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Dear Mr, Villafane:

Enclosed is the Final Report on the Special Studies required by Article
[.B.I.c of our agreement. The recommendations presented in this report
were discussed with the AID Mission in Somalia prior to the submission
of this report in draft form. Acceptance of these recommendations by
both the Mission and the Ministry of Public Works was relayed to us by
telex dated 2/13/84. A summary of these recommendations follows:

1. For the sheetpile bulkhead use ASTM 572, Grade 60 high strength
steel and prepare two designs so that both Bethlehem and U.S. Steel.
can prepare bids. The use of corrosive-resistant steel is not
recommended.

2. A protective coating system using an organic zinc-rich primer and a
coal-tar epoxy outercoat is recommended. Both sides of the sheet-
Piling will be coated to three feet below the dvedged 1ine.

3. A cathodic protection system, of the sacrificial anode type, is
recommended using an aluminum/zinc/indium alloy for the water side
and a magnesium/zinc/aluminum alloy for the landside.

4. A fender system using foam-filled fioating fenders, 3 feet in dia-
meter by 10 feet Tong, spaced at 30 foot centers is recommended.
This system is cost effective, suitable for the tidal variations at
Kismayo, and suitable for the range of vessels that are expected to
call at the port. These fenders are available from several manuface-
turers in the U.S.
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5. The construction of two roll-on/roll-off ramps is recommended, one
at the end of Berth 3 (within the apron of Berth 2), and the second
near the east end of Berth 1 to allow vessels to moor perpendicular
to th$ dock. The second ramp may also be used for certain side-ramp
vessels.

6. A construction sequence starting at the easterly end of Berth 1 and
proceeding in sequence with the construction of Berths 1, 2, 3, and
4 1s recommended. This sequence is preferred over the reverse
sequence as it provides the port with fully serviced berths, includ-
ing electric power, water, fire protection and sewage treatment, at
an early date. In either construction sequence the temporary reloca-
tion of the POL unloading station to Berth 3, and the molasses load-
ing station to Berth 2, are required.

We have included with this report several appendices which include the
calculations, back-up data, sub-consultant reports, and references used
in arriving at these recommendations.

In response to the request contained in the telex dated 2/13/84 we have
added additional information concerning the acceptability of Kismayo area
aggregates for use in mixing structural concrete.

We are proceeding with the final designs and preparation of Contract
Documents on the basis of the recommendations contained in this report.

Very truly yours,
PARSONS BRINCKERHOFF INTERNATIONAL, INC.

e i
7 YA\ D e
Warren M. Buser

Project Manager

WMB/ jm
Encl,

cc: Bureau of Science and Technology
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SPECIAL STUDIES REPORT

INTRODUCTION

In accordance with Article I.B.l.c of our contract with USAID, certain studies
and comparative investigations were required prior to the start of final
‘design. This report presents the results of these studies and investigations
in the following format:

A. the scope of the study or investigation;

B. the conclusions or recommendations of the Preliminary Design Report
(PDR) ; and

c. this study and its conclusions or recommendations.

In addition to these studies and investigations, it was necessary to obtain
additional field data to supplement the information previously obtained by
others and by PBI during the Conceptual and Preliminary Design phases.
Including the recent boring and laboratory testing programs, data and
information were obtained on the following:

o Subsurface data from borings and probings at the proposed new
bulkhead line: Geodrill Limited completed field work in December
1983. Laboratory testing work is now underway.

o Geological data from quarry investigations: Crushed aggregate
samples were obtained from the Police Check Point quarry and the 014
Airport quarry in the Kismayo area; from the stockpile of the
roadbuilding contractor at Brava (source - quarry near Merca); from
the quarry south of Mogadishu. These samples were subjected to Los
Angeles Abrasion Tests at the SDR Highway Department laboratory in
Mogadishu. The results of these tests are presented in Appendix A
and indicate that the aggregates tested from both quarries in the
Kismayo area have superior hardness and toughness qualities compared
with the Mogadishu and Merca samples. This result was anticipated
by local engineers prior to the testing program.

The test results on the Kismayo samples yield percent losses of
26.4% and 22.7% after 500 revolutions for the Police Check Point and
0ld Airport quarries respectively. In general, a loss of 40.0%
after 500 revolutions is the maximum acceptable. The corresponding
percent loss for the Mogadishu sample was 34.2%.

Por the recently completed Banana Wharf at Mogadishu aggregates from
quarries in the Mogadishu area were used for the concrete mix.
Concrete strength of 4,000 psi was specified and obtained for the
marine work as confirmed by cylinder tests. Therefore, since the
aggregate at Kismayo is superior to that from Mogadishu, it is
concluded that concrete of adequate strength and durability can be
_obtained using locally available aggregates.



o Water quality data from tests on samples of the Juba River and the
Harbor: Samples were obtained and sent to the University of Nairobi
for testing. Additional samples will be obtained for future
testing. -

o Topographic survey of the pbrt: This survey, including soundings
beneath the wharf structure, was completed by Geodrill Limited in
November, 1983. A tupographic plan has been prepared.

9 Location of disposal sites for demolition materials and excavated
materials unsuitable for use in the completed facility: Sites at all
quarries in the Kismayo area can be used for this purpose according
to local officilals.

o Location of sites for use as contractor's yard: Several sites were
visited and a letter report submitted to USAID in December 1983,
USAID is to execute agreements with SDR officials regarding the use

of these sites.

o Traffic restrictions, if any, on hauling backfill, sand and stone
materials from quarries to the port: Local officials indicated that
there would be no restrictions on properly marked contractor
vehicles.

o Condition of existing fender system and details of connections
between various elements: This survey was completed by PBI personnel
in December 1983. In general, the existing steel elements are in
good condition and most can be reused, if desired.

o Details of operating characteristics and the proposed location of
the newly purchased electric generator: The new generator was
examined but its operating characteristics were not available. (It
was not in working condition at the time of the visit.) It is our
belief that this equipment will not provide satisfactory or reliable
power for the Port.

o Details and operating characteristics of the molasses and POL
systems: This information was obtained during a site visit in
December, 1983 and will be utilized in the design of both temporary
and permanent lines.

o Details and Condition Survey of the existing Navigation Aids, both
on land and in the water: These nav-aids had previously been
inspected in April, 1983 and were partially inspected again in
December, 1983. All lights on the land-side facilities and all
floating nav-aids should be replaced.

o Details of the existing sanitary facilities and piping that must be
rep_aced in the various buildings: This information was cbtained
during visits in December, 1983 and January, 1984.

The results of these field investigations and site visits were applied to the
studies and investigations of this report.



I BULKHEAD SECTIONS AND STEEL GRADES

A. Scope - Study and compare the various bulkhead sections and steel grades
available that will economically meet the design requirements.

B. Preliminary Design Report - Two alternative bulkhead sections were
investigated,; reinforced standard sheet piling and the master-pile type.
The PDR summary states "...reinforced sheeting using US standard Pz38
sheet piles with 5 in. by 1 in. plates welded to each flange of the sheet
piles, was selected as being more economical than master-pile sheet pile
type bulkhead.” The PDR also recommended the use of corrosion-resistent
steel.

C. Current Study, Conclusion and Recommendation - The P238 section is rolled
by the United States Steel Corporation in steel grades ASTM690
(Corrosion-resistent - Grade 50) and ASTM572 (Grades 50 and 60). The
.Bethlehem Steel Company, however, no longer rolls P238 (MZ38) sections.
Bethlehem now has two new sections which have superior strength/weight
characteristics: P235 and PZ40, both available in the same AS™ and
steel grades as the P238 section. For the same basic bending moment
caused by soil pressures, but reduced to account for flexibility (Rowes
reduction), the following results were obtained:

Cover Plates Laying width Total Weight (lbs.)

Section & Grade in.x in.x feet inches per- foot of wall
PZ35 22.60

50 4.25x%2.25x40 3869

60 4,25x1.125x32 2992
PZ38 18.0

50 5.0x1.125%x36 3533

60 5.0x0.375x32 3158
PZ40 19.69

50 4.50x1.50x35 3732

60 4.50x0.50x%24 2976

The listed material costs for the various steel grades, at the plant, are as
follows:

ASTM690 Grade 50 $737/ton
ASTM572 Grade 50 $633/ton
ASTM572 Grade 60 $649/ton

The summary of the cost estimate for the bulkhead using the various sections,
steel types and grades based on relative costs provided by the steel
companies, is presented in the table below:
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VILE SECTION & UNIT PRICES (US$/TON) QUANTITY TOTAL COST

TYPE OF STEEL LABOR MAT'L & EQUIP TOTAL (TON) (us$)
Pz38
ASTM690/50 357 2195 2552 4055 10,348,360
ASTM572/50 357 2091 2448 4055 9,926,640
ASTM572/60 357 2107 2464 3625 8,932,000
PZ235
ASTM690/50 284 2195 2479 4335 10,994,365
ASTM572/50 284 2091 2375 4435 10,533,125
ASTM572/60 284 2107 2391 3430 8,201,130
PZ40
ASTM690/50 327 2195 2522 4285 10,806,770
ASTM572/50 327 2091 2418 4285 10,361,130
ASTMS572/60 327 2107 2434 3420 8,324,280

The preceeding table indicates that the use of ASTM690 steel is considerably
more expensive than using ASTM572 steel (16-34%), and that for all sections

the use of Grade 60 steel is more economical. The PZ35 section is the most

economical section with the PZ40 and P2z38 sections, 1.4% and 8.9% higher

respectively. We recommend against using the ASTM690 corrosive-resistent
steel because of its higher cost and other reasons presented in the sgection on

protective coatings.

As indicated in an earlier paragraph, the PZ35 and PZ40 sections are made only
by Bethlehem Steel and the PZ38 section only by US Steel. While the Pz35 and
PZ40 sections appears to be the most economical, we recommend that two designs
be prepared -~ one using either P2Z35 or PZ40 and the other using P238 (MZ38),
in order to obtain competitive bids. Because the laying width of these
sections are quite different, it will be necessary to prepare two complete
sets of plans showing not only the bulkhead itself, but all other elements
that are dependent upon the width of the sheets and the spacing of the tie-
rods.




II PROTECTIVE COATING SYSTEM

A. Scope - Compare various coating systems for the bulkhead structures and
their susceptihility to damage during shipping, handling and driving.

B. Preliminary Design Report - The PCR made the following recommendation:
"The selected protective system for the steel sheet pile wall is the
combination of corrosion-resistent stzel, coal-tar epoxy protective
coating and cathodic protection.® The results of additional
investigations concerning the corrosion-resistent steel and the
protective coating are presented in the following paragraph. The results
concerning the cathodic protection system are presented in Section III.

C. Current Study, Conclusion and Recommendation - In Sect’on I the cost of
corrosion-resistent steel (ASTM690) was presented relative to the cost of
ordinary high-strength steels to be 16-34% higher. The use of this steel
was recommended in the PDR as a secondary protection measure. However,
further investigation indicates that this grade of steel is only
effective in delaying damage caused by corrosion and is most effective in
the splash zone, but 1S no more effective over longer periods than
ordinary steels., Furthermore, the use of this more expensive steel would
have to be provided for the entire length of the sheet piling even though
it is only needed in the upper portion - the splash zone areas. (It is
not practicable to fabricate sheet piling using two different grades of
steel.) A more economical sclution was selected which uses a protective
undercoating or primer and a protective outercoating for the exposed
surface. The undercoating provides the secondary protective measure, in
lieu of the corrosion-resistent steel, but only in the areas where
required, thus providing cost-effective protection. Therefore, the use
of corrosion-resistent steel is not recommended.

In order to provide an up-to-datz recommendation and cost estimate of a
protective coating system, we called on the Products Mechanical Corporation,
Mr., Herbert Schmidt, President, to prowide us with an investigation,
recommendation and cost estimate. Their report and Mr. Schmidt's
qualifications are included in Appendix B to this report.

The recommended protective system is as follows:

Steel Sheet Piling - Apply protective coating system to both sides of the
bulkhead piling from top to 3 ft below th» dredged line. The landside face is
provided with this protective coating because of the probable corrosive nature
of the available backfill materials. Use both the organic zinc rich primer
undercoating meeting DOD P-23236 specifications and the coal tar epoxy
polyamide outercoating, the latter the Corps of Engineers formula C-200, for
the entire length to be coated.

It is recommended that the deadman sheeting receive only a shop coat of paint
but no other protective coating.

Wales - The waterside wales should receive the same protective coating system
as the bulkhead sheeting. The deadman wales need not be given more than an
ordinary shop coat.



Tie-rods - The tie-rods, turnbuckles, and outer nuts and washers should be
coated using two coats of a cold bitumastic coating. 1In addition, the
tie-rods should be wrapped with a 15 pound coal tar-saturated pipe line felt.

Mooring Dolphin Piling - These piles should be coated to 5 £t below the
dredged line using the same system as used for the bulkhead piling.

Fender Piles or Steel Elements - If these members are to be used in the final
structure, they must be hand-scaled and wire-brushed to remove all loose rust
and other deleterious matter. Brush-apply twc coats of a cold bituminous
coating. When dry, brush-apply two coats of a rubberized coal tar emulsion
coating.

The quality of the application of these coatings is extremely important to the
2xtended life of the bulkhead structure. It is therefore recommended that a
qualified inspector be engaged to inspect all aspects of the applications in
the shop, the packaging for shipment, the handling during shipment and,
finally, the field touch-up.

The uge of these protective coatings, £ogether with the cathodic protective
system described in Section III should extend the useful life of the steel to
over 25 years.



III.

A.

B.

CATHODIC PROTECTION SYSTEM

Scope - Compare different types and materials of sacrificial anode
cathodic protection systems, the alternative locations and means of

support.

Preliminary Design Report - Two cathodic protection systems - the
sacrificial anode system and the impressed current system - were
investigated. The sacrificial anode system was selected as it required
less maintenance and could be designed for a designated life of 10, 20 or
more years. Because it requires frequent maintenance and a reliable
source of current, the impressed current system was eliminated from
further consideration.

Current Study, Conclusions and Recommendations - The firm of Wilson,
Walton International, Inc. and in particular Mr. Charles Potosnak, a
corrosion specialist certified by the National Association of Corrosion
Engineers, was called upon to provide us with an investigation,
recommendation and cost estimate of a sacrificial anode system. Their
report is included in Appendix C to this report.

Cathodic protection is effective only in those areas where the steel to
be protected is fully immersed or always moist, such as the backfill
areas in the tidal zone. The cathodic protection system is to provide
protection to the steel structural elements that are exposed to corrosion
through failure or damage to the protective coating system. (It had
already been established, in the PDR, that the most cost-effective design
was based on the combined protection provided by protective coating and
cathodic protection systems, rather than cathodic protection for bare
steel.)

The elements to be provided with cathodic protection are those whose
protective coating is subject to damage or deterioration and those that
are most crucial to the stability of the bulkhead. For these reasons,
the waterside face of the bulkhead sheeting, the bollard and bulkhead
tie-rods, and the dolphin piles were selected for this protection. (The
B-piles of the existing fender system, if reused in the new facility,
would also require cathodic protection. These elements do not have a
protective coating and the field application of a good coating is not
practicable.)

For the waterside protection, high-efficiency aluminum/zinc/indium allo
is recommended and for the landside protection, a licable to the
tie-rods, a high-efficiency magnesium/zinc/aluminum alloy is recommended.
These materials are selected because of their proven cost effectiveness,
availability, ease of installation and reliability. Anodes of these
materials are available from several manufacturers in the Us.

The cathodic protection anodes for the bulkhead piling would be installed
in alternate bulkhead indentations. These anodes would be suspended from
brackets welded to the webs of the piling. BAnodes for these members are



readily accessible and can be replaced when required. However, because
of the costs involved in replacement, the minimum design life considered
is 10 years.

The capital cost of an anode designed for a 20-year life is slightl less
than twice the cost of an anode designed for a l0-year life. However,
the present cost of installing a 10-year life anode today, and replacing
it with a 10-year life anode in 10 years time is less than the cost of
installing a 20-year life anode today. Therefore, the economical program
would be to install anodes with a l0~year life initially and to plan for
replacement in 10 years. However, to provide for the minimum life
planned for this structure, it is recommended that the anodes be
installed with a design life of 20 years.

FPor the tie-rod elements, where the cathodic protection anodes are not
readily accessible for replacement, anodes with a design life of 20 years
will be provided. These anodes will be installed in the backfill
material a short distance below and electrically connected to each
tie-rod.

The cathodic protection system for the bulkhead and dolphin piles should
be inspected annually. This inspection should determine the location of
the anodes, the condition of the anode supports and the anodes
themselves, and the size of the anodes should be measured. The latter
information can be used to determine the remaining life of the anode.

The cathodic protection system; together with the proposed protective
coating systems, should extend the useful life of the structure.



IV FENDERING SYSTEM

A.

Scope - Compare the relative merits of relocating the existing fender

'gystem for use at the new bulkhead location, or utilizing a new fender

system that is more appropriate for a sheet pile bulkhead structure.

Preliminary Design Report - Because the existing fender system is in
generally good condition and was properly designed for the vessels
expected to use the port, its reuse was planned. The existing system
would be disassembled and the piles pulled. All structural elemerts
would be stored at the rear of the port's storage area, where they would
be inspected and repaired, as required. It was assumed that about

10 percent of the material of the existing system would have to be
replaced.

The restored and repaired fender system would be reinstalled the same
distance from the new bulkhead structure as it had been from the existing
concrete deck, thus allowing the movement and energy absorption for which
it was designed. The estimated cost for the reuse of this system, in-
place, was US Dollars 600,000.

Current Study, Conclusions and Recommendations - The existing fender
system was designed to absorb the energy of the berthing vessel without
transmitting any loads to the existing pile supported dock. This was a
prover design because the existing dock structure was in very poor
condition. However, the new bulkhead structure with granular backfill
behind the sheet piling i3 capable of withstanding fairly large lateral
loads caused by ship berthing operations. Thus, without the restriction
of a structure in poor condition, other types of fender systems can be
considered.

The controlling design conditions for the fender system are as follows:

Largest Ship: 10,000 DWT; 13,300 Displacement Tons
Length 150m; Draft 8.3m
Velocity 0.1lm/second
Energy 70.0 ft-Kips (9.6 ton-meters)
Angle of Approach 10-15°
Max Hull Pressure 25 tons/sq m (5Kips/sq ft)

Smaller Ship: Minimum freeboard lm (3.3 ft)
Radius of Hull Curvature 80 ft
Deck Elevation + 4.5m
Water Levels
Extreme High Water Level + 3.4m
Extreme Low Water Level 0.0
MHWS + 3.1m
MLWS + 0.3m

The largest ship controls the maximum energy and forces induced during
berthing, but smaller vessels can cause damage by snagging fenders during



both horizontal and vertical movements. Large vessels sometimes have
vertical and/or horizontal protrusions which can also cause damage
through snagging.

Thus, the most suitable fender system has the following characteristics:

Energy Absorption Capacity
Horizontal and Vertical Continuity
Smooth Outer Surface

Minimum Susceptibility to Damage
Low Annual Maintenance Cost

Six alternative systems were considered for this project:

1.
2.

3.
4.

Reuse and reinstallation of the existing system.

Use of the horizontal wales and sections of the steel piles
from the existing system, and new rubber fenders placed
diagonally at 10 ft centers.

Same as 2 except without the horizontal wales.

Addition of a concrete fascia wall on the sheet piling and the
use of a diagonally draped, chain-supported, cylindrical rubber
fender system.

Use foam-filled floating fenders 3 ft in diameter, 10 ft long,
spaced at 30 ft centers. These fenders will be anchored by
chain supports to the bulkhead piling.

Same as 2 except utilize the lower horizontal wales as supports
for the bulkhead tie-rods, thus eliminating the need to provide
double-channel wales at the outer wall.

These systems are illustrated at the end of this section. Energy and
cost estimating calculations are included in Appendix D.

The estimated cost for these fendering alternatives are as follows:

ALT.

ALT.

ALT.

ALT.

ALT.

ALT.

COST (US$)
LABOR MAT'L & EQUIP TOTAL
1 452,000 400,000 852,000 *
2 421,000 604,000 1,025,000
3 327,000 557,000 884,000
4 513,000 896,000 1,409,000
5 196,000 507,000 703,000
6 450,000 563,000 1,013,000

*To this must be added the cost of providing cathodic
protection which amounts to US$ 266,000 for a 20-year
design life.



Alternatives 1, 2, 4 and 6 are eliminated from further consideration
because of high costs. Alternative 1, the PDR-recommended scheme,
becomes very cosily because of the need for a cathodic protection system
to protect the relatively bare steel of the piles. It is not considered
economical to set-up a field coating operation for these piles. The
bulkhead coating work will be perrormed in the shop.

Alternative 2 is similar to Alternative 3 except it provides horizontal
wales to distribute the reactions of fenders laterally among the sheet

piles. This distributing element can be eliminated in the interest of

economy; it was not essential to the design of either the fendering or

the bulkhead sheeting.

Alternatives 3 and 5 are the remaining candidates for considerations.
1he advantages and disadvantages of each are presented below:

Alternative 3 - Rubber Fenders on Steel members installed diagonally
directly on the sheet piling.

Advantages

1. Enables berthed ship to be closer to edge of dock apron.

2. Utilizes detail appropriate to a sheet pile bulkhead which has
the capacity to withstand ship berthing forces.

3. Utilizes a substantial rubber element that is less susceptible
to damage from ship berthing.

Disadvantages

1. More costly than Alternative 5.
2. Requires frequent maintenance of the steel members.
3. Can be snagged by ship protrusions.

Alternative 5 - Floating Fender using "Seaguards", or equal, a fender

fabricated of closed-cell resilient foam protected by a smooth outer skin

of filament-reinforced elastomer.

Advantages

1. It is economical.

2, It has high energy absorption and low reactive force on the
bulkhead structure and vessel.

3. It has a smooth outer skin with nothing to snag hull
protrusions.

4. Simple installation using chains attached to the bulkhead
structure.

5. Bouyant even if outer skin is punctured.

6. Unsinkable - will not be lost even if one of the chains should
break (as compared with other chain-supported systems).

7. By being bouyant, the fender is always in position to contact
the vessel regardless of tidal variations.

-11-



8. Low maintenance cost as no steel structures involved, only
chains.

Disadvantages

l. At low tide the vessels' curved sections at bow and stern could
contact the concrete cap of the bulkhead.

2. During tidal cycle fender can float about 3 ft away from
bulkhead.

3. During storms the floating fenders are vulnerable to damage and
could possibly damage the protective coating on the sheet
piling.

"Seaguard" floating fenders, or equal, are recommend for the Kismayo Port
Rehabilitation. This recommendation is based on their lowest capital
cost, low maintenance cost, and suitability for use in areas with
relatively lacge tidal and ship size variations. We believe details can
be developed during final design to reduce the movement of the fenders
away from the face of the bulkhead. Also, when severe storms are
expected these fenders can be removed from the water and stored on the
dock for safety.

=12-
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Bulkhead Structure— Fendering

Port of Kismayo Rehabilitation

Parsons Brinckerhoff International, Inc.
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Bulkhead Structure—Fendering

Port of Kismayo Rehabilitation Parsons Brinckerhoff International, inc.
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ROLL~ON/ROLL~-OFF RAMP

A. Scope - Study the various types and characteristics of roll-on/roll-
off vessels that are likely to call on the port and the effects on :
the ramp properties, i.e. slope, elevation, width, etc. Investigate
alternative locations for ramp in consultation with the Somali Port
Authority.

B. Preliminary Design Report - The proposed Ro-Ro ramp has been planned
for the inshore end of Berth 3. It is actually located within the
apron area of Berth 2, see plan. At this location, the ramp
presents the least interference with port traffic while centrally
located in the port area for access tc storage areas and to the
access roadway. Its slope will be about 10 percent. It will be
suitable for stern (or bow) - unloading Ro-Ro vessels equipped with
their own ramps.

C. Current Study, Conclusions and Recommendations - A study was made of
Ro-Ro vessels that have called on Mogadishu and/or Kismayo and those
that might call on these ports. From the Somali Port Authority we
received a list of 18 Ro-Ro vessels that have called on these ports;
of these all but one had stern ramps. The one exception, the Nape
Verde, of Liberian registration, had side ramps.

From the Lloyds Register of Shipping, US Bureau of Shipping, we
obtained & list of 25 vessels from four shipping lines that serve
the East African area. Six of these vessels were included in the
Somali Port Authority listing; of the remaining nineteen, we could
obtain information about twelve. Of these twelve vessels, four had
stern door ramps; four had stern doors; three had stern door ramps
and side doors; and one had stern side doors. Thus, in summary, of
a total of 37 Ro-Ro vessels, all but one had doors or doors and
ramps at the stern.

From the above information, it is recommended that the Ro-Ro ramp be
provided to accommodate stern (or bow) loading vessels.

The ramp location chosen in the PDR, at the end of Berth 3, was selected
because of its relatively protected position and its central location
within the port. However, other locations should also be investigated in
consideration of the cargoes to be handled.

Ro—-Ro cargoes consist mainly of the following:

Containers on wheeled vehicles
Vehicles and heavy equipment
Live animals.

Ro-Ro cargoes generally require a sizeable marshalling area to effect
rapid loading and unloading, thus resulting in quick ship turnaround.
For the containers, vehicles and heavy equipment, the area behind Berth 2
is a suitable marshalling area with ready access to both the Berth 3 ramp
and the access roadway. Alternative areas are behind Berths 4 and 1.



For the live animals, the usual holding area has been behind Berth 4. An
alternative holding area that could be used is the area behind Berth 2.
The area behind Berth 1 is not considered suitable because of its
proximity to the access roadway and the high traffic density in that

area.

Stern (or bow) loading Ro-Ro vessels can be moored in either of two ways:

l. parallel to the wharf with the ramp or door accessing a ramp at
right angles to the berth such as, mooring at Berth 3 with
access to the ramp located in the apron of Berth 2, which is
almost at right angles to Berth 3, or ‘

2. perpendicular to the wharves containing the ramp.

In the latter case, the outer end of the vessel would be moored either
with its own anchors, to an anchored buoy, or to a combination of both of
them. Both of these methods of mooring are illustrated in Sketch 1,
which shows the various alternative locations and moorings considered.

Sketch 1 indicates six alternative locations or orientations for Ro-Ro
ramps and eight positions of the moored vessel. These alternatives will
be discussed according to the designated moored vessel position.

1. This is the PDR-proposed ramp location with the vessel moored
to Berth 3.

2. With the same ramp a vessel with skewed stern (or bow) ramp
could load or unload while moored at Berth 2.

3. For vessels moored perpendicular to the wharf, a ramp at the
east end of Berth 1 could be used. The mooring lines of such
a moored vessel would not cause too much interference with
harbor traffic. This ramp location provides ready access to
the access roadway. It would not be suitable for animal
loading.

4. Side door vessels could possibly use the Berth 1 ramp, provided
they do not have too large a draft, as the harbor area east of
the end of Berth 1 has not been dredged.

5. An alternative ramp could be provided from the east end of
Berth 1, with the vessel moored entirely east of the berth,
This alternative frees Berth 1 for other vessels but requires
considerable dredging.

6. In this alternative, the vessel is moored perpendicular to the
ramp at the west end of Berth 4. The ramp in this location
would facilitate the loading of animals but the moored vessel
presents considerable interference with vessels entering the
harbor.

7. Mooring the vessel parallel to Berth 4 would require the
construction off a platform or apron outside of the face of the
bulkhead to receive the ship's stern (or how) ramp. This
alternative eliminates the harbor traffic problem but limits
the berthing space available for Berths 3 and 4. It prevents
vessels from extending beyond the end of the berth.

8. Again, the vessel is moored perpendicular to the berth and
causes excessive interference with harbor traffic.

-14-



Based on the considerations presented above, it is concluded that the
most acceptable ramp location is that for Berth 3 as proposed in the PDR.
This ramp is fully protected from winds and waves, is reasonably
accessible for both animals and vehicles, and could also be used for
skewed ramp vessels. A second choice for the ramp location would be at
the east end of Berth 1 for perpendicular mooring and for possible use by
side door vessels. Vessels moored perpendicular to the berth at this
location are subject to considerable wind forces during monsoon seasons
and operations could be affected.

In order to provide as much flexibility for operations as reasonably
possible, it is recommended that two Ro-Ro ramps be constructed, one for
Berth 3 mooring and one for Berth 1, perpendicular mooring. 1In this way,
the port can accommodate stern (or bow) ramp vessels, stern (or bow) skew
ramp vessels, and to some extent, side ramp vessels. Ramps will be
constructed with about 10 percent grades, will be 80 ft wide, and the
outer edge of the ramp will be set at elevation + 2.5m or 2m below the
apron level.
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VI BERTH CONSTRUCTION SEQUENCE AND RELOCATION OF POL AND MOLASSES LINES

A.

Scope - Study of relocation of POL and molasses lines during
construction period to provide for uninterrupted services; and study
of pier construction sequences, allowing for a full utulization of
two berths at any one time.

Preliminary Design Report - The construction sequence presented in
the PDR proposed starting construction at Berth 4 and proceeding in
order to Berth 1. Temporary relocation of POL and molasses lines
would be required to facilitate uninterrupted service. Based on a
starting date of September 1, 1984, the schedule for berth
completion was presented as follows:

lst Berth (4) February 1, 1986
2nd Berth (3) May 1, 1986
3rd Berth (2) February 1, 1987
4th Berth (1) May 1, 1987

Project completed June 1, 1987.

Thus, it was estimated to take 20 months to complete the first two
berths, and 12 months to complete the second two berths. Since neither

the POL nor molasses services could be interrupted for 12 months, the
temporary relocation of these service stations is necessary.

The total construction time, including one month for final clean-up and
demobilization, is 33 months.

cC.

Current Study, Conclusion and Recommendations - The starting date
for construction is not presently known but the overall construction
time is still planned at 33 months. The construction of a sheet
pile bulkhead is most efficiently and cost-effectively accomplished
by starting at one end and proceeding continuously to the other end
of the bulkhead. This procedure is also necessary to ensure that
two berths are always available for port operations. Thus, the only
alternatives available are starting at Berth 4 or starting at

Berth 1. The construction sequence step-by-step for each of these
alternatives is described in detail:

Construction Sequence I Berth 4 to Berth 1

1. Set-up contractors on-site yard behind Berth 4.

2, Relocate molasses line to Berth 2.

3. Construct new mooring dolphin.

4. After completion of step 2, demolish Berth 4.

5. Simultaneous with step 4, start construction of new
Berth 4, including electric and water distribution lines,
manholes and ship service stations.

6. Demolish Berth 3.

7. Complete Berth 4, including all items of step 5 and the
permanent molasses loading stations.

Berths available for operations during steps 1 - 6




9.
10.

1l.
12.

13.

14.
15,

16.
17.

18.

19.
20.
21.
22,

23.
24,
25.

Berth 1. Bananas, P.0.L. and General Cargo
Berth 2. Molasses, Animals* and General Cargo
*Holding pen behind Berth 2

Remove temporary molasses lines.

Install temporary POL lines to Berth 3 area.

Start construction of Berth 3, including electric, water,
etc.

Demolish Berth 2.

Complete Berth 3, including all items of step 10 plus the
temporary unloading station for POL.

" Relocate contractor's on-site yard to behind . Berth 2.

.-Berths available for operations during steps 7 - 11

Berth 1. Bananas, POL and General Cargo
Berth 4. Molasses, Animals* and General Cargo
*Holding pen behind Berth 4

Start construction of Berth 2, including electric, water
etc., and Ro-Ro ramp.

Start construction and installation of electric
generators, including conduit to distribution manholes.
Demolish Berth 1.

Complete Berth 2, including all items of step 14.

Berths available for operations during steps 14 - 17

Berth 3. Bananas, POL and General Cargo
Berth 4. Molasses, Animals* and General Cargo
*Holding pen behind Berth 4

Start construction of Berth 1, including electric, water,
etc., fire protection water intake facility, water and
fire pump buildings, permanent POL station and Ro-Ro ramp.
Construct mooring dolphin.

Ccmplete Berth 1 and all items of step 18.

Remove temporary POL pipiag and repair pavement.

Complete electric generator station and distribution
wiring.

Berths available for operations after completion:

Berth 1. Bananas, POL, Ro-Ro and General Cargo

Berth 2. Ro-Ro, Bananas, General Cargo and Animals* at
Ro-Ro ramp

Berth 3. General Cargo

Berth 4. Molasses, Animals* and General Cargo
*Holding pen behind Berth 4

Remove contractor's yard.

Repair and restore all pavements.
Clean-up and demobilize.
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Congstruction Sequence II Berth 1 to Berth 4

1.
2.
3.
4.
5.

10.
11.

12.

13.

14.

15.
16.

Set-up contractor's yard behind Berth 2.

Relocate POL unloading station to Berth 3.

Construct new mooring dolphin.

After completion of step 1, demolish Berth 1.
Simultaneous with step 4, start construction of new Berth
1, fire protection water intake facility, water and fire
pump buildings, electric and water distribution lines,
manholes, ship service stations and Ro-Ro ramp.

Demolish Berth 2,

Complete Berth 1, including all items listed in step 5.

Berths available for operations during steps 1 - 6

Berth 3. Bananas, POL and General Cargo
Berth 4. Molasses, Animals* and General Cargo
*Holding pen behind Berth 4

Remove temporary POL lines and repair pavement at Berth 1.
Start construction of Berth 2, including electric, water,
etc., and piping for temporary molasses station.

Demolish Berth 3.
Complete Berth 2, including all items of step 9. (Ro-Ro

ramp is not included at this time).
Berths available for operations during steps 7 - 10

Berth 1. Bananas, POL, General Cargo and Ro-Ro
Berth 4. Molasses, Animals* and General Cargo
*Holding pen behind Berth 4
(Neither electric nor water service will be available at

this time).

Start construction of Berth 3, including completion of
Ro-Ro ramp at Berth 2, electric, water, etc., and complete
connection of temporary molasses line.

Complete construction and installation of electric
generators (long lead item), including conduit to
distribution manholes. ,
Relocate contractor's on-site yard from behind Berth 2 to
behind Berth 4.

Demolish Berth 4.

Complete Berth 3 and all items of step 12.

Berths available for operations during steps 11 - 16

Berth 1. Bananas, POL, Ro-Ro and General Cargo
Berth 2. Molasses, Animals*, Ro-Ro and General Cargo
*Holding pen behind Berth 2
(Electric and water service will be available at
Berths 1 and 2).



17. Start construction of Berth 4, including electric, water,
etc., and install permanent molasses loading stations.,

18. <onstruct mooring dolphin.

19. Complete Berth 4 and all items of step 17.

Berths available for operations after completion:

Berth 1. Bananas, POL, Ro-Ro and General Cargo
Berth 2. Ro-Ro, General Cargo and Animals*
Berth 3. General Cargo
Berth 4. Molasses, Animals** and General Cargo
*If animals use Ro-Ro ramp
**Holding pen behind Berth 4

20. Remove contractor's yard.
2l. Repair and restore all area pavements.
22, Clean~up and demobilize.

The advantages and disadvantages of each Construction Sequence are
presented below:

Construction Sequence I Berth 4, 3, 2 and 1 (as presented in PDR)

Advantages

1. Does not disturb current, most active operations, bananas and
POL, which take place at Berth 1.

2. Starts construction away from Berth 1 and access roadway , thus
avoiding potential traffic interference.

Disadvantages

1. Cargo operations in 1986-87, when greater cargo is anticipated,
must pass the construction area at Berth 1 to reach the
available berths for port operations.

2. The utility modifications will not be completed and available

until the end of the construction period as most incoming
servicing pass through Berth 1.

Construction Sequence II Berth 1, 2, 3 and 4

Advantages

1. The utility services, water and fire protection, will be
available to Berths 1 and 2 at an early date.

2, Berth 1 will be available for cargo operations at the earliest
date.

3. If two Ro-Ro ramps are to be constructed, one will be available
at an early date.

Disadvantages

I. Most active, current activities must be relocated.
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We recommend Construction Sequence II - starting construction at Berth 1
- which enable the early completion of the most active berths with a

rehabilitated structure and modernized utility services, and will provide
early modernized services to the Administration building.



APPENDIX A

BULKHEAD SECTIONS

LABORATORY RESULTS
L.A. ABRASION TESTS
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TEST No. -]

Parsons Brinckerhoff "
International, Inc. ABRASION Date 78‘/2 -1983
Mogadishu, Somalia TOS ANGELES TEST Y

— ——— — - — P e et

TESTING METHOD: ASTM C 131 & 535

TEST FOR: :
Required C
1 Coarse Aggregate < 50%
1 Base Roads f 4.0%
1 Surface Dressing S 35%
ROCKS, ROCKFILLS & FILTERS
=] Materials of Types I,II,III, V, VI & VII < 35%
3 Material of Type IV £ 50%
GRADING B |
Weight and grading of test sample
Pagsing - Retained weight spheres revolutions
3" 2 1/2"
2 1/2" 21
2n | 1 1/2"
1 1/2n 1"
/]ll 3/[‘_"
34" 172" 2500 11 500
1/2n 3/8n ’2_5;00 '
3/8" B 1//4_"
/41 No.4(4.75 mm) ]
NO o 4=4+, 75mm No.8(2.36 mm)
Total weight v = 5000 Gr
Weight of material coarser than no. 12 sieve W/ = 529_Q
w-w; = _11/0
Los Angeles Coefficient C =100_W-W' o _ . 7

LOCATIONS OF CORRESPONDING WORKS AND REMARKS

MOGADISHU SAMPLE



http:No.8(2.36
http:No.4(4.75

Parsons Brinckerhoff
International, Inc.
Mogadishu, Somalia

Y SES

ABRASION
LOS ANGELES TEST

TEST No. 2
Date 2_0-/.ng3

TESTING METHOD:
TEST FOR:

C1 Base

GRADING B

] Surface Dressin

ASTM C131 & 535

1 Coarse Aggregate

Roads

2
ROCKS, ROCKFILLS & FILTERS

(] Materials of Types I,II,III, V, VI & VII
3 Material of Type IV

Required C

50%

40%

INPA YA

35%

35%

n Ph

50%

Weight and grading of test sample

Passing Retained weight spheres revolutions

Zn 2 1/21 '
2 1/2" 2"
on 1 1/211
1 4/2" 1qn
4 3/4"
3/4n 1/2" L4500
1/2n 3 /8" 2500 14 500
5/8" 1/q_u m
1/4 No.4(4.75 mm)

NO o 44, 75mm No.8(2.36 mm)
Total weight W = _50006r
Weight of material coarser than no. 12 sieve w o= 3683 -

waw/ = __[|3F .

Los Angeles Coefficient ¢ =100 W—W/c - ’2_2? %

' LOCATIONS OF CORRESPONDING WORKS AND REMARKS

OLD AIRPORT KISMAYU SAMPLE M
. P

%7



http:No.8(2.36

Parsons Brinckerhoff i TEST No._3
International, Inc. ABRASION Dave 20-)2-23

Mogadishu, Somalia
LOS ANGELES TEST

|| et ms o — e mava— . e g -
S —————————

TESTING METHOD: A STM C 131 & 535

TEST FOR: -
Required C
| Coarse Aggregate < 50%
1 Base Roads f 40%
) Surface Dressing S 355
ROCKS, ROCKFILLS & FILTERS
() Materials of Types I,II,III, V, VI & VII < 35%
C3J Material of Type IV £ 50%
GRADING ___.B |
Weight and grading of +test sample
Passing Retained weight spheres revolutions
3N 2 1/2 '
2 1/2" 21
v 1 aen
1 1/2n 1"
an /40
3/4n 1/2" R500
1/2" 3/8" 2500 11 500
5/8" B 1/4"
/41 No .4(4.75 mm)
0 o 44, 75mm No.8(2.36 mm)
Total weight W o= 5000 Gr.
Weight of material coarser than no. 12 sieve W/ = 35/6 .,
ww! = [4 84
Los Angeles Coefficient ¢ =100 W-w’/ o - 29. %

TOCATIONS OF CORRESPONDING WORKS AND REMARKS

MERKA SAMPLE

N A />~
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Parsons Brinckerhoff
International, Inc.

Mogadishu,

Somalia

L4

——— — s —— t ——— c v g -

ABRASION
LOS ANGELES TEST

/

TEST No._~
Date 2/-/2-83

TESTING METHOD: A ST M C 131 & 535

TEST FOR:

[l Coarse Aggregate

1 Base

L) Surface Dressing

] Material of Type IV

GRADING B

Roads

ROCKS, ROCKFILLS & FILTERS
-] Materials of Types I,II,III, V, VI & VII

Required C
S 50%

40%

35%

N A

35%
50%

in Ph

Weight and grading of test sample

Pagsing Retained weight spheres revolutions
3" ' 2 1/2"
2 4/2n 2
2n 1 1/2"
1_1/2" 1
~ qn 3 /4n
3 /40 ’ 1/2m mO
1/2" 3/6" 2500 11 500
3/8" 4/4:1
1/4n No.4(4.75 mm)
No 4=4-, 75mm No.8(2.3%6 mm)
Total weight w = 5Hooo 6.
Weight of material coarser than no. 12 sieve w o= __ié fo
' w-w; = _J320 .
Los Angeles Coefficient C =100_W-W , _ -2,51 4 %

LOCATIONS OF CORRESPONDING WORKS AND REMARKS

poLicE 1T

LJEST OF

SAMPLE
RoOAD

e/
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PRODUCTS ‘ ‘ ECHANICAL CORP.

PROTECTIVE COATING SYSTEMS FOR STEEL SHEET PILING,

WALES, TIE RODS AND ACCESSORIES

EVALUATION AND RECOMMENDATIONS

FOR PARSONS, BRINCKERHOFF QUADE & DOUGLAS, INC,

PORT OF KISMAYO
USAID - SOMALI DEMOCRATIC REPUBLIC
REHABILITATION OF BERTHS 1 - 4

JANUARY 13, 1984
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QUALITY REPLICATION SPECIALISTS

28 Cleveland Avenue
Glen Head, N.Y. 11545
(516) 671-2828

Lehigh Valley Facilities P.O, Box 159

Bath, Pa. 18014
(215) 759-6907
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HERBERT J. SCHMIDT, JR., P.E.
28 CLEVELAND AVENUE
GLEN HEAD. NEW YORK 11545

EVALUATIONS AND RECOMMENDATIONS

PAGE 1

JANUARY 13, 1984

1.0 DESIGN ASSUMPTIONS

1.1 BULKHEAD WILL BE BUILT WITH EITHER PZ-35 OR Pz-38

éEINFORCED STEEL SHEET PILING; 68.5' LONG. TOP OF
PILES @ +13.3', TIDE RANGE IS 3' - 4'. DREDGED
WATER DEPTH 3 -31.2'. BOTTOM OF PILES @ -55.2°'.
PILING TO RECEIVE A SHOP APPLICATION OF A SPECIFIED

PROTECTIVE COATING SYSTEM.

1.1.1 BERTHS #1 & #2 a 1.105.?'.
BERTHS #3 & #4 3 922.0°',

TOTAL LENGTH = 2,027.7'.

SQUAEE oF BuLkH'D,

1.1.2 SQUARE FOOT AREA TO BE coATEo PER ~ENEAR FOOT,

PZ-35 PILING 2. 1.420/'.

PZ-38 PILING @ 1.69a/'.

- AP IOx I

FENDER PILE SYSTEM CONSISTING OF w—t8%8¢ H-PILES,
WILL EITHER BE RELOCATED OR EXISTING H-PILES CUT
AND WELDED HORIZONTALLY ONTO OUTBDARD FACE OF PILING.
RUBBER FENDERS WILL BE.ATTACHED TO. H-PILES. H=PILES

TO BE CLEANED AND COATED ON THE JOB SITE.

o o eeem gy pon oo

e et e e s ne -
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EVALUATIONS AND RECOMMENDATIONS

PAGE 2

JANUARY 13, 1984

1.2

CONTINUED
1.2.1 SURFACE AREA @ 6 SQUARE FEET PER LINEAR FOOT.

WATERSIDE WALES CONSIST OF 2 - C12, SPACED SO AsS TO
PROVIDE ‘ACCESS BETWEEN THEM ‘FOR TIE RODS. WALES TO
RECEIVE A SHOP'APPLICATION OF A SPECIFIED:*PROTECTIVE

COATING 'SYSTEM.

1.3.1. SURFACE ARE OF DOUBLE CHANNEL WALES @ 6.67

SQUARE FEET PER ‘LINEAR ‘FOOT,

TIE RODS WILL BE 3-1/4" bIAﬂETERfFOR'THE BULKHEAD AND
3"‘DIAM§TER~FOR THE BOLLARDS;-'LéNGTH 1S APPROXIMATELY
s0'. TfE RODS.:TURNBUCKLES,'AND WATERSIDE ‘NUTS AND
PLATE WASHERS.TO RECEIVE A SHOP APPLICATION OF A

SPECIFIED PROTECTIVE COATING SYSTEM.

1.4.1 SURFACE AREA OF TIE -RODS:
3" DIAMETER @ 0.79 SQUARE FEET PER LINEAR FOOT
3-1/4" DIAMETER.O 0.86 SQUARE FEET PER LINEAR

FOOT.

et —— eiemeons et e = emmeneeeaee e e —es

R e e et PET S P U
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JANUARY 13,

1984

1.0 CONTINUED

1.5

DEADMEN CONSISTING OF I3-i' LONG PZ-27 PILES
AND 2 - C12 WALES. .NO COATING REQUIRED.

. BoLLARDS
24 MOORING -BD8EPHINS WILL BE SUPPORTED ON 4 - HP14X73

BoLLARD,
H-PILES; 40' LONG; PER B8k, PILES TO RECIEVE A
SHOP APPLICATION OF A SPECIFIED PROTECTIVE .COATING

SYSTEM.,

1.6.1 ' SURFACE AREA- @ 7.2 SQUARE FEET PER LINEAR FOOT, .

BACKGROUND

SINCE 1958, COAL TAR EPOXIES HAVE BEEN SUCCESSFULLY
USED IN PROTECTIVE COATING SYSTEMS TD PROTECT EXPOSED,
ALTERNATELY WET AND DRY, IMMERSED "'AND BACKFILLED STEEL
PILING AND STRUCTURAL STEEL SHAPES FROM CORROSION,

THESE SYSTEMS HAVE BEEN ESPECIALLY EFFECTIVE IN

..EROTECIJ~G~SIEELNEXEDSED,IO~$ALT_AIR*ANDNSALI WATER..

THE ORIGINAhlAMINE CURED COAL TAR EPDXIES WERE

B —




EVALUATIONS AND RECOMMENDATIONS
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2.1

CONTINUED

SOMETIMES FOUND TO POST~CURE AFTER APPLICATION AND
INSTALLATION. THIS CAUSED EMBRITTLEMENT OF THE
COATING AND THE POSSIBILITY OF SUBSEQUENT CRACKING

OR CHECKING OF THE CURED COATING.

IN THE 1960's, A HIGH STRENGTH, LOW ALLOY CARBON
STEEL WAS DEVELOPED FOR SEA WATER EXPOSURE CONDITIONS,
AND WAS MANY TIMES USED WITH THE COAL TAR EPOXY
PROTECTIVE COA+ING SYSTEM. WHILE THE INITIAL RéSULTS
WERE ENCOURAGING, LONG TERM RESULTS DISCLOSED'THAT
THIS MORE EXPENSIVE ALLOY'STEEL DID NOT PROVIDE THE
EXPECTED EXTENDED SERVICE LIFE IN SEA WATER SPLASH

ZONE AND TIDAL RANGE LOCATIONS.
RECOMMENDATIONS

2.2.1 I& THE 1960'c, A EPOXY POLYAMIDE COAL TAR
PROTECTIVE COATING WAS DEVELOPED. IT wAS
FOUND TO SIGNIFICANTLY REDUCE OR ELIMINATE
THE POST CURE EMBRITTLEMENT PROBLEM. THE

U.S. CORPS OF

im

NGINEERS ASSIGNED THEIR

S e e eemies ot iy el e

T e e e e e o s 4 e b e o
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EVALUATIONS AND RECOMMENDATIONS
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JANUARY 13, 1984
2.2.1 CONTINUED
SPECIFICATION C-22 TO THIS COATING. COAL

TAR EPOXY POLYAMIDE PROTECTIVE COATING

MEETING SPECIFICATION C-200 IS RECOMMENDED

FOR THE SUBJECT JOoB.

2.2.2 IN ORDER TO ENHANCE THE LONGEVITY OF THE

e e s imimiepy e aee .

COAL TAR EPOXY PROTECTIVE COATING SYSTEM
AND TO EXPLORE ALTERNATE COATING sys+eus.
THE UNITED STATESuNATloﬁAu eOREAu OF STANDARDS L
CONTRACTED WITH THIS REPORT wnzten's FORMER '
COMPANIES TO APPLY A- NUMBER OF DIFFERENT
PROTECTIVE toATrNG:svsfens ON STRUCTURAL

STEEL WHICH WAS THEN PLACED IN SEVERAL SEAWATER
LOCATIONS. THEIR LATEST MONOGRAPH WAS
RUBLISHED IN 1977 AND IS APPENDED TO THIS

REPORT. AS CAN BE SEEN, BOTH AN INORGANIC

T e e e v =4 vr——— vt ot ¢

ZINC RICH PRIMER AND AN ORGANIC ZINC RICH

PRIMER WERE APPLIED UNDER A COAL TAR EPOXY

- e peaan

COATING. THESE PRIMERS ENHANCED THE USEFUL

LIFE OF THE COAL TAR EPOXY COATINGS. WHILE ?

_.IHE.lNDRﬁANIC_ZINC_REREDRMEDmMUCH“BEITER.THAN. e,




EVALUATIONS AND RECOMMENDATIONS

PAGE 6

JANUARY 13, 1984

CONTINUED

ORGANIC ZINC, THE INORGANIC ZINC PRESENTS AN
APPLICATION AND CURING PROBLEM TO MANY COATING
APPLICATION COMPANIES.. ADDITIONALLY, THE
ORGANIC ZINC RICH COATINGS MEETING 0.0.D.
P-23236, HAVE BEEN SIGNIFICANTLY IMPROVED

FROM THOSE USED IN THE 1960's AND ‘EARLY 1970's.
FOR THESE REASONS, THE ORGANIC ZINC RICH PRIMER

Is5 RECOMMENDED FOR USE ON THE SUBJECT JOB.

THE LIFE 'OF ANY PROTECTIVE COATiNG'SYSTEM 1s
DIRECTLY PROPORTIONAL:.TO NOT ‘ONLY THE
PROFESSIONALISM OF THE COATING APPLICATOR AND

THE COATING MATERIALS USED, BUT TO THE QUALITY

AND DEGREE OF CLEANLINESS OF THE STEEL SUBSTRATE.

FOR THESE REASONS, A NEAR WHITE SANDBLAST FINISH
IS RECOMMENDED FOR ALL SHOP COATING FOR THE

SUBJECT JOB.

IT IS ANTICIPATED THAT THIS RECOMMENDED

PROTECTIVE COATING SYSTEM WILL EXTEND THE

e e S e e um s T e el e NP (e e e

USEFUL LIFE OF THE STEEL OVER 25 _YEARS. ... .. ___

Rt S
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2.2 CONTINUED

AND PLATE WASHERS SHOULD BE COATED IN

2.2.5.1 AN ALTERNATE AND A VERY GOOD

TIE RODS, TURNBUCKLES, AND WATER SIDE NUTS

ACCORDANCE WITH 2.2.1, 2.2.2 ¢ 2.2.3.

PROTECTIVE COATING SYSTEM FOR COATING
THE TIE RODS IS BASED ON THE FOLLOWING
COATING SYSTEM.

CLEAN IN ACCORDANCE WITH 2.2.3. APPLY »

TWO COATS OF A COLD BITUMINOUS COATING .

SUCH AS KOPPERS BITUMAST{C NO. S0,
UHILE‘THE LAST CQAT IS STILL TACKY,

WRAP THE TIE RODS WITH A 15 POUND COAL
TAR SA*URATéD PIPE LINE FELT, OVERLAPPING
THE FELT FIFTY PERCENT. SECURE THE FELT
AT THE ENDS OF THE TIE RODS. FIELD
+OUCH UP EXPOSED THREADS AND ANY DA“AGE
WITH THE SAME MATERIAL, AFTER

INSTALLATIONS .

o+ comiimram memmi ¢ e e mme . sesmerem+ . s a a o oree -

P

e oy e we s

R R it T T
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2.2 CONTINUED

2.2.6

== -iemee. — RECOMMENDED_ THAT_A_QUALIEIED. OUTSIDE INSPECTOR

EXISTING FENDER PILES WHICH ARE EITHER
RELOCATED OR REUSED, ARE PRESENTLY PAINTED
WITH A RED LEAD PRIMER AND TOPCOATED W ITw AN
ALUMINUM PAINT. THE REALITIES OF LOCAL
CONDITIONS OBVIATE THE POSSIBILITY OF HAVING
THIS STEEL CLEANED AND COATED UTILIZING THE
MOST DESIRABLE CLEANING AND PROTECTIVE
SYSTEMS. THEREFORE, WHEN THE PILES ARE PULLED
AND BEFORE RELOCATING AND DRIVING, THEY SHOULD
BE HAND SCALED AND HAND' WIREBRUSHED TO REMOVE
ALL LOOSE RUST AND OTHER DELETERIOUS MATTER.
BRUSH APPLY TWO' COATS \OF A COLD' BITUMINOUS
COATING SUCH'AS¢KOP§ERS BITUMASTIC NO. 50.
WHEN DRY, BRUSH APPLY TWO COATS OF A RUBERIZED

COAL TAR EMULSION .COATING SUCH AS KOPPERS

BITUPLASTIC NO. 33,

QUALITY ASSURANCE AND QUALITY CONTROL THROUGH
ARE
ALL OPERATIONS ¥8- ESSENTIAL TO OBTAINING AN

EXTENDED LIFE PROTECTIVE.COATING. 1IT Is

BE ENGAGED TO SUPERVISE ALL PHASES OF THE SHOP

B TINeNSREr SR sl SMpee s ¢ e bt - ———— —— + oo .t

o em e b

e Ty

O
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2.2.,7

CONTINUED

CLEANING, COATING, HANDLING, LOADING AND
SHIPPING, THE COATED SURFACES MUST BE PROTECTED
FROM DAMAGE BY THE USE OF SUITABLE PADDING:
MATERIALS: PROPER PACKAGING 'Is ESSENTIAL.
STRONGBACKS WITH NYLON SLINGS SHOULD BE USED
FOR ‘LOADING AND OFF-LOADING COATED PILING.

TIE RODS AND ACCESSORIES. DAMAGE TO THE
COATED SURFACES -OCCURS MOST OFTEN DURING
LOADING ON SHIPBOARD "AND OFF-LOADING AT THE
DESTINATION. A QUALIEIED OUTSIDE INSPECTOR
SHOULD BE HIRED TO SOPERVISE AND OVERSEE ALL
PHASES OF THESE'OPEEATIONS. ALSO, PROPER
LOADING AND PROPER SECURING OF THE COATED STEEL
IS ESSENTIAL. BY EXERCISING REASONABLE CARE,
THE COATED STEEL wWILL AERIVE AT ITS.DESTINATION

IN EXCELLENT CONDITION.

A SPLASH- ZONE EPOXY COATING MAY BE USED FOR
FIELD TOUCH-UP.OF ANY ABRADED OR DAMAGED COATING.

THE DAMAGED COATING SHOULD BE REMOVED UNTIL THE

- —REHAINING "COATENG—ES-FIRMEY-- "BONDED-TO THE STEEL ;-

THE SUBSTRATEI'SHOULD BE HAND WIREBRUSHED PRIOR

~ - r——

Tel eawre . e
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3.0

2.2.8 CONTINUED

TO THE APPLICATION OF THE TOUCH-UP COATING

MATERIAL.,

COST PARAMETERS

3.1

IDEALLY. THE STEEL SHEET PILING SHOULD BE COATED DN

BOTH SIDES FROM THE TOP TO 3. 0' BEL.OW THE DREDGED

WATER LINE.

OF THE BOWL AND BALL OF THE INTERLOCK IS5

1) PZ-35 2.027,7'x47.5'x1.4za/'x2 SIDES

2) PZ-38 - 2.627-7'X47.5'X1.590['K2 SIDES

273,5370

325,5470

AN EXCELLENT J0OB OF CORROS ION PROTECTION :CAN BE

ACHIEVED BY COATING THE OUTBOARD SIDE OF THE STEEL

SHEET PILING AS DESCRIBED ABOVE, AND BY COATING THE

INBOARD SIDE TO 5' BELOW THE MEAN LOW WATER LINE.

THEREFORE ¢

3) PZ-35s 2.027.7'X(47.5'+18.3')X1.425/' = 189,4600

4) PZ-38 2.027.7'X(47.5'+18.3')X1.690/'
IF BOTH SIDES ARE COATED 47.5'

_. ESTIMATED_ UNIT LOST .1S.81.65__ PER.SQUARE—FOOT -0F. .

COATED AREA,

225,4840

IF THE OUTBOARD SIDE IS COATED 47.5'

" THE SURFACE AREA.TO BE COATED, EXCLUSIVE

+ SUB-ITEMS 1) ¢ _2), THE

o veemen

T mey eararmema e

T e e v P e e

e meam. -
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CONTINUED

AND THE INBOARD SIDE 1S COATED 18.3', SUB-ITEMS 3) ¢
4), THE ESTIMATED UNIT COST IS $1.95 PER .SQUARE FOOT
OF COATED AREA.
| 1) $451,336.
2) $537,153.
3) $369,447.

4) $6439,694.

WATER SIDE WALES TO BE COATED 100 PERCENT.

2,027.7'%X6.67@/' = 13,5250
SQUARE

ESTIMATED COATING COST IS $1.95 PER ~—iNEAR FOOT OF WALE.

13,525 8 $1.95 = $25,374.

TIE ROD PROTECTIVE éOAT;NG SYSTEM PERFORMED IN
ACCORDANCE WITH 2.2.1, 2.2.2. % 2.2.3 1S ESTIMATED TO
COST $2.75 PER LINEAR FOOT. THERE ARE APPROXIMATELY
450 TIE RODS FOé.THE BULKHEAD AND 48 TIE RODS FOR THE:
BOLLARDS. TOTAL'IS.498 TIE RODS; 90' LONG.

498X90' = 44,820' @ $2.75 = $123,255.

498 NUTS TO BE COATED 8 $9.50 =. $4,731,
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3.3

. 26,8800 @ $1.65 = $44,352

CONTINUED

498 PLATE WASHERS TO BE COATED 8 $14.00 = $6,972.
=996 TURNBUCKLES TO BE COATED 8 $22.00 = $21,912,

TOTAL OF ABOVE = $156,870.

3.3.1 TIE ROD Pnorscfxvs COATING SYSTEM
.- PERFORMED IN AGCORDANCE WITH THE
ALTERNATE svstM DESCRIBED IN 2.2.5.1
IS ESTIMATED TO COST $2.50 PER L INEAR
FOOT.
498X90" = 44,820' 8 $2.50 = s112,050.
498 NUTS TO BE' COATED @ $8.50 = $4,233,
498 PLATE WASHERS TO BE COATED @ $12.50.
= $6,225, |
996 TURNBUCKLES TO BE COATED @ $20.00
= $19,920,
TOTAL OF ABOVE = $136,203.

RoLLARD ' '
MOORING -BOtPrHIMN. HP14X73 H-PILES TO BE COATED 100 PERCENT.

. 24X4X640'X70/"' = 26,8800

ESTIMATED COATING COST IS $1.65 PER SQUARE FOOT.

[
- ——— i e e e e N et et s 1C e  d— e s8 = & ae o e sem . e s
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3.0 CONTINUED

N
.. ESTIMATED TR _CoST - \ e
;2. ROLPHING X 4 PILES BA X 1§ »T0FT @ 1.¢5 = % ¢So0

FENDER PILES ARE TO BE REUSED AND FIELD COATED IN -
ACCORDANCE WITH RECOMMENDATIONS CONTAINED IN 2.2.5.
MATERIAL .COSTS ARE EXPECTED 'TO BE APPROXIMATELY $0.45
PER SQUARE FOOT. THE SURFACE AREA OF A HP14X73 H-PILE
1S 7.2 SQUARE FEET PER LINEAR FOOT. FIELD ‘MEASUREMENTS
WILL BE NECESSARY TO OBTAIN TOTAL LINEAR FEET TO BE

COATED.
SOATING PoR% HP (% XT3 MOOZING DOLPHIN PILES IS

NO ALLOWANCE. HAS BEEN-MADE FOR EITHER FREIGHT FROM THE.

[
'

STEEL MILL TO THE CONTING APPLICATORS PLANT, NOR FROM
THE COATING APPLICATORS PLANT TO THE PORT FOR SHibPING.
NOTE: MOST COA*INé'APPLICATORS‘HAVE PLANTS WITHIN

TWENTY MILES OF THE STEEL MILLS.

ALL PRICES AND COST ESTIMATES ARE BASED ON CURRENT
U. S. MATERIAL AND LABOR COSTS WITHOUT ANY ESCALATION

FACTOR, AND AT A '‘COATING APPLICATORS PLANT.

RSP 1 e oo —— - 1 et ® — b P i

e p—
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4.0 CONTINUED
4.3 NO ALLOWANCE HAS BEEN MADE FOR EXPORT PACKAGING.

4.4 NO ALLOWANCE HAS BEEN MADE FOR AN OUTSIDE INSPECTOR.
CDST FOR THIS SERVICE IN THE u.s. IS s$250. TO s400.

PER DAY,

4.5 ATTACHED IS A COPY OF THE -JUNE 1977 U. S. DEPARTMENT
OF COMMERCE / NATIONAL BUREAU OF STANDARDS MONOGRAPH
158, TITLEDs:

IN A NATURAL SEAWATER.ENVIRONMENT. YOUR ATTENTION IS

DIRECTED TO TABLE 3, ‘ON PAGE'34.

4.6 ATTACHED IS A COPY OF A REPRINT OF A SECTION OF
EQEI_EL4NNINﬁh_RE§L§N_AHQ_SQN§IBQEILQE- A PUBLICATION
OF THE AMERICAN ASSOCIATION OF PORT AUTHORITIES, TITLED:
ROL_OQF COR ' S _METALS, WHICH WAS
QRITTEN;BY THE WRITER OF THIS REPORT. YOUR ATTENTION

IS ESPECIALLY DIRECTED TO PAGES 451 THROUGH 458.

T e e et e et o = 01— e e 00w 41 re cemawet e s ch s e eees ee
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HERBERT J. SCHMIDT, JR.. P.E.
28 CLEVELAND AvENuE

GLEN HEAD. NEW YORK 11845
(516) 671~2828

ACCOMPLISHMENTS

.
P24

%

(Y]
L

a»

3

INSTRUMENTAL IN CREATING NEW MULTI-MILLION DOLLAR INDUSTRY.
ASSISTED -GOVERNMENT AGENCY IN BRINGING THEIR NATIONAL
EXPERIMENTAL AND EVALUATION PROGRAM INTO FULL COMMERCIAL USE.

‘ DEVELOPED TWO MARKETS. COATED PILING AND EPOXY COATED REBARS.

DEVELOPED AND FINANCED SEVERAL MANUFACTURING FACILITIES TO
SUPPORT MARKETS.

PERFORMED R & D NECESSARY TO PROVIDE MANUFACTURING MACHINERY
TO PROCESS PRODUCTS. AUTHORED NUMEROUS COATING SPECIFICATIONS.

FOUNDED M C P FACILITIES CORPORATION IN 1969. SERVED AS
PRESIDENT FOR THIRTEEN YEARS. ESTABLISHED THREE PLANTS
LOCATED IN PENNSYLVANIA AND ILLINOIS.

FOUNDED AND SERVED AS GENERAL MANAGER FOR SEVEN YEARS, THE
PROTECTIVE COATING DIVISION OF STEELE §&§ ASSOCIATES, INC.
ESTABLISHED TWO PLANTS LOCATED IN 'NEW ‘YORK AND PENNSYLVANIA.

- —

PROFESSIONAL

REGISTERED PROFESSIONAL ENGINEER IN CALIFORNIA, MASSACHUSETfé
AND RHODE ISLAND : . o

SENIOR MEMBER - SOCIETY OF MANUFACTURING ENGINEERS

CERTIFIED CORROSION SPECIALIST - NATIONAL ASSOCIATION OF
CORROSION ENGINEERS

EDUCATION

ILLINOIS INSTITUTE OF TECHNOLOGY - BSCE (MANAGEMENT)
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Figure 7-1 :
Plan—AIlternative Bulkhead
Location No. 1

Port of Kismayo Rehabilitation

Parsons Brinckerhotf Internaticnal, Inc.
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Figure 7-3
Cross Section Through

Bulkhead—Location
Port of Kismayo Rehabilitation

- Parsons Brinckerhoff International, Inc..
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Figure 7-5a
Bulkhead Structure-—Detalls
Sheet No. 1

Port of Kismayo Rehabilitation Ny Parsons Brinckerhoft International, Inc.
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Figure 7-4

Detailed Plan of Bulkhead—

Location No. 2
Port of Kismayo Rehabilitation
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Corrosion and Protection of Steel Piles
in a Natural Seawater Environment

E. Escalante, W, P, Iverson, W. F. Gerhold, B. T. Sanderson,
and R. L. Alumbaugh *

This report describes

their ability to protect stesl piles
nonmetallic coatings, metallic
coatings, nonmetallic coati

protection on bare and coated piles.

It includes a description of the annual on
evaluation made on the piles after removal. The

and physical evaluations are presented graphically and

and a description of the final physical
results of these electrochemical
in tabular form.

Key words: Cathodic protection,
rosion; sand erosion;

1. Introduction

The corrosion of steel piles in seawuter is
presently being studied by several groups of in-
vestigators. Some of these groups have chan.
neled their activities toward laboratory studies
[1,2,3])%. These studies are of interest in that
insight into the corrosion problem can often be
obtained by testing under controlled conditions.
The very act of controlling conditions, however,
can bias the data in subtle and undesirable
ways. ‘Jther groups have used field tests that
expose materials to harbor or bay waters [4, 5,
6, 7]. Undler this exposure, the effect of the tide
on corrosion can be closely observed. Corrosion
studies in hydrospace are also reported in the
literature (8, 9]. Such work involves the cor-
rosion of materials in very deep water, often a

" mile or more below the surface.

These studies by various groups produce
valuable information on the corrosion of ma-
terials under different types of exposure. How-
ever, very little work has been reported on the
corrosion of steel exposed to actual offshore
conditions (10,11, 12]. Such work is of par-
ticular interest now because of the increased
need for offshore structures. These structures

- must withstand all conditions of exposure, and
in particular the incessant action of the waves
found in open water. In addition, as structures

¢ vl NCNC, Porr Huenewe,

Caltfoenia,

Enginwering  Labaratury,
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the first eight years of a long term program in which
twenty-three coating systems and five cathodie
in offshore conditions. These systems are made uﬁp of
pigmented coatings, nonmetallic coatings on metal filled
s on metallic coatings, metallic coatings, and cathodic

protection systems are evaluated on

site electrochemical coating evaluation

coating systems; corrosion protection; offshore cor-
seawater corr sion; splash zone corrosion.

are placed closer to the beach, their exposure
to surf action increases. Accompanying this
surf is a strong current of water returning to
the ocean at the mud line. This under current
picks up sand and debris which impinges upcn
any object in its path. This abrasive action ex-
poses materials to their severest test.

This paper describes some results of the first

‘eight years of a fifteen year program in which °

a variety of coating and cathodic protection sys-
tems are evaluated on their ability to protect
steel piles in offshore conditions at Dam Neck,
Virginia. It includes a description of the meth-
ods used in the evaluation and the resuits foynd
on these systems.

2. Materials and Environment

To withstand the vigorous wave action ex-
perienced at the offshore test site, 8 X 8 in
(0.20 m X 0.20 m) mild steel H-piles (ASTM
A36) weighing 48 Ib per ft (71 kg/m) were
chosen for exposure. Several 8-in (0.20 m)
diameter pile pipes (ASTM A252) were in-
cluded to determine the effect of geometry on
the deterioration of the coating. Nine mariner
steel 8 X 8 in (0.20 m x 0.20 m) H-piles
(ASTM A690) were also exposed. All piles were
35 £t long (10.7 m).

There are twenty-three protective coating
systems used on the piles. Two of the twenty-
three are cathodically protected. ln addition,
three systems of bare piles are protected
with anodes. The systems exposed are listed and

P P+ ettt ey . e b n e aee .
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Table 1
Description of Steel Pilg Systems Exposed to the
Atlantic Ocsan at Dem Meck, Virginfald)

Piling Number Average Coating ‘mem-u
System Description of Coating Thict?”l Range
Number Coats on Each Pile Min{mus-Maximm
. (mils) (mils) Remarks
s BARE CARBOW STEEL - - -
2 BARE CARBON STEEL WITH ZINC AMODES . - . Protected beneath ntcslim
with two Zinc anodes(C
] BARE CARBON STEEL WITH ALUNIMM - . - Protected beneath umlzn’
ANODES vith two Aluminum anodes i
4 POLYAMIDE CURED COAL TAR EPOXY 2 A-16 A=11.20
8-16 8=10.22
v C-15 €e12-22
H POLYANIDE CURED COAL TAR EPOXY 2 A=20 A®13-30 Protected beneath n!oslim
- 8-20 $12-30 with two Zinc anodes\C
C-19 CeN.27
6 POLYAMIME CURED COAL TAR £POXY 2 A-15 A=12-20
8-15 8+10-28
c-1 Ce7-20
1 POLYAIDE CURED COAL TAR EPOXY 2 A-15(33) (%) A=1-32(20-40) ') Third coat and Alumimem Oxtde
8-23(38 Ba17-30(40+) applied between 16' and 22°
Cosl Tar Epoxy and Alumfmum Oxide 1 C-21(36 Ce16-30(25-40) from bottom of piles only
8 ALUMINUM PIGMENTED COAL TAR EPOXY .
Amine Cured, Red-Lsad Pigmented, 1 A7 A®17.38
Coal Tar Epoxy Primer =25 Beld40
Aning Cured Cos! Tar Epoxy 1 C-28 . Ce15.40
Intermediate
Amine Cured, Aluminum Pigmentad, 1 !
Coal Tar Epoxy Fintsh
9 ALUMINUN PIGMENTED COAL TAR EPOXY
. Epoxy Primer 1 Ael9 A=12.35
Amine Cured Coal Ter Epoxry 1 8-18 01225
hilnw--«u:‘_1 »" . C-18 Ce13-27
ne Cured mm Pigmented
Coal Tar Epoxy Fintsh ) , .
10 HOP DIPPED ZING (GALYANIZED) 1 A9 AeS-1) )
8-8 Be5.15
C-3 CuS-14
n HOT DIPPED ZINC (GALVANIZED) 1 Ae7 Awda12 Protected beneath ntlslim
() Bes-18 with two Zinc anodes !¢
Ce7 Cel.18
12 POLYVINYLIDERE CHLORIDE ? A=? Av$-1)
Formula 113/54, Mi1-L-18389 [ ] Be3.12
(A1tarnats Orange and Whits Ce? Ced=11
Coats)
»
) 2
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Table 1 {Con't)

Piling Number Average Coating mckmu
System Description of Coating mck?”s Range
Mamber Coats on Ecch Ple Minimum-Max{mum
{mils) (afls) Remarks
n SEALED FLAMESPRAYED ALLMINIM
Flamesprayed Aluminue ¥ire 1 A-10 Asd-1s Aluminum preceded with 3
Wagh brize, Femaula 117, MiY. 1 8-9 Bsg.14 flamasprayed stee) wire
T P=153288 C-9 Ce$-15 flash donding cost one af!
Claar Yinyl Sealcoat . 2 thick
14 FUMESPRAYED -ALUMIIUM WIRE 1 A9 Aeg-16 Aluminum preceded with a
8-9 8=5-15 flamesprayed steel wire
C-9 Ce6-18 flash bonding cost one afl
thick
15 COATED FLAMESPRAYED ZING i A -
Flamesprayed Zinc Wire i A=12 o “"he1220
Polyvinyl {dene Chloride, 7 B-12 Be5.18
Formula 113/54, M1)-L-18189 C-13 Ce9-25
(Altarnate Orange and Whits
Costs)
16 COATED FLAMESPRAYED ZINC ’
Flamesprayed Zinc Wire 1 A-3 Avd.1§
¥iny! Red Lead Primer,. H i6 Be2.15
Formyla A119 Mi1-P-15929 C-6 Ce2-14
17 PHENOLIC MASTIC
Anine Cured, Aed Lead Piomented, 1
Phenolic Mastic Primer (with Ae13 Aege22
Mica Filler) 8-18 8010.25
Amine Cured Phenolic Mastic 1 C-14 C=7-28
Fintgh
18 COATED ZINC RICMH EPOXY
Zine Rich Epoxy Primer 1 A-19 Au10.35
Polyamide Cured 2 B-2] 8e13.30
Coal Tar Epoxy Fintsh C.22 Ce15-40
19 COATED IINC INORGANIC SILICATE Ae12 heBe28
Zinc Inarganic Silicate Primer 1 8-10 $26-20
Migh Build Viny! Finigh 1 Ce12 Ce-18
20, COATED ZINC IMORGANIC SILICATE A-10 Ax8-15
Iine Inorganic S1licate Primer 1 8-14 $26-38
(Se1f Cured) C-12 Ce8-18
Polyamide Cured Wigh Bufld 2
Epoxy Finish .
2 COATED 2INC INORGANIC SILICATE
Iinc Inorganic Stlicats Primer 1 A2} A=10-40
(Self Cured) 822 8e11-40
Aming Cured Coal Tar Epoxy ) C-l9 . Cel4-28

Finish |
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Table 1 (Con't)

Piling . Number Aversge Coating mjcknul
System Description of Coating ‘I'Mchml Range
Number Coats on Each Plle Meindsaam-Max{mum
(mils) (mfls) Remarks
2 COATED ZINC INORGANIC SILICATE A=10 Ae7-16
ltnc Inorganic Silicats Primer 1 -8 Be4-17
(Post Cured) C-13 Ce7-38
Strontium-Chromats, Iron-Oxide 1
Yinyl Pheno)ic Primer
Yinyl Mastic Finish 1
2) BARE MARINER STEEL - - - Lo Alloy Steel Hepiles
24 BARE MARINER STEEL WITH ZINC AMODES - - - Protected beneath utnslinn
with two Zinc anodes\c
25 POLYAMIDE CURED COAL TAR EPOXY 2 A=17 As§-40 Low Alloy Steel Hepiles
8-1§ §=8-28
C-17 C=10-30
26 BARE CARBON STEEL - - - Carbon Steel Pipe Piles
27 POLYAMIDE CURED COAL TAR EPOXY H A=20 A=15-28 Carbon Stesl Pipe Piles
. 3=17 Bel15-24
C-24 C17-30
2 POLYAMIDE CURED COAL TAR EPOXY 2 A-21 (40+) ') A-u-soro)“’ Carbon Steel Pipe Piles

Coal Tar Epoxy and Alumimum 3-21(32) §+12-30(30-40)

Oxide C-18(40+) Co16(40+) Third coat and aluminue oxide
applied between 16' and 22°
from bottom of pfles only

29 FLAKEGLASS FILLED POLYESTER . 1 A=32 A=18-40
3-30 Be17-40
C-4 Cel18-40
—
30 BARE CARSON STEEL - - -
n BARE CARBON STEEL - - -

(03311 p11as vare carbon stesl *H* piles unless noted otherwise,

Plles in each systam were coated as follows:

~Piles - Completsly coated except for six
outside face of the ocean flange of piles.
B-P{las - Completaly coated. !
C-Piles - Top 2) feet completaly coated; bottom 12 feet left uncoated,

1° x 6° bare windows Tocated

4t intervals along the

“’Anodu on A and C-piles located 1n water below MLW; Anodes om B-piles located in the sand.

“)Valm in parenthesis {
and Alurinua Oxide betwesn 16 and 22 fest from bo

ndicate total thicknass after

application of third coat of Coal Tar Epexy
ttom of piles.
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Figure 1 illustrates the various zones en-
countered by the pilings. The imbedded zone is
the most stable area of exposure since condi-
tions here remain fairly constant with time. It
also is generally the least aggressive from the
standpoint of corrosion. Immediately above
the imbedded zone is the erosion zone which ex-
poses the protective systems to their severest
test. Here, the continual motion of the water
due to surf and cross currents lifts the par-
ticles of sand from the floor which abrade the
surface of the pile. The rate of deterioration of
u pile in this zone is generally high. The fouling
zone which includes the splash area develops a
profusion of plant and animal life, The most
corrosive portion of this zone is the splash area.
Above the waterline is the atmospheric zone.
Wave action is so variable that this zone is not
clearly defined. In fact, in unusually heavy wave
action during high tide, the atmospheric zone
of the pile may momentarily be under water.
The corrosiveness of this zone is high.

Charucterization data of the ocean water by
the U.S. Coast and Geodetic Survey Station at
Virginia Beach, Virginia (18] show a mean
salinity of 26.8 parts per thousand and a mean
temperature of 57.9 °F (14.4 °C). The salinity
has ranged from 18.2 to 87.5° parts per thou-
sand and the water temperature has varied
from 38.8 °F (1.0 °C) to 82.4 °F (28 °C) over
a seven year period,

14
&
£
[2]
Q
2
<
2
< 2
g |5 —
&
S SEA WATER
w
= 5
2 OO
1 Wciore] s} siote
& N A AN . MUD
Q
2
[
a
Ficiue )

DISTANCE OF MUD LINE FROM BOTTOM OF PILE, fe

Borings made-near the low water line front.
ing the site indicate that the bottom material

consists primarily of fine sand. A thin strata

of blue-grey clay and silt, less than 8 ft thick
(0.9 m), exists near the surface. The median
diameter of sand particles on the bottom as
sampled in 1967 was 0.15 mm (0.006 in). This
small particle size sand is easily carried into
suspension by the motion of the water. The
amount of suspended material in the immedi-
nte vicinity of a pile is even higher due to the
increased water velocity resulting from eddy
currents the pile generates. In addition to this
local sand action, winter storms, hurricanes,
und long summer-swells tend to move large
volumes of sund causing the bottom elevation
to change. Thus, the sand line and the erosion
zone changed with time in a nonregular way
as illustrated in figure 2.

“ 3
4 1 L.
1900 mmn m s
TIME
Ficrnx 2

.3. Experimental Procedure

Specimen Preparation—A set of three: pile
3pecimens, labeled A, B, and C, was prepared
for each system. The A-piles are completely
coated except for six windows located along the
length of the pile as illustrated in figure 8. A
window is a small erea 1 X 6 in (2.5 em by 15
cm) which is free of any coating material. Its
purpose is to allow evaluation of the undercut.
ting resistance of the protective coating. The
B-piles are completely coated. The bottom 12 £t
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. Top of Ple . )
.
..... MHW n
I
25 4ord b
29 fok uLY 4] 3
-
19 dercdeceones Mud Line } .
y -
i o - ' .
“~ - = |
>Vlimv: ! 2 |
/1 (T =67) ; = '
' 1.1 )
2 o '
Coated except 100% Coated
for windows

Ficime 3. Preparation of roated piling spevimens,

(3.6 m) of the C-piles are uncoated. All coat-
ings were applied in accordance to manufac-
turer's specifications which included sandblast-
ing to u near white finish prior to coating appli-
cation. Two Type 316 stainless steel bars were
welded between the flanges of each of the H-
piles. They are located in such a way that one

is approximately 2 ft (0.6 m) above mean high
water and the other 2 ft (0.6 m) below mean
high water, Stainless steel bars were butt-
welded to the surface of the pipe piles. These
bars are contact points used during electro-
chemical measurements. The pipe piles had a
cone-shaped tip welded to the bottom end to
facilitate installation. Each of the fifteen
cathodically protected piles has two anodes
}ocated either in the water or below the mud
ine,

At the test site, the piles are positioned in
three rows as indicated in figure 4. The dis-
tance from shore to the piles is approximately
100 yards (90 m). In June of 1967 the piles
were water-jetted into position with 19 ft (5.7
m) buried in the sand-to ensu'2 adequate
stability. Jetting reduces the likelihood of me-
chanical damage since the pile settles into
position from its own weight and the turbuy-
lent action of the sand caused by the water jet
on the bottom end of the pile. Once in place the
jetting pipe is withdrawn.

Electrical Measurements—The steel piles are
inspected annually by electrochemical and vis-
ual methods. The on-site electrochemical
evaluation of the coatings on the piles, is
limited to.that portion of the pile below the
waterline. Above the waterline, coating evalua-
tion is in the form of visual inspection and
photorraphy. This annual data is then corre-
lated with the information obtained on the
evaluation after the piles are removed from the
site. The after removal data is in the form of
physical measurements and photographs. Ex-
tensive notes are kept on visual observations
made during this final inspection.
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On-site electrical measurements are obtained
hy having a steel cable suspended above the
water between a centrally located pile and. a
winch on a vehicle parked on the beach. On
this cable are hung two insulated 8 conductor
electrical cables with vise grips on the ends.
Electrical contuct is made to the individual
piles by clamping a vise grip on the stainless
steel bar welded to the piling. The beach ends
of the electrical conductor are connected to
electronic instrumentation. The strong ocean
currents and surf action have made the over-
water suspension of the cables necessary.

Two types of electrochemical measurements
are made in evaluating the condition of the
coatings. The first type, coating index, is pri-
marily a coating resistunce measurement for a
given change in potential after a five minute
period. The potential of the piles with non-
metallic coutings is changed from open-circuit
potential. (zero applied current) to — 0.850 V
versus Cu-CuSO,. In the case of metallic coat-
ings a fixed overpotential is applied. For flame
sprayed sluminum the overpotential is ~0.120
V and for flame sprayed zinc the overpotential
is -0.150 V. The coating index, AV. Al is
calculuted and compared from year to year giv-
ing 4 measure of the degree of coating dete-
- rioration. The coating resistance measurement
is also expressed in terms of relative coating
effectiveness | 12|. This approach compares the
couting resistance of each pile to an arbitrary
scale which has the bare piles at zero (0) rela-
tive coating effectiveness and the best coated
pile (7B in 1967) as 100. The value of relative
coating cffectiveness between 0 and 100 is
based on the relation (not shown) between the
corrosion currents and the coating indices for
the piles. The second type of measurement is
for determining the rate of corrosion of bare
piles and piles with metallic coatings. Both the
Stern-Geuary approach |14 | and the polarization
break method |15] are used. in this case. Since
the resistivity of seawater is so low, IR error
compensution haa been found to be unneces-
sary, .
Potential meusurements of the cathodically
protectedi piles were made with a potentiometer
using both a Ag-AgCl half-cell and a Cu-CuS0,
half-cell. The Cu-CuSO, half-cell was the most
convenient to use. It was positioned in the
damp sand on the beach and covered to prevent
light and heat effects. The Ag-AgCl half-cell,
submerged in the water, served as a second
reference electrode. The protective current on
the cathodically protected piles is determined
from the cathodic polarization curve [16] as
well as the Stern.Geary technique,

The corrosion rate of a pile can be deter-
mined by polarization which requires knowl-
edge of the area of the pile, This area is deter-
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mined by measuring the length of the pile
below the waterline at the time polarization
Mmeuasurements are made. Two piles are polar-
ized at a time; one is anodically polarized while
the other is cathodically polarized. Electro-
chemical readings are taken on both piles simul-
taneously. Power is supplied by a 12 volt stor-
age battery.

Pliysical Mceasurements—The first removal
for inspection of the piles was made in April
1973, after six years of exposure. Almost one
third of the piles were extracted for final
inspection, This extraction was done by a 100
ton floating crane that pulled the A-series
piles out one at a time. During initial trials an
attempt was made at removing two piles at a
time, but this was abandoned because of the
damage that resulted to the coating and the
piles. The piles were then brought to shore for

" initial cursory inspection and photography, An

extensive build-up of vegetable and animal life
has developed on the piles. Wide steel spatulas
were used to remove this build-up for prelim.
inary inspection. Following this, the piles were
shipped to Bethlehem Steel Company where
the finul intensive inspection took place. Here
the coatings on the piles were cleaned and
examined for extent of deterioration. The
“windows,” or intentional interruptions in the
coatings described earlier, were examined for
development of undercutting (separation of
coating from substrate). During this entire
process of examination photographs were taken
to visually capture the appearance of the coat-
ings. Upon completion of this process the piles
were sandblasted to remove the coatings in
prepuration for the physical measurements
that followed. These measurements, consisting
of flange thicknesses, pit depth, and pit densi-
ties, were made in the following way. Each pile
was marked with chalk at 1 ft (30 cm) inter-
vals. Using an outside caliper micrometer,

~flange thickness measurements were made at

every foot mark 1 in (2.5 cm) in from the
flange’s edge. Finally the deepest pit at every
foot of each face (there are eight facas) was
found and measured with a micrometer pit
depth gauge.

4.' Results and Discussion

The results will be discussed in seven inter-
related parts. First, the corrosion of the bare

- steel piles will be described. This will be fol-

lowed by a discussion of the five major coating
systems studied (i.e., nonmetallic coatings,
metal pigmented coatings, nonmetallic coatings
on metal filled coatings, nonmetallic coatings
on metallic coatings, and metallic coatings),
Finally, the results of the cathodically pro-
tected systems will be presented.
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Bare Piles—After six years of expnsure to
the ocean, the corrosion of the bare piles has
been extensive conmipared to that observed on
the protected piles. These control specimens
serve as a reference against which all protected
piles are compared. Thus, they are important
not only in their own right, but as standards of
reference. The electrochemical measurements
(fig. 5) indicate that their rate of corrosion
has been fairly constant with time.

The last meusurements of the A-piles were
made in 1972 a few months before their re-
moval for visual and physical inspection. Figure
5 shows that the corrosion rate of specimens
1A, 23A, and 30A was virtually identical in the
four yeurs the measurements were made. Speci-
men 237 is of special interest because it is a
low alloy mariner steel. Their corrosion rate
ranges from 1 to 2 mils per year (5 to 10 mdd?)
for the entire area of the piles below the water-
line, Electrochemical meastrements were not
made on 26A (pipe pile), or S1A.

The actual observed corrosion as determined
from the flange thickness measurements made
after cleaning for pile 1A is illustrated in
figure 6. The average flange thickness of the
pile is plotted for the entire length of the
pile. The dashed line indicates the location of
the original surface. This thickness measure-
ment reflects the corrosion on both surfaces of
the flange. One can see from the diagram that
a large part of the corrosion occurs above
the high water line. The average corrosion
rate in this region is on the order of 8 to 12
mils per year (45 to 66 mdd). The region below
the Figh water mark has a relatively low cor-
rosion rate. However, the corrosion damage
increases as the erosion zone is approached.
The corrosion rate between the high water
mark and the mud line ranges from 4 to 8 mils
per vear (20 to 45 mdd) on the average. Within
the erosion zone the observed corrosion is also
high. Note that the changing mud line has
caused deterioration between 14 and 21 ft (4.3
to 6.4 m) from the bottom of the pile. This
effect will be seen on all piles. In this narrow
band the average corrosion rate for pile 1A
is approximately 9 mils per year (60 mdd).

Specimen 30A is practically identical in be:
havior to 1A as illustrated in figure 7. This
figure also displays data on the deepest pits
found ajong the length of the pile. This data
indicates that a perforation of the pile devel-
oped at about the thirty-two foot level within
the six years of exposure. This perforation
occurred in the web which is the portion of the
pile between the two outer flanges. Pitting
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Figure 8 illustrates the corrosion deteriora-
tion observed on Specimen 31A. The bare cay-
bon steel H-pile has developed more metal loss
below the mud line than either 1A or 30A, and
is of the order of 2 to 3 miles per year (10 to
16 mdd). Its pitting characteristics are very
similar to those of 30A even to the perforation.

All three of the uncuated carbon steel H-
piles developed at leust one perforation
through the web in the splash zone. Specimen
23A, the low alloy steel H-pile, was not re-
moved from the site und, therefore, physical
measurements could not be made to verify the
electrochemical meusurements which indicate
that its corrosion rate is essentiully identical
to that of 1A and 304 as shown in figure 5.

The 'bare pipe pile, 264, developed pitting
very similar to that found in the bare H-piles
with the exception that pitting did not develop
below the mud line (fig. 9). Electrochemical

Mmeasurements were not made on this pile.

However, measurements made on 263 indicate
that the corrosion rate on the bare pipe piles is
slightly higher (25% ) than that of the H-piles.
Because of the geometry of the pipe pile, thick-
ness measurements could not be ‘made.

A flange thickness measurement survey of
the bare piles revealed that the corrosion at any
given depth was not uniform. The greatest
corrosion observed wus approximately 1 to 2
in (2.5 to 5 cm) from the edge of the flange.
Since the flange thickness measurements re-
ported here were made in this region of higher
than average metal loss, the figures based on
these measurements reflect this. Fortunately
the survey also revealed thut the bias was con-
stant. Thus, all averaye flunge thickness meas-
urements reported for the four bare piles are
high by 22 percent = 5 percent. The corrasion
rates mentioned in the text take this into ae.
count.

Nonmetallic Coatings—The nonmetallic coat-
ings will be discussed in two parts. First, the
coal tar epoxies will be described. and then
similar data on coatings of the same generic
type will be presented. .

As a group, the coal tar epoxy paints have
not performed as well us anticipated in the en-
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vironment of this program. The electrochemical -

measurements made on the A-piles in the first
five years are presented in figure 10. In this

figure the coating index (electrical coating -

resistance) versus time is plotted. Thus, as the
coating deteriorates more of the metallic sub-
strate is exposed and the overal] coating index
drops. Similarly the relative coating effective-

ness of the system drops. System 6, the polyarr'y »

&uside cured coal tar epoxy, appears to have de-
teriorated the most of the coal tar epoxies, but
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still has 4 coating effectiveness of 60 after five
years of exposure. Figure 11 displays the aver-
age flange thickness of pile 6A with accompany-
ing pitting. Specimen 6A is typical of the coal
tar epoxies in that the greatest attack occurred
above the high water line. The deepest pit in
this region was less than 0.1 in (0.2 cm). Below
the waterline, sand impingment in the erosion
zone caused severe damage to the coating. In
the atmospheric zone, undercutting of the win-
dows in the coating system is difficult to ap-

- praise on this pile because of the extensive

general failure of the coating as shown in
figure 12. In the tidal zone, andercutting re-
sistance is much improved, but general attack
is still apparent (fig. 13);. Below the mud line

undercutting of the coating is minor. Mechani- -

cal damage to the coating during installation

of the pile has caused most of the damage

seen in figure 14.

The polyamide cured coal tar epoxy-Systems
4, 7, and 25 are somewhat better than 6A and
have a relative coating effectiveness of 70 in
the same period of time as shown in figure 10.
It is of interest to note that System 7, which
has the aluminum oxide armor in the erosion
zone, initially provided the highest degree of

~ FIGURS-10— — . ... . _._protection to the steel.ns.indicated by.the eleg: -
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trochemical measurements. The physical meas-
urements of these three piles are illustrated in
figures 15, 16, and 17. The poor resistance of
the coal tar epoxy coatings in the atmospheric
and splash zones is well indicated in these
drawings. Below the waterline, however, they
have performed well. Pile 7A shown in figure
16 indicated that the armor coat did reduce
the rate of coating deterioration in the erosion
zone. Figure 18 is a photograph of the window
in the atmospheric zone of pile 7A. Note the
severe undercutting extending half the width
of the pile. The window in the tidal zone, that
zone between mean high water and mean low
water, reveals only a slight amount of under-
cutting that extends 0.25 in (0.7 cm) as shown
in figure 19. Pitting due to coating failure is
evident. Below the mud line undercutting re-
sistance is even better as shown in figure 20.
Geqemlly the coal tar epoxy looks good in this
region. N
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Pile 4A shown in figure 21 lacks the armor
protection and has developed greater deteriora-
tion of the coating in the erosion zone us com-
pared to pile 7A. The appearance of the window
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in the atmospheric zone .f pile 4A is similar
to that of 7TA after six years of exposure as
figure 21 shows. In the tidal zone, however, the
window on 4A has undergone considerable dam-
age not readily seen in figure 22, Undercutting
in this area extends almost 1 in (2.5 cm) be-
neath the coating. General damage to the coat-
ing in the surrounding area is also apparent.
Below the mud line the coating is in excellent
condition with practically no undercutting as
shown in figure 28,

In the erosion zone, the coal tar epoxy on
mariner steel, System 25, has not fared as well
as the same coating on carbon steel (System
4A). Figure 17 indicates loss of metal at the
flange in this area. Its pitting resistance below
the mud line, however, is far better than any
of the other similarly coated piles. Undercut-
ting of the coating in the atmospheric zone is
"severe as illustrated in figure 24. Coating dam-
age in the.tidal zone is also very extensive
(fig. 25). Below the mud line, however, figure
26 illustrates that the coal tar epoxy on
mariner steel has not been undercut.

In general, the coal tar epoxies on the H-piles
" have-deteriorated considerably in--the-atmos-
pheric zone with resulting metal losses averag-
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ing 2.3 mils per year (138 mdd). Below the water

- line metal loss has been minimal and on the

order of 0.25 mils per year (1.4 mdd). Under-
cutting at windows ranged from severe in the
atmospheric zone to insignificant below the
mudline. From an electromechanical stand-
point, the coal tar epoxy coated pipe piles look
very good as illustrated in figure 10. Their
rate of «deterioration has been low, and after
five yesrs they have a coating effectiveness
above 85.

The physical measurements on the pipe piles
consists only of pit depth measurements (figs.
27 and 28) as meaningful wall thickness meas-
urements were not practical. These observa-
tions indicate that though there were fewer
coating failures on the pipe piles, (% area
pitted) as compared to the H-piles, the result:
ing pits were deeper on the pipe piles. The
deepest pit in the erosion zone of 27A was al-
most 0.2 in (0.5 cm) deep. Undercutting of the
coating on pile 27A extends about 2 in (5 cm)
beyond the edge of the window as shown in
figure 29, and is considered severe. In the tidal
zone undercutting resistance is improved.

~-—{ndercutting-extends 0:6-in- (1 cm) at the most ——

(fig. 30). Figure 31 jllustrates that below the
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mud line, undercutting of the coauting has pro-
gressed almost 1 in (2.5 cm) from the edge of
the window. Couting delamination is also visible
in this photogruph. The windows in the coat-
ing on pile 28A are almost identical in appear-
unce to those on 27A. In the atmospheric zone
deterioration is extensive (fig. 32). In the tidal
zone undercutting of the coating is moderate
(fig. 35) with some mechunicul damage visible.
Below the mud line undercutting has pro-
gressed at leust 1 in (2.5 ¢cm) from the edge of
the window (fig. 34).

The second group of nonmetallic coatings in
the program ure Systems 12 (Polyvinylidene
Chloride), 17 (Phenolic Mastic), and 29 (Poly-
ester Glass Flake). The electrochemical meas-
urements on these piles are given in figure 85.
This duta reveals the good resistance to de-
terioration of Specimen 1TA. Specimen 29A is
almost us good, and both have a coating effec-
tiveness above 80. The physical measurements
for pile 17A are illustrated in figzure 36. The
resistance to deterioration of the phenolic
mastic has béen very good over the entire
surface of the pile in the six years of exposure.
Even in the erosion zone the amount of pitting
was low with maximum pit depths less than

... 0.1 in (0.2.cm). The maximum_degree of cor-
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rosion observed on this system was just below
the meun high water line with a rate of 0.15
mils per year (0.8 mdd). In the atmospheric
zone, the window in the coating suffered only
moderate undercutting as shown in figure 37
with a maximum penetrution of 1 in (2.6 cm)
or less. The sume figure shows that the coating
in the vicinity of the window is still in excellent
condition. Most of the rusty color is surface
staining of the coating. In the tidal zone (fig.
38) undercutting extends less than 0.25 in
(0.6 cm) beyond the window. Some coating
failure at the edge of the flanyge is visible in
this photograph. Below the mud line under-
cutting was pructically nonexistent as shown
in figure 39. The dark globular material on the

window is an adhering mud and sand mixture -

thut apparently does not affect the phenolic
mastic.

The polyester yluss flake, System 29, hus an .

average couting thickness of 32 mils (0.8 mm).
This system huy displayed very good resistance
to deterioration. Figure 40 is a plot of the
physical measurements mude on this coating.
It is apparent from this datu thut the degree
of pitting is minor. Flunge thickness measure-
ments were not mude for two reusons. First,

couting breakdown wus so, minima] that little
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Phenolic mastie

would be gained by removing the coating for
examination. Secondly, and equally important,
it was very difficult to remove the polyester
glass flake by sandblasting. The severest de-
terioration of the coating, which was minor,
occurred at the edges of the flange in the ero-
sion zone. Beyond that there was little dete-
rioration of the coating. Even in the atmos-
pheric or the splash zones little damage devel-
oped. The tendency to undercut as indicated
at a window in the atmospheric zone is shown
in figure 41. Undercutting extends at most 1
in (2.5 cm) from the original edge of the win-
dow. The coating was chipped away from the
edge of the damaged area to revea) the degree
of undercutting. In the tidal zone the degree
of undercutting was minor as seen in figure
42. Not visible in this photography is damage
at the edge of the flange. The coating was also
removed from around the window below the
mud line. The photograph of this window,
figure 43, indicates that undercutting extends
0.5 in (1.2 cm) under the coating. In general,
the polyester glass flake coating, System 29,
performed exceptionally well, developing only a
few scattered pits over its surface. Though
physical measurements were not complete,
from its appearance one can estimate the total
corrosion rate to be less than 0.1 mil per year
(0.6 mdd) over the six years of exposure.

Figure 35 illustrates the degree of deteriora-
tion of polyvinylidene chloride, System 12, as
measured by electrochemical means. Without
question, this system has given the least
amount of protection to the steel. Initially it
had a coating effectiveness of slightly more
than 80. After five years the effectiveness of
the coating dropped to 40. Figure 44 illustratesa
the data taken from the physical measure-
ments,’ It is apparent from this figure that
while the resulting corrosion of the pile Is no

"where near that observed on the bare piles, it

is considerably more than that seeri on any of
the piles protected by other types of non-
metallic coatings. The worst area of attack is
in the erosion zone with a corrosion rate of 5
mils per year (27 mdd) in this narrow region.
The average corrosion rate over the entire pile
surface is calculated to be 2.4 mils per year
(13 mdd). The deepest pits developed between
mean low water and the mud line as shown in
the same figure. Photographs taken of the
window in the atmospheric zone show consider-
able deterioration of the polyvinylidene chlor-
ide not only in the area immediately adjacent
to the window, but also in other surrounding
areas. Figure 46 is an example of this obser-
vation, The least amount of undercutting is
observed in the tidal zone where damage ex-
tends 0.3 in (0.8 cm) beyond the window as
shown in figure 46. Below the mud line, the
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coating has been undercut almost two inches
(5 cm) beyond the original edge of the window
as shown in figure 47.

Metal Pigmented Coatings—=Two aluminum
pigmented coul tar epoxy coating systems
(Svstems 8 and 9) were included in the inves-
tigation. The electrochemical measurements on
these two piles are illustrated in figure 48.
From this fizure one can See that the coating
avatem on 8A has a relative coating effective-
ness of over 70 while system 9A has slightly
more than 60. The electrical resistivity of these
two metal filled coatings is so high, that for all
practical purposes they are nonconducting in
the voltage ranges of our experiments. This ia
an important consideration as any conductivity
through the film will affect the electrochemical
measurements as will be pointed out later. The
flange thickness measurements for pile 8A are
illuatrated in figuie 49. This figure revesals that
very little deterioration of the coating haa
taken place in the six years of exposure Most
of the damage to the coating has occurred in
tne erosion zone. The corrosion rate in this
region has averaged lesa.than 0.1 mil per year

(0.5 -mdd).—~The--deyriee. of _pitting. damage_is
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minor over most of the pile. In the atmospheric
zone, undercutting of the ‘coating extends less
than 1.2 in (3 em) beyond the original edge of
the window as shown in figure 50. The same
figure shows the otherwise excellent condition
of the coating in the surrounding area. Most
of the apparent damage is rust staining. In
the tidul zone the coating at the edge of the
window is in fairly good condition with only
0.1 in (0.2 cm) of undercutting as seen in
figure 51, Some coating damage is visible in
the surrounding area. Figure 62 is a similar
window below the mud line which displavs
essentially no undercutting and no coating de-
terioration in the visible area, ,

The second aystem of aluminum pigmented
coal tar epoxy, System 9, has a film thickness
that is'30 percent thinner than Syatem 8.
Specimen 9A has undergone more damage as

the physical measurements illustrate in figure . Fievag 47
33. Incomplete sandblasting of the surface dur- ’ )
ing the cleaning process has caused the flange Palvrinylidens chloride

of specimen 9A in figure 33 to appear thicker
in the erosion zone than it really is, The coat-
ing 1 in (2.5 cm) from the edge where the
flange thickness messurements are made is in
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good condition, but two or three inches (5 to7  of these coatings. System 18, coal tar epoxy
cm) from the edge, the coating had deterijor- over zinc rich organic primer, is maintaining a
~ated as indicated by the pitting data in the relative coating effectiveness of 85. At the same
sume figure. The average corrosion rate over  time System 20, epoxy polyamide over zinc ;
- the entire surface of the pile is calculated to rich inorganic primer, has a relative coating
be sligthly less thun 0.2 mils per year (1 mdd).  effectiveness of 80. The coal tar epoxy over
In the atmospheric zone, the coating window  zine rich inorganic primer, System 21, also has
has produced undercutting extending about 15 & relative coating effectiveness of 85, The rela-
inches (4 cm) under the coat as seen in figure  tive coating effectiveness of these three sys.
34. In the tidal zone,: coating damage at the tems may actualiy be slightly better than indi.
window is minor us can be seen in figure 56. cater. by the electrochemical data, The reason
Below the mud line undercutting has extended being that as the overcoat erodes away or fails
us much as 2 in (5 cm) under the paint system from some other cause, the electrically conduct-
as shown in figure 56. Coating breakdown at the ing metal filled undercoat is exposed. This un-
edge of the flange is also visible in this photo-  dercoat may be protecting the steel very well,
graph. In general, both aluminum pignisnted  but because of its low electrical resistance it -
coal tar epoxy substrates have performed  displays a lower coating effectiveness (coating
fuirly well, although the thicker film, System index) than it really has. '
84, .hus performed somewhat better in the six The physical measurements on System 18A .
years of exposure, are illustrated in figure 58. The deterioration
Nonmetallic Coatings on Metal Filled Coat- of the steel pile has been slight. The coating
ings—Metallic Zinc powder hes been used in system has performed well in a)l of the zones
the metal filled undercoats of the five 2-coat of exposure. Average corrosion rate ‘or the pile
systems discussed here. Whereas all of the top- hes been less than 0.2 mils per year (1 mdd).
coats are electrically isulating, three of the five  In the atmospheric zone, damage of the coating
metul filled undercoatings are electrically con- at the window has been severe as shown in
ducting. These three, Systems 18, 20, and 21 figure 59. Undercutting of the coating extends
will be considered separately from the rest  almost 2 in (6 em) beyond the window, Under-
Figure-57 is-aplot of the 'eiectruch’emtca‘l’dat&"""éiittl’n'iz?f'fhe coating in'the tidal zone has been
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minor as shown in figure 60. Below the mud
line the effect is negligible as seen m_ﬁgux:e
61. Some of the coating damage visible in this
photograph is mechanical abrasion due to re-
moval and shipping.

System 20A has also shown good resistance
to the ocean exposure as illustrated by th_e
physical measurements of figure 62. In this
case some deterioration has occurred at the
erosion zone, but with insignificant attack
below the mud line. The coating was not com-
pletely removed in some areas which accounts
for the flange appearing thicker than it was
originally. This certainly indicates that the
coat was still protecting ir these areas. The
average corrosion rate for this pile was con-
siderably less than 0.1 mil per year (0.5 mdd).
Undercutting resistance has been very good in
all zones, The window located in the atmos-
pheric zone developed less than 0.5 inches (1.2
cm) of undercutting as shown in figure 63,
General pitting can be seen in the surrounding
coating. Figure 64 illustrates the excellent ap-
pearance of the coating in the tidal zone. Below
the mud line undercutting resistance is also
very good, however, some blistering is visible
in the coating in the adjacent areas (fig. 65).

System 21 has displayed unusually good re-
sistance to deterioration in the offshore ex-
posure as shown in the physical measurements
of figure 66. Incomplete sandblasting has led to
the data showing the flange to be thicker than
it was originally. As mentioned before, this
clearly indicates that there was no metal loss
in these areas. Thus, pile 21A is in excellent
condition after six years of exposure. The
amount of pitting is minor as the same figure
shows. Undercutting of the coating in the at-.
mospheric zone has been moderate with damage
extending about 0.6 in (1.5 cm) beyond the
window as seen in figure 67. The coating in
the surrounding area is in excellent condition,
In the tidal zone undercutting is of minor con-
Aequence and extends less than 0.1 in (0.2
cm) as illustrated in figure 68. Below the mud
line there was no measurable undercutting of
the coating as shown in figure 69, Mechanical
damage to the edge has removed some of the
coating. :

Attention is again directed to figure 57 which
illustrates the electrochemical data for the
nonmetallic coatings on metal filled coatings.
Systems 18, 20, and 21 have been described.
The remaining systems in this category are
piles 19A (vinyl over zinc rich inorganic
primer), and 22A (vinyl mastic over zinc rich
inorganic primer).

The electrochemical data indicate that Sys.
tems 19 and 22 are very similar in their de.

A7 illustrates, The relative coating effectivenesx

O mmar . -

terioration and-degree—of -protection as- figure-
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of bLoth is slightly over 60. The physical meas.
urement data for pile 19A is plotted in figure .
J0. Attack of the pile has been general over its
length, However, there was more attack in the Frous
erosion zone than this data, taken 1 in (2.5
cm) from the edge, indicates. The corrosion
extended from the 15-ft mark to the 20-ft
mark on the inner surface of the flanges and 2
lo 3 in from the elge. This attack is indicated
by the pit depth measurements of figure 70, Its
iverage corrosion raute is about 0.2 mils per year
(I mdd). Undercutting in the atmoapheric
zone shown in figure 71 extends less than 0.5
in (1.2 cm) beyond the window with some edge
deterioration evident.' General deterioration
has hcen extensive in the tidal zone. Figure 72
i* &t photograph of the window in this region
that reveals less than 0.1 in (0.2 ¢cm) under-
cutting. Below the mud line undercutting was
also leas than 0.1 inches (0.2 cm) as shown in

figure 73. The coating was damaged mechani. Fiavne 56
cally, but np undercutting was found under the . . - -
surrounding encrustation, Aluminum pigmented conl tar epoxy

Pile 22A, vinyl mastic over inorganic zine
rich, has a relative coating effectiveness slight-
Iv above 60 after six vears. The flange thick-
hess-mensurements-nre-illustrated- in-figure-74: --——--+- = - ~=meves o
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There is very little attack in the atmospheric
zone. Undercutting in this area is less than 0.1
in (0.2'cm) as shown in figure 75. In the tidal
zone general deterioration of the coating has
taken place, but with very little actual metal
loss. This is illustrated in figure 76. Under-
cutting here is also less than 0.1 in (0.2 cm).
Below the mud line undercutting extends about
0.2 in (0.5 cm) beyond the window as figure
77 shows. Notice the blistering of the coating
in the surrounding area, The overall average
corrosion rate for pile 22A is less than 0.25
mils per year (1.4 mdd).

In general, these two-coat systems, nonmetal.
lic coatings over meta] filled coatings, have
performed very well with overall .corrosion
rates, averaging less than 0.2 mil per year (1
mdd). The coal tar époxy over inorganic zinc
rich, 21A, has shown above average resistance
to the ocean environment in the six vears of
exposure.

~Nonmetallic Coating on Metallic Coatingy—
This group of coatings is made up of three
svstems: 13A, Viny! sealer over flame sprayed
aluminum, 154, Polyvinylidene Chloride over
flame sprayed zine, and 164, Vinyl-red lead

- over-Hame -sprayed zinc.-With-these systemis; a§ — 0 v
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with some of the electrically conducting metal
filled coatings, the coating index (relative coat-
ing effectiveness) measurements are more com-
plex. The electrochemical data still gives an
excellent indication of the protective ability of
the nonconducting top coat. Furthermore, as
the top coat deteriorates the same .data re-
flects the changes occurring on the. metallic
base coat. Figure 78 illustrates the electro-
chemical data gathered for the systema indj-.
cated. The vinyl sealer. over flame spraved
aluminum system. pile 13A, now has a rela-
tive coating effectiveness above 67. It is
imporant to point out that the vinyl aealr
the pores of the flame sprayed aluminum and is
not intended to form a continuous film over
the surface of the aluminum, The flame
sprayed aluminum coating, however, is still
providing mechanical and electrochemical pro-
tection to the steel piling with the relative
coating effectiveneas being much better than
that indicated by figure 78, Figure 79 illus-
trates the data on the physical measurements
of this piling. Only a small amount of metal
has been lost in the are: of the erosion zone.
The amount of pitting is practically insignifi.
cant. The average - corrosion rate of 13A has
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.been less than 0.06 mils per year (0.3 mdd)
for the six years of exposure.. In the atmos-
pheric_zone, the coating is in excellent condi-
tion. Corrosion damage extends slightly less
than 0.5 in (1.2 ecm) from the edge of the
window as shown in Figure 80, Undercutting
of the coating at the window in the tidal zone
is too slight to be measurable, however, general
coating failure is visible as figure 81 shows.
Though the coating has obviously deteriorated
below the mud line (fig. 82), there has been
little subsequent attack to the stee] pile. Dam- °
age to the coating at the window extends about
0.1 in (0.2 cm). '

Pile 15A, polyvinylidene chloride over zinc
flame spray, is unusual in that the electro-
chemical readings indicate that initially its
coating effectiveness decreased as the non-
metallic coating failed, but then the metallic
zinc coating proceeded to provide protection. -

-
B e UL

Consequently, the coating effectiveness of the Ficine 73 .
system improved as illustrated in figure 78.
Total coatiny effectiveness below the water line (.oated zinr inorgunir silicute

is well above 85. In general, the zinc seems to
have developed some nonconducting film, prob-
ably an oxice, that has brought this improve-
ment about. The average flange thickness meas.
urements are plotted in figure 83. Total metal
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loss is small and uniform over the surface of
the pile. Similarly, pitting is scattered and of
minor consequence. The average corrosion rate
for the entire pile is about 0.1 mil per year
(0.5 mdd). There were no windows in the coat-
ing of this pile. The following photographs are
included to display its appearance in areas
similar to those seen for the other pilings. The
coating in the atmosphere is in very good
condition with only minor damage in a few
areas. Unfortunately the photograph of this
area is of such poor quality that it will not be
shown. In the tidal zone the nonmetallic coat-
ing is badly blistered as figure 84 shows, but
the piling is still being protected by the zine.
Top cout blistering extends into the area below
the mud line as figure 85 illustrates, but cor-
rosion .damage to the pile is minor.

The vinyl over zinc flame spray system, pile
16A, has undergone the most deterioration of
the topcoated metallic coating systems. The

relative coating etfectiveness of 16A is about Fiome: 77
50 percent as figure 78 illustrates. After the
top coat began to fail during the first year of (.0ated inc inorganic silicate

exposure, the flame sprayed zinc protected the
piling for a short period. Soon a’ter, however,
the system started to deteriorate steadily. It is A
- --of -intereat-to-note that-the-total-coating-thickrme—c o o o —
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ness of this system is about 50 percent less
than that of pile 15A. Corrosion damage to the
steel pile in the form of general corrosion and
pitting has been extensive as the plot of the

physical measurements in Figure 86 illustrate. .

The average corrosion rate for the entire pile

is about 1.5 mils per year (8 mdd). In the at-

mospheric zone coating fallure was severe as
figure 87 shows. The window in the coating is
barely visible. In the tidal zone failure was also
entensive as shown in figure 88, Figure 89
illustrates the condition of the piling below the
mud line where it has fared somewhat better
than in other zones. With such complete failire
of the coating, evaluation of the undercutting
is of no consequence and, therefore, is not
attempted. .

The nonmetallic coating on metallic coating
systems have displayed a broad spectrum of
coating response to the offshore exposure, With
the exception of 16A, they have protected the
stee] pilus well.

Metallic Coatings—Two metallic coating
systems will be discussed. The first one, 104,
is a hot lipped galvanized steel piling. Pile 14A,
the second one, was coated with a flame sprayed
aluminum coating.
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Corrosion rates for the nonferrous coatings
cannot be calculated easily from the electro-
chemical data because it is not known with
any degree of certainty what fraction of the
total corrosion current measured is due to the
corrosion of the steel substrate and what frac-
tion is due to the nonferrous coating. There-
fore, the corrosion current density shown in
figure 90 ir reported for these highly conduct-
ing coatings rather than the coating index
used for the nonconducting coatings. )

The results on the bare carbon steel piles
are shown for reference as was done in all
illustrations of electrochemical data. The cor-
~osion current indicates that the bare steel
corroded at a relatively uniform rate with time
while the corrosion of the galvanized pile, 104,
has changed consideraoly in the same period.
During the first three years, the corrosion
current decreases by a factor of ten. There-
after it increased steadily until now, eight
years later, it is approaching the corrosion of
the bare carbon steel pile. This data on the gal-
vanized steel is made up of information from
piles A, B, and C, two of which are still at the
offshore site. Figure 91 illustrates the physical
measurements on pile 10A. The pile shows some

.
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corrosion in the “atmospheric zone and con-
siderable corrosion in the abrasion zone, The
average corrosion rate for the pile is less than
0.15 mils per year (0.8 mdd). There are no
windows in this system, but photographs are
included for information, Above the high water
line, coating failure is in the form of pits as
figure 92 illustrates. In the tidal zone pitting
continues along with some undercutting of the
coating. A small section of coating was easily
Separated from the substrate as figure 93
shows. Below the mud line the coating was very
thin or altogether missing in some areas as
figure 94 illustrates.

The flame spraved aluminum system, pile
144, is similar to pile 10A in its electrochemical
behavior as indicated in figure 90. It too shows
an increase in corrosion which is approaching
that of bare steel as the aluminum deteriorates.
The flange thickness measurements, figure 95,
reveal some metal loss in the erosion zone, and
practically no pitting anywhere. In the atmos-
pheric zone the aluminum flame spray coating
appears in excellent condition with the excep-
tion of the corrosion damage extending almost
1l in (2.5 cm) from the window shown in figure
96. In the tidal zone the coating is also in
excellent condition (fig. 97) with minor damage
extending from the window. From the mud line
down, however, damage is more extensive,
Figure 98 illustrates the window in this region
with coating damage over most of the visible
surface,

The metallic coatings began to show signs
of deterioration after approXimately five years
of exposure. The steel piles that they protected
are in excellent condition with minor damage in
the abrasion .zone,

Cathodically Protected Piles—The potentials
of the cathodically protected piles over an eight
year period are presented in table 2. Although
the potentials of the steel piles versus a Ag-
AgCl half-cell and a Cu-CuSO, half-cell were
both measured, only the potentials versus
Cu-CuSO, half-cell are indicated. In general,
the potentials of the piles with anodes in the
sand were less negative (more noble) during
the eight year period than those piles with
their anodes in the water., After one year, the
potentials of the bare steel piles with aluminum
and zinc anodes in the sand, roes to more nega-
tive values which then remained rather con-
stant during the eight year period.

The average corrosion current densities of
several bare steel piles and the average protec-
tive current densities of steel piles with zinc
anodes are plotted in figure 99. The protective
current density of the protected piles repre-
sent both the galvanic current as well as local
action current on the anodes. The local action
current was not directly determined but it has
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been estimated to be about 10 percent of the
total corrosion current density [12]. The cur-
‘rent density calculations were based upon the
total submerged area of the pile. The areas of
the anodes (originally 5-10% of the total
submerged pile area) were not included in the
calculations. Their consideration would have
made the total protection current densities for
the piles with anodes slightly less. These con-
siderations apply to all of the systems to be
discussed. : .

As seen in figure 99, the protessew current
densities of the zinc anode protected systems
are less than those of the unprotected piles. It
appears that there is not very much difference
in the protective current densities provided by
the anodes in the water and buried in the sand
over the 6 year period (1970 to 1975). More
time will \be required to determine any real
differences.

Aluminum anodes in the sand appear to be
less effective than the anodes in water in pro-
tecting the steel (fig. 100).

In the case of mariner steel, however, the
protection current density of the zinc anodes
buried in the sand, over the 6 year period, is
definitely less than the current density of the
zinc anodes exposed to the water (fig. 101).

e ———— —
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Coated flamesprayed zinc

The coal tar epoxy coated piles, with zine
anodes in the sand appear to be more effective
(from a galvanic current standpoint) than the
coated piles without cathodic protection except
for one year (1971). For the piles with windows
(A and 25A), there was little discernible
differences for two years (1971, 1972) between
the piles with anodes in the water and the piles
without anodes (fig. 102).

A comparison of the galvanized pile, with
zinc anodes - (System 11) and without zine
anodes (System 10), is shown in figure 108.
Only a portion of the curve for the protective
current density of the galvanized pile is shown.
From 1973 to 1975 the curve represents the
averages on piles B and C. Initially (1967) the
average corrosion current density on piles A,
B, and C was quite high and then decreased to
very low values for 1967-1971 (fig. 90). The
protective current density is very low for the
zinc anodes buried in the sand and appears to
be steadily decreasing with the passage of
time. The protective current density for the
zinc anodes in the water is about 3 times higher
and appears to be increasing with time.
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3. Summary

Every coating system reduced the corrosion
of the steel piling in seawater. In this respect
they differed only in the degree of protection
they afforded the steel. In the first six years of
eXposure some coatings reduced corrosion by a
factor of 200 while others reduced corrosion
by a fuctor of 2 as compared to the bare piles,
In table 3, the coatings are listed in order of
increasing degree of corrosion of the piling. It
is apparent from this table that there is no
group of coatings (i.e., nonmetallic, metal pig-
mented, etc.) that is entirely satisfactory.

An average corrosion rate of 0.1 mpy (0.5
mdd) or less was measured for six systems.

. Four of these six are.two-cnat systems. Gener-
~ ally the two-coat systems performed very well i
in this program. The other two systems with Fiernc 89

average corrosion.rates <0.6 mpy (0.5 mdd)
are an aluminum pigmented coating, and a glass C.outed Anmesprayed zinc

flake filled coating. Both performed very well
with the glass flake filled coating being par-
ticulurly: resistant to the abrasive action of the
erosion zone.
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Seven systems exhibited corrosion rates in
the range of 0.14 mpy (0.8 mdd) to 0.24 mpy
(1.3 mdd) as table 8 reveals. All seven of these
coatings performed well. Two sare metallic
coatings that were distinctive in their atility
to protect the piling uniformly including the

corners of the flange. Most coatings first failed

al the corners. System 22 suffered extensive
breakdown in the erosion zone but unusually
yood resistance to attack in the atmospheric-
splash zone,

The remaining six systems were the least
prutective with average corrosion rates on the
steel greater than 0.52 mpy (3 mdd). Four of
the six systems are coal tar epoxy coatings
which were particularly poor in the atmospher-
ic-splash zone leading to relatively high aver-
age corrosion for the steel. Of all the coatings,
System 12 provided the least protection to the
steel, even though it has been reported to per-
form well by other laboratories |7].

As expected, the electrochemical measuye-
ments of the cathodically protected systems
clearly indicate that their corrosion rates are
much _lower than similar piles without protec-

--tion. Furthermore;-it is-of -interest-to-note-that;-----———--
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cally Protected Stee! Piles Over o

Tadle 2 = Potentials of Cathott Peried of
8§ Years of Lxpasure (0ffshore) 1n the Atlantic Ocean ot Dam Neck,
Yirginta.
Potential of Pile, VoRef<Cu-CuSO,
1 e - On ech
Mie e/ Anoeed/ 1967 1968 1%6% 1970 19N gz 913 19 ters
Description System intermad-  Low High  Migh  Migh  wigh High  High High
late Tide  Tide _ Tide  Tide Tide  Tide  Tide  Tide Tide
A Bare Steel In, In water -1.04 «1.03 1,08 -1.07 .1,08 1,04 1,06 1.0 .1.03
28 Bare Stee! In, in sand -0,70 =0.73  <0.91 <0.8) .0.96 .0.93 «0.89 .0.97 .0.80
A Bare Stee! in, in water .1.08 <105 1,05 -1.04 1,00 -1.06 -l -1.08 1,08
n Bare Steel Al, In water o104 «1.03 1,04 1,04 1,05 .l.03 -1.06  1.04
g! Bare Stee! Al, in sand «0.71 =0.77 <0.92 .0.82 .0.94¢ .0.87 0.9  .0.05
Bare Stae! Aly 1n water 1,04 .04 <1.06 1,03 1,05 .l.04 -1.06 .1.00
9 Ycoatsd Steel  n, Insatar o100 07 L2 L0 -108 .07 ..l 112
£ Coated Stes! in, 1n sand -1.09 =1.07 1,10 -1.08 .).03 .l.09 -1.09 .1.08
o Coated Steel In, in water .1, 00 ~1.08 01 21,09 .1.04 .1.00 =108 .1.06 .1.04
1A Galv, Stes} In, in water .1,08 <1.06 -1.08 -1.08 -1.02 .03 .l.08 .1,07 -1.08
13 Hot-0ipped - In, in sand -1.08 ~0.99  .1.01 .0.98 .0.98 -0.98 .1,03 .0.98 .0.96
ne 3 oz Toat In, In water  .1,08 =1.06 -1.08 -1.07 .1.02 .1.0§ «1.04 21,06 .1.04
WA lare in, in water .1,07 «1.05  .1.07 1,07 1.0t .1.00 «1.06  .1,08 .1,04
F{ ] Low Alloy In, 1n sand -0,88 =0.93 -1.00 -0.92 .0.94 .1.00 «1.00 0,96
¢ $teel ] r -1 - =1,07 .t 1
-VAII piles, eacept system 24, are afi¢ carbon steel, 81l are H-pflas, 8 1n. x 8 1a. x 48 1bs/ft.<35 ft, lomg, In al)
Cases, the 3and 1ins was from 19 to 21 f2, measured from the bottom of the pile, in gensra) the row of € p!les having

the more sand.
noreal tide.

yllnc anodes are 4 {n.
1S protectad by two &
plles, the anedes are mownted
8 piles, the ancdes are mounted in the

y"ln are coated with coal tar epory,

Tes. Each pile
Aand C

The length of a pile axposed to sand

x4 10, x 35 in, waighing 130

Plle A has §

codted, and pile C was complately costed sxcept for
Yttt mesurerants - mde {n 1967, 4 meaths after tastallatien, '

and water varied betwesn 24 ft.

165, Aluminum anodes sre 4 1n,

windows (bare area,

the lower 12 ft. in the mud gome.

Y in, 2 6 4n.),

nodes permanently mounted on opposite flanges at the same elevation.
in the water zone between the sand 1ine
S3nd zone, the tops of the

and the msan Jow water ling,
4nodes befng about & 2, below the sand 1ine.

and 28 ft., depending on the

x4 1n, x 38 tn, weighing 60

On the

Pile § was completaly

Table 3. Corresten Mates of HePiles Based on Flange Thickness Messurements

Aversge Corrosion Rate Within long,
]

Qrerall
et
lats e "one .
Ting t 1 1 ¢ 1

21 Coal Tar Gaeny/linc Rich Inergenic «©.0 0,01 0,00
) 13 Viayl/Nem Sorayed Alwime 0.03 0.0 ‘0.17
20 Ipexy Polyemide/7inc Rich {norganic 0.0% 0.02 0.22
0§ Alumtnee Pigmenced Cos! Tar Cpoay 0.07 0.0 0.06
9 Molyester Slass Flake «0.10 0,10 «©.10
: 15 Aolyvinylidane Chlorige/Flane Sorayed 2tnc .10 0 0,14
w Glvenized 0.14 0 0.6
” Phamelic Mastic 0.1¢ on o.n
14 Flane Sprayed Alumimm 0.1 0.19 0.39
9 Alwsimm Piguented Coal Tar Upoxy 0.18 0.18 0.08
18 Coal Tor [peny/linc Atch Organic 0.19 [N} 0.1%
19 Viay)/Tine Rich Inorganic 0.20 0.19 0.22
2 Yinyl Mestie/Tine Aieh Inergunic 0.24 0.02 1.4
4 Coal Tor lpexy 0.53 0.17 o
25 Ceal Tar tpeny on Martner Steel 0.43 0.18 0.44
7 Caal Tar Cpexy ples Armer 0.58 013 207
§  Ces) Tor Cpeny 0.00 0.27 o.n
16 Vinylofed Load/Flome Soreyed linc 1.4 0.08 32
12 Polyvinylidens Chiorige 2.4 0.81 L ]
30 Bare Carten Stee) 4“9 c.e 8.9
1 Sare Cartes Steel 6.0 1.3 [ B
N Bare Carban Steel 1.3 .8 10.8

28 tare Carven Stee! Pine’ - -

7 Ceal Tar tpeay Pipet - -

W Ceal Tar Epoxy plus Armor Pige® - -

for tron: wils per yeara §,

———tie = e e e . —

40 = aflligrems por soucre eecimeter per ay.
Flange thickness measuremenes net

agde on pipe

piles.

anarsed
lone N
f

0.0t
0.07
0.1¢0
0.08
0.0
0.12
0.32
0.1
0.19
0.2t
o
o.i8
0.6)
.27
0.48
0.07
2.4
1.8
)

6.7
7.9
9.0

thospheric
lone »
[4
«0,01
0
0
0.03
0,10
0.2¢
0.06
0.21
3.03
0.04
0.4
0.2

2.1
1.4
ur
2.9
[ 8
2.8

10.8
1.2
1.9

'ouum frem bottom of pile.
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with only one exception, thz anodes located
below the mud line are providing more protec-
tion than simi'ar anodes above the mud line.
These preliminary resnlts on the cathodically
protected systems must await verification
pendiny their removal for physical examina-
tion.

The authors are grateful for the continuing
cooperation and finaucial support of the Amer-.
ican Iron and Steel Institute, and the funding
aid from the U.S. Army Corp of Engireers at
the initial phase of the program. In our own
laboratory we wish to thunk J. L. Fink and
J. T. Hill for their valuable assistance in vari-
ous phases of the work, and W. J. Schwerdt.-
feger (retired) for his many helpful discus-
sions, suggestions, and participation at the
start of the investigation. Appreciation is ex-
tended to the coating manufacturers who pro-
vided technical and material assistance, and
the U.S. Navy Amphibious Construction Bat-
talion No. 2 for installation and removal of the
piles; to the U.S. Navy Fleet Combat Direc-
tions Systems Training Center for providing
the site, and to the divers.from the U.S. Navy
Underwater Demolition Units for their aid in
making electrical connections. This work is
dedicated to the memory of Melvin Romanoff
without whom the program would not have
exjsted.
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V-D
CONTROL OF CORROSION
OF FERROUS METALS

IT IS EASIER and cheaper to provide for prevention of corrosion

before a structure or facility is constructed or during construction
than to correct an existing problem. However, with the shortage of
capital funds coupled with non-awareness of - possible corrosion
problems, corrosion prevention measures are ofttimes not properly
employed. .

There are several considerations which should be investigated prior
to designing and constructing a new structure, an addition or
modification of an existing structure or facility -or maintaining or
repairing an existing structure or facility.

How Metals Corrode.

Sincc steel is a commonly used material of construction, an
understanding of why steel or other metals corrode would be most
helpful in properly selecting 2 material of construction and then
properly employing methods to reduce, insofar as possible,
maintenance costs. The following is a brief statement on corrosion of
ferrous metals~what it is, how it occurs, and what can be done to
protect against it.

Elements of Corrosion, Corrosion, or dust, is an age-old reaction
that has plagued man since the time metals were first refined into
usable forms. The basic cause of corrosion is the instability of metals
in their refined forms. In the case of iron, the action of oxygen and
water, usually in the form of rain, mist or dew, causes rust. When we
analyze rust, we find it is iron oxide. In rusting, the iron has reverted
to its original native state.

Corrosion takes place in the presence of water and oxygen. If one

187 absent, cofrosion usually does not occur. The same would be true in
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E NGINEERING water where the free oxygeri s removed. In addition, water having a high
'DESIGN  dkalinity content retards corrosion. .
. Nature shows us-that metals tend. to revert to their native state through -

CRITERIA . the natural process of corrosion.

Figurﬂ “Corrosion Cyclo. o e

- Electro-Chemical Action. The basic requirements of corrosion, which is

- - an electro-chemical condition, are always the same. There must be a flow of !

Water  electricity between certain areas of a metal surface thnough a solution capa- '

an Electrolyte ble of conducting an’ electrical current. This solution is called an electroiyte.
Water, and especially salt water, are excellent electrolytes.

In addition, we must have two distinct areas on a metal surface between
which electnc:ty can flow. Electncity ﬂows from a negative area (the anode)
via ‘the electrolyte to a positive’ uu, called the cathode. Thus, we have the
three necessary requirements for corrosion: an electrolyte, a negative area,
and a posiuve area on the metal surfaee. :

(Courtesy of Tnemec ‘l'opic'a). :

"*Figure 2. Elsctrochemical Corrosion. ' . Thé nepatively charged electrons (o) pads . * This leaves behlod hydroxyl ions (OH-=) -
*"'through the metal to the cathode area.and . which combine with the iron jons (Fe*)
" The anode area gives off iron jons (Fe**) react with water (H20) to form hydnnn to.form ferrous hydroxide (Fe(OH)2), The o

-while negatively charged eloctrons () move . g (Hz) and hydtoxyl fons (208).- .+ ' i ferzous hydroxids reacts with fres oxygen in :
—toward the cathads area. - I e the water to form feic oxide (rum).: - !
- o——- o - - et rian el H A Paa § - o . DR ] : . .f\: .1". .
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Unplotecred Meual Loss. The loss of metal results at the anode, whereas
the metal that is protected from corrosion is at the cathode. The amount of
-loss varies with different metals. Some of the loss rates of common metals

-are as follows:

. lron or Steel 20 Ibs/ampere year
Lead 74 lbs/ampere year
Copper (Cut) 45 Jbs/ampere year
Zinc 23 ibs/ampere year
Aluminum f 6.4 1t5/ampere year

.. Basically, this is the reachon that oceurs when these three conditions
are present: positively charged metal ions detach themselves from the
cathode region, where they are neutralized by removing hydrogen ions from

the water, forming hydrogen gas.
The hydroxyl ions left, being negatively charged, unite with the metal

CONTROL OF
CORROSION

jons that pass into the solution and form ferrous or ferric hydroxide. This -

soon becomes oxidized with free oxygen in the water to form iron rust.
This discussion of the mechanism of corrosion has referred particularly

to corrosion in an aqueous environment, since this type is clecrly explainable

- by -electro-chemical principles, In the ....nosphere, the same electro-chemxcal
action may occur in pockets of water and on wet steel,

Altemate Grades of Steel.

General Purpose Carbon Steels. Construction. grades, such as manufac-
tured in accordance with A.S.T.M. Specifications A-36, A-328, etc.

Special Purpose Stecls.

- Corrusion-Resistant Steel. High strength, low alloy carbon steels, such
‘as Mariner Grade. are used in steel sheet piling and H-bearing piles. Addi-
tional life is possible, primarily in' alternately wet and dry situations or
locanons, when this type of steel is specified. Consideration should be given
to insuring that all the chemical properties of the steel that should be pres-
ent, are actually present in the steel ordered and delivered. Otherwise, addi-
tional money may be spent wnthout obtammg any added protectmn or life.

. Weathenng Steel. This grade of steel] is produccd by various manufac-

turers with trade names such as “‘Corten” or “Mayari R” Weathering Steel.
- This grade of steel has found wide acceptance in use in structural steel for
. bridges and exposed steel framing members for buildings, among other uses.
‘\\’hxlc it can be used in many locations for many purposes, it has been found
in cerizin instances that this grade of. steel affords no additional protection
when placed in close proximity to salt *vater or salt air exposure. Uniform
coloring of a dark reddish brown nature develops over a period of time. This
can be. and js, often accelerated by sandblasting the steel before erection to
remove the mill scale and present a uniform-surface for uniform weathering
to take place. However, in Jocations that are exposed to the pubhc s touch, if
the surface is written on or dumaged and then the writing is removed or the
damaye is repaired, there will be found to be a considerable difference in the
coloration of the steel for an extended period of time.

Analvsis o Corrosion.

.. .. Scopeand References. This section discusses in general terms corrosnon
“or rusting. which is the deteriorating of métallic Constnictron matemals, §ie
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as steel sheet piling, bearing pnles and utility lines, by reaction with elements
of air, soil; or water, Preventive measures which may be employed to halt or
reduce this deterioration also are covered. Obviously a complete discussion
of corrosion and its control would neither be practical nor pertinent in this
section. The reader is referred to “Corrosion Handbook™ edited by Herbert
H. Uhlig and published by John Wiley and Sons; *‘Corrosion and Corrosion
Control” by Herber: H. Uhlig, published by John Wiley and Sons; “An
Introduction to Metallic Corrosion™ by U.R. Evans, published by Edward
Arnold Ltd., and to “Underground Corrosion®’, published as Circular C-450,
by the National Bureau of Standards. Current information on the subject
may be obtained from the publications office of the: National Association of
Corrosion Engineers, Houston, Texas 77027.

Underéround and Underwater Corrosion of Steel. Corrosion below the
ground surface and underwater (exclusive of corrosion inside pipes) are sub-
stantially identical in cause, form, and remedy. -

Corrosion Currents. The primary cause of underground corrosion is the
flow of electric current from the structure to the soil in certain areas,
where corrorion will be extremely rapid, and its return in other areas,
where corrosion will proceed slowly or not at all.

Variations. Flow of these electric currents results in variations in
corrosion rates which- are determined by electrical rather than
chemical factors although variatitns in composition of soils affect
potential differences and thereby the rate of flow of electric cur-
rent.

Galvanic Cells. Almost every person who has had experience in
maintaining underground piping has observed corrosion of piping
developing leaks under a paved road with piping on either side in
good condition. This is a common example of a galvanic cell
caused by difference in oxygen concentration, called a differential
aeration. cell. The effect of such cells is that corrosion occurs
where oxygen content is the least.

lmeraction of Metals, Also familiar is corrosion of steel pipe adja-
cent to bronze fittings. In this case the currents result from the
different characteristics of the two metals. Electric currents result-
ing from combinations of two different metals in the same soil, or
two different soils contacting the same metals.are properly called

galvanic currents and can be measured easily in a laboratory, and
with some dnfﬁculty in the field.

In the following table, knawn as the “GALVANIC SERIES OF MET-

ALS”, each metal*is an anode to any meta) under it in the table. and the
lower metal is always the cathode. In the electrolyte, current will always

Galvanic Series of Metals

Magnesium - : Copper. Brass
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flow from the metal higher on the list to any lower on the list when the two CONTROL OF

metals are in contact with an electrolyte and are in mctalhc contact -with CORROSION

each other.
A similar relation of anode to cathode exists with iron and steel. Any

type of ferrous metal on the following list is always anodic to thz ones Jower
on the list:

New Steel Pipe Old Wrought-lron Pipe
Old Sieel Pipe New Cast Iron Pipe
New Wrought-Iron Pipe Old Cast Iron Pipe

Corrosion currents will be produced on any metal where conditions
create an anode and a cathode immersed in a moist electrolyte and con-
nected by a metallic path. Some of these conditions are: different metals or
a difference in the surface condition of a metal; stresses in a metal; different
soils; stray direct current; and bacteria,

Prevention. Underground corrosion can be stopped by preventing the

flow cf current between anode and cathode. This can be done by

stopping the flow of current by coating or by reversing the flow of Coati
current leaving the anode by cathodic protection. Since it is not practi- °at'"9 or
cal to provide a perfect coating without any holidays, a combination of Reversing
coating supplemented by cathodic protection is usually the most eco-
nomical effective corrosion control when the cathodic protection system
can be properly maintained.

’

Stray Currents. Similar corrosion effects may also be causcd by electric

currents originating in direct current electric distributits, systems par-

ticularly direct current electrified railway systems and welding opera-

tions at piers or wharves. Currents originating from such outside sources

are called stray currents, and were at one time a major cause of severe

underground corrosion. There is a regrettably common tendency to

attrihute any unexpected underground corrosion failure to stray cur-

rents of mysterious origin, rather than to actual galvanic current causes.

Galvanic currents inevitably exist in any buried structure of appreciable

size, but their magnitude (and consequently the damage which may be .
done by them) is controlled by the resistance of the soil to the flow of Galvanic
electric current. The resistivity of different soils quite commonly varies Currents
over 4 range of 1000 to 1, and may vary also with season and rainfall.

Steel Piling.

Differential Aeration. In the case of steel shest pile bulkheads or
exposed stee] H- or pipe pile substructures. it is often observed
that scaling is heavy in a band in the splash zone just above the
high tide level, and corrosion is also severe in a band at and just
below the mean low watcr level. This aggravated corrosion just
below the mean low water level results from a condition known as
“differantial acration™. In its simplest form. a differential aeration
zell will result on a metal surfuce immersed m an electrolvie with
one portion shielded from a free surply of cxygen while the re-
mainder has a relutively ahundum sapply. Corasien currents wil!
then circulute bhetween the two poriicns of the metal sample in
such a direction as to cause corrosion of that portion receiving the
--least-supply of oxy.gen, e .. . R e e vt e
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Tidal Zone. On prng, the steel surfaces i in the tidal zone between
mean low water and mean high water receive a greater supply of
oxygen than the continuously immersed surfaces at and just below
mean low water. As a result, current discharge, resulting in corro-
sion, occurs in the area at and just below mean low water. Piling in
the tidal zone normally is attacked at a relatively Jower rate being
partially protected at the expense of piling at and below mean low
water.

Splash Zone. In the splash zone abcve the tidal range, piling sur-
faces are subject to frequent wetting and drying cycles. In this
area, the wetting and drying pattemn is erratic depending upon
wind and wave action. Differential aeration cells within the splash
zone are continually being formed, acting, and drying up as splash-
ing action occurs. Contrasted to steel in the tidal zone, steel in the
splash zone receijves little protection at the expense of the continu-
ously immersed stee] below mean low water. This explains why a
band of aggravated corrosion will normally be formed on uncoated
steel piling above mean high water,

Factors Affecting Corrosion Rates.

Soil Resistivity. The influence of soil resistivity upon corrosion rates is
important enough to warrant investigation prior to design of an impor-
tant buried structure,

Measuring Soil Resistivity. Determination of soil resistivity can be
obtained from borings, and soil resistivity at various depths can be
obtained, without making borings, by the “Four Electrode
Method”, which gives the average soil resistivity to any desired
depth by varying the electrode spacing. As a rule, soils having a
resistivity in the order of 1000 ohm-cm or less can be classified as
severely corrosive. Sea water has a resistivity of about 20 ohm-cm
as an example. Soils having resistivities ranging greater than 20,000
ohm-cm are usually classified as only slightly corrosive, but small
deep pitting can occur in such solids. A steel structure passing
through successive layers of different soils will suffer more attack
than a structure in a uniform bed of soil with the same average
resistivity as the layered soil.

Relation of Moisture Conteni, While soil resistivity varies with
moisture content, well-drained surface soils in areas of heavy rain-
fall normally have relativelv high resistivity even when saturated
with water., because most of the soluble elements have becn
_washed away. Cinders in soil cause deep rapid pitting of steel.

Preventive Measures

The progress of electro-chemicsl corrosion can be minimized in two
general ways: the application of protective coatings of various types, and the
installation of cathodic protection systems of either the impressed-current or
sucrificizl-uncde type. In uddition. the bonding of all buried structural mem
bers will facilitate the apphication o cathodic protection. thus munmizing
carrosion resulting from differing potentials of adjacent members. Consulta-
tion with a Certified Corrosion Engmee By NatighatAssociation of*Corro-- -
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sion Engineers) is always advised whenever a corrosion problem manifests CONTROL OF

jtself. CQRROSlON

Protecrive Coatings.

Types. A number of types of coatings have emerged to date as

suitable for the protection of exposed stee} in water; coal-tar

epoxies, inorganic and organic zinc primers with an epoxy or coal

tar epoxy finish coats, and cold applied .coal-tar coatings are the

primary products now in use, with other types such as splash zone .
epoxies, underwater brush or roller applied modified polyesters, \/.D
etc., constantly appearing on the market. Hot applied coal-tar

enamel with bonded glass and feit outerwraps have been used

successfully on round pipe piles in certain locations. The choice of

a type for a given installation is normally made on the basis of

adaptability to local exposure conditions, relative durability and

cost.

Surface Preparation. All these coatings require preparation of the

steel surfaces involving sandblasting, jet water blasting, or similar

methods to insure proper adhesion. This factor cannot be over-  Syrface

emphasized; improper surface preparation can completely negate Pr ti

the effectiveness of the coating. Because of the variations in chem- eparation

ical formulae within each type of coating, the manufacturer’s i
specifications for application of each should be carefully followed.

Application. Coatings are most commonly employed on those por-

tions of the steel which are in the splash zone and in the tidal ’
range; in the submerged portions, coatings may be used in con-
junction with, or alternative to, cathodic protection. Steel surfaces
which are in continuous contact with undisturbed soils do not
normally require protective coatings because of the lack of suffi-
‘cient available oxygen to facilitate corrosion; however, local condi-
tions must be investigated to determine whether or not a problem
may exist. As indicated above, the decision as to the extent of
application of any type of coating is normally based upon eco-
nomic considerations involving the required service life of the
structure.

Repairing Danmage. When selecting a protective coating system,
consideration should be given to how the coating can'be repaired.
Whether the protective voating is applied in & shop or in the field
at the construction. site. the proteciive coatling may reccive some
damage due 1o hundling. This dameage must be repuired. either just
prior tc or after installation. Seme ol the coatings now in use
cannotl be repaired by utilizing the same caating materials under
-damp or submerged conditions. However, coatings such as under-
waler modified polyesters that are applied by brush or roller, cun
be utilized to muke these repairs.

o eermmyers tern s yye-
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dow 10 Specify Protecting Coatings. There are various points to con-
sider hefure writing a couting specification and several inspeclions to be
‘made during and afier the application, ,
Qualiries. A good specification has to be a compromise between
T T practicality, cost amd-performancer An-inadequate-speeificetions - — e e o et
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such as one calling for a good painting system without sufficient
surface ‘preparation, is a waste-of time and money. Similarly, a
more than adequate specification, such as blasting to white metal
or near white metal where a brush-off or commercial blast would
be satisfactory, results in money spent unjustifiably.

Composition, A specification shouid be realistic, and the require-
ments should be within the realm of reasonable and practical per-
formance by the applicator with accepted materials, methods, and
equipment. To be complete, a specification must cover surface
preparation, coating material, and application in detail and with
sufficient clarity to avoid misinterpretation. Like a three-legged
stool, inadequacy in any one of these renders the entire job essen-
tmlly ineffective. In addition, a specification must outline and
require inspection to insure that the quality of the job falls within
defined limits,

Background Information. Before the preparation of a coating spe-
cification for any given job, it is necessary to obtain a certain
background of information to outliae the requirements and limita-
tions.

Exposure and Service Conditions.

Is the exposure indoor or outdoor?

If it is an outdoor exposure, geographical location must be estab-
lished since it can affect severity. For example, extremely hot or
cold climates as well as seacoast locations can affect the choice of
coating.

Is there exposure to chemicals and, if so, determine kind, concen-
tration, and temperature as well as whether the exposure is immer-
sion, splash and spill or fumes.

What is the service temperature range of the substrate, and is it
continuous or cyclic? If cyclic, what is the {requency?

Are other special conditions such as abrasion, abuse, flexing. vxbra-
tion, or impact involved?

Substrate Material and Condition.

The kind of substrate must be known such as carbon steel, galvan-
ized steel, nonferrous metals, masonry, and wood.

With previously uncoated substrates encountered in new construc-
tion. the degree of weathering in regard to mill scale and rusting
must be known.

With previously coated substrate encountered in maintenance
work, the degree and'type of deterioration of original coating and
substrate must be known as :.ell as the 1vpe of original coating
and kind of extent of chemical contamination involved, if any.

Local Limitations,

Does potential contamiration of product or equipment limit the
cleaning or application misthods that may be used”!
Is there potential contumination of surfaces between cleaning.

—
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Are there any time limitations for completion of the work?

Are there any unusual climatic conditions expected, such as-=x-
tremes of temperature, humidity, or rain.that must be considered?
Are there any special considerations that should be given to labor
relations? . e

In addition to normal good safety practices, are any special consid-
erations required due to local conditions? For example, do they
eliminate the use of spark-producing cleaning methods or require
unusual ventilation?

Size, Shape, Complexity, and Accessibility.

If tanks are involved, are they on the ground or elevated and is the

interior, exterior, or both to be coated? .

In the case of structural steel, are small complicated elements
.. involved?: Also, is accessibility difficult owing to congestion or
" over-all height?

In the case of piping, the same considerations apply as for struc-

tural steel. ' .
Is the equipment of unusual shape or complexity and is accessibi-
lity limited or difficult? !

Are there any unusual heights or depths involved in connection
with walls, ceilings, or floors?. Are there any other unusuai archi-
tectural features or complexities that require specia].considera-
tions? - -

Color Limitations. Is a wide choice of color permissible, is it limited to
a narrow range, or is there no choice, a specific color being required?

Economics: Costs Versus Performance. As the-first step in determining

- ‘or.analyzing the economics of any coating system, it is necessary to-establish
"' its objective. For ‘example, is the primary function protection, decoration,
- ‘elimination of  product’ contamination, or a combination of these? Having

established the objective, the economic goal then'is to select, based on
established perforinance data, the coating system that accomplishes the ob-
jective at the lowest cost per square foot per year, the only true cost index

" of a coating except in the case of surfaces that are permanently installed

underwater after initial coating and when initial coating cannot be reapplied.
These seven factors are considered individually as questions, and an-

- swers are established as dictated by the specific -coating problem. This pro-

cess provides the basic data for a coating specification. Of course, the degree

. of aralysis made is dependent.on the magnitude of the job.

Writing A Specification~Considerations. There are two general systems

for the writing of a job specification. One includes all the necessary details to
make it self-sufficient without the need of any reference standards. The

* other system uses a brief job specification supported by references to Stand-

ard Clraning and Coating Specifications.
Reference can be made 10:

Stee! Structures Painting Council Standard' Speciﬁcatidns for Cleaning

and Painting

American Water Works Association Cleaning and C oating Specifications
" Federal Specifications , :

CONTROL OF

CORROSION
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.~ National Association of Corrosion Engineers Standard ?".'_' _
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Techniques

Surface Preparation.

A. Materials.
B. Equipment.

C. Techniques,
D. Definitions of surface conditions before and after cleaning.

" Coating Systems.

A. Materials by trade names or Standard Specifications.
. B. Selection.
C. Film Thicknesses.

Description of Materials.
Application,

A. Environmental Limitations.
B. Methods.
C. Equipment.

Inspection.

A. Requirements.
B. Equipment.
C. Techniques.

Safety Precautions.

Inspection Procedures. When there is a large volume of specification
work, the system of using brief job specifications, supported by detailed
standard specifications saved substantial time and money compared to the
system of using detailed job specifications that are self-sufficient. It must be
emphasized that a specification is not adequate unless provision is made to
check the work to verify that-it meets the specification. Such inspection

* must cover the following:

" A. Surface preparation.
B. A periodic check during application.
C. _The completed job.

Surface Prepara n‘on.

A. Visual inspection for method is specified, degree of cleanliness and
freedom from foreign matter, such as dirt, grease, oil and water with em-

phasis on **hard to get at™ areas.
B. A check of profile on blast cleaned metal surfaces when spcuﬁed

by comparison with reference standards.

Perivdic Check During Application.

Verification that specified materiais are used und in the specificd
manner.
Visual check of each coui for adequate and acceptable workman-

.._.,h!p —— s e e erces 4ol amanm ———t
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Spot checks of each coat for wet film thickness, having previously CONTROL OF

established the ratio of wet to dry film thickness, to insure that
the specified dry film thickness is obtained. | CORROSION

Visual check for freedom of contamination between coats.

Verify that drying time limitations are met.

Verify that surface is primed when prescribed.

Verify that painting is not done during:adverse weather condi-
rions, such as extreme temperatures and humidities.

The Completed Job.

Visual check of overall workmanship. . -

Measurement of total dry film thickness.

When specified, check for coating defects using a pin-hole detec-
tor. L -

Typical Protective Coating Specification. Following is a typical specifi-
cation for shop cleaning and coating steel sheet piling and accessories with
-coal tar epoxy prior to its use in construction of a bulkhead. Similar specifi- For Coal
cations can be prepared utilizing various other types of paints and coatings Tar E
for other structures. This typical specification has been found to be practical ar Cpoxy
in its scope and has-achieved the desired results.. v :

Coal Tar Epoxy Coating for Steel Sheet Piling
Scope:

a.  The work shall consist of providing all materials, supervision, la-
bor, equipment, tools and supplies necessary to provide a protective
coal t1ar epoxy coating system for steel sheet piling and accessories.

b.  The coating shall be applied to all surfaces of the sheet piling, with
the exception of the interior.contacting surfaces of the interlocks. The
steel “H" Piles, the entire wale assembly, the tie rods, turnbuckles and
all bolts shall be coated in their entirety, except for the threads and

nuts which.shall be coated in the field after ussembly.
:Coating Materials: | '

- 8. The coating shall be self-curing, consisting of two components.
The material used shall meet all requirements of the Federal Specifica-
tion for Coul Tar Epoxy MIL-P-23236 Type I, Class 2,.and/or the Corps
of Engineers’ Formula C-200, and/or Steel Strugtures Painting Council
Specitfication SSPC-Paint, No. 16, Coal Tar Epoxy-polyamide Black
Paint. ‘

b. Al coalinés shall be so processed and paékaged as to insure that
within a period of one (1) year from date of manufacture, they will not
gel, liver or thicken deleteriously, or form gas in the closed container.

Packaging and Labeling: Coatings and vehicles shall be packaged in
standurd containers not larger than § gallons in size. with removable friction
or lug-type covers. Each container of separately puckaged component shall
be clearly und durably lubeled to indicate the purchaser’s order number, date

-of .manul'actuu.,.manufacluzer.fs.hnch.number,.quanﬁ&y,.mlor.,.compon:m.-...ﬁ...._,__,. .
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idehtiﬁcation, and the designated name and formula or specification number
of the coating together with special instructions.

Certifications:

2. .In addition to meeting the other qualifications, the coating manu-
facturer shall certify that:

(1) He has been a producer of coatings of this class for a period
of at least two years.

(2) The coating being offered under this specxﬁaahon is the same
formulation which has been manufactured and distributed by him
during this two year period.

(3) The coating being offered under this specification has been
successfully used in sea water, immersion service for at least two

years.

Surjace Preparation:

8.  All surfaces shall be thoroughly prepared for coating application in
strict accordance with the coating manufacturer’s recommendation.
All cleaning and coating work must be psrformed in a heated building.
Preceding grit blasting, steel must be heated to at least JOO°F to
eliminate possibility of moisture on the surfaces to be cleaned and
coated.
b.  Grit blasting shall be to clean grey metal, at least equivalent to a
White Blast as defined by SSPC Specification SP-S 63. All work blasted
" in one day must be coated on that day.
c. : Any aress of the surface which show traces of oil, grease or other
_organic matter shall. be removed prior to coating. The contammatlon
-~ shall be removed by using sither a solvent or spot blasting. --
"~ d. Al surfaces to be .coated must be completely dry, free of
moisture, soil, dust a_nd grit at the time the coating is applied.
. e. The ﬁmshed coating shall be post-cured under cover at a tempera-
ture .of . approximately. 125°F, whenever the ambient average tempcra-
ture falls below 70°F. L ~

Application of Coating: All coatings shall be a'pplicd by brush or spray

~ "using commercially available spray equipment. The coatings shall exhihit

reasonable leveling without excessive sugging when applied at the rego d
film thickness. Proper adhesion between coais shill be insured. depending n

'method of coating :application, with out undue restrictions concerning
‘timing, temperature or other conditions associated with application. Coalmg :

manufacturer’s recommendauons shall be adhered to.

Progress of Coating Work: Where coating on any tvpe ol surfuce has

commericed. the complete coating opuration, including priming and finishing -

coats when multiple coats are used’ on that pogtion of the work. chall be
:completed as seon as procticskle, without "x"lolu.rd Jelavs Where neese
sary, stiiiivieat time shall clepss biiween suceessive coals 10 porriit them 1o
+dry properly for recoating and this penod eha]l be modilied as necessary 10
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Coating Thickness L
a. A minimum thickness (not average) of 16 mils dry film is required
on all surfaces to be coated.

b.  Where two coats are required to achieve the recommended film
build, the interval between coats should be as short as possible. To
ensure maximum intercoat adhesion, it is recommended that: (1) The
next coat be applied as soon as possible afier the previous coat is firm.

. (2) If the previous coat has cured for more than the recoat time speci-
fied by the manufacturer, wash with fresh water, then brush blast to
provide an adequate mechanical bond before recoating.

Final Curing Time: Coated surfaces shall be permitted as long & drying
time as practicable but in any event the folllowing minimum requirements
shall be met. The steel coated with the coal tar epoxy system zhall not be
driven until the finished coating has cured at least 7 days at 7i°F, or been
postcured at higher temperatures for a shorter time period in accordance
with the coating manufacturers recommendations.

Thinning: Whenever possible the material shall be applied without
thinning 10 4 minimum dry film thickness of 8 to 20 mils dry film per coat
without running, curtaining or sagging. Where thinning must be done, it shall
be limited to one pint of solvent as recommended by the coatirg manu-
facturer per gallon of coating material. If the material is thinned, it may be
. hecessary to apply more than the standard ] or 2 coats to attain the required
minimum dry film thickness of 16 mils.

Inspection

a.  Satisfactory performance will be based upon acceptance of the

completed work by the Engineer..All work will be subject to inspection

by the Engineer. The grit blasting is to be approved before the start of

the coating application. ' _

b. Inspection of the completed coating will be based upon a Nordson
. Mikrotest or other magnetic detector readings. Detection of inade-
| quately coated sections will be indicated by circling with chalk the

areas to be recoated. .

Appearance of Finished Coqting

a.  The finished coating shal) be generally smooth and free of sharp
protubcrances which could. be removed by abrasion. A minor amount
of sags. dimpling, or curiaining which does not exceed 210 3 percent of
the suriace will not be considered cause for -rejection unless they
present sharp edges which might be removed by abrasion:

h.  Shurp protuberances shall be cut off using a sharp wood chisel laid
Na1 aguinst the surface. The areas from which material has been re-
moved shull be recoated to smooth the surface.

Proicetioin of Cogred Sieel: The Controctor shall exercite extreme cure
in the handhing of all cuaied steel so as not 1o damage the costed surfaces.
Any damage 10 the coating due to handling or construction operations shall

CONTROL OF
CORROSION
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a. The coating shall be sprayed in enclosed spaces with an adequate

ventilation system. The system shall be capable of positively exchanging

the air in the enclosed space for fresh air at the rate of not less than

5,000 cubic feet per minute for each Spray gun in operation, and all

parts of the space shall be swept by moving air. The ventilating system

shall be operated during the entire application period and shall be con-
tinued after spraying has halted until the applied film is no longer giving
off appreciable solvent vapors. The air in the enclosed painting space
shall be safe at all times from fire and explosion hazards as determined
by an Explosimeter, manufactured by the Mine Safety Appliance Com-
pany. Where spraying is being carried on in enclosed or other spaces not
freely swept by natural wind currents, workmen shall wear respirators
fed by fresh air. Grit blast nozzle operators shall wear fresh-air-fed

helmets under all circumstances. ' .

b. In addition to normal safety precautions, workmen shall take

extra care to avoid inhaling fumes or atomized particles of the coating

and to avoid contact of the paint with the skin.

Measuremen:: Coal tar epoxy coating shall extend from the top of the
in-place sheets and special sections down to ~ feet, on the piling. Allowance
shall be made for trimming the top of the sheets. This item will not be
measured as coating.

. Payment: Paymentjfor coal tar epoxy coating as described under — will
be included in the unit price per ton for items — on the Proposal Sheet.

Ca!:hodic Protection

Impressed-Current Systems. The development of impressed-current
systems has progressed to a point .where this type of protection is widely
-used. The basic principle involved is the creation of an external source of
direct current (a rectifier), thus providing a difference of electrical potential

which causes a flow of electrical current from an anode, thiough the elec- .

trolyte (water or damp .earth). to the metal which is to be protected, thus
overcoming the electrolytic current. This condition is analogous to the
process of electroplating. The externally created potential defference causes
oxidation at the positive terminal (the anode) and the formation of a film of
hydrogen on the surface of the protected metal (the cathode). The require-
ments as to the extent of the installation and the necessary electric power
are-specific considerations for each construction site and must be determined
individually, )

Normally operation of a cathodic protection system will cause a
minimal deposit of calcareous or siliccous material to form on the steel
surface, thus creating a protective barrier against corrosion. Such a coating
has the further effect of diminishing the power required for the operation of
the system.

Sacrificial Anode Systems. Sacrificial systems involve the placing of
suitably-sized pieces of metals (anodes) of more negative potential than the
steel. in close proximity to the membners which are ro0 be protected. The
difference in potential between the sucrificial metal and the steel must be
sufficient to generate a flow of current through the clectrolyte which is great

" "enough to overcome the eléctrolytic current, thus producing the same effect
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as that of an impressed-current system. However, proper placement and size-

of the anodes is of utmost importance. Economic comparisons and practical
considerations of a sacrificial system versus an impressed-current system
should be nuade.

The arore common metals used for this PUTPUSE ure magnesiin:,
alurmnum. und zinc, or altoys of these metals and others, as indicated by
their pesitios on the Galvanic Series of Metals.

The operation of 4 sacritficial syst=m is much less susceptible to accurate
control because the amount of sacrificial metal available to protect a struc-
ture diminisiies constantly, und replacement of that metal as well as frequent
inspection ot the protected steel becomes much more critical for effective

protection.
Stray Currents

Cuauses. Stray currents are produced by direct currents carried by metal-
lic conductors which are in contact with the earth. Such current may often
be identified as to source by periodic fluctuations or other such characteris-
tics. The entry of stray current into a structure, and its eventual departure,
results in corrosion of the steel elements at the points of discharge of the
current into the electrolyte or the earth.

Preventive Mcasures. The control of corrosion due to stray currents can
be accomplished by adequate bondirg and grounding of the structure to be
" protected, thus providing a path for the controlled discharge of such cur-
rents,

Economic Considerations.

The necessity for providing protective measures in the form of coatings
or cathodic protection systems or a combination of both, should be deter-
mined on the basis of the required service life of the structure and the local
corrosion condition. As outlined, the rate of corrosion is affected by many
variables, and an advance prediction of the corrosion rate at a given site is
extremely difficult to make, because of the possibility of change among
those variables. It is generally true that the progress of corrosion is not
constant; the rate of corrosion in the submerged or buried portions generally
becomes lower with the passage of time.

In order to cope with a situation of such indeterminate nature, it is
recommended that two basic steps be followed before a decision is reached
as to the desirability of installing a cathodic protection system. First, in-
vestigation should be made as to the condition of any adjacent structures of
similar construction, as an indication of what may be expected; second, it is
recommended that a series of test installations be provided to permit a
periodic check of the progress of corrosion at the specific site. These installa-
tions could consist of a number of steel plates of suitable dimensions, placed
at representative locations within the structure. At given intervals, such as
one, two, four and eight years after construction, the plates can be ex-
tracted, cleaned of any surface dirt, growths or products of corrosion, and
checked for pitting and weight loss, thus giving any accurate picture of the
actual progress of corrosion at the site. At such time as the severity of the
corrosion can be accurately determined, the necessity for providing a protec-
tive system can be analyzed, with the required service life of the structure as
the guiding criteria,

- .. Because of-the difficulty_of installing-a.properly-designed cathodic.pros-. ..o e ocee oo oo i,

tection system on a completed structure which has no provisions for such an
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installation, it is further recommended that certain basic items of work be
included in the original construction to facilitate installation of the necessary
electric cable and equipment at a later date, if required. The.e basic steps
involve primarily the electrical bonding of the stecl elements. usually by
means of welded steel bars, the inclusion of suitable sleeves (or passag= of
cuble through structural elements, and certain other minimal measures. The
expense involved in providing these measures is' generally very minor in
relation to the toral cost of the structure. A preliminary design for a
cathodic system must be made to locate the necessary conduit sleeves, etc.

Corrosion of Underground Utility Lines

Causes. Corrosion of buried metallic pipelines, etc., is caused by elec-
trolysis and by stray currents. us outhined above. for steel elements in water,
Again, the severity of the corrosion is a function ol several variables, as
follows:

Amount of available oxygen present in the soil.

Amount of water present in the soil.

Type of soil surrounding the line.

Dissimilarities in the soil surround the pipe-mineral contant, etc.
Segregation of the different metals in the alloy used in steel pipe.
Impurities in the metal, such as slag in steel.

Temperature of the soil.

Surface conditions of the pipe (presence of scale or applied coat-
ings).

Preventive Measures. Corrosion of utility lines may be minimized or
prevented by the application of protective coatings or by the adoption of a
cathodic protection system, or a combination of both. In addition, all
metallic elements in the buried system should be bonded.

Protective Coatings. The types of coatings generally used for pipeline
protection are:

Coal-tar enamels with glass and/or felt wraps.

Organic resins; fused and air dried.

Polyethelene tapes with and without protective tape wraps.
Extruded polyethelene coverings.

Polyvinyl chloride tapes.

Proper surface preparation is essential to provide adequate bond, and
the manufacturers’ requirements should be carefully followed. The choice'of
method is normally governed by the service conditions and by economic

factors. Here again, other types of coatings are continually appearing on the .

market,

Cathodic Protection. Cathodic protection of cither the impressed-
current or sacrificial types may be employed as a protective measure. The
purpose of the system is to create a potential difference, causing a flow of
electric current which overcomes the electrolytic or stray-current flow.

Economic Considerations, In order to establish the need for protective
measures in a given locality, investigation should be made of existing facili-
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determine the nature and condition of the subgrade material, as well asthat CONTROL OF
of the back-fill material. Moisture content, soil resistivity and permeability CORROSION
are important considerations in that regard. A check should also be made for
the possible presence of stray current from nearby electrical equipment. '

In the event that the subsurface condition is conducive to corrosion, it
is recommended that a suitable coating be applied and a cathodic protection
system be adopted if the required service life of the utility line so warrants.
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Page One

1.0.0.

Design Area Parameters

1.1.0

l.l.l

1.1.2

1.2.0

l.2.1.

1.3.0

1.3.1

Bulkhead will be steel sheet piles (P2Z-38)

shop coated with a high quality coating

~ system on the water side topped by an over-

ST e oo

hanging concrete cap.
The port facility will be "L" shaped and

consist of 4 berths having a total overall

| length of 2140 ft. The dredged water depth

will be 31 ft.
The total submerged surface area is calculated
as follows:

2140' x 1.67 x 31' = 110,788 sq. ft.

Mooring Dolphins (2) will be 50 ton bollards
mounted on a concrete cap supported by 4 .
W-14 x 73 H piles. These piles wili.be coated
siﬁilarly'to the bulkhead piles.
The total submerged surface area of each
dolphin is as follows:

4 x 7' x 40' = 1120 sq. ft.

HPlox 12
Fender Piles (179) will be-W=12x30- H piles,

uncoated and recovered from the existing facility.

* e m. Gemue e e s e eues + easmemm -

The'submerged surf&éé';;éé'bf égéh pilemignas-“

follows:
.= Continued -
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Page Two

Marine Corrosion Engineers
Marine.and Industrial Agents

. January 6, 1984

1.0;0 Design Area Parameters

1.3.1 (Continued)

1.4.0

1.4.1

l.4.2

1.5.0

6' x 31' = 186 sq. ft.

Tie Rods will be 3%" Dia. for the bulkhead
piles and 3" dia. for the 50 ton bollards.
The rods will be approximately 90' long and
will be coated with a high quality coating
system. '
The buried surface area of the rods is
calculated as follows:
3%" ¢+ 12 x T x 90' = 77 sq. ft/rod
3" ¢+ 12 x TI x 90' = 71 sq. ft/rod
The quantity of rodé-is calculated based on
2' rods/bollard and bulkhe;d rods on 4'6" centers:
2140' + 4'6" = 476 Rods (3%" dia.)
24 Bollards x 2 = 48 Rods (3" dia.)
Piplines serving the port will be welde? steel .
lines coated with a high qualitf coating system
as follows: .

Molasses Line - 15" dia + 12xIIx500'=1964 sq.ft.

'Cold Water Line-4" dia + 12xT1x2100'=2199 sq.ft.

- Continued -
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January 6, 1984

Page Three

1.0.0 Design Area Parameteri '

" 1.5.0

1.5.1

(Continued)

Fire Line - 6" dia + 12xT1x2100'=3299 sq.ft.
Gasoline Line - 8"dia + 12xT{x330'=691 sq.ft.
Fuel Oil Line - 8"dia + 12xTTx330'=691 sq.ft.

All lines will be fitted with suitable isolating
gagkets installed above ground to isolate them.
from each“other and any other buried steel

structures,

S 2.0.0 Cathodic'érotectibn'bQSigg Criteria

2. 1 0.

2.2.0

2.3.0

2.4.0

te cmmme 8 = ae

Water Conditions:

8¢11n1ty ‘= 20=-25 OEM-CH.

Temperature - 70° 9o°r

: Tide Range -3 -4

Maximum coatinq £ailure and/or damage during
first ten years - '25% submerged areas - 10l
buried areas. '
Anode efficiency factor allows for 15% of
anode material'still remaining at end of pro-
jected désign life of system - 1.15.
__Anode materials specified for these applications

are ‘sacrificial types -as £ollows.

J~;COnt1nu§d -
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Page Four

2.0.0 Cathodic Protection Design Criteria

2.4.0 (Continued)
Water side - High efficiency aluminum/zinc/
induim alloy.
Land side - ngh efficiency magnesium/zlnc/
| aluminum alloy.
2.4.1 These materials have been selected because of
their proven cost effectiveness, availability,

ease of installation and reliability.

3.0.0 Cathodic Protection Designs

3.1.0 Bulkhead '
110,788 sq.ft.xo 25x15 ma/sq.ft.=415 Amps reqg'd.

3.1.1 10 Year System Co e SRR ‘ -

415. Amps x 1.15 x 10 yrs. x7.6 lbs/A-Yr.=36,310 lbs.
Uéing an aluminum alloy anode having a net wt.
of 102 1lbs, gives: 36,210 + 102=356 pcs. req'd.
3.1.2 Estimated cost for this system is calculated as
£ollows: '
© Anodes - $60,000
Freight- 8,000
Labor/Mat'l. 80,000

- . ... Total . .$148,000 . .. _ i v v v
Cost/Year § 14,800 .

---fContinued -
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Marine Corresion Engincers
 Marine and indusirisi Agents

January 6, 1984
Page Five

3.0.0 Cathodic Protection Designs

3.2.0 20 Year System
}415 Amps x 1.15 x 20 yrso X 7.6 lbs/a-yr.=72,620 1lbs.

kUsing an aluminum alloy anode having a net wt. of
205 lbs. gives: 72,620 + 205 = 356 pcs. reqg'd.
3.2.1 Estimated cost for this system is calculated
as follows:
Anodes - $120,000
Freight - 16,000
Labor/Materials~-_ 130,000:
Total $266,000-
Cost/Year $ 13,300

3.3.0 Mooring Dolphin (2)
' 3.3.1 10 Year Sigtem:

' liZb sg.ft. x .25 x 15 ma/sq.ft. = 4.2 Amps req'd.
4.2 Amps x 1.15 x 10 yrs. x 7.6 lbs/a-yr.-368 lbs.

Bl e i L T T T U

Using an aluminum alloy anode having a net wt. of
102 lbs. gives:
368 + 102 = 4 pcs. reg'd./Dolphin —
Total = 8 pcs. Req'd.

'3.3.2 Estimated cost for this system is as follows:

P—— TS ST ekima Emenmal seemen . Bl mbawm w sl mees e s o b o P —
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Marine Corvesien Engineers
Marine snd Indusirial Agents

January 6, .84
Page Six

3.3.0 Mooring Dolphin (2)

3.3.2 (Continued)

Anodes - $1,500.00
‘Freight - 200.00
Labor/Mat'l, - 1,800.00

Total = $3,500.00
Cost/Year - $ 350.00

3.4.0 Fender Piles (179)

3.4.1 10 Year System
186 sq.ft. x 15 ma/sq.ft. = 2.8.Amps.

2.8 x 10 yrs. x 7.6 1b§/a-y;.-212 lbs.
212. ¢+ 102 = 2 pcs. req'd./pile
2 x 179 = 358 pcs. req'd.

3.4.2 Estimated cost fo::this system is as follows:

Anodes

$60,000
F:eight - 8,000

Labor/Mat'l. - 80,000

Total $148,000

e e e a e e e e

Cost/Year § 14,800

3.5.0 Tie Rods

3.5.1 20 Year System
77 8q.ft. x .10 x 2 ma/sq.ft.=, 0154 x 476=7,3 amps.
7i’i&?fé?*i”ﬁiE’E"i”E&?édI?EZJIoiiimi”ﬁﬁi‘Glﬁ'aﬁii;

- Continued =
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Page Seven

3.5.0 Tie Rods (Continued)
3.5.2 Magnesium alloy anodes come in standard sizes.
For a 20 year life system a 17 lb. anode is
required. The anticipated output of 15 ma/anode
is' reasonable in 3000-8000 ohm-cm soil and will
fulfiil the 20 year design life. Therefore one
anode can be installed for each tie rod giving
a total of 524 pcs.
3.5.3 Estimated cost for this system is as follows:
Anodes ‘ - o $32,000
Freight - 5,000
Labor/Mat'l, = . 20,000
$57,000

 Total

Cost/Year ' $ 2,850 °

3.6.0 Pipelines

3.6.1 Total protective current required for all five
liﬁes‘for 20 year system is as follows:
8844 sq.ft. x .10 x 2 ma/sq.ft. = 1.77 Amps.
1.77 + 0.020 ma. = 89 pcs. of 17 lb. Mag. Anodes

3.6.2 Estimated cost for this system is as follows:

W e e et a. e

Anodes - $5,500.00
F?eight ' - 1,000.00

e e S
Total -  $11,000.00


http:11,000.00
http:4,500.00
http:1,000.00
http:5,500.00
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Now...

4 sheet piling sections
from Bethlehem Steel

Properties and Welghts
Weight in Pouncs Moment of Section Modulus, in? sqnporunndbar
- ~Section ..|.Area.|; Nominal | lju in Persqft Inertia, Single Perlin Tolal Nominal
Designation | sqin -| Width. in. | ''of baf” | "8 wall *| 4% =section- - ol wallespe COTHNGATOC,
P22 11.86 22 403 220 1547 33.) . 18.1 4.94 448
P227 1191 18 405 270 2763 453 302 4.94 448
P35 19.41 22.64 66.0 350 6818 914 48.8 5.83 837
PZ40 | 1930 1949 | . 686 - 400 8054 0.6 60.7 5.83 . 837
WSS TR
*Exciudes bowl and ball of injeriock. |

Note: All sections interiock with one another.

et m e e .__._“Bethlehem@. —

Dalc cumnl asof
May 1983

Descriptive Shpol 3814
Printed in U.5. A

For more information, call your
necarest Bethlehem sales otfice. Or
wrile Construction Products Sales,
Bethlehem Sieel Corporation,
Bethleham. PA 18016,
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Page Eight

3.6.0 ?igelines (Continued)

3.6.2 Cost/Year - $550.00

| é?dfgh;édéﬁ Sﬁmméry Est. Cost Installed
Bulkhead (10 year system) $148,000.00
Bulkhead (20 year system) $266,000.00
Mooring Dolphins (10 year system) § 3,500.00
Fender Piles (10 year system) | $148,000.00
Tie Rods (20 year system) ; $ 57,000.00

Pipelines (20 year system) ~ $ 11,000.00

4.1.0 All prices and cost estimates are Based on

purfeﬁt'u.s. material and. labor costs without -
, any eq;§;atign factor.

4.2.0 All materials to be specified in fiﬁal design'
will be of best U.S. quality readily available
from at least three firms experienced in the
hanufactﬁre and/o:-asiembly of this type
equipment..

4.3.0 Prospective suppliers of sacrificial anodes
Are'as follows:

Wilsbn, Walton International, Inc.

66 Hudson Street
Hoboken, New Jersey 07030

. . . ae S . ettt G e e tiescmirene W e mE 0t 0 G mAD e ¢ ¢ s .
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Page Nine

4.3.0 Prospective suppliers (Continued)

Cathodic Technology, Inc.

P. O. Box 9188
Houston, Texas 7701l

Cathodic Protection Services
P, O. Box 4076
Houston, Texas 77006

Cobro International, Inc.
6501 Ferris .
Bellaire, Texas 77401

S cewma e -
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Wilsea, Walton isternations! lnc. .
66 Hudeon Strest, PO Box M-890, Hebohen, New Jersey 07030, USA
Tel. (212) 2276857, (201) 795-2044  Volex 1.25819  Cobie: Wanedons

CORROSION EXPERIENCE RESUME

Charles 3. Potosnak

College - New York University - B.A. (Chemistry) 1949
Newark College of Engineering - M.S. (Chem. Eng.) 1956

Certification by National Association of Corrosion Engineers ~
"Corrosion Specialist® - No. 541 issued 1971.

Professional Corroéion Engineer's License - No. 182 - issued 1976
(california)

Wallace & Tiernan - (1957 = 1961) Desiqn and Engineering of
Cathodic Protection Systems for Ships, ..
Barges, Docks, Piers and Submerged Pipelines.

Wilson, Walton International Inc. = (1961 - Present) Design and
Engineering of all phases of
Cathodic Protection Systems
for -buried or submerged steel
structures on land or offshore.
Supervision and/or commissioning
and trouble-shooting cathodic
protection installations.
Corrosion surveys and material
failure evaluation and analysis.
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Ausiralla, Brazil, France, Gemmeny, Holland, Naly, Japan, Norvey, Poriugel, Singapors, Spein, Sweden, UK, USA. (New Orlesns)
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% DIA MILD STEEL CORE
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! NOMINAL WT 90 Lbs.
:! WILSON, WALTON INTERNATIONAL
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——3" SCH 40 PIPE
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'—9'/.; 5 48" o
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_ +@ 9% [ | )
o T - 7 / .
QND VIEW 25%
i SIDE_VIEW |
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: !
4 \ |
NOMINAL WT. 2il LBS .
: WILSON, WALTON INTERNATIONAL .
NEW ORLEANS, LA, HOBOKEN, N. 5. ||
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' " ' p
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. . 4 Oete: 2-14-79 Scale: N.TS. OwG. NO!
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: ) Zinc ‘ - 2.5 - 3.5% range
' : Aluminum g - 5.3 - 6.7% range
Manganese | = .15% Minimum
‘ Iron - .0037% Maximum
10' OF NO. 12 N Nickel - .002% Maximum
"TW INSULATED WIRE J Copper - .02% Maximum
Other elements - .057% Max. each and
) .3% total.
Magnesium - Remainder

E-----

CCMPOSITION OF THE BACKFILL:

75% hydrated Gypsum, 20% Bentonite and
5% sodium sulphate.

/——— MG. ALLOY 17 LBS.

|~ BACKFILL

.
el e e I I TS
Coeomoecorsveasceescssovcacawme

WILSON, WALTON INTERNATIONAL

HOBOKEN, N. ), US.A. CROYOON, SURBEY, ENGLAND

; PACKAGED MC:. ANODE

i GROSS WEIGHT: 45 LBS. 17 Lk,
Oote: |-22-71 [ N.T. 5. owG ~o
—— o ET.6 TM-1012
et . Oescription .o Appvd oy E. T.
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, , A COATING HAVING DIELECTRIC
T == p=m=—7 AND PHYSICAL STRENGTH

. =N = EQUIVALENT TO ORIGINAL

! -T;g CONDUIT COATING.

i W= 4- ANODE TO BE INSTALLED

ANODES HORIZONTALLY IN TRENCH.
CONDUITS OR PIPES
_ SEE BRAZE DETAL
= 1003
=W
=
| i

T 0

| eI = W ===

| - TRENCH

; : WILSON, WALTON INTERMATIONAL

! NEW ORLEANS, LA HOBOKEN, N. ).

; TYPICAL DOUBLE PIPE

DOUBLE ANODE INSTALLATION
owe: § OCT. 82 [son. N.T.S. oWG. NO.
orws. by: J SUAREZ
_ p—— % Jeeord o] [T-00-T

NOTES:

I-ANODE TO BE THOROUGHLY
WETTED BEFORE BACKFILLING.

2- SOIL BACKFILL SURROUNDING
ANODE TO WELL TAMPED.

3- COAT BRAZE WITH PIPE ENAMEL
AND EXPOSED LEAD WIRE WITH

SRS se e st s ere o gmiiaa teeem stmemeecqgeat v e
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REMOVE CQATING FROM SECTION OF STRIP 3" OF INSULATION FROM - HOLD FIRM IN PLACE WHMILE MAKING
CONOUIT, FILE DOWN TO BRIGHT WIRE AND CRIMP COPPER \ COMNETT/ION .
STEEL WITH EDGE OF FILE.DRY SLEEVE TO BARE WIRE. NO
SURFACE THOROUGHLY SLEEVE REQUIRED FOR WIRES SEE OETAIL "A
' #6 AWG OR LARGER.

REPAIR CONDUIT COATING
8EING SURE NO BARE METAL

IS EXPOSED. i
[ ﬁﬁ
STEP 5. DETAIL"A" i

= — =ty : §

HANOLE ‘
GRAPYHITE COVEW H
GRAPINTE MOLD
COPPER SLERVE
STARTWNG ROWDER
METAL PORDER

METAL OrsC

CRIMP

CLEANED PW'E SECTION

[ WILSON, WALTON INTRRNATIONAL

i NOBOKEN, N J. USA CROYOON. SURREY. SNGLAND

AFTER - CONNECTION IS MADE REMOVE LOOSE SLAG AND COAT
OVER ALL EXPOSED BARE METAL TO ECUAL DIELECTRIC &
FHYSICAL STRENGTMH OF CONDUIT COATING.

QLANDILAWN
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http:LARGER.AO

LEAD WIRE
BRAZING SLEEVE _
WIRE INSULATION

HOMOGENEOUS WELD FORMED FROM '
LEAD WIRE, BRAZING SLEEVE AND THERMITE COMPOUND.

| CLEAN PIPE SURFACE AT BRAZE TO EXPOSE RAW METAL. AREAM
‘BE FREE OF DIRT, RUST, MILL SCALE, MOISTURE OR GREASE TO
PROPER BRAZE. '

IFF THE PIPE IS BARE, THE COMPLETED BRAZE AND EXPOSED LEAD

. WIRE ARE TO BE HEAVILY COATED WITH BITUMASTIC NO 50 ENAMEL.
:  OTHERWISE COAT TO EQUAL DIELECTRIC AND PHYSICAL STRENGTH

| OF PIPE COATING. '

i WILSON, WALTON INTERNATIONAL

HOBOXEN, K. 3., USA. CROYDON, SUEREY, BNGLAND

' | _SECTION THROUGH

COMPLETED BRAZE

| = F-7-67 [=-N.I.5. | kg
e o : T N “PIPE* DE R

- IR T - - e R TR S A SO U



NACE Standard RP-01.69 -
|/ ' . 1983 Revislon

| [— '[E tem No. 53002

technical
practices
committes

Recommended Practice

Control of Extemnal Corrosion on .
Underground or Submerged Metallic
Plping Systems, ST

T owelA .‘.' &

FALN RT3

Tu it at o e i '
"Thls National Assoclatlon of Corroslon Enmneers Standard representa a consensus of those Individual
. members who have reviewed this document, ‘its scope, and provisione. This Standard is intended to aid
- the manufacturer, the'consumer, and the general public. Its acceptance does not in any respect preciude
“anyone, whether he has adopted the Standard or not, from manufacturing, marketing, purchasing, or us-
- ing products, processes, or procedurea not'in. conformance with this Standard. NACE Standards are sub- -
ject to periodic review, and the user is cautloned to.obtain the Iatest edition. .

CAUTIONARY NOTICE: This NACE Standard may be revised or withdrawn at any time. wlthout prior
notice. NACE requires that action be taken to reaffirm, revise, or withdraw this- Standard no later than two
years from the date of initial publication. Purchasers of NACE Standards may receive current information
on all Standards by writing to NACE Publications Department, P.O. Box 218340, Houston, Texas 77218.

"I\;)'proio'd August, 1960 -
-+, Revised .‘onuary, 1972 |
ﬂovlud September, 1876

Natlonpl Auoelltlon of Comslon Engineers
P.O. Box 218340
I _ Houston, Texas 77218
: X T T3492-0538

- o et e et h e o o ce—

Copyright 1989 National Association of Cnn'oslon Englnoon

0004-1482/83/000278/$3.00/0
M © 1983 National Assaciation of Corrosicn Engineers Materials Performance

.o - » . .
B N T s A L casn 1o R T

et




——— - e e

The National Assoclation of Corrosion Engineers issuss this
Standard in conformity to the best current technology regard-
Ing the spacific subject. This Standard represents minimum re-
quirements ana shouid in no way be Interpreted as a restric-
tion on the use of better procedures or materials. Neither is
this Standard intended to apply in any and all cases relating to
the subject. Unpredictable circumstances may negate the
usefulness of this Standard In specific instances.

The National Association of Corrosion Engineers assumes no
responsibility for the interpretation or use of this Standard.

Nothing contalned in this Standard of the National Assocla-
tion of Corrosion Engineers Is to be construed as granting any
right, by implication or otherwise, for manufacture, sale, or use
in connection with any method, apparatus, or product covered
by Letters Patent, nor as indemnifying or protecting anyone
against liability for infringement of Letters Patent.

Foreword

This NACE Standard Recommended Practice was prepared by
NACE Task Group T-10-1, composed of corrosion consultants,
corrosion control personnel from oil and gas transmission
companies, gas distribution companies, power companies,
communications companies, the Federal Energy Regulatory
Commission, the National Bureau of Standards, the Depart-
ment of Transportation, the American Waler Works Associa-
tion, representatives from steel, cast Iron, copper, and

" aluminum piping manufacturers, and coating applicators,

manufacturers, and others concerned with corrosion control.
The Standard is issuad by NACE under the auspices of Group
Committee T-10 on Underground Corrosion Control.

The purpose of this Recommended Practice is to present pro-

cedures and practices for achieving efiective control of exter-
nal corrosion on buried or submerged motallic piping systems.
These recommendations are also applicable to many other
buried or submerged metaliic structures. The Recommended
Practice describes the use of slectrically insulating coatings,
electrical isolation, and cathodic protection as corrosion con-
trol methods. It contains specific provisions for the applica-
tion of cathodic protection to existing bare, existing coated,
and new piping systems. Also included are procedures for con-
trol of interference currents on pipslines. This Recommended
Practice does not include corrosion control methods based on
chemicai contro! of the environment or on the uses of electrical-
ly conductive coatings.

RECOMMENDED PRACTICE

'Control of Extemal Corroslon on:Undeiground
or Submqrged Metallic Piping Sysgoms
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Section 1: General

1.1 This Recommended Practice presents acknowledged
practices for the control of external corroslon on buried or
submerged steel, cast iron, ductlle iron, copper, and aluminum
piping systems under the foliowing headings: .

2: Definitions

3: Datermination of Need for Corrosion Control

4: Structure Design .

5: Coatings

6: Critarla for Cathodic Protection

7: Design of Cathodic Protection Systems

Section 8: Installation of Cathodic Protection Systems

Section 9: Control of Interference Currents

Section 10: Operation and Maintenance of Cathodic
Protection Systems

Section 11: Corrosion Control Records

Section
‘Section
Section
" Sectlon
Section
Section

1.2 This Recommended Practice is intendsd to serve as a

" guide for establishing minimum requirements for control of

corrosion on the foliowing systems:

1.2.1 New piping aystems: Corrosion control by coating
supplemented with cathodic protection, or by some other

~ proved method, should be provided in the initial design
and shouid be maintained during the service life of the pip-
Ing system, unless investigations indicate that corrosion
controi Is not required.

1.2.2 Existing coated piping systems: Cathodlc protection
ahould be provided and malintained on ali existing coated
piping systems, uniess Investigations indicate that
cathodic protection ia not required. - )

1.2.3 Existing bare piping systems: Studies should be
made to determine the extent and rate of corrosion on ex-
isting bare plping systems. When thess studies indicate
that corrosion will affect the sate or economic operation
of the system, adequate corrosion control measures
should be employed.

1.3 This Recommended Practice does not designate practices
for every specific situation due to the complexity of environ-
mental conditions to which buried or submerged piping
systems are exposed which preciudes standardizing corrosion
control practices.

1.4 This Recommended Practice does not Include corrosion
control methods based on chemical control of the environ-
ment ¢r on the use of electrically conductive coatings.

" 1.5 The provisions of this Recommended Practice should be

applied under the direction of compstent psrsons who, by
reason of knowlsdge of the physical scisnces and the prin-
ciples of engineering and mathematics, acquired by profes-
sional education and reisted practical experience, are
qualified to engage in the practice of corrosion control on
buried or submerged metallic piping systems. Such persons
may be registered professional engineers or persons recog-
nized as being.quaiified or accradited as corrosion specialists
by the National Association of Corrosion Engineers |f their
profassional activities include suitable experience In corro-
sion control on burled or submerged metailic piping systems.

1.6 Deviation from the Recommended Practice may be war-
ranted in specific situations provided that corrosion control
personnel in responsible charge are able to desmonstrate that
the objectives expressad in the Recommended Practice have
been achieved. :

Section 2: Definitions"

Anode: An electrode at which oxidation of its surface or some

component of the solution Is occurring. Antonym:. cathode.
Beta Curve: Ses Appendix D.
Cathodic Protection: A technique to prevent the corrosion of
a metai surface by making that surface the cathode of
an electrochemical cell.

comlnulty' Bond: A .metaliic connection that provides elec-
trical ‘continuity.

Corrosion: The deterioration of a material, usually a metal,

becauss of a reaction with its environment.
Current Density: The current per unit area..

Electricai laolation: The condition of being electrically seps-
rated from other metaiiic structures and the environment.

Electro-Oamotic Effect: Passage of a charged particle through

: Eloctrodo Potentiak: The potential of an siectrode as measured

against a reference electrode. The electrode potentlal
does not Include any loss of potential in the solution due
to current passing to or from the electrodes, i.e., It repre-
sents the reversible work required to move a unit charge
from the electrode surface through the solution to the
reference electrode. :

Electrolyte: A chemical substance or mixture, usually liquid,
containing ions that migrate in an electric fisid. For the
purpose of this Recommended Practice, electrolyte refers
to the soll or liquid adjacent to and in contsct with a
buried or submerged metalllc structure, including the
moisture and other chemicals contained therein.

Foreign Structure: Any structure that is not intended as a
part of the system of interests.

Galvanic Anode: A metal which, bscause of its relative posi

tion in the gaivanic series, provides sacrificial protection -
Jo_metal or metals that are more noble in_the series,

& membrane under ihe infliience of a voltage. Soll may """ when coupled in an electrolyte. Thess anodes are the

act as the membrane.

")D.ﬂnnbnl in this seciion reflect common usage among Praclicing COMosion
control personnel. In many cases, in the interests of brevity and practical use
fuiness, 1he sirictly scientilic definitions are abbravisted or parspivesed. - -

current source in one type of cathodlc protection.

Galvanio Series: A list of metais and atioys arranged according
* "to their relative potentials in a given environment.

Materials Performance

Best A'vdilahlé"-Daéumem

S

Srreeman g get




Hall Call Reference Elocimdo: See Reference Eiectrode.

Holiday: A discontinuity of coating that exposes the metal
surface to the environment.

Impressed Current: Direct current s'uppllod by a power source
external to the electrode aystem,

Insulating Coating System: All components comprising the
protective coating, the sum of which provide effective
siectrical insulation of the coated structure.

Interference Bond: A metallic connection designed to control
electrical current interchange between metailic systems.

IR Drop: The vcitage across a resistance in accordance with
Ohm's Law.

Isolation: See Electrical isolation.

Line Cumrent: The dlroct currom flowlng on a pipeline.

Polarization: The dovlauon from the open circult potential
of an electrode resuiting from the passage of current. In.
this Recommended Practice, polarization is considered to
be the change of potential of a metal surface resulting
from the passage of current directly to or from an eiec-
trolyte.

Reference Electrode: A device whose open circult potential
is constant under simiiar conditions of measurement.

Reverss-Current Switch: A device that prevents the reversal of
direct current through a metallic conductor.

Sacrificial Protection: Reduction or prevention of corrosion of
a metal in an oloctrolyte by gllvmlcllly coupling it to a
more anodic metal. Lo v

Stray Current: Current flowing through patha othor than the
Intended circuit.

Stray Current Comosion: Corrosion resuiting from direct cur-
rent flowing through paths other than the intended cir-

cuit.

Structure-to-Electrode Voltage: (Also Structure-to-Soll Poten.
tisl or Pipe-to-Soll Potential). The voltage difference be-
tween a buried metallic structure and the elactrolyte
which is measured with reference to an electrode In con-
tact with the electrolyte.

Structure-to-Structure Voitage: (Aiso Structure-to-Structure
Potential). The difference In voitage between metailic
structures in a common electrolyte.

Tafel Segment, Talel Line, Tafe! Slope, Tafsl Diagram: When
an electrode Is polarized, it frequently will yleid a current-
potential relationship over a region which can be ap-
proximated by:

i
Sonw £ Blog=—
. 'o

where 7 = change from open circult potential, | = the
current density, B and ip = constants. The constant
(B) is also known as the Tafel slope. If this behavior Is
observed, a plot on semilogarithmic coordinates Is known
as the Tafel line and the overall diagram Is termed a
Tafel diegram.

The Tafel segment is that portion of the dlagram
which appears as a straight line when current is plotted
on the logarithmic scale and potential change is plotted
on the linear scale. The beginning of the Tafel segment la
that point on the curve where the current-potential rela-
tionship follows the straight line with increasing current
increments and deviates from the straight line with de-
craasing current incremaents.

Volugc: An- oloctromotlvo force or a difference In electrode
potontlala expressed in volts,

Section 3: Determination of Need for Corrosion Control

3.1 Introduction

3.1.1 The purpose of this section ia to recommend prac-
tices for determining when an underground or submerged
metaliic piping system requires corrosion control.

3.1.2 Metallic structures buried in soil or submerged
under wate( are subject to corrosion. Adequate corrosion
control procedures should be adopted to assure metal In-
tegrity for safe and economica! operation.

3.2 The decisions govemning the need for corrosion control
should be based on data obtained from corrosion surveys,
operating records, prior test resuits from aimilar systems in
similar environmenta, and on a atudy of design specificationa
and enginesring, operating, ufoty. and economic re-
- Quirements.

3.2.1.2 The nature of the product being transported
and working pressure of the piping system as
related to design specifications.

32.1.3 Location of the piping system as related to
density of population and frequency of visits by per-
sonnel,

32.1.4 Location of the piping system as related to
other facliities.

3.2.15 Stray direct current sources foreign to the
system (See Sectlon 9).

3.22 Economic factors .

© 32.2.1 Costs of maintsining the.piping system In
mlco lor its oxpoctod life (See Appendix A).

smine woer

T 321 Environmental nd physicar u_msrr , -
3.2.1.1 Corrosion rate of the particular metalilic pip-

ing aystnm in a specific envlronmont (Soo Appendix
A). .

April, 1983

3.2.2.2 Contingent coats of.corrosion (Ses Appandix
B).

- 3223 Costs of corrosion control (See Appendix C). - -
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Section 4: Structure Design

introducthn

4.1.1 The purpose of this section is to provide accepied
corrosion controi practices for the design of an under-
ground or submerged piping system. A person qualified to
engsgu in the practice of corrosion control shouid be con-
sulted during ail phases of pipeline design and construc-
tion (See Paragraph 1.5). These recommendations should
not be construed as taking precedence over recognized
siectrical safety practices,

Electrical Isolation
4.2.1 Insulating devices consisting of flange assemblies,

prefabricated insulating joints, unions, or couplings
shouid be Installed within piping systems where eiectrical

* Isolation of portions of the system |s required to facilitate

the application nf corrosion control. These devices should
be properly rated for temperature, pressuro, and dislectric

. strength. Installation of insulating devices should be
" avolded in enclosed areas where combustible atmos-

pheres are likely to be present. Typical locations where
electrical insulating devices may be considered are as
follows: .

4.2.1.1 Points at which facilities change ownership
such as meler stations and well heads.

42.1.2 Connections 10 main line piping systems
: such as gathering or distribution system laterals.

4.2.1.3 Inlet and outlet piping of Inline measuring
and/or pressurs regulating stations, :

4.2.1.4 Compressor or pumping stations, sither in
the suction and discharge piping or in the main line
immediately upstream and downstream of the sta-
tion. )

4.2.1.5 In stray current areas.

4.2.1.6 At the junction of dissimilar metais for pro-
tection against galvanic corrosion.

4.2.1.7 At the termination of service life connections
and entrance plping to prevent electrical continuity
_with other metallic systems,

:4.2.1.8 At the junction of a coated pipe and a bare
pipe. . .

422 The need for lightning and fault current nrctaction at
insulating devices should be considered. Cable connec-
tions from insulating devices to arrestors shouid be short,
direct, and of a size suitable for short term, high current
loading. :

42.3 Where metaliic casings are requlrod as part of the
underground piping system, the pipeline should be slec-
trically isolated from such casings.

42.4 Wnere casing seals are used, they should be in-
stalled to resist the entry of foreign matter into the casing.

2.5 Wnere elecirical contatt "would™ adverasly altect™~ " "~ To"facliTate’

cathodic protection, piping systems shouid be electrically

Isolated from supporting pipe stanchions, bridge struc-

tures, tunnel enciosures, pliing, or reinforcing steel in con-

crate. However, plplng can be attached directiy.to a bridge -

without instaliation if insulating devices are installed on
each side of the bridge to electrically isolate the bridge
piping from adjacent underground plping.

4.2.86 Where an insulating Joint is required, a device manu-
factured to perform this function shoulid be used, or, if per-
missible, a section of nonconductive pipe, such as plastic
plps, may be inatalled. in alither case, these shouild be
‘properly rated and Instslied in accordance with manufac-
turer's instructions.

42.7 River welghts, pipsline anchors, and metsllic rein-
forcement in weight coatings should be electrically
isolated from the carrier pipe and Installed so that coating
damage will not occur.

4.2.8 Metallic curb boxes and vaive enclosures should be
designed, fabricated, and instalied in such a manner that
electrical Isolation from the piping system wiil be main-
tained.

4.2.8 Where a metallic wall sieeve Is used, and where it is
intended to maintsin electrical isolation between the
sleeve and the pipe, insulating type spacing materials
should be used.

4.2.10 Underground piping systems should be installed so
that they may remain electrically isolated from all foreign
underground metsllic structures. Where practicable, a 30
¢m (12 inch) minimum separation should be maintained
between all.buried metalilc struttures at crossings. Where
it is impractical to achieve the recommended saparation,

~ Insulating materiais between the structurer. or other

methods used to maintain siectrical isolation may be re-
quired.

42.11 A minirwm separation of 3 m (10 feet) shouid be
maintained between pipelines and transmission tower
footings, ground cabies; and counterpoise. Regardiesa of
separation, consideration should aiways be given to light-

- ning and fault current protection of pipeline(s) and safety -
" of personnel (See NACE Standsrd RP-01-77, Latest Revi-

sion),

43 Electrical Continulty

44

4.5

4.3.1 Consideration shouid be given to the eisctrical prop-
erties of non-welded pipe joints. Where it is the objective
to ensure slectrical continuity, this should be achieved

-elther by using fittings manufactured for this purpose or

by bonding the machanical joints in an approved, sffective
manner.. . .

Coatings

4.4.1 New piping systems should be coated uniess
thorough Investigations indicate that coatings are not re-
quired (See Spctlon 5).

Corrosion Control Test Stations .

45.1 Test stations for potential, current, or resistance
measuremaents should be provided at sufficient locations

may Include, but not be limited to, the following:

(@) Plpe casing installations.
* .(b). Foreign metaliic structure crossings.

Materials Performance
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(c) Insulating Joints.

(d) Waterway crossings.

(e) Bridge crossings.

(f) Vaive stationas.

(g) Galvanic anode instaliations.

4.52 The span of pipe used for line current test stations
should exciude:

(a) Foreign metallic structure crossings.
(b) Lateral connections.
(c) Mechanical couplings or connections such as
-screwed joints, flanges, anode or rectifier attach-
ments, or metallic bonds.

4.5.3 Attachment of test lead wires to stee! and other fer-
rous type pipes.

4.5.3.1 Attention shouid be given to the manner of
instailing test lead wires used for corrosion control
testing in order to avold harmful effects to the pipe
at the point of attachmaent.

4.5.3.2 Test lead wires are usually attached directly
to the pina by soldering or by the thermit welding
process. Mechanical connections which remain
secure and electrically conductive may aiso be used.

45.4 Methods of attaching test lead wire.to aluminum
plpes. .

4.54.1 Aluminum test lead wire, or aluminum wire
tabs attached to aluminum wire, may be welded to
aluminum pipe using TIG process (tungsten Inert
gas shieided arc) or MIG process (metal inert gas
shielded arc). Weided attachments should be made

‘to flanges or at butt weld joints. Attachment at other
* sltes may adversely affect the mechanical proper-
ties of the pipe because of the heat of welding.

4.5.4.2 Test lead wire may be attached to aluminum
pipe by soldering. If low meiting point soft solders
are used, a flux will be required. Flux residues may
cause corrosion unless removed. The use of copper
test lead wire may cause preferentiai galvanic attack
on the aluminum pipe. Where copper wire or flux is
used, care must be tsken to seal the attachment
areas against moisture. in the presence of moisture,
the connection may disbond and be damaged by cor-
rosion.

4.5.4.3 Aluminum tabs to which test iead wires have

been TIG welded can be attached by an explosive

bonding technique callsd "High Energy Joining” or
. HEJ Process.

4.5.4.4 Mechanical connections which ramain
secure and electrically conductive may aiso be used.

4.5.5 Coating of test iead wire attachments

455,1 All test lead wire attachrnents and all bare
test lead wires should be coateu with an electrically
insulating material. Where the pipe Is coated, the in-
sulating material shouid be compatible with the pipe
coating and wire insulation.

4.8 Cathodic Protection

4.6.1 Refer to Sections 8, 7, and 8 of this Recommended
Practice for the design and installation of cathodic protac-
tion.

‘Section 5: cbatlngs

Introduction

5.1.1 The purpose of this aection is to recommend prac-
tices for handling, Inspecting, and installing coated piping
systems, and for testing, evaluating, and selecting coating
systems for corrosion control.

. 5.1.2 The function of such coatings in corrosion control is

to Isolate the external surface of underground and sub-
merged piping Irom the environmant. This can be substan-
tially accomplished by different types of coatings. These
coatings can be formed on the pipe surface or prefabri-
cated as flims on wrappers and then applied.

5.1.2.1 Desirable characteristics of coatings:

(a) Effective electrical insulator.

(b) Effective moisture barrier.

(c) Applicable to pipe by a method that will
not adversely affect the properties of the
pipe.

{d) Applicabie to piping with a minimum of

(h). Abiiity te maintain substantially con-
stant electrical resistivity with time.
(D Resistant to disbonding when under ca-
thodic protection.
. {l) Ease of repair.

5.12.2 Typical factors to consider when selecting a
pipe coating: ‘

(8) Type of environment.

- (b) Accessibllity of pipeline.

(c) Operating temperature of pipeline.

(d) Ambient temperatures during application,
shipping, storage, construction, installa-
tion, and pressurs testing.

(e) Geographical and physical location.

+(f) Type coating on existing pipe in the sys-
tem.

(0) Handling and storage.

(h) Pipsiine installation methods.

{h Costs.

. Crema. “fm'_ -t -
' (e) Good adhesion to pipe surface.
(f) Abllity to resist development of holidays
with time,
(9) Abltity to resist damage during handling,
storage, and instaliation.

. April, 1983

to-other documents. It is important that the Iatest revision

- of the pertinent reference be used.

5.1.3.1 Table 1 is a general listing of all references
used, - glving titie: and:'sponsoring source. In this
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table each document is given a reference number for
convenient use thereafter.

5.1.3.2 Tabie 2 is a listing of types of coating
systems showing the appropriate refersnces for
material specifications and/or fecommended prac-
tices for application.

5.1.3.3 Table 3 Is a grouping of references for
genera! use during installation and inspection, Ir-
respective of coating type.

5.1.34 Table 4 is a list of coating system
characleristics related to environmental conditions
containing suggested laboratory test references for
various properties.

5.1.3.5 Table 5 Is a list of coating system
characteristics related to design and construction,
with appropriate suggested laboratory tests for
evaluating these propertles.

5.1.3.8 Table 8 lists the references that are useful in
field evaluation of coating systems after the pipeline
has been instailed.

52 Handiing, inspection, and Instaliation
52.1 Handiing

5.2.1.1 Damage to coating can be minimized by
careful handling and by using proper pads and
slings.

5.2.2 Inspection

5.2.2.1 Qualified persoiinel shoukd keep every phase
of the coating operation under survelilance. .

5.2.2.2 Surface preparation, primer application,
coating lhickness, temperatures, bonding, and other
Specific requirements should be checked periodical-
ly, using sultable test procedures for conformance
with specifications.

5223 The use of holiday detectors Is recommend-
ed to detect faults that would not be observed visual-
ly. The holiday detector should be operated in ac-
cordance with manufacturer's Instructions and ata
voltage level appropriate to the electrical character-
Istics of the coating system. .

5.2.3 Instailation

52.3.1 Joints, fittings, and tie-ins should be coated
with a material compatible with the existing coating,
]

5.2.3.2 Coating defects shouid be repalred.

§2.3.3 Materials used to repair coatings must be
compatible with existing pipe coating.

5.2.3.4 The ditch bottom should be graded and free
of-rock or other forelgn matter that can damage the
coating. Under difficult conditions, consideration
should be given to padding the pipe or the ditch bot-

that rocks and debris will not strike and damage the
pipe coating. ... -

5.3 Methods for Evaluating Coating Systems

5.3.1 Established 8ystem proven by successful use

5.3.1.1 Coating systems that have given satisfactory
service for at least five years should continue to pro-
vide good service in the same environment. Such
coating systems may be selected for use under
similar conditions. Satisfactory service is indicated
It no significant current Increase, attributable 1o
deterioration of the coating, has been required to
maintain adequate cathodic protection.

5.3.1.2 Alternative methods of evaluating coating
condition are given in NACE Technical Committes
. Report 2D157,@ “Methods for Measuring Leakage
. Conductance of Coating on Buried or Submerged
Pipelines” (Ref. 6a, Table 1). This may be used in
making periodic msasurements of the conductance

- of the coating In place.

. 83.2 Established or modified system for new environ-
ments :

5.3.2.1 This method is intended for use where coat-
ing systems will continue to be usod and are
qualitied under Section 5.3.1 but where application
will be extended to new environments or where It Is
desired to revise a system to make use of new
developments.

§.3.2.1.1 The use of applicable material re-
Quirements, material specitications, stang-
ards, and recommended practice for applica-
tion as given in Table 2 is fecommended.

5.3.2.1.2 The use of applicabie references in
Table 3 is recommendad unless previously
covered In applicable references In Table 2.

533 New coating system by use of laboratory tests and
‘In-sérvice field performance.

5.3.3.1 The purpose of this method Is to qualify a
new coating material by subjecting it to iaboratory

**tests  appropriate for the intended service. After
laboratory tests have been conducted and indicate
that the coating system appears to be eultable, ap-
plication and Instalistion are carrled out In accord-
ance: with recommended practices. In-service fleld-
performancs tests are made to confirm the success
of the previous steps. The steps of the method are:
(1) laboratory losts, (2) application under recom-

" mended practices, (3) Instaliation under recom-
mended practices, (4) In-service field psrformance
tests. If good resuits are obtained after five years,
only Steps 2 and 3 are required thereafter.

533,11 Applicable sections of Tables 4 and
5 are recommended for the initis! laboratory
test methods. :

8.3.3.1.2 Applicable sections of Tabies 2 and

- tom. ... . - S

5.2.3.5 Pipe shouid be lowerad carefully Into the
ditch, avoiding coating damage.

52.38 Care should be taken whén ‘backillling so

Ing Steps 2 and 3.

© 53.3.1.3 During a period of five years or

@This publication no'longer avallabie from NACE. -
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6.3

more, the use of the evaluation methods
given in Table 6, Item 1, 2, or 3 (or all three) is
recommended. The test method in.ltem 4
may be used as a supplementary means for
obtaining relative data for correlation with
laboratory tests.

5.3.4 Method for ivnluntlnd a coatiag system by in-service
fleld performancs only.

5.3.4.1 The purposs of this method is to qualify a

sosting system where none of the first three
methods given in 5.3 have been or will be used. it Is
intended that.this method should be limited to minor
pilot instsliations.

* §3.4.1,1 The use of at least one of the first
three methods given In Table 6 Is recom.
‘msnded on the basis of at ieast one In.
vostigation per year for five consscutivs

- -years,

Section 6: Criteria for Cathodic Protection

lntroductlon

811 This soctlon llata criterla for cnthodlc protection
which, when complied with sither separately or collective-
ly, will indicate that adequate cathodic protection of a
metallic piping system: in its electrolyte has been
achieved. .

General

6.2.1 The objective of using cathodic protection Is to con-
trol the corrosion of metallic surfaces in contact with elec.
trolytes.

6.2.2 The salection of a particular criterion for achieving
this objective depends, In pari, upon past experience with
similar structures and environments whersin the criterion
has been used successfully.

6.2.3 The criterla in Sectlon 6.3 have been developed
through taboratory experiment or have been smplrically
determined by evaluating data obtained from successfully
operated cathodic protection systems. it is not Intended
that persons raspaonsible for corrosion control be limited

to these criteria if it can be demcnstrated by other means .

that the controt of corrosion has boon nchlevod.

6.2.4 Voitags measurements on plpollnn are to be made
with the relerence slectrode located on the electrolyte sur-
face as close as practicable to the pipeline. Such meas-
urements on all other structu-ss are to be-made with the
raference electrode positioned as ciose as feasible to the

structure surface being Investigated. Consideration . °

should be given to voltage (IR) drops other than those
across the structure-slectrolyte boundary, the presence of
dissimilar metals, and the Influence of other structures for
valid interpretation of voltlgo measursments.

6.2.5 No one criterion for evaiuating the effactiveness of
cathodic protection has pmvod to be satisfactory for all
conditions. Often a eomblnntlon of crllom Is needed for a
single structure.

Criteria

8.3.1 For steel and cast lron structures:

8.3.1.1. A negative (cathogljc) voltage of at least 0.85

.8.3.1.2 A minimum negative (cathodic) voltage shift
of 300 miilivolts, produced by the appiication of pro-
tectiva current. The voitage shift Is measured be-
tween the structure surface and a stable refersnce
elactrode contacting the electrolyte. This criterion of
voltage shift does not apply to structures In contact

“with-dissimilar metals.

6.3.1.3 A minimum negative (cathodic) polarization
voltage shift of 100 millivoits measured between the
structure surface and a stable reference electrode
contacting the electrciyte, This polarization voitage
shift is to be determined by interrupting the protec-
* tive current and measuring the polarization decay.
When the current Is initially Interrupted, an Im-
med|ate voitage shift will.occur. The voitage reading
sfter the immediate shift-shall be used as the base

reading from which to measure polarization decay. -

.. 83.1.4 A structure-to-slectrolyte voitage at least as
‘negative (cathodic) as that originaily established at
_..the beginning of the Tafel segment of the E-log-l
curve. This structure-to-siectrolyte voitage shall be
measured between the structure surface and a
,; stable reference eiectrods contacting the electrolyte

. - ..at the.same location where voitage measursments

-

wou taken to obmn the E-log ol curvo

X 6.3 15 A net protective current from the siectrolyte
-Into the structure surface as measured by an earth
i current technique applied to pre-dstermined current
discharge (anodic) points of the structurs.

B 6.3.2 i’,or '.ll;':mlnum structures:

"''8.3.21 A minimum negstive (cathodic) voltage shift
.0f 150 millivoits, produced by the application of pro-
.tective current. The voitage shift is measured be-
-iween.the structure surface snd a stabie reference
‘electrode contacting the electrolyte. (See precau-
tionary notes in 6.3.2.3 and 6.3.2.4.)

-8.3.2.2 A minimum negstive (cathodic) polarization
voltage shift of 100 millivoits measured between the
structure surface und a stable reference ‘electrode
. contacting the elactrolyte. This polarization voltage
shift [s to be determined by interrupting the protec:

volt as mpasured between the structure surface and
a saturated coppef-copper sulfate reference elec-
trode contacting the electrolyte. ‘Detérmination of
this voitage is to be mads wlth tho protoctm current
applied. .
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voitage shift will occur. The voltage resding after the
immediate shilt shail bs used as the base reading
from which to measure poiarization decay. (See
plocautlonlry notes In 0.3 2.3 and 6.3.2.4)
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tive current snd measuring polarization decey, When..
the current is initially interrupted, an immediate -
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6.3.2.3 PRECAUTIONARY NOTE—Excessive
Voltages: Notwithstanding the alternative minimum

. criteria in 6.3.2.1 -and 6.3.2.2,- aluminum, if
cathodically protected at voltages more nagative
than - 1.20 voits measured-between the structure
surface and a saturated copper-copper sulfate
reference electrode contacting the electrolyte and
compensated for the voltage (IR) drops other thsn
those across the structure-electrolyte boundary,
may suffer corrosion a3 the result of the bulld-up of
alkali on the metal surfacs. A voltage mors negative
than ~ 1.20 voits should not be used unless previous
test results indicate no appreclable corroslon will
occur in the.particular environmaent.

6.3.2.4 PRECAUTIONARY NOTE—Aikaline Soll Con-
ditions: Since aluminum may suffer from corrosion
under high pH conditions and since appilcation of
cathodic protection tends to increase the pH at the
metal surface, careful investigation or testing
should be made before applying cathodic protection
to stop pitting attack on aluminum structures in en-
vironmants with a natural pH in excess of 8.0.

8.3.3 For copper structures:

6.3.3.1 A minimum negative (cathodic) polarization
voltage shift of 100 millivoits measured between the
structure surface and a stable reference electrode
contacting the electrolyte. This polarization voitage
shilt is to be determined by interrupting the protec:
tive current and measuring the polarization decay.
When the current is Initially interrupted, an im-
mediate voltage shift wiil occur. The voltage reading
after the immediate shift shall be used as the base
reading from which to maasure polarization decay.
8.3.4 For dissimilar metal structures:
68.3.4.1 A negative (cathodic) voltage between all
structure surfaces and a stable reference siectrode
con_tactlng the electrolyte equal to tihat required for

the:most anodic metal should be maintained. Am-
> photeric materials which could be damaged by high

alkalinity shouid“be electrically -isolated with in-

sulating flanges or the equivalent (See precau-
lonary notes 6.3.2.3 and 6.3.2.4).

8.4 Alternative Reference Electrodes

6.4.1 Other standard reference electrodes may be
substituted for the saturated copper-copper sulfate
reference slectrodes. Two commonly used referance elec-
trodes are lIsted below along with their voitage equivalent
to —=0.85 volt referred to a saturated copper-copper
sulfate reference electrode:

6.4.1.1 Saiurated KCi calomel reference slectrode:
-0.78 volt

6.4.1.2 Silver-silver chloride reference electrode
used in sea water: —0.80 volt.

8.4.2 In addition to these standard reference slectrodes,
an alternative metallic material or structure may be used
In place of the saturated copper-copper sulfate reference
electrode if the stabliity of its eiectrode potential Is
assured and if lts voltage equivalent referred to a
saturated copper-copper sulfate reference electrode is
established.

8.5 Special Considerations

6.5.1 Special cases such as those involving stray currents
and stray electrical gradients may exist which require the
use of criteria different from those listed above. Measure-
ments of current loss and gain on the structure and cur-
rent tracing in the electrolyte have been useful in such
cases.

8.5.2 Abnormal conditions sometimes exist where protec-
tion is ineffective or only partially effective. Such condi-
tions may include elevated temperatures, disbonded coat-
ings, shielding, bacterial attack, and unusual con-
taminants in the siectrolyte.
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Saction 7: Design of Cathodlc Protection Systems

7.1 Introduction

7.1.1 The purpose of this section Is to recommend pro-
cedures for designing cathodic protection systems which
will provide effective corrosion control by satisfying
one or more of the criteria listed in Section 6, and which
will exhibit maximum reliability over the intended opent-
ing life of tho systems.

7.1.2 In the doalgn of a cathodic protection system, the
following Items ehould be considered:

7.1.2.1 Recognition of hazardous conditions prevail-
ing at the proposed instaliation site{(s) and the selec-
tion and specification of materials and installation
practices which will assure the safe instaliation and
operation of the cathodic protection system.

7.1.2.2 Specification of materiais and installation
practices to conform with. applicable codes, Na-
tional Electrical Manufacturers Association
(NEMA)?)  Standards, and Recommended
Practices of the National Aasoclltlon of Corrosion
Enginesrs.

7.1.2.3 Selection and design of the cathodic protec-
tion system for optimum economy of instailation,
maintenance, and operation.

7.1.2.4 Selection and specification of materiais and
installation practices which will assure dependable
operation throughout the intended operating life of
the cathodic protection system.

7.1.2.5 Selection of a systam to minimize excessive
protective currents or earth potentiai gradients,

, which can cause detrimental effects on pipe, coat-
ing, or neighboring buried or submerged metallic
structures.

7.1.2.8 Direcilon of cooparative investigations to
determine mutually satisfactory sclution(s) of in-
terference problems (See Section 9).

7.2 Major Objactives of Cathodic Protection System Deaign

7.2.1 Provide sufficient current to the structure to be pro-
tected and distribute this current so that the. selected
criterla for cathodie protection are efficiently attained.

7.2.2 Minimize the interference currents on neighboring
underground structures (See Section 9).

7.2.3 Provide a design life of the anode system commen-
surate with the required life of the protected structurs, or
provide for periodic rehabliitiation of the anode system,

7.2.4 Provide ldodum allowance for anticipated changes
in current requirements with time.’

7.25 Place anodes where the poaalbllity of disturbance or
. damage.ls minimal___ .. .. .. _ - ——

7.3.1 Piping system specifications and practices

(a) Route maps and atias sheets

(b) Construction dates

(c) Pipe, fittings, and other appurtenances
(d) Coatings

(e) Casings

(f) Corrosion control test stations

(g) Electrically insuiating devices

(h) Electrical bonds

(i) Aerial, bridge, and underwater crossings

7.3.2 Piping system site conditions

(a) Existing and proposed cathodic protection
systems

(b) Possible interference sources (see Section 9)

(c) Special environmental conditions

(d) Neighboring buried metallic structures (including
location, ownership, and corrosion control prac.
tices)

(e) Structure accessibllity

(f) Power availabliiity

(g) Feasibiiity of electricai isolation from foreign
structures

7.3.3 Field survey, corrosion test data. and operating ex-
perience.

(a) Protective current requirerients to meet applica-
ble criteria

(b} Electrical realstivity of the electrolyte

(c) Electrical continuity

'(d) Electrical Isolation

(al.Coating integrity

(f) Cumulative leak history

(o) Interterence currents :

(h) Daviation from construction spocmcltlonu

() Other maintenance and operating data

- 1.3.4 ‘Fleld survey wcrk prior to actual application: of
cathodic protection is not aiways required If prior ex.

. perience or test data is avaliable to estimate current re-
quirements, electrical resistivities of the oloctrolyu, and
other design factors.

7.4 Types of Cathodic Protection Systems
7.4.1 Gaivanic anode systems

7.4.1.1 Gaivanic anodss can be of materiais such as
alloys of magnesium, zinc, or aluminum. These are
instatled in the soll or water, either bare or packaged
in special backfill. The anodes are connected to the

- plpe, either-aingly or in groups. Gaivanic anodes are
limited in current output by the pipe-to anode driving
voitage and the earth resistivity. Cathodlc protection
of iarge bare or poorly coated piping may not be at-
tainable by using gaivanic anodes.

Impressed current anode systems

742

7.3 Information Useful for Deaign

mNltloml Electrical Manuucturon Auoclltlon (NEMA). 2101
L. St., N.W,, Washington, DC 20037.- -
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7.4.2.1 lmpruud current lnodoo can be of
materiais such as graphite, high silicon cast iron,
isad-aiiver alioy, platinum, or stesl. These anodes
are installed in the soll or watey, sither bare or In
speciz! back!ill material. They are connected with an

————
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- Life, lnd Efficiency

Insulated conductor, either singly or in groups, to
the positive terminal of a direct current source, such
as a rectifler or generator. The pipeline la connected
to the negative torrnlnal of tho direct current source.

7.5 Considerations Influencing Selection of the Type of
Cathodlc Protection System

7.5.1 Stray currents causing significant potentlai fluctua-
tions betwesn the pipeline and earth may preciude the use
3t galvanic anodes.

7.5.2 The effects of cathodic protoctlbn Interterence cur-
rents on adjscent structures may limit the use of impres-
sed current cathodic protection systema.

7.5.3 The lack of a source of external power may preciude
the use of an impressed current system.

7.5.4 On plpelines where stray currents are not present
and where an external power source Ils avallable, the
magnitude of protective current required Is a dominant
factor. The feasibllity of protection with galvanic anodes
can be established when current rzquirements, electrical
'nslstlvlty of the electrolyte, and anode-to-pipe voitage
‘have been rcasonably estimated, cllculltod or deter-
mined by fleld testing.

7.5.5 The phyeical epace avallable, proximity of foreign

‘ structures, easement procurement, aurface conditions,
presence of streets and bulldings, river crossings, and
other construction and mnlntonanco upocu ahould be
conaldend

7.5.6 Future development of the right-of-way area and
future extensions to the pipeline syttom should be con-
aldorod .

7.5.7 The costs of lmtallltlon, opomlon. nnd mlln—
tenance.

7.8 Factors Determining Anode Cumm Oulput, Operating

.!,

. 761 Various anode materials hlvo different rates of .

deterioration when dlschlrglng a glven current deneity
from the anode surface In a specific environment, There-
fore, for a given current output, the anode life will depend
on the anode material as wel! as the anode welght and the
number of anodes in the cathodic protection system. Estab-
lished anode performance data may be used to caiculate
the probable deterioration rate.

7.6.2 Data on the dimeneions, depth, and configuration of
the anodes and electrolyte resistivities may be used to
calculate the resuitant resistance-to-slectrolyte of the
.anode system. Formulas lnd grnphl ulatlng to these fac-
‘tors are available, . :

~.7.6.3 Proper design of a gaivanic lnodn Mtom must con-
sider pipe-to-anode potential with resultant current output
and, in special cases, anode lead wire resistance.

:7.6.4 Where galvanic anodes are lnotlllod'lndlvldually or
In large numbers, there are many situations whare It Is im-

prastical to individuaily dasign each: instaliation, in such.

cases, the use of statistical techniques Is suggested to
determine the anode design that will best provide cathodic
protection In a high percentage of installations. Sampling
techniques can be used to establish the success of such
anode designs as a percentage of the total instailations.

7.8.5- Gaivanic anode performance in most solis can ba
improved by using special backfill material. Mixtures of
gypsum, bentonite, and salt cake (sodium sulfate) are

_most commonly used.

7.6.6 The number of impressed current anodes required
can be reduced and their useful life lengthened by the use
of speclal backfili around the anodes. The most common
materials are coal coke, caicined petrolsum coke, and
natural or manufactured graphite.

7.6.7 In the design of an extensive distributed anode Im-
pressed current system, the voitage and current attenua-
tion along the anode connecting wire should be con-
sidered. In such cases, the design objective Is to optimize
‘anode system length, anode spacing-and size, and con-

ductor size in order to achieve efficient corrosion control -
_at the extremities of the protected structure.

7.6.8 Where [t is anticlpated that entrapment of gas
generated by anodic reactions could impair the ability of
the impressed current groundbed to deliver the required
current, suitable provision should be made for venting the
anodes. An Increase In the numbaer of anodes may reduce
gae blockage.

7.6.9 Where It Is anticipated that electro-osmotic effects

" could Impair the ablility of the impressed current ground-

bed to dellver the required current output, sultable provi-
eions should be made to ensure adequate soll moisture a-
round_the anodes. Increasing the number of impressed

current anodes may further reduce the oloctro-oamotlc of-

’ toet.
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Do'slgn Drawings and Specifications

" 7.7.1 Sultable.drawings shouid be prepared to designate

the overall layout of the piping to be protected and the

: locatlon of significant items of structure hardware, coro-

slon control test stations, elecirical bonds, slectrical in-
sulators, and neighboring burled or submerged metallic
atructures.

7.7.2 Layout driwlnga should be prepared for each im-
pressad current cathodlc protection installation, showing

* - the details and locatlon of the components of the cathodic
. protection system with respect to the protected struc-

“ture({s) and to major physical landmarks. These drawings
should Incluqo right-of-way information,

.7.7.3 The locations of gaivanic anods Instaliations should

be recorded on drawings or In tabular form, with ap-

““propriate notn u to lnodo type, wolght, aplclng, depth,

‘and buckflIL

e

7.7.4 Specificatione lhOuld be prepared for ali materials
and instaliation practices which are to be Incorporated in
construction of the cathodic protection system.

« 3

. Materials Performance-
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Section 8: Installation of Cathodlic Protection Syatums

8.1 Introduction

-i &1.1 The purpose of this section is to recommend pro-
cedures that will result in the instaliation of cathodic pro-
tection systems that achleve protection of the structure
when design considerations recommended in Soctlom 4
and 7 have been followed.

" 8.2 Construction Spoclﬂcnthm

6.2.1 All construction work on cathodic protection
systems should be performed in accordance -with con-
struction drawings and apecifications. The construction
specifications should be In -accordance with recom-
mended practices In Sections 4 and 7.

‘8.3 Construction Supervision

8.3.1 All construction work on cathodic protection
systems should be.performed under the surveillance of
tralned and qualified peraonnel to verify that the installe-

tion is made in strict accord with the drawings and spec- - -

ifications. Exceptions may be made only with the approval
of qualified personnel responsible for corrosion control.

LT t, . .
8.3.2 All deviations from construction  specifications
shouid be noted on as-bulit drawings.

8.4 Galvanic Anodes
8.4.1 Inspection and handling

8.4.1.1 Packaged anodes should. be Inspected and
step's taken to assure that backflll material com-
pletely surrounds the anode. The individual con-
tainer for the backfill material and anode should be
intact. }f individually packaged anodes are supplied
In waterproof containers, that container must be re-
moved before instaliation. Packaged anodes should
be kept dry during storage.

8.4.1.2 Lead wire must be uéuroly connected to the
anode, Lead wire shouid be Inspected for assurance
that it is not damaged, ~~ — ~———— ——m e c ..

8.4.1.3 Other gaivanic anodes, such as unpackaged
“bracelet” type or ribbon, should be inspected for
assurance that dimensions conform to design spec-

lfications and that any damage during handling does
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not affect application. If a coating is used on bands

and the inner side of ‘“bracelet” anode seg-

ments, It should be Inspected and, If damaged, re-
: paired before the anoces sre instalied.

8.4.2 Installing Anodes

8.4.21 Anodes shouid be instalied according to con-
truction specifications.

8.4.2.2 Packaged gaivanic anodes should be back-

fllled with compacted native soil. Where anodes and

special chemical backfill are provided separately,
: anodes should be centerec In special backfili which
. shouid be compacted prior to backfilling with native
* soll. Care should be exercised 30 that lsad wires and

connections are not dameged during backfili opers-

tions. Sufficient slack ahould exist in lead wires to
. avold strain.

. 8.4.23 Where anodes In brncelot form are used, pipe

- coating beneath the anode shouid be free af holi-

- daya. Care should be taken to prevent damage to the

coating when Instailing bracslet anodes. After ap-

plications of concrete (If used) to pipe, ali coating

. and concrete should be removed from anode sur-

.. face, If reinforced concrete is used, there must be no

. metalilc contact between anode and reinforcing
mesh or between reinforcing mesh and pipe.

Lo 8.4.2.4 Where ribbon type anode is used, It can be

- ... trenched or plowed in, with or without speclal chem-
Ical backfili as specificed, generally paraliel to the
saction of pipeline to be protected.

8.5 Impressed Current Systems

8.5.% Inlpoétlon and handling

""8.5.1.1 The rectifisr or other power source shouid be
Inspected for assurance that internal connections
are mechanicaily secure and that no damage is ap-
parent. Rating of ths direct current power source

wosm————-—— ghouid- comply —with - eonstruetion -spesifications.

Care shouid be exercised in handling and installing.

8.5.1.2 impressed current anodes should be In-
spected for comformance tc specifications concern-
Ing correct anode material and size, iength of lead

¢ e e e e
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wire, and secure cap, If used. Care should be exer-
cised to avoid cracking or damaging anodes during
handling and Instailation.

8.5.1.3 Lead wire should be carefully inspected to
detect defacts in insulation. Care should be taken to
avold damage to insulation on wire. Defects in the
lead wire must be repaired or the anods must be re-

jected.

8.5.1.4 Anode backfill materlal- ahould conform to
specifications. : '

8.5.2. Installation provisions

8.5.2.1 Rectifier or other power source should be In-
stalled 80 that the possiblility of damage or vandal-
lsm is minimized.

8.5.2.2 Wiring to rectifiers shall comply with local
and r-~tional electrical codes and requiremsnts of
utility supplying power. An external disconnect
switch on AC wiring should be provided. Rectifier
case shsll be properly grounded.

8.5.2.3 On thermoelectric generators, a reverss cur-
rent device should be instailed to prevent gaivanic
action between anode bed and pipe If flame is ex-
tinguished.

8.5.2.4 Impressed current anodes can be burled ver-
tically, horizontally, or in deep holes as indicated In
construction specifications. Backflli material shouid
be piaced to assu-e that there are no voids around
ancdes. Care shouid be exercised during backfiliing
1o avold dsmage to the anode and wire,

8.5.2.5 The conductor (negative lead wire) to plpe
should be connected as described In Sectlon 8.6.
Conductor connections to the rectifier must be
mechanically secure and electrically conductive.
Before the power source is energized, it must be
verlfied that the negative conductor Is connected to
the structure 1o be protected and that the positive
conductor Is connected to the anodes. ‘After the
direct current power source, has been energized,

‘sultable measurements should be made to verity

that these connections are correct.: -

8.5.2.8 Underground: splices on 'header' cable
(positive lead wire) to groundbed should be kept to a
minimura. Connections between header cable and
conductors  from anodes should be mechanically
secure and electrically conductive. if burled or
submerged, these connections muet be sealed to
prevent molsture penetration so that electrical isola-
tion Irom the snvironment is assured, -

8.5.2.7 Cars must taken when Instatlling direct burlal
cable to the anodes (positive lead wire) to avold

damage to Insulatlon, Sufficient slack should be left
to avold strain.on all wires. Backfill material around
the cable should be free of rocks and foreign matter
that might cause damage to the wire, Insulation
when wire Is Installed in trench, Cable can be instal-
ted by plowing If proper precautions are taken.

8.5.2.8 I insulation Integrity on the buried of
aubmerged header cable (positive lead wire), In-
cluding splices, |s not maintained, this cable will fall
trom slectrolytic currosion,

8.6 Corrosion Contro} Test Stations, Connections, and Bonds
(See Section 4.5) ' ;

8.6.1 Instaliation Provisions

8.6.1.1 Pipe and test iead wires should be clean, dry,
and free of forelgn materiais-at points of connection
when the connections are made. Connections of test
lead wires to plpe must be Installed so they will re-
main mechanically secure and electrically conduc-
tive.’

8.6.1.2 All test isad wire attachments and all bared
test lead wires should be coated with an electrically
* “Insulating material. Where the pipe Is coated, the in-
sulating material should be compatible with the pipe
coating and wire insulation. .

8.6.1.3 Conductors should be color coded or other-
wise permanently identifled. Wire should be Instal-
led with slack. Damage to insulation should be a-
volded, but repairs should be made if damage oc-
curs. Test leads should not ba exposed to excessive
heat and suniight.-Above ground test stations are
. .preferred. If test stations are flush with the ground,
- adequate conductor siack should be provided within

- the test station to facilitate test connections.

8.8.1.4 Conductor connections at bonds to other
structures or across insulating joints shouid be
mechanically secure, electricslly conductive, and

- ="+ i gyltably coated. Bond connections shouid be acces-

K

o sible for testing.

8.7-:Othor Coneiderations

8.7.1 Casing instaliations

8.7.1.1 Sufficient Inapoctldn lhduld be made o en-
-surs that no metalllc contacts exist or are likely to

" - develop bstween casing.and.carrier pipe (See-also

’ Pqugrupha 4.2.3, 4.2.4, gnd 1Q.7.Z).

8.7.2 Insulating devices

8.7.2.1 Inspection and’ electrical measurements

- should assure that electrical isolation |s adequate.

RS - ———— o —
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.Section 9: Control of Interference Currents

8.1 Introguction . be alert for slectrical or physicel observations which could
C Indicate interference from a neighboring source. )
9.1.1 The purposes of this sectlonisto recommend prac- .
tices for the detection and control of interference cur- " 9.3.1.1 Structure-to-soil potential changes on the af-
rents. The mechanism and detrimental effects are de- ~ fected structure caused hy the foreign direct current
scribed. ) source,

9.3.1.2 Changes In the line current magnitude or

9.2 Mechanism of Interference Current Corrosion (Stray
direction caused by the foreign direct current

Current Corrosion)

source.
9.2.1 Interference current corrosion on ’.urled or sub-
merged metallic structures differs from other causes of 9.3.1.3 Localized pitting in areas near to or im-
corrosion damage In that the direct current, which causes medIiately adjacent to a foreign structure. :
the corrosion, has a source foreign to the affected.struc- : . ’
ture. Usuaily the Interfering current is collected from the 9.3.1.4 Breakdown of protective coatings in a lo-
electrolyte by the sffected structure frem a direct current callzed area near an anode bed or near any other
- source not metaliically bonded to the affected structure. ) source of atray direct current. .
9.2.1.1 Detrimental effects of interference currents 9.3.2 In areas where Interference currents are suspected,
usually. occur at locations where the currents are appropriate tests should be conducted. All atfected
discharged from the mectod structure to the elec- parties shall be notified before tests sre msde for the pur-
trolyte. ‘poss of establishing an interference bond. (Notlfication
' should be channaled through Corrosion Control Coor-
9.2.1.2 Amphoteric metal structures such as aly- dinating Committees, where they exisl.) Any one or com- i
minum and lead may be subject to corrosion bination of the following test methods can be empioyed. ;
!

damage from a bulid-up 6f alkalinity at or near the

metal surface collecting interference currents, 9.3.2.1 Measurement of structure-to-soil potentlais

with recording or Indicating instrumants, i
9.2.1.3 Coatings may become disbondad at the area . i

where voltsge gradients in the electroiyte force cur- 9.3.2.2 Measurement of current {lowing on the struc-
rent onto the affected structure. This interference ef- ture with indicating or recording instruments.
fect, of itsell, is not considered damaging to nonam- .
photeric metals. However, as the coating becomes R - 9.3.23 Development of Beta curves to locate area of
" disbonded, a larger .lrel' of metal will be exposed. .. ‘'maximum current discharge.from the affected struc-
This can increase the demand for cathodic protec- " ture (See Apendix D). : 0

tion current and may create shieldiny problems.
9.2.2 The severity of corrosion (metal loss) resulting from 9.3.2.4 Measuremelit of the variations in current out-
Interference currents depends on several factors: ’ put of the suspacted source of interference current
. and correlations with measuremaents obtained In

Paragraphs 9.3.2.1 and 0.3.2.2.

ceemge L

9.2.2.1 Separation and routing of the interferingand . ) , ]
affected structures and location of the Interfering- . .. - = .
current source. . .

2.4 Ganeral Methods for Resolving interference Corrosion Prob-

lems. (it should be understood thst Interference problems are
Individual in nature and the solution should be mutuaily

9.2.23 Quality of the coating, or absence of a satisfactory to the parties invoived.) °
coating on the structures involved. . .

Lt . 9.4.1 Prevention of the plick-up or !imitation of the flow of
9.2.2.4 Presence and locatlon of mechanical joints Interfering current through a burled or submerged metallic
havlng high electrical resistance. - - structure, -

8.4.2 Romovnl of the detrimental effects of interfering cur-
rent from a burled metalllc structure by means of a metal-
e conductor connscted to the return (negative) side of
the Interfering current source.

9.2.2.2 Magnitude and density of the current.

G0 eiee s ey e e e .

9.2.3 Sources of Interference cumnts .

-

9.2.3.1 Constant current: Thou sources have essen-
tially constant direct current output, such as ca-
thodic protection ractifiers and thermoelectric gen-
erators.

0.4.2.1 Before bonds are installed, approvai must be
obtalned from the affected parties.

8.2.3.2 Fluctuating current: These sources have a :
fluctuating direct current output such as direct cur- 9.4.3 Counteraction of the effect of Interfering current by
- means of cathodlic protecticn. |

rent electrified rallway systems, coal mine haulage :
. ) ;

.- .systems.and_pumps, weldiag machines, direct cur. - e et
rent power systems, and telluric currents. 0.4.4 Removal or relocation of Tritetfering current source.

9.5 Specific Methcds of Resolving Interference Corrosion
Problems. (These mothodl may bo used individually or in com-

9.3 Detection of Interference Currents ;
8.3.1 During corrosion control surveys, personne! should blnltlon) ' |

i

|
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9.5.1 Design and installation of metallic bonds of proper -

resistance between the affected structures is a common
technique for Interference control. The metallic bond elec-

trically conducts Interference current from an affected

structure to the Interfering etructure and/or current
source.

9.5.1.1 Uni-directional control devices, auch as
diodes or reverse current switches, may be required
In conjunction with metsliic bonds if fiuctuating cur-
rents are present. These devices prevent reversal of
current fiow.

9.5.1.2 A resistor may be necsssary In the metallic
bond circuit to control the flow of electrical current
from the affected to the interfering structure. At the
proper bond resistance, the discharge of interfering
current from the structure to electrolyte |s stopped.

8.5.1.3 1f cathodic protection exiets on the Interfer-
ing structure, the attachment of metallic bonds can
reduce the magnitude of protective voitage. Supple-
mentary cathodlc protection may then be required
on the Interfering structure to compeisate for this
effect.

9.5.1.4 A metalilc bond may not perform properly in
the case of a cathodically protected bare or poorly
coated pipeline which is causing interference on a
coated pipeline. A metallic bond may increase the cur-
rent dlecharge. Coating the bare pipe or Installing
local galvanic anodes on the coated. pipe may re-
duce the interference effects (See Paragraph 9.5.2).

8.5.2 Cathodic protection current can be applisd to the af-
fected structure at those locations where the interfering
current is being discharged. This discharge wiil usually oc-
cur at locatione where the structures are in close proximi-
ty. Anodes should be'placed immediately adjacent to that
poglon_of the affected structure tmt Is discharging cur-
rent,

9.5.2.1 The. source of cathodic.protection current:

A L

SQctlon 10- Oporailon and Malntonanco ol

. may be galvanic or impressed current anodes.

9.5.2.2 The amount of cathodic protection current
shouid be adjusted to restore elther the original or
protective potential level, whichever is iess negative.

9.5.3 Adjustment of the cument output from mutually In-
terfering cathodic protection rectifiers may resolve in-
terference problems.

9.5.4 Rslocation of the groundbeds of cathodic proteation
rectifiers can reduce or eilminate the pick-up of interfer
ence current on nearby structures.

-9.5.5 Rerouting of proposed pipsiines may avoid gources
of interference current.

. 9.5.8 Properly iocated Insulating flttings in the affected
structure may reduce or resolve interference problems.

8.5.7 Application of coating to strategic area(s) may re-
duce or resolve interference problems by decreasing the
clreult conductance.

9.'6. indications of Resolived Interference Problems

9.6.1 Restoration of the structure-to-r2li potentials on the
affected structure to tho~e values which existed prior to

~ the Interference.

9.8.2 Measurement of line currents on the affected struc-
ture to ensure that interference current is not being dis-
charged to the electrolyte.

9.6.3 Adjustment of the siope of the Beta curve at the
_location of maximum exposure (See Appendix D).

. 9.6.4_ Neutralization of interference current discharge may
" be observed by use of earth current measursment tech-
" niques applied In the soll slectrolyte betwesn the affected
and Interfering atructures at the area of maximum current

_ dloeha'rgov (See Paragraph 6.3.1.5),

cnhodlc_Protactlon Systems

10.1 Introduction

10.1.1 The purpose of this section-is to recommend pro-

cedures and practices for energizing and maintaining
continuous effective and efficlent operation of cathodic
protoctlon systems,

10.1.1.1 Eiectrical measurements and inspection
are necessary to determine_that protection has

besn established according to applicable criterla ’

and that each pasrt of the cathodic protection
system Is operating properly. Conditions which af-
fect protection sre subject to change with time,
Corresponding changes may be required In the
cathodic protection system to malintain protec-

10.1.1.2 Care should be exercised in selecting the
- location, number, and type of electrical messure-
-ments used to determine the adequacy of cathod-
lc protection,

10.2 A survey shouid be conducted sfter each cathodic pro-
tection system Is' energized to determine If it astisfles ap- ..
plicable criteris and operates efficiently. This survey should In-
clude one or more of the foilowing measurements:

(a) Pipe-to-soil potential (seo Section 6.3)
(b) Earth current (see Section 8.3.1.5)
(c) Structure-to-structure potentiai (see Section

8.4.2)
(d) Line current (see Section 8.5.1)

“ tlom Pariodic measurements-and-inspection-are
necessary to detect changes In the cathodlc pro«
tection system. Conditione may exist where
operating experience Indicates that teeting and
Inspectione need to be made more froquontly than
recommended: horoln ,

- - . e cmters e et e—

10.3 Periodic tests to assure the continuity of cathodic protec-
tion are suggested as follows ‘(The electrical measurements
used In the tasts may lncludo .one or moro of the measure-
ments fieted-In Section 10.2.);"

",,. Materials Performancs.
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10.3.1 An annual survey should: be conducted - where
cathodic protection of the entire plping system is'the ob-
joctive. :

10.3.2 Surveys should be conducted at intervale of five
years on structures where locailzed protection Is the ob-
jective.

10.3.3 Where complete periodic surveys afo impractical,
tests should be made on a sampling basis consistent
with accepted engineering principles.

" 10.4 Inspection and tests of cathodic protection facliities
~ should be -made.to assure their proper operation and main-
-'tpnlnco as follows:

10.4.1 All sources of impressed current shouid be
checked at intervais of two months. Evidence of proper
functioning may be current output, normal power.con-
sumption, a signal indicating normal operation, or
satisfactory electrical state of the protected piping.

10.4.2 All impressed current protective facliities should
be Inspected annually as part of a preventive
maintenance program to minimize In-service failure. in-
spections may include a check for electrical .shorta,
ground connections, meter accuracy, efficiency, and cir-
cult resistance.

10.4.3 Reverse current 3witches, dlodes, and In-
terterence bonds, whose failure would jeopardize struc-
ture protection, should be inspected for proper function-
ing at intervais of two months.

10.4.4 The effectiveness of Insulating fittings, continulty
bonds, and casing Insulators should be evaluated during

L

the periodic surveys. This may be accomplished by on-
site inspection or by evaluating corrosion test data.

10.5 Where plpe has beer uncovered, it shouid be examined
for evidence of corroslon and, If coated, for condition of the

coating.

10.8 The test equipment used for obtaining each electrical
value should be of an appropriate type. Instruments and re-
lated equipment should be maintained In good operating con-
ditlon and ohecked annuaily for accuracy.

10.7 Remedial measures should be taken where periodic tests
and inspections indicate that protection is no longer adequate
according to applicable criteria. These measures may include

the following:

10.7.1 Repair, repiace, or adjust compcnents of cathodic
protection systems.

10,7.2 Provide supplementary facllities whera additional
protection Is necessary.

10.7.3 Thoroughly clean and properly coat bare struc-
tures if required to attain cathodic protection.

10.7.4 Repair, replace, or adjust continuity and in-
torforoncg bonds.

10.7.5 Remove accldental metalilc contacts.
10.7.8 Repair defective Insulating devices.

10.7.7 Where shorted casings (metallic contact between
casing and carrier pips) cannot be repaired without re-
moving the carrier pipe, the annular space can be fliled
with an Inert materlal. Additlonal cathodic protection
may be necessary to compensate for ths shorted casing.

Sectlon 11: Comilén Control Records

11,1 Introduction

11.1.1 The purpose of this section is to describe corro-
slon control records which will document In a clear, con-
cise, workable manner, data pertinent to the design, In-
stallation, operation, maintenance, and effectiveness of
corrosion control measures.

11.2 Relative to the determination of the need for corrosion
control, the foilowing should be recorded:

11.2.1 Corrosion leaks, breaks, and replacements.

11.2.2 Pipe and coating condition obaerved when a
buried structure is exposad.

11.2 Relative to structure design, the following should be
recorded: .

11.3.1 Coating material’and application specifications.

11.4.1 Resuits of current requirement tests, whoro'mldc.

'11.4.2 Resulta of soll resistivity surveys at groundbed
locations, where made.

11.4.3 Interference tests and design of Interference
‘bonds and dralnage switch Instailations.

11.4.3.1 Scheduling of Interfsrence tests, cor-
respondence with Coordinating Committees, In-
cluding Coordinating Committes minutes, and
direct communication with the concerned com-
panles.

11.4.3.2 Record of lntorf;r“onco tests conducted,
Including location of tests, name of company in-
voived, and resuits, )

11.5 Relative 1o the instaliation of corrosion contral faciiities,
the following shouid be recorded:

=+ - 11.3.2-Dasign-and-location .of Inaulating devices, 188t 1151 Instaliation.of cathadic protection faciiities, ____

leads and other test facliities, and detalls of other apecial
corrosion control measures taken.

1.4 Rolutivo to the design of corrollon_ co
following should be recorded: B
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ntrol facllities, the

11.5.1.1 Impressed current systems
{(a) Location and date placed in service.
(b) Typs, size, depth, backflll, and spacing

‘of anodes . . .

.
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(c)’ Specifications of rectifier or other
.anergy source.

11.5.1.2 Gaivanlic anode systems

(a) Location and date placed In service.
(b) Type, size, baokfll, and spacing of
anodes.

11.5.2 Installation of interference bonda and drainage
switches, .

11.5.2.1 Details ol interference bond Installation

(a) Location and name of company In-
volved, .

{b) Resistance value or other pertinent in-
formation,

(c) Magnitude and polarity of drainage
current,

11.5.22 Detalis of drainage switch Instaliation
(a) Location and name of companies in-
voived,
{b) Type switch or equivalent device.
{c) Data showing effective operating ad-
Justment. : )
11.5.2.3 Detalis of other remedial measures

11.8 Record of aurveys, Inapection, and tests set forth in Sec-

tions 8, 7, 8, and 10 should be maintained 1o demonstrate that
applicable criterla for interference control and cathodic pro-
tection have been satistied. .

11.7 Relative to the maintenance of corrosion control
facllities, the following information-should be recorded:

11.7.1 Maintenance of cathodic protection tacilities.

11.7.1,1 Repalr of rectifiers and other dc power
sources.

11.7.1.2 Repalir or reptacement of anodes, connec-
tions, and cable.

11;7.2 Maintenance of interference bonds and drainage
switches.

11.7.2.1 Repair of interforence bonds.

11.7.2.2 Repair of drainage switches or equivalent
devices.

11.7.3 Maintenance, repair, and replacement of coating, *

insulating devices, test leads, and other test facliities.

11.8 Records aufticient to demonstrate the evaluation of the
need for and the effectiveness of corrosion control measures
ahould be maintained as long as the facliity Invoived remsins
in service. Other related corrosion control records should be

retained for such period as satisfies Individual company

needs. :

-————-

M-toriils Performance

]

crtme —n reny -




TABLE 1 — Index of Coating References
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Reference
Number Title Sourcel"
a Standard for Coal-Tar Protective Coatings and Linings for AWWA Standards Committee
Steel Waler Pipslines—Enamel and Tape—Hot-Applied on Stee! Pipe
AWWA C203-78
b Tentative Recommended Specifications and Prlctlces for Coal NACE 2G156
Tar Coatings for Underground Uss
c Synthetic Resin Primer for Coal-Tar Enamel, Research Repont U.S. Gowt.
. No. 8, U.S. Dept. of the Interior, Bureau of Reclamation Printing Office
1 [ d Specification for Bituminous Saturated Glass Pipe Wrap ° NACE 24162
[ ] Proposed Standard for 3/16-inch Thick Plpeline Padding NACE 2J164
f Specifications for Fibrous Glass, Reinforced Type Underground NACE 2J262
Pipe Wrap
0 Specifications for Asbestos Pipeline Felt NACE 2362
a Extruded Asphait Mastic Type Protective Coatings for NACE RP-02-76
Undergroundﬂgelinea .
b Tentative Recommendations for Asphait Type Protective " NACE 2H157
Coating for Underoround Pipeline-~Wrapped Systems
2 c Asphait Protective Coatings for Plpollnos—Conntructlon : The Asphalt Institute
Series No. 7—Wrapped and Mastic Systems
d Tentative F!ocommondod Specifications for Asphail-Type NACE 2H158
: Protective Coatings for Underground Plpollno - . : :
] For appropriate pipe wraps, refer to 1d, e, f, and g above NACE
‘a’ | Application and Handling of Wax-Type Protective Coltlngl . NACE RP-03-75
.and Wrappor Systems for Underground Plpollnu o
3 b For lpproprllto pipe wraps, refer to 1d, o, f, lnd 0 lbova NACE -
a Material Floqulromonta in Prefabricated l':ntlc Fllml 1or : NACE MR-02.74
Plpelins Coatings - ;
4 | b For lpproprlm pipe wrlpa, rofor to 1d, b. and g above '’ “NACE
a Control of Plpeiine Commosion, A. W. ‘Peabody, NACE
Dec., 1967, pp. 818, ’ T
b Application of Organic Coatings to the Extemnal Surflco of NACE RP-02.75
Steel Pipe for Underground Service
5 c NACE Task Group T-10D-10 (Fusion Bonded Tﬁln Fllm . NACE -
Coatings MR)'
d Standard for Fusion-Bonded Epoxy Coatings for the IAntovlor AWWA Standards
and Exterior of Stesl Water Pipelines AWWA C213-79 Committes on Steel Plpe
[ Specifications, Mill Applied Fuaion Bonded Epoxy Coatings National Assoclation of
NAPCA Bulletin 12-78, April 11 1979 Pipe Coating Appiicators
a Methods tor Measuring Lnkago Conductance of Coatlng on NACE 2D157@
' ‘Burled or Submerged Pipelines
.8...|...b_|. High Voltage Electrical | Inspection of Plplllno COItlnol Prior- _NACE RP-02.74
" 1o Instaliation T e e e
7 “Underground Corrosion,” Nat. Bureau of ! Natlonal Technica!
" | Information Service

Standards, Circular 579, Aprll 1087, pp wo-m

@INo Iongor lvnlllblo from NACE.
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TABLE 1 — Index of Coatings References (continued)

Relerence
Number Title .. SourcetV
8 Standard Method for Nondestructive Measurement of Film ASTM G12.77
Thickness of Pipeline Coatings on Steel
Standard Test Method for Cathodic Dlabondlng of Plpollno ASTM G8-79
Coatings ) )
8 Standard Test Method for Disbonding Characteristics of ASTM G19-77
Pipeline Coatings by Diract Soil Burial :
Method for Cathodic Disbonding of Plpeline ASTM G42-80
Coatings Subjected to Elevated or Cyclic Temperatures
10 Standard Test Method for Water Penetration into ASTM G977
Pipeline Coatings
Standard Test Method for Rockwell Hardnesas of Plastics ASTM D785-65 (1981)
and Electrical Insulating Materiais
Standard Test Method for Penetration ot Bituminous ASTM D5-73 (1978)
Materials
1 Standard Teat Method for Penetration Resistance of ASTM G17-.77
Pipeline Coatings (Blunt Rod)_ :
"Standard Test Method for Rubber Property- Duromotor ASTM D2240-81
Hardness
“Underground Corresion,” National'‘Bureau of Natlonal Technical
Standards Clrcular 579, April 1957, pp. 134-135 Information Service
(Out of print, but reproduced as FB8-168350 Underground ‘
Corrosion)
12 Standard Test Method for Shrinkage Factor of Solls - ’ 'ASTM D427-81 (1974)
Stendard Test Method for Resistance of Plastics to ASTM D543-87 (1688)
Chemical Reagents ’
Test Motﬁod for Resistance of Plastics to Chemical General Services
Reagents, Federal Test Standard. No. 408 Method 7011 . Administration
13 Standard Test Method for Chemical Resistance of ASTM G20-77
Plpeiine Coatings
Standard Msthod for Thermal Evaluation of Rigid ASTM D2304-79
Electrical Inlulltlno Materials
14 Stnndlrd Recommended Practice for Detormlnlng the Effect of ASTM D2454.79
. Overbaking on Organic Coatings '
Standard Test Method for COnIngs' Designed to be Resistant " ASTM D2485-68 (1973)
' to Elevated Temperatures During Their Service Lite :
Standard Recommended Practice for Determining Resistance ASTM G21.70 (1980)
of Synthetic Polymeric Materlals to Fungl '
15 - _Test Method for Mildew Resistance of Plastics by Mliod General Services
“Culture Method, Agar Medium, Federal Toat Stlndnrd No. 408, Administration
-Method 6091 i . ‘
Military Specification and Test Method for Fungus o U.S. Naval
S e ae Resistance,.MIL-F-8281A (USAF)._ — ._ Publication
18 Standard Test'Method for Etfects of Outdoor Wuthorlng o . ASTM G11.79
on Pipeline Coatings X oot
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TABLE 1 — Index of Céatlnga References (continued)

Reference : e
Number Title Source!!
17 Standard Test Method for Abrasion Resistance of Pipeline " ASTM G6-77
Coatings (Rolling Drum Method)
18 Standard Test Method for Bendability of Pipeline Coatings ASTM G10-77
19 Standard Test Method for Adheslon of Organic Coatings ASTM D2197-68 (1979)
[ Standard Test Method for Impact Resistance of Pipsline ASTM G13-77
.20 Coatings (Limestone Drop Test)
b Standard Test Method for Impact Resistance of Pipeline ASTM G14.77
Coatings (Falling Weight :rn't) .
a Standard Test Methods for Joints, Fittir.gs, and Patches ASTM G18-77
in Coated Pipslines
21 b Standard Method for Pipeline Coatings and Patch Materials ASTM G55.77

Evaluating

Addresses of Sources:

American Soclety for Testing & Materiais (ASTM), 1918 Race St., Philadelphia, PA 19103

American Water Works Assoclation (AWWA), 2 Park Avenue, New York, NY 10016

Asphalt Institute, Asphalt ‘nstitute Bidg., College Park, MD 10740

National Technical Information Service (NTIS), Springfield, VA 22181

General Services Administration, Business Service Center, Washington, DC 20025
National Association of Corrosion Engineers (NACE), P.O. Box 218340, Houston, TX 77218
U.S. Government: Printing Offics, Washington, DC 20420

U.S. Nava! Publications and Forms Center, 5801 Tabor Road, Philsdeiphia, PA 19120

()

TABLE 2 — Generic Coating Systems -
With Material Requirements and
Recommended Practice for Application

(NOTE: Many other references are avaliable and this
table is not comprehensive. Listing. does not con-
stitute endorsement of any coating system In
preference to another, Omission of a system may be
due to unavallabllity of reference standards or lack of
dsts). ) L

-

..... JABLE 3 — Reference for General Use
In the installation and Inspection of
Coating Systems for Underground Piping
lfom Reference No.
No. Reference (See Tsble 1)
1 Application of Organic . 5
Pipsiine Coatings
‘2 . Flim Thickness of 8,
Pipsiine Coatings
.3 Inspection of Pipeline 6
Coatings

item , Reference No.
No. Generic Coating System (See Tsble 1)
1 Coal Tar 1
2 Asphalt ]
] Wax 3
4  Prefabricated Films: 4
5 Fusion Bonded Coatings 5
April, 1983
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TABLE 4 — Coating System Characteristics
Relative to Environmental Conditions...-

(NOTE:-Apply only those factors pertinent to the instaliation.)

item
No,

Environmental Factor ..

Recommended
Test Methods'"
(See Table 1
for Reference)

General Underground Exposure with or without
Cathodic Protection

Reslstance to Water Penetration and Its Effect on

Cholce of Coating Thickness
Resistance to Penetration by Stones in Backflll
Soil Stress

Resistance to Specific.Liquids not Normaily

- Encountered In Virgin Soll

Resistance to Thermal Effacts

Suitability of Supplementary Mlteflals for
Joint Coating nd Field Repairs

Resistance to Microorganisms

8
10

11,20 -
12

13

14
-9,10,21

15

(No specific criteria are available. Comparatlvo tests are
recommended subject to evaluation as supplsmentary infor-

mation only

to Design and Construction

TABLE 5 — Coating System Characteristics Related

Recommended
. Test Methods("
Iltem ©o . (See Table 1
No. Design and Construction Factor for Reference)
1 Yard Storage, Weathering R 1% :
.2 Yard Stongo, Ponomtloq Unde.r‘ Loa& 1n .
3 Handling Rcaistancs, Abrulon 17
4 Hmdllng Roalstlnce. lmpnct 2
5  Fleld Bending Ability , 18
8  Driving Ability (Resistance 1o Sliding Abrasion) 17,19
4 Special Requirements for Miil-Applied c6|tlna ‘ - 1,234,5
8 ° Special Requirements for Application of 12345
Coating Over the Ditch: o
9 Backflll Resistance 2. .
10 Resistance to Therma! Effocti : 9,14
e o+ win.ce——e-A1 ...._Sultability of Joint Coatinga and Flald Repairs _—8102
(INo specllfc criteria are avallable. Comparative ‘tests are
recommended subject to evaluation on basis of any toloublo
componutlng measures that may be required.
“ "Materials Performance
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TABLE 6 — Methods for Evaluating In-Service

Field Performance of Coatings

LR,

Item : R ‘Rel. No.”
No. Title or Subject of Method (See Table 1) . Criteria or Basis for Rating
1 Measuring Leakage Conductance 6 Comparison of initial Measurements
of Pipeline Coatings with Subsequent Periodic
Measurements
2 Rate of Change in Current 7 Comparison of Initial Current
Required for Cathodic Requirement with Subsequent
Protection Periodic Determination of
Current Requirement
3 Inspection of Pipeline 6 a. With Cathodic Protection:
Coating No active corrosion found
b. Without Cathodic Protection:
No new holidays showing
actlve corrosion
4 Cathodic Dlabondmont 9 Purpose is to Obtain Data

Relative to Specific Conditions
for Comparison with Laboratory
Data

Appendix A

Method for Determining Probable Corrosion Rate
and Costs of Maintaining Service

Maintenance of a piping system may Inciude repairing
.corrosion. leaka and reconditioning or, npllclno all or portions -
of the system. '

In order to make estimates of the costs involved, It Is
necessary to determine the probability of corrosion or the rate
at which corrosion is proceeding. The uaual methods used In
predicting the probability or rate of corrosion are as follows:

(s) Study of corrosion history on the piping systsm in
question or on other systema of the same materlai in the same
general area or in similsr environments. Cumulative leak fre- ~
quency curves are valuable In this respect.

(b) Study of the environment surrounding a piping system: .
resistivity, pH, and composition. Redox potential tests may -
also be ussd to a limited extent. Once ths nature of the en-
vironment has bean dstermined, the probabie corrosiveness is
estimated by reference to actual corrosion experience on
similar metalllc structures where environments! conditions .
are similar. Conaideration should be included in such a study °
of possibie envirorimental changes such as might result from
‘Irrigation, splilage of corrosive substances, pollution, snd -
ssasonal changes In soll moisture contsnt.

(c) Investigation for corrosion on a piping system by visual
Inspection of the pipe and/or by instruments which mechan-

~ lcaily or electricaily Inspect the condition of the plps. Condl-
.tlon of the piping system shouid be carsfully datermined and
‘recorded each time a portion of the line is excavated for any
purposs,

(d) Msintenanco records detalling lsak locations, soll -

- -studies, structure-to-soil-potential surveys,.surface potantlal...
surveys, line current studies, and wall thickness aurveys, used
as a guide for locating sreas of maximum corrosion.

(e) Statistical treatment of avallable data. .

() Resuits of pressure testing. Under certsin conditions, .

- this may heip to determine the exlotonco.ot.com,lon.

April, 1983

’

Appendix B

Contingent Costa of Corrosion
In addition to the dirsct costs that-resuit from corroulon.
contingent costs include:
" (@) Public llability claima.
- (b) Property damage claims. )
“(c) Damage to natural facilities, such as municipal or Ir-
rigation water supplies, forests, parks, and scenic areas.
(d) CJean up of product lost to surroundings.
(@) Plant shut-down and start-up coata.
() Coast of iost product.
(g) Loss of revenue through interruption of setvice.
(h) Loss of contract or goodwill through Interruption of
service.
() Loss of reclaim or saivage vaiue of piping systsm.

Appendix C

Costs of Corrosion Contiojf -
The usual costs for protecting buried or submerged
. metallic structures are for complete or partial cathodic protec.
tion or for coatings supplomanted with clthodlc protection.
Other corrosion control costs include:
(a) Relocation of plping to avoid known corrosive condi-
tions. This may Include inetalling lines above ground.
-~———{b) Recond|tiooing.snd costing tha_piping, system..
(c) Use of corrosion resistant materials.
{d) Use of aslected or inhibited backtilt.
(e) Electrical isolstion to limit possible galvanic sction.
(N Correctlon of conditions in or on the pipe that might
_accelerate corrosion.
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Appendix D

A Beta Curve is a piof of dynamic (fluctuating) in-
terterence current or related proportional voltage (ordinate
axis), versus values of correlating structure-to-soll potentlals
at a selected location on the affected structure (abscissa
axis). it the correiation is reasonably linear, the piot wil in-
dicate whether the affected strucuture Is receiving or dis-
charging current a! the location where the structure-10-soil
potential was measured. Dynamic interterence investigation

involves many Beta Curve piots to search for the point of max-
imum interference current d:scharge. interference is resolved
when the correiation ot maximum current discharge has been
changed to a correlation which shows that current pickup Is
being achleved In the exposure area by the corrective meas-
ures taken. These corrective measures may be accomplished
by metaliic bonding or other interference control techniques.

For more Information on the field techniques commonly
used, refer to NACE Publication 56-12 “Contributions of J. M.
Pearson to Mitigation of Underground Corrosion.*
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Wilson Walton Aloline anodes are produced from patented aluminum
. alloys originally developed in Great Britain and now available in the
United States for the tirst time. Suitably formulated for specific appli-
- cations, they are characterized by light weight, smooth corrosion pat-
“tern, high electrical capacity and stabilily. Compared to other
malerials substantially lower costs are achieved on each system
installed since fewer anodes are needed.

Three ditferent alloy formulations specially designed for ditferent
applicalions are available. BA777 and BA780 are Al/In/Zn/Mg
compositions for use in seawater of differing characteristics while
BA778 is Iree from Mg and contains Bismuth and other additions.
BA778 is specifically designed for use in ships' tanks and has been
found to be the most reliable anode material available for use in hot
saline mud. This characteristic makes BA778 a suitable material for
bracelet anodes applied to offshore pipelines.

Aloline anodes are cast in alloys of aluminum and indium plus other
malerials that have been developed specilically for use in seawater.
These substances are very stable in driving potential and efficiency,
even in electrolyles of varying conductivity and temperature. In nor-
mai seawater having resistivity of about 25 ohms c¢ms, approximately
1225 ampere hours of current are provided by sach pound of alloy
which will maintain a potential of - 1170 mV when measured against a
copper/copper sulphate reference half cell. These alioys have a
higher driving potential than zinc or aluminum/mercury alloys which
are common in use for cathodic protection purposes and operate suc-
cessiully in very cold seawater and at greal depths.

Wilson Walton International ‘specializes in designing and producing
anodes o meet any individual requirement making their own molds to
do so. The optimum solution to each problem and the lotal control
over the quality of the finished ariode is thus ensured.

Aloline anodes are suilable for a wide variety of applications, includ-
ing the hulls and tanks of ships, fixed offshore structures, semi-sub-
mersibles, pipelines and jetties.

esigned specifically lor optimum performance under a variety- of
pvironmental conditions which operate eflectively at both low and
gh temperatures. They employ a range of alioy compositions suited
meet specific application requirements which are performance
oven with over 20 years of application and research testing.

Casting an Aloline aluminum anode
at 3 Wilson Wallon loundry
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A remote potential monitoning
syslem n use oflshore

Aichne retront braceret anode lor a
lubular leg on an ofishore siruciure

An Alohne segmented shell bracelet
anode fitted 10 a submarine pipeline

Available as cast or flexible exirusions in a vanely of shapes and
sizes, lightweight Aloline fitlings provide a number of important ben-
efits to the user:

- Reduce repair costs

Reduce construction costs {reduced scantlings)

Increase structure life

Eliminates costs for shot-blasting and ineffective coatings
Eliminates corrosion of steel n inaccessibie areas
Maintains higher resale values

ALOLINE® composition

BATT? % BATTS % BA780 %
Copper 0.0t  max 001 max 001 max
¢ Magneswm 0.50 — 0.90 - 1.20 - 2.00
Silicon 0.05 — 0.20 0.05 - 0.20 0.05 — 0.20
lron 0.05 — 0.15 0.05 —~0.15 0.05 — 0.15
Zinc 35 —50 35 ~50 35 —5.0
Titanium 0.01 — 0.05 0.01 — 0.05 0.0 — 0.05
Bismuth 0.0  max 0.05—0.15 0.0t  max
Indium 0.020—0.050 0.020--0.050 0.620—0.050
Aluminum Remainder Remainder Remainger
Electrical 1225 amp nrs/lb. 1225 amp hrs/lb. 1225 amp hrs/i.
Capacity
Solution — 1150 mV copper/ — 1100mV copper/ — 1170 mV copper/
Potential copper sulphate copper sulphate copper sulphate
relerence ceh relerence celt relerence cell

Developed in conjunction with the British Aluminum Company anc
firstintroduced in 1969 as a general purpose aluminum alloy conform-
ing 10 the specification above. Its current use is to protact fixed jetty
and external marine applications, in particular where the environ-
ment is in the temperature range of 50 - 86°F.

Designad to replace BA777 for the protection of cargo ballast tanks in
ships, This alloy, magnesium free, has undergone further research to
canfirm its suitability for. protecting buried pipelines at elevated tem.
peratures in the range of 122 - 212°F,

An extension of BA777 was specifically developed to improve the
electrochemical properties when operaling at North Sea tempera-
tures of 39°F and under pressures equivalent to 300 p.s.i.



http:0.05-0.15
http:0.50-0.90

Corrosion control
Sacrificial anode systems
Aloline . .. Zincoline . ..

Impressed current systems
Aguamatic systems for the protection of ships'
hulls and cooling water systems :

Industrial cathodic protection systems
Offshore well head and production platforms,
tank bottoms, buried pipelines, submarine
pipelines. well casings, seawater cooling
systems, waler storage tanks, jetties

Descaling
Electroline descaling systems

Tanker safety
Wilson Walton International inert gas systems
Martin Hi-Jet inert gas venting systems

Anti-poliution equipment
Elsan marine sewage systems
Meishin oilylwater separators
Incymar marine incinerators

Ancillary services to ship owners
Cathometer - Portable corrosion control
indicator

Ultrasonic nondestructive thickness
measuraments

Plugaline - Spurling pipe sealant

Austraiia Melbourna ] Japan Tokyo )
Wilson Walton international (Pty) Limited Wilson Walton International
Benelux Barendrecht Norway Uskedaien
BV Materiaal Metingen Wilson Walton International A/S
(Wilson Walton International)
Portugal Lisbon
Curaczo Willamstad -P Catodica LDA
Mv\a,tleriaa\'N Mletingiqen Caribbg]an Catonave - Proteccao Catodica L
son Walton Internation
W ) Singapore  Wilson Waiton Eastern PTE Lid.
France Gentilly '
Wilson Walton International S.A.F. Spain Madrid
Wiison Walton International SA Espanola
Greece Piraeus * :
Wilson Walton International UK Croydon
v Wilson Walton International Limited
ttaly Genoa . Stockton on Tees
+ Wilson Walton International SpA ltaliana Technometal (N.E.) Ltd.
USA : Wilson Walton International Inc.

Hoboken, New Jersey
Houston, Texas
Kenner, Louisiana

P.O. Box M-890 e 66 Hudson Street ® Hoboken, New Jersey 07030

Telephone: (201) 795-2044 e (212) 227-6657 o Telex: 125919 e Cable: WAZEDENS
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SEAWARD technical report
:/_///

DESCRIPTION

SEAGUARD fenders were selected to improve the fendering system at the Dundalk Marine
Terminal in the Port of Baltimore, U.S.A. The original timber fender piles with wooden chocks
were frequently damaged, and did not provide sufficient standoff. The piles also caused
damage to, and displacement of, the conicrete pier cap because they absorbed none of the
berthing energy and passed the entire vessel impact directly through to the dock. Six 4 X 20
foot SEA GUARD units were quickly installed and proved less costly than the replacement of
the timber fender piles. The four foot diameter fenders adequately protect the pier, yet do not
hamper crane operations. The SEA GUARDs also spread the berthing force overalarge area
of both the pier and the vessel hull.

Telephone: (703) 534-3500 e 6269 Leesburg Pike, Falls Church, Virginia 22044 USA « Telex: 899-455



SPECIFICATIONS

TYPE OF OPERATION

VESSEL CHARACTERISTICS

Size:
Berthing Velocity:
Berthing Energy:

FENDER CHARACTERISTICS
Number, Size & Type:
Spacing:
Hated Energy Absorption (por unit):
Reaction Force (per unit):
Weight (per unit):
End Connector Working Load:

RIGGING HARDWARE
Attachment Line:

Shackle:

Swivel:

VY — The above information and data has been + e
SEAWARD purposes only. Seaward International, Inc. ma
INTERNATIONAL, INC. Customers are referred to the performance

— CUSHION' Technical Manual and SEA CUSH

Berth 1—Dundalk Marine Terminal
Ro-Ro, Container and General Cargo Vessels

Disp. T: 40,000 L:7381t. D: 25 ft. (design)
0.5 ft./s (0.15 m/s) (estimated)
216 ft.-kips (29.9 ton-meters) (calculated)

6 ea. 4 X 20 foot SEA GUARD fenders

150 feet (46 m) apart along pier

224 ft.-kips (30.98 ton-meters) @ 60% compression
228 kips (103 tons) @ 60% compression

2690 Ibs. (1220 Kg)

25 tons Safe Working Load

1% inch stud-link chain, 130,00v ibs. (59 tons) ultimate strength

1% inch (32 mm) anchor shackle, 144,000 Ibs. (65 tons) ultimate
strength. A “weak link” ¥ inch (19 mm) anchor shackle with
57,000 Ib. (26 tons) ultimate strength is also used.

Fenders have built-in swivel-type end fittings

pared and supplied by customers of Seaward Inter ational, Inc and is provided for illustrative
kes no representations or warranties, exprass or imy:lied, in this document with respect thereto.
specifications and usage recommendations set forth in Seawarad International, Inc.'s SEA
ION Operations and Maintenance Manual.
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APPENDIX E

ROLL~ON/ROLL~OFF RAMP

TELEX FROM MESSINA LINES

LIST OF VESSELS THAT CALL ON SOMALI PORTS



 RCA JAN U6 Uve4ss

© 232117 PKLP UR.

© . 270450 IMECGE ;|

_OURTLX NR 574/84 TR/CERVETTO/IT

'FM MESSINA GENOA
TO 232117 PKLP UR

. . REF, YR MSG OF JAN 51

. -:iBECAUSE OF THE ABSENCE OF ‘A RO=RO RAMP,
.GLAD TO REALIZE THAT NOW A RAMP WILL BE BUILT,

lWE CALLED LAST YEAR KiSMAYO WITH A RO—RO AND BERTHING WAS DIFFICULT

' WE HAVE MANY DIFFERENT TYPES OF RO-RO, OPERATING POSTLY STERN TO

:QUAY,. AND WE WILL PERFORM, IN A VERY NEAR FUTURE, A COORDINATED
fssavnce - TOGETHER WITH **LLOYD TRIESTINO’® OF TRIESTE (TO WHOM
Z* " WE QUOTED YR.TELEX).

"+ L:,:BEFORE GIVING YOU MORE DETAILS PLS ‘INFORM WHICH KIND OF RAMP
Lo YOU HAVE IN' MIND,.I.E..IF FOR MOORING STERN TO QUAY' OR ALONG-
"% 'SIDE OR BOTH. |

"“'.. JUST TO GIVE YOU AN IDEA THE NEW RAMP OF MOGADISHU IS GOOD

- ENOUGH FOR US, EXCEPTED THE ORIENTATION WHICH DOES NOT TAKE

" CARE OF THE DIRECTION OF THE PREVAILING WINDS. |

"',BEST REGARDS

e - » y
232447 PKLP UR -

|
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J Year Gross L B DPT Ramp Type
& Ship : Built _Tonnage o) () (V) {if known)
o~ o~ o
Messina
o &
Jikeramme 49 1565 96.6 14.3 {20) -
v Jolly Argento 163 20 . 2T e e
Jolly Azzued 70 2681 :.--130--" --19.6 (19.5) - - 7 °F
Jolly Blanco 69 2793 - 129 16.74 (19.5) Stern door/ramp
»Jolly Blu 69 2463 130 19.21 (19.5) Stern door
v”Jolly Marrone 70 2643 130 19.24 (19.5) Stern door/ramp
v Jolly Nero 72 2693 I30 19.24 (19.5) Stern door
Jolly Verde 67 1597 88 14.64 (20) -
JumboeBne . 56 2972 115 15.0 ? Stern door (8)
Rollerfma™*¢ 50 1565 . 96 14.33 (20) -
Lloyd Triestino
3(36:1& 81 7441 148 22.7 (20.7) -
J{ﬁP“;i‘ 8l 5400 148 22.7 (21.7) Quarter Stern
- v . : door & ramp
Buona Spejanza 76 2651 117 -17.5 (16.9) - )
_Julia 81 6225 146 . 22,7 (21) -
Nedlloyd
Happy Runne 6 1198 8l1.8 15.5 ? Stern door/ramp
4 Nedllovd Rogkanje 72 4301 137 22.3 (32) Stern doors
» Pointe La Rose 74 6561 155 .21 (26.8)  Stern door/ramp;
side doors
Pointe Madarme 73 6561 155 21 (26.8) Stern door/ramp;
. side doors
Pointe S@ns m"‘ 73 6561 155 21 ~ (26.8) Stern door/ramp;
' . . side dcors
L'Ardeche 78 1127 - 80.7 14 (20) Stern door/ramp
L'Aude . 78 1127 90.7 14 (20) Stern door/ramp
" L'Isere 71 .- 984 105.3 15 ? Ster: side doors
La®gurance 72 . 2239 99 16 . (19) Stern door
Saint Servan 72 3445 ? - ? ? -
Manta
__Ro/Ro Trader 71 1552 109 19.21 (4.95m)  Stern door
N —
doutcnr-~--Llcyd-'1—aaqhm~-o£-—8hifpinq--»- S ————— . e e e e e e—— e
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