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Executive summary and conclusions

The geophysical surveys described in this technical report were carried out for the VIA Water project
Sponge City Kajiado Town. Main purpose was to indicate sites for artificial infiltration of rain- and
storm water.

A second part of survey was related to another VIA Water project: ‘Improving Sustainable
Groundwater Exploration with Amended Geophysics’ (ISGEAG). For ISGEAG this was a first
reconnaissance step to pre-assess locations to apply and compare conventional and advanced
geophysical methods. The ISGEAG research is to be continued in April 2017 of which a separate
report will be prepared.

The fieldwork mission was carried out in co-operation with AMREF Health Africa, Neighborhood
Initiative Alliance (NIA), Earth Water Ltd, Acacia Water, RAIN Foundation, and Kajiado County
Government Water Department. The geophysical VES soundings and HEP profilings were carried out
by Earth Water Ltd.

Geophysical surveys were carried out in three sub-areas:1) in the Kajiado Town urbanized area 2)
near two storm water runoff gullies northwest of Kajiado town and 3) near the Kajiado River.

The Sponge City project objective was to find locations where rain water can be infiltrated in the
underground. For determination of the infiltration capacity the resistivity of the underground just below
the first meters of topsoil (the ‘overburden’) was considered.

In the urbanized area, the execution of HEP profiling and VES soundings was seriously hampered by
lack of space and the many interfering powerlines. The (few) surveys in town did not show significant
difference in the ‘overburden’ resistivity, being in the order of 50 ohm-meter, indicating highly
weathered ‘rotten’ rock. It is questionable whether this type of rock allows substantial infiltration of
rainwater. This has to be confirmed by infiltration tests. Successful infiltration may only be feasible in
specific shallow-fractured areas. Such areas however could not be found from our limited town
surveys and are difficult to find by conventional geophysics anyway.

Suitable locations for infiltration are indicated northwest of Kajiado town near a main storm water
runoff gully (marked as ‘Gully C), where the survey indicates major fracturing and where downward
infiltration of water is proven by water level observations.

Another prospecting location is the Kajiado River area, close to a high yielding (HARAF) borehole. The
survey indicates major fractured zones allowing for infiltration and groundwater recovery. Of specific
importance to be considered are the existing shallow wells in the local riverbed that seem to be in
contact with the groundwater aquifer.

Both the ‘Gully C’ and Kajiado River options need to be verified by further investigation.

For the ISGEAG methodological research two transects have been selected across the Kajiado River
and Gully C to be further investigated by advanced geophysical methods.

As part of this study, existing survey reports were collected. Acquiring good and reliable
hydrogeological and borehole documents often appears to be a major challenge in the Kenyan
context. Only 5 survey reports could be made available.

The quality of these reports varies considerably, which gave reason to review and re-interpret all
reported VES soundings. In some cases the re-interpretation reveals results that are quite different
from the interpretations given in the survey reports. In the next phase of the ISGEAG geophysical
research the application and interpretation practises of these conventional geophysical soundings will
be further discussed.
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1 Introduction

This document describes the geophysical field work results carried out in and around Kajiado town in
February 2017. It is a technical report as part of the Sponge City Kajiado project, funded by VIA Water.
At the same time, there is a link to the “Improving Sustainable Groundwater Exploration with Amended
Geophysics” (ISGEAG) project, also funded by VIA Water.

The Sponge City and ISGEAG projects aim to develop strong methodology to improve access to safe
water supply for the urban poor. The location of evidence for the execution of this methodology is
Kajiado town, southern Kenya. Geophysical surveys were carried out in the week of 13 — 18 February,
2017, for the purpose of locating sites for infiltration of rain- and storm water and to pre-assess
locations for the ISGEAG geophysical research. The ISGEAG research is to be continued in April
2017 of which a separate report will be available.

The mission was carried out in very good co-operation with staff from AMREF, Earth Water Ltd, NIA,
Kajiado County Water and other partners of the Sponge City Kajiado project. Apart from being
partners in discussions and carrying out fieldwork, NIA and AMREF facilitated transport and other
logistics during the full mission period. The field surveys were carried out by Earth Water Ltd., using
conventional geophysical methods, being ABEM Terrameter SAS1000, Schlumberger array vertical
electrical soundings (VES) and Wenner Horizontal Electrical Profiling (HEP).

Background of VIA Water projects

Sponge City Kajiado intends to artificially recharge storm water. Due to low porosity and permeability
values, infiltration of water as such will not be easy in the Kajiado basement rocks. Best prospects will
be locations having highly weathered (dry) overburden (regolith) layers below the clayey topsoil,
preferably where these locations are underlain by major fractured zones in the deeper basement rock.
The interpretation therefore is focused on the electrical resistivity of the overburden zone, assuming (!)
that the infiltration capacity is somehow related to electrical resistivity. Apart from VES soundings,
HEP profiles were carried out to find anomalies that may indicate fractured zones that could be
preferred locations for infiltration.

The ISGEAG project (‘Improving Sustainable Groundwater Exploration by Amended Geophysics’)
introduces contemporary geophysical methods (TDEM, ERT and AMT) in combination with
conventional methods. All methods are applied and compared on one and the same pilot location, in
this case Kajiado town. One of the ISGEAG goals is to improve the application practices of
conventional methods like VES soundings and HEP profiling. To that end, existing survey reports from
Kenyan consultants were reviewed and re-interpreted.

For the ISGEAG project the February survey was just a first step to pre-assess interesting geological
anomalies to apply contemporary geophysics (ERT, TDEM and AMT), particularly aquifers related to
fracture zones. A next ISGEAG Kajiado field campaign will be conducted in April 2017.

Further ISGEAG reports will be made available on the VIA Water and SamSamWater websites?.

Data

Apart from sounding results obtained from the present field investigation, limited information from
existing borehole survey reports in and around Kajiado town were made available and obtained by the
project partners (5 reports in total).

The quality of these reports (the interpretation of the VES soundings in particular) varies considerably,
which gave reason to review and re-interpret all VES soundings from these reports using SchlumBG
software?. Some reports did not give the actual measured data. In these cases, the measurements
were reconstructed using SchlumBG forward modelling.

1ISGEAG: https://www.viawater.nl/projects/kenya-improving-application-of-geophysical-groundwater-
exploration,

Sponge City Kajiado: https://www.viawater.nl/projects/kajiado-sponge-city-kenya

SamSamWater: http://www.samsamwater.com/projectdata.php?projectid=81

2 SchlumBG for Windows, C.J. Hemker and V.E.A.Post, http://www.microfem.com




Acquiring good and reliable technical borehole documents, such as: drillers’ and completion reports,
often appears to be a major challenge in the Kenyan context. Although a lot of searching efforts were
made by some of the project partners (AMREF, NIA and Kajiado County Water Department) important
documents are still missing.

Mission fieldwork
Geophysical surveys were executed in three sub-areas:
1) in Kajiado Town urbanized area,

2) near 2 storm water runoff gullies northwest of Kajiado town; and
3) near the Kajiado River.

The survey locations were selected from integrated desk-study information, such as identified
lineaments from satellite images and Google Earth, a water point inventory performed by NIA, and
field reconnaissance visits. The fieldwork consisted of executing 13 additional VES soundings and 9
HEP profile lines:
- 3 VES soundings and 1 HEP line in Kajiado Town , locations being designated by Sponge

project staff (Arjen Oord)

7 VES soundings and 6 HEP lines in the area of 2 major run-off gullies NW of Kajiado town

3 VES Soundings and 2 HEP lines in and near the Kajiado River for the ISGEAG project.

@loyangalanit@loyangalani

Google Earth

Study area, from right to left: Kajiado Town, uIIy C and B, Kajiado River

Reading guide

Chapter 2 gives the results for the Kajiado Town area, including the outcomes of the re-interpreted
VES soundings from the existing survey reports. The executed geophysical surveys at the gullies and
at Kajiado River are discussed in chapters 3 and 4. Detailed findings for the three areas are
elaborated in Annex 1 — 4. All geophysical field data are presented in Annex 5 and 6.

All VES inversions are discussed in detail in a separate technical report: ‘VES Soundings Kajiado
Town’. That document will be made available on the SamSamWater website on can be sent on
request.

Chapter 2 gives the results for the Kajiado Town area, including our findings on the existing survey
reports. The geophysics at the Gullies and at Kajiado River are discussed in chapters 3 and 4.




2 Survey results from Kajiado Town

Existing survey reports

The VES soundings from existing survey reports were re-modelled using SchlumBG inversion
software. The model parameters are given with their 90% uncertainty range as given in the SchlumBG
software. Some of the reports do not comprise the measured data; in those cases the measurements
are obtained from forward modelling and the uncertainty range is unknown.

The full results of this re-interpretation as well as a map of the sounding locations are summarized in
Annex 1. The re-interpretation (inversion) details are discussed in a separate technical document
(‘"VES soundings Kajiado Town’).

For determination of the infiltration capacity the resistivity of the underground just below the first
meters of (clayey) topsoil: the ‘overburden’, is considered. In the VES measured data, the apparent
resistivity value at approximately AB/2 10m depth is representative for that zone.

The full measured VES field graphs from the survey reports are given in Annex 1. Here only the first
part of the lines (put on linear y-scale) is considered.
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Fig 1 measured data existing survey reports, AB/2 up to 10 m (full graphs are given in annex1)

From these graphs, taking the AB/2 = 10m value it can be observed that the apparent resistivity
typically is in the range of 25 -60 m.

Table 1 gives the SchlumBG modelled interpretation of the overburden layer resistivity within a 90%
uncertainty range.

Table 1: Overburden resistivity from re-interpreted existing surveys. Depth column provides the bottom of the
overburden layer

overburden depth (mbgl)

resitivity ( m)
MTTI VES2 70 - 80 20-30
MTTI VES3 70- 100 8-14
MTTI VES4 28 - 35 5-10
MASAI Stores 50 - 55 20 - 25
Empeut VES1 50 *) 15 *)
Empeut VES2 30 *) 10 *)
Parmet 20 %) 10 *)
Intinyika 35 %) 10 *)

*) data from forward modelling, uncertainty unknown



According to these surveys, the overburden thickness is generally like 10 — 15 m with a resistivity in
the order of 30 —80 m.
VES soundings Kajiado Town (this mission)
Three VES soundings and one HEP profile were carried out in Kajiado town at prescribed locations.
The geophysical work in town was hampered by the lack of straight line space and the presence of
powerlines. It is impossible to have a full straight line of hundreds of meters in length without hitting
buildings or crossing powerlines. At many of the suggested survey locations the Consultant could not
take the risk of damaging the Terrameter by electric interference from powerlines.
As a result only at the following locations VES soundings and HEP profiles within Kajiado town could
be executed:

VESS5 (at the originally suggested HEP3 line) along the road

VESS6 at the location of the pilot SIP (Sponge city test Infiltration Pit) infiltration pit

VESS8 at school premises behind the Mosque

HEP line 4 along the road from ‘showground’ into town
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Figure 2 Sounding locations in Town. The square boxes are borele locations from a ater po
survey by NIA for Sponge City

Measured VES data
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Figure 3 Measured VES field curves. The AB lengths being limited due to nearby buildings and avoiding
powerlines.

The measurements, in particular VES6 (at test infiltration pit), show considerable shifts that may
indicate lateral geology changes (e.g. fracture zones) or caused by electrical interferences from
nearby buildings and powerlines. VES6 was done near to a test infiltration site (‘SIP’, Sponge City test
Infiltration Pit).

As compared to the previous analysis (existing survey reports) the apparent resistivity range at AB/2 is
comparable: alow 20 m at VES 6 (SIP pit), an ‘average’ 50 m at the Mosque and a ‘high’ 70 m at
VESS.

VES inversion

The three VES soundings were modelled with SchlumBG software in two versions: unshifted data (as
measured) and shifted data, where the measurements are shifted according to the measured
differences at potential electrode changes (standard method used by Earth Water Ltd.). The 90%
uncertainty range of the model parameters is included in the results.

Focusing at the resistivity of the overburden layer (directly below the topsoil), the results are
summarized in Fout! Verwijzingsbron niet gevonden. . A full overview of all VES results is given in
Annex 1 and in the separate ‘VES soundings Kajiado Town’ technical document.

Table 2 Summarized VES inversion results Sponge City Kajiado town

overburden [depth shallow [basement
resitivity aquifer (>1000 m) at
(. m) (mbgl) (_m) (mbgl):
VES 5 (road) 60 - 70 8-12 |[150-300 >40
VES 6 (SIP pit) 38 - 54 20-90
VESS8 (Mosque) 52 - 56 9-13 90-110 > 80

In conclusion, the overburden resistivity is lowest at the SIP pit, mediate at the Mosque and highest at
VES5. At 10 m depth the overburden is underlain by a 100 — 200 m ‘shallow aquifer’ (weathered
rock). Depth of fresh rock basement (interpreted as >1000 m) is uncertain. The minimum basement
depths are given in the last column. VES6, at the test infiltration pit, indicates a direct transition from
overburden to basement.

Remarkably the ‘hard rock’ that was said to be encountered at the bottom of the SIP infiltration pit
obviously is the 38-54 m overburden layer!

HEP line 4 profiling
A Wenner AB=3x40m, 530 m long HEP profile was carried out along a road from a place called the
‘showground’ leading into town in south-southeast direction. Results are given in Figure 4 below.
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Figure 4 Location (HEP line in green and Gully B in blue), elevation and measured resistivity of HEP line 4

There is a minor anomaly at the lowest point (at 330 m) of the profile, indicating either a change in
geology (which could correspond with a fracture zone) or - more likely - a change from shallow clays to
more sandy/rocky soils. The anomaly is related to the crossing of the gully (Sponge City ‘Gully B’). The
anomaly seems to be slightly north of the gully crossing.

The measured resistivity values can be compared to the AB/2=60 apparent resistivity measurements
in VES 5, 6 and 8, being respectively 190 m (VES5), 70 m (VES 6) and 110 m (VES 8). These
values compare well with the measurements of the HEP profile (90 — 180 m). The HEP anomaly
point (330 m) has a value of 90 m, which is best compared to VES 6 (low overburden resistivity). The
higher resistivities southeast of the anomaly point (from 330 — 530m) may indicate a high overburden
resistivity (like VES 5).

Discussion and conclusions for Kajiado Town area

There is not much difference in the overburden resistivity and it is questionable if these differences are
significant for differences in infiltration capacity.

It is important to know what type of rock is associated with the 30-80 m ‘overburden’ zone and
whether water can be stored in the ‘shallow aquifer’ of some hundreds (100-500) ohmm.

Most likely the overburden is highly weathered, dry ‘rotten rock’, but low resistivity could as well
indicate that the overburden contains more clay and thus less water permeability, so less capacity for
infiltration?

It even is questionable if substantial artificial infiltration is feasible at all. The only ‘proof’ of direct
recharge in the urbanized area is from the elevated nitrate levels as found in the town boreholes
(probably caused by infiltration water leaking down from latrines). Substantial infiltration may only be
feasible in specific shallow-fractured areas without clay soil. Such areas however could not be found
from our limited town surveys and are difficult to find by conventional geophysics anyway.

The anomaly at HEP4 (just north of the HEPIline crossing Gully B) could be interesting to further
investigate for infiltration purposes. Advise would be to firstly do some shallow hand-drilling on lateral
changes in superficial clays.



Additional considerations:
Profiling and VES sounding in town is hampered by lack of space and the many interfering
powerlines;
Fresh basement rock normally has a resistivity of more than 1000 m. The rock as found at the
bottom of the SIP test infiltration pit was observed as ‘fresh’, but according to the VES the
resistivity is only 50 m. So obviously this ‘fresh rock’ observation was wrong;
Is there a relation anyway between electrical resistivity and infiltration capacity? The resistivity
differences may just be caused e.g. by the geochemistry of the rock formation?
It may well be that significant rainwater infiltration is only possible in (unknown) shallow fractured
zones;
without any further information, it is impossible to detect fractured zones just by conventional
VES/HEP soundings.
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3 Survey results at the gullies

Geophysical soundings were carried out near two of the main gullies (B and C), carrying runoff water
from Kajiado Town to the Kajiado River.

Cemipy 7
HEP profiles in green

Figure 5 Surveys near guII Band C VE iI(;w,
The technical details are reported in Annex 2 (Gully B) Annex 3 (Gully C). All VES interpretations are

given in Annex 1.

Gully B

The survey near the southern gully B does not show major anomalies. There are no indications for
major fractured zones. The VES9 sounding indicates the usual 3 model layering: overburden, shallow
aquifer and basement. The overburden resistivity is higher than in town: 140 m. Fresh rock
basement is estimated at 60 m bgl.

Gully C

Detailed fieldwork has been carried out at Gully C. The combination of detailed HEP profiling and VES
soundings (both across and parallel to the gully bed) indicates major anomalies / possibly fracturing in
this stretch of the gully, near the crossing of the HEP profile (149'34.70"S 36%46'22.90"E). This may
well be a qualifying location for ‘Sponge’ infiltration. To know the precise structure and direction of the
fracture zone, additional surveying is required (and to be expected from the ISGEAG April 2017 field
work). A ‘diver’ logger, registering the water level, has been installed in the gully-bed. This will give
information on the infiltration rate once the gully is full with run-off water. (This was confirmed by the
piezometer logger data, which indicated fast infiltration rates during the rainy season of April — May
2017).

Some 200 m southeast from the above location, the gully has rock outcrop. Two more HEP profiles
were carried out in that zone, on the south and the north banks of the gully. For details, see Annex 3.
The main outcome of this is another interesting location, indicated as location ‘H4’ , where the gully
may have basement outcrop on the northeast side and deep basement on the opposite (SW) side.
Although verification is required, this 2" location may as well qualify for Sponge City infiltration.

In conclusion Gullies

At gully C there are two possibly fractured locations that can be interesting for Sponge City infiltration:
at the crossing of HEP1 (149'34.70"S 3646'22.90"E ) and the location southeast of anomaly H4
(149'41.74"S 3646'33.17"E). It is advised to veri fy the options by carrying out additional geophysical
surveys (ERT in particular) at both locations and to do infiltration tests.

11



4. Kajiado River reconnaissance (ISGEAG project)

The ISGEAG geophysical research project investigates the added value of contemporary geophysical
methods, particularly targeting deeper hydrogeology and fractured zones.

From previous AMREF projects (e.g. SUSWA) it is known that the area of the Kajiado River could
qualify for ISGEAG, particularly the surroundings of a high yielding commercial borehole (HARAF
traders Ltd), located at a joining of two river branches and an interesting turn of the river direction, that
may geologically be related to major deep fractured zones.

For this reason a reconnaissance survey was carried out in the area around the ‘HARAF borehole’.

The HARAF company kindly co-operated already in the SUSWA project and allowed partners to
monitor the dynamic behaviour of groundwater level in their borehole. The kind co-operation with the
landowners (Mr. Osman (HARAF) and pastor Stephen Maripel), also in this study, is highly
appreciated.

KAUIADGIRiver,

HEPS

‘Harafibh)
S HER

\ xl-f-' >
Figure 7 Location of VES soundings (yellow) and HEP profiles (green) near the Kajiado Rive
borehole (in the centre). Gully C (blue) flows out to the river just south of the borehole.

r, HARAF traders

The surveys were conducted by Earth Water using conventional VES sounding and HEP profiling
methods: 2 HEP profiles across the river and 3 VES soundings..

The sounding results are discussed in more detail in Annex 4.

The HEP profiles indicate clear anomalies at the river bed crossings. There may be a major fracture
zone in north-north-eastern direction, explaining the relatively high yield of the Haraf borehole. The
area north of the HARAF borehole qualifies best for additional ISGEAG surveys (ERT, TDEM and
AMT). The area around- and south of that borehole is less suitable because of the existing powerlines
and fenced lands.

12



ANNEX1
Overview and interpretation of VES soundings

All VES sounding interpretation results are summarized in this Annex. All VES interpretation
(inversion) details are available in a separate technical report, see ‘VES soundings Kajiado Town’,
available on request or at SamSamWater website.

Part 1: the re-interpretation of VES soundings from existing survey reports
Part 2: the interpretation of VES soundings carried out during this mission

Google Earth

20 Mr Parmet survey

21 MTTl survey (VES 1 —4)
22 Masai Tech survey

23 Empeut survey VES 2
24 Empeut survey VES1

25 Intinéika survei

1VES1

2 VES2

Etc.

Figure 1.1  VES soundings Location Map

Partl Surveys from existing reports

The VES soundings from existing survey reports were re-modelled using SchlumBGS? inversion
software. The model parameters are given with their 90% uncertainty range as given by the
SchlumBG software. Some of the reports don’'t comprise the measured data; in those cases the
measurements are reconstructed by forward modelling and the uncertainty range is unknown.

Note on ‘forward modelling’:

in this forward modelling the missing field measurements are generated from the layer model as given
in the survey report and from the generated measurements new models are inverted. Actually this is a
crude method, since it is assumed (!!) that the reported model is 100% correct, i.e. has a 100% good
fit. The result therefor is just as good (or bad) as the reported model. It is seriously recommended to
any consultant to ALWAYS give the raw field data in their survey report.

3 SchlumBG for Windows, C.J. Hemker and V.E.A.Post, http://www.microfem.com
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Remark on survey report’s quality:
In some cases the re-interpretation reveals results that are quite different from the models in the

survey reports. Many of the reported VES models give solutions that have too many layers, especially
the reported deep model layers are insensitive to the fit of the solution. They rather seem to be ‘wishful

thinking’ layers.

For each of the VES interpretations a separate technical document is available in ‘VES soundings Kajiado Town’.
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Figure 1.2.

VES soundings measured lines (field curves) from EXISTING survey reports (partly from forward

modelling). Some of the curves will be ‘shifted’ data (corrected for data discontinuities) and some are from

‘forward modelling’.

TABEL NOG VERVANGEN

overburden

shallow aquifer

shallow aquifer

basement
(>1000 m) at

remark

resitivity (__m) |depth at (mbgl): | _m) (mbgl):
MTTI VES2 70 - 80 20-30 220 - 460 >80
MTTI VESS3 70- 100 8-14 190 - 240 >150
MTTI VES4 28 - 35 5-10 130 - 230 at 50 or deep uncertain last measurements
MASAI Stores 50 - 55 20-25 100 - 400 >50
Empeut VES1 50 *) 15 %) 280%) >100
Empeut VES2 30 %) 10 %) 85 %) 40%)
Parmet 20 %) 10%) 130 %) 105 - 120%)
Intinyika 35 *) 10 *) 150 *) 100 - 140%*) |100 m zone frm 60 - 120 m

*) unknown uncertainty due to forward modelled data

Table 1.1.

Summarized results of re-interpreted EXISTING survey report soundings
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Part2 Surveys from this mission

Sponge City / ISGEAG measured VES lines (unshifted)
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Figure 1.3. VES soundings measured field curves Sponge City/ ISGEAG. No corrections for outliers and shifts

overburden |shallow [shallow |basement remark

resitivity Zggitfhe;t aquifer ((;1‘)?[? (;t m)

(m) (mbgh): (. m) (mbgl):
VES1 (South of Gulley C) 40 -80 Dec-30 high resistivity basement
VES?2 (road) 160 - 250 25-75 |380-500 >40 uncertain sounding
VES3 (North end HEP1) 23-40 | e | e 40 - 60
VES4 (Gulley accross) 30-1000 | -------- | --mmee-- <8m high resistivity basement
VES 5 (town)) 60 - 70 8-12 | 150-300 >40
VES 6 (SIP pit) 40-55 | creeeee | e 20 - 90
VES7 (North of Gulley C) 290-320 | - | -meeee- 80 - 100 basement 1300 - 1800 m
VES8 (Mosque) 52 - 56 9-13 90 - 110 >75
VES9 (South end HEP?2) 130 - 150 8-15 85-110 50 - 70 basement 700 - 900 m
VES10 + 12 (Kajiado River) 44 - 70 10-15 | 300 - 500 120 - 200 |high resistivity basement
VES11 (Kajiado River bed) 100-200 | -------- | ---em--- 25 - 45 high resistivity basement
VES13 (on Gulley C bed) 4-5 high resistivity basement

Table 1.2. Summarized inversion results Sponge City / ISGEAG soundings. Shallow aquifer defined as the
(weathered) zone in between the overburden and (>1000 m) basement.
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ANNEX 2
Gully B results

Fieldwork:
1 HEP profile (AB=3x50m) from the road towards Gully B southwest direction (HEP2)
VES9 orthogonal at the end of HEP2

Figure 2.1. HEP2 and VES9 location and HEP2 results

The HEP result shows no major anomalies at the Gully B crossing. There is a transition to higher
resistivities (shallower basement or less clay soil?) to both sides of the valley. Interesting are the
colour changes on the Google Earth map: red soils on the left (North-northeast), trees around the
Gully and greyish colours to the south (shallow rocky soils).

VES 9 is interpreted (see annex 1, table 1.2.) as follows:
Basement at 60 m (50 — 70) overlain (from 12 — 60 m) by shallow aquifer (( 400 m weathered

rock) and overburden ( 140 m)
Basement resistivity is relatively low (just below 1000 m)

VES9 doesn’t show major anomalies (lateral changes), so clearly the geology structural changes are
in N-S direction.

The HEP resistivity at VES9 corresponds well to the AB/2=75 value of VES9, being 175 m.

No further investigations were done near Gully B since the northern Gully C seemed more interesting
for Sponge City, see Annex 3.
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ANNEX 3
(detailed) Gully C results

The gully location (local name lIsioli) was selected by Sponge city: it has clay and river sand deposits
(see inset Figure 3.5). Further upstream the gully bed has rock outcrops. Obviously the water velocity
is slowing down in this stretch of the gully. The hypothesis is that storm water infiltrates in this section
of the gully.

Google Earth

Figure 3.1. VES (yellow) and HEP (green) locations near Gully C. The long SW-NE line is HEP linel. The shorter
green lines to the right are HEP lines 5 and 6, parallel to the Gully bed.

Three HEP profiles were carried out along line 1:
Wenner AB=3x50m  (HEP1)
Schlumberger AB=150 (HEP 1b)
Wenner AB=3x10m (HEP1c)

At the profile 4 VES soundings were conducted:
- VES3 at the north end of the line (in the direction of the profile line)
VES4 at the Gully crossing (in the direction of the profile line)
VES7 on the north bank, parallel to the Gully
VES13 on the Gully bed
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One more sounding (VES1) was done on the south bank, further to the east. The VESL1 line crossed
the gully (on the eastern side, see HEP5 and 6) and is showing declining measurements and was
therefore difficult to interpret for the larger electrode spacings.

Additionally, HEP profiles (nr. 5, 6 and 9) were carried out along both banks along the Gully (HEP lines
5, 6 and 9), to be discussed in next chapter.

HEP1 results
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Figure 3.3. HEP1 results. On top: full line results, below: detail of the gully crossing area.

The profile shows a major anomaly around the gully, in the long range Wenner array (AB=150m) and
also in the short (AB=30m) arrays. The centre of the anomaly is slightly off the centre of the gully itself.
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VES results Gully C

The VES interpretation results are as follows (for details see annex1 and separate VES interpretation
report ‘VES soundings Kajiado'.

overburden |depth shallow [basement [remark

resitivity aquifer (>1000 m)

(. m) (mbgl) (m) at (mbgl):
VES1 (South bank ) 40 - 80 15 - 40 |high resistivity basement
VES7 (North bank) 290 - 320 80 - 100 [basement 1300 -1800 m
VES13 (on gulley bed) 4-5 high resistivity basement
VES4 (Gulley accross) <8 m high resistivity basement
VES3 (North end HEP1) 23 -40 40 - 60

Figure 3.4. VES interpretations Gully C.

High resistivity ‘fresh basement rock’ (thousands of m) is found in VES13 and 4 at shallow depth
below the gully itself, almost directly below the river deposits, while just 40 m north (VES7) basement

is at

90 m and less resistive.

The soundings (VES3 and 4) that were done perpendicular to the gully both show major lateral
changes, indicating the changes in geology in NNE — SSW direction.

Conclusion

There is a significant local change in geology in the near zone of gully C.
There may be an E-W fracture zone below the gully. For additional proof, forward modelling was done
on the HEP profile (see ISGEAG reports), showing that the HEP anomaly is mainly caused by

superficial clays near the gully (fig 3.1) and only partly deeper anomaly (the sudden change in bedrock
as confirmed by -the great difference between- VES13 and VES?7.

HRIVER VALLEY PROFILE

2 Meters

1.5 Meters

1.5 Meters

<— Fine Sand
<— Clay

<— Clay & Coarse Sand

<— Gray Sandy

Clay

Some feature on the line of
imvestigation

* Big acacia
* Aunts hills(termite believe

to go very deep during
dry season to get water)

* Several Boreholes in the

sameline

Ochieng, AMREF)

Fig.3.5. Auger results river deposits Gully C at 1°49'33.81"S 3646'22.91"E (Kenneth

A 2 m shallow hand drilling was done in the gully bed at 149'33.81"S 3646'22.91"E.
Up to at least 2 m the deposits consist of loose sands and clays. A piezometer
perforated pipe was placed in the auger hole and a ‘Diver’ logger was installed which
will measure and record the dynamic water level behaviour once the gully has water.
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There are multiple indications for infiltration of water in this specific stretch of the gully. It is also
confirmed by recent water logger data from the gully (data available).

Just 20 m downstream (to the northwest) there is an area where the Gully water is not infiltrating.
Obviously in that area the water the water get stuck in the shallow underground, explaining the many
trees in that downstream area (can be seen on Fig 3.2. and 3.3.).

Results of HEP profiles 5, 6 parallel to Gully C
At the crossing of Gully C and HEPIinel the gully bed has at least 2 m of river deposits. 200 m

upstream (to the southeast) the same gully has rock outcrop. Three more Hep profiles (nrs 5, 6 and 9)
were carried out on both sides along the gully to see if the change in geology can be detected.

HEPR:AGIBENHIC

| : | 3

Figure 3.5. HEPS5 (south bank) and HEP6 (north bank) Brown lines: rock outcrop in gully bed. Brown boxes:
outcrop not known

HEP profile results
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Figure 3.6. HEP results. HEP9 is a short additional line at the beginning of HEPIine 5.
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Anomalies (H for highs and L for lows, capitals for the north bank and smalls for the south bank) are
marked in the graph figure 3.6. and on the maps below.

The result shows a gradual trend from high (250-300 m) to low (150 m) apparent resistivity from
NW to SE, with exception of the far end of HEP6 (H4). This trend indicates increased weathering or
more shallow clays to the SE.

HEPS5 on the south bank shows much less variability than HEP6 on the north bank.

Possible lineaments are speculatively drawn in the map (figure 3.7.), trying to match the HEP
anomalies to colour changes in Google Earth, the rock outcrops in the gully, etc.

The variance in the northern HEPline6 may as well indicate old runoff tracks (the L(ows)) containing
more clays. These old runoff channels may have released their rainwater in the former river, now
being the Gully C. This would explain why the same variance in H's and L’s does not show in the
southern HEPIine5. This hypothesis could easily be verified by shallow hand drillings.

Remarkable is the area near H4 (HEP®): the profile lines are quite close together but the difference

Figure 3.7. Possible (speculative) lineaments based on HEP5 and 6 results, rock outcrops, trees and soil colours

in

resistivity is big: from 253 m at H4 (HEP®6) to just 149 m on the other side of the gully at HEP5. This

area may be interesting for Sponge City (in terms of infiltration and recovery): there may be a good
aquifer on the SW side of the gully, there possibly is a fractured area below the gully allowing for
recharge?

The above mentioned anomaly ‘H4’ could be the cause for the abnormal measurements in VES1. The
VES line has passed the gully and the nearby anomalies at short distance. The measurements show a

VES measurements

remarkable decline at the end.
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Figure 3.8. Left: VES1 sounding line crossing the aomaly near ‘H4’. VES field curve at the right.
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In conclusion
At gully C there are 2 (potentially fractured) locations for Sponge City infiltration: at the crossing of
HEPL1 line and the location southeast of anomaly H4 (149'41.74"S 3646'33.17"E). It is advised to

carry out additional geophysical surveys (ERT in particular) and hand drillings at both locations and to
carry out infiltration tests.
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ANNEX 4
Kajiado River reconnaissance

The ISGEAG geophysical research project investigates the added value of contemporary geophysical
methods, particularly aiming at deeper hydrogeology and fractured zones.

From previous AMREF projects (e.g. SUSWA) it is known that the area of the Kajiado River could
qualify for ISGEAG, particularly the surroundings of a high yielding commercial borehole (HARAF
traders Ltd), located at a joining of two river branches ( 1°49.203'S 36°46.050'E) and an interesti ng
turn of the river direction, that may geologically be related to major deep fractured zones.

For this reason a reconnaissance survey was carried out in the area around the ‘HARAF borehole’.

Figure 4.1. HARAF borehole location at the conjunction f two Olkajuado river branches, northwest of Kajiado
Town

The HARAF company kindly co-operated in the SUSWA project and allowed partners to monitor the
dynamic behaviour of groundwater level in their borehole.

The kind co-operation during this mission with the landowners ( Mr. Osman (HARAF) and pastor
Stephen Maripel) is highly appreciated.
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Figure 4.2. Location of VES soundings (yellow) and HEP profiles (gren) near te Kajiado River, HARAF traders
borehole (in the centre). Gully C (blue) flows out to the river just south of the borehole.
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The hypothesis is that the borehole is in a major NNE fracture zone, possibly recharged from the
phonolite/tuff Oloiyangalani hills to the north.

Unfortunately no survey- or driller’'s/completion reports could be made available from this most
relevant borehole. It is said to have a high yield of (at least?) 15 m3/hr, total depth 120 mbgl. From
‘Diver’ logger records we know that static water level is around 15 mbgl ( 1665 mas), pumped (non-
static) water level is at 50 — 70 mbgl.

Just 120 m southeast of HARAF bh (across the river) there is another recent borehole, said to have a
good yield as well, but no documents available.

600 m west-northwest of the Haraf bh is a borehole (not on map) belonging to a Mr.Parmet, for which
a short (one page) survey report is available.

HARAF company owns another (less yielding) borehole on their farm, located 530 m SSW, at the
joining of the two river branches (near the outflow of Gully C) . A survey report for that borehole
became recently available, but it has not been used for this study.

300m south of the HARAF borehole, there are some interesting deep cut-out wells (‘shallow wells’,
see figure 4.5.) in the Kajiado riverbed. The wells are used for cattle water supply and they are said to
be refilled on water level every day, even in the dry season. Obviously these wells are in hydraulic
contact with an underlying aquifer. The water level is comparable to the measured water level in the
HARAF borehole. These ‘shallow wells’ may be interesting for Sponge City artificial infiltration.

The reconnaissance survey was done by Earth Water using traditional VES sounding and HEP
prof|l|ng methods (Figure 4.3.):
2 Wenner HEP profiles (HEP7 and 8, Wenner AB=3x50m) across the river bed, both north
and south of the borehole
2 VES soundings (VES10 and 12) north of the borehole in between the two river branches, at
the same CenterPoint perpendicular two each other
1 VES sounding (VES11) on the river bed, south of the borehole

It was not possible to do any surveys closer to the borehole because of powerlines and fencing
restrictions.

VES sounding results

Summarized interpretation results (see also Annexl1 and separate technical inversion report).

overburden depth (mbgl) shallow aquifer |basement remark
(>1000 m) at
resitivity ( m) (_m) (mbal):
VES10 en VES12 45 - 70 10 - 15 300 - 500 120 - 200 |high resistivity basement
VES11 (kajiado river 100 - 200 25 -45 basment resistivity >2800
Survey mr. Parmet *) 20 9 125 >'95 basementres 1000 m
*) unknown uncertainty, forward modeling (no data in report)

Table 4.1. VES interpretation results, see also Annex1

Clearly, the area between the two river branches (VES10, 12 and Parmet) has deep basement and a
‘shallow aquifer’. Remarkably, none of the VES soundings indicates major anomalies (fracture zones).
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HEP7 profiling results
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Figure 4.3. HEP?7 profile line and apparent resistivity results

There is a clear anomaly near the crossing of the river bed, in a typical W-shape pattern .The centre of
the river bed though is slightly off the centre of the anomaly. There is a general trend in resistivity from
125 m SW to 275 m NEast. It should be realized that the results are highly averaged: the HEP line

electrode distance is 150 m long (AB) and the step interval is 20 m.
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HEP 8 profile results
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Figure 4.4. HEPS8 profile line and apparent resistivity results

HEPS indicates several anomalies along the line. The most important ones are at 250 — 300 m (just
west of the river crossing) and the remarkable transition (at 100 -160m) to low resistivities at the east
end of the line.

The resistivity values compare well to the AB/2=75m values of VES10/VES12 (being 220 m) for the
area in between the two river branches and the lower value at the east-end compares well to the
AB/2=75 (‘forward modelled’) value of the VES at the farm of Mr. Parmet (being 90 m).

Both these VES's indicate basement at 100m or deeper.

The field curves of VES10/12 do not show major lateral changes which would confirm the anomalies
as found in the HEP profile. A question therefor is whether the variations in the HEP profile are
actually indicating (deeper) geological anomalies.
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Discussion and conclusion
The HEP anomalies are marked on the map, figure 4.5.

Figure 4.5. HEP anomalies (red)

It is remarkable that the anomalies, found in HEP8 are not confirmed by anomalies (lateral changes)
in the (E-W) VES 12 sounding, north of the HEP8 line.

Southwest of the HARAF borehole there are cut-out shallow wells in the bed of the river. These wells
are used for watering cattle and are said to have water all year. The water level is just slightly deeper
than the static water level in the HARAF borehole. There obviously is a contact with groundwater.
When a line (orange line in Figure 4.5) is drawn from these shallow wells to the HARAF borehole and
extended to HEPS, it crosses HEP8 right at the place of the main anomaly.

Remaining question is: why doesn’'t HEP 7 indicate such anomaly at the crossing of the orange line?

Are the low values at the east end of HEP7 related to the low values at HEP8?

Most likely this area has major deep fracture zones and it qualifies for the next step in the ISGEAG
research, but it is questionable if the anomalies in the HEP profiles are actually indicating the precise
fracture zone locations. Next step in ISGEAG will be to apply advanced deep geophysics (ERT,
TDEM, AMT methods) as well as additional VES soundings and compare the results with the present
HEP findings.
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ANNEX 5
VES measured data

Giving the raw measured field data from VES soundings 1 - 13
(Compliments Earth Water Consultants Ltd)

Measured VES sounding field data

- apparent resistivity in - m, Schlumberger array - uncorrected data - no shifts applied at potential electrode changes
all inversions and interpretations are give in separate technical reports (Kajiado_town_VES soundings.pdf_

0.5 16 27 276 62 18 122 10.2 96 34 231 42.8 110.95 64 34

2 27 270 73 18 102 9.8 82 29 228 38.7 80.9 60 153

25 28 264 85 17 93 9.9 76 33 201 43.2 73.6 64 14

3.2 32 274 89 15 79 10.3 80 37 176 44.4 69.8 69 14.2

4 31 274 90 13 72 11 87 41 169 51.2 725 75 141

5 32 277 77 12 68 124 95 43 151 45.9 78 75 15.2

6.3 38 284 78 12 72 15 111 49 153 49.5 89.8 82 17.3

8 43 257 68 13 70 155 138 50 144 50.9 96.3 84 21.9

10 46 228 61 14 72 19.6 146 51 141 51.1 101.3 87 26.2

0.5 13 52 191 49 20 75 20.8 170 52 130 49.1 111 98 35.5

5 13 58 225 76 24 72 36.7 195 53 153 45.5 109 56 32.9

16 63 192 57 37 77 43.5 224 56 143 51.2 112 60 40.5

20 63 185 48 49 100 53.3 238 62 135 59.8 118 70 52.5

25 69 209 65 111 58.3 251 66 123 72.7 116 82 76.6

5 32 95 221 48 82 122 54.7 269 71 125 91.6 116 101 106.1

10 32 71 220 58 125 273 83 131 84.1 118 93 95.1

40 97 282 64 95 133 72.2 278 85 132 103.9 121 113 126.9

50 126 243 70 89 148 84 277 94 135 1275 125 143 171

10 63 163 257 53 91 170 87 289 93 83 164 139 179 229.5
25 63 126 219 74 131 142 94 276 126 131 134 173
80 182 252 104 131 185 123 299 151 157 162 198
100 220 281 123 145 199 309 171 192 197 218
25 130 268 318 177 151 237 370 210 247 291 227
50 130 194 292 134 374 344 189 256 268 230
160 230 326 152 385 410 244 307 319 279
200 226 364 189 380 458 274 378 400 344
250 225 404 202 464 497 317 445 490 381
50 320 190 404 275 584 623 377 513 606 497
100 320 404 548 357 553 565 485
400 308 613 430 654 705 628
500 487 466 928 794 765
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ANNEX 6

HEP profiles data

Giving the raw measured field data from HEP profiles 1 - 8
(Compliments Earth Water Consultants Ltd)

Measured HEP profile data

m - distances in meters

measurements in

coordinates

(WGS84)

HEP 1 crossing Gulley C
HEP 1B
Distance Schlumberger

AB 160

Distance wenner
3x50

HEP 1C
Distance Wenner

3x10

149'47.83"S [3646'15.88"E 0 161 300 222 300
25 175 310 267 310
50 195 320 265 320
75 213 330 286 330
100 217 340 242 340
125 235 350 235 350
150 227 360 188 360
175 208 370 213 370
200 218 380 267 380
225 212 390 326 390 ++
250 180 400 392 400
275 175 410 407 410
300 211 420 373 420 +
325 279 430 337 430
350 222 260 440
375 227 207 450
400 280 171 460
425 347 151 470
450 153 153 480 +
149'34.07"S [3646'23.12"E 475 246 181 490
(point 475 m gulley crossing) 500 352 200 500
525 309 232 510
550 235 246 520
575 243 250 530
600 253 289 540
625 214 + 339 550
650 139 + 362 560
675 140 379 570
700 132 510 366 580
725 103 520 318 590
750 105 530 309 600
149'25.39"S [3646'28.52"E 775 116 540 236 610
550 255 620
560 252 630 +
570 260 640 +
580 253 650
590 244 660 +
600 240 670
610 220 680
620 182 690
630 170
640 159
650 155
660 150
670 145
680 154
690 158
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Measured HEP profile data

measurements in m - distances in meters

HEP 2 across Gulley B

HEP 2
coordinates (WGSB84) Distance wenner
3x50

150'4.95"S 3646'25.10"E 0 236
25 207

50 209

75 232

100 214

125 165

150 166

175 158

200 147

225 123

250 123

275 142

150'12.85"S [|3646'21.07"E 300 160
(300m crossing Gulley B) 325 129
350 122

375 139

400 140

425 136

450 112

475 136

500 162

525 145

550 171

575 230

600 218

625 214

650 218

150'24.72"S  [|36%46'15.81"E 675 232
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Measured HEP profile data

measurements in m - distances in meters

HEP 4 Kajiado Town

HEP 4
coordinates (WGS84) Distance wenner
3x40
150'17.30"S |36%46'40.70"E 0 118
10 110
20 108
30 104
40 110
50 107
60 114
70 116
90 118
110 105
130 97
150 101
170 107
190 rossing
210 92
230 91
250 100
270 96
290 91
310 87
330 86
150'28.11"S |36%46'44.40"E 350 104
(350m crossing Gulley B) 370 121
390 154
410 141
430 157
450 157
470 182
490 182
510 147
150'33.40"S B6%46'46.70"E 530 167
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Measured HEP profile data

measurements in  m - distances in meters

HEP 5 and 6 along Gulley C

HEPS5, 9 HEP 6
coordinates (WGS84) Distance wenner coordinates (WGS84) Distance wenner
3x50 3x50
-130 262 1%49'43.19"S |3646'35.71"E 400 206
-120 271 377 234
-110 276 350 250
-100 276 326 253
-90 273 302 220
-80 279 275 162
-70 277 249 148
-60 258 240 133
-50 249 233 175
-40 252 219 188
-30 246 1%49'38.58"S |3646'31.60"E 208 195
-20 249 (208 m crossing Gulley) 197 203
-10 264 187 209
1%49'37.03"S 3646'26.00"E 0 244 176 158
9 248 166 143
20 260 156 130
30 262 145 146
40 259 133 171
51 252 125 214
61 245 116 232
72 225 107 243
81 216 1%49'35.82"S |3646'29.16"E 93 237
90 81 207
92 208 71 204
94 62 211
96 208 49 199
99 213 43 209
102 217 28 243
107 212 20 252
113 206 7 278
118 203 -4 310
123 201 -15 308
128 203 -26 302
133 199 -36 287
149'39.52"S B646'29.69"E 138 195 -44 277
143 185 -56 267
148 166 149'34.17"S |3646'24.29"E -67 282
153 168
158 170
163 168
169 167
174 161
179 162
184 166
190 169
196 173
199 173
203 178
211 178
219 175
227 176
234 163
244 151
254 146
264 143
275 144
285 148
149'43.22"S [3646'33.33"E 298 149
308 147
318 146
326 145
336 144
346 142
149'45.00"S |3646'34.08"E 356 151




Measured HEP profile data

measurements in m - distances in meters

Measured HEP profile data

measurements in - m - distances in meters

HEP 7 Kajiado River (S)
HEP 7
Distance wenner

3x50

HEP 8 Kajiado River (N)
HEP 8
Distance wenner

3x50

coordinates coordinates

(WGS84)

(WGS84)

1%9'18.14"S B645'57.40"E 0 107 1%9'6.06"S [3646'10.99"E 380 168
20 140 360 143

40 129 340 235

60 117 320 291

80 126 149'4.68"S [3646'8.88"E 300 313

100 139 (300 m River Crossing) 280 120

119 143 260 53

140 154 240 101

160 183 220 162

180 201 200 228

200 201 180 191

220 170 160 134

240 98 140 151

260 83 120 238

1%49'13.11"S [B6%46'4.83"E 280 141 100 272
(280m River Crossing) 297 243 80 216
322 247 60 177

341 140 40 235

360 114 20 273

380 140 0 235

400 171 1%9'4.02"S [3645'58.13"E -20 225

424 175 (-20 m River Crossing) -40 165

440 255 -60 137

460 219 -80 134

480 304 -100 178

149'9.82"S  [B6%46'11.07"E 506 262 -120 152
-140 84

-160 59

-180 70

-200 60

-220 60

-240 70

-260 73

-280 68

-300 74

-320 85

-340 83

-360 79

-380 74

149'2.93"S [3645'46.40"E -400 83
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