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ABSTRACT

Pressure tests conducted in 1992 on the Pickering NGS "A" Reactor Building 1 (PNGS A
RBI) showed that the containment leakage rate of the building was close to the licensing
limit. The leakage was found to be pressure dependent and was attributed to cracks in the
concrete dome. A number of solutions were studied by a task group, and the application
of an organic coating to the exterior surface of the dome was identified as the most viable
solution under the constraints of schedule and cost. In addition to reducing the air leakage
rate, the coating material must be flexible to bridge existing moving cracks, it must have
excellent adhesion to the concrete substrate to sustain the design pressure of 41.4 kPa(g)
during pressure tests, and it must be durable for an exterior application and service
conditions.

Five candidate organic coating materials were selected for laboratory testing. As a result
of the testing, a single-component elastomeric polyurethane coating was selected to be used
on the RBI Dome. This paper discusses the selection process, laboratory tests and results,
and the application of the polyurethane coating system to the exterior concrete dome
surface. However, the main emphasis of the paper is on the laboratory evaluation of the
five candidate materials.
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1.0 INTRODUCTION

The CANDU containment philosophy is in the generic category of "negative pressure
containment". The containment at the Pickering Nuclear Generating Station (PNGS)
consists of eight reactor buildings (RBs) connected to a vacuum building (VB) by a pressure
relief duct (PRD). The reactor building, during normal operation is maintained at a slightly
negative pressure, while the PRD is at atmospheric pressure, and the VB is maintained at
a pressure of approximately 7 kPa(a). Under a postulated loss of coolant accident (LOCA)
condition, the increase in pressure in the reactor building activates self-actuating pressure
relief panels and valves and the pressure is relieved into the VB. A pressure actuated water
spray system condenses the steam and reduces the pressure in the VB. This containment
system is recognized as the last barrier to mitigate the effects of a potential LOCA. Thus,
as part of the licensing requirements imposed by the Atomic Energy Control Board (AECB)
to operate a nuclear generating facility, the leak tightness of each structure is to be
demonstrated by conducting periodic tests to the design pressure of each containment
structure.

A pressure test was conducted in the fall of 1992 on the Pickering NGS "A" Reactor
Building 1 (PNGS A RBI), and the containment leakage rate of the building was
determined to be close to the licensing limit of 2.7% of the contained mass per hour and
above the operational target of 1% of the contained mass per hour. The leakage was found
to be pressure dependent and was attributed to cracks in the concrete dome. Most of the
leakage was determined to be occurring within a 14 m radius of the dome centre. It should
be noted that during normal operation, the slight negative pressure in the reactor building
ensures that there are no outward leakage paths through the concrete dome.

Early in 1993, a task group was formed to find a solution to reducing the leakage rate of the
RB. Several solutions were proposed, and under very stringent schedule and cost
constraints, the application of an organic coating to the exterior surface of the dome (ie.,
extending 15 m from the dome centre or one metre beyond where leakage occurred) was
identified as the most viable solution. The following factors played a role in the decision
to coat the dome externally:

(1) Exterior application is a "non-nuclear" environment, hence compliance with very strict
design requirements for use within containment was not required / I / .



(2) The application of a coating to the exterior surface of the concrete dome would not
interfere with, or have any impact on, the operating systems within the RB.

(3) No outage time would be required, thus resulting in significantly lower costs.

Based upon manufacturers' information, five candidate materials were identified, and
laboratory testing and evaluation were undertaken to select the most suitable material for
application to the RBI Dome. The result was the selection of a single-component
elastomeric polyurethane coating.

The main emphasis of this paper will be on the laboratory evaluation of the five candidate
coatings. However, the application of the selected coating system to the RBI Dome, the
RBI Dome pressure test results after applying the coating to the dome, and a long-term
monitoring program, which has been initiated to monitor the performance of the coating,
will also be briefly discussed.

2.0 BACKGROUND

The reactor building is approximately 44.5 m (146 ft) in diameter. The vertical wall of the
building is approximately 1220 mm (48 in) thick and it meets the RB Dome at the spring-
line (elevation 113 m (371 ft)). The dome plug at the top of the roof is approximately 3.7 m
(12 ft) in diameter (see Figure 1). Where the dome plug interfaces with the concrete dome,
the concrete thickness is approximately 460 mm (18 in), increasing gradually to a thickness
of 610 mm (24 in) at the spring-line.

Cracks in the concrete were found to be primarily in the thinnest portion of the dome, that
is, extending 14 m down from the centre of the dome. No air leakage occurred through the
dome plug.

The intent of applying a coating to the external surface of the dome was to reduce the air
leakage through the reactor building such that the containment leakage rate would be less
than the operational target of 1% of the contained mass per hour, at all operational and test
pressures, up to the design pressure of 41.4 kPa(g).

3.0 SELECTION CRITERIA

In addition to reducing the air leakage rate through the concrete dome, the coating must
meet additional requirements. Thus, when reviewing the commercial market for potentially
suitable coating materials, the properties judged to be most critical for an exterior
application of the coating are listed as follows:



(1) elongation,
(2) crack-bridging capabilities for temperatures between -25°C and 40°C,
(3) tensile bond strength (ie, adhesion),
(4) ultraviolet resistance,
(5) freezing and thawing resistance, and
(6) water absorption.

These properties were selected based on a set of design requirements prepared by Ontario
Hydro and some of the design requirements specified in Canadian Standards Association
(CSA) standard CAN3-N287.2-M91 /2 / .

Sixty-seven companies, which dealt with the sales and manufacturing of coating materials,
were contacted to solicit recommendations of products and/or systems suitable for this
problem. Based on the review of information received from 21 of these companies, five
products were selected as being potentially suitable for the RBI Dome and were thus
recommended for further laboratory evaluation.

4.0 LABORATORY TESTING PROGRAM

A laboratory testing program was conducted to determine which of the five materials was
most appropriate for use on the RBI Dome. Final selection was based on the following
properties and/or performance under the anticipated service conditions:

(1) ease and method of application,
(2) tensile bond strength (ie, adhesion),
(3) serviceability - (a) freeze/thaw resistance,

(b) thermal compatibility (ie., resist temperature variations
between -25°C and 40°C),

(c) wetting/drying resistance with temperature variations
between -25°C and 40°C,

(d) aging characteristics,
(4) abrasion resistance,
(5) water absorption,
(6) crack-bridging capabilities (at temperatures between -35°C and 40°C), and
(7) resistance to air pressure up to 82 kPa(g) (at temperatures between -25°C and

40°C).

Many of the tests involved applying the materials to a concrete substrate and subjecting the
resulting "composite" specimens to various temperature and environmental conditions. The
performance of the materials were quantified by measuring the tensile bond strength of the
coating to the concrete substrate, determining crack-bridging capabilities, measuring
hardness and visually inspecting for any evidence of deterioration. All of the tests and



procedures complied with standard procedures and codes (eg., ASTM), where applicable.
A description of some of the tests and test results are discussed in the following sections.

4.1 Ease and Method of Application

The materials evaluated were either one- or two-component polyurethanes and could be
spray and/or roller applied. The manufacturers applied their own materials to all specimens
tested in the program, including large 1.2 m x 1.2 m x 100 mm thick concrete slabs. During
this work, the handling and application characteristics of the materials were assessed. The
coated slabs were also used to obtain baseline measurements of tensile bond strength of the
coating to the concrete substrate at room temperature.

Table 1 summarizes the application methods and results for the five materials evaluated.
The products are designated as Products A through E.

The coatings, in general, required a dry film thickness of approximately 2 mm (80 mils) and
this could be achieved in 1 to 4 coats depending upon the product. Some of the systems
required a reinforcing fabric to be embedded into the coating material.

The two single-component materials were easy to apply because they had a relatively long
pot life (ie., greater than 1 h), and no application problems were encountered with these
products. The two-component systems, however, had relatively short pot lives (ie., between
10 and 25 min) which would make application of these products more difficult in the field.
The following application problems also occurred with the two-component systems:

(1) Product B did not cure properly. Interlayer delamination and debonding at the
concrete/coating interface occurred.

(2) Product C was required to be applied with a plural component pump. During
application, the pump malfunctioned and the two components were mixed at an
incorrect ratio and therefore the product did not cure properly.

(3) When mixing together the two components of Product E, excessive amounts of air
were entrapped in the coating and these air bubbles remained entrapped in the
coating after curing.

42 Tensile Bond Strength and Serviceability

For an exterior coating application, the material must be durable in freezing and thawing
and wetting and drying environments, resist temperature variations between -25°C and 40°C,
exhibit excellent tensile bond strength (ie, adhesion) to the concrete surface and maintain
durability for at least 15 years.



Coated concrete test specimens were subjected to the following serviceability tests:

(1) Rapid freeze/thaw cycling (6 cycles per day) in accordance with ASTM C 666-
Procedure A. At intervals of 50, 100, 150 and 200 cycles, tensile bond strengths of
the coatings to the concrete were measured, Durometer "A" hardness measurements
were recorded, and as well, the coatings were inspected for evidence of cracking,
delamination or chalking.

(2) Temperature cycling between -25°C to 40°C three times per day. After 14, 28 and
42 days of such cycling, the condition of the material was evaluated as described in
(1) above.

(3) Test specimens were subjected to the same thermal cycling regime as described in
(2) above, however, in addition to being thermally cycled, the specimens were
subjected to wet/dry cycling. That is, water was ponded on the specimens for 24 h
and then the water was removed and the specimens were left dry for the following
24 h. After 14, 28 and 42 days of testing, the condition of the materials were
evaluated as described in (1) above.

(4) Heat aging at 90°C. At 14 and 28 days, the condition of the materials were evaluated
as described in (1) above.

In addition to carrying out the tensile bond strength measurements on specimens subjected
to the serviceability tests described above, baseline tensile bond strength measurements were
obtained from control specimens at -25°C, 23°C and 40°C. These specimens were prepared
under ideal conditions and were not subjected to any adverse environmental conditions.

Table 2 provides a summary of the tensile bond strength measurements obtained under the
different serviceability testing conditions. The test results showed the following:

(1) In general, the tensile bond strengths were good. Some measurements met or
exceeded the tensile bond strength of the concrete.

(2) At a low temperature of -25°C, the tensile bond strengths were higher than the
results obtained at 23°C.

(3) At a high temperature of 40°C, the tensile bond strengths were only moderately
reduced (or not at all) compared to the strengths obtained at 23°C.

(4) Subjecting the test specimens to the serviceability tests, described above, had no
detrimental effect on the tensile bond strengths nor was there any visual evidence of
degradation of the coatings.



(5) Hardness of the coatings was not affected by the thermal cycling, thermal and
wet/dry cycling, and freeze/thaw cycling test conditions. However, in general, heat
aging was found to increase the hardness of the coatings.

4.3 Abrasion Resistance

Abrasion resistance tests were carried out in accordance with ASTM C 1138 for Products
A, D, and E. No abrasion tests were carried out for Products B and C because these
materials did not cure correctly following their application to the concrete test specimens.
Products A and E had excellent abrasion test results. There was no visual evidence of any
wear for these two materials. Product D also passed the test, but there was visual evidence
of minor top surface wear, as the embedded reinforcing fabric was visible after the test.

4.4 Water Absorption

All of the materials except for Product D had absorption values less than 1%. Product D
had a value of 1.8 to 1.9%. Therefore, water absorption should not affect the performance
of any of the coating materials tested.

4.5 Crack-Bridging Capabilities

The design requirements in CAN3-N287.2-M91 specifies that a liner material must be
capable to stretch from zero to a total elongation equal to at least twice the specified
maximum predicted crack width /2 / . This requirement was adopted for this test program,
and based on computer modelling, the following crack widths were predicted:

(1) Maximum exterior surface crack width under dead load plus maximum thermal
gradient (ie., -25°C exterior surface and 28°C interior surface): 0.22 mm.

(2) Maximum exterior surface crack width under dead load plus maximum thermal
gradient plus 41.4 kPa(g) air pressure (ie., design pressure): 0.32 mm.

To determine which materials would be suitable for the predicted crack widths, a crack-
bridging test was developed in which the candidate materials were applied to a pre-cracked
concrete substrate. The resulting "composite" specimens were tested as follows:

(1) The crack width was cycled 75 times between 0 and 0.44 mm (ie., 2 times the
maximum crack width due to the anticipated maximum thermal gradient).

(2) After cycling, the crack width was opened until the material failed or until the limits
of the crack-bridging specimen were reached. The material was considered
acceptable if the crack width was capable of being opened to 0.64 mm (ie., 2 times
the maximum anticipated crack width at the design pressure of 41.4 kPa(g)) or greater.



The tests were conducted at temperatures between -20°C and 40°C. Product A, the material
that was ultimately chosen for use on the RBI Dome, was also tested at -35°C. As well,
some of the specimens were heat aged for 12 and 28 days at 90°C and then tested at
temperatures between -20°C and 40°C.

Table 3 summarizes the crack-bridging test results. The test results showed the following:

(1) Product A with reinforcing fabric passed all of the crack-bridging tests. The coating
became significantly stiffer after heat aging and at low temperatures, however, the
coating was still capable of bridging cracks greater than 0.64 mm at -35°C, and after
being heat aged for 28 days at 90°C and tested at -20°C.

(2) Product A was found to be more durable with reinforcing fabric than without.

(3) Products B and C did not behave well because of the initial formulation and
application problems that were discussed in Section 4.1.

(4) Product D (with fabric) did not pass the crack-bridging tests at -20°C. At low
temperatures, the coating lost its flexibility and became very brittle and cracked
across the crack as the crack width was increased.

(5) Product E passed all crack-bridging tests that it was subjected to, however, this
product tended to neck as the crack width widened.

(6) Of the five products tested, Product A (with fabric) had the best crack-bridging
characteristics to meet the requirements for use on the RBI Dome.

4.6 Resistance to Air Pressure

The only material that was subjected to the tests described in this section was Product A,
as all of the other materials had failed one or more of the tests described previously.

Essentially, this test comprised of applying the coating to a concrete specimen which
contained a cold joint (ie., simulated crack). The simulated crack was then opened to a
predetermined value while air pressure was applied through the crack, behind the coating.
Thus, the performance of the coating was evaluated while simultaneously bridging a crack
in the concrete and resisting air pressure applied through the crack.

The conditions of the various specimens that were tested are described as follows:

(1) Control sample - ideal application and surface preparation conditions.

(2) Prior to applying Product A to the concrete specimen, the specimen was saturated



by immersing it in water for 24 h. Once the specimen was removed from the water,
the surface was air blown dry and then immediately coated. This condition was
tested to determine how critical the moisture content of the concrete surface is to the
success of the coating system.

(3) To evaluate how critical surface preparation and cleanliness of the surface is to the
successful performance of the coating, an approximately 100 x 100 mm flawed area
was introduced over the cold joint. Tape was applied to the concrete in this area,
thus preventing the coating from adhering to the concrete.

(4) The effectiveness of repairing blistered areas or failed areas of the coating over the
crack was also assessed.

The following procedure was used for the pressure tests:

(1) The crack width was opened to 0.32 mm (ie., anticipated maximum width of cracks
at the exterior surface of the RBI Dome under dead load plus maximum anticipated
thermal gradient at the design pressure of 41.4 kPa(g)).

(2) The specimen was pressurized to 41.4 kPa(g) and tested at 23°C for 6 h.

(3) The same specimen was then tested at -25°C for 4 h at 41.4 kPa(g), and at 40°C for
4 h at 41.4 kPa(g).

(4) Finally, the specimen was tested at 23°C for 4 h at 82.8 kPa(g) (ie., 2 times the
design pressure).

During testing, the coating was continuously monitored to check for any evidence of
blistering, tearing or delamination of the coating.

The pressure test results are summarized as follows:

(1) Under ideal surface preparation conditions, Product A (with and without fabric)
passed all stages of the pressure box test and showed no visual evidence of
debonding, cracking or any other evidence of degradation.

(2) For the test condition where the specimen was saturated for 24 h prior to applying
the coating system, Product A delaminated from the concrete surface during the
initial stages of the test. Therefore, for the coating system to perform effectively, it
is essential that the concrete substrate is allowed to thoroughly dry prior to applying
the coating system. Any moisture on the concrete surface will inhibit adhesion of the
coating, including the primer, to the concrete surface.



(3) For the test condition where a flaw was introduced over the cracked concrete surface,
the coating system also failed. During the initial stage of the test, the coating began
to lift, delaminate over the flawed area and eventually formed a pin hole at the
delaminated/adhered coating interface. Therefore, strict quality control of surface
preparation and cleanliness of the concrete surface is critical to the successful
performance of the coating system.

(4) Areas of the coating which failed during the initial pressure box test were repaired
and re-tested. When re-tested, the coating did not fail at 23°C and -20°C at a
pressure of 41.4 kPa(g). However, at 40°C and at pressures greater than 41.4 kPa(g),
the coating failed (ie., delaminated and formed pin holes).

5.0 APPLICATION AND PERFORMANCE OF THE COATING SYSTEM

Based on the laboratory tests, Product A was found to be the most suitable material to be
applied to the exterior surface of the RBI Dome, to reduce the air leakage rate. In addition
to the laboratory program, extensive field testing was carried out (with Product A) to
determine the optimum concrete surface profile and moisture condition of the dome to
ensure excellent adhesion of the coating to the concrete surface. Strict quality control
procedures and quality assurance standards were developed as a result of this work.

The coating was applied to the top portion of the dome, extending 15 m from the centre of
the dome (ie., approximately 950 m2), during a three week period in August 1993. The
entire system consisted of an epoxy-based primer followed by five applications of the
material, resulting in a total dry film thickness of 3.5 mm. Strict quality control and quality
assurance was followed during application to ensure optimum performance.

A pressure test of Reactor Building 1 was conducted in November 1993, and the leakage
rate was measured to be 0.26% of contained mass per hour at the design pressure of 41.4
kPa(g). This was a dramatic improvement over the 1992 test result and was well below the
operational target of 1% of contained mass per hour. This pressure test also conclusively
demonstrated that the pressure dependent leakage behaviour caused by the hairline cracks
in the dome, as experienced during the 1992 test, was completely eliminated. The coating
was unaffected by the pressure test and performed as expected (ie., no debonding or blisters
formed in the coating).

6.0 LONG-TERM MONITORING PROGRAM

A long-term monitoring program has been initiated to monitor the performance of the
coating. The purpose of this program is to assess the long-term durability and performance
of the coating, and as well, will identify any deterioration of the coating which may occur



over the long-term. Furthermore, if any deterioration or damage to the coating is identified
through this monitoring program, action can be initiated to repair or address the problem.
Thus the monitoring program will help ensure that the leakage rate of RBI, at the design
pressure, will continue to be well below the operating limit.

7.0 SUMMARY

As a result of hairline cracks in the Pickering NGS A Reactor Building 1 Dome, a pressure
test conducted in 1992 found that the leakage rate was close to the licensing limit for this
reactor building. The solution chosen to reduce the leakage rate through these cracks was
to apply a polyurethane elastomeric coating to the exterior surface of the dome.

Based on reviewing coating manufacturers' technical data, five coatings were identified as
being potentially suitable for this refurbishment. A laboratory program was then undertaken
to test and evaluate these candidate materials and select the most suitable material for use.
A single component proprietary system was selected. This system was the only one which
met the very strict performance requirements.

The coating was successfully applied to the RBI Dome during the summer of 1993 and a
pressure test carried out in the fall of 1993 found that the coating was effective in
significantly decreasing the leakage rate well below the target value.

A long-term monitoring program is being carried out to ensure the continued effective
performance of the coating.
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TABLE 1
SUMMARY OF COATING APPLICATION METHODS

MATERIAL

Product A

Product B

Product C

Product D

Product E

METHOD

Roller/1/

Roller/1/

Spray

Roller™

Roller™

NUMBER OF
COMPONENTS

1

2

2

1

2

REINFORCING
FABRIC

Yes

Yes

No

Yes

No

NUMBER
OF COATS

4

3-4

1

3

2

TOTAL DRY
FILM

THICKNESS
(mm)

2

2

0.9 - 1.2

1

0.8 - 1.0

COMMENTS

- Easy to apply
- Long pot life (> 1 h)

- Difficult to apply
- Short pot life („ 10 min)
- Application problems

- Plural pump required
- Problems with pump
(ie, incorrect mix ratio
- Short pot life (.. 10 min)

- Easy to apply
- Long pot life (> 1 h)
- Low film build

- Short pot life („ 25 min)
- Air entrapped in
coating

/1/ Can also be spray applied.



TABLE 2
TENSILE BOND STRENGTH™ (MPa)

MATERIAL

Product A
(with fabric)

Product A
(no fabric)

Product B
(with fabric)

Product C
(no fabric)

Product D
(with fabric)

Product E
(no fabric)

CONTROL SAMPLES

23°C

0.6-1.1

-

0.2-0.4

2.2-2.9

1.4-1.9

1.6-1.9

-25*C

2.0-3.1

2.5-3.6

-

2.5-2.8

2.7-4.6

2.2-2.7

40"C

0.5-0.6

1.2-1.4

-

0.8-1.3

0.6-0.7

1.1-1.7

FREEZE/
THAW^

CYCLING

0.6-0.8

1.1-1.6

-

1.9-2.6

1.2-1.5

2.0-2.8

THERMAL
CYCLING^

0.6-0.9

-

-

2.3-3.3

0.9-1.6

2.3-2.4

THERMAL
AND

WET/DRY
CYCLING^

0.5-0.8

-

-

1.9-2.6

1.2-1.5

2.0-2.8

HEAT
AGED 14

DAYS
(90"C)

1.6

1.2-2.2

-

1.4-2.6

1.3-1.8

-

HEAT
AGED 28

DAYS
(90°C)

1.6-2.1

1.9

-

1.2-1.8

1.2-1.7

-

FAILURE MODE

- mainly at the
fabric

- intercoat and
within concrete*15'

- at the fabric
- 20% to 30%
delamination

- within
concrete'5' and
adhesive'6'

- mainly
adhesive'6'

- mainly
adhesive'6'

/1/ Tensile bond strengths were measured at 23"C except where stated otherwise for the control specimens.
121 Cycled between 4°C and -18°C, 4 h per cycle, 200 cycles.
/3/ Cycled between 40"C and -25°C, 8 h per cycle, 42 cycles.
/4/ Same thermal cycling conditions as stated in note / 3 / , 48 h per wet/dry cycle, 7 cycles.
151 Tensile bond strength of the coating to the concrete exceeded the tensile bond strength of the concrete.
161 Adhesive failure at the coating/concrete interface.



TABLE 3
CRACK-BRIDGING RESULTS

MATERIAL

Product A
(with

fabric)

Product A
(no fabric)

Product B
(with

fabric)

Product C
(no fabric)

ULTIMATE CRACK-BRIDGING WIDTH OF COATING™ (mm)

CONTROL SPECIMENS

23*C

>1.7<2»

1 9 ( 3 )

>1.5l2>

Failed
after 3
cycles

-20*C

>0.6(2)

N/A

>0.9(2)

Failed
during

1st
cycle

-35'C

>1.0t2)

Failed at
58 cycles

N/A

N/A

HEAT AGED 12 DAYS (90°C)

23°C

>0.9(2)

N/A

N/A

N/A

-20*C

0.7(3)

N/A

N/A

N/A

40*C

>0.9(2)

1.7<3)

(No heat
aging)

N/A

Failed at
*75

cycles

HEAT AGED 28
DAYS
(90°C)

23°C

>0.9(2)

N/A

N/A

N/A

-20*C

>0.64(2)

N/A

N/A

N/A

COMMENTS

- Coating is stiffer
after heat aging.
- Coating is very
stiff at low
temperatures.

- Coating is more
durable when
reinforcing fabric is
used.

- Coating buckles.

- Plural pump mixed
the two components
at incorrect ratio
therefore coating did
not cure properly.



TABLE 3
CRACK-BRIDGING RESULTS

(CONT)

MATERIAL

Product D
(with

fabric)

Product E
(no fabric)

ULTIMATE CRACK-BRIDGING WIDTH OF COATING(1) (mm)

CONTROL SPECIMENS

23*C

>l.5 (2)

>l.8 (2)

-20°C

Failed at
<0.44 mm
(1st cycle)

> 1 . 1 ( Z )

-35*C

N/A

N/A

HEAT AGED 12 DAYS (90°C)

23°C

2.0<2>

>1.9(2)

-20°C

Failed at
<0.44 mm
(1st cycle)

>1.1(2)

40°C

>1.6(2'

>1.0(2)

HEAT AGED 28
DAYS

(9<rc)

23°C

N/A

N/A

-20°C

N/A

>1.7(1>

COMMENTS

- At low
temperatures coating
is very brittle.
- At +23°C and
+40°C coating necks.

- Coating necks.

n'Crack width cycled 75 times between 0 and 0.44 mm. After cycling, crack width opened to 0.64 mm or greater.
(2'Coating was capable of bridging a greater crack width but crack could not be opened beyond this width due to limits of the crack-
bridging specimen.
(3)Coating failed at this crack width.



AREA COATED

First Circumferential
Construction Joint

Second Circumferential
Construction Joint

Dome 18 inch
thick at crown

Dome 24 inch
thick at spring-line

48 inch
thick wall

Elevation 406'9"

Elevation 371'

311'elevation

289' elevation

274' elevation

Ground elevation 254'

Figure 1

Pickering NGS RB1 Dome


