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Abstract

The function of mineral oil is to provide cooling and insulation between windings of transformers in power distribution systems.
However, oil spills from transformers pose environmental hazards such as human health effects on nervous systems, weakened
immunity, cancer in digestive system, liver and skins. The aim of this study was to explore mitigating measures versus land oil
spills from the power utility Tanzania Electric Supply Company (TANESCO) power distribution systems attributing to
environmental degradation in Tanzania, based in Arusha region. The study employed the method of quantitative data analysis.
Data collection tools included experiments, questionnaire, office records and structured interview. Sample size involved four
natural science expertise (for experiments), eight TANESCO offices (for records), 242 utility employees (for questionnaires) and
45 beneficiaries of power (for structured interview). Data analysis was performed on subsets of transformer external
failure-related to elicit the causes of land oil spills that illustrated the majority (75.38%) and internal failure-related causes that
indicated the minority (24.62%). The general results indicated vandalism was leading in causing transformer oil spills by
60.30%. It is concluded that transformer oil spills degrade the environment by posing health risks to human beings and
biodiversity. The study therefore, established an integrated land oil spill mitigating model based on construction practices,
maintenance strategies, manufacturing defects and vandalism proactively against the causes of land oil spills and adopted a
model on ecology of alkane-degrading bacteria in plants and soil types reactively against the effects of land oil spills. The study
recommends the Ministry of Energy to put policy in place for control of transformer mineral oil spills and provide education for
capacity building to both utility employees and power consumers.
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1. Introduction

Electricity is essential for the development of residential, there are some challenges facing Tanzania Electric Supply
commercial, manufacturing and processing sectors. However, Company (TANESCO) in delivering its services. These

"Corresponding author: maganza.mashala@gmail.com (Maganza Elias Mashala)

Received: 20 November 2025; Accepted: 15 December 2025; Published: 31 December 2025

@ Copyright: © The Author(s), 2025. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/ijees
http://www.sciencepg.com/journal/602/archive/6021006
https://orcid.org/0000-0001-7559-9458
https://orcid.org/0000-0001-7559-9458
https://orcid.org/0000-0001-7559-9458
http://www.sciencepg.com

International Journal of Energy and Environmental Science

http://www.sciencepg.com/journal/ijees

challenges include the following among others. According to
[11], oil spill from transformers can pose environmental
problems such as physical harm and toxicity to wildlife, de-
struction of critical habitat, destruction of food chains and
ecosystem, affecting biodiversity and breeding, long term
contamination of water, poisoning, as well as reproductive
problems.

Global environmental remnants of land oil spill prevent
water absorption by the soil and spills on agricultural loca-
tions or grasslands have the effect of choking off plant life as
observed through Application Programming Interface (API)
[2]. Hydrocarbons are major components of oil and natural
gas. These substances contribute to the greenhouse effect and
climate change, deplete the ozone, reduce photosynthetic
ability of plants, and increase occurrences of cancer and res-
piratory disorders, coma, seizures, irregular heart rhythms or
damage to kidney or liver in humans. As fossil fuels, its
combustion contributes to polluting emissions, especially of
carbon dioxide, one of the most dangerous greenhouse gases.
Human contributions of greenhouse gases have modified the
atmospheric greenhouse layer, which plays an important role
in moderating global temperatures [8].

Oil spills are hazardous to any environment, often having
negative environmental, economic and social impacts when as
a case site within the Niger Delta region of Nigeria [22]. These
negative impacts may amplify into disaster situations if not
adequately managed and properly prepared for in the form of
contingency planning and proactive pragmatic responses [22].
These responses must consider the peculiar environmental and
social consequences on the area or environment being planned
for based on adequate and reliable oil spill data sets [38].

The electric power system consists of generation, trans-
mission and distribution systems [34]. The Transmission Line
(TL) emanates from the generating station, Medium Voltage
(MV) line emanates from the grid or primary substation, and
Low Voltage (LV) line from secondary substation. The elec-
tric power distribution systems under this study consist of MV
lines from the transmission system, secondary substations, LV
lines and consumers loads as depicted in Figure 1.

s ,% MVline 7 LVline

Grid or primary
substation

Secondary Consumer

Generating
substation loads

station

Figure 1. Power system.

The power capacity of distribution transformer at second-
ary substation depends on the predetermined power consumer
loads [34]. The MV lines are 11 kV and 33 kV and trans-
formers commonly available in the power distribution sys-
tems have capacities of 50 kVA, 100 kVA, 200 kVA, 315 kVA
and 500 kVA [34]. The MV lines, LV lines and consumer
loads have components that are likely to cause land oil spills

at the secondary substation and the general power systems
when defective. The components include wooden or concrete
poles, Aluminum conductor steel-reinforced cables (ACSR),
insulators, arrestors, Drop out Fuse (DOF) and LV systems.
The distribution transformer dispatches power to consumer
loads through LV line. Other components that have influence
on land oil spills are consumer load currents, earthing system
ohmic values at secondary substations, span lengths between
successive MV poles, route lengths of MV line (feeder) from
grid or primary substation exceeding the allowed maximum
200 km and MV line pole length (12 m or 13 m) [34].

Distribution of electricity in Tanzania started with the es-
tablishment of the then known Dar Es Salaam Electric Supply
Company (DARESCO), a power utility that served the Dar Es
Salaam region, and Tanganyika Electric Supply Company
(TANESCO) which served upcountry regions of Dodoma,
Tabora and Kigoma back in November 1931. The MV ling,
transformers and consumers connected have increased dras-
tically in recent years following the introduction of rural
electrification projects funded by the Rural Energy Agency
(REA) in the year 2008 across the country. The current MV
line 33 kV is 1943.15 km, and 11 kV is 737 km while the
number of distribution transformers has reached 1942 and
over 280 390 consumers connected having a maximum power
demand of 81.7 MW in the Arusha region [35].

Further, 66 distribution transformers were found with in-
ternal failure-related causes. Meanwhile, 133 distribution
transformers were found with external failure-related causes.
External and internal failure-related causes making a total of
199 defective transformers that are mineral oil-containing
equipment occurred between the years 2013 and 2023 were
found with oil leaks and oil spills amounting to 76,249 litres
[35]. The annual quantities of leaked mineral oils from year
2013 to 2023, the years 2020 and 2021 have the highest
amount of oil leaks as in Table 1. The annual trends indicate
the possible increase in quantities of defective transformers
and oil leaks to exceed that of the year 2020 in future.

Table 1. Defective transformers with oil leaks.

Years Transformers Oil liters
2013 7 2,682
2014 9 3,448
2015 12 4,597
2016 13 4,981
2017 17 6,513
2018 19 7,280
2019 26 9,962
2020 29 11,112
2021 28 10,729
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Years Transformers Oil liters
2022 18 6,898
2023 21 8,047
Total 199 76,249

The distribution transformers are Oil Natural Air Natural
(ONAN) cooled [26] with varying oil tank capacity. Accord-
ing to [27], distribution transformer oil acts as a cooling and
insulating medium. The oil also functions as a dielectric and
preserves the metal parts internally by submerging them. Oil
surrounding a transformer core-coil assembly enhances the
dielectric strength of the winding and prevents oxidation of
the core. Qil also picks up heat while it is in contact with the
conductors and carries the heat out to the tank surface by
self-convection. Further, there are so many oils used in the
transformers right from mineral oil to vegetable oils [28].
Mineral oils that are used in the transformers along the power
distribution system [36] have proven reliable as an insulating
medium with the advantages of low viscosity, low dissipation
factor, high resistivity and breakdown voltage which shows its
predestination for high voltage equipment [28]. The disad-
vantage is that spilled oil is treated as toxic waste and mineral
oil that escapes into water such as rivers is especially harmful
[26]. This exploration enabled the screening of power distri-
bution system populations to ascertain the extent and intensity
of transformer oil spills. These strategies can be utilized as a
framework for forecasting potential oil spill incidents both
within the designated study area and in other locations. Es-
tablished causes of defective transformers that led to land oil
spills between 2013 and 2023 in Arusha region included im-
proper construction practices, improper maintenance strate-
gies and other anomalies. This exploration on the causes and
effects of land oil spills enabled revisiting the power distri-
bution system populations to ascertain the extent and severity
of adverse effects of transformer oil spills, with the results

serving as a foundation for developing mitigation measures
against environmental degradation. These counter measures
can be utilized as a framework for forecasting potential oil
spill incidents both within the study areas and in Tanzania at
large. Therefore, the study established an integrated land oil
spill model based on construction practices, maintenance
strategies, manufacturing defects and vandalism against the
causes of land oil spills on one hand, and adopted a model on
ecology of alkane-degrading bacteria in plants and soil types
against the effects of land oil spills on the other hand as mit-
igating measures versus land oil spills from TANESCO power
distribution systems attributing to environmental degradation
in Tanzania, based in Arusha region.

2. Materials and Methodes

2.1. Materials

The study involved beneficiaries of power as witnesses to
acts of vandalism, chosen for structured interviews using a
stratified sampling technique [25] from wards of Moivo and
Sokoni Il wards. Elerai, Endamarariek, Namanga, Olasit,
Sokoni I, Sombetini, Maji ya Chai, Usariver, Monduli Juu,
and Sepeko were involved for field observations testing, and
measuring parameters. 242 utility employees were involved in
questionnaire using purposive sampling [15] from Arusha
regional office and districts of Karatu, Usariver, Monduli,
Longido, Ngorongoro, Muriet and Mererani. Specimens for
experiments included 4 species of plants, 4 types of soils, 3
water bodies, MV lines (4 km), transformers (9) of sizes
ranging from 50 kVA to 500 kVVA, mineral oils from trans-
formers, land surface places (9) and consumer load tariffs (TO
and T1) (4). Experiments included various samples of mineral
oils from places of defective power distribution transformers,
plants, soils and waters as shown in Table 2.

Table 2. Matrix summary of samples for field and laboratory observations.

Ward Sample Total
MV line km Transformers TO T1

Elerai 4 4 4 4 16
Endamarariek 4 4 4 4 16
Moivo 0 4 0 0 4
Namanga 4 4 4 4 16
Olasit 4 4 4 4 16
Sokoni | 4 4 4 4 16
Sokoni 1l 0 5 0 0 5
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Ward Sample Total
MV line km Transformers TO T1
Sombetini 4 4 4 4 16
Total 24 33 24 24 105
Oils/places Plants Soils Waters
Maji ya Chai 4 4 4 3 15
Moivo 4 0 0 0 4
Monduli Juu 4 4 4 3 15
Sepeko 4 4 4 3 15
Sokoni Il 5 0 0 0 5
Usariver 4 4 4 3 15
Total 25 16 16 12 69
P, =N, x 3 xV, x I, x Cos 4)

2.2. Methodes

The study focused on the assessment of transformer failure
through diagnostic testing, internal inspections, teardown
inspections and failure analysis [10]. Three basic assumptions
were made before regression modelling of distribution
transformer internal and external failure related causes of land
oil spills to calculate the combined energy loss that would be
served from Pg, Po and Py and load currents Ig, 1o and Iy,
respectively as follows:

1) Load current (Ig) found between overload and nominal

values

2) Overload currents (lo) found greater than nominal values
3) Vandalism currents (l) found equal to nominal values
To achieve mitigating measures based on load currents:

kva
T \BXkV @

Equation (1) was modified to calculate individual
variables Pg, Po and Py as follow:

Py = Ny X3 XV, x I X Cos@ 2

Py = Ny x V3 xV, x1I, x Cos@ (3)

Pe = Energy loss due to MV line parts failures Py = Energy
lost due to overloads

Py = Energy lost due to vandalism

NE = Number of defective transformers due to external
parts

NO = Number of defective transformers due to overloads

Ny = Number of defective transformers due to vandalism

Ie = Load currents due to My line parts failures

lo = Load currents due to overloads

Iy = Load currents due to vandalism

'3 = 1.732 for 3-phase distribution transformers

Cos6 = Industrial standard Power Factor 0.8

Equations (2)-(4) applied in three-phase balanced systems
for real power may be A phase current, B phase current or C
phase current as in Figure 2.

The slope (S) of the land over which distribution systems
are installed is denoted as S that increases as the land surface
becomes more inclined, as stated by [7]. In the process, the (X,
y) coordinates indicated the degree to which the oil spills
spread across the inclined land surfaces and descended onto
the ground. Following geometric principles, measuring the x
and y axes from the coordinates (0, 0) to (X, y) determines the
slope S. The magnitude of S differed based on the character-
istics of the terrain or topography. Mathematical representa-
tion of S resembles the gradient of linear algebra (Equation

®)).
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5= ®)

s = Slope y = Vertical axis x = Horizontal axis

The modality to obtain S in Equation (1) is used to get the
horizontal lengths from the position of the oil leaked trans-
former as zero or reference point (0,0) using a tape measure to

as far as the destination of the oil spill (x, y). The horizontal
lengths were x coordinates (abscissa), while the vertical
lengths were y coordinates (ordinates) measured from the
ground level upward to the equilibrium point of the level
meter, where the oil spill terminated as displayed in Figure 3.
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Figure 3. Coordinates of typical oil spill places.

The S variables computed from each oil spill place referred
to velocities of the travelling oil spills on slopes sampled from
different places, indicating the data for the x and y coordinates
and the corresponding S. Using the values of S, the values of V
were computed from Equation (6) for regression analysis of
the soil-based model [7].

V= 4.92[5]5 (6)

Data with oil spill lengths and velocities of oil spills could
be used to compute the time the oil spills travelled to the
destinations Equation (7) [19].

L
t=- ()
Computation of S for individual oil spills was referred to as
Equation (5) where x is the oil spill length denoted as L and Y

the vertical displacement from where the oil spill terminates.
Y
S=7 8

Substituting Equation (8) into Equation (6) gives:

V =492 [f]% ©9)

Equation (9) was used as a tool for oil spill management to
generate a regression analysis model from Analysis of Vari-
ance (ANOVA). The Velocity of an oil spill from Equation (9)
was used to develop (Equation (10)).

V =B, + $4.92 [{]% TR [4.92 [%ﬂ (10)
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V = velocity of the travelling oil spill, [3 = Intercept 3=
Regression coefficient, Y = Vertical length at oil spill terminal
and L = Horizontal length of oil spill.

Proper selection of x and y coordinates may decide the
speed and the spread of oil spills. The study seeks to develop a
regression model as a tool for the ground on which the dis-
tribution transformer is positioned to zero the oil spill height
(Y) within the MV line corridors The ground on which the
distribution transformer is to be mounted requires careful
selection of the type of soil. This chapter describes clay,
gravel, sand, and silt soils, the suitable soil should allow for
the effective implementation of the model. When mixed with
water and cement in a good ratio, its particles must make a
block of concrete that effectively fills the pore spaces to hin-
der penetration of oil spills underground.

3. Results and Discussion

3.1. Power Distribution Systems

Power distribution system is the final stage in the delivery
of electric power carrying electricity from the transmission
system to individual consumers. Distribution substations
connect to the transmission system and lower the transmis-
sion voltage to medium voltage [36]. Assessment of power
distribution systems focused on construction practices,
maintenance strategies and vandalism cases to identify
anomalies posing land oil spills.

3.1.1. Construction Practices

Karatu district has one two MV line with route lengths
exceeding the recommended 200 km [34] and many second-
ary substations. A 33 kV Manyara line (343.10 km) that sup-
plies the Karatu district and a portion of Monduli district has
115 secondary substations, and a 33 kV Ngorongoro line
(238.14 km) that supplies Karatu and Ngorongoro district
has 71 secondary substations [35]. Wooden poles from euca-
lyptus and pine trees used in power distribution systems are
treated using CCA [31] or creosote [32] to stay longer in the
field without rotting as the preservatives protect the wood
against various attacks like fungus, wood borers and other
insects and the worst effects of weathering. The overall
measurements of the Copper Chrome Arsenic (CCA) and
creosote retention by X-ray Photoelectron Spectroscopy and
vernier calliper indicated deviation of the readings from the
accepted specs to signal that CCA and creosote preservatives

were insufficient. Further, some wooden poles indicated that
the plants were prematurely harvested. Insufficient preserva-
tive treatment and premature tree harvesting have contribut-
ed to the quick rotting of the wooden poles found at second-
ary substations, leading to fallen transformers, broken High
\Woltage (HV) and LV bushings, and oil spills. The construc-
tion of MV lines include horizontal, triangular and vertical
overhead conductor styles. The construction manual requires
that conductors be equally spaced from 3’11” to 4’3" for 33
kV power distribution lines to enhance a balanced power
system [34]. Taking note of the recommended spacing of MV
line conductors for 33 kV lines in the construction manual, it
was observed that the 7’ length of the galvanized steel
cross-arm commonly applied mathematically disagrees with
reality. The calculation indicated that for the galvanized steel
cross-arm having a length of 7’ for 33kV lines, the actual
spacing between conductors is nearing 3’ 2” instead of 3'11".
Suppose the spacing was intended to avoid the possible
overcurrent due to induced emf between conductors. Another
observation was unequal spacing between line conductors.
The middle conductor for horizontal style was not fixed at
the centre of the two outer conductors between successive
spans as required during the implementation of previous
projects. In such case, one of the causes for the failure of
distribution transformers is the narrow line spacing between
conductors due to the application of short galvanized
cross-arms or unequal line spacing between conductors. This
could superimpose emf induction between conductors and
cause a severe overcurrent in adjacent phases, especially at
peak load. The overcurrent is likely to stress the transformer
windings, generate excessive heat with gases released push-
ing out the gaskets and allowing oil to penetrate outside the
transformer tanks.

Based on the rotating ellipsoid method and mean potential
method regarding the calculation of single and multiple rods
earthing resistance in one-layer soil types [17], tests from
recently commissioned projects with four secondary substa-
tions at Wards of Endabash and Endamarariek indicated to
have an insufficient earthing system to the distribution
transformers, whereby earth resistance measurements to
depth of 1m in different soil types had resistance above 120
Q on MV and 30 Q on LV side (sandy soil) during dry sea-
son as in Table 3 instead of the all-time recommended 7.5 Q
and 2.5 Q respectively [34]. The substandard earthing system
leads to power distribution transformers being easily struck
by lightning; hence the occurrence of oil spills as found at
various secondary substations.
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Table 3. Measurements of earthing resistance values at various soil types.

Soil type Ward \oltage (kV)
Clay 33
Endabash
Gravel 33
Sandy 33
Silt Endamarariek 33

Some span lengths are incredibly long. As such, the sag
towards the ground between two successive poles is lower
than recommended. Results from at least four spans meas-
ured along the MV lines at Wards of Mang’ola and Rhotia
indicated span lengths exceeding 50 metres as in Table 4,
different from the recommended ones for safety purposes
[34]. Long spans crossing over the roads were touched, and

100
100
100
100

Earthing resistance (Q)

Transformer (KVA)

MV side LV side
150.23 33.13
130.26 36.14
142.22 47.20
100.10 50.15

conductors broken by high trafficking lorries Moreover, MV
lines constructed along the roadsides had some poles
knocked by vehicles driven by reckless drivers causing the
fall of nearby distribution transformers that pose oil spills.
Most poles erected alongside the road were not protected by
guards whatsoever.

Table 4. Span lengths exceeding standards at various places in Karatu district.

Span length (m)

Ward Transformers Span from transformer
Standard Measured
100 kVA, 33 kV 2 50 85
Mang’ola
100 kVA, 33 kV 3 50 78
100 kVA, 33 kV 5 50 70
Rhoti
otia 100 kVA, 33 KV 7 50 80

3.1.2. Maintenance Strategies

The maintenance strategies found are Run-To-Failure
(RTF), Preventive Maintenance (PM), Predictive Mainte-
nance (PdM) and Proactive Maintenance (PaM) as defined
by [20]. The RTF (46.67%) carried out when there were a
total failure and no power to consumers. As such, the trans-
former might have been reported overloaded or had its sup-
porting poles rotten, but no immediate efforts made to re-
place the rotten poles or shift some of the connected power
consumers to the nearby transformer to avoid overloads.
Eventually, the overloaded transformer busted or fell down
for rotten poles, posing land oil spills. Although efforts are
made to replace the then rotten poles or busted transformer
through RTF, the oil spills had already spread. This meant
replacement of the rotten or broken poles was done at worst
case scenario for lack of the essential items in warehouses.
Inspection reports on sampled feeders indicated a substantial

number of secondary substations had their pole supports rot-
ten to signal for transformer fall, leading to broken bushings,
the situation that causes land oil spills. Rotten poles adjacent
to and those supporting the transformer at secondary substa-
tions would fall easily through strong winds as natural ca-
lamity or knocked by vehicles. As displayed in Table 5, the
PM (23.33%) and a bit PdM (20.00%), with a combined
43.33%, were next to RTF. The remaining 10.00% was liter-
ary, referred to as PaM. The PM, defined as periodic
maintenance [16], involve such activities as checking the oil
level, replenishing and improving transformer earth re-
sistance, tightening loose parts of Circuit Breakers (CBs) and
replacement of oil, cleaning connecting lids of auto
re-closers, installation of transformers to relieve loads of
others in the circuit. PdM [18] was rarely applied in the dis-
tribution systems. Accordingly, three respondents (19.84%)
out of 15 could define the predictive strategy based on tools
and equipment.
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Table 5. Summary of power distribution maintenance types.

Maintenance strategies Frequency Proportion (%)
RTF 28 46.67

PM 14 23.33

PdM 12 20.00

PaM 6 10.00

Total 60 100.00

The equipment was serviced beyond their predetermined
mileage and time of service such that certain sounds, smells,
and vibrations were used to detect the unavoidable limitation
of services. No predictive devices [29] were installed on the
power distribution system to sense and give feedback to re-
sponsible personnel. Neither were personnel assigned for
predictive maintenance. 10.00% of respondents were well
informed on proactive maintenance based on construction
and maintenance manuals provided for operations to improve
equipment conditions and degradation rate through better
design, installation procedures, failure analysis, quality, and
scheduling in power distribution systems. Few respondents
are aware that Reliability Centred Maintenance (RCM),
failed parts analysis that included Root Cause Failure Analy-
sis (RCFA) and Failure Mode and Effect Analysis (FMEA),
reliability engineering, age exploration and recurrence con-
trol were rarely applied in power distribution systems.

3.1.3. Vandalism Cases

Other transformer external failure-related causes were noted
when the transformer tank was pierced, its cork underneath
was removed, and bushing gaskets failed to enable the mineral
oil flow out. It could be realized that there was vandalism for
the removed or pierced cork prompted by black markets of
transformer mineral oil sold as cooking oil for frying potato
chips, fuel for vehicles and as medication of wounds [14].

3.1.4. Manufacturing Defects

Meanwhile, some transformers were found with unsatisfac-

tory tank welding. Due to the influence of external environ-
ment, temperature, experience skills, welding materials, plates
and other factors, the quality results after welding must be
satisfactory to avoid welding cracks and blisters, which cause
oil leakage. Transformer leaks were most commonly caused
by degrading cork gaskets, holes radiator fins or steel tank.

3.1.5. Summary of Causes of Land Oil Spills

Table 6 summarises the internal-related failures with
24.62%, as a combination of lightning (3.52%) and over-
loads (21.10%), and external-related failures making 75.38%
as a combination of vandalism (60.30%), improper construc-
tion practices (6.03%), improper maintenance (7.04%) and
manufacturing defects (2.01%).

Table 6. Summary of causes of causes of land oil spills.

Causes of failure Frequency Proportion (%)
Improper construction 12 6.03

Improper maintenance 14 7.04

Lightning 7 3.52
Manufacturing defects 4 2.01

Overload cases 42 21.10
Vandalism cases 120 60.30

Total 199 100.00

3.2. Oil Spill Places

According to [37], oil spills have a number of effects on
the environment. On a basic level, oil spills damage water-
ways, plants and animals on the land. Further, when oils ring
or machinery malfunction or break, thousands of tons of oil
can seep into the environment. Habitats can be catastrophic;
killing plants and animals; disturbing salinity/PH level, and
pollute air, water and more.

Table 7. Analysis of accessible witnesses on structured interviews Arusha district.

Interviews

>5 Years

Stayed period

<5 Years

Informed on transformers

Informed on oil theft

Ward respondents
Total respondents

Moivo Sokoni 11

21 24 45
0 0 0
21 24 45
21 24 45
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Ward respondents

Interviews Total respondents
Moivo Sokoni 11

Rumors 9 10 19
Source of information for power restoration

Local leaders 12 14 26
Replenished transformers 2 2 4
New transformers 2 3 5

>3 Days 9 14 23
Replenished/power restored intervals

<3 Days 12 10 22
Places with oil spills 4 5 9

The review focused on distribution transformers at Moivo

and Sokoni Il wards in Arusha district as portrayed in Table 7.

The findings from both wards suggested that they lived in
their places for more than five years and witnessed TA-
NESCO teams with Police investigating transformers affected
by vandalism. Further interviews disclosed transformer min-

eral oil in the street, such as cooking oil for frying potato chips.

Some were sold as fuel for vehicles at a cheap price in the
black markets. The interviewed 24 (53.33%) respondents at
Sokoni I, and 21 (46.67%) respondents at Moivo had
knowledge of distribution transformers and witnessed the
transformer mineral oil theft. Further, a total of nine
oil-immersed distribution transformers were damaged due to
vandalism, with the majority of the incidents occurring in the
Sokoni Il ward, accounting for five transformers (55.56%)
and the remaining four transformers (44.44%) in the Moivo
ward. Four of the nine vandalized transformers were still
operational and promptly repaired, with two located in Sokoni
Il and two in Moivo. However, the other five transformers,
three in Sokoni Il and two in Moivo were deemed irreparable
and required replacement. Five distinct areas indicated the
vandalized transformers; four at Sokoni Il ward and the re-
maining at Moivo ward. Oil spills were detected in all nine
locations, indicating a widespread environmental concern.
The replacement and restoration of power to the vandalized
transformers faced a significant delay of over three days,
causing inconvenience and disruption to the affected areas.
Based on the report, 51.11% of the respondents (14 from
Sokoni Il and nine from Moivo) reported that power was
restored three days after the necessary arrangements for re-
plenishing mineral oil. In contrast, 48.89% (10 from Sokoni Il

and 12 from Moivo). Notably, 57.78% of the respondents
received information regarding power restoration from their
local leaders, highlighting the importance of effective com-
munication channels. Conversely, 42.22% relied on rumors,
indicating a potential lack of reliable information dissemina-
tion in certain areas.

Mineral oil spills on plant, soil and water samples indicate
that in all types of soils, clay soils were much affected (12%),
followed by silt soils (8%). In all types of water bodies, ponds
were much affected (14%), followed by swamps (12%).
Meanwhile, in all plant species sampled, forbs that do not
grow much tall were much affected (13%), followed by grass
(10%) as in Table 8. The placement of secondary substations
on sloping land surfaces may result in oil leaks that have the
potential to reduce the width of the spill but increase its length,
thereby reaching a distant area. It can lead to the contamina-
tion of plant species, particularly forbs and grass, commonly
found on inclined land surfaces beneath secondary substations.
Around 11% of defective distribution transformers with leaks
were found installed on improper land surfaces, affecting clay
soils (4%), gravel soils 2%, sandy soils (2%) and silt soils
(3%). The selection of load centres for the secondary substa-
tion did not consider the different soil types, including clay,
gravel, sand, and silt. Clay soil retains liquids (in this case
mineral oils when leaked) for long time, followed by silt soils.
Sand and gravel soils, relatively retain liquids for a short time
following the large spaces between particles. At least 16% of
defective transformers with oil leaks were found installed on
improper soil types, affected clay soils (6%), gravel soils 3%,
sandy soils 3% and silt soils 4%.

Table 8. Oil leaked defective distribution transformers at plants, soils and water places.

Locations Improper soils (%)

Clay soils 6 4

Improper surfaces (%)

Improper screed concrete (%) Total
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Locations Improper soils (%) Improper surfaces (%0) Improper screed concrete (%) Total
Gravel soils 3 2 1 6
Sandy soils 3 2 2 7
Silt soils 4 1 8
Total 16 11 6 33
Gullies 4 2 0 6
Ponds 6 6 2 14
Swamps 8 0 4 12
Total 18 8 6 32
Forbs 6 5 2 13
Grass 4 4 2 10
Shrubs 4 2 1 7
Trees 3 2 0 5
Total 17 13 5 35
Overall 51 32 17 100

Plinths and floors under which distribution transformers
were mounted could be found with improper and weakly
screed concretes, whereby crakes allowed penetration of
mineral oils and reached various soli types, plant species and
water bodies. Places found with improper screed concretes
and so vast effects of mineral oils on plants and soils were

those with soil types retaining liquids much longer than others.

These included clay (2%), gravel (1%), sand (2%) and silt
(1%), making a total of (6%).

Plant samples included in this study were forbs (Colocasia
and Sativa), grass (Poaceae), shrubs (Rhododendron) and
trees (bamboo). Distribution transformers found on improper
soil types were 17%, affecting forbs (6%), grass (4%), shrubs
(4%) and trees (3%). Those found on improper land surfaces
13%, affected forbs (5%), grass (4%), shrubs (2%) and trees
(2%). Only 5% of the distribution transformers at improper
screed concretes affected forbs (2%), grass (2%) and shrubs
(1%). No trees were found affected at improper screed con-
cretes.

Oil spills generate several environmental impacts and have
become more common with the increase in petroleum ex-
traction, refining, transportation, and trade. In soil, oil con-
tamination increases water and nutrient availability and
compaction, directly affecting plant growth and development.
Different aspects of phytotoxicity can be observed and will
vary according to the characteristics of soil and plants.
Oil-contaminated soil also results in negative effects on bio-

mass and changes in leaves and roots [4, 39] stated that the
release of crude oil into the environment introduces toxic
compounds, such as Polycyclic Aromatic Hydrocarbons
(PAHS) as in Figure 4, heavy metals, and volatile organic
compounds, which can persist in soils long after the initial
spill event. These contaminants can alter soil physical prop-
erties impeding water infiltration and reducing soil porosity.
Oil penetration into the soil matrix can lead to the formation
of hydrophobic layers, exacerbating issues related to water
retention and affecting the availability of nutrients to plants.
Further, the uptake of organic pollutants by plants from con-
taminated soils depends on abiotic factors that include phys-
icochemical properties of the molecule and molecular weight
and soil components (clays, iron oxides, organic matter) and
biotic factors that involve transpiration rates on types and
amounts of lipids in root cells, enzyme complements, root
exudates and growth dilution. [33] said that the evaluation of
oil impact on soil ecology involves assessing the effects of oil
contamination on the various components of the soil ecosys-
tem, including plants, microorganisms, and invertebrates.

According to [12] responsiveness of vegetation to oil con-
taminant also depends on type of root system they contain.
Further, as compared to plants containing stock roots, the
plants having shallow roots are affected with oil spill. The oil
spills show immediate influence on vegetation cover as within
few days of the spill the vegetation turns yellow or brown in
color, losing chlorophyll and falling of leaves.
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Figure 4. Aromatic hydrocarbons on plant.

The presence of mineral oil in soil that is already contam-
inated can have detrimental consequences, including the
immediate death of plants upon contact, the suppression of
growth, and the inhibition of germination-fact that it enhances
the inhibition of activities of the soil micro-organisms by
delimiting free water supply and aeration [23]. The pH of oil
spill-polluted places varied over a range of 5-8 affecting
various types of soils as in Table 9.

Table 9. Chemical properties of tested soils.

PH Clay Gravel Sand Silt
Normal soil 5.75 6.98 6.56 5.92
Polluted soil 7.53 7.62 7.63 7.56
Increase (%) 31.19 9.17 16.31 27.70

The ability of soil to allow water to flow through it is called
soil permeability. Flow of water in soil takes place through
void spaces, which are interconnected [3]. According to
Darcy's law, gravel soil has the highest permeability of 100
cm/s, followed by sandy soil, which ranges from 10-2 to 100
cm/s. Clay soil has the lowest permeability, ranging from 10-6
to 10-4 cm/s, followed by silt soil, ranging from 10-4 to 10-2
cm/s. Permeability test methods performed included the con-
stant head test method for permeable soils (k>10-4 cm/s) and
the falling head test method mainly used for less permeable
soils (k<10-4 cml/s) (viscosity [1]. The constant head and
falling methods are used for permeability tests on contami-
nated gravel and sandy soil, while the falling head method
was applied to test clay and silty soils. The experiments re-
vealed that the permeability of the contaminated soil types
exhibited varying degrees of decrease. The findings indicated
that both clay and silt soils experienced a significant reduction
in permeability, ranging from 10% to 20%. In contrast, the

permeability of gravel soil decreased by 10%, while sand soil
decreased by 1% to 10%. The decline in permeability for all
soil types was attributed to transformer oil, which became
trapped in the soil's pore spaces, consequently diminishing the
pore sizes and impeding water flow through the soil.

Based on improper soil types, 18% of the defective trans-
formers with oil leaks affected gullies (4%), ponds (6%) and
swamps (8%). Those on improper land surfaces 8% affected
gullies (2%) and ponds (6%). No distribution transformers
were found under swamps at improper land surfaces. Only 6%
of the defective transformers with oil leaks were found on
improper screed concretes, with ponds (2%) and swamps
(4%). No defective distribution transformers with oil leaks
were found on or near gullies. Oil spills on water itself can
severely contaminate beaches and sediment and causes seri-
ous harm to marine wild life [37]. Further, it suffocates fish,
get caught in the feathers of birds and mammals and block
light from photosynthetic plants in water, disturbing the food
chain. Samples from distribution transformer mineral oil
polluted inland waters in gullies, ponds and swamps at Maji
ya Chai, Monduli Juu, Sepeko and Usariver Wards were tested
on physical, chemical and biological changes, and the results
displayed. Test results indicated that ponds were affected
much in all sampled wards. Table 10 indicates Usariver leads
whereby pond samples were polluted to 4.66%, followed by
Maji ya Chai (4.04%) and Sepeko (2.95%). Ponds were
heavily affected, possibly because water was stagnant.
Swamps were second from ponds, with Usariver ward heavily
polluted (4.00%) again, followed by Maji ya Chai ward
(3.71%) and Sepeko ward at somewhat 2.28%. Swamps tend
to absorb and retain water for some time, and oil spills would
likely have drained shortly underground. Swamps contain
transformer oil, relatively similar to ponds, as water is stag-
nant. Gullies with average of 6.00% were not very much
affected by oil spills, possibly because water therein is some-
times in motion.
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Table 10. Oil spills from inland water bodies.

Water Total
bodies ~ Vverds (%)
Majiya Monduli .
Chai Juu Sepeko  Usariver
Gullies 157 1.10 1.52 181 6.00
Ponds 4.04 2.34 2.95 4.66 13.99
Swamps 3.71 2.00 2.28 4.00 11.99

Generally, the alarming situation did not affect Monduli Juu

ward, although the obtained statistics are negligible. Water
samples were collected from Maji ya Chai and Usariver wards
in Meru district, Monduli Juu and Sepeko wards in Monduli
district (Plate 3). The test results for Potential of Hydrogen
(PH), temperature, Electrical Conductivity (EC), Total Dis-
solved Solids (TDS), Biological Oxygen Demand (BOD) and
Chemical Oxygen Demand (COD) in Figure 5 indicated that
the BOD at a temperature between 26 <C and 29<C was found
between 100 mg/l and 140 mg/l. The greater the concentration
of organic pollution in the water, the greater the oxygen de-
mand of the bacteria. The thin oil layer on the water surface
inhibited the growth of microbiology that grows in shallow
waters [30]. The COD was found between 98 mg/l and 550

mg/l.

600
500
L]
£ 400
i
&
g 300
S
g 200
100 I I |
0 | I oY II Em ull Em .
Monduli JuuMonduli Juu  Sepeko Sepeko Maji ya Maji ya Usariver  Usariver
normal polluted normal polluted Chainormal  Chai normal polluted
water water water wafter water polluted water water
m 01l PH EC TDS ®mCOD m®=mBOD water

Figure 5. Inland water body quality assessment.

The EC was measured between 0.31 and 2.89 mmhos/cm
from the TDS ion concentration within the water, which was
between 227 mg/l and 252 mg/l. pH of polluted water became
more basic between 7.68 and 7.96. The oil spill at Maji ya
Chai was caused by leakage from the distribution transformer
resulting from lightning. The transformer burnt due to over-
load, causing an oil spill at Sepeko Ward. Meanwhile, the oil
spill at Monduli Juu was caused by a distribution transformer
rupturing due to manufacturing defects. The PH values rec-
orded were within the permissible level of the World Health
Organization (WHO) [9]. EC, TDS, and COD values increase
significantly after plant exposure. High EC, TDS and COD
are signs of pollution. The increase in EC indicates that most
inorganic elements are abundant [5]. Although the TDS val-
ues increased, they were still within the highest desirable limit
of WHO (500mg/l) and classification scheme of African wa-
ter within conductivities between 6,000 — 16,000uScm-1.

Continuous pollution may rise and exceed WHO values as
described by the Environmental Protection Agency (EPA) [6].

3.3. Mitigating Measures

Mitigating measures include but not limited to proper con-
struction practices, maintenance strategies, proper procure-
ment management unit, load current-based model, and al-
kane-degrading bacteria and their interaction with the plant.

3.3.1. Proper Construction and Maintenance

The first part that mitigates land oil spills from distribution
transformer internal and external failures is the application of
construction and maintenance standards. Maintenance is an
all-life activity that has to be enhanced immediately after
construction to standards. Regular maintenance should in-
clude activities to be carried out in the formalized priority as
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inspections, quick fixes, load balancing, load transfer to near
secondary substation, upgrading the existing secondary sub-
station, upgrading LV lines conductor size, introduction of
new secondary substation, upgrading MV line conductor size
and upgrading MV line from 11 kV to 33 kV.
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Figure 6. 33kV recommended line spacing.

Inspection is a proactive measure that aims to identify the
problem in advance. It is through inspection that improper
construction practices occur. Moreover, improper mainte-
nance strategies can be identified and quickly fixed. Growth
of load current in various secondary substations can be
trended for decision-making on load balancing, load transfer,
upgrading the existing secondary substation, upgrading the
LV line conductor size, introduction of a new secondary sub-
station, upgrading the MV line conductor size and upgrading
the V line from 11kV to 33kV. The mitigating measures will
help proactively avoid poor workmanship, manufacturing
defects, lightning, overload and vandalism cases leading to
land oil spills. Typically, the precise recommended spacing
of 3’8" between conductors for an overhead horizontal 33 kV
line with porcelain pin insulators should be fixed on an 8’
long galvanized steel cross-arm as illustrated in Figure 6.

Accordingly, a typical wooden pole 44’ long applied on
the MV line must have its length one-sixth immersed under-
ground. Generally, it is recommended that the length of the
galvanized cross-arm should be at least 8’ for a 33 kV line.
This length should include at least 4” m left from both ends
of the applied cross-arms. The remaining 74" for 33 kV
lines optimized for mounting the insulators [21] holding the
conductors. The 5" cross-arms currently used in 11 kV lines
should be avoided; the 7’ cross-arms should be applied for
the same reasons. The power utility (TANESCO) should
consider using roadside barriers or guards on poles as found
in few areas indicated in Figure 7 to protect the MV line
constructed along the roads so that the individual poles are
not directly knocked by reckless drivers causing fall of a
nearby distribution transformers that causes oil spills.

Figure 7. Typical guards near roadside MV line pole.

The best construction practice in areas with high level of
isokeraunic is to install arrestors close to and in parallel with
the transformer HV bushings as demonstrated in Figure 8 to
protect the transformer from thunderstorm causing land oil
spills. It is therefore recommended to use steel rods coated
with copper but the galvanization must be strong and proven
to recommended thickness of pure copper layer on the pure
steel or pure copper earth-rods. If preventive maintenance was
well implemented, it would involve replacement of such
electrodes and addition of organic manure to achieve the
recommended values of the earthing system on both MV and
LV sides periodically. The recommended dressing during
construction of secondary substations is a panacea and pro-
active action to land oil spills. The ongoing exercise to im-
prove the secondary substation dressing as witnessed at Mto
wa Mbu, an area found in Monduli district but attended by
Karatu district personnel should be rollout in Arusha region to
alleviate land oil spills.

Proper
LV
cables

installation

| and
dressing of
lightning

Figure 8. Proper dressing of substation with arrestors.
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3.3.2. Proper Procurement Management Unit

To avoid the manufacturing defects, involvement of engi-
neering teams during procurement processes is a must. The
defective distribution transformer with oil leaks, which will
be recognized and rejected at manufacturing factories.
Transformer manufacturing defects that were a result of un-
coordinated factory due diligence and acceptance tests to
suppliers, manufacturers or project contractors in all materials
and works procured and used in power distribution systems
leading to procuring substandard materials and works that
cause high rates of oil spills shall come to an end.

3.3.3. Proper Technological Tools

The power distribution metrics that is majorly applied in-
cluded the data collected from defective distribution trans-
former load currents due to external failures (Ig), overloads (lo)
and vandalism (l) at large. The power distribution metrics
(Equations (2), (3) and (4)) consider the real energy power (P)
that is lost due to power blackout resulted from failure of parts
external to distribution transformers (Pg), unadministered
overloads (Po) and vandalism influences (Py). The power
distribution metrics considers the 3-phase transformer load
power factor as 0.8 with line voltage 0.4 kV. Defective dis-
tribution transformers due to failure of MV line parts, over-
loads and vandalism were used as quantities to develop a
proactive load current-based regression model as one means
to mitigate the causes of land oil spills. Further, land oil spills
in Figure 3 were used to develop a reactive soil-based re-
gression model as a means to mitigate the effects of land oil
spills. Both models are hereby regarded as part and parcel of
comprehensive construction and maintenance manuals.

The mitigating measures termed here as models include
resource mobilization that includes manpower, tools and
equipment, spare parts and man-hours as major components
of the intended models. The same also includes 11 kV and 33
kV power distribution systems, having MV lines, transform-
ers, LV lines, consumer loads and land surface. The mitigating
measures have two parts, so designed to accommodate oil
spills emanating from both distribution transformer internal
and external failure arenas. The internal failure arena is an
inbuilt fault oil spill conceptual model and the external failure

arena is a human interruption oil spill model. The transformer
internal and external failure oil spill models were hereby
developed to bridge the gaps identified from models devel-
oped by [13, 14, 24]. Specifically, soil-based model was de-
veloped to bridge the gap identified by [19].

Load current-based oil spill model considers the best pro-
tection way is to monitor the load currents under individual
distribution transformers so that the threshold is not exceeded.
The load currents should exceed the nominal value only in a
very short time but not frequently. So, the activity process
should be carried out in the order of preference in the pro-
tected zone. Quick fixes may include replacement of a broken
jumper after carrying out thorough inspections. The inspec-
tion must be carried out periodically after a set time in cal-
endar. Load balancing is to be done when LV phases are re-
alized to have different load current values after inspections. It
has been noted that if load balancing is not carried out im-
mediately, the overloaded phase conductors may puncture and
stress the LV phase winding and damages the insulation
leading to excessive mineral oil heating that threatens the
bushing gaskets and so oil leaks. The model therefore consists
of Equations carrying fundamental parameters that govern the
maximum load currents to decide, through inspections when
to carry out quick fixes and load balance. Quick fixes include
such activities as cutting trees touching MV lines, replace-
ment of defective parts, correction of earthing system, etc.
Load balance includes shifting some consumers from phases
that are more loaded to others with light loads so that there is
balance of load currents. The same governs the transfer of
consumer loads to the nearby substation if it has a room to
accommodate the additional loads. Upgrading the existing
secondary substation if the above options are covered is to
follow or else, upgrading the LV lines conductor size is done
before introducing a new secondary substation to relieve the
likely overloaded transformer. Upgrading the MV line con-
ductor size and upgrading the MV line from 11 kV to 33 kV
should be the last resort. The qualified personnel will do all
data acquisition from one window if there is a center for
power distribution system Supervisory Control and Data
Acquisition (SCADA).
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Figure 9. Designed load current-based oil spill conceptual model flow chart operations.

A smart SCADA as Figure 9 should have personnel at a
control room who trend the readings or watching on dash-
board or mobile smart phone when the indications are over-
current and earth fault for quick fixes do inspection. The same
should trend the readings to see when the maximum load
current or any other parameters are reached at +10% on a
particular system part so that preventive maintenance is car-
ried out. An inventory control system for replacement at all
stages contains all system parts such as ACSR, arrestors, DOF,

insulators and transformers. The same inventory control sys-
tem should include the number of qualified personnel, tools
and equipment as well as estimated man-hours. When started,
there is a window for trending the system parameters, fol-
lowed by another window for yes or no applied depending on
the status. If the system maximum parameters are reached
('Yes) it can identify the system parts in the list of inventories
likely overloaded.

Fix anomalies
other than oil level

Yes

Start

Trending power distribution
system parts

¥

Is there any anomaly on

power distribution system

Check o1l level in transformer

Continue trending

compartment
¥
Is there an abnormal fall N
of transformer oil level?
Send voltage signal Continue
to VR circuit checking
Is output of VR -
' Document
o8 circuit 5 V DC?
Set off alarm

systems

\Y%H Is output of VR circuit 3 VDC? [ No |—| Continue trending |—

MCU perform ADC

and output digital signal

function

!

GSM modem send SMS

programmed ID of a technical officer

toa

e

Report

v
End

Figure 10. Designed vandalism-based oil spill conceptual model flow chart operations.

188


http://www.sciencepg.com/journal/ijees

International Journal of Energy and Environmental Science

http://www.sciencepg.com/journal/ijees

Kabanda et al [13] developed a technical strategy to curb
transformer oil theft on power distribution networks. The
model gives out an audible alarm and communication be-
tween the 3-phase distribution transformer against external
failures and the technical staff in charge. The model requires
oil level monitoring device that can detect a fall in the level
from vandalism; a stand-alone 12 V DC battery power inde-
pendent of the power from the transformer; reliable Micro
Controller Unit (MCU) that perform Application Delivery
Controller (ADC) function and output digital signal to the
existing Global System for Mobile (GSM) modem that sends
Short Message Service (SMS) to a programmed Identification
(ID) number of a technical officer. The model considered the
fall of oil level due to vandalism without consideration to the
condition of power distribution system. The gap here was that
oil level could fall not necessarily due to vandalism but in-
ternal failure of the distribution transformer. [14] developed a
technical design and implementation of transformer vandal-
ism monitoring system. The model is inactive when there is
no power from the transformer mains for lacking intelligence
charging system. The model also responds unnecessarily to a
person coming close to the secondary substation who is not
intending to vandalize the transformer oil. The two were
modified as one model to obtain an improved vandal-
ism-based oil spill conceptual model. An improved vandal-
ism-based oil spill conceptual model flow chart is hereby
presented as in Figure 10. When started, there is a window for
trending the power distribution system parts, followed by
another window for yes or no applied depending on the status.
If there is any anomaly regarding power distribution system
parts (Yes) the model can discriminate the defective power
system parts other than transformer oil level to alarm for quick
fixes prior to drop of oil level. If there is an abnormal fall of
oil level in the transformer compartment, the signal is sent to
\Woltage Regulator (VR) circuit to validate the Direct Current
(DC) voltage values 5V and 3 V. The 5 V DC (Yes) sets off
alarm system and 3 V DC (Yes) sets on alarm systems. If there
is (No) anomalies in the power distribution system parts the
model continues to trend anomalies and provide feedback.
Likewise, if there is (No) abnormal fall of oil level in the
transformer compartment, the model will continue checking
the oil level and provide feedback.

Marija et al [19] developed a comprehensive planning

framework for urban oil spill management. The model lacks
the impacts of land oil spills on soil environments since there
is serious absorption by soils along the overland flow path of
the spill as discussed in this chapter. [24] developed a model
for investigation of transformer oil exposed to the atmosphere.
The model is really a PM strategy to a lone transformer out of
circuit. Consideration of PM on power distribution system as
discussed in this chapter covers the model at large. The load
current-based oil spill model is hereby integrated with the
modified models developed by [13, 14]. Three criteria were
followed before integrating the three models as follows:

1) To ensure the oil spill variables of vandalism-based
model are compatible with the load current-based oil
spill model.

2) To determine how the oil spill control data from the load
current-based oil spill model and from vandalism-based
model should synchronize, and

3) To build interfaces to enable data sharing between the
load current-based and vandalism-based oil spill model.

A need to integrate the load current-based oil spill model
and improved vandalism-based oil spill model is to cover the
gap realized when modeling the data for Py, rejected by Xlstat
simulation that indicated p-value greater than the usual 0.05%
and recommended for removal. The aim is to achieve a uni-
fied load current-based and vandalism-based maodel.

The input variables in the integrated models are power
distribution lines, distribution transformers, distribution
transformer mineral oil, personnel, spare parts, tools and
equipment and man-hours. Qualified personnel, spare parts,
tools and equipment are predetermined in the inventories. The
intervention variables are activities done that includes calcu-
lations used to determine the parameters chosen for indica-
tions to the personnel officer on duty. These parameters in-
clude parameter-reading instruments not limited to oil level
gauge, sound alarms, light alarms, current meters, voltage
meters and resistance meters. The model hereby synchronizes
at one window or dashboard the data for oil spill control. The
output variable includes functionality of the generated model
from input and intervention variables. The distribution system
parts given priority included those listed in the load cur-
rent-based oil spill model, attended according to the order in
the list of priority activities.
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Figure 11. Designed load current and vandalism-based oil spill conceptual model flow chart operations.

Load current and vandalism-based oil spill conceptual
model flow chart as portrayed in Figure 11 is an interface built
after integrating the four models. The interface indicates that
the load current-based oil spill model is a control circuit to the
vandalism-based spill model in that the former ensures a
continuous power supply to the latter so that the latter works
for 24/7 without power interruptions. Since both circuits
monitor the transformer, it is very possible that one operator
can receive or take note on the signals for abnormal fall of oil
level even when there is no vandalism but maximum param-
eters of a particular distribution system part reached for
overloads and prioritize system parts to be maintained after
checking the inventory level before it is too late. Since this
model prevents oil spills whether it is accidental from van-
dalism or load current-based along the power distribution
system, it will accommodate all unattended problems on the
impacts of land oil spills on soil environments to cover the seri-
ous absorption by soils along the overland flow path of the spill.

The soil-based model has a window to initiate the process.
Important information built-in with the model includes types
of soil to select as described in the model block diagram. If
suitable, the soil type is selected and the land slope deter-
mined for reduced Y/X ratio so that the land surface is hori-
zontally levelled. The process is followed by preparation of
concrete by taking the selected soil types, cement and water
mixture stirred. If well mixed the concrete is poured on the
levelled land surface and screed. The screed concrete is cured
for seven days of compactness. The transformer with prede-
termined load currents is finally mounted on the screed con-
crete with connection of circuits done.

3.3.4. Application of Alkane-degrading Bacteria

Alkanes are saturated hydrocarbons present in transformer
mineral oils. They are produced by geochemical processes
from decaying plant and algal material throughout the bio-
sphere Alkane-degrading bacteria are ubiquitous in environ-
ments and can play an important role in oil remediation from
soil and water. They can utilize alkanes, of various chain
lengths, branched and or straight, as nutrient source. The use
of alkane-degrading bacteria in conjunction with plants offers
much potential for bioremediation of oil-contaminated soil.
This approach can be defined as rhizo-degradation, which is a
specific type of phytoremediation that involves both plants
and their associated microbes, and can occur naturally or can
be actuated by deliberately introducing specific bacteria.
These specific bacteria may be alkane-degrading bacteria that
can degrade alkanes and other hydrocarbons present in oil.
Alkane-degrading bacteria are widespread in oil-polluted
environments Actually, many organisms (plants, insects,
yeasts, and microorganisms) produce alkanes as a reserve
material, pheromone, moisture barrier and metabolic over-
flow product. Accordingly, many microorganisms including
bacteria have evolved to utilize alkanes as carbon and energy
source and live in close association with the producing or-
ganisms, for example on the leaf and root surfaces of plants.
Using alkane hydroxylase gene probes indicates that al-
kane-degrading bacteria are abundant in soils, sediments,
water and plants.
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4. Conclusion and Recommendations

4.1. Conclusion

The final stage in the delivery of electric power carrying
electricity from the transmission system to individual con-
sumers is called power distribution system. It is made up of
MV line, distribution substations or secondary substation and
consumer loads. Construction practices and maintenance
strategies are major external-related factors attributing to land
oil spills when carried without specified standards. Although
manufacturing defects and vandalism as also external-related
factors posing land oil spills attributing to environmental
degradation, they are also a result of improper construction
practices and maintenance strategies. Internal-related factors
posing land oil spills like overloads and lightning result from
improper construction practices and maintenance strategies.

4.2. Recommendations

The power utility (TANESCO) should base on the formal-
ized applications rather than subjective decision for better
results. It is also eligible for enacting regulations that provide
conducive environment for employees to perform. Improved
technologies regarding construction practices and mainte-
nance strategies in power distribution systems can provide
little or no chance for vandalism cases. The Ministry respon-
sible to put policy in place for control of transformer mineral
oil spills and provide education for capacity building to both
TANESCO employees and the power consumers.
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