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CHAPTER _VIII

GENERAL DESIGN CONSIDERATIONS & DFSIGN CRITERTA

8~1 Design Period

in order to meke~the necessary review of the rural water
supply planning in 10 to 15 years from now, the design pe-
rlod was recommended to be 15 years asg described in section
T e 4._ _

This de51gn pErlOd has the advantage to allow the present
planning-. to adapt to the economic conditions 15 years from
- now whiéhfwilljbe'different from the present situation,
Atgthetlﬁime'most of the machinery under ﬁhe:project will

require rehabilitation and/or replacement due to its age.

8-2 Design Capacity of Water Supply

The water supply.under the project requires a reiati?ely
high investment cost due to the scarcity of water and the
location of the service areas which are higher up on the
wountains than the water sources located at lower altitudes.

In addition, the size of the p0pu1atiee to be served by the
prqjectediffers frem'place to place and ranges from 380 to
15,000. Since the yield of a single borehole is limited

due to the.hydrogeological conditions in the eite, multiple
‘boreholes are required at some sites to meet the demand based
on the design criteria proposed by the Ministry‘ Multlple
boreholes will cause increases in the prlce of water. For
thig reason, further consideration is necessary to reduce
the cost for~the water source at some sites in order to have
an egquitable water supply based on the cost-effectiveness
concept. {See Section T~-4-4)



At the sites where the yleld of a single borehole is suffi-
cient to meet the demand at service level A duxlng the

de81gn perlod, fhe desxgn capad1ty was detexmlned to ‘attain

the max1mum use of the 1nvestment for the water source,
since the "sufchlency" of water source was determlned ln

terms of relatively qmall demand rather than by an abundance
of water. This des;gn capa01ty was adopted for the follow~_'

ing sites:

Elman & 4 Other Villageé _ {(HA~2)
Hufash : (A~2)
'Al'Rajam N : ' (3“3)
Al-Khabet Do . ‘ (A-4)
Bany Shaker & Balt Abo Saba a ' '-(S—l)
Ba;t_Abo Hashem_ o .   ($*2)
Al-Sheab Al-Aswad L (8=3)
Bany Farhan & Bany Saria'a (5-4)
Ghulayfagéh ' - . {H~-1)
Al-Mounirah -~ : - (H-3)
Al-Mashijab - - (r=1)
Al-Manara & Al-Dukum Co(T-2)
Al-Maydan, Al-Jubail Shelba Hamud  (T-3)
Hadad, Qahfa _ : B - {T-4n)
Shohat, Al-Kadash {(T-5)
yahkhtol | (1-8)
Makbana : : {'7-9)

on the other hand, the yield of a'single boreholeé is not -
_sufficient to meet the demand at service level A duriﬁgfthe

design period for the following sites:

Al-Madan & 8 Villages o © (HA=-1)"
Shihara - . (HA-3a)
Thari - . . (HA-3B)
Harad = . | : ' (HA-4)
Al-Mahweet City (Awi)
Al-Dahi 0 (m-2)
Bab-Al-Mandab | (r=T7)



be"tﬁése éitésr it is proposéd'that the design capacity

coﬁérs at least"servjde level C demand (the minimum require-
meht for the human health) at the end of the planning period.

The gap between the’ de31gn capacity of the improved water Supply

.and the total &emand_w;ll be met by other water sources {pro-

poséd in the Technical_RepQrt, Hydrogeology and see section 5~-4)

- which will be incorporated with the existing water sources.

Accordingly,_theﬂdésign capacity of the rural water supply
at each site is summarized in Table 9-1 as .shown in Fig. 7-5,

Therefdre,ﬁthé'design capacity of the rural water supply in
the prOJect wasg determlned in two ways: either by the future
'demand or by the capac1ty of water source. This design capa-

cxty represents the basic design capa01ty for each survey gite.
8-3 ' Daily Consumption

Thefwatef-coﬁsumptibn'pattern observed at present in the
sites during_the-fiéld survey is summarized as shown in

: Fig. 841.; Although there will be increases in the daily

- water consuniption in future, the water use pattern will
remain the same as shown in Figure 8-1 unless sdme_éubstan- )
tial changes occur in the life style of the inhabitants.

The daily peaks in the water use pattern are described
‘below.

.The first peak of Watér use in the morning indicates'the

_ water used for the mornlng prayer and the next peak is for
the preparatlon of breakfast. The hlgheat peak is observed

at.lunch_tlme followed by intensive water use for washing

in the early-afternoon. The last peak of the daily water

use repfesents the water consumption for supper.
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Accordlng to the water consumptlon pattern, the dally act1v1~
ty of the peopie in the ‘gites was estimated to last for 14
hours including 1nten51ve water use for a total duratlon of
10 hours. Based on: those flgures, the dally maximam demand
and the hourly maximum demand were estlmated as Shown in Flg
8-2. 1In the flqure, the hcurly maX1mum was estlmated at 1.5
times the average hourly demand which ‘is almost 1.4 times the
daily average demand. The volume of dally per caplta consump—
tion varies from 20 to 40 L/cap/day based on the total demand

or the availability of water.

As shown in Fig. 8- 2; the maXimum:operating'hours-of machine-
ry was determined as 19 hours and the average number of hours
of service was estimated at 10 hours. : '

Consequently, the following de31gn~capacities_wefé_used'for

the design of the substantial water supply units.

I

Average hourly capacity (Qhr) Basic Desig§00apacity (Qo)

1.5 x Qhr.

Hourly maximum capacity  (Op)
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Fig. 8-1
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g-4 Design Criteria for Distribution Tank and Service Tank

g-4~1 Determination of Coﬁétruétion Material for Water

Tanks

Al though masonry works have been highly developed in the
Republic, constructlon work using concrete appears "to be at_
a rather low ‘standard since it was deserved in the field
survey that some of the concrete- ~made water tanks were

suffering from leaks w1th cracks in many places.

However, since the construction cost of concrete water tanks
is much smaller than that of the other types of water tanks,
the concrete water tanks are proposed for the ground and '

semi- elevated tanks in the coastal area._

‘For this purpose spec1al con31deratlon is requlred to protect
the relnforcement steel bars in the concrete structure agalnst

rust due to high saline environment.

The methods to protect reinfordemeht steel bars in the con-

crete structure are classified into two categories:

1. To protect steel bars by an additional concrete
‘cover thickness _
2. To protect steel bars with the chemicals mixed into

_the concrete.

Under the project, it is recommended to take the second method

applying the corrosion inhibitors into the concrete.

On the other hand, for the water tanks to be'instélled.in the
mountainous areas, prefabricated steel tanks are proposed
because of workability in the construction and the minimum

requirement for material transportation.

Types of water tanks proposed for each‘sﬁrvey site ére § umma-
rized in the General Layout Plan of Water Supply System in
the attached draw1ngs.
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In addition, as shown in the attached drawings, it is proposed
to utilize the favourable topographic conditions for the
location of;Water_tanks so as to minimize the number of the

elevated water tanksg in the mountainous area.

AcCordingly, the majority of water tanks are ground tanks and
the semi-elevated tanks résting on concrete supports.

The ¢levated tanks are proposed only at coastal area.

ge-q=2 DeSign Capacity of Water Tanks

The design ¢apacity of water'tanks was determined by the
daily water demand and the demand for other purposes in
addition to the usual domestic demand. These other purposes

are listed as follows:

Public ‘Purposes : 20% of The Basic Design Ca?acity
_Hydrant Purposes :  25% of The Basic Design Capacity
Emergency Purposes : 2.5 L/cap/day

Since the basic design capacity was determined éithér by the
future demand or by the limited volume 6f water source at

each site, the magnitude of the basic design capacity differs
from place to ﬁlace. In addition, the occurrence of hydrant

(fire fighting) requirements will be sporatic.

Accordiﬂglﬁ, the larger volume of either public or hydrant

was added to the design capacity of water tanks as Qr.

The rural water supply facilities are subjedt_to:various
kinds of accidents. For this reason, consideration was

made for emergency need which would arise accidentally.

In the Repﬁblic, repair work for water supply facilities took
on average of 7-9 days in rural areas according to past ex-
perience. Assuming that the daily basic water requirement for
*ah.adult single person is 2.5 liters, the amount to meet this

demand for nine days in case of emergency will be necessary.
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Since the total population consists of a large proportion.

of women and children, the de51gn capacity for emergency

purposes was determined as 70% of the above volume: i.e.,

Qe = 2.5 L/cap/day x_Total population x 0.7

Although the prov151on of the above listed Lhree 1tems of
water is necessary for the determlnatlon of the des;gn
capacity of water tanks, the magnitude of requ1red water
volume is rather large when compared w1th the desmgn capa«

city of the water tanks for domestic purposes

Therefore, only the largest of these three volumes of water

was included in the actual design capacity.

8-4-3 Type of Water Tanks

The water tanks of the rural water supply under the project

- were classified into four types:

1. Service Tank

The mejor.function of this tank is to store necessary
volume of domestic water and to distribute the water

through public taps.

The’design capacity of the service tank is equivalent to
the total of the hourly maximum demand for_thfee“hdufs
{Op x 3) plus the larger of two additienel volumes
'(eithér Or or Qe). The exact location of service ﬁanks
will be deternined in the detalled de51gn 1nc0rporated
in the future development plan of the v1llage



2. Dbistribution Tank
The major function of this tank is to distribute the
water to the_ser#iée tanks. Since.this tank serves the
function of branch pipes, no large design capacity is
'required; The design capaCity of this type of tank was
detérmined as the hourly maximum demand for one hour. (Qp)

3¢ Booster Pump Station Tank
This tank is installed at the booster pump station and
its fundamental function is to join pipes. The minimum
design capacity should be sufficiently large to prevent
~alr flowing into the pipes.

ThéideSign'caéacity of the tank was determined as the
average hourly demand for 30 minutes. (Qhr x 0.5)

4. Booster Pump Station Tank with Service Taps

This tank is installed at the booster pump'Station where
‘water is required through service taps connected to the
booster pump station tank. The design capacity was
determined as the hourly maximum demand for three hours
(Op x 3) plus the demand for one hour of the design
‘capacity of the pump. (Ohr)

A water level indicator should be provided for all types of
tanks. |

8~-4-4 'Désign Criteria of Pipelines

Most of the survey sites are located either on the rocky
mountain slopes or on the coastal plain on predominantly

highly saline_soils.

Accordingly, it is recommended that in the rocky mountainous
areas pipelihes'be placed on the surface of the ground

becauSe of the high cost for excavation of the rocky terrain.



This plan has advantages in Lerms of easy 1dentiflcatlon of
For this reason, galvanlzed steel

leakage and easy.repalr.
' h the neceqsary anchors for plpellnes

pipes are recommended wit
in the nountalnous areas. 1n addltlon, expanSLon loops ‘should
be placed at 250 m intervals to prevent ac01dents caused by

significantly dlfferent varlatlons of the ground surface

temperature.

On the other hand, in the coastal areas it is recommehded
that asbestos cement pipes be used for plpellnes to prevent
troubles caused by highly saline env1lonment - This plan
has economic advantages for the rural water sunnly because
the cost of asbestos cement plpes is less than galvanlzed
steel pipes even including the earth work necessary for_
asbestos cement pipe: placement For'this purpose' first
grade asbestos cement pipes, which are durable to the water

pressure of 28 kg/cmz,'are recommended.

However, asbestos cement pipes requires earth work and at
least 0.6 m earth cover is necessary for general purposes
1.2 m of ‘earth coverlng where the pipe crosses under

roads.

Galvanized fittings should be used for different size pipes
and asbestos cement collars are available for the joints of

the same size pipes.

Based on Fig. 6-3, the gelection of the optimal size of pipe

for required cépacity of water was determined as shown below:

Optimal Pipe Size - Required Water Capacity

g 1! ' . 15 - 75 L/min
g 2 75 -~ 217 L/win
$ 3 217 - 583 L/min
g 4' 583 ~ 1,250 L/min
g6 1,250 -

1,783 L/min



g 45 _DesignfCriteria of Pumping Facilities

Eiectric_sumersible pumps driven by water-cooled diesel
engines are recommended for the water sources. Pumping
housing shOuld be provided and the foundation of the diesel
englne should be 1ndependent from the floor slab of the
pump house.

In casge the well 1s located inside the pump house, openings
w1th covers should be provided for repair purposes; however,
there is no nece531ty to arrange a hoist crane for repair
purposes since the machinery is relatlvely 11ght Where

the serv1ce area is located either at a hlgher elevation
from the level of water source or at a remote place, booster
pump. stations should be provided. The operation of pump and
enginé'at the water source and the booster puﬁp station
should be controlled by an automatic electric system. The
automatic system should be controlled by electro-magnetic
~valves and ball taps. For the protectlon of this system

pipes should be prov1ded for the electric cables.

Considering circumstances of a'cohtrol panel, specifications

of relays should be "tropical spec1flcatlons"'and the structure
of - the control panel should be re51stant to moisture and dust.
To ease identification of troubles, the ‘control panel should be
provided with an alarm or trouble indicator.

For the security of the electrical system from strangers, the

control panel should have a lock system,

8~4~6 Design Criteria of Service Facilities

Service facilities consist of the public taps, the cattle
tfoughs and the sewer basin. The public taps are to be in-
stalléd.at the rate of one tap for every 200 people. The
minimum number of taps at a single service point was deter-

mined as four units.
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The length of cattle trouqh was detexmlned as one meter for

every 200 head, The mlnlmum length of the cattle trough is

proposed to be 4 m.

The sewer basln is to be 10cated more than 50 m from the tap@.
The size of surface area was determ1ned by the number of taps
at the rate of 1 m2 for each tap. The mlnlmum 5129 of sur-
face area should be 4 mz. The surface 1evel of the sewer
basin was. desmgned to be 1.5 m lower than the ground surface

with gravel and sand layers 15 cn thlckf

At some sites under the prcject, espec1ally in Hajja and Al
Mahweet Governorates, the relatlve height petween the serVLce

area and the water source is considerably hlgh.

Accordingiy, differeht types of booster pump stétionsgére
required and the construction cost of these boosteéer pump
stations shows high cost impact for the water supply schemes

of these sites,

In order to minimize the invéstment cost of the booster pump
stations, cost analysis is made for different types of pumping

methods.

For this purpose assumptlons are made that three types of -
booster pump are used to llft up water for 500 m and each
cost component is estimated in different design capacities
as shown in Table 8-1 and Figs. 8-3 to 8-5. |

" As shown in the figures, the largest cost component of the
booster pump station is that of the generator; the high

pressure pump requires the largest investment cost.
The comparlson of the total construction cost of dlfferent

types of booster pump stations is made as shown in” Flg.'8.6.
This figure clearly shows that the low pressure, 100 m head,
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purap statxou is the most economlcal for the desxgn capac1ty
more than U 55 m /mln. In the range of small design capacity,
however, a 2- stage system with 250 m head pumps requires the
'mlnlmum 1nveqtment cost. :

The. requlred de91qn capacities for these survey sites range
from 100 to 460 ™ /day which is equivalent to ‘the range from
0.1 to 0 4 m' /mln assumlng maximum 19 hrs operation. Therefore,
it i8 concluded that the combination of 100 m and 250 m head
pumps’ is the most economical design for the booster pump

stations for these survey sites.

AS shown in Figs.”Sfj to 8-5 the cost component of the
gehefatcr has the highest impact to the total construction
cost of booster pump stations. Therefore, the comparison

" of cost for generators.was made in two cases; the independent

control of generators and the centralized control of generators.

The investment costs of generators in different capacities
are shown in Fig. 8-7 which indicates that when the total
capacity is larger than a few hundred kVA, the centralized
control system is cheaper than the 1nd1V1dua1 control
however, the centrallzed control is more expensive when
.small numbers of stations are requlred with a small total
capac1ty. In case of the extremely small +otal capacity

requirement, the centralized control is most economical.

In Fig. 8-8, the required capacity and its Coét of generators
are compared in all sites which require high 1ift up of water
to the service area. It is indicated in the figure that at
the majorlty of these 51tes, the 1nd1v1dual control system

is more economical than the centrallzed system except at the
sites Al Mahweet City (A—l) and Hufash (A-2). Therefore,
considering the necessary additional cost of the electric
Caﬁles for ceéntralized operation system, the provision of
electric power at each indiyidual booseter pump station is

recommended.



8=4-6 esmgn Crlterla of Service Facllltxes

In the. rocky area, plpellnes should be laid on the ground

surface due to the difficulty of excavatlon.
d be used agalnst the varlatlon of temperature.
In the case of using of high prebqure pipes, workablllty

of pipe bending will be very hard because of thc thlck
Accordlngly, it 1s recommended

joint shoul

thickness of the pipe wall

£o construct a multi-booster pump station to reduce the

water pressure.

Table 8-1

Construction Cost of Booster Pump Station

An expanSLon

(Length of Pipe 1,000M).
" {(Actual Head 500M)
i s N _Cosé of the Cdnstruction_wbrk (Y.R.) i:
i (m3/min.) Pump f ‘Generator '_Pipe _ Total
; -
o 0.2 | 238,000 106,000 | 400,000 744,000
500m x 1 set 0.4 308,000 520,000 'soc,odg 1,328,000
0.6 380,000 660,000 620,000 1,660,000
1.5 600,000 | 1,200,000 700,000 2,500,000
0.2 136,000 136,000 86,000 358,000
250m x 2 sets 0.4 154,000 198,000 100,000 452,000
0.6 214,000 | 308,000 132,000 654,000
1.5 480,000 1,320,000 700,000 .__2,500,000;
0.2 146,000 186, 000 86,000 418,000
100m x 5 sets 0.4 180,000 246,000 100,000 526,000
0.6 198,000 300,000 132,000 630,000
1.5 270,000 530,000 160,000 960,000
R
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CHAPTER  IX

 PROPOSED WATER SUPPLY SYSTEM
FOR THE SURVEY SITE & BASIC DESIGN

9-1 Introduction

'In'ofder to proﬁide the solution for the accute shortage
of the domestic water at all survey sites, the basic de-
san was proposed for each survey site based on the cost

effectiveness concept.

HbWeVér,.no basic desigh was prOposed.for the site T-4B

an& T 6 ih Taiz ﬁovernofate since no Promising water source
was fOund 1n the vicinity of each site at this stage of the
5tudy. (see Sectlon 7-4-1) It is urgently Tecommended to
undertake the water master plan for the coordinated solu-
tion to comblne resources on a regional level instead of
allocatlng a smaller amount of resources for each 1nd1v1dual

v1llageu

The sub-surface reservoir was proposed for the site Shohat/
Al Kadash (T~5) where the preférable topography and the cground-

water source were available for this purpose.

In the attached drawings, an approximate location of the
water source, pumping station, distribution tanks were in-
dicated at each survey site, however, the exact location

of facilities are to be determined in the detailed design
stage based on the result of detailed ﬁopogréphic survey.
Also, the final’design of the service facility fsérvice
tank, public taps and cattle troughs) should be determined
at the ‘detailed design stage 1ncorporated in the future plan

of each site. .



An.approximate construction cost of_each_préposéd'waﬁef .
“supply system was estimated. . Yor this pﬁrpose,-the_cogt'of-
material and otherl items:wéré_ébtainedkfrom'the Unit Rates
for Estimating the Cost of Projecté'and the Buil&ers Price

Book Volume 1 published by the M.P.W. in 1979.

However, the cost for the hooster pumps énd'the.submercible
pumps were not listed in. the above documents in a sufficient
range of the design capacity. _Thérefofe; an'éstimétea'éoét'
‘at F.0.B. Tokyo in April, 1979 was édOpted fbr'ﬁhese items,
These costs are subject.to increase due ﬁo:tréhsporpatibn '

and inflation.

Since the major type of wafet-soﬁrce.is thé'@rouhdwé%ef}”
the drilling cost is an important item for éoSt'éstimaté.
The unit cost of drilling, material and'pumping test Were.:=
estimated as shown in the Section 6-3-2 baséd on the assump-
tion that the drilling machinery and material are available

at Sana'a,



9-2 General Cdﬁditibﬁs of The sites in Relation to

. The Construction of Rural Water Supply
since ﬁhe"éqrﬁéy sites distribute over the country in a
Vérioﬁg ibcationg the_qeneral'cbhditions of each site varies
from place to place. Tﬁé”important aspects for the imple-
_mentatlon of the rural water supply schemes are the availa-
'blllty of batlsfactory water gources, the topographic
condltlons 1n the area between the water source and the
service area, and the accessibility to the site,.

In this respect, the necessary general consideration for
the implementation of each rural water supply scheme is

given in the following paragraphs of this section.

9-2-1 ‘Al-~Madan and 8 Villages : Site No. HA-1

This site is located in a steep mountainous area in the
~Hajja Governorate The service area is situated on the

top of mountalns and the steep upper slopes which cover
almost 10 Km2. As the onlv available water source in this
site is found on the floor of wadis far below the servzce
area, multlple booster pump stations are requjred

For thls purpose, further detailed survey will be necesgsary
to determine the final location and the type of construc-
tion of‘pipelinés and booster pump stations.

In addition, extension of road width is necessary for about
300 m on the way from the village to the proposed water

source in Wadi Gaaman.

9-2-2 BElman and 4 villages =: Site No. HA-2

The service area of this site is also located on the moun-
tain slopes'inrthé head water area of Wadi Nahar and
separated by cliffs of 250 m from the land below.



The relative helght between the serv1ce area and the water

source on the wadi floor is about 600 m. Multlple booster

pump stations are requlxed For this purpose detalled sur-
vey will be necessary to- determine the flnal lecatlon and

the type of structure of plpellnes ana_booster pump statlone.

In addltlon, road constructlon is neceseary for about 3 Km
to the proposed water souxce on one of the trlbufarlee of

Wadi Nahar.

9-2-3 fs’flhara : ‘Site No. HA-3A

The service area of thlS 81te covers a wwde area of about
18 Em? ranging from the mountaln top (2,500 m A. s. L ) to’
the foot hills at an altltude of l 300 m A.S.L. The center
" of the village is located on the' top of mounfaln above an
altitude of 2,300 m A.S.L.

The mountains are deeply dlssected by valleys sugh that
steep cllffs are a prevalent topographlc feature. A narrow
and steep rocky road is the cnly access to the center of

the village.

Taking the hydrogeologlcal condltlons and the acce551b111ty
of the water source 1nto conSLderatlon, it 15 proposed to
drill a borehole on the ‘loor of wadi at an altitude around
1,200 m A.S.L. A detailed topographlcal survey will be.

necessary to deternlne the exact location of water supply
fa01llt1es

9-2-4 Thari : Site No. HA-3B

The topographic conﬂltlons of the service area of fhls site
are similar to HA-3A, Shlhara and the- majorny of the pOpula~
tion is also concentrated on the top of mountaln however,
the serVLce area extends over a ?G'sz area. |
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The pdnteniial wdtér.squrceéafor this site are available
aﬁ.waai'NéhAr_to the wést 0f'the'site_and Wadi Swuar to the
easty hoWévér, thefgradient of.the'wadi bed is rather steep
above ‘an altitude of 1,500 m A.S.L. in the both wadis.
Considerihg:the topdgraphic_gonditions, the water source
for this siﬁe-was prdﬁoSed at the floor of Wadi Nahar at

an altitude of 1;400_m ALSL L.

As with site HA-32, the accessibility to the service area,
£ﬁéfwa£éi source and construction sites of booster pump

stations are very poor -due to steep and rocky topoqraphy.

9-2~5 Harad : Site No. HA-4

This éﬂrVéy‘site'cdnéistS of two villages new and old Harads
located on the Tihama Coastal Plain at an altitude of 100 m
A.S.L. The distance between the new and the old Harads is
about 1.5 Km and Wadi Harad flows to the west in-between the
two Harads. Since the rapid growth of this site is expected
as a transportation terminal at the country's border domestic

water is urgently required.

Three boreholes are proposed foi the water sources of this
siteT A topographic survey is necessary for the preparation
of the detailed design. No difficulty in accessibility was
observed; however, construction should be undertaken auring'

the dry season.

9-2-6 Al-Mahweet City : Site No. A-l

Thig ‘site is located on the top of mountain on the upper slbpes
at altitudes between 2,000 and 2,100 m A.S.L. The major topo-
graphic feature in the area is steep rocky mountain slopes.

Since'this*site is the center of the Al.-Mahweet Governorate,
the provision of safe and sufficient domestic supply is urgent-

ly required.



For this purpose, the Mlnlstry proposcd a de31gn for the
1mprOVement of the water supply system However, Lha proposed
water source is a ‘small sprlng at Sael Al Eyown far below the
city and Suff1c1ent back up data of the Sprlng yleld is not

avallable.

Since the water source is locatea on the bottom of the Sael Al
Eyown river where floods occurs. several times a year and the
reldtlve height between the spring and the serv1ce area is
almost 500 m, an alternatlve source, deep groundwater, was
proposed. (See the Technical Report Hydrogeology)

At pfesent no access 1is avallable to the proposed water

source from the city and a topographlc survey should be
undertaken for the final determination of the locatlon of

pipelines and booster pump stations in the detalled design

stage.

In addition, Sael Al Eyown sprlnq which is proposed by MPW

is. also studied in this report.

g.-2-7 Hufash ¢ Site No. A-2

The service area of this site extends over a wide area and
the center of the village is located on the top of mountain
at an altitude of 2,100 m A.S.L. The mountain is deeply
incised by valleys, and cliffs and steep gslopes predominate

in the area.

Several springs presently serve as domestic water sourées‘
However, their utilization for future permanent watér sburce
planning is not recommendable since the location of spring

is just below the mountain sunmit and the recharge area of
the spring water appears to ke very limited. - ' _

' Accordingly, a borehole is proposed for the water sourcé‘of
this site in the fracture zone of the fault along Wadizsheahe
around Madeh,
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At présént,'édcessibility to the water gource, the construc-
tion site of pipelines and booster pump stations .and the
service area are very poor.

9-2-8 Al-Rajam : Site No. A-3

The'service area of this site occupies a rather limited
extension offarea lecated on theHCaner of the basin-like
topbgraphy'ét'ah altitude of 2,000 m A.S.L. Based on the result
Ofﬂﬁﬁé_fieidHSdiveQ;_it was found the ground water was an

oﬁlf avéilable péfmanentJWater source of the rural water

sﬁpply, The location of a borehole is proposed at the

area whéreftWOlfaﬁlts'éross to the west of the center of

the Village;

since the'genéral tOpography around the site is moderately
level, no difficulties are expected for the construction of
the borehole and the other fécilitiés. However accessibility

to the site is very poor.

9-2-9 Al-Khabet : Site No. A-4

The service area of this site extends over a wide area
ranging from the bottom floor of the wadi to the summit of
the mountain. The center of the village is located on
moderately level mountain slopes at an altitude of 1,200 m
A.5.L.

Two wadlis are located nearby the site; howéver, due to perio~
dical flocds and'only a seasonal flow of water, the surface
water in these wadis were not considered as the permanent
source for domestic water of the site.. A borehole is proposed

for the water source of this site along Wadi.-

Accessibility to the site and the water source is satisfactory;
however, it is not easy to approach the construction site of

the pipelines and booster pumps.



9-2-10  Bany Shaker and Bait Abo Saba a ”Site-No. g-1,

e is located alonq a small
The altitude of the

The service area of this Sit
valley surrounded by high mountalns.
mountain tops reaches 2,300 m A.S.L.

At present, acce851blllty from the maln road to the s;te for_

about 2 Km is very poor but road lmprOVement is belng under~

taken now,. However, acces 51b111ty to the constructlon 51te

of p¢ne11nes and booster pump stations will =t111 be very

poor.

A borehole is proposed for the source of rural water supply,
however, a feasibility study_for the constructlon of the
reservoir and for the horizontal boring are proposed for

the future water source.

9-7-11 Bait Abo Hashem : Site No. S-2

The service area of this site.is located on undulating groﬁnd
surface on‘a large scale plateau at an altitude of 2,200

m A.S.L. The fringe of the plateau area is deeply incised by
valleys flowing into the wadi about 50 m below the plateau.

A borehole is proposéd for the permanent éource_ofrdomestic
water of this site. | _ .
Acceszibility tc the site iS'satisfactory however, the acCess
to the construction site of pipelines and the water source’

requires improvement.

9-2-12 Al-Sheab and Al-Aswad : Site No. S-3

The service area of this site is located on the terrace of
a mountain. The lower slope from the site is deeply incised

by valleys,



Dufing-the field survey , the drilling site was located hy
the_sﬁrVef'téam'and the result was successful.
ﬁbweVer,-adcéssibility'to'the construction site of pipelines
shoﬁldfbe imprbved for the implementation of the scheme.

9--2-13 'Bény Farhan and Bany Saria'a : ESite No. 5-4

The tbpograﬁhical setup of this site is similar to the site
843 ahd a'bOrehole'along the wadli was proposed for the source

of domestic'water in this site.

Accessibiiity to the site is satisfactory except for a few
hundred meters in the village however, the approach to the
cdnstruction_site of pipelines is poor. No alternative wa-

ter source is expected at present stage in this site.

9-2-14 Ghulayfagah : Site No. -1

This site is located on the coastal plain along the Red Sea
at a few kilometers from the shorc line. The groundwater
surface is available in the vicinity of the village.

ACCeSSibility'to the site is satisfactory.

9-2~15 Al Dahi : Site No. H-2

This site is also located on the coastal plain. At present
partly private service connections of water supply were
observed. fThere is the design of water supplv for improve-

ment of the existing systemn.

Accordingly it was requested that the .provision of water
source and the storage tank by the local authority. For
thisg purpose} a borehole was pfOposed in the vicinity of the
village. |



9.-2-16 A14Mouﬁirah_ : Site No. H-3

ter source for the villages Ebn Abbas and Al-
22 Km away from the water source

Thig ig the wa
Harunia located 16 Km and

gince only available water source (groundWatcr) at thc'

service area of the two vlllages is contiminated by hth

salinity, the water source was sought at thls site about

15 Km inland from th@ sea shore No dlfflculty was._ obserVed

in acc9551b111ty to the service areas and the water. source

9-2-17 Al-Mashajab : Site No. T-l

The site is Jocated at the opening-cf the ‘Wadi Mashjab~frcm
the mountainous area to thc open flat land. The service area
is located on the lower mountain slope at an altitdde of

1.200 mA.5.L.

The proposed water source is a borehole drilled in ‘the wadi

floor.

Access:blllty to the serV1ce area and the wateyr source is
satisfactory however, the approach to the construct1on site

of plpellnes ig difficult at present.

9-2-18 Al-Manara & Al-Dukum : Site No. T-2

This site is located in a matured stage of geomorphology
develcpcd on preCambfian rocks.. Predominating topography
is a deep "V" shaped valleys surrounding'the site.. General
setﬁp1of this site is similar to the site Al MaShajab (T-1)
and a borehole was proposed for a source of domestic water
of this site. :

Accessibility to the water source and_the.service-éreé_is;:
satisfactcry however, the approach to the construcﬁion:site
of pipelines is observed rather difficult at present.
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9-~2~19 A14May&én;_A1~Jubail and Sheibd Hamud gige No .
The_serviée'area_df'this site consists of three villages
'lddated on a SIigh£l§ ﬁillf terrain at an altitude of

1,500 m A.S.L. o | -

Each village disgtributes within a few kilometers apart from
eaéh'bthérs. Trees are obhserved along the small wadis flow-

ing among low hills,

A borehole was proposed for the water source of this site
on the fiat terrain in-between Al—Maydan and Al-Jubail.
For the implementation of the scheme, the improvement of
the eXiétinq réad will be necessary at a few places and
acéessibility to the construction site of pipelines is to
be constructed.

9-2-20 FHadad and Qahfa : Site No. T-4A

The service area of this site is located a1ong the Torbé
Road about 5 Km from Taiz Town, accordingly there is no
difficulty in accessibility. A borehole was proposed for
the water source of this site under the project however,
the feasibility study for the construction of a reservoir
along the valley in the south of Qahfa for the increaéihg
demand of the future water supply.

9-2-21 Shohat and Al-Kadash : Site No. T-5

The service area of thig site is located on a relatiﬁely
flat terrain at an altitude of 1,600 m. Since this site

is one of the problematic sites togéther with T-4B and_TL6
and it is proposed to undertake a feasibility study to solve

the regional problem for water source.

However, at this site the subsurface reservoir was proposed

for the water source based on the result of field survey.



Assumlnq the 206 of effnctlve poroclty and 10 m of the

max1mum thlckness of aaulfer,'lt 1s estlmated that some
100,000 m3 net sLorage CapaCltY w11l be obtalned for the

source of the rural water supply for this site.

Further detalled geophy51cal survey Wlll be- necessary for

the 1mplementatlon of the scheme.'
In addltlon, “the 1mprovement of the exastlng road to the

site is necessary for about 300 m.

9-2-22 Bab~A1 Mandab : Site No. T-7

The service area .is located in the coastal area of the
mouth of ‘Red Sea where the ground water is hlghly sallne
with high conductivity. Accoralng to these condltlons,-'

drinking water is supplied by a- desallnatlon plant.

Considering the high price of water, an alternative water
source is required in spite of its being faraway. 
Therefore, a deep weil is proposed 30 Km to north, far

from the village.

9-2-23 'Yahkht¢1 : Site No. T-8

The service area is located in the coastal'plain-whefe‘the
ground water is contaminated by high salinity. Accordingly

the water source was located 16 Km from the village.

A borehole was proposed for the water source of this site.

No difficulties in accessibility is observed.



9-2-24 Makbana : site No. T-9

The:sérViée‘area.oﬁ this site extends over a wide range on
the slopes of low mountains in the area and the center of

the village is located onﬁthe'highest.top of the mountains.

T.he're:-i'_'s a'large wadi to 'th_e Sduth_ of the site. Many sha-
11low dug Welis'are well utilized for irrigation on the wadi
floor. Howeveyr, it was observed that the water level in

the wells significantly fluctuate by seasons.

Therefcré; a borehole was proposed for the water source of

the:sité aldanthe fracture zone in the wadi.

93 :Fﬁtﬁrefbémand of Rural Water Supply and Design
 Capacity -

Future demand of the rural water supply at each survey site
is estimated according to the design criteria proposed by
the-Ministry_for the analysis of the price of water based

on the cdst—effectiveness'concept.  (see Table 7-3)

However, Fig. 7-6 indicates that the cost for the water
source has significant'iﬁpact to.the unit price of water
under the project due to the rather dry climatic conditions
which also is reflected in the given condition of the human
geography at the survey sites. - Accordingly, in‘o:der to
maintain an eguitable allocation of the safe domestic water
amohg.all of the survey sites, consideration was given to
minimize the unit cost impact of water source to maintain
human health. Based on the above analysis the design capa-
city of thé_rural water supply at each survey site was

determined as shown in Table 9-1.



9-4 Proposed Water Source

As dlscussed in. Chapter IV, the objectlve .of this progect

is to provlde for the solut:on ‘to the dccute shortaqe of -

safe domestic water at the survey gites.

For this- purpose, the determlnatlon of the type of water
source proposed for each survey site was made based on o

conditions as shown below:

1. The major objective of this project is to provideé the
safe and sufficient domestic water for immediate use.

2. Since immediate decisions were requlred and back up .
data was insufficient, potentlal water sources like
springs, surface water for reserveir, shailQwaells
in the wadi floor were discarded from consideration.
All these potential water sources are subject to

'seasonal fluctuation of the available volume of water.

Under the circumstances, deep groundwater sources were
proposed for most of the sites to ensure the Provision

of stable and safe water sources as shown inh Table 7-4.

9-5 Proposed Basic Design of The Rural Water Supply

Taking the results of the above ahalysis intO“considération,
the basic désign of the rurél water supply for each survey
site was proposed as shown in Table 1 - 4 in the.Drawing List.
The location and generai layout is shown in the drawings

(See Drawings B Location and C General Layout).

Summary of the basic design for each survey site and the
comparison of the present state of rural water supply with

the proposed design are summarized in Table 9-2.



9%61_E3timated COnstrucﬁion Cost

‘Estlmated constructlon cost at each survey site is summarized
in Tables 9-3 (Y.R.). and G- 4 (Yen) The total construction
'cost_lncludlng ‘service fac111t1es of rural water supply ranges
from'YR 0.6 millien to YR 11.5 million depending on the
specific conditiohs at eaCh survey site.

However, the per caplta investment cost of rural water supply
falls 1n the range between 173 and 2,954 YR/cap The per
_cap;ta 1nvestment.cost at 50% of the total number of the
survey sites isrestimated at less than 1,000 YR/cap. At the
othét 35% of the total nuwber of survey sites, the per capita
inveétment:cost is éstimatéd at between 1,000 and 2,000 YR/cap.
The per:cépita investment cost exceeds 2,000 YR/cap at two
sites, Bany Shéker/Bait Abo Saba'a and Bait Abo Hashem at
Sana'a vaernoréte. However, as the dESlgn capacity of these
two sites is rather small the construction costs of the two
sites requ1res only 3.9% of the total construction cost of

the project-

AimOStKGS% of the total construction cost estimated (YR 79.6
- million) will be utilized at these sites which require the

per capita investment cost less than 1,000 YR/cap.

In conc¢lusion, the average investment cost of the rural water
supply under the project is estlmated at 594 YR/cap and the

‘total investment cost at YR 90,7 million.

However the total construction cost is not included consultancy
cost (10% of total construction cost) and contingency (10% of

total éonstruction cost) .



TABLE 9-1

PROPOSED DESIGN CAPACITY

T FoToRE DEMAND | ]
. | BASED ON THE DESTGN | SERVICE |
SURVEY SITES | MPW DESIGN CAPACITY - |- LEVEL
CRITERIA I
] (m3/day) (m3/day)-
HA-1 Al-Madan & 8 Villages’ 665 460 C
HA~2 Elman & 4 Villages 200 100 A
HA-3  3ihara 882 460 ¢
HA-3B  Thari 1,075 460 c
HA-4 Harad : 1,205 1,508 A
A-1 Al-Mahweetr City 831 460 &
A-2 Hufash 93 93 A
A-3 Al-Rajam 52 52 A
A-4 Al-Khabet 95 95 A
§-1 Bany Shaker & 37 i 37 .A
Bait Abo Saba'a _

- §-2 Bait Abo Hashem 36 36 A
5-3 Al-Sheab, Al-Aswad 207 207 A
S~4 Bany Farhan & . 49 49 A

Bany Saria’a
_ |
H-1 Ghulayfagah 34 i 34 A
“H-2  Al-Dahi 2,124 1,580 A
H-3  Al-Mounirah | 172 L1
| o ; ; |
T-1 Al-Mashjab ; 105 E 105 A
T=2 Al-Manar & Al—Bukum i 89 i 89 A
. . | . B
T=3 Al-Maydan, Al-Jubail | 82 | 82 A
Sheiba Hamud [ , ' ' '
T-4A  Hada, Qahfa ' 128 | 128 A
g | .
T-5 Shohat, Al-Kadash ‘ 150 : 150 A
1-7  Dab-Al-Mandab 1,078 [ 1,078 A
T~8 Yahkhtol i 338 % 338 A
-9 Makbana 602 ’ 550 A
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Table 92

'Smmmry af Basle Design Fov Rural Watex Supply -

o - e - e Table 9 - 2
‘ ' ' _ ‘Actual Coadition of Watéy Supply Planned Water Supply
< | Distance Caonditlon - : Cona
sire ¢ 5 - - - e —_ - e e e
\.3. E Survey Site From of Access No. of | Mo. or Water . o Humber of Humb c : . : : e Elanning of Constructien
: ; Sana'a ‘Boad Popila-, | Live- Con-. ‘Water Source thex . er of Design . Planned Water _Source Number of Well Size of Tank of © | actnal Read (m) pistributi
m tlon atick ovmpilon | - {Distanee to' it) Population Livestock Capaciey ™ {Distance to _it) Depth of Well Subnerge Pump Water Source |Length of Pi(-;:’) Ianit;r ution
#a-1 | AL-MADAN & 8 VILLAGES 177 Em | Improvemenc 7,500 3,680 . { 3oy Spriag/s.Well (2 Ew) 11,685 5,734 20 #fc/day D. Well  (D.5~-1.0 Km ) 2 :
: Req. _ : : _ _ S _ : = HOm | 15 ton . [1190= 9.3 KEm] 600 ton
qs-2 | FLMAA A 4 OTHER VILLAGES 174 leproverent 1,500 | 1,470 10.0 " Spring/S.Mell (2 Km) 2,173 '
_ : . ng/S. 2,12 " : - -
j i Req. . e ; 1 : 2129 40 D, Well (0.5~1.0 ¥ ) 00 0w - 0 ® 450 m 3.1 Ko izp
dA-3-4  STHARA 172 Good 4,500 | 8,830 1.4 Cistera (1 ¥m) ' ' - ' .
‘ L o ) ; . " ‘ . 10,785 21,162 20 " D. Hell (jD.S—l.U ) 2-300m 30 K% 15 H 1200 o 11.0 Em 620 "
HA-3-H  THARY 180 Luprovement 15,000 | 15,000 6.0 Clatern/Spring(10-15 Ko 23 ' ' ;
' . 370 23,370 2 u -
: Req. o _ . » , 0 D. Well (0.5 _1_.0 Ka } 2 - 200 1 19 K 15 = 1000 = 8.0 ¥m 324
ua-4 | BABAD 377 Good 7.000 | 6,620 21.4 S.¥all (1-2 Ked 16,776 15,865 a0 - D. Well  (0.5-1.0 ¥z )
| _ . MHall (12 . . . .5=1. _ old 396 0ld 156
L _ _ _ : . : . . 28w ) o6 pw k2,30 v|  Hew 854 Wm 0.8 K pew 156
a1 | AL-MAMWEET CITY © 173 Improvement ; 6,320 . ' ' ' S L
! : Ref - - 5 "“? & 40-0 Spring/Glstem (2 Ra) 7,780 §,847 40 ficfdny | D, Well (0.5-1.0 kn) 2-208 | o 15 ton 470 @ 7.7 Fal 672 ton
A7 | EUFASE 160 Construcrion 1, .0 : (12 | .
i | e 500 630 25 Clatern/Spring{l-2 ¥m) 2,173 912 & " D, Wall  (0:5-1.0 Ku ) 200 n 19 Fw w " 1100 »  14.1 kwl 120 "
A-3 b AL-RAJAM 198 g:;lftruc;tm:u- 800 .6:3Q '.2576 ;;:mglqmmm (1-2 Em) 1,159 912 40 " D. Well  (0.5-1.0 Km} 00 w 10 & 5 0 05 3.5 ¥m & "
Ak | AL-KHABET 163 ‘, : Go?d }.500' . 880 31.=9 (si'pgg'glsd;fm Hater'. 2,172 1,275 an M D. Well — (0.5-1.0 km ) 200 w 1o w " 180 m 6.1 K=l 120 "
T : Construction Y g ER. {7 3.0 ;
5-1 I %ssfﬁ:? & BATT ;e rea _ 500 '8_60 3.8 Spring (2-5 Ka) 724 1,246 40 Mefday | D. Well  (0.5-1.0 kn ) 200 w 19 K 5 ton 50m 0.8 Em 40 ton
8-2 1 BAIT ABO HASHEM . 5F Good 380 1,600 1.3 5.Me11 (6 ¥=m) 550 3,07 [/ I D. Well {0.5-1.0 ¥n ) €06 = 19 & w - m 1.2 Em 40 "
5-3 | AL-SHFAB & AL-AsHAD ' 68 Good 2,009 . 8,800 23.8 (Eéaﬁ;-nls;arih'g!s.ﬂell 3,116 13,710 40 u D. Well (0.5-1.0 Kz ) 100 w 19 @ s - 50 m 1.3 Em 250
54 |- gﬁ{&?inm & BANY 71 Good 650 1,300 16.0 _Springl 6-10 Enm) © 941 “1,883 40 " D. Well  {0.5-1.0 Km} 00 m 19 & 40 "o 20 m 0.3 K -
E-1 | CHUGLAYFAGAR 261 ‘Improvement - 500 510 26.0 S.Mell (1 Em) 724 739 40 f/cléay } D. Weld  (9.5-1.0 ¥m } 0w 19 kW 10 tem 0w 0.0 Em 10 rton
§ Req. : . -
#-2 | AF-DART 266 Good 7,000 7,710 41.6 - p.Mell (O Ka) 16,776 18,477 40 v . D. Well  {0.5-1.0.Em} Z- 80m 19 @ 985 "~ 10m 0.7 ksl 156 ©
#-3 | AL-HOUNIRAR 293 Good 1,700 640 133 | Dell (1 Ew) 4,075 1,534 4o D. Well * (0.5-1.0 Kn ) LU & " 50m - 25.1km 225 *
=1 | AlL-MASHJIAB 295 Good 800 6,670 16,7 S.Wall (2 X 1,159 9,660 40 fleiday | D, Well  {0.5-1.0 Wm ) 110 o 18 g 75 tem 5 m 0.7 Em -
£-2 | AL-MANARA & AL-DUKUM 297 Cood 600 6,240 15.0 S.Well /Spring (2-4 Em) 869 9,037 50 " D. #Hell  (D.5~1.0 Kn ) Noo |39 0 T w36 Kn 40 tom
7-3 | AL-HAYDAN AL-JUBAIL 284 Improvement . 1,000 2,740 15.0 Spring/S.¥ell (3-10 £m) - L.648 3,968 o v D. Weil  (0.5-1.0 Ka ) 200 m - ae Ry 15 0 m 3.0 & 80
| SHEIBD HAMID Req. . : y ) . . .
H . : - : . “ . n . n
T-4-a | MADAD, QAHFA 310 Good 1,800 2,740 " 30.0 Spring {2-3 Em) 2,607 3,968 f b. Well  (0.5-1.0 &) e FER » $tm o L3xal 1
oo ' R _ .
i _ : . - : ; 15 " ' "
1-4-B | AL-XURAH, AL-HAGL 330 Good - 2,500 3,430 45.0 . D.WellfS.Well(2 Ku) 3,621 4,968 20 " D. Well {0.5-L.0 Xn ) 250 m P 40 m. 1.1 Ka 120
H . . . . : . : . : " "
5 | SHOBAT, AL-KADASH 334 Construction | 2,000 | 3,740 49.0 S.Hell (5-10 Ks) 2,897 5,417 | 40 ¢ U.G. Reservolr / S.Well e s 10 200 m 1.6 Rs| 133
i Req.. . K o : ) _ (0. .0 K
: L . . ) : . . 2 n . {0.5~%.0 %n } " i .
T-6 | AL-ZAKIKA 340 ‘Coustruction 4,000 8,220 -10.0 ] Cistern /Spring (3 Em) 6,232 12,807 0 B. Well B0 30 KW » 433 m 1.3 En 235
i Req. ’ ’ - : . -
. _ . . . L " L (0.5-1.0 Km } 85 m : 03 - 80m  52.5 Em | 406 "
77 | BAB~AL-MANTAR 396 Gaod 5,000 410 43.0 Sem;a;er _nga_}inaugn 11,983 983 40 P, Well BURM x 2,75 KR
: ‘Piant/S.Hell {15 Km ’ ;
. " _ 100 © . 219 80m 16.5 Km 60 "
-8 l TAHKWTOL 166 Cood 2,500, | 6,850 8.0 | S.Well (15 Kw) 3,991 16,416 40 Do Well  (0,5-1.0 kn } 26 ¥
: . o o . P 6 ™ 100 m 0.6 kmf 360 ™
_ . S . 10,906 4,269 4w v D. Well  (0.5-1.0 Km ) 300 = ; v
-9 | HAKEANA 121 Coad 7,000 2,740 33.3 S.Well (2 Ka) * ? J N ( 30 K
i o : i

N.B. b. Well = Deep Weil

5. Hell = Shallow Well

¢ Classified Availability of Groundwater (See Sectiom 5-4-2})
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Construction Cost Summary (Y.R.) %

. Table 9f3
_(Unit : Yemen Rials)
Site W, énﬁrce Pump, etc. W.-é. Tank iﬁﬁzifiep. ‘Pistfihution ‘ Total
No. L = R ) arc, Tank, etc.

-:HA41 3,036,000 600,000 | qg,oob 33,273,0b0 1,50%,000 8,462,000
HA~2 1,518,000 197,000 '! 42,000 689,000 340,000 2,786,000
HA;3~A 3,014,000 600,000 | 48,000 3,679,000 893,000 8,234,000
HA-3-B 2,058,qp0' 600,000 ﬁ 48,000 2,967,000 | 1,618,000 7,291,000
HA~4 1,603,200 1 1{188,006 i 1,390,000 430,000 | 800, 000 5,41i,2oo
Al 1,857,000 - 600,000 | 48,000 1,927,000 | 1,618,000 6,650,000
'.' (40,000) A(3;5;000) I {109,000} (1,678,000) (272,000 (2,434,000)
A-2 1,018,000 197,000 i 42,000 31,047,000 340,000 4,664,000
A3 1,527,600 19?,000 é 34,000 327,000 178,000 2,263,000

Ak '1,017,060 197,000 % 42,060_ ! 865,000 800,000 2,921,000
51 1,007,000 187,000 | . 34,000 183,000 127,000 | 1,538,000
ééz 1;015,066' 137,600 ; 42,000 254,000 127,000 | 1,625,000
5-3 : -SGQ;OGOI 126,000 g 127,000 . 95,000 520,000 1,537,000

: , ]

S~4 580,000 126,000 | 127,000 l' 27,000 - 860,000

H-1 -264,000 _126;006 f 108,000 108,000 48,000 654,000

-2 819,000 526,000 ; 972,000 240, 000 360,000 5,917,000
i .

B-3 356,000 126,000 i 168,000 z,?ee,ooe" 415,000 , 4,831,000

-1 514,000 126,000 i 197,000 77,000 - | 91a,obo

12 523,060 . 126,000 127,000 393,000 127,000 1,296,000

-3 1,040,000 186,000 48,000 .636,000 310,000 2,214,000

T4t 965,000 126,000 109,000 241,000 340,000 | 1,781,000

Y - | - - - - i -

-5 4:356,000 282,000 42,000 335,000 340,0dé 5,3&5,600

T-6 . - - - - -

17 1,796,800 . 418,000 1,640,000 7,109,000 534,000 11,497,800

T-8 - 496,000 146,000 167,000 2,136,000 178,000 3,323,000

-9 1,467;006 315?000 415,000 243,000 893,000 3,333,000

Total iZ.Abﬁ;OOO 7;505,000 6,265,000 32,041,000 |12,511,000 90,728,000

* The=constfuction cost does not. include consultancy cost and contengency.
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NP T
gonstruction Cost Summary {Yen)

Table Qmd
_ (Unit @ 000's Yen)
Site W. Source Pump, etc. -N.IS.'Tank ' Eigg;i;ep' gizifizzzfon -Tﬁéﬁi
No. o (® (@ eLte (pys ()
HA-1 151,800 30,000 2,400 163,650 75,250 - 423,100
HA-2 75,900 9,850 2,100 34,450 17,000 139,300
HA-3-A 150,760 30,000 2,400 183,950 44650 411,700
HA-3-B | 102,900 30,000 2,400 148,350 80,900 364,550
HA-4 80,160 59,400 69,500 21,500 40,000 270, 560
A-1 92,850 30,000 2;460 96,350 .ap,sqp 302,500
(2,000) (15,750) (5,450) (83,900) (13,630) {120,730)
A-2 50,900 9,850 2,100 152,350 17,000 - 232,200
A3 76,350 9,850 1,700 16,350 8,900 113150
A-d 50,850 9,850 2,100 43,250 40,000 146,050
§-1 50,350 ¢,350 1,700 9,150 6,350 76,900
52 50,750 9,350 2,100 12,760 6,350 81,250
5-3 28,450 6,300 6,350 4,750 31,oéo 76,850
S~4 29,000 6,300 6,350 1,350 - 43,000 |
H-1 13,200 6,300 5,400 5,400 2,400 32,700
H-2 40,950 26,300 48,600 12,000 18,000 145,850
-3 i7,500 6,300 8,400 138, 300 20,750 191,550
-1 25,700 6,300 9,850 3,850 - 45,700
T-7 26,150 .+ 6,300 6,350 19,650 6,350 64,800
7-3 52,000 9,300 2,400 31,500 15,500 110,700
T-bmA 48,250 6,300 5,450 12,050 17,000 89,050
T-4-3 - - - - - -
y 217,300 14,100 2,100 16,750 17,000 267,250
T=b - - - - - -
-7 89,840 20,900 82,000 355,450 26,700 574,890
T1-8 24,800 7,300 18,350 106, 800 8,900 166,150
T-9 . 73,350 15,750 20,750 12,150 44,650 ° 166,650
Total | 1.620,300 | 375,250 | 313,250 1,602,050 625,550 4,535;400

* Further breakdown ‘is qhown in Appenulx 4.

%% The construction cost does not include consultancy coSL and contingency.
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9-7 Recommendations.

The_hfdfbmetéOrbloqy of the country is as follows: Rainfall
ig sporadic and occurs in torrential showers and river dis-
dhérge'occuriﬁg imﬁediately after the rain has an'extremely
steep.hydrogxaph recession curve due to the high intensity

‘of shower and steep rocky topographic conditions.

Accbrdingly, there are difficulties in.assessing the volume
of available natural surface water sources due to the above
conditions and lack of data. Therefore, it is urgently re-
commendéd to improve and establish hydrometeoroldgical

observation and an analysis network.

Théfnetwork‘will consist of observation stations, analysis
and utilization centers. It is also recommended to create
and train the necesgsary staff and members for this newly

organized network.

Generally, the collection'of'hyarométerological data suffers
from the lack of observation stations on the upper slopes of
mountaing. However,'the Republic.has an advantage in this
respect since villages are located either on the top or
upper slopes of mountains, so that establishment of obser-

vation stations is not so difficult.

Necessary data to be collected are: daily rainfall, river
and_sprihg discharge, water levels at existing boreholes and

-shallOW'dug wells, and general meteorology.

A study to assess the available surface water resources should
be urgently undertaken on seascnal basis. For this purpose,
the concept of catchment-wise water balance should be adopted

including the study of the behavior of groundwater.
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CHAPTER X

EVALUATION OF THE RURAL WATER. SUPPLY PROJECT
PART " T1

Pt g e

Slnce the end of the civil war in mid-1970, economic activity
in the Republlc has eXpanded vigorously. More recently,
e59601a11y since the quadrupling of_lnternationél oil prices
at the beglnnlng of 1974, there has been an unprecedented
1ncrease in personal cash incomes based malnly on remittance
by Yemenls who go to work in Saudi Arabia and the Gulf States.
Largely as a result of these cash inflows, the Republic's per
caplta GNP has more than doubled in real terms since 1969/70
reaéhing'a level of about $390 in 1967/77.

Altbough private casb incomes havé risen sharply in recent
years and nost famllles can now afford substantlally high levels
of Consumptlon, the SUpply of social services, especially domes -
tic water supply, ﬁas not kept pace with the growth 1n'per
capita incomes. The need for the basic requirements of the
population is greatest in the rural areas since most rural
1nhab1tants still live under sub-standard condltlons, frequéﬁt—

ly 1qo1ated from the rest of the country.

As shown in'Appendix'III—ﬁ, only 4.7% of'the'rufalﬂpdpulatidn
had easy access to village water supplies in 1974, ‘and taking
the deSLgn capacity of on-going projects into consideration,

by 1981, still only 14% of rural population will be served by

rural water supply.

The survey sites under the project dlstrlbute over various
parts of the Republlc and mosf of them have been regarded as
problematlc areas for obtaining a safe and sufficient water

supply for domestic purposes.
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At present, the mogt common types of Watér Sources at survey.
sites are cisterns springg and shallow dug wells. Since

the yield of these sources is" llmlted ‘and eXperlence great .
seagonally fluctuatlon,_several different types of water
sources are used wherever the water 15 avallable. ~The avail~
able volume of watexr for domestic purposes in the ViClnlty of

each survey site limits the consumption of domeqtlc water to

the minimum level in many cases.

The per caplta dally consumptlon of the domestxc water in the

survey sites ranges from the extremely small magnltvde of 4

L/cap/day to 40 L/cap/day

The per capita daily COHSmetlon of domestlc water was. estzmated
as legs than 20 L/cap/day at 13 survey sites (50% of the total
number of the survey 51tes) Only at 5 s;tes (20%° of the total
number of survey sites) ‘the per capita dally consuwptlon is
estimated at 40 L/cap/day which is the same rate of consumpm_
tion as the design criteria recently proposed by.the Ministry.

(See Table 5-3)

In addition, in many dry'aréas, the available water source con-
sists of only open cisterns and/or shaliow dug wells which are
constantly subject to contamination due to the inflow of orga-
nic pollutants as well as the rapld growth. of algae.

At present 20% of the total consumptlon of domestic water at
all sites is served from clean and safe water sources. (See
Fig. 5-4) | -

Thereforé,’what-clean and safe water is available has'a high
market price at. present At 9 of the survey 51tes (35% of

the total nurber of survey. sites), pe0ple are paying for clean
‘and safe domestic water transported from remote water pOlntS
The water price ranges from 8 YR/m3 to 300 YR/m3 1ncludlng
transportation cost for. 20 Km. The most common ‘price was
ocbserved to be in the range of 30 60 RY/m whlch is equ1valent
to almost 20,000 YR/m3/year or 2.2 YR/cap/day assuming a daily
consumption rate of 40 liters per capita,
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In Order_fd.prOVide a solution to this acute shortage of
.domestiq water, a.basic deéign was proposed for each survey
;siteibased on ﬁhe cdsﬁweffecﬁiveness concept. (See'Chapters
VI and 1X)

Fdr the prepération Of-the_basic design, congideration was
-given £o:minimi2e the impaét of water source cost to the
'un;t price of water. Accordingly the design capacity was

determined mainly based on the availability of water sources.

As a result, a design capacity was adopted for 21 of the sites
to meet the future demand after 15 years from now based on the
_proposed design criteria by the Ministry. (40 L/cap/day)

For the 6ther'sites,fthe.design capacity was adopted to meet
- the'watér-demand even after 20 years which is necessary to

promote human health.

"At present, the price of safe domestic water ranges from 8
YR/m3 to 300 YR/m® which is equivalent to the range from 0.32
YR/cap/day'to'lz_YR/cap/day'assuming the per capita daily con-
sumption of 40 L/cap/day.

On the other hand the price of water to be supplied by the

- proposed basic &eSign falls betweeh:0.03.YR/Cap/day and 0.87
YR/cap/day which will obviously alleviate the present weight
of domestic watef cost on the household economy.

In addition, the effect of the project to human health will

be considerable since all of the basicfdesigns provide safe

water from an improved rural water supply system.

While the Rural Water Supply Project Part II will serve about
84,000 people at the beginning of the project. The total
design capacity of the project will serve a total population
of 153,000 people.

.In thé year 1981, 14% of rural population (720,000 people)

will be served by rural water supply taking the design capa-~

'dity of on-going projects into consideration.
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Therefore, the contrlbutlon of th1s prOJect to the total
rural population served by safe domest:c water is estlmated

at more than 10% in 1981,

In conclusion, the 1ncreased beneflts of water supply to the

project; sites is substantial as summarlzed below

Current Condition

Water Source 20% is stable
' and safe
Daily Consumption  4-40 L/cap/day
Price of Water 0.32-12 YR/cap/
day
Distance to the 1 ~ 20 Km

Safe Watrer

10-4

Improved by The Prdjebt'
100% of water which
has direct influence

- on human health will
be provided on‘a. - .
stable and safe basgis.
20~40 L/qép/déy |

0.03-0.87¥R/cap/day

0.5 = 1.0 Km









APPLNDIX I1T-1

LDA AchleVementb untll 'y 78_/

Up_to FY 76 FY 77-78
1. Roads a) km . 5567 6520
: b) costs: YR nin 134 389
2.-3Waterg/ a) Projects 881 643
b} costs: YR min 13 25
3. Schools a) Projects>’ 1667 347
b) costs: YR min 35 65
4. Health  a) Projects 46 30
b} costs: YR min 2 4
5. .Other a) Costs 6 25
TOTAL COST: 190 508
Gov. Dev. Expenditures 1741
(YR min} of which _
government budget share 873
External sources 868
Customs Duties 1625

1/: Official flgures glven by CYDA to forelgn aid
: agencies in 1979 for the period after the official
establishment of LDAs - in 1973.

%/: The Five Year Plan, 1976/77 ~ 19806/81, (p. 2) puts _
the number of water projects at 852 and COStlng not
less than YR 11 mllllon

3/t This de31gnatlon most likely referé to the number of

classrooms as the Five- -Year Plan cites the number of
classrooms and schools as more than 1596 and 580,
respectively.
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APPENDIX

WATER SUPPLY AND SEWAGE DISPOSAL®

Populétion sexved

Population served

in 1975 in mid 1981
Popuiation Coverage PopulatiOnd Coverage
' . _ - h
Water supply _
Urban 222,000° 42.4 438,600 52.0
Rural 220,000° 4,7 720,000 14.0
POTAT, 442,000° 8.4 1,158,600 19.2
|sewage disposal
Urban negligible - 370,000 43.8
Rural ‘neéegligible - negligible -
negligible - 370,000 6.1

TOTAT,

a: All figures are rough estimates.

bs Watef-éupply may include house connection or systems by
which water is easily accessible to the population.

“c: Present water supply is not considered safe.

ode (i} Projected population within the country for mid

1981:

6,037,618

Projected percentage of rural pbpulation: 86%

(ii) Projections based on on~going and planned progra-

mmes

APP-3




SELECTED SURVEY SITES

© APPENDIX V-1

GOVERNORATE DISTRICT NUMBER SURVEY SITE
HAJJA Al~Ahnoom 1 Al-Nadan & Eight Villages
Al-Ahnoom 2 Elman & Four other
: Villages
Shehara 3 Shihara & Thari
Harad 4 Haréd
AL-MAHWEET Al-Mahweet 1 Al-Mahweet City
Al-Mahweet - 2 Hﬁfash
Al-Mahweet 3 Al-Rajam
Al-Mahweet 4 Al-Khabet
SANA'A Sehman 1 Eany-Shakef &
Bait Abo Saba'a
Sehman 2 Bait Abo Hashem
Banishadad 3 Al-Sheab Al-Aswad
Banishadad 4 Bany Parhan & Bany Saria'a
HODEEDAH Dlifum 1 Chulayfagah
' Zahrah 2 Al-Dahi '
Zzhrah 3 - Al-Mounirah
TATZ Al-Sely 1 Al-Mashjab
Al-Sely 2 Al-Manara & Al-Dulum
_Kadier 3 Al-Maydan, Al-Jubail Sheiba
. Hamud
Al-Torba 4 Hada, Qahfa _
Al-Kudha, Al-Hagl
Al-Torba 5 Shohat, Al-Kadash
Al-Torba 6 Al-Zakira
Bab-Al-Mandab 7 Bab—Aleandéb
Moka 8 Yahkhtol |
Makbana 9 Makbana
TOTAL
5 14 2%
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1. HINUTES OF DISCUSSION.

The Preliminary Survey Ieam for the Rural Water Supply Project Part II
dispatched by the-Government-of Japan stayed in the Yemen Arab Republic from
Névéﬁber 30, 1978 to December 15; 1978. Concerning the Project, the Team
examined on the necessary matters and consulted with relevant authorities of

the Government of Yemen Arab Republic.

The_?félimiﬁéfy Survey Teém had_a final joint meeting with representatives
of Central Planning'Organization and.Hinistry of Public Works on December 13,
1978'ih-the Cenﬁfal Planning Organization office and discussed on the draft of
Scobe-bf Work df'Feasibility Study of Rural Water Supply Project Part II,
prepared by the Japanese Tean.

‘Both sides agreed on the matters stated in the Scope of Work attached

herewith.
" December 14, 1978
Sana'a, Y.A.R.
ALT ABDUL RAH&AN_AL—BAHR - GAMAL ‘M. ABDU © SHIZUO SHIKDOU
:LDéputy Chairman' h Deputy Minister Leader
Centfal'?lénning Organization 'Ministry of Public Works Japanese Pre~

liminary Survey

Team. -
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I1I.

2. SCOPE OF WORK
ON

FEASTBILITY STUDY OF RURAL WATER SUPPLY PROJECT PART II

INTRODUCTION

In responge to thé requeét made by the.vaefnment of ;hé:Yemen.
Arab Republic ( YAR ), the Jdpan International CObperatidn Agéncy'-
{ JICA ). an official agency responszble for ‘he implementaLicn of .
technlcal cooperation programme of the Governnent of Japan will_ '
carry out the study of the Rural Water Supply ?roject Part II in
close cooperat1an with the Government of the Vemen Arab Republic

and authorities concerned.

OBJECTIVES OF THE STUDY

The objectives of the Study are to condust survey and study in .
order to assure water supply for residents. in the fourteeﬁ_(lh)
rural areas. Prior to the implementaticn of -the plan, it is

considered highly important to make the feasibility study, for the

ﬁurpose.of_furhishing the project with a £irm basis in technical and

economical aspects and also in environmental assessment,

PROJECT AREAS

The study areas are as follows:

District Governate
1. Al-Ahnoom Hajja
2. Shehara o
~3. Haradh "
4, Al-Mahweet . Al-Mahweet
5. Al-Taweela LN
6. Al-Sehman ( Kholan ) Sana'a
7. Banishadad ( Kholan ) "
6. Al-Selo | Taizz
9. Rulaifan Hudeiaah
16, Kbhadier Al-Bourahie Taizz
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IVi

11,
12,

13
14,

SCOPE

Al-Zorikatayn ‘ : Taizz

Al-Zakkayra ' "
Makbana o ; 7 ‘ T
Bayt AluAshwal : ‘  Iwb
oF. WORK : . e

The scope of work are as follows:

Water ResOurges-SdrVey

" Survey and evaluation of available water resources such as

groundwater, stream, spring and stored water and optimum

';méthod of their development to meet various conditions of

B “1ndividual areas. The first priority should be given to the

. underground water resources and their improvement

(a) Heteorclogical and hydrological survey

(b} Physical geographical survey

- {e) Geological survey

(d)- Geophysical survey

,'-_(é)  Others ‘ N S

ifQ:'HumAn Geographical Survey

“iStudies and evaluation of present and future population and

water demands
(a) Population R

{(b) Tradition of water usage

‘(c) Watéﬁ demands

-(d) Water cost

(e) Land use

3.

(£) 1Income of population

(g) Others

Survey bf.WaCer Supply and Counservation System

* Examination of existing water system and a rough study for

lévout of water svpply facilitiles including pipeline and
reSurvair.
'(a) Water facilities

(b) ‘Water quality and ‘quantity
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(c) Assessment for water supply faciliyies

(d) Others

4. Prcgrammlng of Project Implemeutation
Preparation of outline of preliminary design on recommended
scheme.’ '
Preparat:ion of cost estimate for engineering, construction,
operation and maintenance of the" project recommended for .
implementatlon. Preparation of financing programme for
proposed work.

5. Transfer of Knowledge
During the execution of the'étudy; ttansfer ‘of technical
knowledge to the Government staff of the Yemen Arab Republic
concerned. -

REPORTS

1. Inception Report
The JICA will prepare and submit to the Government of the
YAR 20 copies of Inception Report ( in English ) within 15
days after the commencement of the survey.

2. Progress Report
The JICA will prepare and submit to the Government of the
YAR 20 copies 6fﬁProgress Report ( in English ) after the
field survey. '

3. Draft Report
The JICA will prepare and submit to the Government of the
YAR 20 coples of Draft Report ( in English ) within 10 months
after the commencement of the sutvey, |
The Government of the YAR will provide the JICA with its
comments within 30 days after the receipt of the Draft Report .

4, Report

The JICA will prepare and submit to_the.covernﬁeﬁt of the

YAR 30 copies of Repart ( in Englisa )} within 60 days after
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the receipt of the comments on the Draft Report.

/1. UNDERTAKINGS OF THE GOVERNMENT OF THE YAR

To secure the smooth performance of the study, the Government of the YAR

will agree: S

(a)

(c)
(d)

(£)
(g)

to provide the study team with and to assist them to get data and

" Anformation available for the study.

(b)Y

to -exempt all equipments and materials from taxes and custom
duties including personal effects.
to assure security of team during their services in Yemen.

to assign the necessary number of counterpart personnel to co-

operate and assist the team, as well as to be trained during the

‘imﬁlementation'of the project.

to provide and arrange the study team with suitable office and

accomodation. _
to assist the team in hiring 4-wheel-drive wvehicles.

to make necessary arrangements for the study team bring the

"

data and materials concerning the study into Japan.
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APPENDIX 2

. CENERAL REVIEW OF WATER QUALITY

Introduction

Concerning the-éxistinq water sources within the survey site.
i.e. mainly shallow wells, and s@bbrdinately deep wells,

- springs, surface flow etc., it was difficult to obtain data
about ordinary water quality. Therefore, at ecach site samples
were obtained and several analytical tests were applied as
well as some field téests. The results are compiled in a

- table attached to this report, with the descriptions of each

site or area.

Usually, such teSts for a city water supply should be per-
formed periodically. The analytical results, which were
obtained thérefore on just one single occasion at a restructed
- number of places, cannot be considered to be repreSehtative.
There are still many unknown aspects with_reSpeét to seasonal
trends and differences between the dry and wet seasons in '
water quality. '

ConSequehtly, the discussion in this report can.only pfesent

some general ideas,

1. The Characteristic Water Qualities for Each Site and Area
1-1 Inland Mourtain Region

Hajja area: There are many springs in Al?Madan and Al-Man,
The total dissolved solid, electric conductivity and chlori-
nity of the spring waters are at a low level, and their

total hardness i$ at the medium level (200-300 mg//f).
Spring and wadi waters in Thari and places adjacent thereto
are at a higher level of electric conductivity, exceeding

1,000 Hu/cm, with a somewhat high total hardness i.e. around
300 mg/A.
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Taizz area: Springs and shallow wells at Al-Sulu-and Torba
produce waters of 800-1,000 pv?cm electric’ COndUCthlty dnd

not more than 100 mg/[ in chlorlnntyo hallow well waters

at Kadier Al-Borehee, leaydan, Al Juball and Sheb Hamud

however; have slightly hlgher values in electrlc conduct1V1~
ty (1,700-1, QOOJprcm), total haraness (270-400 wg/A) and

chlorinity (150-220 mg/ﬂ)

At the central part of Makbana'{at the head of a wadifnear ;
the pass) wadi water showed a high value in electrlc con-

ductivity (2, Oﬂa_ﬂv/cm), total hardness (> 600 mg/x} and
chlorinity ( > 400 mg/A) .

1-2 Tihama area (See the table attached)

‘In the present survey we covered widely in the Tihama area:
Harad of Hajja province_inﬂthe_no:th, Athunirah anahAl-Dahi
of the northern Hodeidah provinee in‘the middle, Yahkhtol
of Taizz province and AimGhulayfagah in the south and Bab
Al-Mandad in the southern moét. | - '

Referring to electric'conductivity, total hardness and chlo-
rinity, waters 'in this area generally contain a good deal of
dissolved salts. The ranges of values are l,300~l,5004pm/cm
for electric conductivity, 100-1,000 mg/{ for chlorinity.
(except for Harad; 65-81 mg//{) and 100-1,000 mg/{ in total
hardness. . ' |
Mo systematic change was 1dentlf1ed in total hardness in .
connectlon with geographlc dlstrlbutlon. The hlgh groundu
water salinity could not be explained-by assﬁmiﬁg that sea
water intrusion might have caused it. Instead, in some cases
in the Tihama sand dune area, high evapotranspiration, caused
by strong solar radiation, might cause an increese in the
salinity of the groundwater. In order £o eléborate or the
correlatlons between electrlc conductLVLty, chlorlnlty and
total hardness of well water we prepared graphic plots (See :
the attached flgure) In this flguxeﬁ electrlc-conduct1v1ty;
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is plotted as the ab301ssa, and chlorlnlty, total hardness
and Mg hardness/Ca hardness ratio are the ordinate. The
resultlng flgure does not prov1de any clearly defined dig-
-tr;but10ns.o£ the plotted data, instead ratties large
's¢attexing.of.data,.which indicates mixing among various
kind waters,‘ In some wells near the coast, like Al-Gaha
“and Ghulayfagah,_low values in electric conductivity were
fbund in the~water and salinity and total hardness, were
fbund to be contrary to our previous understanding. This
suggests that the local geological structure is blocking
sea‘Water.intrusion at some localities. Shallow wells,
on:the other hand,  in AlnMunyrah and Yahkhtol produce highly
sallne waters (about 5,000 uu/cm in electric conductivity
and more than 1,000 mg/f in chlorinity).

shallow wells in Al-Munyrah may be underlain by a rock salt
formation as in some coastal places, or dug into the sandy
soil with salt which accumulates perennially. The total
'ha?dness is 600,mg/[_at the AlnMunyrah site and 1,000 mg/f
in Bir Okrepas in Yahkhol. With regard to nitrate nitrogen
contents, the shallow wells in Al-Munyrah indicated very
high values, i.e. 150 mg/{. This tendency remains valid
even in the deep well waters at the same location, i.e.

38 mg/A, which is still rafe comparéd to othEr'deep well
waters, except for some in Saada. In the ‘Tihama area _
nitrate nitrogen contents in well waters range between 5 10
mg/ A, (for referrence; 4-8 mg/f indicated in the mountain
area). Other high nitrate nitrogen contents were measufed
in- Marawlya east of Hodeldah (27 mg/A) and in Makbana (T~9)
(38.5 mg/[) These might be due to the fertilizers in
agrlcultural fleld however, detalled reasons are still

not clearly defined.

1-3 'Stored Rainwater in Cistern

There are many different types of cisterns throughout the
country. They are built with special care for the topo-

g;aphical'cbnditions, e.g. cisterns built in a dug-out with
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low embankment and plastered surface in a flat plaCeq
cisterns bullt behlnd rock~ ~work dam in valley or On slope
and cisterns of the sw;mmlnc pool typo at the’ center of
reSLdentlal areas. Thelr storage is not onlv replenlohed
by thelr eurface raln catchment but also by collecting
water from the surroundlng areas. Water storage is often
plluted by things which are dumped around the houses and
animal excrement on the road, field and grassland. Stored
water may still remain some months after “the ralny season,
however, the surface of the water is usually covered by
aquatic plants and weeds, and various insects, mi.cro organs
and green algae which grow ln the water. These can be ‘
regarded as additional deterloratlng factors to the water
guality besides chemical ones. - The . condltlon varles from
one cistern to. another, however, the chemlcal quallty,'e g,
alkalinity, chlorlnlty and total hardness, generally remains
at a low levels just after the rainy season.~ Same tendency
occurs in the values of-eiectric'COndUCtivity).1.e. 100-300
uv/cm during same Perlod. As time adVances'and‘the'local
flora flourish, pH:values increase during the day “time and
KMn0O4 consumptions also 1ncreases gradually, indicating ‘an
increasing amount of dissolved organic materials. Although
electric condnCti?ities do not increase Sharply, they may be
influenced by the salt enrichment caused by evaporation,
with an accompanying‘inCIease in hardness.  During the
present survey period, 2- 3 months after the rainy season,
most of the cistern waters showed values 200-500 u/em of
electric conductivity, slightly hlgher values in pH, i.e.
8-9, except for cisterns which have been a]mOSt completaly
consumed with a losser amount of re51dua1 water (See the
table attached). We were informed by the local pe0p1e that

very little rain occurred last September.

We were impressed with some nnderground cisterns, or cisterns
under housing,-becauce of their better water qualiEY}7i e}
without:green algae, and crystal clean except for some micro-

organisms and insects (e.qg. mosqulto larvae and water beetles) .
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-Clsterns wmth rooflng are woxth considering for use in order
-.to prevent ‘them from belng polluted from the out—sxde It
will also he necessary to desxgn a storm water drainage
ditcﬁ éolleétion'3ystem without any accumulation of dirt or
débris along its length.

2. Bacteological Test Results

For the saké_df'hygienic examination of well waters we intro-
duced'the'cdli—Count_and Total Bacteria Count Sampler,
fdeveloped and manufactured by the Milliporxe Corporation

(0.5.A.) to the survey investigation.

In ordinary cases it can be presumed that the polluted levels
-are-qualitatiVély-evaluated by observing the appearance of

the well and its envVironment, - However, based on the present
examinations, we obtained an ﬁnexpected high general bacteria
count ahd lass general faecal coli-form bacteria count in

total Coli count even at cistern locations which had been
replenished with rain water. Consequently we often encountered
so called "innumerable? or "more than hundreds of colonies"
levels, however, this may come from an iﬁadequate diluting
ratio in some cases. The results are based on the colony

pictures taken after a one day incubation period.

Coli-form bacterias, presumably originated from some kind of
-faecal bacteria (ideﬁtifiable atter a ﬁigher grade examina-

' tion), were detédted“in-Sprihg water in Wahab on the way to
Hajja to the west of Amran, Taizz (T 6}, cistern and spfing
near Mosque of Zakira and on the top of the hill resPect1Vely,
waters from attached tank to Bir Umari well in Bab el-Mandab
and at the Bir Kadash well T-5.

Mdst of the ordinary bacteria count (by white sampler method)
_exceeded several hundreds. By this method only the number
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of colonies are counted SO that the specia of each bacterla
must be identlfled in some proper way, At the same time it
is necessary to 1n1tmate a project to éstabllsh how to
protect urban and SUburban shallow wells from blological

- pollution.

I1f disinfection could be done for éach'weil; additional.
hygienic safety and higher standards of water quality3could_

be achieved.
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APPENDIX 3

CRITERIA OF DESICN CAPACITY

OF RURAL WATER SUPPLY







DESIGN CRITERIA FOR BASIC DESIGN OF RURAL WATER SUPPLY

1. Water Source

- FPactor Symbol Unit

App:oximate Séfe_Yield of Borehole ... Ow ., ‘ton/day
Déily Maximumeield_of Borehole

with 19 hrs Operation .......... Ceenn Qmw , ton/day
‘Maximum Pumping Rate  ..... Ceaaaraaas Qm p " L/min

._Itéis'désiéhed that the maximum running hours of well
pump is 19-hours per day. Therefore Qmw is calculated
from Qw.

Qmw = OQw + 24 hrs x 19 hrs
Oom is calculated from Qw
Qm = Qw + 24 hrs/d + 60 min x 1000 L/min

ow (t/d) ~ Qmw (t/d) Om (L/min)

1,000.0 790.0 690.0
700.0 550.0 480 .0
500.0 . 400.0 340.0
400.0 310.0 270.0
300.0 230.0 200.0
200.0 . 150.0 130.0
100.0 80.0 70.0

—eL
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Water Demand

'Factor_ | 'Symbbl ~ Unit
Number of Population ....... e P _', © capita
Number of Livestack ...... Cee e _ L7 Cy head
Growth Rate ...eicesrvaranaesonenss .Rl 'y . Z%.
Water Demand of Human e qc -, L/cap/day
Water Demand of Livestock ....... - *qh '; L/head/day
Total Water Demand of Human ....... Qc ?,_ L/day’
Drinking Water Démaﬁd of Human .... Qc' L/day-"
Total Water Demand of Livestock ... Qh jL/day'
Design Capacity of Water Supply ... " od , L/day
Multipurpose Rate. .. i R - ¥ o 20%
{including leakage of water) _ '
Fire Fighting Purpose ........ e R2 . 25%
Quantity of Multipnrpése' ceeeseaan Qr ton
Quantity of Fire Fighting Purpose .. Qr ton
Emergency Purpose e attiieieveses.. **ge ., L/cap/day
Total Emergency Purpose ........... Qe ,- ~ ton

* gh = 6.0-L/head/day ' |
**ge = 2.5 L/cap/day

p= (1 + RN x pp Pp : Number of préseht population
L = {1 + Rl)N % Lp Lp.: Number of present livestock
Qc = P x q¢ # 1000 N : Design Period in years

Qct = Qc x 0.5

ey
=
I

L x gh +£ 1000
od + Type - A : 0d = Qc + Qh
. Type - B : Qd = Qc
Type ~ C : 0d = Qc'

Qr = Qd x R2 + 100
Qe = P x ge x 9 days x 0.7

Tank -~ 1.

Factor Symbol Unit

Daily Design Capacity ....... Ceanes go , m3/day
Average Hourly Design_Capacity ceen Qhr , 'ﬁ3/hr
Hourly Peak Load ...utivrsnreen . Qp’ ,  m3/hr
Storage Capacity wveeeeerevesennn. .. ot , m3
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‘Qo'n:Qmw_Or'Qd |
 Qhr = go + 10 hours

Qp = Qhr x 1.5 hours
Qt ﬁ_(Qp'k 3 hours) + A _

:f Qr  Qe, A = Qr, if Qr Qa, A = Qe.
Tank ~ 2.

Type of tanks is as follows:

Firstly, the tanks can be set up in three different ways.

1 - 1 : Ground Tank  vuueevereonnnoernnn N ()
_l - 2 Semiele&ated Tank v oe.eenennrannnns cra LSE.T)

1 -~ 3 : Elevated Tank ....... i sasrsinennnnns (E.T)

Secohdly, the tanks can be used in four different ways.

2 -1 : Service Tank ....vvininrncnn Chree et (s.1T)
2 - 2 : Distributing Tank © v.ivieeveenenenennns (D.T)
2 - 3 : Booster Station Tank vueeesosrnrnevenn. (B.T)
2 -~ 4 : Service & Booster Station Tank ....... (SB.T)
Combination:
G.T SE.T E.T
5.7, A B C
DnT D- _““‘ -
] BcT E i =
SB.T F G -
Factor : Symbdl Unit
Design Capacity of Service Tank ... vs m3
Design Capacity of Distributing Tank vd , m3
Design Capacity of Booster Station
Tank ® & % 4 > 2 DY R F e S e * oy @ 9w ." Vb 7 m3
Design'Capécitj-of Service & Booster
Station Tank ' vsb , m3
Number of Service Tanks ...... e Ns each
Number of Distributing Tanks ..... . Nd each

Number of Booster Station Tanks ... Mo, each
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Factor Symbol  Unit

Emergency Capacity of Service Tanks Ve , m3

Vs = QL + Ns

Vd = Qp x 1 hour

Vb Ohr x 0.5 hour

Vsb = Vs + (Qhr x 1 hour)

i

Ve = Qe + Ns

If it is necessary to set up an elevated tank,'dapacity

of Vh is ... Vh = (Vs - Ve) + 3, _ .
Accordingly the capacity of the ground tank (Vg) is deter-

mined as Vg = Vs - Vh,
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Number  ©  Survey Site - J U .. Uxban
3 e : _ %1 8 .. Semiurban
HA - 1. Al Madan & 8 Villages ¥ R .. Rural

Number of Population' ... (s) 3,500, (») 4,000, capita ... P

Number of Livestock ............ e 3,680, head ..... L
Growth Rate cierieireensnnvenansseas 3.6, % ..., R1
Water Demand of Human ... (S) 70 R) 40, L/c/d ... qc
‘Water Demand of Livestock ....... ceevenes 6.0, L/hsd ... gh
¥ .1 Multipurpose Rate .......c.eiinnnn, 2000, % .+e..... R2

Fire Fighting Use Rate ......ceinvuan 25.0, %
Emergency PUIDOSEe ....cax.. et s e vee.e 2.5, L/c/d .... ge
R 2 3 4 5

Present 5 years 10 years 15 years 20 years

Y 53,500 4,057 4,704 5,453 6,321

”  R4,000 4,637 5,376 6,232 1.224

L 3,680 4,267 4,946 5,734 - 6,647

o SZA57D 2840 329.3 381.7 4225

T R160.0 185.5 215.0 . 249.3 289 .0

oh - 22.1 . 25.6 - 29.7 - 34.4 - 39,9
. | 5122.5 143.0 164.5 196.9 271.3
Qe : 08 X 0.5 gy 92.¢ 107.5  124.7 V44,5

Type - A -

2% on 427.1 495.1  574.0 665.4 771.4

oda. YRS "B 405.0 4695 544.3 631.0 731.5
TYPSCT € 2025 234.8 272.0 315.6 365.8

Type - A 85.4 99.0 = 1l4.8  133,1 154.3

Qr Type - B 81.0 93.9 108.9  126.2 146.3
Type - C 49.5 47.90 54,4 63.1 73.2

Qe 118.1 136.9 158.8 184.0 213.3

i

Appioximate Safe Yield of Borehole (Qw) .... 309 wmd/day

Daily Maximum Yield of Borehole with
19 hrs Operation (Qmw) ..... P 230 md/day

. Maximuni Pumping Rate (Qm) ......ceveianenna 206% L/min
. Total Yield of Borehole per Day (Qmw) _
SR it reneeen Omw x 2ea = 469 m3/day

Design CapacitY$ 460 '
Type (C) - (4) determinated by Water Demand.
¥ | Capacity of Water Source.
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. Urban_

Number - Survey Site U
_ . ’ : 8 .. Semiurban.
Ha - 2 ElMan & 4 Other Villages X1 R .. Ru#al-
Number of Pcpulation.....”. ........ cenvane 1,500 Capita veon P
Number of Livestock ..i.c..oveeiiecinnnn 1,470, head ..... L
Growth Rate ...v.en. ettt aans 2.5, '%L_,§5.... Rl
Water Demand of Human ... 40 L/g/d .. gC
Water Demand of Livestock ...oeveoeseens . 6.0+ L/h/d .... gh
X | Multipurpose Rate Chteesreen s 20,07 % weeenn R2
Fire Fighting Use Rate ....ccoeevencen. 25,0, %
EMErgency PUIDPOSE s.veseesensssasos ceeean 2.5, L/c/d .... qe
1 2 3 -4 . .05
Present 5 years 10 years 15 years 20 years
p 1,500 1,697 1,920 -~ 2,173 2,458
L 1,470 1,663 - 1,882 2,129  ° 2,499
Qc 60.0 67.9  76.8 . 86.9 - 98.3
‘Oh | 8.8  10.0  11.3 12.8  14.5
Oc' : 0c x 0.5  30.0  34.0 38.4 43,5 49.2
: T?EErﬂ A . : . ; _ - —
e on 68.8  77.9 88.1 99,7  112.8
ga PE - B 600 67.9  76.8 86.9 98.3
TToSe . _ :
YPSC, ¢ 30.0 34.0 38.4 43,5 . 49.2
Type - A 13.8 . 15.6 17.6 19.9 . - 22.6
Or Type - B 12.0  13.6 15.4 17.4 . 20.0
Type - C 6.0 6.8 7.7 8.7 9.8
ge 23.6  26.7 30.2 . 34.2 . 38.7
Approximate Safe_Yjéld of Borehole. (Qw) .... 300 . m3/day
Daily Maximum Yield of Borehole with . . = =
19 hrs Operation (Qmw) .....c.oneuiiinnaves 230 m3/day
Maximum Pumping Rate (Qm) ..,...... Ceenane . 200 L/min

Total Yield of Borehoie per Day.  (Qmw) . 3 '
ceseerseesaa. QmWw X 1 @& = 593 m3/&ay

Design Capacity:  100°

Type (A) ~ (4) determihated'byi X“'WaEér Deﬁéhd;'
. Capacity of Water Source.
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Numbex : Survey Site | U .. Urban
5 ¥ {8 .. Semiurban

HA -~ 3A ".Sihara R .. Rural

NMumber of Population ......... e 4,590, capita ... P

Number of Livestock ............. S 9,830, head ..... L
GrOwth Rate C . -. LI I Y .- - h B - " x % e » E e s Y B RS ks ,5 . 0 r % ------- Rl
Water Demand of HUMEN v v vnnnnnrnanson. 70.0, L/c/d .... qc
Water Demand of Livestock ........ ... .0, L/h/d ... gh
L) Maltipurpose Rate .oeveeonnnns e 20.0: B crenono n2

Fire FPighting Use Rate ......... eeee. 25.0, %
Emergency PUIPOSE ....ceaenn cersravesssss 2.5, L/c/d .... ge
1 2 3 4 5

Present 5 years 10 years 15 years 20 years

P 4,500 6,022 8,059 10,785 14,432

L 8,830 - 11,817 15,813 21,162 28,319

0c - 315.0 421.5 564.1 755.0 1019.2

Qh - 53.0 70.9 94,9 127.0 169.9
Oc' : Qo x 0.5 157.5  210.8 282.1 377.5 505.1 -

| oy on  368.0 92,4 §59.o 882.0 1180.1
oa  TYPE =B 15,0 4215 564.1 755.0  1010.2
VT¥P3¢Z € 1s7.5  210.8 282.1 377.5 © 505.1
Type - A 73.6 98.5  131.8  176.4 236.0

Qr Type - B 63.0 84.3  112.8  151.9 202.90
Type - C 31.5 42,2 56 .4 ' 75.5 101.0

Qe $70.9 94.8 126.9 169.9 227.3

Apﬁroximate Safe Yield of Borehole (Quw) .... 300 wm3/day
Daily Maximum Yield of Borehole with

19 hrs Operation {(OMW)  tr v i taaneens s 230 m3/day
Maximum Pumping Rate (Qm) .....c..enaiaann. 200 L/min
Total Yield of Borehole per Day (Qmw) '

e re e Omw x 2 ea =460 m3/day

- Design Capacity: 460 _
- Type (0 = (4) determinated by Water Demand.
o . X ] Capacity of Water Source.
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Number | . Survey Site U .. Urbgn _
. 48 .. Semiurban
HA - 3B Thari ¥ | R-+. Rural
Number of POPUlation ...eeoee-worroerns 15,777, ‘capita ... P
Number Of LivestocK w.veiiivecrnonoon.. 15,900+ head .....o L
GI_'OWth Rate LI T s e 5 8 e % & R T R BT b s 3-0 oy % Tea aw -b - Rl
Water Demand of Human ................. 40.0 + L/c/d ... qo
Water Demand of Livestock ....veeveccnan. 6.0 1  L/h/d .... gh
¥ | Multipurpose Rate .....oevve-en cveerss20,0 7 % waee..s R2
Fire Fighting Use Rate ..... sameon cev25.0 ¢ % o
Emergency PUrPOSE «eoevevovens eeeeiecvnee 2.5 ¢ L/c/d L0 ge
T 2 30 4 5
Present 5 years 10 years 1§ yeéars 20 years
P 15,000 17,389 20,159 23,370 27,092
L 15,000 17,389 20,159 23,370 27,092
Qc 600.0  695.9  806.4 . 934,8  1083.7
oh 90.0  104.3 121.0  140.2 . 162.6
Q0c' : Qc x 0.5 300 347.8 403.2 467.4 541.9
Type ~ A ' n
e on 69050 799.9 927.4 1075.0  1246.3
oda TYPE ~ B 00,0  695.6 806 .4 934.8 1083.7
TYPSCT ¢ 300.0 . 347.8 403.2 467.4  541.9
Type - A 138.0  160.9 . 185.5 215.9  249.3
Qr Type - B 120.0  139.1 151.3 187.0  216.7
Type- C 60.0 70;0 80-6 93-5 . 108.4‘
e 0 236.3 273.9 317.5 368.1 . 426.7

sasr s

Approximate Safe Yield of Borehole (Qw) .... 300 m3/day
Daily Maximum Yield of Borehole w1th

19 hrs Operation (OQIMW) veveereenennns e : 230f m3/day
Maximum Pumping Rate (Qm) - s........i..idies 9o L/min
Total Yield of Borehole per Day (Qmw) : : ;

. : . R LR Qmw X 5 ea = . ggp m3/day
Design Capacity: 460 - ' EIRTEN

Type ) - (4) determlnated by [ Watér_Demandg

¥ | Capacity of Water Source.
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‘Number © ' Survey Site | ¥
X

HA" -4 | Harad

.Number'df Population ... (U) 4,009, (8)

.. Urban

Rural

[§)
S5 .. Semiurban
R

3,097, capita ... P

Design_Capacity: 1,580
Type (A) - (4) determinated by

_APP-30

Water Demand.

Capacity of Water Scurce.

Numbex of leeﬁtock .oe. (U) 3,780, (S) 2,840, head ..... L
'Growth Rate ..iivinnetonnirnnnnnas “ e 6.0, & ...... R1
“Water Demand of Human ... () 120 , (s) g0, L/c/d .... qc
Water Demand of Livestock ...... sesecesse 6.0, L/h/4 ¢h
7] MUltipurpose Rate ......o..... [P 20.0, &
X ] Fire Fighting Use Rate ..... ceeeene.. 25,0, % LLL.... R2
Emergency PUrpose ...c.ceveereninnsas vees 2.5, L/c/d .... ge
1 2 3 4 5
"Present 5 Years 10 years 15 years 20 years
P Ud,000 6,691 7,163 9,586 12,829
53,000 4,015 - 5,373 7190 9,621
L e U3, 780 5,059 6,769 9,059 12,123
: 52j840 3,800 5,086 . 6,806 9,108
Oc - U480.0 802.9 859.6 1150.3 1539.5
o 5240,0 321.2 429.8 575.2 169.6
Oh : U 22.7 30.4 40.6 54.4 727
' 5 17.0 22.8 -~ 30.5 _ 40.8 54,6
" o U240.0 401.5 429.8° 575.2 779.0
(Qe’ s 96 X 0.5 70000 160.6 214.9 287.6 384.8
Type - A U502.7 833.3 900 .2 1204.7 1612.,2
Qc + 0Oh  5257.0 344.0 460.3 616.0 824 .2
a Type - B U480.0 - 802.9 859.6 = 1150.3 1539.5
Q §240.0  321.2 '429.8 - 575.2 ~769.6
TYpe - C Uz240.0 401.5 - 429.8 575.2 170.0
Qc' 5120.0 160.6 - 214.9 287.6 384.38
Ul25.7  208.3 225.1 301.2 403.1
Type - A 57643 "86.0 115.1 - 154.0 206.1
Ul20.0 200.7 214.9 287.6 334 .9
Qr  Type - B 57500 80.3 107.5 14318 192.4
U 60.0 100.4 107.5 143.8 '192.5
Type - C g 30.0 40.2 53.7 71.9 96.2
' _ U 63.0 105:4 112.8 151.0 2062.1
Qe S 47.3 63.2 84.6 113.2 151.5
Approximate Safe Yield of Borehole (Qw) ....1,000 m3/day
Daily Maximum Yield of Borehole with »
19 hrs Operation (Qmw) ....... i eeer e 790 m3/day
'Maximum Pumping Rate (Qm) .............. 00 690 L/min
Total Yleld of Borehole per Day {(Qmw) _
............. Omw x 3 ea =2,370 m3/day



. Urban .

Number o survey Site - .
e .+ Semiurban
A -1 Al Mabweet City T Rural
Number of Population .s..c......... R . 5,000 capita ... P
Number Of LiVesStooK ..ewicesessvs T 5,320, head ..... L
GI'OWth Rate ---t-i...l'uto.;.ohlb.b-.v‘_"l.- 3.0p % U.O...oa.Rl
Water Demand of HuUmMan .............. ... 10000, L/e/d ....-qe

Water Demand Of LivestocKk «aveeerocesons 6.2, L/h/d .... gh
X Multipurpose Rate ..,.,...,....;.,.., 2000, % ....... R2

Fire Fighting Use Rate ......,.}.,... 25,9, %

EMErgency PUTPOSE ...essoveosnesrorsenevs 2.5 L/c/d }.{que

NE— - e

1 2 3. . 4

Present 5 years 10 years 15 years 20 years

P 5,000 5,794 6,720 7,790 9,03l
L - 6,320 7,327 8494 9,847 11,415
Qc - 500.0  579.4  672.0  779.0 . .903.1
Oh ©37.9 44.0 51.0 ~ 59.1_ ”56,5
Qo' : Qo x 0.5  250.0  289.7  336.0  389.5 . 451.6
B nge+'gﬁ 537.9 - 623.4  723.0 ©838.1  97l.6
oa  TYPE " B. 50,0  579.4 672.0  779.0 = 903.1
TYPSCT € 2500 289.7 336.0 389.5 - 451.6
Type - & 107.6 - 124.7  144.6  167.6  194.3
or Type - B 100.0 115.9  134.4 '155.8'_ 180.6
Type ~ C - 50.0 57.9 67.2 77.9 . 90.3
Qe T '91.3 ~  105.8 122;7'3 '142.2

Approximate Safe Yield of Borehole (Qw) .... '3007m3/day'
Daily Maximum Yield of Borehole with

19 hrs Operatlon (Qmar) :..;...,.,......}... "230 ”m3/day
Max imum Pumplng Rate (Qm SO TR ces e ZOO_L/min
Total Yield of Borehole per Day {(Qmw)} - R
........... .. Omw x 2 ea = 460 m3/day
Design Capacity:' 460 ' SR
Type {c)y ~ (4) determinated by Water Demand .

APP~31
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Numbex’ Survey Site | 4 0., Urban
RO L el 5 Semiurban
o 2 - L

A_ ' L Hufash ¥ { R .. Rural

Number of Population ................... 1,509, capita ... P

Numbex OfILiveStdck et 637; head ..... L
Growth Rate siciviiiveinnnnceninsnnen,, . T8, 0% e R1
"Water Demand of Human .................. 40,0, L/c/d .... gc
.Water Demand-of-Livestock teetasereonas «s 6.0, L/h/d .... gh
¥ | Multipurpose Rate .iveevosson e 20,0, % vieeen. R2
| | Fire Fighting Use Rate .....veeveeees 25,0, %
Emergency PULPOSE t.eiverewsaans vesesseess 2.5, L/c/d ..., ge
1 2 3 4 5
_ Pregsent 5 years 10 years 15 years 20 years
P 1,500 1,697 1,920 2,173 2,458
L 630 713 807 912 1,032
Qe 60.0 67.9 76.8 86,9 98.3
oh 3.8 4.3 4.8 5.5 6.2
Qc' : Q¢ x 0.5 30.0 34.0 38.4 43.5 49 .2-
T iype © & 63.8 2 1 ’y ‘#
| oc + Oh 3 72.2 8l.6 92.f 104.5
oda YRS " B 60.0 67.9 76.8 86.9 98,3
. type = C 30.0 34.0 38.4 43.5 49,2
Qc _
Type - A 12.8 14.4 16.3 18.5 20.9
Qr Type - B 12.0 13.6 15.4 17.4 19.7
Type-— C . 6.0 6.8 7.7 8.7 9.8
Qe 23.6 26.7 30.2 34.2 38.7
ApprOximate Safe Yield of Borehole (Qw) ....  300m3/day
Daily Maximum Yield of Borehole w1th :
19 hrs Operation (OmW) «.cecvvenvosesnan - 230m3/day
Maximum Pumping Rate (Qm} ......... [P 20nL/min
Total Yleld of Borehole per Day { Omw )
~ cievenianeans Omw x 1 ea = 237m3/day

_Design Capacity: 93 -
"Type (A) - {4) determinated by Water Demand.
S _ Capacity of Water Source.
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Number  survey Site [ vu .. vrban
' . -} 8 .. Semiurban
A -3 _ Al Rajam x| R - Rural
Number of Population .eee.iv.oeoiineenay 809, capita ... P
Number of Livestock «.aeivvenssoninenns .. 63%, head ...... L
Growth Rate ........ Ceeerracen s eereeins 2.5, 0% we.... RL
Water Demaﬁd‘qf HUMAN & saeevvvnnsooonss L. 40.0,  L/c/d .... qc
Water Demand of Livestock ..... ereee veee 6.0, L/h/d .... gh
X Multipurpose Rate B 30.0;-:% “sess.. R2
Fire Fighting Use Rate ..... PR .. 25.0, % _ ,
Emergency Purpose ...... feebumaran s eesa. 2.5, L/c/4 (... qe
1 2 I 5
present 5 years 10 years 15 years 20 years
P 800 905 1,024 1,159 1,311
L 630 713 806 912 1,032
Qc - 32.0 36.2 A41.0 - 6.4 - 52.4
oh 3.8 4.3 4.8 5.5 6.2
0c' : Q¢ x 0.5  16.0 18.1 29.5  23.2  26.2
T .\ S DU T
&y on 35.8 40.5 45.8  51.9 58.6
Q@ PE B 320 362 0 4100 6. 4 52.4
Type - C '
oc' 16.0 lB,l 20.5 23.2 26.2
Type - A 7.2 8.1 9.2 - 10.4 11.7
Or Type - B 6.4 7.2 8.2 9.3 . '10.5
Type - C 3.2 3.6 4.1 4.6 5.2
Qe 12.6  14.3  16.1 18.3  20.6
Approximate Safe Yield of Borehole (Qw) .... . 200m3/day
Daily Maximum Yield of Borehole with C
lQ hrs Operation (Qmw)  .;...,........;.;.@; s 150m3/day
Maximum Pumping Rate (Om} «...i..ouicesniaunis 130L/min

Total Yield of Borehole per Day (Qmw) : 3
o © eevanisessvs. Omw x 1 ea = 150m3/day
Design Capacity: 52 l ' : ' : -
Type (A} - (4) determinated by | X} water Demand.
' SN L) Capacity of Water Source.
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Numbex: - 'Survéy=site | |U .. Urban
A - 4 Al Khabet - $ .. Semiurban
' S x {R .. Rural
Number of Population ...-v.oiiienineon.., 1,500, ‘capita ... P
Number of Livestock ..seevv.iioi.iea.... p20, head ..... L
Gro‘qth Rate [ ] ‘. LR R N BT Y I T L L I TR Y T T T "2.,5 i % ------- Rl
Water;Demand of Human ...... e e e 40.0, L/c/d .... ac
Water Demand of_Livestock ........... ee.» 6.0, L/h/d gh
X Multipurpose Rate ....cceniiennensn.. 20,0, 3 vevnnns R2
| Fire Fighting Use Rate .......cvoe... 25.9, %
Emergency PUrposSe s..-o..vn.s et 2.5, L/c/d .... ge
1 2 3 4 5
: ‘Present 5 years 10 years 15 years 20 years
P 1,500 1,697 1,920 2,172 2,458
L . - 880 396 1,126 1,275 1,442
Q¢ - 60.0 67.9 76.8 86.9 98.3
- Oh 5.3 6.0 6.8 7.7 8.7
Oc' : Q¢ x 0.5 30.0 34.0 38.4 43,5 49.2°
Type - & 5 '
O¢ + 0h 65.3. 73.9 83.6. 94 .6 1n7.0
ga TYPE 7B 60.0 67.9 76.8 86.9 983
fype - C 30.0 34.0 38,4 C43.5 49,2
Qc
Type - A 13.1 14.8 - 16.7 18.9 21.4
Qr Type - B 12.0 - 13.6 15.4 17.4 19,7
Type = C 6.0 6.8 7.7 8.7 9.8
Qe 23.6 26.7 30.2 34.2 38.7
Approximate Safe Yield of Borehole (Qw) .... 200 m3/day
Daily Maximum Yield of Borehole with : :
19 hrs Operation {(QmW)  ...eieeinvneeronennss 152 m3/day
Maximum Pumping Rate (QmM) ...ieveenvmnanaes 130 L/min
Total Yield of Borehole per Day (Qmw) '
R Ce s as e Onw ¥ 1 ea = 209m3/day

Design Capaciﬁy: 95 .
Type (A) - (4) determinated by |y | Water Demand.
. g Capacity of Water Scurce.

2Pp~34



Numbe r .~ Survey Site ' ] U .. Urban
118 .. semiurban

S - 1 Bany Shaker & Bait Abo Sara'a - X_ R .. Rural
e | BANY SHAKER gﬁ%ﬁ;ﬁBO -
Number of Population ...-.... oo 300, CA0y, capita ... P
Number of LiVeStoCk .seeweencreranssos . 867, head ..... L
Growth Rate «.... Ceesesbausesesranor s B 2.5, % siceaa. Rl
Water Demand of Human ;; ......... Ceeaas A0.0, L/c/d cess gC
Water Demand of LivestoCK +.sesssscess-ss 6.0, L/h/d ... gh
7] Multipurpose Rate .«v..v-veeneosn tewes 20,0, % Jae.... R2
Fire Fighting Use Rate ....e....eee.. 25.0, %

Emergency PUTPOSE ....ccoovovoosansssosas 2.5, L/e/d ... qe

1 23 4 .5
Present Snyears_'lﬂ'years_‘l5 years 20 years
P 500 566 640 724 - 819
L 860 973 1,101 1,246 1,409
Qc 20.0  22.6 5.6 29.0 - 32.8
Oh 5.2 5.8 6.6 7.5 8.5
gct : Q¢ x 0.5 10.0 11.3 12.8 14,5 16.4
ye on 25.2 28.4 . 32.2 36.5 . 41.3
oa TYPE T B - 20.0 22.6 25.6 29.0 - 32.8
Type - C 10.0 11.3  12.8 14.5 16.4
. Q¢
Type - A 5.0 5.7 6.4 7.3 8.3
Or  Type ~ B 4.0 4.5 5.1 5.8 6.6
Type - C 2.0 2.3 2.6 2.9 3.3
0e 7.9 8.9 117.1 11.4 12.9

Approximate Safe Yield .of Borehole (OW) ... 200 m3/day

Daily Maximum Yield of Borehole with o :
19 hrs Operation (Qmw) .......... Ceeenaes v 150 m3/day
Maximum Pumping Rate (Qm) ;..,?.Q;..a.{};,t 130 L/min
Total Yield of Borehole per Day {(Qmw) s

L eersrsseeee.. Qmw X 1l ea = 150 m3/day
Design Capacity: 37 ' '

Type. (A} - (4) determinated by X. Water Demand.
: : Capaclty of Water Sourcc
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Design Capacity: 36

Numbe r SuIVéY Site- U .. Urban
o _ o o S .. Semiurban
g - 2 Bait Abo Hashem x| R .. Rural
Number of Population ................ ... 380, capita ... P
Number of Livestock ....c.....c......... 1,600, head ..... L
Growth Rate .....ocoviniiincnnnnanin.. 2.5r % scee... R1
Water Demand of HUMAN «veu'nvnvenennn... 40.0, L/c/d .... gc
'Water Demand of Livestock «uveweseeenean . 6.0, L/h/d .... gh
%] Multipurpose RAte vivevoneenoonnnnss . 20,0, % ....... R2
| Pire Fighting Use Rate ........ cenas 25.0, &
Emergency PUXPOSE ...eeveccssnanrnoccnns . 2.5, L/ec/d .... qe
1 2 3 4 5
Present 5 years 10 years 15 years 20 years
P 380 430 486 550 623
L - 1,600 1,810 2,048 2,317 2,622
QOc 15,2 17.2 19.4 22.0 24.9
oh 9.6 10.9 12.3 13.9 15.7
Qc' : Qc x 0.5 7.6 8.6 9.7 11.0 12.5
Type - A | | ' e
0c + oh 24.8 28.1 31.7_ 35.9 . a40.6
ga TYPE ~ P 15.2 17.2 19.4 22.0 24.9
TYPSCT ¢ 7.6 8.6 9.7 11.0 12.5
Type ~ A 5.0 5.6 6.3 7.2 8.1
Or Type - B 3.0 3.4 3.9 4.4 5.0
Type — C 1.5 1.7 1.9 2.2 2.5
Qe 6.0 6.8 7.7 8.7 9.8
Approximate Safe Yield of Boreholé-(Qw) e 200 m3/day
Daily Maximum Yield of Boreghole with I
19 hrs Operation (Qmw) .......... Carmeeeeen 150 m3/day
Maximum Pumping Rate (Qm) .....v.ineeecasen 130 L/min
Total Yield of Borehole per Day (Qmw) '
. S we. Omw x 1 ea = 200 m3/day

Capacity of Water Source.

Type (A) - (4) determinated by E%E[Water Demand .
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Number Survey Site U .. Urban -
S - 3 Al Sheab, Al Aswad’ S .. Semiurban
_ o _ XIR .. Rural
Number of Population ........c.nveraeas 2;009,- capita ... P
Number of Livestock ........ e 8,899, head ..... L
Gro“gth Rate R ) a % m * F o v ke -V. ------ . 3 tO! % ) DI S . Rl
Water Demand of HUMAN +.e.eovvrersonn 40,0, 'L/c/d e =
Water Demand of Livéstodk PR teevdevse. 6.0, L/h/d ... agh
x| Multipurpose Rate «...-.-... ceeneeeas 20007 3 eeeaae R2
Fire Fighting Use Rate ....c.eavvueens 25 gr ¥ |
Emergency PUrpose ........ erorantenneas 2.5 L/c/d‘..Q. Qe
1 2 3.7 4 5
present ' 5 years 10 years 15 years 20 years
P 2,000 2,319 2,688 3,116 . 3,612
L $,800 10,202 ~ 11,826 13,710 15,894
oc 80.0 92.8 107.5 124.6 - 144.5
Qh | 52.8 61.2 71.0 82.3 95.4
‘Qc' : Qc x 0.5 40.0  46.4 53.8 - 62.3 72.3
| T oh 132.8 ~ 154.0 178.5 206.9 239.9
0d _TYPSC‘ B 86 .0 92.8 107.5  124.6 144.5
Tohe — _ . . -
YPSC. 40.0 46.4 = 53.8 62.3 72.3
Type - A 26.6 30.8 35.7 . Al.4 - 48.0
Or Type - B 16.9 18.6 21.5 24.9 - 28.9
Type ~ C 8.0 9.3 10.8 12.5 14.5
Qe 31.5 36.5 42.3  49.1 56.9

Approximate Safe Yield of Borehole (Qw) .... 399 m3/day

Daily Maximum Yield of Borehole with . SR
19 hrs Operation (Qmw) ........ J O T 230 m3/day

Maximum Pumping Rate- (QM)  voivn o -;Q..;..;. . 200 L/min

Total Yleld of Borehole per Day (Omw)
............. - Qnow X 1 ea

it

130 m3/day
Design Capacity: 207 _ 5 . I
Type (&) - (4) determlnated by ]X*'Water Demand . -
s . Capacity of Water Source.
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Survey .Site

Urban

Omw X ] ea

Design Capacity: 49

Numbe
. I R ; S .. Semiurban
- o . B 1 .
] 4 Bany Farhan & Bany Saria'a F1r - rural
Number of Populatlon e e 650, capita .., ®
_Number of LLvestock R 1,300 head ..... L
Gm";th Rate ih‘h-..uou‘itnh!u-oa. ------- ?‘5 % ....... Rl
Water Demand of BUMEN . .uivneunronnnn, .. an0.00 L/c/d ... gc.
Wat&r-Demand,of Livestock ...vesveennns . 6.0, L/h/d .... qh
X Multipurpose Rate L R R R A L T L B S T Y 2{) .Ol‘ % ‘‘‘‘‘‘‘ R2
'Fire Fighting Use Rate ........... ve. 25.0, %
Emergency'Purpose O .o 2.5 L/¢/d .... ge
1. 2 3 4 5
Present 5 years 10 years 15 years 20 years
P 650 735 832 941 - 1,065
S 1,300 1,471 1,664 1,883 2,130
Qe - 26.0 29.4 33.3 37.6 42.6
Oh 7.8 8.8 10.0 11.3 12.8
ge' : Qc x 0.5 13.0 14.7 16.7 18.8 21.3
Type - A a
. Qcm+.Qh: 33f8 38.2 43.3 48f9 55.4
ga TYPE ~ B 26.0 29.4 33.3 37.6 42.6
_ Tng¢T ¢ 13.0 14.7 16.7 18.8 21.3
Type - A 6.8 7.6 8.7 9.8 11.1
- Qr Type - B 5.2 5.9 6.7 7.5 8.5
Type - C 2.6 2.9 3.3 3.8 4.3
Qe 10,2 11.6 13.1 14.8 16.8
'ApprdXimate Safe Yield of Borehole {(Qw) .... 300 m3/day
_ Daily Maximum Yield of Borehole with :
19 hxs Operation (QMW) v.oveieivnincnsnananss 230 m3/day
Maximum Pumping Rate (Qm) . .ceeeserovennnns 200 L/min
‘Total Yield of Borehole per Day (Qmw)
e, = 230 m3/day

Water Demand.

Type @A) -~ (4} determinated by
s ‘Capacity of Water Source.
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Number Survey Site L] vu .. Urban -
- y S .. Semiurban
7~ 1 Ghulayfagah el R .. Rural
Number of Population <..ec.niaeiiinrnonon 509, caplta -s. P
Number Of LiVeStOCK eavseceraloenans. covv 90 head ..... T
Growth RAte ..ieeucsceresnsensdinscnencnnns A % _....,;._Rl
Water Demand of HUMaEN ..o..vvenevsoeonsas 40,0 L/c/d ... qe
Water Demand, of Livestock ...... sevsvie<s 6.0 L/h/d .... gh
- Multipurpose Rate s.eevevesse- cerreaes 20000 B _
Iﬁl Fire Fighting Use Rate ceresasssewsae 25,0 0% ... . R2
Emergency Purpose «....-. ceseeas s . 2.5%. L/e/d ... qe
1 2 3 _ 4 - 5
Present _S'yéars_ 10 years 15 years 20 vyears
P 500 566 640 724 819
L 510 577 653 739 836
Qc 20.0 226 25.6 29.0 32.8
oh. 3.0 3.5 3.9 4.4 5.0
0c' : Q¢ x 0.5  10.0  11.3 12.8 14.5 16.4
S+ oh 23.0 26.1  29.5 33.4 37.8
04 Typgc- B . 20.0 22.6 - 25.6 29.0 - 32.8
TYPSCT ¢ 10.0 11.3 12.8 14.5. 16 .4
Type ~ A 5.8 6.5 7.4 8.4 9.5
Qr Type - B 5.0 5.7 6.4 7.3 8.2
Type - C 2.5 2.8 3.2 3.6 4.1
0e 7.9 8.9 10.1 11.4 12.9
Approximate Safe‘Zield of Bofehole (Ow) .... 100 m3/day
Daily Maximum Yield 6f Borehole with ‘ o
19 hrs Operation (Qmw) .iavennvvnnen. s e 80 m3/day
Maximum Pumping Rate (Qm) ...... ae s e 70 L/min
Total Yield of Borehole per Day (Qmw ) - Sl
= 80 m3/day

teesens e eev. Omw x 1 ea

Design Capacity: 34

Type;(A) -~ {4) determinated'by X Water Demand.

APP=39

Capac&ty of Water Source.



Design-Capacity: l;gSO

Number i . Survey Site X1 U .. Urban
How 2 Al Dahi S .. Semiurban
S R .. Rural
Number of Population ................... 7,000, capita ... P
Nﬁmher,of LiVeStOCkr,.. ................. 7,716, head ..... 1,
Growth Rate ...ivveiiiiareennanen e 6.0 3 eeiinen Rl
Water Demand of HUMAN ..o v v i v ir e nn. 120.00 L/c¢/d ... qgc
Water Demand of Livestock ..... See s amona 6.00 L/h/d .... gh
MUltipurpose RAte veveveseerennescons 20.0 3%
X | rire Fighting-USe Rate® ..ovversn cesne 25 0 % veseeee R2
Emergency PUrposSe .....es-o. creanae s eeee  2.5% Lfc/d .... ge
1 2 3 4 5
L Present 5 years 10 years 15 years 20 years
P - 7,000 9,368 12,536 16,776 22,450
L 7,710 10,318 13,807 18,477 24,727
Qc 840.0 124.2 1,504.3 2,013.1 2,694.0
Oh 46.3 61.9 82.8 110.9 148.4
Qc' Qo x 0.5 420.0 562.1 752.2  1,006.6 1,347.0
-.' Type - A . '
Oc + Oh 886.3 1,186.1 1,587.1 2,124.0 2,842.4
. - B . .
ga  TYPE 840.0 1,124.2 1,504.3  2,013.1 2,694.0
oc? 420.0 562.1 752.2 1,006.6 1,347.0
Type ~ A 221.6 296 .5 396.8 531.0 710.6
Qr Type - B 210.0  281.1 376.1 503.3 .  673.5
Type - C 105.0 140.5  188.1 251.7 336.8
Qe 110.3 147.5 197.4 264 .2 353.6
_ApprOximate Safe Yield of Borehole (Qw) ... 1,000 m3/day
Daily Maximum Yield of Borehole with _
19 hrs Operation (QMW) «.veeeveosnvooans .o 790 m3/day
‘Maximum Pﬁmping Rate (QM) e erveoncncanons 690 T/min
Total Yield of Borehole per Day (Qmw) L
L ide e s ae e Qmw x 2 ea =, 580 n3/day

Type

A) -

{3) determinated by

APP-40

Water Demand.
Capacity of Water Source.




Nunber survey Site o ... Urban
8 .. Semiurban

0~ 3 Al Mounirah Xt R .. Rural
| | | ABBAS HARUNIA .
Number of Population .... TN 1,990, capita ... P
Number of Livestock .... ' 265, 375, head ..... L
Gro‘qth Rate ® b e T b L T .. > o B & s O 9 "W U » . 6 - 0’ % - l. lllll R.l
Water Demand Of Humam ......... —_— 49.0, L/c/d .... qc
Water Demand of Livestock ....ceee- e naale 6.@' L/h/d .... gh
Multlpurpose-Rate ;....Q.f; ......... ;'20,Q_3%. -
X | Fire Fighting Use Rate .:...cveeevaes 25.0, % ....... R2
EMET gency PUTPOSE seoeosecnsossancsosesss 2.5 L/c/d .... ge
1 2 _ 3 45
Present 5 years 10' years . 15‘§ears; 20 years
A A 700 937 1,254 ,678 ,245.
H1,000 1,338 - 1,791 .2 397 _ 3 207
- A 265 355 475 635 850
- H 375 502 672 . 899 1,203
Oc A 28.0 37.5 50.2 67.1 89.8
B 40.0 .53, 5 - 71.6 S85.9 .128.3
Oh A 1.6 2.1 2.9 - 3.8 5,1
H 2.3 . 3,0 . 4.0 5.4 7.2
. A 14.0 18.8 25.1 - 33.6 44.9
(Qe' 2 Qex 0.5y 3900 26.8 35.78 2820 7 64.2
Type - A A 29,6 ‘39.6 53.1 70.9 94.9
Oc + Qh H 42.3 56.5 75.6 . 101.3 - 135.5
oa Type - B - A 28.0 "37.5 50,2 67.1 89.8
: Qc H 40.0 53.3 71.6 95.9 128.3
T§Pe - C A 14.0 18.8 25.1 33.6 44 .9
Oc' H 20.0 26.8° 35.8 . 48.0 64,2
A 7.4 9.9 13.3 17.7 23.7
T - ‘ . . .
ype - Ay 1905 11,1 18.9 25.3 33.9
' A 7.0 9.4 12.6 16.8 22.5
r - B _
Or Type H 10.0 13.4 . 17.9 24.0 32.1
~ A 3.5 4.7 6.3 8.4 11.2
Type - C  § 5.0 6.7 9.0 120 16.1
0o A 11.0 14.8 19.8 26.4 35.4
- H 15.8 C21.1 28.2 37.8 50.5

Approximaté Safe Yield of-Boiehole (Qw) .;.._ 500 in3/day
Daily Maximum Yield &f Borechole with LT :
19 hrs Operation (QmW)  ....eieanevssavsno.. 400 m3/day
Max imum Pumping Rate (Qm) '.....‘.a..-.;;... 340 L/min
Total Yield of Borehole per Day - {Qmw) :'“i

Cr e heeea ve. Omw x 1 ea = 400 m3/day
Design Capacity: 172 -

‘Type (a) - (4} determlnated by X_ Water Demand _ :
: . Capa01ty of Water Source
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'Number_ _ SurVéy-Site U .. Urban
oo ' : 1w : S .. Semiurban
T - . L
" 1 Al Mashjab 7 R Tl
Number of Population ................... 800, capita ... p
Number of leestock A aar et e e 6,679, head ..... L
GrOWth Rate R - L R R N L I O I R N . 2 . 5 ] % ------- Rl
Water Demand of Human ......... PP - 49.0, L/c/d .... qc
'Water Demand of Livestock ..iiivinnvennnn 6.0, L/h/d .... gh
X Multlpurpose Rat .oevvsnceeneanunans 20,0+ % Leaiienn R2
Fire Fighting Use Rate ......icovivnnn 25.0, %
Fimergency PULPOSE vvvervnnsonnarnnsnnsennns 2.5, L/c/d .... ge
1. T2 .3 _ 4 5
Presént &5 years 10 years 15 years 20 vears
P . 800 905 1,024 1,159 1,311
L 6,670 7,547 8,538 9,660 10,930
Qe 32.0 36.2 41.0 46.4 52,4
Ch 40.0 45,3 _ 51.2 58.0 65.6
Q9¢' : Q¢ x 0.5 16.0 18.1 20.5  23.2 26.2
B Type - A 1.5 2.2 104
P8 o 72.0 81, 32, .4 118.0
oa TYPg - B '32.0 36.2 41.0 46.4 52.4
Type — C 16.0 18.1 20.5 23.2 26 .2
Qc . :
Type - A 14.4 16.3 18.4 20.9 23.6
Or Type - B 6.4 7.2 8.2 9.3 10.5
 Type - C 3.2 3.6 4.1 4.6 5.2

De 12.6 14.3 16.1 18.3 20.6

Approximate Safe Yield of Borehole (Qw) .... 400 m3/day
Daily Maximum Yield of Borehole with

19 hrs Operation (QEW) +.ivisinninncnanannnnn 310 m3/day
Maximum Pumping Rate (Qm) ....iieieoniennann 270 L/min
Total Yleld of Borehole per Day (Omir) —

U e e s Qmw x 1 ea = 310 m3/day

DeSign_Capacity:_ 105
Type (A) - (4) determinated by [y ]| Water Demand.
‘ ; oo Capacity of Water Source.
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Numbe r Survey Site ' lu .. vrban
. S ... Semlurban

T - 2 Al Manara & Al Dukum . =1 R .. Rural
Number of ngulation cae e e e ':EQQQ Capifé eae ?:
Number of.Livestock cam s e s '....,.,... 6,240 4 head ceewe Lo
Growth RAt@ .evciovcerocsoncrarnnenssons 2.5, %-_f...;.. Rl
Water Demand Of HUMAN o vsssosnvaosess 40.0, L/c/d ... qc
Water Demand Of LivVeStaCK .evevees-evsess 6.0, L/h/d ... ¢h
X Multipurpose Rate o.... crsanerwr veees 20,0 % sevenos R2
Fire Fighting Use Rata vevesevaverees 25 0r 3 _
Emergency Purpose .....- cerevuan wevoswesev 2.5 _L/c/d_,... ge
T 1 2 3 4 5
Present 5 years 10 years. 15 years 20 years
P | 600 679 768 869 983
L 6,240 7,060 7,988 9,037 10,123
Qc 24.0 27.2  30.7  34.8 1 39,3
gh 37.4 42.4 47.9 54,2  60.7
gc' : Qc x 0.5 12.0 13.6 15.4 17.4 19.7
Type — A = _ : ) '__ -
P oh 61.4 69.6 78.6 . 89.0 100.0
od TYPe - B 24.0  27.2  30.7 34.8 39,3
TYPSC‘ ¢ 12.0 13.6 15.4 17.4 19,7
Type - A 12,3 13.9 15.7 17.8 20.0°
Or Type - B 4.8 5.4 6.1 = 7.0 7.9
Type - C 2.4 2.7 3.1 3.5 . 3.9
Qe 9.5 10.7  12.1 12.7 © 15.5

Approximate Safe Yield of Borehole (Qw) .... 400 m3/day

Daily Maximum Yield of Borehole w1th L . » ,
19 hrs Operatlon (Omw)  oiiiiii e '310. m3/day

Max imum Pumplng Rate (Qm} R I . 270 L/min

Total Yield of Borehole per Day (Qmw) o =
s Omw x 1 ea = 310 m3/day

_Design Capacity: 89 . ' '
Type (A) - (4) determinated by X Water Demand .
Capacity of Water Source.
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'Survey Site

Total Yield of Borehole per Day (Qrow)
Qmw x 1 ea =

£

LN A A A A L ]

Design Capacity: 82
- Type (A) (4) determinated by

APP-~44

. Numbex rve U .. Urban
-3 Al Maydan, Al Jubail : 5 .. Semiurban
: ¥y { R .. Rural
Number'of Population'. ................... 1,000, capita ... P
Number of LIVEStook oveeur i enreeeenenn. 2,740, head ..... L
° GrOWth Rate ....... LI I L] L ) LI 2 - 5;_ % L L Rl
Water Demand of Human ............. . 40.0, L/c/d .... gc
Water Demand of Livestock ....... e 6.0, . L/h/d .... gh
I'x] Multipurpose Rate ....veveivenninennn 20,00 % cevren .. R2
& | Fire Fighting Use Rate ......... cesse 25,0, %
ENErgency PUXPOSE «..veesinconennncesns eve 2.5 L/c/d .... qe
1 2 3 4 5
Present 5 yéars' 10 years 15 yearé 20 years
b 1,000 1;131 1,280 1,448 1,639
L . 2,740 3,100 3’507 3,968 4,490
Qc - 40.0 45.3 51.2 57.9 65.6
on 16.4 18.6 21.0 23.8 26.9
. 0c' : Qe x 0.5 20.0 22,7 25,6 29.0 32.8
T Hype = A |
- "0c +.0n 56.4 63.9 12.2 8l.7 92.5
Qd TYPSC' B 40.0 45.3 51.2 57.9 65.6
ree T ¢ 20.0 22.7 25.6 29.0 32.8
 Type - A 11.3 12.8 14.4 16.3 18.5
Qr  Type - B 8.0 9.1 10.2 11.6 13.1
Type - C 4.0 4.5 5.1 5.8 6.6
Qe 15.8 17.8 20.2 22.8 25.8
: Apprcximate Safe Yield of Borehole (Qw) .... 700 m3/day:
Daily Maximum Yield of Borehole with :
19 hrs Operation (Qmw) .........c.eeoe..i... 550 m3/day
_Max1mum Pumplng Rate (QM) ..iviirocnnansans 480 L/min

550 m3/day

Waﬁer'Demand.
Capacity of Water Souxrce.



Numberx : -SurVéy'Site o U --“Urb?ﬂ
_ . L L - 18 .+ Semiurban.
T - 47 Hadad & Oahfa © ¥l R .. Ruzal
| - HADAD " QAHFA: - _
Number of Population ... 700, - 1,190, capita;f,; 2
Number of Livestock .... 1,100, -~ 1,649, head ..... L
Gro‘gth Rate .so.'t-.-sy-‘to-o.a D 2‘5 ¥ % ""--.- - Rl
Water Demand of HUMAN wsieocauceene 40.0 L/g/d cee . Qe
Water Demand of Livestock ..........viany 6.0, n/h/d .... gh
x | Multipurpose Rate te..sncecvenns erees 20,0 % cean .. R2
Fire Fighting Use Rate .........e.0.425.0, g
Emergency PUYPOSE ...ceesves- eivesionses 2.5, L/c/d ... ge
1 2 3 .. A ... 5
; 'Present 5 years 10 years 15 years 20 years-
o p H 700 792 896 1,014 1,147
- _G1,100 1,245 1,408 . 1,593 '~ 1,802
- Hi, 100 1,245 1,408 1,593 = 1,802
G1,640 1,856 2,099 2,315 2.687.
ac H 28.0 31.7 . 35.8 40.6 - 45.9
_ G 44.0 49.8 56.3 . 63.7 721
Qh H . 6;6 ) 7.5 8-4 : 9-6 10-8
¢ 9.8 _ 11.1_  12.6 14,3 . 16,1
gc' : 0c x 0.5 B 14.0 - 15.9 17.9 - 20.3 -23.0
— . G.22.0 24.9 . . _28.2. 31.9 3621
Type - A H 34.6 39.2 44,2 50.2 56.7
. Oc + Oh G 53.8 60.9 68.9 78.0 88.2
od ~ Type - B . H 28.0 31.7 35.8 40.6 45.9
Qc . G.44.0 49,8 56.3 637 . 72,1
Type - € H 14.0 15.9 17.9 20.3 23.0
' Qc' G 22.0 24,9 28.2 319 36.1
_ H 6.9 7.8 8.8 10.0 . 11.-@.3
Type A 99,8 12.2 13.8 15.6 . 17.6
: ' : H 5.6 6.3 7.2 . oBL1 9.2
Qv Type - B g.g 10.0 11.3 12.7 14,4
o H 2.8 3,2 3.6 T 5.6
Type - G 4.4 5.0 5.6 6.4 7.2
o= 0 11.0 12.5 I8 16.0 18.1°
) G17.3 18,6 22,2 25,1 28 4

Approx1mate Safe Yield of Borehole {ow) .... 500 m3/day
Daily Maximum Yield of Borehole with

19 hrs Operation (Qmw) ..... e eeececaas. 400 W3/day

Max1mum Pumping Rate (Qm) censesas -.;ﬂ;;.... 340 L/min

Total Yleld of Borehole per Day (Qmw) : R '  |
........ Ceie Qmw X 1 ea = 400'ﬁﬁ/day

DeSLgn Capa01ty. 128 :
_Type @A) - (4) determlnated by < Water Demand.
Capac1ty of Water Sourca
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Number survey Site

_ .1 U .. Urban
T~4B Al Rudha & Al Hagl X |8 .. Semiurban
. ; o - _ R .. Rural
Number of Popuiatioh'...... ......... ve.’ 2,500, capita ... P
Number of LAiVeStock w.veeeerns... veveww 3,430, head ..... L
. GrOWth Rate -o--n..v...;-oo-ub-f.-t;0¢-h¢- 2.5, '% " s b B e oW Rl
Water Demand of Human ....cevevnns feeaes 40.0, L/c¢/d ... qgc
Water‘Deﬁand'of Livestock ........... eve. 6.0, L/h/d .... gh
x'_Multipurppse'Rate cere e ceeanes 20.0, % ...oen. R2
“ ] Fire Fighting Use Rate ..ouweecevasso. 25.0, 3
Emergency PUTYPOSE +veewnnon s haemeerr e 2.5 L/c¢/d .... ge
1 2 3 4 5
Present 5 years 10 years 15 years 20 years
P 2,500 2,829 3,200 3,621 4,097
L 3,430 3,881, 4,391 4,968 5,620
Qc 100.6 113.2 128.0 144.8 163.9
oh 20.6 23.3 26.3 29.8 33.7
0c’' : Qc x 0.5 50.0 . 56.6 . 64.0 72 .4 82.0
'" Tvpa  — ” ' .
fPe “oh  120.6  136.5  154.3 174.6 197.6
od. 'Typgc- B 100.0 113.2 128.0 144.8 . 163.9
Type = °C 50.0 56.6 64.0 72.4 82.0
QOc :
Type - A . 24.1 27.3 30,9 34.9 139.5
Qr Type — B 20.0 22.6  25.6 29,0 32.8
Type ~ C 10.0 11.3 12.8 ¢ 14.5 16.4

Qe . 39.4 44.6 50.4 57.0 . 64.5

Approximate Safe Yield of Borehole (Qw) .... 100 m3/day

Daily Maximum Yield of Borehole with

19 hrs Operation (Qmw) ...cuivivnnnnnn. e g0 m3/day
Maximum Pumping Rate (Qm) .....ceovnneonnn. 70 L/min
Total Yield of Borehole per Day (Qmw)

: S PR S .. Omw x 1 ea = 80 m3/day

Design Capacity:
Type ) -~ (4) determinated by [ | Water Demand.
R S v | Capacity of Water Source.
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Number ' Survey'Site U .. Urban’b
5 ’ T Y S ; “«-m Semiﬁr an

T ~ 5 Shohat & Al Racdash 1 r .. Rural
Number Of population c o w PR e cf.. P 2 pD qO f X Capita e P
Number OFf Livestock weesesveeeeeaevessss 3,740, head coooo L
GrOWth Rate'-.ouooc-nnotb-anoo ooooo . ® 205) % un--‘.sn...Rl'r
Water Demand of Human ..... e veeses 40,0, L/c/d .;..lqc
Water Demand of Livestock ...........vvvs 6.0, L/h/d <v.. gh
x| Multipurpose Rate ...c.ocenvencueces .. 20.0, % v.esn.. R2

Fire Fighting Use Rate ......evevvn- . 25.0, "%

Emergency Purpose  reresosresenanueananes 2.5, DL/c/d .i.. qe

1 2 3 a4 5

Present 5 years 10 years 15 years 20 Years'

P 2,000 2,263 2,560 2,897 3,277

L 3,740 '4,231 . 4,?87. 5,417__- 6,128
o s0.0  90.5 102.4.  115.9 131.1

oh 22.4 25.4 - 28.7  32.5  36.8

gc' : Qe x 0.5  40.0 . 45.3 51.2 58.0  65.6
ngezzéﬁ 102.4  115.9 131.1  148.4  167.9

0d TYPSC“ B so0.0 90.5 102.4  115.9 131.1
TYPSCT ¢ 40.0  45.3 51.2 58.0.  65.6

Type - A 20.5  23.2 26,2 29.7  33.6

or Type - B 16.0 18.1 20.5 ‘23,2 26.2
Type - C 8.0 9.1 - 1.2 11.6 13.1

e 31.5 35.6 40.3 15.6 " 5l1.8

Approximate Safe Yield of Borehole (Qw) .... 200 m3/day
Daily Maximum Yield of Borehole wmth : Co
19 hrs Operation {(Qmw) ..... e veesienes. 150 m3/day
Maximum - Pumping Rate (Qm) ,.;;....;;..4...; 130 L/min
Total Yield of Borehole per Day (Omw) -~ IR
: _ ceivisesraie. QOmw x 1 ea = _150 m3/day

Design'CapaCity:- . ' : ' o '
Type (A) - (4) determinated by [y | Water Demand.~

: : : Capacity of Water Source
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Number Survey Site’ U .. Urban
- Tl x| 8 .. Semiurban
T - 6_. Al Zakira R .. Rural
 Number of Populatidn'..,.;.; ............ 4,900, capita ... P
Number of LiveStock ..vveeceneiononsanns 8,220, head ..... L
Growth Rate vovveresnsssosnen e e nee 3.8 0% L. iens Rr1
Watér'bémand Of HUmMam «.ovvioncnerovesens 70.0 L/c/d .... gc
Water Demand of Livestock ............... 6.0, L/h/d .... gh
[¥] Multipurpose Rate .....oveceacnn.. cee 2000, % ..., R2
Fire Fighting Use Rate ......... eese. 25.0, 3
Emergency Purpose ...... e vt eeie o 2.5 L/c¢/d .o ge
1 2 3 4 5
Present 5 years 10 years 15 years 20 years
2) 4,000 4,637 5,376 6,232 7,224
L 8,220 9,529 11,047 12,807 14,846
Q¢ 280.0 324.6 376.3 436.2 505.7
oh 49.3 57.2 66.3 76.8 89.1
Qc' : Qc x 0.5  140.0 162.3 188.2 218.1 252.9
— Type = A - - - -
| e + oh 329.3 381.8 442 .6 513.0 594.8
ga  TYPE - B 280,0  324.6  376.3 436.2 505.7
Typgéj C 140.0 162.3 188.2 218.1 252.9
“Type — A 65.9 76.4 88.5 102.6 119.0
Qr  Type - B 56 .0 64.9 75.3 87.2 101.1
Type - C 28.0 32.5 37.6 43.6 50.6
Qe 63.0 73.0 84.7 98.2 113.8
Approkimate Safe Yield of Borehole (Qw) .... 100 m3/day
Daily Maximum Yield of Borehole with . '
‘19 hrs Operation (QMW) .......c.e.. fe e 80 m3/day
Maximum Pumping Rate (Om) ....... v 70 L/min
Total Yield of Borehole per Day (Qmw)
: ' e = 240

Qmw x 3 ea m3/day
Design Capacity: ' '
Type (C) - (3) determinated by

Water Demand. _
Capacity of Water Source.
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U .. Urban

Numbex Survey Site 8 _
o o o 18 .. Semiurban
T o~ 7 Bab AL Mandab % 1R .. Rural
Number of Population ....ec.o.coden Caee 5,000, capita ... P
Number.of'LiveStOCk Pe s s e e e SERRERRRY ' 4lq; head ..... I,
Gl‘.’OWth Rate 009"‘_.'°D.tbtt0.ti?l!‘_Ubo.owio-l 6&0' % v o & & B a0 Rl
Water Demand of HUMAN +.eeioncooess s 120.0, L/c/d SR (o]
Water Demand of Livéstock Cereeiaae e ._':6,0,'L/h/d +o.s gh
T MUltipurpose RAte .eeeesevscoencsanes 20,0, %
X | Fire Fighting Use Rate ......... peees 25,0, 7% e..... R2
Emergency PUYPOSE ..visvvesnss cereren evsse 2,5, B/c/d ... qe
1 2 3 4 5
" Present 5 years 10 vears 15 years = 20 yea;s
o 5,000 6,691 8,954 11,983 16,036
L 410 549 734 983 1,315
oc - 600.0  802.9 1,074.5 1,438.0. 1,924.3
oh 2.5 3.3 4.4 5.9 7.9
oc' : Oc x 0.5  300.0 401.5 537.3 719:0 962.2
Type - & 06.2  1,078.9  1,443.9  1,932.2
o on o025 6.2 1,07 o
od Tsn?gc-~ B 600.0 802.9 1,074.5 1,438.0 - 1,924.3
TYPSCT ¢ 300.0  401.5 537.3 '719.0 962.2
Type - A 150.6 201.6 269.7 361.0 483.1
or Type ~ B 150.0  -200.7 268.6 359.5  481.1
Type = C 75.0  100.4 134.3  179.8 = 240.6
e 78.8  105.4 141.0 188.7 . 252.6
Approximate Safe Yield of Borehole (Qw)';..., 560,m3/day
Daily Maximum Yield of Borehole w1th S o
19 hrs Operation {(Qmw) ...... Ve - 400 -m3/day
 Maximum Pumping Rate (Qm) ..... S e i i e +« 340 L/min

Total Yield of" Borehole per Day. (Qmw)

...... CIE I SR )

DeSLgn CapaCLty

Type (A} - (3} determlnated by [

APP-49

Qmw X 3 ealﬁi;QOO‘ﬁ3/déy

Water Demand.
Capacity of Water Source




‘Nurber : Survey Site U .. Urban
ST S TP _ S .. Semiurban
T - 8 - Yahkhtol ¥ 1 R .. Rural
Nunmber of Popﬁlation e aaraaee e .. 2,570, capita . P
Number of leestock ..... Cei e veves.. 6,857, head ..... L
Growth RAEE v oavncorennoronnnenssnnssn. 6.9, % L...... R1
Water Pemand of Human ....... e e e e 40.0 , L/c/d qc
_Water Demand Of Livestock ..oveveriecenenn. 6.0, L/h/d gh
Tl Multipurpose Rate cvaivennvecaneannas 20,0, %
X | Fire Fighting Use Rate ........... v ae 25,07 % veienn. R2
Emergency Purpqse ..... e h et e aiae i 2.5, L/c/d ... qe
1 2 3 4 5
Present 5 years 10 years 15 years 20 years
P 2,500 3,346 4,477 5,991 2,018
L 6,850 9,167 12,267 16,416 21,969
0c | 100.0 133.8 179.1 239.6 320.7
oh - 41.1 55.0 73.6 98.5 131.8
Qc' : Qe x 0.5 50.0 66.9 89.6  119.8 160. 4
- Type - A . : '
Oc + Oh _i?l.l 188.8 252.7 338.1. 452.5
T - B :
oa  TYPO. 100.0  133.8 179.1 239.6 320.7
pe T ¢ s0.0 66.9 89.6 119.8 160.8
Type —~ A 35.3 47.2 63.2 84.5 113.1
Qr Type - B 25.0 33.5  44.8 59.9 80,2
Type - C 12.5 16.7 22.4  30.0 40.2
Qe | 39.4 52.7 70,5 94,4 126.3

Approximate Safe Yield of Borehole (Qw) .... 1,000 m3/day

Daily Maximum Yield of Borehole with

19 hrs Operation (Qmw) v.cveueeeenannas wene. 790 m3/day
Maximum Pumping Rate (Om) ....ievieneninonns 690 L/min
- Total Yield of Borehole per Day (Qmw)
: T i e e s e e Quw x 1 ea = 6990 m3/day
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Type @A) - (4) determinated by [X | water Demand.
. o Capacity of Water Source.
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Number Survey Site “HT

T - 9 Makbana i

Number of Population ... ) 3,000, ®R) 4,

.. Utrban

4]
§ .. Semiurban
" ,

.. Rural

000’ .o capita LI} P

Number of Livestock ..c.rsseciaa.. 2,740, head ..... L
GrOWth Rate -.;';.Ioglb&.-u-utlovﬁ; 'g.o.f % . '-.--a..Rl
Water Demand of Human ... () 70.0 , @®) 40.90, L/¢/d v, gce
Water Demand of Livestock ..... cevenessse 6.0, L/h/d ... gho
¥ 1 Multipurpose Rate ..ccoveoonaen ceevas . 20,00 % .i.es.a. R2
Fire Fighting Use Rate ..... neieeas 2500 3 R
EMELgency PUTPOSE «.c.osevesnsarassrsansss 2.5 bL/c/d ... ge
1. 2 . 3 4 5
Present 5 years 10 years 15 years 20 years
p 53,000 3,478 4,032 - 4,674 5,418
R4,000 4,637 5,376 . 6,232 7224
L 2,740 3,176 3,682 4,269 4,929
oc —8210.0 543.5  282.2 327.2 379.3
) R160.0 185.5 = 215.0 249.3 .. 289.0
Oh  16.4 19.0 22.1 25,6 29.6
r . 5105.0 121.8 141.1 163.6 189.7
Qc' 2 06 x 0.5 ¢80.0 _ 92.8 107.5 124.7 144.5
Type ~ A _ o 9.
| .Qc + Qh 386.4 448,0 519.3 602.1 697.9
oa  TYPE T B 370.0 429.0 497.2 576.5 668.3
WPE T 1ss.0 246.0 248.6 288.3  334.2
Type ~ A 77.3 89.6 103.9 120.4 139.6
Qr Type - B 74.0 85.8 99 .4 115.3 133.7
Type ~ C 37.0 49.2 . 49.7 57,7 66.8
Qe 110.3  127.8 148,2 171.8° 199.1
Approximate Safe Yield of Borehole (Qw) .... 700 m3/day
Daily Maximum Yield of Borehoie:with : S
19 hrs Operation (Qmw) .......... ceriasesss 550 m3/day
Maximum Pumping Rate (Qm) ........e.:iv0... 480 L/min
Total Yield of Borehole per Day (Qmw) - .
T e e ceeeen. Qmw x 1 ea = 550 m3/day
' DeSignfCapécity. 550 Lo '
Type () ~ (4) determlnated by Water Demand. =
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APPENDIX 4

COST ESTIMATE




CoSt'df.Water source - (1)

S , _ 'Dfiiling: ot _
Number  Survey Site Total | . Sand & Gravel $=350 ~ Sand & Gravel ¢=300 |~ Soft Rock 4=300 Medium to Hard Rock 4=300 Fogminy
' Pepth oty [ Rate Amount |Q'ty |  Rate Amount  |Q'ty| Rate Amount Q'ty] Rate Amount Sub Total | Q'ty ] Rate | Amount
| | R 7 w | ¥m | ¥ |w | ¥m ¥ mo [¥m Y ‘ m | ¥/m Y

HA-1 AL-MADAN & VILLAGES 300 20 91,394 1,827,880 85,133  30 122,950 9,836,000 |200 [165,068| 33,013,600 a4’6§7,ﬁ80 100 1,670 501,000
HA-2 ELMAN & 4 OTHER vILLAGES | 300 20 1,827,880 80 9,836,000 | 200 33,013,600 | 44,677,480 { 300 501,000
HA-3A  SIHARA 360 20_ i.827;880 80 9,836,000 | 200 33,013,600 | 44,677,480 | 300 501,000
HA-3B  THARI 300 20 1,827,880 80 9,836,000 | 100 16,506,800 |'28,170,680 | 200 334,000
HA-4  HARAD 1én. 10 - 913.940 _ 90 7,661,970 | 20 2,459,000 11,034,910 | 120 200,400
»A~l AL-MAHWEET CITY 200 20 .1,827,880 180 22,131,000 23,958,880 | 200 334,000
A-? HUFASH 200 20 1,327,580 80 9,836;600 100 16,506,800 | 28,170,680 | 200 334,000
A-3 AL~-RAJAM 300 20 _1,8277880. 80 9,836,000 | 200 33,013,600 44,677,480 | 300 501,000
At AL—KHABET 200 20 1,827,880 80 9,836,000 | 100 16,506,800 | 28,170,680 | 200 334,000
§-1 BANY SHAKER & BAIT ABO 200 20 1,827,880 80 9,836,000 | 100 16,506,800 | 28,170,680 | 200 334,000
52 BAIT ABO HASHEM 200 10 913,945 50 11,065,500 | 100 16,506,800 28,486,240 | 200 334,000
5-3 AL-SHEAB & AL-ASEAD 100 10 913,950 AO. 4.913,000 50 8,253,400 | 14,085,340 | 100 167,000
5-4 BA&Y FARHAN & BANY.SERIA'A 100 10 913,940 40 4,918,000 | 50 8,253,400 lﬁ;085,540 100 167,000
ol GHULAYFAGAH 30 10 913,940 | 20 ) 1,702,660 2,616,600 | 30 -50,100
H-2 AL-DAHL 80 10 913,940 70 5,959,310 5,873,250 80 133,600
H-3 KL-MOUNIRAH 60 10 913,940 | 50 4,256,650 5,170,590 | 60 '10d'2°°_'
T e, 1 o 913,940 | 80 6,810,640 | 20 2,459,000 10,183,580 | 110 183,700
T-2  AL-MANARA & AL-DUKUM 110 | 10 913,940 | 80 ‘ 6,810,640 | 20 5,459,600 10,183,580 110 183,700
-3 AL-MAYDAN AL-JUBAIL SHEIBD 200 20 : 1,827,885 80 9,836,000 100 16,506,800 | 28,170,680} 200 334,000
T_é; ' Eigzz, — | 180 % 1,82},880 ) 60 7,377,000 | 100 16,506,800 | 25,711,680 | 200 334,000
T-4B ~ AL-KUDAH, AL~HAGL

s SHORAT, AL-KADASH s 1.276.995 | 5 614,750 1,891,745 | 20 33,400
T-6 AL-ZAKIRA

- _ 65 10,729,300 | 12,557,300 | 85 141,950

T-7 BAB-AL~MANDAB 85 - 20 . 1,827,880

s yaKTOL 100 " 913,940 70 .5,959,310 20 2,459,000 9,332,250 100 167,000
iy L ':300' o 1,8§7;8862 140 17,213,000 | 140 23,109,520 | 42,150,400] 300 501,000
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Cost of Water Source - (2)

o

Number’ : L : Casing éﬁd Screen _ =
© Casing Insertion _ Cas’i"t{g :'pj_p-e 4 = 200 Sexeen | #9200 Gravel Puch w7 —1 Pumping Tesat - Tmpora:y Work _
kTR : I . woreen | ¥ _ ; gsemblage and
Q'ty - Rate Amount | Q'ty | Rate Amount | Q'ty “Rate. Amount Q'ty | TRate | . A_moun't:_ Sub*Tbt_&i' Q' ty H%ﬁ;;t;;cﬁ_ Scaffold- | Disassemblage of | Sub Total
R ¥ mo ¥u oo ¥l e o w | ¥/l ¥ v fmet | Ty ingf fentonite Prilling Nechins
HA-L | 300 | 4,640 |1,392,000{ 2371 7,500 1,777,500 | ‘63| 855000 |5,355,000 50,000 - 8,524,500 | 11 2,108,743 229 600 m" 000 7o ! . |
. : o - : o 9, . 1,920 1,438,520
HA-2 | 300 1,392,000( 237 1,777,500 ] 63 5,355,000 2 3,524,500 112,188,248 | 239,400 417,000 791,920 1,438,520
HA-3A[ 300 1,%192,000 237 31,'?77,50‘@' 63 | 5,-355,:50‘9 8,524,500 | 1| 2,188,248 | 229,600 | 417,000 791,920 1,438,520
HA-3B| 200 928,000| 158 1,185,000 42 3,570,000 5,683,000 [ 1} 2,188,248 | 229,600 | 417,000 791,920 1,438,520
HA-4 | 120 556,800 | 197 | 727_-,5_05 23 1-'95_5'000. 2.3 123,000 3’3?“’3°° 11 2,188,248 | 229,600 | 417,000 791,920 1,438,520
a-1 | 200 928,000| 158 1,185,000 | 42 3,570,000 5,683,000 | 1| 2,188,208 | 229,600 | 417,000 791,920 1,438,520
A~2 | 200 928,000] 158 1,185,000 42 3,570,000 5,683,000 1] 2,188,248 | 229,800 | 417,000 791,920 1,438,520
a-3 | 300 1,392,000| 237 | 1,777,500 | 63 5,355,000' 8,524,500 1] 2,188,248 | 229,600 417,000 791,920 1,438,520
A-4 {200 928,000| 158 1",:185',00.5. 4.:2' 3,570,000 5,683,000 1| 2,188,248 | 229,600 417,000 791,920 1,430,520
3-1 200 928,000| 158 1,185,000 | 42 3,570,000 5,683,000 1| 2,138,248 2#9,600 417,000 791,920 1,438,520
s-2 | 200 928,000 158 1,185,000 | 42 3,570,960 5,683,000 1] 2,188,268 | 229,600 | 417,000 791,920 1,438,520
s-3 | 100 464,000 80 600,000 | 20 1,700,000 2,764,000 1| 2,188,248 | 229,600 417.,000 791,920 1,438,520
s-4 | 100 464,000 80 600,000 | 20 1,700,000 2,764,000 1§ 2,188,248 | 229,600 | 417,000 791,920 1,438,520
H-1 30 139,200| 20 150,000 | 10 _ aso,o’nﬁ 1,139,200 1] 2,188,248 | 229,600 417,000 791,920 1,438,520
H-2 80 371,200) 60 450,000 ] 20 1,700,000} 3.2 160,000 | 2,681,200 1] 2,188,248 229,600 au,nob 791,920 1,438,520
H-3 60 278,400 | 40 500,000 | 20 1,700,306- 3_@- 150,000 | 2,428,400 1 5,135,243 229,600 | 417,000 791,920 1,438,520
T-1 110 510;Aob 89 667,500 21 1,785,000 | 4.5 225,000 | 3,187,900 1 #;‘,188,248 229,600 417,000 791,920 1,438,520
T-2 110 510,400 89 . 667,500 21 ’ 1,785,000} 4.5 .225,000 3,137,900' 1 2,188,248 229,600 417,000 721,920 1,438,520
T-3 200 928,000 158 1,185,600 42 3,570,000 5,633,500 1| 2,188,248 | 229,600 417,000 791,920 1,438,520
T-4A | 200 gza,boo 158 1,185,000 | 42 3.5’%0,000 5,683,000 1| 2,188,248 | 229,600 417,000 791,920 1,438,520
. 1,438,.,520
y . N 5000 10 850.000] 0.8 40,000 | 1,057,800 1| 2,188,208 | 229,600 417,000 791,920 1,438,520
T-6 . .
. . 354,400 . w2.500| 30| 2,550,000 3,356,900 1| 2,188,268 | 228,600 417,000 791,920 1,438,520
T-8 | 100 464,000] 80 | 600,000 20 1,700,006' 4 200,000 | 2,964,000 | 1| 2,188,248 | 229600 417,000 791,920 1,438,520
T-9 300 1,392,600 237 | .1:,777,500 63 5..355,00..0 8.526,500‘.' 1| 2,188,248 | 229,600 | 417,000 791,920 1,438,520
— ‘ ' App-53




Cost of Water Wource =« (3)

Number | 1 ansportations T.I.P.S-Tra.nspﬂtatiﬂﬁz . Crane : _'.Neft.;.-'cbw- i e : (.).vert::ea.d Cogt, e Gonstruce ¢. Cost
S ; ol Sub Total ! struction | Rent of Bullding | Trahs-Laborer - Overhead Cagt ] ue Management Cost Include

A 1,800,000 16}, 480,000 : ?'289f9°° 139,609,748 11 0.9 _536?437' 0.5) 298,048 | 8.0 4,768,779 | 5,603,314 | 65,213,067 | 12.5 | 8,151,632 | 73,364,694
HA-2 1,800,000 16| 460,009" 2,280,000 | 59,609,748 0-9 536,487 9.5 298,048 8.6_ 4,768,779 | 5,603,314 | 65,213,062 | 12.5 | 8,151,632 | 73,364,694
HA-3A 1,350,000 16 480,000 | 1,830,000 5gr15§;7asi 0.9 | 532,437 0.5 235,798 | 8.0} 4,732,779 | 5,561,014 | 64,720,762 | 12.5 | 8,090,095 | 72,810,857
HA-3B 1,800,000 16 480,000 | 2,280,000 | 40,004,448 0.5 360,850 [0.5 200,472 | 2.0 | 3,608,500 | 4,169,822 | 44,264,270 | 12.5 | 5,533,033 | 49,797,303
_ﬁimé 1,800,000 |3 187, 500 11| Aau;ooo 2;467,500. _20,693,8?8 0.9 186,244 10.5 103,468 | 8.0 1 1,862,449 | 2,152,161 | 22,846,039 | 12.5 | 2,855,754 25,701;793
A-1 1,800,000 .16 486;000 2,286,600' 35;382,648 D¥9 322,943 0.5 179,613 4 9.0 3T;;9,438 3,731,794 { 39,614,442 | 13.0 | 5,149,877 | 44,764,319
A-2 1,350,000 16 480,000 1,330,00b" 39;6AA;a48 0.9 555,800 0.5 198,222 9.0 3,563,060 4,123,022 43,767,470 | 12.5 5,470,933 | 49,238,403
A-3 2,250,000 16 : 480,000 @,739,000 60,059,748 |0-9 539;637 0.5 299,798 | 8.0 4,796,779 | 5.636.214 | 65,595,962 | 12.5 | 8,199,495 | 73,795,457
A-4 1,350,000 16 480,000 - 1?839;000 39,644,448 0.9 | 356,800 [o0.5 198,222 9.0 3,568,000 4,123,622 43,767,470 | 12.5 5,470,933 1 49,238,403
5-1 900,000 . 16| '480,.00() .1’330"090 :3_9,191,;1,:,3‘ 0.9 352,750 0.5 195,972 9.0 3,527,500 4,076,222 43,270,670 | 12.5 5,408,833 | 48,679,503 |
§~2 900, 000 16 480;005 1,380,000 _39,515,003 0.9[ 355,590 (0.5 197,550 | 9.0 | 3,555,900 '4,109,040 43,619,048 | 12.5 | 5,452,381 49;071,429
5-3 900, 000 16 480,000 1,380,000 | 22,023,108 |1.2} 264,277 0.5 ©110,115 8.0 1,882,079 2,356,67i 24,379,.579 13.0 3,169,34_5 27,548,924
S~4 1;350,000 16| 480,000 :1,330,500 22,473,108 |1-2 269,677 ' |0.5 112,365 | 9.0 | 2,022,579 | 2,404,621 | 24,877,729 13.0 | 3,234,104 | 28,111,833
H-1 2,250,000 16 480,000 | 2,730,000 | 10,162,668 |1-2 121,952 |0.8 81,301 (10.5 | 1,067,080 | 1,270,333 13?43;,001 13.0 .1,686,290 12,919,291
H~2 1,800,000 16 480,096' 2,280,000 | 15,594,818 |1-2 .187,137 0.8 124,758 |10.5 1,637,455 | 1,949,350 17,5&4,163 13.0 | 2,280,741 | 19,824,909
13 |2.0 1;800,600 16 480,000 | 2,280,000 | 13,605,958 | 1.2 163,271 0.8 108,667 [10.5 | 1,028,625 | 1,700,743 | 15,306,701 | 13.0 | 1,989,871 | 17,296,572
-1 1,800,000 16 480;000 i 2,280;000 19,461,948 | 1-2 233,543 [0.8 155,655 10.5 | 2,043,506 | 2,432,742 21;894,590 13.0 2.8ﬁ5,309 24;740,999
12 11,800,000 |1 375,000 e 480,000 | 2,655,000 | 19,836,948 |1-2 238,043 10.8 156,695 10.5 | 2,000,079 | 2,479,617 | 22316965 | 13.0 2,901,153 25,211,738
T-3 2,250, 000 16 480,600' 2,730,000 60,5@4;449 0.9 364,960 0.5 202,722 9.0 3,649,000 4,215,522 44,761.070 12,5 5,595,133 50,356,203
Tl 1,800,000 161 480,000 2,530’000- 37,635'443 0.9 338,718, |0.5 188,177 | 9.0 | 3,387,190 3,914,086 | 41,549,534 | 12.5 .5,193,691 46,743,225
T-4B 2,250,000 16 486,900 2,730,000 o

-5 47,000 | 0.5 : 137,560 . 240,000 1,175,000 | 7,786,713 1.2 93,416 |0.8 62,277 |10.5. 817,394 973,087 8,757,800 | 13.0 | 1,138,515| 9,896,315
T-6 _

T-7 3.5 3,150,000 16 .4ab,000 3;530,000 23,31éL918" 1.2 279f755 03 He,564 | 9.0 2’0987162 2'494’481. 22,807,399 | 13.0 1 3,334,961 | 29,162,360
7-8 2,250,000 16| 480,000 | 2,730,000 ;a,azﬁ,bla 2| a0 o8 150,560 10,5 | 1,976,100 2’?52’501_ 21'}72'519 B B 23,924,546
. 3. 255000 . 480;§b§-' 730,000 _57,532,153 0.0 517,789 [0.5 287,660 | 8.0 4,502,573 5,408,022 | 62,940,190 | 12.5 7,867,52; _70,807,713
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Cost of Water Source - (4)

(Unit: ¥ 1,000)

‘Total Consiruction Cast

Transportatiun-Japag4Yemen _‘(A)*
Number Domest_ic S Total Con~  {Total’ Con— o To_tal Conf
- | Trans- ‘Sub Total | struction: [struction Q'ty struction
M3 Freight | portation (¥) iYemen Rial. .
HA-1 |29.4 | 1,984,500 %62,500 2,547,000° | 75,911,6% 11,518,233 2 151,800
TA-2  |29.4 | 1,984,500} 562,500 | 2,547,000 | 75,911,694 |1,518,233 1 75,900
HA-3A |29.4 | 1,984,500 '262,500 2,547,000 | 75,357,857 |1,507,157 2 150, 700
HA-3B . [19.6 | 1,323,000 %37,500 1,660,500 | 51,457,803 ° (1,029,156 2 102,900
HA-4 |11.8 793,125 | 225,000 | 1,018,125 | 26,719,918 534,398 3 80,160
_ 2 : . _ Co o
A-1 19.6 | 1,323,000 337,500 | 1,660,500 | 46,424,819 928,496 2 92,850
S 3 S (2,000,000) (40,000) | (1) (2,000
A-2 19.6 | 1,323,000 '%37,500 1,660,500 | 50,898,903 ]1,017,978 1 50,900
A-3 29.4 § 1,984,500 %62,500 2,547,000 | 76,342,457 1,526,869 | 1 76,350
: L 1 ' o '
A-b 19.6 | 1,323,000 %37,500 ! 1,660,500 | 50,844,903 |1,016,898 1 58,850
5-1 19.6 | 1,323,000 %37;500 1,660,500 | 50,340,003 |1,006,800 1 50,350
5-2 19.6 | 1,323,000 .337,500 | 1,660,500 | 50,731,929 [1,014,638 1 50,750
3 .
§~3 9.8 661,500 %35,000 ‘886,500 | 28,435,424 568,708 - 1 28,450
S5—h 9.8 661,500 225,000 886,500 | 28,998,333 579,966 1 129,000
: 7 : : S
H-1 2.9 195,750 | 112,500 308,250. | 13,227,541 264,550 1 13,200
1
H-2 7.8 526,500 '%}2,500 639,000 | 20,463,909 409,278 2 40,950
1-3 5.9 398,250 112,500 510,750 | 17,807,322 356,146 1 17,800
1 : '
T-1 10.8 729,000] 225,000 954,000 | 25,694,999 ‘513,899 1 25,700
1
T-2 10.8 729,000{ 225,000 954,000 | 26,171,718 523,434 1 26,150
2 _ -
T-3 19.6 | 1,323,000] 337,500 1,660,500 | 52,016,703 |1,040,334 1 . 52,000
T-4A }17.6 | 1,188,000[ 337,500 | 1,525,500 | 48,268,725 965,374 1 48,250
= _
T~4B
=5 1.45 97,875 56,250 lsa,izs 10,050,440 201,008 1 217,300
S0.5 . : _
! .2 walls 20,100,880 402,017
T-6 Underground dam [197,215,850 - 3,944,317
: _ Total 217,316,730 . 4,346,334 _
T-7 8.3 560,250 | 225,000 | 785,250 | 29,947,610 598,952 3 89,840
| = 7892 _ : |
78 | 9.8°1 661,500 225,000 | 886,500 ‘| 24,811,446 | 496,228 | 1 24,800
y—9 | 29.4 0 1,984,500] 562,500 . 2,547,000 | 73,354,703 |1,467,094-| 1 73,350
i 3 : 5

(A)* Refers to Table 9-2
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Cost of PUMP, ETC.

(Unit: ¥ 1,000)

:MACHINE,' PUNP HOUSE OVER MEAD COST FRETGHT DOMESTIC
MACHfNE_ ;.?gy‘l”m" Q'Y ‘.R.ATE AMOUNT Q'TY RATE Aﬁo_UN_T :E'TY RATE  AMOUNT Q':szi(;gmi:;zm TOTAL, #  (B)
.m3 ' - n3
HA-1 20,400 1,020 48 100 4'500 2,622,014 67  938.0 2 112.5 225.0 30,005.0 30,000
HA=2 5,100 510 24 100 2,400 1,200.5 6.5 67  435.5 2 112.5 225.0 9,872.0 9,850
HA-3A 20,400 1,020 48 100 4800 2,622.0 14 67  938.0 2 112.5 225.0  30,005.0 30,000
HA-3B | 20,400 1020 48 100 4,800 2,622.0 14 67  938.0 2 112.5 225.0  30,005.0 30,000
HA-4 43,600 1,530 72100 7,200 5,233.0 21 67 1,407.0 4 112.5 450.0  59,420.0 59,400
s e g e ume 4 @ g pin sms sy as
-2 5,100 510 24 100 2,400 1,201.5 6.5 67 4355 2 112.5 225.0  9,872,0 9,850
A-3 5,100 510 26 100 2,400 1,201.5 6.5 67 4355 2 112.5 225.0  9,872.0 9,850
A4 5,100 510 24 100 2,400 1,201.5 6.5 67  435.5 2 112.5 225.0  9,872.0 9,850
§-1 4,700 510 26 100 2,400 1,141,5 6 67  402.0 2z 112,5 225.0  9,378.5 9,350
§-2 4,700 510 24100 2,400 1,141.5 6 67 42,0 2 112.5 225.0  9,378.5 9,350
5-3 3,900 255 12 100 1,200 . 651.0 3 67 201.0 1 112.5 '112.5  6,319.5 6,300
S-4 3,900 255 12 100 1,200 5651;0: 3 67 20L.0 1 112.5 112.5 6,319.5 6,300
H-1 3,900 255 12 100 1,200 “6s1.0 3 67 201,01 112,5 112.5  6,319.5 6,300
He2 17,600 1,020 48 100 4,800 1,73%.2 14 67  938.0 2 112.5 225.0  26,317.2 26,300
H-3 3,900 255 12 100 1,200 651.0 3 67 2010 1 112.5 6,319.5 6,300
-1 3,900 255 12 100 1,200 651.0 3 67  201.0 1 1125 1125 6,319.5 6,300
T-2 3,900 255 12 100 1,200 651.0 3 67 z01.0 1 112.5 112.5 6,319.5 6,300
T-3 4,600 510 24 100 2,400 1,143.0 6.5 67 4355 2 112.5 9,313.5 9,300
T-44 3,900 255 1z 100 1,200 g5t 3 67 2010 1 1125 1125 6,319.5 6,300
T-4B - -
-5 6,290 510 48 100 4,800 1,740.0 8.5 67  569.5 2 112.5 225.0  14,134.5 14,100
-6 - - - -
T-7 8,790 - 1,530 72 100 7,200 1,752.0 18 67 1,206.0 &4 112.5 450.0  20,928,0 20,900
7-8 2,930 510 24 100 2,440 636,06 6 67 402.0 2 112.5 225.0  7,343.0 7,300
T~9 10,200 - 510 24 100 2,440 1,926.5 7 67  469.0 2 1125 225.0  15,770.5 15,750
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Cost of WATER SQURCE TANK

(Unit : ¥ 1,000)

TANK & INSTALLATLION OVER HEAD COST FRETGHT DOMESTIC
_ _ _ — TRANSPORTATION .
Q'TY  RATE AMOUNT Q'TY RATE - AMOUNT  Q'IY  RATE  Auount Q'TY RATE  AMOUNT TOTAL = = (C)
HA-1 1,778.0 266.7 4ol gy 268.0 1 112.5  112.5 2,425.2  2,400.0
HA-2 | 1»590-0 238.5 3 67 201.0 1 112.5° 112.5 2,142.0  2,100.0
HA-3A 1,778.0 266.7 A& 67 268.0 1 112.5  112.5 2,425.2  2,400.0
HA~3B 1,778.0 266.7 & 67 268.0 1 112.5 = 112.5 2,425.2  2,400.0
HA-4 33.810.0 8,371.5 - - 5,581.0 69.762.5  69,500.0
A1 1,778.0 266.7 4 67 268.0 1 112.5  112.5 2,425.2  2,400,0
“(4,198.9) {(770.1) - (5.5) (67) (368.3) (1) (112,5) (112.5) (5,450) (5,450)
A-2 1,590.0 238.5 3 67 201.0 1 112.5  112.5 2,142.0  2,100.0 °
A-3 1,270.0 190.5 2 67 134.0 1 112.5  112.5 1,707.0  1,700.0
A-4 1,590.0 ' 238.5. 3 67 201.0 1 112.5 112.5 2,142.0 2,100.0
-1 1,270.0 190.5 2 67 134.0 1 112.5 112.5 1,707.0  1,700.0
§-2 1,590.0 238.5 3 67 201.0 1 112.5 112.5 2,142.0  2,100.0
s-3 -5,134.0 770.1 5_.'5 67 368.5 L 112.5  112.5 6,385.1  6,350.0
A 5,194.0 770.1 5.5 67 368.5 1 112.5 112.5 6,385.1  6,350.0
H-1 4,350.0 652.5 - 435.0 5,437.5  5,400.0
B2 38,880.0 5,832.0 ~ 3,888.0 48,606.0 48,600.0
H-3 6,750.0 1,012.5 - 675.0 8,437.5  8,400.0
-1 8,016.0 1,202.4 B 67 53.0 -1 112.5 112.5 9,866.9  9,850.0
T-2 '5,134.0 770.1 5.5 67 368.5 1 112.5  112.5 6,385.1  6,350.0 |
T3 1,778.0 266.7 4 67 268.0 1 112.5  112.5 2,425.2  2,400.0
T-4A 5,556.6 455.7 5 67 335.0 1 112.5 112.5 15,459.7  5,450.0
T-48 :
5 1,590.0 238.5 3 67 201.0 1 112.5  112.5 2,142.0 2,100.0
T-6
-7 65,600.0 9,840.0 - 6,560.0 82,000.0 82,000.0
ﬁ'T.-;B 14,700.0 2,205_b - 1,470.0 18,375.0 18,3500
| -9 17,096.0 2,564.4 13 67 871.0 2 112.5  225.0 20,756.4  20,750.0
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Cost of BOOSTER FACILITY

- PUMP

T

(Unit & ¥ 1,000)

HOUSE - PIPE LINE TANK © SUB TOTAL  OVER HEAD COST TOTAL % )
HA~1 40,400.0 20,000.0 43,475.0 44,932.0 148,830.0 14,880.7 163,687.7 163,650.0
HA-2 13,600.0 7,500.0 - .8,975.0 1,270.0 - 31,345.0 3,134.5 34,479.5 34,450.0
HA-3A 61,000.0 ' 17,500.0 59,525.0 29,156.0 167,181.0 16,818.1 183,999.1 183,950.0
HA-38 50,010.0 17,500.0 46,220.0 21,140.0 134,870.0 13,487.0 148,357.0 148,350.0
HA-4 8,420.0 7.,'500.0 3,680.0 - 19,600.0 1,960.0 21’560.0 21,500.0
A-1 24,980.0 110,000.0 48,420.0 4,228.0 87,628.0 8,762.8 96,390.8 96,1350.0
(20,400.0) {7,200.0) {44.360.0) ( 0 ) (71,960.0) (11,940.0) (83,900, 0) (83,900.0)
&2 '_.39f740'0 17,500.0 .70,500_0 10,800.0 138,540.0 13,854.0 152,394.0 152,350.0
A-3 - - 14,875.0 -  14,875.0 1,487.5 16,362.5 16, 350.0
A~4 6,620.0 5,000.0 25,925.0 1,800.0 39,345.0 3,934.0 43,279.5 43,250.0
-1 2,430.0 2,500.0 3,400,0 - 8,330.0 830.0 9,160.0 9,150.0
5-2 4,860.0 2,500.0 4,220.0 - 11,580.0 1,158.0 12,738.0 12,700.0
§-13 - - 4,340.0 - 4,340.0 434.0 4,774.0 4,750.0
S4 - - 1,250.0 - 1,250.0 125.0 1,375.0 1,350.0
H-1 2,430.0 '2,500.0_ - - 4,930.0 493.0 5,4623.0 5,400.0
" H=2 5,200.0 2,500.0 3,220.0 - 10,920.0 1,092.0 12,012.0 12,000.0
H~3 11,550.0 2,500.0 111,680.0 - 125,730.0 12,573.0 138,303.0 138,300.0
T-1 - - 3,500.0 - 3,500.0 350.0 3,850.0 3,850.0
T-2 - - 17,885.0 - 717,885.0 1,788.5 19,673.5 19,650.b
-3 6,350.0 2,500.0 19,400.0 - 28,650.0 2,865.0 31,515.0 31,500.0
T4 2,430.0 2,500.0 " 6,050.0 - '10,980.0 1,098.0 12,078.0 12,050.0
T-4B
=5 - - - 115,264.0 15,264.0 1,526.4 16,790.4 16,750.0
T-6
-7 43,360.0 10,000.0 269,800.0 - 323,160.0 32,316.0 355,476.0 355,450,0
-8 8,820.0 2,500.0 -85, 800.0 - 97,120.0 9,712.0 106,832.0 106,80G.0
-9 4,590.0 2,500.0 3,960.0 - ©11,050.0 1,105.0 12,155.0 12,150.0
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Cost of DISTRIBUTION-TANK

(Unit : ¥ 1,000)

CTANK & INSTALLATION

FREIGHT

OVER MEAD COST DOMESTTC
_ —~ : o — _ e TRANSPORTATION TOTAL

| Q'TY RATE  AMOUNT Q'TY © RATE ANOUNT Q'TY RATE  AOUNT Q'TY RATE  AHOUNT : (E)
A=l 65,130.0 '5,210.4 60md 67,0 4,020.0 8 112,5  900.0  75,260.4 75,250.0
HA~2 14,496.0- 1,649.6 13 67.0 871.0 2 112.5  225.0 17,041.6 117,000.0
Ba-34 38,132.0 3,055,4 43 67.0 2,881.0 5 112.5  562.5 44,690,9 44,650.0
HA-3B ' 20,198.3. 5,615.8 63 67.0 4,221.0 8 112.5  900.0 80,934.8 .30,900.0
HA<4 34,192.0 2,720,638 67.0  2,546.0 5 112.5  562.5  40,020.9 40,000.0
- 1386 GoRd @ @b @Ed & 3Ry 489 BEs ALk
A2 14,496.0 1,449.6 13 67.0 871.0 2 112.5  225.0  17,041.6 17,000.0
A=-3 7,248.0 1,087.2 7 67.0 469.0 1 112.5 112.5 8,916.7 8,900.0
A4 34,192.0 2,720.4 38 67.0  2,546.0 5 112.5 562.5 40,020.9 40,000.0
s-1 5,134.0 770.1 5.5  67.0 368.5 1 112.5  112.5 6,385.1 6,350.0
5-2 5,134.0 770.1 5.5  67.0 368.5 1 112.5  112.5 6,385.1 6,350.0
$-3 26,189.0 2,619.0 26 67.0 1,742.0 4 112,5  450.0 31,000.0 31,000.0

54 - - -~ - - - - -
‘B-1 1,778.0 266.7 4 67.0 268.0 1 1125  112.5 '2,425.2 2,400.0
H~2 115,366.8 1,537.3° 13 67.0  871.0 2 112.5  225.0 18,000.0 18,000.0
H-3 17,096.0 2,564,413 67.0 871.0 2 112.5  225.0  20,756.4 20, 750.0

= ) “ o ) o )
T3 5,134.0 770.1. 5.5  67.0  368.5 1 112.5  112.5 6,385.1 6,350.0
-3 13,094.5 1,309.5 13 67.0  871.0 2 112.5  225.0 15,500.0 - 15,500.0
T-4A 14,496.0 1,449.6 13 67.0 871.0 2 1125 225.0 | 17,041.6 17,000.0

T-4B - - - - | - -
-5 14,496.0 1,469.6 13 67.0  871.0 2 112.5  225.0 17,041.6 17,000.0
T-6 - - - - - -
7 22,290.0 2,229.0 26 67.0  1,742.0 4 1125 450.0 26,711.0 26,700.0
:T;B '7’243'0 1,087.2 7 67.0 469.0 1 112.5  112.5 8,916.7 8,900.0
33,192.0. 3,055.4 43 67.0 2,801.0 5 112.5  562.5 44,690.9 4&,65070
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Cost Summary of the Construction Work

L M YR,

PUMP ETC. w.si TANK B, FACILITY - D. TANK - PUMP ETC. W.S. TANK  B. FACILITY D. TANK

HA-1 'SUEOQQ_ _ 2%500 163,650 75?250 600,000 48,000 3,273,000 1, 505,000
HA-2. 9,850 - 2,100 84,450 17,000 | 197,000 42,000 689, 000 340,000
HA-3A 30,000 2,400 183,950 44,650 600,000 48,000 3,679,000 893,000
HA~38 30,000 2,400 148,350 80,900 600,000 48,000 2,967,000 1,618,000
HA-4 59,400 69,500 21,500 40,000 1,188,000 1,390,000 430,000 800,000
A-1 ~+°30,000 2,400 ~ 96,350 80,900 600,000 48,000 1,927,000 1,618,000
(15,750) (5,450) (83,500) (13,630) (315,000) (109,000) (1,678,000) (272,000)

A-2 9,850 2,100 152,350 17,000 © 197,000 42,000 3,047,000 340,000
A-3 9,850 1,700 16,350 8,900 - 197,000 34,000 327,000 178,000
A-b 9,850 2,100 43,250 40,000 197,000 42,000 865,000 800, 000
5-1 9,350 1,700 - 9,150 6,350 187,000 34,000 183,000 127,000
52 9,350 2,100 12,700 6,350 187,000 42,000 254,000 127,000
5-3 6,300 6,350 4,750 31,000 126,000 127,000 95,000 620,000
S-4 6,300 6,350 1,350 - 126, 000 127,000 27,000 -
B-1 6,300 5,400 5,400 2,400 126,00_0 108,000 .108, 000 48,000
H-2 26,300 48,600 12,000 18,000 526,000 972,000 240,000 360,000
H-3 6,300 8,400 138,300 20,750 126,000 168,000 2,766,000 415,000
-1 6,300 9,850 3,850 - 126,000 - 197,000 77,000 -
75 6,300 6,350 19,650 6,350 126,000 127,000 393,000 127,000
T3 9,300 2,400 31,500 15,500 186,000 48,000 630,000 310,000
T—tA 5,30b' 5,450 12,050 17,000 126,000 109, 000 241,000 340,000
T-4B - - - - - - - -
-5 14,100 2,100. 16,750 17,000 282,000 42,000 335,000 340,000
T""6 el bl - . - - - -~ —
7. 20,900 82,000 355,450 126,700 418,000 1,640,000 7,109,000 534,000
78 7,300 18,350 106,800 8,900 146,000 367,000 2,136,000 178,000
_ Tbé 15;750 20, 750 12,150 | 44,650 315,000 415,000 243,000 893,000
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APPENDIX 5

APPLICATION OF SOTLAR ENERCY
FOR RURAL WATER SUPPLY

1. General Description of Solar Energy Utilization Methods

The solar energy utilization process is not yet applicable
to commer01al scale plant, it seems only in the pilot scale
_ testlng plant or qulte small scale water collecting plant.
In_Table i, exlstlng desalination plants using the direct

' method_pf solar energy ut1llzat10n are shown.
Table 1. Desalinization Plants, Direct Method

Countr : Place Construction Cover
Chile Quillagua 1968 Glass
" Greece Patmos 1967 "
: Kimolos 1968 "
Nisyros 1969 "
Fiskardo 1971 "
Kionion 1971 n
. Megisti 1973 "
India _ Awania - 1978 "
Mexico ' Natividad Is . 1969 "
Pakistan Gwadar 1969 n
. 1 o 1972 1
West Indian Petit St. Vincent 1967 Plastic
Is. T
India Gujarat " Under construction
Rajasthan ' " "

Basically, there are two types of method of solar energy

utilization. Theselare, direct method and indirect method.

(sce Fig.

Direct méthbd

Under the principle of receiving solar radiation directly
through the almost traﬁsparent roof, made of glass or plas-
tics, sea water absorbs the solar heat in the evapdratidn
house, the water is evaporated and again condensed behind
the surface_of the roof, and the condensed, distilled water
flows down both‘Side of solar house and collected as pure
waﬁer; Basic Strudture of solar house is shown in Fig. 1.
Sé&eral_modifications of roof style of the solar house are

‘shown Fig. 2.
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Fig. 1
Solar eénergy © Glass roof

“-,m'.Desalinated
e, water

Sea water

Fig., 2

(a) Deep Bed Type(Basin)

(b) <Cairo Type

{c) Greece Type

- . : o ———
= b Do N W W N

(d) 1inverse V Type
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Indlrect method

In order to improve remarkably high efficiency of heat co-
llection and.Utlllzatlon, the device of solar energy collec-
Llon and the device of so-collected energy as heat are
gsaeparated.

In Lhe evaporatlon method, the energy used for evaporation

of sea water can be recovered as the form of heat at the
point of conden31ng the vapor, and can be utilized repeatedly.
The lndlrect method have high eff1c1enoy of heat use about 22
times of that of direct method, practically the capa01ty per
unlt area shows about 10 tlmes, 40 l].t:ejn:/m'2

Indirect method facility is composed of solar energy collection
device with some heat reservoir and desalination facility
(evaporater) of sea water with some kind of heat exchangers

separately. In Fig. 3 typical flow diagram of combination
of each stage previously described is shown.

[ Lo o e e
b e d '7
Auxiliary heat source l

= - - “1 _ -15esalin;l§0n )

: Sea Wate take
| X Pre~treat e;k . r In

I : ' b.- _ .

Collector Heat X H

. : h . .
Resérvoii ! Heat g:c anger } Water Reservoir
|

Vapor generatoy

| S|
;
]

brn e e . - A -
Energy(Heat) Collecting Desalination
Process process Drain (Waste water)
Fig. 3 Basic Flow Diagram of Indirect method of solar energy
utilization
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: J\/\J\/\/Lu“€§mwmﬁma Sea water -
Selar eeergy . Evaporator
Collector :

-Type

Type

:iééé; | -::g%:f | | | ' lndlrect Connection

Solar Energy Intermediate Evaporator
Collector feat Exchanger

TFig. &4 Flow dlagrams showing heat Lransfer meLhod for
evaporatxon method : :

Characteristic Features of Solar Energy Utilization
Process for Sea Water Desalination System

1) Energy efficiency

The pure water productlon process from sea water means
the process of separatlon of pure water from concentra-_
ted sea water, and‘naturally_lt 15 necessary to supply
the energy from outside. ‘According to the theery'of
thermodynamies, theoretlcal mlnlmum energy ‘consumption
shall be 1 to 1.5 KWH or 860 Lo i, 290 KCdl/m3 for
produeing 1 cubic meter of desallned water in the pro-
cess in which the sea water haVLng the temperature of
25 —'125?C can be concentrated to about twice. However,
there,ere several desallnet;on processes_practlcally,
iﬁ cohsumed Ebout'BO 000 to. 100'000 Kca17m3 by evapora-
tion method, 40,000 Kcal/m3 by electro-dialysis and

20 Q00 Kcal/m by reverse osm051s method. It can be

changed to express the heat energy. in terms of .the consumpm

tlon of o0il having 10,000 Kcal/llter 0il,
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Mhltifstage flash evaporation 7.5-7.9 l/m3lprod.water

Multi»effect'evapbrater 4,9~9,0 "
Electro-dialysis _ a,1 "
Reverse osmosis 2.0-2.1 "

Both procegses of electro~dialysis and reverse osmosis
“consume the energy by the form of electricity, however,
the consumption of energy is more economical than that
of evaporation process expressed by the unit of oil
conSumption 1-0il/m3-water, converted by electricity
generating efficiency of about 35%. Of course, these
energy consumption is the most efficient case by the
use of modernest, large scale plant. However, in the
small scale plant} 10 to 200 m3/day, the unit energy con-
sumption may be larger, excess of about 50 to 100%,
consume 3 to 20-l/m3 product water,

In the solar energy utilization process, engineers are
trying to utilize clean solar energy as infinite as
possible, it seems quite desirable from the resources

conservation and pollution prevention points of view.

2) Scale of Plant

It is said that the solar energy utilization plant seems

to be lower energy density and gquite changeabie~fluctuate
very much. In other’wdrds,'fhé production of pure water
depends largely on the energy (Kcal) per unit area (m?)
upon where the solar radiation shall be captured - absorbed
(through the surface of the roof of solar house).

 The efficiency of heat transfer seems to be 20 to 50%,

and the production of water will be only about 1.2 to 2.9
l/m2 ih the aréa_of solar energy densgity of 3,240 Kcal/mz/
day.- The'produétion depends largely on the energy density
times numbers of effective days (sunshine) a year, several
exaﬁples of field small plant of direct sclar energy uti-

lization plant are shown as follows:
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Greece
Kuwait
India

Australia

air.témp,°c,-

Kcal/mz/day (Bfu?ff?/day){ l/mzdéy

3,000
5,150

5,000

5,068

{1,900)

(1{87@)

3 to 3.5:'

‘rainfall (mm/y)

SOmmky}mQXQSOQ

200~250mm/y,

1,180

average 3.5 1/m4d)

25-30°

C(max. 6.0 1/m2d._at 7,170 Real/m?/d.,

In rainy daYs usually, the rain water'is collected and.

added to the product water. -
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