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Outline of the Project

1.1 Background of the Project

In response to the request from the Government of the Republic of Uganda {Uganda}, the Japan
Intermationnl Cooperation Agency (HUA ), in consabation with the Government of Japan, decided
o conduct o Prepamtory Survey (the Survey) on the Project for Improvement of Queensway
Substation {the Project )

HCA sent o Upgnnda the Preparmiory Survey Team (the Team) headed by D 1iroshi Sate,
Director, Energy and Mining Division 2. Indusirial Development and Public Pabivy. Departisent,
HCA, 1o condet ke first feld sirvey and the Team is seheduled 1o stay i the couniry from 11"
April o 14" M, 2014,

The Team continsd discussions with (he coneerned officinls of Uganda and the feld survey in
Ligmdn in commderntion of mutn! anderstandings made on the minuets of discussions signed
between the Minisiry of Energy and Mineral Developmen (MEMD), Minisry af Finance,
Planning and Economie Development, (MoFPED), Ugandn Eleciricity Transmission Comprny
Limited (UETCL) snd Uganda Electricity Distribution Company Limited (UEDCL) on 16" April,
2004,

UETCL, UEDCL and the Tewm hid seres of technicul discussions (o form mutual understandings
shout the coments, scope, preconditions for the Cutline Design, basic specilications, peneral
bavots, apmd sorom of e Prajeed in tee Girst feld survey, UETCL, UEDCL and the Team agreed to
record (he Iollowing issues described on this Field Repon as a conclusion of the discussions,

Components of the Propect and thew prority will be (odber examined ond may be modified
through the consultation with the Japaneze Ministry of Foreign Affairs and JICA headguaners. I
is imipsrtant for the Upandan side 10 understund that the Preparatory Survey is ool o commitment
fiar the futue inplementation of he Project.

Particularly, in considerntion of the schedule and procedures of Japan's Gramt Akl projects, the
Team eaplained that the guifine design. planning of the implementation sehedule, the cost
estimmtion gnd 50 on of the Project will be carried out in accordance with the martual
understandings made on (his Field Report immediately afler the st feld survey. UETCL and
LUEICL expressed umkrirmtilnu about he schedule wnd pnu.'dum af anaa'l 5 Cirnt Ald
projeets. . IEDC]. a5 he
Mﬂ_mumlﬂmuyﬂlulmsmm&_&miw -:r-_a-l the l*ru-:'-r n
pecorbyes wilh the mutunl understondings made on this Field Repon immedialy afier

ficld survey,

1.2 Framework for the Project

The framewaork For the Project is shown as follows.
4

(1) The responsible ministoy is the Ministry of Energy and Mineral Development (MEMD)
12} The implesnentinmg ageney is Uganda Electricity Transmission Company Limited (UETCL),
{33 The cooperpting agency is Uganda Electricity Distribution Company Limived (LEDCL),

1.3 The Seope of the Japanese side on Minutes of Discossions on 16™ April, 2014

The Scope of the Japanese side on Minutes of Discussions (M) on 167 Agpril, 2004 is shown in
Table 1.3-1 and Figure 1.3-1.

The Ugnndan side wnd the Team discussed the final requested components of Use Project and their
priofity in consideration of clunge of the conditions aller submission of the application of the
Japan’s Gront Add for the Project, The Team sugpested three allernatives of the Project and
priority of the components in each alemative in conformity with the corment conditions
surrounding the Project. The Ugindan side and the Team agreed ihe following alicmative as ihe
finul reuested components of the Project and their priority. The rating of the priority shown in
the following table is higher in the following manner; A+. A<, and B,

Barsendd oo (e discussion afier M/D signed on 16% April, 2014, the number of 33 kV lndoor GIS 10
be procurcd and installed is agreed betwein the Ugandin and Japanese side s below,

Table 1.3-1 Final requested components of the Project and their priority

Components | LCapacity Pricrily

Procurement amd Installation Work

3, Mo wansformation bank

Mo, | ond Mo, 2 transformation banks

(1) 132033 kY Translormer 40 MVA =T units ﬁ*

(2) 132 kY Outdoor GIS (Double Bus Type) 5 umifs
(3 33 KV Indoor GIS & qmils
(4) 132 k¥ Trunsmission Line for incomings 0.5 km distance
{5) SCADA Interface Marshalling Cubicle | it

. Connection bay Tor No.3 transformation bank 5

(1) 132 kV Outdoor G1S (Daable Bus Ty pe)  Lumit

(2) 132733 KV Transformer Al MVA | anit B

7. Building of Queensway Substation | building

() 33 kY Indoor (15 5 units
Procurement Work
4. Maintenance Tools for the Eguipment of the Project I lot A’
5. Spare Pans for the Equipment of the Project | Jot
Construction Wark
6. Foundativn for the Equipment of the Projeci | lot A’

(GI5s, wmnsformers and towers for 132 kY tmosmissmon ling)

[Mvtes] KRS Ol Invsnibmacs] Saichpgenr
[Henmark ] Cuankibhes shalf be examiied in the muifine desipn
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Mar. Plescripiian Snevificmines Q'
Mubtiplexer and ODF shall be prowided by the Ugamlan
ke,
=2 | Encrgy Meter Panel The Panel shall be peovided By ihe Inpanese side, 1 pmmei
Hewever, iisal ® umits (4 onits (or e main and 4 anids
v comfirmation of aucourecy oF the mamd of encigy
imgters shall be proyided by the Ligandan side.
=3 | DC Power Supply Syatem I b
* I Volmge 10V nc
#  Baiiery Copaciny 2500 A0 Dbwr {Plack: ount Hime: 2 bars)
= Datiery hype Lol ucld type {Mainimancs e i)
* Damerics will be insalled imsfde the 1O panel of the
Praject.
4| AL Power Supply Sysiem i b
= AL Yalage A15740 W AL [ Three phoses snid foar wines)
= Stathie Service Tmisknmer Capacily: 200 kWA | Tentative) 2 sets)
Fimul capacity will be inlomed laer
AL ilisiritualon pamel (| panel) s included.
5| il Fingire (iencmsor A8 KVAL ATRT00 W AL (Theee phoses mned foar wires) 1 omit
L= e B Fugl tmik cipacity: 42 lisurs preratl
o [ Substaiaon Eathiuy 1 bt
=  Ennhing Resisance Lawa than | ahm
# _ Amerinls Eanfiing conducion (cupper wire st terminils

B, Dieseriptian Epecifleniinm Uiy
S | 1I2 RV Contrel and Helay Panely (A
= Tvpe of Coninol and Protection pancl Dhaplex vype panel
#  'mnel srmangement From of panel
132 6 Swilchgea Controd and S0 YA Trsnifonmer
widlage regulating contmo| with mimbc b, controd
wniiches. meters, alarms and agher comrol devices
Rear of paned;
132 KV Protection refays
= Stamund Profleticn seslem (ecomminded)
= 132 kN Trnsmidssion line pasection Muain: Corrent Difforentinl Relay  (stmdaed fvpe in
[
inck-up: Dhrectional Ginsumd sl Rebay,
1" Stage: Teleprotection
2™ Stages Inverse Difiniic Mirimm Time
Crver Curremn ey
- 1F33 kY Translonmer proteclion Trmsliriner Daflerential Kelay
Orvercumant Helny
*® Ench pelay shall have dediented Deviee
- 112KV Hanbar proteciion Cimvens Millerential Relay
T e R * Hrcaber Failure Protoction shall be ppliod.
O | JVKY Indeor GIs 9 pancls
*  Samdnnls 1EC, JEL o eguivalen)
= Hustar conligunation Snight Husbur fysiem
= Quantity Vallowing bays ane provided. Comtrod, malering and
protection  relmys mre monnted om the  repective
Hwiichgoar,
= 2w 4l MVA Tramsdimer tays
= ARV Feeder hmy
- 1 & P Sevthn hays
= 2 x Saatmm Translimer s
= IRabéd yellage kY
# ared curren) Thgshar: 2000 A
Hin Sectiont bl L E Y
Fuealer: L2230 A
132733 k¥ Trensdormer: i A
= ared Imernpeing curnen kA
* Robed dhiri-fime withste camen (shor MM s
e
= Teared o impetie wilkstasd volisgs 170kY
¥ Rared e I'lh-'u.-myu.hhn-d wilmige TRV
i1 o
= Carcull Breaker
= Aulcereclonng Mt Availablc
= Uipernting sedqisenss 0413 soe 0083 min L0 {Theee phade)
# Cumeni Translismer
= Sieondary cerenl 1A
= Voliape Trssformer IRV Y
# Pnmecikan relays Sumeriead relnys shoukl be npplied.
& Standard Prodection salem
= MKV comer (13203} KV Trmstormer) | SREH3IN
prodecion
= 1LY Ferier Protection VALY
= A dedicated ©T and devise is reyuicad lie BT
= JFLY Dus Coupler Protecinm MEALEIN
= 300413V Aux Transformer Prection SWS1ISIN
058 | Chhees
«1 | BCADA niriuce Maordsalling uhicie Imerface wenminsts for Digial VO, Analogue U and I panet
| — Pl sigmals wrw poayished bsy Jap side. HILL
7 A Z
’f_:," i

(3) Imderface of SCADA system

VETCL shall procure and install, by themselves, equipment sueh as RTU, multiplexer, ODF
and &0 an in confarmity with the requirements of the existing ABR SCADA systen,

The equipment shall be connected by UETCL w the SCADA interface marshalling cubicle
of the Project which collect information analog or diginal sigeals of the equipment of the
Froject oller procurement and instllation of such equipment as RTU, ODF, and so on by

UETCL. a= shown in Fig. 2.1.1-3.

The equipment after the SCADA interface marshalling cubicle up ta the splicing box as
shown in Fig. 2,1.1-3 ghall be provided by UETCL, However, an optical fiber cable with 24
cores shall be procured ol installed beside the 132 KY incoming underground cables of the
Progect by the Japangse side. The connection work of the optical fiber cable 1o the splicing
bow and ODF shall be caried our by UETCL.

VETUL explained o the Team that the existing splicing box is locaed on Mo, 20 Tower and
the optical fiber cable will be connected to the svstem at the splicing box by UETCL.

i
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Cable Culven and Cable Pit,

Tahle 2,1.2-2 Ovatline of the Control Building

ligins Lontenls Ihexalls
Suuetane Teeknboresd Cancrete Tiohemen S — |
el af sy 3 wnres HF: Cnhle Mainterance Pit. Water Taok 8o, Pump
| BFL-(E.=2 65 unil, Sibimalibe pumip
| GFL-1PL= Gifs Offce, Switchgear Room, Enrance, Cenerapor
IFL=RFL =4, m Rapm, Pemery Room, Tojba, Shower, Panary,
Cormiidor, Staér Cone
1F: Contial Rouk Conridon, Star Cise,
el Eidoony: 2 units of 200 kKA transfomer.
Emergeney Aaboony: Evesustion and
Adr-consditioming Linils
Tertnl Floor Aren Appros. G800 m°
ﬂull.:lu!! Arca Appmoa. 280 n|f
Exterine Wall Fimishing Lemenete widh inethane Exterior Peant
L - Congrete Louver with Uncthane Cierior Paint
Roansl Firshing Conerete PMlale o8
wire-mesh (F 200
1lrethane joini 0K cnch
Irvsanlndmon 1=50
I ———— : Asphialt Meesbeunie § Laver Water Proofing
Ttz | Wall Fimishiag | Paant on Morksr iron rowed
Flooe | il'lilhllll‘ Freg Acoeti §lood =200 mem
Cermmle Tie 300 5 1
Ceiling Soniem Coilimg with Crypeuim Bloard =12 s Pardin
Fimslung
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1) Foundation of 132033 KV 40MVYA Transformens

T Oitlimee of the Foundation of 132733 kY trnsformers is shown in Table 2.1.2-3 (See
DWG, No, A-02 and A-03),

Ciround Moor level should be 40,5 m from e design groomd bevel.

Table 2.1.2-3 Outline of the Foundations of 13233 kY transformers

Iecms Lontgnts Dhetails

bl Heimfioned Conerete Mai 17

Hipht of sty T sty GF: T utats of 40 MVA bmnsfistmier and laliste space
[Paesie] Fow the equipment jo avoid pubmorging 10
waler on heavy ralny days, the foor level of the
founifatloes shall he (0.8 m raised fronn the desipn
prounl leved.

Fiee Wall: Cancrete wall H1=7.5 m, L= m, =250
Toitud rusmber §

11 it Amourd Trassfimer Foumdatism 13=1.5 m
THled with gravel, overiboy piping sonseed
e ivil=water soparator sct work-hedide (he
fommadaion

Cnhle Calven (4) Sikimm x Hihmm
Tistnl Fioor Ares Appros. 132 m° -

Husilding Aren Approx 132

3} Foundations of GISs

The Outline of the foundations of GISs is shown in Tablke 2.1 24 (See DWO, Noo A-02
10 4h
Pz




and A-03)
Ciround foor level sheuld be +0.5 m from the design ground level

Tabsbe 2024 Outline of the Foundations of (215

Tugrms Limrlgiigs Dl
Sinsctiire Relnfineed Comprete Wall Sinscsure and | -
Nim Fi i
Heighi af stery | slary B¥: Cahle il for 132 kY cable (i)

el Gk nd 1t Space

Fire wall: H=5.11m L=#.0m 1=10)

[Meiwz] For the eguipment o avald submerging o
water on heavy mimy ey the four level ol
Eie fimatilntivos stinll e (U3t ratsed fron

the design grosnd level
Tl Floae Ares Apgiras, | Bim? 1-
Buililing Ares Apgiras. | 8dim® l-
4) Calve Calvert

The Cutline of the Cable Culvert is shown in Table 2.1.2-3 (Sec DWEG, Mo, A=02 and
A-03).

Table 2.1.2-5 Dutline of the foundations of GG15s

lirrns Camdenis

skl Culdver j 1y (o Bk ATV o Grmers o Ceble Culbven (3 Teimioneed Canerere B Culvers
Appeo, 26w
W=7 m, H=2im with Cakle Fack)

LGV

Cabile Culven (2§ liom Cable Calvent {11 Control Baikding Reinfonced Conerete Rox Culvert
Appeirs, 2y’

IW=2 8 m, D=0 dm with Coble Rack)

Cahle Culvert 11 fram Contral Didlding 1o Exining Facilities Ieinioreed Congrete Dox Culvert

Appro, 13w

IW=215 m, H=1.4 m wiih Coble Bock)

The Function of each cable culven is as follows, Cable Culven (1) is for smooth cable
installation from each transformer, Cable Culvert (2) 5 for connection to Control
Building. Culvert (31 is for smoath cabling from new building o existing facilitics.

51 Foundations for Towers of 132 kY trmosmission lines

The Owtline of the foundations for Towers 132 KV transmission lines is shown in Table

2,1.2-3.
Table 2.1.2-3 Owmling of the Foundations of 132733 kY rransformers
liems 1 aineenis Metails
Saruetune | Reinfreed Conprets Foundation Tt b= Appros, 30 m, 2 Unis

2.2 Technical requirements for Transmission Line

132 KV transmission line to mew 132033 kY Queensway Substoljon shall be installed s shown in
DLW, Mo, T-00, the branch paint is the existing transmission lines (between the existing No. 19
and We20 Tovwers ),

| Ab

A

T'he requirements for the transmission lines shall be as follows;

1% 132 kY overbead power lines between the new towers of Tower No. QW1 and QW2
{Double circuits),

2) 132 kY underground power lines between Tower Mo, QW2 tower and new 13233 KV
Clueensway Substotion {Dowble creuns). The undergrosmd cobles are direct-burned 1vpe,
however they shall be protected by waming tape and concrete cover. The laying depth shall
b 1.4 m from the ground level.

3) The overhead grounding wires between the new towers of Tower Mo, QW1 and Tower Mo,
QW2 [Double clreuiiz).

4) The optical fiber cable from the wower of Tower Mo 20 1o 132/33 kY Qucensway Substation
of the Praject shall be procured amd installed by the Japanese side. The optical fiber coble
shindl be comnected i the existing splicing box at the tower of Tower Mo, 20 by UETCL

(1) Desipn Conditiens for 132 KV Transmission Line
The electrical conditions nre shown i Table 2.2-1,

Table 2.2-1 Flectrical Conditions

Heems Design Valury
M chearnnee uf onbai -
Prhinsas b grwsind 1,200 mm
hnse o phise 15080 e
Minbmum erecpage dlstnce of insulino 1 mm/kV
Eiguivakern sall deposit density WA

(2} Heguircments for 132 kY Transmissien Line
The specifications for 132 KV Transmizsion Line are shown in Takle 2.2-2.

Tuhle 2.2-2 Specifications for 132 kV Transmission Line

L Isems Spooilications 'y
iLy | Tover Siyke of lowen el atisee iype
Cymdipuraiinn ol lwwer Wiike b squnre i3pe
Type all lower Tension tvpe | Angle: 0.4 depree), I fovwrr
e emd iype msaunaed enbis temmimotion sl 1 lawer
mmasdon ([ Angle! 020 degnés)
Saliety lncior 1.2 for temsiom awers
Fanhing restsmnee: lezs 1l 10 nbems.
[Notel  Uroden wire condition shinll be twe ACSR comductors or one
eoniliscor and one overheod grounding wine
rix | = Ouerhend Line Tape:  ACEH A m
Yeowinteg Sire 430 {Alwmimum; 388 mer, sl 420 mmt)  BS
Sapping Aress a0 20 °C: 50N ‘mm
i Standandi (TERTTITEN o) 1 fut
S, 23 man suspremaing instilairs

12 A
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M liems Hpevilicutines iy
Creepmipe distance: 320 i
Muternal: Turcelain
Lo Anan

1.4

mna

Ilcctrommpchonical falling load:  120WN
Number wl isutaors shall be 11 ursity phass

2Ly Tipe: X1 2| km

Unilergrowsil Cable Shact T 10,05 km %

Canducioe Copper
Mumher of gong Simphe Uorg . . clrcubly s
ype of sscath YL sl snie-temiite proication 1 hiPes
Ll vl shuzagh: Hlack

Armar Adursinmm smmor o lemd] metallic shesily fiar
ibarect buavicd e e grinanil

! phuscx 2

F LRIk For (hadaar; Singhe enre porcelnim nipe LY

Undergrouod cablle | o crie. Simle cane i pes

Fphasen s |

Tl

* Uverhesd

Type: 50’ Steel wire s Sim
Fhe shishlsg angle lss than 15 depiee
Sappimp sares m 120N S

Chrerunsling Wire

= Fiher Opalenl Cable Nuier o Clare: 34 vores il m

Tupa o optecad fiber cabde! Type ITU-T GL35 o sgqulvident

Minke Single

Wnne bempth: 1530 nm

Uithers: *Uiptigal fiber cables shall be provided by the Jopanese slde, However
ke xfsting Ther ppalenl lime splice amd terminmbon of materinls far the
wurk sheall be sone by the Ugandan side.

*The Tnyimg nfike nprical cahle with the laying of 132 kY unslergroms]

cahle fo the mew 13230 kY Quoensuay sulmiaiion shall e camied oul
b e Bopranis widke.

=3IV Dundoor

Stmslands [FT SEHRL i pen
Lighning Arrestor

TFL Bine dlscharge clsws olnes 3

Tvpe: 'nrectalin Dwnidoar Fhie Cride pe
Maimum Sysem Voluge (KWmay 145KV
ol Dhischdge Cumen fuh cossti. 10RA

Avvessories Surpe commier wilh lesbuge current iInd nescr
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Procurement Plan of Spare Parts aod Maintenanoe Tools

Copability of sustwinable operation and montenanece for the aquipment of the Project by ihe
Recipient is one of conditions for the Japan's Grant Ajd. The Ugandan side shall keep operation
and maintenance for the equpment of the Progeet propedy by himsel £, maloding procuresent of
spare parts, On (he other hond, the warmnty period for the Projeet is | vear ofter issunnce of the
completion cenificate in cage of the Japan's Gramt Aid. To secure operation and maintenance for
the equipment of e Project for (he warranty perod, the spore ports required for the period shall
b provided as the scope of the Japancse side. ,1.!“

13 3 {f{?‘

24

&

4

Possesshon of maintenance tools for proper eperation and maintenance for the equipment of the
Progect by the Recipient 1s one of conditions for the Japans Grant Ald. However, the special tools
required for operation and maintenance of the equipment of the Praject shall be provided ms the
scope of the Japanese <ide.

Outline of the spare pans and maintenance tols of the Project 15 shown in Attschment-4. More
detailed pans, toals, test equipment and the quantity will be explained with the Draft Final
Report.

On-the-Joh Training (OJT)

An Chy-tire-job training (O T will be enrried out during the construction pericd, Through the OJT,
mainenance and operation for the equipment of the Project will be carried out by Japanese skilled
engineer of the manufacturers of the equipment of the Project ot the project site.

Tentutive Implementation Schedule of the Praject

The tentative iplementation: schedule s shown as Atachment-5, In ose that (e Project i
adapied by the Jopanese Government, the Project will proceed as follows in the earliest seenario,
The installation work of the Project will start in June, 20015, 1 is imporiant for both sides to
wiiderstang flad e Prepartory Survey i not o commitment for the finene implementution of the
Prasgeat,
= The Exchange of Notes between the Ugandan and Japanese Government will b signed in
November, 2014

# The Tender Opening will be held in May, 2015,
= Iwstnlintion work of the Project will sanin June, 2015,
# Commissioning of the Project will be in March, 2017,
Drawings
Part 1 Substation

E-til:  Single Line Dingram for Queensway Substation
E-02:  Single Line Dingrum for Queensway Subsiation (LY AT AND DL
CIRCUIT)

Part 2 Transmission Lines

T-00: 132 KV Trunsmission Line and Underground Cable Route Map to
Queensway Substation jﬁn—

T-02:  Improvement of Queensway Substation

T-03;:  Type of Steel Tower |T|

T-04:  Dead End Type Steel Tower Cable Termination

T-05: 132 kY Underground Cable Section (General) 1 /1’{‘:

14




T-ha: 132 kY Underground Cable Section (For Roal)
Part 3 Architectural

A-01: Site Layout of Queensway Substation
A-12:  Section of Queensway Subsiation
A3 Layout of Electrical Equipment

6-9-V
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Annex—3: New cable trench for 33 kV switchgear
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DAVEE FEREONT—E
Bus 2013 2014 2015 2016 201781 | 20178 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
No. | PL QL PL] QL] PL]QL]PLQL]PLQLfPL] QL PL]QL]PL QL] PL JQL] PL [QL] PL QL] PL [ QL[ PL [ QL[ PL [ QL | PL [ QL [ PL | QL
25 483] 158| 516] 170] 551] 177] 588] 193] 627] 206] 627] 206] 670 220] 7 35| 763] 2 814] 26 869] 286] 928 30 26] 1058] 348] 1129] 371] 1205] 396
1. Riig 353] 116] 377] 124] 401] 132] 430 141] 458[ 151 458] 151] 490] 161] 5 72| 557 504] 19 635 209| 677] 22 38| 773 254| 824 271| 880| 289
(DEEE 317] 104 338] 111] 358| 118] 384| 126| 408[ 134| 408] 134] 435| 143] 4 52| 492 524] 17 559| 184| 594] 195] 6 08| 675] 222| 718] 236] 765 251
(O] P 3125] 56| 18] 60| 20| 63] 21| e8] 22| 72| 24| 56| 18] 60[ 20| 53[ 17 56 18 81| 27 86| 28 85 28 90[ 30 92] 30 98| 32| 104] 34
[@) = 3325] 41| 13| 44| 14| 47| 15| 51| 17| 55 18] 56| 18] 60| 20| 53] 17 57| _19 81 27 86| 28 85 28 91| 30 92|30 98| 32| 104] 34
Olye X5 EEFH 3124] 56| 18] 60| 20| 63] 21| e8] 22| 72| 24| 56| 18] 60[ 20| 53[ 17 56 18 53] 17 57| _19 57|19 60[ 20 62| 20 65 21 70] 23
@ = 3324] 41| 13| 44| 14| 48| 16| 51 17| 55 18] 56| 18] 60| 20| 53] 17 57| _19 53] 17 58] 19 5719 61| 20 92|30 98| 32| 104] 34
Ol rovrwrzmm 229l 20] 10 30f o] 3] 11] 34 i1] 36] i2] 20] io] 30] io] 79] 26 84| 28 81| 27 86| 28 85 28 90[ 30 92] 30 98| 32| 104] 34
® = 3329] 55| 18| 59| 19| 62| 20| 67| 22| 71| 23] 57| 19| 60| 20| 79| 26 84| 28 81 27 86| 28 85 28 91| 30 92| 30 98| 32| 104] 34
DhITSEEFR 3120 11| 4 12 4| 13[ 4| 14 5| 15 5| 14 5| 15/ 5| 13[ 4 14 5 13[4 14 5 55] 18 60[ 20 61] 20 65 21 71|23
g 94— X/ ZE B 3301 28] o| 20[ 10| 30 1ol 31| 1ol 32] 11| 84 28] 90[ 30| 79| 26 84| 28 81| 27 86| 28 85 28 90] 30 92] 30 98| 32| 104] 34
[OEE - LYEED 36] 12| 39| 13| 43| 14| 46] 15| 50 16] 50| 16| 55| 18] 60| 20| 65| 21 70 23] 76| 25| 83| 27] 90| 30| 98] 32| 106] 35| 115] 38
Ol PZS 3321 17] 6| 17] 6| 18 6| 18 6] 19| 6] 19| 6] 19 6] 20 7 20 7 217 20 7 22 1 238 238 24 8 24 8
@F=o~ 3333 19| 6| 22| 7| 25 8 8| 3 3 1 3 1 5 2 6 2 8 3 9 3 12 4 13 4 14 5 17| 6 19 6 21 7
QFTo~E 3427 8| 3 93 9 3] 1o 3] 11| 4 12 4 134 14| 5 16] 5 18] 6 20 7 2 7 25 8
@SS 3428 4 1 5 2 5 2 6] 2 72 83 9| 3 0] 3 114 12 4 13 4 14| 5 15| 5
Gl =Y 3426 HIE 9 3 o 3| 1o[ 3| 11| 4 2] 4 13 4 14| 5 6] 5 18] 6 20 7 2 7 25 8
®|TTA 3312 5[ 2 5[ 2 5[ 2 5[ 2 5[ 2 5[ 2 5[ 2 5 2 5 2 5 2 5 2 5 2
2. Fa s 43| 14| 46] 15| 50| 15| 53| 17| 56| 18] 56| 18] 60| 20| 64| 21| 69| 23] 73| 24 78] 26] 84| 28] 89| 20| 95| 31| 102| 34| 108] 35
[OE& % 3387| 13| 4| 14| 5| 14 s| 13 4| 11| 4| 11| 4 o 3] 10| 3 10 3 1] 4 0] 3 2] 4 2] 4 5] 5 18] 6 21 7
QI EEPZ 3351 4 1 4 1 5 2 4 1 4 1 4 1 5 2 5 2 5 2 5 2 5 2 6 2 6 2 6 2 6 2 6 2
[OIEYPZ 3389 13| 4| 14 5| 15 5| 15 5| 15| 5] 15| 5] 16/ 5| 16] 5 176 176 18] 6 18] 6 19 6 19 6 20 7 20 7
@ LS55 1301 18] 4| 14| s| 13[ 4| 12[ 4| 11| 4 11| 4| 13[ 4| 14[ 5 5] 5 16] 5 7] _6 18] 6 19 6 20 7 21 7 22 7
®[I7r—rR—2IL 3313 3 1 4 1 4 1 5 2 6 2 72 8| 3 9 3 0 3 11 4 12 4 13 4 14 5
®|F1= 3314 3 1 4 1 4 1 5 2 6 2 72 8 3 9 3 10 3 11 4 2] 4 13 4 145
[GIEZYi 3409 2] 1 2] 1 2] 1 2] 1 2] 1 2] 1 3 1 3 1 3 1 3 1 3 1 3 1
Bk 3414 3 3 1 3 1 3 1 3 1 3 1 4 1 4 1 4 1 4 1 5 2 5 2 5 2 5 2
[OIEIR 3317 2] 1 2| 1 2 1 2] 1 2] 1 2] 1 31 3 1 3 1 3 1 3 1 3 1
3IRap s, 63] 21| 67| 22| 72| 21| 76] 25| 82| 27] 82| 27| 87] 29| 93| 31| 99| 33| 106] 35| 113] 37| 121 40| 129] 42| 137] 45| 147] 48| 157] 52
D[F L 3357] 35| 12| 39| 13| 34 11| 28] o 23] 8| 23 8| 23] 8| 24 8 25 8 26 9 28 9 3010 32| 11 3411 38 12 42| 14
QILAS 3156 8| 3 8| 3 93 o 3| 15| 5| 15| 5| 16| 5| 17| 6 186 196 20 7 21 7 2 7 238 24 8 25 8
Ol 3362] 20| 7| 20 7| 21| 7| 21| 7| 25| 8| 25 8| 28] 9| 31| 10 34 11 37 12 40[_13 43| 14 46] 15 49] 16 52 17 55| 18
D AHT 3429 10| 3| 10| 3| 1ol 3| 11| 4| 11| 4 12 4 124 13 4 145 15| 5 16] 5 7] 6 18] 6
5| L/l 3399 8 8| 3 9 3 9 3 o 3] 10| 3 103 12 4 12| 4 13 4 14 5 5] 5 6] 5 17] 6
(e EE] 24] 8] 26] 9| 28 o] 29 10| 31| 1of 31| 10| 33[ 11| 36| 12| 38 12| 41| 13| 43| 14| 46] 15| 50| 16] 53] 17| 56| 18] 60| 20
[O)EE] 3361 2 83 9 3 9 3 9 3 9 3 8 3 9 3 9 3 8 3 0] 3 11 4 11 4 12 4 2] 4 2] 4
[BIDF 3364]  17] 6| 18] 6] 19| 6| 20 7| 16] 5] 16| 5| 1o| 3| 12| 4 14| 5 145 14| 5 6] 5 6] 5 18] 6 20 7 20 7
[CIE=TS 3365 6 2 6 2 6 2 6 2 6 2 2 2 2 83 8 3 9 3 0] 3
@7 3394 5 2 5 2 5 2 6 2 6 2 6 2 2 2 2 8 3
®lAILo43 3366 2 1 2] 1 2 1 3 1 3 1 3 1 4 1 4 1 4 1 5 2
®[7ILT 3396 2] 1 2 1 2 1 3 1 3 1 3 1 41 4 1 a1 5] 2
5. R 12| 4| 13| 4] 50| 16| 60] 20| 70| 23| 70| 23| 150 49| 230 76| 260] 85| 280 92 | 300 99| 320] 105| 340] 112 | 340] 112 | 315] 104 | 315] 104
Dr=71LvIRA) 2199 20] 7| 20 7| 30 1o] 30 10| 50] 16| 100[ 33| 100] 33| 100[ 33| 100] 33| 100| 33| 1oo] 33| 100 33| 100] 33| 100 33
@[3 H =7 (MTKU) 6199] 12| 4| 13| 4| 20 7| 20 7| 20 7| 20 7] 20 7| 50[ 16 50 16 70|23 80[ 26| 100] 33| 120] 39| 120 39| 120 39| 120 39
I[ILTF) 3293 10 3| 20 7| 20 7] 20 7| 50 16| 50| 16 50 16 50| 16 50| 16 5016 5016 5016 25 8 25 8
D2 T (LR FyT) 3290 o o o o o o o] o] 30[ 10| 30 10 40| 13 40| 13 50| 16 5016 50|16 50 16 5016 5016
DIZ—F> (ZLL) 3486 o o 20 7 20 7 20 7 20 7 20 7 20 7 20 7 20 7
BREE 495] 162] 529] 174] 601] 194] 648] 213] 697] 229]| 697] 229] 820] 270] 945| 311] 1023] 336] 1094] 360] 1169] 384] 1248] 410] 1331 437] 1398] 460 1444] 475] 1520] 500

PL: A BN ER[MW]
QL: EZE N &R Mvar]




LV

DAV FEHREN FEATUR
F 2013 | 2014 [ 2015 2016 [ 2017 | 2018 | 2019 [ 2020 [ 2021 | 2022 | 2023 | 2024 | 2025 [ 2026 [ 2027
FA45—FJL/SL] 200] 200] 200] 200] 200] 200] 200 200] 200] 200] 200] 200 200[ 200] 200
oA 250 | 250 | 250 | 250 250| 250 | 250 250 250| 250 250| 250 | 250 250 250
hILI 200/ 300 400] 400| 450 500| 600| 600| 600 600
AN 50| 150| 150 150] 150| 150 180| 180| 180| 180| 180
e 100 100| 100 100] 300|] 300| 500]| 500
hIL=B
FUFLYT
X—FIv
TFxT 40 80 80 80 80 80 80 80 80 80 80
RIRIEK A 450 | 450 | 450 450 | 540| 880[ 980| 1180| 1180| 1230| 1310| 1610[ 1610| 1810| 1810
INRIEK D 39| 39| 56 80| 131 133 133| 133] 133]| 133| 133]| 133| 133[ 134]| 134
KAFEE 489 | 489 | 506 | 530| 671 | 1013 [ 1113 | 1313| 1313 [ 1363 | 1443 | 1743 | 1743 | 1944| 1944
KIFE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ZDith+ FREA 24| 37| 37 37| 37 37 37 37 37 37 37 37 37 37 37
MEERSE 513 | 526 | 543[ 567| 708 | 1050 1150 1350 | 1350 | 1400 1480 [ 1780 | 1780 1981 [ 1981
AFE 483 | 516 | 551 | 588[ 627| 670] 715] 763] 814 869| 928| 991| 1058 1129 1205
Sl DA 48] 52| 55 59| 63 67 72 76 81 87 93 99| 106| 113] 121
ESEES 531 568 | 606| 647| 690] 737 787| 839| 895| 956| 1021 | 1090| 1164 | 1242 | 1326
T=7 20 20| 30 50] 100 100 100| f00| 100] 100] 100 100[ 100
SUYZTF 12] 13] 20 20| 20 20 50 50 70 80| 100| 120 120] 120| 120
LIVE 10 20| 20 50 50 50 50 50 50 50 50 25 25
=) 0 0 0 30 30 40 40 50 50 50 50 50 50
R—F 0 0 20 20 20 20 20 20 20 20
IBNT 12| 13] 50 60| 70| 150] 230] 260 280| 300 320| 340| 340] 315]| 315
S 543 | 581 | 656 | 707| 760 | 887 1017 | 1099 | 1175| 1256 | 1341 1430| 1504 | 1557 [ 1641
ERNNTUR —18| -41| 64| -80| 18| 313] 363 511 454 | 444] 459 690| 616] 739] 655
BENFUR —30| 54| -114] -140] 52| 163 133]| 251 174 144] 139| 350 276 424] 340
RIRE K Ptk ER 88%| 85%| 83%|  79% 76%  84%|  85%  87%  87%|  88%|  89%  90%|  90%|  91%[  91%
E RN —E5 L 2% 2% 8% on| 10%]  20%]  29%] 31|  31%]  31%]  31%|  31%[  20%[  25%]  24%
6.7%
516 551 588 628 669 715 763 814 869 928 991 1058 1129 1205



€LV

1)

VAVEE FERHEE GHRETISETHPSS/ET—2 LD}

707 % 2017 2075 2016 2017 7018 2019 2020 2021 7022 7023 7020 7025 7026 2027
ERER[ERET 07 |4y RENE| B5 |oyu[RE0E 05 |ou[REiE B | 4u AR B9 |oufRE 0% 55 |4ulREis| B |4ufRE0E B0 | oufR00E| 55 | 4u[RHis B3 | 4ulREs PP N D 20 T D PP T P
MVA | Mw | mw MW | MW Mw_| MW MW _| MW Mw_| MW MW _| MW MW _| MW MW_| MW MW _| MW MW_| MW MW _| M MW_| MW MW_| MW MW _| M MW _| M MW
FAZ—F AL 3800 | 11.88] 8 95] 11.88] 8 95] 11.88] 8 95] 11.88] 8 95] 11.88] 8 95] 11.88 95] 11.68 95] 11.68 95] 11.68 95] 11.68 9] 11.88] 8 95] 11.88] 8 9] 11.88] 8 9] 11.88] 8 9] 11.88] 8 9%
1 35 3 05| 35 3| f05| 35| 3] q0s| 35| 3| 05| 35| 3| 05| 35 05| 35 05| 35 05| 35 05| 35 105 5] 3] 05| 35| 3| 05| 5] 3| 05 5 3] 105 5] 3] 105
ToxAY 2500 | 50| 5 250] 50| 5] 250 50| 5| 250 50| 5| 250] 50| 5] 250] 50 250] 50 250] 50 250[ 50 250[ 50 250 0 5] 250 50| 5] 250 50| 5] 250! 0 5] 250 0 5] 250
AT 600. 700 200]__100 300[__100 400] 100 400]_100] 4. 450] 1700|5500 100] 6] 600|100 6] 600] 100] 6] 600] 100] 6] 600!
EOPN 200. 5] 1 50| 50 150 50 150 50 150 50 150 50 150, 180 180, 180, 180 180
7Y 600. 700 100] 100 100100 100100 1 00| 100] 3| 300|100 3| 300] 15| 4| 00| 25| 4] 500!
HILTB 250.
FUTLT 400,
X—FJv 600.
TFxT 80, 0] 1 40| a0 2 80| 40| 2 80 40| 2 80| 40| 2 80 40| 2 80| 40 2 80 40| 2 80| 40 2 80 40 2 80| 40 2 80
Kk h: &5 450 450 450 450 540 880 980 1180 1180 1230 1310 1610 1610 1810 1810
5] 2 30| 151 2] 30| 5[ 2] s0| 15[ o[ 30| 15[ o[ 30| 15[ 2] 30| 5[ 2] 80| 15[ o[ 80| 15[ o[ 30| 15[ 2l 0| 15[ 2] 30| 15[ o[ 80| 15[ o[ 30| 15[ 2] 30| 15[ 2] 30
00| 3 00| o0 3 o0o0f o0 3[ oof o0o] 3] oo oo[ s oo| oo[ 3 o0o0] 00 3[ 00| 00| 3] 00 3 00 3 00 300 o0 3[ 00 3 00 3 00 3 00
30 1 30 30 1] 30
1 1 1 1 1 1 1 1 1 1 1 o[ 1 1 ] 1 1 1 1 1 1 1 1 1
90 1 90 90| 1] 90 X
1 0] 1 1 1 1 1 1 1 1 1 1 1 1 ] 1 ] 1 1 1 1 160 [ 1 160 ] 1 1
40| 3] 10| 40 3[ 120 121 1 1 1 1 1 1 1 1 1 124 1 1
70 1 70 70 1] 70
54 1 54 54] 1] 54
2 210] 2 210 2 210 2 210 2 210 21 210 21 210 2 210] 2 210 21 210 21 2.
KAKA 30 o o0o0] 30| 1] 30 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
B S BE 394 394 555 79.8 1307 1328 1328 1328 1328 1328 1328 1328 1328 1338 1338
kA & 489.4 489.4 5055 5298 670.7 10128 11128 13128 13128 13628 14428 17428 17428 19438 19438
Namanve - 50
Invespro,Nalubaal - 50.
Electromaxx - 50
Mputa-Kabale(Test crude) | — 57
[Mputa Oil) - 250.
Albatros - 230.
Kabaale Peat - 33
Sesame - 33
[Geothemal - 100
|Namugoga Solar - 50.
Kh:&E 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Kinyara Sugar Works | 50 15 1] 15 50 1] 50 50 1] 50 50 1] 50 50 1] 50 50 1] 50 50 1] 50 50 1] 50 50 1] 50 50 1] 5.0 50 1] 50 50 1] 5.0 50 1] 50 50 1] 50 50 1] 50
Kakira Sugar Works | - | a0 220 1] 220 320 1| 320 320 1| 320| 320 1| 320 320| 1| 320] 320 1| 320| 320 1| 320| 320| 1| 320] 320 1| 320| 320| 1| 320| 320| 1| 320| 320 1| 320| 320| 1| 320| 320 1| 320 320 1] 320
SCOUL Lugazi [ - 1 60 [ 1 [ 1 [ 1 [ [ 1 [ [ [ 1 [ [ [ 1 [ [ I I
aVzRL—av A 235 310 310 370 370 370 370 370 370 370 370 370 370 370 370
RERHBE 512.9 526.4 5425 566.8 707.7 1049.8 11498 1349.8 1349.8 1399.8 14798 1779.8 17798 19808 19808




VAV E HERMHEE GRRARTI<E 1+ 2HPSS/ET—8 L D)

v-L-V

&S EES KV | cot 2013 [2014] 2015 2016 201787[ 20178 | 2018 [ 2019] 2020 [ 2021 [ 2022 2023 2024] 2025 2026 | 2027
HhISVT-IYhE 182 1 [
HhISVr-Ravy 182 1 [
NaT-hR5aE 132 2 [J
LTS -LkoUReT 132] 2 °
XY HBE-MTKU (B HF=7) 132] 1 °
THHBE-LIATTAL 132] 1 D
RAVF-(HIUF )RS 132 1 °
)L ~(T-MUKONO)~(T-NMVE STH)-FZ>~ 132] 1 °
FRUR-HUFHE 132 1 [J
20135 FILASL-LHD 66 1 o
REBEE  |FL-rTdT 132] 2 D)
+73-U5 132 1 o
rEA-LYR (7=7) 132 2 o
too-#473 182 1 [
Iox#y-ban 182 2 [ PRAH A RS
IToxH)-hIVY 182 2 @(132kV) @(220kV)
FILAL-TSvHY 132 2 °
LR I-HTH 132] 2 o
B 853D 5)- Lk Ry T 182 2 BRE% o
LhOURST-HTSYY 132 1| mBR—n| e [
2013|2014 2015 2016 201741| 2017#% | 2018 | 2019] 2020 [ 2021 [ 20222023 2024 2025 2026 | 2027
FIVRB-AES 132] 1 °
L3/ (FINL-FToN) TR 132 1 ]
FIVR-FTUAE 132) 1| @ °
. FILSL-TTrHY 182| 2| @k (i) [ ]
ﬁfﬁﬂ%gﬂ F—=9T A =X (FILSL)-FIUR-H5H 182| 1| @Rk (i) [
PR A D2 ZA) 182 2 [
FILNL-LHS 132] 2 °
LrHUESI-TVFA 132 2 °
HIUE-RuR 132 2 % °
S 1853 Lby RS T 132 1) E@ER (igss) o
2013 [2014] 2015 2016 201747| 20174 | 2018 [ 2019] 2020 [ 2021 [ 20222023 2024 2025 2026 | 2027
HHESTER [hoos-v9h [220] 2] °
LU ESI-NTFYT-RIr [220] 2] o
[ ——— _ 2013|2014 2015 2016 201781| 2017#% | 2018 | 2019] 2020 [ 2021 [ 20222023 2024] 2025 2026 | 2027
HLR-HTE [400] 2] 3 °
2013|2014 2015 2016 201781| 2017#% | 2018 | 2019] 2020 [ 2021 [ 20222023 2024 2025 2026 | 2027
Ry -TF—hR—BIL-h—L-RA3 220 2 ®
LINTFT-RTUH 182 2 [
s 357-h\L 132] 2 °
HISVr-FHUE-F 182 1 [
SSV-FAHTA-RIVYS 132] 2 °
THH-L35T 220 2 °
LNTT-RTH 220 2 °
2013|2014 2015 2016 201747| 2017#% | 2018 | 2019] 2020 [ 2021 [ 20222023 2024] 2025 2026 | 2027
AHVH (T T HY-+on) 182| 2 [
AR
+73-€0k 132 2 D)
LSL-T52TY 132 2 [
2013|2014 2015 2016 201781| 2017#% | 2018 | 2019] 2020 [ 2021 [ 20222023 2024| 2025 2026 | 2027
RAT-H7 220 2 )
TN-FFA(FHI) 182 1 [
HILT-U5 132] 2 D
Ela:i] U5-5 L 132] 1 D
TI-Fhod L 132] 2 °
TI-FIN943-RE-FLT 182 2 [
ANT-AII43 400 2 [
FYI-ANo43 400 2 [ ]
2013 [2014] 2015 2016 201747 | 2017#% | 2018 [ 2019] 2020 [ 2021 [ 20222023 2024 2025 2026 | 2027
dt#e®rE  [Fon-LAL-ATIUF [132] 2] D
HL=-too [400[ 2] °
2013|2014 2015 2016 201787 | 2017#% | 2018 | 2019] 2020 [ 2021 [ 20222023 2024| 2025 2026 | 2027
JoxAY-bAA-LYR (5 =7) 220 2 D
" LNFF-Z5R-ELURULIVE) 220 2 (]
ErER B -LRkyRT (av ) 220 2 °
RYD-LIUH (BUHZT) 220 2 [ ]
FILI43-Z Ll (BR—F ) 400 2 []




S-LV

VHUEE EERRIE (RENICEITSHPSS/ET—2 LD

[ B BRsk | 2013 | 2014 | 2015 | 2016 | 201781 | 2017% | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2014 | 2025 | 2026 | 2027
1.5h R (1) B ERE
132/11 o 2] 80[2[ s8o[2[ s8o[2] 80[2 80] 2 80[ 2] 80 2] s8o[2] s0[ BEIE
o 132/11 FEEE 2%120 2| 120 2| 120[ 2 120[2[ 120[2[ 120[2[ 120
132/33 o 2| 8o[2[ s8o[2[ so[2] so0[2 80 2 80 2| 80 2| 80| 2] 80| BEIL
132/33 FEEE 2] 120 2 120[ 2 120[ 2| 120] 2| 120] 2| 120] 2| 120
/ o 2| 8o[2[ so[2[ so[2] s0[2 80[ 2 80 2| 80| 2| 80| 2| so[2] s8o[2| s80|2| so[2[ 8o0[2] 8o[2] so[2] 80
P28 4 / ) 2| 8o[2[ so[2[ so[2] s0|2 80] 2 80 2| 80| 2] 80[2] 8o[2] 80[2] 80[2| so[2[ 80[2] 8o[2] 8o0[2] 80
/ FEE 1] 40/ 1] 401 40
/ ) 2| 40[2[ 40[2[ 40[2] 40]2 0] 2 40] 2| 0] BEIE
132/11 g 2%120 2| 120[ 2] 120[ 2 120[2[ 120] 2] 120]2[ 120] 2] 120]2] 120
Lk T 132/33 o 2| 8o[2[ so[2[ so[2] s0[2 80[ 2 80[ 2| 80| BEIE
132/33 FEEE 2] 120 2| 120] 2| 120] 2| 120] 2| 120] 2| 120 2| 120[2| 120] 2| 120
220/132 % 2| 250] 2| 250 2[ 250[ 2 250 2| 250| 2| 250] 2| 250] 2| 250
132/11 ) 1] 20[ 1] 20[1] 20[1] 20[1 20 1 20[ 1] 20[ 1] 20[ 1] 20[1] 20[ 1] 20[ BEiE
HhI5 132/11 TR 1] 201 20] 1 20 1]_20[ 1] 20[ 1] 20[1] 20[1] 20] BEIE
132/11 ] 2] 80l 2| so[2[ so[2] so[2] 80
24— X9z 132/33 ] 3 120]3] 120 3] 120[3] 120[3] 120[3] 120[3] 120[3] 120[ 3] 120[3[ 120[3[ 120
1.5 R (2) B #BE S E ER
132/33 o 1] _40[ 1] o[ 1] 40[ 1] 40[1 40] 1 40 1] 40 1]_40[ 1] 4o[ 1] 4o[ 1] 4o[ 1] 4o[ 1] 40 1] 40[1] 4o[1] 40
P 132/33 183 1] 401 40[ 1 40[ 1|40 1| 40| 1| 4o0[ 1| 4o[ 1| 40| 1| 40| 1| 40 1] 40| 1| 4o[1] 40
220/132 255 2] 500] 2| 500] 2| 500 2] 500 2| 500] 2| 500] 2| 500] 2| 500| 2] 500[ 2| 500 2| 500] 2| 500] 2| 500] 2| 500
400/220 [EES 2] 1200] 2] 1200] 2] 1200] 2] 1200] 2| 1200] 2| 1200] 2| 1200] 2| 1200] 2| 1200] 2| 1200
TN 132/33 o 3| 120[ 3] 120[3[ 120[ 3] 120[ 3] 120[ 3] 120[ 3] 120[ 3] 120] 3] 120] 3] 120] 3] 120] 3] 120] 3] 120] 3] 120] 3] 120{ 3] 120
FIURE 132/33 B 3| 180[3[ 1s0[ 3] 180[3[ 180[3[ 180[3[ 180[3[ 180[3[ 180[ 3] 180| 3] 180] 3] 180| 3] 180[ 3] 180
S5 132/33 % 2| 80[2 80] 2 80 2| 80| 2] 80[ 2] s8o[2] 80[2] s80[2| so[2[ 80[2] 8o[2] 8o0[2] 80
Lo/ 132/33 B 3| 180[3[ 1s0[ 3] 180[3[ 180[3[ 180]3[ 180[3[ 180[3[ 180[ 3] 180| 3] 180] 3] 180| 3] 180[ 3] 180
I TN 132/33 2 2| 140] 2] 140 2| 140[ 2| 140[ 2| 140[ 2| 140[ 2| 140[ 2| 140[ 2| 140] 2| 140] 2| 140[2| 140
iz 132/33 2 2| 40[2[ 40[2[ 40[2[ 40[2[ 40[2] 40l2[ 4ol2[ 4ol2] 4o[2] 40
2. 75 8RB
- 132/33 [ 2] _40[ 2] 40[2[ a0] 2] 4o[2] 40] 2 40 2] a0 2] a4o0[ 2] 4o[2] 4o[2] 40[2[ 4o]2[ 40 2] 4o0[2] 4o[2] 40
220/132 2% 2| 250] 2] 250[ 2| 250[ 2| 250 2| 250 2| 250| 2| 250 2| 250] 2| 250] 2| 250] 2| 250] 2| 250
2as 132/33 o 1] 75[1] 75[1] 75[1] 75
132/33 FEEE 1 20[ 1 20[ 1] 20[ 1] 20[ 1] 20[ 1] 20[ 1] 20[ 1] 20[ 1] 20[ 1] 20[ 1] 20[1[ 20
132/33 o 2| 40[2[ 4o0[2[ 4o0[2] 40]2 40] 2 40 2| a0 2| a4o0[2| 4o0[2] 40[2| 40|2| 40|2[ 40| 2] 402 4o0[2| 40
P2 132/33 EEE 1 20[ 1 20[ 1] 20[ 1] 20[ 1] 20[ 1] 20[ 1] 20[ 1] 20[ 1] 20[ 1] 20[ 1] 20[1[ 20
220/132 2R 2| 120[ 2] 120 2] 120[ 2] 120[2[ 120[2[ 120[2[ 120[2[ 120[2[ 120]2[ 120]2] 120]2] 120]2] 120
132/33 [ 1] 20[1] 20[1] 20[ 1] 20| BElE
LRSS 132/33 ) 1] 5[] 5[ 1] 15[ 1] 15| BeIE
132/33 EEE 2 80] 2 80[ 2| 80[ 2] 8o0[2] 8o[2] 8o[2] 8o[2] 8o[2[ 8o[2[ 8o[2[ so[2[ 80
220/132/33|  #BE% 1] 60[ 1] 60[1 60] 1 60[ 1] 60[ 1] 60[ 1] 60[ 1] 60[ 1] 60[ 1] 60[ 1] 60[1[ 60[1[ 60[1[ 60
S —s | 182/33 25 2| 80[2 80] 2 80 2| 80| 2] 80[ 2] 8o[2] 80[2] 80[2| so[2] 80[2] 80[2] 8o0[2] 80
220/132 B 2| 120[2[ 120 2] 120[ 2] 120[2[ 120[2[ 120[2[ 120[2[ 120[2[ 120]2[ 120]2] 120]2] 120]2] 120
. 132/33 R 2| 80[2 80] 2 80 2| 80| 2] 80[ 2] 8o[2] 80[2] 80[2] so[2[ 80[2] 80[2] 8o0[2] 80
220/132 B 2| 120[2[ 120[ 2] 120[ 2] 120[2[ 120[2[ 120[2[ 120[2[ 120[ 2] 120]2[ 120]2] 120]2] 120]2] 120
FRA 132/22 % 2 40] 2 40 2] a0 2] ao0[2] 40[2] 40[ 2| 40[ 2] 40[2] 40[2[ 40[2[ 40[2[ 40
EPkd 220/132/33| % 1] 60[ 1] 60[1 60] 1 60[ 1] 60[ 1] 60[ 1] 60[ 1] 60[ 1] 60[ 1] 60[ 1] 60[1[ o[ 1] 60[1[ 60
AL 132/33 ®E% 2 80] 2 80[ 2| 80[ 2] 8o[2] 8o[2] 8o[2] 8o[2] 8o[2] 8o[2[ 8o[2[ so[2[ 80
HIFT 132/33 ) 2| 40[2[ 40[2[ 40[2] 40]2 40[ 2 40] 2| a0 2| a4o0[2] 4o0[2] 40[2| 40|2| 4o[2[ 40| 2] 402 4o0[2] 40
HISIT 220/132 @ 2| 250] 2| 250 2[ 250[ 2| 250| 2| 250] 2| 250] 2| 250] 2| 250
X=x5 220/132 B 1 45[ 1 45[ 1] 45[ 1] 45[ 1] 45[ 1] 45[ 1] 45[ 1 45[1[ 45[1[ 45[1[ 45[1[ 45
HN—L 220/33 = 2] 80[2 80[ 2 80[2] 8o[2] 8o[2] 8o[2] 8o[2] 8o[2] 8o[2[ 8o[2[ 8o[2[ so[2[ 80
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1. INTRODUCTION

1.1 General

The surveys are required to facilitate the design of the various components of the
expansion and upgrading of Queensway substation. The resultant data and maps can also
be used for preparation of the Resettlement Action Plan (RAP) for the project.

1.2 Location and access to the site

The project is located along Queensway on Entebbe road, in the Central Business District
of Kampala. The project site is located adjacent to the existing Queensway substation,

opposite USAFI market in the Pan-African Freedom square as shown in the image below.
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1.3 Project Description, Duration, Staffing and Equipment

The Consultant subcontracted NEWPLAN to carry out a topographic survey of the site
covering the existing substation site, the proposed extension site, T-off tower sites, and
the cable alignment for the proposed connection into the Substation.

The main product of the survey would be a topographic map covering the entire area to
facilitate the design of the Substation. The survey has to be supported by a set of control
points, well measured to enable the topographic survey to be as accurate as possible. The
control points will also be used for setting out the scheme during construction.

Part of NEWPLAN's survey team together with the representatives of Yachiyo
Engineering Company Ltd carried out a reconnaissance site visit on 22" April 2014, to get
a clear understanding of the client’s requirements for the survey.

In general, fieldwork for the topographic survey was carried out in the first two days after
the reconnaissance visit. On 5" May 2014, a final site visit was carried out to measure the
elevations of the six cables on the Transmission line at the point where the T-off
connection to the substation will be made.

The survey team comprised of: two Field Surveyors, each with two Chainmen.

The Equipment used included; GPS (CHC X90), and a Leica TCR 700 Series Total
station, and their accessories.

The computations and drawings were processed using a computer and relevant software.

Queensway Substation Improvement: Topographic and Geotechnical Surveys
Volume I: Topographic Survey Report

2. TOPOGRAPHIC SURVEYS

2.1 General

A reconnaissance site visit was carried out with the client for the purpose of
understanding the site requirements for the survey and enable making decisions on a way
to approach the exercise.

During the entire exercise, the consultant carried out the following activities:
1. Extended control to the site in order to be able to carry out the topographic
survey.
2. Measured coordinate (XYZ) details of feature points for preparation of a
topographic map for the site.

2.2 Extension of Control

National grid control had to be extended from known point(s) 71Y125, an RTS close to
the site at the Mukwano Round about. Details of this control point are as follows.

Point Descr. | East North Height
71Y125 | RTS 454808.454 | 35074.665 1150.081

(RTS: Rigorous Traverse Station)

Connection to the Natfonal Grid
The control point RTS 71Y125 is a reliable control point used in the Kampala area and is

already connected to the national grid.

The National Grid is based on the following:

Reference Ellipsoid: Clarke 1880 with the following parameters
e Semi-major axis: 6378249.145m

e Inverse flattening: 293.465
Datum. Arc 1960
Projection Type: Transverse Mercator Zone: UTM Zone 36N (the project was in the
northern hemisphere) Zone parameters: Central Meridian (CM): 33'E Scale factor at CM:

0.9996 Longitude of Grid Origin: 0.0°E Latitude of Grid Origin: 0.0'N False Northing:
0.0m False Easting: 500000.0m Scale Factor: 0.9996 Uses orthometric heights.
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2.3 Topographic Detail Points Measurement/ Field Observations

After extension of control to the site, all other topographic detail points were measured;
with ‘Change Points’ made at convenient points in and around the site to enable faster
measurement. Point spot heights were measured using Total station and RTK GPS. More
details about staffing and equipment for this exercise can be found in section 1.3 above.

2.4 Measurement of Elevations of Transmission Line Wires

The REM method (Wei and Cheng, 2006) was used to find the height above ground of
the wires of the transmission at the location of the proposed T-off tower. It is best
explained in the figure below.

= i
£ 4] ; .
i ol
i
1\ ;
-'IIF; ". AT Al -"—""' W \

And the height of the wires above the ground was calculated using the formula;

H =S SINZ2 COTZ1- SCOSZ2 + h

Where: H is the height of the inaccessible point above the ground
S is the slope distance to a measured target of known height
h is the height of the target
Z1 is the vertical angle to the inaccessible point
Z2 is the vertical angle to the measured target of known height

Queensway Substation Improvement: Topographic and Geotechnical Surveys
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The measured target of known height above the ground has to be placed directly below

the inaccessible point (electric wire) in the plumb position.

The above parameters were measured and recorded for all the six wires on either side
of the towers 19 and 20, with the LHS (Left hand side) and RHS (Right hand side)
defined moving from Tower 19 towards Tower 20, as illustrated in the drawing below:

‘ hl_--LHS Cable 1 flowest)

(A

_‘ hetd
e Y 4

s oA Pt
Tower 19 Tower 20

The measurement results are summarized in the table below:

Cables Elevation Height above
ground
LHS Cablel (Lowest) 1174.264m 13.103m
Cable2 (Middle) 1178.341m 17.180m
Cable3 (Highest) | 1182.537m 21.376m
RHS Cablel (Lowest) 1174.060m 13.557m
Cable2 (Middle) 1178.031m 17.528m
Cable3 (Highest) | 1182.367m 21.864m
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2.5 Computations and Topographic Mapping

Spread sheets were used to reorganise the Total Station measured detail points. These
were saved as excel files in comma separated values (csv) format with the following
descriptions.

e ‘re’road edge

e ‘hse’ for house/structure corner

e ‘sh’ spot height

o ‘fe’ fence

e ‘tree’ tree

e ‘drain’ drain

e ‘ctop’ for channel top

e ‘c bottom’ channel bottom

e ‘mh’man hole

Etc.

The points were imported into CAD software in which the drawing was processed.
Topographical Maps

The maps were formatted to Al and A3 paper print size in AutoCAD layouts and in pdf
and are submitted as attachments to this report. A softcopy file in AutoCAD format will
be submitted as well.

Autodesk Civil 3D 2012 was used to prepare the topographic map drawing with the
following details.

Area Covered

2D surface area = 15588.02 sq.m
3D surface area = 16337.82 sq.m

Scale
The scale of the drawing in the model is 1:1000 m

The scale of the drawing on the ready for print layouts is 1:5000 m on A3 paper size.

Contour Intervals
Major Contour Interval (Brown colour) = 2m

Minor Contour Interval (Grey colour) = 0.5m

Grid Interval
The grid interval in the map is 50m

Queensway Substation Improvement: Topographic and Geotechnical Surveys
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3. CHALLENGES

Some artificial features especially underground ones like electric cables, sewer lines, water
pipes were not easy to identify and therefore difficult to accurately measure and show on
the map.

On-going construction works on the site made it difficult to measure and show all the
existing features on ground as ground conditions were changing on a daily basis.

Sewerage flowing in the drainage channel made the measurements therein very
unpleasant.

During the measurement of Transmission wire elevations above the ground, it difficult to
get the plumb position of the wires on the ground.

4. RECOMMENDATIONS AND CONCLUSION

The survey was done within acceptable limits of accuracy and connected to the National
Grid and therefore sufficient to be used for execution of the project for the design as well
as for the Resettlement Action Plan (RAP) surveys.
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LHS: Existing Queensway Substation
CENTRE: Sidewalk with drainage channel
RHS: Queensway
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FOREGROUND: Queensway
BACKGROUND: Pan-African Freedom Square
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Drainage channel over-grown with weeds at the planned site of the substation extension

1 newplan
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1 BACKGROUND

NEWPLAN Limited was contracted by Yachiyo Engineering Company Limited to carry out a
geotechnical survey involving soil investigations at the construction site for the planned
improvements for the substation and electrical transmission lines area at Queensway substation.

Following drilling, the soil samples were transferred to the Central Materials Laboratory for testing.

2 METHODOLOGY

2.1 Drilling

Drilling was carried out in line with BS 4049-4: 1993 standard using the HGY 200 series drilling
machine. In order to ensure maximum sample recovery rotary drilling without water circulation was
implemented using the NX casings with a drilling bit, up to such a depth where cores failed to be
recovered in the casing. After the failure a triple core tube with a smaller diameter was also used
without water circulation to further recover cores as much as possible. Water was then circulated
with a standard NXW drilling bit since at this level the ground consisted of cobbles and boulders

making highly weathered rock before fresh bedrock.

2.2 SPT tests

SPT tests were done in line with BS 1377-9: 1990. The standard penetration test (SPT) is an in-situ
dynamic penetration test designed to provide information on the geotechnical engineering properties of
soil. The test uses a thick-walled sample tube, with an outside diameter of 50 mm and an inside
diameter of 35 mm, and a length of around 650 mm. This was driven into the ground at the bottom of
a borehole by blows from a slide hammer with a weight of 63.5 kg falling through a distance of 760
mm. The blow count (n-value) provides an indication of the density of the ground.

Queensway Substation Improvement: Topographic and Geotechnical Surveys
Volume II: Geotechnical Survey Report

3 FIELD ACTIVITIES

The consultancy implementation activities were to be in line with the terms of reference and are
described as follows.

a) Preparation of work implementation schedule

b) No confirmation of location was done since this would have required to dig a pit up to the
maximum depth of 20 meters.

¢) Transportation, assembling, and disassembling of all the drilling equipment
d) Installation of a ladder and other safety measures during the execution of the works

e) Implementation of miscellaneous work related to penetrating and sampling, field test and
laboratory test

f) Execution of field test
g) Sampling and transportation of sampled soil
h) Report on geological aspect based on laboratory tests and field tests
i) Submission of geological samples for inspection
j) Presentation of test results and necessary calculations in report form
k) Backfilling of borehole
Coordinates of for each drilling site were collected using a GPS set to ellipsoid WGS 84

3.1 Borehole BH1

This borehole was drilled at coordinates 36N 452901E, 34116N to 13.1 meter depth. Drilling was
stopped in bedrock. The borehole drilling included a 0.7m rock core extraction at the bottom of
borehole. Groundwater was intercepted at 0.8 meter depth. The following pictures show the core
boxes into which samples were collected.
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Figure 3-2: Core box for borehole BH1 box 2 of 3
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Figure 3-3: Core hox for borehole BH1 box 3 of 3

The log for borehole 1 was prepared as presented in Appendix 6.

SPT tests were done at one meter intervals during drilling of the soil sections. The following table
shows the n-number for SPT tests done for BH1.

Table 3-1: N-number for SPT Tests at BH1

Depth (m) Number of hammers (N-value)
10to 15 25

20to25 3

3.0t035 11 (no sample recovered)
35t04.0 23

50t05.5 48

65t07.0 56

75t08.0 55

9.0t09.5 24

10.0to 10.5 102

11.5t0 12,0 78

12.5t0 13.0 Refusal
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The photograph below shows the SPT cores collected from borehole BH1:

Figure 3-4: SPT cores from BH1

3.2 Borehole BH2

This borehole was drilled at 18.5m north of BH1 coordinates 36N 452906E, 34133N to 9.0 meter
depth. Drilling was stopped in bedrock. The borehole drilling included a 0.6m rock core extraction
at the bottom of borehole. Groundwater was intercepted at 0.7 meter depth. The following pictures
show the core boxes where samples were collected into.
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Flgure 3-5: Core box for borehole BH2 box 1 of 2
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Figure 3-6: Core hox for borehole BH2 box 2 of 2

The log for borehole 2 was prepared as presented in Appendix 6.

SPT tests were done at one meter intervals during drilling of the soil sections. The following table
shows the n-number for SPT tests done for BH2.

Table 3-2: N-number for SPT Tests at BH2

Number of hammers (N-value)
Depth (m)
10to 15 12
20t025 5
30t035 12
40to 4.5 24
50t05.5 18
6.0t06.5 123
70t075 >102
8.0t085 26
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The photograph below shows the SPT cores collected from borehole BH2:

Figure 3-7: SPT cores from BH2

Attempts to collect SPT samples resulted into unsuccessful hammering giving empty core barrels
beyond 8.5 meters

3.3 Borehole BH3

This borehole was drilled at coordinates 36N 452905E, 34140N to 10.0 meter depth. Drilling was
stopped before encountering fresh bedrock. Groundwater was intercepted at 0.8 meter depth. The
following pictures show the core boxes where samples were collected into.
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Figure 3-8: Core box for borehole BH3 box 1 of 2
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Figure 3-9: Core hox for borehole BH3 box 2 of 2

The log for borehole 3 was prepared by the sub consultant as presented in Appendix 6.

SPT tests were done at one meter intervals during drilling of the soil sections. The following table
shows the n-number for SPT tests done for BH3.

Table 3-3: N-number for SPT Tests at BH3

Depth (m) Number of hammers (N-value)
10to 15 7

20to25 7

30t035 15

4.0t04.5 19

5.0t05.5 47

6.0t0 6.5 >100

70t075 48

8.0t085 42

1 newpian
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The photograph below shows the SPT cores collected from borehole BH3

3.4 Borehole BH4

This borehole was drilled at coordinates 36N 452906E, 34133N to 12.0 meter depth. Drilling was
stopped before reaching bedrock. Groundwater was intercepted at 5.2 meter depth. The following
pictures show the core boxes where samples were collected into.

Figure 3-11: Core box for borehole BH4 hox 1 of 3

12 newplan
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Figure 3-12: Core box for borehole BH4 box 2 of 3

Figure 3-13: Core box for borehole BH4 box 3 of 3

The log for borehole 4 was prepared by the sub consultant as presented in Appendix 6.

13 newplan
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SPT tests were done at one meter intervals during drilling of the soil sections. The following table
shows the n-number for SPT tests done for BH4.

Table 3-4: N-number for SPT Tests at BH4

Depth (m) Number of hammers (N-value)
10to 1.5 52
20t025 15
30t035 25
40to45 29
50t05.5 42
6.0t06.5 33
70t07.5 56
80t085 27
9.0t09.5 29
10.0 to 10.5 25
11.0to 115 45
12.0t0 12.5 44

The photograph below shows the SPT cores collected from borehole BH 4

Figure 3-14: SPT cores from BH4
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4 LABORATORY REPORT
4.1  Scope of Work

The scope of work involved conducting tests on disturbed and undisturbed soil samples as in the
Table 4-1 below:

Table 4-1: Tests carried out

Test Standard

Sieve Analysis

Liquid Limits BS1377 or

Plastic Limits equivalent
International

Water Natural Content Standard

Specific Gravity

Unconfined compression Test

Triaxial Compression Test (UU) Test
machine was faulty so Shear box test was
instead carried out on all samples. *

Consolidation Test (One sample was
tested)

* The materials engineer who was assigned to implement the analysis for the project at the lab
informed the lead investigator that the test machine for the triaxial compression test was faulty,
however, this information was not relayed on time to the consultant as an omission. It was discussed
at the time that shear box tests be carried out instead of the triaxial compression test in order to
obtain some results on the bearing capacity.

4.2 Laboratory Testing Procedure

Laboratory testing was carried out on disturbed and undisturbed samples to identify the physical
properties of the soils and establish parameters for predicting their strength characteristics. The tests
were conducted according to the standard methods.

4.2.1  Classification tests
= Natural Moisture Content

This test was carried out in accordance with BS 1377: Part 2: 1990. Representative specimens were
obtained from the samples and their net weights taken. The specimens were oven dried at
temperatures between 105°C and 110°C for 24 hours and their dry weights were taken. The ratio of
moisture loss (wet mass — dry mass) to the mass of the dried soil expressed as a percentage was
taken as the moisture content of the respective specimen. See results in Appendix 1

15 newplan
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= Sieve Analysis

The standard method of wet sieving which conforms to BS 1377: Part 2: 1990 was adopted.
Representative specimens were taken from the samples and oven dried at temperatures between
105°C and 110°C for 24 hours. The dried soils were washed through a 0.075mm BS test sieve in
accordance with the test method. The retained fractions were again oven-dried for 24 hours at the
same temperature and then sieved through a nest of sieves in a descending order of aperture sizes,
using a mechanical shaker. The fractions retained on each sieve were weighed and the proportions
of the original sample passing given sieves were determined. See results in Appendix 1

= Liquid Limit (LL)

Liquid limit test was carried out using the British Standard (BS) cone penetrometer in accordance
with BS 1377: Part 2: 1990. A British Standard (BS) cone penetrometer fitted with an automatic
timing device that ensures 5 second penetration under an 80gm load was used. Oven-dried
representative samples were pounded and sieved through a 0.425mm BS test sieve. 200gm of each
sample passing the 0.425 mm BS test sieve was mixed thoroughly with distilled water and the water
allowed to permeate it overnight in an air tight container. Each of the dried soils samples were then
remixed the following day with sufficient water to achieve two penetrations in the range between
15mm and 25mm. After each penetration the soils paste moisture content were taken. The results
are attached in Appendix 1.

= Plastic Limit

Plastic limit test was carried out in accordance with BS 1377: Part 2: 1990. The samples used for the
tests were prepared in the same manner as those for the liquid limit tests. The test consisted of
rolling a ball of soil paste between the hands and then into threads between the palm and a glass
plate. The plastic limit was the moisture content at which the threads develop transverse cracks
when they were about 3mm diameter. The results are attached in Appendix 1.

= Plasticity Index

The plasticity Index was determined in conformity with BS 1377: Part 2: 1990. The plasticity index
(P1) is the numerical difference between the Liquid Limit (LL) and Plastic Limit (PL).

Pl =LL-PL
A summary of the results of the soil index properties is attached in Appendix 1.

422  Strength
= Direct Shear test

This was performed on the undisturbed samples in conformity with BS: 1377 Part 7: 1990. For each
of the samples, three specimens of sizes 60x60x20mm were prepared. The first specimen was given
a fixed normal stress close to the respective overburden pressure and was sheared along its
horizontal plane through its mid-depth to failure.
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Thereafter the same was done on the other two specimens but this time the fixed normal stresses
were successively increased. The failure points were noted. A plot was made between the normal
stress of the absicca and the shear stress as the ordinate. The slope of the graph was the angle of

internal friction @ and the intercept was the cohesion Cy. Detailed results are as indicated in
Appendix 2.

4.23  Consolidation test

This was performed in accordance with BS 1377: Part 5:1990. A specimen of 76mm diameter and
20mm height was cut from the undisturbed sample and placed in the floating ring of the odometer
cell. Soaking of the sample was done after which the sample was loaded. Readings of compression
were noted at regular time intervals of 0 min, 172, 1, 2, 4, 8, 15, 30 1hr.............. 24hr. Successively
higher loads were applied each after 24hours until 7 cycles were completed. In the meantime the
specific gravity of the same sample was determined. A plot was made between the cell pressure and
the void ratio from which the coefficient of volume compressibility (mv) and the pre-consolidation
pressure (Pc) were determined. Results are presented in Appendix 3.

4.24  Unconfined compression strength test (UCS) on soils samples

This test was conducted in conformity with test requirements and methods in BS 1377: Part 7 1992.
The test specimens were trimmed with a spatula from the intact portions of SPT samples that were
properly preserved at natural moisture content. The lengths of each specimen was twice the
diameter. The mass of the prepared specimen was determined and likewise the bulk density
calculated. The specimen was vertically put on to the loading machine and compressed to failure as
prescribed in the above mentioned standard. The maximum load at failure was recorded and the
compressive strength calculated in N/mm2 (Mpa). The results are showed in Appendix 4.

4.25  Unconfined compression strength test (UCS) on soils samples

This test was conducted in conformity with test requirements and methods in BS 1377: Part 7
1992.The surfaces of the two bearing discs were cleaned and the test specimen. Alignment was done
carefully with the axis of specimen with the center of thrust of the spherical seat. A load was
continuously applied at a constant stress rate within the limits of 0.5 MPa/s to 1.0 MPa/s. The
maximum load on the specimen at failure in N within 1% accuracy was recorded. The water
absorption of the specimens were determined. Two specimens were used for each section of rock
core in the two boreholes. The results are showed in Appendix 5

17
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5 CONCLUSIONS AND RECOMMENDATIONS
i.  The soils generally comprised fat clay, lean clay, sandy fat clay and silty sand;

ii.  Shear strength parameters for the samples indicate mixed soils that derive their strength
more from friction than cohesion at the substation. At the 132Kv line the inter-particle
friction is more important than the cohesion. The computed allowable bearing capacity
values due to local shear failure ranged from 71kPa to 668kPa at all the four drilling points;

iii. ~ The key index properties of the soil samples varied as follows: LL = 31 to 60%, PL = NP to
29% and Pl = 0 to 38%.

iv.  The specific gravity ranged from 2.38 to 2.60 g/cm®.
v.  The Natural Moisture Content ranged from 1 to 49%.

vi.  The groundwater table was between 0.7 and 0.8 meters below ground level at the substation
and 5.2 meter under the 132Kv line. The groundwater level under the 132kv was made
deeper by the over three meters of material dumped at this site.

vii. ~ The volume compressibility from the consolidation test ranged from 0.26 to 0.04 m?/MN
for the sample that was collected between 3 to 3.5m depth in borehole 2.

viii. ~ The unconfined compressive strength varied from 0.024 to 0.948. It is noteworthy to
observe that the highest unconfined compressive strengths were obtained between 7.5 and
7.8 m depth borehole 1, 4.5 to 4.7 m depth in borehole 2, 4.8 to 5.2 m depth in borehole 3
and the values were generally much higher for borehole 4 compared to the rest of the
boreholes drilled at the substation.

ix.  The rock samples for boreholes 1 and 2 were tested for their compressive strength and water
absorption. The tests yielded unconfined compressive strength of 10.6 to 43.1 Mpa and
water absorption of 0.3 to 1.5.

X.  Based on all the observations and results above a recommended excavation depth of 6
meters is desired at the substation and for the 132 Kv line, the depth should be 8 meters for
stable founding conditions. This implies the need for deep foundations, piles would be
suitable. The optimum size and depth could not be determined at this stage due to lack of
design loadings from the structures
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