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Figure 1: Map showing the Kaiso Tonya Valley and the proposed alternative locations of the EPS  
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8.  Project Description 
 
8.1 Introduction 
 
The development plan is to build an Early Production 
System (EPS) rated at 4,000 barrels per day (bpd). 
Production wells (Kaiso Tonya Area) and injection wells 
will be connected via flowlines to the central processing 
facility of the EPS. The oil has a high wax content and this 
leads to a high pour point (40oC). In other words if the oil 
reaches any temperature below 40oC it will solidify. It is 
thus not easy to transport the oil over large distances as it 
will need to be heated resulting in unacceptably high 
costs. 
 
The 4,000 bpd of oil will be fed into the EPS to produce 
3200 bpd of Heavy Fuel Oil (HFO), 500 bpd of diesel, 120 
bpd of kerosene and 180 bpd of naptha.  The HFO will be 
used to generate electrical power export of 50 MW with 
new transmission lines for the export of electricity. All 
other liquid products will be exported by road tankers. 
There is also likely to be residual HFO over and above 
that required for power generation, and this will also be 
exported by road. A market for naptha is yet to be 
identified but it is generally a high value product sought by 
refiners. Gas produced on the plant will be used locally for 
power or heating. A diagram of the proposed EPS facility 
is presented in Figure 3. 
 
8.2 Alternative locations of the EPS 
 
A number of alternative sites are being considered for the 
location of the EPS. Each site will be assessed against 
environmental and social criteria and the selected site will 
be subjected to a more detailed impact assessment. 
 
Alternative 1: Within the Kabwoya Wildlife Reserve as 
close to Mputa 1, 2 and 3 wells as possible. 
 
Alternative 2: Further East outside the Kobwoya Wildlife 
area i.e. within the Kaiso Tonya Community Wildlife Area 
on the opposite side of the Hohwa River. 
 
Alternative 3: Within the Kabwoya Wildlife Reserve but 
more south of Mputa 2 and 3 close to the base of the 
escarpment. 
 
Alternative 4: Outside both the Kabwoya Wildlife Reserve 
and the Kaiso Tonya Community Wildlife Area, to the 
south-west of the Ngassa Spit. 
 
Alternative 5: On top of the escarpment close to the 
existing road. 
 
8.3 Construction Phase 
 
• Production facilities are to be modularised, as far as 

possible, before transport to site in order to minimise 
the number of construction hours on site and in order 
to improve the project schedule.  The size of the 
modules will be dictated by logistical constraints and 
this will be determined during detailed design 
following contract award. 

• The construction period is estimated to take 4 months 
with a temporary crew size of approximately 140 
personnel.  This will be comprised of 30 main 
contractor specialists and 110 local workforce. As 
discussed above, a camp will be required for this 
period with rotational leave for the labour force (most 
likely on a monthly basis). 

• The construction activities will include: site clearance, 
roads, trucks movement, etc. 

 
8.4 Operational Phase 
 
• The operations phase will be undertaken on a 

continuous 24 hour 7 day week basis.  The operating 
team size will be in the order of 40 personnel who will 
operate and maintain the plant, including the loading 
and despatch of delivery vehicles, and support staff 
to provide living, medical and administration services. 

• A permanent accommodation facility is planned which 
will be based on the permanent operating team size 
and for any specialist service providers and others 
who will visit the plant from time to time. 

• Discharges from the plant will be exhaust gas from 
heating and generating units and effluents or 
contaminated materials generated during the 
production process. All combustion devises will be 
selected on the basis of meeting the international 
standard on emissions. Contaminated water will be 
injected into aquifers selected on the basis of zero 
risk of contamination of surface water supplies used 
in the area. Heavy contaminated waste will be sent 
for disposal at approved sites in Uganda in 
accordance with good waste management practice 
and as part of an approved waste management plan. 

 
9. List of key Environmental Issues 
 
A number of environmental issues relating to early 
production systems facilities have been identified in 
previous EIA’s undertaken in other parts of the world. 
These issues will be investigated in detail in the EIA. 
These include: 
 
During Construction 
• Long-term effects from vegetation clearance, erosion, 

changes to surface hydrology, introduction of barriers 
to wildlife movement; 

• Increase disturbance from transportation, traffic 
volumes, density, impact on local infrastructure, 
disturbance to local population and wildlife; 

• Larger scale, construction activities, noise, vibration, 
emissions related to earthworks; 

• Aesthetic and visual intrusion; and 
• Increased demand on local infrastructure water 

supply, sewage, solid waste disposal. 
 
During Operation 
• Increased discharges and emissions from: production 

processes (waste water, produced water, sewage 
and sanitary wastes, drainage); and power and 
process plant (waste gases, flaring, noise, vibration, 
light); 

• Potential effects on biota, wildlife disturbance, habitat, 
biodiversity, water, soil and air quality; 

• Increased risks of soil and water contamination from 
spillage and leakage; 

• Long-term permanent presence of facilities and 
workforce; 

• Increased demand on local infrastructure, socio-
economic and cultural impacts (labour force, 
employment, education, medical and other services, 
local economy, effects on indigenous populations.  

• Land use conflicts; and 
• Visual and aesthetic intrusion. 
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10. Information Dissemination 
 
Background information and progress on this EIA process 
will be available on Environmental Resources 
Management’s website (www.erm.com/TullowEPS) 
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RESPONSE SHEET 
 
INTERESTED AND AFFECTED PARTIES RESPONSE SHEET FOR THE ENVIRONMENTAL IMPACT 
ASSESSMENT (EIA) FOR THE PROPOSED EARLY PRODUCTION SYSTEM, LAKE ALBERT, 
EXPLORATION AREA 2 – UGANDA. 
 
 
 
Please include your comments on this form and return it to Mr Moses Kagoda  of EACL, at Kisozi House, 
Plot 8, Kyagwe Road, P.O. Box 3128, Kampala Uganda, Tel: +256 (0) 772 434155 / +256 (0) 414 343405, 
Fax: +256 (0) 41 343405, Email: eacl@infocom.co.ug. If you would like to make additional comments please 
append these to the form. 
 
Your response should reach EACL by 1 August 2007. Should you have any questions or uncertainties about 
the project please contact Mr Moses Kagoda of EACL. 
 
1. Are there any Interested and Affected Parties not on the provisional lists whom you believe should 

be consulted during the course of the EIA? See list of stakeholders on page 8.  
 
 
      (Please check the appropriate box) 
 

If yes, please indicate the name, organisation (if applicable), postal address, telephone and fax 
numbers of the person(s) concerned. 

 

 

 
2. Are you satisfied that the proposed EIA process is open and thorough and provides an acceptable 

approach which will assist decision-making by the relevant Government authority? 
 
 
      (Please check the appropriate box) 
 

If no, please indicate how you would like to see the process changed. 
 

 
 
3. Are there any issues about the proposed project that you would like to draw to the attention of the 

EIA Team at this stage?  
 
      (Please check the appropriate box) 
 

If yes, please describe the issues. 
 

 

 
 

Name                                                                                                                                                             

Address                                                                 Tel                                                                                 

                                                                          Fax                                                                                                

E-mail                                                                     Cell Phone                                                                   

 
THANK YOU FOR YOUR PARTICIPATION.

YES NO 

YES NO 

YES NO 
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LIST OF STAKEHOLDERS 

 
Stakeholders 
National stakeholders 
Advocates Coalition for Development and Environment 
Directorate of Water Development 
Ecological Christian Organisation 
Environmental Alert 
Fisheries Department 
GreenWatch 
National Association of Professional Environmentalists Ltd 
National Environmental Management Authority  
Nature Uganda 
Nile Basin Discourse Forum 
Petroleum Exploration and Production Department 
Rural Development Media Communications 
Uganda Coalition for Sustainable Development  
Uganda Wildlife Authority (UWA) 
Uganda Wildlife Society 
World Conservation Union (IUCN) 
WWF 
National Forestry Association 
Water Resources Management Department 
National Forestry Association 
Geology Department 
Energy Department 
Wetlands Inspection Division 
Lake Edwards and Albert Fisheries Project (LEAF) 
Uganda Fish and Fisheries Conservation Association (UFFCA) 
Uganda Nile Discourse Forum – National Chapter 
Environmental Conservation Trust (EcoTrust) 
Uganda Wildlife Education Centre 
Makerere University Institute of Environment and Natural Resources 
District Stakeholders 
Chief Administrative Officer 
District Environment Officer 
Fisheries Department 
LC5 Chairperson 
District Planner 
WWF 
Development Secretary of Hoima 
Resident District Commissioner - Hoima 
Health Inspector 
Directorate of Works 
Directorate of Production 
Community Development Officers 
District Forest Services 
Local stakeholders 
National Lake Rescue Institute (NLRI) 
Hoima Medical 
Lt. Col. David Kabwoyo 
Lake Albert Safari Lodge 
LC1 Chairperson Kaiso 
LC1 Secretary for production  
LC1 Chairperson of Kaiso village 
LC1 Chairperson of Tonya village 
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Stakeholders 
LC1 Chairperson of Kyehoro village 
LC1 Chairperson of Sebagoro village 
LC1 Chairperson of Nyawaiga village 
Uganda Wildlife Authority - Kaboya 
Kinngdom of Buneyro Kitaro 

 
 



  

 

Annex F 

Waste Inventory Tables 
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Annex G 

Initial Site Selection Criteria 
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G1 INITIAL TECHINICAL CRITERIA TO SELECT LOCATION OF VARIOUS 
SITE OPTIONS 

G1.1 SITE LOCATIONS CONSIDERED 

Three site locations were initially considered for the EPS including: 
 
� Near wells in the Kaiso-Tonya Valley; 
� Top of escarpment; and 
� Hoima. 
 
Figure 1.1 outlines the proposed processing for each of the three options. 
 

Figure 1.1 Site location 
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G1.2 REASONING FOR CHOICE OF GENERAL LOCATIONS OF THE EPS 

The choice of general location of the EPS was based on the following 
reasoning: 
 
1. Well locations - The wells have to be located in the Valley in order to 

access the reservoir. 
 
2. Nature of reservoir fluids - The flowlines need to be as short as possible 

principally because of concerns about flow assurance / wax formation and 
the energy required to keep the lines warm i.e. because the oil is very 
waxy (becomes solid at approx. room temperature) it needs to be heated 
up so that it becomes a liquid and is easy to transport. This requires a 
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substantial amount of energy and is thus not financially viable if the oil 
has to be transported long distances. Keeping the flowlines as short as 
possible also minimises the amount of oil and gas in the lines at any time 
which has safety and environmental benefits, the land disturbance to 
install the lines and security concerns. 

 
3. Route from/to Valley - The route from/to the Valley is via the escarpment 

road routed south from the valley area. 
 
As a result of items 1 and 2, only two general locations are possible for the 
location of the EPS and associated infrastructure: 
 
� All infrastructure is located in the Kaiso-Tonya Valley; or 
 
� The infrastructure is split with the primary separation facilities located in 

the valley with the remainder of the EPS i.e. Topping Unit and Power 
Plant being located above the escarpment. 

 
Five sites have been identified in the Kaiso-Tonya Valley, four within the 
valley and a fifth on top of the escarpment. The fifth site is part of the split 
infrastructure alternative and location of the primary separation facilities 
means that Site 5 is still associated with a footprint in the Valley. 
 



 

Annex H 

Air Quality Site 1C vs Site 5 
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EXECUTIVE SUMMARY 

 

Tullow Oil (Tullow) has a Memorandum of Understanding with the Government of Uganda to 
develop an on-shore Early Production System (EPS), rated at 4,000 barrels per day (bpd) in 
the Kaiso-Tonya Valley.  Two preferred sites have been identified in the Kaiso-Tonya Valley 
as suitable for the development of the proposed Mputa EPS, namely Site 1C and Site 5.  
Site 1C is located in the Valley to the west of the escarpment.  Site 5 comprises two sections 
with one of the three EPS heater units located in the Valley together with two of the eight 
main generators. The remainder of the plant’s facilities are located on top of the escarpment.  
No gas is available at the top site and instead diesel will be used in the column inlet heaters.  
 
Tullow has appointed Environmental Resources Management (ERM) Southern Africa (Pty) 
Ltd to undertake the EIA for the proposed Early Production System.  ERM in turn appointed 
uMoya-NILU Consulting (Pty) Ltd to evaluate the relative differences in atmospheric 
dispersion potential of these two sites. Atmospheric dispersion potential is the ability (or 
inability) of the atmosphere to disperse pollutants that are emitted into it. It is a function of 
vertical and horizontal dispersion.  Vertical dispersion relates to atmospheric stability and 
horizontal dispersion is a function of wind and topography.   

Being equatorial, the Kaiso-Tonya Valley experiences strong solar heating throughout the 
year which results in good vertical mixing and efficient vertical dispersion.  The horizontal 
dispersion in the Valley is however impeded by the high frequency of light winds that do not 
have the ability to carry the pollutants up and over the escarpment and the blocking effect of 
the escarpment to dispersion by winds from the westerly sector. Pollutants will tend rather to 
remain below the escarpment where they will accumulate. Dispersion modeling was used to 
evaluate the difference between the two sites and to compare the predicted ambient 
concentration of sulphur dioxide (SO2), oxides of nitrogen (NO2) and particulate matter 
(PM10). It is an appropriate tool to assess the relative difference between emissions 
scenarios.   

The comparative dispersion between Site 1C and Site 5 may be summarised as follows: 
 
• The dispersion pattern of predicted annual concentrations for all three pollutants has 

an extension to the southwest of Site 1C and Site 5 (Valley) and an even spread 
towards the west towards Lake Albert, decreasing with increasing distance from the 
sites. The westward spread in the case of Site 5 is less that that for Site 1C 
emissions. WHO annual ambient air quality guidelines are not exceeded for either 
case. 

• In all cases the predicted annual ambient concentrations are lower for emissions 
from Site 5 than for emissions from Site 1C.  The spreading of the plume to the west 
over Lake Albert for Site 1C emissions as a result of accumulation of pollutants below 
the escarpment is not evident for emissions from Site 5. 

• The predicted maximum 24-hour and 1-hour concentrations of all three pollutants 
from emissions from Site 1C result in relatively high ambient concentrations in the 
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immediate vicinity of the EPS and equally high concentrations to the east of the site 
in a band along the face of the escarpment where the plume intersects the higher 
ground under the prevailing westerly winds. 

• The highest predicted maximum 24-hour and 1-hour concentrations of all three 
pollutants resulting from emissions from Site 5 are lower in the immediate vicinity of 
the EPS than for Site 1C.  There is an even spreading of the pollutants towards the 
east under the prevailing westerly winds and there is little evidence of an 
accumulation of pollutants in the Valley below the escarpment. 

• The maximum predicted 24-hour and 1-hour ambient concentrations of all pollutants 
are markedly lower for the case of emissions from Site 5 compared with Site 1C.  In 
both cases the WHO ambient air quality guidelines are not exceeded for any of the 
pollutants except the 1-hour guideline for NO2.  

• In the case of the predicted 1-hour maximum NO2 concentration the predicted 
maximum in the Valley drops from 550 to 300 μg/m3 for Site 1C and Site 5 
respectively and from 400 to 200 μg/m3 for Site 1C and Site 5 respectively along the 
escarpment.  The spatial extent of the predicted high concentrations is considerably 
reduced in the case of emissions from the Site 5 EPS configuration. 

 
It is concluded that the atmospheric dispersion potential of Site 5 is considerably better than 
Site 1C.  Dispersion from Site 1C is inhibited by its relative location to the escarpment and 
the prevailing westerly winds. The main emission sources at Site 5 are located above the 
escarpment and dispersion is therefore uninhibited. This results in lower predicted ambient 
concentrations of all pollutants, a smaller spatial extent of the dispersed pollutants and fewer 
exceedances of ambient air quality guidelines for NO2. 
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GLOSSARY OF ACRONYMS, TERMS AND UNITS 
 

amsl Above mea sea level 

CALPUFF The Californian Puff Model, a US-EPA approved Gaussian-Legrangian air 
dispersion model 

CSIR Council for Scientific and Industrial Research 
EPS Early Production System 
ERM Environmental Resources Management (Southern Africa) Pty Ltd 
K Kelvin 
kg/h Kilogram per hour 
m Meter 
m/s Meters per second 
Nm2/h Normal meters cubed per hour 
NO2 Nitrogen dioxide 
PM Particulate matter 
PM10 Particulate matter with a diameter smaller than 10 μm 
SO2 Sulphur dioxide 

TAPM The Air Pollution Model – a modelling tool used to prepare surface and upper air 
meteorological data for input to the dispersion model, CALPUFF 

μg/m3 Micro grams per cubic meter 
WHO The World Health Organisation 
WMO World Meteorological Organisation 
°C Degrees Celsius 
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1 INTRODUCTION 

 
The primary petroleum prospecting area in Uganda is the Albertine Graben. This area is 
located in the northernmost part of the western rift of the East Africa Rift System. The 
Albertine Graben stretches from the border of Sudan in the north, to Lake Edward in the 
south. The Government of Uganda subdivided the Ugandan part of the Graben into five 
petroleum exploration areas.  Lake Albert is located towards the northern extremity of the 
Graben and is covered by Exploration Areas 1, 2 and 3A.  
 
Tullow Oil (Tullow) and Heritage Oil have been involved in oil exploration activities in the 
Lake Albert area since 2003. Tullow have a Memorandum of Understanding with the 
Government of Uganda to develop an on-shore Early Production System (EPS), rated at 
4,000 barrels per day (bpd) in the Kaiso-Tonya Valley.  

Tullow has appointed Environmental Resources Management (ERM) Southern Africa (Pty) 
Ltd to undertake the EIA for the proposed Early Production System.  Initially seven potential 
sites for the proposed EPS were identified.  Five of these have subsequently been 
eliminated as viable options with Site 1C and Site 5 considered the most favorable.  ERM 
appointed uMoya-NILU Consulting (Pty) Ltd, an air quality consulting company, to evaluate 
the atmospheric dispersion potential of these two sites. uMoya-NILU were also responsible 
for conducting the air quality specialist study for Site 1C.  The focus of this report is however 
the comparison of dispersion potential between Sites 1C and Site 5.  

 

2 TERMS OF REFERENCE 

 
The terms of reference for this study are to evaluate the air pollution dispersion potential of 
Site 1C and Site 5 using the CALPUFF model and capitalize on the model set up and input 
data used in the air quality specialist study for the proposed Mputa EPS at Site 1C (uMoya-
NILU, 2007). 
 
 

3 METHODOLOGY 

 
The CALPUFF dispersion model is used to simulate the dispersion of pollutants released to 
the atmosphere from the proposed Mputa EPS located at Site 1C and Site 5 respectively.  
The relative dispersion potential is evaluated by comparing the dispersion ‘footprint’ of 
predicted annual average, 24-hour maximum and 1-hour maximum ambient concentrations 
of sulphur dioxide (SO2), oxides of nitrogen (NOx) and particulate matter (PM10).  

 
The US EPA approved California Puff model (CALPUFF) is considered to be an appropriate 
air dispersion model for this purpose as it has the capability to simulate air pollution 
dispersion in complex terrain and can adequately simulate the well defined land/water 
interface that characterises the area surrounding proposed site.  The CALPUFF model is 
discussed in more detail in uMoya-NILU (2007).   
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The two fundamental input requirements of the dispersion model are representative surface 
and upper air meteorology and an accurate characterisation of the emission sources and of 
the emissions.   
 
3.1 Surface and upper air meteorology 

 
Dispersion modeling ideally requires a representative set of surface and upper air data for at 
least one monitoring station for at least 12-months. The data should include hourly wind 
speed and direction, temperature, humidity, solar radiation and rainfall records. The surface 
meteorological data that is currently available in the area is inadequate to support dispersion 
modelling.  The meteorological monitoring record at the proposed site and at the National 
Lake Rescue Institute covers a few months only while the Ugandan Meteorological Office 
data record at Masindi does not have the required hourly resolution and is limited to 
temperature, rainfall and humidity.  Masindi is approximately 100 km northeast from the 
proposed Mputa EPS.  No upper air meteorological data exists for the area. 

As a result The Air Pollution Model (TAPM) is used to simulate hourly surface and upper air 
meteorological input data for 2005 at six locations in a 40 km by 40 km modelling domain 
centered on the proposed the Mputa EPS Site 1C. In so-doing hourly surface wind speed 
and direction, temperature, humidity, rainfall, cloud cover and solar radiation data are 
simulated for model input.   TAPM is discussed in more detail in uMoya-NILU (2007). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 1: The selected 40 km x 40 km modelling domain showing the relative locations of 
the TAMP sites and the ambient air quality monitoring sites.  The TAPM site numbers refer 
to their relative position from the modelling origin, i.e. 3219 is 32 km east and 19 km north 

from the bottom left corner. 
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3.2 Emission source characteristics 

 
The location of Site 1C and Site 5 in the modelling domain and the location of the emission 
sources on the respective sites as well as the emission characteristics are important input 
requirements for the dispersion modelling.  Data on the location of the two sites and the 
emission sources is available in the project documents (ERM, 2007; Genesis, 2007a).    
 
The site layout is used to position and orientate the proposed Mputa EPS correctly in the 
modelling domain and to position the emission source.  Data on sources and emission 
characteristics were made available to the air quality specialist team by the Genesis Oil and 
Gas Ltd process engineers via ERM (email: 10/09/2007 from Zöe Day and 05/09/2007 from 
Richard Powell).  The proposed EPS at Site 1C is contained in an area of roughly 500m by 
500m. The configuration for Site 5 is divided with some facilities in the Valley and the 
remainder on the top of the escarpment.  The relative locations are shown in Figure 1. The 
plant layout is shown in Figure 2 with the split for Site 5 indicated with red and blue shading.   
 
The emissions data used in the dispersion modelling are listed in Table 1a and 1b.  No gas 
is available at the top site in the Site 5 option. As a result diesel is used to fire the column 
inlet heaters. Note the different emission rates for these two sources (Table 1b).    

3.4 Key assumptions 

 
The following assumptions are relative to this assessment: 
 

i. The modelled TAPM surface and upper air meteorology for 2005 is representative of 
the meteorology of the Mputa area; 

ii. The emissions data that are provided are representative of the emissions from the 
Mputa EPS and dispersion modelling is conducted for normal operating conditions 
only for point sources, i.e. emissions from diffuse source and flaring are not 
modelled. 

iii. Emission of PM is assumed to consist entirely of PM10. 

3.5 Limitations and uncertainties 

 
The following are regarded as limitations of this air quality study and therefore pose some 
uncertainty: 
 

i. The lack of a long term meteorological data record for the proposed site is seen as a 
limitation to this study of dispersion potential.  However TAPM provides good and 
reliable surrogate data and is appropriate for this relative study of dispersion between 
two sites. 

ii. The assessment of emissions from the Mputa EPS under normal operating conditions 
from point sources only is a limitation to this study.  Emissions resulting during 
abnormal operating conditions are typically higher than those during normal 
conditions.  Diffuse sources can make a significant contribution to the total emission, 
particularly if a maintenance program is not adhered to.   
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iii. Not all PM emitted from the proposed Mputa EPS is PM10.  However, the assumption 
imposes an error on the safe side of the ambient air quality guideline and modelled 
concentrations are a ‘worse case’ for PM10. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2:  The layout of the proposed Mputa EPS indicating the emission points (adapted 
from Genesis, 2007c) and the spilt between Site 5 Valley (red hatch) and Site 5 top (blue) 

(pers. Comm. Richard Powell Genesis Oil and Gas Consultants Ltd.) 
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Train 2 – Column inlet heater 

Heating medium supplementary 
Fired heater 

Main power generators 1-8 



A
ir 

P
ol

lu
tio

n 
D

is
pe

rs
io

n 
P

ot
en

tia
l o

f S
ite

s 
1C

 a
nd

 5
 o

f t
he

 M
pu

ta
 E

P
S

, K
ai

so
 T

on
ga

 V
al

le
y,

 U
ga

nd
a 

 

R
ep

or
t N

o.
 u

M
N

00
3-

07
 (

V
er

si
on

 2
) 

   
   

   
   

   
   

   
   

   
   

   
   

   
 5

 
 

 
T

ab
le

 1
a:

 P
oi

nt
 s

ou
rc

e 
ch

ar
ac

te
ris

tic
s 

of
 th

e 
pr

op
os

ed
 M

pu
ta

 E
P

S
 a

t S
ite

 1
C

 a
nd

 S
ite

 5
 

 

S
ta

ck
 b

as
e-

h
ei

g
h

t 
el

ev
at

io
n

 (
m

) 
T

A
G

 N
o

. 
D

es
cr

ip
ti

o
n

 
S

ta
ck

 
h

ei
g

h
t 

(m
) 

S
ta

ck
 

d
ia

m
et

er
 

(m
2 ) 

S
it

e 
1C

 
S

it
e 

5 
E

m
is

si
o

n
 

te
m

p
 (

K
) 

E
m

is
si

o
n

 
ex

it
 

ve
lo

ci
ty

 
(m

/s
) 

G
as

 f
lo

w
 

ra
te

 
(N

m
3 /h

) 

20
0-

H
-3

21
1 

T
ra

in
 1

 -
 C

ol
um

n 
In

le
t H

ea
te

r 
20

 
0.

5 
75

2 
95

4 
65

0 
21

.2
2 

15
,0

00
 

20
0-

H
-3

22
1 

T
ra

in
 2

 -
 C

ol
um

n 
In

le
t H

ea
te

r 
20

 
0.

5 
75

2 
95

4 
65

0 
21

.2
2 

15
,0

00
 

20
0-

H
-5

60
2 

H
ea

tin
g 

M
ed

iu
m

 S
up

pl
. F

ire
d 

H
ea

te
r 

20
 

0.
8 

75
2 

73
4 

50
0 

55
.2

6 
10

0,
00

0 

20
0-

A
-8

00
1-

A
 

M
ai

n 
P

ow
er

 G
en

er
at

or
 1

 (
D

ua
l F

ue
l C

ap
ab

ili
ty

) 
22

 
1.

4 
75

3.
5 

73
5.

5 
41

31  
16

.2
4 

90
,0

00
 

20
0-

A
-8

00
1-

B
 

M
ai

n 
P

ow
er

 G
en

er
at

or
 2

 (
D

ua
l F

ue
l C

ap
ab

ili
ty

) 
22

 
1.

4 
75

3.
5 

73
5.

5 
41

31  
16

.2
4 

90
,0

00
 

20
0-

A
-8

00
1-

C
 

M
ai

n 
P

ow
er

 G
en

er
at

or
 3

 
22

 
1.

4 
75

3.
5 

95
5.

5 
41

31  
16

.2
4 

90
,0

00
 

20
0-

A
-8

00
1-

D
 

M
ai

n 
P

ow
er

 G
en

er
at

or
 4

 
22

 
1.

4 
75

3.
5 

95
5.

5 
61

3 
16

.2
4 

90
,0

00
 

20
0-

A
-8

00
1-

E
 

M
ai

n 
P

ow
er

 G
en

er
at

or
 5

 
22

 
1.

4 
75

3.
5 

95
5.

5 
61

3 
16

.2
4 

90
,0

00
 

20
0-

A
-8

00
1-

F
 

M
ai

n 
P

ow
er

 G
en

er
at

or
 6

 
22

 
1.

4 
75

3.
5 

95
5.

5 
61

3 
16

.2
4 

90
,0

00
 

20
0-

A
-8

00
1-

G
 

M
ai

n 
P

ow
er

 G
en

er
at

or
 7

 
22

 
1.

4 
75

3.
5 

95
5.

5 
61

3 
16

.2
4 

90
,0

00
 

20
0-

A
-8

00
1-

H
 

M
ai

n 
P

ow
er

 G
en

er
at

or
 8

 
22

 
1.

4 
75

3.
5 

95
5.

5 
61

3 
16

.2
4 

90
,0

00
 

  
N

O
T

E
 1

: 3
 g

en
er

at
or

s 
ar

e 
as

su
m

ed
 to

 o
pe

ra
te

 w
ith

 w
as

te
 h

ea
rt

 r
ec

ov
er

y 
un

its
 w

hi
ch

 r
ed

uc
es

 th
e 

ex
ha

us
t t

em
pe

ra
tu

re
 

N
O

T
E

 2
: T

he
 c

on
st

ru
ct

io
n 

pl
at

fo
rm

 is
 a

ss
um

ed
 to

 b
e 

74
8 

m
 a

m
sl

 a
t S

ite
 1

C
, 7

30
 m

 a
m

sl
 a

t S
ite

 5
 (

V
al

le
y)

 a
nd

 9
50

 m
 a

m
sl

 a
t S

ite
 5

 
(e

sc
ar

pm
en

t)
 

 



A
ir 

P
ol

lu
tio

n 
D

is
pe

rs
io

n 
P

ot
en

tia
l o

f S
ite

s 
1C

 a
nd

 5
 o

f t
he

 M
pu

ta
 E

P
S

, K
ai

so
 T

on
ga

 V
al

le
y,

 U
ga

nd
a 

 

R
ep

or
t N

o.
 u

M
N

00
3-

07
 (

V
er

si
on

 2
) 

   
   

   
   

   
   

   
   

   
   

   
   

   
 6

 
 

 
T

ab
le

 1
b

: 
E

m
is

si
on

 r
at

es
 fo

r 
a 

ra
ng

e 
of

 p
ol

lu
ta

nt
s 

in
 g

/s
 fo

r 
th

e 
po

in
t s

ou
rc

es
 o

f t
he

 p
ro

po
se

d 
M

pu
ta

 E
P

S
 a

t S
ite

 1
C

 a
nd

 S
ite

 5
.  

E
m

is
si

on
 r

at
es

 
fr

om
 d

ie
se

l c
om

bu
st

io
ns

 fo
r 

th
e 

co
lu

m
n 

in
le

t h
ea

te
rs

 a
t S

ite
 5

 a
re

 in
 b

ra
ck

et
s 

 

E
m

is
si

o
n

 R
at

es
 (

g
/s

) 
D

es
cr

ip
ti

o
n

 
F

u
el

 
F

u
el

 R
eq

u
ir

em
en

t 
(k

g
/h

) 
N

O
x1 

C
O

 
S

O
21 

C
H

4 
P

M
 

(T
o

ta
l)

1,
2 

C
O

2 

T
ra

in
 1

 -
 C

ol
um

n 
In

le
t H

ea
te

r 
G

as
 

11
4.

04
 

0.
03

 
(0

.0
9)

 
0.

05
 

(0
.0

2)
 

0.
00

 
(0

.0
3)

 
0.

00
 

(0
.0

0)
 

0.
00

 
(0

.0
1)

 
56

 
(1

02
) 

T
ra

in
 2

 -
 C

ol
um

n 
In

le
t H

ea
te

r 
G

as
 

11
4.

04
 

0.
03

 
(0

.0
9)

 
0.

05
 

(0
.0

2)
 

0.
00

 
(0

.0
3)

 
0.

00
 

(0
.0

0)
 

0.
00

 
(0

.0
1)

 
56

 
(1

02
) 

H
ea

tin
g 

M
ed

iu
m

 S
up

pl
. F

ire
d 

H
ea

te
r 

W
H

R
U

s 
O

n 
Li

ne
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0 

M
ai

n 
P

ow
er

 G
en

er
at

or
 1

 (
D

ua
l F

ue
l C

ap
ab

ili
ty

) 
D

ua
l F

ue
l 

12
56

.5
3 

18
.6

5 
8.

03
 

0.
02

 
5.

31
 

0.
08

 
80

0 

M
ai

n 
P

ow
er

 G
en

er
at

or
 2

 (
D

ua
l F

ue
l C

ap
ab

ili
ty

) 
D

ua
l F

ue
l 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0 

M
ai

n 
P

ow
er

 G
en

er
at

or
 3

 
H

ea
vy

 F
ue

l O
il 

14
31

.5
0 

14
.5

2 
6.

50
 

0.
95

 
0.

69
 

0.
76

 
1,

26
1 

M
ai

n 
P

ow
er

 G
en

er
at

or
 4

 
H

ea
vy

 F
ue

l O
il 

14
31

.5
0 

14
.5

2 
6.

50
 

0.
95

 
0.

69
 

0.
76

 
1,

26
1 

M
ai

n 
P

ow
er

 G
en

er
at

or
 5

 
H

ea
vy

 F
ue

l O
il 

14
31

.5
0 

14
.5

2 
6.

50
 

0.
95

 
0.

69
 

0.
76

 
1,

26
1 

M
ai

n 
P

ow
er

 G
en

er
at

or
 6

 
H

ea
vy

 F
ue

l O
il 

14
31

.5
0 

14
.5

2 
6.

50
 

0.
95

 
0.

69
 

0.
76

 
1,

26
1 

M
ai

n 
P

ow
er

 G
en

er
at

or
 7

 
H

ea
vy

 F
ue

l O
il 

14
31

.5
0 

14
.5

2 
6.

50
 

0.
95

 
0.

69
 

0.
76

 
1,

26
1 

M
ai

n 
P

ow
er

 G
en

er
at

or
 8

 
H

ea
vy

 F
ue

l O
il 

14
31

.5
0 

14
.5

2 
6.

50
 

0.
95

 
0.

69
 

0.
76

 
1,

26
1 

 N
O

T
E

 1
: S

O
2,

 N
O

x 
an

d 
P

M
10

 a
re

 m
od

el
le

d 
N

O
T

E
 2

: P
M

 is
 a

ss
um

ed
 to

 b
e 

m
ad

e 
u 

en
tir

el
y 

of
 P

M
10

  

 



Air Pollution Dispersion Potential of Sites 1C and 5 of the Mputa EPS, Kaiso Tonga 
Valley, Uganda 

 

Report No. uMN003-07 (Version 2)                                         7 
 

4 LOCAL METEOROLOGY 

 
The local meteorology of the Kaiso-Tonya Valley is discussed in some detail in uMoya-NILU 
(2007) and is not repeated here.  Rather the wind roses at TAPM site 2408 and site 3604 
that are pertinent to this assessment are presented in Figure 3. 
 
The following should be noted with respect to the wind roses:  

• The colour banding represents the following wind speed classes in m/s: 
o 1.51 – 1.80 
o 1.80 – 3.24 
o 3.34 – 5.40 
o 5.40 – 8.94 
o 8.94 -11.06 

• The arcs represent frequency bands of 3%, 6%, 9%, 12% and 15%. 
• Wind direction is represented from which the wind blows, e.g. westerly winds are 

bowing from the west. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3: Wind roses for TAPM site 2408 on the lake’s coastal plain and site 3604 on the 
escarpment.  Wind speeds are in m/s and frequencies are expressed as percentages. 

 
 
 
The dispersion potential of the atmosphere is defined as the ability of the atmosphere to 
disperse pollutants that are released into it.  It is a function of vertical and horizontal 
dispersion.  Vertical dispersion is mostly related to atmospheric stability with efficient 
dispersion associated with instability and vertical mixing.  Horizontal dispersion is a function 
of wind speed and topography with stronger winds and flat terrain associated with efficient 
dispersion.   
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The Kaiso-Tonya Valley is located very close to the equator and therefore experiences 
strong solar heating throughout the year.  Strong heating of the earth’s surface results in 
good vertical mixing and efficient vertical dispersion.  
 
The horizontal dispersion potential in the Kaiso-Tonya Valley is impeded by the high 
frequency of light winds (62% of all hourly wind occurrences less than 5.40 m/s) and the 
blocking effect of the escarpment to dispersion by the high frequency winds from the 
westerly sector.  The light winds do not have the ability to carry the pollutants up and over 
the escarpment.  They rather remain below the escarpment where they accumulate and 
spread along its face or return in an easterly direction at higher levels. This is illustrated and 
discussed in more detail in uMoya-NILU (2007). 
 
 

5 DISPERSION MODELING RESULTS 

 
The results of the dispersion modelling for Site 1C and Site 5 are compared for the annual 
average, 24-hour maximum and 1-hour maximum ambient concentrations of SO2, NOx and 
PM10 in Figures 4, 5 and 6.  Note that the position of Kyehoro is incorrect in these figures, 
for the correct location refer to Figure 1. The predicted concentrations are represented as 
isopleths (lines of equal concentration) in μg/m3.  The following is relevant in terms of the 
isopleths diagrams:  
 
• The annual average provides a good overview of the expected dispersion of the 

pollutants in the ambient environment and presents the mean dispersion pattern.   
• The data contained in the annual diagrams represents the average concentration in 

each on the 1km by 1km modelling grid cells, i.e. the average of 8760 hourly values 
in each grid cell.   

• Only selected isopleths have been plotted. This implies that ambient concentrations 
vary between isopleths and the concentrations outside of the last isopleths are below 
this value. 

• The data contained on the 24-hour and 1-hour maximum diagrams represent the 
maximum predicted concentration in each modelling grid cell, i.e. the highest value of 
3760 hourly values modelled in each cell.   This depiction does not relate directly to 
the mean dispersion pattern, but provides an indication of where the maximum 
ambient concentration may be expected and the relevant concentrations. 

The following are important observations of the predicted annual average concentration of 
the three pollutants and of the predicted maximum 24-hour and 1–hour concentrations: 
 
• The predicted annual average dispersion pattern is similar for the three pollutants 

(Figure 4). As may be expected, the highest concentrations occur in the immediate 
vicinity of the emission sources in both cases.  At Site 1C they occur around the 
proposed EPS.  For Site 5 the maximum is centered on the top site, but NO2 is 
shown to have two maxima, one at the Valley site and the other at the top site.   

• The annual dispersion pattern for all three pollutants has an extension to the 
southwest of Site 1C and an even spread towards the west, decreasing with 
increasing distance from Site 1C. 
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• In all cases the predicted annual ambient concentrations are lower for emissions 
from Site 5 than for emissions from Site 1C.  The spreading of the plume to the west 
over Lake Albert for Site 1C emissions as a result of accumulation of pollutants below 
the escarpment is not evident for emissions from Site 5. 

• In neither case are the WHO annual ambient air quality guidelines exceeded (WHO, 
2000; 2006). 

• The predicted maximum 24-hour and 1-hour concentrations of all three pollutants 
resulting from emissions from Site 1C display key characteristics (Figure 5 and 6): 

o Relatively high concentrations are predicted in the vicinity of Site 1C; 
o Equally high concentrations are predicted to the east of Site 1C in a band 

orientated from northeast to southwest, coinciding with the face of the 
escarpment, i.e. impact of the plume with the higher ground to the east under 
the prevailing winds from the sector north-northwest to southwest. 

• The predicted maximum 24-hour and 1-hour concentrations of all three pollutants 
resulting from emissions from Site  5 display key characteristics: 

o The highest concentrations are predicted in the vicinity of Site 5; 
o There is an even spreading of the pollutants towards the east under the 

prevailing winds from the north-northwest to southwest sector.  There is little 
evidence of accumulation of pollutants below the escarpment. 

• The maximum predicted 24-hour ambient concentrations of all pollutants are 
markedly lower for the case of emissions from the source configuration at Site 5 
compared with that of Site 1C (Figure 5). For SO2 the maximum concentrations close 
to the source drop from 2 to 1 μg/m3, and for NO2 from 50 to 30 μg/m3 at the plant at 
from 40 μg/m3 to 20 μg/m3 on the escarpment.  For PM10 the maximum is similar in 
both cases.    

• In neither case are the WHO 24-hour ambient air quality guidelines exceeded (WHO, 
2000; 2006). 

• The maximum predicted 1-hour ambient concentrations of all pollutants are lower for 
the case of emissions from the source configuration at Site 5 compared with that at 
Site 1C (Figure 6).  Points to note are: 
o For SO2 the maximum concentration close to the source drops from more 

than 20 μg/m3 at Site 1C to between 10 and 15 μg/m3 at Site 5 (Valley).  
Predicted concentrations from Site 5 (top) emissions are also lower. 

o For NO2 the predicted 1-hour maximum concentration drops from 550 to 300 
μg/m3 in the Valley and from 400 μg/m3 to 200 μg/m3 on the escarpment for 
emissions from Site 1C and Site 5 (Valley and top) respectively.   

o The maximum 1-hour concentrations of PM10 at the two sites is also reduced 
from more than 40 μg/m3 to about 20 μg/m3.    

• The most striking feature in the comparative distribution of predicted maximum 24-
hour and 1-hour concentrations from Site 1C and from Site 5 is the reduction in the 
spatial extent of high concentrations in the case of emissions from Site 5 (Figures 5 
and 6).  The extension of the plume to the west is markedly reduced as well as the 
dispersion to the east towards the escarpment. 

• The area of predicted exceedance of the WHO 1-hour ambient air quality guideline 
for NO2 (200 μg/m3) around the proposed sites is reduced and importantly, the 
magnitude of the exceedances is reduced. 
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• The area of predicted exceedance of the WHO 1-hour ambient air quality guideline 
for NO2 on the escarpment is also markedly reduced from an extensive area under 
emissions from Site 1C to a few isolated areas of exceedances where the predicted 
concentrations just reach the guideline for emissions from Site 5. 
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6 CONCLUSION 

 
Two preferred sites have been identified in the Kaiso-Tonya Valley as suitable for the 
development of the proposed Mputa EPS, namely Site 1C and Site 5.  Site 1C is located in 
the Valley to the west of the escarpment.  Site 5 comprises two sections with one of the 
three EPS heater units located in the Valley together with two of the eight main generators 
and the remainder of the plant’s facilities located on top of the escarpment.  No gas is 
available at the top site and diesel is rather used in the column inlet heaters.  
 
Dispersion modelling has been used in this study to assess the relative differences in 
atmospheric dispersion potential of these two sites. Atmospheric dispersion potential is the 
ability (or inability) of the atmosphere to disperse pollutants that are emitted into it. It is a 
function of vertical and horizontal dispersion.  Vertical dispersion is mostly a function of 
atmospheric stability and horizontal dispersion is a function of wind speed and topography.  
The Kaiso-Tonya Valley experiences strong solar heating throughout the year which results 
in good vertical mixing and efficient vertical dispersion.  The horizontal dispersion in the 
Valley is however impeded by the high frequency of light winds and the blocking effect of the 
escarpment to dispersion by from winds the westerly sector that do not have the ability to 
carry the pollutants up and over the escarpment. Pollutants with therefore tend to remain 
below the escarpment where they accumulate, spread and return in an easterly direction at 
higher levels. In order to evaluate the difference in dispersion potential between the two sites 
the predicted ambient concentration of sulphur dioxide (SO2), oxides of nitrogen (NO2) and 
particulate matter (PM10) are compared. 
 
The following points are noteworthy when comparing the model results of Site 1C and Site 5: 
 
• The annual pattern of dispersion for all three pollutants has an extension to the 

southwest of Site 1C and an even spread towards the west, decreasing with 
increasing distance from Site 1C. WHO annual ambient air quality guidelines are not 
exceeded for either case. 

• In all cases the predicted annual ambient concentrations are lower for emissions 
from Site 5 than for emissions from Site 1C.  The spreading of the plume to the west 
over Lake Albert for Site 1C emissions as a result of accumulation of pollutants below 
the escarpment is not evident for emissions from Site 5. 

• The predicted maximum 24-hour and 1-hour concentrations of all three pollutants 
from emissions from Site 1C result in relatively high concentrations in the immediate 
vicinity of the EPS and equally high concentrations to the east of Site 1C in a band 
orientated from northeast to southwest, coinciding with the face of the escarpment, 
i.e. impact of the plume with the higher ground to the east under the prevailing winds 
from the sector north-northwest to southwest. 

• The highest predicted maximum 24-hour and 1-hour concentrations of all three 
pollutants resulting from emissions from Site 5 are predicted in the immediate vicinity 
of the EPS sources.  There is an even spreading of the pollutants towards the east 
under the prevailing westerly winds and there is little evidence of an accumulation of 
pollutants against the escarpment. 

• The maximum predicted 24-hour and 1-hour ambient concentrations of all pollutants 
are markedly lower for the case of emissions from Site 5 compared with Site 1C.    
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• In neither case is the WHO 24-hour ambient air quality guidelines exceeded, nor is 
the 1-hour guideline for SO2 and PM10.   

• The WHO 1-hour guideline is exceeded for predicted NO2 concentration for 
emissions from both sites. However, the predicted 1-hour maximum concentration 
drops from 550 to 300 μg/m3 in the Valley and from 400 to 200 μg/m3 on the 
escarpment for Site 1C and Site 5 emissions respectively.  The reduction in the 
spatial extent of the predicted high concentrations in the case of emissions from Site 
5 is also marked. 

 
It is concluded that the atmospheric dispersion potential of Site 5 is considerably better than 
Site 1C.  Dispersion from Site 1C is inhibited by its relative location to the escarpment and 
the prevailing westerly winds. The main emissions sources at Site 5 are located above the 
escarpment and the dispersion is therefore uninhibited, resulting in lower predicted ambient 
concentrations of all pollutants, a smaller spatial extent of the dispersed pollutants and fewer 
exceedances of ambient air quality guidelines for NO2. 
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I1 PHYSICAL BASELINE 

I1.1 HYDROLOGY AND RIVER CATCHMENTS 

Figure 1.1 Rivers and River Catchments 

 
 



ENVIRONMENTAL RESOURCES MANAGEMENT  

3 
 

Figure 1.2 River Catchments and Soil Map 
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Table 1.2 Field Parameters Measured during Groundwater Sampling (September 2007) 

Parameter Kab1 Mputa1 Mputa4 Nzi1 Nya1 RWE Kyg1 Kai1 Kye1 Ton1 Ton2 
Location Valley Escarpment Lakeside 
pH        6.4 6.4 6.4 6.6 6.1 6.5 6.6 6.7 7.0 6.9 7.1 
EC (mS/m) 137 50 38 61 21 54 60 130 75 200 87 
T (0C) 28.8 30.2 27.9 27.8 24.5 25.6 28.7 28.5 29.8 29.6 30.8 
DO (mg/L) 1.5 2.0 0.86 4.8 3.3 3.3 3.3 n.m.1 7.5 n.m.1 n.m.1 

1 = no measurement taken 
Bold = Concentrations that exceed the guidance value are given in bold 

 
Table 1.3 Field Parameters Measured during Surface Water Sampling (May 2007 and 

September 2007) 

Parameter Hohwa1 Hohwa2 KSL1 KSL2 KSL3 KSS1 KSS2 KSN1 KSN2 KSO1 KSO2 
Location River Lagoon Lake 
pH        6.7 7.0 7.6 - 7.9 7.6 - 7.9 7.6 - 7.9 7.9 7.9 8.3 8.2 7.9 7.9 
EC (mS/m) 19 19 60 - 61 60 - 61 60 - 61 71 71 71 72 71 71 
TEMP (0C) 24.2 20.5 30– 31 30– 31 30– 31 28.2 28.0 28.4 28.2 28.8 28.0 
DO (mg/L) n.m1 7.0 4.5 - 5.6 4.5 - 5.6 4.5 - 5.6 4.4 4.0 4.7 2.2 8.0 3.3 
Hohwa1, Hohwa2 = readings taken during September 2007 hydrocensus 
KSL1-KSL3  = ranges for lagoon reported in NaFIRRI report (2007) 
KSS1 – KSO2  = values read from water quality graphs in NaFIRRI report (2007) 
1   = no measurement taken 

 
Table 1.4 Major Ions and Nutrients in Groundwater – mg/L 

Parameter UNBS1 Kab1 Mputa1 Mputa4 Nzi1 Nya1 Kyg1 Kai1 Kye1 Ton1 Ton2 
Location  K-T Valley Escarpment Lakeshore 
Na+ 200 54 26 19 155 11 160 140 41 440 160 
K+ N2 6.0 5.0 4.4 4.3 3.0 4.2 140 5.4 6.8 17 
Ca2+ 75 110 41 34 5.2 20 37 25 8.4 8.2 n.m.3 
Mg2+ 50 88 18 17 1.7 9.8 38 15 2.6 9.3 n.m.3 
F- 1 1.8 <0.5 0.9 <0.5 <0.5 <0.5 <0.5 0.8 <0.5 0.9 
Cl- 250 51 15 5 7 <1 26 180 2 320 94 
SO42- 200 350 55 32 13 9 <3 64 45 51 25 
PO4- n.a.2 <0.08 <0.08 <0.08 0.93 <0.08 4.0 6.0 <0.08 2.1 6.9 
NO3- 10 <0.3 <0.3 <0.3 0.5 0.6 0.4 130 4.3 1.3 1.7 
NH4- n.a.2 <0.2 0.3 0.3 1.8 <0.2 6.8 <0.2 <0.2 2.2 2.8 
Total Phos n.a.2 0.17 0.48 0.50 0.56 0.35 1.70 2.50 0.43 1.30 4.80 
Tot. Alk4  500 360 260 130 325 110 360 170 310 450 180 
Car. Alk4 
 

n.a.2 
<2 <2 <2 50 <2 <2 <2 <2 20 <2 

Bic. Alk4  n.a.2 360 260 130 260 110 360 170 310 430 180 
DOC n.a.2 3 1 2 2.50 <1 13 4 2 8 12 
1 = Ugandan National Bureau of Standards – drinking water 
2 =  No UNBS or WHO guidance value developed 
3 = Not measured 
4 = Total Alkalinity, Carbonate Alkalinity and Bicarbonate Alkalinity given in CaCO3  
  Equivalents 
Bold = Concentrations that exceed the guidance value are given in bold 
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Table 1.5 Major Ions and Nutrients in Surface Water– mg/L 

Parameter UNBS1 Hohwa1 Hohwa2 KSL1 KSL2 KSL3 KSS1 KSS2 KSN1 KSN2 KSO1 KSO2 
Location  River Lagoon Lake 
Na+ 200 11 14 59 59 60 68 68 68 68 68 68 
K+ n.a.2 5.6 5.6 37.0 37.0 36.0 50.0 50.0 50.0 50.0 50.0 9.5 
Ca2+ 75 19 15 23 23 23 9.9 9.0 9.5 10 9.6 10 
Mg2+ 50 9.3 9.2 18 17 18 26 28 29 27 26 27 
F- 1 <0.5 <0.5 0.7 0.7 0.8 1.0 0.9 0.9 0.9 0.8 0.9 
Cl- 250 5 3 20 20 20 22 22 22 21 22 22 
SO42- 200 4 5 10 10 10 15 15 15 15 16 14 
PO4- n.a.2 0.64 0.78 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 
NO3 10 <0.3 1.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 
NH4 n.a.2 <0.2 <0.2 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 
TP n.a.2 0.580 0.750 0.610 0.540 0.550 0.029 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 
Tot. Alk5  n.a.2 110 120 1964 1944 1974 2214 2254 2274 2274 2254 2204 
Car. Alk5 
 

n.a.2 
<2 <2 

n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 

Bic. Alk5  n.a.2 110 120 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 
COD n.a.2 38 47 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 n.m.3 
DOC n.a.2 12 16 20 17 18 6 7 6 7 7 7 
1 = Ugandan National Bureau of Standards – drinking water 
2 =  No UNBS or WHO guidance value developed 
3 = not measured 
4 = Estimated value, determined by subtracting sum of anions (meq/L) from sum of cations  
  (meq/L) 
5 = Total Alkalinity, Carbonate Alkalinity and Bicarbonate Alkalinity given in CaCO3  
  equivalents 
 

Table 1.6 Dissolved Trace Metals in Groundwater – �g/L 

Parameter UNBS1/ WHO2 Kab1 Mputa1 Mputa4 Nzi1 Nya1 Kyg1 Kai1 Kye1 Ton1 
Location  K-T Valley Escarpment Lakeshore 
Al 100 6 6 7 13 11 6 9 11 7 
As 50 <1 <1 <1 4 <1 <1 <1 2 <1 
B 5002 28 34 34 120 27 38 110 38 190 
Cd 10 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 
Cr3 502 2 <1 <1 1 1 <1 <1 <1 <1 
Cu 1 000 1 <1 4 2 3 4 5 3 9 
Fe 300 19 000 1300 910 110 1400 440 27 450 230 
Pb 50 3 <1 <1 <1 <1 <1 <1 <1 <1 
Mn 100 160 96 770 46 49 11 55 90 15 
Ni 202 2 <1 <1 <1 <1 <1 <1 <1 <1 
Se 102 <1 <1 <1 <1 <1 2 5 1 <1 
U 152 <1 <1 <1 <1 <1 <1 <1 <1 <1 
Zn 5 000 6 400 33 51 14 86 35 21 21 180 
Hg 1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
1 = Ugandan National Bureau of Standards – drinking water 
2 = World Heath Organisation drinking water quality guideline 
3 = Chromium as Cr6+ 
Bold = Concentrations that exceed the guidance value is given in bold 
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Table 1.7 Dissolved Trace Metals in Surface Water - �g/L 

Parameter UNBS1/ WHO2 Hohwa1 Hohwa2 
Al 100 18 37 
As 50 <1 <1 
B 5002 40 28 
Cd 10 <0.4 <0.4 
Cr3 502 2 <1 
Cu 1 000 9 3 
Fe 300 310 610 
Pb 50 <1 <1 
Mn 100 28 24 
Ni 202 4 3 
Se 102 <1 <1 
U 152 <1 <1 
Zn 5 000 12 13 
Hg 1 <0.05 <0.05 
1 = Ugandan National Bureau of Standards – drinking water 
2 = World Heath Organisation drinking water quality guideline 
3 = Chromium as Cr6+ 
Bold = Concentrations that exceed the guidance value are given in bold 

 
 

I1.2.3 Additional Water Quality Baseline – October 2007 

Table 1.8 Coordinates of Surface Water Sample Locations 

Sample Latitude Longitude Description 
Hohwa 1 1.51905° N 30.95755° E Northern bank of moderately flowing river, up gradient of bridge 
Hohwa 2 1.37297° N 30.97180° E Eastern bank of moderately  flowing river, up gradient of 

clothing washers 

 
Table 1.9 Field Parameters Measured during Surface Water Sampling 

Parameter Hohwa1 Hohwa2 
 4 Sept 07 11 Oct 07 4 Sept 07 11 Oct 07 
Description Light brown discolouration Light brown discolouration 

pH        6.7 7.0 7.0 8.3 
EC (mS/m) 19 18 19 21 
DO (mg/L) n.m n.m 7.0 n.m 
Temp (0C) 24.2 23.6 20.5 20.1 
ORP (mV) n.m 58 n.m 79 

n.m. = not measured 
EC  = Electrical Conductivity (mS/m) 
T = Temperature in degrees Celsius  
ORP = Reduction/Oxidation Potential (mV) 
DO  = Dissolved oxygen 
 

Table 1.10 Major ion chemistry of surface water samples 

Parameter Units UNBS1 Hohwa1 Hohwa2 
   4 Sept 07 11 Oct 07 4 Sept 07 11 Oct 07 
Na+ mg/L 200 11 9.9 14 19 
K+ mg/L N2 5.6 5.6 5.6 5.4 
Ca2+ mg/L 75 19 17 15 18 
Mg2+ mg/L 50 9.3 8.2 9.2 11 
F- mg/L 1 <0.5 n.m.3 <0.5 n.m.3 
Cl- mg/L 250 5 5 3 3 
SO42- mg/L 200 4 <3 5 <3 
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Parameter Units UNBS1 Hohwa1 Hohwa2 
PO4- mg/L N2 0.64 n.m.3 0.78 n.m.3 
NO3 mg/L 10 <0.3 n.m.3 1.3 n.m.3 
NH4 mg/L N2 <0.2 n.m.3 <0.2 n.m.3 
Total Phosphorus mg/L N2 0.580 n.m.3 0.750 n.m.3 
Total Alkalinity4  mg/L as CaCO3 N2 110 n.m.3 120 n.m.3 
Carbonate Alkalinity4 mg/L as CaCO3 N2 <2 n.m.3 <2 n.m.3 
Bicarbonate Alkalinity4  mg/L as CaCO3 N2 110 80 120 100 
COD mg/L N2 38 n.m.3 47 n.m.3 
DOC mg/L N2 12 n.m.3 16 n.m.3 
1 = Ugandan National Bureau of Standards – drinking water 
2 =  No UNBS or WHO guidance value developed 
3 = Not measured 
4 = Total Alkalinity, Carbonate Alkalinity and Bicarbonate Alkalinity given in CaCO3  
  equivalents 
Bold = Concentrations that exceed the guidance value are given in bold 

 
Table 1.11 Trace element chemistry of surface water samples 

Parameter Units UNBS1/ WHO2 Hohwa1 Hohwa2 
 �  4 Sept 07 11 Oct 07 4 Sept 07 11 Oct 07 
Al �g/L 100 18 n.m.4 37 n.m.4 
As �g/L 50 <1 30 <1 <1 
B �g/L NV/500 40 n.m.4 28 n.m.4 
Cd �g/L 10 <0.4 <0.4 <0.4 <0.4 
Co �g/L� NV/NV n.m.4 <1 n.m.4 <1 
Cr3 �g/L 502 2 <1 <1 <1 
Cu �g/L 1 000 9 7 3 10 
Fe �g/L 300 310 n.m.4 610 n.m.4 
Pb �g/L 50 <1 2 <1 <1 
Mn �g/L 100 28 n.m.4 24 n.m.4 
Ni �g/L NV/20 4 3 3 2 
Se �g/L NV/10 <1 n.m.4 <1 n.m.4 
U �g/L NV/15 <1 n.m.4 <1 n.m.4 
V �g/L� NV/NV  3 n.m.4 4 
Zn �g/L 5 000 12 59 13 49.5 
Hg �g/L 1 <0.05 <0.05 <0.05 <0.05 
1 = Ugandan National Bureau of Standards – drinking water 
2 = World Heath Organisation drinking water quality guideline 
3 = Chromium as Cr6+ 

4 = Not measured 
Bold = Concentrations that exceed the guidance value are given in bold 
 
 

I1.2.4 Water Quality Baseline Collected during Invertebrate Study – October 

Table 1.12 Water Quality Baseline data from Hohwa River Sites 

Variables Sites 

 1 2 3 4 5 
Ngasa 
lagoon 

A: Physical      
Cond. (μs/cm) 196 233 185 195 283  
Temp (oC) 23.6 20.1 23.5 23.9 23.2  
pH 7.0 8.3 7.6 7.8 8.0  
ORP (mV) 58.0 79.0 91.0 83.0 57.0  
B: Nutrients       
TP (μg/L) 340.3 356.1 320.8 271.1 429.8 540 
TDP (μg/L) 275.3 315.7 279.5 259.1 301.8  
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SRP (μg/L) 240.7 281.6 239.1 184.9 287.6  
TN (μg/L) 3804.8 3347.5 3666 3780.2 3678.0 1720 
TDN (μg/L) 552.0 722.7 697.7 558.3 620.7  
N03-N (μg/L) 30.3 37.1 25.7 21.4 31.7  
C: Other       
Chl-a (μg/L) 0.4 0.8 0.3 0.5 0.4 29 
TSS (μg/L) 1075.0 3562.5 1937.5 1787.5 2300.0 18 

 
 

I1.2.5 Sediment Quality Baseline – September 2007 

Table 1.13 Trace Metals in Lagoon Sediments - mg/kg 

Parameter NOAA1 KSL1
A1 

KSL1
A2 

KSL1
B1 

KSL1
B2 

KSL2
A1 

KSL2
A2 

KSL2
B1 

KSL2
B2 

KSL3
A1 

KSL3
A2 

KSL3
B1 

KSL3
B2 

Co n.a.2 20 21 20 20 22 22 21 21 21 20 20 20 
Cu 36 25 23 22 22 24 31 29 24 24 24 23 25 
Ni 18 33 34 32 33 35 35 36 36 33 32 35 34 
V n.a.2 62 66 66 66 70 72 72 71 71 70 73 70 
Hg 0.174 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 
1 = National Oceanic and Atmospheric Administration  (NOAA) sediment quality guidelines –  
  threshold effects 
2 =  No NOAA guidance value developed 
 

Table 1.14 Trace Metals in Lake Albert Sediments - mg/kg 

Parameter NOAA1 KSS
A1 

KSS
A2 

KSS
B1 

KSS
B2 

KSN
A1 

KSN
A2 

KSN
B1 

KSN
B2 

KSO
A1 

KSO
A2 

KSO
B1 

KSO
B2 

Co n.a.2 17 17 16 17 15 15 14 14 19 19 18 18 
Cu 36 14 11 <6 <6 15 16 17 20 30 29 26 37 
Ni 18 8 8 7 7 22 22 19 19 32 32 29 33 
V n.a.2 19 20 17 17 48 48 37 40 59 59 61 61 
Hg 0.174 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 
1 = National Oceanic and Atmospheric Administration (NOAA) sediment quality guidelines –  
  threshold effects 
2 =  No NOAA guidance value developed 

 
Table 1.15 Petroleum Hydrocarbons and Organic Matter in Lagoon Sediments - mg/kg 

Parameter NOAA1 KSL1
A1 

KSL1
A2 

KSL1
B1 

KSL1
B2 

KSL2
A1 

KSL2
A2 

KSL2
B1 

KSL2
B2 

KSL3
A1 

KSL3
A2 

KSL3
B1 

KSL3
B2 

Naphthalene 0.5 4.900 4.100 3.000 3.300 2.600 4.200 2.200 1.900 2.600 2.300 2.700 2.200 
Acenapthene 0.15 1.400 0.970 0.740 0.880 0.720 1.200 0.620 0.510 0.590 0.640 0.760 0.600 
Flourene 0.35 0.960 0.610 0.520 0.630 0.570 0.900 0.440 0.360 0.390 0.460 0.610 0.430 
Phenanthrene 0.26 0.640 0.370 0.350 0.410 0.400 0.550 0.310 0.260 0.270 0.330 0.870 0.310 
Anthacene 0.30 0.083 0.050 0.043 0.048 0.042 0.070 0.040 0.033 0.036 0.043 0.200 0.041 
Flouranthene 1.00 0.037 0.036 0.036 0.038 0.039 0.049 0.034 0.031 0.031 0.042 0.340 0.037 
T -  PAH2 1.00 8.100 6.200 4.700 5.400 4.400 7.000 3.600 3.100 3.900 3.900 5.900 3.600 
EPH3 n.a.5 590 680 790 840 1400 1100 1700 1600 1200 1200 1600 1400 
OM4 n.a5 130 130 140 140 150 150 160 160 170 180 180 190 
1 = National Oceanic and Atmospheric Administration (NOAA) threshold concentrations for  
  toxic effects – Long &  Morgan, 1990. 
2 = Total Polycyclic Aromatic Hydrocarbons 
3 = Extractable Petroleum Hydrocarbons (C10 – C40)  
4 = Organic matter 
5 = No Value developed 
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Table 1.16 Petroleum Hydrocarbons and Organic Matter in Lake Albert Sediments - 
mg/kg 

Parameter NOAA1 KSS
A1 

KSS
A2 

KSS
B1 

KSS
B2 

KSN
A1 

KSN
A2 

KSN
B1 

KSN
B2 

KSO
A1 

KSO
A2 

KSO
B1 

KSO
B2 

Naphthalene 0.5 0.053 0.093 0.061 0.085 4.400 5.000 0.190 0.110 0.140 0.150 0.200 0.055 
Acenapthene 0.15 <0.02 <0.02 0.017 0.023 0.810 0.940 0.059 0.029 0.042 0.052 0.063 <0.02 
Flourene 0.35 0.016 0.020 0.024 0.028 0.440 0.530 0.039 0.019 0.041 0.058 0.055 0.029 
Phenanthrene 0.26 0.035 0.034 0.033 0.037 0.250 0.290 0.051 0.036 0.041 0.058 0.062 0.110 
Anthacene 0.30 <0.01 <0.01 <0.01 <0.01 0.031 0.036 <0.01 <0.01 <0.01 <0.01 <0.01 0.027 
Flouranthene 1.00 0.035 <0.03 <0.03 <0.03 0.025 0.029 <0.03 <0.03 <0.03 <0.03 <0.03 0.100 
T -  PAH2 1.00 0.270 0.160 0.150 0.200 6.000 6.800 0.360 0.210 0.320 0.340 0.410 0.630 
EPH3 n.a.5 170 180 160 170 360 320 200 220 290 310 340 340 
OM4 n.a.5 15 17 12 13 44 43 34 34 57 58 67 60 
1 = National Oceanic and Atmospheric Administration (NOAA) threshold concentrations for  
  toxic effects – Long &  Morgan, 1990. 
2 = Total Polycyclic Aromatic Hydrocarbons 
3 = Extractable Petroleum Hydrocarbons (C10 – C40)  
4 = Organic matter 
5 = No Value developed 
 
 

I1.2.6 Additional Sediment Quality Baseline – October 2007 

Table 1.17 Coordinates of Sediment Sampling Locations 

Sample Latitude Longitude Location Description 
Hohwa 2 1.37297° N 30.97180° E 0 km downstream of Hohwa 2.  On 

escarpment.  Duplicates position 
from September 2007 surface and 
groundwater sampling 

Eastern bank of moderately flowing river, 
up gradient of clothing washers, 
approximately 30 cm below the water 
surface. 

Hohwa 5 1.42064° N 30.97865° E 5.4 km downstream of Hohwa 2.  Just 
below escarpment, immediately 
downstream of proposed production 
site and upstream of wetland area. 

Western bank of strongly flowing river, 
approximately 30 cm below the water 
surface 

Hohwa 4 1.47305° N 30.98197° E 11.2 km downstream of Hohwa 2.  
Downstream of wetland area, 
upstream of significant tributaries. 

Eastern bank of strongly flowing river, 
approximately 50 cm below the water 
surface 

Hohwa 3 1.50734° N 30.98309° E 16.3 km downstream of Hohwa 2.  
Downstream of significant 
tributaries, approximately midway 
between Hohwa 4 and Hohwa 1. 

Northern bank of strongly flowing river, 
approximately 60 cm below the water 
surface 

Hohwa 1 1.51905° N 30.95755° E 19.4 km downstream of Hohwa 2.  
Upstream of lagoon. Duplicates 
position from September 2007 surface 
and groundwater sampling (1)  

Northern bank of moderately flowing river, 
up gradient of bridge, approximately 30 cm 
below the water surface. 

Coordinate datum =   WGS 84 

 
Table 1.18 Descriptions of Sediment Samples 

Sample Source Description 
Hohwa 2 River Wet, brown-black, firm, gravely, gritty loam, no observable structure, significant 

amount of organic matter, transported (fluvial) 
Hohwa 5 River Wet, dark-brown, firm, loam, no observable structure, transported (fluvial) 
Hohwa 4 River Wet, dark-grey, soft loam with high organic matter content (mainly roots), no 

observable structure, transported (fluvial) 
Hohwa 3 River Wet, grey-brown, soft, clay-loam, no observable structure, transported (fluvial) 
Hohwa 1 River Wet, light brown, soft, clay-loam, no observable structure, transported (fluvial) 
KSL1 Lagoon From near mouth of a small stream inflow 

                                                      
(1)ERM (2007).  Specialist surface and groundwater report for the Tullow Early Production System, Uganda, Draft Report. 
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Sample Source Description 
KSL2 Lagoon Mid-lagoon 
KSL3 Lagoon Opposite side to proposed drilling operation and service road 
KSS Lake South of spit, sufficiently deep to allow accumulation of find sediments 
KSN Lake North of the spit, sufficiently deep to allow accumulation of find sediments 
KSO Lake Deep water station (40 m), serve as control for subsequent surveys 

 
Table 1.19 Organic Carbon (OC) Results for Lagoon and Lake Sediment Samples 

Parameter Units NOAA1 Mean 95% CL Mean  95% CL Mean 95% CL 
   KSL1 KSL2 KSL3 
OC % NV 13.5 6.9 - 20.1 15.5 8.9 - 22.1 18.0 11.4 - 24.6 
   KSS KSN KSO 
OC % NV 1.4 0 – 8.0 3.9 0 - 10.5 6.1 0 - 12.7 
 

Table 1.20 Organic Carbon (OC) and Particle Size Distribution Results for Hohwa River 
Samples 

Analyte Units Hohwa 2 Hohwa 5 Hohwa 4 Hohwa 3 Hohwa 1 
  Mean 95% CL Mean 95% CL Mean 95% CL Mean 95% CL Mean 95% CL 
OC % 4.5 0 - 11.1 1.0 0 - 7.6 5.2 0 - 11.8 1.5 0 - 8.1 0.9 0 - 7.5 
Sand % 69.4 46.7 – 92.0 70.9 48.3 – 93.6 34.5 11.8 – 57.2 45.4 22.7 – 68.0 57.3 34.6-80.0 
Silt % 24.4 16.7 – 32.1 21.0 13.2 – 28.7 43.4 35.6 – 51.1 27.3 19.5 – 35.0 25.4 17.7 – 33.1 
Clay % 6.3 0 – 19.4 8.2 0 – 21.3 22.2 9.0 – 35.3 27.4 14.2 – 40.5 17.3 4.1 – 30.5 

 
Table 1.21 PAH and EPH Concentrations in Lagoon Sediments (confidence limits (CL) 

calculated from data in NAFIRRI report) 

Parameter Units NOAA1 KSL1 KSL2 KSL3 
   Mean 95% CL Mean 95% CL Mean 95% CL 
Naphthalene mg/kg 0.5 3.8 1.7 - 5.9 2.7 0.6 - 4.8 2.5 0.4 - 4.5 
Acenapthene mg/kg 0.15 1.00 0.41 - 1.58 0.76 0.18 - 1.35 0.65 0.06 - 1.23 
Flourene mg/kg 0.35 0.68 0.29 - 1.07 0.57 0.17 - 0.96 0.47 0.08 - 0.87 
Phenanthrene mg/kg 0.26 0.44 0.17 - 0.72 0.38 0.1 - 0.66 0.45 0.17 - 0.72 
Anthracene mg/kg 0.30 0.22  0.05  0.08  
Flouranthene mg/kg 1.00 0.04  0.04  0.04  
EPH mg/kg NV2 725 306 - 1143 1450 1031 - 1868 1350 931 – 1768 
OC % NV 13.5 6.9 - 20.1 15.5 8.9 - 22.1 18.0 11.4 - 24.6 
1 = National Oceanic and Atmospheric Administration (NOAA) sediment quality guidelines –  
  threshold effects for freshwater sediment 
2 =  No NOAA guidance value developed 

 
Table 1.22 PAH and EPH Concentrations in Lake Sediments (mg/kg, confidence limits 

(CL) calculated from data in NAFIRRI report) 

Parameter Units NOAA1 KSS KSN KSO 
   Mean 95% CL Mean 95% CL Mean 95% CL 
Naphthalene mg/kg 0.5 0.07 0 - 2.2 2.43 0.3 - 4.5 0.14 0 - 2.2 
Acenapthene mg/kg 0.15 0.02  0.46 0 - 1.05 0.05  
Flourene mg/kg 0.35 0.02 0 - 0.42 0.26 0 - 0.65 0.05 0 - 0.44 
Phenanthrene mg/kg 0.26 0.03 0 - 0.31 0.16 0 - 0.43 0.07 0 - 0.34 
Anthracene mg/kg 0.30 <0.01  0.03  <0.01  
Flouranthene mg/kg 1.00 0.04  0.03  <0.03  
EPH mg/kg NV2 170 0 - 589 275 0 - 694 320 0 - 739 
OC % NV 1.4 0 – 8.0 3.9 0 - 10.5 6.1 0 - 12.7 
1 = National Oceanic and Atmospheric Administration (NOAA) sediment quality guidelines –  
  threshold effects for freshwater sediment 
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2 =  No NOAA guidance value developed 

 
Table 1.23 EPH Content of River Sediment Samples 

Analyte Units Hohwa 2 Hohwa 5 Hohwa 4 Hohwa 3 Hohwa 1 
  Mean 95% CL Mean 95% CL Mean 95% CL Mean 95% CL Mean 95% CL 
EPH mg/kg 101 0 - 520 <35  130 0 - 466 48 0 - 549 52  
EPH ID  Possible 

carboxylic 
acids/PAHs 

No ID possible Possible 
carboxylic 

acids/PAHs 

Unknown pattern Possible 
carboxylic acids / 

humic acids 

 
Table 1.24 Trace Metal Concentrations in River Sediments (mg/kg) 

Analyte NOAA1 Hohwa 2 Hohwa 5 Hohwa 4 Hohwa 3 Hohwa 1 
  Mean 95% CL Mean 95% CL Mean 95% CL Mean 95% CL Mean 95% CL 
As 5.9 <3  <3  <3  <3  <3  
Cd 0.596 <0.3  <0.3  0.4  0.3  0.6  
Cr 37.3 38.3 13.7 - 62.8 66.0 41.5 - 90.5 58.0 33.5 - 82.5 38.8 14.2 - 63.3 23.0 0 - 47.5 
Co NV2 20.3 17.2 - 23.3 20.3 17.2 - 23.3 21.5 18.5 - 24.5 17.5 14.5 - 20.5 14.5 11.5 - 17.5 
Cu 35.7 11.0 3.2 - 18.8 22.5 14.7 - 30.3 27.3 19.5 – 35.0 15.3 7.5 – 23.0 13.5 5.7 - 21.3 
Pb 35.0 7.0 1.1 - 12.9 10.8 4.8 - 16.7 15.8 9.8 - 21.7 16.0 10.1 - 21.9 12.3 6.3 - 18.2 
Hg 0.174 <0.6  <0.6  <0.6  <0.6  <0.6  
Ni 18 14.0 3.6 - 24.4 34.3 23.9 - 44.6 33.8 23.4 - 44.1 22.3 11.9 - 32.6 17.5 7.1 - 27.9 
V NV2 96.0 78.0 - 114 65.8 47.8 - 83.7 66.5 48.5 - 84.5 51.8 33.8 - 69.7 38.3 20.3 - 56.2 
Zn 123.1 39.8 25.0 - 54.5 38.0 23.2 - 52.8 59.3 44.5 – 74.0 39.5 24.7 - 54.3 54.0 39.2 - 68.8 
1 = National Oceanic and Atmospheric Administration  (NOAA) sediment quality guidelines –  

threshold effects for freshwater sediment.  Bold values indicate exceedence of these 
guidelines. 

2 =  No NOAA guidance value developed 

 
Table 1.25 Trace Metal Concentrations in Lagoon Sediments (mg/kg) 

Analyte NOAA1 KSL1 KSL2 KSL3 
  Mean 95% CL Mean 95% CL Mean 95% CL 
Co NV2 20.3 17.2 - 23.3 21.5 18.5 - 24.5 20.3 17.2 - 23.3 
Cu 35.7 23.0 15.2 - 30.8 27.0 19.2 - 34.8 24.0 16.2 - 31.8 
Ni 18 33.0 22.6 - 43.4 35.5 25.1 - 45.9 33.5 23.1 - 43.9 
V NV2 65.0 47.0 – 83.0 71.3 53.3 - 89.2 71.0 53.0 – 89.0 
Hg 0.174 <0.6  <0.6  <0.6  
1 = National Oceanic and Atmospheric Administration  (NOAA) sediment quality guidelines –  

threshold effects for freshwater sediment.  Bold values indicate exceedence of these 
guidelines. 

2 =  No NOAA guidance value developed 

 
Table 1.26 Trace Metal Concentrations in Lake Sediments (mg/kg) 

Analyte NOAA1 KSS KSN KSO 
  Mean 95% CL Mean 95% CL Mean 95% CL 
Co NV2 16.8 13.7 - 19.8 14.5 11.5 - 17.5 18.5 15.5 - 21.5 
Cu 35.7   17.0 9.2 - 24.8 30.5 22.7 - 38.3 
Ni 18 7.5 0 - 17.9 20.5 10.1 - 30.9 31.5 21.1 - 41.9 
V NV2 18.3 0.3 - 36.2 43.3 25.3 - 61.2 60.0 42.0 – 78.0 
Hg 0.174 <0.6  <0.6  <0.6  
1 = National Oceanic and Atmospheric Administration  (NOAA) sediment quality guidelines –  

threshold effects for freshwater sediment.  Bold values indicate exceedence of these 
guidelines. 

2 =  No NOAA guidance value developed 
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I3 FAUNA 

I3.1 MAMMALS 

Table 3.1 Conservation Status of Large Mammals in the Albertine Rift (according to the 
IUCN Categories) 

Species Common Rare Vulnerable Endangered Extinct 
Black rhino     X 
Hunting dog     X 
Aardvark    X  
Leopard  X    
Spotted Hyena  X    
Lion  X    
Serval Cat   X   
Gorilla   X   
Ratel   X   
Buffalo X     
J. Hartebeest X     
Uganda kob X     
Waterbuck X     
Warthog X     
Bushbuck  X    
Hippo X     
African Elephant    X  
Patas monkey  X    
Vervet monkey  X    
Black backed Jackal  X    
Banded mongoose  X    
African Civet  X    
Sitatunga  X    
Bohor Reedbuck   X   
Oribi X     
Porcupine  X    

 
 

I3.2 BIRDS 

Ecological Characteristics 
A - Afro tropical migrant a-species migrating within Africa 
P- Palearctic migrant a species which bread in Europe or Asia 
p- Species with at least some palearctic populations  
FF- forest specialists’ species of typical forests interiors and are true forest 
birds have characteristics of interior of little disturbed forests or habitat. 
Where they do occur away from interior they are usually less common.  They 
are rarely seen in non forest habitats. Breeding is almost invariably with in the 
forest 
F-forest generalists’ species less specialized also occur in small patches of 
forests, may also occur in undisturbed forests but are also regularly found in 
forests strips, edges, gaps. They are likely to be more common there and in 
secondary forest than in the interior of closed canopy forest. Breeding is 
typically with in the forest. 
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f- Forests visitors often recorded in the forest but they are not dependant upon 
it. They are almost always more common in non forest habitats where they are 
most likely to breed. 
W- waterbird specialists normally restricted to wetlands or open waters  
w- waterbird non specialists often found near water 
br- known to breed in Uganda 
N- Species with various common names but no habitat codes yet. 
 

Table 3.2 Birds Species List 

Species Scientific names Habitat Codes 
Afrcan paradize flycatcher Terpisphone viridis f 
African citril Serinus citrinelloides  
African drongo Dicrurus adsimillis F 
African firefinch Lagonasticta rubricata  
African morning dove Streptopelia decipiens  
African moustached warbler Melocichla mentalis br 
African Palm Swift Cypsiurus parvus br 
African pied hornbill Tockus fasciatus F 

African Pygmy-kingfisher ispidina picta  
African thrush Turdus pellos f 

African-fish eagle Haliaeetus vocifer  

African-grey hornbill Tockus nasutus  
Angolla Swallow Hirundo angolensis br 
Batluer Terathopius ecaudatus br 
Black & white shouldered tit Parus guineensis  
Black headed gonelek Laniarius erythrogaster f 
Black headed heron Ardea melanocephala br 
Black headed oriole Oriolus larvatus f 
Black headed weaver Polecus cucullatus br 
Black throated seed eater Serinus atrogularis N 
Black-bellied Bustard Eupodotis melanogaster  
Blue naped mousebird Urocolius macrourus  
Blue spoted wood dove Turtur afer f 
Blue spoted wood dove Turtur afer f 
Brown backed scrub robin Cercotrichas hartlaubi f 
Brown backed scrub robin Cercotrichas hartlaubi f 
Brown parrot Poicephalus meyeri f 

Brown-backed scrub robin Cercotrichas hartulaubi  
Cattle egret Bubulcus ibis br 

Chestnut-bellied kingfisher Halcyon leucephala  
Common bulbul Pycnonotus barbatus f 
Common wattle eye Platysteira cyanea f 
Croacking cisticola Cisticola natalensis  
Eastern grey plantain-eater Crinifer zonurus F 
Fan tailed widowbird Euplectes axillaris br 
Flappet lark Mirafra rufocinnamomea br 
Foxy Cisticola Cisticola troglodytes  
Grey backed camaroptera Camaroptera brachyura f 
Grey backed Fiscal Lanius excubitoroides br 
Grey caped warbler Eminia lepida br 
Grey headed sparrow Passer griseus br 
Hadada Bostrychia hagedash br 

Harlequin quail Coturnix dolegorguei br 
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Helmeted guineafowl Numida meleagris F 
Little swift Apus affinis br 
Little weaver Ploceus luteolus  
Long billed pepit Anthus similis br 
Long crested eagle Lophaetus occipitalis f 
Loughing dove Streptopelia senegalensis br 
Marabou Stork Leptoptilos crumeniferus br 
Marico sunbird Cinnyris mariquensis br 
Montiguers harrier Circus pygargus P 
Northern Black Flycatcher Melaenornis edolioides  
Northern Red Bishop Euplectes franciscanus  
Olive bee Eater Merops nubicus A 
Palm swift Cypsiurus parvus br 
Palmnut vulture Gypohierax angolensis F 
Red billed firefinch Lagonosticta senegala  
Red eyed dove  Streptopelia semitorquata f 
Red faced cisticola Cisticola erythrops br 
Red knecked spurfowl Francolinus afer br 
Red-chested Sunbird Cinnyris erythrocerca br 
Red-eyed Dove Streptopelia semitorquata f 
Ruppelles long tailed starling Lamprotornis purpuropterus br 
Speckled Mousebird Colius striatus br 
Speckled tinkerbird Pogoniulus scolopaceus F 
Splendid Glossy Starling Lamprotornis splendidus F 
Sulpher breasted bush shrike Malaconotus sulfureopectus br 
Tawny flanked prinia Prinia subflava fw 
Tropical boubou Laniarius aethiopicus br 
White throated bee eater Merops albicollis br 
Winding cisticola Cisticola galactotes br 
Yellow fronted canary Serinus mozambicus  
Yellow rumped tinkerbird Pogoniulus bilineatus F 
Yellow White-eye Zesterops senegalensis br 

 
Table 3.3 Amphibians 

Species Place Abundance 
Hyperoliidae   
Afrixalus fulvovittatus  25 
Hyperolius cinnamomeoventris  42 
Hyperolius lateralis lateralis  38 
Hyperolius acuticeps  16 
Hyperolius viridiflavus viridiflavus  14 
Kassina senegalensis  50 
Petropedetidae   
Phrynobatrachus natalensis Mputa 3 82 
Phrynobatrachus acrid oides  22 
Ranidae   
Ptychadena anchiate Mputa 1 56 
Ptychadena mascareniensis  12 

 
 
 
 
 
 
 



ENVIRONMENTAL RESOURCES MANAGEMENT  

30 

 
Table 3.4 Reptiles 

Species Common Name Ecological Status 
Lizards 

Varanus nilotics Monitor lizard 
Widespread in the East African 
region round lakes and rivers. 

Agama agama Red-headed Rock Agama Wide distribution in E. Africa 
Geckos 

Hemidactylus brooki Broke’s Gecko 
Widely distributed and 
tolerant to a range of habitats 

Hemidactylus mabouia House Gecko 
Very widely distributed, 
abundant in human 
settlements to open savannas 

Skinks 

Mabuya Maculilabris Speckle-lipped Skink 
Widely distributed and 
tolerant to a range of habitats 

Mabuya striata Striped Skink 
Widely distributed throughout 
E. Africa. Tolerant to a wide 
range of habitats 

Snakes 
Philopthamnus semivariegatus Spotted Bush Snake  

Psammophis sibilans African Beauty Snake 
(African Racer) 

 

 
 

I3.3 INVERTEBRATES 

I3.3.1 Invertebrate Sampling along the Hohwa River 

Figure 3.1 Sample Sites along the Hohwa River  
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I3.3.2 Micro-invertebrates 

Table 3.5 Zooplankton Species Checklist for the Five Sites Sampled along the Hohwa 
River 

Taxa Hohwa 1 Hohwa 2 Hohwa 3 Hohwa 4 Hohwa 5 Ngassa 
Lagoon 

COPEPODA       
Harpacticoida   P  A  P  A A A 
Cyclopoida       
Afrocyclops sp  P  A A A A A 
Mesocyclops sp.  P  A A A A P 
Thermocyclops 
neglectus A A A A A P 
Tropocyclops 
confinnis  P  A A A A A 
Tropocyclops 
tenellus A A  P  A A A 
Cyclopoid 
copepodite  P   P   P   P   P  P 
Nauplius larvae  P   P   P   P   P  P 
CLADOCERA       
Ceriodaphnia sp A A A A A p 
Chydorus spp.  P   P  A  P  A A 
Macrothrix sp.  P  A A A A A 
Moina micrura  P  A A A A P 
ROTIFERA       
Ascomorpha sp A A A A A P 
Asplanchna sp A A A A A p 
Brachionus 
angularis  P  A  P   P   P  P 
Brachionus 
calysiflorus A A A A A P 
Brachionus 
falcatus A A A A A p 
Hexathra sp A A A A A p 
Filinia opoliensis A A  P  A A A 
Keratella tropica  P  A  P  A A A 
Lecane bulla  P   P   P   P  A p 
Platyas 
quadricornis A A  P  A A A 
Polyarthra 
vulgaris.  P  A A A A p 
Synchaeta 
pectinata A A  P   P  A p 
Synchaeta spp. A  P  A  P  A p 
Trichocerca 
cylindrica  P   A  P   P  A  A  

 
 
 
 
 
 
 
 
 
 



ENVIRONMENTAL RESOURCES MANAGEMENT  

32 

Figure 3.2 Species richness of major groups of zooplankton at sampled sites along the 
Hohwa river course, October 2007 
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Figure 3.3 Numerical abundance of major zooplankton taxa at different sites along the 
Hohwa river course, October 2007. 
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Figure 3.4 Percent contribution of the three broad taxonomic groups of zooplankton 
identified at each site sampled along the Hohwa river course, October 2007 
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I3.3.3 Macro-invertebrates 

Table 3.6 Taxonomic Checklist of Macro-invertebrates and Counts of Recovered Taxa 
at the Sampled Sites along the Hohwa River Course, October 2007. 

 

Hohwa 1 Hohwa 2 Hohwa 3 Hohwa 4 Hohwa 5 
%Frequency 
Hohwa River 

Ngassa�  
Lagoon 
(0.6-1.6m) 

Depth (m) 0.4 0.3 1.5 1.4 0.1   
Taxa:        
Bivalvia       A 
Pisidium 
victoriae 0 90 0 0 2 40  
Gastropoda       A 
Biomphalaria sp. 0 129 0 2 0 40  
Ephemeroptera       A 
Caenis sp 0 12 5 5 2 80  
Baetidae 0 0 5 2 0 40  
Leptophlebidae  0 0 5 2 0 40  
Odonata        A 
Libellulidae 
(Brechmorrhoga 
sp) 0 27 0 0 0 20  
Gomphidae  
(Progomphus sp.) 0 0 0 0 2 20  
Protoneuridae 0 58 0 17 0 40  
Diptera       P 
Ablabesmyia 0 2 0 0 0 20  
Chironominae  66 112 19 2 7 100  
Palpomyia sp. 0 0 2 0 2 40  
Tipluidae 0 2 0 0 0 20  
Trichoptera       A 
Leptoceridae 0 2 5 0 0 40  
Hydropsychidae 0 10 0 0 0 20  
Coleoptera       A 
Gyrinidae 0 0 0 2 0 20  
Dytiscidae 0 2 0 0 0 20  
Elmids 
(Ancyronyx sp.) 0 24 0 0 0 20  
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Hohwa 1 Hohwa 2 Hohwa 3 Hohwa 4 Hohwa 5 
%Frequency 
Hohwa River 

Ngassa�  
Lagoon 
(0.6-1.6m) 

Hydrophilidae 0 2 0 0 0 20  
Staphylinidae 0 2 0 0 0 20  
Hemiptera       A 
Geriidae 0 5 0 10 0 40  
Lepidoptera       A 
Pyralidae 0 10 0 0 0 20  
Oligochaeta 
(Nais sp) 0 0 5 0 2 40 P 

 
Figure 3.5 Pooled counts of all macro- invertebrate taxa at each of the sites sampled 

along the Hohwa river course, October 2007 

 
Figure 3.6 Percent contribution of macro-benthos taxa at the sites samples along the 

Hohwa river course, October 2007. 
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I3.3.4 Insects 

Table 3.7 Butterfly Species Recorded 

Family Species Ecological type Number (s) 
Nyphalidae 
  
  
  
  
  
  
  
  
  
  
  
  
  

Acraea braesia 
Amauris tarterea 
Ariadnae enotrea 
Bicyclus safitza 
Charaxes varanes 
Cymothoe ochreata 
Danaus chrysippus 
Henotesia perspicua 
Hypolimnas misippus 
Junonia Chorimene 
Melanitis leda 
Neptis melicerta 
Ypthima asterope 
Ypthima granulosus 

O 
f 
f 
W 
W 
F 
O/m 
O 
W/m 
O 
W 
F 
O 
O 

1 
2 
4 
6 
2 
1 
6 
2 
3 
1 
2 
2 
14 
4 

Pieridae 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Belenois aurota 
Belenois creona 
Belenois thysa 
Catopsilia florella 
Colotis aurigineus 
Colotis eucharis 
Colotis euippe 
Colotis evagore 
Colotis halimede 
Colotis hetaera 
Colotis ione 
Colotis protomedia 
Colotis vesta 
Eronia cleodora 
Eurema hecabe 
Pinacopteryx eriphia 

O/m 
O/m 
f 
O/m 
W 
W 
W 
O/m 
O 
O 
O 
O 
O 
O 
W/m 
O 

30 
23 
37 
11 
34 
47 
43 
45 
40 
18 
26 
18 
10 
6 
12 
2 

Papilionidae Papilio bromius f 2 
Lycaenidae 
  
  
  
  
  
  
  
  
  

Anthene rubricinctus 
Cupidopsis jobates 
Eicochrysops hippocrates 
Freyeria trochylus 
Hypolycaena pachalica 
Leptotes pirithus 
Pentila pauli 
Zizeeria knysna 
Zizina antanossa 
Zizula hylax 

F 
W 
O 
W 
O 
W/m 
f 
W 
W 
W 

2 
7 
5 
24 
4 
5 
6 
14 
24 
32 

Hesperiidae 
  

Borbo borbonica 
Borbo gamella 

W/m 
W 

2 
3 
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Table 3.8 Ondata Species Recorded 

 
 

Order Species Number(s) Habitat Distribution 
Aeshna Sp 15 * * 
Atoconeura pseudeudoxia 3 Montane forest streams Western Uganda 

Brachythemis lacustris 2 

Grassy and reedy 
pools, streams, rivers, 
gregarious 

Cape to Ethiopia, 
west to Senegal 

Brachythemis leucosticta 5 
Grassy pools and lakes 
gregarious 

Most of Africa 
except forest 

Crocothemis erythrea 9 

Pools, streams, lakes. 
Swamps in savanna, 
bush, woodland 

Widespread all 
over Africa, not in 
forest 

Orthetrum chrysostigma 11 

Common in open 
country; bush, savanna 
or woodlands 

Most of continental 
Africa 

Orthetrum julia 14 
Forest and dense 
woodland, streams 

Common migrant 
all over continental 
Africa 

Orthetrum trinacria 6 

Pools, lakes and rivers 
in savannah, bush and 
woodland 

Most parts of Africa 
except dense forest, 
common 

Palpopleura deceptor 23 

Reedy sluggish streams 
or pools in bush and 
woodland 

Most of continental 
Africa 

Pantala flavescens 18 
Temporary pools, 
desert to forest edge 

Uganda, DRC to 
Cameroon 

Phyllomacromia picta 24 
Bush country, fridge of 
riverine forest 

Most of continental 
Africa 

Anisoptera 
  
  
  
  
  
  
  
  
  
 
          

Aciagrion sp 1 * * 

Elattoneura glauca 6 

Widespread, usually 
riverine, prefers damp, 
shady spots, bush, 
woodland 

Common in most 
parts of continental 
Africa 

Lestes virgatus 2 

Locally common in 
woodland or forest, 
sometimes thick bush 

Nigeria to Ethiopia 
and south to the 
Cape 

Platycnemis congolensis 1 * Uganda, DRC 

Platycypha caligata 11 

Streams and rivers in 
forest, bush or riparian 
forest, sometimes 
lacustrine at large lakes 

Widespread and 
common in east, 
South and Central 
Africa 

Pseudagrion hegeni 3 

Forest, bush and 
woodland at well-
shaded streams 

Equatorial East and 
West Africa 
southwards to 
Natal 

Zygoptera 
  
  
  
  
  Pseudagrion melanicterum 5 

Forest streams, thick 
bush and litus 

Zambia northwards 
to Uganda? Kenya, 
westwards to 
Senegal 



 

Annex J 

Meeting Minutes - Future 
Management of the 
Kabwoya Wildlife Reserve 
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On the 10th January 2008 a meeting was held between UWA, NEMA, PEPD, 
Kabwoya Reserve Concessionaire Holder and Tullow Oil at Nzizi 1 Camp, 
Kaiso-Tonya Valley. The Agenda included, amongst other issues, an item on 
the future co-existence of oil and gas exploration and development operations 
and conservation in the Kabwoya Wildlife Reserve. The meeting was attended 
by: 
 

• UWA Executive Director (Mr Moses Mapesa) 
• UWA Chairman Board of Trustees (Andrew Kasirye) 
• UWA Planning & EIA Coordinator (Edgar Buhanga) 
• PEPD Robert Kasanda and Honey Malinga 
• NEMA Patrick Kamanda 
• UWA Chief Warden, Murchison’s Falls National Park 
• UWA Kaiso Tonya Site Representative 
• Kabwohya Reserve Concessionaire Holder Bruce Martin  
• Tullow Oil: John Morley Development Manager, Rex Quick & Lynda 

Biribonwa Environmental Advisors, Doug Sculley EHS 
 
With regard to the siting of the Early Production System (EPS) within or 
outside the reserve, Mr. Mapesa reported that UWA had reviewed the 
legislative options available. They had concluded that there was provision for 
co-existence of oil and gas exploration and production operations (including 
the EPS) and conservation in the Kabwoya Wildlife Reserve within the existing 
Uganda Wildlife Act. He advised that rather than go through the process of 
degazetting the land this option should be exercised. He was supported by the 
Chairman of the UWA Board of Trustees (Mr Kasirye) in this recommendation. 
Consequently, it was concluded by those present that the provisions of the 
Uganda Wildlife Act would be used to guide the way forward for management 
of the reserve. 




