Outline R.J.Brown Lecture
MMS-VIV

 Factors effecting VIV.
» Evolution of strakes for dampening VIV. Range of uses.

» Early observations of pipeline instabilities and solutions for
determining forces on pipelines

» Offshore pipeline installation methods and procedures.
» Offshore riser installation methods and procedures.
» Typical pre installations of strakes on pipelines and risers.

» Typical post installation of strakes on pipeline spans in the
VIV range

» Methods of trenching to avoid VIV.



Factors effecting VIV.
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Vortex Shedding

» As a flow stream passes an obstacle

flagpole

such as a cylinder or a pipe In its path, f /ﬂag
vortices are formed behind the _ o2
obstacle. As the flow speed increases, — vind NS
vortices are alternately shed on each vortiees
side.

e A flag that waves in the wind is a
good example of vortex shedding.

The flagpole is the obstacle. As the wind passes it is shed .m

into vortices that make the flag wave. :ﬁ



Factors Effecting VIV

PIpe diameter and wall thickness
P1pe surface roughness

Residual tension in pipe

Span lengths

Current velocities




1. Initial flow regime established under laminar
conditions ( smooth flow, no boundary layer
separation ).

3. The boundary layer separation extends into
initial vortex formation, which is symmetrical on the
upper and lower sides of the pipe.

5. The vorticaes continue to grow until asymmetrical
shedding is initiated and a specific frequancy of
shedding is established.

2. As velocity increases boundary layer separation
behind the cylinder is established with stream
flow becoming distorted.

T
A

4. The vortex formation matures and maintains a
symmetrical form on the upper and lower sides of
the pipe.

6. If the pipe span is long, then pipe movement is
started and a sympathetic frequency of collapse
is initiated which matches the natural frequency of
the pipe.

Figure 14. Current flow around the pipeline showing the change in flow regime from
laminar, to boundary layer separation, to formation of vortices through vortex shedding.



Evolution of strakes for
dampening VIV. Range of uses.



Non Oilfield use of Strakes

Submarine Periscopes (WW2)
Smoke Stacks (1960’s)
Bridges
Antennas




Non Oilfield use of Strakes
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Oilfield application of Strakes

e Drilling Risers

* Pipelines \
e SCR,s

e Jumpers

e Spars

* Flare Booms

e Production Top Tensioned Risers
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Oilfield application of Strakes

e Drilling Risers

* Pipelines
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e Production Top Tensioned Risers



Hoover-Diana Project
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Hoover-Diana Project
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Hoover-Diana Project

SCR's



Hoover-Diana Project
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Early observations of pipeline
Instabilities and solutions for
determining forces on pipelines
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July 8, 1969 B. L. GOEPFERT ETAL 3,454,051

UNDERWATER PIPELINE WITH SPOILERS

Filed April 5, 1966 >




Shell Goepfert Patent

3,454,051

3
For example, if tweive-inch pipe is coated the minimum
pitch would be one spoiler revolution per 7 feet of length,
but if two-inch pipe Is used the spoilers complete a mini-
mum revolution in 14 inches of pipe length.

The pipe may be coated coatinuously along a section of
pipe as shown in FIGURE 2, or, in the alternative, it may
be coated at spaced intervals as shown in FIGURE 4. The
latter construction permits precoating of pipelines which
may be subsequeatly joined by welding as shown at 20
or other suitable means. In addition, by spacing the coat-
ing it results in a more flexible coated pipeline apparatus
capable of being more readily lzid on the floor of a body
of water from a lay barge.

In operation, when the pipeline apparatus is installed on
the floor of a body of water as shown in FIGURE 1, the
combined effects of the weight coating 17 and the spoilers
19 substantially climinate or minimize the underwater
forces tending to displace the pipeline from its original
faid position. In addition to the spoilers reducing the lift
coefficient, the spoilers also provide an increased frictional
area which cooperates with the ocean floor to resist dis-
placement of the pipeline along the Roor. Also, if the pipe-
line becomes partially or even fully buried due to soft bot-
tom conditions, the weight of the sand acting on the spoil-
ers tends to hold the pipeline in place.

We claim as our inveution:

26

4
wardly of said coating means to reduce the lift coeffi-
cient of said pipe section and minimize the water
movement forces tending to displace said pipe sec-
tion,

said ridge being at least a part of a helix having an axis

concentric with said pipe section,

2. The apparatus as defined in claim I wherein said
pipe section is formed of steel and said coating and ridge
are made of a hydraulic cementitious material.

3. The apparatus as defined in claim 1 wherein said
coating and ridge are molded onto said pipe sectioa.

4. The apparatus as defined in claim 1 wherein said coat-
ing and ridge are sprayed onto said pipe.

5. The apparatus as defined in claim 1 including at least
three longitudinally spaced ridges, each said ridge being
at least a part of an individual helix having a pitch equal
to between 7 and 15 times the pipe diameter.

6. The apparatus as defined in claim 5 wherein said
coating has a rough exterior finish.

7. The apparatus as defined in claim 6 wherein said pipe
has sufficient fexibility to be installed from a lay barge
to.the floor of said body of water.
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1. An underwater pipeline apparatus positioned on the ;g%g;g 1?;;:;; Hovecks - 138_6117_87)2“§
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Offshore pipeline installation
methods and procedures.
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Bullwinkle GC-65

(Water depth 1350')

18"x10" Catenary Risers

OI'fA

Al 7 miles
Bl 7 miles

4 Mid-line tie-in Jumpers
< (Water depth 1850

24"x10" Bundles
A2 7 miles GC-200

B2 7 miles Troika Manifold
(Water depth 2750")

Trolka X

Manifold tie-in

Kvaerner RJ Brown U

a division of Kvaerner Earl and Wright, Inc.
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Step 15 Th e vessel sto ps the bund b at position TD29.. T he sur vey vesse|
moves toth e yellow ta rget area and la unche s its ROV vith the M esote ch and
place s the a ppro priate hard ware o nthe pipe and seabed. Then aseries of
starts and stops a re exe cuted tojudg e the accura cy of sto pping atthe final
par king po sition for the final tow- V30 po'ston. Once compete andthe

IStep 17 Orce all positioning and cortrd systems are confimed operative

the vessd increases power to startthe bundle movement and advances i m'a‘ re]wum(
e i =

from V29 to V30 with the ROVusing Mesotech for stopping the bundle = 2
ithin the acceptable targetat TD30 on the sea bed [Foe e heon to TD 0
abe ou = Burdleofibotom= 29

Bundeofiboton

Step 13 Afte rthe riser buoyancy is re moved anda l the con ditions for to
contin uance are co nfirm ed th e tow vesse | cormes up on power to ap prox
80% of t owing po e r (134 to ns) and spo ols the riser's top end tothe sur
nal ch eck with the platformis made and th e vessel g ets un derway at 2
knots.  The survey vessel tr acks the appr opr a te transpon der on the bu
confir ming p rope r po st b ning

Coordndtesfor Coadimtesfa

Ste p 16 The survey ve ssel move:s to th e final ta rget and r epositio ns itself ab ove th e
on bo ttom bundle stop t arge t position . It th en de ploys the ROV, set s all har dware and
confim's that the sto pping systems afe o perative. T he tow-in per sonne | on the

platfor m ar e contacted to confim that the tow can be restattedto move the bundie to

2,324,647
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[
its final sto pping p osition a t (Aiming Foin t ——— i FSivh
[ i ko omy
- 22545,1011258 3B858.6 10108459
- 1 o0y ee | 22426,101284 2383
— ETvE— S33w7 101087 237720 1010670
T = insd Sorg7ionsms 23
Riser erd reight p P —— 22054,1014@5
o s 22092 10m5018
Lo [ETRETINTTN (heTe 23804,101688
] ] 2aras10n7m2
o) [ETETTRTYE RETH FUTE] ETETIVTTE
-~ EPETIV W Sossers —
K 10,124,051 o 10,123,482 2792 102380

Stop ping Sequen @
[The tow vessel conthues the towfrom V 29at 2 to 3 Knots stoppig the bundle pr aimately200° from the
riser sfinal postion target onths D29 and TD 30. The Surveyvesseldepl

land sitionsitself rear the target for the stopphg sequence. A ftar theR OV is confirmed in psition tre Tow
lessel mntinues ts towat approximatey 1 knot, Sopping at everal postions asthe target on the bunde
fapproaches the stoping postion. The ROV with the Mesotech nar monitors and wunts dov

ldstance to thestopping postion at the” B undle stoppin g target p osition 1

ow vesI'sapproximate opping postion isat V30 -10,12,103 and 2,3 In this cae the bundle
sop is cortr oled by the” B undle stoppin g target p osition” . The sress level during the tow-in is40% of
hield

The
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>AUTION: This procedure is a very intense EXCURS'ON

peration and interference or distraction of Riggers
nd or Positioning Master can be detremental to a

uccessful installation. Based on site conditions %ef
wind, waves and currents) the Positioning Masters VESSEL —

ontrol and ability to reposition the primary vessel, Q

dd or remove other vessels is absolutely essental TE R N

0 minimize the risk during this procedure.
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/ Vessel Touch Down
A X Y X
% 2,317,Y 476 | 10,124, 331 2,3 18,387 |10,12 3,72
15 |231768 2 10124, 193 | 2318552 14123617
o |vsa |2317, 936 |10124, 025 | 2318798 1d123456
3° |vas 2318011 |1012 3975 [2318607 10123519
v3sa 231810 7 (1012391 2 | 2318620 10123426
v3sal [2,318, 357 [10.123, 746
v3ea [2,318, 143 1012 3962 |2318619 10J123425
vaeb [2318, 187 | 101240 13 | 2318624 1d123422
vec [2318, 240 |1012 4050 | 231862 5 J10,123, 41
v3ecl [2,318, 511 |10,123, 879
Vb [2318203 1123678
Ve [p318267 10123747
2,318,385 1,123,830
- ©
© —
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JOB NO.

2130700

Load | Stress | Head off HDto |Riser off
V NoJ out (ft) | (kips)| (%yield) | bottom |touchdown| bottom
(ft) (ft) ()
3500 IR RN 1| 3470 | 105 | 20 4 3288 140
08888 888 2 | 2908 | 104 | 33 20 2789 240
0.0 08¢ . 88 8. 84 3 | 2245 | 104| 41 50 2377 340
3000 i S R e A 4 | 2082 | 106 | 46 95 2060 440
HEE 0 0 0 00 0 00 5 | 1796 | 108 | 48 152 1819 540
+ 1+ 11 aHD to touchdown /1 6 | 1564 | 112 | 49 220 1636 640
2500 R0 T3 T 7 | 1369 | 116 | 50 297 1494 740
@ 0 » Riser off bottom 8 | 1200 [ 122 | 51 381 1383 | 840
o} et 9 | 1048 | 128 | 53 472 1294 940
L2000 4 (odododacedodod) ° 10| 915 | 134 | 55 564 1225 1035
£ 1 Head off bottom 11| 791 | 140| 56 657 1174 1135
9 T 12| 675 | 147 | 56 752 1136 1235
< 1500 13 560 153 55 850 1103 1335
8 14 | 246 | 160 | 56 952 1074 1435 [
-{%’ 5 15| 332 | 167 | 58 1057 1047 1535
1000 16| 218 | 174 | 60 1165 1021 1635
C'able ou 17 | 104 | 180 | 63 1274 996 1735
Note: It is of prime importance that the vessel's stern follows the track shdyvn 18| 11 | 189 | 64 1365 973 1835
500 on the procedure above The heading of the vessel during the yawing process gg 18 g‘g gj ggg 1§;§’ i;’ig
is a function of the vessel yawing power, control, wind, sea state and currents 36 10 160 105 1365 610 1610
The vessel captian is the sole judge of the vessel heading during the backin
maneuver.
Vessel Position | 2 Izirl s/os/97 | gp | Revised scaling and TD coordinates / J.C.
|1 lear] 8/7/9 RP | Revised vessel and TD coordinates /1 C
0 IRIB [2/97 RP 1 Apnroved for construction
/ BPX/MARATHON / SHELL ENGINEERS SEAL
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