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Geohazards & hydrocarbon pipelines
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Managing System Integrity of Gas Pipelines

ASME B31.85-2018 identifies weather-related and outside
forces as a potential threat to the integrity of the pipeline
under section 2.2 Integrity threat classification

The weather-related and outside forces comprise of
Excessive hot or cold weather (outside the design range),
High wind

Hydrotechnical: water-related threats including, but not
limited to, liquefactions, floodings, channeling, scouring,
erosions, floatations, breaches, surges, inundations,
tsunamis, ice jams, frost heaves, and avalanches

Geotechnical: earth movement threats including, but not
limited to, subsidence, extreme surface loads, seismicity,
earthquakes, fault movements, mining, and mud and
landslides and Lightning

ASME B31.85-2018

Risk assessment is to identify the most significant risks
which aid the operator in prioritizing and developing an
effective prevention/detection/mitigation plan to address
the risks.

Section 8.3.2 under Plan framework recommends that the
risk assessment shall be performed periodically so that new
information regarding the changes made to the pipeline
system or segment, further assessed using new scientific
techniques are included.

The risk assessment is recommended to be performed
annually provided substantial changes has been made to
the pipeline system and to be performed before the current
interval.
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Maintenance of Right of User (RoU)

> Frequent patrolling every once in 30 o Road and railway crossings

days for Locations 3 and 4 and every inspection at least once in three
once in every quarter for Locations 1 and months

2 is recommended. This investigation is
done to detect any surface conditions of

RoU, intermediate installations, leakages, o waterbody crossings inspection at
encroachments, soil washouts, etc. least twice a year i.e. prior to and
after the monsoon or flash flood for
> The entire pipeline route should be line exposure, accumulation of debris,
walked at least once a year or for any other condition that may
affect the safety and security of the
crossings.

Petroleum and Natural Gas Regulatory Board (PNGRB)




eohazard Risk Management ( stages & processes)

,r Establish regional understanding of geohazards Select a primary corridor informed | . Transfer

| and determine corridor alternatives. = by a comprehensive analysis —|—- geohazard inventory

i Develop initial gechazard inventory of the impacts of geohazards J to detailed design phase
|

Stages:

Risk identification
for the primary corridor

‘ | or diverted route
| !

1. Preliminary engineering and route

| Risk assessment
i Re-rauting on regional and individual

geohazards

Pipeline abandoned |_ _______

2. Detailed design phase

|
!
|
|
| selection phase
|
|
i
|

Long-term
management i Conduct risk
Dynamic ! mitigation design
Until Management L.==—= 1_ ''''' = .
,,,,,,,,,,,,,,,,,,,,,,,,, 3. Construction phase
'~ Z‘ inventory, suppliment

with additional data pass
to construction phase

3 e 4. Operation and maintenance phase

amore thorough

Take physical,
procedural and other
necessary mitigations

'

Initiate new or next
round of geohazard risk
identification activities.

Maintain geohazard

inventory, add /delete
features as needed

investigation of ground
and geohazard conditions | |

Evaluate on both
previosly documented

| |
| |
| |
Risk assessment : :
i geohazards and newly |
| |
| |
| |
! !

on regional and p=—
individual geohazards

found or created
geohazards

Further update
geohazard inventory,
pass to operation
and maintainance phase

Impliment mitigations
based on acceptable
risk level
| S el
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Geohazard Risk Management ( stages & processes)

,r Establish regional understanding of geohazards Select a primary corridor informed | . Transfer
| and determine corridor alternatives. = by a comprehensive analysis —|—- geohazard inventory
i Develop initial gechazard inventory of the impacts of geohazards J to detailed design phase

i T R — R — - Key processes
L ‘ | Risk identification

identification of potential geohazards

|
i or diverted route |
| ! |
o) [
| = .
| evaluation of the severity of the
|
|
|
|
|

geohazards

Long-term
management

i Conduct risk

. mitigation of the threat from the

Management

Enhance geohazard

7777777777777777777777777 m inventory, suppliment h d
4 with additional data pass ge onazaras
to construction phase
Take physical, f_3 ___________ 1

Clear the RoW, enabling i
amore thorough

investigation of ground

and geohazard conditions | |

procedural and other
necessary mitigations

'

Initiate new or next
round of geohazard risk
identification activities.

Maintain geohazard

inventory, add /delete
features as needed

| | long-term management of geohazards
| | . . . .
ot through monitoring and periodic re-

! previustyljocu:]n;eéllid | .

| o | evaluation of threat levels from geohazards
i i

| |

| |

Risk assessment
on regional and p=—
individual geohazards

geohazards

Further update
geohazard inventory,
pass to operation
and maintainance phase

Impliment mitigations
based on acceptable
| risk level !
| S el




Geohazard Risk Assessment Methods

IS0 20074:2019(E)

Table 2 — Description of geohazard risk assessment methods

[~ T e Method Scope Advantages Disadvantages
yre ot : = Qualitative |Hazard probability and Based on observation, experi- |The method is subjective.
prop| 5 . P e “ans Selectad —Nona Salectad-- Y ¥ EES B . . .
DSEE [ Qe+ s seecot wBEEE £E4 consequences expressed ence and inference. Enables a  |Expert judgment is required
~Nene Selectac-- ~ “l a4 »> »ina . . . . . . .
- in qualitative terms. Risk basic comparison of different |to execute assessments and
m o X =l normally assigned to classes |levels of risk. reduce inconsistency between
i Junction "Junction-5" Results for Run "25year in matrix fﬂrmat. COmFIElI'iSODS.
Semi-quanti- [Numerical estimates of the |Less subjective than quali- Typically applies to specific
tative relative significance of the  |tative methods. Systematic regions and not easily transfer-
« key parameters that control |classification of key factors for |rable across diverse geographic
{ the geohazard mechanism  |simple and rapid evaluation or geological environments.
and assigning weighting of the geohazard. Provides Expert judgement is required
factors. Threat and conse- screening and prioritisation of |to ensure consistency between
quence classes are similar to |risk. Can be adapted to suit GIS |assessments.
! . a qualitative matrix but with |data collection and processing
i e numerical ranges. methods.
. — — : : — - — - —
== el e Quantitative |Engineering and statistical |Perceived as objective and facil- | Very demanding in terms of
[ B o ok i modg]s are used to quantify itating rigorous comparison of |data C‘iefl‘n.l'[lﬂn and analysis.
— the likelihood and conse- relative risk. Robust approach |The significance or weakness
b HKOTE 10181 pend conrl pecstons gt 1, os28:40 quence of an event. to reduce uncertainty and in- of the assumptions in the
q KOTE L0013: Pnene syt ot maniov o et ke e 260602021, 092848 ) < A h
crease confidence in assessment | mechanism or data might be
results for decision making. unclear or concealed within the
o e analysis. Some hazard types
T - m@C o B = 26°C Parydoudy A B OB e 0w c‘annotkbe effecFlve]y quanti-
— - fied using existing technology/
science given the timelines and
constraints of pipeline projects.
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Geohazard risk Assessment System Components

ISO 20074 suggests Techniques and
methods for geohazard risk
management

o Risk Identification
o Risk Assessment
o Risk Mitigation

Risk assessment purpose

Risk assessment scope
Resources and time availability
Historical data availability
Projects current stage

Negative consequences

Nature of risk

Risk assessment assumption




Techniques and methods for geohazard risk management

Design and construction period

Operation period

Design and construction period

Operation period

(5.6)

Risk assess-
ment

Qualitative assessment

(refer to Annex D'

Semi-quantitative assessment

(referto Annex E

Quantitative assessment

Key

. means that the item is appropriate

D means that the item may be used selectively or if technical and economic conditions permit

O means that the item is not likely appropriate or is unnecessary

Phase Techniques and methods Preliminary engineering and Operation and mainte- Phase Techniques and methods relimi i - rati inte-
N g g Detailed design phase Construction phase P Preliminary engineering and Detailed design phase Construction phase Operation and mainte
route selection phase nance phase route selection phase nance phase
Desktop data analysis Pipe body
strengthening
5.3 and protection
LiDAR and remote 5gns111gm1- vsical sick Geohazard pre-
agery analysis Pl ysical sk | oo htion
mitigations
(5.4)
(refer to Trenchless i
enchless in-
Aerial recon- Annex F) stallation /
naissance
. s . e Avoidance or
Risk identifi- Site-specific Riskmitigation route change . . . O
X hazard investiga-
cation :
tions
Field investi- Patrol inspection / / /
gation Geophysical
surveys
(5.5) Procedural
risk mitiga- [Awareness / / /
Intrusive inves- tions
tigations
(refer to Earthworks / /
AnnexF) |management
Honitoring O O 0 O
Honitoring . . . .
Geotechnical investigation O . . .

/ means that the item is not applicable




Gathering, Reviewing, and Integrating Data

Gathering, Reviewing, and Integrating Data for risk assessment
(a) joint method (mechanical coupling, acetylene weld,
arc weld)

(b) topography and soil conditions (unstable slopes, water
crossings, water proximity, soil liquefactions susceptibility)

(c) earthquake fault

(d) profile of ground acceleration near fault zones (greater
than 0.2g acceleration)

(e) depth of frost line
(f) year of installation

(g) pipe grade, diameter, and wall thickness Where the
operator is missing data, conservative assumptions shall be
used when performing the risk assessment or, alternatively,

the segment shall be prioritized in a higher category based on

the expected worst case of the missing data.

Gathering, reviewing,
and integrating data

|

Criteria and
risk assessment

|

Integrity assessment
{O&M procedures,
maonitoring)

|

Determine
assessment
interval

Responses and
mitigation

Other information
to other threats

i

Performance
metrics




Geohazard risk assessment data management

The database(s) should also contain the following information for
each area managed by the PGMP (not hazard specific):

The database(s) should, at a minimum, contain the
following elements for each identified geohazard:

— the geohazard inventory information listed in code

— the classification or risk score resulting from the
application of the assessment system;

— the dates of identification and evaluation;

— the types of mitigation and monitoring conducted for the
hazard (if applicable);

— the intervals at which hazard-specific monitoring is
conducted (if applicable);

— links to or summaries of the details of mitigation
conducted for the hazard (if applicable);

— links to or summaries of monitoring conducted for the
hazard (if applicable);

— links to photographs, emails, reports, and other
pertinent information concerning the hazard.

a) the date of prior assessments (i.e. identification and
evaluation processes);

b) the area covered by these assessments (length along
pipeline system and corridor width);

c) hazards considered under these assessments;

d) the intervals at which non-hazard specific monitoring is
conducted (such as ILI or remote sensing);

e) if the operator has multiple assessment systems for a
given hazard type, the assessment system(s) utilized;

f) the scheduled date of the next reassessment.



Data sourcing from

public domain

1. Land use land cover
e Standard level 2 classification
(NRSC LULC standards)  for
Sentinel Data of 10 meter
resolutions
e Standard level 3 classification for
High resolution data sets (0.5 to 3
meters)
2. Population Density
e Population density
3. Vegetation Index
e Vegetation intensity index using
Sentinel data
4. Social Risk zones
e Conflict zones
e Terrorism and War Zones
5. Network
e Road network
Rail network
Water/river network /canal network
Power network
Solar power plants/Nuclear power
plants/Thermal power plants
6. Heritage sites
e Geo-heritage
e Cultural heritage
7. Major and minor industry
e Major industry
e Minor industry clusters
e Special economic zones
8. Biodiversity zones
e Protected Area
e Eco sensitive zones

9. Geo hazards
Flood zones
Waterlogging zones
Soil Liquefaction
Seismic zones
Tectonic fault zones
Landslides/massmovement/soil erosion
Land degradation zones
Cyclone zones
Wild fire zones
e River avulsions
10. Mining and related activities
e Mining (large); active and abandoned
mines
e Mining (small scale)
o Brick kiln
o Sand mining
o Gravel mining
11. Geology, geohydrology, and hydrology
e Geological formations
e Soil type
e Agquifer information
e Groundwater levels and quality
e Surface water bodies
12. Land displacement
e Land displacement measures using
Synthetic Aperture Radar
e Karst movements

Key sources for data collection

(¢]

Google Earth
Bhukosh (Geological Survey of India)

BMPTC (Building Materials and Technology
Promotion Council)

USGS

Bhuvan

Sentinel Satellite data

IMD

FSI

IBAT

IBM

MOEF &CC, Ministry of Jal Shakti
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Hydrotechnical
A Hazards




Hydrotechnical hazard
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River Dynamics: Mechanisms

Abandoned
channel

Chute cut-off Neck cut-off Avulsion




Controlling factors of River Dynamics

River dynamics: changes of channel courses/characteristics to maintain the

dynamic equilibrium

Controlling factors:
o |Independent controls: Discharge, Sediment flux, Valley slope

o Dependent variables: Geology, Vegetation, Human effects

Three main allogenic drivers : Climate, Tectonics, Base level

Governing variables for analytical purposes
o Space-time distribution of run-off
o Rate & size distribution of sediment supply

o Space-time distribution of crustal deformation
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River Avulsion

Description of Phenomenon

@ Sudden migration of watercourse channel on an alluvial fan
or floodplain due to rapid accumulation of debris in original
channel.

Potential Effects on Pipeline

@Reduction of cover or pipe exposure outside of original
channel crossing section of pipeline; possible unsupported
span leading to pipe strain aggravated by debris caught on

pipe.




Anatomy of Avulsion

® Sudden movement around a nodal Sa

point (divergence point) Convergence

point

® Occurs when an event of S - e
-/ Se™ s
Divergence
flood) occurs along a river that point \

is at or near avulsion threshold

sufficient magnitude (usually a

® Mechanisms/Style - No

Convergence

® (Channel reoccupation (rapid)

® (Crevasse splay (gradual)
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The Kosi avulsion of
2008
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S *History of breaches in 1963, 1968, 1971, 1980, 1984, 1991 at
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River scouring
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How a River Can Undermine an Oil Pipeline
In January 2015, an oil pipeline owned by Bridger Pipeline LLC
spilled more than 30,000 gallons of crude oil into the Yellowstone
River near Glendive, Montana.The Poplar pipeline had been
buried several feet under the riverbed, but the river scoured the
earth away, exposing about 110 feet of the pipeline to damage.

MONT.

D

Poplar
pipeline

Site of 30,000-
gallon crude
oil spill

20177 'n 2011, severe summertime flooding lasted
into July, and the pipeline company
checked the line's “depth of cover”a couple
months later. The Poplar was still buried at

least eight feet below the Yellowstone
riverbed. The company planned to
> check again in 2016.

o=

H
YNVINOW
VIONVA'N

The Poplar pipeline was built
in 1955, but the segment at

issue was replaced in 1967.1t In September 2011,the
was buried in a trench and pipeline had 8 feet of cover
covered over. at its shallowest point.

2015 Aboutthree and a half years after the last

depth survey, the Poplar pipeline failed under

the Yellowstone River.The river was
covered with ice at the time,

hampering the cleanup effort.

00 gallons of oil
e me of it

contaminating water supplies
in Glendive, Mont.

about 110 f the Poplar
was exposed,and erosion had

NOTE: Diagram is simplified and not to scale.

OURCES: InsideClimate Ne DEQ PAUL HORN / InsideClimate News

Trouble Below

Pipelines that lie deeper than federal requirements are still well
within range of riverbed erosion, often caused by flooding, and
potential exposure.

j-m/ W, Old zone

4 feet 5 ~ 0-10 feet
Federal At least 44%,
minimum or 24 of the
depth for 55 pipelines
pipelines L crossing the
buried Missouri
beneath River,
river lie within
crossings this zone,
most installed
using old
drilling
technology
- 0-41 feet
Range
New drilling of scour
technology observed
allows on the
installation Missouri
of pipelines River
within between
this zone St. Louis and
or even Kansas City
deeper L last summer

Sources: U.S. Pipeline and Hazardous
Materials Safety Administration; U.S. Geological Survey The Wall Street Journal
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River scouring
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Bank Erosion

Description of Phenomenon

» Lateral migration of watercourse channel into a floodplain

by hydraulic removal of material from channel banks;
accretion results from deposition of hydraulically
transported material, generally on inside bends of
channels

Potential Effects on Pipeline

» Reduction of cover or pipe exposure; possible pipe strain
from unsupported pipe span with vortex shedding
aggravated by debris caught on pipe in extreme case;
possible toe erosion of slopes; accretion may result in
increased pipe cover and vertical loading.




GeOhazard Susceptibility grade (qualitative assessment method)

Specific criteria should be developed with
consideration of location, susceptibility,
and other appropriate factors

Table D.1 (continued)

Hazard type

Level

Grading basis

Bank erosion/channel avulsion

High

Active riverbed undercutting, stream bank collapse or
channel avulsion. Riverbed undercutting depth exceeds
1,0 m and stream banks show continuous signs of
collapse;

Stream banks show obvious slump blocks;

A large number of block stones (poor roundness) were
stacked in stream channel and many block stones have a
diameter of more than 50 cm.

Region is susceptible to heavy rainfalls and watercourse
has a history of flooding, overtopping and/or channel
migration.

Medium

Recent, riverbed undercutting, stream bank collapse or
channel avulsion has occurred. Riverbed undercutting
depth is less than 1,0 m and the collapse along the stream
banks is discontinuous and the scale is small;

Stream channel shows signs of slump block development;

There are slump blocks stacked in stream channel, but
the number is small.

Low

Recent, there was no riverbed undercutting, stream bank
collapse or channel avulsion;

Stream channel shows no signs of erosion.
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Geotechnical Hazards




Geotechnical hazard
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Earthquake

e Seismic-technics/historical epicenters
e Rupture-based method (source based

model)

Landslides

e Rainfall induced
e Seismic induced

Soil Liguefaction

Land subsidence/soil erosion

™
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Geomorphology & Pipeline network
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Wild fire, farm fire & pipeline network
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Geohazard susceptibility grade (qualitative assessment method)

Hazard type Level Grading basis

Specific criteria should be developed with T o o vesuspieto collpse o e

consideration of location, susceptibility, St s s ot e

— For karst collapse, limestone or dolomitic bedrock is
present, with seasonally fluctuating groundwater levels

and Other appropriate fa Cto rS figh that change greatly and the overlying unconsolidated

formation thickness is less than 30 m;

— Groundwater pumping volumes exceeds natural
replenishment level;

— Above ground structures show obvious deformation or
destruction.

— Surface shows slight settlement or collapse;
—  Surface shows a slight fissure;
—  Surface shows sporadic collapse pits;

— For karst collapse, limestone or dolomitic bedrock is

present, with small seasonal variations in underground
Land subsidence Medium groundwater levels that does not change much and the
overlying unconsolidated formation thickness is 30 m
to 80 m;

— Groundwater pumping is basically balanced with natural
replenishment level;

— Above ground structures show slight deformation or
destruction.

— Surface shows no deformation or ground fracture;

— For karst collapse, limestone or dolomitic bedrock is not

present, or if present then groundwater levels change
Low slightly and the overlying unconsolidated formation
thickness is larger than 80 m;

— There is no groundwater withdraw or the amount of
groundwater extraction is small.
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Multi-hazard & pipeline
network (total risk)
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Semi-quantitative assessment procedures

(Risk Matrix)

Semi-quantitative assessment procedures for
pipeline geohazard risk based on index scoring
method are as follows:

a) calculate the risk probability index

b) divide the risk probability into five levels (Very
high, High, Medium, Low, Very low) in accordance
with risk probability index;

c) divide pipeline failure consequence into five
grades: A, B, C, D, E;

d)determine individual pipeline geohazard risk
in accordance with risk probability level and
pipeline failure consequence grade.

=04
£0.2) Very high| Very high | Very high | Very high | Very high | Very high
0210 <04 Higl Hig! Hig! Higl Higl Very higl
igh igh igh igh igh ery high
(0,1 t0 <0,2) g g g g g y g
Risk proba- 0,1to<0,2
bility index Medium | Moderate | Moderate | Moderate High High
and level (0,05 to <0,1)
0,05to <0,1
Low Low Low Moderate | Moderate | Moderate
(0,01 te <0,5)
<0,05
Very low Low Low Low Low Low
(=0,01)
. ) A B C D E
Risk matrix — .
Pipeline failure consequence grade

The risk probability index has specific values. Different numerical intervals correspond to relevant risk probability level.
This table shows the numerical intervals corresponding to recommended risk probability levels. However, in consideration
of the regional differences, users need to judge whether the numerical intervals are appropriate for the specific project, or
adjust the intervals to fit the specific project by taking into account the pipeline operation, local geohazard characteristics,
relevant working experience of the operator and its acceptable level of geohazard risk into consideration. With an
accumulation of application experience, the corresponding relation between the numerical intervals and levels will become
more and more reasonable and accurate.

NOTE 1 This table is based on SY/T 6828-2017, Table B.2.

NOTE 2 In the risk probability index, values outside the brackets are suitable for landslides, rockfalls, debris flows, land
subsidence, permafrost and seismic hazards. Values within the brackets are suitable for bank erosion/channel avulsion,
surface and backfill erosion, collapsible soil or other similar soil. Other hazards can be individually assessed as to the
appropriate risk probability index group.
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Way forward
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Technology & scientific data integration

Integrate Long term river dynamics

Integration of real time data derived from
field sensors (loT), satellite imageries,
drone surveys and crowd sourcing.

Integration with robust geospatial platform.

Integration of land use and land cover data
for change detection (optical and SAR
sensors)
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WebGIS based tool and near real time analysis

Geohazards
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o \/egetation analysis along ROW
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Thank you

CONTACT US
GEO CLIMATE RISK SOLUTIONS PVT LTD

- APIS, SUNRISE INCUBATION TOWER, HILL NO. 3, IT SEZ, MADHURAWADA, VISAKHAPATNAM 530048

- RESEARCH AND DEVELOPMENT CENTRE, #TP301, TECHNOPARK®@IITK, 3fP FLOOR, AEROSOL BUILDING, IIT KANPUR,
KANPUR 208016

G. PRASAD BABU,

FOUNDER AND CEO
; +91- 9810708901
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