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ABSTRACT

Frequent power failure, buming of protective devices and equipment at the FLTA Health
Center can be attributed to the ad-hoc electrical installation at the Health Center.
It is characterized by poor planning, inappropriate ratings and in some cases

unanticipated loading of the circuits.

In this thesis, the power needs at the Health Center are identified and transformed into
the electric power requirements. Then an appropriate designed supply network using
adequate protective devices, suitable cable ratings to replace the existing ones as well as
an alternative supply {gfneratur} in case of power failure is proposed. for the Health

Center

A clear guideline for the design of elecirical services for Health Centers in tertiary
institutions was highlighted and procedure for upgrading the clectrical installation was
produced. The results offered in this thesis will be useful when putting up FUTA Health

Center phvsical structure in the *Master plan® location of the University.



CHAPTER ONE

INTRODUCTION

1.1 Preamble

Regular uninterrupted electric power is essential for the smooth functioning of a modemn
society. This is because modern society require stable energy supply to drive motors, run
industries / manufacturing plants, commercial centers and for domestic usage like buildings
and street light in order (o maintain the modemn quality of life. The development and
application of electric power have improved the quality of life in the history of the world.
Is uses have facilitated great technological advancement in many professional areas. It
enables engineers to promote integrated mechanization and automation of production

processes among others.

OUne of the area that has received considerable boost as a result of the availability and use
of electrical energy is health. Many sophisticated processes are now possible but require
electrical energy. The Uniuersil;.- Health Center is one place where the ‘best” ought o be
available. Also the often hurried nature of the star of tertiary institution in Nigeria has
often led ta the conversion of some other facility to the Health Center. The conversion
often times addresses the physical aspects while neglecting the electrical services. This

results in electrical services that may and is often unsuitable for the purpose of the Center.

It is not unusual to feed lighting circuits being for heating and other high demand
eguipment. It 13 in the light of this that this project was undertaken. The experience al
FUTA Health Center had been one of frequent failure in some part of the Center due to

L
burnt protective devices, cabling, fuse and breaker trips.



The site of this project is Federal University of Technology, Akure (FUTA). It is situated
along Akure [lesa road, AELLTE with a land area of about 576.128 hectares closaly bounded
by thick forests. The present campus site was inherited .Frnm The Federal Polvtechnic, Akure
{now in Ado-EKitl) in the year 1982, The Institution occupies two major land areas referred

to as Obanla and Obakelere.

The Health Center, in the case study is located at Obakekere. It is sandwiched between The
Postgraduate School by the West, Chemistry Laboratory by the East, Students’ hostel in the

MNorth and FUTA main road at the South,

i
Students” Hostel
Postgraduate Chemistry
school FUTA Health Center Laboratory

~  FUTAMainRead - *

T o I e e e e P T e o T T e

Fig.1.1 FUTA Health Center Location.

Since 1982, the electricity supply network development to FUTA has been piece- meal
rather than from & consolidated plan. This has had an indireet effect on the Health Center.
There 15 no means of determining the precise load consumed at a particular period. The
Institution merely receives an estimated consumption value from The Power Holdings
Company of Nigeria Pic (PHCN), which is subject to error and often referred to as the ‘crazy
bill'. The Health Center is temporarily made of converted lecture rooms and offices,
therefore there is yet to be a permanent (building) plan and electrical design with the actual

energy demand by the Health Center,



The study of the existing power supply system in FUTA shows that power obtained from
this source, viz. PHCN and the penerating sets owned by the Institution. The kY supply
from PHCN is fed to the High-Tension (H.T) panel through the input bus - bar. The H.T.
panel is interconnected via the output bus - bar rfing main unit (RMU) which in tum feeds the
various sections of the institution through a number of 1IKV/A415V transformers with

accessories as shown in the schematic in fig.1.2.

There are two feeder pillars, one for Obanla and the other for Obakekere. The one for
Ohakekere as shown in fig 1.3 supplies electricity to staff quarters, the staff schools, the
library, auditorium, the sport complex, Obakekere hostels, Senate building and FUTA Health
Center, Obanla feeder supplies electricity o Obanla stafl Quarters, Schoals, Laboratories
and Workshops. In the event of power failure from PHCN, four generating sets with ratings
IMWVA, TOOKWV A 630KV A 1.lu.n;l: 250kV A are availuble for use, The IMVA Hfﬂj 250 kWA
generators are connected in parallel redundancy to supply RMU, through a 1.23MVA
transtormer while the 700kVA and 630kVA generators are connected in parallel redundancy

to supply RMU; through IMVA transformer.

The generators are in parallel redundancy, in the event of loss of the smaller generator, the
larger capacity generator will be put to use during and after peak loads, in which case that
generator will not be economically operated. However, in the event ol loss of larger capacily
generator, the smaller one will be incapable of meeting the peak load demand hence some

section will experience load shedding.



For economic operation, the entire generator fleet has to be synchronized. Then the
generators will share load based on their capacity and will experience less load mismatch

since one, two or more generators can be used simultaneously.

The Health Center is fed from two sub-stations. Viz: 500kVA substation at Works
Depariment which supply electricity to Works department, Hostel, StafT secondary school,
Wema Bank, Postgraduate school, part of Library and part of Health Center; and 300kVA
substation at Obakekere stalf quarters, which supply Staff quarters, Great hall, Staff primary

school, Physics block, Chemistry block, part of Library, part of Health center and Industry

design studios.
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1.2 Purpose of Study

The purpose of electricity supply regulations is to guarantee the safety of the public while
simultanecusly ensuring a proper and sufficient supply of electricity. The present Health Center is
a number of converled classrooms and offices, therefore, there is no initial physical (building) plan
and electrical design to meet energy requirement by the Health Center.

This results in phase burn cut and uneven distribution of load on phases. Therefore, there is

the need to re-design the electricdl installation system in order to overcome t he

problem of insufficient power supply, burning of protective devices, and service cables due

to under rated cable size, loosened terminals and burni contacts,

Presently there is no back up power supply like & generator in case of public power utility
failure. The generators available in the powerhouse serve mostly the senate building. In
case of public power utility failure, activities requiring power supply are brought to an
abrupt halt at the Health Center. Such activities include laboratory tests, integrity of
constant temperature chambers, such as drugs kept inside the refrigerators for vaceination

while the whole Health Centter is left in darkness at night.

1.3 Aim and Objectives.
L31  Aim

The aim of this research is to provide a clear guideline for the design of electrical services
for FUTA Health Center.

1.3.2 Specific Objective
The specific objectives of this research are to:
(a) determine the sufitability of the protective devices and cable of electrical power
supply to FUTA Health Center;



{b) evaluate the optimum electrical power requirement of the Health Center;
(c) determine the possible causes of phase failure and insulation breakdown of

the electrical system; and
(d) determine possible causes of power instability at the Health Center.

1.4 Expected Contribution to Knowledge

The resuli of this study will establish a clear guideline for the design of electrical services
for Health Centers in tertiary institutions. It will also provide a procedure for upgrading the
electrical installations at Health Centers. It will also provide maintenance culture on

electrical installations, apparatus and equipment.



sCHAPTER TWO
LITERATURE REVIEW

2.1  Introduction

Electrical power is a little bit like the air vou breathe: It can really be thought of until it is
missing. Electricity is a fn?rn of energy. Basically mains wiring (1 10/120V <:I}r 230V) is
relatively simple to wire and connect and does not require a lot of special equipment or
handling. But the wiring has to be right, because wrong wiring can cause fire outbreak and
loss of lives, money and materials. Most dangers can virtually be eliminated with a little
knowledge and proper safety practices. Safety is of utmost importance when working with
electricity. Electrical codes around the world require wire that is well insulated, right size
for the application {generally thick enough that it does not heat too much), has enough

physical protection for the application and has right wire colours in it, (Levy, 1977).

¥

Many different wires are used in mains wiring for different applications. The size of the wire
determines the current it can carry and the insulation al the maximum operating voltage.
Electrical wiring system design is always a compromise between safety and cost. Practical
systems are designed in such way that the wiring is “safe enough™ in normal use, but are not
overly expensive. The safety requirements on the new installations are stricter than on old

systems, but there are many quite old electrical installations in use and will be in use for long

time.

The purpose of the electrical system in a house is to distribute the power safely to all of the
different rooms and appliances. The mains wiring is generally built using insulated copper

cables. The choice of conductor material is a compromise among electrical properties,



mechanical properties, and price. From the start, copper has been the material of choice for
houschold branch circuits. Aluminum is softer than copper and weaker, and a poorer
electrical conductor than copper, so is not widely used in small sizes for home wiring.
Aluminium cable material is sometimes used (for economical reasons) for thick mains

feeder cables coming from electrical wtility to the mains distribution panel.

Unless these buildings are properly adapted, maintained and renovated. their technical
k2 P
installations become progressively less suited to thé higher standards of functionality,

security and safety required by today's society,

Electric lighting provides illumination for every nook and cranny of a building most
especially in the night. It makes a building a pleasant place to work and carry out other
tasks. The power point is to make life casier for those living or working in the building.
Three- phase power are used in the supply of power because using them saves copper more
than one live wirés, can share same neutral wire, Globally, several different voltages and

methods are used to distribute the "low voltage" power fo the homes and end users.

Installation standards require that electrical installations are designed 10 ensure that the users-
of the installation are not exposed to dangerous shocks. Designing for electrical safety is o

technical issue for which regulations, standards and technical sclutions exist.

]



4.2  Electricity — The Phenomenon

Electricity, according to Theraja and Theraja (20035), occurs as a result of orderly drifting or
movement, flow or transfer of electron (i.e. the negative charges on the outer surface of an
atom) in a given or specific direction. Electricity can be generated in a number of ways, each

employing either of the fundamental principles .

13 Fundamentals of Electricity Generation

o Electromagnetism — When a soft iron is rotating within a magnetic field or

flux, electric current would be induced in the sofi iron. This arrangement is most
employed in power Eememr.'mg stations, through the use of AC or DC generator.

" Electrolysis — the process of generating ;;*I:l:lricil}r by chemical reaction, DC
batteries are used extensively in automobiles, low voltage installation or as backup
in uninterrupted power supply (LPS).

) Electrostatic — Certain type of material (conductors) when subjected to
friction, build up electric charges which can be stored until it is needed. The nuclear
power stations and condensers or capacitors use this principle to generate
electricity.

. Photo — voltaic — This is the direct conversion of solar energy from sun (o

l'll .
electrical energy through s chemical reaction in'a semi — conductor known as solar

cell.
14  Electricity Generation and Transmission

Electricity is generated at the power plant and transmitted to different substations from
where it involves stages of production, viz, generation, transmission, distribution, (Theraja

and Theraja, 2005).

11



14.1 Electricity Generation,

The first process in delivery of electricity to consumers is referred to generation. At
gemerating plants other form of énergy is transform into clectrical energy for providing
heat, light, and power for human activities. Wikipedia (2006), says that “the first power
plants were run on wood, while today we rely on petroleum, natural gas, coal, hydroelectric
and nuclear power and & small amount from hydrogen, tidal harness, solar energy, wind
generators, and geathermal sources”. Figure 2.1 shows a picture of an Hydro Generating

Station.

Fig 2.1 Hydro Generating Station

Source: hitp://demo.apogee. net/foe/graphics/go2. jpg

At the generating station, rotating turbines attached to electrical generator produced most
commercial available electricity. The turbine may be driven by using steam, water, wind or
other fluid as an intermediate energy carrier. The energy is produced al a relatively low
voltage of up to 25kV.

242 Electrical Power Transmission

The term electrical power transmission refers (o the bulk transfer of electrical power from
place to place. Typically, power transmission is between the power plant and a substation

near a populated area. This is distingt from electricity distribution which is concern with



delivery from the substation to consumers, (Wikipedia, 2006). Transmission normally take
place at high voltage (110kV and above).
AC power transmission 15 the conveyance of electric power (electricity) 1o consumers.

Usually AC transmission lines carrving three-phase supply are used.

Fig 2.2 J30KN and 132KV Electricity Transmission Tower
Source: http:/fen. wikipedia.org/ wiki/Electrical Power Grid

Today, voltage above 1 10kV are refers to as transmission voltage level. 330kV and 132kV
Electricity Transmission Tower picture is shown in figure 2.2, Lower voltages such as
66KV and 33KV are usually considered sub — transmission veltages. Voltages lesser than

L

313kY are used for distribution.

15 Electricity Distribution

Electricity distribution is the final stage in the delivery of electricity. It is generally
considered to include medium (less than S0kV) power lines, electrical substation, pole or
ground mounted transformer, low voltage (less than 1000V) distribution wiring and

clectricity meters, (Wikipedia, 2006).

¥ B
In the early days of generation, DC generators were connected to loads at the same voltage

because at that time there was no known way of doing DC voltage conversion. This reason

13



and others like losses, efficiency ete, brought about adoption of AC voltage distribution
Voltage distribution occurg within and outside the installation area. Figure 2.3 shows
HkV/415Y — 240V Distribution Pole, showing pole mount transformer, HY/LY lines, and

connection (o residential consumers,

Fig 2.3: 11k\V/415V-240V Ddistribution Pole.
Source: hitp:ifen. wikipedia org/wiki/Electrical distribution

131 Supply Distribution

Power sub-station houses transformer and other switchgears, Power transformer could be
used to raise AC voltage from the generators and reduces it to supply load. Increasing the
voltage reduces the current in the transmission and distribution lines and hence the size of

conductors required and distribution losses incurred. This made it more economical 1o

"
distribute power over a long distance.

PHCN, only authorized in power sector, employs the Furopean system of supply
distribution. Supply (Voltage) is distributed at the range of 33/1 1kV to transformer stations
(Sub-Station).33/11kV is further step down at the sub-station to three-phase and neutral

415240¥ 50Hz which 15 supply 1o the residential and commercial customers or point of

utilization.



The single-phase, 240V, 50Hz system is the normal supply for small end — users such as
dwellings, and other single-occupier premises where the load is relatively small. The
Electricity Supply Regulation 28a, 1937, says that energy for use at low voltage must not
be introduced by more than one pair of conductors of a three-phase or multi-phase system
unless the connected loads"exceeds 12kW and it is necessary to do s0 in order 1o avoid

voltage drop or variation on the distribution system in the area, (Thompson, 1983),

Fig 2.4 shows part of & typical 3-phase 4-wire distribution system of a sub-station. The
transformer sub-station is built at the load center of the arca. The sub-station contains high
voltage switchgear, a step down transformer, low voltage switchgear and bus - bars, and

low voltage fuses or links.

‘ ;
LS & & & ™ — —
¢ & & & R -
-
- O— T — i |—
h-—-—I
& & & & 8
L

Fig.24. Four-wire, Three-phase Installation.

i

The supply to the primary is via a high voltage (1 1kV) feeder cable. The low voltage bus -
bars are distinguished by colour marking, The local 4-wire distribution is connected in

parallel to the bus - bars through the fuses or links, and the scparate covers are also

13



distinguished by similar colour markings, The Health Center like other larger non-domestic
consumers is supplied with a 4-wire service, to give 240V single-phase for lighting and

415V, J-phase for power.

151 Distribution Network Configuration
Distribution networks are typical of two types, radial or interconnected (ring). A radial
network leaves the station and passes through the network arca with no connection to any

ather supply. This is typically long rural lines with isolated load areas.

An interconnected network is generally found in more urban areas and will have multiple
conneclions to other point of supply. These connections are normally open but allow
various  configurations by closing and opening switches (recently automatic).
Inferconnection model have advantages over radial model in the event or cases of a fault or

required maintenance, a small ares of network can be isolated and rest kept on supply.

153 Internal Distribution.

It may be taken as a general statement that all types of load in a 2-wire installation, lights,
heaters, motors, etc., are connected in parallel at the same voltage, the energy used by any
one load is the same whether the others are connecled or not. The addition or subtraction of

other loads in paralle]l has no effect upon the particular load under consideration, (Francis,

i0HZ.).

If the resistance of the connecting leads are taken into consideration, as they must be in

detailed caleulation, these tyo statements must be modified; thus, the arrangemgnt of loads

16



is & mixture of parallel and series-parallel circuits, and the potential differences across the

separate loads vary in some small degree.
L

An internal distribution system usually consists of the connection in paraliel of a group of
loads in a final sub-circuit, and the connection of this final sub-circuit w a local distributing
bus bar located in a distribution board (D B}, Other groups of loads are connected 1o same
bus bars, so that the groups are effectively in parallel. In larger installations 8 number of
these bus bars or fuse boards may themselves be connected in parallel to a main set of bus
bars, or a main D B from which a pair of leads are connected to supply service cable
through suitable switchgear, (Francis, 1982).

A switch in its own nin:uitvml.rst separatcly control each individual load. Fuses or circuit
breakers control the separate groups. Similar control is repeated right back to the main
sipply terminals. Thus, circuit breaker, switch, or fuse controls any individual load, or any

group, or the whale. The above general system applies (o all types of installation, large or

small,

Within the point of wtilization or electrical installation, voltages vary depending on the
requirement of the cquipments or apparatus assembly for such purpose. Internal
distribution of an installatien can be carried out using :single phase or three-phase system.
For any installation demanding electrical power in excess of 12kW, three-phase supply is
more pppropriate, Agreeing with this, Stetson (1996), gives that when electrical loads in a
building exceed 400A or motor of 10Hp and larger will be wsed, the option of three-phase |
electrical services should be considered, He also says that with larger installation or

proportionate increase in electrical load a single phase service may be inadequate or

imsuited,

17



16 Electrical Supply Control

Schneider (2005) simply put “to control™ is to make something (e.g. machine or system)
work in the way that vou want it. The operation of switchgear is an important part of
electrical power control system. Supply control can be visualized as dual natured concepts,
depending on whether thes perspective is on supply _ﬂumnrit:.-' (the Source) or the user

iwithin the installation).

The present structure of the distribution feeder (supply authority) does not support guick .
faul: detection, isolation of fawlty region and restoration of supply 1o the maximum oulage
areg, which 15 healthy, (Theraja and Theraja, 2005) That is, the control mechanism on
ground is not up to task of resolving the riddle of unstable power supply. The control
system employ by the supply authority in the substations to ensure safe and reliable supply
mcledes transformer. circliil: breaker, fuses, lighting amrestor, relays and swilches for

automation. This ensures that over-voltage, under- vnlt%ge: outage and frequency variation

15 controlled.

In the premises, switchgear control functions allow system operation or modification of
loaded system at any moment, (Schneider 20035). 1EE Regulation 530-1 and 3 enforce that
switchgears employ for controlling loaded system must be capable of disconnecting both
lve and newtral the same time or phase(live) before neutral, Switchgear intended for such
duty must be installed at least

a. At the nriginvﬂl' any installation.

b. At the final load circuit(s)

Good control switchgear ensures modification of load and emergency switching.
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It is a requirement of wiring regulations that every consumer installation shall be
adequately controlled by switchgear which is readily accessible to the consumer and which _
shall incorporate:

v Protection against electric shock;

. Protection against over current;

. Isolation and switching.
The size and type of main switchgear to be installed depend on the type of premises and
anticipated load. It is advisable to install cables of slufﬁu:icnt capacity with .appropriate
switchgear, to save additional installation expenses and outage time at a later date when
extensions are projected. The switchgear, fuse gear, and circuit breaker should have

adequate breaking capacity and should be related to the maximum short-circuit current

obizinable from supply system.

Adequate means must also be provided for isolating the equipment to allow access for
maintenance and other purposes. Where more than one phase is brought into a building as
in the case of FUTA H:ah.E Center, special pn:r:alul'mns must be taken to avoid the risk of
shock. The regulations insist that all live terminals between which low voltage exist should
be shrouded with an insulating material or be enclosed in earthed metal.. Single-phase D.B.
that are connected to different phases must be more than two meters (2m) apart from each

other, (IEE Regulation, 15 Edition).

The position of D.B. is important, and should be near the electrical center of the load that it
is intended to serve. This reduces the cost of service cable, though; the length between the

supply-intake position and any particular distribution should be taken into consideration so



that the volt drop does not exceed the permitted maximum of 2.3% of the nominal voltage

of the supply.

17 Voltage Variation and Frequency

[EE Regulation 512 — | states that all equipment shall be suitable for the normal voltage
{rm.s.valug for a.c) of the installation or the part of the installation concerned. 512 — 2
gates that all equipment shall be suitable for design current and current likely to flow in
abnormal condition for such periods of time as are determine by the characteristics of the
protective device concerned, 512 - 3 states if frequency has an influence on the
characteristics of the equipment, the rated frequency of the equipment shall correspond to

0.
the frequency of the current in the circuit concemed.

supply authorities are permitted under the electricity regulations to allow consumer’s
voltage to vary not more than + 6% of the nominal voltage, (Marrice, 1977). The permitted
variation in frequency is =19 the nominal frequency, In Nigeria most especially the Health
Center, the voltage is very low. The voltage supply nowadays ranges between 100V and
|80V which causes a lot of damages 1o equipment such as air conditioners, freezers,

refrigerators and other motorized units.

L

18 Safety and Protection

The aim of safety and protection is to avoid or to limit the destruction of dangerous
consequences of excessive (short - circuit) current, or those due to overloading and
insulation breakdown, and to separate the defective circuit from the rest of the installation,

(Schneider, 2005).

Electrical protection ensures:
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* Protection of circuit elements against thermal and mechanical stress of short circuit

currents;
* Protection of persons in the event of insulation breakdown;
* Protection of equipment and appliances (¢.g. motor),
A distinction is maclf between the protections of,
¢ the element of the installation (cable, wire, swi'l.u:;hg::ar}.
s persons and animals and

= cquipment and appliances supplied from the installation.

18.1 Safety

safety 35 of utmost importance when working with electricity. Electricity may be invisible,
but it can be dangerous if not understood and respected, The electrical installations should
be properly designed, properly installed and use the necessary safety devices needed on this
ype of application. Fuses and circuit breaker are devices which protect wiring and
equipment against short cireuits and nv:rluads.'ﬂircpit breaker is a protective device,
which automatically cuts off power from the main circuit in the event of an overload or
short circuit. Only a regulated amount of current can pass through the breaker before it will
“rip." The fuses and circuit breakers generally connect to the live wires {the ungrounded

phase conductor).

In case of an overload or a short on that circuit, the breaker trips and automatically shuts
off power to that circuit.. Any house that has been properly wired by a qualified electrician
will have a circuit breaker panel that is used to shut circuits off in the event that they draw
too much current. It is the current capacity of circuit breaker (in amperes) that determines
how much current a circuit can supply, The breaker size is chosen relative 1o the tvpe of

eabling and connector used for the circuil, as each have different capacities.
.

Safety 15 very important in any electrical design and installation stape. Safety must be
guaranteed in electrical installation design and execution by complying with the provision
af many electric codes, rules and regulations. Some of them are listed below

a) Institute of Electrical Enginegrs (IEE) for electrical installations,
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British Standard specifications and

Mational Electric codes.

The following safety requirements must be taken into consideration during the design and
should be adhered to during installation,

2.8.2

Protection against over current and overload by using adequate protective devices.

Protection and prevention against earth leakage and earth fault by using earth leakage
circuil breaker (ELCB), providing effective earthing for the system by using copper
earth rod.

¥

Aceessibility of equipment — all equipment which requires operation and attention
should be strategically located so that adequate and safe means of access working
space afforded for such operations and attention.

Switching and isolation - effective means of isolating and switching for ready

operations should be provided so that all voltages can be cut off from every

installation.

Adequate spares should be provided to sccommodate fulure extension.

Inspections and testing should be carried out on completion of installation,

W
Protection

One of the greatest considerations in electrical installation design is system protection.

Speedy elimination of a fault by the protective system requires correct operation of a

mumber of sub-systems of the protective system, (William, 1982).

The essence of system protection is to prevent accident and if it oceurs, its effects will be

limited. The principle of protection is that a faulty circuit is disconnected as fast as possible

from the supply to prevent system bréakdown, and isolate it until repair is carried oul. The

faults to be protected agaiﬁst are short circuit, overload and earth fault. These fault if not
L3 T

protected can result to fire outbreak, shock, and damage to equipment. Many precautions
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are needed to make occurrence of short circuits unlikely, because the very high currents
caused by short circuit situation can cause lots of damage to electrical installation,

Protective devices are needdd to break short-circuit and overload currents.

A ground fault circuit interrupter (GFCI), is an electronic device for protecting people from
serions injury due to clectric shock. GFCls constantly monitor electricity flowing in a
circuit, If the electricity flowing into the circuit differs by even a slight amount from that
returning, the GFCI will quickly shut off the current flowing through that circuit. The
advantage of using GFCls is that they ¢an detect even small variations in the amount of
leakage current, even amounts too small to activate a fuse or circuit breaker. GFCls work
guickly, so they can help protect consumers from severe electric shocks and electrocution.
Even if the GFCl is wnrkiné properly, people can still be shocked. However, the GFCI can
act guickly to prevent electrocution. All GFCIs work in the same manner to protect people

apainst ground faults,
183 Cable Protection

Cables have to be protected, to guide against any excessive current that can damage it
resulting in insulation breakdown or fire outbreak. Cables are to be rated a little more than
the load current since the protection provided depends on the current carrying capacity of

the cable. Generally, the prgtective device must not have a rating greater than the rating of

the smallest cable in the circuit

184 Earth Fault Protection
Earthing is the connection of the central (star) point of the supply transformer and the
metallic parts of an installation which are exposed to touch, to the general mass of earth,

This is to prevent the potential of live conductors rising above the declared value, and o
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mdematically cut off the supply when any appreciable leakage curment flows due to

installation fault, (Akintante, 1983),

Grounding of Nigeria wiring installations can vary somewhat since there exists a number of

different earthing schemes in use. ln almost all cases neutral and earth are run separately

within an installation, with all accessible metalwork and earth terminals within the
¥ | '

premises tied back to a common earthing point at the entrance to the property. There are

three common earthing schemes, they are:

*  TT: No direct earth feed to properties - an individual ground electrode must be
provided at each property. This is most common with overhead supplies - mainly in
rural areas.

TM-5: Earth cable run from the transformer ground to cach property - the earth

forms the armour and sheath of underground cables.

*  TN-C-5: Combined neutral and earth cable from substation to properties. This
could potentially be very dangerous as a m:uit:al break can lead to the combined
neutral/earth on the load side of a break rising to phase potential so there are special
regulations governing the system, In practice multiple earths are provided along the

entire cable run in addition to the transformer star point (hence the usual name PME

or 'protective multiple earth').
In addition there are a couple of special schemes not in general use:

*  TN-C: Combined neutral and earth continues within the installation {generally

using concentric n:urllddur:tnrsj

* [IT: Either no earth at all or else via a current limiting impedance. Not  allowed

in public supplies but recommended for such cases as medical life- support equipment,
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There must be a continuous low path between the fault and the carth connection of the
transformer, for the earth fault protection to operate, It must be eapable of carrying the fauli

current without the risk of damaging healthy equipment and cables, (Folarin and Petinrin,

2005},

Figure 2.5 is the explanatory schematic diagram of TT system and s not intended io

represent actual installation.

Red

Yellow
Blue

Black

Sub — Station. ¥ L * [ I a @
3—Phase D. B i — Phase D.
Earth Earth Earth

Fig. 2.5 T.T. System of Earthling

All earthing cable and electrode must be able to carry the system short circuit cumrent

without & dangerous temperature rise or voltage gradient along the earthing svstem

L4
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The method of earthing emploved in FUTA Health Center is TT system of earthing, copper

earth red (England type) buried in the earth with the earthing lead connected with it. A non

- ferrous cap is to hold the garthing lead tightly with the earth electrode. In addition, Earth

Leakage Circuit Breaker (ELCB) voltage operated need to be provided for effective

earthing protection.

185 Testing and Inspection of Installations

Electrical installation safety testing includes many difTerent tests:

Visual check: Examine visually that the connections are properly made and

svslem components are not damaged.

Continuity r:]:lﬂ.:k: This applics a voltage to cach pin in turn and checks the
response of all other pins. This is :I-.r,-.:'}.;.:d against the required responsc,
This test will detect missing connections (opens), extra connections (shorts)
and miss wired connections ("wrong pins"), Test voltage is usvally around -

3-10 volts, This test can be made with normal multimeter.

Resistance measurement: This test measures the resistance between every
peint in the cable and checks that the value is below the required value. This
will detect poor connections, wrong wire lengths and bad crimps. Some
basic tests ¢an be done with a multimeter, but to measure low resistance

L
values accurately, megger tester is most appropriate,

Earth continuity test: This test checks the continuity and resistance of the
grounding wires. This test is usually made by applyving a current (10-30A) 1o
the ground wire to check its resistance and make sure that it can withstand

current gomng through it.

The electrical testing of mains outlet wiring with the modern testing instruments includes
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tvpically the following tests to make sure that the installation is safe:

» Measuring of ground wire resistance: ground wire resistance from outlet o

mains distribution panel grounding bar (should be below 2 (1).

s [Insulation testing: Insulation resistance from live/ncutral to ground at

suitable voltage, (usually 500%).

* Line resistance measurement: The wire loop resistance from the mains panel

o the outlet should be less than 203,

Insulation resistance tests should be made on a dead circuit and any equipment which
might be damaged by application of the test voltage must be disconnected or isolated. The
insulation resistance should be measured between each live conductor and earth and should
not be less than 0.5ML). Where practicable the tests are applied to the whole of the
installation with all fuse links in place and all switches closed. Alternatively, the
installation may be tested in parts. The resistance of the phase-neutral loop or phase-phase
toop is needed to ensure thay adequate over-current protection has been provided in the case

of a short circuit developing between the two live conductors or live to neutral,

Generally, circuits protected by fuses need to have very low loop resistances. The phase-
ground loop resistance is also needed to ensure adequate over-current protection, but also
to ensure that, in the case of a ground fault, an adequately large current will flow to activate
any protective devices, Depending on the situation the resistances are measured with
resistance measurement device that supplies suitable measurement current 1o the wire loop
or by using a short circpit current measuring meters (enough short circuit current
puaraniees low resistance), Where protection is provided by a residual current device

(RCD), the effective operation of each RCD shall be verified by a test simulating an
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appropriate fault condition independent of any test facility incorporated in -the device,

followed by operation of the integral test device,

The testing and inspection of these installations must be in compliance with Part 6 of [EE |
regulations. It states that every installation, shall on completion and before being energized,
be inspected and tested in accordance with the requirements of the section to verify, as far
as practicable, compliance with installation regulation, (IEE Regulation 15" Edition). The

method is such that no danger to person or property or damage to equipment can occur,

The information required by Regulation 514-3 shall be made available to the person

o

carrying out the inspection and testing. A visual inspection shall be made to verify that the

mnstalled electrical equipment is

o in accordance with the British Standards, and
o correctly selected and erected in accordance with this Regulations, and
o not visibly damaged so as to impact safety.
The following items, where relevant, shall be tested in the sequence indicated.
o Continuity of ring circuit condugtors,
o Continuity of protective conductors, including main supplementary equipment
bonding. ¥

o Earth electrode resistance,

o Insulation resistance,

o Insulation of site- built assemblies,

o Protection by electrical separation,

o Protection by barriers or enclosure provided during erection,
o Insulation of non conducting floors and walls,

o Polarity,

o Earth fault loop impedance ,
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o Operation of RCD and fault voltage operated protective devices.
In the event of any test indicating failure to comply, that test and preceding, the result of
which may have been influenced by the fault indicated, shall be repeated after the fault has

been rectified, (IEE Regulafion 15™ Edition). .
28.6 Test Certificate

Following the inspection and test listed above, a Completion Certificate shall be given by
the contractor or by an authorized person acting on his behalf, to the person ordering the
work. Any defect or omission revealed by inspection or test shall be made good before a
Completion Certificate is issued unless there is alteration in installation as applicable to

FUTA Health Center,

For an alteration to an exisfing installation, it shall be verified that the alteration complies
with the Regulations and does not impair the safety of the existing installation. Periodic
inspection and test must be conducted, the results of which shall be recorded accordingly
(IEE Regulation |5 Ediyion). All the above test and inspection must be carried out in the

presence of PHCON technical men, and the installation certified okay.

19 Interior Lighting Design and Energy Conservation

Artificial lighting is a major and conspicuous consumer of electrical energy. Energy
consumption is measored as the product of power input (kilowatts) and the period of use

(hours). To reduce it, both input and hours of use must be controlled.

Power mmput may be reduced by lowering general illumination levels, adoplting selective
lighting standards, and replacing inefficient sources. Hours of use can be reduced through

sensible switching amrangements and automatic light control thet takes advantage of

available daylight and space occupancy,
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One of the most effective means of decreasing power input is to choose efficient lamps.
The efficacies of common lamps are described in units of lumens per watt, Efficacy alone,
however, does not determine the best and most economic lamp choice. For example, High
Intensity Discharge (HID) lamps can require a "warm-up” period of several minutes before
they reach full light output, and this may be a dissdvantage if frequent switching is

required,

i

Lamp life, lumen depreciation, colour rendering, glinr&,-ﬂn:l the total light distribution from
the luminaries must also be considered. There is some evidence that improved visual clarity
with the better colour-rendering lamps can compensate for their lower intensity output.
Reduction in the connected load can be achieved by c¢hoosing luminaries that direct most of
their light below the horizontal plane in the direction of the work plane. Limiting values of
Visual Comfort Probability (VCP), as given in the IES Lighting Handbook, should be

fellowed 1o avoid problems of discomfort glare,

Efficient manual switching of artificial lighting is extremely important for energy

conservation, Although, repetitive switching of fluorescent lamps reduce their service life.

2.10 Power Supply Assessment

Before load assessment came into existence, consumers had been experiencing insulTicient
power supply, bumning of protective devices, gencrator, transmitting and distributing
equipment, because of failure to use the correct rating of the equipment. The purpose of the
Electricity supply Regulations is to guarantee safety of the public and for ensuring a proper

and sufficient supply of elegtrical energy, (Donnelly, 1980).
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So it is essential that the consumer supply should be effectively controlled and also thar all
switchgear should be accessible. Therefore, the main switchgear must have means of

isolating power, protection against excess current and means of cutting off the current if a

serious earth fault occurs.

L10.1  Reason for Power Supply Assessment.
Power supply assessment is carried out to determine:

o if the existing transformer sets and control cquipment can sustain the total

connected loads.

» the rating of transformers, cables, switch gear and other protective &win:r:s to be
used.
s if the current power supply is adequate for the growing *students’ population.
# if there is need for generating sets, cables and transformer of higher capacity to
replace the existing ones.
210.2 Consumer Factors in Power Supply Assessment
An individual consumer is not likely to use all available electrical devices, which constitute
the connected load at the same time (or to their full capacity). It would be unnecessary Lo
provide facilities to serve sich a total possible load and much more economical to provide
onty for a probable load, the load creating the demand in the distribution facilities,
(Thompson, 1988). So, the following factors have to be taken into consideration when

assessing power supply to the consumers.

2.10.2a Maximum Demand (MI)
The actual load in use by a consumer creates a demand for electric energy that varies from

hour to hour over a period of time, but reaches its greatest value at some points, (Turan,

1987).
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2.10.2k Power Factor (PF)

It is the ratio of real power to the apparent power (product of the voltage and current).
Also, it is the cosine of lht:.l angle of phase difference between voltage and n:url'n:m. which
could be lageing or leading. 1f there is low PF, larger Eé.hl'ES will be required to carry larger
current, switches and transformer must be large with a greater increase In transmission
losses.

2.10.2¢ Load Factor (LF)

It is the ratio of the average load demand for a period of time to the maximum demand
during that period.

1y = A
M

Where A = Average load
M = Maximum load.

2.10.24 Diversity Factor (DF)
Diversity factor is a factor that is applied to sub-main and main cables and their associated
switchgear o reduce

{a) the ¢ross section area (¢.5.a.) of the cable conductors, and

(b} the capacity of the switchgear.
The factor is based on the assumption that the whole of the connected load will not be on
at the same time, A factor !'Eur diversity shall not be allowed for when calculating the size of
circuit conductor and switchgear of final sub-circuits, other than specified circuits,
In the case of lighting for the Health Center, where virtually all the lights are on for most of
the time, the diversity factor is taken to be 90 % (0.9). Diversity factor is the ratio of the
sum of individual maximum load in the system to maximum demand load. Within a

factory or premises, not all the installed equipment will be working

simulianeously,(Donnelly, 1980).
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DF = (Ew}x | (s
M)

Where W = Demand of actual load connected

M= Maximum load demand.

2.11 Power Supply Characteristics.

The following points are important where power supply is necessary:

Cables used must be capable of carrying full load current,
All conductors, cables and equipment used must be of correct voltage ratings,
All conductors and equipment must be properly labeled,

All equipment must be protected against high temperature, corrosion, mechanical

damage and earth faults,

The main D.B. must be located, if possible, at the center of the installation in order to

reduce the length of cable,

Sufficient capacity should be installed to allow for future expansion.
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CHAPTER THREE

METHODOLOGY AND DESIGN ASPECT

3.1  Research Methodology

A comprehensive evaluation ol the power requirement of FUTA Health Center was canfard
out. The staffs of the Health Center were interviewed in order to determine the power needs
and the problems associated with electmicity supply. The numbers of patients recorded at the
Health Center over a period of fourteen years from 1990 to 2003 were obtained from their
record books.

Students’ enrolments were also obtained from Academic Planning Unit of the University.
In this study, the peak student health demand was correlated with the stedent population.
Trends were studied including the linear, power and exponential in power supply and

consumption was studied,

The two sub-stations feeding the Health Center as well as the building consumer units were
visited to facilitate an assessment of the power available to and the power consumed by the
Health Center. The results were collated, analyzed and studied both graphically and
statistically, All existing electrical equipment and appliances in the Health Center wem

assessed and their different individual power.requirements noted and recorded.

A comprehensive electrical installation design for the Health Center was developed to meet
s energy requirement. With this, suitable protective devices and cable ratings that can
successfully carry the requred load without overheating were determined. An alternative

supply {generator) in case of power failure was proposed for the Health Center.
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3.2  Estimating Student Demand for the Health services

Since the University has primary [unclion 10 serve students, it appears as if the actual health
center needs should be obtained once the student population s known. A literatere search o
find possible indices to guide planning of institution on health center requirement was
embarked upon with hitle success. It was therefore decided to  study available data for any

possible trends.

The peak number of students treated was determined and the ratio of student enrolment was
determined. The result of each year was plotted against each year and student enrolment
respectively. From the graphical analysis, the number of sick students at the health center at
a particular period was determined.

If the student - staff ratio for higher institution {(University) is known, then, the number of
the institution stafl could be estimated. A staff, by statutory rule, 15 entitled to a spouse and

four children fo be treated at the health center.

Although, not all sick students (patients) in the institution will attend the health center bui
the number of the sick student recorded was taken. The percentage of the sick student at the
health center was used o estimate the total percentage of patients (that is, student, staff and

their dependent relatives) at the health center

The estimation of the total percentage of patients at any point in time, most especially
during peak period to the umversity populatin was used to estimate the number of medical
personnel needed at the health center at a particular penod. This in tum could be used to

determine the number of offices needed and their electrical energy requirements.
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The result of this affords the University to have a future projection so as to 1ake care of
increment in student growth. It can as well be used to determine if the existing services
{personnel) and facilities (electrical equipment) need 1o be upgraded, A new University 1o
be established can as well make use of this result to project how many students or patients

L

will be sick per student enrolment and facilities to put in place,

3.3 Electrical Services Design

J.3.1 Design Concept
All electrical svstems should be designed to provide the following:
*. The ability to safely maintain, repairs, or replace electrical system elements
while minimizing the need for outages on other Systems or system elements.
* The ability to readily make additions, or significantly increase their
capacity, to meet Iﬁm:.re needs.
*. Coordination of all system elements with respect to the following
parameters.
Since the present Health Center consists of converted classrooms and offices, the present
electrical installation design which is that of classroom and offices is not suitable for the
Health Center, This results in phase bum out and imbalanced distribution of load on the

phases. Therefore there is need for the re-design of the electrical installation system.

The basic objective of any electrical design is to provide a safe, efficient, attractive, and
comfortable environment for living, working and enjovment, (Folarin and Petinrin, 2005},
This basic ohjective must be met for successful operation, To achieve this, the designer
should sadhere strictly to IEE Regulations, other electric installation codes and put his

wealth of experience over vears into use, All these help a lot in the design of this project.
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Adequate attention was given to system protection, safety, reliability and cost reduction
without affecting the basic electrical standard.
y

332 Power Requirement
The equipment and facilities that were provided to satisfy functional requirement in this
building are those needed in Health Center. Below are some of them.

o Required illumination level

" Adeqguate 13A and 13A sockets

. Distribution Board

o Earth Leakage Circuit breaker

333 Design Procedure *
Design starts from the various final sub-circuits and progress backwards to the service main
cable, There are five classes of loads served by final sub-circuits:

by Lighting loads * Heating loads

1y Cooling loads * Power loads

o Equipment
Each of these classes of final sub-circuit is confirmed to satisfy IEE Regulation. IEE
Regulation A23 14™ Edition states that where an installation com prises more than one final
sub-circuit, each shall be connected to a separate way in a D.B. IEE Regulation A24
required that the wiring of each final sub-circuit, and the neutral conductors should be
connecied at the [.B. in the same order as the live conductor is connected. A final sub —
circuit (to recapitulate), is the group of lighting fittings and their respective control
switches, and small power outlet points that are wired and controlled by a D.B. in a

building, {(Oforeh, 1998). It is basically an outgoing circuit fed from a D.B. intended 1o



supply energy to current using equipment. They are commonly diided nto those for

lighting, those tor heating and those for power, (Marmice, 1977),

3.4.1 Location of Outlets
The first step in design is to locate the position of various supply outlets on the architectural
drawings. A plan and two elevations are always enough, The outlets to be marked are those
of

= lights;

« socket outlet for fixed equipment ; e.g. water heater, air-conditioner, refrigerator; X -

ray machine, ek
« socket outlets for portable equipments e.g. TV s, Audio system. elc:
« controlling switches: and

» auxiliary services outlets, e g. Telephones, Fire alarm, ete.

These outlets are marked using standard graphical symbaols for each area of the building.
Below is a puide on the number and location of each type of outlet reguired for difTerent
area of buildings. The Electrical installation -:Iesign plans are presented in fgures 3.1 10 1.6

and tigure 3.7 shows the protective device connection.
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Fig. 3.2 Electrical Lighting Installation Design of FUTA Health Center.
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Table 3.1

Summary List of Components and Devices

SYMBOL

LESCRIPTICN—

t-gang 1wy Switch (Temby)

Intesmediate Swilch

2-gang 1-way Switch (Temby)

Call Ball Sockal

TV Socket

Talaphons Sockst

TEW Calling Fan (SM.C.)

Bulk Head Fittings

B0W Incandescent Filamant

ihalIC S =SS A

N ||IX

100A 1-Way Control Switch




3.4.2 Lighting Outlets:

Decisions were taking on luminaries to be used, number of points and arrangement of

fittings. The number of fittings depends on;

. Level of i_J!uglinnti-::n required;
. Type of luminaries chosen;

. Height of fitting above the floor;
. Size of room.

The arrangement of the fittings shall be determined by

. The arrangement of furniture and other fixed equipment:
. Need to eliminate glare and sharp shadows;
. Visual presentation; and

. The need to create special effects.

3.5 Lighting Design Parameters

* Luminous flux 8 measured in lumen

% Luminous intensity | measured in candela

- Luminas L measured in ed/m’

" Mumination E measured in Lumen/m®
. Glare

r Colour

* Maodeling '

3.6 Lighting Design Calculations

Standard service luminances used in this project are:
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*  General Office 150 - 500 lux.

*  Ward 50 - 100lux
*  Toilet and lobby 50 = 100 lux
* Siore 3= D00 fux

Lightning Design Lumen:

2 x 40W fluorescent fittings SR00 lumen
| x 40W [Muorescent fittimgs 2900 lumen
| % 20W fluorescent fittings 1450 lumen
100%W Bulk head 1260 lumen
60W incandescent lamp 650 lumen

3.7 Lighting Installation Circuit Arrangement
There 15 need for a well-planned arrangement for the circuit of this installation. It is
necessary 1o divide the installation into circuits to minimize mconveniences in the event of

a fault and to facilitate safe operation, inspection, test and maintenance.

38  Spacing of Lighting Fittings
The spacing of lighting fittings to obtain uniform brightness is very important. To achicve
this objective in the concern areas, where points of lighting fitting are required. the fitlings

are spaced so that the distance between two [ittings is twice that between the fittings and

the walls,

3.9  Calculation of Number of Fittings
There are two methods of calculating the number of fittings reguired. They are:
i) Lumen method and

{ii)  Point by point method
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The point by point method is more theoretical and laborious especially when reflection
from ceiling and walls are necessary in determining the utilization factor. Lumen method
W

15 used in calculating number of fittings required in cach area throughout this design. The

mathematical expression used is stated in equation 3.1.

N Tl Y
Where N = Mumber of Lamp required
E = [Numination level required
A = Arca of the room
& = Luminous flux of the lamp used

I"u'lf = Maintenance factor ((0.8)
UF = thlliz&t.iﬂn factor for the room
Utilization factor (UF) is the ratio of the luminaries received on the working plane to the
total lumen emitted by the lamp used in the luminaries. The value of UF varies widely and
depends on the following factors:

*  The type of lighting system (i.e. direct or indirect)

*  The colour and surface of wall and ceiling

*  The mounting height of the fittings

*  The shape and dimension of the plan

L3

The judgment of the designer determines the type of utilization factor to be used. The

procedure for calculating the UF is as follows:
*  Calculste the room index from the dimension of the place required being
illuminated.
*  Determine the ULF using the room index calculation.

And the reflectance %% of 70 / 30 for ceiling fwall (See Appendix 1)
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te room index was calculated using the formula in equation 3.2

. Lo W
R dex 1 =-Em--=—- ............. 3L
oom index WL+ )

Where

length of the room

width of the room

L
W
H actual height of the room

h  ={H~ 1) height, (i.e mounting height to the working place)

e Council of Mummatidn Engineering gives required valees for each activity. Those
teded for this project were extracted and used for calculating the number of fittings.

hintenance Factor (MLF) further reduces the amount of useful light that is normally due o
gumulation of dirty on reflecting surfaces and ageing of the lamps. The value of

pintenance factor assumed and used for the design is 0.8.

1 Control Switch

hese are used to comtrol Ille lights. They are usually located at the inner wall of the room,
fiacent to the door Eﬁnd!e- Where there is more than one door leading into a room,
nsideration may have to be given 1o the use of a two-way swilch, Other uses of two-way
vitches are at corridors and staircases. Switches are 1o be located at about 1.5m above the -

nor level

11 Security /Out Door Light

ifficient security / outdoor lighting fittings should be available in the design ~ whether
sidential or commercial. Outdoor lightings is recommended to be a lamp covered with
Nector or bulkhead to prgvent the fittings from getling damaged by rain, synlight, and

her extreme envirommental condition.
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The lighting fitting selected for outdoor installation must be capable of good rvisibility in
fogey condition, long luminous efficiency and long service year (because of the mounting
height). All entrances into a building must be properly illuminated at night to prevent

intruder from taking advantage of poor illumination.

312 Auxiliary Outlets:

Serving telephones, alarms, and etc are to be considered separately.

313 Socket Outlets

Qutlets for fixed equipment shall be located at anticipated position(s) of that equipment,
Where there are more possible positions than one at which such equipment should be
located, outlets should be provided at all such positions. The idea is to avoid the nead 1o

require an extension modification very soon after installation work is completed.

Outlets to portable equipments should be provided more generously. Depending on the size
of the building, possible type of portable equipment (e.g. TVY's. stereo systems.
standing/table fans, electric kettle, etc) should be figured out and allowed for. In general,

socket outlets should be located at least 15 em from the floor or working surface.

314 Power and Socket Outlet Design
The design for the socket outlets and power outlets depend greatly on the
following:

*  The size of the area of activities
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¥
* The likely activitics that are expected and this will give the knowledge of

appliance to usc,

*  The distance between sockets to another, to discourage the use of multi -
way adaptor.
*  The need for air —conditioning equipment.
{a) 13A Sockets Outlet

In this design, the 13A sockets were designed to be connected in ring circuit and in radial
form in accordance with IEE Regulations A30-41. The load estimated for each 13A socket

was S00W. ¥

The final sub circuits serving the 13A-socket outlet in ring form should be protected by
30A fuse, while the cable size is 2.5mm” in accordance with the IEE Regulations. The final
sub-circuit serving the [3A socket outlets in radial form should be protected by &8 minimum

of 15A fuse depending on the load, while the cable size is single core 2.5 mm” 1-core or

1.5mm*® 3-core PVC cable.

(b} 153A Sockets Outlets

The IEE Regulations states that separate final sub circuit must feed each of the air-

conditioning circuit.

3.15 Load Distribution
Each circuit of a particular block is be divided into two D.Bs to enable the less important

one to be switched off when running from a generator whenever there is power failure from

PHCN,



In the Medical laboratory block, all the lighting points, socket outlets PAL, x-ray machine
and x-ray dryer shall be connected on sub- D.B fed from a 30A MCB of the main D.B

while the rest shall be on the main D.B.

In the Chief Nursing officer’s (C.N.0O.) block, all the lighting points, socket outlets PA|
nd autoclave maching shall be connected on sub- DLB fed from a 30A MCB of the main

[1.B while the rest shall be on the main D.B..

In the Doctor’s block, all the lighting points and socket outlets PA,, shall be connected on

sub- DB fed from a 304 MCB of the main DB while the rest shall be on the main DB,

The circuil arrangement was done by having several final sub-circuits to particular

distribution board,

These are some of examples of final sub circuit.

e Final sub - circuits feeding lighting points

’ Final sub - circuits feeding fan points

. Final sub - circuits feeding the 13A-ring circuit
" Final sub - circuits feeding the 13A radial circuit
" Final sub - n:'ir-;:uits feeding air conditioning 15A socket outiet
o Final 5ub — circuit feeding X — ray rnm:hiln:

' Final sub — circuit feeding hothox oven,

* Final sub- circuit feeding autoclave

" Final sub- circuit feeding resuscitation machine
L2 Final sub- circuit feeding suction machine

. Final sub- circuit feeding water heater
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The load distribution in the D.B, sizes and ratings were shown in the design drawings
(Fig.3.4 1o Fig. 3.6). Calculation of loads of final sub-circuits and determination of fuses to

protect them with the appropriate cable rating are calculated.
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CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 Results

The following methods were adopted to meet the desired objectives. Detailed knowledge of
the Health Center and the electrical problems expenienced at the Health Center were
understood. The data of patients treated over a period of fourteen vears revealed the number
of patients attended to every month and yvear are as shown in Tables 4.1 and appendix A' 1
Al4. The results of the students enrolment was also obtained from Academic Planning Umit
of the University. A literature search to find possible indices to guide planning of institution
on health center requirement was embarked upon with little success, It was therefore
decided to study available data for any likely looking trends. In this study, the peak student
health demand was correlated with the student population. Trends were studied including
the linear, power and exponential. From the graphical analysis, it can be deduced that 0,16

[ 16%]) of the total number of student enrolment will be sick.

This helps to determine whether the existing services (personnel) and facilities (electrical
equipment) need to be upgraded becavse the more the number of patients, the more the
number of personnel (doctors, nurses. ward anendams, ete) and the more the facilities
needed like increase in number of offices, bed space in the wards, air conditioners, 13A

outlets, hghting points and ete.

A comprehensive study of the two sub-stations feeding the Health Center was carried out
and load delivered by each phase was taken with the use of a Clamp-ammeter. Similar
activily was carried out on the DB, in each block of the Health Center, The results are

shown in Tables 4.2 to 4.6
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In the course of this work all the offices, wards, stores and toilets were visited. All existing
electrical equipment in the Health Center was assessed and their different individual power
requirements were noted and recorded as shown in Table 4.7 to 4.9,

The graphical analysis gives a clear and distinet picture at a glance.

Figures 4.1 and Al to Al4 show the populafion of patients treated in each month from 1990
to 2003,

Table 4.1 Patients Treated Between 1990 and 2003

SMNO| YEAR | STUDENT | STAFF | DEPENDANT =TAFF + TOTAL
DEPENDANT
1 | 99¢) 6,114 3015 3,530 B 545 12,659
2 | 1991 4,282 3.136 3.077 5213 10,495
3 | 1992 4. 144 3. 189 3735 8 624 11,068
4 [ 1993 3433 2,728 3.464 6,192 9,679
51 1994 5.711 4,297 4.586 8,883 14,586
6 | 1995 6,384 4,104 5,166 5270 15,662 |
7| 199 2,504 7,680 3.150 5,836 8,340
B | 1997 7.753 3518 | . 4536 5.054 15,806
[ 1998 5.010 3.225 1306 7 431 12,441
BRUIREEL 7051 3735 LR F 5033 15,050
| 2000 3,174 2,281 3309 5610 10,790
12| 200 3089 | LB68 | . 4217 7,085 IHIL
13| 2002 4,501 3,091 5743 B.834 13,333
14| 2003 2,260 1,770 2,780 4550 6,819
g 9001 — ] | —=— STUBENT
2 15000
% oo e L\ / M s
.'% 5000 ey '5_&“1 J }'xr)a____':tx_ DEPEMDOANT
[ 0 5 TOTAL
12 3456678 81011121314
Session
Fig. 4.1 Patients Treated Between 1990 and 2003
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Table 4.2

Loads on 500V A Waorks Sub station

RED PHASE YELLOW PHASE
DAY Y] "1 (A) BLUE PHASE (&)
MON 144.8 142.7 162.3
TUE 148.7 1308 1684.1
WED 132 .4 1464 156.8
THUR 116.4 104.7 1249
FRI 141.4 1632 1729
(8AT 752 614 68.7
SUN T6.9 G6.7 658
o ) I — —— RED
g 50 - PHASE (A)
100 S - —=— YELLOW
-, N R — = PHASE (A)
3 0 Tttt BLUE
L - LN PHASE (A)
Days
Fig. 4.2 Loads on 500KVA Works Sub station
Table 4.3 Loads on 300kVA Obakekere Sub station
RED PHASE | YELLOW PHASE | BLUE PHASE
(A} A (A
MOMN 137.2 91.8 156.4
TUE 1358 E9.8 164.4
WED 124 .5 B2y 158 8
THUR 1381 B0.7 168.2
FRI 13808 B7v.2 170.4
SAT 101.2 64.9 115.5
SUN 93,8 65.4 117.2
< 200 +
. 1 Eﬂ _ =, —— REL
g 1 T | =
g 50 PHASE (&)
u D T L Li L] ! ! E_UE
= % e % E — % PHASE (&)
SR 22833
Days
Fip. 4.3 Loads on 300KV A Obakekere Sub station
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l'able 4.4 Load Distribution on Medical Lab’s. D B

ER R T

RED PHASE | YELLOW PHASE | BLUE PHASE |
DAY (A A (A}
MON 87 121 137
TUE 986 1286 1316
WED 10 12.2 136
THUR ga 11.9 13.8
FRI 85 12.5 14.2
SaT 316 4.1 "10:2
SUN 3.2 38 8.1
15 —
U . omonin e, PHASE (A
E \7:. —a— YELLOW
5 PHASE (&)
= BLUE
0 T - PHASE (A)

Fig. 4.4 Load Distribution on Medical Lab’s. D B

Table 4.5 Load Distribution on C.N.0's, D, B
RED PHASE YELLOW PHASE ELUE PHASE
(DAY | (A | {A) I 1.
MON 12.3 14.9 145
TUE 122 182 14.1
WED 11.8 15.8 138
THUR 12.5 14.8 14.6
FRI 11.9 15.1 14.7
SAT 111 1£.48 121
[ SUN 11.2 128 115
— " Phase A
e 5] A— - L | =
g 10 ——— —m— YELLOW
& PHASE (&)
o BLUE
T BHASE (a)

o T T T T T
S TS St

Fig. 4.5

Load Distribution on C.N.O's, D. B
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Table 4.6 Load Distribution on Doctor’s 1. B,

RED PHASE YELLOW PHASE BLUE PHASE
DAY {A) (A (A)
MON 208 273 32.8
TUE 282 26.4 35.2
WED 28.1 272 34.9
THUR 30.7 25.2 36,1
FRI 28.7 26.7 35.5
SAT 227 202 30,1
5UN 203 19 1 26.7
¥
e p e pe—
‘E 20 e RED
§ 10 PHASE
o 0 T T T T T v ﬁ;ﬂw
_&-\:?‘ {f’"ﬁ{ﬁ' & o %‘-SE"' B e
Craya

Fig. 4.6 Load Distribution on Doctor’s D, B.
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Power Rating of Existing Equipment in the Health Center

: power rating of the existing equipment and appliances at the Health

Mer was examined and recorded in Tables 4.21 o 4.23,

Table 4,7 Power rating of Exi=ting Equipment in the Medical laboratory Block

Location Equipsmient / Quantity. | Unit Rating (Watesy | Tl Raung (Wams)
Mpplinnses
Pharmacy Fluorescent fi 40x 1.8 432
Roomis Fan 2 15 150
Adr conditioner . L5000 3000
Medical Lab, | Fluorescem & 40x 1.8 432
Fan 2 75 150
Standing fan 1 Ll ik
Microscgpe 1 160 1080
Angle head | « 350 330
centrifuge | L 3
Hot box oven I 3600 T
Refrigerator | 430 430
Incandescent lamgp | Bl ]
Adr conditioner I 1500 1300
X = Ray Unit Flusrescent L dx 1.8 432
Adr conditioner I 1500 1500
X-Ray machine | 2730 2730
Herny drver | 400 400
Turilea Ingandescent lamp 4 e 240
Stares Flhstrescent 2 4 x 1.8 L44
Caeridor Ceiling fit i 10 400
SEcurty Bulk head fittings 3 101 200
Total load 15,180
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Table 4.8

Power rating of Existing Equipment in the C.N.O. Block

Losazion Esuipmena / T Trin B Tustal Rating {Walls)
i iy Unit Fbing { Wattsh
Chicl Mursing | Flseescant ) Wxil i
Oficer's oifiee | Ceiling fis™ I A - 75
Heliigemion i 430 430
Air conditkmer [ 1500 1500
Elegiric hell 1 5 5
Eleciric keitle [ (ECL] L]
Amensties mom | Flearesceni 1 My 1E 144
Cellieg Tun | 75 15
Adr condithaner I | 50k 1500
Standing fan | Hr gL
Mzt ward Besuscnation Maching ] 1K} Kl
Floorescant 4 a0 s 1% 2RE
Fan 2 75 150
Television | M4} E L]
Femele waed Sucibom pachine 1 1 [k 11K
Flooresoent 4 40%x 1.8 288
Fan z 75 1]
Television 1 T HH
Laresning - room Seerilizer 1 [ 4] 10l
Flugrescenl 1 40 % 1.4 k7|
At clane 1 EETH 754
MmemitChild | Fluomsosnl 4 4 x 1.8 kP
Hiealih Fan ri T4 150
Fefrigeratod I 430 A3
Cerhdor Cesling ﬁﬂr_lﬂ- 4 [[EX] 400
Toileis Incandescer lamp i ] 120
e Beulk Fiend limings h [[EX] B
children 'Werd Fluorescent ] MWix 1.8 144
Fan - | 75 74
Television 1 W0 3y
Treatment! Fluorescent 4 drx 1K 284
Injexbon room Fan 2 15 150
Electme bell | 5 5
e I 430 430
Puhlic Health Flunrescess d 4x 1.8 44
Unit Fan ! 15 i
Totnl lnad a4
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Tahle 4.9

Power rating of Existing Equipment in the Doctor’s block

Location Equipment / Quantity. | Uinit Rating { Watts) i Roating ()
Appliances
o.pD Fluorescent f A x 1.8 452
Fan 4 73 Rl
Conguliamn Fluorescent i 40% 1.8 432
Rooms Fun 2 T3 150
Air condition 2 1300 000
Cord room Fluorescent 1 Mix 1.8 pr
Ceiling Fan 1 5 ]
Secreary's Electric Kenle 1 1000 1000
Oifice Fluoreseent 1 di % 1.8 288
Ceiling fan 1 75 75
Eleciric bell 1 3 5
Adr condition 1 1500 1500
bled. Fluoreseent 2 w18 144
Dibrectos’s Ceiling fun 2 ] 150
Oiffice Air condition 1 1500 1500
Compater $ystem | R Ridil
Refrigeraior 1 430 430
Rechargeable lamp | b1 At
Corridor Ceiling fittings 4 100 ik
Toilets Incondescent lamp 5 6l I}
Flussrescent 1 40y 1.5 72
Security Bulk Head fittings a 100 I
Total load 11471

Tatal actual load in the Health Center = 15, LROW + F0,924W + [ L471W
= F7,575W = 3T.5T5kW,
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4.3  Load Estimation Applying Diversity Factor

The diversity factors used in determining the rating of cables and swilches fuse are in
conformity with TEE Regulation A 22 (14™ edition). The allowance for diversity factor for
different types of installation call for special knowledge and experience in order to specily

the appropriate onc to be in accordance with IEE regulations.

4.3.1 Medical Laboratory’s Block
Lighting Sub-Circuit
Example of calculations to determine the number of fittings in the building, using equations

3.1 and 3.2 is shown as follow:

X -RAY ROOM
Data: Length 6.0
Width 5.40m
Height 3.50m
Arca 6.00x 540 = 324m°
RoomIndex = 1| = k;:::rﬂ
6.00=54

=y m =].
From LLF table 7030 ceiling / wall (See appendix 1)
UF =042
Standard Service Luminance of an office is 150 Jux
Talking M.F =10.8
Lighting design Lumen (LDL) for 0.6 m, 20W Nuorescent lamp 1s 1430 lumen
Hence the number of fuorescent lamp needed 15

T S e (¢

MF » UF % @ T 1450%0.8%0.42

¥
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= 10 lamps
Therefore, the X — ray room needs only ten 0.6m, 20W fluorescent fittings.
The theatre room has a special shadow less movable lamp to be put ON during
operation while the consulting room has a special movable lamp directly on the
couch,

I'he choice of appropriate switch and switch ratings depend upon the number of points to be
controlled at a particular switch location. The ways of control, the number and type of load
the switch is called upon to interruptL.

For example, the lobby and the two toilets in the medical laboratory block. Total
lond in the lobby and the two toilets = 20W + 2(100W) = 220W

Current I drawn by the load = ek = 1.254

220=0.8
The switch recommended is 5A, 3 - gang, 1 - way switch.
This is the smallest readily available switch and can interrupt the load without arcing. The

same procedure should be used to determine the choice of other switches.

Total lighting load in the building is calculated as follows:
['otal number of fluorescent fittings = 63
Total number of incandescent fittings = 3§

Therefore, total load i watts = (63 x 20W x 1.8) + (8 x 100W) = 2268 + 8040
= 306EW,

Apply diversity factor, appendix 2, serial number 3 gives 20% of lotal current demand.

Therefore, 90% of I068W =2T61W

On a single phase 220V 50Hz supply with assumed P.F of 0.8,

Cumrent = —— —— = 17434
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Each lighting sub-circuit is wsuaily rated 3A. This is done in accordance with IEE
Regulations A10 (14" Editjnn} that states that every cable and flexible cord shall have a
current rating not less than that of the [use element or 2/3 of circuit breaker, it is therefore,

uwsual to use 1.5mm’ | - core PVC sheathed cable,

Toral lood

Therefore, number of lighting sub circuits =
Supply vaitage = p.f {5.-! Jfuse mr.fng}

17.43

Mumber of sub circuils = =349

Therefore, the number of the lighting sub circuits = 4.

Fan Sub Circuit

There are eight points of ceiling fans rated 75 W each .

Totallcad = 75x8 = 600W

Therefore, 90% of 600W = 540W

13A Socket OQutlet

There are 19 points of 13A socket outlets divided to three final sub circuits. Assuming
IOW per point. Allowanee for diversity factor, appendix 2, serial number 9 gives 100% of
current demand of largest Point of utilization + 50% of current demand of every other
point of utilization. Load on Pa, is seven 13A socket outlets cach while Pa: and Pas is six

13A socket outlets.

¥

Load on Pa; with seven 13A socket outlets = S00W x T.'- 3500w,

Load on Pas; and Pa; with six 13A socket outlets = (500W x 6) + 50% of (S00W x 6)
= 4500W

X - Ray machine

Rated value is 2750W, 220V, 50Hz socket incorporated.

Design current 1 = Lol =15.634
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X-Ray Drver
Rated value is 1000W

. 100
Be | = =
sign current 30208 3684

Air Conditioner Circuits

Rated value is 2.0hp (1500W), 220V, 50Hz. There are four points.
Total load = 1500W + 50% of (1300 x 3) = 3750W
The circuit is divided into two D.Bs 1o enable one to be switched off when supply is from e

small generator.

The sub circuit D.B. consists of all the lighting points for proper illumination, sockets Pal,
A-ray machine and X-ray dryer while the main D.B. shall consist of all other 13A sockets,
fan circuit, hot box oven and Air condition circuits with the sub circuit D.B..

P= 37 cosd
L3
Therefore, design current | = — £ for the D.B is shown in table 4.10.

u"i Feosd

Table 4.10  Design Current for Medical Lab's. D.B.

D.B. Total Power (W) | Design Current (A)
Sub D.B.1 | 9,511 16.54
SubhDBZ | 11,790 20.50
Main DB, | 21,301 37.04
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4.3.2 CNMN.O's Block
Lighting Sub-Circuit
Total lighting load in the building is calculated as follows:
Total number of fMlucrescent fittings = 90
Tatal number of incandescent fittings = §
Total number of operating lamp = |
Therefore, total load in watts
= (90 x 20W x 1.8) (8 x 100W) + 150W = 3240 + 80O + 150
=4190W .
Therefore, 90% of 4190W =3771W
On & single phase 220V 50Hz supply with assumed P.F of 0.8.

3771

=21.434
220x0.8

Current [ =

19.28

MNumber of sub circuits = =386

Therefore, the number of the lighting sub circuits = 4.
Fan Sub Cireuit

There are 16 points of ceiling fans rated 75 W each
Totalload = 75x16 = 1200W

Therefore, 90% of 12000 = 1080%W

13A Socket Outlet
Load on each sub circuit are 13A socket outlets
Load on Pa,= 500W x 7= 3500W,

Total load on Pay, Paz and Pag= 3500 + 50% of (3500 x 2) = 7000W

Hist box oven »

Rated value is 3.0Kw, 220V, 50Hz socket i.n-::urpnmted:



. 3.0=10°
Design current | = =1T05A
it 220%0.8

Auntoclave machine
Rated value is 2000 W, 220 . S0Hz,

Design current [ = Lol =11.364

220:0.8

Alr Conditioners
Rated value is 2.0hp (1 500W), 220V, 50Hz, There are two points.

Tatal load = 1500W + (50 % of 1500) = 2250W

The circuit is divided into t".:r{r [.Bs to enable one to be switched ofl when

supply is from a small generator.

The sub circuit D.B. consists of all the lighting poinis for proper illumination, sockets Pal,
atectave, while the main ID.B. shall consist of all other 13A sockets, fan circuit, and Air
Condition circuits with the sub circuit D.B..

P=3F cosd

Therefore, design current [ = —2 __ forthe D.B is shown in table 4.11,
V3V costl

Table 4.11  Design Current for C.N.O's, DLB.

L4

D.B. Tolal Power (W) [ Design Current (A)
Sub D.B.1 | 9.27] 16.12

Sub D.B.2 | 8,580 149
Main D.B. | 17851 31.04




433 Doctor's Block

Lighting Sub-Circuit

Total lighting load in the building is calculated as follows:

Total number of flucrescent fittings = 6

Total number of incandésr:-l::ll fittings = §

Total number of operating lamp = 2

Therefore, total load in watis
= (60x 20W x 1.8) + (8 x 100W) + (150W x 2) = 2160 + 800 + 300
=3260W

Therefore, 90% of 3260W = 2934 W

On a single phase 220V 50Hz supply with assumed P.F of 0.8.

2934
220= 0.8

=16.674

Current 1 =

16.67

Mumber of sub circuils = =3.34 d

Therefore, the number of the lighting sub circuits = 4,
Fan Sub Circuit

There are & points of ceiling fans rated 75 W each
Totalload = T75=8 = 600W

Therefare, 90% of 600W = S40W

13A Socket Outlet

Load on each sub circuit are 13A socket outlets
Load on Pag= 500W x 7= 3500W,

Total load on Pas and Pa;z = 3300 + {(30% of 3500) = 5250W =
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Adr Conditioners

Rated value is 2.0hp (1 500W), 220V, 50Hz. There are four points.

Total load = 1500W + 50 % of (1500 x 3) = 3750W

The cireuit is divided inte two D.B's to enable one to be switched off when supply is from
a small generator.

The sub eircuit D.B. consists of all the lighting points for proper illumination, and sockets
Pa;, while the main D.B. shall consist of all other 13A sockets, fan circuit, and Air

Condition circuits with the sub circuit DB,

P= 3V cosd

SN AR
J3V cosd

Table 4.12  Design Current for Doctor’s D.B.

Therelore, design current | = for the D.B is shown in table 4,12

.8, Total Power (W) | Design Current (A}
Sub D.B.1 | 6,434 11.19
Sub D.B.2 | 9,540 16.59
Main D.B. | 15,974 27.78

Figures 4.27 to 4.29 show the analysis of fittings and equipment to be installed in the

Health Center.
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Table 413 Analysis of Fittings and Equipment in the Medical Lab’s Block

Laocstion Length | Sreadth | L+ E: Area | Room i LFE | MF ! 73] | E l rf:n?r; Rating | ‘MNar I Sockat | Qutiet | Machine
| {m) (m) ) L ime | Indax | i | l 1 o :_*._‘;F:._ | 13A
| termy g 54| 11.4) 3241 142|042 03| 1480l 150 10 | 20x1.8 350 | 5 2 g
Madical Lab | a2l a3l 78lis12 aerloar! gal sasel wmm gloospg | i 5
\edical Lab I 42 36| 78l1512] ssrloar| o3l taselasal—— stsoas! 28! 2!
Lobby 8.4 18] 102|1512] o074 o0zel o3| 1450l 100 5! 2ox18 | 180
Sharm. Labby 8.4 8] 1029542 opd | ozl o3| Has0] o0 | 5| 20%18 180 |
Shamm. Office | szl  %p | 1592] ae7]0a1! pal 1asa! 120! s ! 20413 25l 2 ;| :
PremOticen | 42| 38| 78|1s12] o097l o03t| o3l vasol 150/ 5lxs | 2w 2 1
Amenities | 4z | 3 73| 28| cars|oay| g3l 1450l 150 5 | 20<1.8 g3 | 2 I
“manities |i a2| 24| saliobe! os78laze! gal 1a30! 130] 5| 20%1.8 186 | 2 |
Labiy 5.4 | 18| 72| srz| oss|ozal pa! sesa| tco 2 | 20%1.8 72: | : i
Stors 3 24 54| | g#ér!ozé| ga| 1255|100 | 2 | 20+1.8 72| I
Sta¥ Tollet T4 24| ax| 72! g5!lo2a! ng! 1asa! 100! 2| %0x1.8 7z ! !
Oter Toilet 18! 18| 38| 578 o08|o0z4! 0! s4s0) 100 3| 20x18 108 |
Sacurity ' ' ! : | : 4 100 40 | '. )
i ®38saqe . — S —— a 100 <C0 : |
i | f i ! | |

| TOTAL 068 |




Table 4,14 Analysis of Fittings and Equipment in the C.N.O"s Block

Lzcsuon Length | Sreadih L:E- | Aran :: Racm M.F ! Q i E | Noof | Raung | Wian | Soceat i Chastlat
() imi) iy | gy | sy | | | | Lamz | SRR

Puslic Heatth Uint l 1| al 18 | ozl o8| sesal 130 alanns | 218 2 I
E&ﬂwjﬂm & id 4z I! 44 .86 & : 08 145 | 150 t 3 .l I | 218 | % | ] "
Theave Room 18 | 3l esl seal  osel. em! aal tasel 1m0 slapers | 1e0l 2 | '
“Theatrs Lamg | I | | | | 3 ! el | -
Theatrs Dffice 1a 3| esl 10s oe2 | o3| obl| saza| uso! 5108 | van ! |
Chikdran Ward 5 3 | 3 | 18 | | ear! osl tase| asel slagag | 218l 2 |
Matsmities! Chiid Health 43 24 | 121 sl a3l om | 03 | 14g0 | 180 | il 144 | 2
| Ciffica s :..El' ;_-! El 8 4 072 nz4| o8 | 1453 151:| i1y l $4 | 14 |
Offee || 318 2.4 | & .54 Q.72 024 | ol 1480 | 150 | 4 Mn s ; 144 I 3 I
Dinessing Hocm 6 | 1| 3 | .3 | v par! aal wscl 1sa i 5 214 | 215 | 1 I

Frrnais Ward | sal - 14 324 | 1,437 04z | o8| 1e80| 180 i bageis | ven a I
sk Wand & | 54 4] %2 vaz| oea! as| sl 1 vo | aens | am al

CHO | & | 3B i a5 na 1azs | oz oal taza| 1se ! sl pen | 28| 2 1
CNO 1 5 38! 88l 25l sl a3l o3l vem| e s!sry | 2s 2 | 1%
| Sioee 43 18! s! 7esl om| ozl om| veso! woof  2fwas | | i
Taitet ! | | | 1450 | 100 5 | 018 | 298

Seturty ' | 1 I ! il 100 ado i
| Passage | | | | +| 40! 400 !

' -i_. | i i | TOTAL | 4790




Table 4.15  Analysis of Fittings and Equipmt.nt in the Doctor's Block

Lecation Length | Breadth | L+B | Area  RoomiUF |MF @ | E Moof | Rating | Watis | Socket | Qutist |
L] | 1
(m) (m) (m) (m®) | tndex | Lamp | (W) 12 | 154
OPD & 54| 114| 324| 142]| 042| o081 1450 150 10 | 20«18 216 3 _I;
Consulting ' | | |
Room | 3.5 36, 72;1286| 08| 031] o8] 1450| 150 5|20=1.8 | 180 2 | 1}
Consutting Room | l | : !
| Couch '-. 3| 50|  1s0
Consulling Room |
il =k 38 38 72| 1296] 09) 031| 08 1450 | 150 5| 20x1.8 180 2 2 |
Consulting Eeam {
Il Couth 3 50 150 |
Consulting | | |
Waiting Room 7.2 1.8 12, 072| 024| 08 1450! 150! al20%18 | 180 |
Card Room 36 3| 56| 108l os2l 031] o8l 1as0| 150! 4| sgars 1 3 |
Card Waiting | | i
Room 36 2.4 5| ssel o072] 02a] oas| 1esa! 1sg | 4l *nx18 144 | I
| | 1
Sec. Office 8 a 18 | 1! 037| o8| 1450 150 5|20xts | 218 2 | .
Doctars Office B B 12 361 15 047 08! 3450 | 150 | 10 [ 20=1.8 50 4 |
Docicrs Toilet & 2.4 8al 144! ossl oat| os| 1as0! 100 3| 20v1s | 1a4 I
Store 2 24!  sal 1as' 08| 031] 08 | 1450 | 100 302018 | 144 |
Other Todet ' | | | | i | 62018 | 180
Securty : | | | | 4 100 | 400
Fagsags == : i | 4l 100 : 400 |
1 I 1 1
. . ' ' TotaL | 3188 |




44 Determination of Sizes and Ratings of Distribution Boards

The number of final sub circuits determines the size of the D.B. with provision for spares.
The rating on the other hands depends on the total load on the D.B without application of
diversity. The reason for non-application of diversity factor is that the D.B. must have

capacity o carry the entire gonnected load.

The following factors are considered in deciding the location of DB, main switch, and
circuit breaker. The location should be at a point easily accessible to the consumer; this iy

to facilitate easy isolation and maintenance when necessary.

s [n order to avoid long run of sub-circuit cables, it is desirable that the D.B. be as close

as possible to the electrical load center of the whole installation.

* The sub-main cable carries a large current and a cable of farge cross-sectional area,
Usually 10mm” and above. In order to reduce voltage drop and power loss on this
cable and at the same time save cost, it i5 desirable 1o keep its length short. Therefore,

the D.B. should not be far from the supply.

These conditions are not often supportive of one another. A compromise may therefore
have to be worked out. In addition, where a consumer’s installation comprises installation
in two or more detachable buildings, separate means of isolation should be provided in

cach building in compliance with IEE Repulation AS.

Therefore, the D.B. of the Health Center should be located at the passage of the building.
Putting a slight future exp;nsi-:}n of load into consideration, 100A 6-way TP &, N DB,
100A TP & N Electric Leakage Circuit Breaker (Voltage operated) and 100A TP&N
switch gear will be appropriate for the main D.B. while 30A 8-way single-phase will be .

suitable for the sub D.B. The important point to note is that the sub-circult fuse and circuit
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breaker are installed to protect the sub-gircuit cable and not the terminal equipment. |[EE
Regulation Al10, 14™ Edition states that the current rating of a fusc shall not exceed the -

current rating of the smallest cable in the circuit protected by the fuse.

4.5 Determination of Sub-main Cable

The factors that determing the cable ratings needed for particular installations are load
current, types of installation, grouping factor, arqhtcnl temperature and: maximum
allowable voltage drop. The requirement of 1EE Repulation B23, 14" Edition states that,
the size of every bare conductor or cable conductor shall be such that the drop in voltage
from the origin of the installation to any point in the installation shall not exceed 2.5% of
the nominal voltage when the conductors are carrying full load current. For any given size
of conductor, the greater capacity of a high — temperature conductor is established by the
ability of the conductor insulation to withstand the 'R heat produced by the higher current
flowing through the conductor (McPartiand, 1981). Values of volt drop per ampere per

meter are given in the current rating table in Appendix 4 of the IEE Regulations.
& '

To determine the size of cable required to carry a specific load, the load current will need
10 be calculated, and then the corresponding cable will have to be selected from the cable-
rating tahle. A cable may have capacity to carry the rated current; it may still not be
suitable for the load. The actual voltage at the terminal determines the suitability of the
cable, The actual voltage at the terminal depends on the voltage drop, which is also a
function of the distance from the load center. Therefore, to make a right choice of cable

one needs to test for voltage drop on the cable using this formula,

Voltage drop = (Volt drop/ Amp/meter) (V) x Design current (A) x length of run’ (m).
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4.5.1 Medical Laboratory’s Block

The design total current is 37.04A Estimated length of run is 33meters. From IEE
regulation table 901 (BS 6904, BS 6364) column 8 and 9, 15" edition, the corresponding
cable size is 6.0mm", PVC insulated cable, nun—ﬂrrnm'.cl:l copper, conductor has a current

carrying capacity of 43A and voltage drop of 6.2mV per ampere per meter (See appendix 3),

Mow, to check whether the cable size is suitable for use, the formula Voltage drop = (Volt

drop/Amp/meter) (v) * Design current (A) = length of run (m)

=62 = 107 = 37,04 % 35
=  3.04V.
But maximum permissible voltage drop on a three-phase supply is 2.5% of 415V

= 1038V, ¥
Since the voltage drop on the sub main cable is less than 10,38V, therefore 6.0mm” cable is

suitable.

451 CN.O Block

The design total current is 31.04A Estimated length of run is 35meters. From |EE
regulation table 9D1 (BS 6004, BS 6364) column 8 and 9, 15" edition, the corresponding
cable size is 4.0mm®, PVC insulated cable, non-armored copper, conductor has a current
carrying capacity of 36A and voltage drop of 9.2mV per ampere per meter (See appendix 3).

¥

Voltage drop = (Volt drop/Amp/meter) (v) = Design current (A) = length of run {m)
=92 % 107 x 31.04 x 35
= 900,

But maximum permissible voltage drop on a three-phase supply is 2.53% of 413V

= [D3RY.
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since the voltage drop on the sub main cable is less than 10.38V, therefore 4.0mm” cable is

suitable. bk
45.3 Doctor's Block

The design total current is 27.78A Estimated length of run is 83meters. From IEE
regulation table 9D (BS 6004, BS 6364) column 8 and 9, 15™ edition, the corresponding
cable size 15 4-ﬂmm1, PVC insulated cable, non-armored copper, conductor has a current

carrying capacity of 36A and voltage drop of 9.2mV per ampere per meter (See appendix 3).

Voltage drop = (Volt drop’Amp/meter) (v) * Design current (A) = length of run {(m)
=92 % |07 = 27.78 x 35
= 14.05V,
But maximum permissible vollage drop on a three-phase supply is 2.5% of 415V
= 10.38V.

Since the voltage drop on the sub main cable is more than 1038V, therefore 4.0mm” cable

is not suitable,

A higher cable need to be chosen which is 6.0mm’>, PVC insulated cable, non-armaored
copper conductor has a current carrying capacity of 45A and voliage drop of 6.2mV per

ampere per meter (See appendix 3).

Voltage drop = (Volt drop/Amp/meter) (v) = Design current (A) = length of run {m)
=62 % 107 % 27.78 « 35
= D47V,
But maximum permissible voltage drop on a three-phase supply 15 2.5% ol 415V
= 10.38Y,

Since the voltage drop on the sub main cable is less than 10,38V, therefore 6.0mm’ cable is

suitable.
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From the mathematical analvsis, it is observed that the designed power is greater than the

assessed power as reveal in Table 4.30. This is as a result of future extension and additional

equipment that may be introduced,

Table 416 Comparison between Assessed Load and Designed Load

Block Assessed Load Designed Load
Medical Laboratory 15, 180W 21.301W
Chicf Mursing Officer | 10,924W 17.851W
Doctor 1LATIW 15,974W
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4.6 Determination of the Main Cable
The estimated length of run is 45 meters. Assuming the three Distribution Boards will use a

single three - phase, four — core, armoured cable from supply.

Therefore, total design current is 37.04 + 31.04 + 27.78 = 95 86A.

From IEE regulations, table 9D3 (BS 6346) 15" Edition. The suitable cable size
25 Omm®, four — core, armoured cable with a current carrying capacity of 97A and a voltape

drop of 1.6mY per ampers per meter (See appendix 4).

1.6 > 10 * 95.86 = 45

Volt drop
= 590N,

Since the voltage drop on the main cable is less than 10,38V, the chosen cable is suitable.

Therefore, the associated switchgears rating for the Health Center should not be less than
|0kA while the generating set capacity of 100kVA will be suitable to carry the Health

Center successfully in case of PHUN failure.

4.7  Discussion of the Results.

The statistics and graphical analysis of the data obtained reveals that the two transformers
feeding the Health Center have imbalanced load which pose serous danper on ioe
transformer and there is poor load distribution on the distribution boards mstalled at the
Health Center, Table 4.30, Table 4.31, Figure 4,21 and Figure 4.22 show the imbalanced
load. Although, there is allowance to further load the transformer, the load needs to be
balanced. The imbalinced load caused tripping of breakers, burnt fuses, bumnt contact and

even insulation breakdown on the phase that is overloaded

78



lable 4.1, Figure 4,1 and Appendix 5 reveal that more patients were treated between May
and Julv: students in particular, are usually treated between April to July and between
October and November and thar at least 0.16 (16%) of the student enrolment will be sick at
the peak period. These periods were during Tirst and second semester examination. It then,
means that more personnel and facilities will be required {most especially during those
periods) which justify the vpgrading of the protective devices to meet the need at such a
time

It 15 equally observed that in most cases three-phase supply lo the building has been
rendered ineffective. The building was connected on a single phase looped together to
serve the three- phase DB, because of bumt contact lerminals. Some ol the contact
terminals were not electrically clean and firm, that is. rust, corroded and not firm which
brought about undue heat that damage the insulation of both sub-main cable and main
cable. The protective devices like earth leakage circuit breaker and cutl out have been by

passed while there 15 no swilchgear at all,

Fable 417 Load [Msiribation on the T ransformers _ - e RED

2 TR =
PHASE | W(A) | OB (A} E e w i L
RED 149.7 139 .8 o = LR
YELLOW 130.8 a7.2 —— .
BLUE | 1841 1704 Tramsfosmed

Fig. 4.8 Load Distribation on the Transformers

Tahle 4,18 Load DMstribution o the [ B

Med 25

B i a0
PHASE | .lab  |C.N.O. |Doctor : P = s
RED 9.5 11.8 an.T E 5 l_—'_'___:r"Fr - WELLOWY
YELLOW 125 | 158 252 * el oL
BLUE 14,2 13.9 36.1 :':: =
Dumti aleurkioas Baosi 40

Fig. 4% Load IMstributien n the 3 B
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The purpose of electricity supply regulation is to secure safety of the public and ensuring a
proper and sufficient supply of electricity. The results of this project have revealed that the
power supply to the University Health Center, FUTA is adequate but imbalanced, both load
and service cables are standard but has poor termination and the safety devices need to be

installed. In addition, facilities available at the Health Center need to be upgraded.,

- ¥
[t has also shown the causes of power instability, power failure and insulation break down of
the electrical system. Necessary modification and precautions are highlighted and also
supported by the results. The proposed generator &s backup supply to Power Holding PLC

will take care of any Power Holding failure.

This study has established a clear puideline for the design of electrical services for Health
Centers in tertiary institutions. It has also provided a procedure for upgrading the electrical
installations. Provision for maintenance culture on electrical installations, apparatus and

equipment has equally been made.

5212 Recommendation

As the Hezlth Center is temporarily housed in its present location, the results of this project
will be very useful and should be considered and applied when putting up the Health Center

physical structures in the *Master plan™ location of the University Health Center.
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The isolator at the intake m:l the 11kV line must be repaired and the Health Center should be
fed by one sub-station instead of two, therefore the building should be fed from the S00kVA
Works Sub-Station. This is to avoid accidental bridging of the distribution ransformer which
could be catastrophic. The feeder at the 500kVA Works sub-station should have three-
sseparate uprisers instead of one upriser looped together. This will prevent burning of the

upriser contact terminals.

Proper electrical connection at terminals and splices are absolutely essential 1o ensure safe
installation, Therefore, improper connections must be avoided to prevent failure of wiring

devices, equipment brcal:dc;wns and electrically oricnted fires,

Preventive maintenance is very important and this need to be carried out regularly on all the
protective devices such as cleaning of terminals and re-tightening of screws, bolts and nuts
to avoid corrosion, rust and dirt at the terminals which draw more cumrent that bum the

contact terminals.

Appropriate protective devices like switchpear, voltage operated carth leakage circuit

breaker and miniature gircuit breaker {cut oul) must be installed for safety .of lives and

property.

Log book of patients treated should be part of the things kept in the Health Center, and
should be in the custody of the Medical Record Officer. This will enable the University
authority to have future projection for facilities 1o be provided and upgraded at the Health

Center,
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Three things are imporiant in life, money, materials and men. Money and materials lost may
be recovered but men lost are lost forever, Therefore electricity 15 very important and
indispensable in life (the Health Center), therefore, all the generators in the powerhouse-
should be put in order to serve the community most especially the Health Center. If
otherwise a separate standby penerating set of 100kVA with its associate devices should be
installed at the Health Center in case of PHCN failure. By this safety of money, materials

and men are puaranieed.

Future researcher should endeavour to write a programme for the electrical design sconcept.
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APPENDIX 1

Luminare and  Typical outline Basic Ceiling Reflectance
typical output DLOR 1.7
% walls 0.5 |03 0.1
Room
Index
Plastic 50 (.60 0271021 | O.18
Diffuser __0.80 034029 | 026
1.0 040 035 | 0.31
] 044039 | 0335
150 047 042 | 0.38
v 2.00 (52047 [ 0,44
_2560 056|061 | 048
3.00 060|054 [ 051
4.00 0,611 057 | 0.54
5 0.63]0.59 | 0.57

Sonrce: Dorrant D.W. (1977)
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APPENDIX 2

Allowance for diversily

Purpose of final circuit Type of premises+
fed from condsctors of
switchgear o which £ : L
diversity applies Individual howselld Small shops, suores, Smiall hotels, boarding
installntions, including office and business hoiese, guest houses, ele
individonl dwellings of 8 premises
block
I, Lighting B6%; of total current demand | 90% of total current 75% of total current demaonsd
demand
2, Heating and 1% of total cwrren: | 0% F1. of largess 100% £.1. of largess
Povwer (but see 3 dermand up to 10 amperes + | appliances + 75% CL of | applinnces +80% 1.1, of 2
i & below 50% of any current demand | remaining appliances Inrpest applionces + 60% {1,
in cxceas of 10 amperes of remaining appliances
i, Cooking 10 amperes + 30% Tl of (0% £.1. of larpest 100%s 1. of lorpest
apphiances eonnected cooking applisnces #B0% L1 of | appliances + 80% L1 of
applinnces in excess of 10 forgest applinnees + | lorgest applianoes -+ 60% L],
amperes + 5 amperes if &% L of remsining of remaining appliances
socket outlet incorporated in | appliances
uri
4. Maotors {other B 1% F.L. of largest 100 1. of largest modors
than lift motors metors & B0 L1 of 2 | + 5% 11 of remaining
which are subject g largest motor + &% L1, | motors
b0 special of remaining msors
consideration
5. Water-heaters 100% £.L. of lorpest 100%% L1, of lorgest [ L of lnrgest

{instantancous type)

appliances 100% L of 2
lorgest applisnees #25% £

fnmees [00% F1 of
lorgest applinnies

appliances 100% 1. of 2
largest pppliamces #25% L1

of remaining appliance +25% fL. of remaining | of remnining applinnce
apadiance
6. Water-lecaters Mo diversity allowshle
(thermostatically typel
7. Floor warming No diversity allowable -
Enstaliation
&, Thermal storage Mo diversity allowahble
space heagling
installations
9. Standord 100% of current demand of | [00% of current demand of largest circuit + 50% of
arrangemenis of {inal | largest circuil + 4084 of current demand of every other circuit
cinats in acoordance | current demand of every
with oppendix 3 other circuit
10, Socket outlets 100%of current demand of | 1% of current 100% of current demand of
other than those lorgest point of wlilization + | demand of largest Inrgest poinl of wiilization 4
included in 9 above | 40% of current demand of point of utilization | 75% of current demand of every
and stationary every other podnt of + 75% of current other paint in main rooms
equipmant other utilzation demand of every (dining rooms, eic) + 40% ol
than those listed other point of current demand of every oher
| above utilization pint of utilization 5

#  For blocks of residential dwelling, lurge hotels, large commercinl premises, the allowance sre o be
pceessed by a competent person
o Source IEE regulation ( Table 4R), 15™ Edition .
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APPENDIX 3

Current-carrying copacities and associated voltage drops for single-core pov.c. Insulated cables, non-
ermoured, with or without sheath {eopper condictors)

BE 6004
BS 63444

Conductor isperating temperatuns; g

Installztion metheds A 1o C of Table 9A Installation methods E ta H of T ahlr,- 9A
Conducioe | (Enclused) . ¥ (Clipped direcily)
cross=- | 2 cables, single-phase J 3 or 4 cables, 2 cables, single-phase | 3or4 r:ul:llv:s.
swctional | acorde three-phase a.c | a.eor de, three-phase a.¢
areg Crrent | Vot [{.‘urrent Yaolt | Current 1 Vil Current | Valt
l:aﬂ':r"'.llﬂa drop corrying | drop | carrving | drop carrying | drop
capagity | pes capacity | pcr capacity | per copacity | per
amper pper wmper pmper
per per per per
meeter ieter fteler mmeler
1 2 3 4 5 6 7 B 9
mm" A mY A my A mv A mv
1.0 14 42 iz ET) 17 42 6 i7
|+ 17 28 i4 M 2] 28 0 24
1.5 24 17 21 15 £l 17 26 15
4 32 11 29 92 Al §] 16 8.2
fh 41 71 37 [ ] atl Tl 45 6.2
10 a5 4.2 51 37 L1 4.2 2] | 1.7
1o 4 A his 23 ) 17 1] 23
25 ') .7 &7 1.5 18 L. [ (M b5
is e I.3 ¥ [1104] 1.1 145 L3 (ELH 1 Ll
ne  de e  de
S0 145 0.9y 09l 125 084 175 093 091 {1 0,82
70 185 0,71 063 | 160 0,62 20 0465 063 200 0.5%
93 230 0.56 045 | 195 ] 270 048 045 240 (.45
20 260 D48 (Lie | X 0,42 E1LH 040 0,36 280 .38
150 - = - - - 135 034 029 320 0.34
185 . S - . 0% 029 024 | 365 01,30
240 . = - - - 480 024 018 430 027
Bl - - - - - S6{) 022 0.14 L 025
A0 - = - - . GEl 2 012 Ll .24
S - - - - - s00 018 00846 | 710 (23
B30 - - - - 210 17T 0068 | 820 ik

Source: [EE Regulation (Table 9013, 15" Edition,

W
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Curreni-carrying capacitics and associated voltage drops for twin and multicore armoured pov.e, sulated

cables (aluminium conduciors).

APPENDIX 4

BS 6346

Conductor operating temperture: 70°C

Installation methods E, I¥ and G of Table 94 Instatlation metheds E io H of Tokle 94
Condugtor | (Clipped directly) i *Defined condition™)
Croas-
goctional - - : :
vy Dine twin cables, single- | One three or four- One twin cables, single- | One three or four-
phase p.c or de. core cable, three- phase a.c or do. core cable, three-
phase phazsi
Current | Volt drog Current | Volt drop | Cerrent | Voli drop Curreni | Volt drop
carying per carrying per carrying pur carying pet
. capacity | ampere capagity | ampere copecity. | ampers capagity | smpere
per metes pecr mieicy por meter por meter
nc die, g | dies
| 3 4 5 2] T b3 q in 11
Mm2 A mY | m¥ A m' Fa m% m' A m¥
] %] L R 55 19 B 4.5 41 L1 ] in
Fi 83 2 |1 &7 1.5 BT 1% 2.8 71 1.5
35 100 21 |z0 B I8 103 21 20 a3 .8
k1] 124 16 |15 105 i3 130 1.& L5 1 L3
0 L57 Ly |16 138 0,93 163 1.1 1.0 145 0,93
U5 185 79 | 77 L .68 193 o7 | 077 [75 1,68
10 - - - 153 .54 - - 2(k3 0.54
132 = . - Iy 1,45 - - 23 B b
185 - - - 257 0.37 - - 2T 37
240 - - ¥ - 3ul .30 - - <330 030
300 - - - 3T (23 ' e - 355 025
CORBECTION FACTORS
FOR AMBIENT TEMPERATLURE

25°C 35'C 40°C 45°%C s0°C 55°C e0'C 6s'C
106 054 087 079 071 061 050 035

Ambient temperature
Correction factor

Source:  1EE Regulation {Table 9K3), 15% Edition.




APPENDIX 5

Patients Treated Between 1990 to 2003

Table Al Patients Treated in 1990

STAFF +
| MONTH | STUDENT | STAFF | DEPENDANT | DEPENDANT TOTAL |
Jan 743 272 | 718 438 1178
Feb B26 208 281 486 1312
“Mar 447 169 168 357 804
Apr 339 244 238 480 819
May 311 310 341 851 1562
Jun 781 212 27 483 1244
Jul 797 274 328 800 1387
Aug 27 312 397 708 736
| Sep 11 288 393 681 B82
Oct 80 325 349 674 754
Nov 752 239 344 583 1335
| Dec 418 225 206 | 431 249
[ Total 6,114 015 3,530 ©_ 6,545 12,658
1E00
00
1400 - FSe—r —— S TLUDEMNT
= 13200 wr e x
§ oo — 5 7™ STAFF
00 ﬂ OEFERDSRT
= - ot -
P S W A | [
POD| i __,,__H"'—"":—r""'"‘-_'_'-u?‘“'h—ﬂ_ s TIT,
Es 235525958 E %
Tl ivelem
Fig. Al Patients Treated in 1990
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Table A2

Patients Treated in 1991

STAFF +
MONTH STUDENT | STAFF | DEPEMNDANT | DEPENDANT TOTAL
[ Jan 56 235 278 513 1079
Feb 3 | 237 241 478 B77
har 440 242 266 5048 048
Apr &B00 250 267 528 1126
May 427 }40 251 491 818
Jun Hag 240 312 552 1140
| Jul 224 368 333 701 625
| Aug 14 198 201 399 413
Sep 3 179 159 338 341
| oct 72 384 265 649 721
Mov 461 278 239 g1r 978
Dec 408 278 265 541 945
Total 4 282 3,138 3 077 6,213 12.455
1200
1000 Hwh"fﬂ“‘s‘ ——= —— STUDEMT
i BaQ Y 7 = STAEF
sO0 - -
£ aoo - — T : DEFPEMDANT
i B e e — TEE:
zﬂu PRRELE R VR P \\— _,...-f — BEPENDANT
B g S P PR P P TOTAL
Monthe
Fig. A2 Paticnts Treated in 1991




Table A3

Patients Treated in 1992

STAFF +
MONTH STUDENT | STAFF | DEPENDANT DEPENDANT TOTAL |
Jan 585 267 235 502 1047
Feb 520 282 261 543 1063
Mar 414 255 269 S24 938
Apr 633 249 288 BT 1280
May 11 293 igd BT 778
Jun 11 Jaz2 431 7683 TE4
Jul 348 368 436 BO4 1152
[ Aug 234 56 253 508 743
Sep 424 274 259 533 957
Oct 727 485 ‘2|, 647 1374
Mav 187 103 160 253 440
| Dec 60 225 207 432 | 492
Total 4144 3,189 3,735 8,824 | 11,088
1600 —a— HTLGEMT
::gg ﬂ —m— JTAFF
§ 1000 Pl Ay
B ooo —— e DEPEMODWMMT
_éi:' e e s nia - .:_;u-“ﬁ‘-.,}h_.__
400 ::: :‘S == STAFFE +
zon 4 - e - N DERPENDWMNT
o h‘-\_"‘-‘;’ ' ' e TN T AL
B ERTESFTFESE
Months
¥
Fig. A3 Patients Treated in 1992
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Table A4 Patients Tréated in 1993 :
STAFF +
MONTH STUDENT | 5TAFF | DEFENDANT DEPENMDANT TOTAL
Jan 284 248 231 477 831
Feb 1 v . . 1
Mar 410 107 101 208 618
| Apr L] 244 307 531 1327
May 139 2m 400 681 a1
Jn___ | es | 208 449 747 816
i 58 335 479 814 871
g 17 212 321 533 550
Sep 20 235 226 461 481
et 412 281 406 sa7 11048
Mo G4 221 202 423 1087
Dec 525 312 342 554 1178
(Total 3433 | 2728 3,454 5,102 5679
L .
1400 R
1700
£ 600 AL = £ el
T i i A M L2 e —a  STAFF
< 400 4 S : Z\ b DEPEMENT
0 B i S S +$5$ELNDMT
o B g b G o P o
Months
Fig. A4 Patients Treated in 1993
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Patients Treated in 1994

STAFF +
BMOMNTH STUDEMT | STAFF | DEPEMDANT DEPEMDANT TOTAL
Jan TiT 279 277 558 1273
Feb 481 254 355 553 1141
Mar 512 330 410 740 1252
April 645 S26 335 BE1 1306 .
May 1038 338 401 R .1 1778
June 1304 333 299 632 1936
July 4595 415 356 211 1307
Aug 300 412 265 &7y gy
Sep T4 74 A4d4 818 gaz2
Dt B 418 445 BB& 932
MNawv B5 436 447 483 543
Des 32 242 375 T K T43
Tatal 5,711 4 287 4 585 8,883 14, 586
2E00
AR [ STUDEMT
Ll —=— STAFF
g 1000 B I \“W DEFPENDANT
T o = — ——  STAFF =
) e P T ., RS DEPEMDANT
E E E E" _E- E E :%- nﬁ- b= E E = TOTAL
Mentis
Fig. A5 Patients Treated in 1994
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Tahle AG Patients Treated in 1995
STAFF +
| STUDENT | STAFF | DEPENDANT | DEPENDANT | TOTAL
Jan 2449 g2 485 B&T 1127
 Feb 850 L] 406 7 1725
Mar 1025 383 483 TEh 1781
Apr g20 am 305 G4 1614
May 1038 356 482 838 1876
Jun 1089 425 B0G 935 2024
Jul 108 ara 484 ETQ G578 |
| Aug 145 15t ar1 ToZ 847
Sep 59 454 464 918 o7 |
Ot 50 00 448 ' T4R 796
MHow 417 2BS 72 857 1074
Dec 282 228 252 480 T2
Total 6,384 4,104 5,166 8,270 15,662
2500 —a— BTLUDEMNT
2000 r,..—-'—..._‘_f_‘--'F \ —m— ETAFF
1500
{000 __-""?__.__,:F___ : DEFPEMDMMT
e e e L L L == -  ETAFF =
. L T P —L""""“'-.pﬂ&-—'—n DEPEMNDANT
..luannu'luuln.pr Iunrl..iunlJm I.A.ug Iﬂup Dl Mov s R
y Mo
Fig. AG Patients Treated in 1995
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Table A7

Patients Treated in 1996

F

Pl rvithes

STAFF +
MOWNTH STUDENT | STAFF | DEPENDANT DEPEMDANT TOTAL
Jan - 2 - 2 2
Feb - = . . 0
Mar = - - - 0
Apr 5 a3 71 164 169
[LE 19 318 354 8672 691
Jun 12 369 351 710 Te2
Jul 38 480 585 1075 1111
Aug 21 368 401 68 T80
Sep 28 330 3aa 718 |47
s | 1123 328 477 Bos 1928
Mowv E80 ig2 354 536 1216
Des 381 228 258 4B6 EBT
Total 2,504 2,686 3,150 5,838 8,340
¥
2500 —— STUDERNT

= o h —m— ETAF

k- | e o _z’r DEPEMDANT

e P fi\: .

[= 5] ! .. - HTAFF &4
=] —-—r-—u—--F{:HH T i -q_':-;k;-.q_:_-_’-d_ il TDET.ELHD”"
AT . SR S N B

Fig. A7

Patients Treated in 1994
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Table AR

Patients Treated in 1997

STAFF +
MONTH STUDENT STAFF  DEPEMDANT DEPENDANT TOTAL
Jan 592 218 335 571 1163
Feb 670 196 307 503 1182
Mar 296 285 306 591 887
Apr 88 296 427 723 B21
May 618 373 502 B75 1493
Jun B88 305 433 788 1776
Jul 1213 304 463 767 1980
Aug B20 252 303 585 1385
Sep Tz 307 362 669 1041
Ot T&5 379 378 var 1522
Nay 819 319 430 749 1568
Dec 592 Z56 330 585 1178
Total 7,753 3,518 4,536 8,054 15,806
¥

- —s— STUDENT

2000 x

R == —i S THEFF

g e T M /r e 8 \“"'\-_-"’J T DEFPENDAMNT]
8] ¥ d —a— TCITAL
F P o g T PR O

Fig. A8

Patients Treated in 1997
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Table A9

Patients Treated in 1998

STAFF +

MONTH  STUDENT STAFF DEPENDANT DEPENDANT TOTAL
Jan TS 260 ars 638 7T
Feb 316 223 325 548 854
Mar 574 283 261 Rt ) 1123
Apr 454 161 187 368 832
May 915 269 J84 653 16568
Jun 434 385 550 835 1389
Jul 565 318 418 737 1322
Aug B39 211 277 438 1127
Sep 445 281 2a0 551 1006
Oct 418 307 438 745 1164
Moy B3 273 451 724 BOT
| Dec 58 228 306 534 52
Total 5010 3,225 4,206 7.431 12,441

—— GTLIDERT
—m— STAFF
DEFERCarT
v ETAFF 4

DEPERMDIAMNT
—— T TAL,

Fig. A9

Patients Treated in 1998
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Table A10

v

Patients Treated in 1999

STAFF +
MONTH  STUDENT STAFF DEPENDANT DEPENDANT TOTAL
Jan 44 211 i B2 F54
Feb 238 264 350 G14 a52
Mar =07 207 288 455 1003
Apr 938 289 388 677 1616
May 853 309 358 Tor 1660
Jun 1226 431 557 598 2224
Jul 1890 473 288 i 8E1
Aug 560 354 197 751 1311
Sep 676 aro 447 817 1483
Ot 280 369 428 795 1075
Mov 133 205 297 502 535
Dec 242 252 240 492 734
Total 7.051 3725 4,314 8,039 15,080

wepes FTUIDEMT

rﬁ'"‘. —m— STAFF
DEPEMDANT
BTAFF =
DEFPEMNDANMT
TOTAL

Fig. A10

Patients Treated in 1999
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Table All

Patients Treated in 2000

_ STAFF + |
MOHNTH STUDENT | 8TAFF DEPENDANT | DEPENDAMT | TOTAL
Jan E54 B42 A0 | 782 1416
Feb 145 100 141 241 358
bar - - - Q i
Ape = S . 0 0
May AE2 201 264 465 27
Jumn T24 224 3459 573 1297
Jul 1136 Jd62 HEE 230 2086
| Alrg 758 301 388 837 1455
Sep JB2 339 4389 Tra 1160
Ot J85 318 H36 854 12459
Mow 788 310 465 776 1574
Dec 409 321 311 532 1041
Tatal 5174 2,281 3,329 5610 | 10,780
2500 ¥ ——STUDENT
= I .—';Mk = —=— STAFF
e e DEFENDANT
= &S00 %\ i_r‘f:_\"‘& i ',-:,.:_"": G - ETAFF =
sl N e TeraL
22 XEFESRTFTXEINX
Maainhs
Fig. A1l Patients Treated in 2000




Table A12

Patients Treated in 2001

STAFF +
MOMNTH STUDENT | STAFF DEFPENDANT | DEFEMDANT | TOTAL
Jan 148 232 286 528 877
Feb 140 188 338 837 877
Mar 132 212 280 462 624
Apr 131 278 442 720 851
May 128 ga8 S5 1454 1613
Jun 50 A0 812 842 BE2
Jul 236 228 376 514 850
Alg arz 184 340 524 BEE
Sep 417 283 341 633 1050
Dt Te2 203 488 774 1501
o 392 122 274 255 TE3
Dec 25 ) T L] 121
Tatal 4,085 2, HE8 4217 7,085 19,114
:gg . e HTLIDENT
1400 Vo)
1 10 i —m— STAFF
1000 g
g —— 5 DEPEMDANT
= EOQ e
400 P - EGTAFF &
200 4 F—g—y— OERPERIMANT
0 . - ' - r TEITAL
EE 2 RES
Manths
Fig, A1l Patients Treated in 2001
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Table A13

Patients Treated in 20002

STAFF +
MOMTH STUDENT STAFF DEPEMDANT DEPEMDANT TOTAL
Jan 193 220 258 478 B7T1
Feb 460 2E8 Jaz2 B50 1110
bar ara 314 401 716 1004
Apr 418 262 478 FiriLt 1188
May 205 288 490 TTE 953
Jum 204 255 B8 a4 1068
Jid 394 286 541 B27 1226
Aug 810 268 1214 1462 2082
Sep 609 ¥rr 351 528 1037
Oct T34 ¥iE4 419 a3 1337
Mo a0 234 248 582 BEG
Deg 5] 1659 336 534 603
Total 4,501 3,081 5,743 B.B34 13,335
2500 =
2000 A —s— STUDENT

- S o 2

e R =L = EUP

= So0 1 '. DEFEMOSMT

o ' ' . '
EEERF ST EEEE T DEPENDANT
L5 YT T —a— TOTAL

Fig. A13 Patients Trgaicd in 2002
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Table Al4d

Patients Treated in 2003

STAFF +
MONTH STUDENT | STAFF | DEPENDANT DEPENDANT TOTAL
Jan 57 388 362 750 807
Feb . - - 0 0
har - - - 4] Q
Apr % . . 0 0
May 45 4 ar 1 147
Jur 240 255 316 5M a1
Jul 481 263 478 T4 1232
“Aug 145 B4 107 191 338
Sep 420 247 441 GE8 1108
Oct 17T 273 423 B8 873
Naw 326 166 3 487 B23
| Dec 337 151 264 415 752
Total 2,260 1,770 2,780 4 550 6,819
¥
1400
i 200 A o STUDENT
k. i ¥ 3 v\ S S e il
E’ ﬁ K‘h : ..ﬁt'\k‘n ,.F{ L — DEPENCIANT
r /7 ST —
. " ] | — B
S =3 rFsEFEEEE [T
Bt
Fig. Al4 Patients Treated in 2003
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