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ABSTRACT

Uhuru Highway Corridor is a road segment of the northern corridor (A8) in Nairobi city. It is one
of the busiest and congestion-prone highways in Nairobi covering approximately 3.7 kilometers
spanning between Lusaka roundabout and the museum hill interchange. The study investigated the
urban ambient air pollutants levels correlation with vehicular emissions which included Carbon
monoxide, (CO), Nitrogen dioxide (NOx), Sulphur dioxide (SOx), Total volatile organic
compounds (TVOC), Hydrocarbons (HCHO) and Particulate matter of diameter 2.5 microns
(PM2.5).

A systematic study which measured CO, NOx, SOx, PM2.5, HCHO and TVOC in ambient air at
two different stations, near Railway Underpass (NRU 01) and University of Nairobi Pedestrian
Tunnel (UNPT 02) was done having variations in traffic flows and meteorology. Traffic flow was
assessed with prevailing levels of emissions and the association of these air pollutants among each
other. PM2.5. HCHO, SOx, CO and TVOC, all decreased with decrease in vehicle Volume.

However, NOx which increased with decrease in vehicle.

The ambient vehicular pollutions for the corridor were within the limits of World health
organization (WHO) standards of (10mg/m?®) with an exception on PM2.5 which was found to be
18.39mg/m?® and 18.56mg/m? for stations NRU 01 and UNPT 02 respectively, CO values were
3.72ppm for NRU 01 and 3.76ppm for UNPT 02, SOx for the two stations NRU 01 and UNPT 02
were 0.37ppm. Volatile Organic Compounds (TVOC) for the stations were highest at NRU 01 at
0.36ppm and least at UNPT 02 at 0.32ppm. Nitrogen dioxide (NOz) was least at UNPT 02 at
0.32ppm and highest at NRU 01 at 0.50ppm. Sulphur dioxide (SO2) was 0.37ppm for the two
stations NRU 01 and UNPT 02. To control this, an awareness campaign should be done by the

Government to set up strict emission control standards to govern vehicle emissions and pollution.

Key words: Traffic emissions, particulate matter, hydrocarbons, carbon monoxide, sulphur

dioxide, total volatile organic compounds.
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CHAPTER ONE: INTRODUCTION

1.1 Background

Uhuru Highway Corridor is a road segment of the - northern corridor (A8) in Nairobi city. It is one
of the most highly travelled and congestion-prone covering approximately 3.7 kilometers spanning
between Lusaka Roundabout and the Museum Hill Interchange. It is the main access road to central
business district of Nairobi County from the west and also links Central Business District (CBD)
to the city’s industrial area, “The daily total traffic volume on the road can exceed 70,000 vehicles
per day over most of its length”, - (COWI, 2012 a,), with the major junctions along the road except
for the recently constructed Museum Hill interchange operating most of the time at Level Of
Service F (LOS F), (COWI, 2012 b).

The levels of urban air pollution correlate with vehicular emissions with the air pollutants from on-
road vehicles (Carbon monoxide, Nitrogen dioxide, Sulphur dioxide, Total volatile organic
compounds hydrocarbons and Particulate matter diameter 2.5microns). Nairobi’s capital city has
traffic congestions during peak hours of travel, the concerns surrounding emissions from

automobiles have been primarily focused on air pollutants due to their effects on human health.

1.2 Study area

The study focused on Uhuru Highway Corridor, a road segment of the northern corridor, one of the
most highly travelled and congestion-prone roadway in Nairobi County the capital city of Kenya
situated 140 kilometers south of equator and 500 kilometers west of the Indian Ocean at 1°17'S
36°49'E and UTM Northing 9857083.2891357.

Nairobi City occupies 696 km? at an altitude of 1,661 meters above sea level (Nairobi county
website, 2016 www.nairobi.go.ke/home/about-the-county). Plates 1.1 and 1.2 shows the location

of Nairobi County and the study area (Google map 2020).
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1.2.1 Description of the Study Area

The study focused on Uhuru Highway corridor, this road section traverses the CBD of Nairobi
County from the west and also links CBD to the city’s Industrial Area. Traffic is attracted from all
parts of the city via arterial roads which include Haile Selassie Avenue, Kenyatta Avenue,
University Way and Museum Hill road and local distributors like State House road, City Hall Way,
Harambee Avenue and Bunyala road. Land use features attracting traffic onto Uhuru highway
include Nyayo National Stadium located on the west of Lusaka Roundabout for local and
international sports activities, The University of Nairobi located along University Way, Nairobi
County assembly offices along City Hall Way and government offices along Harambee Avenue

among business premises within the CBD.

1.2.2 Characteristics of Uhuru Highway Corridor
Uhuru Highway is a primary road which provides communication links to sectors of the economy

and; its efficiency as an infrastructure is a requisite for economic and social development.
Roundabouts and Road Junctions along Uhuru Highway Corridor

A total of six roundabouts exist along Uhuru Highway corridor at which secondary distributor roads
intersect the highway. The roundabouts are located at an interval distance of approximately 0.5
Km. Roundabouts are important tools for distributing traffic at major junctions of the city but they
become inefficient with very heavy traffic, especially when this is a mix of ‘through’ and ‘city’
traffic. The closeness of the roundabouts does not favor ‘through’ traffic due to the frequent stops
required at each of the roundabouts (peak time).The highway has three more junctions namely:
Uhuru Highway/City Hall Way Junction; Uhuru Highway/Harambee Avenue Junction and; Uhuru
Highway/Slip Road junction. The slip road provides a quicker route for motorists accessing
University of Nairobi.

1.2.3 Climatic Conditions

Nairobi has a moderate warm and temperate climate with a bimodal distribution of rainfall. The
city experiences the long rainy season around April and the short rains around November. The
annual average rainfall received is about 875mm with variation range of 500mm-1500mm. The

average temperature variation ranges between 10°Celsius to 28°Celsius.



The monthly mean relative humidity varies between 36% and 55%. The daily mean sunshine hours

vary between 3.4 and 9.5 hours.

1.2.4 Population

The city’s population is projected to be about 5,119,000 inhabitants in 2022, with a population
growth rate of 4.00 per cent per annum, 2021 of population of 4,922,000 with a population growth
rate of 3.95 per cent per annum. Nairobi’s population is projected to reach about 5.8 million
inhabitants by 2025 and its population density has then increased to 4850 residents per square
kilometer in 2022.

1.2.5 Socio-Economic Situation

Positive economic growth and development generally experienced in Kenya and Nairobi in
particular has contributed to high rates of urbanization in the city. The city’s gross domestic product
was estimated to be €14.1 Billion in 2015. The Gross Domestic Product (GDP) of Nairobi
contributes over 60% of Kenya’s GDP. The poverty line of Nairobi City is Kenya Shillings, KS
2,913 per person per month for urban households. The gross regional GDP per capita of Nairobi
County is estimated to be three times of Kenya’s GDP. Unemployment levels in Nairobi City County
Government (NCCG) average at 14.70 per cent. (NCCG, 2014 Integrated Urban Development
Master Plan for the City of Nairobi).

1.2.6 Transport

Public transport and walking are the main means of transport in Nairobi City with Railway transport
limited to use during peak hours. Apart from the limited urban railways, public transport in Nairobi
is mainly by minibuses (Matatus) operated by private investors with traffic congestion during peak
hours as a major challenge. Nairobi is estimated to have sufficient space of 30% of Kenya’s total
national vehicle population. As of August 2018, Kenya had 3,135,573 registered vehicles, rising
from 2,011,967 in 2013. This translates to a national vehicle population growth rate of about 11
per cent per annum in the last 5 years. Based on the estimates, Nairobi City alone was home to
approximately 940,672 motor vehicle units as of August 2018. Public transport accounts for more
than 50 per cent of all the trips in Nairobi, private cars 15 per cent while the remaining percentage
is mainly by walking and/or bicycles and motorcycles. (NCCG, 2014 Integrated Urban
Development Master Plan for the City of Nairobi).



1.2.7 Land use distribution
Land use along Uhuru Highway Corridor influenced traffic movement, levels of emissions were
on the increase; the land use included industries, recreational areas (Uhuru Park and Lunar Park)

and commercial buildings.

Table 1.1 represents the different land uses in Nairobi City County over the years due to urban
development, Nairobi City County Air quality Action Plan (2019-2023).

Table 1.1: Land uses in Nairobi City County

Land Uses Area km? Percentage
Residential area 175.6 25.22
Industrial/Commercial/Service centers | 31.8 4.57
Infrastructure 15.9 2.28
Recreation 12 1.72

Water bodies and riverine areas 11.8 1.69

Urban agriculture 96.8 13.9

Open lands 198.8 28.55
Others (including protected areas) 153.6 22.06

Total 696.3 100




1.3 Problem Statement

The policy response to urban transportation has not been fully addressed to reduce emissions and
pollution over the years, traffic congestion on Uhuru Highway Corridor would consequently
increase emissions and pollutions. Figure 1.1 presents the six Levels of service (A, B, C, D, E, and

F) conditions defined within the corridor.

Level of Service

Level-of-Service (LOS) of a traffic facility is a concept introduced to relate the quality of traffic
service to a given flow rate. Level-of-Service is introduced by (HCM 2000) to denote the level of
quality one can derive from a local under different operation characteristics and traffic volume.
HCM denotes LOS by letters that designate a range of operating conditions on a particular type of
facility. Six LOS conditions are defined in the HCM, namely A, B, C, D, E, and F, where A denote
the best quality of service and F denote the worst (Figure 1.1 shows a graph of LOS on vertical axis
and Volume/Capacity Ratio on the horizontal axis). These definitions are based on Measures of
Effectiveness (MoE) of that facility. Typical measures of effectiveness include speed, travel-time,
density, delay etc. There will be an associated service volume for each of the LOS levels. A service
volume or service flow rate is the maximum number of vehicles, passengers, or the like, which can
be accommodated by a given facility or system under given conditions at a given LOS. The same

can be shown in the form of Table 1.2. Plate 1.3 shows a photos of breakdown flow LOS F.

LOS: Level Of Service

Level of Service

Figure 1.1: The LOS of a Mid-Block Section



Table 1.2: The LOS of a Mid-Block Section

LOS | Quality Speed VIC Description
(Kph)
A Free-flow 80 0.6 High level of physical and

psychological comfort

B Reasonable free-flow | 70 0.7 Reasonable level of physical
and psychological comfort

C Near 60 0.8 Local deterioration possible
free-flow with blockages
D Medium flow 50 0.85 Non-recoverable local
disruptions
E Congested flow 40 0.9 Minor disturbances resulting
breakdown
F Forced or breakdown | 15 1.0 Break down of flow capacity
flow drops

Plate 1.3: Traffic Congestion at the University way and Uhuru Highway Roundabout
Junction
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1.4 Research Questions

The study had the following research questions:

= Are the traffic emissions and pollutions due to vehicular traffic volume?
= Are the ambient vehicle pollutions within the minimum tolerable levels?

= What is the government policy on vehicle emissions and pollution mitigation?

1.5 Objective and Scope of the Study
The study aims at determining the level and variation of pollution caused by vehicle traffic along
Uhuru Highway corridor.

1.5.1 Specific Objectives
The study has the following research objectives:
= To determine the ambient vehicular emissions and pollutions.
= To compare the relationship between traffic volume and prevailing air pollution levels.
= To compare the pollutions measured to the World Health Organization’s (WHO)

specifications and suggests measures to reduce vehicular emissions.

1.5.2 Scope of the Study

The study was aimed to determine the level and variation of emissions and pollutions caused by
vehicular traffic along Uhuru Highway Corridor with emphasis on the ambient emissions and
pollution. The relationship between traffic volumes and prevailing levels of air pollutants and the

government possible policy to eventually set up emission control standards.

1.6 Limitations of the Study

Mobilization of resources for manual classified traffic counts was costly due to the number of
people involved, Bosean and Dienmaern equipment used in recording emissions and particulate
data had also limited 6 to 8 hours of batteries life and therefore required backup battery and

charging system. The heavy rains experienced occasionally interfered with data collection process.



CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction

This chapter reviews and compares urban road transportation and emissions within Nairobi and
globally. It highlights the theories used by various authors to establish ambient emissions of
vehicles and flow characteristics on roads, providing an overview of the various factors that

influence emissions based on vehicles volume.

2.1.1 Definitions of Terms

Air Pollution

Air pollution refers to an atmospheric condition indicating concentration in excess of foreign matter
in the air that negatively affect people and damage to property, animals feeding on particulate

coated plants get affected with arsenic and lead poisoning leading to bronchitis.

Plants get damaged on leaves causing premature fall, discoloration and curling of sepals by NO..
Ozone on dead areas of the leaves (Necrosis) and SO causes bleaching due to lack of chlorophyll
(Hurley et al., 2005).

Primary Pollutants

These are emitted directly from the source and are found in the atmosphere in the form in which
they were emitted they include; Sulphur Oxides, Nitrogen Oxides, Hydrocarbons, Ash, Smoke,
Dust, Fumes, Sprays and; Radioactive compounds (Hurley et al., 2005).

Secondary Pollutants

Chemical interactions between primary pollutants and constituents of atmosphere form secondary
pollutants according to WHO (2018) “Ambient Outdoor Air quality and Health Facts".

Ozone
Sulfur trioxide

Aldehydes



Ozone (03)

Ground level ozone (Os) is not emitted directly through vehicle exhaust, it is a secondary pollutant
formed when NOx and volatile organic compounds (VOC) react with sunlight. O3z causes adverse
health effects, such as acute mortality and morbidity (Bickel and Friedrich, 2005; Hurley, et. al.,
2005).

The health effects associated with Os are respiratory hospital admission, minor restricted activity
days, increased need of respiratory medication used by people with respiratory diseases and cough
and lower respiratory symptoms (LRS) among children in the general population (Hurley et al.,
2005).

Sulphur Oxides

Sulfates (SOa4) are secondary particles formed by oxidation of SO>. SO4 is assumed in external cost
of energy to have the same health impact as PM10. For SO4 there are few studies indicating health
association (Bickel and Friedrich, 2005). According to the newer study by Sehlstedt et al. (2007)
SOy is associated with less health endpoints than PM2.5. However, there are only few studies on
SO4 and these are showing inconsistent results. SO is also correlated with metals from combustion
processes (Sehlstedt, et. al., 2007) revised by Nairobi City County Air quality action plan (2019-
2023).

Nitrogen Oxide (NOXx) Pollution

At high concentrations, nitrogen dioxide causes airways inflammation. During combustion process,

nitrogen released combines with oxygen atoms to create nitric oxide.
Particulate Matter (PM)

Particulate matter normally is measured as PM2.5 and PM10. The numbers indicate the size of the
particles, for example, less than 2.5 micrometer (um) and less than 10 um in diameter (Sehlstedt et
al., 2007). Generally, smaller particles can cause cardiovascular effects while larger particles are
more likely to cause respiratory diseases (Sehlstedt et al., 2007; American Heart Association,
2010). The reason is that particles above 10 um are filtered out in the upper airways while smaller
particles are not. PM from combustion processes are PM2.5 while PM from road wear is in the

coarse (PM10-2.5) range (American Heart Association, 2010). Hence, when measuring PM10 the
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estimate will be influenced both by emissions from combustion sources and from road wear.
External source of energy classified emissions from power plants as equally toxic as PM10 and
vehicle (exhaust) emissions as PM2.5 (Bickel and Friedrich, 2005, p. 84). In the update in 2005

these assumptions were revised and presented in the Plate 2.1.

€PM2s
Combustion particles, organic
HUMAN HAIR compounds, metals, etc.
| 50'7_0 um < 2.5um (microns)in diameter
(microns) in diameter
& PM1g

Dust, pollen, mold, etc.
<10 um (microns) in diameter

90 um (microns) in diameter
FINE BEACH SAND

Plate 2.1: United States Environmental Protection Agency

Particulate matter is a combination of solid particles and liquid droplets in air, vehicle exhaust
particles are usually grouped into PM2.5, which embraces several different particles with a
diameter less than 2.5 pum as indicated above. Most of the exhaust particles are however mainly
equal to or smaller than PMO0.1 (Nerhagen et al., 2005). PM2.5 has been proved to cause mortality
and morbidity, both acute (short-term) and chronic (long-term). Associated health effects are both

respiratory and cardiovascular (Bickel and Friedrich, 2005).

The smallest particles, nanoparticles or ultrafine particles (< 0.1 um), seem to be very toxic in large
numbers due to their sizes. When particles are inhaled, it is primarily the surfaces of the particles
that interact with cells. This makes the surface area critical for toxic effects (Sehlstedt et al., 2007).
The report from the American Heart Association (2010) concludes that it appears traffic related

pollution increase cardiovascular risk but it is unclear if this is due to the ultrafine particles. The
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main sources for wear particles are wear of vehicle components which include brakes, studded tires
and suspension of road dust by traffic. The wear particles are coarser than exhaust particles and are

usually grouped under the definition PM10-2.5.
Particulate matter consists of:

= Soot due to incomplete combustion

= Oxides of Sulphur and Phosphorus

= Soluble organic fractions arising from the thermo-cracking of fuels (10-30%) and lubricants
(70-90%)

Lead Oxide from the Combustion of Leaded Gasoline

The vehicular pollution has significantly contributed to environmental degradation in Nairobi,
diseases related to vehicular pollution and evidence of degenerating biodiversity along the roads
are just but a few impacts. Effects of increase in cardiovascular diseases due to esposure to carbon
monoxide cannot be overlooked. The general idea in the Traffic Act Revised Cap, 403, 2012 Laws
of Kenya is that if the amount of visible emission is reduced, the invisible pollutants will also be
reduced considerably.

2.2 Previous Global Studies on Vehicle Emissions

2.2.1 Emissions Health Effects Considered in External cost of Energy

An overview of the different emissions associated with adverse health effects in external cost of
energy is shown in Table 2.1. One example is black smoke or soot which was discussed in Friedrich
and Bickel (2001) to be used as an alternative to particulate matter. The same was for diesel
particles which were also discussed in Friedrich and Bickel (2001) but not in the Bickel and
Friedrich (2005). The classic pollutants PM10, SO, NO2, and Oz were considered in external cost
of energy but SO2, NO2 only contributed to secondary particulate matter (Bickel and Friedrich,
2005; Hurley et al., 2005). For quantifications of relative risks and dose-response functions for the

different pollutants reference was made to Bickel and Friedrich (2005).
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Table 2.1: Traffic Emissions Health Effects Considered in External Cost of Energy Source:
(Friedrich and Bickel, 2001; Bickel and Friedrich, 2005)

Impact category Receptor Pollutant Morbidity/Mortality
Respiratory Asthmatics, PM10 and Morbidity/Mortality
Adults, and O3
Children
Cardiovascular Elderly 65+ PM10 and Morbidity/Mortality
CoO Morbidity

All PM10, Morbidity/Mortality
PM2.5,
NOs, and
SO4
Cancer All Benzene, Morbidity/Mortality
Benzo(a)Pyrene
1,3 butadiece
Dioxins,
Formaldehyde,
AsS,

Cd,

Cr-VI, and

Ni

Neurotoxic All Pb -

2.2.2 Why air pollution is a major concern

Air pollution is currently considered as the greatest environmental health risk globally with many
parts of the world recording dangerously high levels of air pollution. World Health Organization
(WHO) estimations show that 90 per cent of people worldwide breathe air containing high levels
of pollutants. Air pollution causes 1 in every 9 deaths globally. The WHO estimations reveal an
alarming death toll of 7 million people every year caused by exposure to fine particles in polluted
air that penetrate deep into the lungs and cardiovascular system, causing diseases including stroke,
heart disease, lung cancer, chronic obstructive pulmonary diseases and respiratory infections,
including pneumonia. Of the total annual air pollution related deaths, 4.2 million result from
exposure to ambient (outdoor) air pollution and 3.8 million from exposure to household air
pollution in smoke from dirty cook stoves and fuels according to WHO (2018) "Ambient Outdoor
Air quality and Health Facts".

Table 2.2 outlines a summary of the air pollutants of great impact on health and environment.
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Table 2.2: Air Pollutants of Great Impact on Health and Environment

Emission | Description Sources Harmful Effects
Carbon CO is acolourless, Anthropogenic Sources Health impacts
monoxide odourless toxic gas Fossil fuel combustion for Can cause dizziness,
(CO) produced by incomplete | power generation or confusion,
or inefficient transport, agricultural unconsciousness and death
combustion of carbon- burning, wood burning for
based fuels and by heat and cooking fuel
biological and industrial | Natural sources
processes. Forest fires, emissions from
plants and oceans and
oxidation of methane and
non-methane hydrocarbons
Nitrogen Nitrogen Oxides (NOx) is | Anthropogenic Sources Health Impacts
oxides a collective term for nitric | combustion of fossil fuels in | « Eye and lung irritation
(NOx) oxide (NO) and nitrogen vehicles (predominantly * May contribute to the
dioxide (NOy). road traffic) and power susceptibility/ aggravation
NO is a colourless and generation units of respiratory diseases
tasteless gas while NO is | Natural Sources
a yellowish-orange to wildfires, lightning, and Environmental impacts
reddish-brown gas with a | microbial activity in soils * Accelerates
pungent, irritating odour eutrophication
and is a strong oxidant. » Makes soils and
freshwater ecosystems
more acidic
* Affects visibility due to
formation of haze in the
air
Ozone (03) | Major urban air pollutant | Secondary pollutant of Health Impacts
caused by NOx and VOCs | VOCs and NOx Respiratory and
combined In sunlight and cardiovascular problems
is usually at Earth’s Environmental problems
surface (Tropospheric Affects sensitive
Ozone) vegetation and ecosystems
Sulphur SO is a colourless, non- Anthropogenic Sources Health effects
dioxide flammable gas, with an Fossil fuel combustion for Affects the respiratory
(SO,) unpleasant, pungent power generation, industry, | system and irritation of the
odour. shipping and road transport | eyes, nose, throat and
Natural Sources airways
Volcanoes Environmental impacts
* Reduces growth in plants
* Accelerates loss of
foliage, aging and
premature death of
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Emission

Description

Sources

Harmful Effects

vegetation

* Causes stain and damage
stone and other materials,
including culturally
important objects such as
statues and monuments.

* Can reduce visibility due
to formation of haze in the
air.

Particulate
matter
(PM10,
PM2.5)

Particulate matter (PM)
refers to a mixture of solid
particles and liquid
droplets found in the air
such as dust, dirt, soot, or
smoke that are large or
dark enough to be seen
with the naked eye and
can be primary or
secondary.

PM10 refers to particles
with diameter less than
10pum and cannot be
inhaled

PM2.5 refers to fine
inhalable particles with
diameter less than 2.5um

Anthropogenic Sources
Combustion from vehicle
engines, power plants,
domestic heating and
cooking, mining, quarrying
and fugitive dust emissions
from construction activities
Natural Sources

Erosion of natural materials,
wind suspension of soils and
constituents of sea spray

Health impacts
Respiratory and
cardiovascular problems
(mainly associated with
PM2.5)

Environmental impacts

* Nitrogen and Sulphur
containing particles can
lead to acidification of
soils and water course

* High levels of dust
deposition onto vegetation
can affect plant health and
reduce growth

* PM2.5 particles can
reduce visibility in cities

2.2.3 Urban Transportation

Urbanization has led to growth of global population living in towns; consequently, environmental

deterioration has become a major issue. The street noise and the surrounding areas have been

growing up to intolerable levels. The exhaust from the vehicles pollutes the atmosphere with fumes

and smell. Vibration of buildings and adjacent structures and visual intrusion are some of the other

ill-effects. Vehicular pollution has become a significant environmental problem over the years.

Table 2.3 outlines the main vehicular pollutants namely lead and by-products of fuel combustion

which include both the visible (smoke) and invisible emissions as outlined by the Traffic Act
Revised Cap, 403, 2012 Laws of Kenya.
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Table 2.3: Main Vehicular Pollutants, Green House Gases and Fluorinated Industrial gases

Main Vehicular Pollutants | Green House Gases Fluorinated Industrial Gases
Carbon Monoxide (CO) Carbon dioxide (CO2) | Hydrofluorocarbons (HFCs)
Nitrogen Oxide (NO) Methane (CHa) Perfluorocarbons (PHCs)
Hydrocarbons (HCHO) Nitrous Oxide (N20) Sulphur hexafluoride (SFs)
Particulate matter (PM2.5) Ozone (O3)

Water vapour (H20)

Halocarbons

Effects of Air Pollutions
Carbon monoxide (CO), is colourles, odourles gas chemically inert under normal conditions of
temperature and pressure. It has no effect at normal concentrations (0.1mg/l), but at higher
concentrations it seriously affects the human metabolism. The effects manifest as itemized below:

= [rritation of eyes, nose and throat

= [rritation of respiratory track

= Lead particles cause lead poisoning leading to convulsions even death/ coma

= Cadmium particles through smokes cause cardiovascular diseases, kidney and liver damage

and even death
= Nickel particles in smokes causes respiratory damages
= Mercury results in nerve, brain and kidney damage

Effects of Vehicle Emissions

Oxygen carrying capacity in blood is reduced by selectively combining with haemoglobin (Hb)
forming carboxyhaemoglobin (COHb). This causes laziness and exhaustion, it reduces vision and
causes cardiovascular disorders, carbon monoxide is very dangerous asphyxiate and its high levels
fatal to human lives, these effects could be controlled by developing efficient internal combustion
engines and substitute fuel. Haneen K., Mark N., Zietsman J., Ramani T., (2020) "Traffic-Related
Air Pollution”.

The presence of SOx and NOx gas in the atmosphere lower the pH of rainwater to as lower as pH
2.4 due to the formation of H.SOsand HNOs respectively. The presence of hydrocarbon and oxides

of nitrogen steps up the rate of oxidations in reactions in water droplets ion, Mn?*, Fe 2*, Ni?*, Cu?*
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catalyze the oxidation reaction. When HNO3 and H>SO4 combine with HCL they generate acidic
precipitation known as acid rain. (Gurjaret, al., 2010; USEPA; MassDEP.2014).

Acid rains cause damages to buildings, sculptural materials (marble, limestone, slate and mortar)
and retard growth of forests. Besides damaging flora and fauna, acid rain also affect aquatic
mortality, lower pH of rain water, change the metabolism rate of organisms, cause irritation to the

eyes and mucus membrane and accelerates the rate of corrosion.

Driving Style and Emissions

A JICA (2006) projections study estimated that the average speed in Nairobi considering no
changes in transportation management would reduce from 35km/h in 2004 to 11km/h in 2025 due

to increment in vehicle number which would worsen the Air quality.

In assessing the impact of congestion on pollution, driving style is critically considered, frequent

start-stops, deceleration and accelerations increase exhausted emissions.
Congestion

Traffic congestion is seen in terms of average speed, excess travel time and characteristics. Table
2.4 indicates causes of road congestion leading to emissions and pollutions.

Table2.4: Causes of Congestion Source: (JICA (2006)

Supply Demand

Space allocation for Road Vehicle numbers
Constructions and repairs Vehicle type

works

Emergency activities Pattern and driving conditions

Effects of VVehicle Congestion on Air quality

When average speed is reduced, congestion of vehicles leading to prolonged time of travel and
increased vehicle pollutant exposure is experienced, conditions of the weather namely wind
direction, humidity, rainfall sunlight and, temperature affects vehicle-derived pollutants dispersal.

Dispersion of pollutants depends on the traffic speeds and street width; high speeds create higher
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turbulence causing greater dispersion and efficient intermodal connectivity would improve air

quality by reducing congestions.

2.2.4 Sustainable Urban Transportation

“Sustainable urban transportation is transportation that meets the needs of the present without
compromising the ability of future generations to meet their own needs”. Strategies for a
sustainable transportation must fight poverty, create a new economic growth, develop new life
styles and enforce limits determined by the biosphere, the technology and the human being.

The component of sustainability implies that human activities should not deplete” the plenary

capital” which include:

= The renewable resources (hatural capacities)
= The infinite stock of non-renewable resources (fossil fuels; mineral)
= The natural systems ‘capacity to absorb emissions without any danger (ozone layer,

greenhouse gases).
Atlanta Area Sustainability Concerns

Atlanta is the capital and most populous city of the U.S. state of Georgia. With an estimated 2019
population of 506,811 it is also the 37" most populous city in the United States. The city serves as
the cultural and economic center of the Atlanta metropolitan area, home to more than 6 million
people and the ninth-largest metropolitan area in the nation. Atlanta is the seat of Fulton County,
the most populous county in Georgia. Portions of the city extend eastward into neighboring DeKalb
County. The city is situated among the foothills of the Appalachian Mountains and has the highest
elevation among major cities east of the Mississippi River.

Atlanta was originally founded as the terminus of a major state-sponsored railroad. With rapid
expansion, however, it soon became the convergence point among multiple railroads, spurring its
rapid growth. The city's name derives from that of the Western and Atlantic Railroad's local depot,

signifying the town's growing reputation as a transportation hub.

Of a wide range of regional sustainability issues is Metro Atlanta area, it is considered as part of
public policy. A high dependency on automotive transportation is linked to limited transit options.
Congestion and traffic delay are major concerns linked to air quality, respiratory health issues and

stress, each of which emphasizes the need to conserve and have effective systems. Limited transit
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options also lead to social equity issues in the region and have been the subject of environmental
justice complaints against the transportation agencies. Public and private vehicles fuel efficiency
IS an important consideration both in energy and transport policies, the use of clean fuels are
measures in to achieve sustainable transportation to minimize pollution, according to Jeon as cited
by Vollmer. D. (2011).

Electric Vehicle Technologies

Used commonly means of powering vehicles are batteries (Chapman, 2007).They are also in
private cars and experimentally for public transport. Electric motors are much more efficient as
compared to internal combustion engines in which about 75% of the fuel’s energy are wasted in
vibration, heat and noise, instead electric motors lose only 5-10%. (Khare & Sharam, 2003).
Consequently, current electric vehicles (EVs) regenerate during braking’, this change the kinetic
energy of the vehicle in the battery’s chemical energy. Electric vehicles may be still on when the
car is at rest in stop-start driving conditions this is because no energy is consumed (Khare &
Sharam, 2003).

Best ways in Emissions Reduction

Controlled urban development reduce urban sprawl and traffic growth. Cities should have a well-
planned, easily-navigable, efficient, and environmentally-responsible transportation system.
Purchasing tickets before and avoiding frustrating boarding processes are great navigation
graphics.

Pan Chan’s rating

University of Waterloo master’s thesis by Peter Cheuk Pan Chan demonstrated emissions
performance rating system for roads. He concentrated on, management, design and pavement
materials, but among others land use planning, public transit, walkways and cycle ways, and
alignment as shown on the Figure 2.1.
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Figure 2.1: Pan Chan’s Rating System

Transportation was found to be a major source of carbon emissions and support services that
encouraged healthy and sustainable forms of traveling to class and to work which included pilots
of new micro-mobility solutions such as bike-sharing and e-scooters, car-sharing, secure bike
storage, and working with local government on expanding transit infrastructure were suggested to

reduce the transportation emission trends.
Delhi Ranks Worst in Vehicular Pollution

The Centre for Science and Environment (CSE) a Delhi-based research organization assessed
transport-related emissions from urban commuters. Plate 2.2 illustrates levels of air pollutions in
Delhi.
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Plate 2.2: Delhi ranks worst in vehicular pollution

Delhi’s contribution to India’s pollution was approximated to 9% of the PM10 load and 20% of the
PM2.5 load according to the 2016 study by IIT-Kanpur and secondary particles, vehicular
emissions could rise to 30%.Public transport contributed in reducing levels of two important

vehicular pollutants - carbon monoxide (CO) and nitrogen dioxide (NO>).

Regional Rapid Transit System (RRTS) rail with an average speed of 100kph implementation in
India was expected to lift the public transport share from the then 37 percent to around 63 percent.
This estimated to significantly reduce pollutants namely PM 2.5 particle by 60,000 tones, nitrogen
oxide by 475,000 tones, hydrocarbons by 800,000 tones and carbon monoxide by 800,000 tons

each year. Plate 2.3 shows Traffic congestion in Delhi.
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Plate 2.3: Traffic Congestion in Delhi

Delhi Pollution Fight of Outdoor Air

Attempts to bring down air pollution in the capital after record levels in 2016 were considered. The
winter season in Delhi steadily worsened pollution. Helicopters were used to shower water to the
city to fix the problem with not much success. Additionally aircraft could not fly in the smog. The
flying water spraying tests reduced air pollution by about one-third in Delhi, but only in the 20

meters surrounding.

2.2.5 European Union Cities Nitrogen Oxides Emissions

Parameters influencing emissions and energy consumption from urban travel included travel
demand based on population, different modes, average daily travel distance and quality of vehicle
used, Walsh M. P (2001).

Euro Emissions Standards

The EU air pollutant emissions from transport were significant contribution to the overall state of

air quality in Europe”, with industry and power generation being the other major sources.

The Euro emissions standards were aimed to reduce the levels of harmful exhaust emissions, which
included chiefly:
= Nitrogen oxides (NOXx)
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= Carbon monoxide (CO)
= Hydrocarbons (HC)
= Particulate matter (PM)

These standards had a positive effect, with the SMMT (Society of Motor Manufacturers and
Traders), claiming: “It would take 50 new cars today to produce the same amount of pollutant
emissions as one vehicle built in the 1970.”In 2017, the SMMT quoted the Figures in support:

= Carbon monoxide (CO): petrol down 63%, diesel down 82% since 1993

= Hydrocarbons (HC): petrol down 50% since 2001

= Nitrogen oxide (NOXx): down 84% since 2001

= Particulate matter (PM): diesel down 96% since 1993
Because petrol and diesel engines produced different types of emissions they were subjected to
different standards. Diesel, for example, produced more particulate matter and soot which led to

air pollution implicated in human cancer, heart and lung damage.
European Union Nitrogen Oxides Emissions by Sector Group

The Figure 2.2 shows road transport energy produced the highest Nitrogen oxides emissions of
40%, other sources of Nitrogen oxide were energy production and distribution of 21%, commercial
institutions and house holds 14%, energy use in industries 13%, non-road transport 7%, industrial
process 3%, agriculture 2% and solvent and product use and waste with 0%. World Health
Organization, (2021).
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Figure 2.2: Emission Inventory report under the UNECE Convention on Air Pollution
(LRTAP) Long -range Trans-boundary

London City Nitrogen Oxides Emission
Figure 2.3 illustrates the city of London sources of NOx emissions, similar prediction for 2015.
The highest NOx emissions was from major roads at 65%, other NOx emissions were from

commercial gas at 26%, domestic gas at 5%, minor gas at 3% and other at 1%.
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Figure 2.3: City of London on Air Quality Strategy

European Union and United Kingdom NOx Level

Most cities in England and Wales did not meet the annual average air quality of European limit
value for dioxide and nitrogen .Two health based objectives were set for nitrogen dioxide, first was
making sure hourly concentrations did not exceed 200 pg/m?® for more than 18 hours in any year.
The second was to ensure that the annual average was no greater than 40 pg/m?®. In the Environment
Act 1995, levels of pollution above the objectives set by the Government are declared an Air

Quality Management Area with levels of pollution to be reduced.

EU NOx Emission Standards not met by new Diesel cars in 2017

According to The International Council on Clean Transportation (ICCT), based on emissions tests
it conducted on more than 700,000 cars and 4,850 vehicle models across Europe, even new diesel-
engine vehicles could not meet EU standards conditions. Automobile manufacturers argued that

new diesel engine vehicles had less emissions but the research indicated otherwise, Peter Mock,
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managing director of the ICCT in Europe revealed that Euro 6 diesels on the market were not clean.

Peter Mock et al (2017). The International Council on Clean Transportation (ICCT).

The nitrogen oxide (NOXx) pollution data received from the tests classified cars into three-colour
rating system indicating their real-world driving NOx emissions. Mortier R. Y., Fox M. F., Orszulik
S. T., (2011).

Green: less than 90 milligrams of NOx emitted per kilometer of driving
Yellow: between 90 and 180 milligrams of NOx emitted per kilometer of driving
Red: more than 180 milligrams of NOx emitted per kilometer of driving

No Euro 6 standard diesel engine received a green rating with an exception of BMW top-selling
brand which achieved a yellow rating for its diesel cars. Figure 2.4 shows emission tests conducted

on Vehicle models across Europe.

Euro 1 to Euro 6 NOx Emissions, Diesel and Petrol Vehicles

1.4 Il Diesel
- - Petrol
1.2 - Type-approval limit

95% CI

O
o

o
N

Average NO, emissions (g/km)

O
N

o
()

Euro1 Euro 2 Euro 3 Euro 4 Euro 5 Euro 6
Emission standard

Overview of NOx emissions (g/km) of the on-road fleet, from Euro 1 to Euro 6, from Petrol

and Diesel Passenger Vehicles.

Figure 2.4: Emission tests conducted on vehicle models across Europe in 2018
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Going by the results, it was evident that NOx emissions from petrol vehicles decreased
significantly, while real-world diesel NOx emissions remained almost unchanged from Euro 1
through Euro 5. The study showed that Euro 3 petrol vehicles produced between 2000 and 2005
perform much better than Euro 6 diesel vehicles produced from 2014 onward. Diesel vehicles had
higher NOx average emissions than petrol vehicles, emissions standards reduced from Euro 1 to

Euro 6 vehicles.
Euro 5 more Polluting than Euro 2

What is also alarming is the fact that almost no Euro 3 through Euro 6 diesel vehicles had NOx
emission below their respective type-approval standards. All of them had NOx emissions at least
twice that of the limit, and the worst vehicles had emissions 18 times the limit. In fact, Euro 5 diesel

vehicles performed poorly.

On the contrary, despite an average vehicle age of 16.4 years at the time of the remote sensing
measurements, Euro 2 vehicles performed better, with 25 per cent of them still emitting less NOx

than the Euro 2 limit meeting the type-approval limit.

The Table 2.5 shows NO to NOx ratio per fuel type and Euro standard for diesel vehicles, ratios

calculated from the data where a constant average value was assumed for petrol vehicles.

Table 2.5: NO2 to NOx ratio per fuel type and Euro Standard

NO- to NOx Ratio (%) | Diesel Petrol
Euro 1 22% 5%
Euro 2 16% 5%
Euro 3 22% 5%
Euro 4 32% 5%
Euro 5 30% 5%
Euro 6 35% 5%

Global Movement against Emission Pollution

Motor vehicle idling burns fuel, releasing gas pollution and hastening engine’s deterioration. The

“No Idling" campaigns in 13 US states produced car idling laws. Switzerland has laws that require
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motorists to turn off their engines waiting for the red traffic light to turn green. England and
Scotland likewise impose fines for engine idling violations while different countries like Canada,
Italy, France, Germany, Holland, Hong Kong, Japan and Singapore, regulates different idling time
limits. The latter three Asian countries allow three seconds idling time per hour while Holland
allows as much as 60 seconds for engines to idle. Taiwan also has banned car idling for more than
three minutes at a time. Most people think of the “No Idling" campaign as merely a call for people
to reduce fuel consumption and promote energy efficiency while all the rest are general
technicalities about gas emissions and air pollutions (U.S federal law on Clean Air Act of 1970).

Vehicular Emission Models HDM-4

The Highway Development and Management-4 HDM-4 (Manual Volume -4 HDM Global
Publications) tool has been widely used for the pavement management activities across the world.
Exhaust emissions are one of the important outputs of vehicular performance models that are
helpful in assessing viability of investment options and environment impact assessment activities.
There are seven exhaust emission models (for different components like hydro carbon, carbon
monoxide and particulate emissions) available within HDM-4. Operating weight, pavement

gradient and vehicle life were very sensitive inputs into HDM-4 emission models.
Emissions Modeling Approaches

Several approaches have been developed for modeling of vehicle emissions. Each of the following
approaches has advantages as well as disadvantages and is used for specific types of applications.
Mensink C., Kallos G., (2018).

a) Average speed

b) Single emission factors

c) Fuel consumption

d) Detailed traffic flow/ engine power calculations
Average Speed

This approach utilizes the empirical relationship between emissions level (in gram/vehicle-
kilometers) and average speed for the emission component and vehicle type. Total level of
emissions is then obtained by multiplying total vehicle-kilometers travelled at that speed. The

advantage of this approach is that the only independent variable average speed is used to calculate
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emission levels. Moreover, average speed represents a combination of driving pattern, so partially

the effect of acceleration and deceleration is taken into account.

Single Emission Factors

This approach applies a separate emission factor for each combination of vehicle type and pollutant.
In this approach, driving activity conditions have no effect over the level of emissions. Total
number of kilometers travelled by each vehicle type is the only factor to calculate total emissions.
Its advantage is that it is simple to calculate emissions and disadvantage is that altering road

conditions has no direct impact on emission levels.

Fuel Consumption

Fuel consumption approach links emissions with fuel consumption. This is the approach which has
been applied for modeling of current HDM-4 emission models. Its main advantage is that where
fuel consumption is calculated in a detailed way, for example modeling the effect of road condition,
gradient, engine function, changes in fuel consumption are related directly to changes in road
condition. Levels of pollutant emissions can therefore also be related directly to changes in road

condition, as well as traffic and vehicle technology.

Detailed Traffic Flow/ Engine Power Calculations
In this approach, information on real driving cycles is used to simulate vehicle engine condition
over time. This approach is accurate and data intensive and lack of relevant data makes this

approach difficult to apply.

HDM-4 Emissions Model Form

The engine out emissions are predicted based on fuel consumptions rates acted upon by catalytic
converter (a vehicle emission control device), if present, to yield tailpipe emissions observed by
the environment. TPE are tailpipe emissions absorbed by the environment, consequently EOE are
engine out emissions which are produced during combustion process and then treated by catalytic
converter. CPF are catalyst pass fraction of catalytic converters in reducing emissions, Australian
Road Research Board (2002).

TPE=EOE = CFF Equation 2.1
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Engine out Emission Models

These models give engine emissions by component for standard motorized vehicle types. The
following are some of the components of vehicle exhaust emissions modeled in HDM-4: Carbon

monoxide, Sulphur dioxide, Nitrous oxide, Hydrocarbons, Particulates, Lead and Carbon dioxide.
Carbon monoxide

A direct relationship exists between engine out emissions and fuel consumption which is evident

from the model.

EQEco=aco * FC Equation 2.2

Where:
EOEco is the engine out CO emissions in gram/km

aco is a model coefficient, defined as grams of CO emitted per gram of fuel consumed

(gramco/gramfuel) and
FC is the Fuel Consumption in gram/km.
Sulphur Dioxide

The amount of SO emitted is related directly to the quantity of Sulphur present in the fuel. Model
coefficient is estimated by assuming all the Sulphur present in the fuel is converted to SO2. The

following relationship is used to predict engine out emissions:

EQES02=2a802 FC )
Equation 2.3

EOESO: is the engine out SO, emissions in gram/km. A SO is defined as grams of SO> emitted

per gram of fuel consumed (gso2/gfuel).
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Nitrous Oxide

This component of exhaust emissions is least related directly to fuel consumption. That is why the

model presented below is a bit complex.
FRya,
EOEy,, =max [ ayg, (FC e 1DDDJ. 0]
Equation 2.4
EOEnox is the engine out NOx emissions in gram/km.

NOXx is defined as grams of NOx emitted per gram of fuel consumed (anox/gfuel) FRnox is a fuel

threshold parameter below which NOx emissions are very low in g/s.
Hydrocarbons

It is believed that hydrocarbons are generated from two sources within a combustion engine. First
source is burning of fuel and second is from incomplete combustion. So, the model which predicts
engine out emissions takes the following form:
EQEy. = ayc FC+-££1000 _
Equation 2.5
EOEHc is the engine out HC emissions in gram/km. AHC is defined as grams of HC emitted per

gram of fuel consumed (anc/gfuel). HC is a constant to account for incomplete combustion in

gram/sec.
Particulates

These emissions are modelled in a same way as hydrocarbons. So, the model form is as follows:

EOEp,, = apy FC+ XX 1000
-~ e v Equation 2.6

EOEpwm is the engine out PM emissions in gram/km, apm is defined as grams of PM emitted per

gram of fuel consumed (apm/gfuel) 'PM is a constant to account for incomplete combustion in

gram/sec Lead. The amount of lead emitted is related directly to the quantity of lead present in the

fuel. Model coefficient is estimated by assuming a proportion of the lead present in the fuel is

converted to lead emissions. The following relationship is used to predict engine out emissions.
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EQEPb =Prop Pb * aPb * FC ]
Equation 2.7

EOEPD is the engine out Pb emissions in gram/km, Prop_Pb is the proportion of lead emitted. aPb

defined as grams of Pb emitted per gram of fuel consumed (aPb/gfuel).
Carbon Dioxide

For understanding of carbon dioxide emission model, first we need to understand about functioning
of Catalytic Converters. Catalytic converters convert certain harmful emissions to less harmful
chemical compounds. They convert, if present, any carbon in carbon monoxide, hydrocarbon, and
particulate matter into carbon dioxide. The effectiveness of catalytic converters in reducing
emissions is modeled through the term Catalyst Pass Fraction (CPF). The prediction of CO2 is
modeled through carbon balance equation. This model directly gives tailpipe emissions, as the
catalytic converter increases the output of CO- by converting CO and HC and PM into CO». The
model takes the form of equation:

FC TPErp TPEHr TPEppyy
12.011 41.008 aCO2 18.011 13.018 12.011

TPE.,, = 44.011]
Equation 2.8

TPEco? is tailpipe CO. emissions in gram/km. A CO2 is a fuel dependent model parameter
representing the ratio of hydrogen to carbon atoms in the fuel. TPEX is the tail pipe emissions for

component x. Here x is CO, HC and PM.
Steps in Calibration of HDM-4

Prior to using HDM-4 for the first time in any country, the system should be configured and
calibrated for local use. Since HDM-4 has been used design in a wide range of environments,
calibration of HDM-4 provides the facility to customize system operation to reflect the norms that
are customary in the environment under study. HDM-4 models are mainly classified into two parts:
Road Deterioration &Works Effects (RDWE) models and Road User Effects (RUE) models. For
Road Deterioration &Works Effects models, pavement distress models are included. For Road User
Effects models, they consist of travel time, vehicle operation, accidents and emission effects
models. (A Guide to Calibration and Adaptation. HDM-MM 4 Manual, Voulme-5. HDM Global

publications).
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The Highway Development and Management (HDM-4) model can predict the vehicle emissions
during an analysis, the degree of local calibration appropriate would be a choice depending on
application and resources available having vital impact on transport emissions. HDM-4 assesses
the changes in emissions as a result of changes in road characteristics and vehicle technology. (4th

International Conference on Sustainable Energy and Environmental Engineering (ICSEEE 2015).
Urban Roads and Streets Design and Emissions

In any urban setting, roads and streets play a critical role in enabling residents to move from one
part of the city to the next, meet, conduct business, socialize, and relax. The design of roads and
streets, therefore, has a large impact on emissions and quality of life. Most African cities have
experienced a surge in motor vehicle owner-ship over recent years. This has resulted in traffic
congestion, air pollution, and a deteriorating urban environment. Urban Roads and Streets design
emphasized on sustainable development promoting walking, cycling and public transport reducing

use of cars.

Efficient use of energy and land reduces greenhouse gas emissions; transportation policy set
included five key goals:

= Minimization of travel demand

= Maximization of efficient transport network,

= Minimization of fossil fuels reliance,

= Transport emissions reduction and

= Improvement on public transport accessibility.

To make non-motorized transportation appealing, measures which included, reprioritization of
traffic signals for pedestrians than for vehicles, minimization of crossing distances and waiting
times at junctions, footpaths widening at high pedestrian flows especially the nodes, removal of
unnecessary street furniture erected on footpaths, provision of quality user friendly surface to
people living with disabilities and a continuous direct and well-lit pedestrian walkways were
considered. Ministry of transport, infrastructure, housing, urban development, and public works
April 2019.
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2.3 Previous Regional/Local Studies on Vehicle Emissions

Health Impact of Vehicle Emissions on Traffic Police in Nairobi

Table 2.6 shows vehicle fuel relationship at selected road junctions within the Nairobi CBD, high
pollution levels were at railways and Kamkunji which had high concentration of buses which uses
mostly diesel while low pollution were recorded at University way and Uhuru highway where
vehicles used fuels that had substantial volumes of nitrogen oxides, carbon monoxide, and other

pollution. Journal of Environment Pollution and Human Health, 2017, Vol 5, No3, 104-110.

Table 2.6: Association between Type of Vehicle Fuel Type and Category of Road Junction

intersections on CBD Nairobi City Kenya

Road Pollution Levels (Percentages)

Junctions High Percentage Low Percentage
Pollution (Number of Pollution (Number of
( Type of vehicle/ | vehicles of high | ( Type of vehicles of low
fuel type) pollution levels) | vehicle/ fuel pollution levels)

type)

Kamkunji 49.7 100 51.7 100

Railways 48.3 100 50.3 100

Uhuru 36.5 100 63.5 100

highway

University 27.9 100 72 100

way

Table 2.7 shows the particulate matter concentration of air quality and tolerable levels sampled in

different location in Nairobi County, Mukaria, et al (2017).
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Table 2.7: Air Quality Particulate Matter Levels

Sampling Location Dust Tolerable Levels | Remarks
Concentration | (Mg/m?3)
Levels (Mg/m?)
Outer-ring- Thika Road 3.25 10 Within the Limit
Junction
Allsopps - GSU Area 4.32 10 Within the Limit
Kariobangi-Kiamakio Area | 6.15 10 Within the Limit
Juja Road - Outer- Ring 7.59 10 Within the Limit
Roundabout
Kariobangi South- Mumias | 5.45 10 Within the Limit
Road Junction
Umoja- Buruburu Road 6.48 10 Within the Limit
Junction
Pipeline Estate Area 4.56 10 Within the Limit
Outer-ring- Thika Road- 5.60 10 Within the Limit
Eastern Bypass Area
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The Table 2.8 shows a summary of Air Quality Emission levels of CO, SOx, CO2, VOC and NOx

levels.

Table 2.8: Air Quality (Emission Level)

Location Carbon Sulphur Carbon | Volatile Nitrogen Comments
Monoxide | Dioxide Dioxide | Organic Dioxide
(CO) (SO2) (CO2)% | Compounds | (NOx)ppm
ppm (VOC)

1. | Outer-Ring | ND <0.01 0.01% ND <0.05 Within the
Road/Thik limit
a Road
Junction
(Top of the
Bridge)

2. | Kariobangi | ND <0.01 0.03% ND ND Within the
- Kiamakio limit
Area

3. | JujaRoad - | ND 0.12 0.05% ND ND Within the
Outer- limit
Ring
Junction

4. | Kariobangi | ND 0.02 0.05% ND ND Within the
South- limit
Mumias
Road
Junction

5. | Umoja- ND 0.01 0.06% ND ND Within the
Buruburu limit
Road
Junction

6. | Pipeline ND 0.01 0.05% ND ND Within the
Estate limit
Area

7. | Outer-ring- | ND 0.04 0.06% ND ND Within the
Road limit
/Bypass-
Under the
Bridge
TLV 10ppm 0.125mg/m | 0.5% 70ppm 0.150mg/m | Within the

8 3 limit

ND: Not Detected
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The Tables 2.7 and 2.8 show particulate matter and emissions measurements, higher emissions due
to economic activities and high population were expected but most of the corridor sections had
high dispersal levels effectively displaying low concentrations. Areas with high emissions
(including SOx and CO2) included Juja Road junction, Eastern Bypass junction and
Kariobangi/Kiamaiko with between 0.01-0.4ppm SOx and 0.03-0.05% CO,. Particulate matters

were reported as between 4-7ppm with high levels at Juja Road junction and Kariobangi/Kiamaiko.

The Tables 2.9 and 2.10 show some of the pollution levels in Nairobi by Odhiambo, Kinyua,
Gatebe, Awange, (2010) and AzifFaiz et al (1990).

Table 2.9: Data Collection and Analysis Air Pollution in Nairobi

Mean concentrations WHO Guidelines
PM 10 66.66-444.45 (Mean 239 + 126pg/m® | 50pg/m?3
NO2 0.011-0.976ppm 200pg/m® (0.10ppm)
Os LLD*-0.1258ppm 100ug/m?® (0.056ppm)
PM 2.5 10.7- 98.1pg/m?® 25pug/m?®

Table 2.10: Estimations of Pollutant Emissions by Passenger Cars and Buses in Nairobi in
(tones per day)

Year CO HC NOx SO2 PM
1980 77 7 4 0.6 0.5
2000 381 38 20 3.0 2.7

The emissions show the World Bank estimates of pollutant emissions by some sources in the city
which are very critical. The predicted increase would be due to vehicle increase and their

deterioration condition.
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Traffic Volume and Rate of Flow in Emission Measurements

Traffic volume is the number of vehicles that pass a point on a highway, or a given lane or direction
of a highway, during a specific time interval. Volume and flow rate are two measures that quantify
the number of pedestrians passing a point on a lane or roadway during a given time interval. Flow
rate is the equivalent hourly rate at which vehicles pass over a given point or section of a lane or
roadway during a given time interval of less than 1 hour, usually 15 minutes. TRB. (2010), Highway
Capacity Manual.

Demand and Capacity

Demand is the number of vehicles (persons) that desire to travel past a point during a specified
period also usually one hour while Capacity refers to the maximum rate at which vehicles can
traverse a point or short segment during a specified time period, actual volume can never be
observed theoretically at levels higher than the true capacity of the section. TRB. (2010), Highway
Capacity Manual.

Daily Volumes

Daily volumes are used to establish trends over time for planning purposes, they are not
differentiated by directional or lane but totals for an entire facility at the specified location. VVolume
and flow are variables that quantify demand, that is, the number of motorists who desire to use a
road way facility during a specific time period. Congestion can influence demand, and observed
volumes sometimes reflect capacity constraints rather than true demand. The distinction between
volume and flow rate is important. On the one hand, volume represents the number of vehicles
observed or predicted to pass a point during a time interval, while the flow rate represents the
number of vehicles passing a point during a time interval less than 1 hour, but expressed as an

equivalent hourly rate. TRB. (2010), Highway Capacity Manual.

AADT-Annual Average Daily Traffic is the average 24-hour traffic volume at a given location over

a full 365-day year that is the total number of vehicles passing the site in a year divided by 365.

AAWT-Annual average weekly traffic is the average 24-hour traffic volume occurring on
weekdays over a full year. AAWT is computed by dividing the total weekly traffic volume for the
year by 260. This volume is of considerable interest where weekend traffic is light, so that average

higher weekday volumes over 365 days would mask the impact of weekday’s traffic.

38



ADT-Average Daily Traffic is an average 24-hour traffic volume at a given location for some
period of time less than a year. While an AADT is for full year, an ADT may be measured for six
months, a season, a month a week, or as little as two days. An ADT is a valid number only for the

period over which it was measured.

AWT-Average Weekly Traffic is an average 24- hour traffic volume occurring on weekdays for
some period of time less than one year, such as for a month or a season. The relationship between
AAWT and AWT is analogous to that of AADT and ADT.

AADT and AAWT are used for several transportation analyses:

= Computation of accident rates in terms of 100 million

= Establishment of volume trends

= Evaluation of the economic feasibility of highway projects

= Development of freeway and major arterial street systems

= Development of improvement and maintenance programs

= ADT and AWT are used for several transportation analyses:

= Measurement of current demand and

= Evaluation of existing traffic flow.
Peak flow rates and hourly volumes produce the peak-hour factor (PHF), the ratio of total hourly
volume to the peak flow rate within the hour. TRB. (2010), Highway Capacity Manual.

For standard 15- minute analysis period, this becomes:

Hourly volume
Peak flow rate (within the hour) Equation 2.9

PHF =

Vv
2 Nowg Equation 2.10

Where PHF = peak-hour factor

PHF =

\Y/ = hourly volume (vehicle/hour)

Vis = volume during the peak 15 minutes of the peak hour (vehicles/15 minutes).
When the PHF is known, it can convert a peak-hour volume to a peak flow rate, as in
Equation 2-11: TRB. (2010), Highway Capacity Manual.
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Vv
Y= PHF Equation 2.11

Wherev = flow rate for a peak 15-minutes period (vehicles/hour)

\Y/ = peak-hour volume (vehicles/hour)

PHF = peak-hour factor.

Equation 2.11 does not need to be used to estimate peak flow rates if vehicle counts are known;
however, the chosen count interval must identify the maximum 15-minutes flow period. The rate
then can be computed directly as 4 times the maximum 15-minutes count TRB. (2010), Highway

Capacity Manual.
Speed

Although pedestrian traffic volumes provide a method of quantifying capacity values, speed (or its
reciprocal of travel time) is an important measure of the quality of the traffic service provided to
the pedestrian. It is an important measure of effectiveness defining levels of service for many types

of facilities, walkways and urban streets.

Speed is defined as a rate of motion expressed as distance per unit of time, generally as meters per
second (m/s). In characterizing the speed of a traffic stream, a representative value must be used,
because a broad distribution of individual speeds is observable in the traffic stream. In this study,
average travel speed is used as the speed measure because it is easily computed from observation
of individual vehicles within the traffic stream and is the most statistically relevant measure in
relationships with other variables. Average travel speed is computed by dividing the length of the
highway, street section, walkway or segment under consideration by the average travel time of the
vehicles traversing it. If travel times ty, to, t3, ta (in hours) are measured for n vehicles traversing a
segment of length L, the average travel speed is computed using Equation 2.12, TRB. (2010),
Highway Capacity Manual.

n 7 0 t

N i =

=7 oy Equation 2.12
Where:

S =average travel speed (m/s)

L = length of the highway segment (m)
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ti = travel time for the i vehicle to traverse the section (s)

n = number of travel times observed

=

12,
(= Mi=1 _
a— = average travel time over L (s)

Il

Density

Density is the number of vehicles occupying a given length of a lane or roadway at a particular

instant; it is averaged over time and is usually expressed as vehicles per kilometer

(vehicles/kilometer).

Density computation can however be, from the average travel speed and flow rate, which are

measured more easily. Equation 2.13 is used for under saturated traffic conditions.
TRB. (2010), Highway Capacity Manual.
D =V/S Equation2.13
Where:
D = Density (vehicles/kilometer)
V = Flow rate (vehicles/hour)
S = Average travel speed (meters/second)

Figure 2.5 shows the fundamental Speed, Flow, Density, Relationships. TRB. (2010), Highway

Capacity Manual.

Flow (veh/h/in)

Legend
—— - —— Owersaturated flow

Flow (vevhin)

Density (veh/km/In)

Figure 2.5: Fundamental Speed, Flow, Density, Relationships
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Traffic Flow Speed and Density

Equation 2.13 cites the basic relationship among the three parameters, describing an uninterrupted

traffic stream.

Although the equation v = S x D algebraically allows for a given flow rate to occur in an infinite
number of combinations of speed and density, there are additional relationships restricting the
variety of flow conditions at a location. Figure 2.5 shows a generalized representation of these
relationships, which are the basis for the capacity analysis of uninterrupted-flow facilities. The
flow-density function is placed directly below the speed-density relationship because of their
common horizontal scales, and the speed-flow function is placed next to the speed-density

relationship because of their common vertical scales. Speed is space mean speed.
Traffic Volume Count

Traffic Data Collection is basic requirements for transport planning. Traffic Data forms an integral
part of national economics and such knowledge is essential in drawing up a rational transport policy
for movement of passengers and goods by both government and the private sectors. Traffic Volume
Count is counting of number of vehicles passing through a road over a period of time. It is usually
expressed in terms of Passenger Car Unit (PCU) and measured to calculate Level of Service of the
road and related attributes like congestion, carrying capacity, V/C Ratio, identification of peak hour
or extended peak hour. Traffic volume count (TVC) is usually done as a part of transportation
surveys; TVC can be classified or unclassified.

Need of Traffic Volume Count Survey

Traffic Volume Survey is an essential part of Town Planning, especially for a town planner. It
includes counting the number of vehicles passing through a survey station. The study of Classified

Traffic Volume Count is to understand factors that form the basis of:

= Checking the efficiency/saturation of the road network by comparing current traffic volume
with the calculated capacity or by identifying level of service

= Establishing the use of the road network by vehicles of different categories, traffic
distribution, PCU/vehicle value

= Need of median shifting or road widening
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Purpose of Traffic Volume Count

The purpose of classified traffic volume count is to draw inferences on the basis of data collected
and to provide possible solutions, improvement on suggestion for the problem identified. The
objectives covered in it include identifying the hourly distribution of vehicles and peak hour,

identify level of service and compare modal composition on different hierarchy of roads.
Methods of Implementing Traffic Volume Count

Traffic Volume Count can be done by various methods depending upon various factors like
manpower available, budget, technology/instrument available, magnitude of traffic data required
or to be collected which will then determine quality and type of vehicle classification to be adopted.
Traffic counting falls in two main categories, namely: manual count and automatic count. Traffic
data collection forms the integral part of traffic volume study as it provides the raw data and
includes primary survey. The various types and methods used to collect traffic data not only provide
a good and valuable coverage of the required traffic information. Different methods of traffic

volume count are as mentioned below:
Durational and Interval of Traffic Counts

In order to predict traffic flow volumes that can be expected on the road network during specific
periods, knowledge of the fact is required that traffic volumes changes considerably at each point

in time. There are three important cyclical variations:

Hourly Pattern: the way traffic flow characteristic varies throughout the day and night;
Daily Pattern: The day-to-day variation throughout the week

Monthly and Yearly Pattern: The season-to-season variation throughout the year.

When analyzing the traffic one must also be aware of the directional distribution of traffic and the

manner in which its composition varies as it is important to deal with tidal flow.

Hourly Patterns - Typical hourly patterns of traffic flow, particularly in urban areas, generally
show a number of distinguishable peaks. Peak in the morning followed by a lean flow until another
peak in the middle of the afternoon, after which there may be a new peak in the late evening. The
peak in the morning is often more sharp by reaching the peak over a short duration and immediately
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dropping to its lowest point. The afternoon peak on the other hand is characterized by a generally

wider peak. The peak is reached and dispersed over a longer period than the morning peak.

Daily Patterns-The traffic volume generally varies throughout the week. The traffic during the
working days (Monday to Friday) may not vary substantially, but the traffic volume during the
weekend is likely to differ from the working days on different type of roads and in different

directions.
Manual Count

The most common method of collecting traffic volume data is the manual method of traffic volume
count, which involves a group of people recording number of vehicles passing, on a pre-determined
location, using tally marks in inventories. Raw data from those inventories is then organized for
compilation and analysis. This method of data collection can be expensive in terms of manpower,
but it is nonetheless necessary in most cases where vehicles are to be classified with a number of
movements recorded separately, such as at intersections also in case where automatic methods

cannot be used due to lack of infrastructure, necessary authorization.
Automatic Count

This method is employed in cases where manual count method is not feasible. VVarious instruments
are available for automatic count, which have their own merits and demerits. Some of the widely
used instruments are pneumatic tubes, inductive loops, weigh-in-motion sensor, micro-millimeter
wave, radar detectors and video camera. Both types of counts can be classified or unclassified.
Classified traffic volume count gives a better understanding of the types of vehicles which uses the
road and can be used for number of other purposes apart from the transportation surveys. It can
also be used for calculating the modal split of vehicles on the road. Unclassified traffic volume
count is done where sufficient manpower is not available or the budget for the survey is low. This

type of volume count does not give a good information about the road.
Some of the widely used instruments are:

i) Pneumatic Tubes - These are tubes placed on the top of road surfaces at locations where traffic
counting is required. As vehicles pass over the tube, the resulting compression sends a burst of air

to an air switch.
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ii) Inductive Loops - Inductive loop detector consists of embedded turned wire. It includes an

oscillator, and a cable, which allows signals to pass from the loop to the traffic counting

device. Inductive loops are cheap, almost maintenance-free and are currently the most widely used

equipment for vehicle counting and detection.

Factors to be considered while doing a Traffic Volume Survey on mid-block

Vi.

Surveyor should not affect the flow of traffic.

Survey station should be located at position where queuing does not take place.

Vehicles should be classified if possible as it saves time for Classified Traffic Volume
Survey. Also classified results have much other application.

Safety of surveyor should be kept in mind and safe location should be selected. This
becomes more important in rural area where carriageway is not well-defined.

Equipment used while automatic count should be placed such that they do not draw
attention of driver.

Traffic Volume Survey can be done manually or by use of automatic methods depending
upon various factors like manpower available, budget, technology/instrument available,

magnitude of traffic data required.

Table 2.11 show a summary of literature review on vehicular air pollutions, these clearly indicates

the need to critically analyze the traffic emissions in urban areas due to the negative health and

environmental effects as a result on traffic congestion and therefore the study of emissions along

Uhuru highways corridor in Nairobi.
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Table 2.11: Gaps in literature review on Vehicle Traffic Emissions

Author

Study

Strengths

Weaknesses

1. EU Environment
Act 1995,

Levels of
pollution above
the objectives
set by the EU.

Pollution above the
objectives set by the
Government were
declared an Air Quality
Management

Environmental law
depended on
implementation at
Member State,
regional and local
levels.

2. Sehlstedt et al.,
2007; American
Heart Association,
2010).

Health effects
of particulate
matter.

Smaller particles caused
cardiovascular effects and
larger particles respiratory
diseases.

SO, was associated with
less health endpoints than
PM2.5.

It was unclear if this
was due to the ultrafine
particles.

Inconsistency on
results of SO, studies.

3. DTE Staff 2018 IIT-
Kanpur, 2016.

Traffic
congestion in
Delhi.

Delhi overall toxic
emissions 9% of the
PM10 load and around
20% of the PM2.5 load
secondary particles,
vehicular emissions could
rise to 30%.

Helicopters showered
water to fix the
problem with not much
good results.

4. Adapted from: Faiz

Estimations of

Estimations of Pollutant

No clear framework on

in association with
CE 2013.

Emission Level.

economic activities and
high population, along the
outer-ring corridor.

et al 1990, Table 26. | vehicle Emissions by Passenger predictions on vehicle
Pollutant Cars and Buses in Nairobi | increase and
Emissions. in (tones per day). deterioration condition.
5. APEC Consortium Air Quality Emissions due to Emissions study was

not specifically related
to traffic emissions.

6. Friedrich and Bickel,
2001; Bickel and
Friedrich, 2005.

Emissions
health effects.

Gave impact category,
receptor, pollutant and
morbidity/mortality
caused by traffic
emissions.

Did not give clear
measures to reduce
traffic emissions.
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CHAPTER THREE: METHODOLOGY

3.1 Introduction

Existing information on data collection techniques and sample size were reviewed. Traffic data
survey was conducted at the two identified sites within the study area, the first station was identified
as NRU 01 road side near Nairobi railways underpass and second station as UNPT 02 near the
University of Nairobi pedestrian tunnel. The peak (6:00am to 10:00am and 4:00pm to 8:00pm)
and off-peak (10:00am to 4:00pm) hours of motorized traffic counts were considered from 11" to
16", November 2019. Further to enable development of trends on vehicular traffic and emissions
over time during the days of the week, a fifteen-minute time interval throughout the survey period
(6:00 am to 6:00 am) was adopted. This would give a variability representation across small time

interval as the recommended best practice.
Preliminary Site Visit

A preliminary site visit was conducted along Uhuru Highway corridor and designated stations for
data collection identified as NRU 01 and UNPT 02 on 10" November 2019. Safety measures and
police authorization letters were also affirmed with manual traffic count as preferred means of
traffic data collection. A map of the study area showing layout of the data collection points is given

in plate 1.2.
Traffic Volume Survey at mid-block

Various factors were considered in conducting traffic volume survey at mid-block, stations were
located where queuing would be minimal, safety of the surveyors and equipment taken in to

consideration and attention of motorists less drawn.

3.2 Research Design

Quantitative research design emphasized objective measurements and statistical analysis of data
collected through surveys, gathered numerical data were generalized across vehicular traffic which
explained the emissions phenomenon and answered research questions more effectively. Figure 3.1

shows in summary the strategy and plan used for data collection.
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[ Initial desk study ]

v
Study areas and Sampling ] Data collection
Data collection l techniques

Preliminary site visit ]
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[ Resources Mobilization for Data ]

A 4

Design of data recording Training assistants in data
forms collection

A 4

[ Pilot study ]

[ Actual data ]

A 4
[ Data recording traffic volume and emissions ]

Figure 3.1: Strategy and Plan for Data collection

3.3 Research Sampling
The study was based on a random sample calculated using the following statistical formulae:

N

1+Ne? :
e Equation 3.1

Richardson A. J., Ampt E. S. and Meyburg A. H. (1995), Survey Methods for Transport Planning.

Where:
n- Sample size
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N- Pedestrian/vehicle population using the facility

e- Margin of error, based on 95% Confidence level, example 5%.

The average daily traffic at stations NRU 01 and station UNPT 02 were 69783 and 60479 taken

over a period of 24 hours for six days with a daily sample size of 398.
The sample size was computed as:

Station NRU 01 ADT 69783

Station UNPT 02 ADT 60479

Average ADT 65131

n= (65131) / (1+65131x0.052) = 397.56 say 398

From the results, there were 398 vehicles for the study per day at 95% Confidence level.

3.3.1 Secondary Data Collection
This step in research involved collection and review of existing data related to the vehicle traffic
and emissions in order to understand the concepts and ascertain any pre-existing relevant

information.

3.3.2 Primary Data Collection

This involved mobilization of resources for data collection. Manual classified count forms, cameras
and stop watches were used to record traffic data while Bosean and Dienmaern machines to record
emissions data. Transportation and mobile phones for communication during the process were also

put in place.

Sampling Procedure

The stages involved in data collection included:

= Review of existing information
= Sjte assessment
= Volume data collection

=  Emissions data collection

The activities were done as explained:
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Site Assessment for Data Collection

A specific location for data collection (temporary) was determined on site taking cognizance of the
potential use of data collected. The following were kept in mind before deciding on the sites which
included uniform geometric characteristics along the road length and away from junctions, a
horizontal (flat) and geometrically straight road section, uninterrupted traffic flow, little pedestrian
traffic interruption and finally a section which met safety requirements (A typical straight road).

Wind Speed and Wind Direction during Data Collection

Effects of wind speed and direction were considered during the study, the Figures 3.2 to 3.6 show
data from weather station taken from the months of January to December of the year 2021, giving
climate information on average wind speed, temperature, sunshine hours, precipitation and
humidity throughout the year, the distance between the area of study and the Kenya Metereological

Department in Nairobi is 7 km.

The wind experienced at any given location was highly dependent on local topography and other
factors, and instantaneous wind speed and direction varied more widely than hourly averages. The
average hourly wind speed in Nairobi was essentially constant during November, remaining within
3m/s. On average, higher and lower wind speeds were recorded in the month of January and July

respectively.

The mean monthly wind speed over the year in Nairobi, Kenya (meters per second)

Wind speed

T T T T T T T T T T T T
Jan Feb  Mar  Apr  May  Jun ul Auwg  Sep  Oct Nov  Dec

Wind speed m's

hverage wind speed in Nairobi, Kenya  Copyright © 2021 weather-and-climate.com

Figure 3.2: Average Wind Speed from January to December 2021
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Average day and night temperature

The mean minimum and maximum temperatures over the year show in Fahreheit were changed

into degree Celsius in (Figure 3.3). The average temperature was 68°F converted to 20° C.

40 oF -
u Max temp

u Min temp
78 OF (et

65 °F -

Temperature

3 oF | . | | T

40 oF

I
Jan Feb Mar  Apr May Jun Jul Aug Sep Oct Now Dec

Average min and max temperatures in Nairobi, Kenya  Copyright @ 2021 weather-and-climate.com

Figure 3.3: Average monthly hours of Temperature from January to December 2021

The monthly sun hours over the year in Nairobi, Kenya shown in (Figure 3.4)

300 hrs
q Sunhaurs
250 hrs -|

200 hrs -

150 hrs -

Sunhours

100 hrs -

50 hrs -

0'hrs i i i i i i i i i 1

|
Jan. Feb Mar  Apr May  Iun ul Aug Sep Ot Mov Dec

Average monthly sunhours in Nairobi, Kemya Copyright © 2021 weather-and-climate.com

Figure 3.4: Average monthly sunshine from January to December 2021

On average, January had the highest and August the lowest sun hours with an average of 2492.0
sun hours.
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Monthly Precipitation

The mean monthly precipitation over the year, (rain/snow) is illustrated in (Figure 3.5).

300 mm - Precipitation

150 mm

Precipitation

0 mm T 1 T 1 T | 1 T 1 T | T
Jan. Feb  Mar  Apr May Jumn  Jul  Auwg Sep Ot Mov  Dec

Average precipitation (rain/snow) in Nairobi, Kenya Copyright © 2021 weather-and-dimate.com

Figure 3.5: Average precipitation (rain/snow) from January to December 2021

Rainy season falls in the months of April, May, November and December. Nairobi has dry periods
in the months of July and August. On average, July is the driest month. The average amount of

annual precipitation is: 1062.0 mm.

Average Humidity

The mean monthly relative humidity over the year is illustrated in (Figure 3.6).

100 % —

’ Humidity
80%
50 % -

40 % -

Relative humidity

20% -+

0%

| | |
Jan  Feb  Mar  Apr May  Jun Jul  Aug Sep Ot Mov  Dec

Average relative humidity in Nairobi, Kenya Copyright © 2021 weather-and-climate.com

Figure 3.6: Average relative humidity from January to December 2021
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On average the month of May was the most humid and February least humid with the average

annual percentage of humidity as 69.0%.

3.4 Wind Measurement during the Study

Wind has both speed and direction. Anemometer measured wind speed and wind vanes measured
wind direction. A typical wind vane had a pointer in front and fins at the back. When the wind
blew, the wind vane pointed into the wind. For example, in a north wind, the wind vane pointed

northward.

A cup anemometer was used to measure wind speed. The cups caught the wind and produced
pressure difference inside and outside the cup. The pressure difference, along with the force of the
wind, caused the cups to rotate. Electric switches measured the speed of the rotation, which was

proportional to the wind speed.

Propellers also could measure wind speed. The propeller blades rotated at a rate proportional to the
wind speed.
In summary, the 24-hour mean weather condition during data collection was as shown:

= The mean temperature was 20 degrees centigrade

= Monthly relative humidity was 55%

= Wind direction was predominantly from east to west

= Daily mean sunshine hours were 3 to 10 hours

= Low rainfall ranging from 116mm to 965mm and

= Wind speed was averagely 3m/s.

3.4.1 Emissions and Particulate Matter

Control measurement monitoring station away from Uhuru Highway Corridor
"Monitoring" involved the collection and use of measured data and other information to control the
process assuring compliance with applicable requirements. Ambient air quality monitoring
involved collection and measurements of samples of ambient air pollutants to evaluate the status

of the atmosphere as compared to clean air standards and historical information.
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3.5 Data and Methodology

3.5.1 Measurement of Emissions

The data was collected averagely every 15 minutes’ using various gas analyzers with
meteorological parameters measured by an automated weather observing stations. Three measuring
equipment were used at a height of 2 meters away from the road at approximately 2 meters height.
They included: Bosean for determination of NOx, SOz, CO and Dienmaern for determination of
PM2.5, HCHO and TVOC.

Wind speed and wind direction were of great importance during the emissions determination taking
the readings at every station averaging readings after 15 minutes period. The ambient air emissions
were determined for a period of 6 days (from 11th to 16th of November 2019) for 24 hours’ period
from 6:00 am to 6:00 am alongside vehicle traffic volumes by types at the two sites of the study

area.

3.5.2 Parameters Measured using the Equipment

The PM2.5 was measured by DM 201PM2.5 Air Quality Detector. The machine had 2.8” FTF LCD
Display, support 320 x 240 Pixel, high speed ARM Control Program, easy to operate with testing
holes designed to provide cross ventilation and handheld design making it convenient to detect air
within a short test time. The PM2.5 Particle valid range was: 0-500pg/m?® with a charging voltage
of 5V/1A, it also measured HCHO and TVOC. The TVOC test had a range:0.000-9.999mg/m?,
semiconductor sensor sample type, a diffusion concentration unit: mg/m? test time of 5 minutes

with a test range of: 0-999ug/m?.

The BOSEAN equipment was used to measure, Nitrogen oxide, Sulphur dioxide and Carbon
monoxide. It had an adjustable calibrating level, self-adjustment function, visual and audible alarm
with vibration, advanced self-examination and self-renovation function. The sampling method was
diffusion type with environmental condition of humidity 5% to 95% relative humidity non-
condensing. The detecting range of CO was 0.1000ppm, accuracy of 3%, response time 10 seconds,
repeatability 1% with 1% zero drift. Plates 3.1 and 3.2 presents the equipment used for field data
collection.
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Plate 3.1: Equipment for measurement of particulate matter, HCHO and TVOC
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Plate 3.2: Equipment for measurement of Nitrogen oxide Sulphur dioxide, and Carbon
Monoxide
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3.5.3 Data Collection Procedure
Measurements of CO, NOx, HCHO, PM2.5, TVOC and SOx

In this study, field equipment were installed at a distance of 2.0 meters away from the road
carriageway on both sides at the two measurement sites to monitor on-road minute-by-minute
ambient concentrations. Reflector jackets were worn for clear visibility by the motorists for safety.
Air pollutants were measured at approximately 2.0 meters height above the ground level. Local
meteorology (wind speed/direction, temperature, humidity, were received from meteorological
data from google search. To achieve the objectives of the study, field measurements were carried

out at two different stations:

Road side near Nairobi railways underpass between Nyayo stadium roundabout at Bunyala road
and Haile Selassie Avenue - NRU 01.

The second station was near the University of Nairobi pedestrian tunnel between University way
and Museum hill interchange - UNPT 02 .These measurement sites were selected on the basis of
intensity of traffic flow. The parameters measured included (CO, NO2, HCHO, TVOC, PM2.5 and
S0,), meteorology (wind speed and wind direction).
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Table 3.1 presents the details of the field measurements and information of the monitoring sites.

Table 3.1: Monitoring Sites and Details of the Measurement Program

Measurement | Site code | Sites Details of field measurement
site Characteristics _ _ _
Air Meteorology | Traffic | Duration
quality survey | of study
Near Nairobi NRU Higher traffic CO, NO;, Wind speed, | Car, 11-16
railways 01 volume HC, wind bus, November,
underpass TVOC. direction thi, 2019
bike.
PM 2.5,
SO,
Near the UNPT Higher traffic CO, NOy, Wind speed, | Car, 11-16
Uni it of 02 volume HC, wind bus, November,
niversity o TVOC direction taxi, 2019
Nairobi ' bike.
pedestrian PM 2.5,
Tunnel SO,

Measurements were conducted NRU 01 and UNPT 02 were conducted for a period of 6 days,
automated equipment were maintained in an open air environment. A video camera was used to
capture the traffic flows and to characterize the composition of the vehicles traveling at each
measurement sites. The wind speed and wind direction were measured with wind vane and
anemometer, respectively. Geometric Characteristics of Road (A8) - Uhuru Highway Corridor had
a lot to influence the emissions contributions, the Table 3.2 presents in summary the Geometric

Characteristics of the study area.
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Table 3.2: Geometric Characteristics of the Uhuru Highway Corridor

ID | Road section Road Number | Section length | Average Average
type of lanes | Approximation | lane width | side walk
(m) (m) width (m)
1 | Grade separated Acrterial 6 500 3.50 2.0
interchange at the
Museum Hill
intersection to
University Way
2 | University Way to Acrterial 6 500 3.50 2.0
Kenyatta Avenue
3 | Kenyatta Avenue to | Arterial 6 500 3.50 2.0
Haile Selassie
Avenue
4 | Haile Selassie Acrterial 6 500 3.50 2.0
Avenue to Bunyala
road

Data collections at the two designated sites (NRU 01 and UNPT 02) along Uhuru Highway

Corridor were as shown on The Plates 3.3 and 3.4.

Plate 3.3: Section between Haile Salassie Avenue and Bunyala road, Station NRU 01 at

6:00pm
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Plate 3.4: Emission data Collection University of Nairobi Pedestrian Tunnel, Station UNPT
02 at 6:00am

3.5.4 Traffic Data Survey

Traffic Volume Surveys Program

At a safe distance of 2.0 meters away from the road carriageway at the stations (NRU 01 and UNPT
02) vehicle traffic volumes counts by types were recorded after every 15 minutes for a period of 6
days (from 11'"to 16" of November 2019) for 24 hours’ period from 6:00am to 6:00am.

Traffic Classification-Motorized

Motorized Traffic (MT) count was manually done for the study classifying them into Motorcyle
Private Cars, Jeeps/4WD's/utility vehicle, pickup/vans, Matatus (9 - 25 seats), Small  buses,
Large Bus (>27 passengers), Light Trucks 2 axles (single rear wheel),  Medium Trucks (2
axles, Double rear wheels), Heavy Trucks (3, 4 axle), Artics/Draw - bar Trucks (>4 axles),

Other (Agricultural tractors, grader).
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Volume of Traffic Recorded by Vehicle Classification

Traffic was first categorized into eleven types for convenience of the study according to their
respective Passenger car units (PCU) factor. Traffic counting was done using the tally sheets which
was the simplest and least expensive data collection tool. For easy analysis, data was collected for
the desired 15 minutes time intervals for 24 hours and converted into PCU, a method in which
various vehicle characteristics and types in equivalent standard unit where one car was considered
one unit, multiplying the traffic data with respective PCU factor for the individual vehicle type.

Table 3.3 was used for the PCU factor conversion for different vehicles recorded during the survey.

Table 3.3: Vehicle type and PCU conversion factors

Type of Vehicle PCU Factor
1 Motorcyle 0.5
2 Private Cars 1
3 Jeeps / 4WD's/utility vehicle 1
4 Pickup/vans 2
5 Matatus (9 - 25 seats) 2
6 Small buses 3
7 Large Bus (>27 passengers) 3
8 Light Trucks 2 axles (single rear wheel) 3
9 Medium Trucks (2 axles, Double rear wheels) 3
10 | Heavy Trucks (3, 4 axle), 4.5
11 | Artics/ Draw - bar Trucks (>4 axles),  Other 4.5

(Agricultural tractors, grader).

Traffic Speed Survey Methodology

Average travel speed was used as the speed measure computed from observation of individual
vehicles within the traffic stream conducted on 11" November 2019 and was the most statistically
relevant measure in relation to other variables. Average travel speed was computed by dividing 100
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meters length of the highway section near (NRU 01 and UNPT 02) sites segment under
consideration by the average vehicular travel time traversing. If travel times ty, t2, ts, ta (in hours)
were measured for n vehicles traversing the segment of length (100 meters) L, the average travel

speed was computed, (Refers to Equation 2.12).
Method of Converting Traffic Counts data into ADT Values

Average Daily Traffic (ADT) values were determined by dividing the total Traffic Volumes

converted in to passenger car units for 24 hours a day for the 6 days’ Traffic survey period.
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CHAPTER FOUR: RESULTS, ANALYSIS AND DISCUSSION

4.1 Introduction
Traffic characterization (volume by time) and traffic emissions level (significant parameters and

variation by time) relationship are illustrated in this chapter.

4.1.1 Traffic Composition

Traffic composition along Uhuru Highway Corridor at Station NRU 01 was presented in Figure
4.1. Typically, cars, pick-ups and vans comprise the largest type of vehicles with an average of
57%, matatus at 15%, small and large buses at 17%, trucks at 4% and motorcycle 7%. The Table

4.1 also gives in summary the data of traffic composition.
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Table 4.1: Traffic Compositions on Uhuru Highway Corridor Station NRU 01

Light Mediu Avrtics/ Other
Large Truck m Heavy Draw - | (Agricul
Private Jeeps / ickun/ Matatus Small BUS (> s 2 Trucks K b |
. pickup. ma us (>27 Trucks ar tura
Motor-cyle Cars AWD's/utility vans (9-25 buses passenger axles (2 axles, 3,4 Trucks | tractors
vehicle seats) (single | Double ! ’
s) rear rear axle) (>4 grader
NRU 01 wheel) | wheels) axles) etc.) TOTALS
1,323 12,069 4,818 2,742 9,489 4,697 3,441 229 182 212 11 3 39216
DAY 1 Westbound
DAY 1 836 11053 6982 2282 4940 3935 3553 468 223 74 10 3 34361
Eastbound
2561 8465 6310 1216 2110 1146 816 210 157 23 0 0 23016
DAY 2 Westbound
DAY 2 2015 9066 4386 1678 4101 2907 3065 204 93 17 4 2 27538
Eastbound
882 8046 3212 1828 6326 3131 2294 152 122 141 7 2 26144
DAY 3 Westbound
557 7369 4655 1522 3293 2624 2369 312 149 50 7 2 22907
DAY 3 Eastbound
2097 7824 4907 1465 2104 1407 911 172 197 85 19 0 21186
DAY 4 Westbound
2968 8744 3939 833 3047 1910 1580 216 179 238 4 0 23658
DAY 4 Eastbound
2134 7055 5258 1013 1759 955 680 175 131 20 0 0 19180
DAY 5 Eastbound
1679 7555 3655 1398 3418 2422 2554 170 78 14 3 2 22948
DAY 5 Westbound
1613 6019 3775 1127 1618 1082 701 132 151 65 15 0 16297
DAY 6 Eastbound
2283 6726 3030 641 2344 1469 1215 167 137 183 3 0 18198
DAY 6 Westbound
DAYTIME 20,949 99,991 54,925 17,743 44549 | 27,684 23,180 | 2,609 1,798 1,124 82 14 294,648
TRAFFIC
NIGHT TIME 8,380 39,996 21,970 7,097 17,820 | 11,074 9,272 | 3,913 2,697 1,686 124 20 124,049
TRAFFIC
29,329 139,897 76,896 24,840 62,369 | 38,757 32,452 | 6,521 4,496 2,810 206 34 418,697
TOTALS
4888
ADT 31948 13200 2278 3652 1041 885 1303 1238 376 59 3 69,783

The value of ADT at station NRU 01 on Table 4.1 was 69783, determined by dividing the total traffic volumes by 6 days’ traffic survey

period.
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Figure 4.1 Shows the Traffic Composition on Uhuru Highway Corridor Station NRU 01

TRAFFIC COMPOSITION ON UHURU HIGHWAY CORRIDOR- STATION
NRU 01

Medium Trucks (2
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Figure 4.1: Traffic Composition on Uhuru Highway Corridor Station NRU 01

Traffic composition along Uhuru Highway Corridor at station UNPT 02 was also presented in
Figure 4.2. Cars had 48%, pick-ups and vans comprised 20%, motorcycle 15%, matatus, trucks
small and large buses at 17%. The Table 4.2 also gives in summary the data of traffic composition.
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Table 4.2: Traffic Compositions on Uhuru Highway Corridor Station UNPT 02

Light Medium Artics / Other
Jeeps / Trucks Trucks Heavy (Agricult
Large Bus Draw -
Motor- Private 4WD's/u | pickup/ | Matatus (9 Small S27 2axles | (2axles, | Trucks b ural
cyle Cars tility vans - 25 seats) buses asgen ers) (single Double (3,4 Trt?gks tractors,
vehicle p 9 rear rear axle) >4 axles grader
UNPT 02 wheel) | wheels) ( ) etc.) TOTALS
DAY 1 Westbound 5,910 16,061 6,991 1,634 1,050 66 147 371 398 164 16 0 32806
DAY 1
Eastbound 4148 8987 3647 366 1983 1893 442 153 203 0 0 0 21821
DAY 2 Westbound 2955 8030 3495 817 525 33 74 186 199 82 8 0 16403
DAY 2
Eastbound 2502 13121 5369 1008 1166 156 380 389 315 114 7 2 19215
DAY 3 Westbound 3940 10707 4661 1089 700 44 98 247 265 109 11 0 21870
DAY 3 Eastbound 2765 5991 2431 244 1322 1262 295 102 135 0 0 0 14547
DAY 4 Westbound 2478 13121 5369 1008 1166 156 380 389 315 114 0 2 2765
DAY 4 Eastbound 3580 13551 5034 616 1788 166 460 210 214 53 38 0 25709
DAY 5 Eastbound 4552 12365 5597 894 846 100 173 265 264 70 17 0 25143
DAY 5 Westbound 3482 8314 3574 462 2153 264 503 215 134 32 0 0 19134
DAY 6 Eastbound 2478 13121 5369 1008 1166 156 380 389 315 114 7 2 19215
DAY 6 Westbound 3580 13551 5034 616 1788 166 460 210 214 53 38 0 25709
DAYTIME
TRAFFIC 42,368 | 136,919 56,570 9,763 15,652 4,462 3,794 3,127 2,972 903 142 6 244,338
NIGHT TIME
TRAFFIC 16,947 54,768 22,628 3,905 6,261 1,785 1,518 4,690 4,458 1,354 213 9 118,536
TOTALS 59,315 | 191,687 79,199 13,668 21,913 6,247 5,312 7,817 7,430 2,257 355 15 362,874
ADT 9886 31948 13200 2278 3652 1041 885 1303 1238 376 59 3 60479

The value of ADT at station UNPT 02 on Table 4.2 was 60479, determined by dividing the total traffic volumes by 6 days’ traffic
survey period.
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Figure 4.2 Shows the Traffic Composition on Uhuru Highway Corridor Station UNPT 02

TRAFFIC COMPOSITION ON UHURU HIGHWAY CORRIDOR-STATION
UNPT 02

Medium Trucks (2

axles. Double rear Artics / Draw - bar Trucks (>4
Light Trucks 2 wheels) axles)
axles (single rear 204 0%

Large Bus (>27 wheel)

passengers) 2%
1% .
Other (Agricultural tractors,
Heavy Trucks (3/4 grader etc.)
0%
Small buses

Matatu (9 - 25 seats) 2%

6% T T Motorcyle
pickup/vans _— .«

15%
3% 2 »V

Jeeps/

AWD's/utility

vehicle
20%

Private Cars
48%

Figure 4.2: Traffic Composition on Uhuru Highway Corridor Station UNPT 02
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The Figures 4.3 to 4.14 show the 24 hours’ Traffic Volumes Variations while Figures 4.15 and
4.16 show the one-week traffic volume variations for the two stations NRU 01 and UNPT 02
respectively and are derived from Manual Classified Traffic data and Emissions data attached in
Appendix 1.

The 24 Hours’ Traffic Volume Variations sampled are presented in Figures 4.3 to Figure 4.14
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Figure 4.3: Day 1 - 24 Hours’ Traffic Volume Variations Station NRU 01
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Figure 4.4: Day 2 - 24 Hours’ Traffic Volume Variations Station NRU 01
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TRAFFIC VOLUME-VERSUS TIME (24 HOURS) DAY 3, ON 13/11/2019
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Figure 4.5: Day 3 - 24 Hours’ Traffic Volume Variations Station NRU 01
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Figure 4.6: Day 4 - 24 Hours’ Traffic Volume Variations Station NRU 01
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Figure 4.7: Day 5 - 24 Hours’ Traffic Volume Variations Station NRU 01
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Figure 4.8: Day 6 - 24 Hours’ Traffic Volume Variations Station NRU 01
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TRAFFIC VOLUME-VERSUS TIME (24 HOURS) DAY 1, ON 11/11/2019
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Figure 4.9: Day 1 - 24 Hours’ Traffic Volume Variations Station UNPT 02
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Figure 4.10: Day 2 - 24 Hours’ Traffic Volume Variations Station UNPT 02
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TRAFFIC VOLUME-VERSUS TIME (24 HOURS) DAY 3, ON 13/11/2019
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Figure 4.11: Day 3 - 24 Hours’ Traffic Volume Variations Station UNPT 02
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Figure 4.12: Day 4 - 24 Hours’ Traffic Volume Variations Station UNPT 02
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Figure 4.13: Day 5 - 24 Hours’ Traffic Volume Variations Station UNPT 02
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Figure 4.14: Day 6 - 24 Hours’ Traffic Volume Variations Station UNPT 02
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The Figures 4.15 and 4.16 show Traffic Daily Volumes for stations NRU 01 and UNPT 02 in each
directions for the six days. Data used to derive the Figures are attached on Tables 4.3 and 4.4.
There was a decrease trend of traffic volume throughout the week at Station NRU 01 while station
UNTP 02 had traffic volume fluctuating throughout the week.
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Figure 4.15: One Week Traffic Volume Variations Station NRU 01
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Figure 4.16: One Week Traffic Volume Variations Station UNPT 02
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4.2 Traffic Analysis
Traffic mean speed was considered for the each 100 meters stretches near the two sampling points-

arithmetic mean (average speed of all observed vehicle).

x= Znﬁ Equation 4-1
Where:
f = Frequency of observation in the particular group
v = Mean speed of each group
n = Number of observations
From the analysis:
Volume Q, in vehicles per hour, Q max was 1450 vph.

Average speed in kilometers per hour (Kph) was 26 Kph with maximum speed of 52Kph.

The average daily traffic (ADT) for the two stations NRU 01 and UNPT 02 were 69783 and 60479

respectively.
Validation of Traffic Data Collected for Emissions

The sizes of the traffic samples for emissions analysis were checked against the sample size in
Equation 3.1 for a 95% Confidence level £10% error level.

The Figures 4.17 to 4.32 show the 24 hours’ diurnal variations of emissions and particulate matter
PM2.5 for the two Stations NRU 01 and UNPT 02 respectively, the data represented is attached in
Appendix 1.
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PARTICULATE MATTER-VERSUS TIME (24 HOURS) DAY 1, ON 11/11/2019
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Figure 4.17: Day 1 Hourly Traffic Emission Variations Station NRU 01
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Figure 4.18: Day 2 Hourly Traffic Emission Variations Station NRU 01



PARTICULATE MATTER-VERSUS TIME (24 HOURS) DAY 3, ON 13/11/2019
STATION-NRU 01
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Figure 4.19: Day 3 Hourly Traffic Emission Variations Station NRU 01
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Figure 4.20: Day 4 Hourly Traffic Emission Variations Station NRU 01



PARTICULATE MATTER- VERSUS TIME (24 HOURS) DAY 5, ON 15/11/2019
STATION-NRU 01
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Figure 4.21: Day 5 Hourly Traffic Emission Variations Station NRU 01
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Figure 4.22: Day 6 Hourly Traffic Emission Variations Station NRU 01



PARTICULAR MATTER- VERSUS TIME (24 HOURS) DAY 1, ON 11/11/2019
STATION-UNPT 02
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Figure 4.23: Day 1 Hourly Traffic Emission Variations Station UNPT 02
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Figure 4.24: Day 2 Hourly Traffic Emission Variations Station UNPT 02



PARTICULATE MATTER- VERSUS TIME (24 HOURS) DAY 3, ON
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Figure 4.25: Day 3 Hourly Traffic Emission Variations Station UNPT 02
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Figure 4.26: Day 4 Hourly Traffic Emission Variations Station UNPT 02
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PARTICULATE MATTER- VERSUS TIME (24 HOURS) DAY 5, ON 15/11/2019
STATION-UNPT 02
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Figure 4.27: Day 5 Hourly Traffic Emission Variations Station UNPT 02

o n o Lo o Lo
™ N N — —

(cw/Brig g INdd) SNOISSING

NVO0E:S
NVST Y
NV00-€
NVSYT
NVOECT
INdST'TT
INd00:0T
NdSY:8
INdOE:L
NdST9
IAd 00:S
Nd SV:€
INd 0€:¢
Nd ST'T
Nd 00:¢T
NV G701
NV 0€:6
NV GT:8
NV 00-L
NVSY:S
NVOE Y
NVST€
NV00:¢
NVSYZT
INdOE'TT
INdST:0T
INd00:6
NdSY:L
INdOE:9
Nd ST'S
IAd 00:%
Nd V-2
Ad 0€'T
Nd ST-CT
ANV 00:TT
NV G7:6
NV 0€:8
NV GT:.L
NV 00-9

LOCAL TIME
81

Figure 4.28: Day 6 Hourly Traffic Emission Variations Station UNPT 02




4.3 Analysis of Trends of Daily Traffic Volumes-Versus Emissions

Traffic volume data for both direction of travel for the two stations NRU 01 and UNPT 02 were

plotted against emissions to obtain trends for comparison. Details of the Daily Traffic volume and

measured parameters are attached in Appendix 1.

4.3.1 Daily Traffic Volumes-Versus Emissions for Station NRU 01

A summary of Daily Traffic Volume -versus Emissions for Nairobi railways underpass NRU 01

station in both direction - A (Approach from Nyayo Exit to CBD) and B (Approach from CBD

Exit to Nyayo) are shown on Table 4.3 and Figures 4.29, 4.30 respectively.

Table 4.3: Daily Traffic Volume - versus Average 24 hours’ sampling period Emissions

Station NRU 01

NEAR NAIROBI RAILWAY UNDERPASS STATION-NRU 01
Day of the NRU 01 Vehicle (6{0] NOx SOx PPM | PM2.5 HCHO TVOC
week PPM mg/m? mg/m?
Volume PPM pg/md
Monday DAY 1A 39216 3.71 0.50 0.37 18.31 0.06 0.36
11/11/2019 DAY 1B 34361 3.73 0.50 0.37 18.47 0.06 0.36
Tuesday DAY 2A 23016 3.73 0.50 0.37 18.47 0.06 0.36
12/11/2019 DAY 2B 27538 3.73 0.50 0.37 18.47 0.06 0.36
Wednesday | DAY 3A 26144 3.73 0.50 0.37 18.47 0.06 0.36
13/11/2019 DAY 3B 22907 3.73 0.50 0.37 18.47 0.06 0.36
Thursday DAY 4A 21186 3.73 0.50 0.37 18.47 0.06 0.36
14/11/2019 DAY 4B 23658 3.73 0.50 0.37 18.47 0.06 0.36
Friday DAY 5A 19180 3.74 0.51 0.38 18.83 0.06 0.35
15/11/2019 DAY 5B 22948 3.73 0.50 0.37 18.47 0.06 0.36
Saturday DAY 6A 16297 3.73 0.50 0.37 18.47 0.06 0.36
16/11/2019 DAY 6B 18198 3.73 0.50 0.37 18.47 0.06 0.36

NB: A (Approach from Nyayo Exit to CBD) and B (Approach from CBD Exit to Nyayo)
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Figure 4.29: Daily Traffic Emissions Station NRU 01
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Figure 4.30: Daily Traffic Emissions Station NRU 01
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A summary of Traffic Volume -Versus Emissions for Nairobi railways underpass station NRU 01

Table 4.3 presents the overall results of the ambient levels PM2.5, HCHO, SOx, CO, NOx and
TVOC. On the basis of 15 minutes observations from the study.

The PM2.5 levels were found to be higher than the recommended WHO guidelines; the levels were

higher in the mid mornings and evenings hours when the motor vehicles movements were higher.

The PM2.5 levels were higher on Tuesday at 22.67mg/m? with 18.47mg/m? averagely for the rest
of the days of the week.

The study recorded CO average of 3.72ppm for NRU 01 which was within the WHO tolerable
levels of 10mg/m?.

CO values at NRU 01 was attributed to high traffic flow of vehicles with reduced wind speed
averagely 3m/s during the study.

PM2.5. HCHO, SOx, CO and TVOC, all decreased with decrease in vehicle volume; however,
NOx values ranged between 0.15 to 0.5 pg/m®.

HCHO levels were averagely 0.06mg/m? throughout the week for NRU 01.

Values obtained for this study compared to those of other similar studies reported in the literature
review, Table 2.6 and 2.7 present the relevant data of the ambient concentration of the parameters
studied.

4.3.2 Daily traffic Volumes-Versus Emissions for Station UNPT 02

A summary of Traffic Volume -versus Emissions for University of Nairobi Pedestrian Tunnel
UNPT 02 station in both direction - A (Approach from CBD Exit to West lands) and B (Approach
from West lands Exit to CBD) are shown on Table 4.4 and Figures 4.31, 4.32 respectively.
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Table 4.4: Daily Traffic Volume - Versus Average 24 Hours Sampling Period Emissions
Station UNPT 02

NEAR UNIVERSITY OF NAIROBI PEDESTRIAN TUNNEL STATION-UNPT 02

Day of the Station Vehicle Cco NOx SOx PM2.5 HCHO TVvOC
week UNPT 01 Volumme BEM PPM oEM L/ mg/m3 mg/m?3
Monday DAY 1A | 32806 343 [050 [037 [1851 0.06 0.22
11112009 DAY 1B | 21821 343 [016 |0.37 18.51 0.06 0.22
Tuesday | DAY2A [ 16403 392 [015 037 |[2265 0.06 0.41
1211172019 'DAY 2B | 19215 392 [015 [0.37 18.47 0.06 0.41
Wednesday | DAY3A [21870 |4.08 |[0.14 [037 |1851 0.06 0.36
1371172019 "DAY 3B | 14547 382 [050 [0.37 18.51 0.06 0.22
Thursday | DAY 4A [ 2765 392 [015 [037 |[1847 0.06 0.22
1471172019 DAY 4B | 25709 343 [015 [0.37 18.47 0.06 0.27
Friday DAY5A | 25143 343 050 037 |1847 0.06 0.22
1511720019 'DAY5B | 19134 343 [014 037 18.47 0.06 0.41
Saturday | DAY6A | 19215 343 015 [037 |[1847 0.06 0.36
16/11/2019 DAY 6B | 25709 373 [050 [0.37 18.47 0.06 0.36

NB: A (Approach from CBD EXxit to West lands) and B (Approach from West lands Exit to
CBD)
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DAILY 24 HOURS EMISSIONS ( CO, PM2.5) STATION-UNPT 02
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Figure 4.31: Daily Traffic Emissions Station UNPT 02
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Figure 4.32: Daily Traffic Emissions Station UNPT 02
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Table 4.4 presents the overall results of the ambient levels PM2.5, HCHO, SOx, CO, NOx and
TVOC. On the basis of 15 minutes observations from the study.

The PM2.5 levels were found to be higher than the recommended WHO guidelines; the levels were

higher in the mid mornings and evenings hours when the motor vehicles movements were higher.

The PM2.5 levels were higher on Tuesday at 22.67mg/m? with 18.47mg/m? averagely for the rest
of the days of the week.

The study recorded CO average of 3.76ppm which was within the WHO tolerable levels of
10mg/m?,

CO values at UNTP 02 were attributed to high traffic flow of vehicles with reduced wind speed
averagely 3m/s during the study.

PM2.5. HCHO, SOx, CO and TVOC, all decreased with decrease in vehicle volume; however,
NOXx values ranged between 0.15 to 0.5 pg/m?.

HCHO levels were averagely 0.06mg/m? throughout the week for UNPT 02.

Values obtained for this study compared to those of other similar studies reported in the literature
review, Table 2.6 and 2.7 present the relevant data of the ambient concentration of the parameters
studied.

A summary of Traffic Emissions for Nairobi Uhuru Highway Corridor for the two Stations
NRU 01 and UNPT 02

Table 4.5 and 4.6 presents in summary the results of ambient emissions of CO, SOz, NOx, HCHO,
TVOC, and PM2.5 at two measuring stations namely road side near Nairobi railways underpass
NRU 01 and near the University of Nairobi pedestrian tunnel UNPT 02. On the basis of 15 minutes
measured observations the lowest value of PM2.5 at station NRU 01 was at 18.39ug/m® and the
highest being station UNPT 02 at 18.56ug/m? which were found to be above the tolerable level of
10mg/m3of WHO. It was additionally found that CO values were 3.72ppm for NRU 01 and
3.76ppm for UNPT 02. SOx for the two stations NRU 01 and UNPT 02 were 0.37ppm. Volatile
Organic Compounds (TVOC) for the stations were highest at NRU 01 at 0.36ppm and least at
UNPT 02 at 0.32ppm. Nitrogen dioxide (NO) was least at UNPT 02 at 0.32ppm and highest at
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NRU 01 at 0.50ppm.Sulphur dioxide (SO2) was 0.37ppm for the two Stations NRU 01 and UNPT
02.

Table 4.5: Peaks of Air Quality PM2.5 (Particulate Matter Levels)

Sampling Location Dust Tolerable Remarks
Concentration Levels PM2.5
Levels PM2.5 3
Near railways underpass 18.39 10 Above the
Station NRU 01 Limit
University of Nairobi pedestrian | 18.56 10 Above the
tunnel Station UNPT 02 Limit

Table 4.6: Peaks of Air Quality (Emission Level)

Location Carbon Sulphur Volatile Organic | Nitrogen
Monoxide Dioxide Compounds Dioxide
(CO) (SO2)ppm (TVOC) (NO2)ppm
Station NRU 01 | 3.72 0.37 0.36 0.50
Station UNPT 02 | 3.76 0.37 0.32 0.32
TLV 10ppm 0.125mg/m3 70ppm 0.150mg/m3
Comments Within the Above the Within the limit Above the limit
limit limit

4.4 Discussions

From the obtained results at the two sites of data collection, there was an indication of an averagely
values of pollution. It can be deduced that the site NRU 01, had the lowest value of ADT 69783
followed by, UNPT 02 with ADT 60479. The high levels of PM2.5, NOx and SOx measured for
the NRU 01 and UNPT 02 could be attributed to the high traffic volume with reduced speeds of 26
Kph leading to high ambient air pollutants.
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Comparison of Emissions with WHO Guidelines

The results analyzed for stations NRU 01 and UNPT 02 were within the limits of WHO standards
for ambient emissions for CO 10ppm, TVOC 70ppm but above the limits for SOx 0.125mg/m?,
NOx 0.150mg/m?® and PM2.5ppm of 10mg/m? (WHO 2012) Diesel Engine Exhausted Carcigenic
in Cancer IAIRO (Ed), World Health Organization).

Effect of Wind Speed and Wind Direction on Pollutants

Generally, the variability of pollutant concentration levels strongly depends on the origin of the air
masses arriving at the sampling site and the concentration of pollutants in the ambient air influenced
by the direction from which wind blew. During this study, the wind direction was predominantly

from east to west with an average speed of 3m/s.

The Table 4.7 shows the average weather parameters in 24 hours during the data collection period
for the stations NRU 01 and UNPT 02 sampling stations.

Table 4.7: Average Weather Parameters in 24 Hours

Parameters Wind speed (m/s) | Temperature (°C)
NRU 01 3.566 18.3
UNPT 02 2.365 22.21

4.5 Correlation of Traffic Volume with CO, NOx. SOx, PM2.5, HCHO and TVOC for Station
NRU 01 and UNPT 02.

Traffic flow showed a significant influence on the emissions and particulate matter, observations
were made in ambient air at the two stations NRU 01 and UNPT 02. In the correlation analysis, all
the six pollutants concentrations and their corresponding traffic numbers were considered. The
Table 4.8 and Figures 4.33 to 4.44 show the Correlation Matrix for stations NRU 01 and UNPT 02.
These Correlations were significant for all parameters analyzed for the two Stations raging between
R2(0.766-0.861) for Linear Trend Lines and R?(0.817-0.984) for Curvilinear Trend Line. Linear

Correlations (R?) were less than the Curvilinear (R?) Correlations as illustrated on Table 4.8.
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Table 4.8: Comparison of Traffic Volume and Emissions Correlation Matrix-Linear and
Curvilinear Tread Lines for the Station NRU 01 and UNPT 02

Linear Trend Linear Trend Curvilinear Curvilinear Trend
Lines (R?) Lines (R?) Trend Lines (R?) | Lines (R?)
Station NRU 01 | Station UNPT 02 | Station NRU 01 | Station UNPT 02
CO 0.850 0.835 0.851 0.855
NOXx 0.766 0.823 0.837 0.823
SOx 0.817 0.836 0.817 0.836
PM2.5 0.843 0.851 0.946 0.851
HCHO 0.803 0.836 0.916 0.836
TVOC 0.827 0.841 0.870 0.851
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Figure 4.33: Correlation plots of Traffic Volume and CO for Station NRU 01
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Figure 4.34: Correlation plots of Traffic Volume and CO for Station UNPT 02

Analysis of Carbon Monoxide (CO)

For Carbon monoxide in Figures 4.33 and 4.34, both equations showed positive constant values
which are nearly parallel. The reasons could be CO was emitted mainly by the petrol run vehicle,
as a form of unburnt fuel. The number of light vehicles, which were the leading emitter of CO,

were more than heavy vehicles and hence CO values were higher, in comparison to others.
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Figure 4.35: Correlation plots of Traffic Volume and NOx for Station NRU 01
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Figure 4.36: Correlation plots of Traffic Volume and NOx for Station UNPT 02

Analysis of Nitrogen Oxide (NOXx)

For Carbon Nitrogen Oxide Figures 4.35 and 4.36, both equations showed positive constant values
which are nearly parallel. Only heavy vehicles, which could be identified as diesel-driven vehicles,
emit NOx, and thus, the overall amounts of NOx emission were relatively less as compared to

Carbon Monoxide.
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Figure 4.37: Correlation plots of Traffic Volume and SOx for Station NRU 01
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Figure 4.38: Correlation plots of Traffic Volume and SOx for Station UNPT 02
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Analysis of Sulphur Oxide (SOXx)

For Sulphur Oxide Figures 4.37 and 4.38, both equations showed positive constant higher values,
the reason could be SOx Emissions occurs only by the Sulphur burning compounds, which could
be identified as diesel-driven vehicles.
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Figure 4.39: Correlation plots of Traffic Volume and PM2.5 for Station NRU 01
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Figure 4.40: Correlation plots of Traffic Volume and PM2.5 for Station UNPT 02
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Analysis of Particulate Matter (PM2.5)

For Particulate Matter (PM2.5) Figures 4.39 and 4.40, both equations showed positive constant
higher values which are nearly parallel. Correlations between (PM2.5) were strong, positive, and

significant.
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Figure 4.41: Correlation plots of Traffic Volume and HCHO for Station NRU 01
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Figure 4.42: Correlation plots of Traffic Volume and HCHO for Station UNPT 02
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Analysis of Hydrocarbons (HCHO)

For Hydrocarbons (HCHO) Figures 4.41 and 4.42, both equations showed positive constant higher
values which were nearly parallel, HCHO is mostly emitted by petrol driven vehicles than diesel
driven vehicles which were more dominant, however (HCHO) remained almost the same as CO

emissions.
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Figure 4.43: Correlation plots of Traffic Volume and TVOC for Station NRU 01
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Figure 4.44: Correlation plots of Traffic Volume and TVOC for Station UNPT 02

Analysis of Total Volatile Organic Compounds (TVOC)

For particulate matter (TVOC) Figures 4.43 and 4.44, both equations showed positive higher
constant values, the reason could be that Total Volatile Organic Compounds (TVOC)

Emissions occurs only by the Sulphur burning compounds, which could be identified as diesel-

driven vehicles, these were less in comparison to light vehicles.
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions
The trends determined that, the ambient vehicular pollutions within Uhuru Highway Corridor (A8)
(stations NRU 01 and UNPT 02) depended on the vehicle Volume. PM2.5. HCHO, SOx, NOx. CO

and TVOC, all decreased with decrease in vehicle volume.

These Correlations were significant suggesting the strong association between vehicular volumes
and emissions for all parameters analyzed for the two Sites raging between R?(0.766-0.861) for
Linear Trend Lines and R?(0.817-0.984) for Curvilinear Trend Line.

The ambient vehicular pollutions for the corridor were within the limits of WHO standards of
(10mg/m?®) with an exception on PM2.5 which was found to be 18.39mg/m?® and 18.56mg/m? for
Stations NRU 01 and UNPT 02 respectively. The diurnal mean of SOx over the two sites were
above the WHO limit with the highest amount recorded at 0.37ppm for Stations NRU 01 and UNPT
02 respectively. The mean 24-hour amount of CO in all the sites was above the background

concentration of between 0.05-0.12ppm NRU 01 recording the highest amount at 1.73ppm.

The concentrations of pollutants and emissions were attributed to vehicular volumes, sharp graphs
were recorded during morning and evening rush high volumes and spread graphs during reduced

traffic volumes, mostly afternoons and late hours during the nights.

5.2 Recommendations
The reduction of speed within the corridor increased the traffic volumes which lead to further
traffic air pollutions.

5.2.1 Recommendations for adoption by the industry

The government should develop measures to reduce emissions such as pollution control from
source by improving vehicle design and maintenance, patronage of public transportation system,
alternatives means of transportation, staggering working hours to reduce the number of vehicles
and traffic congestions, restraining parking areas within the central business districts, stopping
engines from running during traffic congestions, construction of ring roads and by-passes to reduce

traffic congestion in towns and legislative enactment of pollutant emissions.
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The reduction of speed within the corridor increased the traffic volumes which lead to further traffic

air pollutions, the study therefore:

5.2.2 Recommends for further research
= Building scientific evidence for policy, legislative and regulatory interventions for air
quality management.
= Raising public awareness on the health and environmental impacts of air pollution.
= Developing effective approaches for air quality management; and
= Building an effective implementation and enforcement programme for air quality

legislation.
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APPENDICES

APPENDIX 1: ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME

COUNT - NORMAL TRAFFIC (24 HOURS)

ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: MOMBASAROAD Count Location: NRUO1 Period of & DAY
Enumerators name Weather: Day of the Week: MONDAY
NRU 01 Both directions Date: 11/11/2019
Start Time (hour): 6:00AM Finish Time (hour): 6:00PM
Time (hour)
. Medium
Large Bus Litt Trucks (2 Artics | OFher
Jeeps/ | Trucks 2 Heavy (Agricultur
From To [ Motorcyle PAVAIE |y KUV Mt (B Small ) 2T | 7o ) aes, @ Drau- br al tractors,
Cars . S 25seats) | buses |passengers|, . Double Trucks (>4
ty vehicle ) (single rear e 4axle) ales) grader TOTAL
wheel) etc) ]
wheels) vehicles | COPPM |NOx PPM |SOXPPM _[PM25pg/m  |HCHO mg/mé [TVOC mg/m?
600AM | 615AM I o wm w 1 j q q | 1 0 03 9 0.065 0429
615AM | 630AM o s m W o q q g q | u 4 0w 11 0,056 0389
630AM | 645 AM I o 15 [ [ [ 1 o 05 8 0057 0413
645 AM | 700AM W w1 o m W ) o 1 9 P o 1w 1 o w 1 0067 035
TOAM | 715AM 5 o w  w]  m m B 1 5 3 q o 108 1 o u 5 0053 0376
T5AM | 70 AM o s wf  w w 5 1 2 [ [ | 1] Y Y 7 0,049 0414
T0AM | T45AM I T T g [ [ q 0 10sg] d o 0 5 0,065 047
T45AM | 600 AM o w  wm] s w] m q 3 5 [ |l 4 o o 5 0.054 0334
800AM | G15AM W e m  u] ] w  m y § [ q q 1mog] 4 o 03 10 0,065 0402
815AM | B30AM W W 8w m g q 1 q 0 o Y 1 0064 0564
80AM | 85AM A w w s ) w o i 2 0 q | o o 03 » 0069 0415
845 AM | a0 AM el w e w] w3 1f] 1 ] 0 10 Y 18 0,063 052
S00AM | 915AM w m  w]  w  w  m f 5 q | 1w g o 03 » 0067 0598
a5 AM | a0 Am N 2 [ [ | 1m0 4 o o 2 0.067] 043
S0AM | at5AM s w m ] w aw] m [ [ [ | 2] s 0 0 15 0061, 0459
945 AM | 1000AM I 0w w W q 5 7 q | Y Y U 0.009 0.059
1000AM [ 1015AM A e w  w s o o 18 g q q o 5. o 03 19 004 0.266
1015 AM [ 1030AM G o e q q 1 [ | o Y Y 2 0.066 0529
1030AM [ 1065 AM A o e a s m 4 A n q o Y Y 3 0063] 0375
1045AM | 1100 A o e wm| ] s m o 4 2 18 F | n 1 o 05 3 0063 0375
1L0AM | 11:15AM o o sl o m g 7 [ 0 1 o o ) 0.064 0239
1L15AM | 1130 AM B 3 [ q | d o 05 % 0.053 043
1L0AM | 11:45AM Wl s e w  w] w w4 [ [ [ | s d o o 16 0031 0446
1145AM | 1200PM I g 7 1 q | 1 4 o 03 15| 0.5 0371
1200PM | 1215PM o w9 T 5] 5 9 2 [ | d o 02 1g] 0.064 0279
1215PM [ 1230PM qd  m m EIE E q 9 [ q | 4 o 03 1] 0.061] 0201
1230PM | 1245PM S W W o P 2 f 1 q 0 5L 08 03 18 0.009 0.059]
1245PM | 100PM FEE T g 9 17 3 [ sp o 03 19 004 0.266
100PM | 115PM R 5 § 3 q | 5.0 o4 3 0,066 0529
115PM | 130PM A wm EEE 3 q 1 1 [ (R 4 o] o i 0.063] 037
130PM | 125PM W o m 6 8 @ g 1 2 P 0 7 Y Y 3 0063 0375
145PM | 200PM a  w R 7 i 1] f [ 3 | EE Y 2 0,064 0239
200PM | 215PM A w | w]  w]  o 4 1 g q 0 2 EEG Y 15 0053 043
215PM | 230PM R 4 1 1 [ 0 1081 s 0 03 i 0031 0446
230PM | 245PM EI 9 4 5 9 [ 0 ay EEG Y 18 0.5 0371
245PM | 300PM I q 8] § 7 7 q | 169 g o o4 1 0064 0219
300PM [ a15PM s W of  w  w g 2 7 ] | 4 of 03 2 0061 0201
315PM | 330PM T 8wl m  m 1 9 1 q | 150 d o 03 2 0.009 0.059]
30PM | 35PM W w1 R R ¥ 5 1 2 [ | ] os 03 % 004 0.66)
345PM | 400PM o wm A W 4 R 1 7 1 q | s 4 o 03 i 0,066 0529
4H0PM | 415PM o o m wf w m i % m 9 p | 139 G Y 15 0.063] 0375
415PM | 4a0PM s w w w ] m w 1] f 1 ] ] 15 G 18 0.063 0379
40PM | 4t5PM R o o W o  a  # n 3 | 1n 1 o 03 % 0064 0239
445PM | 50PM s e m w1 W o 1 q | 139 4 ol 03 2 0053 043
500PM | 515PM o o  w o] w  m  m W i 9 q 5| 19 I Y 2 0031 0446
515PM | 5a0PM o  w o ue w3 E 1| 9 5 169 EEG Y % 0,055 0371
530PM | 545PM o ] wm ) w w w 2l [ 5 [ | 13 s 0 o4 2 0,064 0279
545PM | 600PM o m n m w n g § q | 4 o 03 % 0061 0201
TOTALS 2058 | 23120 [ 1na00 | s | a0 [ sen2 [ 65 | 6w | w6 | a0 | » 6 Taoi8] 3708033 0s]oamoese]  18318]  00si4583a] 0360020883

11



NRU 01 Both directions Date: 10019

Start Time (hour): 600PM Finish Time (hour): GO0AM

Time (hour)

. Medium
. Jeeps/ | . Large Bis Trtlciztz Teks 2 Heavy At | (A;)r::zlrtur
B | T (Mooryl| T oy PPV VRG-Sl POT ) ales Trucks (3 Dra- B s
%l e ' s | Bseats) | buses  [passengers|, . Double "[Trucks (>4 '| TOTAL
ty vehicle ) (single rear e daxe) ate) grader trafic
W) | et &) yeics | cOPPM |NoxpPM |s00M [PM25ugis [HcHOmgie [TvoC g

6ilPM | 615Pu v w o el ml ] w o o o e o 03 9 0065 049
B5PM | 63pM A s W o w W w w0 w 1l 0058 0389
6M | 6w o s m ml wl wl wl W e o w0 8 0067 0413
R g el o W om e w9 o sy ] o w 7 0067 035
I W o w wl om wl W W w ] o o 5 0053 037
12500 | 7w A o w wl w wl w W o o w o o 7 004 041
R o w w w o e w3 o] o 5 0066 041
150 | 8Py o wl s wl w w0 5 0054 03
PN | 25pu W e m ] w e wl o o w4 o 03 10 0065 040
BI5PM | 63PM o w w e el w wm a0 10 0064 0564
sau | sapu A W w s sl ow al w w o o ael o 03 Y 006 0485
s15PM | soom o ol o wl e w wl W W W w0 o 18 0063 052
e | gtu o m o w ow ow o] W d w0 o Y 0067 0538
g15PM [ gaem N Y 2 0067 043
b20eM | aepw g ol w w w am w o o w0 o 15 0061 0459
9P | 10w s o w n wm wl wl o wd ] o o z 0009 0059
1000 | 1085 A e w owl sl ol w W o o s ] o 03 19 004 0260
10M | 03P o w w o el ml w d o o ] 2 0068 059
1030 | 1040 A w e wd sl al w W W W w o w 3 0063 037
104690 | 114000 o w  wm s s o W o W ol o 0 R 0063 031
100 | 1180 o o w wl @ s w W e o 0 % 0064 023
LM [ 113M gl wl w ow sl W A ] o o awm  f 0f 0f ol 053 043
1M | 116Pu Y T T 16 031 0446
620 | 1200 W s w w w s o w03 15 0055 0311
2007 | 12150M o s ow oW w ow W w0 18 0064 0279
125AM | 1200 A o o W W W o w0 i 0061 01
12308 | 12850 o w w W W A A w03 18 0009 0059
124580 | 00AM W ow ow ow @ s W o w w0 o 19 004 0266
140AM | 11580 A s o w W el s o e o] o R 0068 05
T o o w  ® w W g o w4 o] o i 063 0375
1M | 1AM W oo o e W e g o w4 o] o 3 0063 0375
15N | 2man I N 2 0064 023
20M | 21580 A w w ow wl wl ol o o we o o 15 0053 045
20580 | 2308M o s w  m sl a] owl o ol o w0 03 i 031 0440
25000 | 258 g oo w w a o W o o 18 0055 0311
2450 | 30080 o s w ow e w Wl w0 o 1 0064 0279
30 | 35N s w W W wm w03 2 0061 [
3050 | 30 W W sl w wl o o w4 o 03 2 0009 0059
300M | 35 o o s W e W w0 03 % 004 0260
3050 | 4man A w W W s o 03 2 0068 059
400 | 415aM o ol W w] w ow w W ] o ] w0 o 15 0063 0375
415AM | 430AM g o s s e w wl W o o ws] o o 18 0063 031
o | et o w w W e e wl d A W w0 % 0064 0239
B s el wm w owl wl wl o uf w03 u 0053 04
s0AM | 554 o o ol w ow w W W uw 4 0 o 2 0031 0446
550 | 530 o w w o o w wl W o w0 % 0055 0311
Y o o] w wl w ol ol e sl s o o u 0064 0219
554 | G00AM W o o o ol w w w03 % 0061 [
TOTALS 86 | a2 [ oo [ oo [ ame [ esse | osss | e [ a6 [ w0 [ w [ 6 [ mmlaissa os[osmemy  1eas] oossieee] 036000833

1.2



ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: MOMBASA ROAD Count Location: NRU 01 Period of St DAY
Enumerators name Weather: Day of the Week: TUESDAY
NRU 01 Both directions Date: 121112019
Start Time (hour): 600AM Finish Time (hour): 600PM
Time (hour)
. Medium
Large Bus Lot Trucks (2 Artics / OFher
. Jeeps/ | Trucks 2 Heavy (Agricultur
From To |Motorcyle Privae AWD'/util pikuphen Matau 8- - Small | p27 axles as, Trucks (3, Draw-barammm
Cars ) H 25seats) | buses  [passengers|, . Double Trucks (>4
tyvehicle ) (single rear| i 4axle) ats) grader Totalaffic
wheel) ete.)
heels) vokme_| COPPM |NOXPPM [SOXPPM [PM25ygie |HCHO myiné | TVOC g
600AM | 615AM S 7 E 0 0 | R g 0065 0429
615AM | 620AM I 5 p 0 0 a4 0 o 11 058 038
630AM | 625AM o a  w @l w e  w 8 5 p 0 o 1009 o 08 8 0057 0413
65AM | T00AM o m  a e W 8 6 1 0 0 o % YY) 1 0067 035
T00AM [ 715AM I 1 1 0 0 | 10 I o o4 5 053 0376
T15AM | 720AM W w m W w s 6 P 0 0 o o 1 o o 1 0.046 0414
1AM [ 765AM w w]  w @ wm @ s f P 0 | un I o 0§ 5 0066 0447
T45AM | 800AM I 6 1 0 0 o 1o o 05 5 0054 0334
800AM | 615 AM I 5 E 0 0 | e 4 o 03 1 0065 0402
815AM | 630AM R § 0 0 o 1066 o 05 1 0064 0564
80AM | 645 AM N 8 0 0 | o 0 0d 7 0069 0415
§45AM | 900AM R I 0 0 0 o G 18 003 0526
900AM | 915AM a e w1 G u 0 0 o 1w 3 o 03 9 0067 05%
915AM [ 920AM s e ow e m s m 1 3 0 0 o 15 o 08 2 0067 0435
930AM | 945AM o s W ow  om o § 2 0 o 1w 5. o 05 15 0061 0459
945AM | 1000AM n e ] @ wl g 1w 1 1 0 0 | 1 o o4 Y 0009 0059
100AM | 1035 AM B 0 0 | 1 o 19 00| 0266
1015 AM [ 1030AM g ] w @l w1 g 3 0 0 o 1 o o4 2 0.068] 059
1030AM | 1025 AM I 1 3 0 | 15 g o w 3 0.063] 037
1045AM | 1100 AM o e w]  w  m w1 g 1 0 0 o 130 3 o4 08 3 003 0375
100AM | 1115 AM W e w4 o ] | 0 0 TS I o 08 3 0084 0239
1L15AM | 1130 AM W a % s m s w0 8 0 0 o 3 o 08 % 0053 043
130AM | 1125 AM I 0 0 | 4 o 08 16 0031 046
1AM | 200PM o e w o m  w] o 0 0 0 o 14 4 o 03 15 055 0311
1200PM | 12250 o m wl W w W s W 1 5 0 | 1 o 0 18 0084 0219
1215PM | 1220PM W | n e wml e w W 6 0 | 4 o 03 1] 061 001
1230PM | 1245PM A w| W m W w o 1 0 o g 5 0 0d 1 0009 0059
12650 | 100PM W ow w8 w a 8 0 0 | W 5 o] 03 19 0.04] 0.266
100PM [ 115PM N EI g 4 0 0 | s EEE Y 3 0.066] 059
115PM [ 120PM w  w o W g 4 0 0 | 4 o s 17 0.063] 0375
120PM [ 145 o w W W w d 4 { 1 0 0 | 6 o o 3 0083 0375
165PM [ 200PM W o w w4 3 6 1 0 0 | 6w EEEN Y 2 0084 0239
200PM [ 2150 o w  wl W w W e g 3 2 0 | 6 EEEN Y 15 0053 0435
25PM [ 220PM o m w8 m  d s { 4 1 1 | w 5 o 03 17 0031 046
220oM [ 245 W w w o w W 2 3 1 1 | e Y 18 0055 0371
25PM | 300PM w o w e wl @ q 1 0 0 | o Y 1 0064 0219
300PM [ 315 w  w m oy w I 1 P 0 0 G 4 o 03 2 0061 001
315PM | 330PM o o w @ wl e e g { 0 0 S 4 03 2 0009 0059
330PM | 35PM E 2 4 P 0 | o Y % 004 0266
R o  m s A W w3 3 1 0 0 o e 4 o 03 2 0068 0529
40P | 415pM o al o w wl wf w[  f 5 4 0 o 1 o o4 1 0063 0375
415PM | 430pm a e w o w] w 6 1 P 1 DS 1 o o4 1 063 0375
10PM | as5PM T { 5 P 1 | 13 1 o of % 0064 0239
45PM | 500PM R q P 0 0 o 1408 4 0 03 7 0053 043
500PM | 515PM wl e m e m w] w 2 { 0 0 o s 4 0 o 2 0031 0446
515PM | 530PM w e W e w o 5 1 0 0 1 1w Y % 0055 0311
50PM | 545PM w s w w m W m { § 4 0 o 5 0 od 7 0064 0219
545PM | 600PM w o x4 w w] 5 1 0 0 | 1 4 0 % 0061 001
TOTALS asts | s | 1069 [ oe3 | oo [ agss [ aem | aw [ 0 | m [ 4 2 sose 370833 05 03osass] 183128 0055146833 036002083

1.3



ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

RoadlLink Nare: MOMBASA ROAD Count Location: NRUL  Periodofst DAY
Enumerators name Weather: Day of the Week: TUESDAY

NRU 01 Both directions Date: 1212019

Start Time (hour): 600PM Finish Time (hour): 600AM

Time (hour)

) Medium
Large Bus Lt Trucks (2 Artics / Other
) Jeeps/ | . Trucks 2 Heavy (Agricultur
From To | Motorcyle ngm AWD'sfutil pickuphan Mty (3| Sl | p27 axles als Trucks (3, Draw'baraltractors‘ Total
ars ) s | 25seats) | buses [passengers| . Double Trucks (>4
ty vehicle ) (single rear e 4 axle) alks) grader traffc
M) | el )| voume | cOPPM |NoxPPM [S0uPPM [PMaSighe HCHO Mg fTvOC mgh

600PM | 65PM ]  m @ o s T 8 0 0 o w I 0 03 u 0065 0429
615PM | 630PM W w4 o w5 W 5 2 0 0 o e 4 0 0 2 0058 0369
63PM | 626PM o al m @ o W 9 B 5 2 0 o e o of 2 057 0413
650 | T00PM o m o a  W 6w b 1 0 0 o 1 o w 1§ 0067 035
T0PM | T150M T 1 l 0 0 o 10 Y 1) 053 0376
710M | 73M o w2 e w] s b 2 0 0 o Y 10 0046 0414
73PM | T46M o el ml e o el s 6 2 0 o 1 1 o 05 9 0066 0447
7460 | 80M o |  w] e W W b 1 0 0 o 1009 4 o 05 8 054 034
80P | 815pm (D 5 8 q 0 0 s 4 o 03 1 0065 0402
8150 | 830pm w s m w uw w @ f q 0 o 10 4 o 05 1 0064 0564
83PM | s46pM R 8 0 0 o o I o 03 3 0069 0415
85M | 30pM w % s s w6 o 0 0 0 o 14 Y 18 063 052
900M | 3150M a e o n w6 W J 1 0 0 o 1 I o 03 Y 0067 0538
915PM | 2P | ] m w m W 1 3 0 0 o 15 4 o 05 2 0067 043
93PM | a5 I o o w5 o 0 15 00l 089
925M | 100PM el m e w9 s 1 1 0 0 o 13 Y Y z 0009 059
100PM | 102500 R T 0 0 o 13 o 03 19 o 0
1015PM | 1030PM g o m @ w W B 3 0 0 o 19 Y 2 00 05
103M [ 1045PM L 1 3 0 0| 157 4 o 3 008 03%
106M | 10Pm 8w wd W w1 8 1 q 0 | 1 1 o 05 7 0063 0375
100M [ 1115PM o w w4 w4 1 q 0 o g I o 05 E 0064 0239
1015M [ 1pm w om w8 s w8 8 q 0 o e o o % 0083 043
103PM [ 115PM I q 0 o 4 o 05 18 0031 0446
weem (o [ ] e o W md  w W 0 0 0 o 15 4 o 03 15 005 0371
1200PM | 1215PM o wl wol W w AW w 1 5 0 | M o w 18 0064 0279
1205AM | 1230AM W oo ] e w4 A 5 0 o M 4 03 0 061 0201
1230AM | 1245AM A W o W W oy 1 0 o W {0 03 Z 0009 059
1265AM | 100AM o o ol e wl W o g 0 0 o o] 03 Z o 0
100AM | L15AM N 8 4 q 0 | s o o % S
LI5AM | 130AM 3 w1 u n W B 4 0 0 o @ 4 o 05 5 00 03m
1AM | 146AM o o W W o d s 4 7 0 0 G Y R 063 0375
145AM | 200AM o o w w W 4w 6 1 q 0 | 6 5 o 0 2 0064 0239
200AM | 258M S B 3 2 0 o 6 S Y R 053 04%
215AM | 230AM R 4 4 1 1 o o 03 3 0031 0446
290AM | 25mM o w w4 W W 2 3 1 1 o Y El 05 0371
26500 | 3008M w o w g w W w 0 1 0 0 o ey Y R 0064 0279
30AM | 35aM w o wm w w W W 1 2 0 0 o o 4 o 03 ¥ 0061 0201
315AM | 330AM o o  m  w m[ e w3 4 0 0 IS 4 o 03 % 0009 059
3AM | 3u5AM L p 4 P 0 | s 1 o 03 Y oo 0%
346AM | 400am o o  m W a3 3 1 0 0 o 4 o 03 3 00 05
400AM | 425AM o o e 4w o ] 5 4 0 o 1 Y % 006 03m
4150M | 430AM w s o w m b 7 2 1 o 1 Y I 063 0375
30 | 4s5AM I 4 5 P 1 o % o 03 [ 0064 0239
45 | 500AM w wl  w n o w  m 0 2 q 0 o 4 o 03 i 0083 043
500AM | 515AM w ow m al w w 2 4 q 0 o i d o o 4 0031 0446
SI5AM | 530AM w e w  wl s wm  w] s 7 0 0 1 137 Y % 0055 0371
EEEY m s w8 w W 4 6 4 0 o 1 Y z 0064 0279
545AM | 600AM o m W w s s 5 1 0 0 o 14 4 o 03 % 0061 0201
TOTALS 456 | arsn | e | 2808 [ 6at2 | apss [ amsr [ aw [ om0 | w0 [ 4 2 s0se] 3706330 05] 030833 226333033 0.05514588] 0360020833

14




ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: MOMBASA ROAD Count Location: NRU 0L Period of St DAY
Enumerators name Weather: Day of the Week: WENESDAY

NRU 01 Both directions Date: 13/11/2019
Start Time (hour): 600AM Finish Time (hour): 600PM

Time (hour)

. Medium
Large Bus Lt Trucks (2 Artics | OFher
) Jeeps/ | . Trucks 2 Heavy (Agricultur
Fon | To  [Motorcyle ngate iRV VAU Sl | PIT|  ale @3 Drat-bar ) s, Total
ars ) S 25seats) | buses [passengers| . Double Trucks (>4
ty vehicle ) (single rear| e 4 axle) aiks) grader traffc
M) | el #8) | voume | COPPM NOXPPM SOPPHM_[PM25yght [HCHOmgin [TvOC mgi

600AM | 615AM o ow  m s w W m 7 6 0 0 | LY g 0065 049
615AM | 630AM W w  m a  m]  w  w» 0 2 5 0 | o 4 0w 11 058 0389
620AM [ 645AM I T 5 ) o 107 I o 05 g 057 0413
65AM | TH0AM A m w w m W o 8 6 1 o o I o 0 7 0067 0355
TO0AM | 725AM A m  w u ml w 7 5 2 ) D LYY 5 053 0375
TI5AM | 720AM W om n] e om0 8 1 0 0 o 8 1 o o 7 0046 0414
TAM | T45AM o w8 w 5 2 0 0 | 1 o 03 5 0066 0447
T6AM | 800AM . m W W o q P 3 [ | 5 4 o 08 5 0054 0334
800AM | 815AM N q 8 0 q | g 4 o 03 1 0065 0407
BI5AM | B30AM o sl w0 m  ® m 0 3 8 ) o 139 Y 10 0064 0564
BAM | 845 AM o m w|  m H 1 0 o 1 1 s 03 Y 0069 0415
85AM | Sm0AM o e ] e wm w] w4 g 1 o 1o Y 18 063 0525
900AM | g5 AM ] w W ] w W 7 3 0 o I o 03 X 0067 0598
915AM | 930AM L P 0 q o 4 0 05 Pl 0067 043
9NAM | a5 AM B wm  ou) e m  ow w7 3 0 0 o 102 05 05 15 061 0459
95 AM | 1000 AM W o wl W m w w q 3 5 0 L Y Pl 0009 0.059
1000AM | 1025 AM W w o o w  w] aw]  u] n 0 0 o 151 o 03 19 004 0266
1015AM | 1030AM ¥ o w6 w w » 0 o ) o 1 Y Y 2 0068 059
1030AM [ 105 AM o om w wl ow w2 w q | 4 o w 3 0063 03
105AM | 1L00AM o ] wl ow e w8 H  n 2 o sl I o 05 Y 063 0375
1L0DAM | 1L15AM o o w  w ] w] o ] 5 0 o 15 1 o 05 3 0064 0239
1L15AM | L130AM B o s  wml w] w e P 0 q o 1653 L % 053 043
LLDAM | 115 AM f  w e W ow  m w s 5 0 ) o 1 4 o 05 15 031 0445
105 AM | 1200PM P q 5 1 q | 163 4 03 15 0055 0371
1200PM | 1215PM W om w8 W w4 6 1 0 o w0 0d 18 0064 0219
1215PM | 1230PM s om w2 w4 A 6 0 0 o s 4 o 03 1 061 001
1L3PM | 245PM u  m  om s e e 9 4 4 9 [ o0 o 5. 0f 03 1 0009 0059
126PM | 100PM o W W W § § 0 2 | 0l 03 19 004 0266
100PM | 155PM o w  wl s w4 g 4 2 q [ (Y 3 0068 052
115PM | 10PM W o] W W s H 1 0 1 1 0 I 4 o] 05 1 0063 0375
120PM | 145PM o m  m] w4 5 1 1 1 o 51 4 o % 063 0375
15PM | 200PM R g 4 0 3 o0 50 5. 08 04 2 0064 0239
200PM | 215PM I T T T 3 8 5 ) o 153 08 04 15 053 0435
25PM | 230PM o wl w o W al g 1 8 q | 1 5 o 03 1] 0031 0446
20PM | 2P0 A o w] w w w W 3 9 5 0 | 1 I o 04 1§ 0.0 0371
25PM | 300PM P { 5 5 q | 1 LY 3 0084 0219
300PM | 315PM g w o] e m  w m q 1 5 2 |l 4 of 03 2 0061 0201
315PM | 330PM P 1 f 8 q | e 4 03 2 0009 0059
330PM | 345PM o w W w s 4w 4 8 1 ) o 4 I s 03 X 004 0266
35PM | 40P W W A a A 1 5 1 0 [ 4 o 03 2 0.066] 0529
400PM | 415PM 9 m  m  w wm o e o g 6 1 o o g 15 0063 0375
415PM | 430PM 3w  m w]  m w @ 4 8 1 I Y Y 18 063 0375
10PM | as5PM o wl m e o w W a s 9 2 | ey 1 o 03 % 0064 0239
445PM | 500PM W s o w w W W o 1 1 q o0 el 4 0f 03 Pl 0053 043
500PM | 515PM s m sl 6w W s a1 6 0 LS Y Pl 0031 0446
515PM | 530PM W o W o w W 1 6 3 | s S EY % 0,055 0371
530PM | 5d5PM R T 3 ) I 0 04 Y 0064 0219
565PM | 600PM o w  wm s m W e q 5 4 q | e q  of 03 % 0061 0201

TOTALS 140 [ 15015 [ 7eer | sau0 [ omto [ saes | aees | w5 [ s | w3 [ 19 [ 4 s3] aroeeas]  os[oamesss]  183125] 0055145838 0360000833

15




ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: MOMBASA ROAD Count Location: NRU 01 Period of St DAY
Enumerators name Weather: Day of the Week: WENESDAY

NRU (L Bot diectiors Date: 1311019
Start Time (hour): 600PM Finish Time (hour): 600AM

Time (hour)

. Medium
Jeeps/ | . Large Bus TrtlcngtZ Tncks Heavy s | (Amw
From T |Motore | MVEE | gy POKUDNn Matatu (8- Small ) 02T | T - s, Trucks (3 Draw-barl) tors
T cas : S| seats) | buses  [passengers| . Dotble " |Trucks (>4 | Tota
ty vehicle ) (single rear e 4axle) atks) Qrader traffc
e | e %) | voume | COPPM |NOKPPM[SOMPPM PM2Sugi |HCHO g [TvOC e

600PM | 615PM o o] s w W 1 6 0 q o s I 0 03 9 0065 040
615PM | 630PM | q 2 5 0 o Y 1 0054 0389
63PM | 64PM N T 5 q o 1w LY T f 0057 0413
64500 | 70PM A ) w s w ® w B 6 1 DI LYY T 0067 0355
T0M | 7180 A a  a  n om m 1 5 2 q o LY Y 5 0053 0375
T15PM | 730PM o om ] e o m  F 8 1 0 q o 8 Y i 0.046 0414
T0PM | 7250 A w w W w g 5 p 0 q o I o 05 5 0.066 047
T6M | 800PM B w  n W w ] H q 2 3 q o s Y T 5 0054 0334
S0PM | B1PM N 9 8 0 q T 4 o 03 1 0.065 0402
815°M | 830PM N 0 3 8 q o 1w Y 1 0084 0564
830PM | Be5M W o wd m m]  m 1 q o 8 o 03 P 0.089 0415
8M | 900 W e ol o w w] o 1 R 1 o 1w Y 1 0083 0526
90M | 9t I E 7 3 q o um I o 03 9 0067 0598
915PM | 930PM G p 0 q o 1 4 o 08 P 0067 043
93P | aM B o uw  w a  m]  x 1 3 0 q o 5. 05 o 15 0061 0459
95PM | 1000PM W w4 ] w] ] q 3 5 q o 81 o 04 % 0.009 0059
1000M | 105PM W e o ] w w] a] u] 0 q o 11 .o 03 1 004 0266
1015PM | 1030PM ¥ m w e e w 0 1 0 o 1054 LY Y P/ 0068 059
10300 | 104500 W o o w wl s wl ® W q o 199 4 o 0 PA 0.063] 035
10M | 1100PM R ] o m LY T 3 0063 0375
100PM | 1115PM oW e w]  wm w w  m o 5 q o 1583 o oy 3 0084 0239
1115PM | 1130PM B el s wm wl aw e Y 2 0 q o 165 o 05 % 0.053 0435|
113PM | 11:45PM T 8 5 0 q o 4 o 05 18 003t 0446
1145PM | 1200MN s w W w ] a 0 5 1 q 0| 18 4 0 15 0,055 0371
100PM | 1215PM W ow wl W W W 4 3 6 1 q o 4 LY 1 0084 0279
1215AM | 12908M s ]  w o o« 4 A q 6 0 q o 508 4 03 i 0061 0201
1230M [ 1265AM q m om s W e W { 9 q o o o 03 18 0.009 0059
125 | 100AM o wl wl w s s § o 1 ] | ] 03 1 0044 0266
100AM | L15AM o m owl w W 4w 3 { P q D (Y PA 0.068 05
LISAM | L30AM W W x| H 4 q 1 1 q S 4 o 05 1 0.063 0375
13AM | 1AM o o u W s 4 5 1 1 1 o s Y Y 3 0083 0375
LEAM | 200M I 8 4 0 3 o 50 (Y P/ 0084 0239
2000 | 215AM Y 3 8 5 q o 15 S 15 0.053 0435)
2050 | 230AM N 3 1 8 q 0| 1% o 03 17 0031 0446
20 | 245AM g o e wd 3 9 5 q o 13 Y 1 0,055 0371
2501 | 3mam N R 4 5 5 q o s Y 1 0,084 0279
300AM | 315AM g W ] o o w]  m q 1 5 ] o 1y 4 o 03 P/ 0.0 0201
315M | 330AM FE Y 1 6 8 q o e 4 0 03 i 0009 0059
33AM | atsam o wl W w W 4 A 4 B 1 0 o 48 o 03 % 004 0256
305M | 400 Y 1 5 1 q o w4 o 03 i 0068 05
400N | 415AM g m  om W m o] e A 9 § 1 o o Y 15 0063 031
4150 | 40am 8wl wm wf o] W W { 8 1 1 o Y 1 0063 0315
130 | 4asAm o w w8 m W W a E ] o e 1 o 03 % 0.084 0239
4450 | 500AM W o W w W W 1 1 q o e 4 o 03 % 0.053 0439
500AM | 515AM s m  ow e ] s e A W § q 1 I P 0031 0446
5I5AM | 530AM o o w e W w[ Wy 7 § 3 o o . of o4 % 0055 0371
530 | 5usAM s ol o e ] W W 3 q o e G Pl 0,064 0219
545AM | 600AM W ®m  n I f 5 4 q | 8 EE R 2 0,06 0.0

TOTALS 1439 | a5 | 7eer | sae [ oene [ s7ss [ aees [ a5 [ s [ 3 [ 19 4 aongg] a7oe3xea] 05 oarossas]  18315] 0055145833 0360020833

1.6



ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: MOMBASA ROAD Count Location: NRU 01 Period of St DAY
Enumerators name Weather: Day of the Week: THURSDAY

NRU 01 Both directions Date: 141112009
Start Time (hour): 600 AM Finish Time (hour): 600PM

Time (hour)

. Medium
Large Bus Lt Trucks (2 Artics / Oi.her
. Jeeps/ | . Trucks 2 Heavy (Agricultur
Fm | To |Motorcyle P(r:wate P e K L I L IS L Trucks (3, Drai- ber atractors, | Togal
ars ) s 25seats) | buses  [passengers| . Double Trucks (>4
ty vehicle ) (single rear| i 4axle) aiks) grader traffc
M) | el %) | youme | coPoM [NOXPRM[sOPPM [PM25ugh [HCHOmgie [TVOC mgh

600AM | 615 AM a  wl W g s 4 4 4 3 b 1 G 1 o 03 9 0065 0429
615AM | 630AM o wl wl AW w4 4 f 5 { q o 5 4 0l 0 11 0058 0389
630AM | 645 AM o o  m e @ 8 1 1 2 o I o 05 P 057 0413
65AM | T0AM | o w s W H W 1 u B 0 o o4 Y T 0067 035
TO0AM | 725AM W m w u e 8w 5 ! 8 1 o 5 1 o o 5 0053 0376
TI5AM | 730AM I 1 1 5 q | m Y 1 0046 0414
T0AM | 745AM B o W w W e 9 § % 3 | 1 o 08 5 0066 0447
T65AM | 800AM o o 6w W w [ q | Y 5 0054 0334
B00AM | B15AM w8 H W 9 4 g . o 60 1 o 03 1 0065 0402
B15AM | B30AM I Y g g 3 o o 1 o 05 10 0064 0564
80AM | 85AM o w4 o s 4w 1 1 q o 605 1 0 03 Y 0069 0415
85AM | 900AM I 5 5 8 q o 5 Y 1 0083 0526
900AM | S15AM B om  m W wm e 4 B 7 0 o g 1 o 03 Y 0067 0538
915AM | 930AM o w  w o W w e 8 1 0 o { o 08 2 061 04
90AM | 5AM T 4 o o 50 05 08 1 0061 0459
95 AM | 1000AM I 1 o P | Y Y 7 0009 0059
1000AM [ 1015AM I 5 9 9 q | 5 o 03 1 00 0%
1015AM | 1030AM T 9 1 0 o ol o u 2 0068 0529
100AM | 1045 AM o wm  w ® wm o s W 8w 4 o gl 4 o 0 R 0063 0375
1045 AM | 1100 AM n o w W w4 s 1 8 3 q | 1 o 08 3 0083 0315
uoav [ usav |l w W @ o W A 8 1 % q [ 1 o 08 E) 0064 0239
1L15AM | 1130AM L 9 4 o 8 1 o 05 % 0083 043
130 AM [ 115 AM o o] W w e 8 o w g  u q o & 4 o5 08 1 0031 0446
15AM | 1200PM R o 0 o 104 4 o 03 15 0055 0371
poew | sem | o sl o w m] W g g 4 0 o 14 1 o 02 18 0064 0279
wieev (e | 28w w2l w] W w d 5 0 o 10 1 o 03 17 0061 0201
I Y 5 7 o 188 5 o 03 18 0009 059
1245PM | 100PM wl w e W w  w] s 9 4 0 o 190 ol 03 19 004 0266
100PM | L15PM R 7 1 4 0 o 1 o] o R 0068 0529
115PM | L20PM L 4 0 o 15 1 o 05 1] 0063 0375
130PM | L45PM m el wl g s W 2 W n 4 b I 1 o o R 0063 0375
145PM | 200PM w | w d m  w o 3 0 o 1 5 o 04 2 0064 0239
200PM | 215PM o w8 3 0 2 4 0 o 6 o o 15 0053 043%
2150M | 220PM g wm  n]  w @ a7 2 3 4 0 o0 ml 5 o 03 1] 0031 0446
20PM | 245PM w  m  w  u W m w 5 1 2 0 L 1 o o 18 0055 0371
245PM | 300PM w  wm  w o W W o 5 5 1 0 o 8 1 o 04 3 0064 0279
300PM | 315PM N 1 5 2 1 o0 o4 4 of 03 2 0061, 0201
315PM | 330PM v @ w6 o ® W 5 6 1 0 o 10 4 o 03 il 0009 059
30PM | 3P0 w oo w W w w W 5 1 j q I 1 0 03 % 00 026
35PM | 400PM v o a e m w w 5 6 1 q | 18 4 o 03 2 0068 059
400PM | 415PM w |  w A W w a5 4 0 0 o 6% 1 o 15 0063 0375
415PM | 420PM W o o W w4 w9 T 0 0 o g 1 o u 1§ 0063 0375
4300 | 445PM o m wl W d W e w 5 4 0 o 1 o 03 % 0064 0239
425PM | 500PM W w w W W s s 5 g q | 9 4 o 03 7 0053 043
500PM | 515PM 0w m]  ®  w W 1 3 0 0 o 8 1 o o 2 031 0446
515PM | 520PM B om s m  w] 3 4 5 0 o o 5 o 04 R 0055 0371
530PM | 545PM w  af  wf  w  wm w4 3 5 1 0 o w0 5 o 04 Y 0064 0279
565PM | 600PM o ow  w  o wl  wm  w 3 1 1 q | I % 0061 0201

TOTALS 5065 | 16568 | aat6 | 2008 | 5150 [ a3 | 2at [ s [ am | a3 [ m [ o aapst] 37083338 0] 0308333 183125 0055145633 0360020833

1.7




ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

RoadlLink Name: MOMBASA ROAD Count Location: NRU 01 Period of St DAY

Enumerators name Weather: Day of the Week: THURSDAY

NRU 01 Both directions Date: 14102019

Start Time (hour): 600PM Finish Time (hour): 600AM

Time (hour)

. Medium
Large Bus Lt Trucks (2 Artics / OFher
) Jeeps/ | Trucks 2 Heavy (Agricuttur
Fom | To  [Motorcyle ngate i PPN MR G- Small P27 s, Trucks (3, Draw’bara]traﬁtors, Tota
ars ) § 25seats) | buses  [passengers|, . Double Trucks (>4
ty vehicle ) (single rear i 4axle) alks) grader | i
WD | e %) | yohume | COPPM |NOXPPM sOPPM |PM25ugie [HCHO Mg [TvOC mgie

600PM | 615PM a  w W A w4 4 4 3 6 1 | @ R P 0065 0429
615PM | 630PM W wl A w4 4 b 5 4 0 I 1 0 w 1 0058 0389
63PM | 6460M o o  wml W W 8 1 4 2 o o o 08 8 057 0413
645PM | T00PM 51| 28 133| 57 9 s 3 [ 1] 8 () () 644) 3 04 02 l 0.067) .355|
T00PM | 715PM kel 179 103| kil 69 55 57 5 4 8 ! () 545) 3 04 04 5 0.053 0.376)
T1PM | T30PM 5, 296) 140 3 69 4 5 1] l 5 () () 711 2 04 04 1 0.046) 0.414)
T30M | T45PM B w  wl a9 W 9 § 1 3 | 1 o 05 5 0066 0447
I o o m e W 4 1 q | 4 o 05 5 0054 033
B0PM | 8150M W oW s A W W 4 g I o 4 o 0 10 0065 0402
815PM | 830PM 73 303[ 56 ) 56 Zﬁl 1) 9 9 10 3 () 644) 4 04 05 10 0.064 0.564)
830PM | 845PM 4 293‘ 4 Pl 57 48| 57 10 l 1 () () 605) 3 05 03 2 0,069 (.415)
85 | 900PM I 5 5 8 q DT Y 1 0083 0528
00 | gt5PM R 4 8 1 q | 8 1 03 P 0067 0599
a1 | gqem T 8 § q | 4 o 05 P/ 0067 043
93PN | 9460M EEE T 4 o e 5. o 05 15 0061 0459
yM [ 1000pm I 1 o w 2 | Y Y Hl 0009 059
000 | 1055PM I 5 9 9 q | a6 5 0 03 19 0044 0266
015PM | 1030PM o wl wl w e w P 1 o q | ol Y P 0068 05
1030 | 1045PM e Y 4 o 100 Y Y PA 003] 03
1046PM [ 110PM ]  wl W w4 H 1 8 5 0 [ Y 3 0063 0375
1000PM [ 1115PM I 8 1 1 0 I Y T 3 0064 0239
1L15PM | 11:30PM 80) 39| % il QBI 46] 83 17] 13 9 [ () 879 3 05 05 2 0.053 0.435|
1L30PM | 1045PM 70| a1 60| 3] 63 69 1 1 9 1] () () 829 4 05 05 16 0.031] (.446|
11°M | 1200 R q | 4 o 03 15 0055 0371
oo [ zsem | g s m W w4 g g 4 0 | w4 1 0w 18 0064 0779
1215AM | 1230AM L 5 0 o s 4 o 03 i 0061 0201
1230AM | 1245AM 3| 107, 413 o) 28 103 2| 17 ) 5 1 () 1887 5 05 03 18 0,009 0.059)
1245AM | LOOAM 2] 710 455 kil 300 17 kil 13 9 [ () () 1907 5 0.7 0.3 19 0.044) (.266|
L00AM | L15AM 28 579 30| 4 150 151} 1 1] l 4 () () 1482 5 0.7 04 YA 0,068 0,529
L15AM | 130AM 190) 594 301} ) 13 124 14 17] 2 4 () () 1520 4 0.7 05 17 0.063‘ 0.375)
LHAM | 15AM T Y 4 b o 1 Y Y 3 0083 0375
1EAM | 20AM T g 3 0 o s 5 of 04 Pl 0064 0239
200AM | 215AM % 28] 155) il o) 45 3] () 2 4 () () 630) 5 0.5 04 15 0,053 0.435)
215AM | 230AM 57 26 134 1) 65 kil 1 ) 3 [ () () 713| 5 0.5 03 17 0.03] (.446|
230AM | 245AM 110 259 148 14 90 57 5 5 l 2 () () 800) 3 0.5 04 18 0,055 03711
25AM | 30AM w  m w W W w4 5 5 1 0 o 1 of 04 B 0064 0279
300AM | 315AM R T 7 5 2 1 I 4 o 03 Pl 0061 0201
315AM | 330AM I 5 6 1 0 o 1m0 4 o 03 2 0009 0059
330AM | 345AM 142 20| 155) 95| 112 112 ) 5 U 3 () () 903| 3 05 03 26 0.044) (.266)
345AM | 400AM 13 306 28 BBI 116] 125 80) 5 ] 1] () () 1048 4 05 03 il 0,068 0529
400N | 415AM w  w  m W W 4 5 4 0 q | 6 Y 1 0063] 0315
415N | 430AM B o w W W 4 o E 1 0 q | Y 1 0083 0315
130N | 45 o w wml W W W W 5 4 q | o 1 o 03 % 0084 0239
445N | 500AM I 5 3 q DT 4 o 03 Pl 0053 043
S00AM | 515AM R 3 0 0 T T Y 2 0031 0446
FEET g m  m w m] 3 4 5 0 | o 5 of 04 % 0085 0371
S0AM | 545AM o w  w o wm w4 3 5 1 q | W EE Y Pl 0084 0219
S45AM | GO0AM o o wl e o 3 1 1 q | 4 o 03 % 0061 0201
TOTALS 5065 | 16568 | a6 | 2298 | 5150 | 3316 [ a0t [ a6 | a5 | s [ m [ o aagst] 37083333 080370833 183125 0055145633 0360020833

18



Road/Link Name: MOMBASA ROAD Count Location: NRU 01 Period of St DAY
Enumerators name Weather: Day of the Week: FRIDAY

NRU 01 Bot directions Date: 15/11/2019

Start Time (hour): 600 AM Finish Time (hour): 600PM

Time (hour)

. Medium
Large Bus Liht Trucks 2 Artics | OFher
. Jeeps/ | Trucks 2 Heavy (Agricultur
From T |Motorcyle ngate i POKPNan M B - Small | p2T S, ks @, Drai- atractors,| Tl
ars ) 5 25seats) | buses  |passengers|, . Double Trucks (>4
ty vehicle (single rear e 4 axle) atks) grader traffic
M) | o) %) | voume | cOPPM |NOXPPM[S0N0PM |PM25ugit HCHO g |TvOC mgh

600AM | 615AM o w ml g w4 6 b 0 0 o 1 0 03 g 006 04
615AM | G30AM W wml w W W 4 4 P q 0 | m 4 0] ol 11 00s8] 0389
60AM | Ge5AM R 1 4 2 0 o o 1 o 05 8 0o o4
65AM | TH0AM o wl w W w8 5 1 q 0 o o Y T 006 03
T0AM | T15AM o w w o wl g 6 f q 0 | & Y Y 5 0053 038
TI5AM | 730AM g w w W w4 5 2 0 0 o Y 7 s
TAM | T45AM T 8 5 2 0 | o 1 o o 5 0066 0447
T6AM | BIAM s w m m W s 5 1 q 0 o s 4 o o 5 005 03y
B00AM | BI5AM 6w s W W W » 4 7 0 0 o 7 4 o 03 10 S
815AM | B30AM w ] wmd W W W 5 0 0 o 4 o 05 10 006 05
830AM | B5AM g s m W W e 2w 7 0 0 o o 03 X 006 045
85AM | Si0AM w  wl  w e ol wm W q q 0 | o Y 1 0083 058
900AM | 915AM o w o @] ] s 8 g 0 0 of 108 o 03 Y 0067 05
915AM | 930AM I 5 3 q 0 o[ 1004 4 o o P/ 006 043
930AM | 925AM B e m W w1 g 5 2 0 o 1 o 05 15 001 0459
945 AM | 1000AM o o o W m]  m  m 6 1 0 0 o 1w Y 7l 0009 00sq
1000AM | 1015AM o s w e w] M m 8 9 q 0 | uxs o 03 1 00M 026
1015AM | 1030AM L § 3 q 0 o 10 EY Y 2 0068 05
1030AM | 1045 AM a wl a W W] W w f 2 0 o 136 4 o 0 3 008 03
105AM | 1100 AM W ow w u w] W 1 1 q 0 o 13 1 o 05 3 0083 03m
1L0DAM | LL15AM o o  m W W w ® 1 0 0 o o 1 o 05 3 006 0239
wisav [oam | ] ] W w4 7 0 0 o s o 05 % 0 04
1130AM | 1145 AM o ol w g W W 4 9 q 0 o 06 4 g 0 18 0l 04
1145 AM | 1200PM o w  m @ ml w a7 q q 0 o 1o 4 o 03 1 0,055 0371
1200PM | 215PM o e W uw s 4 § 4 0 o 6 EE Y 1 006 0219
121570 [ 1230PM W o W o wl W W w 8 5 0 o el 4 o 03 17 006t] oot
230PM | 25PM o wl e o w @ g W W 1 0 o s 5 06 03 1 0009 0059
125PM | 100PM W EEE HE 9 1 q 0 | 6y o 03 1 00M 026
100PM | L15PM o w8 W e 3 0 0 Y Y 3 008 05
115PM | 130PM o wl s e W oy 1 3 q 0 | 4 ol s 17 008 03
130PM | 145PM A ml e @l w3 3 6 0 0 [ Y 23 006 031
15PN | 200PM o m W o B W 7 5 6 0 0 o s ol o4 2 0 0239
200PM [ 285PM W w9 " m s s 7 2 2 0 o s o 04 15 0 048
215PM | 230PM w |  m s w W e 3 4 1 1 o e s o 03 i 0 o4
20PM | 245PM n  w e @ W s w 2 2 1 1 o st o o4 18 005 0a71
24500 | 3m0PM o o o wm s w 0 1 0 0 I T Y 3 I
300PM [ 315PM o a  m y w W s 1 P q 0 | 4 o 03 Pl 006t] ot
315PM | 330PM W wl w o W W W 2 4 q 0 | o 4 o 03 2 0009 0059
330PM | 345PM W o w W W P 3 2 0 | W I o 03 % 00M 026
3450 | 4m0pm B w  w  Ad n W » 2 1 0 0 o s 4 o 03 2 008 05
400PM | 415PM & T 4 3 0 o o R 15 008 031
415PM | 4a0pM m a  m W w w] w 5 b 2 1 o 1 Y 18 006 031
430PM | 4a5PM w  m w W w9 @ 3 4 2 1 o 1 ol 03 % T
445PM | 50pM W w  w] s W @ 0 2 0 0 o um 4 o 03 4 0 0485
500PM | 515PM o w w wm m] m o 2 3 q 0 o s 4 o o4 2 0l o4
515PM | 5a0PM w  al  wl s w8 W 4 6 0 0 | g o 04 % 005 0a71
530PM | 545PM w  w m g w W W 5 3 0 o um G 4 0 ooy
545PM | 600PM w ow om w4 4 4 1 q 0 o 4 o 03 % 006t] oot

TOTALS aote | wapto | sows [ osm [ sam [ aam [ o [ s [ me [ m 3 2 | s [arosess] o5 0amoses]  18315] 0.055145833] 0.360020833

1.9




Road/Link Name: MOMBASA ROAD Count Location: NRU 01 Period of St DAY

Enumerators name Weather: Day of the Week: FRIDAY

NRU 01 Both directions Date: 15/11/2019

Start Time (hour): 600PM Finish Time (hour): 600AM

Time (hour)

. Medium
Large Bus Lot Trucks (2 Artics | OFher
. Jeeps/ | Trucks 2 Heavy (Agricultur
Fom | To  [Motorcyle ngate i PP M G- Small P27 | o s, Trucks (3, Draw-bara“mm Total
ars ) 5 25seats) | buses  [passengers|, . Double Trucks (>4
ty vehicle ) (single rear] o 4axle) aiks) grader traffc
WD | el %) | voume | coPPM |NoXPPM sOPPM P25 |HCHO g [TVOC g

600PM | 615em o w w4 w4 w 6 b 0 0 o 1 o 03 g 0065 049
615PM | 630PM B om w W o 4w 4 2 0 0 o 8 {1 0 11 0058 0389
630PM | 65PM s ow w8 w w7 1 { 2 q | s I o 08 8 0057 0413
S5 | TO0PM . w ml w @ s 5 1 q q | Y 7 0067 0355
oM | T15PM A w wl W wf g A 6 6 q q | & LYY 5 0053 037
715 | 730M I 2 0 0 | 1 o u 7 0045 0414
EEED o o  wl s w8 8 5 2 q | I o 05 5 0066 0447
EIE I 1 0 0 o s 1 o 05 5 0054 0334
S00PM | 815PM 6 m s W H W { 1 q q | % g o 03 1 0065 0407
8152M | 830PM w ]  a  a W W s 5 0 0 o 1 o 05 1 0064 0564
83PN | seeoM CEE Y 7 0 0 | I o 03 X 0069 0415
845 | 900pM T 0 [ 0 o % 1 0 1§ 0063 0525
90PM | 3160 o o w  w  w  w g B g 0 0 o 108 o 03 Y 0067 0598
915 | 9a0pM T 5 3 0 0 o o {0 08 2 0067 043
93PN | gaeem B @ wm W w1 m g 5 2 0 o 1 5. 05 05 15 0061 0459
9M | 100Pm o af  w] o m  a]  m 6 1 0 0 o 1 o o A 0009 0059
1000 | 10358M o sl wl e w e m 8 9 q q | 5 o 03 19 004] 0266
101PM | 1020PM T 6 3 0 0 o 10w Y 2 0068 059
103PM | 1045PM o s w] W w W ] w b 2 0 o 1 o 0 3 0063 0375
0 | 1100PM B o wl o w W 1 1 q q o 13 I o 05 3 0083 037
10PM | 11150M o w  m o ® w ] w 0 0 o e o 0s 3 064 0239
1115PM | 113PM w wl w W w w 1 q q o g I o 05 % 0053 043
130 | 118M Y g q q o o S 1 0031 0446
115°M | 1200N Y 0 q q o 18 Y 1] 0055 0371
1200PM [ 125PM 2w W e m % g 6 4 q o e LY 1] 0064 0219
1215M | 1230 o o W s w W W A 8 5 q o e Y 1] 0061 001
120AM | 1246AM o ] w w w o e 1 0 o se 5 o 03 1§ 0009 0059
1265AM | 100AM W ] w8 w W w g 1 0 0 o e 5 o 03 1y 0044 0266
1AM | 115AM o w s W o w H 7 3 0 0 I Y 3 0068 059
LIAM | 130M I 1 3 0 0 o a0 o 05 1] 0063 0375
1AM | 1580 o m al w] w s 3 6 q q | 59 Y 3 0083 037
1EAM | 200M o m W o ® a7 5 b 0 0 o 510 G Y 2 0064 0239
200AM | 215AM G 7 2 2 0 o s 0 04 15 0053 0435
215AM | 230AM & 3 4 1 1 o o 03 1] 0031 0446
20AM | 24640 . wm w @ W m w 2 2 1 1 o sl o 04 18 055 0371
E o w  w W o w 0 1 0 0 o ml o  w 1 0064 0219
300AM | 315AM I 1 2 0 0 o w4 o 03 2 0061 001
315 | 330AM o wl w s o w N P { q q 1 o g o 03 2 0009 0059
330M | 35AM o s wl W w4 N 2 3 2 q | Y % 004] 0266
345AM | 40AM B w  wm A w  #  w 2 1 0 0 o s 1 o 03 2 0068 059
400AM | 425AM w w  w a m W @ 1 4 3 0 o o 1 15 0063 0375
415AM | 430AM m wl w w m w w 5 6 2 1 o 13 1 o u 18 063 0375
130AM | a5 w m w6 w6 W 3 4 2 1 o 1 o 03 A 064 0239
TE W w  w s w W 0 2 0 0 o 1w 1 o 03 A 0053 043
S00AM | 515AM o w m s w o 2 3 q q | s g o o 2 0031 0446
S15AM | 530AM R { 6 q q [ 5 o0 o4 % 0055 0371
530M | 5t5AM w s s W w] W 9 3 5 3 q o 1 Y Pl 0064 0219
5050 | 600AM W w oa  m w4 4 { 1 q q o o Y % 0061 0201
TOTALS aoi [ 1apt0 [ sor3 | 25 [ s [ aam [ o [ w5 | me | u | 3 2 [ o [amome]  osoamessa]  183125] 0055146833 036000833

1.10




ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

RoadLink Name: MOMBASA ROAD Count Location: NRU 01 Period of St DAY

Enumerators name Weather. Day of the Week: SATURDAY

NRU 01 Both directions Date: 16112019

Start Time (hour): 600 AM Finish Time (hour): 600PM

Time (hour)

. Medium
Large Bus Lt Trucks 2 Artics / OFher
) Jeeps/ | . Trucks 2 Heavy (Agricultur
fom | To  [Motorcyle ngate i PR Mt (B Small | D27 T aes, @, Dra-bar altrators, | 7o
ars ) s | 25seats) | buses [passengers|, . Double Trucks (>4
ty vehicle ) (single rear i 4axle) aiks) grader traffc
e | ypesk) )| vohume | coPoM [NoxPoM[soPM [PM2Sught [HCHO g [TvOC myh

600AM | GI5AM A m e w M W % 3 3 5 1 DS g 0 03 g 0065 042
615AM | 630AM W w9 W Y W 4 4 4 3 0 | 41 4 0 0l 1 0056 0389
60AM | 65 AM o w o a e A 6 0 2 o w3 0 08 B 057 0413
65AM | T00AM o m w4 A 3 g T 0 o 4 I Y 7 0067 035
T0AM | T15AM Y 4 3 6 1 o Y 5 0053 0376
T15AM | T20AM o m w W s w4 5 5 4 0 o 54 1 o o4 1 0046 0414
TAM | T45AM R 1 1 p 0| 5 EEY 5 0.066 0447
T65AM | GIAM Y 4 g 0 | % 4 o 0g 5 0.054 03%
B00AM | BI5AM R Y 1 4 1 0 | Y 1 0065 0402
BI5AM | 830AM s w8 o g A 1 1 g p o 4 Y 1 0064 0564
BAM | B5AM Y 8 5 5 0 o 4 05 03 P 0069 0415
B5AM | 900AM W m a o H A 4 4 6 0 o 40 1 o 1 0063 0526
900AM | 915AM a o o oy w4 3 6 6 0 | 5 1 0 03 ] 0067 0598
9I5AM | 930AM 9 m w o e s w 6 5 g 0 | & 4 05 05 2 0067 043
90AM | 95AM o o w4 W W W o 0 3 | 6 50 05 05 15 0061 0459
945AM | 1000AM o wm  w W w4 s 5 9 g 1 L 50 04 Pl 0009 0059
1000AM | 1015AM I 4 7 1 0 | 6 50 0 03 19 004 0266
1015AM | 1030AM n oow  w  ® W s 1 0 0 | w o 04 2 0068 05
1030AM [ 105 AM I Y 3 | m Y Y 3 0063 0375
105AM [ 1L00AM I 1 0 o 16 Y 3 0063 0375
1L0DAM [ 1L15AM W o m ® @ m W 6 o 0 o o Y 3 0064 0239
1L15AM [ 1L30AM P 1 3 o 6% 3 05 05 % 0053 0435
130AM [ 115AM I 9 1 g 0 o 4 05 05 1 0031 0446
1045AM | 1200PM s o W e 4w 9 1 g 0 N 4 o 03 15] 0055 0371
1200PM | 1215PM N 9 1 1 3 0 o 10% Y 1g] 0064 0219
1215PM | 1230PM m o m W W | 1 8 4 0 o 1081 4 o 03 1] 0061 0201
1220PM | 1245PM w s oy m W o dH 4 § o um 5. o5 03 19 0009 0059
125PM | 100PM w s wm o ml W 1 3 0 o 16 s 0l 03 19 004 0266
100PM | L15PM W w w W m n 9 5 5 3 0 o 14 5 0l o4 3 0068 052
115PM | 130PM w & ] w e W u g 9 3 0 0 1169 4 o] og 1 0083 037
130PM | 145PM af  m w ® w W o Y 9 3 5 0| 13 Y 3 0083 037
145PM | 200PM R 1 8 2 0 0 11 5o 04 2 0064 0239
200PM | 215PM W ow w4 ® A 0 2 3 0 o 4 5o 04 15 0053 043
25PM | 230PM Y p 2 3 0 0| 50 s 08 03 1 0031 046
20PM | 245PM o o wf s e 4 4 6 1 0 0| ol DY 19 0,055 0371
25PM | 300PM W ool w W s W 4 4 1 0 0| o DY 13 0084 0219
300PM | 315PM I Y 5 4 2 1 | 4 o 03 2 0061 0201
315PM | 330PM o ml w  w s e 4 4 1 0 0| e 4 o 03 2 0009 0059
330PM | 345PM w  m wml w W o 4 5 3 0 0| 6% 3 0 03 % 00| 0.266
345PM | 400PM o  m w w w W @ 4 4 1 0 0| 88 4 o003 2 0068 052
H0PM | 415PM o m  ow A s A 4 3 q 0 I 1 o 15 0063 0375
415PM | 430PM o m  ® w w w w 1 5 0 0 0| 5 Y 19 0083 037
40PM | 4P n w8 wm  H  #H 5 R 4 3 0 0| 5 1 og 03 % 0.064 0239
445PM | 500PM T 4 2 0 | % 4 o8 03 % 0053 0435
500PM | 515PM W w  w  # W  u  » 1 2 q 0 | & 4 of 04 2 0031 0446
515PM | 530PM o 2w ® s 4 p 3 4 0 | m .0 04 % 0055 0371
530PM | 546PM g w  w ow  w]  m Y p 4 1 0 o ™ .05 04 % 0064 0219
56PM | 600PM W om w w wm] o o p 5 1 0 o 7 4 05 03 % 0061 0201

TOTALS 3006 | 165 | oo | 1767 | 3062 [ amt | 1o [ e [ om0 [ w9 [ w 0 aa506] 37003333 05| 030g3s]  183125] 0055145633 0360020833

1.11




ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: MOMBASA ROAD Count Location: NRU 01 Period of &t DAY

Enumerators name Weather: Day of the Week: SATURDAY

NRU 01 Both directions Date: 16/12/2019

Start Time (hour): 600PM Finish Time (hour): 600AM

Time (hour)

) Medium
Large Bus Lt Trucks (2 Artics / OFher
) Jeeps | | . Trucks 2 Heavy (Agricultur
From T |Motorcyle ngate awpli[PEpvan Metatu0-| Small | P27 | s Trucks (3, Drai- b atractors, | o
ars ) 5 Bseats) | buses  [passengers| . Double Trucks (>4
ty vehicle ) (single rearf e 4axle) atks) grader traffc
W) | pest) %) | voume | coPM [NOXPPM|SOPM |PM25ugin |HCHO gt [TvC mgh

600PM | G15PM A m W ] ] w 3 3 5 1 o 3l 1 w03 g 0068 040
615PM | 630PM W wl W W 4w w 4 3 0 o 4l 1w 0 1 00 0389
63PM | 64500 o w8 A 8 8 4 f [ 2 | 1 o 0§ 8 0o 0413
BV | TP Y m w4 n A w 3 9 1 0 o 1 o 0 7 0061 03
T00M | 7150M Y Y Y 4 g 6 1 o Y 5 005 03T
T18M | 73M o o o ® a4 5 5 4 0 | s 1 o o4 T R Y
T30 | 7450 Y 1 § 0 p o 5w 1 o 0§ 5 Y
T6M | 800pM a w  uw s W 4w 4 g 0 I Y T 5 005 03y
800PM | 8150M Y 1 { 1 0 | m 4 o 03 1 006 04w
8152M | 83pM s om e o 4w 7 7 E 2 o Y 10 006 0t
830M | 84600 B w W A w4 8 5 5 0 | 4 1 o 03 9 0069 0415
8PV | aPM i 4 4 b 0 o Y 18 0063 056
90 | g1zpm a o o W W 4 3 § 6 0 I I o 03 Y 0067 05%
915M | 93M I § 5 g 0 | 6 4 o0 0§ 2 00 04
93PM | gsPM o m o A W A w w0 3 o 6 5 08 05 15 006 0459
94N | 1000PM o m w e w4 5 9 8 1 o LY A ool o5
100PM | 1015PM o w o W e w o« 4 7 1 0 o el 03 19 oo 0z
1015PM | 1030PM 0w wl W W @ o 7 § 1 0 o [ Y 2 0068 05
103PM | 1050 EE Y Y 3 | m 4 o 0 3 00 03
106PM | 1100PM E G T 1 1w 0 o 76 [ 3 006 035
1000 | 11152M o  w  wm o W W § | 0 o o4 Y 3 R
1LIPM | 1130PM I 1 3 o o s 05 X 005 043
13pM | 110M s w W W e s g 7 E 0 o o I 16 0 06
115 | 120N s o W 4 8 4 % 9 1 g 0 o s o 03 | 005 03n
poev [ osem | wl s m W w]  w g 1 1 3 0 o 103 1 s 02 1f] R
1215AM | 12208M m o w a8 n | g 4 0 o e 4 o 03 1] I
paan e | w s w] W m W o 4 b o 1) 5 08 03 18 ool o5
124540 | 100AM w s ®m o W A 1 3 0 | 5 o 03 1 o 0%
100AM | 11540 W w ¥ w 9y 5 5 g 0 | 1 5 0 o4 3 0068 059
1150 | 1300 w s o a w o 9 3 0 o me o 0s 1] 006 03%
1AM | 14580 N E g 5 | 13 Y 3 006 03%
145AM | 200AM REE T 7 8 2 0 o 13y 5 o8 04 2 R
200AM | 21540 W ow  w W e H  w 0 2 3 0 o [ Y 15 0 0
2150M | 230 W w wm s s A m ) P 3 0 o 54 5. o8 03 i 0B 046
20M | 2250 o o w4y 4 § 1 0 o 61 1 o o4 18 I
2500 | 3000 B o wl W m 8w 4 4 1 0 o 60 1 o o4 3 0 01
300M | 31540 I Y 5 4 2 1 | m 4 o 03 Pl I
315AM | 33080 o ol w  w  w e 4 4 1 0 o o 1 03 2 ool os9
330M | 35am w  m w W e e 4 5 3 0 o 6 1 o 03 % o 0%
350 | 4m0AM o m oW w2 o W 4] 4 4 1 0 I 4 o 03 2 0068 059
400M | 41580 o w ow A W Ay 4 3 q 0 [ Y 5 006 03%
415AM | 42080 o w8 m w w 7 5 0 0 o 5 Y 18 006 03
130M | 4250 W om s s W w 8 4 3 0 o 5 1 o 03 % R
445AM | 50AM R 4 2 0 o 5 T A 0 0
500AM | 515M W m  w A n W » 1 2 0 0 o o Y 2 0B 046
515AM | 530AM o m W @ m s 4 2 3 4 0 o 7l o8 04 % S
500M | 525 o w  wm o w w] oy P 4 1 0 o ™ EEE Y Pl 06 0m
545AM | 60AM W om] w s m w w 2 5 1 0 o 7 1 s 03 % 06 o
TOTALS 3006 | 1215 [ oooe | oer [ agee | owst [ ao6 | oo [ e | w9 [ o | o [ sesoef3rossess]  os[odmeass] 18318 055145833 0360020833

1.12



ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: WAIYAKI WAY Count Location: UNPT(2 Period of St
Enumerators name MOSES Weather: Day of the Week: MONDAY

Both directions Date: 1012019
Start Time (hour): 600AM Finish Time (hour): 600PM

Time (hour)

. Medium
) Jeeps/ | . Large Bus TlecngZ Trdks Heavy At | (A;JrECZIrtur
From T |otoryle | PV |y Pekepten Matatu (- Smal | 02T | ) aes Trucks (3, DB s
T e . s | Bseats) | buses |passengers| Double " Trucks (>4 | Tota
ty vehicle ) (single rear] e 4 axle) als) grader traffic
M) | sk %) | yome | COPPM |NOKPPM [sOHPPM |PM25ugit [HCHOmgie [TvOC mghne

600AM [ 615AM T 3 8 E 5 0 S Y 1 0084 0426
615AM [ 630AM I §  u 5 2 0 o 6l 1 0 0 g 004 0261
630AM [ 645AM P 5 ]y 6 0 I 1 o o g 0039 0259
65AM [ T00AM R 5 A 9 0 o ux I o 0 6 0034 021
T00AM [ 715AM N 1 u E 5 0 o w0 LY Y 6 0039 03
TI5AM [ 730AM o sl o 4w 5 E 6 0 o 10 Y Y T 0084 024
TAM [ 765AM I §  u oy 0 P o 1w g o 05 5 0065 0239
T6AM [ 800AM w e M ¥ o a oy g 3 P [ Y 5 0084 023
B0DAM | 615 AM o m w2 W { u 8 4 0 | o Y 1 0053 043
815AM | 830AM Y 1 u § 5 0 | 4 o 08 0 0031 044
80AM [ 845AM w @ m u e § 5 3 0 (I 1 of 03 % 0055 0371
85AM [ 900AM w  om  w n 5 1 5 { 0 | Y 1 0064 0219
900AM [ 915 AM W w  w A s w 5 8 E 0 1 o 768 g 0 03 X 0061 0201
915AM | 930AM o m wl M w 5 1 4 p 1 [ qd o 08 2 0084 0321
90AM [ 945 AM R T 3 1 § 3 0 o s 5. 05 0§ 15 0065 04
945 AM [ 1000AM R § 8 5 1 0 o o Y Y 7l 0058 0389
oo [osav ] ] wl  w]  wW w » a1 { 0 o w s o 03 1 0057 0413
wiav [ooav] ] wl w4 4] 4 R 6 0 S Y Y 2 0067 0355
e T T Y 1w g 3 0 o u Y Y 3 0053 0376
R I - W 0 0 T g o 05 3 0046 044
uoav [uwsav | ws sl w4 » 4 § 0 1 o um 1 o 05 3 004 0112
R Y Y o n 2 1 [ o 08 % 0049 0291
1AM [ 115AM w e w w3y A 0 1 0 | 1 of o 1 0065 0259
1045 AM | 1200PM E T 1 1 1 o 055 1 og 03 15] 0084 0212
1200PM | 1245PM w W s o §  u 5 0 o 1050 1 o 02 1g] 0.069 0269
1215PM | 1230PM w o w e W o p 0 o 10y 4 03 17] 0063 0.256)
1230PM | 12250 W om W W W | o  u 6 0 o s 5 o 03 1 0067 019
1265oM | 100PM R EE [ 9 0 | 1w ] 03 19 0,067 0.135)
100PM | 115PM EIEE ] 0 5 0 o 10 (Y 3 0061 0109
155PM | 130PM o s w6 @y 1w 6 0 o 4 o 08 1 0.054 0134
120PM | 125PM R [ 0 P | Y 3 0.061 011
15PN | 200PM w e w4 F I 3 P o uw 4 o o4 2 0071 0195
200PM | 215PM EIE 1 8 o 5 0 o 1 4 o o4 15 0075 0151
25PM | 230PM w w o o W A J 2 0 | o 4 o 03 17 00 01%
2300 | 245PM ® el w8 w o W W 7 7 0 o s o 04 18 008 0115
25PN | 300PM I 0 o 15 I o o4 3 0069 0102
300PM | 315PM I E REE N 5 5 0 0 1660 d o0 03 2 0073 0.116
315PM | 330PM R 1 0 o g o 03 2 0074 0059
330PM | 32500 a  m wm s w] wm g 0 P o 15 1 03 % 0071 0128
35PN | 400PM I { P o um 3 0 03 2 0075 0019
400PM | 415PM I § 2 0 o ug Y 15 0079 0129
415PM | 430PM o m w ] w4 a  u » 2 P o 16 Y 1 0078 0178
430PM | 45PM w  m w8 s 4 5 5 0 0 o160 1 o 03 % 0074 0178
445PM | 500PM I 3 5 2 0 o 155 4 o 03 4 0077 0148
500PM | 515PM w oo W W W W 8 9 0 0 o 16 4 o o 2 0067 013
515PM | 530PM s w ]  m @ 3 § 3 0 o 1665 o8 o4 % 0068 |
50PM | 5P s o w4 W w1 | n 2 0 o Y 7l 0069 0096
545PM | 600PM I 2 3 0 0 | 1 o 03 % 0067 013
TOTALS w0057 | 25007 [ toea7 | 2000 [ ao3 | 1a | s [ s | o [ 164 | 16 0| sa6t6 34166667 05 0379167] 1835416667 00625  0.2221875

1.13



ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: WAIYAKI WAY Count Location: UNPT 02 Period of St
Enumerators name MOSES Weather: Day of the Week: MONDAY
Both directions Date: 11/11/2019

Start Time (hour): 6:00PM Finish Time (hour): 6:00AM

Time (hour)

. Medium
Large Bus Light Trucks (2 Artics / Otlher
) Jeeps/ | . Trucks 2 Heavy (Agricultur
From To  |Motorcyle ngate AWD's/utili pickuplvan| Mateu (9| - Small < axles ks, Trucks (3, Dra- bar altractors, | Total
ars ) s 25seats) | buses [passengers|, . Double Trucks (>4
ty vehicle ) (single rear| e 4 axle) ales) grader trafic
W) | el #6) | volume | cO PPM |NOXPPM [sONPPM._[PM25gie

600PM | 6:15PM 8 90 119 2 60) 24 5 8 9 5 0 0 355 1 0.3 04 12
6:15PM | 6:30PM 12 300 167) 36 571 5 § 14 5 2 0 (0 651 2 0.2 0.2 9
630PM | 645PM 12 485 302 2 84 45 5 18 1 6 0 0 989 2 04 05 8
6:45PM | T:00PM 15 630 318 LY 63 2 5 2 1 9 0 0 1137 3 04 02 6
TO00PM | T.15PM ) 581 305 2 63| 17 3 14 9 5 0 0 1035 3 04 04 6
TI5PM | T:30PM 45 504 324 3 48| 12 5 1 8 6 0 0 1001 2 04 04 7
T30PM | T745PM 74 548 24 4 35| 17 8 1 14 0 2 0 1032 3 04 05 5
T45PM | 800PM 12 611 324 32 3 § 21 14 8 3 2 0 179 4 04 05 5
800PM | 815PM % 251 148 2 65 o] 4 1 8 4 0 i 640 4 04 03 10
815PM | 8:30PM 12 320 162 34 52 64 3 14 6 5 0 0 784 4 04 05 10
830PM | 845PM 116 435 171 3l 87 55 6 14 5 3 0 0 923 3 05 03 30|
845PM | 9.00PM 119| 31 174 23 71 30 5 16 5 4 0 0 827 2 05 04 18
900PM | 9:15PM 114| 390 144 24 55 18 5 8 8 0 i (0 768 3 05 03 29
915PM | 9:30PM %8 2% 112 34 3 13 5 l 4 2 1 0 609 4 05 05 2
930PM | 945PM 143 383 201 32 2 16 3 1 6 3 0 0 816 5 05 05 15|
945PM | 10:00PM 181] 392 1) 4 3 8 2 1 5 1 0 0 874 5 04 04 2%
1000PM | 10:15PM 204 ) 24 2 3 2 0 1 17 4 0 0 340 5 04 03 19
1015PM | 10:30PM 243 34 162, 4 4 41 5 13 16 6 0 0 346 4 04 04 2
1030PM | 1045PM 232 407} 147 32 4 2 2 10 15 3 0 0 320 4 04 02 23]
1045PM | 1L00PM 246 3% 120 3l 3 2 2 13 10 4 0 0 453 3 04 05 23]
1100PM | 1L15PM 25 537 21 4 ) 2 4 8 18 0 1 0 485 3 04 05 K|
1L15PM | 1130PM 201 389 12 40 4 51 8 12 13 2 i 0 885 3 05 05 26|
1L30PM | 1145PM 19 436 176 30| 0] 30 24 5 12 1] 0 0 957 2 05 05 16
1145PM | 1200MN 19 500 187) 30| 72 3 14 1 19 ] i 0 654 2 05 03 15|
1200PM | 1215PM 248 132 191 38| 51 53 b 1 18| 5 0 0 456 2 05 0.2 18
1215AM | 12:30AM 240 429 197 63| 4 30 § 1 14| 2 0 0 623 4 05 03 17
1230M | 1245AM w1 o 4 3 0 2 1g] f q o 50 5|08 03 18
1245AM | 100AM 309 555 305 54| ) 3 2 14 20| 9 0 0 456 5 07 03 19
100AM | 115AM T 4 6 5] 6 1 | 5 [ o 3 5. o1 o4 3
115AM | L30AM w w1 1 5 % 5 1 1g] f 0 | @ 4 07 05 17
120AM | L45AM T 4 41 % [ 1 | 0 2 o 3 4 07 04 3
L45AM | 200AM 248| 628 256 5 4 3 5 12 16 3 2 0 721 4 0.6 04 2
200AM | 215AM 29 520 229 4 62 64 l 13 2 5 0 0 132 4 0.6 04 15|
215AM | 230AM 213 532 229 i 80) 34 2 9 1 2 0 0 643 4 0.6 03 17
230AM | 245AM 285 630 22 52 103 4 15 14 2 7 0 0 360 3 0.6 04 18]
245AM | 300AM 371 614 306 10 68 4 18 13 1 11 0 0 490| 3 0.6 04 13
300AM | 315AM 385 754 251 57 85 64 Kl 13 15 5 0 0 500 3 0.6 03 22
315AM | 330AM 318 689) 209 54 90 63 3 1 1) 1 0 0 345 3 05 03 2
330AM | 345AM 316 138 257 55 107 57 18 9 18 0 2 0 512 3 05 03 26|
345AM | 400AM 212 515 173 66 % 73 19 1 10 4 f () 230 3 05 03 21
400AM | 415AM 297 687 278 4 72 42 3 8 2 2 0 0 329 2 05 04 15|
415AM | 430AM 297 g 20 4 105 47 2 12 2 2 2 0 423 2 05 04 18]
430AM | 445AM 320 797 300 4 65 L 23 5 5 0 0 0 540 2 0.6 03 26
445AM | 500AM 39 690 305 4 63 71 36 3 5 2 0 0 500| 4 0.6 03 24
500AM | 515AM 83 806 303 68 R 7 3 8 9 0 0 0 700| 4 0.6 04 2
515AM | 530AM 354 167 27 39| 110 66 2 3 6 3 0 0 700| 5 0.6 04 26|
530AM | 545AM 257 668 233 44| % 86 17 9 1) 2 0 0 800| 5 05 04 2%
545AM | 600AM N %) ¥ 7 9 2 3 q q o 60 5 05 03 %

TOTALS 16947 | 54768 | 22,628 | 3905 | 6,261 | 1,785 1518 4,690 4,458 1,354 213 9 118,536 |3.4166667 0.5] 0.3729167|  18.35416667

1.14




ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: WAIYAKI WAY Count Location: UNPT (2 Period of St DAY

Enumerators name MOSES Weather: Day of the Week: TUESDAY

Approach from Both directions Date: 121212019

Start Time (hour): 600 AM Finish Time (hour): 600PM

Time (hour)

) Medium
Large Bus Lift Trucks (2 Artics / OFher
) Jeeps/ | Trucks 2 Heavy (Agricultur
Fom | To  [Motorcyle ngate g {PERPV MU Q- Small BT | s @, Drai- b altrators, | 7ot
ars . s 25seats) | buses [passengers, . Double Trucks (>4
ty vehicle ) (single rear ar 4axle) alks) grader | yeece
"D | sk %) | voume | cOPPM |NOKPPM [sOXPPM [PM25ugit [HCHOmgine [TvOC mgh

600AM | 615 AM o w W W PG 5 7 b 0 o % Y u 0002 00t
615AM | 630AM B w  w H 4 1 B 1 b 0 o LY 3 000 031
630AM | 645AM W w  w w4 [ 1 1 Y 1 ou o5 3 0009 0059
645AM | T00AM W @ w4 N 1 W w1 9 1 1w 1 a0 % 004 0266
TO0AM | 725AM 6w  om [ 7 7 5 0 | ol o4 % 0068 059
T15AM | 30AM I 1 1 0 o 4 o o % 0063 0375
T0AM | 745AM T |y 1 g P | 1 o o5 % 003 031
T45AM | 80AM R EE 9 g 6 P | @ 4 o 05 3 0084 0239
B00AM | B15AM T 4 8 0 B 7 0 0 5. o 03 % 0053 0439
815AM | 830AM a W w W N g W o u 0 o s o o0y 5 0031 0446
830AM | 825AM N E { 1 q j 1 | 1 o 03 3 0055 0371
845AM | 900AM I [ 5 1 o R Y 18 0064 0279
900AM | 915AM w  a] s W » 2 B 1 3 0 o o 03 A 061 0201
915AM | 930AM REE 3 1 E 5 0 o 1 4 ol 05 2 0064 0321
930AM | 9t5AM w @ s a0 ] 5 1 3 0 | o 05 15 0065 042
95AM | 100AM N ] 1 0 q 1 5 | o o4 7l 0058 0389
wma [osav | gl w  w W W 3 3 8 6 3 1 | ® .ol 03 1y 0057 0413
o [0 | o] wm] w s 3 55 B 5 1 o Y 2 0067 0355
1030AM | 1025 AM w o s W 5 § 1 4 3 0 | m 4 o 02 3 0053 0376
o [uoav | ] wl  wl W W 3 1 5 3 0 o ol o 3 0046 0414
o [usav |l s W] w A P 1 | 1 1 o 4 o] 05 3 0066 0447
1115AM | 110 AM L ] § 1 6 | TS % 0054 033
130AM | 1125 AM o wl w W a 5 6 f 5 1 1 | o 5 o1 05 % 0065 0407
1045 AM [ 1200PM w o w9 3 3 1 7 2 1 o 1 ol 03 % 0064 0564
1200PM | 1215PM o s w4 P B | u 5 0 o s o 02 1 0069 0415
1215PM | 1230PM W wl  a s 4 1 q 6 0 | 4 o 03 18 0063 0526
1230PM | 1225PM Y ] W o { 0 | % 5 o 03 1 0067 059
1245PM | 100PM w o o a 3 1 8y 5 b T ol 03 1y 0067 0435
100PM | L15PM L 4 { g § ] 1 | s 5 o] o4 3 0061 0459
115PM | 130PM @ m W 4 { 1 4 f 5 1 | 1 5 ol 05 3 0054 033
130PM | 145PM T s u 8 1 1 | o] 04 3 051 0345
145PM | 200PM w s w4 B 3 o 5 3 1 o 3 4 s o 2 0 0451
200PM | 25PM w o ¥ 4 5 . 8 5 1 D 4 o] o4 15 0075 0483
25PM | 220PM w w6 5 [ 5 1 ET 4 o 03 17 00 0366
20PM | 2P w @ % o 2 o 7 0 | LY 18 0078 0505
2590 | 300PM W w  m  w a 4 o o W 0 o 4 ol o4 18 0069 0567
300PM | 315PM w e w4 3 8 4 1 | @ 1 gl 03 2 003 0567
315PM | 330PM EE 3 § ] B { 6 I 1 ol 03 2 0074 0565
320PM | 345PM I 3 1 g 9 1 2 | m I ol 03 % 0071 0567
346PM | 400PM wl  wl w6 3 f 4 2 o am I oyl 03 2 0075 0566
400PM | 415PM I § 9 g 2 0 | m 5 o o4 15 0079 0.449)
115PM | 430PM w el W W 3 § o 2 1 | o o4 18 0078 0549)
130PM | 4P g s w W N 2 B u 1 0 | o 03 % 0074 054f]
445PM | 500PM o @ w3 H 3 g u 1 b | w 4 o o3 A 0077 054
500PM | 515PM o m w4 4 6 7 g 4 1 1 o Y 2 0067 0546
515PM | 530PM N 5w 5 { 1 | ot o4 2 0068 035
520PM | 545PM o  wf  w g 5 g b 4 0 o m ol 04 Y 0069 049
56PM | 600PM w  m e W @ s 8 b 0 o o[ 03 7 0067 0435
TOTALS sas6 | ontst | eess | s | we | am [ wst | e [ s | w6 [ @ 2| 16308 | 3805833 01460067 03720167 2268]  0060625] 04099883

1.15



ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: WAIYAKIWAY Count Location: UNPT Q2 Period of St DAY
Enumerators name MOSES Weather: Day of the Week: TUESDAY
Approach from Both directions Date: 1201212019
Start Time (hour): 600PM Finish Time (hour): 600AM
Time (hour)
) Medium
Large Bus Liht Trucks (2 Artics | OFher
) Jeeps/ | . Trucks 2 Heavy (Agricultur
Fom | To [Motorcyle PIGEe |y PEACPVEN Mt (- Sl P21 o s Trucks (3 Drai-ber al tractors,
Cars ) s | 25seats) | buses [passengers|, . Double Trucks (>4
ty vehicle (single rear 4axle) grader Total affc
) el rear axles) i)
heels) volre | COPPM [NOX PPM [SOXPPM _|PM25ugi? [HCHO mgin? [TVOC myi?
500PM | 652M N oW W W 1 5 5 7 b 0 | & Y i 0002 0
615PM | 630PM 3wl w4 1 n 1 10 b 0 | 1 o 0 3 0004 0031
63PM | 6uM oW w]  w  w 1 o 0w 7 1 | Y 3 0009 0059
6P | 700PM o o ] e 1 W u 9 1 ] 1 o 02 % 004] 0256
T00M [ 7150M 5w  om  a 1 n 7 7 5 0 | 5 o o % 0.068 059
T150M | 7a0PM L DG § 1 7 0 | 1 w4 o % 0083 0375
730M | 725PM o o w3 |y 1 % 3 2 | 1 o 08 % 0063 037
74M | 800PM R 1 9 8 b 2 | 4 ou 05 3 0084 0239
800PM | 8150M W ow u WY 4 8 0 u 1 0 | w o 03 3 0053 043
815PM | 83M o ] W A 1 W W 0 | o 0§ 5 0031 0445
83 | M w o ] a H 4 1 B g 3 1 [ 3 0055 0371
85PM | 9mopM I § o  d 1 5 1 T Y 18 0084 0219
900PM | g15PM e  w  m % A 2 B v 3 0 o w03 z 0061 0201
T L 3 0 B 5 0 | w4 ol 05 2 0084 0307
93PM | g4eoM w @ s 3 7 P 5 1 n 3 0 | 5 o3 0§ 5 0065 049
94M | 1000pM L 2 1 u g 1 5 | SR X 0058 0389
1000PM [ 10150M I E 3 3 8 6 3 1 | m ol 03 19 0057 0413
101°M | 1030PM = 3 B b 5 1 | m 4 o o 2 0067 0355
1030PM [ 10460M o o s @1 5 n 4 3 0 | mw 4 o 0 % 003 0375
1045PM | 1100PM w @ w oy A 3 1 5 3 0 I o 05 A 0046 0414
100PM [ 11159M wl s w] ¥ A 2 7 | 0 1 1 | o 4 0w 05 3 0.066 0447
1LIM | 113PM R 2 §  u 1 b | 4 o 05 % 0.054 0334
130PM | 1160M v s s W 5 6 b 5 1 1 | § ol 0§ % 0065 0402
15M [ 1200MN w o w W 3 1 7 2 1 | m 1 ol 03 % 0084 0564
e 2 B U 5 0 IET o 02 18 0069 0415
12154 | 1208M B w w5 @ 4 1 9 6 0 [ 4 o 03 18 0063 0526
1L30AM | 1245AM E P . u oy 4 0 [ . o8l 03 1§ 0067 0598
1265M | 100AM w0 w4 3 1 8 q 5 6 [ gl 03 19 0067 043
LOAM | 115AM w @ m  ® A 4 4 9 6 3 1 | 4 (Y 3 0.061 0459
L15AM | 1308M 5 4 1 B 6 5 1 [ % 0054 0334
130AM | 140 NE . u B 1 1 | o o4 % 0051 0345
1AM | 2008 w s w8 3 3 N 5 3 1 I 4 o o 2 0071 0451
200M | 2158 w o w] x4 5 . n 5 1 | 4 oy o 15 0075 048
215AM | 2308 w w6 [ 5 1 [T 4 oy 03 1 0073 0366
290AM | 20 REE 2 u 7 0 | 1 o o 18 0078 0505
25AM | 3008 o sl o w 4 o o o 0 | @ 1 o o 18 0069 0567
300AM | 315AM w e w4 3 B n 4 1 | 1 gl 03 2 0073 0567
350 | 330 REE 3 o 4 6 | @ 1 gl 03 2 0074 0565
33AM | 345AM L 3 7 9 g 1 2 | @ 1 o 03 % 0071 0567
345N | 400AM I 3 L 6 4 2 | 1 ol 03 2 0075 0566
400V | 415AM W s a @ A §  u 1 8 2 0 | 5 o o4 5 0079 0449
415V | 430AM o wl  w ¥ 3 2 2 1 o 4 o o4 18 0078 0549
430V | 445 g w W ¥ A P 8 g n 1 0 | 4 5 o 03 % 0074 054
445N | 500AM 9 m w  u A 3 o u 1 b | w 4 o 03 X 0077 0546
500AM | 515AM o om w4 4 6 7 E 4 1 1 o 4% 4 o o 2 0067 0545
BIEAM | 530AM N . u 1 5 4 1 | .ol 04 2 0.068 0325
5IAM | 54 I 5 g { 5 4 0 | m 5o o A 0069 0496
5IAM | G0AM w o o % 5 B W b 0 | 4 o 03 X 0.067 043
TOTALS sas6 | o5t [ aess [ 15 | et | am | s | 5 [ su [ w [ w 2| 16308 [ 30me323] 0adeeeT] 03720167 22628] 0060625 0409958333

1.16



ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: WAIYAKI WAY Count Location: UNPT 02 Period of St DAY
Enumerators name MOSES Weather: Day of the Week: WEDNESDAY

Approach from Both directions Date: 18/10/2019
Start Time (hour): 600AM Finish Time (hour): 600PM

Time (hour)

) Medium
Large Bus Liht Trucks (2 Artics / Other
Jeeps/ | Trucks 2 Heavy (Agricultur
Fram To  [Motorcyle ngate sy POKLPEN AR G- Smal P2 ares, Trucks (3, Draw- br atractors, | Total
ars : s 25seats) | buses  [passengers| . Double Trucks (>4
ty vehicle ) (single rear| ear daxle) ) grader traffic
M) | ) %) | o | COPPM | NOXPPM [sOXPPM [PM25gie [HCHO g [TvoC g
600AM | 615AM 5 W W 4w 3 5 6 3 q o FE Y 1 0065 049
615AM | 630 AM o o W 4 9 3 1 q | o 02 q 0.058 0.389
620AM | 645AM §  w  wl W s ® 1 n 9 4 q | 4 o 08 g 0057 0413
65AM | T00AM o o w W W n 1 n 1 6 q o 4 o 0l f 0067 0355
T0AM | 725AM W @ w4 1 2 9 B 3 q o o 50 o o f 0.053 0376
TI5AM | T30AM N 8 3 1 5 { q o 661 F Y 1 0046 0414
T0AM | T45AM I 3 1] 5 1 9 q 1 o e s o 05 5 0,066 047
T45AM | 800AM 81 407 216| 2 26| 4 1 9 5 2 1 [ 786) 4 0.14 05 5 0,054 0.334
800AM | 815AM 62 17) % 1 8 19 2 7 5 2 0| [ 47 4 0.13 03 10) 0,065 0402
815AM | B30AM o w ] A 4 2 9 4 4 q I 50 o 08 | 0.084 0564
830AM | 845AM T 4 E 4 2 q o 65 1 oul o3 El 0069 0415
845AM | 300AM o w u] W 4w 4 u 3 2 q o sl I ol o4 1 0063 0526
900AM | 915AM D 4 5 5 q 1 o s g oul 03 Pt 0067 059
915AM | 930AM 6 o W Hq = 8 3 5 2 1 1 o 4 4 oul 08 Pl 0067 0435
920AM | 945 AM o ] A o  u 2 5 4 2 q o s 5. o] 08 15 0061 0459
95 AM | 1000 AM I 1 1 3 1 q | % 5 o o Pl 0.009 0.059
1000AM [ 1015 AM w w9 #  n q 1 n 3 q o 6o 50 ol 03 1 004 0.266
1015AM [ 1030AM w  w w7 i 3 3 9 0 { q o 6 4 o o4 2 0.068 052
1030AM [ 1045.AM = 7 1] 2 1 10 2 q | 6l 4 o w 3 0.063] 0375
1045AM | 11L00AM 164 263 BO| 2 2 18 1] 9 6 3 [y () 589) 3 0.12) 0.5 2 0,063 0.375)
1L00AM [ 15 AM 5 I 3 5 1) 0 1 [ 3 o 05 3 0.064 0239
1015AM | 1£30AM w  om W A e 5 8 9 1 1 o 5 4 o 08 2 0.053 043
1130AM | 11:5AM w  w  wl A A 3 8 1 q o 6 4 o 08 1§ 0031 0446
1145AM | 1200PM I q 5 1 1 1 o o 4 o 03 15 0,055 0371
1200PM | 1215PM W m w8 Y 4 1 1 3 q o o 4 o 02 1§ 0.064 0219
1215PM | 1220PM w  w  wl e o { 1 10 1 q o 6 4 o 03 1] 0,06 0.1
1230PM | 1250 I | B 1 { q | M 50 o 03 1§ 0.009 0.059
125oM | 100PM of  aw  w W # A 1 9 1 6 q o e 50 o 03 1y 004 0.6
100PM | 115PM N W4 4 { 1 1 3 q o s s o o4 3 0.068 052
115PM | 130PM w v ™ DE 2] 3 8 1 { q [EE 4 o 05 1 0.063] 0375
130PM | 145PM I ! 2 4 1 1 [ 1 0 ) 4 o o4 3 0.063 0375
145PM | 200PM 165| 419 17]] 36| RS P& 3 8 1] 2 1 () 871 4 0.13] 04 2 0,064 0.239)
200PM | 215PM w  awl w4 4 5 8 15 4 q | 84 4 o o4 15 0.053 043
215PM | 230PM R § 1 1 q o &0 4 ol 03 1] 0031 0.446
20PM | 2P0 w e ] s e A w o w 5 q | m FE Y 1 0055 0371
205PM | 300PM w  w  w]  a H W 8 9 1 q o 109 S Y 13 0,084 0219
300PM | 315PM I 8 10 { q o 1106 50 o 03 Pl 0,06 0.0
315PM | 330PM w s ] w w9 2 1 8 5 q o o 5. o] 03 i 0009 0059
3%0PM | 3P0 w e wl w W W § 1 q 1 o 105 50 ol 03 % 0044 0.6
345PM | 4t0PM I 4 I 1 1 2 1 o 1 o 03 2 0.068 052
100PM | 415PM I 3 R P 5 1 1 q NI 4 ol o4 15 0.063] 0375
415PM | 430PM 198| 516 193 3 10 kil 13 8 19 1 1 [ 1081 4 0.13 04 19 0,063 0375
430PM | 445PM NEE 3 4 ) 15 3 3 0 g o 107 5l 013 03 % 0.064 0239
45PM | 500PM w  w w4 o P 3 1 q o 103 4 oy o3 U 0053 0435
500PM | 515PM R 5 6 q q o 19 I Y P/ 0031 0446
515PM | 530PM S EE T T 2 4 2 q o 1m0 5ol o4 % 0055 0371
530PM | 545PM = 6 8 1 q o F Y Pl 0084 0219
55PM | 600PM v o ] w e 4 1 2 q q o & 50 o 03 % 0061 001
TOTALS 6705 | 16698 | 709 | 133 | 20 | 1o | 3% [ a9 [ w0 [ [ n 0 36411] 4.1041667] 0.14229167] 0.3729167] 18.35416667]  0.05145833] 0360020833
1.17




ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: WAIYAKI WAY Count Location: UNPT 02 Period of St DAY
Enumerators name MOSES Weather: Day of the Week: WEDNESDAY

Approach from Both directions Date: 13/11/2019
Start Time (hour): 600PM Finish Time (hour): 600AM

Time (hour)

. Medium
Lagegus| YT | ek 2 s | O
. Jeeps/ | . Trucks 2 Heavy (Agricultur
From To | Motorcyle P(rjwate sl PRV MR (9| Smal 27 ks @ Drau- bir dtractors, | 7tal
ars ) S 25seats) | buses [passengers|, . Double Trucks (>4
tyvehicle ) (single rear| ear 4axle) s grader traffic
e | o) ¥6) | youme | coPPM | NOXPPM [SOXPPM. [PM25uge [HCHO mye  [TvOC g

600PM | 615PM 5 60| 79| 19 40 16| 3| 5 [J 3| 0 0 236 3 0.15 04] 12 0.065 0429
615PM | 630PM g w  m Pl S %) 4 g 3 1 [ | s 3 0l 02 9 0,058 0389
630PM | 645PM ] w I 56 ) 3 1 g 4 [ | 6 4 ol o g 0.057 0413
6:45PM | T.00PM 10 420] 2] 2 4 17| 3| 13 7 f 0 ( 758 4 0.15) 0.2 6 0.067 0.355
T00PM | 715PM y W m | I 1 ) g f 3 [ I 5 0 o § 0,053 0376
T15°M | 7300M T x| F g 3 7 5 4 [ o 661 5 Y 7 0,046 0414
T3PM | T4PM o w X 3 1 5 1 g 0 1 e 5 04 05 5 0,066 0441
T45PM | 800PM 81 407 216[ 2 2 4 14 9 5 2 1 0 786) 4 0.14 05 5 0.054] 0.334)
80PM | B15PM o W 4 1y ] 7 5 ] [ | @ 4 gl 03 10 0.065 0402
815PM | 830PM 8 24 108‘ 23 35| 43 2 9 4 4 0 0 523 5 013 05 10 0.064] 0.564]
830PM | 845PM 71| 290, 114[ 2| 59 Kl 4 9 4 2 0 0 615 3 017 03 30 0.069 0415
s45PM | 900PM T 1] 4 2 I 1 3 ] [ o s 3 ol o 1§ 0,063 052
900PM | 915PM T NI 1 4 5 5 q 1 | s 1 ol 03 P 0,067 059
915PM | 930PM o g 2 5 g 3 5 P 1 1 o e 4 ol o 2 0.067 043
930PM | 926Pm S 2 Y 1 ] 5 4 ] [ Y 5 012l 0y 15 0,061 0459
945PM | 1000PM o w1 a A § 1] 7 3 1 [ I EI Y P 0.009] 0059
1000PM | 1015PM 136 29| 149[ 19 26| 17| 0| 7 12 3| 0 ( 664 5| 0.13 03] 19 0.04-4] 0.266
1025M | 1030PM W o g 7 i F 3 g 1 4 [ | 6 4 Y 2 0.068] 0529
1030PM | 1045PM o % 2 i 1 ] 7 1) ] [ | s 4 o 0 23 0.063] 0375
1045PM | LL00PM o o ] 2 3 1 1 g f 3 0 Y 3 0120 05 3 0.063] 0375
1100PM | 1115PM s m s B A 3 5 1 q 1 | s o] o 30 0.064] 0239
1115M | 1130PM B % 7 31 P 5 g g 1 1 I 4 05l 09 % 0,053 0433|
1U3PM | 1145PM v  w  w 2 B 2 1 3 g 1 0 | ey 4 015 05 1§ 0031 044
1145PM | 120N S 20 8 2 q 5 1 1 1 o g 4 ud 03 15| 0,055 0371
1200PM | 1215PM = Pl ¥ % 4 1 1 3 [ | 0] 4 0l 02 18] 0,064 0279
115AM [ 1230AM w0 a1 o 2] 4 7 1 1 [ 6 4 w03 17| 0.061 0201
1L30AM | 1245AM I I q 1 1 4 [ | m s o 03 18 0,009 0.059]
1245M | 100AM T %) % 2 1 g 1 f [ o s 5 o 03 19 0.044] 0266
T00AM | L15AM a0 ] wm A 4 4 [ 1 13 3 [ o s 5 o o 3 0.068] 0529
L15AM | L30AM wl o m 3l 3 2 3 g 2 4 0 |G 4 013 05 1 0.063] 0375
130AM | 145AM - R 2 4 1 1 q 1 | e Y 3 0,063 0375
145AM | 200AM e w] %) % PR 3 g 1 ] 1 R 4 o o 2 0.064] 0239
200AM | 215AM W w k| 4 2 5 f 1 4 0 I 4 018 04 15 0.053 043
215AM | 230AM W  w  m FE 1y R 1 1 [ o a0 4 w03 17 0,031 046
230 | 225AM w o 3] [ 2] 1] 1 1 5 [ | o 3 G Y 18 0,055 0371
245AM | 300AM u  wy 4 I El 1] f g 1 0 o 1019 3 015 04 13 0.064 0279
300AM | 315AM 257 503] 167} SSI 571 43 2| 8 10 4 0 0 1106 5| 0.15) 03 2 0.061 0.201]
315AM | 330AM al s 1 % 60 4 2 1 g 3 [ | o s o 03 i 0,009 0.059]
330AM | 345AM al  w m 71 7 3 1 § 1 q 1 | s s o 03 % 0.044] 0.266
345AM | 400AM 141 34 115 4] 63) 49 13 7 7 2 1 [ 785 3| 0.15) 03] 21] 0.068] 0529
400AM | 415AM w s 1 % 4 A A 3 13 1 [ | o Y 15 0.063] 0375
415AM | 430AM I T 3l 7 3l 1 g 19 1 1 o 08t Y 18 0,063 0375
430AM | 445AM al  wm k| 3 2 I 3 3 0 0 o am 5 013 03 % 0.064 0239
445AM | 500AM a9  w|  wm A 4 I A P 3 1 [ o 0% 4 gl 03 ) 0,053 043
500AM | 515AM W s 4 6 4 % 3 f 0 [ o 109 4 Y 2 0,031 044
515AM | 530AM 2 sl 18 x| 7 4 Y P 4 2 0 o 1 5 Y % 0,085 0371
530AM | 545AM m w15 I 1 § g 1 [ | o Y U 0.064 0279
545AM | 600AM W oo % 6] I 19 1 P 0 [ | s 5 ol 03 % 0,061 001

TOTALS 6705 | 16698 | 7092 | 133 [ 202 [ 129 [ as | we [ a0 [ w9 [ u 0 36411] 4.1041667] 0.14229167] 0.3729167] 1835416667 0055145833 0.360020833

1.18



ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: WAIYAKI WAY Count Location: UNPT 02 Period of St
Enumerators name MOSES Weather: Day of the Week: THURSDAY
Approach from Both directions Date: 14/11/2019
Start Time (hour): 600 AM Finish Time (hour): 6:00PM
Time (hour)
. Medium
Large Bus Light Trucks (2 Artics / 01»her
. Jeeps/ | . Trucks 2 Heavy (Agricultur
From To  |Motorcyle P(r:lvate st Prekupvan Matatu 9| - Small e2r axles aes, s €A Draw-bar| tractors, | Total
s | 4 vehicle H 25seats) | buses [passengers single rear Double 4 axle Trucks (>4 rader ’
yve ) (sing rear ) ades) | © traffic
e | eels) €€) | volume | COPPM [NOX PPM [sOXPPM |PM25ugi [HCHO g |TVOC i
600AM | 6:15AM 57 450) 154 %) 58 7 2) 6 4 5 0 0 786 ) 012 03 9 0.064 0426
615AM | 630AM 7 ) 20 2 63 8 2 5 17 5 0 0 017 3 oy 02) 11 004 0261
630AM | 645AM 9 655 21 3l | 7 2 6 2 5 1 of st o 05 8 0.039 0259
645AM | 700 AM 7 504 23 P 7] 8 19 7 12 B 4 )| 1062 3 0.14 02 7 0.034] 0.227
T00AM | 715AM 4 3 129 2 4] 8 16 8 4 4 0 0 659 50 013 04 5 0.039 0223
T15AM | 730AM 64 410) 167] 2 53] 7 21 5 16 4 0 0 768 4 oy 04 7 0.064 0.224)
730AM | 745AM 7 546 180] 2| 78] 6 19 8 P 7 5 0 975 3 0.14 05 B 0.065 0.239)
T45AM | 800 AM 2 45 186] 3| 58] 7 2 1] 1) 4 3 0 898 4 oy 05 5 0.064 0.239]
B00AM | 815AM 80 0] 18] 2| 5] 6 3 8 13 B 1 0 890) 5 0.14 03 10) 0.053 0.435|
815AM | 830AM 67 557 | 2| 8] 7 2 14 13 1] 0 o[ 1000 5 0.14 05 10) 0.031 0.446
830AM | 845AM 107 58 215] | 4] 6 16 2 13 ) 1 of 1047 3 043 03 29 0,055, 0374
845AM | 900 AM 115 547 210] 3] 69] 8 %) % 2 3 3 o[ 107 2 0.13 04 18 0.064 0.279
900AM | 915AM 128] 8 266 4 5] 5 1 6 15 4 1 of 1313 3 043 03 29 0.061, 0.201]
915AM | 930AM 118 570) 28 4 3| 7 1] 12 7 o 0 of 1050 4 o3 05 2 0.064 0327
930AM | 945AM 1] 674 37 2| 3| 4 13 6 8 1 0 of 1116 5 0.13 05 15| 0.065 0429
945 AM | 1000 AM 145 665, 21 71 59] 6 1 9 7 1 5 o 1166 5 0.13 04 24 0.058 0.389)
1000AM | 1015 AM 120) 665] 20 2 4] 5 8 6 6 ) 3 of 113 5. 048 03 19 0057 0413
1015 AM | 1030 AM 117 587] 250] %) 4 8 8 11 4 3 1 of 107 4 o1 04 2 0.067 0355
1030 AM | 1045 AM 122 716] 1] 7] 5 7 Y 8 4 1 0 o 13 4 o1 02) 23 0053 0376
1045 AM | 1100 AM 161 640 259 3 4 6 1 13 6 4 3 of  uns 3 016 05 23 0.046 0414
1100 AM | 1115 AM 130 731 253 3 4 4 1§ 1) 13 1 ) o 1oa1 4 01 05 30) 0.043] 0.112)
1115 AM | 1130 AM 169 870 2% 2 53 4 13 10 1] 0 6 of  un 4 o019 05 2 0.049] 0291
1130 AM | 1145 AM 139 643 3 3] I 6 10 8 5 4 1 of 1 5. 016 05 16 0.065| 0259
1145AM | 1200PM 13 667 219 2 56 5 16 19 8 2 1 o 1m ) 016 03 15 0.064] 0212
1200PM | 1215PM 122 625 280 4 4 5 2 1 P 3 0 of 189 3 016 02) 18 0.069] 0.269|
1215PM | 1230PM 115 505] 20g] [ 70 6 1] 13 1 5 ) 0ol 1095 4 0.18 03 7 0.063 0.256|
1230PM | 1245PM 113 620] 195] 3 110) 7 18] 13 14 o 0 of 124 5 0.18 03 18] 0.067 0.198]
1245PM | 100PM 137 500 206 3 62 5 | 19 19 0 B of 1018 50 048 03 19 0.067, 0.135|
100PM | 115PM 118 510 210] 7] 8 6 2 15 1) 1 4 of 1015 50 o1 04 23 0.061 0109
L15PM | 130PM 114 501 21| ) 9| 7 1§ 17 13 4 3 o 1015 5 015 05 17 0.054| 0.134
130PM | 145PM 116 552 193 %) 58] 10 17 1 2 3 1 o 1001 5045 04 23 0061, 0.8
145PM | 200PM 150 525 182 | 56| 5 19 16 4 1 0 0 997 4 o5 04 2 0071 095
200PM | 215PM 28 557] 20 3 63 10 1] 19 8 4 1 of 1% 4 o1y 04 15 0.075 0.51]
215PM | 230PM 259 553 185 4 7 10 4 2 21 4 1 of 107 4 o1 03 17 0073 012
230PM | 245PM 17g] 557 206 4 %) 7 15 6 10 5 0 of 3 015 04 18 0078 0415
245PM | 300PM 118 a8 190 4 5 6 1) 13 1 7] 0 0 833 3 043 04 13 0.069) 0.0
300PM | 315PM 160] 567 191 3| 4 9 9 13 10 2 1 0 673 ) 043 03 2 0.073 0.16]
315PM | 330PM 190 3 170 3| I 5 19 1 13 0 6 0 974 ) 013 03 21 0074 0059
330PM | 345PM 141 453 166 3| &) 7 1) 10 6 5 1 0 919 3 013 03 2 0071 0128
345PM | 400PM 171] 5] 185] 4 57 6 2 2 10 ) 1 0 962) 3 0.13 03 2 0.075 0.019
400PM | 415PM 183 545 21| 0| 56 1 1 1 3 3 0 ol 1082 5 0.14 04 15| 0.079 0.129
415PM | 430PM 0 53| 180] 3| 57 6 15 1§ 5 1 0 of 1057 5 0.14 04 18] 0.078 0.178
430PM | 445PM 14 a5 185 2| 97 8 15 10 8 3 0 0 945 50 014 03 2 0.074 078
445PM | 500PM g ats| 13 3 55 5 1Y 1) 11 1 9 0 666 4 o 03 2% 0077 0.148
500PM | 515PM 107 )| 170 71 59 1 8 1) 4 3 1 0 812 4 o 04 2 0.067 0139
515PM | 530PM 160 486, 161 ) 62 6 16 13 7 2 1 0 952 5 016 04 2 0.068 0025
530PM | 545PM 107 506 166 4 %) 7 18 9 17 8 5 0 978 5. 016 04 2 0.069] 0.096]
545PM | 600PM 157, 697 584 4 5 6 2| 2 17 o 3 of 1610 5 016 03 2 0.067 0135
TOTALS 6058 | 26672 | 10403 | 1624 | 2954 | 32 841 | 599 529 166 87 2 23,873| 3.8958333] 0.1466667] 0.3708333]  18.3125] 006225]  0.2221875]

1.19



ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: WAIYAKI WAY Count Location: UNPT (2 Period of St
Enumerators name MOSES Weather: Day of the Week: THURSDAY
Approach from Both directions Date: 141112009
Start Time (hour): 600PM Finish Time (hour): B00AM
Time (hour)
. Medium
Large Bus Lt Trucks (2 Artics / OFher
) Jeeps/ | . Trucks 2 Heavy (Agricuttur
Fom | To [Motorcyle PIVGEE | g PR M (31 Small | (217 - s Trucks (3, Draw-baralmm
Cars ) s | 25seats) | buses  [passengers| . Double Trucks (>4
ty vehicle ) (single rear r 4axle) aiks) grader
M) | pesk) ) COPPM [NOXPPM [SOXPPM _[PM25ygin? [HCHO mgin? [TVOC mi?
600PM | 615em FEE Y 1 b 4 5 0 o 1 w03 9 0064 042
615PM | 630PM n  w wm o w L S 5 0 VI 1 o 0 1 0044 0261
630 | 6eepM W e m  u @ ] a N 5 1 o 151 1 o 05 8 0039 0259
s | 700pM e f 4 VR I w0 7 003 02
T0PM | 7150M I 4 4 0 | 1w o 5 0039 023
715M | 730M o a] e A s a d 4 0 o { o o 7 0064 024
T3P [ 7460M I o ] o 7 5 o m ] u 05 5 0065 0239
EIE 0w w  ® 1 o d 4 3 o s 4 08 5 0064 023
800PM | 815pM o w w o w o 4 5 1 T 10 0053 043
8152M | 830PM G 1 o W g o 0 o 1o 5 o 05 10 0031 0446
830 | eepm L p 1 R o 03 Y 0055 0371
8P | 900PM e § o # » g 3 | 106 Y 1 004 0209
900 | 15pm v m w4 s u o 1 4 1 o 13 o 03 X 061 0201
9152 | 930pM = 1 1 1 § 0 o 100 1 o 05 2 0064 0307
93eM | gsepm w e ¥ ® { 1 b 8 1 0 o 1 5 o 05 15 0065 0429
9N [ 100PM w e m  a w I 9 1 1 5 o 16 o o Pl 0058 0369
1000PM [ 1015PM w e m A 4 5 B b b 2 3 o 5 o 03 19 0057 0413
1015PM | 103PM I B 1 4 3 1 o 1on 4 o o4 2 0067 035
103PM [ 1045PM w  m  w A s B 4 1 0 | 1 1 o 0 3 0083 0376
106°M | 1100PM o ]  m H @ o u b 4 3 o 1% o] 05 3 0046 0414
1L00PM | 1115PM R W 9 ! 2 | 1 4 o 05 Fl 004 0112
1LIPM | 13PN w o w4 8  q o o 0 § | un 4 o 05 % 0049 0291
103PM | 1145PM w el wml d s o u 5 4 ! | 50 o 05 16 0065 0259
106N [ 12000 w el w W w ] W 8 2 1 o 1 1 o 03 15 0064 0212
voen [ sem |l e m el e W W w 3 0 o I o 02 18 0069 0269
1215M | 12300 R o ] 5w 5 P | 0% 4 o 03 i 0083 0256
1RIAM | 12458M w o w  a w7 W W § 0 | ux 5. o 03 18 0067 0.198
1265AM | 100AM EE Y 0 B o 1o 5 o 03 19 0067 013
LAM | L15AM T - 1 4 o 101 Y Y 3 0061 0.109
LISAM | 130M E 1 W 1 4 3 o 101 5 o 05 i 0054 0134
1AM [ 15aM N 2 3 1 o 1o 5 o o 3 0061 0118
1AM | 200M R I 4 ! 0 | W 1 s o 2 00 01%
2000 | 215AM e g 4 1 | 1 Y 15 0075 0151
215AM | 230AM I 4 1 o 1w 4 o 03 1] 0 0.1%
20AM | 265AM m s w4 1 5 1 5 0 o un G 18 0078 0115
25AM | 300AM I I T 7 0 [ o o 3 0069 0102
300AM | 32540 R 9 [ P ! | R E 2 003 0116
315AM | 330AM w e m W 4 . 6 1y 0 5 I 1wyl 03 2 004 059
33AM | 385AM wl  m W H 1 o b 5 1 T o 03 % 00y 0128
345AM | 400AM m w w4 o o 2 1 | W o 03 2 005 019
400AM | 41540 W w wl w s g w 3 3 0 o 102 o o 15 0079 0129
415AM | 430AM N I 5 1 0 | 105 w4 o 18 008 0178
130AM | a5 w  w w w W I 8 3 0 | 5 o 03 % 004 0178
445AM | 500AM I . o 1 1 9 o e T Pl 0077 0.148
500AM | 515AM w  w  wml A w 1 4 3 1 VEY 1 o o Pl 0067 013
515AM | 530AM w e w  w e o 6 T p 1 | w 5. o 04 % 0068 0025
53AM | 5tEAM I 1 B S 8 5 o o 5 o 04 Hl 0069 00%
545AM | 600AM 5 o o 1 § 3 o 1610 o] 03 % 0067 013
TOTALS 608 | 26672 | 10403 | 160 [ 2050 [ aw | e | s [ s [ e [ a1 | 2 | oamaf asoseans oseeesr] oarossse]  teaws]  ooexs] 022081y

1.20



ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: WAIYAKI WAY Count Location: UNPT 02 Period of St DAY
Enumerators name MOSES Weather: Day of the Week: FRIDAY
Approach from Both directions Date: 1511112019
Start Time (hour): 600AM Finish Time (hour): 600PM
Time (hour)
) Medium
Large Bus Lift Trucks (2 Artics | OFher
) Jeeps/ | . Trucks 2 Heavy (Agricultur
Fom | To|Motorcyle B T e e I G A L @, Dra-bar dtractors,
Cars . s | Dseats) | buses  fpessengers| Double Trucks (>4 Totl
ty vehicle ) (single rear e 4axk) i) grader waffc
M) | pee) ) | vohume | COPPM [NOXPPM[SOPPM_[PM28yght [HCHOmgint [TvOC myie
B00AM | 615 AM . m m W 6 5 5 2 1 0 0 o o o 03 g 0064 04%
615AM | 630AM o ]  m  u sl 4 B 3 1 1 0 o sl o o il 004 0261
60AM | 645 AM B m w4 2 8 1 2 0 0 o 1 o s g 0039 0259
65AM | 700AM I 5 2 1 0 o 65 1 o w 7 003 02
TO0AM | 715AM Y 5 2 5 1 0 o Y 5 0039 023
715AM | 720AM w  wl w8 W 3 4 2 1 0 o Y 1 0064 02
TAM | 75AM v x w W H 2 § 2 3 0 0 o s o 05 5 0065 0239
TH5AM | 800AM Y 3 B 3 3 3 1 S 4 o 05 5 0064 0239
B00AM | 615 AM wW o om w6 & 5 3 5 2 1 0 o 5 1 o 03 10 053 043
815AM | 830AM Wl w wl W W 7 2 3 0 0 S 4 o 05 10 0031 0446
830AM | B5AM W m  m A 3 7 4 4 3 1 o 7 3 os 03 Y 0055 0371
85AM | a0AM w  w  ml a4 6 b 0 0 o oty Y 18] 0064 0219
900AM | 415 AM o wml W 4 I b 1 0 o I o 03 % 061 0201
915AM | 530AM m o w W W 1 4 b 3 1 o o 4 o 05 2 0064 031
90AM | at5AM W af  w] W W 1 g 4 1 0 o 08 05 15 065 049
osan (oo | w4 2 0 6 5 1 0 | LY 4 058 0389
wman [ osam | m s o # s 1 1 5 E 1 0 o 3 o 03 19 057 0413
wsAM [0 | m o w4 w0 1 2 1 8 4 0 o o Y 2 0067 035
wnan [osan | w2 ] w s 1 2 6 5 1 1 o o o w 23 053 0376
106AM | 110AM w ol w1 4 5 1 1 [ [ 3 o 05 3 0046 0414
uoam [sam ] o wl  m W W 3 3 5 1 0 | 1 o 05 % 004 0112
wsA [ | wl il om] W @ 1 4 b 3 1 o & 3 os 05 % 0049 0291
EIETIEE: 1 : 4 1 0 o 1 o 05 16 0065 0259
1145 AM | 1200PM w o w A w2 0 b 5 1 0 o w7 o 03 1] 0064 0212
1200PM | 1215pM T 5 5 8 2 0 [ 1] 0069 0269
piem [ oaoen | ml wl a]  af w4 1 6 E 4 1 [ ] 0083 0256
poem [ esen | wd w ] W 84 v b 1 0 o s 5 of 03 18] 0067 0.199
124500 | 100PM N 3 g 1 1 0 o sl 5 o 03 19 0067 013
100PM | 115PM W  w  m s 2 2 1 1 1 0 o o F Y A 061 0109
L15PM | 130PM T 2 g o v 5 0 o o 4 o s 1] 054 013
L0PM | 145PM I 1 3 g 1 2 1 o ol Y 3 061 0118
145PM | 200PM wl w4 w 2 B 1 1 1 0 o o o 2 0 01%
200PM | 215pm w om  m W 2 5 5 8 2 0 o s Y 15 075 050
21500 | 230PM al ] W 1 1 6 E 1 1 o o 4 o 03 1] 0073 012
230PM | 245PM W w  m g w 4 | u b 1 0 o s 3 of o4 18 0078 0115
250 | 3mpm W W w4 M 3 0 g 7 1 0 Y 13 0069 0102
300PM | 315PM w wm w A W 2 2 1 1 0 o & 3 o 03 2 0073 0116
3t5PM | 330PM = 2 g o o 5 0 o o o 03 2 0074 059
30u | 3P e 1 3 g 1 2 1 o ot I o 03 % 0 0128
30 | 40P I 2 § 1 1 1 0 o o 03 2 075 019
400PM | 415PM W  w m W 1 o w 2 2 o o Y 15 0079 019
4150 | 430PM 6  w w6 5 7 B 8 3 2 o a0 Y 18 0078 0178
10pM | 4t5PM W  w ml A 0w 2 5 4 5 o oy 1 o 03 % 0074 0178
4450 | 500PM m e wm ¥ w 2 2 3 b 2 2 o 4 o 03 4 0 0148
500PM | 515PM W wm m A w 3 4 0 0 o Y 2 0067 0139
515PM | 530PM w  ®m @ s & 1 2 1 3 1 1 o a1 Y % 0068 0025
530PM | 5t5PM W W w8 w 3 R 4 ) 1 1 o o LY 7l 0069 008
5P | stpu m w w4 2 E 1 4 1 | 1 5 o 03 % 0067 013%
TOTALS soat [ 1265 [ oart [ aase | oo [ [ [ ws [ e | w0 [ [ 0 s ameeesr]  os[oamesss]  te3ws|  ooems]  o2zuem

121



ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: WAIYAKI WAY Count Location: UNPT(2 Period of St DAY
Enumerators name MOSES Weather: Day of the Week: FRIDAY
Appraach from Both directions Date: 15/11/2019
Start Time (hour): 600PM Finish Time (hour): 600AM
Time (hour)
. Medium
Large Bus L Trucks (2 Artics / OFher
) Jeeps/ | Trucks 2 Heavy (Agricuttur
Fom | To | Motorcyle PIvGle | g PEKCPRn M Q- Smal (21| T ) s Trucks (3, Dra-bar altractors,
Cars ) s | 25seats) | buses [passengers| . Double Trucks (>4
ty vehicle ) (single rear . 4 axle) alks) grader
e | pesk) e) COPPM |NOX PPM [SOXPPM [PM25gi¥ |HCHO mgie _[TVOC mn?
600PM | 615PM . w  m AW W 5 5 2 1 0 0 o 6% 1 o 03 g 0084 0426
615PM | 6a0PM W w w3 4 b 3 1 1 0 [ 11 004 0261
630 | 6t5pM R Y 2 B 1 2 0 0 | 1 o 05 8 0039 0259
65PN | 700M EE 4 b 2 1 0 | 6 1 o w 7 0034 01
T0PM | 7150M I 2 5 2 5 1 0 | Y Y 5 0039 023
T150M | 730M w ] w8 W 3 4 2 1 0 o 4 Y 7 0084 024
T3PM | 7460M 7 2 b 2 3 0 0 I I o 05 5 0065 0239
70 | so0Pm o w  w A 4 3 6 3 3 3 1 | 5% 4 o o 5 0084 023
B0PM | 815pM w o w6 6 5 3 5 2 1 0 [E YR 1 0053 043
8152M | 83pM W w w A W 2 7 2 3 0 0 T 4 o oy 1 0031 0446
8300 | 4epm w s m ] w 3 1 4 4 3 1 o o 03 % 0055 0311
840 | 900pm W w w4 1 b 6 0 0 o 615 1 o o 18 0084 0219
0 | g1zpm w  w wl W g { 4 b 1 0 | s o 03 Y 0061 0201
9150 [ 93pM m o] e W w 1 4 b 3 1 | 4 o o 2 0064 037
93PN [ 94ePM W a e W w3 1 8 4 1 0 | . 05 05 15 0065 042
95 | 100M w o w4 H 2 0 5 5 1 0 o Y X 0058 038
100 | 1015PM w s wm 1 1 5 8 1 0 | o 03 1y 0057 0413
10152M | 103PM % w4 W 1 2 7 8 4 0 | Y Y 2 0067 0355
1030 | 1060 m w w4 1 2 6 5 1 1 o 4 4 o 0 % 0083 0376
10 | 110PM w w w1 # 1 4 5 1 1 0 [ 1 o 05 % 0046 0414
1100 | 1115PM |  w m W  w 3 3 5 1 0 R 1 o 05 A o o
1115 | 113PM w ] m W e 1 4 b 3 1 o el 3 05 05 % 0049 0291
113PM | 1145M w  m  wl A a3 1 8 4 1 0 [ 1§ 0065 0259
11600 [ 12000 w o w  a W 0 b 5 1 0 | w7 o w 15| 0064 0212
vooem [ osem | ] [ m[ o 5 5 8 2 0 o s o w 1y 0069 0269
12154M | 12908M 2w A 1 f g 4 1 | w4 o 03 il 0063 0256
1230M | 1245AM I 4 {1 f 1 q DT 5 0 03 1 0067 098
126AM | 100AM W W w4 W 3 9 7 1 0 o sl o 03 1y 0067 013
100AM | L15AM W w  wm s P 2 1 1 1 q | 46 o] o4 3 0061 0.109
LIEAM | L30AM W w w4 2 1 w0 5 0 o 85 4 o oy 17 0054 0134
1AM | Lt5AM A w w7 1 3 ) 7 2 1 o 6 Y % 0061 011
145AM | 200AM o o  m 4w 2 6 7 1 1 0 o 4 o o4 2 0011 01%
2000 | 21540 w m m W o 2 5 5 8 2 q [ T Y 15 0075 0151
215M | 230AM wl ] m W 1 1 f g 4 1 T 4 o 03 17 0073 0126
230M | 2680 W wm  w @ w 4 [ o b 1 0 o s Y 1§ 0078 015
245 | 300AM w w w4 M 3 0 f 7 1 0 Y 1 0069 010
300AM | 315AM w w w A W 2 2 1 o 1 q | I o 03 2 0073 0.116
35M | 330AM LR 2 1 o u 5 0 DI o 03 2 0074 0059
330M | 346AM I 1 3 E 7 2 1 o 6 o 03 % 0071 0128
305M | 400AM w w  ®m o W 2 b 7 1 1 0 | m o 03 2 0075 0019
400AM | 415AM o m m W m 1 o 2 2 | m Y 15 007y 0129
415M | 430AM o ® w9 1 8 8 3 2 T Y 18 0078 0178
130M | 445AM R 2 5 4 5 o 6 1 o 03 % 0074 0178
445M | 500M m w  al  H s 2 2 3 b 2 2 | 4 o 03 X 0077 0148
500AM | 515AM W m m W 3 4 0 0 o T Y 2 0067 0139
515AM | 530AM o ®m @ s w 1 2 1 3 1 1 o o5 04 % 0068 0025
530AM | 545AM D 3 B 4 9 1 1 I G X 0069 0.0%
5450M | 600AM 0 2 B 1 4 1 o 61 05 03 % 0067 013
TOTALS gos [ w35 [ o | s [ oo | o [ m [ ws [ w [0 [ 1w 0 ] aateeeer]  os[oaromess] 18318 0068 020018

1.22



ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

Road/Link Name: WAIYAKI WAY Count Location: UNPT 02 Period of St DAY
Enumerators name MOSES Weather: Day of the Week: SATURDAY

Approach from Both directions Date: 16/11/2019

Start Time (hour): 600AM Finish Time (hour): 600PM

Time (hour)

. Medium
Large Bus L Trucks (2 Artics / Ot.her
Private Je?ps I.. pickup/van (Matatu 9| Small | (27 ks 2 axles, Hey Draw - bar (Agrutur
From To  |Motorcyle Cas 4WDs/yt||| s |zmseas) | bises [passener .axles Doubl Trucks (3, Trgks o4 altractors, | Tota|
ty vehicle ) (single rear] e daxle) ates) grader traffc
D | el )| vole | COPPM |NOKPPM{SOUPPM _[PM25ygit [HCHO mghne [TvoC mgh

600AM [ 65AM 2 & s 9 s 1 b 4 5 0 o [ ol 03 9 0065 049
615AM | 630AM n e A w R I 5 0 | w 1 o u 11 0058 0369
630AM | 645AM o e o  a o 1 2 N 5 1 | sl oM 05 8 0057 0413
645AM | T0AM I I 1 1 6 { I 108 1 o 02 7 0067 0355
T00AM | 715AM R I B 4 4 0 [ I Y 5 0083 0376
T15AM | 730AM o w  w] a s 1 5 1 4 0 o 768 I Y 7 0046 0414
T0AM | T45AM I 1 I 7 5 | o 1 o 05 5 0066 0447
T45AM | G00AM 0w ] # s 1 o a1 4 3 o se 4 o of 5 054 033
B00AM [ 815AM o o w2 w R I 5 1 | sl 4 o 03 1 0065 0402
815AM [ 830AM I 1 2 W oy 0 1w 1 o 05 1 0064 0564
830AM | 85AM L 6 a2 2 1 | 1 oy 03 Y 0069, 0415
85AM | 9t0AM L Y 3 3 o 10 Y 1 0083 0526
900AM | 915AM w w4 s I 1 4 1 | 1y 1 oyl 03 Y 0067 0598
915AM | 930AM R 1 7 b 0 L 4 ol 05 2 0067 0435
90AM [ 95AM w e m H ® { B b B 1 0 o 1 5 ol 05 15 0061 0459
o [omoaM | w| e o ] ® I g 7 1 5 o 1 I Y X 0009 0059
oA [osav | ] e ] a4 5 B b b 2 3 o us 5 ug 03 1y 0044 0266
o [0 ] ] m @ 4 : § 0 4 3 1 | n 0 o o 2 0068 059
oM [wsav | w  m|  a  a]  sl 1 B 4 1 0 | s 1 o 0 3 0063 0375
s [uoav | w| el m ¥ o u B b 4 3 o s o 05 % 0063 0375
umam [usav | @ ml w6 W 1 1 2 [T 3 ol 05 3 0064 0239
wsav [ uoan | w4 w 9y 0 0 b | un 1 o 05 % 0053 043
upav e | w el @ w8 [ g 5 4 1 o um 1 o 05 15 0031 0445
105 AM | 1200PM W e m [ : 2 1 | 1 o 03 15| 0055 0371
1200PM | 1215PM w s w4 4 I 3 q o 189 1ol 02 1] 0064 0219
1215PM | 230PM G I 5 2 o 108 4 ol 03 1] 0061 0201
1230PM [ 1245PM wl o w W 1 W 9y b 0 | um 5 g 03 1§ 0009 0059
125PM | 100PM LE . o w 0 b o 1o 5 o 03 19 0044 0266
10PM | 115PM = E I 1 4 o I Y 3 0068 0529
1150 | 130PM TEE 1 0 4 4 3 o w0 4 o 05 17 0083 0375
130PM | 145PM I T 2 3 1 DT 4 o o4 3 0083 0375
15pM | 2mpm W o w4 s I 4 1 0 | W 1 o o 2 0064 0239
200PM | 215PM G 8 { 1 | 13 4 om0 15 0053 0435
25PM | 220PM I 4 1 o 1 4 o 03 1] 031 046
20PM | 25PM I 1 5 1 5 0 | un I Y 18 0055 0371
25PM | 300PM w w4 1 5w 7 0 IS 1 oy o 13 0064 0219
300PM | 315PM w s w W @ 9 I 2 1 | o 03 2 061 0201
35PM | 330PM w s m ® 8 . 6 1 0 b I 1 oy 03 2 0009 0059
330PM | a45PM wl  w  w  #  w 1w b 5 1 | o o 03 A 0044 0266
35PM | 400PM ol ] w4 W a2 2 1 | 1 oyl 03 2 0068 059
400PM | 415PM W s o oy s o 3 3 0 o 1w 1 o o 15 0083 0375
415PM | 420PM I I 5 1 0 | 08 1 o o4 1§ 0063 0375
130PM | 4gPM w w3y W 8w B 3 0 | W 1 o 03 % 0064 0239
4450 | 50PM R . 4 1y 1 1 9 o 6 1 o 03 A 0083 0439
500PM | 515PM w  w]  m s n § 4 3 1 | I Y 2 0031 0445
515PM | 530PM w @ s ¥ W 6 1 1 2 1 | w 5 o o % 0055 0311
530PM | 545PM o 1 g 1 8 5 | oW 5 om0 A 0064 0219
56PM | 600PM I . 2 1 b 3 o 1610 5o 03 X 0061 0201
TOTALS 6058 | 26672 | o403 | neoe | 2o | aw | sm | s | s | w6 | a1 | 2 | 4osee | 2atee067] 0.1466067]0310633%3  18315] 0055145833 (0360020833

1.23



ANALYSIS OF MANUAL CLASSIFIED TRAFFIC VOLUME COUNT - NORMAL TRAFFIC

RoadLink Name: WAIYAKI WAY Count Location: UNPT(2 Period of St DAY

Enumerators name MOSES Weather: Day of the Week: SATURDAY

Approach from Both directions Date: 16/11/2019

Start Time (hour): 600PM Finish Time (hour): 600AM

Time (hour)

. Medium
Large Bus Lt Trucks (2 Artics / OFher
) Jeeps/ | . Trucks 2 Heavy (Agricultur
Fom | To |Motorcyle ngate | PPV VARG Smal ) PI  as Trucks (3, DFl-4r | s, Total
ars ) s | 25seats) | buses [passengers| . Double Trucks (>4
ty vehicle ) (single rear i daxle) aiks) grader traffc
M) | e %) | yohume | COPPM |NOXPPM SOPPM _[PM2SugiiHCHO mginé[TvOC mgh

600°M | 652M g s m  ®  w 1 o 6 4 5 0 8 o 03 g 0065 049
615PM | 630PM n @ wm o L 5§ 1 5 0 | w Y 11 0058 0369
63PM | 6t6pM T 1 2 5 1 st 1 o 05 B 0057 0413
Su5PM | T00PM I I 1 f 4 1 16 I o 0l 7 0067 0355
T00M | 7150M R [ 4 4 0 [ Y 5 0083 0375
T15M | 730M o w  w A 0w 1 d % 4 0 | 768 Y 7 0046 0414
T3PM | 7460M I . o ] x 7 5 | s o 08 5 0.066 0447
T45PM | G00PM PG 1 4 3 0 esl o 08 5 0054 0334
S00PM | 615PM o e w2 W 4 § 5 1 0 el 4 o 03 1 0065 0402
8152M | 83M 0w  w A ® 1 o W 9w 0 o uw 4 o 0s 1 0084 0564
83PM | g46M L 2 1 o 10 1 ol 0 0069 0415
845 | 900pM w s a @ e W H 2 3 3 o Y 1§ 0063 0526
900 | 9150M w o w4 s 5§ i 55 4 1 [ o 03 Y 0067 0508
9152M | 930M I 1 1 7 b 0 DI 4 ol 05 2 0067 0435
93P | gtepm w  al  w ¥ ® { 1 6 8 1 0 o o 05 15 0061 0459
94EM | 1000PM W w w7 W o 1 g 7 1 5 0 16 ol o4 7 0009 059
100PM | 105PM m e m AW 5 B 6 6 2 3 DT o 03 1y o 0o
101PM [ 1030PM w  w  m % 4 B § 0 4 3 1 o un Y 2 006 05
1030 | 1045PM w  m  w  a s 1 o 8 4 1 q [IE ol 02 3 0063] 035
1060 [ 110pM o e m ¥ 4 o 6 4 3 | um o 05 % 0083 0375
1100PM | 1115PM w  n w8 W o 1 2 DT o] 05 R 0064 0239
1L1PM [ 130PM w w4 s {9 0 B | 1 om 05 % 0053 043
1300 | 1145PM W o w9 8 1 8 5 4 1 | 1 1 o of 1 0031 0446
11PM | 12000 W & m ® s I g P 1 | I 1] 0055 0371
poem [ sen | 1] e ] 4] 4 Y 3 0 o e 1 o 1y 0084 0279
1215AM | 1230AM CEE ] 1 v 5 P | g d ol 03 1] 0061 0201
1230AM | 12050 w  al  w W owm ] Wy b 0 [ ol 03 18 0009 0059
124580 | 100AM LEE I q f | 108 5 g 03 19 0.04] 0266
100AM | 1150 R 8  #®  n 1 4 | LY 3 0.066] 05
LIAM | 130AM R 1 W 4 3 DTS o 05 17 e 03
LHAM | 1580 G 2 3 1 | o Y 3 0063 0375
1AM | 200AM EE S 4 1 0 | W 4 o od 2 0064 0239
2000 | 215AM G 8 4 1 | 113 q om od 15 0053 0435
215N | 230AM EEE Y 4 1 | 1 ol 03 1 0031 0446
20AM | 2650 G 1 5 R 5 0 | o o4 18 0055 0371
25N | 30AM I o o W 0 [ I o 04 3 0064 0279
300AM | 35AM G 9 1w 2 1 | o 1 ol 0 2 0061 0201
315AM | 330AM w e m ¥ 4 . 6 g 0 5 | o 03 2 0009 0059
M | 345AM W s w ¥ w 1 o f 5 1 T I ol 03 % 004] 0266
345AM | 40AM o w4 o o 2 1 | W 1 o 03 2 0088 05
400AM | 415AM w s m  w s u v 3 3 0 | e Y 15 0083 0375
415AM | 430AM o s m ¥ w o 6 5 1 0 | g 1 o o4 1§ 0063 0375
130AM | 425AM w  w  m @9 I 8 3 0 | 1 o 03 % 0084 0239
445AM | 5O0AM o o  m w5 . o 1 1 E o 6 4 o 03 X 0083 0435
S00AM | 515AM o  w]  wml A s o § 4 3 1 | 4 o od 2 0031 0445
S15AM | 530AM w e ] @ W 1 1 7 2 1 | ) o] 04 X 005 07t
SHAM | 5u5AM o 1 n J 1 8 5 | o S Y Z 0064 0279
55AM | 6O0AM S I b 3 160 5 o 03 % 0061 0201
TOTALS 608 | 26672 | w03 | e [ asee | aw | e [ 5w [ 5w [ e | & [ 2 [ aamee [ 3a160667] 0460670308333 183125 005514683] 0360020833

1.24




