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BLOCK 19 (Con't) k
offshore, and Stage II is installed in 60 ft. of water 2 miles offshore. Both
platforms are approximately 25 years old.

The objective of this project was to inspect & determine the structural

integrity of each platform as they presently exist. Based on this assessment.,
recommendations for the subsequent safe use of the structures would be

developed.

If weak spots in the structure are discovered, recommendations for repair
would be presented. The repair scheme would be economically feasible and
compatible with the intended future use of the platforms. However, if the
existing structures are found to be no longer safe, or uneconomical +n he
repaired, recommendations for disposal/salvage would be developed.

The structural analysis consisted of simulating the two platforms with present
state of the art computerized structural analysis programs developed for
offshore platform analysis.

The inspection program was developed based on the results of the.sructural
analysis of the two platforms as originally constructed. This analysis
consisted of simulating the two platforms with present state of the art
computerized structural analysis programs for offshore platform analysis.
Base on the available oceanographic data, it was determined that a storm wiL1h
a 100 year return interval, accepted as a present day standard, would have
wave loaded the deck. Hence the maximum wave height that c:ould be utilized
(wave crest elevation less than bottom of deck beams) was equivalent to a
20-year design storm. As a result of the analyses, several joints were
selected for detailed subsea inspection.

The inspection program covered both the above and below water struc. Lurkl
conditions of the two platforms. For the subsea inspection. a complete visual
and video recorded coverage of the platform was performed. Biofouli.ng
measurements were conducted, cathodic potential measurements taken, and
pitting and damaged members visually recorded. Also, several selected joints
on each plat ferm were waterblasted and inspected in detail. Still
photographs of the joints only recorded the observations.

Based on the results of the inspection program, changes were incorporated into
the mathematically simulated platforms. These changes included the existing
loading conditions, marine growth, reductions of wall thicknesses of
underwater members due to corrosion loss, and deletion or revision of severely
damaged members. This analysis represented the platforms in their existing
conditions, and they were then subjected to survival storms with one and five
year return intervals.

For both Stage I and II platforms, the inspection showed the structure below
sea level to be in an advanced stage of deterioration. Many holes were
observed in structural members, and heavy pitting was observed where
biofouling was not present and allowed inspection. At the mudline, mucLh
debris existed which would provide a significant drain on the cathodic
protection systems. Extensive chafing by wire rope has severely damaged many
members, especially at the mudline of Stage I.
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EXECUTIVE SUMMARY

The U. S. Naval Facilities Engineering Command, Chesa-

peake Division, CHESNAVFACENGCOM, awarded Barnett & Casbarian,

Inc., Contract N62477-80-C-0194, to investigate two platforms

operated by the U. S. Navy offshore of Panama City, Florida.

Platform Stage I is installed in 100 ft. of water approximately

12 miles offshore, and Stage II is installed in 60 ft. of water

2 miles offshore. Both platforms are approximately 25 years old.

The objective of this project was to inspect and determine

the structural integrity of each platform as they presently

exist. Based on this assessment, recommeniations for the sub-

J sequent safe use of the structures would be developed.

If weak spots in the structure are discovered, recommenda-

tions for repair would be presented. The repair scheme would

be economically feasible and compatible with the intended future

use of the platforms. However, if the existing structures are

found to be no longer safe, or uneconomical to be repaired,

recommendations for disposal/salvage would be developed.

The structural analysis consisted uf simulating the two

f platforms with present state of the art computerized struc-

tural analysis programs developed for offshore platform analysis.

I
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The inspection program was developed based on the results

of the structural analysis of the two platforms as originally

constructed. This analysis consisted of simulating the two

platforms with present state of the art computerized struc-

tural analysis programs for offshore platform analysis. Based

on the available oceanographic data, it was determined that

a storm with a 100 year return interval, accepted as a present

day standard, would have wave loaded the deck. Hence the

maximum wave height that could be utilized (wave crest eleva-

tion less than bottom of deck beams) was equivalent to a 20-

year design storm. As a result of the analyses, several

joints were selected for detailed subsea inspection.

The inspection program covered both the above and below

water structural conditions of the two platforms. For the

subsea inspection, a complete visual and video recorded

coverage of the platform was performed. Biofouling measure-

ments were conducted, cathodic potential measurements taken,

and pitting and damaged members visually recorded. Also,

several selected joints on each platform were waterblasted

and inspected in detail. Still photographs of the joints

only recorded the observations.

Based on the results of the inspection program, changes

were incorporated into the mathematically simulated platforms.

I
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These changes included the existing loading conditions, marine

growth, reductions of wall thicknesses of underwater members

due to corrosion loss, and deletion or revision of severely

damaged members. This analysis represented the platforms

in their existing conditions, and they were then subjected

to survival storms with one and five year return intervals.

For both Stage I and II platforms, the inspection showed

the structure below sea level to be in an advanced stage of

*deterioration. Many holes were observed in structural members,

and heavy pitting was observed where biofouling was not present

and allowed inspection. At the mudline, much debris existed

which would provide a significant drain on the cathodic pro-

* tection systems. Extensive chafing by wire rope has severely

* damaged many members, especially at the mudline of Stage I.

The selected joint inspections showed significant heavy

i pitting covering the members, weld, heat affected zone (HAZ),

and some weld cracks. The cathodic potential (CP) measurements

shcwed potentials inadequate for sufficient protection.

The conditions of the topside facilities were generally in

poor condition with visible corrosion and deterioration on deck

plating and structural members, with Stage I appearing the better

maintained. The monel sheathing laminated on the members near

I -Ji-
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the water line appeared to be protecting the steel, except

where it had been drilled or removed.

The structural analysis conducted showed the platforms as

they presently exist do not meet minimum margins of safety based

on today's analysis standards, even for a five-year storm, as

overstressing of members and joints occured.

The structures are probably capable of withstanding a

one-year storm rating although there were some highly stressed

or slightly overstressed joints even for this conditions. It

should be noted that both one- and five-year storms are a very

mild storm condition, and have a 100% and 20% chance of occur-

rence in a one-year period respectively.

The estimated cost to upgrade the platforms to withstand

a five-year storm was investigated to illustrate the magnitude

of costs involved. For Stage I, the cost was estimated to be

$9,800,000 and for Stage II, $6,500,000.

The cost to salvage the structures was developed. If

salvage takes place prior to the structures falling over, the

cost of salvage was estimated to be $1,125,000. If salvage

takes place after both structures have fallen over, the esti-

I mated cost would be $1,730,000, or approximately $600,000 more.

The estimated cost of a replacement platform for 100 ft.

Iwater depth (Stage I) is $5,300,000, including facilities.

i
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RECOMMENDATIONS:

1. Based on our engineering analysis and inspection

results, wc recommend that a program to salvage the

structures be initiated immediately.

2. If the structures are continued to be utilized

until they deteriorate to a greater extent or

fall over, then the following safety precautions

should be strictly adhered to:

a. Personnel should be allowed on the platforms

during daylight hours and with a standby boat

or helicopter always available for personnel

evacuation.

b. No personnel shall be allowed to remain on the

platforms if sea conditions exceed 6-8 ft. waves.

c. The platforms should be visually inspected after

each storm with waves in excess of 10 ft., to

determine if additional damage has been done,

or at least once year.

3. If continued use if a platform is justifiable, the

most economica. alternative is to replace one of

the platforms with a new platform, designed and

built under today's design standards and speci-

Ifications.

I
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STAGE I AND II, PLATFORM STRENGTH EVALUATIONS

-OFFSHORE PANAMA CITY, FLORIDA

1.0. INTRODUCTION

The U. S. Naval Facilities Engineering Command,

Chesapeake Division, CHESNAVFACENGCOM, awarded Barnett &

Casbarian, Inc. (BCI) Contract N62477-80-C-0194, to evalu-

ate the structural capability of two platforms, offshore

Panama City, Florida.

A report "Phase A - Inspection Plan Review" was sub-

mitted in early November, 1980, and a meeting was held in

Panama C'ity, Florida, on November 24, 1980, to review the

contents of the report. The inspection program was approved

as submitted in the report. The on-site inspection of the

platforms commenced on December 3, 1980, and was completed

by December 9, 1980. A meeting was held in Panama City,

Florida, on January 13, 1981, to discuss the results of

the inspection program.

This report contains the final documentation of the

inspection results, and the analysis of the structural

capabilities of the platforms as they presently exist.

i
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The platforms were designed in the early 1950's

and installed in 1957. Stage I is a 16 pile platform

installed in 100 ft. of water approximately 12 miles

offshore. Stage II is a 9 pile platform installed in

60 ft. of water, 2 miles offshore Panama City, Florida.

1.1. OBJECTIVES

The objective of this study was to determine the

structural integrity of each platform as they presently

exist. Based on this assessment, recommendations for the

subsequent safe use of the structures would be developed.

If there are weak spots in the structure, recommen-

dations for repair would be presented. The repair scheme

would be economically feasible and compatible with the

intended future use of the platforms.

If, however, the existing structures are found to be

no longer safe, or uneconomical to be repaired, recommenda-

tions for dlsposal/salvage would be developed.

1.2. SCOPE OF WORK

The scope of work is described in the U. S. Navy

document dated April 17, 1980, and revised on July 11,

1980. This work covers the development of an inspection

program based on an analysis of the as built conditions

I
I
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of the platforms. The report, "Phase A - Inspection Plan

Review", referred to herein as the Phase A Report, covered

the structural analysis of these platforms based on up-to-

date technology, and developed an inspection program based

on the analytical results.

The inspection program covered both the above- and

below-water structural conditions of the two platforms.

The results of this inspection are documented in this

report.

Based on these results, structural integrity of the

platforms as they presently exist are analyzed. The

methods of structural analysis were described in the

Phase A Report. The results of the analyses of the

existing structures are presented in this Report and

alternatives/recommendations for subsequent use of the

platforms are discussed.

I
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2.0. PLATFORM INSPECTION

The platform inspection program was presented in

Idetail in the Phase A report. This section presents

the inspection results of the topside and underwater

portions of each platform.

2.1. STAGE I, PLATFORM INSPECTION

A. Above-Water Survey.

The condition of the topside facilities on

Stage I is fair to poor, even though these have

been better maintained than Stage II. The flight

I deck has miscellaneous equipment on deck,

including cable drums, structural beams, trailers,

mobile "cherry picker", etc., Fig. 2.1.1. The

paint on the flight deck is deteriorating and where

it has flaked off, geneial pitting corrosion is

evident. This is particularly noticeable in low

spots on the flight deck where water does not run

off. Pits in some areas are 1-inch in diameter with

depth up to h".

Within the flight deck instrument house, paint

on the floor has completely deteriorated with general

pitting corrosion throughout. Diesel fumes from the

I
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main deck fuel tank immediately below the instrument

house are leaking into the instrument house. This

can be potentially dangerous.

The outside walls of the building seem to be in

reasonable condition with no signs of wave loading.

Some minor damage outside the windows in the quarters

section were visible, probably due to light debris

and wind swept rain.

Within the building, the generator room decking

is in fair to poor condition, with general pitting

throughout. In some spots, corrosion has eaten all

the way through the plating. All of the areas within

the main deck are in the same fair to poor general

condition, with the exception of the living quarters,

which are in somewhat better shape. The equipment

remaining on deck is shown in Dwgs. BCI-0ll and 012.

The weight of the equipment presently existing on the

platform will be utilized in the structural analysis.

The deck beams supporting the main deck show

rust and paint blisters at the junction of the flange

and web, and also at the junction of the stiffeners

and bottom flanges, Fig. 2.1.2. Undercut on welds

and significant corrosion is visible at the stiffenerrl plates in this figure.

" i
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I The deck is supported by the piling extending

through the jacket legs. The piling is shimmed and

Iwelded at the jacket/pile interface at the +14 ft.

1 elevation.

At the +10 elevation of the jacket, general

corrosion is apparent on all steel that is not

covered by monel. Where the angle iron supporting

the anode cables are bolted to the horizontal cross

members, corrosion and corrosion products are visible,

Fig. 2.1.3.

Figs. 2.1.4 through 2.1.11 show the condition of

the jacket at the +10 ft. level. In some areas, when

rust is chipped off, water comes out from behind the

rust spots. These pitted areas have measured depths

in excess of ".

The boat bumpers are in very poor shape, with

heavy corrosion and deep pitting all over. Some of

the timbers have fallen off the boat bumpers. The

shims between the jacket and piling show some cor-

rosion in spots. Paint has blistered in some areas,

and where this is removed, and the corrosion products

beneath also removed, pits in excess of k" were visible.

j B. Sub Sea Inspection.

The inspection program for Stage I was discussed

I in detail in the Phase A Report. A complete visual

I
!
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i and video recorded coverage of the platform was per-4

formed. Approximately twenty-four hours of video

records with audio documentation of Stage I and II

were gathered and are submitted under separate cover.

The reference system utilized in the audio report has

I been defined in the Phase A Report and is shown on

Drwg. BCI-001A. Drwgs. BCI-002A through 007A high-

I light the condition of the platforms, as perceived

visually, and supplemented with the information from

the detailed node inspection.

j The jacket below sea level is in an advanced

stage of deterioration. As expected, the amount of

metal loss is greater in and close to the splash

zone, reducing with depth and then increasing again

towards the mudline. The measured cathodic potential

at various locations throughout the structure using

the Morgan Berkely hand held potentiometer indicated

potentials between 600 and 675 millivolts. For a

structure to be cathodically protected, a minimum of

800 millivolts is required. The structures were

initially designed and installed with an impressed

current system. This was replaced later with hanging

I anodes attached to wire cable, and lowered within the

structure bays, as difficulties were experienced with

i the impressed current system. Unfortunately, the

|
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hanging anode system is susceptible to storm damage

and has had to be replaced on a continuous basis.

This on again/off again protection system can lead

to selective as well as general corrosion, evidenced

in the structure.

f In addition, it can be seen in Drwgs. BCI-002A

and BCI-003A, that the hanging anode wires within the

structure have caused significant damage to the mem-

bers due to wire chafing. Fig. 2.1.23 and Fig. 2.2.24

are good illustrations of the results of wire chafing

on a member.

Levels 3 and 4 at elevations -86 ft. and -102 ft.

in particular, show significant damage. As an example,

on Drwg. BCI-003A, the member between nodes N3A3 and

N3A3.5 has a hole 8" wide by 5' long! This is typical

of what cable can do to tubular steel members. A

hole presently in the making is on the horizontal

member between node N3Bl.5 and N3A5.5.

At the mudline, Level 4, a significant amount

of debris exists, consisting of wire rope, clump

weights (concrete) to anchor the anode cables,

grafting and miscellaneous other trash that has

accumulated over the years. A large amount of time

was lost during the bottom survey because of this

debris, since the divers' mobility was affected.

I
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The most significant damage is at Level 4 of

the structure and the diagonals between Level 4 and

Level 3. Drwgs. BCI-006A and BCI-007A show several

of these diagonals eaten away by corrosion/erosion.

It is interesting to note that the debris on

the bottom is a significant drain on the cathodic pro-

tection system, and has most probably contributed to

the general deterioration of the platform.

C. Selected Joint Inspections.

Seven joints were selected for detailed inspec-

tion, as described in the Phase A report. At each

of these joints, the joint was water blasted clean to

bare metal, approximately 3" on either side of the

weld, the joint was visually inspected and still

photographs taken of the worst quadrant. Thickness

and pit depth measurements, cathodic potential (CP)

readings and marine growth thickness measurements

were taken. The results of these measurements and

the visual description of the joint are included

in Figs. 2.1.12 to 2.1.37. The format followed to

present the results of the detailed inspection is to

show a wide angled view of the joint in question,

followed by close up views. A diagrammatic presen-

I
|
!
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tation showing the location of each joint precedes

the photographic documentation. A 4" x 4" area on

i the main leg adjacent to the joint was also cleaned

and inspected in detail. Results of these inspec-

tions are also documented in the Figures.

f Unfortunately the ultrasonic thickness measure-

ments taken varied significantly and can not be used

to evaluate metal loss in the members. It was known

that pitting on a surface will distort the data, but

since the extent of deterioration at the joints was

not known, these measurements were attempted.

j 2.2. STAGE II PLATFORM INSPECTION

A. Above Water Survey.

The condition of the topside facilities on

Stage II is generally in poor condition. The

flight deck has visible corrosion where the paint

has peeled off, and this covers approximately 20%

of the deck, Fig. 2.2.1. A fog-horn package,

horizontal cylindrical tank and support beams for

an overhead crane are on the flight deck. The

1 upper deck is severely corroded, with heavy rust

and pitting over 90% of the deck, Figs. 2.2.2 and

!

I
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2.2.3. Within the repair shop, the floor plating

is severely pitted in areas, Fig. 2.2.4.

i Corrosion is visible on the deck beams support-

ing the main deck with some holes visible in the

deck plating, Fig. 2.2.5. Drwgs. BCI-013 through

014 illustrate the lay out and existing equipment

on the decks.

The deck is supported by the piles extending

through the jacket legs. These piles are shimmed and

welded to the jacket leg at the +14 ft. elevation.

The condition of the lower deck at the +12 ft.

elevation is poor, in addition to the jacket legs

above the splash zone. Figs. 2.2.6 to 2.2.10 visually

present the condition of the jacket above MGL.

The boat bumpers are heavily corroded with some

timber missing. As in Stage I, pits in excess of

" were visible where corrosion products were scraped

I off on the jacket legs. The monel-covered steel

members in the splash zone and above have, at least

outwardly, protected the steel adequately. However,

the same problem as described for Stage I, viz.,

hanging of the anode cables, applies to Stage II as

Iwell.

I
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B. Sub Sea Inspection.

A complete visual and video recorded coverage of

the platform was performed. The video tapes with audio

documentation for Stage II are submitted under separate

cover. Drwgs. BCI-008A through BCI-010A highlight the

condition of the platform as determined from the visual

survey.

As with Stage I, this jacket below sea level is

also in an advanced stage of deterioration. Damage

from the hanging anodes is also evident from these

drawings. At the Level 1 elevation, Drwg. BCI-008A,

many holes in the horizontal members were evident; and

where biofouling was not present, pitting was signifi-

cant. Cable scars were quite evident on Level 2, but

not as bad at the mud line as experienced at Stage I.

The vertical diagonals between levels were also severely

corroded with many holes, pitting up to ", and cable

scars, Drwgs. BCI-009A and BCI-010A.

At the mud line, Level 3, a large amount of debris

exists, consisting of wire rope, clump weights, rub-

ber tires, timber and miscellaneous other trash that

has accumulated over time.

A steel A-frame was discovered at the mud line

adjacent to leg Al, and a pipeline or conduit to

I
I
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Sea Lab, a few hundred feet away, was also dis-

covered. As mentioned for Stage I, this debris

on bottom, pipelines that are not insulated from

the platform, etc., all provide a significant drain

to the cathodic protection system of the platform,

and most probably contributed to the general deterio-

ration of the platform.

C. Selected Joint Inspection.

Five highly stressed joints were selccted for

detailed inspection. As for Stage I, the joints were

visually inspected and still photographs taken of the

worst quadrant. Thickness and pit depth measurements,

as well as cathodic potential readings, were also

taken.

The results of the inspection are shown in Figs.

2.2.11 through 2.2.41. In many cases, the diver was

unable to visually detect any holes until after the

node was cleaned. In one case, where the water blas-

ter nozzle was pointed at a small hole in a member,

the whole member leaked like a sieve for some distance

away.

All the joints inspected had heavy pitting, cover-
i~ing the entire weld and HAZ, with several small holes

I



-14-

i scattered throughout. At node N2A2 and in the hori-

zontal member to N3A3, a crack in the weld from 3

1 o'clock to 7 o'clock was visible. This was not evi-

dent until after the node was cleaned.

The CP measurements taken at these nodes varied

between 650 and 700 millivolts, which is less than the

minimum of 800 millivolts required for adequate pro-

tection. As a result of the rough surfaces due to

pitting, the ultrasonic thickness measurements taken,

fluctuated significantly and had to be discounted.

The thickness of biofouling measured varied

between 1-inch at the mudline and 2 - 3-inches at

the splash zone.

2.3. ANALYSIS OF DATA - STAGE I & II

To reduce the data obtained for analytical purposes,

broad generalizations have to be made, tempered by experi-

ence and judgement. The obvious condition of a parted mem-

ber is easily handled. The method of determining the

I structural properties of damaged but not parted members

is discussed in Section 3.0. The metal loss due to general

I corrosion of the entire jacket below water is not so obvious,

and had to be extrapolated, from the general visual exami-

1

I
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nation of the structure and detailed joint inspection data.

Drwg. BCI-007A shows a plot of metal loss with depth,

developed from the data available for Stage I. This varies

between 1/8" at the splash zone to 1/32" about mid-depth,

and increasing to 3/32" at the mudline. A similar curve

for Stage II is shown on Drwg. BCI-010A.

These curves have been utilized to reduce member

thickness properties. These reduced properties are input

into the program for the structural analysis of the plat-

forms as they presently exist.

I
I
I
I
,!



-16-

3.0. STRENGTH EVALUATION OF EXISTING PLATFORMS

Stage I and II platforms were re-evaluated for an

assessment of their existing strength, based on infor-

mation obtained from the inspection program, detailed in

Section 2 of this report. In addition to this data, the

load presently in existence on the platform was incor-

porated in the analysis. The revised analysis*is a

statement of structural strength of platforms Stage I and

II, for platforms in their existing configurations, with

applied topside equipment loads and c: i.ting deck loads,

resisting applied environmental loads.

3.0.1. Loading.

Gravity loading: Gravity loads consist of

steel, equipment, consumables and buoyancy loads.

Steel and buoyancy loads are computer-generated

loads and are applied on the structural members

corresponding to their input diameter and wall

thickness.

Equipment loads represent a sizeable reduc-

tion (89%) in deck load compared to the design

capacity of these decks.

*Computer programs utilized in the analyses are described in

the Phase A report and are listed in the reference section.I
1
!
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This implies that appreciable deck live load

in the form of storage material or heavy equipment

is not anticipated to be used on the Stage I and

II platforms in addition to the applied equipment

loads. This does not mean that such additional

loading may not be applied on decks. It does,

however, require a careful evaluation of any heavy

deck loading applied additionally on these decks,

or applied simultaneously with storm loads, with

due considerations for symmetry of applied storm

directions.

Steel weights for the structure below the

deck levels are computer-generated, and account

for weight reduction due to corrosion and wear by

determining the weights of input members, which

are either reduced in size or deleted depending

on the assessment of their condition observed

during the Platform Inspection, as documented in

Section 2 of this Report.

Steel weight for the deck structure was

obtained from the furnished information on deck

i
I
I
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lifts for the Platforms (1200 kips Stage I and

684 kips Stage II), and was applied at appropri-
ate nodes on the idealized deck structure in

addition to under-deck loads above. Boat

landing, fender and miscellaneous appurtenance

loads were also hand-input on the structures as

applicable.

In the cases of waveload, buoyancy forces

are applied automatically in addition to wave

forces on the submerged structure. It was esti-

mated that 75% of the still-water buoyancy was

lost in members intended to be buoyant, because

of the large numbers of holes observed in existing

submerged members. The loss of this buoyancy is

compensated in the form of applied loads in the

dead weight portion of the loads.

For the gravity condition, buoyancy forces

are separately generated for the still-water

dition. By adding these loads to the buoyan-

compensating weights stated above, the still water

load condition also represents realistic loading.

Storm loading: Combined wind, wave and

current forces were applied on the structures

1
I
I
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(additional to still water loads), with mean

still water line corresponding to mean low water

i plus astronomical and storm tide. One-year and

five-year rated storms were applied on the struc-

tures from a South-West (2700) South (2250) and

South East (1800) direction. These storm directions

are consistent with those utilized in the Phase A

Report.

One-year storms have a 100% probability of

occurrence in one year's duration. They can

approach from any direction, and the environmental

conditions estimated ikl this storm rating are

as follows (see Appendix A, Phase A Report):

Wave: 22 ft. height, 9 second period

Wind speed: 50 mph (Wind load 6.4 psf)

Current speed: 1 ft./second at surface

0.2 ft./second at mudline

Astronomical + Storm Tide

Stage I: 3.5 feet

Stage !I: 3.5 feet

Five-year storms have a 20% probability of

occurrence in one year's duration. They can

I
I
I
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approach from any direction, and the environ-

mental conditions estimated for this storm

Irating are as follows:

I Wave: 33 ft. height, 11 second period

Wind speed: 60 mph (Wind load 9.2 psf)

Current speed: 2 ft./second at surface

0.3 ft./second at mudline

Astronomical + Storm Tide

Stage I: 4.5 feet

Stage II: 4.5 feet

3.0.2. Member and Geometry Changes.

These changes are made to the mathematical

models of the structures of Stage I and II Plat-

- forms, established for the purposes of analyzing

the platforms as designed, in accordance with the

Phase A Report. These changes are based on field

observations made above and under water during the

survey of these platforms conducted by BCI in

December, 1980. The results of this survey are

detailed in Section 2 of this Report. The geometry

changes incorporated into the strength evaluation

of existing platforms include the following:

I
!
I
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(a) Assessment of marine growth on the platform:

Observations of marine growth at the various

levels of the Platform were generally similar

to what was previously included in the Phase A

analysis and hence were not changed.

(b) Reduction in wall thickness: Generalizations

made on observed readings of material wastage

due to corrosion are presented on BCI Drwgs.

001A through 010A of these Platform Surveys.

The reductions in member wall thicknesses

are incorporated into the sizes of the members

used in the analysis.

(c) Reduction in member sizes: For the Stage I

Platform, considerable wear due to wire rope

and other debris caused uneven wear along a

member exposed underwater. In regions of

unusual deterioration some member properties

were revised along specific lengths of such

members, to downgrade their overall load-

carrying capabilities to realistic levels.

(d) Deletion of members: Bent members, seriously

damaged or worn-out members with successions

of holes observed in them, or missing members,

I
I
,I
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were taken out of the computer model used

for analysis.

(e) Revision of pile description: For the lesser

storms described in Section 3.0.1, the pile-

head response is estimated to be linear against

applied loads. Accordingly, the analysis of

the as-built platforms is used to determine

the points of contraflexure of the piles below

tbc mudline. The piles are pinned at these

locations, and are supported by lateral and

vertical springs that each have a stiffness

corresponding to the stiffness of each such

support point in the as built analysis.

3.0.3. Analysis of Data.

Three dimensional analysis of the existing

platforms is conducted by exposing the above

computer idealized models of the existing Stage I

and II Platforms to the environmental loads described

in Section 3.0.1.

Overall analysis includes an evaluation of

pilehead forces and moments.

Detailed analysis is performed to determine

member capabilities to withstand applied loads, and

I

1I
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to evaluate chord wall thicknesses to withstand

punching shear forces, within prescribed margins

Iof safety.

j Symmetry of loading is considered in evaluat-

ing the members which are subjected to potential

overstress for one-year and five-year environmental

storms occurring from any direction.i
3.1. STAGE I ANALYSIS

f The specific analyses performed for Stage I are pre-

sented in this section. The general scope of the analysis

I was provided in Section 3.0.

3.1.1. Loading Conditions.

The general scope of loading includes the

analysis of the gravity condition, the one-year

storm (or 22 ft. wave) from 3 directions, and

five year storm (or 33 ft. wave) from 3 directions.

Each analysis consists of a combination of several

separate loading conditions. The storm parameters

are outlined in Section 3.0.1.

The separate loading conditions for the plat-

form are as follows:

I
I

I



I

1-24-

LOADING # DESCRIPTION FORCE SUMMATIONS

Output
j Fx Fy Fz Page

1 1 2700, 22 ft. wave 0 546 -349 44

2 2250, 22 ft. wave -249 540 -251 48

3 1800, 22 ft. wave -347 544 0 52

4 2700 wind (166 mph, 70.5 0 0 -140 54
psf)

5 1800 wind (166 mph, 70.5 -134.5 0 0 56
psf)

6 Dead wt./steel/buoyancy 0 -2636 0 79
correction loads

7 Equipment & consumable 0 -368 0 81
loads

8 Still water (104' depth) 0 451 0 97
buoyancy

9 2700, 33 ft. wave 0 549 -851 109

10 2250, 33 ft. wave -597 556 -606 113

11 1800, 33 ft. wave -842 567 0 117

Wind loads are factored down in combination load-

ing to reflect 50 mph winds (6.4 psf) for 1 year, and

60 mph winds (9.2 psf) for the 5 year storm to compen-

sate for the 166 mph wind load used in the separate

load cases.

4For the analysis of the platforms in their present

condition, a reduction in deck loading was made from

the design capacity loading allowed for in the as built

analysis of Phase A (Table 3.1.1.0).

I
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STAGE I STAGE II

I

As Built
Design Capacity 3,284 kips 1,654 kips
Live Loading

Estimated
Present 368 kips 203 kips
Live Loading

Table 3.1.1.0

Deck Loading

!

!
I
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jLading combinations required for the analysis

are as follows:

Loading Loading

Combination # Condition * Description Fx El Fz

1 12 2700, 22' wave 0 -2457 -361

2 13 2250, 22' wave -257 -2464 -259

3 14 1800, 22' wave -359 -2460 0

4 15 Gravity 0 -2552 0

5 16 2700, 33' wave 0 -2455 -869

6 1- 2250, 33' wave -610 -2337 -619

7 18 1800, 33' wave -860 -2436 0

The loading combinations are presented on Pages

117 and 118 of the computer output.

1 3.1.2. Member and Geometry Changes.

(a) Deleted Members. The results of the inspection

data are illustrated on Drwgs. BCI 002A through

007A. From this inspection data, a small num-

ber of members were found to be unacceptably

deteriorated, bent, cracked or broken off to

I the extent where their loading capacity was

reduced substantially. These members were

Iremoved from the Stage I idealized model used

Stg

!
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for the structural analysis. All the members

except one were at levels 3 and 4. They are as

follows:

Member Nos. Location (in above-referenced BCI Drwgs.)

15HHB Internal horizontal - Level "I"

63DHB Main Horizontal - Level "3"
39DHB of to "t

29 DHB of " " "

3DHB " " " "

4 DHB " " " "

57DHB Internal Horizontal - Level "3"
47DHB " ""
48DHB " " "

22DHB " " "
13DHB "I

43DHB

12CHB Internal Horizontal - Level "4"

28CHB Main Horizontal - Level "4"
69CHB " " if

2CHB ' ... H

4CHB " "

3CVB Diagonal - Face "A"

4 CVB " " "

8CVB Diagonal - Face "B"

31CVB Diagonal - Face "C"
1ICVB " " "
12CVB " " "

13CVB Diagonal - Face "D"

14 CVB o " i

Also, the cross-sectional properties of member 46CHB,

a main horizontal member, level "4" were modified to

account for a chafed hole in the member.

I
I
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I (b) Jacket Legs & Piling. Piling inside the

jacket legs was assumed to be in an unde-

teriorated state as no inspection was made.

The average platform member metal loss from

pitting was .07 inches (approximately 1/16

of an inch), as shown on Drwg. BCI 006A.

Therefore, a .07 inch reduction was applied

to the jacket leg sleeve wall thicknesses

below the mean low water level, with the

exception of the area of monel coating in which

the members are thought to generally be

in good condition.

(c) Jacket Bracing. The average metal loss due

to pitting was varied from depth to depth

below the monel coated members as is shown

on Drwg. BCI 006A. The following loss in

thickness for both horizontal and diagonal

brace members were extrapolated from the

curve.

1

t
I
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Effective Corrosion
Member Location Loss (In.)

Level X 0.10

Level X to Level 1 0.09

Level 1 0.08

Level 1 to Level 2 0.07

Level 2 0.05

Level 2 to Level 3 0.05

Level 3 0.05

. Level 3 to Level 4 0.07

Level 4 0.08

Consequently, member properties were revised to reflect

the effective metal loss in the jacket brace members.

(d) Piling Model. The structural piles

were truncated at their points of contra-

flexure. The spring constants are given in

Table 3.1.2.0 and the pile foundation model

is shown in Fig. 3.1.2.0. The survival

storm output (Phase A) was used to determine

the spring constants in the lateral and

vertical direction in order to simulate the

response of the piles.I

I
I
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Joint Axial Spring Lateral Spring
(Kips/In.) (Kips/In.)

8020A 866 180

6020A 1232

4020A 796

2020A 588 "

8040A 1426

6040A 1290

4040A 1200

2040A 819

8060A 988

6060A 1150

4060A 692

2060A 779

8080A 634

6080A 740

4080A 580

2080A 739

The point of contraflexure was found to be at a

depth of 6 ft. (average) below the mudline for all piles

and this is where the pin joint with springs was located

for the model.

Table 3.1.2.0

Pile Spring Constants
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1 3.1.3. Analysis of Results.

The analysis was conducted to determine

the structural integrity of the Stage I platform

j in its present condition and subjected to environ-

mental loading for a 1-year storm represented by

loading conitions 12, 13 and 14 and the five year

storm represented by loading conditions 16, 17 and

18. The gravity condition is analyzed as condition

15. The analysis includes joint and member checks

and the summary of the overstresses for all cases

are presented in Tables 3.1.3.0 through 3.1.3.6.

(two (2) copies of the output data are submitted

under a separate cover).

The analysis of the data would indicate that

the structure is capable of withstanding a 1-year

storm, which has a 100% probability of occurrence

in a one year period. However, for a 5-year storm,

which has a 20% probability of occurence in a 5 year

period, the structure had significant overstressing

and would be incapable of withstanding such a storm

without incurring stresses greater than within

prescribed margins of safety.

III

I|I
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For the 1-year storm, one joint (No. 4040D)

had punching shear overstressing occurring and

several joints were in the 80% to 90% range.

(It is noteworthy that a 1-year storm is a

reiatively minor storm.)

For the 5-year storm, 82 separate joints

were observed to have punching shear stresses

greater than the allowable values and 4 members

have bending/axial stresses in excess of allowable

values. The highest value observed for punching

shear was a 289% value for joint No. 4040D for

load #16, 1800, 33 ft. wave. Also, if you consider

symmetrical loading, there are potentially 3 other

joints overstressod to this magnitude.

It should be noted that storms of this magni-

tude can occur from all directions and that each

joint and member overstress generally represents

I potential overstress in three additional symmetrically

located members in the platform.

The following conclusions are presented based

I on the structural analysis:

(a) As was indicated by the Phase A analysis,

I the Stage I platform as originally designed

I
I
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and constructed will not withstand

a 20-year storm (approximately a 40 ft.

maximum wave height) within a prescribed

margin of safety, and based on today's

analysis standards.

(b) The platform in its present condition,

and based on the results of the inspec-

tion program, can not withstand a 5-year

storm loading within prescribed margins

of safety.

(c) The platform is probably capable of with-

standing a 1-year storm loading.

3.2. STAGE II ANALYSIS

Section 3.0 describes the scope of the analysis gener-

ally conducted for the Stage II Platform. The specific

analyses performed for Stage II are presented in this

section.

3.2.1. Loading Conditions.

As described in Section 3.0.1., the general

scope of loading includes the analysis of the

gravity condition, the one-year storm from

3 directions and the five-year storm from 3

I
I
I
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directions. Each analysis comprises of a combi-

nation of several loading conditions. The one-

year storm is referred to as a 22' wave condition.

The five-year storm is called a 33' wave condition.

The actual storm parameters are outlined in Section

3.0.1.

LOADING # DESCRIPTION FORCE SUMMATIONS

OutputFx Fz Page #

1 2700, 33 ft. wave 2k 19 6k -55 4k 44

2 2250, 33 ft. wave -37 9k 19 9k -39 0k 48

3 1800, 33 ft. wave -5 31k 20 9k 2k  52

4 2700, 22 ft. wave 1 k 19 0k _23 6k 77

5 2250, 22 ft. wave -1 62k 2 0 9k _1 6 7k 81

6 1800, 22 ft. wave -2 25k 19 8k 85

7 2700 wind (166 mph, 0 0 -loo k  87
70.5 psf)

8 1800 wind (166 mph, -133 k  0 0 89
70.5 psf

9 Dead/steel/buoyancy 0 -1192 k  0 100
correction loads

10 Equipment/consumable 0 -20 3k 0 102
loads

11 Still water (60' depth) 0 161 k  0 110

I
!
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Wind loads are factored down in combina-

tions to reflect 50 mph winds for 1 year, and

60 mph winds for 5-year storms to compensate

for the 166 mph wind load used in the separate

load cases. For the analysis of the platform

in their present condition, a reduction in deck

loading was made from the capacity loading allowed

for in the as built analysis of Phase A (Table

3.1.1.0).

Loading combinations used in the analysis are

as follows:

LOADING COMBI - LOADING CON-

NATION # DITION # DESCRIPTION Fx Fy Fz

1 12 2700, 33' wave 2k _1 1 9 9k -5 6 7k

2 13 2250, 33' wave -3 91k - 119 6k -39 9k

3 14 1800, 33' wave - 5 4 8 k - 11 8 6 k 2k

4 15 2700, 22' wave ik _1 2 0 5k -2 4 5k

5 16 2250, 22' wave -1 70 k - 11 8 6k -1 7 3k

6 17 1800, 22' wave -2 37 k -11 9 7
k  ik

7 18 Gravity 0 -12 3 4k 0k

These loading combinations are presented on

page 110 of the computer printout.

1
I
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3.2.2. Member and Geometry Changes.

(a) Deleted Members. In accordance with the

inspection data obtained, the results of

Stage II inspection were documented on

Drwgs. BCI-008A through 010A for this

project. From this inspection data, a

small number of members were found to be

unacceptably deteriorated, bent, cracked

or broken off. These members were removed

from the Stage II mathematical model used

in the analysis. They are as follows:

MEMBER NOS. LOCATION (In Above Referenced BCI Drawings)

24EHB Main Horizontal, Level I

6EHB Internal Horizontal, Level I

1ODHB Main Horizontal, Level II

28DHB & Internal Horizontals, Level II
35DHB

5EVB Diagonal, Row 1

9EVB & Diagonal, Row 2
9CVB

6EVB Diagonal, Row B

IIDVB Diagonal, Row C

I
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(b) Jacket Legs and Piling. Piling inside the

jacket legs was assumed to be undeteriorated.

Average platform pitting was 3/32", (effec-

I tive metal loss over each member), and

therefore a 0.1 inch reduction was applied

on all jacket leg sleeves, reducing their

wall thickness generally from 0.5" to 0.4".

(c) Jacket Bracing. The shallow depth of water

associated with the Stage II platform, and

the symmetrical nature of the curve showing

"average depth of pitting due to corrosion"

on Drwg. BCI-010A, indicate that it is justi-

fiable to reduce all jacket bracing wall thick-

4 ness by the average pitting value of 0.1"

(3/32"). Consequently, new member properties

were devised reflecting the pitting loss.

(d) Piling Model. In accordance with Fig. 3.2.2.0

and "Table of Spring Constants" (Table 3.2.2.0)

attached, the structural piles were cut off at

their points of contraflexure, and the survival

storm output was utilized in determining the

spring constants of supporting springs in the

Ilateral and vertical directions. The point of

I
I
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I contraflexure (P.O.C.) averaged 6.8 ft.

below the mudline for the eight 24" 0

and 7.6 ft. below the mudline for the

28" 0 pile.

JOINT AXIAL SPRING LATERAL SPRING

(kip/in.) (kip/in.)

2080B 842.0 80.0

5080B 1063.0

8080B 1558.0

2050B 869.0

5050B 1314.0 107.0

8050B 587.0 80.0

2020B 626.0

5020B 859.0

8020B 817.0

Table 3.2.2.0

Spring Constants

I

I
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3.2.3. Analysis of Results.

The analysis of the structural integrity

of the Stage II platform as it presently exists

and subjected to a one year and five year storm

has been presented. Two copies of the output data

are submitted under separate cover.

The analysis of the data would indicate that

the structure is capable of withstanding a 1-year

storm, which has a 100% probability of occurrence

in a 1-year period. For a 5-year storm, which has

a 20% probability of occurrence in a 1-year period

of time, the structure is significantly overstressed.

Even under the one year storm, large punching

shear stress ratios were observed. For example,

joint No. 5080D, member 2DHB, under loading combi-

nation #17 (1800 - 1 yr. storm), has a punching

shear stress ratio of 88.2% of design capacity.

For a five year storm rating, the same joint is

subject to stresses exceeding 200% of its design

capacity.

If we consider symmetry, four such joints

would be subjected potentially to the same over-

stress.

I
I
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jTables 3.2.3.0 through 3.2.3.2 show member and

joint overstress for the Stage II platform, for a

5-year wave. If we assume that such a storm can

j occur from all directions (not unreasonable for these

storm conditions) then each joint and member over-

stress generally represents potential overstress in

three additional symmetrically located members on the

i platform.

I The following conclusions based on our analysis

are presented:

j (a) From the Phase A analysis, the structure as

originally designed and constructed, will not

withstand a 20 year storm (approximately 40

ft. maximum wave height) within prescribed

margins of safety, and based on today's

analysis standards.

(b) Based on the results of the inspection pro-

grcm, and utilizing a 5 year storm wave,

I the structure can not withstand a storm of

such magnitude.

(c) The structure is probably capable of

withstanding a one year storm rating.

I
I
I
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4.0. ALTERNATIVES

Based on the data acquired, several alternatives

were considered and discussed in this section.

4.0.1. Repair Platforms.

The preliminary structural analysis for

Stages I and II, discussed in the Phase A report,

indicated that for an approximate 20 year return

interval storm, the number of members and joints

that are overstressed or do not meet punching

shear requirements are significant (over 500).

j A repair program, therefore, to upgrade these

structures to withstand a 100 year storm would

be prohibitive.

- Based on our analysis of the structures as

they presently exist, discussed in Section 3.0,

even with a five year storm return interval, a good

number of joints and members are overstressed. To

illustrate the costs associated with a repair pro-

gram, estimates to repair and upgrade the structures

to withstand a storm with a 5 year return interval

are documented. With the advanced state of deteri-

oration of the platforms a visual survey alone can

Inot determine every defect in the platforms. To

I
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do this, the jacket would have had to be com-I

pletely water blasted to bare metal. Hence,

the number of members that needed repair or

replacement had to be estimated based on the

observed damage, an assessment of what may be

damaged or crackedbut not visually observed due

to marine growth, and the results of the structural

analysis of the platforms (5 yr. storm).

Thus a typical repair program would consist

of:

(a) Deepen the pile penetrations by approxi-

mately 50 ft. and fill the annular space

with grout. The deck legs would be

increased by 10 ft., so that the deck

would have an approximate 5 ft. air gap

during a 100 yr. storm wave.

(b) Replace key members in the structure that

are presently missing or eaten away by

corrosion.

(c) Install welded steel saddles over large

holes in members, to improve structural

qualities and seal the members.

I
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i (d) Grout other key members to seal them

off and improve their structural

i capability.

(e) Remove the debris on and at the bottom

of the jackets and install a sacrificial

anode cathodic protection system, desig-

ned to last for the remaining life of the

Iplatform.
(f) Repair the deck structure and work areas.

(g) Additional engineering to reanalyze and

J develop a detailed and complete repair

program.

The approach considered in developing the

estimated costs for repair was to utilize two

I500-ton derrick barges to accomplish the first

step of deepening pile penetration. The dead

weight of the deck is approximately 600 tons

for Stage I and 350 tons for Stage II.

After this is accomplished and the deck

structure reinstalled, one derrick barge would

be released and the remaining work would be

accomplished by the second derrick barge.I

I
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ii 4.1. STAGE I ESTIMATED REPAIR COSTS

The estimated cost for repair of Stage I were

developed as follows:

(a) Two derrick barges would be utilized to remove

the deck and place it on a material barge.

Insert piles, 24" OD x 3/4" wall approximatelyI

200 ft. long, are driven into each of the origi-

nal piles. The annular spaces between the insert

piles and the original piles, and between the

jacket and original piles are then grouted. Some

jetting or air lifting will probably be required

to remove the soil within the existing piles, to

allow installation of the insert piles.

A ten foot 30" OD x 1" wall section is

added to each of the initial piles to raise the

deck by approximately 10 ft. and the deck rein-

stalled on the platform.

(b) For purposes of these cost estimates, it was

assumed that twenty (20) members in the jacket

would be replaced. To do this, divers have to

be employed to remove the existing braces at the

joints. The replacement braces would be field

1 coped to fit and welded to the structure. It is

I
I
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assumed that wet welding would be acceptable,

rather than hyperbaric welding. All the major

nodes in the structure would be water blasted,

and cleaned to bare metal and inspected.

(c) Approximately fifty members are assumed to require

saddles welded over the member to seal off these

members. These members would then be grouted.

(d) Other members with general corrosion and signifi-

cant metal loss will also be grouted to improve

sectional properties of the member. Approximately

75 members will be assumed to be grouted.

(e) Remove the debris around the structure and install

a well designed sacrificial anode system to the

structure, which will last for the remaining life

of the structure, in this case five (5) years.

(f) To repair the deck structure, it was assumed that

the derrick barge would make any major lifts re-

quired for equipment, etc., but that the major

work could be accomplished by a small crane, off

the deck, and a barge for quartering the con-

struction personnel.

The work which would be required is to sand

blast to bare metal, prime and paint the jacket,

1

I
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from the splash zone to the top deck. Within

the deck structure, some piping revisions would

be required, as well as sand blasting and paint-

ing. Where floor plating has been corroded, a

3" thick light concrete floor would be installed

over the plate. For purposes of these estimates

approximately 5000 sq. ft. of deck area will be

concreted.

(g) Detailed engineering evaluations would be required

to analyze the structures, and to determine those

members which should be replaced, increased in

diameter or wall thickness, or grouted.

Stage I Cost Estimates

Note: All cost estimates are based on 1981 dollars.

(a) Installation of insert piles.

Spread Cost

2 - 500 ton derrick barges
@ $40,000/day $80,000

2 - Anchor handling tugs
@ $5,000/day i0,000

1 - Material barge and tug
@ $4,000/day 4,000

1 - Air diving system
@ $4,000/day 4,000

Total Cost/Day $98,000

1
I
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Time Required

Mobilization. 2 days

Cut deck legs and placeI deck on material barge. 1 day

Install piles and grout. 18 days

Add 10 ft. extensions to
deck. 2 days

Reinstall deck. 1 day

Demobilize one barge. 2 days

Total Labor and Equipment Cost

= 24 x 98,000 + 2 x 45,000*
= 2,352,000 + 90,000 $2,442,000

Material

= 186.24 x 200 x 16
= 298 tons x 1,000/ton = 298,000

$2,740,000

(b) Replace Missing Members.

1 days to cut, cope and
weld replacement members.

5 days to water blast clean
and inspect each node.

Labor and Equipment Cost

(20 x 1 + 5) x 53,000/day**= $1,915,000

Material 55,000

$1,970,000

*Cost of one derrick barge ($40,000) and one towing/anchor

handling vessel ($5,000).

**Cost of spread ($98,000) less one derrick barge and anchor

handling vessel ($45,000).

I
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(C) Install saddles over large holes

in members. Saddles are prefabricated.

Approximately /day/saddle to install.

Labor and Equipment Cost

50 x k x $53,000/day* = $ 662,500

Material 12,500

$ 675,000

(d) Grout key members.

Weld two nozzles, grout and
seal nozzles.

Approx. 1/3 day/member.

Labor and Equipment Cost

75 x 1/3 x $53,000* = $1,323,675

Material Grout 26,325

$1,350,000

(e) Remove debris around structure.

3 days @ $53,000/day $ 159,000

Add sacrificial anode system.

15 days @ $53,000/day 795,000

Material 91,000

$1,045,000

(f) Repair deck structure.

Assume one day of DB time
for major lift, then de-
mobilize derrick barge &
equipment spread.

3 days @ $53,000/day $ 159,000

*See page 57 for documentation.

I
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IEquipment required for
refurbishing deck:

1 paint/sand blasting
vessel $ 8,000/day

j 1 crane 2,000/day

1 quarters barge 6,000/day

$16,000/day

Approximately 21 days
will be required to
sandblast/paint and
repair.

Labor and Equipment
21 x 16,000 = $ 336,000

Material 114(000

$ 609,000

(g) Engineering.

The cost of engineering analysis of the

jacket and deck sections is estimated at $150,000.

The cost is high because of the number of computer

runs required to evaluate all the possible member

and geometry conditions of the jacket.

SUMMARY OF REPAIR COSTS - Stage I

A. Installation of Insert Piles. $2,740,000

B. Replace Missing Members. 1,970,000

C. Install Saddles. 675,000

D. Grout Key Members. 1,350,000

!
I
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E. Remove Debris and Add Anodes. $1,045,000

F. Repair Deck Structure. 609,000

G. Additional Engineering. 150,000

Contingencies (approx. 15%) 1,261,000

TOTAL $9,800,000*

Comments: The estimated total cost for repair is

$9,800,000. Several assumptions had to be made in

developing these estimates as discussed earlier, e.g.,

the number of members to be replaced, the number to be

grouted, etc. No weather downtime due to hurricanes

over the approximately 100 days required for repair was

included in the contingency, nor items such as gross

deviations from plans, changed conditions, etc. Many

members which were not cleaned and inspected in detail

may on closer inspection require replacement. Hence

the costs for repair have little down side potential

and much greater chance to significantly exceed the

above cost estimate.

4.2. STAGE II ESTIMATED REPAIR COSTS

The estimated costs to repair Stage II were developed

using the same unit costs as for Stage I. The procedure

to be followed would be to:

(a) deepen the pile penetration by approximately 50 ft.

and fill the annular spaces with grout. The deck

would be raised approximately 10 feet.

*Cost in 1981 dollars.

!
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(b) replace 15 members in jacket.

(c) weld steel saddles over 30 members.

(d) grout approximately 50 members to seal off the

members.

(e) remove debris and install sacrificial anode systems.

i (f) repair the deck structure and work areas.

(g) detailed structural analysis.

I The developed costs assumed that only one of the plat-

forms would be repaired. If both platforms are considered,

then the total cost will be slightly less than the sum of

each cost, by the amount of one mobilization and demobilization.

Cost Estzmates

(a) Installation of insert piles.

Time required

MWbilization 2 days

C t deck legs and place
o: material barge 1 day

Install piles and grout 10 days

AC1 10 ft. extensions 1 day

Demobilize one barge 2 days

Labor and Equipment

14 x 98,000 + 2 x 45,000 = $1,462,000

Material 150,000

I$1,612,000

I
I
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(b) Replace missing members.

Cut cope and weld replacement
members. 1 days/member

Water blast to bare metal all
nodes and inspect. 3 days

Labor and Equipment Cost

15 x 1 x 53,000 $1,192,500
3 x 53,000 = 159,000

Material 18,500

$1,370,000

(c) Install saddles.

Time required/saddle. day

i Labor and Equipment Cost

30 x x 53,000 $ S 397,500

Material 5,500

Total $ 403,000

(d) Grout key members.

Time required/member. 1/3 day

Labor and Equipment Cost

50 x 1/3 x 53,000 $ 883,333

Material 16,666

Total $ 900,000

(e) Remove debris and 
install

cathodic protection system.

Approximately 13 days required.

I

I.
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Labor and Equipment Cost

13 x 53,000 = $ 689,000

f Material 60,000

$ 749,000

(f) Repair deck structure.

Assume one day of derrick barge
time then demob derrick barge
(2 days)

3 days @ 53,000 $ 159,000

Utilize same equipment as described
in Stage I:

Sand blast paint and repair = 17 days

Labor and Equipment

17 x 16,000 = 272,000

Material 87,000

Total $ 518,000

SUMMARY OF REPAIR COSTS - Stage II

A. Installation of Insert Piles. $1,612,000

B. Replace Missing Members. 1,370,000

C. Install Saddles. 403,000

D. Grout Key Members. 900,000

E. Remove Debris and Add Anodes. 749,000

F. Repair Deck Structure. 518,000

G. Additional Engineering. 100,000

Contingencies (Approx. 15%) 848,000

* Cost in 1981 dollars 
Total $6,500,000*

L
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The same comments made for the Stage I platform apply

here as well.

4.3. DEMOLITION AND DISPOSITION

Two cases are considered a) salvage by design and

b) salvage after the structures have fallen over due to

a major storm or hurricane.

In developing the procedures for salvage of the two

structures, it was assumed that the platforms and all debris

presently existing on bottom would be cleared away. Piling

would be removed to a depth of 15 ft. below the mud line

where possible as per the general requirements of the

Bureau of Land Management. The possibility of utilizing

either structure as a natural reef either in place or

towed to an acceptable location was not considered, at

the request of the Naval Coastal Systems Center, Panama

City, Florida.

4.3.1. Salvage by Design: The suggested procedure would

be to remove the deck in sections, such that a

500-ton derrick barge could be utilized. These

deck sections would be placed on a material barge.

Through the exposed piling, explosive charges

would be placed at a depth of approximately 15 ft.

below the mud line, to sever the piling. Air

I
II
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lifting may be required to get to the required

depth. An attempt to recover the individual

piles would be made. Any recovered piling would

be placed on the material barges. The jacket

would then be picked up and placed on a material

barge. In the case of Stage I, the bracing at

the +10 ft. elevation between the two 8-pile

platforms would be removed and each platform

recovered individually and placed on a material

barge. Divers would then be utilized to assist

in the recovery of the remaining debris on bottom.

It is assumed that the cost of cutting up the

I steel is equal to the salvage cost of steel. Thus

no credit for sale of the steel is applied in our

estimates.

I 4.3.1.1. Cost Estimates.

Spread Cost:

1 500 ton derrick barge $40,000/day

3 Material barges 3,000

1 Derrick barge tug 5,000

3 Material barge tugs 12,000

1 Air diving system 4,000

i Cost $64,000/day

i
I
I
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Time Required for Salvage:

Mobilization 2 days

Recover Stage I 6 days

Move & recoverI Stage II 5 days

Demobilize &
place structures
on land 3 days

Total Time 16 days

Total estimated cost for
salvage = 16 x 64,000 = $1,024,000

Contingency approx 10% 101,000

J Total $1,125,000*

4.3.2. Salvage of Structures if Fallen Over:

i In the event the structures have collapesed

due to a severe storm or hurricane, recovery

of the debris on bottom would be more time

J consuming. The structures would have to be

cut up in manageable pieces (weight and/or

dimensions) and extensive use of divers

would be required. However, rather than

Iusing ar, expensive derrick barge, a shear-

leg barge was utilized for development of

the cost estimates. It is also assumed

I
i * Cost in 1981 dollars.

I
I
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i that the cost of cutting up the steel is

equal to the salvage value of the steel.

1 4.3.2.1. Cost Estimates.

Spread Cost.

1 Shear leg barge $12,000/day

1 Diving system 6,000/day*

3 Material barges 3,000/day

1 3 Material barge tugs 9,000/day

I Shear leg barge tug 5,000/day

Total $35,000/day

Time Required for
Salvage.

Mobilization - 2 days

Recover Stage I -25 days

Recover Stage 11 -16 days

Demobilization - 2 days

I Total 45 days

Total estimated cost for
salvage =o

45 x 35,000 $1,575,000

Contingency approx. 10% 155,000

Total $1,730,000**

* Cost of air diving operations greater because of continuous
Ioperations.

•* Cost in 1981 dollars.

!
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4.4. COST OF A NEW PLATFORM

Based on discussions with Naval personnel in

Panama City, we understand that if the structures were

to be replaced, only one would be required. This would

be installed in a water depth of approximately 100 ft.

Hence, the cost of a new platform was estimated on the

basis of this water depth, and the general layout of the

deck super structure on Stage I. The platform is assumed

to be a 4-pile battered structure, designed to withstand

a 100 yr. storm.

The cost estimate was developed based on our experience

in the design of platforms for these water depths, with

similar type loads.

Jacket weight 350 tons @ $1500/ton $ 525,000

Piling 375 tons @ $1100/ton 412,500

Deck 400 tons @ $2000/ton 800,000

Building -
Quarters & Lab. (60 x 70 two stories)

@ $200/sq. ft. 1,440,000

Heliport for C-53 75 tons @ $2000/ton 150,000

Generators 2 - 100 KW 150,000

Miscellaneous
equipment 100,000

Engineering
design 225,000

Site Investi-
gation 100,000

Installation 900,000

[ Contingencies (Approx. 10%) 497,500

Total Cost $5,300,000*

[ * (rncqt- in 14RI doll1ars'
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The total installed cost of a platform in 100 ft.

of water is estimated at $5,300,000. Without equipment

and quarters, which can vary depending on the Navy's

requirements, the cost of a structure and deck installed

would be approximately $3,300,000.

Reuse of one of the decks from Stage I or Stage II

was briefly considered. However the cost of modification

and repair would far exceed the costs of a new deck.

i
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5.0. CONCLUSIONS AND RECOMMENDATIONS

a) The platforms as they presently exist do not

meet minimum design requirements based on

today's analysis standards, even for a five-

year storm wave. However, they do withstand

a predicted one-year storm wave.

b) The cost to repair the platforms to withstand

a 100-year storm wave is deemed to be pr,..ibi-

tive and was not evaluated.

c) The estimated cost to upgrade the platforms to

withstand a five-year storm is presented to

illustrate the magnitude of costs involved.

For Stage I, we estimate the cost to be at

least $9,800,000, and for Stage II, at least

$6,500,000. These cost estimates have little

downside potential and the final costs of a

repair program, if carried out, could signifi-

cantly exceed these estimates.

It would also be very difficult to assess

the structural integrity of a platform with any

degree of confidence after a repair program of

this magnitude.

d) The cost to salvage the structures had been devel-

oped for two situations, planned and unplanned.

If salvage takes place prior to the structuresI
!
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falling over, we estimate the cost of salvage

to be $1,125,000. If salvage takes place after

both structures have fallen over, the esti-

mated cost would be $1,730,000 or approximately

$600,000 more.

e) The estimated cost of a replacement platform for

a 100 ft. water depth is $5,300,000. Without

facilities on the platform, which may vary depend-

ing on the U. S. Navy requirements, the cost of a

structure and deck installed in this water depth

is estimated at $3,300,000. Based on today's mar-

ket, the time required for design, fabrication and

installation of such a structure would vary between

eighteen and twenty-four months from award of

contract.

f) Recommendations.

1. Based on our engineering analysis and inspection

results, we recommend that a program to sal-

vager these structures be initiated immediately.

BCI would be happy to assist the U. S. Navy in

such a program.

2. In the event the U. S. Navy wishes to continue

to utilize these structures until they fall

I
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over, then the following safety precau-

tions should be strictly adhered to:

Ii. Personnel should only be allowed on

Stages I and II during daylight hours.

A standby boat or small helicopter shall

be available while personnel are on

board the platforms.

ii. No personnel shall be allowed to remain

on the platforms if sea conditions of

7 to 8 feet or greater are experienced.

I iii. The platforms should be visually inspec-

ted after each storm having waves in

1excess of 10 feet, to determine if addi-

tional members have parted or at least

once a year.

3. If the continued use of a platform is justi-

fiable, the most economical alternative is

to replace one of the platforms with a new

platform, designed and built under today's

standards. BCI would be happy to assist the

Navy in the design and project management of

the overall project.I
I
I
!
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6.0. REFERENCES

A. Reports.

1. Phase A - Inspection Plan Review - Stages I &

II, Offshore Panama City, Florida, by Barnett &

Casbarian, Inc.

B. Design Codes and Standards.

1. Manual of Steel Construction, AISC, Seventh Edition.

2. API RP 2A, Eleventh Edition, January 1980.

3. A.W.S. D1.1-80 "Structural Welding Code".

C. Computer Programs: Datec, Inc.

1. SIP (Structural Input Plot Program).

2. STREAM (Wave Generating Program).

3. STEEL (Weight Computation Program).

4. WAVLD (Wave Loading Program).

5. SEAP (Structural Engineering Analysis Program).

6. UNITY (Member Axial/Bending Stress Interaction

Drogram).

7. JOINT (Punching Shear Analysis Program).

8. SEACAPS (Seas Coupled Analysis of Piled Structures).

9. AXIAL (Soil Mechanics Program).

D. Video Tapes.

1. Two edited tapes of the highlights of the subsea

inspection. Tape A for Stage I; Tape B for Stage II.

!
I - - ... l~~l -""" i



C

3 4

- U~&J __________________ - -

- - . a

I I

~ *A~* .IMhLLk~

"'LI 14~4 ~ - C

'"'U.

tdWOI - _________ -

j LEVEL '~

I

- ..72. --- - -- -,...~- - -



AWL

&AVAL 2

~4 l~3

BARNETT A CASSARIAN, MNC

5w in"W NbM4Y1-af A



1' 0

C^1LE- SCAK
CABLE

hI5 CAR T3A4

rirIE FLATTENE'

0

ANODE CHAFING

HOL WIDE 10' LONG

CAaL , ^-Z

LEVEL ~

(S- HOWN AFE. -TfIP MOST SVP-vE c.ASE-S (2-
-- FOUND DUKIiNa INSrECrION.



CA 13LE, SCAR P,
14KZ FmFP

AID 9D

FIFEFLATTELNED
I'/2a'ToZ2 'jE' LEVEL"?*

2. LO G, r ANETT aCASBARIAN, I N

DENOTES MIEMPES REI.1OVLt
POK STK.UCTU~tAL ANALYSIS.4A1~LVII II'



9 / A

I I

- LIGWTFITTIN &

CASDENOT SUMEMB
1~~oOLE -10~C~



I -TTI.

Hn -2 '/2) 9 L

P4EAVY FIT 7INC HE4A%/y ~~
HEAVY

RITTI 4 44rrN

/ INUMrc'is W.DLES "

~> / 5 No~S L1/ 11 -TO '/Zo HO44eLE
Vb%~ LE. MLE

oe~ HOLE

HOE -/4 N8 #IL

a

-4AV OF PITS,:

4 1N~~~ II-rTN N GTTCWIA.4
joka~4~ Z- fp' T

~5/ ANALSIS



CAP F-ATEAl AWAY

PIT IN IN I

Z~ ~~~FTIG tNDSRSlGL -ND

V151OLOAF ONATEN. WYV \\ TI G



A. N .L . - I

CAPEA9TEIN 'K~l

WIDTH OP WOLD

* r 40 LIGHT FPITTING

i AT LEG 4 1I.\GONAL.
C~~' IvAZ E 01,Z

1-40LE/ -

Aft 
"

AZ \ ~4oZ YEL'

MGM MS WI % & R V " 4

E R A G E . 0 $: P IT S Ro -'T ITM.

S/ 3 N I rT \\\\DE4oTES MEMBSE.K ENGI N 5G WAI OSLAT

K /8~IN DEPTH YONEP

STUCTU AL ASIALYSI C'AN:4MO9



1J

PIrTTING IN E(FLD.
loo .LICHT --=TTNG\

I ii

LEGEND
ROW Y -%O..INDICATES5 COVER

- ~-LI~GHT PITTING IS.<
I/I/IDENOTES MEIBEZ -Dium PITTING ISI EMOYRD F<A'STKUCMKJ-L -NE-A'Y PITTING I15

ANALYSI S.



JT~~IS71SAGI IAND II PATFORM S~T 0ULJT wO~il

LT1 L FIl 1 H/MAU Ac o-9 IAuNCLASSIFIED N4-8C-lF/G L3/10 ML



11111-2 .4 .

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS- 1963-A

fI



100% L~IGHr-..

W - t 1,q0.

jAGE OF PITS 
__

'p"IN DEPTH wg



Q4, 03

M 4
L IVA~

4N oI 414

LEVE xA ALSN t

IA-34 I~okFN INCR K
IM UAL MLTI PL LS $OF

MUD0 L IAF
Ii ioI'oAL ME-M R

I ~J ALMOST MKO IN jbALX

LEc EN P
FAcs 'A*

W -tDI CAT ES C 0V K

REMOVED F011 STUCTUAL -MEDIUM 'ITTING IS >/ZIANALYSIS, -HAV FIT71NG IS >j



cr FITTING' COLIC

To Oo0fZK0 io1N

L1Sf I J 6 L

-40

I'

41

Sol. $11

_ -STPD IN HALF
8 L0N4 G

FACE 'S'm~~&WGth~ h1..AGE OF PITS. ANT ABRA.IC

IN EPTH
.II I/N 0N 5 PTN



I M L

.EL !LE .K %FOD

8 RO r.E N INTO!

- AWA

M~UD L-Nr-

L 
A N A L Y S IS 

. DENOES IE-MSIE" S~WN KS TL M



f QAVr--.R.A<CE DUNT
Cff FITTIN'C PUE
To CCKMO~SION

ILI

xviL

N 1 HOLEJ.
1 y H6LE _______

FAS*0

~'-T $VE~E.CASE S SRr&A3RAt

rET.N 1 ,
STA&Ia~ MC.1ftAC '0



11

-- W-o

DNTSMEMISSMS LEVW'X

P-EM0VED FC* STh-UCTUX.AL PESA.

ANALYSIS. 19Htp

I uiAto ,

so-ICO

I NIAI 5'OLE

IIOL
zII / 40L1 W LVl -wEL Nil l ; 0HEAV



so- I0OXZ WEAVY PIlTTING

N2A / W~.9M2114 D61C0

ra CABLE $CAR

a CASILE

3 4 MOLE

'ITTINCPII

I*I0v PEE'17711J - 4 I > 14 D 1N

LIIIGENIEKAL L1~4T
\L~LLDA1:PITSL OCCURJNG

I.IVEL'2 HI.AVY r"ITTING -

Q> CA4 LE SCAC.S
1B V2 IA.4$4 N 1,IALEW___ e

0 09 Mull
tow I

CAPILE
SCAK

LAT SPOT WA. Ot FA rI
I PE 5T
I i e 4 V ,2 

6 1

I..f OXn ao MA EWSLIEImU E UV1

INAA If 
Jve" LIE~~



HEAVY WE mwE AT ,:odt I SIN EL

fp)TTI4 m-A' -WE. /P TI~ 'TO OLDs11J.P
LWYE 'I LW Niso Io ~ 4 -,L-- LL I E

I4L LLD I4AT 1 4SINGWLDI

I %4'~~4wT~g~p I -ItOLE INE..C

S/1(11(~111 -CU.N WL I- C.-WL~ NIO4I . yI ARGE PITT I> c/

/11/ SEOE _AC F

MAI Niel NZEt
WELDALYSI0.



INHL

MG L 0  i Y

Iac IZ 4 ~ ;'

IV2ix 2- 0 HLI -20' X /
L I

kT q: wa

'iN OF
ES ^T

r- ITS IN ij5

H IrAV ITT MG.r AVERAQE. tfTO

T4- COKMOStoN

0-

IN FT4

EM0E PIS MIMWL OAO"~lW UMBRET&CASBARIAN, INC.

SI TLUCTURAL -MR I.

VAO1, O T~M K CV!Y. -0&US ow



~MGL

L 1iV .Lx W(NAS HXALS NXA2 NXAB WEl. N(a

PO) NLE

I/WP E5 rITTi N 12 HOLV

Cc~c IM~ WELD A :~o H FAvy--I ,

L~~VE~LZ r__ 
___ 

t______

N~A A (a8 WaB2

LfV L2 r.c. " * 0

II

NOTE.

DENOTES MEMBERS RE-MOVWII FOK. STKUCTURAL ANALYSIS,



33

INCHES

_ __2 _5_ _ W - l ( v T I M 6 L

%3 ~ mi ic04OFNI3

2-12 0 14CL

V/2. H OL-1 OF

iY MAY TI 1 2 /2L HL

[jAY'ERACE DEPTH

FACE "C"

CILNLKAL L1I4NT rirs
Occ-UPINC, ALL OvF-K

wT laSkj-MS BARNETT A CASBARIAN. INC.
~IPI&1*U IN m~% ENGINEERING & MARtINE CNSULTANTS - MARINE SJftVfYCM



_____ -:-

A2a r.A.I

4IE C,00 OL0)

L--

ARO4 0004 LBR

M14c. -To 

I1IM ~ "DGIM TgA r.q! L J 10I l2.I G '/ '
'1/4 ojfr. 14I

___TEUS I

*J' 00L.t -
C o c w ' .' r -

PL~kJOF FLGHT- ECK ~ INSTUME.T2- t4TUER

ROO



STAGE - I

PLAN OF FLIGHT DECK AND
INSTRkUMENT -HOUE ROOF

_BU( Oil'



ASIV

Ito,

LAi

'UUL

Two

Ll

-E

F>P. AN OF MN DECK



ioriva AUA I

L

AIR4/ ebWOP

VA0W6 OI A

eAVO&R IO 6
cp0 I, 00 OW6A.O

STAGE-t

An'1 ~PLAN OF MAIN DECK CD2



le-AVY Y

11 

A Ioz-r

AAAI 4e oVC1

PAAI-A ~ C.C. Ir',E A!Z A;I£

F1-7-



STG -I 1

____N-i-m~ ILI -

.113



/ rr,* I j
p~ r_.

CIA

I%

WWI PLA



AA/AW*

DECK VEQ /AS PI% -F .

STGE I



-I

Iag I w l i n fj

I
I
i

i

I

I Stage I platform with 
leg D-l in foreground. 

Row 1

I is to the left and Row D is to the right.

i
I
I
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Fig. 2.1.0
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~Two views of flight deck. Where deck paint has
flaked off, general pitting corrosion is evident,

i especially in low spots. Pits in some areas are
~I inch in diameter and up to 1/4 inch deep.
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The deck beams are in good condition generally,
but moisture on the horizontal planes of the
H-beams has caused rust and pitting throughout.

The close-up below of the vertical deck beam
supports shows typical undercut welds locally
pitted and corroded.

I

I p

I Fig. 2.1.2
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Above, at leg A-4, note corrosion products at junctions
of white angle iron and horizontals and heavy rust on
leg above flange between deck section and jacket.
Horizontal members at the +10' elevation are monel-
cladded.

Below, view from D-I/D-2 to A-l/A-2. Lines to hanging
anodes are visible. Where original angle irons have
been removed, holes remaining in the horizontals are
unrepaired.

Fi 2
I
I Fig 2.1.3
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i Above, jacket level at +10' viewed from D-l toward

D-2. Stairway corrosion extends up 5 steps and
includes localized areas that are rusted through.
Also note collapsed handrail in background.

Below, boat bumper between A-1 and A-2 covered
with rust blisters.
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Fig. 2.1.4
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Views of extensive corrosion damage on leg A-2. Span
of deteriorated weld shown above is approximately
6 inches long. Lower photo shows increased metal
loss in splash zone at +10 feet level. Where rust
was scrapped from this weld, the cap and some of the
filler metal fell away from the weld.
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Leg D-2 with area 2 feet square shown in both photos.
Circled area within it is 1/4 inch deep. Upper photo
shows shackle and padeye which is reported to have
lost 1/4 inch of metal thickness. The thin-walled
pipe adjacent to the leg has been penetrated by
corrosion.

4

Fig. 2.1.7
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Above, piece of rust 3 inches in diameter and 1/4 inch

thick is held to right of area from where it has been

removed at +16 feet on B-3. Pit beneath rusted area

is another 1/4 inch deep.

Leg B-3 at +14 feet. Circled area includes rust blis-

ters and loss of some of the cap on the girth weld.

Water was trapped between the broken paint surface
and rusted base metal.

Fig. 2.1.8
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Above, at A-3 near +16 feet, locally heavy base metal
loss. Two spans of longitudinal seam weld 3 inches
long are deteriorated to flush with adjoining base

~metal.

Below, at leg B-2, large, localized areas of base metal
loss and some loss of weld metal at the junction of the

i deck section with the jacket.
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I
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i Horizontal on the +10 feet level between A-2 and A-3,
where the jackets are joined by a severely deteriLrated
weld. The base metal of the "B" jacket horizontal is
also heavily corroded, as is -;.at of the horizontal
to B-3.

Horizontal brace at +10 feet level between B-2 and B-3.Most of the cap is pitted on the girth weld and sheets
of rust are falling away from the base metal of the bracewhere it is corroded.

I

I
I

I 
Fig. 2.1.10
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Above, Leg D-1, where severe corrosion covers the area
7 just above the monel. The boat bumper is rusted and
~distorted by collisions and the timber pad has dropped

away.

~Below, Leg A-3 base metal loss at the +10 feet level is
1/4 inch deep in the area circled.

Fig 2..1
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CP 654 Weld at 10:00fLarge pits and under cut in wfel

Large pits at 5:00 and 6:00 4" x 4" sq.
Weld cap eaten away 2" at 6:00 Pit 3/8" deep L" dia.
3/16" deep pit in brace

The sketch shows in yellow, areas on leg B-i and at the B-I junc-
tion of the brace down to N2Al, which are illusrtated on thefollowing pages. This is the format used for documentation of
the seven locations selected for inspection. Clock-face desig-
nations are used to describe locations of the junctions of the
braces. For example, the 3:00 side of the vertical diagonal
junction is indicated by a star.

Fig. 2.1.12
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The level 1 junction of the B-i brace down to N~2Al
between 5:00 and 6:00 (above). The cap of the weld
is deteriorated in a 2 inch span near 6:00. The
pit in the brace near the cap weld loss is 3/16
inch deep. Lower photo shows upper 9:00 side of
same weld and undercutting on the brace side of it
as well as base metal loss in leg and brace.
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I Fig. 2.1.131
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I Close-ups of same NiBi weld. Upper photo shows pitting
and under-cutting in weld. The photo below is of 4:00

~portion of weld where weld is undercut on brace side.
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i Fig. 2.1.14
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The cleaned area on leg B-i shown in wide-angle and
close-up views. The pit shown below is 3/8 inch deep
and 1/2 inch in diameter.
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I Fig. 2.1.15
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CP 653
Bio-Fouling 1-5/8"

Pits in weld at 7:00
Large pit k" deep " dia.

Weld at 8:00
Numerous pits 1/8" to 3/16" deep
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Fig. 2.1.16I
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Above is close-up of the largest of the pits near
8:00, which is 1/4 inch deep and 1/2 inch in diameter.
Below is the 3:00 portion of weld.
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I Fig. 2.1.18
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The 4 by 4 inch area cleaned on leg B-2 at level 1
shows no localized base metal loss but the surface
is generally deteriorated.

I
I Fig. 2.1.19
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The level 1 junction of the B-3 brace down to N2A3
on the 9:00 (above) and 3:00 (below) sides. The
large pits in the weld at 10:00 and 3:00 are shown
in close-ups on the next page.

I Fig. 2. 1.21
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Pit in weld at 10:00 is 3/8 inch deep. Shallow pit
at 3:00 (below) extends into weld from concave,
undercut edge adjacent to the brace.
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I Fig. 2.1.22

I



I
I
l
I
I

The cleaned 4" x 4" area on leg B-3 shows a distinct
lne of shallow pitting caused by small-diameter cable

or wire rope no longer present.

I
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I Fig. 2.1.23
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DIVF96 NAME: S. ManloveI VILIA 1N5. D1~:12-8-801
I CP 632, 633

Bio-Fouling 1"

Weld at 9:00 to N-5B35I 100% light pitting

Weld at 9:00 to N2A4
100% light pitting

I Fig. 2.1.24
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The B-4 junction at level 1 of the brace up to N5B35,
at 9:00 (above) and on the lower 3:00 side (below).
On the 9:00 side, note undercutting on the leg side

- of the weld and small pitting along the brace side
in the heat-affected zone.
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I Fig. 2.1.25
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I
Close-ups of the same junction shown on the previous
page. Above is weld at 10:00 and portion below isI
at about 4:00.
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I Fig. 2.1.26
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I

Fig 2..2
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I AlsO at leg B-4, the junction of the brace down to N2A4

at 9:00 (above) and 3:00 (below). In lower photo, under-

cutting and pitting are obvious on the side of the weld

adjacent to the leg.
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PYER .MIG . FrostI YIUALI~J.. QII:12/5/80
CP 654, 667
Bio-Fouling 1-b"

Weld & Diag. at 3:00 Weld at 9:00
" deep pit on brace Some large pits

3/16" deep pit in weld 1/8" to 3/16" deep pits on node
3/16" deep pits on weldWeld at 3:00 3/16" deep pits on braceI '" deep pit on brace

k" deep pit in weld 4" x 4" sq.
Pit in node k" deep, 1" long, 1/8" deep pit, l" wide,
" wide 3/4" long

II 
Fig. 2.1.29
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Wide-angle views of the 9:00 side (above) and theupper 3:00 side (below) of the N2B1 vertical diagonaldown to N3A1, the location shown on previous page.The base metal has large pits in it 1/8 to 3/16 inch
deep.
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Photo below is close up of pit shown above on the brace
~opposite the location tag at 3:00. It is 1/4 inch deep.

The weld pit is 3/16 inch deep.
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Two views of cleaned 4' x 4" area on leg B-l. The largerI of the pits is 3/4 inch long, 1/2 inch wide and 1/8 inch
deep.
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I Fig. 2.1.32
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I STAGE I 4
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10 4 0 V, K Y PLAN

AM VAII CLEAN4IO: 12/5/80
DIMSg NkMfE- G. Frost

I VIVAA INSF. DAlt: 12/5/80

CP 655
Bio-Fouling _2-3/8"

Pitting in diag. at 9:00I 1/8" deep 3/4" long

4"' x 4" sq.
Numerous pits in jacket leg

1 Fig. 2.1.33
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The 3:00 (above) and 9:00 (below) sides of the junction
~illustrated in the sketch on the previous page. Although
~some bead texture is obvious on the weld in spite of the

oxidation product clinging to it, the surface is generally

pitted. Large, shallow pitting is obvious in the brace.
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i Fig. 2 .1.3 4
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Same junction at about 7:00 is shown above. Close-up
ibelow is of same pit visible in lower left side of

lower photo on previous page. It is 3/4 inch long,
1/2 inch wide and 1/8 inch deep.

I Fig. 2.1.35
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Close-ups of deteriorated weld on junction N2B2. Pit
in upper photo is also shown in wide-angle view of
3:00 side at lower edge of photo on previous page.
Photo below shows extreme crevice corrosion on lower
side of weld possibly initiated by under-cutting
during fabrication.
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1 Pig. 2.1.36
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i Wide-angle (above) and close-up (below) views of the 4-I ~ by 4-inch area cleaned on leg B-2 showing numerous pits
in jacket leg.I
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Stage II, a 9 pile platform in 60 ft. of water is

shown above. Below is leg A-l at +10 feet. Note

localized areas of corrosion on the weld of the cleat,

on the weld joining the deck section to the jacket,

and on base metal.

F

I
I
I

I

I Fig. 2.2.0
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Two views of flight deck showing rust in areasno longer protected by paint, approximately
20 percent of the deck surface.
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I Fig. 2.2.1
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I Views of upper deck with severe 
corrosion on 90 percent

of the surface.
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I Fig. 2.2.2
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i Additional documentation of corrosion on upper deck,I Heads of bolts have corroded away leaving holes along
i the edge of the hatch plate.• i

I
I
j Fig. 2.2.3
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Photo above shows corrosion holes in the main deck
plating near and at the entrance to the catwalk.I Below is shown locally severe pitting on the plat-
ing in the repair shop.
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Two views of the underside of the main deck showing

corrosion effects. Note hole in lower photo and
accentuated corrosion on the thin-walled piping.
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I Fig. 2.2.5
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Fust under paint blisters close to +io feet level atj leg A-2 (above) and at A-3 (below).
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Fig. 2.2.6I
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Seviene onsthejae and tin heweld to the ad+2fek

section at leg B-2 (below).I
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Abv is an adiioa vie of th corso on le B-2.I
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I Above is an additional view of the corrosion on leg B-2.

Corrosion under the paint causes the obvious 
blisters.

Below is generally severe corrosion on leg 
B-3.
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I Fig. 2.2.8
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Above is locally heavy corrosion on leg C-I. Note blister-
ing in profile and what appears to be severe thinning of
plate welded to the leg (right side of photo). Below is
severe corrosion including deep pitting on leg C-2.
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The leg C-3, localized area of rust and paint blistering
(above). The severe corrosion on the boat bumper shown
below is reported to be typical of bumper conditions.
Note peeling edges of the steel plate.
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IFig. 2.2.10
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I STAGE II
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NLEVI 10,

| !P t? CLIAIO:' l2-7-ao

127. 80
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NOTE: At 9:00 - Large pits in weld down to root pass 3/4" in dia.

IDiver was unable to detect any of the holes noted prior to
water blasting, due to marine growth.

I CP 653, 656
Bio-Fouling c

I Weld at 7:00 - Pits in weld - Holes in brace.Weld at 10:00 - Holes in brace.
Weld at 2:00 - Holes and heavy pitting.
Weld at ;:00 - Hole in brace.

Fig 2.2.11
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The level 1 junction of the B-I vertical diagonal down toN2Cl on the 9:00 (above) and 3:00 (below) sides. Remnantsof cap bead texture remain, but there are a few large pitsin the weld extending well into the leg. The base metal ofthe leg and brace are riddled with severe pitting and the
brace is holed at 10:00 and 2:00.
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Fig. 2.2.12
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I Same junction with holes in brace at 5:00 (above) and

7:00 (below). Black-colored pit across the weld pene-
i trates down to the root pass.
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I Fig. 2.2.13
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I Close-ups of corrosion holes shown previously on the
9:00 side of the B-1 brace down to N2Cl. The plate is
obviously severely thinned by surface loss.
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i Above is wide-angle shot of cleaned area on leg B-I.
Below is additional view of the holes shown in upper
photo on previous page. Also included are another
small hole and general view of the metal loss in the
brace.
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i Fig. 2.2.16
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Close-ups of the deteriorated surface of leg B-i in the

large area water blasted.
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I Fig. 2.2.17
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[PA. -CLIAN 12: -12/7/-80
i it iLenoa n e

I
CP 672, 697
Bio-Fouling "

Weld at 7:00I Heavy pitting

F
I Fig. 2.2.18
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I The junction of the level 2 brace from N2Bl down to N3Cl

on the 9:00 (above) and 3:00 (below) sides. Note small,

I deep pits in weld and, in upper portion of lower photo,

the loss of cap weld. Running down the leg side of the

weld is evidence of undercutting as well as corrosion.I
I
I
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I
I
I Fig. 2.2.19
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I Close-ups of deteriorated weld at 4:00 (above) and at
10:00 (below).
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I Fig. 2.2.20
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Above is weld loss at 3:00 and below is base metal
pit in the brace down to N3C1 and 1 foot from the
leg.

Fig. 2.2.21



Water blasted 4" x 4" area on leg B-1, level 2. Large
pits shown again in close-up is 1/4 inch deep.

Fig. 2.2.22



STAGE II

1%~ ~ ~ ~ M PLAN-ANo:1/78

ML J fLD1T: lZZ7180

S WIT,

I NOTE: Diver was unable to detect hole prior to blasting, due to
marine growth.

1CP 656 658Bio-Fouling %

Weld area at 7:00 -
Hole at 9:00 on brace.
100% pitting on brace.

I
1 Fig. 2.2.23
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The level 2 junction of the B-2 vertical diagonal down to

N3C2 on 9:00 side (above). Lower photo includes more of

holes in brace. The extreme thinning of metal surrounding
the holes indicates they were caused by chaffing.
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I i Fig. 2.2.24
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The same junction, upper 9:00 side (above) and 3:00 side
(below). Extensive pitting and concavity are obvious as
are severe pits in the uncleaned area on the leg and in
the cleaned areas on leg and brace. Anode cable is evi-
dent in upper picture.
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i Fig. 2.2.25
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I Fig. 2.2.26
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The cleaned 4" x 4" area on the leg shows general, severe
metal loss. The pitting directly above the identification
tag in upper photo is shown in the close-up below.
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I Fig. 2.2.28
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I Fig. 2.2.29
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At level 3, the A-i horizontal to N3Bl at 12:00 (above)
and 3:00 (below). Little cap texture remains at 12:00,
but the fairly regular cap texture is obvious under the
rust on the 3:00 side. Base metal loss in the leg is
widespread.

Fig 2.2.30
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Close-ups of same weld at 2:00 (above) and 10:00 (below).
Note loss of cap bead thickness compared to that shown on
upper 3:00 side in previous figure.

Fig. 2.2.31
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Cleaned area on leg A-i up 1 foot from the mudline.
Portion shown above is also shown to right of center
on upper edge of photo below. The surface is 90 per
cent covered with pitting.
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I Fig. 2.2.32
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Miscellaneous debris lying in the mud at the base of the
platform.

Fig. 2.2.33



STAGE II

,, 1 -SA j~o: 12-7-80|

IN.

j NOTE: Diver reports that he was unable to detect damage noted aboveIO - prior to water blasting, due to marine growth.

CP 649 !651

N2A 04-Fuln1%

Wto NDCrack in weld
at 3:00, 6:00, and 7:00.

CP 657

51o-Foulin "
N2A2 to N2 - Large pits on

brace at 5: 00.

Holes in brace at 9:00.
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The level 2 junction of the A-2 horizontal to N2A3.
The crack on the brace side of the weld appears widest
at 6:00 and there is a fish in a hole in the brace
toward 7:00 (above). Below is the end of the crack
at 7:00.
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I' Fig. 2.2.35I !-4



Crack in the junction of the horizontal to A-3 beginning
at 3:00 and widening toward 6:00 (above). Below is an
additional view of the lower 9:00 side of the crack.
Note widespread, shallow base metal loss in the brace.
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Above is end of crack extending into the weld slightly
at 7:00. Below is uncracked weld at 8:00. Both loca-
tions are included in the wide-angle shot of 9:00 side
of junction on previous page. Note brace metal deterio-
ration in lower photo.

Fig 2.2.37
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Wide-angle view of cleaned area on leg A-2 above
the horizontal to A-3. Some of the widespread sur-
face metal loss is estimated to be at least 1/4
inch deep.
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3 Fig. 2.2.38
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The upper 3:00 side of the A-2 brace up to NlB2 (above)
and corrosion holes in generally deteriorated metal of
the brace on the 9:00 side (below).

i

Fig. 2.2.39
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Close-ups of pits next to the same weld at 7:00 in
the brace (above) and in the leg on the upper 3:00
side (below).
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Fig. 2.2.40
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Wide-angle and close-up views of another 4" x 4" area
cleaned on the leg above the vertical diagonal up to
B-2, level 2. Although portion shown below is not
representative of severe loss, the wide-angle view
includes large, distinct pits.
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I Fig. 2.2.41
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