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Preface

The use of dynamically posi-
tioned vessels has certainly 

increased dramatically in recent 
years, but spread moorings still play a vital role in the offshore drill-
ing industry. Innovations in mooring line materials, anchor holding 
power, and deployment and retrieval methods have improved the 
efficiency of mooring systems since the original text of this book 
was written over thirty years ago.

While the subject of spread mooring systems and equipment 
is necessarily quite complex, this updated text attempts to explain 
the main principles and applications to participants of the drilling 
industry in an understandable way. It is intended to give readers 
a basic overview of the topic from a historical and an operational 
viewpoint, while touching on the technical details in sufficent depth 
to understand their importance and relevance.

christopher Morlan 
Manaer of Structural engineering  
and naval architecture
MoU engineering at SBM atlantia 
in Houston, texas

  
Morlan, who contributed his significant expertise to enhancing this new 
edition of Spread Mooring Systems, has several years of experience review-
ing and analyzing floating offshore structures including semisubmersibles, 
jackups, drillships, barges, and various small vessels. His background also 
includes experience with drilling rig layout, design, weight control, and 
vessel interface; and extensive experience in stability analysis, motions 
response analysis, mooring analysis, riser analysis, and design and weight 
management. He has conducted inclining experiments and deadweight 
surveys on jackups, semisubmersibles, and drillships.
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xiv

Throughout the world, two systems of measurement domi-
nate: the English system and the met ric system. To day, the 

United States is one of only a few countries that employs the En-
glish sys tem. 

The English system uses the pound as the unit of weight, the 
foot as the unit of length, and the gallon as the unit of capacity. In 
the En glish system, for example, 1 foot equals 12 inches, 1 yard 
equals 36 inches, and 1 mile equals 5,280 feet or 1,760 yards. 

The metric system uses the gram as the unit of weight, the 
metre as the unit of length, and the litre as the unit of capacity. 
In the metric system, 1 me tre equals 10 decimetres, 100 centime-
tres, or 1,000 milli metres. A kilometre equals 1,000 me tres. The 
metric system, un like the English system, uses a base of 10; thus, 
it is easy to convert from one unit to another. To convert from 
one unit to an other in the English system, you must memorize or 
look up the val ues.

In the late 1970s, the Eleventh General Conference on Weights 
and Measures de scribed and adopted the Système International 
(SI) d’U nités. Conference participants based the SI system on 
the metric system and de signed it as an interna tional stan dard of 
measurement. 

The Rotary Drilling Series gives both English and SI units. 
And because the SI sys tem employs the British spelling of many of 
the terms, the book follows those spelling rules as well. The unit 
of length, for ex ample, is metre, not me ter. (Note, however, that 
the unit of weight is gram, not gramme.)

To aid U.S. readers in making and understanding conversion 
to the SI system, we in clude the following table.

Units of Measurement
▼
▼
▼
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 Quantity   Multiply  to obtain 
 or Property english Units english Units By these Si Units
 Length,  inches (in.) 25.4 millimetres (mm)
 depth,   2.54 centimetres (cm)
 or height feet (ft) 0.3048 metres (m)
  yards (yd) 0.9144 metres (m)
  miles (mi) 1609.344 metres (m)
   1.61 kilometres (km)
 Hole and pipe di ame ters, bit size inches (in.) 25.4 millimetres (mm)
 Drilling rate feet per hour (ft/h) 0.3048 metres per hour (m/h)
 Weight on bit pounds (lb) 0.445 decanewtons (dN) 
 Nozzle size 32nds of an inch 0.8 millimetres (mm) 
  barrels (bbl) 0.159 cubic metres (m3)
   159 litres (L)
  gallons per stroke (gal/stroke) 0.00379 cubic metres per stroke (m3/stroke)
  ounces (oz) 29.57 millilitres (mL)
 Volume cubic inches (in.3) 16.387 cubic centimetres (cm3)
  cubic feet (ft3) 28.3169 litres (L)
   0.0283 cubic metres (m3) 
  quarts (qt) 0.9464 litres (L)
  gallons (gal) 3.7854 litres (L)
  gallons (gal) 0.00379 cubic metres (m3)
  pounds per barrel (lb/bbl) 2.895 kilograms per cubic metre (kg/m3)
  barrels per ton (bbl/tn) 0.175 cubic metres per tonne (m3/t)

  gallons per minute (gpm) 0.00379 cubic metres per minute (m3/min)
 Pump output  gallons per hour (gph) 0.00379 cubic metres per hour (m3/h)
 and flow rate barrels per stroke (bbl/stroke) 0.159 cubic metres per stroke (m3/stroke)
  barrels per minute (bbl/min) 0.159 cubic metres per minute (m3/min)

 Pressure pounds per square inch (psi) 6.895 kilopascals (kPa)  
   0.006895 megapascals (MPa)

 Temperature  degrees Fahrenheit (°F)      degrees Celsius (°C)

 Thermal gradient 1°F per 60 feet  –– 1°C per 33 metres
  ounces (oz) 28.35 grams (g)
 Mass (weight) pounds (lb) 453.59 grams (g)
   0.4536 kilograms (kg)
  tons (tn)  0.9072 tonnes (t)
  pounds per foot (lb/ft) 1.488 kilograms per metre (kg/m)
 Mud weight pounds per gallon (ppg) 119.82 kilograms per cubic me tre (kg/m3) 
  pounds per cubic foot (lb/ft3) 16.0 kilograms per cubic me tre (kg/m3)
 Pressure gradient pounds per square inch   
  per foot (psi/ft) 22.621 kilopascals per metre (kPa/m)
 Funnel viscosity seconds per quart (s/qt) 1.057 seconds per litre (s/L)
 Yield point pounds per 100 square feet (lb/100 ft2) 0.48 pascals (Pa) 
 Gel strength pounds per 100 square feet (lb/100 ft2) 0.48 pascals (Pa) 
 Filter cake thickness 32nds of an inch 0.8 millimetres (mm) 
 Power horsepower (hp) 0.75 kilowatts (kW) 

  square inches (in.2) 6.45 square centimetres (cm2)
  square feet (ft2) 0.0929 square metres (m2)
 Area square yards (yd2) 0.8361 square metres (m2)
  square miles (mi2) 2.59 square kilometres (km2)
  acre (ac) 0.40 hectare (ha) 
 Drilling line wear ton-miles (tn•mi) 14.317 megajoules (MJ)
   1.459 tonne-kilometres (t•km)
 Torque foot-pounds (ft•lb) 1.3558 newton metres (N•m)

°F - 32  
1.8

english-Units-to-Si-Units conversion Factors
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Mooring system. Surface and underwater views of a typical spread mooring system in offshore 
operations

C
ou

rt
es

y 
of

 I
n

te
rM

oo
r 

In
c.

Petr
ole

um
 Exte

ns
ion

-The
 U

niv
ers

ity
 of

 Tex
as

 at
 Aus

tin



1

	 Holding	Floating	
Vessels





In this chapter:

•	 Anchors	and	mooring	lines	used	for	offshore	operations	

•	 Typical	mooring	system	patterns

•	 Principles	of	anchor	and	mooring	line	behavior

•	 Balancing	and	counterbalancing	horizontal	forces

Holding	a	floating	vessel	near	a	fixed	location	on	the	surface	of	the	
sea,	called	mooring,	is	an	age-old	challenge.	Basic	principles	and	

concepts	have	changed	little	since	ancient	times;	however,	technologies	
and	applications	have	improved	markedly.	As	oil	and	gas	exploration	
has	moved	increasingly	offshore,	more	permanent	mooring	systems	
have	been	developed	to	keep	floating	operations	in	place.

The	earliest	mooring	systems	consisted	of	natural	fiber	ropes	attached	
to	anchor	stones.	Various	types	of	anchor	stones,	dating	back	as	far	as	
1600	B.C.,	have	been	recovered	from	Egyptian	tombs	and	the	Medi-
terranean	Sea	floor.	Metal	anchors	were	introduced	by	the	year	800	
B.C.,	when	bronze	anchors	were	cast	on	the	island	of	Malta.	By	300	
B.C.,	iron	anchors	were	common	to	ships	of	the	Athenian	navy.	As	
shown	in	figure	1,	some	of	these	early	anchors	contain	the	features	
of	relatively	modern	anchors.	Rapid	development	of	anchors	in	the	
years	following	the	Industrial	Revolution	culminated	in	the	stockless 
anchor	of	the	early	twentieth	century.

Early	Mooring	
Systems
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	 Components	of
Mooring	Systems

In this chapter:

•	 Mooring	line	arrangements

•	 Types	of	anchors

•	 Wire	rope,	chain,	connectors,	and	fittings

•	 Anchor-handling	equipment

•	 Tension	measurement

Figures	17	and	18	show	two	mooring	line	arrangements	that	are	
used.	One	 is	 a	 chain	configuration	commonly	used	 in	 shallow	

water;	 the	other	 is	 a	 composite	wire	 rope	and	chain	configuration	
commonly	used	in	deeper	water.	Both	arrangements	contain	prac-
tically	 all	 components	 found	 in	 spread	mooring	 systems:	 anchors,	
wire	rope,	chain,	end	fittings,	buoys,	and	handling	equipment	such	
as	winches	and	windlasses.	Not	shown	are	anchor-handling	boats	that	
deploy	and	retrieve	the	anchors.

Main	components	of	a	spread	mooring	system:

•	 Buoys	to	mark	locations

•	 Anchors	to	drop	weight	to	hold	a	vessel

•	 Wire	rope	and	chain	to	make	up	the	mooring	line

•	 End	fittings	to	add	holding	power

•	 Winches	to	handle	and	store	rope

•	 Windlasses	to	propel	the	line

Mooring	Line	
Arrangements
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In this chapter:

•	 Companies	involved	in	mooring	operations

•	 Moving	on	and	off	location

•	 Running	and	setting	mooring	patterns

•	 Pulling	up	anchors

•	 Function	of	anchor-handling	boats

A	successful	 mooring	 operation	 requires	 considerable	 planning	and	organization.	The	well	site	should	be	marked	and	surveyed	
and	the	bottom	conditions	established	before	the	rig	moves	onto	loca-
tion.	When	water	depths	are	known,	pendant	lines	can	be	checked	for	
correct	lengths.	It	is	important	to	inventory	and	inspect	all	mooring	
components	 and	 handling	 equipment	 to	 ensure	 they	 are	 available	
and	 in	 good	 condition.	 Any	missing	 or	 damaged	 items	 should	 be	
replaced	or	repaired.	All	participating	personnel	should	review	and	
understand	all	equipment	and	procedures	to	ensure	safe	and	efficient	
operations	(fig.	61).

Constant	and	close	coordination	between	the	drilling	rig	and	
the	anchor-handling	boat	is	essential	during	the	mooring	operation.	
Clear	lines	of	communication	should	be	established	beforehand	to	
avoid	any	confusion	on	the	job.	This	task	is	complicated	by	the	fact	
that	multiple	companies,	organizations,	and	 individuals	might	be	
involved.	

	 Placing	and	
Recovering	Moorings





Planning	a	Successful	
Mooring	Operation
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air	tuggers,	61

American	Bureau	of	Shipping,	30

anchor	behavior	dependent	on	bottom	
conditions,	13

anchor	chain	mooring	line	and	related	
	 equipment,	22

anchor	chains

	 	 oil	rig	towing	with,	76

	 	 pulled	off	anchor,	75

	 	 swivel	fairlead	for,	55

anchor-handling	boats,	21,	59–62

	 	 heave	of,	71

	 	 setting	anchor	from,	68

anchor-handling	deck	equipment	arrangement,	
61

anchor-handling	operation,	76

anchor-handling	operator,	64

anchor-handling	vessel	adjacent	to	offshore	rig,	
60

anchor-handling	winch,	38,	48

anchor	holding	power,	12–14

anchors
	 	 anchor	chain	pulled	off,	75

	 	 basic-type,	with	identified	parts,	13

	 	 of	historical	interest,	2

	 	 mooring	pattern	and,	65

	 	 order	of	retrieving,	73

	 	 sequence	of	setting	and	retrieving,	65

	 	 types	of,	23–29

API Specification for Mooring Chain 
	 (API	Spec.	2F),	(American	Petroleum	
Institute),	34

Baldt	detachable	anchor	connecting	link,	42

Baldt	detachable	chain	connecting	link,	42

Baldt	swivels	and	end	shackles,	43

balling	up,	12

ball-joint	ends,	10

blowout	preventer	(BOP)	stack,	9

blowouts,	47,	51

BOSS	anchor,	25

breaking-strength,	3

Bruce®	anchor,	26

buoys

	 	 being	transported	for	offshore	operations,	58

	 	 on	deck,	59

catenary	curves,	3,	14–19

chain	and	wildcat,	checking	fit	between,	52

chain	line	tension	measurement,	53,	54

chain	locker,	50,	51

chain	mooring	lines,	22

	 	 and	wire	rope	combination,	18,	22

chains.	See also	anchor	chains
	 	 cracks	in,	34

	 	 crown	chain,	57

	 	 Di-Lok	chain,	30,	31,	32

	 	 fatigue	in,	34

	 	 flash-butt	welded	chain,	33

	 	 mooring	chain,	50

	 	 mooring	lines,	18,	22

	 	 Oil	Rig	Quality	(ORQ),	30

	 	 specification	for,	30,	34

	 	 stud-link	chain,	30–34
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SPREAD	MOORING	SYSTEMS

chain	specifications,	30,	34

chain	stoppers,	51

chain	systems	failure	points,	41

chain	tension,	maximum,	30

chain	tension	measurements,	53–54

chasers,	70

chaser	wire,	73

	 	 locked	in,	74

	 	 and	work	wire,	74

chock,	53

combination	wire	rope	and	anchor	chain	mooring	
line,	22

combination	wire	rope	and	chain	mooring	line,	
18

composite	lines,	22

composite	mooring	lines,	18

connecting	elements,	41–42

	 	 fatigue	failures	of,	41

controllable	pitch	propellers,	59

conversion	factors,	English	units	to	SI	units,	xv

cracks	in	chains,	34

crown	chain,	57

Danforth®	anchor,	23

deck	equipment	arrangement	for	anchor	
handling,	61

Delta	Anchor™,	26

Di-Lok	chain,	30

	 	 dimensions	and	test	requirements,	32

Di-Lok	stud-link	chain	manufacturing	process,	
31

drilling	operator,	64

drilling	tenders,	4,	6

drillship	arrangement	of	mooring	lines	and	
drilling	assembly,	7

drillships,	6,	7

dual-drum	winches,	46

dynamic	positioning	system	controls,	8

dynamic	positioning	systems,	8

eight-line	spread	mooring	pattern,	5

eight-line	spread	mooring	system,	5

emergency	release	systems,	47

emergency	situations,	51

environmental	force	applied	to	a	semisubmersible,	
17

Extra	Extra	Improved	Plow	Steel	(EEIPS),	41

Extra	Improved	Plow	Steel	(EIPS),	41

extreme	weather,	71

failures,	41

	 	 chain	systems,	41

	 	 wire	rope	systems,	41

fairlead,	15

fairlead	block	and	stopper	line,	55

fatigue	damage	of	mooring	lines,	23

fatigue	failures	of	connecting	elements,	41

fatigue	in	chains,	34

flash-butt	welded	chain,	33

flash-butt	welding,	30

flexural	strength,	15

floating	drilling	vessels,	23

floating	vessels,	1–19

	 	 mooring	patterns,	11

	 	 mooring	systems,	early,	1–8

	 	 offshore	environments,	9–11

	 	 principles	of	mooring	systems,	12–19

fluke	angle,	23,	26

fluke	angle	blocks,	28

fluke	angle	setting,	14

forerunner,	26

global	positioning	system	(GPS),	65

handling	loads,	62

heave	compensators,	9,	10

heaving	in,	68

High	Holding	Power	(HHP)	anchor,	26
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horizontal	mooring	line	force,	16

Improved	Plow	Steel	(IPS),	41

independent	wire	rope	core	(IWRC),	40

Kenter	connecting	link,	42

Kort	nozzles,	59

Landing	Ship	Tanks	(LSTs),	5

lang	lay	rope,	40

lay,	40

leeward	(downwind)	lines,	16

left	lay,	40

link	of	a	stud-link	anchor	chain,	30

load	cell,	53,	54,	56

loads	and	environmental	forces	on	a	
semisubmersible	drilling	rig,	6

maximum	allowable	load,	16

maximum	horizontal	resisting	force,	18

measuring	mooring	line	tension,	53–56

	 	 chain	tension	measurements,	53–55

	 	 wire	rope	tension	measurements,	56

Moorfast	anchor,	24

mooring,	1

mooring	buoys,	58

mooring	chain,	50

mooring	equipment	on	the	bow	section,	47

mooring	line	arrangements,	21–45,	62

	 	 connecting	elements,	41–42

	 	 stud-link	chain,	30–34

	 	 types	of	anchors,	23–29

	 	 wire	rope,	35–41

	 	 wire	rope	fittings,	44–45

mooring	lines,	1,	3,	5-7,	9,	11-12,	14-15,	18,	
	 21-22,	30-41

	 	 fatigue	damage	of,	23

	 	 size	classification,	38

mooring	line	tension,	15

	 	 parameters	required	to	calculate,	15

mooring	patterns,	5,	11

	 	 and	sequence	of	setting	and	retrieving		 	
	 anchors,	65

mooring	system	principles,	12-19

	 	 anchor	holding	power,	12–14

	 	 catenary	curves,	14–19

mooring	systems

	 	 anchor-handling	boats,	59–62

	 	 components	of,	21–62

	 	 early,	1–8

	 	 measuring	mooring	line	tension,	53–56

	 	 mooring	line	arrangements,	21–45

	 	 principles	of,	12–19

	 	 pulling	and	lowering	anchors,	57–58

	 	 rough	weather	adjustment,	70

	 	 storing	the	rope,	46–49

	 	 windlasses,	50–52

moving	off	location,	73–74

moving	onto	location,	65–70

	 	 adjusting	mooring	systems	in	rough		 	
	 	 weather,	70

	 	 piggybacking	anchors,	69–70

	 	 preloading	and	pretensioning	anchor		 	
	 	 lines,	69

	 	 pulling	an	anchor,	70–72

	 	 running	out	an	anchor,	66–67

	 	 setting	an	anchor,	68

natural	fiber	rope,	3

Offdrill	II	anchor,	24,	25

offshore	environments,	9–11

Oil	Rig	chain,	30

Oil	Rig	Quality	(ORQ),	30

oil	rig	towing,	77

	 	 with	anchor	chains,	76
Petr

ole
um

 Exte
ns

ion
-The

 U
niv

ers
ity

 of
 Tex

as
 at

 Aus
tin



98

SPREAD	MOORING	SYSTEMS

operator,	64

payout,	65

payout	rate,	67

pelican	hooks,	70

pelican	hook-type	chain	stopper,	42,	43

pendant	lines,	57

	 	 attachment	locations	for,	65

	 	 length	of,	70

	 	 spring	buoy	holding,	57

	 	 wire	rope	for,	38

piggybacking,	69

piggybacking	anchors,	69–70

pile-type	anchors,	28,	29

placing	and	recovering	moorings,	63–74

	 	 moving	off	location,	73–77

	 	 moving	onto	location,	65–70

planning	a	successful	mooring	operation,	63–64

polyester	rope,	19

preloading,	69

preloading	and	pretensioning	anchor	lines,	69

proof	load,	30

prop	wash,	58

pulling	an	anchor,	70–72

pulling	and	lowering	anchors,	57–58

pulling	in	and	running	out	chain,	50

pull	per	shaft	horsepower,	59

quadruple-drum	winches,	46

Recommended Practice for Design and Analysis of 
Stationkeeping Systems for Floating Structures	(RP-
2SK)	(American	Petroleum	Institute),	34

regular	lay,	40

restoring	forces	for	a	semisubmersible	due	to	
horizontal	displacement	from	the	well,	17

right	lay,	40

rope	lay,	40

rough	weather	adjusting	mooring	systems	in,	70

running	anchor,	sequence	of,	65

running	out	an	anchor,	66–67

scope,	14

Seale	construction,	38

semisubmersibles,	7

setting	anchor,	68

	 	 from	anchor-handling	boat,	68

shaft	horsepower,	59

sheave	diameters,	41

single-drum	winches,	46

single-fluke	design,	25

slip	joints,	9

socket	fittings,	44

spread	mooring	patterns,	11

spread	mooring	systems	components,	21

spring	buoy,	57

spring	buoy	holding	pendant	line,	57

STATO	anchor,	24

Stevmanta	VLA™	(Vertically	Loaded	
	 Anchor),	28

Stevpris™	anchor,	26,	72,	75

Stevpris	Mk6™	anchor,	27,	28

Stevshark™	anchor,	26,	27

stockless	anchor,	1

stopper	line	and	fairlead	block,	55

stoppers,	42

storing	the	rope,	46–49

storm	conditions,	70

storm	tensions,	70

stud,	30

stud-link	chain,	30–34

submersible	barges,	6

suction	pile,	29

survey	boat,	65

survey	company,	64

swaged	sockets,	44

swivel	fairlead,	54-55

	 	 for	anchor	chain,	55
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swivels,	42

tail	roller,	61

tension

	 	 chain	tension,	maximum,	30

	 	 chain	tension	measurements,	53–55

	 	 measuring	mooring	line	tension,	53–56

	 	 mooring	line	tension,	15

	 	 parameters	required	to	calculate,	15

	 	 preloading	and	pretensioning	anchor	
	 	 	 lines,	69

	 	 storm	tensions,	70

three-sheave	wire	line	tension-measuring	
	 device,	56

wire	line	tension-measuring	device,	three-sheave,	
56

wire	rope	tension	measurements,	56

thimbles,	45

thrusters,	8

traction-winch	type,	49

trips,	12

turret	mooring,	8

turret-type	mooring	arrangement,	9

Ulster	pawl-type	stopper,	42,	43

U.S.	Navy	Lightweight	(LWT)	anchor,	23

vertical	center	of	gravity	(VCG),	35

Warrington	construction,	38

water	depths,	22

watertight	compartments,	60

wellhead	flexible	connection,	connector,	and	
blowout	preventer	arrangement,	10

whelps,	51

wildcats,	51

winch	drum,	49

winches,	21

	 	 anchor	handling,	38,	48

	 	 types	of,	46–49

windlass	components,	51–52

windlasses,	21

	 	 pulling	in	and	running	out	chain,	50

	 	 windlass	components,	51–52

windlass	wildcat	and	chain-handling	
	 equipment,	51

windward	(upwind)	lines,	16

wire	line	tension-measuring	device,	three-sheave,	
56

wire	rope,	3,	35–41

	 	 6	x	19	classification,	galvanized,		 	
	 	 independent	wire	rope	core,	38

	 	 6	x	37	classification,	bright	(uncoated)	or		
	 	 drawn	galvanized	wire,	independent		
	 	 wire	rope	core,	39

	 	 advantages	and	disadvantages	of,	35

	 	 and	chain	mooring	line	combination,	18,	22

	 	 classifications	of,	37

	 	 construction	of,	36

	 	 construction	types,	38

	 	 for	pendant	lines,	38

	 	 precautions	with,	40

wire	rope	core,	38

wire	rope	fabrication	terminology,	36

wire	rope	fiber	core,	40

wire	rope	fittings,	43–45

wire	rope	lubricants,	40

wire	rope	system	failure	points,	41

wire	rope	tension	measurements,	56

wire	rope	thimble,	45

wire	rope	winding	procedures,	49

wire	strand	core	(WSC),	40

work	wire	and	chaser	wire,	74

zinc-poured	sockets,	44Petr
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To obtain additional training materials, contact:

PETEX
The University of Texas at Austin

Petroleum extension service
10100 Burnet Road, Bldg. 2

Austin, TX 78758

Telephone: 512-471-5940
or 800-687-4132

FAX: 512-471-9410
or 800-687-7839

E-mail: petex@www.utexas.edu
or visit our Web site: www.utexas.edu/ce/petex

To obtain information about training courses, contact:

PETEX
learning and assessment center

The University of Texas
4702 N. Sam Houston Parkway West, Suite 800

Houston, TX 77086

Telephone: 281-397-2440
or 800-687-7052

FAX: 281-397-2441
E-mail: plach@www.utexas.edu

or visit our Web site: www.utexas.edu/ce/petex
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2.50220
0-88698-253-7

978-0-88698-253-9
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