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1. OBJECTIVES OF THIS PRESENTATION

= To share SWG's history/case studies of frac-out and
other HDD installation issues

= To discuss ideas we explored regarding mitigation of frac-out potential
during HDD installation

= To discuss new SWG policy on HDD installations on levees

US Army Corps

FFFFF ame ﬂf Engineerﬁ ! “.5.“"?




2. INTRODUCTION OF HDD (GENERAL PROCEDURE)
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Stage 1: Directional drilling
using small diameter pilot
hole along the designed
directional path (Pilot hole
drilling)

Stage 2: Enlarging the
pilot hole to a diameter
suitable for installation of
the pipeline (Reaming
the pilot hole)

Stage 3: Pulling the
pipeline back into
the enlarged hole
(Pulling back)
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2.1 HDD INSTALLATION

Drill Bit: mechanical cutting Solids Laden Drilling Fluid;
structure. hydraulic conveyance of
formation cuttings through
annulus back to drillmg rig.-
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Reference: Ali Rostami, et al, “Drilling Fluid Management During HDD”, Trenchless Technology 2014
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2.2 MONITORING FOR FLUID RELEASE

Annular pressure should be monitored closely for spikes and compared against the maximum
allowable pressure. Frac-out occurs when the annular pressure is greater than the maximum
allowable pressure.
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ANNULAR AND MAXIMUM ALLOWABLE PRESSURES CHART
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Reference: Paul Yassa, “Hydraulic fracture Model in Horizontal Directional Drilling”, 2015
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2.3 HDD DESIGN AND CONSTRUCTION
CONSIDERATIONS

= Frac-Out simply means drilling fluid is released (or there is mud loss) to the ground
surface during HDD installation.

= Dirilling fluid release (or mud loss) has become a critical issue which engineers and
contractors face during HDD because Frac-Out causes project delays and poses grave
risks in environmental sensitive and urban areas.

= [|tis important to monitor the annular pressure and ensure it does not rise above the
maximum allowable pressure in the borehole during HDD installation

= Annular Pressure: the pressure in the borehole annulus at the drill bit consisting of the
hydrostatic pressure exerted by the drilling fluid column above the drill bit and the
pressure from the buildup of cuttings. This pressure can be monitored from sensor
attached at the drill bit.

= Maximum allowable pressure: the pressure from soil surrounding the borehole to

contain the annual pressure before the frac-out occurrences. This pressure is
estimated with soil’s shear strength and the overburden pressure.

Reference: Paul Yassa, “Hydraulic fracure Model in Horizontal Directional Drilling”, 2015 US Army Corps
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POTENTIAL HDD FAILURES

Failure Source Cause(s)

Geotechnical Exploration Soil borings not deep enough

Soil borings not frequent enough

Soil borings located on top of proposed pipe alignment

Insufficient soil information obtained

Design Utility/structure conflicts (SUE locates)

Inadequate staging area

Staging too close to obstacle

3D alignment proposed

Drill calculations not completed

Drill angle of attack too shallow

Drill radius too small

Drill depth at mixed face soil conditions

Insufficient overburden/cover

Soft soils

Improper pipe specified

Flooded vs. unflooded installation

Lack of constructability review

Construction Equipment in disrepair

Wrong drill rig for the job

Wrong drill head for soil conditions

Drill change by contractor

Improper drilling fluid used

Hydro-fracture

Problematic soils causing the contractor to seek better soils

._' L7 .\
Reference: Blake Peters, et al, “Can You See It Coming? Examining and Mitigating the Common Causes of HDD EJ

o ) US Army Corps
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2.4 FRAC OUT PATTERNS

adial fracture:

Hydraulic Fracture

Damaged zone

Reference: Safari, et al, “Integrating Reservoir and Geomechanical Models to Compare the Productivity of Shale
Reservoirs Using Different fracure Techniques.” Society of Petroleum Engineers, Unconventional Resources
Conference and Exhibition-Asia Pacific, Brisbane, Australia, 2013

Plustic Zone

Reference: Hongwei Xia, “Investigation of maximum mud pressure within sand and clay during HDD”,
Phd Thesis, Queen’s University, Ontario, CA, 2009
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3. SWG’S HISTORY AND CASE STUDIES OF FRAC-OUT

There have been 11 cases of hydraulic fractrure of HDD installations in SWG: 7
from Freeport Levee system, 3 from Texas Levee System, 1 from Lynchburg Levee

System.
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US Army Corps
of Engineers *

*




Freeport and Vicinity
Hurricane Flood
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Hydrofracture in Freeport Levee system (1)

——

TR

e —

i .

===

Ba Whsevees S T—

—_———

-
E9BrazosSg

y~ s f Ty
' Frac out during HDD of Federal

: al -~ /
oil reserve pipeline, 1980's time A - .
frame. ™ s B ‘

US Army Corps
of Engineers *

*

.5.ARMY




Hydrofracture in Freeport Levee system (2)

&

Frac out in the late 80's early 90's,
VDD board knows details

VDD means
Velasco Drainage
District

who is the sponsor
of Freeport Levee
System
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Hydrofracture in Freeport Levee system (3)

1200 feet

Frac out outside of project right of way,
continued HDD no further issues. 2014 time
frame

US Army Corps
of Engineers *




Hydrofracture in Freeport Levee system (4)

Frac out, HDD stopped switch
to Direct Pipe. 2015 timeframe
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Hydrofracture in Freeport Levee system (5)

Frac out outside of levee
right of way, within
pressure monitoring zone.
Drilling stopped pipeline
went up and over, no
more HDD at this location

: 2 % US Army Corps
2015 timeframe : of Engineers *




Hydrofracture in Freeport Levee system (6)
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Hydrofracture in Freeport Levee system (7)

Frac out through flood side levee
crown during HDD. Do not recall year
that it happened. VDD has
documentation of event and repair.
Repair was removal and
re-compaction of the flood side of the
embankment

VDD means
Velasco Drainage
District

who is the sponsor
of Freeport Levee
System
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Texas City and Vicinity Hurricane Flood Protect

« Larasae
.3 GrEEn I5cx SIESTA

' { Dickinson Bo
. BRan Guex = - X Loke SHORES
- mea : ol
ESTATES = - ’
'

ON PLace

\ Hydraulic Fill
Levee
Galveston Bay

Murile Camp Re

s[é 226+

i

PA ACE 901:1-—« r
- Scorrsoare Estares

B Matea m(
M

""“'vee» wﬂ'/\ 4 : ey Jvy e =g Hydraulic Fill

Laxe Wesy [su ts

-’ -
AT, 2| ' " Levee

B SR rac-out 9
. :\/" Lv N J“ \ -
o 20155 tlme rame

Jk, Frac out 8:

. pump_station_poinf : : ' ' : A _ | s ' . A 749+20 to
= closure_structure_line Par WY - TA 751 +68

floodwall_line
levee_centerline

] leveed_area




Hydrofracture in Texas City Levee system (8)

Frac out during HDD of DOE pipeline installation
that also frac out at Freeport tide gate wall. 1980'3'
time frame
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Hydrofracture in Texas City Levee system (9)

Frac out during HDD, miht have been through a
previous core boring hole. HDD continued with no
issues. 2015 time frame
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Hydrofracture |n Texas Clty Levee system (10)

’ Most recent frac out
“JThe issue with this frac-out seemed to stem

gfrom poor drilling procedures. The drillers

#*had couple of days break during the
installation time frame. This is why we need
non-stop installation once the contractor
began the drilling until complete the
operation.
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Lynchburg and Vicinity Hurricane Flood Protect
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Hydrofracture |n Lynchburg Levee system (11)

Frac out dunng HDD Chevron plpellne Frac out
occurred during second reaming pass. Drill
continued no remediation due to levee
configuration. 2013 time frame

N
igependenceiritty

The drillers did not seem to properly watch the
pressures during the drilling and there was a spike
in pressure. The fluids were not noticed until there
were significant amounts of visible mud. Also,
there was mud coming through the top of the
embankment on the shoulder of the road, not just
the toe of the levee
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Five Major Reasons Presumed for the Eleven frac-Outs above

(1) The equation (Delft University’s equation) used for maximum allowable
pressures may not be accurate in all cases due to different site conditions and
assumptions.

(2) Beaumont clay may not be suitable soil in many cases for HDD installation
(Beaumont clay is a local soil deposit in Texas Gulf Coastal Areas).

(3) Untrained or inexperienced driller’s operation. These drillers do not
understand

how to keep from having pressure spikes during the drilling.

* Control progress (I.E. Limit Speed)

* Monitoring pressure & drill mud return, both quantity & condition

(4) Soil boring holes that were not properly grouted.

(5) Tension crack lines developed from clay’s desiccation during dry season.

US Army Corps
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(1) The equation (Delft equation) used for maximum allowable pressures may
not be accurate due to different site conditions and assumptions.

There are two dominant soil failure mechanism associated with fluid mud loss
regarding frac-out: Shear Failure and Tensile Failure

Shear ‘ .

stress T - Tensile
fracture
criterion

'.-.r"
/
[

a, a.

‘ ! Normal stress o, T,

Reference: “Hydraulic fracuring: A Review of theory and field experience”, Reference: “Hydraulic fracuring: A Review of theory and field experience”,
British Geological survey, 2015 British Geological survey, 2015

.\ I f Slow and }H Quick and

progressive ,..;l‘"J""'h sudden
O developing % N developing

b. Tensile failure - hydraulic fracturing

Ik &I
Reference: Hongwei Xia, “Investigation of | N I

maximum mud pressure within sand and clay

Reference: Hongwei Xia, “Investigation of maximum mud pressure within sand during HDD”, Phd Thesis, Queen’s University, us Army CDI'PS
and clay during HDD”, Phd Thesis, Queen’s University, Ontario, CA, 2009 Ontario, CA, 2009 of EI"IQ[I'IE'EI'E i

a. Shear failure - blowout




What is Tensile Failure?

— —
t -t :: Yo
Tensile —_ -"n failure ot
- o
fn-;u:tt.lre - - Cov
criterion -~

4 Tﬂ

Reference: “Hydraulic fracuring: A Review of theory and field experience”,
British Geological survey, 2015

A Soil Triaxial
Testing System

Triaxial Test for Hydrofracuring Experiment
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Reference: Duncan et al, “Hydraulic fracuring in zoned earth & Rockfill”,

ERDC in USACE, 1973
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The equation (Delft University equation) used for maximum allowable

pressures may not be accurate due to different site conditions and assumptions.

Delft equation was developed based on shear failure
and was accepted by USACE since 2003 as “the
state-of-art” practice to estimate the maximum mud
pressure in clay and sand soils for HDD operation.
Also, the assumptions of this Delft University’s
equation can be summarized as follows:

* The borehole is axially symmetric, and the soil
medium homogeneous, isotropic, and of infinite
size

*  The soil medium is approximated to have an
isotropic initial stress condition (i.e. K,=1).

* Its response is modeled as elastic until the onset
of shear failure, defined using the Mohr-
Coulomb failure criterion as a function of
cohesion and friction angle.

* |ncrements of elastic deformation follow Hook’s
law

* Elastic deformations in the plastic zone are
neglected

* Volume change in the plastic zone is assumed to
be zero

What if the soil is non-homogenous, non-isotropic
(anisotropic), and non-shear failure?

— Sin ¢
1+5in ¢

Al R .
Pum:('p_r*'ﬂﬂmﬁ?“—ﬂ +0 —ccotg
P max [
where:
an Maximum allowable mud pressure

Pf Mud pressure at onset of plastic failure
P, =0c,(1+sin@) +c(cos @)
c}'; Initial effective stress

¢@ Internal friction angle
¢  GCohesion of hosting soil
() A function of the shear modulus and effective stress
0-= G, (sin @) + c(cosg)

| G
Shear modulus

G
R, Initial radius of the borehole
R,

max Maximum allowable radius of the plastic zone

*
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Our Approach to Solve Frac-Out Problem During HDD
Installation
« Requiring very high factor of safety

« IN THE PAST, we could allow a lower factor of safety for a
clay layer, if a relatively thick layer of sand is overlying the
clay layer.

« If the sand layer is relatively shallow, the sand layer may act
as a conduit for transmitting the fluid pressure further away
which can extend the frac-out areas.

« BUT Saoil is not always homogenous

* Providing Construction Oversight U .
of E%TH&E?;P'S




TEXAS CITY HDD FRAC-OUT CASE STUDY

Most Recent Hydrofracture (or Frac Out) in Texas City Levee system (10)

Proposed HDD Route NWI Wetland Type Freshwater Forested/Shrub Wetland [§

Estuarine and Marine Deepwater

= Levee Centerline Freshwater Pond

Estuarine and Marine Wetland

Proposed Tank Farm Area Lake

E] 100 Year Flood Zone Freshwater Emergent Wetland

.Silt
Basins

Continued : .
Landfarm . / * Proposed Tank
Treatment Area : " FarmArea
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Photo for Locations of Hydrofractures

% 250N
A
7z }Q{\




Photo for Locations of Hydrofractures




Section Profile of
Most Recent Hydrofracture (or Frac Out) in Texas City Levee system (10)
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BORING LOG FROFILE
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Annular Pressure Chart
Most Recent Hydrofracture (or Frac Out) in Texas City Levee system
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Repair (or Mitigation) Method for
Most Recent Hydrofracture (or Frac Out) in Texas City Levee system (10)

- The repair (or mitigation) options were established based on mainly
seepage potential and slope stability as follows:

(1) Sheet pile to EL-26’ on the flood side of the levee
(2) Overbuild with 25’ clay on the protected side of the levee

(3) Construct a clay toe buttress from EL +8’ to the natural grade
extending horizontally 44’ from the overbuild

- The analyses of seepage and slope stability were performed for the above
repair (or mitigation).

- Both long-term and short tem cases were conducted for the above analyses.
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Plan View for Repair (or Mitigation) Method
Most Recent Hydrofracture (or Frac Out) in Texas City Levee system (10)
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ELEVATION {ft)

Section View for Repair (or Mitigation) Method
Most Recent Hydrofracture (or Frac Out) in Texas City Levee system (10)
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DISCUSSION




