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I FIELD INVESTIGATION WORKS REQUIRED FOB DEFINITE STUDIES

As recommended in Chapter 2, "CONCLUSION AND RECOMMENDATION", in order
to carry out definite design of the Julumito Hydroelectric Project, further detailed investi-

gations and testing must be conducted for the project site;

The contents of the various investigations which will be necessary to complele prier

to start of delinite design are described below.

1t should be added that it would be desirable for these investigations 1o be carried

out in accordance with the schedule of Tig, 1-1.

1 TOPOGRAPHIC SURVEY
L1.1  General Map of Project Area

In regaxd tb maps covering the entirve avea of the Julumito Project including the
sites of struclures, reservoir, etc., theve is presently available a 1/10,000-scale acrial
photographic survey map with contour line intervals of 25 m: this should be supple-
mented and modificd to prepare a general map of the project area with contour tine

intervals of 5 m.

1.1.2  Datum Paint Surveying {Ses Fig. -2}

Surveying should be carvied out to establish a datum (riangulation network for the
entive project area, especially to intercounect the sites at which civil styuctures will
be provided. Triangulation stationg should be provided and the respective coordinates

established.

The coordinates of the above datum points must be the criteria for the general
map of the project area (1/10,000) of L.L. 1, and for the river profile levelling and

topographical surveyiug described below,

1.1.3  River Profile Levelling {See Fig. I-3)

River profile levelling of the rivers mentioned below should be carried out,



(1) Rio Cauca

Approximately 30 km starting from the junction of the Rio Cauca and Rio Sate
o the Rio Cauca Diversion Dam site approximately 500 m above the upstream Cauca

Bridge.
{2) Ric Palacé

2 kilometers both upstream and downstream of the Rio Palacé Diversion Dam

gsite or a total of 4 kn,
{3) Rio Blanco

2 kilometers both upstream and downstream of the Rio Blanco Diversion Dam

gite or a total of 4 k.
(4) Rio Sate

Approximately 10 km from the dam site and upstream,

I.1.4  Topographical Survey {See Fig. 1-2)

Topographical surveys should be carxied out for the construction sites of the civil

struclures tabulated below.

Contour Line

Place Scale Interval Area

{(m) (km?)

Reservoir Area 1/10,000 2.0 5.40
Rio Cauca Dversion Dam Site 1/500 2.0 0.5%
Rio Palacé Diversion Dam Site 17200 2.0 0.83
Rio Blance Diversion Dam Site 1/200 1.0 0.56
Cauca Diversion Waterway 1/2,000 2.0 1,21
Palacé Diversion Walerway 1/2,000 2.0 6.00
Dam Site 1/500 2.0 0.81
No, 1 Dike Site 1/500 2.0 0.16
No. 2 Dike Site 1/300 1.0 0.24.
Waterway 1/2,000 2.0 0.48
Powerhouse Site 1/500 2.0 0,14
Quzu_'ry _Si te 1/1,000 5.0 0.10

Borrow Area 1/1,000 5.0 0.33




i-2 HYDROLOGIC AND METEOROLOGIC INVESTIGATION WORKS

I.2.1  Hydrologic Investigations

(1) Observation data should continue to be collected and compiled for Julumito

Gaging Station on the Rio Cauca, Malvasa Gaging Statjon on the Rio Palacé and the

gaging station on the Rio Sate,

(2) Gaging stations should be installed in the neighborhoods of the diversion dam
sites on the Rio Palacé and the Rio Blanco to observe run-offs daily and the data

therefrom should be compiled,

(3) The hourly discharges during floods should be chserved at the various above-

mentioned gaging stations and the data therefrom should be compiled.

(4) Besides the above, run-off data from gaging stations on the main stream and

tributaries of the Rio Cauca in areas neighboring the project arvea should be collected

and compiled for periods as long as possible,

1.2.2  Meteorologic Investigations
) Precipitation Data

{a) Observation records of daily precipitation at the meteorological observation
- stationg of Popayan, Puracé, Coconuco and Florida in the project catchment area

should continue tobe collected and compiled,

(b) A meteorological observation station should be installed in the catchment

areca of the Rio Palacé lov daily observation of precipitation and the data thore-

from should be compiled,

(c) Al times of heavy precipitation, hourly precipitations should be observed at

the various abovementioned observation siations and Lhe data therefrom should be

compiled,

(d) . DBesides the above, precipitation cbservation records of meteorological
observation stations on the main stream and (ributaries of the Rio Cauca in

areas neighboring the project area should be collected and compiled for periods

as long as possible.



(2) Temperature, Humidity and Bvaporation

Daily obscrvalion data on temperature, humidity and evaporation at Popayan
Meteorological Observation Station should be collected and compiled for periods

as long as possible,

I-3 GEOLOGIC INVESTIGATION WORKS
1.3.1  Julumito Dam Site

The investigations and tests indicated below are for the purposes of determining
consolidation settlement of the valcanic ash and of confirming the bearing capacitics

and watertightness of the volvanic ash and weathered andesite,
A.  Core Boring

(1) Work quantities (8 holes, total 220 m) are given in Table I-3~1 and the

locations of the holes in Fig, I-4.

(2) Geologic logs and daily reports on boring operations will be preparexd.

(3) Standing water level should be measured daily prior to start of drilling.
B. Test Pit

Test pits are (o be dug in the vicinity of the proposed dam crest (Table 1-3-1
and Fig. [-4) for geological surveys, and besides preparing geologic sketches of test
pits, loading tests are to be carried out. At every l-m depth, sammples will be taken

for the purpose of soil tests.
C. Field Permeability Test

These tests would be conducted by the single packer method utilizing bore
holes, With every 5 m of drilling, a packer is to be installed at a point 3 m from
the bottom of the hole and water injected at a predetermined pressure. The injec~
tion pressure would be a maximun: of about 1,5 times the water pressure of the
stored water at the test location and would he flucluated in stages between these
limits, Namely, pressure rise and pressure drop will e in accordance with the

following.



Pressures in bore holes at rivex bed

3 kg/c1112 -5 kg/cmz - 10 kg/cm?‘ -5 kg/cm2 -3 kg/cmz

Pressures in bore holes at wings of dam

2
1 kg/cm?' -3 I\'g/‘cm2 - 1 kg/fem

In carrying out the tests, considerations should be given to prevent excessive
pressures acling near the mouths of the holes and the pressure down to 5 m from

2
the mouths should be held to L kg/cm™ or lower,
D, Field Loading Test

These tests will be carried out to estimate the bearing capacities of the
volcanic ash and the weathered andesite lava. The lests are to be made uiilizing
trenches, test adits and test pits from which load-settlement curves are to be

prepared and yielding loads caleulated,

The locations for testing would be as tabulated below,

Test point of "in situ” loading test utilized test adit and test pit

Namne of test adit e . Number of
A oy Fest point . Remark
or test pit test point

(From portal in meter)

Al 2, 5 and 10 3

A2 do 3

Adit 4 g do 3

A -4 do 3
CTest 1, 3 and Sm deep B T

adit do 3




E.

1.3.2

Tests Using Undisturbed Samples
The items of test would be as foHows:

(1) Permeability test

{2) Direct shearing test; consolidated undrained shearing tests to be carried
out and displacement-siress curves during conselidation and shear to be prepared,

{3) CBR test; correlations with divect shearing tests, triaxial compres -
sion tests and consolidation tests to be determined and used as part of data for
evaluation of the dam foundation.

(1) Triaxial compression test; consolidated, undrained shearing tests
and consolidated drained shearing tests will be conducted.

{5) Consolidation test

Accompanying the above tests to be carried oul in order to consider the per-
meability, consolidation settlement and shear strength of the basement, the following

tests and measurements should be conducted on the same sample,

(i) Natural water content

(ii) Field density

(iii) Dyry density

{iv) Specific gravily of soil particles

(v} Gradation analysis; particularly, distribution of particles of

0,074 mm and under.

{vi) Relative consistency; to be tested at natural water content insofar
as possible and the waler content at time of test to be measured. When testing at

liquid limit, the sample (o be thoroughly kneaded.

(vil} Calculation of degree of saturation and vojd vatioc on site

Dike No. 1 Site

The following investigations are to be carried out to study the bearing capacity

and watertightness of foundation of Diike No. L,



A.  Core Boring

Work quantities (3 holes, wotal 75 m) are given in Table 1-3-} and the loca -
tions of the holes in Fig, 1-6,

B, TestPit

(1) Work quantities (4 pits, total 20 m) are given in Table 1-3-1 and the loca-

tions of the pits in Fig. 1-6.

(2) Undisturbed samples are to be collected at depths of L m, 3 m and 5m

and the same tests as for samples from the Julumite dam site are to be per-

formed.

C.  Field Permeability Test

Permeability tests are to bie carried out utilizing boring holes by the same

methods as at the Julumito dam site.

1.3.3 Dike No. 2 Site

The following investigations are to be carried out to study the bearing capacily

and watertightness of foundation of Dike No. 2.
A, Test Pit

(1) .Work quantities (5 pits, total 25 m) are given in Table 1-3-1.

{2) . Undisturbed samples arve to be collected at depths of 1 m, 3 m 5 m and
permeability tests, consolidation tests and CBR tests are to be carried out, The

test procedures are to be the same as for those of the Julumito dam site,
B,  Field Permeability Test

Tests will be made by the method of constant head utilizing test pits,

1.3.4  Intake and Surge Tank Sites

Core borings will be carried out to clarify the geological conditions of the intake
and surge tank foundations. The quantities would be | hole, 50 m, at the intake site

and 1 hole, 70 m, at the surge tank site.



13,5 Rio Cauca Diversion Dam Site

Core borings and permeability tests utilizing bore holes will be carried out io
determine the states in which river deposits and terrace deposits exist for obtaining

information with regard to foundation excavation and foundation treamtent,
A, Core Boring

Work quantities (3 holes, total 150 m) are given in Table 1-3-1 and the loca-

tions of the holes in Fig, 1-8.
B. Field Permeabilily Test

Permeability tests would be conducted setting single packers at 3 m from the
bottom of a hole with every 5 m of drilling. In case packers cannot be get well in
sand-bravel layers, cementation will be carried out for the top 2 m of the 5-m

depths and the packers sct at these portions. The pressure to be used in water

injection is to be a maximum of about 3 kg/(2n12, but near the ground surface, the
pressure should be reduced to prevent leakage of the injected water to the ground

surface,

1.3.6 Construction Matarials
(1) Quarry Site

The investigation site is comprised of andesite lava flowed more or less
horizontally. Although investgations by test adils are degirable, it was decided
that surveys by core boring would be made as the topography is rugged and the

rock is in the form of a horizontal layer.

1) Woxk quantities (2 holes, total 330 m) are given in Table 1-3-1 and the

locations of the holes in Fig., 1-9,

) Density and absorption tests will be carried out utilizing the cores

sampled. It is desirable for unconfined compressive strengths to he measured,



(2) Borrow Area

The material which can be utilized for the impervious core of the dam is
limited to volcanic ash, Since this material is fine-grained, the imperviousness
is good, but because of the high water content, there are various problems involved
such as consolidation settlement, occurrence of pore pressure during embankment and

trafficability of construction equipment,

Therefore, the characteristics of the volvanic ash should be sidied and the
resulls reflected In engineering technolopies such as construction methads and

embankment quality control,
A. Core Borings

i} Work quantities (2 holes, total 80 m) are given in Table 1-3-1 and the

locatjons of the hieles in Fig, 1-9,

2) The procedures in investigations and operations would follow those for
the fulumito dam site, but cores collected are to be used as necessary as

samples for soil tests.

B. TestPits
1) Work quantities (4 pits, total 60 m) ave given in Table 1-3-1 and the loca-
tions of the pits in Fig. [-9.
2} Samples for soil tests are to be collected at every meter of depth, The
samples may be disturbed, but wet densities and water contents are to be
measured on site at the places of sampling.

C. Soil Tests

The items of soil tests are as follows with brief comments added lor items

requiring special attention:

i) Field wet density
2) Natural water contents
3) Gradation analysis: Analyses 0 be made of -0,074-mm sized to

clarify silt and elay components



4) Consistency; to be carried out for liguid limits and plastic limits.
Samples to be used in conditions close to natural water contents and water

immediately before testing to be clearly noted in data

3) Classification; according to Unified Classification System ({JSBR)

and Revised PR System (AASHO)

6) Density of SOil.particle

7) Void ratio in natural state

8) Degree of satiration in natural state

9) Large-scale compaction permeability test; method of compaction

to be based on Modified Proctor, Large Scale (AASHO)
Remarks:

The sample for this test should be air-dried. Sample oven-dried and
then added with water should not be used. However, when there is need for
hurry, it would be permissible to oven-dry at temperatures below 60°C for

preparation of samples.

In compaction tests, samples prepared at various water contents shonld be

used and repeated utilization of the same sample must be avoided.

10). Small-scale compaction permeability test; method of coinpaction 1o

be based on Medifed Proctor, Small Scale (AASHO)
Remarks:

Refer to coefficient of permeability in large-scale compaction permeability

test of 9),

11) CBR test; uge samples compacted at optimum water content
12) Triaxial compression test; consolidated drained test and consolidated

undrained test to he carried out
13} Consolidation tesat

14) Direct shearing test;  conduct consolidated undrained shearing test. Clearly

note displacements and stresses during consolidaiion and shear processes

1-10



L5)

Collection of information and study regarding dam embankment method
the core material to be usced is voleanie ash which is fine-prained and moreover
of h‘igh water content and possesses characteristics differ ing from ordinary
z0il materials. For example, in case compaction tests ave made of the material
close to the nawral water content, the specimen may indicate fluidity before the
gpecified number of rammer blows is reachecl to make further compaction impos -
sible, This behavior has a connection with deterioration phenomena of soil
materials due to excessive kneading and overcompaction in actual construction,
Therefore, since sirength and tyafficability of the soil will differ according to the
work guantity of compaction even at the same optimum water content, it is neces-
sary for the optimum work quantity to be calculated.  In order to gain an outlook
on this matter, the degrees of saturation and air void ratios of samples varying
the number of rammer blows in the compaction test {(Modifed Proctor, Small
Scale (AASHO} ) should be calculated. Also, the celationships, between number of
rammer blows and strengihs such as in cone tests, Proctor penetration tests or
CBR tesis are to be graphically exprésscd. It is thought suitable for the degree
of satmration of the soil at which maximum strength is produced to he calculated

using such data as references with this degree of saturation to be used as a

measure of embankment quality control of the core. Further, the compaction

‘work quantity showing the optimum degree of saturation may be used as a

reference for the rolling method in execution of construction,

T-11
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Table 1-3-1 List of Proposed geotogieal investigation works {sheet 1 of 2)

(1)  Core boring

ok . "
Site N ;(lﬁec)f Location é}!;‘g;;'e IIJE:E: l?n?)f Remarks
DH-200 lelft hank vertical 30 final size of hole, BX,
DH-207 co do 40 . do
g —~ DH-208 right hank do a0 do
3 £ DH-209 do do 40 do
o) 2 DH-210 river bed do 20 do
£ DH-211 do do 20 do
ZE pu-212 do o 20 do
= DH-213 do do 20 do
‘Fotal 8 holes, 220m long, '
: "1 PDH =101 left bank vertical 25 final size of hole, NX.
2 D102 right hank do 25 do
8 DDH-103 river bed do 25 do
"o S : — I
Total 3 holes, 75m long
Intake DH-8 . - vertical 50 final size of hole, BX.
Surge DH-9- do 70 do
rank
e CHBH-1 left bank vertical 30 final size of hole, BX
a S CDI-2 right bank do 30 do
g g oBli-3 do do 30 do
S CDH-4 river bed do 30 do
o o CDH-5 do do 30 do
o e —— ——— - —
G
Total 5 holes 150m long.
% » BDIT-1 : vertical 40 final size of hole, NX,
59 BDH-2 do 40 do
o o
m ——— - p— e e —— e ———————— -
Total 2 holes 80m long
. QLH-1 vertical 150 final size of hole, NX,
¥ QDH-2 do 180 do
o
a e e -
<~ Total 2 holes 330m long,

Giand total 22 holes 975m long,.

The schedule of proposed works is indicated in Table I-)-2,

F-12



Table F-3-1 List of proposed geological investigation works (sheet 2 of 2}

(2) Test pit

Name of Depth of pit

Site . pit Location pit (m) Remark
& f{:\ TP-201 left bank 7
Sg TP-202 do 7
g & TP-203 right bank 7
£E'% TP-204 do - 7
RSl =
=D - - -
- Total 4 pits 28m long
» DTP-101 left bank 3
- DTP-102 do 5
Z DTP-103 . xight bank 5
%" DTP-104 do 5
m “ee . e —————— e ———
‘Total 4 pits 20m long
ry=201 5
DTF=202 b
o DTP-203 5
S DTP-204 5
o DTP-205 5
= Total 5 pits 25m long
o BTP-101 15
& BTP-102 15
Z o BIP-103 15
2 BTP-104 ' is
o
u
- Total 4 pits 60m long
Grand total 17 pits 133m long

The schedule of proposed works is indicated in Table [-1-2,

I-13



Fig. 1-1-(1}

Schedule of Field Investigation Works for Definite Study (1)

i 1973 1974 1975
Items Quantity Oci. | Nov, Dec. | Jan. Feb. Mar. Apr. | May Juno | July | Aug. | Sept. | Oct [ Nov. | Dec. | Jan. | Feb. Mar. | Apr. May | Jun.
Triangulation y”r"?”“"]"f L '
and Leveling ton o [T }
{24 pointe ) L -
; - Rio Cauca  30,0™ ¢
River Profile Rio Polace 4.0 | i 1
i to. 0
and Leveling g%z Sate I40.0 ! |
I { I
Topographical Survey {km) } }
Reservoir Ared (14000 540 ¥ ] ‘
Diversion Dam Site |
Rio Gauca (17500} | QS| 1, "Lm_*mﬂ
Rio Palacé 11/200) 083 i L.m.,,.,j
|
Rio Blanca (17200} 0.56 ‘ L-nm]
1
Diversion Waterway | }
Cauca  (1/2000) L2 ‘ { i
Palace (1,2.000) 6.00 l} b !
Dam Site  11/500) 08| t | E
No.1 Dike Site (1/500) ‘L,.,ﬂi |
No.2 Dike (1/500} } 040 L.,.,,“..,.‘
Waterway (w2o00)| 048 f
{ T
Pawerhouce Site {17500) Ola
Quariy Site tw1oooy| 0.0 L |
|
Borrow Ared {i71000) .33 X
f
Check of Existing Aerial ¥
_Topogmphicai Map | ) ~
Preparation of
Hydrogic Data =S
Preporotion of S2ee]
Meteorclogicat Data
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Fip. 11-{2)

Schedule of Field Investigation Works for Definite Study {2}

I-15

) 873 1974 1975
Ttems Quantity Aug T Sept. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar | Apr | May [ Jun | July [ Aug [ Sept [ Oct [ Nov. | Dec. | Jan. | Feb. | Mar | Apr
Drill hole 220M | ’1‘
o | Test pit 28M = \l
B l
" | Field permeabiity | 44M | . 1
E test. I 1\
© {Field bearing 181 g - |l Al
P test. v \\
g |Laboratory test w |
R !
for foundation { P
_ | | ™ -
Drilt hole 78M II | ! ‘%
= | Test pit 20M _"'l‘ “ - l‘
& [Field permeability m | -
% test. IS ‘ l j’\ l‘
% |Laboratory tYest | L_s \ap.
Z | tor foundation | !
- b Iy
2 | Test pit 2sM ]l \\‘ \
o}
Field permeability \ \
£ test 5 1I | \
N [Laboratory test | ‘ | -
S | for foundation i \ t
_ | 1 |
Drill hole i50M | i o
59 ‘l
©wn 'y [Field permeability m - b
g§E test. 30 | \
358 lI 1l
! |
L , | I
o & | Orill hole SOT e I 1
c \ | |
l—‘I | } 1
\ ] 1
. \ | |
PX 9! Drill hole 70M \...-,w...»\ ‘
Fow 1
h= 9 ! l |
{ I }
© | Drilt hole 330Mm \ et . ]
@ \ | | I
> \ / ] |
& |Laboratory test | | ]
S | for rock material \ }! 1 ]
2 \. , i —
o |Drill hole go™ [ E— 1 |
o 0 !
% Test pit 60 (B ]
z .
g Loboratory test
m for soit material e




Fig. -2 Location Map for Topographic Survey -
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Fig. I-4 Location Map for Recommended Geological Investigation Works at Dam Site (Plan)
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Location Map for Recommended Geological Investigation Works at Dike No. 1 Site
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Fig. 1.9 Location Map for Recommended Geological Investigation Works at Borrow Area
and Quarry Site {Plan} '
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1] STUDY OF CEDELCA POWER SYSTEM AS AFFECTED BY
JULLMITO HYDROELECTRIC PRQJECT

Julumito Hydroelectric Power Station (26.5 MW x 2) is to be intcrconnected into the
CEDELCA System to fill the increase in demand of the southern region of Colombia going

through the substations of Popayan, Rio Maya, Pasto and Ipiales.

In the present cxamination of the electric power system, power flow and voliage
' regulation calculations, transient stabilily calculations and short-circuit capacity calcula-
tons were made using a digital computer (IBM~360-5061) and the necessary conditions [or

operation of the power system were oblained.

01 PREMISES
In examination of the CEDELCA System the (ollowing premises were established,

{a) The existing power system consists of the Transmission Line, 115 kV, extending
over a distance of 400 km from Pance Substation (CVC) to Ipiales Substation in Southern
Colombia and 33 kV feeders spreading out from the various subs tations, The CEDELCA

Systein as related to the Julumito Project is shown in Fig. I1-1,

(b) Julumito Power Station is (o be conuected to QEDELCA System al Popayan
Substation at the end of 1981 by a 115 kv, single civeuit transmission line having a

length of 10 km.

{c) The load forecast up to 1985 for the substations ave projected to be as shown in
Table II-1, Load at off-peak hours arc assumed from present and forecasted daily loacd

chrves,

{d) The supply capability consists of the existing Rio Mayo Power Station (21 MW),
small hydro stations parallel to the 33 kV, and Flovida Il Power Station {24 MW) to be
comumissioned in September, 1973, while any deficiencies can be expected 1o be filled
from Pance Substation to which an ihtcrconnectiou will be made, In 1982, Julumito

Power Station (53 MW) will start operation o nieet the increased demand of these areas.

(e} The diesel power plant connected in the secondary, 33 kV system of Pasto

Substation is to be used as reserve capacity from 1976 and after,
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II.2 CALCULATIONS OF POWER FLOW AND VOLTAGE REGULATION

As mentioned above, Julumito Power Station will be connected to interconnecting
line at Popayan Substation along with Florida II Power Station from where power must he trans-
ported to meet the toad of the Pasto and Ipiales districts by the transmission tine which is
as much as 250 km in length. Power flow aud voltage regulation were calculated for the
5 years of 1976, 1978, 1980, 1982 and 1985 to find a way to operate the system easily and
to insure economical invesiment, and the studies made included selecting of voltages of
various substations and taps of transformers, taking into consideration the investments for
the installation of phase modifying facilities (static condensers) and addition of transmis-
sion line which will become necessary in the future. The impedance map used in power

flow calculations is given in Fig, 11-2,

The results of calcualtions are as indicated in Fig. 11-3~ Fig, 1I-7. The following

" conditions were assumed [or the power flow calculations:

(a) The load factor was taken to bé 0.90 hased on the present load factor and the

future demand structure.

b The voliage at the interconnecting point of Pance Substation where an intercon-
g iy

nection is to be made to a 220 kV system was taken to be 100%,

(c) The substation transformers of 30 MVA units will be added corresponding to
loads as shown in Table I1-3. However, at Ipiales Substation, a 10 MVA unit is w0 be

added as the demand growth rate there will be small,

() Transformers at major substations such as Popayan are equipped with LRF, but

those of other substations were assumed to have no-voltage taps 1 5%.

In voliage regulation calculations, it was considered that Popayan Substation, since
it would have a major supply power station, would maintain voltages of about 1059,
(120.75 kV) at peaks. Also, it was considered there would be a voltage regulation of L0,
(11.5 kV} to Pasto and Ipiales Substations which are 200~ 250 km away from each other
and necessary static condensers will be installed at these substations. Further, at off-

peak hours, the condition will approach flat regulation.

1I-2



{1) Voltage Fluctuation

Based on the power flow calculation results, the voltage fluctuations at the vari-
ous substations are rearranged and given in ‘fable I -4, provided however, that neces -
sary static condensers are considered to be installed at Pasto and Ipiales Substations.
The voltage fluctualions at Pagto and Ipiales Substations between peak and off-peak
hours would be about 1% in 1976 and 4% in 1985, 'The voltage flucwations of other
substations will be more of less the same, Further, if Popayan - Pasto were (o be
made into a double circuit around 1984, the voltage fluctuation would be about 8%. For
no-voltage (aps of transformers without LRT, 100,0~ 102.5% can be used at Popayan
Substation and 95% at Pasto and Ipiales Substations. As for the time after Popayan'—
Pasto becomes dmﬂnle circuit, it would he appropriate for transformer taps of substa-

tiong lying to the west to be about 97,59,

In order to supply good quality powr to the CEDELCA Systemn with only the
existing transmission lnes, it is desirable for LRT of ilo% to be installed at the
transformers along with voltage regulating facilities at Pasto and Ipiales Substations

which are especially distant load ends,
{2} Installation of Static Condensers

‘The necessary capacity of static condensers computed from the power flow
calculation results of Fig [1-3~ Pig 1[-7 and other factors are indicated in Table I1-5,
The total capacity of static condensers at Pasto and Ipiaies Substations will increase
from 2.6 MVA in 1976 to 25.5 MVA in 1982 and in 1985 it will be 44 MVA. However,
if by 1985 Popayan - Pasto were to be double-circuited, the amount of installation

would be reduced to 23.5 MVA.

The static condensers would have relations with the beforementioned trans -
former tap ranges and would be installed ar the seéondary side of transforiners, The
capacities of condensers would be 5 o 10 MVA. Large-scale voltage regulations will

. he made with the static condensers and minute regulations with transformer taps, The
substation voltage flucluations in this gystem will not be very large because of these

gstatic condensers,

-3



(3)

(4)

Transmission Line Addition Scheme

The power losses at peak hours of the entire CEDELCA System are shown in

Table IT-6 both before and after Popayan - Pasto line is made double-civcuit,

The 187 km long line between Popayan and Pasto are presently provided with
double-circuit steel towers with one circuit strung and it would be a comparatively
casy t0 add the second circuit. From 1980 and after when the load of the Pasto and
Ipiales districts will increase, the sysiem loss will be 4.3 MW which will reach

9.5 MW in 1985 and double-circuiting of this line should be considered,

Table 11-6 gives comparisons of losses according to the year if double-circuiling
is carried out. Savings in peak kW due to the installation of second cireuit would be

1.3 MW in 1982 and as much as 4.1 MW in 1985,

Synthesizing the above [rom the power flow and voltage regulation calculations,
it is récdommended for the following to be carried out;
{(a) Adopt 10% voltage repgulation for Popayan - Pasto - Ipial.es.
() The transformer taps of Julumito Power Station should be 102, 5-105,0-107.5%.
(c) The interconnecting transformer to be installed at Pance Substation, in consid-

eration of outage of the largest-unit of the CEDELCA System up o 1985, should be

of capacity of around 50 MVA equipped with LRT,

(d) It is desirable for transformers of the various substations to he equipped with
T10% LRT from the standpoint of system operation, and a stable and good qualit
G p b g y

power supply should be carried out,

(e) Pasto and Ipiales Substations which are at especially distant load areas should
hereafter have LRT equipped transformers insta lled, but further, in consideration
-of utilization of exisling (ransformers, static condensers should be installed for
voliage regulation. The capacities of condensers (o be installed after 1976 should
be 5 MVA~10 MVA, A total capacity of condensers to be installed at the two subs~

tations will reach 25 MVA by 1982,

() ° The capacities of static condenser will have a relation with double-cireuiting

of the Popayan-Pasto line and should be determined taking this into consideration.

{g) Based on the above, secondaty voltages can he adequately maintained stable

- without problem in the case of LRT * 10% being installed at the transformers of
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each substation, but also through suitable selection of no-veltage taps for existing

transformers.

(h) As Popayan - Pasto is equipped with double-cireuit steel towers, additonal
stringing will be comparatively easy and in cousideration of the fact that more
than half of the southwestern part of the CRDENAR System is supplied through this
transmission line and in view of the items below, the line should be made into a

double cirvcuit from 1980,

0 Securing the reliability of power in the southwestern Pasto and

Ipiales districts.
0 Reduction in peak kW losses.

o Savings in static condensers in the southwestern districts,

0.3 STUDY OF SYSTEM STABILITY

The voltage phase difference according to the power flow caiculations will he approx -~
imately 30 degrees between the busbars of Pance aud Ipiales in 1985 when this will be a
maximuam, but if Popayan - Pasio were o be double~cireuit, this will be about 17 degrees

and there will be no problem in regard to steady state stability,

As for transient stability, Fig. 11-8 shows the result of a comparatively severe fault
of 3 LG, 0.14 sec.open at the closest end (o Popayan Substation on the Popayan-Cali line,
Although the Popayar Power Station as a whole will not be separated or step out from the
220 kV OVC System and is stable; it was learned that around the time of start up of
Julumito Power Station, Rio Bobo Power Station and other small hydro power stations parallel
. to the 33 kv secdndary side of Pasto Substation would step ont in all cascs. As a counter-
measure it will be necessary cither to separate the secondary 33 kV system at Pasto Subs-

tation or to provide stepout relays at each power station,

L4 SHORT-CIRCUIT CAPACITY

The results of short-circuit capacity calculations are indicated in Figs. 11-9-1 and
I1-9-2. 'The maximum short-cirveuit capacity of the Popayan System is 540 MVA or under

at Popayan Substation and considering 1985 or an even more future year, it witl suffice 1o

adopt CB of 1,00 MVA for Popayan Subs tation, not mdre than 1,000 MV A for others and

- about 1,000 MVA for Julumito Power Station also,



Table I1-1

Projected Power Flow

Unit: MW
1976 1978 1980 1982 1985
peak  night _!;;::elk night peak night peak night peak night
Santander @) 3.3 L 3.9 1.3 4.0 1.6 5.4 1.8 6.8 2.3
Smallps @ 2.1 07 25 09 3.0 11 34 L1 4.3 1.4
Popayan - © 15.7 5.3 18.6 6.3 22,0 7.5 25.7 8.7 32,4 1LO
Pasto O 25.0 5.5 3id 6.7  37.2 8.0 43.4 9.3 347 117
" @ L7 0.4 2.1 0% 2.5 0.6 2.9 0.6 3.0 0.8
Ipiales @ 68 14 8.1 1.§ 10.0 2.1 1L6 2.4 13.7 3.1
Total 546 144 66,9 175 793 20,9 92,4 23,9 1155 303
Table I-2 Years of Power Flow and Voltage Regulation Calculation
(1976~ 1985 10 Casc)
Case No.  Year Peak No. of circuit of Transmission
Night + Line between Popayan and Pasto
1 1976 Peak '
2 " Night
3 1978 Peak Lecet
4 1980 Peak
5 1982 Peak
6 " " 2 cet
7 1985 Peak 1 cot
8 " Night
9 v Peak 9 cet
10 " Night

Im-6



Table T1-3  Projected Capacity of Transformer

Transformer Capacity (MVA)

‘;76 1978 1980 1982 1985

Santaider (A) 0.0 10,0 10.0 10.0 10.0
Smallps @ 5.0 5.0 5.0 5.0 5.0
Popayan  (©  26.25 2625 56.25 56.25  56.25  Addition 30 MVA x | in 1980
' Addition 30 MVA x 1 in 1975
Pask ! ! 2 6.25 56.25 86.25 e . .
Pasto ® 5625 5625 5 Addition 30 MVA x Lin 1983
. 5.0 5.0 5.0 5.0 5.0
Ipiales @ 12,75 12,75 1275 22,75 22,75 Addition 10 MVA x 1in 1981
Table11-4  Calculation Results of Voltage Regulation at Each Substations Unit; %
Year 1976 1978 1950 1982 1985
Transmission Line 1 cot 1 cet Lcer 1 eet 2 cet 1 cet 2 cot
Poparan-Pasio _ o . Y_ o o o
Peak + Night - peak night peak peak peak peak peak night prak nighe
Cali (Base) 100.0 100.0 100.0 100.0 100.0 e0.e 100,0 1000 10,0 0.0

9 3 Santander 100.9 100.0 100.7 100.5 - 10L3 101,3 100.9 100.0 100,9 100.7

v A :

& Popayan’ 103.6 99.7 02,5 1019 104.6 104.6 103.7 99.3 103.9 021
3

F - Rio Mayo 102.6 99,3 la,9 1010 1oL7 02,2 99.5 99.5 100.9 103.5

54 .

B Pasto 97.2 97.1 96.6 96,0 95,9 97,9 94.6 97.3 96.5 102.8
Ipiales 95,7 96.3 94,9 94.1 94,0 95.3 92.8 96.6 940 102.1
Santander . 99.4 93.9 9.0 98,4 93.9 98.8 97.7 99.0 97.8 .99.7

59 FPapayan 100.5 97.7 99.2 100.1 102.6 t02.6 1011 99.0 03 101.2

2 :

2 4 . Rio Mayo 106.6 99.1 105.9 105.0 105.6 106.2 3.6 99,3 104.9 103.4

g .=

¥ pasio 95.0 26.1 95.0 95.0 95.0 95.0 95,0 96.7 95.0 2.2

ipiales - 95.0 93.2 95.0 95.0 95.0 95.0 5.0 95.9 95.0 {13 5
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Table I1-5 Required Capacity of Static Condenser

Target Voltage: 95% at peak time

Unit: MVA

Insta}lalmn Pasto Ipiales  Total Pasto Ipiales Total
Point .
1976 - 2.6 2.6 -8.5 L2 -
1978 6.2 4.4 10,6 -2.3 2.9 -
1980 13.4 6.5 19.9 3.9 4.8 8.7
1982 17,1 8.4 25.5 5.2 5.3 10.6
1985 3L6 12.4 44.0 14.1 9.4 23.5

Table -6  Transmission Line Loss

(In the case of Static Condenser is
installed)

Unit: MW
Tlpi I;)i';;:ij‘; Liinc L cet 2 cet Difference
1976 : 2.4 2.0 0.4
1978 3.0 2.4 0.4
1980 4.3 3.0 1.3
1942 5.9 4.0 1.9
1985 9.5 3.4 4.1
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Fig. 11-8-1 Calculation Recording Chart of Transient Stability (3L G-open, 1980}
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Fig. I1-8-2

Calculation Recording Chart of Transient Stability (3LG-open, 1985)
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