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Design of PSV type for the Colombian Caribbean Sea

Anailisis de los aspectos operacionales y de comportamiento en olas en el disefio de embarcaciones de apoyo
tipo PSV para el Caribe Colombiano

Jairo H. Cabrera
Cinthya Marcela Medirfa

I"#$%&'$

Colombia is currently searching for oil and gas at sea as new exploratory frontiers so as to incorporate n
reserves. With the beginning of maritime operations comes the need for large o!shore structures ths
allow the extraction and separation of oil and gas before transporting it to land. Most of these platforms
require specibc support and supply vessels, carrying a variety of loads, from liquid and bulk up gener
cargo, and various specibc activities such as towing, rescue sta! in case of accidents, bPrebghting :
positioning anchor handling. In the o!shore industry, these are known as PSV (Platform Supply Vessels)
"e main purpose of this work is the hydrodynamic PSV considering the environmental and operational
conditions of the Colombian Caribbean including a case study.

Key words: O!shore Operations, Seeakeeping, PSV.

Resumen

Actualmente Colombia est} buscando petr—Ileo y gas en el mar as’ como nuevas fronteras exploratorias
incorporar nuevas reservas. Con el inicio de las operaciones mar’timas se presenta la necesidad de gre
estructuras costa afuera que permitan la extracci—n y separaci—n de petr—leo y gas antes de transy
a tierra. La mayor’a de estas plataformas requieren bugues de apoyo y aprovisionamiento espec’p:
llevando una variedad de cargas, desde I'quidos hasta grandes cargas generales, y varias activic
espec’pcas tales como remolcar, rescatar trabajadores en caso de accidentes, maniobras contraincen
de posicionamiento de anclas. En la industria costa afuera, se conocen como buques de apoyo a platafo
(PSV: Platform Supply Vessel). El objetivo principal de este trabajo es considerar la hidrodintmica de
bugue considerando las condiciones ambientales y operacionales del caribe colombiano.

Palabras claves: operaciones costa afuera, comportamiento en el mar, bugues de apoyo a plataforma.
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"#$%& ' (#) %" le design of this type of vessels must consider

the special characteristics of the maritime
Colombia is becoming a leader in crude odnditions of the operating regions or exploration
production in South America, growing at aboviecks through a spectral analysis. !e main
10% rates, more than Brazil. Colombia curremplyrpose of this work is to analyze the behavior at
holds the third place in the region, climbing @ea of support vessels that adapt to the particular
the ranks from the Pfth place since 2005, tovitsve conditions of a specibc location from the
current position [10]. Caribbean Colombian Sea.

le hydrocarbon sector has been the spearhead

of the country®s Government strategy, shifth@ DO\VLV PRGHOV

from US$ 277 million in foreign investment in

2003, to US$ 263 million in 2009. lis sector 2FHDQ :DYH 6SHFWUD

is undertaking an aggressive plan to explore and

produce, focusing on increasing the largest indemodels for analyzing the behavior of vessels
of utilization of the current reservoirs, increasatgsea is initially based on the vessel behavior
the transportation infrastructure to accelerate tdygresented by its RAO«s and the Ocean-wave
production in the new bndings, and increassuectral crossing considering random seas,
its presence in the Caribbean with recent o"sh@agresenting by the probabilistic model from
exploration contracts [10]. equation 1.

Facts and numbers show that the oil activity, — jw S(@)-dw (1)

has its engines running and that Colombia is o

increasingly attractive for foreign investment in

the Latin American area. !e spike in drillingse zero order spectral momentn, equation

is largely due to the leadership assumed by2thie of vital relevance and it is equivalent to the
oil sector. Colombia produces a little less tlea under the curve of the wave spectrum, which
one million daily barrels, but it has a potentialaafcounts for the variance of the time series of the
47 billion barrels in its reserves. It is notewordwaluated waves.

that the depths of the Caribbean are focusing the

attention of companies such as Ecopetrol, Exxqp — f Si(w)d » (2)

Mobil and Petrobras [9].

Colombian Caribbean Sea is one of the mbdrstandard deviation and up-zero Crossing are
targets of the companies in the oil sector, @ngn by equation 3y 4 as below.
therefore various studies must be made regarding
the support services that these new 0"shore= ™ (3)
infrastructure will demand.
T=2-m- [ 4)
With the beginning of maritime operations comes” "y
the need for large o"shore structures that allow
the extraction and separation of oil and gas beftean Period, can be found to calculate the center
transporting it to land. Most of these platforno$ the area of the energy spectrum, and it is given
require specibc support and supply vesssgigquation 5.
carrying a variety of loads, from liquid and bulk
up general cargo, and various speciPc activitigs= 2. - % (5)
such as towing, rescue sta" in case of accidents, !
Prebghting and positioning anchor handling [17].
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Analysis of Operational and Seakeeping aspects in the Design of PSV type for the Colombian Caribbean

Signibcant wave heidhif equation 5, representés criteria is used in places where the wave
the mean of the upper third of the highest ocdammation region is a constraining factor for wave
heights. generation, it is a variation of the Bretschneider

rum [1].
H =4 0c=4/m (6) spectrum [1
6HDNHHSLQJ $QDO\VLV
lere are di"erent analytic models to analyze the
ocean-wave spectra. !le next step is the corr8etakeeping ability measure of how well suit a
selection of wave spectrum for a particular seavesgel is to condition when underway. It also
Reviews of the main models are show below. refers to the analyzing the behavior of a vessel in
regular waves, representing through the RAOs
Neumann Spectrum [11]: (Response Amplitude Operator). RAO is a linear
B operator that represents the input (wave) B output
w? (7) (movement) transfer, it being of key relevance to

AR
S()= e . .
o determine vessel design parameters.

WhereA andB depend on the wind speéd le RAO describes how the response of the vessel
changes with frequency variations. e Fig. 1 (page
Pierson-Moskowitz Spectrum [16]: 50) shows a classic example of a RAO response

representing the Heave and Pitch amplitudes from
PSV Case study.

4
81010% a7

(8)

S(w) =

2 We can see how RAO approaches one for low
frequencies and it is when the vessel shifts up and
Where: down with the wave, acting as a cork. For high
w is the circular frequency of the waves frequencies, the response approaches zero while
V,, is the wind speed. the e"ect oj many short waves in cancelled along
the vesselOs length. Normally, the vessel would also
ITTC Spectrum [14]: have a peak higher than one, which occurs close
. to the natural period of vessels. _!e _peak is due
S, *(@)4 9 to resonance. A RAQ ab_ove one indicates th_at the
S(w) = 8,1x10°g" | 9) vesselOs response is higher than the amplitude of
w’ the wave (or than the slope).

le only available information used id 6SHFWUDO &URVVLQJ

3
Bretschneider Spectrum [1]: It is the product of the Sea spectrum times the
transference function (RAQO), Response Amplitude

172,75 h s Operator, according equation 12, below.

4

— (10)
5 ¢ S.(w) = [RAO]* - S(w) (12)

()]

S(w) =

It is used when the height and period information

are available. 6HDNHHSLQJ &ULWHULD
JONSWAP Spectrum [8]: In order to analyze the seakeeping behavior of PSV,
we must consider the following criteria, known in
Sj (@) = 0,658 x € §y(w) (11) iterature as events:
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Surge RAO= Encounter Frequency=
¥ Water on deck le locations are:
¥ le hydrodynamic impact, or Slamming
¥ Accelerations on the main deck and quarters P1 B Bow (Forecastle)
¥ Propeller emersion P2 B Bow (Forefoot)
P3 - Propeller

In accordance with these analysis, we chose siR4 - Stern
di"erent points along the hull of the vessel deemedP5 B Upper deck
as critical and where the events were to be analyzeB6 - Superstructure

yLJ &ULWLFDO 369 ORFDWLRQV
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Analysis of Operational and Seakeeping aspects in the Design of PSV type for the Colombian Caribbean

Fig. 2 shows the identibcation of these critidéiere:
points on the hull of a PSV type vessel. h as the e"ective freeboard height

m, as the variation of the vertical relative
Motion Analysis program based on OStrip !eorg8placement spectrum.
was used to analyze the various events on the
behavior of the vessel at sea, where each transvets¢) RG\QDPLF LPSDFW
section of the ship resembles a polynomial in
relation to the cylindrical shape of the hull. lide hydrodynamic impact, known aslamming
theory applies to slim vessels and it is asswuoedrs when the combination of displacement
that the presence of the hull does not a"ect a&mel vertical speed is strong enough so that the

incidence of the wave on the hull. combinedpitch and heaveaesponse is amplibed,
causing an impact when the bow enters the water

:DWHU RQ GHFN as show Fig. 4.

Water on deck occurs when the movement of the yLJ +\GURG\QDPLF LPSDFW

vessel due to the water level exceeds the hull depth
that exerts a load on the deck due to a mas
water exceeding the depth. Fig. 3 show a exa
for this phenomenon.

For the case of the design of an o"shore sup
vessel, this analysis becomes even more imp
due to the movement of the load and the cre
the deck.

le predebned limit for water occurrence on t
deck is 5%. However, in the case of support ves
water deck is a common event. In this case, the
vessel shall be designed for the least occurteriocBrmation obtained regarding this event is:
and to ensure the safety of the crew that performs
tasks on exposed decks. !e probability of thé Frequency of appearance of the hydrodynamic
event occurring is representing by equation 13.  impacts;
¥ Time interval between impacts;
yLd ‘:DWHU RQ GHFN ¥ Impact strength;
¥ Vessel speed at which damage to the hull may
occur.

Equation 14 representing the probability of this
event occurring and must not exceed 1%.

2

t
m

2
P =exp v

X exp

(14)

m

Orvm orvv

where,

tis draught in the mid section;

sis the wave length coe#cient 5,00 according to

Bhattacharyya [2]

(13) Mo is the variation f the vertical movement in
relation to the bow spectrum.

P, =exp

2m0mn
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m,.., is the Variation of the bow vertical speed 7DEOH 9HUWLFDO DFFHOHUDWLRQ OLPLW FULWHL
spectrum.
v_is the critical speed deducted by Ochi, m/s. Vert. Accel. Description

(9)

$FFHOHUDWLRQV RQ WKH
I"H$%&S(

Oo(l)% L Q  'Pdskehders da £&&ise. Elders. If close to the

lower limit, dizziness is unlikely.

Accelerations must be veribed in these locationsowo
prevent exceeding an acceleration that may a'ect

Passengers on a ferry boat. International standard
for 2 hours of exposure to the period. Causes of
dizziness movements in about 10% of non-
acclimated adults.

the wellbeing of the crew.

. " . . 0.100
ere are some ocean conditions in which the crew

may become exposed to uncomfortable situations

Intellectual work for persons reasonably
accustomed to boat movements. Demanding
cognitive/manual work. Long term tolerable for
the crew. "e international standard for one half
hour of an exposition term.

that have an impact on the performance of their
duties. 0,150

Hard work for people adapted to the movements
of a vessel: for example, bPshing vessels and supply
vessels.

Light work for people adapted to the movements
of a vessel. Not tolerable for long periods.
Quickly causes fatigue.

"e intensity of accelerations for dilerent locations, 5oo
of interest is determined by the equation 15, below.

Simple tasks. Most of the attention is focused
on keeping balance. Tolerable only during short
terms on high speed vessels.

Z]/l() = 2,55,/my, (1- 82)1/2 (15) 0,275

where:
m,, = area under the response spectrum for verticale o H
acceleration

7\SLFDO VWDII SHUIRUPDQFH FULWHULD IRU L

#(mOZ =RMS Application Movements Limits Location
Q: 0,6 Vertical 04 Brid
Z & shaw not exceed 0,59 (4,909m/s acceleration 049 ridge
General :
Latera 0249 Bridge

For the case of passenger vessels, assessing comfort acceleration

in sailing is of vital importance, and it may bg&ycipc tasks Msi
expressed as the percentage of passengers becoming
seasick in agitated waters. Lateral and vertical
acceleration are the main causes of dizzines®!¢€}s on humans of vessel mot{@WHanlon
[71, [12]. and McCauley, 197f3]. "e research sough to
qualify the incidence of motion sickness in a group
Table 1 shows a vertical RMS acceleration scalettmter 500 people exposed to dilerent amplitudes
may be used to estimate the maximum acceptaidefrequencies of vertical movement. "e RMS
magnitude for dilerent on-board activities and facceleration and the frequency ranged between 0.27
the crew and passenger comfort. to 5.5 m/8dand 0.083 to 0.700 Hz, respectively.

20% of the

Task placement
personnel

Table 2 lists typical criteria for the performanree experiments showed that motion sickness
of a battleship crew. "ese criteria are presentemaset correlated to the acceleration and frequency,
having signibPcant amplitude, which is the meathofs yielding a motion sickness indicator from
a third of the highest amplitudes and is closesaid data. "e MSI value indicates the percentage
what a trained observer could estimate. of persons who experienced motion sickness in

a 2h testing period. According to the test data,
"e Motion Sickness IndicadiSI) concept waspeople have signibcantly less tolerance to vertical
developed in a study sponsored by the Uniteovement between 0.2 and 0.16 Hz (5-6 s), range
States Navy in the 1970s, to investigate filmn higher to lower frequencies.
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le main source of criteria on the incidence of )LJ ,62 6HYHUH VLFNQHVV OLPLWYV
motion sickness is International Standard 1SO 2631

(1SO 2631-3, 1985) [12]. lis standard covers vertical _ “"™ )

vibration from 0.1 to 0.63 Hz frequency range and®
links the vertical acceleration, and frequency factots,
and o"ers limits severe discomfort in terms of thes
RMS vertical acceleration for di"erent exposurg,
times, as shown in Fig. 6.

4,0

le data Peld indicates that around 10% of the3.15 OO S NESS ——

passengers will show motion sickness symptoms wjieh
RMS acceleration is 0.5 frigpproximately 0.05 g o /
signibcant), which is also the ISO limit for a period ofa /
two hour exposure in the 0.1 to 0.315 Hz range.  ° /
1,25

As Fig. 5 shows, depending on exposure timeg 30 mip /
and oscillation frequency, several RMS vertical /
acceleration values could be selected as criteria fo
behavior at sea. lis would yield di"erent levels of.63
habitability for the same water conditions. 0,50 2h

/

URSHOOHU HPHUVLRQ /
0,315

N

8h

le purpose of this event is to identify theo,2s
probability of propeller emersion, which should kg,
limited to a 5% occurrence. A great risk for the6
vessel arises when it enters severe ocean conditios
and the propeller emerges, since this cause$'d
excess load on the bearings and coupling geags, £(h)
the engine. 0,1 0,315 0,63 1,0

Using the Rayleigh distribution we can obtain theteoceanographic and weather information for
probability of propeller emersion occurring in sothe naval community and in order to generate
wave incidence conditions, according equationf@fecasts, to wit: northwest, southwest, northeast,

below. and southeast. le current area with the largest
i exploration potential is the southwest, which
Py=exp |- I } (16) presents the most severe wind and wave conditions
2y, of all this sector. In said area, wave heights range

from 2 to 2.7 m according to the forecast bulletins
Where, issued by the CIOH [3], the wind came from the
b is depth in the upper part of the propeller northeast at 23-25 knots, the time of the year
m,, s the variation of the stern spectrum relativsen as an example is January, which represents

Orv,
vertical motion. an extreme condition for such region.

For the extreme Caribbean conditions, we will
(QYLURQPHQWDO FRQ G LcWMdid® €@e data gathered during hurricane Emily

in 2005, since it brought 7 meter waves with 16
According information to the CIOH [3],second periods, 400 meter wavelengths, a phase
there are four areas in the Caribbean Sea gpded of 25.18 meters per second (48.94 knots),
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and group speeds close to 13 meters per seCame Study

(25.26 knots). The predominant direction of

the waves in this part is due north, rangibge to the development seen in the countryOs oil

between NW and NE (330i-030) [4]. industry, and the imminent investment of the large
oil companies and drilling in o!shore reservoirs in

Considering the above characteristics of timeCaribbean, we decided to focus this analysis on

waves for the Caribbean region, we will chotieedesign of a vessel to provide logistics support

two conditions to analyze in accordance witho!shore operations (PSV)., as shown in Fig. 6.

one for normal conditions where the wave

heights will range between 2 and 2.7 m anfig 6 shows the basic PSV hull geometry and table

second one for extreme conditions, where 4ttbe main dimensions. "e vessel will undergo the

waves will be 7 m high, resembling a hurricasea behavior analysis in the Caribbean, in accordance

The selected spectrum is JONSWAP, adjustétth the debPned environmental conditions.

to those ocean conditions, data detailed in

table 3. Fig. 6. PSV Case Study.

Table 3.Environmental conditions.

.. Hs Tp Wind . ﬁ
Condition Speed  Incidence  Spectrum 2
(m) ()
(knows)
Normal 2-27 85 23-25 NE JONSWAP
Extreme 10 16 48.94 NW-NE JONSWAP
Fig. 7. RAO (Speed 10 knots — 135°).
2,4

(\ Roll RAO
2,1 \
1,8 / \
1,5 / \
1,2
0,9 ,:
Heave RAO ’AR
0,6
Pitth RAO \\\“
0,3

0 \—; —

0 0,5 1 1,5 2 2,5 3

RAOQ (transfer function)

Encounter Frequency rad/s

Fig. 7 shows the RAO for heave, pitch, and roll$@akeeping criteria were analyzed from normal
a speed of 10 knots and a 135 angle when meatidg extreme environmental of Caribbean Sea
the waves. condition. Tables from 5 to 17 below are the
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7DEOH 369 0DLQ GLPHQVLRQ Yesults of the verifications of probability events
for 0 and 10 knots, and 180°, 135° 90°, 45°, and
Name Dimensions (m) 0 incidences.
Length, LBP 68 S | di . di
Breadth, BOA % MST results according l.zlg. 8 are expressed in terms
of the level of acceleration causing motion sickness
Draught 6 K .
Deoh 0 to 10% of the people on board during a specific
cp . .
time interval.
7DEOH BUREDELOLW\ RI DFFHOHUDWLRQV LQ QRUPDO FRQGLWLRQV
Probability
Location 135° 90° 45° 180° Criteria < 0,5g
P1. Bow (forecastle) 1.79 1.69 2.15 2.25
P2. Bow (Forefoot) 1.68 1.69 2.06 2.10 4.905
P3. Propeller 1.43 1.60 2.05 1.25
7DEOH BUREDELOLW\ RI DFFHOHUDWLRQV LQ QRUPDO FRQGLWLRQV
Location 135° 90° 45° 180° Criteria < 0,5g
P1. Bow (forecastle) 1.36 1.07 1.88 1.80
P2. Bow (Forefoot) 1.23 1.07 1.75 1.66 4.905
P3. Propeller 0.95 0.95 1.69 0.81
7DEOH BUREDELOLW\ RI DFFHOHUDWLRQV LQ QRUPDO FRQGLWLRQV
Probability
Location 135° 90° 45° 180° Criteria < 0,5g
P1. Bow (forecastle) 4.08 1.71 0.81 5.34
P2. Bow (Forefoot) 3.97 1.71 0.76 5.23 4.905
P3. Propeller 3.53 1.60 0.74 4.11
7DEOH BUREDELOLW\ RI DFFHOHUDWLRQV LQ QRUPDO FRQGLWLRQV
Location 135° 90° 45° 180° Criteria < 0,5g
P1. Bow (forecastle) 1.94 0.81 0.65 4.38
P2. Bow (Forefoot) 1.84 0.80 0.62 4.24 4.905
P3. Propeller 1.51 0.84 0.53 3.15
7DEOH BUREDELOLW\ RI ZDWHU RQ GHFN LQ QRUPDO FRQGLWLRQV I
Probability
Location 135° 90° 45° 180° Limit
P1. Bow (forecastle) 0.26 0.02 0.60 0.58
P5. Main deck 0.00 0.00 0.00 0.01 5%
P4. Stern 0.00 0.06 0.54 0.03
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7TDEOH BUREDELOLW\ RI ZDWHU RQ GHFN LQ H[WUHPH FRQGLWLRQV DW VSHH(

P1. Bow (forecastle) 0.29 0.23 0.81 0.57
P5. Main deck 0.09 0.25 0.06 0.00 5%
P4. Stern 0.00 0.27 0.80 0.04

7TDEOH BUREDELOLW\ RI ZDWHU RQ GHFN LQ QRUPDO FRQGLWLRQV DW VSHHG

Probability

Location 135° 90° 45° 180° Limit
P1. Bow (forecastle) 0.48 0.04 0.57 0.70
P5. Main deck 0.01 0.01 0.30 0.10 5%
P4. Stern 0.01 0.04 0.42 0.02

7TDEOH BUREDELOLW\ RI ZDWHU RQ GHFN LQ H{WUHPH FRQGLWLRQV DW VSHHC
P1. Bow (forecastle) 0.48 0.11 0.80 0.68
P5. Main deck 0.09 0.24 0.24 0.03 5%
P4. Stern 0.00 0.03 0.73 0.02

7DEOH BUREDELOLW\ RI SURSHOOHU HPHUVLRQ LQ QRUPDO FRQGLWLRQ DW V¢

Probability
Environmental conditions 135° 90° 45° 180° Limit
Normal condition 0.00 0.00 0.08 0.00 s
0
Extreme condition 0.00 0.00 0.10 0.00

7TDEOH BUREDELOLW\ RI SURSHOOHU HPHUVLRQ LQ QRUPDO FRQGLWLRQ DW VS

Probability
Environmental conditions 135° 90° 45° 180° Limit
Normal condition 0.01 0.00 0.00 0.02 501
0
Extreme condition 0.00 0.00 0.00 0.00

7DEOH SUREDELOLW\ RI K\GURG\QDPLF LPSDFW LQ QRUPDO FRQGLWLRQ DW VS

Probability 135° 90° 45° 180° Limit
Bow 0.00 0.00 0.00 0.00 1%

7DEOH BUREDELOLW\ RI K\GURG\QDPLF LPSDFW LQ H[WUHPH FRQGLWLRQ DW VS

Probability 135° 90° 45° 180° Limit
Bow 0.00 0.00 0.03 0.00 1%
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7TDEOH BUREDELOLW\ RI K\GURG\QDPLF LPSDFW LQ QRUPDO FRQGLWLEF

Probability 135;j 90j 45§ 180j Limit
Bow 0.00 0.00 0.00 0.00 1%
7DEOH BUREDELOLW\ RI K\GURG\QDPLF LPSDFW LQ H{WUHPH FRQGLWL
Probability 135j 90i 45§ 180j Limit
Bow 0.00 0.00 0.15 0.00 1%

)LJ 06, 369 FULWHULD

,6
3 mmmm Scvere discomfort boundary for 30 min. exposure (ISO 2631)
N 2% MSI after 2 hrs.
3.2 N 5% MSI after 2 hrs.
10% MSI after 2 hrs.
I Propulsor
2.8 I Popa
~ N Proa
% 24 H CV Castelo
g /
3 1/
£ 2
] /
= 1,6
E /
g cvC /
< 1’2 astelo
Proa A // //
0.8 \ I Pgpa / /
, Proplulsor //
o4 \ /
0 }:
0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5 5,5
Encounter Frequency rad/s
&RQFOXVLRQV found in the forecastle and forefoot at a speed of

10 knots and in a normal environmental condition
lis study debPnes a series of criteria based on liatia 180 angle. It is noteworthy that the values in
values and probabilities, and enables the anahese same locations, but in the extreme condition,
of the behavior at sea of a PSV type vessel. &actiose to the limit of the criteria.
criteria is evaluated for a selected vessel in locations
debned as critical at di"erent incidence anglesyater on deck criteria shows values that exceed
speeds, and environmental conditions, setthaslimit in both environmental conditions and
normal and extreme for a region of interest in Hpeeds. !e larges values exceeding this criteria
Caribbean Sea. correspond to zero speed and at 90; and 45 angles;

in the case of the extreme condition, the angle is
In regards to the results shown, some criteria9@je For the 10 knot speed, noncompliance with
not met for the studied vessel. For the accelerattbes;riteria is lower, since at those wave heights and
there are very few values that exceed the limieesel speed it is impossible to have no water on the
the criteria. 'e values exceeding this limit amain deck, forecastle bow, and stern.
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