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APPENDIX - A
TOPOGRAPHIC SURVEY

i. .W()rks Carried Out

During the Phase 1 Field Work, the following topographic survey works were carried out by
the Iocal survey firm under the supervision of the Study Tea,m;

- Collection of basic topographlc data 1nclud1ng bench mark data and aero photographs
of the Ruvu River basin

- River cross section survey along the Ruvu mainstream

- River cross section survey along the planned axis for each of Kldunda Ngerengere,
Mkombezi and Mgeta dams : ' '

- River cross section survey at the key stream gaugmg statxons located in the Ruvu River

basm

In addition to the above survey works conducted on a local contract basis, the Study Team
installed a tide gauge at river mouth of the Ruvu in the Phase 1 Field Work in order to observe
the tide level.

‘2. Cel!ectlon of Basic 'I‘opographlc Data

2 1 Topograph;c Data Cellected

The following basic topographic data were collected from the Survey Department of Tanzania
for use in the topographic survey;

- Coordinates of triangulation pomts in the Study Area

- Elevanons of bench marks in the Study Aréa

- 1 to 50,000 scaled topographic maps covering the whole Ruvu River basm
- Aero photographs along the Ruvu mainstream and its major tributaries

2.2  Coordinates of Triangulation Points |

Coordinates of the 5 triangulation points (I'TP 185, TTP 284, TTP 285 and TTP 306) werc
obtained from the Survey Department, out of which TTP 284 was found to be destroyed at the
_commencement of the survey work. Taking into the availability of those triangulation points,
- TTP 285 was selected as the base: mangulat:on point. The survey datum of TTP 285 is as
follows; : : -

- Coordinates  N=9,267,442.24 (m)

N E=476600.26 (m)
- Height H=81.82 (m)

A-1



2.3 Elevation of Bench Marks

In Tanzania, the national bench marks are installed along the railway lines. Five (5) bench
marks (IBM 53, IBM 56, IBM 63, IBM 65) were found in the Study Area and the IBM 53
with an elevation of 70.784 m was selected as the base bench mark through the check levelling
in order to determine elevations of base points to be installed on the river cross sections along
the Ruvu mainstream. '

2.4 1 to 50,000 Scaled Topographic Maps:

The existing topographic maps at a scale of 1 to 50,000 were produced between 1950's and
1980's. Contour lines of those produced in 1950's are shown'in a unit-of inch. It is considered
that the most reliable maps are those produced after 1980 s, which were mapped based on aero
photographs taken in 1982. - :

The ex1stmg 1 to 50, 000 scalcd maps covenng the entire Ruvu chr basin are shown in Fig.

" A.1 together with their Index No. At present, the Survey Department’ is carrying out the
mapping works for the whole Ruvu River basin with the aero photographs of 1982, but these
were not wholly available during the Study period. The manuscripts of those new maps which
were under production by the Survey Department were collected for the Index No. 185/3,
202/2, 202/4 and 203/1.

2.5  Aero Photographs '

The aero photographs were newly produced during the Phase 1 Field Work entrusting the
development works to the Survey Department in order to utilize them for the site
reconnaissance as well as identification of the site conditions visually. Those photographs
were produced for the area along the Ruvu mainstream and its major tributaries.

3. River Cross Section Survey
3.1 Ruwvu Mamstream

The river cross section survey along the lower reach of thc Ruvu was camcd out for a river
length of about 160 km from the river mouth mainly for the use in the river p]anmng The
location of the river cross section survey is shown in Fig, A.2,

The field work was started from clearing WOrk along the survey.line indicated on the 1 to
50,000 scaled maps. After then, elevation was measured by levelling machine at an interval of
50 m and:at points where ground elevation varies. - The elevations of the river bed were.
gradually measured by inserting a staff to the river bed to read the depth from water level, and
at the same time to measure the distance. -

A base point made of concrete was installed on the survey line and elevations of those base
points were determined by the levelling survey for routes connecting with the aforesaid national
bench mark. In addition, coordinates of those base points were measured with GPS
instruments. These data are tabulated in Table A.1.



3.2  Planned Dam Sites and Streamflow Gauging Station Sites

The river cross section survey along axis of promising four (4) dam sites, which were selected
by the previous French Study, namely Kidunda, Ngerengere and Mgeta dam sites, were carried
out for the use in estimate of the dam embankment volume.

In addition, the river cross sections at the following existing and new streamflow gauging
station sites were performed so as to check the flood water levels by means of the uniform flow
calculation;

- Mafsi

- Kidunda
- Kibungo
- 1H8

- Thaia

- Kisaki
- Mgeta

The river cross section was taken at two different locations for each gauging station, namely
upstream and downstream places thereof.

4. Installation of Tide Gauge and Observation of Tide Level

A tide gauge was installed by the Study Team at the Ruvu River mouth, about 10 km
downstream of the Bagamoyo town area to investigate the tide water level which is used for
non-uniform flow calculation to determine the flood water level along the Ruvu River. In the
Phase 1 Field Work, the observation of tide water levels was gone on for about one month.

The lcvciling survey was done to relate the zero-point of the iide gauge with aforesaid base
pench mark. The results of the tide water level observation are discussed in the Appendix-H of
this Supporting Report.
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Table A.1 ELEVATIONS OF BENCH MARKS NEWILY INSTALLED
ALONG THE RUVU RIVER
No. Elevation Remarks
BM 1 47.801 IPCRONPIN IN CONCRETE)
BM?2 72.510 1PC
BM 3 72,765 IPC
BM 4 61.566 IPC
BM 5 64.220 PC
BM 6 70.433 12 :
BM7 48.011 IRONPIN IN ASPHALT
BM § 65.199 IRONPIN IN TREE ROOT
BM9 66.074 IBC
BM 10 44,077 IPC :
BM 11 80.658 IRONPIN IN CONCRETE FOUNDATIO
BM 12 61.888 PC
TTP. 285 81.817 - SQUARE PILLAR
" BM13 76.020 - IPC -
BM 14 71.446 IPC
BM 15 66,107 IPC
BM 16 66.591 IPC
BM 17 - 57.565 IPC
BM 18 35.579 PC
BM 19 56.160 IPC
BM 20 32.893 IPC
BM 21 30.184 PC.
. BM22 27.020 IPC
BM 23 19.432 IPC
BM 24 10.554 IPC
BM 25 79.235 ™PC
BM 26 59.687 PC
BM27 73.514 1PC
. BM28 32.981 IPC
BM 29 45.758 IPC
BM 30 35.360 IPC
"BM 31 44,068 IPC
BM32 . 48.653 IPC
BM 33 43.462 IPC
BM 34 47533 . IPC -
BM 35 50,098 1PC
BM 36 48.228 IPC
BM 37 45.876 IPC
 BM 38 45.074 PC
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Table A.3 ELEVATIONS AND COORDINATES OF BASE POINTS
NEWLY INSTALLED AT PLANNED DAM SITES AND
STREAM GAUGING STATIONS

(1) Dam Site
Name of Dam Site/ Coordinates Elevation River Water level
Bench mark N E Water level  Date of
. (m) (m) (m) (m) Qbservation
- Mgeta _
BM A (Cross Section A) 9181525.00 338755.00 197.15 196.97 12/6/93
BM B (Cross Scction B) 9180320.00 338860.00 190.00 186.87 10/6/93
- Kidunda _
BM 9196275.00 413352.00 62.00 56.00 12/6/93
- Ngerengere
BM NGG 9227045.97 422242 83 139.72 _
BM NGL 9228967.00 4227060.00 103.91 100.27 1/6/93
- Mkombezi _
MKQO-A 928005144 443718.59 166.50 -
MKO-L 9231470.00 445300.00 114.55 0110.32 26/5/93
(2) Stream Gauging Station
No. of Coordinates Elevation River Water level
of N E Water level  Date of
Bench Mark (m) . {m) - (m) {m) Observation
-GS MGETA (11B2) 9222250.00 341945.00 1010.00
Cross Sect, A 1005.76 3/6/93
Cross Sect. B 1005.24 3/6/93
-GU DUTUMI 9180990.00 364995.00 127.00
Cross Sect. A 123.09 4/6/93
Cross Sect. B 123.04 4/6/93
-GS XIDUNDA 9197500.00 416550.00 60.00 _
Cross Sect. A. 54,27 18/6/93
Cross Sect. B 54.26 18/6/93
- (3§ MAFISI 9224 174 451987.00 45.00
Cross Sect. A 3741 23/6/93
Cross Sect. B 3741 23/6/93
-GS 1HS 9223780.00 368350.00 200.00
Cross Sect. A 19147 15/6/93
Cross Sect. B 191.19 15/6/93
-GS 1H8 9260580.00 466190.00 18.24
Cross Sect. A 14.09 29/6/93
Cross Sect. B 14.08 29/6/93
-MB J.ICA/MAJI (GS 1HA  9224500.00 425250.00 93,71
Cross Sect, A 89.55 1/6/93
- Cross Sect. B 89.53 1/6/93

AT -3
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APPENDIX - B
GEOLOGY AND HYDROGEOLOGY

1. INTRODUCTION _ _

During the Phase 1 and 2 Field Works, the Geologist of the Study Team carried out collected
the data, information and reports of previous investigations and studies made by various
agencies concerning the Study Area and conducted the field reconnaissance at the proposed
dam sites. In this study, the geological investigation was focused on the field reconnaissance
for the promising dam sites in the Ruvu River basin in order to assess the geological conchuons
and the likely issues.

2. DATA COLLECTION
2.1 'Geo'logical' Ma'ps
As shown in Fig. B.1, the whole area of Tanzania including the Study Area is covered by

several geological maps prepared by the Geological Survey of Tanzama and other institutions.
They are mainly as follows:

No. Name of Geological Map Scale

1 Geological Map of Tanganyika (1959) 1 : 2,000,000
2 Geological Map, Kent et al. (1971) _ ' 1: 1,500,000

Hdrocl M of Tanz FA NDP19 1:1 000

‘More detailed reg10n31 geological maps of the Study Area were prepared by the study on the
Coast/Dar Es Salaam Region Water Master Plan in 1979 and Morogoro Domestic Water Supply
Plan in 1980. .

Additionally, the following Quarter Degree Geological Maps prepared by the Geologmdl
Survey of 'I‘angany1ka cover the Study Area

Shest Number 'I‘xtlc Name : Survcved by _
167 Mbwewe Solesbury(1963), Haidutov(1971)
168 Bagamoyo Moor(1960)
183 : Morogoro Sampson and Wright(1961)

184 : Kidugallo . Wright and Aitken(1960)

186 : Dar Es Salaam Batholomew(1963)

200 - Doma . Mulgrew(1963)

- 201 ' ___Ulugum ' Sammon and Spence( 1959)

These quarter-degree geological maps were obtained from the office of Commissioner,
Geology and Mines Division in Dodoma.



2.2 Hydrogeological Investigation
(1) Data on seismic survey

Tanzanian Petroleum Development Corporation (TPDC) performed the Seismic investigation
for the oil source covering the Ruvu basin. The results can be used not only for the
mvestlganon of oil but also to confirm the gcologlcal structure, thickness of weathering,
position of possible aquifer. Some of them were collected from TPDC. The location of seismic
survey lines by TPDC are shown in Fig. B.2.

(2) Data on borehole drilling

Many boreholes were drilled by the several agenc1es 1n the Study Area Avaﬂable data on
boretioles are categorized into the following four groups: '

4) Borehole File of MWEM (Ministry of Water, Energy and Minerals)
Borehole for ground water supply drilling, lithological records, results of pumping
tests and water quality tests and data on structure of wells are avaxlable Most of them
are filed in the data base of MWEM.

b) QOil Company s Borchole Records
Tanzanian Petroleum Development Corporatlon(TPDC) made several mvcsngatlon
for oil, and their lithologic logs are useful for the geologlc and hydrogeologlc study
on the Study Area. :

c) CIDA's Borehole Records
~ Canadian International Development Agency(CIDA) drilled 118 boreholes for the
study on Coast/Dar Es Salaam Region Water Master.Plan in 1979. The details are
described in their report. . '

- d) Morogoro Water Supply Project's Borehole Records
Under the financial assistance of Ministry of Foreign Affairs of ngdom of
Netherlands (DGIS), DHV prepared the Morogoro Water Supply Plan in 1980. For
the Study 15 deep boreholes and more than 500 hand-dug wells were dug and
electric resistivity, calliper and natural gamma-ray were examined in the Morogoro
Region. Their details are shown in their report.

These boreholes for ground water supply are given the standardized number by MWEM. Table
B.1 shows borehole data which were drilled and tested between 1953 and 1988 in Tanzania.
In the Study Area inclusive of the Dar Es Salaam, Coast and Morogoro Reglons, a tota} of 543
boreholes were drilled for the per}od



(3) Data on ground water assessment
The ground water assessment for the Study Area was made by the following reports:

o U A entintheStudy Area

ast/Dar Es Salaam Rgi'(m Water Master lan, Ministry of Water, Encrgy and

( (]
1, CiDA, 1979, Co
.. Minerals, Tanzania o S _ .
2. DHV, 1980, Morogoro Water Supply Plan, Ministry of Water, Energy and Minerals, Tanzania
3. [BRD/UNDP, 1990, Sub Saharan Africa Hydrogeological Assessment, SSDCC Couniries, Country
i Report : Tanzania . S ‘ : : : :

2.3 Previous Siudies

The geology and hydrogeology of the Study Area were assessed in the following previous
studies: R o , :

No. ' Title of Report (Rermarks)

1. FAQ, 1961, An Outline Plan for the Development of the Ruvu Basin, Report'No.1316. Rome :
(The repori describes the geological conditions in the Ruvu basin by the existing daia , then proposes 23 dam sites
from the viewpoint of waler resources development potential in the Ruvu River basin.}

2. Sogreah,. 1962,Report of the French Technical Mission for the Developmem_of the Ruvu Basin, Ministry of
Agriculture, Tanzania '

3. Sogreah, 1964, Selection of the Kidunda Dam Site, Ministry of Agriculture, Tanzania
" (The detailed geological study and investigations including drilling were made on the Kidunda dam site, and then
_two alternative dam axes were proposed.) . :

4. CIDA, 1979, Coasll!l)a: Es Salaam Region Water; Master Plan, Ministry of Water, Energy and Minerals, Tanzania
(A total of 118 boreholes were drilled to make the assessment of ground water potential so that the report
recommended the high ground water developiment polential at the bread flat apron of Quaternary deposits along the
Ruva River.) : :

5. DHV, 1980, Morogoro Water Supply Plan, Ministry of Water, Energy and Minerals, Tanzania
(The drilling of 15 boreholes and hand-dug wells more than 500 including. the borehole tests were performed to
- confirm the hydrogeological condition of the Morogoro Region. As a result, .the eastern fool of the Ulugurn
‘Mountains is assessed to have a high ground water development potential within the Ruvu River basin.)

6. TBRD/UNDP, 1990, Sub Saharan Africa Hydrogeological Assessment, SSDCC, Countries, Country Report :
Tanzania Countries, Country Report : Tanzania
" (The ground water development prospects throughout Tanzania were described based on the previous investigation

and study)__ s

3. GEOMORPHOLOGY AND GEOLOGY OF THE STUDY AREA

3.1  Geomorphology

"The Study Area spreads from the Ulugura Mountains with an altitode of more than 2,000 m in
the west to the coastal plain with an altitude of less than 200 m in the east. The Study Arca can
be divided into the following four topographic categories: :

Ulaguru Mountains .

Highland around Morogoro municipality
Elevated rolling hills .
- Alluvial lower plain along the Ruvu River



The Uluguru Mountains rise abruptly out of the coastal plain and form a compact unit which is
physically and geologically distirict from the surrounding plains. The highland around
Morogoro Municipality, with an altitude of approximately 500 m above sea level, is formed by
the Ngerengere and Wami Rivers. These lands are scattered and are composed of intrusive
rocks and Precambrian rocks, Elevated rolling hills with an altitude ranging from 50 m up to
300 m above sea level is spread between the Ruvu and Wami Rivets and between the Ruvu
River and Indian Ocean. These hills consist of the Mcsozmc and Neogene sediments that erode
easily and forms gentle rolling hills. The Ruvu River forms the broad floodplain of 5 to 10 km
wide. The floodplain consists of Quaternary deposits.

3.2 Geology

The geology of the Study Area can be categorized into the following five major divisions;

- Precambrian Rocks

- Karroo Rocks

- Jurassic Rocks

- Cretaceous Rocks

- Tertiary and Quatemary Rocks

Precambrian rocks mostly oceur in the Uluguru Mountains and in the western part of the
Ngerengere subbasin. These are mainly of meta-sedimentary rocks and can be divided into
three major lithological groups; acid gneisses, granuhtc and crystallme limestone. They seem to
have been thrust and uplifted by the upward movement of the basic gneisses, thus giving rise to
serious fault zone in the rocks.

The Karroo rocks occupy southeastern arca of the Uluguru Mountains. The rocks consist
mainly of sandstone, and shales deposited in shallow fresh to blackish water. Their ages may
vary from Permian to Triassic. '

Jurassic rocks cccur in the eastern margin of the Ulugury Mountains and elevated rolling hills
between the Ruvu and Wami Rivers. They consist of course sandstone, mudsione, and oolitic
limestone deposited under tihe marine environment.

Cretaceous rocks occupy the elevated rolling hills. They consist of clays, shales, calcareous
sandstone, sandy limestone and mudstone.

Sediments of Tertiary and Quaternary ages occur in the sub-catchment area of the Ngerengere
River near Morogoro Municipality, and in the elevated rolling hilis and ﬂood plains along the
Ruvu River and extend up to Dar Es Salaam. The tertiary deposits.consist of sandy clays,
clayey sands with minor lenses of pure sand or clay, gravel and calcareous fragment. The
Quaternary deposits were formed in the fluvial and ailuvial fans with swampy environment.
They consist of clay, silt, sand and rarely gravel.



3.3  Fracture Lineament by Aerial Photo Interprefation .
(1) Major fractures | |

‘The regional geological map of East Africa is shown in Fig, B.3. The Study Area is located in
the eastern part of the African Rift Valley, and simplified major faults along the Rift Valley in
association with gravels and Tertiary to Recent Volcanics, stretching from the Red Sea to
Mozambique. Theé Lake Victoria lies between the western and eastern branches. These major
fractures strike in the North-South and NNE - SSW directions, which are the same as the
directions of the Western Rift. The geological structure of rocks and fractures are shown in
Fig. B.4. The main structure indicates the North - South and East - West directions.

(2) Fracture lineament by aerial photo inter'pretatiml '

The results of the acrial photo interpretation for the downstream area of the Mgeta River basin
are shown in Fig. B.6. The area is located at the southern edge of the Uluguru Mountains.
Geologically, it is composed of ‘granulite of Precambrian, Carbonatite formed along the
fractures, sediment rocks of Karroo and Altuvial deposit developed along the rivers. The
fracture lincament in the area is assessed as follows:

1)  Major fractures can be clearly identified by the aerial photographs. They can be plotted

mainly in the NNE - SSW or E - W direction. These lineament of fractures are classified

~ as major faults in the existing geological maps. Especially, the fracture lineament running

along the boarder between mountains on the right bank and alluvial plain of the Mgeta
River are interpreted to be about 30 km long and 10 to 50 m in depth.

2)  Other fracture lineaments of 1 to 10 km long extend 'mainly in three directions of N - S,
NNW - SSE or ENE - WSW, and the fracture of rocks may be eveloped in the same
direction. The lineament running in ENE - WSW direction is formed by the major fracture
of E - W direction. The lineament of NNW SSE direction is developed in parallel with
the East African Rift System. -

4. Geologscal Assessment of Each Dam Site
4.1 General

The FAO's study (1961) identified 23 dam sites in the Ruvu River basin. The geological
condition of those dam sites are summarized in Table B.2 and Fig. B.7. The geological maps
in the Figure were made based on Geological Map of thie Coast and Dar Es Salaam Regions
Water Master Plan (1979) at a scale of 1:500,000, Geological Map (1980) at a scale of
1:250,000 of the Morogoro Domestic Water Supply Plan and other geological data and
information which became avaﬂable for the Study

In the Phase 1 Study, the dam sites 1n the Study Area were carefully examined on the following
geologu:al conditions:



a. Existence of active faults in the Study Area
b. Bearing capacity of dam foundation
¢. Permeability of dam foundation and reservoir area

(1) Active faults

According to the geological map, major active faults are running along the Mgeta River on the
southern edge of the Uluguru Mountains. These faults penetrate between Precambrian rocks
and Quaternary alluvial deposits. They are clea:ly interpreted as a lineament by the acrial
photographs. Along with these faults, branch faults run and they form the fracture zone, as
shown in Fig. B.6. It deems that five dam sites; namely Mgeta(No.1), M/LB/R1(No.4),
Mngam(No 5), Bwakira(No. 6) and Dutuml(No 7), are located along or near the faults Wthh
seem to be active ones.

(2) 'Bezo‘ing capacity of dam foundation

Bearing capacity of alluvial claycy foundation is usually small. Of the 23 dam sites, it appears
that four dam sites, name}y RB/R2 (No.18), Band (No.20),Mbwawa (No 22) and Chombe
(No.23), are covered by the comparatively thick alluvial layer.

(3) Permeabxllty of dam foundation and reservoir

Limestone and calcareous rocks of Jurassic, marl or hmestone of Cretaceous of the Study Area,
- have a high possibility to contain some druse which would cause a high permeability. Of the
23 dam sites, four (4) dam sites, namely Kidunda (No. 9), Mkulazi (No.10), LB/R1 (No.12)
and Mbiki (No.13), deem to be located on the calcareous foundation judging from the
geological maps. -

4.2 Mgeta Dam Sife

Because of the high water table in the Mgeta R1ver the proposed dam site was not acces51ble in
the Phase 1 Field Work, but the Geologist could reconsider the dam site in the Phase 2 Work
under the favorable weather condition. The river bed width at the proposed Mgeta dam site is
about 700 m, from which both abutments rise at about 30 degrees with horizontal line.
Especially, the steep mountain slope on the left abutment continues up to high elevation, while
in the right abutment the moderate topography is seen.

At both abutments, the thickness of surface soil layers scems to be thin judging from the
exposed weathered rocks. As a result of the site reconnaissance, it deems that the base rock of
the Mgeta dam site is composed of carbonate and conglomerate.

The outcrops of carbonate have been found on the nght bank s1de _]USI downstream of thc dam
site, and they seem to be very hard. Although the outcrop of the conglomearate could not be
identified during the site reconnaissance, it deems that it distributes in and around the dam site
since there exist a lot of debris thereof at foot of the steep slopes. - These debris consist of
gneiss of 2 to 10 cm in diameter, sandstone and limestone. The portion of limestone is porous,



but it is vely:hard. The river bed is covered by alluvial deposit of fine sand, containing gravel
of 10 to 40 cm in diameter. The alluvial deposit seems to have a thickness of 5 to 15 m.

It was confirmed through the site reconnaissance that two lanes of cliffs run linearly in the
downstream reach of the Mgeta River. These lineaments are summarized as follows:

No. of Location : distance from Direction of Heightof  Direction of

Lineament *_the Mgeta dam site (m).. —__lineament: cliff (m) slope of cliff
I about X)) m downstigam N50°E about5m Southeast
2 about 1,100 m downstream NE2°E 2t05m South

Judging from the vegetation as well as situation of erosion at these cliffs, it deems that they are
not created in the recent age. These cliffs coincide with those identified on the aero-
photogrphies in the Phase 1 Field Work and they seem not extend to the Mgeta dam site. There
is a possibility that these are active fault, taking into account that they are formed in the alluvial
deposits. However, further geologic investigation is required to clarify the non-existence of the
active fault at the Mgeta dam site.

4.3 Ngerengere ‘Dam Site

The dam site is located on the Jurassic coarse grain sandstone and siltstone alternation, Siltstonc
or sandstone. They are solid and very hard in the fresh rock. The strata undulates inclining of
10 to 20 degrees. The strike of the foundation takes approximately north-west to south-cast
direction, and a depth of the wcathercd zone is estimated to range from 5 to.10 m. The
weathered rocks are formed by the massive rocks with a diameter of 1to 3 m. At the dam site,
a careful investigation and study needs to be made on the depth of weathered rocks and
permeability of sandstone in the next study.

4.4 K:dunda Dam Site

The proposed dam site was not accessible during the Phase 1 Field Work because of the
flooding in the Ruvu River, but the site reconnaissance was done in the Phase 2 Field Work as
well as the case in the aforesaid Mgeta dam site. According to the existing study reports and
mfonnatlon the dam site is located on the J urass1c limestone, calcareous sand stone, coarse (o
medium gramed sand stone. and sandy siltstone. Following the study by FAO (1960) and
French Techmcal Mission (1962), the detailed’ mvestlganon and study was carried out on the
Kidunda dam sites. The results are summarized in a report titled "Selection of the Kidunda Dam
Site" (1964). They studied four alternative dam sites, 1) lower downstream'site 2) upper
downstream site, 3) intermediate site and 4) upstream site as shown in Figs. B.8 and B.9, and
performed the geologlcal mvestlgatxons including core drilling. They are summarized as '
follows;

_(1) Lower downstream site

The alternative site is located in the dcpresswn where the Ruvu River flows down between
Kidunda and Mwanga hills downstream of the confluence of the Mkulazi and Ruvu Rivers.
" The width of the bottom is about 380 m, and covered by the sandstone series at the bottom and

B-7



mainly sandstone in the both bank abutments, the llmestone appeajs at the southern end of 11ght
bank abutment.

Three boreholes on the right bank and two ones on the left bank along the dam axis and one
borehole at the downstream site on the right bank were drilled in the previous study. Based on
the previous geological investigation, the dam site was assessed as follows:

- The wide open configuration of the site and substantial alluvium and weathered
sandstone bed is suitable only for construction of earth or rock fill type dam.

- ‘The weathered sandstone and sandy to clayey sand alluvium shows the permeability of
104 cm/sec and 103 em/sec, respectively. Therefore deeper trenching or curtain
grouting up-to base rock is required to reduce the leakage in the foundation.

- Geographically, the alternative'dam site has the largest catchment arca among the
alternative ones, including the Muklazi river basin.

For the lower downstream site, the site reconnaissance was performed by the Geologist of the
Study Team along the dam axis from the river bed to an abutment of the left bank side. In
addition to the above, the geological condition of the lower downstream site was assessed
based on the site reconnaissance as follows: ' ‘

The geology of the lower downstream site is composed mainly of the Jurassic limestone,
sandstone, conglomerate and sandy limestone, which are covered by the alluvial clayey layer.
It appears that the geology of the river bed differs from that of the abutment, that is, the river
bed consists mainly of coarse sandy layer while the abutment of the hard limestone spreading
over the so-called Kidunda hill. The strike and dip at the river bed show NE to N60°E, 15°SE,
respectively. While, those at the left abutment are N40°W and 21°NE, respectively.

The foundation rocks which distribute at the river bed are assessed as follows:

i ndston - S : _

It contains quartz, feldspar and calcite, interbedded by limestone and conglomaerate layers.
It seems that its fresh rock being sufficiently massive and hard has a compressive strength
of 100 to 200 kg/cm?2. On the other hand, it is partially eroded along a strike of the rock layer
and there seems to be a tendency that it is cracked along the layer.

ii) Conglomalite

The base rock thereof is of coarse sandstone: containing round gravels sparsely Wthh are
composed of meta-sedlmentary rocks such as crystalline limestone and quartzite. It is
estimated that the matrix composed of coarse grain sand, quartz and feldspar has a
compressive strength of 50 kg/cm2. As far as the outcrops show, a thickness of the layer
would be about 1.5 m.



iii) Limestone
It is ineterbedded between the sandy layers with a thickness of 0.5 to 1.5 m. The weathered

rocks which outcrop at the site are porous, having caves therein. There is a possibility that
these caves develop up to the deep portion. These outcrops seem to have a compressive
strength of 20 to 50 kg/cm? and to form the permeability zone after construction of the dam.

- However, it seems that the fresh rocks are as very hard as 500 to 1,000 kg/cm2 in the
compressive strength, -

According to the existing geologic map (DHV 1980), there is a fault between the sandy
limestone zohe at the lower downstream site and the sandy layer at the upstream intermediate
site. However, the fault was not confirmed in the previous geological investigation.

(2) Upper downstream site

The alternative dam axis is located j just upstream of the confluence with the Muklam River, and
the left bank hills of the Ruvu cross the stream, extending over the Mwanga hill on the right
bank. The outcrops at the site consist of the same sandstone as the bottom rock series at the
lower downstream site. The Ruvu dug itself a deep bed into the sandstone base rock, and the
bottom is filled up with alluvium. No tectonic features such as faults or dipping banks which
form outcrops were observed except banks in the Mkulazi River basin which might be a sign of
slight dipping towards northeast.. :

Ihreé additional bore holes were drilled on the lefi bank in éddition to the previous twenty bore
holes and a dozen wells in 1954. Based on these investigation results, the report assessed the
site as follows:

- As same as the lower downstream site, the construction of concrete dam is unfavorable
from the geological conditions of the site.

- The pernicability of alluvium consisting of clay to sand shows the sufficient
imperviousnes_s in the foundation, but the sand is very fine, unconsolidated and
saturated, Hence, there is possibility of occurrence of piping.

- The permeability of weathered sandstone shows high permeability up to the bottom,
which requires deep excavation to avoid the leakage of foundation on the right bank
abutment, but other slightly weathered section of the sandstone shows the sufficient
imperviousness.

(3) Intermediate site

The site .recdnnalés'ance has been perfdfrncd along the dam axis on the left bank side. The
geology of the dam site is composed mainly of sandstone and mudstone of the Karroo system,
The sandstone distributes over the nght bank, while the mudstone on the left bank

At the intermediate site, outcrops of the rocks are identified at river bed and mountain ridge on
the left bank side of which the former forms a cliff with a height of 5 to 10 m. The sand stone



at the river bed consists of rock masses of 0.5 to 3 m in dl