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ABSTRACT

Although Saudi Arabia has made great progress on almost all fronts,
water has always been, and still is, a serious problem. Settlement in the
central area of the country is concentrated in the wadis, of which Wadi

Hanifah is a good example.

The Wadi descends through the central slope of the Tuwaig mountaih, g

where Jurassic units predominaté, and ends in the Al-Kharj Plain, where

Cretaceous deposits outcrop.

Climate is influenced to a limited extent by the relatively high altitude

of the Tﬁwaié moum:ain,' especially where rainfall is cohcerned, and an
annual average of 100 mm is recorded. The .raté of'evapox;zition, however,
is very high, because qf the cloudlesé sky and high te mperatu'res;

Rﬁn;off occurs only after torrential rain,.when the Wadi collects
flood water from its many tributaries. Seven dams have.been built.;m
recent years in an attempt to increasé undexground recharge.

The volﬁ me, quality and locations of undérground water are deter-
mined almost entirely by climatic regime and geological characteristics,
Fractions and cavities in the Jubaila limestone around Riyadh. and the
alluvium deposits in the Wadi's channel used to be:the main water sources,
Water in these aquifers used to be at an easy reach at a depth of about 10m
beneath the surface. Urban expansion of Riyadh City, however, required
a continual increase in watier extracti_on, and the introduction of ﬁodern.
equipment in agriculture also increased water c&nsumption. This led to
the lowering of the alluyium aquifer on the one hand, and the contami.na.tioh

of the Jubaila limestone aquifer on the other,

ii



- The tapping of the Mi.njﬁf aquifef m 1956 at'_a dépt;h of more than:
1,000 m_ tempararily solved the problem, ‘but';s the djschafée inc_:reasedl '
sharpljr wéter level fell ‘to. a considereltinle &ef;t_h‘, and m the nmeantime th_e
‘allu\'riurn aqui.fér' cohtinued drqpping, 80 tha; in _sorhe'areas water haé Beé_n'
almest cdm.plefely depleted. | . | ' ;

It is obyious that the la:ck pf. control :ov'er watex; use, and the short- -
age of adequate investigation and expe rienc_é, 'con:1bined with the maﬁy .
different authorities in charge .of water, .producefd é. c;areles_s attit_ude to

this valuable resource in both urban life and agriculture.
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- - CHAPTER ONE

INTRODUCTION

Water is a vital resource in any part of the \v;rld, but it ié a par-
ti.cularly -importanf factor in arid landsl s_uch as the central ;.Jart. of Saudi
.. Arabia and has ;1 great im;pact on thé way of life and the location of
settlements, ' Shortage of water has played a primary role in de‘termining
the typé of farming and size of cropped areas in thé region. Indeed, it
| was the lack of \{vater which was the main cause of people leaving their
homeland, seeking an easier life .in places like the Arabian Gulf States
or even as far afield as North Africa and India. At present, many fam-
ilies have setﬁed in Kuwait, Bahrain, Syria, Egypt and Indiél, whose _
forefathers originﬁted from Nejd - Central Arabia, and these families |
still have st_rong links wifh their relatives in the region (Wahbah, 1946).
In Bedouin cornmqni.ties, the éonﬂict which used to' arise .in the past over
priority in obtaining water from an isolated shallow well causéd many
Qeaths. |
Over the last half-century, the socio-economic life of Saudi Ara_.bia
has been devélopir‘xg rapidl_y, mostly as a result of two. factors:
(i) The foundation in 1931 of_ the Kingdom of S:;Luc!i Arabia
as a new, modern state, offering greater stability and
security. | |
(ii) The potential of the oil revenue which has played a
tremendous part in raising the living standards of the
people.

Yet, with such socio-econcmic change, the prcblem of water



supplies has become e'vep more important, 1arg_e1y'b¢ca}1se' of the Ira'.pid :
.increa-sle 6f 'popu_létic.m Broughi: aboult by natural gféwth and .byl-il.mmigx-'a-
tioﬁ to thé éxpan&i_ng urban areas frpm ru;.'all a.re:as and from abroéd.. |
One clear example of this is the city of Riyadf:, which was des}cribed by
the VBB firm (1965) as one of the 'fastes‘t grdwing cities in the world.

In addition to this the ih;roductibn of moderﬁ equipment, both e;qﬁipmenp
for water extfaction and equipment employing Water, has acceler,éf:ed tﬁe' '
| depletion of tradi;ional water resources in the farming areas of the
country. |

To make matters worse,- cultivate& areas have habitually been ex-
panded as soon as any sép'rce of water has become available. This con-
~ sequently entails h'i.gh_ extraction, coupled often wi;ﬂ carelés.s and inefficient
use.

This drastic change in water use is most marked in the centrgl area
of Saudi Arabia, where water is always in sho.rt supply. ‘Most of the popu-
lation live in wadis of the central area, and these mostly flow along lthe
eastern slope of the 800 '.km long Tuwaig mountain, |

. 'To provide a clear examplé of water utilisation in these wadis, it
was decidéd to select the Wadi Hanifah as a wgdi typical of the region.
Other cqnsideratio'ns also favour this choice:
(i) The historical importance of the wadi since the establish-
ment of the présent Saud Ro&al family, wh'oée_ capita_l'
was first Ad-Dir'iyyah and later.the city of Riyadh.
(ii) The size of the wadi and _consequently the _a'.gé and size of'. _
the _old villages and farming areas : the wadi is one of

the largest of those flowing from the Tuwaig mountain.



(iii) _ It.s closeness to the cépital -city -: th1s has entailed .
: _fhe availability of,. relatii'veiy speaking, a great deal
‘of data and maferial, partly as a result of the inter-
' action between the city and the wadi vs;it_h regérd to

the water supply..

1.1 The Area of Study -

The name of the Wac;i I-Iani"fah' comes from the Bani Hanifah tribe
who occﬁpied thé wadi two centuries before the rise of I,slgm, probably
"~ in 420 AD '(Al-]asir, 1966).' Al-Erdh was the popular name for the wadi
lin thé few scattered historical studies. This bame, howeve;', accordiﬁg
to Yakout Al-Humawi (1955 ) used to be giveh‘ to ;ny wadi in Arabia
~ where there was sufficient wafef for irrigation. The édva,ntéges of water
and agricultl;re gave the wadi a particular importance in mény historicai
events. One of these was the war of Apostasy near. Al-Jubailah village,
between the Bani Hanifah and the army- of Kalif Abu Bakr a few years after
the death of the- Prophet Muhammed in the seventh century AD., Again, the
wadi in the eighteenth century and afterwards was the leading political
region in Nejd, and a largg area was ruled from time to time from Ad-
Dir'iyyah., Lately, since 1931, the bulk of the Arabian Peninsula has been
united and ruled from the city qf Riyadh. |
The Wadi Hanifah drainagé extends along the eastern flank of the
Tuwaig mountain and lies between latimde 25°00' and 24°20' N, with an "
area of 4,053 sq km (F.igure 1.1). | At the crest of the escarpment it
attains an elevation of abent 900 m . apove- sea level and flows down the

- east-dipping sedimenis tec join with one of the Wadi Hanifah®s
. .-
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m;in .tributé;ié'é, the Wécii Al-;Kholl;xlra@h, which flows at right angl_es'tlzo'. :

i:he'di-re.ctie'n of t'hé principai Wadi.. -The Iw:aL.ii c'han;ges-direction-, .fé)llolw-

ing' the qutqfOpé, and stri'ki'ng towards. t.;ie_ séuth-east, just aftél' lea;zing'

- A1-]ﬁbéilah v_iilage , where it is joiﬁed by a cluster of tﬁbutaries. Ap.art a
frqm the Wadi Alaisan, ana the Wadi. Al-Bai'ha, these follow the.' initial

slope of Tuwaig mountain, .as 'does-, for exafnﬁle, the Wad_i Al- Ammarijy;h.

The cultivated areas and populatior}' cehtres_ arg"concentratéd ina
section of about 90 km between Al-ﬁyaynah -in the no'rth and A_l-
Ha'ir in the south. Here, the channel of thg wadi, with an alluvium
deposit of about 60 m depfh, supplies water for the irrigatiog of the cul-
tivated terracesl. Since run-off is limi_ted aﬁd uncertain, water was tradi-
tionally obtained by th_e pull-doﬁkey method froﬁ the.hand?-d.;lg wells.

In this section lies Riyadh, the capital city, with a p;pulation of
" about 350,006 inhabitants, Situated in the eastern part of _the area, itis
connected by four highways with the Taif in Fhe west, the Sudair regioh to
l;he north, Dammam to the east, and the Wadi Ad-Dawasir .i;egion to the
south.

The remaining settlements are old villages sited on either bank of
the Wadi proper, except Al-Ammariyyah village which lies in the Wadi-
Al- Ammariyyah tributary. The largest villages in size and population
afe Aci-Dir'iyyah, Al-Uyaynah, Al-Ha'ir and Al-Ammariyyah. Their
populations range between 4,000 in the case of Ad-Dir'iyyah to about _
1,000 .in Al-. Ammariyyah., The remaining _villages of Al-]ubailah, Al-
Awdah, Al-Elb, Al-Uraija, Ergah, Manfouhah and Al-Masan'i hav.e_. pop-

ulations ranging befween 200 and 1,000. The estima;ed total population

of all the villages is about 10,000. This means that about:97 pef cent of



" the whole population of tﬁe region live in the city of Riyadh (Ministry of
.Labour and Social Affai;s , 1964). | | |

Through the pé"riod of watér shortége wh;u::h 'startea roughly in the
1940's, the wadi reéion has witnessed major changes, largely due to the
expansion of Riyadh city. Though the city appeared alt first to be a mar-
ket for the agriculturai products and livestock of .the_, wadi, the rising
s_tand.ﬁr-d of living paved the wéy for a iai:ge:r énd more soph{sticated and
.competitive market, and also for the absorption of the nomad population
of the region.

Vegetation is limited by the amount-of rainfall and _the type -of ecol_-_
ogical environment. Since the bulk of the‘ wadi ba;in consists of rocky
‘limestone, particuiarly on.the Tuwaig slope, and since rainfall is fluctu-
ating and uncertain, the vegetation is found in wadi channels and in loai'ny'
micro-depressions.

The wild vegetation consists mainly of shrub and bush species, such

'
!

as Calotropis procera, a_na in ephemera_l annqal species growing after
rain and belonging to various families, for example graminaceae énd
plantaginaceae,

Although the ephemeral vegetat{on is the source of pastoralism in °
Arabia, in the Wadi Hanifah it is hardly usedl. at ail for grazing because
of the diminution in nomadism. Instead, it is used to provide recreaticn
for sightseers on excursions from the capital and nearby villages.

The wadi remains an important agri.cultural-region in the central

“area, with a volume of produce dependent on the water available. The
cultiv.ated area, according to the census of the Ministry of Agrll_cul'ture

and Water (1964), is potentially 5,026 hectares. Nearly 65 % of .



this area ié actually under culti_vétion_ (Table 1 1).

Acc.:o_rd'mg:to the prexlrious.- fei’jort, the avl'ex"ége agricﬁltﬁfall holding
is 39-98 decares. The éi_ze of the individual holding is contfolled By
* various factors; s.ucl;.as the aée of the farm, the density of populatioﬁ in -
the village néarby', the income of the c;wn’er, and above all the availability
of_watef. Though éhe buik of agricultﬁre is sited in the wadi pfope'r
around t-he ancient villages - for exarﬂblé, Al-Uyaynah arlld A'd-.Di.r‘iy-yail -
the isolateq farming areas in the wadi seem to coﬁtain larger holdings. |
This is due to thé fact that market gardenihg and the ‘cultivation of alfaifa
is commonly practised here whenever possible. _

Palm groves h_ave always played an important part ‘in local agricul-
ture. The total number of date palms was estimated at 252;662 in 1964,
The palm grove 110idings contain a few fruit tJ;ees such as oranges, citrus,
pomegranates, apples and figs, and .they occupy né_arly 24 per cent 6f the .
area under cultiv;tion. Vines grow outside the palm groves, particularly
in the newly cultivated areas, for example at Al-Uraynah., Traditionally
they used to be near the water. pool when the animal- pull method was
used, and in some holdirllgs they are planted in a corner of the palm
groves.

Alfalfa is grown in palm groves and sometimes outside. It grows
on loam and loémy sand in a total area of about 272 hectares. In addition..
to the local consumption, Riyadh city is the main market fér the excess
products. |

Cereals, sorghum and millet are also commonly grown whenever
water is available., The amount of Jand used for this in 1964 was in the

order of 2,516-4 hectares. The land is irrigated in strips ranging bet-



TABLE 1.1

Agricultural Holdings and.the Area under Cultivation inthe Wadi Hanifah*

R Number Area under | Average Area:
Location Village of . Cultivation of Hoiding
' - ' Holdings | (decares)*** | (decares)***
_Al-Uyaynah 65 5,114 7867
Al-Jubailah 19 2,339 - 123- 10
Al-Mughaider** 9 1, 147 127.44
» Al-Elb 13 - 771 ©59-31 .
oo Al-Awdah 23 478 20-78
g&. (= Ad-Dir'iyyah 77 . 6,227 80- 87
5@ Ergah - © 59 ' 2,584 43- 80
5 8 Al-Ghithwanah 5 56 11-20
=g Al-Batin** 14 1,379 98-50 .
:§ g Al-Uraija 40 2,020 50-50
T g Al-Badi'ah 22 1,547 70-32
® 9 Manfouhal: 48 1,737 36-19 .
= 2 Al-Masan'i 46 1,834 39- 87
S'jah** 28 1,766 63-07
Uraidh** 4 257 6425
Al-Mansouriyyah** 1 237 237-00
Al-Ha'ir 152 1,640 10-79
Wadi Al- Al-Ammariyyah 26 1,891 ' 72-73
Ammariyyah | Abalkbash** 11 1,790 162-73
Wadi Um Al-Hamam . 3 - 247 82-33
adi o w
Alaisan Alaisan 3 162 54-00.
Al-Ma'ther** 3 173 57-66
Wadi Liban Liban** 8 407 50- 87
Wadi Nimar Nimar** 7 423 60-43
Wadi Ha Dirab** 1 82 82-00
Total 816 - 32,627 39-98

* Agricultural holdings which have disappeared owing to the expansion of
Riyadh City are exluded as a result of checking undertaken by the author in

March 1974.

** Farming areas only.

*#%* A decare equals 1,000 sgm (or O- 1 hectare)

- Source. :

Census of the Ministry of Agriculture and Water in 1964



ween 30 and 200 ‘sq m , 'o.r'_ .:in . sdmé.éé}'ses these crops are’

gfown between the date pallms'. |
Market gardening has attracted reasonablg,attentiqn in the last two.

.decades., This arisés'mostly fr:om the capital city beiné the nea"r-est and

‘the most highly absorptive market‘in the centréll area of Saudi Arabia.

: _The area cultivated for these products ameunt‘ed td- 834-7 hecta.reé. The_
main rﬁarket érops are water mélons, 'tof,natbnes, pumpkins, ﬁar;owé,
beans, melons, egg-plants, okra, cucﬁmbers and peppers. Cﬁief of all
are water melons and tomatoes, which occupied respectiveiy about
26% and 14 % of .the ,cultiva'ted' ~ market gardening area. An
.eXpansionbof the water melon piantations has been caused by the high
demand of Riyadh during the hot summer.

It is, howevejr, important to remember that, apart from the palm
groves and orchards, the area under cultivation varies from year to year
depending on the availability of irrigation water in the wadi alluvium
aquifer., In a dry year, agriculture contracts -and consists only of the
cultivation of date palms and alfalfa. But whenever the aquifer holds a
sufficient water reserve, cultivation expands to include the crops men-
tioned in the- previous paragraphs.
The wadi seems likely to lose its agricultural status in the future
through urbanisation and the related development trends now prevalent.
Bearing in mind that the substantial deep aqﬁifer of Minjur is restric- -

- ted to use for the urban supply within a fifty-kilometre radius of Riyadh,

native farmers may give up their t_raditionai fa.rrﬁs and sell them to

wealthy city residents, and in tﬁis way agrivcultural holdings could well

be turned into beauty spots and recreational centres,



CHAPTER TWO .

PREVIOUS STUDIES: AND SCOPE _OF PRESENT STUDY

2,1 _'Previbus Studies

Being in an isolated area, the cenfral part of Saudi Arabia, or "Nejd",
had not been the subject of any major studiés 5efore the- formaﬁon of- .
Saudi. Ara;bié in 1931, Such neglect by schplars resulted from.the fact
that this area is isolated by vast sand belts to the north, east and south,
and by the Sarat m.oun.t_ains in -the_west. During the Ottoman Empire and
the period of Ev;xropean éxpansipn, this area had.been ieft alone due to its
harsh environment and to the poverty 'of its natural resources. Even when
the Muslim Empire was expanding in North Afric_;t and Central Asia, the
Nejd area did not attract much attention in comparison with the Fertile
Crescent in the north -or the holy places in the west.

However, during the preparation of this study, it was found that the
area has been referred to in one context or another through the years, and
particularly in the last four decades. For the sake.of convenience, the
references will be classified as groups.

The old literature includes two groups - first, tribal poetry whicﬁ
gives some account of various aspects of the region, including descriptions
of tribal areas when a poet is far away and ﬁomesickness makes him give
a description of the tribal land, particularly the prominent features -such
as valleys, mountains, etc. From the people who used to live in the area
during both thé pre-Islamic period and the rise of Islam, came Al-A'asha,
Jarier, Al-Farazdag, Thu Er-Bimmah, Al-FHutay'ah and others, whose

verses are published and are available in the major libraries and bookshops

10
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of the Arab states. Because of tﬁe- way of life at that time, when tribes
mov_ed ffom one place tq a_n.oth'gr following-thg graiiﬁg éreé, no urban or
rural knqwiedge can be éai-ned'; 'the only thing fhét can be detected is
‘where théy uéed to. move, and the mﬂuence of the r.xlatu_ral .environment
upon their ii‘ves. .For instance; Amr Ibn Kaltﬁoum', Who lived before the
rise of islém, gave a very distinctive deécriptioﬂ of the w‘est—ifacing'
cuesta of the Tuwaig mountain wheﬁ he described it as "swords in
warriors’ hands", This picturé, which des::ribés' thé reflection of the
sun's 'rays on the hanging wall of Tﬁwaig moux.1tain,_-c'an be seen by trav-
ellers nowadays along the Riyadh-Tai’f highway in .t.he area between
Dhruma - 90 km west of Riyadh city - and Al-Washm - 80 km further
westwafd.

‘The other grdup are the historians, either l.from the area or from
‘the outside world. The history of the Wadi Hanifah as well as neighbour-
ing areas is recorded by what can be called the Nejd histor;Lans. Chief of
them are Husain Ibn Ghannan, who died in 1859 (1225 AH), Othman lbn
Bishr, who lived between 1795 (1210 AH) and 1873 (1290 AH), and more
recently, Ibrahim lbn Salih Ibn Eissa, who lived between 1853 (1270 AH) :.
and 1924 (1343 AH). These tliree historians give ti‘je major political
events after the movement of Sheikh Muhammed Ibn Abdul-Wahhab. lbn
Ghannam's record started about 1744 (1157 AH) and ended in 1797
(1212 AH), Ibn Bishr included the events mentioned by Ibn Ghénnam and
_ continued until the year 1851 (1268 AH). In addition, he mentioned older
major events stafting from the year 1446 (850 AH). Though these pub-
lications were devoted to local conflicts, mention of trade routes, prices,

droughts and floods was not uncommon.



_Ari even earl"ier beriod m the history of the Wadi- Hanifah and its -
sett].éments is _mehtié:ied. spdradic,ally in sonjile-'old litér‘ature dev&.ed .
' mainly.tc--t'hef- sites of places 'and.major topograpﬁical féa.tures.. -_The-
~most important book of éil was "Mﬁ'ajam A1-Bu.1da'n", written by

Yagout Al-Humawey in the thirtéénth century. -In this bc;ok, the author
concentrates upén the‘ lecation of particular ar’eas,_ and the tribes to
which they bglonged. |

However, dealing with suc'.:lh literature reéﬁires a basic knowledge
of the various historical names, and the existing -names have mostly
changed through the years. To give one example of the many Qrong
interpretations by present-day scholars, Abul-Ela (1965A) publiéhed a
paper about some geographical aspects of thé city of Risradh' iﬁ the

_ Bulletin de la Societé de Géographie d'Egypt_, in which he concluded that

" Yakout Al-Humawi does not mention Riyadh in his book. The fact is
that, although the name Riyadh'is not mentioned, the place does appear
appropriately entered under its ﬁistorical name of Hajr. The story of
the invasion of the Wadi by the tribe of Bani Hanifah is also included. _
Thus, the existing names have to be converted to make sense of older
historical literature.

In the nineteenth and early twentieth centuries, some European

travellers reached the central part of Arabia.” Palgrave (1865), .

Leachman (1914) and Philby (1922) were probably the only travellers to -

visit the Wadi Hanifah itself; althoug'h their publications are concerned
with their personal observations, these explorers have the advantage of
- presenting their stories in an adventurous way. However, while their

descriptions of villages, people and some social habits contributed new

12
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know_lédge to éutside_ | rea}ders-, thesé éoveréd phase_s of everyday life
that were alréé.d’y familiar to -nati've scholars. - '

Since the formation of the Kingdom of Saudi Arabia in 1031 and
the ﬁdoﬁtion o_f Riyadh City as the cap-ital of the new state, a pei:iod 6f
detailed. research has begun. The disco_véry of oil helped the state to send
for scientiﬁc exberts to launch new urban and ﬁral developménts. Being
in the vicinity of tfle capital, which has g_l.'own fa'sF dufing thé past four. |
decades, the Wad_i. Hanifah was the maiﬁ focus of the% search for a éource
of water to supply the city. |

The first body to start ih_vestigation on the water conditions of the
‘Wadi was thé Arabian American Oil Company .(Ar.a'mco) in 1947,
Unfortunately, _their report is not available, but other repofts by the
company dealt with conditions between i.938 and 1948 and included the
wb;:k done by the company to evaluate the water level and provide a pre- .
.liminary‘ evaluatibn of the recharge of the allluvium_aquilfer based upon
assumed hydrological conditions in the wadi.

o A United States Geoiogi'cal Survey mission to Saudi Arabia, repre-
sented by Dr G F Brown, produced a report to the government in 1950
describing the main feamres of the geology and hydrology of the Riyadh
BésinArea,. and this as;sessment was used as a basis for various sugges-
tions to solve the problem of lack of water at Riyadh. Their suggesti'ons
led to the drillixlg of test boreholes around Riyadh, and of one 60kms to
the east of the city. Thouéh their appfoximate dépthé'afe-about 230'm;.

 the results ﬁere unsuccessful.
During the investigation by Dr quwn, Internatiogal-Bechtel Inc

was carrying out a number of different contracts for the Public Works



14

. Divisionl, includiﬁg a st'udy of a new source pf water for Riyadh. Their |
recommendations \-Ne-re gi‘;'en' in two report.s in 1951 : one concerned a
subsurface dém at Al-Hs'ir, about 30 kms dov.vnstream frox_n Riyadh;

.and. the other involved a rec;)mmendétion to drill 2 new well at Al-Ha'ir and
pipe water to thg city. Thé water level of the -;rea around Riyadh and
the nearby section of the Wadi Hanifah proper was measﬁred duﬁﬁg 'thei_r
investigation.. |

The Michaei Baker.'Company submitted two reports as a result of.

their investigation in 1953:. In a joint report written by George R Wiison
of that company énd. Donald Doughtery of the US Geolog—ica-ll Survey, they
pointed ou£ t1-1_e economic disadvantages of building subsurface dams in
the Wadi, as had been suggested previously by cther firms.. They also
drew 'atterition to the need for basic data concerning the rate of recharge
and discharge of the alh;vium aquifer. The company, which was in charge
of drillilig wells at Al-Halir and constructing a pipeline and reservoir in
Riyadh, submitted a report in June_a 1953, which reviewed previous sugges-
tions by others, including the possibility of bringing water from .Shat Al--
Arab in.Iraq.

Following the Michael Baker Company studies, sporadic étudies
were carried out by the: Goverco Company and the Pékistan Technical‘
Survey; both in 1954, Their work appears to have added little to what
was already known. In .1_954, the Hydraulige Afrique launched a study -to
find an additional water supply for Riyadh; during their work the deep
Minjur Aquifer in the région was explored, l:;reliminary drilling taking
place west of Riyadh, at Ash-Shumaissi. Thus, a new source of watc'ar

was discovered, but its aquifer conditions and quality needed a lot of
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" investigation.
| The Ralf M far,sons -Co"m'pa.ny carriéd ouf a number of .investig'ations :
in 1958 and 1959, including a study of‘ ghe water level in the Wadi aquifer.
Their work included an evaluation oI: water 's.térage in the aquifer beﬁneen.
Al-Uy.aynah‘ village .in the uppef sec'tion..of the .Wad‘i' proper, downél;ream
from Ergah village. Their émdies we:é ‘backed by new"data 'and maps of.'
the' a'rea under study, -espéci-ally the report written by D L M?:Car;n;
working under thé technicﬁl d{rection of M; R Davis, and assi.sted by
members of the ‘staff of the Water Resources Division of the Ministry of ‘-
Agriculture an& Water. | |
In 1959-60, Dr-Wolfart, leading a German tgam, made an investi-.

gation into the neighbouring southern wadi, the V\.Iad‘i Nisah',' Though the
area of the study ié outside the Wadi Hanifah areav,. ’.ptheir work in the

" Fault Zones of the Wadi Nisah explained some of the geological aspects.

of the Wadi Al-Awsat, a feeder of the Wadi Hanifah in the Al-Ha'ir area,
which used to be a tributary of the Wadi Nisah. |

In the early 1960's, studies were carried out by G F Brown of the
United States Geological Survey and C F Lough of the Ministry of
Agriculture and Water of Saudi Arabia, on the existing water résources,
mainly the Minjur Aquifer, Wadil Nisah and Dahl Heit. Their work was
devoted mainly to the quality of the water in these resources.

The latest completed investigation wa_-s'caj:ried out by the Sogreah
Company between 1966 and 1968. Their studies i'.r_lcl.lﬁdec-i_ the Wadi
Hanifah, Sudair, Al‘-Washm, Al-Hautah and‘Al-I(harj; .'which constitute |
Area 5 a.cc':ording to the classification of the Mini:stry of Agriculture and

Water. Various final reports were submitted in 1967 and 1968, including
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reports on ground water conditions, the agricultural and grazing potential;

and a report about Riyadh Water Supply. Tl’ie-ir investigation, Whiéh was

~ carried out with new technical equipment, gave logical results concern-

ing the present water cenditions in the area. -

In addition to these investigations, some official staff of the

Departments of Geology and Hydrology in the Ministry of Agriculture and

Water produced various papers 'and articles, some of them published and

some confined to Ministry use. Most of these studies gave a general

idea of water conditions in the whole or part of the country. The

Department of Hydrology, which provided dara on climate and on suriace

water, produced two reports about the Wadi Hanifah Dam,

The Scope of the Present Study

In starting work on this study, the major obstacles were to discover
what kinds of investigations had been made, and where and how to find
them. The rapid deve].épment and the movement of staff in the govern-
menf offices consequent upon promotions or the expiry of work contracts
made most of the material Written previously difficult to trace,

Accordingly, two field trips were made : the first was carried out
in August-September 1972 and involved exploration and enquiry. Visits
were paid to differeﬁt offices in the capital city, including the Ministry |
of Agriculture and Water, the Central Planning Organisation, the

Municipal Affairs Office., the .Ministry of Petroleum and Minerals, the

" Technical Co-operation Office, the General Department of Statistics

and the Headquarters of the' VBB Company in Riyadh. The difficulty in

tracing old material stems from the fact that, thcugh most people have
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heard of the Wa.di Hanifah as such, few l'mss'ess detailed knoﬁledgg of _
._.rhe reg.i'on. ; Consequently,l rﬁoét intérviewé ﬁad to include some t;ientidr} 3
of the areas and pla;':es that go to make lt ﬁp'. | By the end of the trip, the .:
scop'el of mate;-ial wﬁich was 'avéilable..had be.en';as't.ablisﬁed.

During fhe ée’cond field t1-'ip, which was .made'in the rainy se'asox-l |
from December 1973 to Mafch 1974,. systerpatic‘ trips wc-are'.made through.
most of the main wadi and main tributaries. The prima.rs.r purposé was
- tc check directly some of the phjsiographical a;nd 1anﬁ use aspects, and .
residents and farmers were interviewed inldifferent settlements. In.
addition, some of the wadi's features were photographed, i11c1udiné
flood sheets in different parts. Data -gnd mapé concerning climate, .
flood and undexground water were -obtained mainly from the'Ministx"y of
Agriculture and W;ter and the Ministry of Petroleum and Minex;als, in-

" cluding the aeri ;;11 photographs of the wadi drainage.

The present synthesis of existing reports is meant to cover the
overall Basin of the Wadi Hanifah in terms of its main water resources.
This task.did not appear to be possible at first due to the fact that pre-
vious works had concentrated on finding sources for the Riyadh w;':lter
supply, and had not studied the areas as a whole. *

The physical background is dealt with in the chapters on Geology and
Physiography. . The former shows the different geological forrnatign
outcrops of the drainage basin and dis;usses their ixﬁportance in terms
of watexr bea;ingi The latter highlights the physical features of the wad;1
that influence the surface water, runoff as well as the percolation processes.
The surface water is tackled in the chapters on climate and runoff.

Rainfall is obviously the only source of surfacé runoff; therefore con-
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centrated attghtioﬁ is given to the clirﬂatic conditions in general and rain-
fall in part:icular. Run-off is studi'e-d in terms qf ﬂood.occurre'nce,v and
.an account is also given of thé major featu'res which influence it. With
~regard to underground water, wiaich is the only source of water in the
'.\.Nadi, three chapters tackle the only three local aquifers separately.
Ea_ch one-contair;s, as far as ﬁossible, the .cor'xdition boundaries 6f the
aquifer, including the recharge and discharge and water quality, and

the tapping develcpmeﬁt._ In deal'iﬁg with the Minj'ui' ‘Aquifer, which holds
a deep fossil water, an expansion 6f the stud.y.was made to cover the
general characteristics of thev_aquifer as a whole, with an emphasis on
the depth, recharge, discharge and the water table i_n the study area.
The reason for such e.xpansion_.is that this aciuifer is the présent and
foreseeable water resource for-the urban sectoxr in f]le wadi. Investiga-
tions are being carried out to tap this aquifer outside the wadi basin;

)

and pipe the water to the capital city.

In the Conclusion, the present water condition is summed up as a
whole, and the future outlook is considered. Although many points
-remain to be clarified ;avhen their basic data become available, a great
effort has been made to give an accurate and correct picutre in this
study,. including the provision of accurate data, maps, names, locations,
cte,

It is hoped that this study will be of great value in tackling the
water problem not only of the Wadi Hanifah, but- also in the whole cen-
tral part of Saudi Arabia, and that it will contribute to the promotion of
the geograp]‘ﬂca'l approach iiliwthe study of water resources in Sauti

Arabia.



' CHAPTER THREE

- GEOLOGY -

A di_scussi_oxll_ of the geolbgy of tﬁe Wadi Hari‘ifah cafchment él'mosit :
inevitably pecessi;ates some prior account of the majox_; geological fea-
tures of -the Arai:ian Peninsulal, anci es_pecially of the way the pfesent
structure of th_e'sedi_mentary strata came into being.. Before the 1930's,
little was known about it; as a result of-difficulties caused by political
isolation, tdpography and climate. The creation of a modern political .
state in the Kingdom of Saudi {&rabia led to the first investigations of thé
strati_;graphy and structure of the sedimentary rocks;_when the Arabian
American Oil Cc;mpany (.Aramco) started exblor-ing for oil inte eastern
province. In September 1933 two American geologists, R P Miller and
S B Henry, a.rrived at Al-Jubail docks on the._ western cc').ast' of the Arabian
Gulf and begaq their work for fhe California Arabian Standard Oil
Company (Casco), the former name of Aramco (Lebkisher, 1965). From
that date onwards, American'geolog'i'éts in particular have produced detailed
studies of the geological sequence of Saudi Arabia., The twd most outstand-
ing, who have produced a great deal of work on the sedimentary section of
the cduntry, are Max Steinke and R A Brampkamp (1952). - They arrived at
t.he field in the autumns of 1934 and 1936 respectively. A major study
was published by US Geological Survey (1958) and consisted of 21
maps, comprising géologica‘l- and geographical ihfor.mation, ami cover-
ing the entire area of Sﬁudi Afabia. The ';r'laps have since been a basic
tool for the éeological and geographical study of the country.

The central part of the Arabian Peninsula, on which the Wadi Hanifah



_ de.veloped‘its catchment, consists of a depcsition of marine aﬁd non-
mariné rocks sta'ndinglon a vast mobiie Pre—Ga't.nbr'ian compléx of.
ignec.)us and me_témorphic rocks, which are éxposed in the western part
where they carry'the narné of the Sarat Mountains. Lle to the Eozoic
era, the Basement -Compléx formed part of the Gondwana continent,
‘which extended froﬁx‘Australia to South America.. To thg north a‘nd ea.'st
of Gondwanaland a iéng geosynclinal_ sea in the Tethyan Trough occupied -
an area c.overing Turkey; Iraq and the southern part of Iran, By the
outsét of the Paleozoic epodh; the surface of the Béssme'nt had been red-
1_1ced to a nearly level plain (Powers e_t> al, .196,6)_. - After the
Devonian Agé, the vast epicontinental seas, which were rich in marine
life, moved back and foftia across the lower par£ of the ﬁasément.
During this process their floors were filled by accumulated deposi-ts
which originated mainly from the hard calcareous part of the marine
organisms and formed successions of almost flat-lying strata, semi-
parallel to the Old Shield (Fisher, 157 1). Destruction of the Tethyan
Trough by orogenic movements started as early ﬂas the late Cretaceous
period and continued until the begirning of the Cenozoic Age. In the late
Tertiary, probab1§ in the Miocene and Pliocene periods, the rocks of
the Trough were folded and thrust up to form the mountains of Taurus
and Zagros._ Sublseqﬁently, the remaining part of Tethyes, the
Mediterranean Sea, was separated from the deepest part of the trough
which is now occupied by the ArabianGulf. Additionally, the sedimentary
" strata of the Peninsula were tilted towards the east (Lees, 1928)

and the Arabian Gulf also joined the Oman Gulf. As a result of the

extensive tectonic framework, the Arabian Peninsula started to take its



21

present shape.' 'In the western part of the country, the Basement Complex
was not affected by the upliff folding becéusé of its high resisténce.
Instead, the great rift-fault éystem of the: Red Sea and East Africa
occurred auring that period. ;A.t the outset of the Pliocene, the R_.éd Sea
was blocked out from the Tethyes seaway (the Mediterranean), and

was connect.ed with the Indian chan (Wilson, 1528).‘

However, our undérstahding of changes in the ¢arth's' skin, as.
they occurred both in the Arabian Peninsula and elsewhere, has recently
been changed by the theory of P].été Tectonics. put forward by H H Hess _.
in 1960. A discussion of the elements of this theory is not relevant
here,. .but: the theory itself must be taken into account in any estimate of
the future geological outlook of the area. If. the theo.r._v. is c'orrect, then
the geological deyeloprnent is still continuing. In other words, the fold-

' ing action of the Zagros and Taurus Mountai-ns is still active, which means,
according to Flint and Skinner (1974), that the Arabian Gulf will disappéaf
in the course of S0 million years, without any distinct change in the Red
Sea, except that it may be coﬁnected again with the Mediterranean Se.a
through the Suez Canal.

The Arabian Peninsula has also been affected through the geological
ages by deformation, faults, volcanic lavas and erosion, Within the
sedimentary rocks, the effects have appeared as unconfofmities, dis-
conformities in the contact of the sedimentary beds, and tensions iﬁ fold-
ing, producing domes, the ].at;:er locatea in the eastern province of the
country, Itis in these that thé oil has been trapped.

Regarding the Wadi Hanifah Basin, it follows the geological order

of the sedimentary section of central Arabia. The southern part of the basin
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also has been‘_z-tffecte'd by the éraben and falu].t 'sy§tem which exteﬂds as
far as the Haradh areé iﬁ the east anc.i.al—Artawijryah in the west. o
.'ApaJ;'t f:rom' the grabens énd faulté which are _phj-rlsi.ographical'ly clear_,
some of the geological units a-r'e.locally disrupted, as is the Jubaila
limestone, which is thrown down against the Tuwaiq I.imestone in the
hanging-wall block of the Wadi z.‘\-l-'Awsat.' o
-In general, the basin falls la'trgely within the T uwaiq Mountain,
and the rocké were formed during the upper ]t.xrassic and ea.rly'
_Cretaceéus periods.
The gedlogiéal sequence.of the outcrops consists of seven forma-
tions:- |
(1) Tuwaig Mountain ;imestone
{2) The Hanifah For;n'ation.
(3) Jubailalimestone
(4). The Arab Formafion
(5) Hith Anhydrite
(6) The Sulaiy Formation
7) | Quaternary Alluvium

as shown in Figure 3.1 and Table 3. 1.

Tuwaig Mountain Limestone - Upper Jurassic

The n'ame of the formation comes from Jabal Tuwaig, which extends_
from near latitude 17°30'N to 27°30'N: a disénce of more than
1,200km. It forms the top-ridge of the mountain and has a well-defined
wes.tward-falcing cuesta shape. Tﬁis formatioﬁ is regarded as a good

example of the mere resistant sedimentary formations in Saudi
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Aré_bia (Abul-Ela, 1965B). In-the cen.tra-tl part of _Tu'»;vaig,‘ the .diffe:rence '
~ of elevation b_et\.&ee‘n- the escarpment and the plain in front is more than -
500m. At the south and nerth ends, the reiative_ .re.ltef gradug}ly
decreaseé, 'and the liméstone occurs as-very low weathered benéhes.
With the excépfion of the northérn part, .whic.:h loses its elevation grad} '
ualiy, the elevation of the Tuwaig mountain _i; about_ 1,000 m above
mean sea levél. Some 90 to 100 m of thé formation can form almost
vertical cliffs, fclﬁ escample those which can be e'x'am'ined at close
quérters in Shafib Nisah, southward bf the Wadi Hanifah. In addition,
50 to 40m of argillaceous rock belonging to the Tuwaig méunta’i‘n
forrr;ation and subject to weathering lie below the vertical cliff, and
appeér to be an extensicn of the gentle slope established in the undérlying
Dhruma fo’rmation; |

The upper part of the formation constitutes a strong plateau sur-
face, sloping gradually eastwards to the slumped zone, particularly in
the area under study. ’fhe surface of the slope is bex./elled, and more
recent beds dip downwards. |

The vertical cliif is cut by a number of traverse channels, running
from north to south. Three examples are to be found in the Wadi
Hanifah region, i.e., Al-Hisyan in the north, and the Wadis:Ha and
Al- Awsat in the south. While the Wédis Al- Awsat and Ha were, on the
one hand, the result of faults and grabens, the Hisyain, on thé other -
hand, might havelbeen caused by erosion réducing the vertical cliff to
a step-like slope. |

In the southern part of the Wadi Hanifah basin, the Tuwaig.

Mountain Limestone is present at Al- Awsat grahen, as prominent
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édges'a-nd eros.idnallrem.nagts. Here, the lower béds_ - some 33 m -.
.:'are reiativeiy sQf?ter than the upper layers, and show cohformity with
fhe uppermost layers of the underlying bhrul;na for.m'ation (Aramco,
1962). |

.The eastern.slope of the Tuwaig mountain: is ended by a wide
valley separatihé the Hith Escarpment to the east from the mquntain:‘ .
to the west, and m this the Wadi Hanifah channel is eroded.

‘The thickness of the Tuwaig limestone as a whole reaches a max-
imum in the southern part of the _W'adi Hanifak area. Here, between
the Risrad.h-Taif Highway and the Nisah area (Lat. 24°15'N), the
thickness has been calculated to be between 200 and 215m. In the
Saiboukh borehole No 3, to the east of Ac’_I-Di.riyyah village, ‘where the
formation is overlain by the Hanifah formatio-n, the log of the well
" showed that the thickness of the formation ranges from 215 to 261 m
(Minisfry of Agriculture aﬁd Water, 1973). At the Ash-Shumaissi bore-
hole in Riyadh city (Lat. 24° 36' 43" N, Long. 4° 40'.38" E) its
£hickness was 203 m (Table 3.2). Inthe .n';arthern part of the Hanifah
region, the formation appears to- be thinner. - Powers _¢_t_ al , (1966)
have pointed Iout that a section measured near Al-Ghat (Lat. 26°02' N)
had a thickness of 130 m.

The lithologic characteristics of the Tuwaig mountain limeétone
include a white and cream compact, fine-grained limestone, with some
"calcarenitic limestone and calcarenite. The limestone is dense, partic-
ularly in the upper layers, which.form the rﬁain escarpment and the
‘western slobe. Few fossils were collected from it during a previous

study by Aramco geologists. The lower part' (25 to 20m) consists of a
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The Lithblog_i_c Sequence of Tuwaig Mduntain _L'lm'_e_stohe

At Ash-Shumaissi Borehole.

Aphamtlc llmestone grey to tan, compact, shghtly
impure; thin bed of dark grey, poorly sorted,
skeletal at base

Aphanitic limestone, light tan, moderately pofous-;
Foraminifera common, rare grey to white chert

Calcarenitic limestone, tan, moderately porous,
skeletal; thin bed of grey-tan, strongly cemented, fine-
grained, skeletal calcarenite at base

Aphanitic limestone, tan, slightly impure, moderately
porous; .common 'birdseye’ texture, rare white chert

Calcarenitic limestone, grey, partiall;} re-crystallised,
fine-grained, pellet-skeletal

Aphanitic limestone and calcarenite; complexly inter-
bedded tan compact aphanitic limestone and grey fine-
grained, well-cemented biogenic calcarenite; common
- chert

Aphanitic limestone, tan, compact; common 'birdseye'
texture

Calcarenite, dominantly tan, fine- to medium-grained,

well cemented, partially re-crystallised, pellet-skeletal;
common interbeds of tan aphanitic and calcarenitic limestone

Aphanitic limestone, tan, compact, rarely pelleted;

commonly mottled with 'birdseye’ texture; rare thin beds of
tan, fine- to medium-grained calcarenitic limestone. Thin

bed of grey, fine- to medium-grained, weakly cemented
calcarenite at base

Aphanitic limestone, tan to gray, compact, in part marly
and impure, rarely particlly dolomitised; occasional thin

beds of grey, compact pellet calcarenitic limestone, -
Interval becomes progressively more marly, 1mpure and
pelleted in the basal part

Total thickness of Tuwaig Mountain Limestone

Source : Powers et al (i966)

Thickness
in metres

4.9

24-4 -

13-4

33:5

97-5

203-0
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well-bedded, higlﬁy fossiliferous, soft, chalky limestone which forms '
an even talus slope at the foot of the cuesta.

The hydrological properties seem to be poor or non-existent in
thé area under study, thoﬁgh to the nortﬁ, at Wadi Hﬁraymila, and to
the south, at Wadi Wasit in Al-Aflaj, an aquifer is ‘reported by Sogreéh

(1968A) to be workable. - There the surface’is in a cracked and weathered

-condition to a depth of 20 to 40 m. However, pe;colétion presumably :

occurs withip the channels of the Wadis, where the water accumulates
in large quantities and remains for some time after the rains, to fiow

down through the joints.

Hanifah Forr_nation - Upper Jurassic

The Hanifah formation derives its name from the Wadi Hanifah,
whére the typé section was first described. Writings related to the
formation, dated prior to 1952, consider i’t.as a member-of the Tuwai.g
group. Subsequent studies have since established that it belongs to a
different formation,

The outcrop of}the Hanifah formation follows a narrow curving
zone comparable with the zone of the outcrop of the Tuwaig mountain.
'The eroded channels of the Wadi Hanifah and its.tributaries on the right
bank, descending down the easterﬁ slope of the Tuwaig mountain (for
example, the upper Wadi proper, the Wadi Al-Amma_riyyah and Wadi
Nimar) have exposed a westward extension of the formation. Unlike
the imderlying' formation, the outcrop of the Hanifah unit varies in Wifith
from one pla-ce to another: for example, near the Riyadh-Taif highway

at Dirab the width does not exceed 2km, whilst in an area to the west

28 -
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of Ad—Diriyy"ah' viliage ; the ou;crop meé'sure's: over 20kn-n 1n width.

| The und_érlyiﬁg and over_l..ying ‘rock.s, whiph ére harder énd more
resistan_t, give- the Hanifah unit more protgétion. Nevertheless, the
formation in the Wadi Hanifah region héé \ﬁeaghgred to a long, shallow
' trougﬁ. Rocks outcrop to the east and the west of the trough in ‘the

: sﬁape of a low, irregular scarp, which appears to be steeper in thé
east, Moreover, some rounded outlines of the unit are sqatteréd over:
the Tuwaig mountain limestone.

In spite of fﬁe gradual 'décrease_ in the thickness of the formation
' to the north and south, but outside the area under study, this unit has a
constant tbicimess in the study area of allbout 116 m. The previous inv'es-‘
tigation carried out by Aram.co_(Report No G. 27, no date).claimed the
thickness in the Wé.d.i Nisah area to be about 180 m. This séems to be
an overestimate. The most accurate study so far was done at ]abél
A-Abakka-y.n in the extre mé north of the Wadi Hanifah watershed. Here,
the thiékness of the formaticn,is 113-. 3 m (Bowers et al, 1966).

The recent drilli@ (1973) of the Salboukh wells has shown the thick-
ness of Hanifah to be about 120 m (Ministry of Agriculture and Water,
1973).

The lithological characteristic of the Hanifah formation is that it
is basically a carbénate.unit. It consists mainly of a c;eam-coloured
soft limestone, with minor interbedded mgrls and tan clay shales.
Several brown calcarenite beds occur in the middlé and upper layers of
‘the formation. 'These can be traced without interruption over almost élle
enite length of the outcrop. Isolated coral reefs are present in the

middle and upper portioas also (US Geological Survey, 1958). Many
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thin brown oblite beds are preserved : these are apparentiy more resist- _

ant than the interbedded limestone, The fragments of the odlite are
embedded in the weathered surface, giving the 'outcr'op a brown colour,
and this characteristic also makes.it easy to distinguish the Hanifah

unti from the overlying Jubaila limestone. The continuity of the forma-

‘tion is disturbed in the southern part of the Wadi Hanifah drainage area,

where the Wadi Al- Awsat and Dhruma grabehs slice through the Tu'wa-ig -

mountain and offset the various Jurassic urﬁts.

The hydrological propert.ie_s appear to be very poor, owing to the
cracked and weathered condition of the upper poftion of the chalky
limestone. Al-Arﬁmariyyah village is the only place in the basin Wi1¢re
the formation yields a small quantity of water.

’

Jubaila Limestone - Upper Jurassic

The name of the formations derives from the village of Al-Jubailah, -

in the upper part of the Wadi Hanifah basin, where a thickness of 75 m
of rocks forms a resistant dip slope which caps the Hanifah formation.
These rocks have subsequently been found to form the lower portion of
the unit, The upper series forms -a steep eastward - tilted pl-ateaﬁ,
slightly bevelled on the surface.

The outcrop extends over a distance of 1, 100km from north to
south, curving around the Central Arabian Arch. The surface eiposure

occupies more than 30% of the present watershed of the Wadi Hanifah,

‘Within this area it has been cut into by a large number of tributaries in

the right bank of the main valley,

The thickness of this formation varies from one place to another

30
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. in the study area; in cjontr.-ist to the <>-th¢r ]Ll.;'assié units, wh.ichl,show a
__ relatively c-c'mstant thickness. In.the Wadi Ni.s_ah, its thickness is about
. 130 ml, and in -the_ cehtral' ‘par_'t of éhe Hanifah regilon, the formation has a |
‘similar thickness (Table 3 3). McCann ( 1§59) clai‘mled the thicknesé in
the Wadi Hanifah channel to 5e about 100 m - nevertheless, it is safer to
say that .the thicicness in the région ran;ges'from 110 to 130 m. This .
figure-is de:rived from méasuremer.xts at 'fabal Al- Abakkayn in the extreme
northern paxl'-t of the Wadi Hanifah catchment érea, where the formation
is reducing in thickness. The formation has a.r thickness of about 72 m at-
Wadi Huraymila, 20km north of Jabal Al-Abakkayn.

' The Jubaila limestone consists mainly of: a cream-coloured, com-
pact,. thick-beddéd lime_stone-. In the Hanifai] regipn the unit is éomposed
of aphanitic and calcarenite limestone, with éome beds qf resistant cal-
carenite. The contact between thié formation and the underlying and
overlying units is conformable. The light colour of the bed of Jubaila
limestone conirasts sharply with the brown-.coloured,. compact pellet-
oblite calcarnite rocks at the top of the Hanifah formation. On the other
hand, the contact with the overlying Arab formation is also obvious,
since the upper portion of Jubaila limestone contains thin calcarenite

* with some re].ativeiy dense and quite resistant aphanitic limestone.
These rocks have been weathered to small fragments.

Joints and solution channels in this formation ensure that rocks of the
Jubaila series form a main workable aquifer in the area (cf Chapter 7, Jubaila
Aquifer), Furthermore, it has been established that this upper portion of
the Jubaila_ﬁnit, along with the ailuvium in the Wadi Hanifah, was once the

main source of water to the shallow hand-dug welis inthe capital city and its environs
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TABLE 3.3

A Section of the Jubaila Limestore at Wadi Nisah, Showing Thickness
: ' and Lithologic Sequence

Thickness
in metres

4, Aphanitic and calcarenitic limestone (6-0m thick)

Aphanitic limestone, tan to yellow, tight, chippy-

weathering, partially re-crystallised; single thin bed

of grey, tight, skeletal calcarenitic limestone near _

middle ' - ' : 1-5 .

Calcarenitic limestone, tan to yellow, tight, chippy-

weathering, skeletal; occasional thin layers of aphanitic

limestone and beds of grey-brown, tightly cemented

calcarenite near middle arnd at base 45
3. Calcarenite (7-0m thick) :

Pellet-skeletal calcarenite, grey to golden-brown, tightly

cemented, fine- to medium-grained, rarely sandy; thin

bed of golden-brown, tightly cemented, partially dolomi-

tised, coarse stromatoporoid carbonate near base 70
2, Calcarenitic limestone and caicarenite (20-5m thick) :

Dolomite, dark reddish-brown, compact, finely

crystalline 1-0

Limestone and calcarenite; complexly interbedded, off-

white to reddish-brown, partially dolomitised, tight,

fine- to medium-grained, pellet-skeletal calcarenitic

limestone and cream-coloured to golden-brown, tightly

cemented, partially re-crystallised, fine- to medium-

grained pellet skeletal calcarenite - 12.5

Calcarenitic limestone, cream to yellow, tight, partially

‘dolomitised, fine- to medium-grained, pellet-skeletal;

rare thin beds of aphanitic limestone, common scattered

coarse-grained shell debris at various levels 70
1. Aphanitic limestone (84-4 m thick)

Aphanitic and calcarenitic limestone, approxin_'lately

equal amounts of complexly interbedded, cream-coloured

to yellow, tight, commonly partially dolomitised, very

rarely sandy aphanitic limestone and golden-brown, tight,

fine- to medium-grained, partially dolomitised, pellet-

skeletal calcarenitic limestone; occasional thin beds of

tan, tightly cemented calcarenite and finely crystalline

dolomite ' 22-0

Aphanitic limestone, cream-coloured to tan, chippy- to

rubbly-weathering, tight, rarely chalky, commonly sandy;

occasional thin beds of brown, pellet skeletal calcarenitic _

‘limestone and tightly cemented calcarenite 62-8

Total thickness of Jubaila Limestone 118-3

Scurce : Powers €t al (1966)



3.4

before the vast expansion during the last fejw decades.

Wadi Hanifah cuts its chér;nel through a long S-tre;ch_of the.]ubaila-
forrr_latioﬁ; .The contact between the upper l:imes.tone arlld the alluvium
is continuous ailon'g the channel from the Mf-ﬁa'ir area as far. as the .
area beyond Al-Jul)ailal{ village, and this upper portion of the limestore
receives a small quantity of water through the alluvium and along the
joints. Only in a small area immediately downétream of Ergah village
is the non-bearing water series raised to the surface by folding. Thpugh
the tributaries in the right bank of the Wadi Hanifah intersect the Jubaila '
unit, -thé contact between thé alluvium of these-tributariels and the lime-
stone occurs in the non-wéter-bearin,g rocks, except in the cases of

the Wadis Ha and Al-Buaija in the southern sub-drainage area.

- Arab Formation - Upper Jurassic

Until 1958, the Arab formation was classified as a member of the
Riyadh Group, v(;hich céntained Lovx-rer Riyadh arcd Hith Anhydrite. After
1958, the classification "Riyadh Group™ was dropped, and the two
formations were classified individually.

" The Arab Formation occupies the eastern part of the Wadi Hanifah
drainage area. In contradistinction from the exposure of th.e'previous
unit, the Arab Formation is characterised by the presence of severali

series of rolling hills, occupying a very badly slumped zone cver the

- whole formation of the outcrop. These hills are separated and conical

in form. In this section of the basin, the tributaries of the Wadis Alaisan
and "Al-Bat'ha cut their channel between those separated hills. Their

flow is smoocth, in ungronounced channeils.
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Slumping in the Arab formation céuld be accounted for by the
-theory tﬁaf the aﬁhydrite beds of Hith formétion may have been dis-
| soived_ be_neath the ovefl;ﬂng u-ni.‘t; the consequent extensive loss of _
material causing the slum;ﬁng condition. Because the outcrop of' the -
Arab fo;matibn_ is so badly affected, it séemS to be more or less im-
possible to sLudy;r a locality-type section in the Wadi .Hallai.fah érea}.
Thﬁs the thickness of the urﬁt and the li'ﬂlolégic sequence have not been
accurately defined, al‘thc.mgh an attempt was iade by Aramco in their
sections oﬁ the Al-Kharj plain and in the Wadi Nisah, It hac been
reported that the rocks wlxi;h .c_:ould be measured were about 20 m in
thickness (Ax-'amco, Report No G. 27, no date). -The upper beds of
these sections were badly brecciated or ‘slumped. '

With regard to: the thickﬁess of the Arab formation and its

" lithologic characteristic, it. is reason;ble to follow the suggestions

of Powers et al -(1966) , that thé oil wells in the Eastern Province
of Saudi Arabia are the best section in which to study t}_xe Arab

unit.

At the outcrop in the area of the Wadi Hanifah, the basal cgrbon-
ate rocks are small in quantity and the interior is mainly soluble
Anhydrite. The composition of‘ fhe other rocks is hardly known,
owing to.the effect of the solution collapse.-

The contact between the Arab unit and overlyi.ng Hith Anydrite
cén be observed on the Dahl Heit (Lat. 24° 29' 8" N, Long. 47° 0" 6" E) .

' The contact there between the Anydrite --and the upper member of the
Arab f;)rmation is conforr;nable. Apart from this, the dissolving of the

gypsum beds in the Arab formation at the outcrop has caused an admixture
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of the rocks of the Arab unit, with Hith Anhydrite and (probably) the

- Sulaiy formation.

Existence of ground water in the Arab formation had been confised-

in early investigations.. The more recent study of-Sogfeah (1968A) and

* the Ministyy of Agriculture confirmed that the aquifer might yield a

small amount of water in a few wells east of Riyadh where the formation
was cracked and weathered. However, water in the series is probably

contaminated due to its existence benedth the city.

Hith Anhydrite - Upper Jurassic

An apparently complete Hith sequence is clearly visibie in the -

sharp cliffed cave of the Dahl Heit, some 32km south-east of Riyadh

' City. In the area of the Wadi Hanifah, where the Anhydrite might well

have outcropped, there is no traée.of it. The reason is that the area
inside and outside the Wa&i drainage, on which the unrit could have out-
cropped, is a rather broad zone of badly slumped beds extending even
beyond the Sulaiy formation (Upper Cretaceous). This phenomencn
is attributed to the dissolving of Anhydrit;e beds within the underlying
Arab formation, The extent of the slumped zone confirms the long
period and great circulation of water, which has probably removed
almost all the Anhydrite in the zone,

. The first measurement éf the Anhydrite was carried ouf by R A Bramkamb
and T C Berger in 1938, The results showed that the thickness of the unit
was 72-2 m.,. .where the top of the Anydrite is in contact with some layers

thought to be fragmental limestone (Powers, et al , 1966). .The
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layers on top of these are coliapsed breccia, which o_ccufs with the
loss of th-ick ihterbéds of Anhydrite. They bring the total thick.qess of-
the formation to 90-3 m (Powér‘s 3& al , 1966). |

The formation obser-ved and measured -a.t the exposure of Dahl
Heit is composed mostly of light, blue-grey massive Anhydrite -in.the- -
upper part. in £he lowef part, the Anydrite is intérbedded with
aphanitic limestone.

In addition to the t&pe locality at fhe Daﬁl Heit, it waé reported
b_y Brown (1§49) tha-t the Anhydrite of Hith unit was found near Ain
Aci-Dhil'a at Al-Kharj plain. This indicates that the formation does, in
fact, extend ‘southl of the locality section. :l‘hrough the vertical cliff of -

the cave of Dahl Heit, the Anhydrite is speékled with spher{cal and ovoid

. masses of gypsum, which probably originated from enclosed moisture at

~ the time of deposition.

" The massive Anhydrite is primarily impermeable to ground water.
However, it is more soluble than the limestone, and, accordingly, when-

ever unsaturated water comes against it, caverns are formed.

Sulaiy Formation - Upper Jurassic and Lower Cretaceous

The name of this formation comes froin the Wadi As-Sulay, which
cuts its course at the foot of the Al-Aramah and Heit Escarpments.
The outcrop is exposed in a north-south belt, covering a distance of more

than 350km. The exposure of the Sulaiy unit is seen mainly in the lower

" part of the Wadi Hanifah. In some parts of the outcrop, within the

Hanifah drainage, its rock is found in small isolated islands surrounded

by Quaternary fills,

36
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An accurate mea'surelrn.ent of the total thickness of tli_e Sulaiy unit
in the ioéal-ity section appears t.o be virtuztlly.impossible. The reason’
is that the fo'rmat'ion at the outcrop is badly slumped, owing to solutioq
of the anhydrite and 1imestof1e. Two attempts to measure the unit have- -
been carried out by Aramco (Report No G.‘ 27, no date) at Al-Kharj
plain and its surfqundiﬁg areas, A-th;ckn-ess of 9-7 m has bt;en cietected, |
fully exposed,' at a spot close to Khafs Dighrah - a ground water pit.

The othér séétion waé recorded | in tﬁe ﬁorthern part of the Wadi Nisah.
Here a t;otal thickness of 45 in of the ui)per beds is exposed. It goes with-
out saying that the best known spot of the unit exposure- is at Dahi Heit,
where the basal beds are clearly visible. The most accurat;a measure-
ﬁent so far .has been reported by Powers et al (1966) oﬁ the type
section in the sharp walled cliif of Dahl Heit, where the total

thickness of the formation is found to be about 170m.

Throughout the Sulaiy formation, the main rock type is cream and
tan, chalky compact aphanatic limestone, including a few thin o8lithic
beds. In the lower part, much interbedded calcarenite limestone, cal-
carenite and some breccia. are present. |

The age of the Sulaiy unit is not yet cleaf. While .US Geological
Survey (1958) had suggested that the Sulaiy could be of Neocomian age
(Lower Cretaceous) , Powers et al (1966) pointed out that it must
.date from the late Jurassic or earliest .Cretaéeous, i.e., somewhere
between the Tithonian and early Volaginian,

In terms of ground water, the formation within the Wadi Hanifah

basin appears to be very poor. Water has been traced only at some

places outside the area under study, for example at the Al-Kharj p'llain
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and the Wadi As-Sulay (Sogreah, 1967).

Quaternary Alluvium

Wadi Hanifah drainé its course through the resistant Jur;ssic
units where the slope dips gently toward..s_ the east. It-then flows in a |
north-lwest to south-east direction along the strike of the Jubaila form-
ation. Beyond Al-Ha'ir village, the Wadi 'dissects‘ the S’glaiy f‘ormatior'l

in a smooth, slow, wide channel, ending at the Al-Kharj plain. The

general orientation of the Wadi after leaving the Tuwaig eastern slope

is actually along a relatively wide trough between the dip-siope of Tuwaigv
ah& the Al-Aramah and Heit escarpments.
Thé Quaternary'deposition in this long troﬁgh consiéts. mainly of
three major deposilts:-
(i) Alluvium fill of wadi channels;
(ii) Wind-blown and alluvial silt, in undrained depressions;
(iii) Belts of drifting sand.
However, because the bulk of the Wadi Hanifah drainage area falls within
the area of the ]ur‘assi;: formations, which in turn are more resistant
and steeper than the rest of the trough, the deposit in the channels of the
Wadi and its tributaries are mostly of alluvium fill, controlled in tl_xeir
origin and extent by the structure of the underlying Jurassic series, Whilst
drifting, as exemplified by small dunes of sand, is common in the trough,
this is hardly found in the watershed.
Thus, the weathering process is mainly deflation. The contents of
the deposits are either carried out by the water current, or laid down in

the locality of deposit or nearby.
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The distfibu;ion of the Quatern;t:tjy fill qccugs mainly o.ver.the_
'upper'bérf of _Waéi H_ani.f;;ih pfgper and fhe major fe_édefg in fhe right o
bank, nam-e'ly the Wadis A.i-—Ammar'iyy‘ah., Al- Awsat and Ha. it is-i'n-
. this area :tﬁat channeis cut through the outf,;ifop of Fhe Hani_fah'forx-na-"l -
tion. As the rocks of this format;iion are less reSistént_: tﬂan the 0\‘rer-'
lyl. ing Tuwaig ah& u'n_de rlying Jubaila limestone,. the v_vadils .hgve eroded .
_rathe:; wide chamelé, with gentle slopes. The_éhgnnels in this area
are floored with an extensive 1éyef of .unconsolidated surface deposits
of silt, -Sand and gravel; derived from thé. surrou_nci'ing areas. US Ge'ologihcél
Survey (1958) claimed that the se&ipient - in this area ﬁay con-
tain some unrecognised equi"/'alent of othér units of time Quaternary
system. J |

In t_he- middle part of the Wadi Hahifah proper, the Quaternary fill
" is controlled aiso by the suflrounding geological -units. A c_'hanﬁél of
about 6b m in depth, filled with sand, silt and gravel, is.cutlin the Jubaila
limestone, exiending from the village of Al-]ubéilah downstream, as far
as the Al-Ha"ir area. 'In this area the alluvium has been the traditional
source of water for the Wadi Hanifah (cf Cﬁapter 7, The Alluvium
Aquifer).

The alll;vium deposits consist of four different units of the
Quaternary system, as shown in Figure 3.2.

(i) A silt terrace stands above the existing wadi survace.. Here
the terrace is the princ’ipél lar.ld available for cultivation and farming
in the Wadi Hanifah region. Whole villages of the wadi are built on
top of the ch.annel cliff , adjacent to the silt terrace, A flood-water

course flows in the middle and is separated from the terrace by man-
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~made walls to prevent further erosive action.

(ii) - A former' b:ick-fiﬁéd channe_l, c':onté'mihg sands and gravels, -~
These sands and gravels con.sis_t mainly_.of calcareous méteria}s,
derived frem weathered limestone.

(iii) Sile and. clay; some gravel ienses are preseﬁt. _'

(iv) Grave;llclast':s,, ranging in size from gré.nules to pebbles, _
a_qd mbre frequently subjrburl_ded. There are aiso some Eolian sands,
predominantly qua;xlz, and clay lenses. At the base of the alluvium, a
thin layer of dark grey, shaley material is found.

The alluvium in general wiphin this_ éect‘ibﬁ is unconsolidated.
However,l mi.nor zones of caliche and gravel lenses, well cemented with
calcium carbonate, are occasionally to be seen.-

In the southern sub-catcﬂment area,. where the Wadis Al- Awsat
and Ha cut their channels, a deposit of quartz, sland and lirﬁestone :
‘boulders is present at the base of the channel (Wolfart, 19615.

In the lower part of the Wadi Hahiféh, downstream of the Al-Ha'_ir
area, where the cha@el widens and falls less steeply, the fill consists

mainly of silt and associated fine sediment,
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.CHAPTER FOUR

PHYSIOGRAPHY

4.1 General Landform

' The topography and the extent of the Wadi H.ah'ifa_h Drainage has =
been inﬂu.enced by the Tuwaig Mountain. He_x"e., where. the wédi has |
developed, the mountain sfands as a resistant ridge in central Arabia.

Weathering_processes , particulariy weathering by watér, haQe
sculptured the western slope of the mountain, and it has come to form :
a vertical cliff rising é.bout' 120 m above the adjoining IDhr.uma plain to
a height of more than 900 m above sea level.
| The gradual eastern slope of the mountain, which is cbmparable
to the sedimentary 'layers of 'Arabia' ’ bas been reduced in sﬁch a way -
that near t’hé vertical cliff edge tbere is a nearly smooth stretch, devoid
of protuberances, that dips slightly for -about 300 m (personal observation).

Belo.w the former poiﬁt, various finger-tips of tributaries start
to form incised canyons which become larger and deeper in the area
where the formations of Hanifah and Jubaila outcrdp, due to their softer
beds. At the outcrop of the Hanifah formation, in particular, pydomical
Jebals and many facet-like slopes have emerged.

At the central part of the wadi catchment, where the Jubaila lime-
stone outcrops, the slope dips eastward by about 1°, but steeper angles
can be locally distinguished resulting from collapsé in the limestone |
(Sogreah, 196.7 de |

"In the extreme east of the basin region, a slumped. zone

begins on a small scale, its features gradually becoming more common



4.2

ﬁii'ther to the east. Most of the hills are conical, though some of
earljr Cretaceous and Jurassic limeétone are found (Abu'l-Ela, 1965B)."

The surface water in the slumped zone runs towards the south as a

‘result of the collapse of the tdpographical forms.

However, apart from the slumped zone, the general slope appears
to follow the initial slope of the Tuwaig Mountain and the overlying‘ strata

striking towards the east, and in some places towards the south-east.

 (Fig 4.1).

The Drainage Network
The Wadi Hanifah drainage basin extends between the eastern flank
of the Tuwaig mountain. in the west and the Aramah escarpfnent in the

east, covering a pear-shaped catchment area of 4,053 sgkm between

" latitude 25°00" and 24°20°.

The wadi rises near the crest of the east-dipping Tuwaig escarp-
ment at an elevation of about 900 m above sea level, then ﬁows down the
dip slope of the jurassic limestone (Tuwaig, Hanifah, Jubaila and .Arab
formations) in an easterly direction. In the vicinity of Al-]ubai.'lah '
village, -the wadi curves its bed along the sucecessve outcrops in an
approximately north-west - south-east direction (Sogreah, 1967), passing
the capital city of Riyadh and then eventually flowing iﬁt(_) thé Al-Kharj nlain
and jqin.ing the great Wadi Sahba valley, which runs from west to east.

The direct length of the wadi is about 180km (Fig 4.2 ). The
bottom width is variable along the wadi. Leachman (1914) reported that
the width of ‘t‘ne u.éper part, near al-Hisyan, was about 750 m. Down-

stream, where the wadi is clearly marked by two cliffed banks, it
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reaches about 400 m (Fig 4.3). Behnéen Riaydh Ci;y and the ;/\i-Ha'if'
areé,'the width rénges betwéen 300-and 400 m. |

The effecti.ve drainage area is fro_-m _Al-iuﬁailah‘ village to AI- Ha'ir
along almost 90km of the wadi. In this a;.r'ea, whe_:ré the wadi runs
parallel io the Tuwaig escacpment, its figﬁt 1;)ank is joined by tribu-
taries of varying length and size. -.On the left bank, two wadis feed the 
main valley, rising fr;om- the hilly outcrop of the Arab .fc;rmation;_the |
Wadi Alaisan,' with a total ].ength of 30kh, unite_s. with the main wadi in the
Al-Ma' thér ;:o the north of Riyadh, and the Wadi Al-Bat'ha , which has
been affected by the expansion of .Riyadh City, joins the main wadi to
tl_le 'sou.th of the city. The authorities plan to include this wadi, utilised
‘within the éity, in the seWage system.

The Wadi Hanifah drainage can be sub-divided into four sub-

' catchment areas for the purpose of discussion (Fig'4.4 )

(i) Upper Wadi Hanifah Draiﬁa.ge

This area is bounded b.y the Tnilwaig Crest in the west, and the
water-parting which divides' the. Wadi Hanifah ;na the Wadi
Salboukh-Sudous in the north. Two maj<')r small wadi groups rise at
almost the saime level and meet 20km west of Al-Uyaynah vilage, the
Boudhah group joining the right bank and the .Al-Ahaisi group the left
bank., Al-Uyaynah and Al-Jubailah are two settled areas where the
wadi channel has a lﬁyer of silt deposits and water is available from

underground. : \

(ii) Ad-Dir'iyyah Drainage
This consists of a number of tributaries following the dip-slope

of the mountain, and joining the main wadi at a rather sharp angle.
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They are in consequence characterised by deep channels 'a.nd short

' runs,. Ad-Dir'i&yah area is the most densely populated aréa in the
wadi, apart from Riyadh City. The alluviai terraces make-it possible
o find an accessible water supply and suif.';tbl.e land for cultivat'ion' ;alrid

' éettlemer_lt._ However, ;lle Mi_nistfy of Agriculture and Watér has con; _
structed fouf small dams on the main tributal;ies;, besides the Wadi
Hanifah Dam, to heip in recharging the alluvium aquifer.

(i) Riyadh Drainage- :

-

Here, the topographical features are slightly different, particu-
larly in the left bank area by. virtue of some §cattered hills stretching
along to the Arab formation. Thus the Walis Al-Bat 'ha.and Alaisan join
the Wadi Hanifah in the vicinity of Riyadh. On the Wadis Ni.mar and
Liban, small impoﬁnd ing dams have been constructed to replenish the |
| weils which help to supply the capital city,

(iv) Al-Ha'ir Drainage

In this area, the Wadi Hanifah is joined from the right by the Wadi
Ha, which enriches Jebal Tuwaig within a graben, and the Wadi Buayja
ﬂowihg from the east and south respectively, Advantage was taken of
the junction of these wadis gnd the alluvial watersheds for the install;-
tion of a long complex of extraction works, comprising" private wells
and the Riyadh City wells, The ground water in this area is mainly
stabilised by floods (Sogreah, 1967). The Wadi Hanifah leaves Al-
Ha'ir in an easterly and scuth-easterly directibn. The drainage down- - :

stream is comparatively narrow, and the course rather unpronounced.
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4.3 Evolution of Drainage Network

Since.fhe Jabal Tuwaig slopes gently fowards the east, a nﬁmber
of draingge syst_ﬁems hgve been devéloped fqllowing this general slope.

' Between them lie eroded plateaux and the dra;lnage systems are
separatéd by wa£e-_r-partings_. These systems form a base for the
re_plenis'hment of the shallbw aquifers, .and'the' aquifers in their turn
made early settlement possible. |

Within these drainage systems the Wadi Hanifah collects various
tributaries along a stretch of nearly 76km between the Wadi Niséh i;‘l
the south and the Wadi Salboukh in the north,

* The present relief of the Hanifah drainage basin, particularly in
the Al-Ha'ir drainage, developed after a gen'tle uplift that _bfobably
occﬁrred in the Miocene or Pliocene eras (Wolfart, 1961). During and
after the alpine epirogeny, the Wadi Ha - which at present belongs to
the Wadi Hanifah drainage basin - drained the Dhuruma, -Al-Muzahimeyyah
and Al-Quway'iyyah regiohs, which are parts of the area covered by
rocks of the Basement Compléx (Sogreah, 967). The Wadi Hanifah of
that time flowed into the Wadi Ha, which in turn was the head-water 6f
the Wadi Sahba. Owing to the large catchment of 71,120sqkm (the
active catchment in the Wadi Sahba is at present 18,000 sqkfn, includ-
ing the Wadi Hanifah catchment), the long Wadi Sahba cut its bed and
‘flowed eastwards at far as the Arabian Gulf, south of Qater (Fig 4.5)."
Metamorphic and igneous pebbles reported to be found in ﬁhe dried
valley of the Wadi Sahba by Brown (1949) give strong evidence of its.
dimension.

Erosion in the valley of the Wadi Hanifah proper occurred



5

ool

G e z *%
Nz, = E 0*
\ : Q

\ \ o
PEYHY-TY \@\QQ\Q 13/HS ..........“u..
\ //\o..\\

c,

NV I1GVYVYV

oo \ 3
G M . 0,\
--- h -l-

o2y

X31dW0D LN3IW3SvE 3HL OLNI Q3AN3LX3 3J9VNIVEA
'VH 1QVM 3HL N3IHM. 3WIL 3HL LV ‘3OVNIVEA VEHVS IQVM JHL S Bid




mainly in the 'P'liocen_e/ Pieistocene and probably finished at the énd of
ﬁ1e Pleistocene. From the logs of five wells drilled in 1953 by Michael
| Baker Cé across the Wadi cﬁannel .on.e mile d(;wnstream from the
Hanifah Dam,- i'tvv.vas c.:onfirrﬁed that the .é.s.se.ntial shape of the channel
was rectangular, with steeb sides énd a broad base at a depth 6f 60 m
beneath the surface of the preseht wadi channel (Fig 3.2).

However, éltemati‘vé erosion and deposition levels related to the '
Quaternary Age have been traced aﬁd recorded (McCa-nn, 1959). It
was found accordingly that the channel bottom cc;ntains a very coarse
irregular alluvial fill, presumably caused by erosion during a periocd of
torrential rain and a variable stream flow. In the subsequent erosional
period, the wadi cut the alluvial fill and formed a new chanrllel. A
quiescent peridd followed which caused the deposition of a layer of silt
and clay some 30 m deep on which the present channel has acted. A few
streaks and lenses of gravel show some variation in the surface water
flow, but generally climatic conditions seem to have been regular. In
fairly recent times, a new channel wa‘s eroded in the silt and clay, then
filled gra.dually with gravel., The silt terraces rising abow the present
channei (Plate 4, 1) could have been deposited during the final epoch,
prior to the receﬁt a:éroyo cycle. Moreover, Wolfart (1961) pointed
out that the terraces in some wadis indicate sub-recent uplift, indicat-
ing a close relation between relief formations and epirogenetic move-
ments. The deposition of the wadi, however, has been controlled by
the underlying sl:r;acture of the Jurassic formations.

The héad-water of Wadi Hanifah starts 85km north-east of Riyadh

City. . The water~-parting is shared with the Wadi Al-Hisian which flows

52
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through a gqrge in the Ioppbsite-direction to that of the‘dip slope.

16k'r.n east‘of the water parting,.thé Wadi Hallailfgh can easily be dis-
tin'guished as it is joined by a fuimber of small_', s‘tep-wall tributaries,
'-which' also extend to the crest of the T u-waig_ Mountain (Leachmén, 1914).. '
In the 20km stretch upstream of Al-Uyaynah village, the wadi crosses
the Hanifah formation iﬁ a generally eééterly directioﬁ_. Heré the

wadi forms a rather flat valley with irregﬁlar channels of varying

width (between éne and 10km_),- covered With alluvial material (Plate 4. 2).
While the drainage water in the area has a simple west—-fo-ea.st flow,

a break in the resistant rock of the Jubaila unit forced the flow to con-

" tinue in a roughly south-easterly direction. From Al-Uyaynah downstream to:

Al-Ha'ir village, a stfetch of more than 70km, the wadi-is éontrolled .
by dams and hand-Buil.t diversions which therefore affect the water

flow and the erosion-deposition processes, Between Al-Ha'ir and Al-
_Kha-rj plain, the wadi appears to be relatively flat, and here infiltration
is active. Ultimately it joins Al-Kharj plain at an altitude of 450 m
above sea level and dries up in the Tawdheeheyyah Playa - a lake, to

. v
e east of Al-Kharj, at an altitude of 400 m above sea level.
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. CHAPTER: FIVE

CLIMATE

E_xist"mg pubiications con;erniﬁg the A.rabia\'n Peniﬁsulé 'éeem to
deai with the climatic conditions of the country in relation to the climate
of thé Medi;erranean and, while this is broadly justifiable, the infor.mz;l—-

_ tion given lacks.local detail. The only organiéations to make a com-
prehensive study of the area have been UNESCO and the FA O of the
United Nations. Their publications conceatrate lafgely on precipitation
and its inter-influence with bilglogical resources. The prcblem here is
t'hatl such studies need to be based on and supported by a wide r;nge of
stai:istics and other material relating to the area, and althohgh climatic
data over long periods are available for some of the world's arid lands,

' no such data a:re available for central Arabia, including the¢ Wadi

Hanifah Basin, |

For more than 400 years, the Ottoman Empire extended over the
whole of the Arabian Peninsula, except the region of Nejd which was
protected by great belts of sand stretching from-the Great Nafud in the
north, to Ad-Dahna in the east and Rub al-Khali in the south. Even after
the collapse of the Ottoman Empire, the world's great powers of that
period were coﬁcerned only with the Mediterranean countries and the
seas surrounding Arab'ia. As a result, while a survey of climatic con-
ditions was carried out in the Mediterranean Basin and the Arabian Sea,
central Arabia was considered toc remote for such a survey. These
surveys helped to define. the infiuence of the air masses and pressui'e

zones which might affect the Arabian interior, but no definite statistics
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coul'd be obtaiﬁed fr;)m' ﬂ;em, since their findings were based mainly on
results obtained in cther _c].irﬁatic 'regions;, outéide the area under study.
Over the last four decades, studies by"l'"ho.r.r.-lthwait, Kdppen, De Mart:m-
and Meigs haveiéﬁcceeded in defining va;ious climatic boundaries,
including th.:;se of the arid zone, and their investigations have naved the
v;iay for a greatér understahding of the balsic work -needed to explain
this desert like regime; from here, the necessary data can be obtained
with the aid of instruments and applied research.

By using the available data, an attempt will be made in this study
to avoid confusion concerning the climate of the Wadi Hanifah. An aral-
ysis will be made which refers not only to meteorologic;al-data, but also
to old publications and to observations made over a long pe}:iod by local
ihhabitants, for whom the climatic conditions of the area are vital in-
their constant struggle for survival. By studying these extra factors,
it is hoped to throw more light on different methods of defining climatic
conditions, as relating.to the hydrology of the area.

i

Factors Affecting Climate

Geographical Situation

The Waid Hanifah lies in 2 vast, dry, hot area; the nearest water
being the Arabian Gulf, some 400km to the east, and the Red Sea, about
1,000km to the west. Except for the Tuwaig Mountain, which forms its
waterhead boundary to the west, thé adjacent areas in all diréctions are
rather flat, dominaced by huge sand dunes and Quaterrary deﬁosits. One

exception is the west where the sand dunes lies in discrete sand areas,
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separa’ted'from each 'otiler "- for example, Nafud Kunaifethah, Nafud
Ad-Dahi and Nafud As-Sir. -Fu;thér westWard, th; Sarat Mountains
form a :topographical barrier.which affec.ts-ce"ntra.l Arabia, includ;l'ng the
Hanifah region.

These topographicai features affec£ the climatic elements of the
Waldi Hanifah in the following ways':-

(i) T}.1e surrounding sand areas (in particular the Rub al-Khali)
are the source of the hot, dusty winds which prevail in the late spring
and summer seaéons.

(ii) The western mountains of Sarat effectively shade the region
from the monsoon precipitation, which falls on the western side of these
mountains during the suramer season.

Its location leaves the region bet-ween the influence of the
Mediterranean climate system and the influence of the huge sand zone in
the south in terms of effects of seasonal precipitation, However, the
highlands of the Tﬁwaig mountain are one of the larger features of the
Arabian Peninsula, and they tend to influence the surplus precipitation
which passes through the north-western area of Saudi Arabia.

On a larger scale, the topography and situation, coupled with the
influence of the air pressure zones to the north and east, helps the solar
influence to form an area of arid climate. Due to the absence of long-

term meteorological records and accurate local investigations, these

conditions are not yet fully understood.

5.1.2 Pressure Zcnes

Existing knowledge about atmospheric pressure zones and air
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maéses will, w1th c.:lare, enable us to describe the climatic character-
isﬁés of the area under study.

' The pressui'é zones which are likely to affect the region of the
Wadi Hanifah during the summer appear to be two. The low pressure.
zone, which prevails over the Gulf of Oman, carries over to the Ar;.bian
.Gulf and the central part of Saudi Arabia, in.cluding.the area of the Wadi
Henifah. A seco'ndary. low pressure zone, which lies over the area ronlmd-
Cyprus m the .eastern Mediferranean, seems to be formed as a result of
the contrast between sea and land in that area. These pressui:e zones
give rise to the north-west., ngrth and north-east winds prevailing in the
Wadi Hanifal_i- during the summer, particularly wh.en the _tw.o pressures
over ICypr-us and the Arabian Gulf constitite a single front.

Duﬁng_the winter, the Wadi Hanifah regior is mainly influenced by-
three patterns of pressure:-
(i) the high pressure which covers Central Asia and extends
westwards to the westetn pa-rt of I;:an;
(ii) the low pressure zone south of the Equator, a_nd,
(iii) the minor low pressure zone over the Mediterranean Sea.

Whilst the pressure conditions over the Middle East seem to be variable

in winter (Fisher, 1971), the three aforementioned pressure zones have a

major influence on wind direction over the study area, and the Equatorial

low pressure to the south draws an air current from the Asian high pres-
sure zone, resulting in the north-westerly winds which prevail over the
Wadi Hanifah, The depressions of the Mediterranean are certainly a
mejor climatic condition affecting the Wadi Hanifah region. The depres-

sions whicli come from the Atlantic in the west across the Mediterranean

e
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may not be as effective as the_ dépressions which form. ov.er the
Mediterranean itself. ‘T'hus, whilé 'thé lor:::1_1 depressions of the
Mediterranean are smaller, they are of gfe'ater infensity. The tracks
take a roughly west to éas.t direction over the Mediterranean. Some
depressions pass over the N;)rthern Basin towards central Europe and
sdut'hern Russia, and somé pass across the Mediterfanean tocwards the
Levant, and possi_‘ply as far as Iran and northern India, before dying

out over the plains of nofther.n India (Biel, 1946). Yét others pass over
the southern l;asin of the Mediterranean, and curve in a south-easterly

direction towards the Arabian Peninsula, particilarly the northern and

- central parts, and these latter depressions are the main source of wintry

rain over the Wadi Hanifah. Their movements and frequency are irreg-

ular, and their journey across the Mediterranean to the inland areas of

~ Levant and central Arabia takes approximately four to eight days. This

5. 1.3

frequency over the Wadi Hanifah has so far been unrecorded, but it is
believed that they occur at similar intervals to those in the northern
parts. of the country's boundaries; for example, approximately three or
four times monthly during the winter (Al-Marzouq, 1971). Under the
influence of these depressions over the Wadi Hanifah region, the wind
tends to be changeable, responding to the location of the depression, but
once the depression passes away, it is replaced by tle prevailing wind -

normally in a north-west to south-east direction.

Air Masses
Over the year, the climate of the Wadi Hanifah is influenced by four

air masses:-



(a) Mohsoon air, originating over indi:a.

(b) Maritime air, from the Atl_anr.ic.

(c) Tropical .continen'téi air, from the vﬁde desért of Rub '. .

~al-Khali ard the Sahaxl-a. l

(d) Polar continental air from Eurasia.

From the previéus section on pressure distribution and depression
tracks, itis év‘ident that the range of air masses and the intensity of
their clashes are much greater in winter than in summer. Thus, from
October till May the Maritime damp air from the Atlantic moves from
west to e'ast, passing through the Mediterranean and Northern Africa
to the north-west of Saudi Arabia and penetrating the Wadi Hanifah region
from late October and early November. The influence of tﬁe Maritime
air is characteriséd by the comparatively small depressions which dev-
~ elop mainly over the Atlantic and the Mediterranean and travél to ‘t.he
region under study.‘ The invasion of Maritime air during the winter rﬁod-
ifies the climatic conditions, causing rather cloudy weather for a few
days, with some spells of g:old'wéather. |

At the same time, periodic interruption by the Polar Contineﬁtal
air from Eurasia may cause the Maritime air io retreat .Westward, and
the region is then qccdpied by a current of cold northern wind, known
locally as "Nassry". When thié air invades the Hanifah area the sky
becomes cloudless, with brilliant stars at night, and occasionally the

tem.perature dro;;s to one or two degrees below fréezing point. The in-
vasion of these cold northerly air currents begins, according to the local
.

seasonal calendar, in Al-Mirba'aniyyah, from the second week of

December until the middle of January ( Fig 5. 1).- - The air pressure
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Fig5-1 ACOMBINATION OF CLIMATIC CONDITIONS AND
' THE LOCAL CALENDAR '

Rainy Season

Al-Wasm —valuable
period for inhabitants

::.277o.| Winter Rain

? Uncertain



becomes stable from the second half of January until about 10th February

which is well known as the coldest period of the year, and is called "Ash-

Shibt" (singular Shubat). It appears that when the Polar air clears away,

it is replaced by the Maritimé air, which'continues.until the end of
spring. | |

With the c-omi.ng of spring, which normally begins in the la_tter haif
of March and continues until approximgtely the end of 'April, the
Tropical Continén.tal air from the Rub ai-Khali iﬁ the south begins to
blow, particularly when depressions penetfate to centrai Arabia on a
large scale. The air is pul].ed_ into the warm sector of the rapidly mov-
ing depression, formed in the Maritime air, and this wind can be com-
pared to the Khamasin wind of Egypt, which blows from the Sahara
Desert. As it is in the central part of Arabia, a few hundred kilometres
- north of the wide desert of Rub aI-Kha].i, the Wadi Hanifah regioh
enjoys two types of Tropical Continental Air. The first is characterised
by sandstorms which reach the region as comparativeiy small whirl-
winds, but which seldom last for more than 30 minutes. This weather
usually occurs in March and April, with winds at gale force, and occurs
'very often after two o'clock when the ground tersperature rises sharply.
Its occurrence is usually conne;ted with low spring clouds (Cumulus and
Nimbostratus), The second occurs at the end of spring,, when the cur-
rents of air flow in a scuth-north directicn; the dust anci saﬁdstorms last
for a long time.

The Tropical Coﬁtinental .air is interrupted from June onwards by
the Monsccen air, which originates over thc Indian Ocean and flows via

Iran, eventually taking a north-east to south-west direction, and the two
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air masses bring dry, hot weather to the region. The Monsoon air
brings a pleasant air current at night, which is modified by a decline in

the surface air temperature.

Precipitation

Wh'll_e_ there appéars to be a considerable aﬁqunt of information
concerning precipit-ation, a.n attemipt to discover the relationship betweeﬁ
precipitation and run-off revealed a lack of relevant data. Since the
Wadi Hanifah area forms a catchment or drainage system, a number of
network stations should have been installed to provide the necessary in-
formation concerning thé density, duration and frequency of precipitation. -
Furthermore, as the drainage basin is in the Tuwaig mountain, which

receives a variety of types of genetic precipitation, for example convective,

- cyclonic and orographic, the Riyadh Airport station, which is' the nearest

withdetailed meteorolt;gica].- records, cannot give an oye_rall picture of
the types in the area. However, a great effort has been made to obtain
all the avaiiable exisfing data, both from the Airport stétion and from
other organisations which contributed official hydrological work. The
following data ha;Je in consequence been examined:-
(i) The recorded'data from Riyadh Airport station, which
commenced operations in 1952.»

(ii) The climatic data coliected between 1941 and 1945 for th¢
Riyadh area, giving only the average rainfall, the number
of days with at-least 1-Onm rainfall, and the absolute max-
imum daily rainfaill,

(iii) Rainfall at Riyadh for 1948, takea by .the Ralf M Parsons

v
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‘Company.

(iv) Climatic data, fecofded'by'separate fain_ gauges iﬁ Riyadh
City,‘ Al-Jubailah and Hanifah Dam areas fromll967 on-
‘wards, by the Hydrological bepartment of the Ministry of
Agri‘culture and Water.,

" (v) Information from a sufvey and investigaf:ion étudy carried

| out betweén 1966-and 1968 by Sogreah. A number of rain
gauges were installed in different parts of Area V, includ-
ing the Wadi Hanifah region. - Tweive were tﬁstalled in dif-
ferent pafts of t'he_Wadi Hanifah catchment.

(vi) General information supplied by the weIl-knowﬁ historians -
of Nejd, Ibn Bishir, and Ibn Ei.ss.a (see r_eferencés). Although
such publications were written according to the Muslim .cal-
endar (Hijrah), the conversion method given by Freeman-
Grenville (1963) is used to convert these dates to the mod-
ern calendar.

NB : No data were forthcoming for 1949, 1950 and 1951.

While this information seems substantial, its inaccuracy and la;:k

of continuity are major obstacles. Sogreah (19684), in their ﬁngl |
report, gave an account of the difficulty of obtaining daily readings
from the rain gauges:- |

"However, its (the instrument's) lightnéss and general

appearance are obviously tempting to some people as more
than 30% of them had to be replaced during the course of
field work. Also, it is very difficult tc protect these
apparatus once placed in the open air, even if they are
near the guardian's dwelling. . . . . They were some-
times empiied or interfered with by person unknown, so

that it is not certain that all the observations made with
totalisers are exact. "



5.2.1

Accordingly, ‘the greatest possible care is"téken. in consideriﬁg
fhe existing data.j Though it is neces'sary to rely oﬁ the recorded data,
some of the conditions are examined in the iight qf long- raﬁge obsefva-
tions by local inhabitants; since the climate vitally affects their liveli-
hood, they have a knowledge of some .weather conditions which have

been vividly described.

Variation of Precipitation

In dealing with precipiation in terms of its mean a.mn_ml total in
any form or appearance, precipitétion must be treated as rainfail, The
available climatic data have failed -to differentiate between one type and

: . :
a.nothe:;, for example rain or hail,

The Wadi I-Iaxﬁfah region broadly follows the ciimatic regime of
central Saudi Arabia, where rainfall may occur in almost seven months
of the year, and the remaining months (June to October) are almost tot-
ally without rain. The climatic data used were taken fro'rn- 12 sites
where the period of measurement ranges between only a few months to
20 years.

Precipitation very often occurs in the form of desert thundrstorms,
which suggests that the nean annual rainfall figures give a \Irery mislead-
ing idea of the local rainfall characteristics. Indeégl, variation of rain-
fgll density and amount occurs from place to place in the wadi. In spite

of the interrupted and sparse data, the variations of the rainfall wiil be

defined in terms of different localities and various pericds of time.

(a) Geograp'hical Variation

-~

Data collected from a series of 12 rain gauges {¥ig 5.2) over &
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period_ of three years indicates thét the area under. study shows distinct var-
_iations, both in ;he annual total ah;l the rnonthly. average,’ [}nforulnately, due
to interference, the records over the measurement perio-d are incomplets, |
ar.ld the only yeér which anppears to be c'ompérativ'ely complete for most of the
localities is 1967. Table 5.1 gi\;es the monthly rainfall for the 12 areas with
the exception of Al-Ammariyyah, for which no records are available in that
year, | In six cases records are compléte, but the J;e.maining records were
'm.f:ermittept; the table gives information f01; the northern part of thé catch-
ment (Upper Wadi sub-catchment) and the eastern part., However, these
records should be co_nsidefed carefully with regard to the type of rainfall and
the rain belts. The comparatively heavy annual rainfall in the nortﬁern part
was due to the wintry rainfall which occurred paxrticularly m November,
while the high volume of rainfall at Riyadh was due to the early spring that

' year, inlate March, April and May. Though high monthly figures may dis-
tinguish the ra.'my season, rain hormally falls on cnly one.or two days each
month,. leaving the rest of the month almost dry, with a minimal amount
of rain. Thus the volume of rainfall is almost totally dependenf on
thunderstorms, which are characterised hy thei'r narrow path and varying intensity.

It can be assumed that in 1967 the cyclenic rainfall in the winter was

concentréted over the northern part in the form of comparafively wide-
spread thunderstorms, which travelled from north-west to south-east
(Fig 5.3). Most of the rainfall over Riyadh and Hanifah Dam

- occu;'red in the early spring of that year, with the narrower belts being
observéd elsewhere. It is rather difficult to distinguish the gradient of
rainfall from only one complete year's measurements, and calculations

N

are hampered by the inefficient distribution of the rain gauges.
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Fig5-3 APPROXIMATE RAIN BELT OF A
SINGLE THUNDERSTORM

Tionid RAIN BELT OF WINTER
it THUNDERSTORMS

/// RAIN BELT OF SUMMER
. THUNDERSTORMS

(based on personal observation)
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However, even this .s'hort. measurement throws some light on the
existénce pﬁ two local factors which should be taken iato cbnsideration:_—
| (i) The' relative heié;ht of the western boundary, represented by .

- Tuwaig mpuntain,does i.nﬂuénce the adiabetic process of the cloud. The
.altitude of the crest of the mountain will;'hin the Wadi Hani;a.h Basin
ranges between 200 m in the porth and 750 m above sea level in the
south, From the one year's cli-matic data, the effect of -the Tuwaig
mountain was recognisable on the Khashm Al-Baladiyyah, Al-Hisyan
and birab (Fig 5.4), but the effects of such a short period of data
recording must be dealt with in the light of the individual bands of
thunderstorrﬁ cloud which take a mdre or less identifiable track over
one part of the catchment for one single rainy period, which may be only
a few hours or even a few days.

(ii) The other factor is seen in Riyadh City, which occupies an area
of more than 70sqkm, Being an urban areé with contrasting featureé
of parks, streets and buildings, etc,, circulation of local wind and air
pressures could be influenced accordingly. In 1967, Riyadh was the only
station out of 12 rainfall stations in the region where any rain Qas rec-
o rded during the summer,

The rest of the Wadi basin has comparatively low rainfall owing to

its location away from the orographical effect of the mountain.

(b) Variation with Time

(i) Cyclic Variation

The available data from Riyadh Airport appear to cover too short
a time to permit the detection of any definite cycle of rainfall. The

measurements begun in 1948 recorded 88 mm of rainfall for one year;
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the reco;dings were recor_nm.enced in 1952, and successive years-showéd
larée variatibr;é in rainfail, @t of 11 'succ-e;ssive hydrological vears*
from 1954/55 to 1966/67, -the total annual ra.infa.ll- Waé less th.an the
‘ montb].y'total of ﬁebmaw I1953, and within this period the amount fallin.g-i.u
five successive hyd.;ologiéal years ranged between 92- 3 mm and 45- 8§ mm.
Though such variations mightbe considered accidental, historical ilnform—
ation over three centuries roughly éonfqrms to this cycle. Ibn Bishr (1971)
- and Ibn Eissa (1966), who wrote about political and social aspects in the
:en.i:ra.i part of Saudi Arabia, | mentioned years of extveme drought, and
then years cf successive ra.ini:all, which are recognised m a hydrological
sense a;s "wet years". These were known locally as "Kah't" (years of
extremg drought) and "Rej'an" (wet years). From 1637/38 (1047 AH)
until 1784/85 (1199 AH), ten different "kah'ts" hit the area violently,
and caused thé loss of many human lives and the deétruction of domestic

animals. The time interval between two successive drought periods is given

in Table 5.2.

TABLE 5.2

Time Variations of Kah'ts and Rej'an between 1637/38 and 1872/73
(1047 to 1289 AH)

Years : <2 |2-10 | 10-20 | 20-30 {30-40 i 40-50 | 50-60
I Total No of
droughts (Kah'te) 1 |- > 3 1
1 x ‘
Total No of wet 9 4 4 3 9 ) )

vears (Rej'an)

*  ¥rom November to October.
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Most of these dry years were given identifiable names, for example,
Habran and Doulab 'for droughts"which c->-ccurred in _1654/55 (1965/6,6 AH)
and 1782/’83 (1197/9é AH) ;—espective'ly. It is inte;'esting to noté that
four of these droughts each - lasted for at 1easf three successive years,
two for two years and the restbr one year each. Duriﬂg the recorded
beriod of Nejd h,ils torian, i.e., abouf 235 years, the grears which can be
classified as wet years only amounts to 15 years. However, the impoxrt-
ant point is that an average or mean annual rainfall , without sufficient’
records, is not totally accurate., Alternatively, it can give the a@ual

rainfall regime, leaving a margin for variation.

(ii) Annual and Seasonal Variation

" As has previously been mentioned, thé area under study receives
almost all its annual rainfall in the winter and spring seasons, as a res-
ult of a combination of cyclonic and convectional processes, combined
.with the orographic inﬂuencg of the Tuwaig highlands., The summer and
autumn seasons are generally dry with clear skies and high temperatures.

The average annual rainfall recorded over a period of 16 yéars at
Riyadh Airport between 1952/53 and 1968/69 was about 110 mm.
Variation between years is rather high, and the fluctation between two
successive years has been asligh as 84%. This type of fluctation has
always created an unstable b;'ilance between the inhabitants and their
ecological env'ironment. In one period the region may enjoy a semi-arid
climate, facilitating abundant growth of vegetétion, While in other
éeasons it may remain completely dr.y in terms of its eco-environment.
Thus relati.ng t.ixe amount of rainfall to the contribution of run-off is

extremely important in terms of grazing plants, Morecver, as the land
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is uséd for qultivati011'and grazing, célculatién of the amourt .of ra.linfall.
neceésary to produce‘.é fodder 'harve_s_t O\Ire_rl a specifiea pgriod will help
to define f.hé iimits of the wet and dry year's. ‘This method will help.to
calculate the effect of rainfall upo.n agricultural and grazing land; unfor-
tunately, thé period for which da.fa are available in the Wadi Hanifah
régioﬁ is téo short to indicaf.é the percentage of wet years c;ut of the total,
except for Riyadh Airport station. However, if allowances are made for
the differénce between the effectiveness of seasonal rainfall,‘ it is estim-
ated by Sogreah ( 1968A-) that every year thaf has' one week or more of
30 mm rainfall can be considered as a wet year, as this amount of rain-
fall can produce a fodder harvest, and any year which has less than 30 mm
~ rainfall is classified as a dry year." |

Statistics from Riyadh Airport indicate that considerable fluctu;';t-
tions exist. Rainfall could be in excess of 30 mm in a period of one week;
and one day had four times tﬂat amount, as happened- in February 1953
_when 134-3 mm was recorded.

However, Ibn Bishir (1971) and Ibn Eissa (1966) mentioned that
in 1809 (1224 AH) and 1819 (1234 AH) .. torrential rains of long duration
occurred in July in the Nejd Province, and as & result the Wadi Hanifah
and Wadi Ar-Rummah of Al-Kasseim were flooded. Such summer rain
is unusual according t6 existing climatic datal, but it certainly occurs
occasionally, and older inhabitants in some villages can recail such a
phenomenon callled "Khareef" taking place once or.twice during their
lifetimes, probably one year within a peried of 30 to 50 years. Thus
climatic reéords going back many Sfears must be studied to widen our

knowledge of the climatic elements of the region.,
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In Table 5. 3, data from the three stations of Riyadh,
Hanifah Dam and Al-]ubailéh are analysed to meet the requirements of
this study. It can be seen that the percentage of wet years (out of the’

five years mentioned in the table) in Riyadh and Hanifah dam is almost |
' 6 wet years
10 total years

4 wet years

while at  Al-Jubailah station, the percentage is ——1—2=T""
. 10 total years

the same as for Riyadh Station before 1969, i.e. ,

A po.ssible error which could affect j:hi-s generalisation is that rainfall

of more ;ha_ri 36 mm may occur only on 'oge day or oﬁe week, while the
rest of the year is almost ary; .therefore, a nuniber based on the total -
of rainfall per day is established on the table to clarify' the effectiveness
of rainfall in terms of run-off and benefits to grazing land. Thus, .when ,
low density rainfall occurred Hr a long peﬁod, while only a- minimum
volume of run- off éould be expected, grazing land wouid flourish fpr long
~ periods of the year - for example, Riyadh, 1969. If the amount of rainfall
is high on only one or two days per year, whi.le thé remaining days ha\.re
only low density rainfall, run-off is expected, but the efféct on grazing
lands is variable. In addition, the occurrence of a large volume of rain-
fall on one or two days per year indicates the type of spring rainfall
which was observed in Al-Jubailah in 1972,

In short, the Wadi Hanifah rainfall occurs mainly in the winter and
épri-ng; the winter rainfall consists of one peak in January .and February,
while the spring rainfall extends from March to ﬂae end of May, with a -
further peak in April. As a result of the orographic'condition caused by
the Tuwaig Mountain the average total rainfall exceeds 100 mm. The
summer and autumn seasons are considered a dry period, althcugh a

trace of rainfall (less than S mm) has been recorded in some yeairs for
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July. (Table 5.4).

. 5.2.2 Typeé of Précipifation
A classific-ati;)n of precipitatidn.type's- caﬁ be made either on the
basis of form -or appeafance (for example, liquid or éolid), or on'the
basis of genesis ( for example, cyclonical, canectional and orograbhic).
. In order td défine the types in thé Wadi Hanifah area, we must‘examiné- |
both these classifications. |
In cqnéequenﬁe of the general climatic conditions in the area unde.r
~study the liquid type is the‘ main form of precipitation.'. T he dominant -
type is undoubtedly showefy rélin, which occurs during the rainy‘season
and becomes intense in the spring. This t;rpé is very important in pro-
ducing flooding in the Wadi streams, and in some years may cause sub-
stantial damage to the property of tle inhabiténts, particularly when the
rain is accompanied by a hig‘h-velogity wind." f‘og anci dew also occur in
minimum volume; no recording of dew can be traced, bu't devs} can be
observed in the early morning on the leaves of cultivated plants and
trees, and may sometimes leave damp traces on hard ground. . Fog
rarely occurs in the Wadi Hanifah, forming only very occasionally dtiﬁng
‘the winter months of January and February; 'ovér a thirteen-year period,
only 22 days were foggy. The monthly average seems td be comparatively
high in January, and 50% of all fog oceurs during this month (Table 5.5 ).
However, fog is very rarely noticed in the city of Riyadh itself, due to
urban obstruction; but it can easily be seen, when it occurs, in some
places near-the channels and cliffs of the main Wadi, The duration |

ranges between one and six hours.
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The only solid prec.:i'pitat'ion is hail ,. which is associated with’
the cbnvleqtional piouds which occur bniy in spring; 'hailstoﬂes falling in
the area fahgg bétweeﬁ S _énd 20 ﬁm in di-aﬁe.wf,_ and sometimes the
dénsity of the hail is so great that it can cover t'he surface of the ground
in a few minutes.

As pre’v.ioﬁsly stated, the bulk of precipitation in the Wadi Hanifah -
region occurs as a result of the lateral penetfa;ion of maritime air,
It is generdlly accepted that the formation of cloud and dccurrence of
i:)recipitation can be subdivided, in terrnsl. of genesis, into three types:-

(i) irontal oir dépressional;

(ii) ofographical;

(iii) convectional.
Such subdivision in thé ‘Wadi Hanifah area is difficult, as two or thré_e
" of these conditions may occur.together in a short period. 'Névertheless,
in a broad sense, the cyclonic convectional types relate to the seasons.
There is a tendency for the cyclonic type to occur in t'hé region during |
the first half of the rainy seaéon, i.e., from November to F'ebruary;
such a frontél or depressional rainfall resulté from a horizontal con-
vergence of air in a deﬁression which overlies colder, denser air. _
These phenomena are commeon during the wi:l1ter when the cloud in front
of the depression is very high (moétly cirrus or cirrocumulus types)
accompanied by a southerly gradient wind. These high clouds may cover
the sky for a few hours or even a whole day, and these are followed by
cumulonirﬁbus ciouds, increasing in thickhess as they approach the are'a.
When these clouds cover the sky, lli_glitning is often observed, a-s most 6f

the region's rainfali is associated with thunderstorms.



The convectional type can. be obserired.‘in the spring, i.e., Ma.rch,
April énd May. When the sun warms the g_.r:ound surface, it cause.s a
éondit’ion of instability in the air théh leads to ascending pockets of
aﬁr that cool adiabatically to bélow the dew point. However, while this
is common in the warm, moist, tropical c.;lin.laite, it is controlled in the
area under study by the moi.'st air which is br'ought within the maritime
. influence, The formation of clouds is observed mainly ét noon, although.
they may begiﬁ to gather around 1100am., Aroulnd 200 or 300p rﬁ,_ the -
clouds appear to be atrostratus in the front (in the case of a thunder-
stor.rh)- and c,umu].onim_ﬁus in the middk, with an almos t sharp rear. The
convectional-like type of thunderstorm- cloud appears to have a smaller
size and cofnparatively 16w heigit; the densiléy of the rainfall 'is_ great and B
the shower droplet may exceed 2 mm in diameter; occasionally the warm
air becomes unstable, resulting in hailstones.

It. is therefore thought that the impact o'f thé r'naritifrxe air is the ori-
ginal source of the convectional rainfall in this area in both seasons.

This conclusion stems from the fact that the direction of movement of
clouds in winter and spring is more or less the same - from west to
east,

The-orographic precipitation, as such, is not individually recog-
nis@le. That is to say that the relatively i]igh topographical features of
the Tuwaig Mountain have further effects upon the density of rainfall when
comparisoq is made between the amount of .rain.fall which cccurs in the
~mountain itself and the adjacent areas, as has been stated (see Figure

5.4).
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.- 5.3 Evaporation
X The.'Vv_'ad.i' Hanif-_ah isa r_egién ﬁ_heré actual évaporation is compara-
tively ;mail, not because evapo'ration 15 'naturally llow', but. beca.use the
- region becomes an almost ;rid zon:e for most of the year, and surface
water as a source 6f.evaﬁorati.on is extremely scarce, I'n the summer
and spring, h6we§e_r, the reéiqn has a high potential rate of evaporation.
The major obstacle when dealing with evaporation,as with othef
climatic conditim;s ,. is that, while humans can adjust to almost any situ-
ation and use _it to their own ad\}antage; this particular phenomenon is
not easy to control owing to the comélicating factors that work in correl-
ation with eailch other, despite some minor suo-cess in pfotecting water
reserves by various methods, for example, mono;moléculé.r layers,
etc (Ward, 1967). While evapou_:ation is a constant -aﬁd continuous pro-
cess, its effect upon the area under study can be seen most clearly
when water is within easy reach, either as a free water-body or a few
feet below the ground. This circumstance occurs .c‘)nly vyhen the regioﬁ
has.a sufficiently large surplus of raiﬁall té constitute an actual flood.
In accord_ with the scope of this work, evaporation will be dealt with iﬁ
terms of annual and seasonal vo].uﬁe, and_ also with regard to its

impact upon dams and irrigation water.

5.3.1 Annual, Monthly-and Daily Ex}gporation .

The measurement of evaporation, as opposed to precipitation,
has not received sufficient attention during the last two decades, prob-
ably due to the common lack of interest in the subject in the country.

Evaporaticn in the Wadi Hanifah was estimated in the 1950's and early



1960's by foreign consultants and has been subjected to technical measure- .

ment only over the las-'tl few years. The only two bogiie's to give recorded
fneasurementé for evaporation are Sog'reah (dtiring their 11966. and _1967

investigafions-of the Dirab areallnear the w‘ate:.: head of the Wadi Libén
tributary in the western highland .of the catchment), -and t'hg. Hydrology
- Department of the Minisfry of Agri.cul.ture and Wate.r_ for Riyadh area.
._I_n spite 6f _the s.hort period covered by these two measurements, they'
show contrésting features of evaporation (Table 5.6).

The total anmual evaporation in the Dirab area reached 4,659 mm,

while the Hydrology Department records show the annual average
~ evaporation for Riyadh ar.é'a between 1968 and 1971 inclusively to be
2,608mm. | Such a large difference betwéen twb areas V\-lit'h a disiance
of less than 30km between them ié cause;l partly by the type of instrum-
* ents used by Sogreah and the Hydrology Department. While Sogreah
investigations wére carried out by a class A pan, the Hydrology
Department used a Colorado pan. The ratio between the two instruments
is not acmally_known, but it is estimated to be around 80%. It is also
c_;aused by the influence of local geographical factors 'in the two localities.
Since the Di.rab area isbcated near the crest of the Tuwaig Mountain
with an altitude.of more than 910 m above sea level, its greater exposure
could be responsible for the comparatively high rate of evaporation.
The comparafively low fate of evaporation at-Ri.y-adh a'rea,. which rep-
resents the 1ow land of the 'qrainage basin, was caused by a varieq.z of
meteorological factors as a result of microclimatic conditions, as well
as the low.a.-ltimde (approximately 606.111 above sea level), wiﬁd velocity,

and relative humidity; ground and solar radiation are modified by the

84 -
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c.:on't'rasti-ng features of the‘u.rban and .cultivated areas ',_ w'hiéh prox;ide
addiﬁoﬁal shelter.
Monthly'évaporati.On appeérs to bé: at. maximurr-l. in July in both
Riyadh and Dirab, ahd at miniﬁum in Decémbér or,‘]anuar'y.
Evaporation in the rainy season (from November until the end
of May) is apprdximately 40% of the total a.nﬁpal evapo_ration;. wit’h'ixll this

period, the evaporation increases sharply during the spring period, i.e.,

between March and May, while evaporation in the dry season, i.e.,

from June until the end of October, is accelerated by the high tempera-
tures and the cloudless skies during these months.

Thé daily evaporation rates differ according to the season; in winter
the daily evaporation is in the region of 5 mm, as recorded by Sogreah_,
while in summer the daily evaporation raté could be six times-as high

as the winter rate,

Evaporation from Dams and Irrigated A.reasl

‘The man-made reservoirs in the Wadi Hanifah proper and its main
tributaries are the main areas for evapcration. Flood water is usually
controlled behind seven impound dams until it eventually disappears by
virtue of evaporation and infiltration. The moistﬁre in soil, either irri-_
gated fields or ba.i-ren lands within the Wadi Basin, is also affected by
evaporation,

In practice, evaporation in the Wadi Hanifah occurs when an
available amount of water and moisture caﬁ be evaporated ,- and the rainy
season is the main time when this process takes place.

As floods normally occur during the winter and spring, accordingly



evapdration increases c_lu.x.'i.ng-éhe_ 's.pr_ing, ﬁvhen' tﬁe -sollar ;ia_d'iatio_n’ is free
to reach -thé. su,rféce of !;he Water.. -Usﬁail’y, ‘the wédj is filled with flood soon |
'after a gubs'tantial run-off reaches thé main -s.t'ream_; and due to the short
duration of the flood, no attempt has yet been made to determine-the_
actual amount of \§ater lost by evaporation, '_‘although 'the ratio of elvap--
oration is probab-ly greater in thé shaﬂbW mo.vihg fl.ooci than m the sﬁll -
water behind the dams. In bthér vs}ords., _so_lér and'.gro-l.md radiation,
coupled wi.th the circulétion of air, -acc-e_lerate the rate of eyaporaﬁon
in thg shallpw depth of the ﬂood blanket along the stream. Wﬁiie, -behind
dams, the srr_;a-xll size of water surface and the rella;tivel.y high depth of
water _help in décreasing the amount of evaporation. |

Local geogra.phic'al féctors affecting.,' 'evapox.;ation of the flood water
in the seven‘da.ms of the wadi are nearly similar in terﬁls of orientation,
depth, area and sdrrounding relief environments.

Accordingly, the main Wadi Hanifah Dam is selected to be the sub-
ject of the following discussion.

Between April 1965 and May 1972 the Dam received about 53-40
x 100 cum from 17 floods with varying vclu;r1es of water (Ministry of
Agriculture and Wafef, 1973). ‘The evapofa.ti_on rate was observed
through an evaporat;lon pan in the area, bgt the d;aily readings were
carried out only when the lake was full of flood water. Table 5.7 gives
the voluime of water evaporated against fhe flo'qd accumulated
behind the dam during the périod of re_ciordi‘ng. It must be
.stated, howex)erf that the-evapbrateq water figures éiven in the.'previc'ms
Table ought to. be ireated only as a guide to the ratio between the average

‘volume of flood and the amount of water evaporatéd. With regard to the



TABLE 5.7

" Volume of Evaporated Water from the Reservoir of

Hanifah Dam (1965-1972)

(In 106 cum)

. . - Water Voiume of

Period of Recording Evaporated Flood
23rd April to 10th May 1965 .- 0:031 11.27
6th November to 29th. December 1.965 : . 0-04 2.62
5th to 14th May 1967 0- 005 0- 16
24th November 1967 to 10th February 1968 0-085 15- 64
14th April to 21st May 1968 0-094 . 6-79
16th January to 7th February 1969 0-011 1.52
11th April to 31st May 1971 0-082 7-39
29th March to ist May 1972 0-08 7-92
Total 0-428 53-40
Mean volume 0-0535

6675

Source :
Water, 1973

Hydrology Department of the Ministry of Agricuiture and




* total volume ‘of the evaporated water (0-428 x 1 cu :m) the ratio .
_ai‘:pears to be réla_tivel& low, b_u!; if we e{'élu'éte a s'.in.gle- flood (for
e);alrrlple, Sth. May'1967) in cbnﬁpari-so:i wuh ﬂ]e amc;uﬁt of water evap-. |
'-orated in the sar.nelpéri.-od, the_raﬁo tends to be comparatively high.
Nevertheless, vyher.l considering the p_eriod of measurement of evapor-
ation of a single;ﬂoo.d, the mean value.i_s 0-'0535 x 109 cu m . per flood.
Before statistics were recorded, the coﬁSulﬁ_ng coiﬁpai;ies (including
some ‘of the water Advise_rs. in the Ministry of Agriculture) believed that
loss by evaporation was a major obstacle to the conservation of flood
wéter in déms, but this hypothesis appears to have been'exaggerated.' '
"The _annual ré.te of évaporation, ﬁowever, is relat.ively high, but because
of the short time in which the water is controlled by the dam _(between ten -
and 60 days approximately), the amount which might be evaporated is
not sufficient to cause alarm.

The low rate of evaporation in the main dams of the wadi proper and
its various tributaries ié, as previously stated, influenced by local geo-
graphical factors, thé most important being the size and shape of

see :
reservoirs (Plate é.1).  All dams on the Wadi Hanifah dranage were
constructed in a narrow section of the wadi where the cliffs of the channel -
around and behind the dam are rather high, thus making the reservoir
redangular in shape. |

Thjc-.: depth of the water varies according to size and shape, and
ranges betweeq Om in the upper end of the feservoi_r to a minimum of
3 m, such as in the Sorfar Dam, and a maximum of Sm, ‘as in Nimar
Dam. The depth near t'he dam.may reduce ike rate of evapOJ;at'ion of water,

and this reduction stems from the fact that the greater the _depth of the

A
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water, thé greate:J: th¢ differen_ce between the air temperature and the
watér temperature, the _ma.iﬁ contr’ollihg factors in evapbratfon..' The

- degree of water pollution aépéafs to influence the r_ate‘of. evaporation,
depending on' the 'perce.ﬁtagé of total solids (i)e Wiest, 1965 );-wh.ile the
flood water maintained in the_resérvoir is fresh water, it is thought that
the fine silt and deposits, along with the'tdtal solids wﬁich have not so
.far been tested, may proportionately redﬁce evaporation. Finally, the
surrdunding relief of thé reservoir, fc;r exgmple 'the high cl‘iffs on either
side, provid%e shelter against the local surface whirlwinds which move in
the area during the rainy season in spring.

.Th.e volumme of evaporation in thej irrigated lands depends on the
evapm-:atioh rate, the size of the area coricex;ned, and on the water applied
to the land. While the evaporation rate is taken mostly from irrigated_
lands (for exampie, Dirab and Riyadh), the rate on the cultivated zones
.can be affected by local env'i_ronmental conditions. The supply of water
also raises a major obstacle to any estimation of the evaporation rate,
due to the availability of shallqw underground water, which relies on
seasoﬁgl rainfall (see Chapter 7, The Alluvium Aquifer). Nevertheless,
an evaluaticn of water evaporating from such land (excluding transpiration)
would appear to be useful.

Unlike evaporation from dams, the evaporation here is caused by
the excessive production of ground water for the irrigation of date gardens
and alfalfa crops. Accofding to the only agricultural investigations so
far carried out by the Ministry of Agriculture and Water in 1964, the
constant irr;ngeited land is in the order of approximately 3,262-7 hectares

(see Tabie 1, 1), Foriy per cent of the area consists of constantly irri-
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gated plants, for ekample_ bélm trees and alfalfa. It is believed that a
considerable volu'rn‘e of water is evaporatedﬁ, pérﬁcularl.'y during the
summer When lthe' evapdratio_n rate reaches its iﬂaxirﬁum. .Mc(.Zan.'n
(1959),‘ when studying the c.ultivated area in Lhé upper-part of the Wadi,
estimated that, from a volumne of 2 1 x 100 cu m of water .

applied to an area of 752-6 hectares, a total of about O- 9x 108 cu m of

‘ water could have evaporated in 1958, and this drew attention to an unex-

pected loss of water by evaporation. However, unless such discoveries
are technically analysed, substantial errors may be made in any estima-

tion.

Temperature

Temperature is the second most importait element after rainfall,
strongly affecting not only the biological characteristics of the region,
but also human behaviour and lifestyle. Wnlike the seasonal identity of

the coastal areas of Gaudi Arabia, which are affected by the neighbouring

water bodies, the seasonal identity of the Wadi Hanifah region is governed °

by the varia;tir-'m between two distinct periods of summer and winter, for -
it lies one degree latitude north of Cancer, and a distance of approxim-
ately 370km from the Arabian Gulf, which is the nearest sea. Also, the
bulk of the wadi area stands at the eastern foot of the Tuwaig mountain ,
and these geographical factors provide consiclierable modification to- the
temperature characteristics of th.e' region.
In practice, the variations 6f seasonal and diurnal temperature

are rather more impcrtant'than the annual averaée; &hilst the latter can

give a broad impression of the regime in terms of global distribution,
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the ého;ter period is mb_re 'a(:<.:urate.' However, according to the Riyadh
Airport data, thel-mea.m annual température fof the period between 1959
and 1970 inclusive ranges betweep 23; 5°C aﬁd 26°C. ‘The monthiy a'veragé
mean temperature for the same beriod fénges Béﬁneen 34-48°C in July
and 14-52°C in January. -The ﬁean annual temperature of the Dirab |
area, near the escarpment of the Tuwz;lig mountain, was 23-3°C .for the
only recorded year, 1967 (Sogreah, 196815). |
The daily temperature range appears tc be very high. According
to 16 years' data feccrded af Riyach Airport, the absclute maximum
and absolute minimum récorded temperatures have a difference of 51°C
(Table 5'. 8). .b Such variation in temperature is not apparent every year,
but it ié rather important in terms of agricultural crops and plantations.
In some years, for example, heavy losses were sustained in the tomato
crop due to thé low temperaturé , which dropped to 2°C at Riyadh and
-4°C at Dirab in 1968. Low temperatures in winter are-caused mainly
by the interference of the dry cold air current from central Asia, and
the period between 10th Janﬁary and 15th February, known as Ash-Shl_lbt,
is aefixlitely the coldest time, when the northerly wind may blow for a
considerable number of days and be coupled v;ith clear skies and a
‘chance of some frost, in contrast, the summer period is generally
very hot, except for a few nights when the region enjoys a mild northerly
wind, and the most extreme limit of temperature used to result in the
loss of human lives in both winter and summer.
Diurnal variation is very noti'cea_ble during any day of the year;
unfortunately no statistics are avai'lable, but personal observations have

shown that the range may reach 15°C. Such variations in temperature in
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one day, esp-ecially dﬁring the surnme,.r.', affect all.aspects qf,lifé; in order
to escape' the persistén_tly high aftern.éon temperature, schools, shops
and offices begin wo.rk as early aé possible, folr example bétwéen 06.00
and 08 00 am, and after 2pm human activities slow d'c‘>wn conside_rably.
Several operi-air cafes outside the capital city on the Riyadh-Taif Highway
in the west and 6n the Riyadh;Dhahran Highway'in the east ﬂour'ish in
the .sqmmer m'o‘nths, as a result of people taking advantage of the late
evening fresh air, wheréas in the winter these cafes baxl'ely exist.
The'temperamre gradient within the area under study decreases
from east to we.._st; the exposed highlands of the Tuwaig enjoy a compara-
livély low teniperature, while Riyadh city's n-l.icroclimate v;aries accord-
ing to its different districts. The Malez area with irrigated garden
houses, enjoys a modified temperature, while in contrast the central part

and the remaining sectors of the city, where wide streets with compara-

‘tively high ground and solar radiation prevail, have very high temperatures.

Humidig

Relative humidity, like other climatic elements, is formec_l and
modified by the synoptic climatic regime, coupled with the surrounding -
geographical environment. The humidity elément in the Wadi Hanifah
differs in its range and'limits from other areas in the country, due to the
location of the area, far away from the sea, with the pei‘iodic invasion of

alternating warm or cold and dry air currents (for example, Continental

"Tropical Air, or Continental Polar Air, and occasionally the penetration

of the moist Maritime Air), which are responsible for the fluciuation of

the relative humidity,



The mean annual relative humidity in Riyaﬂh Airpo:.;t fo; the years

| 1959 to 197 1'inclusive ra_lnge_ci from éZ- 8 in l§70 to 43-2 in 1964 ,. witl; an
annual mean for t'he Wﬁole -pen'od_ of 31 5%. | On ﬁle other hand, in the- .
Tuwaig mountain .(represented by Dirab) thé :nea-m' annual hur.niditf(. is
,sor'riewhat.different : according to the figures for the only year whén
‘data were recorded by Sogreah (1967), the mean annual was iﬁ the order
of 40-1%. In the same year, Riyadh Airporf had an annual mean of
25-5%. In comparison, Jeddah Airport, on the western ccast of Saudi
Arabia, had a recorded annual mean of 58% for the period 1959 to 1970, .
~ giving an annual mean for the whole period of approximately 62%. Thus,
while the‘ coa'-stal areas have a rather high rate of humidity, the Wadi
Hanifah region enjoys a lower volume of relative humidity. -'I.‘he highest
monthly mean ﬁguré éver recordéd at Riyadh Airport Station was 63%,

in January 1965. January has the highest mormthly mean for the whole per-
"iod, with an .average of 48-58%'(Tab1e 5.9). Within a single year, how-
ever, any cne month of r;he rainy winter .season (November to Fébruary)
could have the highest recorded mean.

The absclute maxima énd minima of relative humidity show contrast-
ing fig1.1res. For example, in April 1970, the minimum dropped to 1%,
and the maximum for this specific month reac.he& as high as 71%; 100%
of relative humidity has been recorded in seven months in the period 1959
-to 1971, ﬁgures for three of these months océurring_in 1971,
The daily relative humidity varies immensely with temper-

a.turé, and observations by Sogreah (1968A) sﬁowedl that in winter
the daiiy maxixﬂum occurs at approximatel_vl 0% 00 a m, and the

minimum at approximately 5S00p.m, while in summer the maXximum

96 -
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" occurs at approximately 07 00 am and the rﬁinimum at approximately
400p m.:

"To summarise briéﬂy, the chafacteriéfié.feamrgs of the relative
‘humidity indicate that it is rather low ov'er the whole yéar, but
increases during the rainy season. as a rgsult of the westerly an&

northerly air stream.



6.1

CHAPTER SIX

RUN-OFF

Sources of-’ Run-off .

Whilst rainfall can be accepted as-almost the only s;ource of fresh
wéter in the earth, the way by which. the water accumulates into a
single stream-flow is very important for defining the components of
run-off. Two multiple purposes are aimed at. in this study: the first is
to define as far as possible the dif;erence between run-off in a perennial
river ahd an arid-land wadi; the seéond is to give the generail chafacter-
istics of one or more flood analyses.

In the run-off in ahy single river, four ccmponents ac-t inter-
dependently to form a stream-flow : (1) direct precipitation; (2) surface
run-off; (3) interflow; (4) ground water flow. While it is rather compli-
cated to define the actual volume of each of the components and their dis-
tribution in time, they may all contribute a2 variable amount of Water to
the stream-flow at a given time and a given point.

In the case of the Wadi Hanifah, all four components hardly ever

occur together at any time because of the climatic and ecosystem char-

acteristics. The most important is the overland flow, i.e., the sheet

flow of water from the point at which a raindrop reaches the land surface

to the point at which it becomes part of the turbulent flow in the channel.

Such flow is affected by many factors related to the features of the

"catchment and the climatic system, both of which will be studied in

another section of this chapter.

Direct precipitation over the stream-flow is unlikely to happen
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except in the finger tips of tributaries where the rqn;off ié formed

v;rithin the time of ra;insform; Sometiﬁes,- llqwevei_, when. the catchmeh:t
is affected by frontal rainfall of comparatively long duration, the direct
precipitation over the various tributaries and d'ams, contributes a negli-
gible pr.'op(-)rti.onal volume which is probably ;onsuﬁled by evaporaticn.
The chief effect of direct precipitation can be distinguished indirectiy
where a channei bed witt; sand grains has a rélatively high soil moisture
content, immediately after the occurrence -of a storm shower. This
causes a decrease in the infiltration cépacity on the one hand, and, on the
othei; helpé the run-off or stream-flow to travel a longér distance within
the wadi length. Thé winter season flood, which occ;n‘s between
November and February, has a comparativeiy lbng duratiori_, and conse-
quentiy may reach the flood-plain of As-Sah'ba ana At-Tawdheheyyah at
 Al-Kharj Plain, In spring, though the density of storm-rain is rather
heavy, the flood may have a high peak and travel a short.distance, due
partly to the high rate of infiltration in the dry channels,

The interflow and base-flow components, which constitute & con-
stant flow, are not available during the whole year. This is due to high
soil deficit, which is caused by f.he high potential evaporation and small
amount of rainfall. Thus, when the flood occurs, the depth of the under-
ground water in the alluvium channel is far below the bed surface of the
channel. Instead of water seeping to the stream during a flood, infiltra-
tion and percolation _will take place. The only exceptional case. is the
seepage flow originating from the i.mpc;und dams to the downward section
of the strea-m, which is totally dependent on the ﬂqod réseryes.

Equally, during a wet year when floods occur frequently in a short
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period, fc-)r'example, two weeks, the <_:laté gardens; qri_the silt terrace |
of the wadi, which are'normglly irrigated by flood when this is possible,
may also contribute a small portion of s;eepa;ge flow.

Thus.tﬁe stream-flow of the Wadi Hanifah is composed primarily
from the overland flow contributed by the _séasonal rainfall m fhe shape

of temporary ﬂdod S..

Factors Affecting the Distribution of Run-off in Time

The flood hydrograph of the Wadi Hanifah is controlied by many

factors, scme permanent and others transient. In any stream-flow the

" inter-relation of such factors seems to be commmon. In the case of the

Wadi Hanifah, some factors are more dominant than others, as a result
of their individual type. Establishing quantitative relaﬁons between the
.ﬂood and those factors would be invaluable, not oniy for the wadi under
study, but also for all wadis of central and northern Saudi Arabia. Such
a study needs substantial investigation and long observation at precise
locations, something which is not available at the present tjme. Such
factors will, however, be discussed on the grounds of their importance
for the flood in order to increase our understand.iﬁg of the interaction
between physical and human systems,

The factors .are closely inter - related, and exert a common
combined influence. For convenience, they will be classified
-in three groups. Chief among these is the physical character-
istic of the drainage area and the climatic condition prevailing within
the catchment. Human interfercnce in alterir;;g and modifying the natural

conditions is also very importanrt, especially where the trend of water
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.'_develop’ment in the country swings towards computing and controlling the

available surface water in order to evaluate the water balance. '

Climatic Factors

Climate is probabiy the most powerful influence on the mass run-
off. In a general sense, the balance between water gain and water loss -
is rather important here. When a comparison is made between the

rate of rainfall and evaporation, it is clear that the ratio is as much as

1 to 25. Such a difference is usually modified or reversed on the occur-

rence of rainfall. Owing to the intensity of the prevailing rai.nfall, tﬁe
evaporation rate is smaller than the rainfe;l.l' in a given place.' and at a -
given tirﬁe. | |

Thus, if an average 100 min were distributed all thfough the year,
the run-off might be zero owihg to the high rates of evap'oratioh. Even.
if the water loss ard the water gain occur uniformly through a rainy

month, the run-off will also be zero. Thus, the reason for the mass run-

off,which may be as'much as 12-80 x 106 cum in the Hanifah Dam, is in fact

the intensity and duration of the rainfall in: a single period, which may
sometimes continue for more than one day.

One important point has to be considered here. ASs fhe' bulk of the
run-off 6ccurs through individual storms, close attention should be paid
to their sizes, rates of movement, tracks, frequency and distribution
over the catchment, .As has been r_nentioned in the chapter on climate,
the above factors can be classified in two groups, according to the time
of occurrence of the storms, i.e., winter or .%pring.

In winter, the size of thunderstorms is comparativel y large, their



d'ens_ity.is rather high, gnd the rate of movement _'is felatively slow.
Con_sequently,. rain tends to cdfrer.the whole éatchmént:, ai].owinQ a mas;
sive run-off to Qccur at one time.

Though the intensit-y of 'rainfz-;ll in.s-pring is rather high, rainf-all
from one single‘ storm occurs in a narrow belt unless succeésivé thunderx-
_shoWefs f_aﬂ wit‘hin.a sﬁorf period'. Afterﬁoon rainfall in April or May
falling on an isolated patch with a relati\.rc.-,-ly high.temp'eratu.re may be
lost _bj-r evaporation aﬁd inﬂltration"before it accumulates in t;he st':ream.

| The relationshib be_tween the wadi _slope on. one. éide, aﬁd the intén-
sity, duration and movemént of the rain—stérm on the other, is very ifnp-_
ortant in tér;x15 of the peak of flood. Taking the uppér sub-catchment,
for instance, which was observed at Al-Jubailah, th¢ Fhree ﬁxajor tribu-
'ﬁries ﬂowing from west to east, i.e., Al-Khomrah, Al-.Hisyan.ahd the
wadi -proper, join the'maiin' stream at roughly the same time, due to the
track of the storms, whicﬁ usually hit .the -éub-catchment-from ﬁorth-
west to south-east.. When a fainy_—lrun occurs on.the sub-catchment duriné
. a previous stream-flow, the peak following the rainfall occurs rapidly and.

intensely.

6.2.2 Catchment Charécteristics

Though precipitation is the only source of run-off in the wadi, the
Basin area, including the shalpe, size and drainage ne_tw_ork of the catch-
ment, defines the dimension and magnifude of the flood hydrograph.
Infiltration is a rather important factor, since the ground water level
always lies beneath the surface of the channel,

Prcbably the most influential factor is the shape of the catcliment
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- area, and its size and slope. ' In this respect the wadi ca'tchmen_t can be
 sub~divided into three parts (Fig 6. 1):-

(a) The Sub-Catchiment of Tuwaig Highland

An elevation at the water head of the t:ifillau.taries of more than

900 m _abo_vé sea level slopes down to an eleva't.ion of between 700 and

.' 650 m near their fnouf:hs in the main wadi. The proportional 1o_és of
water by infiltration is consequently small,. and the v.ellocity <-)f the water
is also rather high, due tp the roéky-fype slop-\_a, which reduces the
influence of e.vaporation before the water joins the wadi proper.'
Furthermore, this area of compara__tively.' hiéh elevation enjogrs. a higher
rainfall than that epjoyed by -the rest of the bas'lr:z.

The drainage network of this sub;catchment seems to render it
well-drgined. "No Iattempt has been madé tb establich the rela'tionship
between the densitj.r of the network and the trﬁﬁk. However, the latest
observations of Sogreah (19684) and the Minisfry of Agri'c'ultﬁ-re and
Water (1973) show that a substant‘ial volum.e of the overall run-off of
the wadi was drained from this part. For example.,. in Novel-'nbe'r 1968,
Sogreah recorded an obseﬁation of the Wa_di Al- Ammariyyah, which
shows that 3 .x,106 cum 'of flood had been drained. T hough this wadi is
the largest tributary within the aréa-, a number of t.ributar.ies can, pre-
sumably, contribute betwéen 0-5x 106 and- 2 x. 106 cum in a single
flood.

While tributaries flow ip a rather steep channel from the highlahd .
of Tuwaig to the channel of the wadi proper, tH_e atter tends to bé mbre
horizontal. Although a différenée of gradient is noticed in one or two

sections, the extensive land use has led to artificial channels, cultivation
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techniques and dams, and has modified the original characteristics of

* the chahnél. '

(b)".The Sub-Catchment of Al-Ha'ir
The Al-Ha'ir area: appea.rs to hav'e'.a different type of dr_ainagé
~owing to the relaﬁvely low elevatibn. - 'As has beeﬁ described in Cﬁapter
Foﬁr, Phys'idéféphy,'. this arela lies in thg éraben and fault belt which.c' rosses
the Wadi Haﬂifah.basin.._ Accofdingly ; the area has only two major
tributaries, i.e. ,' Wadi Ha and Wadi Ai-A\;\rsat. The two tributaries
drain a sui)s;anti.al émoqnt of their flow from short sub-tribntaries which
descend from the _right and left bank cliffs of their éhannels;

Owing to the protrusion of the Al_- Ha'r region into the Dhiruma
Plain to the west of the T uwaig-sub-caltchmle_nt, t‘hé water head sometimes
lies in the track of clouds which cross t.he Dhruma Plain, Conve‘rsely,
while the sub-catchment. of the Tuwaig highland may lie in the track of a
barticular cloud, this may not pass over the water head of the Al-Ha'ir
' sub-c_atchment..

While the tributaries of both wadis, i.e. , Ha and. Al- Awsat, are
steep towards the main channel, the latter has.a-’ smooth slope, particu- -
larly in the upper heads. This, in fact, provided an ancient track across
the Tuwaig Mountain, |

The effect of such physical features upon flood is that the two
tributaries have long narrow drainage. Both joih the Wadi Hanifah
proper near Al-Ha'i; village. meg to their location, which is more
than 80km from the vwatér head of the wadi proper, they supply-their
~ flood earlier than the wadi proper, which takes approximately three to

four hours before it reaches the Al-Ha'ir area. Thus, if a long
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_observation of flood hydrograph is taken immediately downstream of the .
~Al-Ha'ir _areai, two peaks will be'recordéd; one caused by the Al-Ha'ir
- drainage and the other by the Tuwéig highland' sub-catchments through

the wadi propef.-

{c) Sub-Catchment of Slumped Zone

-This su_b-catchment is the drainage éfea of the_ie'ft Eahk tributaries
of the Wadi Ha;nifah, 'ip the alrea between thé-'IWad.i Hanifah Dam’'and Al-
Ha'ir. | As pre'viov..x.sly mentioned in the. éhaptérs oﬁ 'Physiography and
'Geplogy-, this area lli'es largely within the Arab Formation. -Despite the
féct; thét the geological series of the c.entrall Arabian formation slopes
eastward, the existence of small hills in fhe.‘.afea creates a "pco'r drain-.
age area flowing to the main channel of t'ﬁe wadi proper; The main trib-
utaries are the Wadi Alaisan and tl';e Wadi_.Al-Bat'ha. The remaining.tribu'taries'
are very short and shailow', with an approximate iength of between
1 and 5km, Their e'ffect on the volume and magnitlﬁd.e. of the flood in the
wadi proper seems to be reasonable when. the wadi proper ié ahlready flow-
-'ing-;_ otherwise, their volumg of flood may be lost in the sandy channel of
ﬁe wadi by high infiltration.

The Wadi Al;Bat'ha was connected with the construction of Riyadh
City. Its 1engfh and subsequently its capacity were reas011ab1e for the
old. Riyadh, whicéh was estimated to have something like 17,_006 inhabit-
ants at the end of the _ninetéenth century (Abul Ela, 1965A). Néwadayé,
a large area of if‘s_catchment has been lost through the expansion of the
city. However, although the wadi-channel was modified and converted
into a flood sewer for the c;ity centre, the wadi may still flow whén sub- |

stantial rain continues in the remaining drainage to the north of the
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.vity to the flood in general, Prior to the 1950's, the wadi had a ru-rai

- 108

Airport.

The Wadi Alaiséh has similar ptysbgrafphica'l features to the Wadi -

Al-Bat'ha; its length and size do not allow a large volume of run-off to

. beé drained towards the main wadi. . Additionally, it crossesa rather

extensive cultivated area before it joins the wadi proper immediately -

"downstream of“.Al-Ura_ija village;- to the west of the c-apital city. “This

cultivated land reduces its capacity due to-the diversion of v.vatérl through

artificial channels towards the palm groves. .

Land Use |

The term ';l'a_hd use'_' ._'is 'defined here to mean the impéct of human
activities in changing. the course, v'o_iume .<l)r 'veloc':ity' of the flood. While
the natural phenomena, for example, climate and the phyéiographical
features of the drainage, eétablishéd' the litnit of the flood in the wadi,

man, on the other hand, started modifying the stream-flow in order to

practise cultivation and to protect himself and his environment from

damage.
Although the connection between earlier settlements and the -wadi
basin is not relevant kere, a quick look at the wadi before and after the

1950's can, indeed, explain the relationship of two types of human acti-

function, limited by the water available in the form of both .ﬂood and

ground water. That function has been meodified by the explosive growth

_of Riyadh from the 1950's up to the present time. Thus, the urban area

has extended in each direction to obstruct some of the old drainage areas

and tributaries. Increased urban demand caused the Wadi Hanifah to be
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drawn on -as'_. the flrst ne\-N soﬁrce of muni.c‘ipal s_1'1pp1y.' ‘Bécau_se of the
' shortage of water in the ali.uviur_r-l' aquif,éf, the ;::o.r'xstructioﬁ of d'anis |
stax.;ted asl éaﬂ.-y as'.195.9.in-’tﬁe, “jradi pr;per',"ana in the Wadi Liban and
" Wadi Nimar. Additionally, with éiyadh bemg the cqpital.éity, new roads
were built 1'1_nking the city to the rural area, and these ha& to be paved; .
a new l.)ridge z_md 'spi'll-:over road éonséquenﬁly ééused the diversi»qn of
some tributaries fo minimise th'e-,number of bridgesl. -

For thé sake of simplicity, the'inﬂuer;'f;e of tﬁaxﬁ over the mass
run;off will be ¢].assiﬁed 'under three headinés:v

- (a) Agriéulmrai- .T.ec'hni‘qucles;l |
| (b) U;:banisétion ; |

(c) - Hydraulic Structures.,

(a) Agricultura! Techniques

Diversion of flood water star.ted as early as the start of culitvation
in the Wadi I-‘Ia.nifah; Cne prime factor for cultivated land in the wadi is
the ﬁse Sy'irrigation of flood water \.;vhen-ever possible, - However; the
elevation of the te'rrace in éome localities is too high above the channel
surfr;tce for thg teérrace to be reached by the stream-flow in a moderate
. flood, On the other h_and‘, a pom.rerful flood is so damaging that tﬁ.ose
cultivated terraces had to be protected by stone wall barriers. Thus,
spec'iél techniques were applied in different lo.cal'iti.es along the lengthv
of the wadi. ,' |

" These tec@iqugs were genefally of tv-vo. types. Firstly, iﬁ the
case of a cultivated terrace adjace'nt to a small tributary (Fig 6.24A),
the flood was diverted in such a Way'that surplus water was returned to

. the channel of the wadi. Secondly, in an area where there was no trib-
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Fig 6-2 DIAGRAM ILLUSTRATING AGRICULTURAL TECHNIdUES
TO UTILIZE FLOOD FOR IRRIGATION
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utary, a small dy:rke- wii.'h an approximate ht;ight of 1m was built across
| iiie w_icith of ihe wadi béforé the rainy season (fig 6. ZB}. -Siich ai barrier-,
raié'es’ the éu_rfacg i)f_ the lﬂo-:)d.,i_n the main _channei, so that the flood
reéc;hés the area which 1s ti) bié irrigz:it_eii. :

| lt-is not pogsible to evaluate the Q'uaniity of flood which ié used
for irrigation; nor is it possible to give the ratio of flood used in this
way to mass run-_of:i. However, the siatistics of the Ministry of
.Agricultu.re and Wat‘ér (1964) showed that the cuitivatéd area in the
: w;eidi vira_s in the orq.ei' of--3;262-7 hectares. "i'he bulk of this area was
so sitéd that it had iis_ share of the flood water, -

: While such ie_c'hniques reduce the-magiii!;udé cf the flocd in the -
wadi, it-is equally true that the flcod: peak. is alsb aiffected. The ciiiferent
a.rtif'icial channel'_sl and diversions in.evii:ably,reduce the crest of the ﬂoo.d

hydrograph and result in a longer duration of the stream flow.

(b) Ui'banisaiion

Unl-ike- the agricﬁlmral techniques i;vhich affect almost oiie-hal_f of

| the wadi length, t}ie influence pf urbaiiisatii)n is limited i:o the expanded
area of the capital city'._.

“The expansion of tiie city has passed through a n_umb_ef of historical
s-t;aigés; the city was originally coﬁstructed in thé basin of the Wadi Al-.
Bat'ha, whence it took the name oflAl-'Riyadh - garde.ns in Arabic -
thoiigh a sumber of historians (such as Yakout El-Hamawey in the thir-
ieen_th century) mention its original name as Khadhra Hajr, or altex;na-

tively Hajr.* It is quite safe to say that until the outset of the twentieth

Q-

- . . . . - . I @ -
* The name Hajr is written is Arabicas ===



century Riyadh could be qlassified as a small villége.' In 1917, thé area

‘of. t};e 'c'lty was estimated to be about IOO'éc-'i'es (Philby, 1922). When it
became the capital of a ﬁew state (Saudi Araba) in the fifs: half of the
-twéntieth century, " it acquix.;ed t_hel- ability to éttracf imr'r-.ligrants f_xl'om all
~over the countfy, i-n addition to the‘ne_w‘cl:gme;rs'f'rom 'abr_oad who help;ed
in the -developmevnt of the. growing _tov;zn.

Thus, two events cén be cons.idered as the s.tarting points_bf the
expansion : :fi'rst].y, the moverﬁent of the late Ki'ﬁg Abdulazii from the.'
old city to A.l-Murabb'.a's-_ i’alace, 1-5km to the north of 'tille old city
‘centre in 1938; secondly.,‘ the construction of the Riyadh-Dammam Rail-
way in 195'1,.coup1ed. with the tr;nsferring of tﬁe govern.ment offices

.from Jiddé to Riyadh in 1957. A_bul Ela (1965A) estimated-t.hat the kernel
' e.xpansion gf 1938 covered an area nilne tir_ne's as éreat as that of the old .
walled city, i.e., 3:-5Skm from north to south, and 2+-6km from easf to
west. He estimated also that the city extended 12km from north to south
and 8km from east to west in the 1960's. Today, ithe expaﬂsidn of the
ci;y has become very rapid, éspecially near the highways which connect
the city with the remainder of the country. |

While the city was, until 1950, only concentrated around the Al-
Bat'ha tributary, at the _pﬁ:esent time the expansion covers aimc;st all the .
Al-Bat'ha Basin and some of thé area around the lower part of the Wadi
Alaisan tributary. Previously the Wadi Hanifah proper .was the limit of
expansion towards the west. In the 1970's, the development of the Ash-

* Shafa area beside the Riyadh-Taif Highway hés caused development to
the west of the channel of the Qadi proper, paving the way for further

extension on the eastern slope of the Tuwaig mountain., Thus, accord-
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- ing to the éerial p'hotog-rab’hs of lt'he.'Ae:.:ial Survey Dep.artment of the
Min_is_try of _'Petrol_eun} and Miné;al R'esourc.es. (D.ecember-,' '1967_)., tog.--'
ether with a frésh lch’eclzlk ma.de bjr'.the author in February and
| March 1974 ,. ~the city nbw extends a1;<).ut llkm from the city céntre,
As-Safat, to the north, which almost equals thé dj.istaxllc‘t_a betweén t'i'le
latter and Ad-Dir'iyyah villaée. The-ex;ensio_ﬁ from the city centre to
the As‘h- Shafﬁ area along the Riyadh-Taif H_igt.livay covers about 8 kn:if

| The city is expected to conti'nue"to ngo_w at about.th.e same rate .-
and to hay_e éxpanded by the year 2000, particul_arl.y to the nortk into
'+ the Wadi Alaisan Basin and to. the east, Accord ing to the Consult
L_‘lmited ﬁrr;l which established tl1é.Sénitary S-ewerage Master Plan of
the city (i971), the ;:ity will stretch 24km from north to soﬁth and likm -
from east to west, with a surface area of about 291sqkm.

The effect of .such a sudden and vast expansion of the qify upon
the run-off and the flood in the Wadi Haqifa’h differs, in fact, from the
effect of a sﬁnilaf devélopmeht in a humid area, -In the'lattéf case,

- where the water is di’spoéed of through drainagé systems, a rapid and
marked build-up of s1‘1rface run-off i.s likely to occﬁr immediately below
a large urban area (Wa_rd, 1967). Iﬁ the Wadi Hanifah, the effect is
more c0mpliéated. This complexity stems from the fact that the city
suffers from the lack of storm sewage systems.

Before the recent explosive expansion, the building area of the..
city was sited near the Wadi Al-Bat'ha and the surrounding palm groves.
Such a site hélped the urban run-.off' to disperse through the surface
' gx_:ound.of the road. towards the stream.

Nowadays, the iinkage of the old city by new paved roads with



the modern bu.illding area on 'thé outskirts has created a problem. The old. - )

narrow 1-ané§; which lack .;to'r'm sewage, ééﬁstim_te an area of non-
existent or :poor dré‘i.nage, boi.m_ded' by the high élevéfed paved I:Qad
Couseciue;ntly; such éewage, after tforrentié‘l raiﬁ, either disperses into "
nearby old -c.:overe_d hénd-d_ug ﬁrells, or accurﬁulatéé in ponds_in the mid-
dle of the roads 'and‘remains: tht_are for some tirﬁe until it lS 1;st by evap;-

oration and pércolation.

In the case of some of the major'paved streets which slepe towards .

the artificial channel of the Wadi. Al-Bat'ha, a sewage drainage network

has been conétructed. The proportional quantity of éuch discharge is
probably insignificant at the moment, in-comparison with the overall
run-off in the city.

"The bulk of the run-off in the city vanishes by both eva;;orat_:ion and
infiltration. The latter, which is more important in teﬁns of ground-
water rechérge, takes placé partly through the filling pf the old hand-dug
wells which v».re-re distributed all over the city. This factor, in addition
to r.hé domestic sewage disposal which also infiltrates continuousiy,
gives rise to the local underground water (see Chapter 8 on Jubaila
Aquifer),

Owing to the probleri'; of water shortage in the Wadi Hanifah région,
the overall run-off in the city - excluding the domestic sewage disposai -
may contribute a consid.erable amount of surface water. Such an
expectation will not, however, be fulfilled unless the storm sewerage .

system is carefully designed ard diverted either to the main wadi stream

or to be used for irrigation purposes. By this means, the negative effect

upon the surface run-off of the Wadi Al-Bat'ha and Wadi Alaisan could be
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avoidéd. Fu:th_ler_.n'lo;re., .'t:he impe'rr_ﬁeable suffaﬁes_' o_f_ the city, -
paved roads, house fopfs, etc.'., will enabhle a .subst_anti'a-l i)i_'opo.rtic‘m of
| ‘rainfall to eécape _'L'nﬁl.trat-io.n and evap'ora‘tion_'. _Thﬁs the mass run-off
of the city will prohal;ly, be greater than the Wadi'Ala_isan and Wadi Al-
Bat'ha together, . “ |

The previous hypothesis is based on twq-fa-zcts. Firstly thé surface
area %)f the town wiil be larger t-h.ar.x'the catchment of all the Wadis
Harigah, Ghubairah, S<-)_f.a'r,. Mahdiyyah and Wu_bai;.
Algo, the‘sp'atial area of the city, in almost two decades; is expected to
be as large as 50% of the largést tributary, i.e. ,. the Wadi Al-
'Ammari_yyah.- Secoﬁdiy, the drainage system of the city follows roughly
the same -slobe as the Wadi Al-Bat'ha, which s'lopeé graduéily from north’

to south, joining the wadi proper at the south end of the greater Riyadh.

: (ci_ Hydraulic Structures

This term here mea_né primarily the dams in the wadi proper and
the main tributariés. The wadi region contains seven dams, plus two
more under c'onstr'uction. All Aams aré built in the area between Al-

' Uyay.na'h village in the upper réach and Al-Ha'if. '

Prior to 1958, the Wadi Hanifah flowed along its length, without
any c;bstacles apart from those arising from the..practice of agriculttllre, :
mainly in the middle parct. - Thus, it was noet uncommon for the flood to
reach the Al-Kharj area, especially when overéll run-off (l)ccurred in
the whole catchment.

The growth of the city of Riyadh coupled with a continﬁous increase
in the standard of ;iving in the city, ma&e it necessa:i*y to establish a

municipal water network. The alluvium aquifer was traditionally known



as a-compgll'ativhglly' 'méjor' water 'r'_e.-s.erve', and explor_aﬁion and tappin.g.
v;ras_carried-qut ﬁéar Efééh 'villagg and the Waﬂi Nimar.; in éhe Al-ﬁatiri
' a'rea-t, ‘west of 'R_i‘a).r'dh ) aﬁd later in thela_Al-.Ha;ir: area. .At thaf st-:age,‘ |
it was felt that the aliuvium undergro-und water was unable to meet the
i.ncreaé'mg_ démaﬁd_s of thé_city. Moreo§e:3r, 'the_trladit-ional hand-dug
_we:ll-s were beiﬁg deepeﬁéd to -'inérea_ée supply. .Wh'_en_'-the Minjur aquifer - -
was disco-vefed and tappéd in 1956, a.substant.iél yoh_irﬁe of wa.ter was
found, but its quality was not as good as that of thé a11uv-ium aquifer,
in the Wadis- Nimar and Al-Ha'ir.’ | . Thus the aliuvium aquifer con-
tinued tq be exploited to supply both the city an_d' égriculturai ‘de;nand. S
Duri.ng the Sa;mg period, the feér of water exploitation in the aquifer
.-was also i::resent. Accordingly,.the idea of .(:on.structing sﬁb- surface and
sm.:face dams aiong the wadi and main tributaries was recommepded by_. '
most experts. Aramco (1948), in its investigatic;n on the water supply
for Riyadh, rec;)mmended- coqst_rucﬁng a seriés of u%lder-gfound dams
' along the wadi and low surface dams in main tributa_r_ies; this -sugge‘s-
tion wa.s followed immediately by engingering studies by the In'ternational_ '
Bechtel Company between 194-8 and i95 1.. Iq 1950, ] F _Bréwn, Director -
of the United States Geclogical Survey .Mission to Saudi Ara_b-i'a, stressed
the need to consﬁ:ucc groundwater dams. along the-wad'i', ‘as had been
suggested by Aramco. But, after a study of the 'econémic feasibility of

underground dams in the wadi, Intérn.afional Bechtel (1951) concluded. '

that the saving of water involved would not justify the cost cf construction.

_Instead, they recommended the construction of two surface check dams
in the Wadi Liban and in the main wad, i.e., Liban Dam and Hanifah

Dam. The argu'ments for and against building dams were mentioned
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- in _alm(-)st every'i_.nvestigétion for Ri..yadh wat'e'r supply, lncludlpg those.
underta;ken by thé Paicistan- T;ech'ntcal 'Surw_}ey' Mission to Saudi Arabia
in, 1954,_ and the Raif M Parsons Engineering Company in 1958.

Following t;hése vi;lvestigatio‘ns', the Riyadh -.Municlpality started
the constmcfion of two déms, one.in the Wadi Nimar tributary and the
other in the Wadi L;Lban tributary. ll301;.h_w'e;:e completed in 1959, |
The construction of ﬁmifah Dam was' also completed in 1960
(Ministry of Agriculture and Water, 197 1). 'Tne.se hydratlic struc-
mrés having been éomp.leted,- the u‘rad"i was then left for agricultural
purposes, (_)W:i.ng to the cevelopment of the Minjur Aquifef, which sup-
plied water to the ci'ty; :

Another epoch of construction started ’in 1968, with the b;lildiug of
three small dams in the Wadis Sofar, Ghubairah and Harigah, near
Ad-Dir'iyyah viliage. ’i‘he con_strucﬁon of two dams in the Wadi Hanifah
proper was proposed, the.a.H.a'l.x_' Dam was to be located 2-5 kml upstream
of the Water Treatment Plant at Al-Ha'ir and the Dir'iyyah Dam between
the mouth of the Wadi Ai-A.mmar‘iyyah and Ad-Dir'iyyah village
(Shallikh, .1972). Details of their capacities are not available, but it
is assumed that each one will hold between 1-5 and 2 million cu m
of | wate.r.

. Though all the dams are constructed for re-charging thé alluvium
aqﬁifer, they i’r.ﬂuence; all the mass.ﬂoods and the hydrographic peaks.
All have been builf on the area with effective run-off and comparatively
intensive agriculture, The Ad-Dir'iyyah Dam will obstruct any small
volume qf stream-flow due to occur from the..upper reach of t-he wadi proper

| or.from the Wadi Al-Ammariyyah. The same result is likely to be
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: caﬁsed by _.the small dams _on'- t'hé-Sofar;. Ghubair,aﬁ am_i ‘Harigah Wadis'.“_-
Thé .'Hanifah bgﬁx will be supplied méihly by the Wé_dis Mahdiyyah and.
Wubéir immediételsr_ u;_;stream,‘ and in éddit‘ion by the surplus ﬂolc;c'i ovér-
sp.ill from the Acl.':Dir'iyyah Darg. The Ha.'ii_' Dam will hold t}.;e.ﬂow of
the slumped zone sub-catchment in addition to short ,fr‘.butarfies flowing .
from the tria.nglle--to the east, bounded by tﬁé Riyadh-Taif I-I"Lg-hway.in
the west, the watershe_d of the Wadi Ha. ir.l-t,h.e s'outh.and the main wadi
in the east. |
When the’ constn_.lctic.m of Ad- Dir'iyyah Dam and Ha'ir Dam is

ﬁni'shed, the‘ Wadi Hanifah will Be ugable to :eéch ﬁ1e Al'- I-<.ha'1rj Plain
_ unless a substantial and coﬁt'mucus run-off occurs. In other words, :
even if the flocd passes the Al-Ha'ir azlrea,_the wide and gradual slope

of the. Wadi Hanifah channel further down_stréam-w'ill help the flood to

be lost by infiltration and evaporation. However, the areas which are
still free of any flood restﬁctién are the area upstream of Al-Uyaynah
village, and Al-Ha"ir subcatchment. |

If any run-off occurs in the whole catchment of the Wadi, two '
flood peaks'presumably- pass the Al-Hair area, The first one results
from the Wadis Ha and Al-Awsat. which meet with the wédi proper almost
together in one short section of its cogrs_e-'. The second occurs as a
result of the spillway flood leaving the other dams in the middle course.
~ The volume, cpacity of all the existing dams is about 19- 87 x 106 cum.

Though thi_s qugntity looks rather small in térms of overall flow, the dis-
tance between them, which has a high infiltration rate, might force

any small _porfion of ﬂo<.)d passing any individual dam to be iost by

infiltration. Thus, unless a substantial fiood occurs, ithe wadi course
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south of Riyadh Ci‘ty will have a minimum flow. (Plate 8. 1).

Flood Obse rvationé

The climatic regime and the size of the wadi catchment mostly

.decide the magnitude .of the flood. In other words, the flood occurs

for a comparablé timq to the pé_currerice oﬁ local rainfall,

In .dealing with fhé ﬂood characteristics of '-the Wadi Hanifah, as
well as other wadis in thé Tuwaig mountain, the important point is to def-
ine the dimensioﬁ and _the volume of the surface flow at a given time,
The aim of such an investigation is not to aircid a flood tragedy, which.
is out of the question nowadayé owing to human intereference' with the
flood; it is rather to take-advantage of the ﬁqod as much as bossible in

such a way that an accurate estimate of its impact upon the shallow

underground water can be taken into account.

Flood observations started as early as human settlements on the

wadi; the villages, which have been located on or near the cultivated

. terrace, were constructed in such a way that damage was, as far as

possible, avoided. Such an intentipn can be seen in flood develdpment
and management over the years, Cultivation has been developed, for
instance on the silt terrace which could be protected from flooding, even
in the wettest years, Within such management, veocity, height and
dimension of floods have been given éome consideration. Hydraulic
structures and human intexventions for controlling the flood were sited
and adjusted to cope with the flood shape. and magnitude.

The investigations which started in the late 1950's and early 1960's :

were related to the construction of dams and bridges on the wadi proper
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Plate 6.1

The effect of the Nimar Dam (below) on
downstream (above)
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‘and the main tributaries. Thus, the necessities of planning led to

mathematical estimates of flood behind the'dams. - Other precise obser-

~ vations were made from’ 1965_ onwards by the Water Resources Divisi‘oh_'

of the. M'i.nist%y- of Ag'ri-cultur.e' ':.and Water, and‘also by 'ngreah betw.een"-
| 196_6 an_d. 1968; bbth sets of observationé wil_l. be conéidered inthis

section., 'The‘_ obséﬁatioils of the .former.arle?a 'ﬁaiﬂy cohcerne:i with the
behaviour of the Wadi Hanifah Daﬁ _in ter.mslof its water reserve. The;
‘latter, in 1967 énd 1968, éuc’:ééeded in.recoxljding four flcod hydrographs

in four sections of the wadi proper, L.e., at Al-Jubailah in the upper

reach, Hanifah Dam, Al-Ha'ir and for the surplus of flood which passed -

. Al-Kharj Bridge.

According to the few observations carfjed out before the building of
the most recent hydraulic structures in the wadi, the volume of flood passing

through the middle reach is believed to have been larger. In January 1958

a storm lasting for about 40 hours produced about 7 x 106- cum, as

measured Iét the Al-Badi'ah Bridge to the west of Riyadh City. An esti-

mated flow of about 45 x 106 cum in 24 hours was also given in another

- storm occurring on 15th February 1958 (Davis, 1959). Such a relatively

substantial flow of the wadi appeared to reach the Al-Ha'ir area where
the wadis Al- Awsat and Ha join the main wadi and it descends to the Al.-
Kharj Plain.-

Data collected by the author from the 6ffice 61’ the Hydrology
Depa-rtm-e.nt in Riyadh (Tablie 6.1) show the irregularitieé of flood in .
terms of its occurrence gnd volume, Within the recordéd period’
"(bétween 1964 Iand 1972) the total volu.me of flood passed thrqugh the

Hanifah Dam was of the order of 5555 x 106 cum. Slightly more than

1208
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20%. of l".his v_ollu_h'1e was ri_acorded in one.:i'nbnth'-'_l.A;._)ril_ 1965.

. ThlS _c:léaﬂ& révéals the-natﬁre'of the run-off in the Wadi, W_hich .
s chéracteri‘éed by a high dehsf,fy of raixﬁa]i_frorn t.ime to ti.me. It gives:
a clear .idea: .of the ch.ara.cter'i-sti.c of the Wadi Hén’ifah catchment in com-
. parisox_iwith other wédis in thé Tuwaig mouﬁtain. Th-at_is 'té séyl,
whereas the other wadis in the.e;stern élépé of thé Tuwéig .mountain' _
flow in a west t§ east difection, their cétchmenfs éré smaller than
- that of the Wadi Hani'fah, whi ch behaves in its middle reach aé.a coliector .
of major tributar_ies with a considerablé_éatchment surface, for example
the Wadi Al- Am?nariyyéh. | |

Owing t-o. the climatic regime of the area and the'physiologiéal char-
acteristi.cs of the catchment, the overall flow of the. Wadi Hanifah cannot
be deduced from oné given point. In other ﬁor&s, one sub-catchment can
contribute stream-flow, while thers may be dry at the same time. If
the observation is carried out at the low'er_ end, for exarﬁple Al-Kharj
Bridge, the result will bé meaningless in terms of the stream flow in the
upper: and middle reach owing to the high rate of infiltration between Al-
Uyaynah in the upper reach and Al-Kharj Bridge.

Acco:A:dingly, the observation of the volumes of flood accumulated
in the whole length of the wadi (Table 6. 2), revealéd that the volumes
ranged between 11-7 m 106 cu m and 24-3 x 106 cum. An average of
96% of the flood was lost by infiltration and evapbration. -The remaining
portion found its.'.w.ay'through Ai-Kharj Bridge.

Due-to the irregularity in the temporal and sbatial distribution of
rainfall, the volume of ﬂood in various sections of the wadi differs-

distinctly, Thus, the data for the section between Al-Jubailah and Hanifanh
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I:D_am‘ are éebax;ated f;om that &ata_ for the géctipr; beﬁveen the Ha.mif:.-th _
Dam and Al-Ha'-ir._.-', The. i"x'fégulaflities. can be" seen in anj .s'mgle flood -
'obser'v-ati.o_n. .For iﬁsﬁénce, in the April :ﬂood'of 11-967, the section between
: Al-]ﬁbailah and Hanifah béfn@onfributed .only 1. 8x 'ioé.éu m, most of -it-
drained from the tributaries of the Wac-l-is: Al-' Ammériyyah, Wubair aﬁd .
Al-Mahdeyyah. In the section betweex} Hanifah Dam and Al-Ha'ir, the
proportione.zl"volume was as. high as. 9 6x 106'cu m The observaﬁon of the
ﬂdod'oc.:_‘curﬁng in 'N‘ove mber of  the sam'e'_‘year s'n.oWecll that the former section
received- 64 X i06 cum, while the lg.tter section received only 2-0 x.106l ,
cum. In such conditions; Whe.re_ the southérn sub-‘ce.n:chment has got a
- substantial inflow, there is. a possibili‘tir of a rather h1gh proportion of .
flood passing A1-.Ha'ir towards the Al-Kharj i3ridge. | |

In the case of tixe lower reach (beybnd Al-Ha'ir), the proportional
volume of flood passing the Al-Kharj Bridge is very small wh¢n compared
with the volume accumulating in the whole Wadi. In February 1968, the
'obser,vation of the flood showed that the volurf.e of flood in the Wadi was
- 23-8x 10’6 cum, and at the Al-Kharj Bridge it was only 0-2x 106 cu m
In April of ;he 's;me year, while 24.3 x 106 cu m was recorded in the
former, 1-85 x 106 cu m was recorded at the latter, This proportion
will eventually decrease-when the Al-Ha'ir Dam is constructed. The ohly
flow that will then find i-ts way without any hydraulic obstnié:ti_on is the flood of
Wadis Al- Awsat and Ha, and this is too small th reach th_e Al—Kharj Plain
without any substantial ﬁow through the wadi prober.

It may bé concluded that three afeas are responsible for the inc-
rease iﬁ the total inflow in the Wadi. This first is the drainage of the

Tuwaig highland between Al-Jubailah and Hanifah Dam. This area-



contributed about 37% of the total inflow of the Wadi. The second area "

" is'the drainage of the Tuwaig highia;id.betweeh Hanifah Dam and Al-
-Ha'ir, includihg Al-Ha'i=if' sub-catchm_ent._ Mmdugh thé flow in this

' “-area is obst'ruc'ted'by the dams of Wadi Liban and Wadi Nimar, it con-

tributed about 36% of the total inflow qf the Wadi. The third area is

+ the drainage of thé Tuwaig highland in the upper part of the Wadi 'H'anifah,' -

mostly the WadisA_l--_Khomﬁh, ‘Al-Hisyan and the water-head of the
Wadi Hanifah proper. The contribution of this area"wa.s'in the. order of

about 27% of the total inflow of the wadi. The silumped zone area seems

to contribute a very small quantity when compared with the areas of an active

run-off in the Tuwaig-highland. ‘This has been caused 'by the lack of rainfali

as well. as the small drainage of its tributaries.
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CHAP’I‘ER SEVE J

- ALLUVIUM AQUIFER

One of the ciomih.an.t ‘feat:.ures .of Sa.udi 'Afajaian _history has been the
sparcity §f wate-r.,' _which has preven;ed peopie from e_ff_iciently cultivat-
ing the land a.md. forcgd'them éitﬁer té accept the .challeng_e of the 'eﬁv- |
ironment or td emigraté -to better lénd. :

Accordmg tc the scant evidence concermng the reglon s past
"history, the Wadl Hanifah haé atfracted people from nnlghbourmv areas
' because of the easy a_ccessibi.l_ityof its water either in the. form of éurf_—

ace flow or c;f shallow ground water.

Given suﬁicient rainfall or permanéht streams, man is able to
practise cultivation and to domesticgte animals, But. in an area such as-
the wadi, which is located in a vast desert wh_ere_nomﬁdism has existed
for a very long time,_ the pra'ctice.o.f agricul.tu;:e .through.ﬂood control
management and. the utilisation of underground Watér has also been pursued ‘
since long before the rise of Islam. Unfbrtunately, little is know of the
history of the wadi prior to the time of'Islar'n. Al-Jasir (1966) po.intec-l

“out that Water was abundant in the wadi, and that thg region had more
-water and cultivated land than any neighbouring fegion. A trace of a past'
importaﬁt chahnel was found at the confluence of the Wadis Hanifah and

Al-ﬁat'ha, which provided the area with sufficient water for human
settlement. Another exafnple was Al-Uyaynah village, on the upper.
reach of the wadi catchment. The name of the village ‘means a "small
spring”, which still exists. The water came from lé.téral surface seep-.

age through the left bank of the Wadi Haniféh. From the trace of thé
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spriné chénnel, ‘it was obseﬁe_d by thé él'lt._'t-lbr._in April 1974 that the .
: st're.an'; héd previouély been 'c'.ieep.'e-r.,.-an:.d 'th.e,l'go-rge w-idei'. . .;I't;is ‘r.nigh.t
_ .havé been caused by a_greafer <;r moré'c-_:ohzsta_'nt flow >i-n}t1;e p%ast; 3
_Nowadéyé, the spriﬁg'r ﬂowé dt_x_fing the wet yeéfs for almost two months, |
-and dr.iés up for -the rest of the year. This is a.result --of the sevére_
d.eple_'t'ic.).n of the .sul;si;ffécé aquifer, possi'blly llinked wit’hla change i_.].'.l the
~ weather. | o | ‘

vUp‘>to> three dgcades ago, the watef ﬁse y}as 'déav,ot_ed mainly to.
traq itional agriculture. When modern purhping_ e'qu_ipmgnt was _int;,oduced_,
Wadi- Har-lifajh began to suffer from a water shortage, but because the
cbuﬁtry' was then' in the first-_sta.z_ge o‘f‘ its ae\ielo;;ment, peoble and authof- |
ities tﬁed to drili new wells and deepe-ned _t'he exiéting boreh-ole.s in thé '
hope of making more groﬁnﬁ water évéilablé. - Ever' iﬁcreaéing utilisation |
of water and a lack of knowledgé‘accenfuateci the problem,

The surveys a;n'd inve_stigétions carried out by -Aramco-and other
" foreign experts paved the way for a realisation that water was so precious
that effc.>rts had to be madé, not only to extract anﬁ-drill for it, but also
to conserve it.

Many feports wére also _p;eéénted to the governrhent of Saudi Arabia;
most of them explained how to improve th'e'. lifé Qf the céuntry in general,
including water development and management. | Priority was given then
to investigation and drilling iﬁ the .Wa‘di Hanifah, owing to its location near
the capital city, at a time when other r-egionsl of the country were too
isola£ed and far éway to supply -v_vater to Riyad.h,_. or even to provide Iagri‘-
cultural produce. Gardenin‘g was alrea&y established in the wadi, wh_.e-re;

hand-dug weils were in operation; the lowered water levels and the desire
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for mcreased producnon prompted farmere to deepen thelr wells and

' 1nsrall centrlfugal pumpu, whlch were usually set'up in the old hand-

dug wells. By 1948 many of these wells had been abandoned smce the

' water level had dropped thus hlghhghtmg the problem of water short-

age., From then on, an acceleratlon in dlscharge- from the-remammg wells -

increased the rate of lowering of the water level.

T. he'Extent and .Nature of. the Aquifer

The 'alluvium aquifer extends along the.Wadi Hanifah in.the
Quaternary till of the main cha'nnel.. To define the exact extent of the ..
heable area, ‘one mnst look to certain locations within the Wadi,.. where-

the aquifer has already been tested and utilised. These locations extend

from Al-Uyaynah village (near Lat 24°55' N, Long 46° 27" E) downstream

to the area of Al-Ha'ir. In addition, the aquifers near the_' mouths of the
tributaries have more or less the _sa,me'charac_ter' as the 'aquifer in the
main c‘hannel. The area. beyond theee limits is excluded from this study, -
since the area upetream from ‘Al-Uyaynah village has no water points by
which the aquifer could be tested, and itlis' doubtfnl whether it has a '
major ex-plloitable. aquifer. The lower area'dow,nst_ream from Al-Ha'ir-
area has no importance in terms of exploitable water, because the thick-
ness of the Quaternary fill decreases. There is some scattered cultiva- B
tion which can.be‘ seen from the Riyad'h-AI-kharj road, though the road
is, in fact, outside the wadi channel, and this cultiration depends for -
water on the Sulaiy formation rather than the Wadi alluvium aquifer.

Thus the alluvium aquifer stretches from. Al-Uyaynah along the

wadi course, where intense cultivation has taken place for more than
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_ 1,'50(') years. The length of tﬁe Wadi I'her.e-is_' aboh£ ;001;111, with an ave-
.rlaée widfh of a.bc';u.t SOOm The alll;lvium.de.posit in'which the aquifer
exists is-'embréce-cl by" thg'chénnel cliffs, whicﬁmost_ly consist of the
]ubail_é unit rocl.<s, the difference in élevat’ion bétween the superficial
: éllﬁviun_: bed and the lin'lestor}e. plateau in both bar;ic_s being c_;f the o_rd.er a
-of 36 to 40 n:_l. in the Al-Ha'ir area and slightly rrllore' in the area of Ad- |
Dir'iyyah and the Wadi Hanifah Dam. ) | |
| The alluv.ium, -according to-a's ight test borehole d r_ille_d by Sogré.ah
in 1967, appeared to be heterogeneous. It varies ;‘rom fairly silty-.f_ine
sand to pebbles about 10cm in. diameter.. Nearly two -f'}fths .of' the éediment
consists of discontinuous iense_s of sand and silt, with interbedded ';ieposits
of sand and grairel; together this probably forms 50 % of the thick-
ness of the Wadi alluvium (McCann, 1959),
. Silt deposits in the Wadi Nimar formed'impermeable ienses which
_in turn affected iniﬂtration downward and created small semi-perched
aquifers. This phehomenon was detected by 6bservi‘ng some s:hallow wells _
in the area where the water level is higher than the water level in ad-
jacent wells. The oc':cux;re_nce of ground water can be traced in the under-- -
lying permeable sediments of the lWadi alltivium, which consist mainly of
fine grained deposits, as well as sands and gravels.-
The thickness of the alluvium in general ranges between 60m near -
_the Hanifah Dam to nearly 30 m in the Al;Ha’ir area.- In some places,.
the thickness decrééses markedlf as a result of. folding in the underlying
Jubaila limestone.
However, the limestone, which acts as a base for the alluvium, is

in some places water-bearing. In spite of the general opinion that the




. 130.

' _Jubaila unit ﬁhd_erneath the allgiiium lS ilmpe.r_meéble,'..'it wa_s.found. by_ .
- -Sog'réah in 1'966-67-t.t;at ;'some"w-ellsl Ln the Al-Ha'lr a-r;aa dlid," in fact, - ."I
‘traverse the alluvium andj péqefraté the limesto.r-u_e. Becéuse water investi- "
ga;tions‘ of the-sé wells vbére inifiated only a_fté’f the water ta'i)le haa drop'i)ed, no .
| attempt .'hgs beén made. to 'detlermine_ thg_ex_a;:; amount of water under-
neafh the. alluyium. The éxiséing hand-dué 'Wellsl -in.th-e 1§wer part, near -
Al-Ha'ir, 'mlay- obtain some wz;tér'from thé.fiésufes and joints. of the
" limestone.. In the'upper part.', near Ad-Dif'i}yah for ins-ta-n.ce, it is doubt-
ful whether _.;my éld hand-dug well reacﬁes thg 1_imest§né because of ,thé
comparatively thick allﬁvium;.- Howéver,. the 'amount of water which used
'to be exFr&_ctéd .from the old shallow wells is i.nsig'nificant., in terms of
the total volume of water in tﬁe aquifer, oL | N
When the frqnsmissibility and the péi:meabiiity_of the aqu.i.fer were

tested in the Al-Ha'ir area, they were found to vary widely in val_ué f;om :
place to place, presumably because of the hetefogeneity of the alluvium
. sediments. The permeab‘;lity value indeea ranges widely beﬁeen 4 and
40 x 10_4 m/s (Sogfeah, 1968A').. As these values have been tested in
Al-Ha'ir regioi_i only, the results clannotl:'relia.bly be applied to the aquifer
-as aWhole. Nevertheless, they can be 'tékén as a general basis for'

future inves;igation.' The movement of the subsurface water is rather
difficult to determine at this stage. All one can say is that, oWing to

the different types of Quaternafy deposift, the ﬂdw and the hydraulic hea_d
or gradient of the ground water is controlled by the déposit. Thus, the
' silt deposit e;llows a slow flow, which nmieans that the water ip the upper
stream- may take some time be_foré it reaches the middle and lower

reach.
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-Boundary Conditions of the Aquifer

In discussing the boundary conditions, the aim is to give a clear

idea of three main factors governing the behaviour of the aquifer.. It is

~ important to say here that, alithough the whole wadi will be considered

7.2.1

in forming a general picture, the areas which have been tested are the
Al-Ha'ir area in the sou_'the_rn part of the wadi, and the exploitable

aquifer upstream, both of which have been defined before. The boundary

- conditions are decided by three main factors:-

Water table and water table variation;
Recharge;

Discharge.

Water Table and Water Table Variations |

The availability -of water combined with the cultivable silt terrace
determines the density and distribution of human settlements within the

wadi. Consequently, the location and s'i'ze of settlements has locally

" affected the water table. Unfortunately, before 1947 no investigation was

undertaken which would provide a basis for estimating the water level.
To supply this defiéiency , more than 25 interviews were held with elderly
ex-farmers who were still living '1;1 their villages and who had observeci
thé wate'r level du;ing their live;. These interviews took place- between
20th and 26th January 1974, at different villages throughout the whole -

length of the utilised aquifer, particularly at Al-Uyaynah, Ad-Dir'iyyah,

Riyadh City and Al-Ha'ir. In addition, two interviews were carried out

in Al-Ammariyyah village,

According to local people, the water level variations were -
5l . .. Co. . - 'ﬁ
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controlled by the ﬂood

g When the wadl channels were ﬂooded more than three
times durmg the year, the water level wo uld rise dlstmctly, it probably R
: reached about 5 m from the surfacn in the sectton between Al-Jubailah
in the upper stream and somewhere bet\ een Manfouhah village and Al-
- Ha'ir a_rea._ ‘At Al-Ha'ir, the water table rose right to the surface follow-
ing a‘succession of flood flows. The -v-iilage.s couid not recall the dates |
of such rises, though it was suggested that the y plobably happened every
13 years at most., The decline of the water levellused to occur slowly
through the whole hydraulic year. The period between july and
September was claimed to be the worst period, ‘when the water lew_/el
reached its lowest point. To establish the 1ov_vest limit of the water table
before recent develdpment is not difficult, for the old hand-dug welis '
| penetrated to the deepest level reached b}t the water. The total depth
found between Al-Uyaynah and" Manfouhah does. not exceed 30 m, Different
depths were reached at different tithes, iu consequehce of the iowering- of
the water during drdught years. The approximate depth of all wells is
about 12 and 20m. According to the earliest report submitted by
Aramco (1948), the water level stood between 5 and 9 m below the surface
before 1935. This estimate is probably accurate, since the level con-
forms to that at present in some areas which have not been heavily
affected by pumping.

Between 1938 and 1948, the change in the level began in Riyadh

City, along the Wa'd'i Al-Bat'ha, which traverses the city from.north to.
south beside the Airport Street and. A1-Bat'h.a Street. Because this

wadi is con.venient].'y adjacent to the old city, a number of boreholes
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v.v.ere drilled, par_t:icuiariy -nea,r. Al-Th_umai-ri Gate, at f.'he | junction of Kiﬁg
Faisal Street an& King Abdulaziz Street in the capi'tal -c_:ity. Thesé. showed
that the v&ater leirel .'had dropped to 10m in a pe}-iod o.f some eight years.
It was realised then that most Boreholés had dx;ied up and ithe Wadi Al-

~ Bat'ha was evenm-élly abandoned. The water lle'\}el in the Wadi Hanifah
propelr at t:his.time was pfobably not largelir affected, particularly m the
reach upstream gnd_ downstream of Manfouhah village and Al-Batin to the.
west of Riyadh City.

When the first record was started by Arémco in March 1948, the
wgter in the Whole length of the Wadi proper was more or less at the same
level, excep;: in the f‘;ir extremities u[’) and downstream (Fig 7. 1). Al-
.-Uyaynah, Al-Jubailah and Wadi Nimar sections sh;)wed a dré)p of a few
metres beneath the general level of the downstream area. The reason
was probably the rapid drawing of the water ip these cultivated
areas,combined with the subsurface flow toward the loWest parts down-
stream. Towards the southern end of the Al-Ha'ir aréa, whefe the two
main tributaries, the- Wadi Ha and the Wadi Al-Buayja, j_oiﬁ the main
Wadi, the water was a few metres béneath ground level. Heré the
alluvial deposit is thicker than in the area immediately upstream.

The second fecord 6f the water level waé again compiled by
Aramco in 1950. The tfaeasuremeﬁts showed a semi-depfession in the
central bart between Ad -Dir'iyyah and Manfouhah., An average drop of
3m below the previous levellwgs recordéd, but in some wells along_this
section a drop of 7 m was detected. -During the period March to June
1951, the decrease in the water 1e\.7e1 was claimed by International

Bechtel (1951) toequal 0-04m per week. At the same tim'e, a rise of
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i nearly 1-52 m is also recorded as ; result of ‘s‘ome.iz mm of rainifall_on
Sth and 10th.Mérch._ Aftexl'll951, 2 de’t.eridi'a.t.i.on'wes-t of Rlyadh City |
'Avs.ras observed, whe.n‘bo:e'hole'sxwere dﬁlled fér domestid water supply at
Al-Batin and As-Suwaidi, 'l?etwee'fl ﬁhe Wadi _i\Ti‘mar and tﬁe 'Wédi Liban;
la decline of 16 m was recorded in the___lower reac;'h of t.:'he Wadi Nimﬁr |
(Davis,. 1959A5. : A.ccording to Wilson -('1953), the cu'mulath;e decline - -
~ at that l;itﬁe was approximately._zs m. By 19.5'3,: the se-m_i-d.epression wes-t.
of Ri};adh had extepdeci between Hanifah Dam and Manfouhah village. The
water level within this area had droppéd to 21- 5 r.n“(Dévi's,_ 1959B) below ' .
surface. Needless to say, this fall was caused by the-relativeiy he:avy -. |
-pﬁmping to supply the city's demands. In addition, the decline of the
water lcvel in the adjacent iimestqné, due to the drilling of boreholes in
the .city may have aggravated the drop of the level in the wadi channel.
The upper reach.above the Wadi Wubair -is believed to have been affected
by the new mechanical equipment which was being operated in the old wells and
.new drilled borehcles. Unfortunately, no- measuremenfs were recorded.
The lower reach at Al-Ha'ir appears to have had a partial flow until 1956,
when new boreholes were drilled to supply the capital city. Then the
level started to drop every year. In 1959 the water ievel had fallen to
about 30 m below surface in the exploited wells, while the avérage level
stood at 20 m from the surface.
When the new brojects bggan in Al-Hg'ir and the first of the
Minjur water was ex‘tracted', the record of the water level in the Wadi
Hanifah appears fo have ceased. This was a éonseqﬁence of the seafch
for a név&r' source of water to supply the growing cit}l' of Riyadh, and the

search had, in turn, resulted from the measurements taken in the alluvial
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.channell of _the' Wadi Hanifah, 'fhe‘ Water Authbriq} did not continue
”.r'neasurixigﬂthe' previoﬁsiy reccrded ldcation.s. _ |

Dur.ing' the dry season of 1957, a measufément_ téken at:Al-]éadi'aE
west of Riya&h City, shéwea that the'w.ater levgi had fallen to a dep.th of
35 m. below surfacef -Twelvg metres were rr_1_adé_ up again by the subétah—
tial inﬂovs.r accumﬂlgfed in t;he. Wadi chénnel féllowing 57-2 mm of rainfall
during Januaz-'y 1958. "However, the 'a.ccumulatioﬁ:\.avas'found to: have been '
'depleted once more when the well was measured the follow;mg Septernber._
Moreover, the water level had dropped toa record depth of 42 m below
surface. While in the upper reach the water resources seemed to have Be en
: léss depleted, the rise in the water level, resulting from the flood of
January 1958 in Ad-Dir'iyyah,was reported to be only '6 m, and probably
less in the Al-Uy_as-rnah area. An overall measurement of the water level
from Al-Uyaynah to the site of the Hanifah Dam was recordea at the end
of the dry season of 1958 (McCann, 1959); the results shHowed that the
depth of the water in Al-Uyaynah was about 15 m _bélow surface, and in
Al-Jubailah 'IQm, while Al-Mughaider, at the confluence of the Wadi
Al- Ammariyyah, had a depth of 12m. From the.upber stream of Ad-
Dir'iyyah to the lower reaches the level declined from 12 to 30 m. |
‘Finally, 35 m were recorded at the village of Ergah a.nd 30 m at the
Hanifah Dam. Downstream of tl‘1e Hanifah Dam, the gradient of the w.ater-
level abruptly increased to the confluence of the.W‘adi Nimar, where the
water level reached the basal level of the alluvium. Another meaéure-
ment of the érea, taken downstream from the Hanifah Dam, at the same
period, indicated that the water table between Al-Badi'ah Bridge and the

Wadi Nimar was at its deepest level. The depth of the water was about
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45Im beneath thé érounci.

Thus;_ a depreséioﬁ has déx;eloped -o.\'re‘i:“the years, over 45m along
the main wadi channei (Fig 71) ' '_I.‘hé débressidﬁ \}'ery clearlj} illustfate.s |
the heavy pumping that has gone on in tﬁe_aréa tb supply Riyadh and the |
iocal fax;mers. The most affected sections vlvi.thin the_dépression are
the Ergah section and Al-Batin, west of the capital city. . Here, new

' drilling has tak;an place sin_ce tt;e first warﬁihg of the water shortage.

The measurements of the Ministry of Ag;i'cu.lture_ and Water n the wet
season of 1961 and .1962 showéd that the debressic;n is far from aéhie_ving
a.reple,nishment- balance, except in the areas where irﬁpounding dams have
béen constructed; t'ho'ugh such dams. maké infiltration difficult, they |

. undoubtedly benefit the sulrrounding areas. The rﬁajor cause of the drop
in the water table .is certainly the use of modern mechanical equipment,
According to the statisfics of the Ministry of Agriculture and Water (1964),
the region of the Wadi Hanifah has 679 operating wells, " 244 of these are
drilled wells, énd éhey are concentrated mainly in the ax"ea between

Ergah village and Al-Ha'ir, mostly on.a 20km stretch between Ergah and.
Manfouhah. The rest of the operating wells are hand dug,. an-d now

- operated by turbine-driven pumps. Such a classification of the wells, as
either drilled or hand dug, c]_early explains the'depth éf t.he water table

in the depression area. The .water in the drilled wells may rise to a
reasonable depth- if thé pumps stop for a sufficient length of time, but

the effect o-f pumping is so great that thé water drops agaiﬁ after a few
rﬁinutes. Such an effect was observed in one well of Prince Nayef Bin
Abciulaéiz at AI-Gurashigr.yah, downstream from the Hanifah Dam, where

the pump penetrated 64:764 m in the boreholes. When tested by the
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_Geolc;gy Dgp‘:_l_i:l;;nent of the. Mi.histry' qf Agric;ulturé anci --Water. at the end
_. of a .dry season.,’;‘, it was foﬁnd tﬁat' a dishgafge of 4 Ilifrezjs/s.ecorid contin-
ued fﬁr seveﬁ.miﬁuteg and then ceased. a.s_' thé watér lexlrel'had_dfopp'ed N
from its static level of 40-04 m to' the bo&cm of the bbre. | Thé borehole ,

-was left for one hour to recover, -énd then p_un"lping; at nearly 2 lit':'res_/--,
second'st'art.ed a-gain.. It lasted for 6n1y'oné minute. and then st.opped.

'.In the areas upstream and db\&nstll;eam_from f-,hé iargé jdeprgssion,
the water level also appears tol. be declining.as a result of instant pumping.
In the .upp_er 'rer;lch from Al;Uyayr.l_'al.a village to the coﬁ.ﬂuence of the Wadi

~ Al- Ammariyyah, tﬁe general aete;ioration of the wate'r_ level betwet_en
1948 anci 1962 amounteq to gpéroximé;eiy 25 m.. From .1962‘ to 1972,
the record of Hydrology Department of the'Minist’ry of Agfi.culture and

., Wgter shows a drop of more than 7 m in well P60§ iﬂ the Al-]u.b'ailah. :
area. Unlike the depre-s'sion area, the upper reach enjoys a niore.
frequent inflow of flood than the lower reach, owing to its nearness to

the Wadi water-head. While this advanfage dominates here, there is also
a possibility of loss of water through sub-flow. .T.h'e séction where the
water depth is stﬂl ﬁnaffected is near Al-Mughaiéér_, possibly because of
the inflow from the right bank tﬂbu‘taries, for example, the Wadi Al-
Ammariyyah. No recent measurement can be ol_afained, but acéording to
local inhabitants it falls to about 20 m-below.thé surfaée. At Al- Ammariyyah .
village and Abal Kbash in the lower reaclé of the Wadi Al-Amﬁariyyah

tributary, local farmers claim that it ranges from 9 to 20 m according

* No date of the r-ecord' wés given in the copy of a report.filed in the
Geology Department of the 'Ministry of Agriculture and Water.



to the duration of replenishment; °

" 'The water table in the lower re_é’ch',_ _pafticﬁlérly in the Al-Ha'ir

areé (Fig 7.2) used to be near the surface until the drilling of boreholes . -

: to'supp'ly Riyadh's domestic needs. In -.s;‘)ite of an eiistin_g cultivated .
area, irrigated by water from d:illed or hand-dug wells prior to‘the
drilling of the Municipal water wells, the water lévél seemed to'decreasé

'almost uniformly and very slightly. Reports fbllowing the piping of water

to Riyadﬁ in 1956, confirmed a lowering of the water. table. 'Up-to 1962, "

the water table dropped bsr about 25 m -throughdut_ the area (Davis, i959A);
The latest de.tailed'iﬁvestigati.tm cérr_ied out by Sog.reah‘ in 1966 and 1967
‘claimed thaf_ thg water table depths raﬁged betweén 25 and 40 m below
: groﬁ-x:ld,-de:pen.ding on the date of measurement (rainy or dr;Ir season).
and the discharge condition of the teslied wells., The variation in water
levél betweeﬁ dry and -rainy seasons changes fr‘om one well to another.
In the case of unexploited wells - for example S 54 downétream of the con+
ﬂu_eﬁce of the Wadis Ha land' Al-Buayja - the water level dropped from
2] to 23-5 m below surfacI:e during the dry period between March 1966 and-
April 1967. According to the recqrds of .the Hydrology Department of _
the Ministry of Agriculture and Water, a drop o‘f-more.than 15 m was also
observed between May 1969 and 1970. Although the water level rose
12m in 1971, | it st_artad to déteriorate 'in the following year. In other
wells where pumping is greater, the depth of the water is corresbondingly
larger. Such a depletion of water canno.t be -mad.é up completely after the
flood, owing to a'continuous_ d‘iécharge that is .grea,.ter than ;he discharge .
usual thfoughout the: -a_rea. Nevertheless, _the rise in the level caused by

the flood can be clearly observed, particularly in the exploited wells.
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- Fig 7-2 THE PIEZOMETRIC _LE__‘VELS OF AL HA'IR WELLS IN 1967
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in Figu.r'g 7.2 the .fige_ of Watex_:'followipg_' flood :condlitions is _o_b'vious_. Very
often the rise -Qf, the Water contihﬁes aft.erl the ﬂood folr a perlod '§f riﬁlé :
- b:afore it reaches.a-maximu.m. : At éon;e wc-_jlls-,.. f_ozl' exa.nlxple SSI9, 'th':e .
recovery ééuse& b}Ir the -1;1_066 in- Abrﬂ 19_._67 éonti.nued- fo.r only two weeks
until it reached :its_-nlxaximﬁm,. while.at-v;relll S 54 the w'ater rosé_ for about
s1x weeks before reaching its',-ma)__{im‘ulm. Uh.’%'ortunately, ‘t'he lack of con- )
| t_i'nu.ous meaéurement is a great obstéclé when tr.at.c.ing.' thé general declinc;_ . L
of t_he water level- in Al-.Hgl’ir. While the ir.llcre.ase takes place in a few
weeks, the d'.ischa_-rge .rnay‘ continue for a jreéf l'aefore' the level drops to

its mipimun.'l,'. particularly where there is a g;anei;ous inflow. It is quite
‘clear t‘nét the pi_ezoﬁietric igvel in‘ Al-Ha'ir m the previous figure throws
light only on thé effect of ﬂdod.s upon the rgcovery'of- the wat.er ‘table.
Determination of the dec're'as'é in the- wat;r-level requ-ii'es a long period of
" accurate measurenienfs_. 'l\Ievertheless, the ﬂoo-d. of .1967 in the Al-Ha'ir
reach made the water rise in some wellé in the Wadi proper Sy as much as
12 m, for example, S39 well. In other weils do_\.avnstr_'-eam froﬁx the Wadi
Ha and -Al-Buayja confluences, the' rise did not exceed 7 m, as was the
~ case with well $54. In the lower reach of the Wadi Ha and Al-Buayja,

the drop in fhe water level reachéd a m?;_ximum of'6-m. The variation in‘
thé.depth of water in the area reflects the hetéfoge-neity of the alluvium,
and also the intensity and duration of the flood in e_ach ,length, Which is in
turn affected by the width of ‘the channel and the thickné:_ss, of the alluvium
deposit, It can be said with certainty that the main Wadi aquifer at Al-
,Ha'i;; is more affected by inﬂltraéion- than are the main tributaries, the
Wadi Ha aqd-Wadi Al-Buayja, in consequence qf its width and the length

of the duration of the flood.



142

Howe\;er,_ the water léables in tﬂg Wa,.di' i{éniféh a.s a W’holg véfy in
_depth f:c;m dn,é. piaqé 't_o-;nother‘-,- .oxi' thé'onell;a'_nd'.bec;aus_e of e.Jctgnéive' o
' pqmpihg, as in the Ergah dnd Al;Bétiﬁ areﬁ; :a'm_i'én the other because of
-generous rechaf'ée _catlSe& by thé évai}gbili&_ cf ihfil‘t-rated- Wa.ter eithef
thrqugh surface inﬂow., as in-the _Al-'U:yaynal'_l'aréa.i_.'and Al-A?Iima;‘;iy'yah,_ .
or through the cbntril)lling of the flood by .dé'_rr_usl fo.; a péri;)d of time to
;')'ermit' i'ncreased i,nf.iltratio'n.-. Aécordingly,- ti]_e water'lével_is.'govemed :
by two major factors:- | o

1) Thé gegler'al decline which 'haé continued sin;é 1948. -The
. gradienf of the sub-surface water is -rﬁoré or less horizontal from the
upper reach tc; the gfea_bétween .tl'_ie corllﬂuenée. of Al~-Ammariyyah é'nd
'Ad-Dir'iy'jra‘h, then the hydraulié gradient increases abruptl';y:dovynstreém '
to Ad-Dir'iyyah, Wherg the water levél'réaches the channel base. It con-
tinues in contact w_ith the base until the area qf I-Aax:lfo;.lhah village, where
.the. wéter level assumes an almost _horizont_él surface until the dov.vn-
-stream reach of Al-Ha'if. Throughout the entire length, the hydraulic
.gra'dient has been intérrupted locally by-lthe 'impounding dams which have
been constructed indi.viduallyl-as_early as 1959. Thus, for the sa.I;e of
simplicify, the annuai fill in fﬁe Wate'r.' level can be defiﬁed within four
sections of the length of the alluvium channel:-

(-a.') The section from Al-Uyaynah village to the area immediately

undef.thcla mouth of _the Wadi -Al'—Ammariy"yéh (about 25km in |

length). The water level here decréases by about one metre

every year.' | |

(b). The section from the previous reach to Ad-Dir'iyyah village

(about 7km in length). Annual fall here ranges between 1m and



dm.
" (c) The' Section between Ad'-i)ii"iyﬁh villdge and Manfouhah (a
dis:tance of abqﬁt- 3.(-) km). I-_Ie_r.e. the water levei had already ciroppgadj
" to. -t'hebvbasal alluvinm by 4-1959,' p;arti-pi;larly .éi' the cohﬁuence of the_-
Wadi Nirﬁ__ar, w)vheré there is a continuous decline i1.1 r.hé water level .
- of about 4 m a ye_ar; |
. (d) The s.ectio'h' between_ Mahfouhah and the Al-Ha'ir area.(a_
stretch of about_ze_km). Here the fall in the"water.level is due " |
mainly to the,relati.vel.'y heavyvpvur-n'p»ing at.Al-Ha'ir. The.average
annual drop is in the region of 0-5 to 9-7m. o |
These are approximate estimates, ba_séd lé'_)n the various measure- -
_me_nts. waever, t;hey; do give a. 5r§ad idea of t'he.c;ons;tan.t decline of
the alluvium v'vat'er.. Allowing for e-rror,s, it caﬁ be said with certainty
that the minimum fall of the water through the whole Iength of the exploited
'aqubi_fer is iﬁ the reg'io_r_f of 0-4m per'year.' Again, the maximum fall of

the water table in local areas was 4m per year.

2) The seasonal fluctuation in the water level which-has occurred -

since the onset of the present climatic regime. When measurement
started in 1948, the ﬂﬁctuat-ion of the water was observed from time to
time. Such variatioﬁ is controlled by in.filtrétion, which is in turn con-
trolled by the heterogeneity of the alluvial deposit, the \.avidth of the channel
and the. density and duration of the inundatioﬁé. The average variation -

' of the water _level was repc;rted by Otkun (1968) tovbe about 6 m. Such
‘fluctuation starts one or two daysaftgr the flood accumulates in the sur-
face cha;mel. The \&ater then rises for‘either a few d;'«_tys or a few weeks,

depending on the recharge and discharge conditions of a particular well,
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.Whe.n..t‘he'water. re.a.ches its maxi'mum,'- tt m'ajr stabilise"for a week.-' or =
: more, m the case of an unexploxted we11 or when a successmn of floods - |

j_takes place. ‘The dlmlms‘nng of the. water starts gently durlng the .ralny )
season, restralned by the relatlvely lvw dlscharge In the earlier half of
autuma, the rate' of water ex_traction app_e'a_rs to '.be_ comparatively'r small,

" which in turns allo\ns. some oegree of stapilisation tn the water' depth
Acc.ordmg to the record of Well P606, unmedlately upstream from Al-
Jubailah v111age, taken by the Hydrology Department of the N’lmstry of .
Agrlculture.and Water between 19, 10. 70_ and4 6 72, the maximum water

level was 28 70 m beneath surface and ocenr'red on 7t.h"May.' ‘197'1,_ tne 'min-_-
imum level_ was ‘.observe_d on 4th September 1971, wnen the water reached
a deptn of approximately 32 -84 m beiow .surface, ‘reflect-ing heavy extrac-

,tion-in the summer for irriéation. éuch variaticn eannot be applied to each
year because of the variations.in the - times -of occnrrénce, tlae _(iensity and
dnration of the ﬂ'oods. .The most affected' area in the whole length is the
depression section between Ad-Dir'iyyah and Ma’nfouhan. Here the
Dams of Hanifah, Liban and Nimar create the possibility of recovering
a great deal of water in a short time, Records snow that during the
rainy season of '195_8-59, despite the impaot of the Hanifah Dam, the _ |
water le\.rel in its vicinity increased by only 5 m and diminished again
at the beginning of the foilowing dry season (McCann, 1959). Accord-
ing to new records taken by the HydrologyDepartment c?Iuring the hydraulic A.
year 1969/70 at two wells dow‘nst_ream from the Hanifah Dam, the fluc- -

. tnation ranged between 21-43 and 42- 92 m below Surfaee. Such a wide

| variation between maximum and minimum levels of water in the large

depression throws light on the depleted state of the aquifer and the rapid

recovery caused by the Hanifah Dam. In the Al-Ha'ir region, the range .



is hetween 6 and 12m :

Holwev'er, it is quite obv1ous that the water authorities are avtrare.
of the rapid depletlon of the a11uv1a1 aqulfer, not on_y at the Wadi
Hamfah but throughout the whole.country, where the tradltlonal balance
' betwee_n man and his env_irontne_nt_ has been disturbed. Thus, the con-
struction of impound d."ams ihth'_e main chahnel of the Wadi Hanifah and |
some of its tributaries creates both an advantatgt; and a'disadventege. |
The advantage eoncerni‘né the water level in the wadi is that the ground
- water may be controlled at some lecel spots where an ix1ten$e concentra-
tion of drilled wells exists. '_I-‘he disadvantage is that when the flood is
small ih dehsity and duration, such dams may prevent the flood fr_om.
flowing to the 1ower reaches, At the eame time, loss by evaperation
makes the flood too small to be effective..

It can be assumed that th.e.lowering of the -water té.hle in the wadi
. v'vill co‘ntinue over coming years. The tlpper reach beyond Ad-Dir'iyyah

is unlikely to drop fast, but it may fall slowly to a point where the dis-

charge will depend totally on seasonal replenishment. Such a level may '

be expected during the coming two decades., In the case of the large

dpression between Ad-Dir'iyyah and Manfouhah, the level of the water

has dropped to the fissured limestone, except for the section where the '

dams exist. The level in Al-Ha'ir area is falling now, but the two

tributaries, the Wadi Ha and Al-Buayja, may add a substantial volume of

replenishment and allow the aquifer here to last longer than in the upper

reach.
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T 2,2- 'Cbnditic-)r;s of Rech-érge T

o The rechafgé of the aqu‘if_e.r. is contrloll'edl.by.thé wad1 .ﬂov;rl, Whif?h
is in turn resfrictgd by the --s'ha.be. arlld"s_i.ze' of.#ﬁnf_dff, - and the lateTal ) _
flow from .the.'a'c:lj'acérit iayeré. The Wadi -Hanifa;h 1s unique m its char-
-a.cter and orientatiqn compared with -the"r-le.ighboﬁr‘ing {avadis? i.e,, th.e" ‘
Wadi. Nisah to tﬁe s%)utl;,' and the 'Wad-i__'Sall-_).bukh to'.ti}e nort'h.'. The
Wadi Hariifah,.uhlik'e these w;vadis, c.ir.ains. it’s ch'anﬁ'eI. ina northi\.avest/ o
soﬁth-east dir_ectidn, which is fav_oufable in two réépécts. ﬁirst, the -
head of the main Wadi .rflses, as ddofher wadié, in' th_e' Tuwaig Mountain,

.\I'vith a d.ensé'systerﬁ of feeders joining 1t .—;.lt the foot of the inountain,
and it flows rather s_téeply. Beca.use qf the geb_lOgi'cal_ factors vs.rhich.
goVérn the behaviour of the d_rainége, the wadi turns to the south, where
a iarge numbe; of éributafi-es, moét of them locally considered Wadis'

" (for éxﬁmple, the Wadi Al-Am'mariyyah)- join the wadi at a more or less
steep gradient, which largely avoids evaporatibn loss. Secéhdly, as
these Wadis flow in a similar direction, they flush thé-. flood in a relat;ive].y.
small area, which a.ids recharging.

The factors restricting recharge are the-oc.currence of seasonal -
rainfall, the density aﬁd duration of accumulated floods. Before recorded
histofy, t'he Wadi Hanifah, as well as other Arébiaﬁ wadié, are believed
to ha_tve enjoyed a more constant pr_.;ecipitation which' sculpturéd the gen-
eral relief of the area (A_bul-Ela, 1965B). The site and relative length
of the Wédi Hanifah indicate_ that it has had én-.ef-ficiént recharge, even
during tﬁe past 14 centuries. The wadi has also sometimes suffered
from droughts.la-s.ting several years,

'Investigations carried out in the last three decades have' mainly.
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been co'nce'x_'hed. w.th the volume of-recharg.e and tiae factors govérni.rié it.
Stu_ci’ieé havé beeﬁ ;hdex"taken.by differe__nt bodieé, primarily by; thé _
-'.Ministr-y of Finance prior'to'-fhé establishment of the Ministry of Agricultur.e.
a'rid. Water, and jbi_ntly by the Watf;'er Resoﬁrces De.velopment Depértment
and the US Geqlogical Su:rves'z. In addiltion,_ the masterlplan for water
‘exploration and development has been ur;i_iert;aken by foreign consultant i
firms; but all these studies have failed 'to pfow.ricie an accurate eva;lua;ion
of the v&atér recharge in relat_ion to hurﬁan ﬁsel ahd human distribution with-
in the Wadi Hénifah. However, . this is the quiteunderstandable c‘on-sequence
- of social and econorﬁic change- within the area, The planniﬁg éuthorities
.controlling water.: generaily tried to‘make use of the aquifer for-ur];')an
sgpply, and thereféire none of the sﬁdies has. surveyéd the entire
aqu;Lferﬁ thié is especially true of the last investigation, carried out in thc_a
' late 1960'5. : |
- The recharge of the Wadi Hanifah alluviuﬁ aquifer is obtained in
two ways:-
(1) Dirgct recharge percolated through the channel
suriace and re.tained in thé aquifer;
(2) Indirect xjech‘arge' occurring from the adjacent
Jubaila limestone as a lateral ﬂow through the

fracture and joints of the unit.

(1) The preaominant mode of recharge is 'by_ direcf infiltration along the
wédi course., It is generally true that any volume of run-off (excluding
evapofation) entering the wadi chénnel in the catchment area is }ikely to
perc;Jlate downwards and move along the stream. Here, the main diffi-

culty is defining in detail the up-rising and depression within the channel
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bottom,’ -DeSpite 'aftempts -go. shgd ..light éﬁ fl;is‘subject; a &etaped im.r.es-
tigation is l;adiy: 'rEquill'ec'l. . R |

| The flrst attequp;é to dete;‘mihé the vol_ur'hg -\.\-I;S c_-érric‘ad out by

| McCann (195'9') .during the 1958--59- rain_f-all .sc.a_a:-sc.m.' : Thé 'investigét'ion
relied on determining the volume of wate.r c;ollected in the impound - -
Wadi Hanifah Dam, This wés used as a basis for 'e.sfimating thé amount
of water thaf. could sink doWnWards to the aqui-fer._ 'ifhé volume of water
within the impound reservoir was estimatécli. fo De m the order of

2-5 X 10_6 cum, .A.fter deducation of r_he volume of water evaporatec:i, the- o
remainder must héve' been added to the aquifer ;'esewe. Another volu_mé
of_ water was measured by'-R_alf M P_arson_'s Enginéering Company in 1939, .
in the long section between the Wé.di Alaiéaﬁ and Al-Ha'ir viila 2,

within four'.days of. the rainy peﬁoc_i. An estimatgq O-_672 X 106-cu m
replenished the aquifer (Dav_is, 1959A). |

These records gave a possible volume' of water, which, in the case
of the Wadi Hanifah, was of value in view of. the time V\;hen the water could
be extfacted. -Since the places where the records were obtained lie within -
the cultivated area, the_' rechargé could. be extfacted immediatel_y, thus
preventing the loss of water b}} underground flow to the lower part of
the wadi.

A more accurate investigation was carried out by Sogreah in 1966
and 1967. The volume of the flood passing'é section located downstream
from thé Wadi Ha confluence at Al-Ha'if, on 13th, 14th and 15th April
1967 was estimated -aé 4-0x 106 cu m .A_nother secti.on, set up at
the same 'time, 40km further downstrea_m, yielded a measurement

of 0-6'x 106 cu m. ere are no qonﬂuents to the wadi between these
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points of measilre_mént, and the percentage of iéferal ﬁow thrm-lgh. the
Sanks is Vei"y; low. ' The calculation, bgsed on the rrieasu'remeﬁts,

- assu:ﬁed tixat a rate of infiltration is moré or less proportional to the

' surfacé flow, énd it allowed for lqés by evapor.ati.On be.l:ween the two -
- points during the three days. Itled to the éonéiusibn_ that the quantity - '
. of water infiltrating tc the Wadi aquifer was abo.L;t' 3-0x 106 cum, . ﬁe
volume \.Nhi.Ch enfers the aq_uifer within this reach has 1éss practiéai
value than ;ﬁaf entering thé upper' reach - between Al-Ha'if aﬁd. Al-
Uyaynah. .Even if the aquifer here is workable and éxtractaﬁe, the
channel is comparatively narrow, and 1;his, coupled with the nature of .
the surface deposit, does not encourage settlement. This area must
.irlxevitably be .considered in connection with the Wadi As'-Sahba system
because; of the égrfcultural unity of the region,

The aquifer betweeg Ai-Uyayﬁah and Al-Ha'ir lies in an area where |
farms aﬁd gardéns havé flourished for a long time; unlike the lower part |
of the wadi, the alluvium aquifer here lies within l:hé main channel and"
the lower part of its confluents, Th¢ recharge conditions seem favoﬁf-
able, and the yolume appeared to be high, . According to the measurement
of the floods, in 1967-68 (Table 7. 1), the volume of recharge to the
alluvium bed in the two specific years was about 57-0 x 106 cum, The
fra'ction of surface flow infiltrated was approximately 82 % in winter
and 67 % in spring. The water infiltrated in the tributafy channels
is exclud.ed,‘ though this presents a substantial quantity.

Some elderly peopl_e, interviewed in Ad-Dir'iyyah and Al-
Ammariyyah, repofted that two factors influenced the alluvium Irecharge.

Firstly, when the wadi channel was filled with the flood early in the
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“rainy seaso.ri (from November to Febr.u_a'ry:), a rise in th_e' water level of
the welis was. co'mrﬁon: This could be__. exbléi‘ned by the fact that in those
months the temperature is JI:elécively_loxv_,‘ and therefore evaporati'oh -i's
insignifica.nt._' Additionaliy, at th'is time of. year‘rainfall'is_ of rather
lengthy dural:ion_ (this has been confir-med 5y fﬁe survey dnde;.rtaken in
1967 by Sogreah).. Secondly, one peasant v_vhé_ h_ad observed the éffect: '
.of inﬂdw on tﬁe recharge repoft,ed that there was a definite rechafge qf
tl;ae aquifer m the area of Al-]ﬁbailah and Al-U)-raynah Within'the upper: .-
reaches whén the fiood téok place in some of the tributaries to the upper.
reach, Which tributary has the greatest effsct on the ground water re-
charge vlias not stated. |

However, fhe recharge -wi..thin the léngth of the wadi is not nece-;s-
sar.'ily produced by- one large flood, as th_é_obsérvations_ of local inhabit-
ants and the réinstorm .system both incliic.ate that the southern pért, the

‘Al-Ha'ir sub-drainage area', for instance, cén be affected by a series’
of rainstorms outside the area, which in turn produce a substantial in-
flow, and consequenti'y raise the water level,

During the winter, the surface flow of the wadi proper may take
two or three times a year. Sometimes the surface is inéignificaht,

in density and duration, and is retained in the main impound dams,

i. ., Hanifah Dam, Leban Dam and Nimar Dam. This kind of minor
flood has a great ‘effect on the replenishment of the aquifer, but.within_
local sectors.

An attempt \&as made by Sogreah in 1968 ;:o_estimate the floods
which are likeiy to have recharged the allu_vium over a period of 20 jear's.

- i
The estimate was based on the rainfall records of Riyadh airport and on



direct observatit_)ns.' The results claimed that over 20 years the surface

flow in Al-Ha'ir should have been of the foilowing order:-

1 flood equivalent to 8.0 x

1 flood equivalent to 7
1 flood equivalent to 6
2 floods equivalent to 5
2 floods equivalent to 4
4 floods equivalent to 3
6 floods equivalent to 2
‘9 floods equivalent to 1

-0 x
0x
'0).(
-0 x
0x
0'x
-0 x

10

10
10
10

10
10
10
10

SN OO\ OV OV

[= 3= )

cum
cum

cum .
cum. -

cum

cum-
cum . -

cum

720 X 1{)6 cum

- In addition to these results, small floods may also have occurred

in the upper reach of the wadi, and been mainly blocked behind the dams. °

Fourteen floods of this order .may have taken piace in the twenty-year

period, and they would have had a significant effect on the aquifer re-

charge.

To determine the average annual replenishment of the entire

aquifer according to the preceding remarks, one must have the annual

average of surface flow, which occurs throughout the whole length of the

main Wadi Hanifah, According to the frequency and quantity of surface

flow, the average amount of the overall surface flow is 18-4 x 100 cum

or more per annum. (Sogreah, 1968A). To estimate the quantity of

water recharging the aquifer, the average annual amount of surface flow

passing Al-Ha'ir (i.e., 3:6x 106 cu m) must be deducted from the aver-

agé overall annual surface flow of 18-4 x 106 cum. Thus, the average

annual replenishment to the alluvium aquifer is about 14-8 x. 106 cu m.

A relevant factor here is the distribution of the discharge area, which

is scattered in the main confluents and the places where the silt terrace

is suitable for cultivation.

(2) The other indirect mode of recharge supplies the alluvium aquifer
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via the Jubailé limestone. The latter unit is fissured and fractured, so
that a quantity of water is held within the fissured limestone. It is
- also obvious that the alluvium deposit in the exploitable section betWe_en

Al-Uyaynah village and Al-Ha'ir area lies in the channel cut by the main

wadi between the limestone strata. In other words, the limesione under-

l-ies and embraces the alluvium deposit. Consequénﬂy, the bed of the
wadi channel is, .in fact, based on permeable 1aye1':s of the limestoﬁe.

It is possible- that the banks of the cham"1e1 may receive a po;tion of the
water stored in the fractures, pérticuia;ly when the water table of the
alluvium dréps as a result of discharge. Before the introduction of
mechanical pumps, when the balance ;)f water favoured storage, the
water in the fractures of the limestone might have had the same level
as the alluvium, aﬁd a connection between the two units may thus have

~ been formed. 'i‘hus, the water of the limestone joined the water in the
alluvium in the direction of the water flow, which would have had to fol-
low the d.ipping of the strata from west to east, If this assumption is
correct, the direction of flow must be the same now. In addition, the
abundant water recharging the limestone in the urban sector, Riya-dh
City, may replenish the alluvium aciuifer in the opposite direction to the
slope of the strata (Fig 7.3). One piece of evidence subp.orting this
theory is that the sewage water of RiyathCity has madc ground water
in the limestone rise up near the surface of the ground in some parts of
the city. Thus, the alluvium aquifer in the western part of the city may
fecgive some replenisﬁment, particularly when the level of the aquifer
decreases in the heavily pumped areas, for example Al-Batin, Ergah

and Ad-Diriyyah. The existence of underground water in the fissured
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11mestone beneath the bed of r_he Wadl Hamfah was confirmed by drlllmg -

| two boreholee in the v1c1mty of Hamfc.h Dam (HD 10 and HD 11), as
lwe11 as one horehole. (in 1967) in the area downstream of Al-Ha'ir (H2)
When the latter borehole was drilled, the'water table reac.hed a depth
of 50 m below the éurface.. Because the unit was highly fiss_ured and the
water was undef pressure, it rose. by about 22 m, slightly above the
water table of the allﬁvium water. If the two units - the alluvium end
the fissured _1iﬁestone - are connected hydrauiically, .then alluvium
water might seep through to the limestone. This is, however, unlikely,
since the high level period in the alluvium aqulfer is too short to allow
V\}ater to escape. It is more probable that the water in the limestone,
being under relatively high pressure, should flow to the alluvium. The
lateral movement from the limestone was noticed in the late 1950's,
when similar samples were taken from different welle at Al-Uyayna-h .
in the upper reach as well as the section between Ad-Dir'iyyah and
Ergah in the middle reach (McCann, 1959). |
A considerable increase in the. mineral content of the alluvium
water in these samples gives some evidence that the limestone water
must have invaded the alluvium aquifer in the rural sectors, since the
installation of mofor-driven pumps. There is no possible record deter-
mining the ciuantity of water recharging the alluvium water in the rural
sectors.
In the metropolitan area of Riyadh Cii:y, the limestone aquifer is
heavily charged by the sewage water of the city. Here, the .water is
drawn from diffez;ent sources, for example Minjer aquifer, Wadi

Alluvium, and the Jubaila aquifer itself. The amount of recharge to the
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7.2.3

limestone is found to be 40 % of the consumptior of the urban

area (Sogreah, 1967), including' thélcity water supply, the private well

penetrating the Jubailah, and other boreholes: extracting water from the
Minjur aquifer, 1-7 x 10 cum are estimated to recharge the Wadi
Hanifah water table in the area flanking Riyadh city.

. Until further ‘inves.tiga‘tion determines the amount by which the -

~ limestone in the upper reach recharges the alluvium water table,

greater accuracy is impossible. It is, however, atleast clear that

this factor must affect the local water table, replenishing the aquifer

when the water there is at a lower level.

Conditions of Discharge

~ The alluvium has gradually been losing its store of water over the

_ past three decades. Lookir'\g'at storage before that date, it is possible

to deduce the recharge and discharge conditions which maintained the
Wadi Hanifah settlements for so long. To this end, it is first necessary

to establish the factors that have accelerated discharge and disturbed the

‘historical water balance in the Wadi Hanifah proper., chief of which-has

been the changing pattern of water extraction and use since 1948.

A field trip by the author in February 1974 on an eighty-kilometre

- stretch of the Wadi Hanifah, from near the area upstream of Al-Uyaynah

to a point south of Al-Ha'ir, revealed that the alluvium aquifer was
penetrated by hand-dug wells of different sizes, located mainly in the

silt terraces within the banks of the main wadi and the major tributaries,

156



157

The maximum depth of the wells was éOr‘n, _fro;rn Wthh depth the
a'nima.l-s can iift the water by's.kin-'pocke‘t '(Gha-rb).. Wells used. for cul- o
tivatic')n. mﬁs-t.hévé ax'1- obléng shape, as the wooden wheelé need to.t'we'
arranged -parallél to,oné bf the sides. -Wa-ter-1.'aising-byl animals. is
called Sanyah _(pl Sa.wani).. The.number c;»f animals operating one Well _ '
dépends on the size of th_e.'well; usually about four animals work ‘on one
side of the well. A.fe.w large_wells can be 'ope.rated from-t&é) opbosite
sides by eight aﬁimal.s. Tb.e volﬁme of wafer extracted from the weli
_ depends on the level of the water,. sinc‘el this govérns the distance the
animal goes and returas, in othéxj wofds, if thé level of the water i
S m from the surface, the ﬁme interval between raising and re-raising
the filled container will be the time taken by the animal in going Sm
away and returning. The quantity of water that can be collected in a
gharb varies; genefally the camel's gharb is slightly larger than fhat of
a cow or donkey, An earlier attempt to estimate the water extracted
per animal per minute was made by the American Mission to Saudi Arabia
(1943), and the results are given in Table 7.2. If we assufne that the
wells in the middle reach of the Wadi Hanifah have a depth of i3 m, a
water ievel 9 m beneath ground level, and four animals raising the_ Water,
then the average.yield will be apprqximateiy'2-48 litres/second (1/s). The.
quantity of water extracted will decrease as the water level declines - |
(see Table 7.2), The volume of water raised by the animals in one unit
of time represents .more or less the ﬁaximum yield ga'pacity.

With the introduction of mechanised pumps, thé amount of water
extracted was fai greater than the storage capacity of the well.- Cem:ri-

fugal pumps, the type first introduced after 1943 (Nouri, 1974) are
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beliéved'tq haye increased thé watér discharée s'hgr’ply. -Accdrd'mg t6 vil- .
lagers in Al-Uy;aynah and Ad-Dir'iyyah, this type of pump became mort_a"'
common in 'the 1940's and 1950's; Its ease of ovpefati-on.arld reasonable

: '_ 'price, coup.led. With _the carelessness of férﬁ\exjs and peasants, .cause_d a
sharp de;cl‘me ix.l'the 'qﬁantity of water store'd: The' samé is true of the
turbine-driven pump, introduced after the acceleration of discharge had
made it impossible to conserve ground water -betwee.n i:ainy seas.ons'.

>Thus,. the change froAm the traditional sanyah to mechanical pumps for

' raising water was, in fact, responsible fof heavy discharge.

Moreover., when the sanyah was in bberation, the well itself used
tb be a reéervoir collecting water., Between ﬁvo intervals of go and
return by animals, the water in the weil increased. In contrast, the
mechanical pumps- do not permit water t6 flow in again at the rate of
discharge. In spite of new drilling and deepening to the alluvium basal
layer, discharge remains faster than replenishment, AS has been 01;-
served, this is not the effect of urban invasion only, but also of modern
equipment and a lack of wise supervision. According to the geologists
and hydrologists of the Ministry of Agriculture and Water, who have:
observed this phenpmenon over the last 15 years, most peasants who
contacted the Ministry were concerned with the depletion of the water in
their wells. Very often they asked the Geo}ogy Department to investigate
the possibility of 'deepening the existing wells in the hop_e'of striking a
supplementaﬁ water supply.

The wells in the Wadi Hanifah proper ca;n be divided 'into two cat-
egories according to their management (Téble 7.3). On one side, we

have the wells supplﬁng Riyadh City, and, on the other, those used by
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privat_é owners. - ,' -

Thé -w.ells u%éd'-fér_ the requirements._o‘f fhe city afe .r.nainl.y .fbuﬁd
in the-Al-_Ha'ir a_rea and near the mouth_ 'Qf, l;he Wadi N'u.nar, to thé,: ) -
wést of the c1ty . In the Wadi Nin;arl, c.iovsl.n_étre'am éf the 'imp;)unding
Niinar Dam, l.s_ix wells are used for. the'city'_s water supply. The
wa-ter is taken to the houses either by t_apkér lorry, or by a small '_
pipéline connected to the Mar.lfoﬁh'ah Qater tank. Alll these wells sup-
ply a maximum ave;a;ge yield of 50 1/s, and a'-minimum average
yield of less than 30 1/s " The beak value attéinéd when the dam'is
filled with flood water rises to about 100 1/s. | However, though the
Nimar wells contaii good quality Water; their average yield during
the:whole year probably &oes not esceed 201/s. In the Al-Ha'ir area,
13 wells with a depth of about 50_m. exploit the water-bearing
alluvium of the Wadi Hanifah and its feeders, the Wadi Ha and Wadi
Al-Bua-yja. The cohﬂuence of the Wadi Ha and the Wadi Al-Buayja with
the maiﬁ wadi encouraged the water authbrities to drill these wells,
since the relatively small size of the confluence zone facilitated the
installatio.n of a large complex of extraction works made up of private and
municipal wells, Eight oﬁt of the‘ 13 well_s éend the water by pipeline
_to the city. The area in which these wells were drilled is unique, due
to the fact that thé junctiog of the u&o tributaries with the main Wadi
has an alluvial infilling deeper than the adjacent area. The wells in
operation, according to the Ministry of Agriculture and Water offiéials,
have a yield of a slightly variable nature, lranginé- between 120 and
130 1/s. |

Privately operated wells are scattered all over the exploited section
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- of the aquifer, Betv;reen Al-Uyasrnaﬁ village in the upper reach to Al-

‘ Ha'ir iﬁ the lower réaclh.' "TI.mugh the .alhiviu.m altqu'ifer has been exploited,
in the area of Al-ﬁyéaynah,-downstréam on a stretch of 'approximately
61km of the main WadL is the spot where discharge is heaviest. Here,
éhe wacii silt-terraces are highly cultivated. Mofe than 114 hand-dug
~wells still exist at Aﬂ-Dir'iyyéh area, in addi»tioln to some 30 or 40
drilled wells of the same dimensi-ons-. The Efgah area ‘seems to have
iJeen exploited particularly by drilled wells. In addition to this, wells
have been aug or drilled in the wadi wherever the terrace is found. In
'Al-Mughaidelr, for instance, and immediately upstream of the confluence
~ of the Wadi ;ﬁl- Ammariyyah and the Wadi Hanifah proper, the silt terrace
covers more than half the vﬁdth of the wadi channel, Here about eight
hand-dug wells occur in a small area, After Ad-Diriyyah, the most
heavily pumped area lies between Al-Batin and Manfouhah downstream.
Here also, the wadi has been heavily pumped due to the existence of a -
widely cultivated area within the silt terraces. Some small villages lie
in this section, for example Al-Uraija,. Al-Badi'ah', Utay'gah, Ma:ﬁouhah
and Al-Masan'i,

As a result of the lack of water control, the aquifer has been
depleted badly. In a comparison between the approximate annual volumes
of recharge (15:-0 x 106 cum) and discharge (64-7 x 106 cum), the
latter figure is farﬂ greater than the former, Accordingly, the aquifer
proved to be incapable of satisfying the agricultural need.

In an attempt to save palm gardens m the most depleted areas;,
such as Ad-Dir'iyyah and Ergah, the Minisfry of Agriculture and Water

piped watér to the area from the Mihju;: Salboukh boreholes.
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7.3 Water Quality

The existence of seitle ments ax_id cu'ltivationvalorig the Wadi
ilanifah is controlleii partly by tlie quali'ty, as well as the availability,
of water. The names Al-Ha'ir, Al-Uyaynah, -Al-Mughaide'r, Liban;
and Nimar, all .originate either from the excell_ent quality of the water
or its plentiful airailability, at the beginning, »or during the ccurse of
human settleme_nt. "Sweet", ."bi'tter" .and "salt" are the descriptive
categories appliéd to the water by farmers and villagers. Wheri the
inhabitants are questioned about the quality af the alluvial water, their
reply is that the general a_tiality is good. When they are questioned
about spacific we_lls, ina partiqular village, they distinguish between
different qualities of water. Such distinctions Jead to obser;/ations that
particular qualitieé of water are suitable for men, plants, or livestock, °
However, before bursuing the definition of the different qualities, it
will be useful to ascertain what kind of water has traditionalljr been con-
sidered acceptable for human use in the area umier study. |

People living in the Wadi Hanifah have passed 'through three
social stages in the historical epoch; their way of life has been controlled
by the aua.lity of water available in their environment. Before the
encourage mei'it of the village community by King Abdul-Aziz and also
before the growth and expansion of Riyadh City, the Wadi Hanifah , like
‘the rest of the Arabian Peninsula, was occupied by tribal communities,
dependent largély on grazing. Such communities were, through the
hardness of the desert, inured to variations in the quality of their water,
Luckily, the quality of the water of the wadi alluvium aquifer is gener-

ally good, and the water is thus suitable for Bedouin use. Polluted water
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qsed to be considered drinkablé, as long as it Qas religiously acceptable.
So, Bedouin society is fairly. tolerant when it comés_ to the éuality of its
water., The inhaBitants‘ of the villagés-afe more concerﬁed to find

water ‘with a low.fate of dissolvéd matérialé. In other wordsh, people in
the villages have the chance to look for watex-' of good quality, But they seem
to be quite unaware of the quality of the water in ®rms of its éf:fect on
physical health, caring only for its _palatabililty. The modern society of
the city, as well as the sufrounding villages, has benefited from the puri-
fication treatment 61' water and from the supervision of the health authori-
ties, who determine the quality: of water that people can use.

The quality of the water in the entire wadi alluvium aquifer is con-

sidered to be good, glthouéh variations in the water can be féund in both
~ vertical and horizoﬁtal directions, ’I“he quality varies according to the
-age aﬁd origin of the \;srater; thus, tﬁg recently infiltrated water is found
to be of good quélity. This water dérives from the run-off which drains
the catchment, and it accumulates in the wadi channel. It would not be a
fair judgement to say that when the water table rises to a xﬁaximum level,
water quality becomes good. The quality may on the contrary be due to
the. type of deposit through which the water percolates., But the investi-
gations by different consultant ‘firms led to the conclusion that the recent
water is relatively little mineralised. Such watef can be found in some
main tributaries, like the Wadi Nimar and the Wadi Liban to the west of
Riyadh City. The water exiracted from another adjacent aquifer and
returned to the aquifer itself , as’'a result of surplus irrigation, seems

to be more mineralised than the recently infiltrated water. Such water

is common in and near to the cultivated area. Another kind of water with




: relatiyely high mineralis.atio.n éeéms to be found when tﬁe water table in
the alluvial_aquifer'. ié very low. Sucﬁ water moves'to'thé aquifer from

" the surrounding li-me_stone' formﬂat‘io.ns; (Tuwaig, Hanifah; Jubaila and
Arab) 'accordihg fo fﬁeir dip slope, or throuéh a lateral sub-surface
inflow. | Though such movement is very slow, it has affected the
aquifer, particula;ly in receﬁt years. Fihallsr, the recharge in the
part of t_he aquifer to the west of Riyadh Cit}lr originateé from the séwage _‘

_Wafer of the city, ahd appears to be highly mireralised and caztaminated,
This water is probably seeping into the aqviifer between the confluences

- of the Wadis Alaisan and Al-Bat'ha, with the main wadi.

The eax.°liest investigétion of the aquifer ciaimed that, though the
water showed an appreciable variation in mineral content, it was gener-
ally suitable for domestic use without any treatment (McCann, 1959).

It is equally true that, despite a general range of 500 to 900 pﬁrts per
million (ppm) ‘total dissolved solids (TDS), it is also possible to find
local variations of between 1,000 and 2,000 ppmi .

The water between Al-Uyaynah and Al-Mughaider appears to have
a consistent content of approxima tely 800 ppm of total dissolved solids, |
According to McCann (1959), the area downstream from Al- Mughaider
to Ad-Dir'iyyah yields a smaller amount of TDS as the subsurface inflow
comes from the Wadi Al-Ammariyyah. The water here contains about
500 to 800 ppm.' Between Ad-Dir'iyyah and Ergah village, the mineral-
isation content increases to between 1,200 and 1,500 ppm. Downstream
from Ergah village to the Hanifah Dam, a combination of the lateral in-
flow from thé Waciis Wubair and Al-Mahdiyyah, and from fhe Hanifah Dam,

appears to produce a mixture of ground water containing about 650 ppm.
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Again, at the ;:ox.iﬂuenc;é of i;he Wadi Nimar w1th the 'fna_i_n £vadi; the water 3
seems to 1.1ave a low mine';alis'atibn_cohtent',- and the same 1§ true .'of the |
Wadi Al-_Ammarij&ah cénﬂuence.' The area"bet'\.Neen the Wadi N’imar
and Al-Ha'ir éppearé to have a-' comparativelyn _lov-v mineralisation _content';'
~ while at Al-Ha'iz, the water of the Wadi Ha"&rains off the'Dhruma Plain '
aﬁd-contains large amounts of solid, it ié ultimately diiuted so as to

give a relatively low TDS value, _

The effect of the subsurface inflow frém the large tributaries is
combined with the effect of water from irrigation. The percolation of ex:
cess irrigation water may contribute substantial quantities of salt. The |
evaporation process tends to increase the totgl dissclved salt in the |
ground water, Such an effect oécurs in the Ad-Dir'iyyah area, where
theré is variation in the mineral content of the water. " An example of the
combination of these factors is provided by the area bétwéen the conflu-
e nces of the Wadis Liban and Nimar with the wadi proper. Upstream of the
Wadi Liban, where irrigation used to take blace, the water in February
1958 contained 2,000ppm of TDS, while further upstream still it con-
tained only about l,vOOO ppm. Downstream, a decrease of 400ppm con-
firmed_the effects of the water from the Wadi Liban, which has a salinity
of about 350 ppm (Davis, 1959B). In the case of the section near the
confluence of the Wadi Nirhar, the area upstream appears to have a
constant salinity of about 950 ppm, while at the mount of the Wadi Nimar
the ground water cohtains cnly 500 ppm, Froxﬁ the Wadi Nimar down-

stream to the confluence of the Wadi Al-Bat'ha, near Manfouhah village,
there is a Qultivated area where the salnity of the water tends to increase

to 1,200 pp. Downstream to Al-Ha'ir, the salinity again decreases to
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806 ppm in consequenée of the relatively. low apd scattered agriéultural _
activity, coupled with the coﬁtrihp-ution of the surface inflow from the
small tributaries in both banks of the wadi (Davié, 1959B). It is quite
certain that wﬁen the water table falls té a cons ider;ble depth, there is
likely to be an invasion of water 'frorr_x the fracturéd limestone. In the
areas which were the first to be. affected by dx"iilit_lg, particularly near
Ergah village, the total dissolved 'SOIid ranged b.etween 1,200 and 2,000
ppm in 1959.  Here the water level has varied considerably, and this
h;s permittéd lateral replenishment from the a&jacent limestone. The
recent investigation by Sogreah-(1968A), confirmed an increase in
‘mineralisation in the Ergah section and the .area upstream, Irrigation
water must also have produced some effect, for the Ad-Dir'iyyah area
is i;ltensely cultivated, The cause of the accumulation of solids has
long been a subject qf uncertaint&. Salt may have accumulated because
the percolation of water through the silt terrace is very siall, and the
evaporation rate is relatively high, Nevertheless, a co.mpa.ris;)n of two
samplés taken in 1948 and 1958 shows that the dominant factor is replen-
ishment from the Jubaila limestone. The samples reveal that an increase
of about 300ppm was cietected in the Ad-Dir'iyyah area, while at Ergah
village the water had,_ in 1958, deciined 25 m, and the total dissolved
solids ranged between 1,200 and 2,000 ppm. These results indicate that
despite the large cultivated area' around Ad-Dir'iyyah, it is the drilling
at Ergah and the lowering of the water level which has brought about the
increase by occasioning interference from the ground water in the ad-
jacent fissured limestone,

Recently, the Riyadh w.ater supply has affected the quality of the
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-water'beméen-. Al-Ma'ther - north of Riyadh City - and the area.'down-
' stream from Man.foﬁ_hgh village, It is .too; ea‘r'lf to determine the.exact.
rate of effect, _omng' to insuffic iént investigét‘ién coupled with the
'complicating f.ac'tor-'of the sub-flow from the limestone. The"sub-ﬂow =
to the alluvium aquifer comes q;igi.nally from the Minjur water a_nd_
fr<.)m the Jubaila _limestbne water, and this wafer evéntua’lly recharges
and affects the allu\.zial- aquifer water. The se.w.'age of Riyadh City,
which,replénishes the limestone, contributes somse sub-surféce water
to the aliuvium. - In addition, Minjur wat.er fro.m Salboulh deep welis
has been recently supplied in the dry season to the 'cultivatéd areas at
Ad-Dir'iyyah and Ergah, and this may also have affected the quality of
the ground water, _ |

The latest samples taken by Sogreah in 1967 and 1968' can be clas-

sified as follows:-

(1) The Wadi proper. Sarﬁples taken from upstream, between Al-Uyaynah
and Al-Mughaider have a relatively uniform chmeical content. Average .
values of 1,540, 1,760 and 1,300 .micromho's/cm at 25°C (1,080, |
1,230 and 910ppm cf TDS) are recorded from Al-Uyaynah, al-Jubailah
and Al-Mughaider respectively. In the section of the wadi channel bet-
ween Ad-Dir'iyyah apd Ergah thé salinity iﬁcregses in a downstream
direction, The increase rate ranges from 1,500 to 4,b00 micromhos/cm
| (1,050 to 2,800 ppm of TDS). bownstream from Ergah -village, the_
samples reveal less salinity; 1,500. miclromhos/cm (1,050 ppm of TDS)
is detected in the small farmed area near the Haniiah Dam. At Al- |
Gurashiyyéh, a large variation in salinity is present, fanging between

approximately 600 and 3,000 micromhos/cm (420 and 2,100 ppm of |
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TDS). - From Rijrédh downstream to. the Al-Ha'ir area, the salinity
_v.aries'from placé to place. 'For:i'nstance, n_eai_‘ Riyadh changes in
che{nlli.cal' composition have been traced. There is as much sulph.ate-
‘as chl';)ride and the magnesium content almost ecjuals the spdium con- |
tent. Thus, saliﬁi.ty increases in some-leccalities. At Maﬁfouh'ah village,
a range from 6,000 to 7,008 micromhos/cm (4,260 to 4,900 ppm of
TDS) .is noted by Sogréah, Anéther report:from this section was.made
by Davis (1959B) who found that the water in a well 4km downstream
from the Wadi Al-Bat'ha conflusnce contained 2,750 ppm of TDé. :
.Thus, the quality of the water in the main channel of the Wa.di Hanifah
varies from one spot to another és a result of the mixture of water

from different sources.

(2) The quality of the water in the main tri.butaries-seer.ns compara-
tively good. The Wadi Al-Ammariyyah water had a. value of 900 |
micromhos/cm (630 ppm of TDS) in 1967. The Wadi Nimar had a
-similarly low value, This wadi is known among the inhabitants of

Riyadh for its good qualiiy water; it is quite common for travellers on
the Riyadh-Taif highway to see a long line of cars and an equally lengfhy
queue of people filling water containers from a tap situated a few hundred
yeards from the right bank of the Wadi Nimar. As the water is of good
quality_, this tap has been provided for tanker lorries and car drivers.
- Thus the water of the Wadi Nimar is of good quality, but its volume is small,

The mineralisation of the ground water in the Al-Ha'ir area varies

from one well to another, dependin;g on the spot where the wells are loca-

ted. This fact was first established by Meyerhofer (1958) when he gave
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an estimatc.elo_f the chemical d_e.posilévde-tected ffom.conducti_v_ity in t_he" o
Al-Ha'ir \;veLIs. - Though he .fé.iied tp.cdfrelaﬁ; vé‘ria't.'io;l with well loca-
tion, an avé_rage of 844 ppm of total _dis4sol'véd salt‘s' wés given fo;

" Al-Ha'if water. The sufvey by Sog_re;h whic-h iﬁvoived the s_a‘mpling'
» of yvater.in t'-t;e'Wadi Hanifah proper and in the Wadl Ha ) ,reve;'ﬂed the -
_iocai variations. Though groqri,d \'n.ater_‘at the . Wa@i Al-Bdayja has not
been sampled, the Wadi Ha ground water show's a lot of th(—; variati.on.-_ :
According to some of -theée"samp’lt.as' taken from the Dirab area, 25km
. . west of Al—-.I-Ia'ir, a range of 3,200 ppm to 5,.6'19ppr'n is found, while .
at well S 615 _ih the lovqer' feach Ehe analysis gi_ve's' 1,980 pbm. . This
high rate of mineralisation in the Wadi Ha in general results from the
high salinity of the Dhruma plain, which ié the drainége area of the Wadi
in its water-head aI;d upper stream. The low rate of mineralisation in
the lower stream is prcb'abl&r a consequénce_ of the infiltration process in
the Tuwa-ig mountain and adjacent formations. In the A-l'-Ha'ir area of |
the Wadi Hanifah proper, the very low rate of mineralisation upstream
of the Wadi Ha confluence increases gradually in the downstream sec-
tion. . Sarhples taken from boreholds S 621 anc S216 in the upstream
area give ratesl of 435 and 565 ppm respect‘ively.‘ Analysis of other
sa‘mples from the downstream area revealed that the 'mineralisat'iop-
rate is 1,620 ppm for well S 603 and 2,000 pp.n; for wé}i S 604. The
low rate for the ground wafer upstreéfﬁ frc;m the_ main .wadi -is due to the
' short period it has spent undergfound in the alluvium. - The combara-
tively high rate in downstream wells is caused by the inflow of the
Wadi Ha, which is more mineralised, and also by the percolation of

irrigation water applied to the farms of the Al-Ha'ir area.




Finally, it .is quité safe to say that the gr;e'at l;ulk of the allﬁ;zial
aquffef contains waterv of g’bod- Quality. t.1.‘.11e 'inclr'eas:e-ofb minéralisation
is connected with r‘e_ceﬁt development, which has 'c,ause'd a lowering of' A
. the' water lével; and coﬁs;equeﬁtly more invasion by watér from ad_jacent'

fissured limestone, and by surplus sewage water from the urban area.
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CHAPTER EIGHT

" THE JUBAILA LIMESTONE AQUIFER

Histoi'ical-lj.r., the Jubalia limestone -élong with the Aliuvium
Aciuifer used ‘?° be thé backbor-le of tﬁe water supply of the region of i
Wadi Hanifah. While the Alluvium Aq-uifer 'supg.)ﬁec.llwllv.ater to the rural
area of thé wadi, . the Jubaila Aquifex':bw'as -used mai.nlslr‘within thé old |
city of Riyadh and its surroundings. |
Owing to the 1a_t§st development of water.érid the expansion of the
city, the Aquifer is left noWadays without ans.r signifiCant use.
The ou‘tcrop of the Jubaila 'Iime.‘stone extends along a‘,
comparatively wi@e.belt on the foot of the Tuwaig_ Mountain. (see
Figure 3. 1).
Although its thickness reaches about 130 m, the Aquifer is traced
only within a vertical section of approximately 30 m from the top of the
formation, Here the limestone is mainly karst',_ witﬁ operi cra‘cllcs anci
fractures, the effec.;t oﬁ strong solution. The fractures have developed,
“in some places, to large cavities and connected channels. Water, as
a result, is restricted to the fractures and cavities. In other words,

it is mainly derived from inflow through the fractures rather than from
* the porosity of the rocks .r.hemselgres.

Such a phenomenon is seen clearly in trenches dug for water mains,
telephone cables and electricity in the city of Riyadh, and particularly
in .the central and western parts. In some places, these ;renches may reach
the water tal;ie, which is rising as a result of sewage disposal. The

cracked condition was aiso obsexved by Sogreah (1957) in Well P632,
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at Um Al- Haﬁam -in the middle reaéh of tﬁe Wadi Alaisan, and at Well
P629 at Al-Ma'ther, in the lower reach of the same.wa.di (F 1g 8. 1).
The cra.cked limestone in thése wélls ;appear_ed to be wii:hin thé ubper-
most po_rtior} of the formaéio‘n. .‘ The 'jointing'ahd- f,ractur_es afe copious
undérneath the ailuvium deposit rathef- thén v;rhere_ its c;utcrop exposes
on the surface, -I.n -éoxné plaées the fi‘ss‘uring. is'shallow, wﬁile in other
areas it may cc;ntinue té a cdns'idez':able depi:h. It séems c;bvious that the
fissuring of -the li-r'nestone is more deeply weafhéred and dissolved by
water beneath the gllpvium depo'sits.than outside th'er_n.. Outside the
srﬁall valleys, the aepm of the.cracked or fracturéd limestone is

| shgllOWer and mofe irrégqla;; one e_x'a.mple of this is the area between
Riyadh City and Al-Ha'ir vil-lagé ,. where a dri}ling of three boreholes
took place near We]lP 106. One of the boreholes struck wafer, wﬁilst
the remaining two were conipletely 'unproduétive. éimilar phenomena
can be seen in the city of Riyadh anci i:tS'surround"mg area. Drilling

. carried out between 1950 and 1953 showed that 20 out of 70 boreholes ,
had been abandoned due to missing any large'cracks in the area.

The ‘w-ater of the Aquifer has kept the old city of Riyadh supplied
for many years, mainly for domestic use and irl;igafion purposes,
particularly in the area near the wadi channels., Itis ral:ﬁer difficult .
to obtain a record of the number of wells which penetrated the Aquifer
in the city, due to the absence of data giving details of the number of
water points and the number of houses in the'city at that time. 'I"he
manner in which the site of digging'a well was decided was related to

the size of the city, its location in relation to the Wadi Hanifah basin,

.and above all the pattern cf social and religicus structures, where the
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’ '. man was the financial provider and the woman 'tqok care of the dqrh-

8.1

~estic and hcusing prbblerhs._ ) Water was exracted from wells in and

near the cultivated areas, which are distributed either in the silt terrace

of the wadi prbper in the northern parf of the city, or at the outwash fans

of small wadis which have been diverted to flat plains or slumped areas

_ aroun_d the city. Thus, the _maiiinum potential of't__he Jubaila Aquifer is

relaised in the area of Riyadh City, as well as in Um Al-Hamam on the
Wadi Alaisan, in the'Wadi Al-Bat'ha basin to the north, and in the

Manfouhah and Al-Masan'i area to the South (see Figure 8. 1).

Conditions of. Rechéx_.};e _

| Thg_ reciaarge of. the Aquifer comes primarily frqm the wadi
channels which cross the outcfop. The middle course of the Wadi
Hanifah proper r_echarges»the, Aquifér 'through the s_atur:_ated alluVium_ ‘
deposits. However, 'althoug.h the main wadi has the 'niajor surface in-
flow within the region, the recharge of the limestone appeared' to be
from the left bank tributaries, for example the Wadi Alaisan aﬁd the
Wadi Al-Bat'ha. Here the alluvium obscuring the limestone within the
channels is father thin when compared with t.ﬁe one, of the Wadi Hanifah
proper; also., while the Wadi Alaisan rises from the Arab formétion
outcrop, the bulk of the flood flows smooﬁﬂy élong thé 10km lenéth of
the wadi. Thé fracturing phenomena in many places ;':110ng the course

of the Wadi Alaisan, especizaily at Um-Al-Hamam in the upper reach and

" Al-Ma'ther in the lower reach, support this idea. In addition, observa-

tions and investigations carried out by Sogreah in 1967 confirmed that

the Wadi Alaisan still adds its own recharge to the Aquifer when seen




: frqm._ the pieiorr_xetrié gradient upstreém from the Al- Ma'the.xf"axjea

in the vic-iﬁity of tte ,nb-rt'her'n .p.drt of the cxty
-. Sewag_e wate.r f'rlom't:,he‘ old city aléé cqhtributéé to- the constant
recharge; phué, wafer co.n'sumed' ir; the city fiﬁds i-ts way to the upper

“portion of the limestone, Prior to 19.48,' when Riyadh City was in its -
earlier stagés of. de,velbpment,_ water coxisum'ptior_i was ratﬁer éma]l, E
but since then the éxpan&siqn of the ci_t& iﬁ all diféc'tfions has 'm_eaﬁt. that
the Aquifer is being re'plenis-he.d with lai'ge quéntities_ of waste water.

" This replenishment occurs all over .the city area becausé of the
technique by which the sewage -systeh is éperated.. Thus t.ﬁe sewage
water doeg not.ﬂow in a sewage pipé ngtwork;_ instead, every house

"has a hand-dug pit penetratihg from two to four mer;res 'd;)wnwards
through the limestone, The.-diggi_ng uéually takes piace.on the adjacent

" road and the pit is conﬁect_ed to the house by a pipe, and although there

are no records, itis qﬁiue 'c-ertain that eacﬁ house has a sewage pit

outside. |
Also, run-off occurs' afte? a rai_r;storm in. the City.,' -si.xpplying a
substantiai amount of water. This storm- sewage is .diver.ted.'to‘th.e old
hand-dug wells, scattered about the city, which fo_rmerly supplied :
water to the cultivated areas around the city. The expa'nsion of the city
over-ran the férms and garéens, aﬁd their wells were cﬁvered and

'evehtually used for rainfall sewage.

Thus the wz;lter percolating to the Jubaila Aqﬁifer at the preéent _
time comes mainly from the Riyadh watef_suppiy, which is in turn
derived mainly from the Minjur san_dstoxie..- 'Ihe,reclr_xarge of the Aciuifer

both from sewage pits and irrigation water depends basically on the
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craeked condition of-'.th.e' .li'mes'tone. | ‘The notentiél. exnount of water- '
'nsed in the city he$ mcreased and is sttll mcreasmg, due to rises in
both populatlon and the number of houses. The water consu:nptlon of
the c1ty in 1959 was in the order of 9.0 % 106 cum. Of thlS ’
40x 1_'0° cum - were, consumed in A.n-Nasxrlyyah area in the west
of the eity (Da\}te, 19595)& This waér 'dis_tribution has left its mark
oL the piezometrie vtra-ter teble erotm_d the city down to _the en_d: of. tne _
recent su'rvey.ll From. 1960 to 1967, ttle areas providing the bulk of - :
. ueed water were mainly An-Nasir'iyy'ah', Al-Ma'ther {north) and Al-l_
Malaz erea .(north-east), as in -t}tese areas the modern hnil-dings have ‘
the advantage of p.iped' water. Though the remainder -of the c.ity has the
same facilities, the sewage discherge is comperatively larger ir the
tvestern and northern parts.

However? in the northern par_t (An- Nasiriyryah ano Al-Ma'ther),

' the irrigation flow of the gardens appeared tc comprise 200 1/s,

three-quarters of it extracted from the Minjur water beneath the region.

Twelve to 15% 'of this. water, oercolates down to the water
table, which means that the recharging flow to the Jubaila limestone
must be about 20 1/s. In the autumn of 1967, Riyadh ‘c-onsurnption was
recorded as 0-075 x 106 cum per day, and in the autumn of 1973, it
rose to 0- 08_484 x 106cu m per day, and is exnected to be 0-118 x 109
cum at the end of 1975 (Agric Guidance Bull No 3, 1973).
-_ According to Sogreah's survey, 40 % of tlte. weter “ used in the cap-
' itel city sinks down to the water table ,of'tne Jubaila limestone, the infer-
ence ft'ém this being that 0- 0472 x 10 6cum per day ‘are.recharding the

Aquifer. Additionally, the flood accumulates and flows along the Wadi
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Alaisan, providing a substantial arﬁount of water recharge. -

* Water Table Level and Water Table Flow

.As a result of the continuous increase in the replenishment of

: the limestone by sewage water, -the water table appears to show a
" considerable rise' since 1956. Qutside the city, par_ticulérly in the basin .

. of the Wadi Alaisan, the depth of the water table ranges between 30

* and 35m beneath the ground. In comparison, the water table beneath

‘the cify rahges betweer 15 and_ 25 m, while in the southern suburbs -

for example, I\/ianfouhah and Ai-Masa_n'i v'illages - fhe depl:_h of the_
water table variee between 20 an& 25_m.i Prior to the receqt expansion
of the city, the water table over the whole extent: of the Wadi Alaisan
and Al-Bat'ha basir;s. and in the area to the eouﬂ;.. w;_s et ‘-n'ibre or les's
the .same level. The coﬁstant replenishment of the Aquifer by the .
sewege water, caused Ithe water Ie\fel to rise between 10-and 12m
between 19_60 ar_ld 1967. As the rate of pumping is les_s- jthan i:he rate
ef recharge, the water table will rise gradually '1.1nderneath the city, -
which will effect not enly the underground water iﬁ the aquifer of the -
wadi alluvium depes'its, but may also contaminate the reserve water
stored in cement tanks, which are still used in almost every house in
the city. The water circulates at a depth of between two end three
metres with seepage directly from the p_ite ; thi_s phe-nomenon can be

observed in the hilly areas of Ithe western 'p_ai't of the city, particularly

~ at AshrShumaissi (near the Cen'ttal Hospital) and Um-Sulaim (between
" Al-Khazzan Street and the New Ash-Sumaissi Street). At some places

‘within this Sr.retch,. the water falls about 1-5 m beneath the s_urface.' Iﬁ




.waé pr'evioﬁ.sly. thc';ﬁght, qﬁife qungly; ﬁ;at mié-.ci.;:cﬁlgting' water was
_ the _ia'vate;: l;‘;ible..q.f Fhe Aquifer, whe?eaé_ iﬁ '.fac:t mcle_'iaérgter' circulates : |
between the fractures as the rate of fepierﬁsﬂmeht frc')-m. the. sewage

piis is higﬁér than the pefcolation i'até k;f the lifﬁesfone depos‘yté.
- However, .r;his s_\_1bsurface water percolatgs éléwly fo the water table _qf
the ‘m.a.i_n Aqu'tfer.

The direction of flow of ‘the water has been affected by the re-

c_:harge through seepage and by discharge in other parts. _'If we examine ‘

Figure 8. 2A, we-see' .t_ha.t the diréction‘ of flow c%*f the water appears to
be from nor;h to sbut'h, with an a.verag'e g1—'adlient of 2.5 per ‘thousand in
tﬁe Wadi Alaisan Ba,sin in the rorth of the city. Thé disturbance caused
by vp\.m}ping-. in Al-Ma'ther and the upper're-ach of the. Wadi Al-Bat'ha
drginage has cause‘d two miﬁor local depressidné. .Benéath the ca-lpital' '
e ify. the isopi.ezometrié curvé swings sharply toward the south where
the farms and gardens of An- Nasiriyyah fecharge the Aquif_ér with a .-
comparatively large quantity of seepag;-': watér. This replenishment in
the An-Nasiriyyah area increased in 1964 with the completion of building

of the Royal Palace, the residence of the_late King Saud. The effect of

the water disposed of in An-Nasiriyyah diminishes gradually in the area -

between Al-Uraija and Al-Badi'ah, where the direction of the water

. flow becomes regular to the south of Ash-Shu.maissi, with a gradient

' of_14 pe-r.thousand. In the area east of the Wadi Al-Bat'ha channel,
the piezometric gfadi_ént is in the_érder of 7.- S per thousand, | and in the
lowef parf of the Wadi Al-Bat'ha, particulaﬂy; .ne'ar' the tributary of
Kim S.heleilah, pumping operations have 'aiffec-ted thé water table, char;

acterised in curves 515 and 510. On the southern 'outskirts of Utaikah
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Fig 8-2 PIEZOMETRIC MAPS OF THE WATER TABLE OF THE JUBAILAH LIMESTONE
AQUIFER FOR 1960 and 1967
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~and in the villages of Manfouhah and A.l- Masan'i the wétér ﬂow takes a
.soutﬁ-westerly dir.e'c-tion'laﬁd eméfge_s with the Wadi Hanifah allllluvi'-um o
équifer. ' | | |
| When the piezometric level was again taken at the same lbéétibn '
in 1967.',‘ it was found that the water level gradient in théWadi Alai_san'
ba_sih :was more o_rfle-ss the_ same.as in 1960 (Fig 8.’213). The local
. depressioqs at Al-Ma'thef and the;-ﬁpper Waldi Al.-l'Bat'ha w;vere still in
evidexllc'e due to the pumpiﬁg of local wells. ."'.[‘he 'r‘io'.se' of An-Nasiriyy_ah o
‘has expanded b'o‘th. westwards and éastwards‘a_s a' result of the' increasing' :
use of water in the_ area, coupled with the‘ cohs.truction' of new h;)uses all
over the area. This has increased the water potential in ﬁe form of
sewage pits, whicix stilll ﬁav_e a“great,er effect of infiltlr_:ation than irrigation
water, giving the 16cél watex; taSIé a gradient of 27 per thousand. In
the area of.Ai'rport Street and Al-Malaz; thé water table had risen by
ten to 12 m, giving a piezometric gradiént_ of about four per thousand. .
Near the tributary of Kim Sﬁgieilah‘, the water téble' had risen more
than ten metres as a re.sult of a halt in pumping operat'ions, -and the
seepage inflow of the city sewége. At Manfouhah and Al- Masan'i'villages
the water table is slightly higher than in 1960. - |
| The continuous rise of the water tablé 01; the Jubaila Aquifer is
unique in the Wadi Hanifah area. The problem here is 'pollution, which
affects all the shallow aquifers within the Wadi Hanifah- regiop.. Such a
rise in the amount of contaminated water will continue until the sewage
pipeliné project is completed. Thué, the daﬂger of polluted water invad;
.- ing the alluvium aqifer is alarming. If we compare the water level in |

the main wadi channel and the adjacent Jubaila Aquifer,; we see that the
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-alluvium wa;ter':,has deteriorated over the '_.la-st three decades, while

the Jubaila Limestone Aquifer has risen considéf_abiy.’ over the same
period.  As a result, the alluvium water to the west and south of the -
qapitél city has already been contaminated by the water transferred

from the limestone.

Cornditions of Dis_c_harge

The Jubaila Limestone Aqu_ifer has been uéedfo_r many decade_s;
prior to the most réc-ent aevelppments. which éccompariied thé growth of
the c;ity of Riyédh, the old hand-dug wells .were scattefed as far nortﬁ .
as Um Al-Hamam on the Wadi Alaisan, and to the south of Manfouhalth.‘
The tapping of these supplies has differed from place to pla;e according

to water use. The old city was constructed on the west bank of the Wadi

" Al-Bat'ha, and formerly the city was flanked on all sides by palm grove

gardens. As the area was mainl;} agri_cultural, small housing communi-
ties gathered near the 61d city, particularlir in the southern vicinity-,

for example ]abréh and Saléam. In the eighteenth and nineteenth cen-
turies, these small hamlets were no lc-mg'er resic.lentialv areas, and the

land was taken over by irrigated farms (Al-Jasir, 1966). Thus the

semi-ti:ough of the Wadi Al-Bat'ha basin was made up of small cultivated

areas, which got their water from the frgctﬁred_liméstcne. The wells
suppiying the area struck water at an approximate. dépth of 15m,  As the
cultivated gardens receiveci their water f.rom_' hand-dug wells, which
were subject to repleni_shment, the gardéns were rather s;nall and thus
nuﬁxerohs .v.vell-s penetrated the Aquifer. In the old city, narrow, hand-

dug wells scattered in the old streets are mainly concentrated near the
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I;arger 'houses.and places o-f .worShip. Tapping the wateI.' of such weﬁs
“is cione by s:kin-'poékéts; which are opéi'atea by a single xﬂpe. Water o
- ffoxﬁ these wellswas usedfora varieiy'of pufposes, mainly ;':ookin'g‘, -

-laundx.'y."'ar.;d for th'é a_b'l,t.tir.:{ons reéuired before prayers in accérdancé _l

" with Isiarhic tradition. Such wells have now been'abandoned, dué to the-

growth of the city. and the instalation of the 'wafer'—bi_pe ﬁetwofk. The old

éulti_va:ted areas arourld the city have aiso been .re_place-d by re'siciential '
areas and parks. Accordingly, the present fapping is_maiﬂy for
égricultural use outside the city, mostly in the basins of the Wadi

Ala_isan and the Wadi Al-Bat'ha..

| The tapping of the Aquifer ‘r.esulting.,from the recent Qveaith and
in_creased prosperity of the :,;ity developed between- 1950 aﬁd 1954, and
during this period |‘:he introduétion of mechanical drilling mefhods and
| turbine. pumpiné il,elped to improve tapp'i_ng operations. . 6ther factors
affecting tapping were the disappearance of the old agricultural gal;dens,

- swept away by the urban expansion around the city, and their replace- _

ment by new ones, either in use or deserted, and the attendant 'drill'mg

of new bo'reholes. The urban explosicn at the.end' of the 1950's brought
- about a considerable drop in tapping, not because of a lack of water

reserves, but owing to .the abandoning of the cultivated areas around the

city. This was conﬁfmed by comparing the -amouﬁts of water tapped in

1960 and 1967 (Table 8.1). In 1960, the total volume of water tapped
was 410 1/s, while in 1967 it decreased to 350 I/s. According to

Sogreah's survey, water from this Aquifer is tapped from 85 product-

ive boreholes at vérious points over the.extent of the Aquifer around

greatér Riyadli. The functions of these boreholes are defined as follows:-
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Litres per Second

- Riyadh Water Supply' _‘ : . . | - 120

Irrigation Use from Private Wells " S - - 200
'Domestic Use from Private Wells P . | 30

Total | R 350

However, both the quantity and quality of this water supply are inadequate

for domestic needs, though sufficient for irrigation and street washing.

Water Quality

Sarhples taken from various points on the Aquifer éhowed that the
ofigmal quality of wéter.ié better in places furthér a.way from urban
districts, and this is also true of water extracted from the Jubaila
limestone beneath c;r near the Wadi al-luvium. According to the sampies .
‘taken by Sogreah in 1967_frorh 30 wells, the total disselved
solids appeared fo be comparatively'iow 'and very similar to the *-
total in the extreme northern area. This is mainly due to the origin of
the water, which generally seeps from tﬁe flood accumulation and flow in
the channels of the Wadis Alaisan and Al-Bat'ha, One exception is Well
S 1011, west of the airport, which differs in chemical composition to the
other wells in the basin,

| The analysis of wells beneath.the city of Riyadh has been affected
to some extent by the sewage syst:ern of the city, which spreads over to
_t"ne wadi alluviur‘n- aquifer in the west and soutﬁ. | Sixty per cent of the
i.rrigatiop water of An- Nasiriﬁalm and j'Al--Ma'l:he‘r, which finds its.way |
to the Jubaila Aquifer, is derived from the Minjur Aquifel". This,

coupléd with the sewage water taken from the Minjur water, has also




a ~ largely affected the southern part of the Aqulfer near Manfouhah village
and Al Masan i, where the hlghest rates ‘were recorded, partlcularly -
for nitrates (approxrmately 100 ppm Je However', While this water f'Lnds_
its way through the cracks of the 11mestone, it shows irreguarity in :
mtxmo with the orlgmal water produced by the run-off and 1atera1 mffow
from the wadis. It is now taken for granted that the aquifer beneath the
eity has 'afready been contaminated > and coneeqnently, 'the Water in its
sub-surface ﬂotv is mixing with the‘ alluvium .ac';uifer in-various areas
around the city,. partfcularly west of An—Nasiriyyah, for ena_mple
Borehole S 626,_where the water contains 3,3§0 ppm of total dissofved
eolids. The Wadi Hamfah water in Al- Masan i and Manfouhah gave the

first warning; |f the sewage water continues to percolate to the

‘aqu1fer, in spite of the low rate of flow, the water in the wadi alluvium will
. . ¢ :

be polluted, and this will eventually threaten the domestic water supply.
In comparison with the alluvium at;uifer. water outside the greater
Riyadh area shows higher mineralisation also. A.well located l1km
north-east of Al-Jubailah village. penetrates the Jubaila Aquifer, and
the water contains about 1,900 ppm of total dissolved solids (McCann,
-1959). This will be representative of the qua_lity of water in the lime- |

stone in the northern part of the Wadi Hanifah area. In addition, the -

water of the alluvium aquifer shows some change in chemical composi-

tion at various points near the bank of the channel (cf The Quality of
Water, Chapter Seven). |

In general, the water of the Jubaila Aquifer has relatively equal
sulphate and chloride contents; its bic'ar]oonate content is invariablSI

lower; the rates of Ca, Mg and Na show considerable variation, and the

i .
S
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Mg rate is approximately midway between the Ca and Na rates .

_ (Sogreah, 1967). |
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.CHAP'I‘ER NINE

MINJUR AQUIFER

The discovery of the Minjur _Aéuife'r as a .v.\-ro.rkable s.ource of _-
water is a consequence of the serious water shortége which faced. the
city of Riyadh in the early 1950's. | '

| By i953 geologiskts and experts in water. rﬁé.nagement_ had beén

imporied from thé western world aé well as frorp.;he néighbou.riﬂg
" _countries to give t;heir views about tacklin‘g the problem of supplying

. the capital city with water.. At th'ét time the .country- lacked accurate
kﬁowledge of the geohy.rdrological ccndiﬁoris,_ not oxily in Riyadﬁ City

or the Wadi Hanifah, but alsc all over the country. Because of its
economic and politi'cal advantages, Riyadh City had become the destina-
‘tion of continuous waves of immigrants from outside as well as inside
Saudi Arabia. The growth of the city to accommodéte the' newcomers
and the establishment of governmental offices with new western stand- |
ards forced the government to decide whether to divert all the water
available in the _Wadi Hanifah .area to the capital, or to find ; new source
of water capablé of meeting urban dér_nands. The authoritiés realised
that the first alternative was not practic;al, for it would have caused

the ;ultivated gardens in the wadi area to vanish, Consequently, the
city would have lost a major source of vegetables and fruit on the one
hand, and would have been faced with yet inor‘e immigrants from the
farms and villages of the wadi on the other. Furthermore, the govern-
inent migh-t have found it difficult to withstand the complaints of powérful

farm owners and resistant peasants.
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Conseq‘ﬁénﬂy.' the othg_r aiterx;ative‘ of searching fér new sources
o-f. water has h;d to be put into effect, De'spil:e thé.unsécéessfﬁl de;e.pen-
ing of some existing wells, .e'md the ec'luallyl Lmsu;:c'essful dr_illi‘ng‘ of pew
boreholes to a reasonable depth, Camean (1953) warned fhat gnless -é
new borehole were drilled‘t-o' a maximum depth at the capital city t;o
gxplo_it all the w.-ater available downward, the problem would remain
unsolved. Maﬁy separate investigations have foilowed, concentrating on -
the Wadi Hanifah catchmeht. One worth ment’ioning'is the report sub-
| mitted to the governmexlt of Saudi Arabia in January (1955) by the
Hydraulique Afrique Company. The report gave a broad idea of the
hy-drological pr0pérties of the Riyadh region. Hopé of a new workable
aquifer was raised \yhen a connection between the Minjpr sandstone |
:and upper Triéssi;: in the Sahara was considered. |

Thus, the comparison between the Minjur formation and a simila;
layer of sandstone belonging to the Triassic era in the‘Sahara, along -
with the results of previous investigations by various geologists, per-
suaded the water authority in the country to conclude an agreement with
Hyd raulique Afrique to continue work in the hope of striking fdssil
water., Eventually, that hope became fact when Ash-Shumaissi bore-
hole was drilled and completed in the western part of Riyadh in 1956.
Surprisingly, after the driliing had been comb-leted to a depth of 1,307 m,
the water rose to a level just below the ground .surface. Pumping:- star-
ted in 1957 at Ash-—éhumaissi well, and it was found that the well yielded
601/s, with a specific capacity of 2-3 1/s/m, and transmissibility of |
3-8 x 10-;3 mz/s. o

Following the success in tapping the Minjur Aquifer for water of




drinkable quahty in 1arge quanfities, undefgroﬁnd wate'.,r developr;rxehts
m the Wadi,Hanifa.h regio'x-l hav'e. concentrated .heavily on thé Aquifgr.
More than 25 ‘boreholes have been drilled "-.‘nl the re;gibh sinéé 1956. |
The well-field exltends_ovef an area w1th a rad;us of more than 36 krﬁ
from _Ash-Shumaissi boreholz (Fig'9. 1).

| The exploitation c;f the Minjur Aquifer has expanded as far as
the region of Sudair tc; the north of the area under" study, ;md the .'
region of As-Sulayyel in the south (Quimpc},- 1'.972). : In 1972 about 50
boreholes in Saudi Arabia either penétfated .or traversed the. Aquifer.
Twenty-one Yvells,_ at least are within the region of Wadi Hanifah.
Nevertheless, the exploitation of the Minjur Aquifer, unlike tﬁe shal-
low aqﬁifers in the region, gives rise to many technical problems and

high operating costs in terms of drilling and pumping. These factors

throw light on the size and distribtuion of wells all over central Arabia. -

Naturally, the densest location is in the Wadi Hanifah region, and
especially around Riyadh city.

However, the vast exploitation of the Miﬁjur water in the Wadi :
Hanifah has caused a decline in the water ie{rel. This has caused
alarm on account of two major risks. On the one hand, if the ex-
traction remains withi;x the relatively small area of the well-field in
the region, then the risk of water depletibn will be great., On the other,
because the‘ wadi region lies in the eastern part of the drinkabie
Minjur Aquifer, a shifting of the boundary; between the salt énd fresh
water would be unpredictable (Aero Service ﬁaharnas Limited, Sucursal
Espanola, 1962). The fear of this danger encdurage'd the Min}__stry of

Agriculture and Water in Saudi Arabia to sign a contract with the
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_consuitant firm of Mchl;ald and Partners in 1973 ‘to investigéte the )
further poseibility of déye’lc;ping a _néw well;field in the Minjur Aquifer
in the Al- Muzahimiyﬁh- area., 60km wést o'if the capital city. The con-
tract aléo provide‘é for an investigationl;)f-the Wési"a Aquifér, 110km
to the east of the éity (Nouri, 1974). "f_he Ministi‘y of Agriculture .
and Water re;realéd in the Agricﬁlfural Guidance Bulletin (Vbl 5, No 1,
1973) fhat the consultant company h'ad‘ agreéd t6 underta-tke detailed
geohydrological investigation, includiné the drilling of test wells,
The firm was also to carfy out a top.ographicall survey of the area
through which the pfoposed water i)ipgli.ne'will have to pass on _its ﬁay
to the city. 'i‘he agreement also covers the economic and the technical
side of the well-field operation.

The development of the Minjur Aquifer in the Wadi Hanifah and
its surroundings aims mainly at meeting the mt;nicipal and_ housi-hg dem-
ands of Riyadh City, The major vquestion is 'whett.xer theiAqL;ifer can cope
with these demands in coming years. O&un (1970) estimated fh:_:lt the
total reserve of Minjur water in the area 240km south and 240 km
north of the city was of the order of 2,010,000 .x 106 cu m of water
of a suitable quality. However,  because of technical
difficulties, the a;mouht of water extractable is estimated at about’
700,000 x 10 cum. Considering the continuous
growth of the c.ity, owing to natural growth and immigration, coupled
with an increase in the consumption of wa.ter per head, the Minjur
is likely to supply the cit.y with water for a few decades. The water
authorities seem to be aware of the possibility of depleting the Aquifer.

The Mini.st_ry of Agriculture and Water, which has the right to gi#e
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permission to drill in 'the.country, generally d_eclines to allow private
wells to penefrate the Aquifer within a radius of S0km around »t'he city . '
of Riyadh. though a few ex.ceptiona-l private 'wells.héve been constructed

within this radius, for-example Al-Ma'ther well,

Geological Highlights

The Minjur sandstone exposes at the outcrop over an area of
6,500 sgkm. The outcrop lies about 75km to the west of the Wadi

Hanifah proper (Fig 9.2) and extends 820km from north to south,

between latitude 21° 32' N and.28° 07'.N. 'E,xbosure -is con-

.~ tinuous except for some breaks in the extreme north and south.

The basic layers of the Minjur formation are in contact with the -

underlying Jilk formation, in which brown oolite calcarenite with marine

‘fossil rocks are present in a type of cliff-formation. Contact with the .'

.ove rlying Marrat formation seems to be unrecognisable near latitude
23°00' N . due to the grading of the basal Marrat to sandstone.

To the north the contact is between the maron siltstone and coloured
sandstone of the Minju; and the grey, tan compact limestone of the
basal Marrat.

The lithologic sequence of the Minjur fo.rmation, constitutes a
monotonous succession of light-coloured, cross-bedded, fairly coarse,
consolidated, quartzitic sandstone, formed by the weathering of the
old crystalline rocks of the Arabian Shield. The sandstone layers
represent about 70% of the thickness of the whole formation. Ten
per cent of the Minjur unit con§ists of varicoloured shale occurring

at various levels in a thin bed which hardly exceeds 5m thick (Powers
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et al, 1966). | The rest of the forn-vatio'n co.n_s‘i_‘s_ts of thin laygrs of coh-; '
glomeratié.materfal'distributed 'through'the e.ntire .formation, and o
-in_cluding hard grey and _brown limestone, dolometic cem;ent and in
some pléces gy.p.sum . . |
| The sand in the outcrop is white or liéht grey, weathering comrhonly

to-tan, red or yellow on acc;oﬁnt of oxidised iron. Some of the sand is
croés;bedded, dev-e-loped. by the _vv'hi&; ‘in othe:;‘ places the déposjt:s show
a ﬁydraulic origin, T he effective grain. siie of the sand and fhe uniform-
ity co-efficient vary from place to place vértically and horizontally
through the 'Minjﬁr sandstone, ‘Sogreah (1968A) released qata on sam-
' pl-.e.s taken at various depths from the Mafat $38 berehole (Table 9. 1), .
anci the average on the résults indicates that the permeability co-
efficient, calculated ;ccording to the formula pf Allen- Hazen, would be
36x 10-4 rﬂ/sec.

Although an angular frosted quartz predominates, .there is a host
of feldspar in various degrees of alteratio'n, hornblende and calcite,
in addition to some igneous and metamorphic minerals in minor
quantities. A few- thin marine tongues of limestone in prominent
outcrops were reported by Borwn and Lough (1963) Soire thin beds qf-
gypsum are exposed in association with the limestone near the basal '
layei' of the formation. However, the Minjur sandstone is essentially
non-marine of torrential eolian deposit, The other materials,
limestone, shale and gypsum, of lacustrine origin might have been
formed within inundated depressions. |

Within the area hetween the 'Minjurloutcrop and the Wadi Hanifah

region, the formation is crossed by a network of continuous faults
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starfin'g. in the area .to. the yveét of Al-lMajmfatll and Al-Art-alwiyyah

(néar latitude 26°30' N) and exteﬁdfng‘ in a north-west - south-east
direétion to Al-Kharj p—lain (near latitude 24 °13' N and longitude' -
47°10'E).  Five grabens, bounded by the faults, have broken the
strata of the. Minjur unit. .The mos"f effective subsidence in the

-Minjur‘ is the Dhmma graben., This ‘grabeﬁ extends over a distance of
60km, and is approximately 1 or 2km in width (Karpoif,

1955). The vertical displacement along the gra.beh faults lS of the o;dér
‘of T400m. The Minjur férmation in the coilapse'd. zone is of similar
or slightly greatér dimension. - The ﬂow of water in the sands.tone
probably 'pésses through the non-.-collap'sed zone' in a sinuous course
between the graI_Jens. On the other hand, some of tﬁe flow may also
pass in the s:;ndstone layers that occur at the contacf between the
Marrat and Jith formations and the Minjur beds. A;:cordingly, although
faults and grabens may entail some head losses of the flow, the Aquifer
is not discontinuous. |

| The thickness of the formation varies from one place to another,

pgrticularly towards its northern and southern limits, pre sumably bec-
ause the Minjur is disconf.ormably truncated and overlapped by marine
lower and middle Jurassic beds. 'The maximum thickness at the out-
crop is found at Khashm Al-Khalta (latitude 23°35'24" N, loﬁgitude
46°10'36" E ) R wheré 315 m has been measured. - To the south of
Khashm Mawan (latitude 22°50' N), * the fofmatién_dim_inishes rapidly
and disappears near Wadi Ad-Dawasir. Thinning of the formation
starts at Khashm Al-Khalta and continues northwards. A thickness 'oi

about 290 m was measured ét Khas'hm Ad-Dhabi (latitude 24°13' N},
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~ and one of 185 m was also recorded north of Wadi Ar-Rumméh

(PoWers etal, 1966). The ra_mgé .of thi;:.kne.ss alohg-the‘ dip éidpe b_f _
the Minjur unit appéafs to ‘va.x-'y_from thé'oi;téfop in ‘thlev{ves-t to the .
K.hurais.oil fieid in the east. W"hereas tﬁe thi.c;kngss at the Khu;ais oil
field is 380 m, according to Browﬁ an.d‘ Lcugh (1963), the recent data
takep from t‘hel-Riya.dh deep wéll _(1968); which éeqétratéd the;: entire
depth ofl the formation, showed the totél th_ickﬁess to be 403 m. ’fhis :
meané that the greatestb thickness so far recorded i; to be found in
the region of the Wadi Haﬂifah. .'

From the hydrodynamic point of view, | the sandstone in the base of
overlying M:;rrat formation and fhe'sandstone in the uppefmost of the
undérlying Jilh formatior are both related to the Mihjurformation and

constitute one single aquifer complex. Thus, in the area under study,

the water-bearing sandstone is found,according to the log of the Riyadh

deep well (1968), in two layers. First, the upper layer lies at a dep;h :
of 1,352 and 1,432 m and has 2 maximum thi'cknesé of 80 m. Second,l
thg lower layer is located at a depth of beﬁeen i,570 m and 1,653 m.
and has more c.>r less the same thicknéss as the upper sandstone layer
(Sogreah, 1968B). Almost all the boreholes drilled in the Wadi
Hanifah region reached the upper layer of the Minjur sandstone. In
most cases the borehcles did not penetrate more than 200 m into the

Minjur unit.

Quantity and Qualigy of Water
' Water in the Aquifer does not rely totaily on the present annual

rainfall. The commonly accepted idea is that the water reserved in




the saqutone ’accun.;ulated there during a pe;:iod when conditions .
favoured precipitationf In rec-‘ént years, .mo;:e‘ attention has been péid
to the questi.on of whether the formation ;eéeives an&' repleﬁishment |
ét the present time or not, Ub-to-date informaﬁon given by Otkun
(1970) claimed that ﬁ1e percentage of recharge to the actual reserve
| is msiénifiban;. | : |

Nevertheless, iﬁ order to e\'ra-ﬂuate. the rech;rge, if any, of fhe
Aquifer, the prevaiiing local»éiima_te' and the géological elements of the
fofmation must be considered.

The outcrop itseif extends in 2 belt from the north-west to the
south-east, with a maximum width of about 33km (near latitude
23°30' N), and a minimum at one point of less than 10km (Powers
etal, 1966). Topographically, the surface is rather flat, and consists
| of a buff and massive sandstone with irr-egul.arly distributed shale an:i
shaley sandstone. In some places, particularl:ly to the south of the
Riyadh-Taif highway, small prominent features are scattered at some
distance frém each other, but these are foo small to affect the local
run-off. | On the top, quite a large area of eolian sand. is represented

by Nafoud Kunaifethah, which extends about 300km tc the south of

latitude 25° N. ~ In addition, some surface deposits of silt, sand and

gravel occur in some places located on and to the south of latitude
24° N (US Geological Survey, 1958). |

The local climatic conditions are similar to those of the Wadi
Hanifah area, cornbining low precipitation and high evaporation,
Rainfall occurs almost from November through-to May, bu‘t the rate of

- rainfall is lower than the rate in the Wadi Hanifah area. Climatological
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investigation 'revealéd a decrease of rainfall to__thé immediate west qf .
the TﬁQvai'g mountain (Sogreah; 1968D). Thuq, ‘.th_e mean annuél— rain-
fall on the Minjur outcrop was eéti_r;'latéd at 75 mm.

The combination of a iowef rate of JI:ai‘n‘fall and a pefmeable
surface is unlikely to produce any.important pun-qff; except wher¢
the compact ]ilh formation. (Triassic) and thé _1\./Ivinjur §ufcrop meet
~on the surface. Here a local run-off , colléctéd in.small ponds, could-
be observed, notably near Khashm Musigi.rah on the Riyadh-Guway'i};yah
road and at Khashm Midhya'ah further north. On the other hand, run-
off does occur from the part of the-catéhment that extends over the |
neighbouring outcrop of the Marrat formation. A part of the rélatively
high run-off follows the Initial slope from west to east, small wadis
rise up on the west crest of the Marrat formation and flow eastwards .
E through the Minjur 'sandy outcrop for a short distance. The length of
these wadis does not exceed 10km, and they dry up be;ause of the
permeability of the layers coupled with high evaporation. In the
southern past of the formation, the extent of the outcrop is rather
limited. Accordingly, the récharge ;s relatively low. At the Wadi
| Faw, Wadi Hinow and Wadi Al-Haddar, however, the Minjur formation
is covered by an alluvium deposit favourable to contact infiltration.
The infiltration effect on the Aquifer was confirmed by Sogreah (1968A)
following an investigation conducted during the rainy seasons of 1966
énd 1968 on two shallow wells in the outcr_op.. |

It was observed that the level of water in the wells rose several
metres after the rainfall (Table 9.2). Water analysié at the same time-

showed some improvement in quality, thus furnishing evidence that the rise
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~ of water le\él_wés the result 'of infiltration by the i'aih.'irater and was
not c_iﬁe to a decrease in the water extr'.'actioﬁ." ‘Further results re‘co-r--: o
ded the de'.cline of the v_vater. levels in the 'slialiow wells at the o.ut:crop .
“during the‘.drly pgriod when the w‘ater. bo-tentiai is 'usually ir';significant.‘
Thus the wafer penetrates élo;wly in the shallow perc.heq aquiferg at
thg depth reached by these wélls,vpe.rcolating eithér through the semi-
'pe'rmeable layers or 5y ove_répill from the pexl‘c'llled _aquife'rs.

With regard to the relationship 'betw;en' rainfall and infiltration,
it was estimated that probably only 1. 5% of tk;e quantity .of water inan |
average rainy year escapes 'evaporatio;and i_.n.fiitrates to the Aquifer
(Otkun, 1972.). Taking this result into considerafion as vs.7e11 as the
average anmal rainfall and the possibility of surface ﬂqw coming frorﬁ.
neighbouring areas, the mean annual réchjarge of the Aquifer is about - |
‘O- 0015 x 106 cum per sqkm, which means the eatire Aquifer receives
annually about 9-75 x 106 cu m.

Investigations carriea out by the Ministry of Agriculture- and Water
as well as the consultant companies, to ascertain the total quantity of
watef in the Minjur sand.stcne, have produced conflicting estimates of
the good-qual-ity water reserve. Nevertheless, it seems clear. that
an accurate determination of the reserve in the Aquifer would require'
full investigations, including the following processes. First, the defin-
ition of the extent and nature of the Aquifer. Second, the discovery of
the exact fresh-salt boundaries, both to avoid ﬁ:mecessary drilling, and
to predict possible salt-water. invasion of the good-quality water. zone,
Unsuitable water needs t6 be located and eventually excluded, since the

Minjur water is to be used for supplying domestic needs (Mishari, 1967),
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" Within the Minjur water, two different types of need rgqu‘i.re
" eventual satisfactior;, ‘the needs’of (1) Riye'zdh. water supply, and
(2) the privately owned cultivated areas north-and south of the Wadi
. Hanifah area, The satisfa‘ctiori of the former seems certain, as the
government is operating the extraction of ﬁe water whate\jér its
" depth, The bsat'isfactlon'bf the la.tter-is déubtful becauée of the econ-
omic and technical difficulties which face the private sectors.

The Minjur formatio.n varies in depth and fhickn_éss, .as
- explained elsewhere. Thé combination of depth and dip goes with
increasing salinity, which means broadly speaking that the salinity
~ gradient is xr;a'ximum in the vertical direction. Actually, allowancé
should be made for the unhomogeneous nature of the Aquifer. Following
the drilling of Khurais' well by Aramco (196C), about 150km east of
Riyadh, it is known that the water there is saline and undrinkable,
On the other hand, ﬂxg traversing of the Minjur at Riyadh by many bore-
holes. shows that the. water there is suitable for domestic utilisation.'
Accordingly, the boundary of saline water is somewhere between the
region of Wadi Hanifah and Khurais. |

Following various studies carried out by Sogreah from 1966
onwards, it is found that the salinity of the water decreaseé eastwards
corresponding to the depth of the Aquifer. A test of four boréholes
(Table 9.3) between the outcrop and the identified saline zone (Khurais)
proved that the water above 500 m beneath sea level is of good quality,
which  means that the eastern boundary of the Wadi Hanifah region is
roughly the same as the ffesh-water boundary. Allowing a reasonable

margin, the depth of 1,000 m beneath sea level is considered to be the
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abéolﬁ;é boun_c-iary.of the Minjur"'s uéable water. -

'_I‘he'ar’ea 'up to I_OOk;n easn&ard;s' fforﬁ the outcrop is consideréd o
to have more or léss drinkaiﬂe water. Bear'ing in mlnd the extent of
the Aquifer and assuming tiwe porosity ranges arcund 30%, the \;olumel :
of Water rese_rvéd in the Aquifer is as mucﬁ as 2,010,000 x 10-6 cum.
(see Table 9.3). | . | |

In realit;lr this amouﬁt of water cannot be exploited since part of
the water is retained in the ground. The quantit'y of water which..could ‘
actually be obtained is dependént on the‘ effective porosity which was
assumed in Minjur to be 10% in the sand and sandstone of the Aquifer
(Sogreah, 1967). As a result, the amount O.f water which can bé extrac-
ted is estimated to be apﬁroximatély 670,000 x 106 cu m.. Moreover,
an additional quantity of water must be reserved in the interbedded
.clayey layers of the formation. Owing to &eneed for more investigation,
it is too early to estimate tﬁe amount, |

It has been revealed that the intention is to keep the Minj'ur water
for the urban demand of Riyadh City. As for _the‘ volume of water
' suited to urban demand, samples collected confirmed variation in the
water ql-xality according to locality and depth, In the Wadi Hanifah area
where numerous wells penetrate to the Aquifer at different depths, the
amount of fotal dissolved solids varies from one well to another within
a range of between 1, 100 and 1,500'ppm. The sodium chloride content

increases within the depth of the Aquifer, which may be a result of the

slow flow of water in the lower beds. Samples taken within two categories

of wells in terms of depth indicate that sodium and calcum sulphate are

the major chemical deposits in wells that penetrate into the Minjur sand-
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ingly continues, . However, the water in Riyadh City is treated
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stone at a ;lepth of lesé than 170 m. .Thé wells ‘of A&-Dir'iyyah, Al-
Kulleyyah, Dukhnzh and Al-Badi'ah lie 'wit_hin this <.:ategc'>ry. Sémples
collected from 'the wells of An-Nasi'riyy;ih, : ASh-'Shuma.issi and Nati_onél
Guard No 1., whose depth in the Minjur e;;ceeds 17b m," showed 'tha_tt the

main content is calcium sulphate and sodium chloride. ' Therefore, a

borehole which penetrates the Aquifer to a small depth is likely td

have water of relatively good quality. However, the oldest well, Ash-
Shumaissi, has tended in recent years to show an increase in salinity,

and this may prove true of the other operating wells as pumping increas-

before it is contributed to the munici§a1 supply.

;n A-Muzahimiyyah, from whose wells the Minjur water will be
piped to Riyadh,_ the quality of water is questionable. Samples taken
from the well $430 confirmed that the water is of bad quality. The
Ca, HC03, Mg and SO 4 ion contents are ver3.r low; while the NaCl
ion is the main content (Sogreah, 1968A). No possible explanation -

could be obtained for this, except that the water composition is

affected by the faults of Dhruma graben in the north and the fault semi-

continuation of Al-Awsat in the south,
The age of the water in the Minjur Aquifer in the area of the
Wadi Hanifah is bélieved to be more than 25,000 years. This con-
clusion was arrived at by testing three wells near the gravity centre
and the fringe, i.e.. , Ash-Shumaissi, Al-Ha'ir and Jiza (Otkun, 1972).
The aée of the water in the Ash-Shumaissi horehole was cléimed by
>

Quimbo (1972) to be 24,630 T 500 years. Others fhought the age of

the water in some areas was about 30,000 yeérs (Nouri, 1974).
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9.3 Conditions of Diséharge and Water' Level

When the first well of Miﬁjﬁf was drilied épd ;:.omple'ted. <:m the
10th October 1956, the log showed ﬁ;at the tot:lalldép-th was 1,807 m
-and the static water levél was 8;1- 75 m beneath tl;e_ surface. Following
thét event, 15 wells .were completed in the Wadi‘Hénifah aréaina
‘period of five yearé » eight of them within a ra;lius of Bkm around the
Ash-Shumaissi well, ExploitatiOn accelerated sharply from 1960
onwards.

Since the Aquifer recharge is relativély insignificant and the
1;ate of flow is very slow, a lewering of the water table in the Wadi
Hanifah regic;n resulted from the increasing discharge. Between the
start of the pumping in Ash-Shumaissi well (1957) and February 1960

the static water level in the well had declined by i3 m, During the
'same period, four other wells were put into operation at different
times, and the total mean discharge was nearly 160 .1/ s.-

The record of August 1960 confirmed that the rate of decline
continued to be more of less the same. Observations taken on 30th
October 1962 showed that the following 18 months saw a drop in the
piezometric level from 521-5 to 513 m. No record of the amount of
water drawn from the wells was available, but it was evident that
in 1962 the mean di'scharge of all wells was about 300 1/s
(Fig'9.3)._. Following that period, from 1963 to 1965 there was
some decline in the quantity of water extracted from the Minjur wells.
‘Consequently, the water level becamel relatively stabilised.

Though the water extraction increased .by more than

400 1/s in 1966, it again tended to stabilise in the three following
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years. Relativé to the rapid growth of domesitic': needs, ﬁhe water
Eoﬁsumpt';on has increaséd gradually, which means that another
source of water has élso. béen used from- time to time, The .addea
water must be from the shallow aquifers within t}.\.e region, particu-
larly the wadi alluvium wells. No available records back this hypo-
_thesis, but itis probable., since the water'fro‘m the éhallow aquifers
is easily obtained, either by raising water or through their supply to
the three main reservoirs, wﬁich in tur.n supply water to the citjr of -
Riyadh. ' Thé availability of ground water in the wells 'of thé shallow'
aquifers can be concluded frolm the rainfall data in the region..
-Accordingly, whe‘ne-ve»r the amount and density of rainfall is compara-
tively high, the discharge from the Minjur wells decreases or stabil-
ises. One clear example is that, while the total rain_fail in the yeaf

- 1963-1964 (from Nove@er to October) at Riyadh Airl:;prt

was 104-4 mm, in one day the amount of rainfall was recérded to be
from 40 to SO mm. With such density of rainfall, the run-off ;nust
have been quite high. The conéeq_uent flood, except for the evapo-
transpirated waier, would infiltrate through the glluvium deposit. In
addition, the possibility of conserving water by careful handling and
special projects ‘could be considered.

However, the vast demand for the water and the continuous dril-
ling of more weils caused the yield of water to increase from 1966 on-
wards, At the beginning of 1972, the mean yield of the National Guard
Well No 1 was about SQO 1/s, and the observed water ievel
had dropped by about 32 m in a period of ter vears' time (Fig 9.3.).

Because of the lack of investigation into the characteristics of the
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Aquifer in consequence of its recent discovery, the piezometric. level

was not at first known. The first attempt to measure it was made at

the end of 1962, when observation of 15 wellls showed a continuous water'

decline. On 6th October a suggestion was made that all the existing

wells should stop operating for 24 hours to permit the water in the wells to

rise (Brown and Lough, 1963). The suggestion was put'into effect on the 29th

and 30th October in that year. All well pumps were turned off for 24
hours, after which it became necéssary to start pumping agair. If
was noticed after the observation that t‘he water-levels in the wells in
the gravity centre of the well-field were still rising, while the water
level on the £ringe of the wéll-field had reachéd a static level. The

' results showed that the water level at Al-Ha'ir well in the southern
part of the well-field was 1,752 ft (533-31m) and in Ad-Dir'iyyah well
the water sxlllrface rose to 1,664 ft (502 m), while at Ash-Shumaissi
well in the centre, the piezometric. surface was 1,684 ft-(505-28 m).
The general core of depression reflected witﬁdrawal‘from stofage
and, despite the general downward slope of the Aquifer towards the
east, the general ground water movement appeared to be from south
to north (Brown and Lough, 1963), perhaps as a consequence of the ex-
traction dépression. These results gave a broad idea of the exact
piezometric gradient, but they did not rule out the possibility of
error in terms of water temperature and variety of salinity.

Thus, in order to determine the piezometric level of the Minjur

' water, two factors have to be considered. On the one hand, when

measurement was carried out in the Wadi Hanifah region, it was found

that the water temperature was slightly high, averaging 52°C. When
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‘the piezorﬁetxfic-ievel was rr;easu-red immed_ia_teiy 'aftér' pumping, an
' exaggerated léveli occurred, owing to..the ‘éxéansion.of the water éol-
umn. - When the vmeasi.xreme.n't was repeated after the temperature
~ of the water h.ad'drépped, -'the water column; {yhich.vs'ras abéut 1,200 m
high, had .decreased by apbroximate_ly 2 m (Otkun, 1972), On the
other hand, it was found that, according to nﬂé various grades of the sal-
| inity o.f‘the water in the entire Aquifer, the piezometric levél would

be liable to an error of one metre in a column 1,200 m high. 'However.
the deleted errér i:n fhe piezémetric levél c'aused by salinity and té mp-
erature is restricted to the Wadi Hanifah area. The remaining v;/ell's
m the Aquifer have not been fully tested, but the error presumably
increases from the. west to the east, as indicated by the corresponding
increase in salinity and temperature. The ;'neasuréments and data
‘were‘collécted mainly from the existing boreholes wﬁich are concen-
trated in the Wadi Hanifah area, while wells in other regions are
scattered and need more observation.

The depth of the piezometric level in the Wadi Hanifah region
varies according to the elevation of the ground. In the northern part
of the well-field, where the altitidue_ is slightly high, the depth of the
water level at Ergah well in 1967 was about 118 m below the surface of
the ground, while in the National Guard well No 2 to the east of the
region, the water level was 60 m below the surface of the ground. In
the southern part, at.AI-Ha'ir in particular, ;:he 'Aq.uifef had an artesian
flow on the ground surface.

From the availabie data and observation, it is assumed that.the

Minjur Aquifer becomses artesian in the lower Wadi Hanifah area; in
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other words, from Al-ﬁq'»if village southwards, éxcept for.a smail area
| where the relief contoﬁr lines allre’ mofé than 530 m .(see.F_‘igure 91 ) |
Howe\:re'r, this rule will not apply for long if the amount of water extracted
from the wells cohtiﬁués to increase as it.is. -. -In othér Qvords, until the
Aquier under the Wadi Ha_nifah area reaches an equilibrium where the
| water moving underground equals production, tﬁe decline of the water |
. table will be progress;we. The acceleration of the exploitation which
sta.lrted in 1937 has caused a depression in the aquifer beneath Riyadh
City. All wells are concentrated withiﬁ a radius of 32km around Ash-
Shumaissi borehole. Seven wells are owned privately and their pumping
lasts a few hours a day. The remaining boreholes are pumped 24 hours
a day withahigh yield, unless the pumps need serviciné or have been
' damaged. Such cdr;ditions have caused a heavy fall in the piezofnetric
level noticeable not only in the gravity centre but also for as far as
70km in all directions,

The National Guard well No .1, which hais never been pumped since
it was completed, showed a clear idea of the piezometric decrease. The
well is located near the Riyadh - Kharj road, about 16km to the east of
Ash-Shumaissi well. From the data obtained, the piezometric level fell
by 32 m from 1962 to 1972.

In the case of wells pdmped regularly at a high yieid, a very large
drop in the piezometric level is obgerved in the first years of pumping.
The decline was over 25 m a year in Ad-Dir'iyyah .well during the first
two years of pumping (Fig 9.4). According to Davis (19594), it was also.
noticed that when a.new borehole had been drilled, the piezometric level

was lower than the original level of the previous one, which reflected
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Fig.9-4 Decline in Water Levels in some Wells of the

Minjur Aquifer between 1956 and 1968 - .
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" the interf_erence: to t_he water level céuséd by éhe' eidst;ng wells.

However, in the Minjur wells éf thc-:l-Waclli.Hani:fah. region,. many -
'difficulticlas .impede the measﬁrem'ent of thé wate:rlllevell. fn additic;n .to..
the salinity and temperature exaggeration, tﬁé p'umping- of wells is
intermittent, either because a particular wéll is private and therefore -
orily operated- for a few hours a day, or because 'a. pumb needs sérv'icing,
which may prevent its operat.ing for oné or two months. Furthermore,
it was noticed that the fa_te of disc'héfge is bigger after the pl.imp is
serviced and 5ecomes smaller as the pump wears out. (Quimpo, 1972).

In order to evaluate the depth of pigzometfic level, .it
‘was assumed that as the Minjur Aquifer is hydfauiically '
connected, it would be more efficient to give a piezometric- -
gradient for the ent.ire' Aquifer, and specificaliy beméen the .
unconfined section of the Aquifer and the Khurais area. Because i:h_e
formation had not been investigated prior to the extracti-n of the con-
fined Aquifer, the first attempt was carried out by Soéreah in 1967 using'
measurements taken immediately after the completion of the drilling of
Ash-Shumaissi borehole in 1956 and of the Khurais borehole No 1 in
.1958, the latter being beyond the fresh-salt water boundary. The meas-
urements were taken in 1965 in the Sudair area a distance of about
100km towards the northern boundaries of Wadi Hanifah region. And
finally the evaluation was based on two wells in the unconfined Aquifer -
Bir Tabrak, 90km weét of Ri‘yadh, and Bir Minjur, about 120km to the
south-west of Riyadh. The tentative piezometric map (Fig 9.5A) showed
the existence of a piezometric gradient from the Minjur outcrop area

tending east-north-east and north of the line between Khurais and



Fig9-5 PIEZOMETRIC MAPSOF THE MINJUR AQUIFER
A PROBABLE PIEZOMETRIC MAP OF MINJUR AQUIFER BEFORE PUMPING
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Riyadh. It was also coﬁc_luded that, because the _Aquifer becomeé thinner
towards the nofth-east, the gradient mﬁét in cons_equence' ]:;e .relatively'
steeper, The.nose of the piezometric _lings alcﬁé Riyadh-Khurais goes
with the is-Opachllinels of thé formation and f.-aces the zone where re-
.. charge appe#rs to be greater due to t’he e:;ctent of the 'Aquifer"coupled
wit;h the height of the infiltration rat_e.'- | | |

| ‘The measurements takeﬁ récently' showed the supér-impositi;m of
a large depression . on the initial piezoinetrié surface due tb the h«leax}y-
density of wells in the Wadi Hanifah area. .The fall in the piezomet.ri'c.
sﬁrfacé decreaséd in all directions and influenced the elevations of the
water level outside the Wadi Hanifah region.

Comparing the Figures 9. 4A. and B',v w_é see that the iso-piezometﬁc
lines 540 and 550 m in 1966-67 get close to each other in the graben
zone south-west of the Wadi Hanifah area owing to the dam effect of the |
Dhruma Graben, which creates head losses in the ground water flow
coinciding with theiseepage flow resulting from water drawn off in the

area under study.
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CONCLUSION -

Being simatgd'_in an arid land, _wheré s'ﬁrface water is absent
except for a few hours a da'y. éftér torrential'.rain, the urban énd
agricultﬁral séttlements in thé Wadi I'Havnifah area are _toréily dependent -
on the ground wa;ter suépiy. Pfior to the discovery of éil and the
résulting recent wealth of the country, the Wadi u.sec_i to be typical of
the settlement cer;tres in central Arabia. The pébulétion was largely
concentrated in limited areas which were mostly distinguished by access
to ground water. The preval-f:nce of such small,’scattered settléments
made it evident that the-wa.ter shortage was the greatest obstaple facing
the life of the region.

Water in the fegion is governed by both the volume of rainfall and
the lithology and the type of geological formation. The area is charac-
terised by the drainage of the wadi dissecting the suffacé ‘exposures of
the Upper Jurassic and Early Cretaceous.

Ground water is retained in three aquifers:-

(1) in the wadi alluvium deposit, which receives its water from

direct infiltration following rainfall.

(2) in the joints and cavities of the Jubaila limestone; mainly in the

upper portion of the unit.

(3) in the Minjur deep sandstone,

The remaining geological units appeared to be non;water-_bearing series
as confirmed by the Rivadh deep well in 1968. Thus, they are excluded
from this stﬁdy.

Prior to the later change of economic and social standards, flood




that had accumulated in the wadi channel usad to be applied, for a short

. period, to irrigation. Afterwards, the shallow ground water would be

utilised in a minimal way. Over the years, experience of how to benefit .

from the shallow aqu-ifers led to-the maintenance of a balance between
recharge and discharge,

. The Alluvium Aquifer used to supply the rnral areas along the
whole length of the wadl. The water level ranged between a few metres
beneath the surface in the rainy season and not more than 30 m in the
dry season. The ]ubatla Aquifer used to be the main supply for the city
of Riyadh and its surroundings. At that time, water development and
exploitation techniques were relatively simple, mainl;t hand-dug wells
‘within a shallow depth operated by very simple hftmg devices.

A change in that traditional system started te take place soon
after the establishment of the Kingdom of Saudi Arabia. The otl revenue
which was introduced shortly afterwards has enabled the change to take
place.

As the city of Riyadh was chosen to be ithe capital of the country,
its fast expansion resulted in two things. First, inany cultivated areas'
in the vicinity were replaced by urbanisation. Second, the growth of the
city imposed an urgent need for more water for both building and domes-
tic purposes.

As a result, ‘the traditional methods of lifting water appeared to be
too slow to cope with the sharp increase in water t:onsumption. in
addition, the new prosperity, which the country had never enjoyed
before, necessitated a dramatic change in water development as well as

other aspects of life.
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Thus, foreign experts ahd.modern te'c'l;noilogy were introducéd fo_
the region. -Mod.e-"rh 'équ.ipme_ntl was xlztsed té purnp vslrat,er from the‘
Jubéilé Aquifef. ‘Then, .'i'c was realiéed méi watér in the'exiéting hénci- |
_dug v;rellls was no.longer sufficient fof a yéaf- round subply.

As the geological units and their hydrologiéal properties had not -
been iﬁvestigated, drilling seemed to be r.he. only way to locaté new
sources of water, Although a few bcrehoieé were drilled to a consider-
abie depth, no additionai water was to be found. ’I'hus, deepering and -
exploitation accelerated and the watef level deteriorated sharply.

Although no record of the water level in the Jubaila Aquifer could
be traced, the drilling of the Alluvium Aquifér at the Wadis Liban,
Nimar and Al-Ha.t'ir in thé early 1950's gave évid;ence that the Juhaila
Aquifer had been over-exploited and deéleted.

The government .then began to use néw ter:hnica} methods for
pumping in the Alluvium Aquifer, and farmers iln various -villages along
the wadi course were als.o indirectly encouraged to do so, As -the tradi-
tional raising of water by animals continued to diminish, new pumbs
were set up instead. The large market for vegetables and fruit at nearby
Riyadfi gave reasonable incomes which were imvested in deepening and
drilling.

Owin_g to the ab;ence of water legislation and control, the tradi-
tional water table had dropped badly; and many boreholes dried up.

As the capital city was growing fast,'existing water in both the

‘Jubaila Aquifer and the Alluvium could not satisfy thé large demand.
Consequently, other solutions were investigated, but without success.

Then, water devebpment concentrated on two combined objects:-




1) to at-tempt to increase ﬁater rephafge in the all.uvium;

2) té expl_o‘ré for more water in thé unﬁérlying d.nits. |

Thus, a nu_mber'of dams were constructed on the wadis 'near. |
the capital city.  This clearly indicated that the prime [;)urpose was to
_ ir;crease recharge for the Riyadh water su-p;-ﬂy boreholes at the. wadis .
Liban,_Niinar and'the wadi proper. Other areas, such as Ad-
Dir'iyyah and Irg'ah., where water sﬁpﬁlie_s had (fl'eteri;)rat'ec?; were not
given g:onéideration. |

Owing t§ fhe fact that this slolution was not based on an overal
investigation, some.problems arose. Before the building of dams,
flood used to flow along the wadi course. Darlns‘ therefore ob_structed the
traditional recharge of one of the cultivated areas in the wadi between
the Wadi Hanifah Dém and Al-Ha'ir. In the meantime, the fine silt
deposit laid in the dams decreased the infiltration and also helped more
water to be wasted by evaporation. It could be argued, howevér, that
these dams are too small to obstruct any major flood. Although ideally
this is so, flood does not always occur in the whole wadi, owing to the
basin characteristics and the precipitation regime.

Contrary to the shallow aquifers, the Minjur Aquifer had a sub-
stantial volume of water when first exploited in 1956, Water has been
raised up to the surface from a depth of more than 1,000 m. Again
modern technological methods helped to depress the water level,
Within a few years of the beginning of extraction, the Aquifer was pene-
trated by a number of deep wells concentrated it a relatively small
area, At'this Well-fiei.d, the water level has been lowered by more

than 50 m since the first drilling. Asa result, problems of salinity
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and expense havleT érisen. . '

: As a cbgse_quehce of the high rate of L‘ltillisation from the .Minjﬁr
Aquifer, combined with the absence of an adequate sewerage éystefn,
sewage water found its Waj‘y down to the Jubaiia Aquifer'. .Th-is Aquifler',
which had been aimost depleted in the. early déy‘s éf pumping, started:
to rise up again in proportien .to the .'amount of water used in the city -
'a;nd its surréundings. In the meantime, the Aquifer continued to
receive the natural re,c.:harge of the Wadis Alaisan énd Al-Bat'ha, The
water in the Aquifer has now become so polluted .that it.is.almost out of
use. Moreover, the cont:-amina.ted water in the unit is affecting the
adjacent section of the Alluvium depoéits.

The preceding remarks show that water resources in the Wadi

Hanifah have suffefed greatly from a lack of control and from improper
' manage ment,

_ In the .first period of development, ground water was treated as
though it \\./as an independent resource. When the need for control arose,
the lack of adequate major investigation was reflected in 'the disappoint-

. ing results. Since agriculture is as important as other types of water
use, the shallow aquifer cannot be, at present, an adequate source of
" supply.

Again, in the urban sector, the water wastage by both the private
consuner and the authority is an alarming factor. Various authorities
deal with water in the region.- The Ministry-of Agricqlture and Water
is responsible for estima.ting the quality and quantity of water required,
and for finding, storing and treating it. The Ri‘fadh Water Board is

responsible for delivering it, while the Municipalities Ministry tends to



b_e in charge of water sewage projects. As the three authorities are
administratively separate, eacH oee deéle with its responsibility in
’the'manner a‘n.d time considered te be proper. h 'i‘his may throw lighf
on water conditions as r_.hey-r exist today. |

However, as the country is still -undergo,ing its first experience |
of development, w1th a shortage of ekilled and technic.al staff', such
§rob1ems seem to bé unavoidable. This is especially so since the -
buik of previous investigations were carried out by fereign firms,
which all too often had no prior experience of the social and economic
aspects of the country,

In recent years, water development has tended to improve, yet
water managefnent and planning still need more organisation.

The point which has to be raised is : wivll the wa&i region be able
to satisfy the demands for water? Although» no absolute answer can be
given at the present time, the future seems to be rather gloomy. - .
However, water in the Alluvium Aquifer will be available in the upeer
reach of the wadi and in the lower reach, where water has not yet been
over-depleted, The Minjur Aquifer will be able partially to supply the
municipal demand. Yet, difficul-ties of salinity and teehnical operations
could be major obstacles.

Water control and treatment are urgently necessary to relieve the
situation. In addition,.water projects always need to be investigated in
relation to the master plan of the country. In doing so, a fair share of
utilisation as well as proper planning can be achieved.

Finally, it is hoped that this study will sked light on the water res-

ources not only in the study area but alsc in the rest of the country.
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