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1. INTRODUCTION

The Placid 01l Company 1s proceeding with an extensive
subsea developnment program in thé deep waters of the Gulf of
Mexico off Louisiana (Littleton, 1986). The projiect will bhe
located in 1540-ft waters of the Green Caunvon exploration
sector. This landmark production system will consist of a subsea
templatre; a freestanding riser; a moored, semisubmersible
production platform; and compliant, catenary riser or pipe
bundles connecting the freestanding riser to the platform. An
artist's drawing of the producticn system is shown in Fig. 1.

The purpose of this review 1is to assess the freestanding
riser's vulnerability to vortex—induced vibratioas. These so=-
called strumming vibrations are caused by the periocdic shedding
of vortices as a current flows over an unstreamlined cylindrical
structure such as a8 riser. Vortex-induced wvibrations
significantly increase the steady hydrodynamic drag force on a
long, slender cyvlinder. Fatigue alse Is a consideration when the

vibrations occur over a sustained time period.




2. THE FREESTANDING RISER SYSTEM

The riser will be an 83.5-in. diameter freestanding
structure extending from the subsea template to a point 150 £t
below the water surface; thus the length of the riser will be
approximately 1390 fr. The outer cylindrical shell of the riser
system will act as a centaloment for the air cans and syntactic
foam which will provide neutral buoyancy for the system. Well
flow lines (24), well service lines (24), and liquid and gas
export lines (one each) will be contained within the 83.5-in.
outer diameter of the overall ecylindrical shell.

The uppermost 100 ft of the riser will be surrounded by a 15
ft diameter air can system to provide added buoyancy. The riser
has been designed to have sufficient buoyancy to be freegtandiang,
but tension will be applied to the riser top via a tensioning
system mounted on the moored platform. The tensioning system is
intended to syachronize rig and riser motions and thereby to
minimize the bending moments at the riser base connection. A
more extensive description of the riser system is given by

Littleton (1986).



3. DESIGN CONSIDERATIONS

The several most impeortant factors to be considered ia an
assessment of the wvulnerability of the freestanding riser to be
{nstalled in the Placid 01l Company development project are
listed b%low:

4.1 Site Description

3.2 Deterministic vs. Randon Analysis

3.3 Hydrodynamic Drag and Fatigue

3.4 Suppression of Vortex—Induced Vibrations.
Each of these factors will be addressed briefly here in the order

listed.

3.1 Site Description.

The wave and current conditions at rhe Green Canvon site are
not available in any detail for this snalysis. However, based
upon previous experience the effects of vertical current shear
can be expecfed te play an impertant role in a design
assessment. The basic features of current shear effects are
known, but only limited consideration has been given to the
practical cousequences (Fischer, Jones and King, 1980; Kim, 1984:
Griffin, 1985, 1985a).

The combined effects of waves and curreats also may be of
importance at the Green Canyon field site under extreme
conditions. Present offshore engineering practice recommends
rhat wave— and current-induced velogcities be added vectorially to
chtain the resultant effect of the combined motions {(Hogben

et al, 1977).



3,2 Deterministic vs. Random Analystis

Many structural and environmental factors complicate any
analysis of a system such as the freestanding riser that will be
jnstalled in Placid's Green Canyon development project. These
factors ;ncluée current shear, variable riser configuration and
mass properties, and variations in tension and water particle
speed and direction. Bue to both time and economic counstraints,
some attempt at a deterministic analysis remains the only viable
approach for a preliminary riser system design assessment. More
complicated time and/or frequency domain aanalyses toe account for
the non-resonant or random nature of the vibrations may be
required to fully satisfy the project’'s economic and operational
objectives.

Even when the random vortex-induced strumming vibrations of
a long ocean cable are considered, as by Kim et al (1984, 1985)
for example, the knowledge gained from realated deterministic

analyses has provided indispeandible guidance.

3.3 Hydrodynamic Drag and Fatigue

Vortex—induced vibrations significantly increase the steady
drag force on a riser or other gimilar menber. Increases in drag
coefficient of up to 250 percent are common and well documented
(Griffin, 1985), even far relatively long riser and cable
gsegments which vibrate in a direction normal to a uniform current
(Griffia and Vandiver, 1983). It is true, however, that the drag

is dependent directly upon the loecal vibration amplitude along



the structure, so¢ that the iancreased drag is reduced sowmewhat
when the flow is not spatially uniform and the vibrations are
ancn—-resonant or randoem (Kim, 1984).

Fatigue is an important consideration when the vortex-
ianduced ;ibrations oceur at large amplitudes of displacement over

a sustained time period. These unsteady stresses are super-—

imposed directly on the increased drag. Thus the cumulative

effects of the steady and unsteady stresses must be considered in
any design assessument of a proposed marine riser system in a
marine envirocnment such as Green Canyon where currents may be an
important factor. A mitigating factor at the present time is
that such an assessment 1s restricted to deterministic methods

which tend to be somewhat conservative.

3.4 Suppression of Vortex—-Induced Vibratioas

Various means for reducing and/or eliminating vortex-induced
vibrations have been developed in recent vears. Extensive
discussions of vibration suppression pertinent to ocean engineer-
ing applications have been given by Hafen and Meggitt (1977),
Every, King and Griffin (1982), and Gardner and Cole (1882). It
generally has been found that mass and damping contrel is
ineffective in water. This is because the product of structural
mass and damping can be increased by a factor of fifty with only
a factor of two decrease in the amplitude of displacement
(strumming) due to vortex shedding {(Griffin, 1985). Thus some

type of external device fitted about the member is required.



Every et al (1982) and Zdravkovich (1984) gemerally have
classiflied the most effective external strumming suppression
devices for cylindrical members into four categories. These
include helical ridges (strakes), shrouds (slats and perforated
outer casings), splitter plates, and faliriags. Rigid, stream-
lined foil-shaped fairings have been used effectively to suppress
strumming under some circumstances. These devices yield rela-
tively low drag coefficients but they are expensive, difficult to
handle, and they can undergo large lateral deflections {(kiting)
at nmon-zero angles of attack. A fairing must be able to rotate
in order to maintain its orientation in line with the current
(Gardner and Cole, 1982). The effectiveness of the various
strumming suppression devices alsoc 1s discussed extensively by
Every, King and Weaver (1982).

Virtually all strumming suppression devices except for the
foil-shaped fairing tend to produce some increase in hydrodynamic
drag even when the member is restrained from vibrating (CD = 2,5
to 2.9 for fringe cable fairings, and CD = 1.4 for a helical
strake vortex spoiler). These drag coefficients can be compared
to the typical values of CD = 2.0 to 2.5 for sustained vortex-
induced vibrations at large displacement amplitudes of 1.5
diameters. Every et al (1982) observed that the attachment of a
helical strake vortex spoiler reduced these cross flow displace-
ment amplitudes to #0.1 to 0.2 diameters. Vibrations of thig
magnitude would result in an effective drag coefficient of
CD = 1.5-1.7. A drag penalty of some sort is paid in most
suppression applications. This must be weighed against the

effects of the strumming vibrations themselves.



4, FREESTANDING RISER ANALYSIS
A preliminary analysis can be made of the Placid 0il Company
freestanding riser using the approach outlined by Griffin (1985).
This anglysis will include the effects of current shear, vortex
lock=on, and expected amplitudes of displacement due to vortex
shedding. Information pertaining to the site conditions and the
riser design parameters is summarized in Table 1. This ianforma-
tion has been provided by Cameron Offshore Engineering of
Houston, Texas, the designers of the riser system (D. Hervey,
private communication, 1986). The current conditions given in
the table are extreme values. More frequently-oceurring currents
would be smaller in magnitude, perhaps in the range of 2-3 ft/sec.
A more complete analysis will reguire more extensive knowledge of
site environmental conditions, riser material properties and
construction details, and operational conditlons and counstraints.
The simplified system considered in the analysis is shown in
Fig. 2. The following assunptions apply:
) Linear current shear profile exists at the site {no
extreme wave + current conditions).
o Riser is modelled as a long, slender cylindrical member
with low bending stiffness (tension most impertant).
o Srructural mass properties are uniform leagthwise along
the riser (neutral buovancy 1s assumed).
o The effect of the 15 ft diameter buoyancy module on the
riser natural frequencies is neglected as a first
approximation since it extends over only 1/14 of the

total length of the riser.



o Subecritical Reynolds aumber (Re < 10°) design data can
bae extrapolated to the riser operating range {(Re ~ 106}‘
These have proven to be reasonable assumptions under most circum-—

stances for problems similar to the present one.

4.1 Current Shear Effects
The importance of current shear along the length of the
riser can be assessed by evaluating the “steepness of shear”

parameter {(Griffin, 1983%)

D AV
b=
VRE? Az
where
D = riser diameter, ft;
V = local current at depth, ft/sec;
z = vertical distance along the riser, ft/sec.
The velocity v is a reference scale, usually taken at mid-

REF

length along the structure (riser). Previous experience
{(Fischer, Jones and King, 1980) has shown that a value of shear
steepness parametfer in the range 8 = 0.01 te 0.015 and below is
sufficient to render current shear unimportant in marine applica-
tions. That is to say, vortex-induced vibrations of large
amplitude on laboratory or field scales occur even in the

preseace of shear currents when £ = 0.01 to 0.015 or less.



Upon making use of the site counditions and the Placid
riser's dimensions as provided by Cameron Offshore Engineering,
the following estimate can be made. Assume the extreme c¢urrent

range given in Table 1, and then

v = 4,
MAX 4.5 frtfsec
k'] = 0.
v IN 0.3 ft/sec
v w7,
REF 5 frl/sac
D = 83.5 in.
L = 1390 fr;
so that
g - D 4V _ P(Vyax - Vi 1w
T Az T
v
VREF REF L
or
B - DtOOSi-

T¢ is reasonable to assume that shear currents will neot mitigate
the occcurrence of vortex—-induced oscillations. There will be

minimal deviations from the uniform incident current response of

the freestanding riser.
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3.2 Riser Natural Fregquencies, Amplitudes of Displacement and Drag
The natural frequencies of the riser can be estimated by

assuming that it is a pinned-pinned beam with small stiffness.

As a first approximation the effect of the 15 ft diameter

buoyanc§ module is neglected since it extends over only 1/14 of

the riser's length. Alsc, neutral buoyancy 1is assumed as an

operational condition. Then the natural frequencies of the first

n natural modes are given by

Tg

n c =
fn 5L 4 = n = 1,2,3...

Here T = riser teansion, Ib
m, = virtual mass per uait length, mg + my4, 1b /ft
mg = structural mass, 1lby/ft
m, = fluid added mass, 1b, /£t

g. = proportionality constant, 32.2 1b, fr/lbe sec?.

If the added mass is equal to the displaced mass of water for the

riser, then
m =m_ +m =2m =20 (/4 D).
a W !

Using P = 64 Ebm/ft3 for seawater and the total tension of

T = 500 klbg,

f, = 0.021n, n o= 1,2,3...
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Note in Table 1 that 80 percent of the total tension is provided
by the air can buoyancy modules and 20 percent by the tensioners
at the top of the riser.

VYortex—-lock on and resonant vortex—induced vibrations take
place in water when the reduced velocity Vr = ?}faD iz in the
range Vr = 4 to 10~11, for a neutrally buoyant cylinder or riser
{Every et al, 1982). The first four natural frequencies are
plotted in Fig. 3 against the expected range of current speeds
which will cause vortex-induced vibration to occur, as given by
V = Vr (an). The dashed lines are the expected range of
currents at the site based upoan the information supplied by
Cameron Offshore Engineering. It is likely that vortex-induced
vibrations will oecur in the n = 1, 2 and 3 modes, and possibly
part of the n = 4 mode as well, If the currents at the site are

limited to a more moderate range, say v = 3 ft/sec and v

MAX MIN

1.5 fr/sec, then only the n = 2 and n = 3 modes of the riser arve
cause for concern. For a riser of neutral buoyancy these
vibrations are likely to reach magnitudes of t1.5 diameters in
the cross flow direction (Every et al,.1982; Griffin, 19853) and
the drag coefficient for the riser is likely to be in the range
Cp = 2.0 to 2.5,

Vortex—induced vibrations were observed in the first three
natural modes of the 1l/ll-scale riser sectional model during the
model tests conducted for Cameron Offshore Eangineering

(D. Hervey, private communication, 1986).
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5. CONCLUSIONS AND RECOMMENDATIONS

This preliminary analysis glves sufficient cause to counclude
that vortex—induced vibrations are a design concern for the
freestanding riser which will be installed as part of the Placid
0il Company development in the Green Canvon exploration sector of
cffshore Loulsiana.

The following recommendations are mnade:

- Further investigation of hydrodynamic drag and fatigue
effects should be made, based upon the anticipated
lifetime of the freestanding riser, its natural
frequencies, and the occurrence frequency and duration

of currents at the installation site. The cumulative

effects of steady and unsteady stresses are required for
a complete design assessment of vortex-induced vibration

problems such as this.

- Further study of suitable vortex-induced vibration
suppression devices should be made since this is the
most promising approach to reducing the anticipated
vibrations to tolerable levels. A drag penalty is paid
in most strumming suppression applications- This must
be welghed against the drag ianduced by the vibrations

themselves.
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The helical strake vortex spoiler or suppression device 1is
likely to reduce the vortex-induced vibrations sufficlieantly,
based upoen past ocean eﬁgineeriag experience {(Every et al, 1982),
while paying only a minimal drag penalty (Zdravkovich, 1984).
Hawevef, the long-term durable lifetime is not known for this
device in a deep water installation such as the Placid

freestanding riser.
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Table 1
PLACID FLOATING PRODUCTION SYSTEM
FEEESTANDING RISER

SITE CONDITIONS AND DESIGN IﬁFGRMATION*

Site Conditions:

Currents 4 to 5 ft/sec {(shear with depth)
Water depth 1540 fc

Riser Properties/Parameters:

Diameter, D = 7 ft

Length, L = 1390 ft

Top Tension, T = 500 kib
(100 k1b from tensioners,
400 klb from external
buoyancy modules)

Model Test Conditions:

Deep basin 1/20 scale madel

Shallow basin 1/56~scale model

Vortex shedding tests conducted
with a 1/1ll=-scale (based on
riser diameter of 7 ft) sectional
model, approximately 30 ft long.

*
Information provided by Cameron Offshore Engineering,
Houston, Texas.
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Fig. 2 A sketch of the freestanding riser.
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