3.2.5 Life and Works of Women

This section is prepared for the purpose of presenting lives and daily/seasonal routine
works of women in the three rural communes. A lot of women were interviewed and
surveyed to comprehend actoal women's conditions in the rurat socioeconomic activities.

(1)  Water Transportation

The task of water (ransportation is normally conducted by women and children. This
task requirés much of physical encrgy and sacrifices the valuable time because of long
© distance between water sources and homes. The water transportation in the terrain with
sharp slopes puts a heavy burden on women. Under such circumstance, the task of
water transportation is a nuisance to women. Women sometimes collect raw water from
rivers and abandoned wells and use such contaminated water for household activilies in
order 1o avoid a nuisance work of water transportation.

In general, rusal people: make a strict schedule for water supply. Women try (o get
organized when collecting water in order to reduce waiting time at water sources. Bui
this arrangement often remain uncomrolled In dry season, particutarly i in the summer
period, wailing time al the water source becomes considerably longer as a result of high
" demand and the limited volume of available water. Disputes over water rights are usually
_resolved by local aulhonnes The pnonly of water supp]y is normally given to a-dauar
owmng water sources '

i

2 Wood.Coileclion |

The types of fuel used in the three communes are either butane gas or wood depending
on the purposes of fuel usage. The consumption of butane gas depends on household
income. Most of families utilize wood f{or bread baking. Traditional cooking by use of
‘wood is highlighted at the time of harvesting and olive collection. Wood collection by
women at harvesting time bécomes‘ frequent since additional food should be supplied toa
number of hbo:s moblhzed for harveslmg “The kinds of wood used as fuel are olive or
vine trees.



- {3) A'gtic:uilural Works

In gencral, the male tasks of farmmg practices are plowing, harvesung and cereal
threshing only. However, women in rural areas are heavily involved in various kinds of
farming practices including livestock breeding. - In Morocco, farming begins with
weeding and seeding in spring ¢ and comes 10 an end with harvesting in summer. The dry

- season from July to October corresponds to a fallow period. Plowing is practiced during

winter season. Women are involved in farming activities through the year. According te
the interview survey in Ain Defali, the longest working lime per day is 14 hours in
spring, 19 to 20 hours in summer and the carly fall and 13 hours in winter. The
interview survey concludes that harvesting is the most tiresome work for women and

men.

(4) Crafling Activities

Among many douars surveyed, women in 14 douars engage themselves in various
" activities or pamcnp'ﬂe in crafting works with their husbands. "The majority of thesc

cases were envisaged in Teroual and El Bibane. “The major crafting activity is the
production of traditional clothes made from wool belts for women and table cloth.
Farming tools, kitchen instruments and baskets are also manufactured in some douars

3.2.6 Existing Conditions of Water Use

This section prcscnls various socio-cconomic aspects of WJler use conditions of ‘ru'ral
communes in the mode! areas based on the interview and quesﬂonnaire surveys. T he
results will be useful for anatyses of socio-cconomic impact of water supply. economic
analysis of the project and the issue of women in development.

(1) Involvement of Women and Chi_ldrch in Water Management
Water managenient means water collecnon, lr'msport'mon and sloragc “The

questionnaire survey was conducted to examine the proportions of men, women and
children involved in water management, The male involvement in water management is

relatively low, 35 perceént in Ain Defali down to 17 percent in El Bibane. The role of

children in this task is prominent, 61 percent in El Bibane down o 48 percent in Teroval.
Because the survey was carvied out in summer when children were out of school, the



participation rates resulted in substantially high.

transportation are mostly done by women and children.
participation rate of men, women and children by commune.

In winter, water collection and
Table 3.2.5 shows the

Table 3.2.5 Pariicipation Rates of Men, Wemen and Children in Water
Management
_ _ S - (Unit : peccent)
Commune Men Woinen ~ Children = Total
Ain Defali 35 17 48 100
Teroual 28 36 36 100
El Bibane _ 17 22 6l ] 100

(2) Water Consumiption

B
Q;& }}3

~ An average daily water consumption per persen in the three communes is in the range
from 15 to 37 litters in summer and 13 1o 14 litters in winter. The surveyed data on
water consumplion is considerably lower than the statistical data (i.e. 35 to 40 ¥cid)
 projected by the DRPE. This difference can be explained as follaws :

i) Water consumption is constrained due to scarce availability of ‘water
- Fesources. _
il) The surveyed data show consumpum from spring water and exislmg wells,
bm does not mclude the consumpuon from rainfall or fmolher water sources
: such as Tivers. ' :

' “Fable 3.2.6 shows the proportion of daily water consumption by different use per person
i the three communes. Drinking is the biggest water use, followed by shower.

Table 3.2.6 Water Consmmption by Different Use
: - (Unit : titer)

" Commune | Cooking | Drinking | Dish | Vegetable | Shower | Religion | Cloths Total

‘ ' washing | washing .
AinDefati - | 3 | 7.0 | 26 08 44 | 02 | 09 17.0
{pergent) | (6.2} (41._1) (15.5) (4.6) (25.7) “(L.5) (54} {100.0) |
Teroud 0.9 5.1 29 | 07 45 | 01 | 08 150
| (percent) (5.8) | (343 €19.2) |49 {29.8) 0.06) . 1 (5.4) {100.0)
El Bibane 1.1 6.5 30 | 09 42 | 02 1.1 170
{pereent) (6.4} (358.3) (17.9) {3.3) {24.8) (0.9) (64) (100.0)
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(3) Water Collection and Storage

The usé of mules and donkeys for water transportation is prominent, followed by
manpower by loca! people. Local people sometimes use vehicles like tractors for water
transportation in Ain Defali. Containers used for transportation are made of plastic and
rubber. There is no special storage for water transported. Local people directly take
water from coftainers because water is consumed within a few days. Water for livestock
breeding is normally stored in ‘ssnall ponds outside. Such a task as water storage is
usually the responsibility of women.

(4) Impact of Water Collection to Education

It is difficult to evaluate how far the task of water collection ne_galively'affecls the
attending rates of children in schools. Actually, a number of factors are interrelated and
affect the level of education in rural areas. These factors are given below:

i} Poventy

ii). Absence of teachers

iii) Distance to schools _

iv) Requirement of children as Jabor force for dally works
v) Distance to water sources.

Long distance to watcy sources surely lowers the 'mcndmg rate of ch1ldren in classroom.

The rate is worsened further in dry season since women and children arc almost

mobilized for water collection and 1ransportauon In this respect, ‘the pl’OVlSlOﬂ of
portable water supply facilities is certain to improve aftending rate of children in school.

(5) Sanitary Conditions
None of the douars in the modcl areas has a public wastewater collection syslem Out of
4,364 dwellings surveyed only 1,44 or 32 percent have latrines. Table 3.2.7 shows

the existing sanitary conditions of dwellings with respect (o construction malenal and
latrine having septic tank. '
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Table 3.2.7 Sanitary Conditions

Items AinDefal | Teroual | Ei Bibane| Total
(1) Nos of dwellings 1,980 1,134 1,250 | 4,364
(2) Nos of dwellings of concrete 313 46 104 463

: struciure ' o
(3) Nos of dwelling with septic tank 303 372 ¢ 659 | 1,414
(4) Ratioof (2)/(1) 16 % - 4% | 8% : 11 %
(5) Rativof{3)/(1) bo19%. | 33% 53% 1 32%

Source: National Master Plan

The ratio of houses with latrines is highest, 53 percent in El Bibane, followed by 33
percent in Teroual. The 32 percent of houses have latrines while concrete-made houses
share 11 percent of total houses in the model areas. ‘This indicates that houses with
" latings are not always confined to concréte-made residences. People living in houses
without latrines use an open air or coristnuct a wooden privy with a dry pit. The sanitary
-conditions of schools and open market are even worse because of no latrines. Open air
- slanghter houses are common in the three conununes. The hygienic conditions of
slaughter houses are almost unacceptable since blood and viscera constitute a breeding
ground for mosquitoes and insecls.

- People showed the awareness concerning the eventuat pollution to springs and wells
 from septic tanks and ground holes. Springs are located on the slops where houses are
cons{wctcd upstream of the water sources in sonie douam of Teroual and Et Bibanc. In

" Ain Defali there is no public waste disposal service even though people pay a certain tax -

* for the collection. Some water sources are contaminated by animal excrete and feed.

It is q'uiie difficult to assess the causes of water-borne diseases by means of only a field
survey. People do not know the origin and the cause of their own diseases. Sixteen (16)
- people suffered fram cholera recently in Teroual and El Bibane. Other diseases such as
“diarrhea, lyphmd and scabies are very frequent in the model areas. It is likely that
diseases such as dianhea and cholera are related to water contaminated in Teroual and El
Bibanc. The existing waler sources are mmnly springs in those areas.

'(6) Housing

Most of housing is clustered on flat ground or slopes. Out of total housing in each
comimiune, the rate of clustered housing is 94 percent in Ain Defali, 60 percent in Teroual
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and 70 percent in El Bibane. There are also some houses located far from such clustered

- dwellings. The distance between theni is estimated to be 1.7 km In Ain Defali, 2.5 kmiin

Teroual and 3.0 km in El Bibane.

(7) - Existing Water Su;’iply Conditions

The model areas are endowed with a number of water sources such as springs, dug holes
and wells, as shown in Table 3.2.8.

Table 3.2.8 Number of Exisﬁ’hg Water Sources

Commune Nos of Douars | Spring water .} Dug holes

Available Dried Available Dded
AinDefali | 60 25 23 73 195
Teroual 28 52 58 17 97
El Bibane w | ] 18 28 17
Totak: | 97 88 99 118 309
Source: AH

Some of water sources were dried up due to limited precipitation. The number of dried
water sources were counted in the survey. The duration of water scarcity was reported to

" be 5 1o 6 months during a drought year and 2 @o 3 months in a normal year, -

Table 3.2.9 simmarizes the ratios of population distribution by the range of distance

from housing to waler sources.

Table 3.2.9 Ratios of Population Distribution by Distance
~ {Unit : percent)

Commune Okm 0.5 - 1L.Okm “10-4km <4km Total

AinDefali | 3.1 38.9 335 | 245 100.0 -
Teroval 16.9 52.0 31.0 - 0 ] ‘1000

ElBibane | 0 525 | - 45 |° 0 | 1000

Source: AH |

Ain Defali is marked with a large number of scaitered water sources. Only 3.1 percent of

populmioh are served with house connection, whereas 38.9 percent collect waler at a

distance less than | km, 33.5 percent at a dislénﬁe between 1 km and 4 km and 24.5




percent at a distance over 4 km. Water sources in the areas of Teroual and El Bibane are
located relatively close to the doiars where more - than half of the population collect \valcr
at a distance less than 1 km. Alniost all the existing dugholes in the three model areas are
neither maintained nor equipped. Whereas more than 50 percent of the springs are
refurbished either from public funds or by the commune jtself. The legal status of water
sources is different between spring water and wells. All springs are, in general, public
* and more than 90 percent of wells are privately owned.

Table 3.2.10 shows the ratios of populatlon distribution by lransportauon time for water
collection

Table 3.2.18 Ratios of Population Distribution by Transportation Time
(Unil : percent)

Commune | Season |0 - 0.5 hrs 0.5-10hrs [1.0-20hrs | <20 hrs | Total
AinDefali | Summer (- 10.3 15.2 8.5 66.0 100.0
1 Winter 35.0 48.5 93 7.2 100.0
Teroual Summer 27.1 348 38.1 100.0
. | Winter 63.2 36.8 - 100.0
El Bibane | Summer 238 13.1 63.1 1000
| Winter 68.5 s | - 100.0

Source: AH |

“Time speat to collect waler varics by season. In Ain Defali, about 66 percent of the
: popul‘mon speud more than two hours for water collection in summer. In winter,
“however, the proportion’ of population spcndmo more than two hours dccrcases to7
| pcrcenl The trcnd is quue similar in the other two mode} areas. In general, rural peaple
_spend more time for water collection during summer in dry season than during winter in
wet season, '

(8) Cost of Water Collection and Willingness-to-pay

- Mtis important to estimatc the present cost of water collection and supply in the three
model areas. This eslimation could make rural people be aware of the actual cosi
incurred in water transportation. The actual costs differ according to a number of
parameters such as the distance to the water sources, means of transport and the material
used for water collection, efc. A number of cases were encountered during the socio-
economic survey with the following items : | o
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i) Breeding cost of animals is the range from DH240 to DH720 per month.

i) ~ Use of a tractor costs DH400 per month excluding rental charge.

iii) Guarding fees rang from DHI0 to DH20 per inonth and household if waler
source is tocated within the douar,

\Villingness-to-pay for water differs according to economic standard of living. Social
classes of locat residents in the model arcas are divided into three categorics, poor,
average and rich.. Table 3.2.11 shows the rough estimate of the expenditures which a
household is willing to pay for witer every three monihs.

Table 3.2.11 Willingness-to-pay of Household per Three Months

{Unit : DH)
_Commulne Poor ' Average - _ Rich
Ain Defali | 60 1 183 340
Teroual 45 81 | 150
¥l Bibane 65 85 , 143

A household belonging to the average and rich classes in Ain Defali are able to pay more

" than the double of cxpcndnures to be paid by the same classes in El Bibane and Teroual.

The difference of wsllmoneqs to-pay between the poor and the rich is also substantial,

" more than five tiimes in Ain Defali.

(9) ‘Significance of Water Supply Facililiés

The quesnonnaue survcy was conducied to evaluate the priority order of social

infrastructural facilities in the three model areas. ‘The items of facilitics wer:, firstly

classified and then ranked according to the frequency of priority expressed by local
people surveyed. The list of facilities in the order of priority in the three communes is
aummanzed in Table 3.2.12. e

Table 3 2.12 Pl‘iOl‘ll) Ordcr of Infraslruclurc I‘ficn:t:es

ltems _ Pn‘dri!y order by M_ale Priorily order by Fcnnle
Water 1 |
Road 2 2
Elcetricity -3 3
Clinic 4 4
School 5 5



Trrespective of sex, the need for water sup'ply facilities appears to be the most urgent
priority. Other infrastructurat facilities are ranked as the second order of priority.

The survey was also conducted to inquire the type of water supply systems desired by
local people. The questionnaires regarding the type of water supply systems are i) the
supply mode and ii) the implementation body, which is shown in Table 3.2.13.

Table 3.2.13 Types of Water Supply Systems Desired by Local People
(Unit : percént)

- Ain Defali Teroval . - E} Bibane
{1) S1and pipes — -3 21
{2) House codinections 83 _ 57 57
(3) Comuion use (1)#(2) 17 12 .22
(4) Total 100 . - 100 {00
Implementation Bedigs
(1) Local community 11 22 R ¢
(2) Cosnmiine — 22 ' 33
© |1 (3) ONEP : 78 22 45
| (4) Public corporation : 11 _ 34 _ —
Toal: _ 100 100 100

More lhan a half of the people survcycd opls for connecnon type of facﬂmcs High
' pcrccntages of house conneclion is ascribed to the people s desire to control and manage
water use inside their dwellmgs The people who sclected the other type of facilities are,
~in generai located in poor douars.

-The percentages of the ONEP as the 1mplemennng body is substanua!iy hlgh 78 pen.ent
‘in Ain Defali and 45 percent in El Bibane. This may be exphmed by local people’s
information about the existing water supply services by the ONEP implemented in the
near-by locatidns {i.c. Had Kount near Ain Defali and Rhafsai adjacent to El Bibane).
* Local community imiplies local people’s participation in operation and mahégement of
water supply services.




33 Hydrogeology and Groundwater Development

Groundwater development through exploratory well drilling in the three model areas
was carried oul in light of the findings of the geophysical prospecting, confirming the
lithological character and water bearing potential of the three structures, coupled with
the results of the detailed hydrogeological and socio-economic sludies. The exccution

of the exploratory wells and the pumping test are presented in the following paragraphs.

33.1 :Explor'a'mr,? Well Drilling

The sites of the e'xplo'ratory well drilling are tocated in the model areas of Ain Defali,
Teroual and El Bibane thus complying with the categories considered in the three types
of geographic configurations of flat plain, hilly and mountainous area respectively. The
former two model areas ate located in the province of Sidi Kacem, whereas the latter
belongs to the province of Tacunate. The locations of the drifling sites are shown in
Figures 3.3.11033.3.

(1) Execution of Exploratory Weli Dri!ling

The exploratory well drilling started on June 12, 1995, immediately after the signing of
the contract and the issuance of the order to commence to the local contractor, and were
completed within the scheduled period of three months. The results of the du!lmg
works, the pumping test as well as the oulhnc of the technical details of the three

structures are summarized in Table 3.3.1.

According to the scope of work, the drilling wells were ongm*ﬂly p!anned to be

exccuted at 8 locations. However, due to encountering the Triassic formauon at well

No. TRAl in Teroual it was demdcd to abandon the said well and subsmulc it with an
additional well labeled TRA3J.

In addition one of the exploratory wells, namely No. IBDI, at Jbel Berda had to be
abandoned also as a result of encountering hydrocarbon gas that exploded while diilling
ata depth of 67 m. In facl, groundwater started yiclding at the depth of 63 m with a rate
of 1.5 lfscc unfortunately it was contaminated and the well was filled with cement

- mortar and capped

The remaining seven wells were completed successfully up to the phhned depth with
sufficient groundwater yields of adequate quality good for potable water use. The total
tength of drilling added up to 1,298 . The technical details of each of the exploratory

" wells are presented in Figure 4.4 .4 of Supporting Report.



(2) Pumping Test

Pumping tests, carried out succe'ssful'ly at the seven exploratory wells, revealed that the
yield capacity of the wells exceeded the theoretical quantities calculated carlier during
the hydrogeological desk study. The largcst yield was observed at Ain Defali with a
total of 50 Msec for the three exploratory wells combined. The syncline of Teroual
produced a total flow of 30 Vsec for the two wells combined, Whereas the total yxeld of
the wells of Jbel Berda, despite being relatively small when compared to that of the two
structures, added up to 13.5 Vsec. The technaical characteristics and details of the
~ pumping tests are summarized in Tables 3.3.2 and 3.3.3, and Figure 4.4.5 of Supponting
Report .

332 Inventory of insﬁng Groundwater Sources

The inventory suevey of the groundwater sources in the three model areas was camed
out during the two phases of the study in Morocco in order 1o detérmine their technical
characteristics and to monitor the fluctuations of flow, water level and water quality and
to record any modification in the operation of their exploitation.

The surveyed existing water sources in the syncline of Ain Defali compnsed 18
~ dugholes, 2 springs and 3 exploralory wells. All dugholes are privately owned and vary
- between 3 and 30 m in depth with an average individuat flow of 0.9 Usec. The 2 spnngs

owned by the commune are located in the douar of Beni Sennana. Their observed flow
: rales are 0.25 Wsec and 0.33 Vsec. The low yicld of the existing water facilities can be
explmned by the fact that they draw. water from the seasonal fluctuating superficial
groundwater table. The three éxptoralo‘ny wells, ADFI, ADF2 anci ADF3, penétrate
deep into the conglomerate water bearing formation and yielded 15 Ifsec, 5 Usec and 12
Ifsec respectively by constant rate 'pumping test.

The syncline structure of Teroual encloses 3 dugholes, 2 springs, 1 borehole and 3
: eXpiomlory wells. The suryey of these facilities indicated that the depth of dugholes
varies between 6 and 14 m with an avcrage flow rate of only | m¥d. The exisling
borehole was drilled by the AH to a depth of 82 m with casing extcndmg 30 monly. It
was equipped and cxplo:ted by the comnune in September 1995 duc to the drymg up of
the Teroual spring which is the major water source in the commune. At the time of the
" inventory, the yield of the existing spring started to deplete from the observed 60 m3/d
to a complete dry up in October 1995. The exploratory wells produced a total flow of
20 Vsec during the pumping test. -
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The existing water sources in the monochne of Jbel Berda add up to 10 dugholes 4

springs and 3 exploratory wells. The average depth of dugholes vancs between 10 and
18 m with an observed average individual flow of 250 I/d which was depleting at the
time of the survey due to the exceptional drought period. The existing springs, that
usually have surplus flows supplying the commune of Rhafsai, were not in a better

condition, their yield dropped as a result of the exceptionat drought and the measured

flows ranged from 0.08 Isec to 5. 58 Ifsec. Meanwhilé, the two productive exploratory
wells yleided at the time of pumpmg test a total flow of 13 5 Usec. :

‘The technical specifications of the surveyed ‘existing. groundwater sources and
exploratory wells in each of the three fiode! areas are summarized in Table 4.3.4 of
Supporting Report.

The inventory survey also covered the monitoring of groundwater levels at the above
mentioned existing water facilities, either by manual tevel reading or automatic
measurement by water level recordess installed on six existing dugholes and seven
cxp!omtory wells. The recorded levels have been rec1pnuhted in Table 4.3.5 of
Supponmg report.

333 ' Analysis of Hydrogeological Structures

(1} Ain Defali Structure

Thie three exploratory wells ADFI, 'ADF2 and ADFI} located along the EW axis of the
structure, penetrate the syncline to a depth of 76m, 55m and 150 respectively thus
allowmo to detail the hydlogeologlcal characleristics of the undcrlymo formations with -
respect 1o water accu mulation. The yields of these wells, at the time of the commm rate |
pumping test, were measured as 15 Vsec, S Msec and 12 Vsec respccm'cly with
corresponding drawdowas of 14.35m, 31.82m and 23.41m. This indicates that the flow
cate is function of the depth and the lithology of the penctratcd formation.

Problcms of cavmg in of pebbles and gravel from the loose’ coaglomcmle fonnauon
cncountered during lhe progress of the dnilling work, necessitated the use of bentonite
in circulation to remedy the problem. Polyphosph'lte solution was used to dissolve and
remove the mud cake from lhe wells. The flow rates of the wells are expeclcd o
increase during exploitation as a result of removal of remaining traces of mud cake.

-



The water reserve of the syncline is approximated at 1.2 x 106 m3 which is calculated in
function of the area of the structure {12 km2), the thickness of the productive water
bearing formation (120 m) and an estimated storage coefficient of 0.8 X 103,

(2) Teroual Structure

The analysis of the structure of Teroual showed that the syncline is marked with a
ralther peculiar hydrogeolog;c chaﬂcler revealed through the drilling of the three
exploratory wells. The execution of the first well TRA1 disclosed the presence of a 130
- mi thick Triassic salt patch that, hydrogeologically, was unexpected due to the absence
of siich a formation in the catchment area of the syncline and consequently could not be
detected by geophysical prospecting due to the high resistivity of the consolidated salt
formation. As a result, the well was filled with cement mortar and abandoned. The
second well TRA2 revealed the presence of two aquifers in the syncline: The first one,
with good quality water, is tocated between 40 and 170 m below ground level and the
second encountered between 215 and 300 m with high salt contént and had to.be

isolated from the upper aquifer by cement plug. The third well TRA3 was deemed

“necessary in order to perform the hydrogeological analysis of the structuse and led to
successful results.

The two wells TRAI and TRA?2 produced a y:eld of 10 I/sec each after 72 hours
constant rate pumpmg test with drawdowns of 21.6 m and 0.68 m respectively and
" corsesponding transmissivities of 9.8x10-4 m¥/sec and 8.73x10-4 m?/scc. The water
reserve of the Ohgocene water bearing formation of the syncling i is approximated at

*4.0,7%106 m3 which corrcspond to an arca of structure of 6.1 km? having a thickness of
' 40 m and a storage coefficient of 2 61x107, ;

%)) | Jbel Bcrda'SIruclure

The three wells, IBD1, JBD2 and JBD3, were tocated close to the southesn fault line of
the monocline on the upper Cretaceous formahon due to the inaccessibility to the
summit of the structure. The dtstnbuuon of the wells covered lhe eastcm, ‘middle and
western parts of the monoclme in order to dclenmne its hydrogeologncal characleristics.
Thc execution of the three wells conﬁrmed the prcsence of water accumulation in the

base formation of the structure and in the upper marlstone and schist close to the fault
line.

Constant rate pumping tests al wells JBD2 and IBD3 produced yields of 2.5 lisec and
Il Msec and drawdowns of 48.19 m and 31.42 m respectively with corresponding

3.22

o8



£
iy
-

(eansmissivity values of 9.8 x 105 m2/sec and 4.88 x 10 m¥sec. Whereas well JBDI
gave a yicld of 1.5 Vsec at a depth of 63 m which was expected to increase as drilling
progressed. Unfortunately, exploding hydrocarbon gas encountered at 67 m
contaminated the groundwater and necessitated to backfill and abandon the well.

The presence of excessive fissures in the sub-strata of well JBD2 at depth of 120 and
140 m with additional water accumulation indicate the probable presence of another
recha:'gé layer in the upper Cretaceous formation. ln'this'rcspect, additional geophysical
prospecting is recommended in order to determine the actual recharge area of the

aquifer.

The water reserve in the base formation of the monoctine is approximated at about 075
x 108 m? which correspond to an area of structuse of 6.3 km? and a water bearing layer
of 60 m with an estimated storage coefficient of 2.5 x 103,

The quantitative estimation of the hydraulic potentials of the syhcline structure at the
locations of the exploratory wells was determined in function of the various pumping
tests and the obscrved piezomelric water levels. The hydrogeologic parameters such as
the transmissivity of the wells, the storage coefficient, specific drawdown and well loss
coefficient were computed using Jacob's equations as shown in Tables 3.3.2 and 3.3.3,
and Figure 4.4.6 of Supposting Repor, tespectively.

3.34 ° Water Balance Analysis

(1) Outline of Water Balance Analysis

The following presents an application of water balance analysis for estimation of
groundwater recharge, using meteo-hydrological records. Water balance analysis is to
clarify a balance of quantity of inflow and outfiow in a hydrologic system within a

.~ certain period of time. Basically, this is formulated as the following equation.

(Inflow) - (Outflow) = (Change of Stof:age)

Groundwater flow system is a pait of the hydrologic c¢ycle illustrated in Figure 3.3.4. In
general, it is difficult to know a quantity of groundwater recharge by measurement or
observation. On the other hand, water éntering into a hydrologic system js a sum of

. precipitation and runoff from a neighboring hydrotogic system, and water going out is a

total of runoff, evapotranspiration and water exteaction from the system. Quantity of
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thése items can be known based on measurement or observation data. Accordingly,
groundwater recharge can be estimated based on these data. '
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I‘igure 3.4 Schematic Diagram of Hydrologic C) cle

(2) - Water Balance Model

A tank model method which is a serial storage-1ypé model was applied for the water
balance analysis. The tank model is composed of a number of containets which indicate
the catchment basin (hereinafter the container is called a 'tank’).

As shown in I‘lvure 3.5, the tank has severai holes on the;r sides and boltoms Rain

- enters the top tank ﬁfbl then passes into the lower tank through holes on the bottom of
the upper tank. Water also passes through holes on the sides of the respective tanks.
Water moving through the bottom holes indicates infiltration, while runoff maving
~ through the side holes of all the tanks indicates river discharge. When a model with
serial three 1anks is provided, each tank'reprcéents the runoff mechanism on the ground
surface or layer, and is a component of the runoff hydrograph, which are generally
considered as follows:

Top tank Surhce Runoff .
2nd tank Sub-surface / Groundwatcr Runoﬁ”

3rd tank Groundw_ater Runoff (Baseflow)
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Where, P : Preupltallon or mﬁllrauon from the upper tank

' Q + Runoff
R . Infiltration to the lower tank
E . Evapoltanspiration
Cu : Coefficient of the upper hole on the side
Cy . Coefnmem of the lower hole on the side
Cp : Coeflicient of the bottom hole b

T Hy : Height of the upper hole from the bottom

Hy - : Height of the lower hole from the botiom

D : Depth of water (stcrage of tank}

Note: All variables are in oun,

Figure 3.3.5 Conceptual Diagram of Tank Model

Calculations are mndc for all tfmks from the upper to the lower tanks. The sum of
runoff from the side holes of all the tanks indicates river runoff. The remaining depth
of each tank constitutés the initial depth for the next slep, and the calculations are
repemed using the same proccss

To establish a tank model precipitation and polcnual cvapomnspirmioﬁ are given as
input for calculating runoff. Actual evapotranspiration is obtained as a resull of
calculation. The coefficients, such as Hy, Cy, Hi, ¢y and Cyp, are analyzed by comparing
the computed runoff with the observed sunoff. Model calibration is carried out by trial
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and error for adjﬁsiing the coefficients until the computed hydrograph fits in with that
of the observed.

(3) Water Balance Analysis for Objccli\rer Arca
1)  Modeling for River Basin

The objective areas for water balance anal)ffsis and groundwater simulation cover the
arcas of the groundwater potential structures 4t Ain Defali, Teroual and J. Berda,
respectively.

Applying the tank model, water balance analysis was carried out for estimating
groundwater recharge of each objective area. The tank model was established for the
gauged river basin which is closely located to the objective area.” The objective river

basins are the Rdat river basin for Ain Defali and the Amzaz river basin for J. Berda, -

respectively. ‘For Teroual, since no runoff record is available on the neighboring
tributary, the tank mode! established for the Rdat river basin was applied. The meteo-
hydrological records used for water balance analysis are listed on Table 3.3.4.

Using the basic data above, the tank models were consteucted for the respeclive fiver
basins. The serial three tanks were provided for the model. Comparison of the
observed and computed runoff are shown in Figure 3.3.6 on annual basis and in
‘Figure 3.3.7 on flow duration curve, respectively. In géneral», the computed iunoff
‘almost corresponds with the observed runoff, the results are therefore regarded as
acceptable. ' '

2)  Application for Objécl_ivc Area

The tank model constructed for the river basin was used for estimating the groundwater
recharge of the objéctive area. Application of the tank model and input data are shown
in Table 3.3.5. From the results of the tank model simulation, the groundwater recharge
for cach objective area was obtained by the following equation:

‘ Gr.z‘P'— Ro-E

Precipitation (P}, surface outflow (Ro) and_evapolmnspirdtion‘ (E) af_e components of
surface runoff system expressed by the top tank. Value of (P ~ Ro ~ E) gives runoff
fram bottom hole of the top tank. The estimated groundwzﬂter recharge (Gr) i$ shown in
Table 3.3.6 '
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Tabte 3 3.6 Water Balance of Objective Area a

_ Unit: mm
Precipitation Surface Evapo- Recharge
Objective Area Runoff | transpiration
. P (Ro) (E) (Gn)
Ain Defali a 587 65 468 54
Teroual _ 775 154 544 77
[J.Berda | 953 | 36 | 533 R

The value of recharge in the table indicates the average of the gauged river basin. On
the other hand, the objective area with the relalwe]y high groundwater potential is quite
small in the river basin which is mostly covered with the area of low recharging rate.
With consideration to this, the values of groundwater recharge cstimated by the tank
model are necessary to be reviewed in the groundwater simulation discussed in the
succeeding section.

335 _ Groundwater Simulation
(1) Outline of Groundwater Simulation

For development of groundwater sesources. the groundwater management should be
p:ovndcd covering evaluation of the resources plan and implementation programs for
dcvelopmcnt and subsequent pn,sermuon of the resources. Groundwater stmulation is -
a componem of the oroundwaler m’magcmcm and is utilized m’unly for the evaluation

of groundwa(er resources and the fulure plcdxcuon It helps 1o decide the allowable
_yicld of groundwater extraction newly developed. Generally, a numencal model is

applied to simulate a behavior of groundwater flow system.

In this Study, the software MODFLOW, "A Modular Thiee- Dimensional Finite-
Difference Groundwater Flow Model”, was intcoduced to preparation of simulation
model. The MODF[ OW is developed by the US Geological Survey and is being used
over the world wuh its wide apphcauons covermg two-dimensional, quasi-three

dimensional and three-dimensional modeling of groundwater flow. For the objecuvc

areas of this Study however, the several apprommauons and assumplions were uquued
for preparing the groundwater smml'mon model, because the topographic conditions
and the h)drooeol'ogic'ﬂ structures were compllcaled especially in the nlountainous
area. In addition, the nccessary ‘data were limited since the intensive hydrogeological
nvestlgauons were firstly prowded by this Study Further revision of the simulation
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model will be required for the future groundwater management when additional data
has been accumulated.

(2) Theorelical Approach

In principle, MODFLOW simulates groundwater flow in three diménsions. The three
dimensional movement of groundwater through porous matetial may be described by
the following equation:’

d oy @ o) o oh dh |
é}(’{ Eh)Jré;[K ay]+ Gz(K Bz) W= S 3!- ------ ()
Where
Kxx, Kyy, Kzz :  Values of hydraulic conduclivity (L)
h :  Potentiometric head (L)
W -+ A volumetric flux per unit volume and represents sources
and/or sinks of water (1-1)
Ss . Specific storage of porous material (L-1)
t ' : 0 Time {t) '

This equ'luon constitutes a mathematical representation of a groundwater flow system if
flow and/or head conditions at the boundaries of an aquifer system and initial-head
conditicns are specified. ‘Analytical so]uuons of the equauon are rarely possible, so
various pumerical methods must be employed to obtain approxtmate solutions. Of
them, MODFLOW employs the Finite thferencc Method {FDM), wherein the
continuous syslem described by equation above is rcplaced by a finite set of discrete
points in space and time and the p'mlal derivatives are replaced by terms calculated
from the differences in head values at these points. This process leads to systcms of
simultancous linear algebraic dif ference equations, and the solution yields values of
~ head at specnﬁc poinis and times,

- 1n order to formulate the finite difference equation, a spatial discretization of objective
aq'uifcr system is provided, using a mesh of blocks called cells with their locations
described in terms of rows, columns and ia)"ers;' In addition, since the head in the
~ equation (1) above is a function of time as well as space. discretization of the
comtinuous time domain is also required.

i : A
I‘!-.\s;-‘}
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“The continuity equation is applied for devetopment of finite difference equation of
- groundwater: It expresses that a balance between inflow and outflow of a cell is

equiva!ent 1o a rate of change in storage within the cell.

ZQi=S5s Mg e @
where
Qi : A flowrateinto the cell (L3t
Ss :  Specific storage cquivhlent to Ss in equation (1) (L-H
V :  Volume of the cell (L3) .
“Ah :  Change in head over a time interval of length (L)
At Tilﬁe imerval' iy

Using thc equation (2), the equation (1) for three dimensional groundwater flow can be
expressed as a form of difference equation, The dlfference equations are eatabllshcd for
the respective cells, which are composed of an objeclwc aquifer, wnh unkrowa head.

" These equations can be solved simultancously, then the heads of the respective cells can

be ohtained.

' (3) Summary of Groundwater Flow Modeling

Based on the data obtained during the field investigation, the groundwmer flow system

" in each objective arca was estimated by modeling. For numerical model, the objecuvc

area was divided into mesh b!ocks The data mciudmg topography, th:ckncss and

" hydrawic constant of 'lqutfer glc. were gwcn by mesh block.

h Gcomctry of Aquifer System

Ground surface elevation was obtained from the available topographic maps with a
scale of 1/50,000. Thickness of aquifer was estimated from the lithology of the
exploratory well and the results of the geophysical prospecting, then the data of top and

" bottom elevations of aquifer were prepared.

2)  Groundwaler Level and Hydraulic Constant

With cons:derauon 10 water hqlance in terms of lnﬂow and outflow of the objective

-area, groundwatcr flow was reproduced on the model by adjustmg groundwater tevel.

This process was made by providing hydrauhc conduchvny of aquifer. Around the
exploratory well, the hydraulic conducuvny was gwcn with reference 1o the results of
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pumping test, ahd the computed groundwater level was adjusted (o the observed level
as much as possible. For the other part of the objective area where the groundwater
1evel data were insufficient, it was assumed that the groundwater surface might indicate
a simitar form to the ground surface.

3)  Water Balance

inflow to the objective area was initially set af the groundwater recharge estimated by
the tank model. The sum of outflow from the objective area and spring yield was
equivalent to the inflow. The present groundwater extraclion was not considered

~ because it may be very small compared with the water balance in the whole objective
area and the most of extraction sources are non-equipped dug holes. In the process of
modeling, the groupdwater recharge estimated by the tank model was evaluated as
acceptable for Ain Defali and Teroual. On the other hand, the recharge of J. Berda was
evaluated much larger than that estimated by the tank model because of the yield of
Tazrhadra spring which gwes a n,lauvely stable yield during dry season,  As a result,
water balance of each ob]ectwe area was obtained as shown-in Table 3.3.7 and
Fxgure 3.3.8. The simulated groundwater flow indicated by the contour maps of
groundwater leve! are shown in Figures 3.3.9t03.3.11.

“Table 3.3.7 Water Balance of Objective Arca (2)

_ Arca . Precipitation | Evapo- - | .Slirfacc' | Groundwater

Objective Area| o ‘transpiration ‘Runoff - Runofl

o (km?). | (108m¥year). (105m3fyear) | (106m3year) | (106m¥year)
AinDefaii | 120 | 7044 5616 0.780 0.648
Teroual | 61 4.728 3.424 0.943 0.381
). Berda | 63 6.016 3098 | 2121 0.697

O Conditions for Simulation

‘The groundwater flow model oblained in the previous section gives a steady state
condition, which is an ideal condition, since the modeling was made based on the
annual average rechurgc In general, seasanal fluctuation of groundwater level is taken
into account of the model by transient simulation based on the continuous obsesvation
data. However, since the groundwaler level data of the exploratory well concerned
were only avaitable during a few month, the seasonal fluctuation could not COtflSidC.l‘Cd
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into the simulation study. _Accbrdingly, the simulated steady state condition was
assumed as the groundwater ﬂow_conditio’n in 1995 and the simulation study gives the
prediction of groundwater tevel on annual basis.

The simulation study was carried out using the model for each objective area with the
additional input of groundwater yicld to be extracted. The initial condition of
simulation was assumed as the steady state condition reproduced by modeling. The
groundwater level was predicted for the time-dependent conditions on annual basis,
The simulated grdundWalcr level was compared with that of the initial condition, then
the lowering of groundwater level from the initial condition was obtained.

(5) Results of Simulation

The allowable yield of groundwater extraction from the exploratory well was evaluated
with the criteria of the lowering of groundwater level after 20 years punmiping. The
study was carried out for the alternative allowable lmit of 10m, 15mand 20 m. In
addition, the groundwater recharge was provided for two casés-as follows:

i) Averagé recharge, and
ii) Estimated recharge year by year for the recent 20 years (1975/76 - 1994/95).

The resulls of 'simulzat'ion are listed o’ti Table 3.3.8.

Table 3.3.8 ‘Results of Groundwater Simulation

Ain Defali _ A | |
[Recharge -t Allowable Limit "Yield of Exploratory Well (m3/day} :
GWIL, Lowering - ADFI1 ADFZ |  ADF3 | - Toul
10 m 231 60 155 456
Average _ ISm 354 86 233 673
' 20m a75 | 120 31l 906
10m - 224 43 §20 387
Recent 20 Years “15m - 336 77 - 120 © 533
20m -+ 457 120 285 | - 862
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Teroual : o : _
Recharge - | AllowableLimit | Yieldof Exploratory wel (m3/day) '

GWL Lowering | “TRA2 TRA3 Total:
[ 10m 11t 106 217
Average 15m 166 57 323
S 20m 226 | . 2071 41
T 10m- 108 - 103 211
Reccnt 20 Years |- 15 in 164 | 155 319
20m 220 207 | 427
J. Berda . L
Recharge Allowable Limit |  Yield of Exploratory Well (m3/day).
GWL Lowering JIBD2 1BD3 Total -
i om |- 43 64 |- 307
Average ‘ 15m 64 99 163
20m 90 133 223
10m . 34 47 | 81
Recent 20 Years 15m 56 g2 | 138 |.
L 20m 82 116 198

As the results of the groundwater simulation, the possible amount of groundwater
pfoducﬁon is not large estimated from the future lowering of groundwatcr tevel,
because the extent of the groundwater recharging area is small. Allhbugh the
groundwater simulation stil} mcludes the several uncertain factors, the results suggest a
limitation of the groundwater resources so that an excessive groundwatcr extraction lS
not recomimended other than the potable water supply. ‘ '

As a conclusion, the allowable yicld of groundwalter extraction should be kept at the
yicld meeting the potable: water demand for each model area under the proper
management of the groundwater resources. Further groundwater development will
require the evaluation of groundwater resources not only by this Study but also by the
long term monitoring under the groundﬁ'ater management.
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3.4 Walcr Demand l’rojccllon of Madcl Areas

§Ex1st;ng population of the thrce model areas as of 1995 was mvesngated by the socio-
‘cconoiic survey carricd out in August 1995 during the stage of lhc second field work.
The detail documents on the population were collected nnmly from comnunal

authorities. The population surveyed is a little different from the census survey carvied
out in 1994 due to increase of the number of douars within one year, and this data was
conductcd for the future population prcnecuon of the model areas by the farget year of

2010.

In connection with water demand projection, basic '1ppro1ch for projecting, needless to
say, should be same whichever in the model arcas or in the Study Area. In this Master
Plan Study, preliminary watcr demand projection for the Study Area was carried out
during the stage of Phase 1 and Phase 1i taking into consideration of the existing

‘condition, past’ trend of water use and existing projection presented in the National Master

Plan under the AH as well as under the DRPE. Therefore, general aspccts on waler
demand projection of the inodel areas other th:m the conditions peculiar to the model areas
are described briefly in this section, and detail consndcrauon for the entire Study Arca is
given in Chapter I1.

3.4.1 TPopulation Projection and Distribution

The soclo- economic survey revealed the current population at the three mode} areas,

mmely, three communes as 25,234 at Ain Defali, 12, 096 at Terouﬁl and 6,511 at El
Bibane, respectively. On the basis of these, future population up to the target ycar was
estimated. '1pplymg the rate of annuat mcrcace of 0.7 percent as was established. ' The
projected future popuhuon in each conymune as the model arcas is ”8 000 in‘Ain Defali,
13,000 in Teroual, and 7,200 in Ei Bibane as gwen in Table 3.4, I through Table 3.4.12
together with subscquent results of water demand projection of each commune.

The charactesistics of the existing population in cach model area are described heteinafter.

In the comnmune of Ain Defati which has the largest area aniong others, 60 dovars hdving
the population of 25.234 in total are registered as of August: 1995. The average
population in a douvar comes to 420. The douar with the hrgust population is Qulad Ktir
and the second is Slim having the population of 2,240 and 1,536, respectively, The rural
ceater of Ain Defali, the third largest douar i in the commune and where exploratory wells
were dnlled nearby, has the population of 1.048. Distsibution of the douars extends and
scauered all (hrough the commune, and lhe size of the douar in this commune varics
exlenswely

3.3



The commune of Teroual consisting of 29 douars and having the population of 12,096 in
total are registered. The average population of each douvar éomes t0 417. The douar wilh
the largest population in this commune is called Teroual located in the center of this
commune and has the pop’uiﬁlion of 2,050 peoptle in toial. Distribution of douars éxtends
mainly in the southern part of the commune due to topographic configuration of the area.

The commune of Bl Bibane is the smallest among the three model areas and has 10
douars having the population of 6,511 in tota} with the average population of 651 in a
doudr. Out of 10 douars, 6 dovars are gathered in the central part of the commune, where
the test wells were exploiléd.

3.4.2 Existing Water Supply Conditions in the Model Arca
- (1} AinDefali

The existing water supp}j' facilities in the entire commune include 32 dugholes, 25
 springs, § stand pipes and 18 equipped public water sources according to the survey
carried out'by the AH in 1994. 1o addition, the stream water at 16 locations in this
commune also contributes for domestic and livestock use. The average distance from
houses to the water sources varies from zcro to 20 km.

The existing water supply conditions in the cominune of Ain Defali surveyed in this
~ Study is given in Table 3.4.13. The 14 out of 59 douars are selected as representatives of
the entire commune, thus approximately 10 percent of the populatioh is con;::eme_d for the
SUrvey. - | |

“In these dovars, watcr s mamly oblamcd by means of mules from dugholes and springs
in the vicinity. The average distance to the waler source is approau imately 4.8 km and two
" to three hours are spent (o get water.

The domestic unit water consumplion is estimated at 17.3 1/¢/d and 14.5 Ve/d in sununer
and winter, respectively. The water for livestock is occasionally fed in houses during
summier time and ils rate is estimated to be about 15 percent. Whereas, water is fed in the
nearcst rivers and streams in wintcr.’\sinc'e comparatively abundant Surface water i
readily obtainable during winter.

The existing water supply system in the rural cenler of Ain Defali is cumrently mfm'iged by
the communal organization itself. The wates sources ‘consist of a sprmg located at Bni
‘Sennana and two dugholes located at Laamirat and Ain Defali, respecuvely The water
vield of the spring measured in this Study is estimated at 'ipprox:mately 0.4 s varymg
seasonally, and the water of 0.2 Ifs is transported to an equipped water sousce in Bni
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Sennana. The rest is wransported by three inch pipe to the underground reservoir which

~was initially exploited as a dughole. The water from this underground reservoir is

thereafter transported o an clevated tank located in the midst of the town of Ain Defali to
supply water by distribution pipes and subsequent house connections.

It is recently reported by the ONEP Sidi Kacem office that the ratio of water consemption
o the rural center to the estimated water demand resulted approximately in 40 percent or
inversely 60 percent of water deficit to the ‘demand. Dué to difficulty of provision of

financial arrangément despite of severe water deficit, the communal authority requested

the ONEP Sidi Kacem to exploit new water sources and provide facilities as well as to
help enhance the existing water supply system.

) “Teroual

The existing water supply facilities in the commune consist of 7 dugholes, 1 well, 22
springs; 5 publi'c‘smnd pipes and 4 equipped public water sources. In addition, one
distribution tank, distribution pipelines'and house connection facilities ase provided in the
curat center of Teroual. :

The existing water supply conditions in the commune of Teroual surveyed in this Study

" is given in Table 3.4.14. Nine out of twenty nine douars are sclected as representatives of

the entire commune, thus approximately 12 percent of the population are concerned for
the survey. The means of transportation of water and persons in charge to carry water

' resem_blé to that of in Ain Defali. Due to hilly topographic configuration no vehicle is

used to carry water as far as observed. The domestic unit waler consumption in these
areas are estimated at 15.2 l/e/d and 13.7 Ve/d in summer and in winter, respectively.

“In the rural center of Teroual, the water supply system is provided with a distribution

tank. distribution pipes and house connection facilities relying upon the spring water
Jocated on the slope of a mountain in the village. The water issued from the spring by
0.73 Ifs is diverted to two directions to supply water 1o inhabitants. The spring water
thereafter is conducted to the equipped water sources which are the so called "Sheraton
Spring' with 0.55 Vs and 'Caid Spring’ with 0.18 Vs, respectively, according to the

‘sdrvey carried out in this Study in June 1995.

The spring water at the same time is also divested to a reservoir located on top of a hilt by

‘pumping and distributed to the center of Teroual by gravity. The residents thercafter
‘receive waler by house connection facilities. The number of current house connection

provided in the center as of July 1995 is counted as 360, which corresponds
approximately to 50 percent of the requested number. The 50 percent of the population

il await for the provision of house connection facilities. However, current total
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groundwater issue cahnot meet the demand even for the res:dcnts already prowdcd with
house connecnon famhlles

(3) Ain Berda

The water supply facilities in the commune consists of only 2 dugholes and 10 springs
with extremely less water issue contribute to domcsuc and lweslock water use in the
commune. The existing water supply conditions in this commune is gwen in Table
3.4.15. All of ten douars are selected for the survey $o as to grasp the c_:msnng water
supply conditions, and approximately 11 percent of the population as répresemativts- is
concerned for the survey.

Due to mountainous topographic conditions and concentration of residential areas in the
vicinity of the rural center, the distance to cany water is rather short compared with other
mode] areas varying from zero to 3 km. The domestic unit water consumption in this
commune is estimated at 6.9 Ve/d and 13.3 I/e/d in sumner and in winter, respectively.,

{n the rural center of this commune, iwo dugholes located in the midst of the housing area
were exploited by the AH in 1983. They are currently dry and not in use any more.
~ Whereas, two springs in the neighborhood currently yield water at only 0.02 to 0.09 Vs,
or approximately 1.7 m3/d 10 7.8 m3/d. As is obviously seen by this figure, the residents
are severely suffered from water shorlage. - '

~ While, the spring at Tazrhadra, a couple of hundred meters down from Am Berda
* cumrently yields water about 10 I/s which corresponds to 864 m3d. This water is partially
transported to the neighboring town “of Rhafsai at the foot of the Jbel Berda *md 3.6km
apart from Tazrhadm with the amount of 1 Vs in summer time and 5.5 Us in winter time.

3.4.3 Parameters for Water Demand Projection

" (1) Sesvice Ratio of Water Supply

" The existing water supply facitities provided in the model areas are insufficient in quality '

“and quantity, and their water sources are very llmllcd in number containing constrainis of
such as non physical and mechanical maintenance, poor sanitary cares in the vicinity of
water sources and long distances to approach.

Many of the water sources are owned and controliéd by the communal authorities,
because their magnitude is, in general, quite smdll; The socio-economic survey revealed
that more than 80 percent of the residents in the model areas are dependent on such public
‘waler sources even though the _qdaliiy is not satisfactory, and the rest acquires water from
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private dug holes or wells. ftis cnwsagcd that such pcoplc who are able to acquire water
from thelr own sources would continue the same way as it is in the future.

It was identified, according to the socio economic survey, that land owners or owners of
private water sources generally keep exploiling new dugholes or wells from time to lime,

to conserve potential of groundwater production for their own profits. In this regard. it is
readily anticipated that the private owners would keep extracting groundwaler at least
fiftcen years or so, namely until the targel year. 'Thus, the water supply pervasion by
public supply means will be at round 80 pcrcem

Ina practical poml of view exlslmg water supply pervasion by pubhc means of 1o be
supphcd by pubhc supply system may be more or !ess 80 percent. However, due to lack

of data, precise value of existing supply pervasion is a hard task to acqunre Therefore,

the supply pervasion for both of 1996 and 2010 shall be 80 percent in convenience in this
Study.

Meanwhile, the National Master Plan presented in the first edition in 1992, proposed the
future water supply system in the rural areas in Morocco applying the ratio of 10 percent
for house connection, 30 percent for refurbished water sources, and 40 percent for public
stand pipes. The existing condition of water supply in the Pre-Rif region is, comp'nrcd to
other typical rural regions in Morocco, considered to be approach'ablc to this target by the
year of 2010.

The number of fivestock in the future is also a significant parameter which cxens on’
water demand. The number of livestock may increase in the future in compliance with the
dcvclopmenl of socio-cconomy, but the rate of increase up to the target year is ncgllgublc

when considered the past tendency as far as the model areas are concerned.

‘Whereas, actual unit water consumption by livestock may remain in the same level as itis

because of the characleristics of animats. Therefore, the number of livestock together
with the unit water demand shall remain in the same level as of 19935 in this projection
untess ‘otherwise semarkable irrigation schemes which may probably serve abundant
grass 1o livestock would be carried out by the target year. ' '

| (2) Unit Water Dcmand

As was given in Chapter I, the DRPE proposed future water demand at around 30 Veld,
although some imported water from neighboring commune is included. ( Sce Table

2.5.5).
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The National Master Plan on the other hand concluded that the unit water demand for
2010 in compliance with water supply facnlmcs would reach the followmg valucs as
given in Table 3 4.16. : :

Table 3.4.16 Unit Water Demand in compliance with Water
Supply Facilities for 2010

. Ttet -RWS PSP | HC |
_Slgppiied Person per Unit 250 200 g
wl}ﬂessﬁc Unit Bemand (1/c/d) 15 30 : 50
Livestock Unit Demand (Marge unit/d) | 20 20 20

Note: _ _
RWS: Refurbished Water Source
PSP: Public Stand Pipe
HC: House Connection
Source: National Master Plan

While, the existing ongoing projects under the ONEP North Regional Cénter for Ain
‘Gdah and Karia Ba Mohamed systems which mamly supply water by stand pipes
adopted the unit water demand of 15 Hc/d on average for both domiestic and livestock use.
These systems were originally established by adopting unit watér demand at 30 Yeld for
domestic and livestock, respectively with the plan of house connections for the entire
supply areas. However, because of actual su ppressed water consumption in the system,
the capacities of the ticatment plants resulted in excess water production or oversized as
‘of now. and currently being improved to expand the network system to fulfill the water
' =producnon capacmes '

' 'Takmg these conditions into considemuon the existing net waler demand is established at

20 Vcfd. The unit water demand for domestic use was established to increase by 3 percent

annually from 20 Yc/d for the year 1995 (o 31 ifc/d for the year 2010.

Whereas, the unit water demand for livestock was scl'u'p at 20 Vhead/d and to be constant
up to the target year of 2010. However, the practical water demand of livestock was
~ computed on the basis of the résults of socio-economic survey applying 15 percent of 20
© head/d on average through the year, since the water for livestock, in general, is fed by
natural surface waters such as rivers and sireams in the 1ural areas.

(3) Unaccounted for Water .

Unaccounted for water shall be basically applied on urban areas and rural arcas where
water supply system is provided by the (_)NEP,' since the system constitutes with pipe
reticulation. The model areas, in the light of this, will be provided with adequate water
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supply facilities equivalent to the existing ONEP system, and consequently the paramcter
- of unaccounted for water should be taken into consideration.

The unaccounted for water in the model areas shall include 1) water leakage from pipe
reticulation, 2) water meter reading error by the staff of organization at the main supply
facilitics, 3) sensitivity or calibration errors of the meter, 4) non-payment by the
residents, 5) water quantity recording ersor in the entire system, 6) water wastage during
water intake, 7) water use by public purpose and 8) fire extinguish.

For establishmeént of practicat ﬁgures, non of the data in relation with model areas exists.

Therefore, existing datd of water produclion and water charging record compiled in the

system of Ain Gdah and Mekansa water supply system shall be referred and applied with
3 percent of annual decrease from 40 percent in 1995 to 26 percent in 2010.

3.4.4 Water Demand Projection

On the basis of the parameters of service ratio, unit water demand, and naccounted for
weater, the water demand are computed as 990 m3/d (11.5 I/s) at Ain Defali, 468 m3/d
(5.4 I/s) at Teroual, and 248 m¥/d (2.9 1fs) at El Bibane, respectively, in the year 2010.

~ The results of computation for the demand from the years 1995 to 2010 are presented in

Table 3.4.1 to 3.4.4 for Ain Defali, Table 3.4.5 to 3.4.8 fof Teroual and Table 3.4.9 to
3.4.12 for El Bibane.
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3.5 Development of Water Stipply System
3.5.1 FEstablishment of Basic Technical Strategies

For the establishment of water supply system in the inodel areas, the following
conditions as for technical strategies are taken into consideration:

iy Inthe model areas selected, groundwater reserving geological structures other than
the ones identified arourid the exploratory well sites are hard to find out in the resi
- of the area in the commune. For instance, the existing waler_y‘i_éld fr_oin dugholes or
springs is cons'iderabl y small and not reliable through years due to seasonal
fluctuation. Therefore, the main water supply system shall be based on the source
water from the exploratory wells, and the water from existing dugholes and springs

shall be utilized for supplementary purpose.

ii) A part of the existing water supply systetm in the rural center of Ain Defali and
" Teroual is favored by house connection system based on the existing springs.
When the new water supply system is established, although the proposed new
system is primarily dependent upon stand pipes, the water from the exploratory
wells shall be fully utilized for achieving house conricction system as much as
possible in the rural center.

iii) - The proposed supply system in the model areas shall be divided into first and
second prioritized groups; the first is based on gravily system and the second is on
- pumping system. The system as an urgént improvement program to be adopted this
time shall be by gravily system and this system would be bomplelcd wilhinl three
=yéars. '

iv) The fulurc extension program, namely supply areas based on pumping system shall
be implemented in accordance with increase of population and requirement for
extension by the residents in the douars of remote arcas. Further, it is fully
important to keep monitoring the exploratory wells to check quantitative and
'qua‘litativc assurance for long time expansion.

v)  The supply areas to be implemented this time shall be limited to the mode} arcas
where detail socio economic survey was performed. The transportation of water (o
the rieighboring communes may be allowed after the establishment of water supply
system and capability of further production of water is confirmed.

vi) The proposed water supply system shall be limited to the fundamentat facilities to
supply wates such as pump facilities for the exploratory wells, fransmission lincs
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© from the explomory wells to the mam tank, distribution lines to remote supply
areas, distribution tanks and stand pxpes Fucther extension lines, namely branch
lines shall be instatled in the future when requested by the inhabitants of the
comimuiie.

'vii) The method of 'watcr supply to the douass shall be basically stand pipes. This

* method keeps the initial cost down and remain possibilities to extend branch lines in
compliance with wlllmgness and intention of the inhabitants and capability of
opération and management organization to be established.

viii) In parallel with establishment of ncw water supply system, improvement and
rehabilitation of the existing water sources and supply facilities shall be carried out
on the basis of the data presented in the five years plan by the AH.

3.5.2 Establishment of Planning Paramecters for Water Supply Facilities
(1) - Served Po'puldtion

The planned served popuhtion in each five years stages up (o the target year of 2010 and

- planned average daily supply amount have already been represented with the service ralio

of 80 percent as given in Scction 3.4.

S (2)  Maximum Day Demand

M'lxixﬁum day demand is, in géheml, cbmpufed multiplied average daily demand by peak

~ factor for designing the capacities of water supply facilitics. There is indeed a dif ference

in seasonal water consumplion, espccaaliy between summer and winter. The dnrfcrcncc
is generally brought from ‘rainfall amount’ which affects the magnitude: of waler

" production in the case of surface water supply qystem and so is the case of groundwater,

although the effect on the latter case is sraaller, However, the seasonal difference is not
shown quantitatively due to lack of data and their accuracy. Therefore, avérage daily

~ water demand shall be applied to design for water supply facilities.

{3y Time Coefficient

As for determination of maximum hourly supply amount, time coefficient is generally -
adopted for designing plpe lines on the basis of the past time-related water consumpuon

records. However, hmc of water acquisition is not ceitain, since inhabitants generally
~come to water sources in the day time any time by means of horses and donkeys and,
thereafter, keep water in vases or jugs in their houses. Thus, average hourly supply
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amount would be acccptable to apply for designing supply pipe lines and qppunenam
facilities. : :

(4) Capacity of Distribution Tanks

The capacnly of dlslnbution tanks is generally determined by applying 8 to 12 hours
storage capacity based on the consumption of one third or one half of the. maximum daily
demand. The model areas are locatéd in the typical rural areas and several hours are
needed to access to repair- or convert mechanical parts when stoppage suddenly occurs.
Therefore, the capacity of 12 hoursona practical view point would be appropriate.

(5) Topograph'ié Base Map

For prehmmary desxgn purpose, the topographic base map with the scale of 1/50,000
was adopted for preparanon of the plans and hydraulic profiles for water supply facilities.
It should be noted that the tocations of the douars to be supplied with water as well as the
approach roads are considerably hard to identify on the maps, since the maps were indeed
edited in the carly 1950’s. Therefore, the plans and profiles including attocation of tanks
and stand pipes shall be a preliminary tevel in the accuracy. For the implementation of
detail design, topographic survey in the areas concerned is, first of all, necessary in the
following stages.

3.5.3 Preliminary Planning of Water Supply Facilities
L .G‘encr"al Plan and Hydraulic Proﬁlés

General plans of water supply facilities for Ain Defali, Teloual and Am Berda are given
in ]“1gmes .5.1 10 3.5.3. The proposed water supply system consmls primarily of
gravily system through the three model areas. Proposed distsibution lines for future
- extension are shown by chain lines in the plans and these extension lines are to be
provided by pumping system due to the topographic configuration. Hydraulic proﬁhas for
the dlslnbunon hnes with pumping sysiem is, if detail information is nceded, to be
rcfem:d Drawings.

~ For hydraulic profile, minimum and maximum static pressures of 1 kg/em? and 6

_ kg!cni?, respectively, are basicauy'adomcd, Because of accuracy of the topographic map
-used, modification and adjustment of hydraulic pressure are inevi_lably necessary
conducting, for example, pressure reducing valves, air valves and appu'rtcn_énl facilities
required to these.
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(2) Exploratory Well Site Facilities

~The schematic diagram of exploratory well site facilities are given in Figures 3.5.4 to

3.5.6. The pumping facilities provided in the exploratory wells are alt submersible
pumps to extract water from the wells to the main distribution tanks on top of the hills
located in the vicinity of each well. In case of Ain Defali and Teroual, the water extracted
by the submetsible pumps are stored tentatively in the connection tank to protect water
hammer and to unify the pluml number of pipes. Thc technical details on the
specification of pumps, p:pes ‘and connection tanks are gwen in section 5 in Supporting
Report.

(3) Distiibution Tanks

The distribution tanks are mainly divided into two categories. The onc is calted the main
distribution tank located in the vicinity of the exploratory wells to reserve water for the
entire supply area, and the other is the one provided at the end of distribution p;pc lines to
provnde free surface, connect proposcd future extension pipe ling with pumping facilities
and to supply waler to the douar concerned. The material and structure of these taiks are
phnned with reinforced concrete for the sake of water proof and durability and with
reclangular semi-underground type

(4y Distribution Pipes

" Materials of distribution pipes adopted in Morocco, in general, are such as concrete,

ductile iron, galvanized steel, asbestos cement and polyvinyl chloride (PVC). Amonns{
others; latter three mmenats are used often in the Study Area in view of economic aspccls
and ease of cons{ruclmn The PVC is generally used for the case of small diameter and
house connections.  The galvanized steel and asbestos cement pipes are generally used
for transimission and distribution pipes, and they are domestic products. In this Stud-y,
galvanized steel pipe is adopted.

{(5) ‘ Stand Pipes

A typicai type of stand pipe is ‘prop'os'ed in this Study to serve water to the douars.
Structure of the stand pipe is seinforced concrete type having facilities of water tapping.
water feeding pit for livestock and washing cloth area. The stand pipe is surrounded by

‘et fence to protect from animal intrusion to the stand pipe ¢ qrea Orie unit of stand pipe is

bas:cally proposcd 10 prowde in each douar.



(6)  Appurtenant Works

Electric cables, posts and contro} panels to supply electric power to the exploratory well
sites are to be pravided. Access roads for installation of pipes and distribution tanks are
also planned 1o be provided.

3.5.4 Improveme’ht of: Existing Facilitics

The 1rnprovement of the existing water supply facilities i is to be inade on the basus of the
fists provided in the five-years plan prepared by the AH as described previously. The
major facilities to be improved are concentrated on dugholes and springs located in the
model arcas. Among them, the nhmb_er of dugholes to be rehabilitated amounts to 7 for
Ain Defali and § for Teroual. Whereas, number of springs to be rehabilitated is 19, 23,
and 7 for Ain Defali, Teroual and Ain Berda, respectively.

The practical works to be done for rchabilitation of dug holes are such as 1) repair of
walls, 2) provision of roof on the dug holc, 3) provision of covcr on the dughole, 4)
provision of hand pumps, 5) provision of concrete stages for sanitary purpose, 6)
provision drains. Whereas, for springs, i) provision of water tanks with concicte
structure, 2) provision of conduction pipes from the spring to the tank, 3) provision of
roof, 4) provision of concrete stage for sanilary purpose, 5) proviSidn of drains, are to be
cquipped.

" The dugholes and springs to be rehabilitated for each douvar in the model areas are
sumnmnzed in Tables 5.5, 5.6 and 5.7 in Suppomng Report.

-3.5LS Opcratiml and Maintenance Plan

1n order to supply potable water satisfactory for water demand and water quality stondard
with adequate préssure, water supply facilities are required to be constantly maintained in
a condition able to enhance the function of the system.

(1) Control of Water Quantity

‘Mouitoring and estimation of the balance between water demand and supply are required
for distributing water to all the supply arcas equally and suitably. For this purpoqe
measurement of flow rate, pressure and water storage are carried out. On the basis of the
data obtained by the measurements, operation and maintenance works arc prov:dcd
efficiently to cope with the variation of watcer disiribution quantity.. Water leakage is
checked from tinie (o time in the process of flow rate control in order to prevent loss and
‘contamination of water, and lowering effectiveness and damages on devices.
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(2) Controt of Water Quality

Testing of waler quality is constantly carried out for water source as well sis for taps at
the end of distribution facilities. ‘The deterioration of water quality is not only due to
pollution of water source but alsa brought from occurrence of negative pressure in pipes
resulting in suction of contaminated water from surrounding soils.

(3) Well Sites

Flow rate of ground water and water level in production well should be constantly
measured. Excessive extraction may bring about break of balance between extraction and
recharge, and slogging of strainer. : '

It is preferable to provide net fence and drainage facilities around wells and pumping
facilities for preventing damages on the facilities as well as for environmental protection
at the well site. | |

(4) Pumps

Submersible pumps are planied to be equipped on production wells. Pumps are also
planned at distributicn tanks in the case of extension of water supply system. For proper
operation of (he pumps, operating conditions should be constantly checked in terms of
electric voltage and current, Muctuation of water pressure, and performance of control
panels, cables and motors. Periodical maintenance of equipment and supply of spare
parts are also important. ' - '

(5). Distribution Tanks and Pipes

1n order to maintain the function of distribution tanks, it is preferable to provide recorders
for checking a storage amount and to conduct leakage survey from tank. ‘

For operation and maintenance works of distribution pipelines, it is necessary 1o provide
milestones along the pipeline, at the valves and location of the pipes, in order to effectuate

maintenance works.

It is also impoitant to keep accessibility to distribution tanks and pipelines without any
delay of mainténance works. '



3.6 - Preliminary Cost Estimate

@

3.6.1 Conditions of Cost Estimate

The project cost was esnmated on lhc basis of the prelimindry layouts and dcsngns of
water supply facilities in the model areas under the following conditions and
assuImptions.

(1) Composition of the Project Cost
The project cosl constitutes the following cost components:

i)  Direct construction cost

ii} Land acquisition and compensation costs

iit) Administration expenses for exccmlng agency
iv) Enginecring scrvices expenses

v) Price contingency

vi) Physical contingency.

(2)  Price Level -
Price level is to be set as of January 1996 for the cost estimate.
'(3)  Exchange Rates

EThc exchange rates are set as follows referring the ™ Inlémalio_nal Financial Statistics”
"m Janu'lry 1996 ' ‘

USS$1.0=DH 86 Yen 100.0
DH 1.0=Yen 11.6

(4) . Devaluation

Devaluation of Moroccan Dirhams to the US Dollar was reviewed and shown in
" Table 3.6.1. . As Moroccan Dirhams are stable to the US Dollar in recent .years,
- devaluation factor was not incorporated with the price escalation rate, accordingly.
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Table 3.6.1 Devaluation o.i' bifhams to US$

average | 95| '94 '93 02 91
pH/USS | | 8495 | 8960 | 9651 | 9.049 | 8.150
Devaluation - 0465 | 0691 | 0602 | 0899
Rate i3s%| | 5% | 7.06% | 665% | 11.0%

(5) Forelgn and Locai Currency

T he pl‘O}CCl cost was estimated dividing into foreign and local currency portlons (FC
and L.C) taking into account the following factors:

i) avmhbmly of s!ullcd labors in Morocco
ii) avmlablluy and producuvuy of canstruction materials in Morocco
iii) avmlablhly of plant and equipmesit in Morocco for construction execution.

(6) Value Added Tax
Value added tax (VAT) cur'rcmly adoptcd in Morocco was as foliows:

VAT for sales aclivity : . 19.0%
VAT for construction activity : 14.0 % .

() Interest During Construction

No interest during construction period was taken into account. :

3.6.2 Appreaches to Cosl Estimate

The project cost was estimated by the following approaches' in terms of respective cost -
Hems.

(1) Macro Basis Unit Costs for Rural Water Supply Project

Macro basis unit costs are prc,sented' with due comprehensive cost study on rural water
supply in the Pre-Rif region in Table 6.1 of Supponting Report.



(2) Direct Construction Cost

The direct consiruction cost consists of 1) mobilization and preparatory works, 2) civil
works, 3) mechanical works including water transmission and distribution pipe lines,
4) building works, and 5) procurémenl of electro-mechanical facilities. These costs
were estimated applying the follawing three methods.

1)  Unit Construction Costs to be Multiplied by Work Quantities

This methed has been applied to almost all pay items of civil, mechanical and building
works which constitute the majority of the project cost. The unit construction costs for
these items are tabulated in Table 6.2 of Supporting Report, in compliance with a
review and analysis of collected data of similar projects implemented recently in the
north region of Morocco. Unit prices or charges were also scrutinized to make up for
thesc unit costs. The unit prices consist of construction materials, labor charges and
rental charges for construction Equipmeht as shown in Tables 6.3, 6.4, and 6.5 of
Supporting Repont, respecli'vely. The unit costs were also divided into foreign and local
currency poriions based on the country from which material, labor and equipment are
obtainable.

2)  Statistical Method Using Cost Data of Other Simitar Projects

“Costs of mobilization, preparatory and temporary works, and metal works has been

“estimated by this approach, Collected cost data' of water supply'projcc'ls in northem '.
 region of Morocco were valuable and referred.” Same concept as above 1) was applied |

to divide into foreign and local currencies.
3} Quotations from Supplicr, Distributors or Sole Agents

Electro-mechanical facilities such as, pipes and fitings, pumps and motors were
estimated by this method on the basis of quotations. These facilities will have to be
‘imported. The costs for this group excluding inland transportation and installation costs
has been incorporated into the foreign currency portion.

| (3) * Land Acquisition and Compensation Costs

The greal majority of the land in the model areas is owned by the communal authorities.
The land acquisition cost. duc to this scason, was not taken into consideration in the
cost estimate, and neither is subsequent compensation cost.
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(4) Administration Expenses for Ex‘ecuting Agency

Administeative expenses for implementing the project by the executing agency was’
estimated as a proportion to the direct consiruction cost applying 10 percent. These
expenses were incorporated into the local currency pottion.

(5) Engincerng Services Expenses

The engmeermg services expenses were estimated at 20 percent of the direct

construchon cost to covér basic design, tender design and conslriction supéivision by
fore;gn and local consullmg engineers. Of the expenses, 70 and 30 percents were
appllcd to forcign and local currency portions, respectively.

(6) Price Contingency

Price contingency is 1o cover inctement portion in the market price of materials,
equipment and labor charges. The price contingencies for foreign ang local currency
portions were estimated on the basis of the consumer price index of G7 counties in the
last five years as indicated in Table 3.6.2. No devatuation factor between Dirhams and
USS$ was taken into account. Consequently, the following price escalation rates were
incorporated into the cost estimate.

Foreign currency portion - 2.9 % p.a.
I.ocal currency portion 6.0 %p.a.
Table 162 " Consumer Price Index of G-7 and Morocco
; average| 1995+ | 1994 | 1993 | 1992 | 1991 | 1990
Morocco 1340 | 1263 1201 1142] 10801 100
Rae (%e)- | 60 61] 52 52| 57 8.0 .
G-7 (%) 2.9 § 2.0 2.1 26 31 4.6 -

* from January to July

(7') Physical Contingency

Physwal contingency was provnded 10 cope with unforesecn physmt conditions, such
as minor differences belween actual and estimated quantities, omissions of work iteins,
incidental pay items occuired, possible changes in plans, and other uncertainties. The
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physical contingency was estumted at 15 percem to the base construction cost and
mconporated into both foreign and local currency pottions,

363 Construction Cost Data

Cost data were collected focusmg unit construction costs in and around the Study Area
'dunng the field work in October 1995 (o estimate the project cosl as a preliminary
tevel. They were invesiment cost data for water supply facilities pubhshgd by the AH.

unit consiruction costs for Karia-Tissa water supply project under the Ministry of
Agriculture and water supply project in rural area by the AH, summary of average unil
prices by the AH in Fes, ONEP's cost data for water supply project in Taza, quotations
from local suppliers for water treatment plant, pipes and fittings, and others. These cost
~ data were tabulated in Tables 6.1, 6.2, 6.3, 6.4, and 6.5 of Supporting Report.

" The investment cost data for water supply projects prepared by the AH are also given in
Tables 6.6, 6.7, and 6.8 and Figures 6.1, 6.2 and 6.3 of Supporting Report.

Major unit costs adopted for the construction cost estimate of water supply facilities in
the model areas are given in Table 3.6.3.

364 ‘l"rojecl Cost Estiniate

T hc pchcl cost has been worked out for 2 ¢ases that one is to supply by gravity system
and gravity plus forced supply by pumps as presented bclow according to the
' uanemenmhon ‘schedule.

(1) Project Cost of Water Supply Facilities by Gravity Supply Area

The project cost for gravity supply area are summarized in Table 3.6.4. comprising the
- construction of water supply facilities and vehabilitation of existing rural water supply
' facilitics in the model areas.




US$1.0 = DHB8.6 = ¥100.0 (Jan,, 1996 _

Table 3.6.4 Project Cost { Gravity System ) -

_ Foreign Local Currency Total
No. Project Cost tems Currency Poftion Equivalent
Portion
i (1.000 US$) {1.000 DH) (1LO0ODH) |
1 | Direct construction cost <1 4,839 15,562 57,272
2 | Land acquisition and compensation 0 0 0
cosls €2
Adminisiration expenses <3 -0 5721 5,727
4 Engmeenng services expenses <4 932 3436 11454
Total as base cost (577 (24.8106) (74,449)
'S5 | Price contingency <5 | 411 3618 - 7,153
6 | Physical contingency <6 927 4265 12,240
Project cost 7.410 32,700 193,842
Note: <1 : including Value Added Tax of 14.0% in local cunency poruon
<2 ; noaccount, the fand owned by each commune
<3 . 10% of total direct construction cost '
<4 :  20% of tolal dirett construction cost for bas:c design, detailed design and construction

supervision, and 70% FC and 30% LC

T <3
3 : : <6

Of the project cost, total base cost excluding the price and physical contingencies
amounts 16 DH 74.3 million (equwalent to Yen 864 nnlhon or USS 8.6 mllhon) in total.
Direct construction cost and rehabilitation cost pcrhmmg to forcion and local currency

2.9% and 6.0% for foreign and local currency portion respectiv ely
15% 10 the sum of basic cost and price contingency

portions are given in Tables 3.6.5 and 3.6.6, excluding VAT of 14.0 percent.

Dircel Construction Cost of Water Supply Facilities |

Table 3.6.5
: { Gravity System)

o Currency Direct Construction Cost
Foreign currency portion US$ 4,666 thousand
Logal currency portion DH 8131 "

Total DH 48,259 thousand
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Table 3.6.6

Reliabilitation Cost of-Exisling Facilities

Currency

Rehabititation Cost

Foreign currency portion
| Local currency portion

US$ 174 thousand
DH 489 "

Total

Priced bill of quantities of direct construction and rehabilitation works are given in
Table 3.6.7. Annual disbursement schedule for the project cost is shown in Table 3.6.8

DH 1.985 thoiisand

in compliance with the proposed implementation and construction schedule.

(2) Project Cost of Water Supply Facilities in Supply Area by Gravity and Pumps

The project cost for suppiy area by gravity plus pumping system are summarized in
Table 3.6.9 comprising the construction of water supply facilities and rehabilitation of

existing rurat water supply facilities in the model areas .

Table 3.6.9 Project Cost ( Gravity + Pumps)

US53.0 = DHS.6 = ¥100.0 (Jan.. 1996)

. Foreign Local Currency Total
No.: Project Cost leins Currency . Portion " Equivalent
: Portion ’ '
{1.000 US$) (1.000 DH) {1.000 DD
1 | Direct construction cost <l 6401 19.868 74017
2 | Land acquisition and compensation 0 0 ‘0 -
costs <2 ' o
Administration expenses <3 0 7.492 7492
4 | Engineering services expenses <4 1220 © 4,495 14,983
Tota) a3 base cost {7.621) (31.85%) (92.392)
- § | Price contingency <5 543 4,638 9,307
__6____ Physical contingency <6 1.225 54714 16,005
Project cost 9388 41,966 122,703
 Note: <} including Va!ue:Addgd Tax of 14.0% in Jocal cummenzy portion -
<2 .1 poaccount, the land owned by each commune -
~<3 " 10% of total direct construclion cost _
<4 20% of total direct construction cost for basic design, detuiled design and constcuction
supervision, and 70% ¥C and 30% L.C _
<5 : 2.9% and 6.0% for foreign and local currency portion respectively
<& ¢ 15% 10 the sum of basic cost and price contingency
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Pnced bill of quammes of direct construction and rehabilitation works are given in

Table 3.6.10.  Annual dlsburscmcnl schedule for the project cost is shown in

Table 3.6.11 in compliance with the proposed implementation and construction

schedule.

3.6.5

'Opcralion aud Maintenance Costs

Annual operauon and mainteriance costs were estimated divided into gravily supply

system and gravity plus pumpmg system as summatized below, The details are given
in Tables 3.6.12 and 3.6.13 for gravity system, ¢ and 3.6.14 aind 3:6.15 for gravily plus

pumping system for respective model area.

Operation Cost Operation Cost
Gravity Gravity -+ Pumps
~ Ain Defali DH 222,000 DH 435,000
Teroual DI 375,000 Di- 790,000
Ain Berda DH 78.000 DH 78,000
Total DH 675,000 DH1,303,000
Maintenance Cost Maintenance Cosl
: S Gravily Gravity + Pumps
Ain Defali DH 272,500 DH 362,300
Teroual DH 129,000 . DH ' 220,500
Ain Berda  : DH. 144,200 DH 144,200 |
“Total DH 545,700 DH 727.000 o



- 3.7 ~ Constraction Plan and Procurem_cnt of Equipment and Materlals
371 Construction of Facilities for Model Areas
(1} Scope of Works

On the bas:s of the extraction of groundwater equivalent to the water demand in the
model areas and subsequent verification of affordability of the exlractton in compliance
- with hydrogeological conditions, possibility of the groundw'ner extraction with the
~amount of 11.46 Ifs at Ain Defali, 5.44 lfs at Teroual and 2.89 Is at Ain Berda were
confirmed. Preliminary design featires of water supply facilities, taking into account of
the above confirmation, are given in Table 3.7.1.

(2) Bill of Quantities

Major construction work items and the quantities are summarized as given in Table
3.7.2 for the proposed three model areas.

(3)  Conditions for Construction Execution
1) To’pogmph:}.'Mcléo-hydrology and Geology

Ain Defali is located in the province of Sidi Kacem a'pp’roximalely 120 km by road
distance. apart from Fes 1o the north-west, and relatively flat plain land with the altitude
of approximately 200 m. Teroual is located in the province of Sidi Kacem at the north-
north-west of Fes, 150 km apart by road distance, and hilly area with the allitude of
approximately 400 m. Ain Berda is located in the province of Taounate at the noith of
Fes, 150 km apart by road distance and mountainous area with the ahitude of
approximately 1,000 m.

Regional distiibution of average annual rainfall is 600 to 1 ,000 mm in the three model
~ areas. Wet season continues for eight months from October to May and dry season
‘continues for four months from June to Seplember Anmnl ‘average temperature less
varies depending on locations within a range of 18.3 °C to 20.5 °C, however, seasonal
variation differs from 10.0 °C in January to 30.0 °C in July/August.



Marl is the main geological component with smooth and gentle topographic
configuration. - The land with greater relicf and acute shape arc often secn at the arca
where sand stone and lime stone are distiibuted. The following geological formation
was confirmed during test dritling at the model areas.

Geological Feature of Model Areas

Table 3.7.3
| Model area _Main Geological Component | Method of Drilling
Ain Defali | Gravel, pebblesand marl ‘ Rotary Rig
Teroual | Sandy silty marl & sand and snlt stone Rotary Rig
Ain Berda Marly limestone and schist . Rotary Rig

2) Infrastructure

For unloading and handling of imported cargoes, Tangier seapost will be used. The
port situated in the northern peninsular of Morocco is equipped with a crane of 45 tons
capacity to handle 20 and 40 ft containers. The distance between the port and Fes is
303 km via asphalt-paved national road, P28 and P38 which are well maintained by the
Road Depantment of the Ministry of Public Works.

Nearest international airport to the model arcas is in Rabat connecting major cities in
Europe. The air port is 198 km apart from Fes by way of national road, P} which is
also well maintained. A domestic airport is available in the suburbs of Fes.

The existing access roads to the three model arcas are well developed. The conditions
of the roads-are summarized in Table 3.7.4 below.

Table 3.7.4 Existing Access Road Conditions
‘Model Area Rout¢ { Road Class Road Condition Condition of
: _ o Maintepance |
Ain Defalt P3 major 8.0 m wide, asphalt pavement good
P28 major 8.0'm wide, asphalt pavement good
Terobal P26 - | major 4 0 mwide, asphalt pavement, good
2636 | third . 4.0 m wide, asphalt pavement fair
Ain Berda 53102 secondary 4.0 m wide, asphalt pavement good
S304 secongdary 4.0 m wide, asphalt pavement good
$308 secondary 4.0 m wide, asphali pavement fair
Rural | {nociass) | 2.0-3.0m wide, none pavemen very poor <l

Note<l: Trafficability between Rhafsai and Ain Berda is poor.
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Railway services are available between Fes and Taza, Tangicr, Rabat and other major
cities . '

Existing public power lines of 22 kV/380 V run through the model areas. Telephone
communication services are available both for international and domestic use at the
model areas. At Ain Berda, only one set of public telephorne is provided for common

use.
3 Availabiiily of Labor Force, Materials and Equipment

Skifled and semi-skilled labors can be mainly reciuited in Fes, Meknes and Rabat.
Common labors can be recruited in and around the model areas without seasonal

variation,

Almost all of construction materials are locally available in the market of Morocco.
Standard typc of construction equipment such as cargo and dump trucks, excavator,
loader, bulidozer, concsete fixer are also available by rental basis in Morocco.
However, the followmc' materials and cquspment will be nceded to impert from abroad.

i) Submersible pump and motor
i) Steel casing and screen
i) Ductile iron pipe "
" iv) Mechanical valves
v} Distribution box and circuit breaker
. vi) Electro-mechanical equipment’

4)  Local Contractor

Local comraclbrs are in gencral conducting small to medium scale of construction
projects huvmg standard type earth moving equipment and transportation equipment.
Local contsactors have much experienced well devc!opmem works, and some of them
posses their own repair shop for equipment. However, those contractors occasionally
come into trouble in operation due to shortage of equipment and spare paris.
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4 Constrﬁction and Procurement Plan
1)  Mobilization and Preparatory Works

Mobitization and preparatory works will be required prior to commencement of works.
These works are arrangement of equipment rental, labors, materials, access roads and
others affecting the execution of construction werks. Specially, an access road between
Rhafsai and Ain Berda should be traficable conditions beforehand.

2)  Main Construction Works

Major works required for each model area are broadly classified into 1) water
extraction, 2) transmission pipe, 3) main distribution tank, 4) distribution pipe and tank,
and 5) stand pipe. Submersible pumps and motors are installed for water extraction.
Power will be conducted from the existing public power line carrier of 22 kV/380 V
upon extension. A connecling tank and pump are equipped at well site in Ain Defali
and Teroual due to topographic condilions. Galvanized steel pipes will be laid between
the wells and main distribution tank. Main and distribution tanks ace constructed of
reinforced concrete. Galvanized steel pipes will also be used for the distribution pipes.

. Reinforced concrete made stand pipes are provided in the douars.

The construction works will be carried out by combination of mechanical equipment’
and labor force at three model areas concurramly Transportation of materials, bulk
excavation and concrete works will be carried out with small 1o llghl chsq cqunpmem
which are available by rental basis in Mmocco Pipe laying and appuncmm wou Ls wull _
be carried out by labor force.

" Major materials required for the construction works are concrete aggregates, cement,
~ steel bavs, fuel, lubricants, gravels, masonry stones and asphalt. These matesials can be

obtained in and around the site, Fes and Rabat.
3}~ Procurement of Pipes and Efect-mechanical Equipment
The following materials for the water supply facilities will be procured from offshore-

market. 1mport arrangement will have to be taken in an early stage afler the contract
agreement for smooth execution of construction works without idling times.



i) Submersible pumps, motors and appuﬁenanl equipment
il) Control panels and cables

iii) Galvanized steel pipes and fittings

iv) Water level sensors for main distribution tanks

(5) Construction Time Schedule

" The construction works will be implemented in twelve moiths work period for the
respective model areas taking into account the required work terms and its qdantilies.
procurement period of materials from offshore market, weather and other conditions
affecting ihe conslruction execution. 1t will be expected that the construction works
will be corimenced in the middle of 1997 after financial arrangement and execution of
basic and detaited design on the niodel areas.

372  Rehabilitation of Existing Facilities
;(l) Scope of Works

The following existing water supply facililics were planned to be rehabilitated together
“with the construction of planned water supply facilities in the model areas.

Ain Defali : 7 dug holes and 19 springs
*Teroual  : 1 dug hole and 23 sprmos
Ain Berda :7 8p||n°s

Major items of rehabilitation works for dug holes are such as repaic of watlls of wells,
roofing; covering, staging, installation of hand pumps, installation of drainage facilities,
and appmlenam works. Rehabilitation works for springs are installation of concrete
-mnks,; piping, roofing, concrete staging, installation of drainage facilities and other
repair works, '

(2} Rehabililation Plan and Schedule

Rehabilitation works will be carried out by manual powcr in parallel with the
construction of water supply facilities.



3.8 Project Evaluation

3.8.1 Organizational Structure

(1)  Present conditions

The Mlmstry of Public Works comprising the Administcation of Hydraulic (AH) and the
National Office of Portable Water Supply {ONEP) is the government agency for
development of the water sector. The AH is primarily in charge of water resource
development and the ONEP is in charge of water supply development. The
organizational structuré of water supply systems in the country of Morocco is different by
iitban and rural areas. The following figure illusteates the framework of organizations

conceming to water supply in urban and rural areas.

Figure 3.8.1 Organizational Structure of Water Supply

Ministry of Public works
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The urban water supply is operated by cither bublic water distribulion companics or
provincial offices of the ONEP. Regional offices of the ONEP supply a bulk of water to
distribution companies from which portable water is distributed to urban consutners.
There are, at present; 16 public distribution companies operaung in the major cities
muonw:dc Provincial offices of the ONEP are responsible for water supply in the
middle or small size of cities tocated in capnals of provinces or circles.

* The rutal watér supply is operated by either independent systems controlled by provincial
© offices of the ONEP; or by comnmines themselves. Areas commanded by independent
systems are primarily rural center of comnnes, whereas communes themselves operate
water supply systems in isolated rurat areas. The latter case needs technical assistance to
communes (implementing bodies) in the fields of planning and design. The Regional
Directorate of Hydraulics (DRH) is actually in charge of planning and design works of
rural water supply projects. There are currently eight (3) regional offices of the DRH by
basin nationwide under the Dlrectorate of Water Research and Planning (DPRE) The
Study area including the model areas is administered by the DRH located i in Fes. The
DRH of Fes commanding the entire Sebou river basin is responsible for identification of
- potential groundwater development sites and for design works of water supply facilities
according 1o thcﬁ_ request by communes. Commures are responsible for construction, and
‘operation and maintcnance. ' |

(2)  Site Operation in the Model Areas

- The rural water supply in the model areas will be operated by the offices 0% communes in
Aif Defali, Teroual and El Bibane. In general the offices of communes are engaged in
various kinds of activitics under the supervision of provincial govermment administered

" by !he Mlmstry of Interior. Local staffs working for offices of communes are relatively

* traincd and familiar to administrative tasks including accounting works. Accordingly the
implementation of water supply project does not always need a special operation system
in which staffs are to be recruited for the purpose of waler supply busmess

A simple system of sitc operation is desirable in order to sustain watcr supply

management by communes in the model areas. The following figure shows the proposed
structure of site operation in the model areas.
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Figure 3.8.2 ' Organizational Structure of Site Operation

Office of Commune
- President
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greseesenanannmaenns .
i - Technician
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P of ':
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Note: —-———3 Reporling — —=--eee- = Coordination

The above figure indicates lh’il the ofﬁcc of commune performs an |mplcmentlng body
and local people participate in operation and maintenance. Both technician and women
groups are the positions to be newly r¢.cruuled The roles of participants in water supply
are considered to be as follows. '

President . Overall management of site opemii.on
Accountant . . Budgctingl book kceping { wate'r charge
Technician.  :  O&M of water supply facilitics o
Watchmen  :  Monitoring of local peopies water consumphon
Wonien . Cooperative activities

As a stand-pipe was sclected as the system of water supply in the model areas, both
women and watchmen are mobilized from tacal people by water point of stand-pipe. The
responsnb;lmes of women to be invoived in the cooperative works are as follows '

B I:,smbhshmcm of time schedule for water colleclzon. and
ji)  Consultation with families having a handicap when col!eclmg waler.

Representatives of local women closely coordmalc with watchmen whose daily work is

* monitoring of local peoplc’s water consumpuon In particular, it is desirable (o inform

_watchmen of time schedule for water collection. Accordmgly it would not be dlfﬁcult for
walchmen to momlor water consumption of individual househo]d



Unlike house connection with a meter installed, a correct charge to local users according
to portable water consumption is difficult to carry out in the system of a stand-pipe.
Instead of a water-charge slip distributed to users, the office of commune is supposed to
issue a user's member-card where instaliment on water consumption is periodically
recorded. Users report the daily water consumption to the office of commune. Then the
office requests each user to pay for the first instatiment calculated on the basis of daily
consumption, given water tariff per m>. The installment would be charged on the
momhly ot quarterly basis. Watchmen monitoring water collection of each user in the
place of stand-pipe instruct users riot to take water exceeding over their daily
consumption reported. [tis also the dutjr of watchmen to report technical and operational
problem to the office of commune.

Al the administrative tasks necessary for site operation will be done by the office of
cominune. An accountant is responsible for estimation of O & M costs, accounting of
installment pmd by usess, and bookkeeping. Personnel expenses will be paid 1o both
technician and watchmen. '

3.8.2 Water Tarifl

What level of water tariff will be charged to users is the key issue to sustain a sound
- operalion and nmmtenancc of water supply projects in the model areas. The criteria to
© determine water rate of an mdcpendcnl water supply’ syslcm are 1) the existing water
anffcharged by the ONEP, 2) cost recovery and 3) capacity-to-pay of local people.

(1)  Existing tariff

~ The level of water tariff charged by the ONEP is substantially different by location and
water consumpuon The category of water tariff being similar to water supply in the
model areas is the water charge to small demand centers in the range of quarterly water
consumption from 0 to 24 m3. The corresponding tariff per m3 is about DH 2.1 as of
October 1994. Due to cross-subsidy system water tariffs at small demand cénters and in
the Sahara provinces are virtually prcfercmi'll It is widely recognized that a small scale
of water production can siot cxploit the economy of scale so as to réduce unit cost. Thus
the water rate of small centers should have been'set at higher level than the SUbSIdlZCd
tariff (D}~12 1 per m3) The apphcatlon of exssung subsidized tariff to the model areas
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should be ca’reful'ly_madc by taking into account the affordable payment of local people
for portable water. '

2) Cost recovery

The methodology to estimate the water rate satisfying the principle of cost recovery is
given below. The projcct Costs are based on the water supply scheme consisting of
gravity and pumping.

i} A planning time horizon is assomed to be 20 years considering economic life of
water supply facilities.
“ii) “The cash flow of capital and O&M costs for 20 years is discounted by 12 pereent
to estimate the present worth of project costs.
iiiy  Water demand during the planning time (20 years) is also discounted by 12 percent
to estimate the present worth of future consumption.
iv) * The present worth of costs is divided by that of water demand in order to estimate
water gates per m3. S :

The water rates per m3 based on cost recovery are tremendously high, DH 3.7 in Ain-

Defali, DH 41.6 in Teroual and DH 32.2 in El Bibane. The reasons for high water rates
can be explained by low demand and hlgh initial mveslmem €Osls. AccordmgI) the
appiicmion of cost recovery-hascd nnff to an mdcpendent system in ihe model areas is
virtually unrealistic.

3) Capacity-w-pay_

The following table shows the results of socio-economic survey with respect to the
momhly household expenditures and capmly -to-pay for water in the model areas.

Table 3.8.1 Capacrity-To-Pay for .Water Con'sumption

(i 4] [K])

Coovninz  Family Houschold Capacity-to-pay Ratio (%) " Average
Size expenditures (DH) (DH) iy @

H

Posont R M- P R M P R M P DH PH %

AnDER 60 1896 1770 1026 113 6l 20 60 34 190 1,524 61 40

Teovdl | 60 1728 1536 882 S0 27 15 29 18 17 124726

. EiBibane © 5.0 24501380 - 780 47 28 27 19 20 35 1,201 30 25

2.1

Légend:  R--Rich  M.-Midgle  P--Poor
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Note: - The term "Average" means the weighted average of respective expenditores by loca_t_ioh in fernis
of distribution of social classes. The distribution of social classes in the model areas is as

follows.
unit: %
Model area Rich Middle Poor Total
Ain Defali 29 33 38 CU100
Terovat 20 30 50 100
El Bibane i3 . 34 53 ' 100

The weighted average of capacity-to-pay was reported to be DH 6C in Ain D@fali. DH 26
in Teroual, and DH 30 in El Bibane. Accordingly the ratio of capacity-to-pay out of
household expenditures on the monthly basis is calculated to be 4.0 peccent in Ain Defali,
2.1 percent in Teroual and 2.5 percent in El Bibane.

‘The monthly water demand per household is estimated based on projection of unit water
demand as shown in Table 3.8.2. Water consumplion per household consisting of
domestic and livestock usc is extremely small in the range from 3.3 m? to 6.4 m? per
month. Water demand is assumed to increase marginally in the future at an annual
growth rate around 2 percent.

Table 3.8.2 Mnnlhiy'“’atcr Demand per Houschold

_ Ain Defali Teroual __
1} - Domestic water ‘ o 93 000 05 10 . 95 2000 05 10
. Consumption per capitaand day ()~ 20 23 27 31 20 23 .7 W
Family size (person) . "6 6 6 6 6 6 6 6
Monthly consumption (m3) 16 41 49 56 36 41 49 56
2)  Livestock ‘, L : C i _
Consumption per head and day (1) 3 3 3 k! 3. 3 3 3
Naos of heads per family g5 85 85 85 St 51 51 5l
~ Monthly consumption (m?) 08 08 908 08 05 05 05 05
3 Monthty water demand (m?) 44 49 57 64 41 46 54 6l
- El Bibane -
" 1) | Domestic water 05 2000 05 10
Consumption per capita and day (1) 20 23 21 3
* Family size (person} 5 5 5 5
~ Monthly consumption fm3) 3.0 35 41 47
2y Livestock : :
Consumption per head and day () 3 3 3.3
Nos of heads per family 28 28 28 28
Monthly consumpiion (m?) 0.3 0.3 03 03
3 Monthly water demand (m2) 33 38 44 5.0

Note: Water consumption of livestock per head and day was originally estimated to be 20 litters.
About 15 percent {3 linters) is assumied to be taken from water supply Tacilities.
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The following assumptions are made in order to estimate the average water rate per m?
based on capacity-lo-pay for the period from 1995 to 2010.

i)  Affordable expenditure of a household for water will increase at an annual growth
© rate of 3 percent.

ii)  Both affordable expenditure and water demand are discounted by 12 percent to

estimate the present worth of them. _
iii) Present worth of expenditure is divided by that of water demand in order to eSlimate

the average water rate per m?.

The capacity-to-pay-based water rates per m? result in high prices, DH 14.3 per m3in

- Ain Defali, DH 6.5 per m?in Teronal and DH 9.2 per m3 in El Bibane. The results are

not surprising because a small water demand pushes up the average water rate under the
given conditions of capacity-to-pay. The sharp increase of water demand definitely
pushes down water rate per m? on the contrary.

(4)  Appropnate taniff

The characteristics of water tariff discussed in the preceding paragraphs are summarized
as follows. - '

- Criteria ~ Characteristics

Existing tariff. . Application of the subsidized tasiff (DH 2.1 per m?) into

: : independent systems would result in the far lower revenue -
than affordable expenditires for water. The low revenue
makes it difficult to sustain a financial opération of
independent systems in the model areas.

Cost recovery Because of high initial capital costs, the waler rate based on
cost recovery is far beyond capacity-te-pay of local users.
The introduction of recovery-based rate is untealistic.

- Capacity-t0-pay Water rates estimated seem to be high, but expendi‘lure for
water based on capacity-to-pay is in the range from 2 to 4
percents of honsehold expenditures.

As aresult, water rates based on capacity-to-pay are 10 be introduced into independent
systems in the mode) areas.



3,8.3 Financial Evaluation
(1)  Construction Period

The development plan of water supply in the model areas consists of two altematives, 1)
Gravity and Pumping systems, and 2) Gravity system. The conslfuction period is
assumed to be five (5) years from 1996 to 2000 for Gravity and Pumping, and three (3)
years form 1996 to 1998 for Gravity only. - ' ' :

(2) Price escalation

Both project costs and water tariffs are estimated at 1995 price. Price escalation is
considered for 5 year from 1996 to 2000. The escalation rates per annum are assumed to
be as follows:’

Local currency portion : 6 % per annum
Foreign curtency portion 1 2.9 % per annuin

3) Water Tanff

The water rate estimated on the basis of capacity-to-pay is tariff per m? valued at 1995
-price.. The tariff is estimated to be DH 14.3 per m¥ in Ain Defali, DH 6.5 per m—“:in
“Teroual and DH 9.2 pér m3 in El Bibane. The annual escalation rate (6 percent) is
multiplied toi_lh_e estimated tariffs at 1995 price in order to estimate the nominal value up
td the year((ZOOO). The resuits are as follows.

Table 3.8.3 ~ Water Tariff per m?3

. Unit: DH.
Model Aren 1995 1997 1998 1999 2000
Ain Defali 143 16.1 17.0 18.1 19.1
- Teroual 6.5 7.3 1.7 8.2 8.7
. El Bibane 92 103 11.0 11.6 12.3

(4=) Financial Cash Flow

The financial cash flows on an annual basis are prepared for both revenue and project
costs. The disbursement (postion) of project costs is assured to be as follows.
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~ Gravity Pumping -

1996 1997 1998 1999 2000
Direct constriction cost 50% S0 % S50 % 50 %
Engineering services 30 % 50 % 20 % 50 % 50 %
Goveinment administration ~ 20 % 50 % 30 % 50 % 50 %

In the case of Gravily and P_dti]ping. the construction plan consists of two stages. The
first is the co:nslnixci'ion of water supply facilities by gravity system. The second is the
construction of those by pumping system. " In the case of Gravity system, the
constriction is confined to the ficst stage. The water supply deve!dpme‘nt in El Bibane is
Gravity system only.

" Both price and physical contingencies are also taken into account as financial costs. Price

contingency is 2.9 percent per annum for foreign currency and 6 percent per annun: for
local currency portions. Physical contingency-is assumed to be 15 percent of total costs
including price contingency. The aperation and maintenance costs {O&M costs) are
estimated as follows.

L . : ' _ Unit: DH
_Model Area__(D) Gravily system_ (2) Pumping system  (3) Gravity + punping.
Ain Defali - 494,500 302,800 797,300
Teroual - 504,000 . 506,500 1,010,500
Ei Bibane 222,200 _ - _ -
The disbursement (portion) of O&M costs is assumed to be as follows.
Water Supply Scheme 1997 1998 1999 2000

Gravity + Pumping (x50 % (n (1) +(2) x 50% 3
Gravity only (1 x50% (N .

Note: (1)--- O&M cosls of Gravily system
(2) --- O&M costs of pumping system
(3) --- O&M costs of Gravity + pumping

Project revenue is estimatcd based on water tariffs (capacity-to-pay) and net water
demand consisting domestic and livestock. The share of net water demand served is
actoally different by system. The share of net water demand by system is estimated on
the basis of water supply area of two systenis by model area. Those shares by model '

. area are estimated as follows.
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_Model Area (1) Gravity system (2) Pumping system  (3) Gravity + punxpilmg

Ain Defali 83% 17% 100 %
Teroual 0% 50 % 50 %
El Bibane 100 % . .

The cash flow of project revenue is based on the above shares. The portion of project
revenue is assumed to be as follows. ' - '

Water Supply Scheme 1997 1998 1999 2000

- Gravity + Pumping (1} x 50 % a +@x50% 3
Gravity only {(Nx50% {H

The commmune offices in the model areas are proposed to be implementing bodies of water
supply pro;ects Financial cash flows ar¢ prépared for two cases. One is that an

nmplememmg body is rcsponsnble for all project costs including Q&M costs. The other is

that an implementing body is responsible for direct construction and O&M costs only
The govermnment (i.e. AH) is responsible for financial mobilization of the other costs.
The following table shows the results of FIRR based on two scenarios of financial cash

flows.
Table 3.8.4 Financial Internal Rate of Return
. " Ain Defali Teroua " Fl Bibane -
. Water Supply HRR Accumulation  FIRR  Accumulation - FIRR Accumulauon

Schemes/Ivwo Cases o - of net reventie  of net revénue of net revenue
- ' (%) (milion DI _ (%) _ {million DH)__{%)__ {million DH)

~ Gravity + Pumping

" Al project costs 0.7 5 - -37
Direct construciion cost 5. 26 - =27

only
~Gravity only _ :
‘Al project cosis . 109 5 - -22 - -4

‘Direct construction cost - 5.2 21 - -16 0.0 0
‘only

Note: (-) means negative value of FIRR.

‘The less cost scheme (Gravity only) shows the marginally higher FIRRs, which is -

proved by the case of Ain Defali. Financial vi'abili(_y does not make any difference
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between Gravity and Pumping schenie, and Gravity scheme.

The FIRR of Ain Defali in the case of direct construction cost only turns out to be
marginally feasible for both schemes of Gravity and Pumping, and Gravity only. This is
ascribed to the relatively high water tariff in Ain Defali. The other cases are not
finaicially feasible.

Nevertheless p'rdjecf revenue in all cases can afford expenses of operation and
imaintenance cosls. The financial cash flows of Ain Defali (Gravity + Pumping) are
shown in Table 3.8.5 theough 3.8.6.

(5)  Prospect for loan repayment

Loan repayment is taken into account for the case of Gravily and Pumping with direct
consliuction cost only in Ain Defali. The loan conditions considered are as follows.

Financial source - TInterest Crace Repayment Amount
(%) “(Grace)
Semi-government 10 3 20 15 % of cost
Extemal soft loan 3 N 20 85 % of cost

The semi-government loans are assuined 10 be lent to the implementing bodies from the-
Funds for Commune Equipnient (FEC). Both grace and repayment period of the FEC

“are the likely loan conditions. An interest rate of 10 percent per annum is based on the -
- prevailing condition. The loan conditions of external source am'assum_cd to be those of |

the most concessionary bilateral source.
As shown in Table 3.8.7, net revenue tuins out to be negative 2002 lhrough 2007. But
accumulation of net revenue during sepayment period will be positive, resulting in the

amount of DH 5.7 million in 2016. This indicates that the casc of Ain Defali with direct
constriction cost only can sustain loan conditions established.

1.8.4 Economic Evaluation
(1) Project Effect and Economic Benefits

The project effects ta be expected will be:



i) Cost saving of water transportation due to instaliment of public stand-pipes,
iy Improvement of public hygienc due to supply of clean portable water, and
iii)  Posilive effect on women in developmient (WiD).

Both the second and third items are characteristically regarded as the qualitative ef fects.
which are discussed in the subi-chapter of 3.10. The quantifiable effect is expected tobe
cost saving of water collection. The reduction of water collection cost depends on
location of stand-pipes to be planned. Local pcople do without donkey or mule rc.qum,d
for water collection in douars where stand-pipes are to be installed. Most of local people
use animals for water collection on the sental basis. Accordingly rental costs would be
saved in those douars. The number of population to be favored with free of rental costs
is estimated in the following way.

_ Gravily + Pumping . _ Gravily oply _ Whole
Comimune Affect ~ Population Rﬁtio Aftect Population Ratio Population

population  ___ served (%) population _ served (%) served

Ain Defali 9,045 20188 49 8210 16760 41 20,188

Teroval 4,450 9,680 46 2,230 4.840 23 0,680

E! Bibane - - . §210 5210 100 5210

Note-  Ratios mean the rate of affected population to the whole population served. The figures of
population are those in 1975.

Gnvnv + Pummna
‘About 50 percent of the whole popuhhon served enjoys (hc beneﬁl of transportation cost

saving in Ain Du,hh and Teroual.

Gravity only

The population scrved is smaller in gravity system than in Grav:ly and Pumping system

in Ain Defali and Teroual. Accoidingly the ratios of affected popul'mon (beneficiaries) 1o
the whele populauon served becomes lower, 41 percent in Ain Defali and 23 percent in
Teroual. In El Bibane the whole population served enjoys the some benefit.

The costs of water collection per m? are estimated in the following way.

i) Scasonal times spent for water collection per day in summer and non-summer
scasons are averagely estimated to be:
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ii)

ii}

iv)

v_)

- vi)

~Unit: minutes

Summer : Non-sununer
(3 months) (9 months)
Ain Defali 153 50
Teroual 54 25
El Bibane 66 20

The scasonal averagc is weighted by smqoml pcnod in ordcr to estimate the yearly

‘average, resulting in 75 minvtes in Ain Defali, 33 minutes in Teroual and 31

minutes in El Bibane.

Rental cost to use a donkey or a mule is conservatively estimated to be DH 300 per

motith.

Assuming local people use such animals for 4 hours a day, the yearly average time
per day spent for water collection corresponds to 31 percent (Ain Defali), 14
percent (Teroual) and 13 percent (El Bibane) of 4 hours respectively.

The ratios are multiplied by DH 300 in order to estimate the equivalent rental costs
of_ahimals for water collection, resulting in DH 93 in Ain Defali, DH 42 in Teroual
and DH 39 in El Bibane. '

Rental costs of animals for watcr collccnon is divided by lhe monthiy houschold
water demand in Table 3.8.2 in order to esmmtc waler lransporlauon cost per m3, -

'n,sullmg in DH 21.1 in Ain Defali, DH IO 2 in Terouat and DH 11.8/in El sz'lm

The following assumpuons are mftde in order to estimate the reduction of water

transportation costs due (o nnptcmem'\tton of water supply pro;ects

i)

A full reduction of costs would be expected at dovars where installment of stand-
pipes is planned. A full reduction of cost would be 1cahzcd for affccted population
1o be favored with free rental costs. The raiios of affected popuhuon 0 the whole
population served for both schcmes of Gravily and Pumping, and Gravity only are
estimated to be as fotlows.
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Unit : %

Commniune Gravily + Pumping Grawt)' only
Ain Defali 49 41
Teroual 46 23
El Bibane - 100

i) Loml people would still need time for water collection at douars where stand-pipes
are not to be installed. A 50 perceit of ¢ost reduction is assumed to be expectéd at
those douars. The 50 percent of cost reduction would be reatized for the population
to be not favored with free rental costs, The raiios of such population to the whole
population served for both schemes of Gravity and Pumping, and Gravity only arc
estimated to be as follows.

_ Unit : %
Commune - Gravity + Pumping Gravity only
- Ain Defahi 51 _ 4?2
Teroual 54 27
El Bibanc . - 0
" The water transportation cost per m3 is multiplied by net water demand adjusted by the ‘ g,

* above ratios in order lo estimale economic benefits. The annual full benefits (1995) are

estimated given below,

“Table 3.8.8 Anmlal Full ncnem (1995) .

. : = Unit : DU
- Communc Grz’wi!y + Pumping _Grdvily only
© Ain Defali 2,526,270 2,102,400
Teroual 562,040 281,020
El Bibane - - 466,020

| (3 Economic Cash Flow

T hc, cconomic cash flows on anmn! basis are prépared for both benefit and éconamic
cosis. The fol!owmg adjustments are made in order to estimate econonic costs.

i) Value Added Tax (VAT) is deducied from financial costs.
i) Price contingency is not taken into account since economic costs are valued at 1995

(et

price.
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iii) A conversion factor of 0.9 is applied to the local currency portion of direct
construction costs and O&M cost.

Ecohomic benefits are estimated based on net water demand and unit benefit (the
reduction of water fransportation cost per m?).

The following table shows the results of EIRR on the basis of the above assumption.

Table 3.8.9 Economic Internal Rate of Return

Gravity + Pumpin.g L Gravily only

Commune " EIRR Accumulation of EIRR Accuimulation of
net benefits net benefits
{million DH) (million DH)
" Ain Defali 0.6 4 1.9 9
Teroual - -28 .- -18
El Bibane - -1

Note: (-} means negative value of EIRR.

" There is no substantial difference of EIRRs estimated between two schemes, Gravity and
‘Pumping, and Gravity only.” The water supply project of Ain Defali in the case of

Gravity only shows the highest EIRR (1 .9 percent) but results in the marginal value. The
other cases almost show no positive rate of return. The low EIRRs are partially altributed
to the less number of affected population that would receive the full bencﬁt or partially

caused by hlgh economic cost. The cconomic cash flow of Ain Deﬁh in the case of

‘Gravity and Pumping is shown in Tabte 3.8.10.

3.8.5 Socio-Economic Impacts

Rural water supply has long been considered a tool for natienal socio-cconomic
development and particularly as one of the significant policy instruments for rural
development in many developing countries.

Rucal water supply is expected to exert centain socio-economic impacts or potential

impacts on houscholds and local community as a whole. The magnitude of these impacts
are heavily dependent on some preconditions in the model communes as follows:
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i) ~ Level of incoine and communes' budget

ii)  Level of social infrastructure such as schoo), community meeting piac’e, clinic,

iii)  Level of education particularly with regard to local women, and

iv) Degree of agricultural production, small scale industrial {cralt works) and
commercial aclivitics.

Impacts of rural water:supply may be limited, unless these prccdndilions meet, As
proved in many past instances in developing countries, rural water supply alone is

unlikely to induce development and can be incffective and costly. Thus rural water

supply is not the sole factor to automatically trigger socio-economic development, thereby
considered as one of the necessary conditions but not always suf ficient condition.

With this in consideration, the socio-economic impacts which will be possibly induced by
ruial water supply are introduced below.

() Economic Impacts

Most profound impact brought about by rural water supply will be possibly the increase
in agricultural production. - Although water demand is estimated for domestic and
~ livestock only, the abundant availability of groundwater would be used for agricultural
- production. The construction of small scate canals would revive the abandoned ciops
* due to water shortage: Tobacco and com in Ain Defali, gobacco and vegetable in Teroual
' and vegetables in El Bibang are the candidate crops. ' '

Thé reduction of time Spéht for water collection would give local women the opportunity
of working in the part-time ihcomc-edming activity such as crafling works. The nuijoaily
of craft works are observed in Teroual and El Bibane. Those products are traditional
" clothes, table cloth, farming tools and kitchen instrument made of wood, and basket and
| teay making. They are desirable because of indigenous resource-oriented industries.

(2)  lmpacts on Household

Rural water supply unquestionably impreves the working condition of local women and
- children who are engaged in the task of water collection. The positive impact is likely to
tic more considerable in mountainous area such as El Bibane and Ain Defali where
existing water points are far from dwelling places. In those areas, water collection makes
women feel terribly exhausted so that they sometimes can not be engaged in agricultural

)




aclivity pariicuhrly during harvesting time. The attend rate of gids in clementary school
is repoited to be quite low due mainly to water collcction. The provision of water supply
facility brings the positive effect on productivity of agricultural works and attending
condition of girls in elementary schools.

Rural waler supply also improves the living condition of local people. According 1o
socio-economic survey, water supply was placed as top priority in the model arcas. It is

‘clear that the living condition without water supply makes people inconvenicnce. The
‘installment of sland-pipes ‘makes it possible for peoplé to take water several times a day

whenever they want. Water collection near local residenice undoubtedly enhance degree

of convenience.
3} Impacts on Local Community

Most significant social impact on local community to be induced by rural water supply
will be the incentive to promote local patticipation. This is particularly the case with Ain
Defali where cooperative work of local womeh is envisaged during harvesting tisme. “The
operation of water supply in the form of stand-pipes would need a cooperative manner in
the light of water coltection schedule and collection of water charge. The nature of
cooperative work observed in Ain Defali'could be effective for epération of ruval water

supply.
1.8.6 Overall icvamauon :

Thc results of financial cvaiuatlon identify that tural water supply plO_]CCl of Am Deﬁll
proves to be relatively viable. Provided that the commune of Ain Defali is only
lespomlble for direct construction costs, the resulting FIRRs (5.1 percent for Gravity
and Pumping, 5.2 percent for Gravity only) would be financially sustainable for loan
scheime consisting of external soft loan and the prevailing domestic fund from FEC. This
is mainly altributed to a large scale of water demand compared to the other comMIMUNES.
Though the FIRRs result in negative and marginal value in Terouat and El Bibane, pFOjCC(
revenue is large enough to make up for operation and maintenance Costs. If both
schemes arc financed by the govcmmem subﬂdy. operation and maintenance ‘of water
supply by the relevant communes ‘would be sustainable.

The results of economic cvaluation reveal that all projects in the model areas are nol
economically viable. The undersirable outcome of EIRR can be explained as follows:



‘i) Economic benefit is confined to reduction of water transportation cost.
ii) Some douars are not able to receive the full economic benefit due to location of
stand-pipes to be planned. Local people in those douars still require animals as
mean of water lransportation.

The extension of water distribution facilities would enhance economic benéfit, but the
additional costs would evel off the resulting EIRR. Unit benefit {(water transporiation
cost per m?) more or less reflect the willingness-to-pay for water. But such benefit is
éstimated based on transportation cost without any consideration of condition for water
collection. Perhaps the willingness-to-pay varics by location and season. - At any rate,
the resulting EJRRs are not the sole indicators to evalvate the projects.

The three model communes are the typical area having been suffering from scarce water

resource. The provision of water supply facilities was reported to be the most desirable

~and actually placed as tap priority as a result of socio-economic survey. Under such
circumstance, rural water supply is worth of being implemented because it meets social
need of local people. Socio-economic impacts might be considerable particularly in hilly

~and mountainaus areas such as Teroual and El Bibanc. The alleviation of physical
burden from women and children will definitely improve the working condition of
women in household and attend rate of children in elementary school.

“The justification of rural water supply projects is difficult-both financially and
‘economically unless the projects satisfy a cerlain scale of economy. Nevertheless, with

‘mobilization of fund the projects in the model ‘arcas are proved to be operationable as

operation and maintenance costs can be financial by project sevenue. The most
significant criteria to evaluate rural water supply project is the aspect of basic human
nceds.  As long as water supply is demanded as top priority by local people the
implementation of the projects is justifiable as it meets basic humand needs.



3.9 Water Qualily and Environmental Tmpact Assessment (EIA)

The EIA of the water supply master plan components was carricd out to determine

impacts during and after construction and/or rehabilitation of water supply facilities. The
EIA facilitates in identifying areas of action which ate outside the scope of the master
plan, and necd to be addressed by other projects or programs. The EIA is restricted to the
three model areas selected.

3.9.1  Water Qualiij’ of Existing Water Sources

(1) Existing Dughbles and Springs

Water sampling and testing was carried out for the existing dugholes and springs in July
and August 1995 during the sccond field work stage. In all, thisty samples were collected
for analysis. Thesc included fifteen in Ain Defali, Four in T eroual and eléven in Ain
Berda. In the course of water sampling and testing, many of the dugholes were found to
be dry or extremely poor in quaﬁlity due the prevailing hot climatic conditions at the time
of sampling. This phenomenon is common in the Pre-Rif region and is noted 1o be
especially remarkable from the middle 1980s, causing severe depletion of surface and

groundwater sources.

Table 3.9.1 gives the locations of the sampling sites. Table 3.9.2 preseants the results of
the water qualily analysis. As secn in table , most of the parameters are seen to be within

the maximum recommended values for drinking water. ft must be noted that in case of

some parameters which exceeded the recommended values, the tevel of water in l‘.hc _
sampled dughole(s) was barely 10 to 30 ¢m. The inhabitants in the vicislily of isuch
sampling sites in ‘gcnerzil do not use such water for drinking themselves, but for feeding
domestic animals. They in (v travel long distances 1o collect clean water.

It is seen that ammonia content is higher than the recommended value in 60 percent of the

samples (18 out of 30 saniples). This is uniformly true for all three model areas. Calcium
and sulfide are other prominent parameters which exceed recommended valucs. Possible
causes for these could be human and animal fecal contamination of the shallow aquifer
from nearby houses. Other possible causes include the open rature of all dugholes with
no p'roviéion of covers exposing them 1o contaminants, and the buckets used for gelling
water from the dugholes themselves being the source of contamination. Only one sample
as found in Ain Defali No. 8 was found to have very high salt content (483 mgil).
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(2) Exploratory \-Vells

The exploratory wells were drilled during the second field work stage. Out of &
exploratory wells, 7 wells were successful in yiclding groundwater. The quality and
quantity were subsequently identified to be suitable as a whole for drinking purposes.
Three samples in Ain Defali, two saniples in Teroual and two samples in Ain Berda were
obtained and tested for thirteen water quality parameters. The samples were collected
from the exploratory wells at the time of the constant rate pumping test. Results are given
in Table 3.9.3. Caution must be exercised in assessing the water quality of Ain Berda
Well No. JBD3, since amimonia and nitrate contents were assessed to be comparatively
higher than maximum recommended values. Periodic monitoring is essential at this well
once groundwater extraction conimences. Samples froin al} the exploratory wells were
brought back to Japan for testing of heavy hydrogen, heavy oxygen and teitium. Results
are presented in Table 3.9.4.

Table 3.9.4 Water Quality T‘csst of IIydfogcn,
Heavy Oxygen and Tritium:

Sample SD (%) 8130(%) - -1 3H(TR)
ADF} -28.3 5.1 <0.54
| ADR2_ | 259 5.6 | <053
ADF3 253 -5.3 20402 |
_BD2 -33.4 68 | <055
JBD3 304 | 60 | 18%02
TRA2 219 S7 | 63%02
| TRAY | 286 54 | 10202

In accordance with the results of 3H, the waters from ADIF1, ADF2 and JBD?2 consist of
so called "old water which were charged into the ground approximately 50 to 70 years
ago. Whereas, the waters from ADE3, JBD3, TRA2 and TRA3 revealed that they were

“charged newly or they had ever contacted with tritium suspended in atmosphere due to
some incidents. |

~ While, the value of 8D and $180 revealed that the water samples must have been obtained
from groundwater without intervene and they might not have contacted with tmagma or
cextain type of rock which may change the characteristics. '
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3.9.2 Envirommental Tmpacts

Environmental impacts during construction of water supply facilities (during

construction) as well as environmental impacts (residual negative impacts and benefits)
after consliuction (post construction impacts) are determined and claborated upon
collectively below.

(1) * Social Environmental Iimpacts
1)  Relocation and Resettlement Problem

The exploratory wells aie located in the rural centers of Ain Defali, Teroual and El Bibane
communes. Due to low population density around the well locations, no relocation or

rescttlement problems exist in compliance with the construction of well site facilitics.
‘Again, no relocation problems are expected for construction of (ransmission and

distiibutio facilities, since distribution tanks and pumping facilities are mamly laid atong
the road and scattered housing areas.

2y Traffic

During the consiruction perlod traffic volume smy increase on the national roads and
small access roads. However, the increase in lmf fic volume will neither bring about any
teafTic jam or other problems. Small access roads are mainly non-paved soil roads and

: frequent movement of vehicles may cause some nuisance 1o nearby rcs:dems The

increased movement of vehicles and pcoplc could be beneficial in stimulating ns:dcnml
activitics, such as m{cnswc movement of dmly neccssmcs and cstabhshmenl of opeinr -

markels.
3) Water Right Issues

As per Morocean law, all water, irrespective of land ownc:shlp, bclongs to the
government. Private individuals, groups, communces and douars have to gel penmssmn
from the gavernment for drilling wells for groundwmcr cxploxt'mon For implementation
of the rural water supply whlch aims at exploitation of water resources for cqumbic
distribution and economic uplift of population residing in the model ﬁreas water right
issues need to be clarified and modificd if necessary. In this regard, the AH could play 2
very important role’in resolving water right issues.



4)  Wastewater Disposal and Pollution Control

Domestic wastewater quantities can be expected to increase with the development of
water supply systems and increased water consumplion. Due to scaccity of water in the
Study Area and kind of water supply facilitics presently available in the Study Arca
(communal ‘dughcles and springs), water consumption is quite low. Moreover, the
existing wastewater disposal systems are very rudimentary, when they exist (dry
latrines). The master plan envisages provision of stanidpipes in the concerned dovars, The
water supply master plan docs not plan for provision of water carried waste disposal
systems at the same time as providing water supply systems The mcreasc in water
“consumption from 20 ¥/c/d to 31 lVe/d with no change in existing wastewater disposal
methods {natural infiltration into ground) may cause pollution of groundwater sources.
Appropiiale sanitary education concerning wastewatcr disposal methods and planning for
- very simple, but appropriate, wastewater sanitation system at a future date may be
-necessary. The sanilary system could be communal pour flush toilels with the toilet being
flushed by hand with water poured from a bucket, and communal septic tank and
infiltration pits.

‘There are no I'1rgt, scale industries in the model areas. There are some small scale olive oil
factories. However their scale of production is very small and no significant poliution
related problem is reporied. Increase in domestic water consumption will have no effect
in the wastewater genc‘mtcd by these factories. '

8) Health, Saniiation and Water-bone Discases

‘The existing co_ndili,oh of occutrence of water borne diseases such as cholera, diarthea
and typhoid for the entire Study Area is repoited in the 1EE in scetion 2.6. These were
largely related to lack of hygiene and sanitation facilities, and inadequacy of disinfection
of water sources. Precise data for the model arcas concerning occurrence of water borne
 diseases are lacking. However, the socio-economic survey conducted indicated the
‘ problem to be preseiit in some recent years, particularly in drought years. This probably

_ may have been caused by shonage of water for sanitary purposes in drought years and -

cansequent lack of hygiene. Thus, once a regular sustained water supply is assured in the
model areas due to the water supply master plan, and if adequate sanitation is provided,
along with adoption of appropriate hygiene practices by the population, the health related
" benefits should be significant. Occurrence of water boriie diseases should decrease il not
disappear altogether. The implementation of an appropriale sanitation and health
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education plan as well as increased and regular disinfection of water sovrces is necessary,

in addition to provision of water supply facilities.

(2)  Natural Environmental Impacts
1)  Water Courses and Water Pollution

There are some surface water courses in the model areas which may be affected by the
c‘oiis_'lruct‘ion of watér supply facilities. Appropriate disposal of wastewater gencrated by
construction of the facilities such as cement slurry, oils, lubricants, and chlorine used for
disinfection of supply pipe lines after installation. The contamination of water courses
will affect the water for irrigation, water for animals and groundwater sources like
dugholes or springs. Regular monitoring during construction is necessary to prevent

these problems.
2) Laﬁdscape

No deterioration in landscape is expected to occur by the construction of water supply
facilities, as the project scale is very small and is being caned out in rural areas.

1)  Noiseand Vibration

During the construction of the water supply facilitics, some noise and vibration will
occur. However, this is riot expected to cause any nuisance 1o nearby population as the
scale of construction is small and is to lake place in rural areas. o

3.9.3  Environmental Management Plan
(1)  Water Quality Moniloring

For water quality control and for early detection of pollution, testing of source water
quality as well as water from the standpipes at the end of the disteibution facilitics needs
to be carried oul on a régular basis, preferably at least once every week if ﬁnanbiql and
manpower cesources for monitoring and testing are limited. The detetioration of water -
quality is not only due to pollution of source walter, but is also brought about by the
occarrence of negative pressure in the pipes resulting in the suction of contaminated water

from the surrounding soils.
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(2)  Control and Monitoring of Extraction of Groundwater

For extraction of groundwater, the flow rate of groundwater and water levels in the wells
should be constantly measured. Excessive extraction may bring about break between
extraction and recharge as well as clogging of strainer.

(3) Environmental Protection of Well Site and Tanks

For environmental protection of well site, it is recommended that net fence be provided
around the well as well as the pumping ficilitics, 10 prevent damage to the facililies.
Drainage facilities from tanks should be provided considering environmental protection in
the surrounding areas. -

(4)  Health, Sanitation and Education Plan

The implementation of an appropriately designed rural health, sanitation and hygicne
“education is necessary in addition to construction of water supply facilities. Elements of
such a plan are presented in Section 4.4.4.

(5)  Institutional and Management Aspects

The main objective is to develop or create an adequate institutional structure at commune
- level. Communes are in a position to managc and protect their own water resources
indcpcndemly of other agc'ncics or institutions as is the case presently in the Study Area.
~ The pu,scm institutionat almcturc, with roles and sesponsibilities for health and sanitation
-~ sectors concentrated i in the Mamstry of Public Health needs to be lmproved to increase
patticipation as well as |olcs and rusponublhucs of communes. An orgamzattoml
" struclure ploposed in this npon is recommended for implementation. This organi izational
stracture involves the office of commune (president, accountant, technician), watchmen
in the douars and women involved in water collection.
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3.10 Women in Development
3.10.1 .Methodology to Evaluate Women in Development

Womeh in Development (WID) isin general defined as a positive integration of women
into social and economic development. - To what extent a development project has a
favorable effect on WID depends on social and cultucal backgrounds, economic activities
of womeu where a project is implemented. 1f WID is the primal objective the analysis of
women's roles in socn! and econamic aclivitics would define the types of projects or
programs to fulfill the purpose of WID. A development praject is assessed to be efficient
only if it is designed for needs of women.

The country of Morocco is characterized by the dwers;ﬁed socio-cultural aspects as well
as traditional customs. Despite diversified features of douars by location, douars can be
grouped into two categories. One is a douar not provided with basic infrastructure and
necessary facilities. The otherisa douar being already equipped with those facilities. In
the former case, womei spend a substantial part of their time for collection of portable
water and fire wood. The high priorily is placed on the basic human need such as water
supply in a douar without such a social service. The provision of rural water supply
facilities would greatly alleviate physical burden and time required (o undertake the task
of ‘water collection done by women and children. Education and literacy are not
considered csscnnal until the family reaches a certain threshold of cconomic wellare. In
the latter case, since women enjoy basic social services such as water and electeicity
supply, some WID-related prolccls carefully des;gned on'the b'ISIS of their pnox mcs
would enhance social and economiic status of them. ' ;

The model areas for which WID is assessed are the three rural communes called Ain
Defali, Teroual and El Bibane where water supply service is not currently provided. The
methodology to evaluate WID in the model areas is contemplated to be as follows.

WID Effects | _WID-related Projegis/progeaims

1) | Présent conditions of woriien's 'ac(ivilieﬂ

- v | |
- 2) [Potemial benefits on women J o rRuraI water supply projects J
L B ) - : )
4) | Realization of Potential benefits ' 3! Implementation of programs for WiD
1 _ - ' o g | R
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The above figure illustrates how WID cffects will be rca]wed by showmg the relation
between WID effects and WID-retated projectsfprograms. First of all, life and work of
women is discussed to analyze present condition of their activitics without water supply
service. Second all conceivable potential benefits on women due to implementation of
rural water supply projects are to be presented. The provision of basic human needs
(water supply) would lead local women to potesitial WIiD-effects, but those effects would
not be realized without specific programs. Thus thirdly some programs are taken into
account on the basis ‘of local women's priorities. Finally, implementation of programs
for WID effect (realization of potential benefits) is discussed.

3.10.2 Present Conditions of Women's Activitics
(1) AinDefali

The agricultural works including livestock breeding constitute the major profession in the
sucveyed three model areas. Ain Defali is featured by vast plain ficlds where cereals such
as wheat and barley are mainly produccd. The farmmg practice for cereal production
begins with weeding and plowmg in winter season, seeding in spring, and harvesting
“and threshing in summer. ‘Local womcn in Ain Defali are heavily involved in harvesting
of vast plain fields. Most of women interviewed during socie-economic survey told that
the harvesting activity was the most tiresome task. They are also involved in collection of
‘tobacco 1caves, sunﬂowers and ofives to the lesser extent.

‘The scatcity of water sources forces woneil to work much hardcr in daily achv;ly Thc
‘distance to the ncar-by water sources ranges from one to four km on an average,
‘depending on location. Some douars are located more than five ki far from water
sources. Time required for water collection is averagely in the range from one to two

hours and correlates with the distance to water sources. 'In general, water' collection
including transporiation is done by women and children in dowars where the distance to
waler SQUICes Tanges from one to four km. Men are, oh the contrary, the principal work
force for water collection in douars from which the near-by water source is far away.
“The recent drought occursed in 1994 forced local people to be engaged in inter-douar
miovement for water collection. In particular poor women became a victim of such a
drought as they had to walk for a tong distance by cariying small plastic containers.
However, thanks to flat topographic condition, physical burden on women by water
collection is considered to be tess scvere than in MOUntAiNQUs areas,
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Local women are particularly busy at the fime of harvesting. Most of farm households
employs agricultural labors and even women resident in urban areas at the time of labor
shortage because of harvesting in vast arcns. Women were reported to work more than
ten hours a day, so that water collection really puts them on hearty burden. Under such
circumstance local women are relatively trained to take an organized actions such as a
collective baking bread and cven water collection,

The number of women heads of ouscholds was 310, comprising about 17 percent out of
total rimber of houscholds surveyed (1,880) at the time of socio-economic survey. The
saine ratios were about 22 percent in Teroual and 28 percent in El Bibane. The lower
ratio in Ain Defali is assumed to be caused by the faitly constant agricultural income.
Thus the migration of men for job secking elsewheie is refatively lower than in El Bibane
locating in mountainous area, Responsibilities are, in general, much heavier for women
heads of houscholds than women living with husbands. The daily activitics of women
tends to be taken for their survival in the case of women heads of households. In (his
respect, local women in Ain Defali are relatively placed in the more favored condition

than in other model areas.

(2) Teroual

Located in hilly atea, the holding size of farm land per household is small, resulting in a

small scale of farming. Hilly lands are mostly wtilized for olive tree growing. The other

crops such as cereals and legumes are produced to the lesser extent. Daily activitics of
" local women cover a large number of tasks consisting of cereal harvesting, shaking down’
~ olive trees, fruit gathering and collection of olive oil. Because of plant discase or water

shortage, some crops were already abandoned. Agricultural income is not so sustainable
that men tend to migrate elsewhere for job secking. Local women left at faom home fecl
responsibility 1o sustain their livelihood for survival. Thus they do not perform collective
actions envisaged at the time of harvesting in Ain Defali, rather thicir ixcti_vilies arc
independent. The cral ling work such as traditional cloths and coversheets made by local

© women are marginally obscrved in some douars.

Water points in Terouat are 1ocated relatively close to the dovars where more than a half

~ of the population collect water at a distance less than one km. The percentage of women

invalved in water collection including transportation is about 36 percent higher than the

: correspdnding rates (16 percent in Ain Defali and 22 percent in El Bibane). Time spent
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for water collection is almost less than one hour Despite the short d:stqncc to water
points the rugged nature of terrain makes it difficult for women to collect portable water.
Accidents frequently occur because of slippery soil condition. In order to overcome this
probtem, local women collect raw water for house activities. Women's desire to escape
from the heavy task of water collection sometimes precedes over their sanitary sense to
use clean water.

(3)  ElBibane

Agriculture in El Bibane located in mountainous area is featured by sloping farm:. The
production of major crops such as cereals, legumes, fruits and olive is substantially small

" cotmpared o the other model areas. In order to earn the sustainable level of agricultural

income local farms have to cultivate variety of crops. Local women are scasonally
involved in varidus activities such as cereal harvesting, collection of fruits and olive, and
livestock grazing. The marked feature of social condition in El Bibane is represented by
“high percentage of wonen heads of household. The rate is about 28 percent higher than
in the other model areas. Women being heads of houschotd almost belong to the poor
farm house. Local women whose husbands migeate elsewhere are normally employed as
“labors by the near-by farm houses. Nevertheless, because of few chance to be hired as
labors some woinen heads of households also go to urban areas for job seeking. In
gencral, the poor familics resident in mountainous area tend to migrate to urban areas
“because to make a lwdthood in living area is extremely difficult. In this respect, life and
“activilies of poor women are not rooted in mdlgenous arca.

- About a half of population collect water at a distance less than one ke, whereas the rest at
‘a distance ranging from one to four km. Time spent for water collection extends (0 two
hours in summer, but less than onc hour in winter. Steep slopes to water points make it
really titesome for women to transport porlable water. In fact, chitdren especially girls
are the major work force’ for water colleciion. In general water collection and
transportation is carried out by women and children together, but children of the poor
families do those tasks by themselves: The involvement of children in entire task of
water collection is often observed in El Bibane. - In this sense, the poor women ate
'vinually' helped by children regarding to water collection.

3.10.3 Potential Benefits on Women

Owing to the scareity of water resource in the model arcas, water use by tocal people




relics on spring, dugholes and the near-by surface water. The task of water collection

done by women and children is regarded as the tiresome and time-consuming work in
their dziily activities. The introduction of rural water supply projecis is cerlain to render
them the direct effect such as alteviation of physical burden and saving of time required to
undertake water collection. Such direct effect would lead to potential benefils on women
and children. However a careful analysis is needed to estimmate such potential benefits on
them. Fiestly potential benefits expected might be different by nature. The benefits by
nature are largely classified into cconomic and social categories. Sccondly those benefits
are to be different by beneficiaries (i.c. women or children) and scason. The eslimation
of benefits should be carcfully made on the basis of present conditions of women's

activities in the model areas.
The following table presents the summary of potential benefits expected.

Table 3.10.1 Potential Benefits fo be Expected

Nafure Beneficiary Potential Benefits Area
Economic Women ‘{a)  Productive use of groungd water for All
rgx o . | crops
= _ ¥(b). Productive use of time to be saved All
" *(¢) Loss of opportunity to work as All
labors _
()  Acceleration of poor wamen for job - El Bibane
_ _ : secking elsewhcere '- -
" Children . (¢)  Opportunily to improve technical =~ All
‘ skills and get the belter jobs
‘Social Women () - Application of local wornen's ' Ain Defali
collective action into management of
waler supply '
“(g) Improvement of non-poor women's All
social status _
(h) Reduction of women heads of Ain Defali
houscholds Teroual
() © Enhancement of women's All
awareness for hygienic conditions _
Children . ()  Improvement of aticnding rates in All

primary and secondary schools

(k)  Probability of poor families without El Bibane
- parents .

l Note: * The benefit of (b} is expected at non-harvesting time.
The negative beaefit of (c) is expected at harvesting time,
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The potential bencfits including negative items shown in Table 3.10.1 is regarded as
indirect effect to be éxpected due to implementation of water supply projects. The
positive economic benefits arc assumed to be derived from availability of water or saving
of fime for water collection. Productive use of saving lime for non-agricultural activities
may be only expected at non-harvesting time, Because it is difficult for women to make
the effective use of saving lime for ‘anbther dctivity during the busy time of harvesting.
Some local women would lose the opportunity to work as labors at harvesting time since
time to be saved does without them in order to harvest ceéreals. Poor women without any
opportunity to work as labours in indigenous area (i.c. El Bibane) would seek jobs
outside because it is no necessary for children to do the task of water collection in place

of women.

The nature of social benefits is more or less attributed to the characteristics of the modet
areas. The possibility of women o be involved in management of water supply will be
only expected in Ain Defali as women have already been trained to take a collective action
at the harvesting time. Wonien heads of houscholds might be a little reduced in Ain
Defali or Teroual as the scate of agricultural production indicated by the helding size of
farm land would guarantee poor women additional agricultural income. The enhancement
from subordinate position to the more posilive involvement in social activities can be
expected in the case of non-poor women becanse their daily activities are not constrained
by economic condition such as the suwwal level of income. The provision of water
supply facilitics would equally bring wonien the sense of i improving hyglcmc conditions
in the mode! 'm,as '

Children will be also beneficiavies due 1o the availability of water supply services. The
improvement of attending rates in schools is directly derived from saving of time spaved
for water collection. But children of poor families might be forced to send their life
withoul parents inEl Bibane where agdcultural'ihcome is nol the sustainable level.

3.10.4° Programs to Realize Potential Benefits

Potential benefits discussed in the preceding sub-chapter (3.10.3) would not be realizable

without specific programs. The importance should be attached to the following criterta in
order to formulate such programs suitable for local people.

1) Maximum utilization of existing resources and systems (cost performance),



2)
3)

The participation of local people in projects or programs, and
Establishment of organizations.

A distegard for the above criteria would probably fait to implement projects or programs
formulaied, resulting in no expectation of benefits. - The following table shows specific

programs corresponding to the items of potential benefits. The saime table also shows the

criteria and constraints to take into account for implementation of them.

Table 3.10.2 Programs to Realize Potential Benefits

Benefit  Crileria

Number _
of Programs Constraints
ltems 1} 2) 3) programs _

) X (i) « Uitization of Development » Land ownership
Centers or Work Centers for controlled by men
transfer of farming practice to
wonmen _

¢ Agricuttural credits for
_ _ women
b X X “(it) * Training programs of crafting ¢ Low rate of women's
works : literacy
« Establishment of cooperative  + Social status of
for poultry and other women being
_ activities subordinate to men
(c)d) X (iii) ¢ Subsidy system o be given ¢ Financial constraint
: to poor families in orderto . pifficulty in selecting
prevent negative effect of (c) poor families for
o _ and (d) ' allotmeit of subsidy

{¢) (iv) * Introduction of vocational « Low rate of girl’s

éducation into secondary literacy
: - school _ _

(H X (v) * Training programs of women ¢+ Low rate of women's

to pasticipate i administrative  literacy
* works of water supply
managenient o

(2) X (vi) * Creation of women's club + Social status of

women

hy X + The same prograins as those ¢ The same as those in

- in (iit) _ s (iii)
(i) - (vii) + Proper guidance for public » Low rate of women's
7 . hygicne to women _ literacy
(i) “{viii) + Guidance for importance of ~ ¢ Children as work
: _ ' education to parents - force
Sk X  The same as thosc in Gii) 1o - * The same as those in

prevent negative effect of (k)

(a) and (b)
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The program (i) to realize the benefit item (a) have already been implenicnicd. The
Ministry of Agriculture and Agricultural Development so far established 170
Developmeit Centers and 120 Work Centers nationwide. There are in total about 3,000
technicians being engaged in agricultural extension services. These institutions are
located in Had Kourt of the province Sidi Kacem and Rhafsai of Taounate. However,
the lesson from such an existing program recently identificd that a real obstacle to
wonien's involvement in agricultural production is proprietary rights of farm land
controlled by men. Accordingty the National Bank of Agricultural Credit created a
special credit-facility to be utilized for women who wish to cultivate a variety of crops.
Such a credit system was actually reporicd to be successful in the region of Khemisset.

it normally takes time to realize the program (ii), productive use of time for non-
agriculturat activities. The most realistic way to promote this item is the development of
crafting products already manufactured by local women in Teroual and Ei Bibane.
Training of crafting works will be necessary for women who do not get skill of such
works. The more dynamic way to facilitate women's role in economic activities is the
establishment of agricullurat cooperatives for poultcy or livestock breeding. So far more
than 20 agricultural cooperatives have been established nationwide. But both low rate of
women's literacy and a subordinate status of them would be a real constraint to such
activities.

- Financial assismﬁcé to poor' families, the program (iii) is supposed to be the most
~practical o0l to prevent negative benefits of (c) and (d). At present the use of local
" budget in the form of subsidy is only confined to financial assistance to local people
suffering from disasters. If such a subsidy systein is extended to the reduce inequatity of
income distribution, poor women corresponding to the items of {c¢) and (d) would be
greatly helped. The difficully is the budget constraint of local government under control
of the Ministry of Interior. '

The benefit item of (f)is one of social benefits which can be cxpéctcd most. Pcfh'aps
“local women's pammp'mon in operation of rural water supply in Ain Defali would not be
5o dif ficult a5 they have been tramed to take a collective action at the harvesting time. The

key issue wilt be what kind pf role women are able to play in water supply management.

The responsibilitics of women arc not the ficlds requiring a substantial levet of education,

but those needing cooperative manner. The examples of the latter responsibilities are:



i
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i) Establishment of time schedule for water collection,

i) Consultation with families having a handicap when collecting water,

iii) Formation of information nctwork to report technical and operational
problems to a management body, and

iv) Collection of water charge provided that water tariff is charged to users.

In order to do s(), some representatives of women should be grouped into an association
where they will be required to discuss the above responsibilities.

The objective of the programe (vi) is the improvement of social status of women.
Wheiler or siot the creation of a women club will be sccessfully imptemented is
altributed to a coop’erdtive movement of women discussed in the preceding paragiaph.
Womich should begin with recognition of the subordinate position in society. The
establishment of a women organization is certain to empower them to nake men

* comprehend their rights.

The reduction of women heads of households would depend on the successful execution
" of the programs (jii). Provided that poor familics get chances of receiving financial
subsidy, the migration of men elsewhere for job secking would be reduced. Accordingly
" women are able to concentrate on their household dutics and economic aclivities. To
" alleviate the responsibitity of women being heads of households would also contribute to
“improvement of their social status, the benefit item of (g). But women head of
" househotds would not decrease in the case of podr women whose ﬁgricu]luréi income is
on the threshold of survival level, observed in E! Bibane. ‘ | |

- A program lo realize social benefit of (i) normally lakes the form of the proper gu idance
for public hygiene to women. The Ministry of Public Health is the appropriate agency to
guide women in improvement of hygicnic condition. The dissemination program for -
public hygienc is desirable to be as easy as possible to women whose rate of literacy is
substantially low at present. The use of picture in programs would be power ful to make
women undesstand how water-bome diseases break out. Perhaps women sense of public

hygiehe will improve step by step.

To make parents understand how important education'is for children is not an casy task
because chitdren are regarded as a part of work force. Thanks to the government decree
issued in 1991, education in primary school become the compulsory service. Parents
take the re’spo’hsibility for accomplishing the compulsory service of children. It is not



clear whclher the guldancc for lmponzmce of cducauon to parents would dir¢ctly improve
children’s attending rate of schoot or not, though a continuous program in the fiom of
dissemination is desirable to change parent's attitude toward education.

3.10.5  Implementation Programs for WID Effect

'Each program shown in Table 3.10.2 prescnts criteria and constraints (o be taken into
account in order to implement it. Some prograins corespond to none of the three criterin
established. The effect of them on WID would not be sustainable as the impleinentation
of them does not entail a nobilization of i’ndigenous resources including tocal people.
Benefictaries consisting of women and children can not help being passive. The other
programs satisfying the criteria have the possibilitics of the favorable effect on WID. The
nature of constraints is characterized by either a customary practice or the prevailing

“conditions surrounding local women. These constraints should be considered to be the

given conditions. Otherwise the formulation of programs disregarding the prevailing

constraints would fail to have the positive effect on WID.

Enhancement of economic conditions is in general considered to be a prerequisite for
"WID. This viewpoint is based on thc concepl that the improvement of economic
conditions gives women the opportunity of integrating them into economic and social
activities. But the approach to implemén!ation of prograins might be different between
poor aid non-poor women. ‘Although the term "threshold income"” is not quantitatively
defined, households in the model areas are classificd into those mor¢ than the threshold
*income and less than it The hguue 3.10.1 :shows the step-wise mlplemenmuon of
programs for WID effect.




Figure 3.10.1  Step-wise Implementation Programs for WID Effect
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Local women of households more than thieshold income generally can afford the time for

training programs of new economic activities, Time frame of programs' implementation

is divided into the short and middle terms. In the short-term, the programs of (i) and (1)

to realize potcnml bcncﬁls of {a) and (b) would simultaneousty contribute to the benefit

of (). This is because children wilt be no longer regarded as the work force due to

z _ _enh'mcemem ‘of household income. In the middie-term, the programs of {v), (vi) and
- (vii) will be unph.memed to realize potenual beneﬁts of (), (g) and (i). At this stage, an
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‘integration of women into sociely can be altained to some extent.
(2)  Houscholds less than threshold income

Local women of households less than threshold income can not afford to participate in
training progeams. Time frame of programs' inmplénwntntioh is divided into three stages,
the short, middie and loiug terins; In the short-term, the program 6f (i) will be
implemented to compensate for houschold income of poor families. The living
conditions of them would improve to some extent as to the benefit iteims of {¢), (d), (h)
and (d). Inthe middle4teﬁh, the programs of (i), (ii) and (viii) will be implémented to
realize potential benefits of (a), (b) and (j). The programs of (viii) would be necessary to
change parent's attitude toward importance of education. In the long-term, the programs
of (v), {vi) and (vii) will be implemented to realize potential benelits of {f), (g) and (i).

As shown in Figure 3.10.1, it takes time to fulfill an integrated effect of WID, In order
to make the successful implementation of programs, the followings are 1o be made clear.

i) Quantitative definition of threshold income,
i) - Analysis of preceding WID-related programs, and
iily  Financial capacity of local government for allotmient of subsidy.
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