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THE FRIGG TIELD.

The Frigg gas field was discovered in 1871 by E1f Norge A/S

and its extension in the english sector, confirmed by Total

0il Marine in 1972. An agreement, signed in 1973, put the develop-
ment and production operations in the hands of EIf Norge A/S for the
field itself and in the hands of Total 0il Marine for the transpert-

ation and onshore treatment.

The field is situated 210 km West north west of Stavanger on the
norwegian ccast and 330 km North east of the 5t. Fergus onshore
terminal on the scottish coast, and straddles the median line between
the english and the morwegian sectors. The recoverable reserves are

estimated to more than 200 milliard cubic meters.

The water depth on the site is 96 to 106 m, the maximum height of the
expected wave is 29 m,
The subsurface soil strata consist in 0 to 15 m of hard sand laying

on 3 to 17 m of clay with heterogeneous properties.

The Field production installations consist in :

- two drilling and production platforms
CDP-1, a concrete DORIS design and DP-2, a 8-legged steel jacket
designed by Mc Dermott Hudson.

- two treatment platform : TP-1, a two-legged concrete SEA TANK
co design, and TCP-2, a three-legged CONDEEP design which will
receive the future compression phase.

- one quarter platform : QP, a four-liegged steel jacket, also
designed by Mc Dermott Hudson.

- one flare platform : FP, an oscillating column from CFEM.

The gas is produced through 48 we.is, 24 on each drilling platform,
and sent through 26" lines to the treatment platforms and then through
two 32" lines towards St. Fergus terminal. The general arrangement

of the platforms and lines is shown on the next pages.
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The development of the Frigg Field was planned in three phases :

Phase I : installation of QP, FP, CDP-1 and TP-1, connection of
CDP-1 to TP-1 and start production through CDP-1/TP-1 (1975-1577).

Phase II : installation of DP-2, TCP-2 and their connection ;

production through CDP-1/TP-1 and DP-2/TCP-2 (1976-1978).

Phase II1 ; installation of TCP-2 compression units (1980 - 1985).
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2 THE DRILLING PLATFORM No., 2,

The structure is of the lattice type, launched from a barge ;
this procedure is well known but DP-2 was, at the time, among
the heaviest jackets which was launched : its weight was approx~

imately 10,000 mt at the moment of the launch.

The foundation consists in 4 centre piles,
and 16 primary piles (4 per corner) driven
to 18 m through which 16 piles are inserted
and cimented into a 48" hole drilled down to
117 m.

A support frame, lifted in a single unit of
1000 mt, extends the jacket up to approximate-
ly 24 m above the sea level. Four preoducticn
modules (well heads, scrubbers, gaz collectoer,
and Living quarters - utilities)} are set onto
this support frame ;3 they receive the Drill-

ing modules and the accomodation units.

The structure was designed by Mc Dermott
Hudson and the equipment of the modules by UIE

(and its subcontracters, Lummus and Comsip).

All the elements described above were built

by UIE (the jacket in Cherbourgh and the

support frame, piles, modules in St. Wandrille)



3 THE GENERAL PLANNING.

A complete detailed plamnning is enclosed in this introduction ;

the main datas of the whole project are gathered hereunder :

74} Call for bids (jacket, support frame

modules and equipment fabrication) Mai 74
Order July 74
75
Start prefabrication of jacket Mars 75
Start construction of jacket July 75
76
Loading jacket April 76
fabrication of support frame Mai 75-April 76
fabrication of piles Aug 75-April 76
Launching of jacket 11 Mai 76
centre piling 13 Mai/30 June 76
pr imary piling 11 June/14% July 76
set support frame 4 August 76
set Drilling modules 10 to 18 August 76
insert piling 17 Sept./l5 Dec. 76

77 and install production medules 22 Dec. 76/9 Febr. 77

Mobilize Hook up contractor Febr. 77
install Unifor rig 106/20 April 77
drive ceonductor pipes 1 June/l7 July 77
24 ea 20" casings on east cluster 21 July/4 Nov. 77

hyperbaric welds on 26" lines/risers 14 July/23 Aug. 77
Hock up phase I completed 15 Qct. 77
(platform handed over to production people)

end of tests on utilities 29 Dec. 77

12 ea 13" 3/8 casings on east cluster 10 July 77/18 Jan. 78



78

test R2/R3 lines
drill and complete 7 wells (plus 1 obs.)
air leakage tests on process

first flaring

Gas in
—_—

Jan 78
20 Jan/3 Sept.
26 March/6 April 78
20 June 78

9 Sept. 78
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4 THE TOTAL COST.

O The total cost of DP-2 is estimated (in June 78) to be
1,314,182 kilo Nkr i.e. 13% of the total cost of the project.

This cost (which do not include the cost of the 23 wells) may

be divided as follows

a) fabrication of jacket-support frame 355,732 27%
b} fabrication of modules 166,8u6 13%
¢} sea constructicn 503,502 38%
d) Hook up 283,298 22%
e) start up | 4,814 0,4%
Total 1,314,182 100%

This ratio is varying from a platform to another

QP (10% of the Frigg project) : 72%
CDP-1 (17%) : 25%
TP-1  (16%) ! 49%
TCP-2 (22%) : 38%

Roughly speaking, this ratie of 60% for the steel platform is about

40% for the concrete platform).
This installation cost is divided as follows :

1 Sea Construction

535 34l 100%
(-31839 difference

barges 24l 058 of exchange rate;)
special eq 157,076
special works 7,871
temporary installation 10,728
diving 5,053
sub total : 424,786 79,4 %



Cargo barges 28,793

tugs 16,602
logistics 15,313
sub total 60,708 11,3%
lanagement 9,731
Stvgr Superv. 39,034
Paris Mng.E 1,082
sub total 49,847 9,3%
HOOK-UP + START UP : 306,014 100%
(-17902 difference
of exchange rates)
Works 169,10¢ 55,3%
Logistic 92,123 30,1%
Supervision-Engineering 39,206
Paris MngE 771
sub total : 39,971 13,1%
start up 4,814 1,5%

(all these figures are picked up from the "Frigg final cost report"

dated August 78).

In the following sections we will detail the cost of typical operatiocns,

mainly :

Launch and main piling 128,000 25%

Insert piling =% 243,000 u7%

Lifting operations 105,000 20%

Supervision 40,000 8%
installation total 516,000 100%

(% the cost involved by the drilling modules, their lifts, and the
insert piling is in fact 290,180 KNOK i.e. 54% of the sea construction

cost and B1l% of the .sea construction , supervision excluded.)

- 10 -



5 THE INSURANCE COSTS.

Hereafter are gathered some figures concerning the insurance costs j

Assuming that all partners were insured on a 100% basis as the operator

(which was not the case) the following premiums were due :

a) fabrication, jacket, SF, modules KNOK 2,228
b) Jjacket (May 76 - Sept. 76) 10,135
support frame (same period) 610
transit cost jacket 1,442
St 22
flotation tanks 34
installation costs (May-Sept.) 1,548

sub total b: 13,791

c¢) Jjacket (sept. 76 - Dec. 78) 3,660
installation costs (Sept.-Dec.} 785
sub total c: W, 445

d) modules during installation 1,068
structure {(Jan. 77 - Febr., 77) 805
transit and installation costs 28%

of modules
sub total d: 2,163
e) Hook up wup to May 20th 33
structure during this phase 2,303
(1 ift Unifor)
Hook up and structure up 9,139
to 31st Dec. 77

structure and hook up in 78 3,515

sub total e: 14,990
f) 1liability 295
increase sue and labour 2,225

(from 25% to 50% of the costs

involved when minimizing the losses)
increase of the additional work 2,873
clause (125% of the insured value

in case of total loss)

- 11 -



stand by (of repair means 2,84t
in case of losses)
drilling perils (starting 22 July 77) 6,279
sub total f: 14,516
total : 52,133 KNOK
this total represents L4,0% of the total value estimate in
Aug, 78 and 3.8% of the insured value (the estimate completed

value)

The insured value may be divided as follows

Unit value Cumulative value

1, JACKET
1-1 Fabrication 289,590 289,930 ’
1-2 towing 33,694 323,684 5
1-3 Piling 467,437 781,121
+ Piles and S.F. (§2) 85,751 876,872
1-4 Modules installation 306,250 1,183,122
+ Modules (§3) 198,146 | 1,381,268 | KNOK

2, PILES AND SUPPORT FRAME.

2-1 fabrication 85,376 85,376

2-2 transportation 375 85,751
3. MODULES.

3-1 fabrication 182,670 182,670

3-2 transportation 15,476 198,146

the estimated completed value varied as follows

Febr. 75 575,000
21 DNov. 75 875,000
19 May 77 1,381,000 KNOK

i.e. an increase of 140%.
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6 THE NOTION OF RISK.

We will not enlarge upon the human risk which nevertheless

exists due to the severe conditions of the offshcre works, but

upen the technical risks incurred during the installation phase.

The risk has to be appraised at two levels

On a design peint of view, the structure or elements of structure

have to be checked according to special conditions occuring during
particular phases, and the imagination of the designer or the operator
may become, in this matter, as important as the regulations.

We will mention :

- the member check toc cellapse (at the time of the DP-2 design,
everyone was remembering the DP-1 accident).

- load out and launching {(check to point load induced by ocut
of level between barge and quay or by rocker arms during tilting)

- upending and clearance checking

- structure stability during piling work (safe wave study)

~ structure stability and strenght during transportation (cargo-
barge + package stability, package transport condition)

- 1ifting conditions (check package against point loads applied
by slings)

- lifting arrangement checking

This list is of course incomplete, but gives a good idea of the

type of problems to be raised at this level.

On the operation point of view the weather conditions are the basic

cause of the risk.

One should refer to the weather analysis enclosed in annex 28 3
Apart from the menths of July and August which were exceptionally
good, the 76 - 77 season was hardly better than normally expected in

the area.
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This risk was minimized by two actions ; First it is worth
to mention the fundamental importance of aprecise, trustworthy

weather forecast, the frequence and cover of which must be adapted

to the type of operaticn foreseen. {(the weather forecast must not
be passive but issued after close contacts with the operation
management, and perfect knowing of the exact operations going

on) 3 also, on a planning point of view, the knowing of the

number of workable days will give the true time scale to be applied
to the planning ;3 the good planning and consequently cost estimate
of the operation is depending of the specialist's knowing of the

past and his ability to predict the future !

The second action is taken at the level of the choice of equipment/

procedure. The aim being to get as free as possible from the weather
factor, all means must be brought into play, which act in this way.

On the DP-2 project, we should mention the temporary work deck and
ringer crane (this investment is not characterised by its profita-
bility, due tc the excellent weather encountered in July and August!),
the semisubmersible used during insert piling (with an efficiency of
approximatively 80%) and the helideck/quarter unit (set during this

piling phase to allow continuous drilling operation).

Even when risk seems low, the consequences must be evaluated, and
major consequences will make a low risk unacceptable.

The safer solution being some times to incur a higher risk which
invelves somewhat lower consequences. As a matter c¢f example the risk
of loosing one open hole,during insert piling,was lower with the insert
lowered in the hole and constant circulation,but the consequences of
loosing one pile,because it would have been stuck in a falling hcle
and grouting would have been impossible,were much greater, and the
pile had to be removed from the hole when a break down made immediate

grouting impossible.
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7 GENERAL CONTENT.

The purpose of the present report is to gather basic information
concerning the DP-2 imstallation project. Its content will be as

technical as historical.

The DP-2 installation may be divided in two main phases : the Sea
Construction and the Hook Up.
Within the first phase the works are of two types : the foundation

works (the main piling and the insert piling) and the lifting works.
Within the second phase, the transfer of the platform to the production

division (15th Oct. 77) involved deep changes and consequently two

hook up phases have been separated.

- 15 -



B. installation works



B1. launching and piling
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GENERALITIES.

This subsection will cover the period from the departure of the
launching barge from the construction yard of UIE in Cherbourg
(France) up to the completion of the foundation system, except
the big lifts operations which will be covered by the next sub-

section.

THE SPECIFICATIONS AND CERTIFICATION PRCCEDURES :

The Royal decree issued on July 9th, 1976 lays down the main

lines relating to Safety regulations.

By the delegation of authority made by the Ministry of Industry

and Handierafts on July 12th, 1976 the Norwegian Petroleum
Directorate was in charge of issuing Regulations for the structural
design of fixed structures (but these regulations were issued

only in April 77) as well as of coordinating the practical execution

of the supervisory duties of the different authorities invelved.

The Norwegian Petroleum Directorate engaged the det Norske Veritas
(DNV) to undertake the detailed control of the structural instal-~

lation.

Regarding this particular installation phase, the certificatiocn
procedures were consequently the folleowing :

- establishment by the installation contractor (Oceanic Contractors)
and his back up engineering (Mc Dermott Hudson)} of installation
detailed procedures based on the 1374 Editions of 1) API RPZA
recommended practice, 2) the DOE guidances on design and con-
struction, and 3) the DNV rules for the design, construction and
inspection of offshore structures and technical notes explaining

the latter rules,

-~ Approval of these installation detailed procedures by the det

Norske Veritas

- 16 -



- Daily on-site checking of the compliance of the actual
installation phases with the established and approved

procedures, by the DNV offshore pepresentative.

- Issue by the Norske Veritas to the Norwegian Petroleum
Directorate of a Design, Fabrication, Installation(DFI)
resume, and final approval by the NPD, the latter being
issued only before start up of the units. The NPD had
already approved the design/fabrication of the jacket by
authorizing the sailing of the Launch barge from the

construction yard.

The company established its own specifications; apart from
the material, the fabrication and the painting specifications
used for the structure fabrication in the construction yard
and which were also applied to local and offshore fabrication,

the Company gave the basic tolerances that follow :

The Platform location : 50°53'10" North, 02°04'23" East,
the jacket being set within 10m of the planned locaticn.

The orientation : the long axis of the platform shall be
within 5° of 5 40°E true, with the conductors in the

SE side of the jacket.

The jacket level : maximum of one vertical to two hundred

horizontal in any and all directions (1:200).

The deck level : maximum of one vertical to four hundred

horizontal in any and all directions (1:400).

The pile penetration : all piling should be positioned
within 10ft of desired penetr-*ion ; the maximum penetration
would be 70ft for Centre piles, 60ft for the primary piles,
385ft for the insert piles.

- 17 -



T MATN OPTTONS,

The DP-2 jacket foundation was completed in twoe steps.

The first step was the completion of the primary piling ;
These piles were driven ; The main handling means were a Derrick
barge (DB22) and a temporary work deck on which a ringer crane

was supposed to be skidded.

The second step (after removal of the temporary work deck and
installation of the support frame) consisted in the installation
of the insert piles ; These piles were set in a hole drilled by
two drilling modules. The piles were handled by two stiffleg
cranes. A tender vessel (DB22 and later on a semisubmersible)
was supporting the operation 3 Furthermore an helideck-quarter
unit for 40 men was installed, for the self containment of the

structure.

THE INSTALLATION STUDIES AND TESTS.

Some of the main steps of the installation were subject to
engineering special care.

The launching and upending sequence was similated by a computer

analysis to determine the ballasing sequence of the launch barge,
the reactions of the rocker arms during the launch, the ballasting
sequence, the bottom clearance and the stability of the jacket
during the upending.

The influence of some damages was also simulated, and the buoyancy
tanks design was checked by 4 different entites (MDH, DNV, NDA

and E1f Aquitaine).

In addition to this computer analysis, a model test was performed

in the Netherlands ship model basin in Wageningen (see annex & ).

---/"‘
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The safe wave study 1is also to be mentionned. This study

(see annex €& ) issued by Mc Dermott Hudson, was much debated
by our specialists in dynamies, the conclusion of this study
being sometimes gquite restraining; the purpose of this study
was to determine for each ballasting and loading conditions of
the jacket and depending of the status of the piling works, the
wave which may deteriorate the piling already in place, and
which was called the safe wave. This study led to conclusions

of the feollowing type :

-~ 1 pile per corner should be driven prior to set the temporary

work deck.

- At the beginning of the insert piling, 2 holes should not

stay open simultaneously.

This study, and all the foundation studies, was based on the foun-

dation analysis issued by Mc Clelland engineers, and using the

results of five borings extending to 120m, performed in June 74
and March 75 and interpreted by NGI. The results of these borings
may be summed up as follows: 7m of sand and 7m of silty sand
laying on 27m of clay; under this clay, 6m of silty sand ané 30m
of interbedded silty sand, sandy silt and clayey silt; below this
level, =77m (-253') only fine to medium sands were encountered
down to 120m. The pile system consisted in a pile driven down

to 18m i.e. 4m in the clay, to avoid mud losses during the
drilling of the 48" hole down to 1l7m. (see annex ).

This sub-section will present:
= the project organization
-~ the procedures and facts

- the means

the ratios and costs

For additional details, the reader may refer to the " INSTALLATION

REPORT FOR PLATFORM DP2 ", issued by Oceanics Contractors and enclosed

in annex B .
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2.

2 THE PROJECT ORGANIZATION

THE ORGANIZATION CHARTS AND SCOPES OF WORK

21,

ELF AQUITAINE TEAMS

The project team was reorganized during this period, the decision
and report lines being then simplified.

The sea construction team part consisted in two main types of action

"up stream"” and mainly onshore, the establishment of procedures and
plannings and the contract follow up and
"down stream" and mainly offshore, the daily follow up the offshore

work.

It is essential for the project group to receive a quick and direct

information and to be able to transmit quick and precise decisioms.

Originally, two different entities were in charge of these comple-
mentary action, The installation engineer group, as shown on organi-
zation chart I was badly missing contacts with the daily works and
furthermore the decision line was double. As shown on chart 2 the
installation group manpower was increased and a direct line was
established between the installation engineer and the offshore barge
controller, the logistic and specialised actions being in the hands of

two new entities.
This new organization chart remained valid through the whole period

with slight modifications mainly the addition of a drilling and a

mud specialists during the second piling phase.

- 20 - eadas



The installation group became then the central unit, the main actions

of which are described below :

- establishment of procedures and choice of material or equipment with :

. Oceanic contractors and the Mc Dermott back up engineering

the mud and soil specialists of SNEA(P)

- establishment of planning

- budget information of the cost and planning section and invoices

technical certification

- contracts general follow up

- establishment of material and transport request and follow up the

supply

- maintain contact with the certifying authority and establish the

control procedures

- offshore checking of therespect of the established procedures and

planning and daily veporting to shore.

This last point is very important and calls for some comments ; the barge
supervisor, in charge of this daily checking,must he of a particular skill,
because of the various trade he is dealing with (marine work, steel
construction, concrete.....) 3 furthermore he must always be conscious
that the access to the works will be, later on,difficult and that they
consequently require an unremitting attention ; Last but not least, the
means being so costly that each hour involves a 20,000 FF to 40,000 FF
commitment and the risks due to the weather and sea conditions being so
real that everybody was still remembering the accidents which stood up

as landmarks in the beginning of the story, that the decision making
required, on site, extremely calm but rapid minded people, and this has

"~ been generally the case, R
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240

QCEANIC CONTRACTORS

The Oceanic contractors organization is described in organization

chart no. 3.

On this chart appears the Oceanic contractors project management

team in Stavanger as well as their offices in Brussels which covers
the offshore working staff through the field engineers and the barge
superintendants, though a direct functional line exists between the

latter and the management team.

This situation created some episodic problems, when the final optioms,
being taken by Brussels or the barge, were slightly different from those
discussed in Stavanger.

(reaction to some drilling problems, new type of equipment.....)

The Oceanic contractors team consisted in 14 persons mobilised in April 76,
Two additional engineers joined the onshore support later on to prepare

and follow the quarter package installation and hook up.

Within this team the experience of QP installation and of the DP2 design

was passed on through the field representatives.

The main actions of this team, as described in S$200 contract scope of

work, were as follows

1

elaborate, study and propose revisions when required cof detailed
installation procedures and submit to installation group for approval
- maintain liaison with other company's contractors.
- elaborate, study and update the planning for each individual work
and for marine equipment and submit for company's approval
~ make detailed study for the marine equipment
- manage and supervise the fabrication and purchase of various components

associated with the works

In fact this scope of work has been limited by the installation group
who keep the full management of the drilling and grouting procedures and

of the mud and grout supply.



Back up Engineering

@8N Installation gr.

OCEANIC CONTRACTORS

PROJECT OCEANIC
REPRESENTATIVE BRUSSELS
Office Project
Manager Engineer
Project Secret.
Clerk
Consultant
gﬁsmii drilling
PPo diving
I
Field rep. Field rep. Field eng.
QP DP? &
Barge

B working offshore
O id but part time

Oceanic Contractors
Org. chart 3
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21:3 BACK UP ENGINEERING

The Mac Dermott, London office was solicitated directly by the
installation group in a very few circumstances and mainly for sea

fastening studies and lifting charts.
Generally speaking this team was solicitated by the Cceanic management

as back up for the elaboration and detailed study of the installation

procedures.

214 THE CONTROL ORGANISMS

a. DET NORSKE VERITAS

This organism acted from the very beginning as the DP2 structure
certifying authority, with full delegation from the Norwegian

Petroleum directorate.during this phase.

During the design and procedures establishment phase, DNV issued
comments based on their own calculations. On the installaticn

point of view, DNV was invloved in the transportation (barge
stability and jacket stresses during this phase), the jacket
launching and upending (jacket stresses, upending sequence with
mud line clearance calculation), the piling sequence {(jacket stabi-

lity and safe wave study).

During this whole installation period, DNV had furthermore a
permanent representative on bear: the barge/platform, whose scope
was generally speaking to check the work conformity with the esta-
blished procedures (driving depth and blow counts, drilling, pile
lowering, cementing phases up to the tagging if any...) and also
to certify on the spot each quality control report (weld control,

submarine inspection by Remote Control Vehicle...)
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Drilling phases went simultanecusly on QP and DP2 and the
DNV representative, although alone at the time, rarely slowed

down the works by his unavallability.

Abstracts of the Design Fabrication Installation Resume (DFI)

from DNV are included in Annex 8B to the present report.

NOBLE AND DENTON ASSOCTATES

This organism was the marine comsultant of the insurance companies.

During this period, NDA was involved in all Transportation and
1ifting operations. They had a representative during jacket trans-
portation and launching and generally performed a visual inspection
prior to each operation for sea fastening or rigging wvisual checking.
Here again, this check determined the confirmity with established
drawings/procedures approved by the head office, and resulted in

minor comments and "on the spot! modifications.

A certificate of approval, mentionning the weather limitations was

then issued.
A copy of said certificates concerning the permanent structures/

units might be read in annex®aXo this report. The limitations have

been underlined.
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22 THE CONTRACTS

The following contracts were managed by the installation project group
881 E22/0ceanic contractors/erection works :

Starting April lst 76,signed on November 8th 76. This contract

covered :

a. the DB22 spread for a minimum period of 180 days starting
May Ist

b. the intermac 600 for a minimum period of 75 days starting
March 10th

c. the drilling modules for a minumum period of 90 days starting

from the load out.

d. the diving equipment and personnel for a minimum period of 90

days with a mob and demcb fee
e. any additicnal tugs or cargo barge
f. all drilling personnel (not included in c)

g. any additional personnel, materials or services which company

might reguired.

‘ An addendum I to this contract was issued later on, covering the

completion bonuses attached to the following operation/dates

a. drilling modules operational by October 15th 1376.
b. 1insert files grouting completed by January 15th 1%77.

An addendum ? to this contract was issued later on to cover the new
rates for the drilling personnel from January lst 1977 until

demobilisation.
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2823

5200/0ceanic contractors/Installation Management
Starting April lst 76 and covering the management actions as

described in § 212.

An addendum 1 to this contract was issued later to cover same

work from January lst to April 30th, 77 or earlier completion date.

$228/Wilh. Wilhelmsen covering the rental of the Tender semisub
Treasure Hunter and starting November 1st 76 for a minimum period
of 90 days with an option to extend the duration pericd by two

consecutive pericds, each of one month.

An addendum 1 to this contract was issued later to cover the
temporary catering on board the Helideck/quarter temporary module
on DP-2 from November 12th 1976 to January 15th 1977 (with a week by

week extension).

The installation group was inveolved in this accomodation rig contract

as long as the rig was alongside DP-2 as tender vessel.

22aLr34 - addendum 3/Monberg & Thorsen/fabrication load ocut and sea-

fastening of the temporary work deck for DF-2.

This contract was negociated by Brown and Root de France (through S109).
The conflict between two engineering companies (B & R as fabricaticn
supervisor and Mc Dermott as designer) created communication problems

and is probably the main reason for the cost increase.
OTHER CONTRACTS
Apart from personnel contracts, the Installation group was also episodi-

cally involved, during this piling phase, with the ETPM E52 contract

covering the 701 Derrich barge in May and June 76.
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3 THE PROCEDURES

The procedures are furthermore detailed in the MC Dermctt Installation

procedure manual rev. 1 which is enclosed in annex ‘)

The present section will described three main phases, the jacket

positioning, the primary piling and the insert piling phases.

This section will

try to present the main advantages or difficulties

encountered in the implementing of these procedures.

3 1 THE JACKET

POSITIONING.

31 1 THE

TOW ROUTE.

The
and
tug
The
The
7.7

3z

Intermac 600 left Cherbourg on May 6th at 14,30 hrs
arrived on Frigg on May 10th at 20,00 hrs., The towing
was the "Asay D. Guidry" (6000 bhp, 80 bp).

tow route is shown on the map of the following page.
trip lasted about 100 hours with an average speed of

knots.

LAUNCHING.

The

ballasting of the barge and the defastening of the

jacket took place during the night 10/11 May.
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Towing lines
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The first problems appeared during the connection of the
tugs to 3 of the tow lines of the jacket ( a total of 7
tow lines were prepared on the jacket as shown on drawing

D158 and complementary sketch).

The main bridle (TL1 + TL2 of drawing D 158) was connected
to the tug "Tender power'" (8000 bhp, 117 bp) without any
trouble, -

The Tow Line 4 on pile 4 was also connected without any

trouble.

During the connection of the TL4 on file 1 the line got
stuck between the leg Al and the cantilever part of Al3
buoyancy tank ; no visible damages to the tank cccured
but later on, during the upending, this tank was suspected

to have been nevertheless damaged.

The jacket was launched at 700 on the 1lth without using

the Hydranautic units, but just the tuggers.

The horizontal floating position was in agreement with the

computed value., and the model tests (see annexe2)

THE UP-ENDING.

The ballasting system is described in the drawing ELN 2144,

series 400 and may be summed up as follows

a) each centre leg was closed by a steel closure plate
at the top and a rubber closure plate at the bottom.
Manual 4" ball valves located at (-) 7 m allowed the
flooding of these iegs.
the venting of these legs was to be done through a

1" 1 ball valve on the top steel closure plate.

- 3y -



b)

c)

d)

each corner leg was divided in two compartments

by a watertight bulkhead. The bottem compartment
was to be flooded through two water inlets, one 6"
and one 4", each one closed by an hydraulic valve.
A gsecond 4" hydraulic valve at the bulkhead level
allowed the flecoding of the top compartment,.

The venting of the leg compartments was done through
a 4" ball valve, to which a 1" % ball valve was added,

and located close to the flooding control panel.

the power was furnished by Nitrogen bottles racks. The
idea of using a jacket member as a nitrogen additional
tank was raised but given up due to structural strenght

consideration.

draft marks were painted on the top closure plates of the
144" bouyancy tanks and along two 66" pile sleeves on the

B face.

the upending started at 9,30 hrs with two tugs on the
tow lines (TL4 pile 1 being broken)

The positicn of the jacket at 502 inclination revealed
a "damage condition" (a 100" or 62" tank damaged towards
file 1). This was checked later but no damages were
found, except internal pressure built up in all the
centre legs which proved the failure of the bottom

rubber closure plates.

The jacket was then towed in this position towards its
final location which was passed by approximately 50 m ;
the tugs encountered resistance due to grounding of the
jacket on the sea bed,

Several trials *to orientate the jacket remained unsuccess-
ful,

The heading and location were checked and found acceptable

(45 m W and 132 W from expected location).

- 35 -
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314 THE POSITIONING

The positioning was realised by Vickers Oceanics Ltd.

The main equipment used was the following.

a) Motorola system :
- +tracking station on QP
- master station on board DB22

- slave stations on CDP-1, DP-1 and DP-2 jacket.

b) Optical system :
- (D6 tellurometer on CDP-1 helideck
-~ theodelite on CDP-1

— Distomat and sextant on DB22

The positicning report is appended to this report (

annex 9 ).

The positioning was, later on, checked by Decca and found

1o be :

448 080.90 E )
& 639 248.60 N ) Jacket centre

true orientation 3322 577 12¢

The position survey report is also included in annex 9
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315 THE WATER DEPTH CHECKING.

The actual water depth was checked after instaillation
completion. This was performed by measuring the actual
distance between sea level and a fixed horizontal member
of the platform ; this distance was then corrected to take
into consideration the tide and compared to the designed

distance plotted on the engineering drawings.

The conclusion of this measure is that the actual MLW is

located 2.58 m below the design MLW (the water depth being

estimated +to 89 m and the jacket bottom horizontal level

being approx. 0,5 m above mud line).

318 THE CENTRE PILING.

Right after setting of the. jacket, the internal pressure

of the centre legs was measured tc be 34 PSIG 3

this corresponds to the rupture of the bottom rubber closure
plates which may have occured during theupending or during
the grounding. This rupture involved anyway sand penetration
in the legs especially in A2 and A3 which touched the sea bed

first.

This sand plug created two difficulties :

a) The first step of the driving was longer ;3
to avoid the sticking of the pile in a damaged sectiem
of the leg, the pile string had te be lowered much care-
fully until the tip was obviously cut in the soil ; the
pile was consequently lifted and lowered under its own
weight during hours until this critical zone was passed

through, and then conly driving was stavted.

- Wb - o



b) The second problem was encountered during grouting ;
the inflatable packers of iwo of
the four centre legs were not functionning properly
and were leaking ;3 A grout plug needed to be set and
then, final grouting was performed through the grouting

stand-by plugs connected by divers.

All centre piles were driven to final penetration without

meeting refusal.

The centre pile are shown on drawing 130.

THE LEVELLING.

The jacket level was fivst surveyed on May 26th ;
the Bl cormner was 23 in higher than the AW corner.
A first levelling vesulted in a less than 1 in difference
between Bl and A4, but the jacket was left with A2, B2, B3
partially shimmed and A3 just dogged off ; the sea state

was W'ly 3 m and this resulted in a new out of level.

The final level survey took place mid July after main
piling completicen : Bl corner was found to be 6,5 in higher
than A4, the slopes being 3 ®/oo in the N/S axis and 6°/oo
in the W/E axis which were just acceptable (tclerance 5% /00

in all direction).

The jacket conditions during these surveys and the results

of the latter are summed up on the following page.

The jacket to pile connection detail is shown on drawing 139.
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Levelling

2 tanks flooded per corner
corner legs floocded

20.5

4 tanks deballasted in A4
2 tanks flooded per corner
centre piles driven

A3 dogged off

Al1,Bl legs flooded

AR ,B4 legs deballasted

3.6

same conditions as above except
A2 ,B2,B3 partially shimmed and
jkt movement

17.7

dl centre piles driven, grouted
all corner piles driven, grouted
Al P legs deballasted

Al,Bl legs partially flooded

TWD on jkt

two 100" tanks flooded

two 144" tanks deballasted
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32 THE. PRIMARY PILING.

321 THE PILE ALIGNMENT.

This was a major questicn mark in the priwmary piling
phase. The weather dependance of this activity was ohvious
and the false rotary tables were considered as too heavy

and not quite satisfactory on a technical point of view.

To reduce to a minimum the weather down time factor, the
forcasted procedure was to use a crane fixed on the jacket
work deck,

Delays in the various involved fabrications, led to a somewhat
different situation : a total of 8 piles were already driven
{7 by using welded connections and 1 with Breech Block
connections Rockwell) and the work deck was in place but the
ringer crane and its matt structure were to be lifted in a
single 1ift which was in fact more weather dependant than

the stabbing of the pile itself.

Consequently the cperation was canceilled and the remaining

8 piles were driven within the following two weeks.
Details of the primary pile may be found on drawing 127.

322 THE DRIVING.

The primary pile driving curves are gathered in ammex 10 3
the penetration and final blow counts are summed up here

under, per corner and, following a chrenological order,

- 49 -
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CORNEER PILE PENETRATION FINaL HAMMER DATE
(£t) blow
count
(for last ft)
Al ! 60 386 080 22706
1 60 118 060 07/07
3 50 39 560 10/07
2 60 50 560 13/07
Al 4 60 115 060 14/06
2 &80 Ly 560 03/07
3 60 83 560 on/07
1 60 85 060 06/07
Bl U 53 73 060 20/06
3 60 27 560 09/07
2 60 62 560 11/07
1 60 39 560 14707
By y 55 302 560 16/086
for 10"
1 50'6" 250 560 o4/07
for b"
3 60 126 560 ou /07
2 4gre! 270 560 06/07
for &"

These figures do not show any obvious consolidation or
deterioration of the soll but reveal 'its somewhat heteroge-
necus qualities : in BY4 corner, all but one pile met refusal,
while in A4 corner (20 m East) all piles were driven real

easily, using the same hammer within the same dates.
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323 THE GROUTING.

The primary piles grouting records are included in

annex 1 o

The main datas are summed up here under.
A CEMENT.

The cement used was class G for the first five piles ;
this cement had to be mixed with fresh water up to a
slurry weight of 15.04. to 15.09. Lb/gal (1.84% to 1.90C
kg/1).

A friction reducer (D65 or liquid D80) was added to the slurry,
The class G was later on, replaced by class B. This cement
was much easier to use. The cement was mixed with salt

water and no additive was required.

b tuE INJECTED VOLUME.

The theoritical volume of the annular was about 60 barrels,
and the injected volume was about 110 barrels average, the

maximum being 167 harrels.

This difference is due to

- circulation needed until siurry weight of returns is
acceptable.

- contamination of slurry by sea water through leaking
minipacker.

- lost time when divers were needed for sampling when the
top minipacker was not holding pressure ; this happened
in two cases (2 packers failed and 30 were functionning

without troukles).
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C THE SAMPLING AND TESTS RESULTS.

During this stage, series of £ samples (cube of 10 cm
side) were taken for each injection and return of each
pile ; half of these series were sent to ELf laboratory

in Boussens and the remaining was tested in Stavanger.

One sample of each series was crashed at 7 days, the other
two at 28 days 3 the vesults are gathered in the table of

the following pages (all compressive strenghts in PSI).

The first comment is that the results obtained in Boussens
are much lower than the local ones (2.4 times lower) ; this
may be explained by the fact that the transport conditions

were very detrimental to the final strenght.

The second comment is that the average values are lower than
expected. The design requirement was 4000 PSI of compressive
strenght, with a slurry weight of 15,9 to 16.0 Lb/gal, but

it was not feasible to obtain this high slurry weight during

the operation.

The obtained values were finally accepted, taking into account
the shear rings (inside pile sleeve) and the casing kote
(outside primary pile) which improve considerably the bond

strenght of the assembly.
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INJ

PILE OR DATE BCUSSENS LOCAL AVERAGE
RET.
All T 7 - - - _ -
28 1545,1430,1085 1355 4025,2903 346 2198
R 7 - - 4112 4112 -
28 2105,2105,2005 2070 3483,3855 3719 2729
AlZ2 I 7 - - - - -
28 1646,1710,1760 1705 5495,5289 5392 3179
R 7 - - - - -
28 1325,1765,1245 1445 6658,6310 6484 3460
Al3 I 7 - - 2u55 2455 -
28 1560,1920,1585 1690 42910,3919 4414 2779
R 7 - - 2643 2543 -
28 2005,2470 2240 3713,5614 4663 3209
AlYy I 7 - - 2326 2326 -
28 1215,1035,1700 1315 6257 6257 2550
R 7 - - 3406 3406 -
28 2580,2080,2530 2400 5738 5738 3234
Ayl I 7 - - 2200,2662 2431 -
28 2290,22490 2270 2140,5669 3904 3087
R 7 - - 2315 2315 -
28 2380,1770 2080 4118,3582 3850 2965
Au2 I i - - 2563 2563 -
28 1205,1660,2280 1715 3569,2721 3145 2287
R 7 - - 2729 2729 -
28 330 990 2509,2630 2569 2042
AL3 I 7 - - 2354 2354 -
28 2470,1985,1825 2095 3257,4211 3734 2750
R 7 - - 2925 2925 -
28 2130,1430,1335 1645 2412,2761 2586 2021
ALl I 1 - - 5048,3582 4315 -
28 1365,1365,1540 1420 4110 | w110 | 2092
R 7 _ _ 3708,2643 3175 -
28 2075,1700,1880 LA 3843 3843 2374
All figures in PST
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PNAT

PILL OR DATE BOUSSENS LOCAL AVERAGE
RET
B11 I 7 - - - - -
28 2565,2420,1775 2253 5362,5702 5532 | 3564
R 7 - - - - -
28 2590,2590 2590 7752,5577 BB6Y4 | 4627
B12 I 7 - - 4135 4135 -
28 1410,1495,1710 1540 2265,2686 2471 ] 1912
R 7 ~ - 2876 2876 -
28 2105,2220,1380 1900 3634,3592 3613 | 2585
B13 I 7 - - - - -
28 - - 2284,2786 2535 | 2535
R 7 - - 2911 2911 -
28 1255,1680,1985 1640 3329,2261 2795 | 2102
Blk I 7 - - 4543 4543 -
28 2480,1725,1980 2060 5264 5064 | 2861
R 7 - - 4355 4355 -
28 1365,1200,1380 1315 5318 5318 | 2316
B4l I 7 - - 2555 2555 -
28 2025,2320 2170 2662 ,3094 2878 { 2524
R 7 - - 3041 30ul -
28 1220,2350 1790 4362,2993 3677 | 2733
B42 I 7 - - - - -
28 - - 2830,2247 2538 | 2538
R 7 - - 3938 3938 -
28 500,1420,1405 1110 1994,3858 2926 | 1836
B3 I 7 - - - - -
28 1420,1500,1080 1330 3722,5959 4840 | 2734
R 7 - - - - -
28 2490 2490 4064 ,6800 5432 { uusl
Bub I 7 - - 2575 2576 -
28 1620,1590,1420 1540 3574 ,3691 3632 | 2377
R 7 - - 3025 3025 -
28 800,700 ) 3649 3649 | 1716

_55_
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33 THE INSERT PILING.

331

WHY AN INSERT PILING PHASE?

This phase represents more than one half of the installation

cost (Drilling modules, self containtment and cargo barges

invelved) and more than 6 months of the development of the
project, and it is obvious that the cancellation of this

phase should be of a great benefit.

The steam hammer (560) used on DP-2 had & rated energy

of 300.000 Ft x 1b (approx. L0 t x m ) but more recent
concepts (mainly the Hydroblock hammer) are developped and
rated energies of 1.500.000 Ft x 1b (200 t x m) are about
to be on the market (2 and 2.5 millions It x 1lb are already

under study).

Of course the weight of these hammers will prohably be

arcund 200 + but it remain quite cbvious that 1) with these
new hammers which furthermore allow underwater driving

2} with an increase in size and number of piles 3} with a

new system of pile following, the realisation of the complete
foundation system using only driven piles should be possible
but decision must be made at a very early stage of the design
and furthermore the last word will always remains the soil

specialists’.

The choosen pile system was then the following
- drive a 56" OD primary pile to 60' penetration
-~ drill a 48" hole, down to 386" (118 m)
below mud line (100 m below primary tip)
‘- insert and grout a 42"/3%" OD pile (tip of insert being
approx 3' above T.D.)
The clay expected at the tip of the primary pile was not
always encountered and this generated mud losses and

drilling problems.
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332 THE DRILLING.

@ GENERAL DATAS,

The

drill string consistence 1s shown on the following

page drawing. The main figures from Rotary table bushing

(RTB) level to total depth are also shown on this drawing.

The

t) THE

drilling curves are included in annex 11

DRILLING PROCEDURE.

The
The

drilling procedure was the subject of a lot of discussicn.

installation group was, in this matter, supported by the

Boussens laboratory and the drilling department in Stavanger

but

The

a)

b)

remained the decision centre.

main problems encountered were the fellowing :

Leakage of the Rockwell connectors

this was partly solved by plugging the leakage with

loss-circulation-material. The leakage of these connectors

had two consequences : first the spoiling of the mud
by the incoming sea water and secondly the increased
difficulty to drill with direct circulation with no

accumulation of cuttings.

General mud losses

The difficulty was to pass the primary pile tip with

no mud losses. The direct circulation involves higher
pressure and may create mud channelling outside the pile
and the reverse circulation generally produces exces -
sive washing of the hole cavities and consequently
improper hole stability and excessive grout volume

requirements, espe ¢ially through sandy layers.

- 57 -



Drill string

w I True depth
9dpd s o T
P i Rotary Table Bushing ¥ ﬂ
= top dm v { |B
™ Water liney. ikt ;uﬂ_ ' __ L
9dpd [
std( 1
9dpd — é
std( ] o
— ¢
— ? asa o
9dpd [ Mud line y 0
- USNISUNYS] 0
- tip m 'ns#l ’ E
n ip Mai
stdl ] P
5dpd ;j
air injector% g[t) DRILII_,Liégg
STAB
3dps | d »puaL
sts ] § SINGULAR g
- ]
3dps |
stg| ]
bottom
hole a239
assy TIDVY f !

All figures in ft
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The drilling procedure was improved step by step and

finally amended as follows

- fill primary pile with sea water and observe leakage
in one hour 3 lowering of level of more than 4 ft may be
conzidered as excessive leakage and will require plugging

by LCM.

- drill out with direct circulation and sea water until

10 ft above main pile tip.

- raise water level and check if tip dis still helding full

head of sea water. (1).

- displace sea water by mud (gravity 1,05, Viscosity 80
then 60, water loss 3cc) and drill reverse down to 10 ft
below main pile tip 3 if answer to (1) was yes, raise mud
to + 20 ft above sea level and drill reverse down to TD ;
if answer to (1) was no, set plug before drilling down to

TD (20 £t resin plug pushed by RFC plug and later on, only RF@

This procedure gave a maximum of information and contrcl

during this critical phase.

Down hole, some mud losses and collapses were observed at

775' depth RTB (Bu2 and Bll holes).

When TD was reached and before pile lowering the drilling

mud was displaced by high viscosity (100) mud.

THE DRILLING MUD,

The drilling mud consisted in :

. . 3 .
- Bentonite prehydrated in fresh water 50 kg/m” at first,
then lowered to 25 kg, for cake formation and increase of

viscosity.
- Caustic soda 2.5 kg/m3 to get pH=10

- H921 polymere & kg/m3 to increase cake consistence and

t0o decrease water loss

. 3 .
- drigac 2.5 kg/m” to increase viscosity
- 59._



- LCM (Loss circulation material = Cecpag, Mica, and nut
plug) if needed tc plug rockwell connector leakages
-~ drilling detergent if "bit balling" in clays

~ antifoaming

The .obtained mud caracteristics were approximately :
specific gravity : 1,05 (8.76 Lb/gal)
viscosity (March): 80 sec at first, then 60
water loss : 3 cc (after 30 mn, API)

When TD was reached, this drilling mud was displaced by high
viscous mud in the hcle and the pile and by sea water in the
follower ; this mud contained more bentonite, CMC and drispac

and its viscosity was more than 100 sec.

333 THE PILE LOWERING.

Q THE INSERT PILE.

The insert pile detailed design may be read on following
drawings 128,129,N158,V158.

The remarkable details are the following :

a) all intermal details (drill pipe, two stage grout tool,
baker oil tool)} were installed during the yard construc-
tion phase. The only equipment pieces shipped loose
were the Vetco running tool and the 21 m of 5" ¢.362
drill pipe for IP5 completion.

b) The running tool functionning is schematized on drawing
N158. The differen® _.sition of the lugs in the J slots
allowed the make up of the drill pipe string (right hand
thread) then the make up of the running tool (left hand

thread) and the disconnection after grouting.
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c) the pile drill stringer was alsc equipped with a two
stage grout tool (activated by running a ball in the
stringer which moved down an internal sleeve) and a

baker oil tool which was a no-return valve,

l) THE LOWERING SEQUENCE

The lowering sequence is shown on the following diagram
where hook load is plotted versus the depth/time. This cal-

culation is based on the following remarks

a) when the pile is lowered in mud/water the bottom IP1
filled, up to the watertight detail 6, (i.e. approx.
10 t of water). The pile string, when on bottom is
buoyant and has consequently to be filled in from the
top of IPS5 before lowering, down to the watertight detail
2 in IP4.

b) when water/mud/cement is circulated in the drill pipe,
each section of insert pile fills, through its bottom
detaill 3 up to equalization of pressure of the trapped

volume of air under its top detail 4.

3 34 THE TWO STAGE GROUTING.

The grouting records are included in annex ‘1"
Q THE CEMENT.

The Diacemoil cement was selected for QP and DP-2 grouting

of the insert piles for two reasons

- to avoid soil fracti.cs a light cement was needed (the
slurry gravity used was 1.5 = 12.5 Lb/gal).

- +to realise a good connection between soll and pile a high
bond strenght was reguired (150 PSI at 7 days and 230 PSI
at 28 days forcasted for diacemoil)

For easier handling and to avoid contamination the same cement

was used for both stages.
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t) THE TEST PROCEDURE AND TEST RESULTS.

B samples were taken (10 cm x 10 cm) at the beginning
and at the end of both stages ; 3 of them were crashed

at 7 days and 3 at 28 days.

The only tests performed were classical compressive strenght

tests.

A lot of problems were encountered during handling of these

samples which partly explained the poor results obtained.

The 28 days average results are summed up in the following

table, per pile and per stage (2ll figures in PSI).

PILE IST  STAGE OND STAGE
N | 60T ™ | 00T
ALl 2167 | 2554 2351 | 2245
AL2 2398 | 2024 2863 | 3158
AL3 2001 | 2512 3161 | 2931
ALY 1624 | 1803 1953 | 2038
4L ou3l | 2524 2814 | 2409
Al 2595 | o6uu 2197 | 1863
A43 2579 | 3047 2745 | 2653
Ay 2233 | ous1 2410 | 2522
B11 2792 | 2265 o104 | 2280
B12 2233 | 2409 1824 | 2181
B13 1381 | 1574 1735 | 1990
B14 1868 389 1787 | 2u7u
Bul 2333 2LGY 2460 2047
B2 2932 | 1963 1829 | 1902
BU3 2338 | 2546 2660 | 2259
BuY 1901 | 1939 1733 | 2055
AVERAGE 2238 | 2206 2289 | 2313

AVERAGE : 2262 PSI

The results are lower than expected.
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THE DIACEMCIL PROBLEM.

The bond strenght tests performed in Boussens were

gathered in a report which was transmitted to the certifying
authorities ; the method used has been questiconned and

new tests were performed in the Oslo DNV laborateory.

By the time this report is being written, the unofficial
result for the bond strenght at 28 days is 85 PSI which is

three times lower than assumed.

The recommendation of the designer may be summed up as

followss as far as cement was concerned,

- no shrinkage
- 4000 PSI compressive strenght and 90 PSI bond strenght or

- low compressive strenght and minimum 160 PSI bond strenght.

while the allowable stresses used in the load transfer
caleulation are 10 PSI for bond and 2000 PSI for comﬁression.
This means that the designer recommended factor of safety
should be around 5 ; Using the extreme static load per pile
(-3300 t approx.) and the obtained test results (85 PSI for
bond and 1860 PSI lowest value for "out, second stage")
the actual safety factor may be estimated to be around

3.7 eonly.
Ne final conclusion have been reached yet.

THE GROUT LEVEL LOGGING,

The grout level was logged by tracking a grout volume
contaminated by a radicactive pill.
This classical method waw improved later by tracking two

volumes distant of about 10 ft.

Purthermore the grout level was systematically tagged at the

L] #
end of the second stage, with a home made sample catcher.
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The injecbed volume:s are summed up in the following table

and compared to theoritical annulus velumes which are

1560 cu.ft. for +the first stage and 860 cu.ft. for the

. :
second stage. (the ‘excess’ is the ratio

theoritical volume).

: volume in excess/

The piles are gathered per corner in a chronological order.

CORNER PILE DATES IST STAGE 2ND STAGE
VOLUME | EXCESS VOLUME EXCESS
Al L 24/09-02/11 2850 83% 1150 34%
2 03/11-14/11 2908 88% 990 15%
1 17/11-26/11 2100 35% 950 10%
3 27/11-10/12 2140 37% 1038 21%
AVERACGE 24G9 60% 1032 20%
Ay 2 21/08-24/10 2378 52% 1030 20%
Y 03/11-13/1% 2476 59% 1204 H0%
3 17/11-27/11 2377 52% 1030 20%
1 30/11-11/12 2853 B3% 951 11%
AVERAGE 2521 62% 1053 23%
Bl 2 17/09-30/09 2215 2% 98¢ 15%
Y 26/10-09/11 3644 134% 1101 26%
3 11/11-20/11 3063 95% 9y2 10%
1 21/11-04/12 2615 68% 1030 20%
AVERAGE 2884 85% 1015 18%
Bh4 y 25/10-08/11 2216 42% Qhl 10%
2 106/11-21/11 3018 93% 1266 51%
3 24/11-03/12 2018 29% 957 11%
1 QU/12-15/12 2314 4% 1030 20%
AVERAGE 2391 53% 1056 23%
AVERAGE : 2500 65% 1038 21%
both stage : 3812 {(+ 49%)
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The average values are :
2573 cu ft for the first stage (4 65%)
1039 cu ft for the second stage (+ 21%)
3612 cu ft total ( + 49%)

Generally speaking the second pile of each corner presents

the higher excess which means that the soil is already

disturbed but not yet consolidated by grout injection.

3 25 THE PILE FOLLOWERS REMOVAL,

This removal was quite easy on DP-2.

After completion cof each driving the Rockwell connector latches
were cut by divers, and after each completion of second stage
grouting the Rockwell were disconnected and cleaned by sea water

circulation.

For 5 pile followers an AZ casing cutting tool has to be used

because the Rockwell was plugged and disengagement was not possible.

All piles followers were removed before the removal of the crane

stifflegs.
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4 THE MEANGS

4 1 PERSONNEL

This paragraph will describe the Oceanic contractors

personnel, management onshore excluded.

The following personnel was acting as deck personnel
on the Derrich barge 22 as per E22 (in addition to the
cperating crew and maintenance persocnnel for this equip-

ment and the maintenance and operating crews for hoats

and tugs)
superintendant 1
field engineer 1
barge foremen 2
riggers 24
derrick operators 2
welder foremen 2
welders 16
crane operators 2

The following personnel (KD Marine + Oceanic) formed the

diving team which was operationnal on April 17th

superintendant
supervisors

divers

£ o N

technicians

In addition to the above, additional deck personnel has to

be mobilized such as exl.. welders (8 from the very beginning
of piling works), surface divers (2 from end June for life
guard stand by), and service personnel such as ultrasonic
inspectors (1 Mobilab from Mid May) or grouting specialists

(2 DOWELL from May 7th to July 15th).
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The diving team was completely demobilised end September.

in chart 4 the different steps of mebilization and
demobilization of the drilling crew are described.

The main dates are the following :

- August 5th : Mobilization of 56 Oceanic Contractors
people. This crew was based in Antwerp and was maintain-
ing the Drilling modules| it was transfered on Aug. 9th
on beoard DB 22. At the end of August the number of
workers was 117 {(+ 10 Service) as requested by the

installation group in the mobilization telex.

- October 27th : The DB22 was replaced by the Treasure
Hunter and consequently additional deck personnel had
to be mobilized up to a total of 127 {+ 20 relief and 12

service),

- November 8th : the helideck quarter module was being
commissioned and the crew was recrganized in view of this
self contained platform. This lead to a new total of 153

(+ 25 relief and 13 service).

~ December 15th : started demobilization, Drilling module
north last follower cut free : manpower decreased to 112

(+21 relief + 5 service).

- January 18th : Production modules A and B set in place,
maintenance and cleaning crew decreased to 76 {+ 14 relief

+ 1 ultrasonic inspector).

- February 2nd : All drilling modules were remcved,
Installation crew was reduced to minimum deck crew for
permanent medules jacking i.e. 58 {+ 12 relief and 1 us

inspector).

~ February 20th : final and complete demcbilization.
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In addition to the Oceanic Contracteors basic crew

the following contractors perscnnel were involved

in the works (as outside services through E22)

Magchar for the mud problems, Dowell for the grouting,
Welex for the cement level logging, and Mobilab for the

ultrasonic weld control.

The complete manpower level is summarized on chart 5.
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4 EQUIPMENT

4 21 DERRICK BARGES

415211

LB22

The Mac Dermott barge DB2? was on charter
from March 21lst to October 27th.

A circumstancial report of activity is

atrtached to the present report (annex17).

The main conclusions of this report are

sumned up here after,

Generally speaking the DB22 had a good and
efficlent crew, and no problems of personnel

ware encountered,

As far as the operation were concerned, four

different periods might be distinguished

The first period, correspending approximately

to the first month of activity on Frigg (April 76)
was rather disappeinting, A lot of problems were
encoutered during anchorings and the barge was
unable to perform the stiff leg substructure 1ift

on QP (this package was then tranfered to ETPM
1601), Furthermore technical problems appeared such
as cracks in the king pin shroud gusset plates

and boom hoist transmission break down.

The second period, corresponding te the main piling
on Dp-2 was marked, on the contrary, by a somewhat
unexpected progress, the idea of a fixed ringer
crane set on a supporting temporay work deck was

even given up.
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The third period, corresponding to the
temporary drilling modules lifting, was

quite satisfactory, within an approximately

ten days period the barge performed seven 1ifts,

each approximately 400 st.

During these last two pericd no major problems

appeared when anchoring or lifting,.

The last period (from 20th August to demobilization
on October 27th) was marked by weather inclemen-
cies and some anchoring problems but the hook up

of the Drilling modules progressed rather well.
Delays in the H/Q package delivery, made it
impossible to 1ift it with the DB22.

In the aggregate, the barge efficiency may be
illustrated by the following figures :

Work 87,5% } 61,45 work 53,6%
Mooring 12,5% 7,8%
Breakdown 9,1% 3,5%
Sailing 31,6% 38,6% st.by 12,2%
Waiting on weather  59,3% 22,9%
100%

AnnexM7, included in the present report, is des-
cribing the Diving Activities performed from the

DB22 by the Oceanic/KD Marine team.
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The ETPM barge 701 was chartered from May 1llth to June 7th,
primérily as a tender during the commissioning of the Drilling

module 3 and the H/Q module on QP.

The 701 worked alongside DP-2 during the first two days of June,
for the removal of 62" buoyancy tanks, simultanecusly with DB22.
The simultaneous anchoring of the two barges was successful but
some misunderstandings caused a personnel accident and the barge
was sent back to port for demecbilization.

A detailed report of 701 activities is enclosed in annex’18.

4 213 TREASURE HUNTER

a) The Wilh. Wilhelmsen semisubmersible Treasure Hunter was on
charter from the time she passed LISTA (on the Norwegian south
coast, midway between Stavanger and Kristiansand) on October
4th, 1976 until the last anchor was 1ifted up from Frigg field
on September 6th, 1977.

She was anchored alongside DP-2 on October 10th and moved away
for TCP-2 approach on June 13th.
She consequently covered a part of the piling and of the hook

up phases.
She was replacea by the Treasure TFinder on September 2nd and

was taken over by Union 0il for same type of construction

work on Heather field.
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b)

c)

The conversion of the Treasure Hunter was requested by
E1f Aquitaine telex of intent dated July 16th.

The conversion works started mid August in Nylands yard

in 0Oslc and Treasure Hunter passed Lista on October 4th,
which means that the conversion was performed in roughly
one month and a half (from a classical operaticnal drilling

rig to a 150 beds Accomedation rig).

The new increase of bed capacity was discussed in November 76
but finally given up, this capacity had nevertheless to be

increased during the hook up period, from 150 to 265 beds.

A technical description of the semisubmersible is attached to

the present report (annexZ2Q).

The main purposes of this connection to DP-2 was obvious

solve the handling and storage problems (piles, mud or grouting
material) as well as the accomodation problems.

In view of this the semisubmersible was equipped with two
Manitowoc 4100 W (180”"boom on the starboard side which was
close to DP-2 and 160"bcom on the port side for cargo handling

from supply boat).

The connection was realised by an approximately 22,5 m bridge
supported by a hinge connection fixed on the Drilling module 1
south east corner (and later on, within the support frame flange)
and by a sliding support on the semisub deck, In case of discon-
nection, the bridge was left hanging from its support on DP-2,
as shown on following drawing nr. 9036, after lowering of the

free end by mean of an air winch fixed on the semi sub deck.
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d)

This type of connection allowed a 1,5 m safe movement
in all horizontal directions, i.e. a heave of + 3 m

approximately,

Furthermore, the Treasure Hunter having been a Drilling
platform, it was possible to use the storage areas (for
piles, containers, paint, small equipment, etc.) and the
storage tanks (7 tanks of 68 cu.m. each, were available for
bulk material) which smoothened considerably the offshore

material supplies.

The crane capacities did not allow the pile strings handling
and lowering in the hole, for clearence problems it was not
possible either to stab pile sections directly.

The piles sections were transfered by the semisub to pile
transfer racks {one on east side of each drilling module)

and then handled by the stiffleg cranes from these racks to pile

storage racks (one between each stiffleg module and drilling module).

The same problems might have cccured during the driving phase,
and would have required either a crame onboard the structure

or a bigger crane on the semisubmersible.

For this piling phase {from October 10th to February 21st 77)
the efficiency of this semisub might be illustrated by the

following figures

alongside DP-2 70.3 % (1)
breakdown of crane(s) {( 2,8 % of (1))
walting on weather 21.1 %

stand by due to other operations 8,7 %

Roughly speaking, the semisubriisible was operational 80% of the
time, which is a remarquable result. The installation team had a
very heneficent tool at it's disposal the use of which reduced

the insert piling period in an immeasurable manner.

A complete report of activity is attached to the present report

(annex 20 .
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422 TRANSPORTATION MEANS

4221 CARGO BARGES AND TUGS

a) Intermac 600

The DP-2 jacket was loaded 24th April 76 and the barge
left Cherbourg on May 6th. The launching barge was

on charter from March 10th to May 18th. 1200 and
released to Oceanic Contractors for Occidental in
Cherbourg five days prior to minimum 75 d time period

end,

The riding crew consisted in 3 "SEa and Land" Seamen

and a NDA representative.

b} Other Cargo barges

The chart & shows 76-77 DP2 installation season
with the cargo barges used, indicating the mobili-
sation and demobilisation dates, the loading and

offloading dates and places for DP2 packages.

c) Roughly speaking, for one jacket plus 12 permanent
packages and 9 temporary packages plus scrapped
material, i.e. for cne jacket plus 30 trips,an
approximate total of 75 d of launch barge and 1000
days of cargo barges might be allocated to the DP2
project. (275 d must be allocated to the temporary
work deck and ringer story and 325 d to the Drilling

modules).
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4222 SUPPLY BOATS

4.

Apart from the normal daily supply boats to Frigg Field
whieh cannct be alloctated only to a particular instal-
lation, the DP2 installation requestedthe complete
mobilisation of a supply for a twice a week trip to
Peterhead (used for crew changes and for miscellanecus
cargos and later on shared with QP installation) and
additionnal supply boats to construction or prefabrication,
yards (St. Wandrille, Cherbourg, Ardersier..) or Oceanic

Contractors bases {Antwerp., Ardersier...).

The whole fleet was managed by the logistic group,

the transportation requests being prepared by the instal-
lation group or the management group.

The Peterhead- Frigg supply boat was however an exception
to the above rule and was entirely managed by the manage-

ment group.

PERSONNEL TRANSPORTATION

The Cceanic Contractors crew changes were performad through
the DB22 spread, From the DB22 demobilisation date and
until the drilling crew demcbilisation (15th Oct. 76 to

20 Febr. 77) the contractor was requested to arrange
helicopter flights directly from Aberdeen.

This has been quite an excepticn, the helicopter transpert-
ation having heen normally managed by the logistic group

and performed through ....way.
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423 THE INSTALLATIONS AIDS

42 31 The temporary work deck, matt and Ringer crane.

Q TFabrication

The decision to start fabricaticon of the temporary
work deck (TWD) was made end January 76. TFor this
fabrication, a part of a previocus work deck bhought
for QP but unused would be used. The fabricator

was Monberg and Thorsen A/S (Aalborg-Denmark), the
designer Mc Dermott and Brown and Recot was in charge

of the fabrication supervision,

The estimated date of completion was May 1lst, the
TWD was originally designed to receive two stiffleg
cranes but the decision was made in March to use a
ringer crane on a matt support to be skidded on top
of the TWD, The new work involved, as well as some
problems of material delivery delayed the loading
date by one months; an increase of approximately 100%

in cost is also to be mentionned.

End March, Mc Dermott Scotland was chosen, for the
fabrication of the matt, to support a ringer crane
rented from Greenham through Oceanic Contractors,

the estimated date of completion was June 1lst and

the package finally left Ardersier on June 16th for
Dusavik where the final tie dewns and rigging were

made. A single lift operation was planned, After

a trip on frigg, =»d the cancellation of the operaticn,
the barge was finally back in Ardersier on July 5th,

where the matt was stored, then scld.

A lot of small equipment was also required for this
operation such as one air compressor, one 10 KVA gene-

rator, fuel and water pump and tanks, for the self

containtment of the ringer and racks for piles transfers
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Technical datas

The TWD weighted B00St and consisted in a 4 legged
structure to be stabbed on top of the centre legs of
the jacket. The deck framing is described in the

drawings ELN 2144 975 and 976.

The matt welghted 350 st and was to be skidded along
the longitudiual rows of the TWD. The ringer equipped
with a 160 ft boom was also planned to be displaced
on the matt, for this reason the counterweight
consisted in a watertank empty during displacement

and filled before lifting operaticn.

the lifting capacities of the unit is summed up in
the following table which shows that a few positions
were efficient and that consequently several displace-

ments would have been necessary during the piling phase.
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ringer capacity

“Lmatt

n | i 11 v
location
1 2a 1 1
1 1 24 1 1
1 24A 1 1
2 1 2A 1 1
1
3 28
es 3 28 2A
4 3 FRT c FRT 2B FRT 2B FRT
2A 2A 2a 1
5 2A  FRT &8 FRT 2A FRT 1
_ 2A 2A 1 1
6 1 2A 1 1
c c 3 a
7 C FRT c FRT c FRT c ERT
28 28 2A 2A
8 3 FRT a FRT 2B FRT 88  FAT
2 2 1 1
9 -] FRT 2 FRT 1 1

x ——1last Pi (ex DPl) which has been

X
.

FRT

{

added when ringer is no more
able to lower pile string

ey

- 7

—

lw»id but with DP2 PF

¢ means complete pile string

means ringer able to stab FRT
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4232 PILE ALIGNMENT DEVICES AND FOLLOWERS

a) False rotary tables (FRT)

b)

c)

d)

Twe large FRT were available from QP and DP-1 and were
modified and repaired te fit DP-2. Four support beams
and three support frame were also available,

The ringer would not have been able to 1ift the FRT

and its suppert frame, a third support frame was

then in stand by, stabbed in a follower guide, The four

beams were permanent.

For the precise alignment before pile welding, twe
bear cages (see drawing 970) were fabricated.

After cancellation of the Ringer crane, one of these
bear cages was modified and formed, together with a
FRT support frame, a small FRT which was really effi-

cient for the pile followers welding.

The average duration of the primary pile followers

stabbing is as follows

1. 1 rockwell connection, 2 welded connection
duration is similar whatever system is used (TRT

or Small FRT) and is arcund 28 h.

2. only 4 rockwell connection with the FRT : duration

is around 10 h total.

3. the FRT looses a lot of its intevest if welded
connections are used : 1 Rockwell and 3 welds gave

a duration of 35 h average.

Pile followers.

4 gsets of followers were built in the fabrication yard
and consisted of one 80 ft with a remote disconnect
Rockwell breech block connector and twe 60 £t and cone
80 ft with rockwell breech block connectors, 2 PF4 for
drilling were also available.

Later on, the decision was made to fabricate 8 new sets,

from DP-1 primary piles.
- 90 -
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4.

42:34

Some top secticns of the QP followers also had to be
used as well as sections made up offshore from cut-

off of previcusly driven piles.

HAMMERS

The hammers used were the steam hammers Vulcan (060 and 560
with a rated striking energy of respectively 180,000 and
300,000 Ft x 1b.

A complete description of these hammers is enclosed in

annex 5

Minor problems were encountered during the driving phases
and concerned mainly the steam hose connection which

broke loose.

All but three piles were driven to final 601 penetration
without refusal, 5 were driven by 060 and 15 with 560.
The average driving time is 1 h 45 min per pile (from 2:4mn
te 5 h 53 mn for B4l, with 2 changes of hammer, the 560

trip arm being broken).

DRILLING MODULES AND EQUIPMENT

a) Two drilling modules fromOceanic Contractors were used
on DP-2, and located as per drawings SK 040 and SK Oil.
Each unit consisted in :

- a d....Ing module (DM)

- a stiffleg module (SLM)

- a stiffleg substructure (SLSS)
- a Hughes Rig

~ a pipe storage rack

_95..



A more precise description of the drilling
equipment is enclosed in annex 5 .

the grouting equipment is also described in the

sdme annex.

b} Both drilling modules were demcbilised from Piper A
platform and transfered to Antwerp. where they were
mobilised for Frigg on August 5thy
the demobilisation from Frigg (time of arrival of
cargo barge in Ardersier) took place on :

1ith January 77 for DY south

13th January 77 for SLM and SLSS south
8th February 77 for DM north

13 Pebruary 77 for SLM and SLSS ncrth

¢} The lifting on to DP-2 was completed on August 1hth
for the south part and August 18th for the north part.
The drilling started in pile B12, on September 17th,
after more than one month of hock-up for the south
module and in pile A42, on September 21th after the same

hook-up period for the north module.

d) The efficiency may be summed up in the following table
which concerns only the drilling works up tc and

including the pile followers removal.

DM SOUTH DM NORTH
HOURS % HOURS %
total 2184 120 2280 100
working 483,75 67,9 1570 68,9
mechanical down time 98,50 4,5 139,25 5,1
WOW 601,75 27,6 570,50 25,0

_96_
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4235 THE TEMPORARY HELIDECK QUARTER.

a)

b)

The fabrication by EAE of a 40 men helideck-quarter
module was decided mid July 76, and the estimated
completion date was Sept. 15th. The cargo barge finally
sailed from fabrication yard (Beecles) on Oct. 10th
cnly, and the lift was further delayed due to DB22

and adverse weather, and was performed on Oct. 30th

by 1601,

The hook-up was performed by FAE and SLP (for electri-
city) and on Nov., 13th the quarter was ready for

occupation,

The quarter was removed from DP-2 on Jan 77, 16th and

used again after modification for TCP-2.

TECHNICAL DATAS

- The modules consisted in a two storied frame
supporting 5 eight men accomodation units on the
first floor and the service areas on the ground
flocr. The framing is described in drawings OCI

2240 926 and 928,

- The arrangement of the twe floors are shown

on EAE drawings 80A and 90A.

-~ The potable water system is described in drawing
SKets  and was using the permanent pump installation
in the support frame pump house, but the header tank
was not instalied and the SLSS north tanks were used

instead.
~ The fire water system was simply connected tc the

fire water system of the DM and consisted in 6 fire

hoses.
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= The clectrical system was bascd on three generator
located within the SLM north : two were 250 KVA

duty alternators which could be run in parallel through
an automatic change over device, the third one, a

30 KVA emergency generator supplied only the basic
services board. A switchgear rcom was located on the
north side of the module. The emergency generator

was later on protected in a A6Q room.

- The radic equipment was supplied later by EAE and

consisted in the following equipment :

DC powered sailor type T122/R106, 32 Tx/Rx crystals
with asrial timing unit and charger, rectifier and
24V battery banks

AC powered sailor type T122/106, 32 Tx/Rx crystals
with aerial tuning unit.

Radio beacon 190/65C and 15006/1800 KHz

aeromobile VHF, type Narco VHF/AM

synthesised Marine VHF radio (type RT 144 155/163,2
MHz).

Furthermore a facsimile and a VHF point to point

radio units were installed later on.

4236 THE STORAGE MEANS

The Treasure Hunter was of great help as far as storage

was concerned, Bulk material (cement, mud products) were
stored in her 7 tanks and pumped through the bridge

in the platform tanks when necessary, the pile sections
were stored on an open area served by the two Manitowoc,
and transfered toc 2 ea pile transfer racks from where the
SLSS were able to pick *»em up and to transfer them to 2 ea

vertical storage racks.

The storage capacitiss were
1 set of insert piles per transfer rack
2 sets of insert piles per storage racks
L4 sets on board the Treasure Hunter

i.e. a total of 10 sets stored simultaneocusly. /
- 105 - oot



In addition te this pile storage, three work platforms
were designed (from the transfer racks planned to be

used with the ringer) to be installed in cantilever

on the west and south sides of the DM, which made a total

area of 490 mQ, but only 2 of them where Installed.
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E; RATIOS AND COSTS.

51 THE PLANNING FOLLOW UP.

514 THE PRIMARY PILING AND LIFT MCNITQRING SYSTEM.

& DEFINITION.

Each basic task was estimated in half days ; the cumula~
tion, expressed in working days led to an estimated work
duration of 22 weeks ; each task was then expressed in

percentage of this duration (called weight factor).

The monitoring system presented in the following tables
was reconditionned when the decision to cancel the matt/
Ringer was made, this is the reason why the weight factors

are not multiple of a same basic factor.

b tHE rRESULTS.

If we distinguish the piling work from the lifts and use

the exact completion dates we come to the following values:

a) PILING :

Starting date of monitoring system : May 29th
completion date Aug. uth.
duraticn = 1632 h for 55.02 points

value of one point : 29,7 hours

L) LIFTS

Starting date : Aug 4th

ending date : Sept. 10th (90% only)
duration : Ba3% v for 34.98 points
value of one point : 25.4% h.
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These values lead to the following durations for some

specific cperations

Remove 52" buoyancy tank
or
add DP-1 followers and drive pile {see remark below)
duration : 18 h
grout pile, duration : 20 h
set false table and stab primary pile
or
add DP-2 followers and drive pile (see remark below)
or
remove 100" or 148" tank
duraticn : 23 h
Set and secure TWD ; duration more than 5 days
remove TWD : duration : 69 h
prepare legs and piles for support frame
duratien : 4,75 days
set and tie down support frame and inspect and repair welds
duration : approx. 9 days
set SLM, SLSS or DM
duration : 20 h
tie down modules

duration : 40 h

Remarks

1)

2)

3)

these figures include the weather factor but onelShOuld
add, anyway, a new weather factor if the operation is
undertaken in ancther period of the year.
it is obvious that these figures are depending of the
means used
some differences are not significant, for instance
between DP-1 and DP-2 followers
(i.e. between welded ur rockwell connections).
The actual figures obtained in previous section are the
following :
- 4 rockwell, made up with FRT : 10 h
- 1 rockwell + 2 welds, whatever alignment device

was used : 28 h
= 1 rockwell + 3 welds with FRT : 35 n

- 108 - R SN



MONITORING SYSTEM

- malnpiling - lifts -
ACT ACTIVITY DESCRIFTION Weight
No. factor
1 Remove 62" diameter buoyancy tank A-1-1 0.61
2 Remove 62" diameter buoyancy tank A-1-2 0.61
3 Remove 62" diameter buoyancy tank A-1-3 0.61
Y Remove 62" diameter buoyancy tank A-1-4 0.61
5 Remove 62" diameter buoyancy tank A-4-1 0.61
) Remove 62" diameter buoyancy tank A-u4-2 0.61
7 Remove 62" diameter buoyancy tank A-4-3 0.61
8 Remove 62" diameter buoyancy tank A-U-h 0.61
9 Remove 62" diameter buoyancy tank B-1-1 0.61
10 Remove 62" diameter buoyancy tank B-1-2 0.81
11 Remove 62" diameter buoyancy tank B-1-3 0.61
12 Remove 62" diameter buoyancy tank B-1-4 0.61
13 Remove 62" diameter buoyancy tank B-u-1 0.61
14 Remove 62" diameter buoyancy tank B-4-2 0.61
15 Remove 62' diameter buoyancy tank B-4-3 0.61
16 Remove 62" diameter buoyancy tank B-4-4 0.81
17 Grout A-2 center pile to jacket leg 0.67
18 Grout A-3 center pile to jacket leg 0.67
19 Grout B-2 center pile to jacket leg 0.67
is Grout B-3 center pile to jacket leg .67
20 Set temporary work deck 0.61
21 Secure temporary work deck 3.68
22 Set false rotary table & stab primary
pile A-1-1 0.77
23 - Add D-P-1 follower & drive A-1-1 0.61
24 Grout A-1-1 0.67
25 Set false rotary table & stab primary
pile A-1-2 0.77
26 Add DP-1 follower & drive A-1-2 0.61
27 Grout A-1-2 0.67
28 Set false rotary table & stab primary
pile A-1-3 0.77
29 Add DP-2 follower & drive A-1-3 .17
30 Grout A-1-3 0.67
31 Set false rotary table & stab primary
pile A-1-u 0.77
32 Add DP-1 follower & drive A-1-4 0.81
33 Grout A-1-4 C.67
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ACT ACTIVITY DESCRIFTION Welght

No. factor
34 Set false rotary table & stab primary

pile A-t-1 0.77
35 Add DP-1 follower § drive A-U4-1 G.61
36 Grout A-4-1 0.67
37 Set false rotary table & stab primary

pile A-4-2 0,77
38 Add DP-1 follower & drive A-4-2 0.61
39 Grout A-u4-2 Q.67
40 Set false rotary table & stab primary

pile A-4-3 0.77
41 Add DP-2 follower & drive A-4-3 0.77
42 Grout A-u-3 C.67
43 Set false rotary table & stab primary

pile A-u-j .77
Ly Add DP-1 follower & drive A-i-H 0.61
45 Grout A-4-L4 ¢.67
46 Set false rotary table & stab primary

pile B-1-1 0.77
oy Add DP-2 follower & drive B-1-1 0.77
48 Grout B-1-1 0.67
49 Set false rotary table & stab primary

pile B-1-2 0.77
STt Add QP follower % drive B~1-2 0.77
51 Grout B-1-2 0.67
52 Set false rotary table & stab primary

pile B-1-3 0.77
53 Add QP follower & drive B-1-3 0.77
54 Grout B-1-3 0.67
55 Set false rotary table & stab primary

pile B-1-4 0.77
56 Add DP-2 follower & drive B-1-4 0.77
57 Grout B-1-4 ; 0.67
58 Set false rotary table & stab primary

pile B-4-1 0.77
59 Add DP-1 follower & drive B-i-1 0.61
&0 Grout B-i-1 ‘ 0.67
61 Set false rotary table & stal .. imary

pile (B-y4-2) 0.77
62 Add QP follower & drive B-4-2 0.77
63 Grout B-4-2 0.67
64 Set false rotary table & stab primary pile

B-4-3 0.77
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ACT ACTIVITY DLSCRIPTION Welpht
No. factor
Bh Add QP follower & drive B-4-3 0.77
L Crout B-4-3 0.67
6/ et False rotary table & stab primary
pile B-h-u4 0.77
68 Add DP-1 follower & drive B-i-u 0.61
69 Grout B-L-4 0.67
70 Remove temporary work deck 2.31
71 Remove 100" diameter buoyancy tank at A-2 0.77
72 Remove 100" diameter buoyancy tank at A-3 0.77
73 Remove 144" diameter buoyancy tank at B-2 0.77
T4 Remove 144" diameter buoyancy tank at B-3  0.77
75 Prepare legs & piles for support frame 3.85
76 Set support frame 1.54 Sub tofal - 55.02
77 Tie down support frame 4.62
78 Inspect and repair support frame welds 2.31
79 Set stiffleg module on CL2 0.77
80 Set drilling module on CL2 0.77
81 Tie down stiffleg module structure 1.54
82 Tie down drilling module sub structure 1.5%
83 Set Hughes rig on drilling module 0.77
84 Set pile rack 1.54
85 Set pipe rack on stiffleg module 0.77
86 Set stiffleg sub 0.77
87 Tie down stiffleg 1.54
88 Set false rotary table on drilling mod. 0.77
89 Set stiffleg module on CL3 0.77
a0 Set drilling module on CL4 0,77
a1 Tie down stiffleg module 1.54
92 Tie down drilling module 1.54
93 Set Hughes rig on drilling module 0.77
9y Set pile rack 1.54
g5 Set pipe rack on stiffleg module 0.77
96 Set stiffleg sub structure 0.77
97 Tie down stiffleg sub structure 1.54
98 Set false rotary table on dril?ing mod. 0,77
99 Set helideck and quarters module 0.7
100 Tie down helideck and quarters 1.54
101 Hook up helideck and quarters 3.85
102 Set and Hook-Up miscellaneous equp 3.85
Total 100
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4) from the first removal of 62" tank to the last
primary pile grouting, 36 days were spent i.e:
2,25 days for one complete pile installation
using the Ffigures cbtalned with the monitoring
system the value of this operation is 2.33 days
(with welded followers) or 2.54% days (with rockwells

which prove a good correlatiomn.

THE PROGRESS CURVE.

On the following curve, the progress is plotted in
percentage (cumulation of the weight factors of per-
formed work) versus the time, two dotted lines repre-
sent the scheduled progress before and after cancella-

tion of Matt/Ringer.

For more detailed dates, one should refer to the general
installation planning included at the heginning of the

present report,
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512 THE INSERT PILING MONITORING SYSTEM.

a

DEFINITION.

The same system as the previous phase was used in the
present case, and resulted in the table of the following

page concerning one pile.

The hook up of the drilling mcdules was excluded.
The duration was estimated te 4 months i.e. approx 15 days

per pile and per DM.

THE RESULTS,

One should refer to the progress curve of the following
pages.

The first two months are marked by a quite low progress ;
this is due to the fact that the monitoring was not recording
the hook up of the drilling modules nor the anchorage of

the Treasure Hunter alongside DP-2 (from Cet 3rd to Oct 15th

no work was performed on DP-2 due to this anchorage).

The first hole was started on Sept. 17th and the installa-
tion was completed on Dec, 19th i.e. 94 days minus 12 days
due to Treasure Hunter i.e. 82 days for 50 points and 8 piles
(per DM) which means : 10.3 days per pile

39.4 hours per point

When both drilling modules are fully operational the slope
of the curve is 79 points from Oct 30th to Dec 24th i.e,
1344 h (56d) which means : 8.9 days per pile

30.0 hours per point

These last figures lead to the following result :

72 h for drilling to TD
which is quite well verified by the drilling records
and means a drilling speed of

13 mn/ft or 1.4 m/h
while the drilling procedure was recommending

a maximum of 15 mn/ft !
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MONITORING SYSTEM

- INSERT PILING -

ACT bpP-2 INSERT PILE weight
No. PILE A.1l.1 factor
1 Install 90 ft follower 0.2
2 Drill to depth 2.1
3 Short trip te tip of primary pile 0.2
Y Remove drill string 0.3
5 Remove pipe rack 0.05
6 Reposition Hughes rig to next sleeve 0.05
7 Reposition pipe rack on hughes rig 0.05
8 Reposition F.R.T, over pile sleeve 0.05
9 Stab IP1 g.2
10 Stab IP2 0.2
11 Preheat, weld, cool, check US, lower pile 0.3
12 Stab IP3 0.2
i3 Preheat, weld, cool, check US, lower pile 0.3
14 Stab IP4 0.2
15 Preheat, weld, cool, check US, lower pile 0,3
16 Stab IPS 0.2
17 Preheat, weld, cocl, check US, lower pile 0.3

18 Make up Vetco rumning tool, 5" drill pipe
and lower pipe 6.2
19 Grout first stage 0.2
20 Grout second stage 0.1
21 Remove running string 0.1
22 Remove follower 0.45
6.25

6.25 x 16 = 100
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C THE DRILLING MODULES HOOK UP.

The lifting of the drilling modules was completed on
Aug 18th and both drilling modules were drilling on
Sept. 21st which means more than one month or approximately

35,000 man x hours of hook up/conditioning of these mcdules.

(j THE HELIDECK-QUARTER MCODULE HOOK UP,

The H/Q module was Set on Oct. 31lst.

A monitoring system was used for the follow-up of this hook

up
Weight factor

Electrical system 40

Place generator 4,0

run power trays 8.0

run power cable 8.0

hook up cable 18.0

Place fire wall 2.0
Fresh water 36

Install control panel 7.2

modify tank 5.4

run cable 2.9

Run and connect hoses 2.9

connect filter 3.2

connect chlorinator 5.4

hock up cable to control unit 9.0
Fire water 8

piping from DM 6.4

hose reels commection 1.6
Sewage system 8

sewage line | 2.0

connect system ' 2.8

Replace damage pipe 3.2
Miscellaneous : 8

helideck lights 2.8

paint helideck, install net 2.8

weld plate DM/H-Q 2.4
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The progress curve was then the following :

progress
100 |

50|

v

I234 56 7829 101l 121314 151617 NOV.

on Nov 15th the only outstanding items were the approval
of the helideck, the completion of the radie installation
and the visit of the unit by the authorities.

5 2 RATIOS.

521 THE EFFICIENCY FACTORS.

The efficiency factors have been described together with the

corresponding equipment but are gathered hereunder :

a) DB22
Work 87.5 61.4  work 53.6
Mooring 12.5 7.8
Breakdown 9.1 ] 3.5
Sailing 31.6 } 38.6 stand by 12.2
W.0.W. 59.3 22.9

100%
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b) TREASURE HUNTER

along side DP-2 70.3 (1)
break down of crane (2.8 % of (1))
W.0.W. 21.1
stand by due to other operations 8.6
100%
) DRILLING MODULES

DY south DM north
working 67.9 65.9
mechanical down time 4.5 6.1
W.0.W. 27.6 25.0

100 100

5 282 THE CONSUMPTION RATIOS.

a THE MUD PRODUCTS COMSUMPTION.

The average requirements popr hole were the following :

bentonite

CcMC

Drispac

Caustic scda
Drilling detergent
antifoaming

LMC (cecpag)
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b THE CEMCNT CONSUMPTION.

al

b)

53 THE COST.

primary piling - class G/B cement.

an average of 620 cu.ft of slurry was injected for the
primary pile grouting, with a slurry weight of approx.
15.8 Lb/gal. This gravity corresponds to 1.15 cu.ft of
slurry per sack (one sack being 94 Lbs), which means that
each grouting was requiring an average of 539 sacks, or 50

Kips (23 mt) of cement per pile (370 mt total)

insert piling - Diacemoil

an average of 3612 cu.ft of the slurry was injected for the two
stages of the insert pile grouting, with a slurry weight of
approximately 12.5 1b/gal.

This gravity corresponds to 2.05 cu.ft of slurry persack, which
means that each grouting was requiring an average of 1762 sacks,

or 165 Kips (75 mt) of cement per pile (1200 mt total).

The figures (in KNOK) appearing in this paragraph are issued from the

fall 76 and fall 77 cost estimat es.

The present paragraph will try to bring cut an idea of the cost of the

two main phases.

531 THE MAIN PILING,

The cost of this operation includes :

ncte :
Launch barge and tugs 11,1% 1y,265 (1)
Derrick barge from 01/05 to 01/08 4k 1% 58,555

barge : 42730
add tug : 2260
consumables (15%) : 6750

diving : (4855) (2)
KD Marine : 3,725
consumables {15%) : 560
Extra saturation : 570
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TWD

% purchasing price
modification
management

cargo barge

tugs

Matt and ringer
Matt fabrication
Rental crane :
add equipment

Pile transfer racks
barges for M/R,PTR

tugS ¥t 1" "

additionnal cargo barges
1970
2000

barges

tugs

small equipment
followers
FRT

small equipment

Diving

Special work
positionning

loading, sea fastening
add work

Logistic
supply boats
consumables

stand by boats

Management

5200 Oceanic
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7,240
10,725
405
1,200
1,265

3,790
550
390

3,280

1,690

1,770

2,900
1,520
1,150

660
4 @
800

3,800
00
200

4,230

Total

16.2% 20,835
(3)
()
(5}
8.9% 11,380
3,1% 3,970
4,3% 5,570
(6)
(7)
3.9% 5,050  (8)
1.4% 1,860
3,6% 4,600 {9)
3,3% 4,230 (13)
128,355




NOTES :

(1) : this figure consists in a lump sum of 75 d = 2,500,000 US

dellars minus a back billing for a early delivery to Occidental.
+ 50 days of tugs.

(2) : the total cost of the diving was allocated for 85% to DP-2
(except for extra saturation : 100%) 3 these figures are taken

pro-rata of the duration (75% main, 25% insert).
(3) : this figure is picked up from the final cost report.

(4) : See chart © of “"the means" section where 85d may be allo-

cated to TWD, the average cost being 2,500 US dollar per day.

(5} : the cargo barge is needing a tug 60% approx. of the time

{50d) and average cost is 4,500 US dollar per day.
(6) : this includes only the DP-1 primary piles modification.
(7) : this includes - the modification of DP-1 and QP tables
- the fabrication of the small FRT
- the fabrication of supports and frames.

(8) ¢ the whole cost of this line is allocated to this phase.

(9) : this line does not include the catering, helicopter

transportation which are cffshore common expences,

(10)

Only 3 months among the 8 months of 76,
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532 THE INSERT PILING.

The cost of this operation includes :

~ derrick barge from 18/8 <to 27/10

barge : 32,510

add tug : 1,720
consumables : 4,880
diving : 1,625

- Semi submersible up to end Feb. 77

semisub 28,875

consumabhles 4,330

- cargo barge and tugs
harges 700
Tugs 760

= Drilling modules

Rental 57,520
crey 32,945
consumables 9,530

add. equipJC 3,360
cargo barges 3,170
tugs 3,420

- DP-2 521f containment

H/Q fabrication 10,
miscellaneous eqt 2,
cargo barges
tugs
- logistic
helicopters 1,
- supply boats 4,
consumables
stand by boats
~ Management
5200 Oceanic 9,
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600
400
700
760

740
¢70
610
140

040

Total

18,8%

15,4%

51.0%

[4%)
.

(=]
o

=
.

N
o9

k9,735

33,205

1,480

109,945

14,460

6,560

9,040

215,405

(1)

(23

(3)
(3)
(4
(5)
(6)

(2)

{(7)
(8}



An extra cost must be added to this total which is the extra
bonus (28,150 KNOK = 15% of the cost engaged by this phase)

given to Oceanic Contrators for the respect of the planning.

Notes : (1) Same as note (2) of preceeding §
(2) 50 d are aliocated to the insert piles and 50 to H/Q
(3) this figure is covering 76 and 77.
(4) this figure includes 16 piles x 80,000 US dollar
each (for 76)and 15% of rental cost(for 77).
{(5) +this covers the Welex and Dowell equipment.
(6) 225 d are allocated to the drilling mcdules.
(7) Special Oceanic chartered helico.

(8) Same as note (9) of preceeding §.

If we include to the above cost, the Oceanic Contractors
bonus and the cost of the lifting operations (see following
sub secticn.) the total cost of this insert piling phase may

be estimated to be

total 290,180 KNOK  100%
equipment and work 215,405 KNOK 4%
Oceanic bonus 28,150 KNOK 10%
1ift operations 46,625 KNOK  16%
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B2. lifting operations



GENERALITIES.

After a brief description of the organization in place, the present

subsection will try to give basic technical datas on the big lifts

operations performed on DP-2 in four main steps

- 1ift of the support frame

- 1lift of the temporary drilling modules

- removal of the drilling modules and lift of the
production modules

- 1ift of the Unifor I drilling rig.

We will mainly illustrate the following subject

a)

THE DETERMINATION QOF THE WEIGHT :

none of the packages lifted onto DP-2 had been weighed precisely.
The information in this matter was generated from these different
agents : the designer, the fabricator and the 1ifting contractor

(the latter simply recording the lift during the operatiocn).

The discrepancies between these three origins are sometimes really
large and the difference between the highest and lowest weights is

sometimes up to 25 or 30%.

One of the consequences is that the designer was obliged to use the
maximum weight known at the time of the design, which generally was

his own !!

We are nevertheless convinced that the accuracy on the weight has no
big interest by itself and that it is more important to check azccurately
the location of the centre of gravity and the length of the slings to
obtain a precise idea of the out-c” 'eval of the package during the 1lift

and to correct it, if need be,
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We would consequently recommend te plan, during the construction

phase, a weighing of each package, using jacks and cells.

THE SLING ARRANGEMENT CHECKING :

As it will appear in this subsection, our specialists' philosophy
in matter of lift calculation changed step per step until it came

in accordance with the insurance body consultants' one.

THE INSTALLATION AIDS :

A general comment should be made here about the package guiding
system, This system consists in tugger lines rigged from the Derrick

tc the package and in a bumper-guides system on the receiving deck,

The bumper-guides system, illustrated by the Unifor I 1lift sequence,

functionned satisfactorily and this concept should apply in general.

As far as tugger lines are concerned, we have to mention that the
majority of the problems, which cccured during the 1ift operations,
were generated by these lines. It should be obvious that they are in
fact one of the most important element of the lift procedure, and that
their routing, strength, elasticity and attach point should be precised

and checked.

This last point is left to the barge experience, but should in fact be
treated together with the slings or pad eyes calculation or the anchor

pattern.
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2 THE PROJECT ORGANIZATION.

21 THE SCOPES OF WORK.

The heavy lift operation requires specialised personnel

and procedures.

21,

22

THE ELF AQUITAINE TEAM.

The organization of the E1f Aquitaine team changed

during this phase and two periods may be distinguished.

The 1ift of the support frame occured in a period when

many heavy lifts were scheduled (15 lifts on CDP-1 between
July 16th and August 4th, 11 1ifts on TP-1 between July

12th and August 24th). During this period the specialists

of the lifting business were grouped in the technical assist-

ance section.

Later on, and mainly for the preparation and the follaow up
of the Oceanic drilling modules removal and the permanent
production modules and drilling Rig lifts, the specialists
joined the installation group together with the barge

supervisor.
This change, as already mentionned for the previous phase

gave smoother and more direct control of the cperation by

the installation group.

THE BACK UP ENGINEERINGS.

The engineerings are much deeper involved in the operations
when heavy lifts are stulied,

In fact, contrary to the "normal" barge work where procedures
are only recommendations or guide lines and descripticn of the
target to be aimed at, in the heavy 1ift case, the recommen-
dations of the engineering become strict regulations, by the

only and simple fact that the risk notion is more perceptihle
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215

+o the operation people, being also the crane and vessel

own risk.

The difficulty, in this matter, is that there are as many
ways to evaluate the factor of safety of a heavy 1ift

operation as there are different engineering companies.

The main companies involved in the DP-2 heavy 1lifts business
were, Mc Dermott with DB22, Micoperi with PM27 and ETPM with
ETFM 1601.

Their scope of work was often limited to the checking of the
sling arragement defined by our specialist, the design of
the lifting eyes and the checking of the structure of the

modules to be lifted, in the 1ift condition.

THE CONTROL ORGANISMS,

Q DET NORSKE VERITAS.

DNV was, in fact, not directly involved in the
1lift operation itself but mainly in the module
structure checking in the 1lift condition, and
only for the permanent production modules (which
furthermore are supporting the Drilling rig and

accemedation unit).

b  noBLE AND DENTON ASSOCIATES.

The NDA company has been explicitly requested'

to check the support frame, the production modules
and the drilling rig/accomodation unit 1ifts (none
of the temporary unit 1ifts have been checked by
NDA).
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244

The 1ift was approved after checking of the 1lift
arrangement design (slings, shakles, sister plates
if any, and padeyes) and after a visual inspection

prior to the barge departure.

The regulations issued by NDA, concerning the heavy
lifte offshore did not give precise information
about the way to evaluate the forces acting in

each element of the 1ift arrangement but only

about the factor of safety to be obtained ; this
resulted in a definition of the final lift arrange-
ment by continual approach being understood that

it had to comply with a criteria which was in fact

unknown.

THE MANAGEMENT ACTIONS.

The Oceanic contractors management group was kept
in charge of the management of all the temporary

packages lifting operations.

But for all the permanent units (althcugh Mc Dermott
had issue lifting charts for all these lifts,
assuming DB22 as lifting mean), the operation was
managed by the installation group, which then

maintained smooth contacts between :

~ the module designer (Mc Dermott) for the lifting
eyes design and the module structure checking

(1ift condition)

~ the det Norske Veritas for the module structure

check appro—-1

- the lifting barge and design office for the

establishment of detailed procedures
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- the NDA company for the approval of the 1ift

arrangement and procedure

- the logistic group for the package delivery and
rigging

- the 1ift specialist for the 1lift arrangement

supply and preliminary check.

2 2 THE CONTRACTS.

MICOPERI PM27.

no contract was written but a telex of intent was sent c¢n

July 27th, chartering the Derrick barge for 4 days starting
29th July. The barge was subchartered from BURMAH OIL develop-
ment 1td (Thistle) and delivered to Occidental (Claymore) after

the completicn of the work on Frigg.

The PM27 was in fact under this contract from July 29th, 12,20
to August 5th 16,30 3 the main work performed was the 1ift

of the DP-2 support frame and small lifts off QP (pipe rack,
Hughes rig, pile rack)

a detailed report of the PM27 activities is appended to this
report (annex 19 ).

E49/ETPM/OFFSHORE CONSTRUCTION SERVICES.

This contract, signed on September 21st, 76 was covering the
rental of the Derrick ship spread ETPM 1601 (plus two anchor
handling tugs & one supp' boat ) over the minimum rental
period from lst November 76 to 3lst October 77. This contract
was not directly managed by the installation group; it was
following the E51 contract, which covered the period from

30 June to 31 Cct. 1976.
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OTHER CONTRACTS.

The DB22? was alsc used for lifting operatiocns 3 she

was covered by the E22 contract (see subsection A).
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3 THE LIFT OPERATIONS.

3 1 THE SUPPORT FRAME.

3 11 TECHNICAL DATAS.

The support frame was bullt in St. Wandrille by UIE ;
it was leoaded cnto the cargo barpge mid July and sailed

to Stavanger on July 21st.

The main figures to be remembered are the following :

a) DIMENSIONS.

gQ,x'”j. I
"jﬁﬂ; //// py g
< . <]

Q)
=\

\\‘7 _'4000,_
o : ey
2 - T
3 g
i e S
| "
+7925 | Y, S
v o

All distances between leg axis (at elev. 7925) were measured
before departure and found equal to theoritical distances

less 40 mm average (2°/00).
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b)

c)

d)

WETGHT.

Structure 800 mt
lift weight 1060 mt  (of which 60 mt of equipment

in the pump house)

These figures were calculated by the fabricator from a

material take-off.

The 1ift weight computed by Mc Dermott was

structure 884 mt + 10% = 972 mt
casings 32 mt + 10% = 35 mt
pump house equipment 52 mt

total 1059 mt.

which was in very good correlation.

The centre of gravity was

193mm W
and 1859mm N of the geometrical centre (due to pumphcuse

and tanks on the north side).

Due to the above, the use of slings of equal lenght would
have induced an ocut-of-level between leg B4 (the lowest)
and Al (the highest) of about 3 meters, at the stabbing

point, which was unacceptable.

THE LIFTING EYES,

The lifting eyes were first located within the support
frame beam {(as shown on scheme 1).

The welding of the 48" @ reinforcement to the main beam
web had already met many difficulties and the constructor

refused to install this type of padeyes.

Deouble padeyes, lo....d under the beam and welded through
the legs, were then designed. (see scheme 2).

These pad eyes were designed for the 1ift load (1059 mt)
divided by 3 {only 3 slings acting) and multiplied by 2
{for dynamic effects).

i.e. 700 mt as vertical action.
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e)

The orientation of the pad eves was assuming that the
centre of gravity was centered i.e. the hook being above
the geometrical centre ; but the hook being in fact

above the centre of gravity, the action on the pad eyes

was deviated from the theoritical lime by about 6 to 72,
inducing bending which was considered as acceptable by our

specialist.

THE SLING ARRANGEMENT.

The use of Link plates was necessary as seen in c)
The sling loads were
385 st on A2, B2
255 st on A3, B3
there were several solutions proposed, all of them accepted

by the lifting contractor and our specialist but not by NDA,

The first one was using only Hea 114', 6" 1/8 @ slings
(405 st SWL) connected to the link plates by 400st Green Pin

shackles : this solution was giving a FCS of 3 -
breaking load _ 3 x SWL 3
sling load T a8s

The second solution proposed was using "home made" grommets

as shown here after :

300 st

114'x5" / 114'x5" (270st)
I._J

.+

link pla.‘te HOOK

~
o

0 st

11u'x6"1/8 /
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This solution was giving a FOS of more than 6 (using the
same calculation as for the first one) but using the
derating factor of grommets due to bending around the pad

eye pins, this FOS was reduced to 3,8

pin diam. - 50
= 1,4 3 efficiency = 100 _&E?E = 57%)

sling diam.

the final solution used 1s described here after :

2 ea. 300 st

bone shaped
link plate
%+

215 mm | 2 ea, 114!
pin x5"(270 st SWL)

/
T e

link plate

HOCK

e o

114'x6"1/8
3y (405 st SWL)

This solution pave a FOS of 4,8 on A3, B3 and 4,25 on the
A2, B2 side. These figures were finally accepted (but are

mentioned in the certificate of approval).
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3 12 THE OPERATION.

The 1ift was performed on Aug 4th by the Micoperi barge
PM27.

The package was picked up directly from the cargo barge
Refanut ; the PM27 was anchored on east side of the jacket
and heading to the north (the crane is located over the bow) 3
the cargo barge was approached several times on the starboard

side but excessive relative movements were observed.

The cargo barge was finally brought alceng side the 3rd at
19.00 ; the rigging of the slings to the hook was completed
at 23.00 and all sea fastening cut at 24.00. The 1lift by
itself started at 1.00 on the 4th ; the Martin Decker indi-

cated 1050 mt and, as forecasted, all link plates bent !!

The package was then swung to the bow but one of the air
tugger lines (for orientation of the package) broke and

during more than one hour the support frame was down in

water {to minimize movement) and rubbing cn the starboard

bow anchor line which needed to be slackened. Two new tugger
lines were rigged up and the package was about to be stabbed

after final swinging over port side at 4.00.

The stabbing operation lasted almost half an hour. The heave
was not excéeding 1 meter and the package was approximately
levelled (side 1 less than one meter too low) but the only
stabbing guides (see drawing 180) were the conical base of

the legs and this proved to be barely efficient.
After the package was set, it appeared that only Al & Bl were

completely engaged ; All other six legs had to be jacked out
and hcpefully finally engaged without any cutting of bracing.
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3 13 THE JACKET TO SUPPORT FRAME CONNECTICN.

The welding started on Aug 6th.
At the end of August all welds had been checked by magnetic
particles and ultrasonic inspections and repaired several

times and finally found acceptable except Bl.

The legs were rechecked by US end September and defects
(cracks up tc one meter length on Bl, 600 mm on Al i.e.
respectively 22 and 13% of the circumference!) were found
on Al, A3, B4 and confirmed on Bl. These newly discovered
cracks were due either to weld fatigue or non respect
of the welding procedure (especially of the preheating) or

even to the incompetence of the previous inspectors.

The final repairs were performed mid Januvary 77 ; electrical
heating cecils were used to obtain and keep a higher

temperature of the base metal (200°¢C).

A final cross check (US + MPI) was performed on January

16th and all legs found acceptable.

This particular point should never the less be checked to
fatigue in the future, due to the weak points shown on drawing

180 which are crack initiation points.

31 4 THE LEVEL SURVEY.

On the following page, the results of three different level
surveys are gathered :

- survey made on August 7th

- survey made on January lst
with SLM and SLSS wmorth still in place, and south end clear

~ survey made on February 8th with prcduction modules

A and B in place and north end clear.
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(The three curves obtained for each beam have been aligned

to show minimum difference at the leg level).

The slopes are the following :

Al/An
B1/BY
AL /BY
B1/AY

( Ay
(BY
(AL
(Au

Low) 0,5
Low) 0,3
Low) 0,4
Low) 0,4

o
/oo

o
/oo

o
/oo

0
/oo

es . A o . . .
the specificaticn was mentioning 2.5 /oo in all directions

32 THE QCEANIC CONTRACTORS DRILLING MCDULES INSTALLATION.

32 1 TECHIICAL DATAS.

The main datas are summed-up hereafter :

module :

DM north
SLMn
SLSSn
DMsouth
SLMs
5LSSs
Drill Rig
pipe Rack

wei
(sT

6CO
425
40
640
b5
400
110
120

ght
)

90"
30!
50"
90!
90!
50"

Slings

e 61!
® 61!
1l
X 3 =
X 6"
x B"
1l
X 3 5
¢
unknown

n

shackles
(ST, SWL)

300
200
300
300
200
200

The weights listed above were given by the barge during the

operaticns ;

the 1ift weights used by the engineering were

B65 st (600 mt)

DM :
SLM: 500 st {450 mt)
SLSS: 423 st {380 mt)
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322 THE OPERATIONS.

All these modules were lifted by the Derrick barge
DB22, and directly picked up from the carge barges.

All the lifts were performed between Aug. 10th and
18th. No problems occured except for the first stiff

leg substructure.

This package was well known for its instability and for
the disappointments encountered during the different

attempté to 1ift same on QP.

During the first attempt on DP-2, +the stiff leg crane
boom was up, but not secured against the boom stops
(approx. 1 ft clearance) and the No. 2 block was hooked

to the module basis just within the crane vertical shroud
axis ; the Barge was rolling from o2 to 32 over the
port side and the stiff leg boom start swinging to and fro
as soon as the package was taken off from the cargo barge.
The package was swung to the stern of the Derrick barge,
but the beom movements were cobviously too dangercus and it

was swung back and set down again on the carge barge.

An extension frame was welded to the SLSS and the Neo. 2 bleock
was hooked to it, 4 to 5 meters from the vertical shroud
axis ; the second attempt tock place two days later and was
successful ; the second stiff leg substructure was lifted

L days later, using the same system and without any problems
{except that the Derrick barge tried to pick up the package

before it was 100% cut loose from the cargo barge!).

The helideck quarter module was not lifted at the same period,
but much later by the ETPM 1601 {on Oct. 31st.) ; the 1ift
weight was 300 st according to the designer and 340 st accord-
ing to ETPM 16C1 Martin Decker ; no special problems are to

be reported.
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33 THE DRILLING MODULES REMOVAL AND THE PRODUCTION MODULES INSTAL-
LATION.

The drilling modules were removed in four steps by ETPM 1601 :

-~ DM, SLM, SLSS south, two pipe racks and two Hughes rigs
removed between Dec. 20th and 23rd (DM bottom beam wag damaged

during setting on Cargo barge).
- H/Q medule removed and set on 1601 deck en January 18th.
- SLSS, DM north removed and set on 1601 deck on February lst.
~  SLM north removed and set on cargo barge on January 8th,

No major problems occured during these operations. Hereafter are

informations concerning only the permanent production modules lifting.

331 TECHNICAL DATAS.

a) WEIGHTS.

Hereafter are gathered the result of the material take
off from ULE, the 1ift weight caleculated by Mc Dermott
and the values recorded by the ETPM 1601 Martin Decker.

MODULE Ul Mc Dermott ETPM 1IN FJCRD OFFSHORE
A 498 mt 560 mt 520 - 420 mt
B % 558 mt £30 mt %500 - BUd  mt
C 809 mt 690 mt 520 - mt
D

732 mt 790 mt 690 - mt

(% without the extension welded ontc the module when on 1601)

7 The modules were not weighed in the construction yard.
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b) THE CENTRES OF GRAVITY

All four modules had approximately their centra of

gravity located at the geometrical centre :

module Mc DERMOTT

A 82mm to E at geom,
{ 121imm to S { centre

B 26mm to E at geom.
{ 79mm to & [ centre

c 20mm to W LE0mm to S
{ 386mm to S

D 195mm to E at geom.
{ 337mm to N f centre

c) THEE LIFTING EYES.

In the present case alsc, the padeyes had to be re-
designed and relocated, due to fabrication problems

and mainly weld access.

I key (:t) ' 1“
planl }}l add _I:iE‘l_d_* i
; .\.\ JIR\\‘ .;
=] -y
p -1 A Y
I# I l \\‘
-
. T
HEM ) ::J[_‘
IR I
| I

/

problems

access

IPE

position 1 position 2
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They were moved from position 1 te position 2

In the latter the action from the padeyes on the
truss required an HEM 140 (resp. HEM 100) reinfor-
cement (marked # } all acreoss the deck of module

A and D (resp. module B and C),

d) THE SLING ARRANGEMENT,

Due to the location of the centre of gravity at the
geometrical centre, all slings had to be of equal length;
consequently, all slings were measured and link plates
were designed to compensate any small differences in

length and to obtain perfect matching.

A11 slings except for module C were reused from TP-1 ;
for module C, a first design was considering the use

of two slings per pad eye, connected to the link plate
through an equalizing plate, but later on, 4 new slings

were ordered and the same arrangement as the other modules

was used.
MODULE WEIGHT MAX .SLING SLING SWL =%
(design) load dim. (mt)
(mt) {(mt) L @
(m)  (mm)

A 563 161 33 155 186
B 626 174 28 150 175
C 692 208 27 172 ' 250
D 787 236 33 155 250

x (is equal to 1/5 x .85 of the minimum guarateed breaking

lcad)

All sling arrangencuts were visually checked and all

lirk plates tested by magnetic particles and/ordye

penetrant prior to barge departure .
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If we compare the minimum guaranteed breaking load,
reduced by the splice effect,with the maximum dynamic
sling load in a two points lift (approx. 4 times the
above max. static lcad) the safety factors obtained

are about 1.3.

The typical link plate arrangement is described below :

g 500 x 15 9 235

N/S & F/S

@ 229 pin

N/S & F/S

332 THE OPERATIONS,

The 1lifts being performed in the winter season, the lifting
contractor prepared the barge to receive back a module in
case something happened during an operation, considering
it might be too dangerous to set back a package on a cargo

barge when the weather is picking up.
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3:3:3

The operaticn was planned in two steps : remove drilling
modules south and 1ift modules A & B and then remove drilling
modules north and lift modules € & D. This would have allow
the driving of the conductor pipes through module A, using
the stiffleg crane in case the second step was too much

delayed due to weather.

The operation were in fact performed as follows :

22/23 Dec.: remove drilling modules south
27/28 Dec.: take modules A & B on board 1601
3/15 Jan.: weld module B extensions
reinforce mod A & B
17/18 Jan.: 1ift modules A & B onto DP-2
remove H/Q unit (mod.B on next picture)
1 Tebr: remcve DM, SLSS north
5 Febr: take modules ¢ & D on board 1601
8/9 Febr: remove SLM north and lift
mod. C & D onto LP-2,

The only problem which cccured during these operations was
the damages to the module C north truss which bumped over
a guide during final alignment. The bottom flanges of cne
HEA 800 and IPE 400 were badly twisted and had to be repaired
in situ (this was done only end Septmber 77 3 cost of the

repair, approx. 300 KNOK).

THE PRODUCTION MODULES POSITIONNING,

a THE PURPOSES.

This final positionning was necessary because the
modules had tc¢ I-» set 1) for A & B, with SLM and
SL5S north still in place 2) for all modules,

away from their final location due to the bumper/

guides presence.
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The targets were

a) = position module A versus the conductor
guide framing, the tolerance being + 2.5 mm in

both herizontal directions

b} - position module B versus module A, the
tolerance being + 1 mm in &ll three directions
(tolerance given by UIE for HP process lines

connections).

¢) -~ position medule C versus module B with same
tolerance as b) above and versus the support frame
with a tolerance of + 12mm (given by UIE for drain

connection).

d) =~ position module D versus module C, the
tolerance being + 25 mm in all three directions
(given by UIE for utility lines connections) and
versus the pumps casings, the tolerance being

+ 2.5 mm in each horizontal direction.

THE PROCEDURL AND MEANS.

Spacers were available from the construction yard
were the modules were pre-hooked up ; these spacers
allowed longitudinal positioning on the support
frame. These spacers had been marked in St. Wand-
rille as well as the deck plating of the medules,
to help alignment (spool pieces were used as final

spacers between mod. A/B and B/C).

Anchor platee ' Jack bears were located at each
corner and allowed lengitudinal jacking of modules
A,B,C towards North, longitudinal jacking of modules
B,C,D toward south,vertical and transverse jacking

of each module.
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The jacks were Enerpac jacks with a capacity

of 150 mt.

The procedure was to jack C first towards N to
clear B location, then locate B approx., then

A,B,C,D final in this order.

Oceanic Contractors was in charge of the jacking
and UIE (the hook up contractor) was in charge

cf final location survey.
C  THE RESULTS :

The jacking started Febr. 10th and was completed
Febr., 13th when final position was accepted by EIF
and UIE.

No vertical jacking was found necessary.

The results of the final survey are summed up in

the sketches of the following pages.

The relative locations of the modules are neither
within the severe tolerances given by the installatien
group, nor within the tolerances given by UIE, but
they are much more than acceptable and have contri-
buted to the good progress recorded for the piping

works at the begimning of the hook up.

34 THE DRILLING RIG AND ACCOMODATION UNIT.

The paragraph will give informati~n concerning only the following

Unifor I packages (see Unifor I Lay-out}).
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45

i

ALIGNMENT OF THE CONDUCTOR GUIDES

A Actual centre ( centre line of the conductor guide
inside module A )

] Theoritical centre ( centre line of the support-frame
conductor guides )

Notes : All figures in mm

Letters indicate the wells

Lo

A Centre line of pump

[ Centre line of casing

ALIGNMENT OF MODULE D
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MODULE 1 mud pumps package

2 mud tanks package

3 auxiliaries package

Y generator sets

5+ 6 Derrick substructure and girder
8 living quarters

10 bulks

341 TECHNICAL DATAS.

A dimensions and weights.

for all packages except 1 & 2, the pad eyes were located

so that the hook should be above the centre of gravity. For
1& 2, the C of & was approximately 400 mm from the pad eyes

geometrical centre.

Hereafter are gathered :

- +the weights given by Forex-Neptune for the drilling
deck in May 76.

- +the min. and max. weights given by Forex Neptune in
August 76.

- the 1lift weights used by Mc Dermott

- the weights recorded by ETPM 1601 on the Martin Decker.

(all figures are in metric tons)

mod FN FN Lift Recorded
May 76 Aug. 76 weight weight

1 198 195/260 260 300

2 180 500/300 300 200
'''' 3 154 150/179 170 160

b 285 2710/300 ann 250
‘ELEJA_*ﬁ“r4782 80/85 -

6 361 360/400

5+ 6 443 440/u85 505 500

10 78 75/80 80

2] 500 525 525
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THE SLING ARRANGEMENTS.

In the following table are summed up the rigging used

for each module.

The sling safe Working Load is generally calculated as
being 1/5 of the breaking load and reduced of 15% to 50%
due to bending over sheave or shackle bow. Three types cf
slings were used : single slings (mod. 3,4,5 + 6)

doubled slings (mod 8) or grommets (mod. 1,2,10).

The max. sling load is computed, assuming a Y4 points lifts

(statically indeterminate).

Module 1ift max Sling SWL Shackle | Link
weight sling L @ % (SWL) plates
- (mt) (mt) (m) (mm) (mt) (mt)
1 260 85 12 95 112 (75) yes
2 300 93 13 95 112 (75) yes
4x130
3 170 68 18 24 87 {1*%0 no
12700
4 300 127 28 152 175 Q85)z4n30 no
4x500
5+ 6 505 167 27 172 260 (85) yes
10 80 24 18 95 75 (50} 4x130 no
8 525 175 27 108 93 .5x0 4x200 { mo
(.85)

% the efficiency (reduction due to bending) is into brackets.

If we compare the SWL with the max. static sling load, the
factor of safety is 10 to 60% higher than recommended.

If we compare the minimum guaranteed breaking load,reduced
by the bending effect,with the dynamic sling lcad during a
two-points 1ift (approx. U times the previous max. static
sling load) the factor of safety is between 1.34 (for module
8) and 1,95 (for mcdules 5 + 6.
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THE GUIDE SYSTEM,

We will describe the guide system used for this
particular lift sequence mainly to underline the

principles which applied in this matter.

The bumper-guides are furthermore described in the

sketches of the next two pages.

3 types of guides may be digtinguished, depending of
their height :
- type A (nr. 1, 1' or 5 on the following page) should
be approximately 2.5 m
- type B (nr. 2,6 on the following page) should be
approximately 1.5 ;3 the difference in height between
types A and B corresponds to the expected heave l.e. 1 m.
- type C (nr. 3,4 on the following page) should be
approximately 0,5 m ; the difference in height between

types B and C corresponding alsc to the heave (1m).

The location of the guides is the following :

- two types A on each side of the final location of the
package, opposite to the direction of the crane during
the 1ift.

- two types B on a third side and two types C on the

last one.

The function of each type of guide is easily illustrated
by the following general procedure.
- move package over types B,C and bump and stabilize

package against type A.
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- move package down until engaged in type B, and
stabilize package against type A and eventually B.
- move package down to final location, the type C

realizing the final positicning.

It is obvious that, at each step, the security is

about 1 m as far as heave is concerned 3 in the case

of module 5 + 6, due to the substruciture, the heights

of the guides 5 and 6 were limited to respectively 2 and
1,7 m, the difference being only 0.3 m which probably

caused the difficulties of this particular lift.

No clear philosophy was followed as far as the slope

of these guides was concerned ; the slopes varied in this
case from 3 for 1 to 1.7 for 1 ; {(in the case of the

nr. 5 and & the actual slope of the 14" tube is 1.6 for 1
but the bumper is acting within an angle formed by the
girder and an additional pin and the true slope is in
fact approx. 2.5 for 1),

I

No final statement was made either, on the shape of the
bumper ; the design varied between a straight shape
directly welded toc the final support and a broken shape

with a more or less important vertical part.

After setting in place, modules 1 and 3 had to he
jacked and skidded eastwards to come in contact with

the other two modules 2 and 4.
THE SHIM PLATES.

The load transfer from the drilling modules to the
production modules was assumed to be uniform, and the
addition of shim plates on the drilling deck was recom-—
mended by the designer and also by Forex Neptune ; iIn
view of the survey of the drilling deck and also of the
status of the Unifor modules, the decision was made not

to install shim plates. Shimming was nevertheless neces-

sary under mcduleg 1 and 2 and was installed on demand.
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THE OPERATIONS.

A1l these 1lifts were performed by the ETPM Derrick barge
1601,

The modules 1 to U were picked up directly for the cargo
barge Morland IV and set ﬁith no trouble between 07.45
and 17.30 Hrs on April 10th ; the same day modules 10,13

were taken on board 1801.

The module 5 + 6 (girder and substructure) was picked up

from cargo barge and set on the ETPM deck the day after,

and then lifted to DP-2.

During this 1ift, the hydraulic tugger line, on the star-
board side of the crane, got stuck, causing the package to
turn and to break the bumper guides ; the operator set

the module in an oblique position to prevent it from swinging
into the boom ; the remaining parts of the bumpers were cut
and slings were tensiomnned, the package was so skidded further
on DP-2 but still in an oblique position. During this last
operation, the girder got stuck in the skidding beam on top
of module A creating overstressing and rupture of one pad eye
and damage tco Derrick base., The package was then derigged

and had tc be jacked, skidded and repaired later,

The module 8 (living quarters) was set on deck of 1601 in
Dusavik on April 13th ; modules 10, 13 and 8 were lifted onto
DP-2 on April 19th with no major troubles.

The living quarters weve lifted with the helideck in a
folded position ; the latter was unfold, as shown on the
following picture , using the ETPM 1601 and a 25 t winch set
on DP-2,
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4 RATTIOS AND COSTS.

41 TOTAL COST QF THE LIFT OPERATIONS,

All figures are iIn KNOK

notes
a) DERRICK BARGES 93,317
DB22 14,710 (1)
ETPM 1601 72,817
H/Q 6,702 (2)
DM 76 11,575 (3)
77 St , 540 (4)
PM 27 5,790 (5)
b) CARGO BARGES AND TUGS. 11,650
Support frame: «c¢b 1,160 (6)
t 1,230
Prod. mod. ch 2,830 {(7)
t 2,130
Unifor cb 1,930 (8)
t 2,370
TOTAL : 104,967 (9) _\
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NOTES :

- (1) this figure corresponds to approximately 24 d of barge
or 13% of the total DB22 commitment under E22.
- (2) From 30/86 to 31/10 the barge performed only 1 lift
onto DP-2 (H/Q) and 11 onto TP-1, 4% onto QP, 4 onto
TCP-2 3 5% of the E51, 76 estimate are allocated to DP-2.
- (3) 25% of the 76 estimate for E49 are allocated to DP-2, i.e
15 d within the period from 1/11 to 31/12.
-~ (%) 20% of the 77 estimate for E49 are allocated to DP-2
- (5) 24 h allocated to QP and the remaining to DP-2 (1ui8 h)
- (6) i.e. 75 d of Refanut (2550 $ per day)
and 45 d of tugs (4500 $/d average + cons. 7,5%)
- (7) i.e. 130 d of Maersk 7 (3600 $ per day)
and 78 d of tugs
- (8) i.,e. 145 d of Morland IV (220 $ per day) and 87 d of tugs.
-~ (9) the transportation of the DM, H/Q for installation and
removal, is already included in the rental/fabrication costs

of these units (see preceeding subsection}.

ESTIMATE PER OPERATION.

a) THE SUPPORT FRAME.

PM27 5,790
cb 1,160
t 1,230

total : 8,180 25%
cost of fabrication 33,400 KNOK 100%

b) THE PRODUCTION MODULES.

ETPM 1601 19,090 (35% of total ETPM(77))
ch 2,830
t 2,130

total : 24,050 15%
cost of fabrication : 164,800 KNOK 100%
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c) THE UNIFOR I MODULES.

ETPM 1601 21,820 (40% of the total ETPM(77))
cb 1,930
t 2,370

total 26,120 KNOK

i.e. approximately 9.5 months of module rental.

d) THE TEMPORARY DRILLING MODULES.

Installation DB22 14,710
ETPM 1601 6,700
removal 76 11,575
(25% o}7tota1 13,635

ETPM(77)) (46,620)
cb (see preceeding section) 3,870
t (-id-) 4,180

(8,050)

total ' 54,670 KNOK

COMMENTS.

All these operations were performed, the barge being on a daily

rate basis ;3 The idea of the lump sum contract (weather down time
included) has definitively to be used for this type of job ; For
instance, the temporary modules were removed from TCP-2, using this
type of contract, and for a total of & heavy lifts the agreed Lump
sum was less than 3,5 millions Nkr, and the duration less than two
days ; this illustrates the two advantages of the Lump sum contracts.
This type of contract was not used for the above operations due to
the multiplicity of works going on at the same period and requiring

the constant use of one or several Derrick barges.
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It might have been used, nevertheless, for the commitment
of the Derrick barge for the support frame lift, but the PM27
was in fact subchartered, her initial contract being on a daily

rate basis.
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C. Hook-up works



C1. hook-up first period



GENERALITIES,

This subsection will cover only the operational aspects of the hook

up works.

One should refer to the "RAPPORT DE FIN DTAFFAIRC" DENF-INFA 8 - 22
written by M Rougeaux as far as engineering and onshore construction

are concerned.

Also, for additional details, the reader may refer to the "DP-2 - Hook
Up REPORT" 1427/MD issued by Sofresid and enclosed in Annex 7

Contrary to the sea construction phase, during which the main element
is the equipment, the hock up phase is characterized by the importance

of the manpower. This induces the importance of the logistic problem.

Another characteristic of the hook up work is the stupendous but neces-
sary volume of paperwork involved : the work documents (tasks + attached
drawings), the commiszsioning documents and results (test certificates at

each step for each system..... }, and the budget follow up documents.

The last important point is the material aspect : the right equipment/

material at the right place at the right moment !

The optimum efficiency, in a hook up job, is obtained when and only

when this three aspects are in perfect harmony ; An increase of manpower
when equipment/material or/and work documents are missing is obviously

as detrimentous as a deficiency of manpower when all documents and

material are ready.

These three aspects (number of people - volume of paper - and equip-
ment/material storage) generate problems on board this type of platform
which is planned to be unmanned, the connection of a "floatel” being

almost the only solution.

This subsection is covering the period from February te October 15th

1977 3 At this date, the platform responsibility was transfered to

the production division.
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2 THI? PROJECT ORGANIZATION.

21 THE ORGANIZATION CHARTS AND SCOPES OF WORK.

21 1

242

THE ELF AQUITAINE TEAM.

The project team consisted in two engineers onshore, and

one offshore representative.

The continuity was insured by the fact that the project
manager followed the engineering previously and his assistant

the previous installation phase.

Apart from the project team, the certification team was

in charge of the contacts with the authorities.

Parallel to these hook-up teams, the sea construction group
remained in charge of the modules installation (Loading,
transport, lifting and final alignment of the Unifor 1 Rig
packages).

THE UIE TEAMS,

UIE was in charge of
- the engineering
- the prefabrication

- the realization of the hook up works.

these three actions were geographicaliy divided :

In Paris, UIE and its subcontractor SFTL (Lummus) and Comsip
were in charge of the establishment of the work tasks and the
construction drawings and of the purchase and follow up of
additional equipment/mater’.s (mainly hook up, start up and

1 year spare parts).
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In Kristiansand, on the 0IS yard, where all hook up material
was transfered from St. Wandrille, the UIE/OIS/Comsip team
was in charge of the preparation of the material/equipment,

of the prefabrication and of the local purchase if any.
A team was furthermore located in Stavanger for general
administration problems and for direct contacts with the

management teams.

THE SOFPRESID MANAGEMENT TEAMS.

The Sofresid teams were also divided :

- in Paris, a studies checking group,
- in Xristiansand, an onshore yard group
- in Stavanger, an operation nmanagement group

- offshore,an operaticnal team

Up to approximately 60 people were involved in the project.
The detailed scope of works of these teams may be read in

annex 7 § 3 and is summed up here after

- follow up and checking of hook up studies
-~ hook up preparation

study of the engineering drawings,
technical specifications, list of orders, manufacturers'
drawings, rules in force
~ operation coordination
supervision of contractor's works and means
hudgetary control
the control of
- the items of equipment supplied to the platform
~ +the purchase of additional equipment
- the supply boats schedule
- the updating of drawings and documents.
- Commissiouning
Contrel of
the preparation of test programs
. preliminary tests of the basic eguipment
the on load tests on the utility systems

the safety networks commissioning
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-~ preparation of all necessary documents for certi-

fication.

One should refer to the next two pages which shows

the cnshopre/offshore teams.

2 1 4q THE CONTROL ORGANISMS.

During this phase, DNV still had an offshore representative
who acts as structures/welds and pressure tests certifying

authority.

As far as electricity, instrumentaticn or General safety

were concerned, the certifying authority was the NPD.

2 2 THE CONTRACTS.

a

$192/add. 17/Sofresid DP-2 hook up management.

This addendum signed on June 30th 1877 was covering the
management personnel in France and in Norway, on-shore and

off-shore, starting 15 Dec, 76 up to hook up completion date.

The contract estimate was

25000 manhours for the studies checking group and 330 manmonths

for the hook up preparation and operation.

E16/UIE - Fabrication of jacket, support-frame and equipped
modules for DP-2.
This contract, signed on Oct. 16th 1975, was already mentioning

the hook up werks.

El6/add. 27/UIE - On barg- ——rks.

The modules left St., Wandrille before their completion j

This addendum covered the mobilization of the cnshore yard

in Kristiansand and the works performed on the mocdules before
their installation onto DP-2. (This addendum was estimated to
7,700 KHOK)
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(j El6/add.28/UIE - Engineering services.

This addendum, signed on Febr. 28th 1977, was covering the
issue of the necessary documents {called tasks) for the
performance of the hook up works, the issue of the construction
and of the hook up as built drawings/documents and the purcha-

sing/expediting/storage of material, equipment and spare parts.

This addendum was handed over to the engineering department
at the end of the hook up phase one, after the issue of all
the tasks.

€ r16/add.29/UIE - Hook up works.

This addendum, signed on June 30th, 1977 was covering the
remaining construction works from E16, the offshore hock up,
precommissicning works, and the onshore support work from

the contractor's yard and base.

This addendum was valid until Oct., 15th 1977 and was on an

hourly rates basis.

A list of 29 systems to be precommissioned or commissioned,

and a list of 152 tasks to be completed were enclosed to this
addendum.

(58 tasks covering Piping/structure/mechanic works and 90 tasks

covering electricity/instrumentation)

For the period, October lst to October 15th, the rates
of this addendum were modified by the annex D of addendum

31 to same contract covering works on CDP-1.
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3 PROCEDURES AND FACTS.

31 THE PROCEDURES.

311 THE SYSTEMS.

The idea of "system" was introduced quite late in the
engineering work, and was consequently not so profitable

as it should have been.

A list of 34 systems was established (see complete list next page.

- Systems 1 to 4 : Air - electricity distribution
- systems 5 to 9 : Safety systems
- gystems 10 to 13 : utilities

- systems 14 to 21 : process

Some pseudo-systems were created mainly to facilitate the

manhours expenses counting

~ system 28 ; steel structures

- system 30 : offshore work site

(All kind of stand by hours were allccated to this system
in addition to : handling, site administration, general
cleaning...)

- system 31 : miscellaneous !!

- system 50 : this system,being,at the beginning, only
covering the liferafts installation, (a Forex supply) was

extended to all works required by the Rig or by Forex.

The main difficulties was the definition of the limits of
each system 3 this diffi~ 'y, appearing with the construction
works, was mainly perceptible during the commissioning 3
Interferences between systems during the tests are unavailable,

but should be reduced to a minimum.
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pP2 - LIST OF 3SYSTEMS

. AIR SYSTEM

a) Air ccmpressors

b) Dryers

c¢) Nitrogen system

d) Plant air (10 bars)

e) Instrument air (3 bars)
f)

Instrument outlet signals

. ELECTRICAL SYSTEM (5,5 kv DISTRIBUTION SYSTEM INSIDE MODULE A)

ELECTRICAL SYSTEM (380 v AND 220 V DISTRIBUTION)

a) MCC and distribution
b) Interlocks

c) Normal lighting

d) Generator

e) Earthing
ELECTRICAL SYSTEM (48 v DISTRIBUTION)

a) Battery and chargers
b) Switchboard 48 V DC and distribution

DETECTICN SYSTEM

a) Smoke

b) Fusible plugs
c) Kitchen thermo
d) Gas detectors

)

) Fire detecticn panel
) Gas detection panel
)

Cantrol panel
PROTECTION SYSTEM

a) Deluge system
b) Halan system

c) Cor
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10.
1.
12,
13.
14,
15,
16.
17.
18.
19.
20.

d} Fire pumps (SPP)
e} Monitor hose

f) Extinguishers

g) Remote start fire pumps
h) E£SD

i) DSD

i) Emergency lighting 29 hrs
k) Emergency lighting 1 hr

EVACUATION

a) Lifeboats (two lifeboats only in module 4)
b) Escape routes
c) Live saving equipments

d) Life raft support on module FR

. WARNING

a) Alarm horn (for DSD fire)
b) Public address
c¢) Telephone cable pulling

. BEACONNAGE

a) Navigation aids
b) Warning lights
) Fog Horn

SOFT WATER SYSTEM

UTILITY SEA WATER SYSTEM

GAS OIL SYSTEM

VENTILATION - AIR CONDITIONNING - PRESSURISATION

TEST SEPARATOR AND FLARE

GAS CIRCUIT BY WELL

GAS OUTLET SCRUBBERS (INSIDE MCDULES)

VENT SYSTEM

CONDENSATE -SYSTEM (INSIDE MODULES)

KilL LINES (INSIDE MODULES})

METHANOL SYSTEM
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21. CORROSION INHIBITOR SYSTEM

22, HYDRAULIC PNEUMATIC AND ELECTRICAL SYSTEM FOR CHOKE VALVES

23, HYDRAULIC PNEUMATIC AND ELECTRICAL SYSTEM FDR_ROV_VALVES
(EXCEPT ROV'S 2071-202 AND 203)

a) West cluster
b) East clustér

24, SLOPS LINE (INSIDE MODULES)

25. DRAINS SYSTEM (INSIDE MODULES AND SUPPORT FRAME)
26, LIFTING (INSIDE MODULES)

27. LIVING QUARTER

2B8. STEEL STRUCTURES

29. CHLORINATION LINE

30. OFFSHORE WORK SITE

a) Handling
b} Mobilisation of site installation
c) Site administration

d) Demobilisation of site installation

31. MISCELLANEQUS

50. LIFE RAFT

51. TELEPHONE INSTALLATION

52, STRUCTURAL INSTRUMENTATICN

a) SYMINEX
b) SINTEF
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312 THE WORK TASKS.

The word "task" was used either for the work itself

or for the documents describing this work.

The idea was to divide the hook up works in tasks which
could be performed by one team within 15 days (one rotaticn

i.e. 00 - 1200 manhours) ; in fact the distribution of the

620 tasks opened during the whole hocok up pericd was !

Q- 1080m=xh 214 tasks

100 - 200 m x b 118 488
200 - 300 mx 1 63

300 - 600 m x h 93

6O0 ~ 1200 m x h 58
1200 ~ 2000 m x h 35

2000 - 5000 m x h 28 74

+ 5000 mx h 11

Apart from five tasks concerning the work site system, there

were only & tasks exceeding 5000 manhours which were :

- Rotate and handle risers.
- weld modules onto support frame
- clean jacket
- 1install Forex modules
and - test of process lines

~ precommissioning of precess instruments.
When issued by the engineering, the tasks, as all documents,

were checked, approved and dispatched by the Studies checking

group of Sofresid in Paris.
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But only 37% of the tasks went through this line, the
remaining being issued by the platform or the Stavanger

management group - (1000 or 2000 series).

A pirate diréct dispatch of drawings (and consequently

of modification), from the engineering to the platform,
nevertheless existed ; the revision number of these drawings
not being mentionned on the task, this line was controlled

with great difficulty. In fact, this mainly concerned the
electrical drawings from Comsip. The problem became so acute,
that a complete check of the installation versus the drawing
was even required prior to start the modification of the 48 V DC

distribution.

3 13 THE COMMISSIONING AND ACCEPTANCE PROCEDURES.

The different steps of the system commissioning and the accept-
ance procedures are 1llustrated by the diagram of the next page

and are summed up hereafter

a) at the end of the construction phase, a certificate is
issued which proves that the system is completed as per engine-

+ing drawings and tests may started.

b) during the test period, the company may release the contrac-
ter from his duties as far as cperation and maintenance of a
particular system are concerned. This hand-cover certificate was
also used to transfer equipment/system to maintenance/production;
it furthermore marked the beginning of the warranty period for

the work performed on this system.

¢) at the end of the test phase, a system certificate is issued
for each system ; at this stage, there are no more reservations

for this particular system.

d) when all system certificates are issued, the contractor
may request the provisicnal acceptance certificate and one

year later, the fipal acceptance certificate.
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This procedure is nothing but classical, but was accepted
with difficulty by the contractor, and in fact not applied
because a provisional acceptance certificate was signed at
completion of this hook up first phase i.e. at the closing
date for add. 29 while only 11 systems were handed over to
maintenance and 3 were at the last stage {slop, drain systems
and lifting devices!) and 14 were still in the test phase

(mainly all the process systems).
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3ETHE MAIN TECHNICAL PROBLEMS.

3

THE SEA WATER PUMPS.

This problem illustrates the difficulty appearing from
the fabricator/vendor's deficiency to supply all necessary

documentation/drawings, and from his technical inertia

The SPP pumps were found defective at the time of their

~installation and were sent back for repair. One month later

322

the first one was installed and satisfactorily tested ; but
two additional month were needed for the second one due to

the above reasons.

THE MAPEGAZ VALVES AND THE MAIN GAS HEADER.

The two 26" and the three 24" Mapegaz valves were delayed .
for flange material problems and were consequently not installed

on the fabrication yard but dispatched from France in April 77.

During installation of the first 24", cracks were discovered
in the longitudinal welds of the main header and of the

pup pieces of the valves, both having been previously tested.

The valves were sent back to France for dismantling and repair,

and the main header welds were repaired in situ.

These repairs delayed the installation of the valves of about
2/3 months (5500 m x h for the ROV and tees installation and
3100 m x h for the main header repair i.e. total of approximate-
ly 4.4 millions Nkr., whicii correspond to 50% of the module 3

onshore equipment installation lump sum),

This illustrates the importance of the material/equipment

quality control at the fabrication step.
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323 THE CONTROL ROOM REWIRING.

Continuous discrepancy between the engineering drawings
and the installation led to a general review of both which

revealed design and construction anomalies

- the control rcom was built in three pieces which were
joined through general connectors considered as weak points

the cabling has to be done from terminal to terminal,

- the connections through terminal boxes were too complicated ;

this was due to numerous modifications and additions.

- fthe main point was that no sectional circuit breakers
existed on the 48V DC distribution so that a general shut
down might be generated by a minor incidence or a maintenance

attempt !

Mid June the decision was made to rewire the control room,

and meanwhile to install a temporary control panel.

The cost of the operation may be estimated to 3200 mh for the
temporary control panel, 7300 mh for the rewiring and 4800 mh
for the modification of the distribution i.e. a total of

15300 m h or 7.8. millions Nkr (supervision, stand by included).

The same weaknesses encountered during the engineering period
(poor organisation, lack of rigour) are to be pointed out during
this hock up phase for the Comsip back up engineering ; the

work performed by the offshore teams was hopefully of a undeni-

able quality and often compensated the engineering weaknesses.
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4 THE MEANS.

41 THE PERSONNEL.

The UIE/0IS/Comsip personnel wzs mobilized end January 77.

The chart of the next page shows the general organization of this
Team. |

The following periods may be distinguished :

- Mobilizaticn (up to 120 men) from February to 11th March.

- particular demob. (down to 100 men) for Treasure Hunter modification
until end March,

- mobilization (up to 195 men) during April 77, and following the
increase of bed capacity of the accomodation rig.

- full manpower (195 men) during May.

~ demob. {(down to 140/160 men) due to Treasure Hunter disconnection,
at the beginning of June

- full manpower (140/160 men) until end September and then, demobili-
—<zation (down to 30/50 at the end of hook up phase one)

During the same period the Sofresid offshore team consisted in 15/17

people, until end June or 10/13 people, after July.

These different phases are shown on the offshore personnel chart

in the following pages.
The hook up personnel consisted in french and norwegian pecple,

the latter representing from 25 to 40% of the total team. The member

of Comsip personnel was quite constant and equal to 40/50.
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As shown on the diagram of the fellowing page, the UIL manpower was
following the bed capacity available., An additional increase was
possible during May/June but would have been limited in time. It
should be noted that the 2 shifts were generalised only after

Treasure Hunter disconnection.
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THE EQUIPMENT.

All the necessary equipment for the hook up was prepared in France.
Due to local strike the shipment was delayed and the beginning of the

hook up suffered from this deficiency.

The cnshore yard in Kristiansand was mobilized in December 76 and
demobilized approximately one year later ;3 from March te October,

a supply boat was allocated to this yard for two trips a week ; this,
together with the Treasure Hunter storage areas, gave a very smooth

material supply and a perfect control of the material stocks.

THE HANDLING MEANS.

The Treasure Hunter remained connected until Mid June, and

her crane was used for the installation of the MK B0 crane.

Prior to the installation of the MK 60, a Grove RTB5S mobile crane

(15 mt capacity) was used as service crane on the drilling deck.

Apart from the MK 60 (the only marine crane on board DP-2, which was
furthermore scon derated to 50% due to pedestral fatigue problems
encountered on same type of crane), the handling means on board the

platform are

- the Richier G80 from Forex, which is only & drilling deck service

crane.

- the travelling crane inside modules 3 and 4 for maintenance operation

(10 mt and 3 mt respectively)

We think that these handling facilities were not sufficient and would

recommend the installation of a travelling beam in each module, serving

also the module extensions.
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44 THE STORAGE AND OFFICE PROBLEM.

Prior to the departure of the modules from the construction yard,
the decision was made to add one extension on each side of module B.

This addition doubled the storage areas which were only of 8¢ mQ.

In addition to that, closed storage area were installed underneath
the module C extensions, and containers installed in each free area,
increasing the storage areas to approximately 250 m2 3 this proved

to be just sufficient after the Treasure Hunter disconnecticn.

A problem, more difficult to solve, was the office space. This was
partly solved by using the module 4 accomodation or service rooms.
More recently, a "village" was erected on the north support frame

beam extensions, consisting in 10 office/workshop containers.

The last problem, which was raised by this lack of space, was the
taking over of the commissioned systems by the maintenance ; A small
work shop (furthermore used as office) was planned in module 4 but
mainly for instrument calibration ; no other work shop or spare

parts storage room were available,
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5 THE RATIOS AND COSTS.

51 THE PLANNING.

In February the Sofresid management group received the following target

dates

18th April living quarters ready tc be used
("Platform Safe'")

23rd May - Hook up rig completed
-~ 12 conductor pipes driven
- start driiling of 3 x 20" on east cluster.
("drilling authorization").

23rd June - test first well

("flaring authorization" )

These dates were based on the most constraining drilling program,

and meant that the hock up work should be completed in 4 months.

A path arrangement was made for the tasks tc be completed before
"Platform Safe” and "testing ceprtificate'". These tasks/Systems were
listed almost blindly because the ideas were quite blurred about

the exact requirements attached tc each step.

Due to delays or changes in the lifts and drilling program the

following dates were finally used as target
5th May : Platform safe

21st July : Drilling authorization

25th June 78: Flaring authorization
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52 THE MANHOURS ESTIMATES AND CONSUMPTIONS.

52 41 THE HOOK UP MANHOURS ESTIMATES.

The next page show the various steps of the manhoirs

estimate compared to the total consumpticn up to 15 Oct.

Step 1 : (180,000 mh) estimate made by UIE, using the

"original" scope of work appearing in the add 29,
Step 2 : (330,000 mh) first estimate made by Sofresid
in view of the tasks issued :{ the tests are estimated

to 30,000 h.

Step 3 : (390,000 mh) increase construction hours to 350,000 h
and tests to 40,000 h

Step 4 : (420,000 mh) includes modificatons, works in control

Step 5 : (453,000 m h) last estimate made by Sofresid and

including all remaining works.
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52 2 THE CONSUMPTION.

The diagram of the next page shows the comsumption
(Oct. 77 and tetal) compared to the first and last

estimate from Sofresid,

If we compare the consumption up to Oct. 15th to the

total consumption we obtain the following "Work status",

Construction 69%
test 57%
Work 67%
Travel ‘ 82%
stand by 65%
work site : 78%
non prod. 65%

total 73%
which means that one third of the construction and test

works and one fourth of the total expense remained at this

date.
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Total consumption

Estimate Oct. 77

Consumption Oct.77

Estimate Mar.77

360000

691000
Stand-by
573000 144000
492000 Stand-by
120000
Stand-by Work site
104000 185000

St.by 30000

Work site
115000

Work site
144000

Work site
159000

Tests 39000

Tests 40000

Tests 22000

Tests 30000

Constructicon
186060

Construction
222800

Construction
254000

Construction
323000
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523 THE CONSUMPTION PER GROUP OF SYSTEM.

The table of the next page gives the consumption of hours

for construction and test of each group of systems.

Group 1 : distribution air - electricity
group 1li : safety systems
group 111 ! utility systems
group 1V ! process systems
group V : steel works
group V1 : miscellaneous
+ work site
Travel
stand by

-y

These figures, compared to the total expense (after phase 1),

correspond to the following status :

Constr, test total
group 1 (distribution) 77% 91% 79%
group 1l(=safety) 53% 5% 52% [total
group 111 (utility) 3u% 62% 38% (work
group 1V (process) 65% 52% 1% 67%
group V (steel) 20% ~ 90%
~group V1 (misc.) 62% - 62%
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TABLE PER GROUP OF 9

STEMD

VALUE END HOCEK-UP 1

GROUP Construction| % Test % FTotal % %
1-4
distribution
Air - Llectpicity | 27 2u7 12,3} u 216/19.0f 31 u63 | 12.9 6.4
5-9
Safety systems 38 791 17.5 2 436{11.0] 41 227 16.9 8.4
L0~13
W
Utility systems 2 729 1.2 1 0u7| 4.7 3 776 1.5 0.8
14-23
Process 4g 884 22,51 14 u22164.8f 64 306 26.4 13.1
28
Steel structure 76 817 AL .6 oy - 76 817 31.5 15,6
Miscellaneous 26 296 11.9 105 0,54 26 401 10.8 5.4
Sub Total 221 764 100 22 2267100 j243 990 100 (49.5)
Work Site 43 914 29.2
Travel 53 120 10.8
Stand By 51 584 10,5
Total 492 08 100
2,02
ey

r
(Total nb of hours) = 1,12 x 1.14 x 1.59 x

1

1

Stand-by travel work site
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53 MANPOWER EFFICIENCY.

531 MANPOWER LEVEL AND HOMOGENEITY.

We have already mentionned that the manpower level should
be adapted to the available work and material, this to avoid

useless expense of meney or loss of time.

Cn the following curve we have plotted

- the total manpower level
- the administration manpower (this figure is obtained

by dividing the weekly expense allocated to the CHOO1
task which was "site administration' by 84 which is the
average weekly time per man)
- the ratio between the above two figures (and a "smothed"

curve plotting the average of 3 valves)

The following periods may be distinguished

a) - mobilization of personnel : ratio 20%

b)

partial demob. due to Treasure Bunter modification
ratio up to 24%
¢) - mass mobilization following increase of bed capacity
ratio down to 15%
d) =~ partial demob due to Treasure Hunter disconnection -
2 shifts work : ratio 20%
&) =~ slow demob prior toOct. 15th - test period : ratic down to

13%

These figures call for the following comments

~ the average and more efficient ratio between nonproductive
and productive people should be 1 for 5 or 20%, this figure
including the supervision down to the foreman level.

- the more easily mobbed or democbbed are the lecal or

productive people , this appear in b) (demob)} and ¢ (moch).
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In both cases a loss of efficiency appeared :

nobody to perform or to prepare/supervise the work.
During c) the contractor itself pointed out its dif-

Ficulties.
- the period e) is marked by a partial demob but also
by the starting of the test period when some nonproductive

people became productive.

- the period d) is marked by the best efficiency (drilling

authorization}.
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532 THE LOST HOURS.

The lost hours are mainly due to the distance of the

work site and to the weather conditions.

53,000 h (10,8% of the total) were invoiced in transporta-
tion time (shuttling and shiffting day) and 52,000 h (10,5%

of the total) in various stand by times.

These lost hours appear in a multiplying coefficient to be

applied to the worked hours :
(Invoiced hours) = 1.12 x 1.1% x (worked hours)
1.12 due to stand by

1.14 due to travel/shuttling

Within the worked hours, the non productive hours may be

isclated :

(worked hours) = 1.59 x (productive hours)

1.59 due to Administration for 51.5%
Handling 35.9%
Installation of work site 6.3%
Maintenance 2.3%
Commissariat for hook up 1.3%
preparation 1.1%
Safety course 1.1%
Forex supply 0.5%

(to the above, it should be added the "idle time" (lunch,
coffee breaks....) which represents 1 to 1.5 h a day i.e.

8% of the above "worked hours™)
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Alltogether, the ratio between Invoiced hours {(IH) and
productive hours (PH) is the following
IH = 1.12 stand by
% 1.14 travel shuttling
x 1.59 non productive
x P.H.
IH = 2.02 x P.H.

(this coefficient becomes 2.20 if we deduce from the

productive hours, 1 h for various breaks).

This ceoefficlent must be handled with care, because it
depends of the various stand by clauses of the coatract
sensible reduction may be observed if the shifting day is
not (or less) invoiced, the stand by reduced to the weather
stand by, --- and generally speaking if an all inclusive
daily rate is used for the personnel, which simplifies

(or transfers back to the contractor).the discussion about

time sheets filling up.
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54 THE COSTS.

541 THE SOFRESID COST.

A total of 42,000 h have been spent in Paris in 77
(34,000 h) and 78 (800C h).
(Average hourly rate 152 FF/190kr.). These hours condisted

in

Coordination 12.000 h
trouble shooting diagrams (electr.) 9.000 h
documentation 9.000 h
special studies 8.000 hn
site visits 3.000 h
spare parts 1.000 h

The management group cost may be divided as follows :

Stavanger 24.000 h

Kristiansand 8,000 h

total onshore  32.000 h (250FF/310Kr. /h)
cffshore 35.000 h (230FF/250kr. /h)

542 THE UIE COST.

A THE ONSHORE SUPPORT.

In Paris (add 28) the following hours were spent

UIE 16,700

LUMMUS 14.600

COMSIP 41.500

Total 72.800 h

(average hourly rate 225FF/280kr.)

These figures are exclusive of the hours spent later for the
issue of the as built documents, and vendor data books for

hook up and spare parts ;
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The onshore support cost consisted in :

55.800 h in Kristiansand

21,5800 h in Stavanger for manpower

and in addition the onshore yard and base running costs,

and local purchase orders.

THE OFFSHORE COST.

Up to Oct 15th, the offshore manpower cost is approximately
102,000 KNOK ; the offshore equipment (207,800 h) cost is
15,000 XNOK plus 7,000 KNOK for small equipment.

These figures, associated to the number of hours, give the

following results

’average hourly rate :

Sas

102,300 KNOK for 388,000 worked hours = 264 kr/h

+ 15,000 KNCK for equipment = 39 kr/h
+ 7,000 KNOK for small equipment = 18 kr/h
total = 321 kr/h

This figure becomes 253 kr/h if the total invoiced hours

are used and 510 kr/h if only the productive hours are used.

THE LOGISTIC COST.

The Treasure Hunter may be allocated only to DP-2 hook up
from 1 March to 7th Sept. (demob) i.e. approximately 49,000 KNOK.

The Treasure Finder from l.. Sept. to 15th Oct. may be
allocated 75% to DP-2 (and 25% to TCP-2) which give 5,500 KNOK.

The total cost for the logistic may be evaluated to 65,300 KNOK

for this period.
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554441 THE TOTAL COST.

The total cost may be summed up as follows

UIE: onshore 28,000 KNOK

offshore 124,000 KNOK

Paris 20,000 KNOK
subtotal ~ 172,000 KNOK 64 ,9%

SOFRESID : onshore 10,000 KNOK
offshore 10,000 KNOK
Paris 8,000 KNOK
subtotal 28,000 KNOK 10,6%
Logistic : 65,000 XNOK 24,5%
P total (supervision excluded)
265,000 KNOK  100%

This total cost, compared to the totazl number of worked hours,

gives an average rate of 550FF or 680kr/h.

545 THE UNIFOR 1 RIG HOOK UP,

Although this cost should be included in the well cost, we

give hereafter some figures concerning the Forex rig hook up :

Forex crew started hook up works on April 25th and drilling
started on July 2lst ; the conductor pipe driving started on June
4Lth and after this date only half of the crew may be aliocated

to hook up works,

The total crew being of 42 raople the total Forex hours are
32,800 h

The following must be added to this figure :
Croon Electrician 3,400
welders, pipe fitiers 1,800

Wagley Derrick installation 1,600 (23 d % 6 men)

miscellaneous 1,000
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This gives a total of 40,600 manhours (of which
approximately 4,000 mh i.e. 10% must be allocated

to the rig repair).

The man hcurs cost may be estimated by

(Activity rate =~ storage rate) + tool pusher rate = personnel

daily rate = 61,400 Kr./d = 122 kr/h/m

Total cost : 5,000 KNOK

- 205 -



C2.hook-up second period



GENERALITIES

This second period started on October 15th 1977 when the
platform responsability was transfered from the development
to the production teams,
This date was marked by :
- an important reduction of the contractors' manpower.
- an E1f Aquitaine management (demob. of Sofresid teams).
At the same period, all the platforms were so transferred to
Production division - Offshore Construction Department
{except TCP-2), but on DP-2 the hook-up and tests works were
far from completed.
This subsection will cover the period from October 15th 1977
up to September 1978, and the "end of hook-up" or "remaining"
works, which have been separated from the "modification"
works,
Some information may be read in the annexes, concerning :

- the lines connections (271)

- the air leakage test (14 )

- the dewatering of the lines(14)
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2

T PROJICT ORCANTZATION

2 1 The crganization charts

212

—— e o e et Ak . ———

Onshore, the project team consisted in one
engineer {(incharge also of CDP-1 modification
works) helped by 2 engineers reémaining from

the Sofresid management group.

Offshore, the Offshore Construction Department

had only one representative.

The _Sofresid team

0fficially discharged from its management action,
the Sofresid team was reduced to 4/5 persons,
mainly specialists until completion of the

commissioning phase (end April 1978},

The Paris team was kept in place but its activity
reduced tc the following up of the spare parts

orders and the issue of the last documents.

The Kristiansand team was demobilized together

with the UIE team and the yard in December 1977,

2 2 The Contracts

E.16 Add,.33 /UIE/works in 1977 covering the

works on CDP-1 (from 16th September) on TP-1/QP
(from 1st October) and on DP-2 {from 16th OQctober)
and until end December 1977.
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The only changes in this addendum compared

to the add.29 were a revision of the rates

(some reduction as in add.31), and the
acceptance/retention clause (A 3 months warranty
on the workmanship and a retention of 5% over

these three months).

222 E.18 Add.34/UIE/works in 1978. This addendum
was covering the UIE works on all platforms,

in 1978.

The main change was the official subcontracting

from UIE to UIE Norge.

223 £,31 Add.5/Comsip/Remaining works.
This addendum was covering all Comsip works
on all platforms, after Octeber 15th 1977.
It covered add.? (the onshore bhase), and

add.4 (the DP-2/QP telemetry).

It should be noted that on DP-2, Comsip became
an independant contractor, while it was a
subcontractor from UIE on the previous period;
This revealed problems with the electrical work

authorization, on the Norwegian sector.,
224 $.651 Add.1/TERO/Flectrical works

This addendum to the maintenance contract S$.651

was covering all electrical works on DP-2,

In this addendum, ELIf Aquitaine was supplying
helpers from Comsip; This meant that the entire
responsability was in principle given to TERO

as far as electrical construction and commissioning

works were concerned.
2 25 5.803/Teknisk Isolering

This contract was covering the insulation works,

on an hourly rates basis.
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3 THE MEANS

3=

The chart of the following page shows the UIE/0IS,
Comsip, Tero and Teknisk Isolering manpower from

October 15th to Mid July 1978,
On this chart, the Supervision team is also mentionned (0CD),

The contractors were finally completely demobbed on the

beginning of September.

All the material remaining on the Kristiansand yard
was transfered in December 1977 to the E1f Aquitaine

warehouses in Stavanger.

From this base, the offshore teams were supplied, using

the common daily boat.
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4 RATIOS AND COSTS

44

The following table is comparing the works performed
during the first period (1) with the works performed
during the second one (2); The percentages are given

per system, and for the general tasks.

Generally speaking the Construction work was completed

at 70% and the tests at 57% during the first phase.

It should be mentionned that the Ratio between total
hours for period 2 (198903 manhours) and the productive

manhours (1178298) is only 1.69; this is due to :

- a review of the contract stand by clauses

{ex: only 2h per shift day in state of 8h)

-~ a reduction of the manpower and of the

administration aspect,

These figures represent only the hours allocated

to the remaining hook-up works ; For the general tasks,
or stand by/travel hours, the figures are taken up to
the percentage of the above hours in the total worked

hours,

During the same period : 9%013 manhours

ie 60734 h productive
and 38279 h non productive

are allocated *to the modification or OCD tasks,
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COMIPARE HOOK-UD PHALES 1 ANL T1

PER SYSTEM
CONSTRUCTION TEST
System X 2 | 1/142 | 27142 1 7 17142 | 2/1+2
i y 723 2 790 63 37 2 420 346 87 13
2 746 410 65 35 0 14 - 100
3 16 GO8 4 081 80 20 1 655 0] 100 -
L 5 170 596 88 12 14l 24 a5 15
5 8 945 12 095 43 57 1 141 682 63 37
B 19 573 5 157 79 21 768 1 694 31 69
7 2195 | 13 998 | 1u 86 369 o] 100 -
8 4 313 1 474 75 25 ug Ye0 9 g1
9 3 765 2 518 60 L0 110 0 100 -
10 715 3 299 18 82 333 89 79 21
11 537 306 | 64 36 6 228 3 97
12 966 1 552 38 62 286 240 54 4B
13 511 o 100 - L2 0 1G0 -
14 5 224 8 499 38 62 24 qu} 5 95
15 4 510 ey | 93 7
16 23 721 4 762 83 17 11 103 4 353 72 28
17 5 144 L 370 54 ) } 136 1 218 48 52
18 675% 2 170 34 76 4390 5 127 9 91
19 360 5 748 §) gu a5 434 48 52
20 2 030 Hos 83 17 975 216 82 18
21 266 ol oo - 0 ais| - 100
22 549 761 L2 58 0 €72 - 100
23 7 405 w77 | on 6 300 374 [ us 55
24 101 0 100 - 8] O - -
25 1665] 1 172 59 41 0 o]l - -
26 1 968 985 67 33 12 13 ug 52
27 276 389 42 58 0 0 - -
28 76 817 8 735| 90 10 0 ol - -
29 160 84 66 34 93 12 89 11
31 5 074 2 933 63 37 o 0 - -
50 14 799 7 130 67 33 0 0 - -
51 291 303 49 51 0 0 - -
57 1962] 3386 37 63 0 o| - -
TOTAL 221 764 1 100 B7Y4 69 31 22 226 16 955 57 43
SUB TOTAL 243 990 117 829 | 67 33
WORK STITE 143 914 41 gy7 1 78 22
TRAVEL 53 120 11 9431 71 19
STAND BY 51 584 27 484 ] 65 35
TOTAL 492 608 198 903 171 29
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The following five tables are summing up the total

hook-up works,

ad Table 1.

This table shows the distribution in manhours
and percentages between the different main

activities,

The main figures to be pointed out are the

following :

9 Total hook-up works : 691,511 hours among which
361 819 (52%) of productive hours comnsisting in

90% of construction works and 10% of tests.

t) Table 2,

This table shows the construction manhours per

trade. These hours are divided in :

- work orders listed in the scope of work

of the E,16 Add.29.

- work orders not listed but opened following

the issue of a task by UIE engineering Paris.

- extra work orders issued by the platform or

the Stavanger management group .
It should be pointed out that

- 47.2% of the construction works concerned
piping or structural works while 33,0%
concerned electricity and instrumentation

works,
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- 52.0% of the construction works were listed

when add.?9 was drafted in Jan-Feb. 1977,
Table 3.

This table shows, in addition to the previous

one, the construction works and tests per trade,

The "piping and structure" trade represented
48,3% of the total and the "instrument and
electrical" trade 33.7% of the total.

The pressure test represented 57,5% (or 22515
hours) of the total tests and 6% of the total

productive hours.
Table 4,

This table shows the construction works and
tests per system (a detailed description

may be found in annex1&2).

The systems involving more manhours than 5%

of the total, are the following :

ol eun
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System Description

3 220/380 V distribution
5 Detection

b Protection

15 Gas circuit per well
16 Gas outlet scrubbers
28 Steel structures

50 Forex

‘E Table 5,

This table shows the same details, but per

group of systems.

It should be noted that the safety systems
represented 22% of the total productive hours
and the process systems 29% (but 70% of the

tests hours)
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CONSTRUCTION TEST TOTAL
CA 22 342 6.9 22 342 6.2
ce 60 £85 18.8
71 779 19.8
TC 11 084 28.3
CE 5 802 4.2
50 167 13.9
TE b4 365 11.1
Cp 71 272 22,1
93 787 25.9
TP 22 515 57.5
CM 14 546 4.5
15 753 4.4
™ 1 207 3.1
CS 80 870 25.1 80 870 22.4
CR 13 292 4,1 13 292 3.7
CG-CQ 10 799 3.4 10 799 3.0
teletyrans 3 030 0.9 3 03¢ ;.8
TOTAL 322 £38 100 39 181 100 361 819 100
TABLE PER TRADLE
C : Construction A : Painting
T : Tests C : Control/Instrumentation
E : Electricity
P : Piping
M : Mechanical
8 : Structure
R : Reservation
G : Gangways
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TaARLD PER SYOUIM

TOTAL VALUL, END HOOK-UR 2

{

systeml o owe (L) EWo  (2) (3)=(1)+(2) % TEST (4)| % f (3)+(4) %
] 5 291 2 292 7 513 2.3 2 766 7.1 10 279 2.8

2 326 830 1 156 0.4 14 - 1170 6.3

% 3 9 133 11 556 20 589 6.u 1 654 4,2 22 343 6.2
4 3 020 2 Bub 5 866 1.8 165 0.4 & 031 1.7

X 5 9 094 11 946 21 040 6.5 1 823 4,7 22 863 6.3
X 6 15 306 9 425 24 730 7.7 2 462 £.3 27 192 7.5
7 5 0u3 11 150 16 193 5.0 369 0.9 16 562 4.6

8 3 204 2 583 5 787 1.8 508 1.3 & 295 1.7

g 6 133 150 & 283 1.9 110 0.3 6 393 1.8
10 3 574 440 4 01lh 1.2 422 1.1 4 436 1.2
11 671 172 843 0.3 234 0.6 1 077 0.3
12 1 609 909 2 518 0.8 526 1.3 3 04y 0.8
13 25 486 511 0.2 422 1.1 933 0.3
14 8 481 5 242 13 723 H,2 465 1.2 14 188 3.9
x1b 3 962 912 4 8§74 1.5 | 15 280 39,1 20 154 5.6
%16 16 126 12 387 28 483 8.8 176 0.5 28 659 7.9
17 9 403 111 9 514 2.9 2 354 6.0 11 868 3.3
18 2 821 24 2 8us 0.9 5 617 14,4 8 LB2 2.3
19 6 108 0 & 108 1.9 829 2.1 & 937 1.9
20 2 397 38 2 435 0.7 1 191 3.0 3 626 1.0
21 . 266 0 266 0.1 318 0.8 584 0.2
22 420 890 1 310 0.4 £72 1.7 1 982 0.5
23 7 219 663 7 882 2.4 674 1.7 8 556 2.4
24 51 50 101 0.1 0 - 101 -
2% qu8 1 889 2 837 0.9 ) - 2 837 0.8
26 o 2 953 2 953 0.9 25 0.1 2 978 0.8
27 0 665 665 0.2 ) - 665 0.2
%28 4O 145 45 407 85 552 26,5 0 - 85 552 | 23.86
29 24y 0 244 0.1 10% 0.3 349 0.1
31 2 082 5 925 8 007 2.5 e - 8 007 2.2
x50 2 868 18 061 21 929 6.8 0 - 21 929 6.1
51 291 303 504 0.2 0 - 594 0.2
h2 1 703 3 645 5 348 1.7 0 - 5 3u8 1.5
TOTAL }J167 789 154 849 322 638 100 39 181 100 k361 819 100

System 30 329 692
Grand total 691 511

¥ System which total value is above 5% of total (1)
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TABLE PER GROUP OF SYSTEMS

TOTAL VALUE, END HOCK UP 2

(Total nb of hours) = i.lS x 1.12 x l.SI ® (Productive hours)

stand by trg;el

work site

- 220 -

table 5

GROUP Construction{ % Test % Total % %

1-4

distribution

Alr - Electricity 35 224 10.9 4 5991 11.7 39 823} 11.0 5.8

5~9

Safety Systems 74 033 23.0 5 272{ 13,58 79 305| 21.9| 11.5

10 - 13

Utility Systems 7 886 2.4 1 804 b1 9 aug 2.6 1.4

14 - 23

Process 77 265 24,0 27 576} 70,44 104 841 | 29.0 15.2

29

.Steel structure 85 552 26.5 0 - 85 552 | 23.6 12.4

Miscellaneous 42 578 13,2 130 0.3 42 808 | 11.8 6.2 E

Sub Total 322 638 100 39 1811} 100 301 819 | 100 (52.,3)

j
Work site 184 794 - 26,7 i
Travel 65 {63 - g.u
Stand By 79 068 | - 11.4
Total E691 511 1 - 100§
1.91
e




Ty " ot b o

The lost hours may be described as follows :

Administration

95321

Installation of work site G927

Handling 63211
Commissariat for hook-up 4549
Preparation 1583
- Safety courses 1557
Maintenance guy3
Subtotal 185581
Trip Frigg Stavanger 65063
Shutteling/stand by 79068
Total 329692

The efficiency factor

{Total nb of hours)

51.4%
5.3%
34.1%
2.5%
0.8%
0.8%
5.1%

100%

56.3%

13.7%
24.,0%

100%

is 1,91 and calculated as follows

1,91 x (Preductive hours)
1.13 stand by

®x 1,12 travel

x 1,51 Worksite

% (Productive hours)

This figure is just about smaller than the one obtained

by taking only the hours spent up to Cctober 15th,

On a budget point of view, we took the average of

2 between the estimated productive hours and the

the invoiced hours;

This appeared to be also the ratio

used by the contractors when bidding for a work on a

lump sum basis.
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The figures given above should cover all the hook-up

works except the following :

441 The Well Heads connections

‘ltlzz

For the first seven well heads a total of
11700 hours have been spent (22% onshore pre-
fabrication, 53% offshore connection, 25%
instrumentaticn).

This figure is included in the 99013 hours

allocated to modifications on OCD works.

For the remaining 16 well heads connections

the estimate is the following :

Onshore prefabrication 17100 h (3000 for Kill lines)

Offshore installation 3900 h (1300 for Kill lines)
Methanol injection 5300 h (on 23 heads)
Miscellaneous 2000 h (spring supports,LP

sensors, check valves)
Total 29300 h

ie a general average of 1700 h per wellhead.
The paint work

Up to September 1978 a total of approximately
21,000 productive hours have been spent by the

rainters on DP-2.

The estimate of th~ remaining works is the following :

- 222 -
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Total 26 800 100%

Scaffolding 3600 13%
Surface preparation 8800 33%
Painting 14400 54%

divided as follows

Module A  inside 2550 9,5
truss 1 1110 4,1
truss 2 280 1,0
flares 1200 L5

equipment 1500 5,6

Module B inside 800 3,0
outside 1800 6,7

* equipment 2300 8,6
Module C structure 1200 4,5
floors 1500 5,6

Module D structure 1000 3,7
codification 510 1,9

Support frame 6600 24,6

Jacket 4500 16,8

25800 h 100%

Although the continuous presence of painters
(average of 4) was limiting the deterioration
of the protection conditiom of the DP-2 modules
these figures are quite high.

But, compared to the other platforms (CDP-1:
122000, TP-1 : BB0O00, QP : 33000 remaining end
June 1978) these figures prove the fundamental
importance of this continuous presence.

(See furthermore annex18).
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4 5 The costs

451 The contractor cost

Using the average figure of 321 Kr/h for the

worked hour (equipment included), we obtain

Cost UIE : 50 950 KNOK

The onshore base, the onshore yard and the engineering
works under add,28 in Paris are assumed te be
completed and if not are included in previous

periced,

452 The logistic cost

45

Using the average bed allocation (70) for DP-2 con
the rig hotels during this period, the cost
to be allocated to DP-2 is 14 300 KNOK
if we furthermore allocate during 10 months a
supply boat each four day to DP-2, {1,500 KNOK), and
the crew change helicopters for 30 m/weeck (3,000 KNOK),
the total logistic cost may be estimated to

18,800 KNCK
This figure must be divided between the remaining
works (72%) and the OCD modification works {(28%)
and the final figure allocated to this phase is

13,500 KNOK,
The additional modification works
These works represent 50 700 manhours i.e. an
aprroximate cost ~f 19,500 KNOX plus the part of
the above logistic cost 1.e. 5 300 KNOK.
i.e a total cost of 2H.800 KNOK,

This figure is not inclusive of all the works

performed or forcasted after the 1st Sept. 1%78.
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454 The total heok-up cost
The total hook-up cost may be divided as follows

Hook-up first period 265 000 74 8%
UIE 172 000
SOFRESID 28 000
Logistic 65 000

Hook up second period 64 500 18.2%
UlE/Comsip 51 000
Logistic 13 506

Modification works 24 800 7.0

of

Contractors 1% 500
Logistic 5 300

Total 354 300 KNOK

——,
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