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Introduction

Background

Sweco has been hired by the Swedish organisation PMU Interlife to perform a scoping study on water
resources management in Kapoeta East, South Sudan. Two general areas have been assessed as part
of this project, Lotimor and Upper Plateau in the Nanyangachor Payam (a South Sudanese
administrative level). The two areas have very poor quality of roads which causes limited access by car
to many villages in the area. The villages selected for the assessment (see detailed description below)
were chosen by PMU’s local partner Across based on their assessed priority of water shortages in the
villages.

Across has been working with the local communities in these areas since 2018, so their knowledge
around priorities have been crucial when it has come to making priorities among different areas to

assess. Their work has involved humanitarian support and development projects focusing on improved
agricultural practices such as the introduction of Zai pits (see description below).

Water is a key to sustainable development and health. Different options for water resources include
groundwater, surface water and non-conventional sources (e.g. desalination, reuse of wastewater,
rainwater harvesting). See Figure 1. This rapid assessment has included all these different options.

GROUNDWATER

Shallow aquifers

Deeper aquifers
NON-
SURFACE “‘\
WATER f . Desalination CONVENTIONAL
Bivers Rainwater WATER
Streams harvesting
Lakes Reuse of

wastewater

Figure 1 Water typologies for development (from Schonberger, S. & Wijnen, M., 2018)

Area description

Kapoeta East county lies in the latitude N 05 19’ 7.28” and longitude E 034 37’ 14.90” with an elevation
of 567.4 meters above sea level. It is the second largest county after Magwi in Eastern Equatoria state
with the population of 274,205 disaggregated by payam as 14,339 for Jie, 39,997 for Katodori, 85,815
for Kauto, 23, 074 for Lotimor, 53,193 for Magos, 45,961 for Narus, and 11,826 for Natinga. The county
borders Ethiopia to the East, Kenya to the South, Jonglei state to the North, and Kapoeta North, Budi
and Kapoeta South to the West. This County is inhabited by the Toposa, Jie and Nyangatom ethnic
groups. The County is located in the semi-arid regions of South Sudan. Whilst grassland and shrubland
are the predominant land cover, soils are suitable for crop farming, however, climatic conditions
severely limit yields, forcing households to typically follow agro-pastoral livelihoods. Agro-pastoralist
practices are heavily influenced by fluctuations in climate. In the western part of the region, rainfall
usually peaks in July, starting to drop in October, whilst in most parts of Kapoeta East, rainfall peaks in
April and remains relatively steady through to September / October.

Sweco’s scope of work
The scope of Sweco’s work has been the following:

o Remote sensing/GIS analysis of the project area using available data

e Field visit to assess the local conditions including topography, geology, soil conditions,
hydrology, hydrogeology
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e On-site capacity building of Across local staff

e Recommendations on interventions to improve water security in the area given the site-specific
conditions (water harvesting, small scale managed aquifer recharge, check dams, nature-
based solutions etc)

e Preliminary identification of sites suitable for implementing pilot projects
e Basic design principles of suggested interventions
e Recommendations on pilot projects

It should be noted that the assignment has been short, and it has not been part of the scope to perform
detailed studies or detailed designs and costing. Sweco’s main input has been in the field work (as
agreed with PMU); therefore, the time has also been limited for comprehensive reporting.

Field assessment schedule

Sat 21 | Travel to Kapoeta

Sun 22 | Preparation meeting

Mon 23 | Travel to Nanyangachor

Tue 24 | Morning Travel to Lotimor
Afternoon site survey

Wed 25 | morning site survey
afternoon detailed assessment

Thu 26 | morning detailed assessment
afternoon Back to Nanyangachor

Fri 27 | morning hike to dam sites
afternoon Travel to Plateau

Sat 28 | morning site survey
afternoon site survey

Sun 29 | morning detailed assessments
afternoon Back to Nanyangachor

Mon 30 | morning Site survey river

Nanyangachor
afternoon Estimation of porosity of
soil samples

Tue 31 | morning Travel to Kapoeta South

Wed 1 | Reporting

Thu 2 | Flight to Juba

Fri 3 | Flight to Addis

Sat 4 | Back in Stockholm

Climate and hydrology

The Nanyangachor, Lotimor and Greater Plateau area has a semi-arid climate with a distinctive dry
period from December to February with high temperatures (up to around 38-40 degrees). The average
rainfall 1981-2021 and specific rainfall for 2021 from Greater Kapoeta can be found in Figure 3.
However, the average rainfall for Upper Plateau and Lotimor is likely to be less than this. A study by
NIRAS (NIRAS, 2019) indicated that these semi-arid areas receive approximately 300 to 600 mm of
rain This span is verified by studies by the British Geological Survey as well (Earthwise, 2022) with
indications of 400 to 600 mm, and therefore the 400 to 600 mm is assumed to be a valid span for the
area and detailed enough for the scope of this study. There are three main catchment areas that drains
runoff into three directions (Figure 2), all three rivers are seasonal with flows occurring during the rainy
season but with some of the sub reaches only experiencing flow during major rain events and for short
durations (a couple of days, according to local community members).
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Legend D Catchment Areas

CoNtOUr 10 M e Rivers (seasonal)

Flow direction
of rivers

Kaloreng:A
KalorengzAl

Nanyangachor;

Figure 2. River catchment areas in the study area.

Parts of Greater Kapoeta have during the last couple of years experienced exceptionally dry conditions,
and rainfall has been reported to be lower than average (a meteorological drought). The rainy season
in Lotimor starts around March and peaks in April and remains relatively steady through to
October/November, and it can be assumed that rainfall patterns follow more or less the same trend on
upper plateau. This has led to reduced harvests, less pasture for cattle, as well as reduced availability
of wild foods and surface water, resulting in large scale movement of people. When the rain comes it
has often resulted in extreme events with heavy flooding as a result (Reach, 2021). This trend has been
witnessed and verified by PMU’s partner organisation Across in the areas where they work around
Lotimor and Upper Plateau.

Even though the Reach report shows that precipitation has in fact increased across Greater Kapoeta,
temperatures are also rising. This development will most likely lead to higher evapotranspiration and
reduced moisture retention (the Reach report shows that soil moisture has dropped significantly in the
last 20 years), resulting in lower harvests and poorer food security over time. Natural vegetation growth
will in the same way be affected by reduced soil moisture over time, with negatively affected ecosystems
in the area as a result.
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The surveyed areas (Lotimor, Upper Plateau and Nanyangachor valley) differ from each other when it

comes to topography and geology.

The geology in the Lotimor and Nanyangachor valleys consists of quartenary-tertiary unconsolidated
alluvial sediments. Fine-grained silt and fine sand layers are intercalated with layers of gravel and large
boulders from historical river deposits forming a heterogenic stratigraphy, see Figure 4. The presence
of coarse-grained soils as well as water holes used for water supply indicates that groundwater can be
available in the sediments also outside of the current riverbed itself if it has hydraulic contact through
permeable layers. Groundwater recharge in the riverbed is expected to be much higher than in the other

Figure 4. Section along main river in Lotimor showing heterogeneity in layers, from fine-grained soils to

boulders.

The upper plateau is located at an elevation of approximately 1100-1160 metres above sea level (masl),
approximately 400-500 meters above the surrounding main valleys of Nanyangachor and Lotimor.

10
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According to the limited geological data available, the geology consists of tertiary volcanics (basalt)
which overlays sedimentary rocks like limestone that outcrops at some locations where the basalt has

eroded. See geological map in Figure 5. At the upper plateau the soil layers are thin and bedrock
outcrops are common.

Several villages are located close to the edge of the plateau and the water divide where the size of the
catchment areas are small and water supply options limited with no streams and very low groundwater
potential.

Legend
[ Quatemary-Tertiary unconsolidated sedimentary

Tertiary-Quaternary - Um Ruwaba Formation

Dominantly Tertiary - Red Sea sedimentary

I Tertiary volcanic
Cretaceous - Nubian Sandstone Formation and other minor formations

[ Palacozoic Sedimentary

Precambrian (undifferentiated)

Figure 5 Geology of the project area (source BGS, 2021).

1.6.1 Hydrogeology

The hydrogeological information from the area is very limited. The most up to date source is the
hydrogeological map from BGS (2021). In the project area this seems to be based largely on the
hydrogeological map of Sudan from 1989. It indicates ‘low to high’ groundwater potential in the
unconsolidated sediments in the Lotimor and Nanyangachor valleys and ‘very low to high’ potential in

11
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the volcanic areas (basalt covered areas like the Upper plateau). The latter has high potential if a
borehole successfully targets a water bearing fracture or structure with a large catchment area

0 1020

60

mmmy  mm Kilometers

J00m

Legend

Unconsolidated - Low to High

Unconsolidated - Low to Moderate

Sedimentary Intergranular - Low to High

Sedimentary Intergranular/Fracture - Low to Moderate

lgneous Volcanic - Very Low to High

Basement - Low

Figure 6 Hydrogeological map of the project area (source BGS, 2021).

Across has access to five borehole certificates (see Appendix 1). From data gathered during Sweco’s
field visit and information from Across staff following details on the boreholes at upper Plateau and
Lotimor have been compiled. See Table 1 and Figure 7.

Table 1 Boreholes in Upper Plateau and Lotimor areas

Depth  of
Total ump (m)/ Electrical
pump (M 7'l o tus  Jan . Borehole
Borehole Area depth Number of 2023 Conductivity
(m) rising (mS/m) Certificate
mains
Kaloreng Upper Plateau 100 57/19 Functional 121
Namololonyit Upper Plateau 85 54/18 Functional Yes
Lorimo Upper Plateau 100 60/20 Functional Yes
Non-
Nayionanangor Upper Plateau 100 60/20 functional,
broken pump
. Non-
Pekim Upper Plateau 100 39/13 .
functional
. Non-
Nabelenyikube Upper Plateau 100 84/28 . Yes
functional

12
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water supply

town

Parabuku Upper Plateau 100 72124 Functional
Non-
) functional,
Nakore BH1 Lotimor 100 72/24
dry or broken
pump
Non-
functional,
Nakore BH2 Lotimor 100 78126 PVS casing Yes
dis-lodged at
63 m
Lotimor BH1 . .
Lotimor N/A N/A Functional 2600
(school)
Non-
functional,
Lotimor BH2 Lotimor N/A N/A platform
damaged by
erosion
Non-
Lotimor BH2 Lotimor N/A N/A functional, no
pump
Lotimor BH4 (old . .
N Lotimor N/A N/A Functional 104
catholic mission)
Lotuko BH1 Lotimor N/A 36/12 Functional 79
Lotuko BH2 Lotimor N/A N/A Functional 67
Namunyogur Lotimor 50 36 Functional Yes
Kanele (on the
road btw .
Kanele BH N/A N/A Functional
Nanyangachor
and Lotimor)
Nanyangachor
BH1 (close to .
Nanyangachor | N/A N/A Functional 92
Across
compound)
Kapoeta South | Kapoeta South
N/A N/A 100

The location of the visited boreholes and the boreholes where there is only information from the

certificates can be seen in Figure 7.

13



1.6.2

LJ
SWECO ﬁ

Nabelenyukupe
®

®
Nakore BH1
Kaloreng BH Nakore'BH2 Eaitod
[BH|U'otuko’2]

() Namo]o]onyi 'otimor, BH2:" Lotimor,;BH4.

®
'BH1/Nanyangachor, L'otimor, BH 1 L'otimor, BH[3]

KaneleBH

5,000 10,000 m ® Visited borehole

EE— ©  Borehole certificate only

Figure 7. Visited boreholes and boreholes with information from borehole certificates only.

The borehole certificates include data on borehole construction, lithology, yield and on which depth the
pump is installed. This data together with data on water quality can provide important information in the
process of conceptually understanding the groundwater characteristics in an area. The limited number
of certificates however makes such an analysis difficult.

An observation from Table 1 and the borehole certificates is that pump installation depth often is on
average 30 m above the bottom of the boreholes, and as can be seen from the certificates, 3 of 5
boreholes had the pump installed above the main water strike. The volume below the pump inlet cannot
be accessed, and it is possible that the groundwater level and the main water strike is roughly at the
same level. All the boreholes have casing in PVC all the way to the bottom and it is therefore not a risk
to install the pump below the main water strike or close to the bottom of the borehole. This could provide
more water in some of the boreholes that are seemingly dry.

There have been attempts to drill boreholes close to the edge of the western part of the plateau where
the catchment area is very small, and these boreholes have been dry. As a consequence, the women
(who are responsible for fetching water) need to descend 400 m in elevation to Nyangachor village to
get water. This is very time demanding and tough. Access to the plateau is extremely difficult for heavy
trucks, and many drilling companies refuse to drill in the area. To be successful, boreholes must be
drilled in areas with potential for a large catchment as well as geological structures.

Water Quality

Electrical Conductivity (EC) measures the ability of the water to conduct electricity and provides an
indication on the total amount of total dissolved solids (salts and ions) in the water. Total Dissolved
Solids (TDS) refers to the number of substances that have been dissolved in the liquid. These
substances can include salts, minerals, metals, calcium and other compounds which can be both
organic and inorganic. Fresh water has TDS values between 0-1000 mg/l. Brackish water typically
contains TDS in concentrations ranging from 3000 (mg/l) to 10,000 mg/l. Saline water has TDS > 10,000
mg/l TDS. The palatability of water with a total dissolved solids (TDS) level of less than about 600 mg/I
is generally considered to be good; drinking-water becomes significantly and increasingly unpalatable
at TDS levels greater than about 1000 mg/l (WHO, 2022). The WHO standard for drinking water is 400
mS/m (WHO, 2022) and South Sudan standard 150 mS/m (UNICEF, 2008).

14
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The EC in the functional boreholes was measured during the field work in the functioning boreholes and
the scoop hole in Lotimor river, see Table 2. The lowest values are approx. 70 mS/m in Lotuko borehole
and the scoop hole in Lotimor river which indicates a fairly low salt content. The borehole in the school
in Lotimor stands out with a very high salt content and an EC-value of 2600 mS/m (TDS 13 000 mg/l)
which indicates saline water. There are no negative health effects from drinking the water, although the
taste is rather unpleasant for humans. There is no information on the depth of Lotimor BH1 but a
qualified guess is that it penetrates a deeper part of the aquifer and reaches groundwater that is affected
by rock-water interaction with rocks with high salt content. Brackish groundwater is not uncommon in

the Umm-Ruwaiba unconsolidated aquifer in Eastern South Sudan (Goes, 2022).

Table 2. Electrical Conductivity in visited boreholes during field visit in Jan-Feb 2023. WHO standard

for drinking water is 400 mS/m (WHO, 2022) and South Sudan standard 150 mS/m (UNICEF, 2008.)

Lotimor river

. Total
Total Electrical .
o Dissolved
Borehole Area depth Conductivity .
Solids. TDS
(m) (mS/m)
(mgll)
Kaloreng Upper Plateau 100 121 605
Lotimor BH1 .
Lotimor N/A 2600 13000
(school)
Lotimor BH4 (old .
S Lotimor N/A 104 520
catholic mission)
Lotuko BH1 Lotimor N/A 79 395
Lotuko BH2 Lotimor N/A 67 335
Nanyangachor
BH1 (close to
Nanyangachor N/A 92 460
Across
compound)
Kapoeta South | Kapoeta South
N/A 100 500
water supply town
Scoop hole, .
Lotimor 68 340

General introduction to the small-scale water supply options assessed

The following summary is for orientation purposes only, and for details regarding advantages and
disadvantages of different solutions, please see e.g. RAIN (2007), Maddrell & Neal (2012), Mekdaschi

& Liniger (2013), WOCAT (2007), WOCAT (2011) and Oduor & Gadain (2007).

Surface water

Surface water can be collected through several different techniques and a selected number considered
for this assignment are listed in Table 3 and Table 4. A general disadvantage with any kind of surface
water storage is the great evaporation loss, but surface water storage is particularly important to
consider for small scale infrastructure in semi-arid climates such as the one in Lotimor and Upper

Plateau.
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Rainwater harvesting is a useful technique to take advantage of already present structures such as tin
roofs, thatched roofs, gutters etc. The technique usually leads water from a roof via gutters into a
storage tank next to the building but could also be used on other structures (paved surfaces or other
hardened surfaces). The efficiency of tin roofs is generally considerably higher than thatched roofs. For

further details on rainwater harvesting and buildings see e.g., Mekdaschi & Liniger (2013)

Table 3. Small scale surface water harvesting techniques.

Type Short description Advantage/Weakness

Small surface water | Small dam(s) (single or in | Pro:

dams cascades) to store surface water, Easy access
potentially gravity fed piping y
system to the valley Con: high evaporation loss
Risk of water contamination
Pump needed to supply plateau
Check dams Reduce erosion Pro: good for erosion control
o Gabions Increase infiltration Cons: Small or no storage of water
o Local material
- wood, clay
Birkad Small reservoir dug in the ground, | Pro:

usually lined with clay or cement to .
prevent infiltration losses Can be protected from livestock
When lined in a proper way losses

Can be recharged through to infiltration are negligible

collecting surface flow in a local
catchment Cons:

Divert from river Evaporation (if not covered)

Malaria mosquito breeding?

Rainwater harvesting | Very  suitable and  simple | Pro: easy to implement
from rooftops technique to collect rainwater from

tin rooftops Cons: not as efficient with thatched

roofs

Box 1

Birkad

Birkads are common in parts of Somalia and Ethiopia. They are reservoirs lined with cement or clay
dug into the ground. Most are large rectangular, elongated basins with vertical walls and a capacity
of several hundred cubic metres, sometimes three to four metres deep. The walls and bottom are
often covered in brick and/or coated with cement to reduce water loss due to infiltration to
groundwater. At the top, they are open but often covered with canvas to reduce evaporation, or (in
poorer villages) with nets on which is laid anything that provides shade (branches, straw, etc.).

Birkads fill naturally in the rainy season. They are placed in locations where small streams form
during rain, which are then routed to the birkad with dug trenches. A birkad can sometimes be filled
in a few hours. In villages with poor water availability, feed channels can be a few kilometres long,
and take the form of proper canals coated with cement and/or covered. Birkads are often clustered
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Mitre Drain

Upstream Catchment

Silt Traps

Berkad

together. Birkads are similar to Hafirs, but the latter are bigger, shallower, not lined and not covered,
meaning that they lose more water to evaporation.

Figure 8 Schematic figure of a birkad (Oduor & Gadain, 2007).

Table 4. Larger scale surface water harvesting techniques.

Type Short description Advantage/Weakness
Hafir Large volume - water supply, | Labour intensive
livestock, - irrigation,  can  be Water losses - Evapotranspiration
recharged via channel surface flow, P P
silt and sand traps will reduce the | Contamination — difficult to keep
sedimentation in the Hafirs and | livestock from entering the hafir
rolong the lifetime of the structure.
P g Damage due to flash floods etc
Siltation
Dams Large volume - water supply, | Dam failure — big consequences
livestock, irrigation, correct siting Siltation
and design is very important
Costs

1.7.2 Groundwater

Groundwater is used for water supply throughout the Horn of Africa (HoA) region and forms the sole
source of water for most communities in the borderland areas. The widespread food and livelihood
insecurity and poverty means an expanding role for groundwater in resilience building in borderland
communities given the pressing challenges of climate change. Due to climate change traditional
sources of surface water become scarce, and groundwater has the greatest potential for positive
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development impact in the forty percent of Sub-Saharan Africa classified as ‘drylands’ (Schonberger,
S. & Wijnen, M., 2018)

Groundwater is present in shallow aquifers, e.g., alluvial aquifers along riverbeds, and in deep rock
aquifers. The amount of groundwater available depends on several different factors i.e., type of
sediments or rock, geological structures, topography, recharge etc. Alluvial aquifers in riverbeds with
coarse sediments can be recharged in connection with sparse runoff events in the river, while recharge
to deeper rock aquifers in arid climates can be in the magnitude of 5-10 mm/year implying that large
recharge areas are needed to allow sustainable yields avoiding groundwater mining and depletion of
the groundwater table.

Groundwater is often the last resource available during prolonged drought periods. A conjunctive use
of different water sources will lessen the pressure on the deep groundwater resources that have very
low rates of recharge and are susceptible to overuse. Examples of conjunctive use of water sources
could be initial use of rainwater harvested directly after the rainy season (e.g., hafirs and birkads)
followed by sand dams and finally when these sources have dried out, dug wells and last deep
boreholes (Sweco, 2021).

Table 5. Examples of groundwater harvesting techniques.

Type Short description (reference) Advantage/Weakness
Spring Interventions to cover and protect | Pro:
protection springs and allow for safe access

Increased accessibility
Protect from pollution
Cons:

Springs can be seasonal

Improved Dug wells lined with well rings or | Pro:
shallow wells — | masonry to prevent from collapsing . .
hand dug and allowing wells to be dug deeper. Does not need heavy machinery like

Also provides protection through | 91ng rgs

cover and can be installed with hand | Use of casted concrete well rings allow
pump hand dug wells to be dug deep without
risks of collapsing walls

Provides protection

Can be issued with hand pump — but if
pump is broken water can still be
accessed with a bucket

Cons:

Time consuming and strenuous work to
construct

Only viable in non-consolidated
sediments

Manual drilling Manual drilling of wells is a low-cost | Pro:
technology that has been introduced
successfully in  several African
countries but is not widespread in the | Can be done with simple equipment
HoA region. Manual drilled wells can
reach down to 30 - 40 m depth in

unconsolidated aquifers Works only in unconsolidated aquifers

Low cost

Cons:

Limited depth
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Managed Intentional recharge of water to | Pro:
Aquifer aquifers for subsequent use or :
Recharge environmental benefit. MAR offers Protects stored water from evaporation
numerous benefits, including storage | Can be done with simple methods if
to improve security of water supply, | conditions are suitable
including long-term storage for _
drought supply. Siting and suitable Const; hallendi ind suitable si
sediments in an important factor. Can be challenging to find suitable sites
Regular maintenance of recharge
infrastructure needed
Subsurface System to store groundwater by a | Pros:
dams “cut-off wall” (dam body) set up across
an aquifer in a riverbed. Cheaper and less vulnerable than sand
dams
Siting very important
g veryimp Cons:
Shallow sediments in riverbeds Risk of contamination from livestock
Build on existing natural barrier to GW
flow if possible
Clay or masonry
Access can be improved through e.g.
Infiltration gallery + collector well
protected from flood.
Sand dams A reinforced stone masonry or | Pros:
concrete wall built across a seasonal Can be onlv feasible solution in some
sandy river. During flow events the areas y ! ution
dam is gradually filled with sediments
and water creating an artificial aquifer. | Less losses to evaporation compared to
Siting very important normal dams
Access can be improved through e.g. Cons:
Infiltration gallery + collector well | Failure rate high in e.g. Kenya
protected from flood i ) i
Risk of failure during flash floods
Siltation — the conditions regarding
sediment transport must be right
Sustainability — quality of works
Risk of contamination from livestock
Borehole Borehole drilled into sediments or | Pros:

rock.

Can be only viable solution

Often the last resource to dry out during
drought

Cons:
Needs special machinery
Expensive

If pump breaks water cannot be

accessed
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Siting very important - dry boreholes
common

Box 2

Sand dams

Sand dams are a simple, low cost and low maintenance, replicable rainwater harvesting technology.
They provide a clean, local water supply for domestic and farming use and are suited to arid and
semi-arid areas. Sand dams have been used extensively in parts of Kenya. Failure rates can be
high if the local conditions are not suitable, notably the dam can be filled with silt and mud instead
of sand.

A sand dam is a stone masonry barrier across a seasonal sandy riverbed that traps rainwater and
sand flowing down the catchment. A sand dam is typically 1 - 5 metres high and 10-50 metres
across. When it rains the dam captures the sediment carried by the water — the sand in the water
sinks to the bottom, whilst the silt remains suspended in the water and overflows. Eventually the
dams fill with sand -sometimes after only one rainfall or over 1 — 3 seasons. The sand dam creates
an artificial groundwater aquifer, depending on the particle size of the sand 10-30% of the volume
of the sand dam can hold water.

Sand dams require careful maintenance and immediate repair if necessary. If there are risks of
flooding, water can spill over the wing walls and erode the riverbanks during heavy rains and flash
floods. However, this risk can be eliminated through careful siting and design of the sand dam (when
riverbanks are made of solid rock),

riverbank <\ "\

hardrock

Figure 9 Schematic cross-section of typical sand dam (RAIN, 2007)

Sub-surface dams

A subsurface dam intercepts or obstructs the flow of an aquifer and raises the groundwater table
upstream of the structure. It also reduces the variation of the level of the groundwater table. A
subsurface dam is constructed below ground level and arrests the flow in a natural aquifer (most
often the groundwater flow in a sandy riverbed). The best sites for construction of groundwater dams
are those where the soil consists of sands and gravel, with rock or an impermeable layer at a few
metres’ depth. Ideally, the dam should be built where rainwater from a large catchment area flows
through a narrow passage. A sand dam creates an artificial aquifer whilst a sub-surface dam
enhances and strengthens an already existing aquifer.
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Figure 10. Schematic cross-section of typical sub-surface dam (VSF, 2006)

1.7.3 Storage — distribution

Sometimes water can be accessed and used directly (e.g., from a borehole, dug well, spring or sand
dam). There are situations when water needs be stored for longer time, e.g., when collecting water from

a tin roof.

In the project area livestock is the lifeline of the population. To avoid contamination of the water source
it is important to plan for separate distribution for livestock and humans.

Table 6. Examples of storage/distribution techniques.

Type

Short description

Advantage/Weakness

Hand pumps

Very common in rural areas in Africa
and Asia. Normal models can pump
water from 0-45 m depth, but special
models can pump from 90 m depth.

Pros:

No electricity needed
Usually available locally
Cons:

O&M demands skills

Access to spare parts

Solar pumps
with elevated
tank

Electrical submersible pumps ran on
solar power

Pros:
Cheaper than diesel pumps

Less susceptible to breakdown than
diesel pumps

Less O&M than diesel pumps
Cons:

Initial costs

O&M can be a challenge
Theft + vandalism

Can be risk of aquifer depletion
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Ferrocement Ferrocement consists of a cement- | Pros:
tanks rich mortar reinforced with layers of
wire mesh, sometimes  with
additional plain wire reinforcement | Flexibility in shape
for added strength. Tanks made of
ferrocement are used in many
countries for the collection and | Labour intensive
storage of water for drinking,
washing, for animal use and
irrigation

Relatively cheap

Cons:

Storage tanks | Tanks to store rainwater collected
for rainwater | from e.g. roofs. Often made In
harvesting plastic, concrete or ferrocement

1.7.4 Nature Based Solutions for sustainable land and water management

Improved water management should go hand in hand with sustainable land management. An area
affected by increased drought will experience reduced available soil water content which will affect the
ecosystem in a negative direction, a negative trend that has been observed in the target area during
the last 20 years (Reach, 2021). This development can be reversed by the adoption of nature-based
solutions for sustainable land and water management such as terracing (known as fanya juu and fanya
kii in Swabhili), protection of riparian areas, area closures for rehabilitation as well as Zai pits (a technique
that Across has already started to implement in the project area, see description in the box below).
These solutions are simple techniques to increase the natural processes of water infiltration and natural
regeneration. Another example is the use of earth bunds that are dug-out halfmoon shaped pits (see
description in box below) in patterns across the landscape to reduce the speed of runoff and thus
reducing erosion and increasing infiltration. Examples from trial sites have shown considerable effects
on restoration of degraded rangelands. See Figure 11. The step from implementing Zai pits to the
implementation of earth bunds is very small, and therefore it is recommended that this should be an
integrated part of any water management activities implemented in the area. The introduction of Nature-
Based Solutions should be integrated with awareness raising and training of local communities on land
and water management with regards to e.g. risks of over-grazing and the importance of vegetation on
reducing erosion.

Figure 11 Effects of earth bunds on vegetation 2018-2022 Tanzania, (Source: Planet Snapshots, Issue
51, Nov 10, 2022)

Box 3
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Zai pits

Planting pits or Zai pits (the technique has different names in different countries) are mini-basins
planted with a few seeds of annual or perennial crops. They are dug by hand and the excavated soil
is placed downslope of the pit and sometimes formed into a small ridge to best capture rainfall and
runoff. Manure and mulch are added to the pits to improve the fertility of the soil and reduce
evaporation. Planting pits are applied on flat to gently sloping land (0-5%) that receives rainfall of
350-600 mmly.

Earth bunds

These semi-circular bunds are usually made of earth or stone and have commonly a diameter of 2-
8 m. The bunds are larger versions of the Zai pits and are commonly used in arid climates for grazing
land rehabilitation or fodder production. Earth bunds are built in a rotational pattern between the lines
over a plot (Figure 12) and rarely used on slopes steeper than 5%.

Planting
hole

eor Nev

Figure 12. Layout of semi-circular bund system
(source: Mekdaschi Studer, R. and Liniger, H. 2013)

1.8 Overview of site surveys conducted

The figure below shows the locations of the site surveys conducted. The inset table summarises the

water harvesting techniques that were assessed for each location.
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Figure 13. Overview of the studied area and the detailed site surveys that were conducted.
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Field assessments - Lotimor

For water supply, the communities around Lotimor are dependent on dug-out wells in the riverbed of
and three working boreholes around the area (two in Lotimor village and two close to the village of
Lotuko). There are visible signs of dug-out wells in many places along the river, but the team could only
find one where there was still available water. This gives an indication of a community that is very
dependent on the available boreholes (strengthened by interviews with the different local communities
and with the local partner organisation). If these would be depleted the communities would need to
migrate to find water (usually across the border into Ethiopia). The conclusion after the general
assessment is that the introduction of multiple sources of water (even though small in size) would help
to reduce the pressure on the boreholes. The following sections describe the more detailed findings
from the area around Lotimor.

Lotuko

There are two boreholes on both sides of the river. Both boreholes had been malfunctioning, but they
were rehabilitated by Across and are now functional. The riverbed shows signs of being suitable for
subsurface dams, a mix of boulders, gravel, sand and even silt. There is a good rock outcrop that could
be used as foundation for the construction. The local community has dug several holes along the river
to find water during the dry seasons. Some of these are up to five meters deep, so there are clear signs
that this is place that naturally stores water. It is also suitable that it is a place where the community
normally goes to find water. The sub-surface dam will help to strengthen the available groundwater
stored along the riverbed. A first action to do (before construction of any dam) could be to penetrate the
top layer of the riverbed (a harder more clayey layer) before the rainy season starts to allow for water
to infiltrate easier into the more suitable layers underneath.

Available source(s) of water and associated technique(s)

Borehole (two boreholes by the river close to the village)

Dug out wells

General water supply situation at the time of the assessment:

Good: close access to two boreholes but vulnerable to break downs of the pumps

Potential improvements?

Construct sand dam in the riverbed (see general description of technique above)

Construct hafirs (based on the examples of Lokengot and Nakedengoro)

Construct birkads in connection to the hafirs (see general description of the technique above)

The two boreholes in Lotuko are drilled into a gneissic dyke crossing the river below the village. The
river has eroded the dyke and created an opening where the river can pass. Upstream of the dyke there
are several open wells / deep water holes dug into the river sediments, some up to 5 m deep. None of
these contained water at the time of the site visit. The villagers had dug approximately 10 deep holes
within a radius of 30 m showing that they believe that the occurrence of groundwater is very site specific.
River sediments can be very heterogenous, but in general it is better to dig deeper than starting on a
new hole 5 m away. The water holes contain large boulders which creates risks for the persons digging
and accessing water, and there are risks of collapsing holes, see Figure 14.

25



Figure 14. Water hole/dug well approximately 5 m
deep.

2.1.1 Site investigations Lotuko sub-surface dam.
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The use of casted concrete well rings is
not known in the area. This would allow
digging of deeper wells and protection
from falling boulders. It would also hinder
the water holes from collapsing during
floods. In e.g. Afghanistan wells are dug
up to 60 m deep by hand. Large diameter
dug wells are known from e.g. Niger and
Pakistan and can be >100 m deep
providing year-round access to water
during many decades.

A sub-surface dam where the river
crosses the gneissic dyke would increase
the groundwater availability upstream
and would allow a longer season when
dug wells can be used. If casted well rings
are introduced and wells can be dug
deeper they might be able to provide
year-round access to water. A sub-
surface dam would increase the
groundwater table and thus could also
potentially increase the recharge to the
rock gneissic aquifer where the boreholes
are located increasing their yield.

A subsurface dam should be constructed on top of the underlying bedrock or an impermeable layer and
can extend up to the riverbed surface or below. The sub-surface dam can be made of clay or masonry.
The sub-surface dam should be constructed on the narrowest passage between the rocks on each side

of the river.
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Figure 15. The river passage through the dyke. Rock can be seen on both the southern side (left in the
picture) and northern side (right). The distance between the outcropping rock is approximately 30 m on
the narrowest point

2111 Test pits Lotuko

The depth to the bedrock can be investigated using geophysical techniques such as georadar or
geotechnical drilling. Neither of these methods were accessible to the project team. Three test pits were
dug to assess the underlying soil and, if possible, the depth to the bedrock.
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Test pit 1 was dug 2 m from the rock outcrop on the
southern part of the river (see Figure 17). The first
0,25 m consist of a relatively hard pan of silt, sand
and gravel. From 0,2 m to 0,85 m the material
consists of unsorted sand, gravel and boulders. The
bedrock was not reached in spite of the close
distance to the outcrop which indicates that it has a
steep inclination.

Test pit 2 was dug 7 m from the rock outcrop on the
southern part of the river. Under a 0,25 m relatively
hard pan of silt, sand and gravel the material
consisted of well sorted coarse sand, gravel and
boulders up to 0,2 m in diameter down to 1.2 m depth
(Figure 16). It is obvious that the material has been
transported for some time before being deposited
during rather high water velocity. The bedrock was
not reached during digging and a 2 m iron rod was hit
into the bottom of the pit to verify potential presence
of bedrock. The iron rod did not reach the bedrock
and it can be concluded that the riverbed must be
>2.4 m deep.

Test pit 3 was dug 12 m from the rock outcrop on the
southern part of the river. Under the 0.2 m pan sand,
gravel and boulders were encountered. The total
depth of test pit 3 was around 0.8 m.

Figure 16. Test pit 2.

21.1.2 Infiltration tests, Lotuko

Three infiltration tests were carried out using 1 m PVC pipe with diameter 100 mm, adding water and
measuring the infiltration rate. This is a simple testing method and also the number of samples is very
small for a solid assessment. However, given the project approach with focus on rapid assessment of
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multiple sites the results should be seen as indicative but provide a good comparison between the
tested sites.

Table 7. Description of sites for infiltration tests

Infiltration test Location

1 2 m upstream from test pit 2. 0,2 m below ground surface in the lower part of the
hard pan (silt, sand and gravel)

2 In test pit 2 0,83 m below ground surface (well sorted coarse sand, gravel and
boulders)
3 160 m upstream from infiltration test 1, 0,25 m below ground surface. The pan is

less hard at this site,

0.4

0.35

0.3

0.25

0.2

0.15

Height water table (m)

0.1

0.05

00:00 03:00 06:00 09:00 12:00 15:00 18:00

Time (minutes)

—8— Infiltration test 1 Infiltration test 2 Infiltration test 3

Figure 18. Infiltration rates Lotuko test sites

The results of the infiltration tests are presented in Figure 18. Infiltration capacity in the coarse sand
and gravel below the harder pan (infiltration test 2) is very high which means that recharge in this layer
will help replenish the aquifer effectively. Infiltration test 1 is made in the hard pan itself. It is not
surprising that the infiltration capacity is substantially lower in this top layer of the riverbed compared to
the coarse sand underneath, although it is still relatively high and it can be expected that the underlying
aquifer in the coarse river bed is recharged during periods of flowing water in the river. Digging
perpendicular trenches across the riverbed or patterns of small holes penetrating the pan layer would
increase infiltration. This could be done upstream of the area where the community has dug water holes,
although they would be clogged after each rainy period.

2.1.1.3 Slope of riverbed, Lotuko

The slope of the riverbed upstream of the proposed subsurface dam site was measured, see Figure 19.
The riverbed has a very gentle slope on this stretch of the river and has an undulating surface where
channels have eroded through piles of sand and boulders. The average slope 230 m upstream of the
sub surface dam site is only approximately 0.6%.
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Figure 19. Profile of the riverbed upstream of the proposed sub-surface dam site.

2114 Conclusions sub-surface dam Lotuko

The presence of several water holes (dry at the time of visit) implicates periodical presence of
groundwater. Coarse sand and gravel in the riverbed indicate that the groundwater storage capacity
could be high. The recharge area is large (169 km?) and most probably there is groundwater available
at greater depths. A sub-surface dam in the gap in the gneissic dyke that is currently partly blocking the
groundwater flow in Lotuko would increase the groundwater potential upstream raising the groundwater
table. This would allow the water holes to contain water during much longer periods, and if dug deep
enough probably during the whole year. The subsurface dam would decrease the groundwater flow
downstream. 6.5 km from the proposed sub-surface dams’ site there is a basalt dyke outcropping which
creates a natural sub surface dam. There are no villages between Lotuko and this dyke, and along the
6.5 km stretch of the river water will recharge the aquifer in the riverbed. This indicates that the impact
on downstream water availability of constructing a sub-surface dam at this specific site would be limited.

This rapid assessment could not determine the depth to the bedrock in Lotuko. A sub-surface dam
should be dug to the bedrock or an impermeable layer of clay or silt to be effective. Building a sub-
surface dam is labour intensive as much digging is needed. The dam wall itself can be made of clay or
masonry. There are no strong forces or pressures acting on a sub-surface dam wall, and the associated
risks are small compared to a normal dam where collapse can lead to flooding and erosion. A sub-
surface dam can function for decades and provide water for thousands of persons if the conditions are
favourable (e.g. the water supply of Hargeysa was mainly based on a sub-surface dam between 1960-
2000 approximately). It is recommended to install infiltration galleries on the upstream part of the sub-
surface dam and connect these to a collector well (see Figure 20). A hand-pump can be installed to
mitigate contamination, but considering the risks of pump failure, a covered access hole should also be
built so water can be accessed with a bucket system as well. The collector well must be well protected
from flooding.
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Figure 20. A Sketch of potential layout of a subsurface dam at Lutoko.

Sweco also recommends Across and PMU to consider introducing casting of concrete well rings. The
well rings protect the current water holes from collapsing, and with techniques to dig inside the well
rings, they can reach much deeper allowing for more secure access to groundwater. In e.g., central
Afghanistan wells are dug up to 60 m depth using this technique. An advantage with dug wells compared
to boreholes is that water can be accessed without a pump. The wells can also be repaired without
special machinery or tools. The sediments in the river valley in Lotimor consist of alluvial sediments
where dug wells can be a feasible method to access water if sited in alluvial (river) sediments. The
construction of a deeper dug well is time consuming but much cheaper than drilling of boreholes.

Hafirs and earth bunds around Lotuko

The rangelands around Lotuko shows signs of degradation with large erosion gullies that cross the
landscape. If this development is not reversed the land will continue to lose its topsoil and the possibility
for ranging cattle and farming will continue to be deprived. There are several nature-based solutions
that can be used to revert the degradation, but the construction of earth bunds is specifically
recommended for this case. The reason is that Zai pits have already been introduced in the community
as a technique for more drought-resistant farming and the earth bunds is a very similar technique but
for larger scale, and it is specifically suitable for rangelands. The earth bunds are half-moon formed pits
where the dug-out earth forms a small wall on the downstream end of the pit to slow down runoff to
allow for increased infiltration into the ground. The resulting infiltration will assist to rehabilitate the
vegetative ground cover, and with several earth bunds covering the landscape, the technique will help
to rehabilitate larger areas of land.

Since the gullies are already formed this could be a suitable site for the construction of a hafir. The
eroded gulley can be enlarged to form the hafir while upstream smaller gulley can be converted into
canals increasing the water that is lead to the hafir. The hafir and the earth bunds could preferably be
used in combination to include several techniques to allow for an integrated approach to landscape
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restoration aligned with the ecosystem-based approach where water, ecosystem and living resources
management goes hand in hand (Convention of Biological Diversity, 2021). Figure 21 shows a
conceptual sketch over what this integration could look like in the attempt to reverse land degradation
in the Lotuko area.

The importance of integrating all of these aspects becomes specifically apparent in an agropastoral
community such as the ones around Lotimor (and Upper Plateau), where their dependence on the
water (for domestic use and for cattle), the land (agriculture, food security and rangeland for cattle)
and the living resources (agriculture, vegetation for ranging cattle and the cattle itself) in combination
is very clear. Sweco recommends that introduction of Nature-Based Solutions such as earth bunds and
construction of Hafirs for water harvesting should be integrated with awareness raising and training of
local communities on land and water management with regards to e.g. risks of over-grazing and the
importance of vegetation on reducing erosion.

= -

Halfmoon pits for increased
Sy infiltration and reduced
sedimentation in the hafir

Estimated general direction
of runoff flow

Figure 21. A conceptual sketch over how a combined water and ecosystem management approach
could look like in the degraded rangeland outside Lotuko.

Nakore

The village of Nakore has 2 boreholes drilled by Across. Currently both are non-functional at the time
of the visit. Nakore BH1 is situated between the village and a small river. It is dry or has a hon-functional
pump. The borehole is 100 m deep and the pump is installed at 72 m which means that yield potentially
is higher if the recharge to the borehole occurrs in the bottom 28 m of the borehole. See Table 1.

The second borehole (Nakore BH2) is located 650 m south of BH1. It is drilled to 100 m depth. The
borehole PVC casing is thought to have dislocated. After the pump was ejected for reparation it could
not pass 63 m depth. The yield in BH2 was lower than BH1. See Figure 22

The available water source could furthermore be strengthened by building a Birkad along the river and
digging a small channel to fill this when water is flowing in the river. This could be furthered strengthened
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by small check dams along the river. The water in the river only flows around 1-2 days when the rain
comes, but the observations of the total flow in the river section (more than 0,5 meters on a 5-meter-
wide river section) from the local community indicates that it would be enough to fill a Birkad (and maybe

even several Birkads) by such an event (and there would be multiple during a normal rainy season).

Figure 22. Nakore borehole 2(BH2)

Available source(s) of water and associated technique(s)

Boreholes (firstly by the riverside in Lotuko and secondly at the school in Lotimor)

Dug out wells in the riverbed

General water supply situation at the time of the assessment:

Limited: Water is available, but the community needs to travel far (>5 km)

Potential improvements:

Refurbish boreholes (two available but not functioning)

Construct hafirs (based on the examples of Lokengot and Nakedengoro

Construct birkads in connection to the hafirs (see general description of the technique above)

2.2.1 Site investigations Nakore birkads

According to the community members, water flows in the stream several days after a rain event and
results in water depths up to 40-60 cm deep. This observation indicates that the flow must be several
10’s of litres per second. A topographical survey showed that it would be feasible to divert water from
the stream and lead it to two flat areas of approximate size of 15x30 m and 20x40 m respectively, see
Figure 25. A series of birkads could be dug and connected with channels or pipes. It is advantageous
to reduce the area of the birkads to reduce losses due to evaporation. The evaporation could be further
reduced by covering the birkads with sheet metal, plastic or other material. A birkad of 2.5x10x4 m
(BxLxH) can store 100 m? of water. Up to 10 birkads can be dug which would provide 1000 m?3 of water,
preferably for human consumption. The current water consumption per capita in Nakore is not known,
but an estimation from Lotimor area based on observation is 5-10 I/person*day. A series of 10 birkads
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could thus provide water for 21000 000l /10 I/p*d =100 000 person days which should cover most of the

water needs for Nakore villages. Figure 24 and Figure 25 shows a conceptual design sketch of the
proposed Birkads in Nakore.

If assumed that the average flow in the river during a rain event is 0.1 m3s (100 I/s). This is a
conservative estimation based on a yearly rainfall of 300 mm/year and the total yearly rainfall spread
out evenly across 90 days, which is rarely the case. It is more likely that the average flow in the river
will be higher during the two days of rainfall. The flow would in theory be enough to fill the ten birkads
during a single rain event (a total of 0.1 m3/s * 3600 s/hour * 24 hours/day * 2 days=17280 m?3). However,
there are factors that will reduce the actual volume that can enter the Birkads such as what percentage
of the flow that is diverted from the stream (Figure 24), losses in the canal system and the silt trap, etc.
But this gives an indication that, given a number of rain events during the rainy season, the stream flow
will provide enough water to fill the proposed number of Birkads.
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Figure 23. Profile of the land surface between stream intake and suggested area for birkads.

E

Figure 24. A conceptual design sketch of the intake for the proposed Birkads at Nakore.
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Flow Diversion Structure

Borehole BH1

Figure 25. Overview of the conceptual design of Birkads in Nakore.

A rapid assessment of the conditions downstream of BH1 showed that it would be possible to construct
a hafir 140 m southeast of BH1 in a natural depression. This could store water for livestock and be filled
by the stream during rain events.

Nanyangapokoy

The villages of Nanyangapokoy access water through the boreholes in Lotimor approximately 1700 m
away or through a water hole in the riverbed approximately 2000 m away. The village had a borehole
that collapsed > 15 years ago after which the village was moved 650 m south to its current location.
Catholic missionaries made geophysical surveys and recommended two suitable sites for a new
borehole, see Figure 13 and Figure 26. The sites were known to the village elder who showed the sites
to the project team. As reference for eventual future drilling, the coordinates are given here: UTM36N
N 611908, E 735417 and N 611902 E 735406 respectively

Available source(s) of water and associated technique(s)

Boreholes (the two in Lotimor)

Dug out well in the riverbed

General water supply situation at the time of the assessment:

Ok: Water is available, but the community needs to walk to get it (1-2 km)

Potential improvements?

Construct hafirs (based on the examples of Lokengot and Nakedengoro)
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Construct birkads in connection to the hafirs (see general description of the technique above)

Refurbish boreholes (two available but not functioning)

NakoreBH2

Legend * Test pit

@ Borehole V Potential sand dam
@ Potential check dam _ ~qhtour 10 m

<> Potential Hafir — Survey profiles
/A Scoop hole [ Basalt dyke outcrop
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Figure 26 Overview visited sites around Nanyangapokoi and Lotimor villages
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Figure 27. The stones mark the recommended two nearby sites for a new borehole following
geophysical surveys. Coordinates UTM 36N N 611908, E 735417 and N 611902 E 735406 respectively
2.3.1 Site investigations Nanyangapokoy check dam site

The soft organic rich top-soil south of Nanyangapokoy villages is vulnerable to gully erosion and a
system of gullies have developed. Approximately 1200 m southwest of the villages the width of the
gullies are up to 14 m. At this site several small gullies converge to a larger one. This site could be
suitable for a check dam built with e.g. sand bags. See Figure 13 and Figure 29.

A profile of the gully bed is shown in Figure 28.
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Figure 28. Profile of gully bed upstream of proposed check dam wall

Cross-sections were measured at the proposed dam wall site, 60 m upstream, at the north inlet and 30
m downstream of the dam wall site, see Figure 29 - Figure 33.
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Figure 29. Overview of the proposed check dam in the gully near Nanyangapokoy.
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Figure 30. Cross-section A approximately 30 m downstream of dam wall
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Figure 31. Cross-section B at check dam wall site
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Figure 32. Cross-section C approximately 55 m upstream of dam wall
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Figure 33. Cross-section D at the northern inlet, approximately 65 m upstream of dam wall

The gully sides consist of fine graded material (silt) with occasional intercalations of coarser river
sediments (sand, gravel and boulders in layers) and are vulnerable to erosion. It is very important to
design a spillway with correct size and anchor the check dam with side wings dug into the gully walls.
There are no villages downstream of the proposed dam site, and the gully system evolves to a river that
converges with the main river approximately 3,5 km downstream. More detailed calculations of spillway
size must be done prior to construction due to the erosion prone sidewalls of the gully. A rip-rap layer
(erosion protection) of stones must be placed downstream of the check dam and spillway to prevent
failure due to erosion at the dam toe. These more detailed calculations are not within the scope of the
current assignment.

A simple estimation of storage volume in the check dam is 1200-1400 m3 if the dam wall is built 2.4 m
high to +702 m.a.s.l. Check dams can be built by filling sandbags with silt and dirt. The existing material
in the gully bottom + sides should be excavated to increase storage volume and can be used to fill the
sandbags. The check dam could provide water for livestock and nearby fields for several months after
a normal rainy season thus decreasing the pressure on other water sources and saving them for the
drier period.

Some infiltration through the gully bed will probably occur. To take advantage of this a well can be dug
on the surrounding plateau a few meters from the gully downstream of the dam wall.

Lotimor village

The roof of the school in Lotimor is very suitable for rainwater harvesting. With the addition of gutters
and a storage tank to lead the harvested water to, this could be a very good addition to the water supply
of the community (see general principle in Figure 34). The water harvested could be used by the school
children as well as the teachers and reduce the pressure on the nearby borehole.

For the school in Lotimor (area of 270 m?) the total collected amount is estimated to be between 70-
140 m?3 (based on assumed yearly rainfall between 300-600 mm).

Mm rainfall/lyear*area of roof*efficiency (tin roofs has a high efficiency of 90%)=0.3*270*0.9= 72 m?3
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Figure 34. The general principle of rainwater harvesting from rooftops and the use of separator and
filtering mechanisms to treat the water. (Oduor A.R. Gadain, H. M. 2007)

Lotimor village has four boreholes, two of these are functioning. BH1 by the school has slightly saline
water while BH4 at the old Catholic mission station has fresh water. There is no information on the
depths of the two boreholes that provide information on the reason for this, but a qualified guess is that
BHL1 is deeper and penetrates rock with salt bearing minerals (e.g. halite) or older groundwater that has
been subject to long-term ion exchange and mineral enrichment by weathering of minerals. See Table
1 and Table 2.

Riverbed Lotimor

The project team has assessed alternative water resources in Lotimor valley. The project team
assessed parts of the riverbed around Lotimor to evaluate the prospects of sand dams, sub-surface
dams, dug wells and hafirs, see Figure 35 and Figure 40.
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Figure 35. Surveyed areas west of Lotimor village

Figure 36. Scoop hole 5 m
deep, 4,70 m depth to static
water level southwest of
Lotimor village.

In the area southwest of Lotimor village, the villagers have dug
several scoop holes in the riverbed. One of those reached the
groundwater and was used for watering livestock and for human
consumption (Figure 36). After each flood event the hole collapses
and needs to be dug again. Considering the presence of layers of
gravel and boulder in the river wall adjacent to the scoop hole, it
should be possible to dig out a well on the side of the river that
reaches the local aquifer, a location that would be much safer to
damages from floods in comparison to the present one. The river
sides are relatively high beside the scoop hole (4 m
approximately), and digging a well involves more work than
digging in the riverbed itself. However, the long-term benefits are
huge as it can serve for several years without needing to be re-
dug after each flood. A dug well should be constructed with casted
concrete well rings. A hand pump helps protect the water from
contamination of buckets etc., but an opening for buckets should
be made so the well can be used when the pump is not
functioning.

The project team assessed the feasibility of sand dams in the river
west and south-west of Lotimor. Part of the riverbed is covered by
medium to coarse sand, while other parts contain more silt. Three
areas are marked as potential sites in Figure 35. The slope of the
riverbed was measured for the site downstream of the scoop hole
and was found to be approximately 0.1% which is low and can
increase risk of deposition of silt and mud in an eventual sand
dam.

42



LJ
SWECO ﬁ

702.2
702.15
702.1

702.05

Elevation (masl)

702

701.95
0 10 20 30 40 50 60 70 80 90 100
Distance (m)

Figure 37 Slope of riverbed downstream waterhole west of Lotimor

Approximately 1300 m north of Lotimor village a basalt dyke outcrops at two locations and cuts off the
riverbed. This creates a natural sub-surface dam, see Figure 38 and Figure 40.
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Figure 38 Basalt dyke outcropping and cutting off groundwater flow in riverbed. Arrows indicate basalt
rock outcrops

The slope of the upstream riverbed is low (approximately 0.4%) which means that there are risks for
deposition of silt in a sand dam or dam (Figure 39). Also, the river sidewalls are low and during high
flows the river floods the adjacent low-lying river plain. This implies that the site is not suitable for sand
dams.
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Figure 39. Slope of riverbed upstream of basalt dyke south of Nakore village

A hafir or could be built on the western or eastern side of the river and be recharged through a channel
from the river during flow events.

The area upstream of the basalt dykes has a high groundwater potential due to the formation of a
natural sub-surface dam. Shallow water holes were observed with moist soil at relatively small depths
(approximately 1 m) compared to downstream areas of the dyke. Another indication of higher
groundwater table upstream of the basalt dyke is a field with crops that seemed to do well in spite of
the drought and the presence of moist soil when digging nearby the fields. All this indicates a higher
groundwater table compared to the area downstream of the dyke.
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<> Potential Hafir
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Figure 40. Detail site surveys north of Lotimor village

It is recommended to dig wells close to the river, but on side of the riverbank upstream of the rock
outcrops where the groundwater table is relatively high.
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Field assessment - Upper Plateau

The upper plateau with its inaccessible position and limited boreholes would do good from a more varied
supply of water from multiple sources to reduce the pressure on the few functioning boreholes in the
area. The population rely on boreholes for water supply to a large extent as well as scoop holes in
sandy riverbeds located further from the edge of the plateau. There are three hafirs constructed by the
local community that are good examples that could be replicated. These are located close to the edge
of the plateau where other water supply options are limited. The following sections describe the more
detailed findings from the area on Upper Plateau:

Lokengot

The village of Lokengot has two hafirs nearby. These have been constructed over several years where
the owner of the hafirs allows community members to get water in exchange for their assistance to dig
the hafir deeper. The hafirs were situated in a sloping landscape where small canals have been dug
upstream to divert water into the hafir. These are quite limited and could be expanded to allow increased
inflow to the hafir. The soil that has been dug out from the hafir by the community is used to increase
the height and strengthen the walls surrounding the hafir. The initiative to construct the hafirs have
come from the community themselves, which is why this is a great to technique to build further on
(Figure 41).

Available source(s) of water and associated technique(s)

Hafir

Seasonal scoop holes in riverbeds (in general limited to areas located > 3000 m from Lokengot

General water supply situation at the time of the assessment:

Ok: water is still available in the hafirs but when that water runs dry the community needs to travel
down to Nanyangachor for water (a large portion of the community will also migrate with the cattle in
that case).

Potential improvements?

Dig the hafir deeper, to increase storage capacity and decrease evaporation losses

Construct more hafirs

Dig the upstream canals deeper and extend the network to collect more water (for Hafirs)

Addition of silt traps before water enters the hafir

Construct birkads in connection to the hafirs (see general description of technique above)

Shallow wells dug to the bedrock (the soil layer is generally thin on the plateau) downstream of the
Hafir can collect some of the water that infiltrates from the Hafirs.

Sand dams in the Nayionangor area, approx. 3-4000 m north-east of Lokengot village
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Figure 41. A fully functional hafir outside the village of Lokengot.

Nakedengoro

The hafir in Nekedengoro is of the same type as the ones found in Lokengot but this one had already
dried out when the team visited the site on 2023-01-28. The general idea of construction was also
similar to the above-mentioned hafirs.

Available source(s) of water and associated technique(s)
Hafir

Dug-out scoop holes (not close to the village though)
General water supply situation at the time of the assessment:

Ok: water is still available in the hafirs in neighbouring Lokengot but when that water runs dry the
community needs to travel down to Nanyangachor for water (a large portion of the community will
also migrate with the cattle in that case).

Potential improvements?

Dig the hafir deeper

Construct more hafirs

Dig the upstream canals deeper and extend the network to collect more water

Addition of silt traps before water enters the hafir
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Construct birkads in connection to the hafirs (see general description of technique above)

Reconnaissance Lokengot/Nakedengoro/Nayionangor area

Due to the proximity to the water divide close to the edge of the plateau, the Lokengot and Nakedengoro
villages have no streams. Sweco had, as part of the desk-based initial parts of the study, identified
interesting sites for potential sand dams using remote sensing technology, and some of these were
visited (see Figure 13).

In the village of Nayionangor there is a borehole (currently non-functioning due to pump failure) and a
potential for a small sand dam in the stream where outcropping bedrock creates a natural barrier in the
stream. The stream has a relatively small catchment and the width of the riverbed is only 5-8 m. The
material in the riverbed consists of stones, coarse sand and gravel and is eroded to the bedrock in
many places. There is potential for a small sand dam downstream of the borehole (area A). A rapid
survey of the riverbed profile and cross-section was made here.

Further downstream after the junction of two streams, the width of the riverbed increases to 10-15 m
and there are three separate areas with coarse sand and gravel that could be potential sites for sand
dams (site B). There are outcrops of bedrock that cuts off the stream at three sites that could be potential
sites for sand dams. A disadvantage of site B is that the river sidewalls are rather low in this area and
a sand dam wall needs to be wide and the resulting sand and groundwater reservoir will be thin at the
sides with high water losses to evapotranspiration as a result. Unfortunately, there was no time to survey
the riverbed slope and cross-section at these sites (B) on this short mission. It is recommended to
perform a survey of area B as the potential for storage probably is higher than in area A. Three test pits
were dug to 0,8-1,15 m and showed coarse sand and gravel. No groundwater table was found, but the
soil was moist. The villagers had been digging scoop holes but they had dried out at the time of visit.
The riverbed sediments are thin at places with outcropping bedrock. See Figure 42.
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Figure 42. Riverbed at site B in Nayionangor after the junction of the streams

1 Site survey at Nayionangor sand dam site A

This site has a width of the riverbed of approximately 6-8 m and compared to most stretches of the
stream a bit steeper river sides. There is outcropping rock that cuts off the riverbed and is a suitable
site for a dam wall. It is not an optimal site for a sand wall due to the low angle of the sides resulting in
a long and low dam wall, but the near distance to the Nayionangor borehole means that it can be
complementing this during some months after the rainy season thus reducing the pressure on the
borehole and aquifer.
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A test pit was dug to 0,8 m where weathered bedrock was encountered. According to the locals the site
was used for scoop holes after the rainy season. A soil sample was analysed, and the porosity was
found to be 0,25 which is high. The soil did not contain any silt or clay.

One cross section was measured at the site of the proposed sand dam wall, see Figure 46
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Figure 44. Test pit at Nayionangor site A
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Figure 45. Profile of the riverbed at Nayionangor site A measured from the foot of the proposed sand
dam wall, Nayionangor site A
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Figure 46. Cross-section of valley at dam wall site, Nayionangor site A

3.2.1.2 Conceptual design ideas of sand dam at Nayionangor site A

A potential sand dam at Nayionangor would be small in size but could potentially benefit the local
community. The foundation of the dam would be placed on the rock outcrop that can be seen in Figure
43. It is not recommended that the dam height would exceed 1 m since a higher dam would result in a
very wide dam as well as be more costly. Figure 47 shows the potential amount of sand accumulation
(level and volume) with a 1-meter-high dam at the site assessed. The storage of water amounts to
approx. 165-170 m3 calculated with an effective porosity of 0,25 in the sand material.
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Figure 47. Profile of the riverbed at Nayionangor site A with indications of level of potential sand
accumulation upstream (168 m? of water can be stored in the sand dam).

3.3 Kaloreng

The village has a borehole nearby with a generally good supply of water. However, many of the
boreholes on the plateau have either not been functioning or have dried out (3 out of 7 are not working)
so there is still a need to strengthen the general water supply on the water plateau to save the borehole
water for times when all other sources of water have dried out. There is a riverbed not far from the
village where the team assessed the possibility of constructing sand dams. The team found a number
of suitable spots and did a detailed assessment of one of them (a site where the local community have
been digging for water and where water was still available at the time of the visit by the team).

Available source(s) of water and associated technique(s)

Borehole

Dug-out wells in nearby riverbeds

General water supply situation at the time of the assessment:

Ok-Good: water is still available from dug-out wells (used mainly for cattle now) and the domestic
water use is taken from the borehole. However, as mentioned above, the water supply situation
needs to be strengthened to save the borehole water for more challenging times.

Potential improvements?

Construct hafirs (based on the examples of Lokengot and Nakedengoro

Construct birkads in connection to the hafirs (see general description of the technique above)

Construct a sand dam in the nearby riverbed (see general description of the technique above)

3.3.1 Reconnaissance Kaloreng area

The Kaloreng area is dependent on one borehole for current water supply. The borehole is sited
adjacent to a stream. The project team has surveyed possibilities for water harvesting downstream of
the borehole.
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Approximately 200-500 m downstream of the borehole there are a few sites with outcropping bedrock
that creates natural barriers in the groundwater flow along the river (area A), see map in Figure 13. The
material in the riverbed consists of coarse sand and gravel with no silt content. The width of the stream
is limited to approx. 5-7 m. Test pits were dug to 0.8 m depth, and no groundwater was found. According
to the local elders, there is water available after the rainy season. Some sections of the riverbed consist
of bedrock. The height of the river sides is low, approximately 0.5-1 m, and the river regularly overflows
its natural course. The stream forms several forks. The low river walls are the main limiting factor to
implementation of sand dams in this part of the river.

Area B is located approximately 2200 m northeast of Kaloreng (Figure 13).

In area B the river channel has eroded rather deep into the bedrock (basalt) with steep rock sidewalls
and several natural rock steps outcropping in the riverbed. The material in the riverbed consists of
coarse sand and gravel. A scoop hole was used for water supply. This area is suitable for a sand dam,
and a more detailed survey was made by the project team, see further details below.

Area C is located approximately 600 m downstream from site B and has some basalt outcrops forming
natural barriers. The riverbed is eroded into the topsoil (silt) and has vertical sides. Some stretches
have river walls of limestone on the southern side of the river, see Figure 48 and Figure 50.

Figure 48. River wall limestone Kaloreng site B
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Figure 50. Water hole dug into limestone. Figure 50. Soil profile in scoop hole, Kaloreng
Note the vertical sides of soft topsoil of the site B
riverbed behind.

Several water holes were dug into the riverbed as well as into the underlying limestone rock, see Figure
50. This shows that the limestone is not impermeable and that water from the riverbed can infiltrate and
form local aquifers with very limited areal extent in the fractured upper parts of the limestone. From a
sand dam perspective, it is preferable with impermeable bottom for easy access to the stored water.
The riverbed elevation profile is relatively flat, and a sand dam could potentially store a large volume of
water. Due to the sidewalls of relatively soft topsoil, however, there are risks of erosion on the sides of
a dam wall which could result in a collapse of the river sides. This can be mitigated using proper
anchoring of the sand dam walls and proper design of spillways, but as Across has no previous
experience of constructing sand dams, area B should be prioritised as this involves less risks.

3311 Survey Kaloreng site B

The material in the riverbed consists mainly of coarse sand and gravel, and a scoop hole had been dug
to 1.4 m and was used for water supply, see Figure 50. The porosity of the sand and gravel at 0.5 m
depth in the scoop hole was examined and found to be 0.26. No silt or clay was found in the test pits.

There are several outcropping rock steps in the riverbed at site B, and the stream has eroded into the
bedrock with steep rocky sidewalls. There is a rock step with minimum width of approximately 2.2 m
that would be suitable as foundation for a sand dam wall. There is another rock step of approximately
2 m height at 40 m distance from the proposed dam wall, see profile for the riverbed in Figure 51.
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Figure 51. Profile of the riverbed at Kaloreng site B measured from the foot of the proposed sand dam
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Figure 53. Cross-section 20 m upstream from dam wall, West-East
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Figure 54. Cross-section 40 m upstream from dam wall, West-East
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Figure 55. Cross-section 100 m upstream from dam wall, West-East

3.3.1.2 Conceptual design ideas of sand dam at Kaloreng site B

Sweco proposes that a sand dam should be constructed in stages of 1+1 meters, the height could
eventually be increased to up to 3.5 meters if the initial stages will be deemed successful. Figure 56
shows potential dam wall heights at the dam wall cross section. Figure 57 shows a conceptual sketch
of the dam in profile and accumulated sand behind the dam wall. Table 8 shows the potential
accumulated storage volume with different heights of the dam. Sweco recommends that a dam wall of
3.5 m height is constructed, this could have a storage of 1100-1200 m?® of water. This volume could
supply 1000 persons with 10 litres per day for 120 days. Access to the water could be through collector
pipes and a distribution point downstream of the dam. However, as the whole sand dam would drain if
a valve broke due to malfunction, damage of floods or vandalism, Sweco recommends that the water
is accessed from the upstream side of the dam wall. This would ideally be done through collector pipes
in the sand dam connected to a collector well at the side to allow installation of a hand pump or bucket
system, thus reducing risks of contamination from scoop holes and animals accessing the sand dam
surface. However, the sloping rock walls complicates construction of collector well. To avoid risks of
collapsing walls of scoop holes, two-three wells with concrete well rings can be dug into the sand dam
and protected with e.g. gabions from the flood events. There is a risk that the wells will be filled with
sand, these can be dug out and cleaned by hand. It is laboursome but common in other parts of the
Horn of Africa region.
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Figure 56 Section of the river at the proposed dam site with indications of sand dam wall heights
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Figure 57. Conceptual sketch of the initial stage of a sand dam at the Kaloreng site (the dam height in
the picture is around 1,5 m). Planned final total dam height is 3,5 m.
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Figure 58. Profile of the riverbed at Kaloreng site B with indications of level of potential sand
accumulation.

Table 8 Storage volume for different dam wall heights, Kaloreng sand dam. Calculated with measured
drainable porosity of the sand = 0.25.

Sand dam wall height
(m) g Elevation (m.a.s.l) Storage volume of water (m?)
2 1047 280
3 1048 873
3.5 1048.5 1130

It is recommended that the more detailed dam design follows the guidelines developed by Madrell and
Neal in 2012 with clear instructions on the design of the dam when it comes to the handling of erosion
to avoid dam failure, design of different spillways (Figure 59) and thickness of the dam in relation to the
height (Figure 60). Many sources recommends that the sand dam is built in stages to allow a gradual
filing of sand. Recommended stages in Kaloreng could be: year 1 — 1,5 m, year 2 — 2,5 m and year 3 —
3.5 m. A stepwise construction would also allow PMU and Across to evaluate the quality of the material
and craftmanship and see if adjustments are needed. It is also necessary to evaluate the dam safety
situation continuously. There were no permanent risk objects observed directly downstream (around 1
km) of the dam site at the time of the assessment even though the team met with people who were
digging scoop holes to access groundwater. This activity is limited to the dry season and the risk of dam
failure is highest when water is flowing in the river during the rainy season. With this in mind, together
with the limited height of the dam and the fact that it mainly stores sand (a failure would mainly form a
cone of sand directly downstream of the dam, the added water flow from the dam would probably be
negligible in comparison to the water that is flowing in the river naturally), makes the risk of any impacts
in the case of a dam failure very low.
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Width ofthe first flood spillway equals the
width of F2, the usual peak annual flood

- Flood spillway/s =
Central spillway/s

Figure 59. The width and position of the first flood spillway (Maddrell, S., Neal, I., 2012).
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Figure 6.8: Dam thickness

Figure 60. Relation between dam width and height (Maddrell, S., Neal, I., 2012).
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Field assessment — Nanyangachor

A short survey was also conducted upstream of Nanyangachor (see Figure 13) where a potential
subsurface dam site was identified. The survey was not fully completed due to resistance to any
interventions by the local community leaders, Across’ staff assessed the situation to be too hostile and
decided to stop the survey in this particular area. Before the survey was stopped, it was assessed that
the site had deep layers of coarse sand material suitable for groundwater storage, so a collector well
could be suitable to construct next to the river. There were a number of scoop holes at the site of which
one of them still had water available.

I oo
Well and collector pipes

.

Figure 61. Overview of site survey in Nanyangachor.
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Recommendations

This section provides a set of recommendations by the Sweco team to guide PMU’s and Across’
continued work on strengthening the water supply in Lotimor and Upper plateau. The first section is a
list of general recommendations that should guide future interventions in general while the second
section is a specific list of sites assessed that should be prioritized for a pilot project as a first step for a
wider engagement for the improvement of water supply and reversal of land degradation in the
Nanyangachor, Upper plateau and Lotimor areas. The pilot projects should be seen as both directly
beneficial for the communities, the environment and as a steppingstone for future joint capacity building
interventions by PMU and Across in South Sudan.

General recommendations

To be successful, boreholes must be drilled in areas with potential for a large catchment as well
as geological structures. Before procuring additional boreholes from a driling company,
consider consulting a specialist hydrogeologist to make geophysical surveys based on a
conceptual understanding of the groundwater in the area and not primarily based on close
access to the villages. This to allow for siting of boreholes at the optimal locations to provide a
high yield and a large catchment to decrease the vulnerability to groundwater depletion during
droughts

Several boreholes have the pump intake above the main water strike, and the borehole
certificates indicate that pump installation depth often is on average 30 m above the bottom of
the boreholes. The volume below the pump inlet cannot be accessed, and it is possible that the
groundwater level and the main water strike is roughly at the same level. All the boreholes have
casing in PVC all the way to the bottom and it is therefore not a risk to install the pump below
the main water strike or close to the bottom of the borehole. This could provide more water in
some of the boreholes that are seemingly dry. Sweco recommends that the pump intakes are
installed below the main water strike and as deep as possible in the boreholes allowing for a
larger storage in the borehole itself.

Advocate for conjunctive use and management of water resources to maximise the yield and
minimise losses. Different water resources can be used in different seasons to decrease the
pressure on the boreholes until periods of drought or when other sources have dried out.
Different sources can also be used for different purposes, e.g. hafirs for livestock and irrigation
and groundwater for human consumption,

Sweco also recommends Across and PMU to consider introducing casting of concrete well
rings. The well rings protect the current water holes from collapsing and with techniques to dig
inside the well rings, they can reach much deeper allowing for more secure access to
groundwater.

Dig wells nearby existing water holes in the riverbed but on the riverside to protect it from floods.
With well rings the wells can be dug deeper, securing better access to groundwater, and the
wells can be equipped with a hand pump, rope pump or a rope and bucket system.

Build hafirs recharged by surface flow nearby Zai-pit demonstration plots and use water for
irrigation

Close to the edge of the upper plateau, the catchment areas are small and the conditions for
boreholes or dug wells are not good with high risk of failure. Hafirs and birkads that collect water
from surface flow are recommended interventions. Birkads can be constructed with roofs to
decrease evaporation losses.

Land degradation is a major concern in the project area due to overgrazing. Especially the
fertile brown soft soil rich in organic material is vulnerable to erosion and should be protected.
Thus, it is a general recommendation to construct Zai pits (as already introduced in the ongoing
Across/PMU project) and half-moons to allow water to infiltrate more easily into the ground.
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This is a good example of nature-based solutions (NBS) to increase infiltration capacity and to
revert land degradation in arid areas (and the above-described issue of reduced soil moisture
in the area, see section 1.7.4). It is recommended that the construction of Zai pits is combined
with the construction of half-moon pits and hafirs to both reduce soil erosion, increase infiltration
of water over larger areas and making water available for farming for an extended period of the
year. Sweco recommends that introduction of Nature-Based Solutions such as earth bunds
should be integrated with awareness raising and training of local communities on land and
water management with regards to e.g. risks of over-grazing and the importance of vegetation
on reducing erosion.

Across and PMU should collect and save all borehole certificates and keep them in the project
file. They contain important information on the boreholes and are a support when assessing
optimal depths for installation of pumps etc.

5.2 Recommended pilot interventions

Priority Technique Description (section) Area
1 Sand dam 3.3.1.2 Kaloreng
2 Birkad recharged by | 2.2.1 Nakoré
river
3 Sub-surface dam 211 Lotuko
4 Introduce casted
concrete well rings
5 Hafirs Build hafirs recharged | Upper Plateau
by surface flow nearby
Zai-pit demonstration
plots
6 Sand dam 3.21.2 Nayionangor
7 Hafir and earth bunds | 2.1.2 Lotuko

61



LJ
SWECO ﬁ

References

BGS (British geological Survey), 2019. Africa Groundwater Atlas.
https://www.bgs.ac.uk/africagroundwateratlas/index.cfm

Earthwise, 2022, “Hydrogeology of South Sudan” information retrieved online on 2023-02-17:
https://earthwise.bgs.ac.uk/index.php/Hydrogeology of South_Sudan#/, British Geological Survey

Goes, B.J.M., 2022. Review: Assessment of the aquifers in South Sudan with a focus on Lakes State.
Hydrogeology Journal (2022) 30:1035-1053

Liniger, H.P., R. Mekdaschi Studer, C. Hauert and M. Gurtner. 2011. Sustainable Land Management in
Practice — Guidelines and Best Practices for Sub-Saharan Africa. TerrAfrica, World Overview of
Conservation Approaches and Technologies (WOCAT) and Food and Agriculture Organization of the
United Nations (FAO)

Maddrell, S., Neal, I., 2012, “Sand dams: a practical guide”, Excellent Development Convention on
Biological Diversity, 2021, “Decision V/6”, COP 5

Mekdaschi Studer, R. and Liniger, H. 2013. "Water Harvesting: Guidelines to Good Practice”. Centre
for Development and Environment (CDE), Bern; Rainwater Harvesting Implementation Network (RAIN),
Amsterdam; MetaMeta, Wageningen; The International Fund for Agricultural Development (IFAD),
Rome.

NIRAS, 2019, “Water for Eastern Equatoria”

Oduor A.R. Gadain, H. M. 2007. “Potential of Rainwater Harvesting in Somalia, A Planning,
Design,Implementation and Monitoring Framework, Technical Report Now-09, 2007”,FAO-SWALIM,
Nairobi, Kenya.

RAIN (Rainwater Harvesting Implementation Network), 2007. A practical guide to sand dam
implementation - A guideline based on the Swiss Re 2007 award winning pilot project “Water harvesting
to improve livelihoods in southern Ethiopia: from pilots to mainstream” and large-scale implementation
of sand dams in Kenya.

Reach, 2021, “Greater Kapoeta Climate Impact & Displacement Profile”

Oduor A.R. Gadain, H. M. 2007: “Potential of Rainwater Harvesting in Somalia, A Planning,
Design,Implementation and Monitoring Framework, Technical Report Now-09, 2007”,FAO-SWALIM,
Nairobi, Kenya.

Schonberger, S. & Wijnen, M., 2018. Assessment of Groundwater Challenges & Opportunities in
Support of Sustainable Development in Sub-Saharan Africa. The World Bank, Water Partnership
Program.

Sweco, 2021. Final Report Groundwater management in the Horn of Africa. The World bank Group
October 29, 2021.

UNICEF, 2008. Southern Sudan Water Quality guidelines. UNICEF, Juba, October 2008

VSF, 2006. SubSurface Dams : a simple, safe and affordable technology for pastoralists - A manual
on SubSurface Dams construction based on an experience of Vétérinaires Sans Frontieres in Turkana
District (Kenya). Vétérinaires Sans Frontieres Belgium.

WHO, 2022. Guidelines for drinking-water quality: fourth edition incorporating the first and second
addenda. Geneva: World Health Organization

WOCAT 2007: where the land is greener — case studies and analysis of soil and water conservation
initiatives worldwide. Editors: Hanspeter Liniger and William Critchley.

62


https://www.bgs.ac.uk/africagroundwateratlas/index.cfm

S RUCEEIFULL DTE IS Ko from ANE 4 ol 100 fog hpimonl-

The Republic of Sudan
Government of Southern Sudan

Ministry of Water Resources &
Irrigation

Directorate of Rural Water Supply
and Sanitation

i

County. KAPYETA. KAST

Payam”"eT”"zm ....... Long. E 35v51#/'gb :

%Boma ALHKU&UC—H?‘) Lat. N @5034’2—5‘3 g”
; Village NIATAUNNGOR. Elevation ........ F3IM....
Site NATAUAINBGDR

. Use

AL Community water supply
] Domestic water supply
1 Community center

U] Private compound

o i
 Property or handed over to ACR@%& .........
sitt; : , y
: ?feophysics \/%‘Dawlfi’(»u//'nﬂ“l .............. 9[‘”‘(7 .

Borék‘éi’é i

[0 Health facility
[l Education facility
[ Test well

i3

From' LOTmoR_londy

E Other : ... 5 anﬁ‘ ................................... Approximate scale : W v W
i | Drilling data gDrilling consumption
J {Slartdate.z#.,.@ﬁ.,..?kngp Enddateﬂj/eﬁlzong 'Diesel.‘......................[Lzﬁ] i
Y Toldepth 200y swL. N3:F0... fm] |Engine Oil.................[Lt]
. Mainwater strike i [m] Violds, oo [’7? ] Hydraulic Oil... .............[Lt]
o ﬁ " Dynamic water level 3&..[m] Hammer Oil.............. [Lt]
: -§ , Foam/polymer... .. 5/ [Lt]
s g fI)rilling diameter O inch O mm ;
’ ? ,@l52'(‘f FromQeQ rm) To 50 [m] Method./g?.‘fﬂg;ﬁltj .

[m] Method......% ........ ;

Tothnnii [m] Method ..............c.........

Method of drilling
[T Percussion
B 4ir rotary

. & prH

U] Hand-drilled
O] Mud rotary

N Rig make...@ K’h

Annex 1



' Casing type Filter pack (grayel pack

- Murrc Composition ..FYPYH........ Source KWL .........
M Threaded Units  [Mbags [ .50.kg] [ kg
M Bottom plug ~ Height above/below ground level.. 9] ’FSZ[m Amount used /b ............. Depth to'top Ly 0 [m]

: : i f - v
il:im casing & Screen installation L1 inch G
a1k Tpe P From. 00 iy 70 2 Y g Clyes [dno [ Cememt [ Mikolit [ .55 ;
@"9"‘9 Type.“%.‘ From..??.l.‘..%.‘[m] To 27"”2[m] Slot......... Type....... From.........; Im] i Tos s [m] Amount .......... e
@!&1‘6 Type..ﬁ... From./z‘?f.ol‘g[m] To 37'51’[m] Slot....... Type....... From.......... [m] - T0.5 30 [m]: Amount ... o idi il
,@‘91'(7 Type g From..syis}z[m] To AtH'ZQ[m] Slot........ Type....... From...oion [m]" iTo.: s [ -AMOUNE . o sic i v ivai
: Z’W"? Type..J.... From.!ﬂ.‘.’.z%m] To 5D'o [m] Slot......... BACKlIIINg ..iciviiin vt byt vt B gl e B s
e L  Development
v M Air-lit - [] Over-pumping [] Surging [ Backwashing [ ] Jetting

Duration....'.f.o. [hr]  Water: ] Limpid ] Turbid:  [I] Other . .cvionniiisvivinmiiiond lz ................................

oment\*el@%‘rﬂLVQﬂ( ..... At I M{ﬁj%&#”&l(’,w (d: ................................ :
.

 Development & pump iésﬁﬁg -

T V\Water level = * H.ag.l. = height above ground level
Measurement ffOm ..............c.cocvvevennn.. Hagl*= 0"5/[m] Static water level (SWL)..].&.‘.?. ..... [m] Date %/M 2020
\fes,pumping SO RE o S e BT e
i 1 dir-lift cap. Evaluation [_] Step Drawdown Test [_] Constant RateTest-CRT [_] Short CRT
(il“/k"; L | Duration....................... [hr] Discharge,...?.} ..... [ ”ﬂ/ 7 Dynamic water level (final drawdown) g@/)’) i [mj ;
.  Pump ?
R WV 2 | Afridev ] Submersible Date installed..... 95’/ @’?/299*0 .......... §
_,‘“} . 1] IM2 x-deep [0 Mono Depth of pump intake........ }_ b"o .......... [wm] |
wg - |[[] Duba Type ofpzpesa_:l}/"7 ......... el
. :%% R R S S D of PIpes .............p.. l}’l//” ........ edaiiimed,
3" Comment?"geﬂzwllp’{ﬁM%M?b""l%’%%ﬂ//&/W%LMZA!W”//'L/,
" | Well head and platform completion
\k Pump stand [ welded on casing [] Fitted around casing [}
i Apron M Concrete siab M Drainage MSoak—away pit [ Fence
Comment .. JE....C IS reins) ’Qﬁ% ..... \-/6\/( C’W{?"") .......... (‘/Q’V\SMWJ@ZLZL ..............

)

3’ Bacteriological quality

............. Taste.................  Turbidity..... [MTU] %Faecal coliform ...........cocouee e . Cfit per 100 mi

Fe s TS 5oy Tmgli] - CE v [uS/em] E COTLOIANE B st it cfu per 100 mi
Sample taken d Yes i ] No Daz‘e”ﬂ““{/w/?i‘ﬁvi7 %Lab ..................................................................................
Comment ...................................................................... .
MDisinfection TR
' | Chemical used........................ A[/ﬂ ................................... Volume. e S G TR
Nea;‘est sources of possible contamination 5 T 5
WIYDE S fvn G e b SRR ST S Distanceh). 28 mrem R e e e R E
4 Remarks....... w ....... JQ'W o ﬁ ...... 6974 YZM/VV' ’(V‘” A 77 AV AE B B Yot L e P s e |

J

Annex 1



()

PUMP TEST REPORT
Agency/ Contractor: /L CRYIA / (roatnide bl Borehole no.: &5
1 Location: PRAAAA Mk Vs T Submersible pump: Flieon
iy Site: | A (ovmmtin MQW 8) Pump depth [m]: Crinilin
Operator: Ric ZI Static water level [m]: 172 .St
Date: 9 & / 59/2 92 0 Starting test time: F< l()ouw\
Time [hh:mm] Water Drawdown [m] Yield Remarks Recovery
so Lever[m] [Vmin] fmn]
00:00 130 © -0 36 op
00:01 U5 | (9 -2 3.t
i 00:02 J&- 3 ] . A 25 ¥
00:03 [b. e 2-3% 32 e
. 00:04 b8 | 3y , ; ley
- 00:05 [F-62 2-92 |\ A&l Clenr disdiarae - 38%30
0006 | |8-39 Y- 69 d L9.4L
00:07 17-i6 Sy L 9 %02
00:08 [792 © 23 R 6-eE
00:09 20:%0 7 -0 A5y
L 00:10 Al-Us | E ¥z ? LU 6o |
00:15 222 o &ip 23 |
00:20 23-01 9,2 X232 |
00:25 23 Fg 10@3‘5{ SLEL 1 Rl u&
00:30 A\-551 1978, | dowlhr CALar vhe( (X R0-6¢ |
00:35 as 32 |62 | o lE-90 |
00:40 2607 [2-39 L
00:45 Qé2t [addb lo-b2 .
i 00:50 2% 62 [3-93 1 -g
o055 Q& -o 1\{-%0 1 g I 3y
01:00 2702 1Sue| Somp (Noar theld (2 L
01:10 74 jb-a2 uy ; | :
01:20 307 (¥ 0l ’. U/“‘(é K= %4=s7(
01:30 3% ({.vy |
01:40 5228 1¥-§% | “ﬁ“/f //‘/r
0150 B2 0% .29 e 1 s I | 4
ozpoin | SHF9| A0-04 - (Nour Mg Chemmp .| |
G2:15 S5 2026 ? -~ d ol -
02:30 BZ 33 52.1.6;53 ’ gmp tjmcszfv !
02:45 260p a2- 50 Aol ALy, Gres
03:00 2600 | 3223@® SOwWih (Koar ewn (9[(/&&97@95 jgtfé& L&'m“i
L0315 danch
103:307 ' j |
0345 | /4/%47 4o
04:00 |

Annex 1



A Borehole completion date 25 / (9—7 / 207 O

Borehole Log and Construction Details Constructions Scale

190% //07’6'%//

From . To Lithology ]I\Z;I; oM

00 0 (Dol /oo Loy Loy S50

vt Boune dvouidls we/v}i%/ f; 2
P oid s B bt |l IR
A0 1.0 Ul el C\SWWX{(ZJDIWM %Q A I £f

[le<d %D«Ocrmm/tzt Come qm»u:ﬁ Wh%g-%m;;ﬂ@ 1%+ ‘('

-

| Upve plam
Cm’mgﬁ |

—(parel /’ﬂﬁkg

- -
a

o~
S
-
—

-~

g
Fik. 4 7

20+ ‘; X
290320 i\m}omﬂm m CQW mfmneﬂ av 7}%{(’
)

wenﬂiwxj WW%Z% LI e Sl LRV Qowén

I

* e glmué Mm :il (féié Cﬂhhg/}
1229|504 Gty 2&4 Wlweéa Mvwéz e > AE
W#LLOAW G@mﬂézg \/Wﬁwo/ :lT : %;——-»UVVﬁ V&Lm
Ynerts 304 ': 0&57’4
/ VT (( %

Ay AN

59
| ot

AP e TR s N S

s gl
4 o
/ 1748

~
-

A

~
i
B

X

| 50/57 olert.
\Wﬁw fWg

Annex 1



BOREHOLE COMPLETION CERTIFICATE BE SIGNED BY:

. FOR THE CONTRACTORS FOR THE EMPLOYER LOCAL AUTHORITY
: “ompany Name: Organization Name: Authorities: :

GREPT ML bpodbuntls 00 J7AA CROG ~S51 - ORGy

Signatory: L Signatory: : ; Signatory:

ile Vfw/omnm ‘ AS A\gm{ﬂmil Ovmefr

Date: Date: Date:

. 9‘?/ 6‘{7/2,0 2.9 2909|9020

Signature: Signature: Signature:
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Directorate of Rural Water Supply
and Sanitation

OLE COMPLETION RECORD |

PROJECT NQILWNG OF gate HAALN PUMP BURKERYLE COMPLET WIH JMSTALLR1OAL -
CONTRACTOR GREA MILE NRILLNG (01 fdpunpinG SOURCE..E?.M.H....Q’??féﬁm%ﬁﬂ 2y ACRDSS (s

.................................................

t Sk%fc;([n‘ap

Location

State IKRSIERN .@UH@W@orehole N
U 53 40U

P

Payam ARSI BMGACHOR Long. £ B 53 ,
Boma NAMULOKONNIT  1ar N 053051!”94!

Village' KAUTO PARIER Y levation ... ,Oé7m
Sie KAWL PbAiery -

paa A

P P %ITE

L\ Wom JFNM

Use
M Community water supply

" Borehole ID

] Domestic water supply
D Community center
] Private compound

| Property or handed over to
Sitting

“EZr Geophysics \/

M Other

U Education facility
[ Test well

Approximate scale :

1 Health facility . ;

ﬂ? 2!7') -/g(m/ﬂ <

Total depth

Drilling diameter
.. , 5 2,'(* From O .{.O/m/

1) [m]
[m]

fm/

from

Drilling eperation

From

............... From
Method of drilling
[ Percussion
| ﬁz Air rotary

M DTH

| 0 fmy
“l Main water strike @8, .. [m]

Dvaamic water level M. [m]

End date?xa-/ag/ 202«0

......... AHeQ. ;
iZZ%I&[m/&/% |

3 inch RA mm
To .8,4{‘.',0};1/ Method ﬂ"’“%lﬁﬂﬁ L

MEINDa s vt forsaoss

loasis . [m]
To. / [ Methodv..ooapfleossiiniei
To Method

[m/

() Hand-drilled
(1 Mud rotary

M Rig mnk(k..RK_. A

Drilling consumption

Diesel ..o voisiooi iomnin i [ L]
Engine Oil..................[Lt]
Hydraulic Oil... ............[Lt]
Hamrmer Oll......... .. .o [LE]
Foam/polymer...........[Lt]
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1929

Casing type Filter pack (grgvel pack) '
uPVC Composition MIAVYA........... Source LIV ...........
g N Threaded Units Mbags [ Wkg] M kg il
2w . 0:5. 30 0:0%.;
3 Bottom plug ~ Height above/below ground level RA.5.2...... [m Amount used ... QN....O4 /r.! Depth to top .. &2 [m]
B = i e , i v 4
" § Plain ca(:mg & gcpreen mstalla‘z)‘to I—_; inch A Coouitng
A0h Fype_ k. _prom Q20 0
: § glﬁlzb.. 'T;l»f;e ~5~_from..5$fD.%J 7‘25'30% Clyes [lno [ Cement [] Mikolit [ ..................
g @19"6 Type..[.’.... From..é.‘j.’...D.[m] To..‘..(?..e)..iv[m] Slot..civ:x Type....... Fromt...ouuees ] e T0: 058 [l AmMOURt ..isiesiin ivssion
‘M @,9"6 Type..S.W From...b.@f.&.[m] To?/t{(o [m] Slot........ Dype....... From:: il [l Tosiii [mle Amount il
; Q,m‘é Type...ﬂn me'ff,z;ﬂ,[m] To...g.Ef.Qm] Slot........ Tpe. ia From.......... [ " T0.viuivisi [m] Amount....................
H 6191'6 Type...g.‘. From...‘f;.’.g.[m] Togl'D [m] Slot......... Backﬁlling ............................................................................
G 0L, _Type 7 Hom BEUim)l Ty FUAA
Development
5% N 4ir-lit [ Over-pumping [] Surging (1 Backwashing [_] Jetting
S
3 Duration. |5 [hr] Water:\/\/&LLimpid O] Turbid
g :
o & Comment\'—e@'/\273”e ................... E’Q‘F’L/S ........................................................... !
B el delogns S el adeg Lischa
S Water level * H.a.g.l. = height above ground level
WV
i Measurement from ........ Q‘@O .......... Hagl* = .@.‘.,Q./[m] Static water level (S WL).M&Q.[M Date 22/95/ /A
kS N et ol B il e e R L ey b Ol acnand R e
i %ﬂ Test pumping
Q [ 4ir-lift cap. Evaluation [ Step Drawdown Test ] Constant RateTest-CRT [_] Short CRT
DUraion. .. odios s [hr]  Discharge............ fieatike J Dynamic water level (final drawdown) (9/@" Q. fmj
Pump
‘' O] e [ Afridev  [] Submersible Date znsz‘azllea’Qg‘/kg‘%//gkog’&O .........
M IM2 x-deep [ Mono Depth of pump intake......... (%’Dro ....... [m]
3 ] Duba Type of pipes............... .l \"717% ......
< Make......: / M I&ﬁ 4 ’ ' j ) i
S ake..... AN QLT ) Claf pipes s s E SR s e |
oy 3 { y |
, S‘ Comment ... \5en %’Vﬂ ............................... L&/ Cwlﬁ‘/ ...... /’4'{727//‘/"37\}' ,.LMXV ..... T jﬁf /fu"/’
‘ §' Well head and platform completion ;
Ry Pump stand ] Welded on casing O Fitted around casing  [] ;
EApron . Concrete sﬂcf/{} MDrainage J BA Soak-away pit Fence i
) o I
Comment . J3AL .. RN NA) MM%CCQ/%‘ ................ C/\Q"/\A ’}VMC‘}*Z m/rzﬁ
- ﬁ%}ﬂw\ ......................... C@M%Q%wm ... e e e e B ‘
Physical quality Bacteriological quality
%Color ............. Lastersshdtian, Turbidity ..... [MTU] %Faecal coliform ..............c.........cfit per 100 ml
i ooty T Lullom] AT I R cfu per 100 m!
o %Sample taken [ ] Yes........ EElNe . sDaters v aps ek RN e e R BTN
2 LT 7 T R e s S O e s R e I G e L Oy e S e e e e e
&
§ | Disinfection
= L Chemical USEd..........oooioiiviviiiiiiii oy e i e SR M D e s e S TR S e i e G
iNearest sources of possible contamination

e s Al DiStENCE covvreeeroro e L el ‘.

Remarks.... /([0 ............................. S é)‘%m’ o R T S P T !
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MP TEST REPORT

o] | Agency / Contractor: A Crest / (i atalile o/n//,,,,f esllBarehole no.: ¢/
‘| Location: Yeoulo v dudbii/ Submersible pump:
Site: M&m u[gg,oy,g, L Pump depth [m]:

Operator: Righprdd Static water level [m]:

Starting test time:

. | Date: ZZ/O /2020

[ Time [hh:mm] Water Drawdown [m] Yield Remarks Rgéavery}
1 4 Lever[m] [Vmin] Am]
_00:00 Al | 00D Lo
___00:01 At bs 9 -68 5933
_00:02° 4530 Lot T
00:03 Yeivge | 395 ;ng I
. 00:04 4ib by g 60 , , 2127
" 00.05 M2k | 894 I 1l Clear pligeharyg - 5b gy
. 00:06 H2eg| 3090 Q 5%-22
Yy 00:07: ey | A LT iy
00:08 4920 .0y 96
00:09 ba 35 e Swas
00:10 $U-57 o -0 $3- 20
00-15 51.0D 7 o0 S30F |
00.20 5] 80 - L0 Ay |
25, 52-6D oAb , Sl S7-2/
: $2.56| % -850 |3 I5mH FAer pneld 5)g
: Izl Y.yns i | So-sw
: 53-¢p by M0 Ya.49
3 Suy-0v ,9‘w V9.24~
: SU-89 19.:50 Ug-bl
: 1336 1l <36 ; ; Y g.p3
ey | N 59 | 2wl Clear odAhume. ;ng /D0
' S6,02 1 - D2 = 4
Thig | Jges 2 S/ k= o ik
[ S5F 13« g1 ’ W
01:40 By.tp | |3 Lo i »%L@, L
01:30 S7-99 29
w  02:00 Lo 5D J\L s DD
2:15 booov | Iy 0D ‘
02:30 o008 | DNy Pump test execzwd bv §
02:45 6000 J\y-u9 | ! ‘ Crond Myle dnlln L$
00| Qg0 v | 33 Cltar disdant . vkl
03:15 i :
03:30 i
03:45
_04:00 ;
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Borehole completion date L 3 / / Q4 /2 Q a2 O

Constructions Scale

Borehole Log and Construction Details
From | To Lithology ]]\Z;I; oM
0 u(o%ﬁwéimmt vt red i o
19+
‘/&le”hl% &w»tQ/ 67%142L :wed;t\wgz .
A0 |29 O”\MML (/Wm qmwy 201
??\’Q\UA/\'\’% with /%AAA-L % e
V\WW é’mW‘A
20 1904 %wﬂé& ’Qwe mw; W
Lorodliten il Moo Lo
\fu@i(l.w N WL m/mmy’ltc D P s
1 90-04u1 Gromiil, ﬂ%mwwg
& B </Q s
‘m/m% "S(YWM)—LL P S vm%z.
Soe () M L. Q]
Abe -9 590 %vww 3l Cymne %wm =
Plodlcpes ¢
5390 by ‘“\e,Unw%L m Lsarse i
WW\@J[ |WMM?Z’&4715 o é&’f
6£9-9 7’6‘[) 0 &WNAVJW)’M WMM,@»@ ]
Pl o
e L e na ) :10) :
T6 T 844 Oy fsl.% oine 75
% U
U i g0
s LT 2,

A~ S =~ - .7,;,: 5

— e
e

Torel ke Cap:
@ S m tadin A g

)

L Groontd Pati
!
L 12
‘ dnlled et
7/&% I
W !
i F\/C Sereen
( |
} :

Uel gﬂ-}f)i
%roa%m el
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BOREHOLE COMPLETION CERTIFICATE BE SIGNED BY:

FOR THE CONTRACTORS

T"ACROSS

P.0.Box 132
JUBA- SOUTH SUDAN

FOR THE EMPLOYER LOCAL AUTHORITY
Company Name: Organization Name: Authorities:
Gresr Alke bblonsl; CO-KERACROL-SSY - ORG.
Signatory; 7 Signatory: 3 Signatory:
<2y Guperviter - WASH Assisdont Offiter
Date: / Date: Date:
25/ 64/2 940 23/091%0%0
Signature: Signature: Signature:
Stamp: St Stamp:
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SUecessrull ©iTe Alm #VM Al 1

The Republic of Sudan
Government of Southern Sudan

Ministry of Water Resources &

Directorate of Rural Water Supply

Irrigation

and Sanitation

rrosgct YWRILMNGE OF SNE Hanh pumy BIREHTLE (omPLe = W1 INS

BOREHOLE COMPLETION RECORD

)77%/7774%

: s > : ( ] ,>
CONTRACTOR (GRS MNihE. MhILhicrLdpinG source... PMUM implemaniien 34 ACROLS (5 A 0RG
el Location ; Sketch map b peam
State FRSTERM. OUBTDRRorenote N O & ... %M :
County.Kﬂ’.? 877'/7%7 i oy "
PayamM@jWCW Long. E 31905’;5(7"0 . _ 1
Boma LW? Wi Loty 0= Bl 58D " %d)t
; Village l‘\«eﬂ”’\lo ...... Elevation ... e :
r ) Site AWIKID ?
T CEE R |
£ Use &
;3 [\_Z Community water supply [ Health facility 4 K'm el |
] Domestic water supply (] Education facility '
] Community center [ Test well |
vy [ Private compound [l ands Yo
Praoperty or handed over to ........ A CR W ..... &% 9 'aﬂ\(a’ 1;
Sitting \/ i % ; ; 1 Yo
Geophysics ... Q’ \Ll"([ ................ L&LM[M(}W‘\? vaaww&helwl’r
Other : .......... SV S (e e N e . Approximate scale : ;
= fe Drilling data | Drilling consumption
Sta;t dateg%jw/yw‘agﬂ End date?\,?/%/zfeq/o dPesel e it it
Total depth . |9R:<Q..../m7  swr. . A£©Q0.. . . [% Engine Oil..........o.o.....[Lt]
- Main water strike 72’O[m] Yield .3t [M) Hydraulic Oil... .............[Lt]
S ' Dynamic water level 194 [m] Hammer Oil................. [Lt]
g Foam/polymer ... ..........[Lt]
. Drilling digmeter XX inch ln/mm i
% A:‘J@‘Olﬂ From .Q.TO/U!/ To ‘W [m]  Method ﬁﬂ‘ﬂm/"j |
% Eram ....... Dn] - TO v Cim) Method :
(=) From....... [m] To [m]  Method
- From....... ] Lo [m]  Method
Method of drilling
L1 Percussion [ Hand-drilled
0 Air rotary [ Mud rotary
& pra B Rig make. | JAD....

Annex 1



Casing type  Filter pack (gravel pack)

- K uPvC Composition .Y ANVE........ Source....}é.’l.m ..........
5 M’ Threaded Units ~ NXbags [ SV.kg] [ ke[
g MBottom plug  Height above/below ground level.. @S/ [m Amount used QBQ&/[(/S Depth to top .................. [m]
§ np;lr‘:,m casing & Screen installation Ol inch 0 Chiitiig
4 § Z\f ....... Type ©V From. @ [m] TO..‘é.gt..[m] Olyes [lno [ Cement [ Mikolit [ ovveveen.....
g gU ......... Type..g... From..é?.g ..... [m] To.‘?.z....[m] S/ot.),mf‘ Type....... Erom: oo [m] T0....:...: [m] Amount....................
2] ZU'/ Type..?..” From.“\f..' ..... [m] To...g.z‘“.[m] Slot...i.., Type....... Front.......... L R [m] Amount.....i..ivinis
@ul/ Type .52 From...gl...[m] ..... l.....[m] Slothm#y) Type ....... From...cisiun fm]-: TO:carvans [m]  Amount ....vviiiivinivinis
! Zté" Type V From...ﬂl...“[m] To?‘v/ [m] Slot...... Backlilling: foip i Sl gl bl s i s
‘ EMU"/’ TW:%S 7 GU T0 Q?(WI/ :
2 ﬁev‘élopmel;w F s 9% 10 Jov
5 Q/Air—lift ] Over-pumping [ ] Surging ] Backwashing | Jetting
= -~
% Duration. }:& . [hr] Water~ Limpid ~ [] Turbid [ Other .......................................................... ssHiring
s Ao c@m@« ‘j ..... poeda
.0 CW bﬁe/[ ....... S T R o[/M M/JB ..................................................................................
b Water level * H.a.g.]. = height above ground level
W
E Meaaurement ﬁom ......... (TR S e Hagl* = 08m Statlc water level (S WL) (-éﬂ ...... ~[m] Date 2;‘/ ag/la 27
'§ Test pumping
8
& [ Air-lift cap. Evaluation [] Step Drawdown Test [ Constant RateTest-CRT [_] Short CRT
DUration. ... vivioosmis [hr] Discharge..z.fp.. [ m’>/ /h Dynamic water level (final drawdown) Eq/f) fmj
Pump
[ 2 [ Afridev  [1 Submersible Date installed...... a #W%W ..........
M IM2 x-deep 1 Moro Depth of pump intake....... S5lm.-.... [m]

. § ] Duba Type of pipes................ G -:z"/] oes.........
% Make.. /‘4 S ,)( o aze(élo ........................................... GOPIDes...ovivhyinsiiil! )/ ...........................
:';3" Comment%&,%&% .................... \/@\/\, | 972 AR Lj W}"‘/LZVOV‘!( )})72 L
% Well head and platform completion /9 b/o trp
o ﬁ Pump stand ] welded on casing [ Fitted around casing [
Apron EZ/ Concrete slab MDminage MSoak-away pit [] Fence
Comment\"’Q\QﬂW ~SoAL L I /S’LL ................................. WMLRJ ...........
v\‘ﬁﬂq‘h ..... o Lo Meue K Covbhanthin yodsd. of. L2 LoLF ol i O
Physical quality ’ Bactermloglcal quallty
Color b Taste il ey Turbidity ..... [MTU] EFaecal coliform ..........c.occeeee . .ccfu per 100 ml
T w b 2C) - TDS [mgt] - CE.............. [uS/em] B COHTOLAL. . 5 oo e, S cfu per 100 ml
2 Sample taken  [] Yes........ B WNos CPare i ELab ................................................................................. :
' % Comment ....... s R BT s e s S
iﬁ, Dzsmfectton
= Chemzcal used ......................................................................... Volume ................................................................................. .
Nearest sources of posstble contamination A e e R s e )
o
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 PUMP TEST REPORT

(9

Agency / Contractor: )3 0L | Chcnipnle SeolilBorehole no.: i
| Location: L9420 wlD Submersible pump: . A=l eon
Site: 1l D Pump depth [m]: o0 AL
Operator:  R10HA2A Static water level [m]: 200 ¢ i
Date: R 1] &2/39929 Starting test time: Fpoam
Time [hh:mm] Water Drawdown [m] Yield Remarks ; Réeavery
e Lever[m] [Vmin] Lolm]
___00:00 249D 000 . BlBy
00:01 2L0-Ly 0-Ue LB}
00:02 2L0-9, 04/, S8y
00:03 Al Yl RAVAY SR e2L
00:04 Liligz I=99 : i b Tie a
00:05 A2 D 2-¢p SWQ/% /"/éﬂf p/pﬁclmmya £(-)90
. 00:06 L. g¢ A+ g ¢ Q 59:52
L 00:07 {33 el £t9-92
00:08 La-eu]|  egq, 86940
00:09 W32 Y+g ‘ b 2y
00:10 Wigp g | 3 Clear disebame | 4120 |
00:15 Ug.2¢ oo Jd A .
_00:20 e Eb Vsl APy
00:25 Ub -2y b2y b U
BT 00:30 Ub-22 b-72 4Ly B8
i 0035 L3720 290 44730
00:40 Lt 7bg Zbe Ly F2
00:45 Ll Sk B e
- 00:50 Ue- by -6y Lgs-52
00:55 L9.2 Y17 y - LIpe |
01:00 9. bp 9 bp | DI Clewr dtdihcrye - AfRegp |
EETaT SD-og 1052 i = ’ :
01:20 <p- &7, 1943 ? O age lZ:?Q{?
01:30 ). 0y 110y W d &l
01:40 ClER -5 Wl -
o ors0 ] 9.apl LT-DD . Jii i)
bl o2 02:00 eyl Icue | Sl Clewr didihirme ‘
02:15 YRoat | 1R5L o , i l
02:30 £3uy I3y Pump test executed by: |
02:45 £3.95) 13Ga | ol Ea (G Nike kil Lok
03:00 SH D Jo-vo [ ImVb | (e szwlmrsc Lo kTS
03:15 ; ! : !
03:30 ' 5 ; %
03:45 |
04:00 |
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Borehole completion date

28/ 0 gla000

Borehole Log and Construction Details Constructions Scale
From | To Lithology ]]\Zl:; i D?M)?}éﬂif{ )
e a
| & we
09t -0 Wlaor J?,w Lol vl
WV#%L
VA Q%%ML WW 2" pve Plaia
N Jes ‘vm% Khrne Cabrayi
0 .
WL C/Q’M N Voind Inassl ALHPVA Olyetn
gV 90 O”Yaw\;/dl Cosrty “spnime T %ngs
WWM,[/LE %74#/1/&/5
L 12-p944e W@U/WML O@de W:M (/V
M\d oo
20| 29 Granaal. (81, mmwz)/ SEEYLS)
APl e e dmw
$3-0| 8p4 ‘Ae\\/owﬂgk o Cousyy
oy \»L\a/fb/mw Sl Houly \3‘9%%4
: \ oA - 1.
UK 19 B )WL M&mw@y Aeand " \/_{
>
e o
Pl o
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BOREHOLE COMPLETION CERTIFICATE BE SIGNED BY:

FOR THE CONTRACTORS FOR THE EMPLOYER LOCAL AUTHORITY
Company Name: Organization Name: Authorities:
Grest Ml b‘”m‘“& 0o. kb ACROL —S5h- o RG
Signatory: 1 Signatory: Signatory:
e Kuperviioy - Ak Asidghont Officer-

Date: ! Date: ( Date:

98 | wx)2920 29 /o] 2020
Signature: Signature: Signature:

. c,_:% Sfamp: Stamp:

8)
Vg

N :
£ ;}:{
S

ACROSS

P.0.Box 132
JUBA- SOUTH SUDAN
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X QuecessrFull Qnsy skm Bepw [ 0rmm. Cenrex .

: PS8 ko g e B
The Republic of Sudan
Government of Southern Sudan
Ministry of Water Resources &
Irrigation

Directorate of Rural Water Supply
and Sanitation

- BORE ? COMPLETION RECORD = e
PROJECT BRALLANG OF OALE Hoanth PUmP BIASHOLE COmPAETER 11l INAT7LLRTIOAL.

contracror GREZL. Méé‘iﬁﬂ%l\"dé . FUNDING SOURCE.. PIMW.2 IMPHEMENTED BY ACRDSS §8N) 04
. e *, A
“ - Q;‘Location : . Sketch map A4
 State L.mgn:’m’twm@(ﬁehole N @ﬂ ......... ? N ‘L-E\K_”_Mmm
- County. KALDEIR. SRS 0 él/ oy
Payam1"'6’)—”\"“‘)"2 ......... Long E 3508?\7'3 ” ] pA RAVER -
Boma MNAKOORE!. La N 05723 753 )
Village NAKCORE!  Elevation ... TEOM. . 5 £ NE
“ o s NAKGOAE! o
)
S
§ Use -
;@, Community water supply U] Health facility e
(] Domestic water supply [ Education facility 5
“ (] Community center [] Test well '_’/,__.‘5757% Loty
[ Private compound (Ml e RIVER
Property or handed over to /QCRD«Sﬁ ...... k QQQ.W& 5 % 997 9
Sitting a4 3 = :
M Geophysics V/:?’/O/W*-SLEC’RI AL SOuntnGe L 671708
M Other : ... b’C VJNNI’\L[T .................................... . Approximate scale /\/ W '2"9 Liu Zﬂ i
sl Drilling data - Drilling consumption
Start date @9/‘97/2020 End date. 2’/(9'41 17\020 Biesel o i D]
|\ Total depth MOV o) sWLE é&:ﬂ“..i m] | Engine Oil.................[Lt]
. Main water strike 68 [m] Yield...R<k....... [ ﬁ']’ Hydraulic Oil...............[Lt]
o Dynamic water level 72 [m] Hammer Oil................. [Lt]
;3 : Foam/polymer ... ........... [Lt]
S I)riIIing diameter [ inch M mm
§: W’5Q‘H Irom .9.@0//»:/ To ,aﬂ /m] /\/ur/md..ﬁ?k.f%ﬁ(.—
}% o R oo RO iy fml To .., (m)  Method
é V&2 ol From / /m]  To .//m/ Method
C it From . ..... ] TO Cvisunns [m]  Method
| Method of drilling
[ Percussion U] Hand-drilled
M dir rotary L] Mud rotary
4 prH [] Rig nzake...l.(.’.?!.z.’..&..
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* Casing type Filter pack (grtgzpack)
M uPVC Composition GAAVELL.. Source.../?z..l.m ...........
5§ [ Threaded Units M bags [2Pkg] ™ ke [
§ M Bottom plug ~ Height above/below ground level.a.‘fs’.’.W[m Amount used....R3.......... Depth to top ....] Q Lo [m]
; § gflam casing & Screen installation [ inch [ A
§ gl%b Type P me...Q.f.O...[m; ToA.éé?.ég[m] O yes Olre [ Cement [ Mikolit [ .o,
g @'Ol‘b Type...s..” From..és.gi.bg[m] To??”z [m] Slot.ll’?.’.‘! Type [m] Amount.i....ivaiiivvaiin
=2 @’91‘(7 Type...P..... From..?.f‘.).?*..[m] To gg'% [m] Slot......... Type l‘[m] Amount ooi so sk
,@,m‘ Type...‘s... From.gg.'.‘.s.‘&[m] To 3422 (m] Slot¥m7t| Typ [m] Amount ....................
@’91'6 e P.. FromG%28m) 1o JBD...[m) Slot..... Backiillings <ttt S e i e elt il R el i s
. Development
5o M 4ir-lift [ Over-pumping [ Surging  [] Backwashing [] Jetting
& e ;
§ ] Limpid ] grbl VE";%EV
: Rrehile ot Clbuchndly Jovels
oS
e e e e e o e e D O e e e
E Water level * H.a.g.l. = height above ground level
S =
§ Measurement from ........ A R Ha.gl* = & m] Static water level (S WL)é@p [m] Date..ﬂl[&?/l@w
& e Rl Ca R S B O e i i el S e e e
@ Test pumping
g
& [ 4ir-lift cap. Evaluation [ ] Step Drawdown Test [_] Constant RateTest-CRT [_] Short CRT
3 : ‘ 2
Duration...................... [hr] Discharge..z?riﬁ... I M//;{’ i Dynamic water level (final drawdown) 7@’ D ..... [m/
Pump
[:I IM2 [ Afiidev 1 Submersible Date installed...?.‘t’..l.eﬁ &920 ..................
Ja IM2 x-deep ] Mono Depth of pump e T A [m]
g ] buba Type of pipes.......... el'l ..... JPe
i
“% Make”u;k)”q ............................................................... Dofpipes...... VAL .
~ ; <
:g" Commentmwlf‘/gie\-’m\/@w”’3LV\S9"‘ZZ€ﬂ(\’\777Z '
) §" Well head and platform completion
Ry Pump stand [ welded on casing U1 Fitted around casing ]
A C te slab D j Soak- it Fence
[pron \Q\g oncrete s (/I\m MDr m{age M Soak-awa piq ll—:]
Comment \8 Ve
O STz
Physical quality ' Bacteriological quality
Coloy o oviiics Fastes et Turbidity ..... [MTU] EFaeca[coliform s s el per 00
T POl DS el (GEo i TS L ORI i it i s cfu per 100 ml
& Sample taken [ Yes....... [] No Date gy/ 9'7/7»99”9 S LRI e ot e i o L ek RLS R
oy
o @Comment sy et sies 1 s SRSl it oo SRR e PE L e e e e R e R e p e e RS e ‘
§ Disinfection
= e R e e s GRS e e Vol v mre . i e kiUl clL ol S e S S o g L L
Nearest sources of possible contamination
s Type DISIanee i n i Sl e Be Bl

Remarks..... M ............. Gohl ;"Z ..... O/%
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20

Agency / Contractor: JJCAOIL [ CR=r5 NILE 88 [p] Borehole no. L
Location: N ovRE] Submersible pump: Fad oom '
| Site: MNP OORIET Pump depth [m]: Ak
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BOREHOLE COMPLETION CERTIFICATE BE SIGNED BY:

ACROSS

P.0.Box 132
| JUBA- SOUTH SUDAN

~ FOR THE CONTRACTORS FOR THE EMPLOYER LOCAL AUTHORITY
Company Name: Organization Name: Authorities:
GRenT plike driLling co-Lih |ACRDIECSIH) - CR G

Signatory: Signatory: Signatory:

—_Q0E Supepvinir. | WAM Atutant Offiee -
Date: : Date: Date:
/w/ww 19/0q]101a
Szgnature Signature: i Signature:
\_'/
Stamps Stamp:
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The Republic of Sudan
Government of Southern Sudan

Ministry of Water Resources &
Irrigation

Directorate of Rural Water Supply
and Sanitation
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‘ ‘fUMP TEST REPORT
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A gency / Contractor: ACLA L] Ry pule Nodm-Borehole no.:
Location: Al /f}ﬂ}a,m‘lum?t, Submersible pump: + Jeon
Site: AN AsE L. e UKUPE Pump depth [m]: Q5w
Operator: R]G,]W!; Static water level [m]: Fo.0M
g Date: )}/ &1 [2.99290 Starting test time: X 30
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BOREHOLE COMPLETION CERTIFICATE BE SIGNED BY:

LOCAL AUTHORITY

L

FOR THE CONTRACTORS FOR THE EMPLOYER
: .cfmpqny:‘]\/fame: Organization Name: Authorities:
CR&7 aule Sl linie: 09.)ad ACRDLESD - DRG,
Signatory: Signatory: : Signatory:
—<le Brernider . |WAH Agiclond Off cer-
Date: / ) Date: ] Date:
13/ 94/ 2929 Laloql1020
aS'ignaz‘ure': Signature: Signature:

B e Al

By

P.0.Box 132
JUBA- SOUTH SUDAN
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