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ANNEX-B

GEOLOGY AND GEOTECHNICAL ENGINEERING

I. INTRODUCTION

This Annex deals the geology of project area and engineering geology of the project
facility for the Project for Lower Moshi lntegrated Agriculture and Rural Development Project.

Chapter 2 presents the general geotogy and regional geology of the project arca.

Chapter 3 shows the scope of investigations and summary of investigation resulis
which have been carried out during Phase-1 and 1i periods in Tanzania.

Chapter 4 presents the engincering geology and assessment for the major project
facilitics which have been designed for the project works on the feasibility study level.

Chapter 5 and 6 indicate the test results and enginecring assessment for the aggregales
and embankment materials for the application to the design of project works.



2. GENERAIL GEOLOGY
2.1 GENERAL GEOCLOGY OF PROJECT AREA
2.1.1 Topography

The Study area is extended along the south foot of Mt. Kilimanjaro, and its topography
conditions are characterized as follows:

- High land arca :  planned headworks site, and about 50 % of planned
diversion channel route from headworks site

- Altuvial low land arca @ remaining 50 % of planncd diversion channel route after
passing high land arca, Existing Lower Moshi Arca,
ixtension Arca and Expanded Area

(n High Land Arca

The planned headworks site is located at the Kikuletwa river flowing in a vast plain
ranging from EL.700 m to FL.850 m in clevation, at the south-southwest of M.
Kilimanjaro(EL.5,895 m). The planned diversion channel route runs in the high land area
covering a comparatively flat surface with the elevation of EL.780 m to EL.800 .

(2) Alluvial Low Land Area

The topography conditions of the alluvial low land arca are generally composed of
gently sloping land with an average gradient of 0.5 %. The highest elevation is about EL.760
m at the northwest of the Study Area and the towest is about EL.700 m at the southeast.

2.1.2 Regional Geology
The Study Area can be broadly divided geologically into the following arcas:

- Volcanic Rock Area  :  planned headworks site, and about 50 % of proposed
diversion channel route from headworks site

- Alluvial plain area :about 50 % of planned diversion channel route after high
land area, Existing Lower Moshi Area, Extension
Area and Expanded Area

(1) Volcanic rock arca

Volcanic products of M. Kilimanjaro are spread widely over the voleanic rock area.
Gneissic rocks of the Usangran System of the Pre-Cambrian Age are distributed widely over
the gneissic rock area. The geological conditions in the volcanic rock area, where the geology
investigation work was performed for the proposed Headworks sites area described as
follows:

Radiomelric dating of volcanic rocks in Kenya has yielded a value of 13 to 15 x 10°
years BP, so that Mt. Kilimanjaro’s volcanic activity is thought to have started between the
Miocene and Pliocene eras. It is thought that the frequency of activity gradually decreased
feom the Pleistocene to Holocence cras. In present time, voleanic activity is limited to locatized
eruption.

Past volcanic activity can be divided into three(3) stages, which were respectively
involved in forming Kilimanjaro’s threc main peaks, known as Shira, Mawenzi, and Kibo.
Shira, composed predominantly of lava with pyroclastic rocks, is considered the result of the
first of these stages. Mawenzi developed at next stage, with volcanic products, chicfly basallic
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Java accompanicd by tuff breccia and agglomerate, flowing mainly down Kilimanjaro’s
southern and eastern faces. Kibo is the formation of most recent activity, during which
volcanic products were released mainly on the northern and southern sides. The lava of Kibo
is divided into the following 10 groups:

- lnner Crater Group

- Caldera Rim Group

- Small Rhomb Porphyry Group

- Lent Group

- Rhomb Porphyry Group

- Upper Rectangle Porphyry Group
- Upper Trachyandesite Group

- Lower Rectangle Porphyry Group
- Lava Tower Trachyte Group

- Lower Trachyandesite Group

These lava mainly consist of volcanic rocks or porphyry such as trachyandesite,
trachyte, phonolite, and thomb porphyry. ln addition, a volcanic deposit known as “Lahar” is
also present where the Kibo volcanic products are disteibuted. The proposed Kikuletwa
headworks is located in the area of the Kibo volcanic product distribution and the volcanic
products are of the Rhomb Porphyry Group partially overlaid with Lahar.

(2) Alluvium plain arca

The alluvium plain is extended over the Lower Moshi to Arusha Chini has about 25 km
length at east-west end and about 30 km at south-north end. Plain is enclosed by Kibo
volcanic hill at west end, Mawenzi volcanic hill at north-east end and Usagaran system of
Mozambiquim organic belt zone at southeast and east-west end, and opens only at the
southern cnd. The plain consists of thick alluvial deposits and pyroclasic flows overlaying
Pre-Cambrian cryatalling metamorphice rocks. Faulling and volcanism continued from place
to place throughout the Miocene and Plioone times, and terminated in recent times. Faull-
trough associated with lift movement is most important structural feature. The Pre-Cambrian
rocks are the basement rocks, which lie at a depth of more than 200 m.

The regional geology map is provided in Figure B.2.1. (Source: “Geotogical Map of
Kilimanjaro” by Ministry of Industries, Mincral Resources and Power, 1965)



3. FIELD INVESTIGATION
3.1 General

In order to collect the basic geology data required for the feasibility study of the project
concerncd, the following investigation were carried out during the study period.

- Corc drilling investigations

- Concrele aggregale investigalions

- Surface geology investigations for diversion channel
- Soil mechanical test for embankment material

3.2  Core Drilling Investigation

Core drilling investigation and permeability test utilizing drilling holes were carried out
during Phasc-1 study in Tanzania. The extent and locations of investigation are as shown in
Table B.3.1 and Figure B.3.1. Boring logs of 18 bore holes are presented in Attachment of
this Annex.

3.3 Concrete Aggregate Investigation

Investigation was made at the proposed quasty site to serve as source {or concrele
aggregates during Phase-1l study in Tanzania. The proposed quarry site was sclected at the
downstream part of Longot river. The cxtent and locations of quarry site are as shown in
Table B.3.2 and in Figure B.3.1.

3.4 Surface Geology Investigations for Diversion Channel

Surface geology investigation was carried out on the route of high land area of the
diversion channel to grasp the depth of overlaid deposits. The investigation was done during
Phase-II study in Tanzania. Investigation was carried out every 100 m pitch by excavating of
pits and result are sununarized in Table B.3.3.

3.5 Soil Mechanical Test for Embankment Material
Soil mechanical test for the embankment material of the diversion channel and floed

dike of the Expanded area was carried out during Phase-1f study. The extent and locations of
samplings are as shown in Table B.3.4 and in Figure B.3.1.



- ENGINEERING GEOLOGY
4.1 Headwerks

4.1.F Selection of Site

In accordance with the study of water source development plan, the location of
headworks site would be selected at the downstream portion of existing TANESCO power
station. The first screening of selection of site was made within the range of 12 km from the
existing power station. After cxamination of sites taking into account of the topography and
geology views, the sites were further concentrated at the range of 3.3 km from the existing

power station mainly from the view points of topography conditions and 2 alternative
sites(Site-B and Site-C) were proposed.

The plan of Kikuletwa river indicated the alteranative sites and location of boring site is
shown in Figure B.4.1 and the geology profile of Kikuletwa river is shown in Figure B.4.2.

(1)  Geology Site-B(Upstream plan)

This site is located approximately 2 ki downstream of the existing power station. At
this site, 2 core drilling(BH-17 & BH-18) were done. From the topography view points, both
left and right sides of abutment are forming gentle slope with k: Sto 1: 8, of elevation from
800 m 10 840 m and average river bed gradicnt is 1/300. The headworks site is composed of
Tuff Breecia and it was found the limestone layer about 20 m depth below ground level. The
limestone fens is limited to the vicinity of the headworks site. All of the bedroks are found
generally hard, and except at the surface Iaycr of right bank of the headworks site, the
permeability coefficients indicated 10 * to 10™* cnvsec. Unconsolidated deposits, consisting
of talus deposits and alluvium over hie the basement rocks. These deposits, however, are
extremely thin. An existing of limestone will be considered the foundation treatment both
improvement of permeability and strength of bedrocks. The geology section of Site-B is
presented in Figure B.4.3.

(2)  Geology Site-C(Downstream plan)

This site is located approximately 3 km downstream of the existing power station. At
this site, 4 core drilling(BH-12, 13, 14 & BH-15) were carried out. Abutment of site forms
steep "V’ shaped valley with 20 to 30 m width and 30 m height, of elevation with 790 m and
averaged river bed gradient is 1/30. The site is composed of Tuff breccia and bedrocks are
hard, and no 'ﬂluvmm deposit is existed. The permeability coefficients are found at the range
of 10 to 10 ® cm/sec. The geology section of Site-C is presented in Figure B.4.4.

®)] Selection of site

The comparison study was made to determined the proposed location of headworks site
and “Site -C” was selected mainly from the view point of construction costs.(Details are
presented in ANNEX-J: Water Source Development)

4.1.2 Engineering Geology

(n Excavation line of foundation rock

Abutment of selected site forms a “V” shaped valley with 20 m to 25 m river width at
river bed level and approximately 50 m width at crest level of headworks, descending with
meandering slightly. An elevation of riverbed is EL.790 my and gradient of river bed is 1/30.
both side of abutment, there are found overhung rocks with unstable conditions. The type of
headworks is determined as “concrete gravity type” with approximately height of 30 m.

The excavation line of foundation rock is determined based on the i) bearing capacity of
rock and i) groutability. The foundation rock is classified into A, B, C, Dclasses depending
upon numbcr of seam, crack, and permeability, etc. From the view point of scale of structure
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and cstimated load acting on the foundation(approximately 50 tf/m? ), excavalion line is
determined on C,, class at the riverbed portion and C, class al other portion. This criteria was
also applicd for the weir body and spillway portions. In addition to the above basic
consideration, excavation linc of the abutment portion is determined at i)workability during
construction and ii) stability of contact condition between concrete and foundation rock.

The excavation linc on the axis of headworks is presented in Figure B.4.5.

(2) Foundation grout
After foundation rock excavation, consolidation and curtain grout by cement milk will
be exccuted for the following purpose:
(2) To secure contact between concrete and foundation rock
(b To fill crack and seam in bedrock which are created by blasting
() To improve permeability up to 10 cavsee order(less than 5 lugeon)

Arrangement of holes and rows are determined as below based on the gcology
condition and scale of structure.

Consolidation grout  Depth :Sm
Pitch :Smogrid
Hole size : nol less than 46 mm
Max. pressure 3 kgffem?
Cuitain grout Depth : 10 m by stage method
Row and distance : 2 rows, 5 m pitch, altemative
Hele size : not less than 46 mm

Max. pressure @ 7.5 kgifem?

3) [stimate of shearing strength

Based on the similar rock(Tufl Breccia) and rock classifications(Cy, - C)), shearing
strength of foundation rock is estimated as follows:

T= T _4+0tang

where,

T : shearing strength (kgt/em?)

T, :initial shearing strength (kgffcm?)
o : vertical load (kgffem’)

o) - internal friction angle (° )

From the figure indicated in right side,
7 and ¢ are estimated based on the rock

«Q
classification. (Bstimate is applied for an
average of upper limits of C,; and C; class) As

a resul, design values arc determined as

follows:
T, =120124+10)
=17 kglfenw’
o} =1/2(45° + 38" )
=41.5°

For the safety side, vertical load o
=0(kgl/cn’) is adopted and applicd shearing
strength of foundation rock for design is
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determined 7 =17 {(kgffem?).
4.2 Diversion Channel
4.2.1 Topography and Geology

The topography and geology conditions on the diversion channel route are charactically
classified into two categorics; high tangd arca and low land arca; and a bordertine is found at
F1 fault which runs the cast end of tableland toward north to south.

(a) Righ land area

High land area is classified to the igneous rock zone and composed of Tulf Breccia.
Surface of Tulf Breceia is slightly weathered and covered by alluvium deposits having
0.30 m to 0.50 m depth. Length of the channel passing to this arca is cstimated at
approximately 12 km from headworks site up to borderline of F1 fault. Elevations on
the route are ranging EL.840 m to EL.760 m, and small hill with elevation of EL.840
to EL.830 m lays at initial 1 km portion.

(b} Low fand area

Length of diversion channel in this zrea is about 9 km up to the bilurcation structure of
the Existing Lower Moshi Area and the Extension Area and further 3 kmup to the Rau
river. Elevations on the route are ranging EL.755 m to EL.740 m. The roule is fully
covered with hard alluvium deposits about 5 mto 8 mthick in top layer and followed
by gravel and sand layer.

4.2.2 Engineering Geology
) Geology profile

To grasp the geology conditions on the route, i)core boring and ii)surface geology
investigations were executed. Total 10 numbers of core boring were carried out; 4 numbers at
high land area, and 6 numbers at low land area. Surface geology investigation was carricd out
to confirm the covering depth of alluvium deposit on the rock at high land area to apply for the
design of channel section and cost estimate. Investigation at the low land area was carried out
to check the bearing capacity of soit foundation by standard penetration test{SPT).

) Excavation and equipment

(a) Highland arca

Atinitial 1 km portion, deep excavation with {0 m to 15 m deep would be required.
After decp excavation portion, averaged excavation depth of the high land portion is
expected within 4 m. Rock, mainly Tuff Breccia, is composed of Rhomb porphyry
and well consolidated. Excavation would be casried out by blasting method and for the
slope shaping, giant breaker will be used.

(b) Low land arca

Geology of low land area are indicated with following condition based on the results
of core boring:

1) F1 fault to Kikafu river 1 laterite layer(N>50)
2) Kikafu river to Weruwern river @ -2m  river deposit(N<$)

2-5m  gravel and sand(5<N<25)
more than 5 m gravel and sand(N>50)



3) Werweru to bifurcation 0-3m  sand, silt, clay(N=5 to 30)
more than 3 m sand and gravel(N>30-
50)

As seen above, soils of route are composed of laterite and sand/gravel. Ground water
levels are found at within 3 m at the right bank side of Weruweru river and S m to 7 mat the
left bank side of Weruweru river. Judging from the above conditions, excavation of low land
arca will be carried out by backhoc shovel and assisted by bulldozer.

(3 Channel section
(a) Highland area

Tuff Breceia is formed massive consolidated rock and stable against weathering. Side
stope of channel is determined 1: 0.30 taking into constderation of i)reduction of rock
excavation and i) stability of slope aflter construction. Excavated slope above channel
is determined 1:0.50 as same consideration of channel section. To protect falt down of
surface rock and to minimize scepage toss from excavated scction, lining to the
channel section is to be considered. Selection of lining materials is to be considered
from the view points of ij)cconomical view, ii) design view of hydraulic requirement,
iipworkability, iv)stability, etc., and as a result, a shotcrete lining method is selected
mainly workability and ii) economical view points. Voids and caves would be
existed on the surface of excavated slope after excavation, and these would be filled
by concrele.

(b) Low land area

Channel section of low land arca is determined based on the soil property of excavated
ground  and feature of embankment material. After examination of soil property and
topography conditions, side slope of channel is determined 1:1.25 with lining.
Selection of lining materials was made and precasted concrete lining was selected
mainly cconomical view point and workability during construction.

G Foundation of major struclure site

On the route of diversion channel, channel ¢rosses the Longoi, Kikafu and Weruweru
rivers. Structures of river crossing at respective rivers are planned as follows:

- Longoi : Inverted type steel pipe and concrete combined type siphon
- Kikalu :  Concrete box culvert type siphon and concrete bridge
- Wernuweru :  Concrete aqueduct and concrete dridge

Preliminary estimate of loads acting on the foundation level are 50 tffim’ at Longoi
siphon, and 20 if/n’ at both Kikafu and Weruweru sites. Estimates of bearing capacity were
made at respeclive sites and following allowable bearing capacity are calculated:

- Longoi sile : 100 tffm(rock foundation)
- Kikafu & Weruweru 30 tffm’(gravel and sand foundation, by Terzaghi
formula)

From above estimate, no foundation piles are constdered for the respective structures.

The geology profile of diversion channel is shown in FigureB.4.6 and the geology
section of the respeclive sites are shown in Figure B.4.7, respectively.



4.3 Hydropower Station
4.3.1 No.l Power Station
(1) Topography and geology

No. | power station is located al 5.3 km point from the headworks site. Elevations are
EL..810m at headtank and EL.798 m at tailrace portion. Slope of ground surface between
headtank and tailrace is about 1 to 20. Ground surface of site is covered by alluvinm deposils

with . 3m depth and following to Tulf Breecia as bedrock which is found very hard and less
cracks and seams.

(2) Engincering geology

Structures of power station are composed of i}headtank, ii)penstock and iii)powerhouse.
Excavation depth for structure is expected about 10 m at deepest portion, and estinated
bearing capacity of excavated portion is more than 100 ti/m’ from and this value shows stable
conditions for foundation of structures. Excavation of rock would be carried out by blasting,

therefore, attention shall be paid to protect the creation of cracks which would be caused by
blasting.

4.3.2 No.2 Power Station
H Topography and geology

No.2 power station is located at 11.65 kmto 11.8 km points from the headworks site.
Elevations are EL.790 m at headtank porttion and EL.755 m at taifrace portion. Slope of
ground surface between headtank and tailrace is about 1 to 5. As mentioned in the previous
section, F1 fault runs at the end of tableland from north to south and make a clear boundary
between high fand arca and low land arca and shows typical fault topography. Ground surface
of high land area site is covered by extremely thin alluvium deposits and following to Tuffl
Breccia as bedrock which are found very hard and less cracks and seams. After Fi {aull, low
land area is extended to downstream site composing of very hard laterite so1l.

(2) Engineering geology

Due to exist of fauit, a special attention should be paid for the determination of
alignment of structures. To avoid the fault and to use the topography head, a penstock and
powerhouse structures should be located before fault line. An estimated bearing capacity of
Tuff Breccia is more than 100 tf/m’, and laterite is 50 (f/m® and these value shows the stable
foundation condilions for power hose and foundation of tailrace. Excavation of rock would be
carried out by blasting, thecefore, attention shall be paid to protect the creation of cracks
which would be caused by blasting.

The geology profile of No.2 power station is shown in Figure B.4.8.
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5, CONCRETE AGGREGATE
§.1  Quarry Site

The quarry site was selected at the downstream part of Longoi river as shown in Figure
B.2.1 alter examination of several proposed sites. Extent of site is approximately 30 m x 500
m X 6 m depth and aggregates on the river bed is exposcd and would be collected dircctly.
Sarrounding this proposed site, same quaniity of quaury site is further available, however,
covered by silt and clay with 0.5 m depth.
£.2 Sampling and Laboratory Tests
(n Test item

Sampling of aggregate was canicd out and {ollowing laboratory tests were executed.

- Physical test  : - Moisture content, - Specific gravily, - Grain size analysis

- Stability test @ - Alkali reactivity test, - Abrasion test, - Soundncess test,

- Water absorption test

(2) Test result

The test results are shown in Table B.3.2 and B.5.1 and summarized as below:

Test Results

e Testhems . TestResults
(a) Classilication of aggregates D1y Andesiten b3 %
2) Qlivine basali:16%
3 Agglomerate:21%
4) Tracyte: 16%
53 Vescicular basalt: 17%
6) Andesite basalt: 1 %
7) Ponolite: 1%
8} Pumice:0.35%
93 Basal: 1 5%
{b) Grain stze vnder natural condition 1) Over 37.5 mm: 23,4 %
2) Coarse aggregated37.5 mm - 3 mm): 34.5 %
3) Fine aggregate(5 mm -0.15 mm): 32.2 %
HDust: 5.2%

(c) Absorption 1 0.4 %at minimum, 4.8 <% al maximum and average 2.5 %
{excluding pumice)

(d) Specitic gravity 12,33 at minimum, 2.73 at maximum and average 2,50

(e} Abrasion 1 26 % at minimum, 31 9% at maximum and average 28 %

() Alkali-Aggregate reactivity L 0.14 “eat minimum, 0.20% at maximum and average 0.16 %

(Test result of Alkali reaelivity is shown in Figure B.S. 1)

5.3 KEngineering Assessment
(1) Suitability for aggregates

Results of aggrepgate tests showed that the absorption, specific gravity, alkali reactivity
are in the range usable as aggregates. However, it is recommended that the materials contain
quantity of fines of under 0.15 mm, therefore, removal of washing be necessary before
material used. (Suitability was checked by JIS A 5005)



{2)  Available quantity at quarry site

Based on the field investigations and laboratory tests of materials, the availability
quantity of aggregates are estimated as follows.

- Coarse aggregale : 63,000 m'
- Fine aggregate : 70,000 m’

(3  Crushing plant

To reduce the loss and use the materials as much as possible, crushing plant with

screening and washing facility would be cquipped. Water source for washing is o be
supplied by {.ongoi river.
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6. EMBANKMENT MATERIAL
6.1 Embankment Material for Diversion Channel
6.1.1 Sampling and Test Item

Number of sampling is § places(TP-1 to TP-5) along the diversion channel and these
locations are as shown in Figure B.2.1. Test items carvied out at the laboratory are as fellows:
- Physical test: Moisture content, Grain size analysis, Consistency test
- Soil mechanical test: - Compaction test, C.B.R test, Triaxial compression (est,
Permeability test

6.1.2 'Fest Result

‘The test resulis are as shown in Table B.3.4 and Figure B.6.1 and summarized as
follows:

Test Resulis

Test ltems Results

:17.8 % at minimum and 25 % at maximum

(a) Moisture Content

tb) Grain size analysis : See Figure B.o.1

{c) Consistency : Plastic index PI=11 at minimum and 28 at maximum

{d) Soil classification :CH, ML, 8C

(¢) Max. dry density under compaction test 150 glcm® at minimem and 1.90 gfemtat maxiimum

(H Gptimum moisture conteal 2 13.7 Y% at minimom and 27.1 9% at maximum

(2) Penmcability ck=2 1 10 cnvsec at minimom and | x 107 covsee &t maximum under
wet side of 95 % density

{h) Interna) friction angle :12° at minimum and 26° al maximum

(i} Cchesion - 4.6 (ffm® at minimun and 10.2 (/m at maximum

6.1.3 Engineering Assessment

(1) Suitability for embankment material

Test results arc evaluated in line wih the soil classification (CH, ML,SC), permeability, sheat
strength, compressibility and workability mentioned in the * Engincering Use Chart of Earth
Manual (USBR)” which is given in Table B.6.1.  Asaresull, the materials tested were
judged to be used as embankment materials although careful control such as soil moisture
conlent is necessary for the matenals classified as CH.

(2) Degree of compaction for quality control

Standard compaction degree for the quality contro} of embankment shall be D=95 % at
wet side

3) Criteria for structure design

Design value for the design of structure shall be as follows:

- Unit weight of soil : Dry 7,= 1.60im'
Wet ¥, =1t.80/m

- Internal friction angle : H=20°

- Cohesion : C=4 tf/m’
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6.2 Embankment Material for Flood Dike

6.2.1 Sampling and Test Item

Number of sampling is 3 places{TP-6 to TP-8) on the left side of Rau river and these
locations are shown in Figure B.2.1. Test items carried out at the laboratory are as follows as
well as the diversion channel:

- Phwysical test : Moisture content, - Girain size analysis, Consistency
test
- Soil mechanical test Compaction test, - C.B.R test, Triaxial compression

test, Permeability test
6.2.2 Test Result

The test results are shown in Table B.3.4 and Figure B.6.1 and summarizcd as
follows:

Test Resulis

e Testltems . TestResutls ;
(a) Moisture contents 1219 % at minimum and 33.2 9% at maximum

(b) Grain size analysis : See Figure B.6.)

{c} Consistency : Plastic index PE=15 at minimum and 21 at maximum
{d) Soil classification :CH, ML

() Max. dry density under compaction test: : .48 gfem’ at minimum and 1.54 g/cm’ at maximum
() Optimum mwoisture content 1 25.6 % ot minimum and 28.5 % at maximum

{g) Permeability 1 k=7 x 10°* cofsec under wet side of 95 % density
(h) Internal friction angle ;127 at minimum and 15" &t maximum

(i) Cohesion 7.1 /e at minimum and 13.8 t#/m’ at maximum

6.2.3 Engineering Assessment
(n Suitability for embankment material

As mentioned in Sub-section 6.1.3, moisture content for the soil categorised as CH
shall be carefully controlled when compaction work is carried out.

(2) Degrec of compaction for quality control

Standard compaction degeee for the quality control of embankment shall be D=95 % at
wel side.

3) Criteria for structure design

Design value for the design of structure shall be as follows:

- Unit weight of soil : Dry 7,= 160 um’
Wet 7, =1.80tt/md’

- Internal friction angle  :  @=20°

- Cohesion : C=5t/m’
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Fable B.3.1 Summary of Core Drilling Warks

BH.No EL{m)  Depthim) Soil S[‘T(lim“cfs) Water pressure Location
Classification Test{times)
{ 749.08 10 Soillgravel 9 - Low land
2 14993 10 Soilfgravel 9 - Low land
3 753.90 6 Sovilfgravel 5 L.ow tand
4 751.49 20 Soilfgravel 9 . Low land
5 754.58 0 Soil/gravel 12 - Low fand
6 754.17 15 1Laterite 6 - I.ow tand
7 756.03 10 Tulf - 2 High tand
8 752,60 15 Tuff - 3 Longoi river
9 T48.00 4] Gravel - - Longoi river
10 756.49 10 Tuff - l High land
Sub-t01al 122 60 6 ‘
11 795.60 10 Tuff 2 §ligh land
12 824.50 15 Tulf - 3 High land
13 317.30 35 Tuff - 7 Headworks-C
i4 82410 i0 Tuff - 3 fleadworks-C
15 814.10 a0 forphyry - 8 Headworks-C
16 81990 15 Tufl - 3 Headworks-C
17 821.00 20 Limestone - 4 Hcadworks-B
18 §23.50 22 Limestone - p Headworks-B3
Sub-total 168 32
Total - 290 60 38

Table B.3.2 Summafy of Aggregate Test

Specific Gravity

Name of Deposit Volume in % Absorplion(5)
1. Andesite }3.30 0.97 2444
2. Olivine hasalt 16.00 3.8 2.67
3. Vescicolar basalt 16.70 3.28 243
4. Agglomerate 21.30 4.88 2.13
3. Tracyte 16.10 385 2773
6. Andesitic balast £.30 0.4 2.50
7. Ponolite 0.60 0.43 2.3
8. Basall 14.40 1.82 243
9. Pumice 0.30 18.75 2.00
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Table B.3.3 Summary of Surface Geology of Diversion Channel

Station No.
(pitch 100m)

SL.No iRock Surface

{from GL{m)

Station No.
{(pitch 100m)

SL.No

Rock Surface;
from GL(m)

Station No.
{pilch 100m)

SL.NO

Rock Surface
from GL{m)

BPO+000 |

100
200
Roees
400
500
600
700
0

900 |

_l+()()()
100

200 |

300

B R O R N

0.00
0.00
0.00
0.00
0.00
0.00
000

0.57

44000
100
200
300
400
500
600
700
800
90
54000
o
" 300

0

0
_..%o

900

200 |

400§
500

64000 |

P

41
S
4}
| a4
45
46
! 47
48
i

52

54
55

51
58

I

0|
2.
B0

60

0.40
02
0.39
041
0.64
087
| 0.41
0.54
0.57
0.66

022
Lo

8+000
100

el
0

400
500

o dh0oo |

81
82

84
85
86
3
oy
S
o
91

mn
13

0.02
015
0.08

0.23
0.09
019
0.20
0.03

021
vee

- pdt

0.16
Tods
0.13

o

00
030

041

026

019
e

019

over 2m

over 2m

Ovcf 2m
| aver2m
over2m
over2m
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Table B.3.4 Summary of Scil Mechanical Test

LoWiversion Channet -} Kledd Dike
Desceiption Unit Te-1 TR2 TP} T4 Tes | P67 TP-8
b Moisture content % 239 253 19.8 1 7.8 332 219 29.9
2 Consislency '
Liquid imit{L.L) % 53 48 42 29 33 46 44 S0
Plastic YimiyPL) D 25 26 19 18 16 28 29 29
Plasity Index(Pl) Po 28 22 1 H 17 18 15 21
3 Spccific Gravily glcm’ 2.64 2.63 2.61 2.60 2.59 2.68 2.68 2.69
4 Grain sixe
Gravel % ] 1 20 44 3 0 1 Q
Sand % 8 i5 39 R[H 15 10 4 9
Fines % 9] B4 41 26 58 90 95 G|
5 Classification - CH ML SC sC ML ML ML CH
6 Standard Compaction Test
Max deasity glc:m3 1.525 1.500 1.735 1.895  1.795 | 1480 1.550 1.540
Wopt % 266 2711 i8.3 13.7 16.6 28.5 27.1 25.6
Permeability : D95 dry (10° cin/s) 2 17 h 128 9 35 32 28
: D100 opt (10%cifs) | 04 | | 58 9 5 7 q
: DYS wet (10°cess) | 06 15 2 67 10 7 8 7
1CBR % 10 7 13 il 5 7 6 6
8 Tri-axial test
Cohesion(UU) kg/cm? 102 05 046 092 071 | 127 138 071
Internal angle degrec 20 12 24 26 23 28 35 12
Table B.5.1 Summary of Test Result of Aggregate
Sampling No.
Description unit AGI AG2 AG) AG4 AGH AGO
1. Atkali reactivity % 0.15 .15 0.14 0.15 0.15 Q.16
2. Re value minol/l 25 25 24 25 24 25
3. S¢ value mmaol/l 5.08 5.4 4.068 501 492 5.21
4. Abrasion Yo 313 29 26.4 212 318 286
5. Soundness G 195 12.5 21.3 25.2 24.2 304
6. Absorplion % 0.85 0.4 $.82 043 1.78 3.23
Sampling No.
Description unpit AG? AGS AGY AGI0 AGIl1 AGL2
1. Alkali scactivity % 0.2 0.15 0.16 0.14 .15 0.15
2. Rc value mmol/l 24 24 25 24 25 25
3. Sc value mmolf] 4.99 4.89 5.24 4.66 5 5.01
4. Abrasion % 3.6 31 214 323 30.7 29.6
5. Soundness % 14.3 16 245 25.6 (4.3 16.2
6. Absorption % 0.97 i2 1.96 £.63 287 2.02

BT-3



TFable B.6.1 Engineering Properties of Kmbankment Material

IMPORTANT ENGINEERING PROPEIRTIES

ORGANIE SONLE.

SHEAR COMPRLSS-
TYPICAL NAMES GROUP PERMER- STRENGTH 1BILTY WORKABILITY
OF SOIL CROUPS SYMBOLS BILITY WHEN WHEN AS A
WHEN COMPACTED COMPACTED [CONSTRUCTION
COMPACTED AN AND MATERIAL
SATURATED SATURATED
WELL CAADED CARVILS, CRUVIL
SAND MIRTURES LITFLE OF (1.} PERYIOUS EECELLEKT NEGUIGIBLE EXCELLENT
WO FINES
FOORLY -GRADED CRAVELS,
GRAYEL-SAND MiXTURES, <P VERY PERWIOUS GO0 HEGLIGIBLE L0000
UITTLE 04 MO FINES
StLTe GRLYELS, POORLY-
GRADED GRAVEL: SAND- LI A vid 6300 HESLLGIBLE 660D
SILt MINTURES
CLAYLY CRAVELS, PODRLY -
GALOED GAAVEL-SAND- 114 INPERVIOUS L000 TOFLIR VERT LOW 000
CLAY KIBTURES,
WELL-GRADED SANDS,
CRAVELLY SANDS, L1TTLE s PERVIOUS LCELLENT NEGLIGIALE EXCELLENT
OR HOFINES
POORLY-GRADED SAMDS,
GRAVELLY SANDS LITTLE 5P PLRVIOUS ¢000 VERY LOW FAIR
CR %O FINES.
SILTE §AN0S, POORLY= PER
LRADED SAND-Sitl s | ey €000 Low FaiR
BITTURES.
CLAYEY SANGS, POORLY -
GRACED S&mD-CLAY 8 INPERYIOUS G000 1D FAIR LW SO0
WIRTURES,
INGAGANIC SILTS WD WERY T
FINE SANDS, MOLK FLOUR, ¥ SEMPERYIOUS
SILTS OR CLAYEY FE SAMDS L8 o IMPERYIOUS FAIR WEQIUN faIR
BITH SIGHT PLASTICATY.
IRGRGAMLC CLATS OF LOW 10
BEQIUM PLRSTICITY,
eraveoy eLurs sworcad O MPEAVIOUS Fan NEOIYM OGO TQ FAIR
SATY CLATS,LEAN CLYS.
ORGANIC BILIS NG QRGINIL
10T - CLETS OF LOW LI R A ttvad POOR NEQIUN i
PLASTICHIY.
INDRGANIC SITS MICACEOUS
OR GLATGUECEOUS FINE SEM:PLRVIOUS
SANDY OR SILTY SO0LS, bl IO VNPERVIOUS TAIR IO POCR Hitw POOR
ELASTC SILTS.
INCREANIL CLAYS OF ¥IGH
PLASTICH Y, FAT CLAYS (1.} INPERVIGUS POCR HIGH #OOR
CRGANIC [LIYS OF MEDIUM §
10 KIgH PLaSTs0sTY oot WPERVIONS POGR HIGH POOR
PEAT &N CTHCR HIGKLY el —_ ——e _

(Source: EARTH MANUAL; second edition)
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Location Map of Field Investigation
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Geology Profile of Kikuletwa River (2/3)
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Geology Profile of Kikuletwa River (3/3)
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GEOLOGIC tOG OF DRILL HOLE

PROJECT . LOWER MOSH] INT.AGR.AND RURAL DEVELOPMENT HOLE No. 7 o
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GEOLOGIC LOG OF DRILL HOLE BH-8

PROJECT : LOWER MOSH! INT. AGR.AND RUAAL DEYELOPMENT HOLE No. 8
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GEOLOGIC LOG OF DRILL HOLE

PROJECT: LOWER MOSH! INT. AGR.AND RURAL DEVELOPMENT HOLE No. 9
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BEARING OF ANGLE HOLE CORE RE COVERY 85%
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GECLOGIC LOG OF DRILL HOLE BH-10
PROJECT : LOWER MOSHIINT. AGR.AND RURAL DEVELOPMENT HOLE No. 10 )
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s— 1
6-3 6
83 s
a3 9
20 . 20

HYDRO WORKS
PO BOX 8871

TEL T FAX 25851
DAR ES SALAAM

-3121%%

TECHNIC COMPANY 1D,

~——— Fractured / Jointed




GEOLOGIC LOG OF ORILL HOLE BIl-11

PROJECT LOWER MOSH! INT.AGR.AND RURAL DEVELOPMENT HOLE No. #

LOCATON DEPIH OF HOLE 10 ELEVATION 795.60 m
; SE— 22 80
ANGLE FROM HORIZONTAL -90 LOGGED BY M0 LR.K
BEARING OF ANGLE HOLE CORE RECOVERY 20%,
w ol PO OBSERVATION OF CORE WATER T 5
S5 le 28 |zas s EE LR Al I3 -
woo = = S WATER PRESSURE TEST >
w |5 |9 |98 |z 9| Rz|S0EE DESCRIPTION ut
a S LU aTz 412 BElErbs LEAKAGE OF DRILLING | o w
gl R¥8 ZY|B EX|E*R3 WATER @
9 ik " 515 |5 ) Top Soil s
3 140 &ls|s -
3 =4 36 ‘ 3| Weathered tuff E_t__
q|A 5[5 |5 Breccia, fine medium =
,3_ (7=]9%%8 2|27]3 | qrain size toSm. =,
= .. 2 -
i 4 Coarse from S-8m C
- v A . = —
3 3 ' z and medium 2-10 m. Lu=2.84 g
HO N ES slsls "-:.—'—3
FulA © =3.52x10° em/s 3
= . K=3.52 -
FaolA @ 3
§ -3 =g ] 33474 Rhombo porphyry =5
= Y boutders observed £
64 | 15151 at 0.7-1m;1.61-20m, E-o
ER 313141 485 -5.0m, Lu=1.8 E
7-.—_: [V P ;T?
E = -6.7 =
= ;,:_) h o alals]s 6.37-6.77m and =
= 77 -9 m. E
8__% - < 8 K=2.32x10° cmvfs =8
g_i oy 95 ol3]3 ] &E"
E 0 s s |s 3
103 I — t—Ew{i—
13 =
2 5  ,
3 3
¢ 3 =
5 3 =X
6= =
? Ln__] :__'—_-1
= =
2 3 =
93 5—9
10 3 E 20

HYDRO WORKS TECHNIC COMPANY LTD.
P.0. 80X 8831 : : _
TEL # FAX 25551 121585 ——— Fractured I Jointed
DAR ES SALAAM




LOCATION

ANGLE FROM HORIZONYAL - 93
AEARING OF ANGLE HOLE

GEOLOGIC

LOG OF DRILL HOLE

PROJECT | LOWER MOSHIINT AGR ANDRURAL DEVELOPMENT

HOLE HNo. {;

DEPIR OF HOLE
LOGGED BY

CORE RECOVERY

MTO1 LR.K.

s

m ELEVATION 8245

BH-12

w > = z
¥ ~ OBSERVATION OF CORE WATER T F3
3 I O P §2§‘§m - = ATERTABLE -Ap — | o 5
Gl x|o]831928 2(3 [r2ld v]w= WATER PRESSURE TEST | & £
ol B~ [38]138°% 212 [EB = DESCRIPTION LEAKAGE OF DRILLING | & |
& Taelo x 93 I3¥EZIST WATER o
Y
N 50 Top gravelly soll
1 = 70 31313
I AW ' 1
x P ¥
|, Lu=13.6 2
3 ¥ 1
1 AW,
7 A Weathered }
Y :
= | X hutf with KeL.69x10™ cmds .
ENEY Patchies of
L
5] 5
I cobble / gravels E
3 %
s u é 6
\ Lu=6,2
Jea JK at S S-30m, E
4@ 0 51915
7 \ . 7
i1, 9.7 10-0m K=8x10°* cos
i |A
L y 12.0 929 m and &
E “
gJu. Fa at 148 145-0m 9
= 1/
E |
10 4w B4 -Ew
3 ",
3
1 -:1 o TR 1
1 | Lu=1.1
11+ A ?
i W K=1,42x10"% con/s
373 o 3
3 v
&": ) =~ 4
114
s —-{-— s
‘- ‘
7 ?
5 s
9 - 9
20 } Ez0

HYDRO WORKS TECHNIC COMPANY LTD.

PO BOX 8831
TEL! FAX 25551
CAR £5 SALAAM

112155

——  [ractured ! Joinled




GEOLOGIC LOG OF DRILL HOLE BH-13

PROJECT * LOWER MOSHYINT. AGR, ANDRURAL DEVELOMENT HOLE No. 13

LOCATION DEPTH OF HOLE _________ ELEVATION __ 8i7.3m
ANGLE FROM MORIZONTAL -90'  LOGGED 8y _MIOt LR.K.
BEARING OF ANGLE HOLE _ CORERECOVERY 30 '
o > | & OBSERVATION OF CORE : I
E X w g8 g TE ' : - WATER TASLE -, — é £
z G |ZCo E o ....\JE\A w=| - . WATER PRESSURE TEST >
8 |8 3 ‘:‘_g g-—g 2 g $E<$%E BESCRIPTION LEAKAGE GFDAILUNG | & W
T T o w V|G T Zluin WATER W
i N/ . Wealthered tulf - !
] f
1 Al @ig|s|s .
3 1G] =
1 E T X
q pIE 0 L1633 2
E [ Z =
4 oo SR ENE] Lu=11.6 X
_é yal 10< o 404 1301 Tuft Breccia in E:
33 70 m] 313 |3 .. 3
E 7 — allernating layers of £
4. 1A K=1,44x10"
P Bl A © 51515| weak and strong cmis .
Ead S &
q° rﬁ“j S0 tle | o] zones. Thetuff =
S-::' i Eﬁ
_i A i ¢hanges in E‘
3 |\ © : Lu=6.4 s
3 i compaosilion from E_
£ o s|s{si
?:E ‘ i sCory to porphyrntic. 8 E'l
EREYAN E K=8.26x10% enfs | 5
5 Ly z ; z-8
E z ! E
. i [
4 |8 100 & * =N
3 S Dtz . =
ed A Fractured /jointed E‘O
E W, T —j in places. %‘ !
1 I * Lu=4.0 E-1 |
= vs| 98 > XN Strong wealthenng E:-
b3 I A\ 4 - . . E—Z
f , ) i observed in different E
TR i 8
E 98 ! . K=5.16x10"° cnv/s £
y A2 15 313121 zones _ E, |
EL I . E
= L Feldspor, andesite gnd =
3 M £
E v/ glassy 5 E
<3 S5 < , = e
33 . " minerals i = s 1
6:% A g S5 |5 i present. Lu=14.6 L:*;-;s '
ERNY o | |
3 T « Do .. ::-1 .
7 o oy ; Weathering E’ ;
.:‘: — L
ER has affecled K=1.86x10" cmvs ]
8 160 x 2
—:3 7 " 231212 more in zone 3 !
-3 | 0 ols s |s with  scory and E'9 |
3 | « — i
20 3 2500 “13 13 {3 ]| qlassy minergls. R =20 |

HYDRO WORKS TECHNIC COMPANY LTD

P. O _BOX 88711 ,
TEX 7 FAX 25551 112155 Fractured / Joinled
DAR ES SALAAM



GEOLOGIC LOG OF DRILL HOLE BH-13

PROJECT : LOWER MOSHIINTAGR ANO RURAL DEVELOPMENT  WOLE No. 13
LOCATION -

DEPTH OF HOLE

ELE v?fnon___ﬁ}_rg

ANGLE FROM ' HORIZONTAL -90°  LOGGED BY _MTO1 L.R.K. o
BEARING OF ANGLEMOLE  CORE RECOVERY 80k
L]
R g ME g. § - L OBS?VATION OF CORE —|WATER TABLE —An — x é
K olE S |2zg 2| X (P b S ' .| « g
215 [2(88 529 218 [aEeu=1 DESCRIPTION AN R T A
] =W Z <15 Wata 2o 3 o -
& € |o x Y14 [xH2HGd WATER w
Fom L |
3 livjo 5|sis =
ERR Y =
13 ,j—-‘ i ;—'
QI 3
= | 100 I ?
) 3i3)2 Lu=3.2 E
s =
] z %3
_:j: —\ = E‘
LY o = 107 cim/s B
(ﬂ A et 4.13x =
3 ra =
3 @ 3
s iﬁ 100 £
7 A 2:2 () =
4 =
R ‘j( i ' =
6 ‘ = —
- 1R Lu=1.1 E 6
u i e
T30 gt pai E_,
> el
1AL Sis|ss ] =
el = ‘98 WL K=1.42x16"° cnss N
o -0 s|s}s E
9 100 22 {1 =
3 > =
1 % l- ¥ 3 ;,_:-'
W, o Lu=3.1 3
w O =
¢ 1< MERERE 2
= RW =
K=4x10" cmvs =3
13+ £ ) - ' o
L hld :i,
“3 7 : o ;—"
= A} [~
3 PaY E‘, =
5—% ) E s —
3 g
E 3 |
13 -3 :
33' =
873 E“s
= X
(4«0 3 = 20

HYDRO WORKS TECHNIC COMPANY LTD
f.O BOX 8811

TEL/FAX 35551 1121858

— Fractured / Joinled
DAR ES SALAAM S



GEOLOG!IC LOG OF DRILL HOLE

BH-14
PROJECT  LOWER MOSHI INT.AGR. AND RURAL DEVELOPMENY HOLE No. 14
LOCATION OEPTH OF HOLE 1 ELevamion 8241 m
ANGLE FROM HORIZONTAL -390 LOGGEG 8y MTO! 1.R.K
BEARING OF ANGLE HOLE ~ CORE RECOVERY 99
w v -
2 = Lol ORE WATER PRESSURE TEST | & g
81515128 gzy.; 2 3§§§§§ DESCRIPTION LEAKAGE OF DRILULNG | © i
§ cRIN gV|o gtz WATER o
O!'ﬂ L) =
3 LA| 98 212141 Tuif Breccia 3
= R 50¢, ash. =
3 | 98 2122 50°t {Scoria,felds pars - ==
3 A . 4 Lu=93 =
34 i E a3 2 2 |3 andesite and glassy E—»
3~ ey z minerals joins 0-2m o
Ju (A z |22 |1 but no open joints. =
] _ -4 .
3_5 O F o Many smal gas pores K=1.15x307 cnvis =
§ M| 98 « 212 12 present. ‘:__‘
ol b Bedding clmost horiz- %
=1 N ] ontal . =
s Jm F— 212 I Embeded pebbles ore =
= A T G.4 -3cm in diameler. =
s .. w2 |z |1 hunl3s =
ER - =
2 P e R > 7
—:_:'3 wo[es w K=1.76x10" cm/s =
85 1w a|212]2 -8
- | 3
975 — b =9
3 £ 22 =
103 E10
"E E—-i
23 2
35 =
43 E—,
5 = =5
= =
)3 =
8 3 =X
9-;_;: E___g
20 3 E 20

HYDRO WORKS TECHNIC COMPANY LID.
P.D.BOX 68 _ - o1 o
TEL/ FAX 2555t - 112155 ——— Froclured / Jointed

DAR ES SALAAM.



GEOLOGIC LOG OF DRILL HOLE

BH-15

PROJECT LOWER MOSHI INT. AGR. AND RURAL DEVELOPMENT HOLE No. 15

LOCATION ] DEPTH OF HOLE 4028 m ELEVATION__814.8 m

ANGLE FROM  HORHONTAL - 90°  (QGGED @Y MTOl I.R.K

BEARING OF ANGLE HOLE CORE RECOVERY 96.4 %,

=3

x g %E éZé‘é . osﬁﬂvmon OF CORE WATER TABLE_AA . - = §

a Vlg = o0 = |a T L7 <1

< |6 |80 |8=an |2 Ol Z WATER PRESSURETEST | w >

81313 38 [2722 18 jatjaliar DESCRIPTION LEAKAGE OF ORILLING | © | W

O - = i < o wd
& T e xwi@ 1% rTug WATER e}
om Wi . :
1 (e, 99 3j3(2| Vvarying proporlions 3
3 I of scoria _and rhom- .

13 h as les E_1
: I YT P4 o |als| boperphyry, 9as ho E
_ Y presenl, horizontal - E
3 idd - -

3 = joints almost every = )

P 2 00 , 10-20 ¢cm up 10 9.4m. F

13 A 0 2|2 Matrix is essentiatly c 5
=" z andesitic, open joint =
= at 4.0-4.25m and .

3, bl S5 1S Ao E2 e !
= g :J 6.0- 6.25(air pockets)] Lu=0.4 E_ l
i \:‘ g B

53 A | 98 @ Es
= 10 © s1sts K=5.02x10" cm/s
Jm

63 £:1100 L Isisys 5
= v
Ju 2 =

EN S : ’

37 [ 160 o 222 N :
32 =5 s

8 g - x Lu=0 :':.: 8
4+ = o =

9_;: 8] T T2 NGO SAMPLE ) , = ;
3 7 K<l emfs
1P = A

10 E '.L& —33 —
3 v J

1.5 4 Porphyritic lava showi \

P vy - ng cryslals of ande- Lu=0
3 v w site,

237 |y @ 2
EPyt ) Gas hates present.

3 v ! Felds pars, andesite and ,

39N x few glassy minerals K<107 emfs E-3
4, [ v|100 Wl present No joints or E

“-Ja o, z fractures . “
3>
qx ¥y F

s4a © R o TR
E I @ E
= e =
= Y om

630 ¥ Lu=0 6
da ‘

E N o

7—5 ” = 7
2421 v < K107 cnls

832 ¥ 8
Ho vy >
gx L

9‘-2 il o 9
S v ©

20 3 3, 20

HYORO WORKS TECHNIC COMPANY LD

£.0.BOX 8831 SR

TEL 7 FAX 25551 112155 ~— Fractured 7 Jointed
DAR £S5 SALAAM. —— Welded bed



GEOQLOGIC LOG OF ORILL HOLE BII-15
PROJECT LOWER MOSH! NT. AGR. AND RURAL DEVELOPMENT  HOLE No .15
LOCATION DEPTH OF HOLE 40.28 m ELEVATION 814.8 m
ANGLE FROM HORIZONTAL _90°  LOGGED v _MT0L1.R K
BEARING OF ANGLE HOLE CORE RECOVERY 96.4 *la
[
x § w & ézf‘-j ] oasgenwmou OF CORE WATER TABLE—AA— |z | O
[va 4 [ -
e 9 18 3 |3827 |3 (Eeldwlwz WATER PRESSURE TEST | W <
W |15 (308 1¥FeY Zlznlar DESCRIPTION el &
o 305 Z< | g= = LEAKAGE OFORILLING | © W
g 29l 23)g Geizyiss WATER 0
9m} |V Porphyrilic lava with felds i
: v phy X
d pars, andesite and gloss E
e minerals gas pores pre- _ E
3 'VV > sent and joinled atan | ;. apy - 3
= ‘c‘c‘ arge and in places hor. -
23 v o izogtqﬂy jointed. Motrix is 1 : E 2
E andesitic . K=2.4x10" cmis 3
d ™ : : -
. £ 100 3,:, 111 1 3 ,
£ z 3
30V > 3
43 " o) E-4
3 « =
5 m E
S —é \1 — ; - ———
3 N Porphyritic lava welded =
6-34< Y/ loa more darkish mairix E-6
3> at 29.56. more gas porey Lu=0.03 E
EP / > presend and more glassy : 3
7 wi minerals. Less porphyri- E- 7
EFERY @ tic compared to section |  K=4.4x10" cmifs 5
3 above core skghily atle :
3 Y O gnily -
83 . cked by water in places. E- 3
E Glassy minerals felds pa- =
g Jer | ¥ {2122 rs ond andesite present E g
Eb " malrix is lrachylic. = !
EEN 4 - 3 s
10—-5 o 3 ~ . e 2 0
- a o
He v 3
v {y < . )
i° o Lu=0.023 E
Fo 3
=N T 2
o |- K=2.97x10" cnv's 3
Jm 3
3 F_ 3
3 3= !‘;. - £
40 =
A BV N Porghyritic lova, few gag - & :
e | v w pores, E_ i
E & Felds poarsandesite and E L o
>3 v O few glass presenl strong [~ T T T T T
3 1o water attack, More E. 5
63 1 100 |Vt |! | gos pores at 35.82m =
3 -V n malrix is andesitic. Lu=0.026 3
7.3 \ ; -1 EL?
1 \y K=3.35x10"7 cm/s 3 :
E = : 3 :
83 v o =8 ’,
3 |Y o 3 |
g9 3 E 9 i
E 4 @ 3 |
@03 |v E 20 |
40.28 ; -

HYDRO WORKS TECHRIC COMPANY LITD.
P.0.BOX §831 '
TEL / FAX 2555}

AN [ AL A A%

112155



GEQLOGIC LOG OF DRILL HOLE

BH-16
PROJECT : LOWER MOSHI INT.AGR.AND RURAL DEVELOPMENT  HOLE No. 16 o
LOCATION DEPTH OF HOLE 1§ m ELEVATION 819.9m.
ANGLE FROM HOMZONTAL__-90°  L0GGED BY _MI0I LRK.
BEARING OF ANGLE HOLE CORE RECOVERY L8 %
X g 3 f?_- 3z§’ . OBSERYATION OF CORE WATER TABLE _AA._ z g,
ElZie |82 (2562 |5  a.® WATER PRESSURE TesT | & | 2
s 2 |QS [xre 2 |9 E|RU[& DESCRIFTION LEAKAGE OF ORMLING | & | @
& SE B 20 |8 FET7[03 WATER i
Om AP B
E } 3
3 {A\ 0 5 |5 |s Weathered ltuff E
T I Tutf with embedded e
- by ) thembo porphyryboulders. ‘ =
3 B 8 3131 Fetdspars andesite Lu=j g 2
3 = | __| present, =
ERNA 3
3 [ ’ -5 m/ :_'7-3
3 A Weathered material K=1.36x10" cnvs E
3 1 {toff) E . .
¢ E-
= = =
3 . 2
53 < 3
1; N o Rhombo porphyry F.
ECIT Y cc]S |5 |5 | boulders al 4-37-4.é4nm =
i M © and 5-0 -5 20m. Lu=44 =
Fwl. : 3
e 3] K=5.68x10%enss | E
= 2
s W =3
3 \ -
E x E
3 . £ 9
$ 3 L‘I W Tutf  fractured in parts; 3
= ' -~ feldspars ond andesites 3
|0r':*' EA' > N =15
T " Rhombo porphyryrich 3
E e from 16-0 -12.7 E
.[_g N o 80 - 2 2 2 Lu=1.6 ::_:__|
-—'-‘; - FE —
'y R K=2.06x10" cav's -1
3 A e S 55| Weathered- tuft £
3 M 3
4 v A ) . E_ ¢
iV | z,[1 [ 1| 1 [Rhambo porphyry tave; E
3 Lv B feldspars and andesite 3
53 xo rich. jointed e
¢ 3% -6
3 < =
i 3
75 - = 7
ix =
Ha =
13g = 3
3 a i E
16 2
g3 C 9
33 2
103 & R

S —

HYDRO WORKS TECHNIC COMPANY L10 e
P.O.BOX 8831 —— frattured / Jointed
TEL 7 FAX® 25551 112155 o~ Welded bed

DAR ES SALAAM o



GEOLOGIC LOG OF DRILL HOLE

BH-17
PROJEC T . LOWER MOSHI INT.AGR. AND RURAL DEYELOPMENT HOLE HNo. 17
LOCATION DEPTH OF HOLE _20 _ m. erevavion_ 821.0m.
ANGLE FROM HORIZONTAL -90'  LOGGED BY MT01 L.RK:
BEARING OF ANGLE HOLE CORE RECOVERY 6 %
o : .
< | % ';_.‘E ﬁz:"'éo oas:benvmou OF CORE WATER TABLE _AA z 2
= |z 4 Zle ¥ | -
o 82 |23 5|3 Eeoh|uz WATER PRESSURE TEST | & <
w %S98 |xF2 2|8 8lenixE CESCRIPTION wl &
-~ ot z< LZiTw LEARAGE OF DRILLUING o ot
ele Rwlw o 8'§m§28§ WATER @
Om -
15 -
ERY 0 51 515] Sand and gravel ﬁ'
ip 690 2| 2| 2] Tuff breccia )
3 50 T3] & [Calc Cob5les . Pebbles Lu>200 =t
? 0 5| 5| 5| Nosample recovered 3
?-—_ 78] — - = ’ :-—-2
j =z . w K>107 em/s é_
jo : 3
]—E — $— %—3
4w - -
= Y - Limestone E .
4= 0 Lla] 2
53 = I—— I SEP E._ 5-
3~ 5
63 Eo6
E | Ru=so . =
o B L SEIEIE :
ED Pebbly, coarse - K=6.45x10" emis|  F
L I Calcareous sand. g = g
ER: § Angular Semi anqular. E
9.3 v [=) . =9
3 x Tuff breccie boulders =
Hwn @ ) oat 1176120 o
i= ¢ ol AR AR |
|0..T£ > p i 40
3w = |
13 c;: - '
Jo v i Lu=15.5
.3~ A T%0 ~ {30313 "
3 = E
ER Q 2| 4|4 4 I
3.5 o B
O, : . K=2.0x10" cmis 3
= Ll 9s 212 2 | Weathered tuff breccia :
= : with boulders at 13.57- ‘
ERIYY t4m and at 19.85-20m. g
S_z o AN - i | s
Sy =
52 O = Lu=22.5 1 5
3« @ '
oo
= ¢ t51515
=W K=1.9x10" ems ! =
EN X > L=
= ; =
45 o i =4
Eb < |
a: S o | o
92 H 9
|
20 3 <5 | ists o 20

HYDRO WORKS TECHNIC COMPANY LYD
P O.BOX 8831
TEL/ FAX 25551 112155



GEOLOGIC LOG OF DRILL HOLE

BH-18
PROJECT : LOWER MOSHUINT AGR. AHDRURALDEVELOPMENT HOLE No. 18
Locanion OEPTH OF HOLE __ 20 __ m  ELEVATION _ 823-5 m _
ANGLE FROM HORIZONTAL -90°  LOGGED 8Y MTOl |LR.K.
BEARING OF ANGLE;_HOLE ) CORE RECOVERY 1< *h
T B B ™ OBSEAVATIOR OF CORE z |
£ 151, |2 L slemy B et EI I
o B o2 |8 Fl2 Eoodlws WATER PRESSURE TEST B
21519158 |2 <2 BEsilss DESCRIPTION LeARAcE oromume | 8] &
21 [|¥a |8 % 0|0 EFMx?od L WATER B o
Om; 5od 98 | 2] 21 3 Gravel i__—_
4 gkl [ 5] 91 9] Top soil £
=gy 0 4| 6| ¢} caltarecus gravel £t
= (i l 85 (3131 3] cobbles
2—3 z ﬁlpﬁ_Q____ 51 5151 calcareous soil. .
_?1 ol Lu=214 g
3 - =
3 -3
=
v weathered . =
3 - 4 £,
4 K=2.66x107 crm/s E 4
3w limestone with . E-
53 £3
! T boulderstcobbles . E
Z N ‘Lu=I37 - £
3 of imestone EG
Kk
, 2 @I o U414 e vr6s2i2m E
E o - g K=1.77x10° cmvs
} - .2m an
6-,_ _J.ﬁ‘_ .}
- ! 7:85 - 8-0m.
§ 9
10 E«e
':‘ Calcareous medium £
1-3 " ! sands , more Lu=64 =
E
a calcareous al £
= | E 2
tlo 10-12m wilh £
N ERE K=8.26x10" em/s £
3 ' boutders at : » =
Yy 14-85 ~15-0m =
& ‘; . . E_ 4
o | 16-38 - 1650 and E
1
A
s [ 188 ] T i dat 19-85-20-0m .E_)
-4
P -1 0 5|5 |5 | Grains are E—s
ER LS | - . Lu=§6 E
3 F=1¢ —r+t7 171 angular - semi angular. £
. E
‘a‘j: =1
é:: toss ol circulation =
o 0 515 |5 £
= |- at 22m, . E-
93 o K=8.5x10" cnvs Z,
(e 2
to —$9 55— i3 131411 e E 20

HYDRO WORKS TECHNIC COMPANY LTD
P, Q.BOX B831

TEL S FAX 25551 11215S — Fraclufed { Jointed
DAR ES SALAAM ‘ '



SUMMARY OF PERMEABILITY TEST

BH.No Testing Lugeon Unit | Permeability
Degpth(m) (1u) K {(cwJ/s)
BH-7 0-2 Over 400 4.0x10°
S 2-5 505 2.9x10*
5-10 226 2.9x10*
CBA® | 0.5 | oversoo | sio?
' 5-10 64 8.3x10*
o 10-15 24 | 31xi0¢
BH-10 5-10 29 37x10®
BH-11 -5 2.8 3.5x10°
_ 5-00 1.8 2.3x10°
BH-12 1-5 13.6 1.7x10*
' 5-10 62 - 8x10°
' 10-15 11 14x10°
BH-13 1-5 1.6 1.44x10°
5-10 64 8.3x10°
10-15 4 5.2x10°
15-20 14.6 1.9x 10
20 -25 32 4.1x10Q°
25-30 1.1 1.4x10°
- - 30-35 N - 4x10°
BH-14 | 1-5 93 | 12xior
5-10 14 1.8x10°
BIl-15 33-75 0.4 5.0x10°
7.5-10 0 less than 107
10-15 0 less than 107
15-20 0 less than 107
20-25 0 less than 10
25-30 0 less than 107
30-35 0 less than 107
35-40 o less than 107
BH-16 1-5 1.1 1.4x10°
5-10 4.4 5.7x10°
10-15 1.6 2.1x10°
BH-17 0-5 Over 200 K=10"
5-10 50 6.5x 10"
10-15 5.5 20x10*
15-20 22.5 2.9x10*
Bi-18 1-5 21.4 2.7x10*
5-10 137 1.8x10?
10-15 64 8.3x10*
_1_5_— 20 66 8.5x10*

BII-19
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ANNEX —-C

PHOTOGRAMMETRIC MAPPING AND TOPOGRAPHIC SURVEY
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ANNEX - C

PHOTOGRAMMETRIC MAPPING AND TOPOGRAPHIC SURVEY

1 INTRODUCTION

This ANNEX states the details of the phtogrammetric survey executed in Phase 1,
the subsequent production of 1/5,000 scale topographic maps by digital phologrammetric
mapping method, and topographic survey for the Kikuletwa headworks site, diversion
channel route, main canal routes and major stincture sites exccuted inPhase 11

Chapter 1 presenls the work volume, work method and final resulls
of phtogrammetric survey executed in Phase I period which were carried out on the sub-
contract basis under the supervision of the JICA Study Team.

Chapter 2 stales the photogrammelric mapping based on the results of
acrial photography and control point surveying conducted in Phase 1. As a result,
175,000 scale topographic maps were produced by digital photogrammetric mapping
method for the proposed headworks site, the proposed diversion channel route and the
irrigation area.

Chapter 3 gives the method and results of monumentation, GPS survey, second
order levelling, supplementary travessing, longitudinal profile/cross section surveying
and plane table survey for the headworks site, diversion channel, irrigation area, and
major structure sites, which were exccuted based on 1/5,000 scale maps and other survey
results and information oblained in Phase 1.



2 PHOTOG RAMMETRIC SURVEY

Photogrammetic survey including monumentation, pricking, aerial photography,
GPS survey, minor order levelling and field verification were carried out by PHOTOMAP
INTERNATIONAL in Kenya under the supervision of the JICA Study Team.  Details of
the survey executed during this field stage are as follows.

2.1 Work Volumes

(2) Monumentation : 21 points

(b) Pricking : 21 points

(¢) Acrial Photography : 12 courses, 204 photographs
{d) GPS Survey 1 2] points

{e) Minor Order Levelling v 125km

() Field Verification ¢ 170 km?

2.2  Work Method
2.2.1 Monumentation

Monuments of photo control points were buried at places suitable for maintenance
and future use, and monumentation were executed prior to GPS survey in conformity
with the Tanzanian specifications. Each of 11 concrete beacons as a control point has
becn imprinted with a point name and JICA on its surface.  Specifications on
monumenlation are given below, details for which are given in Table C.2.1:

H Concrelc Beacon

{a) Numberof points : 1l points

(b) Size : 25cmx 25 cmx 80cm

(c)} Point name . GPS4, GPS7, GPS8, GPS10, GPS1, GPS12, GPS15,
GPS16, GPS17, GPS18, GPS21

(2) Wooden Peg with Iron Bar

(a) Number of points : 10 points

(b) Size 1 6cmx 6.cmx 60cm with iron bar dia. 16mm x 1.8 m long

{c) Point name : GPSI, GPS2, GPS3, GPS5, GPS6, GPS9, GPS13,
GPS14, GP19,

2.2.2 Pricking of Photo Control Points

Pricking of these 21 horizontal control points were performed on (wo limes
enfargements.  As for 7 conirol points which could not be pricked at their precise
harizontal positions on the two times enlargements, auxiliary points such as GPS 6AZ,
GPS 7AZ, GPS 12AZ, GPS 15AZ, GPS 16AZ, GPS 18AZ, and GPS 21A7Z, were
selected at nearby features which were clearly identifiable on the enlargements, and
then pricked on the enlargements. In order to determine the co-ordinates of these
auxiliary points, observations were made for their eccentric elements.

Vertical photo-control points were set up about 560m apart along the minor order
levelling routes at points clearly identifiable on the two times entargements where they
were pricked.



2.2.3 Acerial Photography

The following photos were produced for 170,000 ha. of the photogrammetric
mapping area:

Roll No. Run No. Counter Nos.  No. of Photo Sheets  Photographed Dates

i Cl 1776 - 1787 12 May 17, 1597
1 C2 1792 - 1805 14 May 17, 1997
I C3 1811 - 1827 17 May 21, 1997
1 C4A 1834 - 1848 15 May 21, 1997
] C4B 1874 - 1881 8 May 25, 1957
1 CSA 1757 - 1769 1 May 17, 1997
1 C5B 1860 - 1870 13 May 25, 1997
1 C5C 1885 - 1894 10 May 27, 1997
1 Cé 1868 - 1926 29 May 27, 1997
1 C? 1930 - 1958 29 May 34, 1997
1 C8 1960 - 1986 27 May 31, 1997
1 C9 1994 - 2012 19 May 31, 1997

Figure C.2.1 indicates the flight index map.
(1) Specifications

(a) Photographing scale :  1/12,500

(b) Airceaft :  Piper Navajo

(c) Camera : WildRC 10, CF.L=151.19mm

(d) Forwardoverlap : 60% between plus 5% and minus 5%

(¢) Lateral overlap : 30% between plus 5% and minus 5%

(f) Tip and tikt :  Notexceed 5 degrees

{(g) Film :  Panchromatic Aerographic Type {Kodak)

(2) Weather Conditions

It was the rainy season but the weather was relatively good in the Study Area.
After the first aerial photography was flown on May 17, 1997, five photographic flights
were conducted in total.

3) Inspection
An inspection of the photographs taken revealed that Photograph No. 1814 in

Run 3 had cloud coverage but it did not affect photogrammetric mapping.
The photographs thus satisfied the given specifications.

2.2.4 Ground Survey

The ground survey including GPS survey, minor order levelling, field verification,
computation and preparation of the descriptions of control points were carried out during
Phase [ field work.

(D GPS Survey

GPS sﬁrvéy was carried out for horizontal control of the photogrammetric
mapping. By referring to TTP63, S6STS, S65T3 and 1885T6 (rigonometrical points)
as given points, 21 points from GPS1 to GPS21 were newly established at

initially ptanned locations in the Study Area, and observation and computation were made
for these points in the following manner {see Figure C.2.2):

(@) Signals from more than four GPS satellites were received at each control point

C-3



simultancously.

(b} Observation angte of the satellites were more than 15 degeees of the clevation
angle.

(¢) The observation duration was more than one hour,

(d) The co-ordinate values calcutated by GPS survey were referred to WGS-84
ellipsoid. '

Observation was made by using three units of Leica GPS reccivers. Co-ordinate
compultation was performed with SKI software, GPS-Net, that comes with the receiver.
The co-ordinates as referred to WGS-84 system were converted into values of the Clarke
1880 (Modificd New 1960 Arc) ellipsoid of the geodelic co-ordinates system, and then
reconverted to plane co-ordinate values of UTM zone 37.

Their horizontal and elevation accuracy met the following requirements:

(2) Horizontal : Plus or minus 10 PPM X distance between simultancously
observed points
(b) Elevation :  Plus or minus 10 PPM X distance between simultancously

observed points
(2) Minor Order Levelling

In order to determine the elevations of GPS points and vertical photo
control points which were installed at intervals of approximately 500 m on the levelling
routes (125 km in total), direct levelling was conducted in five loops and eleven hanging
routes as shown in Figure C.2.2. Levelling has started at a given point along the
railroad (Bench Mark; A25/1) and closed at other given points (Bench Mark; A25/13.
A24/46 and A24/47). Hanging routes which did not connect with any existing point and
formed no loop, were surveyed by double running observation. Observation was made
using three units of Zeiss Ni2 levels. The results of loop closure and difference of double
running observation of hanging routes were within the specified accuracy requircments of
5 cm times square root S (Where S: length of single run in km).

(3) Field Verification

Ficld verification was made for administrative boundaries, names of rivers,

locations of public buildings, land use symbols, etc. with two times enlargements in
hand.

(4) Inspection of Ground Survey Results

An inspection of ground survey results (monumentation, GPS survey, minor
order levelling, ficld verification) showed that ground survey were executed within the
accuracy requirements as originally planned.

2.3 Final Results of Photogrammetric Survey

(1)  Acnal Photography

- Film positives : 1set

- Contact prints T Jsets

- Two fimes enlargements : o Dset

- A flight index map N
(2) Ground Survey

- Observation data and computation notes of control points : 1 set

- Index chart of control points : Isat



3 PHOTOGRAMMETRIC MAPPING

Photogrammetric mapping was made from the aerial photographs and ground
sucveying results. Aerial triangulation, digital mapping, compilation and output wete
carried out to produce 1/5,000 scale topographic maps.

3.1 Work Volumes

The executed work volumes arc shown in Figure C.3.1, and  summarized
below:

(a) Acrial triangulation : 164 models

(b) Digital mapping : 170km? (1/5,000), 29 sheets (Al size)
(¢) Compilation . 29 sheets

(d) Output . 29 sheets

3.2 Work Method

3.2.1 Aerial Triangulation

Aerial triangulation was performed on the 1/12,500 scale diapositive films
with photo co-ordinates of control paoints determined using a coordinategraph which
included tie points, GPS stations, bench marks, pricked points, as necessary for plotting,
and adjustment computaiions. It was also based on the camera calibration report and
GPS surveyingflevelling results.  Horizontal and vertical co-ordinate values and
orientation elements were obtained using the independent model program for digital
mapping. The horizontal co-ordinate values were transformed to the Transverse
Mercator (TM) map grids projection system.

3.2.2 Digital Mapping

Mapping was made by placing a pair of conseculive aerial photographs
(Giapositive films) side by side in the analytical stereo-plotter and recreating
the photographed features in stereo (by sciting orientation elements of the
aerial photographs involving positions, rotation, tilts, cic.). By observing the stereo
images thus created, 1/5,000 scale map data were generaled on all items necessary for
map preparation.

Intermediate contour lines were shown at intervals of 1 metres (In some parts of
the flat lands, supplementary contour lines were delineated at 0.5-metre intervals).  Spot
heights were represented by one point for each Scm by Scm area.

3.2.3 Cempilation

The map data were compiled according to the map symbols and their application
rules while referring to the field survey data, and made into 1/5,000 scale topographic
maps. Map symbols and their application rules, and marginal design were agreed upon
through discussion wilh the counterparts of Tanzania based on the resulls of ficld
veriftcation.

3.2.4 Output

Based on the compiled map data, original topographic maps were printed on
the polyester base (#500) least subject to expansionfcontraction in black ink by
Jaser plotter according to the map symbols and their application rules. The map shect size
was 60cm by 80cm, or Al size, as measured along the inside neatlines.



(@)
(b)
()
(d)

3.4
@

(b)

Principal Instruments Employed

Acrié] triangulation FACOM M760-4 {Fujitsu)

Digital Mapping Autograph A8 (with digital recorder)
Conpilation Compaq (DISKPRO 5166, etc.)
Ouiput Laser photo plotter

Final Results of Photogrammetric Mapping

Results of acrial triangulation

- Observation notes/computalion shects
- Index chart

Results of output

-1/5,000 scale original topographic maps
-1/5,000 scalc duplicated topographic maps (sheet No.lto 29)

1 set
4 sets
6 sets
1 set

1 set
I sheet

29 sheels
1 st
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TOPOGRAPHIC SURVEY

Topographic survey for the prepoéed project facility was carried out by
Norconsult Limited according to Phase IT contract under the supervision of the survey
experts of the JICA Study Team. The survey work executed during this field stage is

described as follows.

4.1 Scope of Work and Accuracy
(1) Scope of Work
The scope of work under the contract is as follows, details for which are given in
Figure C4.1:
{a) Ground control survey
-  Monumentation 11 points
- GPS Survey 11 points
- Second Order Levelling 59 km
- Supplementary Traversing 100 points
(b) Plane Table Survey 160,000 m’
(c) Axis Survey at Headworks 200 m
(d) Route Survey for Diversion Channel 24 kim
{¢) Route Survey for Irrigation Canals 26 km

(2)

3)

Accuracy

Following criteria are applied for the accuracy of survey work:

ftem

Remarks

GPS survey
Second order levelling
Supplementary traversing
- Angle
- Horizontal

5 mm squarc root S

+ 30 second square root N
1A1000

Table C.4.1
S in km, TableC.4.2

N in total number of angles

Minor order levelling S mim square rooi S Sinkm
Cross section survey

- Horizontal coordinate 1300

- Vertical Scm# 15emsquareroot S S inkm
Topogaphic survey

- Horizontal 1/4000

- Vertical 2 ¢m sguare rool S S in km

Drawing Scale

Drawing scale of survey results are as follows:

(a) Plane table survey

- Scale:1:200,contour intervat;0.5m

(b) Axis survey at headworks

Section

 Horizontal scale

_Venticalscale

Longitudinal scction
Cross seclion

1200
1100

1:200
1:100




(¢) Longitudinal and cross scction survey

. Sechien Horizontal scale Vedtical scale
Longitudinal section 1:2000 1:100
Cross seclion 1:100 1100

The index chart for topographic survey is shown in Figure C.4.1
4.2 Ground Conirol Point Survey

The method of ground control point survey instead of traversing was employed
for GPS observation. The control point survey was executed to cover the entire survey
area, and eslablished the bench marks (concrete monument: 0.15 m x 0.15 m x 0.60
m) prior lo the conunencement of survey work.  The work was execaled by referring to
BMK4, GPS13, and other peints as given points with known X-Y co-ordinates.

Aflter the establishment of the GPS control points, second order levelling
was performed to establish a levelling network. Total length of levelling work executed
was approximately 59 km along the diversion channel route from the headworks sile to
the irrigation area as well as along canals in the irrigation area. For the levelling work,
existing bench marks of A24/46,A25/1,A25/5 were referred to as given points.

in addition to the said survey, supplementary control points with approximately
100 points were cstablished at respective survey sites such as the headworks site,
diversion channel route and irrigation canal route.
4.3 Axis Survey at Headworks Site

Axis survey at the headworks was executed with following criterta:

(a) longitudinal profile - length 200m
(h)  Cross section : pitch  10m

4.4 Route Survey of Diversion Channel and Irrigation Canals
Route survey for the diversion channe! and irrigation canals at the extension area

and expanded area were executed by referring to the GPS control points and supplemental
contro! points.

On the centre line and [P. points, wooden pegs having dimensions of 6 cm x 6
cm x 70 cm were installed, and a pitches of centre pegs were 50 m. In line with the centre
line survey, cross section survey was also executed al each centre line point with a width
of 50 m for diversion channel, and 20 m for irngation canals.

4.5 Plane Table Survey

Plane table survey with a scale of 1:200 was executed at the headworks site,
diversion channel route and irrigation area at the extension and expanded area.

The total area surveyed was 160,000 m’ and details are as follows:

(a8) Headwork © 20,000m?

(b) Diversion channel : 93,000m’ (6 sites)
(c) Irrigation canals . 31,000m’ (4 sites)
(d) Others . 16,000m’ (3 sites)
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Table C.2.1 Final Height & Coordinates of GPS and Auxiliary Poinls

Point Elevation in m Co-ordinates in m
Name
Pricking Ground N B

GPS 1 788.891 788.20 9,628,358.195 316,127.127
GPS 2 768.403 768.31 9,626,198.162 316,085.246
GPS 3 765.419 765.22 9.,626,707.901 321,808.592
GFS 4 774.025 774.00 9,624,859.330 311,573.115
GPS 5 749.522 9,624,850.996 321,622.470
GPS 6 753.266 75292 9,622,869.627 312,875.224
GPS 6A7Z 752.998 9,622,929.351 312,858.877
GPS 7 744.903 744.71 9.623,130.506 318,803,461
GPS TAZ 744.603 9,622,964.105 318,950.195
GPS 8 809.461 $,620,886.898 308,253,510
GPS 9 724.387 724.31 9,620,868.213 324,767.43[
GPS 10 832.198 9,618,992.361 300,519.653
GPS 11 728.078 728.09 9,618,771.400 319,209.421
GPS 12 831.781 9,616,695.712 300,610.359
GPS 12AZ 811.737 9,616,622.303 300,600.133
GPS i3 726.635 726.45 9.617,056.989 3!6,865.937
GPS 14 717.224 9,616,603.432 326,250.965
GPS 15 824.016 g24.12 9,614,944.325 302,542,297
GPS ISAZ 822750 9,614,935.538 302,594.720
GPS 16 757.658 9,615,426.801 309,452.479
GPS 16AZ 759.304 9,615,532.663 309,430.240
GPS 17 713.303 9,614,866.533 323,978.575
GPS 18 800.363 9,612,947.013 304,575.906
GPS 18AZ 8031.001 9,612 882.385 304,545.795
GPS 19 T11.069 9,613,061.094 320,735.168
GPS 20 710164 708.94 9,610,830.339 314,017.492
Gps 21 771.654 9,618,442.062 308,938.370
GPS 21AZ 758.459 9,618,275.7714 309,077.861
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Table C.4.1  Accuracy Control Table for GPS Survey (1/2)

ROTATION UNEHOWN

Group no. Gon/degrea 8.D.

0.064Q005
GEMINI -

SATELLITE - ODBSERVATIONS
RN B AR R h R b AP RS

Station Targek
6rid bear. Vert.angle Dlatance Correction 8.D. Limit* | Indgement
RAVOI BMO4 . ~
162.39155 -0.00007  ©0.00006 o F
30.33100 -0.00015 ©.00011 Py
6602.693  -0.00563  0.01474 004402, X
RAVII oMDS )
168.07057 0.60000 ©.00012 L
90.14012 £.00000 ©.0002) oo
6587.701L  0.0000D. 0.01821 00337 ' %
RAVI L BMK4 by
224.49032 ©0.00002  0.000602 N
89.56261 0.00044  ©.00005 a
16798:268_ -0.01997  0.03173 046178 , N
BMO4 BMO2 : N
245.44149 0.00803 0.00003 oo
89.39304 0.00034 0.000687 M
12096.886 -0.00692  0.0146}% osieté ¢
RAVII nMO2 . -
21B.47153 -0.00001 0.00002 T
BZ.SROBE 0.00029  0.60007 A
(14462.609  -0,00761  0.02971 saquéz o
BM0O4 BMO3 ' <
269.3%336 -0.00000 ©0.00007 : «51
89 .33%75 0 .00004 0.006017 : €
_71875.823 -0.00018  0.01383 ec2fpd v
RAVJIT BMO)} !
222.560136 -0.00002 0.00007 ' {'
90.01510 _0.00004 0.00016 o g
8672220 0.00048  0.02229 008412 : \
BMO4 808 , 5
156.13355) -0.00003  0.GG006 oo
89.43172 0.00006 0.00013 e
5795.803.  0,01867  0.01342 4cdzis
RAVIL BMOB . .
' 107.41114 0.00004 ©0.00010 b
21.13007 -0.00007  0.00022 oo
1701.723_ 0.0D007 __0.00563 oerre/ ! %
BM(4 BMO11 . !
165.01178 0.00003 0.00012 ' o
90.13122 0.00002 0.00021 &
4792.435  0.00366 . 0.01310 ootz | V.
M08 BMO11 :
171.20324 -0.00002 0.006007 by
20.15122 -0.00005  0.00011 i
10535.083  -0.01790  0,02268 oue$id 1 ¥

* Limit = Distance x 10 PPM = Distance x 0.00001



SATELLITE

Station

BMO8

BMO4

BMO4

BXMO6

BMo4

BMO6

BMO4

BMO6

BMO2

RAVJL

BMO2

BMO 2

Table C.4.1

- OBSERVATIONS
tabasbdd bt b e ndbina bbbt

Target

BMO6

BMN7

/M09

BMDS3

GPS13

GPS13

BMLO

BM10O

BMO1

BMOL

BMOY

BMK4

Grid bear. Vert. angle

97.31247

146.18402

104.02090

1645243

341.11126

174.41033

224.137589

22.58502

346.36597

177.40226

218.00243

177.40226

256.59045

50.08163

90.17128

%0.09015

89.49278

89.45229

90.14165

90.04565

82.50066

89.45083

90¢.25058

BS2.58397

90.35058

89.48339

Diatance

.3881.804

.3880.618

._6586.811

_4944.353

5115.957

.6310.204,

304517,

14693 .354

0.00001
~-0.00017

-06.00009
-0.00009

7563.9731  -0.01015

0.00000
90.060000

4332.483 , 0.00009

-0.00000
0.00060X

0.000086
-0.90001

0.00010
-0.00033

L4044 .1572 | 0.00524

0.00805
~-0.00628

-0.00001
-0.00000
 0.00020

©.00000
0.00000
-0.00082

-0.00003

0.00001

-0.000012
0.00047

-0.00003
0.00001

-0.00008
¢.000132

2653.706  -0.00004 O
GEMINI -

Corraction

0.00073

~..0.03250 001372 |

-0.00341

.0.00272

0.00534

.. D,01577 potiss

-0.00042

0.031334

_304.517. _-0.00042

Accuracy Contrel Table for GPS Survey (2/2)

5.D.

0.00007
0.00016
0.00372 o.03881

0.00008
0.006012

C0.,01T772 s.0p883

0.00012
0.000323

0.00008
0.00018

C.01826_o, 082821

0.00008
0.00016

_0.01747 0.06388

0.00008
0.00017

__0,01080 004044

0.000068
0.000186

0.01453 cedfig

¢.00008
0.00017%

0.00008
0.00017

.0.01673 004310

0.00016
0.00021
0.00220 000304

0.00003
0.00007

0.03048 /8673

0.0001s
0.00021

_..0.00220 sdp10f

0.00010
0.00022
0.00765 002853

. Indgement
i

* Limit = Dislance x 10 PPM = Distance x 0.00001



Table C.4.2  Accuracy Confrol Table for Levelling

Differences in the Leveling Routes

Route Mo Distance Erre..y Limit . - Judgement
{(km)
1 9.288 215 Awgted
I 14829 -2 19 " Aeepted
m 18.721 +7 21 A ccepted
v 0616 +1 3 A ceepled
v 9.444 -4 i5 - Aceepted
Vi 47712 -3 10 Acetad
VI 0.745 Rl 4 Asceptad
Vit 0.932 o 4 Acepled
Total 59.447
Loop I 22.466 1028 Aceted
Loop 1 8.517 L t4 _ Accepted

* Limit = 5mmy Distance (km)
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