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1. PROJECT DESCRIPTION
The Viking CCS Pipeline (‘the Proposed Development') comprises a new 24 ’’ (609 mm)
diameter onshore pipeline of approximately 55.5 km in length, which will transport Carbon
Dioxide (CO2) from the Immingham industrial area to the Theddlethorpe area on the
Lincolnshire coast, where it will connect into the existing 36 ’’ (921 mm) diameter offshore
LOGGS pipeline.
The Proposed Development is an integral part of the overall Viking CCS Project, which
intends to transport compressed and conditioned CO2 received at a facility at Immingham
to store in depleted gas reservoirs under the Southern North Sea. The offshore elements
of the Viking CCS Project, including the transport of CO2 through the LOGGS pipeline to
the Viking gas fields under the North Sea, are subject to a separate consenting process.
The key components of the Proposed Development comprise:

 Immingham Facility;

 Approximately 55.5 km 24 inch (”) onshore steel pipeline (including cathodic
protection);

 Three Block Valve Stations;

 Theddlethorpe Facility;

 Existing LOGGS pipeline and isolation valve to the extent of the Order Limits
at Mean Low Water Springs (MLWS);

 Permanent access to facilities;

 Mitigation and landscaping works;

 Temporary construction compounds, laydown, parking and welfare facilities;

 Temporary access points during construction.
Further details of each element of the Proposed Development are set out in
Environmental Statement Volume II Chapter 3 Description of the Proposed Development
(Application Document 6.2.3).

2. SCOPE OF THE DOCUMENT
This technical note is to summarise the application of ‘Bentonite’ in the trenchless pipeline
construction, its potential risks and proposed mitigation measures for the HDD crossings
on Viking CCS Onshore Pipeline.

3. DEFINITIONS AND ABBREVIATIONS

3.1 Abbreviations
Table 1 – Abbreviations

Abbreviation Definition
CO2 Carbon Dioxide
BEIS Business, Energy & Industrial Strategy
BGS British Geological Survey
CCS Carbon Capture and Storage



Abbreviation Definition
CDM The Construction (Design and Management) Regulations
CEFAS The Centre for Environment, Fisheries and Aquaculture Science
DCO Development Consent Order
FEED Front End Engineering Design
HDD Horizontal Directional Drilling
OSPAR Oslo and Paris
PLONOR Poses Little Or No Risk to the Environment

4. HORIZONTAL DIRECTIONAL DRILLING

4.1 General
Horizontal Directional Drilling (HDD) is a trenchless technology that allows installation of
underground pipelines along a bore path with minimal impact on the surrounding area.
The process starts with drilling a pilot hole from a designated entry point using an HDD
drilling machine. This hole is gradually extended until it reaches the required length, and
the drill head surfaces at the exit point. The operator guides the drill head using a tracking
wire placed aboveground. Once the pilot hole is completed, it is enlarged in multiple
stages using reamers until it reaches the required diameter for the pipeline. Finally, the
pipe string, which is fabricated aboveground is pulled back through the borehole.
In HDD, drilling fluid is a critical component. It is injected into the hole to perform several
functions, including the borehole stabilisation and transportation of the excavated spoils
to the surface. The drilling fluid that resurfaces at the rig site will undergo recycling and
will be reused.
The primary ingredient of this fluid is fresh water. To enable the water to carry out the
tasks outlined in section 4.4, it is often necessary to alter its properties by incorporating a
viscosifier. The viscosifier predominantly used is Bentonite, a mined naturally occurred
clay.

4.2 Bentonite
Bentonite serves as the fundamental base of the drilling fluid. It is extracted from the earth,
processed into a dried, finely ground powder, and then transported to the drilling site. At
the site, the Bentonite powder is rehydrated in a temporary mix tank using fresh water.
Bentonite is chosen for its unique properties. It has excellent fluid loss control and
suspension properties, which help to stabilise the borehole walls. Bentonite forms a thin,
gel-like layer on the walls that prevents drilling fluids from seeping into the surrounding
soil, which would destabilise the borehole. It also prevents water ingress into the  borehole
and thus becoming a transient route.
In addition to Bentonite, the drilling fluid incorporates carefully selected additives to
manage its rheological properties. These additives ensure the fluid exhibits the desired
characteristics under the varying conditions encountered during the drilling process.
Bentonite has a neutral pH level (8-9) and grain size less than 60 microns

4.3 Classification of Bentonite



Bentonite is not classified as a physical, health, or environmental hazard according to GB-
CLP Regulations UK SI 2019/720 and UK SI 2020/1567. It is classified as non-hazardous
dangerous under Regulation EC 1272/2008 (CLP). Under regulation directive
67/548/EEC and 1999/45/EC, Bentonite does not require labelling as it is not hazardous.
Refer to Appendix A for Material Safety Datasheet of Bentonite.

4.4 Bentonite Uses
Drilling fluid, a composite primarily composed of Bentonite and fresh water, plays a pivotal
role in Horizontal Directional Drilling (HDD) operations. Its functions, which are important
to the success of the drilling process are as follows:

 Powering the Mud Motor: The drilling fluid is responsible for transmitting the
necessary power to the downhole motor, also known as the mud motor. This
power is essential for turning the drilling/ cutting head (known as the bit),
thereby mechanically drilling the pilot hole.

 Hydraulic Excavation: The drilling fluid aids in the hydraulic excavation
process. High velocity fluid streams, directed from jet nozzles on bits or
reaming tools, erode the soil, effectively excavating the borehole.

 Transportation of Spoil: The spoil, which consists of excavated soil or rock
cuttings, is suspended in the drilling fluid. This fluid stream, flowing in the
annular space (the space between the borehole and the pipe), carries the spoil
towards the surface along the borehole to the HDD entry point.

 Friction Reduction: The drilling fluid serves as a lubricant for the drill string
during the drilling phases and for the fabricated pipe during the pullback phase.
This reduces friction and facilitates smoother operations (i.e. reduces torque
and pull loads).

 Cooling and Cleaning of Cutters/Reamers: The drilling fluid is instrumental
in cooling and cleaning the cutters or reamers. High velocity fluid streams
directed at the cutters remove any build-up of drilled spoil. Additionally, the fluid
cools the cutters, preventing overheating.

 Hole Stabilization: The drilling fluid stabilizes the drilled or reamed hole, a
critical aspect in HDD pipeline installation, especially since holes are typically
in soft soil formations and are uncased. Stabilization is achieved by the drilling
fluid forming a wall cake and exerting a positive pressure on the borehole wall.
Ideally, the wall cake seals pores and creates a bridging mechanism to hold
soil particles in place.

 Creation of a Filter Cake: The drilling fluid forms a filter cake against the wall
of the borehole. This minimizes the risk of loss of drilling fluid and prevents the
influx of groundwater into the borehole.

The use of bentonite has a number of additional environmental benefits:

 It is a natural material without any artificial chemicals;

 It is recyclable;

4.5 Bentonite Concentrations
The characteristics of drilling fluid, especially the viscosity, can be adjusted during the
drilling phases by changing the structure of the composite. The drilling fluid is typically
between 13 litres (30kg) and 35 litres (80kg) of dry Bentonite clay per cubic meter of
water. While higher concentrations enhance cuttings recovery, they may slow down the



drilling operations which may not be ideal. The right concentration is selected to achieve
a balance between efficient drilling and effective cuttings management based on soil/
ground condition.

5. BENTONITE BREAKOUT RISK

5.1 General
HDD is a very common technique for the installation of pipe lines and the risks associated
with it are well understood. Based on industry experience, carefully planned design and
skilled execution by competent HDD contractor the risks of a bentonite breakout are
minimised. The main risks associated with HDD are outlined below and risk mitigation is
detailed further in Section 6

5.2 Hydro-fracture
Hydro-fracture, also known as “frac-out” or “surface breakout”, is an inadvertent return of
drilling fluids to the surface along the HDD path. The surface breakout of drilling fluid
(Bentonite) may occur close to the entry and exit points of an HDD primarily due to the
drill being shallower
Infrequently, drilling fluid may break out of the bore in cases of highly fissured clay,
gravels, or where large, interconnected fissures exist in the ground.
Drilling fluid breakout may also occur where manmade features, such as old soil
investigation boreholes, are present. In the event of egress of drilling fluid from the bore,
it is only likely to reach ground level where there is a continuous path available to the
surface.

5.3 Loss to Ground
When drilling in ground with high permeability (e.g. peat) or voids (e.g. chalk) drilling fluid
has the potential to be lost to the surrounding ground. However, under normal
circumstances, this is not a common occurrence in HDD operations. The reason lies in
the nature of the drilling fluid used, which is a thixotropic fluid with high viscosity. This
means that the fluid is viscous when at rest, but flows easily when agitated or stressed.
This high-viscosity fluid plays a crucial role in the drilling process. As the drill bores
through the ground, the fluid effectively seals the wall of the drill hole. This sealing action
prevents the fluid from escaping into the surrounding ground, thereby minimising the risk
of fluid loss.

BENTONITE BREAKOUT RISK MITIGATION

5.4 Prevention
As previously stated HDD is a proven technique for pipeline installation with well
understood risks. The following section outlines the methods for mitigating these risks.

5.4.1 HDD Design
Bentonite breakout mitigation starts with a suitable design of HDD drilling path. The site
geology shall be reviewed by an HDD design specialist to ensure that the risk of hydro-
fracture is minimised for the intended HDD drilling path.
The HDD alignment profile and soil geological layers will be assessed for the risk of
breakout using hydro-fracture modelling.



The design of the drill profile is another critical factor in preventing fluid loss. The ground
conditions will be carefully considered to understand its potential permeability and the drill
profile will be designed to further reduce the risk of fluid loss to the ground . This careful
planning and design process, combined with the use of high-viscosity drilling fluid,
ensures the integrity of the drill operation while minimizing environmental impact.

There are several major crossings along the pipeline route that are planned to be
constructed using HDD method based on early-FEED preliminary assessments.
Locations, lengths, and underlaying ground geology of these crossings are summarised
in the following table. The underlaying ground geology is this table is based on nearby
British Geological Survey (BGS) records borehole data.

Table 2 – Viking HDD crossings locations.

Name/ Location Crossed
Feature

Approx.
Length

(m)
Geology

Childrens Ave
(KP1.7) Woodland 636

TA11NE1 borehole data indicates that a chalk layer
encountered from a depth of 36m. The layers above
the chalk, consist of chalk bearing and clay.

North Beck Drain
(KP8.1) Watercourse 540

TA11SE66 borehole data indicates that a chalk layer
encountered from a depth of 23m. The layers above
the chalk, consist of chalk bearing and clay.

Waithe Beck
KP(20.3) Watercourse 301

TA11SE66 borehole data indicates that a chalk layer
encountered from a depth of 22m. The layers above
the chalk, consist of clay and gravel.

Louth Canal/River
Ludd KP(39.5) Watercourse 544

TF38NW179 borehole data indicates that a chalk layer
encountered from a depth of 20m. The layers above
the chalk, consist of sand, clay, and chalk mixture.

Old Engine Drain /
Great Eau
(KP52.3)

Watercourse 384
TF48NE59 borehole data indicates that a chalk layer
encountered from a depth of 25m. The layers above
the chalk, consist of sand and clay.

NGT Site
Development
(KP55.0)

Watercourse 466
TF48NE14 borehole data indicates that a chalk layer
encountered from a depth of 39m. The layers above
the chalk, consist of sand and clay.

The HDD profile design will be finalised based on the results of the ground investigation.
The drilling depth of HDDs shall be optimised to minimise the risk of the bentonite
breakout.

5.4.2 Hydro-Fracture Assessment
A theoretical calculation of hydro-fracture for each HDD crossing will be produced by a
competent contractor. This calculation will be graphed along the HDD crossing length as
shown in below figure as an example.



Figure 1 – Typical Hydro-fracture Assessment Results

The variation in pressures along the borehole is shown in above figure, where the
permissible boreholes Maximum Allowable Effective Mud Pressure (Pemax) and Maximum
Allowable Mud Pressure (Pmax) are shown.
The Annular Pressure is a key profile during the HDD operation, since it relays the
pressure in the borehole based upon the drill fluid return flow. This pressure varies as the
borehole progresses and is the sum of the static head and friction (flow) head. Along the
HDD bore, the annular pressure shall be maintained below Pemax in order to not exceed
the allowable pressure and potential risk of a hydro-fracture breakout.

5.4.3 Annular Pressure Monitoring
An essential tool for monitoring the state of the borehole is Downhole Annular Pressure
Monitoring. This tool, supplied as a standard add-on to the guidance equipment,
measures the pressure in the borehole annulus in real-time. The actual value can be
compared to limit values calculated from hydro-fracture analysis to avoid damaging the
ground surrounding the HDD during borehole drilling.
By avoiding over-pressuring of the surrounding ground, the probability of surface breakout
is significantly reduced. This approach ensures that risk has been controlled as far as
reasonably practicable.

5.4.4 Drilling Procedure
A key step in preventing breakout is the efficient removal of cuttings from the borehole.
Cuttings that are not removed form beds at the base of the borehole, reducing its cross-
sectional area. This reduction leads to an increase in annular pressure, thereby increasing
the risk of hydro-fracture. Furthermore, cuttings in the borehole can lead to increased
drilling forces, especially torque, potentially causing equipment to break/ fail and become
lost or stuck downhole. To mitigate these risks, the HDD operator will proactively ensure
that cuttings are effectively removed, this will significantly reduce the risk of both breakout
and equipment getting stuck.
During drilling, the bentonite volume returning to the entry pit will be monitored and any
reduction in volume shall be investigated. Particular attention shall be paid to the area
around the drilling head. During drilling, a team shall walk the drill alignment, checking for
breakout throughout the operation. If detected, drilling shall be immediately stopped.



5.5 Detection
Bentonite breakouts are most likely to occur when the fluid is under pressure. Therefore,
during drilling operations, the HDD site will be monitored by competent and experienced
personnel. The area to be monitored will include a radius of 100m from the drilling head.
The site shall be divided into manageable areas that will be checked regularly. Records
shall be made of these inspections for tracking changes over time and identifying potential
issues as early as possible.
Competent personnel will also be assigned towalk the drill alignment as far as reasonably
practicable within the agreed site boundaries. This team will be responsible for checking
and observing for any signs of breakout, such as changes in the ground surface or
unusual fluid seepage. They shall report any findings, including the location and volume
of bentonite exposure.
Throughout the drilling operation the drilling supervisor and the HDD operator shall work
together to determine the ideal blend of water and bentonite (and other additives as
maybe necessary) to optimise the drilling process in the ground conditions. The HDD
drilling operator shall continuously monitor and adjusts the flow and down hole fluid
pressures and shall have sufficient experience to recognise a possible breakout.

2-way communication system (e.g. 2 Way Radio) for HDD construction site
communication between the monitoring/ patrolling team(s), HDD rig operator and the
bentonite breakout emergency response team. This is to ensure that the HDD rig operator
stops drilling immediately and the emergency response team can be dispatched to the
site, if a breakout is detected, to minimise any environmental impact.

5.6 Emergency Response (Breakout Management Plan)
A comprehensive Breakout Management Plan as part of its emergency response plan.
This plan will conduct a thorough risk assessment for potential breakouts of drilling fluid
(Bentonite). The Breakout Management Plan will incorporate the following measures:

 Drilling Suspension Protocols: Procedures will be in place to ensure
immediate cessation of drilling operations if a breakout is reported. This is
required to prevent further escalation of the situation.

 Breakout Containment Strategies: This could involve the use of containment
booms, absorbent materials, or other specialized equipment.

 Fluid Removal and Cleanup Procedures:  A comprehensive plan will detail
the procedures for the safe and efficient response to a breakout ensuring
minimal environmental impact.

Incident Recording and Reporting: A systematic process shall be established for
recording and reporting of any potential breakout incidents. This shall include details of
the probable incident, actions taken, and recommendations for potential future prevention.



APPENDIX - A
EXAMPLE BENTONITE MATERIAL SAFETY DATA SHEET






























