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ABSTRACT

SHIP UNDERWATER MAINTENANCE, EVALUATION AND REPAIR
(SUMER)

MASTER PLAN
N

This study proposes a plan of action to implement the actions
necessary for a total program of ship hull husbandry and waterborne
maintenance and repair. Serving as a focal point for technology
transfer, the Master Plan is designed to coordinate a smooth transition
between research and development and ultimate fleet implementation.
Ongoing efforts and existing hardware and techniques are identified,

as well as gaps yet to be filled.
Five principal areas ame addressedt ¢ ¢ .

(1) SHIP UNDERWATER COATINGS '

(2) NON-COATING PROTECTION SYSTEMS ;

(3) FOQULING DIAGNOSTICS AND INSPECTION METHODS 4 -
(4) WATERBORNE CLEANING *, =-d

(5) WATERBORNE REPAIR MEASURESQ/

>
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SHIP UNDERWATER MAINTENANCE, EVALUATION & REPAIR

(SUMER) MASTER PLAN

INTRODUCTION

The SUMER Master Plan provides for the direction, management and
implementation of a comprehensive U,S., Navy ship hull underwater hus-

bandry and waterborne maintenance and repair program.

The objectives of this plan are to help achieve a more efficient
usage of energy in the marine environment, to provide the capability for
increased ship performance and availability, and to adjust to increases
in the intervals between ship drydocking., The Navy fuel savings resulting
from reduced fouling of ship underwater bodies nas been estimated to be
as much as 120 million dollars annually. This plan outlines a means of
accomplishing this result for an expenditure of only a fraction of that

amount.

Cleaner hulls mean less power expended to maintain a given speed; hence
reduced fuel requirements. Tentative fuel savings of up to 157 have been

indicated as a result of recent Navy ship hull cleanings.

Total ship performance is improved by waterborne cleaning and main-
tenance. A clean dome greatly enhances sonar efficiency. Periodic
cleaning maintains the effectiveness of the Prairie Masker System. Removal
of fouling significantly reduces ship self-noise, further increasing Anti-
Submarine Warfare (ASW) effectiveness. When maintenance and repairs can

be done with the ship waterborne (as opposed to drydocked), turn-around

time is greatly reduced.
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With technologies which are currently available or under development,
a potentially high probability exists for supporting the extension of

drydocking intervals from 3 years to as long as 5 to 7 years.

The Program Master Plan consists of the following five separately
developed appendices, each on a different subject, and an overall program

summary:

Subject

Project Summary

Appendix A - Ship Underwater Coatings

Appendix B - Non-Coating Protective Systems
Appendix C - Fouling Diagnostics and Inspection Methods
Appendix D - Waterborne Cleaning

Appendix E

Waterborne Repair Measures

Each appendix gives a detailed description of the current state-of-
the-art and further developmental requirements, as well as recommendations
for implementation. Each contains references to commercial and industrial
manufacturers/distributors of the available systems and devices function-

ally described. Footnotes and comprehensive bibliographies are included.

SUMER recommendations are presented in the Summary section

in two categories: Management Recommendations (gold pages) and Program

Recommendations (blue pages). The Management Recommendations cover areas

of effort which do not require additional or significant allocation of

resources, such as: '"maintain continued liaison with cognizant Environ-

mental Protection Agency officials', etc. Program Recommendations, on the




other hand, involve funding commitments, research facilities usage, estab-

lishment of managing authorities, etc.

Also included in the summary are a series of tables (pink pages)
which expand on the requirements of each Program Recommendation. For
each item listed, the following amplifying information is given: The

appropriate Appendix Page Reference for more detailed background infor-

mation, the Action required to accomplish this task, relative Priority
(A = Most Important, B = Important, C = Less Important), estimated amounts
of Funding needed and the Type (O&MN, RDT&E, OPN, etc.), and estimated

Time to complete this task,

It is to be noted that each Appendix, though developed and presented
as a separate study, must be considered in the total context of all five .é
elements (appendices) of the program. Inherent in this approach is a
certain degree of overlap as well as complementarity, An integrated
systems approach to the total program is essential to ensure a smooth
transition between:

® Research

e Fleet Requirements

o Facilities Allocation

e Implementation
e Information Feedback
Such an approach would eliminate duplication of effort, take advantage

A
® Procurement ‘
of synergistic developments, avoid or resolve technological conflicts, 2

and coordinate efforts for a balanced program.




— eed ey N N

The Program Master Plan presented herein provides for unified, tech-
nologically coordinated direction of all Navy programs involving ship
underwater hull maintenance, evaluation, and repair, as well as the moni-
toring of and liaison with non-Navy programs. By means of this program,
the Navy will be able to conserve resources by minimizing duplicative or
unproductive effort and by taking full advantage of new cost-effective

developments that arise either within or outside the Navy.

A single, centrally controlled program is required to ensure that
a systems approach is taken to manage all Navy underwater body mainten-
ance efforts in a cost-effective manner. The program is perceived as
largely a management function, but a strong technical staff will be required
to analyze, evaluate, and make credible recommendations and decisions con-
cerning the projects and systems that the total program will encompass.
The SUMER program consists of a wide variety of subjects, a large number
of diverse participants, and is worldwide in scope. The program will
require utilization of a highly responsive management 1nfdrmation system :
to effect overall coordination and control, A computer-assisted manage-
ment information system will provide a comprehensive and responsive manage- | 4
ment tool for timely and cost-effective support of the program, Such a
system is essential as a means of providing quantitative visible evidence
of accomplishment of objectives for presentation to higher authority.
This system should be designed with the following capabilities:

e Task management (scheduling, automated deadlines, reminders,

progress and cost tracking/feedback)

® Individual cost accounting for each task




e Information dissemination (automated mailings to cognizant per-
sonnel/activities)
o Identification of interdependences, elimination of duplication,
.o and resolution of conflicts
- @ Periodic computer-generated reports, tables, and graphical por-
trayal of trends, savings versus expenditures, etc.

® Technical information storage and retrieval via master data bank

Since the management information system and associated data banks must
be fully operational and current well before any program implementation,

it is necessary to initiate establishment of them as soon as possible.

Immediate commencement of this computerized system will provide the tran-

sitional support necessary for a smooth start of the overall project.
This type of preliminary coordination is necessary for a logical and

orderly reallocation of resources for an efficient transition to the prin-

el the . o bl ot h b i e L

cipal program efforts.

It is anticipated that FY79 will be the first year in which signifi-
cant funding will be available to implement the major elements of the
SUMER program. Therefore, it is expected that several overlapping phases
will be involved in the complete development and implementation of the

master plan. Elements to be included in the various phases must be se-

lected from specific recommendations submitted herein. A determination
of the elements to be incorporated, including sub-components, must be made

and priorities established, The guidelines and policy to be observed must

be established by the program manager with the assistance of the staff

and other Navy activities involved. It is envisaged that total development




and implementation of the master plan will consist of the three phases
discussed below. Phases I and II should occur prior to commencement
of FY79, at which time it is anticipated that the first major support

funding block will be identified.

Phase 1

Policy/Organizational Phase. This phase considers those elements

immediately applicable to program initiation and include:

® Development of overall policy, objectives and guidelines

e Establishment of a computer-assisted management information system

e Evaluation of recommendations

e Verification/establishment of priorities

e Establishment of coordinating authorities

e Determination and selection of desired end products

e Establishment of a program for technology transfer

e Examination of ship design elements for greater facility in
waterborne tasks

e Establishment of a program to identify from maintenance and repair
activities and the Fleet those tasks not already being done due

to deficiencies in capabilities.
Phase IT

Task Developmeﬁt Phase. This phase involves follow-up procedures

including:

e Development of inspection/reporting procedures and formats to

fulfill Phase I requirements




® Personnel assignment and policies
- Feasibility studies, e.g., divers vs. surveyors
- Investigation ¢ the transitioning of all Navy cleaning
tasks to Navy Divers
- Development of training programs
e Refinement of recommended research programs
-~ Determination of task assignments (Lab, Contractor, etc.)
~ Determination of levels of efforts
® Milestone considerations
® Determination of diagnostic techniques
e Selection of fleet support pilot units

e Development of Test and Evaluation procedures

Phase 111

Task Activation Phase. This phase initiates program activation

(assumed to be commencement of FY79) and includes:

e Activation of immediately feasible task efforts: commence RDT&E

efforts, etc.

e Acquisition of required Navy approved equipments

® Procurement of commercial items/systems for evaluation/operation

e Continue to maintain computer-assisted management information
system and data banks

o Development of test, inspection, monitoring procedures

e Establishment of program validation methodology

T i o
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MANAGEMENT RECOMMENDATIONS

Ship Underwater Coatings (Appendix A)

Continue to use the Navy's current cuprous oxide (Formula 150/Formula 121/63)
hull coating system until a system is developed which offers a major im-
provement (e.g., doubles the service life) over the present system.

The additional cost associated with the application and removal of tin~
based antifouling paints should be carefully weighed against the benefits
derived from employing this type of coating on Navy ships.

Establish liaison between the RDT&E community which is striving to de-
velop new and better marine coating systems and the Shop 71 painters who
are tasked with applying these systems at the Naval shipyards. Liaison
can be accomplished via the existing NAVSEA Steering Group.

As a minimum, monitor the results of the marine coating panel tests
being conducted by the Coast Guard/Battelle Laboratories at Daytona
Beach, Florida. Consider joint funding sponsorship of this valuable
on-going work.

Closely monitor the Navy's Manufacturing Technology Projects. Make
recommendations concerning projects which should be under:aken to improve
paint application and/or removal methods and to facilitate drydock
cleanup.

The Navy should maintain liaison with the Environmental Protection
Agency (EPA) Office of Pesticides to acquire extensive data on marine
pesticides.

Continue to keep informed of EPA hydrocarbon control studies for poten-
tial regulations pertaining to spray painting operations.

Continue to keep abreast of the work being done at Battelle Columbus
Laboratories regarding solvent-free coatings and their application
methods. This is a most valuable alternative for solution of the hydro-
carbon emission problem during hull painting operatioms.

Establish contact with the JOTUN Marine Coating Company and the commercial
shipping lines using the Seamaster System to monitor the results of the
service tests now in progress,

Continue study and implementation of measures for drydock clean-up.
Maintain liaison with the Department of Commerce to obtain information
on the study being conducted at Avondale Shipyards.

Determine the actions necessary for compliance with the Toxic Substances
Control Act, which was enacted on 12 October 1976, and Federal Standard
313A, which was promulgated on 4 June 1976,

Study the results of the drydock water effluent monitoring work which
has been in progress for several years. Prepare to make constructive
meaningful comment upon drydock effluent standards proposed by EPA.




MANAGEMENT RECOMMENDATIONS

Non-Coating Protective Systems (Appendix B)

Impressed current cathodic protection systems should continue to be

installed on surface ships. It is recommended that these protection
systems be installed during the initial construction of ships rather
than as a retrofit in the form of SHIPALT.

SHIPALT's for installation of impressed current systems in amphibious
ships should be changed from '"D" to "K", which would permit central
funding. This would allow a higher priority to the SHIPALT accomplish-
ment at each ship's next scheduled regular shipyard overhaul (ROH).

An awareness should be maintained of the progress of emerging tech-
nologies which represent advancements in the state-~of-the-art of
fouling protection, such as the electrolyzed seawater systems.

Navy programs should be continued in the area of stray current cor-
rosion evaluation with emphasis on the location of sources.




MANAGEMENT RECOMMENDATIONS

Fouling Diagnostics and Inspection Methods (Appendix C)

Underwater Inspection Recommendations,

It is recommended that an integrated underwater hull inspection program
be developed, details thereof contained in section entitled "Program
Recommendations," which incorporates the following:

Emphasis on evaluation, and further development where necessary,
of available commercial underwater inspection related equip-
ments before pursuing independent research and development of new
systems.

An equipment evaluation approach should be developed based on
the following:

- An organized evaluation team consisting of Navy laboratory,
shipyard Non-Destructive Testing (NDT), Navy Photo Center,
and shipyard/tender diving and engineering personnel,

= Selection of the most promising equipment and evaluation
in terms of training requirements, operability, reliability,
maintainability, support, and human engineering factors.

- Collection and processing of required data to obtain service
approval for equipment procurement.

- Issuing approved equipment to fleet units and providing
appropriate training.

Expedite the development, test, and evaluation of tools, equip-
ment, techniques, and procedures,

Funding of inspection-related tools and equipment should be
controlled at NAVSEA and that initial allowances and new ap-
proved equipment should be centrally funded instead of funding
by user activities,

Fouling Diagnostic Recommendations

Until a formal fouling diagnostic program provides a better
alternative, ships should comply with procedures recommended
by current Navy programs, Navy ships in tropical waters should
be cleaned at 4~6 month intervals; ships in temperate waters
should be cleaned at 9-12 month intervals. Underwater inspec-
tions should occur every 3 months.

Establish a fouling diagnostics data bank. All data on fouling
trials and feedback from underwater diagnostic inspections should
be included in this data bank,




MANAGEMENT RECOMMENDATIONS

Fouling Diagnostics and Inspection Methods (Appendix C) cont'd.

Torsionmeters should not be procured and installed on ships
solely for use as fouling diagnostic tools unless programs
show conclusively that no other less costly method will be
available in the near future.

Ships equipped with torsionmeters should be required to traverse
existing measured ranges (e.g., Guantanamo Bay, -Cuba; Roosevelt
Roads, P.R.; Barbers Point, Oahu, etc,) when in the vicinity

of such ranges. Shaft Horsepower (SHP) and other appropriate
data should be recorded for later evaluation and analysis,

Ship performance out of drydock should be cataloged to form a
baseline for diagnostics., Performance parameters should be
tailored to individual ships, For example, High Pressure
turbine pressure, torsionmeters, speed logs, etc.,, may be most
appropriate for some ships, while others may employ fixed ranges
and precision navigation (OMEGA, SATNAV) in place of speed

logs.

=] Je
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MANAGEMENT RECOMMENDATIONS

Waterborne Cleaning (Appendix D)

Establish a policy, and the necessary appropriation support, to clean
ship hulls when a certain speed/power threshold has been exceeded.

e An investigation should be made for transition to sole use of Navy divers
for appropriate cleaning efforts,




-

MANAGEMENT RECOMMENDATIONS

Waterborne Repair Measures (Appendix E)

Review compensation policies and personnel procurement, training and
employment practices to establish the basis for developing a cadre of
qualified craftsmen and technicians in selected naval shipyards and
tenders to carry on a sustained program of waterborne underwater hull
maintenance, repair, and inspection for Navy ships., Develop a plan
for initiating these revised employment practices in the Navy.

Establish a program to get feedback from maintenance and repair activities
to identify those waterborne repair tasks which are possible but are
not now being done.

Examine ship designs for possible incorporation of features which will
aid in waterborne repair and maintenance.




PROGRAM RECOMMENDATIONS

Ship Underwater Coatings (Appendix A)

Consider the adoption of the "Pit Stop" Method of drydocking as a means
of averting increased fuel consumption due to hull fouling. The method
provides for an interim docking of a ship if necessary.

Determine the feasibility and cost effectiveness of constructing additional
drydocks to alleviate the perpetual backlog of ship overhauls., Study the
possibility of deepening existing drydocks which have been obsoleted due

to a lack of deep draft docking capability,

Continue exploratory development of organometallic polymer coatings.

Investigate the desirability of developing a method for detoxification of
organotin debris which will allow for its safe and economic disposal.

Ascertain whether the disposal requirements applicable to wastes containing
organotin paints should be applied to wastes generated during the applica-
tion and removal of tributyltin oxide-based coatings.

Complete the work already in progress of re-formulating the cuprous oxide
based antifouling paints, Navy Formulas 121/63 and 129/63, so as to obtain
compliance with hydrocarbon emission limitationms.

Establish standards for the maximum acceptable degrees of marine fouling
on various ship types based on a comparison of the costs associated with
waterborne brushing/coating replacement versus the cost of increased fuel
consumption at different levels of hull fouling.

Update and re-publish the chapter of the NAVSHIPS Technical Manual covering
preservation of ships in service.

Resume performance appraisal or evaluation of underwater coatings on
active Fleet ships in the "as docked" condition.

Continue to monitor the performance of B,F, Goodrich "NO-FOUL" on Navy
ships., Ascertain the effectiveness and repairability of the product on
hull appendages (e.g., rudders, struts, roll stabilization fins, etc.)
which are subjected to high velocity water flow, and also in sea chests.




PROGRAM RECOMMENDATIONS

Non-Coating Protective Systems (Appendix B)

Allocate funding and initiate a program to study the problem of under-
water electric potential fields associated with impressed current cathodic
protection systems on submarines. A parallel effort should be undertaken
to develop a controller and power supply for Surface Effect Ship (SES) use.
The controller should have provisions for current suppression and should
be fail-safe. The power supply should be of the saturable reactor type
with maximum current limiting circuitry and current bypass circuitry to
allow reduction of output to zero amperes.

A program is also needed to develop and evaluate a SUBSAFE submarine hull
penetration fitting for anode attachment in the pressurized hull area, and
a non-pressure hull type alternate fitting.

Initiate research programs and allocate funding to support the Surface
Effect Ships (SES) application of impressed current cathodic protection
systems in the following areas:

- Remote Anode Studies

- Effect of Protection Potentials on Titanium and 17-4PH Stainless

= Hull Anode Design

- Controller and Power Supply Design

- Velocity Effects on Dielectric Shield Materials at High Velocity

(50 to 100 Knots)
- Pilot System Installation Evaluation

Continue to evaluate foreign technology in the areas of anticorrosion and
antifouling systems. Antifouling systems which merit further immediate
attention include the operational Japanese electrolyzed seawater system,
the British TOXION TWO system, the Belgian CEPI/COMAV device, and the
American AQUATRON system.

Develop prototype full ship hull chlorine antifouling systems and conduct
sea trials of the prototype system,

Immediately fund additional development efforts to support current and
future needs of galvanic anode technology, such as the development of
specifications for aluminum anode composition and the development of
environmentally acceptable anode materials,

Initiate and fund development programs to adapt existing shelf hardware
to provide full hull fouling prevention to submarines and surface ships.
Two such candidate systems are the electrolytic hypochlorinator and the
electrolyzed seawater systems,

Fund evaluation of feedback type control system hardware for seawater
system chlorination.

Modify the Impressed Current Cathodic Protection system training material

and training courses to cover a broader group of ships personnel and arrange

to provide training on both the east and west coasts of the United States.

- T




PROGRAM RECOMMENDATIONS

Fouling Diagnostics and Inspection Methods (Appendix C)

Direct R&D effort to develop high accuracy speed logs. The initial
effort should be directed to modification of existing types to improve
accuracy or repeatability,

Investigate the correlation of propulsion plant parameters such as con-
densate flow, steam quality, etc., with shaft horsepower and ship speed.
The effort may either improve or complement the level of information
derived from the correlation of the high pressure turbine shell pressure
with shaft horsepower.

Underwater Inspection Recommendations

Specific recommendations related to the development of an underwater hull
integrity or seaworthiness inspection program are categorized as follows:

e Diver Life-Support Equipment

- Provide approved life-support equipment to each hull hus-
bandry diving activity to ensure that each activity has a
complete inventory of approved equipment for shallow water
diving.

- Develop a new diver face mask which does not restrict visi-
bility for hull husbandry divers.

- Approve the UNI-SUIT or comparable type suit for use in a
variable volume configuration and procure same for hull
husbandry use,

- Procure currently approved diver air compressors for each hull
husbandry diving activity,

- Approve a surface-supplied divers' umbilical for hull hus-
bandry use and provide same to each hull husbandry diving
unit.

e Video Equipment

- Evaluate commercially available underwater T.V. systems, in-
cluding color, to determine if they have greater capability
than UDATS for underwater hull inspections. This evaluation
should include the feasibility of utilizing components of the
system such as lights and cameras with existing UDATS monitor-
ing and controlling equipment and standardization of component
cable interfaces of TV systems so that improved components
can be added as they are developed.
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PROGRAM RECOMMENDATIONS

Fouling Diagnostics and Inspection Methods (Appendix C) cont'd.

® Measurement Instruments

Develop measuring instruments for the following functions:

Tank liquid level, including oil/water interface

Fouling level, quantification of

- Surface profile/roughness for both hull and propeller
- Leak detection

- Corrosion rate (local and general)

- Coating effectiveness

- Crack detection (may be by NDT device)

- Hull plate thickness (may be by NDT device)

- Radiation detection

e Non-Destructive Test (NDT) Equipment

‘ Evaluate commercially available wet magnetic particle, ultrasonmic,
i eddy current, and gamma radiography test equipment for Navy use.

° Boats

Designate a boat such as the LCM-3 configured in NAVSEA Drawing
No. 145-4777404 as the standard diver work boat for afloat ac-
tivities. Procure and completely outfit same for each afloat
hull husbandry diving activity. For more efficient operation,
ashore activities may require a larger boat.

e Swimmer Locator/Navigation System

Immediately initiate a high priority underwater hull coordinate
location R&D effort to include the development of:

|

!

t

- A swimmer area navigation system ’
1

- A lightweight net grid and/or a two-line triangulation
location device 1




PROGRAM RECOMMENDATIONS

Fouling Diagnostics and Inspection Methods (Appendix C) cont'd.

e Software

- Immediately develop a training program for Navy divers on hull
fouling inspection/diagnostic procedures. Coverage to include
foulant identification and their growth characteristics and
effects on the ship's power as a function of location, size,

o and density as well as the relative importance of fouling
properties.

- Immediately institute a training program on qualifying hull
inspectors/surveyors at shipyards and other maintenance
activities as shallow water divers.

- Provide standards for evaluating underwater inspection results
to the underwater inspector, For hull integrity inspectionms,
these standards should be as close as possible to existing
drydock inspection standards., For fouling diagnostics, divers
should be provided with color photographs of hulls in various
conditions of fouling with an approved verbal description of
the fouling level.

- Standardize underwater hull inspection procedures and reports.

! - Reissue the Underwater Work Techniques Manual to all hull
husbandry diving activities, Update the marnual to include
\ inspection standards,

- Update the Sonar Dome Handbooks, Volumes I through IV (as has
been done with Volume V) to include underwater hull inspection
requirements and procedures, with particular applicability to
AN/SQS~26 sonar domes,

e Fixed, Remote, and Mobile Inspections Systems

- Designate one port on each coast with clear water and little
current as a hull integrity inspection facility.

- Undertake feasibility studies to determine the cost-effectiveness
of fixed and mobile inspection facilities.

- Develop a mobile inspection vehicle for ship inspections and
evaluate same for use as an inspection vehicle. Include
underwvater lighting, TV, and a manipulator arm fitted, for
example, with devices for sea chest inspection and cleaning
in the design.

- Evaluate inspection systems such as SCAN for Navy use.




PROGRAM RECOMMENDATIONS

Waterborne Cleaning (Appendix D)

Accomplish cleaning by established commercial firms in the principal
operating areas under a master contract or contracts. The reason for
this is ethical constraints on licensors of commercial cleaning systems
against establishing competing facilities to their licensees in the
same geographical area.

Initiate R&D or follow commercial development work to reduce the
minimum radius of curvature accommodated by multiple brush systems.
This is to reduce the percentage of a combatant ship hull which must
be cleaned with diver-held rotary brushes.

Establish a research program to determine whether high pressure water
jet systems or cavitation erosion systems similar to CAVIJET offer
superior cleaning capabilities to brush sy. ‘ems in

- Protection of antifouling coating

= Recurrence of fouling

- Flexibility in tight areas
Should water jet systems show potential superiority to brush systems,
an RDT&E program should be initiated to develop prototype units of
ganged water jets which will match the productivity of brush systems.
Continue the study of the biology of fouling organisms, not only to

provide the basis for improved antifouling toxins, but also for im-
provement in waterborne cleaning methods.

As new antifouling formulas are developed, parallel research programs
should be established to develop new brush or waterjet techniques most
compatible with the new coatings,
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PROGRAM RECOMMENDATIONS

Waterborne Repair Measures (Appendix E)

Develop ship design standards to facilitate waterborne maintenance and
repair operations. Hex or Allen head screws should be used exclusively,
vice slot headed screws. Welding should be eliminated as a means of
attaching removable items, except where vibration could affect the
fasteners. Tackwelding should be considered for this, Sea chest gratings
should be hinged to provide access. Zincs should be bolted on. A
hydraulic "Pilgrim Nut" should be used to fasten the propeller to

the shaft.

Develop guides to underwater Non-Destructive Testing (NDT) and inspection.
Concurrently with this task, begin an evaluation program to determine
which inspection equipment is most effective for Navy use. Such evalua-
tion would aid in obtaining approval for equipment procurement.

Study overall tool and support equipment requirements and equip key
naval shipyards and tenders with a complete stock of NCSL-developed
hydraulic tools and power supplies, hydraulic propeller puller, under-
water cleaning and welding equipment, shallow water diving equipment,
inspection and other support equipment necessary to effect the full
range of feasible underwater repairs,

Review the requirements for and feasibility of designing and building
a family of standard partial docks (such as side-fitting cofferdams to
match currently planned bow docks), and both one-atmosphere and ambient
pressure habitats and cofferdams for the performance of underwater work

in the dry. Determine the feasibility of flexible seals for different
hull curvatures.

Investigate the feasibility of improving visibility for inspection and
repair tasks by the development of localized pockets of clear water,
or the provision of complete wet docks containing filtered ambient
water.

Continue the development of coatings and adhesives and wet application
techniques to improve their quality and ease of application.

Contract with an appropriate laboratory and/or diving company to complete
any necessary additional development work to demonstrate shipyard quality
welds in a dry ambient pressure habitat,

An R&D Program should be initiated to upgrade hull welding by the local-
ized cofferdam procedure and to establish process specifications for the {8
procedure. Objective would be the achievement of shipyard quality welds '
in high-strength steels or a quality level comparable with this level.

For wet-welding procedures and specifications, special attention should be
directed to hydrogen effects. In view of the Navy's prior experience with
the technique, this R&D Program should be pursued within the Navy.
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PROGRAM RECOMMENDATIONS

Waterborne Repair Measures (Appendix E) cont'd.

Investigate equipments and techniques necessary to implement water-

borne "patch-painting" (touch-up painting in cofferdams and in the
wet).
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SYNOPSTS

Dramatic increases in fuel costs coupled wit. “he declining avail-
ability of drydocks has spurred new interest in the field of ship under-
water body protection and cleaning. Existing protection methods such as
anticorrosion and antifouling underwater hull coatings have generally
proven inadequate. New coatings or techniques are required to provide
greater protection against corrosion penetration, abrasion, and loss of
effectiveness to repel marine life.

Biological fouling and deterioration of materials used in marine
service necessitate a high annual maintenance expenditure by the Navy,
an expenditure of more than 215 million dollars in 1974, This is the
direct cost attributable to biological deterioration of wood docks and
piers as well as fouling growth on ship hulls,

There is currently a saevere shortage of available drydocks in the
U. S. for hull cleaning and repair. Only twenty-seven graving docks are
available to support the Navy's 484 active ship fleet, In 1976, sixty-
nine ships were unable to be accommodated by drydock as originally sched-
uled. Thus, fourteen percent of the active fleet is currently in need
of attention. To alleviate the drydock backlog, new techniques must be
developed in ship underwater body protection and cleaning, repair and
maintenance. Alternatively, additional drydocks should be built, or new
utilization methods employed ("Pit-Stop'" method, q.v,), or a combination
of both,

This study describes new technology areas of interest and makes

recommendations for courses of action to alleviate problem areas.
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The five key topics discussed in this report are listed below with

a brief description of each.

Appendix A - Ship Underwater Coatings.

This section pertains to the specially formulated surface coverings

applied to the ship underwater hull body, apertures, and appendages.

These coverings serve to protect the hull and hull structure from oxi-

the

The discussion includes:

dation and the attachment of marine life.

current Navy system, the SEAMASTER system, the self-polishing copolymer

system, Goodrich "NO-FOUL," and Navy Formula 1020A.

Appendix B ~ Non-Coating Protection Systems.

This section covers all corrosion and fouling prevention systems not

covered by Appendix A. Specific systems studied include: sacrificial

anodes, impressed current cathodic protection systems, fouling control

via chlorine distribution in seawater piping systems, the British TOXION

the Japanese electrolyzed seawater hull

TWO seawater antifouling system,

fouling prevention system, and the American AQUATRON scale and algae

elimination system.

Appendix C - Fouling Diagnostics and Inspection Methods.

This section details what is involved in the determination of the

optimum time and conditions for the cleaning or repairing of ship's

hulls. One anticipated outcome of this study is the development of

standard procedures for high~confidence of seaworthiness of the under-~
water hull. The topics covered include: torsionmeters, electrical
measurements of hull coating, temperature/flow differential monitoring,

propulsion parameter correlation, measured distance at constant RPM,

noise measurement, time indexing, and underwater body hull inspections.




Appendix D - Waterborne Cleaning.

This section discusses present and future devices, operations, and con-
straints pertaining to the waterborne removal of marine fouling from the

ship's hull and appendages. Extensive coverage is given to mechanical

brushing and water jet cleaning.

Appendix E - Waterborne Repair Measures.

This section covers techniques, ecuipment, and procedures for routine

and emergency repair and maintenance of the ship's hull and appendages
while waterborne. The discussion includes the following areas: facility
considerations, hull maintenance, appendage maintenance, welding and

cutting, and inspection considerations.

|
:
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SUMMARY

SHIP UNDERWATER COATINGS: (APPENDIX A)

1 INTRODUCTION

This study is concerned with marine coating systems which are applied
to the submerged portions of a ship's hull. Normally, a marine coating
system is comprised of two major components - an anticorrosive coating to
protect the hull from oxidation, and an antifouling coating to prevent the
attachment of marine organisms. The need for corrosion protection is criti-
cal since an unprotected metallic hull submerged in seawater will eventually
deteriorate and fail. Marine fouling on a ship's hull, propeller, and
appendages (e.g., rudder, struts, roll stabilization fins, etc.) results in
increased shaft horsepower and fuel requirements due to added frictional

resistance as the ship moves through the water.

A major constraint in maintaining/replacing these protective coatings
is the serious shortage of naval drydock facilities. This constraint
forces ships to remain afloat beyond the effective life of their anti-

fouling coatings. The net resultant - increased fuel consumption - is

certainly critical in today's era of markedly high fuel prices and diminishing

petroleum supplies.

Thus, there exists a need for a marine coating system with an extended
service life or for an economical means of lengthening the service lives of

present day hull coating systems.
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FINDINGS

! ' SHIP UNDERWATER COATINGS SUMMARY

During FY 77 the active fleet will be comprised of 484 ships.

Regular overhauls are planned for 105 of these ships, implying a five-
year overhaul cycle in gross terms.

The Navy is unable to overhaul the Fleet at the periodicity desired

due to a shortage of drydocks among other things. It has been publicly
stated that a large "backlog'" of ship overhauls now exists.

During Fiscal Year 1977, the active fleet will spend about three-
fourths of its time not underway, a condition favorable for marine
biota to make attachment to the hull.

The established commercial/industrial base for the production of marine
coatings imposes a constraint upon the final choice of a product for
fleetwide service use. Although research and development efforts ought
not be, and are not, fettered by such considerations, logistics planning
decisions must reckon with the industrial supply base.

The cost of facility modification, production equipment, personnel
safety equipment, and waste disposal must be included when assessing
the cost impact of a new coating.

There are currently no prescribed standards which represent the maximum
acceptable degrees of fouling on various ship types or specific portions
of a ship's hull.

The proper application of a marine coating system has perhaps as much

effect upon the performance and service life of the system as does the

-39~
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SHIP UNDERWATER COATINGS SUMMARY

coating formulation itself. For this reason a considerable amount of
effort should be devoted to assuring proper application of marine coat-
ings in naval shipyards.

® There are environmental regulations which govern the manufacture, use,
application and removal, and disposal of marine antifouling paints.

® The development work upon organometallic polymers (OMP's), which has
been under way for several years, is comprehensive, orderly, and holds
real promise for producing an antifouling coating with a service life

span of at least five years. This work is nearing truition.

3 STATE-OF-THE-ART

The state-of-the-art in anticorrosive coatings is far more advanced
than present day technology in antifouling coatings. This gap is clearly
evidenced by the difference in the effective service lives of the two types
of coatings. Anticorrosive paints have proven effective for periods as
long as seven years, while the maximum effective service life of anti-
fouling paints is about three years. Thus, it is currently the antifouling
component of a ship's underwater coating that limits the coating refur-

bishment/replacement cycle.

Since the number of marine coating systems is so large and since com-
parative studies have already been conducted on many of these systems, this
report will address only the following five systems:

1) Navy Formula 150 (series)/Formula 121/63
2) SEAMASTER System (Jotun Baltimore Copper Paint Co.)

3) Self Polishing Copolymer (International Paint Co.)

=40-




SHIP UNDERWATER COATINGS SUMMARY

4) '"NO-FOUL" (Goodrich Corporation)

4 5) Navy Formula 1020A

4. GAPS IN TECHNOLOGY

e Marine Biology - There exists a need for a hull coating with a broad
base toxin which would repel all types of marine biota for extended
periods of time. A further understanding of the biology of marine
fouling organisms might well be the key to developing such a coating.

e Coating Formulation - The technology gap most apparent in current

3 marine coating formulations is the difference in the service lives of
anticorrosive and antifouling paints.
Resistance to the scouring action of high velocity seawater and
the lack of a suitable accelerated testing device are two areas which
also require attention.
e Application and Removal Processes - At this time, environmental regu-
‘ lations are constraining abrasive blast operations which are considered
to be the most effective means of preparing a surface for new paint.

A problem also arises relating to the disposal of spent abrasive
containing organotin.

Environmental regulations make limitations on spray painting opera-
tions. About 507 of the volume of paint used to coat a hull consist of
volatile solvents which escape into the atmosphere during spray operations.

There are currently no convenient means of coating the surfaces of
a ship's hull which are masked by keel and side blocks while the

vessel is in drydock.

b}




SHIP UNDERWATER COATINGS SUMMARY

5. ENVIRONMENTAL CONSIDERATIONS

Antifouling paint is a marine pesticide within the meaning of the

Federal Tnsecticide, Fungicide and Rodenticide Act (FIFRA) 1975.

NAVSEC is taking action to register Navy antifouling paint formulas

with the Environmental Protection Agency (EPA).

Residue from the industrial processes of application and removal of
marine coatings contain pollutants within the meaning of the Federal Water

Pollution Control Act.

Hydrocarbon solvents have already heavily impacted the marine coatings

, systems. The Navy's coatings engineering work force has been drawn away from

its normal task of product development into revamping specifications for
environmental reasons only. Envirommental regulation of hydrocarbon emission

\ from surface coating applications will probably bring additional constraints.
More attention is being focused upon particulate matter in the worker's

breathing zone rather than the ambient environment.

Two projects have been funded for FY 77 relating to hull cleaning. These

are a 002 abrasive blaster and an automatic hull painter.

For all of these systems, Occupational Safety and Health Act (OSHA)

requirements must be considered.

The costs of necessary personnel protective equipment and facilities

must be included when deciding upon adoption of a specific coating.
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6. PERSONNEL CONSIDERATIONS

Personnel considerations are important factors in the application
and removal of marine coating systems, They include not only manpower

requirements, but trairing and safety as well.

At present, replacement of a hull coating at a naval shipyard is
accomplished by Shop 71 personnel generally over a period of several
weeks during a ship's regular overhaul period. This type of work
schedule permits the use of a minimum number of personnel engaged in
work over a relatively long period of time., Replacement of a coating
system in this manner has several disadvantages, which include the
following:

® Abrasive blast operations generate large amounts of dust and
often inhibit the performance of other exterior hull main-
tenance while the blasting is in progress.

e Shop 71 personnel are often hampered by interference from
other shipyard tradesmen who are performing maintenance on
both the exterior and the interior of the hull.

e Delays in the application process are sometimes encountered
due to the non-availability of support services (e.g., crane
service) at the times required.

e Painters and blasters must work around such obstacles as soil

chutes and steam condensate drains,

The concept of "Pit-Stop" drydocking should be examined as a possible

-y




SHIP UNDERWATER COATINGS SUMMARY

means of averting these disadvantages,

If the desired interval between a ship's regular overhauls is six
years, for example, but the vessel's antifouling coating is effective

for only three years, drydock the ship at the three-year point in a

dock specifically designated for coating replacement and equipped
accordingly. No other work would be performed during the "Pit-Stop"

period. ]

It should be noted that if this process becomes standard procedure
certain weapon removal operations would be required, If the ship is in
a U.S. Naval Shipyard for less than six weeks only topside pyrotechnics
need be removed. If the ship is in a commercial shipyard, all the
magazines would have to be emptied, otherwise, the shipowner would have ﬂ

to pay the shipyard personnel hazardous duty pay.

Utilization of the "Pit-Stop" method offers many advantages including:
e Uniformity of the coating system is achieved by uninterrupted
application over the entire hull,

e Considerable fuel savings by refurbishing a ship's antifouling

hull coating at interim drydockings.

7 FACILITY/EQUIPMENT REQUIREMENTS

A large backlog of ship overhauls now exists,

The cost of complying with the prescribed safety precautions

associated with organotin hull coating application and removal is

substantial.
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8. POLICY

The key requirement is for a marine antifouling coating to deter a
wide spectrum of marine growth and to remain effective for an extended

period.

The process of selection of a coating for service use is a decision
process separate from RDT&E work. Among other things, this decision
involves availability of raw materials, manufacturing capability of the
commercial production base, industrial engineering for surface preparation
and coating application, performance in service use and environmental

constraints.

There are currently no prescribed standards which represent the

maximum acceptable degree of fouling.
9. NEEDED RDT&E

The development work upon organometallic polymers (OMP's) which
has been underway for several years is comprehensive, orderly, and
holds real promise for producing an antifouling coating with a service

life span of at least five years,

As an RDT&E task, examine the possibiiity of developing submarine

coatings which provide camouflage and reduced sonar-reflectance.

As an RDT&E task, examine the possibility of developing underwater

coatings to reduce structureborne radiated noise.
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10. EFFECTIVENESS EVALUATION PLANS

As a minimum, maintain continuing liaison with and monitor the
results of panel tests being conducted by the Coast Guard/Battelle
Laboratories at Daytona Beach, Florida. Consider joint funding sponsor-

ship of this valuable on-going work,

A Program Manager in the Naval Sea Systems Command should be
designated as the executive agent to implement the recommendations of
this Master Plan. His responsibilities should include the following:

o drafting a policy directive to be promulgated by OPNAV

e 1identifying fund resources in the budget necessary to foster

these recommendations,

e ascertaining and tracking the progress ot the program.

Naval Shipboard underwater coating systems presently in use are
being specified by "cookbook" type procurement specifications, that is,
the exact ingredients and the quantity of each are spelled out. This
procedure intrinsically fixes the service life of the coating, assuming

that proper application techniques are followed.

e

11. NAVY FORMULA 150 SERIES/FORMULA 121/63

State-of-the-Art

These formulas constitute the Navy's most widely used hull coating

systems. The formula 150 (series), the anticorrosive component of the
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system, is an epoxy-polyamide coating approved for use on underwater

hulls, exterior topsides, bilges, tanks, and wet spaces. The series

consists of the seven formulas listed below:

Formula Description
150 Green Primer
151 Haze Gray No. 27
152 White
153 Black, RO 1.8
154 Dark Gray, RO 3.6
155 Dark Gray, RO 6
156 Red

Formula 121/63, the antifouling component of this coating system,
| is a red vinyl paint that is applied over the Formula 150 (series). The
coating employs cuprous oxide as its toxic agent and has a maximum effective

] service life of about 3 years.

Advantages of Formula 150 (series)/Formula 121/63

e MILSPECS currently exist for both components of this system. A

logistic chain for the manufacture, procurement, application, and

removal of this system has already been established.

e From an environmental standpoint Formula 121/63, which utilizes

cuprous oxide as its toxicant, poses no significant threat to man
or the environment in the application, use or removal process. The

product is currently registered with the EPA's Marine Pesticide

! Division.
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e The total dry film thickness of the coating system (12 mils) is
relatively small in comparison to other marine hull coatings,
thereby contributing little weight to the displacement of the

vessel.

Disadvantages of Formula 150 (series)/Formula 121/63

® Due to the chemical formulation of epoxy polyamides, each of the
coatings in the Formula 150 series is supplied as two components
which must be mixed, stirred, and allowed to stand for a prescribed
period cf time prior to their application. The potlife of the
mixed components is 6 hours at 73°F,

® The service life of the antifouling coating is limited to three
years under favorable conditions. Fouling has been known to occur
in as short a period as 6 months, however, on ships operating in
tropical waters.

e The cuprous oxide in Formula 129/63, the black antifouling topcoat,
tends to turn green when used on the top side of submarines. This
color change undermines the vessel's camouflage. The service life

of this coating is considerably shorter than that of Formula 121/63.

Technology Gaps

The Formula 150 series has exhibited superlative anticorrosive protec-
tion for periods of up to 7 years. Formula 121/63 has proven effective

for periods ranging from 18-36 months. The major technology gap apparent

in this system is the limited service life of the vinyl antifouling coating.

ST




SHIP UNDERWATER COATINGS SUMMARY

A technology gap apparent not only in this system, but in other systems
as well, is the inability of the coating to stand up under conditions

of high velocity water flow.
Needed RDT&E

The need for long life antifouling hull coatings that are compatible
é with our environment is recognized world wide. The U.S. Government, as well
| as many foreign governments and private industry, is presently conducting

research to develop such coatings,

Environmental Considerations

The antifouling component of the Navy's hull coating system employs
\ cuprous oxide as its toxic agent. Cuprous oxide is relatively harmless

to man and the environment in its application, use or removal.

32 SEAMASTER SYSTEM

State-of-the-Art

The SEAMASTER System was developed by the Norwegian paint manu-
facturer JOTUN in consultation with the Ship Research Institute of Norway.
The system, which is categorized generically as a cholorinated rubber, is

comprised of the following coats:

e one 0.6~0.8 mil coat of Securit Zinc-Rich Shop Primer
e four 4 mil coats of Vinylguard
e four 3 mil coats of SEAMASTER Antifouling on side bottom

e two 3 mil coats of SEAMASTER on flat bottom area

==
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The effective service life of the SEAMASTER System in commercial appli-

cations is advertised to be 4 to 5 years, requiring three or four water-

TS APy TN STV e, e . e map s e g

borne reactivations of the antifouling coating during that time period.

Advantages of SEAMASTER

® The system's four/five year service life offers extended
intervals between drydockings.

® The system utilizes a form of copper as its toxic agent, as does
the U.S. Navy's present hull coating system. Copper is mined
domestically and is available at a relatively low price.

e The JOTUN Marine Coatings Company has 22 distributors in the

U.S., located on all coasts,

Disadvantages of SEAMASTER

e Precisely controlled paint application is required for the SEA-

MASTER System to be effective. The manufacturer recommends that
"plenty" of time be allowed for drying betweeg coats,

e Because the product is proprietary and only available from a single
manufacturer, the use of competitive bidding in the procurement
process would be precluded.

e The SEAMASTER System is applied to a substantially greater
thickness than the Navy's present coating system, resulting in
increased displacement of the vessel,

e The cost per gallon of the product is significantly higher than

the cost per gallon of the Navy's present hull coating system,
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e Besides being expensive and inconvenient, the coating reactiva-
tion process tends to increase the roughness of the coating system,
and in some instances, when not properly carried out, may even

result in damage to the anticorrosive coating.

Technology Gaps

A major factor affecting the service life of the SEAMASTER System
is the quality of underwater brushing achieved during each reactivation
period. Underwater brushing equipment and techniques have certain
limitations which restrict it from performing an effective brushing/

reactivation of the entire underwater hull,
Needed RDT&E

RDT&E efforts are fequired to develop an automated underwater
brushing apparatus capable of cleaning the entire submerged portion of

the hull without damaging the coating system,

Environmental Considerations

The SEAMASTER System employs cuprous oxide as its toxic agent.
Since no regulations currently exist prohibiting the waterborne brushing
of ship's hulls in navigable waters, the use of the SEAMASTER System

poses no problems at the present time,

o
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180 SELF-POLISHING COPOLYMER

State-of-the~Art

The Marine Coatings Division of the International Paint Company has
recently introduced a three coat Self-Polishing Copolymer (SPC) Anti-
fouling Paint System. The System provides antifouling protection only,
and consequently, must be applied over an anticorrosive coating.
According to the manufacturer, the System is designed not only to give
extended freedom from fouling for two years or more, but also to contri-
bute significantly to the reduction of hull surface rocughness by its

built-in self-polishing action,

A typical SPC application would consist of the following coats:

lst coat Red 3 mils
2nd coat Gray 4 mils
3rd coat White 4 mils

Unfortunately, SPC is not yet licensed for sale in the United States.

Advantages of the SPC Antifouling System

e The SPC System not only prevents fouling but also reduces hull
surface roughness.

e The System requires no type of cleaning or reactivation during
its service life.

e The SPC antifouling couating could be used in conjunction with
the Navy's formula 150 (series) anticorrosive coating which has

already proven to be extremely effective,
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e Since the SPC coating maintains itself in a highly polished state

during its entire service life, no abrasive blasting is required

prior to renewal of coating,

Disadvantages of the Self-Polishing Copolymer

e Though advertised to be two years or more, the service life of

SPC has not been independently verified, at least to date, for a
Navy application which requires the ship to spend a majority of
time in port. Extended in-port periods might result in depletion
of the antifouling toxicant at the surface of the paint since
there is no water flow to wear away the depleted paint surface
and expose new layers of toxin,

SPC utilizes tributyltin oxide as its biocide, which has a
relatively high level of human toxicity. Tin, the raw material
from which the biocide is produced, must be obtained from foreign
sources.

Procurement of the product for fleetwide use would require an
exemption from Armed Services Procurement regulations (ASPR) since
the product is manufactured by only one proprietary company.

The produce is not yet available for sale in the United States.
Though the product may be applied to the hull appendages, it was

not specifically designed for this type of use and, consequently,

will not perform as well in these applications.
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Technology Gaps

The SPC formulation will not adhere properly to all types of anti-
corrosive undercoats. This has proven to be the case with the Navy's

Formula 150 (series) anticorrosive coating.

Needed RDT&E

The service life of SPC is said to be directly proportional to the
applied film thickness. Obviously, there are physical and practical
limitations of the thickness to which the coating system can be applied.
RDT&E efforts are needed to alter the SPC formulation so as to reduce the
rate of wear on the coating, while at the same time, maintaining the

system's superb antifouling properties.

Environmental Considerations

The SPC coating employs tributyltin oxide (TBTO) as its toxic agent.
Though highly effective as a marine biocide, TBTO offers the disadvantage
of being toxic to humans as well. The use of this product, therefore,
brings with it certain precautionary requirements during the applications
and removal of the paint systems and disposal of the wastes from these

processes.

14. GOODRICH "'NO-FOUL"

State-of-the-Art

""NO-FOUL" is a proprietary product manufactured by the B. F. Goodrich

-
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Company. It is an elastomeric sheet (80 mils thick) which is attached
by a proprietary adhesive system to the underwater portion of steel,
aluminum or wooden hulled vessels, On a test conducted by Battelle
Columbus Laboratories and the U.S. Coast Guard, the "NO-FOUL" system
received a rating of "outstanding" with a projected service life of up

to 10 years.

Advantages of Goodrich ''NO-FOUL"

e The product offers a possibility of up to ten years' resistance

to corrosion and fouling,

Disadvantages of Goodrich ''NO-FOUL"

e The initial cost of the material is relatively high.

e The Goodrich Company, which is the only source of the product,
manufactures it on a proprietary basis,

e The application of '""NO-FOUL" is a laborious process since the
product is sold in rolls and must be measured, cut, and then
attached to the hull by an adhesive.

e Relative humidity and temperature are critical factors in the
application process. The temperature range for applying ''NO-FOUL"
is 50-90°F, with the relative humidity to be controlled within
5 units of the temperature.

® Problems have been experienced by the Navy in attaining good
adhesion of the elastomeric sheet to sonar dome surfaces and in

repairing damaged portions of the covering.

=55~
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® Because of its low shear resistance, "NO-FOUL" is susceptible
to damage by camels, balks, etc., if applied in the vicinity of
the water line.

e YNO-FOUL" is difficult to remove from the substrate to which it

was applied.

15 NAVY FORMULA 1020A

State~of-the-Art

\ Navy Formula 1020A, commonly referred to as "organotin paint", is
\ a black antifouling coating which was developed by the Navy in the early
1970's. 1Its intended use is for boottopping on surface ships and for

exterior topside surfaces on submarines where camouflage is desired.

The Commander, Naval Sea Systems Command, restricted the use of
l organotin paints on all Navy submarines in November 1975. Use of the
product was limited to the following applications:
e Maintenance of those portions of submarine hulls already painted
with Formula 1020A,
o Submarines in overhaul for which organotin paint had already
been ordered.

Thus, Formula 1020A is in very limited use in the Fleet today.

Advantages of Formula 1020A

e The paint appears to offer a substantially longer service life

than the Navy's current black antifouling coating (Formula 129/63).
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e Formula 1020A is compatible with the Navy's current Formula 150
(series) anticorrosive undercoating.

P ® The product can be used on aluminum as well as steel-hulled vessels.

Disadvantages of Formula 1020A

E e Since the coating contains an organotin biocide, the rigorous and

costly safety precautions prescribed in NAVSHIPS NOTICE 9190 of

28 May 74 must be observed during the application and removal
processes.
e Disposal of the toxic waste materials generated from the appli-
! cation and removal processes is extremely costly.
‘ e Tin, the metal from which the antifouling toxicant is produced,
must be imported from foreign sources.
! e Softening of the coating during its service life hampers

serviceability (i.e., patch painting of damaged areas).

Technology Gaps

Technology gaps in this system and other coating systems containing
organotin toxic lie in the area of worker and environmental protection

during the application, removal, and waste disposal processes.

Needed RDT&E

R&D efforts are currently underway at DTNSRDC, Annapolis, to develop
a means of detoxifying both the liquid and solid wastes generated during

the application and removal of organotin coatings.

-
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Environmental Considerations

Unlike the Navy's current copper-based antifouling paints, Formula

1020A utilizes tributyltin oxide (TBTO) and tributyltin fluoride (TBTF)

as its antifouling agents, Both of these substances are highly toxic to

marine growth and relatively hazardous to humans.
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SUMMARY

NON-COATING PROTECTIVE SYSTEMS: (APPENDIX B)

1. INTRODUCTION

Ship hull fouling and related corrosion and hull surface roughening
increases fuel consumption and ship's power requirements. This in turn
imposes high hull maintenance costs. Fouling and corrosion of sea water
cooling systems causes additional fuel consumption, Due to environmental
and safety regulations and the Navy's operational needs, it has become
increasingly difficult to select cost effective systems and equipment to

control fouling and corrosion.

Biological fouling and deterioration of materials used in marine
service account for a high annual maintenance expenditure by the Navy.
More than 215 million dollars in 1974 was lost due to the fouling-related
deterioration of wood docks and piers and fouling growth on ships' hulls

alone,

The Navy annually prepares 10 million square feet of ships' hull
surface for antifoulant paints, The cost of labor and materials exclusive
of drydocking costs is $15 million., The largest number of active ships
in the U.S. Fleet consists of submarines and destroyers. These ships,
because of service conditions, require the most frequent antifouling
maintenance. This study on non-coating protective systems reviews the
state-of-the~art of systems and concepts which will provide alternate
methods of preventing fouling/corrosion of seawater systems and ship hull

surfaces.
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This study involves:

e Establishing the state-of-the-art concepts which can be immediately
applied.

e Consideration of the environmental impact of different systems.

e Identifying necessary future RDT&E.

e Recommending effectiveness evaluation ard progress tracking plans.

Existing underwater body surface protectic ‘3tems such as anti-
corrosion and antifouling hull coatings are subject to in-service degra-
dation and provide limited protection. It is necessary to have supple-

mentary protective systems as a backup to the coating systems.

The problem is to find anticorrosion/antifouling protection systems
which will allow, in a cost-effective manner, at least 5 year drydocking
intervals, and provide effective corrosion and fouling protection through-

out the life of the ship.

The purpose of this study is to evaluate systems which provide cost-
effective anticorrosion and antifouling protection, within constraints,

to Navy ship underwater hull surfaces.

Corrosion

Corrosion of metals is an electrochemical process similar to the

operation of a wet cell battery, 1In the corrosion process an oxidation

reaction occurs at the anodic hull from which metal atoms are ionized
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and go into solution leaving behind an electron surplus, At the same
time a reduction reaction occurs which transfers ions to the cathodic

propellers or hull appendages.

Protective measures are taken to prevent ship hull corrosion. The
obvious solution is to insulate the hull with some sort of coaﬁing so that
no current can flow. These hull coatings are most frequently paints.
Coatings become scratched, broken or scraped, or become absorbent during
normal operations. This causes a loss of effectiveness over a period of
time. Consequently, a back-up system is required to supplement the pro-

tection provided by hull coatings,

Since 1966, most new U.S. Navy ships have been designed and many
others have been backfitted with Impressed Current Cathodic Protection (ICCP)
systems for electrochemical corrosion protection., SHIPALTS exist to
install ICCP systems on practically all remaining Navy ships. This system,
which replaces the galvanic anode system, has advantages of low weight,
low hull flow obstruction profile, protective current capacity for all
ship operating conditions, coating losses, stray current (galvanic anode
systems protect only at ship standstill), operation for over ten years'

period without drydocking (comparable three year galvanic anode).

Fouling

Surfaces continually exposed to seawater soon become covered with

animal and plant organisms called fouling, Fouling is a concern because

it increases hydrodynamic drag, clogs piping, increases weight, and may
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increase corrosion of metals, Nearly 2000 species of animals and

plants have been reported to make up fouling on man-made structures.

The organisms found on a submerged surface depend upon many factors;
the speed of water relative to the body, the season of the year, the
geographic location, the depth, the texture of the surface and the
effects of light and gravity. It is best to run tests of antifouling
measures in tropical regions where seasonal variations are at a minimum

aud reproduction and growth is likely to take place all year long.

Fouling organisms often cause corrosion of metals to which they are
attached by bringing about depolarization of the metal's surface as a
result of their metabolic processes, Organisms may injure paint meant to
protect structures from corrosion and cause pitting., The worst offenders

are barnacles, mussels, and oysters.

The amount of fouling accumulated on ships depends upon the length
of time that they spend in port, together with the location of the port,
Ships which use a freshwater port have the advantage of few fouling or-
ganisms. Those freshwater fouling organisms that do exist are mostly

plants.

The most important effect of fouling on ships is an increase in drag

due to an increase of surface roughness,

The decrease in propeller efficiency due to fouling can be quite

substantial. Tests have shown that fouling increases fuel consumption

and reduces propeller efficiency,
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Environmental Considerations

The Department of the Navy has established a philosophy of protec-

tion of the environment and conservation of natural resources.

All facilities owned by, or leased to, the Federal Government must
be designed, operated, maintained and monitored to conform to applicable
air, water, and noise standards, Federal facilities are not subject to
state pollution programs permit requirements by a U.S. Supreme Court
ruling on 7 January 1976; however, these facilities are subject to fed-

eral regulations.

With respect to anticorrosion and antifouling systems, the areas of
environmental concern are limited to liquids, solids, or gases which
would be discharged into the atmosphere or into navigable waters. Listed
substances are designated as hazardous on the basis of toxicological

properties of one component ion or group,

2 FINDINGS

There are few non-coating, antifouling and anticorrosion systems
which have reached a level of full operational readiness., The term "full
operational readiness'" must be viewed in a relative sense, since even
the impressed current cathodic protection (ICCP) system, which is on a

number of Navy ships, has operational anomalies,

The impressed current cathodic corrosion protection system, and the

galvanized anode installation for corrosion protection are considered to
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be operationally ready for Fleet use. A seawater antifouling system
known as the Engelhard electrolytic hypochlorinator has been used on
commercial ships successfully, but is considered to be in an "evaluation"
status from a Navy viewpoint, This system has not been fully evaluated
for Navy use, but operational readiness will be determined only after
shipboard tests have been completed. No other non-coating supplementary
antifouling systems are known to be used as operational systems by the

Navy.

Impressed Current Cathodic Protection (ICCP) Systems on Steel Hulled

Ships.

The impressed current cathodic protection systems have been providing

excellent corrosion protection on Navy Fleet ships.

Initially, the impressed current system is more costly to produce
and install than sacrificial anodes and may require maintenance during
its life., It is flexible, lightweight and automatically variable in
current output to react to varying conditions of speed, salinity, temp~

erature and increased bare metal exposure,

The impressed current system is considered to be the lowest cost
option for cathodic protection and is installed on approximately 1/3 of
the U.S. Navy surface ships, A SHIPALT exists for most active surface
ships and is scheduled for accomplishment during upcoming regular ship-

yard overhauls.
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Manufacturers of impressed current cathodic protection systems are
Engelhard Systems, Engelhard Industries Division, Newark, New Jersey;
Norton Corrosion Limited, Inc., Woodinville, Washington; Lockheed Marine,
Ontario, California; and Morgan Berkley and Company, Ltd., Winchester,
Hants., England. These components provide impressed current cathodic

protection systems for shipboard application to a worldwide market.

Wilson, Watson International, Inc,, has disclosed their development
of a new anode concept which overcomes some of the technological problems
and costs associated with the manufacturing of platinum clad anodes.
Their anode, the DSA (Dimensionally Stabilized Anode), is a combination
of oxides of titanium and ruthenium applied to a titanium substrate and
baked above 700°C for a precise period of time, These films have poor
electg;cal conductivity, but have a high surface area which overcomes
the resistance problems and enhances their electrochemical activity.

This syscem also has a designed-in feature which prevents over-protection
of the ship hull in the event of reference cell failure. Further develop-
ment and the operational evaluation should be monitored for applicability

in corrosion protection systems,

Further development is needed for the use of this type system on
submarine hulls. Improved pressure hull stuffing glands need to be devel-
oped for anode mounting. Potential hydrogen embrittlement, caused by the
system's cathodes, may occ:r in High Tensile Steel (HTS). Knowledge is

lacking in regard to the impact of impressed current ripple on the fire

s
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control and sonar systems, and electromagnetic (EM) signature potential.
Current ripple 1s of 30 milliwatts magnitude at the anode even with a

passive filter installed in the system,

Impressed current cathodic protection systems are being installed
aboard 637 class submarines for evaluation, The anodes have been mounted
on the exterior of ballast tanks where it is not necessary to meet sub-

marine SUBSAFE requirements,

At present, the environmental impact by the compounds released into
the water by these systems is of little concern to the EPA. Only two
people are required part-time for-operation and maintenance. These sys-—
tems are easily maintained by one person with only hand tools and volt-

ohmeter,

ICCP of Aluminum Hulled Ships

The use of impressed current and sacrificial anodes on weight-critical
craft which are constructed of aluminum alloys, and of HTS components
creates difficulty in positioning anodes relative to the aluminum and
steel members. Aluminum hulls can be driven highly cathodic when high
current densities are required to polarize the HTS materials to the
corrosion potential of the aluminum, Too much current causes an alkaline
condition that is corrosive to aluminum, This over-protection results in

rapid deterioration of the metal,
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ICCP of Seawater Piping Systems

Cathodic protection levels established within seawater piping systems
have been satisfactory. Further development, relative to the proper anode

placement for maximum protection, is needed.

Pulsed Direct Current (DC) Cathodic Protection

Pulsed ICCP systems under development by Shell Development Division
offer a number of desirable characteristics.among which are very low
ripple and no Radio Frequency Interference (RFI) on anode output, plus
low loss of power to capacitate energy. Current evaluation of these sys-
tems is being made on off-shore oil platforms. As presently designed, the

systems emanate a 20-volt level which is unacceptable for Navy ship use.

Ship Hull Corrosion and Fouling Prevention Using Copper Nickel Clad

Materials

Copper-nickel clad hull structural plate material development,
offering apparent substantial corrosion and fouling savings, is in the

hull fabrication state of development,

The International Nickel Company, Copper Development Association,
E. I, DuPont, and Lukens Steel Company have been jointly developing
copper-nickel clad steel plate for ship hull construction. Preliminary
tests involving the COPPER MARINER were encouraging., The performance
of the 90-10 copper-nickel hull over two and one-half years showed signifi-

cant savings as compared to a steel-hulled sister ship. The savings
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were (1) reduced fuel bills; (2) higher speeds; (3) no corrosive deter-
ioration of the hull material; (4) no expenses for periodic haulout,
scraping and painting of the hull; and (5) more time at sea,

Reported percentage improvements were:

e Speed Improvement - 15 percent

e Fuel Consumption Decrease by 15 percent

The techniques for developing the copper-nickel clac by E. I. DuPont
and Lukens Steel Company are explosive bonding and roll bonding. Both of
these techniques result in an electron-sharing bond of the copper-nickel
with substrate steel plate, Not yet developed as a process, the prepar-
ation of a composite slab by either casting or diffusion bonding would be
expected to yield a clad plate that is less expensive than a corresponding

plate produced by hot roll bonding from a pack.

Adhesive techniques and spot welding are other methods of cladding,

though no reliable data is available on service in the marine environment.

Galvanic Anode Hull Protection

Galvanic anodes, primarily zinc, are still in use on submarine and
surface ships for hull protection. They are being replaced by impressed
current systems on surface ship hulls, Development efforts required
include the preparation of specifications for aluminum anodes and the

development of environmentally acceptable anode materials.
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Stray Current Corrosion of Steel

Stray current corrosion has been of concern to the Navy over the
past few years. Corrosion caused by improper grounding during welding
has been eliminated in at least some of the cases, However, sources of
the currents in many instances have not been identified, Field studies
showed that stray D.C. currents existed in some Navy berthing sites.
Some berthing sites have D,C. driven electric cranes which may cause
stray currents to enter into the water, and pass from ship to ship

through the water.

e FOULING PROTECTION SYSTEM

Hull roughening caused by corrosion is cumulative and occurs over a
long period of time. Fouling, on the other hand, causes a non-cumulative
roughening, from the standpoint that it can be completely removed. The
short term impact on speed loss of fouling is much more costly than that

caused by corrosion.

Sonar Dome Fouling Control

The state-of-the-art currently consists of a cell injection system
developed by Engelhard Systems, The system uses a chlorine generator
and a net to hold the sodium hypochlorite near the dome. This system

has not been installed for evaluation,
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Fouling Control Via Chlorine Distribution in Seawater Piping System

Fouling control of seawater piping systems has been largely a matter
of designing the piping systems to provide for seawater velocities in
excess of 3 ft./sec., which exceeds the velocity at which sessile organ-
isms can adhere. Engelhard electrolytic hypochlorinator systems
(CHLOROPAC) are used in numerous landbased and commercial shipboard
installations. This system injects 0.5 parts per million (ppm) of
sodium hypochlorite generated through electrolytic decomposition of sea-
water. This type of system is on one U.S, Military Sealift Command Ship,
the USNS WHEELING. It is planned to evaluate a shipboard installation
on an FF-1052 class ship, This system is simple, relatively inexpensive

and successful in preventing fouling in seachests.

The "TOXION TWO" system is produced by F. A. Hughes and Company Limited

in Epsom, Surrey, England. A tin-based antifoulant agent is reportedly
used with excellent results in European shipboard seawater systems. This
system has been used successfully with an antifoulant injection level of
0.003 ppm. The singular organic tin compound, stannous flouride, listed
in the EPA Hazardous Substances List is allowed to be placed into navi-
gable waters up to 100 ppm, This system warrants U.S. evaluation for

potential Navy use.

Electrolyzed Seawater System

This system to prevent hull fouling was developed by Mitsubishi

Heavy Industries, Ltd., Nagasaki, Japan, The system electrolytically
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develops chlorine from seawater and after combining the chlorine-laden
seawater with pressurized air, delivers the mixture through nozzle pipes
fitted to the bilge parts of the hull, The mixture rises up to the sur-

face along the ship’'s hull plates as a bubble screen type flow.

The antifouling effect of this system has been confirmed on a

50,000 ton ore carrier.

The current designs are estimated to have an 8 to 10 year service

life with minimal maintenance,

CEPI-COMAV Magnetic Scale Prevention Device

The "CEPI-COMAV", developed by S.A, Epuro Company, Antwerp, Belgium,
is reportedly used on over 100 Swedish and 1000 Soviet seagoing ships.
It is claimed to prevent calcium carbonate scale deposits by magnetically
converting dissolved salts (principally calcium carbonate) from the
calcite form to the aragonite form (a powdery substance which will not
form scale as calcite does), The unit requires no power input; it is
designed for direct insertion in a piping system with minimal maintenance.
Ship degaussing effects on the magnets in the CEPI units are not known.
The magnetic influence is destroyed in components which have a high heat
transfer rate. Also, flow of water through pumping elements degrades

the magnetic effect, such that placement in the system becomes important.

Ultrasonic Hull Vibration Techniques of Preventing Fouling

The Soviets use magnetostriction properties of hull transducers to

N
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obtain ultrasonic antifouling hull protection. The Soviet maritime

fleet now has about 20 ships equipped with this system. Despite the

fact that this system has been in use for over 10 years, there are still
no data on the distribution of high-frequency vibrations over hull struc-
tures. The objective of thesé studies was to check the efficiency of
ultrasonic antifouling protection and study vibration damping in the hull

by measuring high-frequency vibrations on a KRASNOGRAD-class ship.

AQUATRON Scale and Algae Elimination System

The American AQUATRON System, developed by the Delta Tech Corporation,
Dothan, Alabama, is currently in use by U.S. industry for the removal and
prevention of scale (deposits of calcium, magnesium, and other salts) and
algae in both fresh and salt water handling systems. This system utilizes
a solid-state microcomputer controlled device to raise the water molecule
electrons to higher energy states. The resulting ionized water has the
ability to transfer this energy to dissolved carbonates, sulfates, etc.,
thereby preventing these salts from precipitating on piping walls as scale.
Another benefit of this ionized water is that it fatally disrupts the
metabolic process of simple organisms such as algae, slimes, etc., by inter-
ferirg with their nutrient absorbing capabilities. This results in the
destruction of a wide range of lower order waterborne organisms, without
the use of chemical toxins or water temperature changes. From an environ-
mental standpoint, it should be noted that artificially ionized water reverts

back to its natural state after approximately 14 hours.

I}
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SUMMARY

APPENDIX C: FOULING DIAGNOSTICS AND INSPECTION METHODS

1. INTRODUCTION

There is conclusive proof that hull appendage and propeller fouling has a
significant deleterious effect on ship fuel consumption and speed. Dramatic in-
creases in ship fuel costs combined with the need to maximize the operating range

of Navy ships make it urgent that fouling diagnostic methods be improved.

In addition, development of effective fouling diagnostic and inspection
methods will determine optimum time and conditions for cleaning the ship's under-
water hull. The specific objective of this study is to develop cost—efféctive
methods that will alleviate the necessity for dry-docking ships for 'bottom
cleaning jobs' for as long as 5 to 7 years. During this period, the degree of
fouling is not to exceed the level at which ship speed and fuel consumption are

significantly affected.

Several methods are used as coarse indicators of fouling, but there are no
well-developed fouling diagnostic techniques currently used on a consistent
basis. The one fouling diagnostic method currently being used, from which only
a gross evaluation of the effect of fouling on ships' power can be derived, is
diver inspection of the hull. Such underwater inspection techniques are highly
subjective and carried out by visual inspection reinforced by some photography
and television. In addition to being subjective, there is no precision in 'mapping'
locations of fouling. Water conditions (visibility, temperature, current) are
often poor, inspection rate is slow, and experienced inspectors are few in number.
Also, correlation factors relating to the severity, type, location, distribution
and time-rate of fouling growth are needed in order to arrive at sound decisions as
to when, how, and where to remove fouling. This should also include consideration

of factors such as cost of cleaning, cost of paint, paint life and fuel savings.

- e
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2. FOULING DIAGNOSTIC FINDINGS

Formal fouling diagnostic methods and procedures have not been
developed for either Naval or commercial use. The criteria for fouling
diagnosis that do exist result largely from the efforts of companies
involved in hull cleaning. They have shown the ship operators that costs
can be saved by cleaning the ship while waterborne. Ship classification

societies are also conducting inspections with ships waterborne.

The Navy's Shipboard Energy Conservation R&D Program, being pursued
by David W. Taylor Naval Ship Research and Development Center (DTNSRDC)
in the areas of hull cleaning and formulation of antifouling coatings,
is closely related to the development of fouling diagnostic and inspection
methods discussed herein. The hull cleaning portion of the DTNSRDC Code
2705 Energy Conservation Program, which commenced in FY-1975, is a four
year program terminating in FY-1978. The elements of this program relating
to fouling diagnostics and inspection methods are basically those involving
the determination of ‘when' and 'how' to clean the underwater hull and

appendages of ships. The effect is summarized as follows:

e Evaluation of commercially available hull cleaning methods
including assistance to Fleet Commanders in support of hull
cleaning efforts.

¢ Development of cleaning methods for Navy ships where gaps exist.

e Laboratory evaluation of paint wear with cleaning.

e Conducting, by sea trials, economic trade-off analysis between cost
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of cleaning and fuel costs associated with fouling (hull cleaning
frequency determination),

e Determination by sea trials of long term impact of repetitious
cleaning.

e Development of Fleet instruction on 'when' and 'how' to clean.

As part of the Energy Conservation Program, research leading to the
development of a fouling diagnostic system involves torsionmeters, Sperry
Doppler speed logs and other monitors for propulsion plant parameters,
The current emphasis is on verifying the correlation between shaft horse-
power as measured by a torsionmeter and first stage H,P. turbine shell
pressure. Results to date have been encouraging. It may be that first
stage H.P. turbine shell pressure correlation with ship speed will provz
to be an important diagnostic technique for measuring fouling performance

degradation.

In the event test results fail to verify high correlation over time

between SHP and first stage H.,P, turbine shell pressure, the utilization i3
of a torsionmeter and/or other instrumentation will have to be considered
as basic diagnostic tools, .The state-of-the-art of torsionmeters is well {
advanced with thousands of units in use worldwide, many of which are on
ships, including approximately 28 currently aboard U,S. Navy ships, Most
of them were installed for purposes other than for fouling diagnostics.
The unit cost of torsiommeters for Navy shipboard application ranges

between $11,000 and $40,000, with installation costs running between
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$8,000 and $15,000 per unit, Therefore, the use of torsionmeters

solely as a diagnostic method will involve a considerable expense,
Torsionmeters should not be procured and installed on ships solely for

use as a fouling diagnostic tool unless DTNSRDC Programs show conclusively

that no other less costly method will be available in the near furture.

-
-—

An accurate ship speed measuring device/method is required to comple-
ment any power measuring device (torsionmeter, first stage H.P. turbine
shell pressure, etc.) in forming a fouling diagnostic system. Essentially,
all speed logs on Navy ships are the electro-magnetic (E.M.) type which,
theoretically, should be very accurate, However, many ships experience

accuracy errors ranging up to 5% or more,

Speed logs exist which may prove to have the required degree of accur-
acy for fouling diagnostic purposes. The Sperry Doppler SRD-301 currently
being evaluated by DTNSRDC Code 2705 Energy Conservation program appears
to provide such accuracy, It is possible that a properly calibrated EM
log may have a useful speed range within which the degree of accuracy is
high enough for fouling diagnostic purposes, This has yet to be explored.
The Westinghouse ACULOG has the potential to be very accurate; however,
the elements external to the ship's hull consist of three sword-like

devices which in turn are subject to deterioration by fouling and damage.

Very few measured ranges, readily accessible to Fleet units, exist

which could be traversed to determine accurate ship's speed through the

i a8
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water. Also, very few sites for such visual ranges exist, especially

for ships operating out of Navy ports in the southeastern section of the
U.S. Ships equipped with torsionmeters should be required to traverse
existing measured ranges (e.g.,, Guantanamo Bay, Cuba; Roosevelt Roads,
P.R.; Barbers Point, Oahu, etc.) when in the vicinity of such ranges.

SHP and other appropriate data should be recorded and sent to DTNSRDC for

evaluation and analysis.

A minimum water depth of 150 feet is required for FF-1052 class and
smaller ships. Carriers and other deep draft ships will require greater
water depth to avoid bottom effects on power tracking, This minimum water
depth requirement would place the ship about 25 miles off the eastern

coastline and out of visual range of the range markers.

Several other techniques have potential as fouling diagnostic methods.
However, they presently exist either in concept form or as rough diagnostic
indicators, and would require developmental effort in varying degrees. These

concepts and techniques may be summarized as follows:

e Electrical Measurements of Hull Coating - Measurement of the
electrical resistance of hull coating through impressed current
cathodic protection system instrumentation provides a rough indi-
cation of‘the condition of the hull coating at the present time.
NAVSEC 6101C is studying this technique,

e Temperature/Flow Differential Monitoring - Monitoring flow rates

and temperature differentials in the seawater side of heat
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exchangers and other seawater piping systems offers a prospect

of diagnosing fouling sea chests and associated piping systems.
Propulsion Parameter Correlation - In addition to first stage

H.P. turbine shell pressure as part of a fouling diagnostic
system, other propulsion plant parameters may also prove valuable.
Measured Distance at Constant RPM - This concept finds limited

use in merchant ships for fouling diagnosis. The distance used

is either the port to port distance or the distance between
navigational fixes, A principal disadvantage of this method is
the limited availability of measured mile ranges convenient to
Navy operating areas. It is possible, however, to use naviga-
tional satellites for obtaining real time fixes over long distances.
For this information to be accurate, it is necessary to compute
out all effects of wind, sea state, ship pitch, etc.

Noise Measurement - Noise measurements are routinely made by sub-
marines and surface ships to ensure that they are not radiating
excessive noise. Noise levels are being used in the submarine
community as an indication of excessive fouling and for identi-
fying other noise producing sources., The equipment and technology
are presently available to obtain ship noise signatures. However,
a correlation is required between noise level, frequency and degree
of fouling.

Time Indexing - Most fouling diagnostic systems in use today are

based on time. Several commercial companies clean the ship bottom

N
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after nine months out of drydock and then every three to

four months thereafter, Other schemes of indexing could yield
more accuracy. A fouling point system could be implemented now
using arbitrary standards such as 1 point for a day in a known
fouling port, 1/8 point when underway at more than 15 knots, etc.
An accumulation of some numbers of points could then be an indi-

cation of the need for cleaning,

UNDERWATER INSPECTION FINDINGS

The discussion of inspection methods is associated with two func-

tional types of inspection: (1) inspection as a fouling diagnostic method,

and (2) inspection of the physical integrity or seaworthiness of Navy ship

The following are specific findings determined by review of current

underwater inspection methods:

TN~

Divers who conduct underwater hull inspections have received

little or no training in fouling or hull integrity inspections.

The Underwater Work Techniques Manual provides little guidance

for conducting underwater inspections,

No standards exist to aid divers in diagnosing fouling type and
quantification thereof,

No standardization procedures for conducting underwater inspections
exist, although the Underwater Work Techniques Manual contains a
suggested report format. The quality of underwater inspection

varies from Command to Command.

-G
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® No standard diver inspection tools exist, Most divers have
assembled individual assortments of tools that are relatively
effective,
® The Na'y has virtually no capability for conducting Non-Destructive
Testing (NDT) inspections with the ship waterborne. Some land-
based equipment which can utilize a long cable between the sensor
and the readout devices are in use,
® Several commercial companies in the field of underwater inspection
use the full range of NDT equipment. .
‘ ® Keel hauling lines are the most widespread hull/swimmer location :
| device employed by Navy divers, f?
| ® Acoustic pinger location devices are being developad aﬁd should ‘
become available to Navy divers. Navy Coastal Systems Laboratory (NCSL) ’
\ is conducting efforts on such a system.
® U.S. Navy divers are trained from almost any rating group. In

the Royal Navy (British), "Diver" is a rate and 'Underwater Inspection'

is a functional part of the rate. |;
® Navy divers do not have standard work boats from which to work. 2;
Adaptions of several existing available boat types have been made,
but few are equipped for effective operation.
® (COMNAVSEAINST 9597,1 contains a listing of approved diver support
equipment. Few fleet diving units have all the essential equip-
ments listed because funding for initial outfitting is generally

‘vom the user's OSMN funds, which are always in short supply. As

¢w and hetter tools are developed, they frequently do not become
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available to the diver because funds are not specifically
designated for such purposes,
There are no measurement instruments available to Navy divers

for underwater inspection purposes to determine the following:

Crack detection

Leak detection

Fouling level

Corrosion deterioration
Liquid level, oil/water
Surface profile or roughness

Coating evaluation

Commercial divers are used as observers in many cases where a
problem is suspected; but for required ship inspections, trained
surveyors are used, Some inspections are being conducted with the
inspector/surveyor topside observing a closed circuit TV monitor
from diver held or remotely controlled cameras. Some companies
are considering training their qualified inspector/surveyors as
divers.

Clear-field underwater viewing devices are in limited use in
commercial diving operations but none have been officially desig-
nated for Navy use,

NCSL has recently been assigned responsibility for development,

test and evaluation of diver inspection tools, Funding at NCSL
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for diver inspection tools is currently exploratory development
money. T&E of the most promising commercially available equip-
ment should be included.

e Ship underwater hull maintenance requirements have lacked manage-
ment and funding support. The bulk of the required RDT&E effort
relating to underwater hull inspections is deemed to be in the
Engineering Development and Operational Systems Development
categories. Most of the past funding for inspection related
efforts has been largely from Exploratory Development and Advanced

Development categories,

4. EFFECTIVENESS EVALUATION PLANS

Effectiveness evaluation plans for both fouling diagnostics and under-

water hull integrity inspection systems will be based primarily on empir-
ical data and feedback. It is recommended that a comparative analysis be

used to evaluate the effectiveness of the fouling diagnostic system.

The most objective criterion by which to evaluate the effectiveness

of the underwater hull integrity inspection process is to conduct and

document such an inspection immediately prior to a regularly scheduled

oot

drydocking of a ship. The comparative analysis of the pre- and post-

g

drydocking inspections provides an excellent evaluation of the effectiveness

adn

of the underwater hull inspection,

S. DEVELOPMENT PROCESS TRACKING PLAN

There are three essential elements to consider in establishing a
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development progress tracking plan. These elements comprise a monitoring

center, a communications network and a reporting system.

The function of the monitoring center is to track and review the

programs being followed, with respect to both the administrative and the

technical activities of the program,

The communications network is needed to provide input data to the

monitoring center, as well as feedback to the performing activities.

The reporting system function is to keep management informed of over-

all program status and progress and to disseminate information to per-~

forming activities.

The monitoring center, communication network and reporting system
should be established first in order to begin the integration of on-

going efforts into the overall program,

6. POLICY AND ORGANIZATION RECOMMENDATIONS

Effective implementation of the foregoing recommendations requires the

establishment of an appropriately structured organization having well-
defined lines of control, The key to such an organization is a strong
program manager and charter in NAVSEA with appropriate OPNAV sponsorship.

The recommended structure required to direct an integrated hull husbandry

program includes the following:

® Program Sponsor in CNO

N
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e Program Manager in NAVSEA
e Advisory Conmittee
e Task Groups

e Industry Support

i FOULING DIAGNOSIS DISCUSSION

The current technology used in many fouling diagnostic concepts is
based on the fact that hull resistance increases as surface roughness
increases. The problem then becomes one of measuring the change in hull
resistance as the ship becomes fouled. One way to assess the condition
of the hull is to monitor the time and fuel rate usage as a ship traver-
ses a fixed and known distance under reproducible conditions. The use of
torsionmeters in conjunction with ship speed is another method that gives
an indication of the increased shaft horsepower necessary to maintain
ship speed as a function of time. The problem faced in this method is
that any fouling of the propeller cannot be separated from the effects of

hull fouling.

e Torsionmeters. The shaft horsepower developed by a ship can be con-
veniently obtained by the use of an appropriate torsionmeter. A
torsionmeter is placed on the ship's main propulsion shafting to
measure the instantaneous torque being applied to the propeller,
Knowing the modulus of elasticity of the shaft, its RPM and tor-
sional strain, the shaft horsepower is readily determined. Once

shaft horsepower and ship speed are obtained, an algorithm

would be used for correcting the effect of other parameters such
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as ship's displacement, trim, wind direction and speed currents
and sea state as well as the ship's dynamics,

e Technology gaps. The principal gaps in technology are:
- Higher accuracy needed in speed logs

- Correlation data f

e Needed RDT&E. For the fouling diagnosis to be effective, a )
program to assure repeatability, stability and reliability must
be undertaken as a part of this effort, J

e Environmental considerations, No environmental problems are

anticipated.

e Personnel considerations, The only requirement will be basic

indoctrination on the operation and care of the instrumentation

as well as interpretation of results obtained during monitoring.

Electrical Measurements of Hull Coating

Essentially, all new ships are being built with an Impressed Current

Cathodic Protection (ICCP) system. This system contains the elements for

diagnosing the integrity of hull coatings on an overall or average basis.

The deviation of the reference cell against set voltage is an indication of

the degree of corrosion and/or deterioration of the hull coating.

e State-of-the-art, Work is being performed on a more accurate

method for monitoring the condition of the hull, This method is

to measure the 'time constant' on the potential.

e Technology gaps. The use of cathodic protection systems and

Q-L——-—"_"_'——-————.:S______—‘




FOULING DIAGNOSTICS AND INSPECTION METHODS SUMMARY

other electrical parameters as a fouling diagnostic tool is
presently just a concept, Tﬁis general area of correlating the
condition of hull coatings with electrical measurements appears

to be a promising diagnostic tool requiring a long-term R&D effort.

® Needed RDT&E. Laboratory tests are needed to correlate electrical

measurements with condition of coatings, Detailed planning is
needed to implement a research and development program for such
a diagnostic electrical system.
e Environmental considerations. No adverse impact anticipated.
e Personnel considerations, There should be no need for additional
i personnel to operate equipment,
e Equipment support, Needs can only be established after the comple-

tion of some RDT&E,

Temperature/Flow Differential Monitoring

Fouling on sea chest strainer plates cuts down drastically the intake
area and also the amount of seawater that can flow through condensers and
other heat exchangers and seawater piping systems. Therefore, measuring

the velocity of entering seawater, a small distance downstream from the

ey

sea chest, offers a means of developing a seawater piping system fouling

diagnostic.

e State-of-the-art, The state-of-the-art, as far as the principle

is concerned, is best understood by reviewing the steady state

behavior. For this diagnostic approach to be implemented, the
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following information is required:

- Monitoring of the velocity of the intake, downstream from
the sea chest.
- Monitoring of the ship's velocity.
- Effective cross-sectional area at the two given points of
the system. (Preferably at the sea chest intake and a measured

distance downstream from the sea chest),

A second scheme depends upon the quantity of heat transferred from
the engine/pump room into the flowing seawater, It is possible to pre-
dict this inside heat transfer coefficient by making measurements of certain
selected temperatures. This scheme works as a diagnostic aid as long

as there is a temperature gradient between the seawater and engine/pump

room.

e Technology gaps. The only gap exists in the development of
suitable computation algorithms and the necessary software,

e Needed RDT&E. The necessary RDT&E program includes design of
suitable equipment, full scale experimentation, and data inter-
pretation and analysis.

e Envircmmental considerations, No additional shipboard personnel
will be required.

e Equipment support, Only a minor power requirement is anticipated

for software electronics.
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Propulsion Parameter Correlation

There are a number of engineering plant parameters available on
board ship that could be correlated with each other, yielding relation-

ships that could be used as diagnostic aids.

e State-of-the-art. The Navy has begun an effort in the Energy
R&D Office at DTNSRDC to use the USS HAROLD E. HOLT (FF-1074)
for making correlation studies, One outcome might be to develop
an assessment technique for indicating the extent of hull/pro-
peller fouling.

e Technology gaps. The necessary computational algorithms and
supporting software would have to be developed to relate the
various correlations to fouling,

® Needed RDT&E. It is recommended that present work at DTNSRDC,
Code 2705 continue, and that the data base be expanded to include
additional parameters, and a program be established to analyze
resulting correlations,

e Environmental considerations. No adverse effects are anticipated.

® Personnel considerations. No additional shipboard personnel will
be required.

o Equipment support, Only a minor power requirement is anticipated

for software electronics.

Measured Distance at Constant RPM

The time required to travel a fixed distance is a measure of the ship's
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average speed. If this fixed distance is run with the ship maintaining
a constant RPM, the time to traverse the distance will increase as

fouling increases, as long as ambient conditions are the same.

e State-of-the~art. The constraint on this scheme is limited
availability of measured mile ranges convenient to Navy operating
areas. It is possible to use satellites for obtaining real-time
fixes by those one hundred plus ships so equipped and then compute
the distance traveled. Another possibility is the future con-
struction of offshore oil rigs in the Atlantic Ocean. These may
serve as convenient distance markers along the coast.

e Technology gaps. The necessary technology exists.

e Needed RDT&E. An evaluation program should be established for
use of satellite fixes,

e Environmental considerations. No adverse effects are anticipated.

e Personnel consideration, No additional personnel are required.

e Equipment support, None required,

Noise Measurement

Through the years, fouling has become recognized as a source of own-
ships' noise which degrades the performance of installed sonar systems.
The concept of using this noise as a fouling diagnostic tool may be worth

pursuing.

e State-of-the-art, Without being considered a diagnostic tool,

noise levels are being used in the submarine community as an indi-
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cator of excessive fouling and other noise producing sources.
Technology gaps. The technological gap which prevents the general
use of noise as a fouling diagnostic indicator is the correlation
between the level of noise and the level of fouling.

Needed RDT&E. An RDT&E program would have to pursue two paths.
First, identify the data processing equipment and criteria which
would best show the fouling produced noise and provide correlation
of this noise with observed fouling. Second, correlate information
obtained from presently installed own-ships' noise monitors with
fouling condition on submarines.

Environmental considerations, No adverse effects are anticipated.
Personnel considerations. Personnel considerations will depend on
the equipment and mode of operation,

Equipment support, Equipment support will be dependent on the

results of the R&D program.

Time Indexing

The most common use of time as a diagnostic tool is a plot of the
power required against time out of dock. Most ships collect little
fouling during the first few months out of dock and frequently reach the
ten percent extra power level between the ninth and twelfth month. Using

these and other results, a time based diagnostic system can be established.

e State-of-the-art, Some locations and conditions are more conducive

to fouling than others, Based on this fact, every location could
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be given a relative rank (say from 1 to 10) where 1 refers to poor

conditions for fouling. The proposed time indexing system would

assign fouling points to the ship for each day. Depending upon
where the ship is and what it is doing, points would be accumulated
and when a required number was met the ship would be cleaned. As
in most diagnostic systems, the need to clean is not based entirely y
on the system but on a visual inspection after the diagnostic
system exceeds its specifications.

® Technology gaps. All time based systems are examples of statis-

tical analysis of limited data.

® Needed RDT&E. The statistical data base on fouling versus time

must be increased.

e Environmental considerations, No effects on the emnvironment are I3

! anticipated. é

® Personnel considerations, No additional personnel will be required,

although a small amount of training may be.

8. INSPECTION METHODS DISCUSSION

Current underwater inspection methods are highly subjective. Quanti- i
] fiable and repeatable inspection results and associated evaluation criteria
are needed. These would permit rational and cost-effective maintenance and :

repair action decisions, and assist in the development of a complete fouling

diagnostic system.
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Requirements for top-level underwater hull inspections were reviewed
in discussion with the Navy Coastal 3ystem Laboratory (NCSL), Panama
City, Florida, and with Fleet personnel, In addition, reports from NCSL,
MARAD, and from related industries were reviewed. The development of

specific software and hardware elements is required.

To conduct comprehensive, accurate inspections of the underwater hulls
of ships cost-effectively, a complete inspection "system'" must be devel-
oped. It must be comprised of properly trained personnel and sufficient,

adequate and reliable support equipment.

e State-of-the-art, A state-of-the-art study of underwater inspection
methods and equipments was sponsored in fiscal year 1976 by Commander,
Naval Sea Systems Command's Ocean Engineering Research and Techno-
logy Branch, NAVSEA-0353, The study, conducted by NCSL and entitled
"State-of-the-Art Study -- Diver and Remote Vehicle Underwater Inspec-
tion", is incorporated into Appendix C as Annex C-II. The study
serves as the baseline for further discussions of underwater inspec-
tion methods and systems, Data for the report was obtained through
contact with cognizant organizations in the United States and foreign
countries, including both manufacturers and user activities,

e Diver inspection systems, Many individual equipments have been
designed for diver use, but there is no formally designated and
totally integrated diver hull inspection system,

e Diver life-support equipment. The most closely managed element
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relating to underwater inspections is diver life-support equip-

ment. The Navy diving manual contains extensive guidance and

specific regulations pertaining to life-support equipment.

® Inspection-related equipment.

Underwater TV systems, Many underwater TV systems are pre-
sently available on the commercial market., The U.S. Navy

is currently using the Underwater Damage Assessment Television
System (UDATS), manufactured by Hydro-Products. Other manu-
facturers that market underwater TV systems include Cohn, Inc.,
of San Diego, California; General Aquadyne, Santa Barbara,
California; UDI Group, Houston, Texas; Video Sciences Inter-
national, Woodland Hills, California; Seacor, Inc., San Diego,
California; Sub Sea Systems, Inc., Escondido, California; EDO
Western Corp., Salt Lake City, Utah; and Rebikoff Institute

of Marine Technology, Ft. Lauderdale, Florida.

Measurement instruments, Until recent years, diver inspection
tools have been very primitive. Some basic tools used to per-
form certain inspection functions are caliypers, gauges,

rulers, templates and hammers for determining the level of liquid
in a tank. Leak detection, corrosion measurement, and coating
evaluation are accomplished by visual inspection only. The Navy

has no tools available to assist the divers in these fields.

e Non-Destructive Testing (NDT) Equipment. The Navy has promulgated

no list of approved NDT equipment. There are several NDT equipments
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manufactured by U.S. companies. These devices consist of a
metal thickness gauge, an eddy current crack detector, and
several ultrasonic gauges. Equipments are available for magne-

tic particle (MT), ultrasonic (UT), eddy current, dye penetrant

(PT), and gamma radiography (RT) testing. Most underwater NDT |
inspection companies make their own adaptation of dry land
equipment based on the type of work involved.
® Boat/working platforms. There is no boat specified for diver use, !
much less a designated standard boat, The LCM-3, as configured ;
in NAVSEA Drawing No. 145-4777404 Code Ident. 80064 meets the
i requirement. Only minor modifications would be required on this
boat in order to outfit it with the required support ejuipment.
e Underwater hull location system. There are no formal underwater
! hull location systems in existence, nor are any equipments desig-
nated for such use, There are, however, several crude but effec-

tive methods used by the diving community,

e Software. State-of-the-art discussions of diver training are con-
tained in the Software Section of Appendix C.

e Diver training. The hull seaworthiness inspection is a highly
specialized skill requiring a relatively large amount of field
experience. It may be too much to expect the Navy diver to become
a qualified hull integrity inspector. In order to provide the
Navy with underwater inspection capability, it is necessary to
develop a program for training personnel to conduct the inspec-

tions. It would be beneficial to create a special underwater ‘
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T

‘ inspector rating and position description and have such personnel
assigned to the group responsible for ship inspection. Otherwise,
retention and on-the-job training of personnel will be likely to

¢ fall below required standards.

e Inspection standards. In most underwater inspections, the diver
is told only to inspect and report the condition found. Standards
for evaluation of these observations are not provided. This some-
times results in divers not recognizing defects which exist.

e Inspection reports, A review of report forms being utilized by
five Navy diving activities revealed that not all of the items on

{ the suggested form were being inspected.

e Fixed, mobile and remote controlled underwater inspection systems
f and concepts. Many of these facilities are designed to allow a
trained hull inspector to observe the condition of the underwater

body close-up in a dry environment.

Fixed inspection facility concepts, Specially designed, fixed
inspection facilities have the potential of being less labor
intensive, hence more cost-effective, than other types of inspec-
tion systems, at least for some inspection purposes. One

such facility concept would involve the installation of a

track system running parallel to the keel line of the ship.

On this track a vehicle would operate on which would be mounted
the inspection head or array.

The inspection head would employ equipment operating on one or
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more of the following principles:

-- TV or photography: Black and white, color, and stereo-
scopic

-— IR heat sensors

-- Reflectometer

-- Acoustic Holograph (sonoptography)

A facility of this type should be located in water having the

best possible visibility, Various Naval stations should bhe

considered to find the ports most suitable for this concept.

Mobile underwater inspection system, Naval Undersea Center

(NUC), San Diego, has been involved in the design and devel-

opment of four specialized submersibles. These vehicles could

have application to the underwater hull inspection portion

of the hull husbandry program, Three of the vehicles have a

far greater potential range of usage than is required by this

program. The added depth capability in this family would in-

crease cost substantially with no equivalent added payoff.

The fourth vehicle, Hull Inspection Platform (HIP), is different

from the previously mentioned vehicles. It has possibilities

as an underwater maintenance tool but extensive engineering

changes would be required to make it an effective observation

platform.

Remote controlled inspection systems. Most remote vehicles

are designed and constructed to perform specific missions and

are of little value as hull inspection tools. The only system
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known which is used for the inspection of ships' hulls is
SCAN, employed by Underwater Maintenance Company, Ltd.,

of Southampton, England. Due to limitations relating to
water current and visibility, SCAN would have limited appli-
g cation in the overall U,S. Navy hull husbandry program.

- Swimmer Propulsion Units., The primary swimmer propulsion

unit available in the U.S, is the Rebikoff DR 14 '"Pegasus"
unit. This unit is more applicable to the inspection of long
runs of pipe or cable than to hull inspections. A swimmer
propulsion unit is a versatile tcol and can be valuable where
x strong currents are encountered,
{ e Technology gaps. The basic technology gaps in the area of Navy

underwater hull inspection relate largely to the lack of appli-

cation of existing commerically available equipment.

+ \ e Needed RDT&E. What is needed most is test and evaluation of

* commercially available inspection tools and equipment. The devel-
opment of underwater hull inspection software such as standardized
inspection procedures and reports and diver training is also
required.

e Environmental considerations, No effects on the environment are
anticipated.

e Personnel considerations, No matter which equipment or procedure

: is decided upon for the program, more Navy divers and hull inspectors

are needed than now exist,
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e Equipment support, Equipment support will vary considerably
between the modes or methods of inspection to be selected.

e Effectiveness evaluation plans. The development of effective-
ness evaluation plans for underwater hull inspection methods
cannot be addressed until the methods to be employed have been
decided upon.

e Development progress tracking plans. Until specific diagnostic

methods are decided upon, only broad program policy guidance

is warranted.




SUMMARY

WATERBORNE CLEANING: (APPENDIX D)

1. INTRODUCTION

With today's high fuel costs, merchant ship operators have found
it to be economically effective to clean ship's hulls periodically
between regular drydockings. This is accomplished while the ships are

waterborne.

The main topic of this appendix is waterborne cleaning of ships'
hulls, propellers, sonar domes, sea chests and adjacent piping and
appendages. This study was undertaken to determine the state-of-the-art,
to identify gaps in technology, to develop needed RDT&E, to determine
personnel and support facility requirements and to recommend implemen-
tation action. The bulk of the study addresses the problem of cleaning

fouling with minimum damage to the anti-fouling coating.

2. FINDINGS

e Underwater hull cleaning is a well established practice among
tanker and cargo liner operators. The technology of underwater
cleaning has developed to the stage that it can now be applied
to U. S. Navy ships. In fact, Fleet Commanders are beginning to
use the services of established hull cleaning firms to clean hulls
prior to ship deployment.

e The best known operation to U, S. ship operators are hand-held brush

units and a unit known as SCAMP (Submerged Cleaning and Maintenance
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Platform), by Butterworth Systems, Ltd. There are over twelve
licensed stations worldwide. More are being established. BRUSHKART,
a multi-brush svstem similar to SCAMP, is also being introduced in

cleaning stations worldwide.

e EXXON International studies indicate the following average net

fuel cost savings over a 24-month drydock cycle:

T

At Constant 21K DWT 50 DWT 250K DWT
Speed of (knots) Diesel ($K) Steam ($K) Steam ($K)
* § 11 31 127 144
i 12 33 141 161
13 35 157 188
\
14 38 185 228
? ‘ The savings have been achieved with a policy of cleaning the hull

each time speed at constant power drops 1/2 knot. This occurs
about 12 months out of dock, and then every 3 to 4 months until

the next docking.

e 1Initial trials with USS HAROLD E. HOLT (FF-1074) indicate average

annual fuel cost savings at nominal cruising speed to be $86K.

e High pressure (6,000 to 10,000 psi) water jets are currently being

used and low pressure (1,500 to 2,000 psi) are under development to

clean substructures, platform legs, pipelines, pilings, etc. in the

} 0il industry.
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e Cleaning rates with "average'" fouling for the most promising

systems are:

SCAMP (merchant ship) 17,800 sq. ft./hr.
BRUSHKART 21,000 sq. ft./hr.
Diver Held Rotary Brush 180-2000 sq. ft./hr.
H. P. Water Jet (single) 180-900 sq. ft./hr.
(lab result only)
CAVIJET (L. P. Waterjet) 900 sq. ft./hr.
single (lab result only)

e A study of SCAMP operations showed virtually no inorganic
matter in discharge water and negligible dissolved oxygen demand

by organic matter from heavily fouled ships.

3. BRUSH SYSTEMS

Currently, brush systems are the only method by which waterborne
ship hull cleaning operations are carried out., Other methods which have
been tried experimentally include high pressure water jets and explosive
charges.

Brush systems currently in use include a variety of hydraulically
or pneumatically driven diver held rotary brush units, BRUSH BOAT, SCAMP,
BRUSHKART, and a developmental Japanese automatic underwater cleaning
machine,

A major element in the achievement of successful brush cleaning

is the characteristics of the brush. Its bristles should be sufficiently
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stiff to remove the fouling; but they should not roughen and in most

cases they should not abrade the antifouling coating.

e Diver-held Rotary Brushes

Much of the cleaning of Navy ships undertaken to date has been

accomplished with diver-held, hydraulically powered rotary brushes.
e BRUSH BOAT - Brush Boat has a long cylindrical brush mounted on

a work boat. The brush extends vertically below the surface

approximately 8 to 12 feet, It is most effective on the large

flat sides of bulk carriers, It is not a viable system for ships

having large transverse hull curvature - e.g., most Naval

i combatants.

e SCAMP - SCAMP appears to be the most widely used of the high

production, multiple brush systems. Normal cleaning, which includes

the sides to the turn of the bilge, ranges in cost from $5 to

$9 per foot of length between perpendiculars for commercial ships.
The cost to clean Navy ships is higher because of the increased
diver involvement required., The SCAMP machine is 6 feet in dia-
meter and 20 inches deep, It is connected to a control console

for remote control or it can be switched to local diver control.

e BRUSHKART - The basic unit is BRUSHKART, a 4.26 foot long by 3.94

foot wide by 1.64 high hydraulically powered vehicle fitted

with three brushes, and driving wheels to propel it over the sur-

face being cleaned. The BRUSHKART is operated by a diver lying
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prone on the unit, He can maintain directional and speed control

with a steering wheel and a lever,

e Japanese Brush System - The single brush unit is held to its work

by a combination of 3 magnetic wheels. The magnetic wheels are
aided by the action of an axial flow pump which draws water through
the center of the brush, The discharge water carries removed

fouling and paint chips to a filtering and settling tank.

Technology Gaps

There appear to be no significant technology gaps which would inhibit
the rapid and effective addition of brushing techniques to the waterborne
cleaning of Naval ships. There are, however, developmental areas which
require work to ensure that the ultimate system used will be as cost-

effective as possible.

Environmental Considerations

A survey of the laws of the United States relating to water pollution
control and environmental quality, presently reveal no regulations that
would specifically inhibit or prohibit brush cleaning operations. Brush

cleaning wiil not generate the quantity or kind of pollutants associated

with general shipyard drydocking operations.

Personnel and Facilities Requirements

Effective waterborne hull cleaning operations are highly dependent

upon the employment of skilled diving personnel to carry them out.
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If cleaning operations are contracted for, there will be essentially
no demand on the Navy to train personnel for the operation, except for a
cadre of diver-qualified inspectors to monitor the contractors work.
However, should the Navy decide to develop its own facilities and be able
to lease or purchase the various systems, operating crews would have to
be procured and trained. Contract agreement for procurement of the
systems should include the establishment and operation of training facili-

ties.

Summary

The techniques and equipment for waterborne hull cleaning operations
by brushing are readily available to the Navy. A well structured program
based on either contractor support, the establishment of hull cleaning
facilities and operating personnel in key Navy installations or a combina-

tion of those two approaches can be initiated at the Navy's will,

4. WATER JET SYSTEMS

Water jet systems have been well established as a means of cleaning
land structures for some years. However, their use in cleaning ship's

hulls is just beginning.

e High-pressure (5000 to 10,000 psi), diver-held single jet units
now are being used for underwater cleaning operations to remove
marine growth from substructures, platform legs, pipelines,

pilings, etc., in the oil industry.
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e A European-developed (by Woma-Apparatebau) ganged jet system,
designed to clean ships' sides to the turn of the bilge has been
gaining interest recently.

e Experiments have been performed by Hydronautics, Inc. using a
relatively low pressure (1500 to 2000 psi) cavitating water jet

to clean marine fouling, This system is known as CAVIJET.

Technology Gaps

The basic hardware elements are available to build experimental
and perhaps even acceptable prototype water jet systems for the water-
borne cleaning of ship hulls, They have the potential for greater flex-
ibility for access into tight areas such as sea chests. It is essen-
tial, though, that an RDT&E program be established to evaluate the
effects of jet pressure, nozzle size and configuration, jet angle and
nozzle standoff, and nozzle advance rate on cleaning efficiency and

coating integrity.

Environmental Considerations

Environmental considerations for water jet cleaning systems are

essentially the same as for brush systems.

Personnel and Facilities Requirements

Personnel considerations and general equipment support requirements
for water jet cleaning systems appear to be essentially the same as for

brush systems.
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Summary

The hardware elements upon which to base the development of water

jet cleaning systems are available. However, in the near future, ship-

yard operations may be affected by restrictions on pollutants introduced

into the water.




SUMMARY

WATERBORNE REPAIR MEASURES: (APPENDIX E)

1. INTRODUCTION

The main objective of these measures is to prolong drydock intervals
from the current three year cycle to a projection of as much as five/
seven years by means of waterborne repairs. This will result in reduced

maintenance costs and increased ship availability.

For major hull repairs (e.g., extensive replacement of hull plating)

drydocking or cofferdams are required.

The Navy has made progress in improving certain tasks such as hull
cleaning, propeller changes, and sonar dome repair. The adaptation of
more advanced technology depends on changes in organization, training, and

incentive.

Major development in underwater technology by the offshore industry
could be modified for underwater ship repair. Previous underwater work
involved emergency repairs. Technology needs to be extended so that

repairs of a permanent nature can be effected underwater.

The technology presently available requires only minor adaptation to
be used in ship repairs. Major engineering development need only be con-
sidered in cases of technological breakthroughs. Repair techniques must
show a reduction in cost, increase ship availability, or eliminate the

need for drydocks, in order to be considered.
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Certain underwater work is limited by available personnel, training
and work incentives. Presumably certain repairs could be performed by

commercial contractors for technical, economic, or schedule reasons.
2 FINDINGS

Most maintenance and repair work accomplished waterborne has been at
less time and expense than comparable drydock work.

e Drydocking is still required for:
- Stripping and repainting large areas
- Major repairs to sonar dome rubber
- Replacing propeller shafts and rudder bearings
- Major hull structural repairs

e Visibility is critical in completion of underwater repair and
inspection. Inspection accounts for 47% of all maintenance dives.

e Partial drydocks, one atmosphere cofferdams and ambient pressure
habitats and cofferdams are being used to provide dry atmospheres
for underwater production or repair work.

e Current aids for divers to locate their position underwater for
hull repair and inspection are crude at best,

® A cadre of personnel qualified in all aspects of underwater inspec-
tion and repair does not now exist within the Navy. It has been
found more effective by industry to train draftsmen and technicians
to dive than to train divers in highly skilled crafts. If the

Navy is to carry on a level of underwater repair and maintenance,
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training programs and pay incentives are required to develop and
retain skilled personnel.

e Underwater components frequently worked on by divers are often
welded onto the hull, and are not designed to facilitate underwater
maintenance or repair,

e Tools and other equipment, which are adaptations of conventional
designs, are available to perform underwater tasks but are in
short supply at Navy activities,

e Hydraulic power tools are more effective for underwater use
than preumatic or electric,

e Underwater welds in the dry have been demonstrated in steels
similar to MS & HTS but not HY-80, Engineering development of
support equipment is needed.

e Wet welding techniques are available for emergency repairs to
the hull structure, Permanent repair of critical high strength ‘
steel structure must be approached cautiously. Qualification ?
tests in such cases must use a wide range of approaches to seek
out latent hydrogen inclusion defects.

e Non~destructive testing (NDT) equipment and techniques for inspec-
tion are available. These should be evaluated and standardized
to meet Navy requirements,

e Coatings and adhesives capable of being applied in the wet have
been demonstrated experimentally. Work is needed to make them

fully effective.
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3. DISCUSSION

U.S. Navy underwater maintenance is in an immature state. However,

expanding the existing concepts will relieve the drydock problem.

Naval shipyards and tenders perform waterborne maintenance and
repairs. Capabilities vary from simple tasks using divers to complex

tasks involving the use of various equipments.

Design features favoring waterborne maintenance should be incorporated

in new ships and integrated into old ones.

Facility Considerations

In choosing a regular waterborne maintenance facility, the port's
existing capabilities along with the current fleet operating procedures

must be considered.

Diving navigational procedures for hull maintenance presently are not

satisfactory when visibility is poor,

Ship underwater maintenance operations should be located in warm,

clear water to enhance diver productivity.

Turbidity inhibits the effectiveness of the Underwater Damage Assess-

ment Television System (UDATS) as well as diver inspections.

For diver comfort, a water temperature of at least 60°F 1is preferred.

This also aids in curing epoxy-formulated repair coatings.
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Water depth should be at least ten feet greater than keel depth
to accommodate Navy ships and provide diver work space underneath the

hull.

A tidal current of 1/2 knot may be considered adequate to flush

water contaminated by hull cleaning from the area.

Tools

Hydraulic tools are smaller, easier to handle and maintain, are
not depth limited, are less noisy and do not create a bubble visibility
problem, as do pneumatic tools. Electric tools have the same advantages
but do present a potential shock danger and are not readily available.
There does seem to be a preference for pneumatic grinders/chippers

because closed circuit hydraulic entails manipulation of extra hose.

A comprehensive diver tool package has been developed by the Naval
Coastal Systems Laboratory (NCSL) in Panama City, Florida. Costs range
from $20,000 to $50,000. The fleet has sixteen kits and two more on
order. Hydraulic power tools available in the NCSL kits are: two sizes
of impact wrenches, grinder, 80 psi 400 GPM pump, 18 inch chain saw,
wire rope cutters, cable cutters, come-a-long, Hurst rescue tool, lift
bag, abrasive wheel saw, pneumatic rock drill, and small and large capa-

city power supplies.
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Diving Gear

Diving lockers should be equipped with the best equipment available.
Presently, diving gear is in short supply and should be upgraded almost
across the board. Such upgrading would be under the cognizance of the
NAVSEA Director of Ocean Engineering., Air compressors must be standard-

ized and made more readily available,

Umbilical diving is preferred because it is less bulky and not as
time-limited. Scuba is used in areas where umbilicals may get in the
way. Dive boats should be large enough to supply divers' needs. A 1

smaller helper boat is a good accessory,
Work Gear

A full assortment of hand and power tools and inspection equipment
should be part of the diving locker. Careful records and hull plans should
be kept of all inspections and work done on each ship., A stock of common

patches and sealing flanges should be kept,

If equipment used weighs over ten pounds in water and the time to do
the job is over twenty minutes, then a work platform to do maintenance
work should be provided.

e Cofferdams. Bath Iron Works Corporation in Bath, Maine, has devel-

oped a unique sonar repair bow dock which is versatile enough to

fit many classes of ships,
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Based on the Bath Iron Works design, J.J. McMullen has completed
a preliminary design for a floating bow dock. Tt is intended to
service present and future ships using SQS-23, 26, 56, sonar
domes (except those on aircraft carriers). Plans call for four
units, one on each U.S, coast, one at Pearl Harbor, and one for use
as needed. These bow docks, able to service sonar dome related
problems, would free drydocks for other uses.

The need exists for a small movable cofferdam of standard design
and manufacture having air access and suitable for work on the
sides and bottom of ships. Work involving welding, cutting,
grinding, or painting could be done with this cofferdam instead
of a drydock.

The ideal design would allow side fixtures to be installed for

sealing against different ships or at various points along the. hull.

A similar idea traps an air bubble to provide a dry environment.

It is held against the hull by mechanical means, This is more
suited for use on flat bottoms. In the event of through-hull
damage, this hole must be cofferdammed and pressurized from the
inside before the bubble can be retained,

The work of providing smaller cofferdams, including patches and
sealing flanges, could be streamlined if standard designs and sizes
were made available to each facility. NAVSEA abandoned a stern

dock concept for servicing propellers, shafts, and rudder because

of the difficulty in sealing. Currently under discussion, but not
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yet funded, is a floating drydock program to service the destroyer
fleet starting in FY '80,

® Clear Water Facility. Water having two to three feet visibility
is essential to do reliable work underwater. When not available,
a simple enclosure could be constructed at the servicing dock.
Water could be fresh or filtered from the harbor. Residue removed
during the cleaning process could be contained and filtered out
without contaminating the harbor. ?

e Personnel, Ship underwater maintenance and repair will require 1
additional personnel and training,
The training program should concentrate on shallow water scuba |3
and umbilical diving systems with and without surface communi-
cations. Divers should be trained in the use of underwater tools
such as those supplied by NCSL. L
Specialists will be needed to perform certain tasks. The Navy
has to choose whether to develop its own in-house capabilities
or contract with commercial businesses on an as-needed basis.
It is doubtful that the Navy has enough high quality wet welding
work to warrant developing this capability. Most underwater weld
repairs could be done using cofferdams, There are several compe-
tent wet welding commercial concerns which could be considered
when circumstances dictate this method of repair,

In some cases, such as a diver using UDATS, a specialist on the sur-

face may instruct the diver through a surface-to-diver communication
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system rather than requiring the specialists to be qualified
divers. A central file listing the qualifications and location
of all specialists should be maintained for use as the need arises. F
Records of all work done on a ship must be maintained and kept k
available for subsequent work in other repair yards. f

e Hull Maintenance. Major tasks involving the hull which have not
been accomplished waterborne include stripping and painting large
areas of the hull, repair of major structural damage to the hull,
and repair replacement of large areas of rubber sonar dome win-
dows. Technology and experience may be expected to catch up to

i these problems very soon,

® Sonar Domes. Recently a section of rubber sonar dome material was

completely repaired underwater by using a newly developed B.F.
! Goodrich patching compound, (3
Smaller sonar units may be replaced or repaired underwater with
little or no difficulty.
® Sea Chests. Currently much of the in-water work involves sea

chests. These openings must be inspected, cleaned, and have

valving and piping repaired. When the sea chest is sealed, work
can be done in a dry environment.

Hand scrubbing and waterjets are used to clean through-hull L
openings.

Sea suction hull openings are normally covered by an intake

grate. Caution should be taken to ensure that all suction pumps

B
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are turned off when working around sea chests, To seal off

small sea chest openings, wooden or rubber damage control stopper
plugs can be used.

Bolt-on flanges should be used to seal off openings, rather than
patches. Flanges can be equipped with pipe connections to allow for
functions to continue as required. A buoyancy lifting device to
handle flanges would be a useful tool to develop.

Hull Plate and Bilge Keels. Manned Cofferdams may be used to
repair moderate structural damage to the hull.

Bilge keels which are partially torn away from the hull may have
the damaged section removed waterborne, but complete repair
generally will require either extensive cofferdamming or drydocking.
Paints and Adhesives, Underwater painting is in an undeveloped
state. Available paints are generally expensive, difficult to
apply, and often inferior to surface painting materials. There-
fore, taey should only be used for touch-up or temporary repairs.
Surface preparation is the most critical step and fairly difficult
to accomplish underwater in any painting effort. Polyester com-
pounds are easier to apply but take longer to cure and are softer
and more easily damaged. The effectiveness and lifespan of under-
water paints with antifouling additives are inferior compared to
air-applied systems.

The labor (diver) cost for either system is a major cost item.
Effective underwater paints and application methods must be devel-

oped. Surface preparation must also be developed for effectiveness.
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Several systems are presently being developed. At the moment

» the process of cofferdamming or trimming ship through ballasting
to provide a dry atmosphere for conventional application tech-
niques results in the highest quality paint repair.

The same problems exist for underwater adhesives as for paints.
Consequently, they should not be relied upon for any kind of
critical repair work.

e Appendage Maintenance, This section encompasses all devices which
are not an integral part of the hull, Included are propellers,
propeller shafting, rudders and corrosion protection systems.

® Propellers, Minor repair and grooming of propellers can be done

| effectively underwater. There is a need for a small rotary brush

specifically designed to clean small sections of propellers.

Propellers can be replaced while waterborne using one of several

techniques. The best of these are the 'Charleston gear' puller

or the "Pilgrim nut" method. Both are hydraulic.

The "Pilgrim nut" method for propeller removal should be incorpor-

ated in the design of all future ships. Retrofitting existing

| ships should be considered, perhaps as a part of overhaul proce-
dures. Blades should have a protective covering to protect the
working diver from the sharp edge. This would be removed after
work on the blades is finished.

Other navies apparently do much more propeller repair underwater,

including blade straightening and cutting and welding of damaged

sections.
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e Shafts, The U.S. Navy has never replaced a propeller shaft

waterborne. Other navies do this routinely. Shafts may be
removed from inside the ship or externally.

Struts, fairwaters, and shaft seals require inspection and repair
often. Welding of a cracked strut could be done underwater by
creating a cofferdam seal instead of drydocking to repair.

Shaft fairwaters are either bolted or welded in place, Bolted
designs are easier to handle underwater and should be a ship
design requirement.

Shaft bearing maintenance and repacking procedures are done from
inside the ship. The shaft is sealed at the stern tube by divers.
Rudders. The repacking of rudder bearings is routinely done
waterborne using less manpower and time than in drydock. Flooded
rudders are blown out using high pressure air.

The Navy has the expertise to perform replacement and structural
repairs of rudders while waterborne; however, it is generally done
in drydock.

Other navies are reported to do more extensive rudder maintenance,

repair, and replacement routinely,

Corrosion Control. Corrosion control methods include the impressed

current system, on new surface ships, and the common zinc anode

system. Cofferdamming would make the task of repairing the capastic

dielectric shield feasible while waterborne.
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Zinc anodes are routinely replaced underwater. Welded zinc

anodes should be eliminated from ship design in favor of bolt-on

anodes.

® Welding and Cutting. Most of the literature on underwater welding

is concerned with welding at great depths.
There are two kinds of stick-electrode (SMA) process wet welding.
There are the '"drag" techniques and the new Chicago Bridge and Iron
(CBI) multipass technique. CBI weld strengths are equal to in-air i
welds, although ductilities are typically thirty percent lower.
At Charleston Naval Shipyard they are attempting to upgrade the
"drag" technique to obtain a consistent underwater weld quality.
Present quality is adequate for emergency type repairs only. Wet
{ welding may not be suitable for hydrogen-sensitive hull material
" such as HY-80.
The toughness required for primary ship structure will be difficult
1 to obtain by wet welding.

e Localized Dry Environment Welding. The HYDROWELD process, devel-
oped by Hydro Tech Systems, Inc., appears to overcome the quenching
and hydrogen problems in underwater welding of structural steels
without requiring a large cofferdam. It remains to be seen whether
it can produce quality welds in a quench-and-temper steel such as
HY-80.

e Localized Dry Environment Welding. The utilization of HYDROWELD is
made difficult if the hull has been penetrated, or if plating must

be removed. “
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e Habitat Welding. Large habitats providing a dry, ambient pressure
atmosphere for welders have been developed for pipe-line opera-
tions. Welds made in such an atmosphere show physical character-
istics equal to those hade in air at one atmosphere.

The HYDROWELD process 1is basically similar to habitat welding if a
large gas enclosure is used.

® Localized Cofferdam Technique. Using localized cofferdams, normal
dry welding and cutting may be performed from inside the hull.
This low cost technique produces good quality welds subject to the
limitations of access to one side only. So far the technique has
been used for temporary hull repairs only.

{ e Welding in Large Cofferdams with Waterline Access. Japanese ship-

' yards use this method in construction of very large tankers: the

vessel is built in two sections, each section is launched separately.

| Then the two sections are floated together and joined with mecha-

; nical fixtﬁres. A tunnel-like cofferdam is constructed to span the

% joint (waterline to waterline). After dewatering the cofferdam,

‘ full quality welds can be made to complete the ship.

} e Underwater Welding of Nonferrous Materials. No work has been per-
formed on underwater welding of nonferrous materials.

e Metallurgical Aspects of Underwater Welding. Two problems of

underwater welding -- hydrogen effects and quenching -- must be

considered with respect to their impact on the Navy's requirements.

- Hydrogen effects. Welding below the waterline, even when per-

formed in a dry habitat, has a great probability of hydrogen

~120-
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1 contamination. It is recommended that a detailed study of
mechanical properties of underwater welds be conducted by the
Naval Research Laboratory to establish test requirements to
determine hydrogen contamination.

- Quenching of Welded Steels - The contact of metal with ambient
water causes rapid cooling or quenching of the weld, and
cracking problems may develop. Welding in a habitat will reduce

but not eliminate the problem,

Laboratory tests have been made to wet weld HY-80 steel using
austenitic (E310) electrodes to eliminate the cracking problem.
This technique may provide a capability to make temporary repairs
in HY-80 steel hulls,

® Specification Activity. MIL-STD-1692(YD) provides general guidance

on development and qualification of the underwater welding process

“ with emphasis on wet welding.

!
NAVFAC recently initiated several programs in the area of under- {
{
water welding and inspection, Welding Institute (U.K.) emphasis f

is on metallurgical evaluation of the processes, electrode develop-
organizations: Massachusetts Institute of Technology (MIT), Govern-

ment Research Institute (JAPAN), Battelle Memorial Institute (Switz-

N
ment and arc-behavior, R&D is also being pursued at the following ;
erland), and Mitsubishi Heavy Industries, Ltd. (Japan). t
|

{

e Underwater Cutting. Current methods for torch-cutting ferrous

E materials are adequate. However, torch-cutting of non-ferrous ~

metals is undesirably slow for many applications,
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e Applications of Present Underwater Welding Technology to Ship
Repair. In order to meet a wide variety of potential situations,
it would be advisable to have two or three techniques to cover all
types of welding repair.,

With respect to weld quality, the following three categories

cover most situations: Shipyard Quality weld, Interim weld, and

Low Criticality weld.

The best solution toward eliminating drydocking for underwater

repair work would be the development of large cofferdams open [

to the atmosphere above the waterline.

Another solution would involve the use of a habitat which mates
\ to the hull and provides a dry atmosphere at ambient pressure. {

An alternative method would be a totally enclosed hard habitat

which is entered through an entry-and-exit lock and in which
\ one-atmosphere pressure is maintained.
Shipyard quality welds might be obtained by these habitat methods

in Medium and HTS steels,

Post-weld painting would be accomplished with Civil Engineering
Laboratory (CEL) Epoxy Underwater Paint which could be applied
either dry or in-the-wet,

Interim quality welds could be obtained by the localized cofferdam

technique with welding from the inside of the hull. This technique

could give good quality joints in Medium and HTS.
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Localized cofferdams can be used for replacing sections of hull
plating.

Present wet welding techniques are adequate for most applications
of low criticality welds.

NDT methods are already state-of-the-art for underwater welding
in the commercial field.

e Personnel Considerations in Underwater Welding. All proposed
methods involve large amounts of diver work utilizing various
skills so that a larger pool of divers than now available would be
required.

g ® Inspection. Few guidelines exist for underwater inspection. A
comprehensive document is needed to define effective techniques
and acceptable standards.

e Visual. The majority of hull inspections are carried out visually

t with photographic back-up.

The Underwater Damage Assessment Television System (UDATS) has

gained wide acceptance throughout the fleet. A permanent audio-

visual record can be made of the inspection, although poor visi-
4 bility limits its effectiveness,

Color photographs have been useful in documenting paint deter-

ioration, plate corrosion, and fouling conditions.

® Remote Vehicle. Remote inspection systems are not in use within
the U.S. Navy, although several are available commercially.

e Non-destructive Testing Underwater. To perform post-weld inspec-

tions on welds made underwater, a comprehensive testing capability
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for underwater use is required.

e Radiography. Gamma radiography is used extensively in underwater
work. This technique gives a permanent record and is insensitive
to variations in microstructure. Radiography is available for
performing many of the inspection tasks required in underwater
hull maintenance., This technique is sometimes ineffective for
detection of very tight cracks, so that complementary methods
will be needed.

e Ultrasonic Testing (UT). This technique is used for defect exam-
ination and thickness measurement in underwater work., Its advan-
tage is detecting tight cracks which may not be found by radio-
graphy. A system has recently been developed which permits both
the recording of TV camera video and the ultrasonic testing

| device display.

e Eddy-Current Testing. This technique is used to detect surface-
connected cracks and in a composition-sensitive mode to allow
identification. It is currently under development in the Navy for
periodic surveillance inspection of welds and for detecting
dealloying in certain bronze components. It is effective in the
detection of hydrogen cracks which are a concern in high strength
steels.

e Magnetic Particle Testing (MT), This technique has been used
underwater by the offshore industry. However, no details were avail-

able concerning the precise procedures followed.
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The MT method uses an adhesive magnetic tape which is placed

over the area to be inspected. After magnetization, the tape,

which now contains indications if cracks are present, is stripped
and examined by a special device. The tape may be regarded as

a permanent record.

e Navigation Concerns. Poor visibility is the major diver naviga- J
tional problem. An improved method of underwater position finding
is needed.

Suggested methods which will improve the situation involve visual
aids such as underwater grid lines, frame marking and numbering
systems. A numbering system is recommended. A sonar navigation
system, involving two passive transducers, reference pingers and
a diver- or vehicle~held active transducer position indicator

i
|
|
| would work under all conditions. Accuracies within three inches l

in 600 feet are within the capability of this type of system.
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A.1 INTRODUCTION

The sea is all things to all people. To the naval architect it is a fluid
through which ships may move by the expenditure of energy. To the chemist it
is a solution containing ions of metallic salts, organic and inorganic compounds.
To the electrical engineer it is an electrolyte through which current may pass
in accordance with field theory. To the botanist it is the dwelling place of
slime molds, algae and phytoplankton. To the zoologist it is the home of the
invertebrates and zooplankton. Of course the sea is all of the above things
and more.

This study is concerned with coatings which are applied to that portion
of a ship's hull which is immersed in seawater, that is, below the normal
waterline. The marine coating on the ship's underwater hull is intended to
protect it from oxidation, ion exchange and the attachment of marine life.
Replacement of coatings used on the underwater hull is normally done while the

ship is in drydock.

A.1.1 PROBLEM DESCRIPTION

There are several facets to the problem. The hull structure must be
protected from oxidation so that it will retain structural integrity and strength
to withstand static and dynamic forces of the sea. Warships are structurally
designed with lighter scantlings than commercial ships and, to save weight,
have small margins for corrosion allowance. In general, anticorrosive coatings
already exist which have an acceptable service life of approximately seven
years,

Plant and animal marine life attaches itself to the underwater hull of

naval ships and increases the frictional resistance to motion. Shaft horsepower
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A.1.1 PROBLEM DESCRIPTION (Cont'd)

and fuel requirements are increased. The very presence of marine growth
accelerates the deterioration of the coating system beneath it. Marine growth
also constricts the flow of cooling water in sea chests and interferes with the
proper operation of sonar installations. The effective service life of present
day antifouling coatings is about 18 months to three years.

In addition to problems involving large areas of the hull plating, there
are significant problems in localized areas of hull appendages. Rudders are
subjected to high velocity, turbulent water which tends to abrade their protec-
tive coating. On many ships mechanical abrasion of the hull coating by the
anchor chain opens a localized swath of the hull to corrosion and fouling.

Sea chests are a special problem. The non-ferrous valve bodies on their inboard
end introduce dissimilar metals electrolysis which causes pitting of the steel
sea chest. Some sea chests are also subjected to relatively high velocity water
flow which tends to abrade their coating.

Another facet of the problem is that underwater bodies of ships are painted
in drydocks, and there is a shortage of drydocks. 1In 1974, Mr. Ginn of NAVSEA
testified befo;e the House of Representatives Seapower Subcommitteel that:

"The most urgent problem, as we see it in NAVSEA, is the shortage of

drydocks with deep docking capability. This problem is not exclusively

a naval shipyard problem but a problem worldwide. Whether we like it

or not, our technological advances have obsoleted a large number of

drydocks. By the early Eighties, we will be in a drydock critical

position on both the east and west coasts."

1The superscripts used throughout the text refer to the number of the source
document as listed in the references and bibliography section of this appendix
(A.10).
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A.1.1 PROBLEM DESCRIPTION (Cont'd)

In the ensuing discussion, Mr. Ginn illustrated the docking requirements of the
DD 963 class ship which has an extremely large SQS 53 sonar dome extending
deep below the keel. This necessitates building keel blocks twelve feet above
the drydock floor! He states that of 37 graving docks which now exist in the
naval shipyard complex, only 27 are usable for handling the workload.

An example of these problem areas was seen during the course of
a visit to Norfolk Naval Shipyard in August 1976, The USS SPRUANCE
(DD 963) was in Drydock #8 at the time. Drydock #4, the only other drydock in
the shipyard capable of handling the SPRUANCE, was out of commission for repairs
to its pumpwell and will be out of commission for most of 1977 for structural
repair work. While examining the ship elevated twelve feet above the drydock
floor, it seemed apparent that such height would present complications to any
workman, including abrasive blasters and painters performing work on the
underwater hull.

Another aspect of the problem concerns the LO-MIX ships which are now
being constructed for entry into the fleet. Among the features of logistic
management for these ships is an extended interval between periods of depot

level maintenance. If long life underwater coatings were available they would

enhance the overall maintenance scheme already being planned for these ships.




A.1.1.2 CONSTRAINTS

Selection of an underwater coating for Navy ships' hulls is a systems

problem which includes the following aspects: i

e availability of raw materials |

e established production base of the coating industry in the United States ;

® procedures for Navy acquisition of the coating material under Armed

Services Procurement Regulations (ASPR)

e availability of facilities (drydocks) and necessary industrial produc-

tion equipment (paint spray guns, abrasive blasting pots, etc.)

e constraints imposed by environmental considerations and matters of

occupational safety and health

® necessary procedures for solid waste disposal of debris from painting

and spent abrasive fall-out.

While preparing this Appendix it was decided to examine the availability
of copper and tin, the two heavy metals most prominently proposed for use as the
\ toxic ingredient in antifouling coatings. The following discussion is based on
salient facts contained in Reference 2.

The United States has been the leading copper producing country in the
world since 1883. It has a capacity to mine and smelt copper at a rate of 2,000
tons per year. Known reserves of copper in the country are 90 million tons, and
undiscovered deposits are estimated to be 320 million tons. The country is ¢
self-sufficient in copper, importing 200 tons while experting 189 tons per year.
The price of copper on the New York commodity exchange is about 75¢ per pound.

In 1967, four countries - Chile, Peru, Zambia, and Zaire - formed the Internatiomal

Council of Copper Exporting Countries (CIPEC) to avoid extreme fluctuations in

the price of copper. However, the rank order of copper producing countries is:
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A.1.1.2 CONSTRAINTS (Cont'd)

United States, Chile, Canada, USSR, Zambia and Zaire. CIPEC does not hold an
important corner on the world market.

"Compared with U. S. demand, domestic mine production of tin is negligible."
Demand is about 66,000 tons annually, but U. S. mining capacity is only 300
tons. The only tin smelter in the United States is the Gulf Chemical and
Metallurgical Corporation plant at Texas City, Texas. This plant produces about
4,500 tons annually, fed from Bolivian ore. ''Measured, indicated, and inferred
reserves of tin on lode and placer deposits in the United States total only
42,000 tons, which is insigmificant compared with tin reserves of the rest of
the world." Tin has been designated as a strategic and critical material. The
government stockpile of pig tin was just over 200,000 tons at the end of 1974.

The price of tin is about $4.00 per pound. It is the only metal whose
price is controlled by an international agreement between producing and consuming
countries. The major producing countries are Malaysia, Indonesia, Thailand and
Bolivia. The combined production of these four countries comprised 627 of the
world's output in 1974. An International Tin Council (ITC) controls the Tin
Research Institute in England and the Tin Research Institute, Inc. in the United
States. Their objectives are to develop new uses for tin and improve existing
products.

FINDING: The United States is self sufficient in both natural supply and
smelting capacity for copper; in the case of tin it is not self sufficient in
either.
* Kk Kk Kk %
At this point in the discussion, consideration must be given to the amounts

of copper and tin used in antifouling paint formulations. Navy Formula 121/63,

A-5
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A.1.1.2 CONSTRAINTS (Cont'd)

a cuprous oxide antifouling paint, and Navy Formula 1020A, an organotin
antifouling paint, will be used for comparison purposes. As seen from the data
in Table I, one gallon of Formula 121/63 contains 12.2 pounds of copper and
covers an area of 125 square feet when applied to a dry film thickness of

4 mils. One gallon ;f Formula 1020A, on the other hand, contains 0.71 pounds
of tin and covers an area of 100 square feet when applied to the same thickness.
By simple mathematical calculations, one deduces that the weight of copper
contained in the volume of Formula 121/63 required to coat a given surface area
at a given thickness is about 14 times that of the weight of tin contained in
the volume of Formula 1020A required to coat that same surface area at the

same thickness.

TABLE I - COMPOSITION DATA ON NAVY FORMULAS 121/63 and 1020A

Formula 121/63 | Formula 1020A

Total Weight Per Gallon (1lbs) 20 8.4
Weight of Copper Per Gallon (1bs) 122 ———
Weight of Tin Per Gallon (1lbs) — 0.71
Percent Copper Per Gallon (by weight) 61 -
Percent Tin Per Gallon (by weight) — 8.5

Coverage Per Gallon at 4 Mils
dry film thickness (FT2) 125 100

FINDING: Although domestic tin supplies are not as great as those of copper,
and although tin costs about 5% times more per pound than copper, it takes
14 times more copper (by weight) to coat a given surface area than it does
tin to coat the same surface area to the same dry film thickness.

A-6
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A.1.1.2 CONSTRAINTS (Cont'd)

RECOMMENDATION: Ascertain the total annual usage of Formula 121/63 and, from

the information given above, estimate the total amount of raw tin that would

I
4

be required annually to support production of a tin based antifouling paint.

Determine whether quantities of tin of this magnitude are readily available

at an economic cost.

* k k k % }
At the submission of the Navy's FY77 Budget the following key indicators

were made public:

Active ship inventory 484 ships
Ship steaming hours 1,153,941 hours
Ship overhauls 105 ships

Implicit in these data are certain parameters germane to this Master Plan.

First, it is seen that regular overhauls are planned on about one-fifth of the

Fleet, indicating a five year overhaul cycle. This may be one reason for the

! need for extended life underwater coating. Second, it may be seen that the

Fleet will spend about one-fourth of the year steaming, and about three-fourths y

of the time not under way:

w

1,153,941 hours ! i
484 ships x 365 days x 24 hours 42

&S

FINDING: During FY77 the active Fleet will be comprised of 484 ships. Regular i
overhauls are planned for 105 of these ships, implying a five year overhaul f
cycle in gross terms. {
FINDING: During FY77 the steaming hours of the active Fleet will be about

1.15 million hours. About three~fourths of its time will be spent not under

way, a condition favorable for marine biota to make attachment to the hull.




A.1.1.2 CONSTRAINTS (Cont'd)

* %k %k % %

The established commercial/industrial base for the production of marine
coatings imposes a constraint upon the final choice of a product for fleetwide
service use. Although research and development efforts ought not be, and
are not, fettered by such considerations, logistics planning decisions must
reckon with the industrial supply base.

RECOMMENDATION: Ascertain what is the Navy's proportionate share of the

national demand for underwater marine coatings. The Navy's position in the
market place is germane to the economic feasibility of attracting capital
investment to establish a logistic supply line for any product substantially
different from that within the capability of the commercial industrial production
base.
* & k Kk %

The workload capacity of coatings engineering manpower in the Naval Ship
Engineering Center imposes a constraint upon freedom of action for specifying
material. The current modus operandi is that NAVSEC is a participating
custodian of various Federal and Military specifications. Inventory management, '
requirements determination and procurement contracting functions are performed !
by the General Services Administration Regional Office in Seattle, Washington.
The logistics process is largely set in automatic after MIL-specifications
and qualified products listings have been established.
FINDING: Coatings engineering personnel resources which may be applied to
specification development are limited by a balanced view considering other ship
systems. The coating material acquisition process is conducted by logistics

personnel outside of the Navy Department. Taken together, this situation
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A.1.1.2 CONSTRAINTS (Cont'd)

imposes a real constraint upon the time and attention which may be profitably
devoted to underwater coatings and their acquisition.
* k k k *

The availability of facilities and of industrial production equipment
represents a constraint upon decision making in the choice of underwater
coatings which may be applied to Navy ships. Some years ago, when hot plastic
antifouling paint was in vogue, steam jacketed paint pots and heated hose were
required to apply the coating properly. Now that airless paint spray guns are
being used, equipment to take pressures up to 4,000 psi is necessary. Introduc-
tion of toxic antifouling agents in the workplace may bring requirements for
personnel protective equipment, such as air fed respirators, and effluent
water filters for drydock discharge sumps,

Tools and facilities are discussed in Section A.2.1.7. The facilities and
industrial production equipment currently available in the Naval Shipyards to
support marine coating processes represent a sizable capital investment.
Experience has shown that a change in coating material may require a change in
tooling with substantial associated costs. These capital investment costs are

a constraint.

FINDING: The cost of facility modification and necessary industrial production

equipment must be included when assessing the cost impact of a new coating.
* k k k %
Constraints upon marine coating processes and products imposed by
environmental considerations have been real and formidable during the past five

years. This subject is discussed more fully in Section A.2.1.4 of this appendix.

* % % % %




A.1.1.2 CONSTRAINTS (Cont'd)

Careful consideration must be given to the eventual disposal of waste
products which.have been produced by the painting and abrasive blast removal
processes. Solid debris remaining from paint application includes paint cans,
rollers, brushes, wiping rags and masking material. Liquid debris includes
the solvent used for clean up of painting tools, spray guns, hoses and paint
mixing pots. Large volumes of solid waste are produced by the abrasive blasting
process, typically 300 tons of spent abrasive from the blasting of a submarine
hull coated with cuprous cxide based antifoulant.

Present practice with cuprous oxide based antifoulant is to dispose of
the aforementioned solid waste in dumping areas belonging to the Shipyard or the
local community. However, for painting materials which contain organotin as the
toxic agent, NAVSHIPSNOTE 9190 of 28 May 1974 requires that the material be
placed in sealed steel drums which may be buried only in a Class I sanitary
landfill to prevent toxic leaching into ground water. The foregoing applies to
the spent abrasive as well as paint cans, rags and other solid waste debris
left over from organotin painting application. Recent experience shows this to
be a most important constraint. To date, the only landfills which have been
designated as Class I are located in California. Organotin solid waste has
been shipped in steel drums from Pearl Harbor to California for burial. At
present, one important effort at the DTNSRDC Annapolis laboratory is investiga-
tion of detoxification of organotin waste by chemical or thermal methods. One
group at the Lab has shown that it is feasible to utilize fluidized bed
incineration for the detoxification of all the solid residue resulting from
shipyard application of organotin paints. Another group has had promising

results with the detoxification of contaminated water wastes. A combination
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A.1.1.2 CONSTRAINTS (Cont'd)

of both methods sould eliminate what has been an expensive and disconcerting
problem associated with organotin antifouling paints.

: FINDING: A major constraint upon the underwater coating process is disposal of
solid waste debris known to contain organotin toxicants. This constraint has

both economic and environmental aspects.

RECOMMENDATION: Continue the work now under way to develop a method for

detoxification of organotin debris which will allow its safe and economic

disposal. 3

* k% % % % i




A.2 FINDINGS AND RECOMMENDATIONS

A.2.1.1 SUMMARY

The paragraphs contained in this section summarize the findings and
recommendations presented in Appendix A. The title preceding each group of
findings and recommendations indicates the section of the Appendix in which
these topics are discussed.

CONSTRAINTS
FINDING: The United States is self sufficient in both natural supply and
smelting capacity for copper; in the case of tin, it is not self sufficient in
either.

RECOMMENDATION: Consideration should be given to this factor before making a

decision to adopt an antifouling coating which employs a form of tin as its
toxic agent.

* Kk k k %
FINDING: Although domestic tin supplies are not as great as those of copper,
and although tin costs about 5-1/2 times more per pound than copper, it takes
14 times more copper (by weight) to coat a given surface area than it does tin
to coat the same surface area to the same dry film thickness.

RECOMMENDATION: Ascertain the total annual usage of Formula 121/63 and, from

the information given in Table I (pg. A-6), estimate the amount of raw tin that
would be required annually to support production of a tin based antifouling
paint. Determine whether quantities of tin of this magnitude are readily

available at an economic cost.,

* % % % %
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A.2.1.1 SUMMARY (Cont'd)

CONSTRAINTS (Cont'd)

FINDING: During FY77 the active fleet will be comprised of 484 ships. Regular
overhauls are planned for 105 of these ships, implying a five year overhaul
cycle in gross terms.
FINDING: During FY77 the steaming hours of the active fleet will be about 1.15
million hours. About three fourths of its time will be spent not under way, a
condition favorable for marine biota to make attachment to the hull.

* k Kk k %
FINDING: The established commercial/industrial base for the production of
marine coatings imposes a constraint upon the final choice of a product for
fleetwide service use. Although research and development efforts ougﬁt not
be, and are not, fettered by such considerations, logistics planning decisions
must reckon with the industrial supply base.

RECOMMENDATION: Determine the Navy's proportionate share of the national demand

for underwater marine coatings. The Navy's position in the market place is
germane to the economic feasibility of attracting capital investment to establish
a logistic supply line for any product substantially different from that within
the capability of the commercial industrial production base.

* k Kk k %
FINDING: Coatings engineering personnel resources which may be applied to
specification development are limited by a balanced view considering other ship
systems. The coating material acquisition process is conducted by logistics
personnel outside of the Navy Department. Taken together, this situation
imposes a real constraint upon the time and attention which may be profitably

devoted to underwater coatings and their acquisition.

* % % % %
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A.2.1.1 SUMMARY (Cont'd)

CONSTRAINTS (Cont'd)

FINDING: The cost of facility modification and necessary industrial production
equipment must be included when assessing the cost impact of a new coating.

* k Kk Kk k
FINDING: A major constraint upon the underwater coating process is disposal
of solid waste debris containing organotin toxicant. The constraint has both
economic and environmental aspects.

RECOMMENDATION: Continue the work now under way to develop a method for

detoxification of organotin debris which will allow its safe and economic

disposal.

* % % % %

ENVIRONMENTAL CONSIDERATIONS

FINDING: Antifouling paint is a marine pesticide within the meaning of the
Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) 1975. Regulations
governing the manufacture, registration, use and disposal of these pesticides
are in a considerable state of flux with one important deadline being October
1977. The burden of compliance with existing and forthcoming regulations will
impact upon suppliers of marine paint products, but the Navy's concern should
be to insure that its logistic supply lines are not disrupted.

FINDING: The Environmental Protection Agency (EPA) Office of Pesticides will
become the repository of much data on the chemical composition, toxicity,
efficacy and disposal procedures which have been developed by manufacturers.

RECOMMENDATION: From an environmental standpoint it is not yet propitious for

the Navy to revise the toxic pesticide agent in its marine antifouling paint.

Aftershocks stemming from FIFRA 1975 may disrupt the logistic supply line of the

product.




A.2.1.1 SUMMARY (Cont'd)

ENVIRONMENTAL CONSIDERATIONS (Cont'd)

RECOMMENDATION: The Navy should maintain liaison with the EPA Office of

Pesticides to acquire extensive data on marine pesticides.

* k k Kk %
FINDING: Residue from the industrial processes of application and removal of
marine coatings contain pollutants within the meaning of the Federal Water
Pollution Control Act. At this time quantified national standards have not yet
been fixed for allowable concentrations in drydock effluent water. The EPA is
working on the task of developing such standards which will be held applicable
to drydocks, both commercial and in naval shipyards.

RECOMMENDATION: Study the results of the water effluent monitoring work which

has been in progress for several years. Prepare to make constructive, meaningful

comment upon the EPA's drydock effluent standards. Ascertain which of the

Navy's drydocks is the cleanest (and the dirtiest) and why.

RECOMMENDATION: Continue support of on-going work for development of the closed-

cycle abrasive blasting machine.

RECOMMENDATION: Continue study and implementation of measures for drydock

clean-up. Maintain liaison with the Department of Commerce to obtain

information on the study being conducted at Avondale Shipyards.

* k k k %
FINDING: With regard to environmental considerations, hydrocarbon solvents
have already heavily impacted the marine coatings systems. The Navy's
coatings engineering work force has been drawn away from its normal task of
product development into revamping specifications for environmental reasons

only.
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A.2.1.1 SUMMARY (Cont'd)

ENVIRONMENTAL CONSIDERATIONS (Cont'd)

FINDING: Insufficient time has elapsed to make an accurate assessment of the
effects of solvent changes upon the long-term life of underwater coatings in
service use. The results of a MIL-specification which had been revised in 1974
for a coating manufactured in 1975 and applied in 1976 may not be seen until
1980.

FINDING: Environmental regulation of hydrocarbon emission from surface coating
applications will probably bring additional constraints. Such constraints will
be imposed upon the coating industry nationally. U. S. Navy applications are
not being singled out for attention.

i RECOMMENDATION: Continue to keep informed of EPA hydrocarbon control studies

of potential regulations. These must be published in proposed form in the
Federal Register.

‘ RFECUMMENDATION: Continue to keep abreast of the work being done at Battelle E

olumbus Laboratories regarding solvent free coatings and their application (4
w=thods. This is a most valuable alternative for solution of the hydrocarbon |1
emission problem. it

* % k k %
FINDING: From the point of view of hazard to human life, more attention is
focused upon particulate matter in the worker's breathing zone (OSHA regulations)
than is focused upon particulate matter in cthe ambient environment. The close-
in workman is required to wear an air-fed full face mask and other personnel
protective equipment. If the particulate matter contains toxic substances, as
compared with mere fugitive dust, the hazard increases by at least an order of

magnitude.
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A.2.1.1 SUMMARY (Cont'd)

ENVIRONMENTAL CONSIDERATIONS (Cont'd)

RECOMMENDATION: Continue funding support and development of the closed cycle

blasting machines.

RECOMMENDATION: Request that the Navy Environmental Support Office again

perform physical measurements of the emission of particulate matter from the
abrasive blasting process. Do this in other naval shipyards to check repeatability

in various locations.

* % % % %

FINDING: 1In April 1975, the Chief of Naval Material implemented a Manufacturing

Technology Program to promote the timely establishment of improvement of
manufacturing processes, techniques or equipment to support current and
projected weapon system production requirements. The following projects,

related to hull cleaning/protection, have been funded under this program for

FY 77.
PROJECT NO. TITLE
DNS-00355 co, Abrasive Blaster {,
DNS-00289 Automatic Hull Painter

Other projects related to this subject are slated for funding in subsequent
fiscal years.

RECOMMENDATION: Closely monitor these Manufacturing Technalogy Projects. Make

recommendations to the Naval Material Industrial Resources Office (NAVMIRO)

concerning projects which should be undertaken in the future.

* % k % %




A.2.1.1 SUMMARY (Cont'd)

OCCUPATIONAL SAFETY AND HEALTH

ACT (OSHA) CONSIDERATIONS

< FINDING: The Navy Department has safety and health standards for its personnel

| which are equal to or better than those promulgated for the private sector
in OSHA. Important among these standards are ones pertaining to the application
and removal of marine coatings, which do in fact contain toxic and hazardous
substances. The costs of necessary personnel protective equipment and facilities
must be included when deciding upon adoption of a specific coating.

%k * &%

RECOMMENDATION: Determine the actions necessary for comnliance with the Toxic

Substances Control Act which was enacted on 12 October 1976 and Federal Standard
| 313A which was promulgated on 4 June 1976.

FACILITY/EQUIPMENT REQUIREMENTS

FINDING: The Navy is unable to overhaul the Fleet at the periodicity desired
due to a shortage of drydocks among other things. It has been publicly stated
that a large 'backlog' of ship overhauls now existsl. |4

RECOMMENDATION: Consider the construction of more drydocks. Study the

possibility of deepening those docks which have been obsoleted due to the lack
of deep draft docking capability.

* k k k% %
FINDING: The cost of complying with the prescribed safety precautions

associated with the application, removal, and disposal of organotin antifouling

paints is substantial.
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A.2.1.1 SUMMARY (Cont'd)

FACILITY/EQUIPMENT REQUIREMENTS (Cont'd)

RECOMMENDATION: This cost should be carefully weighed with the benefits derived

from employing organotin antifouling paints.

* k k k *

POLICY
FINDING: The key requirement is for a marine antifouling coating to defeat a
wide spectrum of marine phyla and to remain effective for an extended period.
FINDING: Other valuable properties of a long life antifouling coating would
be camouflage and reduced sonar reflectance.

RECOMMENDATION: Fund and otherwise continue to support development of organo-

metallic polymer coatings development work at DTNSRDC, Annapolis. This work
offers real potential for achieving long life antifouling properties.

4

* % % % %

FINDING: The process of selecticn of a coating for service use is a decision
process separate from RDT&E work. Among other things, this decision involves
availability of raw materials, manufacturing capability of the commercial
production base, industrial engineering for surface preparation and coating
application, performance in service use and environmental constraints.

FINDING: Constraints deriving from environmental and from occupational health
considerations have increased by several orders of magnitude during the past
five years.

FINDING: On-going activity in the marine coating community is prolific and
diversified. This activity is of value to Navy coatings programs,and it should

be monitored routinely.
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A.2.1.1 SUMMARY (Cont'd)

POLICY (Cont'd)

FINDING: There are currently no prescribed standards which represent the

maximum acceptable degrees of fouling on:

a) various ship types

b) specific portions of a ship's hull.
Such standards should be based on a comparison of the costs associated with
brushing or replacing a ship's hull coating versus the increased fuel costs
and other deleterious effects experienced at different levels of hull fouling.

RECOMMENDATION: Establish such standards for use fleetwide, bearing in mind

that fouling on a destroyer tender, for instance, is no where near as critical
as fouling on a high speed combatant ship. By the same token, an acceptable
level of fouling on a ship's hull proper might be unacceptable on its sonar
dome or propeller. The results of tests recently conducted on the U.S.S.
HAROLD E. HOLT (FF-1074) to determine the effects of marine fouling on the
performance of a Navy ship for selected hull regions could be used as a guide
in establishing maximum acceptable degrees of fouling.

* % Kk % %
FINDING: The proper application of a marine coating system has perhaps as much
effect upon the performance and service life of the system as does the coating
formulation itself. For this reason a considerable amount of effort should be
devoted to assuring proper application of marine coatings in Naval shipyards.

RECOMMENDATION: Close liaison should be maintained between the Navy's R&D

community which is striving to develop new and better marine coating systems
and the Shop 71 painters who are tasked with applying these systems at the Naval

shipyards. Liaison can be zccomplished via the existing NAVSEA Steering Group
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A.2.1.1 SUMMARY (Cont'd)

POLICY (Cont'd)

for Surface Preparation and Painting Equipment and Methods Standardization Sub-

committee.

* % % % %

WHAT CAN BE DONE NOW?

RECOMMENDATION: Complete the work, already in process, of re-formulating the

cuprous oxide based antifouling paint, Navy Formulas 121 and 129, so as to
obtain compliance with hydrocarbon emission limitations.

RECOMMENDATION: Resume performance appraisal or evaluation of underwater

coatings on active Fleet ships in the "as docked" condition.

RECOMMENDATION: Update and re-publish the chapter of the NAVSHIPS Technical

Manual on '"Preservation of Ships in Service'.

RECOMMENDATION: Obtain from the Environmental Protection Agency a copy of the

Development Document for proposed effluent limitations to navigable waters

from drydocking and ship repair point sources.

NEEDED RDT&E
FINDING: The development work upon organometallic polymers (OMP's) which has
been under way for several years is comprehensive, orderly and holds real
promise for producing an antifouling coating with a service life span of at

least five years. This work is nearing fruition.

-
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A.2.1.1 SUMMARY (Cont'd)

NEEDED RDT&E (Cont'd)

RECOMMENDATION: Fully support the RDT&E work for formulating and evaluating

OMP antifouling coatings at DTNSRDC, Annapolis.
* % k % %

RECOMMENDATION: As an RDTSE task, examine the possibility of developing

submarine coatings which provide camouflage and reduced sonar reflectance.

RECOMMENDATION: As an RDT&E task, examine the possibility of developing

underwater coatings to reduce structureborne radiated noise.

EFFECTIVENESS EVALUATION PLANS

FINDING: The U. S. Coast Guard has a stated goal of five-year service life for

marine antifouling coatings to use on its ships and buoys. It is sponsoring
long-term panel tests to evaluate premium coating material.

RECOMMENDATION: As a minimum, maintain continuing liaison with and monitor

the results of panel tests being conducted by the Coast Guard/Battelle
Laboratories at Daytona Beach, Florida. Consider joint funding sponsorship
of this valuable on-going work.

* % ¥ % %

FINDING: Use of the Docking Report, Form NAVSHIPS 9070, as a mechanism for

recording the condition of the underbottom coating 'as docked" was abandoned
about 1961, At present the Docking Report records only the coatings which were
applied during the drydock period.

RECOMMENDATION: Draw up a form sheet in the NAVSHIPS 9070 series entitled

Underwater Coating Evaluation. Include among the reportable items of informa-

tion most (all) of those elements which were contained in the Form 223 of




A.2.1,1 SUMMARY (Cont'd)

EFFECTIVENESS EVALUATION PLANS (Cont'd)

vintage 1955.  Utilize only observers with coating expertise to fill out this
form, rather than perfunctory remarks from casual observers.

* % K ok %
FINDING: At such future time when certain recommendations of this Master Plan
have receivéd approval, there will be a need for a single manager to assure that
they are implemented.

RECOMMENDATION: A Program Manager in the Naval Sea Systems Command should be

designated as the executive agent to implement the recommendations of this
Master Plaq. His responsibilities should include the following:

. dt;fting a policy directive to be promulgated by OPNAV

e identif;ing fund resources in the budget necessary to foster these

recommendations
° ascettaihing and tracking the progress of the program
* % ok ok K

FINDING: Naval Shipboard underwater coating systems presently in use are being
specified by '"cookbook'" type procurement specifications, that is, the exact
ingredients and the quantity of each are spelled out. This procedure intrinsi-
cally fixes the service life of the coating, assuming that proper application
techniques are followed.
FINDING: The anticorrosive coating specification, MIL-P-23236, is a working
precedent for the use of performance type specifications. The government does
not specify the ingredients of the coating material, which is formulated

proprietarily by the manufacturer.
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A.2,1.1 SUMMARY (Cont'd)

EFFECTIVENESS EVALUATION PLANS (Cont'd)

FINDING: During the course of this study, no instance was observed wherein
extended antifouling properties of a coating could be demonstrated and proven
by means of laboratory tests or extrapolation of short term tests. Advertising
and proprietary claims are being made that a five-year life antifouling coating
already exists based on abbreviated test results.

I

NAVY FORMULA 150 SERIES/FORMULA 121/63

FINDING: The Navy's current hull coating system is one of the best marine
coating systems available today.

RECOMMENDATION: Continue to use the Formula 150/Formula 121/63 coating system

until a system is developed which offers a major improvement (e,g. doubles

the service life) over the existing system,

SEAMASTER SYSTEM

FINDING: Though the Seamaster System appears to offer excellent anticorrosive/
antifouling protection for extended period of time, the System has not yet
been fully tested.

RECOMMENDATION: Establish contact with the JOTUN Marine Coatings Company and

the commercial shipping lines using the Seamaster System to monitor the results

of the service tecsts now in progress.

GOODRICH ''NO-FOUL'

FINDING: Goodrich "No-Foul® has exhibited superlative anticorrosive/antifouling

§ 6
properties in panel tests and in actual service use.
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A.2.1,1 SUMMARY (Cont'd)

GOODRICH '"NO-FOUL'" (Cont'd)

RECOMMENDATION: Continue to monitor the performance of '"No-Foul" on Navy

ships., Ascertain the effectiveness of the product on hull appendages
(e.g. rudders, struts, roll stabilization fins, etc.) which are subjected
to high velocity water flow, and also in seachests.

RECOMMENDATION: Ascertain whether the disposal requirements applicable to

wastes containing organotin paintsll should be applied to wastes generated
during the application and removal of Goodrich '"No-Foul', since the product

contains tributyltin oxide,
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A.2.1.2 STATE-OF-THE~-ART

As discussed earlier, an underwater marine coating system is comprised
of two major components - an anticorrosive coating to protect structures
from oxidation, and an antifouling coating to prevent the adherence and
growth of marine organisms, For many years the marine coatings industry has
placed primary emphasis on developing coatings which would provide corrosive
protection. The need is critical since unprotected metallic structures submerged
in seawater will eventually deteriorate and fail. The consequences of attachment
of marine organisms to underwater metal structures are not as critical. The most
deleterious effect of marine fouling occurs after a long period of time when
attached biota pentrate the anticorrosive coating, resulting in decreased
resistance to the oxidizing action of the seawater3. In today's era of markedly
increased fuel prices and diminishing petroleum supplies, hull fouling presents
additional problems. Tests conducted by the Navy in FY74 indicate a potential
reduction in fleet fuel costs of $40,000,000 annually if hulls can be kept free
of marine foulingA. Commercial shipping lines stand to save even more by
maintaining ''barnacle-free'" bottoms due to their fleets' extremely high percentage
of hours under way. Thus, it is now evident that substantial fuel and associated
monetary savings may be realized by the employment of effective antifouling
coatings. L

Because industry has focused its attention on solving the more serious
corrosion problem, anticorrosive coatings technology is far more advanced than

present day technology in antifouling coatings. The gap is clearly evidenced

by the difference in the effective service lives of anticorrosive and antifouling

coatings. Anticorrosive coatings have proven effective for periods as long as
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A.2.1.2 STATE~OF-THE~ART (Cont'd)

seven years, while the maximum service life of antifouling coatings is about
three years. Thus it is currently the antifouling component of a ship's
underwater coating system that delimits the coating refurbishment/replacement
cycle.

Numerous types of anticorrosive and antifouling coatings are available on
today's market. These may be classified by their generic type, the most common
of which include: Alkyds, Vinyls, Chlorinated Rubbers, Acrylics, Epoxies,
Polyurethane, Water Base, and Solvent Bases. These may be further subdivided
by the basic material used in the coating formulation; for example, thé generic
type "Epoxy" includes coatings which are formulated from epoxyamines, epoxy

| polyamides, epoxy coaltars, or epoxyesters, Thus, there are many types of
coating formulations and an even greater number of possible coating system
formulations, since a system may employ different generic types of anticorrosive
and antifouling coatings.

Since the number of marine coating systems is so large and since
comparative studies have already been conducted on many of these systems, this
report will address only the following five marine coating systems:

1) Navy Formula 150 (series)/Formula 121/63

2) Seamaster System (Jotun Baltimore Copper Paint Co.)

3) Self Polishing Copolymer (International Paint Co.)

4) '"No-Foul" - (Goodrich Corporation)

5) Navy Formula 1020A
In a long-term test of underwater marine coating systems, conducted by Battelle

Laboratories and the U.S. Coast Guard from 1969 to 1975, a system employing Navy




A.2.1.2 STATE-OF-THE-ART (Cont'd)

Formula 121/63 and another comprised of Goodrich '"No Foul" received the two
highest ratings of the 18 systems evaluated6. During the test, each system was
subjected to 51 months of static immersion and 10 months of dynamic immersion
on a rotating drum apparatus. Both the Navy System and the Goodrich Product
provided outstanding corrosion and fouling protection. Seamaster and Self
Polishing Copolymer are relatively new marine coating systems which have
demonstrated excellent performance in their application on ioreign navy and
commercial vessels. Paragraphs A.3 through A.7 of this apr ’!x describe the
general properties, performance characteristics, and pro's and con's of each of
these five systems. Table II summarizes the technical data available on each

system.
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A.2.1.2 STATE-OF-THE-ART (Cont'd)

TABLE II - TECHNICAL DATA ON HULL COATING SYSTEMS

NAVY FORMULAS SEAMASTER SELF '"NO-FoUL" NAVY FORMULA
150 Series A SYSTEM POLISHING 1020A
121/63 AF COPOLYMER

MIL-P-24441 JOTUN MARINE | INTERNATIONAL{ GOODRICH CO. [EXPERIMENTAL

MANUFACTURER A/C COATINGS CO.| PAINT CO. ISPECIFICATION
OR MIL-P-15931 ONLY
MIL-SPEC NUMBER A/F
EPOXY CHLORINATED | PROPRIETARY | ELASTOMERIC [VINYL A/F
POLYAMIDE A/C RUBBER INFORMAT LON SHEET
GENERIC TYPE VINYL A/F
BOTTOM BOTTOM BOTTOM BOTTOM
RUDDER RUDDER RUDDER RUDDER
RECOMMENDED USES |SEA CHEST SEA CHEST BOTTOM SEA CHEST SEA CHEST
STRUTS STRUTS STRUTS STRUTS
SONAR DOMEY
RASIVE ABRASIVE APPLY OVER ABRASIVE APPLY OVER
SURFACE BLAST TO BLAST TO A/C COATING | BLAST TO A/C COATING
PREPARATION NEAR WHITE MINIMUM OF WHITE STATE .
STATE SA 2%
?
RECOMMENDED AIRLESS AIRLESS AIRLESS PROPRIETARY | ROLLER OR
METHOD OF SPRAY SPRAY SPRAY ADHESIVE BRUSH
APPLICATION
| NUMBER OF 3 A/C 5 A/C
COATS 2 A/F 4 A/F 3 A/F 1 LAYER 2 A/F

TOTAL DRY FILM
THICKNESS 12 29 11 80 4
| (MILS) (A/F ONLY) (A/F ONLY)
A/F GREEN A/F RED A/F RED BLACK A/F BLACK
GRAY GRAY
F { COLOR DARK GRAY WHITE
s A/F RED
3
CUPROUS CUPROUS TRIBUTYLTIN | TRIBUTYLTIN| TRIBUTYLTIN
TOXICANT OXIDE OXIDE OXIDE OXIDE OXIDE AND
FLUORIDE
EFFECTIVE 18 - 36 48 - 60 244+ 120 36
SERVICE LIFE WITH 3 TO &4
(MONTHS ) EACTIVATIONS
STEEL STEEL STEEL STEEL STEEL
SUBSTRATES ALUMINUM ALUMINUM ALUMINUM
WOOoD
SOURCES OF
INFORMAT ION 12; 32 53, 34, 3% 37 6, 38 4, 11, 40

(REFERENCE NOS.)




A.2.1.3 GAPS IN TECHNOLOGY

Before addressing specific deficiencies in today's marine coatings
technology, it might be appropriate to discuss the general progress of the
marine coatings industry over the last half century. In his paper entitled
"The Role of the Biologist in Antifouling Research"7, Dennis Crisp summarizes
the progress as follows:

"Within the paint industry itself, the past forty years has
witnessed a considerable improvement in the reliable life of cuprous
oxide paints, but, apart from the recent introduction of some new
organometallic based paints, very little progress indeed has been
made on novel or imaginative lines. Much of the research has been
repetitious on account of the numerous firms all engaged in parallel
investigations on traditional materials and the progress achieved

appears to me to have been unduly costly.

For the sake of future developments, it is worth considering the
causes of this disappointing rate of progress. I would suggest ti:ree
factors stand out. First, it has to be recognized that copper oxide
as a basis for antifouling paint is difficult to improve upon. It has
a high toxicity over a wide spectrum of groups of animals and plants.
It is not difficult to prepare and formulate nor unduly expensive.
Hence the tendency in the industry has quite understandably been to
seek improvement in cuprous oxide paints rather than to search for
other materials and methods. Secondly, the performance of ships'
paints 1is notoriously variable even under raft conditions, let alone
on ships. Sales cannot, therefore, be expected to rise sharply

following the introduction of a marginally improved product; indeed,
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A.2.1.3 GAPS IN TECHNOLOGY (Cont'd)

by the time a new product has proven itself, competitors will already

be marketing compositions skillfully slipped through the net of the ¢
patent laws. In this situation, investment in exploratory science is |
difficult to justify against investment in sales and advertising.
Thirdly, the structure of the industry mitigates against scientific
progress. It consists of a number of relatively small competing units
usually working on small profit margins; none of them are capable of
sustaining a major research effort such as the problem needs. Nor is
it possible to imagine their being able to coordinate their efforts
within the existing commercial system.'
Mr. Crisp's remarks may be easily substantiated by merely examining the

history of the antifouling coatings used by the U.S. Navy. From 1908 to 1926,

the Navy used a shellac type bottom paint with occasional slight modifications8

In 1926, a coal tar resin formulation was adopted and used until World War IT.

In the period from World War II to the Korean War, the Navy utilized a hot

plastic coating system, and later, a cold plastic system, both of which employed

cuprous oxide biocides3. After the Korean War a wash primer pretreatment was

developed which assured good adhesion of vinyl paints to steel hulls. Hence,

the Navy developed, tested and adopted Formulas 121 and 129, vinyl antifouling

coatings with cuprous oxide toxicant. These formulas, which were slightly modified

in 1963 are still the Navy's most effective and widely used antifouling hull

coatings. Thus,one can see that cuprous oxide has been the Navy's principal

.._._.__..___._.,‘,4.‘,
” Y 2 -

antifouling agent over the past three decades. Not until recent years have the

Navy and industry begun experimenting with paints employing other types of marine

biocides.
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A.2.1.3 GAPS IN TECHNOLOGY (Cont'd)

In regard to specific gaps in today's marine coating technnlogy, one must
consider not only the deficiencies existent in coating formulations themselves,
but gaps in other related areas as well. The degree of understanding of fouling
organisms, for example, and the state-of-the-art in coating application and
removal methods are two important factors which directly affect the advancement
rate of marine coating technology. The following paragraphs discuss the apparent
gaps in each of these areas.

Marine Biology

From an overview of the reference material utilized in this study, it is

evident that the kill or repellent mechanism of present day antifouling toxicants
is not fully understood. It is unclear why some toxicants are highly effective
against certain species of marine organisms but have only a limited effect
upon others. Cuprous oxide, for example, offers a high degree of resistance to
barnacles, but a much lower degree of resistance to tubeworms. Organotin, on
the other hand, has proven highly effective against tubeworms, but less effective
against barnacles, Though DTNSRDC/A has developed OMP resins which have
exhibited long-term resistance to a wide spectrum of marine biota, these resins
have not yet been formulated into marine paints,

Thus, there exists a need for a hull coating with a broad base toxin which é
would repel all types of marine biota for extended periods of time. A further
understanding of the biology of marine fouling organisms might well be the
key to developing such a coating, |

Coating Formulation

The technology gap most apparent in current marine coating formulations

is the difference in the service lives of anticorrosive and antifouling paints.
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A.2.1.3 GAPS IN TECHNOLOGY (Cont'd)

As mentioned earlier, current anticorrosive paint formulations are effective for
periods of up to seven years, whereas antifouling coatings require replacement
at two to three year intervals. This is perhaps the most critical technology
gap, for it governs the periodicity at which a ship's hull coating system must
be refurbished or replaced.

Resistance to the scouring action of high velocity seawater is another
property which is lacking in current day marine coating formulations. No
coating has proven 100% effective in long-term protection of a ship's rudders,
struts, roll stabilization fins, etc. The high velocity water flow and resultant
cavitation to which these hull appendages are subjected during underway periods
tends to scour away the coating, leaving the appendages vulnerable to fouling
and corrosion.

Still another technological gap related to marine coating formulations is
the lack of a suitable accelerated testing device to determine the efficacy of
newly developed marine coatings. Though a rotating cylinder apparatus has been
used to simulate shipboard service conditions, the effect of varying pH,
salinity, temperature, oxygen content and turbulence of seawater on the aging
and leeching rates of coatings has not been studied in relation to the test
apparatuslo.

The aforementioned technology gaps apply to marine coating formulations
in general. Deficlencies in specific coating systems are related in
Sections A.3 through A.7 of this appendix.

Application and Removal Processes

As emphasized by Francis LaQue in his book on Marine Corrosions,

"the key to the effective protection of steel by marine coatings is proper
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A.2.1,3 GAPS IN TECHNOLOGY (Cont'd)

application. The best formulated coating can be completely ineffective if poorly

W TR

applied. Conversely, a relatively poor coating can be made quite satisfactory
through proper and careful application." LaQue suggests that blast cleaning is
the best method for preparing steel for the application of a marine coating since
it cleans the steel of all contaminants and provides a new fresh metal surface -
over which to apply the paint. At this time, as discussed in Section A.2.1.4 of
this appendix, environmental regulations are constraining abrasive blast opera-
tions. Although closed cycle blasting machines have been introduced at naval
shipyards, the machines have radius-of-curvature limitations which preclude
their use on the entire hull of a ship. The closed cycle bottom blaster at
Norfolk Naval Shipyard, for example, is capable of blasting only flat bottomed
vessels. Similarly, the closed cycle side blaster at Norfolk is useful only
i on relatively flat, vertical surfaces. It cannot be used on the curved hull of
| a submarine, for example.
A second technology gap related to abrasive blast operations lies in the
area of disposal of spent abrasive containing organotin. NAVSHIPS NOTICE 9190
E \ of 28 May 7411 requires that all wastes generated from the blasting of organo-
metallic paints be placed in steel drums, sealed and buried in Class I sanitary
landfills or approved dumping sites. Such disposal requirements are extremely 3
costly due to the large volume of wastes generated during abrasive blast
operations. As an illustration, an estimated three hundred 55-gallon drums
would be required for the disposal of the solid wastes generated from the
blast cleaning and painting of one SSBNlZ.
Work is currently under way at DTNSRDC/A to develop a means of chemical
detoxification of organometallic abrasive blast wastes, thereby eliminating

the need for this costly waste disposal procedure s
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A.2.1.3 GAPS IN TECHNOLOGY (Cont'd)

Environmental regulations make limitations on spray painting operations.
As previously mentioned, about 50% of the volume of paint used to coat a hull
consists of volatile solvents which escape into the atmosphere during spray
operations. Present day technology has not yet produced a "solvent free" paint
suitable for use on ships' hulls, but R&D efforts to develop such a product are
currently under way at Battelle Columbus Laboratories in Columbus, Ohiola.

The following is another technology gap related to the application of hull
coatings. There is currently no means of coating the surfaces of a ship's
hull which are masked by keel and side blocks while the vessel is in drydock.
Since there are three positions in which a vessel may be docked on its blocks,
each keel and side block area is exposed to paint application during two out of
three drydock periods. Thus, if a vessel is drydocked at four-year intervals,
individual block areas are coated only once every eight years. This condition
is unsatisfactory since eight years exceeds the effective service lives of
today's anticofrosive and antifouling hull coatings. It is reported that one
Russian drydock is fitted with hydraulically driven blocks which permit dis-
mantling under loadls.

The adoption of Double Universal Fitted Side Blocks by naval shipyards
provides labor and material cost savings, however, it complicates the problem
of corrosion prevention in the block areas of the hull. Under this system,
which is described in Reference 15, half of the side block areas on a ship's
hull will be painted only once in three dockings while the other half will be
painted twice in three dockings. Half of the side block areas will thus be

coated only once every twelve years if a ship drydocked on Double Universal

Fitted Blocks at four-year intervals.
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A.2.1.4 ENVIRONMENTAL CONSIDERATIONS

The use of underwater coatings interfaces with the environment in many ways.
Antifoulant toxins are marine pesticides deliberately displayed on the underwater
hull to repel or kill zooplankton and phytoplankton which attempt to live upon
the hull. These toxins are designed to leach continuously from the coating
surface into the marine environment. The normal industrial process for hull
surface preparation, sandblasting or abrasive blasting, has already been the
subject of an Environmental Impact Statementl6. The veclatile hydrocarbon
solvents, which comprise about one-half the volume of coatings, are atmospheric
pollutants. Marine coatings that have been removed from the hull and cleaned
up from the drydock floor become a solid waste disposal problem. Residue on the
drydock floor, which is not cleaned up or which is washed into the drydock sump,
may be discharged into navigable waters. Each of the above mentioned environ-
mental interfaces will be discussed in more detail.

At the outset of this discussion it must be emphasized that it is already

U. S. Navy policy to . actively participate in a program to protect and

enhance the quality of the environment"17.

This includes many measures which
have already been taken in compliance with pollution abatement laws and regula-
tions. The intent of the discussion is to show where current regulations
delimit choice of alternatives.

One group of regulations which is germane are those stemming from the
Federal Insecticide, Fungicide and Rodenticide Act (FIFRA), Public Law 92-516
of October 21, 1972 as amended by Public Law 94-140 of November 28, 19754% The
regulations for enforcement of FIFRA are found in Title 40, Code of Federal

Regulations, Part 162 (40 CFR 162) and they were published in the Federal

Register on 3 July 1975. It is clear that these regulations apply to antifoulant
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A.2.1.4 ENVIRONMENTAL CONSIDERATIONS (Cont'd)

paint mixtures, since among the definitions of pesticides is given:

"... invertebrate animal poisons and repellants includes all substances

or mixtures of substances intended for preventing the establishment of,

destroying, repelling, or mitigating invertebrate animals, including:

(a) Antifouling agents intended for use on boat and ship bottoms,

pler and dock pilings, and similar submerged structures to prevent

attachment or damage and destruction by marine invertebrates."

Also included in the definition of pesticides are: fungicides, herbicides,
algaecides, nematicides and slimicides.

Based upon the provisions of FIFRA as enacted in 1972, the Environmental
Protection Agency drew up a document in May 1974 setting forth its strategy
for controlling the adverse effects of pesticideslB. It anticipated a need
to classify and register more than 40,000 pesticides. When FIFRA was amended
by the Congress in 1975, EPA found it necessary to alter its strategy paper.
A copy of the preliminary draft of the EPA's new strategy dated July 197619
covering the outyears 1976 - 1981 was acquired. This was reviewed to obtain an
insight into regulatory actions which might be forthcoming in the future.

Although the regulations and the EPA strategy are better discussed in their
complete, original form, salient features are delineated below.

(a) There are two levels of control, Supply Control and Use Control.

Supply Control is effected by prohibiting the sale of a pesticide until

the manufacturer has applied for and obtained EPA registration of the

product. Registration may be given for General Use or Restricted Use.

Use Control of a registered product is effected by requiring that Restricted




A.2.1.4 ENVIRONMENTAL CONSIDERATIONS (Cont'd)

Use products may be applied only by a certified applicator. Labeling
requirements are the primary use control strategy for General Use products.
(b) The deadline for obtaining EPA registration of pesticides is October
1977, two years after the enactment of Public Law 94-140.
(c) Pesticide products which have previously been registered under the
1972 FIFRA must be re-registered by October 1977 with new and additional
data requirements. Registration is valid for an ensuing five year period
and is not automatically renewed.
(d) Provision is made for the issuance of experimental use permits for
RDT&E purposes.
(e) The applicant for registering a pesticide must provide detailed data
concerning the product, including: complete chemical composition;
manufacturing process and purity; efficacy in use; acute toxicity data
regarding human hazard from oral, dermal, inhalation and ocular exposure;
hazard to non-target organisms; safe methods for disposal of the pesticide
and its container.
FINDING: Antifouling paint is a marine pesticide within the weaning of FIFRA
1975. Regulations governing the manufacture, registration, use and disposal of
these pesticides are in a considerable state of flux with one important deadline
being October 1977. The burden of compliance with existing and forthcoming
regulations will impact upon suppliers of marine paint products, but the Navy's
concern should 5e to insure that its logistic supply lines are not disrupted.
FINDING: The EPA Office of Pesticides will become the repository of much data
on the chemical composition, toxicity, efficacy and disposal procedures which

have been developed by manufacturers.
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A.2.1.4 ENVIRONMENTAL CONSIDERATIONS (Cont'd)

RECOMMENDATION: From an environmental standpoint it is not yet propitious for

the Navy to revise the toxic pesticide agent in its marine antifouling paint.
Aftershocks stemming from FIFRA 1975 may disrupt the logistic supply line of
the product.

RECOMMENDATION: The Navy should maintain liaison with the EPA Office of

Pesticides to acquire extensive data on marine pesticides.
* k k k %

Another interface between ship underwater coating systems and the environ-
ment concerns regulations deriving from the Federal Water Pollution Control
Act (FWPCA). At the heart of the matter is the National Pollutant Discharge
Elimination System (NPDES) established by Section 402 of the FWPCA and for
which procedural regulations are given in the Code of Federal Regulations,
Title 40, Part 125. These regulations require that permits be obtained from
the Environmental Protection Agency (EPA) for each end-of-the-pipe discharge in-
to navigable waters. The permits also require the discharger to monitor his
effluent and report results to the EPA.

Marine coatings are removed and fresh coatings applied while ships are
in drydock. Fall out debris from both of these processes drops to the floor
of the drydock or to any other horizontal surfaces that exist, such as altars,
stairwells and the top of drydock blocks. Shipyards do the best possible job
of cleaning up this debris, but the probability exists that some portiom
reaches the drydock drainage system and is pumped into navigable waters. For
the past several years, effluent samples from drydock outfalls have been
monitored and subjected to chemical analysis for turbidity, pH, and heavy metal

content.
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A.2.1.4 ENVIRONMENTAL CONSIDERATIONS (Cont'd)

The strategy of the NPDES is to fix upon nationally enforceble, quantified
standards for the pollutant content of effluent discharges from each individual
industry. Such effluent standards have already been promulgated by the EPA for
many industries; for example, iron and steel manufacturing, paint formulating,
and electroplating. There are many more industries and manufacturing processes
for which such standards have been set forth., The complete list may be found
in Title 40, Code of Federal Regulations, Subchapter N, Effluent Guidelines and
Standards. The standard for drydocking operations has not yet been promulgated,
but the EPA is working on i:. It was learned that Hittman Associates, Columbia,
Maryland, is working under contract<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>