





point sites and, hence, the pipe routes, and
they provide the unskilled labour, such as
pipe trenching and sand collection for the
installations.

For the overall project, there is an elected
committee which organizes the labour and
within this there are area or village groups
with their own specific tasks and programs.
The work 1is supervised by trained
government officers and assistants.

Upon completion of the project, the
committees are instructed in the simple
requirements of maintenance and are then
expected to carry out their own
maintenance, except for occasional visits
by the department’s area supervisor or when
emergency assistance is required (e.g.,
damaged intake).

Problems and Recommendations

The basic problem with training at all
levels, except the users’ level, is that too
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much must be learned on the job, which
reduces both learning and job effectiveness.
Formal training by the organizers of the
project is quite intensive, but it still does not
provide enough time to prepare for the
varied roles to be played while in the field. In
particular, the field assistant’s formal
training is inadequate for the technical work
given to him by the technician. The field
assistant must be able to explain and
demonstrate the work to people with
absolutely no technical training.

It is recommended that the RWS produce
a training manual to expand and

standardize training at all levels, as well as to

underline the of each
position.

A group of employees needs to be
incorporated into the organization to
monitor and assess the effectiveness of the
completed scheme on a continuing basis.
This would provide more reliable
maintenance, repairs, and information for
the improvement of future schemes.

responsibilities




Views About Water Supply and Training
at the Department of Water Affairs, Botswana

Gilbert J. Maikano' and Lars Nyberg?

Botswana is a country where no perennial
lakes exist. In the eastern part of the
country, all of the rivers are ephemeral in
nature and flow only after heavy rains.
Flooding is erratic and during some years
there are no floods at all. The seasonal flow
of these rivers, however, provides a good
source of recharge to the sand deposits of the
riverbeds and to the dams, which are utilized
as a source of water for urban centres in this
part of the country.

In the northwestern part of Botswana, the
Okavango delta surface water is readily
available. In the largest part of the country,
the Kalahari Desert, there is virtually no
runoff and there are no rivers or lakes,
apart from pans containing water temp-
orarily. Any rainfall in this area would
cither be absorbed by the Kalaharisand or it
would evaporate. It has been estimated that
plant roots can reach most of the water
retained in the sand (due to high capillarity)
and groundwater would, therefore, not be
replenished, except locally and infrequently.

There is a long-standing tradition of
keeping cattle by the Tswana people. The
environment in Botswana is well suited to
raising cattle and there are few diseases
which restrict or limit production. With a
small human population of approximately
85000C inhabitants and a proportionally*
large cattle population of over 3 million, the

ICivil Engineering Technician, Department
of Water Affairs, Gaborone, Botswana.

2Chief Training Officer, Department of Water
Affairs, Gaborone, Botswana.

export of beef is very important
(approximately 25 percent of national
exports).

Essentially, most families have three
places of residence: the home village, the
lands area, and the cattle post. The lands
area, usually situated several hours walk
from the village, is where the farmer grows
his crops. The cattle post may be situated
several days walk from the village and is
often far into the Kalahari Desert. As the
name implies, the cattle post is an area where
the cattle are kept and is located near a
borehole.

Water Supply

There are about 5000 registered boreholes
and perhaps another 2000 unregistered
boreholes. The average depth of a borehole
is about 100 m and often boreholes are
150-200 m deep. It has been estimated that
75 percent of human population and
livestock are dependent upon groundwater.
In rural areas, all water supplies are
dependent upon groundwater.

Initially, drilling of boreholes was carried
out by the Drilling Branch of the
Department of Geological Surveys in
Lobatse. This branch was drilling for both
government and private organizations.
Because it could not keep up with the
number of boreholes required, some private
farmers decided to employ private drillers,
mainly from South Africa. In most cases it
was found that these farmers were cheated
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by the drillers, who did not file their
“completion certificate” and did not send
samples of the aquifer material to the
geological survey for analysis. They
inconvenienced the government by not
forwarding information of the geological
formations of the areas they were drilling in
and cheated the farmers by giving them false
results of the well yield. In many cases the
boreholes went dry. This was all due tv a
lack of facilities in the government sector to
meet drilling demands. As facilities were
improved, however, private drilling was
discouraged. At present, there are still some
private drillers but they are well monitored
by the Drilling Branch, which is now part of
the Department of Water Affairs.

Today, drilling is carried out by the
Drilling Branch mainly for rural water
supplies. It follows the design and
construction methods developed by the
Department of Water Affairs. All of the
rural areas are under the supervision of
district councils, except for major villages.
The projects are classified into three
divisions, i.e., WB17, major villages, run by
the Department of Water Affairs after
completion; WB26, rural water supply for
populations of between 500 and 5000; and
WB30, small villages with populations of
less than 500. The WB26 and WB30 projects
are run by the district councils after
completion. The district councils also
provide private connections at a fee of P110
(U.S.$150) and a meter charge of about 50
thebe (U.S.$0.70) per cubic metre; checked
at monthly intervals.

Training

Within the Department of Water Affairs
there is a Borehole Repair Service Division
(BRS). This division is a service
organization for both district councils and
owners of private boreholes. The repairs and
overhauls of diesel engines are extremely
centralized. Steps are now being taken to
begin decentralization. Considering that
there are 29 different kinds of diesel engines
in operation and also a variety of pumps,
highly qualified borehole mechanics (field

assistants) are needed. Unfortunately, there
has been no training of borehole mechanics
since 1975, except for a short course carried
out recently. There is also a need to train
pumpers. With 7000 boreholes, there are
perhaps 7000 pumpers in Botswana; most of
them illiterate. The original intention was
that borehole mechanics would train
pumpers, but this has failed to materialize.

Since 1975, almost all training within the
Department of Water Affairs has been at the
technician level. One course for civil
engineering technicians (3 years duration)
and one course for hydrologists (2 years
duration) have been carried out. Two
courses for drilling foremen (5 years
duration) are currently in full progress and
another course for civil engineering
technicians is planned to start in 1980.

The civil engineering technician course
given between 1975 and 1978 was the first
technical course of its type given in
Botswana. The course was divided into four
parts: preselection period (theory) (1 year).
on-the-job training (1 year); revision course
(0.5 year); and specialization course (0.5
year) and was conducted to meet the needs
of the Department of Water Affairs. Upon
completion of the course, the 11 candidates
were posted in the Design Section, Water
Pollution Section, Water Supply Division,
and Water Law Section of the Department
of Water Affairs. At present, four of the
graduates, who were awarded scholarships,
are studying abroad to obtain a Bachelor of
Science in civil engineering.

Since 1979, there has been a Polytechnic
in Botswana. The Polytechnic is conducting
City and Guild’s courses. There are now 17
trainees attending from the Department of
Water Affairs, all of them studying
mechanics. There is still no civil engineering
course available. Botswana has no uni-
versity of technology.

It seems to be difficult to apply low-cost
appropriate technology in Botswana with
regard to water supply. However, the
Department of Water Affairs has recently
bought 8 windmills and 20 handpumps
(gasoline pumps). There is no doubt that
problems with repairs to diesel engines are
considerable. Today, two-thirds of all diesel
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engines are sent to the Republic of South
Africa for overhaul and repair. Hopefully,
appropriate technology together with more
training are the tools required to eliminate
this situation.

Conclusions

With regard to water supply, it should be
noted that Botswana is a large country with
a small population, a large number of cattle,
and limited water supplies. It has a tripartite
system of rural life that has been forced to

use advanced technology for water supply.
In spite of a high potential for industrial
development, based on an abundance of
mineral resources, there is a considerable
lack of technicians and engineers. This has
resulted in an economic and technical
dependence upon the Republic of South
Africa. In an effort to become more self-
reliant, Botswana would be interested in
sending trainees to other countries such as
Ethiopia, Kenya, Tanzania, Malawi, and
Swaziland to develop the technical skills
they require.
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Training of Water Technicians in Tanzania

M.M. Kivugo!

Training of water technicians in Tanzania
started a long time ago in the form of on-the-
job training. In 1957, a small group of in-
service trainees was selected to undergo
short courses related to water resources
development. Subjects taught included
mathematics, building construction,
technical drawing, surveying, river gauging,
irrigation, and water supply.

In 1971, the Government of the United
Republic of Tanzania decided to embark on
a 20 year program of rural water supply;
envisaging supplies of clean and potable
water within easy access to every Tanzanian
household by 1991. (Tanzania was, thus, a
decade ahead of the United Nations Water
Decade.) The execution of this massive
program of water-supply schemes demands
a vast force of technical manpower, the bulk
of which is made up of middle-level
technicians. In order to create this category
of technical manpower in a relatively short
time, the Water Resources Institute was set
up in 1974, under the Ministry of Water,
Energy and Minerals.

Development of the Water
Resources Institute

With the completion of the first few
buildings in 1974, the institute commenced
with an initial enrollment of 32 students in
that year. As further construction of
classrooms and hostel facilities continued,

Principal, Water Resources Institute, Dar es
Salaam, Tanzania.
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the yearly enrollment increased to 62 in
1975, 82 in 1976, and has continued at the
equilibrium level of 120 since 1977.

Although the institute has been serving,
essentially, national needs, the interests of
neighbouring countries are not forgotten; as
evidenced by the fact that 12 students from
countries outside Tanzania have, so far,
been admitted to the institute (one from
Botswana in 1975, two from Sudan in 1976,
and nine from Burundi in 1979).

The present objectives and functions of
the institute can be summarized as follows:
(i) to conduct training programs leading to
the full technician certificate in water
resources engineering, with particular
emphasis in hydrology, hydrogeology, and
water supply; (2) to arrange and provide
opportunities for ministerial in-service and
upgrading courses; (3) to act as ministerial
examining body for various courses
conducted by the regional water engineers in
the country; (4) to arrange and provide
facilities for seminars and conferences on
matters related to water development; and
(5) to provide consultancy services to the
different technical departmcnts of the
ministry and other interested national
institutions as required.

The Full Technician Certificate
Training Program (FTC)

The institute offers a 3 year, full-time,
residential course leading to the full
technician certificate in water resources
engineering. To qualify to join the institute



directly from school, a candidate must pass
the national form IV examination or
equivalent and have credits in mathematics,

M O it At

ph:y'SiCS, and chemistry and/or engineecring
subjects. Special entrance arrangements do
exist for employees of the Ministry of
Water, Energy and Minerals.

The course combines theoretical
instruction, laboratory, and practical work
as well as on-the-job training (field training).
Each academic year consists of three terms:
the first term runs from mid-May to the end
of July, the second term from the beginning
of September to the end of November, and
the third term starts at the beginning of
January and continues to the end of March.
The first 2 years of the present FTC progam
deal with basic subjects in civil engineering,
with the third year providing more
specialized training in subjects dealing with
water resources engineering, centring
primarily on hydrology, hydrogeology, and
water supply. In the second term a period of
17 weeks, beginning in August and
continuing until the end of November, is
spent on intensive practical on-the-job
training in the field, under the direct
supervision of the regional water engineers.
The field training is an integral part of the
curriculum of any engineering course and,
therefore, cannot be overemphasized. A
system of close liaison between the institute
and field staff of the ministry has been
developed for the purpose of this program
through field visits by institute staff. In the
third year, a period of 4 weeks at the
beginning of the third term is allotted for
students to work on practical project
assignments, either individually or in small
groups.

Upon graduating from the institute, the
graduates are absorbed essentially as senior
water technicians into the water sector of the
Ministry of Water, Energy and Minerals.
Graduates who have taken the works option
(water supply) are deployed to work on
investigations, design, construction, and
operation and maintenance of water supply
schemes; those with the hydrology option
work on hydrological problems as well as
meteorological data observation, collection,
compilation, and analysis; and those who

have taken the hydrogeology option work
on exploration for groundwater and drilling
and construction of wells.

In 1977, the institute took another step
forward by introducing a 3 year laboratory
water technician course, with an annual
maximum enrollment of 15 candidates.
Entry requirements are the same as for the
FTC course. Upon completion of the
course, the graduates are posted as senior
water technicians in charge of water quality
testing at major water supply plants within
the country. They will also man proposed
zone water laboratories.

In-Service and Upgrading Courses

The institute also runs short-term in-
service courses for craftsmen. Such courses
include draftsmanship, surveying, motor
and pump mechanics, building
construction, and drilling and well
construction. The institute will be able to
handle at least 60 candidates in this program
at any given time. Course duration varies
from 1-6 months. More in-service and
upgrading courses are conducted during the
period when the FTC students are away,
undergoing fieldwork or during vacations.

Review and Verification
of Regional Training

To facilitate the in-service training
programs of the ministry, regional on-the-
job training is encouraged. An on-the-job
training syllabus for water technicians has
been worked out. The institute coordinates
the program for training craftsmen in
different trades such as carpentry, masonry,
plumbing, and pump mechanics and carries
out periodical evaluation of the courses.

The Curricula

As mentioned earlier, the teaching
program consists of a common core of basic
science and civil engineering subjects during
the first 2 years, followed by branching out
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into the three options in the third year, i.e.,
civil enginecring works (as applied mainlyin
water-supply schemes), surface-water
hydrology, and hydrogeology (groundwater
hydrology).

The present curriculum, worked out in
1974, is an adaptation of the courses
required for the full technician certificate at
the Dar es Salaam Technical College, which
itself was patterned after the curricula of the
City and Guilds Institute, London.

The relative proportion of students
allowed to choose the works, hydrology.
and hvdrogeology options is maintained at
50, 25, and 25 percent respectively: roughly
based on the demand for technicians in these
disciplines under the ministry.

The institute is presently busy trying to
review the current training program. It is felt
that some courses, particularly the course
for the hydrogeology option, are
unbalanced, with as much as 70 percent of
the total time devoted to the study of civil
engineering subjects, whereas hydrogeology
and related subjects make up only a small
part of the overall program. Tentative
proposals for a revised curriculum have
already been worked out. Under the new
proposals, the hydrogeology option is
separated from the other options in the first
year, whereas the branching out of the other
two options takes place at the end of the
second year of study as at present. The
subjects, their relative emphasis, and the
sequence in which they are taught are all
sought to be modified so as to make the
whole program more intensive and effective.

Program Features

The Water Resources Institute in Dar es
Salaam is the only institute in Tanzania
providing facilities for training technicians
in water resources. It is directly
administered by ihe Ministry of Water,
Energy and Minerals and functions as a
centre for producing middle-level technical
manpower for the ministry. Candidates,
once admitted into the FTC course, are,
effectively, employees of the ministry, with
the exception of students from outside
Tanzania. At the same time, the FTC course
of the institute is recognized by the Ministry
of National Education and the final
examination for the award of the certificate
is conducted and evaluated by the National
Examination Council.

As the preservice training centre of the
Ministry of Water, Energy and Minerals, it
is the duty of the institute to offer a program
which 1mparts enough theoretical
knowledge to the students while preparing
them fully for the practical skills that will be
demanded of them when they enter service
as technicians of the ministry. On the other
hand, as an instrument of national technical
education, the institute has not only the
responsibility of producing technical
manpower suited to national needs, but also
of promoting technical education per se; in
other words, of making the training
program a link between secondary school
and university levels of technical education,
so as not to deny opportunities of advanced
education to students.
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Training Program for Technical Officers
in Malawi

G.A. Kamwanja!

1

The a'm of this paper is to try to identify
the specific training programs or curricula
necessary to train the intermediate engineer,
of the technical officer grade, in the rural
water supply program in Malawi. It cannot
be emphasized enough that developing
nations must take great interest in the
development of the rural population in
order to ensure an even distribution of
development throughout the country.

Sources for the Recruitment
of Intermediate Water Engineers

If any training program is to be successful,
it is essential that an appraisal be made
within the country concerned of possible
sources of manpower supply, i.e., schools
and colleges from which interested agencies
can recruit trainees for their courses.

After completion of secondary education
in Malawi, students attend the University of
Malawi to study subjects such as technology
and business at the Polytechnic; agriculture
in Lilongwe; and education, arts, and
science in Zomba. It would seem inevitable,
therefore, that any organization wishing to
recruit and train water engineers should
look upon the Polytechnic as its primary
source of recruits. The students attending
this college pursue a general diploma course

!Lecturer, Department of Engineering, The
Polytechnic, University of Malawi, Blantyre,
Malawi,
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in engineering, with emphasis on electrical,
mechanical, and civil engineering. Courses
leading to a degree in engineering were
started at the Polytechnic in October 1980.

The proposed training program is based
on the understanding that the hierarchy of
the engineering structure is such that at the
top is the water engineer, of professional
level; followed by the assistant water
engineer, of technical officer grade;
technical assistants; and the users. The
training envisaged here is, therefore, that of
the technical officer who once trained will
supervise and work with technical assistants
in the execution of designated projects, and
at the same time will assist and train the
users in maintaining the water supply
installations after the completion of the
work.

To ensure that a minimum of wastage is
experienced during and after training, the
prospective candidates should be recruited
on a trial basis before starting the actual
training. Those students showing potential
for further studies after training should be
encouraged and opportunities should be
made available for further training to the
professional level.

Training Objectives
and Staff Development

The training objectives should reflect the
basic established policy, i.e., to provide the
rural population with potable water. Such



training should be geared toward learning
the principles that will enhance the desired
goals. The training of engineers should
satisfy the following broad objectives: (1) At
the end of the course, the students should be
able to apply the principles related to water
supply with the appropriate technology to
suit a particular environment. (2) They
should be able to plan, manage, and liaise
with staff at the junior level and with the
users in the care and maintenance of the
water supply.

Depending upon the extent of the training
program envisaged under the rural
development program, it would seem
economical in the long term to establish a
National Schoo! of Water Engineering,
under which the nation would pool together
all of its water resources personnel and
expertise to develop and train students for
involvement in the program.

It would be difficult for the Polytechnic to
incorporate water-supply courses under the
present diploma scheme without
jeopardizing the character of the present
course, which is general in nature.
Furthermore, this would set a precedent for
other d¢partments to seek such special
treatment, Certainly, the expertise available
within the Polytechnic should be utilized,
perhaps through the presentation of special
courses at seminars, specifically arranged to
cater to specialist groups.

Due to a shortage of trained personnel,
local residents with previous knowledge in
water supply should be recruited as field
instructors; the advantage being easy
communication, particularly when dealing
with the users.

Criteria for Choosing
Appropriate Technology

Today, one finds arguments throughout
developed and developing countries about
what is good for the developing nations
insofar as technology is concerned. Some
people still argue that teaching in developing
countries should be geared toward those
subject areas that are relevant to the country
in question. Although this is true to some

extent, one still finds that there comes a time
when the rudimentary technology becomes
inadequate, perhaps due to the fact that it
cannot meet the demands put uponit, and as
a result an advanced technology must take
over. Because of this, it is important that the
intermediate engineer be knowledgeable in
modern technology on the one hand, and the
local technology on the other.

The concept of applying principles
learned in one subject area to new situations
implies that the subjects taught to technical
officers should be broad in nature.

The following guidelines could be used
when discussing appropriate technology for
the rural water supply program: (1) the
choice of technology should be one that
would facilitate a significant improvement
in the quantity of water; (2) the technology
should be as low as possible in cost without
jeopardizing the effectiveness of the
improvements sought; (3) the technology
should facilitate operation and maintenance
by users without demanding a high level of
technical skill; (4) the technology should
make as much use as possible of locally
available materials, thereby decreasing
reliance upon imported materials; (5) where
possible, the technology should encourage
the growth of local manufacturing of
necessary equipment and parts; (6) the
technology should be compatible with local
users’ values, attitudes, and preferences; and
(7) the technology should encourage and
facilitate community involvement and
participation.

Maintenance Centres
and Users’ Guide

It is generally found that many self-help
projects fail in developing countries after
they have been completed, mainly because
of a lack of commitment on the part of the
users to report any problems that arise. Asa
result, completed projects deteriorate and
fail, making the whole exercise a waste of
time and resources. It is, therefore,
suggested that the Department of Lands,
Valuation and Water should consider the
idea of dividing each district into centres and
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at the same time seek to employ someone
from the user groups. Such a person would
be indentified from the action groups as
reliable and would have worked together
with the technical officers and assistants, as
well as other local personnel on the self-help
basis, throughout the entire project. This
person would be left with a small workshop
facility and maintenance tools, such as
spanners and pipes, and would be
responsible for dealing with any problems
reported by the users within a given area.
Depending upon the gravity of the problem
reported by the users, this person would be
responsible for referring the problem to the
district water department office.

Syllabus

The following syllabus is suggested for a
I year course in rural water supply
engineering. The course is divided into three
modules of 4 months duration, with the first
module being conducted in the classroom,
the second module in the field, and the
third module in the classroom again.

The full-time period in the field is
incorporated into the course in order to give
the student first hand on-site experience and
at the same time give the student an
opportunity to learn and to try to identify
problem areas within the existing system in
hopes of improving the system for the
future,

131

Module One

The topics covered in module one include:
the importance of water to humanity;
sources of rural water supply (sources of
water supplies in Malawi include gravity-fed
systems, boreholes, and shallow wells);
feasibility studies; information analysis and
recommendations; water installation
systems for natural gravity systems and
pressure systems; and types and principles of
operation of pumps

Module Two

For the duration of the second module the
student is assigned to a work project in order
to gain practical on-the-job experience.

Module Three

The topics covered in module three
include: water treatment methods, i.e.,
removal of minerals and odours and the
addition of water softeners; sedimentation
techniques; sand filtration; care and main-
tenance of water systems; public health
as related to water supply; project planning
and management; resource selection and
allocation; and public relations and govern-
ment procedures, including government
regulations and conditions of service;
project reporting and communication;
education for users; and organizing rural
projects and the importance of local party
leaders in community development.




The International Water Technician’s Course,
Swaziland College of Technology

M.R.Z. Ntshangase!

Origin and Development

The international water technician’s
course was first established in 1976 at the
instigation of the general director of the
Water and Sewage Board in Mbabane, with
the objective of providing staff with a basic
all-around knowledge of public health, with
specific emphasis on water- and sewage
works. Since then, the course has become an
integral part of the program offered by the
Swaziland College of Technology in
Mbabane, thus allowing full advantage to be
taken of the facilities offered by other
departments and sections on the campus.
Moreover, strong support has been received
from the World Health Organization and
some development agencies since the
establishment of the course.

Initially, it was thought that the course (of
4 years duration) would consist of 2 years of
theoretical training separated by a period of
2 years of practical work in the water
branch. Although only the first year of
theoretical training (part I), has been given
to this point in time, it has been decided to
reduce the interval for practical trainingto 1
year, so as to provide sufficient time for the
practical training without adversely
affecting the continuity of the theoretical
content of the course. At the beginning of
the 1981 academic year, the second year of
theoretical training (part Il) is expected to

'Head, Construction Department, Swaziland
College of Technology, Mbabane, Swaziland.

start for the first time.

Since its beginning, the course has been
attended by students from Botswana,
Lesotho, and Swaziland. The designation of
1981-1990 as the “International Drinking
Water Supply and Sanitation Decade” by
the United Nations will certainly promote
the success of this course.

Table 1. International water technician’s
course curriculum,

Subject Part | Part 11
Mathematics . U
Hydraulics L ]
Chemistry .

Biology .
Water and

sewage technology o °
Distribution and

collection .
Drawing .
Design .
Laboratory practice ° .
Mechanical operation

and maintenance o .
Electrical operation

and maintenance . .
Building practice 4
Plumbing L
Surveying (land) )
Management and

administration o ®
Measurement and

specification .
Hygienics and first aid L]
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Objectives of the Course

The original objective of the course, as
mentioned above, has not changed. The
course is expected to prepare staff for
progression to middle-level posts in the
water industry, i.e., assistant waterworks
operators; waterworks and sewage-works
operators in charge of plants with
conventionally designed treatment;
supervisors; inspectors of works; and clerks
of works. Table I indicates the courses given
to prepare the students for these positions.

A Amiccinn Dansiramantc
AULLIIIDDIVILE l.\C\.luIl CilIviiwy
The minimum requirements for

admission to the course are a Cambridge
overseas school certificate (COSC) or
equivalent, which includes courses in
chemistry, biology, and mathematics; a City
and Guilds of London Institute (CGLI)
certificate in general construction; or a

special recommendation by the sponsoring
organization.

Examinations, Promotion,
and Award of Diploma

Students’ progress a-.! cls of
achievement are assessed . L. basis of
individual assignments and written
examinations throughout the course. in
addition, reports are requested from the
employers to which students are assigned
during the practical period. These reports
are taken into account in the overall
assessment of the students’ progress.

Promotion to part 11 of the course is
subject to the satisfactory completion of
both part 1 of the course and the practical
neriod.

To qualify for ihe award of the diploma,
students are required to complete the entire
course, including the practical period, to the
satisfaction of the authorities of the
Swaziland College of Technology.
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Training of Civil Engineers in Kenya

J. Gecaga!

The Department of Civil Engineering is
one of the oldest departments within the
University of Nairobi, with records dating
back to 1956, when it was then part of the
Royal Technical College of Nairobi. The 3
year Bachelor of Science (B.Sc.) program
that is offered forms part of the
professional engineer’s education (which
consists of a university course plus 3 years or
more of apprenticeship and training). A
B.Sc. is the basic acceptable academic
qualification required for registering as a
graduate engineer with the Kenya Engineers
Registration Board. The industrial training
of graduate engineers is carried out by
industry. The primary employers of civil
engineering graduates include the Ministry
of Works; the Ministry of Water Develop-
ment; municipalities; and consulting and
contracting firms. Since the establishment
of the degree course, the department has
produced over 600 graduates up to 1979;
over half of them Kenyans. The current
average annual output is between 50 and 60
graduates.

Due to an acute shortage of specialists in
the fields of water supply and sewage
disposal, the department has embarked
upon the following postgraduate programs:
a Master of Science (M.Sc.) program in
environmental health engineering and a
postgraduate diploma program in water and
wastewater engineering. Postgraduate work
in other areas has been carried out mainly
through research and the writing of a thesis.

!Lecturer, Department of Civil Engineering,
University of Nairobi, Nairobi, Kenya.
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Several postgraduate programs involving
coursework, examinations, and preparation
of a thesis are planned for the future in other
disciplines.

This paper will examine some of the
design criteria and constraints in the
development of civil engineering training
programs in developing countries, with
particular reference to Kenya. Emphasis will
be placed on the training of professionals in
the fields of water supply and sewage
disposal.

Undergraduate Curriculum

The design of undergraduate engineering
curricula has received considerable
attention within Europe but there appear to
be few criteria for the design of curricula
within developing countries. If curricula are
designed on purely educational criteria, then
little attention need be paid to any difference
that may exist between industrialized and
nonindustrialized countries. If, however,
engineering graduates are expected toplaya
major role in the technological development
of developing countries, then curriculum
design must be subject to engineering as well
as educational criteria. Thus, it is important
to examine the relevant engineering industry
and the directions it may take within the
next 5-10 years.

It is worthwhile to examine the type of
engineering education given at universities.
In general, engineering curricula are
modelled after those found in Europe. When
the Department of Civil Engineering was




started in Nairobi, it was, in fact, offering
external degrees of the University of
London. Since that time, the format has not
changed significantly. In general, little
attention is given to design, i.c., the creation
of structures to fulfill a function. The
implicit objective of university courses
seems to be the production of researchers.
The appointment and promotion of staff is
based upon research criteria and it is almost
impossible to appoint experienced engineers
because they seldom have research
qualifications. The objective is, naturally, to
emphasize the importance of research to the
role of the university. As long as this
continues to be the primary objective, it will
be very difficult for engineering faculties to
take into account the needs of the
engineering industry when designing their
curricula. It is worthwhile, therefore, to
examine the differences between science and
technology and the application of research-
oriented motivations to the needs of
developing countries.

The objective of science is the furtherance

of knowledge. Its methods are analytical
and its central theme is research. The end
product is a research paper. after which the
scientist has no further responsibility. A
good research paper, adding to existing
knowledge, brings kudos to all concerned,
even if the knowledge is of no practical
value.

Technology, on the other hand, is
concerned with designing, constructing, and
maintaining objects that will serve the
people. The methods are synthetic, in the
main, and the central theme of technology is
design. The technologist is also concerned
with the economics, utility, and
management of projects. The technologists
responsibility ends when the project is
completed and functioning properly.

This means that the motivation of a
technologist is quite different from that of a
science and engineering graduate who is
given a largely analytical education and
emerges with the approach of a scientist. If
adequate industry does not exist to
reeducate these graduates, this attitude will
remain and the engineering graduates will
find it difficult to execute projects. The civil
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engineer in a developing country covers a
wider range of subject matter (because there
are few specialists) but generally in less
depth (because there is less sophistication)
and must possess considerable knowledge
about materials (because the supporting
industries providing these materials are
usually very poor in terms of quality
control). Designers in developing countries,
therefore, if they are to use locally available
skills and maximize the use of local
materials with poor quality control, must
take this into account when designing
projects. This is more difficult and time
consuming than creating designs for use by
highly skilled technicians using good-
quality materials. It is probably for this
reason that overseas consultants prefer to
use international contractors and imported
materials, if possible.

The analytically trained graduates
currently emerging from universities cannot
execute projects without sound practical
training and it seems fairly certain that
facilities capable of providing such training
are inadequate and are decreasing in
number. The long-term consequence will be
poorly trained engineers, considerable
wastage of money, and probably, an
increasing number of unemployable
graduates.

Current Method of Producing
Professional Engineers

The student who is admitted to the
Department of Civil Engineering at the
University of Nairobi is exposed to a
reasonably wide and sound analytical
engineering education. During vacation
periods, the student may or may not be able
to obtain employment within engineering
firms. In recognition of the need for
practical training in engineering education,
the 4th practical training term was
introduced to act as a basis upon which
future practical training could be developed.
Due to a lack of facilities and staff,
however, this objective has not been
achieved.

After successful completion of the degree
course, the graduate engineer joins industry



to receive practical training. In some cases
the graduate undergoes well-organized and
well-supervised practical training; in other
cases the training may be haphazard or
nonexistent. Regardless of the quality of the
practical training received, the graduate’s
immediate goal is to pass the professional
interview for registration or for corporate
membership in a professional body in the
shortest time possible. In many countries,
including Kenya, the shortest period during
which the graduate is expected to have
acquired the necessary practical experience
for registration is 3 years.

Because this method of producing
professional engineers has been operating in
Kenya for some time, it is possible to
determine the degree of its success. In this
method the employer is responsible for
providing the necessary practical training
and developing the graduate engineer
according to the requirements of the
industry. In some cases, however, the
employer may not be equipped to provide
adequate training facilities and an effective
continuous assessment system to ensure
proper utilization of the training period. As
a result, cases of graduates who have spent 3
years in the field and cannot produce a
technical drawing they can call their own are
quite common.

Integrated Engineering Training

In general, integrated engineering
training may be achieved by either
incorporating the practical training
component into the undergraduate course,
thereby lengthening the duration of the
degree course, or by introducing academic
sessions during the postgraduate training
period.

Introduction of Practical Training

into the Undergraduate Course

In this system of engineering education,
practical training is considered as an integral
part of the undergraduate program. After a
certain period of academic training,
students are assigned to industries to receive
practical training. Guidance and super-
vision are undertaken by staff from the
university and industry, The practical

training is assessed and considered as part of
the degree course. The practical training
periods are organized such that the training
is related to the subjects already covered in
the academic course. The length of the
practical training periods allows for
sufficient coverage of practical aspects of the
academic subjects already covered.

The advantages of this method are: (1)
undergraduates undergo a streamlined
practical training program - where close

- supervision, proper guidance, and

assessment of the quality of training are
ensured; (2) each undergraduate has the
opportunity to get involved in a variety of
schemes; and (3) the graduate is able to
adjust to the requirements of industry
relatively quickly due to the experience
gained during the practical training period.

The disadvantages of this method are: (1)
the length of time required to obtain the
degree would be increased, thereby implying
that the time (and hence financial) input
toward producing a graduate would be high:
(2) it is difficult to find industries with
suitable practical training facilities and
training officers; and (3) undergraduates are
normally concerned with passing their
examinations and, therefore, tend to view
the practical training exercises for their
academic value rather than how they relate
to future practical applications.

Introduction of Academic Sessions into

the Postgraduate Training Period

In this system, the undergraduate
undergoes the usual academic training in the
university and after graduating joins
industry for practical training. During the
practical training period, the graduate
would attend courses offered by institutions
either during evenings or for full-time
periods, each of which may last several
weeks. These courses would normally be
designed to expose the graduate engineer to
the latest techniques of the profession. The
courses may be general or specialized in
nature.

The advantages of this method are: (1) the
graduate engineer is more professionally
mature at this level of training and
appreciates the necessity of acquiring new
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techniques; and (2) the graduate is able to
appreciate and discuss case studies more
easily as a result of having been involved in
similar projects during the practical training
period.

The disadvantages of this method are: (1)
not all graduates ave likely to have the same
experience base; (2) many industries would
not be anxious to part with graduates for
extended periods of time once they have
started being productive; (3) organization
for such courses is difficult because experts
from many fields would normally be
required for the courses to succeed; and (4)
because examinations, based on course
material, cannot be given easily, there is a
likelihood of laxity developing on the part of
the graduates.

Specialized Training in
Water Supply and Sewerage

In 1970, the Kenyan government
established a goal of bringing the benefits of
a safe water supply, sufficient to meet the
requirements for livestock and domestic
consumption, to the entire population by
the year 2000. By 1977, about 30 percent of
the entire population had access to an
improved water supply. The total water
development expenditure in the current
development plan (1978/79-1982/83) is
estimated at K£200 million (U.S.$548
million). Although this target may not be
achieved, it shows the government commit-
ment to this basic infrastructure.

The ministry’s total manpower
requirements, excluding casuals and
trainees, are projected to increase from 7800
to a staff of 14 110 over the same period. The
key cadres in which there will be major
increases are engineers, geologists and
hydrologists, accountants and personnel
staff, water inspectors, water bailiffs,
surveyors, and many subordinate staff

categories including, in particular,
patrolmen, pump attendants, water
operators, drivers, .artisans, clerks,

storemen, water guards, and mechanics.

Courses Offered Within the
Department of Civil Engineering

Undergraduate Courses

During the undergraduate program

“previously described, the following basic

courses are offered as components of the
B.Sc. degree: hydrology and public health
engineering; and public health engineering
[I. which includes microbial processes,
chemical processes, and physical processes
as related to water supply.

Postgraduate Courses

The department is currently running two
courses in the field of water supply and
wastewater disposal: a 2 year M.Sc. course
was started in 1976 and a | year diploma
course in water and wastewater engineering
was started in 1979, There are 17 students
currently registered in the two courses.

Ongoing Research

With the assistance of several donor
agencies, the department is involved in the
following research activities: slow-sand
filtration; stabilization ponds;
defluoridation; and solar distillation. Both
staff and students participate in the research
work.

Conclusions

In designing a curriculum for both
undergraduate and postgraduate studies, it
is essential to make a thorough appraisal of
the country’s level of technology and its
specific requirements in terms of manpower.
Failure to do so may result in the training of
personnel who contribute very little to the
technological development of the country,
in spite of the relatively large financial
investments required for university
education. Also, efforts should be made to
incorporate practical training into all levels
of university education because the
g'"raduates are, in most cases, expected to
become productive very soon after
graduation.




Training: Discussion

‘

Planning and Organizing

The discussions on planning and organizing for training centred mainly
on the subject of manpower development surveys. These surveys in the water
supply and sanitation sector usually include the following information: (1)
present training capacity and output; (2) manpower needs of the present and
projected needs for the future; and (3) proposals to expand training programs to
meet any difference between manpower requirements and available manpower.
Thus, manpower development surveys define the need for enlargement of
training programs.

In most countries manpower surveys have aiready been carried out. Some ot
the main issues discusced in this regard were:

(1) To what degree should countries seek outside assistance in carrying out
manpower surveys? It was agreed that the best solution would be to conduct
these surveys locally to meet locally defined needs, although outside assistance
may be useful at the beginning.

(2) How does one evaluate the efficiency of a manpower survey? Evaluation is
an extensive undertaking, long term in nature, and it is often a neglected
exercise.

The question of bonding candidates who leave the country to study was also
discussed. There are difficulties in enforcing this, but such a procedure is
necessary to restrict the brain drain from developing countries.

User Education

It was agreed that it is important to know the composition and cultural
interrelationships within a community before one can intelligently plan a user
education program.

- The villagers’ education should depend upon communal participation of the
adults as this approach will likely be compatible with their traditional African
methods.

Some participants felt that traditional beliefs should not be allowed to stand
‘in the way of bringing new technologies into a village; others felt that
_participation by the villagers, whether in training or maintenance activities,
could be overdone. The villagers may either be too busy with other volunteer
efforts or may want to spend more time on activities planned by themselves.

The role of women in the user education process was again debated. It was
stated that studics have shown that women are no less intelligent than men and
are, therefore, capable of learning about rural water supply operation and
maintenance or any other subject. Cultural conditioning, however, often
prevents women from participating in training programs. The answer seems to
be to make educational opportunities available to women at all levels. The role
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of the Ministry of Education is indeed crucialin the education of the future users
and maintainers of water systems, but one shouldn’t expect the children to
quickly change the thinking of their parents. Parents are not likely to change
their way of thinking based upon what their children learn in school — at least
not immediately.

It was agreed by all that user education was crucial. If one gets clean pure
water from a rural water supply system and it is then stored or used in an
unsanitary manner, the main purpose of the new system is lost.
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Workshop Resolutions

The workshop resolutions given below are the result of deliberations in the
working groups, discussion in the plenary session, editorial revision, and final
approval by working group chairmen.

It will be seen that these resolutions do not contain specific revised curricula.
As the workshop progressed, more realistic goals evolved. In the first stages of
planning these workshops, an overall curriculum revision was envisaged. This
later was reduced to proposed revisions of portions of curricula. At the
workshop, it was realized that detailed curriculum revision requires extensive
time and discussion with one’s colleagues in one’s country. Therefore, rather
than present a superficial attempt at curriculum revision it was decided to
present guidelines for curriculum revision, which could be taken back to the
individual countries to assist in the training program reviews that would have to
be tailored to each individual country.

General Resolutions

(1) Having reviewed the existing curricula, it has been realized that they are
urban water supply system oriented. Further realizing that the world is currently
in the midst of a serious energy crisis and that practically every nation is trying to
use renewable energy resources, it is recommended that the following
technologies identified in this workshop should be introduced and emphasized
in the training programs; (a) gravity-fed systems; (b) rainwater catchment
systems; (c) shallow well/ hand pumps; (d) wind-power pumping; and (e) simple
water treatment methods.

(2) Realizing that not all technical disciplines are offered at the different
training centres, and that some countries do not have iin adequate number of
instructors, it is recommended that student exchange programs be promoted. In
addition, curriculum development should be carried out with regional
cooperation,

(3) Foreign entry requirements such as the City and Guilds should be
discouraged in favour of formulating specific requirements tailored to national
conditions.

(4) Whereas international assistance to this sector has been mainly for
equipment, at the expense of training personnel, the time has come to recognize
support for training programs as a necessary component of donor assistance
programs.

(5) Upgrading courses should be set up, preferably in the national water
institutions, for special training in the water sector.

(6) A curriculum is not a static thing and should be flexible in order to
accommodate the changing level of technologies,

(7) Opportunities for women to enter training programs should be increased
at all levels.

(8) Health education should be a component of technical training at all levels.
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User Education

(1) Users are all the people in the community who depend upon the water
supply system, including the water attendant, who is responsible for general
maintenance, and the local water management committee. Education programs
aimed at users should reflect the general concerns of the community.
Specifically, they should provide information on the health and economic
benefits that water systems can provide.

(2) The water attendant should be given a working knowledge of the pumping
system and should assist in educating the community.

(3) A water committee should be set up at the local level and have overall
responsibility for the water system. This committee should provide leadership
training, project management, simple maintenance and community education,
and oversee the protection and cleanliness of the system.

(4) Teaching methods should include lectures, demonstrations, and
discussions. Participation of schools, churches, and existing educational groups
should be encouraged. Normally, the water attendant and the water committee
will be traincd by a techiiical assisiani. The community as a whole can then be
trained by the committee with the aid of the technical assistant and water
attendant.

(5) Regular community evaluation based on visits, interviews, and follow-up
research is required to assess the community’s state of knowledge of the water
system, hygiene, and general health. Based on the results of these surveys,
modifications should be made to improve the content of the iraining program
and the methods being used.

Technical Assistant Level Training

(1) A technical assistant is a skilled craftsman or mechanic who performs a
specific practical job. Training should be given by the technician and should
emphasize practical knowledge, as well as providing some theoretical input. At
the same time, the technical assistant should be provided with information on
community development.

(2) The duration of training should be as short as possible while still pro-
ducing a competent and practical worker. The length of this training period
should be evaluated periodically and amendments made to increase effective-
ness as required.

(3) Entrance requirements should be carefully tailored to the knowledge
required for successful training and the training should be specific to the job the
person will do when the training is completed.

(4) Because of the specific nature of the training required, the following
points should be emphasized in various programs: (a) drilling: drilling tech-
niques, geological formations, pump testing, knowledge of machines and tools,
administration; (b) shallow wells: well siting, geological formations, well
construction, pump installation, community participation, administration, well
hydraulics; (c) pump attendant: pump operation, fault identification and repair,
preventative maintenance; (d) gravity-fed schemes: plumbing, construction
work, welding, water treatment, community organization, hydraulics, map
reading, leveling, tools; (€) plants: plumbing, mechanical work, installation
techniques, tools, welding and soldering; (f) electrician: installation of electric
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pumps, welding, plumbing, tools, fault identification and repair; and (g) liaison
officer: health aspects, simple water technology, community development,
extension and communication.

Technician Level Training

(1) Tke role of a water technician is to supervise construction, carry out
equipment testing, and organize operation and maintenance of a water scheme.

(2) Water technicians must have a thorough knowledge of water hygiene to
avoid waterborne diseases.

(3) Within the existing curricula in technical institutes, it has been noted that
subjects such as political science, general studies, and management are being
taught. Within these subjects, technicians should learn the social, cultural, and

economic factors that influence the life of water consumers in a community.
(4) To ensure proper practical training, the teachers themselves must be

involved in the supervision of on-the-job training during the course.
(5) Safety precautions during construction, maintenance, and operation

should be stressed during the training of technicians.

Engineering Level Training

(1) The role of an engineer is to apply the principles of science. This involves
applied research, design, and field supervision.

(2) Facilities for the training of manpower to work in the fields of water and
wastewater should be expanded to meet increasing demands.

(3) A 4 year undergraduate course would seem to be necessary to cover all of
the broad aspects of water and wastewater engineering.

(4) Teachers in the university should keep in touch with current practices and
be involved in actual field project design.

(5) It is desirable to set up and strengthen postgraduate (Master of Science
(M.Sc.)) level courses in environmental health engineering. The syllabus of this
program should include (a) water-related diseases; (b) social organization and
management; (c) economics and planning; and (d) low-cost sanitation methods
as an alternative to traditional sewage treatment. Training at this level should
be carried out at African institutions.

(6) Applied research in relevant technologies should be encouraged and
supported by national governments. Research facilities should be strengthened.
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Country Action Plans

Whereas the workshop resolutions give guidelines for revision of training
programs, the follow-up action plans present specific plans for action. These
were the result of deliberations by the country groups. They were formally
presented on the last day of the workshop.

Ethiopia

(1) The resolutions of the workshop will be presented immediately to the
Ethiopian Water Resources Authority (EWRA).

(2) Through the mechanism of the EWR A, efforts will be made to ensure that
all resolutions relevant to Ethiopia are implemented.

(3) Effective communications will be made with the proper authorities at the
University of Addis Ababa (engineering and engineering-aide education)and the
Ministry of Health and Ministry of Education (user education) concerning
implementation of workshop resolutions.

(4) As most training in other areas of rural water supply training is carried out
within the EWRA, useful resolutions such as emphasis on low-cost renewable
energy technology, sanitation, community participation, and user education will
be accommodated as much as possible in the training curriculum.

(5) The EWRA has had plans to establish a Community Participation

‘Promotion Unit. These plans were reinforced as a result of this workshop when
practically all working groups, in one way or another, emphasized the need for
making water systems as socially acceptable as possible to users. Therefore,
plans to implement this unit on a pilot scale in one or two regions, and expanding
it to other regions depending upon initial success, will be carried out. Some of
the initial activities needed for this unit are (a) develop a training curriculum; (b)
train community participation promotion workers; and (c) define work roles of
everyone involved. The setting up of this unit indicates Ethiopia’s desire to put
strong emphasis on community participation.

(6) Ethiopia hopes to continue to study other countries’ experiences in order
to learn from them.

(7) Ethiopia seeks increased cooperation with international agencies to
accelerate the rate of rural water development.

Kenya

(1) Kenya’s first follow-up action will be to report the results of the workshop
to the higher authorities in the Ministry of Water Development.

(2) As a result of this workshop, Kenya hopes to put increased emphasis on
wind-power water pumping.

(3) Kenya hopes for International Development Research Centre (IDRC)
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assistance in training instructors for its M.Sc. program in environmental
engineering at the University of Nairobi.

Tanzania

(1) Tanzania plans to pursue a revision of the curriculum of the Water
Resources Institute to include Jow-cost renewable energy technologies.

(2) It is planned to include a training program in the existing shallow wells

nrooram 1 Tanzania
program In lanzania.

(3) Tanzania plans to hold a national workshop to discuss the above training
programs.

(4) Village contractors training: The Tanzanian delegation intends to
formulate a policy paper proposing the concept of implementing small water
schemes by trained village contractors. A training program will likely be
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(5) The delegation endorses the preparation of training manuals to give
guidance about the operation and maintenance of simple technology schemes.

(6) Retresher courses should be instituted to train graduates from the Water
Resources Institute.

Malawi

(1) Malawi hopes to convene a national workshop as soon as possible. It is
hoped that as a result of this national workshop a national action group will be
formed to persuade government to revise training curricula to be more
appropriate.

(2) Malawi also plans to set up a Water Training School to train personnel
who will work within the Department of Lands, Valuation and Water.

Botswana

(1) Botswana has recently purchased 8 windmills and 20 hand pumps and
plans to set up a training program in these technologies. There is a possibility of
sending two trainees to Kenya for about | month to participate in a proposed
IDRC sponsored project there in wind-power pumping. Additional training
could be coordinated with the Rural Industries Innovation Centre (RIIC) at
Kanye.

(2) Botswana also hopes to conduct a manpower survey within the Water
Affairs Department. This will serve as a basis of future training activities within
the sector.

Some of these action plans, particularly those of Ethiopia, Tanzania, and
Malawi, represent resolutions that were in the planning stage before this
workshop. The workshop has given additional momentum to the training
emphasis in these countries. Thus, the workshop should be seen as part of the
process to place new emphasis on training in low-cost technologies, operation
and maintenance, and community participation.
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