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i

SCOPE:
i

The purpose of this test was to evaluate the DBA performance of
Carboline / Imperial mixed systems for use at Beaver Valley 2
Nuclear Plant. Systems to be tested are:

Al CZ-11/191
B] CZ-11/191/1201
Cl CZ-11/1201
D] CZ-11/1201/191
El CZ-11/115/11/1201

:

!
BACEGROUND:j

I* The above systems are possible overlap combinations at Beaver
j
t Valley especially on steel imbeds. Most steel imbeds at the

{
project are already coated with Carboline's CZ-11 primer or
CZ-11 topcoat with #191. When the adjacent concrete is coated
with Imperial's 115/11/1201 system, some of the coated imbeds
are overlapped.

The test specimens were prepared under the direction of Stonei
and Webster by painters at the Beaver Valley Project. The'

coated specimens were then submitted to Imperial. Imperial
coordinated the testing activities at ORNL. The work was
authorized by Stone and Websters Purchase Order i E24476.

|

; SUMMARY OT RESULTS:

7All test specimens were irradiated to 2.66 x 10 rade and then
DBA tested with maximum temperature and pressure parameters of

,

340*F and 70 PSIG respectively. All panels performed in accord-
ance with the acceptance criteria,of ANSI N101.2.,

;
. .

PROCEDURE:

The test specimens were fabricated and coated at the Beaver
Valley Nuclear Plant in shippingport Pa. Section 2 of this
report contains the Stone and Webster procedure for test speci-
aan preparation. The specific panel preparation data can be
found in section ?. It describes the coating application

i
' performed by Stuart Painting under the surveillance of Stone

and Webster Quality Control. The coated specimens were allowed
; to cure and then were shipped to Imperial coatings. Coordi-
,

nation of the testing activities was performed by Imperial
through its contract with ORNL. Authorization of this testing*

I program was made by Stone and Webster per Purchase Order #E24476.
'

.

f
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-

The ' test specimens were submitted to Oak Ridge National Labo-
ratories where th y were exposed to a cumulative radiation

9 rads and then DBA tested. The test wasdoes of 2.66 x 10
designed to be subjected to maximum temperature and pressure
of 280*F and 45 PSIG respectively. However, during the test
a sudden surge in these parameters resulted in a maximum
temperature of 340*F and a maximum pressure of 70 PSIC. The
temperature / pressure spike lasted for only 1.5 minutes. The
initial 28 hours of the DBA tested were performed in the auto-

,

! clave. The remaining 11 days were conducted in a constant
! temperature chamber at 130*F and 100% RB.
i
s

I RESULTS:
!

I The test results. Section 5. describe the condition of the panels
following irradiation then again at the and of DBA testing.

I CONCLUSIONS: .

i

The tested systems met the acceptance criteria of ANSI N5.12
(radiation tolerance) and ANSI N101.2 (DBA testing). Two
defects (unacceptable per ANSI) were noted on panels 4-1-4-2,
and 4-3-4-4. along the coating overlap area where the repair
coating was tied into the previously applied system. Some*

minor separation was occurring at this interface prior to
submittal of the panels to ORNL. This separation can be
attributed to the taping method used to apply the repair coat-
ing and the length of time the tape was allowed to remain on

,.

the panels. When the specimens were received by Imperial.

|
the tape was still intact along the edges of the 3.4 and 4A
series. The taping resulted in high millages along the tape

,

j line, solvent entrapment, and exposed repair primer. Some
of the repair system began to peel back a short distance from,

; the tape line when the tape was removed. As a consequence of
i these observations, the minor defects noted on panels 4-1-4-2
| and 4-3-4-4, should be ignored. especially since the remaining
! four panels 4-5-4-6, 4-1A-4-2A. 4-3A-4-4A and 4-5A-4-6A, exhibited
! no defects.
!
!
.
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Test Soecimen P eoaration

-

e Test Specimen Preparation procedure consisted of the following:

1.0 Steel Panel P ooaration

1.1 . Cut 4 in by 2 in panels from ASTM A36 i in thick steel. A total
j of 18 panels are required. All edges and corners shall be rounded.
1 %

| 1.2 Permanently identify each panel as shown in Figure 2.

13 In order to attach the stainless steel tag, a hole 1/8 in diameter
shall be located with its center i in from the upper edges of the

)
panel at a midpoint between the side edges of the panel.

| 1.4 Sandblast all surfaces of each panel to met the requirements ur
| SSPC SP10 (1.0 to 3.0 mil profile).
e

i 1.5 Spray-apply the primer as indicated in Table 1 to all surfaces.
I

1.6 Apply the top coat system as indicated is Table 1 to all surfaces.

1.7 On panels 3.1 thru 3.6 and 4.1 thru 4.6 grind back approximately
3/4 in of primer and topcoat along edge (front and back) of each
panel. Refer figure 2. Use a 3M Co. Clean-N Strip Wheel and,

i remove all visible traces of paint from area.
' m

1.8 on panels 3-2, 3-4, 3-6, 4-2, 4-4 and 4-6, chamfer this denuded long
edge to 45 deg as shown in ngure 3 Weld the twelve panels togeth3r
such that panel 3-1 is velded to panel 3-2, panel 3-3 is velded to
panel 3-4, etc. Use a single bevel groove full penetration veld.i

Back gouge and apply a weld bead similar in configuration to the veld
bead on the front side. After velding cut i in off of all panels
as shown in Figure 3 Crind corners after cutting.

| 1.8.1 Roccat cut edges as originally called for in Table 1.

1.9 Clean the veld of spatter and slag but do pg grind smooth.

1.10 Drill a 1/8 in dia hole through the plate center line approximately
| t in from the top. Attached a stainless steel tag with stainless
' steel vire as shown in Figure 2.
!

2.0 Surface Preearation at Steel Panel Veld

2.1 ? 4 a a the surfaces of each steel panel for touch-up painting
! 4 , , - . solvent viping in accordance vit'a SSPC SPl. Acceptable

; m ats are Methanol, Isopropyl Alenhol, or MEK. The surface
, paparations indicated below shall then be employed. Teather-

|
! edge, using a Scotch-Brite Scrubber, the boundary for a distance
| of about 3 p in into the existing coating.

..

.

'

.
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2.2 Use 3M Co. Rotopeener with Type "C" abrassive tips. Where it |shows that the Rotopeoner is iseffective because its scroll case I

$,M vill not permit assess of the tipped loope to all parts of the |

veld, e.g., in corners, the 3M Company Clean 'N Strip abrasives
or a needle gun are the only acceptable alternatives. Document
.hich was used.w

30 Touch-un Systems /Aeoliestion (Steel)i

Ismediately after performing the surface preparation, solvent clean
the prepared area in accordenace with SSPC SP1, and apply the coatisgs
as indicated in Table 2. Use masking tape as required to limit the
overlap of the repair coatings over the existing coating to i is.

.

'

Apply touck-up paint into the bore of the drilled hole. Remove masking
tape no sooner than 2 days after applying touch-up coating.

.

i
*

i ,-

4.0 Touca-un Svstems/Anolication (Steell

4.1 Imediately after performing the surface preparation,
solvent clean the prepared area in accordance with SSPC
SP1, and apply the coatings as indicated in Table 2. Use

i masking tape as required.to limit the overlap of the repair i*

coatings over the existing coating to t in. Apply touch-up
icoatings by brush. Be sure to work touch-up paint into the' '

bore of the drilled hole. Remove masking tape no sooner than*

2 days after applying touch-up coating. -

50 M.S.P.R/ DEA Testina

5.1 m rvard the seas specimens so the Cak aidge vasic h
j Laboratories for qualification Testing under-@DB&* - - *

tonditions -

I

{ 52 Test critkria
*

5 2.1 Temperature and_f u ssure curves. .. e
; "unerate $ss ,nerachs d.co,Hb -

_
* ' ', U'" ' ",

*

. m as -
j _

Ss2.2 Sprey Solu. ion - 2000 FFM bor!.c acids Nacteup to
ph - s.5 to 10 5.

4

5
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a

_ _ . . _ . _ . . . . . _ . . . . . . . - . .

_ + , -



~.. . . - . , o, : -- . -

4

I g
l . .

75.2 3 Irradiation - 2.66 x 10 Rads.

5.2.4 Examination and Reporting - ASTM D-3911.

j- 6.0 Documentation

6.1 Test samples

6.1.1 Conformance with respect to Sectione 1 through 4 shall
i

'

be documented for steel panels.;

i
'

6.1.2
|

he method, equipment used, degree of cle-a" s, and
profile shall-be documented for surface preparation-

j for original and touch-up coatings. *

6.1.2.1 ne profile of steel surfaces shall be.

! described by visual comparison with Surface-

Profile Comparator or by other suitable
methods.

.

6.2 Coatings Application
i 6.2.1 The product name, product number, color, and batch
I number of all coating materials shall be docupented.
!

6.:t.2 h e relative humidity, temperature, and date and.

location of application shall be documented.
+

.

6.2 3 he method of epplication shall be documented.
..

6.2.4 ne dry film thickness (DM) of the individual coats,
as well as the total D E for the systes, shall be,

{ documented.
<

63 Curing

6.3.1 ne length of time curing for all coats and the range,

i of both the temperature and relative humidity during
cure shall be documented. *

.

6.4 Testing Procedures

6.4.1 ne type of energy soures and the procedure for the
irradiation of the test samples shall be documented.

6.4.1.1 ne dose rate and the total accumulate dose
shall be documented,

6.4.2 A description of the test aparatus, temperature andi

: pressure profiles, sp ny solution composition,
i

including f, duration and other pertinent teet condi-tions, sha 1 be documented.
i- m

..

.

4

'#- + .* em e ge * * meias e+we <s * ** *=*p>m=* a s ee.**

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _



~ . . . , ... , , . . .. . . . , . , ...,. .

..- , .. w . . .. .

7'

i
-

.
,

'

.

6.5 Testing Laboratory,

i

6.5.1 The testing laboratory shall be naponsible for the
documentation, nporting, and certification of all
test neults.

6.5.1.1 Evaluation of the test results (ak- w M ,
I blistering, flaking, etc) shall reflect the

various surface conditions of the test
specianas. . - * *.

j . .

! 652 The testing laboratory shall be responsible for
aseting Quality Assurance nquirements.

6.5.3 The testing laboratory shall be nsponsible for providing
certified photographic documentation of the test
results.

| 6.5 3 1 Photographs shall reflect the approximate
actual size of the samples.

I
'

.

I

I

'

.

!
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!
l
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i Mr. Gerald E. Arnold
| Technical Representative

Imperial Professional Coatings:
P. O. Box 29077
New Orleans, Louisiana 70189

Dear Jerry:
,

Enclosed are combined reports describing test
results recently obtained on Imperial protective coat-

- ~e. ings. Your attention is called to the temperature-
pressure anomalies of A9675, A10-8-1.

,

If we can be of. further assistance, please feel
free to call on us.

Sincerely,
4

< h.

b) o$ .
L. T. Corbin, Section Head

.

Analytical Chemistry Division
: *
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Manufacturer: Imperial Analytical Chemistry Division
- >Oak Ridge National Laboratory

New Orleans. Louisiana Date: October 29, 1981

1

'

' REPORT OF IRRADIATION AND DBA TESTING
'

The irradiation and design basis accident (DSA) tests are conducted,
respectively, in accordance with Bechtel Corporation specifications CP-951*

and CP-956 in Standard Specification Coatinos for Nuclear Power Plants (or'

with modifications as notec in Table 2 DBA test conditions). The tests are
j designed to - meet ' specifications set in both ANSI report N 101.2-1972,

Protective Coatings (Paints) for Light Water Nuclear Reactor Containment
9|.

Facil1 ties, and M 5.1Z-1974 Protective Coatings (Paints) for the Nuclear
.

The DBA test spray solution and tne test conditions.are listed in1 Indust ry.

Tables 1 and 2. After both the DBA and irradiation tests, coatings are ,
'

' examined for signs of chalking, blistering, cracking, peeling, delamination,
and flaking, according to ASTM standards where applicable. All test panels
are returned to the coating manufacturer.

The . irradiation tests are run using a spent fuel assembly, removed from
the High-Flux Isotope Reactor at ORNL, as the source of radiation. These

fuel assemblies are stored under 20 ft of domineralized water. The fuel is
93% enriched U-235 as U 03 8 combined with aluminum.

The spent fuel as-

semblies are removed after each 23-megawatt-day period . Irradiation is
Thisdone using the gansna energy from accumulated mixed fission products.~

more readily simulates conditions around a reactor than does a cobalt
Also, the higher gansna activity affords shorter irradiation time to- s ou rce.

achieve accumulated doses. The dost rate four days after removal of a fuel
assembly from the reactor is 1 x 100 rad /h.

The fuel assembly is 20 in, high. A 20-ft-long, 3-1/2-in.-diameter
pipe, with one end capped, is used for air irradiation tests. The capped

'

end is lowered into a 4-in. opening at the center of the fuel assembly. The -

open end, above water level, is covere'd with an 0-ring-sealed flange to ,

The air inlet iswnich is attached a steel cable and an air outlet hose.
located at the bottom of the pipe. Test specimens are connected to the
bottom of the cable and lowered into the radiation field. Also at thej center of the fuel assembly is a stainless steel-clad cadmium tube used as a

| neutron absorber. This prevents contamination of the test specimens by
{ induced radiation.-

.
.

tvaivatee / m / A.

[, M1'

Approved
_
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!' '
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Manufacturer: Imperial Analytical Chemistry Division
Oak Ridge National Laboratory'

New Orleans, Louisiana Date: October 29, 1981

O '
ORNL Log Book' No. A9675, A10-8-1

,

.

*Table 1. DBA Volution composition, distilled wat,er.

Reagent Concentration.

.-

Boric acid, H 803 2000 ppe3

Sodium hydroxide, NaOH Required to adjust pH to 9.5
- .

,

1

Table 2. 08A test conditions
.

Tegerature Pressure
Time (*F) (psig) Comments

.

Start 164 Autoclave preheated. -
--

, ,

20 s 285 48 Solution added at 290*F..,.

1.5 min 340 70 *

1.5-5 min 285 48 Pressure maintained by relief valve.
'

5-7 min 285-267 48 Pressure adjusted with N -2

13 min 267 48

267-220 48 Pressure adjusted with fi *13-53 min 2-

53-58 min 220-210 48-0 Pressure released at 0.15 psig/s.
,

58-167 min 210-150 0

2.8-27.8 h 150-135 0 End of first part of test.
.

11 d 135 0 specimens imersed in..a constant-i
I tegerature bath.

'End of test -

. .,

* Gas that evolved from the specimens upon addition of the hot chemical
solution resulted in a pressure and subsequent temperature increase exceed-
ing the specifications of the designed temperature-pressure curves. ,

Evaluated /,1 >[ -

f Approved .

.
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Manufacturer: Imperial Analytical Chemistry Division
Oak Ridge National Laboratory

New Orleans, Louisiana Date: October 29, 1981

'

$YSTEM IDENTIFICATION x Steel panel Concrete block

:

| 1 CZ-11/1201

1

1
i
!
I RADIATION TOLERANCE TEST
l

ORNL Master Analytical Manual Method No. 2 0921; Bechtel Corporation
| Specification No. CP-951; ORM. Log Book No. A9675, A9-30-1 .
1

Initial dose rate: 0.9 x 107 rad /h
'

.

Test conducted in: x air water
.

O.

Sample No. Cumulative dose Test results
? o

1/1 2.66 x 107 rad Coatings intact, no defects all areas.

1/2 2.66 x 107 rad Coatings intact, no defects all areas.

! 1/3 2.66 x 107 rad Coatings intact, no defects all areas. -*
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1 Manufacturer: Imperial Analytical Chemistry Division
Oak Ridge National Laboratory-

New Orleans Louisiana Date: October 29, 1981

i

1

SYSTEM IDENTIFICATION x Steel panel Concrete block

j CZ-11/1201
.

.

DBA TEST

|
-j ORNL Master Analytical Manual Method No. 2 0922.

ORNL Log Book No. A9675, A10-8-1 .
.

.
.

Sample No. DBA phase Test results

1/1 spray * Coatings intact, no defects all areas.
,

,

~

1/2 sp ray * Coatings intact, no defects all areas.

1/3 spray * Coatings intact, no defects all areas.
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Manufacturer: Imperial Analytical Chemistry Division
Cak Ridge National Laboratory

O New Orleans, Louisiana Date: October 29, 1981
,

SYSTEM IDENTIFICATION x Steel panel Concrete block

d

f CZ-11/115/11/1201
a

RADIATION TOLERANCE TEST

ORNL Master Analytical Manual Method No. 2 0921; Bechtel Corporation
Specification No. CP-951; ORft. Log Book No. A9675, A9-30-1 .

Initial dose rate: 0.9 x 107 rad /h

Test conducted in: x air water
.

'

}

Sample No. Cumulative dose Test results

2/1 2.66 x 107 rad Coatings intact, no defects all areas.

2/2 2.66 x 107 rad Coatings intact, no defects all areas.
,

2/3 2.66 x 107 rad Coat'ings intact, no defects all areas. .
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Manufacturer: Imperial Analytical Chemistry 01viston
Oak Ridge National Laboratory

O New Orleans, Louisiana Date: October 29, 1981
,

i SYSTEM IDENTIFICATION x Steel panel Concrete block

CZ-11/115/11/1201

DBA TEST ,

,

ORNL Master Analytical Manual Method No. 2 0922.
*ORNL Log Book No. A9675, A10-8-1 .

Sample No. D8A phase Test results
,

2/1 sp ray * Coatings' intact, no defects after one

@ day. Blisters, #8 medium, at end of> -

test..

'

2/2 spray * Coatings :ntact, no defects after one
day. Blisters, #8 medium, at and of
test.

2/3 sp ray * Coatings intact, no defects after one
day. Blisters, #8 medium, at end of
test.
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Manufacturer: Imperial Analytical Chemistry Division-

Oak Ridge National Laboratory
', New Orleans, Louisiana Date: October 29, 1981

4 ..

s

.

SYSTEM IDENTIFICATION x Steel panel Concrete block

1
'

CZ-11/1201/191
CZ-11/1201

.

d

RADIATION TOLERANCE TEST

ORNL Master Analytical Manual Method No. 2 0921; Bechtel Corporation
Specification No. CP-951; ORNL Log Book No. A9675, A10-1-1 .

Initial dose rate: 0.9 x 107 rad /h

Test conducted in: x air water
.

O-

Sample No. Cumulative dose Test results

3-1-3-2 2.66 x 107 rad Coatings intact, no defects all areas.

3-3-3-4 2.66 x 107 rad Coatings intact, no defects all areas.

3-5-3-6 2.66 x 107 rad Coatings intact, no defects all areas.
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Manufacturer: Imperial Analytical Chemistry Division
Oak Ridge National Laboratory

New Orleans, Louisiana Date: October 29, 1981

SYSTEM IDENTIFICATION x Steel panel Concrete block

i
J CZ-11/1201/191

CZ-11/1201

DBA TEST

j ORNL Master Analytical Manual Method No. 2 0922.
ORNL Log Book No. A9675, A10-8-1 .

Samole No. DBA chase Test results

3-1-3-2 sp ray * Front: Coatings intact, no defects after

0%
one day. Blisters, #6 few, at coating

- interphase and weld area at end of test.i

Rear: Ccatings intact no defects after
one day. * Blisters, #6 few, Et coating
interphase and weld area at end of test.

3-3-3-4 sp ray * Front: Coatings intact, no defects after
one day. Blisters, #6 few, at weld area
at end of test. -

Rear- Coatings intact, no defects after
one day. Blistars, #6 few, insert area
at end of test.

3-5-3-6 sp ray * Front: Coatings intact, no defects after+

one day. Blisters, #4 few, weld area and
coating interphase at end of test.
Rear: Coatings intact, no defects all-

areas.
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Manufacturer: Imperial Analytical Chemistry Division
,

Oak Ridge National Laboratory'

..

* ;g New Orleans, Louisiana Date: October 29, 1981
_

1

i SYSTEM IDENTIFICATION x Steel panel Concrete block

i

CZ-11/191/1201
CZ-11/191

RADIATION TOLERANCE TEST
'

ORNL Master Analytical Manual Method No. 2 0921; Bechtel Corporation
Specification No. CP-951; ORNL Log Book No. A9675, A9-30-1 .

Initial dose rate: 0.9 x 107 rad /h

Test conducted in: x air water

O-

,

Sample No. Cumulative dose Test results

4-1-4-2 2.66 x 107 rad Coatings intact, no defects all areas.

4-3-4-4 2.66 x 107 rad Coatings intact, no defects all areas.

4-5-4-6 2.66 x 107 rad Coatings intact, no defects all' areas.
.
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Manufacturer: Imperial Analytical Chemistry Division
Oak Ridge National Laboratory

O New Orleans, Louisiana Date: October 29, 1981

SYSTEM IDENTIFICATION x Steel panel Concrete blockq ,

CZ-11/191/1201
CZ-11/191

.

DBA TEST

ORNL Master Analytical Manual Method No. 2 0922.
'

ORNL Log Book No. A9675, A10-8-1 .

Samole No. DBA phase Test results
,

4-1-4-2 sp ray * Coatings intact, no defects after one

-@ day. Minor separation at layer inter-
face, side B, at end of test.

'

4-3-4-4 sp ray * Coatings intact, no defects after one
day. Single large blister, 4-3A, at
end of test. No other defects.

4-5-4-6 sp ray * Coatings intact, no defects all areas.
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Manufacturer: Imperial Analytical Chemistry Division
Oak Ridge National Laboratory

<

New Orleans, Louisiana Date: October 29, 1981
;

SYSTEM IDENTIFICATION x Steel panel Concrete block'
'

,
,

1 CZ-11/191/1201
CZ-11/191"

,

)
RADIATION TOLERANCE TEST=

'

ORNL Master Analytical Manual Method No. 2 0921; Bechtel Corporation;

Specification No. CP-951; ORNL Log Book No. A9675, A9-30-1 .

Initial dose rate: 0.9 x 107 rad /h

Test conducted in: x air water

O
~

Samole No. Cumulative dose Test results

4-1A-4-2A 2.66 x 107 rad Coatings intact, no defects all areas.

4-3A-4-4A 2.66 x 107 rad Coatings intact, no defects all areas.

4-5A-4-6A 2.66 x 107 rad Coatings intact, no defects all areas.t
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' ! Manufacturer: Incerial Analytical Chemistry Division
Oak Ridge National Laboratory i

New Orleans, l.ouisiana Date: October 29, 1981
]

SYSTEM IDENTIFICATION x Steel panel Concrete block

,

i CZ-11/191/1201
CZ-11/191

.

DBA TEST

.i ORNL Master Analytical Manual Method No. 2 0922.

.| ORNL Log Book No. A9675, A10-8-1 .

Sample No. DBA phase Test results

- O:,..~
,

Coatings intact, no defects all areas.4-1A-4-2A sp ray *

4-3A-4-4A sp ray * Coatings intact, no defects all areas.

4-5A-4-6A sp ray * Coatin'gs intact, no defects all areas.
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SUMMARY OF RESULTS,

.

Panel No. System DBA Results
,

, 1/1 CZ-11/1201 No Defects

1/2 CZ-u/1201 No Defacts

1/3 CZ-u/1701 No Defects

2/1 CZ-u/11s/11/1201 fan
'

2/2 CZ-11/11S/11/1201 #8M

2/3 CZ-11/11S/ll/1201 #8M

3-1-3-2 CZ-11/1201, CZ-11/1201/191 #6 at coating interphase and weld are
3-3-3-4 CZ-11/1201, CZ-11/1201/191 #6F veld area
3-5-3-6 CZ-11/1201, CZ-11/1201/191 #4F weld area (front only)
4-1-4-2 CZ-11/191, CZ-11/191/1201 Minor separation at coating interphas

4-3-4-4 CZ-11/191, CZ-11/191/1201 One large blister on 4-3

1 4-5-4-6 CZ-11/191, CZ-11/191/1201 No Defects

4-1A-4-2A CZ-11/191,.CZ-11/191/1201 No Defects

4-3A-4-4A CZ-11/191, CZ-11/191/1201 No Defects

4-5A-4-6A CZ-11/191, CZ-11/191/1201 No Defects
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