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7. DEMAND, USE, EXPLOITATION OF AND / OR EFFECT ON NATURAL
RESOURCES

Follows the description of natural resources to be used, exploited or affected by the
implementation of the Rumichaca - Pasto dual carriageway road project, Pedregal -
Catambuco section, which requires the use and / or intervention of different natural
resources due to the interaction of the road project layout with natural resources, the
need of supplies and / or construction materials and the importance of properly
managing liquid and solid waste generated by the project.

This chapter presents the classification of natural resources that will be demanded by
the project, the permits required for their exploitation and in turn the saving and use of
water programs developed in Annex 7.a and the savings and energy use program
presented in Annex 7.b

The community has been informed in all matters relating to the use and exploitation of
resources through impact workshops carried out in the territorial units of the area of
influence of the Project, perceiving thereby their expectations and their positive
perception towards the road improvement. The following outlines some of the
expectations raised by the community related to water sources, discharges and air
emissions:

- To highlight that it is necessary to correctly manage watersheds that may be
contaminated

- It is suggested to channel some water sources specifically in minor territorial
units belonging to the municipality of Pasto

- The community states that polluting water sources (streams, rivers and
fountainheads) can harm their crops, their animals and human health.

As for the impact on air quality, communities have a common view when identifying
contamination by impurities in the air, by handling building material, material from
excavations and machinery polluting gases., They also consider that this contamination
will be constant due to increased traffic flow during road operation, reason why noise
pollution will also increase from noise during construction and operation of the road.

As for the soil, the communities state potential impacts on soil degradation due to road
improvement, also identifying that there will be soil erosion, which can trigger,
according to the community, landslides land may become "loose" during construction
due to the vibration of heavy vehicles and machinery operation among others, which
may also affect houses neighboring the road. The community mentions that the
mountains in intervened area may be affected causing landslides.
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The community also expressed concern about the effect on sewer systems and in other
cases identified road construction as a favorable opportunity to implement sewerage in
the county according to the processes advanced by the Community Action Boards.

Considering the aspects raised by the community as well as the impacts identified for
the project (See Chapter 8. Impact Assessment), use and resources management will be
subject to compliance with provisions of the environmental legislation, which will have
control measures will and management plans to prevent and mitigate the impacts.

7.1 Surface water

Activities associated with Project development, the demand and use of water resources
are related to the needs of the activities to be developed. The amount of water to be
used is described below and is requested by means of the sole uptake formats
requesting water concession permission as established in the Natural Resources Code,
Decree 1076 of 2015 and Decree 1541 of 1978.

Surface water is required for industrial and domestic use, and for temporary site
facilities, such as wetting activities in camps, fronts required work, processing plants,
washing, cleaning and irrigation activities.

7.11 Requested water flow
Materialization of a second road axis will result in implementing various temporary
industrial work fronts, which will have uptake sources and the amount needed to

develop industrial and domestic activities.

Industrial use required flow

To determine the flow required for Project development, the amount of water required
for industrial activities such as the process plant (concrete, asphalt and crushing),
cleaning and wetting two (2) camps proposed for the Pedregal - Catambuco section
activities were taken into account. See Table 7.1

In most cases the activities will be conducted insofar as possible with recirculated
water in response to the measures proposed in the savings and efficient use of water
program.

The industrial flow calculation use the considered the maximum required for
development of the activities in work sites and camps with a loss factor of 25%. On the
other hand, otherwise the flow given in concession will be 0.5 to 1.5 1 / s that will be
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available in storage tanks in order to supply the flow required for the various processes
of the works that is 6 L / s for aforementioned activities.

Table 7.1 Flow required for industrial use

CONSUMP FLOW IN
CAMP- WORK LOSS RATE

UF SITES ACTIVITY TIOSN) L/ 2506 CONC'\IIESSIO
Processing plant

4 Tangua camp cleansing and 6L/s 15L/s 0.5to 1.5

i iviti L/s

wetting activities

4 Work sites Wetting 3L/s 0.75 O'SLt;) 51'5
Processing plant

5 Cebadal camp cleansing and 6L/s 15L/s 05to 1.5
wetting activities

Source: (Gemini SAS Consultants, 2016)

Industrial uptake sources

Given described needs, a total of five (5) water bodies were selected to supply the needs
of all industrial processes such as: process plant (concrete, asphalt and crushing),
cleaning and wetting activities for the two (2) camps proposed for the Pedregal —
Catambuco section. See Table 7.1 (See Annex GDB/mapping/PDF/EIADCRP_IP_033).
Water demand required for camps such as Cebadal and Tangua and work sites, water
sources used for water uptake are shown in Table 7.2 and Figure 7.1. (See Annex GDB /
mapping / PDF / EIADCRP_IP_033); water quality was monitored by analyzing the
physicochemical and microbiological parameters of the uptake source, (See Chapter 5.1
in section 5.1.6)

Table 7.2 Sources of water uptake Pedregal - Catambuco section

LOCATION
UF | SOURCE PROPERTY OWNER UPTAKE COUNTY MUNICIPALI
NAME TY
POINT
4 Rio Bob giggg:ggm Zara'lSty ] E:960614.499 | Inantas Yacuanquer
10 Bobo Nriquez Joree 1 . 608230.956 | Bajo q
000 Samuel
52788-00- E: 961,218.70 Inantas
4 | LaMagdalena | 400000001 | N: 61077357 | Alto Yacuanquer
52788-00-
. E: 967138.506 ,
4 La Chaquita (1)0005050300 - N: 614073.608 Chéavez Tangua
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52788-00-01-
Araujo Yandar | E:968222.919
5 La Marquesa 8886-0131- Tulio N: 6170283 El Tambor | Tangua

Source: Gemini Consultants SAS, 2016

Table 7.3 Sources of water uptake Pedregal - Catambuco section

E: 965242.001

52788-00- N:
5 La Magdalena 01000503250 | - 615211.1876 El Cebadal | Tangua
00 E: 965261.292

N: 615216.731
Source: (Gemini Environmental Consultants, 2016)
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Water concession permits to supply the industrial camps are described according to
above information. See Annex 7.1.1.a

aﬁﬂlﬂﬂﬂ- B66000
PUNTOS CAPTACION DE AGUA |

1314'000

Puntos Captacion de Agua
. 0 La Magdalena_P10A
@' 0. La Magdalena_F108
'. O La Chagquita_212 %

. 0 La Marquera_P13

. Rio Bobo_Pa

T T T
B60000 S56000 ST2000 HTE000
partamanto de Marnd

Convencicnes P \
® Abscisas Via Limite {ﬂ i /
Unidades Funcionales -~ Pavmentada = Lirnite Municipal o L4

Unidad Funcienal 4 Rlos y Quebradas  Cenlros Poblados 7:"
= Unidad Funional 51 -— Parmangenio 4F Cabecara Municipal ;

intermitents 57 Caseno

Figure 7.1 Water uptake points, Pedregal - Catambuco section
Source (Gemini SAS Consultants, 2016)

Household water requirements

The water used in the project is for meeting basic needs such as toiletries, hygiene and
human consumption. To calculate required flow, personnel at each camp was taken into
account, and net supply was estimated according to information concerning climate
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changes (with a technical loss of 25%, according to Resolution 2320 of 2009),
considering that the project area is located over 1,000 meters above sea level, an
estimated supply of 90 1 / person / day is estimated. Table 7.4 shows the average daily
demand of domestic water use for the Project per camp.

It is noteworthy that domestic use requirements are not included in the request for
water concession permit, since this water will be provided by a third party (municipal
and county aqueducts). For the Pedregal - Catambuco section, the drinking water
service was contracted with the Marquesa Bajo, Los Ajos and Empotanque county
aqueduct administration board that will supply the Cebadal and Tangua camps
respectively; annexed letters evidence service availability of the aqueducts. See Annex
7.1.1.b. The aforesaid to ensure that the bacteriological and physical chemical quality is
fit for human consumption according to Decree 1575 of 2007; the service will be
transported in water tanker trucks to the storage point.

Table 7.4 Water demand, household use per camp

ITEM VALUE DESCRIPTION
As provided for in article one of resolution 2320 of
. 2009, that establishes that for a low complexi
Supply 901/ inh*day level, cold weather, a maximum net supply I())f 90t};
/ inh * day
Workers 250 Maximum estimate of workers in proposed camp
Required flow 22500L / day This is the maximum flow required of drinking
0,260L / sec water for 250 workers.
The Surplus and Losses Correction Factor in the
Safety factor 0.065 L/ sec supply and transportation systems is 25% of the
calculated required flow
Total 0.325 L / sec

Source: (Gemini SAS Consultants, 2016)

7.1.1.1 Estimated consumption flow construction stage

The amount of water for industrial use in the various processes of the works presents
great variability in the availability required for each camp in the Pedregal - Ipiales
section as observed in Table 7.5 that shows water demand required for different
industrial activities.
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Table 7.5 Estimated consumption flow for the Project

PLANT
MATERIAL WATER PE%E:'?ETAO PLACEMENT | MATERIAL | WATER
VOLUME EMISSIONS WATERUSE | PRODUCTIO | AMOUNT
USE
Uk | camp TYPE OF N
MATERIAL
(M3 water / | (M3 water /
(M3) (M3 / hour) m3 Material) | m3 Material) | (M3 / hour) (M3)
CRUSHING 379035 1,48 - - 80 7,012
BASE and
anGU | SUBBASES 160065 - - 0.08 12,805
UFd| ) M. ASPHALT 40,665 - 0.01 ) 407
CONCRETE 41062 0.25 - 10,266
30,490
CRUSHING 390653 1,48 - - 80 7227
BASE and

cepap | SUBBASES 182745 - - 0.08 14,620
UFS| “AL M. ASPHALT 48367 - 001 - 484
CONCRETE 20,183 0.25 - 5,046
27,376
Total 57866

It was estimated that total water consumption for the project, with an estimated
construction time of five (5) years, is 57,867 m3 / hour, this equates to 16,074.16 L. / s
distributed in the above mentioned activities.

7.1.2. Uptake systems

Proposals for water sources uptake are the following alternatives can be by the
difference of land level or boost pump; the size and characteristics of the headworks
should allow flow uptake necessary for the supply. Chosen option in each source will be
reported to the ANLA in the first environmental compliance report ICA.

Uptake via tank truck motor pump

This scheme consists of a motor pump installed on a tank truck, which will join an up to
6 " hose or suction pipe from the water stream. This pipe will have a fitting on the
suction end to prevent ingress of drag material (See Figure 7.2).
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Carrotanque

Motobomba

&5iceion

Pera de Succi

Figure 7.2 Direct uptake system from tank truck
Source Gemini Consulting SAS, 2015

Storage and water distribution tanks will be installed in each location where the
collected water is taken.

The following recommendations must be considered when using tank trucks to uptake
water:

- The tank truck cannot enter the water body and must keep a safe distance in
meters from the water edge to avoid affecting the slope.

- Uptake is made by means of a suitable hose to pump water from the water source
and prevent altering the quality of the water body. This in order to avoid
generating instability in the banks and erosion and / scouring thereof.

- The tank truck hose to the water body should be laid using an existing access in
order to avoid opening trails.

- The end of the suction hose should not be immersed in the water body to prevent
suction of sediment and their impact.

- Itis suggested to search existing footprints and grazing areas to avoid an impact on
the plant component of the area.

Water transportation

Uptake water will be transported in tank trucks used exclusively for this activity;
mobilizing from the uptake point to the point of temporary storage located in camps,
workshops, storage areas or plants, depending on the demand for the resource.
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The resource will be used for proposed Project activities. The tank truck must be
cleaned before starting the uptake activities. Uptake can begin once the tank truck is
clean for transportation to the temporary storage.

Tank trucks used to transport water may not load any other substances (chemicals,
domestic and non-domestic waste water, fuel, etc.) that could deteriorate the water
quality or contaminate it.

Figure 7.3 Tank catruckr for water transport
Source (Gemini SAS Consultants, 2016)

The environmental management plan described in chapter 11.1.1 presents management
measures for surface water uptake activities, see Table 11.1.1.8 Uptake Management.

Restitution of surplus water and distribution
Pretreated water will be returned through underground sources; it should be noted that
the water that unused is stored for later use. Water is gravitationally distributed
through a hydraulic system for powering various distribution points or stipulated
hydrants.

Temporary storage

Temporary water storage for domestic and industrial use must be separated, so that
water storage tanks will be installed (clearly marked in permanent housing camps,
plants, storage facilities or other areas requiring the supply).
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Temporary storage tanks for drinking water and raw water must meet the general
characteristics shown in Table 7.6.

Table 7.6 General characteristics for drinking water and raw water storage tanks

CHARACTERISTIC

DESCRIPTION

Safety

The tank should be located on land not susceptible to landslides or
flooding. It must also be stable with respect to soil quality foundation and
geotechnical or geological origin faults.

Serviceability

The tank should be such that it can be serviced with minimal disruptions,
taking into account the following provisions:

1. For the low complexity level it can have a single compartment

3. The tank must be provided with valves for closing inlet pipes and outlet
pipes.

4. The inlet and outlet closing devices must be marked according to the
color code for piping and valves.

5. The tank should have the shape and serviceability facility.

Access restriction

Necessary safety measures must be taken using fences, restricted road
accesses, monitoring or otherwise to prevent access of strangers.

The location of the tanks should consider the following recommendations
1. If the tank is buried or half buried, to be away from any source of

Tank location contamination, such as septic tanks, garbage dumps, toilets, sinks, etc. and
must be covered.
Materials The tank material must withstand the forces caused by land and floatation
pressures for buried or partially buried tanks when empty.
Waterproof The walls and the bottom should be waterproof and the material exposed
to water should be resistant to chemical attacks and corrosion.
The tank must have vents allowing the ingress and egress of an air source,
Ventilation with a 5 mm mesh to prevent the entry of insects; if these are PVC,

technical standard NTC 1260 should be used.

Source Gemini Consulting SAS, 2015

Storage tanks for drinking and industrial water use, corresponding to a
multipurpose tank allowing constant flow of water, easily cleaned, resistant to sun
exposure and impacts; the multipurpose polyethylene tank has storage tank
specifications shown in Table 7.7.

Table 7.7 Characteristics of storage tanks

CHARACTERISTICS WATER TANK INDUST?:\AN';(WATER
Capacity 2500 L 5000 L
Diameter 151 cm 228 cm

Height 165cm 174 cm
CSH-4-AM-AM-EIA2-GG-
. 0013-7
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Weight | 46,4Kg | 113.6 Kg |

Source: (Gemini SAS Consultants, 2016)

The water storage tank is white in order to refract sunlight, has an antimicrobial and
anti-adhesive layer in order to minimize changes in odor and flavor that could be
presented in drinking water.

7.1.2 Analysis of current or potential conflicts over water availability and use

According to the field survey, in the area of influence of the project the main water uses
identified were domestic and irrigation where managed pasture and annual crops are
the highest water users in the agricultural area and to a lesser extent sheepherding for
properties located in the uptake basins used for project water requirements. Industrial
and commercial use is associated with car washes, service stations, auto repair shops
and dairy processing among others less important.

Water availability is the limiting factor in irrigation development in the basin. An
increase in irrigated area could lead to conflict if farmers do not manage their water
requests. The current practice is that anyone who wants to use water from a water
source just takes it directly. The practice involves a potential future conflict over water.

Beneficiaries downstream of the supply sources suffer water shortages during the dry
months. This is caused by the limited capacity of delivery systems. Water shortage
problems for users located downstream could be solved greatly if the administration
boards of aqueduct and / or communal action boards take corrective measures such as
prohibiting the use of water resources for agriculture.

Uses and water conflicts

From fieldwork and according to secondary information, potential conflicts were
identified by use of water resources at the sources related to water uptake of uses and
users of sources to intervene. After collecting field information in the area of influence it
was identified that the main uses of water resources are domestic, agricultural,
livestock and industrial for surface water bodies.

According to field information, tributaries located on the high side are the only major
sources that supply population centers, counties and provinces, since the quality and
quantity conditions is suitable for human and domestic consumption. Government
agencies, organizations (community action boards and / or aqueduct administrative
boards) and all users should be in charge of preserving the water sources.

CSH-4-AM-AM-EIA2-GG-
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A water conflict found was the relationship of neighbors because those living
downstream complain to those living upstream of not letting water move to their
boundaries and / or property, of littering or discharging on source. These interests
associated with domestic use, agriculture, industry, among others often contradict
instead of solving, which makes it even more complicated. See Table 7.8 Water use
Pedregal-Catambuco sector.

Table 7.8 Water uses Pedregal-Catambuco sector

SURFACE WATER
USE CONCESSIONS DEMANDI1 /s PARTICIPATION
DOMESTIC 8 0.70 45%
AGRICULTURAL 4 0.35 35%
INDUSTRIAL 3 0.115 20 %

Source: Gemini Consulting SAS

Communities state that the biggest problem is the decline in the quantity and quality of
water assets due to depreciation of plant cover and increased consumptive water uses,
lack and absence of solidarity and environmental responsibility, lack of technical
assistance and training for the use of solid and liquid waste and waste from industrial
and agricultural activities and others.

Reduced water sources for water supply to municipal aqueducts is a general concern
among inhabitants. With some exceptions, all municipal county aqueducts are suffering
from shortage of water resources. Discomfort and health effects by those reporting
increasingly frequent pollution of water resources due to deposits and solid waste
accumulation and wastewater discharges without any treatment or management are
common in the community.

- Domestic use

Properties located within the Al demand water resources for domestic use activities;
generally uptake in the area of influence is from water bodies with surface-type
pretreatment to supply county aqueducts and independent type supply.

- Livestock use
In the study area there are mostly poultry sheds followed by extensive cattle and swine
artisan breeding, which use water from water surface bodies close to the properties to
feed and clean the breeding infrastructure used.
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- Current uptake points Use
In uptake strips requested in this study, uses and users associated therewith were
verified. There are uptakes in the Municipality of Tangua and Yacuanquer, which are
used for agricultural and livestock purposes. Table 7.9 shows the characteristics of
requested deposits.

Table 7.9 Users and uses uptake points

FLOW IN
FU SOURCE APPLICATIONS USERS CONCESSION1 /s
LA .
4 MAGDALENA Domestic 782 15
4 LA CHAQUITA - - -
Domestic 24257 47
4 RIO BOBO Agricultural 40
Livestock 5
MARQUEZA .
5 (CUBIIAN) Domestic 80 15

Source: Gemini Consulting SAS

Ecological flow

The ecological flow is a management tool that allows agreeing on an integrated and
sustainable management of water resources, establishing quality, quantity and water
flow rate required to maintain the components, functions, processes and resilience of
aquatic ecosystems that provide goods and services to society. Given the economic,
social and environmental water demands, it is recognized that goods and services from
water basins depend on physical, biological and social processes.

The ecological flow seeks to reproduce to some extent the natural hydrological regime
preserving the seasonal patterns of minimum and maximum flows — dry and rainy
seasons, respectively, the flood regime and exchange rates of special interest to manage
the water infrastructure. See Table 7.10 Ecological flow, Pedregal-Catambuco.
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Table 7.10 Ecological flow, Pedregal - Catambuco

Average | Ecological Water Flow Magna Sirgas planar
Source 8 g demand Available uptake coordinates origin West
flow (L / | flow
Name s) (30%) source (L | flow (L /s) | requested North -
/9) (/s) or as
Rio Bobo 710 213 92 405 15 960614.5 608,230.96
Q The 55 165 32,29 6.21 10 9612187 610,773.57
Magdalena
Q Th.e 22 0,66 03 1,24 05 967,138.506 614,973.608
Chaquita
Q The 54 1,62 23 1,48 0,5 968,222.92 617028.3
Marquesa

Source: (Gemini SAS Consultants, 2016)

Flow frequency analysis

The frequency analysis is a method for estimating the frequency occurrence or
likelihood of occurrence of past or future extreme events. Thus, the graphical
representation of the likelihood is a frequency analysis method.

The maximum and minimum values in hydrology drain (precipitation or flow) should
be treated by probabilistic distribution. Although there are many probabilistic
distributions for maximum values, it is very common in hydrology to use the Gumbel
(European School) and log-Pearson Type III (American School) probabilistic
distribution values.

The information on minimum annual flows of each station was processed and adjusted
by software to probabilistic functions. Follows the analysis of each one using minimum
flows in different frequency periods.

Casanare automatic station
The frequency analysis for maximum and minimum annual flows recorded throughout

the recording period of the Casanare Automatic station in the Bobo river, is reported in
the following tables and graphs (Table 7.11 Table 7.11 and Figure 7.4 Figure 7.5)

Table 7.11 Frequency analysis Minimum Flow - Casanare Automatic station
EXPECTED Tr VALUE PER DISTRIBUTION
RETURN PERIOD GUMBEL | NORMAL | PEARSON III | LOG PEARSON III | LOG NORMAL
(years) m3/s m3/s m3/s m3/s m3/s
133 0.54692 | 0.56006 0.55434 0.54701 0.55497
2 0.48705 | 0.50125 0.49246 047817 0.49396
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Figure 7.5 Maximum flow frequencies Casanare Automatic Station
Source Gemini Consulting SAS

Juanambu Bridge Station

The frequency analysis for maximum and minimum annual flows reported throughout
the recording period of the Juanambti Bridge station on the Juanambu river is reported
in the following tables and graphs (Table 7.12 Table 7.13 and Figure 7.6 Figure 7.7)

Table 7.12 Frequency analysis Minimum Flow - Juanamb Bridge Station

EXPECTED Tr VALUE PER DISTRIBUTION
RETURN PERIOD GUMBEL | NORMAL | PEARSON III | LOG PEARSON III | LOG NORMAL
(years) m3 /s m3/s m3/s m3/s m3 /s
133 21.3119 | 22.1405 215605 211710 21.5239
2 175357 | 184315 17.6116 17.3680 17.6747
5 13.9540 | 13.8438 13.7767 13.9522 13.8520
CHI SQUARE TEST | 0.33333 | 2.75758 - - 178788

Source Gemini Consultores SA, 2016
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Figure 7.7 Maximum Flow frequencies - Juanambu Bridge Station
Source Gemini Consulting SAS

Centenio Bocatoma Station
The frequency analysis for maximum and minimum annual flows reported throughout
the recording period of the Centenario Bocatoma station on the Pasto River, is reported

in the following tables and graphs (Table 7.15 Table 7.14 and Figure 7.8 Figure 7.9)

Table 7.15 Frequencies analysis Minimum Flows — Centenario Bocatoma Station

EXPECTED Tr VALUE PER DISTRIBUTION
RETURN PERIOD GUMBEL | NORMAL | PEARSON III | LOG PEARSON III | LOG NORMAL
(years) m3/s m3/s m3/s m3/s m3 /s
1.33 0.86855 | 0.89856 0.89856 0.86590 0.87964
2 0.73179 | 0.76423 0.76423 0.70480 0.73994
5 0.60206 | 0.59807 0.59807 0.57890 059744
CHI SQUARE TEST | 1.30769 | 1.30769 1.30769 4.38462 0.92308

Source Gemini Consultores SA, 2016
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Figure 7.9 Maximum Flow Frequencies - Bocatoma Centenario Station
Source Gemini Consulting SAS

Flow duration curves

The flow duration curve is the frequency analysis of the historical series of
average daily flows. It is estimated that if the historical series is good enough, the
duration curve is representative of the rate of average current flows and
therefore can be used to predict the behavior of future flow regimes, or the
regime presented during the life of the project.

As shown in the following figures, the vertical duration curve scale represents
average flow (daily, monthly or annually) and the horizontal scale the likelihood
that these flows can be matched or exceeded.

It is a graph with flow, Q. as ordinate and the number of days in the year (usually
expressed in % of time) in that flow, Q, is exceeded or equaled, as abscissa. The Q
ordinate for any likelihood percentage represents the magnitude of the flow in
an average year, expected to be exceeded or equaled by a percentage, P, of time.

The average annual, monthly or daily flow data can be used to construct the
curve. The flows are arranged in descending order, using class intervals if the
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number of values is very large. If N is the number of data, the exceedance
likelihood, P, of any discharge (or class value), Q, is:

P=""100
N

Where m is the number of times the flow occurs at that time. If the flow rate is
drawn against percentage of time when it is exceeded or equaled, a graph is
obtained as shown in the following figure.

140 7
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Duration curves have typical forms depending on the characteristics of the
watersheds. In mountain basins i.e. the steep slope in the initial section of the
curve indicates that high flows are present for short periods, while in lowland
rivers the differences are not very noticeable in the slopes of the different
sections of the curve.

The typical flow rates are defined as presented at different likelihood of

occurrence in a curve flow duration, this is a Qio, representing maximum flow

exceeded 10% of the time, while a Qg corresponds to a minimum flow rate

exceeded 90% of the time. The main flow characteristic data are:

- Qoo: Characteristic dry flow rate exceeded 355 days a year.

- Qso: Low water flow, to define periods of construction works with
direct intervention of the channel.
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- Qrs: Low water flow, exceeded 275 days a year flow or 75% of the time.

- Qso: Average flow, flow exceeded 50% of the time is used for
exploitation water distribution and is recommended not fall below this value.

- Qos: High water flow: flow rate exceeded 355 days a year 55% of the
time.

- Quo: Maximum flow characteristic: flow exceeded 10 days a year.

Pilcuan station
The following figure shows the flow duration curve constructed with the average
monthly records from the Pilcuan station. In the Guaitara River case, flow

characteristics are presented in the following table.

Characteristic Flows - Pilcuan Station

Characteristic flows Value (m3 / s)
Q10 48
Q25 39
Q50 28
Q75 twenty
Q90 fifteen
Flow duration curve - Pilcuan Station
100 -
50
? B0
T ™
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2 s
3 40
3 %
3 2
10 4
o 10 20 =0 a0 50 B0 T BO 50 100
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Carlosama Station
The following figure shows the flow duration curve constructed with the average
monthly records from the Carlosama station. The typical flow rates are

presented in the following table.

Characteristic Flows - Carlosama station

Characteristic flows Value (m3 /s)
Q10 6.5
Q25 3.8
Q50 24
Q75 12
Q90 05

Flow duration curve - Carlosama Station

E K E B E B

Caudal Medio Mensual (m?/seg)
&
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Guascas Bridge Station

The following figure shows the flow duration curve constructed with the average
monthly records from the Guascas Bridge station presents. The typical flow rates

on the Patia River are presented in the following table.

Characteristic flows - Guascas Bridge Station

Characteristic flows Value (m3 /s)
Q10 340
Q25 245
Q50 160
Q75 100
Q90 70

Caudal Medio Mensual [méfsog)

0 10 0 30 40 =0 50 0

% Tiampo da ocurrancia

Flow duration curve - Guascas Bridge Station
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Agroyaco station
The following figure shows the flow duration curve constructed with the average
monthly records of the Agroyaco station. The typical flow rates on the river

Guaitara are presented in the following table.

Characteristic Flows - Agroyaco Station

Characteristic flows Value (m3 /s)
Q10 115
Q25 85
Q50 60
Q75 40
Q90 28

Flow duration curve - Agroyaco Station

Caudal Medio Mensual [m®/seg]
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San Pedro Station
The following figure shows the flow duration curve constructed with the average
monthly records of the San Pedro station. The typical flow rates on the river

Guaitara are presented in the following table.

Flow Characteristic - San Pedro Station

Characteristic flows Value (m3 /s)
Q10 77
Q25 60
Q50 43
Q75 28
Q90 18

Flow duration curve - San Pedro Station

Caudal Medio Mansual [m?/seg)

0 10 20 30 a0 50 21 70 0 90 100

% Tiampo da ocurrancia

CSH-4-AM-AM-EIA2-GG-
0013-7
ENVIRONMENT EFFECT INVESTIGATION March 2017

Page 34




I 1;, CONSORCIO A Nl
i =

UNION DEL SUR

ESTUDIO DE IMPACTO AMBIENTAL PARA EL PROYECTO VIAL RUMICHACA - PASTO, TRAMO PEDREGAL -CATAMBUCO,
CONTRATO DE CONCESION BAJO EL ESQUEMA APP NO. 15 DE 2015

Juanambu Bridge Station

The following figure shows the flow duration curve constructed with the average
monthly records of the Juanambu Bridge station. The typical flow rates on the
Guaitara River are presented in the following table.

Characteristic flows - Juanambu Bridge Station

Characteristic flows Value (m3 /s)
Q10 fifty
Q25 38
Q50 27
Q75 17
Q90 10

Flow duration curve - Juanambu Bridge Station
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Bocatoma Centenario Station

The following figure shows the flow duration curve constructed with the average
monthly records of the Bocatoma Centenario station. The typical flow rates on

the Pasto River are presented in the following table.

Characteristic Flows - Bocatoma Centenario Station

Characteristic flows Value (m3 /s)
Q10 24
Q25 1.7
Q50 1
Q75 0.7
Q90 04

Duration Curve Flows - Bocatoma Centenario Station
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Automatic Casanare Station
The following figure shows the flow duration curve constructed with the average
monthly records of the Casanare Automatic station. The typical flow rates on the

Bobo River are presented in the following table.

Characteristic Flows - Automatic Casanare Station

Characteristic flows Value (m3 /s)
Q10 14
Q25 11
Q50 0.9
Q75 0.6
Q90 04

Flow duration curve - Automatic Casanare Station
]

Caudal Medio Mensual [m?/seg)

] 10 0 30 40 0 B0 T0 B0 20 100
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7.2. Underground water

Execution of the activities foreseen for development of this project does not require
using groundwater since the needs of water resources are supplied from surface water
uptake and purchase of authorized water resources that provide water with optimal
characteristics for human consumption. Therefore a groundwater concession is not
requested.
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7.3. Discharges

Project discharges is from industrial consumption (processing plant, washing machines
and workshop). Wastewater will receive physical and bacteriological treatment before
being discharged, this in order to ensure removal of pollutants and improve
physicochemical characteristics of the wastewater. Table 7.15 shows the facilities of
each of camp.

Table 7.15 Camp facilities

PLANAR

UF CAMP e PK ACTIVITY

4 Tangua cam E: 965241.119 14 +300 cr})l;s()}lciilsSIrEr?tSl:)}?ilctés
8 p N: 613193.624 14 + 500 & plant,

and housing

E: 967254322 Processing asphalt,

5 Cebadal camp N: 615985056 21+ 700 crusP:rrllg }]?La:lnsti,nogfﬁces

Source: (Gemini SAS Consultants, 2016)

Strategies for disposal of liquid waste from camps are distributed as follows, clarifying
that viability and importance will be in line as listed below.

- Vactor discharges

- Surface water discharges

- Municipal sewage discharges
- Ground discharges

7.3.3 Vactor discharges

Discharges generated from developing core project activities will be of an industrial and
domestic type. According to the aforesaid and giving compliance with the provisions of
current environmental regulations, Decree 3930 of 2010 (provisions relating to the uses
of water resources, the water resources and discharges to water resources to soil and
drainage systems Planning) and Resolution 631, 2015 (whereby the parameters and
maximum allowable limit values for specific discharges to surface body water and
sewage systems are established); such discharges will be collected, managed and
disposed of by third parties through a suction device known as vactor vacuum.

To clarigy that the third party shall have the respective environmental and operational
permits allowing them to provide the service. See Annex 7.3.a
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7.3.4 Discharges to sewage

The camp located in the El Vergel county, municipality of Tangua will generate both
industrial and domestic effluents which will be disposed of in the municipal sewer
system managed by the Administracion Publica Cooperativa de Agua Potable y
Saneamiento Bésico de Tangua (EMPOTANGUA) who must meet the requirements
stipulated by Article 39 (Liability of the provider of home public sewage services).
Similarly, the construction group will assume as part of its responsibility provisions of
Article 38 (Obligation of subscribers and / or users of public utility companies).

Similarly, the necessary arrangements went ahead with the Metropolitan Sanitation
Company and EMAS Pasto and the Pasto Service Company of Sanitary Works
EMPOPASTO, for management and disposal of domestic liquid wastes from the camps,
see Annex 7.3.b

7.3.3 Characteristics of wastewater composition

In the works comprising the materialization of the new road axis, discharges associated
with processes of the concrete, asphalt and crushing plant and temporary facilities
(camps) will be generated, reason why a system to treat wastewater whose
characterization described below will be installed.

0 Domestic wastewater

Two types of black and gray domestic wastewater are generated from camp operations
during the different project stages. Household waste will be handled by the company
providing the vactor service that will be responsible for collecting domestic
wastewater, the company will have due environmental and operational permits.

During the construction stage, a domestic wastewater discharge (ARD) flow rate was
calculated according to consumption per day per camp considering that the number of
projected camp workers are two hundred fifty (250) and that area climate can be
considered as cold, so the daily water demand per inhabitant is ninety (90) L / s,
resulting in a discharge flow of approximately:
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Greywater: coming from the camps (kitchen, bathroom), characterized by having
suspended materials and vegetable fats. Their organic pollution index is less than
sanitary or black type waters.

Sewage: characterized by a high content of organic load and a high population of total
and fecal coliforms; its concentration depends on the flow of wastewater and the
number of workers that in this case will be two hundred and fifty (250) employees in
each camp. See Table 7.16

Table 7.16 Black wastewater characterization

PARAMETER UNITY REPORTED VALUES
Color CPU > 150
Chlorides mgCl/1 > 150
DBO mg 02 /1 > 500
COD mg 02 /1 > 600
Total hardness mg CaCO3 / 50
pH Unit 7-9
Dissolved solids mg /1 300-800
Suspended solids mg /1 100-200
Sulfates SO4mg /1 40-100
Total coliforms NMP / 900,000
Fecal coliforms NMP / 80,000
Fats and oils mg /1 50- 100

Source (Consorcio Vial Helios, 2008)

0 Industrial wastewater

These waters originate from activities as concrete plants with a high amount of
dissolved and suspended solids and chemical residues as shown in Table 7.17. Metal
concentrations vary according to the needs of the mixture and its disposal; the values
shown in the table are the allowable discharge limits.

Table 7.17 Concrete plant wastewater characterization

PARAMETER UNITS RESULT
Chlorides mgCl/1 58.8
pH Units 11

ENVIRONMENT EFFECT INVESTIGATION

0013-7

CSH-4-AM-AM-EIA2-GG-

March 2017

Page 40




', CONSORCIO

CONCESIONARIA VAL
UNION DEL SUR

AN|

Agencia Macional da
Infraestructura

ESTUDIO DE IMPACTO AMBIENTAL PARA EL PROYECTO VIAL RUMICHACA - PASTO, TRAMO PEDREGAL -CATAMBUCO,
CONTRATO DE CONCESION BAJO EL ESQUEMA APP NO. 15 DE 2015

PARAMETER UNITS RESULT
Total solids mg /1 499
Sulfates MgS04 /1 135
Settled solids mg /1 332
CoD PPM 216
Turbidity FTU 50
Hardness mgCaC03 / L 4220
Alkalinity mgCaC03 /L 3389
Arsenic mg /1 0.5
Barium mg /1 1.0
Cadmium mg /1 0.01
Zinc mg /1 13
Copper mg /1 10
Mercury mg /1 0.02
Lead mg /1 0.05
Selenium mg /1 0.01

Source (Consorcio Vial Helios, 2008)

To calculate the discharge of non-domestic wastewater (ARND) during the operation
stage, the industrial contribution coefficient considered for an average level of
complexity is 0.4 L / sec (Ci) and the calculated water consumption for use in the
project’s process plants is 1.5 L / sec (Qi), with these data the non-domestic wastewater
flow is calculated (QARnD) shown in the following equation:

QARnD = Ci * Qi

L L
QARmD = 04—+ 15— =06 L/seg
seg seg

Given that concrete plants are equipped with a wastewater recirculation system.

The characteristics of the recirculation system will be presented in the Environmental
Compliance Reports - ICA. The following table shows the discharge flow during the
construction stage.

The discharge flow rate of industrial water was determined as 0.6 L. / s as 85% (0.5
lost by evaporation approximately) of resulting water from the process plants to be
recirculated so that only 10% will be disposed of through the vactor.
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Table 7.20Discharge flow

Water consumption Wastewater generation
NAME TYPE OF R ted water flow L
WATER equestedwater Tow Water discharge L / Sec
/ sec
ARD 0.28 0,21
Tangua cam
gtia camp ARnd 15 06
ARD 0.28 0,21
Cebadal camp
ARNd 15 06

Source. (Gemini SAS Consultants, 2016)

- Treatment Systems

The treatment systems designs obey the characteristics of the waste waters to be
treated, which vary depending on their origin. Wastewater treatment systems are not
only a measure of environmental management for the possible effects from project
development, but is currently also assumed as an activity thereof. Because of this, the
Concessionary seeks to propose alternative treatment systems which have greater
efficiency in removing pollutants, resulting in greater protection to natural resources
and the environment. Discharges will be collected after pretreatment in a septic tank
(sewage) and grease trap (gray water), clarifiers, etc., through an authorized third party
for collection and treatment.

0 Greywater treatment system

From camps (showers, sinks, dishwashers and washing machines), are characterized by
suspended materials and vegetable fats. The organic contamination index of these
waters is less than sanitary or black type water. These waters will be independently
routed to a grease trap whose effluent will join the cesspit with a removal efficiency of
80%, to be disposed of in the infiltration field meeting RAS 2000required standard,
which specifies a minimum distance of 50 meters from any water body.

The treatment units foreseen before discharging water in the infiltration field are as
follows:
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U Grease trap

As a first step a grease trap (physical process) for grease retention will be installed,
located at the outlet of the camp housing area in order to prevent clogging, adhesion,
bad smell problems, among others. The following established designs parameters will
be considered. Table 7.21

Table 7.21 Grease trap design parameters

| e [ s

Storage capacity (kg)

> [design flow (1 / min)] / 4

Area (m2)

=0.25m2 perl/s flow

Width / length

1:4-1:18

Ascending speed =4 mm / sec
@ input >50 mm
@ output >100 mm

Source: (Ministry of Economic Development, 2008)

Figure 7.10 and Figure 7.11 respectively show the operation, profile views and a typical
grease trap.
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Figure 7.10: Typical grease trap design

Source Fatuvisa, 2013
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Figure 7.11: Grease trap operation
Source Anveplast, 2013

U Cesspool

The function of the septic tank is to receive and decontaminate generated wastewater
product of tasks such as cooking, washing with detergents containing high grease
loading and biological waste. When contaminated water enters the tank the solid waste
drops to the bottom in a process called sedimentation where organic matter stabilizes
and is transformed into sludge with harmless characteristics.

The tank must be airtight, long lasting and with a stable structure since its contents
have very high concentrations of organic matter and pathogens that may be responsible
for diseases and infections; it must have a cover allowing inspections and maintenance,
and must also have an exhaust pipe as venting mechanism. See Figure 7.11
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Figure 7.11: Basic treatment operation
Source: (Orientation Guide basic sanitation, 2016)

U Ascendant Flow Anaerobic Filter - FAFA

It is complementary to the septic system achieving a reduction of 50 to 70% of BOD
removal on previously achieved. The FAFA system consists of a closed tank or chamber,
made up by a bed of gravel and pebbles where the influent from previous treatments
passes upward through the interstices, and the biological film formed on the surface of
this granular material works as anaerobic digestion and reduction.

FAFA is an anaerobic bioreactor system having an inert filler material; the bacterial
population grows on the filler material degrading the BOD soluble influent resulting in a
clarified effluent with reduced organic load. It is an easy to operate system, reducing the
likelihood of having a health emergency in the camp.
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Figure 7.12: FAFA Model
Source: (Alliance for Water, 2016)

With this last phase of treatment a percentage of total removal of 95% of contaminants
are expected, which makes this optimal for this use in industrial processes and wetting
pathways.

To ensure proposed treatment, its operation and maintenance measures are part of the
environmental management plan. See Section 11.1.1.

0 Sewage treatment system

The water from all sanitary units is characterized by a high content of organic load and
high population of total coliforms and faecal. Its concentration depends on the flow rate
and the number of workers whose maximum production peak is estimated to be 250
inhabitants.

Portable sanitary units will be installed in the work fronts and camps that will be hired
and will work by vacuum suction. The respective environmental licenses for such
activity must be checked and operating capability of the contractor must be considered
due to the conditions of project development. Selected company to operate will be
informed in the first Environmental Compliance Report ICA.
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The contactor providing the service is in charge of installing, operating and servicing
the sanitary units. Contractor must have all environmental and operating permits,
given that it is responsible for the disposal of waste generated therein. These units are
constructed of material highly resistant to weathering and with systems allowing waste
removal. See Figure 7.13.

43" al =

Figure 7.13: Portable Sanitary Unit
Source: (Sale of portable toilets, 2016)

It is recommended to install a portable sanitary unit for every 10-15 workers by gender
difference (American National Standards Institute) and no more than 60 meters away
from the workplace.

0 Industrial wastewater treatment system

Industrial wastewaters are the product of a material process transformation; this
wastewater has a high amount of dissolved (sodium and potassium) and high alkalinity
suspended (calcium carbonate) solids with high alkalinity characteristics and residual
heat, with the characteristics of concrete waste water plants.

U Grease trap for oily water
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As a first step for industrial water treatment there are grease traps for oily water
retention; with this trap oil and grease retention from washing and maintenance of
equipment is expected.

The contribution of fats and oils basically comes from material spills from the concrete
plant. The elements to be removed, which usually occur in this type of wastewater,
comprise free and emulsified oils, phenols, nitrogen and sulfur compounds from tank
dams and cleaning equipment. Therefore, for effective control thereof, a grease trap that
allows retaining these materials must be installed. To clarify that minimization of oils
and greases depends on the good behavior of personnel who should be trained.

Figure 7.15 Grease trap operation
Source (National University, 2016)

U Desanders

The purpose of a desander is to separate the sand, coarse particles and sedimentary
solids below 1mm and greater than 0.2 mm from the water. The use of the desander
prevents deposits in the driveline avoiding overloading in subsequent treatment
processes.

The desander unit is a hydraulic structure whose function is to remove particles of a
certain size, so a horizontal flow desander was installed to increase the retention time,
the longer the retention time the higher the sedimentation of solids.
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Figure 7.14 Desander tank
Source (Hidritec, 2016)

Water passing through the desander is routed to the sedimentary pit which is the end
physical industrial water treatment unit.

U Sedimentary pit

The purpose of using a pit to decant suspended solids in wastewater prior removal of
sedimentable solids; the pit must have a geomembrane HDPE waterproofing deck that
allows protecting the soil, inhibiting liquid filtration and separating particles below 0.2
mm and greater than 0.5 mm by gravity, reducing 15% BOD and 50% suspended solids.

The pool will be located adjacent to the camp where the water resulting from the
treatment and highly clarified with a percentage of 80% removal is considered optimal
for recirculation in industrial processes and wetting of roads; in the event of bad odors
use odor control products.

Generated sludge product of wastewater treatment will be transported by dump trucks
to authorized ZODMEs. It should be noted that as with other proposed systems these
will be monitored and management conditions specified in the management plan, see
section 11.1.1 of this study.

U Description of pits for recirculation and reuse in the production plant

CONCRETE PLANT PIT
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Water has two uses clearly defined in concrete plants, the first is to produce concretes
of different resistance required in the project, and the second is to wash the mixer when
exiting the plant after required concrete has been loaded. In the first case there is no
waste of water and one hundred percent of the water used in the process is used for
mixing the stone aggregates with cement. In the second case, however, the water
required for washing the mixer must pass through the sedimentation pit to remove all
suspended solids deposited in these structures to then take them to the deposit of
unusable materials for the works or ZODME,

The process begins with the dispatch of Concrete required for execution of works in
mixer trucks; vehicles once downloaded are moved to the equipment washing area, this
area is located in the industrial area, with hard floor, minimum slope, perimeter gutters
and equipped with grids that carry water only to wash pit. The vehicle is parked so that
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the mixing "pear” will be inside the area intended for washing and is washed with
pressure hoses, which are part of the equipment. During the process, to guarantee
removal of all adhered materials preventing corrosion of the equipment parts. The wash
water passes to a settling pit where the solids are separated by gravity by differences in
size, here sedimentable solids are deposited in the bottom of the pit for subsequent
removal during maintenance days, and decanted water pasSes through an open
concrete channel to a storage tank for subsequent reuse during project execution in
activities such as wetting or artwork construction activities.

Generated sludge is removed with backhoe type equipment and arranged in the ZODME.

7.3.1. Discharges into water bodies

Surface water discharges whether industrial and household type is pretreatment to
ensure concentrations of contaminants are within the ranges established by
environmental control entities. For Tangua and Cebadal camps the discharge points are
distributed to the following water sources: Magdalena Stream as shown in Table 7.18

Table 7.18 Surface water discharges Line Type

Water Magna plane coordinates origin SIRGAS West
Camp START END
source
EAST NORTH EAST | NORTH
Tangua Magdalena | 961066.8191 | 610,387.1 | 961,0 | 610,426.
Stream 84 89.66 | 273
3
Cebadal Magdalena | 966934.5958 | 616,232.1 | 966,9 | 616,259.
Stream 33 4198 | 754
3

Annex 7.3.1 shows show formats to allow discharges into surface waters.
Low flows

The Bobo River has the Casanare Automatic hydrometric station operated by the IDEAM
with a record of 24 years since 1989 to 2012, which allowed direct characterization of
the hydrological regime. Figure 7.15 shows the multi-annual temporal distribution of
average, maximum and minimum flows. These figures show that flow regime is
monomodal type.
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Figure 7.15 Minimum flow distribution - Casanare Automatic Station(Bobo River)
Source: (Gemini Environmental Consultants, 2016)

The minimum flow rate is 0.23 m3 / s. The low flow period occurs during the months of
September to March, October being the month in which the lowest flows are recorded.
Finally,Figure 7.15 presents a graphic summary of the series boxplots using the
minimum flow values of the multiyear average monthly records of the Automatic
Casanare station (Bobo River), concluding that:

Water quality discharge points
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Monitored points for water quality are presented in Table 7.19 where the source name,
coordinates, city and monitored point (upstream and downstream) are specified.

Table 7.19 Line Type Points monitoring surface water bodies, Pedregal -
Catambuco section

MAGNA SIRGAS COORDINATE ORIGIN WEST
MUNICI SOURCE
END
PALITY NAME SUARY
EAST | NORTH EAST NORTH

Tanoua | Maadalena | 961066 | 610387. | 961,089.6 | 61042627

g 9 8191 184 63 3

066934 | 616.232. | 966,941.9 | 616,259.75

Cebadal Magdalena 5958 133 83 2

Source: (Gemini Environmental Consultants, 2016)

- Physical-chemical and bacteriological characterization

Water quality was determined measuring physicochemical and bacteriological
parameters of the Bobo river sources and the Magdalena stream. This procedure is
followed to determine whether the values of these parameters are within the range set
out in the legislation. Physicochemical analysis was performed taking into account the
PO-PSM-45 water sampling and techniques of the Standard Methods 1060 edition 22
guidelines.

Follows the results of measured parameters for characterization of water sources
intervened directly by the project, see Table 7.20

Table 7.20 Water quality analysis results discharge projected points

Parameters Bobo River | La Magdalena Stream
pH (units) 7.21 7.04
Temperature ° C 19 10.7
Dissolved Oxygen (mg / L) 4,32 7.9
Conductivity (uS / cm) 451 116.7
BOD mg /L 13.1 5
CODmg /L 24.8 20
Total Suspended Solids mg / L <20 <10
Fats and Oils mg / L <9.0 <10
Alkalinity mg / L 20.7 42.82
Total Hardness mg / L 68 52.16
Total Coliforms NMP / mL 11000 3500
Thermotolerant coliforms NPM / ml 4900 330
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E. coli Presence Presence
Turbidity NTU 2,22 25
UPC True Color <5.00 38

Total nitrogen mg / L <3.00 0,68
Total phosphorus mg / L <0.062 <0.06
Total Phenols mg / L <0,002 -
Zincmg /L <0.014 <0.05
Barium Total mg / L <0.141 <0.50
Total Cadmium mg / L <0.0048 <0.003
Total Copper mg / L <0.0088 <0.10
Total chromium mg / L <0.0046 -
Mercury Total mg / L 0.0007 <1.00
Nickel Total mg / L <0.0045 <0.02
Total silver mg / L <0.007 <0.04
Lead Total mg / L <0.0054 <0.01
Total Selenium mg / L <0.0055 <0.01
Arsenicmg /L <0.010 <10

Source: (ASOAMSAS, 2016)

For clarity with respect to water quality monitors that were developed in the
Rumichaca - Pasto project, Pedregal - Catambuco Section, refer to Chapter 5.1 of this
study and see Annex 5.1.6

7.3.2 Ground discharges

One option for discharging waste water from industrial activities of the camps is
through two infiltration fields in the soil located one in each camp area (Tangua and
Cebadal). Figure 7.16 shows the location of proposed sites for wastewater discharges.

The respective discharge permit was requested for each infiltration field using the
national discharges sole formats (see Annex 7.3.2)
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Figure 7.16: Location of discharges
Source: (Gemini Consultants SAS)

Disposal areas of infiltration fields

To determine each possible infiltration field area, ground units and topography were
considered resulting in the following areas (See Table 7.21). (See Annex GDB /

cartography / pdf / EIADCRP_IP_033)
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Table 7.21 Areas of infiltration fields

UF CAMP PLANAR IMAGE

COORDINATES
(Colombia magna
west)

E: 965336.87 s
N:613267.72 A & ol

AT e e [ O

:965355.43
1613256.06
:965339.24
1613235.35
:965306.41
1613263.71
:965336.87
1613267.72

ZmZmZ1m2Z!m

4 Tangua
:965292.35
:613120.07
:965302.65
1613098.18
:965269.97
N: 613093.1
E: 965258.41
N:613115.88
E: 965292.35
N: 613120.07

mZmZIm
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UF CAMP PLANAR IMAGE
COORDINATES
(Colombia magna
west)

E: 967208.99
N: 615931.12
E: 967185.7
N: 615893.47
E:967153.08
N: 615915.05
:967177.44
1615952.88
:967208.99
1615931.12
:967316.42
1616154.25

Leyndi
&a Saram e

Ay iy v e et &

5 Cebadal

ZmZm2Z'm

:967293.84
1616125.17
:967271.92
1616135.05
:967295.96
:616164.12
:967316.42
1616154.25

ZmZmzZmZ1m

Source: (Gemini SAS Consultants, 2016)

Percolation tests

To determine the ability of soil infiltration a hole 40 x 40 cm and 1 meter deep was
opened; integrated samples at different depths (0 — 30; 30 - 70 cm and 70 - 1 meter)
were taken. Soil samples collected were taken to the laboratory where the rate of
infiltration is determined. Photography 7.1 shows soil survey execution in proposed
camp areas.

Given the preliminary analyzes, infiltration capacities average 2.5 cm / hour are
expected; 0.5cm / hr to 7 cm / hr range; with good in average capacities observed to
process the discharge permit.
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Photography 7.1 Definition sampling point
Coordinates magna sigma origin west X 967,252.79 - 616,114.11 Y
Source (Gemini SAS Consultants, 2016)

Soil sampling
To select the sampling site, a prior area visit to the surface to be sampled was made, in
order to know the type of soil, topography, visual assessment, climate, surface soil color,

vegetation, soil texture, sample area, amount and size of the grid.

Table 7.22 shows the location of each sample point and the camp to which it
belongs. Soil studies are presented in Annex 7.3.2.a

Table 7.22 Location of the sampled points

Magna SIRGAS Planar
Point Camp Coordinates Origin West
EAST NORTH
1 Tangua-1 965,210.42 613,114.93
2 Tangua-2 965,340.36 613,251.03
3 El Tambor-1 967,252.78 616,114.11
4 El Tambor -2 967,232.37 615,987.56

Source: (Gemini SAS Consultants, 2016)

Photograph 7.2 and Photograph 7.3 show the photographic record of the soil sampling
in the area of the Tangua camp.
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Photograph 7.2: Opening hole soil study
Coordinates magna sigma origin west X 965,026.64 - 611,765.93 Y
Source (Gemini SAS Consultants, 2016)

Photograph 7.3 Soil sample collection
Coordinates magna sigma origin west X 965,026.64 - 611,765.93 Y
Source (Gemini SAS Consultants, 2016)

- General sample description
The table describes sample conditions for the four points of interest
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Table 7.23 Identification test pit points

Point Depth (M) Description
Tangua-1 0.00 to 1.50 Silty sand brown
Tangua-2 0.00 to 1.50 Brown sandy loam

El Tambor-1 0.00 to 1.50 Brown sandy loam
El Tambor-2 0.00 to 1.50 Brown sandy loam

Source: (ASOAM, 2016)
- Field humidity

Humidity is responsible for allowing biological processes, as a result, are presence of
water is essential in soils not abundant but sufficiently because hummidity in soils can
generate microbial activity resulting in plant fertilizers. The results of sampled points
are shown in the following Table 7.24

Table 7.24 Depths and humidity

Point Depth (M) Humidity (%)
Tangua-1 0.00 to 1.50 259
Tangua-2 0.00 to 1.50 24.8

El Tambor-1 0.00 to 1.50 26.5
El Tambor-2 0.00 to 1.50 27.2

Source: (ASOAM, 2016)

Data presented in analyzed samples have an average of 26.12% of natural humidity,
being a normal value for soils with clay loam characteristics. The maximum humidity
value was obtained in El Tambor-2 and the minimum in the point located in Tangua-2.
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Figure 7.17 Percentage of activities
Source (ASOAM, 2016)

- Granulometry

Granulometry is the determination of the proportion of sizes in which different sizes of
particle are present in the soil.

Table 7.25 Granulometry point Tangua-1

P1= 303.5 P2= 96.9
T amiz R eten % |%Ret| %
P ulg. mm R eten|A cum | Pass
3 75,0

2% 63,0 0.0 00| 0.0 100.0
2 50,0 0.0 00| 0.0 100.0
1% 38,1 0.0 00| 0.0 100.0
1 25,0 0.0 00| 0.0 100.0
3.4 19,0 0.0 00| 0.0 100.0
1/2 12,5 0.0 00| 0.0 100.0
3/8 9,5 21 07| 07 99.3
No . 4 4,75 0.9 0.3 1.0 99.0
No. 10 200 55 1.8 28 97.2
No. 40 0,43 334 110| 138 | 86.2
No.10 0 0,15 321 106 | 244 | 756
No. 0.200 0,075 229 75| 319 68.1
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| BACKGROUND | 206.6 | 681 1000 [ 00 |
Source: (ASOAM, 2016)

Table 7.26 Granulometry point Tangua-2

P1= 2411 P2= 52.7
T amiz R eten % |%Ret %
P ulg. mm R eten [A cum | Pass
3 75,0
21 63,0 0.0 0.0 0.0 [100.0
2 50,0 0.0 0.0 0.0 [100.0
1% 38,1 0.0 0.0 0.0 [100.0
1 25,0 0.0 0.0 0.0 [100.0
3.4 19,0 0.0 0.0 0.0 [100.0
1/2 12,5 0.0 0.0 0.0 [100.0
3/8 9,5 0.0 0.0 0.0 [100.0
No. 4 4,75 0.3 01 01999
No. 10 200 16 0.7 0.8 992
No. 40 0,43 124 51 59 1941
No.100 0,15 21.3 8.8 148 85.2
No. 0.200 0,075 17.1 71 219|781
BACKGROUND | 188.4 78.1]1100.0 0.0

Source: (ASOAM, 2016)

Table 7.27 Granulometry point Cebadal - 1

P1= 2411 P2= 52.7
T amiz R eten % |% R et %
P ulg. mm Reten|A cum | Pass
3 75,0

2% 63,0 0.0 00| 00 100.0
2 50,0 0.0 00| 0.0 100.0
1% 38,1 0.0 00| 0.0 100.0
1 25,0 0.0 00| 0.0 100.0
3.4 19,0 0.0 00| 0.0 100.0
1/2 12,5 0.0 00| 0.0 100.0
3/8 9,5 0.0 00| 0.0 100.0
No. 4 4,75 0.3 0.1 0.1 99.9
No. 10 200 16 0.7 0.8 99.2
No. 40 0,43 12.4 51| 59 94.1
No.100 0,15 21.3 88| 148 | 852
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No. 0.200 0,075 171 711 219 78.1
BACKGROUND | 1884 78.1] 100.0 0.0
Source: (ASOAM, 2016)

Table 7.28 Granulometry point Cebadal - 2

P1= 348.0 P2= 2101

T amiz R eten % |%Ret| %
P ulg. mm Reten|A cum | Pass

3 75,0

2% 63,0 0.0 00| 00 100.0
2 50,0 0.0 00| 00 100.0
1% 38,1 0.0 00| 00 100.0
1 25,0 0.0 00| 00 100.0
3.4 19,0 0.0 00| 00 100.0
1/2 12,5 0.0 00| 00 100.0
3/8 9,5 0.0 00| 00 100.0
No. 4 4,75 0.3 01 01 99.9
No. 10 200 48 14 15 98.5
No. 40 0,43 814 234 249 751
No.100 0,15 94.6 272 520 | 480
No .200 0,075 29.0 83| 604 | 396

BACKGROUND | 137.9 39.6| 1000 | 0.0

Source: (ASOAM, 2016)
0} Granulometry curves

After sieving, the amount that passes through each mesh is determined; this is obtained
by plotting on a semilogarithmic scale, the logarithm of the opening of sieve in mm in
the abscissa, and the percentage passing through each mesh, in ordinates.
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Figure 7.20 Granulometric curve Tangua-1 point
Source (ASOAM, 2016)
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Figure 7.18 Granulometric curve Tangua-2 point
Source (ASOAM, 2016)
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Figure 7.19 Granulometric curve Cebadal-1 point
Source (ASOAM, 2016)
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Figura 7.20 Granulometric curve Cebadal-1 point
Source (ASOAM, 2016)

- Permeability or hydraulic conductivity

Permeability is a characteristic associated with porosity, defined as the ease with which
soil allows penetration by fluids.

Absolute porosity values are sufficient to estimate soil permeability but some other
factors like pore system geometry. Thus, a leafy structure leaves a high porosity but
considerably hinders the water flow, as happens when there is a good interconnection
between macroporosity components.

Permeability or hydraulic conductivity is a property that depends on fluid
characteristics and permeability of the porous medium through which it circulates and
of the force of gravity (g).
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So some fluid properties such as specific weight, dynamic viscosity and temperature
affect the K value, as well as the average size through the open spaces (d), stratification,
packing, grain distribution, available sizes considered through the form factor (C) and
porosity.

For example, with regard to variations in the physical properties of the water, salt water
flows faster than sweet water, being more dense and hot water flows faster than the

cold, being less viscous.

Table 7.29 Permeability results

Point Depth (M) D10 (MM) PERMEA'ZI)”TY ™M/
Tangua-1 0.00 to 1.50 0,021 5.11x10°
Tangua-2 0.00 to 1.50 0,015 2.61x10°

El Tambor-1 0.00 to 1.50 0,001 1,16 x10-8
El Tambor -2 0.00 to 1.50 0,023 6.14 x 10-6

Source: (ASOAM, 2016)

The average permeability or hydraulic conductivity values are 2.33 x 10-6 m / sec
equivalent to 0.201 m / day respectively, these values show low permeability soils with
very high fines content.

- Analysis of metals in soils

Metals considered in the soil characterization analysis in the area of influence, as part of
the Environmental Impact Study, refer to arsenic, barium, calcium, cadmium, cobalt,
chromium, total, magnesium, mercury, potassium, selenium and sodium, which are in
varying proportions but in low concentrations that may be attributed to the
characteristics of the soil under study. Values recorded for each metal in the four (4)
evaluated points are given below.

Table 7.30 Total metals results

METALS UND Tangua-1 | Tangua-2 | Drum-1 Drum-1
Total arsenic mg / kg 25 28 35 18
Total barium mg / kg 230.3 2355 3287 236.6
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METALS UND Tangua-1 | Tangua-2 | Drum-1 Drum-1
Total calcium mg / kg 3279.9 1740.9 3287.3 2764.6
Cadmium mg / kg <18 <18 <18 <18
Total cobalt mg / kg 74 51 4 23
Chrome mg / kg <18 <18 <18 <18
Total magnesium mg / kg 586.9 1294 11954 1625.9
Total mercury mg / kg <0.1 <0.1 <01 <01
Total potassium mg / kg 1479.6 21459 1778.1 1998.1
Selenium mg / kg <18 <18 <18 <18
Total sodium mg / kg 345.2 2332 602.7 2795

Source: (ASOAM, 2016)

Figure 7.21 Total Arsenic Variation shows arsenic variation contained in soil samples
taken at four (4) points, presenting a greater concentration at Tangua-1 sampling point
with a value of 5 mg / kg, this establishes the reducing soil conditions and is strongly
bound to soil minerals, particularly the colloidal metal oxides and hydroxides, by ionic
bonds.
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2
1
TANGUA 1 TAMBOR 1 TAMBOR 2 TANGUA 2
® Arsenico Total 2,8 3,5 1,8 5

Figure 7.21 Total Arsenic Variation
Source (ASOAM, 2016)

Figure 7.22 shows barium concentration variations recorded in the four (4) sampling
points. The highest value was obtained in Tangua 1 point with 328.7 mg / kg and a
lower value at the sampling point with a value of 203.3 mg / kg.
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Figure 7.22 Total Barium Variation
Source (ASOAM, 2016)

Total calcium at sampling points, Figure 7.23 show a positive effect as clay flocculants
and widely contributes to the organization of the soil structure and stability thereof
with a high value at sampling point Test pit No. 7 with 3880.8 mg / kg and a minimum
value of 1740 mg / kg for Tangua -1 point.

4500
4000
3500
3000
§ 2500
E 2000
1500

1000
500

0

TANGUA1 | TAMBOR1 | TAMBOR2 | TANGUA?2
@ Caleio Total 1740,9 3287,3 2764,6 3880,8

Figure 7.23 Total Calcium Variation.
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Source (ASOAM, 2016)

Magnesium variation in the sampling points show high concentrations in Tangua 2
point and low values in El Tambor 1 point, showing heavy and light soils respectively at
these two points. However not cause magnesium induced deficiency.

2500

2000

1500

|
|

500

" TANGUA1 TAMBOR1 | TAMBOR2 | TANGUA2
mMagnésio Total| 1294 1195,4 1625,9 22742

Figure 7.24 Total Magnesium Variation.
Source (ASOAM, 2016)

Figure 7.25 shows cobalt variation obtained from the sampling results, observing a
reduction in Tangua 1 point respectively to El Tambor 2 point. This variation point is
linked mainly to oxides of manganese and iron, so that only a small part of the cobalt
remains free and, therefore, mobile, showing sampling sites with low soil acidification.
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TANGUA1 | TAMBOR1 | TAMBOR2 | TANGUA?2
@ Cobalto Total | 5.1 ' a ' 2,3 ' 2,1

Figure 7.25 Total Cobalt Variation
Source (ASOAM, 2016)

Figure 7.26 shows potassium variations with Tangua 2 point a lower value with 587.4
mg / kg, this is possibly due to washing and erosion. It can also be fixed by clay
minerals, slowly becoming available.

This loss arising from washing depends on the weather and the nature of the soil: soils
with plenty of change have lower losses than sandy soils. In rainy climates and soils
with little changing capacity, potassium losses can be large; however, in general,
potassium concentration is constant for a depth of 90cm.

CSH-4-AM-AM-EIA2-GG-
0013-7
ENVIRONMENT EFFECT INVESTIGATION March 2017

Page 73




I 1;, CONSORCIO A Nl
i =

UNION DEL SUR

ESTUDIO DE IMPACTO AMBIENTAL PARA EL PROYECTO VIAL RUMICHACA - PASTO, TRAMO PEDREGAL -CATAMBUCO,
CONTRATO DE CONCESION BAJO EL ESQUEMA APP NO. 15 DE 2015

2000 |

1500 |

mg/kg

S00 |
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TANGUA 1 TAMBOR 1 TAMBOR 2 TAMGUA 2
[ Potasio Total 21459 17781 19981 587,4

Figure 7.26 Total Potassium variation.
Source (ASOAM, 2016)

At high concentrations sodium directly affects soil properties related to retention and
availability of water to existing vegetation. Soil samples taken in Tangua 2 contain the
highest concentration values with 1055.3 mg / kg and Tangua 1 the higher
concentrations with a range of 233.2 mg / kg.

1200

1000

400

200
o !

TANGUA 1 TAMBOR 1 TAMBOR 2 TANGUA 2
@ Sodio Total 233,2 602,7 279,5 1055,3

Figure 7.27 Sodium Total variation.
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Source (ASOAM, 2016)
- Cation exchange capacity

In the cation exchange capacity, the load of soil particles should be balanced by cations
in the adsorbed surface phase. The ion can be exchanged with another to balance the
load in the colloidal phase and the reaction is rapid, primarily stoichiometry and of
electrostatic nature.

In general the higher the cationic exchange capacity the greater the ability of the soil to
fix metals. The adsorption power of various heavy metals depends on their valence and
hydrated ionic radius, the higher the value and smaller valence, is less strongly they are
retained.

Table 7.31 Cation Exchange Capacity Results

28/09 / Ammonium
2016- NTC acetate extraction 1)/
cmol (+
10/14/20 CIC 5268 INPh7.0 01 ke s 276 | 287 121 111
16 Titrimetry

The Cation Exchange Capacity records values of 11.1 cmol (+) / kg ss in Tangua 2 point
and 28.7 cmol (+) / kg ss in El Tambor point 2 according to the aforsaid one can say that
analyzed samples show good retention of ions and macronutrients necessary for
development of vegetation.

CSH-4-AM-AM-EIA2-GG-
0013-7
ENVIRONMENT EFFECT INVESTIGATION March 2017

Page 75




| .. CONSORCIO N
I 2N

i i CONCESIONARIA VIAL ia Nacional do
UNION DEL SUR

ESTUDIO DE IMPACTO AMBIENTAL PARA EL PROYECTO VIAL RUMICHACA - PASTO, TRAMO PEDREGAL -CATAMBUCO,
CONTRATO DE CONCESION BAJO EL ESQUEMA APP NO. 15 DE 2015

cmol(+)/Kg ss
i i e [l "] L
o v o w o

w

oI IlI

TANGUA 1 TAMBOR 1 TAMBOR 2 TANGUA 2
mcic 27,6 28,7 121 11,1

Figure 7.28 Cation Exchange Capacity Variation
Source (ASOAM, 2016)

- TPH

The determination of total petroleum hydrocarbons (TPH) is used to evaluate oil-
contaminated sites. The use of maximum TPH concentration to establish cleaning levels
of soil samples contaminated with hydrocarbons is a common approach implemented
by regulatory authorities.

Gas chromatography (GC) is a technique to observe the profile of sample contamination,
and can differentiate those compounds that come from the organic matter of the soil or
metabolic products generated during treatment. For methods based on GC, the HTPs are
defined as any compound removable by a solvent or purge gas, and detected by gas
chromatography / flame ionization detector (GC / FID) with a specific range of carbons.
The main advantage of this method is that it provides information about the type of oil
in the sample, as well as its quantification, although identifying the type of product is
not always easy (Weisman, 1998).
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Table 7.32 TPH Results

Parameter UND Tangua 1 Tambor 1 Tambor 2 Tangua 2
GRO mg / kg <25 <25 <25 <25
DRO mg / kg <25 <25 <25 <25

Source (ASOAM, 2016)

In the following figures we can see that the chromatograms corresponding to the target
process and do not show characteristic DRO and GRO profiles. Also, the
chromatographic profiles of the four (4) samples do not match the standard GRO and
DRO profiles; the quantification result is reported in Table 14. The chromatograms of
the sample shows chromatographic peaks with different tR to the standard, these peaks
correspond to compounds which are sensitive to the ionization detector (FID).
However, these compounds do not belong to the TPH group of and cannot be identified
or quantified because of the extent of the analytical method.

QU010 000)
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Figure 7.29 Comparative chromatogram: white sample and standard point Tangua 1
Source (ASOAM, 2016)
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Figure 7.30 Comparative chromatogram: white, sample and standard point Tambor 1
Source (ASOAM, 2016)
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Figure 7.31 Comparative chromatogram: white, sample and standard point Tambor 2
Source (ASOAM, 2016)
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Figure 7.32 Comparative chromatogram: white, sample and standards Tangua 2
Source (ASOAM, 2016)

The results of the physicochemical characterization carried out on soil samples from the
project area as part of the Environmental Impact Study on the road Pedregal- Pasto
section, support the conclusion that:

Regarding sampling points evaluated in total metals; the different ranges of
concentration of each determined element do not have significant variations; i.e. that
the physicochemical soil conditions are not factors punctually intervening on the
accumulation of these elements.

The Cation Exchange Capacity CIC in samples analyzed shows good retention of ions
and macronutrients, inferring from this good condition to sustain vegetation in these
soils,

Humidity recorded values associated with the availability and water retention in the
soil, describing at all points suitable conditions for sustaining plant species. The highest
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value was recorded in El Tambor 2 and the lowest at Tangua 2 point, behavior given by
the physical, chemical and land geographical conditions.

The total petroleum hydrocarbons in the four (4) samples do not match the DRO and
GRO standard profiles and could not be identified or quantified because of the extent of
the analytical method.

Additionally, Tangua 1 and Tambor 1 report a value in the range of 27 to 29 cmol (+) /
kg ss, indicating good exchange of utilizable compounds

Meteorology
- Weather

Given the location and geomorphology characteristics, the municipality of Ipiales has a
tropical high mountain climate with a temperature which fluctuates very little, because
there is a high relative humidity and precipitation constituting a contribution to
vegetation and soils in the area.

Humidity is affected by two dynamics that are: the Amazon landmass that has an
incidence in the Easter foothills and slope; and occasionally the El Nifio phenomenon
influencing the western department of Narifio.

Currently, the development of agriculture and indiscriminate logging is affected by the
changes observed in the atmosphere as precipitation, temperature, relative humidity,
sunshine and air currents. These phenomena become elements that determine the
climate of Ipiales.

- Temperature
Temperature behavior is related to the relief expressed in altitude. The intertropical
situation does not generate large variations in monthly mean values throughout the

year, whose variation does not exceed 5 ° C.

Usually the hottest periods are divided into two semesters of the year and correspond
to periods of lower rainfall. The annual average is 10.8%, which allows establishing that
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in the months of June, July and August temperatures are low. These climatic aspects are
vital to determine the biological cycle of crops. In the month of July 1985 the lowest
temperature of 8.3 °© C was recorded and the highest temperature in the months of
October 1941 an in May 1995 with 14.4 ° C.

- Precipitation

Precipitation originates from the condensation of atmospheric moisture. The study area
is of orographic origin because condensation and cooling of warm air masses from the
ocean produce the rising of the air up the slope of the mountain range. On the moor,
precipitation is higher and decreases in eastern foothills and the Andean highlands.

To have information on precipitation in the area of the municipality of Ipiales, data from
the San Luis Airport weather station were used from 1941 to 1995.

Records indicate that during the months of March and April rainfall is heavier,
decreasing midyear i.e. during the months of July and August and increasing again
towards the months of October, November and December with an average of 970.8 mm,
presenting a maximum value of 1230.4 mm in 1970 and a minimum of 211.2 mm in
1946; the monthly average is 72.57 mm. The maximum monthly value reported
corresponds to February 1963 with 270.0 mm and 2.0 mm minimum in August of the
same year.

The above phenomenon can be explained because the municipality has a bimodal
rainfall regime, characterized by registering two periods of increased rainfall (March-
April) and (October-December) with a period of less rainfall in the middle of the year
(July and August)

- Relative humidity

The relative humidity values over the past ten years have been 85% and according to
San Luis Station records, the annual average of the period 1941 to 1995 was 83%
concluding that there is a large fluctuation between 63% minimum and 91% maximum
values.
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- Brightness and solar radiation

Given situation of Ipiales in the equatorial belt and its altitude, it can almost never be
free of clouds, which has been a key development of the landscape especially the cloud
forest, however data analyzed from the San Luis station shows a fluctuation ranging
from 51.1 to 199 hours per month with an annual average in the period 1941 to 1995 of
1.434.3 hours.

- Evaporation

During the past five years there was less evaporation due to low area temperature
equivalent to 892 mm area.

- Winds

Air currents acting on the municipality of Ipiales exert great influence in determining
the climate. Southeast winds (trade winds) blowing from the Tropic towards the
Ecuador come loaded with moisture, which is deposited on the Central Eastern
Cordillera thus modifying the rainfall regime during the months of July and August.

Another air stream is the dynamic exerted by the Amazon landmass which give rise to
moisture laden currents, which when hitting high mountains, precipitate causing drastic
temperature changes in the surrounding slopes of La Victoria, Cultin and the Pun and
Cultan valleys.

Local winds also occur because of physical-spatial dynamics, these change the
temperature and are perceived more strongly in the afternoon and are called mountain
breezes, valley breezes. This phenomenon is explained by the heating experienced by
mountainsides during the daytime explained, which produces an air flow from valley
towards the mountain, due to existing relationship between temperature and
atmospheric pressure. During the night the phenomenon is reversed and is perceived in
the highlands of Tuquerres and Ipiales and on the slopes of the Central Easter
Cordillera.
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Regarding the wind speed, it is important to note that in 1982 the average wind speed
value was 3.23 m / sec, varying between 5.53 m / s (maximum) in August and 2.03 m /
sec (minimum) registered in December.

This allows establishing that the wind blows stronger during the months of July and
August and slows down at the end of the year, i.e. during the months of November and
December.

The presence of mountain ranges act as a modifying radiation factor (insolation and
irradiation), pressure and cloud cover, manifested in thermal modifications according
to altitudinal levels designated thermal floors.

- Hydrology
Consists of three major watersheds:

Guaitara River Basin and its tributaries: constituted by the Boqueron River that
in the high part is the Dofia Juana Stream; Blanco and Carchi Rivers, Morro
Stream, Teques or Pulcas, Orejuela, El Rosario, Cutuaquer.

The Guaytara or GuaitaraRriver namecome from the Quechua language meaning
blue river. It is characterized by its spectacular chasms, its spectacular canyon
and beautiful landscapes in its 135 km journey to its mouth in the Patia River.
Chingual river basin, which in its upper part is called the Pun or Chinquer creek
and its tributaries are the rivers San Francisco, Green, Yamués, El Cultin.

The San Miguel River basin and its tributaries formed by the Churuyaco,
Sapoyaco, Rumiyaco, Kerosén, Lora and Rancheria rivers.
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Figure7.33 Surface runoff from the study area

Fuente IGAC

- Geology

The geology of the area is comprised of tertiary sedimentary rocks and deposits
little or unconsolidated from the quaternary.
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Figure 7.34 General geology of the study area
Source IGAC

Description of geological formations present in the study area:
Qal: alluvial, lacustrine deposits and quaternary glaciers located east and
west of the area of interest.
NgQp: pyroclastic rocks intercalated locally with mudflows and alluvial
deposits, are of neotenic age and outcrops along the entire Troncal de
Occidente highway.
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NgQf: lavas interbedded with occasional pyroclastic, outcropping in the
northern, southeastern and southwestern part of the study area and are
of neotenic age.

Nptg: intrusive Precambrian formations formed by migmatites, granites
and syenites and outcropping to the southeast of the area of interest.
MPtG: metamorphic rocks of Precambrian age, shaped by granulites,
migmatites, amphibolites and biotite gneisses and outcropping to the
southeast of the area of interest.

O Measures to prevent soil contamination

Proposed measures are part of a physical bacteriological treatment system to allow
removing the contaminant load taking into account the estimated discharge
composition in order to improve the characteristics of the resulting wastewater from
industrial and domestic processes. Annex 7.3.2.b presents the management plan is
presented for discharges.

7.4. Riverbed occupation

This section refers to each riverbed intervention needed by the project to enable the
structures and operation of the road corridor or any associated infrastructure, as
described in Chapter 3 of this EIA.

The necessary structures in riverbed sites can be viaducts, bridges, canals, dikes, culvert
and box culverts, among others, which have been discussed in Chapter 3 and also in the
annexes as Annex GDB / cartography / PDF / EIADCRP_IP_034.

Crossings of surface water bodies consist of engineering works designed and planned to
give way and properly manage runoffs in each sites. Works for a total of (65) bodies of
water in UF-4 and UF-5 are foreseen as listed in Table 7.37 (Annex 7.4).
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Table 7.33: Riverbed Occupations

NOT

NAMELESS SEWER0+993 | RECORDE | 95744730 | 60745931
D
NOT

NAMELESS SEWER1+193 | RECORDE | 95765689 | 607587,23
D
NOT

NAMgLESS SEWER4+673 | RECORDE | 96030921 | 60835184
D
NOT

NAMELESS SEWER5+300 | RECORDE | 96080212 | 60870269
D
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NOT

NAMELESS SEWER5+915 | RECORDE | 96102295 | 60913977
D
NOT

NAMELESS SEWER8+212 | RECORDE | 96176285 | 60927240
D
NOT

NAMELESS SEWER8+420 | RECORDE | 96192548 | 609395,96
D
NOT

NAMELESS | sEweR7+052 | RECORDE | 96153097 | 60937006
D
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NOT

NAMIEO'-ESS SDN-1 RECORDE | 96094511 | 60957811
D
NOT

NAMlElLESS SEWER7+503 | RECORDE | 96138418 | 60968767
D
NOT

NAMIEZLESS SEWER 7+425 | RECORDE | 96126695 | 609818.61
D
NOT

NAVELESS | sEwERs+843 | RECORDE | 96193368 | 60977262
D
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NOT
NAM1E4'-ESS SEWER 6+650 | RECORDE | 96096253 | 609864,85
D
NOT
NAMl'Z'-ESS SDN-2 RECORDE | 961219,79 | 60995313
D
NOT
NAVELESS SDN-3 RECORDE | 96094203 | 610060.10
D
Chla ot
VAGEALE | DRAINAGE2 | RECORDE | 96105598 | 61013572
NA °
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NOT

NAME"ESS SEWER 9+473 | RECORDE | 96204106 | 610310.03
D
NOT

NAMI'ZLESS SEWER9+522 | RECORDE | 96201210 | 610390.13
D
NOT

NAMB-ESS SEWER9+647 | RECORDE | 96205515 | 61050321
D
NOT

NAMZEOLESS SEWER 13+038 | RECORDE | 96399574 | 612730.24
D
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NOT
NAMzElLESS SEWER 13+421 | RECORDE | 96435429 | 61287385
D
NOT
NAVELESS | sewER13+862 | RECORDE | 96474631 | 61306384
D
NOT
NAMZES'-ESS SDN-4 RECORDE | 96481234 | 61308611
D
NOT
NAVELESS | sEWER14+026 | RECORDE | 96490136 | 61311688
D
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NOT
NAMZESLESS SEWER 14+234 RECORDE | 965097.95 | 613119.39
D
NAMELESS | BOX CULVERT - Not
RECORDE | 957048,31 | 606818,50
26 3
D
NOT
NAM2E7LESS SEWER 0+232 RECORDE | 957087.60 | 606898,26
D
NOT
NAMZESLESS SEWER 0+518 RECORDE | 95724455 | 607135,06
D
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NOT
GUAITARA VIADUCT RECORDE | 958736,48 | 608557,67
RIVER
D
NAMELESS | BOX CULVERT - Not
RECORDE | 966054,29 | 613847,89
29 1
D
NOT
NAM3EOLESS SEWER 16+948 RECORDE | 966628,23 | 61387295
D
NOT
NAM3iLESS DRAINAGE 3 RECORDE | 966804,19 | 614104,07
D

CSH-4-AM-AM-EIA2-GG-
0013-7
ENVIRONMENT EFFECT INVESTIGATION March 2017

Page 94




1 '),, CONSORCIO

|
! [ h =d
'] CONCESIONARIA VIAL Im“ MNacicnal da

UNION DEL SUR

ESTUDIO DE IMPACTO AMBIENTAL PARA EL PROYECTO VIAL RUMICHACA - PASTO, TRAMO PEDREGAL -CATAMBUCO,
CONTRATO DE CONCESION BAJO EL ESQUEMA APP NO. 15 DE 2015

I

U| SOURCE TYPE WORK PLANAR COORDINATES PHOTOGRAPHIC RECORDS
NAMELESS | BOX CULVERT - NoT
5 RECORDE | 96646397 | 61422422
32 8
D
NOT
5 NAM3E3LESS SEWER 18+873 RECORDE | 965650,28 | 614271,26
D
NOT
5 NAM3E4LESS SEWER 19+037 RECORDE | 96552392 | 61436554
D
NOT
5 NAM;:’LESS SDN 6 RECORDE | 965545,78 | 614480,87
D
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NOT

NAM3EGLESS SDN 36 RECORDE | 96551257 | 61449146
D
EL NOT

QUELAL BOX CULVERT -2 | RECORDE | 966316,92 | 61453246
STREAM D
NOT

NAM3E7LESS SDN-11 RECORDE | 966391,90 | 615078,53
D
NOT

NAM3EBLESS SEWER 22+232 RECORDE | 967757,43 | 61613246
D
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NOT
NAM3|2LESS SDN-12 RECORDE | 967956,17 | 616411,06
D
NOT
NAM4EOLESS SEWER 23+031 RECORDE | 968021,64 | 616858,83
D
NOT
NAM4E]_LESS SDN-8 RECORDE | 967963,74 | 61686644
D
LA NOT
MARQUEZ DRENAJE 11 RECORDE | 968447,19 | 617016,49
A STREAM D
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NOT

LOSAJOS | BOX CULVERT -

STREAM 4 RECgRDE 96821190 | 617051,11

LOSAJOS | BOX CULVERT - Not

STREAM 5 RECgRDE 96840155 | 617052,44

PIQUISIQU | BOX CULVERT - Not

| STREAM A RECgRDE 971538,78 | 618399,85
NOT

NAM4EZ"ESS SEWER 27+459 | RECORDE | 97126567 | 61860551
D
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NOT

NAM4E3LESS SDN-9 RECORDE | 97074294 | 618707,21
D
NOT

CUBIJAN BOX CULVERT -

STREAM 7 RECgRDE 974562,53 | 61926235
NOT

NAM4E4LESS SEWER 31+790 RECORDE | 97494298 | 61938141
D
NOT

NAM4E5LESS SDN-10 RECORDE | 968460,03 | 617023,78
D
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NOT
4 NAM‘ELESS SEWER 14+234 RECORDE | 96507094 | 61308341
D

Source Géminis Consultores S.A.S

Riverbed occupation for drains

Drainage occupations are foreseen in the Project in order to maintain their
morphological and physical with respective management measures. Ver Tabla 7.38

Table 7.34 Riverbed occupation for drains

Nameless

a7 ZR4-2 962015,46 609351,57

Management measures are filters, retaining walls, perimeter ditches, outlet structure
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N |
a";es ess 75-1A 966922.095 614183.361
Management measures are filters, retaining walls, perimeter ditches, outlet structure
El Cebadal
ebaca 75-4 965452,173 614710,126
Stream

Management measures are filters, retaining walls, perimeter ditches, outlet structure salida

El Cebadal
ebada 755 965641,521 614799297
Stream
Management measures are filters, retaining walls, perimeter ditches, outlet structure
El Cebadal
ebada ZR5-1 966192,508 615125672
Stream
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I

El Cebadal
ebaca ZR5-2 966457,206 615301222
Stream
Management measures are filters, retaining walls, perimeter ditches, outlet structure
El Quelal Stream Z5-6 967153,256 615406,352
Management measures are filters, retaining walls, perimeter ditches, outlet structure
Narz:'ess ZR5-3 967738.808 616222.181
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Nameless Z5-6B 967940.122 616697.946

Management measures are filters, outlet structure, and dissipating channel on the side

Bl Establo 759 970308908 | 618527763
Stream
Management measures are filters, retaining walls, perimeter ditches, outlet structure
El Establ
stablo 75-10 970904,009 618856,601
Stream

Management measures are filters, retaining walls, perimeter ditches, outlet structure
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Cubijan
Stream
(Piedra 75-13 974878,476 619293,950
Pintada
Stream)

Intervening channels for the works described in the above table require environmental

authority approval that is requested by riverbed occupancy permits whose forms are in
Annex 7. 4.

- Special crossings
There are two special crossings of great hydric importance which are the Guaitara River
and the La Magdalena Stream (see Table 7.39). Chapter 3 of this study shows the

hydraulic works designs.

Tabla 7.35 Cruces especiales

RCE
UF | Soane TYPE TEMPORAL COOR X COOR_Y
4 Magdalena Box Permanente 961059,5957 610155,9585
Stream
Magdal
4 e Box Permanente 961059,5957 | 6101559585
ream a

7.4.1 Frequency Analysis for flows

Maximum flows for afferent drainage area of each hydraulic work were calculated using
the Rational Method for those basins with drainage areas less than 2.5 square
kilometers. For larger basins flows were calculated using the unit hydrograph method.

Rational method

This is a methodology commonly used in hydrology to generate peak flows in small or
smaller basins with no hydrometric information; this consists of estimating the
maximum flow assuming uniform intensity of precipitation during the time of
concentration of the basin. The assumption of uniform precipitation during the time of
concentration is an approximation done considering that in reality a rainfall event is
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uniform during the time of concentration of the basin. Thus, the flow at a given point of
the basin gradually grows to a maximum value when the entire basin is contributing to
the runoff at the site of water concentration. The "Rational Method" is expressed by the
ratio:

_C1-4

¢ 360

Where:

Q: Maximum flow in m3 / s.

C: Runoff coefficient, dimensionless.
[: Rainfall intensity in mm / h.

A: Drainage area in ha.

Runoff coefficient

The runoff coefficient relates the maximum flow generated produced after discounting
storage losses, retention and infiltration, with generating precipitation intensity
inherent in each basin and mainly depending on the soil type, vegetation cover and the
slope of the basin.

Maximum flows for different return periods were estimated. Table 7.40 shows the
summary of parameters used to calculate maximum flows in streams with an area
exceeding 2.5 sq km. For the remaining basins the parameters used are summarized in
Table 7.41

Table 7.36 Summary of modeling parameters to estimate maximum flow in basins
over 2,5 km?

Reductio Rainfall
Site Area Tc Tlag CN| Histogram| n factor | duration
(km2) | (min) | (min) per area (hours)
La 36,6 154 |92 81| SCStipoll 0,75 2,5
Magdalena|

Source: Consorcio SH
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Table 7.41 Design intensity for different return periods, right basin banks

Are Intensity
Basin | a(K Lt (mm/h)
m2) (min)

233 5 10 20 25 50 100
1 0.0557 15 73.05/ 844 | 96.3 | 109. | 114. | 130. | 149.
2 0.6715| 1738 | 66.33 766 | 874 | 99.7 | 104. | 118. | 135.
3 0.1331 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
4 0.1331 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
5 0.7259| 1808 | 6469 747 | 853 | 97.3 | 101. | 115. | 132
6 0.0068 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
7 0.0247 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
8 0.1805 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
9 0.1226 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
10 0.0466 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
11 0.0531 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
12 0.0395 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
13 0.0382 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
15 0.0289 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
17 09751| 20.06 | 6059 700 | 799 | 911 | 951 | 108. | 123.
18 0.0126 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
19 0.1484 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
20 0.0044 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
21 0.1458 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
22 0.1474 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
23 0.0678 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.
24 0.0304 15 73.05/ 844 | 963 | 109. | 114. | 130. | 149.

Source: Consorcio SH

Determination of design flows considering aforesaid paragraphs are shown in Table
7.38 and Table 7.42

Table 7.37 La Magdalena Stream flows
Basin Area Tc (min) C Q
(km2) N (m3/s)

Tr
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Tr Basin Area Tc (min) C Q

(km2) N (m3/s)

5 26,2

10 35,3

20 449
25 Q L 48,15

Magdalena !
50 36,5 154 81 58.4
100 69,3

Source: Consorcio SH

drainage waters

Table 7.38 Design flow for different return periods for efferent basins to the

Basin Area Q m3/s

(Km2) | Q2 [ Q5 | Q10 [ Q20| Q25] Q50 [ Q100
1 0.0557 | 042 | 052 | 063 | 0.76 | 0.82 | 099 | 122
2 0.6715 | 465 | 581 | 696 | 850 | 9.07 | 11.02 | 13.60
3 00732 | 055 | 069 | 082 | 100 | 1.07 | 1.30 | 161
4 01643 | 123 | 154 | 185 | 226 | 241 | 292 | 361
5 0.0437 | 033 | 041 | 049 | 060 | 064 | 0.78 | 0.96
6 06633 | 442 | 553 | 6.62 | 809 | 863 | 1049 | 12.94
7 0.0068 | 0.05 | 0.06 | 0.08 | 009 | 0.10 | 0.12 | 0.15
8 0.0366 | 028 | 0.34 | 041 | 050 | 054 | 065 | 0.80
9 02139 | 161 | 201 | 240 | 294 | 313 | 381 | 470
10 01226 | 092 | 115 | 138 | 168 | 1.80 | 218 | 2.69
11 0.0466 | 035 | 044 | 052 | 064 | 068 | 083 | 1.02
12 0.0670 | 050 | 063 | 0.75 | 092 | 098 | 1.19 | 147
13 00251 | 019 | 024 | 028 | 034 | 037 | 045 | 055
14 00165 | 012 | 0.16 | 019 | 023 | 0.24 | 029 | 0.36
15 0.0175 | 013 | 016 | 020 | 024 | 0.26 | 0.31 | 0.38
16 0.0923 | 069 | 087 | 104 | 127 | 1.35 | 1.64 | 203
17 04338 | 300 | 375 | 449 | 549 | 586 | 712 | 878
18 01992 | 138 | 1.72 | 206 | 252 | 269 | 3.27 | 4.03
19 01484 | 111 | 1.39 | 167 | 204 | 217 | 264 | 3.26
20 0.0044 | 003 | 0.04 | 0.05 | 006 | 0.06 | 008 | 0.10
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Area Q m3/s

(Km2) | Q2 | Q5 | Q10 | Q20| Q25| Q50 |Q100
21 01458 | 109 | 1.37 | 164 | 200 | 214 | 260 | 3.20
22 01474 | 111 | 138 | 166 | 203 | 216 | 262 | 3.24
23 0.0678 | 051 | 064 | 076 | 093 | 099 | 1.21 | 149
24 00304 | 023 | 029 | 034 | 042 | 045 | 054 | 0.67
25 0.0977 | 073 | 092 | 110 | 134 | 143 | 1.74 | 215
26 0.0618 | 046 | 058 | 069 | 085 | 091 | 1.10 | 1.36
27 00189 | 012 | 015 | 018 | 022 | 0.24 | 029 | 0.36
28 03521 | 202 | 253 | 3.03 | 3.70 | 395 | 480 | 592
29 01756 | 114 | 143 | 1.71 | 209 | 223 | 271 | 3.34
30 02076 | 124 | 156 | 1.86 | 228 | 243 | 295 | 3.64
31 0.0696 | 045 | 057 | 068 | 083 | 0.88 | 1.07 | 132
32 04690 | 263 | 329 | 394 | 482 | 514 | 625 | 7.71
33 0.0607 | 039 | 049 | 059 | 0.72 | 0.77 | 094 | 115
34 00302 | 020 | 025 | 029 | 036 | 0.38 | 047 | 058
35 00384 | 025 | 031 | 037 | 046 | 049 | 059 | 0.73
36 02830 | 184 | 230 | 276 | 337 | 359 | 436 | 5.38
37 01407 | 091 | 1.14 | 137 | 167 | 1.79 | 217 | 2.68
38 01893 | 123 | 154 | 184 | 225 | 240 | 292 | 3.60
40 00548 | 036 | 045 | 053 | 065 | 069 | 084 | 1.04
41 0.0795 | 052 | 065 | 077 | 095 | 1.01 | 1.23 | 151
42 0.0263 | 0.17 | 021 | 026 | 031 | 0.33 | 040 | 050
43 0.0170 | 011 | 0214 | 017 | 020 | 0.22 | 0.26 | 0.32
44 0.0858 | 056 | 0.70 | 0.83 | 102 | 109 | 132 | 163
45 0.0997 | 065 | 081 | 097 | 119 | 126 | 154 | 1.90
46 00169 | 011 | 014 | 016 | 020 | 021 | 026 | 0.32
a7 00312 | 020 | 025 | 030 | 037 | 040 | 048 | 059
48 0.0830 | 054 | 067 | 081 | 099 | 105 | 128 | 158
49 0.0295 | 019 | 024 | 029 | 035 | 0.37 | 045 | 056
50 0.0400 | 026 | 0.32 | 0.39 | 048 | 051 | 062 | 0.76
51 0.0403 | 026 | 0.33 | 039 | 048 | 051 | 062 | 0.77
52 00231 | 015|019 | 023 | 028 | 029 | 036 | 044
53 0.0821 | 053 | 0.67 | 0.80 | 098 | 1.04 | 127 | 156

Basin
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Area Q m3/s

(Km?2) Q2 Q5 Q10 | Q20 | Q25| Q50 [ Q100
54 0.0546 | 035 | 044 | 053 | 065 | 069 | 0.84 1.04
55 0.0407 | 026 | 033 | 040 | 048 | 052 | 0.63 0.77
56 0.0449 | 029 | 037 | 044 | 053 | 057 | 0.69 0.85
57 0.0200 | 013 | 016 | 019 | 024 | 025 | 031 0.38
58 0.0219 | 014 | 018 | 021 | 026 | 0.28 | 0.34 0.42
59 0.0299 | 019 | 024 | 029 | 036 | 0.38 | 046 0.57
60 0.0355 | 023 | 029 | 035 | 042 | 045 | 055 0.68
61 0.0275 | 018 | 022 | 027 | 033 | 0.35 | 042 0.52
62 0.1695 | 110 | 138 | 165 | 202 | 215 | 261 323
63 0.0061 | 0.04 | 005 | 006 | 0.07 | 0.08 | 0.09 0.12
64 0.0156 | 010 | 013 | 015 | 019 | 0.20 | 0.24 0.30
65 0.0955 | 062 | 078 | 093 | 114 | 1.21 | 147 1.82
66 0.2055 | 134 | 167 | 200 | 245 | 261 | 3.17 391
67 0.1142 | 074 | 093 | 111 | 136 | 145 | 176 217
68 02219 | 144 | 180 | 216 | 264 | 282 | 342 422
69 0.2057 | 1.34 | 167 | 200 | 245 | 261 | 3.17 391
70 0.2123 | 1.27 | 159 191 | 233 | 248 | 3.02 372
71 03350 | 193 | 242 | 290 | 354 | 378 | 459 5.66
72 0.1698 | 110 | 138 | 165 | 202 | 216 | 262 3.23
73 03297 | 214 | 268 | 321 | 392 | 418 | 5.08 6.27
74 0.0128 | 008 | 0.10 | 012 | 015 | 0.16 | 0.20 0.24
75 0.0298 | 019 | 024 | 029 | 0.36 | 0.38 | 046 0.57
76 0.0626 | 041 | 051 | 061 | 0.75 | 0.79 | 0.97 1.19
Source: Consorcio SH

Basin

7.4.2. Subsidence calculations

Subsidence studies have been conducted in accordance with provisions of Maza Alvarez
(Alvarez Maza J, 1970) and Ocampo Monforte (Monforte, 1986) publications.

Rising river water levels lead to changes in the bottom and the banks of the waterway.
These changes in channel shape are due to greater current drag, which by transporting
a higher number of particles in suspension from the bottom, makes the river level drop.

CSH-4-AM-AM-EIA2-GG-
= ., 0013-7
INES ENVIRONMENT EFFECT INVESTIGATION March 2017

Page 109




', CONSORCIO

ANi

CONCESIONARIA VAL Agencia Nacional da
UNION DEL SUR Infraestructura

ESTUDIO DE IMPACTO AMBIENTAL PARA EL PROYECTO VIAL RUMICHACA - PASTO, TRAMO PEDREGAL -CATAMBUCO,
CONTRATO DE CONCESION BAJO EL ESQUEMA APP NO. 15 DE 2015

The methodology used to calculate general subsidence corresponds to the proposal by
Maza AJA (Maza ] Alvarez, 1970). In this methodology, the calculation criteria proposed
by Lichtvan - Lebedev and for the implementation thereof it is necessary to distinguish
the cohesiveness and homogeneity characteristics of soils present in the riverbed.

The maximum expected subsidence depth expected by the passage of higher water
levels is given by the following expressions:

r 5"3 l-rz
Equation 7-1 H. = ]
) d ]
Equation 7-2 l aH, % ]m
"7 loso y MR

Equation 7-1 is used for granular soils and Equation 7-2 for cohesive soils.
Follows a description of parameters involved in the general subsidence equations:

Hs = is the height between the water surface (when the high water level is passing) and
the erosive background (m).

a = Coefficient of expenditure distribution, calculated by Equation 7-3.

Qa
&

Equation 7-3 ~ &g
] 4

Where,

Qd = design flow rate for the return period considered (m3 / s).

HO = is the depth of the cross section for flow design consideration (m).

Be = is the width of the section for the design flow level (m). It is important to clarify
that if the current runs parallel to the axis of the basins, that length will be the section
considered less the thickness of the basins that are inside it. When there is a fleet angle
of the current, the effective width can be calculated by plotting lines indicating the
direction of flow, tangential to the basins and measuring the resulting clearings.

dm = average diameter of bottom particles (mm). This parameter is calculated by
Equation 4.4.
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Equation 7-4 dm = 0,001 Zdlm

=1

Where,

di = Average diameter of a fraction of the granulometric curve of the total sample
being analyzed (mm).

pi = Percentage of the weight of the same portion, compared to the total weight of
the sample.

[ = coefficient related to the return period of the design flow, which is obtained with
the values of Table 7.43

Table 7.39 Coefficient B.

%
1 B. Likelihood
1 0.77 100
2 0,82 50
5 0,86 20
10 0.9 10
20 0,94 5
50 0,97 2
100 1 1
300 1,03 03
500 1,05 0.2
1000 1,07 01

Source Géminis Consultores S.A.S

Z= Coefficient used only for granular soils calculated by Equation 7-5

Equation 7-5 Z = 0,394557 — 0,04136log(d,) — 0,00891 (logld,1}*
Where,

dm= Average diameter of bottom particles (mm). See Equation 7-6
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X= Coefficient used only for cohesive soils, calculated by Equation 4.6.
Ecuacion 7-6 ¥ = 0,89261% — 0,58073 3. + 0,136275 %
Where,
Ys= Specific soil weight (Ton/m3).

To determine subsidence from the Graphic Method in a P point, as schematically shown
in Figure 7.38, the following described variables intervene:

y
Profundidad

SECCION TRAMSYERSAL CURVAS DE VELOCIDADES PARAEL PUNTO F,

Figure 7.35 Subsidence calculation by the graphic method
Source: Consorcio SH

u= Contraction coefficient that depends on the distance between the batteries and the
average section velocity, calculated by Equation 7-7.

Equation 7-7 a=1— MH?E

Where,

¥= Mean velocity of the cross section for design flow (m/s).
L= Length between two batteries (m).
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ds = Subsidence depth, calculated by Equation 7-8

Equation 7-8
ds = HS_ HO

Where

Hs = the height between the water surface (when the high level of water is passing) and
the erosive bottom (m).

Ho = is the depth of the cross section for flow design consideration (m).
Given the sizing of the works where water currents intersect the road layout projected
on the Pedregal — Pasto section, and considering the density results shown in table 7.45,

the general subsidence has been calculated.

Table 7.45 Density of transported material.

. Density
Abscissa (KN / m3)
KO + 000-K2 + 550 137
K2-K5 + 550 + 930 134
K5-K12 + 930 + 620 139
K12 + K15 + 750
620 137
K15 + 722 -K18 + 14.42
876
K18 + 876 - K24 + 8,25
018
K24 + 018 - K30 + 9.14
030
K30 + 030 - K37 + 10.25
948

Source: Consorcio SH

In order to determine structure subsidence, a rectangular geometry section has been
designed, with a variable width according to the diameter of the sewer. Table 7.46
shows the width of the outlet structure in relation to the diameter of the sewer.
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Table 7.40 Structure outlet geometry

o e Structure output
base (m)

0.9 45

1 5,05
12 59
13 6.3
15 7,15
16 7.6
18 85

Source: Consorcio SH

For structures Culvert Box type, the outlet section was calculated as the width of the
structure plus an additional width of one meter on each side; when there is more than
one cell it is estimated as the case of a cell, adding one meter, simulating this as the

separation between cells.

Subsidence was calculated from the Lichtvan - Lebedev formula for cohesive soils,
whereby the laboratory results by zoning were taken into account. Subsidence results
have been grouped according to size and type of work as shown in Table 7.47 for

sewers and in Table 7.49 for Box Culverts.

Table 7.41 Sewers subsidence Functional Unit 4

Homogeneous area / Diameter 09m 1.2m 1.5m
KO + 000 - K2 + 550 0.80 0.80 -
K2 +550-930 + K5 0,79 - -
K5 +930-12 + 620 081 0,82 0,86
K12 + 620 - 750 + K15 0.80 0,82 0.85

Source: Consorcio SH
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Table 7.42 Sewers subsidence Functional Unit 5

Homogeneous area / Diameter | 0.9 m 1.2 m 1.5m
K15+ 722 -K18 + 876 0.20 0.30 0.45
K18 + 876 - K24 + 018 0.35 0.60 0.75
K24 +018-K30 + 030 0.30 0.50 0.60

Source: Consorcio SH

Table 7.43 Box Culvert subsidence

. Height Subsidence
Abscissa | Base (m) (rr?) ()
11:;2.;5 250 250 0.90
egg.; o 250 250 0.89
;)1; 4+6 3.50 3.50 10
K17 +746 | 200 2.00 0.75
Ki8+122 | 200 2.00 15
;293?7‘“2 3.00 3.00 15
;293,,9;) 3.00 3.00 15
8123751 3.00 3.00 15
12331'3‘“7 3.50 3.50 175

Source: Consorcio SH

Hydraulic analysis of surface drainage

There are several parameters and criteria used to design and / or analyze the hydraulic
capacity of cross drainage works included in document "HYDROLOGY, HYDRAULICS
AND SUBSIDENCE DESIGN CRITERIA (PEPA-CDI-HID-UFS-007-R 0); follows a
description of each one thereof.
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Cross drainage, sewers and Box Culverts works

- Location of cross drainage works

Drainage works were located taking into account the natural condition of the various
drains, creeks and rivers to be intercepted with the road, preferably looking for
intersections to maintain their alignment, however, for topographical reasons there are
minor derivations to their alignments, which are corrected with short channeling so as
to maintain the natural conditions of drains in the shortest length.

The separation between drainage works obeys to natural topographical conditions of
the sector, generation of low points in the project’s road geometry, the longitudinal
drainage capacity and the continuity of existing drainage. In particular, development of
many urban and industrial areas of the project area have had the road as a hub,
generating service needs of all types like restaurants, gas stations, parking, etc. that
have changed the natural drainage pattern considering new structures and separation
of the drainage works.

Two types of inlet structures to the drainage works were considered, depending on the
location of the slope with respect to the natural drainage: when the road is in cut the
projected inlet structure is box-like in reinforced concrete and when the road is in fill
the projected inlet structure is head type with fins. In some cases under the cut
condition, energy dissipation structures that allow routing the water down the slopes
were projected.

Hydraulic operation

A sewer flow is not uniform; it has areas with gradually varied flow and areas with
rapidly varied flow, so their theoretical analysis is complex. Its capacity and operation
depends on where the hydraulic control section of the sewer is located, so that the flow
can be controlled at the inlet with control at the outlet. Flow conditions have been
classified by different authors as Bodhaine (Chow, 1994).

The design of the project’s drainage works was limited to flow conditions
corresponding to case A with control at the inlet, and case E with control at the outlet,
where the height of the water lamina downstream of the TW work outlet is not greater
than diameter "d" or the height of the work, i.e. there is no submergence at the outlet,
and the flow discharges freely. The design is based on the analysis for the two hydraulic
control conditions, adopting as a design the largest HW.
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In the ducts with hydraulic control with the inlet, sizing of projected sewer is calculated
by the criteria given in the Hydraulic Design Series Number 5 (United States
Department of Transportation, 2001), using the following equations:

Where:

D = Pipe diameter in m

Q=Flowinm3 /s

A =Duct section area in m2

Ec Critical energy = Yc + (VC2 / 2g)

Where:

C = Critical depth

VC =Critical speed

g = Gravity

k, m = Loss coefficients for Hydraulic Control at the inlet

Z = Correction factor of slope of the power line at the inlet (0.7 * S) for perpendicular
inlets, and (0.5 * S) for other types of inlets, where S is the slope of the work in m / m.

If the hydraulic control is located at the outlet, subcritical flow occurs in the sewer and
sizing should consider the backwater originated therein as a result of the roughness of
the pipe and hydraulic losses at the inlet and outlet of the work, so Manning's formula is
used in order to determine the losses in the barrel or channel. The equation used to
determine the diameter or height of the work is:
Where:

T = Inlet, friction and outlet losses

Y0 = Maximum between TW and the value of (D + YC) / 2

TW = Downstream level.
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S = Slope of the work
L= Length of the work

Taking into account natural terrain conditions, it is evident that for hydraulic structures
of the project will have a flow with hydraulic control in the inlet, however, conditions
are verified.

Sizing of these drainage works was made by complementing a commercial
standardization of pipe diameters, for that reason the design limited the flow to a HW
level just before the inlet to a value of the relation between this HW level and the
diameter or height of the rectangular section (D) between 0.8 and 1.0 using commercial
pipe diameters and greater standardization of heights and widths in Box Culverts.

- Minimum diameter

The minimum diameter of all new sewers will be 0.90 m, the existing 0.6 diameter
sewers located under the existing roadway will be kept if the following conditions are
met:

. No structural damage that could potentially affect the stability of the work.

. With hydraulic capacity required under the design criteria established in the
document "HYDROLOGY, HYDRAULICS AND SUBSIDENCE DESIGN CRITERIA (PEPA-
CDI-HID-UFS-007-R0) and this design.

. The work is located on the existing road and this road will be kept in the final
layout of the new project (with reference to the suggestion of the geometric design
manual that states that the existing road will be used as much as possible).

Estimate of drainage areas

The definition of drainage areas or basins contributing to each drainage work was
defined considering the existing drainage on the road and its lows points. From the
location of these sites, the layout plan of the project and existing mapping, the divisions
of basins and drainage areas to the location of implanted drainage work were drawn.
Drawings CSH-4-PL-OD-G-7001-0-H1 - CSH-4-PL-OD-G-7001-0-H2 - CSH-4-PL-OD-G-
7001-0-H3 show basin delimitations.
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Existing drainage

In the initial stage of the project a field inventory of existing roadway was made,
identifying the quantity and type of existing works.

From this procedure, it the existence of concrete pipes with diameters of 0.25 m, 0.60 m,
0.70 m and 0.90 m were identified, mainly 0.60 m diameter; Box culvert type sections of
up to 3.0 m by 4.0 m base high were identified; Table 7.50 shows the summary of the
number of existing works by diameter and type of work.

Table 7.44 Summary of existing works

UF TV‘\(IPOEROKF D]IQ:\SAE -{55/ HEélrg;{ T #PIPES | AMOUNT
Sewer 0.25 - 1 1
Sewer 0,6 - 2 2
Sewer 0,6 - 1 152
4 Sewer 0,9 - 1 2
Box Culvert 0,66 0,6 - 1
Box Culvert 13 2,2 - 2
Box Culvert 3 4 - 1
Sewer 0,6 - 2 4
Sewer 0,6 - 1 352
Sewer 07 - 1 3
Sewer 09 - 1 7
Sewer 0,9 - 2 1
Box Culvert 0,66 0,6 - 1
5 Box Culvert 0,9 0,95 - 1
Box Culvert 0,9 0,58 - 1
Box Culvert 1 1 - 1
Box Culvert 1,3 2,2 - 1
Box Culvert 16 2 - 1
Box Culvert 17 19 - 1
Box Culvert 17 2 - 1
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UF TYPE OF DIAMETER/ HEIGHT # PIPES | AMOUNT

Box Culvert 3 4 - 1

Source: Consorcio SH

Hydraulic Analysis of existing cross drainage works

This stage consisted of analyzing the hydraulic capacity of identified existing sewers
and characterized in the inventory of field works in accordance with the parameters set
out in the document "HYDROLOGY, HYDRAULICS AND SUBSIDENCE DESIGN CRITERIA
(CSH-4-VD-G-G-7000-0, CSH-5-VD-G-G-7000-1).

Based on this modeling, the structures with sufficient hydraulic capacity were identified
and that given their location may be retained and the structures that must be replaced,
according to the afferent flow associated with established return periods.

The analysis showed that for functional units 4 and 5, drainage works will be kept on
one of the road sides and will be connected to the new ones using a box with drainage
works defined for the projected lane as presented in the Table 7.50

ALCANTARILLA TIPO

PERFIL NATURAL
DEL TERRENO

ESTRUCTURA DE

ALCANTARILLA

— Pedeie L
‘ SRR ‘ ‘ L= Variable ‘

Figure 7.36 Sewer type

Source (Géminis Consultores Ambientales, 2016)
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BOX CULVERT TIPO

PERFIL NATURAL

DEL TERRENO AN

I PENDIENTE=%
I —

BOX CULVER
ALETAS h x b

DE SALIDA L = VARIABLE

Figure 7.37 Box type
Source (Géminis Consultores Ambientales, 2016)

Table 7.451 Existing works that will be kept in existing lane and will extend in
rojected lane

Diamete Diamete
Margin r Margin r

(m) (m)

30 4*;; O 1 sewer Left 0.6 Right | 0.9
62 10-;%44 Sewer Left 06 Right 09
63 10;%38 Sewer Left 06 Right 09
64 11;238 Sewer Left 06 Right 09
4 65 11-;%69 Sewer Left 06 Right 09
66 11;374 Sewer Left 06 Right 09
67 11;?;57 Sewer Left 06 Right 09
68 11-;?)36 Sewer Left 06 Right 09
69 1155716 Sewer Left 0.6 Right | 0.9
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71 11;254 Sewer Left 0.6 Right 09

50 22237»32 Sewer Right 06 Right 0.9
5 . -

97 27;%91 Sewer Left 06 Right 0.9

Source: Consorcio SH

In addition, and due to the roadway projected, in the sections between the abscissas
12+630 to 14+200 UF4 and 19+036.20 to 19+864.19 UF 5, is located an encased
section, drainage will be handled with crown ditches, the road ditch and the central
ditch; to manage the drainage of the lane over the existing road, the drainage works that
are presented in Table 7.52 and the Table 7.52 will be kept.

Table 7.462 Existing drainage works that will be kept on the existing lane and will not be
extended to projected UF4 lane

Margin Diameter
(m)
K12+630 Sewer Left 0,6
K12+692 Sewer Right 0,6
K12+771 Sewer Right 0,6
K14+102 Sewer Right 0,6
K14+200 Sewer Right 0,6

Source: Consorcio SH

Table 7.53 Existing drainage works that will be kept on the existing lane and will not be
extended to projected UF5 lane

197 Sewer 0.6 K19+43 | Auxiliary
198 Sewer 0.6 K19+52 | Auxiliarv
200 Sewer 0.6 K19+67 | Auxiliary
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201 Sewer 0.6 K19+79 | Auxiliary
306 Sewer 0.6 K28+87 Main
307 Sewer 0.6 K28+94 Main
308 Sewer 0.6 K29+07 Main
309 Sewer 0.6 K29+15 Main
310 Sewer 0.6 K29+24 Main
311 Sewer 0.6 K29+32 Main

Source: Consorcio SH

7.4.3 Preliminary designs of works
The designs of the works to build, temporality, construction procedures, hydraulic
design of transit and the feasibility stage of the free edges and additional protection

works were established for each of the riverbed occupation works, these can be
analyzed in Annex 7. 4.2

Projected Drainage

Hydraulic Analysis and sizing of new works

On the basis of the activities presented in the design criteria set out in document
"HYDROLOGY, HYDRAULICS AND SUBSIDENCE DESIGN CRITERIA (CSH--VD-G-G-7000-
0, CSH--VD-G-G-7000-1) and in the previous paragraphs, the sizing of drainage works
was calculated. For the design a spreadsheet was used developed by INGETEC, which
contains the recommendations, formulas, parameters and criteria presented in the
technical paper Hydraulic  Design Series Number5 of the "United States
Department of Transportation Services", the design is based on the analysis for the 2 of
hydraulic control conditions (control at the inlet and control at the outlet), adopting as
design diameter or height the highest HW result determine. This was done for sewers of
up to 1.80 m.

Hydraulic analysis and sizing of major works

Works with dimension above diameter of 1.5 m and 1.8 m were designed using the free
access software HY-8 Culvert hydraulic analysis, program developed by the Federal
Highway Administration of U.S. Department of Transportation, taking into account that
these sections due to flow conditions, may have high speeds inside and outside of the
barrel; follows the results obtained for the major works that are projected in the
functional units 4 and 5.
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Table 7.53 and Table 7.54 show the dissipation structures located on the cut slopes that

deliver to a drainage work box per functional unit.

Table 7.474 Dissipation structures delivering to UF 4 box

BASIN ABSSICISA BASIN ABSSICISA
1 K0+035.26 45 K7+794.71
3 K0+276.46 46 K7+952.26
6 K0+807.11 47 K8+212.39
7 K0+932.85 50 K8+843.38
8 K1+112.92 52 K9+437.34
9 K1+210.12 53 K9+522.83
10 K1+334.56 54 K9+644.19
11 K1+410.40 55 K9+767.18
12 K1+496.11 56 K9+917.35
13 K1+863.83 57 K9+967.92
16 K2+264.10 73 K12+324.77
17 K2+479.64 74 K12+508.01
18 K2+680.64 75 K13+040.01
22 K3+631.60 76 K13+284.01
23 K3+837.20 77 K13+421.35
24 K4+054.04 78 K13+862.38
25 K4+232.90 79 K14+025.87
27 K4+560.12 80 K14+234.35
32 K5+189.11 81 K14+545.55
33 K5+30041 82 K14+628.45
34 K5+486.83 83 K14+970.81
35 K5+731.53 84 K15+132.25
36 K5+922.81 85 K15+465.07
42 K7+278.64 86 K15+642.87
43 K7+417.95 87 K15+736.78
44 K7+561.71

Source: Consorcio SH
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Table 7.55 Dissipation structures delivering to UF 5 Box

BASIN ABSSICISA BASIN ABSSICISA
1 K15+862.97 49 K25+017.77
K15+913.26 50 K25+153.57

3 K16+139.09 51 K25+278.75
5 K16+512.06 52 K25+374.73
7 K16+72541 53 K25+476.87
9 K16+948.00 54 K25+594.87
10 K17+013.13 55 K25+738.61
15 K18+317.79 56 K25+819.02
16 K18+546.41 57 K25+996.51
17 K18+636.22 58 K26+078.42
19 K18+873.57 62 K26+456.45
23 K20+443.27 65 K27+015.86
24 K21+036.58 66 K27+255.95
25 K21+128.16 69 K27+669.79
26 K21+200.22 70 K27+729.29
27 K27+279.11 72 K27+989.69
28 K21+397.91 73 K28+070.41
29 K21+488.43 76 K28+424.47
30 K21+573.76 77 K28+559.21
31 K21+942.08 78 K28+676.63
32 K22+109.23 79 K28+777.45
34 K22+577.00 80 K29+683.03
36 K22+912.16 81 K29+898.39
40 K23+963.00 82 K30+059.53
41 K24+043.26 84 K30+304.14
42 K24+171.12 85 K30+476.40
43 K24+335.46 86 K30+617.71
44 K24+490.29 87 K30+685.57
45 K24+568.74 99 K32+161.33
46 K24+678.71 101 K32+353.72
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BASIN ABSSICISA BASIN ABSSICISA
a7 K24+787.47 102 K32+433.45
48 K24+932.54 103 K32+52591

Source: Consorcio SH

Subdrainage

The objective of the subdrainage is to eliminate infiltrated water that could affect the
road, in order to ensure the stability of the platform, the pavement structure and the
slope of the road. The specific objectives are:

- Facilitate implementing the explanations during the construction phase of the
road, since appropriate drainage allows circulation and the work of the
machines and favors the possibility of using the excavated soils to construct
embankments.

- Prevent saturation of the subgrade and pavement layers, increasing the carrying
capacity, improving its response capacity and reducing the required pavement
thickness

- Contribute to the stability of the slopes by the favorable orientation of the
groundwater flow, the reduction of interstitial pressures and, consequently, the
improvement of their geotechnical properties.

Basic Subdrainge functions

Subdrenaje systems must meet the following basic functions to minimize the impacts of
internal water in highway projects:

- Lower the water table in the area of the road, on the slopes of the cuts and fills
and in the foundations of the embankments and road structures.

- Intercept underground leaks to prevent water outcrops on the pavement.

- Drain the surface water that infiltrates pavement and containment structures.

- Collect the discharge from the different subdrainage systems.

- Classes of subdrainages

The subdrainage system elements are classified into two categories: 1) those that
control infiltration and 2) those that control groundwater. The first are designed and
built to intercept and remove water that enters the crown due to precipitation or
surface flow, while the second is intended to lower the water table level and reduce the
movement of water in the subgrade and pavement layers.
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Longitudinal

This is placed in an essentially parallel direction to the road axis both horizontal and
vertical. Formed by a trench of a certain depth, protection filter and, eventually, a
manifold. The installation, specifically, water evacuation infiltrating into the pavement,
is called side base drain or longitudinal drains, see Figure 7.38

Capa de rodedura

Figure 7.41 Longitudinal drain scheme
Source: Consorcio SH

Transverse

These subdrains are those that cross the road from one side to the other. Usually the
crossing is perpendicular, but it can be done transversally or even in a herringbone
shape. The constitution of such drains is similar to the longitudinal drains: trench,
manifold and protective filter. Transverse drains are used in pavement joints to drain
groundwater infiltration and bases and sub-bases, see Figure 7.39
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£_Fittraciée, on ol iud origine

Figure7.42 Transvers drain on road in cut with perpendicular alignment to
existing contour (profile)
Source: Consorcio SH

Horizontal

Horizontal drains consist of small diameter pipes with small holes, which are installed
with a slight upward tilt on cut slopes or embankments to drain water and relieve
internal pressure from pores, looking for increased stability. One of the advantages of
horizontal drains is their ability to drain water and / or abate pore pressures at depths
inaccessible for other more conventional underdrain elements, see Figure 7.40
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_ Direccidn del flujo sin drenes

.’;,.- Direccion del flujo con drenes

/

Figure 7.38 Horizontal drain in hillside cut
Source: Consorcio SH

Required information for subdrain designs

The data needed for the analysis and design of subdrains can be placed into four
categories:

The geometry of the flow domain.
The properties of existing materials.
Climatological data.

Additional Information.

PN

The geometry of the flow domain involves both the geometric design of the road and the
prevailing subsurface conditions. She helps define the various problems associated with
internal drainage and provides the boundary conditions governing their solution. The
fundamental properties of materials allow their classification helps predict their
behavior, particularly in relation to their water flow transmission capacity
(permeability).

Climatological data offers the designer an idea of possible sources of subsurface water
affecting the road. Given the latitude there the Republic of Colombia is, rainfall is the
only climate aspect that is of interest when designing subsurface drainage.
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The designer must consider other aspects that may have some impact on the
subdrainage system design. For example, the impact the system can have on the
prevailing groundwater regime and other design aspects, and the influence of the
underdrain or lack of it on the sequence of road construction operations, etc.

In order to manage water infiltration and groundwater level in the pavement structure,
longitudinal drains are used in road areas that are in box or in areas with mixed
geometry on the cut side where needed; filters should be designed at the base of the
slopes and the central separator. Proposed longitudinal drains are 0.50 x 0.70 m,
underdrains with geotextile and granular material, covered with a NT2000 PAVCO or
equivalent geotextile.

Longitudinal drainage elements

Crown ditches are presented to handle the longitudinal drainage of the road, ditches
located on the cu and, lateral berms and central separator, as shown in the typical
section Figure 7.41
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Figure 7.39 Longitudinal drainage elements
Source: Consorcio SH

Ditches
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Ditches are drainage structures that capture runoff water from the road platform and
cut slopes, leading them longitudinally to ensure proper disposal. Ditches built on
embankment areas also protect the edges of the berm and fill slopes from erosion
caused by rain water.

For ditches in cut areas, the points are sewer collecting boxes and side exits to the
natural terrain in a change of cut to embankment. In embankment ditches, water is
disposed on natural ground through downcomers or relieves and in the central
separator ditches, the waters are also conducted to the hopper of a sewer.

Ditches should be located in essentially all cuts, in those embankments susceptible to
erosion and in all internal margin of a separator receiving rainwater from the roads.

Crown ditches

Crown ditches are runoff interceptors in the upper cut slope or near the base of the
slope, respectively. Crown ditches are used to intercept rainwater, preventing its
passage through the slope, and must be located at least 3m from the edge of the cut
slope.

It is usually recommended that crown ditches be fully waterproofed to prevent
infiltrations that may affect the slope of the road. Crown ditches can be trapezoidal or
rectangular and like ditches, the flow rate and size are estimated with the Manning
method and rational expression for a section and a selected coating and a given
topography.
Hydraulic operation
It is to verify that the hydraulic capacity of the structure, calculated with Manning's
equation is higher than the design flow.

. 1 2_..' J,."
Equation 7-8 - Q =;{-‘”‘? 25'2)

Where:

Q = Design flow rate in cubic meters per second (m3 / s), the design flow is calculated
using the rational method.

n = Manning’s roughness coefficient.
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A =Wet area in square meters (m2). R: Hydraulic radius, in meters (m).
S = Slope, in meters per meter (m / m).

From Equation 7-9 the water surface and the speed in the section for the design flow
can be obtained. The water layer should be less than or equal to the depth of the ditch
and the speed should be, in turn, less than the maximum allowable for the material of
the ditch, but greater than the rate that favors sedimentation and plant growth .

The maximum flow rate depends on the type of coating of the channel or ditch, for
which the maximum speed recommendations (Chow, 2004) were adopted.

The definition of hydraulic capacity of ditches was performed, taking into account the
areas of afferent drain; a design flow was established per meter for each type of
structure and then the maximum length of ditch according to the longitudinal slopes
defined.

Side ditch

The ditch will be 0.20 m high, a surface width of 1.00 m; 0.9 m wide on the side of the
road and a slope of 4.5 H: 1.0 V and o the cut slope the width will be 0.10 m and a slope
of 1.0H: 2, OV.

Cuneta lateral —7

Figure 7.40 Side ditch
Source: Consorcio SH

To calculate the flow coefficients for runoffs of 0.9 and for the road and 0.5 for the cut
area, the intensity was taken from the Imués and Sindagua stations for a return period
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of 10 years. Table 7.55 shows the variables used and the results of estimating the flow
rate per linear meter.

Table 7.48 Design flow per lineal meter of side ditch

ITr10 Road CutA roa cut total
UF| Road | CatC. | i | AGm | Gm) | dimt | Gmivs | (/s
/m) m) /s/ / m) / m)
4 |09 05 96.34 12.3 14 0.000296241| 0.00018732| 0,000483566
09 05 7231 123 [14 0.00022235| 0.00014060| 0.00036295

Source: Consorcio SH

After obtaining the contribution flow rate per linear meter, the capacity of the concrete
ditch for a range of longitudinal gradients of the road, ranging between 0.5% and 5%
was estimated as shown in Table 7.57

Tabla 7.49 Maximum length in function of road slope
e Slope 71 z2 Yn | vel | Ditch
UF | (m3/s) (m/m) | 1v 1v n m) | (ms | lenoth
:Z1H :Z2H - S) (m)
0.0992 0,0050 4,500 0,50 0,014 | 0,20 | 0.993 | 205.16
0.1400 0,0100 4,500 0,50 0,014 | 0,20 | 1.404 | 28953
0.1712 0,0150 4,500 0,50 0,014 | 0,20 | 1.719 | 353.96
4 0.1973 0,0200 4,500 0,50 0,014 | 0,20 | 1984 | 408.05
0.2410 0,0300 4,500 0,50 0,014 | 0,20 | 2428 | 498.38
0.2776 0,0400 4,500 0,50 0,014 | 0,20 | 2802 | 574.09
0.3141 0,0500 4,500 0,50 0,014 | 0,20 | 3.143 | 64956
0,0993 0,0050 4,500 0,50 0,014 | 0,20 | 0,994 274
0,1404 0,0100 4,500 0,50 0,014 | 0,20 | 1,405 387
0,1720 0,0150 4,500 0,50 0014 | 0,20 | 1,721 474
5 0,1985 0,0200 4,500 0,50 0,014 | 0,20 | 1,987 547
0,2431 0,0300 4,500 0,50 0,014 | 0,20 | 2,434 670
0,2808 0,0400 4,500 0,50 0,014 | 0,20 | 2,810 774
0,3139 0,0500 4,500 0,50 0,014 | 0,20 | 3,142 865

Source: Consorcio SH
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The lengths obtained are more than 200 m, considering therefore that selected ditch is
suitable for handling surface waters.

- Central separator and berm ditch

To size the gutters, the central spacer (Figure 7.46) and cut berms, the same analysis
performed in the preceding paragraph was carried out, the size of these ditches were
standardized with a height of 0.15 m, a surface width of 1.00 m and slope side 1, OH:
3,33V. For purposes hydraulic verification, the analysis made for the central ditch
separator is presented, considering that surface draining thereto is almost impermeable
and therefore will have a higher amount of flow contribution.

Cuneta
separodor centraly

Figure 7.41 Central separator ditch
Source: Consorcio SH

Cuneta”” 7
berma
Figure 7.42 Cut berm ditch
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Source: Consorcio SH

A runoff coefficient of 0.9 was used to calculate the flow and the intensity was taken
from the Imues and Sindagua stations and for a return period of 10 years.
Table 7.50 shows the variables used and the results of the flow estimation per linear
meter.

Table 7.51 Design flow rate per central separator linear meter of ditch

UE C ITr10 Road Road Q
o (Mm/h) A (m3/s)
d (m/m)
4 0.9 547 12.3 0.000296
5 0.9 723 12.3 0.0002224

After obtaining the contribution flow rate per linear meter, the capacity of the ditch was
estimated in particular for a range of longitudinal road gradients, which vary between
0.5% and 5% as shown in Table 7.60

Table 7.52 Maximum ditch length in function of road slope

Ditch
U Flow ?rlr?;)r?\) i\ll : §§|_1| Vi N- Yn (m) V(m | length
£ | m3ss) Z1H /s) | ta(m)
0,0651 0,0050 3,330 3,33 0,014 0,15 086 | 216.37
0,0920 0,0100 3,330 3,33 0,014 0,15 123 | 31022
0,1127 0,0150 3,330 333 0,014 0,15 151 | 37958
4 0,1302 0,0200 3,330 3,33 0,014 0,15 1,74 | 43791
0,1594 0,0300 3,330 3,33 0,014 0,15 213 | 53544
0,1841 0,0400 3,330 3,33 0,014 0,15 246 | 617.37
0,2058 0,0500 3,330 3,33 0,014 0,15 2,75 | 689.32
0,0651 0,0050 3,330 3,33 0,014 0,15 0,87 179
0,0920 0,0100 3,330 3,33 0,014 0,15 1,23 254
5 0,1127 0,0150 3,330 3,33 0,014 0,15 151 311
0,1302 0,0200 3,330 3,33 0,014 0,15 174 359
0,1594 0,0300 3,330 3,33 0,014 0,15 2,13 439
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0,1841

0,0400

3,330

3,33

0,014

0,15

2,46

507

0,2058

0,0500

3,330

3,33

0,014

0,15

2,75

567

Source: Consorcio SH

The lengths obtained are more than 170 m, which is considered that selected ditch is
suitable for handling both the separator’s surface water and that of the cut slopes.

3.3.1.1

Crown ditches

Concrete crown ditches will have a base of 0.40 m, a height of 0.50 m and a surface
width of 1.00 m; 0 and slopes on the side walls of 0.6H: 1.0V. See Figure 7.48.

1,0 B pe
SR AN
06 Y

0,40

1,00

x

IS TOROAR I .

The function of proposed longitudinal slope (range 0.5 to 5%), material and geometry

Figure 7.43 Crown ditches

Source: Consorcio SH

was estimated the hydraulic capacity of the crown ditch as shown in Table 7.61

Table 7.53 Hydraulic capacity of crown ditches.

1 z z
UF F(lov:: : m | Base | 4 2 i p )
m
/s) / m | v wv: f (m (M
4 | 6514 | 00050 | 040 | 060 | 060 [0014 050 |1860
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9191 0.0100 0.40 0.60 0.60 0,014 0.50 2,629
1.1270 0.0150 0.40 0.60 0.60 0,014 0.50 3,221
13014 0.0200 0.40 0.60 060 0,014 0.50 3,720
1.5932 0.0300 0.40 0.60 0.60 0,014 0.50 4,555
18411 0.0400 0.40 0.60 060 0,014 0.50 5261
2.0567 0.0500 0.40 0.60 0.60 0,014 0.50 5,880
6511 0.0050 0,400 0,600 0.60 0,014 0.50 1,860
9206 0.0100 0,400 0,600 060 |0,014 0.50 2,630
11275 0.0150 0,400 0,600 0.60 0,014 0.50 3,222
1.3019 0.0200 0,400 0,600 060 |0,014 0.50 3,720
1.5945 0.0300 0,400 0,600 0.60 0,014 0.50 4,556
18412 0.0400 0,400 0,600 060 |0,014 0.50 5,261
2.0585 0.0500 0,400 0,600 0.60 0,014 0.50 5,882

Source: Consorcio SH

Table 7.54 Drainage areas of crown ditches

Having obtained the hydraulic capacity for each slope and applied the rational method,
the afferent drainage area that the crown ditch can evacuate was estimated, as
presented in the drainage areas of crown ditches. See Table 7.62

: Draina
Slope Runoff In(t;r;rsll;y ge P&ﬁ‘g /
(m / m) coef. h) area 9
(hec)
0.0050 0,42 96.34 5.80 0.65
0.0100 0,42 96.34 8.18 0,92
0.0150 0,42 96.34 10.03 1,13
0.0200 0,42 96.34 1158 1.30
0.0300 0,42 96.34 1418 159
0.0400 0,42 96.34 16.38 1,84
0.0500 0,42 96.34 18.30 2,06
0.0050 042 7231 7.72 0.65
0.0100 0,42 72.31 1091 0,92
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0.0150 042 72.31 13.36 1,13
0.0200 0,42 7231 1543 1.30
0.0300 042 72.31 18,90 1,59
0.0400 042 72.31 21,82 1,84
0.0500 0,42 7231 24,40 2,06

Source: Consorcio SH

Additional works

- Dissipation structures

The purpose of such work is to protect cut slopes and embankments against
erosion, for this purpose three types of dissipation structures in the cuts were
designed,; the first in cases where the delivery is made to sewers inlet (Figure
7.44), the second when delivery is made directly to the side of the road, as
shown in Figure 7.50 and the third when the dissipation structure is in the
outlet see Figure 3-13.

om0
—

200

Figure 7.50 Dissipation structure with inlet box culvert
Source: Consorcio SH
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Figure 7.51 shows dissipation structures located on cut slopes and delivered to the
drainage work box per functional unit.
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Figure 7.45 Dissipation structure delivering to ditch

Source: Consorcio SH

Table 7.63 shows dissipation structures located in cut slopes and delivering to side

ditch.
Table 7.55 Dissiﬁation structures deliverini to ditch

3 KO +180.00
3 KO0 +400.00
8 K1+ 157.00
4 35 K5 + 774.00
50 K8 + 890.00
57 K10 + 060.00
74 K12 +563.00
1 K15 +
5 800.00
81 K29 +
514.00

Source: Consorcio SH
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To protect embankments a dissipation structure similar to that of the cuts was
projected but with a different geometry due to the difference in slope. Figure 7.52
shows this type of structure.

0,65 0,68 B

PLANTA ESTRUCTURA

DE DISIPACIEN COBRA 0D—024
200 SN ESCALA

2,20

OES k

CORTE M- M
SIN ESCALA

Figure 7.46 Dissipation structure to outlet
Source: Consorcio SH

Table 7.64 shows dissipation structures located over the fills.

Table 7.56 Dissipation structures delivering to the outlet

UF BASIN AR

A
K1+

14 863.83
K3 +

4 20 094.55
K3 +

22 416.27
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UF BASIN AEECL
A
K30 +
85 476.40

Source: Consorcio SH

The geometry and configuration of dissipation structures at the inlet and outlet of the
drainage works presented in drawings CSH-4-PL-OD-G-7002 and CSH-5-PL-OD-G-7007
- Typical Drainage Details - Sizing.

7.5. Forestry use

In line with Decree 1791 of 1996 and Decree 1076 of 2015 "Whereby the Single
Regulatory Decree of the Environment and Sustainable Development Sector is issued",
the environmental authority is the entity that issues the authorization to use a forest
isolated or trees located on private land or public property, either planted forest or
natural forest by three types of logging: unique, persistent and domestic.

In this order of ideas, the proposed Rumichaca-Pasto the dual carriageway construction
project, Pedregal-Catambuco section, requires a sole forestry use, which will take place
only once for areas where forest type vegetation was identified.

Accordingly, the logging permit is requested for forestry individuals located within the
line of chamfers and right of way (which comprises the area forming the roadway,
construction sites of bridges, viaducts, returns, separators, ditches, toll, CCO), ZODME
locations and their access, camps and plants and surface water uptake points.

Quantity and surface works and / or constructive project activities related to forestry.

The total project intervention area includes 485,48ha related to specific road
construction sites, right of way, and associated infrastructure. In this area, 123,69ha
correspond to 33 ZODME excavation material storage areas and 6.76 ha to 2 camp
areas.

As shown in Table 7.65, the highest percentage is occupied by Zodme areas (24 of the
33 have tree vegetation) with 50.42% of the area to be used, followed by road areas

CSH-4-AM-AM-EIA2-GG-
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with 46.82% of the total area and finally the camp areas, which are only two in the
Pedregal-Catambuco section. See map EIADCRP_PC_035 (scale 1: 25,000).

Table 7.575 Forestry related infrastructure works

Type of infrastructure Tot(a': :)rea Occupied percent (%)
ZODME areas 12369 50.42
* Associated infrastructure 6.76 2.76
Roads ** 114.87 46.82
Total 245.32 100

* Camps. ** Includes the area inside the chamfers line and punctual infrastructure (occupation of rivers, bridges, viaducts,
returns, separators, ditches, toll, CCO) and roads associated with the second road to be built (right of way, access to: Zodmes,
camps, uptake points, worksites)

Source: Gemini Environmental Consultants, 2016.

To calculate forest volume to be used, only the area located in ecosystems with total or
partial presence of tree stands and / or trees was taken into account. For mosaics, crops
and grazing cover areas only the effective area, i.e., only the areas with presence of trees
were considered.

The estimated cartographically areas with presence of grouped trees or woodlands and

individual trees are:
Table 7.58 Areas by ecosystem

Area occupied by .
Ecosystem woodlands or Area occupied
by scattered
grouped forest trees (ha)
Code Cover (Level 3) (ha)
202.4.2 Mosallc of pasture and crops of the high Andes 14.86 023
orobioma environment
Agroforestry crops of the high Andes orobioma 7.23 0.13
20224 environment 1.27 0.02
Agrg)forestry crops of the high Andes orobioma 251 005
environment
21242 Mosa‘lc of past'ure and crops of the high Andes 15,99 033
orobioma environment
20314 Rlpe'man forest of the middle Andes orobioma 207 _
environment
20315 Plar}tatlons of the middle Andes orobioma 214 _
environment
21314 |Riparian forest of the high Andes orobioma 011 -
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environment

Plantations of the high Andes orobioma

21315 .
environment

0,34 -

Total 46.518 0,76

Source: Gemini Environmental Consultants, 2016.

From the area indicated in above table, calculations and estimates of forest harvesting
on ecosystems where sampling was performed were made.

Moreover, it should be noted that for the ZODME, 100% inventories and respective
calculations of the sites with timberline are included. Those located where there is
presence of forest elements are not included in this logging request.

7.5.1 Type of sampling

Resolution 0751 of 2015 whereby the terms of reference for preparation of the EIA are
adopted, states in paragraph 7.5 logging, when a sole forestry use permit is requested
the following information must be submitted:

Forest inventory of individuals present in each vegetation cover, using a statistical
sampling to meet a sampling error not exceeding 15% and a likelihood of 95%.

Methodology

The forest use calculation was performed by sampling and a 100%inventory whose
scope is shown below. This methodology is detailed in section 2.3.2.2 of Chapter 2 in the
section entitled "Methodology for calculating Forest Use".

The number of sample plots was defined based on a pre-sampling that used as a
reference a minimum of two plots per cover (Annex 7.5.8).

Given that in the intervention area the forestry component is not only present in natural
and planted forests as a unit of cover, but also planted trees that are part of agricultural
and livestock areas; the latter was sampled in order to characterize the vegetation, the
pre-sampling for this particular case was made taking as forest area the sum of the
woodlands. This process is carried out within the area of intervention.
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Moreover, scattered trees and grasses in crops were estimated, calculating the area
through satellite images (sum of total area occupied by scattered trees and grasses in
the Mosaic cover of crops and grasses (2.4.2), grasses and trees planted (2.2.4.1) and
crops and trees planted (2.2.4.2) and summing these volumes to the total ecosystem.

The volume obtained was extrapolated to the entire area of the ecosystem in regard the
percentage of existing vegetation, taking into account the guidelines of this Corine Land
Cover methodology adapted to Colombia.

According to the aforesaid, a stratified random sampling was made with samples taken
by vegetation cover susceptible to intervention and their location was randomly
selected within the area delimited by chamfers.

Calculation of forest use of accesses to ZODMES, camps, uptakes and occupation of
channels, is included within the sampling area evaluated.

Meanwhile, for ZODMES and camp sites, a 100% inventory was made, given that these
are smaller areas where the presence of scattered and dispersed forest elements
facilitated obtaining the information for all of them. ((See Annex 7.5.1 Inventory
intervention Pedregal-Catambuco) See Annex 7.5.2 Inventory Zodme at 100% Pedregal-
Catambuco and 7.5.3 inventory camps at 100% Pedregal - Catambuco)

All information gathered in the field was recorded in the flora sampling formats (Annex
7.5.5a and 7.5.5b inventory by plots, 7.5.6 inventory at 100% in ZODMES).

Results
According to the pre-sampling results included in Annex 7.5.8 (that also includes the

sampling error estimate), the information gathering of sample plots was carried out at
the sites listed in Table 7.65.
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Table 7.59. Plots by ecosystem, Rumichaca-Pasto road Project, Pedregal- Catambuco

section intervention area

Magna Sirgas planar coordinates Origen West
COVER ID Sector PK
X Y
Orobioma medio de los andes
) Inantas bajo
Mosaic 4-2.4.2-PP2 (Yacuanguer) 4+600 960310,763 608304,167
grasses and
crops 5-24.2-PP1 Chavez (Tangua) 18+200 966212,29 614562,16
4-22.41-PP1 El tablén 7+700 961401,68 609630,965
Grasses and (Tangua)
planted trees 4-2241-PP2 San Pedro 10+500 962282,377 611288,299
(Tangua)
4-22.42-PP1 El Pedregal 0+800 957403,1945 607415,582
Crops and (Imués)
planted trees 4-2.2.4.2-PP2 Inantas bajo 3+800 959464,8592 608293,2075
(Yacuanquer)
o 4-3.1.4-PP3 Inantas bajo 6+300 961012,108 609509,374
Riparian (Yacuanquer)
Forest 4-3.1.4-PP4 [nantas bajo 6+500 961012,131 609708,412
(Yacuanquer)
Forest 4-315-PP1 g;’fgﬁg 12+700 963639,1673 612527,8236
plantation
4-3.1.5-PP2 El Cebadal 15+600 966065,6034 613235,2568
High Andes Orobioma
5-2.4.2-PP4 Vocational 29+300 972933,8695 618176,75
(Grass)
Mosaic of 5-2.4.2-PP5 V‘Eg?ﬁ;’ga' 29+600 973193,5797 618318,02
grasses and TaM q
crops 5-2.4.2-PP6 averce 30+970 974334,445 618886,1457
(Grass)
5-24.2-PP7 La Merced 31+150 974417,9201 619042,8001
(Grass)
2241-PP2 El Tambor 22+100 967606,7802 616088,5799
(Tangua)
Grasses and 2.2.4.1-PP3 La Palizada 27+200 970961,4328 618809,6963
planted trees (Tangua)
2.2.4.1-PP4 Catambuco 31+800 974968,2494 619359,13
(Grass)
3.15-PP1 El Paramo 26+700 969393,8648 617226,73
Forest (Tangua)
plantation 3.15-PP2 El Paramo 24+800 969371,6071 617248,83
(Tangua)
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Vocational
5-323-PP1-Al (Grass) 29+500 973200,816 618257,906
Riparian Vocational
Forest 5-323-PP2-Al (Grass) 29+600 973212,553 618268,822
Vocational
5-323-PP3-Al (Grass) 29+700 973279,825 618314,391

Source: Géminis Consultores Ambientales, 2016.

Follows the list of the sampling results by vegetation and ecosystem, according to the
data obtained in aforementioned plots (See Annex 7.5.5b 7.5.5a and field formats
medium and high Andes orobioma).

7.5.2. Total and commercial volume

The formula used to determine the total and commercial volume of established plots,
corresponds to the following: V=AB (m * 2) *H (m) * Ff* N

Where:

AB=m/4*(DAP) "2

H = Total height or commercial Height
Ff = Form Factor (0.7)

N = Number of stemwood

Applying this parameter is very important to obtain the forest use volume requested,
where the diameter, height and form factor (0.7 in this case) values determine the
results.

7.5.2.1 Inventory by cover and ecosystem in the intervention area.

To obtain the volume of wood to be requested for forest use, only the individuals
recognized as timber were recognized, i.e,, fruit trees were excluded.
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This in accordance with Article 72 of Decree 1791 of 1996 (Forestry use request), which
quotes verbatim: "agricultural crops or fruit trees with woody characteristics may be used
to obtain forest products, in which case only a safe conduct is required to mobilize them. "

Fruit tree species not included in the inventory are Persea americana Mill. (Avocado),
Citrus sinensis (L.) Osbeck (orange), Citrus reticulata Blanco (Mandarin), Psidium
guajava L. (guava), Citrus limon (L.) Osbeck (Lemon), Inga spectabilis (Vahl) Willd.
(Guabo), loquat (Thunb.) Lindl. (Loquat), Annona cherimola (Chirimoya) and Spondias
mombin L. (Ovo).

In the area of project intervention, nine (9) ecosystems were identified that have the
tree component, five of which correspond to mosaics or agroforestry crops for the latter
two, the calculation was performed taking into account only the area of the patches
occupied by timberline, as mentioned above in the pre-sampling and sampling
calculation procedure.

In the sum of the volumes of the area called "Roads" used to calculate total and
commercial volume, the grassland woodlands medium Andes orobioma ecosystem was
not considered since this was only found in the Zodme (area Z4- 4) whose volume is
listed in separate document of these areas. (See Annex 7.5.2. Zodme 100% Inventory)

0 Mosaic of grasses and crops middle Andes orobioma (20242)

The species representing the highest volume in comparison is the Eucalyptus globulus
Labill (Eucalyptus) with 6,70m3 (Total volume) because this is the most abundant
species in fustal state in the ecosystem. In most cases it was observed that this species is
located mainly in live fences to delimit land and pastures.

Table 7.66 and its figure show the volumes for the fustal stratum of the mosaic grasses
and crops ecosystem middle Andes orobioma for a total of 7,512m3, of which 5,087m3
correspond to the commercial volume in the sampled area.
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Table 7.608. Total and commercial forest volume in mosaic grass and crops middle Andes
orobioma ecosystem

1 Eucalyptus Eucalyptus globuluslLabill. 6,699 4,453
2 Maco oblongifoliola CabraleaC.DC. 0.419 0.350
3 Quillotocto Tecoma stans (L.) Juss. ex Kunth 0.248 0.163
4 Urapan Fraxinus chinensisRoxb. 0.147 0.120

Total 7,512 5,087

Source: Gemini Environmental Consultants, 2016.

8,00
6,70
6,00
4,45
4,00
2,00
0,42 0,35 0,25 0,16 0,15 0,12
0,00 I —
Eucalipto Urapan Maco Quillotocto
M Volumen total (m3) Volumen comercial (m3)

Figure 7.47. Total and commercial forest volume in mosaic grass and crops middle Andes

orobioma ecosystem
Source: Gemini Environmental Consultants, 2016.

Given the above, an average total volume of 37,561m3 per hectare and an average
commercial volume of 25,434 m3 per hectare were estimated.

0 Grasses and trees planted from the middle Andes orobioma (202241)

The total sample volume for each species for the grasses and trees planted of the middle
Andes orobioma ecosystem was determined as shown in Table 7.67; the species with
the highest total and commercial volume was globulus Labill Eucalyptus (Eucalyptus)
with 4,289m3 (Total) and 2,962m3 (commercial), other species found showed volumes
below 1 m3.
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For the total species, a total volume of 9,224m3 was determined, of which 6,040m3
correspond to leverage trade volume. As observed, the values of volume in these
mosaics are not very high, this is because the tree species found in pastures and planted
trees in the middle Andes orobioma ecosystem, are mostly planted not for commercial
purposes but to be used as living fences, ornamental and domestic use, reason why
there is no proper forestry management that allows optimal development of forest
species for forestry use.

Table 7.61. Forest volume by species in grasses and trees planted middle Andes orobioma
(202241) ecosystem

1 Eucalyptus Eucalyptus globulus 4,289 2,962
2 Guayacan Lafoensia speciosa 2,676 1,731
3 Caspirosario Llagunoa nitidaRuiz & Pav 0.079 0.056
4 Cucharo Myrsine guianensis 0.603 0.331
6 Pichuelo Senna spectabilis 1,465 0.904
7 Quillotocto Tecoma stans 0.111 0.056

Total 9,224 6,040

Source: Gemini Environmental Consultants, 2016.
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Figure 7.48. Forest volume by species in grasses and trees planted middle Andes

orobioma ecosystem
Source. Gemini Environmental Consultants, 2016
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Given the above an average total volume of 46.120 m3 per hectare and an average

commercial volume per hectare of 30,2199m3 were estimated.

0 Crops and trees planted of the middle Andes orobioma (202,242)

Sampled fustals in the crops and trees planted of the middle Andes orobioma
ecosystem, add up to a total of 1,107m3 of harvestable timber and 2,632m3 of total
volume (Table 7.70), this low volume is because this cover has crops as productive

activity, growth of the species is controlled and there is also a number of fruit species,
which do not add to requested volume use.

Table 7.70. Forest volume by species in crops and trees planted middle Andes orobioma

ecosystem
No. Common Scientific name Total volume | Trade volume

name (m3) (m3)

1 Carbonero Albizia carbonaria Britton 0.103 0.039
2 Casco de vaca Bauhinia Pictish(Kunth) DC 0.040 0.011
3 Cedar Cedrela odorata L. 0.541 0.203
4 Gualanday Jacaranda cuspidifoliaMart. 0.239 0.106
5 Guayacan Lafoensia acuminata (Ruiz & Pav.) DC. 0.939 0.262
6 Higuerilla Ricinus communis L. 0.035 0,005
7 Pichuelo Senna spectalg;i:n(;)b(;.) H.S.Irwin & 0.040 0010
8 Urapan Fraxinus chinensisRoxb. 0.696 0471
Total 2,632 1,107

Source. Gemini Environmental Consultants, 2016
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Figure 7.49. Forest volume by species, in gallery and riparian forests middle Andes

orobioma ecosystem
Source: Gemini Environmental Consultants, 2016.

Given the above an average total volume of 13,160 m3 per hectare and an average
commercial volume per hectare of 5,535m3 were estimated.

0 Riparian and gallery forest from the middle Andes orobioma (20314)

As shown in Table 7.69, the only species with input volume for the sample taken in the
gallery or riparian forest ecosystem of the middle Andes orobioma, is the Fraxinus
chinensisRoxb (Urapan) with 24,34m3 total volume and 10,76m3 of commercial
volume, reflecting a possible enrichment of the forest with planted species, since this is
an introduced species that is not representative of natural forests in the area.

The species listed in forest use of this ecosystem differ from those found in area of
influence characterization, this is because the characterization sampling was carried out
taking into account the characteristic vegetation of this ecosystem in the area, therefore
samples were taken in places that explain the natural ecosystem associated with water
bodies located in the area of influence of the project. However, by placing the samples to
calculate logging inside the intervention area, the predominance of sectors
encompassed by orchards and foreign timber and / or introduced from farms
neighboring the road was found.
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Table 7.71. Forest volume by species in the forest and riparian gallery middle orobioma
Andes ecosystem

1 Urapan Fraxinus chinensisRoxb. 2434 10.76

Total 24.34 10.76
Source. Gemini Environmental Consultants, 2016.
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Figure 7.506 Forest volume by species in the forest and riparian gallery orobioma middle

Andes ecosystem
Source: Gemini Environmental Consultants, 2016.

Given the above, the average total volume per hectare of 121,70m3 and an average
commercial volume per hectare it 53,80m3 were estimated.

0 Forest plantation of the middle Andes orobioma (20315)

It was determined that the highest volume timber in the sample taken was contributed
by Eucalyptus globulus Labill  (Eucalyptus) with a total volume of 23,24m3 and a
commercial volume of 14,89m3 and Pinus patula Schiede ex Schltdl. & Cham (Pino) with
a total volume of 1,29m3 and 0,82m3 commercial.

For the study a total volume of 24,529m3 and a commercial volume of 15,716m3 were
obtained. The potentially useful net volume of roundwood, with respect to the total
volume, shows a wide difference, mainly because in the intervention area most trees
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found they did not have proper forestry management making them harvestable timber,
but are mostly in unproductive land without great care by the farmer. (See Table 7.72)

Table 7.622 Forest volume by species in the forest plantation middle Andes orobioma

ecosystem
1 Eucalyptus Eucalyptus globulusLabill. 23,238 14,893
2 Pine tree Pinus patulaSchiede ex Schltdl. & 1,291 0823
Cham.
Total 2453 15.71
Source: Gemini Environmental Consultants, 2016.
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Figure 7.517. Forest volume by species in the forest plantation middle Andes orobioma

ecosystem
Source: Gemini Environmental Consultants, 2016.

Given the above the average total volume per hectare of 122,647m3 and an average
commercial volume of 78.582 m3 per hectare were estimated.

0 Mosaic grasses and crops high Andes orobioma (21242)
As indicated by Figure 7.58 the species with the greatest volume contribution in this

ecosystem is the Eucalyptus globulus Labil. (Eucalyptus) with 5,622m3 of harvestable
timber, and the species with the lowest value is Baccharis latifolia (Ruiz & Pav.)
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