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WATTS BAR NUCLEAR PLANT
ICE CONDENSER BASKET SCREWS - U1C2 EVALUATION PLAN

PURPOSE
To perform an evaluation during the U I C2 outage of the effects of cracked and/or missing ice
condenser basket screws on structural integrity and conformance to design basis.

OVER VIEW
The elements of the evaluation are:

1. Confirm the presence of or replace missing screws in the upper and lower ring connectors
2. Remove a randomly selected sample of installed screws.
3. Perform shear tests of joints fabricated from a portion of the removed screws to determine a

capacity that is representative of those installed in the Watts Bar ice condenser system.
4. Assess the results of steps 1-3 on the as-installed ice condenser system.

The following sections provide additional details on the individual elements.

CONFIRM/REPLACE SCREWS IN UPPER & LOWER RING CONNECTORS
The presence of screws that are accessible in the upper and lower ring connectors and for 7
additional ring connectors (a total of 46,824 screws potentially could be reviewed) will be
confirmed by visual examination. Any missing screws will be installed during the outage.

When a screw is in place but the head is missing, a new screw will be installed. This additional
conservative measure will be taken even though the broken head would not degrade the
capability of the screw to perform its primary function as a shear pin in the joint.

If physical restraints prevent installation of a replacement screw in a bottom or middle connector
ring, then an engineering evaluation will be required prior to acceptance of the nonconformance.

SELECT AND REMOVE A RANDOM SELECTION OF SCREWS
The ICEMAN computer code will be used to randomly select 12 baskets for each of the 24 ice
condenser bays. One screw will be randomly removed from each basket. This selection of screws
will be representative of the attributes of the population of as-installed screws. For ease of
removal, the selection will be confined to screws from the top ring connectors. Since the top
rings are subjected to the highest loads in the course of ice weighing, the selection will be
conservative with respect to the potential for in-service damage.

The heads of some screws being removed would be expected to be broken due to breakaway
torque necessary to remove them. Broken screws will not be included in the sample plan. In
these instances, a new screw will be installed. Screw removal will continue as prescribed by
ICEMAN until 12 screws are removed from each bay, for a total of 288.

Attachment A provides the technical basis for concluding that heads broken in the course of
removal do not cast aspersions on the shear capacity of that screw. Therefore, the exclusion of
these screws from subsequent examination or testing in no way invalidates the random selection
process.
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SHEAR TESTS OF JOINTS WITH RANDOMLY SELECTED SCREWS
Twenty shear tests will be performed using joints fabricated with 80 randomly selected screws
from the 288 removed from service to determine a capacity that is representative of those
installed in the Watts Bar ice condenser system. Each test specimen will consist of 2 upper and 2
lower screws installed in upper and lower plates (corresponding to the baskets) and a connector
plate. The plates will be of the same gauge and material types as the baskets and connector
plates. Each specimen will be tested to obtain maximum load capacity at approximately 15-20
degrees Fahrenheit.

Testing these 4-screw specimens will provide more meaningful results than simply performing
shear tests on individual screws. In the baskets, these 4 screws are in close proximity and there
are local interactions between them in transferring loads between baskets. There are 6 of these 4-
screw groups per basket coupling, but each 4-screw group would be expected to transfer shear in
a manner similar to the test specimens.

Consideration was given to testing complete 24-screw joints installed in baskets. However, that
would have required the removal of many more screws, the fabrication and cooling to 15°
Fahrenheit of large test specimens, and the use of a large test facility. Also, the conduct of such
tests would be much more time-consuming. Since the intent of the tests was to assess the load
capability of the screws rather than of the complete joint, the 4-screw specimens were thus
considered adequate and appropriate.

Additional details of the shear test plan and a sketch of the test specimens are contained in
Attachment B.

The results of the shear tests will be compared to the nominal required capacity. For a 24-screw
joint, the tensile load specified by Westinghouse for plants with Watts Bar's mounting bracket
design is 6766 pounds. For the 4-screw test specimens described previously, the corresponding
required capacity is therefore 1 128 pounds. Thus, a test will be considered successful if the
maximum joint load exceeds 1128 pounds. Specimens which fail to achieve the required
capacity will be characterized as having some "Reduced Load Capacity" and further evaluation
will be performed.

CONCLUSIONS
The results from the preceding steps will be assessed to determine the overall effect of cracked
and/or missing screws on ice condenser integrity and conformance to design basis requirements.
Favorable results lead to a conclusion that no additional actions would be required for life-of-
plant operation. Less conclusive results may necessitate an assessment for near-term operation
and additional long-term corrective actions (e.g., test of additional screw joint specimens). In the
event of highly unfavorable results, corrective actions might be required prior to restart from the
Cycle 2 outage.
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ATTACHMENT A:
BASIS FOR NOT CONSIDERING BROKEN SCREW HEADS IN SAMPLE

A 1.0 OBJECTIVE

The objective of this attachment is to provide justification for excluding ice condenser
basket screws which fracture during the removal process from a sample of screws which
will be further evaluated to draw conclusions with respect to the remaining population of
screws installed in the WBN U I ice condenser baskets.

A2.0 BACKGROUND

Previous inspections of both new and removed-from-service ice condenser basket screws
indicated presence of shallow surface cracks in the thread region. Although these cracks
have been primarily attributed to the screw manufacturing process and generally are
considered non-injurious, the possibility of reduced structural capacity exists for some
screws currently installed in the WBN U I ice condenser basket joints. To address this
issue, samples of WBN Ul screws are to be removed from service and subjected to load
tests. The results of such examinations and tests will be representative of the remaining
population of installed screws and can be applied to determine if the installed screws are
acceptable for use in the WBN Ul ice condenser basket joints.

One consideration of the screw removal process is that some number may break when
applying the reverse torque necessary to back the screw out of the joint. This possibility
leads to the question:

Should a screw that fractures during the removal process be considered as one
member of a sample from which.structural attributes are to be obtained?

The discussion below is intended to provide justification for excluding screws broken
during removal from samples that are to be examined or tested to ascertain structural
adequacy of the installed population.

A3.0 DISCUSSION

It is possible that a transverse thread root crack in the screw would contribute to
breakage during removal; however, this premise does not lead to the conclusion that this
particular screw was incapable of sustaining its design load had it remained in service.
Specifically, the following factors must be considered:

A3.I Screw failure under a torsional (torque) shear load is more likely as opposed to the
transverse shear load expected during design and accident service conditions. Fracture
potential per unit of shear stress for a screw is greater under torsional load than
transverse load because:

a) For a body under a shear (or tensile) load, fracture potential is proportional to the
stress distribution in the body.

b) Shear stress due to torsion in a generally cylindrical body is proportional to the
distance from the center of rotation to the outside surface (i.e., maximum at the
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ATTACHMENT A:
BASIS FOR NOT CONSIDERING BROKEN SCREW HEADS IN SAMPLE

surface and constant around the perimeter). As such, any shallow surface crack
in the screw body is exposed to essentially a maximum stress condition under
torsion.

c) Shear stress due to transverse load follows a parabolic distribution along its line
of action and is zero at the surface that is normal to the load direction. As such,
a shallow surface crack may be exposed to substantially less than the maximum
stress.

d) Net section shear stress due to torsion is proportional to the inverse of the shank
diameter taken to the 4 th power while net section shear due to transverse load is
proportional to the inverse of the shank diameter squared. Thus a
circumferential surface crack (i.e., an effective reduction of diameter) will have a
much greater influence on the net section available to resist torsion than it does
on the net section available to resist transverse load.

A3.2 Torque (i.e., torsion) necessary for screw removal may be quite large due to binding:

a) A self-tapping screw should result in a very tight fit between mating threads;
however, basket shavings produced by the thread forming may be squeezed
between the mating surfaces. This could tend to lock the joint and resist backing
out.

b) Presence of corrosion products

c) Local deformation of sheet metal (i.e., shakedown to achieve uniform screw-to-
screw load distribution) during basket lifting operations

A3.3 When applying torque to remove a threaded fastener, any resulting breakage will likely
occur between the screw head and the first thread engaged in the mating part because:

a) Maximum torque usually occurs during initial breakaway because of additional
friction present due to preload bearing or prying action between the screw head
and its mating part. Once the screw head and mating surface part, this friction
source is removed and torsion in the shank should reduce progressively as
threads become disengaged.

b) Maximum torsion generally occurs between the screw head and the first thread
engaged in the mating pieces. Torsion will decrease with each successive
engaged thread as the torsion is absorbed via friction between male and female
threads.

c) When backing a screw out, all torsion is absorbed by friction as there is no
interaction between threads to produce tension as in the case of screw tightening.

Considering the factors above, the relevance of breakage during removal of a screw can
be summarized. First, the structural sensitivity of a cracked screw is much greater due to
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ATTACHMENT A:
BASIS FOR NOT CONSIDERING BROKEN SCREW HEADS IN SAMPLE

torsional loads than to transverse shear loads. Second, it is possible that high torque
levels will be needed to remove some screws because of installation and service factors
typical of threaded fasteners, particularly those that are self-tapping. This increases the
risk of breakage during removal, regardless of the screw's condition. Finally, the
application of torque to remove a screw presents the greatest challenge to the portion of
the shank between the head and the first engaged thread. However, for design loading
(i.e., mostly single plane translational shear), the more critical region is the section at the
interface plane between the basket and the splice collar.

Thus, the occurrence of breakage during removal is not an indicator that is relevant to a screw's
level of degradation or its ability to provide adequate capacity during design load conditions.
Therefore, it is justified and appropriate to disregard any ice basket screws that break during
removal without prejudice toward its affect on the representative sample of screws. Essentially,
these screws should be excluded from further participation as a member of a sample from which
conclusions are drawn regarding the condition or capacity for the entire population of basket
screws in the WBN UI ice condenser. The breakage should be noted and a new replacement
screw installed. An additional screw should be randomly selected and removed for the sample.
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ATTACHMENT B -SCREW TEST PLAN

B1.0 PURPOSE

The purpose of this plan is to outline a test which will generate data that supports a conclusion of
structural acceptability of ice condenser basket screws currently installed in Watts Bar Unit 1.
Specifically, the test is intended to demonstrate that a randomly selected set of screws removed
from service and therefore representative of those currently installed, including any contained
cracking, provides sufficient structural integrity to withstand design load conditions.

B2.0 BACKGROUND

Previous examinations of both new screws and screws removed from service indicate the
presence of shallow cracks in some specimens. These crack are generally attributed to the screw
manufacturing process associated with hardening of the screw surface. Although most of the
observed cracking is considered non-injurious (i.e., failure under service loads is not likely due to
crack orientation and character), some transverse thread root cracking has been detected which is
considered potentially injurious. In actuality, installation is probably the most severe service to
which an ice basket screw is exposed since this condition combines both shear stress due to
torsion (i.e., required for thread forming and tightening) and tensile stress due to torque reaction
during tightening). As such, screw failures during installation may be more likely than during a
subsequent design load condition because the installed screw functions as a shear pin to transfer
axial and/or bending loads between basket sections.

A previous test performed by Westinghouse using screws removed from service at D. C. Cook
Nuclear Plant addressed the structural capacity of complete joints (i.e., 24 screws) under a basket
design tension load. This design load did consider both vertical (i.e., pure tension) and
horizontal (i.e., basket bending) loads. The test was conservatively performed with either 2 or 4
screws missing in a worst case configuration and the capability to sustain the design load was
verified. The 4 screw missing case was particularly stringent since the maximum predicted
individual screw load in this configuration is 3 times the average of the tensile load divided by
the number of remaining screws in the joint when accounting for induced bending due to offset
of the neutral axis for the screw reaction pattern. Nevertheless, the test demonstrated substantial
margin in the basic basket joint design.

In addition to the complete joint tests, Gelles Laboratories, Inc. performed a number of single
screw shear tests for D. C. Cook to determine breaking loads for both new screws and screws
removed from service. One objective of this test was to determine if stereomicroscopic
examination could determine the presence of injurious cracks. Results indicated no significant
statistical difference in breaking load between lots of "crack-containing" and lots of "crack-free"
screws. The results did show that on a statistical basis, new screws had a higher breaking load
than those removed from service but in either case, the lowest breaking load was substantially
greater than the design load for a single screw.

It may also be observed that the results of the Gelles Laboratory tests discussed previously
indicated a worst case breaking load of 1086 lb from a sample of 64 screws removed from
service at D. C. Cook and subjected to single screw load tests. This particular screw was
examined post-test and found to contain thread root defects; however, the 1086 lb load is about
1.92 times the required design load of 6766 ÷ 12 = 564 lb per screw. Although the bulk of the
Gelles testing was performed at ambient temperature, -20'F tests of a subset of screws removed
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ATTACHMENT B -SCREW TEST PLAN

from service showed an increase in average breaking load relative to the ambient tests.
Therefore, if the WBN screws follow a similar trend as the D. C. Cook screws, then it is
anticipated that adequate capacity will be demonstrated by the test described herein.

B3.0 BASIS FOR WATTS BAR TEST

At Watts Bar, the percentage of missing screws is projected to be small such that the D. C. Cook
full joint test discussed above may not be an appropriate indicator of capacity. On the other
hand, the characteristic cracking might affect a greater percentage of the screw population at
Watts Bar than at D. C. Cook. Since the primary issue at Watts Bar is one of potentially reduced
capacity, a confirmatory load test can best address this aspect.

B4.0 TEST SPECIMEN CONFIGURATION

For Watts Bar, the primary considerations for development of a screw test include the need to
test a representative number of specimens in a manner that reasonably depicts the mechanistic
behavior of a basket splice connection in service. On this basis, a 4 screw splice connection as
reflected by Figures B-I and B-2 was selected as the basic test specimen. The 4 screw
configuration provides the following features:

* Relatively simple to construct and test. This configuration uses standard gauge sheet metal
strips matching the Westinghouse specifications for the basket and splice collar pieces which
can be fabricated using simple breaking, drilling and assembly procedures. The resulting
specimen is suitable for testing in a standard tensile test machine. This allows for testing a
useful number of specimens in an efficient and controlled manner.

* The configuration provides for realistic behavior of the interaction between the screws, the
basket ends and the splice collar. In a typical ice basket joint there are 6 sets of 4 screw
joints that provide the load path for maintaining continuity of the 48 foot basket column
between 12 foot basket sections. Under design loading the joints must transfer basket
bending and axial load between sections. As such, the joint transmits tensile loads between
baskets via shear pin action of the screws connecting the baskets to the splice collar. The 4
screw specimen using appropriate gauge metal maintains the line of action and sheet-to-
screw interaction behavior of the full joint configuration. Since the objective is to address
capacity of individual screws, the 4 screw test specimen will provide more specific data
concerning individual screw performance than a full joint test (i.e., 24 screws) which is more
difficult to perform and provides less information concerning the variability of screw
capacity. A single or double screw test specimen could provide more data concerning
individual screw capacity variation (i.e., using more tests) but the simulation of true joint
behavior would be less accurate.

B5.0 TEST REQUIREMENTS, LIMITATIONS AND EXCEPTIONS

B5.1 The sheet metal strips used to fabricate the test specimens shall be Commercial Quality Hot
Rolled Carbon Steel with 32000 psi specified minimum yield. Per Westinghouse/WBN
Drawing I 191 E57 for the ice baskets, the ice baskets may be fabricated from either ASTM A569
or A622 materials. The splice collars are specified as A622 only. A569 is a commercial quality
hot rolled carbon (0.15% max) steel intended for parts where bending, moderate forming or
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drawing and welding is involved. A622 is a drawing quality special killed carbon steel intended
for parts where severe drawing or forming is involved. Because the test specimens do not require
drawing, forming or welding, the specimen material used to simulate the basket and collar pieces
only needs to provide equivalent strength and stiffness. In this regard, ASTM A659, a
commercial quality hot rolled carbon steel with relaxed carbon limitation (0.16 - 0.25% max), is
an acceptable alternative. Also, zinc-coated sheet steel conforming to either A526 or A527 is
considered a suitable alternative as long as the minimum tensile strength requirement is satisfied.

B5.2 Metal strips should be free of oxidation. Galvanizing of metal strips in accordance with Drawing
1 191E57 is permissible but not required since galvanizing should not affect the structural
performance of a joint fabricated from clean steel.

B5.3 A total of 25 test specimens are required. 5 specimens shall be assembled using new screws of
the same design as those installed in WBN Unit 1, obtained from the WBN warehouse. 20
specimens will be assembled using screws removed from service at WBN Unit 1. This specimen
distribution provides a baseline capacity for new screws (20 total) and an 80 member
representative sample of potentially cracked screws removed from service. A test population of
80 should provide appropriate opportunity to address the extent of cracking that might exist in
screws currently installed in Unit I at WBN.

B5.4 Each test specimen shall be assembled as follows:

I. Cut basket and collar strips as indicated on Figure B-I, length and free end configuration as
required for tensile test machine.

2. Match drill 4 pilot holes 0.161" diameter (# 20 drill) through basket and collar strips with
strips clamped in place per Figures B-I and B-2.

3. Unclamp, drill out pilot holes in 14 gauge (0.075" thk) basket strip to 0.191" diameter (#11
drill).

4. Tap 10 - 32 thread in 12 gauge (0.105" thk) collar strip using standard through hole tapping
tool or a new self tapping screw of the same thread. Care should be taken to ensure that the
tap centerline is perpendicular to the plane of the collar strip to avoid skewed screw
centerlines. All debris from thread forming is removed prior to specimen assembly.

5. Select screws. Screws should be clean and free from debris.
* Baseline Specimen - Select 4 screws for each baseline specimen from lot of new

screws.
* In-service Specimen - Randomly select 4 screws for each test specimen from the lot

of screws removed from inservice WBN ice basket joints.
6. Assemble specimen by tightening screws to snug tightness using hand screw driver (i.e.,

screw head firmly seated on 14 gauge surface but not torqued or tightened further).
7. Permanently mark sheet pieces with a unique specimen identifier.

This assembly departs from typical basket joint assembly in that the collar holes are pre-drilled
and tapped. This allowance is intended to avoid any additional damage a used screw might
sustain if called upon to tap a second hole. Furthermore, installation to snug tightness should
avoid unnecessary pre-load (i.e., further damage potential) that might occur if a powered screw
driver were used during reinstallation of a used screw.
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B5.5 The load test should be performed with a specimen temperature of 15-20° F. The 15-20'F
temperature reflects the typical environmental condition for the ice condenser and falls within
the range of temperature applied for the Westinghouse full joint test described above. It may be
necessary to start the load application sequence at a slightly lower temperature (i.e., 10-1 50F) to
allow for heat gain during the test. Use of compliant insulating material attached to the specimen
during the test to minimize convective heat gain is acceptable. The process of specimen pre-
chilling, installation and loading should be verified using a prototype specimen and with
appropriate monitoring (e.g., thermocouple mounted to specimen) to ensure that the specified
temperature is obtained at the start of the load application sequence. Temperature monitoring
during each test is also an acceptable control for assuring proper specimen temperature.

B5.6 Test records shall include photographs of typical specimens before and after testing. Any
anomalous or nontypical behavior shall also be documented via photographs to the extent
practical.

B5.7 Load rate of the specimen should be in the range of 1000-2000 lb/min except that a load rate of
500 lb/min may be applied until a 500 lb joint load is obtained (i.e., the first minute of testing) if
the temperature restrictions can be maintained during the remainder of the load application
sequence.

B5.8 Specimen tensile loading shall be continued until joint failure. Maximum or peak load obtained
and/or the fracture load shall be recorded. Each used specimen should be individually packaged
with any broken pieces to maintain segregation from other used specimens.

As an alternative, the specimen tensile loading need only be continued to the point where
maximum or peak load has clearly been obtained (as evidenced by continued joint deformation
without further increase in load). Based on results of prototype specimen testing, it is possible
that a 4 screw joint with nominal screw capacity will sustain increasing load until unstable joint
deformation occurs. At the onset of unstable joint behavior, inelastic deformation of the hole
and rotation of the screw permit continued test machine grip displacement without increasing
applied load (decrease in available reaction load) until the screw fails under a combination of
shear, tension and bending (i.e., screw head prying effects). If a joint specimen fails prior to
reaching a clear maximum load condition, this is indication that screw capacity as indicated by
the load at failure is the limiting factor for the joint. However, if a test results in applied load
reaching a peak followed by unstable joint behavior, then the screw is not the limiting factor for
the joint. In this case, the screw (i.e., joint) capacity corresponds to peak load and breakage
following subsequent inelastic deformation of the joint is not relevant to this capacity.

B6.0 TEST DATA

For each of the 25 specimen load tests the following shall be recorded.:

* Specimen Identifier
* Screw Source (i.e., either new or used)
* Maximum (Peak) Load Obtained
* Load at Which Failure Occurs (if loaded to failure)
* Description of specimen damage
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* Any Other Relevant Observations or Comments

B7.0 TEST REPORT

A test report shall be prepared that includes the following minimum information:

* Description of specimen materials, fabrication and assembly
* Discussion of thermal conditioning and associated verification test results
* Description and photographs of load test apparatus
* Test procedure
* Test log
* Test data including pertinent photographs
* Discussion of any non-conformances and their resolution

B8.0 ANALYSIS OF DATA

WBN Engineering will evaluate load test data. Per the Westinghouse tests of basket joints, the
complete joint must be capable of sustaining a load of 6766 lb. Therefore, if each of the 4 screw
specimens demonstrate a maximum load greater than 6766 ÷ 6 = 1128 lb per screw pair, then the
representative sample indicates that all currently installed screws have adequate load carrying
capacity. However, if one or more of the specimens indicates a load carrying capacity of less
than 1 128 lb per screw pair, then the variation in screw load capacity as indicated by these results
will be evaluated to determine acceptability for the entire population of installed screws.
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