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1. Summary a.nd Recorrmendations 

A. Grantee: Yemen Arab Republic Government (YARGj 

B. Implemer:ting Agency: National Water and Sewerage Authority (NWSA) 

C. Proposed Amount of Grant: $10.0 million 

D. Purpose ~f the Grant: To assist in financing the construction 
of a water and sewerage system which 
will provide adequate services to the 
population of Taiz, Yemen through 1990. 

E. Description of the Project: The p~oject consists of well 
field develo~ment, renovating and 
expanding an existing water 
system and constructing a new 
sewerage facility. Other inputs 
are procurement of materials and 
equipment, engineering supervi
sion of the construction work 
and financing the training of 
NWSA I s staff. 

F. Other Donors: The Abu Dhabi Fund for Arab Economic Develop
ment (ADF AED) 

G. Issues: None 

H. Recommendation: Authorization of d grant in the amount of 
$10,000,000. 

Project Committee 

J. Paul Guedet, 
Eugene Morris, 
James Cassanos, 
Joan Silver, 
Garber Davidson, 
Edward Glaeser, 

Project Offi cer 
International Develop~ent 
Engineer 
Social Analysis 
General Counsel 
Desk Officer 
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II. Introduction 

2.01 The Yemen Arab Republic (YAR), located in the soutt~est 
corner of thp Arabian peninsula, is bordered on the north and 
northeast by Saudi Arabia. on the south Jnd southe~st by the 
People's Democratic RepJblic of Yemen and on the west by the Red 
Sea. There are three distinct geographical region!; the central 
highlands, the coastal plains and ~he eastern plateau which has 
a desert climate. The estimated population is about 6.5 million 
with an annual growth rate of approximately 2.2 percent. Most of 
the people are settled tribesmen who live in small towns and 
villages scattered throughout the central hig~lands and the 
coastal plains. Rural people are primarily engaged in raisi~~ 
livestock and farming. Abou~ 10 percent of the population is 
considered urban, residing primarily in the three main cities of 
Sana, Taiz and Hodeida. The YAR is one of ~he least-develJped 
countries in H,c: ;.'orld with a per capita income of ab0ut $210 in 
1975. This econonlic condition i' partially caused by three major 
factors: (1) relatively isolater from the rest of the world until 
the mid 1960's; (2) dearth of natural resources; and (3) critical 
shortages of educational facilities, social infrastructure and 
trained people. The Government is taking measures to develop tne 
agricultural sector, to build training institut~ons, introduce 

.modern administrative practices and improve the living conditions 
in the cities and rural areas. Many of the cities and villages are 
without adequate potable water. 

2.02 The country relies solely on groundwater for its water 
supply because of a lack of permanent sources of surface water. 
Some of the river beds have substantial water flows during the 
sun~er rains, but this source quickly disappears after the short 
rainy season. Most of the people in Yemen obtain their wdter 
supplies from shallow wells or from water vendors. In the main 
urban centers limited piped water is provided by local cooperative 
organizations and private water vendors. As a partial result of 
inadequate water, Yemen has one of the highest mortality rates in 
the world. One of the Government's objectives is to improve the 
quality and increase the quantity of water in an effort to curtail 
~ater-related disease in Taiz. 

III. Project Backgroun~ 

A. History and Development 

3.01 AlDis initial assistance to the YAR was in the early 19~Q~s 
when the Yemen Arab Republic Government (YARG)'requested financial 
assistance to develop the first municipal water system in Taiz. 
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the second largest :ity in Yemen. ~:: &i~ancea the con:truction 
of a water syster capab1e of supp:yinS ~ater to the popu~ation of 
Taiz. then estimated at 20,000 persons. In acci!ion to building 
this system, Al8 financed technical training for Yemenis and 
cstaLlished the ~ational Public ~dter Supply ana Sanitation 
[iepartment. -:-c corrmemorate AID's efforts the YARG renamed the 
water system the f:enn~dy Memorial Water jysterr (f'.MWS). Until the 
early 1970's thi~ system provided an adequate supply and quality 
of water to the inhabitants of Taiz. At that time, however, 
con5umpr deGand started to exceed available water supply. Since 
then, water volume has declined and operational costs have grown. 
With the increasing demand being placed on the i/ater system, water 
supplies have been substantially curtailed, water contamination 
occurs and the system operates only two hours per day. Watfr 
short~ges are widespread and the water table for the existing wells 
is declining. Inadequate water supplies and contaminated water 
pipes have resulted in water rationing and increasing maintenance 
costs. 

3.02 As a result of this situation the YARG requested AID to 
finance a major renovation and expansion of the existing water 
systeffi. In response to this request, an AID financed contract with 
James M. Montgomery Consulting Engineers, Inc. was signed on 
April 17, 1974 to study the economic, financial and engineering 
f~asibility of expanding the system. The contractor's final report 
(April 30, 1975) determined that sufficient well fields could be 
developed to increasF the water supply for the city's population. 
Following AID's review of the Montgomery report, an AID loan of 
$1,350,000 and grant funds amounting to $100,000 were authorized 
to finance an engineering design and a socio-economic study. 
Hazen and Sawyer Engineers completed the preliminary engineering 
design report in June 1977 and Haskins and Sells consultants 
have submitted a draft socio-economic study which includes 
suggested ilater/sewerage user rates for the proposed water and 
sewerage system. 

3.03 The proposed project is estimated to cost $65.4 million. 
AID has allocated $10 million to finance additional well field· 
development, engineering construct~on supervision and procurement 
of materials and equipment. Other donors, such dS the Abu Dhabi 
Fund for Arab Economic Development (ADFAED), have expressed an 
interest in financing most of the project. Fin~l design plans 
should be completed in November 1977, followed by an estimated 
33 month construction project to renovate and expand the water 
and sewerage system. The project, when finished, will supply 
approximately 11.5 million cubic meters of water annually and 
provide adequate water and sewerage facilities to the city of 
Taiz through 1990. 
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3.04 In addition to the proposed pro:ect, AID is providing 
technical a-:;s~s+.ance fer o-Cher r,·ater· relate(~ projects in Yemen. 
Under the Sana Emergency ~ater Supply Project, 5460,000 in techni
cal assistance and commodities have been supplied to increase the 
volume of potable water. By the time this project is completed 
(FY 77) water will be supplied to 5C,OOO people. This system will 
continue to serve the city> delivering water via public fountains. 
pending completion of the final enlarged Sana system. Project 017 
has financed $462,000 in services and commodities for the rehabili
tation of the Kennedy Memorial Water System (KMWS). Finally. a 
grant totalling almost 51 million is intended to finance a proposed 
project commencing in FY 78 Dr FY 79 to design 15 secondary cities 
water syste~s to De constructed beginning in 1980. It i~ expec
ted that these systems will be established in the more populous 
rural market centers (5,000-20,000 population) and will provide 
both water and sewerage. 

B. Other Donor Involvement in the Water Sector 

3.05 Several donors are providing assistance to the YARG's 
water and sewerage sector. The most important donors in terms of 
financial contributions and personnel are the IBRD and USAID. 
Other donors participating in this sector are the Arab Fund, the 
Abu Dhabi Fund for Arab Economic Development (ADFAED), the Saudi 
Arabian Government and thE UNDP. Following is a summary of water 
projects presently being carried out in Yemen through the assis
tance of foreign donors. 

International Development Association (IDA) 

3.06 A credit of $6.25 million initiated construction of Sana's 
first public water supply system in 1974. An additional credit of 
~10 million will finance the design and construction of an enlarged 
water supply system for Sana, as well as construction of the first 
phase of a sewerage system. The water supply system will serve 
the Sana population up to the year 1985 while the sewerage plan 
will cover the city's needs up to the year 2000. Initially the 
sewerage system will serve 50~ of the population, mostly the 
poorest element of the population living in the old city. For the 
remaining parts of the city the Government ~."ill build public 
conveniences and will take other appropriate measures. The pr'oject 
is designed to permit further expansions of its capacity as demand 
increases and additional funds become available. In addition to 
construction, elements of this project that will directly assist 
NWSA are 1) supply of sewer maintenance and laboratory equipment; 
2) consulting services for project design and construction super
vision; and 3) feasibility studies for water supply and sewerage in 
two medium sized cities, Ibb nnd Dhamar. The Sana project should 
be completed in October 1977. 
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].U7 A cre~lt Of S2.1 million was aJ~roved in June 1975, for 
f lnanc; ng the ons truc t i on of the vl5 :e.- :.Jp:'l y conlponent in Hodeida. 
The project will provide water tnro~~~ house connections to 75% 
of the population in 1985 and provide safe, reliable supply through 
~ublic taps to the remainder of the Dop~lation. A sewerage com
ronl'nt will provide for the collection and treatment of seweraae 
for those connecte~ to the water supply system. Trunk water m~ins 
and the principal collector sewers will have hydraulic capacities 
which shouid be adequate to serve the population to the year 2000. 
Also included in the project are: purchase of maintenance equip
rllent and vehicles; purchase of office equiprlent, furniture, 
calculators, drdfting equipment; technical assistance for hiring 
and training personnel, management and administrative operations and 
enjineering supervision. 

Arab lund 

J.OH A proposed credit of $20.2 million will finance the 
construction of the sewerage works to complement the Hodeid~ water 
supply system. Estimated completion date is FY 1979. Also, a 
S17.1 million credit is intended to fin6nce design, construction, 
engineering supervision and equipping of the enlarged Sana Water 
Supply System. 

Saudi Arabian Government 

3.09 Saudi Arabian Government proposes to finance the cost of 
Sana1s sewerage connections as part of the overall $45 million 
IDA-AF loan in support of Sana second phase water-sewerage system. 
The Saudi Government1s credit will be 514.5 million. 

United Nations Development Program (UNDP) 

3.10 UNDP will provide 36 man-months of training for civil 
engineers. 

IV. Development Objectives 

4.01 Although some change is taking place, YARls economic 
structure continues to reflect :ts underdeveloped condition. In
ternal transport and cOrMlunicatior;s still leave many parts of the 
country isolated from each other. Literacy rate is estimated at 
15 percent of the population and most Government offices are not 
fully staffed ~ith experienced personnel. Despite these constraints 
some progress has been made in setting up national institutions and 
introducing development planning. Recently, a Five Year Develop
ment Plan covering the period 1976/77 through 1980/81 was prepared. 
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Under the new plan, long-term develcpmental goals are: increase 
J9ricultural production to achieve self-suffic~ency in food; 
expand transport and communications infrastructure to improve 
econo~ic and social integratior.; supoort a modest industrializa
tion program which includes water and sewerage projects; c~ucation 
and manpower development tu improve professional skills and 
Government institution building. Besides these objectives, the 
Government will attempt to increase the average annual rate of GOP 
to 7.2 percent in real terms. Of the total planned outlay of 
YRs 7 billion (Sl.6 million), 32 percent is allocated to housing, 
31 percent to transport and communication, 14 percent to agri
cultural and 10 percent to industry, which includes water and 
sewerage projects. 

V. Public Health 

S.Ol Unquantifiable man hours are lost and average productivity 
is low for laborers because of various illnesses, particularly 
C)astrointensti_naLsicklJes~~s. Ninety percent of the population is 
reputed to suffer from worms and gastrointestinal diseases are 
widespread among all age groups. Diarrhea is virtually a continu
ous complaint of all of the population. There is general agree
ment among doctors that poor sanitation is the chi2f causp. of 
disease in Taiz. Bilharzia and infectious hepatitis are common. 
Cholera epidemics have averaged one a year over the past five 
years. According to the United Nations Health Center, there were 
265 recorded cases and 21 deaths in 1972 and in 1973 records indi
cate that 196 cases and 12 deaths occurred. 

S.02 Among contagious water borne diseases, only typhoid has 
not presented a major problem. Substantial inoculation programs 
against polio and cholera have been carried out. There is, however, 
agreement among doctors that insufficient attention is given to 
preventive medicine. local doctors believe that 70 percent of all 
diseases occurring frequently in Taiz ere water-related'- -

VI. Water Supply and Sewerage 

6.01 Water has always been a scarce commodity ~nd has hindered 
development of both urban and rural. areas. Yemenis :-:ave been 
forced to exercise great ingenuity in obtaining and conserving 
water. Average annual rainfall ranges from 7 to 25 inches in 
various parts of the country except for the desert area of the 
Tihama and in the eastern part of the country where rainfall is 
much lower. In some major areas, there are less than 30 days of 
rair, per year. Consequently, there are no permanent sources of 
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surface water of any significance. The ~ajor rivers usually flow 
during the SUfT1me' rain:., but normally none nave perennial water. 
~ites for storage of water are scarce. Thus, even in areas of 
relatively abunaant rainfal~, wa:er must be obtained from under
ground sources by drilling wells to considerable depths and at 
substantial cost. In many Darts of the country it is not unCOlTlTlOn 
for reople to walk a mile to obtain water, or else purchase it 
fronl vendors at very high prices. There are only very limited 
hydrological data available for most of the country, but recent 
drilling experiences indicate that water supolies for most of the 
r~ral communities can be assured ty drilling wells up to 1,000 
feet deep. 

6.02 In the cities of Yemen the need for water is acute. 
There are spr~ngs in and around Sana and Taiz, but they do not 
yield sufficient water to supply these cities. Modern city 
water systems were unknown in Yemen until the mid-1~50's when the 
Kennedy Municipal Water System was completed in Taiz. At that time, 
no water systems existed in any of the other cities. Traditionally, 
urban populations have relied on unprotected wells or spring water 
delivered through open channels and, therefore, subject to contam
ination. While there are no health statistics, it is clear that 
at least some of the frequently observed cases of illness are 
caused by unclean water. Skin diseases are common, gastroin~estinal 
diseases are widespread and diarrhea is a continuous complaint of 
most of the population of Taiz. 

6.03 Taiz is the second largest city in the country, with a 
population estimated at 104,000 people It receives an average of 
24 inches of rainfall annual'!. but for the five months from 
November to March, a total of only 2 inches of rain can be expected. 
There are no surface water supplies available during these 
periods. The traditional source of water for most of the popula
tion has been water from the springs at the base of Jebel Sabr 
mountain, south of Taiz, conveyed to the city by gravity in open 
canals and, therefore, not potable by the time it reaches Taiz. 
The first change occurred when the United States Government 
findnced a system of pipes and public standpipes throughout the 
city in 1961, using the springs as a source of water and incorpora
ting two existing storage tdnks. While this represented a 
distinct improvement, there was still considerable inconvenience 
and sanitary hazard in transporting the water from the public 
faucets to the dwellings. From 1962 to 1965 AID financed the 
design and installation of a piped water system which was eventu
ally designated the Kennedy Memorial Water System. At that time, 
the population of Taiz was between 20,000 and 25,000. The source 
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of ~upply consisted of four wells with a capacity of slightly over 
un~ million cubic yallons per day, plus three ad~itional wells 
intended for future expansion of the system. The installation was 
cor,lpleted in September 1965 at a cost of ~bout $4.5 million. 

~.04 Approximately 71 percent of the present population of 
Tail is connected to the water mains of the ~ennedy System. How
ever, during the past several years water demand has exceeded 
supply. The water system has suffEr~d from a lack of replacement 
ports, insufficient maintenance and the wate. capJcity declined 
to d third of its design level. One of the first projects the 
(;overnment asked AID to undertake when assistance to Yemen was 
resumed in 1973, was the rehabilitation of the Taiz water system. 
The services of a technician and commodities provided by AID in 
response to that request returned the system to its original 
design capacity by early 1974, i.e. service for a population of 
up to 20,000 with possibilities for expansion to serve up to 
40,000 people. However, that ultimate capacity is substantially 
below minimal needs of the present population and grossly inade
quate for a substa~tially larger city which may, assuming a 
growth of 9 percent per annum, reach 183,000 and 281,000 for the 
years 1985 and 1990 respectively. I~ the old city, many hnuseholds 
now have to rely on either unsanitar) public outlets supplied from 
springs, or water carriers who draw their supplies from those 
same contaminated public sources. Within the service area of the 
~ennedy System the increased demand forces intermittent interrup
tion of service, resulting in contaminated matter filtering into 
thr. mains during period of lowered water pressure. 

G.05 Since late 1967 a decreasing groundwater level in the 
original well field has caused production difficulties, even 
though the system has been enlarged by drilling new wells and 
connecting two other well fields in 1968/69. Despite these improve
ments, it has not been possible to keep pace with the growth in 
the dp.mand for water. Water demand has increased because consumers 
are using greater quantities of water and the population is ex
panding. The water system now has to serve a larger area and 
pump water to higher elevations than was originally expected. 

6.06 Presently, water is supplied to the city of Taiz from 
the Hougfa, Houban and Hongala well fields at the rate of 1.3 
million cubic meters per year. To ensure that all customers re
ceive some water, a system of rationing has been instituted, re
sulting in the transmission lines to various areas of the city 
being open for app~oximately two hours only each day. Breakdowns 
in the system are common because the plant is over extended. When 
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disruption to the water system occurs, parts of the city are with
nut water for several days .I\nnua 1 \,>,a tel' :n'oduc t i on needs for the 
years 1985, 1990 and 1995 are estimated to be 6.0, 11.5 and 14.4 
lliillion cubic meters. respectively. Those quantities of water 
would serve about 90 percent of the city's population projected 
for those years. That service would be at a level of 80 to 90 
liters/per capita/per day (lcpd) compared to a present estimated 
wdter uSage of approximately 45 lcpd. Even the higher level is 
sn~ll compared to usage in Western countries, but water conserva
tion has aiways been necessary in water-short Taiz. 

6.07 There are few industrial water users and water-wasting 
domestic appliances are rarely used. The expansion of commercial 
and industrial installations requiring large quantities of water 
are discouraged. The chemical content and quality of water has 
been deteriorating rapidly since 1964. Total solids in 1974 were 
1049 mg/l and are now 2150 mg/l with a nitrate concentration of 
170 mg/l. The absence of an adequate sani tary sewer system in 
Taiz coupled with an insufficient water supply, which is fully 
pressurized only intermittently (approximately 2 hours/day), create 
a serious health hazard. It is worth mentioning that the present 
Viater supply system has to be frequently turned off in various 
areas of the city for the purpose of rationing water. When this 
occurs, negative pressures are created within the distribution 
system pipes. This in turn allows the entry of liquid wastes 
through pipeline leaks. The liquid waste originates from cess
pools and from the surface where waste is discharged directly into 
the streets from abutting residences. Re~orts contain conclusive 
evidence that the present Taiz water system is inadequate and that 
the construction of additional and dependable sources of water 
supply should be initiated as soon as possible. 

b.08 Alth\'ugh Taiz has the only \'>'astewater collection system 
in the country, its effect on the city's sewage disposal problem 
is minimal. The system, 9 km long, has 263 connections and serves 
only about 3,800 people in a service area with a population of 
about 12,500. Ninety five percent of Taiz's houses are not con
nected to the sewerage system and the occupants of these houses 
.discharge wastes directly onto streets or into cesspools. Raw 
s~wage is collected by the existing system and discharged into 
natural drainage areas surrounding the city. This compounds the 
city's health problems and increases the incidence of diseases 
caused by raw untreated sewage and contaminated water lines. 

6.09 While firm statistics are not available, various types of 
water-related diseases and cholera are reported to occur frequently, 
notably in areas near the river beds where raw sewage is discharged. 
Concrete pipe used in the sewerage system in manufactured locally 
and considered poor. Current practices for the installation of 
sewer pipe do not conform to acceptable construction standards. 
No attempt is made to insert mortar into pipe joints and no grade 
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or alignment control determined. Pipe is installed without proper 
trench beddin'J and trench backfill inc"udes rocks of all size~ and 
i '. no t c ompa c t rd. 

\'11. ~;ational Water ilnd Sewerage Authority 

7.01 In r;ovember 1973 t,l,;;! Governf'1~nt established the Natior.al 
Water and Sewerage Authority (NWSA) to be responsible for planning 
and managing \'.'ater supply and sewerage systems in urban centers. 
rIW~A is an independent Government organiz~tion that has financial 
and manag€:-rial autonClmy. It is managed by a seven member board 
con~isting of the Minister of Public Works and Municipalities, the 
Oeputy Minister of Public Works, the Deputy Minister of Treasury, 
the Director General of NWSA, the head of Municipal Affairs and two 
persons who represent the private sector. The board is responsible 
to the Government Council of Ministers whose approval is required 
for establishing or changing water and sewerage rates and other 
charges such as connection fees. Long-term debt incUl"red by NWSA 
from sources other than the Government must be approved by the 
Council of Ministers. The Director General of NWSA is responsible 
for managing NWSA and reports to the Council of Ministers. Pres
ently, NWSA manages water and ~ewerage systems in Sana, Hodeida 
and Taiz. These operations arp ~lacing a strain on NWSA's staff. 
Recruitment of qual ified personnel should be pursued and training 
programs are required for existing staff. AlDis Water Systems 
Mandgement project has been initiated to provide training to 
certain categories of NWSA's professional staff. The proposed 
project will undertake to train staff for the overall management 
and operations of the Taiz Water and Sewerage System. 

VIII. Project Analysis 

A. Projec~ Description and Technical Analysis 

'R.01 The exi~~ing water and sewerage system supplies water to 
about 71 percent Gf the population, for an average of 2 hours per 
day and handles sewerage for only 3,800 households. This combined 
system is both inefficient to operate and costly to maintain. 
Under the proposed project this system would be renovated and ex
panded to provide ll.S million cubic meters of water which would 
be sufficient to supply Taiz with potable water. By 1990, water 
lines will be connected to 90 percent of the households and 70 
percent of the households will be connected to the sewerage 
facility. The expanded system should improve personal and envi
rOrIJlIental sanitary conditions in Taiz. This is based on the 
assumptions that the system will be adequately maintained and 
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(f'erated, anc tnilt bJsic personal an::: household hygiene practices 
dre followed. tltimately. the project should assist in decreasing 
J:,\1"hidit' in the I!~,~,iorlty of' the ropulation and especially in 
vulllcrc:ble pre-school d~led chiluren. See Annex B for the project's 
lo~:icdl franJPwork sUnimary of the ',/Crtor goal, project purpose, 
inputs and outputs. 

::.02 The majority of the construction work will be earth 
excJvdtion and pipeline installation. This work w)ll be difficult 
dnd pxpensive because of ~nderground rock, steep terrain and 
narrow passageways through streets and along the water transmission 
llne right-of-way. Other items to be incorporated into the project 
are pumping stations, secondary water distribution lines, sewerage 
collection pipes, treatment ponds, ~hlorination facilities and 
water tanks. Wh~n the project is ccmpleted, water from the ':.felT 
field will be pumpe~ into a central storage tank near the field 
and at an elevation of approximately 1326 meters. From the control 
tank the water will flow a distance of 18 kilometers through 
60()JUll (diameter) steel pipes to the main storage yard positioned 
at an elevation of 1275 meters in Taiz. 

U.03 The warnr distribution system will consist of polyvinyl-
chloride (PVC) ar.1 steel pipes varying frorl] 150mm up to 500mm in 
diame+..er. totalling 20,540 meters of pipe. Most of the pipe, 
(12,340 meters) \,,;11 be 300mm and 4 ()Orm: diameter steel pipe. 
rive storage tanks with a total capacity of 24,270 cubic meters of 
water will be installed in the city. Small pumping booster stations 
will be in areas of the city where houses are at a higher eleva
tion than the storage tanks. All pump~~g stations, except one 
standby facility, are designed to include a reserve pumping unit. 
To meet an increase in water demand after 1990, each station will 
be constructed to accommodate an additional pump to permit the 
system to increase capacity to about 40 mi 11 ion cubic meters of . 
water. 

8.04 Sewer lines are designed to accomodate the mdximum flows 
of waste during peak periods. The minimum velocity and grade will 
prevent desposition of grit and organic material as well as control 
problems of hydrogen sulf~des and acid generation. Generally, 
pipelines will be laid with sand or granular material for bedding. 
PVC pipes will be backfilled with sand or granular material to a 
minimum of 0.3 meter above the crown of the pipe. Manholes will 
be installed at the upstream end of sewers, at sewer junctions, 
at changes in horizontal and vertical alignment, at changes in 
sewer di ameter and wherever requi red to comfor'[;' wi th maximum 
spacing. Manholes will be constructed of reinforced concrete pipe. 
or of concrete blocks. If a sevier line must be laid adjacent to 
a water main, then the two pipes will be placed in a manner that 
the sewer line would be at least 0.45 meter below the water main. 
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rf such pipe separation is not possible, the sewer level will be 
constructed to water main standards for materials, joints, and 
water tightness. 

U.05 Although the existing sewers are of poor quality because 
of the workmanship and low strength of the concrete, they should 
be adequate for another ten years. These sewers, with only a few 
exceptions. will be incorporated into the proposed system. Public 
toil~~5 will be located throughout the city and connected to the 
sewer lines. 

H.06 The consultants recorrmended collecting the waste, treating 
it through trickling filteration dnd afterwards utilizing the 
treated waste for irrigating specific crops and grazing land. An 
alternative solution, and favored by NWSA, is employin9._oxidation 
ponds instead of trickling filter plant. Capital and oper-alii'fg 
E5sts-are lower for oxidation ponds. However, the method requires 
greater quantities of land than the trickling filter system and 
could be more expensive. NWSA has made the decision for oxidation 
ponds and indicated that they will obtain the land required for 
tile oxidation treatment method. The cost that the Government will 
eventually pay for r~ght-of-way and oxidation pond land is unknown 
at this time. However, the project paper includes an amount of 
$1,770,000 to cover land costs. 

8.07 Initially, however, it was expected that 10 wells of an 
average depth of 215 feet could supply the city water needs to 
1985. However, results from drilling over the past 6 months, now 
indicate that the El Haima aquifer is thinner and covers less area 
than previously reportLd. Consequently, an increase in exploration 
and test hole drilling has occurred, with a corresponding increase 
in costs. This exploration has established two sites which will 
produce sufficient water, but require an increase in wells from 
the original estimate of 10 to 21 production wells. In addition, 
the consultants have made further studies and located other areas 
for future well fields to serve the city after 1990. These other 
fields have an estimated potential of 13.7 million cubic meters 
of water per year. This source would provide the city's water 
requirements to the year 2000. 

n.08 Additional funding is required to complete the El Haima 
well field. Originally, AID loan 01 provided $450,000 for this 
well field development and procurement of materials for developing 
10 production wells. Iheneed .. f.or 11 additjonaLpr()duction wells 
(total of 21 production wells) requires an additional $1,000,000. 
The ~ID $10 million grant will provide $1.0 million to cover this 
funding requirement. Both NWSA and USAID ac:ept the consultants 
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determination that additiondl production wells are required to 
ensure adequate water supplies for the proposed water system ex
pansion. The drill ing operation was started in late 1976 and is 
the resronsibility of N~SA. This work is being carried out with a 
rotary (T-4 IngerSoll Rand) type rig. In October, 1977 NWSA will 
add another similar rig and one cable tool (Speed Star 71) rig. 
If these additional drilling rigs are not made available to the 
prDject, then costs will increase and well field development will 
not be completed by October, 1978. 

B.09 The project's estimated costs are $65.4 million, which 
include escalation and contingency provisions through the construc-
tion period. Following are the itemized costs for the main com-
ponents of the project. 

Water System 

Sewerage Sys tem 

Remedial Work to 
existing Water System 

Well Field Development 

Contractor Mobilization 

Land, Equipment and 
Vehicles 

Construction Supervision 

Training Program 

Subtota 1 

Escalation for Infla
tion (25~~)/year 

10;' Contingency 

Local Costs 

$ 6,176,860 

13,206,612 

200,000 

100,000 

815,000 

1,770,000 

1, 500, 000 

50,000 

23,818,472 

13,154,141 

36,972,613 

3,697,261 

$L;!),669,874 
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Foreign 
Costs 

$ 6,950,140 

4,603,645 

800,000 

900,000 

2,185,000 

700,000 

2,300,000 

150,000 

18,588,785 

3,903,645 

22,492,430 

2,249,243 

524,741,673 

Total Costs 

$13,127,000 

17,810,257 

1,000,000 

1,000,000 

3,000,000 

2,470,000 

3,800,000 

200,000 

42,407,257 

17,057,786 

59,465,043 

5,940,504 

$65,411,547 



8.10 The Hazen and Sawyer June 1977 Report, as approved by 
NWSA and USAID in July, 1977 contains the preliminary design and 
estimated costs Df the proposed project. These cost estimates were 
r"eviewed and approved by N'n'SA al·d USAID. Based on the above, it is 
the judgement of USAID that the project design is technically 
sound, the proposed project cost estimate is reasonable and there
fore the requirements of 611a of the Foreign Assistance Act of 
1961 are satisfied. 

u. Management, Training, Operations and Maintenance 

8.11 Until , the management of the water system was super
vised by a General Director who was appointed by and answerable to 
the central government. Financing of capital improvements was 
provided by the Taiz cooperative, a local government public works 
and development agency. Early in 1976 the system was taken over 
by NWSA, which has assumed financial and policy responsibility for 
this project. See Annex D for the Kt~WS organization chart. 
Currently the management staff consists of a few people who are 
responsible for all managerial. cisions. There is an obvious 
shortage of qualified personnel and little chance that sufficient 
,st~ff can be recruited because of the noncompetitive salaries paid 
by NWSA compared to the private sector. Because of this situation 
the management has had problems maintaining the system and carrying 
out the overall planning and management of the organization. As 
a result of a deterioration in management capability~ the duties 
of the staff have been reduced to managing the operations of the 
system on a day-to-day basis, without incorporating long range 
planning and budgetary practices. Maintenance now consists mainly 
of repairs to failed facilities rather than preventive maintenance 
procedures. The shortage of spare parts and materials have been 
compounded because supplies have been kept to a minimum to conserve 
cash. Most items are not replaced until they have been fully 
depleted. An inventory control and ordering system does not 
exi~t. 

8.12 The technical and financial divisions are the core of the 
organization. The major disadvantage of this arrangement is the 
excessive responsibility placed on the technical manager. Eight 
different sections are reporting to the technical manager, varying 
from operational functions to maintenance and drilling new wells. 
These eight sections could more appropriately be divided into 
three functional divisions, i.e. operations, maintenance and ex
ploration. At the present, no single section receives sufficient 
technical and managerial attention to perform satisfactory at all 
times. 
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2.13 Under the proposed project, a majc r training program will 
L~ introduced to p'~pare newly recruited personne~ as well as to 
train present employees to carry out their assignments more effi
ciently. The intent of the training program is to present 
practical course instruction to improve the professionel capabili
ties of the staff. It is proposed that all of the technical, 
vocational arid general accounting courses be conducted in country. 
Staff requiring advanced management training and specialized 
engineering skills would be trained abroad. This procedure 
would provide on the job training ilt minimal cost and avoid losing 
permilnent staff to overseas training programs. Candidates for 
training will be selected by NWSA, with USAID concurrence, using 
the criteria established under the ongoing AID financed Water 
Systems Management Project for NWSA (AID project 028). It is 
estimated that this training will cost $200,000 and will cover 
the positions listed in Annex E. 

B.14 Estimated operations and maintenance costs for the proposed 
project range from $2.7 million in 1981 to $4.0 million in 1990 
when the system is projected to reach full capacity. These figures 
include an amount which represents 33 percent of NWSAls overhead 
office and operational expenses. Personnel salaries for the Taiz 
staff are estimated at $600,000 in 1981 and $716,000 in 1990. In 
addition to operating personnel, construction crews are included to 
install secondary water and sewer lines, connect water and sewer 
lines to houses and to carry out general maintenance operations. 

8.15 Electrical power for the system will be purchased from 
the Yemen Government Electric Company at a rate of 0.6 Rials/KWH 
(SO.133/KWH). Chlorination of the water supply is the only ex
pected use of chemicals. The cost of maintenance materials 
excludes labor cost and reflects the estimated cost of actual 
materidls such as mechanical I=quipment, valves and replacement 
pipes. Labor cost is included in the personnel salary figure. 

C. Social Analysis 

H.16 The population of Taiz was 95,000 as of August 1975, and 
at the current estimated rate of growth is now approximately 
104,000. Average household size is 5.8 persons, with 29 percent 
of households consisting of 8 or more persons. Approximately 
30 percent of households live with significantly overcrowded 
conditions--a density of more than 2 persons per room. 

e.17 The population of Taiz is a young one. Some 29 percent 
are under seven years of age--the general age group on which our 
health/nutrition programs are to be focus~d. The under-eighteen 
group currently comprises 58 percent of the population. 
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g. W The survey consultants describe as "poor" any households 
with a monthly income of less tha~ 500 Rials (5111). Some 31 
percent of households in Taiz fall into this group. When per 
capita incolile ;5 used as an indicator of living standard, some 
37 percert of tlouseholds appear as poor, having monthly per capita 
incomes of less than 100 Rials (S22). This is equivalent to an 
annual per capita income nf less than $264.00. 

n.19 There is a significant middle income group in Taiz; approx-
imately 34 percent of households earn between 500-1000 Rials per 
month. The 31 percent who earn over 1000 Rials per month can be 
considered rich; however, only 5 percent have incomes in excess of 
3000 Rials (5665) rnonth; more than 40 percent of the "rich" 
group ~ 'rn less than 1500 Rials (5330) month. The existence of a 
large middle and upper income group in Taiz means a wider base of 
support for the improved water/sevlerage system, than if income 
distribution were less evenly distributed. 

::.20 Household expenditures for all income groups are concen-
trated on food and drink, with qat and tobacco second. Households 
with a monthly income of less than 300 Rials estimated they spent 
63 percent of this income on food and drink, and 10 percent on 
qat and tobacco; those in the 300-500 Rials/month income group 
spent 58 percent and 13 percent respectively. More well-to-do 
households with monthly incomes of 1500 Rials spent 53 percent on 
food and drink and 13 percent on qat and tobacco. 

8.21 The death rate for children under 3 years of age is at 
least 64/1000 based on the Haskins and Sells consultants' survey. 
Extrapolation from this figure indicates infant mortality to be 
in the range of 130-150/1000. This is not substantially below 
the figure for Yemen as a whole which is 152/1000. The infant 
mortality rate for Taiz is significantly higher than the nation
wide rates for a number of other LOC's e.g., Jordan (100), 
Tunisia (128), Pakistan (132), Philippines (78). 

8.22 Without indepth study of family habits, it is difficult 
to know how and what infants and young children are fed, however, 
there is no visible indication of a malnutrition problem in Taiz. 
Given the cont3mincted state of the water and the san't~ry environ
ment described above, it is a reasonable hypothesis that these are 
major contributors to the poor health conditions i~ Taiz. 

8.23 The difficulties of obtaining an adequate supply of water 
in Taiz are indicat~1 by the number of sources on which households 
must depend. Each nuusehold averages 1.2 water sources. Some 
25 percent of households connected to the KMWS and 38 percent 
relying on \'Jells supplemented their supply from other source(s), 
including also: Jabel Sabir (spring system), water carriers, taps, 
surface water. 

-16-



~.2C Average per cari~a household consu~~tion of water in Taiz 
is 40 litres daily. ~~i: is about 7.2 cubic meters per month per 
fami ly. For a poor farn :." per capi ta consurrption averages about 
35 litres doily, or about 6.3 cubic meters/month. Overall, some 
50 percent of households obtained 5 cubic meters or less per 
month; some 80 percent ottair:ec 10 cubic meters ell" less. 

L.?S Average monthl,v expenditure for water is 18 Rials; 11 Rials 
for poor families. Poor families, however, pay 4 percent of in
comp for water, whereas the dverage family pays only 2 percent. 
These expenditurE figures are deflated by the substartial number 
of households which pay nothing for water (20 percent overall, 
30 percent of the poor). The avprage amounts actually paid by 
households are at least several Rials per month higher, which 
is important to consider in estimating willingness and ability to 
pay for improved service. 

l:.26 For businesses, average monthly water consumption was 
7.5 cubic meters--about the same as for households. The averaqe 
monthly Lill was 15-16 Rials; about 4 percent of average profiis 
(400 Rials). Public mosque water taps provided for minimal demand 
consumers, and were not a significant source of supply for businesses. 

8.27 In terms of the percentage of the population presently 
served by K~1WS, and the equity cons i dera t ions, the utility has thus 
far done an excellent job. Approximately 71 percent of households 
and 45 percent of businesses had been connected by August of 1976. 
Some 19 percent of the connected households are in the "poor" 
category. Put another way, 55 percent of the "poor" households 
are already connected to KM\1S. (Y-M~JS' achievements already exceed 
the WHO standard for LDC's in 1980; 60 pErcent con~ected, 40 per
cent served by public taps.) The improved system ~lOuld strive to 
IIlaintain at least this level of equity. 

ll.28 With respect to current sewerage service, this is much 
less available and equalized than water service. Approximately 
28 percent of house~olds and 23 percent of business surveyed are 
connected. Some 7 percent of poor households are connected, as 
opposed to 32 percent of non-poor households. The poor also had a 
significantly lower percentage of toilet facilities. 

3.29 The service objectives for the new system are to extend 
water service by private connection to at least 90 percent of 
households and 70 percent of businesses by 1990, maintaining at 
least the same equity levels as have thus far been achieved. Tap 
water should be avialable to the remainder who wish to make use of 
this. In addition, 70 percent of households and 60 percent of 
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businesses should be connected to the improved sewerage system by 
'990. Such service levels are required not only to meet the health 
~~iect;ves of Yemen, but to bring in the necessary revenues to the 
sy~tem. 

8.30 The following sections discuss the feasibility of meeting 
these objectives from the standpoint of the citizens' willingnes3 
and ability to pay, and other constraints. This discussion reflects 
the tariff structure recommended by Haskins and Sells, and the a 
assumptions and outcomes of their central analysis case as modified 
to reflect projected (rather than present) connection charges. 

8.31 The use of the stepped tariff (3 Rials/cubic meter for 
the first 10 cubic meters, 6 Rials/cubic meter thereafter, of 
which 3 Rials/cubic meter will defray sewerage costs), is based 
on several principles: to create a progressive rate structure 
which enables poor families and small businesses in particular to 
obtain sufficient water for good health; to encourage all citizens 
to conserve water above the level required for good health; to 
assure that users of large quantities of water (who will also be 
the more affluent) contribute to the sewerage servic~ in proportion; 
and to combine the costs of sewerage within the water tariff to 
the extent possible, given the population's greater appreciation 
of the need for water than sewerage. 

8.32 Based on survey results defining income levels and 
attitudes, it appears reasonable to expect that the required 
service levels for water can be achieved, if not exceeded, including 
a continued high level of participation by poor families. Some 
53 percent of poor households (and 84 percent of all households) 
have monthly incomes in excess of 300 Rials. In per capita terms, 
58 percent of poor families (and 89 percent of the total population 
of Taiz) have per capita incomes in excess of 50 Rials per month. 
For a family of 6 this means 300 Rials per month household income. 
Such a family can obtain 10 cubic meters per month (56 lpcd) for 
30 Rials, or 10 percent of income. This would represent a doubling 
of present monthly billS, but should nonetheless be within reach 
of most of those families earning at least 300 Rials per month. 

8.33 Based on world-wide experience, 56 lpcd is ar. adequate 
allowance, particularly for households without water-borne sewerage; 
with sewerage, estimated daily use would be at least 80 lpcd. 

8.34 With respect to businesses, 44 percent of those inter-
viewed earned profits of at least 300 Rials per month, which should 
put water service within their reach in the same way as for house
holdS at this income level. The project target is, however, to 
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)htain a 70 l-lercent connection leve1 for businesses; given that 
~(l percent of t'usinesses employ iess thar, :3 persons, and a large 
number of these sma1l businesses may continue to consume less than 
10 cubic meters per month, it is possible that the target can 
nonethe1ess be achieved, e.g., 61 percent of bJsinesses have pro
fits in excess of 200 Rials per month--at the projected rate, they 
could obtain 7 cubic meters per month for 21 Rials. 

B.3S For poor fami1ies and many businesses not already connected, 
the projected connection cost of 600 Rials would, hOI-lever, be a 
major deterrent. The tariff consul tants indicate that a program 
of (a) subsidized connections, and (b) deferred payments must 
therefore be made part of the uti1ity ' s program if the desired 
number of connections is to be achieved. 

8.36 Eligibi1ity criteria for a subsidy and/or deferred pay-
ment plan wou1d invo1ve a combination of factors such as household 
income, size of househo1d, and wea1th. Poor fami1ies, approximately 
500 Rials (SIll) or 1ess per month would receive free connections. 
Middl£ c1ass fami1ies could arrange to pay conn2ction costs on a 
deferred basis, but without any subsidy. Whi1e some families 
nlight need to reserve their water use while paying connection 
costs over a proposed two-year period, a sufficient proportion of 
the overall popu1ation, and of the poor in particular should find 
it possible to connect to the system under the plan proposed by 
the tariff consu1tants. 

e.37 One possible deterrent to new connections, outside of 
the projected cost, is the i'e1uctance of families in rented 
dwellings to connect. Nearly 60 percent of those not planning to 
COnnect to the improved system indicated this was their landlord's 
responsibility. (Currently the rate of connections is nearly 
1/3 lower for rented dwe11ings.) This problem will be much more 
significant for sewerage, in that such a SUbstantial portion of the 
city is not yet connected; recommendations for dealing with the 
problem are discussed at the end of the fo110wing section on 
sewerage service. Businesses would also be eligible for subsidies 
and deferral of connection costs, though a somewhat diffierent set 
of eligib~lity criteria will need to be refined, e.g., different 
income breakpoints, type of uusiness, number of persons living 
on premises. In addition to the program of subsidies and deferred 
payments, the tariff consultants have recommended that shared 
water connections be permitted in order to reduce connection costs 
to consumers. 

8.38 The proposed project targets for sewerage service, 70 
percent of households and 60 percent of businesses by 1990, are 
lower than those for water. These targets, given the cost and 
health implications of the sewerage program, will predominantly 
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connect the large and more affluent water users who would most 
contaminate the environment. It is desirable, however, to connect 
poor families - particularly large ones - wherever possible. 
Despite these lower targets, the outlook for achieving them is 
less optimistic than for water service both because of the addi
tional cost burden sewerage imposes and consumers' limited per
ception of the need for sewerage. 

8.39 Assuming average daily water consumption of 83 litres 
per capita for sewered households, the monthly sewer charge of 
20 Rials would raise the bill for an average family of 6 persons 
to 7S.6 Rials. The survey showed that some 50 percent of house
holds had monthly incomes in excess of 750 Rials, and 63 percent 
of households had per capita incomes in excess of 100 Rials 
(600 Rials per month for an average size family). Using 10 percent 
of income as a reasonable expectation 0f what households can 
afford to pay for water and sewerage, we estimate that 55 percent 
of households could support combined water and sewer service at 
the average level of water consumption. 

8.40 The added cost of connection, 660 Rials will, however, be 
a significant deterrent. Even spread over 2 years, the monthly 
cost would be 30 Rials. Thus, a typical combined monthly bill 
could range from 80 Rials (if water consumption were limited to 
10 cubic meters per month), to 105.6 Rials with average water 
consumption. It is questionable whether more than 40-45 percent 
of households could be expected to handle charges at these levels. 
It appears that connection subsidies would need to be extended 
into the midd~e income groups. Even with a 1/3 subsidy, it 
appears optimistic to expect more than 50 percent of households 
to afford sewerage connections. (An even smaller number could 
afford to get a water and sewerage connection at the same time; 
most families would probably defer sewerage if they could not 
make a lump sum payment for the water connection.) 

8.41 If the target of 70 percent of households connected to 
sewer service by 1990 is to be achieved, it appears that the 
government should also subsidize sewer connections for families 
earning a monthly income of less than 500 Rials (SIll). Middle 
income families should be allowed a longer payment period for 
deferred charges. 

8.42 The same problems of cost versus income, perceived need, 
and deferral of responsibility to landlords as apply to households, 
also apply to businesses connecting to sewerage in Taiz. Similarly, 
thp. same concern and solutions apply to achieving the target level 
of ~onnections. 

8.43 Even if the cost of sewerage service and connections can 
be brought within reach of the desired portion of households and 
businesses in Taiz, there are two reasons to be further concerned 
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.lhout achieving tf)p targeted service level. One is that t"l€ 
tdl'iff consultant5 indicate that ttJe demand for seweraae is less 
than for water, (althQugh the limited experience with sewerage in 
Taiz makes it difficult to project this). They suggest that an 
educational program, e.g., radio spots, school lectures, inserts 
with watpr bills, briefings during hospital/matern-it_", vists, etc. 
IIldy be necessary to raise public consciousness. An additional and 
marked problem is the degree to which households and businesses 
not connected to the sewer system deferred responsibility for 
doing so to their landlord. Some 28 percent of households not 
presently connected so deferred; almost 50 percent more than the 
nunlber of households than were unwilling to connect for all other 
reasons combined. Thus, as in the case of water connections, a 
policy must be developed which identified the respective responsi
bilities of landlords and tenants. 

!~.44 The citizens of Taiz appear willing and able to fully 
~upport the improved water system, but it is questionable whether 
they can and will support the sewerage system to the extent 
required under current assumptions concerning its costs. The 
government must, therefore, be prepared to provide subsidies for 
household water and sewerage connections. 

D. Financial Analysis and Plan 

H.4S Presently the Taiz water system services 71 percent of 
the households with direct connections, charges a standard rate 
of 2 Rials ($.44)/cubic meter of water for households and 3 Rials 
($.67) for industrial consumers. Customers are billed monthly. 
Water services are disconnected for customers in arrears three 
Illonths or more; approximately 3 percent of customers are in this 
category. Reconnection charges are 10 Rials ($2.22) and over due 
debts must be paid in t~ll. Initial connection fees total 
300 Rials ($66.67). 

R.46 The objectives of the proposed system are to connect 
90 percent of households and 70 percent of businesses to the water 
system and 70 percent of households and 60 percent of businesses 
to the sewerage facilities by 1990. These objectives are estab
lished in an attempt to provide water and sewerage services to the 
greatest number of households and businesses in order to improve 
the overall living conditions, decrease the incidence of water
related diseases, and operate a viable system. 

G.47 Haskins and Sells, water/sewerage tariff consultants, 
have recommended a progressive water rate of 3 Rials (S.67) per 
cubic meter for water consumption up to 10 cubic meters of water 
per month per family and small businesses, and 6 Rials ($1.33) 
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per cubic meter for all water consump~ion exceeding 10 cubic 
nieters per month. Studies indicate that a family of six requires 
10 cubic meters of water per month for minimal needs. Industrial 
users would be charged a constant rate of 6 Rial~ ($1.33) per 
cubic meter of water. Seweraae rates would be a flat rate of 
20 Rials ($4.45) per month fo~ eac~ household and 30 Rials ($6.67) 
for businesses. A one time connection cost of 600 Rials ($133) 
and 660 Rials (£147) for water and sewerage respectively would be 
assessed for each household and business. 

B.4il Since this water connection charge is double the existing 
rate, it is reconmended that the Government subsidize this connec
tion cost by paying the 600 Rials water connection and the 660 
Ria15 sewerage connection for the poorest element of Taiz. This 
group is defined as all households earning less than 500 Rials 
(SIll) per month, which represents approximately 31 percent of the 
population. Without this subsidy the poorest element of the 
population could not afford the connection fee and therefore would 
be deprived of water and sewerage services. Also, if this group 
did not participate, then the volume of water sold would b~ 
insufficient to amortiZe the project's cost over 20 years because 
of the high fixed costs. To reach the water and sewerage connec
tion targets previously mentioned and to realize the benefits . 
which would occur through improving public health and the living 
conditions of the inhabitants of Taiz, an amount of about $285,000 
per annum is required as a Government subsidy to cover the cost of 
water and sewerage connections for the poorest families in Taiz. 
The remaining portion of water and sewerage customers would pay 
the full connection rate of 600 Rials for water and 660 Rials for 
sewerage, totalling 1260 Rials ($280). Customers would be allowed 
to repay this cost over 24 months at 52.50 Rials ($11.67) per 
month. 

8.49 Currently, KMWS is not generating sufficient revenues 
fronl water sales to cover operating and maintenance costs. This, 
however, changes in 1978 when remedial construction work is 
completed on the original system, By 1979, income before depre
ciation and interest is positive. As the proposed system becomes 
operational, revenues will grow at a faster rate than operating 
expenses. However, from 1981 through 1985, net income will show 
declining annual deficits ranging from $2.5 million to $400,000. 
If depreciation expense, a non-cash item, is not included and 
only actual cash deficits are considered, then the deficits are 
$850,000 and $300,000 in 1981 and 1982 respectively. In 1986 the 
system is profitable after taking into account all expenses. 

A.50 The sizable deficits incurred in the early years of the 
operation are attributable to high fixed costs and the system 
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operating at 31 percent to 65 rerc~nt c~"city. Water and sewerage 
'>ystellis are characterized by large investtoents in fixed assets 
which generate high fixed costs. Therefore, profitability de
pends on the rate at which new customers can be added to the 
system and the additional volume of water pur:hased by existing 
consumers. The breakeven point for the syster. ;s approximately 
~.1 million cubic meters of water. This assumes a debt/equity 
structure of 60/40 consisting of 20 year debt, 5 year grace 
period and at 4 percent intere~t. 

H.Sl Initially the Government will have to supply short-term 
working capital and increase it's equity participation to cover 
the early years of operation. The system would maintain a safer 
financial position during these years if lenders would allow the 
capitalization of interest charges for the first five years. This 
would permit a positive cash flow in the second year of operations. 

U.S2 As a measure of financial viability, return to average 
net fixed assets has been calculated. This indicator describes 
the ~rofitabi1ity and productivity of assets. The rate base is 
detennined by averaging the net fixed assets of two consecutive 
years. The income used in calculating the return does not in
clude interest since we are interested in the true productivity 
of assets, regardless of the method of financing. The rate of 
return is negative the first two years, becomes positive in 1983 
(0.6 percent) and grows to 10 percent by 1990, a very respectable 
return for a public utility. Also, by 1990 the accumulated de
ficit in retained earnings will be eliminated. This im~lies that 
no further government support will be needed and in fact, it will 
be possible for che Taiz Water and Sewerage System to pay a divi
dend to the Government. See Annexes F through T. 

1\.53 Following is the financial plan for the proposed project, 
with all figures shown in thousands of dollars. 

Local Costs Foreign Costs Total Costs 

AID $ 1,650 S 8,350 $10,000 
ADFAED 10,000 10,000 
YARG & Other Donors 39,020 6,392 45,412 

$40,670 £24,742 S65,412 

-23-



E. Economic Analysis 

H.54 The most readily quantifiable benefits accruing to society 
from the project are measured by incremental revenue. These reven
ues include income from water sales, sewerage service charges, and 
connection fees for both water and sewerage lines. Incremental 
operatior. and maintenance expenses and annual compensation paid to 
fanllers (who depend on water in the immediate area of the well 
field for irrigation purposes) are deducted to arrive at P!t 
benefits. Finally, the cost of the total system, which includes 
engineering design, construction and engineering supervision con
tructs, and well field development, is included as a net cost to 
the project. 

r..55 Using the above data, the Economic Internal Rate of Re-
turn (IRR) for the project is 4.3 percent. Changes in capital 
costs do not greatly affect this return; a sensitivity analysis 
reveals that a 20 percent increase in construction costs lowers 
the expected IRR to 3.6 percent. The IRR, however, is more 
sensitive to changes in water sales (determined by changes in price 
and/or demand). No sensitivity analyses were performed on these 
llIeasures since the tariff being proposed is based on the research 
of Haskins and Sells consultants and is recommended by them as the 
most reasonable price to recover costs and also provide water and 
sewerage services on an equitable, affordable basis. 

0.56 The above analysis relies on revenues as a measure of 
gross quantifiable benefits from the project. However, what a 
consumer actually pays for a good or service and what it is worth 
in terms of utility provided are often not the same. Water and 
sewerage services will be provided under a schedule of prices 
designed to recoup the cost of production and to provide a necessary 
service to the community. Some consumers would be willing to pay 
a higher price for the identical service and therefore, this 
consumer saving should be interpreted as a project-related benefit. 
The total difference between what consuniers pay and what they would 
be willing to pay is termed "consumer surplus". The value of this 
surplus should be added to incremental net income in order to 
fairly depict econo~ic benefits. No attemp~ has been made to 
quantify the consumer surplus for this project, but general econo
mic practices sug~est that these benefits do exist and that the 
IRR would be substantially higher if these benefits are included. 

8.S7 Finally, there are important unquantifiable benefits that 
will result from the improved environment of Taiz and the improve
lJIent in individual health and vitality. Such indirect benefits 
include reductions in certain water-related diseases with a corres
ponding reduction in medical expenses, fewer work-days lost 
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through sickness, and increases in worker's productivity. Addi
tionally, a more efficient home economy will be possible due to 
cleaner, more abundant, and more reliable water supplies. A 
potable water supply and sewerage system may reduce the probability 
of certain types of epidemics and contribute to a longer life 
expectancy of the inhabitants of Taiz. Economic externalities such 
as cleaner streets, elimination of unpleasant odors normally 
associated with untreated waste, and a general overall improvement 
in the immediate environment will be realized. 

8.58 In summary, lvhile the Internal Rate of Return is satis-
factory for a projp~t of this nature, quantification of consumers' 
surplu!; and healt-:, benefits would yield a much higher return. In 
the case of Tai these unquantifiable benefits are very important 
and there is no .. eal alternative to providing water and sewerage 
services. Most cities have determined that such systems are 
essential for a safe, healthy environment and that total ben~fits 
exceed total costs. 

F. Environmental Assessment 

8.59 The major impact of th~ project is beneficial since the 
proposed water supply and sewerage systems will improve the public 
health and well-being of Taiz residents as a result of making 
additional water available for drinking and personal cleanliness, 
reducing nitrate and coliform levels in the water supplied and by 
removing and treating liquid wastes. Negative impacts of a short
term nature during construction will be minimized by precautions 
to be taken by the contractor. Long-term negative impacts, re
sulting from withdrawal, for a higher use (potable water supply), 
of water presently used for irrigation and from land acquisition 
for lagoons will be mitigated by compensation from the government 
or making agricultural land available at alternative sites. Thus, 
the overall impact of the project will be beneficial and no signifi
cant adverse effects on the environment will occur. The Environ
mental Assessment of the project is presented in Annex J. 

IX. Project Implementati~ 

A. Implementation Plan 

9.01 The consultant, with NWSA's approval, will start ~ontrac-
tor pre-qualification procedures in October, 1977, using fnterna
tional construction contractors pre-qualification procedures. It 
is planned that pre-qualification advertisement will be done in 
the U.S.A. (Commerce Business Daily), Europe and in countries in 
the Near East. The responses from the advertisements should 
provide an indication of bidding interest from international 
contractors. 
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9.02 It i~ expected that the regulations regarding construc-
tion services will be based on Standard International Tendering 
format as contained in the International Rules for Construction 
Services and presently being used on the active IBRD funded projects 
in Yemen. In cases where constructing contracting regulations 
differ from AID rogulations it is intended to waive, wherever 
possible, AID regulatior.s for purposes of realizing timely 
il11plemel,c.ation of the project and coordination with the other donors. 
This procedure is suggested since AID will provide only about 
~5 million of the total project's construction cost. This $5 
million will be used to purchase U.S. equipment which will be in
corporated into the project. This material will be purchased in 
the U.S.; it will be the responsibllity of the contractor or the 
consulting enqineer firm to purchase and arrange delivery to the 
site. Materials purch~sed will receive standard inspections and 
approvals prior to shipment to Yemen. Payment for materials, 
procurement services, inspection services and shipping insurance 
will be covered under a letter of credit arrangement made available 
to the contractor or the consulting engineering firm. Bidding 
documents will specifically ou~line these procedures for procure
ment and payment of the equipment. 

9.03 Part of the AID grant for this project includes funds for 
engineerir.g construction supervision to be carried out during the 
construction phase of the project. It is intended that these 
services will be provided by the existing consultant, Hazen and 
Sawyer. under the option provided in the present design contract 
between Hazen and Sawyer and NWSA. These servicies will include 
project inspection responsibilities during the constructio~ 
period and on the job training of NWSA personnel as deSignated in 
the scope of services for the consultant. These services are 
estimated to cost $3.8 million and will be implemented by a 
contract between Hazen arid Sawyer and NWSA conforming to AID 
lIandbook 11. Regulations for Country Contracting. 

9.04 Following is a suggested project schedule for the construc-
tion phase of the project. 

1. Prequalification of Contractors 
2. Design ComplEted 
3. Design Approved by NWSA and AID 
4. Prequal ification of Contractors Completed 
5. IFB available to prequalified Contractors 
6. Site Visit for Contractors 
7. End of Bidding Period 
e. Bid Evaluation Compl~ted 
9. Negotiate ErqinE'ering Supervision Contract 
10. Award of Con~truction Contract and Notice 

to Proceed 
11. Open Letter Credit and Contractor 

Mobilizati0n Commences 
12. Estimated Construction Completed 
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Oct. 1977 
Nov. 1977 
Jan. 1978 
Jan. 1978 
March 1, 1978 
Apri 1, 1978 
May 15, 1978 
June 15, 1978 
July, 1978 

July 15, 1978 

Aug. 15, 1978 
May, 1981 



13. Evaluation Plan 

9.05 The overall project evaluation will take place one year 
after completion of the project and will measure the progress of 
NWSA in operating and maintaining the water and sewerage system. 
Additionally, the evaluation team will ascertain if the proposed 
water/sewerage tariff is adequate to cover fixed and variable 
costs of the system and will also determine the number of low
income families who are benefitting from the system. The evalua
tion team should examine the quality of construction of the project 
and compare the actual cost of building the system with the es
timated itemized costs presented by the design engineers in 
June 1977. 

C. Conditions and Covenants 

9.06 In addition to the standard conditions precedent to dis-
bursement of funds the following conditions will be included in 
the grant agreement: 

(1) NWSA will provide a complete set of plans and 
specifications, bid documents, cost estimates and construction 
schedule for carrying out the project. 

(2) AID must review and approve the contracts for con
struction services and supervisory engineering services for the 
proj ec t. 

(3) N\~S/\ will submit to AID a reasonable water and 
sewerage tdriff schedule for the project. 

(4) The YARG and NWSA will ensure that other donors 
and/or YARG have committed sufficient funds to cover the difference 
between AlDis grant and the total financing necessary to complete 
the proj ec t. 
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ANNEX A 
Page 1-

For 279-0028 Water Supply Systeffi~ ~anagement 
YEMEN 

6C(I) - COUNTRY CHECKLIST 

Listed below are, first, statutory criteria applicable generally to 
FAA funds, and then criteria applicable to individual fund sources: 
Development Assistance and Securlty Supporting Assistance funds. 

A. GENERAL CRITE~IA FOR COUNTRY 

1. FAA Sec. 116. Can it be 
demonstrated that contem
pl~ted assistance will 
dil'ectly benefit the 
needy? If not, has the 
Department of State de
termined that this 
government has engaged 
in consistent pattern of 
gross violations of in
ternationally recognized 
hLr.:an ri ghts? 

2. FAA Sec. 481. Has it 
been determined that the 
government of recipient 
country has failed to 
take adequate steps to 
prevent narcotics drugs 
and other controlled 
substances (as defined by 
the Comprehensive Drug 
Abuse Prevention and 
Control Act of 1970) 
produced or processed, in 
whole or in part, in such 
country, or transport~d 
through such country, 
from being sold illegally 
within the jurisdiction 
of such country to U.S. 
Government oersonnel or 
their dependents, or from 
entering the U.S. unlaw
fu11y'! 

3. FAA Sec. 620(a). Does 
recipient country furnish 
assistance to Cuba or fail 
to take appropriate steps 
to prevent ships or air
craft under its flag from 
carrying cargoe~ to or 
-frnm rUn;!? 

Yes. When the Taiz Water and 
Sewerage system is comp)ete, 
NWSA will be able to provide 
more water and sewerage facili
ties for the needy. The 
increased efficiency of the 
system will make it possible 
to provide potable water to the 
poor on a more rel iable basis. 
As potable water is provided, 
the incidence of water-borne 
disease among the poor in Taiz 
will decrease. 

No. 

We are not aware of any YARG 
non-compliance with this section. 



I 

4 . f AA Sec. 620(b). If assis
tance is to a government, 
has the Secretary of State 
determined that it is not 
c o n~rolled by the inter
national Communist 
movement? 

5. FAA Sec. 620(c). If assis
tanee government, is 
the government liable as 
debtor or unconditional 
guarantor on any debt to a 
U.S. citizen for goods or 
s ervic~s furnished or order· 
ed wherq (a) such citizen 
has ~~ h.usted available 
leg.ll' remedies and (b) debt 
i s not denied or contested 
by such government? 

6. fAA Sec. 620(e) (1). If 
assistance is to a govern
ment, has it (including 
government agencies or 
subdivisions) taken any 
action which has the effect 
of nationalizing, expropri
ating, or otherwise seizing 
ownership or control of 
property of U.S. citizens 
or entities beneficially 
owned by them wi thout 
taking steps to discharge 
its obligations toward such 
citizens or entities? 

7. 

iilCorrmuni st country? 
assistance be provided to 
the Oemocratic Republic of 
Vietnam (North Vietnam), 
South Vietnam, Cambodia or 
laos? 

B. FAA Sec. 620(1). Is reci
pient country 1" any way 
involved in (a) subversion 
of, or military aggression 
against, the United States 
or any country receiving 
U.S. assistance, or (b) 
the planning of sucn 
~ ......... _ .. l ..... 
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The Secretary of Sta·te has 
determined ttrat Yemen is not 
controlled by the interna
tional communist movement. 

Yemen is not known to be in 
violation of the requirements 
of this section. Claims aris
ing from A.I .O.'s departure 
from Yemen in 1967 were settled 
with the YARG when A.I.O. re
established its Mission in 1973. 

Yemen is not known to be in 
violation of the requirements of 
this section. 

No. 

(al No. 
(b) No. 

, ; 

I 



9. FAA Sec. 620(j). Has the 
country permitted, or 
failed to take adequate 
meaSUl es to prevent, the 
damage or destruction, 
by mob action, of U.S. 
property? 

10. FAA Sec. 620(I~. If the 
country has falled to 
institute the investment 
guaranty program for the 
specific risks of expro
priation, inconvertibil
ity or confiscation, has 
the AID Administrator 
within the past year con
sidered denying assistance 
to such government for 
this reason? 

11. FAA Sec. 6LO(O); Fisher
men's Protective Act, 
Sec. 5. If country has 
seized, or imposed any 
penalty or sanction a
gainst, any U.S. fishing 
activities in interna
tional waters, 

a. has any deduction 
required by Fishermen's 
Protective Act been made? 

b. has complete denial 
of assistance been 
considered by AID Admin
istrator? 
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While a certain amount of damage 
occurred to U.S. property by mob 
action at the time of our sever
ing diplomatic relations with 
Yemen in 1967, the USG's decision 
to resume diplomatic relations 
with YARG and re-establish an 
AID program there represents a 
decision on our part to look be
yond the turbulent days of 1967 
when Yemen was in a state of 
internal chaos. Furthermore, 
although specific action was not 
taken by either side with respect 
to the damage that occurred. the 
matter has been discussed at 
length by YARG and U.S. officials. 

An investment quaranty agreement 
has been concluded with YARG 
covering specific risks of ex
propriation, inconvertibility 
and confiscation. 

Yemen has not done so. 
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16. FAA Sec. 620A. Has the No. 
country granted sanctuary 
from prosecution to any 
individual or group which 
has cormli tted an act of 
international terrorism? 

17 . FAA Sec. 666. Does the 
country object, on basis 
of race, religion, 
national origin or sex, 
to the presence of any 
officer or employee of 
the U.S. there to carry 
out economic development 
program under FAA? 

18. FAA Sec. 669. Has the 
country delivered or 
received nuclear repro
cessing or enrichment 
equipment, materials or 
technology, without 
specified arrangements 
on safeguards, etc.? 

19. FAA Sec. 901. Has the 
country denied its 
citizens the right or 
opportunity to emigrate? 

B. FUNDING CRITERIA FOR COUNTRY 

1. Development Assistance 
Courtry Criteria 

a. FAA Sec. 102(c), (dl. 
Have criteria been estab
lished, and taken into 
account, to assess commit
ment and progress of 
country in effectively 
involving the poor in 
development, on such 
indexes,as: (1) small-farm 
labor intensive agriculture, 
(2) reduced infant mortali
ty. (3) population growth. 
(4) equality of income 
distribution, and (5) un
employment. 

A.I.D. has no knowledge of any 
such objection. 

No. 

No. 

a. The YARG's initial Three-Year 
Plan (1974-1976) calls for pro
grams that directly affect the 
role of poor people in the 
development process. Expendi
tures in the health sector 
account for 20~ of the total 
expenditures while education and 
agriculture account for 20% and 
15% respectively. This project 
will have an important impact 
on infant mortality. As the 
water and sewerage system in 
Taiz is upgraded and expanded 
and the incidence of water-
borne disease is reduced, there 
will be an improvement in the 
general health (and indirectly 
economic) situation in that city. 



(1) Making appropriate 
efforts to increase food 
production and improve 
means for food storage and 
distribution. 

(2) Creating a favora
ble climate for foreign 
and domestic private 
enterprise and invest
ment. 

(3) Increasing the public's 
role in the development 
process. 
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(1) Increased food production is 
a high priority goal of the 
Government of Yemen. The YARG's 
first three-year plan places 
high priority on agriculture 
with an emphasis on the follow
ing: improvement of agricul
tural sector income; the growth 
of agricultural diversification 
in order to enhance national 
nutritional levels; and the 
improvement of Yemen's foreign 
exchange position (especially 
the reduction of food imports). 
USAID and other donor ~~sistance 
projects to Yemen's agriculture 
sector support one or more of 
these objectives and there are 
a large number of such projects 
either completed or on-going. 

(2) The YARG's official policy 
is to welcome foreign private 
investment and enterprise and to 
encourage domestic private 
enterprise and investment. There 
currently exists in Yemen liberal 
legislation favoring private, 
including foreign private, invest
ment. 

(3) The YARG is continually 
seeking to increase public par
ticipation in development. For 
example, 65 local development 
boards have been established to 
promote nation building in a 
self-help context. Activities 
include road building, schools, 
hospitals, agriculture, water 
development, etc. Financial 
support is provided to the 
Boards by allocating to them one
half of the Muslim tax, one
fourth of municipal income, road 
customs and goods, and donations 
from welfare and charitable 
organizations. 



(4)(a) Allocating available 
budgetary resources to 
development. 

(b) Diverting such 
resources for unnecessary 
military expenditure and 
intervention in affairs of 
other free and independent 
nations. 

(5) Making economic, s0cial, 
and political reforms such 
as tax collection improve
ments and changes in land 
tenure arrangements, and 
making progress toward 
respect for the rule of 
law, fr~edom of expres-
sion and of the press, 
and recognizing the 
importance of individual 
freedom, initiative, and 
private enterprise. 

(6) Otherwise responding 
to the vital economic, 
political, and social 
concerns of its people, 
and demonstrating a clear 
determination to take 
effective self-help 
measures. 
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(4)(0) The majority of Yemen's 
budgetary resources, including 
foreign assistanc~ contributions, 
are presently committed to 
social and economic development. 

(4)(b) Yemen's military expen
ditures arc 1imited to internal 
security and defense. These 
exp2nses account for approximately 
46% of currert budget expendi
tures, with a further 11% for 
so-called extra budgetary 
expenses (loyalty payments and 
relief payments arising out of 
the civil war of the 1960's). 
These percentages are somewhat 
misleading, however, as an index 
of the attention given to de
velopment, because the budget 
represents mostly current admin
istrative costs. Development 
programs, which are for the most 
part foreign financed. are not 
included. There are no meaning
ful summaries. as yet, of total 
government expenditures which 
can be used as a measure of the 
impact of development. 

(5) Since the establishment of 
the present Republican Govern
ment in 1970 there have been 
efforts directed by the govern
ment at makinq economic, social 
and political-reforms, including 
the passage of liberal legisla
tion favoring private investment. 

(6) The YARG is devoting a part 
of its national budget to the 
vital development needs of the 
t~ ntry's people. In recent 
years, the YARG has undertaken 
an expensive development program 
with the assistance of numerous 
foreign donors including the 
United States. See also item 
2.A. (3) above. 



c. FAA Sec. 201 b , 211 a. Yes. 
Is the country among t e 
countries in which develop-
ment assistance loans may 
be mad~ in this fiscal year, 
or among the 40 in which 
development assistance 
grants (other than for 
self-help projects) may be 
made? 

d. FAA Sec. 115. Will No. 
country be furnished, in 
same fiscal year, either 
security supporting assis-
tance, or Middle East 
peace funds? If so, is 
assistance for population 
programs, humanitarian 
aid through international 
organizations, or regional 
programs? 

2. Security Supporting Assis-
tance Country Criteria N/A 

a. FAA Sec. 5028. Has the 
country engaged in a consis
tent pattern of gross 
violations of internation 
ally recognized human 
rights? Is program in 
accordance with policy of 
this Section? 

b. FAA Sec. 531. Is the 
Assistance to be furnished 
to a friendly country, 
organization, or body 
eligible to receive 
ass i s ta nc e? 

c. FAA Sec. 609. If 
commodities are to be 
granted so that sale pro
ceeds will accrue to the 
recipient country, have 
Special Account (counter
part) arrangements been 
made? 

ANNEX A 
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6C(2) - PROJECT CHECKLIST 

Listed below are, first, statutory criteria applicable generally to 
projects with FAA funds, and then project criteriil applicable to 
individual fund sources: Development Assistance (with a sub-category 
for criteria applicable only to loans); and Security Supporting 
Assistance funds. 

CIWSS REFERENCES: is COUNTRY CHECKLl ST UP TO DATE? IDENTIFY. HAS 
STANDARD ITEM CHECKLIST CEEN REVIEWED FOR THIS 
PROJECT? 

A. GENERAL CRITERIA FOR PROJECT. 

1. App. Unnumbered; FAA Sec. 
653(b) 

(a) Describe how Committees 
on Appropriations of Senate 
and House have been or will 
be notified concerning the 
project; (b) is assistance 
within (Operational Year 
Budget) country or inter
national organization al
location reported to 
Congress (or not more 
than $1 million over that 
figure plus 10%)? 

2. FAA Sec. 611(a)(I). Prior 
to obligation in excess of 
$100,000 will there be (a) 
engineering, financial, 
and other plans necessary 
to carry out the assistance 
and (b) a reasonably firm 
estimate of the cost to 
the U.S. of the assistance? 

3. FAA Sec. 611(a)(2). If 
further legislative action 
is required within recipi
ent country, what is basis 
for reasonable expectation 
that such action will be 
completed in time to 
permit orderly accomplish
ment of purpose of the 
assistance? 

(a) Project description and cost 
data for ~ loan to YAR were 
presented in the FY 77 Congres
sional Presentation. 

(b) All necp;sary additional 
notification has been made, 
including the change of project 
from a loan to a grant. 

Yes. 

No additional legislative action 
is required. 



5. 

6. 

7. 

fAA Sec. 611(b); App. Sec. 
101. If for water or water
related lnnd resource con
struction, IIa5 project met 
the standards and criteria 
as per Memorandum of the 
President dated Sept. 5. 
1973 (replaces Memorandum 
of May 15 1962; see Fed. 
Register, Vol 38, No. 174, 
Part III, Sept. 10. 1973)? 

FAA Sec. 611(e~. If project 
is capital asslstance 
(e.g., construction), and 
all U.S. assistance for it 
will exceed $1 million, 
has Mission Director certi
fi£d the country's capabil
ity effectively to maintain 
and utilize the project? 

FAA Sec. 209, 619. Is 
project susceptible of 
execution as part of re
gional or multilateral 
project? If so why is 
project not so executed? 
Information and conclu
sion whether assistan~e 
will encourage regional 
development programs. If 
assistance is for newly 
independent country, is 
it furnished through 
multilateral organiza
tions or plans to the 
maximum extent appropriate? 

FAA Sec. 601 a ; and Sec. 
201 f for develo ment 
loans. Information and 
conc usions whether project 
will encourage efforts of 
the country to (a) increase 
the flow of international 
trade; (b) foster private 
initiative and competition; 
(c) encourage development 
and use of cooperatives, 
~redit unions, and savings 
and loan associations; (d) 
discourage monopolistic prac
tices; (e) improve technical 
efficiency of industry, agri
culture and commerce; and (f) 
strengthen free labor unions. 
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Yes. A full statement of com
pliance appears in the Project 
raper. p.24. 

Yes. 

Project is part of multilateral 
efforts to develop the NWSA and 
Yemen's water systems. A.I.D. 
and other donors are all contri
buting to this project in a 
complementary fashion. 

The construction component of 
this project will be procured on 
a competitive basis and a sub
stnntial amount of the equipment 
and materials necessary will be 
purchased in the U.S. To this 
extent, the project will foster 
private initiative and competi
tion, the flow of international 
trade, and will discourage 
monopolistic practices. Indi
rectly. the project may improve 
the technical efficiency of in
dustry, agriculture and commerce 
and strengthen free labor unions. 



R. FAA Sec. 601(b). Informa
tion and conclusion on how 
project will encourage U.S. 
private trade and invest
ment abroad and encourage 
private U.S. participation 
in foreign assistance 
programs (including use 
of private trade channels 
and the services of U.S. 
private enterprise). 

9. FAA Sec. 612 b ; Sec. 
636 h. Describe steps 
taken to assure that, to 
the maximum extent possible, 
the country is contributing 
local currencies to meet 
the cost of contractual 
and other services, and 
foreign currencies owned 
by the U.S. are utilized to 
meet the cost of contractu
al and other services. 

10. FAA Sec. 612(d). Does the 
U.S. own excess foreign 
currency and, if so, what 
arrangements have been 
made for its release? 

B. FUNDING CRITERIA FOR PROJECT 

1. Development Assistance 
Project Criteria 

a. FAA Sec. 102(c); Sec. 
111; Sec. 281a. Extent to 
which activity will (a) ef
fectively involve the poor 
in development, by extending 
access to economy at local 
level, increasing labor
intensive production, 
spreading investment out 
from cities to small 
towns and rural areas; and 
(b) help develop coopera
tives, especially by 
technical assistance, to 
assist rural and urban poor 
to help themselves toward 
better life, and otherwise 
encourage democratic private 
ard local governmental 
instituticns? 
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The engineerin~ and construction 
services components of this 
project will utilize private U.S. 
firms; private U.S. flag carriers 
will be involving U.S. financed 
goods. 

The YARG is contributing to the 
local currency costs by providing 
land and other resources. 

The U.S. does not own excess 
currency of Yemen which could be 
used for this project. 

a. By providing the Taiz water 
and sewerage system, the poor in 
the target area will spend less 
time and money in securing ade
quate water for household 
activities and the indirect 
benefit of improved health con
ditions will create an environ
ment more conducive to the poorls 
participation in the economy. 



b. FAA Sec. 103, 103A, 104, 
105, 106. 107. Is assis
tance being made available: 
(include only applicable 
paragraph -- e.g., a, b, 
etc. -- which corresponds 
to source of funds used. 
If more than one fund s 
source is used for project, 
include relevant paragraph 
for each fund source.) 

(I) (103) for agriculture, 
rural jevelopment or 
n~tr,cion; if so, extent 
to which activity is 
specifically designed to 
increase productivity and 
income of rural poor; 
(103A) if for agricultural 
research, is full account 
taken of needs of small 
fanners; 

(2) (104) for population 
planning or health; if so, 
extent to which activity 
extends low-cost, integra~ 
ted delivery systems to 
provide health and family 
planning services. espec
ially to rural areas and 
poor; 

(3) (105) for education, 
public administration, or 
human resources develop
ment; if so, extent to 
which activity strengthens 
nonformal education, makes 
fonnal education more re
levant, especially for 
rural families and urban 
poor, or strengthens 
management capability of 
institutions enabling the 
poor to participate in 
development; 

(4) (106) for technical 
assistance. engery, re
search, reconstruction. 
and selected development 
problems; if so, extent 
activity is: 

(l) No. 
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(2) Yes. The project will affect 
and improve the health of the 
urban poor by providing potable 
water and sewerage systems. The 
Taiz system will directly affect 
the poor in that city by pro
viding adequate water and 
sewerage facilities. 

(3) No. 

(4) No. 



(a) technical cooperation r-l/A 
and develornlent. especially 
with U.S. private and 
voluntary, or regional 
and international develop
ment, organiza~ions; 

(b) to help alleviate energy No. 
problem; 

(c) research into, and No. 
evaluation of, economic 
development processes and 
techniques; 

(d) reconstruction after No. 
natural or manmade disaster; 

(I~) for special development No. 
problem, and to enable 
proper utilization of 
earlier U.S. infrastructure, 
etc., assistance; 

(f) for programs of urban No. 
development, especially 
small labor-intensive 
enterprises, marketing 
systems, and financial or 
other institutions to help 
urban poor participate in 
economic and social 
development. 

(5) (107) by grants for 
coordinated private effort 
to develop and disseminate 
intermediate technologies 
appropriate for developing 
r:ountries. 

ANNEX A 
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c. FAA Sec. 110 a ; Sec. 
208 e. Is the recipien't 
country I',illing to contri
bute funds to the project, 
and in what manner has or 
will it provide assurances 
that it will provide at. 
least 25~ of the costs of 
the program, project, or 
activity with respect to 
which the assistance is to 
be furnished (or has the 
latter cost-sharing re
quirement been waived for 
a "relatively least
ctpvplnnpct" r.nllntrv)? 

c. The cost sharing requirement 
is inapplicable since this is a 
multi-nationally funded project. 
Yemen is, however, contributing 
approximately $1 million of the 
total costs. 



d . FAA Sec. 11 C (b l. Wi 11 
grant capital asslstance be 
disbursed for project over 
I. "'e than 3 years? If so, 
has justification satis
factory to Congress been 
made, and efforts for 
other financing? 

e. FAA Sec. 207; Sec. 113. 
Extent to which assistance 
reflects appropriate empha
sis on; (1) encouraging 
development of democratic, 
economic, political, and 
social institutions; 
(2) self-help in meeting 
the country's food needs; 
(3) improving availability 
of trained worker-power in 
the country; (4) programs 
designed to meet the coun
try's health needs; 
(5) other important areas 
of economic, political, 
and social development, 
including industry; free 
labor un~ons, cooperatives, 
and Voluntary Agencies; 
transportation and 
communication; planning 
and public administration; 
urban development, and 
modernization of existing 
laws; or (6) integrating 
women ~nto the recipient 
country's national 
economy. 

f. FAA Sec. 281{b). Des
cribe extent to which 
program recognizes the 
particular needs, d~sires, 
and capabilities of the 
people of the country; 
utilizes the country's 
intellectual resources to 
encourage irstitutional 
development; and supports 
civic education and 
training in skills re
quired for effe:tive 
participation in govern
mental and political 
processes essential to 
self-government. 

No. 

ANNEX f... 
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The project will have an indirect 
impact o~ strengthening the 
institution building process by 
expanding and redefining the 
goals of the National Water and 
Sewerage Authority (NWSA). The 
project will redound to the urban 
poor in Taiz as health conditions 
improve through the provision 
of potable water and a sewerage 
system. The anticipated health 
benefits should accrue to women 
in Taiz and allow more emphasis 
on education and career pursuits. 

See a. above. 



2. 

and - n ; Sec. 
Sec. 211 il 1 - 3 and 
Does the activlty glve 
reasonable promise of con
tri but i ng to the development: 
of econo~ic resources, or to 
the increase of productive 
capacit;~s and self-sustain
ing economic growth; or of 
educational or other insti
tutions directed toward 
social progress" Is it 
related to and consistent 
with other development 
activities, and will it 
contribute to realizable 
long-range objectives? And 
does project paper provide 
information "'ld conclusion 
on an activity's economic 
and technical soundness? 

h. FAA Sec. 201 b 
Sec. 211 a 5, 6 Infor-
mation and conclusion on 
possible effects of the 
assistance on U.S. economy, 
with special reference to 
areas of substantial labor 
surplus, and extent to 
which U.S. conrnodities and 
assistance are furnished 
in a manner consistent 
with improving or safe
guarding the U.S. balance
of-payments position. 

ANNEX A 
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The prcject will increase econo
mic resources by providing the 
target sroup with potable water 
and a sewerage system. The 
anticipated improved health of 
the affected population will 
lead to higher productivity 
through a reduction in water
borne diseases. The project is 
fully consistent with YARG's 
objective of improving and ex
panding water supplies and 
strengthening the capacities of 
NWSA. 

A moderate amoullt of the equi p
ment materials and services 
financed by this project will 
have its source and origin in 
the U.S. Any effect on the U.S. 
balance of payments will be 
minimal. 

a. FAA Sec. 201(b)(1). N/A 
Information and conclusicn 
on availability of financ-
ing from other free-world 
sources, including private 
sources within U.S. 

b. FAA Sec. 201 b 2 
201 d. Informatlon and 
conclusion on (1) capacity 
of the country to repay the 
the loan, including reason-



ablene~~ of repayment 
prospects, and (2) reaso~
ableness and legality 
(under laws cf country and 
U.S.) of lending and re
lending terms of the loan. 

c. FAA Sec. 201(e). If 
loan is not made pursuant 
to a multilateral plan, and 
the amount of the loan ex
ceeds SI00,OOO, has country 
submitted to AID an appli
cation for such funds to
gether with assurances to 
indicate that funds will be 
used in an economically 
and technically sound mdnner? 

d. FAA Sec. 201(Q. Does 
project paper describe how 
project will promote the 
country's economic develop
ment taking into account 
the country's ~uman and 
material resources require
ments and relationship 
between ultima~e objectives 
of the project and overall 
economic development? 

e. FAA Sec. 2U2(a). Total 
amount of money under loan 
which is going directly to 
private enterprise, is going 
to intermediate credit 
institutions or other 
borrowers for use by private 
enterprise, is being used 
to finance imports fro~ 
private sources, or is 
otherwise being used to 
finance procurements from 
private sources? 

f. FAA Sec. 62Qi£l. If 
assi~tance is tor any pro
ductive enterprise which 
will compete in the U.S. 
with U.S. enterprise, is 
there an agreement by the 
recipient country to 
prevent export to the U.S. 
of more th~o 20% of the 
enterprise's annual pro
duction during the life of 
the loan? 

N/A 
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Project is not for a productive 
enterprise which will compete 
in the U.S. with U.S. enterprise. 



3. Project Criteria Solely for 
Security Supporting Assis
tance 

FAA Sec. 531. How wi~1 this N/A 
assistance support promote 
economic or political stabil
ity? 

4. Additional Criteria for 
Alliance for Progress 

(Note: Alliance for Progress 
projects should add the 
following two items to a 
project checklist.) 

a . FAA Sec. 251 ( b )( 1 ~! - ( 8 ). N/ A 
Does assistance take lnto 
account principles of th~ 
Act of Bogota and the 
Charter of Punta del Este; 
and to what extent will the 
activity contribute to the 
economic or political inte
gration of Latin America? 

b. FAA Sec. 251 b 8; 
251 h. For 1 cans, has 
there been taken into ac
count the effort made by 
recipient nation to re
patriate capital invested 
in other countries by their 
own citizens? Is loan 
consistent with the findings 
and recommendations of the 
Inter-American Committee for 
the Alliance for Progress 
(now "CEPCIES," the Permar,
ent Executive Committee of 
~AS) in its annual review 
of national development 
activities? 

ANNEX A 
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pnOJECT O~SIGN SUMMARY 

LOGICAL FRAMEWORK 

NARR ... Tiv( SUMMARY' ----- OIlJECTIVElY VEHlrJABLE INDICAIOHS 

-.. - .... - .... --o,-s.c.--"'-u....- ,~-~o~, Ob..ClI~-IO----- · .... '''''.10' Ga.1 A&.hl~lfCmcnl 

.... ch .,.. proted CIQf11ub",., 

laprove p~rsonal health and environ
mental sanitary conditions in Tail. Yemen 
by renovatIng and eXpdnding the Kennedy 
"uniclpal Water and ~ewerage System. 

10 construct a fi,,~_,.:·&lly viable water 
and sewerage system that suppl ies ade
quate service to consumers. 

Output, 

(I) Wells. water transmission and dis
tribution pi~~s. pumping stations and 
sewage treatment full ities. 

(Z) lrdined stdff for the operation of 
facilities. 

Inpun 

(I) AID and ~th~r donor fifidficial 
a~s i Hdn,e 

it) Contract, ior cun~trucliLn of pruJect 
dlld enginef:rlng SUl'ervlslon contract 

1-) ~"41 if i ed I'enonne I to be va i ned to 
n~ndge and operate faCIlities. 

Decrease the Incidence of water. 
related diseases. 

Condiliotli Irwl w,1I .ndK41. pwpow h." bern 

.chllrved (I'd u' PIOI~C1 U.IU1.. 

(omp I eted and opera t iOlla I water ani! 
sewerage system prodUCing approxi
R~tely 11.~ million cubiC meters 
of water annua lly. 

~i.udt of OutPUll 
(1) 21 prOduction wells 
(2) approximately 11 miles of 

water transmission mains 
(3) 90 percent of Tail'S populdtlon 

connected to water system and 70 
percent of population connected 
to sewerage facility by 1990 

(4) "inimum of ten stdff members 
received trdining 

(I) SIO millIon AIO yrant 

In In:plementatlOn plan presente~ In 
project pdper. 

NWSP linancial and operational 
records 

T d i 1 Wa ter alld Sewerage I'rojec t 
opera t i IIg success fu lly and consumers 
receiving adequate service 

(J) AIf' yrdnt !utr.o'llation 

(;,1 otilec Junon flndncial input 

(~) ~w~h and YARG budgets 

lit_ uf .... oteet 
f I~ • Y ,,. fw' Y hU 

'0'" US f" ........ II /7 
1 .. ,. P,_oct _ A~!Ju\ t __ '!_~ 

Au"",,... ,I'n rue "'h ... ,,.. ............ 

Th.t ~.tl~I.ctory 1.~r'.o ... 1 and 
huu,ehold hY9len~ pr., t IU\ .re 
utlllit'd 

"'.",mptlum lot kh-.."'I PUlfpote 

Thllt the propo\ed water and 
sewerage sy\t~ IS a~equately 
managed dnd 1114 tnta il:pd 

Auumphom '01 .ch ... ,,. OUIIpull 

NWSA continues to operate and 
manage the Tail Water and 
Sewerage Systea 

Thot the NW~; dnd \f,~c. ue 
commlttfd to developing the 
project and thp Y~RG prOVIdeS 
fInancial contrIbutIon and 
oblaln~ othpr donor fInanCIng. 



ANNEX C 

Yemen - Taiz Water and 
Certification Pursuant to 

t e Foreign Assistance Act 

I. Aldelmo Ruiz. the principal officer of the Agency for International 
Development in Yemen. having taken into account. among other things, 
the lIIaintenance and utilization of projects in Yemen previously 
financed or assisted by the United States, do hereby certify that 
in Illy judgement the Yemen Arab Republic Government has both the 
fina~cial capability and the human resource capability to effectively 
lIIaintain and utilize the capital assistance project to be carried 
out under this grant. 

Aldelmo Ruiz, Director 
USAID/Yemen 

bate 
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POSITION 

Administrative/Financial Manager 

Public Relations 

Personnel Manager 

Chief Accountant 

Purchasing Agent 

Technical Manager 

Chief in Sector 

Draftsmen (4) 

Water Distribution Supervisor 

Chief Pump Operator 

Meter Mechanics (2) 

Electrical Engineer 

Electrical Technician (3) 

Biologist. Chemist 

Proposed Training Program for 
Taiz Water and Sewerage System Staff 

PREVIOUS 
EDUCATION 

Bachelor of Science 

High School 

High School 

Bachelor of Science 

Hi gh School 

Bachelor of Science 

Technical High School 

Technical High School 

Technical High School 

Technical High School 

Technical High School 

Bachelor of Science 

Technical High School 

Bachelor of Science 

PROPOSED 
COURSE 
LENGTH 
(MONTHS) 

24 

6 

12 

12 

12 

12 

9 

4x6 

12 

24 

3x12 

HC24 

COURSE 

Business Administration (Masters) 

Business JI.dmi ni s tration 

Business Administration 

Advanced Accounting 

Business Instruction 

Post Graduate Management 

Technical Training 

Technical Instruction 

Technical Instruction 

Technical Instruction 

Technical Instruction 

Electrical Engineering (Master Science) 

Technical Instruction 

Chemistry and Bacteriology (Master of 
Science) 



ANNEX F 

Taiz Water and Sewerage System 
Balance Sheet 1972-1974 (Actual) 1975 (Projected) 

(In $) 

1972 1973 1974 1975 

Assets 
Fixed Assets 427891 518702 574722 574722 
Le~s: Depreciation 23334 55320 94419 145222 

~[T FIXED ASSETS 404557 463382 480303 429500 

Stock s 954977 938766 878273 894827 
Accounts Receivable 242287 293394 258906 259710 
Provision for Bad Debts (154460) (153471) (152422 ) (127099) 
Cash and Equivalent 10483 40959 12181 9500 

CURRENT ASSUS 1053287 1119648 996938 1036938 

TOTAL ASSETS 1457844 1583030 1477241 1466438 

L9uit~ and Liabilities 
Government Equity 1277778 1381577 1410958 1419296 
Retained Surplus (Deficit) ( 52929) ( 41063) (227515) (286656) 

TOTAL EQUITY 1224849 1340514 1183443 1132640 

Long Term Debt 
Current Liabilities 232995 242516 293798 333798 

TOTAL LIABILITIES 232995 242516 293798 333798 

TOTAL EQUITY AND 
LIABILITIES 1457B44 1583030 1477241 1466438 



Taiz Water and Sewerage System 
Pro Forma Balance Sheet 1981-1985 and 1990 

(In $) 

(!) 
1981 1982 1983 1984 1985 1986 1990 

>< Assets 
w 
z 

Fixed Assets 66574222 66574222 66574222 66574222 66574222 66574222 66574222 z 
c:( 

Less: Depreciation 2099237 3799237 5499237 7199237 8849237 10499237 17099237 
Net Fixed Assets 64474985 62774985 61074985 59374985 57724985 56074985 49474985 

Stocks 990000 1010000 1030000 1050000 1070000 1090000 2010000 
Accounts Receivable 1768142 2093243 2496248 2785653 3005180 3398227 5260960 
Provision for Bad Debts ( 866389) (1025689) (1223162) (1364970) (1472538) (1665131 ) (2577871 ) 
Cash and Equivalent 3166117 3055816 1120401 2757643 1726636 1029371 5255910 

Current Assets 5057870 5133370 3423487 5228326 4329278 3852467 9948999 

TOTAL ASSETS 69532855 67908J55 64498472 64603311 62054263 59927452 59423984 

Eguitl and Liabilities 

Government Equity 30763103 30763103 33763103 33763103 33763103 33763103 
Retained Surplus (Deficit) ~7284748) 8623164) ~9436959) (9815306) ~9450508) 410131 

Total Egui~ 3478355 1 9939 24326144 23947797 4312595 34173234 

Current Liabilities 1354500 1430000 1506000 1658000 1810000 1734000 2038000 
Long-Term Debt 43000000 43000000 40852533 38619167 36296466 33880857 23212750 

Total Liabilities 44354500 44430000 42358533 40277167 38106'!66 35614857 25250750 

TOiAL EQUITY & LIABILITIES 69532855 67908355 64498472 64603311 62054263 59927452 59423984 



Taiz Water and Sewerage System 
Pro forma Source and Use of Funds Statement 1978·1986. 1990 

:2: (In $) 
x 
w 
z 
:i 1978 1979 1980 1981 1982 1983 1984 1985 1986 1990 

Source of Funds 

Revenue 741262 878396 1040898 3608453 4271925 5094384 5685006 6133020 6935157 10736654 
Government Equity 4264905 11739597 9084437 3820547 308975 3000000 
Depreciation 743168 886205 1271653 1650000 1650000 
Loan Disbursements 7400000 20000000 14000000 

SUBTOTAL 12406167 32617993 24125335 7429000 4580900 5837552 9571211 7404673 8585157 12386654 

Net Decrease in Working Capital 1042715 

TOTAL 12406167 32617993 24125335 7429000 4580900 6880267 9571211 7404673 8585157 1?386654 
-=-=== 

Use of Funds 

Operating Expenditures 889167 1508993 2351335 4429000 4580900 4732800 4798801 4861367 4920359 511754; 
Debt Repayment 2147467 2233366 2322701 2415609 282592J 
Capital Expenditures 11517000 31109000 21774000 

SUBTOTAL 12406167 32617993 24125335 4429000 4580900 6880267 7032167 7184068 7:535968 794346l 

Net Increase in Working Capital 3000000 2539044 220605 1249189 4443181 

TOTAL 12406167 32617993 24125335 7429000 4580900 6880267 9571211 7404673 8585157 123866~ 
= 



i 
T a iz Wa ter and Sewerage 5ys tem 

Income Statements 1975 (Actual) 1976-1990 (Profonoa) 

(In S) 

(Da&. In U. S. $) 1975 --illL ..1lli- -ill!.. -.illL ~ ~ ~ ~ ~ ~ ~ ~ __ 1:11'£ ~ ~ 

Revenues 
Operating keven"e 453264 478501 571753 682100 813318 969312 3529708 4185305 4999102 5580196 6011729 6808337 758Y1:49 u< 1~1l 937!>089 IOS~0977 
Ollll:r llennue 76757J! 4889~ 53784 59162 65078 71586 78745 86620 95282 104810 115291 126820 139'JO~ I' 3452 168797 18!>677 

JOlo I He ... n"e 530021 527396 625537 741262 878396 1040898 3608453 4271925 5094384 5685006 ~ 6935157 17l9j~.!. ~42.liQ 9543886 10736654 
~ -=- == = 

l"pO'I~~!I 
pera t ions and"'" Intenante Expense 538359 6P2962 675317 756355 e4711e 94e772 2709000 2860900 3012800 3164700 3316600 3468500 3620400 3172300 3924200 '011iOOO 

Inc.- Defore Depreciation and Interest ( 8338) (75566) (49780) (15093) 31278 92)26 899453 1411025 2081584 2520306 2816420 3466657 4108~~1 4.) l110 5619686 6660654 

~: Depree ia tion 50803 5OB03 50803 50803 50803 50803 1700000 1700000 1700000 1700000 1650000 1650000 165OCOO Jl!.OOOO 16!>OOOO 1650000 

Net Income (LOSS) Before Interest (59141) (l2~639) (100583) (65896) (19525) 41323 (800547) (288975) 381584 820306 1166420 1816657 2458951 3?23110 3969686 5010654 

LESS: Interest 132812 661875 1402563 1720000 1720000 1720000 1634101 154'?6? 1451859 1J~~"J4 I, 5414~ 1150236 1041547 

"lOt IncOAIe (Loss) (59141) (126639) (100583) (]98708) (681400) (1361240) (2520547) (2008975) (1338416) ( 813795) ( 378347) 364798 1103717 1%11365 2819450 Jili91Dl 

Aate BaseY 61924000 60224000 58549000 56899000 55249000 53599000 51949000 50299000 

Return to Net Fixed Assets .6r. 1.4% 2.0t 3.2% 4.41 6.0% 1.61 10.01 

Y Includes $25.323 In e~traordlnary Income 

Y Rate Base· Average Net fixed Ass .. t~ 



I. "'\OJ CrT DEscrn PTION 

~. Project Area 
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The' YC'men Ar'ah Republic (YAR), situated in the southwes:~:"n 
r'('!',i(ln of the Arabian Peninsula, is bounded on the no!"'":.h and 
(';I:~t by Saudi Arabia, on the south by the People's Democratic 
R('pul>l ic of Yemen, and on the west by the Red Sea. 

T:l L', is the cnpi tal of the Province of Taiz which occupies 
the extreme southern portion of the YAR. It is the second 
,,') q~es t city in Yemen wi th a present population of about 
1()4,OOO. Elevntlons within the city vary about 300 meters, 
blJl~ :Ivern~e approximately 1300 meters. The r:ity is drained 
hy t:\'/O major wadis. 

'1';1 i :', 1 ies ~,lon8 the foot of Jabel Sa:bir, the jagged peaks of 
which rise to 2,900 meters immediately south of the city. A 
hr'o:\<! vistn of moderate to rugged hills and narrow valleys 
extends northwnrd for several tens of kilometers from the 
r. i ty . 

The region has a warm and slightly humid climate with annual 
rainfall of about 540 mm. Except for periods of dust stroms, 
which last for a week or more, the climate can be classified 
n~ :llmost ideal. These winds occur mostly in the early summer. 

H. Pro,'jec t A~ ~i vi ties 

The project activities inovlve improvement of the Taiz water 
supply and sewage disposal systems. The major activities to 
br. undertaken are: 

,. development of new wells to provide quality water 
(TDS = 600 - 1000 mg/l), removed from the influence of sewage 
contilminntion, 

;'. construction of a transmission main and control 
:;\:ructure to tie all new water sources into the city water 
'yll nl, and provide a continuou s wa ter supply in quanti ties 
nnd at pressures suitable to eliminate interruption in service, 

~~. expansion of the water distribution system, and improve
ment of its operation and maintenance, 

~. construction of sanitary sewers including house connec
tions, and 

!;. construction of a central sewage treatment works with 
ut i 1 :i za tion of the treated effluent for irrigatio'n. 
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'J'he f.urposc of the project is thus to enhance sani tary condi
Lon:; in Tai::: for some 281,700 persons, the projected 1990 
pnr'llilltion or thp city. Improvements in public health are also 
;In t i (. i pC! ted th r()\l~~h reduc tion in the inc idence of water-borne 
dispases and infant mortality. 

I I. I r·11t\cTS OF THE PROJECT ON THE ENVIRONMENT 

The l~nv i ronmen tal impac ts of the proposed proj ect can be di vi
dl~d into two major classifications: primary and secondary 
impacts. Areas of immediate interest focus on the vast bene
fit:; to the public health and welfare anticipated as a result 
of rJ'oject implementation. The adverse short-term impacts 
th~!t construction activities will have on the local environ
ment nre discussed below. Major potential areas of long-range 
concern include effects on local ground water tables, growth
inouci~ impacts, as well as adequately identifying possible 
cross-impacts upon the socio-cultural-economic aspects of the 
Ta i ;'. communi ty. 

A. :'rimllry Impacts 

'rhc primary environmental impacts of the proposed project are 
1l::;::;OC i~. ted ini t ially with the construction phases J and st:.bse
'plt'lli ly, with rhe antjcipated improvement in the availability 
:tnd quality of potable water within the Taiz S"Cudy Area. The 
pro.i r.c t invo] ves expansion and modification of the present 
water system. Th"! const:~uction period will consist of the 
development of new well areas, the installation of pumping 
t1niL:., chlorination facilities, and a distribution system, 
in'~ Iud in~' reservoirs. The proposed sewerage improvements in
duck a major expansirm of the present sewage collection system 
Ilno transport by gravity interceptor to the treatment plant. 

]. Construction Activities 

Con~;truction of the water transmission and distribution system 
routes will cause short-term disturbances to the local envi
r'onmlmt. Local residents will experience temporary distur
b:mc(~s assoc iated wi th construction acti vi ties, such as increased 
nni:;n levels, dust, particulate matter, and exhaust fumes, 
and trrtffic congestion. Construction of the water system will 
require cle8.ring and excavation along the proposed routes, 
ro~sibly disturbing local vegetation and wildlife. Efforts 
will be made to avoid routing the transmission line through 
hard rock, but some blasting may be required. In other areas, 
portions of the pipeline will be exposed to avoid such hard rOCk 
out(~r·oppinr.s. However, since most of the transmission lines 
wil I be installed below ground level, the effect of the con
[;truetion on the local ecology is expected to be only short-term 
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AllY d:lfnnge clam- to the intricate terracing sys~e~ in the high-
j:llld:; wil 1 hr. ['cpnt red; however, a certain a:noun'C of wind 

'To;·.j(ln ("ill be ;mticip:1ted. During the first growinp, season 
."·!."r ronst7'ucLion work is completed, local ;,lant species will 
,'('111"11 to the "ite. Although some cultivated fields will be 
II i;·. \.tl r'bpd, produc t i vi ty losses are expec ted to be only seasonal 

('on:·trllct.i.on cffects for sanit~ry sewers are anticipated to be 
~jif1lil:lr to those Qssociated with construction of the water dis
t. i i htl t Lon improvements, and similar measures will be taken by 
t.1l(' ('ontrLlctor ,"1S necessal~y. Somewhat more care would be 
11",'el(:d where trenches are deeper than for water mains, and are 
I ike'ly Lo be oren longer, to avoid probelms caused by severe 
":t i n:;t.or'ms. No long-term or irreversible effects are antici
p:II.(·1I . 

V/:lter Q\l:ll j ty and Supply 

'I'hl' propo:3eri wi1ter system expansion and modifications will 
J',n::lt:ly improve water quality in the Taiz Study Area as a 
/'t':;\l1 t of reduced nitrate and coliform levels. Water analyses 
performed on samples from test holes at the sites of the pro
po:;(:d we] 1 ~~ :;how N0 3 levels below 20 mg/l (present water supply: 
l'/t) HI!~/I) ~nd totaJ solids falling between 500 and 1,000 mg/l 
(prl':;ent water supply TDS: 2,100 - 2,600 mg/l). Water quality 
wi I I mect the recommended WHO International Standards for 
J)r'inl·:illp. Water' (19'1J). Thus, no degradation of water quality 
vii II T'csul t fr'om project implementation. 

TIt(' improvement!, to the present water system will minimize the 
w:ILe'r' lost throur,h leakage and wjll, for the first time, meter 
p"()(liwtion. I\Lthough all service connections are metered, an 
(':;I.i:n:lteri :30 percent of the water is unaccounted-for prerently. 
TIll' pr'oposed project will help conserve water by improving the 
\.":lll:~rrtissioll :mcj distribution system. In addition, all exis-
I. jill'. C (~sspool s tha t have been construc ted ne ar water pipel ines 
wi II tw (:limi.nCltcd or relocated, as necessary. 

flppr'(IX irnate Ly t10 percent :Jf the homes in Taiz presently have 
w:I\.('r' flush toilets, and only 25 percent of the total popu-
1:1 t i on is connee tE:d to sewer 1 ines wh i ch transport raw sewnge 
intn WAdi TaiL. for disposal in the midst of the city. The 
pr'op()sed wa~;tewater facilities 'v/ill serve 65 percent of the 
p()p;rlation by the year 1985, and 70 percent of the total esti
lilt! ~.ud rorlJ I ation by the year 1995. The populace that cannot 
lIP f'r':lr3ibly sewered should be connected to septic tanks. 
H(':~ident~ jn lO\J-income homes will be encouraged to install 
I OW-('os t water seal pri vys which coul d be connec ted to the sewer. 

http:Hr'inki.fg
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I. ';'1)(' G"(")V,'t".h-1 ndllcing Impacts on the Proposed Action 

'l':li.· drw:3 not h:lve a city land-use plnn or Hny ;-:oning r~gu-
1:11 iOI\:;. Alt.h,lur.h light industry is eme"!'"'1')nf~ in the nren west 
,I! 11)(' ei:y, ,llong the highway t.o the old Clirpor~, it is assumE'd 
l'I'::irji~ntio..l and commercial growth .... ·ill continue to be respon-
:: i II II' for most future development. 

\oJ: 1 I."" wi 11 t" rrovided to an area 160 percent larger than the 
pr'('::f'nt. ;,crvi.ce area. Consequently, it is expected that the 
('XP:IIt:; i on of t.he water distribution system wi 11 stimulate growth 
wi Ihi.n the l'ni.~ locality. Reisdents of outlying regions that 
:;Ilt"f'(~r' from water shortages will be attracted to Taiz once the 
p I'()pf)::ed projec t is constructed. The proposed project will 
11:1\/(' an accelerClting effe':':'; -'n regional population growth, and 
UII):3, a 9 percent annual growth rate has been assumed constant 
I.h r(Hl,~h 01 It the p roj ec t study period. In 1980, the proj ected 
'I':li:'. !5tlldy Area population I,oJill be :!.19,OOO and in 1990, 281,700. 

A:: I1Inre peol-> 1 f' 1 nfl ux to Tai z, provi sions wi 11 be made for addi
t. i OII:t1 gove rnmcnt services, such as school s, hospi tal s, roads, 
:11111 hOllfdnr,. New huildings within the service area will be 
p '" ll'l'r I y conner. ted to the water and waste wHter system. The 
t':lp:tr:LLy of' the treatment facilities and disposal site are 
('orl:: iekred adequate to meet flows during the planned period, 
:ll1d ('em I d be easily expanded. Ul timate plant capacity is anti
(' i 1':1 Lcd to be ;)00 Ips. 

;'. ~,ocio-Cultllral-Economic Impacts 

'I'hp ;, t:mdarri 0" 1 i ving within the Tai z Study Area wi 11 improve 
(lll!'" w;-tter hecornes widely available. People will begin to 
dC'llI:lnd indoor WCl ter and sani tray fac i 1 i ties, and average per 
(::Ipitn domestir. consumption is expected to increase fror.; -15 
I i r,crs per co.p i ta per day in 1975, to 80 Ipcd in 1980, anj 120 
I r,'d hy the year 1990. Commercial business and light industry 
i.:; heinf~ encouraged to develop in Taiz in order to e'xpand the 
I ()(':ll economy. 1 t is projected thai' hotel and commercial/ 
I i l'.ht Inrlust ria 1 wa te r requirements wi 11 jump from 75 cu m/ day 
:Irllj I~() ell rn/rlay, respectively, to 380 cu m/day and 825 cu m/day 
IIY I qg'). 

'1'!lII!';, a prop; ram to encourage restric ti ve water usage wi 11 b~ 
imp I (~m(mted a t the beginning of service to avoid acute water 
:;hortage~,. All connections would be metered and a service charge 
:IPp I j cd for i1 me trr size over 9.5 mm. In addi tion, water charge~ 
Willi I Ii be 1 (!V i (~d proportional to water usage and group classifi
t':1 Lion. Thc[)e restric ti ve measures are nec essary to assure 
w:lI.f!r' wi 11 be available for all sectors of the Taiz society 
in 'yf![l r::; t.o come. 
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I I I lINAV010ABLE IMPACTS 

fl.. Crollndwater. The proposed groundwater development at 
fl I 11;1 i.ma nnd Mikbaba for wi thdrawals to supp ly potable water 
ror' '1':117.. would be at the \~xpense of current irrigation. Al
Lh()llf~h preparHtion of a more exact water balance will have to 
w:lit for a better data base, preliminary estimates indicate 
I.h;ll. the present capabili ty to support 2 or :3 crops per year, 
in~ludine vegetable crops, would be reduced to one crop per 
Y(':u', probnb 1 y sorghum. Al though nei ther the reduc tion in 
:lV:li I nbl e food nor the impact on the overall economy are 
.ilJdr.(~d to be adverse, the economic impact on f'lrmers in the ares 
:1 f fee ted wou ld be serious. The proposed remedy is to arrange 
monetary compensation to the farmers for the reduction in crop 
values. Although difficult, these measures are considered 
csscntinl to make thi.s water source available first for a higher 
II~C - a potnble supply - and then for agricultural use, albeit 
i. n :1 di fferent area. The impact on the farmers is judged long
term, but not an irreversible or irretrievable commitment of 
ret;OU rees. 

B. Commitment of Land Area. Studies conducted for the Project 
Oc;,ip,n Report have not developed a recommended site for the 
construction of waster stabilization lagoons, but have narrowed 
the possibilities to two feasible alternatives: 

I. The Hougala site, located 1 km east of the Hougala 
well field, an area which would require lining of 
ponds to prevent contamination of groundwater. 

~. The Brayhi site, located some 8 kms north of Taiz, 
an area which includes unproductive land. 

N('ither of the above sites has any known historical, archaeo
lor,ical or cultural values that would be destroyed by the use 
of' these Innds. Both would require some resident and economic 
dJslocntions, for which compensation will be arranged by YAR. 
'l'hu~~, commi tment of land resources \,lill be of no significant 
impnct in the project. 

I V /\L'I'EnNATIVES 

The key environmental considerations involved for project ele
mcnL~ are summarized in this section. Following a brief dis
c:w:f:ion of a1 ternative project goals. 

A. Alternative Proje~t. Little serious consideration was 
f', i w'n to al ternative goals, per ~, which would not enhance 
puhlic health. Failure to implement the project proposed would 
elIminate the possibilityof achieving any beneficial effects. 

B. Alternative methods to achieve project purpose. 

1. Water Resource Development. The soarcity of water 
resources in the Taiz. area precludes viable alternatives 
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to the proposed sourcec. All known water resources ~~ the 
l~cmcr~J ilrea eventually wi 11 have to be developed :0 &erve 
the ~rowln~ rotable water needs of Taiz. The project 
dp.sir,n rf-'prcsents the combination of available sou:-ces 
de t".f'rmi ne,j t.) most economically meet the est ima ter. demands 
n(' 1'ni7. to 1990, with the minimum environmental impact. 
lIther HvniJable sources will be needed, to meet demands for 
years beyond 1990. It is recommended that these sources 
b~ rll-lced under the control of NWSA to ensure their o:-derly 
developn,ent r:l.nd to protect them for future use. Al terna
Lives to these groundwater sources investigated include 
nntural sprin~s and surface impoundment of strom water. 

~J:1tllrlll ~~prinr,s located throughout Jabel Sabir ha\ie served 
:IS a source or water for Taiz for many years. The springs 
have been fully developed through a system of cisterns a.nd 
pipes; hence, no excess capacity exists. 

Several sites for possible impoundments to store storm 
wnter that drains from Jabel Sabir were examined. Due to 
tile nalTOW and steep wadis (valleys) draining the moun
I.a i.n, la I'!,,(' and costly dams would be required to obtain a 
l'ea~;onahle nmount of storage, and even then the yield 
would he relatively small. Further, water losses from eva
poration nnLl seepage into the ground would occur. For these 
rensons impoundments were rejected. 

;'. Wa te i~ Tro.nsmi ssion. Several routes were examined for 
the transmission main from Al Haima to Taiz. Generally, 
(!nr.h or the itl ternate routes examined would be more costly 
or be in rugged terrain which would have made access more 
cl1fficuJt; for these reasons, they were rejected. 

:1. W<.lter Distribution. The topography of the city requires 
t.hat the distribution system be broken into narrow pressure 
;',ones, the reby limi ting al terna ti ves. The basic al ternate 
consirlered was a scheme whereby the water would be pumped 
1.0 ~;torClge tnnks above the ci ty and then would flow down 
into two or thre(' lower pressure zones through pressure 
hrenk stl'l'ctures. This scheme was rejected as being waste
I'ul of energy. The proposed system would pump water to 
:itorap,e tanks located in the individual zones instead of 
1.0 t:1nks located in pressure zones above the zone to be 
:iC~rverl. 

~. WClstewater Collection. Combined sewers are not recommen
ded becnuf'e they would be excessively large and costly and 
would have several operational p~oblems such as sediment 
elogBin~ nnd surcharging. Except for a few instances, the 
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1""1"::1'111. ::l.nl·Ii' ::y::tpm consisting of nntul';d dr'ainnl3E' c.h::lnnels 
i" ,ldc·'111:11.(·. llH' "r0posl~d sewer "E','vjcc ;lre,1 includes (111 areu~ 
w It I ' I 'c' I)() P 'I I ; I I. i I I II II f' n;, i t. Y 0 r so j 1 con tl i t 1 ( 'n s w 0 u 1 d not r e rm i t 
111 '1)1"'1' nper';II.inn of sortie system;,. Out~;jde the sewer service 
',I'C':I, :-:<'pt i,' LInks ;n'p recommended. 

,\II.,·r'I\;lI.(' J'Ullt.ill)', of the sewers is generCilly not possible in 
'I';li;' .. IIIH' t.r. t.h,.' hulJdinl3 density, very few clear areas \Jhere 
;:r'\'/CT',. (';111 1)(' inst,nlled arc rivCiilCible. Alternate routes for 
till' III:, In illl.(~r('ppt:or to the treatment pLl.l1t are not feasible. 
!IPIII'ClY, i:lll1tr'ly n() perr.ent of the city drains directly to Wadi 
1I::;·.il'l·";1 in 1t/11icl1 thp lnterceptor is locnted. Any alternate 
1'11111. ill,!', \'wuld rc~qlljl'e costly pumping ::1nd none is proposed for 
t I If' r' l • ( , n II I rn (' n d (I cl I' I' () J (~ ct. 

I,. W:,:;tc'W(lt.f>l' 'i'rr.;:ltment. Several alternative treatment 
lili' 1.110.):; ;lntl a;,~:;oc inted si te locati ons were considered, inclu
II iIII' . .t.h<' fn I J 0\,1 i ng: if 

I. ~imjmnl treatment in anaerobic lagoons. 
;'. ·1'r'ir.k1 inr: filtration. 
:L (1): i d:1 ti on pond s. 

r~ i " i HI: I I t r C:l till p n I WitS r e j e c ted c h j e fly be c nus e its e f f III en t 
\V flll I d n () t. II < ~ :, :; !' u ita b 1 e for i r r j gat ion n s t hat f rom a sec 0 n-
ol;rl·y-t.ypt! proc('!;S of the other t",,'o nlternntives. 

'l'I'il'I\1 in!~ f'i It.r;lt ion was estimated to h[wc a lower corstl'uc
I.ion c'l)~-,L, 1'('(]llir'l' less l.:1nd, and minimi:',e evapor3tive losses. 
II()w('vl~r', Itl:l~;t.e :~t.r1hllizCltion la800ns are proposed because they 
ilr',· ::irrrplr~r :lllCl CII/~(1pCr to operate, nnd they are presently 
IJl.i I i:',f'd in IJWSJ\'s t .... ·o other facdities in Sana'a and Hodeida. 
::illc'(' w;r~;lp :~t,lhiJi:~:1tlon J3goons require le:os mechanical 
1"tllipTlll'nL :rnd Im:er techl:ical operating skills than trickling 
I'i I I.(~J':;, 1'00W('I' operating probelms v!ill be encountered since 
Ilht.:rininl',lllf'ch:mlcnl replacement parts and finJing qualified 
()p('r'iltjn[~ personnel are significant problems in Yemen. 

h. W;I!.;tc~ltJitt(~r Disposal. Alternative effluent disposal schemes 
(~Urt:; til ered inc lllde recharge to the Houg31a we 11 field, di s
(~h;lrp.e to th' wadi downstream, and return on the effluent 
to 1\1 Haima 1..') replace the water withdrawn by the proposed 
W('II field. 

HC'r.hllrr,e to Hougal a was re j ec ted chiefl y because recyc I ing of 
I.h(' water would result in excessive buildup of dissolved solids 
:H1d ol.her suostances. Discharge to the wadi downstream was 
r"',jC!f'ted becnuse it would resul t in a loss to Nw'SA of poten
I.i:ll revenue from selling irrigation water. Return of effluent 
tn A1 Haima was rejected for reasons of high cost. 

1'(lrentmen t methods involving mechanical or di ffused air were not 
('onsidered in detail for reasons of their higher power require
ments. 
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'1'111' :;f'W:IP." tl'l~;)tment works will be n series of multi-~elled 
\'J:l~;L(~ :;t:lbi I i:'.:ltion In[;oons to ensure hir;h hacterinl remo
v:11 ill I.hl' C'l'l'lllcnt. ~;L1rr:lce irr;l~at.i()n wit.h th(' effluent; 
wi I I Ill' ('mp I ()yel1 on C-I'OPS which will bp consumed on I y aft.er' 
1II'(lC'(!:;~; i np .• 




