Response of Petro Pipelines
to Longwall Subsidence

Gennaro (Jerry) Marino, Ph.D., P.E., D.GE




INTRODUCTION



OUTLINE

» Longwall Mining

Subsidence Movements

v

Subsidence Response

v

v

Subsidence Damage

Subsidence Damage Mitigation

>

MARINO ENGINEERING ASSOCIATES, INC.©




LONGWALL MINING



MINING METHODS - LONGWALL MINING

pgoOoooooaooooooaeaopg g
0 g ‘;mmnrmmgc; gm
Q entries %E /%%g Gate gmries g[]
- unde
D %E/ Mined %3% developrrnent Dg
it jEZ?%/ U s
0 A A A
0 éééjE /A0 oH
i Mined/]D g4 ol
04 out i T- junctions i oY
o5 i B i
D';%%V s gt ot
U /jg*‘l-\ctive DE DB
0 /:] tailgate 0 0
0 a O
g /%%D [_"'BD SD Recovery
0 %q!rlrier éjg Active GB DB stall
illars headaate
gzl el e/
sl g [ Jg [ ﬁ 55 [ Bl
aa O aa O DD‘ 0 0o O ao

J0000800000000N0000000NAO 000 00080a0a000a039ac
JoCoaannonor/raa00o0o/ o/ a00aooazangonons zaoac
J00NOD4A0000NODA0000NOgOO000oaNOoooooooosacat
J0000000000000000000000000000000000000000CC
J00O000000000o00o0noo0ooooooonoooooaooooooooac

1agf gQad 100 / 100f a0
Main entries

SCHEMATIC OF LONGWALL MINING TECHNIQUE (MARK, 1990)

E

A= A
MARINO ENGINEERING ASSOCIATES, INC.©




MINING METHODS - LONGWALL MINING
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MINE SUBSIDENCE
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MINE SUBSIDENCE

[«— DRAW ZONE —| ,ﬁ ORIGINAL GROUND SURFACE

\ P
\/

Z SUBSIDENCE PROFILE

o ANGLE OF DRAW

/ RIB LINE
I
le——— MINED-OUT PANEL ———»

SUBSIDENCE PROFILE OF A LONGWALL PANEL

MARINO ENGINEERING ASSOCIATES, INC.©




MINE SUBSIDENCE
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LONGWALL SUBSIDENCE
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MINE SUBSIDENCE
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MINE SUBSIDENCE
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MINE SUBSIDENCE

DISTANCE ACROSS THE PANELS

-~ — —
- - - -
- - -
- - % -

PANEL PANEL PANEL

SUBSIDENCE

A= A
MARINO ENGINEERING ASSOCIATES, INC.©




MINE SUBSIDENCE

Location Flmas! Smax
lllinois Basin 0.11-0.41
VWyoming 0.23-0.28
U.S. Appalachian Field 0.3
Germany 0.35-0.45
USSR 0.3-0.35
France 0.4
Great Britain 0.04-0.32

Averages: 0.22

Reference

Lin, et al., 1996
O'Rourke, T.D. and Turner S.M., 1979
Peng, S.S. and Luo, Y., 1991
Van Roosndall, D.J., et al., 1997
Inhouse files
Peng and Geng, 1982
Brauner, 1973
Brauner, 1973
Brauner, 1973
Breeds, 1976
all
0.15 limestone classes
0.24 others

MAXIMUM HORIZONTAL TO VERTICAL DISPLACEMENT RATIOS,
Huax/Smax FROM LONGWALL MINING
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COATING ORIGINAL POSITION
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SUBSIDENCE RESPONSE/PREDICTION

SUBSIDENCE

SUBSIDENCE PROFILE ANALYSIS




MAXIMUM SUBSIDENCE, FT.

SUBSIDENCE RESPONSE/PREDICTION
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SUBSIDENCE RESPONSE/PREDICTION
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MINE SUBSIDENCE RESPONSE
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MINE SUBSIDENCE RESPONSE
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MINE SUBSIDENCE RESPONSE

~(UNDRAINED BEHAVIOR)
SATURATED COHESIVE FILL

(DRAINED BEHAVIOR)
SATURATED SAND FILL

SLIP RESISTANCE

(assuming same effective friction angle)

RATES OF HORIZONTAL MOVEMENT
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MINE SUBSIDENCE RESPONSE
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MINE SUBSIDENCE RESPONSE
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MINE SUBSIDENCE RESPONSE
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MINE SUBSIDENCE RESPONSE

Alert Level Action

Moderate Stress - More frequent/close monitoring of survey/strain
readings with modeling to better understand pipeline
response and to identify magnitude(s) and location(s)
of peak stress.

High Stress - For better accuracy monitoring based on modeled
peak stress conditions. If necessary, perform effective
decoupling. Lowering operating pressure to maintain
stress level below acceptable limit at least until
mitigation measures are in place, if needed.

Threshold - Based on modeled peak stress conditions. Where
reduction to minimum operating pressure is
inadequate, possible line shutdown until decoupling of
pipeline, and lower pipe stress verified.
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SUBSIDENCE DAMAGE
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SUBSIDENCE DAMAGE
MITIGATION




SUBSIDENCE DAMAGE MITIGATION

» IMPLEMENTED APPROACHES: A FUNCTION OF RISK
TOLERANCE
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SUBSIDENCE DAMAGE MITIGATION

» SURFACE METHODS
» UNDERGROUND MEASURES




SUBSIDENCE DAMAGE MITIGATION

PIPELINE MITIGATION ALTERNATIVES - LONGWALL

TYPE MEASURES
e Leave protection block of trona.
e Void fill behind longwall by grouting.
MINE LEVEL * Reduce extraction height.

* Reduce panel face and increase chain pillar support.

e Leave room and pillar protection area.

e Panel Orientation

AN = I
MARING ENGINEERING ASSOCIATES, INC.©




SUBSIDENCE DAMAGE MITIGATION

PIPELINE MITIGATION ALTERNATIVES - LONGWALL

TYPE MEASURES

e Relocate pipe outside subsidence area.

e Install temporary line above ground surface on ROW -
segment and monitor permanent pipe - monitorin
place pipe.

SURFACE:
MOVELINE [e [nstall temporary line above ground surface on ROW,
install expansion joints or sleeves at predetermined
intervals, and reconnect to permanent line - monitor
pipe and reduce fluid pressure as needed.
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SUBSIDENCE DAMAGE MITIGATION

PIPELINE MITIGATION ALTERNATIVES — LONGWALL

TYPE

MEASURES

PIPE DECOUPLING

e Uncover all or portions of the pipeline and monitor.
Reduce internal pressure if necessary.

e Install protective cover and backfill pipe - monitor
pipe. Reduce internal pressure if necessary.

e Install "slip" interface around pipe - monitor pipe
and reduce internal pressure if necessary.

PIPE DEFLECTION CONTROL

e Uncover pipe in severe subsidence curvature areas.
Support and control delection of pipe with cribbing/
airbags. Reduce internal pressure if necessary.

e Uncover pipe in severe subsidence curvature areas.
Undercut subgrade where required to control
deflections. Monitor pipe. Reduce internal pressure if
necessary.

e Suspending pipe off twin steel beam across the trench
via hanging rods which are bolted to a steel hoop
secured around the pipe. Rods are treaded to allow
vertical adjustment. Also use of bracing to prevent
lateral movement inside the trench. Monitor pipe.
Reduce internal pressure if necessary.

e Uncover pipe in severe curvature areas. Preset
pipeline elevations prior to subsidence to control
resulting subsidence-induced bending. Monitor pipe.

Reduce internal pressure if necessary.

A = A
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SUBSIDENCE DAMAGE MITIGATION

PIPELINE MITIGATION ALTERNATIVES — LONGWALL

TYPE MEASURES
e Relocate pipe outside subsidence area.
FUTURE * |nstall expansion/contraction sleeves or joints along
PIPELINE pipeline - monitor pipe.
INSTALLATIONS | e Install protective cover/"slip" interface - monitor
pipe.
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SURFACE METHODS

Antenna *

900 MHZ
interface I::I

Control
datalogger I::I

To phone line/ ¢—
internet connection Antenna
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SUMMARY

» MORE ADVANCED ASPECTS DISCUSSED

» USE OF ADVANCED SUBSIDENCE ENGINEERING
METHODOLOGY CAN BE OF BENEFIT

» WITH BETTER UNDERSTANDING OF THE
PROBLEM, THE BETTER THE HANDLING OF
THE PROBLEM
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QUESTIONS?

Thank You!




	Response of Petro Pipelines to Longwall Subsidence
	INTRODUCTION
		OUTLINE
	LONGWALL MINING
	MINING METHODS – LONGWALL MINING
	MINING METHODS – LONGWALL MINING
	MINING METHODS – LONGWALL MINING
	MINE SUBSIDENCE
	MINE SUBSIDENCE
	MINE SUBSIDENCE
	MINE SUBSIDENCE
	LONGWALL SUBSIDENCE
	MINE SUBSIDENCE
	MINE SUBSIDENCE
	MINE SUBSIDENCE
	MINE SUBSIDENCE
	SUBSIDENCE RESPONSE�
	Slide Number 18
	SUBSIDENCE RESPONSE/PREDICTION
	SUBSIDENCE RESPONSE/PREDICTION
	SUBSIDENCE RESPONSE/PREDICTION
	SUBSIDENCE RESPONSE/PREDICTION
	MINE SUBSIDENCE RESPONSE
	MINE SUBSIDENCE RESPONSE
	Slide Number 25
	MINE SUBSIDENCE RESPONSE
	MINE SUBSIDENCE RESPONSE
	MINE SUBSIDENCE RESPONSE
	MINE SUBSIDENCE RESPONSE
	SUBSIDENCE DAMAGE
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	SUBSIDENCE DAMAGE MITIGATION
	SUBSIDENCE DAMAGE MITIGATION
	SUBSIDENCE DAMAGE MITIGATION
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	SURFACE METHODS
	Slide Number 44
	Slide Number 45
	Slide Number 46
	QUESTIONS?���	Thank You!

