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EXECUTIVE SUMMARY

This report presents hydrology baseline information and an impact assessment of surface water hydrology
affected by the Project. An understanding of surface water hydrological conditions prior to mine oil and gas
development is essential to assess changes in water availability that could affect local users. Changes in

hydrology can also affect water quality and other resources such as fish habitat, vegetation and wildlife.

Hydrological data is further required to design mine oil and gas facilities (e.g. culverts, channels and stora\

ponds).

The regional climate in the area is described as tropical with a distinct wet and dry season. Rainf @
study area catchment varies between 700 mm and 1 400 mm/ annum. Results of Global Clima
models indicate that Uganda is likely to experience more extreme periods of intense rainfall and drought,
while the rainfall seasons become more erratic and/or infrequent.

ut

The project site is located within the Kingfisher catchment and drains westwards into.the astern
embankments of Lake Albert. Kingfisher catchment is associated with a very high wes escarpment
that drains into Lake Albert via several scattered streams and wetlands flowing westwards. Streams within
the project zone of influence include the Kamansinig and Masikia Rivers. Wi xception of these rivers,
the area below the escarpment (approximately 13 km?) is characterised b atively spread out wetlands at
an elevation associated with most project infrastructure (628 mamsl). T @ system of the Flats is a
localised system and a conceptual model of the Flats hydrological system own below.

Gullies

The model shows that in the rainy season, runoff is discharged onto the Flats from the catchment (65 km?2).
Water is conveyed through ravines on the steep slopes of the escarpment (1). Water energy is high when it
reaches the Flats but it dissipates quickly as the slope Flattens and encounters bushy vegetation at the
bottom of the escarpment. This is a zone of recharge where water infiltrates into the soil.
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During the dry season, the Flats still receive some water from the upstream catchment through soil moisture
stored during the rainy season and groundwater seepage (2). Evidence of groundwater seepage is given by
a 100 m high band of green vegetation visible on the lower part of the escarpment during the dry season.
Some smaller streams disappear from the surface a few hundred metres away from the bottom of the
escarpment, indicating that the bottom of the escarpment is an important zone of recharge of water into the
soil. Water contributes to recharging the aquifer, and also moves through the soil towards Lake Albert (4),
while the rest is evaporated. Streams that are large enough slowly make their way through densely
vegetated wetlands.

An important feature within the Flats system is a pond near the jetty (‘Luzira’) (6). Little is known about the
hydrological behaviour of this system. During the dry season, the water level in the pond was measured.to
be lower than the level of Lake Albert. No water inflow was visible on the surface. It is very likely that the
pond receives influx of water during the dry season while it overspills into Lake Albert through adarge
channel during the wet season.

Overall, water quality during the dry season is generally good. A concern could be during the'wetSeason
where humic acids from surrounding land areas such as wetland systems may possibly increase pH levels
and introduce metals into Lake Albert

Impact Assessment

The potential impacts of the project during the construction phase and operation phases are listed and
ranked in tables below.

Potential impacts during the construction phase.

Pre-Mitigation Post- Mitigation
No. Potential Impact
Impact severity
C1 Increased erosion and runoff volumes Moderate Minor

co Increased dust and sedimentation.in Moderate Minor
drainage streams

Altering the banks and beds of streams

3 by the construction of.the pipeline MoRlErElE AL

ca Splllage of oils, fuel'and chemicals Moderate
polluting water resources
Discharge of poor.quality effluent from

C5 the sewage works at the temporary Moderate Minor

camp
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Potential impacts during the operational phase.

'(\:Iﬁgthde Magnitude
Potential expected Sensitivity (the expected | Sensitivity
No. pec of the Severity magnitude or | of the Severity
Impact magnitude Receptor size of the Receptor
or size of P impact) P
the impact) P
o1 Reduction in Low Low Minor Very Low Very Low
catchment area
Increased
02 Eelrnodsmn, dust Low Low Minor Very Low Very Low
sedimentation I
Discharge of >
poor quality . . .
03 storm water Medium High Low Medium | Moderate
from CPF
Spillage of crude
04 oil from Well Medium High Low Low Minor
pads and CPF
Infrastructure
05 crossing natural | Medium High Low Low Minor
drainage lines
06 O.'l Ie_aks around Medium High Low Medium Moderate
pipeline
Rise in water
o7 level of Lake High High Low Medium Moderate
Albert
Decrease in Very low/
08 Lake Albert yic High Minor Very low Very Low Negligible
negligible
levels
Discharge of :
poor quality
effluent from the
09 sewage works at | Medium Low Moderate Low Low Minor
the CPF
(permanent
camp)

Mitigation measures proposed for the Construction phase include:

m Prevention of gbstruction of water flow: Impediments to natural water flow shall be avoided, or, if
unavoidable, be‘allowed for in the design by means of appropriately sized and positioned drains,
culverts etc.

m Prevention of surface water pollution by effluent management: Appropriate use of soak-ways and
seepage fields will be put in place to prevent contamination of surface water.

m Storm water management: Potentially contaminated storm water shall be kept separate from other
drainage at camp sites. Potentially contaminated storm water shall, if necessary, be tested and treated
to remove contaminants before being released into the environment.

m Flood management: To avoid obstruction to storm water flows, culverts, drains and other means shall
be used as necessary.

m Dust Suppression: Biodegradable chemical suppression or the use of water sprayers is required to
keep the dust levels low and avoid sedimentation in the local surface waters.
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Sewage water management: Any discharge from sewage works should meet the IFC Environmental,
Health and Safety (EHS) Guidelines for treated sanitary sewage discharge quality.

Storm water Management: Any storm water that has been contaminated by oil, grease or other
chemicals from site activity needs to be treated to the discharge standards

Process Water Management: Management of process water to prevent spillages into the environment

Mitigation measures proposed for the Operations phase include:

Prevention of obstruction of water flow: Impediments to natural water flow shall be avoided, or,if
unavoidable, be allowed for in the design by means of appropriately sized and positioned drains;
culverts etc.

Storm water management: Potentially contaminated storm water shall be kept separate from other
drainage at Base camp and other drilling activity sites. Potentially contaminated storm‘water shall, if
necessary, be tested and treated to remove contaminants before being released into the environment.

Flood management:

® The location of areas prone to flooding relative to the well sites, campsites and access roads shall
be confirmed and any consequences of this for drilling programme shall'be determined and
minimised as soon as possible.

= Every effort shall be made to ensure the maintenance of the.natural flow of water following storm
events.

= No works shall increase the risk of erosion during starm.events. Should this be unavoidable specific
erosion control measures shall be implemented forithe duration of the risk.

Sewage water management: Any discharge from sewage works should meet the IFC Environmental,
Health and Safety (EHS) Guidelines for treated sanitary 'sewage discharge quality.
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Acronyms / Abbreviations

Acronym Description

ARI Annual recurrence interval

AWM Albert Water Management

CNOOC China National Offshore Oil Corporation

CPF Central Processing Facility

DEM Digital Elevation Model

DO Dissolved Oxygen

DRC Democratic Republic of Congo

DWRM Directorate of Water Resources Management
EA Exploration Areas

EBS Environmental Baseline Study

EC Electrical Conductivity

EFOs Environmental Field Officers

EHS Environmental, Health, and Safety

EIA Environmental Impact Assessment

EIS Environmental Impact Statement

EMP Environmental Management Plan

EPH Extractable Petroleum Hydrocarbons

ESIA Environmental and Social Impact Assessment
ESIS Environmental and Social Impact Statement
ESMP Environmental and Social Management Plan
GRO Gasoline Range Orgahics

IFC International Finance Corporation

IPIECA International Rétroleum Industry Environment and Conservation Association
KF Kingfisher

NEMA National Environment Management Authority
PAH Polyaromatic Hydrocarbons

POC Potentially, oil contaminated

SOW Scope of Work

SPT Sewage treatment plant

SW Surface Water

TDS Total Dissolved Solids

WHO World Health Organization

WRMD Water Resource Management Directorate
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1.0 INTRODUCTION

Golder Associates Africa (Pty) Ltd. (hereafter ‘Golder’) was contracted by China National Offshore Oll
Corporation (hereafter ‘CNOOC’) to conduct a baseline assessment of the surface water hydrology
associated with the proposed well field development for Kingfisher, Hoima District in Uganda. The
assessment was conducted as a technical study to inform the Environmental and Social Impact Assessment
(ESIA) being conducted by Golder for the Kingfisher Development Area.

This report presents the hydrology baseline and impact assessment for the Project. An understanding of
baseline hydrological conditions prior to oil and gas development is essential to assess changes in water
availability that could affect local users. Changes in hydrology can also affect water quality and other
resources such as fish habitat, vegetation and wildlife. Hydrological data is further required to design eil'and
gas facilities including culverts, channels and storage ponds.

2.0 SCOPE OF WORK

The baseline and impact assessment components of surface water address the following aspects:

m Description of the annual and seasonal climatic regimes using parameters such as‘mean annual
temperature, mean monthly rainfall, annual and monthly evaporation for the study area based on
regional and local climatic data;

m Development of a surface water monitoring network;
m Management of baseline monitoring data;
m Development of stage-discharge curves;

m Description of the annual and seasonal surface water.regimes for the study area based on monitoring
data;

m Management of water quality monitoring data;.and

m Description of water quality monitoring data and analysis.

3.0 METHODOLOGY
3.1 DocumentatiopareViiew

Available reports and studies supplied by the client as well as those found as part of a literature survey were
used to provide a description of the baseline. A comprehensive reference list can be found in section 8.0.
3.2 Field investigations

In December 2013 the following monitoring procedure was set up:

m During site visits, general observations in terms of the site condition should be made and recorded. The
observations included changes in channel form at the gauge cross-section, and upstream and
downstream conditions. Observations also included vegetation changes. The extent of vegetation and
channel sedimentation/erosion was noted. All changes between site visits resulting from catchment
development and/or local activities were recorded;

m Flow measurement must be performed consistently in the same way, according to the Golder flow
measurement procedure supplied to the monitoring team;

m Sampling of surface water must be done at key locations within the study area;

m ltis crucial that measured monitoring data is processed and checked on the same day, so that any
errors can be identified to prevent loss of monitoring data; and

m Training on surface water monitoring data collection was provided to the monitoring team.
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40 PROJECT SUMMARY

4.1 CPF, wells flowlines and associated infrastructure

Wells, The Kingfisher development is an upstream project comprising wells, flow lines, central processing
facility (CPF) and associated infrastructure and an oil product line, the feeder pipeline, to distribute oil to the
tie in point with the export pipeline at Kabaale. This infrastructure is summarised in more detail below.

The wells, flowlines, central processing facility (CPF) and supporting infrastructure are situated on the
Buhuka Flats in the Kingfisher Development Area (KFDA), on the south-eastern shores of Lake Albert. The
project entails the drilling of wells from four onshore well pads, namely Pad 1, Pad 2, and Pad 3 (where
exploration wells have already been drilled) together with Pad 4A (where no drilling has yet taken place): A
total of 31 wells are planned to be drilled and commissioned as part of the development, 20 of which willsbe
production wells and 11 to be used as water reinjection wells.

The produced well fluids will be conveyed to the CPF through buried infield flow lines connécting each well
pad to the CPF. Well fluids will be separated at the CPF to yield produced water, sand, salts.and‘associated
gas (together with small quantities of other material) and crude oil of a quality that willhimeet the crude oil
export standard. At the CPF the associated gas will be utilised for production of power or LPG for local
market. Power will serve the requirements of the Kingfisher development but in later years is likely to be in
excess of project requirements and will be exported to the national grid. No gas flaring is contemplated
except in cases of emergency.

Supporting infrastructure associated with the production facility will include in-field access roads and
flowlines, a jetty, and a water abstraction station on Lake Albert, a permanent camp, a material yard (or
‘supply base’), and a safety check station at the top of the escarpment (Figure 1).

4.2 Feeder pipeline

A feeder pipeline exits from the CPF and extends to the north running from the CPF storage tanks to a
delivery point near Kabaale. The feeder pipeline exits the CPF on the east side, running almost due north to
the base of the escarpment, where the alignmentiturns to the East climbing the escarpment. The average
gradient in this section of the route is 1:3 (Verti¢al: Horizontal), rising from roughly 650 to 1040 mamsl. within
a horizontal distance of 740 m. From the paint.at which the feeder pipeline crests the escarpment, the
pipeline route runs to the north-east through gently undulating terrain that is extensively cultivated. This
landscape includes a number of rural séttlements. The route passes south-east of Hohwa and Kaseeta
villages and passes immediately nofth of the planned Kabaale Airport, turning eastward to the terminal point
at the proposed Kabaale Refinery:The total length of the pipeline is 46.2 km.

At Kabaale, the Government of Uganda is planning an industrial park which, among other facilities, will
include a refinery, associated petrochemical processing plants, an international airport and related
supporting infrastructure.

At the delivery point, there will be metering of the crude oil, which will be piped either to the industrial park to
feed the refinery and'associated petrochemical industry or exported through the East African Crude Oil
Pipeline (EACOR), planned from Kabaale to the Tanga sea port in Tanzania. The EACOP will be a public -
private partnership between the governments of Uganda, Tanzania and oil company(s).

The Feeder Pipeline ends at the delivery point in Kabaale. The industrial park and the EACOP are
independent projects that do not feature further in the FD-ESMP (Figure 2).
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Figure 1: Project infrastructure to be developed on the Buhuka Flats
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5.0 BASELINE INVESTIGATION

5.1 Objectives of Baseline investigation

The key objective of the baseline surface water investigation was to provide a description of the current
hydrological conditions on site. This was achieved by:

m Collating available information in terms of meteorological and hydrological data;

m Setting up a hydrological monitoring network to collect information on baseline flows and'water quality;
and

m Describing flow patterns in the affected catchments in order to assess the potential impact the drilling
could have on the catchment.

5.2 Regional Setting
5.2.1 Climate

5211 Historic climate

The Képpen Climate Classification system was used to determine the regional climate for Uganda. The
classification divides type of climates into different groups and.sub-groups. The study area falls within the Aw
group in the classification system. The regional climate is thus described as tropical with a distinct wet and
dry season. The dry season coincides with the summer months with higher temperatures as presented in
Figure 3. Temperature differentials are minimal in the areawith'average temperatures ranging from 22.4C to
25.6 C. A mean annual rainfall of approximately 1 140 mmwas recorded between 1991 and 2015.

Average Monthly Temperature and Rainfall
for Ugandafrom 1991-2015

160 25.6

(o)
o

Rainfall (mm)
N
NN
(O,) 2amesadws |

FEE L@V RE

22.4

-9~ Temperature @ Rainfall

Figure 3: Rainfall data — Uganda (The World Bank Group, 2017)
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The peak rainfall periods are between March-May and August-November. In general, the second peak
rainfall (August to November) is higher than the early peak. The rainfall and in turn river runoff is important
for agricultural development. Western areas bordering the rift valley are the driest and hottest.

522 Rainfall

Rainfall over Lake Albert catchment is lowest over the Lake (700 mm), gradually increasing outwards
towards the escarpments on both sides to over 1 400 mm (Savimaxx Limited, 2006) as shown in Figure 4.
The escarpment is likely creating an orographic effect, whereby rainfall increases due to the convection of air
as altitude increases.

Rainfall over the Lake is approximately 700 mm/a and gradually increases towards the escarpments to
1400 mm/a.

—

HYDROMETEOROLOGICAL SURVEY
or
LAKES VICTORIA KYOGA & ALBERT
LAKE ALBERT BASIN

NORMAL YEAR |2$¢I1VET§&§~
SCALE 11POOLOOO

LEGEND
Bosn Bowndory
1sohyetol knes in mm — -

Figure 4: Rainfall distribution over the Lake Albert Basin ( WSS Services (U) Ltd, 2012)

Rainfall.data for the actual site was not available. Two rainfall stations were set up, one on the Flats and one
on the esearpment to monitor the difference in rainfall regimes.

Rainfall data was obtained from neighbouring towns and existing reports and studies on predicting east
African storms. The peak design storm that was used in the floodlines and baseline modelling is also
presented in this section.

Design rainfall was calculated using a method reported in The Prediction of Storm Rainfall in East Africa,
Fiddes et al (1974). According to the report, for much of East Africa a station on or close to a study area
cannot be found or if available often has limited records that would give unreliable estimates of rainfall
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peaks. In order to address this limitation all available published records were analysed to produce maps of
storm rainfall from which individual catchments could be interpolated.

The Karira network was selected as the closest representative rainfall region for the study. The mean
regression equation for the network was applied.

Mean equation Y=53.06t 13.95 X
Y = Maximum expected daily point rainfall in T years (mm)
X =—(0.834 + 2.303 log log T) where T is the return frequency (yrs)

For comparative purposes, rainfall data was extracted from the KNMI Climate Explorer webpage. The closest
town with available rainfall data was Masindi which is 87.5 km away from the CNOOC Kingfisher
Development Area. The Masindi rainfall data record is 59 years in length, with 647 days of missing‘data. The
maximum 24 hour rainfall depths each year were calculated and a statistical projection was plotted to
calculate the various return period design rainfall depths. The Log Pearson 3 and Log Exireme value type 1
distribution were well suited to the data. A comparison between the design rainfall depths extrapolated from
these two distributions and the interpolated rainfall depth from the east Africa report is shown in Table 1.

Table 1. Comparison of Calculated 24 hour ARI Peak Rainfall depths

Return Periods | g0 0L om KNWI data | storme in EactAfrica
1in2 57 58

1in5 - 74

1in 10 81 84

1in 20 92 94

1in 50 109 107

1in 100 124 117

1in 200 141 162

The length of the Masinidi rainfall recaord is relatively short for calculations of extreme events such as the 1 in
200 year design storm. This can be seenby the difference in the extreme event depths produced using
different methods.

5.2.3 Evaporati@n

The site area does not have long-term potential evaporation records. The Lake evaporation was taken from
the hydro meteorological survey of the Lake’s catchments report and is presented in Table 2.

Table 2: Monthly Evaporation for Masindi Town (UNDP and WMO, 1974)

Date

Period Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov | Dec
Monthly 1962-
evaporation 1968 149 | 135 | 146 | 128 | 137 | 121 | 116 | 117 | 127 | 131 | 119 | 131
(mm)

5.2.3.1 Climate change

Several studies have indicated that Uganda is vulnerable to climate change. Climate change impacts can
result in significant changes to water management measures. For this reason, a high level climate change
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overview was included in this report. The CGCM3.1 Model presented on the Climate Change Portal (The

World Bank Group, 2017) was used for the discussion.

Results indicate that Uganda is likely to experience more extreme periods of intense rainfall, an erratic onset
and cessation of the rainy seasons and more frequent episodes of drought. (Global Climate Change

Alliance, 2012).
Monthly Rainfall

The CGCM3.1 model predicts an increase in monthly rainfall averages with an increase of up to 30 mm in
November as presented in Figure 5. A decrease of 1.5 mm was noted for August. An overall increase of
approximately 180 mm per annum is predicted. This will result in a mean annual rainfall of 1 320 mm|
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Figure 5: Projected change in rainfall based on the CGCM3 model for the period 2020 to 2039

An increase in rainfall intensity is also anticipated. Figure 6 presents the number of days with extreme rainfall

predicted as compared to the historical data available.
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Figure 6: Days of extreme rainfall
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5.24 Topography

The Lake Albert catchment falls within the Western Rift Valley. The landscape ranges from the low-lying Rift
Valley floor to the rift escarpment and the raised hill ranges. The topography of Hoima District is part of a
divided central African surface characterized by broad, flat-topped ridges of about 1 000 to 1 100 meters in
height, whose formation is given as upper Cretaceous (65 - 135 million years ago). The surface rises to a
plateau, which ranges between 600 - 800 metres above sea level. The topography around the edge of the
Lake ranges from the broad plateau further inland, dipping down abruptly to the low-lying lake’s edge which
is flat and characterized by wetlands and intertwining rivers (International Lake Envrionment Committee
Foundation, 1999).

The Kingfisher Development Area is located in an area that is commonly known as the Buhuka Flats inithe
Hoima District. Figure 7 shows the drainage lines of the Kingfisher Development Area, as well as‘the wetland
delineation and the multiple rivers that flow over the sunken Flats on which the project is situated:

The water system drains northwards from the site. Lake Albert and its surrounding catchmentform part of
the source of the Nile. The main sources of water that feed Lake Albert are the Semliki Riverand the Victoria
Nile. The Semliki River enters Lake Albert in the southern tip and drains from Lake Edward. The Victoria Nile
enters into Lake Albert at the north, next to the outflowing point of Albert Nile. The Victoria Nile drains Lake
Kyoga which in turn is fed from Lake Victoria, which is the largest fresh water Lake in Africa. The Victoria
Nile regulates the levels in Lake Albert, but because it does not enter lower down in.the Lake, it does not
influence the salinity or ecology. Lake Albert is a saline Lake with a pH of@@pproximately 9 (International Lake
Envrionment Committee Foundation, 1999). There are other smaller riversithat enter into the Lake from
Uganda and the DRC shores, some of these are highly seasonal and of little importance to the hydrology of
the Lake.

Much of Hoima District is occupied by sedimentary beds of the Bunyoro geological series mainly represented
by tillites and phyllites with subsidiary amounts of sandstones and.conglomerates as basal members. These
rocks are generally classified under Precambrian era, which‘arespart of the dissected African surface.
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Figure 7: Regional land uses map indicating drainage lines and wetlands within the regional study area of the Kingfisher Development
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5.25 Regional description

The proposed oil and gas well-field site is located on the eastern border of Lake Albert shores, in Uganda, in
the Hoima District. Lake Albert forms a border between the Democratic Republic of Congo and Uganda. The
Kingfisher Development Area is situated within exploration area block 3A. Figure 9 illustrates the site location
in relation to the lake.

Figure 8 indicates the location of the Kingfisher Development Area within the exploration area block 3A and
surroundings and the tie-in to the proposed Kabaale Refinery.

The Albertine Graben region stretches from Sudan in the north to Lake Edward in the south. The Lake Albert
region is remote, land-locked and approximately 1 200 km from the nearest sea port. The region has frich
biodiversity and significant surface water resources. The rivers and streams originate on the high.elevated
areas of the escarpment, flow down the escarpment into the valley and drain into Lake Albert. A series,of
erosion valleys and gullies cut the escarpment and discharge runoff from the escarpment tothe valley.

The seasonal streams and rivers are flooded by runoff from the catchment areas after héavy rainfall events.
The water drains quickly into Lake Albert and the discharge in the run-off channels ceases. The perennial
rivers (Hohwa and Wambabya) flow continuously with peak flow during the rainy season.

All of Uganda drains towards the Nile. Most of the rivers originating on the highlands surrounding this area
drain into the Lakes which in turn, drain into the Nile via Lake Albert. The River Semliki, which drains from
Lake Edward is the most significant of these rivers (Uganda National Environmental Management Authority,
2010).

Water Use

Lake Albert is used mainly for fishing and tourist industries, with a‘high. humber of the protected areas being
in the Albertine Rift and specifically in the area around Lake Albert. A number of people live in fishing villages
on the shores of lakes Albert, Edward and George with fisheries activities providing an important source of
livelihoods for the people in the Albertine Graben. The region contributes 18.7% of the total national fish
catch, of which 15% is contributed by Lake Albert.«Fish processing has become an important activity on the
lake, both at artisanal and industrial level (NEMA, 2008). In terms of the fish biodiversity Lake Albert is the
richest of the lakes in the region having approximately 53 fish species, about ten of which are endemic.

The local communities choose to use water.from rivers and streams for agricultural purposes as the soils on
the rift valley floor are predominantly sandy, making the area moisture deficient and unsuitable for
agriculture. The clay soils in the Semlikiflats,are saline which also limits their agricultural potential.
Therefore, the largest proportion‘of the rift valley area is of low agricultural potential, partly explaining its
conservation area status.

The main settlements are sparse and rural with the majority of inhabitants being indigenous pastoral
communities whose livelihoods«depend on cattle. They include the Batuku in the Semliki flats and Basongora
in Kasese to the south-west. The main towns in the area include Masindi, Hoima, Fort Portal, Hima and
Kasese-Kilembe. Urbanization is taking place along the road system in the region and is likely to intensify
due to the oil production activities in the region, which may pose new challenges of environmental
management and-development.

There.iS a small pocket of water called Luzira (RSO3 in the Cultural Heritage Impact Assessment Report) that
is a body of water with significant cultural features and is located near the Lake shore, about 200 m from the
Jetty. Forimore information on this feature, please refer to the Cultural Heritage report. Lake Albert is the
seventh largest in Africa, with a surface area of 5 300 km?2. The Lake surface has an elevation of 615 masl
and its’ deepest point is 58 m, with a median depth of 25 m. The water level fluctuations in the past have
been recorded as an annual change of 0.5 m, but this range of fluctuation has increased due to climate
change and the levels rising in Lake Albert (International Lake Envrionment Committee Foundation, 1999).
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5.3 Hydrological descripti
5.3.1 System overview

The project area regionally forms p ima District, a Ugandan District that is bordered by Lake
Albert in the west, Bundibugyo le Districts in the south, Masindi District in the northeast and
Kiboga District in the east. Iti ydrologically located within the Albert Water Management (AWM) Zone
(Figure 10).

The AWM Zone is mad of catchments discharging into Lake Edward and Lake George; and catchments
downstream of Lak scharging into Lake Albert. Lake Albert occupies the majority of the
approximately 2 27 a of the District covered by water bodies®. The Rivers Howa, Wambabya, Hoima
and Waki all draini ake Albert. Hoima has substantial surface water resources which account for about
38% of the .t the District.

In the e es of Lake Albert Basin lies the Western Rift Valley, an area that is largely covered by the
Semli s, Lake Albert and the Escarpment (NEMA, 1996). Road construction to the Lakeshores in Hoima
District ject district) is reported to remain a big challenge due to the rift valley terrain.

Local Context

Hydrologically, the project site is located within the Kingfisher Development Area catchment and drains
westwards into the south eastern embankments of Lake Albert. Kingfisher Development Area catchment is
associated with a very high western rift escarpment that drains into Lake Albert via several scattered streams

1 Other water bodies in the district include River Kafu which forms a boundary with Kibaale District and drains into Lake Kyoga (Kyoga WM Zone), east of Albert WM Zone.
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and wetlands flowing westwards. Streams within the project zone of influence include the Kamansinig and
Masika Rivers.

The Kamansinig River flows south west from above the escarpment, drains north west over the escarpment
and then passes just south adjacent to where the majority of the proposed project infrastructure will be
located below the escarpment into Lake Albert. The Masika River drains its tributaries, the Ngoisa,
Nyakatehe and an unnamed tributary, also from above the escarpment. The Masika River drains then flows
south west between Pad 3 and 5 into Lake Albert below the escarpment. Various other streams also flow
over the escarpment and either join the main Rivers mentioned above (such as Masika) or gradually and
independently feed Lake Albert.

The area below the escarpment is approximately 13 km? and, besides the rivers mentioned, is characterised
by relatively scattered wetlands at an elevation level associated with most project infrastructure (628 mamsl).
These plains, because of their close relationship with Lake Albert, may have significant water.quality
implications (see section 5.3.4).
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Information contained on this drawing is the copyright of Golder Associates Pty, Ltd. Unauthrised us or reproduction of this plan either wholly o in part without written permission infringes copyright, @ Golder Associates Pty. Ltd.

Figure 10: Regional water management
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5.3.2 Lake Albert
Lake Albert lies between two parallel escarpments in the Western Rift Valley.

Lake Albert covers a surface area of approximately 5 300 km2. The Lake is approximately 150 km long, with
an average width of 35 km and a maximum depth of 56 m. The principle influent streams to the Lake are the
Semliki and Victoria Nile (Ramsar, 1992) (International Lake Environmental Committee, n.d.).

Lake Albert has a catchment area of 18 223 km2 and includes Semliki, Muzizi and the west-ward flowing
component of Kufu. The Semliki and Victoria Nile inflows account for approximately 83 % of the total inflow
to the Lake, direct rainfall, approximately 10 % and inflow from local catchments account for the remaining 7
%. Evaporation accounts for approximately 26 % of the outflow from the Lake and the Albert Nile is the
largest output ( WSS Services (U) Ltd, 2012).

Rainfall over the Lake is approximately 700 mm/a and gradually increases towards the escarpmenits to

1 400 mm/a. Water levels at Butiaba on Lake Albert (approximately 90km north of the project site) have been
recorded since January 1948. Analysis of the records shows annual variations of approximately 4'm. The
monthly variations are shown in Figure 11.
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Figure 11: Lake Albert surface water elevation at Butiaba

It is to be noted that the surface water elevation trends do not depend solely on the hydrology of the Lake. It
is also dependent on the dam release operations and the wind waves. Wind blowing over the calm Lake
surface produces anreffect that may appear as a widely varying and fluctuating ruffling of the surface. These
small wind-induced wavesican be observed at the Flats. These are quite transient, dissipating rapidly if the
wind dies away. However due to the extent of the Lake it is also likely that more persistent gravity waves
affect the water levels It is likely that a difference of several metres can be observed at different location on
the Lake; A water level logger was installed on the Flats to monitor the more localised water level of Lake
Albert;

The impact of these naturally occurring waves on the geomorphology of the Flats is noticeable as shown in
Figure 12. At several locations along the Flats shoreline, the soil is being exposed as waves erode the
shoreline. This is a naturally occurring process and it is being compensated to some extent by the rate of
sediment material transported from the Flats upstream catchments and discharged into Lake Albert.
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Figure 12: Wave erosion occurring on the shoreline of the Flats

5.3.3 Conceptual hydrological understanding

The water system of the Flats is very different from the rest of its upstream catchment. A conceptual model
of the Flats’ hydrological system is presented in Figure 13.
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Figure 18! Hydrelogical Conceptual Model
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A total catchment of 65 km2 generates runoff during the rainy season that discharges onto the Flats. Water is
conveyed through ravines on the steep slopes of the escarpment (1). Water has a strong energy when it
reaches the Flats as evidenced by the large boulders within the river bed (see Figure 14a) and by the large
gullies that divides the northern shorter sections of the Flats (5) (see Figure 16). Apart from the short section
of the Flat in the North, the energy of the discharged water seems to get dissipated very quickly as the slope
becomes very Flat and the losses generated by the bushy vegetation visible at the bottom of the escarpment
slow down the flow of water. This is a zone of recharge where water infiltrates into the soil (see Figure 14c &
Figure 17).
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During the dry season, the Flats still receive some water from its upstream catchment. This water is coming
from both the soil moisture stored during the rainy season in the catchment and the groundwater seepage as
the steep slopes of the escarpment intercept the groundwater (2). Evidence of the groundwater seepage is
given by a 100m high bandwidth of green vegetation visible on the lower section of the escarpment during
the dry season. Some of the smaller streams disappear from the surface a few hundred metres away from
the bottom of the escarpment. This shows that the zone at the bottom of the escarpment is an important
zone of recharge of water into the soil.

Some of this water contributes to recharging the aquifer, some will move through the soil towards Lake
Albert (4) and the rest is evaporated. Evidence of the water pathway through the soil is shown by the road
shown in Figure 15 intercepting the interflow due to the compaction of the soil. The streams that are large
enough slowly make their way through densely vegetated wetlands.

An important feature within the Flats system is a pond near the jetty also referred to as ‘Luzira’ (6)«Little"is
known about the hydrological behaviour of this system. During the dry season, the water level in the pond
was measured to be lower than the level of Lake Albert. No water inflow was visible on the surface: It is very
likely that the pond receives influx of water during the dry season while it overspills into Lake Albert through
a large channel during the wet season.
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(a) Boulders (b) Coarse

Figure 14: River bed material

Figure 17: Wetland
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5.34

Water quality

In order to obtain a reasonable water quality baseline, twenty two (22) monitoring stations were pre-selected
for possible sample collection and analyses. The metadata for the surface water monitoring sites are given in
Table 3. From these sites, ten (10) were assessed in detail with in situ measurements and grab sampling,

while the remaining sites were monitored in situ only. Sites where grab samples were collected and analysed
are highlighted in Table 3 and illustrated in Figure 18.

Table 3: Surface water quality monitoring points for the Kingfisher Development Area

Monitoring o Coordinates Elevation
Point ID Name or Description (m)
Latitude Longitude

SW1* Tributary assoc_lated with proposed N 01°1553.6" | E 30°45'27.5" 641
road cross section 3 (Kyakapere)

Sw2* BT EEES S & N 01°15'50.6" | E 30°45'35.7%. |.677
Kyakapere (upstream)

SW3 Cross section 2 N 01°16'04.7" | E 30°45'30.7" 639

SW4* Further upstream of SW5 N 01°15'16.4" | E.30°45'33.0" 676
Upstream of Spoil Area A(Quarry 0 " oA "

SW5 and Asphalt Plant) (Kowet) N 01°15'17.2 E 30°45'27.8 649

SW6* On Kamansinig river upstream SW7 N 01°14'24.9" E 30°45'26.1" 681
(Kachasambo)

SW7 Kamansinig river upstream of the N.01°9420/7" | E 30°45'07.2" | 656
airstrip

SW8 C_ulvert on Kaman3|n|g_ river western N 01°14'19.5" E 30°44'45.0" 642
side of the proposed airstrip

. river upstream of proposed<Spoils I~ o S ©

SW9 Area B - Reservoir (Nyakaiekd) N 01°13'40.9 E 30°45'10.0 660
river downstream of proposed 0q o " oqt "

SW10 Spoils Area B (Nyakateke) N 01°13'43.8 E 30°45'03.5 651

sSwii1 river belowdge gpcarpment and N 01°13'42.5" | E 30°44'42.7" | 630
upstream of wetland sensitive areas
Kamansinigriver inflow to Boguma

Swi12* Lagoon.and adjacent to Jetty N 01°14'51.3" | E 30°44'21.0" 620
(assoOciated with Pad 1)

SW13 Small non-perennial stream 70m | \ 51013010 | E30°4327.3" | 619
upstream of proposed Pad 5

SW14% BONTEIEET @F [A91 D Gl N 01°13'13.9" | E30°4323.1" | 624
Lake Albert
Stream from escarpment flowing

SW15 towards South End Fishing Village N 01°12'27.0" | E 30°44'04.6" 665
(Mugera)

SW16 Downstream of SW15 (Mugera) N 01°12'27.7" | E 30°44'01.6" 649
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Coordinates

Monitoring _ Elevation
Point ID Name or Description
omn Latitude Longitude (m)

SW17 Tributary of river on escarpment N 01°12'43.7" | E 30°44'18.5" 662
SWis Kamansm!g_rlver between SW7 and N 01°14'21 30" | E 30°44'55.90" 641

SW8 (equidistance)
swa21 Site along the pipeline 35 km from |\ 4105495 11+ | £31°00'35.24" | 1031

the CPF site (east of pipeline)
SW22 Site along the pipeline 35 km from |\ 5105206 02" | E 31°00'39.38" | 1023

the CPF site (west of pipeline)

* - Site initially sampled for metals during December 2013
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® Surface Water Monitoring N

Rivers A
e Export Pipeline Route (June 2017)
= National Roads (2017)
|:| Catchments

[ 500 m from pipeline route
~~ 711000 m from pipeline route

D Protected areas

Lake Albert

5_SW_Samgiing_14092017 mxd

Figure 18: Surface water quality sample_sit
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5.35 In situ Water Quality

Two (2) sampling site visits were conducted during the dry season. The first site visit commenced on
December 23, 2013 and the second on March 20, 2014. Flow measurements were taken at the sites on the
major streams where flow and site conditions allowed measurements to be taken. The measured flows are
listed in Table 4.

Table 4: Flow rates measured at four (4) surface water monitoring stations on 20 March 2014

Monitoring Sites Average Flow (m?/s)
SW10 0.75
Swi1 0.66
SW16 0.43
SW12 1.15

Compact field instruments were used to measure the following parameters:
m pH;

m  Electrical Conductivity (EC);

m Dissolved Oxygen (DO);

m Total Dissolved Solids (TDS);

The pH and EC spatial analysis of in situ measurements are illustrated’in Figure 16, and have been grouped
by the general location within the site (north, central and south).in‘Table 5 below.

Table 5: Surface water in situ measurements for selected sites (December 2013)

Monitoring Point ID | TDS (mg/l) EC (us/cm) B':IEE)H DO (mg/l)
SW1 730 1030 7.73 3.73
SW2 554 824 8.92 7.3
SwW4 390 558 9.06 8.45
SW5 390 < 8.90 -
SW6 351 515 9.01 6.5
SW7 513 742 7.93 4.48
SW12 914 1312 7.30 1.49
SW9 172 250 8.68 6.19
SW13 621 875 7.79 3.12
SW14 214 323 6.70 0.3
SWi5 244 325 8.19 -
SW17 291 420 8.53 -

Green (South) represents the southern areas that are predominantly wetlands, south of the river. Blue (North) represents streams north of the majority of
the project facilities. Orange represents streams located centrally and associated with the majority of site facilities.

Water quality has a direct influence on aquatic life, soil quality if irrigated (small scale farming) and human
health when used for various domestic purposes including consumption. Although these measurements only
provide a “snapshot”’, they can provide valuable insight into the characteristics and interpretation of a specific
sample site at the time of the sample collection.

October 2017 € 4 éGolder
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5.3.6 Water Quality Analysis

Initial samples were collected by Eco & Partners and sent to the National Water Quality Reference
Laboratory in Uganda (Certificate of Analysis in APPENDIX C).

The second round of sampling (27 March 2014) focused on a more detailed analysis. In addition to the in situ
water quality parameters, a range of constituents were selected for further assessment. Water samples were
collected in various sample collection vials, stored at 4°C and delivered to Jones Environmental Laboratory in
the United Kingdom where the following variables were evaluated (Certificate of Analysis in APPENDIX D):

m  Physico-chemical:

= pH, TDS, total alkalinity as CaCOs (Talk), EC @ 25°C and total dissolved hardness as Ca€Os3
(THard) and silica (SiOz);

m  Major lons:

= Calcium (Ca), magnesium (Mg), sodium (Na), fluoride (F), sulphate (SO4) and chloride(Cl);
m Nutrients

= Ortho-phosphate (POa), Nitrate as N (NO3-N) and Ammoniacal Nitrogen as N (NHs-N);
m Inorganics and Trace Metals:

= Dissolved Metals: Aluminium (Al), Barium (Ba), Beryllium (Be);.Cadmium (Cd), Chromium (Cr),
Copper (Cu), Iron (Fe), Lead (Pb), Manganese (Mn), Mercury (Hg), Nickel (Ni), Potassium (K),
Vanadium (V), Zinc (Zn);

= Metalloids: Arsenic (As); and

= Halogens: Fluoride (F)
m  Organics and Qils:

= Extractable Petroleum Hydrocarbons.(EPH) and Gasoline Range Organics (GRO)
m Polyaromatic Hydrocarbons (PAH)
The water quality results are discussedbelow.

Lake Albert

Sampling took place on the 26 May 2014 along the shores of Lake Albert at the shore points described in
Table 6 and illustrated innFigure 19, as part of the aquatic biodiversity survey led by Dr T Kairania.

Table 6: Sampled Sites.in nearshore waters of Lake Albert along Kingfisher flats (aquatic biodiversity
survey led by Dr T Kairania)

Name of Transect
Parameter

Pad 1

Pad 2

Pad 3

Pad 4A

Shoreline features

High eroded banks;
just to north of
Lagoon; sails -
sandy; Hinterland:
seasonal wetland
with eroded
Miscathedium and

Close to seasonal
stream; high eroded
banks of sandy
clay; hinterland —
heavily grazed
grassland; big
community at a

Fairly high eroded
banks, soils -sandy
clay; immediate
shore lined with low
thickets. Shoreline
waters lined with
clumps of Cyperus

Pad 4-2 just north
of village settlement
in short scattered
woodland;
Shoreline few
meters from

patches of Typha distance laevigatus escarpment,
plus Phragmites
October 2017 ? 4 % Golder
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Name of Transect

Parameter
Pad 1 | Pad 2 | Pad 3 Pad 4A
Inshore (10 m)
Coordinates 1°14'55.02"N 1°15'18.80"N 1°13'53.74"N 1°16'46.38"N
30°44'21.69"E 30°44'52.07"E 30°43'47.34" 30°45'32.99"E
Water depth & 1.1 m; sandy . . ) .
bottom type (Dry bottom with plant 2'.6 m; clay mixed 1.'8 m; Sandy W.'th 4.9 m; Soft mud
. with shells live plant material
season) debris
Water depth & 1.5 m; sandy . . ) .
bottom type (Wet bottom with plant 4'.4 m; clay mixed 2.'5 m; Sandy W.'th 3.3m; Softimud
. with shells live plant material
season) debris
Offshore (2 km)
1°15'47.25"N 1°16'14.81"N 1°14'27.86"N 1°17'34.44"N

Coordinates

30°43'41.68"E

30°44'14.74"E

30°42'51.99"E

30°44'47.33"E

Water depth &
bottom type (Dry
season)

24.6 m; fine clay
mixed with shells

14.0 m; Rocky with
crushed shells

27.3 m; Very fine
dark, smooth sand

28.6 m; Not
determined

Water depth &
bottom type (Wet
season)

26.9 m; fine clay
mixed with shells

13.5 m; Rocky with
crushed shells

27.3 m; Very fine
dark, smooth sand

28.1 m; Not
determined

@ Surface Water Monitoring

@ Once-off Lake Samples

== Export Pipeline Route (June 2017)

National Roads (2017)
:l Catchments
[ ] 500 m from pipeline route
. _ 11000 m from pipeline route

County

Parish

Pad b
4A-Offshoe

NSONGA
. /

Pad 3-Inshore
NYAKATEHE |
.

NYAMENGO

KYANGWALI
.

Figure 19: Lake Albert water quality sites (aquatic biodiversity survey led by Dr T Kairania, May 2014)
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5.3.6.1 Results and Discussion

The results for the samples collected in December 2013 for SW 1, 2, 4, 6, 9, 12 and 14 were analysed for
the following metals only: cadmium, chromium, lead, mercury, iron, aluminium, arsenic, copper, manganese,
zinc, cobalt, nickel and selenium. In cases the limits detected were well below the Uganda National Standard
(NEMA, 1995). The data is included as Appendix C.

The water quality results for samples collected during March 2014 are tabulated in Table and are grouped
(colour coded) according to general areas of impacts. The water quality results were compared to the local
Ugandan Acceptable Standards for drinking (NEMA, 1996), and the World Health Organisation (WHO) for
Drinking Water (WHO, 2011). For each parameter, the more stringent of the two standards was used as a
basis for comparison. The red cells indicate points where results exceed the defined limit and those
underlined indicate that levels detected were less than the detection limit.

For the pre-development phase, the assessment of the baseline water quality results duringthe dry.season
(March 2014) revealed the following:

m The pH of the waters measured at the sites seem to fall within the upper limit ofithe standards range
and exceeding this limit at five of the sampled sites with the maximum pH recorded at SWO03 (lab pH
8.88) and SW04 (in situ pH 9.06);

m The pH at SW14 is lower than the majority of the sites. The lower pH_coenditions could result in an
increase in trace metals as is shown by the elevated Fe and Mn concentrations at SW14, 4.28 and 0.8
mg/l, respectively. This area has also been reported to have elevated Ti levels, which might explain the
occurrence of Fe in addition to possible re-suspension of sediments,during rainy days (see Soils study).
The shoreline closer to SW14 is typically characterised by total iroi concentration of approximately 1
mg/l, and as a result the Fe concentrations cannot be attfibuted to Lake water intrusions onto the
wetland. The dissolved oxygen concentration (0.3 mg/kin situ).at SW14 further supports these reducing
conditions. Continuous monitoring is necessary;

m TDS and EC levels on site for SW01 were relatively high (TDS 730 mg/l and EC 1030 pS/cm). This may
have been due to high concentrations of organie matter associated with the wetland system upstream
of this site or contributions from the upstream villages; and

m Various traces of PAHs were also detected, however not at levels that cause concern. These are also
constituents of concern that should.be monitored for throughout the construction, operation and closure
phases of any oil and gas project.

Overall, water quality during the‘dry season is generally good. A concern could be during the wet season
where there is potential for humic@acids (from surrounding land areas such as wetland systems) to increase
pH levels and introduce metals into Lake Albert.

The water quality of Lake Albert’(Error! Reference source not found.) as indicated by grab samples taken
in May 2014, shows that.the lake pH is strongly alkaline, and falls outside of the Uganda National Standards,
however exceptdor faecal coliform count which indicated low levels of faecal contamination at both the
inshore and offshore sites, the other parameters measured are within the Uganda National Standards.

The list of proposed variable to be measured must also be included for those samples taken in the lake
during‘theconstruction and operational phases of the project.
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Table 7: Baseline surface water monitoring results for the dry season (March 2014)

WHO

Surface water monitoring points

L ndan

Water Quality Variable Units drinking Standards SWo2 Swo3 SWo9 sw17 sw14 SW15 Sw19 SW20 sw21 Sw22

standards | (NEMA, 1996) 20/03/2014 | 20/03/2014 | 21/03/2014 | 23/03/2014 | 23/03/2014 | 23/03/2014 _| 22/03/2014 | 23/03/2014 | 24/03/2014 | 24/03/2014
Physico-chemical
pH pH units 6.5t08.5 6.51t08.5 8.79 8.88 8.48 8.55 6.76 8.36 8.72 8.87 7.32 7.03
Total Alkalinity as CaCOs3 mg/l - 500 416 308 146 232 178 160 274 302 134 136
Electrical Conductivity @25C puS/cm - 2500 853 621 274 469 377 330 517 648 319 320
Total Dissolved Solids mg/I 600 1200 506 363 158 231 217 183 302 326 187 176
Silica mg/l - - 27.6 26.8 32.9 13.8 27.1 28 30 24 33.3 21
Total Hardness as CaCOs mg/I 500 500 242 178 100 153 133 113 174 138 112 122
Major Dissolved lons
Sulphate as SO4 mg/I 250 200 47.92 16.75 4.65 0.2 0.27 0.34 5.92 11.38 7.43 7.75
Chloride as CI- mg/I - - 11.7 7.4 1.4 4.5 14.7 2.6 4.6 19.9 5.8 1.7
Ortho Phosphate as PO4 mg/I - - 2.11 1.18 0.17 07 0.09 0.36 0.88 0.03 0.75 0.31
Nitrate as NOs-N mg/I - 5 0.19 0.29 0.15 0.27 0.025 0.09 0.23 0.025 0.21 0.15
Ammoniacal Nitrogen as NHs-N | mg/l - 0.22 0.47 0.25 05 0.59 0.09 0.19 0.08 0.44 0.56
Fluoride as F mg/I 15 - 1.3 1.2 0.5 0.8 0.5 0.7 1 0.5 0.15 0.15
Magnesium as Mg?* mg/I - - 311 20.3 116 18.7 15.2 14.6 215 26.1 13 12.5
Sodium as Na* mg/I 200 - 108.1 77.1 17.1 36.7 254 26.5 50.5 64.5 16.3 11.3
Potassium as K* mg/I| - - 5.2 2.9 2 3.2 3.9 1.7 2.5 40.4 7.6 8
Calcium as Ca?* mg/I - - 44.5 37 20.5 29.7 27.7 20.8 33.6 114 22.9 27.9
Trace Metals (Dissolved)
Aluminium as Al mg/I 0.1 0.2 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Arsenic as As mg/I 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Barium as Ba mg/I 0.7 - 0.046 0.049 0.065 0.042 0.101 0.05 0.042 0.093 0.079 0.051
Beryllium as Be mg/I - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Boron as B mg/I - - 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.04 0.01 0.02
Cadmium as Cd mg/I 0.003 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chromium as Cr mg/I - 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Copper as Cu mgl/l - 1 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035
Iron as Fe mg/I 0.3 0.0340 3.5 0.01 0.01 0.094 0.01 4.28 0.052 0.01 0.01 0.111 0.121
Lead as Pb mg/l 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.01
Manganese as Mn mg/I 0.1 0.1t0 0.5 0.005 0.004 0.01 0.003 0.849 0.007 0.001 0.001 0.026 0.183
Mercury as Hg mg/I 0.006 0.001 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
Nickel as Ni mg/l 0.07 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Selenium as Se mg/I 0.04 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vanadium as V mg/l - - 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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W!—IO' Ugandan Surface water monitoring points
Water Quality Variable Units dnaking | standards SWo2 Swo3 SWo9 sw17 sw14 SW15 Sw19 SW20 sw21 Sw22

Standards (NEMA, 1996) 20/03/2014 20/03/2014 21/03/2014 23/03/2014 23/03/2014 23/03/2014 22/03/2014 23/03/2014 24/03/2014 24/03/2014
Zinc as Zn mg/l - 3 0.02 0.04 0.07 0.02 0.04 0.05 0:02 0.04 0.05 0.04
Polyaromatic Hydrocarbons (Organics)(PAH)
Naphthalene pg/l - - 0.007 0.007 0.007 0.184 0.007 0.007 0.007 0.007 0.007 0.007
Acenaphthylene pa/l - - 0.0065 0.03 0.05 0.0065 0.0065 0.0065 0.0065 0.0065 0.0065 0.0065
Acenaphthene pa/l - - 0.0065 0.04 0.07 0.0065 0.0065 0.0065 0.0065 0.0065 0.0065 0.0065
Fluorene pa/l - - 0.007 0.05 0.06 0.007 0.007 01007 0.007 0.007 0.007 0.007
Phenanthrene pa/l - - 0.02 0.05 0.06 0.07 0.02 0.03 0.03 0.02 0.02 0.03
Anthracene pa/l - - 0.0065 0.02 0.02 0.0065 0.0065 0.0065 0.0065 0.0065 0.0065 0.0065
Fluoranthene pg/l - - 0.006 0.02 0.02 0.02 0.006 0.006 0.006 0.006 0.02 0.006
Pyrene pg/l - - 0.0065 0.02 0.02 0.03 0.0065 0.0065 0.0065 0.0065 0.02 0.0065
Benzo(a)anthracene pa/l - - 0.0075 0.02 0.02 0.03 0.0075 0.02 0.0075 0.0075 0.02 0.02
Chrysene pa/l - - 0.0055 0.02 0.02 0.02 0.0055 0.0055 0.0055 0.0055 0.02 0.0055
Benzo(bk)fluoranthene pa/l - - 0.009 0.02 0.009 0.03 0.009 0.009 0.009 0.009 0.009 0.009
Benzo(a)pyrene ug/l - - 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008
Indeno(123cd)pyrene ug/l - - 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055
Dibenzo(ah)anthracene pa/l - - 0.005 0.005 0:005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
Benzo(ghi)perylene pg/l - - 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055
PAH 16 Total pa/l - - 0.0975 0.29 0.34 0.384 0.0975 0.0975 0.0975 0.0975 0.0975 0.0975
Benzo(b)fluoranthene pa/l - - 0.005 0.01 0.005 0.02 0.005 0.005 0.005 0.005 0.005 0.005
Benzo(k)fluoranthene pa/l - - 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
Oil and Grease
EPH (C8-C40) Hg/l - - 0.5 05 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
GRO (>C4-C8) ug/! - - 05 05 0.5 0.5 0.5 05 05 05 05 05
GRO (>C8-C12) Hg/l - - 0:5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
GRO (>C4-C12) Hg/l - - 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Green indicates southern areas that are predominantly wetlands, south of the river <Blue are streams north

(@]

f most of the project facilities. Purple are streams located outside the immediate site.
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Table 8: Water quality data for samples taken at sites in nearshore waters along Kingfisher Flats,
Lake Albert (May 2014

Parameters Units Pad 1 Pad 2 Pad 3 Pad 4A *Nat
Std
IS oIs IS oIs s oIs s oIs
Total Depth | m 15 24.3 2.6 13.5 1.8 27.3 3.3 28.1
Secchi
Depth m 0.7 0.93 0.81 0.92 0.71 0.95 1.01 0.96
Dissolved mglL | 7.53 7.80 7.03 7.94 7.56 7.72 7.50 7.95 NS
Oxygen
Temp °C 28.4 28.1 27.8 28.1 28.5 28.1 27.8 27.8 20-35°
Conductivity | pSfem | 634 633 633 633 632 634 633 633 2500
pH - 9.60 9.62 9.61 9.61 9.45 9.63 9.66 9.66 6.5-8.5
Alkalinity mg/lL | 316 332 316 360 324 320 240 320 500
Hardness mg/L | 180 200 160 240 180 200 180 160 500
TDS mg/L 304 313 317 312 310 312 304 313 1200
TSS mglL |3 2 1 1 2 1 1 1 0
Turbidity NTU 2 2 2 3 4 2 2 2 10
gglzg‘lumi mglL | 508 10 24 40 24 24 24 24 75.0
m;%nes'“m: mg/L | 307 38.4 24 33.6 28'8 33.6 28.8 24 50.0
Fluoride: F- [ mg/L | 1.2 1.3 1.2 1.2 1.1 1.3 1.1 1.3 15
Iron mg/lL | 0.01 0.01 0.02 1.04 0.04 0.01 0.00 0.06 5
Sulphate mglL | 11 11 10 10 11 11 10 10 200
Chloride: CI | mg/L | 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 500
v mgll | o0 0.6 0.9 04 0.5 0.2 0.3 06 30°
COoD mglL | 11 10 11 15 7 15 14 12 100"
SRP mg/L | 0.003 0,000 |» 0001 | 0.002| 0.002| o0.002| 0003 o0.000] 5000
TP mg/L | 0.026 0.034| 0.029| 0031| 0044| 0036| 0034| 0.034] 10
Nitrate mg/lL | 0.023 0.024 | 0.095| 0031]| 0055| 0032| 0035]| 0.024]45
Nitrite mg/L | 0.008 0.007| 0.010| 0010 0002| o0001| 0001 0.007]3
Ammonia mg/L | 0.008 0.020 | 0.022| 0020 0015| o0010] 0012| 00201
Total mg/l .32 10
Nitrogen 0122 | 0185| 0.372| 0122 o0.140| 0.122| 0.122
Chlorophyll a | pg/L' 2.1 2.1 2.1 1.0 1.0 2.1 3.1 3.1 NS
Faecal CFU/
coliform 100mL & 28 2 2 A 2 v s 0

I/S: inshore; O/S: offshore; Nat Std: Uganda National Standard
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54 Hydrological modelling

541 Peak calculation

The rational method was used to calculate peak rainfall for the 1 in 50 and 1 in 100 year annual storm
recurrence interval for each catchment area. A Mean Annual Precipitation of 1 200 mm was used in the peak
calculation as reported by UNDP&WMO, (1974). The 24 hour storm rainfall was calculated using the method
described in section 5.2.2. Catchments for five rivers namely; Mid 1, North 2, Mid 2, North1, Mid 3 Masika
were delineated for floodline analysis while catchments for rivers crossing the pipeline namely Pipeline River
1, Pipeline River 2 were also delineated. In order to account for flood contribution from the south most river
(South 1) the peak flow of both Mid 3 Masikia and South 1 was also calculated. The catchments are shown
in Table 9.

Table 9: Catchment properties used in the Rational method

Catchment Area Stream Elevation Elevation Slope Time of

Name (km?) length (m) at 10% of at 85% of (m/r21) Concentration
9 Slope Slope (hrs)

Mid 1 6.99 1422 621.6 646.5 0.023 0.4

North 2 1.38 565 621.9 648.3 0.062 0.1

Mid 2 7.63 2645 624.5 644.8 0.010 0.8

Northl 0.74 527 626.2 674.4 0.122 0.1

Mid 3 Masikia 46.36 1937 614.7 636.7 0:015 0.6

Pipeline Rivier 1 | 42.26 11434 697.2 1035 0.039 1.5

Pipeline River 2 | 76.95 5688 778.8 9799 0.047 0.8

Mid 3 Masikia | ¢; 15 | 1937 614.7 6367 0.015 06

and South 1

The properties of each of the catchment as applied in the rational method are shown in Table 9. Considering
the topography for the study area, the elevation at 10%o0f 85% of the slopes was calculated for both the
lower and upper section of the rivers separately.. The lower section of the river stretched up to the edge of
the escarpment while the Upper section éxtended from the edge of the escarpment to the head waters of
each catchment as shown in the catchment map (Figure 20).

Table 10: 50 year and 100 year Peak flows calculated using the Rational Method

River Name 1in 50 Flood Peak (m”3/s) 1in 100 Flood Peak(m”3/s)
Northl 147 18.0

North 2 25.9 34.1

Mid 1 82.9 109.2

Mid 2 55.9 73.6

Mid 3 Masikia 395.6 518.7

Pipeline River 1 175.8 230.6

Pipeline River 2 457.0 598.0

Mid 3 Masikia and South 1 474.0 620.8
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54.2 Floodlines

The HEC-RAS program was used to route the peak discharge for each of the rivers under study. Cross
sections were generated using 1m x 1m Digital Elevation Model (DEM). The peak flows calculated using the
rational method was applied in the model. Slope was used as boundary conditions with the exception of the
downstream cross section (chainage 672.8m) of Mid River 2 where a critical depth was applied. The reason
for choice is explained in the assumptions and recommendations section. A roughness coefficient (Manning
n) of 0.035 was applied for both channel and overland flow as the area fitted the floodplain with pasture and
farmland description according to data published by (Munson, Young, Okiishi , & Huebsch, 2009) Munson,
R. et al (1990). The 1 in 50 years and 1 in 100 floodline was generated and plotted as seen in Figure 21 and
Figure 22.

Assumptions and Limitations

The area where the proposed site lies is generally flat and as a result the river line is not always well defined.
Even though the resolution of the DEM was high, the accuracy was low. The low accuracy of the DEM
combined with varying depression storages meant the river could not always be defined‘accurately. As a
result assumptions had to be made concerning the river banks. In some cases for example River Mid 2,
according to the DEM data the elevation was higher downstream which according to observations from our
