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PREFACE

This report is published to provide coastal engineers with a comprehensive bibliography
on marine pipelines. The work was supported by a grant from Continuing Education in
Engineering (University Extension) and the College of Engineering, University of California,
Berkeley, California, for use in the s iort course “Harbors, Ports , and Offshore Terminals” in
January 1975. This bibliography is published under the coastal construction research
program of the U.S. Army Coastal Engineering Research Center (CER.C).

The report was prepared by George L. Bowie, Research Assistant, and Robert L. Wiegel,
Profe ssor of Civil Engineering, Universit y of California, Berkeley.

Thorndike Saville, Jr., Technical Director , CERC, was the monitor for the report.

Comments on this report are invited.

Approved for publication in accordance with Public Law 166, 79th Congress, approved
31 July 1945, as supplemented by Public Law 172, 88th Congress, approved 7 November
1963.
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MARINE PIPELINES: AN ANNOTATED BIBLIOGRA Ph Y

by

Gem~e I.. Bowie and Robert L. U~iege1

I. INTRODUCTION
This annotated bibhiograph~ presents a com pilation of literature describing the design,

construction , operation , and maintenance of pipelines in the ocean and rivers. These
pipeline s may range in diameter from a few inches to more than 15 feet (used for

powerp lant cooling water systems) , and may be short or more than 100 miLes Long. P%pe[üws
are installed on various ty1)es of bottoms , and can be subjected to large forces induced by
wav es and currents. The problems encountered in installing and repairin g pipelines are

discussed.
Each entry of the bibliography has a reference number , author or source, and title. Most

of the entries also include keywords and annotations.

H. SUBJECT ’ HEADINGS
Ahnement Flow forces Platform insta llat ion
Anchoring Forces Reel barge
Backfill Fouling Rt’1 airs
Barge Foundation Sal~ag.
Bending stresses Heating Scour
Bibliography Hyperion sewage s’~ sterns Sea twl l
Blasting Insurance Sled
Buoy Lay barge Sludge

LayingCoating Slurr~Legal problems
Concrete . Sta bdits

Material
Construction methods Steel pip e

Outfall se wer
Cooling water . . Stinger

Pipeline, gas
Corrosion . . . StressesPipeline, oil
Current forces Pipeline, sludge Sur f zone

I)amage Pipeline, solids Survey ing
Deep water Pipeline, suipher (liquid) Trcnehin~
I)redging Pipeline, waste Y ,a~e f.trcei~
Drilling plat forms Pipeline, water Welding
Economies Plastic pipe Winch
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Ill. INSTALLATIONS
Alaska, Cook Inlet Great Britain, River Thames North Africa

Australia, Bass Strait Gulf of Mexico North Sea

Australia, Spencer Gulf Hong Kong Norway, Ekofisk

California India, Bombay Oregon

California, Los Angeles Iran, Kharg Island Persian Gulf

California, San Diego Italy Puerto Rico, Las Mareas

California, Santa Barbara Italy, Gulf of Trieste Scotland, Cambeltown

England, Teesside Lake Michigan Sicily

France, Cannes Louisiana, Grand Isle South Africa, Durban

Great Britain Michigan, South Haven Tasmania

Great Britain, Dorset Mississippi River \ enezuela, Lake Maracaibo

Great Britain, Hastings New York , Hudson River Wales, Baglan Bay

Great Britain, Humber Estuary New York, Lake Ontario Wales , Port Talbot

Great Britain, Morecambe Bay New York , Long Island Washington, Puget Sound

Great Britain, River Exe New York, Rochester Washington, Seattle

IV. ANNOTATED BIBLIOGRAPHY
1. ALDRIDGE, C., “What ’s Involved in Planning and Constructing an Offshore Pipeline ,”

Oil and Gas Journal , June 1952, pp. 174—179.

Keywords: Coating, Construction methods

Article discusses several problems and limitations involved in various aspects of offshore
pipeline construction. Methods of laying offshore pipelines are described briefly, including
the lay barge and push-pull methods. Some techniques and limitations are discussed for
several operations involved in pipeline construction, including weight coating of the pipe
and field joints, and the construction of laterals and tie-ins to existing lines which involves
problems in locating and raising the lines, welding, and coating valves.

2. ALDRIDGE , C., “Planning the Offshore Line,” Pipe Line industry , May 1956,
pp. 39—41.

3. ALDRIDGE , C., “Offshore Pipeline Planning and Construction,” Oil and Gas Journal ,
June 1956, pp. 174—179.

Keywords: Oil pipeline, Pipeline construction

Several factors that should be considered in the construction of an offshore pipeline ,

including weather , water depth, distance from shore, pipeline location, and pipe burial, 
are6



discussed. The economic advanta ge s of pipelinin g crude oil from offshore , as compared to
moving it by barge. are also discussed. The lay barge and push-pull methods of laying
submarine pipelines and their limitations are described briefly.

4. ALDR IDGE , C., “Offshore Pipeline Planning and Construction,” Proceedings of the
American Petroleum In st i l ute , V ol. 36, Pt. 5, 1956, pp. 29—31.

5. ALKHAL J L , F. “ l)v namic Response of Submerged Pipelines,” Pli.1). Thesis, Department
of Civil Engineering, Universit y of California, Berkeley , Calif., 1973.

6. ALTERMAN, I., “Discussion of \\ ave Force Coefficients for Offshore Pipelines .~’ Journal
of the Waterways and Harbors Division , Vol. 88, No. WW4 , Nov. 1962, pp. 149—152.

Keywords: Offshore pipeline, Wave forces
Report briefly discusses wave-induced forces on an exposed pipeline. Equations are given

for the horizontal force and the vertical uplift force on the expose d cylinder.

7. ALTERMAN, I., and HAMLIN , N., “Discussion on Wave Forces on Submerged Struc-
ture8,” Journal of the Hydraulic Division, Vol. 85, No. HY5, May 1959, pp. 183—185.

Keywords: Submerged cy linder, W ave forces

Proceedings Paper 1893, authored by E. F. Brater, J. S. McNown, and L. D. Stair,
November 1958, on the wave-induced forces on a cy linder located on a seabed is discussed
briefly.

8. AMERICAN SOCIETY OF CIVIL ENGINEERS , “Pipeline Location: Specifications for
Aerial Photographs ,” Progress Report of the Task Committee on Pipeline Location ,
Journal of the Pipeline Division , Vol. 90, No. PL 1, Jan. 1964, pp. 7— 12 .

Keywords: Aerial photos, Pipeline location
An outline of specifications is presented to assure adequate quality in services contracted

with a commercial photogrammetric company for pipeline location and engineering
purposes. Specifications for aerial vertical photos (negatives an d prints) and indexes of the
photos are given.

9. AMERICAN SOCIETY OF CIVIL ENGINEERS , “Pipeline Location : Bibliographs ,”
Progress Report of the Task Committee on Pipeline Location, Journal of the Pipeline
Division , Vol. 90, No. PLI , Jan. 1964, PP. 13—19.

Keywords: Aerial photogrammetry , Bibliography, Pipeline location
Bibliography covers reference material on all phases of pipeline location, including the

preliminary survey, electronic distance measurement , aerial photogrammetrv , right-of.way
acquisition, legal aspects , type of terrain encountered, and general information sources.
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10. AMERICAN SOCIETY OF CIVIL EN(;INEERS, “Guide to Good Practice for iiigi~~a~
Pipeline Crossings,” Report of the Committee on Pipeline Crossings , Jou rnal of the

High wu l) iuiswn, No. 11W I , Jan. 1964, pp. 19—52.

Kes words: lligliwas pipeline crossing

Paper summarizes highwav pipeline-crossing practices. The following topics are
(lisrussed: (a) Pipe location and alinement ; (b) burial ; (c) encasement and protection
(d) vents , drains , and m arkers ; (e) uncased carriers ; (f) hazardous transmittants~ (g) restric-
tions against varied use ; and (h) design loads and sti-esses. Factors that should be considered
in the installation ~if a pipeline through an existing highway. or in the construction of a
higli~~a~ over an exist ing pipeline, are also discussed.

Ii. AMERICAN SOCIETY OF CIVIL ENGINEERS, “Economic Aspects of Mitigat ing
Pipeline Corrosion,” Committee on Pipeline Planning, Task Force Report , Jour nal of
the P ip eline I) ivision , Vo l. 90, No. PL I, Jan. 1964, 

~~ 89— 153.
Keywords: Pipeline corrosion

A summary of the results collected from questionnaires concerning pipeline corrosion
distributed to companies in the oil, gas, product . and water industries using pipelines is
presented. The information includes the selection of external pipe coa tings, application of
cat hodic protection systems, use of high-strength thin-walled pipe, and the determination of
operating pressures on existin g pipelines that have su ffere d corrosion deterioration. The
questions and responses are presented in tabular form. A list of areas that need further study
and investigation is given as determined from the results of the questionnaire responses.

12. AMERICAN SOCIETY OF CIVIL ENGINEERS , “ASC E Preliminary Research on
Pipeline Flotation,” Report of the Pipeline Flotation Research Council , J ourn a l of the
P ip eline l) ivis ion , Vol.  92, No. PL 1, Mar. 1966, pp. 27— 71.

Ke)wor ds: Pipeline flotation, Sediment

Report discusses the problem of pipeline flotation in saturated soils and sedim ents both
during and after construction. Pipe flotation experiments were carried out to determine
design cr iteria for pipeline stability in saturated sediments. From the results of t h e
ex periments, preliminary tables were developed to determine the bulk specific gravits of a

pipe that will not undergo flotation or sinking for a given set of sediment conditions. The
ta bles are presented with the necessary bulk specific gravity of the pipe determined as a

function of the bulk specific gravity or density of the sediment8, the shear strengt h of the
sediments, and the pipe diameter. Examp les are given to illustrate the use of the tables in
calculations, and plans for further rese arch in this area are discussed.

13. AMERICAN SOCIETY OF CIVIL ENGINEERS, “Pipelines in the Ocean,” Final
Report of the Task Committee on Pipelines in the Ocean, Pipelines Planning
Committee , Pipeline I)ivision, 1973.
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14. ANONYMOUS , “h o w  to l)etermine the Buoyancy of Bare and Concrete Coated Steel
Pipe in W ater and %liid ,” Pip e Line Industry . Oct. 1956, p• 74.

15. ANONYMOUS, “Sett ing up an Offshore Platform is Easy if You Know What You are
l)oing.” Oil and Gas Journal , June 1960, p p .  82—83.

Keywords: Offshore oil pla tform , Santa Barbara, California

Article briefly describe s the installation of an offshore oil platform off the coast of
Santa Barbara, California.

16. ANONYMOUS, “Blasting Methods for Outfall Sewer ,” Western Const, uction , May
1962, PP. 62—64.

Keywords: Construction methods, Outfall sewer, San Diego, California

Several construct ion methods used in the initial construction phases of an ocean outfall
in San I)iego , California, are described. Liquid exp losives in plastic tubes were used to blast
a smooth bed for the pipe where it Crosse(1 a sawtooth ledge offshore , and also to blast a
trenc h for the pipeline in the shallow inshore water and surf zone. A pre fabricated steel
trest le was constructed to place the 9-foot-diameter concrete pipeline through the surf zone;
foundation holes for this trestle were drilled with precision, using a special drilling rig.

17. ANONYMOUS, “Determination of Net Buoyancy of Submerged Pipelines, Engineering
and 1)esi gn— 3,” Gas I)istribution Manual, Pipe Line I ndustry, Vol. 19, No. 5, Nov.
1963, pp. 66—67.

18. ANONYMOUS , “Nuclear Power: The Year of Reckoning,” Engineering, Apr. 1964.

Keywords: Great Britain, Nuclear power station, Reactors

A program for the development of nt’clear power in Great Britain is briefl y discussed.
The program consists of four nuclear power stations and nine reactors to be built between
1970 and 1975. The program is flexible; the use of “advanced gas-cooled reac tor” or

“boiling water reactor ” systems in the power stations is undecided.

19. ANONYMOUS, “Cook Inlet Line Laid in Fluid Tidal Flats,” World P etroleum, Vol. 38,
No. 8, Aug. 1967, pp. 56—60.

Keywords: Cook Inlet, Alaska, Oil pipeline

The construction of a 42-mile, 20-inch~diameter crude oil pipeimie on the northwest
shore of Look Inlet, Alaska, is described. The pipeline was laid along two tidal flats
separated by a headland. The clearing, grading, and ditching along the pipeline route, as well
as the pipe stringing, taping, and anchoring processes , are discussed. Due to the extreme
environmental conditions present in the area, several problems were encountered during
grading and especially during ditching operations.9



20. ANONYMOUS, “Cooling Water Intakes at W ylfa Nuclear Powrr Station ,” Civil
Eng ineering and Publ ic Works Review, Vo l. 63, No. 744, July 1968, pp. 759—780.

21. ANONYMOUS, “10,000-Foot-Long Sea Outfall at h astings in Susse x ,” Civil Eng ineer-
ing and Public U ’orks Review , Vol. 63, No. 746, Sept. 1968.

Keywords: Outfall pipeline, Sussex , England

Report describes the construction of an ocean outfall off the coast of Susse x , England.
The outfall is a 27-inch.diameter steel pipe which extends 10,000 feet offshore. T he pipes
were coate d before construction, and welded into strings at the construction site. The pipe
str ings were pulled out , joined offshore and buried in a trench through out its entire length.

22. ANONYMOUS, “Techite Pipe for Subaqueous Pipelines,” Brochure on Tecliite RP”I
Pipe, United Techinolo~ ’ Division of United Aircraft Corporation, 1968.

23. ANONYMOUS, “Deep Pipelay ing Under the Adriatic,” Marine Eng ineers Jou rnal , Vo l.
81, No. 2, Feb. 1969, p. R.

Keywords: Deepwater pipelines
Article briefly describes several available methods for lay ing underwater pipelines iii

deep water , and includes a brief description of a typical deepwater submarine pipe.

24. ANONYMOUS, “Recent Ath’ances in Dry Underwater Pipeline Welding ,” U elding
Engineer , Vol. 54, No. 2, Feb. 1969, pp. 43—45.

Keywords: Repairs, Welding chamber
Article describes a system that allows high-quality , high-strength welds on submarine

pipelines without raising the pipeline to the surface. The system consists of a dry hyperbaric
welding chamber which is placed on the pipe without moving it. This system can be used to
weld hot.tap connections, pipeline and riser tie-ins, and also to repair damaged pipelines and
risers.

25. ANONYMOUS, “Work Ship Features New Design Pipelay ing Ramp,” Marine Eng ineers
Journal , Vol. 81, No. 2, Feb. 1969, p. 5.

Keywords: Construction vessel, Pipeline ramp
A construction and pipelaying vessel , whose equipment includes a hinged, above-water

pipelay ing ramp to lay submarine pipelines in deep water by the catenary and tension
method, is described.

26. ANONYMOUS, “Largest Submarine Outfall in the U.K.,” The Dock & Harbour
Authority , Vol. L, No. 583, May 1969, p. 14.

Keywords: Great Britain, Submarine outfall sewer
Article briefly describes a submarine outfall sewer constructed off the shore of Great

Britain. The pipes were welded and coated onshore and pulled to sea by a barge and winch
anchored offshore. The pipe was laid in a dredged trench which was then backfilled.
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27. A~~ONYMOt :S , “Intake Pi,ees Headed leer t ,eeb rw a t e r Srr~ ice at l’ali~adr~ l’ larit. ”
Bechtel B r i e f s . \ lay 1969. p. lB.

l’ee~ ~ords: ( :eoe l i r ig hate r pipeline , Lake \l ie lugaii
l~r i e f  iiot r (lI5 ( (U.5e~ t h e  l) la<eii ie IiI Of au I I — f oo l—c l ia n ie te r ~— i l l I } iIpe lI11e iii l ake

\hicliigan. ‘Flu pipeline i~— a ceeo li i lg ~% a t e r intake pi pe’ le er a nucle dr 1eo ~s e ’ r Ielaii t iii \ I iel i i gaii .

28. ANONYMO U S. rniiiial Facilit ies iii Ilaitori ,’’ If othl l’et r olei, n, . ~s eel . 40. \o . .
‘
. \1.i’~

1969. l’P~ 
24~ 2 .

29. ANO~~Y M()L S, “S h eet Piling I. see l for Outfall Piirnp iuig Stat i o n. ’’ ( i i ’ , !  Li i n e e rw~
I’ubhe U orks Reiu ’u . Vol .  64. \o. 756 . ~i1lv 1969. p. 667.

Keywords: Un’at Britain , ( )u I fall pu m 
~~~ ~I at ion

‘l’lw c onstruction of trade effluent tanks and a pumping — ta t i o n  f o r a ~ a t i t fah l  in
;reat Britain — ch~~erihed.

30. A NON YMOL~, “B ul ldozer ,  Pipeline Barge ( ;( tS to Peel  toni of the Job. ” En~’wcer ii i~
\c ‘4’ ..~R ( ’c ( ) rd . \ ul. 183, ‘co . 20, \ o’ 1969 . • 22.

Ke~ words: Barge . Bass Strait , Australia, Bulldozer
\ se niisiibnier~.iblt’ pipela~ ing barge and an unde rwater bulldozer used t e e  la~ a 60- rut h

oil pipeline ae ros~ Ba~—~- Stra it betwee n ‘I’a.’~iiia,i ia and the Aust ralia n m ain lan d ire desc ribed.
The barge can operate under diffic ult rathe r and ~c a  cundition~- l,ecaii~ the ( lee k a n d
su lee’ rstr uctur e are above water and s iippce rted b~ eo liiin,i’~ connected to — ci lun erg e d

Hi toe Cii -

31. ANONYMOUS, “Slurried Mineral Ore S~ stem ,” Ocean In du s t ry . \ ol. 4. \~~~. I I .

1 969, 
~~

• 39.

Keywords: Minerals , Slurry
Ite por t  de scribes a shi irr~ s~ stem de~e ’ Ioped t ee h and le iron, copper . lead. iiuie , and

mamigatIc ~ e ore. i’hie ore I~ loa ded  and discharged iii a sin rr~ form abeezi rel large . e ’ oneon iiea l
tan kers w h ic h can anchor iii dee1e w at e ’ r  offslwre and pump (lie slurrifu d argo a si tee r e ’
t hrough a pipe line ’ . T h e advant age~ of s u c h  a sy stem are also ( htsu Iis~e ( l.

32. ANONYMO(JS, “Sea  Plough I s( (f to Liv Si, liniarine Pipe line .’’ T/’~ l) oeh ~ Har bour
.1 u t l i o r i l v . ~ ol. 50. \ e . 591 , Jan. 1970. p. 387.

Keywords: (;as pipeline , (;re’~it Britaiti , River Exe

\ 20-i ncli— dia m ne’ tc r gas ma in t e e  he laid across the Hi~e r  Eve iii G r e a t  Britain N

brie fly . ‘ i ’he e pipeline ~sill Is’ laid in a d e e p  e’hia i ine l g iigee l le~ a 3 6 - tee n  ~e,I

33. ANON Y MO L JS , “‘Ic lesion Sl ice rs for Piho’ Ia~ ing Barge ,” Oc ean I n d u s t r y . \ ol. .) . \ < e . I

Jan . I 970, p. I 8.
Keywords: I’i~ee ’ lav ing barge , ‘Feiisiori shoe’ —.(eiii

‘l’hie’ operation and aeh ~ a ut tag e ’ s of a h y d r a u lic t r ack- tx  I~’ te uisi o ri sh i e ee ’  ~ ~te iui to l e e - used
on pipela~ ing bar ge~ are de ’se rilee’d.



34. A NON \ MOL. 5, ‘‘Big ( )il Pipe Pull Beg ins at \~ c-eken il,’’ The .\ata! Me r c u r y . Se , u , Ih i

.~ f r ie a , h’he, e) 7()

Ke~ word s : l ) i i r leaui . See u t h i  A frica , Ot’fsh ie re’ tc’riniiial . Onsh ore storage

Re’1uert cl e se ’ r i h ee — an cel l  pipe l i ne e-onist ru ct e ’ e l  on sh ore’ arid pulled to se -a hey hear ge to

c ’on iiic’et a re e I f~h , ee r e te riuiiuia l wit h onshore s t ee ra g e-  fac ilities at I)urban , South A f r i c a .

35 . %~ ~ ON t \1OI S. “( :ritical Phase of Off-shi re- Oil h’lan ( ompleted. ’’ :~~ I r~’Ii S .

( a 1eeke%% ii , S c u t t l e  \ t r i c ’a .  Mar, 1970.

Key words: Dc-c 1 — e ,e oil te’ rmiuial , I) ur le a ne . Sce t i t h i  Africa , Onishiore ta n k farm

\n i  oil t e i l e t ’ lii ’ ee ; is t r i , c - te ’ e l  onshore’ and pulled to sc -a by barge’ to e.. ,inc ’ct a tank t~er nn i
onis hiurc ’ tee  ii de . - 1 e ~— c-a oil t e ’ r nui iuia l at l)urbaii. South Africa. is de scribed briefly.

3b. \ \ f t \  ‘~ MOl S. ‘‘ \~~~ Lr~ Bar ge’ for 48-inc h Pipe’ ,’’ () < e ’au In d us t ry . \ oh. .5. ‘~o. L A pr.
197(1. PIL 86 87.

Key~~c ei d~: h ) e ’ e- 1 ’ ~s a t ’r i r — t a l l a t i uen , Las’ barge

\ la~ lea r~e t i h t t i  , a (-c ’ nitra l lv located Ia~ slot nne’thiod dc’signic’d tee be capable of havi ng
48— i ,ce hi d ianie ’ t e- r  1 e i 1 e c h u i i e ’ ~ inc deep water is dese ’ribc’e I.

37. ANON ~ StO( ‘
~~. ‘‘ la k e-  a l ook at the ’ \ f ce - .t Innovative atie ! Widely l) i ~~ussed 1’i peIa~ hrg

ltar~~’ \ f loat .” Hceu r —o-sc oj ie . Fl ij eer Cor1eoratio ni , Si,rn,iie’r 1970,

Key ords: I e l — h  in’ barge ’. Ste - c - I 1ei 1ec ’

h{e ieort pros i ele ~— a ge- rie ’ra l des c- ripti o~ of a r(’e l-ty 1ee barge that is e apa le le c c l  la~ Inig
I 2 i i i ch i— d ianue ’ te ’ r  hie-a ~

y .
~~~ aI led  st c ’el le ihu’ .

38. ANON \ MOUS , ‘‘ 1 n i e le -r w ater  Outfall N Big~c ’st So Far ire t .K,.” Hy dr ospacc ’ . \ e, l, 3.
\e . .1. .~uig . 1970 , 

~~ 
34 36 .

Ke~ wor ds: Gre at Brilaini, Se’~s age’ ee ui t fall pipe

The’ lay ing of a . 1- l r ic - h i -el iar i ie ’ tc ’ r  ~e~ s~uge - out fall pipe’ extending 2.5 rnili’— to sea o ff the
e e ea s t  of ( . r c -at Brita in i~ e le — e ribe’cl br ief ly . \~elded str i n gs of pipe were pii11~~i to sea  l~
barge ’ .

39. ANON V MO( 5, “( ni l-Pi pe Po Ive’tli~ le t i e- Pipe’ .’’ Cit e!  Enguneerur ~,’. ‘~ oh. 40, No, 8, ‘\iug.
1970. 1e. 84.

Keywords: I’ee h y c - t he y  le ’ i Ic ~
,i
~ee ’ . %ie ~st c he i P<’h i t i c ’ S

Arti c le briefly eles e ’ ri he e ~ h u g h-d en sity } oel \  e ’ t hi~ le ne piping used for sewage arid ~s as te

di~1 eee ~ e l .  T hee ’ 1ei 1ee is hle’xileh ’ , ca n h ue ’ la id aroun d ccle . lae hes . and is lui gleI~ re s istant tee
e h i e ’ nn i j e ,u l— , a h c r ie ~.i ui . f rees t ,  uric1 ine’rl ieggre’s~ive seeI l~. It i~- nonporous , absorbs stress c aused b~
se eil rnue ,~.c ’ nee ni t s . an d is re’ 1eor te ’ellv uniaf l’e-eled by’ vibratice n i. The’ pipe’ is buoy ant , so it rita lee
tow e d iii %~iit e ’ r~% aS ~~, and then ~s e ’ igh i tcel  ~ it hi < e e n i e ret <’ ( ‘cellars and sunk he y filling with wat e r ,

_______________  
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40. A No N YMOUS , ‘‘Story - h i gh Steel Outfall Huues 3 Miles I eed c ’ r Lake,” L,e~ru,c ’eru,~
\e ’u’s-Re ’eord, \ oh. 185, Ne c , I 2, Se’ pt . 1970, pp. 82—83.

Key words: Lake Ontario, Outfall pipeline. B ocluester , Ne ’w York
‘l’Iee ’ Ce in struction of a I 0—foot-dia m eter steel sewer outfall u~ er 3 miles long lai(I in a

dredged tr e ’uee le at t hee  bottom e e l  Lake’ Ontari o clear Roc hees le ’ r . N e w  ~(,rk, is desc ribed. ‘rice’
1 e 1ic is laid ire 80—fo tet see ’ti on es . leew e re’d by a derrick , arid divers bolt thee ’ see- t i m es  toget h er.
i’le’ ~re ’ ie ( ’ hI is baekfi llc ’d after thee ’ } i}ee s are laid.

41. .-~NO~\ Y MOt 5, ‘‘ \c ’~s Pi ie e’ hie ue ‘l’ie- ire h’,quipneent ,’’ Il vdros puce ’ . \‘ol. 3, N e e . 3. Oct.
19 70. p. 1 .1.

K -  words: Platform rise’rs . Tie’ -ini ec1ui p nee ’ ne t

Articl e 1erovides a brie.’f e lc - sc- r i j etie ni ( Cf pipeline tie—in equipment th at sinep lific’s the
underwater e.’oni nectuene of pipe- lines to plat form rise’rs , (J r latera ls to m ain lines . aced ma also

is’ used to remove arid replace’ a se ’e -t ioie of pij c(’ w it heout leaving to raise thee c’xisting pipe’ to
t hee ’ surfa ce ’ .

42 AN ON V MOLJS , “World ’s Biggest Pipelay ing Sled,” Ilv drosj wce . Vol .  3, Nee 3, Ott.
l9 7O. p. 22,

K y wor ds: Pipelaying sled, Polyet hylene pipe

Article describes an underwater pipelay ing sled designed to embed a 48-inch-diameter
poly e.’ th e ’~ lene pipe’ to a depth of 15 feet below the seabed in water depthis ex -eedieeg 100
feet in a single opc’ ratione.

43. ANONYMOL]S, ‘%\ odd’s Bigge st t ;nuderwater Sle’d Commissioned ,” The’ i) m ’k A
Harbour . I u t ho r i t v . \ ol. 50. No. 600, ( )ct. 1970.

Key words: Pipelay ing sled, Polyethy lene pipe
A re und erwater sled designe d to e’mbed 48-in ch -diameter po lvet lev leeee pipes 13 feet

Ls’low t he  ocean floor in water depth s exceeding 100 fe ’c ’t is described briefly .

44 . ANONYMOUS , “Ital y Mans a Gas Pipe Line .~eross t hee ’ Mediterranean,” Ocean

Indus try , \ ol. 3, No. h I , Nov. 1970, p. 43.
Keywords: (;as pipeline , Ital~ , Mediterra meeaee Sea , North Africa , Sic ily

Planes for a natural gas pi1eel inue ’ sv ste’ne c - x t c’nd ing fr om North Africa across thu(’
\ Ie’ diterranue’ani Se-a and thee island of Sicily’ to tine’ Italian mainland are (lis(’ussed bric’fl y

.15. ANONYMOUS , ‘ ‘Ne’w Met hods I)evise ’d to Lay Pipe in Deep Water ,” Uorld Oil . Dee.
1970, 

~ 
30- - 32.

Key worda: Reverse i-tube me thod, Tension meth od

Artic le discusses two methods for making pipe condne(’t ions at deepwat e r platforms. Tine
“ rev e’ rs< ’ J -tu be ” method for la~ ing a pipeline ori ginating at a platform is described. Thee pipe
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is ~s e- Ldle ’ el one (lie’ 1e lat fe r iue in a s e ’ r t e e al us ite onc , t hi e ’ me pulhe’d e lc iw n e t hi re eu g hi the i—tube ’ ami(l
c e o t t c c s % a r e f t h e ’ ~h c e e r e  u ntil it c - are be ronenle ’(’ted inc she a hiee ~s c ’ r  wate r ~s n t he  the e ’ re st ccl  the ’
p i pe l i n e t h at h u e s  ls ’c’ ne laid fre e rre t ie ’ ’  s hore- . l’lee’ ‘ ‘ te nsion ’’ met h ece d leer i ie akereg e le -e pwat e r
d ’d ! t r i i e l i e u —  at t in- h e la t t ou  nii~ i~ a lso cl e s ( ’eIsse ’el , \v ial t e ’ n — e e e u n  N applie d te ,  a p i p e-hence ’ ~ it he a
t u i~ to ‘ c e n e t r e c h  Is - n eeh i ne g s t i e s — e s as thee-  lin e’ is rai se d to  t i ne -  s u r f a c e ’ for a l t a i h i n n e e ’ u u t  e e l  a re s ’ - r

i c uc  he e s s e r e di h e e L t e e  t l~ ’ b ( e t t c e n n u .

Be. ~ \O \~ \ IO( S . N e w  Pi1cu ’ h ine e \h ng nene e ne t S y — t ’m. ’’ Oe d r i l l  I n d cc s t rv . \ eel . 5. No. 12.
lIc e ’ . h e 17 ( ) 

~
,, 1-8,

k c s  Ssd e i ( ls : I u s i n g te e - I l ,  Pi iec ’ l ir i ; ’ ah i n ec ’ nrn ’ ne t s~ s t e rn

Ue ’ 1eeer t  ic- sc ri be ’ s , e nc iene de’ r~~c te ’ r  pipe-l in e ’ ah im e e ’ m e ’ net —s ~t e - nnn l e e r  nu i .e kem e g re iea er s . fu r rise r
tur in’- a ne e l hut t a l c — . and le e r  e ’ ee n e n iec t ing nee ’s% lin e- — . \ ei i s i neg be- I l is Ie ee ’ k e ’ d to ( l ie Fel i ce ’ t e e

he c ’nneel %sc ’ h dle r — to ne ecv e i r e  a n d  fr e e m thee - habit ,et s~ i thece ~ t e lis m e g  a}e h) a r~it Les .

47. ~tNO\ Y\ 1O ( 5 , ‘‘Pulling Pipe line’s . Il vdrospa ee’ . \‘ol. 4. No. 2. \ pr. 1971 - ~ p . ,~6 - 27.

keywor ds: ( )e l te rminal . R i s e r  ‘l h u a n i c ~~. Tan k farn ii

\r f ~c ’k r j c ’ — e ’ r j iee ’ — f le e ’  e ’ o n e s t r e j e t e e e n e  miu ’ t hec e c ls use d te e lay Rse e j e i j e e ’ hmr i e ’ s i r e Gre at Brntai nu .
I l i ce %%~cs a 3(e- inee ’ hi -eh ia n nie ’ t e r  pe t e e hin c ’  (‘ d ) n i r u e - c ’ ( i n e g  a rc ee ffs heo re ’ eei h t e ’ r mn ene i w i t h a tank far m
o ri — hu een ’ e .  ‘ h ’ hur 1ei pehi ree’ s~ as ass e - n uih ,he ’ d eHesbuel re ’ _ pi ille’c l c ecil with , a hia rge . an e c h ha n d i:: :1 dre’dge’d
t n - n i c he,  ‘F lue - e i t h e r  1e e pc lnnec s~ a.~ a 2 1— e nuc ’ Ie—d ia mn etu ’ r  ~ es le n ee laid ac ross thee ’ Hive’ r ‘l’hiannc ’s , l’hne ’
1eI 1ec ’ l i i ie ’  ssas ~e~s c-nee b le ’ d cc l i  omit ’ sh ore and pulled a c rees s th e’ re s c ’ r  ire a dredged tre ’ r ee - he by a
w in c e - li inu s t a lle ’ d ,nl the opposite s hecer e .

48. ~~ ON ~ MO(,S , ‘‘Pulling a h uge - Pi1ce ’ l ine- \e ree ss thee ’ Se-a h”lcn r_ ” Ocean I n d u s t r y . \ ol.
6. N e . 6, m mcc ’ 197 1 . p. 32.

ke” e ~ e e r ds: ( .1111 e e l  ‘l’re c ’ s( e ’ , ita ly . Ve a te ’ r pipeline’

Re - 1 e cer t  c’ oSe - r s  t h ic e-o nstru e t ice n of a 32 - in che—el i .unuic ’ t er  waterli ne laid alcuig a 12—mile
r e e c e t e  ae ’ r o ’ -— the e ( ;un of ‘ h’ rncs (e ’ ire Ita ly - ‘h’hnc ’ pipe’ was w e ’ lele ’ eJ arid e oi ic rc’te’ -e ’ e e at e ’ c l e ,nes heore ’
ar id pu l hc -c h t e e  — c - a hey a w h ic h :neeni nte ’d ore are ~e ne c h ie er e ’ r l  barge .

49. A N( ) N ‘I’ M( )( 5 , ‘~Ceea l Tar ( ; eati ne g Pre .e t e ’ e - ls  I. ned e’ rwat e ’ r Ef f lu ee ’ ni  t Line .’’ ( e r ’ i! Enigure ’er-
sing. \ cc l ,  42 N ec.  2. l e ’ i e , lc ) 72 ,  p- 88.

kes %4 d ) n( is :  ( e c a l  tar e ’ uuar i ee ’ i. l ake ’ ( )n l (a rid e

Brie -I ’ niule ’ d isc u ss e s a e ’ s s a e ’ e ’  eeee ( fa l l  iiiiee iin ee ire l ake- Om n ia rice coat ed w i t h  e ’ c eah ta r
‘ ue ; n nnu ’ l tee  1er o te ’ct it t’roni cec rr o~e e c n i .

30, A\ ( ) N’~ MOLS, ‘‘I, ~\ \I I’c e il S2 ned S ueies e - a o u t f a l l .’’ Ilv dr o.sj ,ace ’. \ c c l . e , No . 1- , \ u e g .

I 97’’ 
~~
. 3 1.

k e s  words: ( ) u u t f ’all t e n t e c - h i n c e ’ , Sc c c i  t I~ ~ a le ’ s
\ r t i e le ’ ler ie - f ly h e —c n ice’s thee- c ’ e c n e s t n e e e ’ t i e , n n  e d’ a re ee u i t f’all pipe’ l~nie l off thee ’ Seei nt h i \\ a le ’ s

e’ e , a — I  at a df e- h l t h i  of 61) l’e ’ e ’ t  - i’hie’ pipe’ ~ as ass e- nie h e h e ’ e l  on sh ore’ , m illed tee se - a by Ica rge - . ai iel
lowere d i n i t e e  l i i i ’  sa nie ls se ’~e hee ’ cl  by a j etting nn e a e - he i ne e.
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51. ,-\NON’~ ~.IO1’ S, ‘‘S u nl e se ’ a S c - n c r  Outfall ru 90 Fe ’e ’ t e e l  ~~ater . ’’ Ih eIro .-. j i e e e e ’  \ e e l ,  5 , N e c ,

1, \uig. I ei72 1e, 31 ,

Key wor ds: Sec  et huie l . Sc n c r  h c i l ue ’ h eree ’
‘l’huc ’ e c e n e s t r u e t i o n e  ccl  ~i s eeh er e eare nce sc ’we ’ r c e u i t l a h l  ire S c ’ ee t h a neel  i~ e hise ’ u i — — e ’ r l h c ree ’ t ’Iy - I l e e

IK .ineehu .dianu c’te ’r eeni t fa l l , e n d i n g in 90 feet of wate r. na— laid b~ di s e - r — m u  a I rc - ,m e ’ hu  h r r r l e r t e ’ e I

w ith, eo re e ’ re ’ tc ’ hagw ee rk be ’ feerc ’ backfilling t ee  th e’ origineal he’d k’ve’ l ,

52. ANONYMOUS , ‘‘Gas h’i pe limee ’ .‘~e ’ r cess \ Ic ’ditc ’rr~er n’ a nu~ .’’ Ocean Inde,,c tr ~’ . ~ e,l , 7, N e c ,

Sc 1et . l’)72. h e , 48.
Ke~ words: ( ;a— pipe-l ined - . Mediterraneame S e a . Strai t of (;ibralte-r

S ue rs e -~ nc e rk leer pe c te ne t ia l  s h ue c re ’  a p 1er oa e’ hi c ’s f’e e r gas trane snne i ss e e e ne 1ci 1 e e ’ l j , ec - — c u e  t h e ’  S t r a i t
ccl 0 jle ra lte ’r antI t he e ’ ss e ’ st er ne \le ’ele te ’ rra nieani Se-a N ehisu ’ u e sse ’ c h j un e’ fly.

53. ANONYMOUS , “ Can nes Outfa ll 1~aid at Rc’coi’el l)e pthi of 279 F e e t  ‘‘ 1) / /s / i  e re’ ~ ‘ri i e c \ .

Oct.  1972, 
~ 

53.

Keywords: Canines, France, Outfall pipehimie-
Art ic le briefly’ descn ihue’s a 4.000’fc eot -loneg outfall laid at a ch - 1 e t h i  e el 27’) fe’ e- I  at ( 1 , uuuc i r — ,

I’rance, The pipe sc- i ’ t ic ins were welded and coate d onshore and heU hlc~i te c sc - a his barge’ , TI c c ’
P’P~ 

as laid inc a dredged trenc h ane d (lien haekfi lle’d,

54. ANONYMOUS , ‘‘I~arge 1)iarnete’r Line Laid Offshore ’ I :~~~~~~ — ,‘~ ( h e n r i  leut l tei i t r s - \u( . 7.
Ne c . I 2. I lee. 1972. 

~~ 
22— 23.

Keywords: C a n n e s . F ran c e- , Wa s te ~ei pc ’ hin i u’
‘lice et e ~~igtt ee l ’ (Ic c ’ ssas te- ssa t e ’ r  clis1eosal s~ s t r i i i  l eer thee ’ c i t y  cc l ( ani le’ — . I l ance  I ,

ele - — e ’ l - e } ee ( l . T iec’ sy s te rn inl (’ lie ( Ic - s thee ’ c ’ o lhe ’ e t i e eme ee l waste -  ~~itc- r  iii — e ’ c e e uie l , er s 1 , I j ; e ’ n u e a i c i — .
con% e’rglne g ime a main-line sanitary se -we ’ r s y stem paralle ling th e - ~e -a c - e east, a — ‘n c~ e ’ t r e ’ a t cuue ’ n i t
planet , ari d an e ,ee ’ann ec u t fail dischearging the treated wa s h- wa  t e n  in c t ee thee ’ \ h c- e l it e ’ u u a n e c - a n u

55. ANONYMOUS , ‘‘ Sc e br na n i m ne - Survc ’ys 13 \ l ilc- s ccl  Pipe-l ine- inn I 7 I)ay — ,
‘ ‘  

~r ~/ /  !,ith, ~t r

~‘ ee l , 7, Nec . 12, I )t ’e . 1 9’Z 2. p~ 46.
Keywords: Gas p i i cc I i nee ’ , Survey imeg ss ste-m c i

Bri e - f  report eh e - s e rn hce s a s ui h e re e c ’ rs ih e le ’  sv~ le ’ nne u s e d i r e a nn i i re ul e-r n d e n — ui n ’ s c ’ y  e e l ’ a
su bmar inec’ gas t e j t ee ’ l j n ie ’ , Thee - suir~ c ’~ inne- ludee l (In’ t e re c e h c ie - t i one  eel  t e e t h  ‘, ield’ e e t a 1 r e  r e ’ e e e r e I u n , ~~~,

s e e d e r  details , burial poin ts , sa ddle’ we’ i gh nt ie e e at ie e nc ’ - , aml ( hue ’  e ’ e enee l ’ t i eenus  e e t ’ sar r if ’j e ’ i ,el , i n ieec h e ’ ,

56. ANONYMOUS, ‘‘de\ u er le l ‘s Largest Hc eat i r e g B ii bhec ’ r Pii ee ’ huni e ’ .’’ i/ne’ I)eee - ie’ A I !ur leeece r
. l u t ln orr ts , \ ol. 1,111 , Ne c . 629 , Mar. 1973. p. 1-55.

Keywords: i)u me kirk I larleor , h olland, Fle eati n g ru hebe’r be i Iec ’ l in n e ’
Report d e s c ribe’s a 36.imne ’hn.dianeete’ r inute ’g ra l floating rubber e l i — c h a n g e ’ huue e ’  he e ’ ucu ~ i~~e ’eI ic e

e ’eenu j un e etie n u n it h u a rigid ar nie mooring ire dredging o lee . ra t io nus at the ’ I ) u iu ik i r k  I lar he e r
entrance ’ iii hieehl and . The’ unn te ’ gr al floating Iu e es e ’  e’ e e rn i i e ’ c ’ t s  ( l ie ’ e i r e ’ c l gc ’ i t e e  t h e  ni~ c c l cc cur
r nee orinig wh ich is e ’ on i nee ’ t e - c l  t ee  arc ure derw a te ’r — tc ’ e ’l pi~e e- he ’ a e h inn g tee she cere ’ ,
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57. ANON’S MOtS , “ ( c ea t inug t h e’ I”eer t ie ’ s P11cc ’ .’’ Offshore .~e ’ rnre ’ e ’ s , \ ol. 6. N ec . 4. j ie n c e ’
I 973 

~ 
23.

Keywords: ( S un it-ri ’ t e ’  pipe’ ee eatin ig

~rtie’ le’ eles (’ n ih ee -~ t hee ’ e le ’s gri arid c ’ eea ti ie g prewess of a s ieecia l ( ‘one ( ’ re ’ te ’ ~ei pe’ e ’ ee a t i n i g
re s ista nt Ide h u e-a s y  imnm f e ad ’ t  in eerde ’r t e e j e r e e t e ’ e ’ t  (l ie pipe’ Iinee ’ fre rn damage’ he y ti e ’ en e : ie ae- (  e e l

fishing trawl boards , an n’ lee e rs . and ea lele’s.

58. ANONYMOUS, “Ekeef isk F’ie’lel ancel Te ’e’ss i de’ Pi pehinee .’ Offshore .S e r r ’ i u e s , \ oh. 6, \~ ,. 4 ,

June’ 1973 . PP. 2 1 —22.
Ke words: Ekeefi shc . Ne er w av , Oil pi~ee ’Iinie. Teesside’, Eng land

Re port ( lese- ri hee ’s a submarine oil pi1cel im ie’ pre)j ee ’t wh ich will carry pumpe’d oil ire a
34— incin—d iancie ’t e ’ r pipe-line a distance-c ’ of 216 mile’s frone th e’ Ekofisk oilfielil cell the Neerwa ~
coast tee Te ’c- ssu d c . Eng laned. Thee ’ 1e i 1 ee ’ h i ni e ’ wilt lie’ laid ime ti~ ne’e’ s c ’ e - t ion es by’ tlu rec’ di fte ’ ren i
contractors. The’ w eerk tee be perfe rmed 1ev each contractor is summari-ie’d brie’ flv .

59. ANONYMOUS , ‘‘ Submari n e’ leer Sueh e sc ’~n Pi~e e ’ Line’ Operation es ,” Ocean Indust r y .  Aug.
1973 . je. 35.

Keywords: I )ee’pwatd’r Iei let .line’ , Vt eer k sun bmarim ee’
A so bmarinie’ de’signied as are underwater work ship is briefl y described for inestalling.

imlsjeeetinig. a n d  maenta imein eg pipe’l inee’s iii deep wat e ’ r. Thee ’ subniarine tc sss pi~cc se c tions to (lit’
j ute s el e ’ . aiim’s t lee ’ s e c t  i cen es with built—in al inee ’menc t clamps , ari d (lien thee ’ se’et ionus are we ’ lde’e l
ire ,n dry huvpe’rharie e’n~- iree neme nt e ’x te ’ nie lineg fre e ne c ( h ue ~ sue lemari nc- ‘s basic he aheitat hous ineg. Th e’
e’re ’w can %% cerk at water (lepthes of up to 600 feet.

60. ARIE, M., arid KIYA , M., “Lift ef a Cy lineeler inc Slue-ar l”low Sulej e’cted t e e ann
lni terf e re ’ mee -e ’ tel a Planet’ Vt all,’’ I ’r oe-eeding .s of t h e  I r u s te d  State ’s-Japan .Senns ,nar urn
,S,nnihtude ’ in I ”Iund ~h ’ehanics, Sept. 1967. id e . 33—60.

Keywords: Circular e- y l i neel e ’ r , Strea m 1ui ie e ’ t ic eli

Pahee’r d c-s c ribes an anealy’tio’al st u dy’ of she’ar flow a(’ rdess a circular e ’ y linic le’r s n ehe j e ’ e te’d t e e
are inle ’ rfen —e ’nu-c ’ of a plane’ wall. l’iee stream fu nie ’tiee ne , vc ’ I cee - i t y  e l is (rihutie e ni . ari d Ie re ’ssui re ’
elistributieni one t h e ’  surface eel thee ’ u -~ lincde’r arc’ derived analv ti e ’a hly - assumeeln ig a re ine~ is e ’ ie i
fluid. ‘flue c ylin der expe’rienn-c’s a tra nesve ’rse ’ lift force ’ towar d thee ’ wall for a un ifeerne c flow
for a shear flow with a certai n amount of velocity’ gradient , t ine Lift force is away l’rom (hue
wall. Experiments were carried out in a wind tun n el to verif y t he trends of the e ’ aneah v tie-al
results with respect to thee :hange of lift coefficie’net of a e’v linede’r inc sh ear fle w. G ra he hu id - ich
curves are presented to illustrate t he results of the analysis arid experiments.

61. ARMSTRONG , E. L., ‘‘Thee I nderse’a Aqueduct - A Ne’ n Ceenic e ’ h et inn l ran’q ee e r t a t i e  eni

Trarnsjw r lut ioen Engineering Journ al , ~(el . 98, Ne c , TE2. \lay ’ 1972. 
~~ 

303 310 .
Keywords: Fresh water pipeline’, 1 1 neeli ’ rse-a aque’due’t

The possihei l it y eef are undersea aelud’dhict alon g t h e  c’o net ine ’ueta l shue ’k i’s lee r  t lee ’ t r :. c 9 c e  e r t
eel fresh wate ’ r fre m areas wh iere- it is available’ to thee ’ h i gh l y  peqnelate ’ul a re ’ ,’’ ~ luc re i t  i—
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nt’ee le’el is discusse ul, The advantage s of are unele’ rse’a aqueduct , as - e e m 1ear e’d i t he are e e~ c ’ r la ne d
aqued u ct , are disc ussed briefly. Possileli- pipe’ materials . anec heorim eg sy stems , pipeline
fa lerication. and installation procedure’s . ins~ee ’e ’ t iee r i , main te’n ea nee ’ , ari d ecological ceens i dera-
t i(e nes are’ also discussed.

62. ARON , hi.. “Large Bore Ill ) Po lve ’t hcy ’l e’ ne Pi1ee’ ,” Pipes and Pipelines In te ’r nn at u e; n al ,
Ltendon , ~ oi. 13, No. 4, Apr. 1968, pp. 39—43.

63. ARR IENS, J. L., “Progress in Offshore ’ Pipeli n e ’s ,” Pipe.s and Pipel ine .c Internat ional ,
London , Vol. 11 , No. 7, July 1966, pie ’ 28—33 .

64. ATTERIIURY, 1. J., and SORENSON, J . E., “The Tech n olo gy of Offshuor e Pipe line’ s ,”
Li t toral  Line’s , Vol . II, No. 3, \lar. 1967.

Keywords: La barge, Offshore pipelinee

Some herobl(’ms involved in lay ing offsheore 1~ipeine’s arc’ discussed, including the
problem of hei ght-bending stresses (heat develop during the lay ing operationes from a lay barge
wit h a stinger. Concrete ’ weight coats and treneching art’ also mentioned.

65. BATTELLE MEMORIAL INSTITUTE, “Thee Technology of Offshore Pipeline’s.”
Littoral Lines , Vol . II. No. 3, Mar. 1967.

Key words: Lay barge . Offsheore pipeline

Arti c le hriefl~’ discusse s some problems involved ire lay ing offsh ore he~tJehnes , inee’ lue h ineg
t h e  prolele’m (if he i ghe-bendineg stresses th at develop during the lay ing operations from a lay
barge’ wi t h  a stinge’r. Concrete’ weigh t  coats arid tre’n~chiireg are also neenetion ie’d.

66. BEATTIE, J . F., and BROWN, L. P., “ Lift and l)rag Force ’s on a Submerged Circeela.r
Cy linder,” Offshore Tee-hnolog ~’ Cornfr re tire , \‘ol. 1. A pr. 197 1, PIe . 1319—1328.

Keywords: Circular cy linder, Lift and drag forces

Pape’r discusses the results of a laboratory investigat ion of the lift and drag force’s one a
su bmerge d circular cy linder located adj acen et to a plaree wall. Circular cv lindc ’ rs ranging ire
diameter from 6 to 30 inches we re tested in a ’ sem i-infinite dow stream in both wind acid
es ate r tunne ls. C lin eders of both smooth u and rough surfaces were teste d in horizontal and
vertical positions. The lift and drag coefficient s were ’ empiricall y- correlated wi t h the
Re’y nolds number, and thee experimental re’suhts are pre sented iii several graphs.

67. BECKMAN , ii., “ An Investi gat ion of Forces Acting on Offsh ore Pipe Lines Due to
Wave Ac tie e n ,” K ice University, I louste en , Tex.
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68. BECk~l %\‘N, 11.. and TUIItOI)EAIJX , M. U.. “ Vt ~e\r  (‘ er c c’ ( ce ’ f f i c i c ’ n i t s  for ( ) ilsh eee re’
l’u i ue - l inie ’ s, ’’ Journal of t hee ’ Hu te ru ~i,s ’ ,s and Ilar bor,c l ) j c ’j , cion , Veil. 88. Ne c, Ve’Vt 2. May
I e)(1 c hP. (25- ( 315. I )esc ’ i e ssncO e s tc ~ I. ‘\ l t e ’ rn e ame . \ ol. 88, Nee . Vt WI , ~~ , 1962 . f ile.
I 49 I SO: II. Vt .  Vt i l s e e ne a n t i H. (1. He’id , ~eul, 89, N ce ,  WVt I, l”e ’ b. 1963 , fe p . 6 1— 65:  arid
Ii, ISe ’e ’kn ianer i anee l \l. hi . l hei le e e d e ’a ncx , \ ee l .  15), ~~ WW3 . Aug. 1963 , he l d . ~i3 - ,)~).

Ke~’words: Sue h ene ia rnru e ’ hei l ee ’ h i mld ’ , Vt av e lo re - c ’s

‘t rt ie - le ’  ehis e ’ i i- .-- c ’ ’. ( hue - c ’v a l i i at i eeni ee l e’e )eff io’ ienuls e e l  drag. lift, amid i nee - rtia th at nreav be’ ulsc ~eI
l ee e ’~ile ’ n ihate ’  ulr~ig. l i f t ,  arid inertia Cer cc ’ s dice ’ to ~s a~ e - ae ’ t u e i ne ole submarin e ~eipt ’ Iini e-s ime
e e u n e t a e ’ t  ~e it hi a sniu ee ee t h u. Iuarel—s urfae ’eel eee ’ e ’ a ne f le eor . Thee fe , rc ’ e -s one pi hee ’hifl e ’S of beetle c ircular
, u n e ei t r a 1e e- i ( e idla h e ’ r (e~ s e ’ e ’ t ieei is a rc - e’ons ie le ’e ’e ’ e I .

69. BERR~ , W . II., ‘i’ihee ’ i enee ’ s t’r enn Nc e r t h u Se ’a lllcee ’k 49/26 to thee ’ \ u e r fc e hk Coast ,’’ Journal
of 1/ u i ’ Petroleum ins tit ut e ’ . Vol. 34, Nec , 332, ‘\ pr. 1 968. ~ej i. 104—106 .

70. BIShIOP, R. W., a n d  I”LETT , P. F., “h) ivineg arid Salvage ’ ,” Proceedings of ’ t ine ins t i t u t ion
of ’ ( u s ! En~rn,,c ’e r s , ~ c el ,  21 , Se’ ss , 190 1 -62, Fe’b. 1962, Phi, 347—366 .

7 1. BLUMBERG, K., “ Iherrica ne’ Win d s. Vt avt ’s and Curren ts Test Marine Pipeline Design.”
Pipe Lone I r nd u.st r ’c - , Ju nee ’ - Nee ~ . 1964.

Keywords: (;nulf eel ~Ie’~ e c ’ e e . llurricanee’ Carla , Pipelin es
\rt iu-l e ’ elise’ lesse - s (t ee ’ damage tee pipe’hinees amid as scec - iat ed struc ture’s of ee i h and gas

e e h et ’ r iutlefl e s re’sultiuig freene the lei gh wi n ds . wav u ’ s.  ti de’s , curre’nts, amed shi fting heettoni
c ’ e en ieh i1ioeni~ a n d  s c ’ euier im eg c ’ au s e ’e h he y hurricane’ s ire (he Gulf of \Ie ’ x n- ee , A de’scri ptioni eel  thee ’
e lannuage ’ arid u l e - s t r tnc t ie enu of hlurricane’ Carla (ci pipelin e’s arid facilities , ari d a eliso ’ iissj e uni of the
above’ - mn ue ’ ne turned fae ’t u u~ which cause d thee damage’ fe er s j ee ’ c - i  fir east’s are givenu . Thee inf lue’ree,’e’
of fei } ee ’ h if ee ’ orientation and burial are also ine”lude’d inc tine’ discussion .

72. BLUMBERG , R., “Design for Environ men tal Extreme’s ,’’ Pipe Line’ In dus t r s , Vul, 25 ,
Ne,. 4 , Oct. 1966, PP~ 

3 1—34.

73. BLUMBERG, R., OSBORN , C., ar id TAKER , S. A., “Analysis of Ocean Engiree’o’rin g
Pr ebli’nes ire Offsh ore’ Pipe’hinuineg, ’’ OfJ:shore Technology Confe r e n c e . Vo l. 1, Apr, I 971
pp. 1297—1308.

Keywords: Lay barge , Stingers
Pajeer dise nsse ’s mnanny e)f (hue ee ’e ’a r u enginneerlneg proble’nus that shoneld lee ’ cce nusi e le ’ red imi

thee ~e1anmning and in stallation of offsheore ’ pipelines by (hue lay barge me ’t h ieed. Lay barge’
design conisidc’rationus are discussed briefly. Straighet , curved, arid articuhat c’d stinegers are’
discussed arid compared, iree ludinug the advantages and problems assoeiate’d withu e’ac he ty pe.
Proble’ms occurrin g during the pipelav ing opera(iones are ’ discussed, including monitoring and
main tain u in ig the - e,rre’ e t tension leve’i and pr~fihe of thee pipeline and stinege’r , anchorinug thee ’
lay barge t (e m inimiz e mov e’menets . low enm ug thue’ pipeline and stinger to the ocean floor
during rough wt’athuer and se -a coneditiome s , breakdo wn arid mainte ’reanee of pipelavineg
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e ’ e l i i i l e ni id ’ ni t. and ~a t e ’ t y  e’ e c n u ’ -i eIc ’ r a t i ee i us , ,”~ ste ne us ope ’ rat iee nu nuaneagc’rne’nt is , ils ue el is u ’ u isse ’el ,
in e e - Ine e l i ne g h e r d e j e ’ c - t  ~ela niiu imig , pc ’ rs ee n uni e ’ l , pnpe’l~c~’inug uc lce ’ rat iones , anec i e ’ e eei rdi nuat ie e nu bet%%’eene thee ’
e e n s ’ , hie er , ’  plavu n e u n u g anee l nn.eniage-nne ’ni ( : e cs e l  thee ’  ce l ’l’sleore pi~ee ’ la~’ i r s g oj ee ’ r a t iee nu s ,

74. BOM BA . J . , ‘‘S cele n ee arer u e ’  Pipe’ Ce e n us tr ue c ’ t i or e \le t heoels ,’’ Petro leum Engineer . \‘ ee l. 32 ,
D ee ’ , 1 960, h e l d.  l)28— - l)32 ,

75. BOMB ‘
~~~
, J . C.. ‘~Suleniea rin ie- Pipeline’ Ce une s trc ee t i on \ Ic ’ t hi e ecls .’’ Pijn’Iune’ Lngitse er , Dec.

I 96(1 ,e ruu l h -c _ he ,  I 96 1: alse e mi :1 Colh’e ’lw,r of Pape ’rs on ( nde ’rground i’ip el i, re Corrosion ,
\ eel .  C) , 1967 (Library eel ( cen egr e’ss Cata leeg ( ard Nec , 59.5403 1), pp~ 1 — Il

Kes ~ ords: ( ;~~ 1e i pc’line-~ . hluels eni Rive’ r. I h pe riee ne se wage’ s~ stem , l~ es .‘~nige’ le’s. California ,
\Iis~issi 1e pi River

e r u s t r ue e ’ t i ou i  me thee e c is u s e d  tu e ha~ subnearine pipeline’ s inc the e ocean arid across rive’ rs are

ej e ’se ’ rj l,s’e l, Thee ’ e-onistruct iecn of thee ’ Ilvperion sludge discharge outfall for Lees Angeles,
Cali fe ernei a , is discussed. Thee 7-muile , 22-inch-diameter pipelin e’ was laid with the use of a
Eitice ~ a n t  pulling sled, a dual cable svste’m , and pulling barge and winch . A wooden trestle
laume ehwav was -onstructed 900 feel e ffsheore due’ to he’avv surf and tidal variations. The

in sh ore’ part eel the line was bu ried using a j et trendier. Thee e-onstr uect ion of two gas

Piheel ilie’s. one’ ac - ros s thee \I iss issi pp i Rive’ r, an ti en ie ’ acre es s thee’ tiuds e e me River . is also
ele se ’si ss e ’el. Thu c ’se - icipe’ line’s were ’ laid ec u thee ’ feerm ee l ’ de e~s nustre ’a mn cate ’near ie - s . red~uirineg
accurate heeeri z o nc ta l ~ee es i t i ee n i ne g ee f thee ’  h u e ’ s  dier ineg installation s, The peesi t iee niim e g and pulling
l e ’ e - huni que’s ni s e ’ c l to lay the se ’ line rs are’ ele ’ser ibe’e l.

76. BOMBA, J. C., and SEEDS , K. J ., “Pipehining ire 600 feet of Vt ater— .\ Case’ SOeu Iv of
Vt as hu ire gto ne Natural Gas Comparev ‘s Piegrt Soured Cruss ineg , ’’ Offshore Tc ’e-irnolo g v

Conference ’ . Paper Ne,. OTC 1188 , ~toI . I , ‘~pr. 1970, Ph1~ 
1379—1396 .

Keywords: Currc’n t ai e el wave ’ feer e ’ e ’ s . (;as IeiP(’lirue’ , Puge’t Soured, \\ ashi inigtone

Pre c’c ’e ’elinegs }eape ’r d c-s e - n Ice’ s t hee ’ de’sigri , c’ unestru et ioni, anu d ini s 1ue ’ e ’tio iu eel t~~ e e  8 — i nec ,’ he ’
eli a ncee te’r g~i’. hn l ie’ s laid ae- ree ss htuge’t Se oc red , Was h inegtone , ire nmiaxi mnumue de1e thus of 670 fe et. ‘I’hee’
elesi gne d ’ cen n s ie le ’ rati (eru s ar(’ disc u sse d , wh ic h i rue- le id e ’ thee ’ h e y elrographu ie - s iervc ’~ } ) l } ce ’  burial anti

c ’ e atime g, ele ’termni ine ati cene oh thee ’ i,estahh ati ei e stre sse s, (lie’ sta lei l ity ’ of ( lee ’ ic i ie e ’ l i l ee ’ wit h re ’spt ’e ’t
to curre n t ane d wave’ineiucc’(l feerces , vibra t ieen is clue tee er te ’x shee’elei imig arreess s}eaniniing
sc ’c ’ t ie cn es , arid en evir on em e ’ ne tin st re’sse’s due’ tee external pressure, be’neel ineg St re-sse ’s , arid (e ’resione.

Thee pih)e’Iimue e ’ e e mistnnc ti ee ne arid irista Ila lieen preeceelu re’s are’ also (lescrileed, A hot t one—pull
ne ee ’ t iuod was u se d in w ie ic h i thee pi~ e’ st ri nigs were we’ldeel (e l es heo re and 1eulleeI out 1ev barge .
On c e - c ’ ins(a Ile-e I . tine pipeline’ was inis 1ee ’ -tee I wi thu ane uunde’ rwater te Ie’~ is iee ne s~ s le’n,e
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77. BOWl~l 5, F., EL I) %% IC, II, I”., and ~IELhWRG , L, ‘‘Pull-ce nt \ l e ’ t l ue eul ( u t~ Cues (s ir e
hlac ’ineg ( ) r e-ge e ne ( )utf a hh Se ’~ c r ,’’ U e ’ ,t te ’r ie  (, ‘on,t t r ue ’ t i on . ~tLir. 1964.

Keywords: ( ) rege ene , ( )ne(fa ll pipe-li n e ’

The e ’ e ’ e e n is l r ru ’ t e e e r u nn e c ’ t h ie e e i ie~c ci  t e e  I~e~ a .5 ,, —un e e - h i—d iar ne e ’ t e ’ r  c e c ’ c ’ anu eeuu t t’a Il m u  Ore -g c n i
(Ie’se ’rih(-eh. Thee ’ Pihet .hi rue’ ~%as ~se ’ lel c ’c I a n d  e ’ e ea te ’el ce neshne ere ’ a r e c h heull e ’ei unit hey a large- — h u e
anue - hee e re ’ei offs h ore’ , Tine same shi 1e ~ as also u s e d to e-xc ’ a ~ ale ’  a t re ’ ne e - h i  t hu nee n g li a s anue lh ear for
thee ’ pipe .

78. BRANDO, P., a nd  Sl’,BASTIANI , C,, ‘‘ I ) c ’ ( c ’ r n i u in ia t ie er u  e ef Elas tic ’ Cu rve’ — anud Stre sse s tee
Lw ’ Expecte’d I lu rin g I ,ay e n n g ( )h u- r , e te c ous , ‘‘ ( ) Jj s Ic ic r . ’  Te ’e ’le rno /e e~ v Con f e r e n c e , ~t oh , I. ‘\ j dr .

19. I ~~ 1279 1292,

Kcy’word~: ~~I re ’ —~i ’ — , S ej len te a r inee- l uu I ee ’ l i n ue ’

i’a 1ee ’r clc ’ ” e ’ rn h e c ’ s a finite- e ’ Ie ’ me ’ni t n ni e ’ thnc ed feer e le ’ ( e ’ rn nu i , ea t iee , u  of sc - a h inuc-  c -L e s l ie ’  e ’ t e r \ e ’ s ai iu l
s ( re -~ sd’~ ore a su bnnea nn nee ’ Ie u Iee ’ tnn te ’ chnring havi ng o 1ec’ra ionis fr eenis a la~ barge - . l’hee e ’ a le ’ cs la t i een u
Ee rcee’ e-eini re . e’ ee n usiei e ’ r — he e et hu te - rus ice n i  ap1e l ie ’eI at (hue lay barge’ a n d  nice te ’nus iee l n :e l e l c l i e ’ d l .  l’hue-
ne ec ’t ie e eel e’a ne also Is’ uisc ’ei for idi Fee ’ liiie- s laid ceo side p imu g h(e tte ems aiiei inn th e’ } ere ’ s e ’ n i d ’e -  ed ’
c o m e- e n t s , ‘h ue- ~(e ’ 1es eef thee ’ e’a I ’ uel a ( i e e ne preee’e ’ehi re’ are’ de’se-nibe’eJ , anti thee ’  re -s c e l l s  eel ’ thee ’  anal y
are ’ j u r e ’ s e -nute ~d m u  te ’ r nnus of c line c’ rus ie e i i l e ’ s s paranie’te ’ rs , h) ire ee ’ nes i cn u lc ’ s— grap hs w ith ( e ’ r n si d en ) ,
(le’fo rrniatieou anu~ e, be’neehine g rn ovence ’n ( , ~he e ’ a r . aned de’fh’t’t ie,en data illustrate the’ ccclii plc’li-
e last ic c’ ur~e ’ ce s e ’ r  a large’ ranuge ’ eef ~ahee ’s of [lie’ pi}ee we’ igh et , stiff n e ss . a n d  i e e e ( ( een n ( c ’ nd s i e enu ,
‘Flue’ results e ef (lee’ anial y’sis are’ (‘eempare’d wit h ee t h e e ’ r (hie ’o ric ’s . aned are e ’x amn 1elc ’ es gi’ e n d  ( c c

illustrate ’ thee ’ ce emn i p uta ( i e eni  prot ’e’ d ure’ withi thee ’ el innensiomule’ ss gra1elus.

79. BRATER, E. I”., anee l WALLAC E, It., ‘‘Vs axe- F’eere - e ’ s cern Sci lcn n ir rge ’eI Pij ec I , i n u e - — , ”

Pr’oce’ e’dings of the 131/i internal tone-il Confe’re rnee ’ on (
~) a,cta! Eugine ’er ing. \ eel.  Ill . J ue I~

1972, PI~ 
1 703—1722.

Key-words: Sub merge d ~)ipe’Iine , W ave ’ - ined uce’ej fe erce ’s

Pape’r presents the’ results of a la b eera t ee r y iu eve ’s ti gat iee n e of thee ’ lucer i z eer i  lid ~ a~ e ’ ’ i , i c lnue ’ c e  I
fe e rces on a submerged pihee l i n ee ’ . Thue’ teetal heori ze ental wa~ e ’ fierce one thee ’ se e le mn ie ’ r g e ’ e l le i l ee ’ Is
assumed to he composed of two parts — - a drag force ’ due’ tee thee ’ eerbila l c - Ic e e i t  i c — , a n d  , eue
inertial fe e rc e~ due’ to (lee’ orbital ac’e’e’leratie se es , \ am es eef thee ’ Ii ee nize c ue ta l cc cnn I” e n i e ’ l e  t — c c l  t i l e ’

eer bital ve’Iocit ies arid acce lerathorus were ’ cale’uula ted usinug the e ai r~ t hue’o ry , a n d  t h e e ’  a l t e c ‘ — e c t
( iue~ roe’ff ic ne ’ net s (ef d rag arid mass we’re eic ’ter mine e ’e i fre ene th ne ’ feer e ’ e ’ ela t .i eel ’ th e ’ nnne ee l e ’ l
pipeline’. Thee tests were no ni lier a pipe’ snushee ’ne de e l at %‘an ienus e ’ levat iee l es a lee ev . ’ ( i c e ’  lee c I t e  r e u -

iruc ludinig very- chose to (hue ’ hottee m antI in a t re ’nee ’he. l’hue’ ceeeff ie’ ie’ni t ee l ne ass appe’ars t e e  hi~i’ e ’

the’ largest values for a h)ipt’ Iocate’d near [lie be ett e e ne , arid lowest values leer a pi1ce ’ Ioca te ’eI m u
a trenchi. ‘flee e ’ e e e ’ f f ie - ie ’ n I e ef drag appears ( cc de’(’rrase ’ wit h au inucre’ase ’ ire Re’y nuce leis leone lec ’ r.
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80. BREWER , W. V. . a n d  1)IXON, D. A., ‘‘ lnefl ue ’nie ’e (ef Lay Rarg c’ \ I e e t ie en i s ten a l)ee1c Vt a t e- i

Pipel ine’ Laid uue e lc ’ r Te’nus ie end . ’’ O/j ~h ore ’ Te’ ’h ruelo ,g~’ (:ecnfr re’ ,u cc ’ , Pape’r Nec ,  ( )TC I 072,
\ eel. II, ~las (968. he P. 1(23 - lh3b.

Ke~ words: i4enielinig str e sse s, la s  barge’

‘~~ ruathie’neea (k-a i stueh cef  thee ’ senus it i~ its eel a le i pe’linie’ lee- in ig la id emne e i e ’ r  ( d - Ies iee n i  te e las

barge’ nec eet uens is e le -sc ’ r i l ee ’el . T hee ’ c’ ffe ’e ’ ts of so ige’ , hie ’a~ e’ , a n d  1eitt’ Ii one thee ’ le e ’ ue e h ire g str c ’ sse ’~’ at

the -nitical Ieeeini t s at ti re’ top and bee tto m m n ~f the sus 1se ’nded part of a pipeline’ be ing laid under
te uesio ne were ’ stue l ie’ei leer wate r eh c ’ h ct hus ranging from she al hc c%s to de’e’1c (1 ,000 fc ’e ’ t) , The’
inufhu’ne’e’ ee l a s h e ~ci r ig ra l}uer (lean a he nizontal se-a floor was also stud ied . Thee’ ne’sul ts ef th e e ’

stu ds ~cr e ’ he r c ’ s e ’ n e t c ’ el ire thee ’  f eern ee of grap h ical cu rve ’ s , arid se ’vc’ rah e’xa mp le’ s ihlustrate thee ’ cisc ’
of th ee ’~e ’ c iur yd ’ s and thee ’ leas ie ’ co neh eesie cues derived free m tine ’  study . The basic equation s of (lie’

nia thi e ’ nee atie ’ a l anals’ s n — aned thue ’ ir eie ’ riv atie ene are’ given ire thee ’  a 1e 1ee ’ neei ix_

81. BROOKS, J . K., arid BROWN, J. S. D., “(‘onstr ue cti ee nc of 60-inchi .dia rneete’r Outfall
e r  leer \I ee re’eanelee ’ a ueel hit’ s shuanee ( orporatioru.” Proceedings of lice ’ Ins t i l  u l ion of

(: iu ’i l Engineers , ~ ed_ 5, Ne,. 2, Aug. 1956, j ) }e . 302—324.

Keywords: Great Bnitaini, Morecanibe Bay, Outfall pipeline’

Paper describes in detail the construction of a 60-irech’diameter ocean outfall se’ we ’r ire

More’cambe Bay ire Great Britain. V arious construction meth ods considered before the actual
constructi en me’t hod was finalh’ adopted are all briefly discussed. Thee project began with a

short preemeniade’ s e c t ion under a seawall wh ich was carried out in a steel sheet-piled trench
w he ic ’ I u e-onet ineue’d across thee beach section to the waterline. The pipe was laid in this trench
le er the e’ landward be’ae ’hu part of thee ’ project , and the seaward part of thee outfall was
e ’ce ues (rue ’t e ’d by dri’c i ie g a 2,000-foot-long working gan try with a rail leve’l at midtide level.
S t e-e- h’1eile ’el -e,fferdams we ’re ’ driven from lice ’ gacutry’ in whiche thee underwater par t of the e

pi~ce’hinue was laid. ‘l’hie’ steel pipe was covered with a 12-inch-minimum concrete cover.

82, BROWN , K. J ., “Seeil \ le ’uhiareic s lnnpeertanet in Marenee ’ Pipeline’ Conestru ctio re. ’’ Oil and

~~~ Jou rn al . Se ’ 1et. I ~~~~ Fe. I SI

83. BROWN, R. J., ‘‘lhigh-aeeurac~ Control Sss tc ’ neus for Submaninue’ Pipe’linie’s ,” (hI and Gas
Journal , ~ eel . 58, ju n e ’ 1 960, p}e. 108— Ill .

Keywords: Sic leneari nue’ h1i lec ’ 1inee~ Survey ’ inst nu e mete ts

~Ie ’t1u ee ds arid ( ‘q ut p mnrenu t (heat may’ he usc ’d to aecurate-l~ Ieee - ate - subinar in ue ’ pi1n’l ined’s
cheeri n g i nes ta hi at i ee n e e peratiores are’ de’se’rileed. Sier~c -s in ustr uneee ’ ue t s for Idecatinig sub m ari n e’

j ei pe ’ I iuuc ’s aeree ss rive rs aleereg e-at enear s route’s , are e i te’llu reemne ’t t ’ rs leer ae’ e ’ eerat d ’ ls Ien’at iuug

e ffsh ieere ~eipeIiree’s aleere g se’ lc ’ete ’el roi l It’s arc ’ e lise - us s e ’e l . Tine’ inst nu en e ie’nut s ac i d se e r%’ e’ y me’l lienis

arc’ described, ir-ee ’ Iued ine g t hee ’ advantage’s a nd  disadvanetage’s of (lie’ e’e nitrol ss ste ’ nes anud ( lu e ’er

ac curac y limitation s ire varieeus site c ati esees .
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84. BROWN , It. J., ‘ ‘hI s e i r eeels ne an ei ie ’  I e er t ’ e ’ s ccci  ,c ~u h , m n ear e , ue ’ Pipe line’ ,’’ Journal of ’ I/c c ’
Pj j eehne ’ I) iu’i ,cu,n . \ oh. 93, N ec , PI~I , \Ia r, 1967, re p. 9— 19 ,

Key words: I l sc i reee l y  nea nii ie ’ feer e - e- ” , ,‘s u len nua rine e h e i f e e ’ h euee ’
-\ reue e e l e ’ l inive’ ’- e g a t i ee n e  ed ’ th u . ’  e ’ i e r r c -nc l - m n u e l iece- e l lu s e hic e e ls ruanci e ’ for te ’ s eun d a ‘- uulem e ear iiee-

piie c ’ h i nee ’ is e i e -s e ’r i lee ’c l . ‘Flee’ hus e l r c ed sn u an t eee -  f c er c ’ e ’ s ce l l  a s ue her c u a r i n e e ’  h e i l ee - h i u ue ’  s ule j e ’ e- ( t (e e ’ ue rn ’ c ’ n e t
ae ’tieen u e ’ ee n e s ist of a drag Ic ere ’ u’ arid a lift le erc ’ u ’ , ‘Flee -se’ fc e re u-s u - re ’  e l e ’ t e ’rn e i m e e - d feer thee ’ iii eede ’ I
pipe see ’ t ie c nns by nn ee ’as u eri u ug ( le e ’ pre ’s s uure ’ el i s tr i be t et i c une ar e e ui nu d thee ’ pipe’ se ’ c ’ t i ee ne ,  i’luc’
c’oe’ f fic ienets ef drag a n d  lift cane th eme be’ ele te ’r rme inie’d freem thee -  me’asnz re’d f lu ~‘e ’ Ioe ’i t ie’s . anee l
drag arid lift f e er e ’ e ’ s , Thee’ (‘f lee-I eel sj eoile’rs e cue t hee - ~ei pt’ m e  a h ic - ru i e g  the e ’  his el r ee e l y naneie’ feercc ’s
arid t hui ’ ir t-oe’ffi - ie ’ me Is was alsce inu~ e ’st i gale’d.
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diameter is described. The pipelay ineg procedure , the design o f thee pipe’ -ieandlueg equipment ,

and proble’ms involvin g damage’ to the plastic pipe coatings are also discussed.

139. KAZANJIAN, G. A., LYNCH, R. P., and PILIA, F. J., “Pipeline’ Uot’tap We lding

un der 110 Feet of Water ,” Proceedin gs of the Offshore Exp loration Conferenc e . 1 968,
pp. 563—586.

Key-words: Un derwater chamber, Welds

Proceedings paper describes a weldimeg system in wheich height-quality . heigii-stren gthe

we’lds are’ obtained ire tapp imeg newly fabricated pipeline’s to exi st ing pi1ue’hines. lice welding is

dot er in a dry, hi gle-pressure’ environememit similar to land-based ope’ra liomes , with time use’ of a

specially designed urederwa ter welding chamber capable’ of heanedling pipe’s up to 24 in ches ime

diameter. It is used in e’eenij ter iction with a submersible’ decompression cleamber to transport

thee ’ welders from the boat tee the weldin g e’huamber at the bottom.

140. KEELiNG, H. J., “Ceerros ione Protection Feature’s ot’ the e’ hlype’rion Ocean Outfal l.”

I 5th ‘lnnual Confere ’nr ’ s’. Na t i ona l  .- lssoe uu t ion of ’ Corr osion Eng ineers . \ lan. 1959 :
alsec ire -i Collection of Paper s on Underground P ip eline Ce,r r osuen , ~o1. 9, 1967

(Library eef Ceeiegr e ’ss Cataleeg Caret Ne,. 59-5403 1 ). pp. 13-—20.

Keyword s : Corrosion -u prcet ee -t lore , II ~ perioni outfall, Lees Angeles, Califorreia

Paper desenbes the’ design amid done8tru e ’tRe le of lice’ corre)siecn protectieen s~ stem teseel in

thee hl y pe’ricun eee ’e are ceutfa l l in Lees Anigele’s, Califeernia. Thee corrosione prote ’e ’tione s~ stem was

designeel t ee provude a useful life ’ of at leas t 100 y ears, because the steel 1c n 1ee ’ i ir ee is

te ’rmi nated in wat er teuee (IeeE) tee make it ae’e ’rssi lc le ’ to the e conventional divimeg methods used

to i ne s 1 m r e ’ ( , test , an -eel repair submarine pi~ee Iinee’s An impressed ccerre’nt correesion protection

~ stenu was used e’atieer than sacrificial anodes, due tee the relatively short lifeti~ ce ’ and thee ’
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difficuIt~’ eef rep lacemen et of sacri ficial anodes. Tier s te - e l  pipe- was coated with coal-tar
eneaneel , fiberglass reine forcineg. and boneded as lec-stos felt. A ste’el mesh.reirefcerced ceme n t-
mortar shield was applied ce v er thee c oating, arid cemen t mortar was also used to line thee-
inside of the pipe. The pipe sections we ’re assembled onshore and pulled out to sea by barge .
A cathodic protection was used during the imestallation of the pipeline, which provided
continuous te -sten eg to detect any damage to the coating. This testing made repairs possible
before th ee 1)i1w was laid at inaccessible deje tiis on the se- a bottom,

141. l(LMSEY-B0t RNE, K., “New Wa -%s with Large Bore Plastic Pi p e,”Pi p e.s and Pip elines
In te ’r nu twnal , Vol. 12, Nec . 10, Oct. 196 7, pp. 29—32.

142. KEY , J, W ., and JOHNSON, P. K., “Design of .A Heel-type Pipelav ireg Barge ,” ,Vatio,wl
oil i rwespor tut ton Eng ineer ing, July 1970.

Ke~ w ee r ds: hle’iedineg stre sse s . Re-t ’ l - t ~ ~~~~ ~ei pclaving barge
A rt icle de scribes a ree l - t y pe ’  pi~ce ’laying barge designed to lay 4- to 12-inche-diameter

Ieeav v .wa lled ste-c- I  pipe . Thee design of thee re-c -I and associated pipe.handling equipment are
described, and t he results of tests to determine the effects of e’everse d bending on thee pipe
dunmeg thee ’ reeling arid unreeling processc-s are summarized.

143. KEY, J. W., JOHNSON, P. K., and RUSSELL, L. R., “Design, Characteristics arid
h’erformare ce’ of thee Fluor RB.2 Hee’l.Type Pipelaving Barge,” Offshore Technolog y
(
~;rnferc’izce , Pape r Nc, , OTC 1226 , Vol. 1, pp. 1759—1768.

Ke words: Re e l-h Ice ’ pi~c e ’ h a~ d u g barge , Tieick-walled steel pipe
A re ’e ’ I- tv pe pipe-laying bargn’ capable of lay inug thei ck-walled steel pipe’ with diameters

Up to 12 imie-hes us de’scrihed. Thee ad~aietages of ticis pipe-lay inc g te ’e -l en i que are d ise - tes se ’cl , arid
thee basic compomee’nets (ef thee re- c-I lei pe’ -Ia y ing syste m are described. A brief suneeni ars’ o f the
re’suli~ of tec lereica l investi gatiore~ cef particular concermu to this pipela y ing method, inecludineg
low e’y che’ fatigue, weld duct ilih , ovaJineg of thee pipe , straigh tness eef thee ’ pipe . and tier
menirneum ra di ce s of thee reel, is also included.

144. KOLKMAN. P. A., and VAN DER WElDS, J., “Elast ic Similarity Models as a Tool for
Offaheore Enginee’ering Development ,” Symposium on Offshore II-ydrodvnarnrc-s, Apr.
1972.

Keywords: Elastic si nneilarity models, Offsh ore engin.~c ring development
A discusseeni is jeresented of thee elastne ’ similarity modeling te’t ’heneiques as applied to thee

stu e h of the’ ireteraction be’tween hey drodyeeamie forces and stru ctural beheavior of offshon-
structures. Scale relationships arc’ derived and briefly discussed for water currents in ele se’d
conduit flow , e-urre’nits and wave ’s at free surface co ned it ummes , ace d elastic structures lue water;
thee scalrng laws of thee ’ icy draulic models are combueed witle thee relationeshtip expressing the
elastic beheavior of the structures. The conepromi8es tleat must be made with respect to
elastj e’e(’,. neass , and dampe’nineg, as a result of the practical considerations arid materials
available for mnodeireg, are’ discussed. Applicatiores of e’lastic similarity models to thee sttedv
of (effeeheore’ pipelines aced drilling platforms are’ disctessed as exam ples.
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145. KRIE(;, J. L., ‘‘ r i te- na feer Planning are Offs heore’ Pipe hinee ’ ,” Jour ,re -jl of the Pip e/in - r e
co l on , \ oh, 91 , No , P1,1 , JuI~ I 965 , l I.  I 5—37.

Ke’v words: Of fs heeere ’ lei leeine , Planeneinig criteria

\ 1ane~ im porta ret factors timat sh ould he cecm esidee ’e ’d in thee ’ de’signu and ce e ne str ue ’ t i e ne of
offsh ore pipelines, inecludinig pipelin e risers, uni de rwat e- r ‘,alve ’s , ace d offsleore pipeline’
cr(ess inegs , are discussed. Factors to be e’on is ude ’ re ’el ire locating tier ci ffsheor e pipehinie , ineclteding
alimeemenet, sme rv c ’v ing meth ods, arid route marking and navigation aids , are discusse d, as we’ll
as fact (crs important to thee design and construction of thee pipeline, including bottom
conditions and scour , pipeline- bterial an-ed burial nnee’t heods , negat ive’ buoyancy, ca tieodic
proteetione , arid stre ss control. W e- Id ines pe ’c ticen , underwater inspection , and cleanin g and
testing of t hee comple’ted pijee lines are mentioned, along wit le thee permits amid c umes c’ niL~ theat
are ree1uired for an (eff s heccrc pipe-line.

146. KRIEG, J . L., “hiurricanee’ Risks as Thee~- Re-late ’ tee Offs hi ce re ’ Pipe l inee ’s .” i lurr i e -aru e
.“~e rnp osiunm , lnuereca n Soe ’ec ’ tv of Oceanograp hy . Publication No. 1, Oct. 1966.

Keywords: Hurricane forces, Offshore platforms
Thee’ lateral movement and failure of offshore pipelines and plat forms due to

hurricane-induced wave and current action are discussed. Thee increasing risk of damage to
pipeline’s frone otbeer causes, such as barge anchors and drillimeg equipment ire areas whi e ’ re -
increaserig numbers of Pileelinees are being laid, is also memetioned briefly. Hurricane’
prubalcihitv risk factors use d in thee design criteria of offshore natural gas pipeline’ s are alsee
discussed.

147, LAI, N. W., et al., “A Bibliograpiiv eel Offshore- Pipeline- Literatu re .” TA \I I-~~~
7-1-~206, l)ej eartneenit of Civil Engine’e-rim i~ . Te ’xa s A &\1 t ’ nu e ~ ,rs it~ - C e e l le - ge ’  ~tat ienu .
‘I’e’x ,, June 1973.

148. LAM, M. H., “McDermott Lays Deep-water Pi pe- Line inc Gulf ,” Ocean I,udc,~ t rv ,
\ ol. 5, No, 7, July 1970, pp. 57—58.

Keywords: Construction met lmods , Gulf of \Ie ’X ic (e

Art icle’ describes leipelimet’ arid e’onustructio ne mnet heod .s use d t (e ha’ i1iPt ’ 1inue’ ’~ inc 22(1 f~’et
of water in the Gulf of \le-xico. Cce ne e ’ r e ’ te- -ruate’ d pipe’s we-re ’ ste 1e 1~ e rt ’ c I with a sliiege’r ~ heile ’
being laid from a barge , using a “step ” mnc’t heod.

149. LAMBERT, D. F., ‘‘Ilurricanee’ Betsv -- Pe’trec lenm ne ’s Mecs t Ex j ee -nus i~e’ ~ t c er m m e .” U erl d (hi ’ ,
Oct. 1965.

Keywords: Gulf of Mexico, Hurricane Bets~
Article describes the destructione an-ed damage to oil ared gas productiore facilitie s ire thee ’

Gulf of Mexico and \lississippi River Delta area caused by h urricane Be’ts ~ in 1965. Thee
losses tee thee petroleum industr~ from hlurricaine’ Betsy are estinnated tee is’ over $100
million.
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150. LAMI’IETTI. F. J.. “Penedulatiore of Pipe’s arid Cable’ s cmi ~ at e- r ,” Journal of L i tg r r ue ’e ’r
ing f o r  indust r y . Aug. 1964, h’l~ 

299— - 304,

Ke~ words: I)rillireg operatioce , Finite-diffe ’ re’rece’ me ’ the ee e l , W i u ud arid wa~ e - forc e’s

A finite-difference nietheod us de sc ribed arid formulated feer (-ale-ulat inug them ’ lateral
motions of pipes and cables heareg ine g below a sieip dice ’ to thee ce r et i,iuou~ di~1ilacememet eel thee
ships b the forces of win ds ar id wave ’s , Thee mne t l ueed is iuetenude ’d for ab til ati eeri wit h digital
computers an d can be used to solve problems fe er thee ’ eeend itio ni of a fi~~e’ d h o ~e’ r e’ned of thee
pipe or cable, a.s with drilling operation s wit h ti le’ ti1e we’ll d c~ mm be- how tier ~c ’ a f leec e r , or fce r
the condition of a fre ’e’ lowe’r end, as withe thee proble’ne of ree ’ ru te ’ ru ncg a drill hole’ e n u thee ’ uee ’ ane
floor, or thee accurate emplacement of the anc hccers for de ’ e- 1 e m uue ~ re-e l 1 e c e s n t e e i n e u i i g  hu e s

151. LAN(;NER, C. G., “l’hee Articulated Stin ger’. A \ c e ~ T im ed lee r Lav inu~ 
( ) f t — h i ~ re’

Pipc’ hime rs ’’ Ojf s l eo r e Te chn o logy Confere n - uc’e ’ , Paper No, ( ) ‘!‘ ( I 073, \eel ,  II, \lav I 96H ,

~
p. 1137—1146.

Keywords : Articulated stie uge r, Lay barge
Paper describes a pipe support structure’ or stinger de’~ignued for lay in g 1— hure’

pipelines from a lay barge. Thee stinger con sists of se-~eraI adj te~ta b Ie ’ b ic e e~ aeet se ’g n ie ’ ret - ’
connected in series by special h inge joints wh ich provide a lineite’d de’gre’e’ of ~c ’ rt ie’a1 . late’ra l .
and torsional flexibility. The advantage s of theis articulated sti n ger o~ c ’ r the e ’ reensentio n ial
tY pe of straight, st iff stinger are disc ussed, \ e’rtica l stinger flexibility , ire combinatiome with
ap~eied pipe’ te r is iene , increases the water de1eth capability of thee stineger . ame d re duce -s th e e-
required stinger length . Lateral an-ed torsional flexibili ty increases the weather capability of
thee stimuger. l’iue’ use’ of thee articu late’d s limeger to lay pipelines m u  dee’p water is disc ussed aced
illustrated. Thee perforneanic’e’ of thee ’ articulated stimege’r ice mode’l t e-s is arid a 1 erc e t ee t v pe’
situation are’ also briefly discussed.

152. LAROCK. J. B., “I)esc- mcs si o ne of Ilvdrodvnamic Force’ s one a Suh mari nie- Pipeline’ ,”
Journal of the ’ Pi j ie ’l rnr  t)ursron, \ oh. 93, No . P1,3. N e v . 1967. pp. 75 - 7~’.

153. LAWRENCE, J. B., “i,atest Developments in Mariner Pu ce ’ 1~avi neg. ” Tir e ’ Iteni t U orl , ,
Vol. 24, Nc, , 3, Mar. 1967.

154. LEDFORD, R. C,, “I)esigue of Submarine Pipeline’ s leer Sta1e ilit~ , “ T/ee P e t r e ~l. eene
Eng ineer . Vol. 25, Nec . 5, May 1953, pp. 1)70— D76.

Key words : Pipe hinu e’ coatineg, Sc e bmarine pipeline

Article discusse s thee problem of providing thee c e i rrc -e ’ t  weigh nt e - em at  to a stu ie rnear m m i e ’
Iei ie e ’ lin ee ’ to keep it inc j elace unde’r vary intg beettom conditiee m es , ‘l’iue’ }e i 1 C e ’ s num ee—i lee- rle ’ — egmie ’eI t e
re main inc ace e’e lui hi he rium me co n dition w lee ’ re buried . If t ine ’ pipe- arid %%e - i g l u t  e e , n t u n i ~ are- t ine
light , thee ’ Je i j ee ’ will rise- out of its tre ’ ree ’ ie aned be’ c’xpose d to damage’ lm~ a’ c aned cu rren t
force s, dragging anc heors , e tc. If t u e  pij e ’  is too he e -av ~ , it flea> smnek lowe’r i reto tlee be m ttemnu
se-diments , possibly resulting in e ’xe- e ’ ss ive ’ str e ’ssc ’s wheic he also cause damage ’ tee thee ’ ~ei pehinie’ . A
summary of thue ’ results of te sts carrie’d out to dete ’ rneicee ’ thee ’ mimuineu nie t he ick r uc ’ s s ee f conu’re’te
coatings for specifi c re’eluireme.nts inc submarin e pipelin e’s is alsee inecluded.
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155. MA CLEOD, II. C., “Durbare ’s Submanimee Out fahis , witie Spe cial Refere’ne’e’ to Measures
Taken to h’ re ’ve ’ ne t Pollutionu,” Proceedings of tir e Engine ’e ’nng Committee on Oceanic
Resour -t ’s .~‘ \‘mposium on tire Ocean ’s Challenge to South African-i Eng ineers , Nob .
1972.

Keywords: Durban, South Africa, Submarine outfalls, Waste pipeline
A summary is presented of investigations carried out to study the effects of two major

sea outfalls disch arging settled sewage and industrial wastes off thee coast of Durban,, South
Africa, on thie environment and marine life of the area. Field studies and model experiments
were carried out to obtain data one wheich fcc base decisions one the feasibility of the
leroleosals , and also to c-stablish desigeu criteria for thee proposed outfalls. Afte ’r the’ eetetfa lls
were designue d and constructed , furt ime’r ine~e’st i gating and mon itoring were carried out to
evaluate thee ’ Jeerforniane(’e eel ’ thee ’ com1ele’te ’d submariner’ outfalls. Thee economic considerationes
and costs of the prop-c t are alse, brie’flv dese - m iss e d.

156. MANLEY , R. B., Jr., “A ne Evaluationu of thee ’ Erosionu-Corrosio re Survey Program in thee
Vermillion Block 14 Field,” ( ) ffchore Technology Conference , Vol. 1, May 1972,

PP’ 1629—164 1.

Keywords: Erosion.Corrosion su r~’c”., Pipeline’ th ickn ess measu rernenets
Pa~eer describes a survey method used to determine’ thue thtirening of pipe walls due to

erosion and corr os ncene . so t h at ruptu re’s ire proeluctiore equipment piping can be detec ted
Is-fore tiee’~ oceter . allowin g thw weak pifee se ctions tee be rep laced. Ultrasonic wall thickness
measure-merits we ’re ’ ma de periodically at all critic-al p~ im ets in a pipeline system , and a
computer anal~ sns was made’ of thee ’ data to determiner t he e ’  rate ’s of thuinnimeg of thee pipe walls
at the critical se ’ ct i een u s , Thee e’ luiheneenet . proe’edure’ . amed r ’~ee h ts  of thee ’  survey are discussed,
along withe thee metheod of computer an alysis.

157. MASSAD, A. ii., “(;at heodic Protec tion of Off~i uee r e ’ Structures ,” Pet roleunu Eng ineer ,
Vol. 29, No. 5, \Ias 1957, pp. 873—874, 1176, 880,

Key words: Cath odic’ prote ’e tion system , Submerge’d pipe
Catleodic’ protect ione sy stenes for off s ieo re oil platfornes and submerged piping

equipmen t are reviewed. Magnee’sium aruo4e’ and impressed current svstenes are both
discussed. Impresse d currenet syste’ rns are me re ’ e’conueeneica l for most situations due t(e thteir
rehativeh> long se ’ rv ec ’ e ’ life ’ . but t lee’v cane cmiii > be’ used where a pern~an~’n~t electrical power
supply is available’. Several exan e hmh e .s of t hme ’ app lication of (‘atheod ie- protection sv st e ’ m , us for
specific situations are discussed.

158. McCAMMON, L. B., and LEE, F. C., “L’ nnde ’ rsc-a ‘\ 1ue duct System ,” Journal of the
.1 nmeru ’afl U “i ~’r U or k .c ‘I ssoe ’ial ion , \ (Cl. 58, July 1966, pp. 885—892.
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159 . Th’ ;hlFE . F~,, ‘‘~ t~~
-
~ 

‘
~e arnu inigs are ’ ( omiei neg I town f e r  (~~ l ee l  \ l r-’, ce ’ , I )rellrN ,’’ Out

crud ( c15 Journa l . j tene ’ I 960. P h ’  9e) It) I

ke’> we r(i~: ( ;eel f cf M c ’ x c ’ o , Offshore ’ drille’rs , ~torne ~ ~urnei n e gs

Thee - offsh ore’ ccc l situation inc thee ’ (;uIt of Me’xie-e f rom 1957 to I 96ff es des ’ esse- d . Ti e ’
adve rse ’ setua tione arid h r  elel c - nu s of botie time offs i mee re oil o leerators acid thee ’ drihleneg
e’ (e netra c tc ) rs are’ desc ribed, as ~rll as thee interr e ’ latio res he i ps bet we e -r e thee ’ two. ‘Time ’ problems
ehs&’usse d ec c e lude thee Ionegtinee lag be’ t ~s c - c-re ne~ c-st menit aced enicun;e’ , thee ’ ieroblem ec f finedmg

eneoughe oil to nuak e thee ’ en e ~ c-st merit weert hew i i ile’ , thee ’ rapid obsolesc e -n ic e- of drilling
e’(Iuipeeuenet , a nd thee de’rre’ase inc alliewables anue l cru de’ price’s wl uec ’ i u  cause-s a de crease’ in tier
rate’ of ice ~s cirillireg. w le icle ene turne to r re ’ s elnlhng rcj u ip neee net and Ce e netra c tors to be’ out of

~ e r k . icr e ls e tee  ( e } e e ’ ra t e ’  at a loss , ( lua r ug e -s inc thee situatitene aced innprovcme’nts ire t i uc ’
.‘ffie ’ee ’ ru e ~ it dnll_~g oj e ’ rat uei e s aced we’ll e’une}ele ’tiones wh ich le e ’lp to 5 d y e- sc ene of these-

problems are also e ie s e ’ u~se’ ci.

* 160. MeKAIN . I). W ., ‘‘ A s  ~4- imec 1i Outfall Laid Off Long Island.” Ocean Indust ry , \ oh , 3 ,
\~~ . 7. July 1973. 

~
p. 40—41.

Keywords: (.orustruction i mnetieoe ls . Lon g Island, \e ’w York . Submarin e’ pipehinee outf all

Ac-tn-he de’se’ ri be’s t he e ’ e onist nce,’tneni of ame 84- inee’he-dianeete’r ceem ecrete outfall sew e r

~t ihenear inet ’ 1ei 1ee ’ h i n e e ’ laid off the c - c cast of Lomeg Islan d, New ‘
~ ork. Thee prestresse d concrete

pipe s..as constructed wi t ie precast e’ecn ecrete caps arid cradle’s , arid plac.-e ’d on-i piles driven into
thee ’ ce(’t ’afl floor, ‘l’iet ’ pile’ s %% ( ‘ re ’ d,riveme from a barge . usin g top arid bottom tc ’neep lates, an-ed
thee ’ pile’ cutof fs we’r(’ nicade using a spe cial cieainu saw s~ s lc ’ nr e,  T hee ’ massive ’ pipe s c ’ e te o nus c -re-

placed frone a pipe lavere g barge’ e - e l u m} h c e-- i  with e t~s o derrick bounces Ice hiaiud l e thee ’ pi~e e . s.
Exte’ rmea l ballast t ar uk s amid inete rec e r ballast eo mpar tn uen et s we ’re ’ h u ta e ’ e l  ire th e e ’ barge’ huull to
sta bilize t hee’ heargt’ durineg tier pi1ee ’ - hmaredhinig o~ e - rati ones.

16 1. \IcKEN N A . H. A., ‘‘ ;ma n it \ e ’w %ce icic le Built tee Pull I. ne dersc’a leipe .’’ I nde’rsc”i
‘ t e chno l og y , Sept. 1969, vu~’ 

40 42.
key words: liv drauhec winehu , Offsieore’ 1ei1,e’huee

\ larg e ’ Icy draeeh ie’ w irechi 5\ ste - ni  t i nat  c ane Is’ use d tee pull eeffs leore s um bniea re ne c 1ei1it’linec’s
Is cle ’ scrilwd. Thee ei e ’ segn u s1ueuifee -ationi~, ope’ ratieeiu chca ra e ’ te ’ r es t mc ~. are d ae 1~ anetages of t hee

wincii svstenie are’ d iscusse d.

162. Mc’NAMERA , E. J., ‘‘Se ’v e’ n- nmei lr h o t  Pi pe’ Limee ’ e l m t h e ’ ( teh f of \1e’~ me - c e ,’’ (‘ e m i l
!~ngziue’e’rrng. ~oh. 30, No. 4, A pr. 1960, Ph” -~7 ~~~~~

Key wordi: Hot pipeline, Gulf oi Mexico

Artn- Ic’ describes the construction of a leot s u [cn icari nee’ pipeline de’signee’d to trarus 1eee rt
molten sul1,beur 7 miles from ani effshiore’ neaeemadc’ is laree l nec’ar the e sul iehe ur numlec ’ ice thee Gu lf
of Mex i t ce  to thee c)flshOre stor age’ amid loading inesta llatic ,nes on thee ’ Loun-i’cia,rea c oast. The’ pipe’
c ensists of a 6-ince’Fu.diameter sulpiuur line, w h i n e nenms ineside a heot c~ate ’r himie , ‘l’Iee’ hot
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waterline is cove-r ed witie insulation and a j ac ket , an ud c ’ c uc ’as e ’d inc a ,reot lee’ r 11 ie ic l e - d ea ixec ’ te - r

coate d pipe. Thee m ultiple lu ei e ’ s w e ’ re ’  assenebled, ~ e’ ldc ’d , t e ’s te ’e l  oies ieorc- , and pulled out by

barge . Thee , pipe’ as laid ice a dre dged tre ’ m ec h e , acid prete ’ ns icc need to compensate for tl~ernua1
e ’ x p ienes uot i  eer ie - c ’  the e h inee ’ es in use’ .

163. MePHAIL, J.F., et al., “Offshore Pipeline (~ e m e st r eec Ieoc i  Stre ss MeasuremenL” Offshore
Te’e ’ !rnetheg~ ( o , u f e ’ r e ’ nce ’ , \‘ol. 1, \la’e 1972 , pp. 1607—16 18.

key words: Is’redinig stresse’ s . Offs hore j eipehinee

Pape r ch ’ sc ru lee s a study to de-te rmi rce ’ the bendin g stresses n-n an fkhto re ’  PiPeline
dun’imeg e ’ ocls t r l e e ’ t e ru oj ee ’ ra t  o nes wieem e being laid from a la~ barge- wit ie st inege ’ r. Th e ’
e -onstruct ione- ineduced bending stre ’ssc ’s and pipe 1erofile w e -re ’ nieasured in ace instrumenuted
sect ion of a pepe as it traveled from tier lay barge to thee ’ ot c ’ a n u floor, wheil e barge’ mnce t cuni~ ,

~~~ 
tc ’ n isco me , aced pipe travel re lat ive ’  te e thee ’ la~ bar ge’ we ’ re ’ recorded se m ie l c l t a eee ’ uus h\ on thee

barge. St a t Ic bending str e sses arid pipe’ profile’s . as well as wave - - ineduee ’ d d\ nianei e s tre sse s arid

~t’rtical me ide t it ene uf thee hargc- stecege ’ r  ic inege , we re- determine d from thee ’ m i ue ’ asc ere ’ m ene t s aced
c-oni~eare ’d wetlu ca l culated ~aheee ’ s frone thee t lee -ore ’ bca h sol ute ee m is , blee rizonta l bending str e’ ’.se ’ s
m.nduced L~ c’ ros se’ u rre ’ mut s w e ’r e ’ also measured. lice- imestrumenetatiomi he roi e . eltert s are’ de scribed,
and graphical exa ruu 1elc’ s of the c omparison-i betw e - e - ni  mne ’aseir e ’d and calculated values of static
and eI~ namic bemedineg stre sse s are g iven ,

164. MILLER, D. R., ‘‘Marine Studies for the~ Dc’s ignu aced Cej nustr ee ctio ni of Off sho re ’
h~u i e ’ lec i c ’s .” Proc ’ee ’dtn gs ef the Coastal E r cgrtee ’e ’r cng ~j o ’e ’uzlt v ( : e)n f e ’ r e ’r m e ’c ’ . Oct. 1965.

h’l” 991— 1 006.

165. MI L/,, E, A , - ac eel BROtSSARD , I). E., ‘‘lee lenie ’ai Capabilitie’ -. ire ( ) ffs he or e ’ l’ihee ’ Iinue -
Oh le ’ ra l i ee t I s  to ~1axumnumze Safe ’t s ,“ OJj s / e ore Te -/ i erologc ’ ( onjer e ’nce . \ c d .  i i , \la~ ~ 

e)~ ’)

}ej ) . 11809-11826.

Ke’>word s : Ot ’fshuore ’ 1ci p e hmree- o p e-r a tm ut i s .  l’ileelint’ d c-si gn ) ) r ese ) ie ’ rati e ,nes

\ dc’tai le’d ch m se i i s ’ . u c , r u i f  t hee ’ s a rc eeuis  fac tors t h at c ne ust be’ c ’ u n es u de ’ re ’ c i In c the e dc’segn .
e e , n s t r i ee ’ t me mn e , aci d uj ee ’ r ~u ( mo n u of ee l t s h te r e ’  j e i 1ee ’ h i nees us gR i me, I ) e ’ su gei i o n e—mele ’ r a t i on i s _ i ne c lec e h mueg
e ’ or r e , s m een u , route’ ~u e r se - ~ m e g  aced hx ett o rci c ’ ee ne e i i t ie , ues , arue l csa ~ e aced c ’ nmrre ’ net fo r c e - s arc
c fj se c us se ’ e l . ~ , u r ueeu j s  ava ilable’ i i e e c ’ .t rue t ic cni rmec - t l u c e e i s  are eie ’~e rilee’ci u he n ig ~ mt h i  ohe e ’ rdt io nu al
1e roe ’ c ’ el ur e ’ s aree l nci e ’ t heu ds cf de ’ te ’ e ’ t i nu g le aks anu d bre aks ice thee ’  pe 1ee ’ h ime e ’ s , ar id nme a i m ut e ’ nu ar ie ’ e ’ ami d

re- J )ae r t e e  h m r e i e j e m e - s .

166. MOORE. J, J .  ‘‘‘l Ime K e- c en i c e ne ne s of ’ I ) f ts loc r e ’  l’u l ee ’ f i ru inu . ’ ’’ \ectue rnei l ~! ‘ e ’ t : n ~~ on -u i’rce ns—

j eo rt at ion Fugu e e’e’ ru rug - h e e l s  IC ) 70 .

l~e’s ~ej rei~: lj ’ on i e en i uue s , ( )f fsh iec re ’  I,IPe l enc e - t e e  ‘ i n i e e l e

‘I’hic ’ e l e - vc ’ l e ~~e nnm e ’ nmt a ne ci  i m n e h e e m r t ~ere e’e’ e e l  ee l  ‘- lu c re ’ ~e m ~ec ’lineci e g t e i hu rce ehee g s  - imn ’ lmuehi n ig
e ’ e ’ec m le , n l I i c - a s j ) c ’ e t —  - c io l e’ ~e , l ed ’ e f e - ( i  t’iu l uer e ’  t r e - nue l - . , c c c ’  c lCse  ) is- ~e ’ ( l ,
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167. () A kLE’~ , 11, R.. an-ed l)YEH , E, ‘\ - .  ‘ ‘ he i ’ .e ’ s l e g a t i ec ru  of Sea I )utfa lls fur ‘Fs r e s m e h e  ~ e ’ c~ age

1)is 1u i~ai ,’’ Prcee e ’ e ’ n - I i r i ’ ’, of ’ f /ce Ins l c lu t i on  o/ (,rn’d 7~n gene ’c ’ i s , \ e e l ,  33, I’ c I t . I et(,~’e

~~ 
201 230 chis e ’ t iss i ee e i  inc \ e e l ,  30 , Mar. I d)6 ’~ PIe . 6 3 3— (e49.

s words: ( ) eet fall lei hc ( ’ IiII e ’

leidh ie r el ise ’eesse ’ s thee ’ resu lts c e f  a s tuck lee r a 1 r i e 1 i e e se d s e ’~s age c ece t f ahl  ccO ’ thee ’  c e  as t c f
( , re - at Uritaen u , ‘F l ee ’ uni~ e ’ - .tig at ice ne i ne - hm ede ’ e l  thee ’ f eel l eew üeg: ( a )  “e teae ’ t e re o lee gi i al cc i i i  l e i eclee ge c ’ a l

( I )  f lesat. c-c e r rc ’ n u t  nc ee - t e ’ r . aneci dri ft c an - e l  e e h e s e r~ a t i c e n e s :  ( e )  o 1e e ’ r a l iec ne it  t i d al ncu eec le- l

~‘it Ie j f l i h ic e s e ’ e l  ~~i m ed- i nee in ee - e - e i  e’ urre ’net~ tee su~i 1 e l c ’ m mce ’ m u t ( f ee ’  oe ’ ’ amnograj ehi ui d a t a  take n ace d ( i i) a

fe’ asi leilits s t e e d s t e e  ( l c ’ t c ’ rm c ui lee ’ c ’ eeme s t re e c t u e ie  d i f f i e ’c el t ic ’ s ,

168. O’CO~ Nl-;LL, Ii. E,, ‘‘ \e ’w  i’c ’ e ’ luru ~eIue ’s leer ( ) 1 f sh i ee r e Pi~e ehirm n nu g.’’ Pt j o / we ( on ~/re i e —

t ie ’nn , j u e l s  19 ’ T , a ls e e in 1 Col Ic ’e ’ t ron - e e e /  I’(i / P ’r s on I r i de ’r g r oc in d  I’i j , e ’ lcne ’ ( c ) r ree~ i e ind .

\ ‘ol. 3, I 9~~
) Id le , 127 — 133,

kes wor ds: l i e s  •\ne g c ’ lc ’ s . C~e hif e rniue , Out fall 1ei 1ee ’ linie

Pa1ee’r el ise ’ iess e ’ s ( h ue ’ prew(’dmi re’ amn d equipmen t Us C ’el to las a 7-n -ce l l - 22 i , ic lu ’ d e ; u ne e ’ te ’ r

s t e e l  oe-e’ani e ec et fa l l  for s lu d ge’ e le se ’ h~erg e ’ o f th e e’  ( its (if l e e s  \ n i ge - h e ’ s . ‘Fl e e ’  pipe was ~ i ’ te l e ’ d  a c i d

( ‘ceat e ’ d onish uo re ’ , la ie r e e ’ iu e ’ d free m a 1e ier , a ruc i  pulled te , s e a  h,s a barge’ an c e l wi nec lu a n i e b i c c re ’ e l
ee f f sh i e ere ’ , \ sled ‘~s as c ese- ( J i re thee’ } i i 1c ( ’ — } el e lh i n ig  i i 1ee ’ ra t ic ec i . aced a tre ’ i i e ’ h eiu ug nieae ’ himee was ei~e i i tee

le uerv thee ’  i nu sl c u r c - e ’ ie d c i t  thee ’  1e j 1 e e ’ l in e e ’ ,

169, O’I)ON Nh-LIZ , J. P., ‘‘( )ff ~luore’ Pi~ee ’ l ime i ne g :  \ 5 1 e - ’c ’ ial R e ’ 1ee , r t , ’’ ( )u l cnn - ee l (,as , /e i u i r n - uu l,

l ) e ’ e ’ , 1966, hi, 67.

l ,eswords : Cec ee k Inlet. A laska ,  l,ecu is iana , \ c e r t l u  S e a .  Off she eere ’  j e i 1 ec ’ h i nu ine g .  I’e ’ r se a ni  ( ; me lf

Report ehis e ’ ce ss e ’ s thee- e ’xj lales ie en e eel lc ipe’Ia) leig ee 1ec ’ ra t i o t es Ironic the e-  l,e e u e u s i are a gee !1 aced

h’e’rs iaru Gulf to thee - rciug hic ’ r arc’as ee l ( :e e ee k  l n u l c - t .  ,~ laska , a c e d thee ’  \ cer t h i  se -u. T he e ’ c - e c ne di t i e en es

an-in-I 1cre,1,le’niis a s s e , e ’ i a t e ’ r i  wi t h c a c he are a arc ’ el e- s e ’ r i lc c ’ e l ,  (Ill t ’ , h i e e r e ’  c ’ ee s ts amid nceeeh i l iz at i eeru fe ’e’ s

f ce r e ef f sha e c r e  j ie pe ’ I i iee ’ proj e’e’ts are’ ei is e ’ des- . e ’ di  anu el e ’ x a n n e j i l e ’ ~ eel se ve ral i i i i e ’ h im i e .  j i re e j c ’ e ’ t— ire t b e i ’ -.i

,cr e ’ es are’ ge ve ’ re.

1 71). O’l)ONNl-~I,l,, J. P., ‘‘Ihi gle ( e e ’ - t s  ire ‘l ’ i m m c c ’ arud \h ,nue-v , Lnnu j i h i a se ie ’  I c e n u t i m u c e e c u c - ”
) 1ec ra l ie oe ,’’ (h I  cnn - rd ( a s  ,/ o e, r , rerl . \ eel , 61 , “ice , “ O . l ) e ’c ’ , I d)(~6 ~e j e .  t t ’ ’ e 

-

he ’s ~s ce r e Ie ~: 
le m j ee , I i rue _  e ’ i i, n e e e l e c u e ’ s , Sule nru a r i ne c ’  1 e m 1 e c ’ I i r ue ’ s

‘\ r t j e le ’ r c ’ s ie ’~a — se ’~ e ’ ra l  rn u e ’ a s t i r e ’ s  t i e d  nuca s Ice’ u - e d ( cc r e d u c e ’  t he e -  1 e c es s u l e i h i t s  e l ’ e ’ i i”t l \

‘ -he u e t e I e e ~~ n is ee l s iej , r me ar i nee ’ pi1ed ’I in ie s _ eer tee Id ’ s ’ e ’ I c  thee -  u n e ’ - t~c llat i r e  e ’ e e s t ~~. ‘l ime ’ m muc ’ t hc c e e hs  duse ’ e u - . -’e ’cl

ci ec luer le -  thee - cisc ccl nn ie ’ e ’ huaum i e al an e e ’ lee ers Ice -~e ’ e - u re ’  1e j 1 ee l i nuc ’ s c e n t  11c c ’ lec e t t cc im i  ,eiedl re ’efue ’e ’ thee ’

re’eiuire’eJ w e i g ht co a t , be e rs rug p u 1 e e ’ l u r e e ’ s . un ue hmed i ieg ne e eere ’  ~a ke ’ e ’ c e n c n e e ’ e t n e e n u ” d eem - t r i g  m nei t ia l

inesta llatic e n f e ,  f n et e ere -  pi~ce ’ e ’ ce nui ie ’ e t ie e n us , flue -  u- .c ’ ee f t le i e - k c ’ r  walle d ,euuel le i gh - s  ie’ld s tr e ’ nu gt le

1 el 1 ec - , 1ci 1ie ’ ’ e e e ; e t m l u g  m m le ’ t iu u i l— , e ’ at hue c e h i e ’ j i r e e t e ’ e t u e e r i  ss ‘. te ’ r ees a n u c i iuu ~I e ne c ’  ge ’nic ’ ra t ee r s f c r  c e e r r e e s m o n u

p re e t e ’ e ’ t i e en e . Icv inug dual liners or hc ee medle ’ c i  nee lelt i le ld ’ hence - ’- sini e ne l t a u ie ’eclcsl ) , a nu d nme ak in eg s a t e ’

IJ i hee ’ lil le ’ e -r c es s irugs .
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171. ()‘l)O\’e I’ ll. . J, P., ‘‘ S u e h e s e ’ a  Pi j ee- l im u e ’ C lea l le - ne g e ’ s a re - 1 ) 1 - l e thu . ( : i e s t . I ) dst ar nc e ’ .’’ Oil c nn - c d
(;il-, , J e e um,eal , ,JuIs I ~Ue 7. h e ll. I 25 - 127.

he’s w ee re ls : S - c ’ curse -  ne ie ’ t he e eel , “ce bse’a 1 em ~e e ’ l i mum n e g

A rt ic le ’ i lu’ - e re sse ’ s thee ’  I i lee i tat iee ns ee l  the e ’  i e e u e % e ’ r l t u e e m r a l  las hea rge a n d  s t in g e r rm ie ’ thee cd lee r

e ’ e ’een e o ne e ie-a l hs las m e g  h et h ed Ij ie ’ s at la rge ’ eIe~ et lu s . c rue l  l ec tu re - d c - ve ’ I ce 1 e m r ie - mets  thuat  will all es ~
ie 1 e l e c r e - s t e e  is’ laid c - e ’ e c r u c e m e e ic ’a hI s at iIie’re’~c slr ig el c - 1 e t he ~ , Thee ’ S~e- ur~’e’ mn u e ’ thue e d (Icing p ip e ’ lm mee ’s

s% l d i e ’ hu c ane Is’ laid :et gre at de ’p t ic ~ he > as se ’ mi ulelm nu g tIme ’ l im l ee -  ire le e ne g  se ’e t i e n es arid en u stal l im eg
buos s ahe e nug It s le ’ reg t he , ~% d t I t  thee ’ bmieis s ac1 j ce ~t i ’ e l S ee thue -  p e l de ’  l i e rnee s  are S- e ’e erve ’  witic a large’
rad ius ove ’ r ls ’ nec l at thee ’  s u r f a c e ’  ac id a e e e e t h i e ’ r  large’ r a el n ue ~ lee red at thee ’  i ee e t tc e r mu)  us d e s c ribe d.
h a s  m u g  1c i1 ee h i iec ’ s  ire de ’e ’ 1c wate r from a ve rt i c al 1ee isut io cc , usenug a de rric k Inc a elrih lm nu g ~hej ; , us
.t ls ie ij u se t e- . se d, a lee n u g w it le a ut i e m eeate e we lding ncu e ’ thu ec e l s  aced e ’ n e e a 1 is te l a t i ee nu c if j i1 ce ’ her e c ’
nnee ’ e ’ fu , c n i n smnc ~ f’e,r unue le ’ rwater se’ rs’i e- ineg. 1 te s t  1 e r ee ie le ’ nue ~ e e l  has mu g e e t l s i i e e n ’ e 1 e u 1 i e ’ l c r u e ’ s are ’

e le se e e sse ’ d i  a h e e r e g  wm thu  e l es ta i d e e -  hinnemt ~u t m e e n u — ,

I 72. ()‘l)ON ~ 1-1,1., J, P,, ‘‘( ) f f s he e re - Uric’ l.aid muneelc ’ r ‘F e m e s u e c r u ,’’ Or! un - e d ~~~ Jou r iua l , \ oh,

66. \ C e . 2(e, J u mue ’ 1 968, } e. 82,

key words: l,as Ieargc ’ meee - t l e e ee i ,  ( )m l pij ee ’ h in e c ’ , Pers iane ;~df

\r t ue ’ l e - , cle ’se ’ r i lee ’s a sealeniar i ec e ’ oil 1e i peimie’ laid free m Sass:eri f ie’ld to a ternninial on
(,)as are Is lan d in c thee ’  Pe’rsiane ( ;

~ilf, lice pipehim ee’ us 88 miles leoug , 22 nre e ’ I u e - s ic c (leame’t n-’ n’ , and

laid t e e  a inaxinicum depth c e f 306 fe ’e ’t. Thee ’ las lea n-g e m e e c ’ t hm od was u S e d tee  las the e ’  pii’e ’. ani(i a
‘ileeal imeg ~s e - eg Iut ’’ rne ’tleced Wa ’-  use d t e e  ap 1dhs t e ’ mes i c e ne  to thee ’  su s 1cc ’mi deel h inm e ’ . Thee ’ las bar ge’.
‘ - f i n ge r . anee l pipe- Ia> m ug  e ’ c 1 me i j e m n e c ’ t ut  ami d c e 1 e c ’ ra t ie  il ls arc ’ brie’fl s e l e - s e ’ rmh ee ’ e i .  Thee ’ las m ug  ra t e ’ s amud
j erdel e le ’ r n us e ’ nec -e e un ite ’ rc ’d elurine g thee ’ las m e g  o1ie ’ r a t e e e n u s . d c c c ’  to hea d we a t h e r . f’r a s ine g te ’ re s i eem n i n ug
e ’ a } e l e ’ - , ac~d st i neg c ’ r  bre aka ge- . are’ also e in- .e n e ss e ’ c i ,

173, ()‘l)()\’\ I’.I,l,. J . P., “Se e H ee l e i ne h , ”, t e ’ r t e I~ “‘, s f e re u , ’’ I),! crud ( . e ~ , / eec , r ee i , 1 , \ n en u m u a l
h1i 1 ee ’ I eme e ’  ls suee , I l e t ,  I d)7()

he’ s e4ec n de. : I’i h e e ’ l _ c ’  d r e g  e ’ e 1 u ee 1 encee ’ n ct

A r t i c le ’ ehe ’ -’ e n l h s - s a las Ic: er g e ’  % % h i e e s e  j e e 1 . l :c> iii ’ e ’ e l d i u l e i n i e ’ n i t  meu e ’ lei c le ’s a t ra e ’ L ’ t s  1 e e ’

t e - r e s i c e n e i r u g  ss ‘ - t e r n . e e l  a m - tue ue l a l e ’ e i  st inu g e r , ‘- 1ere ial aret c cmmm at ie ’  .e nu e - l ue e r  winie’lu e’ e e n e t r c c l s , ani ci
ss e ’ l e l uu eg _  \ r ,e s , : cnue l lie -Id j demn ut  st c t d i e d i ’ - .

171. Oh” l”~ hIOh{ F~ \ l,~~~I,l ’I’I F:R. ~ e cl .  I .  \ 7. 1 ) 1  !%8.

175 , O~~I \ ( , ft. c c i i i  ~1\I ,l ,\h ’t F. l)I)~ , hi,. ‘‘Str e ’~s \ nu a l ssn s  el ( ) f ’ f s f c e c re  h9 1 e c ’ l m n e e ’ - ,’’

( ) / / ‘ / e c e r e ’ / e e  /c ,uee i ie n~s ( ‘ e n / e n - c ue  c l’ e 1 e e ’ r \ e e ,  O lC 1222 , \ eel . I, \ f c r .  l’)70 _

Phd , 1727 17 31 .

he ’s %~ee u d b. : C ) l l ’ - I i e e r e ’  ( e l 1 e e  l unue ’ ’- . Str e ’~’- ,en , a k ses

h~a h ie r ei e ’ ”e r u l ee — .e e e e e n u 1 c n c t c r e e r m e ’ n e t e ’ eI e t e ’ r a t m s e  nuce th e e cc i  te e  e l e ’ t c - rn cu e i e e ’  thee ’ s t re sse s anue l
n eeen , l i n me ’ a r c ’ cen c f u g i e r iu t i e nt e e l ’ ,e —‘ e e h i r u e , e r  c i i  l ee h cc ’ h l ru e ’  s c e s 1 e c ’ nu e le ’ d  hee ’t~se ’ e ’ nd  a las hearge’ anue l  thee ’

eeee ’ ane f leecer eh ee ri i ug f l e e ’  u c c ’ - t , e h l , ’ t e i e n u  e e 1 e e ’ r a t i e e i c ” - . \ s t u l ’ f ’ eee ss ni iatrr ~ i n i e ’ thuec c l  us mus e ’d te e
dc ’ te ’ rn ie in , c- thee ’  -‘ t r e ’ —- .e ’ s  a ice l e c e i u t i g n e r c t c i c i e  e e l ’ f l e e ’  ‘ - u e s 1 e e ’ i u e l e - c l  I e i 1 e e liiie’ lee r a las large ’ w i t lu a

4 ’



strai giet ‘-I i n eg e r. ,dii ar t me ’ unl at e -c l  stin ger , or wit luee ut a s tenege r , aced we t h e  or wit ieeeu t t e ’ u isu un e

a1c 1)hi(’ el at th e e las he ar g e - Thee ’ ts i ’ mg het  eel t ie . ’ pi~ee ’ anud eeeat ineg ared (lee beeo v a n t  and drag ft

,ure e ’ e e n e s e c l e r c ’ c l  as ‘ - I d e  f e e r i ’ c ’ s , a l t h e e c e e g he ds’ nu am eu ie- le rads dine’ t(e has barge’ ne n ieve - ru c e - n i t s  er
i n e rtial t e e r e e ’ - r ica> Is’ inutree du e ’ee l m ete  e thee ’  ‘com putation , ‘l ice ’ bas ic ’  ec1uations arid j cr uc ’ e ’ du ere
of thee ’ , e re .e is  ‘- Is are ’ g ms e l i ,  a lt rug w ithu c x  anri p le ’ s illustratin g the n- ’ ap~e hie ati oru o f time ciee’t luod,

176. 0% I, ~C, B., and \1Al,I,,A REI)E) Y H.. “Stress A c e a h s  sns of Offsh ore’ Pi1eeines I iede- r
I) s me a ni le ’ I e ea i l s , ’’ ( ) JJ ,cle ore J’ ec ’ Ienci lo g ’c ( ce l l  f e ’ r e ’ , i e e ’ . \ el. 1. A pr, I e) 7 1
pp. 1349—I 3.5(e .

ke’ s words: 1) 1 t ’s bn e er c ’  pipeline’s , St ,e ’ss ane alssis

A com ee 1eu te ’ r ’ee i ’ee nete ’d iterative n- n- uet lee ,d of ani ah vs es to dete ’ rne imee thee ’ d e ’ feer re eatm ccn e and
stre sse s dcc c ’ t e d  dyn am ic loads ~eni a submannie pi1ee’linee sne s 1e e ’ n ide - d betweeni thu ocean flecu r
aced thee ’ Ia lear gc’ is dese ’ uesse - d , \ ste f f ne c ’ ss matr ix nee’t leod is m is c-el  to s c e ls c ’  (lie’ dc-formed
of ti m e }e i l i c ’ h i ree ’  ucede ’r ~t at c c ’ loads , arid a modal aciah’sis is use d for l ice - dvn eacni c I a ils, ‘l ice ’
ds’neanei e Ic cads are applied t e e  thee statically de’f e mneme ’ d e eme l ’iguratiome of ti r e - pipe lin e . w h i c h  e—
ne(edelie’d to elimin ate ’ t h e ’  tc ’ rm ns diet ’ t i c  reetat ie cn is, ‘l1ie’ 1ei 1ce ’ hi ru e is ass n ecu c e el to i o i i — n ’ - t  i f  f i nem i e-
d c ’  neents, amid thee ’ e’xt e’r rual h e cads ce n i thee ’ rue’ n IK’rs are- lea mn1ee’d to tIme ’ J e e imu is amud c ~ e n e ’ ss , ’ c l  i re
ne iass Umi et s . ‘l ’ he e ’  n atural fre’ d l e ee - n ie ’ s  aced modal s h a pe’s are deterniineed from th e’ e’e 1uations e ef
nmuote o re f(er a neiultidc’gre’e . lumped mass syste’m. Thee ’ nietleod is general amid a~ep hica ble- t i  , ame s
d neaniie loadin g coruditiomi. Thee ’ procedure’ arid eq uatiomes of the acealys is arc’ give’ni . ace d are

I
’ 

examp le’ of t h ee ’ ap1elicatieen of the meth od is given for the dynamic loads of las le ;c r ~c ’
d es 1 lac e m u ee ’ ni is due to %% ave action .

177, PEARCE, B. K., aced KISIIPAtGii , J. A., “l1re’dietiome of I~i~e c ’ l a s m e g E~uip meee m et
Pe’r formanee in h kestlle En ev i ree n enn e e - re t ’ - ,’’ Offs hore ’ Te ’elr iuologr ( e e n - e f e re ’ i ie c \ eel, hI

~~~~ 
\ Ias I d)73 he ll. 11-1-55 11464,

he’> words : ( , e e n iu ~e utc ’ r 1c i 1ce ’ las m e g  mn ce de ’ l , Ere v ir n - e i i nn ie ’ me t
( ; e e nefe - r e ’ mn e ’ e ’  lea pe’ r e l i s dcus s c ’ s a ( - e ) n n - u t du t e ’ r  meee ,d e ’ l thu af s ineuce l a f e - ’- the e ’  } e r d c c e ’ ~~s iii ha s leg

c ,f fs ieeer e ’  1e i 1ee ’ l inee ’ s Ire cmii a las barge - , ‘l I ce ’  c om ne leel t d ’ r mmi eed e ’ l Iere ’e ll (’ ts proba iele’ inesta ll atiee re c osts
ace d time ’ for c ’ cem r e ~el e ’ t mne g thee ’ project , takinu g n et ee  ~ee ’ e ’ c o e n e t  % % e e n - k  imuf e - r rme ptme e nes  d u e ’  i d e  we at h e r .
ed l u l l ene d ’m et l ae l n c rc s , and ee t hie’r lacteers s n uc ’ l u as pipe’ leee e L lur ug a nue l ssc ’ lnl in ig de’ t ’c ’ c ’ f~ . ’l’hee ’ m n e c e dc I
s mm uu r e la t c s  h n h c e l~d~ mu g d e h ee ’ ra t i ee n i s ,  ~ n’a ! hme ’n ’ gc r i e ’ n , c t n e r e , the e ’ ge’nee’rat iure e e f  d’ 9 du i l e ne e e ’ uu t faihere ’s .
ace d j i u 1 i e - ’ re ’ s c e 1 e 1 e l s  e r e g  e e 1 c e - r a t u o n u s . ‘I ’ hee ’ mae elt’ l ss as u s e d l e e  c - o n ec 1ea re- f lue ’  hce ’ rfe , rnu eal uc e ’ cef
fIa t- i e ee t t eeneue ’e l  anme l small ar id large’ ‘,c’ nc u is uhem iu e ’r’e n lel c ’  las hea rgc s ire thee ’ re e ce g ic ssa te ’ r s  c i f  thee
ic e , rt i ue- r e u \o rt l u S e a  a reei lice ’ (;rarud 8aruks of Ca zu:ce ~:e I : e e z d u j i a r u s c c n s  d e l  nn e anm mn ; cl c r u e l  a n e l e e c n e a f u d
Pe lce ’ wele liceg, am id i’ e e c c s e ’ n i t u i e n e a l  ac ed ~s e che ’ t r ,ess s fccu ~c r s  s%e ’ re ’ alsee macic ’ for t hue ’ se ’ e ’cenee l e t i c e res ,

eseme g thue’  Cd)fli~~U te ’ r me ieee ie ’ l .

I 78. PF;F;BLES, F;. h- ,. ‘ ‘Se endue ’  ( e s e r  Sue rye’s eel air ( )f ls iuc crc Pi 1eehc nee ’ .’’ ( ) Jj .c le ore l’e ’e lc n- ioh;g e
c e c m j e ’ r e ’ n i  e ’ , \ eel.  II. \ ,er . - \ las 1 973, ~ei i , 11295 — 11298,

Key’w erds: ( )ff shee c r c- ~ej pe ’ Ii iee ’s , Sue r’s c - s mnie t hie eels
The e- e ’ Ie ’ e ’ t r o , eie ’  a n d  s e en d nd ’  suu r s c - s  m mue ’ t hi e eds t iuat  c a r e  lee’ used tee  nuake ’ e ’ e s e ’r ‘ - t e r s e >  s eel

d )ff sleol’e ’ hei !ee ’ Iilud s are’ e lis e dcsS e el. Th e e’ e’ej ui p nmee ’ iet de sc ’ e I  iiu such a s e e m - s c ’ s  is cle se relee ’eI , whe icle
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in clud e’ s thee ’ wce rk b(eat , radio ieavigatioue ss ste ’m , acoust ic- sucleb ettc eice 1ereef ile ’s , magne-
t e neie ’t er , e’ (’ IIo sceu neder , side-seac u son ar, ace d divers. ‘f lee oIee’rational 1c recc ’edur ,’ of a s 1ie ’c ’i f ie ’

som eit - e’ ce se r  survc’s is briefly ele’se ’r ibed as amu e’xamn 1ele ’ ee l thee ’ a1e1el ieatioru cef (hue ’ sun’ve’s
nic’t heodj s , ared re- c c  cne em iee ,edatie ine s are’ giv e ’ ne for time - reeluiremereLs ecf  a ve sse l tee be’ used in surle
a ster%’e ’ s

1 79. PETRAL SKAS , C., “l)iscussioni of Re g r e’ss euc re Model of ~ ave Fo ree ’s c m i  Oc ’ c’ ac e

Otetfalls .” (Preweedinigs Pape’r 7275 , ‘lay 1970, by it. E. Joleuse ine) . Journal of time ’
U eete ’rw a vs . Harbors , cnn-r d (.‘oasla l Eizg ure ’erurg 1) ,v iswn . Mu> 1971, le Ft . 4 1 4— 417,

180. PLEJNKETT , K., “Static Ikiedireg Stre ’sse’s ire Catemiaries amid l)rill Strcnu gs .” Journ a l  of
Lng nru eer ing f o r  I n d u s t ry , Vol. 89, Nec , 1, Feb. 1967, pp. 31 ~--36,

181. POSTLEWAITE , W. R ., and LUDWIG , M ., Method fo r  Lavin~ Subnra r i n e’ Pipe’ Line ’s ,
Patent No. 3,266,256, Patent Office , Washington, D.C., 16 Aug. 1966.

182. POWERS , J. T., “Stress Anealvs is of Offshmore Pipe’liries I)urimig lmistallatioue ,” Offshore ’
i’c ’e hneo! ogs’ Gonfrrenee’ . Paper No. OTC 1071, Vol. Il, May’ 1968, pp’ 119—1122.

Keywords: Offshore pipelin e, Stress analysis

A computer-oriemute d fimeite-be’am elememet , imeitial-value an alysis met h od wh ich may be
use(l to calculate stresses one ace offshore pipeline deeririg construction o1eerations wieem e thee
pipeline is suspended between thee ocean floor an d a lay barge and sti n ger is described,
Applied tenesions , e’xtern al fluid pressu res, depth variatiomis in wate ’ r curre n ts , pihee stiffne’ss
var iation s due’ to weakm eess of thee ’ weighet coating at the field j oi n ts , and s u leleort buoy s , if
ue sc ’d , arc’ all conesidemt’d ire flee’ thie’on-y’ . TIee meth od is gen eral arid can-i be a1e1ehied to the
ami alysis of botle two- an-ed thi ree’d imcnsiomia l forces and def lectiomes ire thee ’ susperee led hear t of
t hee jei peinee under any support condition . Crosscurrents and lateral barge movements can Ix’
comesi dered. The use of thee finite-eleme n t c alculatio n procedure is described aced several
exam p le’s of thee calculations are in cluded. Thee method is compared with other theories and
the’ advacetages and limitation s are discussed. Thee ’ basic equationis of thee ’ meeetliod and their
derivatiomes are given ice thee appendix.

183. PROUDFIT , D. P., “Practical Se’le’ - tie mi of Material feer I~argc’ Water Pipe’ ,” Transp or la -
I ro n  I’.’ngine ’erumj ’ Journal . % oh. 93, ~o. ‘FE 1 ,F’e’b. 1969, PP~ 

203— 2 1 2.

Ke’~words: Material selee:tiomu , Water ~eqees

Proe-e’edinigs paper el ise-usse’s thee factors that should be’ c enesidere d in sele’ctireg niate’nals
for large’ wa te ’r pipes greater thace 30 in ches inc diameter. Thee ’ materials c ensidered are steel ,
ducti le’ - iron, ace d re’inefore ’e’cl concre te. Steel arid durtile’.iree iu are’ (‘onesidert ’d as flexible’ [ci 1ee’s
and rein forced concrete as rigid pij ee. Factors to be con sidered ire thee ’ selection of a 1eipeiree
include deflection limitation s of pipe aced e’eeati negs due’ to external loads and inite’rmial
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hdre ’ss in re ’ . shell ~tr c ’ss himitationes to pipe ace d coatin g due’ to in-i tem-neal pressure’ , siue’ll tlei c k ree ’ ss .
Pc 1ed ’s ee l  e ’ce rr ej s ne ) n prote ’ctive’ coatings, fie’ld join ts , pi~ee’ lengthes , blocking and ancheorage ,
trene - ie leeacls aced e ’mbe’dmne’tet re’c1uirememits . cones truction condition s and methe,ds , fabrica-
tion met icee cl s . ace d shui~ep irug procedure’s.

184. RADBI LL, J. K., “( omlcui (at ie er e eef Flow -line Installation Stre’sse s,” !‘roce e ’dings of
the Offshore Exp loration Confe’rence, 1968 , pp. 383—395.

Keywords: In stallation stre’sse’s , Submerge d pipeline
lm a~ee’r rev iews ace analysis wheicie may’ be used to calculate the str e’sse ’s w he icie aie~

le ro e ht ie e ’ d n in piieel inie-s duri n g inesta llatione as thee ’ pi}ee is placed on the ocear e floor from a
barge’ . Ca Ie’uilationus are m ade of the maximum stress , as a function of pipe’ propert ie’s , wate ’r
e lc’pt le , ante ! thee c c- toy load at thee- barge , to deterneimee the best pipe te’ mes iome aced ame gle’ for
Ia> ing thee ’ pipe fromee t hee hear ge - -

185. RALSTON , D. 0., ac ed HERBICU, J. B., “Thee - Effe c ts of Waves aced CurrenuLs one
Submer ged Pi1ee’hir ues ,” Se’a Grant Publicatione No . 301 , Texas A & M E neivc ’rs it > ’ ,
Colle ge ’ Statione , i’e’ ,x,, Mar . 1969.

186. RAMOS , B., HEL I M ENAS , amid \IELCIIERT, A., “Fuerzas Sobre Cilindros
Sunuergidos 5 A~nes ados cii urea Suj e e ’ rfee - ie ’ Placia ,” I )e ’ leartaneento de Hidraulica,
~ meev e rs ielad Central de Vemiezuela, July’ 1965.

187. RANCE, P. J., “Investigation of Wind-Induced Curremuts acid Their Effect ore the
Pt’rfornea nece’ of Sea  Outfalls,” Pro -e ’edings of lime ’ ! mrs t i t r n le ’  of Cm ii E:rg in - ree rs . \ o1, 33,
Fe’Ee. I %(‘e, pp. 231 —260 ; dise-ui ,ss meeu e m i  ~‘ed. 36, Mar. 1967, pp. 633—648.

Ke> words: ( )ui fall }ei he e ’ hin ee ’ , Wim ed—i nedu e’e ’el e ’urre’ ruts
Paper pre’ se- ru ts  a stee ds ee l thee ’ menass move ’nne’muf eel surfac e’ water f e r  a ~ere e 1eeese d sc-wa ge’

ecmntf ’all ee l f thee ’ eec a s t  of Great Uritaire, Fe c - Id  i iev e ’sti gat iones usimug floats we’re used to
ele t c ’ rne ur e e- thee ’ re ’ lat ieensh ee ps be’twe ’e’ ,e wi nuel s 1ee ’e ’ d amid surface curre’niLs, \ mode’l inuve ’ s t i gat ieem e
was e ’arrme ’e l cciii to cl e ’ te ’ rn r e mn ee ’ thee ’ e’ir -ue latj one pattern dune ’ te) both tidal arid wind-inedteced

e terre nu ls eee ni e f e i nu e ’el .

188. RUB, IL, ‘‘( )e ’ t ’aru ee gr~c j e h e ee- ( ce nese e l e ’r,ut i e c n u s in c \Iarirue’ Pi~ee ,h ine e ’ ( :eerustru e t ieere ,’’ (
~as ~I 1ze ’ ,

~C ti i . 1 (17. \ Ieeore ’ Pubhisleimeg, N e w  Y erk , \ Ier , J d)5 I 
‘ he ll . 46— 49

189. RlMMI’~R, II. 1)., ‘‘ h{e’1eairs tee  Se- a ( ) iutfa ll Se’we ’ r cell the e Sto rmm e hle ’ac he ire ( :hee’si l C e es e ,
I )e erse ’ t  , ‘‘ Proe e e- elc ie ~ s of l ice ’ Insu l in Iron-c of ~ ‘c e e l En~’m,ree ’ rs . ~‘ c el , 2, Nec , 1. J ulv I 953 ,
p j e  45-1 157.

Ke’ s words: ( h e - sd Cee ve ’ , 1)orse’t , (;re’at hlritaiie , Outfall he ihee ’ hi mue ’ relea irs

P r ec e e’e’elinu gs hiahee’r de ’se-r i bt’s e ’ um e s tr ue c t ic en e m me e ’ t iee e e l s  use d to re pair an-i e cutfall se we r that
heat! be’ene elamnage’d hey thin ’ grimuelineg of ~icimigle’ one a cenestant is’ sh iftin g stor mme beach iii a c c e s e’

ice ( ;re’at Britain. Thee’ origirual cas t -irone he i h ee ’ , su h e h e ee r ted on sin gle e ’ a st - i re c nu pile’s , was to be
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re’~e laee’d icy a neanmgaciese’ -s te’el piPe carrie’d be ’ tw e ’e ’ ie arm e nou r - hela t d ’ sad dle- s ace d tm - amuse e r i e
set-urt’c! to nianganese-stee’l h u1e’s . T hee ’ weerk was deceit ’ from a c-rile eef tuieuiar se-affo idimeg.
whiche was m oved ten pontueeus.

190. ROADS, N., “ How tee Calcmelate Pihee Stre ss ice Offs heore’ Constructiom e .” Pe ( roh ’u,n-e
Engineer . Oct. 1968, w 1)20—1)23.

191. ROGERS, W. M., and DUCKWORTH , H. N., “Electronic Sur~’e’y Ihi ps Assure’ inte g-
rity of Offshore Pipelin es ,” Offs lr o re’ Te ’eienologv Confe rence , \‘ol. II. A pr.-Mas 1973 ,
PP~ 

11299—11304.

Keywords: Electron ic survc ’y’ de’vic e ’ , Of lsleeere’ pipeline’

Paper describes an electronic survey’ device wheiche evaluate ’s ceerrosi e ne actd nne’chuanical
danceage to offsluore pipelin es. Thee surve’s device is a se’ lf-com itai need ume it c - ee nes is i i nu g ef a

~~~~~ se’c ’ tioce , a traces duce’r se’ctiom e , ace d a recording se ction all f ie rc e’ se ’ct icenu s are ’ u - o m un ee - c ’ tc ’ d
with umiivcrsai joints. Thee~ unit travels t ieroughe the pi~ee’ I1re e ’ sy’ste’m . dr ive -m t  by’ lice’ j e owe-r
section whiche has se- ra 1ie ’ r cups to t’c’mite ’ r thee ’ device’ in t i de -  pipelimee arid feern i a se al with thee

— pipe wall, so th e  survey device is carried therougle thee ’ pipeimee bs thee liquid flowin g t ieree c e g le
it. Thee tr ansduc e r section uses a direct current ele’ct ro .ne agnct ic flux leakage’ tec lu me ie iue- t e e
detect defects c enu eithee’ r pipe’ surface and terov ide’ sign als tee  lIce reco rdi eug s e ’e - t i den e ,  whee ’ re ’ thee ’
signals are’ store d on neagceetic tape’. As thee survey devic e travels theroughe tine jei 1eeh i re c . it
recor ds poucets of corrosion or damage, girtie welds , valves , speed, and or icne tati o ’~ of t le e
device.

192. SANTI, G., “Trenchiing and Dredging in Deep Water .” Ocean In d us t ry , Vol. 6, Nec , 6.
Jun e 1971, p .  30—31.

Keywords: Submersible c-utter dredger
A brief discussion of a manreed subnu’rsible’ cutter dre’dger theat hues a w erki ncg de’pt le

capability eef 200 le ’e ’ t is give ’ me.

193. SCHWARTZ , II. I., “hIy draen-ic Trenu -huing of Subnearinw Pipd ’h inee ’ ,” Transj eor la l ian - i
Eng ineenm eg Journal . Proceedings Paper 8489, V01. 97, No. TE4, Ne ev , 1971.

~~ 
721—728.

Keywords: liv drau lic t re ’nec h eint g , Sulernari nce j e i j ee ’h inet ’
The de’sigre , eelee’rat j on , and te stin g of a hydraulic tre ’ee t ’he iuig tie’s ee c’ de’sigiec’el lee beer s

Iarge.diame’te’r fetpe’him’s under vary me g ( - oni d li t m e emes are’ dl ist’ciSSd ’(l .

194. SERPAS, L. B., IWLAZONG, A., anud MATTEELLI , R., “Se’ le-e’t ione cef Route’ s tee m ’
Suh— Me’dit e ’ rra nee ’a ne Pi1ee ’ I iree ’s .” Off ~iror e ’ Ieehnolog s Coinfe r e ’ne -e ’ . \o l. II, ~ ur. .\ lav
1973, PP’ 114.85—11503.

Keywords: Me’diterranean Sea, Pi1eeinee route’s

Paper discusses the planning amid procedure used in a marinne suer i’ e’v tee  deter nuinee
feasible paths for pipeline’ routes across thee Mediterranean Sea betweene Nort le Afri ca aced
Sicily. The te ’e ’ he n i ques and instruments used iii thee surve)-ing operations are described, w lei chc
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inie- lude horizon tal ~eositiome imeg, bathuy miuctry . suiles eeih 1erofile’s , side’ -scaiu seenar , visual
inspection and phee )te )gra}ehey’ , soils ~amii pling, and current meas ure ’m ne’met s . T he results ef t he
survey are disc-messe d along witie thee’ ir accurae -v , acceptabilits’ , amid aj e1ehicabihity , and thee
selection process used to determine thee proposed pipeline routes are also discussed briefly .

195. Sh ERMAN, A. M., arid MILLER, 0. R., “Submarine Aqueducts Deliver Water to
V em ee’zue’ l amu Islan d,” Cecil Eng ineering , ~‘ol. 31, Mar. 1961, PP~ 

41—45.

196. Sh ORT, 1. A., “Pipelin e’s Pin n ed to Oceame F’loor ,” Pip el i tre Eng ineer , May 1967-

Keywords: l)e’si gcu cr iteria, Oceace floor pipeline
Article briefly- disc usses the desi gn criteria for amec hiorin g pipeli n es to thee - sea bottom ,

irec ludimeg wav e ’ ami d e -c errt ’ n nt force’s , bottom con ditions, amid pipeline’ stability- .

197. Sh ORT, T. A., “Pipeline An ch oring Systems ,” Offshore, June 1967.

Keywords: ‘~ncheoring system

Pipe limee anchorin g ,ued installation systems are discussed briefly. The e- re asons for
anehoreng and the advantages of anchoring a pipeline’ to tine sea floor are’ also di~c’um ss e ’d.

198. SMALL, S. W., “Thee Submarine Pipeline as a Structure,” Offshore l ’echnolog v
(:i,nf er enr -r ’. Paper Nce . OTC 1223, Vol. 1, Apr. 1970, pp. 1735—1746 .

Keywords: Design coriside’ratiocus , Submarine pipeline

Thee structural design considerations of submarine pipelines are discussed. Structural
configurat ieens of submarine pipelines during construction operations by the lay barge , reel
barge, bottom-pull, ~me d floating strimig methods arc discussed, as well as the’ structural

conefiguratione of both exposed aced burie d ipelirees during operation. Thee ’ static and
dynamic- loading ceemiditions on submarine pipelines are discussed, along with the various
structural fuructions performed by thee pipe’lincs un der different corefigurationis and loading
conditions. Thee leasic approach aced steps or fucectiones ire thee structural analysis of submarine
pipelines are discussed, aced several secondary factors wh ich may influenece flee structural
analysis are also gcs’e’rn.

199. SMALL , S. W ., “Sulemarine Pipelin e’s for Tanker Terminals,” Mecha n- rrc al Eng ineering.
Vol. 94. No. 7. July’ 1972, pp. 23—28.

Keywords: Construe’tiome methods, Submarin e pipeline’ , Tacke r terneimea ls

The many factors that must be considered in designing and constructin g large-diameter
submarine leih)e’hinies are’ discussed. Design criteria and flee loads (lue to thee bottom seei l
conditions, hey rirostatie’ arid hey drodynaneic forces , anu d operational and construction loads
are disc-mess e d , along withe thee ’ imposed stresse s acid structural aced posit i(emual stability of thee
pipehm mie ’ . Construectiome metheods ac e ’  also e’xp hairecd briefly

200. SMALL, S. W., “Structural Considerations ice the Design of Submarine Pipeline’s,”
,-I,’.(;E ,~ aiw,nrj I ,Slrnu- lura i Eng ineering Meet ing , Apr. 1973.
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201. SMALL, S. W., aced SERPAS, L. B., “Submerged ~1, eight Control for Suilennarine’
Pipelin e Ce mes tructione ,” OfJ~Iz ore l ’e’ e ’hnolo g’e - Conf er e nce ’, \‘ ol, I, ~1ay I 972,
pp. 1595—1596.

Keywords: Ste bmerge d pipeline coeestruct ionn, Weight control

Thee various meth ods available for con trolling lice suleme’rged weight of pipe ’ Imm ee ’s laid un
de’e’p water are’ discussed. TIme various metluods of addineg weigie t or bueey ane-s are briefly
deseribed. The performance requirements of submerged pipeline weight- e - eem e tree lhinug
methods, in cluding thee physical properties, compatibility with operations, reiabihits , arid
economics, are discussed, and the individual methods are evaluated in terms of the se’
requirements. The preferred systems for practical use are identified and briefly discussed,

202. SMALL, S. W ., TAMBURELLO, R. 0., and PIASECKYJ, P. J., “ Sn eh e n me a r ic ue - Pipel iree ’
Support by’ Marine Sedimenets,” OfJsic ore Technology Ceni je ’r e ’n ee ’ . ~‘ e el . I. \~c r. 1971
pp. 1309—1318.

Keywords: Marine soils, Submarinee pipeline

Paper discusses the initial settlement of sulemarimec’ pipeline’s ire e- oh e e ’si ’.e ’ neari,ue- ,“ee i l s ,  \

metheod is developed to calculate thee initial settlement of subnnarimie’ pij e e ’ h i mn e ’ s ore thee s e a
floor, and several theories for determinimeg the’ ultimate’ bearieeg capacity eef se em ls are’
com pared. Thee practical limitations of marine soils samj einig aced anal ysis are’ a ls e e brie-fl y
discussed.

203. SORENSON, J. E., MESLOH, R. E., and ATTERBURY, T. J., “Th ee ’ (iua1he~~~, of
Offshore Pipelinne Construction ,” Battelle ’ Re ’sea re -Ie Outloo k , E~c~’creee rineg and ttc e-
Ocean Frontier , Vol. 1, No. 1, 1969, pp. 27—31.

Keywords~ Offshore pipeline construction , Pipela~~inig methods

Article discusses the various methods prese n tly used to lay pi}ees . imuchediu i g t hee ’ has
barge, bottom pull, reel barge, and flotation methods, Thee limitations of thee ’ var ieem j s
neetleods are’ given, aced suggestions for futu re deve hopm ne’ met to improve anne1 t’hirninate see m ece -
of the e ’I’obh’ms aced limitations of tine present pi~wlay ineg methods are’ dise -us~ed, 1)esigci
consideration s of thee pipe, encludinig wall t imi c ’kr mess , concret e’ ’c’oat ieeg de nsity’ , aced s ie e ’ c- if ie-
gravity are briefly discussed.

204. STEWART , T. L., and FRASER, J. P., “Expericnental Me’aseeremenit of Stresses W h ile’
Lay ing Pipe Offshore ,” Petroleum Mechanical E ng ineeri ng Ceenfe’re’ne’e . Sept. 1966.

205. STREBELLE, j. R ., “h ow to L~se’ Radiography inc Pi ieehi ne e ’ Ccenstnect io:e .” U’ eldeng
E ngineer , Oct. 1960, PP’ 44.

206. SUTKO, A. A., “I)i&’ussion of ilydrudyneannic Force’s one a Submariree Pipeh inee .”
Je,urnal of the ’ Pipeline l) i vision , V ol. 93, No. PL3, Nov. 1967, • 79—80.
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207. T.\ ”~ LOR, V. M.. ‘ ‘ l l e e ~s are ’ Pijn’hm nu c ’ s Be’hnavineg m u the Gulf Ccerr usicenwise ,” Pij ie ’ Line’
L’ngr ne ’e ’r . ~lar. I e)5” , pp. 24 - 25.

208. TOEBF,S, C. II., ac e d R,-~MA M( ‘RTIIY , A. S., “Fluid Elastic Feere ’e ’ s e e ne Circular
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~ l m u md e - r s , ’’ j ourna l cc] I/ ic ’  Eng ine ’e ’r ing M e c h ani c - s I~ r ,,s ion . \‘ol. 93, No. E\16, f ) e ’ e ’ ,
1967. PP’ 1—20 .

Keywords: (:Ir(-Lelar e’v hieec le ’ rs , l,aboratcers re sults . Lift fe e re ’e ’s
Patee’r dise’ee s ~e’~ thee ’ r” seel t s  e e f a laborate rv inev e ’st igat ie en e of thee ’ lift forc e’ s acting to

e se’illate’ a rigni circular e- , lineder tracus~e’ rse ’ to t hee’ dir ee’ tio ti (Cf a umuiform ste’adv wat e ’rflow.
Thee re’ s f e eeme se ’  e f thee c - s linede’r w mt ii  re’s 1ee ’ct to thee lift fe re - e ’ s is de’penude’net on thee e’lastic
vibratire g muotie nes of tine ’ c ’S liuidt’r as we-Il as thee ’ fluid f leew force’ s aet ineg one tlee cy linder. Thee
e’xpe rineu ’neta l e’e~uee pnnee ’ rut ace d herocedure’ s are ’ de’su ’r ihe’d , aced t hee results eef thee ’ e xperiment are
dj se-use ”e ’eI inn tc rmmu ” e ef t h e e ’ s~e e ’ e ’tr a l aeu a hss u~ e e l tine’ lift her e-c ’ data , ace d thee- tran sfe r of e’ mee ’ rg~[x~ t we e - c e thee ’  e s  lime de’r aced (lee ’ fluid.

209. TOW NSFNI) , V. R., acud FARL EY , V. ~~ .. “l )e’segc e ( :r mte ’ ria fe r  Subnearicme Pipehimie
: rce ss umu gs .’’ J ourn al  te] I/ ce ’ I l vd raeilc e j ) , z ,s g ccn .  ‘

~ oh. 99, No, II Y 10, Oct. 1973,
pj e 1659—1678.

210. l’t 118, SI., ‘Plaieruinig Californeia ”. S ee hse’a Aeiue’ebu t , ’ ( t e e ’au l n d us i r ’e , ~
‘ol. 7. No. 9,

Se ’ le ( ,  1972. 
~

e ’ 43,
Ke~ wcer ds: Noi-t he ‘ m e Califce mmuia . Wat e ’ r 1ei pe’ linee’

\ brie’f dise’usseeuu of a t ’ s le i m g prog ram me tee de’ te ’ rnmeime e ’ t hee ’ best nuate’rial, i,e’ ., m c u e ’ ta ls ,
re nue - re ’ t e ’ . eer plastics , seeit e ’d to meeo %’e ne eert hermu ( 

~~~~~~ wat e r by a se-a floor j iipelimee to time
s ceme I he’rmu part of the e ’ State ’ is give n .

2 11. TUBB, NI., “Wcffld’s Largest Submarine Oil Pipe’ l,uurs .” Oc ’ecc n Industry , ~ol. 7, No.
11 , Ne e % . 1972. p

~ 
54,

Key words: Kharg Island, Iran, Offsheore oil terminna l , Subniearimee pipe’l:nne
\ rt iclc’ describes the comestructioni of four subnearinne lei pc ’ h im ec ’s conineetimig ace offs h ore’

oil termen ineal off Klearg Islaced , Irane , withe time nearby s i ncere’ s . Thee t wee 56’iniehe and two
20.imic’hi-diame’ter lin es were ’ welded aced cone’re’te’eoate’d (e nesi more ’ , and pulled out to the
te’rnTm inal site ’ by a wicnclu and barge’ anchorc’d offshore . The’ lim e’s were’ buried ice a dredged
tre mmc ii.

212. VAN REENAN , F. 9., “(;eoje huysiual \ pproaehm to Subnnarimee’ Pipeline Surve’y’s ,”
OJj i/e ore Tc ’ehnolog v Conferen ce ’ . Paper No. OTC 1187, \‘ol. 1, Apr. 1970,
sep. 1367—1378.

Keywords: Ge’ cp heys ica l methods, Submarinue ~eipe’linee survey
Paper reviews several geophysical me’thods ace d survey device’s that may be used ice

study’ing submarimee’ pipeline routes. Thee’ equij eme met ace d methods described include seismic
profiling, depth soun ders, side.scace sonar , magnetometers, sedimemut samplers, current
meters, ace d positioneineg systems. Field 1erocedure s art’ discussed for surveying proposed
pipelin e’ route’s , as well as for re’locatinng amid moneitorineg existin g submarine pipelines.
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21:3. %‘ .-~SS,-% LOTTI, I”. J . , “Alurninmem Pipehimee ire time Are - tic - .” Thee ’ M i l i t a r y  E n g i n e e r . ‘~ oh.
56, \ (e , 372. Juls - ‘ \mcg ,  1964, pp. 268—269.

Kes words: ,-~lum ee ic ete ne pipeline, \ re,’ t ec ’ steerage ’ tam n k

\rth- le’ (lc’ s( mi ls’S thee e’onst ructiome of an 8.imicle.diamt’ter alunnicium pipe’himne frc ,m an
acne’ imore ’d sleip tee a sto rage taruk ire thee ’ \ rc ’ t ie , The pijee s e ’ e ’ t i e , me s we ’re’ we lde’ d and
1e rc ’ ss e e re ’ - t e ’ s t e ’d eneshc ere ’ , aued pulled out one the surface ’ bs a wi me c lm on a work boat stationed
off sl eor c ’ , Thee’ pipc’hine was thee’n sunek by punep ing inn water , anud sadelle’ -tvpe anch ors we ’ re ’

placed les a e’ ramee ’ amid di %e ’ rs to comp c ’ me sat c ’ for t hee ’ le ec e es aj ue ’s aced to stabilize’ thee ’ pip ’hine.

214. V IN N F1”I’, R. \1,, ‘‘Sa’,e ’ We ld Il a me i r u e s ’  I,e ’y e hs t (e hm use i re - l ea ug Se ’r~ iue life inn
I )t I~ l ue ire ’ P m 1ee ’ l e r ue ’ s .’’ ( ) J/ ~hore ’ fe- c / u ,ue e/og ~ ( cue f e ’ r e Imee . ‘

~ e e l ,  I, ‘lay I e) 7’~
se p .  1587 1594.

Ke~word~: I e e C ’  e e ~e e e n u .  ) l l s h e e c r e  p i 1e e ’ le me ’ — . We lc h Iea rd mu e ’ ss

Pe- eee ’ e ’ e ’eIlno”. l ea h e e r e l e se usse- . are inn~ e ’ s t lgatu e ni of t h e e ’ e’ffe ’e ’ t of ’ 
~, e l e 1  hear ~h: — ’ - ‘ cnn t ine ’

e’ ra e ’ k mmug smcse ’e 1j t ihui t s cc i  ce ff si eo me ’ çe q e ehic u e ’ s (1tU’ to str e ss ee,r re e sm ee nn or huvel r e g.’n —ei ihe le ’

c ram - king , \ u m t e e n e a t e e  we’ldiieg amid sulfate re’ducim eg bae te’ria are’ brie’fl v dise -en ’~”e ’ d L— thee - s

aic ieh’ t e e  t h em ’  enu %e ’ ste gatu e e c u , Laborateen’ e-ra e ’ kicug te ’sI ’ ~ c-r i’ nna ej e- ice ~s I c i c l e  ‘- tr e ’ ”” e ’ s ~s e r r

applied tee se ve ral we ’ id ~1 ee ’ e ’ m ieu c ’ m u~ e’ \ 1 e e es e ’ e l  t (e a e ’ e rrus ive’ e ’ u lv i re  en e ncee ’ eu t  e ef saltwater
een et aine ice g hu s e!re e ge’c ~ne hf ide ’ . ‘h’hee ’ l u a re l c i e ’ ” — e e l thee ’ we’ le Is wa~ el e ’ te ’ rm ,ei nie ’d at t e - r  t h ee ’  e r u e ’ k imeg
t e s t ” - , ‘I’ hee ’ e ’’ e i~ ee’ m ’ imn ie ’ iu ta l “ e ’ h e ;e arid te ’ st i ieg 1) reu ’e ’elure ’ are ’ dj s c u e ’s e ’e l, alee ne g wit h thee ’ re ’’.me lts e e l ’

t hee ’ Ic — f ” , He ’conc n nee ’ r ude ’e I hcar e h l e e ’ s — m mmcml — l ee r  j e m p e ’ h i n ne ’ fie’lei we’lds art’ g nve ’ ne fre ,nce t i ne ’  re ’ s ee l t s of
t hee ’ m ,e v. ’~ t mgat me nu ,

21 5. W \ KIM \ N . ( . ~1., ‘‘1 — c cc l ’ ( eemee- r ’ ’ te -  iuu \I ari mee ’ Lmuvircem e n ii c ’ nu t - ,’’ Jon r i c e -cl oJ t he e ’
I me r e em ( d e e  ~~~ In ‘ t r i t e  Ic’ , \ h er ,  1958, 1 e 1 c . 841

216. WAL LACE . W ., acue b \ i’ICIIIBAI,I I. 6. F., ‘“Fronehe as Powe r Stat ie)n: (~ eohimig ee\ ate ’ r
Ss s te- ic e .’’ J e cnc r necl  ‘ e f  t h ee ’ l ’ecu e r  I h i n - , e e cie , ~ eel. 82. Nec . P01, F’eb. 1956. pIe. 1 19.

he’s words: ( Ic ce elimeg ~ ate r ss s t e ’ m mu , Steel pipe ’he nie ’ . Thm e ’ r mm na l J ee e%s e ’ r  ss s te ’ m e u . Trunnebay Islaced .
Imee ia

iea1~ ,r dc- — c rc } • s  thee ’ cb ’si gn and c e  e c u — f  rn ce t ieen m of thee ’ e - ee e d inm g wate ’ r s~ s te m feer a t ler rmre a l

po w e r  stat i e ne cu e ‘Freucebay ls Ia ,uel m n I3ombay’ I lar lecer . Imec lia. T hee ’ e’eeohm ng wate ’r ss ste-ne
e ’ eeru s m , —l— c f  a e’~e.~l-m ne- j eJae’e’ , re ’ icefeere ’e ’d e ’ ucee ’ ~e - le ’  umed e ’r g reeune cl ece ee c l u i t  lc ’ aeh im e g im i t ee t ine ’  h > e c % ~ e r

s tati o nu . fc , ile ,we ’~I -‘ c -award lis a s t e e l  1ei 1ee ’ i i ne e ’ see 1e 1ec, r t e ’ d first bs t ’ enec r e ’ tc ’  sad d le ’ Ie ie ’ rs rc ’stime g
on aim e ar th e ’c , ek eme k neu e me t e e~ e r  t he ’  t i d al flat are’a, aiecl the re supported Ics a ro(’ktehh
e’ nee hea cek mr ee ’me t , e- xte ’ re e hiug imnt e thee ’ harbor about I ,100 fe ’c’t u l isl e er e ’ , ‘ l Ie us Ie’ads te e a

re’ inmf er e - e ’ el e ’ e u e e -r e ’ fe  Ire- st Ic- w hic’ie e-arrie ’s thee ’ j e ipe’l iiec ’ alcove’ watc ’ r to the e offshore ’ iuetak c ’
stru c ture’ . Thee ’ intake’ st r ime- lu re ’ ~ a,s ele’s i g c u e - el  to be e- o nes tr me e,’tc ’e I inn c1r~’ e 1en’k as a re’inefon’ed
cc e i ue ’ r e ’ te ’  c a iss e emu , w iej e - he was flejated to thee si te ’  am id sm e muk to 1ec)sitiomn.

217. WARI), V. R., ‘‘La y ing Large V iane e’te ’ r Offshmore’ Pi peline’s ,” Offshore ’ . \ oh. 27, Nec . 6,

Juice 196 7, 
~~ 

52 56,
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218. WARREN, B. J . , ANGEL, 1. A., aced GRAY , R., “Saturatione Vivimeg- A i’ool for
Offshore Pipeimiineg,” Offshore Technology Confe ’re ’ne ’c ’ . \‘oh. 0, ,‘~Ie r , 1971 ,

PP’ 11211—0220.

Keywords: Economics , Offsheore pipeline, Saturatione diving

Paper discusses thee application of saturatione diving to sevc’ral op u’ rateom ns inv olv ccl ire
the installation aied repair of offsheore pipelines. Thee basic ~eriniciphc ’s of saturatiome diving
tec himeiques aced thee special equipment required are described. Several conesidc’ratioci, that
incre-asc safety and operational efficiency’ when using the saturatiomi rlivmng t e ’ eIum um e 1 ei e are’
discussed, and the economic considerations of saturation diving arc’ discusse’d aced romleare’d
with conventional diving techniques.

219. WELLMAN, L. C., “Submarine Pipeline ice Australia,” The’ %hhtar ~e ’ Enguuee ’r , Juls ’
Aug. 1967, pp. 252—256.

Keywords: Sled, Spencer Gulf, Australia, Submarine pipe-line

Article describes the construction methods used to lay a 7.mile’ submariner pi~ec iuie’ for
water supply across Spencer Gulf in Australia. A tren ch was dredged across thee gulf , and thee
pipe was pulled from one side of the gulf to tIne’ oth er, using smaller diameter pipe for thee ’
pull strings, with a sled attached to thee nose of thee 39-inche.diameter pipeline.

220. WELLS, M. J . , “Kuwait Prepares for Mammoth l’ankt rs,” fl orid Oil , Vol. 39, No. 7,
July 1968, pp. 26—29.

221. WELLS , NI. J . , “Sassace Field Now Operating,” World Pet roleum , \ ol. 40, Nec . 2. Fe-h e.
1969, pp’ 28—30.

222. W IEGF,L, R. L., and DELMONTE, R. C., “Wave-induced Eddies and “Lift ” Force’s ore
Circular Cylinide’rs,” HEL 9’-19, Hydraulic’ Engineering Laboratory , t neivc ’rsity of
Califormuia, Berkeley, Calif., July 1972.

223. WILHOIT, J. C., Jr., and MERWIN, J. E., “Bending Stress is Critical ice Laying
Deepwater Pipelines,” Oil and Gas Journal , Vol. 64, No. 45, Nov. 1966, pp. 85—88.

224. WILHOIT, J. C., Jr., and MERWIN, J. E., “Stinger Configiurationn,” (hI and Gas
Journ al , Vol. 64, No. 46, Nov. 1966, pp. 198—200.

225. WILHOIT, J. C., Jr., and MERWIN, J. F., “Pipe Stresses lnduce’d in Lay ing Of fsleore
Pipeline,” Journal of E ngineeri ng Industry ,  Vol. 89, No. 37, Fc’le. 1967.

Keywords: Bending stresses, Offshore pipeline
An analytical metheod theat can be used to calculate time bendimeg st ,ess~ ime thee ’

unsupported sect ieen of a pipeline being laid freem a lay barge wj tb stie ege’ r is described. lle the
the case of a pipeline that follows the curvature of the stimnge’r aned leaves it at som e ~eo inet ,
without any change’ in the direction of the curvature of thee’ 1ei peiiee’ . as we ll as Lice ease’ of a
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iei leehitet ’ that tiles eever thee end of the stinger and undergoes a reversal in e’urvature’ before
conemn eg back into connta ct with thee ’ stineger , are considered, A computer- erieneted numerical
solution ms use d tee solve ’ tine ’ problem for various value’s of the’ ge)vermning parame’te’rs , axed the
effect of these ’ parameters one thee pipelinue bending str e’sse’s is discussed brie’fly

226. WILHOIT, J . C., Jr., amid MERWIN , J . E., “Thee Effect of Axial Te’mes ion on \lome’nt
Carry ing Capac ity of Liree Pipe Stressed Beyond thee Elastic Limit ,” Offshore ’
Tec hnology Conference , Vol. 1, Apr. 1971, PP. 1293—1296.

Keywords: Axial tension, Pipe’hines
Paper discusse’s an anals tieal study e f  the effect of axial ten sion on thee momenet

carrying capacity of pile(’hint’s , Thee study was made for the case where time pipeline’ is
stre’ssc - d bey ond the elastic limit, with the effect of 1 ipe ovaling takerm into consideration.
Ann analy sis by ,‘~(h’s , whiche use’s tine- primeciple of least work to determirue the effect of
ovahieeg on a cylindrical tube’ under pure bending when part of this tube is beyond the elastic
limit , was e’ xtended to in clude thee effect of axial tension. The ~roce dure of the analysis and
the results of the study- are given.

227. WILHOIT, J. C., Jr., and MERWIN, J. E., “ Critical Plastic’ Bucklireg Parameters for
Tubiceg inc Bendin g Under Axial Tension,” Offshore Techn ology- Conference , %oh. II,
Apr.-Ma~ 1973, pp. 11465—11472.

Keywords: Axial tension, Bending stre sses
Proceedings paper describes experimental tests made with thin’walled ste ’e l tubing to

verify and compare an analytical theory procedure of ~eredict ieeg the relat ieemishei p betwee n
bending moment and curvature’ in both thee elastic amed plastic ’ ramege’s for tube’s sm ibj ec-ted to
bending plus axial ten sion. Grapies comparineg thee tiee’oretical and expe-rimem ita l results are”
given, along with a discussion of the results and their comparison.

228. WILLIAMSON, J ., et al., “ Coolice g Water Iretakes at W s Ifa Nucle ’ar Power Stationn ,”
Civil Engineer ing une d Public f orks R e ’ iee ’ u ’ , Vol. 63, No. 744, JuI~ 1968.
PP. 759— 761.

Keywords: Amnglesc y . Great Britaime , Nuclear power station
Artic le’ briefly describes t hee design ace d concstructiee ni of the intake struct ure’s for t im e ’

cooling water s y ste mic of a reuclear powerplaeet at W ylfa Head ire Anglesey, (;reat llritainu. Thee ’
vert ical sh aft axed uneders ’a tumeme e ’ l were constructed underwater by divers, using large precas t
concrete blockwork. A tubular ste ’ c’ l j etty and headwork structure were’ con structed l)\
overhand metleods to 1erovide’ botie perneeacuent and ceenest ruction ac ’e-e ’ss to thee site’ of tine’
intakes.

229. WILSON , B, W ., “I’ounndation Stability leer a Submnnarinee Li quid Sulphur Pipehinee ,’’
Journal of t Ime Soil i l c ’e ’h anu -s and Foundations !hvision , Vol. 87, No. SM4. Aug.
196 1, 

~
ep, I 37.

Key words: Gulf of ~Ic ’xire e , Sulphur pipelinee’
Article, de sc ribe’s a study coceducted tee dete’rnui,ue’ thee vertical and lateral stability of a

7’mile’’ lenn g hot seu I heluur pipcinee tee be c - eemus tru e ’ te ’ d ls’tweene the slee res of Louisiaeua aced ace

5I



offsh ore sulphur meeime e inn thee ’ Gulf of \ I e ’ x i e ec , l’Ine’ heot 1’ ip c ’ hi m m c - es e m e ~c eha t e ’ d with e ine are oute r

casin g, and is to be emetren cheed inn thee botteem s e ’ d m meec ’ i e ls c ’ om 1e ee se d e tc heart of fic ee ’ sated ame d
silt amid the reneaimedcr coiee ’sive ’ clay . for hurricane p r ee te ’ e ’ tmeeme.  Thee’ sedimenut I m r em h l e ’ r tme ’ s are’
exam ined alomeg the l.eipehimce route , and t hee vertical stability’ ee f thee ’ pipeim ne is ime vc - s t i gated
with respect to pipe bu eyancy axed sedinceret propertec ’s. Thee ’ thermal stability’ of the 1~ipeline
is studied w ith e respect to possible buckling due to tiuermal expansion between tine’ fixed

eteds to time ’ pipeline , aced subsidence~ of thee - lieu- due to thnermal osmosis of tIne’ clay’ and
eomive ’e ’ ti ui e curremets ire thee saced imeduced hey tine f low of inc-at from thee pipeline to thee
sedimen ts.

230. WILSON, B. W. , “Acit ici pate’ d hlurrica mec’ Effects ore a Submarimee Pipeline,” i’roce ’ed-
iregs of the ’ international :1 ssocUilU),m for i lvdraexlu - Re ’s ’ureli (. ‘ongre ss . 1963,

pIe. 327—350.

231. WILSON , J. F., ami d CALDWELL , hi. M., “Force’ arid Stabulit~ \ lc ’ a suo - meee mets on
Models of Submnergeel Pipelines,” Off .shore ’ ‘l e e / c  neolog y ( ‘ onJ ’ ’r e ’nee ’ , Pa1ee’r Ne c . OTC
1224 . Vo l. 1, A pr. 1970, Pp. 1747—1758.

Keywords: Curremet force ’s , Subcieerged 1eipe icue

A laborat cers i meve - st i gat ion of curre’nt-ineduce’d feere ’ e ’ s ome submarin e pile e ’ hine e s a nn e ’ lee ere ’e l
j ust above’ thee ’ oc e an fleeor is discussed. Lift and drag fe e re ’ e ’ s amid v ibrati eem u~ induc ed by’ ed dy

shme ’ddin e g we ’ re ’ studie’d for two parallel pipes locat e’eI c- lose ’ to thee ’ sc- a f loe r. Thee ’ e’ff ects of

Enorezoreta l spac ing bet we ’e ’nn tine ’ parallel pipes, vertical Spacing from ti ne ground pla ice ’ . ,~,ed

thee - or i c ’ metat ic  e t c aeeg le’ of t h e  1ei 1eelimee’ w ithn respect tee thee ’ eurre ’ c it dir c- e tic on ~ c r c ’ e e l e s e ’r~ c’e l ,

‘h’ Ie e ’ e ce ’ ri n ue ’ me tal re sult s ~s e’rc 1e le )tte ’d amud comj earc’d wi th available ’ d ata fc er d c  cme l c lc ’  ameel

single’ P i l cc ’ h ime e ’ s ithe tIne , gree umnd plane’ alese’nt.

232. WI l,SON , R. 0., am i d MARTIN, NI. R., ‘‘ l) e ’e ’j ew alr r  l’i~ce -l im e ime g le e r  ( .e ’ ne tr ~e h North ~c ’ a ,’

( ) / j -~Ieo re ’ ie ’cle nol og ~’ Conferen ce ’ . \ oI. II, A pr.-Mav I e 7:t , pp. 11305 — 11314 .

Key words: ;ceme s tru c- tiom e miee ’theods , Ekee fisk , Norway

l’hne’ c-c onstruction ef ann oil pi~ee ’ h ine e ’ sy s te - n e n  ire tine’ Ekecfi4~ h”ie’lei en the e- c ’ e ’ mn tr al Ne e rt h
Sc -a is re viewed. ‘l’he pipeline connstructio mn c’t1ui pmcnut are d nnethee eds used in the e ’ PruJe’e’t
dc - se ’ rj iee’d , ine’ lmedi neg spee’ia l a l te ’rati o n is ren ade’ tee tine’ lay barge’ : 1ei j ce ’ h i r ec ’ ’te ’ res iome m ni g t c ’ e ’h e

rui e 1 m u c ’ s; pipe’ c ’ c e rere e ’ e ’ t i o mms , risers , and spec ial pi1 e e — h e ameelhim i g le ’c lem i i e I cee ’ s ~ tre ’m ech ei ee g mee et l e eeds :

saturati ec nm divin g operatiomis anee l s eerfa c e’ pees it io ne c’ e r mt r c i l  t c ’ t - ler e i c l eee ’s . Se ’s e ’ r~ l e le ’ vc ’ l c p iee e ’ me i s

ace d inc n lc rc ev e ’m iue ’m uts ire pi~eelas ing t e ’ e ’ Ieee c cl o gs fe e r futm ire ’ 1eroj e ’ct s inn rc eme g lee ’r amn el dc ’e’1 ee ’r water
are’ also dis c ’cj sse ’cI , imneludi meg spe’cial las barge’s , ini u1erovee l t er e s ice n n m ne g t c ’e’ I em e i e p ec s . aut omnea t ü’

pi~)e—jeemnm g metho ds, ne c - es ei iv iceg ss sle-nes , and im c u j cr e es c nr ee ’ eet s  inn lecg istie’a l pla reni mneg amid
inep le ’ n uc ’ netat iee m m ore pi1 ec ’ l e , ee ’ projec’ts.

233. YAMAMOTO , 1’., NATO , J., amed SLOTTA , lj ., “%~ aye’ Fore -c ’s ore liorizuretal Sm il e ’
rmec’rge d Cvl i re cl e- rs ,’’ hIull. Ne,, 47, ()regore State ’ I reise rsit s , Corvallis, ( )re ’ g.. ‘h ° -  I C)73
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234. IEITOU N, NI. .\., am i d Mcil, IIEN ~ ‘1 , W . I”., ‘‘( e en e e - e ’ 1 e tual I ) c- si~ m cs uf ( )en t l ’ahh s ’. s ic ’ nm m ,
f e r  De’sal imeatione l’Ianits. ’’ Offshore ’ T e e / c  nw/c ’ ‘ ( ; c e r e f e - r e ’ I ~~e ’ . ~ oh. I , ,‘\1e r. I 971

FP’ 145 1 1162,

key words: I )esah inati eere pla net , Outfall pipe lin e’
Pape’r c h15e ’ Iissc ’~ thee ’ ele ’ s m g m e of’ out fall ss s te - tees  f e r  thee ’ dnsclearge’ cc f  d e m i s e -  c ’ f I ’ I i i c ’ re t~ fr ee mm i

t -cc astal eh’sa li i eat ueme 1darets. \ e’rticallv dire’ete,d sie lecc i e r~e ’ e i j e ’ ls . j e t s  re- a e b e imeg (lie’ surfac e ’ e f
l ime ’ re’ee’ivine g water , ace d j e ’ t~ inichnee’d at ar e gle ’ s of 30°. •i~5 . aced (cO ’ w ith t h e e ’ beorizoni t~c b
we ’re ’ s t e i c i e c e l . Ac e e ’x ~ct ’ ri mee e~rn tal mn e eee ie ’ l m m e s c - slegiel ic :i a c e d ,e rmu nnc ’ r ie-aI ~e ni ,e is se — . s~e ’ r c  carr ied
e eut f e r  c-ac-he c ase ’ tee dete ’ rm ce i mee ’ wh ich arra migc’nee~n et ga~ e ’ thee ’ mce ax innumei dliii tee  cmi,  ‘l I c e ’  diffuse r
ele segc i prici(-ih)h’s are cl m se ’ ee s s e ’ e l .  arid e ’ c er ee -c ’ 1 i t ecal  eie ’ s i g rds ae ee l  e c e s t e s i m m e i j e c ’  ~~c r ’  macic ’ aned
com~care’ d fer  ele’sa lineatione plamuts of va ruedie s s mzc s . r iel ige ne g f r u mme 2 t (I mie i lt iume gall eels 1cer
d a y .
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II . P), (e l, 65 , l’tP , 118 , I 37 . 140, 145 , 156, 157 , 165, 170. 173 .

183. 191 , 213 . 214

(;u~~ennt f eer e ’e ’i’ :
6(1, 66, 71. Tie. 78. /11, 89, 105, 119, 127, 144 , 154 , 163, 165 , 110,

I 73 , 182. I ~)f~ 1 d)7 , 198, 199 . 231

I) a neagr :
Il , 24. 57 , 71 . 73 . 85, 86, d) j  107 , 108, 126 . 134 , 146, 149 , 134 ,

I 56. I (eS . I 10. I 89, 191, 197 , 214

I)e’c ’ 1e water:
23, 36, 45. 59. 76 . 89, 98, 102 , 148 . 131 , 171 , 172 , 201 , 2 18 , 232

I ) rc ’ c 1~~m eg:
I, 26 , 38 . 40. 17, 53 . 56 . 154, 160 . 162, 192 . 2 1 1 . 219

Drilling 1eiat fornces:
139

F,c ‘ c i tee  err e e c ’ s :
166
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Flece% l c c r c , s

5, ~e , tell, (c li , ‘h , 76. 84. 119 94 lOS . I 19 , 127, 131 . Iii. ISO .
1 .54, I 65, I 70. I 75 , I ~l6 e) 7, I d~~ 199 , 208, 231

I ,  crc ,-~ :
5, Ic , ‘

. II) . 60. 66 , 68, 7 1 , 7(e . 78, re;, 80. 84 89. 93
d)4 104, lOS , I I d , 122, 123 , 125, 127, 131 . 134 . 133 . 144 . 150. 163 , 170 ,
I 75, I 76. 18 2. 184 . 197, 198, Idle) . 203. 208, 22(e , 23 I

i c  c e e l e m e g :

6 I

Ft i ei i ic i , i I  m c l i

10, 12. 71 . 76. 95 143 . 134. l(eS . 178 . 196, 197, 198, 199, 202. 219.
229

hIe’ateneg:
162. 229

hlu rm - ic -amee ’ lle’tsy :
149

hlurricacue Carla:
71 , 91.

hlurricamee h attie:
91

hl yperiome sewage ss s ( e ’ cme:
75

Inisurance:
133, 159

Lay barge’:
1 . 3, 4, 23. 30, 33. 36, 64, 65, 73 . 78, 80, 98, 101. 104,

l i P,, 134. 137 , 138 , 148 , 151, 163, 165, 169. 171 . 172 . 173. 175 . 176 , 177 .
182, 184, 198, 199 . 201, 203, 225, 232

Lay m eg:
1, :t , 4, 19 , 21, 23, 23, 26, 30, 32, 34, 33, 36, 37, 38,

40, 42. 45. 47, 48, 50, 51, 53, 59, 64, 65 . 73, 75 , 76. 77,
78, 81. 95, 98, 102, 104, 109, 129, 138, 140, 142 , 143. 148, 151 . 160.

162, 165, 168, 169, 170, 171, 172, 175, 176, 177, 182, 184, 198, 199, 201,
203, 211 , 2 13 , 219, ~23, 224, 225, 232
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I ~e’ga h ~ ‘o ble’ nes:
I 33. 145 . IS’)

\late’ria l:
11 . 61, 183, 2 1( 1

Outfall se ’we ’ r:

16. 21 , 26. 29. 38, 40, 49 30. 31 , 53 . 34 . 77 . 81, 93 . 130,
140. 133. 160, 167. 168. 187. 189, 234

Pii ce ’ h im ec ’ . gas:
23. 32. 44, 47, 52. 71. 75. 76. 145 , 146 . 148 . 169

Pi 1ct’ hno’ , oil:
3, 4. 19, 23. 30. 34 , 33, 45, 47. 38, 64, 65, 71 . 90, 106 ,

129. 145 , 148. 169, 172, 211 , 232

Pipeline’, slu elge:
73. 140

Pipeinee, solids:
88

Pipeline, sulphur (liquid):
162, 229

Pipeline, waste:
16 , 21, 26 . 29, 38, 39, 40, 49, 50. 51, 53, 54. 77. 81, 93

135 . 160, 168, 189, 234

Pipe’ lmmne ’ , wate ’r:
48, 61, J 83, 211). 216. 219, 228

Plastic pip(’ :
39, 42, 43, 61

Platform installaticene:
I S , 45, 102

Reel barge :
37, 138, 142, 143, 203

Repairs:
24, 41, 46, 91, 102, 108, 156, 165, 189, 218
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Sa le ~ege ’

91

See ‘ icr:
71. 129 . 143 . 1 34, 163. 178 , 199

Sea pull:
1. 3. 4. 2 1 , 23. 26. 34, 33 . 38. 47 . 48. 30 . 33. ‘ .c , 76 ,

77. 129 , 138, 140 . 162, 168, 198, 199, 203, 2 1 1 , 213 ,

Sled:
12. 13. 126. h I S . 219, 232

Sludge’:
140, l(e8

4iurrs

31, 88

Stability :
12. 71. 76, 145, 154. 165, 196, 197. 198, 199. 202, 229. 231

Ste ’c’ l pipe’ :
11 , 23 , 26, 33, 37. 10. 47, 50, 73 . 76 . 77. 81 . 93 129 , 131,

133, 138, 139 , 140, 142. 143 , 162 . 165 . 168 , 1 71). 183. 201. 216 , 2 19

St i rege’r:
73, 80, 98, 101, 118, 137, 138, 148 , 151 , 163 , 165 . 171 , 172, 173 . 173 .

176, 177, 182, 201, 203, 224, 225, 232

St re’ss e’s :
5. 10, 43, 64, 65, 76, 78, 80, 89, 101 , 104, lOS , 109. 123 , 134 .

135, I 45, 151 , 163, 165, 175. 176, 182, 183, 184, 197, 198, 203 , 2 14. 22,1.
224, 225, 226, 227, 229

Surf z e er me - :

16, 33. 76, 129

Sn nc’ y i neg:
8, 52, 33, 75, 76, 83, 107, 114, 129, 145, 165, 178, 191. 194, 212
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Tremechimeg:
I. 3. 4. 10. 16 . 19 . 21 . 26 . 32 . 35. 40, 42, 43, 47. 51 .

53, (el , 65, 75, 76 , 77, 95, 11)7 , 126 , 1 2’) . I IS. 154. 160, 162, 163 ,
168, 17(1. 192, 193 . 20:1, 2 1 1 . 219

Wave ’ fecrc ’c ’ s:
5, 6, 7, 68, 7! . 76, 79. 89, 94, 105, 119, 122, 123. 129. 144,

150. 165, 170, 196, 197, 198

Weldireg:
I, 11, 24. 38, 46, 47, 50, 73, 76, 77, 90, 102. 118 . 137. 138.

139, 142. 145 . 148, 162, 168, 173, 177. 183. 213, 214, 218, 219, 232

Winicie
38, 48, 75. 76. 77. 118, 129, 137 , 138 , 161, 168, 173 . 211, 213 . 232

VI, LOCATION iNDE X
Alaska , Cook Inlet: 19 , 169 Louisiana, Gran d Isle’ . 229
Australia, Ha,eec Strait : 30 \l ec ’higare . South llavere : 27
Australia, Spencer Gulf : 219 ~lm~si~csi ic ic i River: 73

California: 210 Ne w ‘e ecr k , hludsec mi River: 75

California, Los Angeles : 75 . 140, 168 New ‘lork , Lak e’ Ontario: 40. 49

California. 4amc Diego : 16 \e’w York , Len g Island: 160

Caliheneia, Santa Barbara : 15 New York , Roc h e s t e r :  4(1

En~ and, Teewecidc : 58 Nc,rth Africa: .14

France , Cannes: s:t . 5-1 North sc-a : I (e9 . 232

Great lIntain: 18, 26, 29, 114, 167 . cR7 Neerwa y , Ekofisk : 58

Great Britain, Dorset: 189 Oregon: 77

(;reat Britain , llastin~~: 21 Persian (;ulf: 169, 172

(;reat Britain, hlumber Estuary : 47 Puerto Rico, Las %larc’aec : 119

Great Britain, Morecambe Bay : 81 Scotland, Cambeltowne : 51

G~~ t Britain , River Exe: 32 Sic-il ’, : 44

Great Britain, River Thames: 47 South Africa , i)urban: 34, 155

Gulf of Mexico: 71 , 148 , 159, 162 , 169 , 229 Tasmania: 30

Hong Kon g: 112  Vene’zuc ’Ia , Lake ~Iarac ’ae lccc 169

India, Bombay: 216 Wales , Raglan B a :  38

Iran, Kharg heland: 211 Wales, Port Talbot: 50
Italy: 44 Washington, Puget Seeund: 76

Italy, Gulf of Trieste : 48 Washington, Seattle: 95

Lake Michigan: 27
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