fl 30 1
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SULTANATE OF OMAN
Ministry of Water Resources
Department of Stsiistics and Fleld Date
FALAJ INVENTORY PROJECT

e R ]

Falaj System 81301 ol i
Falaj No. F1301 plall p3,

Falaj Name ADH DHAHIR alldl zJ.'lll
Wadi BAIYA/ AN NAJD apilis gl (Sl
village ADH DHAHIR Salll a,all
Wilayat BIDIVAH Ay BV
Legend
o Underground channel {:} Pomnt location fixed by "Differential” GPS
- Covered surface channel Py
}——— Open surface channel — wet 1\ '] lfomt loc:lbon fixed by 3 rninute
— . Open surface channel — dry Averaged” GPS
j———— Open surface channel - unknown (:} Pont location fixed by "Single fix™ GPS
oo} Agnicultural demand gres
Source = Doudi Source ~ Ghaily Source —~ Any Source — Dam
wet wet wet @ wet
dry ® dry ® dry ® dry
unknown
Access hols Sharia Collector/Storage basin + Supporting well
wat D wot @ wet @ Location of faig) nventory plate
dry dry ) dry (® Source ~ Unknown type
© unknown unknown unknown Measurement / somple point

Note The aiting of the falaj 18 based on the location of the faicj dources found by taking o
GPs fix (0s ndicated on the map ond in the legend)
Locotion of support wells subpsct to a maximum of 300m inaccuracy from true position

Q 050 100 150 2.00
km

Datum : WGS 84 Projeciion : Transverse Mercat
Map complied by MWR GIS CAD

W./G173/51301  28~02-01 10:15
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FALAJ SYSTEM REPORT ‘
Falaj Systemn Number / Falaj Inventory Number : S2119 / F2119 N puaa 4, [ pldD JRI
Other Connected Aflaj . LNy Alagd ya (g 30 g2
Total Number of Aflaj 1 : e HF X
Total Number of Demand Area 1 : ghbal) Fhlia s
FALAJ DETAILS bl Sy BRANCH DETAILS &) gud) Cililyy
Falaj Name (s) 1 : MA'UL dema s I (plaat) paat
2 1 Branch Name 1: MA'UL AL FOUQI B dga \ 8Ll pud
3 v Source Type : Da'udi §990 siadi g gl
Village : MA'UL dyas LA pu Source Total Depth (m) (5) Sanll AS) Banl
Wadi : MA'UL dgma P ot Source Depth to Water (m) (TSR S WS A
Catchment Name / No. 077(WADI MIJLAS) (D goig) o VY aaalendt pl) 9 pul
Wilayat : QURAYYAT eyl AN paet
MWR Regional Office AS SEEB el 2 i syl 3 g e
Falaj Inventory Date 08/09/1997 VAV foA il pas gy 8
FALAJ OBSERVATIONS ol gl ga
Falaj Type : DA'UDI et dd g g
Falaj Status : LIVE > PTURUIN
All Measurements Taken at lull 147 adga
Feature Type : Sharia aay laali g gi
MWR Site ID $58 gl s gt o1, DEMAND AREA DETAILS glia¥) Adhia ciliny
MEASUREMENTS - WATER QUALITY ,\’\,d\ [XTTY ‘;.Lugﬁ Demand Area Name D01 : MA'UL dss : DO glata¥i dlhis g
. . Cropped Area (m?) * : 22,124 e * (Yp) 4o g 34l datudt
YR o
EC (uS/cm) (Lab) S514 VE 3 () (] S ) ‘*‘“{)ﬁ-ﬁ‘ dglea guli Dev /Uncropped Area (m?) * : 1,229 N (Y de gl b [ Aabealucdt Zatuud
PH (Lab) b ! e ) q-'ﬁJ:W' fb“ Undeveloped Area (m?) * : 7,378 Yitve * (th) oluatualt g Jatuall
& vyt Ll
Water Tempersture (°C) 334 ’ (et i ?N‘ Total Demand Area (m?) . 30,728 LI AT (79) g [HRRE RETR NIWAT)
Air Temperature (°C) 429 [ R (oa)s1 943 B oa Ag 0
Water Sample No N F2119/11 F2119/11 : sWi e gl | ,
MEASUREMENTS - FLOW bl cluld
Discharge Rate S Jana
-gauge (m%/sec) (At v p) St gl S
-float (m¥sec) 00062 YL L B (Rpkfr) gl Sy
-currrent meter (m*sec) (G ) Hhadt iyl 100
- v -

SURVEY - CHANNEL LENGTHS &W\ E—I‘J-l. GHM WATER DEMAND DETAILS 4 ﬂ “ ‘:‘h‘ -'= Y‘ aut*
Total length below ground (m) 310 *i.e . (8) a1 cad - A Jghll Demand Area Name Do1 : MA'UL dama ¢ DOL ga¥t Akl gt
Total length at ground surface (m) : 100 Ve (0] T‘L‘ A Sl Crop Net Water Demand (m/yr) * : 58,024 A TE 3 (RafTg) Jpeelaall poaaad LA EHY (ilaa
Total channel length of falaj (m) 410 tye () 198U A Jghlt Livestock Water Demand (m/yr) : 0 o (Uary) cligall Rl gaiedi glla

Total Annual Water Demand (m%yr) * : 58,024 SATE o (RdufYp) dlgall B g giuddt BYEAYI £ para

SUPPORT WELLS daslaadl LS

Caution: * Values not based on direct field measurements, but are estimates based on the results hai) o1 3 el mlls o Ialaiel § jaie WSy 4§00 lia Sl o Gua b pll T oy ]
of the agricultural sample survey of the demand areas Ay Ghla e Lyl
Report Generated On : 19/Feb/2001 S2 1 1 9 - F2 1 1 9
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SULTANATE OF OMAN
Ministry of Water Resources

Pl T

Departmeant of Statiatica and Fleld Data
FALAJ INVENTORY PROJECT

Falaj System  S2118 el ‘-L_Z':..s
Falaj No. F2119 rlall o8,

iy

e,

Falaj Name MA'UL . Jase rr.n
Wadi MA'UL Jse (s3lgll
Village MA'UL o a5l
Wilayat QURAYYAT b NN
Legend
e Underground channe! <D> Point location fixed by “Differentiol” GPS
Covered surface channel /:\
k2119 Open surface chonnel - wet -« } Eount loca.txon fixed by 3 munute
Open aurfoce chonnel - dry HY Averaged” GPS
Open surface channel = unknown { ). Point location fixed by "Single fix" GPS
] Agricultural demond area € !
Source ~ Daudi Source ~ Ghody Source -~ Any Source = Dam
wot wet wet wet
- - P 8 dry @ dry @ dry @ dry
1 unknown
S 1 It
Access hole Shana Collector/Storage basin * upporang we
wet O wet G} wet @ Locotion of falay inventory plate
dry dry 9] dry (® Source ~ Unknown type
© unknown h @ h Measursment / sampte pont

Note The aiting of the fala] 15 bused on the locotion of the fala; scurces found by toking @
GPS tix (as indicated on the map and in the legend)
Location of support wells subject to @ maximum of 300m ingccuracy from true position

Q 0050 0100 - 0150 0200
N km
Datum 1 WGS 84 Projection  Transverss Mercator
F2118 - MA'UL AL FoUQI Mop compliad by MWR GIS CAD

W./G173/52118 02-~11~98 07:56
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FALAJ SYSTEM REPORT
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FALAJ FLOW RECORDS

VOLUME 3: NORTH BATINAH & MUSANDAM ASSESSMENT AREA

- 1983-2002

ABSTRACT

This report is a compilation of falaj flow records for the North Batinah & Musandam

Assessment area for the entire period of record through 30 September 2002. It includes tables -

of dlscharge for 30 falaj-gauging stations, together with water quality data

Volume 3 1s one of a series of seven volumes, 1- Muscat 2 South Batinah;-3 - Nc")vrthf
Batinah and Musandam, 4 — Ad’ Dhahirah; 5 — A&’ Dakhliyah, 6 — As’ Sharqiyah; 7 —

Dhofar. That volumes include aflaj flow records collected in the Sultanate of Oman for the
entire period of record. Each volume contains a text that explains the terminology and
procedures used in compiling the data, tables of dlscharges and water quality by hydrologic
year (01 October to 30 September), and a description of each station The data can also be
provided in computer readable format. e L

Most of the data that have been collected at falaj sites consist of (a) field measurements of
flow using floats to determine the velocity of flow; (b) field measurements of flow using
current meters to determine the velocity of flow, and (c) readings of the falaj stage at the time

of the measurements At most sites, water temperature, and electrical conductivity are also

taken when the flow is measured At less regular intervals water quality samples have also
been taken for laboratory analysis.



INTRODUCTION

_The Ministry of Regional Municipalities & Environment and Water Resources is concerned
with the orderly development of water resources in the Sultanate of Oman and its
conservation in coordination with other ministries and government units. To this end, it is
necessary to collect, analyze, compile, store, and publish information on falaj flows that can
be used in undertaking research, and analyses, aimed at addressing water and water related
issues in the Sultanate. The data in this report are the result of the operation of a network of
falaj gauging stations that have been strategically located to establish a base of information on
falaj flow. The data presented herein will help water managers, government ministries, and
private entities make informed decisions about utilization and conservation of water
resources. -

Falaj flows are a substantial proportion of the groundwater discharge in most major drainage
basins in Oman Assessment of water resource availability in these basins requires estimates
of falaj flows, based on monitoring data. The variation of falaj water quality can give valuable
information about regional hydrology and it can have social and public health implications -
A major purpose for monitoring aflaj is to provide a scientific basis for identifying and
quantifying important changes or long term trends in falaj flow and water quahty. Long term
downward trends in falaj flows or water quality can be critical for falaj communities.
Advanced warning can provide time to plan measures to overcome such problems .

1e

This report is one of a series of séven, which compiles discharge and water quality data
monitored at selected aflaj by various governmental and other agencies in the Sultanate of
Oman since Systematic monitoring began. The reports are presented in the following
volumes: 1 - Muscat, 2 - South Batmah; 3 - North Batinah and Musandam; 4 — Ad’ Dhahirah,
5 — Ad’ Dakhliyah; 6 — As’ Shargiyah; 7 - Dhofar. Map 1 is showing falaJ monitoring stations
in the North Batinah & Musandam Assessment area
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_ . . Tablel. Falaj gauging station index to Map 1, North Batinah & Musandam Area

Station

Number Station Name Page
on Map No : i No
1 . CB996855AB Falaj Mahdha at Mahdha 20
2 - DN413005AB Fala; Al Murabbah at Al Murabbzah 26
3 DN413037AB Falaj Al Awa’hin at Al Awa’hin 31
4 DC600173AB Falaj Al Qabail at Falaj Al Qabail 36
5 - DM275523AB - | Falaj Al Wasit at Al Wasit T 45
6 DM373955AB | Falaj Al Khan at Al Khan 49 -
7 DB384269AB Falaj Suhailah at Suhailah 55
8 DB696852AB | Falaj Al Awhi at Al Awhi 61
9 DB349082AB | Falaj Al Baidha at Al Wagbah 68
10 DB349095AB Falaj Al Hail at Al Wagbah - 71
11 DM544619AB | Falaj Hail at Hail Nseel 74
12 DM544636AB | Falaj Al Hijjal at Al Hijjal 79
13 DM544498AB | Falaj Hibi at Haiba 86
14 . | DM741678AB | Falaj Hail Rasah at Hail Rasah 93
15 . DB767284AB Falaj Al Harth Near Saham 99
16 DB757972AB | Falaj Al Rawdah at Al Rawdah 106
17 DB957411AB Falaj Al Hijari at Al Hijari 112
18 DB940051AB | Falaj Al Digal at Digal 119 -
19 DB938244AB | Falaj Al Ghuzayn at Al Ghuzayn 126
20 - | . EB042429AB Falaj Al Qasf at Al Qasf 134
21 - -] EBI30602AB Falaj Bani Rabiah at Bam: Rabiah 141
22 EMO019505AB | Falaj Bidat at Bidat - 149
23 EM111210AB .| Falaj Hail Al Gharb: at Hail Haylayn 153
24 EB131026AB Falaj Al Khizam at Al Khizam 157
25 EM111178AB | Falaj Hail Al Sharqi at Haylayn 164
26 - EBI121783AB Falaj Al Qulayyah at Al Qulayyah 168
27 "EB132329AB Falaj Al Fardah at Al Fardah 175
28 EB124974AB Falaj Al Sih’hah at Al Sih’hah 181
29 - EM113497AB | Falaj Al Mabrah at Al Mabrah 186
30 - "EB136121AB Falaj Mashayiq at Mashayiq 190




_ obtain the gauge height

DESCRIPTION OF FALAJ GA'UGING STATION OPERATION

Location of Gauging Site ... - . .

bt g - R —

The measuring point of a falaj is ideally located at the first opening from the mother well,
where the channel is straight, uniform and far away from any human disturbances, so that the
relationship of discharge to stage is not affected Not all of the first openings of aflaj are
located far away from human disturbances, since some are located near villages, where the
relationship of discharge to stage 1s sometimes not satisfactory. In a falaj where current meter
measurements are made, there should be a fixed measuring point, a benchmark, and a staff
gauge. Regularly scheduled visits, generally at monthly intervals, are made to the falaJ sites to
take measurements

Falaj Stage Discharge Relationships

It is generally not advisable to"assume a stage-discharge relationship in a falaj due to changes
in the hydraulics brought by human activities mainly associated with water division and use.
It’s necessary that a reference mark is established to allow a measurement to water surface to

Assessment of Data

The assessment of data quality includes rigorous checks on the field data wheréver this is

_ possible. It’s necessarily to keep in mind that as discharges given are for a particular time

(snapshot concept), therefore a simple linear relationship cannot be assumed between the
observations and the data sets presented must be seen simply as a series of discharges, at
particular times, for set locations, which provide a time-series of discharges. Also, falaj
discharge records may be affected by falaj support from pumped wells, or diversion of flow.
In addition, during droughts falaj communities may try to increase the efficiency of their falaj
by clearing the channels, extendirg the Motherwell, “etc., as well as utilizing an active
program of falaj reconstruction The result is that some increases or decreases in discharge are
not responses to climatic factors alone - e ;

Unfortunately, hlstoric data poses a particular problem where there 1s no documentation
regarding the conditions under which measurements were taken, leading to uncertainty in the

=« quality of the data. Also the float method of velocity estimation and poorly observed stage

readings led to wide error bounds

] Génerally, as the length of falaj records increases andvqual_ity control procedures become

routine, then greater confidence 1n the record set should be expected



R T AFLAJFLOW RECORDS
The fala flow records published in this report are collected from falaj gauging stations
located in the North Batinah & Musandam assessment area for the period of record ending 30
September 2002 -

s - - TR
..... P T

Station Identification Numbers o

Each gauging station 1s assigned a unique identification number. The station-numbering
system is based on the Universal Transverse Mercator (UTM) grid printed on all Ministry of
Defense (MOD) 1:100,000 and 1:250,000 scale maps The coordinates of the station are
determined to the nearest 100 meters (m) and converted into the station identification number.
The coordinates mark the southwest corner of each successive smaller square. The 100 m
. square identified by UTM coordinates 04143E 28859N is used 1n figure 1 as an example .

The site location part of the number is DP184539._The letters DP are printed on the maps and
identify the 100-km square contaming the site. The 18 1dentifies the 10 km square within the
100 km square (figure 1A), 45 identifies the 1 km square within the 10 km square (figure 1B),
and 39 1dentifies the 100 m square within the 1'’km square (figure 1C).

The addition of a two-letter suffix (AB, in this example) completes the site-identification

number. The letter -A- unlquely identifies the site within the 100-m square. In case of a
station having more than one falaj gauge, the gauge installed first is given the letter A, the
- second B, and so on. The last letter identifies the type of data collected at the station In the
example given, the B designates that it is a falaj station. Letters used in identifying the types

of stations are as follows. ] N -
A-well . D - wadi
B - falaj E -lake - - -
C - spring F - rainfall

The station-identification number should not be used to convert back to a geographical
location ~ The UTM grid is subject to change on MOD 'maps, whereas the station
1dentification number will not change, even if the MOD grid changes
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AFLAJ RECESSION - A SIMPLE MODEL

In a no rain period falaj flow could be expected to recede exponentlally at a rate dependent
upon the aquifer parameters (in the “case of wadi through"’ﬂ w - the wadi through flow

parameters) based on an assumption of Darcian flow. - - N
An equation of the form: - Q; = Qp e is appropriate for this type of flow recession
Where: .- . Qo = Discharge at startirig time

Q; = Dascharge at finish time.
t =Time between start and finish.
o. = The coefficient of depletion

Start and finish times refer to arbitrary points selected on the recession curve, or “snapsho
gauging taken “t” days apart during a no-rain period. The model is only suitable for non-.
- pump supported aflaj and aflaj with mother wells in homogeneous source rocks or wadi
gravels. The model can be used to predict the likely discharge from a falaj in the future and
therefore should find use in the management of water resources. For example: On a particular
falaj discharges have been recorded on the falling limb of a hydrograph 30 days apart (t = 30
-days), a discharge of 100 I/sec. was recorded after a period of 10 days without rain (Qq = 100
1/sec). Another discharge, this time of 50 Usec ; was recorded after a continuous period of 40
days without rain (Q; = 50 l/sec.) What is the likely discharge after 120 days, 200 250, 300,

and 365 days without rain?

Solution ) ) )
First Calculate ;x,’the coefficient of depletion, from* Q,; = Qq &* given that- -
Qo =100 Vsec.

Q¢ =501/sec
t = 30 days
50 =100 e™*
In (50/100) = - ¢ 30
s a=0023104 The depletlon curve equation for th1s example is . Q, = Q, e 23104
To calculate the expected discharge after 120 days without rain:
Q; =Qye? 023104*110% Slsec.
Similarly. ; Q(l/sec)
O After 200 days » 1.20
250 days ) - 0.40
300 days - 010

365 days 003

11
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DATA PRESENTATION

Falaj ﬂow records for the Nouth Batinah & Musandam Assessment area are published in this
report The records published for each gauging station consist of two parts, the manuscript or -
station description and data tables for the period of record through the 2002 hydrologic year
{(ends 30 September 2002) in addition to data tables for water quality results for each falaj.
The accuracy of these results depends on the instrument calibrations and the analytical
methods applied. The manuscript provides, undér various headings, descriptive information,
such as station location; period of record measured extremes and remarks.

. HYDROLOGIC YEAR
It is desirable to treat annual rainfall, wad: and falaj data on a hydrologic year basis in order to
avoid the division of the rainy or flood season between successive calendar years. Therefore,
the end of the hydrologic year should coincide with the time when basin natural recharge 1s
most often at an annual minimum, avoiding correction for can'y-over storage.

The choice of the end of the hydrologlc year in Oman was based on rainfall records, assuming
that the period of minimum basin and aquifer storage coincides with that of the minimum
rainfall. An examination of the average monthly rainfall data for long term stations shows
that September is generally the driest month in Oman. Therefore, 01 October to 30
September was selected as the hydrologic year for presentation of aflaj flow data For one part
of the Sultanate, the Salalah Governorate with a very different climatic regime the optlmum
hydrologic year is different, and coincides there with the calendar year. . - :




DEFINITION OF TERMS - oo

Terms relatlng to the preparatlon and pubhca’aon of data in this report are deﬁned below.

Control of Flow 1 an open channel means the estabhshment of a definitive ﬂow condltlon in
the channel to give a relationship between stage and discharge. The control section controls
the flow in such a way that 1t restricts the transmission of the effect of changes in flow
condition either in -upstream direction or in a downstream direction The slope of falaj
channels can be mild (subcritical), critical,-and steep (supercritical). In the case of mild -
(subcritical) flow control 1s exercised downstream, m the case of critical and steep
(supercritical) flow control is exercised upstream. The contro! feature may be a natural
constriction of the channel, artificial structures such as weirs or ﬂumes, or a uniform cross-
section over a long reach of channel. - |

Most aflaj have mild (sub-critical) slopes, however some mountain aflaj have steep
(supercritical) slopes - - -

- ' - —

Current Meter Measurement is an accurate measurement of discharge at a site using an .
instrument called a current meter to measure the falaj velocity. Both the cross-sectional area
and velocity distribution are determined by a sampling method of measuring depth and
velocities at a number of points across the falaj channel from whleh incremental flows are
calculated and summed to glve total discharge.

Continuous Record Station,ls a particular station where falaj stage data are collected by .
means of an automatic recorder. A theoretical relationship for a control structure (weir, or.
flume) or a stage -discharge relationship, discharge being established by current meter, relates

stage to discharge either There are no continuous recorders listed in this report. -

.

Discharge is the volume of water that passes a given point (gauging station) in the falaj
within a given period of time. For this report, discharge is presented in liters per second

Float Gauging is a method of obtaining the mean velocity in a falaj by timing floating
objects over a known dlstance This is an approximate method.

Gauge is a device or combmatwn of devices used to record the stage of the water surface in

aflaj.

-

Gauge Datum is an arbitrary honzontal plane (datum) selected at each gauging station to

which all gauge heights are referenced and is for the convenience of using gauge heights of
relatively low readings for operatmg purposes. Once established, this datum must be_
maintained for the life of the site, and gauges are periodically checked to mamtain the same

datum. - -

Gauge Height is the water- surface elevation referred to some arbitrary datum (gauge datum) ;
Gauge height is often used mterchangeably with the more general term “stage”, although

gauge height is more appropnate when used with a reading on a gauge. -

Gauging Station is a particular site on a wadi or a falaj where systematic observations of -
hydrologic data are obtained

13




Hydrologic Year is the 12-month period beginning 01 October and ending 30 September.
The hydrologic year is designated by the calendar year, in which it ends, and includes 9 of the
12 months (January through September) of that calendar year. Thus, the year ending 30 -
September 1990 is called the “1990 hydrologic year”. See section “Hydrologxc Year” for
more 1nformat10n

Partial-record Station is a f)articuiari site where limited falaj flow data are collected
systematically over a period of years for use in hydrologic analysis. Most records in the falaj
data set are from partial-record stations usually measured on a monthly basis. .

Rating Curve is a line defined by a stage-discharge relationship based on measurements of
flow and stage and is normally plotted on a paper with rectilinear and log coordinate scales.
Each rating curve is unique for each gauging station and is subject to revision wnh any
physical change in falaj-channel control conditions ~
Stage—discharge Relation (rating curve) is the relation between gauge height (stage) and the
volume of water, per unit of time, flowing in a channel. Stage-discharge relations are based _
on measurements of stage and discharge in the field and some technique to average these
measurements -

Aflaj are subject to human disturbances during the water conveyance and distribution phases;
maintenance is necessary, changes in cross-sectional area may be made to 1mprove
conveyance or remove the buﬂd-up of bed-load or algae. - - -
A falaj is a “living” system, in constant use, and this presents spec1a1 problems in the
interpretation of data. Consequently stage-discharge relauonshlps are not readily available,
unless the station is located outside these influences -

14



IR -~ - 'OTHER PUBLICATIONS- -

There are numerous books and reports which document aspects of aflaj in Oman. Various
agencies - and consultants carried out most of this .work. The Ministry of Regional
Municipalities & Environment and Water Resources (and its predecessors) continued to
monitor many stations set up by them. The listing given here is not exhaustive Many of the
reports may not now be readily available and advice should be sought from the Ministry of
Regional Municipalities & Environment and Water Resources about this.

»

L ]

o

e

]

o

PENECOL, 1973; Survey of Water Resources Musandam Supply Scheme for Coastal
Villages General Development Organization

HALCROW, S W; 1973, Land and Water- Resources Development, Dhofar.
Development Department.

WILKINSON,J,C; 1974, ~The Organization of the P:alaj Imgation System 1n Oman,
School of Geography, University of Oxford, Research Paper No 10.

ILACO, 1975; Water Resources Development Pro;ect Northern Oman Ministry of
Cornmumcatlons Water Resources Center

RENARDET SAUTIICE, 1975, Water Resources Survey in North - East Oman. Mmlstry
of Commumcatlons, Water Resources Center

GIBB AND PARTNERS," Sir Alexander, 1976 Water Resources Survey of Northern
Oman, Directorate General of Finance.

- WILKINSON, J, C 1977; Water and Tribal Settlement in South East Arabla A Study
of the Aflaj of Oman, Claredon Press, Oxford, UK.

UNIVERSITY OF DURHAM, 1982; Research and Development Surveys in Northern
Oman

PAWR, 1983, The Hydrology of the Sultanate of Oman. - ] ]
WILKINSON, T, J, 1983; Aflaj Develepment Journal of Oman Studies

STANGER, G, 1986; The Hydrology of the Oman Mountams Department of Earth
Sc1ences The Open University, UK. / .

JICA 1986; Hydrologic Observation Project in the Batinah Coast of Sultanate of Oman,
Japan International Cooperation agency.

MOTT MACDONALD INT LTD, 1991, National Watem Resources Master Plan MWR
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MOTT MACDONALD INT LTD, 1991; National Water Resources Master Plan MWR.

"SAIF HAMOOD SAID AL SINAWI, BRIAN WATTS, MWR, 93—40 Quality Assurance -
of Aflaj Flow Data- MWR Draft internal Report, 1992.

- ABDELMALIK B.DR EGLE, 1992; Falaj Archive Study- Phase 1: Sources-of -
Information, University of Durham, Center for Overseas Research and Development

MOHAMMED BIN KHALIFA AL KALBANI, RODRIC DU’I“I“ON 1993; Study for the
Design of Aflaj Management Program, University of Durham, Center for Overseas
Research and Development

FALAJ INVENTORY 1993; Northern Batinah Region, Directorate-General of Regmnal ‘
Affalrs MWR.

BRAIN WATTS, ABDULLAH KHAMIS AL SAUDI MWR (Draft Internal Report),
1994; The Occurrence and Behavior of Springs in Oman.

Dr. MOHAMMED CHEBAANE, COLONEL AL ZAABI, AMER A HAMDY
ABDULLAH AL BUSAFI, 1994, Springs in the Sultanate of Oman.

F

NDUTTON R.W, 1995, Towards a Secure Future for the AﬂaJ in Oman-" Proceedmos“
Water Resources Management in Arid Countries MWR, Oman

SALIM BIN MOHAMED AL BEHLAN]I, Natlonal Health Survey, Dec. 1986 to May
1987, Ministry of Health, Oman

Dr. MAHFOODH BIN ABDUKKAH AL SULAIMY & NABIL‘ ABDUL FATEH, 1997;

Aflaj Management & Organization in Sultanate of Oman; “Analytical Study” Institute of
Public Administration, Research Department, Sultanate of Oman, 1997.
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WATER QUALITY NOTES

Introduction

These notes have been prepared to assist in the understanding of water analysis results
contained 1n this report.

The principal features of water quality in aflaj may be considered in three main groups --

physical, chemical, and biological Only physical and chemical features are considered here.

Under the auspice of H.E the Minister of Health, the National Inter- Ministerial Technical

Commitice for Water Supply and Sanitation were charged with the task of evaluating the

environmental health conditions and the quality/quantity of drinking water supply in selected

regions of Oman. This survey, inter alia, covered many bacteriological qualities of water in
aflaj. The Committee reported in June, 1987; (21)

Water quality is affected by point and- non-point sources of contaminants, which are
dependent on spatially distributed attributes of the surface water catchments and aquifers.
Some of these attributes are natural, for example, ground waters tend to be rich in mnerals
dependent upon their host geology. Dolomite areas produce Mg/HCOj rich waters, limestone
Ca/HCO; and ophiolitic areas Na/Cl rich water, all of which are subject to modification on
contact with the atmosphere and the receiving waters. Other attributes are introduced by
human activities, for example, domestic and farming practices introduce phosphates, nitrates,
pestcides, herbicides and bacteriological contaminants The latter from the traditional use of
falaj water for washing and from wind-borne dust, which may contain faecal bacteria blown
from adjacent gardens which, are often used as latrines. Another source is from faulty septic
and holding tank septage leakage. Because contaminants are transported by runoff to surface
water and by infiltration and deeper percolation to groundwater, hydrologic processes are_
often at the core of water quality concerns .

A major indicator used in water resources analyses is electrical conductivity (EC), which
indicates the degree of salinity in any sampled aquifer or falaj source Upward trends in EC
warn of deteriorating water quality -

The tabulated results in the report are arranged in the order of major anions (positively
charged ions e.g. Ca™) and major cations (negatively charged ions e.g Cl"), then some minor
components, dissolved gases and finally some physical components. )

Water Quality Measurement and Analysis e -

Physical Features. Some of the physical rfzeasurements; such as water temperature and
| - . - . B - L. .

electrical conductivity (EC), are carried out m the field at the time of sampling; for others

more sophisticated laboratory methods are necessary.

Chemical Features. Although there are instruments to measure some chemical properties
directly, for example the pH meter, most measures of the chemical contents of water must be
made by laboratory analyses of samples. The analytical methods may be grouped under four
headings- titrimetric, colorimetric, spectral and potentiometric.

17
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Date

26-02-95
26-02-95
27-03-95
27-03-95
29-04-95
29-04-95
28-05-95
28-05-95
- 25-06-93
25-06-95
29-07-95
29-07-55
20-08-95
20-08-95
24-09-95
24-09-95
24-10-95
24-10-95
26-11-95
26-11-95
31-12-95
31-12.95
30-01-96
30-01-96
28-02-96
28-02-96
25-03-96

23-04-96
23-04-96
26-05-96
26-05-96
30-06-96
30-06-96
27-07-96
27-07-96
26-08-96
26-08-96
28-09-96
28-09-96
26-10-96
26-10-96
25-11-96
25-11-96
28-12-96
28-12-96
- 25-01-97
25-01-97

" 25.03-96"

4

WADI MADHA BASIN
DN294578AC, AIN HAJAR BANI HUMAID AT HAJAR

DISCHARGE MEASUREMENTS, Feb 1995 to Jun 2002

Discharge
(I/s)

CODNOYUNNARNGALEDARERENALY R RN NN
|
,

,

[ e el p— — —

S ERPRLYYoo
)

13

(1uS/cm)

EC

541
541
533
533
530
530
560
560
531
531
529
529
531
531
534
534
535
535

524
524
526
526

528

21

528
527
527
337
537
543
543
542
542

- 788

788
600
600
545
545
534
534
535
535
530
530
581
581

Water
(&)

300
300
305
305
1245
245
317
317
321
321
323
323
320
320
320
320
313
313

Arr
G
230
230
231
231

© 311

311
335
335
354
354
320
320
376
376 :
264
294
267
267




-

Date

24-02-97
24-02-97
23-03-97
23-03-97
30-04-97
30-04-97
25-05-97
25-05-97
25-06-97
25-06-97
27-07-97
27-07-97
26-08-97
26-08-97
27-09-97
27-09-97
29-10-97
29-10-97
" 30-11-97
30-11-97
28-12-97
- 28-12-97
24-01-98
24-01-98
28-02-98
28-02-98
29-03-98
29-03-98
25-04-98
25-04-98
24-05-98
. 24-05-98
28-06-98
28-06-98
29-07-98
29-07-98
23-08-98
23-08-98
29-09-98
29-09-98
26-10-98
26-10-98
23-11-98
23-11-98
26-12-98
26-12-98
23-06-99

WADI MADHA BASIN-
DN294578AC, AIN HAJAR BANI HUMAID AT HAJAR

DISCHARGE MEASUREMENTS, Feb 1995 to Jun 2002

Discharge
(Us) -

[=a W= N - I~ TN I |
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{nS/cm)

22

EC

540
540
533
533
540
540
560
560
512
512
538
538
540
540
540
540
560
560
550
550
547
547

Water
°C)
311
311
306
306
311
311
316
316
317
317
319
319
319
319
320
320
315
315
323
323
307
307

Alr
°C)
250
250
230
230
282
282
394
394
325
325
314
314
337
337
319
319
285
285
273
273
212
212

274
274
280
280
320
320
430
430
412
412
303
303
345
345
366
366
351
351
263
263
357




Date

23-06-99
27-12-99
27-12-99
26-06-00
26-06-00
18-12-00
18-12-00
26-06-01
26-06-01
30-01-02
30-01-02
30-06-02
30-06-02

WADI MADHA BASIN .
DN294578AC, AIN HAJAR BANI HUMAID AT HAJAR

DISCHARGE MEASUREMENTS, Feb 1995 to Jun 2002

Discharge
(Vs)
7

14
14
4
4
2
o2
11
11
3

3
6
6

* (pS/em)

EC

540
600
600
530
530
530
530
523
523
566
566
394
394

Water
O
319
310
310
323
323

323
323
309
309
323
323

Air
°C)
357
259
250

333
333
252
252
300
300



Date

25.04-94

31-12-95

28-09-96
28-12-96
28-12-97
25-04-98
26-12-98
23-06-99
26-06-00
18-12-00

Mean
Mm
Max

Date

25-04-94
31-12-95
28-09-96
28-12-96 -
28-12-97
25.04-98
26-12-98
23-06-99
26-06-00
18-12-00
Mean

Min
Max

v L

. WADI MADHA BASIN *
DN294578AC, AIN HAJAR BANI HUMAID AT HAJAR
WATER QUALITY DATA, Apr 1994 to Dec 2000

ANION

- Blcarbdnate Boron Bromide Chloride Fluoride Nritrate Nitrate Sulfate

As HCo3 AsB AsBr AsCi _ AsF AsN AsNo3 AsSod
(mg/) (mgMn) (mgh) (mgh) (mgMH) (mgh) (mgh) (mgh)
130 - 327 63 010" - 03 49
112 - 010 60 019 - 11 46
135 - - 59 010 - 04 50
133° - 61 010 - 04 41
137- - - 64 010 - 04 42
131 - - 64 010 - 05 42
140 - - 61 010 - 05 45
126 - - 62 010 - —-- 05 45
137 - - - 61 010 - 05 35
17 - - - 54 010 - 21- 71
130 - ‘169 - 61 0.11- - 0.7 47
112 - 0.10 54 0.10 - 0.3 s
140 - 327 64 0.19 - 2.1 71
- CATION - -

Caleium Iron Potassium  Lithnem  Magnesium  Manganese Sodium Solids
AsCa As Fe AsK As Li As Mg As Mn As Na Dissolved
{mg/l) (mg/)  (mg/l) (mg/l) (mg/) (mghy  ~ (mg/) {mg/l)

23 004 43 01 S22 003 43 -
19 005 21 04 -34 005 32 -
19 005 20 01 33 005 40 -
18 -005 22 03 33 - 005 42 -
22 005 23 03 33 T005 2 T -
19-  005- 24 00 34 005- 42 -
18 005 26 02 33 005 43 -
19 005 24 04 35 005 41 -
16 005 22 -16 30 005 37 -
15 007 28 04 - 37 - 005 41 -
19 005 25 . 02 00 R 0.05 40 -
15 004 2.0 1.6 22 0.03 32 -
23 007 43 0.3 37 0.05 43 -



Date

25-04-94
31-12-95
28-09-96
28-12-96
28-12-97
25.04-98
26-12-98
23-06-99
26-06-00
18-12-00

WADI MADHA BASIN .
DN294578AC, AIN HAJAR BANI HUMAID AT HAJAR
WATER QUALITY DATA, Apr 1994 to Dec 2600

CALCULATED
Total Total Ion Total  Total  Theoretical _ Lab
Alkalimty Hardness Balance Anion Cation TDS Conductivity
(mgh) {mg/) (mel) (mel) (mefl) _ (mgf) (1S/em)
130 148 _ - 5 5 289 545
112 185 - 5 5 267 509
135 181 -- 5 5 288 534
133 182 - 5 6 282 528
138 190 - 5 6 294 - 530
131 186 - 5 6 287 528
140 182 | - 5 6 293 542
126 192 - 5 6 285 537
137 164 - 5 5 269 544
117 189 -- 5 6" 303 426

-
- *

Lab pH
(Standard
Units)
80
76"

80
83
83 °
79
80
76
65
76



R T A TR W o1

Is, 26 August 2002

j p————— &3 1

4-

b
¢
DATE OF OBSERVATION

2710539 N

WADI FIZH BASIN - -

o + Sy
ek ®

103 measurements have been made at the site

Janvary 1993 to September 2002
Mmmmum measured discharge,

24°30" 27"
56°26' 10"

442873 E,
Daudi

Gg-ef

Heeon oy SEIRy

 Maximum measured discharge, 115 I\s, 25 March 1996

[pmmnm, FALAJ AL MURABBAH AT AL MURABBAH|

, s R -l -
P X ga-ef

e BEIHL

?

DN413005AB, FALAJ AL MURABBAH AT AL MURABBAH

i bg-wer

g6 |

e k

140
120

LOCATION
LATITUDE
LONGITUDE

FALAJ TYPE -
PERIOD OF RECORD
REMARKS )
MEASURED
EXTREMES

UT™

(= =}
w 2

(5D ADUVHOISIA

o

100
40
20

26



B

WADI FIZH BASIN .. )
DN413005AB, FALAJ AL MURABBAH AT AL MURABBAH

DISCHARGE MEASUREMENTS, Nov 1993 to Sep 2002

Date Discharge EC Water Air
(Vs) (nS/cm) (°C) ¢C)
20-11-93 38 709 320 270
22-12-93 30 719 312 280
24-01-94 40 709 298 233
27-02-94 58 715 289 245
29-03-94 57 702 295 -
19-04-94 55 715 290 2490
17-05-94 38 720 310 320
22-06-94 31 719 333 J317
25-07-94 17 . 730 330 319
240894 9 757 347 320
21-09-94 24 . 674 - 336 330
22-10-94 59 585 374 294
21-11-94 80 720 309 241
25-12-94 .+ . 657 - 308 224
25-01-95 39 683 303 260
26-02-95 12 726 291 195
21-03-95 63 610 280 249
11-04-95 -6 - 621- 280 263
21-05-95 52 660 305 305
- 21-06-95 36 679 319 388
25-07-95 62 532 - 325 312
20-08-95 84 528 333 321
- 1940995 7 584 . . 330 . 311
22-10-95 68 725 320 315
22:11-95 68 627 299 234
"2812-95° - 17 - 588 - 281 - - 215
31-01-96 - 81 * 521 231 205
28-02-96 103 646 240 210
25-03-96 T 15 640 240 242
21-04-96 93 630 T 267 . 253
11-05-96 % . . 670 .. 283 275
19-06-96 98 683 315 290
09-07-96 A 686 320 315
12-08-96 92 - 585 300 - . 309 .
14-09-96 80 648 319 300
08-10-96 73 699 . 312 260
12-11-96 T370 T 720 300 282
10-12-96 70 690 285 253
28-01-97 52 - © 267 236
12-02-97 45 675 266 235
04-03.97 62 - 265 257
08-04-97 65 510 260 275
06-05-97 67 592 280 260
08-06-97 92 690 298 303
12-07-97 86 681 322 361
05-08-97 74 662 330 370
13-09-97 74 668 334 379
19-10-97 69 650 324 - 307
11-01-98 84 794 258 220
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WADI FIZH BASIN

DN413005AB, FALAJ AL MURABBAH AT AL MURABBAH
DISCHARGE MEASUREMENTS, Nov 1993 to Sep 2002

Date Discharge - EC - Water
- - (Vs) (uS/em) . (°C)
15-02-98 72 500 247
- 14-03-98 i 89 637 - - 235
12-04-98 81 . 716 - 267
12-05-98 66 751 282
12-07-98 -81 693 - 324
03-08-98 91 .. 746 - - 331
01-09-98 72 ) 710 - 334
03-10-98 79 750 329
04-11-98 0 757 ° - 318
02-12-98 78 755 303
02-01-99 73 760 293
02-02-99 70 744 276
01-03-99 72 812 282
04-03-99 81 791 259
05-05-99 67 785 - 305
07-06-99 43 786 " 318
04-08-99 22 796 330
T 07-09-99 i1 ) 799 333
06-10-99 18 i3 331
07-11-99 13 770 - 320
11-12-99 17 510 320
- 05-01-00 14 - 780 310
07-02-00 18 776 300
"06-03-00 - 15 760 300
05-04-00 28 775 301
07-05-00 11 - =776 310
. - 07-06-00 7 740 - .324
l 08-07-00 8 730 323
' 07.08-00 - - 7185 328
06-09-00 - - 820 313
07-10-00 - I .-
07-11-00 =~ 7 770 - 324
- 09-12-00 26 750 322
- -07-01-01 24 773 - 316
04-02-01 33 197 304
11-03-01 26 730 - 297
08-04-01 17 - 793 T 269
06-05-01 15 300 312
03-06-01 it 817 - 320
- 08-07-01 8 - 818 -329
27-08-01 - 858 - 333
25-09-01 - - -
29-10-01 - - 835 . 340
25-12-01 - - -
27-01-02 - - -
- 29-04-02 12 737 - 313
25-06-02 ; 8 T 740 336
- 26-08-02 4 752 346
T 29-09-02 4 T 742 335

Air
O
236
241

346
241

© 327

350
317
322
282
312
298
242
307
289
331
328
342
355
339
292
270
250
220
280
361
340

333
360

3284 -

269
230
245
300
370
360
383
296
326

352
370
340
360




WADI FIZH BASIN. -
DN413005AB, FALAJ AL MURABBAH AT AL MURABBAH
WATER QUALITY DATA, Jun 1995 to Dec 2000

- ANION

Date Bicarbonate Boron Bromide Chloride Fluoride Nitrate Nitrate Sulfate
As HCo3 AsB AsBr As(Cl AsF AsN ~ AsNo3 AsSo4

(mg/) (mg/l) (_mg/l) (mgM  (mgM (mgM) (mgh) (mg/)

21-06-95 168 - - 86 010 - 10 43
19-09-95 154 - - 67 010 - . 10 47
28-12-95 143 - 009 61 012 - 10 51
14-09-96 154 - - T4 010 - 16 69
10-12-96 163 - - 80 010 - 14 o4
12-07-97 145 - - 76 013 - 1.1 64
04-08-97 . 152 - - 75 010 - 11 57
12-04-98 147 - - 80 013 - 11 86
02-12-98 195 - - 86 010 - 10 78
07-06-99 ° 165 - - 99 010 - .07 87
07-06-00 173 - - 112 010 - 08 63
09-12-00 " 166 - - 100 010 - 09 59
Mean 160 - 009 83 . 0.11 - 1.1 64
Min 143 - 009 61 10 - 0.7 43
Max 195 = 0.09 112 0.13 - 16 87
CATION
_ Date Calcium  Irom ~Potassi11m Lithium Magnesium  Manganese Sodium Solids
AsCa-  AsFe AsK AsLi As Mg As Mn As Na Dissolved
) (mg/l) (mg/) (mg/l) (mg/) (mg/h) (mg/l) {mg/) (mg/1)
21-06-95 20 005 50 02 43 005 49 -
19-09-95 2] 005 24 04 " 46 005 - 38 -
28-12-95 18 005 21 01 46 - 005 32 -
14-09-96 22 005 26 03 44 005 45 -
10-12-96 23 005 25 05 52 005 - a9 -
120797 21 005 27 03 . 40 005 53 -
04-08-97 19 005 25 03 37 005 T 44 - -
12-04-98 23 005 34 05 41 005 63 -
02-12-98 25 005 . 30 03 49 0 05 63 -
07-06-99 27 005 30 02 " 53- 005 66 -~
07-06-00 26 007 27 - 10 53 007 50 -
09-12-00 26 007 . 30 06 54 006 43 -
Mean 23 005 2.9 0.0 46 0.05 50 -
Min _ 18 005 2.1 -1.0 37 0.05 32 -

Max 27 0.07 5¢ 0.5 54 607 66 -
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WADI FIZH BASIN
DN413005AB, FALAJ AL MURABBAH AT AL MURABBAH
WATER QUALITY DATA, Jun 1995 to Dec 2000

- CALCULATED

Date Total Total Ion  Total  Total Theoretical Lab 'LabipH

Alkahnity Hardness Balance _Anion. "Cation TPS~  Conductivity (Standard

(mg/t) (mg/h) (mefl) (me/l)  (mell) {mgh) (1uS/em) Umts)

21-06-95 168 226 - 1 7 354 - 683 - 77
19-09-95 154 243 - 6 By - 322 609 74 .
28-12-95 143 236 - 6 6 304 568 80
21-04-96 149 226 - 6 6 -~ 339 615 85 .
14-09-96 154 238 - 7 7 360 641 81
10-12-96 165 271 - .7 _ 8 37 677 _ 83
12-07-97 145 217 - 6 7 352 662 82
04-08-97 _152 0 201 - 6 6 334 648 82
12-04-98 158 225 - 7 7:' 399 681 84
02-12-98 195 264 - 8 8 430 745 80 °
07-06-99 165 285 - 8 9 441 800 76
07-06-00 173 283 - 8 8 417 792 67
09-12-00 166 - 289 - 7 T8 398 440 70
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WADI FIZH BASIN

DN413037AB, FALAJ AL AWA'HIN AT AL AWA'HIN )

"LOCATION
UTM 443316 E, 2710610 N
LATITUDE 24° 15'37"
LONGITUDE 56°21'28"
FALAJTYPE - Daudi
PERIOD OF RECORD January 1993 to September 2002
REMARKS 103 measurements have been made at the site
MEASURED Maximum measured discharge, 124 I\s, 25 March 1996
EXTREMES Mmimum measured discharge, 5 s, 08 Jul 01 and 29 Sep 02
140 =
{DIN4130374B, FALAJ AL AWA'HIN AT AL AWAHIN| !
- I
{
120 : :
i |
100 — E
3 o + \
g R R L ;
73 & :II :I:Tn;.r 4"!': i i
E REPERIERNIR 2 S L
R S B P KPS
y Wf NI Bl A L i
g T RN I |
2 oy qF b e :
40 o A e
£ 4 A
‘g ? [ ‘ ’0
20 N N *: i Y ¥
. e Yl * ,um’é‘: b | e
55 5355885658888 8835¢c68sy sy
i 3% 3:iiii: B:o;Pii:iiiiij
DATE OF OBSERVATION
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WADI FIZH BASIN -
DN413037AB, FALAJ AL AWA'HIN AT AL AWA'HIN .
. DISCHARGE MEASUREMENTS; Nov 1993 to Sep 2002

Date Discharge EC_ . Water Air
(Vs) (1S/cm) - (°0) (°O)
20-11-93 9 732 330 285
22-12-93 7 745 312 , 255
24-01-94 8 732 292 . 245
27-02-94 15 816 - 287 260
20-03-94 13 735 288 -
19-04-94 S © 810 290 270
17.05-94 10 760 315 330
22-06-94 12 763 333 331
23-07-94 8 S 760 i - -
24-08-94 11 724 334 340
21-09-94 10 ~ 703 . 343 340
22-10-94 26 - 650 - 319 313
21-11-94 21 814 - 302 275
25-12-94 16 639 298 258
25-01-95 12 712 290 257
26-02-95 28 701 301 236
21-03-95 34 661 -- 263 255
11-04-95 36 ; 661 265 256
21-05-95 19 - 710 302 , 365
21-06-95 - 15 709 - 323 T 438
"25-07-95 - 57 * 565 329 290
20-08-95 89 558 335 372
- 19-09-95 75. 586 328 314
. 22-10-95 32 756 315 310
22-11-95 24 638 283 256
28-12-95 71 603 - 193
28-02-96 56 653 - 241 { 215
25-03-96 124 688 246 251
21-04-96 103 _ 780 299 423
" 11-05-96 74 680 - 289 307
19-06-96 90 721 317 313
09-07-96 82 734 X 329 320
12-08-96 73 626 336 - 361
14-09-96 79 696 333 . 309
08-10-96 : . 101 710 315 26 1
- 12-11-96 - 52 . 713 294 256
10-12-96 34 720 265 243°
28-01-97 44 740 242 223
. 120297 : 66 - 714 250 233
04-03-97 56 - 251 243
08-04-97 ; 74 - 540 26 8 264
06-05-97 80 640 280 300
08-06-97 73 780 - 307 . 294
12-07-97 74 " 759 326 352
05-08-97 - 83 775 . 338 298
13-09-97 56 755 335 314
15-10-97 65 730 314 327
16-11-97 61 742 326 298
13-12-97 67 850 261 199
11-01-98 68 913 247 191



Date

15-02-98
14-03-98
12-04-98
12-05-98
09-06-98
12-07-98
03-08-98
01-09-98
03-10-98
04-11-98
02-12-98
02-01-99
02-02-99
01-03-99
03-04-99
05-05-99
07-06-99
04-08-99
07-09-99
06-10-99
07-11-99
11-12-99
05-01-00
07-02-00
_06-03-00
| 05-04-00
-07-05-00
07-06-00
08-07-00
07-08-00
06-09-00
07-10-00
07-11-00
09-12-00
07-01-01
04-02-01
11-03-01
~ 02:04-01
06-05-01
03-06-01
08-07-01

27-08-01

25-09-01
29-10-01
27-01-02
29-04-02
26-08-02
29-09-02

. g

WADI FIZH BASIN
DN413037AB, FALAJ AL AWA'HIN AT AL AWA'HIN
DISCHARGE MEASUREMENTS, Nov 1993 to Sep 2002

33

Discharge EC
(I/s) (nS/cm)
73 560
.92 674
59 - 789
59 810
61 850
6] 732
72 892
63 810
58 860
28 - 867
34 857
43 862
41 878
31 946
33 955
26 850
23 893
13 886
i0 854
12 " 831
11 800
14 680
15 810
11 800
11 793
19 811
11- 822
8 830
8 840
10 822
6 900
- 805
N 8 790
8 807
8 833
10 824
9 827
7. 840
-- 852
5 854
- - 895
- 915
- 8950
- 773
5 788
5 770

~ Water

O
239
238
268
286
348
323
335
336
327
309
287
271
257
269
278
302
320
337
341
337
320
310
300
296
299
310
324
301
338
316
329
319
300
295
296
300
313
326

339 -

347
326
333
324
346
342

Air
¢C)
230
226
286
280
336
325
348
323
337
330
272
263
265
282
304
333
340
340

T340

265
260
230
240
273

360
330



Date

19-09-95

28-12-95
14-05-96
10-12-96
12-07-97
04-08-97
13-09-97
12-04-98
02-12-98
07-06-99
09-12-00
Mean

Min
Max

Date

19-09-95
28-12-95
14-09-96
10-12-96
12-07-97
04-08-97
13-09-97
12-04-98
02-12-98
07-06-99
09-12-00
Mean

Min
Max

Bicarbonate Boron

As HCo3
(mg/)
151
149
162
169
151
154
153
167
200 -
180
176"
165
149
200
Calaum Iron
As Ca AsFe
(mgh) (mg/l)
18 005
20 . 005
25 005
24 005
24 005
23 007
25 C 06
247 - 005
27 005
33 005
29 - 006
25 0.05
18 005
33 0.07

WADI FIZH BASIN
DN413037AB, FALAJ AL AWA'HIN AT AL AWA'HIN
WATER QUALITY DATA, Sep 1995 to Dec 2000

Bromide Chloride - Fluoride Nitrate Nitrate Sulfate
AsN AsNo3 AsSod !

04

34

(mg/h)

-

Manganese -
As Mn

(mg/h)

005
. 005
005

005°

005
005
005
005

005

ANION )
AsB AsBr AsCl AsF -
(mg/h) (mgM (mgh)  (mg/h
- - 60 010
- 009 61 023
- - 77 013 -
- - 83 016 -
- - 81 013
- - 82 025
- - 110 010
- - 87 010
- - 103 010
-- - 112 010
-- - 108 010
- 009 88 0.14
- 009 60 0.10
- 009 112 0.25
CATION
Potassium  Lithwum Magnesium
AsK AsLa "As Mg _
{mg/l) {mg/) (mg/l)
22 -03 - 42
20 -01 48
26 04 47
24 03 . 50
28 03 41
29 - 04 41
30 04 43
36 03 41
30 02 48
32 00 55
29 -03 56
2.8 0.1 -47
2.0 0.3 4
36 56

0035
005

005
0.05
005

(mg/l) (mg/) -
11 44
11 52
16 75 -
12 72 -
11 84
11 84
10 74
12 7 78
09 97
08 104 R
10- 64
1.1 75
0.8 44
1.6 104
Sodium Solids
As Na Dissolved
(mg) (mg/l)
32 -
32 -
51 --
52 -
62 -
63 -
69 -
72 -
82 -
80 -
53 -
59 -
32 -
82 -




Date

19-09-95
28-12-95
21-04-96
14-09-96
10-12-96
12-07-97
04-08-97
13-09-97
12-04-98
02-12-98
07-06-99
05-12-00

) - WADI FIZH BASIN ) .
DN413037AB, FALAJ AL AWA'HIN AT AL AWA'HIN
WATER QUALITY DATA, Sep 1995 to Dec 2000

, CALCULATED
Total Total Ton Total Total  Theoretical Lab Lab pH
Alkalimity Hardness Balance Amon Cation TDS Conductivity  (Standard
(mg/l) ) (mgh) {me/l) (me/l)  (mell) " (mgf) (pS/em) Units)
151 220 - 6 6 208 580 75
149 246 6 6 3n 580 79
159 253 6 7 351 935 83
162 257 7 7 385 - 686 81
169 265 7 8 394 697 82
151 228 7 7 393 - 741 81
154 228 7 7 398 765 81
153 240 8 8 424 738 81
167 230 8 8 416 747 82
200 265 9 9 489 855 79
180 310 9 10 503 - 901 72
176 303 8 8 427 626 7.3




DISCHARGE (I/%)

WADI SUQ BASIN -
DC600173AB, FALAJ AL QABAIL AT FALAJ AL QABAIL

LOCATION
UTM 461029 E, 2701584 N .
LATITUDE 24°25 38" ;
LONGITUDE 56°36' 56" g
FALAJ TYPE Daudi i
PERIOD OF RECORD September 1982 to September 2002
REMARKS . 230 measurements have been made at the site
MEASURED Maximum measured discharge, 136 I\s, 18 March 1985
EXTREMES i Mmmimum measured discharge, 13 -Is, 17 August 1987
150 -
10 |DC630173AB, FALAJ AL QABAIL AT FALAJ AL QABAILI
* ]
130 V
120 .':
110 3 +
' ¢ + | i
100 X : EIRY
90 L + : S
& Lo ld ED R ali | 4l
2 R & AR
70 + T vy ¥ "vvv% I XD T
60 [—1¢ L L 3'33@@ s rt ﬁq; g
. | REL : : gl |
50 : ¥ et - F—r——
3 L & '4‘1'&- ? + g ' )
4U§_0$‘ mr s R AT i 3 . !
30 ] Tiesy AN TR
20 ;’%; . U2
*3 *
10 -
0
TEEEEEEEEEEEEE N E R EEEE
f 5 fF 5 E 5 4§ 8 5 8 B 8§ F 8 8 5 F 5 OF R OROG
DATE OF OBSERVATION

36




v

WADI SUQ BASIN
DC600173AB, FALAJ AL QABAIL AT FALAJ AL QABAIL

DISCHARGE MEASUREMENTS, Sep 1982 to Sep 2002

Date Discharge EC Water _Air
(I7s) . (nS/em) (9] O
26-09-82 39 885 350 -
12-10-82 42 - - -
13-10-82 43 - - -
25-11-82 41 880 320 -
30-01-83 55 - am -
05-03-83 - 60 950 300 -

- 02-04-83 67 .- - -
18-05-83 78 950 320 -
19-07-83 74 900 360 -
08-09-83 69 950 315 -
10-11-83 81 870 . 310 .-
17-01-84 86 840 320 -
04-03-84 87 830 320 -
15-04-84 77 - — -
24-05-84 - 79 875 305 -
12-07-84 85 860 340 -
25-08-84 81 850 340 -
30-09-84 72 840 340 S
06-11-84 - 63 890 310 -
15-12-84 .8 920 300 -

12-0185 - 58 - R ‘ N
16-02-85 50 7,7 T~ - - -
18-03-85 136 850 320 -
14-04-85 (127 7 _ 870 320 -

- 06-05-85 ... 120 , 880 320 -
10-06-85 110 880 320 - -
10-07-85 110 900 320 - - -
04-08-85 116 900 320 -
21-08-85 - 6 - . 950 300 -
07-09-85 L 890 350 -
12-10-85 29 900 320 -
06-11-85 .28 900 320 " e

04-12-85 30 - - 850 310 - -
06-01-86 . 80 - 900 . 300 .-
05-02-86 . 81, . 600 280 -
. 09-03-86 .. 26 880 310 ° -

_ 06-04-86 29 77 800 777 3200 T -
07-05-86 27 845 320 -
22-06-86 18 740 90 - -
13-07-86 22 820 310 -
11-08-86 23 - - -
27-09-86 29 - - -
12-10-86 28 - - .-
08-11-86 2 510 290 -
07-12-86 26 900 280 -
10-01-87 18 970 330 -
16-02-87 14 950 350 -
04-03-87 20 850 300 -
15-04-87 16 - 350 -
11-05-87 20 - 775 340 -



¥

o WADI SUQ BASIN -~
DC600173AB, FALAJ AL QABAIL AT FALAJ AL QABAIL .
DISCHARGE MEASUREMENTS, Sep 1982 to Sep 2002

Date Discharge @~ EC -  Water Arr

(I/s) - (nS/em) (°C) (°C)
10-06-87 T8 1200 350 -
12-07-87 To18 - _ -
17-08-87 13 700 320 -
14-09-87 18 930 330 -
13-10-87 22 1250 295 -
14-11-87 20 - © 100 320 -
08-12-87 33 S - -
09-01-88 37 1000 340 -
19-02-88 43 900 . 350 ’ -
05-04-88 68 - ‘ - -
12-07-88 60 T 1030 360 -

18-08-88 61 1000 “330 -
21-09-88 70 _ 1050 330 -
05-10-88 70 940 340 -
12-11-88 90 950 310 -
17-12-88 72 - - -
15-01-89 73 850 330 -
15-02-89 Y 820 . 340 -
23-03-89 o84 700 © 310 -
30-05-89 87 950 350 -

06-06-89 - 83 940 340 -

19-07-89 77 900 T 300 -
16-08-89 106 840 ~ - 300 -
18-09-89 85 920 340 -
23-10-89 62 - 980 330 -
15-11-89 81 900 340 -
16-12-89 - 82 - 880 310 -
03-01-90 65 850 310 -
14-02.90 80 S 540 - © 290 -
20-03-90 69 930 - -
- 10-04-90 ) 60 - - -
- 110690 55, 900 - . . 360 -
T 15-07-90 53 e -
~18-08-90 49 980 - -
15-09-90 61 880 - -
13-10-90 69 - - - - -
. 08-12-90 61 - 340 . -
15-01-91 68 - 350 . -
11-03-91 4 T 1008 . 335 -
09-04-91 80 1011 - 294 - -
23-04-91 69 1055 330 -
07-05-91 B T - - -
_10-06-91 64 T 99 - -
09-07-91 mn 915 - 350 -
10-07-91 72 746 350 -
14-07-91 67 - - 354 -
15-07-91 58 991 342 -
17-08-91 ) 59 . 985 343 .
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- WADI SUQ BASIN
DC600173AB, FALAJY AL QABAIL AT FALAJ AL QABAIL

DISCHARGE MEASUREMENTS, Sep 1982 to Sep 2002

Date Discharge EC © Water Air
(¥/s) (uS/cm) * (°0) °O) -
10-09-91 60 978 342 - 330
09-10-91 - 56 985 340 -
11-11-91 " 55 972 340 -
08-12-91 ° 58 973 256 -
05-01-92 57 - 970 340 -
04-02-92 © 50 970 330 -
09-03-92 43 930 - 335 -
11-04-92 48 985 335 -
06-05-92 51 985 330 - -
11-06-92 © 48 957 300 -
05-07-92 4] 975 - 340 -
03-08-92 T 38 992 - 340 .
01-09-92 43 975 341 -
i 05-1262 -39 980 336 . -
05-01-93 45 999 334 .-
08-02-93 39 991 - 333°
06-03-93 47 991 335 .-
- " 10-04-93 - 48 1002 337 288
04-05-93 ’ 52 1009 © 336 -
06-0693 63 1008 . 339 394
05-07-93 « ) 45 1001 342 350
04-08-93 39 957 340 333
. 06-09-93 36 998 342 328
04-10-93 32 999 338 351
06-11-93 39 996 336 -
i 05-12-93 32 -7 1000 333 300
. 04-01-94 35 994 334 . 269
- 02-02-94 35 995 - - 332 . 288
06-03-94 37 T 999 331 309
04-04-94 34 994 333 279
i 04-05-94 32 997 - 336 380
06-06-94 -47 1008 339 393
03-07-94 26 991 341 336
) _03-08-94 27 . 995 341 342
14-09-94 32 1001 338 300
. 03-10-94 - =29 994 339 340
07-11-94 27 . 1004 336 333
04-12-94 - 27 1003 333 _ 276
09-01-95 28 1010 329 284
07-0295 . 23 1074 331 245
08-03-95 30 1142 328 361
04-04-95 28 1130 320 290
06-05-95 - 27 1011 256 399
06-06-95 20 1015 337 320
05-07-95 ; 25 1000 340 418
05-08-95 31 1003 342 349
03-09-95 29 1019 339 386
04-10-95 34 . 1018 338 T 263

05-11-95 35 1027 336 T 397




WADI SUQ BASIN
DC600173AB, FALAJ AL QABAIL AT FALAJ AL QABAIL

DISCHARGE MEASUREMENTS, Sep 1982 to Sep 2002

Date Discharge EC Water Arr
(I/s) (nS/cm) (°0) O

10-12-95 44 1026 - 335 283
08-01-96 37 1052 288 305
04-02-96 © 38 1115 326 260
03-03-96 42 1040 330 29 4
07-04-96 40 1138 - 327 369
11-05-96" 42 : 1050 - 336 433
23-06-96 49 - 1056 341 347
09-07-96 45 - T 339 391
12-08-96 50 1043 ° 340 343
20-10-96 -57 1052 280 330
12-11-96 - 84 1030 300 262
10-12-96 56 1030 295 262
T 28-01-97 83 1021 333 250
" 12-02-97 66 1014 335 28 4
04-03-97 73 - - 329 304
08-04-97 88 960 337 345
06-05-97 69 i 924 - . 340 - 330
08-06-97 105 ; 910 - 341 284
12-07-97 62 876 - - 339 356
05-08-97 65 863 340 399
13-09-97 70 ' 840 3414 439
15-10-97 58 830 338 318
*16-11-97 ’ 67 853 - 336 292
13-12-97 55 850 _ 334 260
11-01-98 62 - 852 - 334 . 301
15-02-98 68 820 335 262
14-03-98 72 - 843 T 335 236
12-04-98 76 - 862 T 337 356
12-05-98 75 - 830 . 339 . "326
.09-06-98 ; 58 820 343 370
12-07-98 72 837 - 342 334
03-08-98 85 843 341 401
T 01-0998 66 860 34.2 326
T 03-10-98 91 866 341 314
02-11-98 113 870 340 324
02-12-98 97 893 - 336 213
02-01-99 100 882 T 298 266
02-02-99 - . 882 337 287
01-03-99 81 866 329 371
T 04-03-99 88 911° 288 293
05-05-99 77 865 350 326
07-06-99 107 . 846 339 352
04-08-99 54 892 342 400
07-09-99 57 879 339 313
06-10-99 62 . -888 334 352
07-11-99 48 900 332 319
11-12-99 51 720 330 300
05-01-00 52 950 330 270

. 07-02-00 v 41 953 320 220




WADI SUQ BASIN
DC600173AB, FALAJ AL QABAIL AT FALAJ AL QABAIL

-

DISCHARGE MEASUREMENTS, Sep 1982 to Sep 2002

" Date

06-03-00
05-04-00
07-05-00
07-06-00
08-07-00
07-08-00
06-09-00
02-10-00
04-11-00
03-12-00
02-01-01
04-02-01
11-03-01
02-04-01
" 06-05-01
03-06~01
08-07-01
01-08-01
02-09-0t
02-10-01
05-11-01
02-12-01
03-03-02
03-04-02
04-05-02
08-06-02
02-07-02
03-08-02
01-09-02

Discharge
(Us)

34
“38
27
21
18
23
19
15
28
33
32
31
27
25
30
18
29
22
34
22
22
22
23
28
27
19
26
18
18

{(nS/cm)

EC

949
983
1008
980
965
1056
9%0

1038 -

1100
1130
1162
1196
1164
1175

" 1200

41

1210
1221
1208

1282

1387
1150
1165
1400

1240

Water
C)

324
327
330
331
330
342
293
329
322
299
302
329
328
334
335
341
337
341
331
331
307

-~ 246

334
343
342
342

“Air
0
280

367
350

-

404
321
342
280

187
278
295
290
404
354
399
353
311

269

269

396

36.2

374
355



WADI SUQ BASIN
DC600173AB, FALAJ AL QABAIL AT FALAJ AL QABAIL
WATER QUALITY DATA, Aug 1987 to Jun 2001

ANION

Date _ Bicarbonate Boron Bromide Chloride Fluoride Nitrate Nitrate Sulfate

- As HCo3 AsB AsBr -AsCl  AsF AsN AsNo3 AsSod

- (mgf)  (mg/) (mg/) (mg/)  (mgM) (mg/l) (mgM) (mg/h)
22-08-87 216 038 - 122 130 001 26 95
06-06-95 173 - - 145 010 - .23 109
04-09-95 173 - - 158 010 - -~ - 25 117
04-10-95 170 - - 144 012 - 523 . 119

10-12-95 148 T - 019 154 012 . -~ 2.9 127
25-02-96 170 ° - 029 173 027 - 24 128
14-09-96 172 - - 131 016 - 30 143
10-12-96 - 188 - - 14, 021 - 29 121
09-03-97 © 188 - - 126 025 - 29 112
12-07-97 162 - - 95 013 - 29 108
130997 161 - - 87 010 - 31 101
12-04-98 161 - - 96 020 . - 32 106
07-06-99 150 - - 111 010 - 29 125
07-06-00 163 - - 160 10 . - 29 126
03-06-01 133 - - - 201 038 - 28 11
Mean ° 169 0.38 0.24 134 024 001 28 117
Min 133 0.38 0.19 87 0.10 0.01 2.3 95
Max _ 216 038 029 200 130 _ 001 32 143

42
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. - WADISUQ BASIN o
DC600173AB, FALAJ AL QABAIL AT FALAJ AL QABAIL
WATER QUALITY DATA, Ang 1987 to Jun 2001

.~ - CATION )

Date Calcium Tron Potassium Lithwim Magnesium  Manganese Sodium Solids

AsCa As Fe AsK AsLi As Mg As Mn AsNa Dissolved

{mg/l) (mg/h {mg/) (mg/l) (mg/l) (mg/) (mg/h) {mg/)
22-08-87 36 003 45 -10 35 ~002 115 -
06-06-95 © 36 005 70 06 40 - 005 97 -
04-09-95 33 005 36 06 45 005 103 -
04-10-95 35 005 29 03 53 005 © 89 -
10-12-95 28 005 34 10 58 005 95 -
25-02-96 42 005 ~ 31 10 48 005 98 -
14-09-96 41 005 34 09 56 . 005 107 -
10-12-96 35 005 ~ 33 08 52 005 106 -
09-03-97 33 005 30 05 49 005 94 -
12-07-97 30 005 31 04 38 005 ' 9 -
13-09-97 31 005 - 30 06 38 005 92 -
12-04-98 29 005 - 37 07 38 - 005 % -
07-06-99 31 005 32 ) 02 44 005 21 -
07-06-00 34 007 33 11 49 007 =~ 9 -
03-06-01 42 005 40 01 63 005" 101 -
Mean 34 0.05 3.6 03 47 0.05 - 97 -
Min 28 0.03 2.9 1.1 35 0.02 75 -
Max T 42 0.07 70 1.0 63 007 115 -



WADI SUQ BASIN _ -
DC600173AB, FALAJ AL QABAIL AT FALAJ AL QABAIL
WATER QUALITY DATA, Aug 1987 to Jun 2001

- CALCULATED

Date Total -  Tota! Ton Total Total  Theoretical Lab Lab pH
Alkalinity Hardness Balance Anion Cation TDS Conductivity  (Standard

(mg/1) (mg/) (me/l) (mefl)  (mefh) (mg/l) {(nS/em) Umits)
22-08-87 230 235 - - - - 1008 85 ..
06-06-95 173 252 - 10 9 551 1029 82 ...
04-09-95 173 268 - 11 10 518 1010 - 83 )
04-10-95 170 305 - 10 10 550 1001 -~ 78 “
10-12-95 166 308 - 1 10 581 1030 86 -
25-02-96 186 304 - 11 10 619 1037 85
14-09-96 185 332 - .1 1 609 - 1035 84
10-12-96 188 301 - 10 1. 56l 1007 83 .
09-03-97 188 283 - 10 10 546 935 82
12-07-97 162 233 - 8 9 484 855 81
13-09-97 161 233 - 8 9 . . 465 833 82 .
12-04-98 168 - 230 = 9 " 8 - 466 - 823- - 83
07-06-99 150 259 .- -~ 9 9 . 512, 881 75
07-06-00 163 286 - _1_° 10 578 | 1028 65
03-06-01 133 365 - 1 12 618 1257 76 )



-

WADI AL JIZZI BASIN
DM275523AB, FALAJ AL WASIT AT AL WASIT

LOCATION ’ .

UTM 425238 E, 2675333 N
LATTTUDE 2421120
LONGITUDE ©56°15'50"
FALAJTYPE Ghaily
PERIOD OF RECORD August 1994 to September 20062
REMARKS 56 measurements have been made at the site
-“MEASURED _ Maximum measured discharge, 153 Ns, 10 September 1997
EXTREMES ) Minimum measured discharge, 5 s, 28 January 1997 -
-180
[DMZ'TSQSAB, FALAJ AL WASIT AT AL WASIT
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WADI AL JIZZI BASIN - ]
DM275523AB, FALAJ AL WASIT AT AL WASIT
DISCHARGE MEASUREMENTS, Aug 1994 to Jul 2001

Date Discharge EC - Water Air
: (Us) (uS/cm) 0 O
03-08-94 26 461 309 -
25-09-94 33 - 446 266 -
23-10-94 49 429 251 .-
06-11-94 - 32 442 - 249 -
11-12-94 ’ 17 461 196 -
08-01-95 14 - - - -
08-02-95 13 - - -
110395 27 - - -
05-04-95 32 e - - -
© 03-05-95 18 - -
06-06-95 29 - - -
04-07-95 16 - - -
12-08-95 99 421 308 -
05-09-95 89 436 293 -
08-10-95 44 440 275 .-
12-11-95 48 4438 253 -
10-12-95 36 448 220 200
09-01-96 28 451~ - 217 -
12-02-96 109 456 211 -
08-04-96 109 456 - 237 .
08-05-96 48 477 270 380
11-06-96 71 482 S 297 -
13-07-96 68 - 306 -
14-08-96 70 - - 313
16-09-96 44 - - 311 -
08-10-96 38 459 267 -
16-11-96 37 260 218 -
22-12-96 27 473 211 -
28-01-97 . 5 CA1s 183 -
24-02-97 39 467 237 =
03-05-97 124 475 267 -
18-06-97 _ 84 465 299 - -
23-07-97 66 47 308 -
17.08-97 72 - 444 307 -
10-09-97 153 462 To291 -
10-05-98 48 466 267 -
07-06-98 44 465 ~ 304 -
18-07-98 " 45 466 302 -
11-08-98 44 ’ 464 305 -
05-10-98 . 45 443 291 -
02-11-98 41 C 444 - 291 -
15-12-98 26 463 206 192
03-01-99 28 462 193 217
02-02-99 26 471 156 216
14-02-99 19 - - - - -
27-04-99 25 470 - -
06-06-99 25 469 281 -




. WADI AL JIZZ1 BASIN
DM275523AB, FALAJ AL WASIT AT AL WASIT
DISCHARGE MEASUREMENTS, Aug 1994 to Jul 2001

Date - -- Discharge EC Water Air
(Vs) (1S/em) (0 cC)
05-03-00 13 - - -
05-06-00 14 484 311 365
31-12-00 16 - - -
11-03-01 T 458 226 320
03-06-01 10 493 295 . 369
23-07-01 i 46 486 298 - -
3
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) WADI AL JIZZI BASIN-
DM275523AB, FALAJ AL WASIT AT AL WASIT
WATER QUALITY DATA, Jun 1995 to Jul 1997
- - - ANION

Date Bicarbonate Boron Bromide Chloride Fluoride Nitrate Nitrate Sulfate
As HCo3 AsB AsBr AsCl AsF AsN AsNo3 As Sod

(mgH  (mg/M) (mgM (mghH (mgM) (mgM) (mgh) (mgrh) -

06-06-95 - 107 - -- 44 - 010 v 18 39
26-07-97 54 - - 40 010 -- 10 39
" Mean 80 - - 42 0.10 - - 14 39... .
Mmn 54 - - 40 0.10 - - 1.0 3%
Max 107 - - 44 0.10 - 1.8 39
- CATION - -
Date Calcrum Iron Potasstum  Lathmm Magnésmmr - ManganeLse Sodium: " Solids
AsCa As Fe AsK As ka1 As Mg As Mn As Na Dissolved
(mg/t) (mg/l) (mg/l) (mg/) (mg/) (mg/l) (mg/) (mgf)
06-06-95 22 005 25 06 . 34 -7 7005 23 -
260797 15 005 15 06 41 T 005 17 -
Mean ~ 18 005 20 L 0.6 8 -005 20 7 T—-
Min 15 0.05 1.5 0.6 34 0.05 17 -
Max 22 005 257 06 - - 41 -~ 005 23 -
: CALCULATED S
Date Total Total Ton Total Total  Theoretical Lab Lab pH
Alkalimity “ Hardness Balance 3;‘M,Anmn Cation - ---TDS Conductivity  (Standard
(mg/l) (mg/1) (me/l) ~ (me/l)  (mell) (mgh) (nS/em) Units)
06-06-95 -~ 118 195 - - 5= - 35 246 - . 462 . 86
26-07-97 133 206 - 5 T -5 239 454 920
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WADI AL JIZZI BASIN
- DM373955AB, FALAJ AL KHAN AT AL KHAN

LOCATION - ;
UTM 433456 E, 2679510 N
LATITUDE 24°13'37"
LONGITUDE 56°20' 40" -
FALAJ TYPE Daudy
PERIOD OF RECORD January 1995 to September 2002
REMARKS 89 measurements have been made at the site
MEASURED Maximum measured discharge, 93 Rs, 05 October 1998
EXTREMES Mmimum measured discharge, 8 1\s, 02 July 2000
120
[DM373955 A8, FALAJ AL KHAN AT AL KHAN
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WADI AL JIZZI BASIN
DM373955AB, FALAJ AL KHAN AT AL KHAN

DISCHARGE MEASUREMENTS, Jan 1995 to Sep 2002

Date

25-01-95
22-02-95
21-03-95
11-04-95
20-05-95
25-06-95
31-07-95
19-08-95
26-09-95
24-10-95
21-11-95
27-12-95
_28-02-96
29-05-96
19-06-96
21-07-96
18-08-96
“18-09-96
16-10-96
17-13-96
17-12:96
28-01-97
15-02-97
03-03-97
06-04-97
© 7 07-05-97
09-06-97
12-07-97

10-08-97
13-09-97

20-10-97
16-11-97
15-12-97
11-01-98
11-02-98
11-03-98
12-04-98
10-05-98
08-06-98
04-07-98
04-08-98
05-09-98
05-10-98
02-11-98
05-12-98
03-01-99
03-02-99
02-03-99

Discharge

(Us)

30
22
32
21
26
26
40
38
29
31
32
37
26
53
37
83
57
50
60
81
43
30
37
41
28
46
A4
44
42
60
40
34
26
34
42
35
43
68
41
41
67
57
93
33
50
46
40
38

(pS/em)

EC

761
857
7
775
769
890
524
535
644
685
712
678
703
748
762
755
720
728
735
762
783
680

590

640

723 - -

752 .

719
77
735
757
762

750

740
730
720
726
750
744
670
690
660
701
720
730

726

50

732

Water
°C)

290
289
287
289
297
310
317
313
310
301
284
268
230
282
297
310
317
310
298

- 279

300
335
227
233
236
258
285
302
313
312
295
277
254
241
233
223
265 -
282
332
306
316
316
311
290
273
263
256
257

Air
°C)
300
224
237
290
261
250
306
203
282
266
239
300
190
279
282

-400

310
370
290
249
230
302
201
215
234
280
264
335
357

T 320

245
250

C211

201
220
279
290
403 -~
395

-313

31
292
330
313
250
267
226
246




< r

. WADI AL JIZZI BASIN
DM373955AB, FALAJ AL KHAN AT AL KHAN °

DISCHARGE MEASUREMENTS, Jan 1995 to Sep 2002

Date Dhischarge - EC Water Air
(s} (nS/em) () - O
05-04-99 37 660 256 . 425
02-05-99 48 808 305 345
02-06-99 38 720 299 - 44.4
02-08-99 33 735 324 386
04-09-99 24 X 750 _ 309 - 355
01-10-99 15 . 700 319 S 318
02-11-99 ’ 45 660 - 340 320
06-12-99 20 700 260 296
02-01-00 - 34 747 290 240
05-02-00 19 800 280 . 230
04-03-00 10 ) 776 286 ° 229
02-04-00 16 770 280 328
03-05-00 ) 17 730 300 "390
04-06-00 .9 - 760 302 -
02-07-00 - 8 - 780 312 -
02-08-00 : - - - R
04-09-00 - - - -
02-10-00 .- - - -
04-11-00 - 760 314 302
03-12-00 - - 760 - i -
02-01-01 - - - - -

© 07-02-01 - - - -
12-03-01 ~ - - - -
07-04-01 - - - - -

- 090501 - - - - S
09-06-01 - - - -
26.08-01 - - - - -
13-10-01 - 480 344 340
07-11-01 19 553 324 304
04-12-01 14 436 317 293
09-02-02 9 804 296 220
09-06-02 29 - - -
20-07-02 28 - - . -
10-08-02 15 - 413 . 331. . 376

14-09-02 25 - - -

31
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WADI AL JIZZI BASIN
DM373955AB, FALLAJ AL KHAN AT AL KHAN
" WATER QUALITY DATA, Jun 1995 to Dec 2000

ANION -

Date " Bicarbonate Boron Bromide Chloride Fluoride Nitrate Nitrate
i As HCo3 AsB AsBr AsCl = AsF AsN  AsNo3

“(mg/)  (mgM) (mgMH) (mgM) - (mgh) (mgh) (mg)

24-06-95 " 180 - - 92 010 - 24
19-08-95 128 - - 56 010" - 20
26-09-95 ) 149 - - 7 010 - 23
19-06-96 167 - - 97 024 - 23
18-09-96 171 - - 82 010 - 21
17-12-96 167 - - 97 010 - 20
12-07-97 134 - - 90 014 - 17
13-09-97 131 - - - 91  _ 010 - 19
12-04-98 153 - - 010 - 16
05-12-98 _ 170 - - 84 010 - 17
02-06-99 180 . - - 87 010 - 18 .
04-06-00 2027 - . 94 010 = - 22
03-12-00 177 - - 102 010 - 25
Mean . 162 - - 86 0.11 - 2.0
Min 128 - - 56 0.10 - _le

Max 202 - - 102 - 0.24 - 25

L7

52

Sulfate
As Sod

(mg/t)

57
50
56
74
74
70
49
75
72
7
69
66
73

66
49
78




Date

24-06-95
19-08-95
26-09-95
19-06-96
18-09-96
17-12-96
12-07-97
13-09-97
12-04-98
05-12-98
02-06-99
04-06-00
03-12-00

Mean
-Min
Max

-

AsCa
(mg/h)

15
12
16
19
18
16
17
17
16
15
17
15
16

_16
12
19

" CATION
Calcium Iron - Potassium Lithmm Magnesium  Manganese

AsFe AsK AsLi As Mg As Mn
{mg/) (mg/) (mgh) (mg/l}y (mg/l)
005 50 04 46 T 005
005 25 04 36 005
005 28 02 51 005
006 29 03 56 005
005 31 04 56 “005
005 29 03 59 - 005
005 31 02 49 005
006 35 04 50 005
009 32" 04 57 005
007 _ 34 02 55 - 005
005 35 03 61 - . 005
005 34 12 58 007
006 36 02 62 005 -

006 33 0.1 54 . 0.05
005 25 -12 36 005
009 50 04 62 0.07

~ Ty me
“g 0t s st

. WADI AL JIZZI BASIN -
DM373955AB, FALAJ AL KHAN AT AL KHAN
WATER QUALITY DATA, Jun 1995 to Dec 2000

53

Sodium
As Na

(mg/h)

60
32
40
48
52
53
53
60
54
56
55
51
52

51 .
32
60

Solids
Dissolved

(mg/l)



Date

24-06-95
19-08-95
26-09-95
22-04-%6
19-06-96
18-09-96
17-12-96
12-07-97
13-05-97
12-04-98
05-12-98
02.06-99
04-06-00
03-12-00

WATER QUALITY DATA, Jun 1995 to Dec 2000 - -

WADI AL JIZZI BASIN
DM373955AB, FALAJ AL KHAN AT AL KHAN

54

'i‘heoret:cal
TDS

(mg/l)
397
276 -
339
375
411
400

415
363
400
400
398

- 412,

423

) ) CALCULATED
Total Total  lon  Total  Total
Alkahinity Hardness Balance Amon ~ Cation
(mg/l) {mg/) (me/l) (me/l)  (me/l) -
180 225 - 8 7
128 177 - 5 7 5
149 251 - 6 7
166 258 - 7 7
167 278 - 8 g
171 276 - 7 8
173 284 - 8 8
153 246 77
154" 249 - 7 8V
175 277 - 7 8
170 265 - 7 8
180 294 - 8 8-
202 277 - 8 T8
177 297 - 8-~ 8

.

-436 - -

v

Lab
Conductivity
(nS/em)
765
535
641
717
744
721
748
695
738
707
719
737
776
593

Lab pH
(Standard
Units)
83
717
82
.86 -
§2
83
83
83
84 -

85
§2

82 -

67
-7
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WADI AL JIZZI BASIN

DB384269AB, FALAJ SUHAILAH AT SUHAILAH

LOCATION .
UTM 434798 E, 2683206 N
LATITUDE 24°15' 37"
LONGITUDE 56°21'28"
FALAJTYPE Daudi
PERIOD OF RECORD April 1983 to September 2002
REMARKS 112 measurements have been made at the site i
MEASURED Maximum measured discharge, 258 I\s, 67 May 1997
EXTREMES Mmimum measured discharge, 2 - s, 03 July 1994
300 ,
DB334369AB, FALAY SUHAILAH AT SUHAILAR .
250 1
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WADI AL JIZZI BASIN

DB384269AB, FALAJ SUHAILAH AT SUHAILAH
DISCHARGE MEASUREMENTS, Jul 1992 to Sep 2002

Date

05-07-92
03-08-92

- 02-09-92

[l

05-1292
05-01-93
08-02-93
06-03-93
04-04-93
04-05-93
06-06-93
05-07-93
07-08-93
06-09-93
04-10-93
06-11-93
05-12-93
04-01-94
02-02-94
06-03-94
04-04-94
04-05-94

. 06-06-94

03-07-94
03-08-94
14-09-94

"03-10-94 -

07-11-94
04-12-94
09-01.95
07-02-95
08-03-95
04-04-95

. 06-05-95

06-06-95
05-07-95
05-08-95

- _04-09-95

04-10-95_
05-11-95
07-04-96
29-05-96
16-06-96
02-07-96
19-08-96
17-09-96
16-10-96
17-11-96
17-12-96
28-01-97

Discharge
(I/s)

52
42
50
22
24
64
63
46
31
21
16
39
32
39
22
19
15
21
17
13
5
4
2
33
46
31
55
28
25
26
21
29
14
7
7
78
60
61
62
115
66
129
66
112
113
59
48
45
69

" EC

(nS/em)

56

w5

Water
0

300
312
315
264
250
245
238

- 243

2635
297
318
326

S 331

3le
302
289
276
262
261
260
290
305
31t
305
325

308

280
269
242
244
243
252
278
-299
322
3t9
310
289
263
233
282
300
307
319
317
289
252
312
325

Air
(°C)
360
370
400
303
330
200
345

-280

333
346
369
312
320
340
313
302
285
323
282
2719
380
380
314
327
320
290
334

288
“211

240
280
268
419
415
400
401
393
257
333
353
364
440
400

43 0

323
256
261
26
296




WADI AL JIZZI BASIN

DB384269AB, FALAJ SUHAILAH AT SUHAILAH -
DISCHARGE MEASUREMENTS, Jul 1992 to Sep 2002

Date

150297
03-03-97
06-04-97
07-05-97
09-06-97
12-07-97
10-08-97
13-09-97
20-10-97
16-11-97
15-12:97
11-01-98
11-02-98
11-03-98
12-04-98
10-05-98
08-06-98
04-07-98
04-08-98
05-09-98
05-10-98
02-11-98
05-12-98
03-01-99
03-02-99
02-03-99
05-04-99
02-05-99
02-06-99
02-08-99
04-09-99
01-10-99
02-11-99
06-12-99
02-01-00
05-02-00
04-03-00
02-04-00
03-05-00
04-06-00
02-07-00
02-08-00
04-09-00
02-10-00
04-11-00
03-12-00
02-01-01

Discharge
(Vs)

58
46
166
258
206
187
180
151
97
96
64
68
91
98
85
85
72
64
120
98
89" -
95
76
72
35
69
68
52
53
26
60
50
42
33
4]
26
17
14

7

-

(nS/cm)

57

EC

Water
(W)

208
220
337
246
285
276
316
310
281
260
234
217
232
212
250
266
322
312
322
319
302
277
247
245
228
247
255
300
288
345
289
310
340
260
260
240
234
269
290

Air
(°C)
181
228
303
280
445
357
330
325
321
322
219
185
2590

-~ 283

240
402
392
359
348
375
329
318
250
250
347
297
414
355
396
392
342
317
350
290
230
280
213
310
380
343
390
386
340
300

248



WADI AL JIZZI BASIN
DB384269AB, FALAJ SUHAILAH AT SUHAILAH

DISCHARGE MEASUREMENTS, Jul 1992 to Sep 2002

Date " Discharge EC Water Air -
’ (Vs) (nS/cm) (§(9)) ©Cy
07-02-01 - 900 267 250
12-03-01 - - -
07-04-01 - - - -
09-05-01 - - ’ - -
09-06-01 o - -
29-08-01 - - - - -

_ 13-10-01 47 870 300 340
07-11-01 17 690 285 331
04-12-01 11 520 _ 289 335
07-04-02 29 804 285 350
11-05-02 61 - - - -
09-06-02 - 45 - - -
17-07-02 27 - - -
10-08-02 23 752 344 400
14-09-02 62 - - -

-
TN s
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Date

06-06-95
04-09-95
04-10-95
10-12-95
16-06-96
17-09-96
17-12-96
12-07-97
13-09-97
12-04-98
05-12-98
02-06-99
03-12-00
Mean
Min
Max

Date

06-06-95
04-09-95
04-10-95
10-12-95
16-06-96
17-09-96
17-12-96
12-07-.97
13-09-97
12-04-98
05-12-98
02-06-99
03-12-00

Mean
Min

" Max

WADI AL JIZZI BASIN

DB384269AB, FALAJ SUHAILAH AT SUHAILAH
WATER QUALITY DATA, Jun 1995 to Dec 2000

-ANION -

Bicarbonate Boron "Bromide Chloride Fluoride Nitrate Nitrate Sulfate
As HCo3 AsB AsBr AsCi AsF

(mgh)  (mgM (mgh) (mgh) (mg/h

Calcium
AsCa
(mg/l)

18
16
18
20
20
20
19
20
20
18
18
19
19

19
16
20

210 - - 132 023
167 - - 70 010
186 - - 78 010
177 - 013 93 010
174 - - 88 086
184 - - 82 010
178 - - 102 010
134 - - 80 010
130 - - 97 010
160 - - 82 013
220 - - 90 010
207 - - 97 010
212 - - 112 010
180 - 0.13 93 017
130 - 0.13 <70 0.10
220 - 0.13 132 0.86

CATION
Iron  Potassium  Lithram  Magnesium
As Fe AsK As Li As Mg .
(mg/l} (mg/t) (mg/h (mg/l)
003 72 08 72
005 31 04 47
T 006 26 03 61
005 32 . 05§ 61
005 29 04 58
005 29 06 59
005 31 08 68
605 32 05 54
005 36 05 53
005 31 05 59
005 -+ 34 04 63
005 36 05 70 -
006 40 02 72
005 is 05 61
005 2.6 0.2 47
0.06 7.2 0.8 72

59

AsN AsNo3 AsSod

(mg/l)

Manganese
As Mn
(meg/l)

005
005
005
005
005 -
005
005
005
005
005
005 .
005
005

0.05
005
0.05

(mgf)  (mg/M)
17 67
18 64
“20 70
30 82
18 79
18 75
16 76
14 70
16 76
13 69
13 74
T13 80
22 90
18 75
1.3 64
3.0 90
Sodwm Sohds
AsNa Dissolved
mgh)  (mg)
75 -
46 -
. 40 -
49 -
48 --
52 -
56 -
55 -
61 -
52 -
59 -
60 -
66 -
55 -
4G -
75 -



Date

06-06-95
04-09-95
04-10-95
10-12-95
16-06-96
17-09-96
17-12-96
12-07-97
13-09-97
12-04-98
05-12-98
02-06-99
03-12-00

WADI AL JIZZI BASIN
DB384269AB, FALAJ SUHAILAH AT SUHAILAH
WATER QUALITY DATA, Jun 1995 to Dec 2000

CALCULATED
Total Total Ton Tatal Total  Theorefical Lab
Alkalinity Hardness Balance Anion Cation TDS Conductivity

(mg/l) (mg/h) (me/l) (me/l)  (mell) (mg/l) {pnS/em)
225 344 - 10 10 519 935
172 236 - 7 7. - 362 684
186 208 - 8 8 - 395 730
187 302 - 8 8 438 790
179 290 - 8 8 416 761
189 292 - 8 8 416 757
198 326 - 9 9 453 800
174 272 -- 7 8 396 728
169 265 - 8 8 _ 421 754
185 290 - 8 8 404 713
220 307 - 9 9 451 782
207 337 - 9 . — 9 465- - 822
212 343 - 9 10 504 - _

o

60

771

Lab pH
(Standard
Units)
86
84
. 81
84
83
83
85
85
85
85
82
83 .
80
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WADI AL JIZZIBASIN- '

DB6963852AB, FALAJ AL AWHI AT AL AWHI

LOCATION
UTM 466734 E, 2698474 N
LATITUDE 24° 23" 57"
LONGITUDE 56° 40" 19"
FALAJTYPE Daudi
PERIOD OF RECORD  June 1984 to September 2002
REMARKS 182 measurements have been made at the site
MEASURED Maximum measured discharge, 247 1\, 14 September 1996
EXTREMES Minimum measured discharge, 5 I\s, 03 October 1994
300
DB&96352AF, FALAJT AL AWHI AT FALAJT AL AWHI
250
H LIRS
o
. 200 - ‘“M?
3 ' R A
= : 34 oy
v 4 T s i Py
2150 P f#“* v —i
3 I Py M 1 }
v ' * M l‘”' Ah : .
’ N L R AN % ]
%0 e ¢ &
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e | 3 . * j :
) . € ! &
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U ‘l ¢ “*"'t
5985888 88838 %5 8§§8s 88
.‘éiéiié.ﬁé&&éééiéﬁiﬁié
DATE OF QBSERVATION
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WADI AL JIZZI BASIN
DB696852AB, FALAJ AL AWHI AT AL AWHI

DISCHARGE MEASUREMENTS, Jun 1984 to Sep 2002

Date’ Discharge EC Water Air
(Vs) (nS/cm) (°C) (°C)
11-06-84 41 550 320 -
30-09-84 100 - 550 320 -
06-11-84 83 570 270 -
22-12-84 71 560 300 -
12-01-85 65 - - -
16-02-85 55 - - -
18-03-85 134 550 310 -
13-04-85 134 520 300 -
06-05-85 110 580 310 -
10-06-85 88 550 320 -
10-07-85 77 550 310 -
04-08-85 59 890 310 -
07-09-85 48 525 310 -
12-10-85 15 550 300 -
06-11-85 6 550 300 -
04-12-85 17 600 290 -
08-03-88 50 520 340 -
05-04-88 87 - - -
24-05-88 - 84 600 350 -
19-06-88 83 600 340 -
12-07-88 114 600 350 -
_ 18-08-88 113 600 340 -
21-09-88 152 580 320 320
05-10-88 152 570 320 _ 320

. 12-11-88 165 500 310 -
17-12-88 130 - - -
15-01-89 127 520 320 -
15-02-89 150 520 310 -
23-03-89 142 450 280 -
30-05-89 107 580 330 -
06-06-89 133 570 300 -

"19.07-89 132 490 - 310 -

. 16-08-89 140 465 300 -
18-09-89 129 585 310 -
23-10-89 83 580 340 390
15-11-89 98 570 330 -
16-12-89 114 540 300 -
03-01-90 113 565 310 -
14-02-90 102 560 260 -
20-03-90 114 570 - -
10-04-90 102 - - -
16-05-90 102 550" 250 -
11-06-90 123 550 350 -
15-07-90 123 - - -
18-08-90 128 560 - -
15-09-90 144 - 500" - -
13-10-90 134 - - -
035-11-90 189 - -
08-12-90 133 - 320 280
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WADI AL JIZZI BASIN R
DB696852AB, FALAJ AL AWHI AT AL AWHI

DISCHARGE MEASUREMENTS, Jun 1984 to Sep 2002

Date Discharge EC Water Air
/s) (1S/em) °O (°C)
15-01-91 136 450 320 250
16-02-91 134 570 328 -
11-03-91 . 138 570 328 -
09-04-91 126 572 293 -
23-04-91 - idl - 330 370
07-05-91 108 570 320 - )
10-06-91 133 573 320 -
.09-07-91 150 - 340 340
10-07-91 <133 - 7 330 330
14-07-91 138 - 340 380
15-07-91 98 574 324 310
07-08-91 108 574 320 340
10-09-91 127 576 320 310
09-10-91 119 582 320 . 360
11-11-91 114 - - -
08-12-91 124 586 260 280
05-01-92 100 580 320 © 220
04-02-92 112 580 320 250
09-03-92 94 . 587 320 300
11-04-92 97 591 320 , -

. 06-05-92 99 - 591 320 “350
06-06-92 85 586 320 370
05-07-92 86 568 320 380
03-08-92 92 593 320 “370
02-09-92 96 585 324 360
06-12-92 77 590 318 339

. 05-01-93 S 75 601 315 T265
09-02-93 67 600 . 311 . 236
06-03-93 . 68 595 316 288
10-04-93 59 599 317 300
04-05-93 64 603 288 340
06-06-93 65 601 323 390
05-07-93 60 601 325 340 .
07-08-93 55 595 323 361
06-09-93 48 600 322 326
04-10-93 42 - 317 320
06-11-93 40 600 314 280 .
05-12-93 34 600 307 224
04-01-94 33 600 306 277

.02-0294 . . - 21 601 300 245
06-03-94 ‘ 24 602 296 291
04-04-94 ) 14 601 302 263
03-07-94 27 595 317 317
03-08-94 14 599 321 326
03-10-94 5 600 306 . 347
05-08-95 _ 7 593 320 337
04-09-95 i3 606 314 375
10-12-95 62 617 311 T 238
08-01-94 74 622 286 305
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Date

04-02-56
03-03-96
07-04-96
23-06-96
09-07-96
12-08-96

™ 14-09-96

14-10-96
12-11-96
10-12-96
28-01-97
12-02-97
04-03-97
08-04-97
06-05-97
08-06-97
12-07-97
05-08-97
13-09-97
19-10-97
16-11-97
+ 13-12-97

10198

15-02-98
14-03-98
12-04-98
12-05-98 "
09-06-98
12-07-98
04-08-98
01-09-98
-03-10-98
02-11-98
T 02-12-98
02-01-99
02-02-99 -
01-03-99
04-03-99
05-05-99
07-06-99
04-08-99
07-09-99
06-10-99
07-11-99
11-12-99
05-01-00
07-02-00
06-03-00

WADI AL JIZZI BASIN -
DB696852AB, FALAJ AL AWHI AT AL AWHI -

DISCHARGE MEASUREMENTS, Jun 1984 to Sep 2002

Discharge
(Us)

80
100
104
157
187
168
247
206
205
170
196
138
202
207
137
190
167
194
243
189

197
226
197
234
195
191
198
197
187
241
206
194
213
202
176
173
161
166
151
180

172
158
168
168
136
143
119

94

EC Water
(nS/cm) (°C)
630 310
610 315
- 316
608 322
617 325
597 336
577 327
585 324
582 =7 299
590 291
- 322
591 322
- 317"
584 324
584 320
580 325
581 324
568 325
573 325
570 325
563 - 312
582 . 325
650 322
420 320
569 324
579 324
566 - 325
560 326
567 328
570 326
570 329
570 325
570" T325
_579 - 324
582 340
576 322
535 306
913 282
585 309
587 327
586 326
586 325
534 319
550 318
590 320
610 310
354 210
584 317

64

1

-

Air
O
25.1
293
411
337
401
345
358
394
258
256
300
255
277
316
320
454
348
386
427
303
285

246
293
251
235
369
416
312
349
392
343
306
339
288
3te6
290
287
289
326
378
315
340
320
320
300
260

320
300




WADI AL JIZZI BASIN
DB696852AB, FALAJ AL AWHI AT AL AWHI

DISCHARGE MEASUREMENTS, Jun 1984 to Sep 2002

T

Date Discharge = EC Water Air
(V/s) (1S/cm) -(°Cy 0O
05-04-00 106 600 319 386
07-05-00 94 590 . 320 350
07-06-00 67 629 324 - -
08-07-00 92 630 - 320 -
07-08-00 104 588 T 324 364
06-09-00 98 690 . 302 317
02-10-00 - 53 578 344 370
04-11-00 64 580 3.1 305
03-12-00 52 . 580 - -
02-01-01 62 . 594 278 202
04-02-01 .. 69 596 291 26 1
110301 30 577 - 305 321
02-04-01 22 581 331 280
06-05-01 21 588 315 409
03-06-01 . 21 - 587 317 390
08-07-01 16 584 321 383
01-08-01 23 589 323 40 1
02-09-01 8 375 317 . 314
02-10-01 . 9 - - -
05-11-01 6 602 286 262
02-12-01 - - - -
25-12-01 L - - -
04-02-02 - - - -
03-03-02 : - 565 - -
03-04-02 - 540 - -

- 04-05-02 ; - 543 290 -
08-06-02 - 600 - -
02-07-02 - 388 306 -
03-08-02 - 307 316 -
01-09-02 - 410 3ls 304
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Date

06-06-95
04-09-95
04-10-95
10-12-95
14-09-96
12-07-97
13-09-97
12-04-98
02-12-98
07-06-99
07-06-00
03-12-00
03-06-01
Mean

Min
Max

Date

06-06-95
04-09-95
04-10-95
10-12-95
14-09-96
12-07-97
13-09-97
12-04-98
02-12-98
07-06-99
07-06-00
03-12-00
03-06-01

Mean
Min
Max

Bicarbonate Boron Bromide Chloride Fluoride Nitrate Nitrate

WADI AL JIZZI BASIN °

-

DB696852AB, FALAJ AL AWHI'AT AL AWHI .
WATER QUALITY DATA, Jun 1995 to Jun 2001

" As HCo3
(mg/)
124
123
126
104
127
S113
- 113
130
155
127
129
124
127
125
104
155
Caleum ~ Iron
As Ca As Fe
(mg/l) (mg/h)
13 7 005
13 005
14 005
14 005
17 003
13 005
14 005
26 013
13 005
14 005"
14 008
13 007
13 -005
15 006
13 0.05
26 0.13

AsB  AsBr AsCl_ . AsF
(mgM) (mgMH (mgh) (mg/h
- - 79 010
- - 77 010
- - 79 010
- 012 82 015
- - 70 010
- - 66 010
- - 57 010
- - 6 010
- - 67 - 010
- - 66 010
- - 71 - 010
- - 67 010
- - 75 022
- oz T 0.11
- 012 57 0.10
- 02 8 0.22
CATION
Potassium  Lithwum  Magnesium
AsK AsLy As Mg
(mg/l) (mgft) (mgh)
70 06 367
28 01 38
23 01 - - 46 -
23 06 47
24 01 .8
25 00 37
26 00 39
25 01 . 8
29 04 43 -
28 01 45
26 15 40
29 67 45
31 07 47
3.0 03 42
2.3 15 36
70

ANION

06 47
66

Sulfate -

AsN AsNo3 AsSod

50
55
80
63
63
34
65
63
58
61
62
74
63
61

34
80

- Sohds
Dissolved

(mg/)

(mg/)  (mgh)  (mg/)
- 13
-- 17
- 16
-- 16
- 16
- 116
- 16
- 21
-- 1.7
-- 17
- 18
- 20
- 19
- 5
- 13
- 11.6
Manganese Sodium
As Mn As Na
{mgN) (mg/)
005 50
005 45
1_%051 T 37
L9051 37
' : OWOE | 42
[ | 005 41
‘ Y
! QOS 44
(‘)"0“15‘ 40
1 005 43
100 2
|| 003 38
i 9‘:"0# a1
%l‘ 0 0? 44
LU
0065, 42
005 37
005 50




Date

06-06-95
04-09-95
04-10-95
10-12-95
14-09-96
12-07-97
13-09-67

12-04-98 -

02-12-98
07-06-99
07-06-00
03-12-00
03-06-01

WADI AL JIZZI BASIN ™ - -
DB696852AB, FALAJ AL AWHI AT AL AWHI
WATER QUALITY DATA, Jun 1995 to Jun 2001

CALCULATED

- Total Total  lon ° ‘Total . Total Theeretical . Lab

Alkahmity Hardness Balance Amon Cation TDS Conductivity
{mg/l) (mg/) (me/l) (mell) (mefl) (mgh) - {(nS/cm}
124 180 - 6 6 318 618
123 189 - 6 - 6 315 608
126 225 - 7 6 344 617
124 229 - 6 6 330 603
127 219 - 6 6 323 589
113 183 - 6 5 314 562
113 196 - 5 6 299 559
130 221 - 6 6 326 569
155 209 - 6 6 331 577
127 - 20 - 6 6 318 585
129 201 - 6 6 . 316 608
124 218 - 6 6 329 432
127 226 - 6 6 333 606

Lab pH

(Standard

Units)

76
81
79
87
$1
82
82
80
76
80
65
74
75



- _ __
WADI AHIN BASIN " -
DB349082AB, FALAJ AL BAIDHA AT AL WAQBAH
LOCATION i N
UTM _ 439863 E, 2640043 N
LATITUDE 23° 52" 19"
LONGITUDE 56°24' 31"
FALAJTYPE Daudi
PERIOD OF RECORD  January 1996 to September 2002
REMARKS 35 measurements have been made at the site
MEASURED Maximum measured discharge, 85 s, 10 December 1997
EXTREMES Mmimum measured discharge, 1 Rs, 14 Nov 99 and 12 May 01
100 .
DB349082A8, FALAJ AL BAIDHA AT AL WAQBAH
S0
¢
80 —=
m . -
2 g : $ 7
g ¢ ] g
50 2 o
5 o I A0 S !
U g9 ) '
E ' M g’ l‘ '!I '
Q : M : .. Iy 2 i [y
30— - -
p et b ,
ol L4 % * , *
10 é ¥ 1{» : ®, N * N 1
D oo Telyt 1%l gl oty
& § & &% & & 8§ & 8 B =3 5 § § 8
iz & ¥ §F 2 & i F i -3 & 1 3 ;3
DATE OF OBSERVATION
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WADI AHIN BASIN

DB349082AB, FALAJ AL BAIDHA AT AL WAQBAH
DISCHARGE MEASUREMENTS, Jan 1996 to Aug 2002

Date

13-01-96

09-03-96 -

12-06-96
13-07-96
12-08-96
28-08-56
10-09-96
09-11-96
14-12-96
06-01-97
05-02-97
08-03-97
10-12-97
- 07-01-98
09-03-98
15-04-98
10-05-98

08-06-98

11-07-98
10-11-98
09-02-99
09-03-59
15-08-99

1441199

12-02-00

01-05-00

- 12-08-00
12-11-00

11-02-01

. L 12:05-01

19-08-01

T - ~11-11-01 -

12-02-02
12-05-02

03-08-02

Discharge
(U's)

5
47
31
45
21
37
35

9
13

8
18
13
85
48
45
56
31
45
45
62
23
14

EC

(1S/cm)

758
736
777
780
791
733
766
811
840
842
799
850
928
936
930
501
920
903
892
886
942
966

" 985
. 975.

1008
1017

901

-946

950

.

Water
°C)

270
253
269
306
301
302
305
295.
285
280
269
278
262
269
230
274
286
294
268
280
282
299
309
298
274
304
300
280

Ar
O

200
260
283
290
287
318
368
294
224
171
222
290
211
210
200
265
350
335
356
321

~ 282 .

323
335
252
210
318
271
245

—
-—



S

WADI AHIN BASIN
DB349082AB, FALAJ AL BAIDHA AT AL WAQBAH
WATER QUALITY DATA, Mar 1996 to Jun1997

ANION

Date Bicarbonate Boron Bromide Chloride Fluoride Nitrate Nitrate Sulfate
- As HCo3 AsB AsBr AsCl AsF AsN AsNo3 AsSod

(mg/l) (mgh) (mgN) (mgA)y (mg/M) (mgd) (mgl) (mgh)

09-03-96 183 - - 5 010 - 40 102
12-06-96 190 - - 68 012 - 40 109 -~
10-09-96 194 - - 66 011 - 37 103 -
08-03-97 211 - - 79 013 - 36 110
12-05-97 163 - - 85 . 010 - 49 124 )
11-06-97 . 167 - - 89 010 - 52 424 .
Mean 183 - - 74 0.11 - 4.2 162
Min C 163 - - 7 5 - o010 - 3.6 102
Max 211 - - 89 ° 013 . - 52 424 -
"CATION 7~
Date Calerum Iron Potasssum  Lithium Magnesium Manganese Sodwum _-_ Sohds
AsCa As Fe AsK 7 "Asli ~ AsMg— ~--AsMn AsNa - Dissolved
(mg/h) (mg/l) (mg/h (mg/) (mg/) (mg/h) (mgfh) {mg/l)
090396 47 005 _ 24 06 46 005 35 -
12-06-96 45 005 24 05 50 005 39 -
100996 750 005 ° 24 os v 50 - 005 39 -
08-03-97 48 005 25 03 65 005 40 -
12-05-97- 55  --007 - 30 ~07 .55 .. 005 . 6 .. . -
11-06-97 56 005 30 07 49 005 47 -
Mean T 50 005 2.6 <06 " 77T 782 605 - - 41- R
Min 45 . 0.05 2.4 05 46 0.05 - s -
Max — - - 56 - 007. —.. 30 007 e 65 . 005 0 T 47 -
- A | *ﬁ :
A A Co - -
- CALCULATED - - - —~ - - - .
: T LE N -
Pate Total ~  Total Ton Total | L\T(I)t;f;: Theoretical Lab - Lab pH
- Alkalinity ~Hardness Balance Amon | Catlbﬁ_. TDS Conductivity  (Standard
(mgf) (mg/) (me/) (me/l) | iil(me/t) {mg/) (nS/cm) Umts)
L ,
09-03-96 183 307 - 8 t 2l gt 422 718 81
12-06-96 - 199 .-316 - 8 1T il 448 762 79
10-09-96 194 331 - '8 | 8 . T 447 760 79
08-03-97 211 388 - 9 ‘ 10 , 49 - 828 79
12-05-97 - 163 363 - 9 | ajlto e -~ 491 815 81
11-06-97 167 341 - 9 9 504 866 81
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LOCATION
UM 439865 E,- 20640450 N
LATITUDE 23° 52 27"
LONGITUDE -56° 24" 34"
FALAJTYPE Daudi
PERIOD OF RECORD February 1996 to September 2002
REMARKS 37 measurements have been made at the site
MEASURED _.Maximum measured discharge, 59 l\s,T 10 November 1998
EXTREMES Mmimum measured discharge, 2 I\s, 15 Aug 99 and 12 Aug 00

0

{DB349038 AB, FALAJ AL HAIL AT AL WOQBAH |

& -
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‘ DATE OF OB SERVATION ’

WADI AHIN BASIN
DB349095AB, FALAJ AL HAIL AT AL WAQBAH-
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Date

10-02-96
09-03-96
13-04-96

15-05-96 .

12-06-96
13-07-96
28-08-96
10-09-96
12-10-96
09-11-96
14-12-96
06-01-97
05-02-97
- 08-03-97
10-12-97
07-01-98
09-03-98
15-04-98
10-05-98
08-06-98
11-07-98
10-11-98
09-02-99
- 09-05-99
15-08-99
14-11-99
12-02-00
01-05-00
12-08-00
12-11-00
11-02-01
12-05-01

15-08-01 -

11-11-01
12-0202
12-05-02
05-08-02

WADI AHIN BASIN
DB349095AB, FALAJ AL HAIL AT AL WAQBAH

DISCHARGE MEASUREMENTS, Feb 1996 to Aug 2002

Discharge
(Us)

27
21
23
20
18
18
20
21
15
10
12
10
16
11
- 40
31
31
24
31
23
35
39
10

LIRS Ned SH S - R S A

(nS/cm)

72

EC

639
752
787
846
878
486
789
800
812
826
848
859
794
871
963
1016
1020
970
1015
1010
992
1010
948

991 .

977

Water
°C)

227
238
248
266
277
286
296
295
294
287
274
254
25.1
250
252
250
250
252
295
- 276
-285
277
267
282
306
282
261
281
308
289
264
340

Air
O
319
260
270
312
283
290
318
368
287
294
224
201
222
290
210
210
210
365
340
370
374
318
282
323
335
252
218
318
313
271
289




Date

~

09-03-96

12-06-96

10-09-56
08-03-97
13-05-97
11-06-97

Mean

Min
Max

Date

09-03-96
12-06-96
10-09-96
08-03-97

13-05-97 -

11-06-97

Mean
M
Max

Date

09-03-96
12-06-96
10-09-96
08-03-97
13-05-97
11-06-97

.
- oy f -

- WADI AHIN BASIN
DB349095AB, FALAJ AL HAIL AT AL WAQBAH
WATER QUALITY DATA, Mar 1996 to Jun 1997

ANION

Bicarbonate Boron Bromide Chloride Fluoride Nitrate Nitrate Sulfate
As HCo3 AsB AsBr AsCl AsF AsN AsNo3 AsSod

- (mg/h)  (mgM) (mg/M) (mgh) (mgh) (mgh) (@mgh) (mgh)

214 - - 57 010 - 29 94
148 - -- - 67, 023 - 38 120
223 - - 62 011 ) 27 107
237 - -, 4 014 - 30 114
163 ¢ 7w -~ 9 010 - 45 131
172 - - 91 017 - 51 129
193 - - 74 0.14 - 3.7 116
148 - - 57 0.1¢ - 2.7 94
237 - - - 9 6.23 - 5.1 131
) CATION
“Caleium Iron  Potassitum  Lithium Magnesium  Manganese Soditm Sohds
AsCa AsFe =~ AskK As La As Mg As Mn As Na Dissolved
(mg/l) (mg/) (mgll) (mg/) (mg/) (mg/) (mg/h) (mgfl)
57 005 18 04 45 005 33 -
46 005 19 09 52 005 41 --
61 005 20 04 . 48 005 40 -
66 - 005 -20 04 57 005 4] -
57 005 27 - 04 50 005 45 --
62 .005 28 05 47 005 48 -
58 005 . 22 0.5 50 0.05 41 -
46 0.05 13 04 45 0.05 33 -
66 ~ 0.05 238 0.9 57 0.05 T48 -
CALCULATED )
Total Total Ton Total Total  Theoretical Lab Lab pH
Atkahnity Hardness Balance Amon Cation TDS Conductmity  (Standard
{mg/h) (mg/l} (me/l) (me/l)  {mefl) (mg/t) (1S/cm) Untts)
214 - 326 - 8 8 433 733 78
154 326 -~ "8 8 440 735 84
223 349 - 9 9 471 789 76
237 401 -~ 9 10 . 515 848 71
163 347 - 9 9 497 803 - 79
172 349 - 9 9 508 892 79
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s, 13 Mar 91 and 04 Aug 02

I\s, 16 February 1997
2

WADI AHIN BASIN
DM544619AB, FALAJ HAIL AT HAIL NSEEL
2646886 N

75 measurements have been made at the site
Maximum measured discharge, 50

February 1991 to September 2002
Mmimum measured discharge,

454100 E,
23° 55 59"
56°32' 56"

Ghaily

LOCATION
LATITUDE
LONGITUDE
FALAJTYPE
PERIOD OF RECORD
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DATE OF OBSFRVATION
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WADI AHIN BASIN
DM544619AB, FALAJ HAIL AT HAIL NSEEL

DISCHARGE MEASUREMENTS, Feb 1991 to Sep 2002

Date

25-02-91
13-03-91
10-04-91
06-05-51
15-09-92
06-12-92
19-01-93
09-02-93
28-03-93
13-06-93
15-08-93
11-09-93

13-10-93 *

19-01-94
28-02-94
13-07-96
14-08-96
16-09-96
30-10-96
18-11-96
14-12-96
11-01-97
16-02-97
05-03-97
08-04-97
11-05-97
"11-06-97
09-07-97
06-08-97

10-09-97

15-10-97
15-11-97
13-12-97
12-01-98
14-02-98
14-03-98
13-04-98
11.05-98
08-06-98
06-07-98
05-09-98
06-10-98
03-11-98
07-12-98
04-01-99
07-03-99
05-06-99
05-09-99
04-08-98

ﬁDlscharge
(Us)

th Oy & 00N BN

1

1

NYaouwuuwog s

Bt N o= DN
SO = 0 Ww
B

30~
26
34
20
.25
25
21
27
24
19
29
21 -

21 -

25
22
23
24
32
28
26
16
15

19

. EC

(nS/cm)

1428

1518

1479
1342
1412
1381
1480

T 1132

1023

1402
1440
1050
1044

v

1058

1121

1048

- 1109

1115
1150
1000
1030
1070
1028
1042
1068
1050
1020
1050
1050
1050

1050

1045
1033
1095
1110
1057
930

948

1660
1368
1080
1120

1093

75

T 292

Water
(°C)

270
240
262
338
258
243
235
260
318
327
315
293
242
216
316
321

304

265
274
277
276
274
280
303
3147
321
324
308
285

T 280

270

- 257 -

263
281
294
307
323
326
316
300
282
275
285
341
328
325

Air
°O

350
287
230
280
280
413
324
355
275
210
296
416
450
430

216

243

300
210
270
300
360 -
380

305

360
341
255
255
235
200
323
286
405
325
352
340
253
290
278
205
236
398
350
370

—H]
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WADI AHIN BASIN
DM544619AB, FALAJ HAIL AT HAIL NSEEL

DISCHARGE MEASUREMENTS, Feb 1991 to Sep 2002

Date Discharge EC Water Air
s) (nSfem) . (°C) C)
- 07-12-99 44 1136 - 310 280
05-03-00 - L - - -
05-06-00 - - - -
03-09-00 4 990 292 340
04-12-00 12 933 313 298
13-03-01 15 - 280 -
05-06-01 - - - -
04-08-01 - - - -
05-09-01 - - 337 -
08-10-01 10 660 334 378
18-11-01 9 570 322 281
10-12-01 7 - 316 308
11-02-02 4 1135 - 322 320
23-03-02 3 - - -
10-04-02 4 955 323- 311
07-05-02 2 - - -
12-06-02 - - - -
10-07-02 - T - - -
04-08-02 2 720 336 KLE]
16-09-02 5 - -- -

76




WADI AHIN BASIN
DM544619AB, FALAJ HAIL AT HAIL NSEEL
. WATER QUALITY DATA, Oct 1995 to Jun 2001

_ ANION

Date Bicarbonate Boron Bromide Chloride Fluoride Nitrate Nitrate Sulfate
As HCo3 AsB . AsBr AsCl AsF AsN AsNo3 AsSo4

- (mg)  (mgh) (mghH (mgh) (mgh) (mgh) (mgh) (mg/)

11-10-95 295 - - 190 044 - 13 71

16-09-96 287 - - 131 056 - 14 50

14-12-96 309 - - 142 057 -- 14 46

13-04-98 . 260 - - 160 054 - 17 34

07-12-98 260 - .- 146 010 - 18 43

05-06-95 286 - -- 167 071 - 19 41

05-06-00 275 - - 167 010 - 23 45

04-12-00 255 - - 92 043 - 27 31

05-06-01 298 - - 198 069 - - 21 51

Mean .281 - - 155 0.46 - 1.8 46

Min 255 - - 92 0.10 - 1.3 31

Max 309 - - 198 0.71 - 27 71

CATION
Date Calcium = Tron  Potasstum  Lithium 7 Magnessum  Manganese Sodium Solids
AsCa As Fe AsK Asa As Mg As Mn As Na Dissolved
(mgf)  (mgh)  (mg/) (mg/) (mg/1) (mg/h) (mg/l) (mg/)

11-10-95 49 005 35 05 73 005 98 -
16-09-96 51 008 33 05 60 005 89 --
14-12.96 51 005 30 04 61 005 90 -
13-04-98 45 006 31 03 58 005 88 -
07-12-98 50 005 32 01 57 005 89 -
05-06-99 59 005 33 02 61 005 92 -
05-06-00 51 006 32 01 55 005 90 -
04-12-00 31 006 36 02 35 005 76 -
05-06-01 60 005 35 05 60 . 005 95 -
Mean 50 006 33 0.2 58 0.05 90 -
Min k)| 0.05 3.0 02 35 0.05 ) 76 -
Max 60 0.08 3.6 0.5 73 0.05 98 -

77



r - WADI AHIN BASIN

'DM544619AB, FALAJ HAIL AT HATL NSEEL
* WATER QUALITY DATA, Oct 1995 to Jun 2001

CALCULATED
Date Total Total Ion Total Total  Theoretical Lab Lab pH
Alkahnty Hardmress Balance Anion Cation TDS Conductivity  (Standard
{mg/l) (mg/l) (me/l) (me) (me/l) (mg/) (nS/cm) Unts)
11-10-95 295 424 - 13 13 674 1230 76
16-09-96 - 287 377, - 1 12 570 1038 KT
14-12-96 309 380_ - 11 12 592 1087 7 7
13-04.98 260 - 353 - 1 11 . 558 992 76
07-12-98 260 363 -- 10 11 559 1062 74
05-06-99 - 286 o - noo12 612 1097 73
05-06-00 275 354 - 11 n 594 1128 70
04-12-00 255 222 - 9 8 440 743 72
05-06-01 298 400 - 127 665 1142 76

. 13
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LATITUDE
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FALAJ TYPE
PERIOD OF RECORD
REMARKS
MEASURED
EXTREMES

UTM
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[} Fal ~—

(G ADUVHOSIA

DATE OF OBSERVATION
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-, Date

-15-02-91
15-02-91
13-03-91
13-03-91
10-04-91
10-04-91

_ 06-05-91

06-05-91"

16-06-91
16-06-91
23-07-91
23-0791
25-08-91
25-08-91
24-09-91
24.09-91

26-10-91°

_ 26-1091

23-12:91

- 23-12-91
13-01-92

- 13-01-92
02-03-92

- 02-03-92

18-04-92

18-04-92

18-05-92

18-05-92

15-06-92

15-06-92

" 23-08-92

23-08-92

15-09-92

15-09-92

- C L 06-12-92
S 06-12-92

- 19-01-93
19-01-93

. 09-02-93

09-02-93
28-03-93
.28-03-93
25-05-93
25-05-93
13-06-93
13-06-93
_ 15-08-93
15-08-93
11-09-93

WADI AHIN BASIN
DM544636AB, FALAJ AL HIJJAL AT AL HIJJAL

DISCHARGE MEASUREMENTS, Feb 1991 to Sep 2002

Discharge
(I/s)

10
10
9

9

15
15
11

AN WWRNNRNNWOLWWE &AL

, .
STCOGERREesezgR

10

EC Water
(#S/cm) O
- 290
- 290
1474 260
1474 260
1549 279
1549 279
1493 306
1493 306
1490 300
1490 300
1490 310
1490 310
1480 310
1480 310
1502 2380
1502 280
1560 260
1560 260
1583 246
1583 246
1644 250
1644 - 250
1241 ™ 291 -
1241 291
170 - 300
1170 300
1132 313
1132 313
1025 - 326
1025 26
1125 320
1125 _ 320
1182 304
1182 T304
1226 -294
1226 204
1210 290
1210 290
1256 296
1256 - _ 29§
1562 314
1562 314
1590 315
1590 315
1530 313
_ 1530 -313
1509 310

80 -

Air
°O)




WADI AHIN BASIN

DM544636AB, FALAJ AL HIJJAL AT AL HIJJAL
DISCHARGE MEASUREMENTS, Feb 1991 to Sep 2002

Date

11-09-93
20-11-93
20-11-93
21-12-93
21-12-93
19-01-94
19-01-94
26-02-94
26-02-94
15-08-94
15-08-94
25-09-94
25-09-94
24-10-94
24-10-94
19-11-94
19-11-94

- 20-02-95
20-02-95
22-03-95
22-03-95
09-04-95
09-04-95
11-10-95
11-10-95
14-08-96
14-08-96
16-09-96
16-09-96
30-10-96
30-10-96
18-11-96
18-11-96

14-12-96

14-12:96

110197
11-01-97
16-02-97
"16-02-97
05-03-97
05-03-97
11-05-97
11-05-97
11-06-97
11-06-97
09-07-97

" 09-07-97
06-08-97
06-08-97

Discharge
Ws)

10

R N N =

—
—

NN WWWW IO L L

IS
[NC I

— = R RN R L B RS0 D D

— RN
[ R SN

10

EC

(eS/cm)

1509
1380
1380
1421
1421
1415
1419
1250
1250
1485
1485
1559

. 1559

81

1520
1520
1604
1604
1464
1464
1535
1535

1473 °

1473
1511
1511
1178
1178
1224
1224
1200
1200
1220
1220
1220
1220
1240
1240
1280

-1280

1580
1580
1100
1100
1130
1130
1040

1040

Water
(°C)
310
276
276
264
264
260
260
298
298
343
343
309
309
298
208
292
292
250
250
261
261
267
267
304
304
329
329
304
304

288
288
272
272
257
257
250
250
247
247
276
276
302
©302
327
327

“Air
)

"300

293
293
311
311
218
218
282
282
324
324
323
323
3135
315
303
303
222
222
237
237
283

--283

257
257
430
480
460
460

o
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WADI AHIN BASIN v
DM544636AB, FALAJ AL HIJJAL AT AL HIJJAL
DISCHARGE MEASUREMENTS, Feb 1991 to Sep 2002

Date Discharge EC- ~  Water Arr
(/s) - (1Sfem) ¢0) 0)
10-09-97 - 1147 310 © 341
10-09-97 - 1147 310 341
, - 19-10-97 - 1215 302 36 4
19-10-97 - 1215 302 36 4
13-12-97 - - 1071 245 226
- 13-12-97 - 1071 . 245 26
ST 12-01-98 - 1073 242 -
o 12-01-98 - 1073 242 -
l 14-02-98 - - 219 242
’ 14-02-98 - . - 219 242
14-03-98 - - - - -
14-03-98 - . - . - - -
13-04-98 . - - - -
- 13-04-98 - - - - - -
11-05-98 - . - - -
i 11-05-98 - - -
08-06-98 - 1342 283 -
4, - 08-06-98 - 1342 - 283 S
' 06-07-98 - 1215 . 353 -
06-07-98 - 1215 353 -
04-08-98 -’ 1306 326 -
- 04-08-98 - 1306° 326 -
05-09-98 - 1305 ~ 317 278
05-09-98 - 1305 317 278
06-10-98 - 1130 - 302 S 324
06-10-98 - 1130 302 324
03-11-98 - 1109 276 292
03-11-98 - 1109 276 292
07-12-98 . - © 1150 257 230
07-12-98 - 1150 257 230
04-01.9¢ - - 1150 255 "o243
04-01-99 - 1150 . . 255 243
- 05-06-99 : -~ - - - -
05-06-99 _ - - - - -
05-06-00 - - - -
05-06-00 - - - -
04-12-00 8 T 1300 287 306
04-12-00 | 8 - 1300 287 306
05-06-01 - - - -
05-06-01 - - - -
04-08-01 - ~ - - -
04-08-01 - - - -
05-09-01 - - i - -
05-09-01 - - - -
08-10-01 - - - - -
08-10-01 - - - -

82




WADI AHIN BASIN

-
i

DM544636AB, FALAJ AL HIJJAL AT AL HIJJAL
DISCHARGE MEASUREMENTS, Feb 1991 to Sep 2002

_ Date

18-11-01
18-11-01
10-12-01
10-12-01
11-02-02

" 11-02-02
23-03-02
23-03-02
10-04-02
10-04-02
07-05-02
07-05-02
12-06-02
12-06-02
10-07-02
10-07-02

- 04-08-02
04-08-02
16-09-02
16-09-02

Discharge
(V/s)

f DD WWWWNN

83

(uS/cm)

"EC

Water
0

Air
O



Date

19-06-93

13-12-95

16-09-96
17-12.96
09-07-97
13-04-98
05-06-99
05-06-00
Mean

Min
Max

Date

19-06-95
13-12-95

16-09-96 .

17-12-96
09-07-97
13-04-98
05-06-99
QS‘-OG-OO
Mean
Min

Max

~

WADI AHIN BASIN
DM544636AB, FALAJ AL HIJJAL AT AL HIJJAL
WATER QUALITY DATA, Jun1995 to Jun 2000 - )

84

“ ANION 7
Bicarbonate Boron Bromude Chloride Fluoride Nitrate Nitrate Sulfate
As HCo3 AsB AsBr "AsCl ~ AsF AsN AsNo3 AsSo4 3
(mg/ (mgM) (mgM) (mgh) - (mgh) (mgM) (mgh) (mgh)
i 330 - - 243 070 - 0.5 43
274 - 021 207 066 - 10 58
333 - - 172 046 - 06 63
324 - - 154 055 - 07 50 B
230 - - 144 08 . - 1.5 23
296 - - -- 183 040 - 11 45
340 - - 206 067 - 16 57
- 278 - - 208 010 - 05 54 ’
301 - 0.21 190 055 - 0.9 49 )
230 - 021 144 010 - 0.5 23
340 - 021 243 0.86 - 1.6 63
‘ CATION
" Calem fron  Potassium  Lithum Magnesium  Manganese Sodmm Sohds
AsCa As Fe AsK AsLi As Mg As Mn As Na Dissolved
(mg/) (mg/) (mg/l) (mg) (mg/l) (mg/l) (mg/) (mg/l)
45 005 80 00 61 005 164 - )
44 005 34 07 74 005 102 .
52 005 38 06 72 005 107 -
47 005 .34 - 05 71 005 105 -
45 005 28 05 48 005 87 -
46 008 36 G5 71. © 005 160 T -
62 006 39 02 80 005 113 - -
43 005 40 -04 69 008 108 -
" a8 006 4.1 0.3 68 005 111 -
43 005 2.8 04 a8 0.05 87 -
62 0.08 80 .7 80 008 164 -




Date

19-06-95
13-12-95
16-09-96
17-12-96
09-07-97
13-04-98
05-06-99
05-06-00

I - -WADI AHIN EASIN :
DM544636AB, FALAJ AL HIJJAL AT AL HIJJAL
WATER QUALITY DATA, Jun1995 to Jun 2000

: CALCULATED
Total Total Ton Total Total  Theoretical Lab Lab pH
Alkahmity Hardness Balance Anion  Cation TDS Conductivity  (Standard

(mg/m) (mg/l) {me/l) (mefl)  (mell) (mg/) (pS/em) Umts)
330 366 - 14 .. 15 772 1390 7.2
274 416 ~ 13 13 664 . 1170 80
333 426 - 13 13 680 1200 78 .
324 409 -~ 12 13 635 1180 77" -
230 308 - 9 10 499 1000 7.8
296 406 - 12 13 638 _ 114 78
340 485 - 15 743 1316 - 73
278 392. - 13 13 662 1273 68



WADI AHIN BASIN
DMS544498AB, FALAJ HIBI AT HIBI

.=

LOCATION
UTM 454806 E, 2644780 N
LATITUDE 23° 54 50" }
LONGITUDE 56° 33'22" i
FALAJTYPE Daudi
PERIOD OF RECORD February 1991 to September 2002
REMARKS - 132 measurements have been made at the site
MEASURED Maximum measured discharge, 108 I\s, 08 June 1996
EXTREMES Mintmum measured discharge, . 2 I\s, 04 August 2002
120 i
|DM544493.AB, FALAY HIBI AT HIB] -
Ve
100 :: —
R
- 80 > .:: : " ;
- al #0 Pt
2 AN
= il [ be ﬂ
) E & THEER : ',é.
3 A N O
a IR AN A
40 el — ¢ iy r !
YK 3 g ] hl
' N 0\!‘ y * %u <
e 8 .o
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SR 511 * v
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’3‘”«» bt f’%ﬁw k*: - Whe ¢ ool
0 ¢ - A % N4 e
s & & % % & & § & 8 &3 g @
L I B o B e
DATE OF OBSERVATION
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Date

25-02-91
13-03-91
10-04-91
06-05-91
16-06-91
16-07-91
25-08-91
24-09-91
26-10-91
23-11-91
23-12-91
13-01-92
18-02-92
18-04-92
18-05-92
19-07-92
23-08-92
15-09-92
06-12-92
19-01-93
" 09-02-93
28-03-93
25-05-93
13-06-93
13-07-93
15-08-93

11-09-93

13-10-63
20-11-93
21-12-93
" 19-01-94
28-02-94
25-04-94
16-05-94
21-06-94
19-07-94

_ 15-0894

25-09-94
24-10-54
19-11-94
24-12-94
18-01-95
20-02-95
22-03-95
21-05-95
"~ 19-06-95
17-07-95
06-08-95

'WADI AHIN BASIN
DMS544498AB, FALAJ HIBI AT HIBI

DISCHARGE MEASUREMENTS, Feb 1991 to Sep 2002

Discharge
s)

21

20

12

17

9

14

13

12

10

11

7

8

3

12

- 16
17
24
25
16
14
12
12
G
- 10
11-
13
14
13
12
- 11
i1

EC

(nS/cm)

803
803
805
805
805
803
802
802
866
800
773
835
832
838
833
832
815
820
815
818
814
819
811
814
808
810
797
791
T792
832
792
793
795
797
808
795
798
871
796
797
794
799
859
850
943
« 815

87

317

Water
O

340
321
321
320
320
320
320
317
312
310
300 -
290
310
316
313
322
320
318
310
“312 - -
314
318
320
318
320
320
317
313
310
309
313
315.
317
319
304
318 .
318
316
312
308
307
311
312
317
321
323

Aiar
©0)

—



WADI AHIN BASIN
DM544498AB, FALAJ HIBI AT HIBI

DISCHARGE MEASUREMENTS, Feb 1991 to Sep 2002

Date Discharge EC- Water A
' (17s) (nS/em) (°C) 0
23-09-95 57 . 803 324 379
11-10-95 63 936 322 338
15-11-95 79 779 . 324 254
13-12-95 14 ) 781- . 322 233
09-01-96 17 785 263 210
11-02-96 - 39 835 321 T310
03-03-96 58 824 - 322 235
07-04-96 - 75 855 - 267 289
25-05-96 70 835 323 317
08-06-96 108 844 323 318
" 13-07-96 T 37 839 323 433
16-07-96 37 843 301 40 -
14-08-96 31 843 325 465
30-10-96 - 43 938 - . - -
18-11-96 40 838 - 320 199
"14-12-96 32 843 - 274 -
11-01.97 i 23 840 31.9 201
16-02-97 26 . 870 318 262
05-03-97 2 - 312 . 233
08-04-97 36 926 321 290
11-05-97 91 900 321 300
11-06-97 105 - 860 323 312
09-07-97 90 875 322 365
06-08-97 78 881 323 309
10-09-97 63 - 897 324 347
19-10-97 40 893 324 356
15-11-97 54 932 323 © 254
13-12-97 63 915 o322 1264
12-01-98 62 884 322 . 252
14-02-98 47 830 319 228
14-03-98 49 930 - 321 - 307
13-04-98 51 - 902 321 397
11-05-98 45 883 322 369
08-06-98 37 <. 906 - - 326 338
06-07-98 36 943 321 343
23-08-98 37 885 325 285
05-09-98 24 801 325 316
- 06-10-98 50 870 324 268
03-11-98 51 - 855 323 353
07-12-98 - 45 860 323 252
04-01-99 36 843 320 205
06-02-99 29 T o844 319 228
02-03-99 28 865 321 -
05-04-99 22 876 302 322
03-05-99 21 885 - 304 322
05-06-99 16 - 870 . 356 403
05-07-99 18 880 300 380
03-08-99 ) 17 873 323 375
05-09-99 10 870 320 350
03-10-99 9 580 318 292
03-11-99 10 760 - 334 280

07-12-99 14 387 -- 320 270
88 - o




* WADI AHIN BASIN
DM544498AB, FALAJ HIBI AT HIBI -

DISCHARGE MEASUREMENTS, Feb 1991 to Sep 2002

Date

03-01-00
05-03-00
03-04-00
07-05-00
05-06-00
03-07-00
05-08-00
04-09-00
03-11-00

04-12-00

"~ 06-0i-01
05-02-01
13-03-01
03-04-01
08-05-01
09-07-01
04-08-01
05-09-01

11-02-02

20-03-02
10-04-02
07-05-02
12-06-02
10-07-02
04-08-02
16-09-02

Dlscharge>
s)

9
9

P S IRV RRT I~ - SV~ 8- B (R Y

.

i

(#S/cm)

8%

EC

900
894
905

Water
(°0)

320
308
311

Air
°C
270

217
281



Date

19-06-95
11-10-95
13-12-95
08-06-96
16-09-96
14-12-96
05-07-97
13-04-98
07-12-98
05-06-99
05-06-00
04-12-00
Mean

Mm
Max

-

WADI AHIN BASIN - '
DM544498AB, FALAJ HIBI AT HIBI
" WATER QUALITY DATA, Jun 1995 to Dec 2000

- ANION

Bicarbonate Boron Bromide Chlori;ie Fluoride Nitrate Nitrate
As HCo3 AsB AsBr As(l AsF AsN AsNo3

(mgy . (mgM) (mgM (mgh) (mgh) (mg) (mgh)

v

163 - - 132- 053 - 18

186 - - 111 057 - 21
T2 - 012 115 070 . - 21
173 - - 123 - 071 - 22
T17s - - . 123 010 -~ - - 21
o - - 141 076 - 21
159 - - 127 - 069 - 21

173 - - 143 . 065 - 21

180 - - 134 010, - - 22

170 - - 142 059 - - 22

172 - - 153 010 - 23

169 - - 147 033 - 23

171 - 0.12 133 049 . -~ 2.1

159 - 6.12 111 0.10 - 1.8

186 -~ G.12 153 0.76 - 23

90

Sulfate
As So4

(mg/)

40
44
37
43
41
35
34
49
36
39
32
39

39
32
49




. WADI AHIN BASIN ¢ i
DM544498AB, FALAJ HIBI AT HIBX
WATER QUALITY DATA, Jun 1995 to Dec 2000

CATION 7
Date Caleim Iron Potassium Lithum Magnesum  Manganese Sedium Sohds
¢+ AsCa AsFe = AsK As Lt As Mg As Mn As Na Dissolved

: (mgfh)  (mgh)  (mgfh) (mg/) (mg/l) (mg/) (mgh) (mg/)
190695 32 005 s0 07 30 005 77 -
11-10-95 38 006 - 20 ° 03 38 005 . 60 -
13-12-95 37 005 -- 22 -01 37 005 60 -
08-06-96 42 005 22 02 38 005 65 -
16-09-96 43 005 25 02 39 005 73 -
14-12-96 40 005 23 - 04. 37 . 005 69 -
09-07-97 44 005 25 00 34 005 - 74 -
13-04-98 44 006 27 0.2 39 005 81 -
07-12-98 41 005 29 0.1 37 005 80 -
05-06-99 44 005 26 02 39 005 - 77 -
05-06-00 39 008 27 06 38 006 - T3 - -
04-12-00 41 005 29 -03 42 005 72 -
Mean 40 005 2.7 0.1 37 0.05 72 -
Min 32 _ 005 2.0 -0.6 30 0.05 60 -
Max 44 008 50 0.7 42 0.06 81 -

T
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) o -+ WADI AHIN BASIN -
- DMS544498A8B, FALAJ HIBI AT HIBI
‘WATER QUALITY DATA, Jun 1995 to Dec 2000

CALCULATED -

Date Total Total Ton Total  Total Th_eoretlcal ) Lab Lab pH

Alkalmity Hardness Balance Anion Cation TDS Conductivity  (Standard

(mg/) (mg/Mh) (mell} (me/}) (meefl) {mg/) (nS/cm) Units)

19-06-95 167 205 - 8§ 8 48 819 84
11-10-95 186 250 - 8 8 418 _ 782 71
13-12-95 162 245 - 7 8 398 . 759 74
08-06-96 173 260 - 8 8 430 815 77 )
16-09-96 175 268 - 8. 9 439 834 78
14-12-96 173 250 - 8 8 440 828 80
09-07-97 159 -248 - 8 8 424 854 75
13.04-98 173 %8 - 9 o 415 862 7
07-12-98 180 257 - 8 9 454 871 76
05-06-99 170 272 - 8 9 461 867 74 -
05-06-00 - 172 257 - 9 8 456 907 69
04-12-00 169 277 - - 9 9 666 72

92
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WADI SARAMI BASIN
DM741678AB, FALAJ HAIL RASAH AT HAIL RASAH

93

LOCATION -
UTM 471743 E, 2646787 N
LATITUDE 23° 55' 56"
LONGITUDE 56° 55' 56" )
FALAJTYPE " Ghaily
PERIOD OF RECORD August 1991 to September 2002
REMARKS 112 measurements have been made at the site ~
" MEASURED Maximum measured discharge, 142 s, 10 June 1997
EXTREMES Minimum measured discharge, 4 Is, 15 May 1994
180
. |DMP4167848, FALAY HAIL RASAH AT HAIL RASAR|
140 ?
120 1
£ 100 "
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80 .
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DATE OF OBSERFATION



WADI SARAMI BASIN

DM741678AB, FALAJ HAIL RASAH AT HAIL RASAH
DISCHARGE MEASUREMENTS; Aug 1991 to Sep 2002

_ Date

06-08-91
21-08-91
03-09-91
18-09-91
30-09-91
14-10-91
29-10-91
19-11-91
24-11-91
24-12-91
07-01-92
21-01-92
08-02.92
22-02-92
23-02-92
10-03-92
18-04-92
09-05-92
24-05-92
08-06-92
06-07-02
22-07-92
10-08-92
07-09-92
22-12-92
24-01-93
21-02-93
10-03-93
23-05-93
14-06-93
14-07-93
21-08-93
13-09-93
18-10-93
14-11-93
. 19-12-93
27-02-94
30-03-04
12-04-94
15-05-94
18-06-94
19-06-94
13-07-94
20-08-94
19-09-94
19-10-94
15-11-94
17-12-94

15-01-95

+

Discharge
(I’s)

10
12
11
7
12
10
11
7
14
12
14
24
37
28
24
22
3
17
15
30
31
27
25
20
22
23
18
29
40
22
i3
8
13
23
24
19
20
1%
10
4
9
9
7
28
23
27
10
25
16

(nS/em)

94

EC

902
930
929
932
944
958
980

990

963
905
905
8§95
861
891
854
889

-—

799
749
880
981
903
960
836
858

889

881
847
834
867
898
919
1013
1008
977
885
862
885
884
941
941
922
1002
981

962 .

829
920
964

Water

(°C)

300
328
330
320
320
310
300
265
263
230
205
220
220
310
340

0220

259
300
310
337
328
339
315
232
218
248
268
262
336
331
336
343
285
260
235
244
264
279
314
325
325
333
336
309
286
275
237
213

Air
(°O)

360
340
310
260
340
340
290
240
270
270

‘300

320
264
420
350
420
350
380
340
340
280
220
309
296
268
320
315
3406
335
266
281
203
265
281
370
317
317
399
389
311
301
247
3t1
216




WADI SARAMI BASIN
DM741678AB, FALAY HAIL RASAH AT HAIL RASAH

DISCHARGE MEASUREMENTS, Aug 1991 to Sep 2002

Date . Discharge EC Water Arr
(Vs) > (uSiem) (°C) O
14-02-95 15 1057 227 o192
21-03-95 23 973 245 269
10-04-95 22 910 260 206
16-05-95 13 .91 291 268
17-06-95 9 930 322 413
15-07-95 7 946 335 339
14-08-95 36 616 - 326 380
11-09-95 24 680 344 347
14-10-95 33 .82 309 295
12-11.95 62 754 262 340
25-12-95 34 748 242 2717
14-01-96 17 757 236 220
26-02-96 25 656 - 241 226
10-03-96 46 636 T 244 24 1
14-04-96 52 660 296 269
13-05-96 43 703 319 370
08-06-96 64 631 338 400
20-07-96 59 - 335 407
10-08-96 47 673 358 T 435
11-09-96 50 670 355 402
12-10-96 32 752 271 266
12-11-96 38 810 261 241
18-12-96 ~ 33 . 809 276 -
22-01-97 29 - - -
17-02-97 29 - - M
08-03-97 42 849 236 246
09-04-97 15 600 274 320
11-05-97 38 589 305 312
10-06-97 142 640 314 370
15-07-97 58 672 312 317
11-08-97 70 670 324 o397
14-09-97 47 735 336 370
20-10-97 50 . 700 29 4 240
18-11-97 44 588 296 332
16-12-97 48 633 235 223
12-01-98 76 639 - 222 210
16-02-98 54 600 210 240
15-03-98 72 616 25.7 242
12-04-98 94 630 283 354
11-05-98 65 674 318 <417
15-06-98 47 744 356 380
14-07-98 38 750 335 325
08-08-98 45 ‘760 360 * 422
02-09-98 - 43 756 342 326
03-10-98 35 766 331 312
03-11-98 ' 37 781 300 ~318
09-12-98 40 796 323 316
09-01-99 35 806 255 276
02-06-99 .27 793 307 325

95
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WADI SARAMI BASIN
DM741678AB, FALAJ HAIL RASAH AT HAIL RASAH

DISCHARGE MEASUREMENTS, Aug 1991 to Sep 2002

Date Discharge EC " Water "Air
(s) - (nS/em) ) - (°0)
04-09-99 22 800 = 344 400
06-12-99 27 938 260 340
04-03-00 9 900 256 277
04-06-00 - - - -
03-12-00 14 946 257 300
10-03-01 13 930 260 275
03-06-01 - 980 324 358
05-09-01 - 28 1072 330 370
04-12-01 10 1071 259 295
09-03-02 " T 1070 - 267 256
08-06-02 - - 1030 315 360
08-09-02 8 - - - -
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WADI SARAMI BASIN
DM741678AB, FALAJ HAIL RASAH AT HAIL RASAH
WATER QUALITY DATA, Jun 1995 to Jun 2001

: ANION

Date Bicarbonate Boron liromide Chlonide Fluoride Nitrate Nitrate Sulfate
As HCo3 AsB AsBr AsCl AsF AsN AsNo3 AsSod

(mgh)  (mg/M (mgh) (mgh) (mg/h) (mg/) (mgh) (meM)

17-06-95 306 .- - 99 010 - 05 39
11-09-95 214 - - . 58 010 - 09 32
25-12:95 7y - 010 103 010 - 10 43
08-06-96 216 . - n 053 - 06 50
18-12-96 236 - - 82 010 - 02 44
15-07-97 144 - - 63 016 - 08 38
14-09-97 150 - - 93 010 - 10 38
12-04-98 206 - 64 010 - - 09 46
04-06-00 261 - - 122 010 - 05 55
03-06-01 235 - - 130 024 - 05 56
Mean 219 - 0.10 80 0.16 - 0.7 44
Min 144 - 0.16 58 0.10 - 0.2 32
Max 306 - 0.10 130 0.53 - 1.0 56
CATION
Date Caleium Iron  Potassium  Lithium  Magnesium  Manganese Sodwem Sohds
As Ca As Fe AsK AsLi As Mg As Mn As Na Dissolved
(mg/h) (mg/l) (mg/l) (mg/) {mgM) (mg/l) (mg/l) (mg/h)
17-06-95 17 005 60 08 7 005 62 -
11-09-95 18 005 25 10 61 005 31 -
25-12-95 23 005 29 10 68 005 36 -
08-06-96 22 005 28 09 68 005 33 -
18-12-96 25 005 30 10 ) 005 41 -
15-07-97 20 . 005 . 26 08 55 005 31 -
14-09-97 2 005 31 10 64 00s  ° 37 -
12-04-98 19 005 24 04 59 005 33 -
04-06-00 19 006 39 03 87 006 55 -
03-06-01 21 005 41 08 90 005 61 -
Mean . 21 005 3.3 0.7 71 0.05 42 -
Mn 17 0.05 2.4 0.3 55 0.05 31 -
Max 25 0.06 6.0 1.0 9 006 62 -
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Date

17-06-95

11-09-95 -

25-12-95
14-04-96
08-06-96
18-12-96
15-07-67
14-09-97
12-04-98
04-06-00

03-06-01

WADI SARAMI BASIN
DM741678AB, FALAJ HAIL RASAH AT HAIL RASAH
" WATER QUALITY DATA; Jun 1995 to Jun 2001

CALCULATED

Total Total Ion Total Total Theoreglcal Lab Lab pH
Alkalinity Hardness Balance Anton Cahon DS Conductivity  (Standard

(mgAN) {mg/) (me/) (me/l}  (me/l) (mg/) (nS/em) Units)

313 338 - 10 .10 491 941 84 }

241 296 N 7 3% 676 87. .

263 338 - 9 - 8 e 729 . 87

214 284 - 7 7 355 . 644 89

238 336 - 8 . 8 3 85

278 399 - 9 10 450 793 86

198 276 - 7 7 335 649 87

21 317 - 8 8 307 705 88

206 292 - 7 3 357 628 82

261 406 - 10 1 506 964 73

276 423 - 10 1 535 991 85
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LOCATION

UM
LATITUDE
LONGITUDE
FALAJ TYPE

] WADI SARAMI BASIN -
DB767284AB, FALAJ AL HARTH NEAR SAHAM .

477833 E, 2662459 N

24°(04' 27" - -
56°04'27"

Daudi

PERIOD OF RECORD January 1983 to September 2002

REMARKS 156 measurements have been made at the site
MEASURED Maximum measured discharge, 138 Is, 11 September 1996
EXTREMES Mmimum measured discharge, 1 I\s, 10 Apr 1995
160 ) -
|DBT67184AB, FALAJ AL HARTH NEAR SAHAM
140
120 S
iR 3 ]
;5100 J.‘: ::. .
l,,‘::!""
i 80 Sl et
E FHA IO '
@ A |
E 60 l':!; v:|_: :
Pe ) oedl ®
0 A o [ d I
'5)?’ 'L_.." &Jb” ’f * —F &
0 AR A 4 Lot
RIL T v & IRY L )
‘?.” 4 " #¢ ]
0 i Py * RS S
8385858528585 8388568288¢g548 5
§F % F:F:iiiiiiiiiiiiiil
DATE OF OBSERVATION
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WADI SARAMI BASIN -
DB767284AB, FALAJ AL HARTH NEAR SAHAM

DISCHARGE MEASUREMENTS, Jan 1983 to Ang 2002 ]

Date - Discharge - EC . - Water Air
i (/s) - - (pS/em) (9] (°C)
19-01-83 43 650 . 320 -
26-02-83 34 600 - 320 -
04-04-83 39 - 680 300 . -
23-05-83 . 33 650 380 -
14-08-83 2 660 350 -
19-10-83 37 - 660 325 -
25-01-84 31 . 640 - 305 -
07-03-84 24 640 320 -
17-04-84 26 - - - -
21-04-84 26 - 670 350 -
22-05-84 .21 650 - - 340 - -
17-67-84 20 650 350 -
27-08-84 18 650 - 340 -
21-10-84 14 745 230 -
04-12-84 14 695 300 R
22-12-84 13 650 310 -
- 10-01-85 12 - - - -
11-02-85 9 ‘ - : - -
13-03-85 21 600 300 -
29-05-85 17 670 350 -
13-07-85 14 - - -
14-09-85 12 600 350 -
19-10-85 4 - -
13-11-85 6 T - - -
24-02-91 48 520 . - 340 -
12-03-91 46 - 650 - 340 - -
22-04-91 39 646 340 i
" 23-04-91 45 - - 350 400
20-05-91 36 648 340 -
12-06-91 28 651 342 -
14-07-91 31 650 340 -
12-08-91 30 . 652 340 340
16-09-91 . 26 654 340 C -
- 15-10-91 23 656 340 350
24-11-91 25 655 . 338 310
24-12-9] 23 _ 661 - 340 330
07-01-92 - 30 652 333 270
08-02-92 g 3t . 651 340 310
18-03-92 20 658 340 390
25-04-92 - 32 - 661 -- 339 390
-09-05-92 23 663 340 380
08-06-92 25 . 652 339 440
22-07-92 24 654 340 20
'10-08-92 S 23 653 342 370
07-09-92 30 661 338 400
22-12-92 33 i 666 - 338 290
24-01-93 32 659 - 336 340
21-02-93 33 660 338 332
10-03-93 28 667 335 350
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WADI SARAMI BASIN °
DB767284AB, FALAJ AL HARTH NEAR SAHAM

DISCHARGE MEASUREMENTS, Jan 1983 to Aug 2002 -

Date Discharge ’ EC Water Air
(Vs) (uS/em) - (°C) (°C)
12-04-93 28 665 339 350
23-05-93 27 T 66l 338 479
14-06-93 26 672 330 T340
14-07-93 21 666 339 27334
21-08-93 22 T e82 340 350
02-09-93 14 665 340 345
18-10-93 ' 17 " 670 332 309
14-11-93 15 669 332 300
19-12-93 T 15 665 327 265
12-01-94 20 673 312 278
27-02-94 15 - 327 - 227
30-03-54 19 655 334 348
12-04-94 - 16 668 335 277
15-05-94 14 656 338 - 378
18-06-94 13 . 661 337 333
13-07-94 6 664 341 © 40.0
20-08-94 8 663 344 380
19-09-94 .7 660 290 335
19-10-94 -6 660 330 329
15-11-94 5 663 326 268
17-12-94 4 662 318 252
15-01-95 4 - 711 312 259
21-03-95 4 718, 318 298
10-04-95 1 657 - 317 347
11-09-95 7 670 340 353
14-10-95 15 752 337 461
12-11-95 18 658 336 388
25-12-95 23 661 338 283
14-01-96 41 679 263 210
26-02-96 52 702 337 235
10-03-96 73 689 305 278
14-04-96 77 : 657 335 -
13-05-96 71 629 340 379
08-06-96 37 739 337 . 303
20-07-96 82 660 336 327
_ 10-08-96 87 626 322 - 446
11-09-96 138 626 346 323
12-10-96 58 513 273 252
12-11-96 99 616 350 26 6
18-12-96 77 T 623 313 -
22-01-97 13 - - - -
17-02-97 58 - - -
08-03-97 73 643 343 - 302
09-04-97 119 640 343 348
11-05-97 61 - 621 - 311 323
10-06-97 97 630 342 441
15-07-97 49 633 339 408

11-08-97 39 620 342 - 417
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- WADI SARAMI BASIN -
DB767284AB, FALAJ AL HARTH NEAR SAHAM

DISCHARGE MEASUREMENTS, Jan 1983 to Aug 2002

Date Discharge” - EC Water Air
. (I/s) (uS/em) . (°C) O
14-09-97 45 633 - 343 335
20-10-97 45 .- 620 344 328
18-11-97 ) 69 <632 343 362
16-12-97 71 634 - 345 274
12-01-98 72 629 346 321
16-02-98 79 - 626 - 343 268
15-03-98 83 631 342 310
12.04-98 68 611 340 358
11-05-98 . 91 611 339 385
15-06-98 73 * 620 T 338 397
14-07-98 72 620 343 L 362
08-08-98 74 620 344 401
02-09-98 73 612 o 348 T 470
06-10-98 - 52 618 347 . 367
08-11-98 59 630 347 332
09-12-98 39 630 348 296
09-01-99 31 337 242 347
08-02-99 27 639 347 294
08-03-99 30 628 344 277
07-04-99 33 634 346 348
02-05-99 30 640 346 325
02-06-99 23 655 345 322
04-07-99 20 639 - 346 389
02:0899 . - 626 - 347 366
04-09-99 - - - -
03-10-99 16 649 319 342
02-11-99 24 - 630 346 316
06-12-99 20 630 340 250
02-01-00 24 . 656 320 270
01-02-00 22 640 340 290
04-03-00 17 636 340 . 270
02-04-00 18 630 - T 343 . 341
02-05-00 24 650 340 350 -
04-06-00 10 690 345 -
02-07-00 12 650 343 -
03-09-00 7 650 300 360
02-10-00- _— - - -
01-11-00 - 629 324 300
_03-12-00 - - - -
02-01-01 5 630 308 267
04-01-01 . - 630 382 250
03-04-01 - 627 305 290
02-05-01 - 624 312 360
03-06-01 - 630 324 390
06-07-01 - - - -

T -05-09-01 - _ 629 330 3o
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"WADI SARAMI BASIN

DB767284AB, FALAJ AL HARTH NEAR SAHAM -
DISCHARGE MEASUREMENTS, Jan 1983 to Aug 2002

Date

06-10-01
11-11-01
04-12-01
12-01-02
13-02-02
09-03-02
03-04-02
05-05-02
08-06-02
08-07-02
05-08-02

Discharge )
(I/s)

EC
{pS/em)

622

Water
0

322

294
276
252
294
3t
354
320

Air
O

T 300



Date

09-12-90 .

17-06-95
11-09-95
25-12-95

14-04-96

18-12-96
14-09-97
04-07-99
03-12-00
03-01-01
Mean
Min
Max

Date

09-12-90
11-09-95
25-12-95
18-12-96
14-09-97
04-07-99
03-12-00
03-06-01

Mean
Min
Max

7 WADI SARAMI BASIN -
~ DB767284AB, FALAJ AL HARTH NEAR SAHAM
WATER QUALITY DATA, Dec 1990 to Jun 2061

~ ANION
Bicarbonate Boron Bromude Chionide Fluoride Nitrate Nitrate
~ AsHCo3 AsB As Br AsCh AsF AsN  AsNo3
(mg/) (mgf))  (mg/) ~ (mgfl) (mgh)  (mg/)  (mg/l)
190 - - 69 010 - 19
160 - - 90 010 - 16
171 - - 76 010 - 17
158 - 011 96 S 010 - 19
- 160 - - 64 037 - 20
160 - - 68 017 .- 21
144 - - 65 010 - 19
169 - - 638 010 - 19
166 - ro - 72 010 - 21
151 - - 67 017 - 21
163 - 0.11 74 6.14 - 1.9
144 - 0.11 64 010 - 1.6
190 - 0.11 - 9 0.37 - 2.1
CATION
Caleium Iron  Potasssum  Lithiom  Magnesium  Manganese Sodium
AsCa - AsFe AsK As L AsMg As Mn AsNa
(mg/) (mg/l) (mg/) (mgM  (mgh (mg/l) (mg/l)
21 005 27 04 44 005 48
23 005 - 25 05 50 . 005 47
‘22005 24 00" 44 005 46
20 005 23 02 42 005 44
22 005 25 01 40 005 48
2 005 29 00 46 001 48
21 - 007 29 01 .48 005 46
=719 =005 29 04 45 005 43
21 - 005 2.6 0.1 45 005 46
19 0.05 23 -0.4 40 - 6.01 43
23 0.07 2.9 0.5 50 - 005 48

104

Sulfate
As Sod

{mg/l)
52
43
50
53
50

.53
51

53 -
49

53

51

43

53

Sohds
Dissolved

(mgfl)

-

-




Date

09-12-09
17-06-95
11-09-95
25-12-95
14-04-96
18-12-96
14-09-97
04-07-99

03-12-00

03-06-01

WADI SARAMI BASIN )
DB767284AB, FALAJ AL HARTH NEAR SAHAM
WATER QUALITY DATA, Dec 1990 to Jun 2001

‘ CALCULATED
Total Total lon Total  Total  Theoretical Lab Lab pH
Alkalimity Hardness Balance Amen Cation TDS Conductivity  (Standard

(mg/l) (mg/) (me/l) (mefl)y  (me/l) (mg/l (nS/cm} Units)
190 234 - 7 7 363 629 73
160 190 - 7 7 36& 709 - 83
171 262 - 7 7. 362 675 32
158 236 - 7 7 370 645 78
160 Ny - 6 6 331 623 80
160 223 - 6 6 338 606 80
144 218 - 6 6 326 607 . 79
169 244 - 7 7 353 632 79
166 251 - 7 7 352 482 76
157 233 - 6 7 337 638 83

105



; . v .
:

%

WADI SARAMI BASIN  ° ’
DB757972AB, FALAJ AL RAWDAH AT AL'-RAWDAH

wreT - . )
LOCATION ) ’ -
UTM 477977 E, 2659376 N
LATITUDE . 24°02' 47"
LONGITUDE ' 56° 47" 00"
FALAJTYPE Daudi -
PERIOD OF RECORD January 1983 to September 2002
REMARKS 134 measurements have been made at the sie
MEASURED Maximum measured discharge, 313 Is, 14 April 1996
EXTREMES Mmmum measured discharge, 3 Ds, 30 Marr 1994
350 -
{DB75797248, FALAJ AL RAWDAH AT AL RAWDAH
s
300 :
*
250 - i
") i
3 ] N
g R
: | ebil il
g 150 EZRENIM
g |8 RN
a Y ::‘l : N
v HEIRE
100 e o Ty 1
P S RE IR
Ll - % s
soLL : ‘{:‘t0 L . ‘
" - ’l N - " *0: &
* [0 AP PEE B ____% & Y : o b\
L wap Peeg L1 T i I
2 3 8 85 %2 8588385 %5888 5 8
§ 5 8 5 4 33 5 &% % iiiEif 5P
DATE OF OBSERVATION
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- WADI SARAMI BASIN ]
DB757972AB, FALAY AL RAWDAH AT AL RAWDAH

DISCHARGE MEASUREMENTS, Jan 1983 to Sep 2002

Date Discharge 'EC Water " Air
(/s) (nS/em) O °C)
29-01-83 55 - - -
26-02-83 52 T 600 320 -
04-04-83 - 53 620 290 -
23-05-83 128 550 350 -
14-08-83 115 545 340 -
19-10-83 176 575 300 -
13-11-83 140 570 330 -
25-01-84 - 56 550 320 -
07-03-84 27 550 320 -
17-04-84 16 - - -
21-04-84 11 . 600 360 . -
22-05-84 13 - 590 340 T -
17-07-84 7 550 335 -
27.08-84 5 550 320 -
19-08-87 24 - T 350 -
08-02-91 21 637 "330 230
24-02-91 21 500 330 -
12-03-91 17 640 330 -
22-04-91 21 639 _ 330 -
23-04-91 .24 S 330 _ 370
~20-05-91 14 641 331 <
12-08-91 - - 11- . 640 - 330. . 340
.16-09-91 9 635 333 370
o 15-1091 1T 647 320 350
- 24-11-91 6 650 328 - - 300
24-12-91 17 643 330 280
. 070192 18 635 325 250
15-03-92 9 7653 330 - 280
) 25-04-92 46 619 327 340
e (09-05-92 . 53 630 _ . 320 350
08-06-92 71 634 330 390
22-07-92 71 635 330 350
10-08-92 61 636 _ 331 . 340
07-09-92 45 644 333 380
) (22-12:92 31 644 332 320
24-01-93 R - 636 - 329 -~ - -280
21-02-93 18 630 332 454
10-03-93 14 634 331 -
12-04-93 14 628 . 330 280
23-05-93 -1 - 625 330 436
14-06-93 12 637 333 361
14-0793 10 631 332 363
21-08-93 11 634 334 364
13-09-93 9 633 331 340
18-10-93 10 635 331 - 387
14-11-93 8 643 328 281
19-12-93 T 5 _ 650 324 266
12-01-94 10 650 324 390
27-02-94 3 646 235 244
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WADI SARAMI BASIN

DB757972AB, FALAJ AL RAWDAH AT AL RAWDAH
DISCHARGE MEASUREMENTS, Jan 1983 to Sep 2002

Date

30-03-94
12-04-94
15-01-95
21-03-95
14-08-95
11-09-95
14-10-95
12-11-95
25-12-95
14-01-96
26-02-96
10-03-96
14-04-96
13-05-96
11-09-96
12-10-96
12-11-96
18-12-9¢
22-01-57
17-02-97
08-03-97
. 09-04-97
11-05-97
14-09-97
20-10-97
18-11-97
16-12-97
12-01-98
16-02-98
15-03-98
12-04-98
11-05-98
02-09-98
06-10-98
08-11-98
09-12-98
09-01-99
07-02-99
08-03-99
07-04-99
02-05-99
02-06-99
04-07-99
" 02-08-99
04-09-99
03-10-99
02-11-99
01-02-00
04-03-00

.

Discharge
(Us)

168
113
141
93
49
158
239
313
281
112
68
64
42
39
15
25
68
124
128
151

201
245
197
191
164
169

EC
(nS/em)

642
650
711
718
600
648

564

- 569
573
" 602
572
593
574
620
622
618
618

-

108 .

Water
0

330
328
312
318
334
342
347
347
340
253
307
309
303
313
326
270
329
305

-

327
314
338
326
334
332
325
322
310
301
299
301
315
318
319
320
320
321
318
325
325
327
328
325

Air
(°O

1279

315
359
298
370
350
349
367
240
210
240
277
280
366
306
256
2438

289
358
329
348
359
362
271
270
264
293
385
390
334
332
275
285
240
279 -
269
343
344
301
402
397

276
247

-




WADI SARAMI BASIN
DB757972AB, FALAJ AL RAWDAH AT AL RAWDAH

DISCHARGE MEASUREMENTS, Jan 1983 to Sep 2002

Date Discharge - EC Water Air
(i/s) (uS/cm) &) O

02-04-00 - - - -
06-04-00 . - - C - -
02-05-00 . - - - -
04-06-00 - 652 350 400
02-07-00 - 610 316 360
02-08-00 R - - -
03-09-00 - - - -
02-10-00 : - . - - -
01-11-00 : - - - -
03-12-00 - - - -
02-01-01 - - - -
04-02-01 - . - - -
10-03-01 - - - -
03-04-01 - - - -
02-05-01 - . -~ - -
03-06-01 - ) - - - -
05-07-01 ) - - - -
06-07-01 - - - i -
05-09-01 . - - - -
06-10-01 - - - - e
10-11-01 - - - ) - -
12-12-01 - - - - -
_12-01-02 - - - -
13-02-02 - - - -
09-03-02 - - - -
03-04-02 - - - -
05-05-02 -~ - - -
08-06-02 - - - - -
08-07-02 - - - -
05-08-02 - - - -
08-09-02 - - - -
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Date

11-09-95
25-12-95
18-12-96
15-07-97
14-09-97
24-11-97
12-04-98

04-07-99

04-06-00

Mean
Min
Max

Date

11-05-95
25-12-95
18-12-66
15-07-97
14-09-97
24-11-97
12-04-98
04-07-99
94-06-00

Mean
Min
Max

3 -

" WADI SARAMI BASIN

DB757972AB, FALAJ AL RAWDAH AT AL RAWDAH

WATER QUALITY DATA, Sep 1995 to Jun 2000

) ' ANION
Bicarbonate Boron
) As HCo3 AsB AsBr As(Cl AsF
(mg/) (mgh)
162 - - 70 ~010
- 148 - 009 68 010"
160 - - 62 010
142 - - 55 016
132 - - 95 010
139 - - 58 010 .
- 156 - C- 59 033
165 - - 64 010
196 - - 60 010
156 - 0.09 66 0.13
1 - 0.09 55 0.10
196 - 009 95 0.33
CATION
_ Calentm Iron  Potassium  Lithwum Magnesium
AsCa AsFe AsK AsLi As Mg
(mg/l) (mg/l) {(mg/) {mg/h) (mg/D
22 005 25 01 47
19 005 23 - 04 . -37
23 005 25 04 42
23 005 24 o1 34
27 005 26 02 36
23 005 25 01 38
22 005 32 01 37 -
25 005 28 02 45
21 005 26 -10 43 .
23 0.03 2.6 0.0 40
19 0.05 2.3 -1.0 34
27 005 3.2 04 47

110

Bromide Chioride Fluoride Nitrate Nitrate Sulfate

AsN AsNo3 AsSod .

Manganese
As Mn

(mg/l)

005
G605
005
005
005
005
005
ool
005

005
0.01
005

2.1
19
2.0
16
18
18
20
19
21

1.9
1.6
21

Sodmm
As Na

(mg/h)

38
36
41
41

45

38
435
45
36

41
36
45

(mgy (mgh) (mgh) (mgh) (mgh) (mgh)

51
51
60
51
59
48
51
62
51

54
48
62

Sohds
IDhssolved

(mg/h




- WADI SARAMI BASIN
DB757972AB, FALAJ AL RAWDAH AT AL RAWDAH
WATER QUALITY DATA, Sep 1995 to Jun 2000

CALCULATED ]
Date Total Total Ion Total Total  Theoretical Lab - LabpH
Alkahnity Hardness Balance Amion  Cation TDS Conductivity  (Standard
(mg/) (mg/1) {mefl) (mefl) (me/l) {mg/) (nS/cm) Umits)
11-0995 - - 162 247 - - 6 7 1 340 596 3 79
25-12-95 148 202 - 6 6 315 554 82
14-04-96 142 198 - 6 6 305 565 81
18-12-96 160 231 - 6 6 339 605 82
15-07-97 142 199 - - 6 6 302 562 7.9
14-09-97 132 214 - 7 6 355 589 80
24-11-97 139 215 - 6 6 303 566 78
12-04-98 156 207 - 6 6 323 570 78
04-07-99 165 " 248 -7 7 355 602 80
7 6

04-06-00 ‘196 232 -- 345 620 67
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WADI SHAFAN BASIN
DB957411AB, FALAJ AL HIJARI AT AL HIJARI

LOCATION -
UTM ’ 496615 E, 2652984 N
LATITUDE 23°59' 20"
LONGITUDE i 56° 58' 00" }
FALAJTYPE - Daudi ~
PERIOD OF RECORD August 1982 to September 2002
REMARKS 218 measurements have been made at the site
MEASURED Maxmmum measured discharge, 90 s, 13 January 1998
EXTREMES Mmimum measured discharge, 2 I\s, 13 December 1986
100 -
] IDBQE'MIIAB, FALAJ AL HIJART AT AL HITART
0
80 ;
o Z
q f B
€0 gt
rﬂ '
8 Q?&?:f‘-
g 4 Rl
" o N
2 40 i AT
a 0 s Al te :
," vl ":i: ] v :@ 'l'#.
MRS S b et % EXW, Hios
A :E«u' " 43'"9%*.’ m,ﬁ»%i : 13 g:,;"%?
10 y ; il :‘l ﬁ #'ﬁ:‘: } ‘ Q”ﬁ% ' " i
: + g + % e
o L * t’«,f | v E
TEEEEEEEEEEEEEEEEEERE
i 8 8 5 5% F 5 F 5 3 3 5 B F % H 5 EF 8 5 48 ¥
DATE OF OBSERVATION
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WADI SHAFAN BASIN
" DB957411AB, FALAJ AL HIJARI AT AL HIJARI

DISCHARGE MEASUREMENTS, Aug 1982 to Sep 2002

Date Discharge - EC “Water Air
(s) (nS/em) °C) °O)
25-08-82 24 1455 350 -
25-09-82 21 1450 360 -
11-01-83 10 1550 270 - -
26-02-83 10 - 1600 - 290 -
04-04-83 6 1550 260 -
23-05-83 6 1620 350 T -
22-08-83 32 - ‘ - -
14-11-83 . 30 1700 - 320 -
21-01-84 32 1680 295 -
03-03-84 28 - - -
14-04-84 29 - - - -
15-07-84 23 - - 1700 380 . _ -
26-08-84 26 1450 340 - )
04-12-84 - 25 - 290 -
10-01-85 23 - . - - -
13-03-85 ’ 50 1400 300 -
08-04-85 52 - - -
. 05-05-85 33 1400 350 -
12-06-85 30 ~13%0 320 i
13-07-85 .36 . - - -
13-08-85 . . - 20 - - - -
14-09-85 35 1400 - 390 =
19-10-85 - .10 e = .-
12-11-85 24 C - - -
- 10-12-85 - 22 1300 250 -
N 11.01-86 18 1300 . 280 - i
- 11-02-86 - - 26 - 1300 250 .. -
10-03-86 8 1200 250 -
13-04-86 6 1220 - - - 230 - -
21-06-86 4 - - -
09-07-86 4 - - - -
09-08-86 - -3 - - -
22-09-86 T3 - 310 -
08-10-86 3 - - -
. 12-11-86 3 - - - .
- 13-12-86 2 - - - :
17-01-87 3 1325 250 -
08-03-87 6 1050 290 ) -
* 15-03-87 36 1600 260 - . .
+23.04-87 8 1025 320 - -
- 16-06-87 11 1700 400 -
20-07-87 . 10 1150 320 -
19-08-87 10 - 380 -
16-09-87 12 2000 - -
17-10-87 14 1720 280 -
15-11-87 14 1600 300 -
18-12-87 16 - - -
19-01-88 16 1620 300 - .
- 14-03-88 19 1650 - -
09-04-88 21 1300 360 -
25-05-88 15 1650 350 -
22-06-88 20 1600 350 - -
18-07-88 18 1630 350 -
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WADI SHAFAN BASIN
DB957411AB, FALAJ AL HIJARI AT AL HIJARI

DISCHARGE MEASUREMENTS, Aug 1982 to Sep 2002 -

Date Discharge -~ EC  ---- Water Air
(/s (nS/em) O O
23-08-88 18 . 1300 340 o -

. 19-09-88 16 1250 320 -
12-10-88 18 1600 - -
15-11-88 17 1550 290 -
17-12-88 16 - - - e
11-01-89 14 1625 240 .-

- 13-G2-89 12 1700 320 - e
08-04-89 18 ) 1550 - 310 -
27-05-89 17 1600 320 -
14-06-89 10 1500 360 -
22-07-89 . 11 - - -
19-08-89 10 1600 - 340 -
13-09-89 10 - - -
24-10-89 | 8 1600 330 -
21-11-89 9 1625 320 e
19-12-89 19 2050 260 -
08-01-90 14 . _ 1680 290 -
17-02-90 20 . 1750 360 - .-
17-03-90 17 - - - -
16-04-50 17 - - - -
18-06-90 : i4 1400 370 -
19-07-90 9 : T - - -
19-08-90 131 1605 380 - ==
02-09-90 16 - -- .-
20-10-90 Tt 18 T 1650 - --
10-12-90 18 - 320 260
21-01-51 ) 17 -- : 320 290

T 24-02-51 24 1450 350 --
12-03-91 23 1720 250 -
22-04-91 21 1685 325 400
20-05-91 18 - - -
12-06-91 12 1655 - 330 -
22-07-91 18 _ 1659 T 330 : 420

) 11-08-91 22 1656 B, 335 -
15-09-91 18 1649 - 333 390
15-10-51 15 - 1646 330 350
23-11-91 15 1651 330 300

L21-12-91 .23 s 1756 7T 3200 L wn e

T 20-01-92 22 1636 320 260
17-02.92 21 1638 320 280
17-03-92 14 1635 ’ 321 -
19-04-92 15 A 1637 320 340
11-05-92 13 1570 320 320

- 23-06-92 . H 1533 . 332 390

- 18.07-92 11 1563 334 380
22-08-92 - 10 1242 - 340 370
12-09-92 11 : 1551 334 350
16-12-92 12 - 1575 322 280
30-01-93 11 i 1580 -~ 3t4 300
20-02-93 11 - 1559 317 340
15-03-93 12 1569 - 319 . 268
17-04-93 13 - 1560 324 360
25405-93 11 1560 330 300
16-06-93 11 1596 333 350
20-07-93 13 1584 338 324
27-08-93 14 1584 333 440
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WADI SHAFAN BASIN

DB957411AB, FALAJ AL HIJARI AT AL HIJARD
DISCHARGE MEASUREMENTS, Aug 1982 to Sep 2002

Date

20-09-93
19-10-93
17-11-93
18-12-93
23-01-54
07-02-94
26-03-94

27-04-94

16-05-94
19-06-94
19-07-94
24-08-94
26-09-94
16-10-94
14-11-94
20-12-94
14-01-95

13-02-95 -

20-03-95
18-04-95
24-05-95
19-06-95
17-07-95
15-08-95
20-09-95
21-10-95
14-11-95
29.12-95
17-01-96
27-02-96
13-03-96
21-04-96
14-05-96
11-06-96
15-07-96
17-08-96
16-09-96
21-10-96

13-11-96 .

15-12-96
25-01-97
19-02-97
10-03-97
09-04-97
04-06-97
150797
13-08-97
16-09-97
21-10-97
17-11-97
14-12-97
13-01-98
16-02-98
17-03-98
14-04-98

Discharge
5

11

(nS/cm)

115

EC

1141
1616
1654
1649
1636,
1583
1579
1573
1561
1575
1587
1582
1566
1588
1559
1760
1728
1720
1719
1537
1531
1487
1514
1528
1900
1665
1862
1838
1940
1950
2100
1910
1825
1854
1860
1854
1865
1840
1885

1950
2100
2160
1970
2030
2005
1964
1923
1943
1869
1789
1788
1746

Water
¢C)

327
330
319
322
327
359
333
340
340
342
336
335
328
317
304
298
313
311
335
336
344
339
337
329
325

_ 321

318
319
320
321
327
329
333
335
336
329
316
318
320
326
320
322
312
330
335
335
332
323
314
310
307
310

Arr
(¢C)

350
305
345
290

. 300

385
469
470
410
362
360
310
2717

- 241

249
262
270

-305

310
418
327
423
295
304
331
254
268
311
239
333
379
340
399
339
361
303
242
260
300
287
285
344
334
312
321
360
288
292
246
345
336
459



~
-

Date

12-05-98
13-06-98
11-07-98
08-08-98
07-09-98
- 07-10-98
07-11-98
08-12-98
- 06-01-99
07-02-99
10-03-99
06-04-99
08-05-99
05-06-99
06-08-99
08-09-99
09-10-99
08-11-99
08-12-99
15-01-00
. 06-02-00
08-03-00
09-04-00
08-05-00
10-06-00
08-07-00
08-08-00

09-09-00 _

08-10-00
08-11-0G
06-12-00
- 09-01-01
10-02-01
© 7 12-03-01
08-04-01
12-05-01

10-06-01 _
_ =+-18-08-01

- 21-10-01
24-11-01
26-01-02
25-03-02
28-04-02
27-05-02
24-06-02
30-07-02
26-08-02
05-09-02

WADI S

Discharge
Us)

50
39
49
61
58
48
335
53
67
65
50

.

) AD1 SHAFAN BASIN-
DBY57411AB, FALAJ AL HIJARI AT AL HIJARI

DISCHARGE MEASUREMENTS, Aug 1982 to Sep 2002

+ (1nS/em)

EC

1725
1704
1650
1645
1633
1620
1820
1630
1630
1661

T 1637

1630
1672
1671
1660
1650
1122
1480

*

1400

1600
1533
1523
1430
1450
1570
1380
1900
1585
1390
1371
1386
1403

T 1377

1370
1370
1400
1362

1370 -
- 100

1400

—

1034

1285
1286

1333

116

ey

‘Water
- (°O)
318
276
332
335
339
339
343
335
328
324
319
322
325
330
334
300
337
330
280
320
322
322
330
317
333
285
300
329
323
318
316
297
205
315
- 324
332

353 -

305
258

330
377
~ 265
319

Ar

O -

356
394
420
380
380
356
339
270
252
323
303
342
_347
399
316
325
322
10
300
300
305
371
380

388
360
346
329
390
278
265
290
339
4138

.. 380




Date

21-10-95
29-12-95
11-06-96
30-12-96
15-07-97
16-09-97
13-01-98
08-12-98
10-06-00
10-06-01

Mean
Mmn
Max

Date

21-10-95
29-12-95
11-06-96
30-12-96
15-07-97
16-09-97
13-01-98
08-12-98
10-06-00
10-06-01

Mean
Min
Max

WADI SHAFAN BASIN
DB957411AB, FALAJ AL HIJARI AT AL HIJARI
WATER QUALITY DATA,Oct 1995 to Jun 2001

ANION

Bicarbonate Boron Bromide Chloride Fluoride Nitrate Nitrate Sulfate
As HCo3 AsB AsBr - AsCl AsF AsN AsNo3 AsSod

(

Calcyum
AsCa

(mg/l)

45
53
58
43
62
57
53
49
36
38

49
36

mg/l) (mg/h) (mgM) (mgM  (mgM). (mgh (mgh (mgh)

197 - - 338 020 - 25 175
192 - 025 379 023 - 29 191
204 - - . 366 089 - 27 181
154 - - 388 021 - 25 181
181 - - 422 013 - 27 180
176 - - 41 010 - 26 214
187 = - 473 014 - 32 92
320 - - s 010 = 12 49
220 - - 266 010 - 30 14
~204 - - 216 045 - 31 181
204 - 025 344 0.26 - - 2.6 146
154 - 0.25 182 010 - 1.2 14
320 - 025 473 0.89 - 3.2 214
CATION
Iron  Potassium  Lithium Magnesium  Manganese  *Sodirm Solids
As Fe AsK As Li As Mg As Mn As Na Dissolved
(mg/l) (mg/l) {mg/) (mg/) (mg/h {mg/) {mg/)
006 51 07 65 005 191 -
005 59 06 78 005 210 -
005 58 08 72 005 214 -
005 61 10 74 oos 224 - -
005 70 05 76 005 - 266 ~
005 ~ 68 08 66 005 256 -
005 - 77 '04 59 005 226 -
005 37 02 68 005 103 -
005 47 06 49 005 158 -
005 49 07 54 005 - - 170 -
0.05 5.8 0.5 66 - 005 202 -
0.05 3.7 06 49 0.05 - 103 -
0.06 7.7 1.0 78 005 266 -

62
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*WADI SHAFAN BASIN - . .
DB957411AB, FALAJ AL HIJARI AT AL HIJARI
WATER QUALITY DATA,Oct 1995 to Jun 2001

) CALCULATED
Date Total Total Ton Total Total  Theoretical Lab Lab pH
_Alkahmty Hardness Balance Amwon Cation TDS Conductivity  (Standard
(mg/ly - (mg/l) {me/l) (me/l)  (me/l) (mg/l) (peS/em) Umits)
21-10-95 197 380 - 17 16 o952 1640 81
29-12-95 192 452 - 19 18 ]049 1830 _ 80
21-04-96 203 460 - 19 19 1082 1630 83
11-06-96 - 204 442 - 18 18 3 1037 1860 81
30-12-96 194 411 - 191047 180 86
15-07-97 181 469 - 19 21— - 1138 2070 79
16-09-97 . ]7}5 - 413 - 20 H 20 1132 1970 81
13-01-98 - 187 _ 379 - 19 18 1043 1800 78
-08-12-98 320 407 - 13 13 662 1152 73
10-06-00 220 . 293 -- 12 13 - - v67~9 - 1428 67

10-06-01 204 319 - <714 T 14~ 806 1400 82
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WADI AL HAWASINAH BASIN
DB940051AB, FALAJ AL DIQAL AT DIQAL

LOCATION

UTM 490594 F, 2640306 N

LATITUDE 23° 59" 27" )

LONGITUDE 56° 54' 27"

FALAJ TYPE Daud:

PERIOD OF RECORD  Aungust 1983 to September 2002

REMARKS 175 measurements have been made at the site ‘

MEASURED " Maximum measured discharge, 118 Is, 21 October 1997

EXTREMES Minumum measured discharge, 10 I\s, 13 Apr 86 and 13 Feb 95
140

DB94005 AR, FALAJ AL DIQAL ATDIQAL|

]
g
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g g
= 80 T
C oon .
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& e e T
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14N 4 ar 17 13 -
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DATE OF OBSERVATION

P
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WADI AL HAWASINAH BASIN
DB940051AB, FALAJ AL DIQAL AT DIQAL

DISCHARGE MEASUREMENTS, Aug 1983 to Sep 2002

Date Discharge EC Water - Air
\ (I/s) (nS/cm) O (°C)
06-08-83 43 800 330 -
19-10-83 36 810 350 -
27-11-83 39 825 320 -
25-01-84 28 750 - 300 -
03-03-84 26 - - -
14-04-84 24 - - -
30-05-84 23 825 345 -
17-07-84 19 . 770 330 -
27-08-84 - 16 775 - 315 -
27-10-84 16 780 290 -
04-12-84 11 510 290 -

- 10-01-85 13 - - -
12-02-85 18 - - -
13-03-85 25 . 750 300 -
08-04-85 24 - - -
05-05-85 20 780 320 -
12-06-85 17 790 320 -~
13-07-85 14 - - -
13-08-85 6 - - -
14-09-85 11 780 350 -
19-10-85 4 - - -
12-11-85 9 - - - -
10-12-85 7 750 300 -
11-01-86 6 700 290 -
11-02-86 4 750 290 -
10-03-86 2 700 290 -
13-04-86 1 810 230 -
23-04-87 6 700 320 -
17-10-87 3 950 320 -
27-05-89 12 800 310 -
14-06-89 12 830 340 -
22-07-89 12 -- . - -
24-10-89 12 840 - 350 -
19-12-89 12 800 280 -
08-01-90 12 T 820 320 -
17-02-90 15 "770 320 -
17-03-90 _ 25 - - .
16-04-90 20 - - -
18-06-90 16 780 370 -
19-08-50 17 790 320 -
20-10-90 35 820 - -
21-01-91 32 e 340 360
24-02-91 30 650 350 - -
12-03-91 26 812 330 -
23-04-91 36 803 331 -
20-05-91 28 803 320 -

- 12-06-91 22 800 330 -
15-07-91 26 799 - 330 410
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WADI AL HAWASINAH BASIN .
DB940051AB, FALAJ AL DIQAL AT DIQAL

DISCHARGE MEASUREMENTS, Aug 1983 to Sep 2002

Date 'Discharge EC Water Air
(i/s) (nS/cm) ¢0) 0
11-08-91 i 22 800 330 -
15-09-91 19 792 : 333 370
15-10-91 18 798 330 330
23.11-91 - 16 795 330 290
21-12-91 .19 790 330 R
20-01-92 17 790 330 -
19-02-92 14 787 325 260
17-03-92 14 791 327 -
19-04-92 20 197 329 350
"01-05-92 20 799 330 350
23-06-92 15 - 787 332 350
18-07-92 15 796 333 350
27-08-92 12 785 330 430
12-09-92 12 - ’ 333 - 350
 16-12-92 - 9 . 788 325 270
30-01-93 3 774 322 © 270
20-02-93 5 775 321 277
i 15-03-93 8 780 323 285
17-04-93 11 781 328 280 -
26-05-93 8 786 344 350
16-06-93 - 12 755 331 - -370
20-07-93 10 778 336 339
24-08-93 . 9 773 344 -
. 20-09-93 8 - 339 -
19-10-93 8 770 327 330 h
“17-11-93 5 771 330 -290
18-1293 - 5 770 322 273
23-01-94 4 768 318 240
07-02-94 6 765 317 236
26-03-94 ) 5 751 328 321
‘ 27-04-94 5 766 365 400 -
16-05-94 6 743 335 454 -
19-06-94 4 757 340 - 390
10-07-94 3 760 337 © 370
24-08-94 4 750 337 - 325
26-09-94 3 746 330 2273
16-10-94 2 747 . 325 303
14-11-94 2 748 316 . 324
20-12-94 2 741 306 274
14-01-95 1 895 291 209
13-02-95 1 802 287 191
20-03-95 2 758 306 280
16-05-95 14 743 335 454
15-08-95 8 765 336 - 367
" 20-09-95 5 786 334 -291
21-10-95 7 730 312 290
17-01-96 7 760 313 223
27-02-96 24 774 325 214
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WADI AL HAWASINAH BASIN
DB940051AB, FALAJ AL DIQAL AT DIQAL

- DISCHARGE MEASUREMENTS, Aug 1983 to Sep 2002

Date * Discharge EC Water Air
' (’s) (nS/em) (¢C) °0)
13-03-96 . 34 744 324 244
21-04-96 29 S - . 328 296
10-05-96 28 860 -- 333 -
11-06-96 39 - 761 . 333 306 -
15-07-96 23 802 336 315
17-08-96 64 820 341 388
- 16-09-96 - 52 - 826 345 331
21-10-96 57 820 R -
13-11-96 54 805 339 25.1
15-12-96 - 59 803 335 260
25-01-97 53 816 313 251
19-02-97 55 832 - 319 299
10-03-97 T 48 - 323 259
09-04-97 59 ) 815 323 272
13-05-97 30 835 . 315 310
04-06-97 54 850 320 334
15-07-97 50 560 305 328
13-08-97 46 - 828 335 347
16-09-67 ’ 42 870 343 396
21-10-97 118 - 852 344 379
17-11-97 48 843 331 276
-14-12-97 49 | -848 . 304 - 277
13-01-98 43 - - ) -
"16-02-98 64 824 277 306
17-03-98 50 - 842 . 278 352
14.04-98 27 - 834 299 426
08-08-98 105 816 334 350
07-09-98 62 814 - - 341 331
07-10-98 71 818 . 342 344
07-11-98 67 845 344 - 358
08-12-98 54 830 337 303
06-01-99 54 841 o331 295
07-02-99 50 853 331 312
10-03-99 42 830 ., _ 323 252
06-04-99 56 500 T 318 342 -
08-05-99 51 B 7 319 ° 382
- 09-06-99 71 823 324 366
09-08-99 62 810 T 337 380
08-09-99 53 830 . 340 312
©09-10-99 72 840 - “344 338
-08-11-99 , 39 750 - - -
08-12-99 64 760 340 260
15-01-00 .48 840 340 310
06-02-00 42 814 330 300
08-03-00 A1 823 332 274
09-04-00 33 - 800 - 330 307
08-05-00 19 v - 330 370
10-06-00 27 . 920 314 -
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WADI AL HAWASINAH BASIN
DB940051AB, FALAJ AL DIQAL AT DIQAL )

DISCHARGE MEASUREMENTS, Aug 1983 to Sep 2002

Date i Discharge EC Water Arr
. (s) (nS/cm) (cO) (°C)
08-07-00 19 820 332 -
08-08-00 23 816 . 334 343
09-09-00 15 930 314 ~ 337 -
08-10-00 - 794 332 344
08-11-00 - 808 . 322 263
06-12-00 23 797 330 346
09-01-01 23 806 280 333
10-02-01 27 301 T 326 280 -
13-03-01 20 820 300 295
. 08-04-01 12 780 334 349
12-05-01 15 830 336 . 398
10-06-01 14 799 337 360
12-08-01 B - 800 337 . 351
03-09-01 - 800 338 345
10-10-01 - 200 333 283
12-11-01 - 793 337 -, 286
12-12-01 - 793 330 286
13-01-02 - 760 324 255
13-02-02 - 200 326 -
11-03-02 - 780 323 -
14-04-02 782 330 -
07-05-02 . - 770 340 400
09-06-02 - - 800 345 . 386
. 13-07-02 - 800 340 360
06-08-02 - - - -

08-09-02 - - - - -
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WADI AL HAWASINAH BASIN
DB940051AB, FALAJ AL DIQAL AT DIQAL
WATER QUALITY DATA,Oct 1995 to Jur 2001

- ANION -

Date B Bicarbonate Boron Bromide Chloride Fluoride Nlt;z;te Nitrate Sulfate
As HCo3 AsB AsBr AsCl AsF AsN AsNo3 AsSod

(mghy  (mg/h) (mg/) ~ (mgh) - (mgM) (mgA) (mgM) (mg/)

21-10-95 - 230 - - 52 028 - - 19- 75
29-12-95 220 - 012 55 040 - - 17 78
16-09-96 225 - .- 68 021 - 19 9]
30-12-96 233~ - . 66 032 - 20 81
15:07-97 - 158 - - % 010 - 23 94
16-09-97 192 - - 78 019 . 22 94 )
13-01-98 196 - - 85 025 - 28 87
14-04-98 201 - - 77 030 - 24 105
08-12-98 230 - - 74 010 - 30 93
09-06-99 218 - - 69 020 - 29 94
10-06-00 230 - - 65 010 - 34 . 89
06-12-00 221 - - 62 031 - 37 98
10-06-01 209 - - 60 046 - 35 95
Mean 3 . - 012 70 0.25 - 2.6 90
Min 158 - 0.12 52 0.10 - 1.7 75
Max 33 - 0.12 93 0.46 - 37 105 N

CATION
Date Calcium Iron  Potasstum  Lithuum Magnés:um Manganese Sediem Solids
As Ca As Fe AsK AsLi As Mg As Mn AsNa Dissolved
(mg/)  (mgh)  (mgn) (mg/) (mg/)) (mg/t) (mg/l) (mg/)

21-10-95 40 005 17 05 24 005 75 -

29-12-95 43 005 19 -08 24 005 73 -

16-09-96 51 005 20 - .07 -° 26 ) 005 .90 -

30-12-96 . 49 005 20 06 24 005 89 -

15-07-97 © 41 005 37 07 30 005 96 -

16-09-97 - 53 " _ 006 21 04 24 005 96 -

13.01-98 45 005 33 00 20 005 96 -

14-04-98 35 005 22 06 24 005 94 -

08-12-98 49 005 25 00 .24 005 101 -

09-06-99 49 003 23 00 25 005 94 -

10-06-00 46 005 21 04 - 22 005 83 -

06-12-00 53 005 25 02 27 005 88 -

10-06-01 51 005 24 03 27 005 63 B

Mean 46 0.05 2.3 03 25— — - 005 87 -

Min 35 005 17 0.4 20 0.05 63 -

Max 53 0.06 3.7 08 30 0.05 101 -
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WADI AL HAWASINAH BASIN S L w
DB940051AB, FALAJ AL DIQAL AT DIQAL
WATER QUALITY DATA,Oct 1995 to Jun 2001

CALCULATED

Date Total Total Ion Totat _Total Theoretical Lab Lab pH

_ Alkalmity Hardness Balance Anton Cation TDS Conductivity  (Standard

(meg/l) (mg/) (me/)  (mefl} = (mell) (mg/l} (nS/cm) Umits)

21-10-95 230 200 - 8 7 ¢ 420 744 78
29-12-95 220 205 ~ 38 7 420 709 g1
21-04-96 239 215 - 8 8 434 7 81
16-09-96 225 233 - 8 9 476 810 79
30-1296 233 221 - 8 ~ 8 T 464 791 78
15-07-97 158 24 - 8 9 465 845 83
160997 - 192 231 - 8 o 41 822 77
13-01-98 196  195. - 8 8 470 799 74
14-04-98 201 186 - 9 8 473 . 803 81
08-12-98 230 224~ - 9 9 501 837 . 72
09-06-99 218 226 - 8 9 482 817 74
10-06-00 230 205 - 9 8 466 827 - 68
06-12-00 21 243 - 8 9 485 582 74 -
10-06-01 . 209 239 . - 8 8 445 . 805 77
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WADI AL HAWASINAH BASIN
DB938244AB, FALAJ AL GHUZAYN AT AL GHUZAYN

DISCHARGE MEASUREMENTS, Jan 1983 to Sep 2002

Date Discharge EC Water Air

(Vs) (nS/cm) (°C) (°C)
12-01.83 58 1070 250 -
22-05-83 86 800 350 -
22-08-83 114 -- - -
14-11-83 73 1000 290 -
21-01-84 53 1050 240 -
03-03-84 43 1035 260 -
14-04-84 73 - - -
21-05-84 34 . 1199 320 -
15-07-84 21 1340 350 -
26-08-84 13 1350 340 -
27-10-84 14 1550 220 -
01-01-85 14 1045 260 -
23-02-85 ' 20 1425 2990 -
25-03-85 . 33 1500 280 -
05-05-85 - 17 1550 " 290 -
13-08-85 7 - ‘ - -
13-04-86 49 1250 230 -
09-08-86 41 - - -
22-05-86 .57 1100 310 -
'08-10-86 36 - - -
" 12-11-86 ~ 34 - _— -
13-12-86 50 - - -
17-01-87 =~ 31 T1200 - 270 -
08-03-87 . _ _ 60 980 290 -
23-04-87 9] 800 290 .
16-06-87 94 . 1300 . 340 -
20-07-87 923 1250 320 -
16-09-87 SR} - - -
17-10-87 ) 39 © 1560 _ 310 -
15-11-87 - 22 1400 300 S
13-12-87 - 23 - . - -
19-01-88 16 1380 320 -
29-02-88 62 - - -
14-03-88 70 1160 300 -
09-04-88 49 . 1300 350 -

25-05-88 82 71150 T 320 7 -
22-06-88 56 1200 .7 340

18-07-88 - .33 1200 350 0 -

23-08-88 22 1200- -~ 340 -
19-09-88 19 1200 330 -
12-10-88 45 1150 - -
17-12-88 30 - - --
11-01-89 3] 1290 280 . -
13-02-89 . - 29 1525 250 .-
19-03-89 43 1400 260 -
27-05-89 28 _ 1330 320 -
14-06-89 26 1400 350 -
22-07-89 13 - - -
19-08-89 13 1300 360 -
13-09-89 11 - - -
24-10-89 10 1430 320 -
"21-11-89 74 1180 310 -
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WADI AL HAWASINAH BASIN

DB938244AB, FALAJ AL GHUZAYN AT AL GHUZAYN
DISCHARGE MEASUREMENTS, Jan 1982 to Sep 2002

‘Date Discharge EC " Water
, . (Us) (nS/cm) L O
19-12-89 29 . - 970 250
08-01-90 47 - 1100 280
'17-02-90 72 . 730 250
17-03-90 83 - -
11-04-90 78 - -
18-06-90 ) 61 80 - 350
19-07-90 79 - -
19-08-90 ) 61 990 350

" 17-09-90 60 - -

- 20-10-90 56 1000 -
09-12-90 48 - 300
21-01-91 43 980 340
24-02-91 36 900 340
12-03-91 30 1157 270
22-04-91 41 1075 299
24-04-91 48 - - 290
20-0591 29 S5 299
12-06-91 21 1179 327
08-07-91 14 - 370

. 10-07-91 15 - 360
14-07-91 15 . - 350
15-07-91 14 - 330

- 220791 13 1275 340
11-08-91 . 7 1349 322
15-09-91 17 ~ 1235 255
15-10-91 1 1353 . 300

_27-11491 9 1396 294

21-12-91 23 1274 300
20-01-92 30 - -
19-02-92 26 - -
17-03-92 41 1219 281
19-04-92 59 1059 283
11-05-92 58 1122 310

_ 23-06-92 31 - . o189 315
18-07-92 32 ] 1230 349
12-09-92 51 C1139 335
16-12-92 49 1130 281
30-01-93 28 1147 . 275
20-02-93 25 1164 285
15-03-93 38 - 1113 286
17-04-93 49 ~ 1074 288
26-05-93 - 42 1103 333
16-06-93 26 1129 - 344
20-07-93 20 1160 . 367
24-08-93 23 1140 368
20-05-93 21 1130 335
19-10-93 18 . 986 331
17-11-93 16 1173 T 320
18-12-93 18 1185 287
23-01-94 26 1197 28 8
07-02-94 26 1217 286
26-03-94 16 1242 301
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- Air
0

—

290

T480
420
390
410
430
390
290

210
280

370
300
350
380
320

S 320

260
276
265
270
368
335
335
406
319
2717

© 350

234
225
226
263

NG




WADI AL HAWASINAH BASIN

b

-

DB938244AB, FALAJ AL GHUZAYN AT AL GHUZAYN
DISCHARGE MEASUREMENTS, Jan 1982 to Sep 2002

Date

27-04-94
16-05-94
27-08-94
26-09-94
16-10-94
14-11-94
20-12-94
14-01-95
13-02-95
20-03-95
18-04-95
24-05-95
19-06-95
17-07-95

15-08-95 -

21-10-95
14-11-95
29-12-95
17-01-96
27-02-96
21-04-96
15-05-96
11-06-96
15-07-96
17-08-96
16-09-96
21-10-96
13-11-96
15-12-96
25-01-97
19-02-97
10-03-97
09-04-97
13-05-97
15-07-97
_13-0897
16-09-97
21-10-97
17-11-97
14-12-97
13-01-98
16-02-98
17-03-98
14-04-98
12-05-98
13-06-98
06-07-98
10-08-98
07-09-98

Discharge
(¥/s)

19
4
11
12
63
83
54
52
24
74
39
92
43
22
49
73
81
51
104
158
167
70
39
54
97
85
34
40
42
22
35
50
55
- 187
101
79
48
54
T 28
41
163
101
69
69
81
69
71
71
80

EC~

(uS/em) -

1256

-1252

1247
1198
1058
1011
1092
1239
1345
1079
1172
1000
1017
1049
715 -
1010
825
729
813
801
1100
878

~914

947
969
1010
1050
1060
1089
1123
900
747
767
820
967
1075
769
849
950
790
828
916
905
1037
1030
1082
1071

Water
°C)
355
323
368
356
320
293
279
263
266

o272
290
318
345
326
302
279
240
228
235
282
300
314
343
340
319
297
280
255
268

271
281
280

. 365
: 339
- 344

“305
265
237
230
220
252
268
292
278
332
339
334

Air
O
44 0
442
319
386
305
282
382
201
240
272
225
386

397

350
333
429
260
248
193

233
276
382
284
372
419
342

233

240

235
285
273
3io
470
370
402
335
245
213
216
289
302
470
385
403
525
424
329
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WADI AL HAWASINAH BASIN

DB938244AB, FALAJ AL GHUZAYN AT AL GHUZAYN
DISCHARGE MEASUREMENTS, Jan 1982 to Sep 2002

Date

03-10-98
07-11-98
01-12.98
05-01-99
06-02-99
07-03-59
06-04-99
03-05-99
06-06-99
06-07-99
03-08-99
06-09-99
04-10-99
03-11-99
07-12-99
30-01-00
06-02-00
05-03-00
03-04-00
03-05-00
05-06-00
03-07-00
06-08-00
03-09-00
03-10-00
05-11-00
04-12-00
03-01-01

05-02-01 _

12-03-01
04-04-01
07-05-01
05-06-01
15-08-01
21-10-01
25-11-01
T 26-12-01
27-01-02
03-03-02
25-04-02
28-04-02
27-05-02
30-06-02
30-07-02
26-08-02
26-09-02

Discharge
(Vs)

106
50
41
61

143
58
63
57
41
52
52
39
A
71
41
38
25
32
38
21
17
10
19
16
26
27
20
17
15
22
15

. 44
36
43
22
31
33
43
43
47
39

T 36
36
36

1

EC

(nS/em) .

1126

-1130

1172
1120
1229
729
993
635
1100

© 1218

1274
1352
1329
1220

T 1500

130

1603
1661
1658
1710
1920
2050
2050
1944
1970
1475
1680
1728
1770
1770
1772
1860

1310 -

1400
1439
1486
1608
1370
1254

-

1214

1239

-

Water .
(9]
326
295
27.1
27.5
266
238
380
300
317
339
351
350
320
316
200
290
280
285

301

320
347
344
330
330

31.9
281
270
285
315
326

= 344

327
303
254

296
308
332
329

336
311

Air
O
331
325
291
262
240
267
281
316
406
350
380
360
360
298
300
310
260
300
377
44 0




Date

21-10-95
29-12-95
16-09-96
30-12-96
15-07-97
16-09-97
13-01-98
14-04-98
10-12-98
06-06-99
06-07-99
05-06-00
04-12-00
05-06-01
Mean

Mm
Max -

‘ ~ WADI AL HAWASINAH BASIN -
DB938244AB, FALAJ AL GHUZAYN AT AL GHUZAYN
- WATER QUALITY DATA, Oct 1995 to Jun 2001

Co ANION

Bicarbonate Boron Bromide Chloride Fluoride Nitrate ~Nitrate Sulfate
As HCo3 AsB AsBr AsCl AsF AsN . AsNo3 AsSo4

(mg/) (mgM (mgM (mgh) (mgh) (mgh) (mgh) (mgh)

147 - - 103 010 - 23 98
127 - 008 - 92 019 - - 24 84
138 - - 138 012 - 15 114
141 - - 178 020 - 10 120
177 - - 95 017 - 29 102
91 - - 153 010 - 22 130
137 - - 129 014 - 21 120
125 - - 124 023 - 14 - 103
150 - - 236 010 - 08 125
129 - - 221 010 - 05 126
121 g - 248 017 - 11 125
160 - - 507 010 - 10 44
130 - - - 388 016 - 718 146
115 - - 485  ._040 - 12 216
135 - 0.08 21 016 - 1.6 118
91 - 0.08 92 0.10 - 0.5 44
177 - 008 °

507 040 - 2.9 216




WADI AL HAWASINAH BASIN

DB938244AB, FALAJ AL GHUZAYN AT AL GHUZAYN -
WATER QUALITY DATA, Oct 1995 to Jun 2001

"CATION

Date uCaIcmm Jron Potassium  Lithwm Magnesium -~ Manganese Sodium Solids -

As Ca As Fe AsK Asla As Mg As Mn As Na Dissolved

(mgl)  (mg/y  (mg/l) (mg/) ~(mg/h) (mg/h (mg/l) (mg/)
21-10-95 24 006 39 02 a4 005 69 - L
26-12.95 23 005 36 03 40 . 005 57 - ,
16-0996 31 005 50 08 47 005 105 - -
30-1296 " 29 005 50 10 50 005 126 -
15-07-97 43 005 35 02 29 005 98 -
16-09-97 32 005 56 07 39 005 109 -
13-01-98 33 005 38 03 377 005 85 - -
14-04-98 30 005 43 05 T 005 .95 =
10-12-98 33 . 005 57 00 48 005 136 -

060699 34 '005- 55 06 46 - 005 129 -

06-07-99 - 37 005 60 07 47 - 001" 144 -
05-06-00 56 006 73 03 59 - 007 224 -
04-12-00 54 005 66 00 64 005 185 -
05-06-01 - 5 . 005 71 05~ 70, 005 238 -
Mean " 36 0.5 52 04 - 47 _ 005 128 --
Min 23 0.05 35 03 - 20 T~ o001 57 -
Max 56 0.06 7.7 ' 1.0 70 - 0.07 238 - -

Bt § - -

3
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WADI AL HAWASINAH BASIN

DB938244AB, FALAJ AL GHUZAYN AT AL GHUZAYN
WATER QUALITY DATA, Oct 1995 to Jun 2001

CALCULATED

Date Total Total Ton Total .Total Theoretical -, Lab _  LabpH

Alkalimty Hardness Balance Amon Cation TDS Coaductivity  (Standard

{mg/) (mg/l) (me/l) (mell)  (me/D) (mg/) (eS/em) Units)

21-10-95 147 241 . -~ 8 8 443 816 80
29-12-95 127 222 - 7 7 389 674 . 83
21-04-96 120 188 - .7 6 369 67 871
16-09-96 158 269 “- 10 10 544 994 85
30-12-96 167 277 - 1 11 616 1086 87
15-07-97 177 226 - 9 9 493 841 77
16-09-97 110 - 239 - .9 10 546 979 85
13-01-98 137 235 .- 9 8 503 900 82
14-04-98 137 243 - 8 9 488 870 _ 84
10-12-98 “150 280 - 12 12 682 1164 - 77
06-06-99 141 275 - 12 11 652 1123 84
06-07-99 142 286 - 13 12 700 1214 84
05-06-00 T160 385 - 19 18 1004 1995 71
04-12-00 130 400 - " 17 16 935 1247 77
05-06-01 115 425 - 21 19 1150 2008 §2
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WADI AL HAWASINAH BASIN

EB042429AB, FALAJ AL QASF AT AL QASF

A -

¥

LOCATION
UTM 501953 E, 2645039 N
LATITUDE 2355 01"
LONGITUDE 57°01' 09"
FALAJTYPE Dauds _
PERIOD OF RECORP Jaruary 1983 to September 2002
REMARKS 199 measurements have been made at the site
MEASURED Maximum measured discharge, 225 1\s, 13 March 1996
EXTREMES Minimum measured discharge, 2 I\s, 12 November 1985
250
EB042429AB, FALAJ AL QASF AT AL QASF
+
]
H
200 4
oW | T
g | “ i
2 150 L o =
8 SSEEE
?? I|I N :..
g R
w 100 G SHL T U I
2 BYCEK
: 1 [] 4' ‘
, RUERYA
50— .2 LN (K 531, .
e oF, + AT Cloue ¢ Ly :
s ‘% | Y e e ¢ B U A R A 4
A 4[%“%@# el | f| * .
0 ﬂg,:'" b L Sus PRI
55 85 8% 8§¢cg5 3§ § 58885 § 8
I T T I O B O O B O IR T O O I O B

- DATE OF OBSERVATION
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EB042429AB, FALAJ AL QASF AT AL QASF

WADI AL HAWASINAH BASIN

DISCHARGE MEASUREMENTS, Jan 1983 to Sep 2002

Date

12-01-83
27-02-83
03.03-83
22-05-83
22-08-83
14-11-83
21-01-84
" 03-03-34
14-04-84
21-05-84
15-07-84
26-08-84
27-10-84
26-12-84
11-02-85
23-02-85
15-03-85
05-05-85
13-07-85
13-08-85
14-09-85

12-11-85

23-04-87
16-06-87
20-07-87
16-09-87
17-10-87
15-11-87
13-12-87
19-01-88
14-03-88
09-04-88

25-05-88 -

22-06-88
18-07-88
23-08-88
19-09-88
12-10-88
17-12-88
13-01-8¢
- 13-02-89
19-03-89
08-04-89
27-05-89
14-06-89
22-07-89
19-03-89
13-09-89

Discharge
(I/s)

27
27
36
40
34
50
44
44
38
32
.26
22
15
11
20
12
18
- 13
7
3
5
;-
15
33
32
36
27
.30
- 28
24
19
16
.. 28
28
41
28 -
26
35
29
23
24
21
18
17
20
1
13
8

EC

{(uS/cm)

. 820
850
850
750
805
815
765
850
940
850
960
875
870
900
910

930

810
1000
950
1200
1120

930
950
900
900
900
910
900

960 -

940
940
1050
990

1000
960

1050

135

Water
Q0
300
300
310
350

320
290
290
330
370
336
250
280
230
290
300

Air
°C)
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WADI AL HAWASINAH BASIN

EB042429AB, FALAJ AL QASF AT AL QASF
DISCHARGE MEASUREMENTS, Jan 1983 to Sep 2002

Date ' Discharge = EC - - Water " Air
V/s) (uS/em) . (°C) O
02-11-89 13 1050 300 -
24-11-89 . 12 1020 300 -
19-12-89 13 ) 1050 280 -
08-01-90 9 1000 300 -
17-02-90 16 1050 270 -
17-03-90 38 - - -
18-06-90 54 790 350 -
16-07-90 48 790 - 340 -
15-09-90 28 724 340 -

- 20-10-90 42 900 340 -
09-12-90 42 ) - 320 260
21-01-91 36 _ 1000 320 260
24-02-91 31 740 330 300
12-03-91 31 933 310 300
22-04-91 32 935 320 340
24-04-91 . 28 T 330 290
20-05-91 30 959 320 320
12-06-91 26 944 325 T 320

"22-07-91 27 952 ) 330 -
11-08-91 30 959 ; 300 332

-15-09-91 19 959 - 325 370
15-10-91 15 977 310 310
23-11-91 12 983 . 305 . 320
21-12-91 11 982 290 _ 310
20-01-92 14 936 280 T 260
19-02-92 9 990 270 260
24-02-92 31 740 . 330 330
12-03-92 31 933 - 310 310
17-03-92 8 995 - 290 290
15-04-92 9 1059 . 283 370
11-05-92 9 994 310 330
19-06-92 6" 974 325 350
18-07-92 6 982 326 380
22-08-92 9 1103 330 400

- 12-09-92 - 8 972 316 330
16-12-92 15 i 984 - 295 270
30-01-93 16 984 - 287 310
20-02-93 17 990 289 269
15-03-93 19 - 996 295 263
17-04-93 18 986 305 290
"16-06-93 15 990 326 378
20-07-93 . 17 U981 T T 331 350
24-08-93 13 954 T 324 404
20-09-93 1 - 974 ~ 319 355

S 1941093 13 974 297 288

© 17-11-93 13 981 330 300
23-01-94 - 10 990 116 121
07-02-94 11 991 . 315 283
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EB042429AB, FALAJ AL QASF AT AL QASF

WADI AL HAWASINAH BASIN

DISCHARGE MEASUREMENTS, Jan 1983 to Sep 2002

Date

26-03-94
27-04-94
16-05-94
19-06-94
-10-G7-94
24-08-94

16-10-94

14-11-94
20-12-94
14-01-85
20-03-95
18-04-95
24-05-95
19-06-95
17-07-95
15-08-95
20-09-95
14-11-95
17-01-96
27-02-96
13-03-96
21-04-96
~ ~20-08-96
16-09-56
20-09-96
21-10-%6
13-11-96
15-12-96
25-01-97

19-02-97 -

10-03-97
09-04-97
15-07-97
13-08-97
16-09-97
21-10-97
17-11-97
14-12-97
13-01-98
16-02-98
17-03-98
14-04-98
12-05-98
13-06-98
06-07-98
10-08-98
07-09-98
05-10-98

Discharge
(I’s)

B BV I SRV I B Y - S NN R N RPN P |

—
R&=

125
179
. 225
141
83
54
56
59
32
34
25
4]
44
84
187
153
161
183
113
115
110
113
90
123
97
79
76
68
50
59

(nS/em)

137

EC

982
995
982
979
1010
998
1000
1006
997
1123
1000

1134 -

1000
1001
999
946
907
902
894
858
850
860
880
907
895
880
880

914
734
804
787
840
844
848
856
855
841
853
853
858
853
830
843
839
856

Water
O
322
365
331
330
340
341
331
323
311
296
301
309
330
336
339
338
338
343
336
325
323
320
331
331
338
326
329

322
311
328
326

319 -

333
329
325
323

-315

312
312
313

279 .

319
322
324
324

Air
(°C)
334

380
350

"380

390

336 .

406
260
292
240
292
302
306
439
374
359

327

315
263
255
270
27.5
391
370
327
261
300

—



EB042429AB, FALAJ AL QASF AT AL QASF

WADI AL HAWASINAH BASIN

DISCHARGE MEASUREMENTS, Jan 1983 to Sep 2002

Date

07-11-98
01-12-98
05-01-99
06-02-95
07-03-99
06-04-99
03-05-99
06-06-99
06-07-99
03-08-99
06-09-99
04-10-99
03-11-99

07-12-99 -

03-01-00
06-02-00
05-03-00
10-03-00
03-04-00
03-05-00
06-05-00
11-05-00
05-06-00
03-07-00
06-08-00
05-09-00
03-10-00
05-11-00
04-12-00
03-01-01
05-02-01
12-03-01
04-04-01
07-05-01
05-06-01
15-08-01
15-09-01
21-10-01
25-11-01
26-12-01
26-01-02
03-03-02
25.04-02
28-04-02
27-05-02

29-06-02

30-07-02
26-08-02
26-09-02

Discharge
s)

40
30
76
53
75
96
103
93
08
78
52
61
. 47
38
35
27
24
13
21
15
47
13
47
15
14
13
4 .
13
10

EC

(uS/cm)

850
871
890
883
870
890
897
901
924
936
930
957
932
900
945
950
935
620

930 -

980
700 _
1130
940
980
620
620
700
970
940
930
940

= 931

967
970
964

1000

974
982 .

138

Water
¢C)

345
323
264
322
320
326
328
324
329

345
327
320
327
300
320
320
317
338
321
330
331
320
331
331
342
340
33.8
320
268
294
310
312
326

338

.294

320
307
267

280
325
335

.28

292
307

Air
O
325
276
252
310
281

- 345

466
425
351
391
304
360
356
300
230
270
270
340
368
390

-

300,

-
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WADI AL HAWASINAH BASIN
EB042429AB, FALAJ AL QASF AT AL QASF
" WATER QUALITY DATA, Oct 1995 to Jun 2001
- ANION

Date Bicarbonate Boron Bromide Chloride Fluoride Nitrate Nitrate Sulfate
As HCo3 As B AsBr AsCl AsF AsN AsNo3 AsSo4

(mg)  (mgh) (mgh) (mgh)  (mgh)  (mg) (mg/) (mgA)

21-10-95 167 - - 118 016 - 27 89
29-12-95 ©154 - - 129 027 - 26 88
30-12-96 153 - - - 122 016 - 27 89
15-07-97 136 - - 93 013 - 33 82
16-09-97 131 - - 99 014 - 31 93
13-01-98 147 - - 122 010 - 30 89
14-04-98 145 - - 106 016 - 24 119
01-12-98 . 160 - - 121 010 - 24 101
06-07-99 149 - - 134 013 - 26 111
05-06-00 - 169 T - - - 148 010 - 25 105
04-12-00 148 - - - 139 010 - 25 123 °
05-06-01 - 160 - - 144 024 - 23 12
Mean -152 - - 123 015 - .27 100
Min 131 - - 93 0.10 - - 23 82
“Max 169 - - 148 -0.27 - 33 123
- CATION -
Date Caleram Iron  Potassium  Lithium Magnesium  Manganese Sodwm Sohds
AsCa _ AsFe AsK Asla As Mg As Mn As Na Dissolved
(mg/) _ (mg/l)  (mgh) (mg/l) (mg/h (mg)y - (mgh) (mg/)
21-10-95 27 004 35 01 46 005 77 -
29-12-95 27 005 38 03 47 005 80 -
30-12-96 29 005 -41.° 03 44 005 93 - -
15-07-97 25 005 39 00 33 005 83 -
16-09-97 26 005 40 02 35 005 86 -
13-01-98 25 005 51 00 34 005 90 -
14-04-98 26 005 39 03 41 005 85 -
01-12-98 28 005 '42 01 42 005 89 -
06-07-99 31 005 44 02 47 001 93 -
05-06-00 29 007 41 09 45 008 88 -
04-12-00 30 007 44 02 49 005 91 -
05-06-01 30 005 43 07 50 - 005 93 -
Mean T 28 005 41 0.2 43 0.05 87 -
Mm 25 0.04 35 0.9 33 061 77 -
Max 31 0.07 5.1 . 08 50 0.08 93 -
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WADI AL HAWASINAH BASIN
EB042429AB, FALAJ AL QASF AT AL QASF
WATER QUALITY DATA, Oct 1995 to Jun 2001

i CALCULATED
Date Tatal Total Ion Total Tota!  Theoretical Lab Lab pH

Alkalimity Hardness Balance Amon Cation TDS Conductivity  (Standard

(mg/l) (mg/) (mefl) (mefl)  (me/l) (mg/l) (nS/cm) Umits)
21-10-95 167 259 - 9 9 an 895 78
e 20.12:05 154 261 - 9 9 482 834 80

21-04-96 - 159 217 - 8 8 448 820 82
30-12-96 163 251 - 9 9 493 878 84
15-07-97 136 201 - 7 g 420 762 79
16-09-97 131 208 - 8 8 438 796 80
13-01-98 147 203 - - 8 8 470 815 77
14-04-98 - 145 234 - 9 8 - 482 - 310 80
01-12-98 160 242 - 9 9 49 865 78
06-07-99 149 274 - 9 10 526 - 917 79
05-06-00 - 168 256 - 10 9 535 966 67
04-12-00 148 279 - _ 10 -~ 10-- -~ 541- 506 79
05-06-01 183 282 - 10 10 558 961 o84
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WADI MASHIN BASIN
EB130602AB FALAJ BANI RABIAH AT BANI RABIAH

LOCATION
UTM ' 500789 E, 2636482 N
LATITUDE 23° 50" 23"
LONGITUDE 57° 05" 46" .
FALAJ TYPE Daudi
PERIOD OF RECORD January 1983 to September 2002 )
REMARKS 189 measurements have been made at the site
MEASURED Maximum measured discharge, 144 -hs, 15 April 1998
EXTREMES Mmimum measured discharge, 1.0 I\s, 24 April 1995
160 EB130602AB, FALAJ EANI RABIAH AT BANI RABIAH
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WADI MASHIN BASIN - -
EB130602AB, FALAJ BANI RABIAH AT BANI RABIAH

DISCHARGE MEASUREMENTS, Jan 1983 to Sep 2002

Date

18-01-83
27-02-83
03-03-83
22-05-83
22-08-83
15-11-83
22-01-84
05-03-84
22-04-84
28-05-84
28-07-84
28-10-84
24-12-84
21-01-85
19-02-85
22-03-85
20-04-85
20-05-85
22-07-85
18-08-85
11-09-85
25-04-87
21-06-87
29-07-87

" 23-08-87
23-09-87
21-10-87
17-11-87
16-12-87
20-01-88
12-03-88
10-04-88
29-05-88
26-06-88
18-07-88
30-08-88
17-10-88
19-12-88
14-01-89
02-02-89
18-06-89
24-07-89
20-08-89

" 23-09-89
22-10-89

- 30-12-89
"29-01-90
-21-02-90
18-03-90

Discharge
(Ms) -

60
63
66
74
63
69
56
44
42
34
36
16
14
12
8
19
19
2
13
22
21
21
39
38
47
4
32
29
34
44
35
31
55
49

51 ¢

68
52
55
42
63
57
48
50
40
40
37
31
54
58

EC
(nS/cm)

530
475
- 550
515
520
520
450
545
555
525
511
525
525
575
520
560
550

575

550
500
500

o 600

550 -

500
500
500
490
510
560
540
565
540
670
560
520
530
520

142

Water

(O

310
310
350
320
305
280
340
260
340

240 '

260
290
300
310
290
310
300
310

Arr
O
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WADI MASHIN BASIN

EB130602AB, FALAJ BANI RABIAH AT BANI RABIAH
DISCHARGE MEASUREMENTS, Jan 1983 to Sep 2002

Date

21-04-90
25-06-90
23-07-90
20-08-90
26-09-50
21-10-90
26-11-90
10-12-50
26-01-91
26-02-91
13-03-91
22-04-91
27-04-91
22-05-91
15-06-91
27-07-91
22-09-91
28-10-91
20-11-91
22-12-91
22-01-92
23-02-92
04-03-92
26-04-92
23-05-92
27-06-92
13-07-92
24-08-92
21-09-92

" 07-12-92

30-01-93
20-02-93
30-03-93
25-04-93
24-05-93
19-06-93
19-07-93

- 23-08-93

f

22-09-63
23-10-93
21-11-93
22-12-93
23-01-94
09-02-94
27-03-94

- 23-04-94

15-06-94
22-08-94

Discharge
(Us)

54
60
58
60
55
48
51
62
46
47
38
40
62
44
38
43
38
36
25
27
7
24
21
20
20
23
20
32
29
23
23
15
19
20
17

17 -
20
20
15
18
15
11
15
8

Soth DN

3

* (uS/em)

EC .

490 -
500
525

599
541

540
537

- 537

143

532
528
535
536
547
547
546
546
550
530
543
550
543
549
548
553
555
560

556

558
563
550
554
556
555
559
565

566 .

562
559
559
561
566

Water
°C)

Air
0

. 380

-

374
370
370
320
320
350
310
310
290
300
500
340
400
360
350
240
260
274
275
321
362
340
339
354
300
3i2
342 .
266
302
265
304

455

380
330

pdeiam
“s“y ﬁ:‘l.t‘



WADI MASHIN BASIN
EB130602AB, FALAJ BANI RABIAH AT BANI RABIAH

DISCHARGE MEASUREMENTS, Jan 1983 to Sep 2002

Date Discharge EC: = Water Air
' (Vs) (nS/cm) ) (°C)
24-09-94 3 569 290 310
18-10-94 2 574 300 315
14-11-94 3 576 280 299
21-12-94 5 570 270 310
23-01-95 8 603 250 .
25-02-95 - 2 - 647 254 256
24-04-95 1 6238 . 285 316
27-05-95 , 3 575 302 283
- 24-06-95 4 575 313 474
21-08-95 8 584 327 420
25-09-95 I 594 274 330
. 30-10-95 12 589 31.1 244
25-11-95 15 588 312 289
28-02-96 - 40 587 - 318 251
22-04-96 45 540 326 337
27-05-96 52 566 335 304
29-06-96 48 558 335 477
24-08-96 67 550 - . 340 _ 337
21-10-96 62 535 330 278
19-11-96 52 546 327 - 280
21-1296 21 540 . - -
21-01-97 50 -- -
18-02-97 47 554 323 290
- 711-03-97 45 . 555 . 325 289
© o 12-04-97 67 560 . 329 291
13-05-97 65 558 318 278
09-06-97 C119 - 568 . 339 341
13-07-97 88 574 335 310
16-08-97 98 556 334 ¢330
" 16-09-97 93 550 ; -- 400
21-10-97 - 95 567 - 333 265
19-11-97 95 - 374 - 295 306
- 16-12.97 m 587 - 334 257
13-01-98 124 - 596 334 - 271
17-02-98 118 604 . 333 297
16-03-98 121 ~ 619 335 340
15-04-98 144 630 - - 334 205
13-05-98 128 595 336 470
13-06-98 12100~ - 582 338 . 420
140798 106 586 335 . 350
15-08-98 103 583 337 345
09-09-98 94 583 335 320
10-10-98 79 578 337 430
09-11-98 96 580 333 281
12-12-98 72 580 329 269
- 10-01-99 64 580 311 282
10-02-99 61 576 _ 330 286
09-03-99 82 598 - 330 256

* 144



< WADI MASHIN BASIN + . -
EB130602AB, FALAJ BANI RABIAH AT BANI RABIAH

DISCHARGE MEASUREMENTS, Jan 1983 to Sep 2002

Date . Discharge EC Water Arr
s) (nS/em) O °C)
12-04-99 , 74 .577 333 253
08-05-99 87 568 338 319
09-06-99 90 562 - 334 320
07-08-99 77 563 336 397
08-09-99 60 560 334 350
. 09-10-99 75 548 332 453
09-11-99 69 561 330 - 323
12-12-99 . 66 423 330 290
15-01-00 42 950 320 160
08-02-00 44 568 320 270 .
09-04-00 35 570 324 321 -
08-05-00 35 600 330 350
13-06-00 23 559 332 -
09-07-00 27 580 333 -
08-08-00 - 23 T 580 332 - . 400
11-09-00 19 570 330 326
08-10-00 19 576 325 317
08-11-00 9 720 316, 293
09-12-00 9 569 313 374
09-01-01 8 590 305 . 314
11-02-01 - 17 559 297 315 )
13-03-01 - 10 553 299 280
08-04-01 R v 567 304 352
- - 12-05-01 ’ 12 572 318 385 -
10-06-01 - 590 321 - . 273 ‘
15-08-01 - 600 323 © 290
16-09-01 - 600 324 310
21-10-01 - 600 314 273
26-11-01 - - 303 301
24-12-01 - 600 292 - 255
26-01-02 - - - - -
26-02-02 - 625 190 -
24-03-02 - 656 300 -
29-04-02 - 590 310 280
27-05-02 - 590 320 -
22-06-02 - 595 270 330
30-07-02 - 500 290 333
26-08-02 7 420 208 360
24-09-02 11 590 301 341




Date

20-04-85
24-06-85
25-09-95
29-06-96
22-09-96
21-12-96
13-07-97
16-09-97
16-12-97
15-04-98
12-12-98
13-06-00
05-12-00
10-06-01
Mean

Min
Max

EB130602AB, FALAJ BANI RABIAH AT BANI RABIAH
ANION

Bicarbonate Boron Bromide Chlonde Fluoride “Nitrate Nitrate

As HCo3
(mg/l)

192
192
173
168
160
160
153
146
158
154
165 .
159
147
155

163
146
192

WADI MASHIN BASIN -

AsB

" (mg)

017
017

-

“-n

0.17
6.17
0.17

As Br
(mg/

1

-

As Cl

(mg/h)

45
47

54 -

45

44

46

47
56
53
62

39 -
59 -

54
61

- 52
44
62

146

AsF

(mgh) ~(mg/

008
009
D11
024
022
010
010
010
010
016
010

010"

010

“0.13

0.08
0.24

©oo018

Sulfate

AsN AsNo3 AsSod

001
001

0.01
0.01
0.01

(mg/l)

15
12
16
21
22
22
21
20
23
19
18
22
22
23

1.9
1.2
23

(mg/)

35
38
44
50
48
38
40
48
46
50
59
48
58
46

46
33
59



Date

"~ 20-04-85
24-06-85
25-09-95
29-06-96
22-09-96
21-12-96
13-07-97
16-09-97
16-12-97
15-04-98
12-12-98
13-06-00
09-12-00
10-06-01

Mean
Mm
Max

g - WADI MASHIN BASIN

EB136602AB, FALAJY BANI RABIAH AT BANI RABIAH

Calciem
AsCa

(mg/l)

26
27
30
28
30
- 27
30
30
35
30
30
- 27
28
29

29
26
35

WATER QUALITY DATA, Apr 1985 to Jun 2001

) CATION o -
‘Iron  Potassium  Lithmum Magnesium  Manganese Sodium Solids
As Fe AsK AsLi As Mg As Mn © AsNa Dissolved
(mg/)  (mgfl) (mg/) (mg/h) (mg/h) - (mg/h) (mg/y
001 " 20 415 28 001 41 344
001 20 25 37 002 47 440
005 29 05 38 005 40 -
005 19 03 32 005 ©35 -
005 19 08 33 005 39 -
005 20 03 - 31 005 36 -
005 21 04 30 - 005 40
005 22 . 04 30 005 43 -
005 22 - 06 33 005 43 -
018 23 03 35 005 44 -
005 24 03 34 005 - 43 -
006 23 -11 - 3] 007 38 -
005 26 01 | 35 005 40 -
005 29 02 37 005 - 41 -
0.05 23 0.1 33 0.05 41 392
001 19 2.5 28 001 k] 344
0.18 29 0.8-.. K} 0.07 47 440
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Date

20-04-85
24-06-85
25-05-95
29.06-96
22-09-96
21-12-96
13-07-97
16-09-97
16-12-97
15-04-98
12-12-98

13-06-00 _

09-12-00
10-06-01

' WADI MASHIN BASIN - -
EB130602AB, FALAJ BANI RABIAH AT BANI RABIAH
WATER QUALITY DATA, Apr 1985 to Jun 2001

CALCULATED
Total  Total Ton Total  Total Theoretical Lab
Alkalimty Hardness Balance Anion  Cation TDS Conductivity
(mg/) {mg/) {me/l) (me/l)  (mell) (mg/l) (pS/cm)
192 180 - - - - 462
192 —221 - - - - 546
173 - - 229 - 6 6 323 594
168 204 - 6 6 307 552
¥} 211 - 6 6 311 546
160 194 - 5 5 289 525
153 _ 196 - 5 6w 282 547
146 199 - 6 6 309 557
- 158 224 - 6 6 321 565
154" 216 - 6 6 327 583
- 165 215 - 6 — -6 77 "338 577
159 195 - 6 6 314 573 -
147 - 217 - 6 6 321 507
155 . - 23 - 6. - 6. - .32 578

148

Lab pH
(Standard
Units) -

82
72
82
- 79
-84 -
31
81
80
82
79
73

- 66

75
79




- WADI

MAYHAH-MABRAH-HAJIR SYSTEM

EMO019505AB, FALAJ BIDAT AT BIDAT

LOCATION
UT™M 509000 E, 2615500N
LATITUDE 23°39' 01"
LONGITUDE 57°05' 18"
FALAJ TYPE Daudi
PERIOD OF RECORD  February 1993 to September 2002
REMARKS 68 measurements have been made at the site
MEASURED Maximum measured discharge, 88 1\s, 08 July 1997
EXTREMES Mmimum measured discharge, 1 s, 18 July 1994
110 -
. (EMD19505AB, FALAJ BIDAT AT BIDAT
100
.80 r
80 "
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" WADI MAYiIAH-MAjBRAH-HAJIR
EMO019505AB, FALAJ BIDAT AT BIDAT

4, 1
()

SYSTEM .

DISCHARGE MEASUREMENTS, Feb 1993 to Sep 2002

Qate

17-02-93
16-03-93
- 18-04-93
18-05-93
16-06-93
. 06-07-93
09-08-93
12-09-93
16-12-93
05-01-94
09-02-94
18-04-94
03-05-94
18-07-94
08-08-94
07-09-94
16-09-94
14-11-94
07-12-94
09-01-95
06-02-95
19-04-95
07-05-95
13-09-95
08-10-95
23-11-95
17-12-95
18-03-96
23-04-96
16-06-96
20-07-96
26-08-96
25-09-96
24-11-96
17-12.96
08-01-97
18-02-97
17-03-97
21-05-97
07-06-97
08-07-97
10-08-97
10-09-57
20-10-97
~12-01-98

17-02-98
23-03-98
25-05-98
28-07-98

Discharge
(/s)

4
3

.
AR CRNRNNDDBLLR G

—
oG Ne3NENNZZRG

W woh hh h v~

WHMM—HMNNUJB
W ~3 00 00 O O N 00N )

EC

{(nS/em)

658
659
654
665
663 -
656
659 -
655

-

655

654

645
644
653
648
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642
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656 -
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615
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617
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436
515
507
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3N
587
497
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465
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()
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308
318
323
314
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275
313
322
319
337
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298
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299
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330
328
305
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328
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273
280

- 332
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O
240
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360
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340
350
270
250
400
380
390
320
270
290
250
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WADI MAYHAH-MABRAH-HAJIR SYSTEM
EMO019505AB, FALAJ BIDAT AT BIDAT -

DISCHARGE MEASUREMENTS, Feb 1993 to Sep 2002

Date

30-09-98
15-12-98
22-09-99
18-12-99
25-06-00
23-09-00
27-03-01
07-11-01
24-12-01
27-01-02
20-02-02
31-03-02
29-04-02
27-05-02
23-06-02
28-07-02
26-08-02
29-09-02

Discharge  ~ EC
(l/s) (nS/em)
7 560
6 573
4 584
4 -

N 607

- 602
2 604
) Z
2 -—
2 585
5 600
10 570
10 607
12 566
10 590
6 618
- 4 583
4 -
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w . Water

O
330
294
331
233
320
322

286
280
318
319
366
359
334
350

-

Air
O
320
351

375
405
325

—

312
300
317

_360

450

. 420

401
370
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" WADI MAYHAH-MABRAH-HAJIR SYSTEM
EMO019505AB, FALAJ BIDAT _AT BIDAT
"WATER QUALITY DATA, Jan 1995 to May 1997
ANION 7
Date Bicarbonate Boron Bromde Chioride Fluoride Nitrate Nitrate Sulfate

As HCo3 AsB AsBr AsCl . AsF AsN AsNo3 AsSod
(mg/h)  (mg/h) (mgh) (mgh) (mgM (mg/) (mgM) (mgh)

,

09-01-95 270 - - 39 010 _ - 10 42
13-05-97 165 - - 55 010 - - - 26 38 .
Mean 217 - - - 47 0.10 . - 1.8 40 - i
Min 165 - - - 39 0.10 - - 1.0 38
Max 270 - - -7 55 10 "~ - 2.6 42
CATION m
Date Calerum - Iron  Potassium  Lithwsm  Magnesium  Manganese Sodium Solids
AsCa As Fe AsK Aslhn AsMg - " AsMn As Na Dissolved
(mg/) (mg/l) (mg/l) (mg/l) (mg/) (mg/) (mg/) (mg/l)
09-01-95 18 005 23 12 81 - 005 16 -
13-05-97 17 ¢ 05 38 03 64 - 005 23 -
Mean . _ 175 ~ 005 3.0 0.7 72 0.05 21 -
Min . 2170, 2005 23 _ 0.3 64 - 0.03 16 -
Max 18.0 0.05 3.8 1.2 81 005 25 -
© 7 - CALCULATED - - - - - - . ..
Date _Total Total Ton Total Total  Theoretical Lab Lab pH
s Alkalinity Hardness Balance - Amwon  Cation TDS Conductivity  (Standard
- (mglh) (mg/) (me/l) (me/l)  (me/l) ~  (mgh) {(uS/cm) Units)
09-01-95 270 i - 379 ° - 7 - . ¥ 657 .. __ 88

13-05-97 » 185 305 - 6 7 328 592 _84

- . x - -
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WADI MAYHAH-MABRAH-HAJIR SYSTEM
EMI111210AB, FALAJ HAIL AL GHARBI AT HAYLAYN

LOCATION .
UTM ) 511100 E, 2512000 N
LATITUDE . 22°42' 55"
LONGITUDE 57° 06' 20"
FALAJ TYPE Ghaily . -
PERIOD OF RECORD January 1993 to September 2002
REMARKS 77 measurements have been made at the site
MEASURED Maximum measured discharge, 122 1s, 08 July 1997
EXTREMES Minimum measured discharge, 3 0 s, 24 March 1994
140 : S . :
EM111210AE, FALAT HAIL AL CHARBI AT HAYLAYN
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WADI MAYHAH-MABRAH-HAJIR SYSTEM
EM111210AB, FALAJ HAIL AL GHARBI AT HAYLAYN

DISCHARGE MEASUREMENTS, Jan 1993 to Sep 2002

Date Discharge ~ EC Water Air
(Vs) (nS/cm) cO . (°C)
16-01-93 10 624 292 2t0
03-02-93 11 - - 622 290 250
16-03-93 16 574 247 220
17-04-93 25 552 268 -
18-05-93 14 571 - 314 340 -
25-05-93 . 19 633 307 380
16-06-93 8 590 321 -
27-06-93 12 621 - 320 440
- 06-07-93 7 i 588 317 360
14-07-93 11 620 322 390
09-08-93 13 551 319 370
18-08-93 26 - 317 380
15-09-93 17 ) 628 - 310 400
05-10-93 6 583 - 306 350
©10-10-93 15 628 - 312 -
16-12-93 - 6 i - 220 290
05-01-94 5 588 240 . 260
09-02-94 5 601 . 236 230
24-03-94 3 609 273 280
30-03-94 7 . 503 215 340
18-04-94 7 612 290 -
03-05-94 4 - 619 - 309 380
18-07-94 21 " 560 307 -~ 350
08-08.94 10 . 592 335 370
07-09-94 6 592 333 355
16-10-94 - . 27 649 294 3490
14-11-94 16 527 . 263 270
07-12-94 10 557 - 235 270
09-01.95 5 570 216 250
06-02-95 10 - 575 241 -
19-04-95 9 565 276 260
07-05-95 ~ - 13 550 . - 304 320
Lee - - 130995 - 52 501 317 370
08-10-95 29 540 - 298 260
23-04-96 30 545 - 316 380
26-05-96 18 - 315 -
16-06-96 15 550 326 -
20-07-96 25 555 T 320 -
26-08-96 21 548 . . 336 -
25-09-96 17 562 317 -
- 22-10-96 10 - 574 -279 .
_24-11-96 8 584 223 -
17-12-96 9 584 209
08-01-97 8 590 218 340
18-02-97 30 534 232 380
08-07-97 122 528 328 418
10-08-97 88 T 549 325 3717
10-09-97 61 568 318 338
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WADI MAYHAH-MABRAH-HAJIR SYSTEM
EM111210AB, FALAJ HAIL AL GHARBI AT HAYLAYN

DISCHARGE MEASUREMENTS, Jan 1993 to Sep 2002

Date Discharge EC Water T Air
. (V/s) (nS/cm) °C) (°C)
20-10-97 22 536 595 305
17-02-98 97 488 199 270
23-03-98 : 50 - 442 282 360
25-04-98 - - 51 479 280 310
28-07-98 54 520 332 470
30-09-98 21 531 312 325
15-12-98 21 560 237 -
28-06-99 39 570 268 400
22-09-99 12 565 338 334
18-12-99 7 - - R
25-03-00 9 - - . -
25-06-00 -7 623 . 333 404
23-09-00 4 603 325 355
23-12-00 - - - -
27-08-01 . 13 313 350 . 420
23-09-01 - - - EE
21-10-01 29 - - -
07-11-01 28 L - - -
24-12-01 ~ 5 - - -
27-01-02 5 540 246 322
20-02-02 4 524 280 ' 338
31-03-02 T3 492 334 316
29-04-02 13 490 349 250
27-05.02 11 928 . 360 405
23-06-02 11 . 930 361 419
280702 - 11 910 346 390
26-08-02 6 500 358 362
29-09-02 ) 6 500 356 T 362

n
@
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WADI MAYHAH-MABRAH-HAJIR SYSTEM
EM111210AB, FALAJ HAIL AL GHARBI AT HAYLAYN
WATER QUALITY DATA, May 1997 to May 1997
ANION

Date Bicarbonate Boron Bromide Chloride Fluoﬁdei Nitrate Nitrate Sulfate

As HCo3 AsB AsBr AsCl AsF AsN AsNo3 AsSo4
(mg/h (mg/l) (mgM)y (mgMh)  (mgd) (mgl) (mgl) (mg/)

12-05-97 .- 121 - -- - 51 - 0l0 - 28 44
Mean 121 - - 51 _ 010 - 2.8 44 -
Min - 121 - - - 51 010 - 2.8 44
Max 121 - - 51 0.10 - 2.8 . 44
CATION .
Date Calcium Iron Potassium  Lithium Magnesium  Manganese Sodwum Solids
AsCa As Fe As K _AsLa . AsMg As Mn As Na Dissolved
(mg/l) (mgfl) (mg/l) (mg/h) . (mg/) _ (mg/) (mg/h) (mg/l)
12-05-97 28 007 25 04 59 005 27 -
Mean 28 0.07 25 04 - 59 0.05 27 -
Mm 28 0.07 25 0.4 59 0.05 27 -
Max 28 T 007 25 04 -59 --— - 0,05 - 27 -
CALCULATED - -
Date Total -  Total Ion Total Total  Theoretical Lab Lab pH
Alkalimty Hardness Balance Amon  Cation TDS Conductivity  (Standard
(mg/h) = (mg/) (me/ly  (me/l)  (mefl) {mg/l) - (uSlem) - Units)

12-0597 T C195 - . 313 - 6 8 --- 344 609 83
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WADI MAYHAH-MABRAH-HAJIR SYSTEM
EB131026AB, FALAJ AL KHIZAM AT KHIZAM

-

LOCATION
UTM 511382 E, 2631194 N
LATITUDE 23°47' 31"
LONGITUDE 57°06' 42"
FALAJTYPE Daudi
PERIOD OF RECORD May 1983 to September 2002
REMARKS 122 measurements have been made at the site
MEASURED Maximum measured discharge, 5¢ I\s, 22 September 1996
EXTREMES Mmmum measured discharge, 10 s, 21 Jan 85 and 10 Dec 90
€ .
FB131026 AR, FALAJ AL KHIZAM AT KHIZAM
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-~ . WADI MAYHAH-MABRAH-HAJIR SYSTEM .
EB131026AB, FALAJ AL KHIZAM AT KHIZAM
DISCHARGE MEASUREMENTS, May 1983 to Sep 2002

Date . Discharge EC Water Air

(I/s) (uS/cm) °C) (°C)
_02-05-83 15 600 330 -
29-08-83 18 600 - 310 -
15-11-83 16 580 . 320 -
22-01-84 12 " 609 310 - -
05-03-84 11 555 - 310 -
22-04-84 13 640 T 360 .-
28-05-84 7 675 - 370 -
28-07-84 3 640 360 -
28-10-84 2 640 270 -
24-12-84 1 625 - 260 -
21-01-85 1 - - -
21-10-87 9 750 300 -
17-10-88 2 590 340 -
14-01-89 9 -570 310 -
30-12-89 2 635 300 -
29-01-90 3 612 290 -
21-02-50 8 600 350 -
23-02-90 '8 - - -
18-03-90 10 570 340 -
21-04-90 9 - - -
25-06-90 10 - - -
20-08-90 18 530 350 -
26-09-90 23 580 - -
T 21-1090 20 585 ) - -

- 26-11-90 17 - - -
10-12-90 1 - = 340 270
26-01-91 12, - - -
26-02-91 10 647 330 -
13-03-91 7 592 324 -

) 22-04-91 6 - 340 390
27-04-91 7 601 326 -
22-05-91 4 599 320 -
20-11-91 3 625 311 -
04-03-92 6 623 290 -

- 26-04-92 4 622 T T T308 340
23-05-92° - 3 621 - 320- 400
07-12-02 18 597 322 277
30-01-93 9 586 31 359
26-07-95 15 588 T 300 319
25-09-95 3 . 581 341 397
25-11-95 7 574 330 297
28-02-96 32 574 ° 330 259
24-03-96 33 - 555 338 261
22-04-96 8 391 - . 337 332
27-05-96 14 553 , 341 309
29-06-96 22 548 342 320
22-07-96 _ 23 - 548 341 401

- 24-08-96 41 541 . 341 322
22-09-96 50 547 329 2938
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WADI MAYHAH-MABRAH-HAJIR SYSTEM
EB131026AB, FALAJ AL KHIZAM AT KHIZAM

DISCHARGE MEASUREMENTS, May 1983 to Sep 2002

Date Discharge =~ EC ' Water - Air
(¥s) (uS/cm) °C) . (°C)
21-10-96 24 . 555 340 280
- 19-11-96 22 578 337 ~ 300
21-12-96 19 585 - -
21-01-97 13 - - -
18-02-97 15 629 328 - -
11-03-97 4 640 329 280
12-04-97 a2 S 6l 335 296
13-05-97 11 615 336 289
09-06-97 41 635 339 348
13-07-97 13 622 314 342
16-08-97 17 582 339 350
16-09-97 24 © 560 359 410
21-10-97 32 563 - 340 285
19-11-97 2 587 285 315
- 16-12-97 21 599 333 262
13-01-98 -z 597 337 290
17-02-98 21 593 335 T 26
16-03-98 12 607 326 336
15-04-98 20 610 338 342 .
13-05-98 13 581 345 47.3
13-06-98 T4 597 342 430
15-07-98 ' 12 582 350 380 -~
15-08-98 . 15 557 347 374
09-09-98 12 T 583 T 348 339 _
10-10-98 "7 585 352 383
09-11-98 4 : 502 338 300
12-12-98 3 ) 590 326 323
10-01-99 -8 591 329 286
s, 10-02:99 6 594 T 330 288
“ T 09-03-99 4 582 328 26 4
08-05-99 - 598 334 328
09-06-99 14 T 593 340 314
07-08-99 6 585 . 346 394
06-10-99 16 562 341 461
09-11-99 S 16 _ 568 338 329
12-12-99 13 425 330 . 280
08-02-00 - - - -
11-03-00 - - - ‘ -
09-04-00 - - - -
08-05-00 5 660 330 - 420
13-06-00 - - - - -

- 09-07-00 - - - -
08-08-00 - - . - e
11-09-00 - 640 323 - 328
08-10-00 T - - - -
08-11-00 - 760 300 312
09-12-00 - - 635 277 T 367
09-01-01 - ) 630 300 310
11-02-01 - 614 265 229
08-04-01 - 630 270 360
12-05-01 - 610 320 411




WADI MAYHAH-MABRAH-HAJIR SYSTEM
'EB131026AB, FALAJ AL KHIZAM AT KHIZAM

DISCHARGE MEASUREMENTS, May 1983 to Sep 2002

Date Discharge . 'EC  Water Air
- (i/s) (uS/em) | (°C) (°0)
10-06-01 - - 620 326 320
15-08-01 - 600 ‘339 315
16-09-01 - 650 342 .-
21-10-01 - 617 . 302 273
26-11-01 - 615 276 296
24-12-01 - _ 600 290 292
26-01-02 - - - -
26-02-02 - 633 154 -
24-03-02 - 606 280 -
29-04-02 - 620 290 275
27-05-02 - 620 325 400
22-06-02 - 615 285 355
30-07-02 - 600 311 347
26-08-02 - 450 320 305
24-09-02 .- 460° 322 417
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WADI MAYHAH-MABRAH-HAJIR SYSTEM
EB131026AB, FALAJY AL KHIZAM AT KHIZAM -
" WATER QUALITY DATA, Jun 1985 to Jun 2001

. - ANION

Date Bicarbonate Boron Bromide Chloride Fluoride MNitrate Nitrate Sulfate
As HCo3 AsB AsBr AsCl AsF AsN AsNo3 AsSod

(mgM)  (mgM) (mgh) (mgh) (mgh) (mgh) (mgh) (mgh)

24-06-85 205 023 - 79 006 005 09 43
25-09-95 145 - - 65 010 - 13 - 4
27-12-95 145 - - 58 010 - 15 35
29-06-96 149 - - 61 089 - 14 39
22-09-96 156 - 60 014 - 13 38
21-12-96 158 - - 66 010 - 13 32
13-07-97 153 - - 65 010 B 33
16-09-97 146 - - 65 010 - 13 36
16-12-97 152 - - 68 010 - 18 32
13-01-98 T107 - - 51 010 - 13 28
12-12-98 170 - - 68 010 - 15 36
09-06-99 155 - - 73 010 - 15 - 38
13-06-00 180 - - 74 010 - 16 45
09-12-00 162 - - 80 010 - 15 58
10-06-01 137 - - 73 011 - 15 50
Mean 155 0.23 - 67 0.15 0.05 14 39
Min 107 023 - 51 0.06 0.05 0.9 . 28
Max 205 023 - 80 089 0.05 18 58
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WADI MAYHAH-MABRAH-HAJIR SYSTEM - -
EB131026AB, FALAJ AL KHIZAM AT KHIZAM
WATER QUALITY DATA, Jun 1985 to Jun 2001

X CATION

Date " Cateum Iron ~Potassium  Lithum Magnesium Manganese Sodum Solids

AsCa  AsFe AsK AsLi As Mg As Mn AsNa Dissolved

(mg/h) {mg/) {mg/1) (mg/1) (mg/h) (mg/l) {mg/) (mg/h)
24-06-85 29 007 44 27 47 001 60 500
25-09-95 2 005 28 07 - 42 005 42 -
27-12-95 19 005 28 05 33 005 38 -
29-06-96 20 005 24 03 _ .35 005 - 34 -
22-09-96 21 005 24 04 38 005 37 T
21-12-96 21 005 29 02 - 40 005 39
13-07-97 23 005 29 05 37 005 42 -
16-09-97 21 005 30 04 35 005 42 -
16-12-97 ‘22 006 31 06 4 - 005 = 43 -
13-01-98 1 005 22 03 28 005. 31
12-12-98 21 005 32 03 42 005 83 -
09-06-99 23 005 30 01 43 005 41 -
13-06-00 22 005 29 -11 40 005 39 -
09-12-00 24 005 34 04 44 005 47 -
10-06-01 18 005 34 03 a5 005 46 -
Mean 21 . 005 3.0 0.0 39 0.05 42 500 -
Min 11 0.05 22. - 27 28 0,01 31 500

Max 29 - 0.07 44 0.7 47 0.05 60 500
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WADI MAYHAH-MABRAH-HAJIR SYSTEM
EB131026AB, FALAJ AL KHIZAM AT KHIZAM
WATER QUALITY DATA, Mar 83 to Jun 01

CALCULATED
Date Total Totat lon Total Total  Theoretical - Lab  LabpH
Alkalimty Hardness Balance - Amon  Catien TDS Conductivity  (Standard

(mg/l) (mgf) {me/l} (me/l)  (me/l} (mg/) (uS/em) Units)
24-06-85 205 265 - - - - 682 70
25-09-95 157 227 C - 6 6 317 591 85
27-12-95 145 183 - 5 5 282 618 83
29-06-96 149 193 - 6 5 291 538 - 81
22-09-96 156 - 208 -- 6 6 299 550 82
21-12-96 158 217 - 6 6 305 - 81
130797 153 212 - . 6 6 304 597 ‘ 83
16-09-97 146 197 - - 6 6 '299 564 82
16-12-97 163 - 223 - 6 6 318 576 84
13-01-98 120 143 -- 5 4 231 449 85
12-12-98 170 226 - - 6 6 326 T 591 7.5
09-06-99 - 155 236 - 6 7 326 - 605 - 77
13-06-00 180 220 - -7 6 343 - 640 - 65
09-12-00 162 - 245 - - 7 7 367 425 73
100601 143 230 - 6 7 331 - 83




WADI MAYHAH-MABRAH-HAJIR SYSTEM

EM111178AB, FALAJ HAIL AL SHARQI AT HAYLAYN

164

LOCATION )
UTM 511761 E, 2612637N -
LATITUDE - 23° 3727 B -
LONGITUDE 57° 06' 55" ) ’
FALAJTYPE Ghaly ,
PERIOD OF RECORD March 1993 to September 2002
REMARKS 68 measurements have been made at the site
MEASURED - Maxtmum measured discharge, 129 I\, 08 July 1997
EXTREMES Mmmum measured discharge, 13 1\s, 29 Sep 02 and 26 Aug 02
180
EnI111172AB, FALAY HAIL AL SHARQI AT HAYLAYNI
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WADI MAYHAH-MABRAH-HAJIR SYSTEM
EM111178AB, FALAJ HAIL AL SHARQI AT HAYLAYN

DISCHARGE MEASUREMENTS, Feb 1993 to Sep 2002

Date Discharge “EC Water Air
Us) (nS/cm) O G
11-02-93 68 609 210 230
16-03-93 41 574 232 220
17-04-93 37 549 253 -
18-05-93 32 575 277 340
16-06-93 21 593 301 320
06-07-93 . 22 591 317 360
09-08-93 40 557 289 370
12-09-93 20 576 210 330
05-10-93 25 586 © 279 360
16-12-93 21 - TT210 200"
05-01-94 . 26 - 592 229 260
09-02-94 27 607 211 230
24-03-94 22 616 247 280
18-04-94 - 18 617 267 -
03-05-94 . o622 286 380
18-07-94 S | 566 291 350
08-08-94 . 30 591 . 314 370
07-09-94 25 594 311 355
16-10-94 40 - 594 270 330
12-11-94 48 542 24 8 270
07-1294 - - 35 561 . 211, - 270
09-01-95 27 573 201 250
06-02-95 _L23 515 - 232 250
19-04-95 29 564 249 250
070595 31 553 274 300
13-09-95 46 ) 502 304 370
08-10-93 49 545 276 . 250
23-11-95 - 45 - 547 e 27 8 270 .
23-04-96 39 540 311 - 380
- -26-05-96 34 . 541 311 . -
16-06-96 40 545 312 -
20-07-96 37 552 342 -
26-08-96 38 544 346 -
25-09-96 34 551 322 -
22-10:96 31 578 ~258 - -
24-11-96 29 582 242 -
17-12-96 31 577 232 -
08-01-97 33 - 594 211 340
18-02-97 25 583 245 370
08-07-97 129 527 316 418
10-09-97 68 570 305 338
23-03-98 37 503 278 364
28-07-98 80 521 319 421
30-09-98 58 537 307 330
15-12-98 42 568 209 300
23-03-99 58 550 - -
22-09-99 44 570 307 359
18-12-99 27 - - -
25-03-00 T 18 - - -
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WADI MAYHAH-MABRAH-HAJIR SYSTEM
'EM111178AB, FALAJ HAIL AL SHARQI AT HAYLAYN

DISCHARGE MEASUREMENTS, Feb 1993 to Sep 2002

Date Discharge - EC © Water Air
o Ws) (nS/cm) O - (O
25-06-00 17 - 620 322 T 404
23.09-00 14 622 - 300 359
23-12-00 43 - - -
27-08-01 18 - ) 330 390
23-09-01 - - -

- 21-10-01 s - - -
07-11-01 19 - ) - -
24-12-01 17 e - -
27-01-02 17 522 242 322
20-02-02 19 T 510 260 343
31-03-02 26 473 334 " 304
29-04-02 28 500 306 350
27-05-02 25 485 360 430

- 23-06-02 26 483 .. 370 422
28-07-02 17 495 343 396
26-08-02 - 13 - 745 - 350 356
29-09-02 13 745 356 372
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Date '

11-05-97
Mean

Min
Max

Date

11-05-97

Mean
Min
Max

Date

11-05-97

— . N [ .
WADI MAYHAH-MABRAH-HAJIR SYSTEM -
EMI11178AB, FALAJ HAIL AL SHARQI AT HAYLAYN
WATER QUALITY DATA, May 1997 to May 1997

ANION

Bicarbonate Boron Bromide Chloride Fluoride Nitrate Nitrate Sulfate
As HCo3 AsB AsBr As(Cl AsF AsN AsNo3 AsSod
(mg/) (mg/M “(mgh) (mg/Hh) (mgh) (mgM) (mgh) (mgh)

142 - -- 49 ¢10 - 14 41
142 - - 49 0.10 - 14 41
142 - - - 49 0.10 - 14" 41
142 - - 49 010 - 1.4 41
CATION
. Calcium Iron  Potasstum  Lithwm  Magnesium  Manganese Sodium Sohds
AsCa As Fe AsK AsLi As Mg As Mn~ AsNa Dissolved
{mg/h) {(mg/l) {mgfh) {mg/l) (mg/h (mg/l) (mg/) (mg/l}
18 - 005 20 06 58 005 27 -
18 005 20 06 58 005 27 -
18 0.05 2.0 0.6 58 T 005 27 -
18 0.05 2.0 06 _ .58 0.05 27 -
CALCULATED
Total Total Ion Total  Total Theoretical Lab Lab pH
Alkahmity Hardnress Balance Anwon Cation TDS Conductivity  (Standard
(mg/t) (mg/) (mell) (me/l)  (me/l) (mg) {iS/cm) Units)

168 T 283 - 6 - T 305 539 86
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. WADI MAYHAH-MABRAH-HAJIR SYSTEM
EB121783AB, FALAJ AL QULAYYAH AT AL QULAYYAH

t

LOCATION
UTM ] .- 511827E, 2627594 N -
LATITUDE ’ 23°45' 34" ) ) ,
LONGITUDE - 57° 06' 58" i i
FALAJTYPE Daudi
PERIOD OF RECORD  May 1983 to September 2002 i |
REMARKS ) i 146 measurements have been made at the site
MEASURED Maximum measured discharge, 149 Iis, 24 March 1996
EXTREMES - Miimum measured discharge, 1 I\s, 14 Jul 86 and 22 Sep 93
180 _
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WADI MAYHAH-MABRAH-HAJIR SYSTEM -
EB121783AB, FALAJ AL QULAYYAH AT AL QULAYYAH -

DISCHARGE MEASUREMENTS, May 1983 to Sep 2002

_Date Discharge EC Water Air
(I’s) (uS/em) O - O
02-05-83 33 650 330 -
29-08-83 27 650 310 -
15-11-83 T 17 620 320 --
22-01-84 10 600 - 315 -
05-03-84 10 575 320 -
22-04-84 7 640 360 -
28-10-84 4 560 300 -
24-12-84 3 550 320 -
21-01-85 2 - - -
19-02-85 " 2 ' 550 T 310 -
- 23-03-85 2 550 300 -
20-05-85 5 757 310 -
24-06-85 3 550 - . 340 -
22-07-85 3 550 310 - -
18-08-85 3 - - -
07-01-86 2 500 " 280 -
10-02-86 3 520 300 -
14-07-86 i T .- e -
25-04-87 - - - - 11 500 310 -
21-06-87 22 e T - - -

129-07-87 23 525 330 -

" 23.08-87 16 T 640 330 " -
20-09-87 14 830 340 -
21-10-87 I TR 850 340 T e
17-11-87 _ _ 10 - - R
16-12-87 12 - - -
20-01-88 11 640 340 -
.12-03-88 12 650 320 ~ -

- . 10-04-88 12 650 300 -
29-05-38 k i3 650 T340 T 0 =
26-06-88 15 - 360 -
24-07-89 8 600 340 ' T -
20-08-89 7 . 600 350 -
23-09-89 7 600 340 -
30-12-89 .9 670 . 310 -
29-01-90 15 . 650 . 310 -
21-02-90 25 900 350 -
18-03-90 37 610 370 -
21-04-90 42 - - -
23-07-90 35 - - -
20-08-90 21 600 350 -
26-09-90 19 620 - -
21-10-90 15 635 -
11-12-50 15 - 340 200
26-01-91 7 - - -
13-03-91 1 606 327 -
27-04-91 6 593 330 -
24-07-91 6 560 334 430
20-11-91 3 545 321 -
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WADI MAYHAH-MABRAH-HAJIR SYSTEM
EB121783AB, FALAJ AL QULAYYAH AT AL QULAYYAH

DISCHARGE MEASUREMENTS, May 1983 to Sep 2002

Date Discharge EC Water Air
. (s) - (uS/em) (°O) O
26-04-92 6 © 831 . 330 .370
23-05-92 2 . 59 300 400
27-06-92 7 602 330 400
13-07-92 9 609 . 330 350
24-08-92 13 610 330 360
21-09-92 9 614 = 333 340
30-01-93 6 591 321 315
30-03-93 5 583 322 288
25-04-93 4 - 571 325 358
24-05-93 .- 4 . 563 325 307
19-06-93 4 563 300 335
19-07-93 3 551 332 350
23-08-93 2 542 320 340
22-09-93 . 1 540 . - 340
26-07-95 20 745 330 - 316
- 21-08-95 10 612 334 350
25-09-95 24 633 337 362
30-10-95 24 651 335 356
25-11-95 24 648 334 251
27-12-95 40 704 - 338 272
28-02-96 125 719 326 287
24-03-96 149 663 328 331
22-04-96 55 645 330 414
30-06-96 49 637 347 -
23-07-96 17 - 635 . 331 402
24-08-96 44 625 329 339
22-09-96 38 636 - . 333 350
21-10-96 18 629 ° 330 276
19-11-96 14 648 329 280
21-12:96 12 635 - -
21-01-97 10 ) - e -
18-02-97 9 638 323 . 215
= -11-03-97 3 . 636 . 329 290
T 13-0797 67 656 332 300
16-08-97 65 533 332 350
16-09-97 _ 46 630 - 347 413
21.10-97 39 - 650 330 430
16-12.97 : 76 627 321 226
13-01-98 13 630 322 270
17-02-98 68 614 314 288
14-07-98 24 - 589 327 340
-15-08-98 - - 22 598 329 412
- 12-12-98 1t 620 - 324 335
09-03-99 - 26 662 326 264
12-04-99 32 624 . 328
08-035-99 43 619 329 323 °
09-06-99 36 611 - 3209 332
07-08-99 - 609 332 422
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WADI MAYHAH-MABRAH-HAJIR SYSTEM
EB121783AB, FALAJ AL QULAYYAH AT AL QULAYYAH

DISCHARGE MEASUREMENTS, May 1983 to Sep 2002

Date " Discharge - EC " Water < Air .
(/s) (nS/em) °C) °C)

08-09-99 - - - -
09-10-99 - - -
09-11-99 15 611 330 326
12-12-99 6 570 320 270
08-02-00 - - - -
11-03-00 - - - -
04-04-00 - - - -
08-05-00 6 620 330 420
13-06-00 4 582 327 -
09-07-00 - - - - -
08-08-00 - - . -
11-09-00 - - 227 336
08-10-00 - - - -
08-11-00 - 860 268 - 312
09-12-00 - 565 308 360
09-01-01 - 560 299 311
11-02-01 - 546 225 265
08-04-01 - 553 301 320
12-05-01 - 543 319 419
10-06-01 - 620 326 " 350
15-08-01 - 500 T 325 319
11-09-01 - - - -
16-09-01 - - e -
20-10-01 - - - -
21-10-01 - " 527 310 268
11-11-01 - - - -
23-12-01 - - - -
26-12-01 ’ - - - R
12-01-02 - - - - -
23-01-02 - - - - -
“12-02-02 - - - -
26-02-02 - - - -
24-03-02 - - - -
24-03-02 r - - - -
27-04-02 - - - -
29-04-02 -- 523 310 300
27-05-02 - - - -
22-06-02 - - 514 267 345
27-06-02  ° - . - - .
2707-02 - - - -
30-07-02 . 2 . 500 301 , 315
26-08-02 2 - - -
27-08-02 - 510 312 414
27-09-02 - - - -
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WADI MAYHAH-MABRAH-HAJIR SYSTEM -
EB121783AB, FALAJ AL QULAYYAH AT AL QULAYYAH
WATER QUALITY DATA, Jun 1985 to Jun 2001

ANION -

Date Bicarbonate Boron Bromide Chloride Fluoride 'Nitrate Nitrate Sulfate
As HCo3 AsB AsBr AsCl AsF  AsN AsNo3 AsSo4

(mgM)  (mgh) (mgh) (mgh)  (mgh)  (mgh)  (mgM)  (mgh)

24-06-85 - 183 012 - 45 008 001 18 41
25.09-95 181 - - - 60 - 021 T . 20 43
27-12-95 175 - 069 73 015 - 28 50
30-06-96 R YA - - 53 010 - 28 57
22-09-96 183 - - 55 019 - 26°- 37
211296 . 179 - - 57 010 - 25 51
13-07-97 153 - - 64 020 - .29 38
16-09-97 C156 - - 5 010 - 26 54
16-12-97 166 - - 56 - 015 - 31 56
15-04-98 158 T - 32 020 - 23 68
12-12-98 180 - - 60 - 010 _ - 25 56
09-06-99 160 - - 55 010 - 23 58
13-06-00 18] - - 55 010 - - - 26 46
05-12:00 155 - - 49 010 - 27 80
10-06-01 176 - - 4 - 030 - 12 45
Mean 169 L0122 0.09 56 0.15 001 25 54
Mn ... 151 612 0.09 44 008 0.1 1.2 38

Max 183 6.12 0.09 73 0,30 0.01 3.1 80
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WADI MAYHAH-MABRAH-HAJIR SYSTEM .
EB121783AB, FALAJ AL QULAYYAH AT AL QULAYYAH
WATER QUALITY DATA, Jun 1985 to Jun 2001

CATION )

Date Calclum Iron Potassium  Lithum Magnesium  Manganese Sodum Sohids

AsCa AsFe _ AskK As Li As Mg .As Mn As Na Dissolved

(mg/D) (mg/i) - (mg/) (mg/) (mg/) (mg/l) (mg/l) (mg/)
24-06-85 36 001 17 29 21 001 56 420
25-09-95 43 005 . 20 - 0.3 25 0035 52 -
27-12-95 47 005 22 00 25 005 55 -
30-06-96 41 005 - 17 01 23 005 49 -
22-09-96 44 005 18 05 23 005 52 -
21-12:96 44 005 - 20 04 23 005 52 -
13-07-97 48 - 005 21 01 20 005 58 -
16-09-97 a5 005 20 02 20 005 59 -
16-12:97 51 005 22 © 05 20 . 005 57 -
15-04-98 42 005 21 0.1 - - 20 005 55 -
12-12-98 4 - 006 23 02 22 _006 54 -
09-06-99 ©45 005 21 04 23 005 53 -
13-06-00 39 007 21 ‘10 20 _ 008 - 46 -
09-12-00 38 009 25 01 23 005 47 c -
10-06-01 36 005 23 01 22 -005 49 w
Mean . 43 0.05 21 01 22 005 53 420
Mm 36 0.01 1.7 2.9 20 ~0.01 46 420 -
Max - 51 0.09 25 0.5 25 0.08 59 420
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"WADI MAYHAH-MABRAH-HAJIR SYSTEM -
EB121783AB, FALAJ AL QULAYYAH AT AL QULAYYAH
WATER QUALITY DATA, Jun 1985 to Jun 2001

] CALCULATED
Date Total Total Ton Total Total  Theoretical Lab Lab pH
Alkahnity Hardness Balance Amnion Cation TDS Conductivity  (Standard

{mg/l) (mg/1) (me/l) (me/l) (mefl) (mg/l) (1S/cm) Units)
24-06-85 183 175 - - - - - 556 67
21-06-95 162 161 - 5 5 296 558 81
25-09-95 . _ 181 209 - 6 "7 347 630 77 -
27-12-95 175 222 - 7 7 383 634 - 74
30-06-96 175 196 - 6 6 346 621 .16
22-09-96 183 207 - 7 6 . 359 . 622 78 -
21-12-96 179 - 204 - 6 6 351 622 79
13-07-97 T 153 201 - 6 - 7 338 633 76
16-09-97 156 193 - 6 6 348 625 76
16-12-97 166 212 - 6 7 360 610 79
15-04-98 " 158 188 - 7 6. “6- - 349 581 74
12-12-98 180 199 7° 6 36l 613 76
09-0699 160 208 - 6 77 7 o3 615 - 71
13-06-00 151 8l - 6 6 314 593 65
09-12-00 155 192 - 6 6 349 344 7%
10-06-01 176 . . 180 - 6 6 313 543 .76
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WADI MAYHAH-MABRAH-HAJIR SYSTEM -
EB132329AB, FALAJ AL FARDAH AT AL FARDAH

LOCATION

UTM 512198 E, 2634237 N
LATITUDE 23°49' 10"
LONGITUDE 57°07" 11" .
FALAJ TYPE Daud: - -
PERIOD OF RECORD January 1983 to September 2002
REMARKS 98 measurements have been made at the site
MEASURED Maximum measured discharge, 59 I, 12 April 1997
EXTREMES Mmimum measured discharge, 2 Rs, 22 Apr 84 and 08 Sep 99
70
EB132329AK, FALAJY AL FARDAH AT AL FARDAH
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WADI MAYHAH-MABRAH-HAJIR SYSTEM

EB132329AB, FALAJ AL FARDAH AT AL FARDAH
DISCHARGE MEASUREMENTS, Jan 1983 to Sep 2002

Date

18-01-83
27-02-83
03-04-83
22-05-83
29-08-83
15-11-83
22-01-84

_ 05-03-84
22-04-84
25-04-87
21-06-87
16-12-88
30-12-89
26-01-90
21-02-90
18-03-90
21-04-90
11-10-90
26-02-91
13-03-91
27-04-91
22-05-91
15-06-91
27-07-91

- 31.08-91
22-09-91
23-02-92
04-03-92
23-05-92
25-04-93
— 23-08-93
22-07-96

- 22-09-96
19-11-96
12-04.97

13-05-67 -

13-07-97
16-09-97
T 21-10-97
19-11-97
16-12-97
13-01-98
-17-02-98
16-03-98
15-04-98
13-06-98
14-07-98
15-08-98
09-09-98

Discharge
(I7s)
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EC

(pS/em)

675
680
750
660
670
655
650
550
680
600
660
710
640
690
650
680
690"
648
646
642
644
644
643
665
663
662
664
669

665 -

664
654 -
669

658

654

- 650

620
646
661

- 659

176

657
661
685
680
670
635
630
639

Water
O

310
310

380 -

330
320
320
280
355

310

340
320
300
310

340
342
340
340
340
340
345
330
330
330
340
338
340
341
334
350
340
338
340
367
348
302
349
346
342
340
338
345
340
356
348

Air
(°C)

1380

410
430
320
320
480
37.9
350
360
286
267
290
287
320
412
290
286
253
290
261
342
324
400
382
442
367




 WADI MAYHAH-MABRAH-HAJIR SYSTEM
EB132329AB, FALAJ AL FARDAH AT AL FARDAH

DISCHARGE MEASUREMENTS, Jar 1983 to Sep 2002

Date Discharge EC Water Air
(Us) (1S/em) (°C) ¢C)

10-10-98 29 636 389 T 370
09-11-98 27 637 348 328
12-12-98 28 650 346 281
10-01-99 _ 29 650 345 276
10-02-99 23 638 341 298
08-09-99 0 - - s
09-10-99 o - - -
09-11-99 15 611 330 326
12-12-99 6 ) 570 320 270
08-02-00 - - - -
11-03-00 - - - S
04-04-00 - - - -
08-05-00 6 620 330 T 420
09-03-99 30 650 338 234
12-04-99 26 932 336 -314
08-05-99 24 630 337 358
09-06-99 18 ~ . 620 338 328
07-08-99 ; 12 639 343 390
08-09-99 2 645 344 - 330
09-10-99 12 - 635 " 345 418
15-01-00 : 7 680 340 200
08-02-00 11 633 340 270
10-03-00 - - - -
09-04-00 ) 8 660 337 324
08-05-00 - 13 760 340 440
13-06-00 4 - 658 339 -
09-07-C0 - 6 440 . 316 -
08-08-00 - - - -

~ 11-09-00 - - - -
08-16-00 - - - -
08-11-00 - 875 338 318
09-12-00 - 688 321 365 .
09-01-01 - 680 300 310
11-02-01 - ! 686 283 302
08-04-01 - - 698 310 360
12-05-01 - 701 330 410
10-06-01 - 717 340 390
15-08-01 - 700 339 319
16-09-01 - 919 307 340
21-10-01 - - 760 310 26 0
26-11-01 - 732 272 306
24-12-01 -- 800 276 260
26-01-02 - - - -
26-02-02 - 761 168 - -
24-03-02 : - 729 254 -
29.04-02 - 745 To290 - 275
27-05-02 - 740 300 420
29-06-02 - 740 270 385
30-07-02 ’ - 800 274 . 303
26-08-02 - 613 341 340
24-09-02 - 736 300 372



Date

21-06-95
27-12-95
29-06-96
22-09-96
21-12-96
13-07-97
16-09-67
16-12-97

15-04-98

12-12-98
09-06-99
13-06-00
09-12-00
10-06-01
Mean

M
Max -

3

WADI MAYHAH-MABRAH-HAJIR SYSTEM
EB132329AB, FALAJ AL FARDAH AT AL FARDAH
WATER QUALITY DATA, Jun 1995 to Jun 2001

ANION

Bicarbonate Boron Bromide Chloride Fluoride Nitrate Nitrate Sulfate
As HCo3 AsB AsBr AsCl = AsF AsN AsNo3 AsSod
(mgh) - (mg) (mgh) (mgh) (mgM) (mgh) (mgh) (mgh)
182 - - 80 010 - 10 37
172 - 017 82 010 - 10 46
178 - - 71 031 - 14 50
187 - - 69 010 - 14 a7
182 - - 75 010 - 15 38
158 - - 69 010 - 14 38
159 - - 83 010 - 15 42
182 - - 72 010 - 18 40
160 - - 76 010 - 21 29
185 - - 75 ¢10 - 19 40
174 - - 74 010 - 17 35
175 - - &2 010 - 17 41 -
173 - - 84 010 - 18 54
179 - - 89 020 - 17 56
175 . - 0.17 77 0.12 - L6 T 42
158 - 0.17 69 0.10 - 1.0 29
187 - 0.17» 89 0.31 - 2.1 56
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" WADI MAYHAH-MABRAH-HAJIR SYSTEM

EB132329AB, FALAJ AL FARDAH AT AL FARDAH
WATER QUALITY DATA, Jun 1995 to Jun 2001

s
T P - ¥

CATION .

Date Calaum Iron _Potassijum  Lithmm Magnesium  Manganese Sodiam Solids

AsCa «As Fe As K Asly As Mg AsMn As Na Dissolved

(mg/h)  (mg/h) (mg/h) (mg/l) (mg/) (mg/h) (mg/l) (mg/l)
21-06-95 - 18 005 _ 50 03 38 005 60 - -
27-12-95 19 005 _ 30 04 49 005 49 -
29-06-96 19 005 26 03 42 005 48 -
22-09-96 22 005 29 05 44 005 53 -
21-12-96 20 005 30 02 43 005 52 -
13-07-97 20 005 29 03 - 38 005 55 -
16-09-97 21 005 29 04 - 38 005 35 -
16-12-97 20 005 40 . 06 39 005 55 -
15-04-98 18 005 28 - ot 40 005 50 -
12-12-98 20 005 33 03 43 005 53 -
09-06-99 21 005 29 00 45 005 47 ’ -
13-06-00 T2 L 007 31 -14 44 008 46 -

. 09-12-00 22 005 33 00 50 005 50 ) -
10-06-01 22 005 33 05 " 53 005 52 - -,
Mean 20 005 32 0.2 43 005 = s2 -
Min 18 805 _ .26 . =14 38 0.05 46 -
Max 22 0.07 5.0 0.6 53 0.08 60 -
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Date

21-06-95
27-12-95
29-06-96
22-09-96
21-12-96
13-07-67
16-09-97
16-12-97
15-04-98
12-12-98
09-06-99
13-06-00
09-12-00
10-06-01

4

CALCULATED
Total Total Ton Total Total  Theoretical Lab
Alkahnity "Hardness Balance Anmon Cation TDS Conductivity

(mg/h) (mg/l} {me/l) (me/l)  (mell) (mg/l) (uS/em)
182 201 - 7 7 356 702
172 249 - 7 7 359 672
178 222 - 7 7 350 . 652
187 236 - 7 7 360 649
182 226 - 7 7 350 647 -
158 206 - 6 7 328", 622
159 209 - 7 7 347 626
182 - 213 - 1 T 352 634
160 211 - 6 - 6 -~ 325 634
185 227 - 7 7 358 645
174 237 - 6 7 341 636
175 233 - 1 7 s 676
173 261 - 7 -7 379 607

274 - 7 8 395 710

179

R
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WADI MAYHAH-MABRAH-HAJIR SYSTEM
EB132329AB, FALAJ AL FARDAH AT AL FARDAH
WATER QUALITY DATA, Jun 1995 to Jun 2001

Lab pH
(Standard
Units)
81
8.2
81
81
80
82

- 82

- 83

79 -
80
79
65
78
82



WADI MAYHAH-MABRAH-HAJIR SYSTEM
EB124974AB, FALAJ AL SIH'HAH AT AL STH'HAH

LOCATION
UTM ) 51010E, 2630089 N ) ) -
LATITUDE 23° 46' 55"
LONGITUDE -57°08' 50"
FALAJTYPE Daud: .
PERIOD OF RECORD May 1983 to September 2002
REMARKS 63 measurements have been made at the site
MEASURED Maximum measured discharge, 49 \s, 13 May 1998
EXTREMES Mmimum measured discharge, 2 . Iis, 15 Jan 99 and 08 May 00
t0
EB124974AE, FALAY AL STH'HAH AT AL STHHAH
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Date

13-07-97
16-09-97
19-11-97
16-12-97
13-01-98
17-02-98
16-03-98
15-04-98
13-05-98
13-06-98
14-07-98
15-08-98
09-09-98
10-10-98
09-11-98
12-12-08
10-01-99
15-01-99
10-02-99
09-03-99
_ 08-05-99
09-06-99
07-08-99
08-09-99
09-10-99
09-11-99
12-12-99
08-02-00
11-03-00
- 09-04-00
08-05-00
13-06-00
09-07-00
08-08-00
11-09-00
08-10-00
08-11-00
09-12-00
09-01-01
11-02-01
08-04-01
12-05-01
10-06-01
28-08-01
11-09-01
20-10-01
26-12-01
28-01-02

Discharge

(I’s)

5
20
19
28
30
36
34
34
49
31
30
25

EC

- (nS/em)

546
550

- 537

536
560
555
554

- 570

[ —

182

546
563
550
550
554
557
555
570
569
630
565
586
570
3N
582 -
578
602
450

-

WADI MAYHAijI-MABRAH-HAJIR SYSTEM
EB124974AB, FALAJ AL STH'HAH AT AL SIH'HAH -

DISCHARGE MEASUREMENTS, Jul 1983 to Sep 2002

Water
-(°C)
- 358
345
- 295
-~ 318
317
318
331
334
337
340
342
344
o 349
338
331
317
310
1260
312
310

308

327
328
307
305
290

Air

(°0)

347 -
400

287 -
240

266

239 -
313

325

391

402

375

413

412

367

316

282

260

260

269

260 -

367

350

321

403

304

280



WADI MAYHAH-MABRAH-HAJIR SYSTEM
EB124974AB, FALAJ AL SIH'HAH AT AL SIH'HAH

DISCHARGE MEASUREMENTS, Jul 1983 to Sep 2002

Date Discharge ) EC - Water Air
v's) (nS/cm) O C)

12-02-02 - - - -
28-03-02 - - - -
30-04-02 - - - -
24-06-02 - - -
27-07-02 - - - S
24-08-02 - - - -
30-09-02 A - -
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Date

16-09-97
16-12-97
15-04-98
12-12-98
09-06-99
09-12-00
Mean

Min
Max

Date

16-09-97
16-12-97
15-04-98
12-12-98
09-06-99
09-12-00

Mean
Min
Max

WADI MAYHAH-MABRAH-HAJIR SYSTEM
EB124974AB, FALAJ AL STH'HAH AT AL SIH'HAH
- WATER QUALITY DATA, Sep 1997 to Dec 2000

ANION -
Bicarbonate Boron Bromide Chloride Fluoride Nitrate Nitrate Sulfate
As HCo3 AsB AsBr As(Cl AsF AsN AsNo3 AsSod
(mg/) (mg/M)  (mgM) (mgM  (mg/) (mg/) (mgh): (mgh)
B TY - - 60" 010 - 23 45
121 - - 58 010. - 19 44
129 -- - 62 010_ - 19 37
150 -- - 64 010 - 22 52
126 - - 67 010 - 23 31 )
136 -- - 80 010 - 26 88
131 -- - 65 0.10 - 2.2 53
123 - - 58 0.10 - 1.9 37
150 - - 80 0.10 - 2.6 83
CATION
Caleium Iron Potasstum  Lithium Magnesium  Manganese Sodwm Solids
AsCa AsFe As K CAsla As Mg As Mn As Na Dissolved
(mg/) (mg/h) (mg/l) (mg/t) (mg/l) (mg/l) (mg/l) (mg/h)
23 005- 24 04 2 005 57 -
T2 T 005 26 07 26 005 52 -
22 005 25 02 26 0605 51 -
23 005 25 05 27 005 54 -
24 003 25 09 25 005 54 -
25 006 29 -08 34 005 55 -
24 0.05 2.6 0.8 28 0.05 54 -
22 - 0.05 24 --08 24 005 51 —
26 0.06 2.9 34 0.65 -

(1R
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Date

16-09-97
16-12-97
15-04-98
12-12-98
09-06-99
09-12-00

WADI MAYHAH-MABRAH-HAJIR SYSTEM
EB124974AB, FALAJ AL SIH'HAH AT AL SIH'HAH -
WATER QUALITY DATA, Sep 1997 to Dec 2000

CALCULATED
" Total Total Ion "Total - Total Theoretical . Lab .
Alkalmty Hardness Balance Anion Cation TDS Conductivity
(mg/l) (mg/ly (mefly {mell) (mefl) (mg/l) (12S/em)
121 156 - 5 6 297 555
133 17