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Table 5.1 Project Activities and Environmental Factor Interaction Matrix

Environmental Factors

Construction Phase

Operation Phase

Improvement and expansion of access

roads

Temporary and permanent construction

Tunnel excavation

Dam and dike construction

Cofferdam construction

Powerplant construction

Substation construction

Camp revegetation

Reservoir Filling

Equipment maintenance

Vegetation maintenance

Road maintenance

Camp and offices maintenance

Electricity generation

Spillway discharges

Physical

Soil

o

e

[aN]
-]

(3]
o

o
=

h
L%

Ln
Fa

=
[+

=
=)

=]
I

~
-1

Superficial water
(Torola river)

Quantity

68

" Quality

20

24

40

47

Underground water

Quantity

(3]

69

78|

Quality

39

Weather

70

Air

21

43

53

7!

Biological

Vegetation

19

54

60

Fauna

Terrestrial

61

Aquatic

62

-| Socioeconomic

Health

[
3%}

44

Population

Local economy

26

45 |

51

55

76

79

80

National economy

81

Landscape

56

74

® Negative impacts
® DPositive impacts

52
32
84
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Table 5.2 Impacts Brief Description

Sign
No. Key Name + / - | Effect Impact Description
1 Road - Soil Direct | Excavation-of 21,600 m’ of earth for the
- (D) |improvement of 6 km and expansion 5 km of
access roads :
2 |Road —river superficial Indirec
water - t Pollution caused by the washout of erosion
(I} |soil
3 Road — wnderground water | - I | Contamination risks caused by fuel, oil and
machine lubricants spills.
4 Road -- air - D | Soil particles generation (dust).
5 Road — vegetation - D !Elimination of 14,400 m” of vegetation cover.
6 | Road — terrestrial fauna - b i Habitat disturbance and hunting
7 Road-— health - I | Workers health risk due fo dust inhaling.
& | Road- local economy + D | Jobs generated for local and national
' inhabitants.
9 Temporary constructions —| - D | Change in use of soil for 57,500 m”. Terrace.
soil
10 | Temporary constructions — | - I | Superficial water pollution by soil particles due
superficial river water 0 superficial dragging.
1T | Temporary constructions —{ - I |Contamination risks caused by fuel, oil and
underground water machine lubricants spills. Contamination risks
by sewage water.
12 | Temporary constructions —| - I | Alteration at a microclimatic level due to
weather vegetation coverage loss and infrastructure
construction.
13 | Temporary constructions - | - D  |Suspended particles generation.
air
14 | Temporary construction - - D | Vegetation clearing for area preparation.
vegetation
15 | Temporary constructions —| - D | Natural habitat disturbance and hunting,.
Fauna
16 | Temporary constructions — I | Workers health risk due to dust inhaling.
health
17 | Temporary constructions —| + D |Jobs generation for local and national
local economy inhabitants.
18 | Temporary constructions — | - D |Natural quality esthetics alteration by the
landscape introduction of infrastructure works.
19 | Tunnel - soit - D | Soil extraction (rock), in a 335 m length, by 8
m of diameter. ' '
20 | Tunnel — river water - I | Accumulation and dragging risk on the river
bed
21 | Tunnel — air - D |Noise and dust generation.by use of driiling
machinery and explosives ,
22 | Tunnel — health - I | Accident risks, particles inhaling, remaining in
an underground environment.
23 | Tunnel —local economy + D | Jobs generated for local and national
inhabitants.
24 | Cofferdam — river - D | Temporary river diversion (only during the

superficial water

construction of the dam).




Sign

No. Key Name + / - | Effect Impact Description

25 | Cofferdam — aquatic fauna | - D | Aquatic habitat alteration on the affected
section of the river.

26 |Cofferdam —local + D |Jobs generated for local and national

gconomy inhabitants.

27 | Dam - soil - D | With the construction of the dam (dike and

‘ spillway), earth will be removed for the
foundation and construction.

28 | Dam —river water - D | Temporary flow diversion, causing an increase

quantity on the water velocity and its erosive capacity.

29 | Dam — river water quality - D | Solid waste spillage in the river.

30 | Dam —underground water + I | There will be underground water recharging.

quantity '

31 | Dam —weather - I [Alteration at a microclimatic level due to
vegetation covers loss and infrastructure
construction.

32 |Dam —air - D | Dust generation due to excavations.
Atmospheric emissions due to operating
machinery, noise.

33 [Dam — vegetation - D | Vegetation cover removal for dike
construction.

34 |Dam — terrestrial fauna - D | Terrestrial habitat alteration and possibility of
damaging and/or capturing organisms.

35 |Dam — aquatic fauna - D | Aquatic habitat alteration. Traffic interruption
at the riverbed.

36 | Dam- health - 1 | Health risks due to noise, particles and/or toxic
substances inhaling, work accidents risks.

37 | Dam —local economy + D | Goods and services demand, job, food,
materials, and basic need articles,

38 [Dam—landscape - D | Permanent alteration of the natural landscape.

39 | Powerhouse - soil - D | Soil and rock extraction for the construction.

40 [ Powerhouse — water river - I | Excavation materials spillage at the river.

. | quality

41 | Powerhouse — air - I | Dust generation during constructjon.

42 | Powerhouse ~vegetation - D | Vegetation cover removal on the river shore.

43 | Powerhouse — terrestrial - I | Habitat alteration and damage risks to fauna.

fauna

44 | Powerhouse - health - I | Accidents risks.

45 | Powerhouse-local + D |Jobs generated. Goods and services demand.

economy

46 | Substation — soil . D [ Scil removal and rock extraction for the
construction.

47 | Substation - river quality - I |Materials spillage risk on the riverbed.

48 | Substation — air - D | Dust generation.

49 | Substation — vegetation - D | Vegetation coverage removal on the river
shore.

50 | Substation - fauna - I | Habitat alteration and damage risks for fauna.

51 | Substation —local + D | Jobs generated. Goods and services demand.

economy

52 | Revegetation - Soil + D | Soil protection against erosion.

53 }Revegetation — air + D | Air quality improvement, oxygen production

and carbon dioxide capture.

5-5




Sign

No. Key Name + / - | Effect Impact Description

54 | Revegetation — vegetation + D | Vegetation cover increase.

55 | Revegetation ~local + D |Jobs generated and agricultural supplies

economy demand increase.

56 |Revegetation — landscape + D /Improves the aesthetic quality of the area by
establishing live barriers that hide part of the
structures.

57 | Reservoir — soil - D | Permanent change of the current land use due
to the flooding of 8.6 km®, including sites of
relative cultural importance.

58 | Reservoir — river quantity + D} Water storage in a dry area, river flows
regulation and a guarantee of the ecological
flow during the dry season.

59 | Reservoir — underground + 1 | Underground water recharge on the

water environment.

60 | Reservoir — vegetation - D | Permanent loss of the vegetation cover on the
area to flood.

61 |Reservoir — terrestrial - D ; Permanent loss of the wild life habitat.

fauna

62 | Reservoir — aquatic fauna + D | The area for establishment of aquatic species is
increased.

63 | Reservoir — Population - D | Relocation of 79 families, 2 churches, ]
school. Loss of hot springs in the nearby areas
of Carolina and interruption of the passages
between the north and south river banks, of
importance to the population.

64 | Reservoir —Local + 1 | The possibility of tourist fishing development.

economy

65 {Reservoir — Landscape + D |[Increase in the natural beauty due to the
presence of a body of water at a relatively dry
area.

66 | Equipment maintenance — - I | Contamination risk due to inadequate disposal

Soils of solid waste and/or oil and Iubricant spillage.

67 | Vegetation maintenance— + D | Soil preservation due to the adequate

Soils maintenance of the vegetation cover.
68 | Vegetation maintenance — + I | With the conservation of the natural vegetation
river quality cover, the contamination of the river water
from suspended particles of the eroded soil is
: avoided,

69 | Vegetation maintenance —| + I | The infiltration of rainwater is encouraged,

underground water with the recharge of the water bearings.

70 |Vegetation maintenance — | + I | The environmental quality is improved on a

weather .| microclimatic level.

71 | Vegetation maintenance — + I | Air quality improvement due to the oxygen

Air production and carbon dioxide capture.
72 | Vegetation maintenance — + I | With the conservation of the vegetation cover
Terrestrial fauna an adequate habitat for the establishment and
development of wild life is created.
73 | Vegetation maintenance — + D | Local jobs generated.
local economy
74 | Vegetation maintenance — + D | Scenic quality improvement. The

Landscape

infrastructure Works are hidden from potential
observers.

3-6
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Sign
No. Key Name + / - | Effect Impact Description
75 | Vegetation maintenance — + D | Avoids soil erosion due to the effects of rain
Soil and superficial dragging.
76 |Road maintenance —local | + I | Easy accesses for local inhabitants to sites
economy located near the Project, fuel, and time saving
due to good roads. Jobs generated.
77 {Camp and office — soil - 1 | Risk of solid and liquid waste spillage directly
over the soil.
78 | Camp and office — + 1 The use of septic tanks and absorption wells
underground water. reduces the possibility of contaminated
underground waters.
79 | Camp and office —local + D |Permanent jobs generated for local inhabitants
€Conomy. and goods and services demand.
80 | Energy generation —local + D |Permanent jobs generated for local and
economy national persounel.
81 | Energy generation — + D |Greater national development possibilities due
national economy to the increase in the supply of electric
energy.
82 | Spillway discharge — - D | Discharging instantaneous flows greater than
health (human lives) 100 m’/s downstream into the river could
cause injuries to people.
83 |Spillway discharge — - D | Discharging instantaneous flows greater than
houses 100 m®/s at the river could cause damages to
future infrastructure that could be established.
84 | Spillway discharge —local - D | Discharging instantaneous flows greater than
economy 100 m’/s at the river could cause damages to
personal possessions, domestic animals (cattle,
igs, equine and poultry)
Direct : 54
Indirect : 30
5-7
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Table 5.3 Impact Classifications

Generic
Name

Sign

Identified
Impact

General Description

1,9,19,27,
39, 46,
37,66,77

Earth will be removed for the leveling, foundation, and
construction of civil Works: offices and camp, dam, powerhouse,
tunnel, cofferdam, substation and access roads. On the borrow
area. The greatest impact to soil comes from the permanent
change on the current land use due to the flooding of 8.6 km”.

Soil

52,67,75

To mitigate the impact over the soil, activities within the project
such as: office and camp area revegetation, roads and drainage
maintenance, will be performed; which protects the soil against
the effects of erosion. For the expansion and creation of new
roads, the construction of energy dissipaters and slopes
stabilization are being considered.

2,3, 10,

11, 20, 24,

28,29, 40,
47

During the development of the Project there is a risk of water
contamination due to the spillage of fuel oil and machine
lubricants. There is also the risk of excavation materials spillage
in the water.

Superficial
and under
ground
water

30, 59, 69,

78

The project includes the construction of temporary latrines, septic
tanks with absorption wells and the installation of a sewage
treatment plant to avoid the contamination of underground water.
The formation of a reservoir with a storage capacity of 189
millions of m’ will allow the regulation of river flows
downstream from the dam, avoiding negative impacts in the rainy
season. This consideration does not apply to extraordinary events
with reservoir inflows greater than 6,484 m’/s, because higher
volumes than these exceed the reservoir storage capacity.

The reservoir filling will be a recharging source of the ground
water.  Besides, downstream from the dam there will be a
permanent 2 m>/s flow that will allow the preservation of aquatic
life and other uses at the river. Without the reservoir, this
possibility would be affected during the dry season.

Weather and

4,12, 13,
21,31, 32,
41, 48

The construction of the civil works will temporarily generate dust
and noise that will affect the air; this works will cause the
elimination of vegetation cover, which modifies the environment
at a microclimatic ievel.

ar

53,57

The revegetation inside the project and the plantation of 100 |
hectares in a protection strip around the reservoir perimeter, will
have a positive effect on the quality of the air and the
microclimate.




73t

Generic
Naie

Sign

Identified
Impaet

General Description

Vegetation

5, 14,33,
42,49, 60

The civil works involve the removal of the vegetation cover; new
access roads, offices and camp, substation, powerhouse, dam.

The biggest impact is caused by the elimination of the vegetation
cover located on the 8.6 km® of flooded area.

54

The revegetation on the hydroelectric plant areas will have the
positive impact of increasing the vegetation cover in an orderly
manner and with an environmental criterion.

On the other hand, part of the Project includes the plantation of
100 hectares of a protection strip around the perimeter of the
reservoir, which includes the establishment of a nursery in the
area for the production of plants.

Terrestrial
and aquatic
fauna

62,72

The development of the different works will cause permanent
alteration and loss of the terrestrial and aquatic habitat. There
could be impacts on the wild life by direct damage or hunting.
There will be an interruption on the free passage of the fauna at
the river section affected by the dam.

The reservoir filling and vegetation cover allows conditions for
the establishment and development of wild life species.

Health

7,16, 22,
36, 44, 82

During the construction, there is the risk of work accidents, as
well as the injury of the respiratory tract due to dust inhaling.
Another negative health factor is the excessive machinery noise.
During the operation of the plant, there is a risk of extreme
meteorological events that will force discharges at the dam,
putting at risk the human lives located downstream from the
plant.

Population

63,83

The reservoir formation will lead to the relocation of 79 families,
2 churches and one school. The loss of hot springs near Carolina
and the interruption of the passages between the north and south
river bank, of importance to the public.

Local and
national
economy

84

There is a risk of crop losses due to required discharges, because
of extraordinary meteorological events.

8,17, 23,
26,37, 45,
51, 55, 64,
73,76, 78,
79, 81

The development of the different works in the construction phase,
as well as the operation of the plant, involves the generation of
jobs for approximately 500 workers on the construction phase and
40 on the operation phase, which also generates a goods and
services demand that will strengthen the local and national
economy. There will be the procurement of materials and
equipment for the installation of the plant. Besides, the national
economy will be strengthened due to the increase in the
availability the electric energy.




Generic Identified

-Sign General Description

Name Impact
i 18,38 The landscape will be affected by the introduction of
’ infrastructure works on the natural environment.
The reservoir will create nice esthetic and visual conditions, due to
Landscape the presence of a body of water in a dry area.

+ |56, 65,74 The planting of vegetation species will help in the integration of

visual impact.

the infrastructures with the natural environment, mitigating the
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EEFMEIZ N —78Ic. MEL-ENEL FiE2ERA L TEMLE, ZOFREZR, HYHE
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Environmental Impact Assesmente, McGraw Hill. 1996) OB} RFAELEE L H D%
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AR DEASHTICIEW, TNFRDOEEI N—T RO A —F L e X5, 3250
EsRpbLEMNERERE (0.0, 05, 1.0) DHEFED D Dean & Nishry FEEER D
MEL-ENTEL {Z. 0.07°5 1.0 £ T CRS 2E% T3,
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Table 5.4 Evaluation of Negative Impacts by Generic Groups

Generic Group Magnitude Importance Extension Duration Reversibility
Soil 100 60 100 100 100
Water 80 80 50 20 20
Weather and air 10 20 30 20 20
Vegetation 100 60 100 100 100
Fauna . 30 60 40 50 30
Human population 100 60 30 100 100
Health 30 60 30 20 20
Landscape 20 , 20 - 30 20 20
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Table 5.5 Relative Assessment Matrix between the Element Groups of the Environment
A B A C A D A E A F A G A H
Magnitude . 56.00 4400 910 90 500 500 770 230 500 500 770 230 830 170
Importance 4300 57.00 750 250 50.0 500 500 500 3500 500 300 500 750 250
Extension 67.00 3300 770 230 500 500 710 290 770 230 770 230 770 230
Duration 8300 17.00 830 170 500 500 670 330 500 500 830 170 830 170
Reversibility 83.00 17.00 820 180 500 500 770 230 500 500 830 170 830 170
Sum 332.00 168.00 408.0 92.0 250.0 250.0 3420 1580 2770 2230 3700 130.0 401.0 99.0
Coefficient 066 034 082 0.8 050 050 068 032 055 045 074 026 080 0208
"B C B D B E B F B G B H
Magnitude 800 110 440 3560 730 270 440 560 720 280 800 200
mportance 80.0 200 570 43.0 570 430 570 430 570 430 800 200
Extension 63.0 37.0 330 670 560 440 620 380 630 37.0 630 370
Duration 500 500 170 830 290 710 170 830 500 500 500 500
Reversibility 500 500 17.0 830 400 600 170 830 3500 500 500 500
Suem 3320 1680 1680 3320 2550 2450 1970 303.0 2920 208.0 323.0 177.0
Cocfficient 066 034 034 066 051 049 039 061 0358 042 065 03§
C D C E C F C G C H
Magnitude 90 910 250 750 90 910 250 750 330 610
[mportance 250 750 250 750 240 760 250 750 500 50,
[Extension 230 710 430 570 300 500 500 300 500 500
Duration 17.0 830 290 710 170 830 500 500 500 500
Reversibility 170 830 400 &00 170 830 500 500 500 500
Sum 91.0 4090 1620 3380 1170 383.¢ 2000 3000 2330 2674
Coetlicient .18 082 032 068 0.23 0.77 0.40 0.60 047 0.53
D E D F D G D H
IMagnitude 770 230 500 500 770 230 830 170
[importance 500 500 500 500 500 500 750 250
[Extension 7.0 290 77.0 230 770 230 7.0 2340
[Duration 67.0 330 500 500 830 170 830 17.0
Reversibility 77.0 230 500 500 830 170 830 179
[Sum 3420 1580 277.0 2230 3700 1300 4010  99.0
Cocflicient 068 032 055 045 074 026 080 02
E F E G E H
Magnitude 23.0 770 500 300 600 400
Importance 500 500 500 3500 750 250
Extension 57.0 430 5§70 430 570 4340
Duration 330 670 710 290 710 2940
Reversibility 23.0 770 600 400 600 40.0
Sum 1360 3140 2880 2120 3230 1770
Coclticient 0.37 0.63 0.58 042 0635 035
F G F H
Magnitude 770 23.0 830 17.0
lmportance 500 500 750 250
[Extension 500 500 500 500
Duration 83.0 170 830 170
. [Reversibility 830 170 830 170
Sum 3430 1570 3740 12640
Coclficient 0.6¢ 031 075 0235
A Seil G H
Magnitude B Water 60.0  40.0
importance C Weather-air 750  25.04
Extension D Vegetation 500  50.0
Duration E Fauna 500 500
Reversibility F Infrastructure 500 500
Sum G Health 2850 2150
[CoclTicicnt H Landscape 057 043
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Table 5.6 Matrix for Determining Relative Significance Coefficient (RSC) and

Relative Importance (RI)

Components | Soil | Water | Weather | Vegetation | Fauna | Population | Health |Landscape; Sum | RSC | % RI
Soil 0.66 0.82 0.50 0.68 0.55 0.74 0.80 4.8 0.170 }100.00
Water 0.34 0.66 0.34 0.51 0.33 0.58 0.65 34 0.122 | 7L79
Weather 0.18 0.34 0.18 0.32 0.23 0.40 047 2.1 0.076 | 44.63
. [Vegetation (.50 0.66 (.82 0.68 0.55 0.74 0.80 4.8 0.170 | 100.00
Fauna .32 0.49 0.68 032 0.37 0.58 0.65 34 0.122| 71.79
Population 045 | 061 | o077 045 | 063 069 | 075 44 | 0.156] 91.58
Health 026 | 042 | 0.60 026 | 042 0.31 ' 0.57 28 | 0.102| 59.79
Landscape 0.20 0.35 0.53 0.20 0.35 0.25 0.43 23 0.083 | 48.63

27.940| 1.0

R EZERKEVMENO/PEWEIZNARS & BUFICART Table 5.7 2AHE ER D, £ Z T,
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Table 5.7 Impact Level According to R1

Priority Levels
Level I Component % of RI
91-100 % Soil 100.00
Vegetation 100.00
Population 91.58
Level I1 Water 71.45
71-90 % Fauna 71.49
Level 11T
50-70% Health 59.79
Level IV Landscape 48.63
< 50% Weather 44.63
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