ect of Sediment Transport on
”jlpellne Stability

Winthrop Professor Liang Cheng
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2 Ce Jnrr}s ites > ¢ 40b/year to Australlan
dcop) J; 1y’ (about 3% of Australian GDP)

SAlIStre lian natural gas reserves
=3 115 trillion cubic meters (largest in Asia

-
p——————
"'

.- 4:_’:_; “Pacific region, 12t in the world)
=

= — More than 85% of the total gas reserves in
~~_offshore seabed

— Most of current developments in North West
Shelf of Western Australia (current projects in
WA >250 billion)

School of Civil and Resource Engineering



http://www.uwa.edu.au/

[ | THE UNIVERSITY OF
Wuunw AUSTRALIA

=2 '_ Stablllzatlon cost accounts for about 30%
-~ of the total costs
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NE S:I'AQ'LITYGEJS{GN' —

o Ensure vertical and horlzontal
Stanlie

¢ Recommended Practice (e.g.
DNV RP F109)

— Dynamic lateral stability
analysis method
® Time domain analysis of pipe
response (loads and resistance)
— Generalized lateral stability
analysis method

-~ - SO'! ¢ ® Limit maximum allowable
Friction pealslanee displacement for a design
spectrum of waves
— Absolute lateral static stability
method

® Design Wave approach

School of Civil and Resource Engineering
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QUESTION? . -

ot

o Wi r’()f two situations below would be
nplEIstable, assuming they are subjected
Lo fof ntlcal storms with identical self-
— e |ght seabed sediments but different
,-zﬁ—ﬂmtlal embedment dpeths?

Seabed ° T °

0
10% initial embedment ‘ - 0% initial embedment
School of Civil and Resource Engineering
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AWS TN D@N METHODS
SESEdiment transport Processes; ignored
SYAGEIaId seabed configuration Is Used

rnrjr* C hout the analysis

- Jnfé ‘of sediment transport and local scour
Soccur earlier than storm peaks

== "~ Seabed profiles around the pipe significantly
- -’modlﬂed when storm peaks arrive
:;:_ - ® Hydrodynamic loads
® Soil resistance
— Overconservative or unsafe designs?

2—-
e

School of Civil and Resource Engineering
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¢ A typical 100-year storm
== critical velocity for d50=0.2mm
A critical velocity for d50=1.0mm

Velocity (m/s)

— ) —
i Time (s) =
e ——

School of Civil and Resource Engineering - —
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AUS uAN.,EIE D EXPERIENGES ™
SSignificantse alienisandy.seabed...

”J%é 0% burlal for 60%-80% of the
IENG| s of existing small diameter pipelines

=

KP36.000 E465429.3 N7754266.1 Dpthd0.1
DX02.4 Hdgi35 AIE1115. CP-0208 Tmp24

.

J—

24707705 $TE7 Z2one 3 18:07:00
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EXISTING R ESEARCW
rJJJ\/JJJJ 2l deis /s ol'studied
— dynamlc (fluid/pipeline)

y rJ\ rodynamlc forces on pipelines

— technlcal (pipeline/seabed)
B~ Frlctlon factors and lateral resistance

= ,’: ’Structural (fluid/pipeline)

=— e VIV and buckling

o Fluid/Pipeline/seabed interactions rarely
studied

[§| THE UNIVERSITY OF

\ \g)\\“' ?
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I

IV.-

IRIPLET INTERACTIONS'

Wave and
current action Lift and

drag forces

g Net soil
Free field Local resistance

liquefaction  liquefaction

School of Civil and Resource Engineering
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H CHALI:ENGES e
_!5_' J

BISGaling difficultiestini model tests

grlgrorance of Reynolds Criterion
2 J.J,) rcrltlcal flow vs subcritical flow

=Sl ﬂtles In seabed profiles

= *callng of seabed sediments: size and erosion
propertles

ESEAR

’—ff

’* Control of dynamic responses of model pipe

— Eliminations of unrealistic movements: roll, pitch
and yaw

— Control of pipe movements in response to
hydrodynamic loadipng. and soil resistance

cnoolo (,l Yand Resource Engineering
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ff» | STRATEG —
J CoglefUfe plp6|lﬁ‘§fa"bl|lty testmg at large

SC v]]\—k tc
= LJ ge Wave + current flumes

penswe and requires large amount of sediments
— eed a unconventional facility

ttlve feedback pipeline control system

f ~ — If total force (hydrodynamic and soil
resistance) on pipe > 0 — pipe movement

— Forces changes due to pipe movements are
captured and fed back to the control system

’_CL ’.H:ch\ ~—\r

School of Civil and Resource Engineering
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=\ :

ANEW-FACILITY ™
SIREquirements ) |

SIeonalCE pIpeline stabili

torreduce scaling effects;
851 scale for small diameter pipelines (<8 inch)

& W5 scale for large diameter pipelines (<40 inch)

= Simulate flow conditions induced by cyclonic
=  storms

p—

-

P p—

P

testing at large scales

J— -

-
| —

—
—— —

= e Qgsclllatory flow up to 2.8 m/s with a peak period of
— 13 seconds

® Steady currents up to 3.0 m/s
® Combined random storm time series.

School of Civil and Resource Engineering
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, Motor
" — ~—1 Propellor

Test section
(17.4m long)

FIow IS generated by controlling the rotation of impeller

« One direction only — steady currents

« Two directions of equal speeds — oscillatory flows

« Two directions of different speeds — oscillatory + steady
 Rotations from any spectra — random storms

School of Civil and Resource Engineering
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2 Mgtor

SRRUISHIEG0) rc es water N\ | '/;.»,:'._'”4‘._
HECKIand J'c R S T —
—~ Howr*n 5 ka s & =

g -

- H,er
= % al ﬂew pump

-' ---Nommal rated speed: -z
- 600 rpm |

— Diameter: 1 m
— Discharge: > 3 m3/s

School of Civil and Resource Engineering
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—

WATER CIRCULATION

o Weae s (“jrc'& Al -c
IEUNEEN ,w jater tank
2inle) @ J~ur¥-
= W}rec* 60 m?3

in-tand emptying

._-"o-—._-—

= ‘“'t’me 20 min = 30 min
..-ﬁ""'"

—— )"‘Valves operated
-~ electronically from
- control room

School of Civil and Resource Engineering
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PIPEN NT—R&(STEWE”

VJJJI JJ’L, actuators
2 Dejefe CIUISItIOn

r:"f“

ﬂ\aﬁa

""‘.*"—:—" A

» Actlve feedback

I

centrol operations

-
—

School of Civil and Resource Engineering
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VMODEL PIPE

=U. /mJJ:G

J‘I JEernle _) Q system
COnf) frur tlng Via
;EPJ:‘:‘:

‘o--"\

Mf“‘_’

s Uptol MHz 8 channels
’*pér box |
e Internally pressurised to

protect DAQ system.

School of Civil and Resource Engineering
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BIPEN @UNTING ACTUAI-@RS“’ A

—

2 Prevent vine movements:it

CalIStIC'AEGEESTOfi ™

f:;JLm—* f1 pdel pipe from forces transmitted through
J,Jr),)Jrr g frame, for experiments where free
rlelet] imovement is wanted

=R OW pipe to move if the net force on pipe > 0

= -"Ifow model pipe to be held fixed if required, whilst
~  measuring forces acting on the model pipe

: o Apply pre-determined load (e.g. self-weight) or
displacements

— e.g. for experiments to verify soil resistance in absence of
hydrodynamic forces

School of Civil and Resource Engineering
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SONNROL OF-O:T TUBE OPERATIONS

saiillyacontrolled via a—comuter from the control
OIIINGIECH YA RNTON T O tIE S ES SECLIO!
— Fillisle)t ”nd emptying operations
- r*mr)rj stop (overpressure sensors)

— Nofal operat|ons (start, stop, etc..)

o Cojpjigell Software

= abView — written in-house at UWA — continuously

‘—"_—’

= (pgradeable / customisable

= o Data acquisition system
~ — Pressure, displacements, forces, bed profiles and velocities

— Sensors distributed around O-tube are connected to
iIndividual 8-channel DAQ boxes, which talk to the control
room Via wireless network

— Data acquisition units are UWA in-house designed

School of Civil and Resource Engineering
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CAINEF 'T{@NJ..STSW

—

E VJHJJHJH\} eiffe) e aginsaesigr
r),Jr,JrrHF" ‘
DELETITIN: tlon of relationships between pump

gr d flow rate in the O-tube in order to
91-* '

P

S|9,
COIs

—
_—

.;, aluatlon of flow characteristics in the test
ectlon

School of Civil and Resource Engineering
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SIEADY CURRENTS - EXAMPLEESs

(@ N =120rpm

1.0 T T T T T
7 | | | | |
- 08k I I I I T u
. j_____T______I ______ | R B e VA
[ | y | | ,,L,,,W
= 0.6 ?_\\_\”‘_’lwilll‘; !::A _J’k_/’/_m_”\'_[ AL1I ‘\'1/" 7 ‘1_'L\ﬂ‘:w1\*¢u ‘“\/—A-li/lll L v,“_\‘o“_«i‘ ", l"x‘.'q, 7
2 i | o | | -
£ 0al I | | | |
= aq4Fr-—---- t-==--= - - == == - === == === == T - === -
> | | | | | | Near-zero out-
R i I I I I I
5
02F -~~~ P dm A P H, of-plane flow
|
0.0

(©ON=

408rpm

| i i i

- U i
B »‘ At F B
2.0 IT‘\:#‘II'W;J' '1‘ \‘i H/u nw.ﬂ"” "l*'\‘lllT ' I‘“J"'HH l'u‘“ﬁ'!-wl'ﬁ}}" %\‘»’L“‘_V'r W\H T-i'm 1 h )i"' ,II 'JJ‘l El'h Tm }‘P""ﬁl :ﬁ
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! "TORY FLOW. (U5

IV-.A

-3
260 270 280 290 300 310 320 330 340 350 360 370 380 390
t(s)

School of Civil and Resource Engineering


http://www.uwa.edu.au/

HE
THE UNIVERSITY OF

”. WESTERN Mml ALILA

- O5Ll LATORY FLOW + S ADY..._.
CJ" RENTS (U,,=2.5 M/S,
=13S ANE ' — () IVI/S)

A

1 ! ! ! 1 ! ! ! 1
400 600 800

t(s)
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L RANDOM WAVES + CURRENTS™

(a)
1.5 __ Measured velocity
L s Target velocity
I
= fa 05 -
= i
3 = I
S’ B
-
05 F
_4] i L 1 L L L 1 L L L 1 L L L 1 L L L 1 L L L 1 L L L 1 |
0 2000 4000 G000 8000 10000 12000 14000

t(s)
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\NE OM VELOCITY TIME SERIES’”

A

Measure viocity
................... Target velocity

(b)

| W N
0s] r U

3500 5550 5600 . . 5650 5700 5750

t(s)

u(m/s)
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\NE OM VELOCITY TIME SERIES’”

A

Measure viocity
................... Target velocity

()

15

T ol L |

A Ll

-0.5 |

u(m/s)

23750 5800 5850 . . 5000 5950 6000

t(s)
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FEOW UNIFORMITY:STEADYSCURRENTS

N

\ Flow is marginally

£ / faster at outside wall
osf \ inside outside
- / LT \¥ wall wall
| B —— D
a1F B A E/‘
:‘6 1F —&_— Py |
1.5

° >
eJuy)
°0)

-200‘ — ‘-100‘ — ‘n‘ ).5:
N (rpm) i /
of
-0.5f
A /

sl

u (m/s)

false floor

ol

-200 -100

0 ~100 200 ineerin
N (rprm) b Sl
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EOWAUNIFORMITY : OSCILUATORYA
EEOW

=
N

=
N
L T
O
[y
= N
UL I

Umax (M/S)
Umax (m/ S)

. )

o

o
o
(o))

"

0.2 : e 0.2 : //
050 100 150, 200 250 300 %0~ 00 50 200 250 ‘
N (rpm) N (rpm)
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LBOUNDARY LAYER 2
WMEASUREMENT

0.2

0.15

H
ds bt

0.05

O-‘

o measured velocity

— curve fitting

Fitting equation:

u(z) =0.02915In(104933.922)

o

.0.1.

Schoo

02 03 04 05

u(m/s
| of Civil and Resource Engineering
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JEST ROG%- w

P

> A nitggleel “of mdustry sponsored physical
mJJeJ sts have been conducted so far

SEffects of pipeline specific gravity, initial
Embedment depth, storm rump up rate and

.7-'_,—4;—.- T —

| _..,storm seed number have been investigated;
= “_j! ~ — ResUlts are being processed

- — More testing and research work are on-going

—
——

School of Civil and Resource Engineering
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HNDINGS SO.FA R B—

o f‘,JJm it nsjimﬂiagﬁﬁigmﬂﬁaﬁiieffe@t_—
of) I|ne on-boettom stability

- gcan be beneficial to pipeline stability

2 Jrr bund -Up time and scour
ﬂ.f.,:;.-:-:c time are two important

"‘-‘_"

"jfcompetmg mechanisms
-~ —If sufficient scour and pipe sagging occur

- —_—

before storm peaks arrive, pipeline  is more

stable than pipeline

School of Civil and Resource Engineering
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SEDIMEN PROPERT'E~ M@H’

PLEE

i

ecicareous sands with a d50 of 0.2 mm
elrlel Jr)' 4f|c gravity of 2.70;

VJJJg Dipe specific gravity of 1.2
: .;,i; ial embedment of 75%

-~

-7—

= ~ & Model geometric factor of 5.8

'-

—
—
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\SJIORM CONDITIONS e

VEIOGILy history: scaled 100 year RP storm: of NWS
of We” SHPAUStal N RdUCEEdVElocity at 'seabed
EVEL:

Sczlle cI Wave period: 6-75;
_;e,d peak velocity: 1.1m/s

2
o
)

Velocity (m/s)

3600 7200 10800
t{s)
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w

Disp_V {mm})
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R

F_hydro_H (N)
F_hydro_V (N)

==h= Active control force

(N)
(N)

F_act_V

T
o
3]
ml
w
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isp Hi(mm s

o Pipe was
stable for
velocity

amplitude up
to 1.2m/s

-~
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1) testing aC|I|ty O-tuk
]ISk d to investigate the effects of
m:,; transport on pipeline stability

mate aim is to develop more realistic pipeline

--.;-c" Shottom stability design methods

; -"_/
" m— _’. ,,.‘-f

== !‘d‘ZIore research efforts are needed to achieve that

I

—
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