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HISTORICAL RECORD:

Engineering

- 1974

- Jan./Feb. 1975
- June 1975

- January 1976

~  December 1979
- Jan. 78/8ept. 81

Purchasing

May 1976

- April 1977:

- January 1978:

- April 1979:

- June 1979:

Preliminary studies

Engineering call for bid issued

Telex of intent to Kvaerner - Technip !
Engineering contract 8139 signed awarded to |
EVAERNER ENGINEERING/TECHNIP GEOPRODUCTION

Main work completed (except follow-up)
Integration studies performed by EAN-
Engineering Department

First purchase order issued for sleecves sea-
water outfall holes = column 5

Purchase order for 2 turbo-compressors
awarded to KONGSBERG VAPENFABRIKK,

Purchase order for 2 turbo-generators
awarded to WYLANDS VERKSTED/STAL LAVAL
CONSORTIUM,

Delivery of the turbo-compressors on the
yard. 1 month later than contractual delivery
date).

Delivery of the turbo-generators at the
contractual delivery date.

Onshore construction

- December 1377:
- June 1978:

Onshore construction call for bid issued.

Onshore construction contracts awarded fo:

a) SPIE-BATIGNOLLES/VIGOR - Yard 1 - ORKANGER (W) contract
E76 for compressor modules 30 - 31 - 33 and control

room module 32,
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b) 0IL INDUSTRY SERVICES (0.I.S5.) - Yard 2 - EINAR @GREY
MEK. VERKSTED, KRISTIANSAND (N) contract E77 for pan-
cakes 40 - 41 ~ 44 containing: Power plant for

Emergency diesel generator.

c) 0.1.5. NYMO MEK. VERKSTED, GRIMSTAD - contract E78 for
pancakes 42 - 43 ~ 45 - 46 containing fresh and sea

water utilitie=s.

- September 1979:

Transport and lifting

Onshore construction contract 5922 awarded
to HJELMELAND INDUSTRY - HJELMELAND (W) for
warehouse and offices modules - auxiliary
decks,

-~  June 1979:
- Novemher 1979:

- January 1280:

- February 15
1980:

- March 13 1980:

- March 31 1980:

- April 29 1580:

- May 18 1980:

- May 20 1980
13h00:

- May 21 1880
14h00:

- May 22 1980 to
May 26 1980:

Transport and lifting call for bid issued.
Order sent to Heerema for lifting
engineering.

Final contract 5940 with Heerema signed.
Load out onto barges completed Yard 3 «
Grimstad,.

Load out onto barges completed Yard 4 -
Hjelmeland,

Load out onto barges completed Yard 2 -
Kristiansand.

Load out ont barges completed Yard 1 -
Orkanger.

Loading onto semi-submersible crane
vessal "Balder" in the BYFJORDEN, Stavanger
completed.

Departure of "Balder" from Stavanger.
Arrival of "Balder"™ on FRIGG FIELD.

Offshore lifting, total duration 104 hrs.



Hook-up and commissioning

October 1979:; Hook-up call for bid issued.
- March 1980: Telex of intent to UIE NORGE for hook-up works
- April 1980: Hook-up contract 5984 signed.

- May 26 1%80: BERGE WORKER derrick barge at FRIGG for
temporary accomodation.

- May 30 1980: Bridge connection BERGE WORKER/TCPZ and
start-up of the hoock-up works.

- June 9 1980: TREASURE SUPPORTER flotel rig replaces
BERGE WORKER.

July 4 to Work completely stopped due to strike of
July 17 1980: safety personnel.

- July 31 to
August 2 1980: Piping subcontractor on strike.

- August 28 - 29

1980: Part of hoock-up persconnel on strike. -
- Oct. 2 1980: Gas in TCP2 treatment - end of "cold periocd”.
- Oct. 10 1980: Production start-up on TCP2 treatment as
scheduled.
Co- December 1980: End of “hook—uﬁ lump sum pericd".
- February 1981: End of "hourly rate period" - end of'hook-up
contract.

- March 16 1981: Departure of TREASURE SUPPORTER.



Start-up

H

February 2% 1981:

March 23 1981:

April 10 1981:
running hours 10.

August 17 1981:
running hours 50.

September 24 1981;

October 14 1981:

November 20 1981:

Gas in fuel gas network.
Start-up turbo-generators-

FPirst test: Compressor line B:
Second test: compresson line C:

Compressor C operational in line.
Compressor A operational in line

Compressor B operaticonal in line
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VOLUME 2 - PROJECT DEVELOPMENT.

HISTORICAL RECORD
Engineering

Furchasing

Onshore construction
Tranaport and lifting
Hook-up and commissioning

Start-up

ENGINEERING

A, Engineering =~ General

B. Structure detailed report
C. Piping detailed report

D. Electricity detailed report
E. Instrument detailed report
F. Mechanical detailed report

MATERTAT, PROCUREMENT
Generalities

Cnshore construction phase
Inspection - expediting
Storage of material and equipment
Shipping
Hook—upx
Surplus
Documentation

ONSHORE CONSTRUCTION = YARDS
General description of works
Yard no. 1

Yard no. 2

Yard no. 3

Off=-site facilities

General comments

TRANSPORT AND LIFTING
Frecall for bid
Call for bid

Lifting engineering
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Load out onto cargo barges and towing

Lifting operation
Description of packages
Positionning results

General comments

FICTURES

HOOK~-UFP AND COMMISSIONING

Presentation

Preparation pericd

Organization of the works

Hook-up summary

Precommissioning - commissioning - start-up

General comments

INTEGRATION OF THE COMPRESSION FACILITIES
Organization

Engineering

Off-shore works

General comments

CERTIFICATION

START-UF

Organization

Turbo compressor start-up
Turbo generator start-up

Others egquipments

COST SUMMARY

VOLUME 3 = COST REPORT.
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ENGINEERING - SUMMARY

Engineering - General.

1. Type of contract
2. Project organization

3. Locations oOf teams

4, Hours spent in engineering

5. Information about some document numbers issued by
KE/TP and Follow up.

6. Main technical constraints faced during the project.

7. Main technical c¢holees and guide lines.

8. General comments.

Structure detailed report.

Piping detailed report

Electricity detailed report
Instrument and safety detailed report.
Mechanical detailed report.
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A, ENGCINEERING - GENERAL.

As already stated in the historical record in June 1975 the joint
venture XVAERNER ENGINEERING/TECHNIP GEOPRODUCTION (KE/TP) was
granted a contract for the erection on TCP2 platform of a compression
plant.

1. TYPE OF CONTRACT,

This contract was of "at cost"-type with reduction in rates
above a certain ceiling for engineering and management for
all phases of the project engineering itself, procurement,
expediting, inspection, hook-up, commiszioning, start-up.
It has been modified several times between 1975 and 1981.
These modifications and their causes will be detailed

later on.

The aim of the present paragraph is to review the two phases
engineering and follow-up.

2. PROJECT ORCANIZATION,

2.1 In KE/TP. The project was split in following secticns during

the engineering phase:

MANAGEMENT

¥ ‘ v

Coordination v - Jés _ T 1

in drafting Structural ressu _

office vessels Instruments Mechanical

. Piping +

Drafting ‘ heating and .

office ventilation Safety Electricity




After the engineering phase the follow-up team was made

up of some specialists coming from the hereabove section
and selected by EAN.

In EAN,

At the beginning of the project the EAN team was consisting
of one project manager and one project manager assistant
acting as mechanical specialist. This very small team was
supposed to follow the overall and detailed progress. To
approve the main technical choices propeosed by KE/TP and to
check all invoices. But very soon the need for various
specialists appeared and the team was gradually reinforced
with one then two instrument engineers, one then two
elactrical engineerings, one structural engineer, one
piping engineer, one mechanical engineer, the project

manager assistant becoming technical coordinator,

PROJECT
MANAGER
(R. Druz)

h
ASSISTANT
PROJ . MNGR,
(A. Mazv)

l

Y 4

| sTruCTURAL
1 Engineer
(G. Puidebat)

PIPING
1 Engineer

(G. Regnault)

INSTRUMENTS
+ SAFPETY

2 then 3
Engineers

(P, Prevob-
Leygonie) (I)
(Faffuel) (5)
(F. BarbetMI)

ELECTRICITY

1 then 2
Engineers

[0.De 3t Albin)
M. Queille)

MECHANICAL
i Engineer

(J. Fort)
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LOCATIONS OF TEAMS,

In the contract with KE/TP it was foreseen that the main
engineering studies (all plot plans, main drawings, main
purchase orders) should bhe issued from Technip Geoproduction
offices (Rueil Malmaison) by a team including only some

KE people and the detailed engineering should be performed
in Kvaerner Engineering Offices (0slo) by a team including
only some TP specialists. This was achisved with a small

change in 1979, as fas as locations are concerned.

The KE/TP follow-up team has always been located in Stavanger
in EAN offices (See fig. 1}.

For EAN team the two first locations were Paris then 0Oslo
in order to keep a close contact with KE/TP, and then
Stavanger to make easier the coordination with integration
team, 0.C.D, yards, hook-up and commissioning teams (see
fig. 1).
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HOURS SPENT IN ENGINEERING
By KE/TP
Between June 1375 and 25th February 1972.
("At cost" period 319 600 hrs.

i ik el —— — —————— i —— v A S S Y A e e nlee sk fi e e dak e S

{Lump sum period)

120 000 hrs (e=st

Total of engineering hours: 439 600 hrs.

Notes:

[y p——_——

This total amount included all hours spent

in management, coordination, specialists,
drafting, clerical, filing, etc,

It has not heen possible to get from KE/TP

a splitting up of these hours into various
sections.

An estimate of hours spent by KE/TPF in
structural, piping, instruments, electricity
and mechanical has been done by EAN specialists
and is included in detailed reports attached.
This total amount excludes hours for procure-

ment and construction supervision.

—— ————— — —— —————————————

(Follow up team) 66 ocoo hrs.

Notes:

1.

This amount includes all hours spent in
manadgement, specialists, drafting, ¢lerical,
filing, ete...

No splitting up made by XKE/TP into various

sections.
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5.1

By EAN.

Between June 1975 and Dacetitber 1979

—— e s iy e S L AR N M ——— — T ——————————— ——

(Supervision of engineering) 39 500 hrs,

(Supervision of follow-up team and

start up assistance) 25 500 hrs.
Total hours spent by EAN 65 000 hrs
Note: As secretaries and filing clerk were used by all

sections within the project group (cost control,
hook-up, commissioning etec..) +this total amcunt

does not include any clerical and filing hours.

Splitting up of these amounts.

v ——— b A S e A L S ———— ..

Supervision of Supervision of
Engineering follow-up and start-
up assistance
Structural 3100 hrs. 4200 hrs.
Piping 3300 " 3700 0"
Instruments+5afety 15600 " Beoo "
Electricity 10200 " 4800 "
Mechanical 7300 ¢ 4200 "
TOTAL 39500 hrs, 25500 hrs.
INFORMATION ABOUT SOME DOCUMENT WUMBEERS ISSUED BY KE/TP

ENGINEERING AND FOLLOW-UP.

KE/TP engineering.

Purchase Orders

209 purchase orders have been issued during engineering phase.
Most of them have been amended at least once and sometimes

14 times.
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191 requisitions have been issued,

Technical spegifjications.

470 technical specifications have been issued (70 R.P.,
328 S.P., 12 5.M.)

e ———— T —————— - —

o AL A A St e oy e S iy Sl i i e e - =

Some special studies have been subcontracted:

- "HISPANO-SUIZA THM 1304 GAS TUREBINE EVALUATION" subcon-
tracted to M.T.I.

- "NUOVO PIGNONE COMPRESSOR DESIGN EXPERTISE" suhcontracted
to Fern Englneering.

- "Sea-water level fluctations in platform columns"{several
reports)subcontracted to Laboratoire Central d'Hydrauligu
de France

- "Sea water rejection shaft design and behaviour” subcon-
contracted tolaboratoire Central d'Hydrauligue de France

- "Water hammer in sea-water network"” subcontracted to
Neyrtac

- "Support frame vibration behaviour" subcontracted to
Metravib.

- "Short~circuit calculations" subcontracted to SNEA(P)
Socetec and EFI.

- "Low pressure vent height calculations" subcontracted

to Trondheim Institute.
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KE/TP drawings.

£418 KE/TP drawings have been issued.

Vendor drawings.

2711 Vendors drawing have been collected, checked and used.

Follew—uE

For the vard, hook-up, commissicning, start-up assistance
230 engineering modifications have heen issued with following

splitting up:

* 19 strucutral modifications
* 17 piping "
* 102 instrument "
* 40 electricity "
* 6 mechanical "

—— v ——————— —— — o ——— i w——— Y —

The follow-up team has been in charge of issuing both

instrument and electrical troubleshooting diagrams.

* 722 1.,5.D, have been issued in instrument and safety
* 2035 T,.5.D. have been issued in electricity
(d@afting subcontracted)

MAIN TECHNICAL CONSTRAINTS FACED DURING THE PROJECT:

When the first reliable and detailed informations have been
known on the compression plant the design of TCPZ2 platform,
support frame and treatment facilities was frozen and the
construction in progress, As a conseguence the possible
modifications and reinforcements were very limited and two
main constraints came due to this fact:
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- Limited available surface on the main deck without
compartmentalization (compression module location) and
with compartmentalization on the cellar deck (utility
modules and pancakes). Mevertheless this limitation
has not induced a lot of troubles in the project.

N Limited possible total weight and pinpeoint repartition
of weights to be installed on the support f£frame. This
constraint has been the most important one all along
the project and has been considered as a major criterion
in the selection of some main eguipments (gas turbine
of jet-derivative type, plate heat exchangers, high
characteristic steel for gas piping and flanges, cupro-
nickel material for sea-water piping, separators of
cyvelonic type both at suction and discharge of com-

pressors ete...).

Some other constraints of less impoertance occured due to the
fact that the compression plant had to be integrated in an
existing treatment plan: Existing tie-ins (maln gas piping,
fire fighting sea-water, glyecol, ethanol, diesel oil,

ingtrument and service air etc...}.

MAIN TECHNICAL CHOICES AND GUIDE LINES.

General scheme.

s there was on Frigg Field two completely separate trains
of gas pfoduction, treatment and expedition the basic idea
has been to get 2 turbo-compressors each of them bkeing
devoted to only one line. But, in additicon to the normal
maintenance work, turbo-compressors need in marine environ-
ment frequent stops for water-wash. This implied to add at
least one turbo compressor spare. Accordingly the scheme
shown on Fig. 2 has been selected as the best for following

reasons:
* it minimizes the piping length
* it minimizes the valve number
s WEIGHT
* it minimizes the outlet separatomumber —> SAVING
* it allows the use of flat swing check

valves in place of ball valves.
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The only inconvenience of this scheme is that it is not
possible to run simultaneously compressors A and C on TP
line or compressors B and C on TCPZ2 line for safety reasons.
That compels the operators to stop the running machine prior
to start the substitute one (but the capacity of lines is
large enough to make this a false problem) and imposed the
need of an interlock system between inlet HV valves

(N.P.D. request).

Machine Environment,

Turbo-compressors: In order to make maintenance operations
possible whatever the weather is the in-door solution has

heen chotsen.

Turbe-generators: The in-door solution has been chosen for

the same reascon:

Control room: A centralized control-room for all eguipments,
permanently manned has been chosen after discussions and

agreement with production people.

Emergency diesel generator, diesel fire pumps, electrical
sub~station, control room heating and ventilation system,
main 5500/380V transformers: All those eguipments are
located in-door in order to keep the same philosophy than on
existing installations and to improve their reliability.

Other equipments: All other equipments are in out-door

configuration.

Selection of main equipments.

The main criteria for the selection of eguipment have been

all along the project:

- reliability: All bhidders have been reguested to document
their offers with references in same or very close
operation conditions. Those references have been checked
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very carefully mostly by visits in users facilities,
In the same way the selection of materials has often
been led by reliability considerations (i.e. cable trays
in stainless steel).

- weightas low as possible

- overall dimensions compatible with the awvailable areas

- price

- norwegian content.

oy —— . A - B deh i ek Akt —

In addition of hereakove criteria the aim of the project was
to install the highest power amount so that the compression
phase 1 be used as long as poessible. The way chosen by

EAN to select the turbo-compressor vendor has keen to launch
two separate calls for bids, one for the gas turbines and
one for the centrifugal compressors. Then to reguest the
two selected bidders United Technologies Int. and Alsthom
Atlantique, to make an arrangement, the turbkine's vendor
being the responsible for the complete machine. It happened
that these two vendors had a common norwegian sub-contractor
Kongsberg Vapenfabrikk and this one was granted the leader-
ship for the complete package. This rather complicated
arrangenent did not work very well as it will be explained

in comments chapter.
Gas turbines.

After the bid tabulation and the pre-selection the last
choice was between U.T.I. (FT4C-3F) and Kvaerner Brug
(General Electric Frame 53). Finally U.T.I. was chosen for

following reasons:

* higher power available: 38000 HP for FT4C-3F
33000 HP for frame &
* lower welgh: FT4C-3F is of jet derivative type,

frame 5 is of heavy duty type
* easiest maintenance: FT4C-3F iz of modular type,

frame 5 is of classic type.



7.3.2.1

13723

However at the time of order the 3F free turbine ({3 wheels)
had no industrial experience but several dozens were seold
and were supposed to be started up before our delivery time.
Therefore EAN reserved his right to revert to the former
type (2 wheels) in case where U.T.I. would have experienced
too much troubles with these new 3F, and a complete inform-
ation from U.T.I. was reguested during meetings every two
month, This was achieved at EAN satisfaction and allowed
to stick with the 3F free turbine.

Centrifugal compressors.

After bid tabulation and pre-selection the final choice was
between Alsthom Atlantigue (under Nuovo Pignone license),
Elliott-England and Kvaerner Brug {(under Dresser license),
In a first step Kvaerner Brug was rejected because EAN

had no confidence in the rotor design (shaft too flexible
wheels in back to back arrangement). In a second step the
two offers from Alsthom Atlantique and Elliott-England were
considered as technically similar. Only two reascns led
EAN to chocose Alsthom Atlantigue:

* Both the project manager and the project manager
assistant had had good experiences with Nuovo-
Pignone in their former assignments.

* At the time of order Elliott was experiencing
technical problems on several locations all over
the world {Ekofisk, Lybia...).

Electrical Power Plant.

Since the very first electrical power balance estimates it
was obvious that the existing power plants on TP1 and
TCP2{T) would not be able to supply all consumers on Frigg
Field including the possible future extensions. The need
for a power plant in compression facilities was then clear.

Two possibllities were possible:
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* To build a power plant able to feed only the com-
pressicen plant plus the possible future extensions

* To build a power plant able to feed all the Frigg
Field the existing ones becoming spares.

The second solution was adopted and the power balance was
settled at 21 MW (16MW for all installations known, including

compression, plus S5MW reservations for future extensions).

After bid tabulations and preselection the choice to be done

was between:

* G.E.C., UK: 2 sets E.A.5.1/33 of 10,17 MW each
* Stal laval: 2 sets GT.35 of 13,5 MW each
* Hispano—Suiza: 3 sets THM 1304 of 7 MW each

In a first step G.E.C. was eliminated (price slightly higher
than the two other competitors, overall dimensions too close

to availlable space}.

In a second step EAN selected Hispano-Suiza for the following
reasons: More flexibility and reliability with 3 sets in
stead of 2, easiest maintenance, same price and same norwegian

content as Stal Laval.

A recommendation was introduced to norwegian authorities in
that way, but for political reasons the Stal Laval solution

was imposed to EAN.

High_pressure_gas_piping material.

Due to the fact that in Frigg gas composition there is no
HES it was possible to make the HP piping and flanges £from
an high yield strength steel. That solution allowed the
project to save approximately 130 tonnes of dead weight.
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There was two kinds of needs for cooling: compressed gas and
lube oil of turbo-compressors and turbo-generators. Three

possible ways to achieve this cooling were examined:

* Directly by air through air coolers

* Directly by sea-water through gas/sea-water and
0il/sea-water exchangers,

* By fresh-water running in closed loop through gas/
fresh~water and oil/fresh water exchangers. In
this solution the fresh-water had to be cooled and
the only possibility was to use the sea-water.

The first solution (air} has been rejected because the total
available area for compression was not large enough to with-
stand the needed air coolers,

The second solution has been abandonned because at the time
of ingquiry KE/TP did not find any manufacturer ready to
build exchangers handling on one side 32 MMSCM/d gas at

TOSOC and on the other side sea-water.

Therefore the only remaining solution has been worked out

Three main ideas have led the studies:

* select the materials used very carefully so that
the corrosion attacks should be reduced to a
minimum. This work has been done in close cooper-
ation with D.D.T. specialists in Paris.

* Make the arrangements as simple as possible so that
the numbher of valves, check-valves, etc... should be
minimun {(in fact with the modular configuration
adopted it has been possible to avoid the use of valves
and check-valves on the main 28" pipes).

* Keap the weigh as low as possible.



7.3.5.1 Arrangement.

As aforesaid a modular arrangement has been chosen with 2
modules for phase 1 including each:

submerged pumps
sga~water filter
plate heat exchangers

—- B e B

sea-water rejection shaft
* assoclated 28" pipe

. At end of phase 1 the cooling needs will regquire only one

module in operation. Therefore the back~up installed is 100%.

For phase 2 all the necessary space has been reserved to add
T module with the exeption of sea-water rejection shafts
{each of them is able to handle 10000 M3/H and the necessary
taps are already in place). At this time the cooling needs
will reguire two modules in operation therefore thea back-up
installed will be 30%.

Note: At requast of production people a study has been
done by KE/TP in order to examine what would be the
cooling needs in case of the gas temperature down-

. stream the fresh-~water/gas exchangers should be
lowered to 30°C. As a result of this study it
would be necessary to change two sea-water punps
(4000m3/H each in place of 2000 m3/H presently),
and to add two plate heat exchangers with associated
piping. A space reservation has been done in area
located south of pancake 43 for these two additional
exchangers and in area located south of top of
column 5 for the piping. The necessary taps on the

sea~water rejection shafts are already in place.
7.3.5.2 Sea water pumps.

. Due to the large dimensions of these pumps and the lack of

available reservations outside the platform columns the
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the only possible locations were inside the columns. 8o 4
locations have bean taken in column 3 and 2 in ecolumn 5.
The top of column 3 being rather emcumbered the submerged

electrical motor driven pump type took the lead.

After bkid tabulaticon and pre-selection the choice was between
K.5.B. (Germany) and Thune-Eureka (Norway). From a material
guality, performances, price the two offers were egquivalent.
The difference was in experience. KSB was able to prove that
he had some pumps of the same range in ¢peration without any
major trouble while Thune-Eureka had no experience at all

for this type of equipment. As a consequence EAN introduced

a recommendation to norwegian auvthorities for the purchase

of 4 KSB pumps. For political reasons this recommendation was
rejected and after discussions EAN was allowed to iz 2 KSB

punps and 2 Thune-Eureka pumps.
Sea-water filters.

Nothing to report.

Plate heat exXchangers.

This type of exchangers has been selected for the following

reasons:
* good resistance against corrosion (plates in
titanium)
* welight lower than tubular type
* easy maintenace
* experience in marine environment.

After bid tabulation the choice was between Alfa-Laval and
A.P.V. the two offers were technically equivalent and A.P.V.

has been selected because of their lower price.

Sea-water piping material.

The problem was to select a material able to:
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* handle a flow of sea-water running at a speed as

high as possible so that the diameter of the pipe
be the minimum (saving in weight)

* avoid all corrosion problems in stagnant sea-water
{at stand =till)

After an extensive review of all available materials (Rilsan
coated steel, Resin armed with fiber glass, various copper
alloys, titanium,stainless steel) only two were found possible
Cupro nickel 20/10 and titanium. In spite of the very high
water speed allowed by the titanium (meore thant 8 m/s) this
solution was rejected for two reasons: |

* wall thickness of pipe very small (fragility)
* no possibility to weld on site (addition of a lot

of flanges, no repair offshore).
g0 the cupro-nickel 90/10 has been chosen.
Sea water rejection shafts:

The free discharge from the support frame level to the sea

of 50 large guantities of water (minimum 8000 m3/H in phase2)
was declared unrealistic since the beginning of the project.
As there were no provision in external platform column walls
for anchoring of large pipes it was decided to discharge the
c00ling sea-water inside column 5. WNWevertheless the need for
large pipes avoiding the free discharge remainded ohvious
(protection of other egquipments inside the column}.

A study has been done by "Laboratoire Central D'Hydrauligue
De France" in order to define the rather sophisticated
design of this discharge pipes called "sea-water rejection
shafts”. Taking benefit of the material selection done for
the piping and knowing that the maximum water spesad in the
shaft is 18 M/S with no risk of stagnant water it has heen
possible to choose the special Avesta 254 840 (High content of

manganese) stainless steel,
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GENERAL COMMENTS

Contract with KE/TP

As aforesaid in paragraph A-1 was of at cost type with a
light reduction in rates ahove a certain ceiling., It is
undoubted that at time of signature of this contract the
lack of experience, both on engineering and on EAN sides,
for the erection offshore of large compression plant have
not allowed to chose another type of contract (impossibility
to define a detailed scope of work). Nevertheless it is
sure that this type of contract does not motivate the
contractor concerning the delivery times and the gquality

0f issued documents. That is what we have experienced

all along the engineering phase of the project as explained
in the historical review hereunder.

Higtorical review.

[ T ——p——

At the very beginning of the project the main objective was
to have the compression operational on 1st October 1980.

In order to achieve this the engineering phase {(basic and
detailed) was scheduled to be completed end of June 1278,

In fact due to continuous planning slippages the engineering
has been declared completed end of December 1979 and the
compression plant was operational on 1st October 1981 (first
turbo-compressor operational end of September 1281, second
turbo-compressor operational mid October 1581, third turko-
compressor operational mid November 1981)}. This délay

of one year had no effect on Frigg Field gas deliveries

the decrease in pressure of the reservoir being lower than

estimated in 1975.

June 19875 till February 187%. "At cost" phase
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June 1975 - September 1977. Basic Engineering in Paris.

Between June 1975 and spring 1976 the engineering was to
determine the best turho-compressor arrangement, to issue

the preliminary lav-cuts taking inte consideraticon the
existing machines on the market, to issue the corresponding
glectricity load balances and weight estimates. During

this phase all ran smoothly and EAN has nothing to report |
about. |

Betwaen spring 1976 and Septamber 1977 when the first speci-
fications in view of purchasing the main egquipment and the
drafts of purchase orders were issued for EAN approval the
quality of these documents was so bad and therefore the
comments from EAN so numerous that an urgent need for an
increase in EAN team appeared. It has been done by the
recruitement of one instrument engineering and one electrical
engineering in 1976, one structural engineer and one piping
engineer in 1977,

Nevertheless the basic engineering has been completed in
September 1977 without any delay when the purchase crders
for the mailn egquipments have been placed (turbko-compressors,
water separators, main fresh-water pumps, tubular and plate

heat exchangers)

Then the transfer of engineering studies from Paris to 0slo

Took place during June-September 1977 as foreseen.
October 1977 till February 1979, Detailed engineering in Oslo

- Since the beginning of the detailed studies in KE
poffices (KE manpower plus some specialists from TP)

several problems appeared:

- Difficulties from KE to supply the project team
with skilled personnel mainly in Instrumentation,
Electricity, Safety, Procurement and Inspection.

- Excessive personnel turn-over in TP team due to

income tax problems.
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- Excessive absences of the TP project manager who
were apparently still involved in other business
in Paris.

- Poor coordination in the project mainly between
instruments and electricity in spite of EAN
engineer efforts.

- Poor gqulity of issued documents (specifications
and drawings)mainly in Instrument, Safety, Electri-
city and Beating ventilation.

- Deficiency in checking of vendor drawings (KE/TP
regarding the vendor supply as a package and
checking only the battery limit).

The consegquences of these problems are obvious:

- Contiuous slippages in delays for the delivery of
Engineering documents.

-~ Reinforcement of KE/TP team mainly with personnel coming
from TP Paris further to EAN recriminations

- Low progress of the project although the percentage of
progress presented in KE/TP report has always been
overestimated.

- Large increase Of hours spent in engineering:; at 25th
February 1979 the total amount of hours spent was
319 000 (Excluding Procurement & Inspection and construc-
tion assistance) associated with a progress of 81%
astimated hy KE/TP. This total amount has to be compared
with the estimation of the contract: 146 900 hours in

contract 5139 including amendments 1.2.3,

Facing this situation several decisions were taken both by
EAN and KE/TP;

By EAN:

- Change in the type of contract for the end of engineer-
ing. KE/TP was reguested to suhmit a lump sum proposal
and an agreement was reached for a sum of 24 000 000 NOK.
This amount has bheen increased by 2 400 000 NOX after
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a ¢laim at end of study. This total amount of

26 400 000 NOK corresponds to approximately
195 000 hours  all spent in Instruments, Safety
and Electricity.

- Withdrawal from KE/TP responsibility of Procurement
Inspection management, yard construction manage-
ment, Hook-up, Commissioning and start-up manage-
tnent.

- Reinforcement of EAN specialist team with first a
mechanical engineer then an instrument engineer
and an electrical engineer used as EAN represanta-
tives in KE/TP offices and acting as quality con-
trollers, and a Procurement-Inspection Leader.

- Postponing of the target date for the operation of
the compression plant by one year (From 1st October
1980 to Tst October 1981).

By KE/TP:
- Transfer from 0slo to Paris of the instrument, safe-
ty and Electricity section. 5
- Large increase in the manpower in these sections

- Creation of quality control team.
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After all these modifications the efficiency of KE/TP engineer-
ing has been improved but the accumulated delays were so
important that the engineering completion took place only

at end of December 1979. (Although the planning issued
together with the lump sum amendment foresaw an engineering

completion at end of June 1979).

The follow up (vard, hook-up, commissioning and start up
assistance) was performed in Stavanger in EaN offices by a
small KE/TP team consisting of specialists selected by EAN
working under the technical responsibility of EAN engineers,
KE/TP keeping the administrative responsibility. This



arrangement has worked satisfactory and allowed the project

to cope with the necessary corrections, the important modi-
fications demanded by the start up team (not always well
“Justified) and even to issue the troubleshooting diagrams for

Electricity, Instruments and safety.
Comments

The main comment is an obvious conclusion of the historical
review: When an "at cost" contract is passed with an
Engineering ateam of specialists must be constituted in client
side from the very beginning. The mission of this team is to
perform an accurate guality control so that the progress

announced by the engineering becomes credible.

The second comment concearns the locations: It is obvious
that the too numerous locations of various teams has created
a lot of problems due to communication difficulties and

time lost in movings. The worst periocd was at end of 1978
(Beginning of yard construction) when KE/TP was in Oslo,

EAN team partly in Oslo partly in Stavanger the three years
being in Orkanger, Kristiansand and Grimstad. As an evidence
of fact this dispersal of people should be avoided as far

as possible.
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PRELIMINARIES

The purpose of the whole project was to design, build and
install 4 big modules on the platform maindeck and 7 pan-
cakes on the cellar-deck or lower deck, and also to equip
columns 3 and 5. Although this report is normally limiteu

to the Engineering company and its management by the customer
it will aslo be related to the costs and consequences on the
planning created by construction and installation problems,
so that the reader may be granted with consideration and
estimation elements for future projects.

CONSTRUCTION TECHNICS

Information concerning the main characteristics of the
modules and pancakes structures (lay-out, general view,
over-all dimensions, weights, function etc.) are given in
Annex 1,

Type of structure

Modules: metallic caisson with a 9 m cantilever on the east
side and directly resting by way of 4 plates, on the TCP2
support frame. The 3 turbo-compressor moedules {(No. 30, 31
and 33) are of the very standard type, that is with vertical
North and South lattice girders, transversal frames on a 6 m
spacing made of standard commercial, or fabricated on the
site sectional irons, upper and lower floor made with rein-
forced steel plates = their conception is similar to that
of the treatment modules set on the western part of' the same
platform however the "utilities" module no. 32 does include an
additional floor (total height above 20 m) and also a crane
on a pedestal with a 10 tons capacity at 36,6 n,

The 4 lifting padeyes have been set on the upper level
(main deck) for modules 30, 31 and 33 and on the lower deck
for module 32, which is much higher and heavier. We shall
later on come back on the padeves design and realization
problem. The outside vertical walls of the modules have



not been taken into account for the resistance of the verti=

cal lattice beams. 1In reality, because of the important

-number of penetrations (piping, electricity) and of the

necessity to minimize the structures dead weight due to

the maximum capacity of the support frame, it did not appear
interesting to use an "integrated wall" structure, more
espacially as the "gas tight", or in class II zone types,.
could be made with stainless 2 mm thiék steel-plates {gain
in weilght).

In zone I, the walls were of the A60 type (60 minutes resi-
stance to fire) that is a 4 mm steel plate with 75 mm thick

glasswool insulation.

Finally, the floor steel plates reinforcement was realized
after a comparison study for weight redugtion with non
symetrical angle bars rather than with bucket

shaperd bended plate.

Pancakes: standard flat structures, realized with a fabri-

cated plate girder, commercial sectional iron and reinforced
steel plates. The pancakes are resting at the cellar deck
level of the support frame, on 4, 6 or B bhearing plates,

In fact pancakes 41 (turbo~generator) and 45 (diesel generator
and battery room) are closed "metallic caissons, with stan-
dard vertical lattice girders, all the other elements being
similar or identical to the modules.

Padeyes have been set on the lower or upper level.

Engineering specifications

Engineering specifications are based on the following offic-
ial rules:

- bnV 1974 rules: rules for the desing, construction and
inspection of fixed offshore structures.
- Dnv's technical notes for: lifting study, fatigue cal-

culation of crane pedestal etc..



- Norwegian code of practice for steel structures compu-

tation and design 1973,

- N8.30532, Loadings (especially used for calculations
of shapefactors for wind loads).

- Environment design conditions have been summarized in
Annex 2,

- KE/TP has established an "Archtecture" specification
but, on the other hand, Elf specifications for
materials (steels) painting, construction and controls
have been directly used with some modifications. |

- The METRAVIB COMPANY checked the vibration behaviour of
the modules and the TCP? support frame (thecretical
study with limited elements computation for the modules
and pancakes, and experimentation for the support frame).

Structures design

As already menticned in paragraph 2.1, the structures belong
to the standard lattice type (commercial sectional steels on
fabricated beam). Maximum thicknesses, of the beam steel
plates did not exceed 40 mm except for the medules padeyes
made with 70 mm thickness plates.

Floor plates varied from 8 to 12 mm and were re-inforced with
hon symetrical angle bars, on a 600 mm spacing. Walls were
made of black steel plates 4 mm thick, reinforced by

80 x 60 x 4 mm angle bars,

Claddings and some "gastight" walls were made of stainless
ribked 2 mm thick steel plates leak-procf welded on the

structure.

Totally, welded design, except for some bolted joints in
order to facilitate offshore functions during hook-up.

All the roofs (upper decks) or opened pancakes, floors
have not been designed with construction deflection or gene-

ral slope for water drainage.

At the modules bearing plates level some areas have been
reinforced, s0 as to be used as a base for jacking up,
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welghing and installing the skidding gads for the load-out
from the yvard (only localzed reinforcements have been
added on reqguest on the framework of the much lighter pan-
cakes).

Modules computations have been checked on a computer assuming
that 1lifting would be conducted with 4 inclined slings

(for padeyes located on the upper part) for no 30, 31 and

33, and with 4 vertical slings (for padeyes on the lower part)
for no. 32.

Pancakes calculations were made manually,

Lifting and padeves

The 3 modules no. 30, 31 and 33 have been designed, since the
beginning (most unfavourable case for upper - deck girders,
taking compression stresses generated by the inclined loads
in the slings into account) with welded 70 mm thick steel
plate padeyes set at the upper deck level and 4 inclined
slings hanging directly from the barge crane - hook - this
set-up, rather simple to prepare, allowed to avoid the use

of a spreader bar or beam, but also limited the gauge for the
installation of eguipment on the upper deck (pipe, supports,
valves, small piping, turbines exhaust pipes..).

The end to end welded joint, perpendicular to the stress
direction in the padeye, is the only part of the system which
can induce into prebering another desing, without joint,

but in our case this would have raised the problem of bending
a 70 mm thick steel plate, since the inclination angle of the
padeye is only known at the last moment, after weighing on the
yard, which does not allow a logical and much simpler fabri-

cation in the workshop.

Another critisism is the external position of the padeyes
which because ©f the large dimensions of the shackles and
axles, made the installation of two adjacent modules more
complicated by interference and possible shocks (this happened to be the
the case for modules 33 and 32, the last one complicating the problem
because of its larger height.



In that case the spacing between

two modules should have been increased but it was too late
to envisage such a modification in this project already
settled since the beginning of the structures design in

Oslo (this should be taken into account for future projects).

Module 32 padeyes were set on the lower part and lifting was
realized with vertical slings and spreadef frame. This
arrangement allowed to have a lighter structurs for the
module and an important gauge on the roof {onshore installa-
tion of the crane and its boom) As an inconvenience, there
is & certain instability of the module, although the 1lifting
went on extremely well, the necessity of cutting out the
padeyes before installing adjacent, modules, and the very
important difficulty for the withdrawal of the slings
{(damage by shock of the slings on the egquipments due to the
movement of the barge crane and the spreader frame).

This unusual set-up should be avoided and a design with pad-
eyes on the upper part is preferable for modules and pan-
cakes.

Some criticism for desing with padeyes on the lower PArt on
Pancakes no 44 and 45 since, there too; interferences, shocks
and difficulty to take off shackles and slings have been
found.

To summarize and taking into account the fact that lifting
does represent the most unfavourable case for calculation
and dimensioning of the main frameworks, the engineering
company should carry serious assumptions and design studies
since the very beginning in order to avold surprises, modi-
fications and difficult discussions when selecting the liftor,

Weighing, load-out, transportation and seafastening.

At end of comstruction, on the yard, modules and pancakes have
to be weighed (confirmation ©of the posziton of the gravity
center and total weight for final setting of the tilted
padeyes and final dimensioning of the lifting eguipment),



transfered- to the barge, fastened on it then transported to
the Frigg Field for final installation.

These constraints should also be taken into account along
with the design studies and not when it is time to realize
these operations.

As an example, weighing and load-out required 4 reinforced
areas on the structures at the bearing plates positions in
order to position jacks and skidding pads. There - when
designed and calculated since the beginning of the studies
these strengthenings do not distrub the yards because of
difficult and costly modifications at the last minute.

This is why internal seafastening of equipments and namely

all the electrical compartments should be taken into account |
when designing the fixation on the structures of the said
equipments all along with the preparation of the design
drawings and the checking of the skid plans of the equipments.

Barge seafastening for transportation is, on the other hand,
only studied at the end of the project and just before rent-
ing the barge (this study was made by the liftor, for the
comprassion case, and did not require but a small local re-
inforcing of the damping joints).

211 this of course assumes that the engineering compay has
been granted with the responsibility for all these problems
and that it does have the corresponding competencies. We
shall at least mention that weighing was conducted by the
"load cells" method (weighing with 4 load-cells, fed in paral-
lel by the same pump, the 4 bearings being simultaneously
weighed).

This simple and fast method gives a 1% precision, but it
showed surprising distributions of the reactions on the 4
bearings due to a distorted and hyperstatic system that

was not at a neutral state on the 4 construction bearing just

before weighing.



The final position ¢f the center of gravity deducted from the

weighing and slightly different from the theoretcal calcu-
lated position (maxi. 0,50 m) was taken into account by
the liftor to determine the slings length. The package
position during lifting was practically horizontal which
confirmed that weighingresults were right.

Shimming.

The maximum acceptable horizontal slope for the modules
equipments and for the drainage system required a shimming

to be provided under the modules and pancakes bearing plates,
taking into account the geometrical shape of the support

frame in 1980, before installation of the compression and

the self deformation of it due to the loads of the compression

phase I.

A survey on the platform combined with a theoretical defor-
mation calculated with a computer proved that the no. 30
extreme North module had to be shimmed 90 mm - which was
done before lifting. '

A check on the level after setting showed a maximum bearing
unevenness of 12 mm, which was guite acceptable and confirmed

theory results.

Consequently , no vertical jacking had to be conducted on the
platform, although the structures had been designed for this.

Installation tolerance on platform.

In order to avoid a skidding on support frame in the North-
South and chiefly East-West direction, which implied a compli-~
cated equipment and operation, it had been decided that
modules and pancakes would be installed with a horizontal to-
lerance of X2 mm,thanks to the installation of guides on the
yard (and bumpers on theplatform),after a survey of the
modules/pancakes and of the support frame itself.
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The installation of these guides had to be rigorous to insure

a successfull operation. Although congidered by certain
pecple as "a too constraining and out of common tolerance",
this tolerance has been obtained for most packagesand was
not obtained when positioning of the guides had net been
properly realized and controlled (East-West direction) -
the "out of tolerance" has however been accepted thanks to
the displacement or modification of a H.P. piping line
(secondary piping lines could be displaced).

Consequently, no skidding in the East/West direction had to
be conducted (this would have been a difficult and costly
operation, the success of which was only cobvious in the
theoratical study.

Criticism and control of the design.

Since the structures were gquite standard, general design
and details do not require special criticism but for the
following forgotten, or considered too late, joints

(excluding padeyes already déscribed hereabove).

a) Since no construction counter deflection or slope for rain
watar drainage had been designed on the roof and open
-floors, the last ones showed a concavre deformation
due to welding which kept the water and made it necessary
to add up draining boxes, difficult to position in the
-middle of very numercous pieces of equipment and very
costly to install at the end of the workings.

For future projects, an efficient water drainage should
be designed on the upper decks of the modules and on the

pancakes exposed to rain.

b) Reinforced areas for jacking operations on the yard
(weighing) and skidding pads installation (load=-out} had
not been provided since the beginning of the studies
(pancakes) or were insufficiently important under the
modules, which regquired reinforcing plates to be in-
stalled at the last moment ({extension of delay, painting



c)

d)

e}

£)

destruction etc.}.

The way the equipments skids have been fixed onto the
floors did not properly solve the corrosion problemn.,

In fact, the skid must be welded water-tight on the

floor steel plate and the skid should be designed in such
a way that not water infiltration is possible, so that
the inside is isolated "for 1life" or else the skid

should be raised (at least 0.250, on beams, themselves
tightly welded on the floor plate, and, in that case,
palnting maintenance can be done by access to this free

space.

Any intermediate solution.will create unattainable non-
tight zones, impossible to reach for re-painting.

Internal ssafastening of egquipments, piping and parti-

cularly electrical and control compartments {glectrical
substation, battery room, control room) must be thought
of since the beginning and not before leaving.

Although these studies were not clearly a part of the
scope of work of the engineering company at the be-
ginning, modules and pancakes shimming and mainly pack-
ages installation setting within and on the support
frame must be a permanently present concern of the de-
signer since guiding, tolerance for installation {for
hook-up connection and shimming problems for a good
horizontality on the platform when too lately taken
into account induce last moment difficultiez and modi-

fications.

Mention must also be made of the importance (easiness

and amount of work) of offshoie connection: connecticn
between modules, connections between modules/pancakes and
support frame, walkways, stalrcase installation etc..
Studies must also since the beginning include a design
facilitating and minimizing installation connections
cffshore.
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g) Calculation and design have been officially controlled
by DnV 0slc, which also gave its agreement on all

specificatiens.

The excellent relationship with this certification or=-
ganization provided very easy solutions for all the
calculation desing and welding problems raised by this ;
project,

All shop drawings of the constructors have been con-

trolled by the engineering company.

Stae] specification and construction.

Elf specifications for steels and construction were not
discussed with DnV.

The steel gualitiéesg used were as follows:
a) ' Padeyes (special structure) HS-20 or ST 42-3N for thick-
ness below 50 mm, H4-40 for thicknessas above 50 mm

(charpy VvV at - 40%¢) .

b) Primary structure (Main beams and trusses Charpy Vv at
- 20%, HS-20, SHS-20 and ST 52-3N.

c) Secondary structures (floor, pipe support) charpy V
at 0°C - ST 37-3U0r M.L.O.

d) Non structural steel (walkways, stairs)no resilience
8T37-2,

For T shaped welded joints, steel plates were ordered in SHS
guality (Quality 2}.

As it was already said in the report concerning TCPZ support
frame, the fabrication specification is not well adapted

for standard modules construction and it should be redesigned
as it had been suggested. We have thus added in appendix
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additions concerning NDT. Contreols on welding and construction

tolerance eventually accepted by DnV.

Since thickness were below 50 mm (excepted for the modules
padeyes) no PWHT was conducted on the weldings.

Although they had end to end 70 mm thick welded joints, the
padeyes have not been annealed in agreement witn DnV, since
they were considered as a provisional structure. As a set-
off, a ratio and U.S5, 100% control has bheen systematically

realized on the padeyes.

Finally, yards constructions have been controlled on site

by DnV and the ultrasonic control did not raise any discussion.

Painting

Paint application on these structures because of the long
construction and storage times added to the numerous modifi-
cations and additions during construction, always creates

a badly solved problem.

Elf specification was applied and the system adapted was the
HEMPEL, as on the treatment modules (products standardilization
for maintenance purpeoses). It must be noted that steel
plates ordered from USINOR FRANCE were delivered shot-blasted
and pre-painted (5A2,5 sanding and 15/20¢ first layer) -
this solution, c¢heap in our case, should facilitate and mini-
mize sanding on site, but it does not seem that the results

obtained were as good as it had been expected.

Operating loads of compression phase I.

The total load added by the compression eguipment remained
slightly below the maximum decided in 1977 and compatible

with the TCP2 support frame, This last equipment has been
checked in August 1980 and all stresses remained under or

equal to those checked in 1978.



INDUSTRTAL ORGANIZATION OF THE PROJECT.

The industrial organization of the project has been character-
ized by 5 rPoints deserving to be pointed out, to explain the
heavy work lcad always facing the EAN team responsible of i
the project: |

a) management of the KE/TP engineering was directly reali-
zed by EAN

b) the varicus entities concerned were not geographically
dispersed (at least during the intital design phase in
Oslo) but, as a set-off, constructicon was realized in
3 Norwaglan vards geographically far £rom each other.

e) the EAN management has been transferred to Stavanger
when the KE/TP engineering remained in Oslo {5 months
periocd with a new lum sum contract) the follow-up team
on other hand, d4id follow EAN management in Stavanger,
which allowed to remain efficient in this area.

d) vards and hook-up preparation management was conducted
by EAN instead of being entrusted to the engineering, as
initially planned.

e) the purchasing and inspection follow=up KE/TP team has
also been transferred to Stavanger in 1979 and directly
supervised by an EAN representative because of the pro-
blems raised by that part of the job.

The localization of the management and construction yards cen-
ters provides an explanation for the coordination and commu-
nication difficulties met by all parties,

The spreading ocut of constructions in 3 yards allowed to
better remain within the planned delays and not to be depen-
dant upon a single g¢ontractor, but it considerably compli-
cated the astudies and management work, since although not
multiplied by three, the system had to be adapted for the

3 yards,.



Qualities and defects of such an organization will be ana-

lyzed along with the following sub-chapters:

- EAN management at the engineering and construction level
- Criticism of KE/TP engineering

- DnV action (gertification authority)

- Steel procurement and manufacturing quality

- Contractual follow-up

This analysis takes into account the general Frigg job context
and the fact that the project has been totally realized in
Norway:

- The engineering preparation, call for bids and, in a less
important manner structuresordering phase has may be
been slightly to shert, although it took the already rea-
lized projects into account.

Elf policy was to remain as much as possible within the ini-
tial planning while maintaining a certain guality of exe-
cution.

In order to properly understand the selections made and the
difficulties encountaered, it must be remembered that KE/TP
engineering was a franco norwegian company with the human
and language problems to be faced in guch an association,
that the yards were alsc in Norway with their own climate
competence and productivity problems and finally that the

, 3 yards dispersion was a complication as far as coordination

and standardization are concerned.

EAN management for engineering structures.

Tt has been directed by one person only amongst the EAN
management team, which, because of the gquality of the services
provided by the engineering too often had to get into details
and apply an exhausting control at all times.

Tt would be necessary for similar circumstances to strenghten

the team with a structure designer in charge of the checking



of the details (drawings, specifications, take-off etc.)

S0 that the man in charge would have more time to devote to
important problems related to general design, orders,budget
planning and relations with other specialities and yards, not
forgetting Dnv,

indeed, the EAN management job was not to systematically

check all the obtained work of KE/TP and namely whether errors
are made on the drawings, but anyway if this proves to be |
required to face a situation not improved by the engineering i
such a check-out by an addition of man power would pay out |
since any drawing error found on the vard is very expensive

and disturbs the planning.

Finally, since the engineering was not competent enough for the
lifting problem the preliminary studlies under EAN Stavanger
responsibility (OCD Department) did not begin early enough,
which ended up in late design and calculation modifications,

Criticism of KE/TP engineering.

It must be mentioned that the structure/architecture team
was totally KVAERNER and that one TECHNIP person only was
in charge of coordination together with follow=-up of loads,
weight, gravity center specification and take-off problems.

This team began its studies in 0slo with 4/5 persons and
reached a maximum of 12 persons, including yards shop draw-
ings controllers.

Follow-up in Stavanger was conducted with a maxinum of three
people including a calculation engineer.

We shall not make any remarks on the design and calculations
guality since the structures have been chacked by DnV and
accepted without any special difficulties.

Criticism will, as a set—-off, concernsthe evolution of the
project inside the engineering and the specific problems

of the structure studies:



a)

b)

<)

a}

e)

the self welghts of the structures have been under esti-

mated singe the heginning, so that not very clear revi-
sions of the weight follow—up did appear.

Take-off for steel orders have not been revised in time

in despite of our request and this is how about 170

tons of non secondary supplementary steel were only known
of at opening of the job sites, hence the starting f
difficulties encountered in September-October 1978. |

Internal relationship and coordination with other
specialities has not always been efficient and practi-
cally did not exist in the monorails for hoist: case.
In fact, monorall beams have been designed by the struc-
ture people when the hoist specialist himself was order-
ing an equipment for a completely different beam confi-
guration. Besides, some heights under the hook proved
to be insufficient, which also jointed out a lack of
seriousness or of coordination in the disassembling

study plans for maintenance eguipments.

During the engineering line phase, the problems (at
design level) related to lifting, weighing, load-out,
transportation, installation on the suppeort-frame and
hobk-up have been slightly forgotten and set aside
which made necessary for us to solve them with the
follow up team much later. (the contracts scope of

work should be more precise and clear in this area.)

too many details errars in the drawings were made because
0f a lack of control inside the team itself.

It seems that within KE; all draftsmen remain responsible

of their work and are not controlled, as this is currently

done in other engineering companies willing to provide their

clients with a correct work.

f)

Not very much flexibility proved to be available from
KE to increase the number of people at work when necessary

(shop drawings controllers were provided by TP) and a ver:
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long time has been required to straighten out the situ-

ation again when it was difficult.

g) Consequences of paragraphs c) and f) hereabove were a
delay for the plannings and an important difficulty for
EAN to understand why some delays were occuring and
when some of the operations could be brought to an end.

This is mainly due to the fact that the engineering
itself did not understand its own inability to carry a
planning to a good end with no delay, and its lack

of adaptation capacity when faced with the difficulties
inherent to such a project.

A precise example is, taking into account the progress
of the piping speciality that of the definition and
design of all the piping supports, It proved impossible
to know what volume these supports had and when the last

drawings would be ready.

This is a great disturbance for the yards not mentioning all
the piping and electricity penetrations through the walls
which changed many many times in respect to position .

The total number of construction drawings went up to 293
(architecture not included) and, for information, the average
key letter indication &,B,Cetc.. bafore construction was 3,
the figure one, 0, 1, 2, 3 etc... during construction was
also 3 with a maximum of 6 in each case (some plans were

revised up to 12 times..)

This last criticism must however be tempered by the fact that
the structure team cannot work efficiently when it does not
receive in time informations from other specialists and

that any modification made by EAN also disturbed the good
operating of the enginesring.

DnV action.

Specifications were approved by DnV Oslo which controlled
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KE/TP calculations and design with no special problem. Con-

struction controls on the yards themselves waere alsc conduc-
ted by DnV.

Steel procurment and manufacturing guality.

Structural steels, that is about 1900 tons (with a surplus
of 10%) were ordered by EAN from take-cffs prepared by KE/TP
and this, before selecting the vards.

Taking into account a delivery time of 2,5 months for steel
plates (USINOR FRANCE}, which was very short and 2,5 to

5 months for sectionnal irons (THYSSEN, Germany) which was
more painful, it was possible tec deliver steels on the yards
at their effective opening date to begin construction,

This method certainly allows to gain a lot of time since the
yvard cannot order 1lts steels before signing the contract,

but it cancels the yard responsibility if errors are found,
hence the necessity of an official DnV acceptance at the mill,
in addition ot the c¢ontrol made by EAN/KE-TP themselves.

Since gquality steels cannot ke found on the shalves and since
a mill rolling requires a minimum of about 3 months this
method is the best one to shorten the general planning and
allows a fast start-up for the yards.

In one case, this start-up was difficult since, although
85% of the steels had been delivered at yards opening, some
important sectionnal irons were lacking, which stopped fabri-~

cations,

Contractual follow—up

Enginegering follow-up was easy in Osloc since the respective
offices were close together, but it became more difficult
during the lump sum phase after transfer of the management
to Stavanger, when KE/TP remained in Oslo and the KE/TP

follow-up team was also transferred to Stavanger. The follow-
up part and end of project with all concerned gathered in
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Stavanger did not raise any coordination problem.

As far as the reguest for bids issued at the end of 13977, the
structure file (number of drawings ready and sufficiently
detalled weights estimation and how the one distributed ete.)
was not sufficiently ready and precise to prevent the con-
structor from complaining later, or when modification and
inevitable additions in such a project were made. Unit prices
list for additional work in order to face change orders was not!
precise and detailed enough which, no doubt, complicated the

EAN yard management job in order to better evaluate addition- |
al prices systematically presented by the contractor at each

new plan revision, and they were numercus until leoad-out.

RATIOS AND PLANNING.

Ratios

The reader might refer t¢ Annex 3 where various interesting
ratios concerning the cost of the structures are provided.
As far as the KE/TP engineering part is concerned, we must
mention that it has neither been possible to obtain the
overall time spent for the structures nor the final cost of
this discipline. It is conseguently a global estimation
distributed and discusszed with one ¢f the structure team
representatives that is given in Annex 3.1 and 3.2, and

not an official set ¢f results transmitted by KE/TP to EAN.
Moreowver, costs have been estimated by us from actual costs
per hour invoiced by XE/TP, All these figures are conse-
guently minimum results which should be increased by change
orders or . details that we do:. not know or which are diffi-

cult to extract from the budgets.

Arnnex 3.3 to 3.10. average ratios can be considered valuable,
together with an average price of 55,00 NOK per kilogram
for modules/pancakes structure installed and connected on a

compression platform,

We can comment as follows on these ratios:



a)

b)

c)

19.

Engineering:

Although computation hours have not been substracted
from the hours spent on design ratios hour/plan and
hour/ton are high.

The total time spent to check shop drawings is also high.

Construction:
The date at which steels were purchasing was favourable.

Hour/ton ratios are high for main structures and rather
average for small frameworks (walkways, stairs, hand-

rails, pipe supports).

EAN management and DnV control costs have not been

estimated and taken into account.

PLANNING

The overall project planning has been summarized in Annex 4
for the various main chapters without entering into the

detail of sach operation,

Lifting, initially planned for June/July 1979 was realized
one year later, but his did not bring any trouble to exploi-

tation.
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ANNEX

1-8

QVERALL SIZES AND TOTAL WEIGHTS OF MODULES/PANCAKES.

I 1 g Daad weight | Total weight| Total weight
of in Jifting | in operating
structures | condition condition
m. m. m.l (tons) (tons) {tons)
30 40,85 14,0 14,0 350 B37 8960
31 40,85 10,0 14,0 318 850 980
32 40,85 10,90 20,20 560 1123 1286
!
i 33 40,85 14,0 14,0 335 770 200
40 24,28 9,0 8,57 66 132 174
41 18,80 16,30 B,36 220 509 587
42 19,30 16,30 7,55 150 276 504
43 16,30 8,30 8,08 54 152 288
44 20,80 5,50 7,50 68 146 160
. 45 28,43 4,00 5.3 65 118 193
| 46 6,95 5,85 5,70 33 60 70

- ALL WEIGHTS IN METRIC TONS

For modules dead weilght of structures represents from 37%
to 49% of lifting weight and from 32% to 43% of operating

weight.

For pancakes dead weight of structure represents from 35% to

55% of lifting weight and from 18% to 42% of operating weight.




ANNEX 2

TCP2 COMPRESSION PHASE 1.

MODULES AND PANCAKES

ENVIRONMENT FIGURES FOR CALCULATIONS.

Operaticnal conditions

Storm condition V10 = 55 m/sec
Vy = V10 Q<4 Z2 < 10m
Vg = Vm \[0,93 +0.007x2 Z%10m

Gust wind veolocity (3 sec., gust)

- m
v, (gust) = vw,] 1,53 + 0,003 x 7 (V,, = 55 /sec 2 > 10 m)

Operating condition Vip = 35m/sec

Deflections of TCP2 support frame have been taken into account

according to KE structural analysis made in 1979,

Crane pedestal has been calculated under fatigue loading
(bnV design procedure no. 10D 50 -~ 3 - 1078. Date: Nov. Dec. 1!

Air temperature: - 5% to + 22°c.



ANNEX 3-1.

ENGINEERING OF COMPRESSION MODULES/PANCAKES

PROGRESS OF KE/TP MANHOURS.

Calculation + Design + Shop drawings checking.

Marhours
42500 ..
Y8 oo
Z2i2ao
22 o0 i
: | -
76 JUNE 1976 e ApRwT7 174 Ke/te e ?'-?mr .-.u:.wfﬁ July 8o
. = FagLy > =L YU -~ oo =
_ FolLow - JF
STAVA R G
1) Engineering study in PARIS (2 people): 2200 h June 76/April 77
2) Engineering study in 0O5LO (max. 13 people from whom 3 for
shop drawing checking. Average 6 people).: 33000 h from
which 3000 for shopdravwing checking. April 77/February 1979.
3) Enginesring lump sum in Oslo (Average 5 people)
6000 h March 79/July 79.
4) Follow up in Stavanger (2 people): 4300 h May 79/June 80
. 5) End of Project in Stavanger (max. 1 people):™ 200 h July 80/

December 1980.



ANNEX 3=2.

TOTAL KE/TP ENGINEERING MANHOURS SEPTEMBER 1st 1980
439600 h

(Excluding yard services, hook-up engineering, hook-up cffshore)
Total structure engineering manhours = 42700 h (9,7% of total)

Split up as follows:

a) Engineering studies

{(Calculating + design) 353200
B) Shop drawing checking 3000
C) Faollow-up 4500

Middle ratios:

Ratio Total manhours (A+Q) _ 39700 _ 121 h/dwg
. Total number of drawinas(1) 329
Ratio Tetal manhours (A+C) _ 39700 _ 17,9 h/ton
Total weight of structures(2) 2219
Ratio Total number of drawings _ 329 _ 0,15 dwg/ton

Tota)l weaight of atructures 2219

1} KE/TP design drawings included architectural drawings
{No. 36)
2) Total weight of structures fabricated by yards included

secondary and nonstructural structures.



1)

ANNEX 3-3

MISCELLANEQUS

RATIOS.,

Estimation of total cost of engineering.

- We have estimated an average price per manhour for the

structural team of 6 people during 1978 and 1979

(1 engineer + 1 adjoint + 4 draftment)

1978
1979
1980

171 kr/h
187 Kr/h
215 kr/h (only 2 people)

- For the period in Paris (June 1976/April 1977) KE took
a rate of 118 kr/h i.e. 1978 value without escalation

(+ 45%)

- We have added too extra costs for reproduction, mail

travels, computer and miscellansous expenses:

120 000 x 42.700 h

7 200 h

2 20¢C
30 000
6 000
2 660

840

TOTAL:

h

h
h
h
h

x
X
X
=
X

Estimation

managem&nt

118
171
187 *
187
215

of TOTAL

711 700 kr

1

259 000 kr
S 130 000 ™
1 122 000 "

497 420 "

395 600

7 404 620 kr

ENGINEERING COST but without KE/TP

7 404 620 + 711 700 = 8 117 000 kr

* HAVING NO LUMP SUM SPLIT COST FOR THIS PHASE WE
TAKE A RATE PER MANHOUR OF 187 KR (1379 PERIOD).



ANNEX 3-4

MIDDLE RATIOQS

TOTAL ENGINEERING COST _ 8 117 oo _
Ratio = T3 % 3,66 kr/ka
TOTAL WEIGHT OF STRUCTURES 2219 x 10
catio s TOTAL ENGINEERING COST - 8 117 000 = 190 kr/h
- TOTAL MANHOURS {A+B+(C) 42 700
¥YARD CONSTRUCTION MANHOURS PER TON AND PRICE PER KILO (3)

. TOTATL: TOTAL MANHOUR LUMP SUM |UNIT PRICE FINAL FINAL UNIT
WEIGHT MANHOURS | PER TON OF PER KILO CogsT FRICE (3)
tons (k) CONTRACT PER KILO

Yard 1 1548 264 223" 171 |13 098x10° 10,50 |°* 164x10° 34,99

(1439 tons) r ‘
3
3 548x10 3
Yard 2 355 60 000 169 (292 1 ) 12,15 5 250x10 14 79
3
1 B11x10 3
Yard 3 316 44 700 142 (272 ¢ | 6,66 3 900x10 12.34
TOTAL 3 |
166 20 45710 3 28,53
OR 2219 368 923 10,21 63 314x10
AVERAGE (average) | (2003 tons) (average)
. 1) Not included about 3000 manhours to end yard 1 construction
{they have been transferred offshore)
2) Including load-out (we have not been able to remove corre-
sponding manhours)
3) These prices are calculated without supplying of structural
steels (ST52-3N, HS-20, HS8-40, M.L.0O.}, painting and load out.
NOTA: In total weight are includedladders, stairs, handrails, walk-

ways, cladding....



. PAINTING RATIOS (WITH SANDBLASTING)

3
YARD 1 14598 x 103 _ 9,43 kr /kg
1548 % 10
3
14598 x 10° _ 429 kr/m?
34 000
34 000 _ 22 m®/ton
1548
YARD 3 2517 x 10°
- = 7,97 kr/kg
‘. 316 x 10
2517 x 10° 2
- 315 kr/m
8000
8000 i} 25,3 m2/ton
316

INFORMATION_ ABOUT STRUCTURAL STEELS AND STAINLESS CLADDING

ORDERED BY EAN,

406,20 FF/m°

+44++ b+
® - Cladding 22CND 17/13 th = 2 mm = 2000 m?
Price C & F 1978
- Supplying of plates (From & to 100 mm}
- main order
Quality SHS - 20 125 tons P1 = 2,307
" HS = 20 560 tons P, = 1,678
" oo HE = 40 BO tons P3 = 1,822
" M.L.O. 400 tons P, = 1,534
NQTA: Price per kilo: H.T. ex-works 1978.
467 239 kr
. TRANSPORTATION PRICE = —m8m ——— = 356
1312,47

FF/KG
FF/KG
FF/KG
FF/KG

kr/ton



ANNEX 3-6

TOTAL PRICE FOR PLATES WITH SHOTBLASTING + PRIMER COATING 15 p:

2 129 815 FF

dverage price‘per kilo : 2 129 915 _ 1 828 FFP/KG

{H.T. ex works with primer coating) 1165

Total weight of plates 1165 tons *)
- Supplying of profiles (until heb 600)

- Main order

Quality S8T37 - 30U 183 tons
ST52 - 3U 215,5 tons P~ 267 kr/kg
§T52 = 3M*  196,6 tons
sT37 - 3U)
NOTA: Price per kilo: H.T. C & F 1978 with shotblasting + primer

coating

Total price for profiles t 1 591 227 kr

Average price per kilo 3 267.4 kr/kg

. Total weight of profiles : 595 tons

TOTAL TONNAGE
ORDERED BY EAN 1760 tons
{(Main p.orders)

1 FF = 1,2 kI

AVERAGE
PRICE PER KG. 2,59 kr

*) In fact we have ordered a total of 1 312,47 tons of
plates.
. NOTA: In plates price we have added transportation cost of

356 kr/ton (France - Norway).



ANNEX 3-7

MISCELLANEOQUS BRATIOS:

Vibration study 710 844 x 1,2 _
(incl. platform 2219 x 10°
tests)

0,38 kr/kg

Checking of C.0.G.

439 680 = 1,2

+  Internal seafastening study : 3 = 0,24 kr/kg
2218 x 10

Weilghing of modules[pancakes 364 000 5 = 0,16 kr/kg

on yards 2279 » 10

AVERAGE RATIO

PRICE H.T. | FERCENTAGE
- NOK/KG

Engineering Study

{(Calculation-design~shop 3,66 8,0%
drawing checking)

Vibration study 0,38 0,8%

C.0.G.-checking + Internal

seafastening study ' 0,24 0,5%
SUBTOTAL STUDIES 4,28 (9,60%)
Structiural steel 2,59 5,8%
Yard fabrication 28,53 63,8%
Weighing on yard 0,16 0,4%
Painting 9,18 20,6%
SEUBTOTAL FABRICATION 40,46 {90 ,4%)

TOTAL PRICE PER KG
BEFORE LOAD OUT 44,74 *) 1 100 &




In this ratio it is not included:

1) D.n.V. Control (Engineering + Fabrication)

2) EAN Management for engineering and construction.

MISCELLANEQUS RATIO:

Load out ratio for vard 1 (Information got from yard 1

Report)

1330 x 10°
1548 x 10°

= 0,86 kr/kg



ANNEX 3-9

LIFTING AND HOOK~-UP INFORMATION ABOUT STRUCTURES.

1) LIFTING RATIO

Lump sum contract:

- Engineering : 200 000 kr
- Onshore work - transportation 10 900 000 kr
- Support frame cleaning

+ lifting 5 875.000 kr

TOTAL 16 974 000 kr

LIFTING PRICE 16 975 000

= = 2,92 kr/kg
RATIO  nopar, LIFTING WEIGHT *) 5818 x 10°
*) In this total weight is included temporary pancakes,
manitowac ¢rane .... etc. and not only compression

modules/pancakes which weighed 5026 tons.

2) Hook-up ratios (Rough information)

Total price (manhours + contractor management)

: 13 000 000 kr (Without EAN Management)
Total productive labout = 60.000 hours
Ratio: Total price _ 13 000 000 _ 5,86kr/kg

Total structure weight 2219 x 10°

Ratio: Froductive labour _ 60 000  _ 27 h/ton
Total structure welght 2219




ANNEX 3-~10

AVERAGE PRICE PER KILO FOR STRUCTURES
INCLUDED LOAD OUT, LIFTING AND HOOK-UP:

Lifting
Hook=-up

Price per kg before lcad out
Load out (yard 1 ratio}

Total

44,74
0,86
2,92
5,86

: 54,38 kr/kg




MODULES AND PANCAKES OF

COMPRESSION PHASE I

HEADING

1976
JFMAMJIJASOND

197
JFMAMJIJ

7

ASONDWIFMAMJIARASOND

1278

1979
JFMAMJIJIASOHD

Engineering studies in Paris

(Basic study)

Engineering studies in 0Oslo

Engineering "lump sum® studies

in 0slo

Engineering "fellow up” studies

in Stavanger
Steel purchase orders

Yards call for bid
Contractorss choice
Yard 1 construction
Yard 2 construction
Yard 3 construction
Load out Yard 1

plates
profiles

delivery

Lifting on TCPZ2 platform

Hook up phase

Official starting of compression

{for information]

EAN management for structures
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GENERAL PLANNING (STRUCTURES)

1980
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19
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THE LINES.

HF Gas.

20", 22" 24" 26" @ (API SLX 70) Use of a 50 kg/mm° yield
strength steel has permitted to save 130 t on pipe and
fittings dead weight (this compared to treatment materials).

No welding problem was met and post weld heat treatment has

been avoided.

Only SUMITOMO was able to supply us at the time of order
but USINOR is now able to deliver such a steel.

Thisg steal is to be recommended for future projects.
Flare.

18", 16" (A 333 Gr 6) the —SGDC spacial requirements created
a lot of delivery problems, This steel was used for homo-

geneity with existing installation.

This solution should be avoided for future projects and use
of stainless steel would be better {(the price increase of
base materials would only be small compared to losses of
time on site dus to supply problems).

Saa-watar.

28" CuMi.this materia! was chosen to allow 2,5 to 3 m/s
speed thus the pipe sizing was "small".

It has been chosen among:

* titanium (too thin wall thickness and impossible
to perform welding on site).

* rilsan coated - epoxy resin armed with glassfiber
(not available in such a size)

* copper alloys (too low water speed)
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2.

This CuNi was also already used in north sea for sea-water

lines.

szraulic.

Use of piping sizing on headers is correct but all branches
would have been better with tubing sizing and swagelock type
fittings.

Drainage.

This simple system has still the following problems:

* hydraulic guards ;re'not defined by any code it
shall be clear before design, we took B0 mm for
compression {150 on treatment side).

* they shall be sized large enough to be able to drain
possible additional fire water,

* "swimming pools" on deck are existing. Solution
to avoid it would be to locate the gullets when
the deck erection and when all egquipments are
installed.

Other lines of small size.

Galvanized lines have been prohibited and replaced by stain-

less steel.

This is a good solution providing good care is taken on
connections to carbon steel and on the supporting peints.

S5TUDRIES

In June 1978 equipments were located and HP lines, cooling
water and sea water lines (cooling) were the only ones to
be clearly defined but almost no isometric was issued

(zee curve).

In September 1978 when construction yards started the only

approved for construction isometrics (AFC) was those for



HF lines on lot 1 (Orkanger). This HP lines prefabrication
(¥ 450 t) was subcontracted to Ponticelli in Ambes (France).

The work was performed on 3 different construction yards which
was making more problems for the engineering.

Lot 1 -~ Orkanger (subcontractor Ponticelli}.

Total piping weight: 712 t
igsometrics issued: 409 (plus revisions)

Big modifications occured after the construction started on
following systems:

* FLARE defined only end of 1978.

* fuel gas metering modified middle 1979.

* drains modified middle 1980 (hydraulic guards and
pipe sizing due to additional fire water lines)

* hydraulic system modified middle 1979 (installation
of break flanges for hook up)

* fire water system increased on top of modules
beginning of 1979

* HP lines bypass modified beginning of 1979

* reversible blinds added beginning of 1979

Lot 2 - Kristiansand

20 t
58 (plus revisions)

1]

Total piping weight

isometrics issued

Lot 2 isometrics where only issued end of 1979, beginning of
1980.

Lot 3 -~ Grimstad

177 ¢
168 (plus revisions)

1)

Total plping welgh

|

isometrics issued

Fabrication of the sea water lines (CuNi) has been performed

by Yorkshire Imperial Metals. Progress of drwg. issues was
constant from September 1978 to beginning 1979.



Az an evidence we can see that the engineering should have

been in the December 1978 progress at the date of starting
the construction (or the construction should have been
started in January 1880) to avoid almost all the engineering
problems specially those due to vendor drawings.

MATERIALS PROCUREMENT

Due to engineering progress to low at construction starting
date an inacurate estimation of required materials was done.
The clear lines where the HP gas and sea-water.

Meanwhile a lot of material was ordered but we had big
delivery problems due to unreliakble vendors and sometimes
a poor material workmanship from the contractors (SBV mainly).

In an other hand very large guantities of materials shall be
ordered when the design progress is too low (specially for
small size material). The price of non-used materials will
be very small compared to the stand by on yards and further
modifications.

When being in a hurry, the materials should be ordered ex.
works, which leaves us the choice of transporation (to
avoid the cheapest carrier i.e. the longer transportation
time) .

FOLLOW UP

A peak of 4 people have been dealing with the end of
engineering and with the modifications done after engineering.

The work was to make sketches when required according to
site reguirements, modifications, end of astudies. They had
to visit yards when reguired and the purpose was to have
sketches done in very short time.
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The malin tasks were:

* report of comments on the general arrangements
(from structural, electricity, instrumentation,
isometric as built)

w as built drawings

* vendor assistance (halon system) sea water rejection
shafts

* sea fastening of piping

* supporting

* list of spare materials reguired after fabrication

* updating P.I.D.

*® modifications of drainage, fuel gas, flare, tie-ins

* sketches to answer all the hocok up regquests.

During hook up phase, many details have been tested and
17 piping modification requirements lssued.

This part of the work was more a subject of details on general
lay outs than engineering.

DOCUMENTS

General arrangements.

23 drawings have been issued and revised 5 times. These
drawings show: pipe routings as well as cable trays, equip-

ments, structures.

Isometrics.

635 isometrics have been issued and revised +twice as an
average.

Tie ins.

25 tie-in drawings issued.

Support drwgs.
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Specifications.

* Piping and valves (revised 11 times!)

* Fabrication specification was 1lssued and completely
rewritten by ELF

* Hydrotest and flushing

* Painting (ELF apec.)

Materil take off.

Computerized MTQO has been done but as isometrics were done
following TP routines, as take off was done according to
KE routines and subcontracted to and external company for
programming and printing the time between new information
and dispatch of the prints was very long.

The computerized MTO is recommended for future projects
because of:

* computer possibilities (item number, description,
required guantities, spare, purchased guantities,
P/0 references weights, etc... can be indicated)
* possibilities of different prints according to

the neads.

As in piping the materials are so numerous, this document is

essantial.

Regulsitions

Were printed from MTO by type of material (flanges, pipes,
fittings, carbon steel, stainless etc.) this was a good
solution except that we were obliged to wait for the computex

print out a too long time.

Numbering.

Was very heavy and should be more simple, Often are met two
drawings with same drawing number (the code, area, unit

number, preceding the drwg. number are different) this
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leading to misunderstandings.

We suggest that we give the numbering system to the engineer-
ing prior to start the project in order to be homogeneous
with the existing installations if any and to standardize the
numbering whatever the engineering is.

Datas.

See Annex 1 for weight and isometrics 1ssued. i
See Annex 2 for isometrics issued and manhours :
See Annex 3 for manhours splitting-up.

Isometrics are taken as reference drawings as they are the
final documents used for prefabrication, and installation

on the yards.

CONCLUSION

* the joint venture between KE (Kvaerner Engineering) and
TP (Technip)} has obviously created many problems by
using once KE routines once TP routines. We shall
also say that KE did not put gqualified people on the
piping part of the project the only qualified people
was coming from TP but it has been such a flow of per-
sonnel that, once one was in the picture, he was leaving.
Howaver the leaders have always been the same.

* the purchasing and inspection did not have enough men
to make a proper work in the limited time we had.

* the project coordination was much too heavy to be
efficlent between all the specialists and to schedule
properly the works (piping section has been increased
twice on ELF request in August 1378).

The "delivery in time" was not present in the minds.

* the vendor drawings have created many modifications
during the project progress (outlet changes, lay out
modifications, efforts on nozzles changed).

" In coficlusion, we can say that, 1f the engineering would have had 4

months advance or if the yards had started in January 1579,

the engineering works would have been satisfactory.



WEIGHTS AND ISOMETRIC QUANTITIES.

ANNEX 1.

TOTAL PIPING o/o ISOMETRIC | ISOMETRIC
LOT AREA WEIGHT WEIGHT PIPING QUANTITY *)
(T) (T) REVISIONS
30 910 215 23,6 100 273
1 3 910 230 25,3 112 283
32 1220 72 5,9 90 210
33 840 195 23,2 107 258
SUBTOTAL
LOT 1 3880 712 18,35 409 1024
40 175 7 4 29 45
® - 41 545 10 1,8 24 72
44 155 2,5 1,6 14 38
SUBTOTAL
LOT 2 875 20 2,3 58 156
42 340 57 16,8 71 152
43 170 48 28,2 29 68
45 130 37 28,5 29 64
3 46 60 8 13,3 16 16
63 150 22 14,7 21 48
65 55 5 4,1 2 4
SUBTOTAL
.LOT 3 905 177 19,6 168 352
GRAND *
TOTAL 5660 909 16,1 635 1532 *)
*) not included: 300 isometrics issued for ianformation.
2,4 revisions done by isometfics
0,5 revisions for information done by iscometrics
Average 3,0 revisions per isometric
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MANFOURE SPLITTING UP:

ANNEX 3.

HOURS o/o
Leader & coordination 2500 7.5
General drwgs. 7540 22,5
- General arrangements, tie-ins,

specifications

Isometrics 89160 27,5
Supports 3970 11,8
Checking 6505 19,4
Material take off & requisitions 3830 11,4
Follow-up 4600 *)

Engineering 33505
Follow up 4600
38105

*) On engineering time only.
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PART 1. PRELIMINARY.
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PRELIMINARY

The electrical part of TCP2 COMPRESSICN PROJECT was consisting
of two functions

1- to supply electrical power to compression plant
facilities )
2= to supply electrical power to the whole Frigg Fileld

interconnecting the existing platforms.

The former Frigg Fleld network was consisting of five plat-
forms supplied from their own autonomous electrical produc-
tion units and a 5,5 KV distribution system interconnecting
these platforms. Subsequently numerous possibilities in
operating methods were available, considering the whole elec-
trical power supply and individual supplies to each platform.

The purpose of Compression project was to install on TCPZ
the main power plant supplying in Normal Operation the whole
field by means of two generating sets. The other main gene-
rating sets would be used as stand-by units.

The basic data was the load balance on each platform resulting
of meter readings for TCP2(T), TP1, Q.P., CDP1 and DP2,
For TCP2 COMPRESSION it was an estimate:

PLATFORM INSTALLED | LOAD IN POWER DEMAND
LOAD (kW) | NORMAL RUN| FACTCOR REQUIRED
(kva)
TCPZ={ 9 580 6 80O 0,8 & 500
TCP2~T 1 700 500 0,85 1 080
TP 1 1 700 200 0,85 1 060
QP 1 270 600 0,85 710
CDP 1 1 700 350 0,85 410
DP 2 850 300 0,85 350
TOTAL 16 800 9 850 - 12 090

ILoad balance on each platform.
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This report will consist of four main parts:

2. Project organization
3. Technical part
4. Project development

s, Canclusgion



Part 2. Tachnical choices.

2.1 Generating sets
2.2 5,5 KV. network
2.3 380 V network
2.4 Emergancy supply
2.5 Transformers

2.6 Cables

2.7 Bulk material
2.8 Neutral system - earthing
2.9 Short circuit
2.10 Protection

2,11 Electrical ESD

2,12 Operation
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Ganerating sets.

The former 5,5 KV network was supplied by means of 6 gene-

rating sets:

3 x 3,5 MVA sets TA1-TAZ-TA3 for TPT
31 x 1,75MVA sets TA4-TAS~TAK for TCRP2(T)

Q.P. was supplied from either TP1 orxr TCP2(T).
CoP1 from Q.P. and DP2 from TCP2(T)

The 5,5 KV was only used as distribution voltage (no con=~
sumer on this voltage) the installed load was 7 000 KW and
load in normal run 3 000 EKW.

For the compression project the installed load was esti-
mated at 9 500 KW and the load in normal run at 6 500 KW.

INSTALLATION INSTALLED LOADILGAD IN NORMAL REQUIRED
LOAD (EW) RUN {(KW) POWER {MVA)

Former network 7 Q00 3 000 3,5

TCR2

Compression 9 500 (est) 6 800 8,s

TOTAL 16 500 9 800 12,0

In its final shape the 5,5 KV network is supplied from TCP2
Compression. So two STAL LAVAL generating sets GO1A and
GO1B are located on TCP2{C} each generator having 17,15 MVA

capacity.

Comment:

Following technical and Commercial bid comparison three possi-
bilities were presented by Engineering for EAN approval.
Solution 1, 2 and 3 (3 being the recommended solution)
Norwegian Autherities suggested to keep solution 2, this ex-
plain the reason why we have two big sets instead of three
smaller units (see paragraph A.7.3.2 hereabove].
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5,5 KV network (see annex 1).

The 5,5 KV network is in a radial structure, in which each
one of Q.P. TP1 and TCP2 treatment 5,5 KV switchgears are
connected to TCP2 compression switchgear by means of two
feeders.

The whole network can be powered by means of 8 gas turbine
driven generators:

- TA1, TAZ, TA3 on TP1
- TA4, TAS, TAG6 on TCP2(T)
- GO1A, GO1B on TCPZ (C)

Each one of TCP2{C), TCP2(T} and TP switchgear is composed
of three bus sections separated by two bus-tie ¢ircuit

hreakers.

Except for TCP2 compression, the 5,5 KV switchgears are
equipped with c¢ircuit breakers.

TCP2 compression switchgear is equipped with eircuit breakers
for the feeders to platforms and with vacuum contactors
to supply 5,5 KV/380 V transformers and 5,5 KV motors.,

FPlatforms CDP1 and DPZ2 are supplied in a radial way by means

of one feeder only.

Comment:

a) It is not usual to mix circuit breakers and vacuum con-
tactors. After 6 months operation we have no special
comment concerning the vacuum contactorsand we recommend
this solution for high voltage motors.

b) We can c¢onsider as an anomaly to have 3 bus sections
and 2 generators. The design was to have 3 generators
and we kept this design in order to make possible an
eventual change.

c) The quality of the TCP2 Compression 5,5 KV switchgear is
geod., Both MERLIN GERIN circuit breakers and GEC vacuum
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contactors are reliable and experienced equipment.

d) Authorities made reference to "Norwegian High vVoltage
operation regulations" specially for earthing equipmant
during maintenance on the switchgear.

380 V. network {see annex 2)

The low voltage distribution system is a standard radial type
with a main 380 V, switchboard split in 2 bus sections with
symetrical supplies to subdistribution panels. It can be

fed:

* in normal conditions from two 2500 XVA transformers

* in shut down conditions from a 1200 KVA diesel-generator.

An interlock system avoids paralleling of the 2500 KVA trans-

formers.

In normal condition the main 380 V switchboard supplies the
emergency 380 V panel. In case of electrical shut down
the emergency panel can supply the normal switchhoard -

these operations are manually done.

Comments:

c1) In case of failure of one transformer the change over
is manually done. An automatic change over source
should be considered as a better soluticn.

c2) As a general the design of all low voltage panels is
not suitable for good access and maintenance. For
installation the following peoints must be carefully

checked:

a. back access of the panels
front access with place large enough for connections

o, a strong follow up in factory in order to check the
gquality and operating/functions with tests.

d. to order to the panel manufacturer bolts and cable
glands for buss bars and ¢able entries.

e. to make sure that currant transformers are sized

according to the cables installed on the Yard.



4/11

c3) It is not peossible to supply both fuel gas switchkoard from
one 1MVA transformer. This is an exception and not in
line with the philosophy in the main 380 V switchboard
in which both buss section A and B can be supplied
by one 2,5 MVA transformer. For process reason it is
not necessary to have both fuel gas packages supplied
simultaneously at full power.

c4) Concerning turbogenerator the MCC switchboard Manufac-
turer recommends to supply it directly from 5,5 KV gene-
rator through a specific transformer. In such a way
turbogenerator is not dependant of the network., We
recommend this solution for all generators.

Emergency supply (see annex 3)

The emergency network is consisting of three main eguipments:

* the diesel generator
* the no break system
* the distribution panels.

The mailn comment 1s concerning the dual function of the
TCP2 Compression diesel generator. It 1ls first an emergency

supply in case of ESD situation.

In such a case, electrical trips ¢ccur according to ESD logic
diagram. The diesel starts automatically and only supplies
emergency consumers” ({(less than 200 KVA).

The sacond function 1s the auxilliary supply of essential
consumers in case of loss of normal veltage but with no
emergency situation. In that caée, the capacity is 1200 KVA
and it is possible to resupply the main 380 V normal switch-
board by manual clesing of c¢ircuit breakers, from the

emergency switchboard.
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Comment :

No comment except that an automatic closing ¢f the clircuit
breakers in order to resupply the normal 380 V switchboard
has been regquested by production at end of start-up. This
is possible but we do not recommend it.

i

This system is consisting ©f three subsystems:

- 110 Vv DC for electrical
- 110 v DC for instruments
- 220 V AC for instruments

The 110 V DC systems are eguipped with 2 lines working in
parallel each one having a 100% capacity.

Comment:

This system is working properly but it is not possible to use
line no., 1 battery bank with line no., 2 battery charger.

A manual switch could be provided in order to get this
possibility.

The 220 V AC no break system was previously designed with

2 identical lines (rectifier + battery = inverter) one in
operation, one in stand-by and a static switch for automatice
no break change over of inverter outputs. We have got a

lot of troubles with this system and the new design is
consisting of 2 independant systems with inverter and a line
back up transformer connected to a static switch, We have

so doubled the capacity and the system is now working proper~
ly in spite of high inrush current due to transformers in

the load.

Comment:
Concerning the AC no break system the main comment is to
recommend not to use transformer in the load. The output

voltage of the inverters must be prescribed to the vendors.
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Comments:
There are two comments concerhning these panels:

a) it would have been a more flexible solution to get the
pessibility of supplying this panel from both buss
sections of normal 380 V switchboard. As it is now,
only buss bar B 1s connected to the emergency switch-
board.

b) A 400 EW lead bank have been designed in order to
load the diesel when it is used during test/maintenance
period. From our peoint of view this solutions is not the
best way and we recommend to use the network for this

purpose as far as 1t is peossible.

Transformers

Comment :

The main comment for the transformers concerns the necessary
interlock in order to avoid parallel running.It should be
better to have the possibility to run the transformers in
parallel (mainly to transfer the lecad). This must be done
with right adaptation between size of transformer and short
circuit capacity of buss bars in 380 V switchboard (override
possibility is not accepted by norwegian authorities).

Qffshore we have got a probklem with wrong size of low voltage
plugs on the transformer and section ©f cables to be connected

Cables

Comments:
Yards claimed on bad quality of cables:

* variation of overall diameter

* innersheath dissolved with armour in connection
with cables. We draw the attention on cakle glands.
In spite of clear specification, a lot of cable
glands were not suitable for these cables. This
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is mainly a problem of Vendors and inspection.

Bulk material

They are:
* local control station
* Junction boxes
* sockets outlets
* lighting fittings
* cable ladders
Comment :

We recommend to consider existing material offshore and to
get approval of Maintenance people. Following these recomman=~
dations we did not have any problem.

- We have used stainless steel cable ladders instead of
galvanized and we recommend this scolutien.

- A clear definition must be done in order to have segre-
gation where EXe and/or EXd classified equipment must
be used.

Neutral system - Earthing.

For each one of the main gas turbine driven generator, the
neutral is connected to earth by means of a 17fL impedance.
Consequently the 5,5 KV network neutral must be considered
as earthed through impedance, which value is depending on

the number of generators in operation,

The distribution system is three phased with solidly earthed
neutral. In addition there is a separate protective earthing
wire. Inside each module there is an earthing leoop. All
modules and pancakes are interconnected by a main earth ring

which is connected to structure each x meters.
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Comment:

Becausge in cur installation neutral is not used the circuit
breakers are three poles and neutral bars are equipped with
links., However our feeling is that this arrangement is not
the best and circuit breakers should be four poles in order
to switch the neutral.

Short circult (see annex 4 and 5)

The main problem we have met concerning this matter is due
to the extension of the former network with addition of
two big generators, 5,5 KV motors and short distance between

generation and consumers.

In order to get a minimum short circuit level we have speci-
fied generators with high subtrancient reactance value (20%).

The main data, design criteria and results are given in annex

4 for 5,5 KV network and annex 5 for 380 V network.

Comments:

Concerning the 5,5 KV short circuit calculations we point
out that Norwegian Authorities rules are more stringent than
standards (IEC and BS) three different calculations have
bean parformed:

1. in SNEA(P} FRANCE
2, in SOCETEC FRANCE
3. in EFI NORWAY

The results with all the 8 existing turbo~generators running

are the following:
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SNEA (P) SOCETEC EFI AUTEORIZED
LIMIT
TCP2 (C) 79 82 86,5 95
TCP2 (T) 77,8 79,4 84,8 78
TP 74,4 73,7 80,4 78
Q.p. 65,8 | 61 71 78
CDP1 20,7 19,3 25
DP2 16 16,3 25

A lot of discussions concerning coefficients to be used,
rules, took place but no compromise was accepted by
Norwegian Authorities. S0, interlocks have been installed
in order to avoid parallel running of the 8 generators.

Concerning low voltage network the calculation was made in
SNEA PAU and all switchheoards and cables are correct except
TCP2 Compression main 380 V switchbeoard for which short
circuit capacity was to short in case of parallel running of
both 2,5 MVA transformers, As far as override is not accepted
by Norwegian Authorities an interlock avoids the parallel

running.

Protection

Comment :

1)  Norwegian ragulation is not so stringent than IEC con-
cerning earth fault protection except for lighting
and trace heating circuits for which earth fault relay
with high sensitive settings must be installed.

2} Concerning selectivity, this matter must be carefully
studied by Engineering as far as Panel manufacturer

does not take care of it.



10/11

Electrical EBD (see annex 6)

From NPD regulations, an emergency shut down system is a
system which, when initiated,operates the emergency shut
down valves, stops and isolates the process equipment and

eliminates any potential sources of igniticn.

The electrical equipment are potential sources of. ignition
and some of them are source of hazard (gas turbine, battery).

But some electrical equipments are needed to feed essential
and emergency eguipment which must be kept alive for people

safeguard.

Comment :

The main comment is that ESD philosphy must be defined at the
beginning of the project as far as it has c¢onseguances on

all studies. The following main points must be carefully
designed and discussed with every specialist in the project
{(Process -~ Structure = Electrical = Instrument and Safety)
they are:

- Regulations
- Area classification
- Electrical equipment classification (Ex)
- Electrical room
- List of
* energency auxilliaries
* essential
* non essential
- location of electrical ESD system

- procedure to restart

As a conclusion a clear philosophy, for what is regarded non
essential, essential and emergency, must be set up, as well
as area classification requirements for equipment remaining
alive after gas detection.

For TCP2 Compression a PLC is used for process, ESD but
electrical logic and actions are done in a relay panel.
We do not recommend to split these functions, For future
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project, the PLC should integrate the complete ESD system
from detectors up to trips and any action.

Operation of Frigg Field network.

In spite of no special comment concerning operation of the

network we will give the principles of operation.

In normal operation the electrical power of the whele 5,5 KV
network is ensured by means of GOMTA or GO1B. The other
generating sets are used as stand-by. The diesel motor

driver generating sets are emergency generators and they
cannot be connected with 5,5 KV net. In order to get the best
salectivity of protections, the loops made by TCPZ2(C) switch-
gear and the TCP2(T) TP1 and Q.P. switchgears are open

in normal coperation.

The stand-by operation is when the two STAL LAVAL generators

are out of service simultanoussly.

Q.P., CDP1 and DP2 are islanded and their diesel generators

automatically started.

TCP2 (T) is islanded and supplyied by its own generators (I
Kongsberg 1is suffig¢ient).

TCP2 (C) and TP1 are supplied by TP1 generators. Depending
of number of available sets a leoad can be done on TCP2

Compression.
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GENERALITIES.

The Engineering was performed by Franco-Norweglan Joint
Venture KVAERNER/TECHNIP, HNorwegain part was mainly
KVAERNER ENGINEERING company which is a recent daughter
company of the large group KVAERNER BRUG. French part

was TECHNIP but with a few experience in OFFSHORE activity.
(PETROLAND} .

BASIC AND DETAILED ENGINEERING.

No basic engineering was defined by ELF in the Engineering
contract with KE/TP. In addition to that the limit of
Engineering work between basic and detailed Engineering was
not clear and the consequences have been a permanent mis-
understanding between KE/TP and EAN management because a
general engineering defined as sufficlent for Construction

in France is not sufficient in Norway.

Comment:

For future project a c¢lear limit of engineering work must be
given in the contract. We do not recommend a middle distance
limit between basic and detailed engineering. For each item:

* switchboards
* cahles
* consumers,

Kind and limit of document must be clearly stated. We
recommend the maximum of details in engineering work and

minimum studies on yards.

PROCUREMENT

No special comment concerning this activity for which the
procedure was rather good. We only met problems with
norwegian bidders who offered material not manufactured in
Norway. Very often a lot of subcontractors or middlemen -
were introduced and we suffered a lot from this fact:
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* No respect of specification
* difficulties to get documentation.

VENDOR FOLLOW-UP

KE/TP considered vendors as fully responsible of their

package and " limited the follow up to check the limits

of supply and guantity, In fact in order to answer EAN
comments they discovered after a few months necessity of

a detailed ckecking of drawings in regard to KE/TP specifi-
cations and EAN reguirements. This explain a large additicnal
work and increasing of manpdwer = 1 Specialist Engineer

and 2 draftmen in KE/TP. On our side, an Engineer specialisec
in Engineering follow-up was requested (M., Queille) and
necessary up to the end of Engineering work.

In connection to this vendors follow-up activity were the
inspection problems. Due to lack of manpower ingpections
were limited to visual and guantity ckeckings and this is
certainly not sufficient. We strongly recommend to include
in inspection job ticket:

- Cenformity and respect of Engineering drawings

- Checking in detail that eventual Engineering modifi-
cations are performed

- Operating tests.

We point out that in addition to the inspector, an Engineering
representative is often necessary in manufacturer for part

of these inspections.

YARDS FOLLOW-UE

It appeared that this activity revealed oneself to be the most
important of the project. In the yard contract KE/TP was
supposed to supply Engineering guide drawings and Yard to
perform detailed drawings.

- Engineering detailed drawing according to EAN/KE-TP
interpreting
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- Construction details according to yard interpreting.

In order to solve this misunderstanding a strong Follow~

up team tock place and problem was sclved. We consider

that no detailed study have been performed by yards. They
only performed shop drawings and as built. We recommend this
limit as far as Yards generally have no Engineering MANPOWEr .

The main critisism can do is that Follow-up team started to
late and the only sclution was te issue sketches attached
to Engineering drawings, It involved a lot of claims from

Yards.

HOOK-UP. COMMIGSIONING FOLLOW-UP.

As far as the yards follow-up team have been used for Hook-
up and commissioning follow-up, a good continuity was ensured,

AS BUILT. TREOUBLESHOOTING DIAGRAME.

It is eclear that troubleshooting diagrams ready for commission-
inf is the bhest solution. But these TED are never included
in Engineering contract.

We succeeded for 5,3 KV equipment to perform the TSD in due
time in order to be used by commissicning team. So, we
received back from commissioning commented TSED which can be
considered as "as bullt drawings”.

In addition, thase TSD are made according to standard used by

maintenance and production people.

For the rest of the eguipment the TSD have been performed
after commissioning. As an evidence they cannot be as built.
The best way would be to include in Engineering contract

the TSD. In such condition, Engineering will perform and
design documents ready to be completed in TSD.
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Part 4, Project Development.

1. Phases. BSchedule
2. Raasons of delay
3. Staff - Quantity = Ratio
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Phases - Schedule (see annex 7.38)

Engineering started in Paris in 1976,

In summer 1977 KE/TP moved to Oslo to start basic engineering

and procurement activity.

The engineering work was supposed to be finished mid of 1979
In fact in March 1879 it appeared that Engineering was mini-
mum 6 montths late and decision was to move in TECHNIP Paris
in order to increase manpower for Electrical and Instrument

sections.

At the same time, part of people came to Stavanger in order
to start yards follow-up.

End of 1979 people who where in Paris joined Stavanger and
Engineering was officilally final and all forces assigned to

Follow up activitwy.

Reasons of delay.

- Misunderstanding concerning the limit of engineering

- Only head of electrical section belonged to KE/TP. All
other people being contracted. This was not good
conditions to use KE/TP procedures and standards.

- All along the project, the electrical leader changed
three times, and finally, a contracted Engineer took
the responsibility.

- No sufficient manpower according to detailed studies
reguested by EAN.

- lack of coordination, particualarly when manpower in-
creased to eighty people.

- unclear limit of supply between instrument and electrical
sections.

- Yards, for which call for bid have been placed too
early, were calling for detailed drawings which were
not ready.

- Changes of philosephy in EAN included a lot of modifi-
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cations in engineering drawings as far as in Vendors
(delay in delivery on vyards).

- Many amendments induced a lot of additional work

* new take offs
* modification of specifications.
- Wrong organization in KE/TP between Specialists - Project

and draftoffice. In addition the supervision from
head office in Paris.
- The construction in three different yards, have had a lot

of conseguences, particularly in Instrument and Electri-

. cal.

* gplit of cables and equipments
* Hook up junction boxes.
- Late philosophy from EAN concerning emergency and Safety

functions (ESD) involved many modifications.

- In order to answer to yards requests a lot of additional
works have been performed. Ex.: 8plit and marking
of cables in Cabkle trays.

- We draw the attention on a decision from project coordi-
nator in KE/TP which induced hard consequences:

the fact that piping arrangement be considered as synth-
esis drawings for piping, electrical Instrument and
Safety. -

- Finally, the main reascn for delay is too many changes
and modifications involving many new lssues for '
drawings. For most of the drawings issue 10 have bheen

reached.
3. Staff -~ Quantity - Ratios
3.1 Staff_(See annex 7 and 8)
. - Total engineering manhours 439 00 hrs,

- Electrical engineering manhours 66 300 hrs.

= 15,1%
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Comment :

66 300 hrs includes KE/TP follow-up up to September 1981.

It does not include 5,5 KV interconnection study. The split
per year of Electrical engineering is:

1976 1800
1977 11400 H
1978 19800 H
1879 21600 o
1980 7200 H
1981 4500
H
Total 66300
3.2 Quantity
EQUIPMENT FPRICE K NOK WEIGHT TONS
Turbogenerators 30 000 300
Switchhkhoards 10 300 67
Cables 3 800 86,5
Diesel~generator 1 800 9
Transformers 700 15
Bulk 3 100 18
Switchbeoard's length 125 m
Total cable's length 106 km
Number of drawings AO 43
A3 1 035
A4 1 410
TOTAL 2 488

Number of troubleshooting diagrams 2 035 (A3)

Comment
T8D include Engineering + Vendors documents.
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Ratios

Turbogenerators cost _ 30 000 000 _
Weight 300 ooo 100 NOK/KG

Electrical eqguip. Cost _ 19 000 000 _ 120 NOK/KG
Weight 165 000

Total eguip. cost _ 49 000 000 _ 106 NOK/KG
Weight 465 000

Electrical equip. weight _ 165 000 _ 25 KG/XKW

Installed power 6 800

Total cable length _ 105 800 _ 15 M/KW
Installed power 6 800

With turbogen. 7 300 NOK/KW
Equipment Cost w’”ﬂfﬂq

Installed load “&HH“
Without turbogen. 3 000 NOK/EW

Total manhours - _B86 300 _
Number of drawings 2 500

26,5 H/Drawing




Part 5. Conclusion.

All along chapters and paragraphs we gave ¢omments and they

can be considered as conclusion.

we just list hereunder the most important points:

1. Basic is negessary
2. Clear limit for engineering work
3. Coordination must be considered as an important job

4. To get approval from authorities on

- basic
- single lines
5. Inspection not limited to guantity

Tests must be included.

6. Engineering drawings in line with troubleshooting
standards

7. To avoid so many revisions.
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5,5 KV SHORT CIRCUIT CALCULATION.
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SCOPE

The purpose of this note 1s to estimate the maximum values of short-clreuit
ecurrents for faults ogecurrdy on one point of the 5.5 kV network of
Frigg Field in its {inal layout.

Fraom these short-circult current evaluations 1t will be checked whether th
characteristices of electrical equipments {breaking and making capacities,
section of [eeders) are acceptable and whether any provision should Le made
(interlocking devices) in order to limit the number of generators

running in parallel.

Nota : This technleal note replaces the calculation note izsued in
July 1979.

DESIGN CRITERIA

2.1 - General

These evaluations have been performed in accordance wlth the electrical
data in our possession. :

- Power balance.

- Charscteristics of equipments (switchgears, transformers, feeders,
motors) .

The method of evaluation defined hereafter 1ls based on the caloculations
of resistances and reactances of each equipment and on the arrangements of
the IEC publication n® 263 (short-circuit current evaluation with

special §egard to rated short-eircuit capacity of C.B. in installations
in ships). .

2.2 - Short-ciroult dﬁration

When a short-cireult appears, for a faultpeccurringon a point of a
network, the current will be asymetrical, ineluding both A.C. and D.C.
components, which decreases intime. The maximum peak currents are
obtained after the first half-peried (10 msec}. The short-cireuit
duration can be divided in three pericds of time :

- from 0.0l sec to 0,08 sec, approximately.
This period corresponds to the subtransient characteristics of rotating
synchronous and asynchreonous machines. The asymetric compenent of the
current becomes equal to zero at the end of this period.

Y
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- from 0.08 to 0.5 sec : Period corresponding to the translent
characterlstics of the rotating machine. During this period the
generator exciters get up to thelr ceiling voltage.

The opening of circuit breakers 13 generally operated during this
period.

- aver 0.5 sec period correspepding to the steady state conditions of
synchranous generators {no more contribution of motors).

2.3 - Network layout

These short-circult current evaluations have been performed according
to the following assumptions :

- all main generators (TAl to Ta6, GOIA and GO1B) running in parallel.

- all feeders between different switchgears energlzed {all incoming,
outgoing and bus-tie breakers elosed).

- the fault occurring on the network is a "Bolted three-phase short-
circuit! (without resistance).

This represents the most unfavourable conditions of operation for the
Frigg Field network.

The different load balances taken into aceount in this study have

been defined in the basie philosophy of operation praviously izsued
by SOCETEC.

3 - SHORT-CIRCUTT CURRENT CALCULATTONS

3.1 - Subtransient perliocd

3.1.1 - Generators and transformers

All impedances are defined on the R + JX form.

a) When the value of R is not nown (this is the case of transformers),it can
ba deducted from the asymetrical coefficient by the formula

K-1m=8a Ly where K 15 the asymetrical coefficient (j; 1} and

from the following table

o

Lw/R 1 1.5 2 3 4 5 6 8 10 14 0

1.06 1.15| 1.24 1 1.38] 1.4 1.56| 1.62| 1.681 1.74 1.80

Cal
)

9,

Ry
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As the asymetrical coefficient is 1.8 for transformers, thelr resis-
tance 1s equal to the fourteenth of their reactance,

b) For generators, I.E.C. publication n® 363 recommends to take into
account the subtransient impedance Z" = Rs + x“d

where R; = stator resistance

X"qm direct exis sub-transient reactance,

3.1.2 - Motors

The problem iz more complicated for the motors because !
-~ the apericdie component damps with the stator time-constant.
-~ the sinuscidal component damps with the rotor time-constant.

As these time-constants are generally equal,the amplitudes of their
components are always equal and give 2 for the asymetrlcal coefficient,

This leads us to consider that the resistance of metors is R = 0.

For this impedance in the subtransient perlced, we mat use the value
corresponding to 10 msec, by the formula :

Icc = Iy Ve e -t/1 cos \f} -(1-o) = -t/ (cos ot +Y)
where =
- = 0J05

-G1=C 5 = 15 msec for LV motors and
40 msec for HV motors

- kr = 0 for the most unfavourable conditions.

If we take Ip = 6 In as an average value, we obtain the following
results.

- HV motors = Ice = 13 In {peak value)
Ice = U4 5 In (eff. value)

B 7 In (peak value)
3 In (=eff. valua)

« LV motors = Ice
Ico

Nota : For LV motors it is necessary to take into account the cables
with regard to the damping that they involve. The following
calculations have been performed dccording to an average value
of 1.65 as asymetrical coéfficlent for LV motors and of 2.8 In
as Iec value,

Y S
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3.2 - Transiont period

3.2.1 - Generators

For the calculations corresponding to the transient perled it is
unneceessary to take into account R and X valuea for the generators.
Their impedance Z can be directly drawn {rom the velue of the

transient reactance X'd.

3.2.,2 - Motors
As a general rule it can be considered that the contribution of motors

at the beginning of the transient period is equal to thelr rated
output.

3,2.% - Generator cables

Their impedance is the same as during the subtransient period.

YT
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3 - IMPEDANCES CALCULATIONS

3.1 - Subtransient period

%.1.1 - Geperators

Rated

X"a R X

Generator output

GOl A 17.15 20 0.004674 | ©.3R276

G0l B 17.15 20 0.004674 | Q.35276

TA L 3.5 16.7 0.0353 1.4473

TA 2 3.5 16.7 0.0353 1,443

TA 3 3.5 16.7 0.0353 1445

TA & 1.75 16.3 0,231 2.8175

TA & 1.75 16.3 0.1231 2.8175

TA & 1.75 16.3% 0.1231 2,8175

3.1.2 - Trensformers
Rated

‘ Ueo Z R x
T f tput

ranstormner DEVEU % Wl .f.).., ﬂ

TL - T2 1000 5.1 1.543 0.110 1.5%)

T35 1500 5.1 1.029 0.073 1.026

™ - T5 1000 4 .BhY 1.464 0.104 1.460
T6-T7-T8 1000 L, sl 1.313 0,093 1.7310
T - TLO 2500 T 0.847 0.060 0.B4g
T11 - T12 1000 5 1.513 0.108 1.504
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3.1.% - Motors
Rated
Reference output Tee/Iy R X
KkVA L Li.
58 PM O1A 602.4 4.5 0 "11.158
58 PM OLB £20.5 4.5 0 10.833
58 BM Q1C 602.4 4,5 0 11.154
58 PM 01D 620.5 4.5 0 10.833
58 PM O2A 470.6 k.5 0 14.284
58 PM 028 470.6 4.5 0 14.284
58 PM 02C 470.6 4.5 0 14,284
TCP2 ¢ (T9) 1250 2.8 4.479 7.201
TCP2 ¢ (T10) 1250 2.8 L. 479 7.3
TCP2 C (Til) 1000 2.8 11.199 18.478
TCP2 ¢ (T12) 1000 2.8 11.159 158.478
TCP2 T (T5) 550 2.8 10.181 16.798
TCP2 T (T6) 550 2.8 10.181 16.798
TCE2 T (T7) 500 2.8 11.199 18.478
TF 1 (T1) 750 2.8 7 .466 12.31%
T 1 (T2) 750 2.8 7 . 466 12,319
QF (T3) BoO 2.8 £.999 11,549
CDPL (T6) 250 2.8 22.%8 36.957
CDPL (T8) 250 2.8 22,338 36.957
Y
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3.1.% - Fecders
Feeder R Q. /xm xﬂ/km length R ') X [o1 “ fe}
GOL1A-TCP2-C 0.0465 0.0942 10 0.0005 | 0.0009 0,0010
{6018 - TCP2-C 0.0865 | 0.co42 10 0.0005 | ©.0009 0.0010
PM 01 A - TCP2-C 0.529 0.085 7 0.0196 | 0.0031 0.0198
PM 01 B - TCP2-C 0.529 0.085 37 0.0196 | 0,0031 0.0158
BM 01 C - TCP2-C 0.529 0.085 32 0.0M65 | 0,0027 0.0L71
PM Ol D - TCP2-C 0.529 0.085 32 0,01659 | 0.0027 0.0171
PM 02 A - TCP2-C 0.529 0.085 53 0.0280 | 0,0045 0.0284
PM 02 B - TCP2-C 0.529 0.035 56 0.0296 | 0.0048 0.030
PM 02 C - TCP2-C 0.529 0.085 59 0.0312 | 0.0050 0.0316
T 9 - TCP2-C 0.154 0.0785 43 0.0066 | 0.0034 0.00T74
T 10 - TCP2-C 0,154 0.0785 37 0.0057 | 0.0029 0., 0064
T 11 - TCP2-C 0.154 0.0785 Le 0,0071 | 0.0036 0.0080
T 12 - TCP2-C 0.154 0,0785 40 0.0062 | 0.0031 0, 0064
TA 4 -~ TCP2-T 0.154 0.0785 T2 0.0044 | 0,0025 0.0055
TA 5 - TCP2-T 0.154 0.0785 34 0.0052 | 0.0027 0.0053
TA 6 - TCP2-T 0.154 0.0785 42 0.0065 | 0.0033 0.0073
T 4 - TCP2-T 0.151 0.1005 43 0.0072 | 0.0048 0.0087
TS5 - TCP2-T 0,151 0.1005 52 0.0078 | 0.0082 0.0094
T 7 - TCP2-T £.195 - | 0.0785 1100 0.2145 | 0.0863 0.2312
TA 1 -TP 1 0.154 0.0785 6 0.0009 | 0.0005 0.0010
TA 2 - TP 1 0,154 0.0785 6 0.0009 | 0.0005 Q.0C10
TA 3 -TP 1 0.154 0.0785 9 0.0014 | 0.0007 0.0016
T 1 -~ TP 1 0,154 0.0785 19 0.0020 | 0.0015 0.0033
T 2 - TP 1 0.154 0.0785 19 0.0029 | 0.0015 0.0033
T3 -Q P 0.154 0.0785 26 £.0081 | 0.0020 0.0085
T 6 - CDP 1 - - - - - -
T8 - ChP 1 - - - - - -
TCP2-C - TCP2-T 0.0465 | 0.0942 80 0.0037 | 0.0075 0.0034
TCP2-C - TCP2-T 0.0465 0.0042 40 0.0013 | 0.00%8 0.Co42
TCP2-C - TP 1 0. 0465 0.0042 280 0.01%0 | 0.026% 0.0294%
TCP2-C - TP L 0.0465 0.0942 250 0.0115 § 0.0235 0.0252
TCPR-C -~ QP 0.0465 0.0942 470 0.0218 { 0.0443 0,0404
1CP2-C - QP 0.0465 0.0942 430 0,0200 | 0.0405 0.0452
QF -- CDP 1 0.195 | o.078s5 700 0.,1365 | 0.0%549 G.1471
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3.2 - Transient period

3.2.1 - Generators

9./13

Generator outpiit?ivn) z;d _g?
GOLl A 17 150 25 0.441
GOl B 17 150 25 O.441
TA. 1 3 500 20 1.729
TA 2 3 500 20 1.729
TA 3 3 500 20 1.729
TA 4 1 750 ag 3.803
TA 5 1 750 22 3.803
TA 6 1 750 22 3.803
3.2.2 - Motors
Motar outpﬂit?§VA) IE

58 PM Q1 A 602. 4 50.216

53 PM O1 B 620.5 48.75

58 PM OL ¢ 602.4 50.216

58 PM QL D 620.5 48.75

58 PM 02 A 470.6 64 .28

58 PM 02 B 470.6 64 .28

58 BPM 02 C 470.6 64,28

TCP2 € (T9) 1 250 24,20

TcP2 ¢ (T10) 1 250 24 .20

TCP2 € {T11) 500 60,50

TCP2 ¢ (T12) 500 60.50

TCP2 T (Th4) 550 55.00

TCP2 T (T5) 550 55.00

TCE2 T (17) 500 60.50

TP 1 (T1i) 750 40.33

TF 1 (T2) 750 40.33

QP (T3) 800 37.81

CDPL (T6) 250 121.00

CoPL (T8) 250 121.00
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2.2.3 - Transformers and cables

See values given in chapters 3.1.2 and 35.1.4.

4 - CALCULATION RESULTS

4.1 - Subtransient period

The impedance diagram corresponding to the subtransient’ period is given
in Appendix 1.

The results of calculations and characteristics of equipments are given
in the following table of results (value given under 5.5 kV).

T



Suitchgear Rated I s/c {peak) P s/c hsym, Ice peak
I sfec {peak}| guaranteed Equivalent impedance Lat/R {MVA D coeff, {xa)
by Manufacturer
TCrz2 € 95 ki - 0.005490606 + J 0.100775173) 1B.35| 295.73 1.84 #1.c0
TCP2 T 78 kA 96.4 XA 0.006467542 + § 0.102675735| 15.88| 204.03 1.82 T9. 46
TP 1 78 kA 9.5.4 k& 0,008786383 + ) 0.1076223%2( 12.26% 2B0.1% 1.77 T3.77
QP 78 XA 96.4 ki 0.015001662 + § 0,121333046] T7.63 | 247.20 1.66 61.01
CDP 1 25 kA - 0.150333120 + § 0,175346515 1.7 | 130.97 1,07 20,76
DP2 25 kA - 0.217363741 + 3 0.188260655 0.87| 105.19 1.03 16,03

gL/t
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The calculated values of Is/c (peak) are given by the formula

Isc (peak) = Pség x k
5500 x ¥ 3

(Lw/R) .

v 2, k being the

asymetrical coefficient

As it has been supposed that the B main generators were running
simultaneously the total ocutput pawer available is 50.05 MVA for a

maximal consumpticon of 12.1 MVA.So 1t can be considered that each

generator 1s 1/4 loaded.

The IEC 73 recommandation defines a 1l
of generators. .

kK = 1.1 when full loaded
k¥ =1.0 when unloaded.

oad factor for the contributicon

S0 the results should have been miltiplisd by 2 coefficlent equals
to 1.0% 1in order to take into account the load of generators at
the instent the fault occured., This has been neglected in order

to take into account the impedances of busbars

petween eguipments.

and connectlons

The results glven hereabove. are maximum values porresponding to

the moat unfavourable conditions of gperation

Whipp & Bourne (Manufacturer of TCP2T, TP 1,
guarantees by his letter dated 12th March,
up to now considered as T8 KA peak ratling,
a peak current of 96.4 XA under & p.f. of 0,02 or more.
galoulated aubtransient short-circulit gurrents

the equipment ratings.

4.2 - Transient neriod

{see chapter 2.3).

QP switchgears)

1980 that hils awitohgear
may in fact withstand

30 the
remain lower than

See the corresponding impedance diagram (Appendix 2 here attached).

awltchgear Egzizzzn%i) Pg/c Is/e
TCP2 C 33,0 kA (350 MVA) 005, 4 MVA 23.5 KA
TcP2 T 30.6 XA (290 MVA) 215.9 MVA 23.1 KA
TP 1 0.6 kA (290 MVA) 212.3 MVA 22.73 KA
QP 20.6 kA (290 MVA ) 190.6 MVA 20.0 KA
coPl '10.0 ¥A { 95 MVA) 99.3 MVA 10.4 KA
P 2 10.0 kA { 95 MVA) 82.5 MVA 8.7 XA
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These rated values are glven under 5.5 KV from the manufacturers
data sheets.

CONCLUSIONS

From the ecalculation results given here above 1t appears unnecessary
to provide interlock devices to limit the number of generators
running in parallel. All caleulated values are lower than deslgn
valueg and the simultaneously rumning of all the generators is an
exceptional operation method only scheduled for tests or transfers
on load (short time duration operations).
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Vhi: puspe-es of thics stiedy s o enlimnte the maxim values of short-cireuit
culrenl dor taulb. connringt an vt paint of the o V uslwork of m0p 2 (0)

From LReis shea Loetmoni b crent evaluations it will be chuecked whe Lher the
chitenclvristves ot ebeclrical eguipments {breaking and auking capuciticy, seclion

of fecdurs) arc atcuplable.

SHOKT=C (HUULT _GALCULATIONS

2.1 - Seope
Being u succession of dipole in series the programme gives the val e of

the short circuit power, its argument in comparison with the voltege origin
vectur, and the short-circuit current value downstream of each dipole.

The fulowing formula shall be used

1

{5” or S'}dwn = (5" or 5° )I..lp:
L 1 I v G
. * 2 | Sn ot sn
m " I
(5" or 5')up$ 8" or & (5" ar 5')dw

Wheres

(5" or 5'} ups is the short-¢ircuit power (subtrangient or transient) ypstre:

(8" or §') dwn " W oo ~ downstpe
S* or S " S e com . of ‘the Al
n n : - oo

w i
i

- Caleulation of S"n or s'n (Symmetricél rms values) i

a) Qenerators

and 8' =

Whire o
Sn ig the rated power
in the direeb axis subtransient reactance

g

X' oiyu

d Lhe direclt axis Lransient reactance.
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1
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et
b) Induction molors .
L

t Y

. . .'\; .
Whera Y

8 is the rated power R .
4 Im-peak may " 1
3,14 is the ratio ;e - -

¥ e
ol LeVE

and Im peak mex _ B (to IEG 963 - }972)
In T l‘ T . N . R ‘n“'-"-':". \.".,,- s

[T

bl

Im peak max is the maximum current pg;k‘vﬁlpg at the [iret nalf eycle, o
In is the rated current. “'JE‘7V ..=H {!57““‘ o S

¢) Transformers T L ST

S"n or s'n m ———— . .\ ‘ P

Where :

Sn is the rated power

Uec is the impedance voltage (j!t‘;':v-f* | ' :‘ - S

d) Cables I
. ul

5w or §'. = — ‘ . : b
d P S
n n ] - . Lot

Whers ' e L T
U its the operating voltage - 5 . : by

R is the resitance of one phase _ o fong

e¢) Reactors - S
ut l "' .

S eor 8'_ =
n n Ly

Where

U is the operating voltage

L A ——

Lw 15 the reactance of one phase




1) ﬂﬂgjmun[juzfih]v frocaald valuy= of the short-circuillt current

Phe moximum pssible peak value of the current {I peak), is calculated
from 1he subbransicnl current rns value {(I')
1 peak = KVE I
I where

. : ¥ is the aasymetrical coefficient :
b
. ~-R t
" K=1+8 U (L<K <2)

The maximum peak value ia assumed to occur at time £ = T/2, T being the
time of one cycle.

- R T
2

i \ I pealk = (1 + &

)IVE-I".

2.3 - Method of use

. The method consists in calculating S" or 5', 8, I" ar I' downstream of qach'
‘lf‘. dipole, in the following order : upstream towards downatream. -

Single line diagrams compenents and reaults are marked during calculat;nna
in the calculation sheets given in appendix I.
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Component data

3.1. Short circuit values on 5.5 KV network.

3.2,

{TCP 2 Compression buss bar)
Subtranscient period

a" 296,64 MVA
@ 89,36 deg.
I"ms) 31,14 KA

N

3

Transcient period

s" = 222,88 MA
8, = 89,27 deg.
I (rmsF 23,2% EA

Characteristics of transformers

T9 - TlO P = 1 MVA
UP = 5.5 RV
U, = DJ.38 K
Uoo = 5 %

Tll - le P = 2,5 MA
UP = 5.5 KV
U, = 0.38KV
Ucc = 7 %




3.3 = impedances of cubles

L (mH/%km)

e i am = e e b e

5 (mm?} R (‘ykm)
380 vV
ax 10 2,2 ) 0,464
ax 16 1,38 0,430
ax 25 . 0,87 _’;;;;£  )
4 x 35 0,63 0,389
4 x 50 0,46 0,345
4x 70 ;.32 0,326 |
4 x 95 0,23 0,310
4 x 120 0,18 0,308
3 x 150 0,15 0,290
3 x 240 0,092 0,280
3 x 400 0,059 0,270
5,5 kV
1 x 3 x 120 0,154 0,2 498
3x 1 x 120 0,151 0,3 199
1 x 3 x 9% 0,185 0,2 458

b r—————— —_— = —



Sad e thorl erpeutt Capae ity of apputistus
Ao Ll rabtvd breahing capuoc by Tor puses, having rated voeltage up Lo and
pne Ludbing S Ve, are Nt lesu Lhan 50 kA (1EC 269-2) all apparatus in
sericn with luses are protected if they have making capacity up to and

including the cut=of’l current.

For e¢ircuil breaker:s and swithboard (bus-bars) we muet varify if short-
circuit currents (pouks and rms) does not éxecd the yating currents.

TCIH2 ()

1) MCC (8h2 32 21) and B 53 44 26
EGA Motor contral centre 145 kA peak 70 kA TR
Merlin Gerin Codis N10O — 100 kA ra
® Merlin Gerin DSA1 1 600 140 kA paak 63 kA ©m

2) 55241 212 - 565241 213 - S 52 32 214 - § 52 32 2 18

Hazemayar Duco 32 (Fuses) — 00 kA pm:
Merlin Cerin Codis N10QO 100 ki ﬁ\t

3) 8 52 32 2 16 —~ 8§ §2 32 2 17

Merlin Gerin Codis N1OO . — ' 100 ki rm:




V- CALCHEAYION BT

A0 - Anyme lical ceelTicient coalenlation

For this o cabvulation, we wmust tulic  ipte accounl the resistunce of trans-
former. Mg Lhe asymclrical coefficient for transformers i 1,8, thelr
resttandcs bs 2gual Lo Lthe fourlventh of their resctance. The arguuwent of
shett cirvowil power above transformer composed with the argument of trans-
Cfuruer give bhe agsymetrical coeffieient below transformer.

TCP2 (C) CALCULATLION RESULTS CHARACTERISTLICS OF APPARATUS
‘ Subitransient Transient Making Braaking
Le faul
'3; « of fauly I peask (ka} I rms (kA) Capacity (kA) Capacity (kA)
T Lk i L
Bue bLar A and B .
§ 52 32 2 3 123 47 14? 83
T— T T
. | g
Switch board A
S52a322 2 116 44 -! bo
Switch board B ' y :
5 52 32 2 3 137 45 - 50
i * —
F ] ' :
5 52 4) 2 12 {13,5)4 10 (8,5) - 50
. i - ] ‘~
8 52 41 2 13 13,5 9,5 ! %3]
8 52 32 2 14 80 28 _ 50
l.. 52 32 2 15 80 28 ‘ ' 50
r -
5 52 32 2 16 61 34,5 ¥ . 100 '
8 62 32 2 17 67,5 35,5 ' _ 100
. —pra ——
53 a4 2 6 44,5 23 140 63
S 523224 23 ' 16 ’
.
. -i-.
56823225 23 16 |
"
'
‘52 32 2 1# 28 19 N
5 52 32 2 19 28 19

® (I‘I'Oﬂh-“-""T Ve Forbeiriae [ e Y
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4.2, . CABLES PRUTKCTION

During short-civeuit, a feeder is protected if its time/current chargeteristic
is aboyve Lhe time/current charaleristic of protection equipment.

4.2.1,

4,2.2,

= Tiwe/current characteristics

— Fuoeders

. Curves ere given by the formula (for time up to 5 )
8 -
r = K EE where K {cooper - PVC) = 11§

= Proteclion equipment

Time/ecurcent characteristics are given by conatructars,
For Merlin Gerin c¢lrcuit-breakers, feeders'protection ig given by
the constructer by I¥*t characteristics.

- Muthod ol use

The supervposition of feeder characteristic and fuse or ¢ircult-hreakar a‘,H

characteristic show directly for how long Ehort-circuit protection iﬂ
realised (It will be necessary tao chank thﬂt thermql ralny breaks
gvercurrents before this time)

% All curves are given in appendix II

¥ For each platform, all cables section and asscciated protection are
given in appendix IIL.

+ ok

b



9.
4,2.3. Time protection of vables during short eircuit
Cable scetion/phase Short circuit protection Time of prot
P2 (C) | o F
rMeC S B2 32 21 : T
50 Codis N10O 80/100 125 A > 56 o
2 x 90 Codis N40O DADR . s00A | * S a }c’ﬁ
2 x 120 Codis N40OO DA0O 500 A 1 » 54 Ry
400 DSA 1 1 600 DIRS 10 000 A 1 > 55 ‘ﬂgﬁ
3 x 400 DSA 1 2 500 DIRS 16 QOO A » 5s 0
incower 6 x 400 + 46,6 kA rms for more than & B ¢ ' :
» SWBA S 52 32 22 o
2,5 Fuses aM 25 (6-10-18)
Codis N10O 10/15 A (aM 40) >
4 Fuses aM 20 >
> Fuses aM 63 (40)
10 Fuges aN 63 >
25 { v  ameo >
3s ' v M 160 f »
95 " &M 160 | >
150 n aM 355 >
* SWB 5 523223 ‘ ) .'-'n‘H
2,5 Fuses 36 A (25-20-16~10-6) l1s
Codis N100 10/15 (40 A} » b8
Fuseas aM 50 (36-20) ‘» 18§
6 " oM 63 > 1B ;
10 : " aM B0 (63-36) ' > 48
16 " aM S0 > 58
3% " aM 160 (125) * 51 y
70 - aM 250 > 58 .
150 " aM 355 * 58




* Turbo pen A{B)

2,5

* 5 62 32 2 14 {

2,5
G
50

S 52 41 2 12 (13)

Fuses &M 20 (16+10-6-4)
Cadis NLOO 10/15 (aM 40)
Fuses aM 36

" mso

15) (Distribution switchboard)

Fuses aM 16
n aM &0
" aM 250

incomers ¢+ 3 x 400 ¢+ 27,8 kA rms for mora than % &

* § 52 32 2 17

25

* 5682 32 2 16

- Codis N100 55/80 (125 A}

i

Codis N100 25/40 {80 A)

* Main emergency SwB

ah
2 % 95
2 % 150

Cedis N10O 80/100 (125 4A)
" N4AQO D320 (500 A)
" N40O D400 {500 A)

1a,

R I R

| o om W
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PART NO . 1

Technigal Part.

Technical cheoices

General Standard.

Equipment.

Routing of cables.

ESD - Blow down control cirecuit
Instrument power distribution
Foxboro Spec. 200

Avtomatism ©f main consumers.
Hydraulic Units.

' Control Room.
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TECHNICAL CHOICES.

Due to a lack of general specification from EAN, the technical
choices were submitted te EAN by KE/TP.

Final decision were taken after approval from the Authorities
(DnV-NPD) .

People working within EAN Engineering team had at the be-
ginning of the project no back-up from Frigg Field; this led
to some modifications in the caurse and at the end of the
project.

GENERAL, STANDARD.

Regulations - Voltage - Freguency.

Voltage foreseen by Electrical section was 110 V DC - 110 V A(
In fact due to the vendors standard, 24 V AC/DC were added
during the project.

The cholce of 110V is to be avoided in Instrumentation - at
least in Norway were eguipment fed by this voltage must be

maintained by gqualified, authorized electricians.

We consider that 48 V would have been the best voltage but
this necessitates to impose it to all vendors.

FPrequency on Frigg Field is 50 hz.

Pneumatic - Electronic circuits.

Production Department reguested to use pneumatic circuits
wherever possible. As far as this information came late
pneumatic circuits have been used for all local controlsbut
electronic circuits were maintained when response time

must be short.
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Safety equipment logic.

In order to keep safe the fire and gas detection it was
decided to double the detectors in all areas. For a produc~
tion reason ~ in order to avoid frequent shut down - logic 2/0
was used. Alarm is given by the first detector:; shut down is
initiated when goincidence between both detectors.

Conductors size,.

1,5 mm2 was chosen on compression and agreed by Authorities.
In fact it appears that in a lot of cases0,75 mm2 would have
baen sufficient.

EQUIPMENT.

Use of electronic relay = Programmable loglc controlter,

The use of a programable logic controller for safety - gas,
fire detection - halon release, deluge valves control -

ESD logic and control, has been decided after long discussion:
with Production/Maintenance Departments. An agreement

came for two P.L.C. in parallel for the following reasons:

- Batter reliability compared with relays

- Not limited flexibility (modification of program very
eazy)

- Gain of room.

The choice of two P.L.C. in parallel is in line with the
gsafety logic philosophy. The outputs are combined in such &
way that ESD actions will be initiated only in case of
coincidence. If one of the P.L.C. is out of order, all its

cutputs become in ESD state.

All outputs of the P.L.C. are normally (no detection)

enexrgized so that ESD action are initiated in casze of loss
of both P.L.C. Exception are the outputs corresponding to
the Halon release on which is foreseen a manual activation.
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Allen Bradley P.L.C. was chosen due to the size of the memory
(up to 12 K) offshore reference and price. Electromagnetic
relays have been used on the remaining part of the project:

v Miniature GA MrTI relays for process automatisms

- EP3=EP5 MTI relays were regquired by EAN Production/
Maintenance for duplication of informations within
Safety.

comments.

We consider that the use of P,L.C. should have been extended
to the complete project. The use of mini - P.L.C, could be
done for each part of a big project. The saved time for
modifications of the logic compared with relay technology can
be very high for an important project. Reliability being
better. This being said the use of a P.L.C. does not elimi-
nate the necessity of electromagnetic relays. Galvanic
isoloation between outputs and consumers is necessary.

Allen Bradley outputs cards used in TCP2 Compression were
normally tested by the internal program, In fact we discovere
that the control transistor of the output transistor
{(Darlington mounting) was not tested so that the fault

does not appear in case of fault.

Allen Bradley supplies other types of cards which do not
present this inconvenient. Our output cards were chosen
because this type is used on all ELF P,L.C. This should

be avoided.

Gas  detectors.

Choice of Gas detection system ha$. been made by Maintenance
after a series of tests carried out on Frigg Field.

The decision have been taken very late. After Sieger type-
detectors Engineering was requested to use Icare (French
Company) detection system. These gas detectors which are

now installed are working without trouble.
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To be mentioned, however, that the calibration potentiometer
should be installed outside the rack in order to avoid
removing of the cards at each calibration.

S$ize connection cables to the "Test" key is too big (1,5 mm2

‘instead of 0,75 mm?).

Fire detection.

Same equipment (Minerva) have been provided in Compression
than in Treatment part. The system have been supplied by

Telasyvstaemer.

In order to carry out tests on the eguipment, each output
terminal is eguipped with a knife terminal.

As the output is not energized in normal Condition (Standard
from Telesystemer) it is not possible to get a visualisation
of the test position (by-pass cabinet). This is not accepted
by Safety department because of the possibilify to forget
open terminals after tests.

In fact Engineering should have foreseen a two positions
keys (normal - test) instead of these terminals. This
would have allowed to install a test camp when key on test

position.

Earthing svstem.

General

—— i ——

Earthing was not enough studied by Engineering before yard
construction. This led . us to various earthing systems on
yvards and within vendors packages. A complete standardi-~
zation has been necessary during hook-up period.
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Ingide each cabinet in control room we have:

-~ one earth bar for intrinsically safe circuits
~ one esarth bar for screens
- one earth bar for metallic parts and armor of cables.

All them bheing connected to the general earthing network
of the control room.

[y p—pr——

Due to DnV reguest the armor was earthed at each junction
box. It would have bean much easier to make a continuity
of the armor inside junction box (see 3.4.3.).

Junction boxes =~ cable blands.

Y e s i i kW T AP L AP S

Plastiec Ex(e) junction boxes have been used everywhere for

instrumentation and safety.

The requirement to have earthing of the armor has necessitatec
a speclal earthing terminal inside the box and a cable gland
used especially for the connection with a metallic part
outgide.

Special care must be taken for the entry of the cables inside
the plastic junction boxes. No bend can be accepted and the
cable must be well ¢lamped in order to avoid stress on the
box.

Advantage of these box-type is obviously the low weight.
Delivery of such boxes eguipped with terminals is very short
in Norway.

Ex{d) Hawke 501 cable glands for armoured cables were
installed, In fact industrial cable glands should have been
sufficient.
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Further to NPD - DnV regquirements for hazardous areas
following types of cables have been installed:

[

- Fire resistant armoured, screened cables for safety
c¢lrcuits

- Flame retardant armoured, scraened cables for other
clrcuits.

- Standard screen cables for connection betwean panels
inside control rocm (safe area).

Due to corrosion problems encountered on cable trays in
others installation of the Frigg Field it was decided to use
stainless steel cable trays.

Conclusion

Due to the fact that many regulations were involved in the
project, we never got a clear statement from Authorities
regarding earthing system.

The earthing of the armor when plastic junction boxes are usec
is not easy. Armor should be considered as a screen i.e.
isolated at one end, earthed at the other. Continuity of the
armor should be made inside junction box.

ROUTING OQF CABLES

Both instrument and safety cables were routed in the same
cable trays. However, depending of the types of signals
three different cables trays were foreseen:

t

110V ecircuits
- Low voltage circuits including analog signals
- Intrinsically safe circuits.

ESD BLOW DOWN VALVES CONTROL CIRCUITS.

Control of ESD and blow down valves have been designed in
line with the Frigg Field standard: Electrical ESD informa-
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tions are sent to Solencid valves fitted on pneumatic circuits
Pneumatic actuators operate hydraulic actuators:

The control

- Automatic in case of ESD signal for ESD valves
- Manual from control room for blow down valves
- Manual from local stations after authorization.

from control room for both ESD and blow down valves.

In a first stage Engineering had foreseen automatic step by
step. decompression of the compression circuit due to flare
capacity.

Production decided to consider this decompression as first
priority and to follow the Frigy philesophy for the control
of the blow down: only manual opening.

Modifications of blow down valve: cabinets have been necessar:

Only onederogation has been accepted: automatic blow down as
been kept for Compressors due to their particular technology.

INSTRUMENT FOWER DISTRIBUTION.

In order not to stop the production when maintenance is
carried out on an eguipment, possibility to isolate each
circuit have been foreseen.

Instrument power distribution located in control room con-
sists of five cabinets (220 V AC - 110 V AC - 110 V DC -
24 V AC - 24 DC). Each cablnet consists of cells of
Merlin-Gerin F32 circuit breakers (10 by cells) and

one disconnecting switch for each cell.

For intensity less than 1A only fuses have been used.

After completion of the cabinet it was discovered that
Merlin Gerin did not garantee any more the F32 circuilt
breakers for use on 110 V DC for a breaking capacity
of 10 KA.



E-9/13

Merlin-Gerin after a complete study of the distribution
network have now provided us with test certificates for each
of the feeders except for 10 amp. and over normal rating.
These breakers will be replaced by F32 H type suitable for
110 V DC.

FOXBORO BPEC 200.

Foxboro analog instruments spec 200 have been used due to
the flexibility and the easy calibration.

The voltage input of these instrument necessitated I/U

converters for resistance thermometer circuits.

AUTOMATISMS OF MAIN CONSUMERS (PUMPS).

Instrument section has been in charge of all automatisms
As a general rule, Engineering had foreseen only one type of
control of the various compression pumps:

- Automatic mode with automatic start of the stand by
pump in case of failure of the main pump - all process
securities being included in the logic.

- nermal mode

- from control room including process safety devices
- from local station without process safety devices

(forced run)

In fact production department requested to modify it as

follows:

- Same automatic mode.
- No manual stari/stop from control room
- Manual start/stop from local station including =2ll

process safety devices.
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This philosphy has been known very late {(end of commissioning

phase).

To our knowledge automatic mode have never been tested and

therefore used during start up phase,

HYDRAULIC LIMITS.

The hydraulic power pack consists of two Rexroth variable

displacement piston pumps.
Following running mode was foreseen:

- one pump continously running - pressure being controlled
at 210 bars by a dilscharge safety valve.

- The second pump wasg in stand by and started at 190 bhars
in the hydraulic circuit.

For standardization of the hydraulie power packs of the
Frigg Field, following modification was reguested by
Production:

- Intermittent running of one pump between two pressure
set points,

- High pressure set point lowered at 140 bars.
(This reduction of pressure was possible taking into
account the torgue of the valves and the speed of

manceuvering).

Actuators used on valves ars WANDFLU make., No tests were
carried out on ﬁhem in the factory ({(lack of time).

During offshore tests it was discovered that due to the
leaks on the actuator contrel cabinets the hydraulic pump
cn duty starts each 30 minutes. Decision 1= now taken to
replace them by PARKER actuators already used on the treat-

ment side.
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CONTRQL_ROOM.

General .

At the first stage of tha project, TCP2Z Compression control
room was foreseen as an unmanned room. All controls were
carried out from Q.P. platform.

After six months EAN decided to transfer the control on
TCPZ and to keep all informations on Q.P.

It is only in 1979 that EAN took the decision to limit the
amounts of informations to Q.P. due to lack of channels
in Telemetry.

Arcound 65 m length of cabinet have been installed in the
control room. Remaining room is foreseen for phase 2 of the

compression and possible future extensions.

Suppliers of panel/cabinets.

Process cabinets and mimics have been built by EGA., The
contracts was placed with Norsk Hydro Rjukan.

Fire =~ gas detection, programmable unit cabinets were
delivered as package by Telesystemer, Icare and Allen Bradley
respectively.

Foxbore converters panels were delivered by Hartmann (0slo).

Turbo-compressor cabinets were supplied by U.T.I. but built
in Norway by NORCONTROL.

False floor.

A false floor has been designed in the control room in order
to have an easy routing of the cables between panels and from
the field to the panels.
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Interface cabinets.

For easier maintenance, interface cabinets (terminal boards)
were foreseen for all informations coming to or outgoing
from the control room.

Due to lack of room, only instrument/Electrical informations
transit through such a cabinet (cabinet no. 20).

Comments on some of panels located in control room.

Control desk.

- —— —— — — — i i

Control desk was designed for a very few information such
as blow-down authorization from Q.P. - Telephone - Inter-
phone etc..

During tests of the compressors, pecople in charge discovered
that more informations were necessary from other part of the
Frigg Field morecver, Frigg Extension Project have formulated
the wish to send informations on TCPZ2 control room.

For this reason it has been decided to re-design the control
desk in order to incorporate these new data {(Work will be
done after compression start up completion).

T e e A ] . - T — ———

Due to the request from Production to use pneumatic circuit
wherever possible it has been necessary to install a cabinet
of pressure converters, These converters are hooked up to a
rall on inside the cabinet. Their disconnection is gquite
uneasy. New plugged converters have been designed by the
manufacturer and the change of the existing ones in now

foreseen.
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Mimics are of sticked pieces design in order to allow easy
modification., In order to have them as clear as possible
Panalarm annunciators have been combined with them.
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PART NO . 2,

Froject Development.

Instrument section workload
Organisation of the project
Phages 0of the project.
Manhours spent in instrument
and safety.

Schedule

Comments on the project

development.
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INSTRUMENT SECTION WORELOAD.

Instrument section was in charge of the following items with-

in the project:

- Instrumentation
- Bafety
- 211 automatisms (which are under electrical responsi-

bilitu on other proijects)
- Public address, telephon, interphone
-~ Ventilation detailed drawings

On all these items instrument section provided the documents

hereahove:

- Basic engineering documents

- Detailed engineering documents (detalled plot plans,
mounting standard etc.)

- As built and trouble shooting documents

Only shop drawings have been issued by yards. They were
consisting mainly of instrument support schemes.

As examples:

- the compression index sheet list shows around 20.000
different items (relays excluded)

- Around 2.200 local instruments were installed (see
annex no. 1) .

- Around 2.000 cabhle book A3 sheets were issued.

ORGANIZATION OF THE PROJECT.

Engineering has been performed by Joint Venture Kvaerner
Engineering - Technip Geoproduction (KE/TP). Under the
project Manager each section was managed by a section leader.
Coordination was supposed to be made by Project Engineer.

Franco=Norwegian Joint Venture has been of bad effect on the
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project development: language and responsibility problems

occured.

Coordination in KE/TP was insufficient especially between
electrical and instrument section.

Vendor follow up was performed by mechanical specialists

who were not always able to understand the guestions fronm

or to the vendors, On EAN side there was only one specialist
by section during the main part of the project. This partly

compensated the lack of coordination within KE/TP but due to

the amount of work no detailed check of Engineering documents

was performad.

PHASES OF PROJECT,

Phases.

On engineering side, we can consider the following phases
of the project:

- Basic engineering

- Purchasing - Inspection

- Yard construction

- Hook=~up documents

- Commissioning start-up documents

- Troubleshooting diagram, As built drawings.

Basiec engineering.

Due to different interpretation of "Basic engineering” betweer
EAN and KE/TP, this phase which was considered to be complete
middle 1979 by KE/TP ended only middle 1980.

Basic engineering on KE/TP point of view consisted in
purchasing documents and guide drawings for yard construction
It appeared that this was not sufficient,

Integration, follow-up of vendors documents were not foreseen
by engineering. This obliged engineering to have a new team
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{6 men) especially for this joh from middle 192793 up to middle
19840.

Purchasing - Inspection.

Regarding purchasing following comments riust be noted:

- Necessity to find vendors in Norway {(Control Room,
fire detection, cables)

- Very late delivery of the control room. Very expensive
claims from Norsk Hydro for each modification.

Inspection has been of very poor gquality all along the project
. due to lack of manpower regarding electrical and instrumen-—
tation., No tests have heen carried out in vendors' workshops
and a lot of modifications have been done later.

Yard construction.

As mentioned in paragraph 1.1 above, only guide documents
were foresesen for yard construction. Although the contracts
with the yards mentioned that detail Engineering was yards
supply it appeared that they were not able to carry out

this work. To be underlined that yards began to work only
when they have got a cable book on which the tagging of each
terminal was given. This has been the most critical phase

for instrumentation section on Engineering side.

To be noted that the construction was done on three
different yards. This has entailed Engineering to define
their limit of supply and split all documents yard by yard.

HDOk-UE.

Hook-up preparation has been done by an independant team,
Many modifications of Engineering documents have been done
during this phase. New split of the project appeared at that
time. Engineering documents were split by units, Hook-up
documents being split by systems.
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Offshore work consisted in tasks often made in a hurry based
only on cabling. All Engineering documents as cable books

or locops were not dispatched to the offshore hook=-up team.

A lot of guestions raised at that time from TCP2 and necessity
appeared to send people from Engineering.

In fact the problem was mainly that the yard had not finished
its works. Onshore Hook-up team did not know were they

stopped so that either lacks or double wiring appeared.

Commissioning — Start-up.

As far as Cable books were fully detailed, Engineering did not
mention terminal numbers on the control loops. It rapidly
appeared that every informations were needed on these loops
by Commissioning. This entailed Engineering to give all
details on them:

numbering of cables, tagging of terminales,

No particular comments on start-up except numercous modifica-

tions were necessary within packages.

Troubleshooting diagrams, As built drawings.

As built drawings and troubleshooting diagrams have been
drawn by Engineering section. This allowed to keep during
start-up phase, people from Engineering available for even-
tual modifications. Commented drawings came late from off=-
shore and troubleshooting diagrams were delayed by 3 months.

MANHOURES SPENT IN TINSTRUMENTS AND SAFETY

Instrument and Safety Engineering manhours roughly represent
110.000 hours i.e. around 25 % of the total KE/TP Engineering
manhours, OQff this can be subtracted the 8.000 hours spent
on troubleshooting diagrams and as built drawings. Comments
raegarding this high ratio will be given in paragraph no. 6.
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SCHEDULE

Engineering schedule was delayed by approximately one year.

COMMENTS ON THE PROJECT DEVELOPMENT.

We will try hereunder to give the main reasons of

- The high ratio of instrument manhours in the Engineering
- The slipping of the schedule.

Organization.

As mentioned in the corresponding paragraph coordination
problem remained during the project due to:

- location of the different teams. Remember that during
a part of 1979 EAN was in Stavanger, KE/TP was in Oslo
then in Paris and construction wasg done on three
different yards.

- Joint-Venture KE/TP

- Poor transit of informations between Engineering section:

- Lack of EAN checking of Engineering documents (Only two
men on EAN side).

Work amount.

The remaining work amount was not evaluated by Engineering.
This can be explained by the misunderstanding regarding

the basic Engineering definition, by the complexity which
appeared during the project and the transfer to Instrument
section of studies which were not foreseen at the beginning
(see paragraph 1 and 3.2). Documents issued by Instrument

section are as follow:

- gpecifications: around 8(¢ . total about 2.500 sheets.

- drawings: A0 format: 75
a3 format: 2520 (troubleshooting diagrams
excluded)
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Capability of the yards.

We explained in paragraph 3.4 that it was discovered at the
beginning of the construction that the yards were not able

to carry out detailed studies. If this had been known before

perhaps the vards would have started six months later.

Late decisions from EAN,

Decisions from EAN were very late all along the preject for

example:

- Programmable unit controler.

- Gas detector

- Instrument hook-up mounting standard which have been
changed 3 times further to Production change in
rhilosophy.

Modifications regquirements.

Laté modification requirements from EAN and authorities have

been a cause of delay in Engineeing., We can give some of
them:

- A second fuel gas metering required by Authorities.
- Change of pumps control philosophy

- Change of blow down valves control philosophy.

vendors documents follow—up/Integration.

As mentioned in paragraph 3.2 an extra team of 6 men has
been necessary during & months due to the fact that
Engineering KE/TP did not consider the checking and inte-
gration of vendor data as mandatory from the beginning

in such a project.
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UNIT

11 50 83 54 55 &5 57 58 63 64 &7 &8 )TOT
PLOW
Flowmaters 4 4
Indicatorg 12 3 2 17
Controllers 2
Recorders 2
Switches 10 & 16
Straigntening vane 8 8
Valves 3 3
LEVEL
Indicators 4 3 7
Controllers 9 11 20
Gauges 14 7 1 1 5 1 2 40
Switches 50 17 3 5 1 5 11 a6
PRESESURE
Indicators 48 18 13 5 22 15 145 169
Controllers 5 10 2 1 2 20
Switches B3 36 3 10 3 14 12 40 201
Safety valves 52 19 9 3 1e 8 107
TEMPERATURE
Elements 97 5 110
Indicators 35 13 10 2 19 23 102
Controllers 5 17 26
Switcheas 38 5 13 1T 18 77
Thermowealls 6 6 2 12 28
Safety wvalves &
Recorders 2
TRANSMITTER§ 27 23 35 3 2 5 a5
CONTROL VALVES 52 19 2 7 2 3 1 4 90
HAND VALVES 7 5 18 30
EMERGENCY SHUTDOWN VALVED 18 26 44
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UNIT
11 50 53 54 55 56 57 G5B 63 64 67 6Bl mOT
MISCELLANEOUS
Converters 7 7
Boosters 3 1 2 1 1 8
Burners 6 &
Pilot and scolenoid wvalves| 59 30 1 5 289 1 1 12 138
Opening gquick valve 13 15 28
Push Button 37 2 51 16 5 28 19 168
Molsture controller 2 2
Damper actuator 52 32
Quick Bleed off Relay 36 36
Analysis Element 2 2
" controller 2
Sgquare root actuator 2
Dew point switches 2 2
Flame 2 4 é
Quick acting valve & &
Restriction orifice 1 1 11
Rupture disc i 2 3
SAFETY
Gas detectors 24 105 129
U.V. detectors 30 30
Fire alarm box 6 45 51
smoke detectors 64 64
Temp detectors 22 22
Fire detector 9 9
Halon control unit 12 12
Box halon sphere 40 40
Alarm Ball 13 13
Chemical panal 7 7
TOTAL LOCAL INSTRUMENTS 2180
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THE SCOPE OF THE MECHANICAL SECTION.

General

The TCP2-C project being aimed at installing compression
facilities of large scale onboard the TCP2 platferm, it seems
reasonable to think that the mechanical section was of great
importance all over the project. 1In fact, this statement

is only true as far as the basic selection of components is
concerned and as far as the start up phase is concerned.

Basically, the scope of the mechanical section during such
a project is:

- to make the selection of the various equipment needed to
achiave the duty.

- to be an interface between the vendors and the various
other sections within the Engineering team.

- to provide assistance to the start up team when time
comes to put the machines on stream,

These points are of course of vital importance because a
wrong selection of a major component can jeopardize the
whole project, but they do not involve a great number of
people, of money or of documents.

The attached document F1 is giving the list of the mechanical
equipment which has been taken care of by the KE/TP
mechanical section.

This list is not always in coincidence with the splitting up
which had been done within the EAN team.

The discrepancies are the following ones:

- items 13 (crane) and 14 (hoists) have been followed
within EAN by the Structural section.

- a few packages have not been followed within KE/TP by
the mechanical section but are comprising some mechani-

cal equipment:
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- HVAC (treated by Instrumentation)
- Fresh Water Makers

- DOSAPRO dosing set

- F.G. packages (pumps)

However the list as per document F-1 represents a good picture

of the mechanical eguipment..

Ratios

- The total amount of the P,0.placed by the mechanical
section is 126 217 178 NOK, representing 10,18% of the
total project but 76,22% of the overall main eguipment
budget line (AFE 236 111 : 165 600 000 NOK).

- The number of vendor drawings is 693 (844 with the
additional mechanical items treated by other sections)
representing 25,60% of the overall vendor drawings (2 711)

No engineering drawing was directly issued by the mechanical
section which is in fact more an interface between sach
other individual section and the {rendors than a section in

charge of designing really anything.

MECHANICAL ENGINEERING COVERAGE.

The mechanical engineering coverage has been done by two
different instances:

- the KE/TE engineeriﬁé mechanical section
- the EAN mechanical project engineer.

The KE/TP engineering mechanical section.

The number of hours spent by this section is approximately
11 000, spread over a period of 3 years, from september 1876

until summer 1879.

The scope of this section can be split into two different

phases:



F_MECHANICAL DETAILETD RE®? ORT

J. Fort



F1.
F2
F3
F4

o8 |
re

F-1/13

SUMMARY

The scope of the Mechanical Section
Mechanical enginsering coverada

Tha basics of selection

The problems faced during the project

DOCUMENT

Mechanical eguipment list and description

Turbocompressor contract arrangement.



F1

1.

F=-2/13

THE SCOPE OF THE MECHANICAL SECTION.

GGaneral

The TCP2-C project being aimed at installing compression
facilities of large scale onboard the TCPZ2 platform, it seems
reasonable to think that the mechanical section was of great
importance all over the project. In fact, this statement

is only true as far as the basic selection of components is
concerned and as far as the start up phase is concerned.

Basically, the scope of the mechanical section during such
a project is:

- to make the selection of the various eguipment needed to
achieve the duty.

- to be an interface between the vendors and the various
other sections within the Engineering team.

- to provide assistance to the start up team when time
comes to put the machines on stream,

These pointg are of course of vital importance because a
wrong selection of a major component can jeopardize the
whole project, but they do not invelve a great number of

people, of money or of documents.

The attached document F1 is giving the list of the mechanical
equipment which has been taken care of by the KE/TP

mechanical section.

Thiz list is not always in coincidence with the splitting up
which had been done within the EAN team.

The discrepancies are the following ones:

- items 13 (crane) and 14 (hoists) have been followed
within EAN by the Structural section.

- a few packages have not been followed within KE/TP by
the mechanical section but are comprising some mechani-

cal equipment:
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- HVAC (treated by Instrumentation)
- Fresh Water Makers

- DOSAPRC dosing set

- F.G. packages (pumps)

However the list as per document F-1 represents a good picture
of the mechanical egquipment ..

Ratios

- The total amount of the P.0,placed by the mechanical
section is 126 217 178 NQK, representing 10,18% of the
total project but 76,22% of the overall main equipment
budget line (AFE 236 111 : 165 600 000 NOK).

- The number of vendor drawings is 693 (844 with the
additional mechanical items treated by other sections)
representing 25,60% of the overall vendor drawings (2 711]

No engineering drawing was directly issued by the mechanical
section which is in fact more an interface betwaen each
other individual section and the vendors than a section in
charge of designing really anything.

MECHANICAL ENGINEERING COVERAGE.

The mechanical engineering coverage has been done by two
different instances:

- the KE/TP engineeriﬁg mechanical section
- the EAN mechanical project engineer.

The KE/TP engineering mechanical section.

The number of hours spent by this section is approximately
11 000, spread over a period of 3 years, from september 1976
until summer 1979,

The scope of this section can be split into two different

phases:
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- the basic engineering for the selection of the type of
machine for the main duty, gas compression and electrical

generation.

This phase took place from September 1976 to March 1977 and
involved different specialists from both TECHNIP and
EVAERNER (about 3000 h)

- The detailed engineering phase, comprising the finali-
zation of the specifications for the main duty, the
preparation of the specifications and P.0O. for all
the other eqguipments and the management and coordination
of the relations between vendors and KE/TP other
engineering sections, from beginning 1977 until summer
1979 (about 8000 h).

The EAN coverage.

The EAN scope in that discipline can be split into three

phases:

- basic engineering phase: one engineer was permanently
assigned to work on the selection of the main duty
machines.

- detailed engineering phase: the different mechanical
P.0. placed by KE/TP engineering mechanical section
were followed by different project engineers within
the EAN group: engineering section head, electrical
specialist, instrumentation specialist...

- follow up and start up phase: there has been no
KE/TP follow up on the mechanical side.

The follow up was done from February 1979 until end 1980 by

a mechanical project engineer (J. Fort) newly assigned

on the project and to whom the responsibility for all the
mechanical items was transferred from then on. The start up
of the turbocompressors and turbogenerators was also super-
vised on the mechanical side by the EAN engineering mechanica

project engineer.
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THE BASICS ABROUT TEE EQUIPMENT AND ITS SELBCTION.

The list and basic description can be found in document F-1
attached to that section.

The detailed description will be found in the general synopsi:
enclosed in the report.

However the following ratics can be given in addition to
these various descriptions:

—
::::iF””fﬁ Weight ; _ Cost
i#ﬂ#:::EEE kw.availlable kW available
Turbogenerators 11.5 kg/kW T 150 NOK 77/kw
TurboCOMPressors 5,3 kg/kW 790 NOK 77/kw

Thege ratios take the driven equipment into account but the
major contribution to the reduction of weight and cost per
kW with the unit power must be found in the turbine, the
UTI machine being with comparison to the STAL LAVAL one:

- lighter because jet derivative
- cheaper because mass produced.

The reason for selection of the supplies is given hereabove
in paragraph A-7.3 for the main components:

- turbine for compresscor drive A-7.3.1.1
- compressors A-7.3.1.2

- turhogenerators A-7.3.2

- §.W. cooling pumps A-7.3.5.12

Concerning the other items, the selection was made according
to the criteria as listed in A-7.3 page 12/18.

A special remark should be made about the two fire pumps
supplied by FRANK MOHN and of a very special design:
submerged 1st stage pump driven by a submerged hydraulic motor
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receiving its H.P. oil from an o©il pump driven by the Diesel
which is alse driving by direct coupling the 2nd stage pump.

At the time of the selection, the safety and mainenance peopls
within EAN were really shocked by the difficulties got with
the SPP pumps installed on the treatment side and this
favoured the : selection of the FRAMO solution which was

not really a prototype because it had already been selected
by PHILLIPS for EROFI1S3K.

F-4, THE PROBLEMS FACED DURING THE PROJECT.

F-4.1 Turbocompressors

The relationship between the venders and EAN and KE/TP has
been all over the contract excellent with UTI but rather
difficult with the other partners, KONGSBERG, ALSTHOM and
ACH.

The detail of all the problems which have heen faced and the way
they have been solved can be found in a specific document:
"FRIGG Field turbocompressors start up report” ref. 311 E
com./81/391/JF/BC on 23.11.81 which is not attached to this
final TCP2~C project report.

However the resume of these problems 1s given hereafter:

F-4.1.1 During the engineering_phase.

o e Aty e e 3 ] i s e e

The management by KE/TP and EAN of the contract was extreme-
1y difficult due to the very complicated arrangement of
this contract.

The sketch herewith supplied as per document F-2 is self
explanatory, but on top of the obvious problems of
responsibility and coordination implied by the numerous
partners, it must be mentioned that the compressoxy vendor
ALSTHOM lost the license from NUOVO PIGNONE in the course
of the contract and this did not simplify the scheme,.
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Due to delay in the workshop scheddle for compressor fabri-
cation the compressors and their skids were delivered incom-
plete on the construction yard, in ORKANGER.

The compressor vendor was therefore requested to complete

the work on the yard and this was extremely ackward to manage
because there is an obviocus incompatibility between the

small piping work, mechanical adjustments and the instrumen-
tation hook up and calibration which remained to be done on
the compressor skids and the heavy piping and structural

work which was performed at the same period on the yard,
together with sandblasting and painting.

The L.0./S5.0. tests which had also to be done were permanently
thwarted by poor working conditions and other priorities
on the yard.

A e i — —— —rr — J———

The following problems occured and were solved as mentioned

hereafter:

- collapse of temporary suctlon filters: happenened three
times, one with the original design filter, one with
the same filter from which the fine external meshes had
been removed, once with a new design filter specially
prepared by N.P./ACB (compressor vendors} to avoid guch

a proklem.
It was solved by getting rid of the filters!

- destruction of antisurge valves: the original valves
as specified by the compressor vendor were of the
whisper type for noise reduction. They were completely
destroyed during the first start up attempt in April
1981 on compressor B. The reason was found in the
sensitivity of these whisper trims to liquid carry over
and solid particles bombarding at a time when we were
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trying to start the compresscor B on a particularly dirty
closed loop.

This problem was solved by changing the whisper trims into
conventional ones less sensitive to liguids, and cleaning
thoroughly the piping before the next strt up attempt.

- The sensitive turbine control cakles were rejected by
UTI bacause subject to eddy currents (screens pair by
pair were not insulated one from any other), They were
replaced by special cables from "MULLER et LANDAIS",
France (P.O, 8120 3592 in March 1981)

- §.0. low pressure rings consumption. The problem was
already located during the check out period on the yard,
however it was suspected that the high consumption
was the result of some by pass due to the possible pre-
sence of sand in the system. However a tentative new
design was made by EAN to prove the compressor vendor
that something had to be done in this area. The EAN
desing consisted in reduced clearance new L.P, rings.

Later on, during the commissioning, N.P. supplied new
rings with reduced clearance and the results were im-
proved., It was not sufficient anyway and EAN was obligec
to call for a new desing again from N.P. which reverted
during start up with a set of still reduced clearance
L.P. rings. The reduction this time was drastic but the

results good.

The problem can be considered to be solved now with this

last type of rings.

The following table is summarizing the history on this probler
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- SHAFT @ 190 MM - PUMP 130 1/MN
DBTE DESIGN CLEARANCE FLOW L/MN COMMENT
1977 Original de- 18=-22/100 Expected 80 Not
sign by N.P. on @ Actual 200 acceptable
‘ in static cond.
. ‘ Actual 70 O.K. but
T | oAV B | 13-14/100 in static static test
g Y condition only
January | New desigh 15-17/100 g:iii??ﬁoin Not
1981 no. 1 by N.P. running and satisfactory
static cond.
October New design 10-12/100 Actual 40
1981 no. 2 by W.P. in running and 0.K.
static cond,.
F-4.2 Turbogenerators

There were no major problems during the start up phase and

the relationship during the engineering phase had been quite

axcellent,

The only two serious problems met during the start up were

not connected to the engine itself but to external systems:

- STAL LAVAL complained about the quality of the F.G.
(condensate problem)

- a high frequency resonance (upper mode) of the pancake
was detected at 50 hZ. Although acceptable as far as
the mechanical stress is concerned, this resonance
should be moved to avoid people discomfort and control
panel devices vibration and calibration outage.

F-4,3 Diegel Emergency Generator.

very good quelity of the product and extreme reliability of

automatic start.
The only corrections consisted in:

- installing the air compressors on silent blocks.
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increasing the capacity of the preheating system to
keep a sufficiently high o0il and water temperature
even in very cold and windy conditions,.

Fire pUumps .

The
was
the
the

relations with the vendor during the engineering phase
not always very easy due to the lack of esxperience from
vendor as a packager and also to a slow response on
KE/TP reguests.

During the commissioning, start up, the various sericus follow-

ing

problems occured:

leakages on hydraulie piping between hydraulic pump and
submerged 1st stage pump motor, and between submerged
hydraulic motor and sea. This necessitated 7 dis-
mantling of the complete column and submerged pump before
the problem was acceptably cured.

Compressed air column build up in the piping between

1st stage and 2nd stage without priming of the 2nd stage.
A piping modification on the 2nd stage pump air trap
arrangement had to be done.

Improper engineering of the electrical junction hoxes,
making 1t necessary to remove the supplied boxes and

to replace them by new bigger ones.

Various problems on the pneumatic panels

Failures to start on automatic. In spite of several
modifications carried out by STEWART and STEPHENSON

on that matter, this major problem cannot be considered
to have baen really solved,

Improper water pressure control on the engine. Solved
by changing the pressure regulators.

Problems of hydraulic interface with the ventilation

dampers. Solved by piping changes.



F-4.

5

F-11/13

AlY COmpressors

Two main problems:

- poor guality of the skid and of the packaging when the
package arrived on yard.
- many problems during start up:

* no piping connection between cylinders and cylinder
end cover for ccoling water (oversight from con-
struction)

* very poor reliahility and very difficult calibratior
of the pneumatic control cabinet.

* wrong torgue wrenching of the nut tightening the
eylinders on the rods, with two unbolting, one
detected before any major failure, the other one
with piston, rod, cross head destruction after
a few months operation.

S.W. pumps.

No problems were met with the 2 KSB pumps which passed
successfully the durability test demanded by EAN.

But a lot of problems with the 2 T.U. pumps, discovered
mainly during the durability tests:

- wrong design of. the motor bearings presenting a typical
half fregquency whirl. PLEUGER was obliged to redesign
the bearings.

- high level of vibration on the coupling side bearing of
the pump: new stiffer design for the connecting piece
between pump and motor was incorporated by T.U.

- very poor reliability of the vibration probes in marine
environment.

- casting problems on the Ni-Cu alloy pump body. Grinding
of the whole body had to be done.

- PLEUGER motor burn cut during the tests.
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All these problems accumulated a delay amounting to one solid
year by comparison with the contractual schedule,

Crane

No gquality problem with the exception of a wrong positioning

of the connecting pads of the boom to the crane itself.

But a major delay problem with a total delay in the range of

& months hampering seriously the progress on the construction
yard.

Other components

No comment.

A ————————— —— — ———— i " il P} = ——
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> /0 NUM
P DUTY FROTOR KI"I{ISQB’E‘; SUPPLIER TYPE | MAIN DATA _JE———F ohen DEBIQRY OF vEﬁM
. o . o ATE | DRAWINGS
1 |Gas 3 lines pPrime mover | UTTI - TEM3S - Aeroderivative 10 340 290 US § | 172151 March 1979 215
Compression ( - 2 duty Gas turbines| FT4C - 3F t— GG: twin spool = ‘ to
- 1 spare 11 KG 01 A - FT: 3 stages 54 634 589 NOK |Kongsherg
11 KG 01 B 200074200 RPM Vépen-—
1MEKGO01 C - Max output: fabrikk
32 MA prime con-
= Wejght: 80 T tractor
23.07.77
Cormpressors: — ACB under NUOVO | — Barrel type 18 996 395 FF 172151 April 1979 64
11 K0t A PIGNONE licence |- 7 stages = to
1T K0T B - BCL 607 A ~ 2000/4200 RPM 21 296 407 NOK Kongsherg
1M K01C - campression Vapenfabr.
ratio up to 1,8 prime con-
- flow up to tractor
17 000 ACM/H
- Ps about 100 B
- bPd about 155 B
« Vieight 90 T
2 Electrical |2 lines 52 G0 1A STAT. TAVAL turbined - Turbine semi 30 000 Q00 NOXK 172957 June 1979 148
generators |- 1 duty 52 GO 1 B GT 35 gen. ASEA heavy duty -
- 1 spare GTA 1125 CD - GG twin spool 21.,12.77
- 3000 RPM
- Turbine output
max 13,5 MW
- Alternator 17,15
MVA
- Weight 150 T
3 Diesel - 1 line 23 GO O SACM ~ Diesel V 16 1 171 810 FF 172161 February 37
Energency Prergency ‘ double turbo = 08.03.78 1979
Generator - 1500 CV 1 425 796 NOK
- 1500 REM :
= Alternator NEEB
4 Fire pumps |~ 2 lines 68 PO 1 A FRANK MOHM ~ Diesel DDA pack- 2 196 805 NOK 172226 July 1979 46
Emergency {68 PO 1 B aged by S.S5. 24.09.78
driving directly
2nd stage FRAMD
puInp
- Diesel driving
also hydr, pump
=~ 0il froum hydr.,
punpe driving
downhole hydr.
motor/1at stage
FRAMD pump
5 rir - 2 lines 57 X0 1A | WORTHINGTON BDCB | - delivery press. 1 427 000 FF 172162 April 1979 41
comprassion/|~ 1 duty 57T X01B | 16"1/4x8"1/4x5" 10 s ‘ =
treatment |- 1 spare : - 500 m“/h 1 599 776 NOK 22.02.77
- air receiver,
dryer,all auxil,
ecquipm, incl.
¢ | S.W. pumps |- 4 by groups| 58 PO 1 A .| 58 PO 1 A/C - suhmerged set 4 651 000 NOK 172163 February 21
of 2 58 P 0.1 B | KSB 5UZ ~ both puamp and 08.03.78 1980
- 2onduty |58 PO 1C | 400-500/2 motor KSB ;
- 2 spares SR PO1TD - 2000 m~/h, 60 m
~ 5,5 kV
= _RdEor PLEUGER
58 PO 1RB/D - submerged set 4 948 735 NOK 172164 contract- 17
THUNE EUREKA - pump TBU' 08.03.79 ual
CLD 300 2x1 KDE - 2000 m”/h, 60m 01.02.80
« 5,5 kv act,Jan 81
7 F.W. - 2 lines 58 P O 2 A | DRESSER - 5,5 kV3 200 000 FF 172152 March 1979 4
PUmps - one duty 5B POZB | M 16 x 18 - 2000 m~/h =
- one spare - 1 stage 1 008 969 NOK 28,02.73
- 45 m
- 1500 RPM
8 F.W. uti- |2 lines 58 P O 4 A | THUNE EUREKA - 1500 §PM 279 200 NOK 172170 Novembex 9
lities - cne duty S8 P04 B | 48 % 19 TC - 460 m~/h 1978
U - one spare ~54m 24.02.78
9 F.W. make | 2 lines 55 P O 1 A | GUINARD - centrifugal 22 630 FF 172171 Augqust 6
Up PATIRS - one duty S5S PO1TB| VM8 x 12 - 4 stages = 1978
~ one spare ~ 3000,REM 25 370 NOK | 23.02,78
: ~12m/h, 38 m
10 | T.E.G, make | 2 lines 55 PO 2 A | GUINARD - acrew punp 52 705 FF 172161 Auqust 2
up pUIps ~ one duty 5 PO 2B - 1403 RPM = 1978
- one spare : ~« 5m’/h, 6 bar 9 (086 NOK | 23.02.78

DOCLLENT p-t
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4

MUMBER

LOAD KE/TP TAG Ir.G. AND[DELIVERY
DUTY FACTOR NUMBER SUPPLIER TYPE MATHN DATA PRICE NOK DATE DATE OF WVENDOR
DRAWINGS
i1 | F.W. fteg 2 lines 58 POS A | KSB - 3003 FPH 15 885 Do 172169 r 7
punps - 1 duty 58 PO5 B |B6 B3 - 20m”/h = 1578
intermitt- - 35 m 44 521 WOK 20.02.78
ent - centrifugal 3
~ 1 spare stages
12 |wWash down 1 duty 50 PQ2 XSB - submerged pump/ 76 685 DM 172168 Movvember 24
intermittent BPN 374/6 motor sat = 1978
- 6 stages 214 924 NCK 20.02.78
~ 3000 4
- 114 m/h, 132 m
13 |Crana 1 dutky 60 x O1 RYLANDS VERKSTED |~ 30 tons at 12,5m] 3473 000 HCK 172267 contract- 20
intermittent - 2 DIESEL DDA 02.11.78 ual Sept.
- 1 duty 1979
- 1 spare -
- 2 hydraulic actual
pumnps
- hydraulhcpowerai 1580
winches
14 |Hoists all inter- VARTOUS MINCK - all electrical 459 000 KOK 172266 Cctobar 32
mittent duty explosion proof = 1979
- up to 12 tons 16.11.78
- 13 electrical
~ 6 manusl
TOTAL //-—/;"/////12 217 278 / 693

DOCUMENT F-1.
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PROCUOREMENT OF EQUIPMENTS AND MATERIAL.

Genaralities

* The contract signed between EAN and KE/TP stated that the
purchasing, inspection, expediting and follow-up of the
purchase orders and shipping would be performed by the
KE/TP teams in Oslo and Paris.

* From the first delays in delivery, the project management
had some serious suspicions about the efficiency of the
above operations.

* As a matter of fact, the inspections at mill by the TP
inspectors were not always scheduled in accordance with
the emergency reguested by our project but in accordance
with the TP most econcomical program of travel.

* On the other hand, the TP inspectors in charge of technical
inspections did not worry about the manufacturing progress
and target date of delivery, contrary to thelr actions
performed in that way for their own "turn key" contracts
for which they were responsible of the delivery date.

* Many dates of delivery were spreaded within a small period

" of time and did not allow a serious technical checking
without inereasing the inspection team.

* The relevant informations were not fully reported nor in
due time to the project management.

* We will also point that, except for some very important
equipments (turbo-compressors; turbo generators; steels..)
most of the purchase orders placed by KE/TPF were not
gericusly negociated to make sure of the date of delivery.

* Many purchase orders were subject to technical modifications
during manufacturing or, as for the electrical cables,
subject to modifications of quantity requested too lately.

* Many other purchase orders were delayed due to a lack of
balancing between the number of KE/TP purchasers and their
load of work.

* For all the above reasons the project management decided to
transfer to Stavanger the KE/TPF team in charge of the pro-
curement except for the purchasing of material theoretically
needed for construction onshore, and to place it under the
EAN control. '



* Following this transfer the very critical situation was
partially improved by a scheduling of inspections in
accordance with the yards reguirements, by a close contact
with the yards to give them the most accurate informations
about dates of delivery in order to modify their program
accordingly, if possible, and by placing some purchase orders,
through EAN purchasing department, to deliver the critical
missing piping in emergency.

* Nevertheless, the situation was too much critical to be
fastly recovered and, in addition, some people among the
team transferad did not appreciate their new assignment
under EAN control.

* The transfer of the team was performed in January 1979,
The was as follows:

- a manager and his assistant

- a technical chief inspector

- & mechanical inspector

- an electrical inspector

- an instruments inspector

- a welding inspector

- an inspector for piping, valves, fittings

- a shipping clerk

- a clerk in charge of expediting and local purchasing
- a clerk in charge of follow-up and dash-boards:

material coordination report
composite expediting report

- a filing clerk, also in charge to check the mill
certificates and to prepare the vendors data books.

2., Onshore construction phase

* Number of purchase orders placed by KE/TP

for the main equipments 225
* In addition, about 400 complementary purchase

orders have been placed by EAN
* Number of month~inspection ({except vacations)

from January 1979 50

* Number of inspection reports 410



3.

As a result of the actions performed by the new inspection -
expediting team settled in Stavanger, the delivery of many
purchase orders were improved and particularly for the piping
material (pipe, flanges, bolts, gaskets) as well as for a

lot of purchage orders concerning standard instruments or
electrical eguipments for which the Orkanger Yard was in

a very critical situation.

But, for some equipments it was not possible to make up for
lost time in manufacturing due a too much important delay
gathered before the assignment of the team in Stavanger. 1
Many of these eguipments were also delayed due to technical
manufacturing problems or technical modifications ordered by
the engineering department during manufacture.

These equipments are listed hersafter:

= Prefabricated piping at PONTICELLI Bordeaux which were
partially delivered (327 tons delivered instead of
519 tons ordered). The balance was manufactured by
the contractor at Orkanger.

- The 3 turbo-compressors KONGSBERG have been delivered
at Orkanger not completed in order to go on with the
module fabrication.

- The fuel gas exchangers A.C.B. were not delivered on
shore in time due to technical problems with welding
of turbulars.

- Concerning the electrical switchbeoards and instruments
panels cabinets the delay in manufacturing was mainly
due to the numerous engineering modifications.

- as for some other manufacturers, they were late only
because their bad organization {(the AKER crane was
deliverad 6 months later than the contractual date of
delivery in spite of the written promises sent by the
AKER's general manager).

- Some others, NORSK KABELFABRIKK for 1nstance, were never
able to give us an accurate date of delivery in spite
of our numerocus claims. Each new delivery date glven
were postponed a lot of times before shipment.

- Fortunately, some of them like FRANK MOHN (safety fire
putips) did their bést to reduce their delay,



- The only big eguipment delivered on time was the two
turbo-generators manufactured by STAL LAVAL.

Results of the inspection - expediting team.

Due to the important quahtity of equipments and material manufac-
tured at the same time for which the dates of delivery were con-
centrated within a short period, and due to the very important time
spent by travelling and reporting, our inspectors could not stay
more than one or two days at the workshops for each visit.

This is not enough, for big equipments, to have a good knowledge
of the workshop efficlency in order to make the right analysis
of the progress and to discuss seriously the problems with the
people responsible in the factory.

So, two and sometimesg three inspectors by discipline would have
been necessary for mechanical and electrical equipments during at
least the three first months of 1979, in order to perform a very
complete control including precommissioning of the eguipment
checking of relevant documents, packaging and protection for a
long time storage.

Storage of materjal and equipments at yards.

The storagae and administration of material was perfromed by and
under the contractor's responsibillity. An EAN supervisor was in
charge of checking the operations and to report to Stavanger the
status of the material received and missing in order to make
actions of expediting against late suppliers.

At Kristiansand and CGrimstad the above operations were generally
carefully performed and the informations transferred at Stavanger
in due time:whilst a lot of misunderstandings and disputes arise
with Orkanger due to the higgledy-biggledy contractor organisation
(wrong and late informations, references missing, unjustified

claims, unfairness).



Shipping

A contract was signed between EAN and SUNDBYE OSLO to perform
all shipments of material and egquipments from the supplier's
workshops to our 3 yards.

The main difficulty in shipment operations was to know, in case of
delay of delivery on site, where the material was stopped to make
action. SUNDBYE was never very interested in making strong
investigation in that case and our shipping employer made it

himself.

Another difficulty was the wrong splitting made by the suppliers
and sometimes by SUNDBYE to deliver the material on the 3 separate
yards. Finally, we have stopped the contract and our shipping
employer placed himself the purchase orders for shipments. In
case of urgency we rented special trucks to pick up and deliver
the material in time.

Hook up

The material required for the hook up were delivered and stored

on the yards until the lifting with all the construction surplus
All those material were shipped by trucks te a Stavanger warehouse
specially open for this purpose. But the sudden delivery at
Stavanger of about 10 trucks of material (and 2 boats for spools),
for which the packing lists were not carefully issued (and often
missing) obliged to assign five storekeepers to unpack, to identify
to store, to mark, to verify, to issue documents of receipt, to
open a particular Kardex within a very short peried in order to

be ready to deliver the material required for the first hook up
tasks.

In addition to the above operations of storage and shipments for
hook up tasks, our team kept a close contact with offshore people
te supply their requests for material.

For fear of falling in lack of material at the beginning of the
hook up,offshore hook up team requested too much material which

was delivered in time within a very short period.



In addition to the material received from the yards we have
placed 1400 purchase orders for the hook up team to perform his
job. The main difficulty was not to secure the material from the
suppliers but in some cases to obtain precise specifications and
references of the requested material from the offshore requesters.

Surplus

The surplus material either coming from yards or sent back from
offshore have been identified and stored at Stavanger warehouse
to be used if possible for the future projects, specially a large
guantity of electrical cables (60 kilometers of wvarious sizes).

Documentation

All technical documents regarding material and eguipments have
been consolidated to make the "vendors data books" filing.
For each purchase order the following documents were filed:

- Mill inspection reports
- Material certificates issued by manufacturers
- Technical documents (data sheets, spare parts lists, main-

tenance manuals)

10 sets of 50 volumes have been made and dispatch to the wvarious

departments concerned:

Maintenance offzhore and onshore, warehouse, purchasing,
engineering, central filing, for future needs after the

project completion.



4.

4.1
4.1.1
4.1,.1.1
4.7.17.2
4.1.1.3
4.1.1.4
4.1.1.5
4.1.1.6

ONEHORE CONSTRUCTION YARDS.

General Description of the work.

Extend of the work.

The works comprise the fabrication of modules, pancakes,
connection spools,. support structures destined to be
installed on TCPZ.

The services to be provided by Contractors include:

The preparation of detailed technical and administrative

documents like:

* final and detailed fabrication documents and shop
drawings

* welding procedures

* final! and detailed engineering design related to onshore

installation operations: transportation, erection,
connections, heavy handling

* recording ©f all fabrication works

* programme of the work including: planning network, histo-

grams, monitoring of the work,

The receipt, storage and control of Company supplied material

and equipments.

The supply by contractor of all materials and consumables not

furnished by company.

The fabrication, installation,onto testing of all steel,

mechanical, electrical and instrument systems.

The protective coating of all structures, pipework with

supply of paint and application.
The load-cout and sea-fasteningocotoe the cargo barge.

The modules, pancakes and appurtances are classified in three
lots. Each lot is defined as a functional and geographical

antity:



4.1.2

- the lot 1: Gas compression: Main deck of TCPE2

- the lot 2: Electrical Generation: Cellar deck (N.E.)
of TCPZ

- the lot 3: Cooling systems: Cellardeck of TCP2

The contract specified that within each lot, the modules and
pancakes had to be assembled according to their fipal con-

figuration on TCP2 in order to:

- perform commissioning services and full load test

- pressure-test all pipework prior to offshore installatio

- avoid further clashes or interferences while installed
on TCPZ2,

—— T S S S S S S S —— — T — — ————— — S — t———

The work was split in three construction yards as a result

of technical and economical and political considerations.

The lots being defined as described above, the Call for
Tender was submitted to 16 contractors or association of
contractors, Out of this call for tender, 13 bids were
received. In order to compare the offers, and to take into
account previous experience of constructions for the Frigg
Field, a theoretical cost representing 50% of extra-work
computed with the price lists given was added to each

bid PriCE¢
The analysis gave the following results:

LOT 1: - lower price for PONTICELLT
- same medium prices (+30% to 50%) for other
French and foreign yards
- same high prices (+75% to 100%) for the

octher yards.

LOT 2 AND 3:
- lower price for PONTICELLI, ©IS and

FRANCE ENTREPRIGE
- high prices (+30% to 80%) for the other yards.



Without political constraints, the choice would have bheen
PONTICELLI who has in addition serious references.

But the choice of a foreign yard being slightly hypothetic,
it was decided, in agreement with partners and Norwegian
authorities:

- for the lot 1, to call for a second run the three

mani Norwegian contractors:

VIGOR
KVAERNER ENGINEERING
AKER

with the aim to lower the price, if necessary by subcon-
tracting the prefabrication of the pipework to foreign

yards.

- for the lots 2 and 3, to choice OIS who offer a price
of 12% above PONTICELLI.

The final result of discussions were:

LoT 1. AKER/CMP. SBV/ KVAERNER/FRANCE
PONTICELLI ENTREPRISE

Lump sum 56 180 45 000 45 148

extra work 36 233 30 840 32 481

(evaluated)

TOTAL 92 413 75 840 77 629

Norwegian Content 2% 86% 90%




AKER, associated to CMP made the price lower by transferring

to FPoreign content.

VIGOR and KVAERNER lowered their prices of respectively 26%
and 34% below thefirst offer by subcontracting the pre-
fabrications and by decreasing the cost of their works.

AKER/CMP was rejected due to the high price, a low Norwegian
content, and a geographical split of modules which was non

attractive.

KVAERNER and VIGOR were very close; KVAERNER offered a covered
construction site but no facilities to perform the full load
test of compressors. VIGOR offered the best unit prices and
good facilities to perform the full load test. Consequently
it was decided to commit the work to VIGOR associated to
SPIE-BATIGNCLLE.

General contract condition

———— — — ———— i e ol TPt —————— ————

Type of contracts

The contracts were presented under the form of eleven volumes

of documents to form the integral contracts, numbered as

follows:
E 76 with SBV (Orkanger yard, lot 1}
E 77 with OIS (Einar ¢grey yard, lot 2]
E 78 with OIS (Nymo yard, lot 3)

They comprised:
- Commercial parts
- Volume 1
A. Particular Conditions

B, Price Schedule
C. Contractor's Means



4.1.3.2

- Volume 2

General Conditions

- TECHNICAL PARTS

* Volume A: General Documents

* Volume B: Structural and Architectural
* Volume C: Equipment and Tests

* Volume D: Piping

* Volume E: Electricity

* Volume F: Instrumentation

* Volume G: Insulation and Ventilation

* Volume H: Painting

* Volume I: Leoad=out

Contractual conditions

The contract price is a lump sum deemed to cover all detail
studies, the fabrication and the installation of everything
shown on the drawings and/or the PID, and/or the various
equipment schedules, and shall include the installation,
together with all required fabrication and installation of
material indicated as company~furnished, and the supplying
by contractor of all material not listed as company-furnished.

In case of discrepancy between the guantities of material
given in the lists of company-furnished material and quanti-
ties shown on the other contract documents, the lists of
company-furnished material are considered to be the basic

of the contract price.

Each contract price was broken down into a schedule of part-

ial lump sums.

For both azdditional work and deleted work, the unit rates
given in the particular conditions apply either positively

or negatively as the case may be.



Report on Orkanger vard (SBV lot 1)

Contractor and subcontractor

The contractor SPIE-BATIGNOLLES - VIGOR is a Franco-
Norwegian Joint Venture. BSBV rents its facilities and
personnel from VIGOR A/S (85%) and personnel from SPIE-
EATIGNOLLES.

Main subcontractors are:

- PONTICELLI (Ambé&s) Pipework prefabrication from
September 1978 to April 1979 (2% in work value)

- KVAERNER BRUG (Egersund). Modules deck prefabrication
from September 1978 to January 1979

- VCON - Electrical and instrument installation

- INDMA = Painting

- MONTALEV - Load-out consultant and equipment

- FINDICATOR - Welders

- STALKONSTRUKSJONER - Steelwork

- OMEK -~ Steelwork and hoists installation

- TEKNISK ISOLERING - Pipe insulation

- IKAS - Wall insulation

- S.E. TRADING - False floors

The contractor's management was organized as shown on charts

given overleaf.

- first is typical organization 10 weeks after award of

contract
- second is typical organization on 1st November 1979 when

the work was proceeding on unit rates basis.
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4.2.1.2

4.2.2.1.1

4,2,1,1.2

EAN supervision.

The organization was a pyramidal chart established at the
contract award date, but was revised in December 1979 into

a2 functional centered organization.

All supervision personnel was contracted to KVAERNER/TECHNIP,
NORSK HYDRO, DnV, COMSIP, SOFRESID, with the exception
of the supervision manager, piping engineer and compressor

engineer,
Some changes occured to allow the organization to cope with

the ever changing situations during the construction and the

various and different capacities ¢f the persons.

Initial scope

Contract E 76 EAN - SBV included the following quantities

Structure based on typical bid drawings

- main structure 1239 T

- secondary structure 20T

- shop drawings material supply for seccondary structure
Equipment

No weight specified initially only listing

suction drums
water separators
coolers
COMpressors
turbines
expansion tank
purge tank

fuel gas packages

1
- R = L L B

fuel gas heater



- 4 ventilation packages

- 1 crane

4,2,.2.1.3 Piping

4.2,2,1.4

4.2,2.1.5

4.2.2.1.6

4.2.2.1.7

Itemised material take off and drawings included in contract

gave feollowing weights:

- total s21 7
= prefabrication 421 T

In addition contract included 100 T supports not specified
either as pipe standard supports or supporting structure.

Detall studies spoocl drawings and isos below 2" to be per-
formed by contractor.

Electricity.

Itemised. material take off included in contract, conducted

SBV to estimate the work load in electricity at about
19 300 hours.
Instrumentations

Itemised material take off and process and instrument dia-
gram and layout drawings, conducted 8BV to estimate the work
load in instrumentaion at about 31 600 hours.

Heating and wventilation.
Itemised take off and layout drawings.
Insulation.

ITtemised take off.



4.2,2.1.8

4.2.2.1.9

4.2.2.1.10

4,2,2.2,

4,2.2.2.1

Architecture - Docors take off.

Painting.

Take off based on ratio of sgquare meters per ton of steel,
Load out.

Typlcal barge drawing with skids.

Final scope,

Structures

Weight before load out

Mod. 20, 31, 33 Mod. 32
Main structure 918 T B00 T
Secondary structure 27 T 69 T
Wall structure 18 T 20T

Differences with contractual take off:

Main structure 2007
Secondary structure 27 T
Wall structure 83 T

Quantities differences due to items not known or underesti-
mated at contract award, like structural pipe supports,
cladding desing improvement, reinforcement for lifting.

Modifications subsegquent to construction start September 1978

- Evolution of padeye from bent plate to intaegrated welded
design 30, 31, 33 (January 1980)

- Padaye 32 defined (Mid 1979)

- Deck drain position definition (January 1979)

- Pipe leoad carriers defined and necessary deck reinforce-
ment "holds" removed (january 1979)

- Electrical/Instrument rack supports and defined pene-

trations (September 1979}



4.2.2.2.2

10.

- Panel supports (March 1979)

- Plate girder stiffener design error (December 1978)

- Stainless cladding anticorrosion trap modification
(early 1979)

The in shop prefabrication of the deck section at XKVAEENER
BRUG, Egersund finished in January 1980 excluded all of the
modifications above which were done outside on erected

primed structure in the winter 1980.

Piping.

- Weight atend 644 T, not including pipe supports, increase
over contract 120 T as follows:

pipe above 2" 427 T
balaow 2" 1,5 T
valves etc. above 2" 123,4 T
hook up spools 92,17 T
In addition, standard pipe supports (excl. rack) 20,9 T

pipe racks, weights included in structural
- Welight differences due to

- high pressure vent, low pressure vent, fire water
excluded in contract take off,.
= several modifications like:

- HP gas valve bypass flow sheet error (valves invert-
ad) and break flanges added.

- HP full load test branches, instrument branches
altered and spectacle klind added.

- Spring supports recalibrated and support details
reinforced.

- entire HP and LP relief system defined.

- HP relief 2nd circuit {(March 1980)

- FG (fuel gas)
* change to stainless for turbine gas Dec. 1979
* 2nd metering circuit February 1980
* routing errors, flowsheet changes.



4.2,2.2.3

11.

- Entire FW firewater system defined,

- Drain modifications to increase flow capacity and
ensure gas seal (January 1980 - April 1880)

- Hydraulic fluid circuit definition (May 1978 =
January 1980) and addition of break flanges.

- Halon system definition (January 1980) and revision
{March 1980)

- Compressor vent alteration, seal oil pipework
change.

0f the prefabrication possible of 431 T only 327 T was possi-
ble at Ambes by Ponticelli due late and inadecqute flow of
materials, The remainder of the prefabrication was done at
the same time as the erection at Orkanger and the major
modifications were done on primed erected pipework for the

same reasons,
80% of the late modifications required a second hydrotest.
Equipment

The equipment list did not change significantly. Certain
items increased the scope without any ¢onseguences (vent

stack, hydraulic panels, etc,)

The crane installation access necessitated the cutting off of
module 32 cantilever as the separation of the modules at
that time prevent hvdrotest and painting completion.

The compressor installation was not a single straight lift
of a complete assembled, piped and wired package as had been
foreseen in the contract. The compressor pipework had to

be modified and partially remade and the elecérical and

instrument installation done entirely after installation.

The 1ift of the skid (minus pipework) and afterwards the
barrel into place was done through a hole made in the module
upper deck module 33, 31. Module 30 had no roof and no hole

was needed.



4.2.2.2.4

12.

The sandblasting c¢ontinuosly taking place and the repair of
compressor plpework reguired several flushing operations.
The influence of sand metal filings or slag on the shaft
seals affected the test of the seal oil systen.

Examples of misfit between equipment and structure occured

on the following items:

- compressor skid = holes in wrong place, drawing errors.
Initially no drain in compressor sump.

- fuel gas skid/module deck water corrosion trap.

- hoists interference with pipework and structure, power
supply incorrect. Moneorall size adjustment needed.

- suction drum branch connection tailored to suit in time-
ly manner,

- control room ducting intérface with cable routing, light:
false ceiling needed detail study.

- crane adaptor platform supports different from designed
platform.

- crane boom needed inversion of ends to fit crane.

- instrument or electrical connections discrepancies were
encountered on turbo compressor, fuel gas skid, hoists,

ventilation.
The equipment erection is estimated as the initial forecast.
The interfaces between the equipment shown on vendor drawings

and the modules was insufficiently defined and unchecked
at inspection up to the equipment was delivered on site,.

Electricity

Quantity changes

- Cables gquantities multiplied by 3.
Modifications since start of construction.
- Single line diagram changed

- Segregation of cables introduced
- Interconnection and shutdown requirements,



}
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4.2,2,2.5

4,2.2.2.6

13.

- Intermodule junction boxes introduced

- Specifications and reguirements evolved, i.e.: glands,
earthing of calbes, continuous.

- Interface with equipment specified after equipment
arrival.

Conseguently, the routing and penetrations of cables were not
possible to define until August 1979, and in the case of the
substation the already installed routing was removed and

replaced.
Instrumentation

It had been intended in February 1978 that the construction
should include the supply of the control room panels and
interconnections, this option was dropped during the nego-
tiations of the contract.

Quantitiy changes

- cable
- polytube
- penetrations

Modifications after construction start:

- Definition of instrument mounting standard
= Controcl room field connections

- Control room interconnections

- Public address layout and circuit

- Fire and gas detector positioning

- Tray sizing revision

- ESDV definition

The changes delayed and compressed the work which had to be
done parallel with pipe hydrotesting, painting etc.

Ventilation

No important changes in gquantity.
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14.

Painting

No significant change.

Insulation

Scope defined (December 1979) from isometrics and lines.

Architecture

Quantity changes:

- All A60 and thermal insulation

- Some doors

- Soundpreoof panels and false floor substation.
- False wallz, ¢eiling, floor control room.

e v P i —— o ——

The original contract signed between EAN and SBV was for
a lump sum of 43 560 KNOK for the construction and load-out
of the modules. The contract included up to 50% extra work
to be done within the original period.because it was known
from the beginning that the contract d4id not include the
whole scope due to the status of the engineering design,

The contract was based on take off in most disciplines, and
additional work was to be done in accordance with the unit

rates, agreed lump sums or hourly rates.

The contract fixed a procedure of transmitting work to con-
tractor or a job order, with a time limit ©f 14 days for the
contractor to dispute the compensation or ¢onseguences of
the increase of the job order. This last isszue, which was
deemed to protect company against further c¢laims, was in
fact the cause of a systematic claim procedure initiated

by contractor. It was natual that the contractor aimed at

maximising his gain from the deviation from the contract.

The technical description of the scope was alsc found to be
imprecise due to the evelution in the desing and the diffe-
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rences in interpretation of what was extra or was not.

The scope of management and detail studies jncluded in lump
sum was underestimated by SBV and due to the construction
proceeding on incomplete information, the management had to
be strenthened and this addition was another item for

diagreement.

The delay in details affected the day to day sequence of work
and the productivity suffered with overheads and vard costs

accordingly.

Many efforts by EAN to guide the discussions onto the tech-
nical basis for agreements and realistic pricing were thwarte
by a quantity surveyor of 5BV who had a wested interest in
maintaining the conflict,

It was also clear very early that SBV c¢ould not afford te
pay for any of their mistakes and were aiming at covering
their costs plus. In effect, SBV had little influence on
their production, productivitywise and costwise, and had

no knowledge or ability to know their costs or predict them
until! a long time after, Therefore, SBV were unable to
accept a settlement unliess the lump sums offered were

comfortable.

The solution chosen was to reimburse the first part of the
contract (until November 1st 1979) at what was presumably
cost plus, and to set up a reimbursable contract for the

period after.

The reimbursable con-ract enabled EAN to estabklish a more
constructive relationship with WBV and jointly take decisions
influence works to the interest of the construction,

Statistics.

All values given in this chapter may differ from the final
cost report, because the present statistiecs might not include
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some escalations or settlements issued at the time of this

report,

Overall cost

The overall cost may be split in 3 parts (NOK x 1000)

Works costs NOK 158.085
Materials/services " 8.790
Currency cost " 1.741
TOTAL : NOK 168.616

The works costs includes all costs related to the module
construction, and compares direcly to the contract Iump
sum of NOK 43,56 mill.

Materials/services normally supplied by EAN, procured
through SEV

Currency cost. The contract defined a fixed split be-
tween NOK/FF at a fixed exchange rate of 1 FF = 1.1 NOK.

With an actual currecny rate of 1 FF = 1,2 NOK, the real
cost of the Iump sum portion was not 43,56 mill. NOK, but

NOX portion: 34,848 mill. NOK
FF portion: 8,712 mill. NOK

43.560 mill, NOK
{(1.2-1.1) x FF portion 871 "

Real lump sum value: 44.431 mill. NOK

TS EE=EEREEEREEETEEREESRET

The final split between the disciplines has been calcu-
lated using the contractual price per hour for the
different crafts, adjusting for the different working
hours and conditions, and the prefabrication at lower

price.
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4.2.3.2 S—curves

The progress 1s based on calculation by points, defined as
1 point egual 435,6 KR.

The points herebelow describe the physical works performed

on the yard or subcontractors shops.

Original Committed on
Disciplines lump sum wk 12 1980 Increase
(pts) (pta)
Structure 34660 61182 + 75,5%
Piping 25938 49362 + 90 %
Equipment 5059 7236 + 43 2
Electricity 8101 16749 107 %
Instrumentation 9118 20390 +124 %
Insulation 1117 861 - 23 %
Painting 7038 14336 +104 %
Architecture 1754 5987 +241 %
HVAC 3046 3018 - 1 %
Load ocut (1) 4175 2465 - 47 %
TOTAL (2) 100000 181586 + B1,6%

(1) Without barge seafastening
(2) Without yard facilities (storemen, crane, scaffolders,

NDT, carpenters}.

We can note that the increase (additional quantities and
modifications) is far above the limit indicated in the origi«

nal contract:
+ 81,6 & adgainst + 50 %

S-curves for overall, and disciplines activities are given

overleaf.



APE . . . rE.FSEE.ﬂ'; . “a
£40 020G | OVERALL . wmap 1. causncek ’__f_—‘_‘ @« f

AT OOC CHAPTER 4,2

S0 o0

A 00C __J
4ic ox | '

L0 oo |

T

A4S OO0

oMMt oErT

fo¢ ooo

fooS ]

&G om0 |

foaD J

LN~ s

L3l - o

Lo oo0 |

oo |

oo

coog |

-81.

L 13




'."u;b ~.

S TRUCTWRE . YAdD 1 . oNwArtGer

: CHAPTE,
; THATTR 4.2

oo |

soces |

Woee |

(O THENRT

Itoer |

ol s

wwoeo |




y _&_;_GI:{”'_ ——— m————— TR e T T T T & T T T e e } T 7T
¢ e ° *
fioo0 PIPING. yamp 4. ORKALGCER

45”; i} C T ; q‘_-. .:.- o
! HAPTER © 42 '_]

oo |

b doos |

3?@ -y
oo .' ‘—J

rious | —

Joeaz | I

X

> 70

iz |

CORerty T HEr T

L5 KIS rrs I

_—— —_—

choo0 |
Hood
/8oy
el
- - - I
feoco

1

‘0z

Jooa

(£ o S




= —— s ——

. .i;pf#r;r ’ T e e BT S - ]
S Y ® T e

ELECTRICITY - yaad 1. otvanceA

st - E . ]
CHAPTER 4.2 i@ rrs
. |
1so00
1300 4
oooe
COMELIT REMT

. — . —_— e et . . . . e ér{rﬂrfi __
ifeo |
seeo J
afm. 2
Wk
ml Y T T#I T T T 1‘0] T T X 155‘”1801 T T '*‘b]




i TIRREG T T Mmmss s - s s s m e e e DR e e R L

d INSTAUMENTAT iON . YARD 4. ONRATGEAN,
CMAPTER | 4.2
L8 |
& Qo000 |
20000 | <O T :
e
Heeo | —T
COMMIT A £ MNT r‘___— i ] _ - FiE PTS ‘

Boro |

oo ﬁj

WISk
T 30' L] T T T ‘al L1 T -r T s_a l L} 1 - T m I ' " T r o I
e AT




o ® | . 3

PAINTING . yap 7. octuproea
[ T .
r—
S oo | CHAPTEA © 4,2 I e
— L] ! L
| L :
|
| ! gs <
!
i
] |
. i
wwogo __ | ; ¢
{ by
r t
|
CONTRAENT Frie o
sooo __ |
-
o' fo! ot Za!

r

le



21,

4.2.3.3 Cost per discipline
(NOK x 1000)

Structure 36,952 {144 kr/hr)
Egquipment 2.473 (206 kr/hr)
Piping 42.842 (210 kr/hr)
Electricity 7.2886 (168 kr/hr)
Instrumentation 9.704 {168 kr/hr)
Insulation 388 (155 kr/hr)
HVAC 966 (155 kr/hr)
Painting . 9,985 (141 kr/hr)
Architecture 1.723 (144 kr/hr)
Load out 916 _ (144 kr/hr)
Sub-total productive 113.235

Yard services 15,747 (123 kr/hr)
Staff 29.103 (210 kr/hr)
Works total 158.085

(including services and
Comparison contract lump sum/final price: managament)

Discipline Contract Final Deviation %
e mmm e XURP_SUMR_ valuwe _______ ..
Structure 15.098 54.164 + 259 %
Equipment 2.204 3.255 + 48 %
Piping 11.878 56.472 + 375 %
Electrical 3.526 10.332 + 193 &%
Instrumentation 3.293 13.467 + 297 %
Ingsulation 484 551 + 14 %
HVAC 1.327 1.372 + 3%
Painting 3,066 14.598 + 376 %
Architecture 764 2.503 + 228 %
Load out/Onshore assist. 1,820 1.330 - 27 %

TOTAL: 43,560 158.044 + 263 %
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4.2,3.4 Manhours

This study is based on the hours estimate done on 21.,03.80
(6 weeks before load out). These hours represent the scope
of works which sheuld have been done on the yard, some of
these hours were transferred offshore due to camp facilities
limitation from February 71980 til the lcad out. These hours

are:
Structure 3000 hours transferred offshore
Piping 3000 " " "
Equipments 1000 " " n
Electricity 3000 " U "
Instrumentation BoO0O " " n
Inzulation 500 " n "
HVAC 0

Painting 5000 " n "
Architecture 1000 " " n
TOTAL 24500 hours

Manhours: initial offer and real performed hours per disci-

pline: (productive hours)

Initial Hours Increase or

cffer spent Decrease

(hours)} o/o
Structure 100653 264223 + 162 %
Equipments 14691 12006 - 18 %
Piping 75324 209237 + 178 %
Electricity 23525 47371 + 101 %
Instrumentation 26479 57759 + 118 &
Insulaticn 3226 2500 - 23 %
HVAC 8846 6232 - 30 %
Painting 20438 70816 + 246 %
Architecture 5094 11967 + 135 %
Load out 12124 6359 - 47 %

TOTAL 290400 688470 + 137 %
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Productive hours 688470
SBV management 138584
BBV vard facilities 128022
TOTAL 955076
EAN supervision on vard: 65500
4.2.3.5 Production ratio.
4.2.3.5.1 Introduction.General ratio kr/ton or kr/kg
First interesting ratic is the number of hours per ton.
Based on weight of modules end of March and total forecasted
hours.
Weight (T) Productive hours Management EAN supervision
SBV + yard faci- hours 8BV  yard hours
litiles
Mod 30 847
Mod 31 861 B = 816492 C = 138584 D = 65500
Mod 32 1126
Mod 33 774
TOTAL A = 3608
* Productive ratio B/A = 226,3 hr/ton
* Contractor management ratio c/a = 38,4 "
* Overall contractor ratio (B+C) /& = 264,7 "
* EAN supervision ratio C/A = 18,1 "
- And the same ratio in kr/kg
* Productive ratio (average 1 hr = 161 kr) 36,43kr/k
* Contractor managment ratio
(average 1 hr = 210 kr) 8,06 "
* Overall contractor ratio (aver. 1 hr=166ékr} 43,94 "
* EAN supervision ratic {(average 1 hr = 352 kr) 6,37 "
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This ratio gives the value of the discipline regarding the

total cost of productive hours.

Discipline Weight Initial weight
(contract)
Structure 38,4 3 34,7 &
Eguipment 1,7 % 5,1 %
Piping 30,4 % 25,9 %
Electricity 6,9 % 8,1 %
Instrumentation 8,4 % 9,7 %
Inszulation 0,4 % 1 %
Painting 10,3 % 7 %
Architecture 1,7 & 1,7 %
HVAC 0,9 % 3 %
Load out 0,9 % 4 %
TOTAL 100 100

Rem.: Load out deoes not include barge seafastening.

Ratio productive/non productive hours

SBV management

SBV productive manpower (1)

SBV yard facilities

TOTAL SBVY hours

(2)

14,6 %
72,5 %
12,6 %

(1}
(2)

%

Ratic EAN supervision/Total SBV hours

EAN supervision

TOTAL SBV hours

65500

955076

6,9 %

Up to forement

Storement, carpente:
Scaffolders, NDT,
Crane drivers.
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Efficiency

Discipline

28.

Efficiency

Structure
Piping
Equipment
Electricity
Instrumentation
Insulation
Painting
Architecture
HVAC

Lead out

-

- - -
o ;M M W -l =]

i T = B = B N o T TR S R Y
~

TOTAL

0,76

Structure

- Prefabrication + installation

- 1490 tons

Equipments

- Total weight 0f equipments installed:
- Hours spent included

- Ratio: 14 hours/ton

Piping

Total weight

Ratio: 282 hours/ton

piping and
supports

unleoading
trangport
lifting
fixation

valves

176 hours/ton

930 tons

719 tons
22 tons

7471 tons
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- But: Total hours spent: 209200 consist of quantities in-

crease and modification (about 60.000 hours)

A better ratic is calculated with hours less modifications
(209200 - 60.000)

Ratio: 201 hours/ton

Ventilation

Duck + equipment 25 tons
Ratio: 251 hours/ton

Architecture

- Insulation on wall (2000 mz) 4 hours/m2

"

- False floor installation 2

- False ¢eiling installation 2
Painting

- Sandblasting and primer were performed just after
prefabrication in the paint shop.

34000 m> 33000 hours 1 hour/m?

- After erection sweepblasting - primer - final coats

34000 m> 37000 hours 1,1 hour/m?
- Overall ratio: 2,2 hour/m2
Electricity
a) Overall 174 tons 270 hours/ton

b) Steelworks 4000 m cable trays, ladders + 1830 supports
168 junction boxes
99 multicable transit
22 substation panels

437 lighting fitting supports
72 socket outlet supports
33 local contral station supports
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22000 hours (46 % of electricity)

c) Cable pulling 52.400 m / 12,300 hours
Average cable length: 16,4 m Ratio: 4,3m/h.
d} Cable connection 4 hours/cable connected
ea) Earthing cable 3240 m
calweld 1667 m 2200 hours
f) Small power installation 1800 hours
g Public address 13200 m cable
602 connections
74 loadspeakers 3800 hr
36 flushing lights
91 junction boxes
Instrumentation
a) Overall weight 86 tons 5800 hours
674 hours/ton
b) " loops 119 hour locp (485 loops)
c} Steelworks: g km tray + telex
260 instrument SuUppOrts 4.9 pours (29 % of
16 bulkhead supports instrumentation.
44 MCT
83 junction boxes
d) Cable pulling 46,6 km
3,5 m/hour
Average length in control room 2T m
" " in modules 50 m
" " from 32 til pancake 80/100 m
e} Multitube/single pulling 11300 m(5100 m single
1,4 m/hour
£) Connection in control room 3/4 hour per connection
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4.2.3.5.,14 Load out

Seafastening internal module: 25 tons
ratio 0,015 ton seafastening per ton of piping
and equipment
200 hour/ton of internal seafastening
Seafastening on barge 110 tons
ratio 0,03 ton of seafastning per ton of module

67 hour/ton of seafastening.

Planning, progress and general comments.

Method and Organilsation: Planning.

SBV have organized themselves in September 1978 accordin
to the information they kmew from the contract and
assuming that all the material and drawings should hke
delivered two weeks before the starting date they have
shown in the planning attached to the contract., This
has failed due to:

- Late delivery of nearly all the material and
drawings
- Additional work (82%) far above the highest figure

forecasted in the contract (50%)
- Lack of management and skilled manpower to deal

with an extraordinary situation.

From September 1978 til November 1979 manual bar chart
planning issued by SBV have mainly been used as a tool
for claim discussion and nearly no measures have heen
taken to recover delays which were obvious on almost all
the activities, except one time on structure (march -
May 1979) when EAN decided to pay on timesheets addition:
al structural manpower, This was due to the fact that &
that time 8BV found no insurance to recover the cost of
the measures which should have been taken. More they
have preferred to demobilize piping crew (June 1979)
arguing it was not possible to transfer them to structure
works regarding internal Spie Batignolles-Vigor contract
(which was shown not true later).
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- Internally within SBV one planning engineer with one
assistant were supposed to collect discipline plannings
prepared by discipline leaders and to organize overall
planning and yard construction together with the general
foreman. This was theoretical and ¢oordination between

disciplines has not been good.

- From November 1979 til May 1980 contract has been
changed (from lump sum to time sheets), and it has been
possible for EAN to have SBV working according to EAN
choices (priorities on the works - mobilization of man-
power). This was a real improvement; on the other hand
this has had great effect on the cost. (But regarding
the result of the first period and additicnal millions
of kroners we have been obliged to pay, we can say that
the cost result is almost the same). On some weeks
5BV have invoiced more than 15000 hours {(without manage-
ment!). During that period most of the plannings have
been prepared by EAN and moreless taken in account by
5BV. This period has given EAN the opportunity to mea-
sure some Of the reasons of the highest SBV cost:

- impossibility from SBV to complete a task within the
forecasted time (except for piping - but ¢an we say
it was a success when all the estimates were made

taking in account the low efficiency on the yard).

- vary bad preparation of the works: It happened very
often that tasks were delayed hefore they started
just because preparation on site had not been studie

enaugh.

- impossibility from 5BV to complete a task when
started which means more hours to ccome back on it,
to have quality department involved and to complete

it,

We have to note that, if we got more flexibility from SBV
during this second period, on the other hand SBV have autho-
ritatively reduced the EAN beds in the camp which had great



4.2.4.2

4.2.4.2.1

33.

effects on structure, elelctricity and intstrumentation.

Progress: Method and Organization

- Due to the evolution of the contract progress measure-

ment methods have changed from time to time.

At the beginning we used as a reference the contractual
splitting of the lump sum (43.650.000 kr = 100 000 pts)
with possibilities to increase these points when additi-
onal job orders are issued. But it appeared very guickly
that this splitting was far from the reality, and in
addition additional guantities and a lot of modification:
have deeply modified the original scope of work. But
each time we have modified the progress procedures, we
have tried to keep the possibility to compare the new
progress to the previous one, ‘

Structure

18t step:

Progress per area on main items and construction activities
Example: Main deck 33 prefab: cut. tackweld. weld. control
erection: weld. control.

Theoretically it is a good idea, but it is difficult to

connect to a defined scope of work.

2nd step:

Progress per drawing number and construction activities,
Example: dwg 30.17.1. prefabk. erection. walkway install. gratinc
fixation. punch list

We kept 10 % of the value of the drawing for punch list works
and quality control. The use of a computer to handle this
method has saved a lot of time,
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3rd step:
Punch list ( at the time of change of contract)

Each work was estimated in term of manhours and actual
progress was calculated every week and comparéd with

the initial estimde.

This was a good tool to measure the efficiency and to allocat:

manpowayr, But SBV have bean reluctant to use it at the

baginning.

Piping

1st step:

Progress per spools and isometrics with construction activi-

ties.

- Prefabrication 33 LV 67001.1 - spool A cutting - assembl:s
- weld - control.

Each spool was given a value (unit of effort): combina-
“tion of weight and size.

- Erection: Same method as prefabrication., Value of valves
ineluded in downstream spool. Little material below
2" considered as one theoretical spool.

- Prefabrication and erection were followed by computer
which saved a lot of calculation and permitted to get
progress per area.

- Pipe supports: prefabrication welght follow up

" " n

erection
- Digstance pieces: as pipe supports
- Flushing, test, rebuilt: progress per system. Each

system was given the UCE value of the spools it was made
of.
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- Cumulative was made with following estimate:

prefabrication 35%
erectiocon 32%
pipe supports 18%

flushing, test rebuilt 15%

2nd step:
As per structure 3rd step.

4.2.4.2.3 Painting

18t step:
Square meter of the week compared to contractual total

surface.

2nd Step:

New estimate of hours per areas taking in account repairs
before final coat and real surface to paint.

Hours splitted per area according to:

Sandblasting + zinc 60%
Repairs 25%
Final coat 10%

4.2.4,2.4 Electricity, instrumentation, heat tracing.

Take off per items and progress measured per items installed
Cumulative made by estimate of hours/kroners tc install one

unit of one specific item.

Example:
to install installed % unit total value % value

Pulling cable
12 x 1,50 1200 m 240 20% 0,3 hrs 360 72

A B C D A.D. B.C.

Plus one separate follow up for modification,.
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Architecture

Take off per item and progress per items installed.
Cumulative through hours/kroners estimate to install one
specific item.

Insulation

Take off and hours estimate per area. Cumulative through

hours/kroners.

HVAC

Hours estimate and progress per area and cumulative through

hours /kroners.
Equipment

Listing of egquipments to install and physical status per

equipments. Cumulative through hours/kroners.

- One of the biggest difficulties of the progress status
has been the constant re of the total estimate
of the scope of work because:

* the originall contract d4id not give a right status
of the works to perform.

* some systems were not included in the original lump
sum.

* the modifications we have had to include in the

progress follow up have been at the end about 55%
of the original lump suml
(82-55 = 27% for guantities ingrease)

- SBV have not been able (or not interested)} to handle
the progress measurement and nearly all the procedures
have been given by EAN. Even with that their tendency
has been a constant overestimation which was destroying
all the uses one could find in such a tool for manage-

ment purpose. EAN have been obliged to reestimate and
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recalculate nearly all the weekly progress

- From March 1979 till December 1979 we got a terminal on
the vard (General Elactric - Mark ITII). Because of lack
of time we only developped some programs: Structure and
Prefabrication = Erection in Piping: This was quite
useful because lack of SBV results and enabled EAN/SBV
to control the progress.

- It was forecasted to develop instrument and electrical
programs, but the troubles got in those disciplines did
not give any chance to use an informatic procedure.

- We can regret not to have got this tool at the beginning
wilth programs already developped. If material had been
followed with computer help, we would have saved a lot
of effort and concentrate our energies on a better contr

of SBV.
Planning: Initial and Historical.
See planning attached.

Structure.

- Dacks were prefabricated in Egersund (Kvaerner Brug)
They were delivered not entirely completed in Orkanger
with about 2 months delay due to late delivery of steel
plates, "hold" on drawings and loss of efficiency from
Kvaerner Bruyg. Some decks have even been subcontracted
to Maritime Service by Kvaerner Brug. Erection on yard
(started on 1.12.7% with 2 months delay) has been
underevaluated by SBV and the manpower has never been
sufficent to keep any of the SBV planning (together with
a very low efficiency).

EAN have paid additional structural people (15500 hours)
in March-April - May 1979 to allow start of plping erec-
tion. In addition numerous job orders were issued for
modifications (stiffening substation deck, sliding doors
jacking points, staircases, cladding fixation), or to
allow eguipment installtion (fixation on decks, cutting
of upper decks for compressor entrance, cutting of 32
cantilever for crane lifting).
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Thousands of hours were also spent for repairs of welding or
gealing of area before painting. The result is that the
modules were loaded out with about 3000 structural hours
not performed.

Equipment

If compressors were finally only one month delayed regarding
the contractual delivery date (March 1979), on the other han¢
we can note that this date was unrealistic regarding the
other trades: no entrace in modules when compressors arrivec
(cutting of upper deck). No piping erection could start be-
fore compressor installation. In addition compressor skids
arrived not completed and with one year work on the yard,werc

not yet completed!

Other equlpments:

- 5 airroil drums: 3,5 montsh delay (received March/April

- 3 natural cooclers: no delay (received end February 1579)

- fuel gas packages: 6 months delay (received 21.9.79)

- crane: received February 1980 (contractual load out1.11.

- excnangers fuel gas: never received on yard

- hydraulic package: 13 months delayed (received Sept. 197

¥ transformers delayed from Sept. 1979 til Jan. 1980

- Electrical switchboards. delayed fom Nov.-Dec., 1979 till
mid 1979

- Instrument panel/cabinets: last received in April 1980,

Piping.

Prefabrication and erection have been done out of any logic
due to the absence of drawing: last isometric drawings re=~
ceived end of June 1979 instead of December 1978 (at that

time we had 66% of isometrics) and material up to end 1979,

Prefabrication which should have been completed in Ambes on
January 1979 has been transferred to Orkanger with 65%
progress on 20.06.79,

In addition wrong material/elbows flare/LV, modifications
(FG metering system 2 times, flare, open drain, production



4.2.4.3.5

4,2,4,3.5

39.

requirements... clashes with structure have deeply affected
the progress. As an average each 1sometric has been revised
3 times after we got the approval for construction drawing.
Last test was performed end of March 1980,

Efficiency has been almost satisfactorily in such an environ-

ment.
Electricity.

Start of electricity was late due to the structure and piping
But perhaps this has been a chance regarding the status of
the studies and the delivery of cable trays and cables.
Modules leave Orkanger with about 5 km cabkles and b panels
not installead.

It has been very difficult to get SBV working on EAN priori-
ties. On the other hand status of studies was too bad for
direct use of drawings for construction (cable trays of sub-
station dismantled and rerouted in December 1979). First
¢able has been pulled end of December 1979 hetween substation
and control room (15 months after the beginning of the con-

struction).
Instrumentatlion,.

Due to status of drawings and material EAN have asked SBV on
07.09.79 to stop everything (few cable trays installed) up
to furhter notice (december 1279).

Even with that construction has been hampered (mounting stan-
dards change to autoclave, control room connections not well

studied, bad desing of cable trays on upper deck compression

modules, cable and multitubes pulling during winter).

On April 1980, 30% of cables were connected in control room
and nearly nothing done in module 33 and upper deck 32.
About 8000 hours were transferred offshore.



4.2.4,3.6

4.2.4.3.7

412i4i3.8

4,2,4.3.9

40.

Insulation.

Piping insulation and equipment insulation have to be done
after painting completed. Start was mid February 1980 and
everything should be completed when load out.

Painting.

As a rule steel has been sandblasted and primed just after
prefabrication and hefore erection. This, plus the numerous
modifications on structure, piping, electrical and instru-
ment steelworks have obliged to sweepblast again all the
areas before final coating.

We started this second phase on January 1980 up to the end.
It has been quite long due to welding repairs discovered at
the time of sweepblasting, access to areas (other trades have
to be out) andweather. (during some weeks it has been nearly
impossible to get the right curing temperature even with

additonal protection and heaters).

Staircases, walkways and ladders were galvanized when prefab-
ricated. They should have been painted but tids will be

done offshore. All the areas were painted once but a lot of
repairs have to be deone offshore.

Architecture

Wall insulation was subcontracted to Teknisk Isolering. The
design of the insulation plus the efficiency of this company
gave a bad result (in time and gquality}.

False floor and false ceiling were not completed due to
seafastening (only supports installed).

Frame doors have been installed but a lot of hours have been

spent due to wrong opening.
HVAC.,
No major problem for the installation of the equipments. For

the instrumentation itself, drawings will be done after

installation.



4.2.4.3.10

4.2.4.3.11

4,2,4.3.,12

41.

Trace heating.

This was a direct contract EAN/VCON and progress was hampered
by piping completion, painting schedule but also bad dossier
from VCON.

The load out,

The main surprise during preparation was the discovery that
SBV rollers and jacks did not f£it with the forecasted jacking
points. About 5000 hours were lost in March/April 1980 and
this i1s the main reason for the non=-completion of the stru-
ture (s-e 6.3.1.).

The planning was done using the load out procedure as a basis
The load out procedure included the ballasting of the barge
and the movement of the modules up to the quay and onto the

barge.

. Planning and job function were defined by the procedure.

The time scale and job sequence was fixed by the convenience
0f tides and the seqguence of the critical activities - jack
module on bogies, move moduel, load out, jack down module
seafasten module encugh to prevent risk when moving barge.

Run tests,

They were forecasted in July/August 1979 and then cancelled.
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Report on Yard 2 - Kristiansand (Einar ¢grey A/S)

A —— e ke — T i ———

Contracteor and Subcontractor.

Qil Industry Services A/S, (0IS), holder of the two contracts
covering all the TCP2 Compression pancakes, distributed the

construction over two Norwegian yards - Einar @ggrey A/5 {(E@)
at Vagsbygd/Kristiansand S. handling the pancakes P, 40,

P. 41. P, 44 (and the L.P. vent stack by the end), and

Nymo A/S handling the utilities in Grimstad.

E@ carried out the structural, piping and mechanical works anc

subcontracted the rest as follows:

- Vestfold Elektriske Diesel (V.E.D.) becoming Vestfold
Contracting A/S ) (V.con) for electrical and instrument.

- Viftefabrikk A/S for ventilation

- Taeknisk Isolering A/S5 for insulation

- Det norske Veritas (DnV) for welding guality control witl
the assistance of S@TS Grimstad school laboratory

- Normaritim A/S5 in Horten for load-out preliminary studies
which were finalized by Montalev.

To be also mnoted that:

- the main E@'s suppliers were Leif Hibert in connection
with Aspelin Stormbull for structural and piping missinc
items, and Tolartois all stainless steel -cable ladders,

trays and telex.
- Mammoet Stoff (BEAN) did the pancakes weighting
- Bloms Oppmaling A/S carried out the overall dimensional

surveys.,
- Heerema transpeorted the pancakes.
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4.3.1.2 Contractor organization chart see two sheets overleaf

showing

- Einar @grey Organization

- V.con Organization

4.3.1.3 EAN Organization see organization charg overleaf.
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4.3.2.1

-

L]

Structural

COMPARY SUPPLY

Design drawings which indicate

all main dimensions, welding

and cunnection details, pene-
tration drawings, standard drawings
of stairs, ladders, railings,

walkwavs, etc.

Fabrication Spwcifications.
Fainting Specii.caticons.

Steel Specifications.
Architectural Specification.

Architectural cutline and

hetail drawings.

Detailed drawings of deck supports
on barge, sea fastening bracing,
and cdeck einfercement (if any)
Rigging Plaifcrm, Spreade} Beam

\
Bar,

50.

CONTIRACTOR BURPLY

Froparacion of all shop drawlngs
including drawings ¢! auxilsry
lifLing structures of stairs,

Tadders, railings, walkwaye.

Pravings of required Temporary
Works [e_g,drawings for temporary
Lracing to ensure the rigidity of
the structure in the fabrication

pinase}).

All detail drawings and caicula-
tions necessary for the fabrica-
tion of auxiliary structures for
lifting and/or skidding opera-

tions during leoad oot
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4.3.2.2 Piping

The piping take-offs attached to the contract under itemized

forms were summing up as follows:

P. 41 1800 kg
P. 41 5900 kg
P. 44 850 kg




PIPING

COMPANY SUPPLY

CONTRACTOR SUPPLY

53.

EQUIPMENT

)

Plot plans showing
the itemized egquipment

location.

Hazardous classification

area drawing.

vendor's drawings final

issue.

Piping standard specifi-

cation.

PIPES

‘Piping arrangement drawing

showing:

- The pipes routing all sizes
indicating location and
alevation.

AS GENERAL INFORMATION:

- Electrical and instrument
main cable tray,

- Junction boxes,

- Ventilatien eguipment,

- Fire fighting
equipment ,

- Maip structural beams,

~ Walkways, ladders, access
platform,

If needed detailed shop drawings

in accordance with Company

ingtalla-

tion drawings and the piping standards.

-
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PIPING

COMPANY SUPPLY

hd.

CONTRACTOR SUPPLY

PIPES (con't)

Secticohs and details
will be produced when
pipe rodting can not be

clearly shown on the drawings,

Piping stanaards.

ISOMETRICS

Isometric drawings

of lines eqgual and above 2"
(Sufficient i{information for
routing of lines below 2" will
be shown on arrangement

drawingsa) .

Each isometrie will have its

own bill ¢f material,

Total bill of material per

module,

SUPPORTS

Pipe support standards.
special pipe support drawings

for line equal and above 2"

Spring suppart design and
calculation note of considered

lines.

Details drawings or isometrics for
line below 2" and complementary plpe

support.

If needed spocl drawings for line

equal and above 2".

Bll support details drawings

speci fied by Company standards.

Pipe supports Jdrawvings for lines

an

below 27,



COMPANY SUPPLY

CONTRACTOR SUFPLY

FABRICATTION

General design installaticn

and fabrication requirements.

4.3.2.3 Electrical - Scope of work

SEA FASTENING AND LIFTING

Shop drawings cof support on
karge and sea fastening.
Temporary pipe support design

take-off and purchasing.

(Chapter 3.3)

For details see statistics

4,3,2.4 Instrument - Scope of work.
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25
14
28

QU TECK

PANCAYIS 40, 41 44

Pragrara Safety Valves

Solernid Valves

Diaphragn Opevated Control Valves
Pressurc Cauges

Fnoumalic Prossuroe Hwitches
Electric Drassure Switches
Pneumatic Pressura Transmitters
Pneumatic Pre~surce Controlleors
Flow Indicators

Pneumatic Flow Tranzmittor
Temperature Indicators with Well
Thermowalls

Resistonco Elements with Well
Level Gaungos

Level Indicators

Pncumatic Level Switches
Electrie Level Switches

On/off Switchesg

Selector Switchoes

Gas Doetoctors

Bmaka etoctors

Heat Dolociors

Fire Alarnm DPoxc:ds

Pncumatic Control Tove:s
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Nz R

TR L B MR A E
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CONTRATT 5 ,ﬁﬂzwﬂﬁii,::;{ FILLGE CORPRLasn Eon e 2 l PAGE (1w ; PR
T R TR e DN TR TR T O N S I N el ST
P LRO0 0 - ANNEX X 1,050 l 1" I i |1.'_I Ca
CrLLAR DECK
PANCALES A0, 41 & 44
2 Junction RBoxes (Pnenmatic . 7 tevminals
) " " " .12 "
2] " " Eloctrical . 12 terminaly
4 " " " for fire and cas datection
2 x 24 terminals
1000 m Pneumatic tubing single tubing 1/4" O 5S.
400 m " " " " 3/e" oD 58.
200 m " mul ticore tubing 7 x 5/6 S8 to the control room
{ 2 multi length 1Q0m)
600 m " multictore tubing 12 x 5/6 S5 to the control room
(6 multi length 100 m)
BOO m Electric cable 12 x 1,5 to the control room
{ B cables length 100 m)
500 m Flectric cable 2 x 1,5
BOO m Electric cable for gas detection system 12p x 1,5
to the cﬁntrol room ( 8 cablos length 100 m)
90 m Electrijc cable for gas detection system lp x 1,5
60 m Cable Tray 400 mm.
00 m " " 600 mm.
500 m " " 50 mm.
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Thin port s=houtd bo rood in ocon juncbion with e B ol A, Phviar niis, gy, b

COMPANY SUNPLY

1. CABLE TRAYS

- Routing of cable trays
wider than 250 mm rouling,
which includes only sine
and elcvations {by module

and gonerall).

Je

- Companyv Lo specify the make,
type and size:
= of main trays wider khan
250 mm hetween Control Room

and Junction Boxes.

- of secondary trays wider than

. 250 mm between Junction Box
e

fr , and Instrument,

S’

~ Company to specify size and

location of openings for

mulli-rahle transit,

CONERACOL HGHPPLY

- Dotalled drawvinags [or cable
trays in accordance with
Company outline drowings.

{The drawings are o be sout
to Company bofore commencomont
of installation). Iouting of
cable tray between 100 mm and

250 mm.

w Tako-off and purchasing of all

cable trays,

- Design and brawings of All

supporis.

- Martailed fixing drawings.
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[ 2 Y L FA N S

COMPARNY  SUlPE LY

CAR LIS

Cable specification,
vondor sketch,

Cable list {temperature,
alarms, ato.).

Main junction bax: culline
and connection drawings.
contral Room terminals

drawings as given by Vendor,

Safety cable list,

(£8D, fire, etg,)

TUBES AND MULTI-TUBLS

speci fication of Lubes and
mulli~tubes, Vendor sketch,

Multi-tubes list, terminal

single Control koom drawing.

N

59.

CON'IRA 0N ULy

Puychocing of somy calilos.

prawings of instrinsically

junction hoxes,

Prowings of some small ex-

nlosion-proof Juncticon baxes,

PFurchasing of some tnlws and

mulbi bubes,

Drawings of local pnoumatical

junction boxes,



LA

COMIPANY SUPPLY

ALR SUPPLY

Main heador Air Supply

routing.

Aly Supply standard

mounting.

company specify:

- type of mounting for each
instrument

- type of material required

- type of instrumcnt by item

-~ lpecation shown on Isometric

and plot plan,

60.

CONTRACIOR SUPPPLY

All studies about piping and
tubing for ALr Supply lines
from instrument to the first

valve on main header.

Matorials take-off
for pipes, connections,

supports etc,

Stendard support drawings.



COMPANY SULPLY

CONTROL ROOM

- Front view principle drawings,

- Frame principle drawings.

— Rear panel equipment principle

drawing.,

— Mimic general diagram.

~ Control leoop diagram,

— Electrical supply.
distribution diagyram,

= Instrnments, E:pocj fications

and Vendor drawings,

- Standard cublicles arrangement
and equipmont principle drawings.

- Control loop diagram.

~ Schematic relay diagram,

- Instruments, specifications and

Vendor drawings,

H15! :?_I'I;A.N_F‘EUE

- Conbyal Room arvarndgewsnd .

- Packagen droawings,

~_ Limil Al nludies Loy cobioles and
preane b are Shown o Coptoreb e

w DUt Iy awineg s,

~ bodse floor rkEbd prineiple diawing,

61.

CORITRACTTOR BOPELY

= All mechanigal drawing for
manufacturing (Lhe drawings
aro to be sent Lo Company be-
fore beginning of manufac-
turing).

-~ Mimic drawing scale 1/1.

- Front viow sheet mctal,

- Control PRoon torminals cubdolo:
drawing.

— Insutallation Speoification,

~ Mechanical drawings for
manufacturing,

- Bguipincnt drawings.,

- Connecltions drawings.

- Installation Specification.

[y owitng fevr Datacication and

Tt b batveay oo Pl Moy,



e

COmMPANY SGUPMTLY

MASCELLAIEOUT (con’t)

Alamms 1isl.
Electrical supply

distribution diagram.

Company Lo specify size and

location of openings [or

maltical:le transit in classi-

Fied walls and floars,

PRAWINGS AND DOCUMENTS

FOR

ADJUSTHMUENT AND 'l'I::S'l'Ii\I_L":

Contrel loop diagrams.
Terminals drawiﬁg&; -
Vendor rrawings.
Piping Instrumontation
Teleconlrol System.

Instruction Manuals.

Diagrams,

62,

CONTRACTOR S0P LY

Take-—offs of niscellaneous
matorials.

Ixstai }uod drawing for installa-
Lion of all mor *.
Specification of size and

lacaLion for all MCT not

covercd by noto horcagainsl,

control loop adjustment and

synchronism sheets,

xMC'I‘: trade Mavk

(Multi-~Cablo-Tian=it)



Structural

1)

Basic quantities.

Ref,

——— i

—— e

KE=-TP take-off summary.

63,

5

Structural P.40 F.41 F. 44 Weight
No of
Categories hours
1) Main struc- 64 tons 205 57 326
tures Items
1, 2 & 3B 6070 hrs 25125 6821 38016
2) Secondary 5 5 8 18
gtructure
Items 4,5,6,
7.8 & 9 2132 2072 3280 7484
3) Architectural 1 11 7 19
i 5000
TOTALS 70 221 72 363
50500
Architectural contents:
. P.40 P.41 P.44 Total ‘
1) Insulated 2 5 ]
surface 0 534 m 293 827 m !
2) Part of 1) 516 m2
mechanically .
: i.e. ca. 62%
protected with of 1)
Plannja panels 0 340 176
3} Personnel
doors 5
ca 1m x 2,75m 2m 3m Sm 21,5m
4) Maintenance
doors 2 leafs 2
ca 2,5m x 2,5m 0 m 1m 12,5m
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We can consider that the "architectural surface" may be

estimated as the sum of the following surfaces.

a) Surface of the pancakes which could be for the same

cost entirely A60 - insulated with mechanical protection

* Fully treated surface cost (supply & fitting)
Yy 2
500 NOX/m
* Basic insulation only (supply & fitting} 270 NOK/m2
X - 827 x 270 + 516 (500-270}) _ 634 m2
500
b} Surface of the dcors : 34 m2
2

Architectural surface ca. 634 + 34 6EB m

2} Drafting.

P.40 P. 41 P.44 TOTAL
Shop drawings
no. 40 4 78 49 167
Miscellaneous: 6 6 ‘ 6 18 ]
TOTAL 46 84 55 185 .

"Migcellaneous" includes:

- Outside erection area preparation
- Contractor preliminary take-offs

- Contractual quantities follow-up.




4,3,3.2
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3} Ratios
s s dverall
Activities P. 40 P.41 P.44 ratios
1) Main struecture?s hrs/ton 123 120 117
2) Secondary
Structure 426 414 410 416
3} Architectural s I E hrs/m2
4263 hrs/torn
4) shop drawings | 1 Pnits 170,38 170,76 170,51
0,66 ton
13,3 drafting manhours/drawing including:
- 8,65 hrs first issue
- 4,65 hrs various up~dating
(ca. 35%)

I, vent stack:

- Built under a separate lump sum contract of 220000 NOK
- Tubular lattice girder - triangular section

- Weight 12 tons

- Secondary structure - 5 platforms with ladders

- Manhours 5140 > 428 hrs/ton
Painting
1} Basic gquantities
Surfaces .40 P.41 P.44
2
1) Structural 973 m2 4578 1814 7365 m

2) Fuel tank/P 44
& ventilation 2
plants within 100 m
the 3 pancakes

2
3} Piping 35 125 22 182 m

764 7m2
10000hr
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2} Ratios
P.40 P.41 P.44 OVERALL

1} Structural design

= pontract esti- 2

mate 20m™ /ton
m2 m2

- actual valves 14,17 /ton 21,8 27,9 21,4 /ton
2) Owverall

efficiency 1,3 hrs/m?.




-.. 4 Piping

WEIGHT DESCRIPTICH
PIPING CATEGORIES TON LENGTH 0OF AVERAGE DIAMETER ACTUAL MANHOURS ERECTION RATIOS HRES/TON
1} Overall piping but 3 E
Stal Laval's g 2
a) @nory 2" 17,1 * 14,8 tons of cumulated 6200 60 A won
72 length (without fittings) v e a
all diameters. . 0 3
w 0O U
fittings weight 2,3 tons 2 Yo
flanges, valves, bolts, fg ﬁ E
tees, etc.. 0 >
i.e. 15% of overall weight H Y8
F
Egquivalent to o O
ot -
- 750 @ p !
- 720 @ e R
o ® o o~
&, o o
G WO 0
J Q0 H [
b v o 0
+*
b} ﬁnom < 2" 1.2 Equivalent to 270 " 1675 14400
2] Stal Laval piping 3.1 Equivalent toc 150 3" 2000 650
OVERALL: 21,4 ag75 460

Remark: Concerning the Stal Laval piping with thickness being not to different

welding is concerning

667 inches of diameter i.e.

2000 hours -
667

3 hours/finch

"L9
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4,3.3.4 Mechanical
ACTUAL ERECTION
K E Weight
5+ linstalled| Man- |§ § [contract
gg tons hours ﬂ-ﬁ“‘ﬁ- Indications
= HiH
1) SACM Emergency diesel 7 25 750 30 |2 mech. items
plant installation + 2 + 1 panel in
in 4) 4) s/s
2) VIFTEFABRIKK ventila-
tion units install. 5 6,3 1000 159 14 units
3) STAL LAVAL equipment
= mechaniecal 34 305 3 turbo=~gene~
rators
-~ elec. & inst. panels 9 9,5 9 panels
4) Additional Elec 6 Inst 10250 29,5
panels or packages
« sub-station 25 20 13 panels
- battery-room 13 1 set of batt-
eries 110V/
instr.
5) Halon racks 7 3 2 units
6) Hoists 2 1
95 3g2,8 12000 31,5
Remark: to be noted that the contract list of eguipment was based on

the installation of 3 turbo-generators.




STAL LAVAL EQUIPMENT -
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4,3,3.5 Electrical.
DESIGNATION CABLE EL.ENG'I‘H NO. OF CONNECTIONS
Eat.contract]| Actual Est .contract Actual
quantity |quantity guantity quantity
CARLE LAYING & CONNECTICONS metars meters 8] U
5200 V Elastameric cable ar-
moured coprer conductors
1 x 400 mm® 0 683
600-1000 Vv idem ——
EARTHING NUMBERS
EARTHING - MATN CABLES & LINKS meters meters a u
laying & Faﬁtening of insulated
cable 70 mm~ copper for the
main loops 290 789
idem 35 m2| 130 727
TOTALS 420 1516
CABLE SUFPORT LENGTH UNITS NUMBERS
CABRLE TRAYS -~ LADDERS netars maters U U
525 1902
Bend - tes 987
MILTI - CABLE TRANSIT FOR ELECTRICITY & INSTRUMENTS
Frame 141 mm x 233 mm 36 119
PUSH BUTTON CONTROL. STATTONS 10 12
LIGHTING INSTALLATION
Fluorescent tubes fittings 2x40w 88 g9
Junetion box 2,5 nm2 94 14
Junetion box 6 1111‘[1'.:3 0 22
220 V socket outlet 2 x 25 A 9 12
24 V socket outlet with transfol 9 12
Welding socket outlet 4 3
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. 4.3.3.6 Instrument.
DESIGNATION Est. length Actual Actual
contract gty length connections
o,
CABLE LAYING & CONNECTIONS meters meters U
3000 12143 667
TRAYS & TELEX nmeters meters
860 2236
PNEMATIC TURES 2200 1560

ELECTRICAL AND

INSTRUMENT RATIOS

a) Shop drawing for both trades

- 99

o
|

cable trays layv-outs

cable trays sections

MCT lay-outs

lighting lay-out and supports details
safety instrument plot plan

junction boxed details

cable pulling list

b) Split of work for both trades (acc. to used manhours)

Steel work: cable ladders, trays, telex and
miscellaneous supports.

Equipment: installation of miscellaneous items
except main egquipment like panels which were
installed within mechanical.

Cable pulling

Connections and tests

Earthing for both trades



ELECTRICAL INSTRUMENT
s 44,7 % 65,3 %
F 2,7 & 2,7 %
N 16,7 % 18,2 %
P 20,2 % 13,8 %
ELECTRICAL TNSTRUMENTS
Cables length 12104 meters 12143
Earthing " 758 758
Tuke and polyt - 1600
TOTAL 12862 14501
Weight both Ca. 61,3 tons
trades
b“ * L]
Manhours g SE‘ 22500 27250
-
1) Without o ab
overheads W d _ 22500 27500
2) with over- E %
heads (14%) |§ ,g 26246 31787
g, _
manhours per ¢ B[, 75h/m(1) 1.88 (1)
meter (every- | No0
thing included {g, 8:§ 2,04h/m(2) 2,19 (2)
4 8
Manhours g o 812 h/ton (1)
per ton g 5 0 947 h/ton (2)
Average overall
weight per aver- 61300 = 2,24 kg/m
age meter of 12862 + 14501
cable or tube
Steel work hours
per average 0,91 h/m 1,43 h/m
of link
Pulling hours per
average meter of
link 0,34 h/m 0,4 h/m
Earthing manhours 2,72 h/m
per average neter or 67,5 h/ton of equipm.

of earthing link
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. 4,3.3.7 Manhours statistics

Overal] hours spent

- Productive hours 138125 hours

- Contractor's overheads 23000 "
TOTAL 161125 hours

- EAN 2 vard supervision 29975 hours

(of which 4291 hrs spent by
the contracteor's filing clerk
and secretary working for ELF)

. - Vendors assistance 5520 hours

Management ratios

23000
1 —— = 0,143
- Contractor's 161125
29971
—_— = 0,186
- 1 r
EAN 2's 161125
- Overall management = 0,329
(Contractor's + EAN 2's)
REMARK: To be also noted the estimated hours spent on the

vard by:

- various engineering representatives ca. 1000 h:

- the commissioning team ca. 2000 h:

Number of hours per ton based on weight of pancakes by the

ard departure,

Weight |Productive |[Contractors{ EAN 2

Item tons hrs. spent joverheads management

(B} (B) (hrs) (C) [hrs) (D)
P, 40 140
Pr. 41 515 138125 23000 29971
D, 44 152
L.P. vent stack 12 5140

. (separate lump

sum) .
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1
Overall contractor's ratio B+ C _ 203 hours/ton

A
Productive ratios
B
- Pancakes = A - 171,2 hours/ton
B
- L.FP. vent stack = a 428 " "
Management ratiocs
- Contractor's = € - 28,1 hours/ton
A
— D — " [
- EAN 2'=s = = = 36,6
A
C o+
- Overall management = D . 64,7 " "

4.3.3.8 S.curves.
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4,3.4.1 Method

All planning issued by E1f and contractor have been present-
ed as traditional bar-charts. The work has been split into
activitites according to the physical production (i.e. pre-
fabrication eastwall, insulating battery room, etc.) Each
activity was given a code corresponding to the system it be-
longed to in order to allow the information to be sorted by
computer as well. The start, duration and finishing date of
each activity was based upon the availability of approved
drwgs, material supply, manpower workshop and weather condi-

tions.
4.3.4.2 Organization

COORDINATION PLANNING for all vards was issued by compression
H.Q. in Stavanger, based upon information from yards,
engineering, material-coordination, target dates from con-
tractors, suppliers etc.

This planning served as infor. to the FRIGG-group and as a
guideline for the yards.

YARD PLANNINC served as an agreement between contractor and
EAN 2, for the production on site. The yard planning was

produced alternatively:

A) The coordination planning from H.Q. was transmitted
to the contractor who was instructed to adjust his

planning accordingly and issue it to E1f.

B) The contractor issued his planning on EAN 2 request.
This planning was commented by EAN 2 and re-issued

by contractor.

C) The planning was produced by EAN 2 and contractor in

plenum.
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COMMENTS :

Alternative A was used at the earlier stages of construction
When the coordination planning started to indicate a com-
pletion date later than the contractual one (Nov. 1st 1379)
this planning was kept confidentially within EAN2.

Completion date was regarded as contractual matter and treatec
on project management level (E1£/0IS}.

Alternative B was used throughout the project and is the
procedure stated in the contract. It was often difficult
to obtain it from contractor as he was reluctant to issue
it. It shouwdl have bheen stated clearly in the contract how
often the contractor had to issue his planning.

Alternative ¢ was also used, but only as a guideline for con-

tractor as the responsibility for planning is on him.
3-WEEK PLANNING.

As engineering has been going on at the same time as con--
struction, it was always important to present sufficient amour
of work to contractor. It was also of great importance to
ensure that we were working with correct and approved

drawings, hence aveiding vain-work,

By coordinating the different trades and their activities
on such a detailed level throughout the project, lots of
daily clashes were avoided to the benefit of both E1f and

contractor.

The schedule was produced during a meeting every Friday
betwaeen contractors and Elf's specialists and organized by

Elf's plannar.

During this meeting technical information was exchanged,
problems discussed and a concrete schedule produced. The
latest yard-planning was used as basic document when determin-
ing the time schedule. The previous 3-week schedule was up-

dated with a situation line.
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At the end of the construction periced the contractor issued i1t

and it was discussed when needed, during the weekly site

meeting on Wednesdays organized by EAN site manager.

PUNCH~LISTES were issued when a discipline was approximately

90% finished. Punch-lists were used as basic documents when

making the 3-week schedules.

Follow-up.

The progress had to be reported for the following reasons:

- As information on the present situation to the involved
parties. (EAN yards, EAN project management, FRIGG-
groups and contractors).

- As a basis for the monthly inveoicing.

The progress was calculated in terms pf points. One point

was defined as follows:
Contractual lump sum original total contractor's manhour ast,
This gave 1 point = NOK 7739600/70650 hours = NOK 109 .548

When scope of work was updated, the approved price was given

a corresponding amcunt of points.

The progress was reported either as a percentage per disci-

pline and area or as calculated number of points executed.
PROGRESS-REPORTING SYSTEM BY DISCIPLINE:
Main structure

Material take-off (MTO) from engineering was the basic docu-

ment.

The ratio "approval points/ton of steel"™ was calculated for

each area (pancake 40, 41, 44).
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The points for each pancake was then split on the varicus

gtructural parts (lower deck), upper deck, walls etc.).

This amount of points was then split on the construction

stages such as:

Preparation 15% (shop drwgs 0,4t/hr, welding proc. 12.5 hr/tc

Prefabrication 30% (cutting and assembling 2 hr/weld, meter,
welding 2 hr/weld. meter, NDT 10% of
welding) .

Erection 45% (erection before welding, welding 2 hr/weld. met
"NDT9

"Safety" 10% (6% released when big prefabricated items were
erected, 4% released when "as bullt" drwg was
ready}.

The weekly progress was determined by recording the weight

cut, assembled or erected and meter of weld done.

Architectural fire walls was followed up on a separate sheet.

The area to be insulated and covered was split on walls, roof

etc. according to surface. - It was then split on:

e material. 20% when received (contractor's supply)
- pins for Rockwool. 10% when fixed

- Support for wall-sheets (Plannja) 20% when welded
- Rockwool (insulation) 10% when fixed

- Aluminium foil and wire-mesh. 25% when fixed

- Plannja sheets. 15% when erected,

SECONDARY STRUCTURE

Principally the same as main structure, but simplified.
INSTALLATION OF EQUIPMENT

21l main equipment was listed and the points were distributed
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on each equipment and it's various installation-stages at
ratios agreed upon by EAN 2 and contractor, (Lifting/skiddin
70%, alignment 20%, precommissioning 10%).

The weekly progress was recorded as a % per item,

PIPING AND FITTINGS.

The lump sum points were distributed on the isometric drwgs.
and points again split on:

Preparation (20%) all necessary drwgs. for piping and support

Prefabrication (50%) cutting, tack=-welding, welding, NDT,
erection, and dismantling.

Erection (20%) final erection, welding NDT.

Test (10%) all test, rectifications, as-built drwgs.

The weekly progress was reported as a % for each isometric

drwg.

ELECTRICAL

The contractual lump sum at any time was split by items and
the points distributed on each item no according to their

unit-price and guantity.

For each item no, the estimated pdints were distributed as

follows:

Prefabrication appr. 20% when applicable
Steelwork " 44% "

Frect. of esquipment appr. 25% "

Cable pulling " 0% "
Connection " 70% "

Test " 10% "

Weekly progress was recorded as quantity or % executed.
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4.3.4.5

B0.

INSTRUMENTATION

Principally the same as electrical.

VENTILATION

The points were distributed on the different items according
to their material price. Weekly progress was recorded as

% per item.

PAINTING

Approval points were distributed on the various construction

parts according to the area to be painted.

Work done was reported as a % per coat for each construction

part.

Example: P.41, lower deck inside: Coat 1 100%, coat 2,3,4
20% each.

The points were released as follows:

50% when sweepblasting and primer (coat no. 1) was applied.
15% more for coat no. 2

15% more for coat no, 3

20% more for final coat,

Intitial planning/progress

The sheet overleaf shows contractors first preoduction schedul

and actual progress.
Explanation of discrepancy

The delay of six months was generally due to late engineering

and increase of scope of work (appr. 105% increase of cost,)
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P e o/ tumgp sum contract eontered into as of June 28th 1978
by & betweeon BAN and OIS was meant Lo cover e vonstruction
id Toad our in Eristiansand of 3} pancakes namely P. 40, P 41
and . 44,

4.3.5.1

Yard opening.

At the negotiation of the contract and its signature,
both parties believed from the evidence provided by
the engineering and availability of materials that
nothing would prevent the contractual object from

being missed.

The reality was d.ilercont and the object of the contracr
was compromised right at the yard opening and later on,
the feaseable works amount at any time never represented

more than one north ahead of what was in hand.

At the contract signature the lumy sum was far from
including the whole scope due to zns very late engiher-
ing design at that stage.

The works chown on the tender drawings or itemised in
the contractual take offs were in fact represented

ca 20 % of the actual design completion.

The egquipment list indicated the possible delivery of

3 turbo alternators a. . have been actually installed.
This exam™nle and the various disciplines charts of this
report which record important quantity & quality changes
are well illustrating this regrettable lack of

definition.

Additionally, it came out that the 2 other yards were
considered as priority holders.
- Yard 1 due to its contents and overall size.

- Yard 3 wi*- ..5 complementary equipment to the
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Orkanger ones and due to its load out to be
dachiceved prior to the yard 2 one on the same

barge.

An incredible lack of contractor's svitability saved the

engincering's face.

Contractually vesnonsible to achieve the necessary
welding procedures (w.p.) before starting the works

in their shop, OIS - E.® contrary to all expectations
was proved unable to sort out the first cne before the

heginning of November.

Any experienced contractor should have in these condi-
tions produced all the W.P. within the shortest time
placing the company in a yery bad situationIleading to
severa, months of postponement with an expensive overall

stand-by.

Some very grave material problems came in addition to

complicace wne situation.

al Lory delays in the contractual Elf steel supplies
(ref. the attached charts).

b) Shortages created by the various design changes
obliging the yardé to directly £ind 58 tons
of plates and 74 tons of profiles in hurry.
The 8T 52 3N steel quality chosen by the engineer-
i7g being somewhat special led to local chase of
the equivalent materials to be approved piece by
piece wiwn additional time-consuming laboratory
tests and welding procedures.

¢) Unacceptable surface preparation of the E1f steel,
ordered to the mills with an SA 3 prephration
srotected by a 2061 to SOE_ zine silicate primer

coating.
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The material department revealed unable to produce the sur-
face preparation certificates and some coating proved

to be of epoxy primer nature incompatible with the final
Hempel chlorinated rubber system.

All E1f steel suppliers were therefore re-sandblasted on the
yard, thus consuming ca. 800 hrs. spent over January and
February 1979 and delaying all prefabrication work.



4,3.5.2

ENGINEERING
The contract ampbifion in the averall ob ject woo that
time was ot the onsen o, and the contractual delivery

date of Hovemts 3510 1979 was the prime objective,

Aitthin the constraction period, the englneering never
suceccded in improving the sitnation in any discipline,
and the yard was obliged oo proceed erratically up to

the very ond,

Bearing in mind the voor yard opening situation, '
KE/TP promised to wcet the rouliowing main milestones
uring a coordination meeting held in Oslo on September
21st 1978.

- Structural 90 % of IFC drawings in November 1978.

- Piping 90 % of IrFC drawivgs in December,

- Flectrical 90 % of IVC drawings in January -
February 1979,

= Instrument 90 % of TFC in January.
This engavement was not respoected,

1 STHUCTURAL

Originally forecast from May - June 78 to October 78
the structural shop-drawings drafting turned out from
August 78 to December 79 mainly due to overall "holds"
which were kept on the engineering structura! design
as follows:

F.o 40 up o W, 2 79
' 41 up to W, 48 7
Po 44 up to W, 2 79

According to the First RAN guide schaedule, the ._oatractor
was pressed to concentrate his efforts on P, 44, ba.

unfortunately was ohlsaed to switch on P, 41.
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Structural wise the trickle of engineering output never
allowed the mobilisation of more than one drafiman to reduce
the delays, and 35% of the drafting hours were spent on
daily updatings up to December 1979.

£. PIDING

is part of the work was quite difficult to handle,
and the vard suffered a permanent lack of sound

definition.

The company was contractually in charge to supply all
piping items, but most of its actual supplies delivered
mid - January 79 just permitted the comol!ete
prefabrication of 2 lsos out of 53 for piping above

2 Inch diametocr.

This situatior arnse from the fact that KE/TP did not
issue the contractual material take-offs (ex - computer)
in due time. When the yard received the document, so
called IFC under rev. no, 7 by the end of January, it

w~s in fact just concerning i2 Isos cut of 53.

So as not to jeopardize the development of this trade,
the yard was crliged to sort-out by hand all take-offs
versus the not 1FC design in hand to locally purchase

the missing items in spite of an overall englineering
hold kept up to the end of April.

Provided these yard actions, -hs work started in April
with more than 3 months of delay, 10 Isos being still
not KE/TP-issued beginning of May.

Contrary to all expectatiens, an additional scope
concerning the Stal Laval interconnections was discovered

in August inducing some 2000 hours of work.
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3. MECHANICAL

If the mechanical items were delivered in time aCCording to
the contract indications, a lot of electrical or instrument
panels were desperately postponed inducing some very

awkward positioning.

Lot us remind the reader that =211 heavy Nife items j.e.
rectifiers and inverters were introduced in the P. 44
5w 3tation at the last moment when the pancakes were
aiready loaded out on the barge. According to common
sense, this operation was taking place one year too

late.

In spite of adverse working conditions the yard had
succeeded in achieving the positioning of the

turbo alernators. The P. 41
Structural status was at +that time fully maximized with

achieved internal coating and even the A 60 walls in the

mezzanine contro. room.

Most of the problems which occured within this trade

were due to:

- Not - finalized engineering studies

- Lack _of vendors documentation {(including the basic
overall sizes most often received after the deliveries).

- Complete lack of main equipment installation scopes

of work lecading to the permanent presence of vendors

representatives.,

- Very deep lack f dpspection and foallow-up within the

vendors workshop implicating by the erection time
too numerous yvard technicol discussiors  oout what-
¢ or o detarl, fitting or connection and ros-ulting in a

ot of =mall additional warks,
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Among other poinls. 1o e notoed:

- fthe complete remake of the Stal-Laval fuel-:as
knock - out pot package originally builtt without
any supervision in Plenty's in England.

- The replacement of most of the equipment junction
boxes {due to wrong type or sizes) and cable glancds

not certified.

- The permanent rejection of the diesel generator room
electrical hoist far too big to be mstalled within

the available space,

4. ELECTRICAL & INSTRUMENT

The summary concerning the drawings dispatching, shows
that the engineering documentation was Issued too late

and too frequently revised.

Together with the above, the erratic material deliveries

(ref. summary) resulted in:

Appreciable schedule changes with inefficiency and

lost hours.

- Work priorities shifting.

- Open air activitics slide into winter conditions.

= Extr-. mobilization and demcobilization, overmanning

and high production costs.

- Irruclional work due v partial deliveries.
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Actual yard performance

Taking large profit of the construction period extent up to
mid - May 1980 (ca. 8 additicnal months), the revised scope
assigned to the yard was achieved by the barge departure

except:

a) about 500 hours of feasible works
- 200 hours of gas detectors connections
- 100 hours of earthing
- 200 hours of painting

b) The installation of non-delivered company items,
supplied ca., 6 months later, on board TCP2Z2 during the
hook-up phase

]

ca 2000 meters of cables
- the ESD panel 5. 53.44.4.24
- 9 interconnection junction boxes

- 4 start - stop push buttons

75 workers bustled amound the completion task up to the
ultimate time with quite good efficiency even if "a priori"”
such a sustained end of yard activities sounds not suspicious

This noticeable result has been reached in spite of a final
extremely tight schedule thanks to the contractor's willing-

ness and toughness.

Should the original contractual date of November 1st 1979
have been confirmed the late engineering and material
deliveries would have most certainly limited the works pro=-

gress to:

85500

761125 x 100 = 53% of the final result,
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E.77 CONTRACT APPRECIATICT

The engineering progress was not allowing a yard opening on
September 1st 1978, but probably on February st 1979,

It is alsoc undeniable that the contract documents were =0
gscamped that it was impossible to define unequivecally thoe
tasks and quantities details covered by the lump sum.

The basic indications scattered over the various volumes, ani
regrettably incomplete, were given under too many conflicting

headings.

As a result of this, it was very awkward to obtain from
the contractor the material he had to furnish without
additlonal payment, as it was defined during the necctiations.

The agreement of compensation was therefore somewhat tricky,
and the differences of opinion regarding the contract inter-
pretation and working procedures were obvious early in the
project.

85 claims were 0I5 - E.0. issued related to guantity or
quality changes.

Quantity wise EAN 2 issucd and updated the various take-offs
on a permanent basis, and this preparation allowed the settle-

ment of the corresponding claims without problems.

Swasnity wise the situation was far different duc to the
engineering chang~s or delays and to the material shortages,
EAN was actually led to compensate the inefficioncy due ta
the frequent wori-schedule changes and associated erratic

construction.
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ITn a certain way the contractor aimed at maxXximising his axin

from the deviation versus tho contract, and naturally AN
minimised creating a conflictual atmesphere throughont the

lump sum period (1978 & 1979}, |

However, considering that the acceptable guality changos

were settled at justified cost within the course of the con-
struction, the final claim settlement payment of 1,500,000 NKR
meant to cover the various known and unappreciated disturb-
ances, this being in other words to be also understood as an
EAN gesture of good will to reward the contractor for their
good performance.
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Report on Yard 3 (OIS NYMO Lot. no. 3)

Basically the organization scheme was the same as the one
for Yard 2.

0IS was the contractual responsible while the work was per-
formed by NYMO at the GRIMSTAD yard,

P ke W B A . . —— —

The scope was the construction ¢f 6 pancakes socalled

"utilities pancakes™:

- fresh water cooling medium
- sea water coocling medium

- plant air

- fire houses

The prefabrication and erection of the sea water pipework,
made of cupro-nickel alloy was excluded from the contract
but executed directly by a third party: Yorkshire Imperial
Work, with the assistance of Nymo.

Statistics

Production ratios
- Structural
- weight 300 T

- productive manpower 44700 Hrs
- ratio: 149 hrs/ton

- Mechanical
- number of units 12

- Productive manpower 4800 hrs

- ratio: 400 hrs/item.



4.4.3.2

- Piping

- Weight 112 T
- Productive manpower 3600 hrs

- Ratio 320 hrs/ton (average diameter 6")

- Painting

- surface (structural + piping) 7130 m2

- productive manhours 18000 hrs
- ratio 2,5 hrs/m2

- Electrical/instrumentation
- productive manhours 25000 hrs.
S.curves and manpower histogramme.

See enclosures overleaf.

- Contract award 28th of June 1978
- Yard copening 15th of September 1378
- Work completed on 14th of March 1980

Some remaining works (electfical, instrumentation)were com-
pleted on board the cargo barge during the loadout of the

lot 2' pancakes.

Comments

Contractor's weakness in piping and coordination of disci-
plines was saved by a high contribution of the supervision

team.
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Report on construction of off-site facilities.

Some construction were undertaken in 1979 in order to build

temporary pancakes such as:

- one office and ware-house module (M. 9%48)

- two pancakes for storage areas (P. 945 and P. 946)

M. 948 was designed in order to provide office space ({165 mz)
lavatories and toilets, and heated warehousing (107 m2) from

the very beginning of hook—-up works.

Its use is valuable as it saved the installation and hook-up
of several office containers during the hook-ur and start-
up works, and it is still used as a permanent facility by the
field operators.

P. 945 and 946 are flat storage areas designed to fill in
the empty spaces at the main deck level of the support frame

and provide storage areas for heavy eguipment.

Construction started at HJELMELAND, small construction site
in STAVANGER area. The work was hampered by the Contractor
bankrupcy at the beginning of 1980. EAN succeeded in removir
what was erected, and committed MARITIME GMC to complete the

work in due time.



4.6.1

4.6.2

General comments.

Very serious difficulties were encountered on the yards
during the onshore construction period for several main

Yeasons,

The yards were opened in September 1978 when the progress
in drafting given by KE/TP was estimated at: 61,2%.

In fact this figure was completely wrong due to a large
underestimate of the engineering work and the opening of the
yards was done with a total progress in drafting less than

40% mainly for structure and piping.

The planning proposed by KE/TP for completion of the engin-
eering work was never respected. A permanent slippage was
noticed in spite of numerous actions against the engineering
management.

In the same time the quality of the document was very low

and we had to check in detail the final issue. The conse-
quence of a such situation was a permanent uncertainty for
ordering the right material, in quality and gquantity,

with the evident delays in the deliveries and the impossi-
bility for the yards to prepailr and organize their work
correctly, without the final documents available and accurate

knowledge of the material received.

The contractual delivery date for the three yards was
November 1st 1979 at the latest. With this schedule a
maximum of the works should have been done in the summer
geason allowing a better productivity. Due to the delays

in engineering and procurements many extra difficulties were
encountered for welding, cables pulling, hydrotest, sand
blasting and paintinc in outside location with bad weather

conditions.



4.6.4

4.6.5

110.

The contracts were awarded to the contractors on a lump sum
bagsis for the works which were defined at that time, knowing
that some supplementary works would be added later on. These
additional works not covered by the lump sum price or due to
changes were included in a unit rates list, including all

subjecticns.

This was theoretically perfect and motivating, if the scope
of work was clearly defined and the amount of the extra
works remained at an acceptable level in front of the lump
sum works, which could be organized in the most efficient way
by the contractor.

In fact the insufficient definition in the call for bid, a
wide underestimate of the work, the delays for engineering
completion, the changes in electricity and instruments or
delays in material deliveries, created very serious distur-
bances in the normal progress. The result was a big amount
of claims, more or less justified, and a lot of time was
spent in detrimental discussions for a good atmosphere on
the yards, without a satisfactory agreement.

The aplitting of the onshore construction in three yards
located at a long distance from Stavanger created a lot of
extra difficulties:

- dispatching of documents, materials and equipments

- necessity ©f a careful coordination in order to guarante
the coherence and compatibility between the elements
built in different places.

- uneasy communication.

The performances of the yards for the general organization of

the work were very low:

- lack of management and underestimate of the job

- poor coordination interdisciplines

- gquestionable skill of manpower in certain cases

- very bad preparation of the work

- incapacity to perform the detailed engineering as

foreseen,
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- follow-up of material arrivals con site, storage and
delivery for erection totally inadeguate and badly

managed.

The negative effect of the reasons here above mentioned
was less perceivable on the small yards, 2 and 3, where the
EAN team was more integrated in the contractor team who

accepted comments and advices easier than the yard 1.

As a conclusion one can say that it was probably too much
ambitions to manage properly a lump sum contract with a
widely insufficient definition of the scope ow work at the
call for bid stage, the contractor's capabilities and turn
of mind. The permanent slippage in engineering was an
additicnal factor giving the contractors the possibility
of contestations which was used at a maximum level in spite
of all efforts made by the EAN teams which were initially
organised for guality and progress controel only.

This was proved by the improvement obtained when the form
of the contract was amended and the work completed on an
hourly rate basis, allowing a more directive function to
the EAN staff and the peace of mind to the contractors on
their productivity wise or costwise,



5. TRANSPORT AND LIFTING

The towing from the yards to Frigg, the preparation of TCP2
platform, the lifting and installation of 4 modules and 9
main pancakes for a total weight of about 5000 tons have
been managed by the EAN Offshore Construction Department

in Stavanger.



5, REPORT OF OPERATION

5.1 PRECALL FOR BID
5.2 CALL FOR BID
5.3 LIPTING ENGINEERING
a) Padeve
b) Rigging arrangement
c) Rigging platform
d) Tugger padeyes
e) Cleaning
£} Positioning

5.4 TOWING AND LOAD QUT ONTO CARGO BARGE
a) Grimstad
b) Kristiansand
o} Hijelmeland
d) Orkanger
e) Weighing

5.5 LIFTING OPERATION
a) Onshore lifting

b} Qffshore lifting

5.6 DESCRIPTION OF PACKAGE

a) iz

b) 30.31.33
c) 41

d) 42-43

e) 40-44-45
£) 46~63,1-63,2,40-1,40.2

5.7 POSITIONING RESULT

5. § GENERAL COMMENTS ON THE PROJECT



PRECALL FOR BID:

A precall for bid was sent on February 23th 1979, in order
to have a first selection of the barge able to perform the
1ifting of the module 32 which was the most critical
compression module te be lifted (due to its weight, its
volume, its rigging arrangement).

No satisfactory result came out the different bidders
answers, but nevertheless after analysis the different
answers we came across the following points.

a) if a S5CV was used, the 4 modules could not be skidded
onto their f£inal position.

b) if a conventional vessal used the.Aker crarie had to
be lifted separately to module 32.

By May the 10th complementory informations about skidding
procedure were asked to the bidders who intend to skid the

module in final position.

CALL FOR BID

The c¢all for bid was sent on June the 20th and the answers

was reguested at the latest on July the 27th 1879.

The different lifting company contacted were ETPM - MICOPERI -
UGLAND - BROWN AKER -~ NOC - OCEANIC - HEEREMA.

ELF did not find any satisfactory answers {due to some
missing points in the paragraph called "Lump sum rates" and
due to too many gualifications). It was then decided that a
second round was to be sent to bidders on August 15th 1979,

The answers were requested for end of that month.

The comparative study of the bid showed that Heerema and this
submarsible crane vessel "Balder" 5000T lifting capacity,
BOOOT deck capacity, was the most qualified bidder to perform

our work.

The order to start engineering was sent to Heerema on November
6th 1979 and the final contract was signed on January 8th 13580.



. 5.3 LIFTING ENGINEERING:

The calculation note of the padeyes has been performed
by ELF and HEEREMA approved the design (Thickness -
hole diameter) during the meeting held on December 12th
1979.

HEEREMA according to the COG leocation given by chart
PEA 00001 B gave us the padeye angle as follows:

Module 32.42.43 padeye release on December 12th 1879.
Module 46 padeye release on December 19th 1979.
. Module 41.45 padeye release on December 13th 1979.
Module 44 padeye release on January 7th 1980.
Module 40 padeye release on January 16th 1980.
Module 30.31.33 padeye release on January 18th 1980.

Module 948.945.946. the sling arrangement proposed by ELF
was accepted by HEEREMA on
December 12th 19789,

b) Rigging arrangement:

Based on COG and weight according to chart no. PEA 0Q0001.B
The rigging arrangment for modules 30.31.32.33.40.47.44
and 45 was given by HEEREMA during meeting on February

. 2nd 1979. The spreader frame calculation note for
modules 32.41.43. was given to ELF on March 3rd 1980 and
approved by NDA on March 13th 1980. Design criteria used
by ELF for the calculation of rigging gear.

Safe working load = 2,15 static load.
Design criteria used by HEEREMA for the calculation of
gspreader frame bea - sling.

P lifted : 1,2 static P
Safe working load = 75% of the P lifted 1s taken on one
diagonal.



c)

d)

e)

£}

5.

i.e.: The figure given by the 4 padeyes of one package
is a scare. The COG is at the geometric center
of the 4 padeyes,

Load to be considered in the design

ELF: Load in one padeye

L =% x2,15=0,54P = S0
HEEREMA:
L = 1§2P x 0,75 = 0,45PF = SWL

Rigging_platform: needed only for module 30,31.33.
They were defined by HEEREMA during the meeting held on
02.02.80 and approved by HEEREMA in the meeting held on
07.03.80.

Tugger padeyes: accepted by HEEREMA during the meeting
on 07.03.80.

Cleaning: HEEREMA gave ELF the preliminary procedure

during the meeting on 16.01.80 and the final procedure
was ilncluded in the operation manual.

Positioning: ELF supplied HEEREMA with the as built survey
of the support frame, the as built survey of sach module,
and the theoretical position as ELF wanted to have the
modules onto TCP2 support frame HEEREMA accepted during

the meeting on 02.02.80 the principle of the feasibility
study to position the modules with in the accuracy of

I 25 mm and then decided to use stabbing guides welded

underneath the packages.

The final positionning of these stabbing gquides was

included in the operational mznual.



LOAD QUT ONTO CARGO BARGE AND TOWING.

The load out was under congtruction yard responsibility.

The yvard had to supply the skidding beams till the guay and had
toe supply as well if necessary the articulated beam between

the guay and the cargo barge.

The cargo barge was supplied by the lifting Contractor.

The skidding beam onto the cargo barge was supplied by the
lifting Contracteor.

The calculation note of the sea fastening was performed by
HEEREMA. The prefabrication and installation of the sea
fastening was under HEEREMA responsibility.

a)  Grimstad:
The barge H107 from HEEREMA arrived at Grimstad on
January 3rd 1980. The leoad out procedure ﬁas done by OIS,
The first module (42) was loaded by skidding it on teflon
shoes on 28. The 2nd mcdule (43) was loaded by skidding
it on teflon shoes on 29. The pulling devices was 2 air
winches on board the flotting ¢rane, no articulated heam
was used. |
The module 45 was loaded by means of 1 floating crane
"Flevick" and the pier crane of the yard on January 31st
1980.
Packages 63.1, 63.2, were locaded by the pler crane on
January the 31st., Packagqge 46 was loaded by the pler crane
during the first half of February. The calculation note
of the seafastening was issued by HEEREMAcon December
16th 1979,
The seafastening caleculation note was approved by Noble
Denton during meeting held in Stavanger on January the 11th
1980.

The barge H107 left Grimstad to Kristiansand on March 16th
1980. The towing tug was the "Bever" EOT bollard pull.
The barge arrived at Kristiansand the same day in the
afternoon but due to heavy ice in the dry dock the barge
was driven into the dry dock on March 1%th only.



b)

c)

da)

Kristiansand

The load out procedure was done by @grey.

The 3 modules were loaded by skidding them on teflon
shoes. The pulling device was 2 electrical winches,
(fixed on the opposite guay} equipped with SDT wire,
one 1,5 m long articulated beam was used.

The pancake 41 was loaded on March 26th 1980.

The pancake 44 was loaded on March 28th 1980.

The pancake 40 was loaded on March 31st 1980.

The LP vent stack was loaded by lifting it onto the
cargo barge, HEEREMA calculation note of sea fastening
was lssued on January 16th 1980, and approved by

Noble Denton on Fehruary 4th 1980.

The barge H107 left Kristiansand on May 9th 1980 and
arrived in Stavanger on May 10th 1980 at noon.

The towing tug was the "Fairplay 9" 577 hollard pull.

oy — i -

Due to the bankrupcy of Hjelmeland Industri, the modules

were loaded on March 13th 1980 onto the cargo bare "Maersk 7"
in order to be towed to the Maritime GMC yard where they
were finished to be built.

load out procedure was done by Spie Batignolle - Vigor.
The barge H108 arrived in Orkanger on April 14th 1980, but
was expected on April 8th. The towing tug the "Helgeland"
was only 2130 BHP; and here is the reason of this late
arrival.

The modules 30.31.32.33 were loaded by rolling them con a

a system of roller box. The pulling device was 2 hydraulic
winches, one 5 m long articulated beam was used.

Module 30 was loaded on April 17th 1880.

Module 31 was loaded on April 21st 1980.

Module 32 was loaded on April 24th 1980.

Module 33 was loaded on April 29th 1980.



HEEREMA's calculation note was issued on February 4th 1980
and approved by Noble Denton on February 2nd 1980,

The barge H108 left Orkanger on May 10th 1980 at 3 p.m.
The towing tug was "Wrestlexr" 6000 IHP, GST bollard pull.
The barge arrived in stavanger on May 13th 1980 at 16.00.

e}  Weighing of module on yard:
The result of the weighing is shown on sketch no 5423 W
10.18.8K. in the column called "Final lifting weight before
towout". -
Grimstad: Weighing was done during week 10
Kristiansand: weighing was done during week 12
Orkanger: welghing was done during week 13

3.5 LIFTING OPERATION:

a}  Onshore lift
The 2 barges H107 and H108 were alongside the quay of Norsea
base in Dusavik.
The “Maersk 7" was alongside Maritime GMC guay on Saturday
May 10th, the HEEREMA tug "Njord" towed the "“Maersk 7"
alongside the "Balder". The packages 948, 945, 946, beam
for 947, were loaded on board the "Balder". The "Maersk 7"
was demobilized on Staruday evening 10.05.80. On Thursday
15th, the "Njord" towed the H107 alongside the "Balder™.
All the packages were loaded onboard the "Balder". The
H107 was demobilized on May 17th 1980.
On Friday afternoon May 16th, the barge H108 was brought
alongside the "Balder". The 4 modules 30.31.32.33, were
loaded onboard the "Balder". The barge H108 was demcbilized
on May 19th 1980.
The "Balder" was anchored in the Byfjorden in front of
ELF office.



LOADING ONTO "BALDER" SEQUENCE:

Module Date Time From barge
1 948 10.05. Maersk 7
2 945 "
3 946 "
4 42 15.05. 13hoo H107
5 43 15.05. 4h30 17h30 "
6 45 15.05. 10h00 "
7 46 ) Night "
8 63.1) 15 to. "
9 63.2) 16 "
10 LP vent "
11 40.1 "
12 41 16.05 10h30 11h15 "
13 44 16.05. 13h00 13h30 "
14 40 16.05. 17h00 18h00 . "
15 Manitowoc
16 n 17.05. 23h00 H108
17 30 18.05., 12h00 12h30 "
18 32 18,05. 14h00 14h30 "
19 33 18.05. 15h30 16h00 "
20 40,2 18.05

As at the time of the loading of module ontc the "Balder" all
the slings expected to be used were not available some modifi-
cations in the rigging were done.

The 4 modules from Orkanger were lifted horizontal.

All the pancakes were lifted with an angle:

- due to a mistake in the rigging for 41. 42. 43.

- due to COG location for 45-40.

During the towing to Frigg field, the result of the first lift
{loading on board the "Balder") was integrated in the rigging
calculation note of the tilted packages and some modifications
were done in the final arrangement in order to have a horizontal
lifting offshore.

The removal of anchors in the Byfjorden started Thuesday morning
May 20th. The "Balder" left Stavanger to Frigg on May 20th at
13h00 p.m. The "Balder" arrived at Frigg on May 2ist at 2 p.m.
The running out of anchors was completed at 10h00 p.m. The bharge
was alongside TCP2 ready to work, on May 22nd at 00h00 o'clock.



b}

Offshore 1ift

OFFSHORE LIFPTING SEQUENCE:

Module Day

32" valve 22.05,
46 22.05.
40 23.05.
348 23,05,
41 23,05,
947 23.05.
43 24.05.
942 24,05,
42 24.05.
44 24.05.
969 24,05,
63.1 24.05.
63,2 24.05.
945 24.05.
45 25,05,
32 25.05.
33 26.05.
31 26.,05.
30 26.05.
946 26.05.
40.1 40.2 26.05.
manitovoo 26.05.

Time

9h3is
13h55
6h21
8h40
15h55
15h00

2h30

13h25
14h25
19h30
20h25
20h25
20h55
21h40
10h35
18h10
1hoo
2h45
5h00
8h50
9h40
17h15

14h40
-7h44
Bh55
16h30
18h16
2h45

13h55
14h45
1%h4z2
20h40
21h25
22h00
11h00
19hi5
1hi7
3h00
éh30
9h0o
9h45
17h25

10.

- ek

indication of crane
{(incl. rigging))

82
141
158
548

68
230

525
140
120
27
25
50
115
1172
802
809
B3e6

168

*I will recommend to consider the weigh given above as an

indication only and to use the weight given by weighing

as the official one.
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11.

DESCRIPTION OF PACKAGES

You will find after on the 3 sketches the rigging arrangement

which was used, package by package.

a)

b)

The padeves were located at lower deck level.

4 vertical slings - 1 spreader frame - 4 tilted slings were
used. Due to the position of the padeyes this module was the
first of the 4 big modules, to be lifted.

Aftar the positioning of module, the padeyes and the padeye
protection had tc be cut before starting the lifting of
modules 31 and 33.

Guiding syste:

- In the north - south direction the guides was done by
means of bumpers welded on the steel support frame
reinforcements.

- In the east - west direction the guiding was done by

means of stabbing guides.

Module 30-31-33

The padeyes were located at the upper deck level.

4 tilted slings were used.

The design of the padeyes and the clearance between the
modules were the reason why module 32 was damaged during

the lifting of module 31, and 33.

Some small items as cable tray - speaker - electrical junction

box were damaged during the removal of the slings.

Guiding system:

- In north ~ south direction the guiding was done by using
the module already lifted on one side and by using a
bumper on the other side.

- In the east ~ west direction the guiding was done by

using stabbing guides undereath packages.



c)

d)

a)

£)

12.

Pancake 41

The padeyes were located at roof level. One spreader frame
temporary included on the roof was used to lift this package
4 tilted slings were then used.

Guiding system:

- The first guiding was done by means of 4 channel guide.
The clearance between pancake and channel guide was
X 60 mm,

- The final guiding was done by means of stabbing guldes
welded underneath the pancake., Clearance was 2 25 mm.

Pancake 42743

The padeyes were located at the lower deck 1level.

4 vertical slings - 1 spreader frame - 4 tilted slings were
used. The first and final guidings were done by using the
same system as for PC 41 but the channel guides installed by
HEEREMA were too small and so were useless.

Pancake 40-=44-=45

—— v —— ——— it i e

The padeyes were located at the lower deck level. 4 inclined
slings - 1 spreader beam + 2 inclined slings were used.

Guiding system:

- For the first guiding of pancake 44 only the channel
guides were used but it was not a success because of
interference between shackles and SSF upper heam,
Pancakes 45 and 40 were lifted without these channel-
guides.

- The final guiding was done by means of stabbing guides.

Pancake 46-63.1-63.2-40,1-40,2

e T . ————— Y ——— i ey i S — ——— —

Lifted without any guiding systemnm.

POSITIONING RESULT

All the compression packages were lifted within an accuracy of

+

25 mm but for module 31 which is out of 20 mm.
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5.8 GENERAL COMMENTS ON THE PROJECT

PRELIMINARY

Four main points further to the performance of the 1lifts can be

retained:

- Lifting pre studies were done late compared to the évalution of
the compression project despite the efficiency of the structural

engineer who was not a lifting specialist.
- Engineering and lifting procedures were performed by the lifting
contractor which is a cheap solution on one hand but implies a

risk associated with a lump sum contract on the other hand.

- The lifting contract on lump sum basis, left the contractor with

too much freedom of choice.

- The lifts performed by such a perfect tool like "Balder" has
balanced a weak engineering.

1. LiIFTING PRE STUDIES

They have started within ELF Aquitaine Norge end 1978 for an
installation late spring 1%80.

Even then:

- The structural part of the modules

- The positions of super structures

- The positions of the lifting padeyes
were freezed at this date.

These pre studies have shown that:

- Construction of spreader bars and spreader frames were
required to adjust the position of the lifting pad eyes at
the deck bottoms.

- Position of some equipment has to be altered to avoid inter-
ferences with the slings. In spite of these precautionary
measures some eguipment were damaged at the upper part of

the modules,.
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Installation of the slings on the yard for the pancakes had
not been possible without adding huge temporary structures.

Taking into consideration the above comments it would

be advisable to get expertise from a lifting specialist
at the design phase in order to study all questions
connected to the lifting operation (skidding, transport-—
ation, lifting etc...).

This procedure should normally avoid solutions which
would make hazardous operations.

2. LIFTING - STUDIEGS

2.

2.

1

The detailed engineering was done by the lifting contractor
(HEEREMA). This engineering was done in a way to minimize
the cost of the operations (included in the lump sum).

It must be emphasized that at the time of the call for
tender, some critical points have to be included in the
technical specifications such as "in yard" slinging in order

to avoid too many operations.

In the frame work of the lifting contract a significant part
of the engineering was conditioned by preliminary studies
provided by ELF Aquitaine Norge (weights, position of the
centers of gravity, measurements on platform and modules).

I'n order to avoid difficulties and delays during the
progress of the engineering, it seems dasirable but
difficult to bring into operation to make the lifting
contractor responsible of all matters concerning weights,
position of centers of gravity, measurements gontrol...
This difficulty is due to the fact that the construction
contract is different of the lifting contract.

Should a solution be investigated during the conduct of
a project the best could be to subcontract these matters
(weights, position of the centers of gravity, overall
dimensions etc.) to the lifting contractor.
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2.3 Technical comments.

2.3.17 Do not walt recommendations from the lifting contractor
to secure and protect our equipments.

2.3.2 As far as it is possible, do not install padeves on
the bottom deck of the modules (ref. photograph of
mod 32).

2.3.3 The spreader frames must be avoided., They could he
replaced by temporary compression bars integrated to
the modules,

2.3.4 External eguipment compared with respect to the parti-
tion walls of the modules must be eluded.

2.3.5 The rigging platforms must ke over sized in order to
better protect the surrounding eguipments.

2.3.6 The eguipment have to be protected against the
possible swinging of the slings during slinging and

de-slinging operations.

2.3.7 The modules must not be set too near from each other
(30 cm is a too much constraint).
The width of the modules and the dimensions of the
various adjusting pieces shall take this constraint

into consideration.

CONTRACT S.940 (EAN - HEEREMA)

This contract written with general specifications left the lifting
contractor with a freedom of choice. On the other hand this had
avoided the marginal costs and possible claims and in addition

has allowed the closure of the contract immediately after the end

of the operations.

Furthermore the three hereunder considerations have made easier

the execution of the contract:
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All safety aspects very detalled in the contract have left
the lifting contractor with no possibility to read the
rules (NPD rules).

The "Warranty Surveyor" clause have made HEEREMA dependent
upon Noble Dentor decisions through E1f Agquitaine Norge.

The lifting contractor was fully responsible for the sea
fastening of the modules on the cargo bargea: No cost
argument has occured between EAN and the construction yards

what so ever.

Pogsible improvenents:

- Insurance and responsibilities:
HEEREMA has refused to be responsible of the possible
damages of which the cost of repair is under the acci-
dental damage excess in spite of our long negociations to
include this clause, In fact each time we are facing -
this problem with a skilled contracter there is no
possibility to have this clause written in the contract,

- The skidding and loading of the modules on to the cargo
barges was entirely managed by EAN for each yard.
A late delivery to the lifting contractor for transport-
ation and offshore lifting could therefore occur in case
of failure. A particular clause shall be written in

the contract to cover this purposa.

OFERATIONE

The choice of the lifting contractor must be connected with the

guality of the derrick barge proposed.

The engineering made by HEEREMA onshore was sharply criticized

by the operational people of the Balder.
This is guite usual, and the coordination between engineering and

operation is always difficult.
Nevertheless, in spite of the fact that the contract is on lump
sum basis it should be well advised to call out some coordinatilon

meetings during the engineering phase and two months before the



operations. Perhaps it's a gquick wish.

The difficulties encountered during the 1lifts were mainly
due to:

- . Complicated slinging arrangments of the modules

- Position precision on the platform with an accuracy out of

the usual range (I 1 in)
- Direct installation of the modules toc near from each

other (10 inches) and were overcome by the guality of
the Derrick Barge and the skilled personnel.

N R L L

We can summarize the main features of the "Balder":

- Semi submersible crane vessel with very high stability
capable to work with significant swell and wind.

- Large deck area which allows the loading of the nodules.
All the modules were loaded "in fjord" on the Derrick Barge.

- Large lifting capacity with 2 cranes (one module on lift, the

other under preparation).

The enclosed report will summarize the whole operation from
March 1979 to May 1980.

LR T LY LR e L



TRANEPORT AND LIFTING.

INDEX OF PICTURES
1. TCP2 platform without compression facilities
2. Skidding module 32 - Yard 1 - Orkanger

3. Modules 30, 31, 32, 33 on the barge H108 - Stavanger

4, Pancakes 40, 471, 44 on the barge H107 - Stavanger
5. "Balder"” in the fjord before loading - Stavanger
6. Bumpers for module 32 - Frigg
7. "Balder" in position at Frigg

8. Lifting module 32 - Frigg

9. Lifting pancake 42 -~ Frigg.
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