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RP 2P: Analysis of Spread Mooring Systems for Floating Drilling Units 3 

Foreword 

The purpose of this document is to present a rational 
method for analyzing, designing or evaluating spread 
mooring systems used with floating drilling units. This 
method provides a uniform analysis tool which, when 
combined with an understanding of the environment at 
a particular location, the season of the year, the charac
teristics of the unit being moored, the type of hole being 
drilled, and other factors, can be used to determine the 
adequacy and safety of the mooring system. Although 
portions of the method may be useful in analyzing other 
types of mooring systems, its application to the design 
of mooring systems for lay barges, tankers, derrick 
barges, dredges, etc., is left to the discretion of the user. 

The technology of mooring floating drilling units is con
tinually evolving. This procedure is a compilation of 
those factors which are best understood and can be 
quantified at this time. It is felt that the method 
encompasses most of the major considerations known at 
this time. Conversely, designers or analysts should not 
construe that the omission of any particular phenome
non, calculation or other consideration from this docu
ment implies that it may not be significant for a partic
ular situation. It is recognized that data can be, and is, 
appropriately developed from model tests. Wind, wave, 
and current tank data are routinely used in design and 
analysis. The utilization of data from model tests is 
encouraged when it clearly represents accurate infor
mation describing a phenomenon more precisely than 
the analytic method herein presented. It is further rec­
ognized that in special circumstances where precise 
environmental conditions, mooring loads, or mooring 
component design data are understood, the methodology 
and/or safety factors implied in this recommended 
design practice may not be appropriate. 

Additionally, sophisticated computer analysis methods 
are being developed and employed in the industry. 

These are also recognized as valuable contributions to 
the understanding of mooring systems. 

But it is further the purpose of this document to present 
an analysis method which can be used by properly qua!-

NOTE: This recotnmended practice is under the juris­
diction of the API Cotnmittee on Standardization of Off
shore Structures. This is the second edition of this 
recotmnended practice and s-upersedes the first edition 
dated Jan. 1, 1984. It was mtthorized for publication at 

the 1986 Standardization Conference and later ratified 
by letter ballot.

ified people who may not have access to proprietary 
model tests or computer programs. 

Policy 

Attention Users: Portions of this publication have been 
changed from the previous edition. The location of 
changes have been marked with a bar in the margin as 
shown to right of this paragraph. In some cases the 
changes are significant, while in other cases the 
changes reflect minor editorial adjustments. The bar 
notations in the margins are provided as an aid to users 
as to those parts of this publication that have been 
changed from the previous edition, but API makes no 
warranty as to the accuracy of such bar notations. 

American Petroleum Institute (API) Recommended 
Practices are published to facilitate the broad availabil

ity of proven, sound, engineering and operating prac
tices. These Recommended Practices are not intended to 
obviate the need for applying sound judgment as to 
when and where these Recommended Practices should 
be utilized. 

The formulation and publication of API Recommended 
Practices is not intended to, in any way, inhibit anyone 
from using any other practices. 

Nothing contained in any API Recommended Practice 
is to be construed as granting any right, by implication 
or otherwise, for the manufacture, sale, or use in con
nection with any method, apparatus, or product covered 
by letters patent, nor as insuring anyone against liabil
ity for infringement of letters patent. 

This Recommended Practice may be used by anyone 
desiring to do so, and a diligent effort has been made by 
API to assure the accuracy and reliability of the data 
contained herein. However, the Institute makes no 
representation, warranty or guarantee in connection 
with the publication of this Recommended Practice and 
hereby expressly disclaims any liability or responsibil
ity for loss or damage resulting from its use, for any 
violation of any federal, state or municipal regulation 
with which an API recommendation may conflict, or for 
the infringement of any patent resulting from the use of 
this publication. 

Requests for permission to reproduce or translate all 
or any part of the material published herein should be 
addressed to the Director, Production Department, 211 

N. Ermy, Suite 1700, Dallas TX 75201.
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RP 2P: Analysis of Spread Mooring Systems for Floating Drilling Units 7 

The cumulative probability method has been 

adopted by API RP 2P and a 99.9% probability of 

nonexceedance is specified as the maximum design 

environment for mobile drilling units. 

As a point of comparison, a storm with a 100 year 

return period is often specified as the design 

environment for fixed platforms, floating produc­

tion platforms, and floating units operating next to 

other offshore installations. However, it would be 

unduly conservative for mobile drilling units to 

use• the 100-year environment for the reasons 

explained below. 

There is, in general, no direct correlation between 

the return period and the probability of nonexceed­

ance. However, for any given location, reasonable 

assumptions about the storm duration and the 

environmental data base would generally result in 

a 99.9% environment being considerably lower 

than the 100-year environment. The selection of 

the 99.9% environment is based on the operational 

experience of the offshore industry. This, we 

believe, is a sufficiently conservative design envi

ronment for mooring analysis of mobile drilling 
units for two reasons. Firstly, the analysis tech­

nique presented in Section 5.2 accounts for collin­

ear environmental forces. However, when extreme 

environments are encountered, the winds and 

waves are generally collinear, but the currents 

may not necessarily be collinear with wind and 

waves. 

Secondly, since these units are normally not oper­

ating in close proximity to other offshore struc­

tures, the consequences of vessel movement due to 

overloading the mooring system under an extreme 

environment are less severe than those associated 

with overloading fixed platforms or floating units 

which are nearby other structures. Also, since the 

anchor holding capacity of a mooring system is 

normally substantially lower than the breaking 

strength of the mooring line, a mooring "failure" 

normally consists of anchor slippage. Anchor slip­

page in the most loaded lines would cause a redis­

tribution of loads among the other mooring lines 
and, in turn, would reduce the peak line tensions 

to substantially lowe1· levels. Vessel displacement 

caused by this scenario can normally be tolerated 

by these units. 

Special considerations of exposure risk should be 

made for drilling vessels operating for an extended 

period of time in a single location such as vessels 

for development drilling. For drilling programs 

operating for more than a full year, consideration 

should be given to the return period method. In 

this case, a return period of five times the expo­

sure period should be considered. The return 

period environment should be compared to the 

99.9% non-exceedance environment, and the most 

conservative value used. 

1.6 Water Depth. The water depth at the drilling loca­

tion should be determined. The slope and direction of 

the ocean floor should also be determined to establish 

the water depth at each anchor. 

1. 7 Soil Condition. Bottom soil conditions existing at

the drilling location should be determined to provide 
data for evaluating anchor performance. In areas with 
extremely soft soils, piggy back anchors may be

required. In areas with extremely hard bottoms, drilled 

or driven pile anchors may be necessai·y. 

1.8 Mooring Equipment. The following information 
on the mooring equipment should be determined:· 

a. Mooring Lines. Number, diameter, maximum

useable length out from fairlead, submerged

weight per unit length, and catalog breaking

strength of mooring lines. 

b. Anchors. Number, size and type of anchors.

Anchor piles may be evaluated for soil conditions

where the use of conventional anchors is question­

able. 

c. Pendants. Number, diameter and length of 

pendants.

d. Deck Machinery. Maximum winch/wildcat pull 

(at stall) and maximum winch/wildcat brake

capacity . 
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RP 2P: Analysis of Spread Mooring Systems for Floating Drilling Units 11 

outside this length range, the method described in 
Section 3.4 can be used to estimate the low fre­
quency motions. 

The curves presented are appropriate for mooring 
spring stiffness of 18 kips per foot of vessel offset. 
For other mooring stiffnesses, the results from 
Figures 9-20 should be adjusted by Equation 3.7a 
or 3.7b, 

(3.7a) 

( 18 )½Ys = (YJREF -----iz- (3.7b) 

where: 

(x5)REF is the rms single amplitude low frequency 
surge from Figures 9-14. 

k is the mooring system spring stiffness in kips/ft 
taken at the vessel's mean position. 

(y�)REF is the rms single amplitude low frequency 
sway from Figures 15-20. 

The significant single amplitude low frequency 
motions are given by Equations 3.8a and 3.8b. 

(x5) •/3 = 2 x5 

(y 5) 'l, = 2 Ys 
(3.8a) 
(3.8b) 

The maximum single amplitude low frequency 
motions are given by Equations 3.9a and 3.9b. 

(xs>max = (xJ11.i x FR 
(Ys) max = (y s)'/, x FR 
where 

(3.9a) 
(3.9b) 

(x
8
)max and (y5) max are the maximum single 

amplitude low frequency surge and sway, respec­
tively, in 3-hour duration. 

FR is a Rayleigh factor which can be determined 
by Equation 3.9c. 

(3.9c) 

where TN is the natural period of the moored ves­
sel which can be estimated by Equation 3.10. 

(3.10) 

where r,. is the vessel displacement in long tons. 

b. Semisubmersible Hulls. Figures 21-23 can be
used to estimate the rms single amplitude low fre­
quency surge and sway for semisubmersibles . 

Equations 3.7 thru 3.10 above can then be used to 
estimate significant and maximum single ampli­
tude motions. The curve in each figure represents 
the upper bound of the low frequency vessel 
motions generated by the advanced motions com­
puter program for four semisubmersible designs 
including typical 4, 6, and 8 circular column twin 
hull designs and the pentagon design. 

3.6 Wave Frequency Vessel Motions. The motions of 
the vessel at the frequency of the waves is an important 
contribution to the total mooring system loads, particu­
larly in shallow water. These wave frequency motions 
can be obtained from random wave model test data, or 
computer analysis using either time or frequency 
domain techniques. In the absence of these tools, the fol­
lowing approach can be used to estimate the wave fre­
quency motions. 

a. Spectral Analysis Method. The evaluation of
wave displacement by the method of spectral 
analysis involves first determining the response 
spectrum as a function of frequency over the full 
range of wave frequencies. The response spectrum 
is then integrated and the square root is taken to 
determine the rms response. Finally the signifi­
cant and maximum responses can be obtained by 
using appropriate Rayleigh factors. The specific 
recommended procedure is outlined in detail in 
the following sections, and an example calculation 
is provided in Section 6. The procedure has been 
simplified in the following respects. 

(1) The wave spectrum is considered to be unidi­
rectional, i.e., no wave spreading function is 
considered. 

(2) No coupling of motions is considered.

The spectral analysis method has been shown to 
agree with measured wave displacements with 
errors on the order of 10% to 20%. This amount of 
error is considered "state of the art" and the safety 
factors of Section 4 have been selected to account 
for such errors and to yield designs which are con­
sistent with proven field experience. 

b. The Design Wave Spectrum. Appropriate design
wave spectra for a specific geographical area may 
be available from meteorological consultants; how­
ever, it is more likely that sea state data will be 
available in the form of significant wave height, 
and period versus cumulative frequency of occur­
rence or in the form of wind speed versus cumula­
tive frequency of occurrence as illustrated in Fig­
ures 2 and 3. In this case the significant wave 
height, significant wave period and design wind 
speed corresponding to the operating condition 
and the design condition should be determined as 
outlined in Section 1.5. Then for each condition, 
the corresponding wave spectrum may be evalu­
ated using either Equation 3.11 or Equation 3.12. 
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RP 2P: Analysis of Spread Mooring Systems for Floating Drilling Units 13 

SECTION 4 
MOORING DESIGN CRITERIA 

4.1 Offset 

a. Definition of Mean Offset. The mean offset is
defined as the vessel displacement due to the com­
bination of wind, current, and mean wave drift
forces.

b. Definition of Maximum Offset. The maximum
offset is the mean offset plus appropriately com­
bined wave frequency and low frequency vessel
motions. Maximum offset can be determined by
the following procedure.

Let:

(WF)max = Maximum wave frequency motion 

(WF) 'l, Significant wave frequency motion 

(LF)max Maximum low frequency motion 

(LF) '/c, = Significant low frequency motion 

(1) If (LF)max > (WF)max• then Maximum offset =

Mean offset+ (LF)max + (WF) 'l,

(2) If (WF)max > (LF)max• then Maximum offset =

Mean offset+ (WF)max + (LF) '{,

A parametric study has been performed to assess 
the risk level associated with this method of com­
bining wave and low frequency motions. The 
chance of exceeding the combined motions defined 
above was estimated using a probabilistic ap­
proach for different hull forms, water depths, 
environments, and types of mooring. The results of 
the study indicate that the combined low and wave 
frequency motions defined in this manner would 
be exceeded approximately once in three hours. 
This appears a proper risk level for the operations 
addressed by this Recommended Practice. 

c. Offset Limits. The offsets of the drilling unit from
the wellbore must be controlled to prevent damage
to the drilling riser and the BOP stack.

(1) Maximum Operating Condition. The mean
offset should be controlled under the operating
condition because of its direct relevance to the
mean ball joint angle. The allowable mean
offset should be determined by a drilling riser
analysis. Allowable mean offsets depend on
many factors such as water depth, environ­
ment, and riser system. They normally fall in
a range of 2.5% to 6% of water depth. Gener­
ally the lower bound applies to deepwater
(1500-2000 ft) operations, and the upper bound
applies to shallow water (200-300 ft) opera­
tions

(2) Maximum Connected Condition. The maxi­
mum offset should be controlled under the
maximum connected condition to prevent
damage to the mechanical stop in the ball joint
below the drilling riser. The allowable maxi­
mum offset should be determined by a drilling
riser analysis. Allowable maximum offsets
depend on many factors such as water depth,
environment, and riser system. They normally
fall in a range of 8% to 12% of water depth.
Generally the lower bound applies to deep­
water (1500-2000 ft) operations, and the upper
bound applies to shallow water (200-300 ft) 
operations.

(3) Maximum Design .Condition. For the maxi­
mum design condition, if the riser is discon­
nected from the well, there is no restriction on
vessel offset. Design criteria for this condition
consists only of restrictions on loads in the
mooring lines.

4.2 Maximum Mooring Line Tension. The maximum 
mooring line tension is calculated at the maximum ves­
sel offset. The tension in the most loaded line at the 
design condition should not exceed 50% of the ultimate 
strength of the line. The ultimate strength of the line 
may be taken as the catalog break strength (CBS) of 
the wire rope (provided it is new or in like-new condi­
tion). Worn rope should be limited to lesser design 
loads. The ultimate strength of chain may be taken as 
the break test load (BTL) provided the chain is new or 
in like-new condition. Used or worn chain should be 
limited to lesser design loads. The tension in the most 
loaded line at the maximum operating condition 
should not exceed 33% of the ultimate strength of the 
line. Mooring line adjustments to alleviate tensions can 
be considered in the analysis. 

4.3 Line Length. The mooring line (outboard line) 
length should be sufficient to allow the lines to come in 
tangent to the ocean bottom at the anchor when the sys­
tem reaches the maximum anticipated offset. 

4.4 Drag Anchor Holding Power. Floating drilling 
units are commonly moored with drag anchors. In 
hard-to-anchor bottom soil conditions, anchor piles and 
explosive embedment anchors are sometimes used. The 
following discussion will address the holding power of 
drag anchors only. 

The holding power of a drag anchor in a particular soil 
condition represents the maximum sustained horizontal 
load the anchor will resist in that soil before dragging. 
The length of mooring chain or wire connected to the 
anchor that remains on the bottom soil will also con­
tribute to the holding power of that mooring line and 
will reduce the horizontal load imposed on the anchor. 
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