Organiza: | |

C-IPG + ACIEM
Comité Técnico IPG

eeeeeeeeeee

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

IPG 2023 Ao

PREDICTIVE SCHEMES IN
GEOHAZARDS MANAGEMENT OF
HYDROCLIMATOLOGICAL ORIGIN

Jaime Aristizabal Carlos Motta
Carlos Capachero Nelson Obregodn Leonardo Real
cen It canalclima®
O opportuniies of Colombia towards the future

. . 67 CONFERENCIA INTERNACIONAL GEOTECNIA DE DUCTOS




Organiza: | |

CIPG + ACIEM

eeeeeeeeeee

AGENDA

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

IPG 2023 Ao*rpel

* Introduction

* Cenit’'s Zoning — an overview
* Methodology

» Conclusion

. . 67 CONFERENCIA INTERNACIONAL GEOTECNIA DE DUCTOS




IPG 2023 Ao AN T

INTERNATIONAL PIPELINE GEOTECHNICAL CONFERENCE somoonEnmEIE C-IPG + AC| EM . .
. . . B Comité Técnico IPG n Colombiat
23y 24 de Noviembre. Bogota D.C. - Colombia del genieros

INTRODUCTION
GRUP’O_;é?fg
~ Midstream

\!

Jpstrieam Downstream

/ -
*érroL P

e=etroL

Scanning | Production ( € : n I Barrancabermeja

America Peru Germany TRANSPORTE Y LOGISTICA DE HIDAOCARBUROS

/“\\

Cenit is part of Ecopetrol Business Group

Brazil Mexico ocC Refinery Guarantee the industry chaining as the key
ousideCoombian Coat | DCENSA  orecncee Fe’f‘i\”car link between production, exportation, refining
O savm e and commercialization
‘ hocol eouuor7 - Q/L ©""‘""“"° .??er?itla

. . 67 CONFERENCIA INTERNACIONAL GEOTECNIA DE DUCTOS




IPG 2023 Ao AN

INTERNATIONAL PIPELINE GEOTECHNICAL CONFERENCE C'IPG + AcIEM

. A . Comité Técnico IPG Asociacién Colombiana
23y 24 de Noviembre. Bogota D.C. - Colombia de Ingenieros

INTRODUCTION

Cenit network composition:

« 8500 km of pipelines

* 54 Pump stations

« 4 Oil Terminals

« 7 QOil Loading and Unloading facilities
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Number of days with rain Monthly/Annual Rainfall (mm)
per year Ex. Low low |Mod. Low| Normal |Mod.High| High |VeryHigh
Ex. Low 1 2 3 4 5 & 7
Rainfall Low g 9 10 11 12 13 14
frequency Mod. Low 15 16 17 18 19 20 21
index (FLL) Normal 22 23 24 25 26 27 28
Mod. High 29 30 3l 32 33 34 35
High 36 37 38 39 40 41 12
Very High 43 44 45 46 47 48 49
Rainfall quantity index (IFM)
n days p-2 B L p;i
FLL = N days IFMmonthly - P% IFM = EF
FLL: Monthly / annual rainfall frequency index IFM: Fournier Modified Index
n days: Days number with rain in the period (month/year) pi: Monthly precipitation (mm)
N days: Number of calendar days of the period (month/ year) P: Annual precipitation (mm)
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A s ke A Attributes Considered:
— - =SV Vo b e ol
\\\ ' /vv 57 Y 1. Slope N —
2. Meters above sea level, J;:f;_,‘. ‘ HER “,_
=I‘iﬂ.-:':1.-:I
3. Curve Number estimation
IPG 2023 ., . Ak
4. Topographic Wetness Index Wiy
Q wa@a?:
5. Climatic Index o S A
. PG JI"-H- i & L
6. Flowin LPS e

7. Pluviographic Index

:?’sr

The unit of analysis corresponds to a pixel of dimensions 30mx30m in a buffer of 5 km (Digital Elevation

. Model SRTM30 - Shuttle Radar Topography Mission of NASA)

. . 62 CONFERENCIA INTERNACIONAL GEOTECNIA DE DUCTOS The result is nearly 30 million units of analysis, with values corresponding to

each of the 7 considered attributes.
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1- Slope 2- Meters above sea level
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3- Curve Number
Estimation

Source: Soil Conservation Service (SCS) - Curve number (CN) method.
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4- Topographic Wetness
Index

Source: Sorensen et al., 2005.

ml Y

tan 3

donde:

af = area local drenada para un punto de
calculo

tan = Pendiente direccional de la celda de
interés (v de las 8 vecinas en el caso de

. utilizar un algoritmo D(8))

. . 62 CONFERENCIA INTERNACIONAL GEOTECNIA DE DUCTOS

5- Climatic Index
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6- Flow in LPS

Mean
performance
raster (L.s/km2)

Accumulated
area

Flow rate in
LPS

Leors QAR

Source: Mean performance Raster in L.s/Km? (ENA, 2010) IDEAM
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7- Pluviographic Index

I = an

K*T™

K m n
Prediccion Kriging Prediccion Kriging Prediccion Kriging
5
.L
L «®
a » X
' 4
* 1759232 * [0.05817,0.0866) * [0.3535,0.4024]
* (232,2882] * (00866,0115] *  (0.4024,0.4513]
* (28823444] * (0.115,0.1435] * (0.4513,0.5001]
© (344.4,400.5] * (0143501719] * (0.5001,0.549]
(400 5,456 7) (0.1719,0.2003] (0.549,0 5979]
(456.7,512.8] (0.2003,0.2288) (0.5979,0.6468)
(512.8,569] (0.2288,0.2572] (0.6468,0.6956]
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APPLIED ALGORITHM OF ZONING - Multivariate Analysis

Application of the K-means Algorithm

Bayesian undating,
Certainty theory,
Fuzzy logic

Rule — based
systems

This is an unsupervised machine learning algorithm,
by which the units of analysis are grouped In
clusters according to the similarity between their
attributes.

Evolutionary
algorithms
Simulated
annealing

Computational
ntelligence

Obyjets, frames,
and agents

Once the algorithm is applied, the list of Cenit's
geotechnical findings is compared to find the most
representative combination of attributes that best
represents the existence of geotechnical events.

Knowledge —
Based systems

Categories of analysis methodologies
Source: Adrian Hopgood. Intelligent systems for scientist and engineers
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72.5% of the events reported in the influence area
are in the categories or cluster 1 and 7.

When filtering the information sources by type of
event, landslides were presented in 71% of the
clusters 1 and 7.

The events reported Iin clusters 1 and 7 are
characterized by their presence in sectors with
high curve numbers, moderate slopes 11-30 ° and
climatic index between 16-48.
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[Data acquisition

Hydrological parameters

-Annual climate Index
-Monthly climate Index
-Pluviographic Index

Topographic parameters

- Slope (degree)
- Height above mean sea level
- Topographic Index

Geotechnical parameters
/- Probability of failure
/- Structural control

Data homogenization
Rasterisation of vector

/ Pipelines buffer 2s5km
L2

Buffer rasterisation nformation

Evaluation - deployment v

Expert knowledge
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DESCRIPTION

Lamellar erosive processes

C-IPG +

Comité Técnico IPG

CLUSTER

Severe erosive processes, gullies, furrows

High geotechnical susceptibility. some landslides, falls and overturns occur.

Erosion in areas with high and very high geotechnical susceptibility, with
landslides and falls.
Severe processes, occurs in these areas more than 40% of the landslides and
flows of the entire ROW.

The methodology implemented for this zoning via fuzzy logic and
supervised learning represents a valid and pertinent approach to
optimize infrastructure intelligence management processes in pipelines.

At the same time, it allows to highlight the importance of data-driven-
modeling and the design and management of robust information systems
that involve descriptors and chronology of potentially damaging events
for the analyzed infrastructure.
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Cluster Number
High Geotechnical Susceptibility
Geotechnical events
Classification of Findings
Relevant dates

* Municipalities

* Pipelines
Prioritized areas
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Incorporation of basins in zoning

Zonification Watersheds Zonification

- I cuuster1 [ cluster4 T I cuuster 1 [ Cluster 4
o -t BUMEr e Guster2 [ Cluster5 D [ Guuster2 [ Cluster 5
Pipeline [ Tcusters ‘ Pipeline [ Icusters |
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Severe erosive processes, gullies, furrows

High geotechnical susceptibility. some landslides, falls and overturns occur.

Erosion in areas with high and very high geotechnical susceptibility, with
landslides and falls.
Severe processes, occurs in these areas more than 40% of the landslides and
flows of the entire ROW.

The methodology implemented for this zoning via fuzzy logic and
supervised learning represents a valid and pertinent approach to
optimize infrastructure intelligence management processes in pipelines.

At the same time, it allows to highlight the importance of data-driven-
modeling and the design and management of robust information systems
that involve descriptors and chronology of potentially damaging events
for the analyzed infrastructure.
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Plans for the Orderlng and Management of
Hydrographic Basins - POMCAS
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Historic events

NA

ECOPETROL 2375 Training
SIMMA SGC 3164 1916 - 2022 Training
Baseline findings CENIT (Dec 2020) 2741 2020 - 2021 Validation
Baseline findings CENIT (Jul 2022) 2362 2021 - 2022 Validation
Baseline findings CENIT (May 2023) 2616 2022 — 2023 Validation
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Criteria for categorizing pipeline segments

Pipeline code Category

Criterion

category

Slides, Toppless, Falls, Complex

Flows, Flood, Torrential Floods

Erosion, Scour, Creep

No evidence or none of the
above categories

Medium or high risk from Figure 2-a)
Evidence of landslide crowns or scarps
Coverage changes in the basin.

Medium or high risk from Figure 2-a) and 2-b).
Evidence of quaternary deposits (Colluvium or Alluvial).
Evidence of flows.

Evidence of erosion, scour or creep from the base map or reports.

Low risk from Figure 2-a), 2-b), or 2-c)

There are no historical reports in any source consulted.

Stabilization works had been carried out.

There is an isolated report, but of low reliability that could not be
confirmed with images or base maps.

[1I Category codes do not constitute an ordinal variable; the value is assigned to facilitate manipulation in the analyzes.
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[2] Category considers Movement Types Classification (Varnes, 1978).
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Complementary Analysis
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Time Accuracy Classification

. There is Iinformation about date and time of
TA1 High
occurrence of the event.

TAD Medium There is information on date and period of the day (3-
6 hours) of occurrence of the event

There is date information but not time of occurrence

Lo of the event
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Geographical Accuracy Classification

Level Distance Event-Station (D)

Very High < 1km
: 1 km < D < 10 km (Within the representative
High :
area of station)
: 1 km < D < 10 km (Outside the representative
Medium :
area of station)
Low 10 km < D < 30 km
Very Low = 30 km
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Trigger Rain Episode Classification
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Degree of

Definition

Defined

Uncertain

Undefined
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Characteristics of the Episodes

Well-defined episodes or multi-episodes of
rain occurring within the previous 96 hours

Uncertain episodes or multi-episodes of rain
occurring within the previous 96 hours

Undefined episode or no significant rain
episode within the previous 96 hours
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Monitoring Network

90 measurement points of hydrometeorological
variables in real-time that allows to know,
guantify, and qualify the extreme precipitation
events and its physical effects in the areas of
Interest.
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Landslide Crown

New Roads

Google Earthl.
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SIMMA Reports

2003 Landslide
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CONCLUSION

For this analysis process to contribute adequately to decision-making, the
Importance of having sources of information (hydrometeorological and ROW
patrol) in real time has been identified in which the quality and continuity of the
measurements Is guaranteed during sufficiently representative periods to be
able to understand the dynamics of the instability processes and their climatic

triggers.

This enables the transition from a real-time information to a right-time
Information.
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