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FOREWORD

This Research and Devel opnment project was performed under the
Nat i onal Shipbuilding Research Program (NSRP). The project, as a
part of the program is a cooperative cost shared effort between
the Maritinme Adm nistration, the United States Navy, and National
Steel and Shipbuilding Conpany (NASSCO. The research and
devel opment  work was acconplished by ~Associated Coatings
Consultants, Inc. under sub-contract to NASSCO  The overall
obj ective of the programis inproved productivity and therefore,
reduced shipbuilding costs.

The study was undertaken toward this goal and followed closely the

R/traoj ect _outline approved by the Society of Naval Architects and
rine Engineers (SNAME) Ship Production Commttee.

M. Lynwood Haunschilt of NASSCO was the National Shipbuilding
Research Program (NSRP) Manager of Panel SP-3 at the inception of
this program As NSRP Manager, M. Haumschilt was responsible for
technical direction and publication of the final report. Program
definition and gui dance was provided by the nembers of the SP-3
Surface Pre&aratlon and Coatings Subcommittee of the SNAME Ship
Production Committee.
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EXECUTIVE SUMMARY

ShiB bal | ast tanks offer unique corrosion control challenges.
Being subjected to intermttent wet and dry cycles of aerated sea
wat er places an extrene demand on corrosion control methods. Harsh
service environnents are coupled with necessarily conplex tank
eonmetries, especially in Navy conbatants where weight and hull
esigns dictate small, irregular tanks with limted accessibility.
These difficulties equate to costly corrosion control techniques.
The NSRP SP-3 Panel recogni zed these problens and fornul ated a
series of research and devel opnent projects to investigate
alternate, cost effective corrosion control solutions for the
preservation of ballast tanks.

The first project began in 1980 and was entitled "Cathodic
Protection/Partial Coatings Versus Conplete Coating in Tanks." A
series of steel nock-up ballast tanks were constructed which
duplicate tank geonetries. The tanks were also |arge enough to
all ow access for surface preparation and installation of the
various corrosion control nethods. The testing results are
contained in NSRP Reports 0158, 0205 and 0280.

In 1988, the project was redirected to eval uate mai ntenance
procedures and techniques. At that time the tanks had been under
test for six years. Included in the new project were current VOC
conpliant, surface tolerant epoxies fromtwo suppliers, a new
formul ation of MI-P-24441 VOC conpliant epoxy, a soft coating, and
a Japanese technique of adding a zinc anode (for cathodic
protection) to an existing, partially failed coating in lieu of
coating replacement. Two coating systens from the original project

were still providing adequate protection and, therefore, left
undi sturbed. After three additional years of testing (nine years
for some systens), all but one of the systems were still providing
a degree of protection. The results of this project were reporte

i n NSRP Report 0332.

In 1990, funding was approved to extend the project for an
additional two years. This report contains the results of five
years of testing under the new program After eleven years of
testing, the inorganic preconstruction primer with zinc anode has
finally failed. The VOC conpliant surface tol erant epoxy "A
applied over both the power tool cleaned and abrasive blast cleaned
surfaces was essentially equal in performance for the first three
years, but the power tool cleaned system was sonewhat inferior
after five years. Both systens require extensive repair. The sanme
was true for the epoxy “B" except for the bottomof the hand
cl eaned tank which had excessive dry film thickness. The coating
wi th the excessive thickness began to crack after one year and was
totally delamnated at the end of three years. This coating and
the same coating applied over abrasive blasted steel were repaired

usi ng hand and power tool cleaning techniques.
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CONCLUSI ONS

This report includes the controlled testing results of new
approaches to surface preparation and coating repair techniques for
preservation of in-service ships ballast tanks utilizing VOC
conpliant coatings after five years of testing. Per f or mance
results are also Included for other corrosion control techniques.

The pr%ject was originally initiated to test and eval uate the
technical feasibility and econom cs of using a conbination of
cathodic protection and partial coatings in lieu of conplete
coatings of ballast tanks. Mock-up test tanks were constructed and
coated to verify performance.

After concluding the initial test program the SP 3 Pane
Menbers decided to investigate the technical feasibility of
reducing coating repair costs utilizing less costly surface
preparation, i.e., hand and power tool cleaning, conbined with
surface tolerant coatings wth special enphasis given to VOC
conpliant coatings. The new project consisted of replacing failed
coatings with two different manufacturer's surface tolerant epoxy
systens. Each system was applied over both hand and abrasive bl ast
cleaned steel surfaces. Additional VOC conpliant systenms were al so
included in the test project. Systens tested included:

o VOC conpliant surface tol erant|epoxy "A" gver Power Tool
C eaned (SSPC SP-3) surface

[ ] Compl etely coated tank (previously in service for six
years) with zinc anode bel ng added

¢ Original partially coated tank with zinc anode (no repair
required)

¢ VOC conpl iant surface tol erant [epoxy "A" |over abrasive
bl asted surface

L VOC conpliant surface tol erant [epoxy "B" |over abrasive
bl asted surface (repaired after sTxyears)

o I norganic zinc preconstruction priner with anodes

0 VOC conpliant M L-P-24441 over abrasive blasted surface

¢ Bi odegradabl e soft coating

o VOC conpliant surface tolerant |epoxy "B" |over solvent and
hand tool ed cleaned surface (repaited after three years)

[ H gh ratio waterborne inorganic zinc



sone

At the end of five additional years of testing (el even for
systens) , the test results can be summarized as follows:

The hand tool cleaned Epoxy “A’" gystem was essentially
equal in performance tO the abrasive blast cleaned
surfaces for the first three years but inferior after
five years. Both coated tanks require extensive repairs
or replacenent after five years of testing.

Except for areas of high filmthickness which failed in
the hand cl eaned tank, [Epoxy "B |perforned equally well
over both hand tooled and abrasive bl ast cleaned steel

Epoxy “B’ applied over a “Comrercial Blast Cean” (SSPC
SP 6) surface provided protection for six years.

Excessive thickness of surface tolerant epoxies can
result in premature coating failures due to cracking.

Except for edges, the VOC conpliant version of ML-P-

rovi ded acceptabl e corrosion Prolectigp for five
Sone failures can be attributed to poor

applibation, I.e. difficult to reach areas not coated.

The preconstruction priner Wth zinc anode provided
el even years of protection with no repairs

The preconstruction primer with alum num anode provided
five years of protection.

The preconstruction prinmer w thout cathodic protection
provided three years of protection.

Partial coating (MI-P-23236) with zinc anode systemis
still providing protection after eleven years with no
repairs required.

Partial coating |(MI-P-23236) [with al um num anode system
provi ded six years of protection.

Zinc anode addition to the six year old totally coated
tank (M1-P-23236) is providing extended protection
W thout the necessity of coating repair/replacenent.

The use of cathodic protection with coatings conplinents
and inproves the resultant performance of either system
used individually.

The bi odegradabl e soft coating failed after one year.



1.  PRQIECT PLAN OF ACTION

1.1 Background Techni cal | nfornmation.

The original study and test program published in May 1982 with
updates in 1985, 1987, 1990 and 1991 include detail discussions of
various corrosion control techniques. Sunmmarized below are sone of
the pertinent points of these reports.

1.1.1 Partial Coatings with Cathodic Protection

Sacrificial anode cathodic protection systems can be designed
to provide extended protection; however, as the length of
protection is increased, the weight of the anodes are necessarily
I ncreased. A practical limt is reached which bal ances the
i ncreased dead wei ght of the vessel being protected with cargo
carrying capacity. Wth naval combatants, increased weight can be
more significant. Based on these considerations, anode systens are
generally designed to provide four to eight years of protection.

Cat hodic protection systems do not perform satisfactorily on
overhead surfaces due to air pockets. These areas are subject to
severe corrosion. Anot her probl em associated wth the use of
cathodic protection in salt water ballast tanks is created fromthe
residual water and wet silt which accunmulates on the tank bottom
after de-ballasting. This salt nuck provides a path for steel
corrosion. Since the anodes are above the surface of the muck, no
protection is provided.

To mtigate these problenms, high performance coating systens
are generally applied in conjunction with cathodic protection.
Coatings are applied to the overhead surfaces to include six to
twenty-four inches down each bul khead and frames plus the tank
bottons to include six to twenty-four inches above the bottom
During ballast, the protective coating system protects the steel
and suppl ements the cathodic protection system therefore reducing
anode consunption. During the de-ballasted portion of the cycle,
the coatings protect the high corrosion areas. Being in sea water,
the cathodic protection system al so causes a cal carious deposit to
form over the bare steel areas. This calcarious deposit acts as a
protective barrier and reduces the demand and depletion of the
anode. Together, the coating and cathodic protection system are
conplinmentary and increase the life of either system used
I ndependently.  This point has been borne out in the test program

1.1.2 Preconstruction Prinmer with Cathodic Protection

Many shipyards automatically abrasive blast and prine
structural steel with an inorganic zinc shop prinmer prior to
fabrication. This prinmer is normally removed from bal l'ast tank
surfaces and replaced with a high performance epoxy tank coating
system |If the tank coating systemcould be elimnated and the

6



preconstruction_P(iner left in place, new construction cost could
be decreased. hi's apFroach was sel ected as one of the original
test systems. An ethyl silicate inorganic zinc shop primer (85%
zinc in the dry film was applied to the steel substrate at a dry
film thickness of 1.6 to 2.0 roils prior to fabrication. Inorganic
zinc was sel ected because this material has been shown to provide
superior shipyard handling and corrosion protection during the
fabrication sequence. The priner was not repaired after the test
tank fabrication was conplete. Three test tanks were constructed.
Two of the tanks were outfitted with cathodic protection; one wt
a zinc anode and one with a proprietary alum num anode. The prime
only system lasted for three years; the prinmer plus alum num anode
| asted five years, but the primer with zinc anode lasted for eleven
years. Cal careous deposits formed on the bare areas of all the
zinc coated tanks to include the prined only tank.

Some NACE studies have shown that al um num anodes can be used
to protect zinc; however, the NACE table of Corrosion of Galvanic
Couples in Sea Water shows zinc to preferentially corrode in a
couple with alum num al |l oys unless the surface area of the al um num
is large in relationship to the zinc surface area. The difference
in the alum num alloys shown in the table and al um num anodes
manuf act ured specifically for cathodic protection is that alum num
anodes are alloyed with netals which cause the anode to corrode
preferentially. In the test program the alum num anode was
initially protected by the zinc prinmer but as the cal carious
deposit built up and passivated the zinc surface, the potential
shifted, and the alum num anode rapidly depleted.

The zinc anode and zinc primer acted together to passivate the
surface and form a cal careous deposit on the un-repaired bare
surface areas. The zinc prinmer acted to increase the effective
surface area of the zinc anode which inproved anode performance.
This accounts for the increased performance of this system In
addition, the residual zinc primer behind the stiffeners provided
pLotectéon to areas which may nornally be masked or shiel ded from
t he anode.

1.1.3 Volatile Organic Conpound (VOC) Conpliant Coatings

New air quality management standards preclude the use of nany
of the formerly approved standard[(MT-P-23236) kpoxy and zinc tank
coating systens. Coupled wth this developnent are tighter
controls over the use of abrasive blasting to clean s‘eel and .t he
resul tant renoval and disposal of abrasive residue. Blast residue
di sposal cost generally exceed by many orders of nmagnitude the
initial procurenment cost of the “abrasive. In answer to this
chal  enge many paint nmanufacturers have devel oped new naterials
which are reported to provide satisfactory performnce when a?plieg
over surfaces which have been hand or power tool cleaned. Wo 0O
these surface tolerant materials were selected to be tested in this
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project. For conparison, the materials were applied over surfaces
prepared by both abrasive blasting and hand cl eaning. Previ ous
NSRP studies of foreign high solids materials had shown these types
of high solids materials to be brittle. This finding was somewhat
substantiated by this study in that one material failed by cracking
when applied at excessive dry filmthicknesses. The coating is
specified to be applied at 12 to 16 roils dry but was applied at 30
to 40 roils. As the tank bottom flexed during ballasting, the
coating cracked. The U S. Navy has also been actively involved in
fornul ating new VOC conpliant versions of MI-P-24441. One of
these fornmul ations was included in the project.

1.1.4 Anodes Added to Existing Coated Tank

The Japanese have a nethod of extending the useful life of
corrosion control coatings which consists of adding a zinc anode in
lieu of performng coating repairs. During new construction
bal | ast tanks are coated with a high perfornmance coating system
After six to eight years, zinc anodes are added in |lieu of coating
repair or replacenent. This has been reported to extend the life

of the coating system another eight to ten years. By replacing
anodes as anode depletion occurs, the coating systemlife can
extended for the life of the vessel. The inportant point is to

repl ace anodes on a regular basis before najor steel failure takes
pl ace.

The coating system even if failed as much as twenty-five to
fifty percent, reduces anode demand and resul tant consunption as
conpared to a totally bare tank. As the anode causes cal careous
deposgta to form anode demand is again reduced, and anode life is
ext ended.

1.2 Test Tank Facilities

To veriﬁy the relative performance of each corrosion contro
alternates and the conpatibility of cathodic protection anodes with
the various coating systems, three ballast tank test assenblies
were fabricated from ASTM A-36, 1/4 inch thick hot rolled stee
plate and shapes. The dinensions of each tank assenbly was twelve
feet long by four feet wde and four feet high. Each tank assenbly
was divided into three separate test cells for a total of nine test
tanks. Each tank assenbly was constructed to simulate the internal
?eonetry of an actual ballast tank to include angles, built up

rames and wi de flanges. One side of each tank was of bolted
construction to allow access for coating application and
i nspecti on.

Foll ow ng tank fabrication and application of each corrosion
control system the—Lanks—meje bal | asted and de-ballasted with
fresh sea water [(See Table 1). Each ball ast cycle consisted of
twenty days full and ten days enpty.




RPOLLUTION

Water Resistivity SPRING | SUMaWER FALL
Ranged From 26 to 29
ohm cm MN NMAX MN
Water TenPerature ‘C 17 20 26 30 14 25

oH 6.5 7.5 7.6 [s8.3 6.7 81 7.2 8.2
Di ssol ved Oxygen 5.8 |8.5|4.2 |7.8 4.2 |[7.6 52 9.4
Salinity (Parts per 18 29 | 22 36 6 33 9 27
1000)

1.3 Surface Preparati on and System Applicati on

[EEEEE:E:Lontains a listing of those systems currently under
test to include surface preparation. During abrasive blast surface
preparation it was difficult to achieve a true SSPC-SP 10, “Near
Wiite Blast C ean" surface. Due to the aBParent hi gh chl ori de
contam nation of the corroded steel, the asted surface would
flash rust within a matter of mnutes. This statenent wholes true
for all the tanks which were reblasted for this phase of the
project. No attenpt was made to renove the chloride contam nation
ot her than that acconplished by the surface preparation technique.

During initial surface preparation in 1980, no flash rusting
was observed. A Starolite mneral abrasive was used at that tine.
Sand or coal slag (#1240? was used for replacenent and repairs.
Sand was used to initially blast each tank with coal slag being
used as the last step to inpart a profile. Difficulty was also
e?per{enced achieving a proper blast behind stiffeners and
structure.

Hand and power tool cleaning consisted of chipping hamers,

hand and power wire brushes, needl e guns and power disc sanders.
Hand sanding was used to feather the edge of intact remaining

coati ngs.

Al'l coatings were applied with conventional pressure pots and
SEray guns. Al welds and sharp ed%es were stripe coated before
the application of the first coat and between coats.



TABLE 2-TANK COATING SYSTEMS INCLUDED IN TEST PROGRAM

I~ 11
PANK SURFACE SYSTEM DESCRIPTION ANODE | SYSTEM PERFORMANGE SHMMARY
NG. | PREPARATION | AGE
w

1 SP-2/SP-3 | SURFACE TOLERANT VOC NONE |5 20 TO 30% OVERALL FAILURE
COMPLIANT EPOXY "A™ YEARS

2 SP-10 TOTALLY COATED WITH TWO ZINC |11 SYSTEM CONTINUES TO
COATS OF AMINE ADDUCT YEARS | PROVIDE PROTECTION WITH
CURED MIL-P-23236. ANODE 5 WITH | MINOR METAL LOSS. NO
ADDED AFTER 6 YEARS. ANODE | CHANGE FROM LAST REPORT.

3 SP-10 TOP AND BOTTOM COATED ZINC |11 SYSTEM CONTINUES TO
WITH TWO COATS OF AMINE YEARS | PROVIDE PROTECTION WITH
ADUCT CURED MIL-P-23236. MINOR METAL IOSS BUT
CENTER LEFT UNCOATED. ANODE IS AT USEFUL LIFE

4 SP-10 SURFACE TOLERANT VOC NONE |5 10 TO 20% OVERALL
COMPLIANT EPOXY "A" YEARS | FAILURE.

5 SP-6 SURFACE TOLERANT VOC NONE |8 LESS THAN 1% FAILURE
COMPLIANT EPOXY "B". THIS TOTAL
SYSTEM WAS SP-2 REPAIRED 2 WITH
AFTER 6 YEARS OF TESTING REPAIR

6 SP-10 INORGANIC ZINC (85% ZINC) | ZINC | 11 ANODE FAILED. SYSTEM HAS
PRECONSTRUCTION PRIMER YEARS | FAILED.

7 SP-10 VOC COMPLIANT EPOXY TANK | NONE |5 LESS THAN 1% EXCEPT FOR
COATING, MIL-P-24441, YEARS | STIFFENER EDGES AND LOWER
TYPE 1 4" ON LEFT SIDE.

8 SP-10 HIGH RATIO WATER BORNE NONE |1 YEAR | LESS THAN 1% EXCEPT FOR
INORGANIC ZINC UNDER SIDE OF STIFFENERS

9 SP-1/SP-2 | SURFACE TOLERANT VOC NONE |5 REPAIR COAT DELAMINATING
COMPLIANT EPOXY "“B" YEARS | FROM ORIGINAL COAT. LESS
REPAIRED AFTER 3 YEARS THAN 5% OVERALI FAILURE.

10



2. TEST RESULTS

2.1 Performance of Zinc Anode with Partial Coatings

After eleven years of testing, |Tank 3 ijs still providing
protection to the steel substrate; however, the zinc anode (50
pound) is nearing useful anode life. This system was original
designed to last for four years. The original alum num anode (Zg
pound) system was al so designed for four years and lasted for six
years. The color of the bare portion of the tank is the col or of
the cal careous deposit wth possibly sone red color being picked up
due to the systembeginning to fail. No netal |oss was detected.

2.2 Performance of the Zinc anode with Preconstruction Priner

After eleven years|Tank 6 jhas failed. The anode is depl eted;
however, sone of the calcareous deposit is providing a degree of
protection. Some netal |oss was observed.

2.3 Performance of the Aged Coating System with Added Zi nc_Anode

No change was noted in| Tank 2. No new coating failure was
detected. Cal careous deposifts confinue to increase. \Very little
anode consunption was noted. This systemis eleven years old. A
zinc anode was added after six years.

2.4 Performance of Epoxyv “A’ Over Blast deaned Steel

Tank 4 has reached the useful life of the coating system after
five years of testing with the overall failure judged to be ten to
twenty percent. The performance of this system over blast cleaned
steel is marginally better than the sane system applied over hand
and power tool cleaned steel.

The back of the tank had twenty percent coatings failure with
the top stiffener beginning to exfoliate due to nmassive rusting.
The bottom stiffener had thirty percent failure but no exfoliation
The left side and flat top had ten percent coatings failure. The
edge of center top stiffener was also exfoliating. The right side
had five percent failure, and the flat bottom had one percent
failure. The bottombuilt up frame was exfoliating on the edges
but the flat surfaces had | ess than one percent failure.

In summary, this system provided good protection on flat
surfaces but poor edge protection. As discussed in the section on
surface preparation and application, all edges and wel ds were
stripe coated.

2.5 Perfornance of Epoxy “A’ Over Hand O eaned Steel

After five years [Tank 1 performed sonewhat poorer than| Tank 4;

however, at the end of tThree years, Tank 1 was a little better than
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Tank 4. | This difference cannot be plained. The prinmary areas of

inferior performance were on the sides of the tank, Wereas Tank
4 had only five and ten percent failure on each side respectively,
Tank 1 had thirty percent failure. The bottom of Tank 1, except
for the built up frane, had approxi mately the sane degree of
failure as Tank 4. The flats on the frame were equal to Tank 4 but
the edges had less exfoliation. The flat top and stiffener was
better than _Tank 4. This is probably due to the fact that the
overhead in[Tank 1 still had the intact, original coating of amne
adduct cured epoxy when the new test system was applied.

In sunmary it would be difficult to use the perfornmance
results of this system applied over hand tool cleaned steel verses
the performance of the sanme system applied over abyrasive Dbl ast
cl eaned steel to justify abrasive blastiqg. Both techni ques
provi ded conparable protection to the steel during the test cycle,
and both systems require extensive repair or replacement prior to
continuing the project.

2.6 Performance of Fpoxy "B" Applied Over Blast O eaned Steel

Tank 5 has been under test for a total eight years. After six
year;:;;:;;;}in%f the system was repaired using hand tool cleaning
(SSPC-SP 2) . ollomng the initial six years of testing, .this
system was beginning to show significant breakdown, The top of the
tank had twenty-five to fifty percent failure. The right side of

the tank had totally failed. he bal ance of the tank had between
five and ten percent failure.

The repair systemis two years old at the tine of this report.
The overall failure is |ess than one percent with only m nor
breakdown on the edges of the overhead stiffener. No fail'ure was
observed on the balance of the structure. The residue fromthe
bal | ast operations should be disregarded when viewi ng the

phot ograph of this tank.

2.7 Perfarmance of Fpoxy "B" Applied Over Solvent and Hand Tool
Cl eaned St eel

The systemin Tank 9 has been in service for five years. A
the end of three years of testing, this system had cracked and
del am nated in sone areas due to excessive dr¥ filmthickness (30
to 40 mls). No failure was observed except for these cracks and
associ ated del am nati on.

At the conclusion of three years, a decision was made to
repair this system The failed portion of the coating was renoved
and the sanme material reapplied. After two additional years, the
coating is again beginning to crack and del am nate though not as
severe as the first tine. Sone m nor edge breakdown was al so
noted. The overall failure is less than five percent.
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2.8 Performance of VOC Conpliant Version of MI-P-24441 Over Bl ast
Cd eaned Steel

Except for sone edge breakdown and the | r inches on
one side of the tank, the coating systemin |Tank 7 i|s providing
corrosion protection after five years of testing. The over al
failure is less than one percent. The top stiffener is beginning
to exfoliate as is the edge of the bottom stiffener. The | ower
four inches on the left side has seventy-five percent faiPure.

2.9 Performance of Waterborne Zinc Over Blast C eaned Stee

The high ratio inorganic zinc coating applied in Tank 8 has

been under test for one year. Except for the underside of
stiffeners, the overall performance was an ASTM D 610 rust grade 9
or better. A rust grade 9 equates to |less than 0.03 percent

visible rust. The only areas of failure was noted on the underside
of stiffeners. Even though the coating had appeared to del am nate
in approximately ten percent of the underside area, no rust was

Vi si bl e.
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3. PROJECT BENEFITS

Four direct benefits can be realized fromthe results of this

proj ect.

These i ncl ude:

The use of surface-tol erant epoxy systens for either
touch-up and repair of existing systens or as total
repl acement systens applied over at has previously been
consi dered substandard surface preparation, i.e. , hand or
power tool cleaning, has the potential to significantly
reduce the cost of nmintaining ship's ballast tanks.

Verification that zinc anodes, or other cathodic
protection, can be added to partially failed, existing
coating systens in lieu of coating repair or replacenent.
The cost of zinc anodes installation should be
significantly less than coating replacenent. A so, the
generation of toxic and hazardous waste from tank coating
operations would be elimnated.

Verification that full thickness inorganic zinc with or
wi t hout cathodic protection can si%?if|cantly extend the
repair or replacenent cycle for ballast tank coating
syst ens.

Inorganic zinc primer with zinc anodes can provide

extended bal |l ast tank coating systemlife at reduced
initial installation cost.
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15

Tank |-Epoxy "A" Over Hand Tool Ceaned Surface (5 Years)
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Tank 2- M1|-P-23236 Coating with Added Zinc Anode (11 Years)
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Coating with Zinc Anode (11 Years)

Tank 3-Parti al
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Tank 4-Epoxy "A" Over Blast Ceaned Surface (5 Years)
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o

Tank 5-Epoxy "B" Over Blasted (SP6) Surface (2 Years After Repair)
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wth Zinc Anode (11 Years)

Tank 6-Preconstruction Prinmer
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Surface (5 Years)

Bl ast

Tank 7-VOC Conpliant MI-P-24441 Qver



Tank 8-H gh Ratio Waterborne Inorganic Zinc (1 Year)



Tank 9- Epoxy "B" Over Hand Tool Surface (2 Years After Repair)



| Additional cepies of this report can be obtained from the National Shipbuilding
] ;&s&aﬂ@ﬁ Progpam Coordinater of the Bibliography of Publications and Wissefiche Index.
I You cam eall or wsite to the address or phone number listed below.

NSRP Coor di nat or
The University of Mchigan
Transportation Research Institute
Marine Systems Division
2901 Baxter Rd.
Ann Arbor, M 48109-2150
Phone: 5313) 763- 2465
Fax: (313) 936-1081
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