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Large-Bore Pipe Supports - Rigid

1.0 REVIEW PROGRAM IMPLEMENTATION

1.1 Construction Work Category Description

The construction work category of large-bore rigid pipe
supports is comprised of all safety-related anchors, guides,
rigid and rigid-seismic pipe supports for piping 2-1/2 inches
and larger in-diameter.

1.2 Population Size and Sample Selection

For-this construction work category, a population of
approximately 7,200 items was identified as QC-accepted as of
the date of this reinspection effort. Reinspection and
documentation reviews were performed for a total of 917 ,

t accessible items. Of these, 63 first sample items were/

- randomly selected from the population to ensure that 60
reir.spections or documentation r,eviews of each attribute were
performed except as noted below:

1. Concrete inserte - The reinspection resulte are
combined with those from'other populations on a
proportional sampling basis to achieve the required
sample size. Refer to Appendix 33 for the combined
results.

2. Concrete expansion anchors - The reinspection and
document review results are combined with.those from
athe.r populations on a proportional sampling basis to
achieve the required sample size. Refer to
Issue-Specific Action Plan (ISAP) VII b.4 for the
combined results.

3. ASME bolting, ASME welding and vendor-supplied
components - The reinspection and document review
results are combined with those from the other pipe

support populations on a proportional sampling basis to ,

'

achieve the required sample size. The results are
discussed in each pipe support appendix and are trended
with respect to all three pipe support populations.

An additional 28 second-sample items were randomly selected to
ensure that at least 60 safe-shutdown hardware. items were
reinspected or reviewed,

i
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1.3 Attributes Selected

Sample items were reinspected for the following attributes:

Attribute 1 - Identification of support assembly

Attribute 2 - Location and orientation of support assembly

Attribute 3 - Configuration of support assembly

Attribute 4 - ASME bolting of support structure

Attribute 5 - Concrete inserts

Attribute 6 - ASME welding of components

Attribute 7 - Installation of concrete expansion anchcrs

Accribute 8 - Installation of vendor-supplied components

Sample iteu documentation was reviewed for the following
at trit- ute s :

Attribute 9 - Documentation of inspection drawings

Attribute 10 - ASME welding documentation

Attribute 11 - Concrete expansion anchor *

installation documentation

Attribute 12 - ASME material traceability documentation

Attribute 13 - Vendor-supplied component installation
documentation

Attribute 14 - QC inspector certification

O
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2.0 DISCUSSION OF RESULTS

2.1 Summary'of Results

For reinspection, 150 Deviation Reports were issued describing
C 344 deviations. Approximate 1y'25,886. inspection points were

encountered in performing the-reinspection. See. Table 25-1
for results of the reinspection.

In documentation review, 13 Deviation Reports were issued
describing 19 deviations. Approximately 8,537 review points
were encountered in performing the-documentation reviews. See
Table 25-2 for results of documentation review.

Documentation review deviations related to inspector
certification have not been included in the aforementioned
totals. As discussed in Section 2.3.6, it has been determined

,

that these deviations do not necessarily relate directly to
,

actual inspector qualifications. These deviations were
considered in the ISAP I.d.1 cvaluatien together with
supplemental information as necessary to determine actual
inspector qualifications. The ISAP I.d.1 conclusions are
sumrarized in Section 2.3.6.

In the eight reinspection attributes of this population, there
were six construction deficiencies and one adverse trend
identified:

1) Attribute 3 - Configuration of support assembly:
Construction deficiency for incorrect components. See
Section 2.2.3 f or discussion of this attribute.

2) Attribute 3 - Configuration of support assembly:
Adverse trend for gags between pipe and support
structure. This adverse trend also applies to the
Small-Bore Pipe Supports population. See Section 2.2.3
for discussion of this attribute.

3) Attribute 4 - ASME bolting for support assembly:
Construction deficiency for inappropriate locking
devices. This construction deficiency also applies to
the Large-Bore Non-Rigid and Small-Bore Pipe Support

O populations. See Section 2.2.4 for discussion of this
attribute.

.

_ _ _ . - _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ . _ _ _ . _ _ _ _ _
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4) Attribute 8 - Installation of vendor-supplied

i
components: Construction deficiency for incorrect gi eE
clamp spacers. See Section 2.2.8 for discussion of'

this attribute.

5) Attribute 8 - Installation of vendor-supplied
components: Two construction deficiencies for jam nuts
on sway struts. See Section 2.2.8 for discussion of
this attribute.

6) Attribute 8 - Installation of vendor-supplied
components: Construction deficiency for fasteners.
The construction deficiency relates to loose hardware.
See Section 2.2.8 for discussion of this attribute.

In the five documentation review attributes of this population

(excluding QC inspector certification), all the documentation
review deviations were determined to be insignificant, except

for two that were referred to VII.b.4 for evaluation.

2.2 Aralysis of Reinspection Results ;

This section provides, by cttribute, a discussion of the
reported deviations, an analynis of the ef fect the deviations
have on the functional and system capabiltty of the large-bore
pipe supports, and an analysis of the deviations for the
presence of trends. The function of pipe supports is to

provide for and to control the free or intended movement of
the piping configuration due to applied system loads and
conditions while preventing unintended movements.

2.2.1 Attribute 1 - Identification of Support Assembly

Large-bore pipe supports and integral attachments are
required to be marked with unique identification, which
is given on the design and/or hanger location drawing.
In 146 inspection points, six deviations were reported.

One deviation was reported where.the identification
number on the support was different from that specified
in the design documents. An evaluation of pipe support

_ _ _ _ _ _ _ _ _ - _ _ _ _ _ . - - -
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documentation determined that the incorrect number
resulted from use of the wrong ID stamp on the support.
There was adequate documentation to provide evidence
that the component structures had been correctly
identified, inspected and accepted by the onsite QC
group. Therefore this deviation was determined to be
insignificant.

Five deviations were reported where no markings were
found. Evaluation revealed that the supports involved
had adequate documentation to provide evidence that the
component structures had been inspected and accepted by
the onsite QC group. Therefore, these deviations were
determined to be insignificant.

O If these types of deviations were to exist in the
uninspected portion of the population, a construction
deficiency would not result because the QC inspection
system adequately documented each inspection without
relying upon identification numbers. The documentation
provides pesitive traceability to material utilized in
construction of each support. No adverse trend was
identified.

2.2.2 Attribute 2 - Location and Orientation of Support
Assembly

!

Large-bore pipe supports were required to,be located
and oriented in accordance with the design drawings.

In 182 inspection peints, three deviations were
reported on location and two deviations on orientation.

The three reported devia*. ions on location had
dimensions 5/8 to 2 inches outside the tolerance range

of 2 inches. Evaluations of the deviations were
performed to determine if the location of the supports
had any adverse effect on the piping systems. In both
cases it was determined that the supports met design
requirements and that system stress changes due to
the difference between design and actual support
locations were negligible. Therefore, the deviationsG were determined to be insignificant.

,

- - - - - - _ _ - - - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ __



_ _ _ _ _ ___ _ _ _ _ -

Revision: 1

Page 6 of 52

RESULTS REPORT

ISAP VII.c

(Cont'd)

Appendix 25
(Cont'd)

2.0 DISCUSSION OF RESULTS (Cont'd)

If these types of deviations were to exist in the
uninspected portion of the population, it is unlikely
that a construction deficiency would result. This is
because the as-built stress reconciliation process
allows for large bore pipe supports to be within 12
inches of the location drawing dimension, and no
support was outside this range. The errors found were
attributed to drawing recording errors that occurred
during the as-built walkdown. No adverse trend was
identified.

One reported deviation on orientation was identified
where shim plates were located on the side of the pipe
opposite that required by the design drawing.

An evaluation showed that the loads applied to the '

support through the shim plate wi)1 be compression and
shear only, and that these loads wt.11 te transferred to
the rain frame, as the suppcrt is part of a gang
hanger, The relocation of the shim ~nas no chect on
the functioaal cauability of the support; therefore,
this deviation was determined to be insignificant.

If this type of deviation were to exist in the
uninspected portion of the population, it is unlikely
that a construction deficiency would reault. Thia is
because the requirement for tne shim is primarily to
minimize the clearance between two sides of the pipe.
The installation of a shim opposite that shown on tbe
drawing is of no concern as the clearance will meet
specific engineering design requirements with the shim
on whichever side it best fits. No adverse trend was
identified.

The second reported deviation on orientation was
reported where a strut assembly had an angular
displacement of ten degrees rather than the required
six degrees due to an' increased distance from the
centerline of the base plate to the pipe. An

evaluation showed that the calculated load was
approximately one-third that of the design load. The
location of the pipe for the existing field condition

_ _ _ _ _ _ -
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resulted in less than 10 percent change in support
capacity. Therefore, this deviation was determined to
be insignificant.

Should other supports exist with a similar deviation,
there would be no construction deficiency as the
angular displacement of the strut did not exceed a plus
or minus 5 degree tolerance allowed during design
(though not for construction). This tolerance was
applied in a bounding analysis that shows that any
affected struts would be capable of design loadings
up to and including their maximum length.

As a result of the above evaluations, no adverse trends

(N were identified.

2.2 3 Attribute 3 - Configuration of Support Assembly

The attribute. of configuration addressas components,
component installation, gaps, and base plate surfare
contact. In 6,771 inspection points, 73 deviaticns
covering components, component installation, gaps and
base place surface contact were reported. Tha results
are discuaced belon.

Cemponents

#All installed components were required to be listed in
the oill of materials and to meet dimensional
requirements specified therein. In 4,143 inspection
points, 26 deviations were reported.

One support had three deviations reported. First, the

diameter of a coupling used on a sway strut barrel was
larger than required in typical detail drawings. The
evaluation on the sway strut coupling showed that the
increased diameter had no effect on the functional
capability of the support. This deviation is
insignificant.

,

m() Second, the bolts supplied with the pipe clamp were
less than the required diameter. To evaluate this
deviation, an analysis was performed that considered

- __-___-_____ _
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the ability of the smaller bolt to perform its function
in a hole larger in diameter than allowed by ASKE III
code requirements. The analysis concluded that the
clamp assembly may be unable to transmit the required
load to the strut due to slippage of the smaller bolts

3 in the claap holes and that the third deviation
described below was caused by related movement of the
pipe clamp spacer.

The third deviation was reported for a sway strut eye
rod on the same support that had the two deviations
described above. The sway strut eye rod was in contact
with the pipe clamp spacer, with the potential to cause
binding. As noted above, an analysis concluded that
had the correct bolt size been used, contact and

potential binding would not have occurred.

The installation of bolts smaller than the diameter of
the clamp hole, resulting in a configuration that could
potentially result in malfunction of the support, was
determined to be a construction deficiency. (Far root
cause and generic 1mplicctions analysis of this
construction deficiency for incorrect components, see

Section 3.1).

Three deviations were reported where the widtn of an
installed chim was Jess than the width shown on the
typical details. The reduction in width does not
prevent the required attachment weld length from being
attained, nor does it reduce the design contact between
pipe and bearing surface. The purpose of the shim is
to insure adherence to the criteria for the gap between

pipe and support frame. Based on the above evaluation,

the deviations were determined to be insignificant.

Six deviations were reported where sway strut lengths
did not agree with the final design drawings within
construction tolerances. Because the increased lengths

of the sway' struts were less than the maximum length
allowed by the vendor, the functional capability of

_
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each support to perform its intended function was not.
affected. There was a reduction in support capacity of
less than 10 percent due to the increased length.
Therefore, these deviations were determined to be
insignificant. If this type of deviation were to exist
in the uninspected portion of the population, it is
unlikely that a construction deficiency would result.
This is because of the vendor's design approach where a
sway strut is designed to accommodate the maximum eye
rod extension. No adverse trend was identified.

Five deviations were reported where sway strut rear
brackets did not meet typical inspection drawing
requirements. The dimensional dif ferences are due to. s

changes in vendor component design over the life of the
project. These changes are not incorporated in the
inspection criteria. The brackets, as they are
installed, meet all applicable design criteria. As the
redaction in capacity was less than five percent, these
daviations ware determined to be insignificant.

If this type of deviation were to exist in the ;

uninspected portion of the population, it is unlikely
that a construction deficiency would result based on
the above evale.ation. No adverse trend was identified.

Five deviations were reported where rigidasupport
components made from tube steel or flat plate had
physical dimensions that did not match the design
drawings. The five deviations were reported where the
dimensions of the components could not be determined
because these dimensions were omitted from the design
drawings. Evaluations showed that the above deviations
did not affect the capability of the supports to
perform their intended function. Where dimensions were
omitted on the drawings, the component configurations
were determined from other drawing dimensions, again
with no reduction in capacity. Therefore, these
deviations were determined to be insignificant.

However, vendor design changes not adequately
incorporated in the typical detail drawings create a

_ - _ - _ _ _ - _ _ _ _ _ - - _ - _- _ - ___ _. --_ _ _ - _
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design concern as to the adequacy of the site process
for review and incorporation of vendor design changes.
This item is being addressed in the Pipe Stress / Support
Requalification Program and through the Hardware
Validation Program (HVP) to identify any specific
design concerns that require corrective action.

Component Installation

!All components used in the construction of the support
are to be installed within the tolerances given in the
current construction procedures.

In 2,037 inspection points, 21 deviations were
reported. The deviations consisted of support
component installation where attachment locations were
out of tolerance by 1/16 to 1-3/16 inches.

) Evaluations for all but one of the deviations were
ecmpleted by utsing the actual configurations in
calculating the loads and noments. The evaluations
showed that thtre was a reduction in capacity of less
than 10 percent in til cases. The other deviation was
due to drawing errors. Therefore, the deviations were
determined to be insignificant, j

In one of the above deviations it was also noted that
the manufacturer's "NPT" tag was missing 'from the sway
strut. Because the existing sway strut had been
modified in the field, an "NPT" tag is not required.
The drawing requirement for the "NPT" tag assumes that
the original sway strut, as ordered from the vendor,
would be installed. There is adequate documentation in
the permanent plant records that substantiates no "NPT"
tag being installed.

One deviation was reported where two vent holes shown
on the design drawing were omitted in the field
installation. Vent holes are required in hollow
structural members to provide venting for gases
generated during the welding process. As the weld
required at the connection is on only three sides,

.- - - - _ _ _ _
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sufficient area is present to allow for the adequate
venting of welding gases. Therefore, this deviation
was determined to be insignificant.

If these types of deviations were to exist in the
uninspected portion of the population, it is unlikely
that a construction deficiency would result. This is

,

because variations in component < installation locations
like the ones discussed'above are very unlikely to ever
result in stress increases that would approach maximum-
allowable stresses in.large 'oore rigid supports.

Gaps
| ,/7

L *gi, > Gaps were specified on the design drawings as
minimum / maximum dimensions between the pipe-and the
supporting members. The gap requirements-are given
below:

For pipe r' ns in the horizontal position, no gap was.

allowed between the bottom of the pipe and the
supporting member unless specified on the design
documents. The gap between the top of the pipa and the
supporting u. ember was required to be a minimum of'1/32
inch to a maximum of 1/8 inch.

The cumulative gap between the side of thh pipe and the
supporting uembers was required to be'no less than 1/16
inch and no greater than 3/16 inch.

For pipe runs in the vertical position, the cumulative
gap between the sides of the pipe and supporting
members was required to be no less than 1/16 inch and
no greater than 3/16 inch in each of two directions.

|

In 181 inspection points, 22 deviations were reported.
,

'' Of these, eleven deviations were reported for pipe runs
in the horizontal position where the gap on the bottom
of the pipe is greater than zero. Two deviations wereg
reported for gaps between the sides of the pipe and the

J< 5

.

m .___m._____-__m_m . . _ _ _ _ . _ _ _ _ _ _ _ _ ,
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supporting members that were less than the minimum
specified on the design drawings. Four deviations were
reported for lugs on a vertical run of pipe that did
not touch the pipe clamp, and five deviations were
reported where the cumulative gap was zero. The
evaluation of these deviations is discussed below.

Five deviations were reported where supports had zero
cumulative gap. Evaluations showed that the piping
displacements and radial expansions are negligible and
pipe stresses are also within allowable limits in each
case. As the evaluation showed that zero gaps on the
above deviations have only a negligible effect, these
deviations were determined to be insignificant.

A trend for zero cumulative gap was identified based on
the five deviations within the semple. The trend for
82ps was determined to be adverse based on the :

I

)
likelihood of this type of devlaticn (na gap) occurring
in the uninspected portion of the population for a'

support that is required to accommodate axial movement
of the piping due to increased system temperatures and
pressures. For such a support, should binding occur in
an undersized gap as the pipe tried to move axially,
significt.nt. increases in leads and stresses could
result in a construction deficiency. (For root cause
and generic implications analysis of this' adverse trend
for gaps, see Section 3.2).

Eleven of the deviations where the gap on the bottum of

the pipe was greater than zero had gaps that ranged
from 1/64 inch to 1/16 inch. An evaluation on one of
the deviations considered deadweight stresses and
loads, as the sum of the gap at the top and bottom of
the pipe was within design tolerances. Because the gap
is within these tolerances, it will not affect thermal

or dynamic loads and stresses. Evaluations of dead
weight stresses and loads found that when the pipe is
filled with fluid (they were not during reinspection)
the resulting weight would cause the pipe to rest on

. _ _ _ _ _ _ _ _ -
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the support structure, resulting in no gap.on the.
. bottom. .Therefore, this deviation was determined to be

insignificant. The remaining ten deviations were not
evaluated and were determined to be unclassified as
previous deviations related to gaps have been
identified as an adverse trend.

ITwo deviations were reported where gaps on 'he sides of.t

the pipe are less than the minimum specified on the
drawings. The gap deviated by 1/16 inch on'one support
and 1/8 inch on the other. An evaluation determined
that the actual displacements of the pipes are less
than the actual gaps in the field. Therefore,.these
deviations were determined to be insignificant.

Four deviations were reported'where lugs on a riser
clamp arrangement were not in contact with the clamp.
An evaluation was performel by considering the support
to be non-functional in the deadweight. condition. An
evalustion of the edjacent supports with the increased
deadweight lead applied shused that there was a mitical
increase in stress. For other loading condition the
support would be able to perfurm its intended function.
Because the functiora1 capability cf the support is not
affceted, this deviation was determined to be

insignificant.

Base Plate Surface Contact *

Wall.and ceiling base plates were required to fit flush
against the mating surfaces. The gap between the plate
and concrete for a maximum of 20 percent of the plate
perimeter may exceed 1/16 inch, but at no point shall
the gap exceed 1/2 inch. In 328 inspection points,
four deviations were reported.

One deviation was reported for an isolated gap of 9/16
inch for 1-1/2 inches. Two deviations were reported
for gaps approximately 3/32 inch for 30 percent of the
plate perimeter and one deviation of 1/8 inch for 40
percent of plate perimeter.

.,
- _ _ _ __ _ --
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The design of the base plates assumes that there is
contact between the plate and concrete over 80 percent
of its surface. Evaluations were conducted to
determine plate stresses and bolt loads, taking into
account the existing gaps. These evaluations were
conservative with regard to the assumptions that were
employed for base plate contact area. It was found
that the reduction in capacity or margin was less than
ten percent in all cases. Therefore, these deviations
were determined to be insignificant.

If these types of deviations were to exist in the
uninspected portion of the population, it is unlikely
that a construction deficiency would result based on
the above evaluations. No adverse trend was
identified.

2.2.4 Attribute 4 - ASMF. Bolting for Support Structure

The attribute of ASPE bolting addresses thread
engagement, surface contact, tightness, locking
devic's, and U-bolt nut installation,e

in 924 inspection potnte, 71 devictions were reported.
One deviatien concerned thread engager.cnt, and the
balance wers on locking devices. The deviations on
locking devices were combined into one geperic
d e via r.io n. No deviations wete reported on surface
contact, tightness, and U-bolt nut installation.

Thread engagement

All bolts, studs, or threaded rods were required to
have either full thread engagement in the nut (or
plate), or the minimum engagement specified on the
design documents. In 182 inspection points, one
deviation was reported for a locknut on a threaded rod .

that did not have full thread engagement by 5/16 inch. l

An evaluation showed *. hat this locknut had adequate |
engagement for it to be able to serve its locking '

function because the Project requirement is for 75
percent of a standard nut. In this case engagement was
in excess of 75 percent of a standard nut. ,

i

,

!
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If this type of deviation were to exist in the
uninspected portion of the population, it is unlikely
that a construction deficiency would result, based on
the above evaluation. No adverse trend was identified.

Locking Devices

All threaded fasteners, with the exception of high-
strength bolting material that is preloaded, were
required to be provided with locking devices. The
locking devices could be lock nuts, jam nuts, drilled
and wired nuts or any other engineering-approved
device.

hqj In 182 inspection points, 70 deviations were reported
for inappropriate or missing locking devices. As all
occurrences appeared to be similar in terms of
pctential safety function importance, a single
evaluation was performed to cover all deviations.

The evaluation considered ASME B&PV Code Section III,
'

Subsection NT, Para. NF-4725, which providea the
acceptance criteria that requires the use of a locking
device to prevent loosening of the nut.

The loosening of a nut on a bolt in a large bore
su; port could result in the redistribution of support
load paths, with resultant overrtress conditions. It

was determined that the lack of locking devices thus
could result in a support not being able to perform its
intended function at some later point in time.
Therefore, this deviation was determined to be a
construction deficiency. (For root cause and generic
implications analysis of this construction deficiency
for locking devices, see Section 3.3).

2.2.5 Attribute 5 - Concrete Inserts

Concrete inserts were reinspected to determine if bolts
7s
( (or threaded rods) inserted into them had engagement of
\- at least two times the bolt diameter plus 1/8-inch.

_ _ _ _ _ _ _ _ _ _
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In 141 inspection points, 34 deviations were reported
for bolting used in inserts that did not meet
engagement criteria. All the reported deviations
concerned 1-1/2 inch diameter bolting material with
engagement of between 1-1/4 and 3 inches. The
requirement for this diameter bolt was 3-1/8 inches.

The combination of the results in this report and the
results for this attribute reported in appendices 19,
26, 27 and 29 is covered in Appendix 33. Appendix 33
provides an analysis of the results and an evaluation
for trends.

2.2.6 Attribute 6 - ASME Welding of Components

The attribute of ASME welding addresses location, size,
and profile, reinforcement, undercut, surface
condition, weld crown, offset, cracks, lack of fusion,

porosity (of the integral attachments), and rust.

In approximately 11,910 inspection points, 50
deviations were reported. No deviations were reported

on profile, reinforcement, undercut, surface condition,
offset, cracks, lack of fusion, poroatty, or rest.

Location

Weld location was required to be as shown'on drawings
and associated design documents.

In 1,191 inspection points, fourteen deviations were
reported for weld locations for large-bore pipe
supports that did not correspond to design documents.

Two deviations were reported for an integral attachment
that did not have a weld detail given on the
installation drawings, but a weld existed in the field.

From evaluation, it was found that a previously

approved engineering change had not been incorporated
into the final drawing. The existing weld in the field ,

i
i
1
i

1

a i
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conformed to those engineering changes. Additionally,
a calculation was performed to determine the adequacy
of the existing veld. From this calculation it was
determined that the weld is 3.7 times greater in size
than required to meet design and seismic
considerations. These deviations were determined to be
insignificant and no adverse trend was identified.

Two deviations were reported for a weld symbol call-out
that was strictly interpreted during reinspection to
identify one leg on each of two three-sided welds that
was installed opposite of its " intended" position.
Based on a review of design calculations it was
determined that the welds connecting the structural

/"'N members were to have their strong axes oriented around
( ,) the Global Z-axis. The fact that one leg was located

on the top rather than the bottom does not change the
section properties of the weld and hence will not
affect the strength of the installed welds. Therefore,
these deviations were determined to be insignificant.

The use of the various welding synbolo often in subject
to ir.terpretation as to intended weld location when
using the symbcl as " typical" for several joint
configurations. As is the case, when using a " typical"
wald symbol, support configuration often dictates the
location of the weld. No auverse trend was identified.

Four deviations were reported for fillet welds for sway
strut rear brackets that were shcun on design drawings
as attaching to a box beam, but in the field were
attached to the end plate on the box beam. By

evaluation the location of the box beam attachment is
directly related to the location of the attachment to
the piping system (plus-or-minus two inches) and
angular displacement of the sway strut assembly. In

this case, the attachment to the end plate caused a
reduction in the sway strut length which increased the
rigidity of the component and increased the load
carrying capacity of the support. Therefore, thesefs

( ) deviations were determined to be insignificant.

_ - ---___ _ -
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If these types of deviations were to exist in the
urinspected portion of the three pipe support
populations, it is unlikely that a construction
deficiency would result based on the above evaluation.
No adverse trend was identified.

Two deviations were reported for flare bevel welds
shown on the drawing as attaching a plate to tube steel
that were actually made between two tube steel members.
A review of the design calculations has shown that the
welds were installed in accordance with engineering
requirements. The error only exists in the depiction
of the weld symbol on the design drawing. Therefore,

these deviations were determined to be insignificant

and no adverse trend was identified.

Two deviations were reported for missing flare bevel
welds used in combination with fillet welds on the same
joint. Based on ene evaluation it was found that the
original design calculation did not take into
consideraciou a particular veld configuration but
rather the application uf forces. This application of
forces indicates that only the fillet welds are
rsquired to meet design and seismic considerations. In

fact, the existing weld size is five times larger than
required. Therefore, these deviations were determined
to be insignificant. -

Based on the above evaluation, it is unlikely that a

similar deviation would result in a construction
deficiency. However, the fact that a weld was missing
could indicate a problem in the system and thus could
be an adverse trend. From all available information in
the three pipe support populations, it was determined
that a total of 200 samples containing approximately
3,800 welds were inspected for the characteristic of
location. Of this total, only two missing welds were

identified. It is conservatively estimated that these
two welds represent a less than one-tenth of one
percent of the total welds reviewed and are considered
to be an isolated occurrence. Therefore, based on the

calculated insignificance of the deviations and
isolated occurrence of the missing welds, no adverne

trend was identified.

_ _ - _ _ _ _
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Two deviations were reported for weld symbols that
called for the attachment of a channel section to tube
steel by having the weld on the outside. As installed
in the field, the weld was on the inside. An
evaluation showed that the only error that existed was
on the drawing as the only way the intended weld could
have been made was on the inside of the member.
Further, a re-calculation showed that the welds as
located in the field are adequate for the loads they
carry. A review of design documentation confirmed this {

| evaluation. Therefore, these deviations were
determined to be insignificant. No adverse trend was
identified.

f] Weld Size
V!

Weld size was required to meet or exceed the minimums
| specified on the design documents.

In 1,191 inspection points, 32 deviations were reported
for undersize conditions ranging from 1/16 inch for 15
percent of weld length to 1/8 inch for 10 percent of
weld length. One additional deviation consisted of a
Program Deviation Report (PDR-04) for lack of proper
specification of weld length on tubular members. !

4

Evaluation of the 32 deviations was accomplished by
using the actual field configurations of the welds and
calculating allowable load capacities. Evaluations )
showed capacity reductions of less than 10 percent in )
each case. The welds were assumed to be !

undersized for their entire length for calculation f

)|
purposes. This conservative approach significantly
overemphasizes the effect of the deviations.
Therefore, these deviations were determined to be
insignificant. If this type of deviation were to exist
in the uninspected portion of the population, it is ,

unlikely that a construction deficiency would result, I
This is based on conservative analyses that showed

p remaining margins to be between 28 and 99 percent for
( the welds. The sample welds are representative: of the !

balance of the population. Therefore, deviating welds ;'

similar to those observed would also have sufficient |

remaining margins. No adverse trend was identified.

1
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In the course of evaluating the construction adequacy
of welding it was found that the Engineer had not
issued complete instructions regarding the length of
tube-steel-to-tube-steel or tube-steel-to-structural
member welds. Engineering design calculations gave
weld lengths that were not adequately transferred to
design drawings. This condition was reported on a
QA/QC Program Deviation Report (PDR-04). This PDR was
evaluated to be a QA/QC Program deviation.
Construction properly followed drawing instructions,
resulting in welds that did not provide the length
required by the design. The adequacy of this condition
is being evaluated by the Engineer in the Pipe
Stress / Support Requalification Program.

Weld Crown

The weld crown on flare bevel welds was required to be
a maximum of 3/16 inch in height, but in no case should
it cause distortion in the adjoining members. In 1,191

inspections points, four deviations were reported where
the weld crowns exceeded the maximum 3/16 inch
dimension by as much as 3/16 inch.

Distortion, if present, could affect the structural
capability of the support members in transferring the
design loads through the frame. Based on., field
investigations, there is no indication of any
distortion induced by welding on the affected supports.

The increased crown height adds to the reinforcement of
the flare bevel weld. This reinforcement adds to the
strength of the welded joint. An evaluation of the
welding procedures on the Project showed that adequate
controls are in place to minimize the possibility of
distortion occurring as a result of added weld crown.
Therefore, these deviations were determined to be
insignificant.

If this type of deviation were to exist in the
uninspected portion of the population, it is unlikely
that a construction deficiency would result, based on
the above evaluation. No adverse trend was identified.

_ _ _ _ _ _ _ _ .
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2.2.7 Attribute 7 - Installation of Concrete Expansion
Anchors

'he attribute of installation of concrete expansion
anchors addresses size, length, type, embedment,
spacing, angularity, nut engagement, nut bearing and
concrete damage. In 4,425 inspection points, 14
deviations were reported for size, length, type,
embedment, spacing, nut engagement, and concrete
damage. The results of analyses of these deviations
and analyses for adverse trends are reported in the
ISAP VII.b.4 Results Report.

. 2.2.8 Attribute 8 - Installation of Vendor-supplied
/''' Components

Vendor-supplied components for rigid large-bore pipe
supports consisted of sway strut assemblies, which are
pre-engineered components that meet specific design
criteria. Sway strut installation was inspected to

,

verify that all the various components that make up the'

assembly meet the requirements set forth in design
documentation. These requirements address correct pipe
clamp spacers, the absence of extraneous material,

,

bearing dislodgement, bearing spacers, jam nuts, eye |

rod thread engagement, binding / offset, fasteners, and
| angularity.

,

In 1,387 inspection points, 91 deviations were reported
on sway struts. No deviations were reported on
angularity. The deviations reported are discussed
below. {

Pipe Clamp Spacers
1
i

Pipe clamps were required to have the appropriate f
spacers installed to ensure proper alignment on the
pipe and to prevent overstressing of the lead pin. In

228 inspection points, 14 deviations were reported
e''N where the pipe clamp spacer was inappropriately(,) installed.

|

|

-
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Evaluations of the deviations were performed to
determine the effect the clamp spacers have on the
bending stresses in the load pin and the pipe clamp.
The analyses for ten of the reported deviations found
that bending stresses in the load pins were less than
code allowables and that the functional capability of
the supports is not affected.

The analysis of one deviation found that, due to the
increased span between the pipe clamp ears, the bending
stresses on the load pin were approximately 1.7 times
the allowable stress. As the resultant strecs exceeded
the code-specified allowables, this deviation was
determined to be a construction deficiency. (For root
cause and generic implications analysis of.this
construction deficiency for pipe clamp spacers, see

Section 3.4).

The remaining three deviations were nct evaluated and
were unclassified as they are encompassed by a previous
deviation on pipe clamp spacers that has been
determined to be a construction deficiency.

Extraneous Material

Spherical bearings are required to be free of
extraneous material (dirt, paint, and for,eign matter)
that could impair the bearing's rotation within the eye
rod and cause it to be dislodged. In 114 inspection
points, 39 deviations were reported for paint or dirt
on the bearing surfaces, and one deviation was reported
for a partially dislodged bearing.

Extraneous material on spherical bearings might limit
or stop rotation of the sway strut assembly and
therefore limit or stop pipe movement, or it could
cause the spherical bearing to become dislodged at the
clamp or bracket ends. A field examination found that
the bearings were properly engaged and that the'
extraneous material did not interfere with bearing

rotation and pipe movement. Therefore, these
deviations were determined r.o be insignificant.
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If this type of deviation were to exist in the
uninspected portion of the population, it is unlikely
that sufficient paint could have been applied, given j

the configuration and painting process, to cause
bearing binding and thus result in a construction
deficiency. The Engineer has reassessed the
application of paint on spherical bearings and found
that, provided the bearing can rotate within its
housing, it is an acceptable condition. The Engineer
has elected nevertheless to verify bearins rotation
during the ongoing HVP (see Section 4.6). l

l

Bearing Dislodgement

(O) A evaluation was performed on the partially dislodged
bearing to determine the stresses. The evaluation
showed that actual bearing stress at the point where i

the race of the bearing contacts the eye rod is less !
than code-allowable stress. The reduction in design
margin was less than ten percent. Therefore, this
deviation was determined to be insignificant.

If this type of deviation were to exist in the
uninspected portion of the population, it is unlikely
that a construction deficiency would result. By
design, the bearing stress was limited to less than 80
percent of code allowables. Additional s, tress due to j

bearing dislodgement of the magnitude found would |

result in less than 10 percent increases. No adverse
trend was identified.

The Engineer has elected nevertheless to reinspect for
bearing dislodgement under the HVP (see Section 4.5).

Bearing Spacers

Bearing spacers were required to be installed in the ;

i

rear bracket and/or clamp. The resultant gap is
required to be less than the thickness of the thinnest

/ ) installed spacer. Where the strut pin is installed in

(m/ the vertical position and only one spacer is in place,
the spacer is required to be installed on the bottom.
In 228 inspection points, 12 deviations were reported.

- ___________ -



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

Revision: 1

Page 24 of 52

RESULTS REPORT

ISAP VII.c

(Cont'd)

Appendix 25
(Cont'd)

2.0 DISCUSSION OF RESULTS (Cont'd)

Eleven deviations were reported for bearing gaps
being larger than allowed (i.e., missing spacers). The
evaluatica showed that, based on vendor design
documentation, the staking of spherical bearings alone
is sufficient to prevent bearing dislodgement.
Further, the bearing position is inherently stable and
dislodgement will not occur, nor will it increase if it
exists, due to any combination of operating loads or
pipe movements. Thus, the spacers serve to provide
an additional level of assurance that excessive
dislodgement will not occur. All of the affected
bearings were staked and fully engaged; therefore, the
deviations were determined to be insignificant.

|
One deviation was reported for a spacer placed
incorrectly on a vertical pin. The placement of the'

spacer on the bottom side of the spherical bearing
ensures that the load transfer between the strut eye

rod and pin is not off-center and does not create
| eccentric loading on the component parts. An
) evaluation was performed to determine the loads on the
I rear bracket velds due to this eccentric condition.
| The result showed that the eccentric loading resulted

in a less than ten percent reduction in margin.
Therefore, this deviation was determined to be
insignificant.

If this type of deviation were to exist ih the
uninspected portion of the population, it is unlikely
that a construction deficiency would result based on
the evaluation provided above. No adverse trend was
identified.

Based on the generic implications related to the
installation of pipe clamp spacers (Section 3.4) it has
been determined that the installation of bearing

spacers is sufficiently non-routine to entail the risk
of impacting the support function should a bearing
become dislodged. While the vendor states that the
spacers are not required, it is good engineering
practice to install such spacers. Under the HVP
prc ram, bearing spacers that do not meet requirements
will be identified and appropriate corrective action
taken on vendor-supplied components,

m__---_-___--___ _ _ _ - _ _ _ _ _ _ _ _
,

__ _ _ _ _ _ __________
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Jam Nuts

Eye rod jam nuts are required to be in contact with the
sway strut body and to be snug tight.

In 114 inspection points, two deviations were reported
on eye rod jam nuts that were not secured, thus
allowing the strut bodies to rotate.

When the threaded connection of the strut to the eye
rod is subjected to sustained loads, it creates a
friction force between bearing surfaces sufficient to
resist slippage. A jam nut is provided to place the
threaded connection parts in compression for resistance
to externally applied loads and maintain a friction
force between the parts to resist slippage.

Improperly secured jam nuts could result in the
eventual loosening of the threaded connection parts of
the strut when subjected to external loads (i.e.,
dynamic events). The friction force between the
bearing surfaces that is necessary to resist loosening
may no longer be maintained during upset, emergency and
faulted conditions; therefore, loosening of the
threaded connection parts could result in an eventual
change in the pin-to-pin dimension that affects the
load capacity of the struts, adds additional stresses
in the pipe, and causes redistribution of, loads to
adjacent supports.

Sway struts are required to maintain system integrity
under all operating conditions. The reported

i deviations were determined to be construction
deficiencies. (For root cause and generic implications

analysis of this construction deficiency for jam nuts,
see Section 3.5.)

Eye Rod Thread engagement

Eye rod thread engagement was required to be verified
by looking through the sight hole provided in the sway
strut body or by examining a star stamp in the
proximity of the connection. In 114 inspection points,

..
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eleven deviations were reported for sway struts that
had no sight hole or star stamp, or had incorrectly
placed sight holes.

The maximum eye rod extensions that will maintain
adequate eye rod thread engagement were calculated
using dimensions from vendor documentation. The
existing rod extensions for the deviating assemblies
in the field were found to be less than the maximum
allowed. The maximum capacity of the eye rod is based
on the maximum thread extension of 1-3/4 inches.
Because the field data confirms adequate eye rod thread
engagement these deviations were determined to be
insignificant.

If this type of deviation were to exist in the
uninspected portion of the population, it is unlikely
that a construction deficiency would result. This is
because sway struts were found to be fabricated such
that the thread extension cannot exceed the maximum due
to staking of the eye rod threads during fabrication.
No adverse trend was identified.

Binding / offset

Eye rod ends were requited to be free of binding within i

the clamp and/or bracket.
.

In 114 inspection points, seven deviations were
reported for sway struts where binding has occurred.

One deviation was reported for a strut assembly that
was binding against cable tray fire-proofing rather
than in the rear bracket or pipe clamp. The maximum
displacement of the sway strut towards the cable tray
is less than .001 inch. Because the fire-proofing

material on top of the tray is compressible, the slight
displacement of the strut would not result in any
significant load impact on the cable tray or the strut.
As the functional capability of the support is
maintained, this deviation was determined to be
insignificant.

_ _ _ _ _ -
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Four deviations were reported for a sway strut eye rod
binding within a pipe clamp assembly due to the pipe
clamp being rotated on the pipe. Calculations showed
that the axial and transverse loads in the as-built
condition are minimal. The localized affect of the eye
rod binding in the upper end of the clamp will produce
a bearing stress from the transverse loading of less
than the allowable. The functional capability of the
supports will not be affected based on the calculated
results.

However, similar deviations reported in the Large Bore
Pipe Supports - Non-Rigid population, Appendix 26, were

eN determined to be construction deficiencies that

( ) required corrective action relative to the angularity
of installed components of which binding / offset is a
subset.

Two deviations were reported for binding potentially
occurring within a pipe clamp assembly. No evaluation
of the functional capability of the assembly was
performed because the previously identified
construction deficiencies in Appendix 26 resulted in
corrective action recommendations that encompass these q
deviations. Therefore, these deviations are

|
unclassified. !

'

Fasteners

All fasteners related to the attachment of sway strut I

assemblies to the piping systems were to be in place
and secure.

In 76 inspection points, one deviation was reported for |

a loose pipe clamp assembly that connected a sway strut
to a pipe. The sway strut is a one-way restraint and
is meant to transmit axial loads from the pipe to the
structure when properly installed. The loose pipe
clamp assembly will not alloa the stret to transmit any,s

( loads. As the clamp is loose on the pipe, it is free
to rotate or move in any direction, causing the support%

to be non-functional. The reported deviation was
determined to be a construction deficiency' (For root.

i

I

|

-
_ _ _ _ _ _ - _ _ -
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cause and generic implications analysis of this
construction deficiency for fasteners, see Section

3.6).

Cotter keys should be opened to the extent that they
cannot become dislodged from the pin or bolt they are
securing. Of 228 inspection points for loose cotter
keys, two deviations concern cotter keys that had one
broken leg, and one deviation concerns a cotter key
that was lodged in the pin, but not inserted all the
way through.

In the first two deviations, the location of the broken

cotter key leg is at the bend section near the load pin
hole. The other legs and the eyes are intact and, by
visual inspection, appear to be structurally sound.
The negligible lateral load on the rear bracket load
pins will not result in any appreciable loading on the
cotter keys. Seismic acceleration of the pins after

lateral friction has been overcome will also cause
negligible load on the cotter keys. These deviations
were determined to be insignificant.

In the third deviation, the strut pin is oriented in a
horizontal plane. Therefore, gravity loads would not
cause the strut pin to move through the strut bearing
even though the pin is neither fully inserted nor bent.
The seismic force on the strut pin was calculated and
compared to the opposing friction forces induced by the
axial force in the strut and one-half the deadweight of

the strut itself. The seismic force on the strut pin

is less than 10 percent of the friction force so the
pin is likely to remain in place and the deviation is
not safety-significant. This deviation was determined
to be notable based on a judgment regarding the
significance of incomplete pin installation.

One additional deviation identified was reported for a

cotter key with both legs bent to one side. As TUGC0
ihad already initiated a corrective action program for

this item, it was not analyzed as discussed below,

t

________ _
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However, a deviation similar. to those fin the preceding
two paragraphs has been determined'in Appendix 26,
"Large-Bore Pipe Supports - Non-Rigid", to be a
construction deficiency that is applicable to the large
bore rigid pipe support population. The root cause and
generic implications analysis is applicable to these
two deviations as well. A recommendation that pipe-

supports in all three pipe support populations
containing cotter keys be inspected and corrected as
necessary is contained within that appendix.

2.3- Analysis of Documentation Review Deviations

This section provides, by attribute, a discussion-of
O- the documentation review deviations and an aralysis of

the effect of the deviationsuon the ability of the
collected evidence to provide reasonable assurance that
the large-bore rigid pipe supports are adequately
installed.

i

2.3.1 Attribute 9 - Documentation of Inspection Drawings

The pipe support inspection packages were reviewed to
determine that the latest revision of the drawing used
in the reinspection process had previously been used
for inspection by Brown & Root QC. In 178 review
points for this attribute, no deviations were reported.

2.3.2 Attribute 10 - ASME Welding Documentation

Welding documentation was reviewed for procedure
application, weld material traceability, welder and ;

procedure qualifications, impact tests, heat treatment 1

and quality control hold points. In 1,246 review

points for this attribute, one deviation concerned
welder qualification not supported by documentation in
effect for the date of the weld. Review of the entire
support package indicates an erroneous entry for the
weld date. The chronology of associated events also
indicates a weld date during which time the welder's
qualification was valid. This deviation was thus
determined to be insignificant.

- _ _ _ _ _ _ _ _ _ _ _ _ _ .
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2.3.3 Attribute 11 - Concrete Expansion Anchor Installation
Documentation

The documentation of concrete expansion anchors was
reviewed for the proper calibration of setting
equipment, the recording of the torque setting, bolt
spacing, rework and hole drilling. In 1,475 review

points for this attribute, seven deviations were
reported.

The combination of these results with results from
other populations and analyses for adverse trends is
covered in the ISAP VII.b.4, "Hilti Anchor Bolt
Installation" Results Report.

2.3.4 Attribute 12 - ASME Material Traceability Documentation

Documentation on material traceability was reviewed to
determine if all the applicable materials supplied for
each support were traceable to certified documentation
that established the identity of the material.

In 5,524 review points, 11 deviations were reported
where material identity could not be established
through a review of the support documentation package. !

An evaluation revealed that the deviations reported
were the result of documentation errors (both recording

and omission) and that all the material was traceable
by other documents to the base document giving its
identity. Therefore, these deviations were determined
to be insignificant.

2.3.5 Attribute 13 - Vendor-supplied Component Installation
Documentation

Documentation of vendor-supplied component inspections
was reviewed f or torquing of load stud jam nuts, spring
can settings, snubber adapter thread engagement, and
snubber stroke.

_ _ _ _ _ _ _ _ _ _ -
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In 114 review points for this attribute, no deviations-

were reported.

2.3.6 Attribute 14 - QC Inspector Certification

In 600 review points, the certification records of
quality control inspectors who signed / initialed and
dated the inspection reports in the support package
were reviewed to verify that each inspector was
appropriately certified in the area of inspection being
performed.

Deviations were identified whenever evidence of
( \ certification to the established procedural

\_ - requirements at the time of inspection could not be
found. However, as a result of the ISAP I.d.1
evaluations of inspector certifications, it has been
determined that such deviations do not necessarily
relate directly to actual inspector qualifications.
Consequently, the identified deviations were not relied
upon (though they were considered) in determining
inspector capability. Inspector' qualifications were
assessed for all inspectors (those with and without
reported deviations) using ISAP I.d.1 methodology.

The ISAP I.d.1 ovaluation of inspectors whose work
affected this population concluded that all but two
inspectors either were certifiable to applicable
criteria at the time of inspections or were found to be
capable of performing satisfactory inspections
(including those with substantial positive evidence).
Evaluation details are discussed further in the ISAP
I.d.1 Results Report. For one of the two inspectors,

no further concerns were identified.

An analysis was performed on the inspection
discrepancies noted during the ISAP I.d.1 evaluation
that are attributable to the inspectors not found to be

e' either certifiable or capable of performing
'

( satisfactory inspection by the ISAP I.d.1 evaluation.
This analysis took into account the nature, scope, and'

relevancy to this population of the reported
discrepancies and considered the possibility that such

_ - __ _________-_____-______
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discrepancies might result in a construction
deficiency, adverse trend, or unclassified trend if
they were to occur on items in this population. This
analysis determined that these discrepancies are all of
a relatively minor nature and are similar to deviations
(those that did not result in findings) noted during
the reinspection conducted on items in the random
sample for this population. Based on this analysis, it
was concluded that inspection discrepancies of the type
and severity noted during ISAP 1.d.1 Phase III
evaluation, were they to occur on a reinspection or
documentation review attribute for an item in this
population, would not result in a construction
deficiency, adverse trend, or unclassified trend.
Thus, the possibility of such discrepancies existing
does not detract from the conclusions made for this
construction work category.

3.0 ROOT CAUSE AND GENERIC IMPLICATIONS

This section provides a root cause and generic implication analysis
for the following construction deficiencies and adverse trends:

1. Construction deficiency for incorrect components.
.

2. Adverse trend for gags (between pipe and support
structure).

3. Construction deficiency for inappropriate locking
devices.

4. Construction deficiency for incorrect pipe clamp
spacers.

5. Construction deficiency for loose jam nuts.

6. Construction deficiency for fasteners related to loose
hardware.

1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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| 3.1 Components

Root Cause

| Incorrect (undersized) bolting on a pipe clamp assembly for a
' large-bore pipe support was identified as a construction 5

deficiency that could cause a support not to perform its
intended function.

The hardware involved was a vendor-supplied pipe clamp
assembly that was used in combination with a sway strut to
make up a support assembly. Each of the clamps supplied
requires a specific size of bolt in order for the clamp to
meet design requirements.

Two primary vendors were responsible for the design and supply
of the pipe clamp assemblies. Each pipe clamp was shipped
complete with the necessary bolting hardware to facilitate
installation. The requirements for the supply and
installation were adequately covered in Gibbs & Hill

,

Specification MS-46A and Erection Specification MS-100.|

Construction personnel were provided training to site
procedures CP-CPM-9.10, CP-CPM-9.15, and CP-CPM-9.10A, which
delineated the requirements for the requisitioning,
fabrication, and installation of the subject support. The
procedures did not give construction latitude to,make
modifications without engineering approval. A process for
dealing with nonconforming conditions was defined for use on
site and included in training for all construction personnel.
This process required construction personnel to report all
nonconforming conditions and respond to supervision's
direction for continuing work.

Quality Control was responsible for inspecting the material as
issued and the installation of each support assembly in
accordance with inspection procedure QI-QAP-11.1-28. This

procedure contained a general requirement for verification of
material conformance to drawing requirements at issuance and

O after installation but did not delineate a specific
requirement that the correct bolting be verified as issued or
as installed in the pipe clamp assembly.

|

|

|
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A review of Project documentation indicates that the pipe
clamp assembly was received onsite with the wrong bolting
material. Further, the vendor-supplied documentation for
material traceability confirmed that the wrong material was
supplied. A 7/8 inch bolt was supplied for a 1-5/8 inch hole.

When the material was requisitioned from the warehouse for
installation, Quality Control incorrectly c igned of f on the
material installation log that the components issued met
drawing and traceability requirements. The material was then
taken to the field for construction personnel to install.

During installation, construction personnel installed
oversized washers to compensate for the nuts of the bolting
material being smaller than the size of the hole into which it
was inseried. No documentation allowing the use of oversize
washers or the undersized bolts was included in the support

documentation package. The installed washers are of an
unusual nature and could not have been obtained from the
warehouse by construction personnel without supervisory
approval of a requisition. The requisition could not be
located.

The primary root cause for less-than-adequate inspection
during material issue and installation was determined to be
the less-than-adequate procedure for QC inspection that stated
applicable requirements that were too general to ensure
effective implementation. As a result, the pipe clamp
assembly was issued for installation with the wrong bolting
material.

The secondary root cause was determined to be
less-than-adequate supervision of construction personnel
that allow issuance and installation of unauthorized oversize
washers.

A contributing cause was the vendor supplying incorrect
material as documentation confirmed that the wrong bolting

I material was supplied.

,
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Generic Implications
1

The generic implications of incorrect components stem from the
identified root causes relating to less-than-adequate

supervision of construction personnel and the
less-than-adequate QC inspection procedure. Any deviating
condition was required to be reported through the proper
channels (Supervisor, QC, Inspection Report, Nonconformance)
and such a condition was then to be properly dispositioned.
The implication indicated here is that the requirement for
supervisory follow-up on nonconformances reported by craft was
not met. This implication potentially affects all
reinspection attributes (with the exception of welding) in all
three pipe support populations,

p_ )i
\d The QC inspection procedure was reviewed and found to be

'

adequately specific for all construction activities addressed.
The generic implication of the primary root cause were thus
concluded to be limited to the adequacy of construction
material f or vendor-supplied assemblies (Attribute 8) . TUGC0
has initiated a comprehensive training program for QC and ;

construction personnel in the performance of the HVP. This
training addresses each attribute and its characteristics.
The training also emphasizes the need for reporting
nonconforming conditions. As the HVP will reinspect all
attributes (except for welding) and correct as necessary, this
generic implication will be adequately addressed,.

Summary

The primary root cause for less-than-adequate inspection
during material issue and installation was determined to be a
less-than-adequate procedure for QC inspection that stated
applicable requirements that were too general to ensure
effective implementation. As a result, the pipe clamp
assembly was issued for installation with the wrong bolting
material.

The secondary root cause was determined to be
/"'s less-than-adequate supervision of construction personnel(,) allowing issuance and installation of unauthorized oversize

washers.

..
_ _ _ _ _ _ - _ _
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A contributing cause was the vendor supplying incorrect
material as documentation confirmed that the wrong bolting

material was supplied.

The generic implications of incorrect components stem from the
identified root causes relating to less-than-adequate
supervision of construction personnel and the
less-than-adequate QC inspection procedure. The implication
indicated here is that the requirement for supervisory
follow-up on nonconformances reported by craft was not
satisfied. This implication potentially affects all
reinspection attributes (except for welding) in all three pipe
support populations.

The QC inspection procedure was reviewed and found to be
adequately specific for all construction activities addressed.
The generic implication of the primary root cause were thus
concluded to be limited to the adequacy of construction
material for vendor-supplied assemblies (Attribute 8). TUGC0

has initiated a comprehensive training program of QC and
construction personnel in the performance of the HVP. This

training addresses each attribute and its characteristics.
The training also emphasizes the need for reporting
nonconforming conditions. As the HVP will reinspect all
attributes (except for welding) and correct as necessary, this
generic implication will be adequately addressed.

The recommended corrective action for this item Js in
Section 4.1.

3.2 Gaps

Root Cause

Incorrect gaps between the pipe and supporting members of
large-bore pipe supports were found to be an adverse trend.
The support gaps are specified to permit axial movement on
piping subject to certain r.hermal expansion and pressure
loads.

O

. -_
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The requirements for design and erection of pipe supports were
given in specifications MS-46A and MS-100. Both
specifications were clear as to the requirements for gaps
between the pipe and the supporting members with two
exceptions. First, erection requirements allowed the
placement of pipe supports in close proximity to piping welds
and second, no requirements were established for deadweight
supports. Permitting pipe welds to be near supports has the ,

potential for causing gap problems due to pipe movement along
its axis that could cause the pipe weld to bind within a
support assembly even with gaps that meet requirements. None
of the deviations on which the adverse trend was based is
attributed to either of these specification limitations.

~s
f

\--]
Construction personnel were provided training to sitey

procedure CP-CPM-9.10, which delineated the requirements for
gaps per the applicable specifications. The procedure
provided sufficient information so that an acceptable
installation could be made (with the above noted exceptions).
The classroom training, however, was keyed towards the more
difficult tasks (e.g., welding) and provided less instruction
on more common work activities (e.g., bolting, measuring,

etc.).

Upon completion of an installation, supervision was to review
the craft's work for compliance with drawing and procedural
requirements prior to submitting the component t,o QC for
inspection. Apparently, in these cases, this process was not
conducted in sufficient depth to ensure proper installation.

Quality Control was responsible for inspecting each support
assembly in accordance with Inspection procedure
QI-QAP-11.1-28. This procedure clearly defined the
requirements for gaps between the pipe and the support
structure. Each inspection was to be documented to show
satisfactory completion of the aforementioned requirements.
However, the training of QC personnel was primarily limited to
having them read the procedure rather than holding interactive

| classroom sessions.

fhv
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The primary root cause was determined to be less-than-adequate
training and supervision of construction personnel in meeting
the requirements of installation set forth in procedures.

The secondary root cause was determined to be
less-than-adequate training of QC personnel to the inspection
requirements of QI-QAP-ll 28.

In addition to the above findings, it was determined that
design / erection specifications did not give gap requirements
on restraints that act as deadweight supports'and did not give
specific clearance requirements along the length of a pipe run
between supports and piping welds. The design adequacy of
supports in this CWC is being addressed through the Pipe

iStress / Support Requalification Program and the HVP (see
Section 4.6).

Generic Implications

The generic implications of the found root causes for
incorrect gaps relate to those installation activities that
require a lesser degree of skill than those emphasized in i

ltraining yet are sufficiently non-routine to entail
significant risk of occurrence of function-impacting erection
errors. Specifically, activities that require measurement
verification, threading a nut on a bolt to a prescribed
tightening criterion, installing and reinstalling cotter keys
and snap rings without damage and installing bolling in
concrete inserts ensuring a prescribed insertion depth, fit
the above description and appear to have received limited
attention during training (of QC and construction personnel)
and to have often been overlooked in the supervisors' review
of completed work. This implication affects all reinspection
attributes except welding in all three pipe support

populations.

TUGC0 has initiated comprehensive training programs for QC and
construction personnel in the performance of r.he HVP. This
training treats each attribute and its characteristics
equally. As the HVP will reinspect / correct all of the
attributes with the exception of welding (where. a high degree
of skill is required), this generic implication will be
adequately addressed.

- _ _ - _ _
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Summary
''

The primary root cause was determined to be less-than-adequate
training and supervision of construction personnel in meeting
the requirements of installation set forth in procedures.i~

The secondary root cause was determined to be
less-than-adequate' training of QC personnel to the inspection
requirements of QI-QAP-11.1-28.

1

The' generic implication of the found root causes for incorrect
gaps relates to those installation activities that require a
lesser degree.of skill than those emphasized in training yet
are s' sufficiently non-routine to entail significant risk of

O- function-impacting erection errors. This implication affects
all reinspection attributes, except welding, in all three pipe
support populations.

The recommended corrective action for this' item is in Section
'

4.2.

3.3 Locking Devices

Root Cause

Missing locking devices on threaded bolting connections used
on large bore pipe supports were found to be a construction
deficiency. Locking devices are required for all bolting
except high strength bolting that is preloaded.

The hardware involved consists of vendor-supplied components,
which include beam clips, threaded rod, pipe clamps, and
miscellaneous support bolting. All this material was not
considered high-strength bolting at CPSES, was not preloaded
and hence does require locking devices.

The requirements for the erection of pipe supports were given
in erection specification MS-100. This specification invoked
the requirements of ASME III, Subsection NF, which has

(" requirements regarding locking devices; these are summarized

. _ _ - _ - - _ _ _ _ _
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in one sentence above (i.e., locking devices are required
except on preloaded, high-strength bolting.) The Code,

,

however, does not specify what constitutes preloaded, high |
strength bolting.

To implement locking device requirements, the Engineer issued
a design change authorization to the specification that led to
a note on all drawings that showed bolting hardware stating
that high strength bolting did not require locking devices.
The bolting material for vendor-supplied components was not
separately listed on the bill of materials; however, it was
included with the component (e.g., pipe clamp SPC-10-120 was
listed as one component and no material type was identified).
The reinspection effort revealed that where bolting was
specified on the drawing and a material type was identified,
locking devices were installed as required.

Construction personnel were provide.1 with training to an
approved site procedure that delineated the requirements for
the requisitioning, fabrication, and installation of the
subject supports. There was no discussion given to
high-strength bolting in the training sessions, apparently as
a consequence of the lack of information given by the
Engineer.

The original construction procedure, CP-CPM-9.10, Rev. O
required that all bolts, with the exception of high-strength
bolting (A325, A193, and Hiltis), be provided with a locking
device. Revision 1 to this procedure in 1979, documented
without explanation, eliminated this locking device
requirement. Subsequent revisions made no mention of this
requirement until late 1984 when the requirement was
reinstated. It was in this 1979 to 1984 time frame that the
bulk of the work on supports was performed.

Quality Control was charged with the responsibility of
inspecting each support assembly in accordance with design and
code requirements. Each inspection was to be performed and
documented in accordance with procedure QI-QAP-ll.1-28.
However, it was not until 1984 that inspection requirements
for locking devices were included in the procedure and
checklist.

.-___________________J
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Engineering identified the problem with ASME code locking
device requirements in October 1984 and, through a series of
memoranda, brought about a revision in construction and
quality control procedures to incorporate the requirements. |

Corrective action to backfit the requirement was implemented, j
but only for Unit 2. Unit 1 and areas common to both units

'

were determined not to require action by construction or QC
because the paint that was on the supports was determined to
be an acceptable locking device. The Engineer reversed that
determination in 1986, due principally to uncertainties
regarding acceptability of paint for all plant operating
conditions, so that paint is no longer relied upon as the
locking device required by the Code.

,

h ,) The primary root cause was determined to be less-than-adequate
engineering specifications in that they failed to indicate the
types of bolting that required locking devices and failed to
specify consistently the materials for construction on the
design drawings. The locking device requirements and the
corresponding material identification on the drawings should
have been specified in a manner suitable for field;

determination of the specific requirements applicable to each
piece.

A contributing cause was determined to be the conclusion
reached by Engineering, since withdrawn, that paint was a
suitable locking device for Unit 1 and areas common to both
units. Because paint was considered to be effective as a
locking device, complete corrective action was not taken.

Generic Implications

The generic implications of the missing locking devices are
that all pipe supports that have the same specification
requirements may have threaded fasteners installed without the
required locking devices.

In a complete review of the Specification for the inclusion of
ASME Code requirements there is no other information found
that would indicate that other Code requirements were omitted
f rom the design and specification of ASKE component supports.

!

* . _ ._ -__ ____ - J
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Summary

The primary root cause was determined to be less-than-adequate
engineering specifications in that they failed to indicate the
types of bolting materials that required locking devices and
to specify consistently the materials for construction on the
design drawings.

A contributing cause was determined to be the conclusion by
Engineering that paint was a suitable locking device for Unit
1 and areas common to both units.

The generic implications of the missing locking devices are
that all pipe supports that have the same specification
requirements may have threaded fasteners installed without
the required locking devices.

The recommended corrective action for this item is contained
in Section 4.3.

3.4 Pipe Clamp Spacers

Root Cause

Pipe clamp halves used on sway strut assemblies for large bore
pipe supports that do not have the proper clamp spacers were
identified as a construction deficiency that could cause the
support not to perform its intended function. -

The hardware involved consists of vendor-supplied components
that include both sway struts and pipe clamps in combination.

The requirements for the supply of the hardware were
adequately covered in Gibbs & Hill Specification MS-46A and
Erection Specification MS-100.

Two major vendors were responsible for the design and supply
of the above components or assemblies. Each pipe clamp was
provided with all the necessary hardware for installation on
the pipe. To maintain the proper gap between clamp halves, a
spacer of a specific length was provided.

Additionally, the vendors supplied adequate installation
instructions that stated that use of the proper spacer was an

important attribute for proper installation.

_ _ - - _ _ _ -
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The construction personnel were provided training to site
procedures CP-CPM-9.10 and CP-CPM-9.10A, which delineated the
requirements for the requisitioning, fabrication, and
installation of the subject supports and referenced the
vendor's detailed installation instruction. The training did
not, however, emphasize the importance of using the proper
spacer.

Quality Control was charged with the responsibility f or
inspecting each support assembly in accordance with inspection
procedurc QI-QAP-11.1-28. This procedure did not provide
specific instruction for the inspection of each pipe clamp for
the .tstallation of the proper spacer. From a review of

/ project documentation and components in the site warehouse,
k adequate assurance was obtained that the vendor supplied the

correct spacers with their pipe clumps.

The circumstances surrounding the. failure to install proper
spacers during clamp installation were determined to be
similar to those analyzed for less-than-adequate gaps. Thus
the same primary root cause was identified, namely
less-than-adequate training and supervision of construction
personnel in meeting the requirements of installation set
forth in procedures.

The secondary root cause is less-than-adequate QC procedures
that did not specifically address the the requirement to
inspect for the proper pipe clamp spacer.

Generic Implications

The generic implication of the identified root cause are
similar to those identified for the same root cause from
Section 3.2.

The QC inspection procedure was reviewed and found to address
appropriate requirements for all other attributes except those

! applicable to vendor-supplied assemblies (Attribute 8). The -

| generic implication of the less-than-adequate QC procedures

[ thus applies to vendor-supplied component requirements for all
\- three pipe support populations.

1
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Summary

The primary root cause was less-than-adequate training and
supervision of construction personnel in the installation of
the correct pipe clamp spacers.

The secondary root cause was less-than-adequate QC procedures
for the inspection of pipe clamp spacers.

The generic implications of the primary root cause relates to
those installation activities that require a lesser degree of
skill than those emphasized in training yet are sufficiently
non-routine to entail risk of function-impacting erection
errors. This implication affects all reinspection attributes,
except welding, in all three pipe support populations.

The generic implication of the less-than-adequate QC procedure
applies to vendor-supplied component requirements for all three
pipe support populations.

The recommended corrective action for this item is in
Section 4.4.

3.5 Jam Nuts

Root Cause
.

Loose jam nuts on sway strut assemblies for large bore pipe
supports were identified as construction deficiencies that
could cause the supports to be unable to perform their
intended function.

The hardware involved consists of vendor-supplied sway struts, |

where threaded fasteners are required to keep the barrel of j
the sway strut from rotating during plant operation.

Two vendors were responsible for the design and supply of
these components and assemblies. Each component was provided
with a positive means of locking the assembly after setting.
The requirements for the supply were adequately covered in
Gibbs 6 Hill Specification MS-46A and the Erection
specification MS-100.

|
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The construction personnel were provided with training to site
procedures CP-CPM-9.10 and CP-CPM-9.10A, which delineated the
requirements for the requisitioning, fabrication, and
installation of the subject supports.

Quality Control was responsible for inspecting each support
assembly in accordance with inspection procedure |

QI-QAP-11.1-28. This precedure clearly delineated the
requirements for the securing of the f asteners, including jam
nuts, through torquing. Each inspection was to be documented
to show satisfactory completion of the aforementioned
requirements.

A review of Project documentation indicates that construction
/''g personnel installed and secured sway strut fasteners, and that '

( ,/ each was subsequently inspected by QC. All inspections were
well documented, and this documentation is present in the

support packages.

Once inspections were completed and the system was accepted by
quality control, the system was turned over to TUGC0 Startup.
Included in Startup's responsibility was the testing of that
system to ensure that all components were set in accordance
with established operating parameters. For pipe supports, i

this involved the adjustment of components to obtain required
load settings. Under normal circumstances cway struts do not
require adjustment. However, the system loading adjustments
on spring type support assemblies can often not be met without
adjusting a sway strut due to its location on the affected
piping system. Since the jam nuts were inspected and verified
after erection, loosening is likely to have occurred on
subsequent adjustments.

All Startup activities were controlled by procedures that
defined the requirements for adjusting system components.

iStartup engineers do not perform the physical work; that work
is done under Startup supervision by construction personnel. |
However, the startup procedure controlling these adjustments '

did not require that written instructions be given to the
craft and direction was often verbal in practice. When so

( requested, construction personnel performed some adjustments
s.

- _ _ _ _ _ _ _ _ _ _ _
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based on experience without invoking applicable procedures
and, consequently, the full requirements of the applicable
construction procedures (e.g., QC inspection) were not invoked
to cover this work. This practice permitted the work to be
conducted without meeting all procedural requirements and
without follow-up QC inspection.

Loose jam nuts are determined to have resulted f rom this
Icss-than-adequate procedural interface between the Startup
and construction groups resulting in ambiguity as to which
procedures, if any, and acceptance criteria were in effect at
the time of support adjustment. More specifically, the
primary root cause has been determined to include two
elements: 1) the lack of documentation (work authorizations)
of requests for or instructions to construction personnel
regarding the performance of work activities on pipe supports
and 2) the performance of work by construction personnel
without invoking applicable procedures. Since these practices

prevented QC inspections as well, there is no separate
secondary root cause.

Generic Implications

The generic implication of loose jam nuts on sway strut
assemblies extend to all startup activities related to the
adjustment of all ASME vendor-supplied pipe support
components. The adjustment of these components ,is covered
under one uniform procedure that does not require written work
authorizations.

Startup procedures for other plant components require the use
of written work authorizations that adequately delineate all
applicable requirements and inspections. Therefore, the

generic implication is limited to ASME pipe supports.

Summary

The primary root cause has been determined to be
less-than-adequate procedural interface between Startup and
construction groups as to which procedure and acceptance
criteria were in effect at the time of support adjustment.

|
,

- _ _ - _ _ _
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The generic implication of loose jam nuts on sway strut
assemblies extend to all Startup activities related to the
adjustment of all ASME vendor-supplied pipe support
components. The generic implication is limited to ASME pipe
suppcrts.

The recommended corrective action for this item is in
Section 4.5.

3.6 Fasteners (Loose Hardware)

The root cause and generic implications of the construction
deficiency for fasteners is the same as for loose jam nuts in

/~'T Section 3.5.
Q,)

The recommended corrective action is given in Section 4.5.

4.0 REC 0 EMENDATIONS

4.1 Components
,

Based on findings associated with the use of proper components
in support assemblies, it is recommended that a walkdown of
supporte containing vendor-supplied components be performed
and nonconforming parts be subjected to appropriate
engineering disposition and reworked as necessary. Training

and supervisory practices and procedures should be reviewed to
ensure that construction personnel are instructed not to make
unauthorized substitution relative to hardware, especially

vendor-supplied components.

Quality Control inspectors of vendor-supplied hardware in the
! issuance and final acceptance should be provided with

additional training concerning components being inspected for
proper hardware to ensure fulfillment of inspection

|

| objectives.

4.2 Gaps

f~'s j() Based on the findings associated with gaps, it is recommended i

that the following activities be completed:

. . _ _ _ _ _ _ _ _ _ _ _ __
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Inspect ASME Code class 1, 2, and 3 pipe supports for the
existence of proper gaps. This inspection should be performed
in accordance with TUGC0 procedure CPPP-7, Attachment 4-11 and
DCA 22563. Criteria should be developed to address supports
that provide deadweight supporc by maintaining zero gap on the
bottom of the pipe.

Develop a criterion for determining how close to a piping weld
a support may be placed. Inspect ASME Code class 1, 2, and 3
pipe supports to determine which are located too close to
piping welds. After those supports that deviate from the
criteria are identified, an evaluation should be undertaken to
determine those situations which are acceptable. Correct
those situations that cannot be evaluated as acceptable.

To address activities that are implicated but not covered by
specific recommendations in this report, extend the
inspections of ASME Code Class 1, 2, and 3 pipe supports to
include safety-significant attributes with the exception of
welding.

4.3 Locking Devices

Based on findings associated with the attribute of bolting it
is recommended that suitable locking devices be installed on

vendor-supplied components that cannot be identified as having
high-strength bolting. The 'nigh-strength bolting utilized on
the vendor-supplied components must be torqued to an
acceptab13 preload to be exempt from the locking device
requirement.

Procedures and specifications should be reviewed to ensure
that the code requirements related to locking devices, as
adopted by the Project for component supports, have been met
and were verified by documented QC inspections.

Supporting documentation should also be updated to ensure that
accurate identification of material type can be made for any
high strtrgth bolting that will not require locking devices.

|

|

|
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4.4 Pipe Clamp Spacers

Based on findings associated with sway struts, it is
recommended that a walkdown of pipe supports having pipe
clamps be performed to identify those supports that do not
have the proper pipe clamp spacer installed. For those
supports that do not conform to the manufacturers' criteria,
the correct spacer should be installed or a bounding
calculation made that provides an engineering basis for
acceptance. Those supports which fall outside the
calculation's range shall be brought into conformance.

Training and QC inspection procedures should be reviewed and
revised as necessary to ensure that the instructions given tof-~g

('~'')
construction personnel are consistent with engineering
requirements.

To address activities that are implicated but not covered by
specific recommendations in this report, extend the
inspections of ASME Code Class 1, 2, and 3 pipe supports to
include safety-significant attributes with the exception of
welding.

4.5 Jam Nuts and Fasteners

Based on findings associated with sway struts, it is
recommended that the j am nuts on vendor-supplied, components be
verified to be snug tight. This recommendation may be
performed during the startup and preoperational phases of the
plant.

d

Startup procedures for pipe support component adjustment
should be revised to ensure that an adequate
Startup-construction interface exists. This interface should
provide for Startup issuing written instructions defining the
work requi ed and the criteria to which the work will be
performed (e.g., construction procedure, traveler inspection I

provisions, etc.). Construction should be instructed to |

perform work only to procedures invoked by written
- [. instructions.

V
Additionally, a walkdown of pipe supports having pipe clamps
should be performed to establish that pipe clamps are securely ,

'

attached to the pipes. Nonconforming conditions should be
corrected.

_ __-- -_ ______-_ - _
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4.0 RECOMMENDATIONS (Cont'd)

4.6 Ongoing Corrective Action Activities

TUGC0 has initiated the HVP to provide corrective action for
the findings discussed in this Results Report. In addition,

TUGC0 has elected to review other areas of pipe support
construction to address potential generic implications beyond
the scope of specific third-party findings.

TUGC0 has also initiated the Pipe Stress / Support
Requalification Program to verify the pipe support design in
conjunction with the HVP inspections.

5.0 CONCLUSIONS

Based on the findings of the reinspection and documentation reviews
and the satisfactory implementation of the above recommendations
and the applicable recommendations in ISAP I.d.1 Results Report,
there is reasonable assurance that the hardware in this
construction work activity is adequately installed in conformance
with the design. Conclusions for concrete expansion anchors and
for concrete inserts are separately stated in the Results Report
for ISAP VII.b.4 and Appendix 33.

.

O

|

_ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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Table 25-1

Summary of Reinspection Results
Large-Bore Pipe Supports - Rigid

Deviation Type

Number of
Inspection Number of Insigni- Construction

Attribute Points Deviations ficant Notable Deficiency

1. Identification of
Support 146 6 6 0 0

2. Location and
Orientation of Support
Assembly 182 5 5 0 0

3. Configuration of
Support Assembly 6,771 73 72[D] 0 1

4. Bolting of Support
Structure 924 71 1 0 1*

5. Concrete Inserts 141- 34 [A]
!

6. Welding of Components 11,910 50** 50** 0 0

7. Installation of
Concrete Expansion *

Anchors 4,425 14 [B)

8. Installation of
Vendor-supplied
Components 1,387 91 83[C] 4 4 ,

I

TOTALS 25,886 344 217 4 6

This number includes a generic DR for 70 deviations.*

** This number does not include a Program Deviation Report (PDR-04)

O [[A]
See Appendix 33 for evaluation and trend analysis.

B] See ISAP VII.b.4 Results Report for analysis.
[C] One cotter pin DR and three pipe clamp spacer DRs in unclassified status, not

evaluated here. i

[D] Ten gap DRs in unclassified status, not evaluated here. ]

- - _ _ - -
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Table 25-2

Summary of Documentation Review Results*
Large-Bore Pipe Supports - Rigid

Deviation Type

Number of
Review Number of Insigni-

Attribute Points Deviations ficant Notable

9. Documentation of
Inspection of Drawings 178 0 0 0

10. Welding of Components 1,246 1 1 0

11. Installation of
Concrete Expansion
Anchors 1,475 7 7(B) 0(B)

12. Material Traceability 5,524 11 11 0

13. Installation of
Vendor-supplied
Components 114 0 0 0

_

TOTALS 8,537 19 19 0
.

[B] See ISAP VII.b.4 Results Report for Analysis.

* QC Inspector Certification review points and deviations are excluded from the
totals and the deviations are not classified because the results of I.d.

indicate that these deviations do not relate directly to actual inspecti
qualifications.

_ _ _ _ _ _ -
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Large-Bore Pipe Supports - Non-Rigid

1.0 REVIEW PROGRAM IMPLEMENTATION

1.1 Construction Work Category Description

The construction work category of large-bore non-rigid pipe
supports is comprised of all safety-related mechanical
snubbers and variable or constant spring supports for piping
2-1/2 inches and larger in diameter.

1.2 Populatior Size and Sample Selection

For this construction work category, a population of
approximately 2,200 items was identified as QC-accepted as of
the date of this reinspection effort. Reinspection and

/''' documentation reviews were performed for a total of 82
(,,)) accessible items. Of these, 60 first sample items were

randomly selected from the population to ensure that 60
reinspection or documentation reviews of each attribute were
performed except as noted below:

1. Concrete inserts - The reinspection results are
. combiraed with those f rom other similar populations on a

proportional sampling basis to achieve the required
sample size. Refer to Appendix 33 for the combined
results.

2. Concrete expansion anchors - The reinspection and
,

document review results are combined with these frcm'

other populations on a proportional sampling basis to
achieve the required sample size. Refer to
Issue-Specific Action Plan (ISAP) VII.b.4 for the
combined results.

3. ASME bolting, ASME welding and vendor-supplied
| components - The reinspection and document review

results are combined with those from the other pipe
support populations on a proportional sampling basis to
achieve the required sample size. The results are

,

| discussed in each pipe support appendix and are trended
f- with respect to all three pipe support populations.
!
''-

| An additional 22 second sample items were randomly selected to
ensure that at least 60 safe-shutdown hardware items were
reinspected or reviewed. |

|
|
||

_ _ _ _ _ _ _ _ _ _ _ _ _
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1.0 REVIEW PROGRAM IMPLEMENTATION (Cont'd)

1.3 Attributes Selected

Sample items were reinspected for the following attributes:

Attribute 1 - Identification of support assembly

Attribute 2 - Location and orientation of support assembly

Attribute 3 - Configuration of support assembly 1

Attribute 4 - ASME bolting of support structure

Attribute 5 - Concrete inserts

Attribute 6 - ASME welding of components

Attribute 7 - Installation of concrete expansion anchors

Attribute 8 - Installation of vendor-supplied components

Sample item documentation was reviewed for the following
attributes:

Attribute 9 - Documentation of inspection drawings

Attribute 10 - ASME welding documentation

Attribute 11 - Concrete expansion anchor installation
documentation

Attribute 12 - ASME material traceability documentation

Attribute 13 - Vendor-supplied component installation
documentation

Attribute 14 - QC inspector certification

91

!
:
1
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2.0 DISCUSSION OF RESULTS

2.1 Summary of Results

For reinspection, 194 Deviation Reports were issued describing
493 deviations. Approximately 36,891 inspection points were
encountered in performing the reinspection. See Table 26-1
for results of the reinspection.

In documentation review, 29 Deviation Reports were issued
describing 54 deviations. Approximately 10,951 review points
were encountered in performing the documentation reviews. See
Table 26-2 for results of documentation review.

.

Documentation review deviations related to inspector

\ >)
certification have not been included in the aforementioned(
totals. As discussed in Section 2.3.6, it has been determined
that these deviations do not necessarily relate to actual
inspector qualifications. These deviations were considered in
the ISAP I.d.1 evaluation together with supplemental
information as necessary to determine actual inspector
qualifications. The ISAP I.d.1 conclusions are summarized in
Section 2.3.6.

In the eight reinspection attributes of this population, there
were six construction deficiencies as follows:

1) Attribute 3 - Configuration of support assembly:
Construction deficiency for incorrectly a5 justed
components. See Section 2.2.3 for discussion of this
attribute.

2) Attribute 4 - ASME bolting for support assembly: two

construction deficiencies, one of which is c. generic
deviation for inappropriate locking devices., the other
concerning a broken lockwire on a snubber assembly that
is also a locking device. The former construction
deficiency is applicable to the Large-Bore Rigid and
Small-Bore pipe support populations. See Section 2.2.4
for discussion of this attribute.

O
N~-
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3) Attribute 8 - Installation of vendor-supplied
components: Two construction deficiencies for
incorrect angularity of snubber assembly. See Section

2.2.8 for discussion of this attribute.

4) Attribute 8 - Installation of vendor-supplied
components: Construction deficiency for fasteners
related to cotter keys. See Section 2.2.8 for
discussion of this attribute.

In the five documentation review attributes of this population

(excluding QC inspector certification) all of the
documentation review deviations were determined to be
insignificant, except for two that were referred to VII.b.4
for evaluation.

2.2 Analysis of Reinspection Results

This section provides, by attribute, a discussion of the
reported deviations, an analysis of the effect the deviations
have on the functional and system capability of the large-bore
pipe supportis, and an analysis of the deviations for the
presence of trends. The function of pipe supports is to
provide for and to control the free or intended movement of
the piping configuration due to applied loads and conditions
while preventing unintended movements.

2.2.1 Attribute 1 - Identification of Support A'ssembly

Large-bore pipe supports and integral attachments were
required to be marked with a unique identification,
which is given on the final design and/or hanger
location drawing. In 183 inspection points, fifteen
deviations were reported.

Thirteen deviations were reported for integral
attachments that did not have identification varkings.

Evaluation revealed that all the attachments aad heat
numbers etched on them. These heat numbers sere
documented within the support packages, pr' aiding h
positive evidence that the supports and their
attachments had received proper inspection. Therefore,

these deviations were determined to be insignificant.

_ _ _ - _ - _ _ _ _ _ _
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2.0 DISCUSSION OF RESULTS (Cont'd)

One deviation was reported where the mark number on the
support was different from that specified in the design
documents. An evaluation showed that during an early
phase of the design the support had a different
identification than indicated by current design
documents. Over the course of revisions the number was
changed on the design documents but not on the physical
support. There exists adequate documentation within
the pipe support package to essure that proper
inspection had been performed. Therefore, this
deviation was determined to be insignificant.

One deviation was reported where the snubber nameplate
carried the incorrect work number but the correct
manufacturer's serial number. An evaluation showed

( s) that the QC inspection and supporting documentation
'" within the support package provided positive evidence

that the snubber had received proper inspection.
Therefore, this deviation was determined to be
insignificant.

If these types of deviations were to exist in the
uninspected portion of the population, a construction
deficiency would not result because the QC inspection
system adequately documented each inspection without
relying upon identification numbers. The documentation
provides positive traceability to material utilized in
the construction of each pipe support. Np adverse
trend was identified.

2.2.2 Attribute 2 - Location and Orientation of Support
Assembly

Large-bore pipe supports were required to be located
and oriented in accordance with the design drawings.
In 164 inspection points, four deviations were reported
on location and one deviation on orientation.

Four deviations reported on location had dimensions
outside the tolerance range from 3/8 inch to 7 inches.

[-s Evaluations of the deviations were performed to
\~- determine if the locations of the supports had any

_ _ - _ _ _ _ _ - _
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adverse effect on the piping systems. In all cases, it

was determined that the supports met design
requirements and that system stress changes caused by
differences in analyzed and actual support locations
were negligible and insignificant. Therefore, the
deviations were determined to be insignificant.

If this type of deviations were to exist in the
uninspected portion of the population, it is unlikely
that a construction deficiency would result. This is
because the as-built stress reconciliation allows for
large bore pipe supports to be within 12 inches of the
location drawing dimension, and no support was outside
this range. The errors found were attributed to
drawing recording errors that occurred during the h
as-built walkdown. No adverse trend was identified.

The deviation on orientation was identified where the
building attachment of a snubber assembly was 2-1/2
inches lower than shown on the design drawing. An

evaluation showed that there was a minor increase in
the snubber length that resulted in a change in the
cold snubber position. This change in the travel range
would not cause the snubber to bottom out during normal

and upset loading conditions. Additionally, the
orientation change resulted in the angular displacement
of the snubber assembly changing from plus two degrees
to minus two degrees. Expected pipe move' ment in the
vertical direction would change the angular
displacement of the snubber to approximately 6 degrees.
This angular displacement does not affect the snubber's
ability to perform it's intended function as the travel
direction is not limitec by the possibility of binding.
The only possible limitation would be the change in the |

snubber's load carrying capacity and a 6 degree change
results in a negligible effect. Therefore, the
deviation was determined to be insignificant.

If this type of deviation were to exist in the
uninspected portion of the population, it is unlikely
that construction deficiency would result. This is

because small changes in the snubber setting as well as
angular displacement of the assembly are considered in
the component design. No adverse trend was identified.

_ - _ _ _ _
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2.2.3 Attribute 3 - Configuration of Support Assembly

The attribute of configuration addresses components,
component installation, gaps, base plate grouting and
base plate / surface contact.

In 9,020 inspection points, 108 deviations covering
components, component installation, gaps and base
plates surface contact were reported. The results are
discussed below.

Components

All installed components were required to be listed in
the bill of materials and to meet the dimensional

O, requirements contained therein. In 5,835 inspection
points, 45 deviations were reported where materials
were installed on large-bore pipe supports whose
dimensions did not correspond to those on the bill of
materials.

One deviation was identified where the maximum
turnbuckle projection on a dual spring can assembly had
been exceeded by 1/2 inch, resulting in an incorrect
setting on the spring can. An evaluation showed that
only one side of the spring'can assembly had violated
the maximum projection. The other side of the assembly
exhibited a loosened condition. In this , condition only
one spring can would carry the entire load. As the
expected movements are less than 1/16 inch, the
unloaded spring will remain ineffective.

At the present time, the U-bolt assembly attaching the
pipe to the spring can assembly is tight. The
resulting friction keeps the spring can assembly in
place. Under these circumstances, the spring assembly
is only partially effective because the capacity of one
spring is not adequate to carry the entire load.
Additionally, the non-symmetrical loading of the
assembly induces additional moments on the piping
system that are unaccounted for in the pipe stress
analysis.

- _ _ _ - _ _ _ _ -
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Over a long period of time, the preload on the U-bolt
may decrease and allow the support assembly to rotate
under load. This would render the entire support
assembly partially or completely ineffective.

As the spring assembly may not be able to perform its
intended function, this deviation was determined to be
a construction deficiency. (For root cause and generic
implication analysis of this construction deficiency
for incorrect components, see Section 3.1.) l

Thirty-six deviations were reported for component
materials whose dimensions do not correspond with those
specified on the bill of materials or on the drawings.
The dimensional deviations involved riser clamps, thru
bolt length, rear brackets, hex nuts, general component
thicknesses, a missing spacer and the lengths of
structural members. Each deviation was analyzed based
on the as-built measurements, and in no case did the
deviation have any affect on the support capacity.
Therefore, these deviations were determined to be
insignificant.

Two deviations were reported for cases in which pins
with cotter keys were used instead of the specified
bolt. An evaluation of Project documentation showed
that some manufacturers used bolts while others used
pins for similar components. As the pin is of a
material higher in strength than the bolt, there is no
reduction in capacity. Additionally, as the bolts and
pins are loaded in shear only, axial loading need not
be considered. Therefore, the deviations were
determined to be insignificant.

Four deviations were reported for hex nuts and washers
installed on anchor bolts. Of these, two involved

extra nuts that were urad as double nuts instead of a
single nut with upset threads as reflected by the bill
of materials quantities. In the other two cases the
base plate was qualified with nine bolts but the bill
of materials called out washer and nut quantities as if

there were ten bolts. A different situation involved

_ _ _ _ _ _ _ _ - _ _ -



_ - _ - _ _ _ - _ -

1
*

|

Revision: 'l

Page 9 of 47

l'O RESULTS REPORT

| ISAP VII.c
' (Cont'd)

Appendix 26
(Cont'd)

2.0 DISCUSSION OF RESULTS (Cont'd)

the drawings calling for.two or more nuts '2
deviations) than were installed on two spring can
assemblies. In each of the six deviations, the-

as-built support will perform its intended function.
The deviations were the result of drawing errors.''

Therefore, the deviations were determined to be
insignificant.

However, a similar deviation reported in the Large
Bore - Rigid population, Appendix 25, was determined to
be a construction deficiency that resulted in a
corrective action recommendation that encompasses the
above deviations.

Component Installation-

All components used in the construction of the support
are to be installed within the tolerances given in the
current construction procedures. In 2,681 inspection

points, 56 deviations were identified.

Forty deviations consisted of support component
installation where attachment locations were out of
tolerance from a minimum of 1/8 inch to a maximum of
1-1/2 inches. Evaluations of the deviations were i

conducted by using the actual pipe support
configurations in calculating the loads and moments.
The results were that the reduction in support capacity
was less than 10 percent in each case. Therefore, the -

deviations were determined to be insignificant. ')
l

One deviation was reported where there was a difference
in elevation of 5 inches compared to that shown on the
drawing. An evaluation showed that the only component
affected by the dimensional change is the threaded rod
connecting the spring cans to the pipe clamp assembly.
The increased' length of threaded rod has no effect on
the support's load-carrying capacity. Therefore, this
deviation was determined to be insignificant.

O

1
- - _ _ _ _ _ _ _ _ _ _
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One deviation was reported where a snubber was shown on
the drawing as being 4 feet from the base of the
support structure but was found to be 4 feet, 9 inches
as installed. Evaluations showed that the pipe support
design calculation had used the latter dLaension in
qualifying the support. This deviation is the result
of a drawing error and was determined to be
insignificant.

One deviation was reported where an extension piece
welded to a snubber adapter plate is offset from the
snubber axis by 1.5 degrees. This exceeds the 1 degree
eccentricity allowed by the manufacturer. Evaluation
of this deviation included consideration of site

,

limitations on strut end misalignment that are more
severe than the snubber manufacturer's allowable. The
loads on the snubber as it moves are considerably less
than the rated loads. Based on the minimal changes in
offset angle, this deviation was determined to be
insignificant.

Eleven deviations were reported where dimensions for
location of base plate bolt holes shown on drawings
differed from the as-built conditions. A review of
Project engineering calculations for the supports
showed that the as-built dimensions had been used; the
deviations were the result of drawing errors.

;

Therefore, these deviations were determined to be
insignificant.

,

|
' One deviation was reported where a fabricated box

section had dimensions that were slightly different
than as shown on the drawing. In addition, one

deviation was reported for vent holes specified in the
;

j box section that were missing. An evaluation of the
configuration shows that there was no structural effect

,

on the support due to the dimensional dif f erences. The

f
vent holes were redundant as the adjacent box walls

| include them. Therefore, these deviations were
determined to be insignificant. f
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If these types of deviations were to exist in the
uninspected portion of the population, it is unlikely
that a construction deficiency would result based on
the above evaluations. No adverse trends were
identified.

Gaps

Gaps were specified on the design drawings as
minimum / maximum dimensions between the pipe and
supporting members. In 44 inspection points, four
deviations were reported.

(s No evaluation of the effects of these deviations was
) performed because similar deviations in the Large(q Bore - Rigid population, Appendix 25, and the Small

Bore population, Appendix 27, have been identified as
an adverse trend. This adverse trend resulted in a
corrective action recommendation that encompasses these
deviations as well as any similar deviations that may
exist in the uninspected portion of the population.
Therefore, these deviations were unclassified.

Base Plate Surface Contact

Wall and ceiling base plates were required to fit flush
against the mating surfaces. The gap between the plate
and concrete may exceed 1/16 inch for a maximum of 20
percent of the place perimeter , but at no point is the
gap permitted to exceed 1/2 inch. In 368 inspection

points, three deviations were reported.

One deviation was reported because approximately 30
percent of a baseplate perimeter had a gap greater than
1/16 inch but less than 3/16 inch. In designing a

baseplate, a minimum contact area of 80 percent is used
by the designer. A field investigation was performed
to determine the extent of the surface contact. The
investigation showed that the baseplate had

[h approximately 85 percent surface contact. Therefore,

N- / this deviation was determined to be insignificant.

_ _ _ - _ _ _ _ _ .
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Two deviations were reported for the absence of grout
between a base plate and the wall as shown on the
installation drawing. The absence of grout was
justified by the specification that specifies a minimum
bearing requirement between the wall and plate.
Provided that thic bearing is acceptable, which it was,
grout is not required for the base plate to perform its
function. Because the installation meets all
applicable specification requirements, these deviations
were determined to be insignificant.

If these types of deviations were to exist in the
uninspected portion of the population, it is unlikely
that a construction deficiency would result based on
the above evaluations. No adverse trend was
identified.

2.2.4 Attribute 4 - ASME Bolting for Support S t ructure

The attribute of ASME bolting addresses thread
engagement, surface contact, tightness, presence of
locking devices, and U-bolt nut installation.

In 1,686 inspection points, 130 deviations were
reported. Four deviations were on thread engagement,
two were on surface contact, and the balance were on

locking devices. All but one of the deviations on
locking devices were combined into one generic
deviation. No deviations were reported on tightness
and U-bolt nut installation.

Thread engagement

All bolts, studs, or threaded rods were required to
have full thread engagement in the nut (or place), or
the minimum engagement specified on the design
documents. In 331 inspection points, three deviations
were reported for threaded rods not being fully engaged
in a nut, and one deviation for an undefined threaded
rod length.

|

u____ _
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One deviation reported that the engagement of a
threaded rod could not be determined as the length was
not shown in the drawing bill of material. An
ultrasonic examination showed the length of the rod to
be 18 inches. Calculating the engagement using the
above length, it was found that adequate engagement
existed. Additionally, the fasteners on the threaded
rod had adequate thread engagement. Therefore, the
deviation was determined to be insignificant.

Two deviations were reported where the locknuts used on
a threaded assembly were slightly short of full
engagement (approximately 90 percent). An evaluation
showed that the locknuts are provided to secure the

-s primary nuts. Corrent Project documentation states
f

(''-) that locknuts need be only 75 percent of the height of
a standard nut; the aforementioned nuts meet this
criteria. Therefore, these deviations are determined

to be insignificant.

One deviation was reported where a single nut on a
threaded rod was not fully engaged. An evaluation
showed that in order for the rod and nut to maintain
the load, lera than one-half the actual nut thickness
is required. This evaluation was based on a
determination of the amount of threads required to
withstand the shear stresses imposed by the design load
on the rod. Since more than one-half the, nut is

engaged the configuration is adequate. Therefore, the
deviation is determined to be insignificant.

If these deviations were to exist in the uninspected
portion of the population it is unlikely that a
construction deficiency would result, based on the
above evaluations. No adverse trend was identified.

Surface Contact

Surfaces of bolted parts in contact with a bolt or nut
shall have a slope of no more than 1:20 with a plane

[') normal to the bolt axis. In 662 inspection points, two

u

_ - - _ _ - _
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'

deviations were reported where the above requirement
was exceeded and no bevel washers had been used to
correct the problem. The evaluations of the conditions
found the stresses in the components to be very small
and the thread and nut to be fully capable of
performing their intended function. The deviations
were determined to be insignificant.

Locking Devices

All threaded fasteners, with the exception of high
strength bolting material that is preloaded, were
required to be provided with locking devices. The
locking devices could be lock nuts, jam nuts, drilled '

and wired nuts, or any other engineering-approved
device.

In 331 inspection points, 124 deviations were reported,
of which one consisted of a broken safety wire and the
others of inappropriate locking devices. As this
latter deviation was found to occur frequently, a
single evaluation was performed to cover all
deviations for inappropriate locking devices.

The evaluation considered ASME B&PV Code Section III,
Subsection NF, Para. NF-4725, which provided the
acceptance criteria requiring the use of a locking
device to prevent loosening of the nut. ,

The loosening of a nut on a bolt in a large-bore ;

support could result in the redistribution of support |

load paths, with resultant overstress conditions. It |
was determined that the lack of locking devices thus I

could result in the support not being able to perform !
its intended function at some later point in time. {
Therefore, this deviation was determined to be ]

construction deficiency. (For root cause and generic

implications analysis of this construction deficiency
for locking devices, see Section 3.2.)

O

i
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2.2.5 Attribute 5 - Concrete Inserts I

Concrete inserts were reinspected to determine if bolts
inserted into them had engagement of at least two times
the bolt diameter plus 1/8 inch.

In 92 inspection points, 6 deviations were reported for
bolting used in inserts that did not meet engagement
criteria. All the reported deviations concerned 1-1/2
inch diameter bolting material with engagement of
between 1-3/8 and 3 inches. The requirement for this
diameter bolt was 3-1/8 inches.

The combination of the results for this attribute in,s
/ \ this report and the results reported in Appendices 19,

-- 25, 27 and 29 is covered in Appendix 33, which provides |
an analysis of the results and an evaluation for I

trends.

2.2.6 Attribute 6 - ASME Welding of Components

The attribute of ASME welding addresses location, size !

and profile, reinforcement, undercut, surface
condition, weld crown, offset, cracks, lack of fusion,
porosity (of the integral attachment) and rust. In

18,540 inspection points, 67 deviations were reported.
No deviations were reported on surface condition,
offset, cracks, porosity (of the integral' attachments),
weld crown and rust.

Location

Weld location was required to be as shown on drawings
and associated design documents.

In 1,854 inspection points, four deviations were
reported for weld locations on a large-bore pipe
support that did not correspond to design documents.

(v'~)
I

_ _ _ _ _ _ _ _ _ . . _ _
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Three of those deviations were reported as a result of s
!errors on the installation drawings. The drawings had

not been properly updated from previous design changes.
Therefore, these deviations were determined to be i

insignificant.

One deviation was reported for the placement of
additional veld length that was not called for on the
design drawing. The reason the additional weld length
was identified as a deviation was because it might

interfere with an adjacent vertical weld. Additional
field inspection showed the subject veld to be flush
with the assembly and not te be interfering with the
vertical weld. This additional weld adds to the
strength of the weld joint and did not result in a
reduction of capacity.

If these types of deviations were to exist in the
uninspected portion of the population, it is unlikely
that a construction deficiency would result. This is
because neither the addition of welds not shown on
design drawings nor the failure to update drawings with
approved changes would reduce the design cepacity of a
support. No adverse trend was identified. W

Weld Size and Profile
1

The weld size and profile were required to meet or |

exceed the minimums specified on the design documents.

In 3,708 inspection points, one deviation was reported
for profile and 53 for veld size. Weld undersize
conditions ranged up to a maximum of 1/8 inch for 100
percent of weld length. The one deviating weld profile

had abrupt ridges and did not conform to standard
fillet geometry. In addition, a QA/QC Program
Deviation Report (PDR-04) was written to address the
lack of engineering instructions concerning weld length
on tube steel members.

O
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An evaluation of each of the size deviations was
conducted using the actual field configuration of the
weld to calculate allowable load capacities.
Calculations showed a reduction of less than 10 percent
in capacity of the support in the worst case. It

should be noted that welds were assumed to be
undersized for their entire length when the deviation
was only on a portion of the weld or the weld was
omitted entirely for calculational purposes. This
conservative approach significantly overemphasizes the
effect of the deviations. Therefore, these deviations
were determined to be insignificant.

If this type of deviation were to exist in the

[''h uninspected portion of the population, it is unlikely

(- / that a construction deficiency would result. This is
based on conservative analyses that showed remaining
margins to be between 20 and 98 percent for these
welds. The sampled welds are representative of the

,

balance of the population. Therefore deviating welds i
Isimilar to those observed would also have sufficient

remaining margin. No adverse trend was identified.

'

The deviation for profile was based on the guidelines
given by the ASME code. Usually the as-welded surface
of the weld exhibits certain characteristics that
permit meaniacful non-destructive examination results
(other than visual) to be obtained. Further evaluation
was performed on the weld in question to prove that it
had adequate strength to meet design requirements.
Because the size of the weld was not reduced, there was |

no reduction in the capacity. In addition, the profile
was determined to be acceptable through the use of NDE
performed by the Project. Therefore, the deviation was
determined to be insignificant.

If this type of deviation were to exist in the
uninspected portion of the population, it is unlikely
that a construction deficiency would result based on j

g''s the above evaluation. No adverse trend was identified. |
( l

!
!

1
!

!

- _ - _ - _
1
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In the course of evaluating the construction adequacy
of welding it was found that the engineer had not
issued complete instructions regarding the length of
tube-steel-to-tube-steel or tube-steel-to-structural
member welds. Engineering design calculations gave
weld lengths that were not adequately transferred to
design drawings. This condition was reported on a
QA/QC Program Deviation Report (PDR-04). This PDR was
evaluated to be a QA/QC Program deviation.
Construction proper 2y followed drawing instructions,
resulting in welds that did not provide the length
required by the design. The adequacy of this condition
is being evaluated by the engineer in the Pipe
Stress / Support Requalification Program.

Undercut

The maximum code-allowable undercut on a weld joint is

1/32 inch. In 3,708 inspection points, five deviations
were reported for undercuts of 1/16 inch.

An evaluation of the deviations was conducted in which
that portion of the weld affected by the undercut was
assumed to be missing or reduced in size. The
evaluation showed that the supports would perform their
intended function under these conservative assumptions
because the amounts of weld actually needed to meet
design requirements were less than that ipstalled in
the field. Therefore, these deviations were determined

to be insignificant.

If this type of deviation were to exist in the
uninspected portion of the population it is unlikely
that a construction deficiency would result. This is
because further evaluation showed that undercuts do not
affect the structural load-carrying capacity of the

weld but do reduce base metal thickness of a member (s)
being j oined. Minimal spot reductions on the order of
magnitude of 1/16-inch for similar members being joined
would have little or no effect on the load-carrying

capability of the support structure as the deviations
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exhibited no sharp discontinuities that could create
stress risers and lead to fatigue failure. .This was
determined to apply to the range of metal thicknesses
of concern in this population. No adverse trend was
identified.

Lack of Fusion

Welds were required to exhibit no lack of fusion over
their entire length. In 1,854 inspection points, two
deviations were reported.

One deviation concerned 5/16 inch long lack of fusion
on a weld connecting stiffener plates to a pad on the

O run pipe at one support. A review of vendor and
engineering design calculations showed that no design
requirement existed for the stiffeners. As the
stiffeners were not required by design, the functional
capability of the support is not reduced. Therefore,
the deviation was determined to be insignificant.

One deviation was reported for the lack of fusion in a
weld that was part of a support attachment. The
evaluation conservatively neglected the entire 3-inch
weld length rather than the 1/16-inch long portion of
the weld exhibiting lack of fusion. The evaluation
showed that the remaining two sides of we,1d are
adequate to carry the design loads. Based on the
adequacy of the remaining veld and the extremely
conservative approach taken, the deviation was
determined to be insignificant.

Because the found lack of fusion had only a minor
impact on the strength of the affected weld, a similar
deviation elsewhere in the uninspected portion of the
population would be unlikely to result in a
construction deficiency. This is based on remaining
design margins for the welds in the population being
sufficient to encompass the small stress increase due

( to this deviation type as discussed for weld size.
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Furthermore, from all available information in the
three pipe support populations, it was determined that
a total of 200 samples containing approximately 3,800
welds were inspected for the characteristic of lack of
fusion. Of this total, only two deviations were
identified. It is conservatively estimated that these
two welds represent a less than one-tenth of one
percent of the total welds reviewed and are considered
to be isolated occurrences.

Therefore, based on the calculated insignificance of
the deviations and isolated nature of the condition, no

adverse trend was identified.

2.2.7 Attribute 7 - Installation of Concrete Expansion

Anchors

The attribute of installation of concrete expansion
anchors addresses size, length, type, embedment,
spacing, angularity, nut engagement, nut bearing and
concrete damage. In 4,875 inspection points, 39 !
deviations were reported for size, length, type, and
embedment. The results of analyses of these deviations
and analysis for adverse trends are covered in ISAP
VII.b.4 Results Report. ]

2.2.8 Attribute 8 - Installation of Vendor-supplied
Components j

l
The installation of vendor-supplied components includes j
pre-engineered snubbers and spring cans that are 4

required to meet specific design criteria. These
installations were inspected to verify that all the
various components that make up the assembly meet the j

requirements set forth in the design documentation. |

In 2,331 inspection points, 124 deviations were
reported for snubbers and spring cans. j

i

e

_
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A. Snubbers

Snubber installations were inspected to verify that
all the various components that make up the
assembly meet the requirements set forth in the
design documentation. These requirements address
correct angularity, correct pipe clamp spacers,
absence of extraneous material, snubber length,

bearing spacers, eye rod thread engagement,
binding / offset, and fasteners.

Extraneous Material

Spherical bearings are required to be free from
extraneous material (dirt, paint, and foreign

fs
( ) catter) that could impair the bearing's rotation

within the eyerod and cause it to be dislodged. In'

182 inspection points, 59 deviations were reported
for paint on the bearing surfaces and two
deviations were reported for partially dislodged
bearings.

Extraneous material on spherical bearings might
limit or stop rotation of the snubber assembly and
therefore limit or stop pipe movement, or it could
cause the spherical bearing to become dislodged at
the clamp or bracket ends. A field investigation
found that the bearings were properly. engaged and
that the extraneous material did not interfere with
bearing rotation and pipe movement. Therefore,

these deviations were determined to be !

insignificant.

If this type of deviation were to exist in the
uninspected portion of the population, it is

'

unlikely that sufficient paint could have been
applied, given the configuration and painting
process, to cause bearing binding and thus result
in a construction deficiency. The Engineer has j

reassessed the application of paint on spherical
I.) bearings and found that, provided the bearing can
;

\m / rotate within its housing, it is an acceptable )
condition. The Engineer has elected nevertheless j

to verify bearing rotation during the ongoing
Hardware Validation Program (HVP) (see Section
5.0).

_ _ _ _ _ _ _ -
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An evaluation was performed on both cases with i

partially dislodged bearings to determine the |

stresses. The evaluation showed that actual
bearing stress at the point where the race of the
bearing contacts the eye rod is less than
code-allowable stress for each case. The reduction

in design margin was less than ten percent.
Therefore these deviations were determined to be ]

insignificant. 1

If this type of deviation were to exist in the
uninspected portion of the population, it is ;

unlikely that a construction deficiency would
result. By design, the bearing stress was limited ,

to less than 80 percent of code allowables. |
Additional stress due to bearing dislodgement of
the magnitude found would result in less than 10
percent increases. No adverse trend was
identified.

Bearing Spacers

Bearing spacers were required to be installed in
the rear bracket and/or clamp. The resultant gap

is required to be less than the thickness of the
thinnest installed spacer. In 364 inspection

points, 25 deviations were reported. The range of
the deviating conditions was 1/32 to 5/32 inch
beyond the allowable.

An evaluation showed that, based on vendor design
documentation, the staking of the spherical bearing
alone is sufficient to prevent bearing
dislodgement. Further, the bearing position is

inherently stable and dislodgement will not occur,
nor will it increase if it exists, due to any

combination of operating loads or pipe movements.
Thus, the spacers serve to provide a third level of
assurance that excessive dislodgement will not
occur. All of the affected bearings were staked
and fully engaged; therefore, the deviations were
determined to be not safety-significant. None of

..
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the gaps between the ears of the clamp exceed the
vendor's suggested maximum spacing of three times
the paddle thickness. In addition, the vendor's
documentation indicates that the use of bearing !

spacers is not essential to the assembly's intended
function. Therefore, these deviations are

L
insignificant.

| If this teje of deviation were to exist in the
uninspected portion of the population, it is
unlikely that a construction deficiency would
result based on the evaluation provided above. No

adverse trend was identified.

Based on the generic implications related to the
insta31ation of pipe clamp spacers '(Appendix 25,g ,

Section 3.4) it has been determined that the
installation of bearing spacers is sufficiently
non-routine to entail the risk of impacting the
support function should a bearing become dislodged.
While the vendor states that the spacers are not
required, it is good engineering practice to
install such spacers. Under the HVP program,
bearing spacers that do not meet requirements will-
be identified and appropriate corrective action
taken on vendor-supplied components.

Pipe Clamp Spacers -

Pipe clamps were required to have the proper
spacers installed to ensure proper alignment on the
pipe and to prevent overstressing of the load pin.
In 306 inspection points, 20 deviations were
reported where the pipe clamp spacer was
inappropriately installed.

Evaluations of the deviations were performed
to determine the effect the clamp spacers have on
the bending stresses in the load pin. The analyses
showed that the bending stresses in the load pins
were less than allowables in each case. However,
there was a reduction in capacity of as much as%

approximately 30 percent. Therefore, these
deviations were determined to be notable.

_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ -
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A similar deviation has been determined in Appendix
25, "Large-Bore Pipe Supports - Rigid", to be a
construction deficiency that is also applicable to
the Large-Bore Non-Rigid population. A ,

recommendation that all pipe clamps be inspected 1

for the correct clamp spacer is contained within
that appendix.

Snubber Length

The overall snubber length at cold conditions was
required to be within 1/8 inch of design drawing
requirements. In 91 inspection points, one
deviation reported a snubber length 1/8 inch out of
tolerance.

From the actual snubber setting the allowable
travel range was found. This travel length was

compared with the expected pipe displacements. It

was found that the 1/8 inch out-of-tolerance
condition has no effect on the capacity of the
snubber assembly because piping displacements will
be within snubber travel range. Therefore, this
deviation was determined to be insignificant.

If this type of deviation we:e to exist in
the uninspected portion of the population, it
is unlikely that a construction deficiency
would result. The reason for this it that the
snubber stroke is designed to be greater than the
maximum travel range by at least one inch at either
end of the stroke. This is much larger than the
magnitude of the found deviation. No adverse trend
was identified.

Eye Rod Thread Engagement

Eye rod thread engagement was required to be
verified by looking through the sight hole provided
in the snubber transition tube or by examining a .

star stamp in the proximity of the connection. In

91 inspection points, two deviations were reported
where snubber transition tubes had no sight hole or

star stamp.
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The maximum eye rod extensions that will
maintain adequate eye rod thread engagement
were calculated using dimensions from vendor
documentation. The existing rod extensions for the
deviating assemblies in the field were found to be
less than the maximum allowed. The maximum
capacity of the eye rod is based on the maximum
thread extension of 1-3/4 inches. As the field
data confirme adequate eye rod thread engagement,
these deviations were determined to be
insignificant.

If this type of deviation were to exist in
the uninspected portion of the population, it

( is unlikely that a construction deficiency
\ would result. This is because the manufacturer

fabricated the snubber transition tubes such that
the thread extension cannot exceed the maximum due
to the staking of the eye rod threads during
fabrication. No adverse trend was identified.

Angularity

The angle between the axis of the eye rod and the
load pin cannot vary by more than 5 degrees off the
perpendicular in the design operating condition and
in no case is binding permitted within the clamp
and bracket. In 273 inspection points, four
deviations were reported.

One deviation was reported where an eye rod was in
contact with the rear bracket. The maximum piping
displacement would result in additional snubber
angularity of less than 1/10 degree. This angular
change would not result in any further loading
that would be significant or detrimental to the
support. Visual examination revealed that the
bearing was not centered on the load pin and that
the maximum angular displacement criterion was not

(''} violated. Therefore, this did not affect the

( / ability of the snubber to perform its function. i

This deviation was determined to be insignificant,

j

_ -__-_
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Two deviations were reported where the offset was
greater than the maximum allowable of five degrees.
Based on field observation it was determined the
angle between the snubber and the pipe clamp
exceeded the 5 degrees criterion by an even greater
amount and binding was occurring in both cases.
Pipe movements due to thermal expansion in the
vertical direction would cause additional binding
and could result in the snubbers not being able to
stroke under operating conditions. As the snubbers
may not be able to perform their intended function,
these deviations were determined to be construction
deficiencies. (For root cause and generic
implications analysis of these construction
deficiencies for Angularity, see Section 3.3.)

OOne deviation was reported for a snubber offset
angle being greater than the 5 degree tolerance and
binding with the forward bracket. No evaluation of
the functional capability of the assembly was
performed as the previously identified construction
deficiencies resulted in a corrective action
recommendation that encompasses this deviation.
Therefore, this deviation is unclassified.

Fa's t ener s

'

Cotter keys should be opened to the estent that
they cannot become dislodged from the pin or bolt
they are securing. They should be the maximum size
that the hole will permit. In 546 inspection
points, three deviations were reported for broken
cotter keys

Two deviations were reported for two cotter keys
with one broken leg each. The cotter keys are not
load-bearing items as the load pins are in a
horizontal position. The pins are thus not
affected by gravity along their axial directions.
The load pins were found to be secure in the
brackets with no visible displacement. The cotter

_
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keys have one leg broken on the split end side.
The size of'the cotter key appears.co be the
-maximum size the hole will accommodate, and the

other. half of the split end side is bent, thereby
preventing withdrawal. Therefore, in the as-built
condition, the cotter keys cannot be withdrawn from
the hole. As a result, these deviations were
determined to be insignificant.

| One deviation reported a cotter key that was broken
| at its neck. The current condition of the cotter

key may allow it to become disengaged from the load
pin. The possibility exists that the load pin
could then fall out, allowing the snubber assembly-%
to become disengaged. This condition could result

r,

in the loss of ability of the support to perform'

its intended function. Therefore, this' deviation
was determined to be a construction deficiency.
(For root cause and generic implications of this
construction deficiency for Fasteners, see Section
3.4).

..

B. Spring Can Supports

Spring can installation was inspected to verify
that all the various components making up the
assembly meet the design requirements, These
requirements address size, beam attachments, thread
engagement, fasteners, angularity, travel stops,
and absence of extraneous material. No deviations
were identified for size, beam attachment,
fasteners, and angularity.

Travel Stops

Travel stops were required to be installed on
spring supports prior to initial plant heatup and
during certain subsequent plant outages to prevent
any overloading conditions from affecti'ng the
spring. As Unit I had gone through hot functional )

k testing this criteria applies only to Unit 2
|1supports. In 10 inspection points, two deviations

were reported.

:
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The two deviations were reported where there were
no travel stops installed. Both supports are
installed on the chilled water system. This system
is normally filled with water. During testing the
support will not see any loads higher than the
design capacity. Extraneous vertical loads that
may be applied to the system (i.e., someone walking
on the pipe) will be carried primarily by a two-way
restraint in the vicinity of the spring hanger.
Based on the information available, the missing
travel stops will have no effect on the supports
being able to perform their intended function when
design loadings are applied. Therefore, these
deviations were determined to be insignificant. No

fadverse trend was identified.

Thread Engagement

Full engagement of all threaded components was
required to ensure a satisfactory assembly. In 104
inspection points, four deviations were reported.

The four deviations were reported where there was
limited thread engagement within a spring can,
turnbuckle, weldless eye nut and a load coupling
for an eye rod. Field examination revealed that
sufficient threads were engaged, equal to or in
excess of the minimum engagement in a' standard nut
as required by ASME III, Subsection NF. Therefore,

these deviations were determined to be
insignificant.

If this type of deviation were to exist in the
uninspected portion of the population it is ,

'

unlikely that a construction deficiency would
result. No adverse trend was identified.

Extraneous Material

The threads of components for spring can
assemblies were required to be free from
extraneous material except for paint. In 52

inspection points, two deviations were reperted.

_ - _ _ _ _
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The deviation concerned the threaded rod on
a pipe support being rusted. Most metals, if
exposed to natural environments without protection,

i will react with constituents in the environment to
form corrosion. The. reduction in thickness due to
corrosion was conser.atively estimated to be 18
mils over the 40-year lifetime of the plant. This
would reduce the tensile strength of the rod'by
less than 10 percent. The reduced load-carrying
capacity of the rod exceeds the service
requirements. Therefore, this' deviation was.
determined to be insignificant. If.this type of
deviation were to exist in the uninspected portion
of the population, it is unlikely that a

O construction deficiency would result based on the
above evaluation. No adverse trend was identified.

2.3 Analysis of Documentation Review Deviations

This section provides, by attribute, a discussion of the
documentation review deviations and an analysis of the effect
of the deviations on the ability of the evidence' collected to
provide reasonable assurance that the large-bore non-rigid
pipe supports are adequately installed.

2.3.1 Attribute 9 - Documentation of Inspection
Drawings ,

The pipe support inspection packages were reviewed to
determine that the latest revision of the drawing used
in the reinspection process had previously been used in
the Brown & Root quality control inspections. In 164
review points for this attribute, no deviations were
reported.

2.3.2 Attribute 10 - ASME Welding Documentation

Welding documentation was reviewed for procedure
application, weld material traceability, welder and
procedure , qualifications, impact tests, heat treatment,
and quality control hold points. In 1,148 review

points for this attribute, two deviations were
reported.

- _ _ _ _ _ _ _ -
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The two deviations reported that welder qualifications
could not be verified for a specified weld made per WPS

55010 and 11032. A further evaluation of the
documentation revealed that the welders were qualified
but the supporting file documentation had several
minor errors that resulted in the reported deviations.
Based on the above, these deviations were determined to
be insignificant.

2.3.3 Attribute 11 - Concrete Expansion Anchor Installation
Documentation

The documentation of concrete expansion anchors was
reviewed for the proper calibration of setting
equipment, the recording of the torque setting, bolt
spacing, rework, and hole drilling. In 1,625 review

points for this attribute, two deviations were
reported.

The results of analyses of these deviations are covered
in ISAP VII.b.4, "Hilti Anchor Bolt Installation"

Results Report.

2.3.4 Attribute 12 - ASME Material Traceability Documentation

Documentation on material traceability was reviewed to
determine if all the applicable materials. supplied on

,

( any one support were traceable to certified
documentation that established the identity of the

material.

| In 7,780 review points, 50 deviations were reported for
material identity that could not be established through
a review of the support package.

Evaluation revealed that the deviations that were
reported were the result of documentation errors (both
recording and omission) and that all the material was
traceable by other documents to the base document
giving its identity. Therefore, these deviations were
determined to be insignificant.

|

|
|

_ _ _ _ - _ _ _ _ _ _
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2.3.5 Attribute 13 - Vendor-supplied Component Installation
Documentation-

Documentation of vendor-supplied component inspections
was reviewed for torquing of load ' stud jam nuts, spring
can settings, snubber adapter thread engagement and
snubber stroke. In 234 review points for this
attribute, no deviations were reported.

. 2.3.6 Attribute 14 - QC Inspector Certification

In 600 review points, the certification records of
quality control inspectors who signed / initialed and
dated the inspection reports in the support package
were reviewed to verify that each inspector wasO appropriately cert 1fied in the area of inspection being
performed.

Deviations were identified whenever evidence of
certification to the established procedural
requirements at the time of inspection could not be
found. However, as a result of the ISAP I.d.1
evaluations of inspector certifications, it has been
determined that such deviations do not necessarily
-relate directly to actual inspector qualifications.
Consequently, the identified deviations were not relied
upon (though they were considered) in determining

.

inspector capability. Inspector qualifications were
assessed for all inspectors (those with and without
reported deviations) using the ISAP 1.d.1 methodology.

The ISAP I.d.1 evaluation of inspectors whose work
affected this population concluded that all but two
inspectors either were certifiable to applicable
criteria at the time of inspections or were found to be
capable of performing satisfactory inspections
(including those with substantial positive evidence).

,

Evaluation details are discussed further in the ISAP|

I.d.1 Results Report. For one of the two inspectors,

no further concerns were identified.

,

_____.m_.. . _ _ . _ _ _ . _ _ . . _ . . _ _ _ _ . . . _ _ . _ _ . _ _ _ _
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An analysis was performed on the inspection
discrepancies noted during the ISAP I.d.1 evaluation
that are attributable to the inspectors not found to be
either certifiable or capable of performing satisfactory
inspection by the ISAP I.d.1 evaluation. This analysis took
into account the nature, scope, and relevancy to this
population of the reported discrepancies and considered the
possibility that such discrepancies might result in a
construction deficiency, adverse trend, or unclassified trend
if they were to occur on items in this population. This
analysis determined that these discrepancies are all of a
relatively minor nature and are similar to deviations (those
that did not result in findings) noted during the reinspection
conducted on 1tems in the random sample for this population.
Based on this analysis, it was concluded that inspection

'

discrepancies of the type and severity noted during ISAP I.d.1
Phase III evaluation, were they to occur on a reinspection or
documentation review attribute for an item in this population,
would not result in a construction deficiency, adverse trend,

or unclassified trend. Thus, the possibility of such
discrepancies existing does not detract from the conclusions i

made for this construction work category.

3.0 ROOT CAUSE AND GENERIC IMPLICATIONS
'This section provides a root cause and generic implication analysis
!

for the following construction deficiencies:
'

1. Construction deficiency for incorrect adjustments of
components.

2. Ccustruction deficiency for inappropriate locking
devices.

3. Construction deficiency for incorrect angularity.

4. Construction deficiency for fasteners related to cotter
keys.
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3.1 Components

Root Cause

Incorrect adjustment of spring can assembly components on
large-bore pipe supports was identified as a construction
deficiency that could cause the supports to be unable to
perform their intended function.

The hardware involved consists of vendor-supplied spring can-
assemblies that give constant support to the piping system
while allowing movement due to thermal expansion.

Two vendors were responsible for the design and supply of the
i spring can assemblies. Adequate vendor instructions covering

installation and adjustment of the assemblies were provided.
The requirements for the design were adequately covered in
Gibbs & Hill Specifications MS-46A and MS-100.

Construction personnel were provided with training to site
procedures CP-CPM-9.10, CP-CPM-9.15, and CP-CPM-9.10A, which
delineated the requirements for the requisitioning,
fabrication, and installation of the spring can assemblies.
The training provided was adequate for the performance of the
work activity, as determined by an examination of course
outlines and training records.

.

Quality Control was responsible for inspecting each support
assembly in accordance with inspection procedure
QI-QAP-11.1-28. This procedure clearly delineated the
requirements for the installation of spring can assemblies.
Each inspection was to be documented to show satisfactory
completion c f the requirements.

A tavies of project documentation indicates that the spring
can assembly was adequately installed and secured by
construction personnel. This installation was subsequently

inspected and accepted by Quality Control. All inspections
were well documented and this documentation is present in the
pipe support packages.

_-- __ _ _ _ _ _ _ _ _ _
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Once inspections were completed and the system was accepted by
Quality Control, the system was turned over to TU Electric
Startup. Included in Startup's responsibility was the testing
of that system to ensure that all components were set in
accordance with established operating parameters. For pipe

supports, this involved the adjustment of components to obtain
required load settings. Under normal circumstances spring

cans do not require adjustment. However, the system loading
requirements on spring type support assemblies can often not
be met without adjusting a spring can, due to its location on
the affected support assembly. Since the spring can

components were inspected and verified after erection, the
improper adjustment of the spring can assembly is likely to
have occurred on subsequent adjustments.

All Startup activities were controlled by procedures that
defined the requirements for adjusting system components.
Startup engineers do not perform the physical work; that work
is done under Startup supervision by construction personnel.
However, the Startup procedure controlling these adjustments
did not require that written instructions be given to craft
and requirements of the applicable construction procedures
were often given verbally in practice. When so requested,
construction personnel performed some adjustments based on
experience without invoking applicable procedures and,
consequently, the full requirements of the applicable
construction procedures (e.g., QC inspection) we,re not invoked
to cover this work. This practice permitted the work to be
conducted without meeting all procedural requirements and

| without follow-up QC inspection.

The inadequately adjusted spring can assembly was determined
to have resulted from this less-than-adequate procedural
interface between the Startup and construction groups that
resulted in ambiguity as to which procedures, if any, and
acceptance criteria were in effect at the time of support
adjustment. More specifically, the primary root cause has
been determined to include two elements: 1) the lack of
documentation (work authorizations) of requests for or
instructions to construction personnel regarding the

,

!

_ _ _ _ _ _ _ _ _ _ _
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3.0_ ROOT CAUSE AND GENERIC IMPLICATIONS (Cont'd)

performance of work activities on pipe supports and 2) the
. performance of work by construction personnel without invoking
applicable procedures. Since these practices resulted in QC
inspections not being conducted as well, there is no separate
secondary root cause.

Generic Implications

The generic implications of inadequately adjusted spring can-
assemblies extend to all Startup activities related to the
adjustment of ASME vendor-supplied pipe support components.
The adjustment of these components is covered under one
uniform procedure that does not require written work
authorizations."

Startup procedures for other plant. components require the use
of written work authorizations that adequately delineate all
applicable requirements and inspections. Therefore, the
generic implication is limited to ASME pipe supports.

Summary

The primary root cause has been determined to be
less-than-adequate procedural interface between the Startup
and construction groups as to which procedure and acceptance
criteria were in effect at the time of support adjustment.

The generic implications of inadequately adjusted spring can
assemblies extend to all Startup activities related to the
adjustment of ASME vendor-supplied pipe support components.
The generic implication is limited to ASME pipe supports,

i

The recommended corrective action for this item is given in
Section 4.1,

3.2 Locking Devices

Root Cause

Missing locking devices on threaded bolting connections used
on large-bore pipe supports were found to be a construction
deficiency. Locking devices are required for all bolting
except high strength bolting that is preloaded.

. ____ _ - ___-_- - _
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The hardware involved consists of vendor-supplied components,
which include beam clips, threaded rod, pipe clamps, and
miscellaneous support bolting. All this material was not
considered to be high-strength bolting at CPSES, was not
preloaded and hence does require locking devices.

The requirements for the erection of pipe supports were given
in erection specification MS-100. This specification invoked

the requirement of ASME III Subsection NF, which has
requirements regarding locking devices; these are summarized
above (i.e., locking devices are required except on preloaded
high-strength bolting). The Code, however, does not specify
what constitutes preloaded high strength bolting.

To implement locking device requirements, the Engineer issued
a design change authorization to the specification that led to
a note on the drawings showing bolting hardware that stated
that high strength bolting did not require locking devices.
The bolting for vendor-supplied components was not separately
listed on the bill of materials on the drawings; however, it
was included with the component (e.g., pipe clamp SPC-10-120,
was listed as one component and no material type was
identified). The reinspection effort revealed that where
bolting was specf"ied on the drawing and a material type was
identified, locking devices were installed as required.

Construction personnel were provided with training to an
approved site procedure that delineated the requirements for
the requisitioning, fabrication, and installation of the
subject supports. There was no discussion given to
high-strength bolting in these training sessions, apparently
as a consequence of information not being given by the
Engineer.

The original construction procedure, CP-CPM.9.10 Revision 0,
required that all bolts with the exception of high-strength
bolting (A325, A193, and Hiltis), be provided with a locking
device. Revision 1 to this procedure, issued in 1979,
eliminated this locking device requirement without
explanation. Subsequent revisions made no mention of this
requirement until late 1984 when the requirement was
reinstated. It was in this 1979 to 1984 time frame that the
bulk of the work on supports was performed.

_ _ _ _ L
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Quality Control was charged with the responsibility of
inspecting each support assembly in accordance with design and
code requirements. Each reinspection was to be performed and
documented in accordance with procedure QI-QAP-11.1-28.
However, it was not until 1984 that inspection requirements
for locking devices were included in the procedure and the
checklist.

Engineering identified the problem with ASME code locking
device requirements in October 1984 and, through a series of
memoranda, brought about a revision in construction and
quality control procedures to incorporate the requirements.
Corrective action to backfit the requirement was implemented,
but only_for Unit 2. Unit 1 and areas common to both units

O- were determined not to require action by construction or QC
because the paint that was on the supports was' determined to
be an acceptable locking device. The Engineer reversed that
determination in 1986, due principally to uncertainties
regarding acceptability of paint as a locking device for all
plant operating conditions, so that paint is no longer relied
upon as the locking device required by the Code.

The primary root cause was determined to be less-than-adequate
engineering specifications in that they failed to indicate the
types of bolting materials that required locking devices and
failure to specify consistently the materials for construction
on the design drawings. The locking device requirements and
the corresponding material identifications on the drawings
should have been specified in a manner suitable for field
determination of the specific requirements applicable to each
piece.

A contributing cause was determined to be the conclusion
reached by Engineering, since withdrawn, that paint was a
suitable locking device for Unit 1 and areas common to both
units. Because paint was considered to be effective as a
locking device, complete corrective action was prevented.

Generic Implicationsp.
'

The generic implications on the missing locking devices are
that all pipe supports that have the same specification
requirements may have threaded fasteners installed without !

requiring locking devices.

- _ _ _ _ _ _ - _ _ - -
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In a complete review of the specification for the inclusion of
ASME Code requirements, there is no other evidence found that
would indicate that other Code requirements were omitted from
the design and specification of ASME component supports.

Summary

The primary root cause was determined to be less-than-adequate
engineering specifications in that they failed to indicate the
types of bolting materials that required locking devices and
to specify consistently the materials for construction on the
design drawings.

A contributing cause was determined to be the conclusion
reached by Engineering that paint was a suitable locking
device for Unit 1 and areas common to both units.

The generic implications on locking devices are that all pipe
supports that have the same specification requirements may
have threaded fasteners without requiring locking devices.

The recommended corrective action for this item is given in

Section 4.2.

3.3 Angularity

Root Cause *

Angular offsets greater than specified between pipe clamps and
snubbers were identified as construction deficiencies.

The hardware involved consists of vendor-supplied snubber
assemblies that are used in damping system motion during a
seismic event.

The requirements for the design were adequately covered in
Gibbs and Hill Specifications MS-46A and MS-100. Two primary
vendors were responsible for the design and supply of the
above components and assemblies.

. _ _ _ _ _ _ _ _ _ -
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Construction personnel were provided with training to site
procedures CP-CPM-9.10 and CP-CPM-9.10A, which delineated the
requirements for the requisitioning, fabrication and
installation of the subject supports.

Quality Control was charged with the responsibility of
inspecting each support assembly in accordance with inspection
procedure QI-QAP-11.1-28. This procedure clearly delineated
the requirements for the angular tolerance of the installed
assemblies. Each inspection was to be documented to show
satisfactory completion of the aforementioned requirements.

Once. inspections were completed and the system construction
was accepted by Quality Control, the system was turned over to
TUGC0 Startup. Startup's responsibility.was to test the

g'- system and ensure that all components were set in accordance
with established operating parameters. A review of
documentation indicated no adjustment by Startup of the
specific assembly on which the construction deficiency was
identified.

Upon satisfactory completion of startup activities, the system
was turned over to the Operations group. This group is
responsible for the actual system operation. During the
operation of the system (main steam) an unusual event
occurred. This event, caused by the inappropriate cycling of
a control valve, created a water hammer. The water hammer in
turn caused the system to " jump". The end resul'c was that
multiple clamps were shifted out of alignment, and damage
occurred to several support assemblies (including the snubber
on the subject support). The Operations group replaced the
damaged snubbers but failed to readjust the rotated pipe
clamps to meet established engineering requirements.

The requirement to readjust pipe clamps to satisfy the
angularity criterion was included in descriptive material in -

the operations traveller but was not included in an
accompanying checklist to be used by construction and QC. The

,

traveler, with angularity omitted from the checklist, led
directly to the inadequate implementation of engineering

i

!
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requirements when replacing the damaged component. The
procedure that guided preparation of the operations traveler
was reviewed and found not to require that all engineering
requirements be specifically included as checklist items in
the traveler. This less-than-adequate traveler preparation

procedure, applicable only to work on pipe supports, was
determined to be the root cause of the construction
deficiencies.

Generic Implications

The generic implications of the found root cause extend to all
attributes impacted by replacement or modification activities
by Operations for all three pipe support populations.

Summary

The root cause for angularity has been determined to be a
less-than-adequate Operations traveler preparation procedure,
applicable only to work involving pipe supports.

The generic implications of the found root cause extend to all
attributes impacted by replacement or modification activities
by Operations for all three pipe support populations.

The recommended corrective action for this item is given in
Section 4.3. .

3.4 Fasteners

Root Cause

Broken cotter keys on snubber assemblies were identified as a
construction deficiency that could cause the supports not to
perform their intended function.

The hardware involved consists of vendor-supplied components
that utilize snubbers to control dynamic movement in the
piping system.

The requirements for the design of the hardware were
adequately covered in Gibbs & Hill Specification MS-46A and
MS-100.

.__ __ -____ - ____ -_ _
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Cotter keys were supplied by pipe support vendors with each
assembly. Additionally, extra cotter keys were ordered to
allow for change out and/or modifications that required the
removal of the cotter keys.

The vendors supplied adequate installation instructions
covering the use and installation of cotter keys.

The construction craft were provided training to site

| procedures CP-CPM-9.10 and CP-CPM-9.10A, which delineated the
requirements for the requisitioning, fabrication, and
installation of the subject supports. Once the support has
been QC-accepted, however, the instructions permit the removal

O and/or replacement of cotter keys without a reinspection.
\,_)) Removed cotter keys are to be reused provided they pass a
t

visual inspection for damage.

| Quality Control was charged with the responsibility of
inspecting each support assembly in accordance with inspection
procedure QI-QAP-11.1-28. The procedure defined the
requirements that all fasteners should be in place and secure
and that cotter keys, in particular, should be fully opened.

Once inspections were completed and the system construction
was accepted by Quality Control, the system was turned over to
Startup. Included in the startup activity was the removal of j

snubbers for verification of proper stroking and'
'

reinstallation of snubbers. This involved removing and

replacing the cotter keys. The Startup procedures emulated
those for construction by not requiring QC involvement for the

|
removal and replacement of cotter keys and by recommending
reuse of removed keys that passed a visual inspection.

Upon satisfactory Startup completion, the system was turned
over to Operations. The Operations group also performs
maintenance on turned-over plant equipment. Their procedure
also delineates requirements for snubber maintenance,
including a requirement that QC inspect all work performed for

f-~w removal and replacement of cotter keys.

|
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The primary root cause of this problem is determined to be
less-than-adequate construction workmanship related to
construction and Startup procedures that allowed additional
work to be performed once an item was QC-accepted without
further reinspection. No one construction craft could be
identified as responsible for the condition noted, as the
procedure allowed anyone performing work on the component
support to remove or replace these items without subsequent QC
inspection.

Generic Implications

i

The generic implications of broken cotter keys on snubber
assemblies extend to all activities impacting the installed
hardware condition that are not monitored by quality control
as a result of less-than-adequate procedures. ,

Following review of the procedures, it was concluded that most
attributes (e.g. , configuration, location, welding) would
never be changed without QC monitoring. The generic
implications were determined to extend to bolting (Attribute
4) and vendor-supplied components (Attribute 8) for all three
pipe support populations.

TU Electric has initiated a comprehensive review of training
and procedure as a part of the Hardware Validation Program
(HVP). As the HVP will reinspect the implicated attributes
and correct as necessary, the above implications'will be
adequately addressed.

Summary

Broken cotter keys were found to be a construction deficiency
that resulted from inadequate construction workmanship related
to construction and Startup procedures that allowed additional
work to be performed on QC-accepted component supports without
further reinspection.

The generic implications were determined to extend to bolting
(Attribute 4) and vendor-supplied components (Attribute 8) for
all three pipe support populations.

The recommended corrective action is given in Section 4.4.

_ _ _ -
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4.0 RECOMMENDATIONS

4.1 Components

Based on findings associated with spring cans, it is
recommended that the adjustment on vendor-supplied components
be reverified. This recommendation may be performed during
the startup and preoperational phase of the plant.

Startup procedures for pipe support component adjustment
should be revised to ensure that an adequate

,

fStartup-construction interface exists. This interface should
provide for Startup issuing written instructions defining the
work required and the criteria to which the work will be
performed (e.g., construction procedures, traveler inspection
provisions, etc.). Construction should be instructed to

. ) perform work only to procedures invoked by written+

/ instructions. Quality Control should inspect the activities
as appropriate.

4.2 Locking Devices

Based on findings associated with the attribute of bolting, it
is recommended that suitable locking devices be installed on
vendor-supplied components that cannot be identified as having
high-strength bolting for all pipe support populations. The
high-strength bolting utilized on vendor-supplied components
must be torqued to an acceptable preload to be exempt from the
locking device criteria. ,

Procedures and specifications should be reviewed and made more
specific as necessary to ensure that the minimum code
requirements as adopted by the Project for locking devices
on component supports have been met and are verified by
documented QC inspections.

Supporting documentation should also be updated to ensure that
accurate identification of material type can be made for any
high strength bolting that will not require locking devices.

.
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4.3 Angularity

Based on the findings associated with snubber angularity, it
is recommended that a walkdown of vendor-supplied components

be performed to ensure that no binding or excessive offset
exists (i.e., verify that angularity meets design
requirements). The scope of the walkdown program should be
extended to address the generic implications within the three
populations by verifying that potentially impacted
safety-related design requirem~nts are satisfied.e

Operations should review its procedure for the preparation of
operations travelers that apply to the replacement or

'

maintenance of pipe supports to ensure that engineering
specification requirements for installation are included as
specific items on the checklist.

4.4 Fasteners

Based on findings associated with the use of cotter keys on
vendor-supplied components in all pipe support populations, a
walkdown of vendor-supplied components and bolting should be i

performed; missing or broken cotter keys should be replaced
and loose bolts should be tightened. Further, construction

and Startup procedures should be changed to require QC '

verification of work or rework affecting bolting or fasteners !

on vendor-supplied components. -

4.5 Ongoing Corrective Action Activities

TU Electric has initiated the HVP, which will provide
corrective action for the findings discussed in this Results

Report. In addition, TU Electric has elected to review other
areas of pipe support construction to address potential
generic implications beyond the scope of specific third-party
findings.

TU Electric has also initiated the Pipe Stress / Support
Requalification Program to verify the pipe support design in
conjunction with the HVP inspections.

1___-_______-_a
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5.0, CONCLUSIONS

Based on the findings of the reinspection and' documentation reviews
and satisfactory implementation of the'above recommendations and
the applicable recommendations in the ISAP I.d.1 Results Report,
there is reasonable assurance that the hardware-in this

'construction' work activity is adequately. installed in conformance
with the design. Conclusions for concrete expansion anchors and
for concrete. inserts.are separately stated in the Results Report-
for ISAP VII.b~.4 and Appendix 33..

O .
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Table 26-1

Summary of Reinspection Results
Large-Bore Pipe Supports - Non-Rigid

Deviation Type

Number of
Inspection Number of Insigni- Construction

Attribute Points Deviations ficant Notable Deficiency
,

1. Identification of
Support 183 15 15 0 0

2. Location and
Orientation of Support
Assembly 164 5 5 0 0

3. Configuration of
Support Assembly 9,020 108 107 0 1

!

4. Bolting of Support
Structure 1,686 130 6 0 2*

5. Concrete Inserts 92 6 [A] [A] [A]

6. Welding of Components 18,540 66** 66** 0 0

7. Installation of
'Concrete Expansion

Anchors 4,875 39 [B] [B] [B]

8. Installation of
Vendor-supplied i

Components 2,331 12' 100 20 3[C] |

TOTALS 36,891 493** 299** 20 6*

One of this number represents a generic DR for 123 deviations.*

** This number includes a Program Deviation Report (PDR-04).
[A] See Appendix 33 for Combined Results.
[B] See ISAP VII.b.4 Results Report.

[C] One unclassified deviation is included with the construction deficiency fo-
loose / broken keys in Appendix 25.
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Table 26-2

Summary of Documentation Review Results*
Large-Bore Pipe Supports - Non-Rigid

Deviation Type

Number of
Review Number of Insigni-

Attribute Points Deviations ficant Notable

9. Review of Drawings
used in Reinspection 164 0 0 0

10. Welding of Components 1,148 2 2 0

/''' 11. Installation of
(m,) Concrete Expansiun

Anchors 1,625 2 [B] [B)

12. Material Traceability 7,780 50 50 0

13. Installation of
Vendor-supplied
Components 234 0 0 0

TOTALS 10,951 54 52 0
.

[B) See ISAP VII.b.4 Results Report.

* QC Inspector Certification review points and deviations are excluded from
the totals and the QC deviations are not classified because the results of
I.d.1 indicate that these deviations do not relate directly to actual
inspector qualifications.

Ov

_ _____
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Small-Bore Pipe Supports

1.0 REVIEW PROGRAM IMPLEMENTATION

1.1 Construction Work Category Description

The construction work category of small-bore pipe supports is
comprised of all safety-related pipe supports (rigid and
non-rigid) for piping systems 2 inches and smaller in
diameter, except those for instrument pipes or tubes.

1.2 Population Size and Sample Selection

For this construction work category, a population of
approximately 8,000 items was identified as QC-accepted as of
the date of this reinspection effort. Reinspection and
documentation reviews were performed for a total of 78 ;

''') accessible items. Of these, 62 first sample items were

y,,/ randomly selected from the population to ensure that 60
reinspection or documentation reviews of each attribute were
performed except as noted below:

1. Concrete inserts - The reinspection results are
combined with those from other populations on a
proportional sampling basis to achieve the required ;

'

sample size. Refer to Appendix 33 for the combined
results.

2. Concrete expansion anchors - The rein:pection and
document review results are combined with those from
other populations on a proportional sampling basis to
achieve the required sample size. Refer to
Issue-Specific Action Plan (ISAP) VII.b.4 for the
combined results, j

|

3. ASME bolting, ASME welding and vendor-supplied
components - The reinspection and document review
results are combined with those from the other pipe
support populations on a proportional sampling basis to
achieve the required sample size. The results are
discussed in each pipe support appendix and are trended
with respect to all three pipe support populations.

(m An additional 16 second sample items were randomly selected to
'- ensure that at least 60 safe-shutdown hardware items were

reinspected or reviewed.

| ..
- _ _ _ - _ _ _ -
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1.3 Attributes Selected

Sample items were reinspected for the following attributes:

Attribute 1 - Identification of support assembly

Attribute 2 - Location and orientation of support assembly

Attribute 3 - Configuration of support assembly

Attribute 4 - ASME bolting for support structure

Attribute 5 - Concrete inserts

Attribute 6 - ASME welding of components

Attribute 7 - Installation of concrete expansion anchors

Attribute 8 - Installation of vendor-supplied components

Sample item documentation was reviewed for the following
attributes:

Attrit.ute 9 - Documentation of inspection drawings

Attribute 10 - ASME welding documentation

Attribute 11 - Concrete expansion anchor installation
documentation

Attribute 12 - ASME material traceability documentation

Attribute 13 - Vendor-supplied component installation
documentation

Attribute 14 - QC Inspector certification

1

0
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2.0 DISCUSSION OF RESULTS

2.1 Summary of Result

For reinspection, 65 Deviation Reports were issued describing
128 deviations. Approximately 14,131 inspection points were
encountered in performing the reinspection. See Table 27-1
for results of the reinspection.

In the documentation review, seven Deviation Reports were
issued describing eight deviations. Approximately 4,576
review points were encountered in performing the documentation
reviews. See Table 27-2 for results of documentation reviews.

Documentation review deviations related to inspector

certification have not been included in the af orementioned
totals. As discussed in Section 2.3.6, it has been determined
that these deviations do not necessarily relate directly to
actual inspector qualifications. These deviations were
considered in the ISAP I.d.1 evaluation together with

supplemental information as necessary to determine actual
inspector qualifications. The 1 SAP 1.d.1 conclusions are
summarized in Section 2.3.6.

In the eight reinspection attributes of the population, there
were two construction deficiencies and one adverse trend
identified:

1) Attribute 3 - Configuration of support assembly:

Adverse trend for gags between pipe and sppport
structure. This adverse trend also applies to the
Large Bore Pipe Supports - Rigid population. See

Section 2.2.3 for discussion of this attribute.

2) Attribute 4 - Bolting for support structure:
Construction deficiency for inappropriate Locking

Devices. This construction deficiency also applies to
the Large Bore Pipe Supports - Rigid and Large Bore
Pipe Supports - Non-Rigid populations. See Section
2.2.4 for discussion of this attribute.

3) Attribute 8 - Installation of vendor-supplied
components: Construction deficiency for unsecured
spring can fasteners on vendor-supplied components.
See Section 2.2.8 for discussion of this attribute.

- _ . _ _ . _ _ __ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ ._
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In the five documentation review attributes of this population
(excluding QC inspector certification), seven of the
documentation review deviations were determined to be
insignificant and one was referred to 1 SAP VII.b.4 for

;

evaluation.'

2.2 Analysis of Reinspection Results

This section provides, by attribute, a discussion of the
reported deviations, an analysis of the effect the deviations
have on the functional and system capability of the small-bore
pipe supports, and an analysis of the deviations for the
presence of trends. The function of pipe supports is to
trovide for and to control the free or intended movement of
the piping configuration due to applied system loads and >

co.'ditions, while preventing unintended movements.

2.2.1 Attribute 1 - Identification of Support Assembly

Small-bore pipe supports are required to be marked with
unique identification, which is given on the design
and/or hanger location drawing. Additionally, all
integral attachments are required to be marked. In the

82 inspection points, seven deviations were reported.

Six deviations were reported where no identification
markings were found. An evaluation revealed that the
supports involved had adequate documentation to provide
evidence that the component structures had been
correctly identified, inspected and accepted by the l

onsite QC group. Therefore, the deviations were
determined to be insignificant.

One deviation was reported in which the number on the
support was different from that specified in the design
documents. An evaluation of pipe support documentation
determined that the incorrect number was a result of !

substitution of material from previously deleted
supports. Although the number was incorrect,
appropriate material had been correctly installed
and inspected. Therefore, this deviation was

|

determined to be insignificant.'

______-_ -
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If these types of deviations were to exist in the
uninspected portion of the population, a construction
deficiency would not result because the QC inspection
program adequately documented each inspection without
relying upon identification numbers. The documentation
provides positive traceability to material utilized in
the construction of each support. No adverse trend was
identified.

2.2.2 Attribute 2 - Location and Orientation of Support
Assembly

Small-bore pipe supports were required to be located
and oriented in accordance with the design drawings. In

(''x 156 inspection points, three deviations were reported
( ,) on location and no deviations on orientation.

The three deviations were reported where dimensions
ranged from 1/4 to 2 inches beyond the allowable
tolerance of plus or minus 2 inches. Evaluations of
the deviations were performed to derermine if the
location of the supports had any effect on the piping
systems. In all cases it was determined that the
supports met design requirements and system stress
changes due to the difference between design and actual
support location were judged to be neg.11 1ble.3
Therefore, the deviations were determined to be
insignificant. ,

If these types of deviations were to exist in the
uninspected portion of the population, it is unlikely
that a construction deficiency would result. This is
because the initial installation tolerance on small
bore pipe supports was 6 inches, and no support was
measured to be outside this range. The errors found
were attributed to drawing recording errors that
occurred during the as-built walkdown where the tighter j
tolerance was 2 inches. This tolerance was used in the
reinspection process and is conservative in relation to
construction tolerances. No adverse trend was j

7- s '

(} identified.

|

~ ~ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _
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2.2.3 Attribute 3 - Configuration of Support Assembly

The attribute of configuration addresses components,
component installation, gaps, grouting of base plates
and base plate surface contact. In the 3,256

inspection points, 40 deviations were reported. The
results are discussed below. No deviations were
reported for baseplate surf ace contact.

Components

Installed components were required to be listed in the
bill of materials and to meet dimensional requirements
specified therein. In 1,824 inspection points, three
deviations were reported.

OOne deviation was reported where a piece being used as
a shim was shorter than required. An evaluation showed
that there was no reduction in the support's capacity
as the critical dimension is not the shim length but
the gap between the pipe and the supporting member.
The support area in compression, should the pipe bear
against *ha shim, remains unchanged. As such, the
deviation was determined to be insignificant. If this
type of deviatism were to exist in the uninspected
portion of the population, it is unlikely that a
construction deficiency would result based on the above
evaluation. No adverse trend was identiffed.

One deviation was reported for installation of a base
plate that was larger than specified on the design
drawing. As the maximum design loading was 13 pounds,
and as the center-of-bolt hole to edge-of-plate
distance was greater than the required minimum, the
baseplate bending stresses and bolt tensile stresses
are acceptable. The added material resulted in
increases in the plate's perimeter, providing added
resistance to prying that would result from moment
loadings. Therefore, the deviation was determined to

be insignificant. If this type of deviation were to

O



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

Revision: 1 ,

Page. 7 of'38 I

( RESULTS REPORT

ISAP VII.c
(Cont'd)

Appendix 27
(Cont'd)

2.0 DISCUSSION OF RESULTS (Cont'd)

exist in the uninspected portion of the population, a
construction deficiency could not result based on the
above evaluation. Conversely, an inadvertent reduction
in baseplate size ~ was judged to be unlikely to exist in
the uninspected portion of the population since no
deviations were reported that had not_been evaluated by
the Engineer. No adverse trend was identified.

One deviation was reported for an additional washer
being installed where it was not called for on the
drawing or the bill of materials. This deviation was
not evaluated and was determined to be unclassified
because a similar. deviation in Appendix 25, "Large-Bore
Pipe Supports - Rigid," was determined to be as

O construction deficiency that is also applicable to the
Small Bore Pipe Supports population. A recommendation
that all supports having vendor-supplied components be
inspected for the correct material is contained within
that Appendix.

Component Installation

All components used in the construction of each support
are to be installed within the tolerances.given in the
construction procedures.

In 968 inspection points, 21 deviatica ;ere reported.
Seventeen deviations consisted of base plate attachment
locations that were out of tolerance by 1/8 to 7/8
inch. Four deviations consisted of extra holes in the
base plate.

Evaluations of the attachment location deviations were
completed by using the actual configurations in
calculating the loads and moments. Reductions to the
net sections because of any extraneous holes were made
in evaluating the capacity of the actual configuration
of the base plates. In each case, the results were

that the reduction in capacity was less than ten
percent. Therefore, the deviations were determined to
be insignificant. If these types of deviations were to

_ _ - _ _ _ _ _ - -
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exist in the uninspected portion of the population, it
is unlikely that a construction deficiency would
result. This is because small variations in component

attachment locations or net sections like the ones
discussed above are very unlikely to ever result in
stress increases that would approach maximum allowable
stresses in small bore piping supports, which by design
are lightly loaded. No adverse trend was identified.

Gaps

Gaps were specified on the design drawings as
minimum /maximus dimensions between the pipe and the
supporting members. The gap requirements are given
below.

For pipo runs in the horizontal position, no gap was
allowed between the bottom of the pipe and the

supporting member unless specified on the design
documents. The gap between the top of the pipe and the
supporting member was required to be a minimum of 1/32
1,nch up to a maximum of 1/8 inch. The cumulative gap

between the side of the pipe and the supporting members
was required to be no less than 1/16 inch and no
greater than 3/16 inch.

For pipe runs in the vertical position, the cumulative
gap between the sides of the pipe and the' supporting
members was required to be no less than 1/16 inch and
no greater than 3/16 inch in each of two directions.

In 239 inspection points, 16 deviations were reported.
Of these, 10 deviations were reported for pipe runs in
the horizontal position where the gap on the bottom is
greater than zero. Four deviations were reported for
pipe runs in the horizontal and vertical positions
that have cumulative gaps on opposite sides of the pipe
that were less than 1/16 inch. Two deviations were
reported for a gap exceeding the maximum allowable and
a gap less than minimum specified on detail drawing.
The evaluation of these deviations is discussed below.

. _ _ _ _ _ _ _ _ _
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Four deviations were identified for cumulative gaps on
the sides of the pipe that are less than the minimum
1/16 inch. Two of the deviations were reported for a
cumulative gap of 1/32 inch, while the other two found
the cumulative gap to be zero. Evaluations showed that
the piping displacements are negligible and that the
radial expansion and pipe stresses are also within
allowable limits in all four cases. As the evaluation
showed that a zero gap on two of the above deviations
has only a negligible effect, these deviations were
determined to be insignificant.

A trend was identified based on the four deviations
within the sample.s s

The trend for gaps was determined to be adverse based
on the estimated likelihood of this type of deviation
(no gap) occurring in the uninspected portion of the
population for a support that is subject to a
requirement to accommodate axial movement of the piping
due to increased system temperatures and pressures.
For such a support, should binding occur in an
undersized gap as the pipe tried to move axially, the
resultant stresses could e,ueed allowables and a

construction deficiency would result. (For root cause
and generic implications analysis of this adverse trend
for gags see Section 3.1.) ,

The ten deviations where the gap on the bottom of the
pipe was greater than zero had gaps that ranged from
1/100 to 1/10 inch. An evaluation on one deviation
considered deadweight stresses and loads, as the sum of
the gaps between the top and bottom of the pipe was
within design tolerances in each case. Because the gap
dimension falls within these tolerances, it does not

affect thermal or dynamic loads and stresses.
Evaluation of dead weight stresses and loads on the
adjacent supports found that the system would be
adequately supported. The other nine deviations were

f'_) not evaluated and were determined to be unclassified
\,_/ due to the adverse trend identified above and a

recommendation for corrective action that applies to
supports having gaps in the Small Bore Pipe Support
population.

- _ _ _ _ - -
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Two deviations were reported on the same support for a
gap dimension exceeding the maximum allowable and a
specified minimum on the detail drawing gap dimension
being less than required. These deviations were also
not analyzed and determined to be unclassified as they
are also encompassed by the identified adverse trend.

2.2.4 Attribute 4 - Bolting for Support Structure

The attribute of bolting addresses thread engagement,
surface contact, tightness, locking devices, and U-bolt
installation.

In 231 inspection points, 33 deviations were reported.
Two deviations concerned surface contact, one concerned
thread engagement and the balance were on locking
devices. The deviations on locking devices were
combined into one generic deviation. No deviations
were reported on tightness or U-bolt installation.

Surface Contact
|

Bolting was required to have surface contact with the
joined structural members. Of 90 inspection points,
two deviations were reported for a 1/32 to 1/16-inch
gap between the bolted surface and the nut on a U-bolt.

An evaluation showed that the gap is due to the
U-bolt's tendency to slip down as a result of gravity.
This slippage is caused by the gap between the top of
the pipe and U-bolt. This evaluation also showed that
the U-bolt could perform its intended safety function
when loadings are applied in the vertical direction.
Therefore, this deviation was determined to be
insignificant. If this type of deviation were to exist
in the uninspected portion of the population, it is
unlikely that a construction deficiency would result
based on the above evaluation. No adverse trend was
identified.

O

_
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Thread Engagement

All bolts, studs, or threaded rods were required to
have either full thread engagement in the nut (or
plate) or the minimum engagement specified on the
design documents. In 45 inspection points, one
deviation reported a U-bolt with the required thread
engagement but with a total thread length shorter than
shown on the drawings.

The evaluation of this U-bolt concluded that the nuts
were fully engaged on the bolt thread and that no
impalrment to the functional capacity of the U-bolt
wculd result. Therefore, the deviation was determined

(,,, n to be insignificant. If this type of deviation were to
\s / exist in the uninspected portion of the population, a

construction deficiency would not result based on the
above evaluation. No adverse trend was identified.

Locking Devices

All threaded fasteners, except for those preloaded
fasteners made of high-strength bolting material, were
required to be provided with locking devices. These
locking devices could be lock nuts, jam nuts, drilled
and wired nuts or any other engineering-approved
device.

.

In 45 inspection points, 30 deviations were reported
for inappropriate or missing locking devices. As all
occurrences were similar in terms of potential safety
func'. ion importance, a single evaluation was performed
to cover all deviations.

The evaluation considered ASME B&PV Code Section III,
Subsection NF, Para. NF-4725, which provided the
acceptance criteria requiring the use of a locking
device to prevent loosening of the nut,

r''N The loosening of a nut on a bolt or stud for a
( _,) small-bore support could result in redistribution of

_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _
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support load paths with resultant overstress
conditions. It was determined that the use cf
inappropriate locking devices or the lack of locking
devices thus could result in a support not being able
to perform its intended function at some later point in
time. Therefore, this deviation was determined to be a
construction deficiency. (For root cause and generic

implications analysis of this construction deficiency
for locking devices, see Section 3.2.)

2.2.5 Attribute 5 - Concrete Inserts

Concrete inserts were reinspected to determine if bolts
(or threaded rods) inserted into them had engagement of
at least two times the bolt diameter plus 1/8 inch. In

four inspection points, no deviations were reported.

The combination of the results in this report and the
results for this attribute reported in Appendices 19,
25, 26 and 29 is covered in Appendix 33. Appendix 33
provides an analysis of the results and an evaluation
for trends.

2.2.6 Attribute 6 - ASME Welding of Components

The attribute of ASME welding addresses location, weld
size and length, profile, reinforcement, undercut,
surface condition, weld crown, offset, cracks, lack of
fusion, porosity (of the integral attachments) and
rust (for stainless steel). In the approximately 7,470
inspection points, 15 deviations were reported on
location, undercut and weld size and length.

Location

Weld location was required to be as shown on drawings
and associated design documents. In 747 inspection

points, one deviation was reported where a weld ;

location did not correspond to design documents.

O

,

--______a
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The deviation was reported for a weld.that was to be
centered on the baseplate but was installed 1/2 inch
off center. An evaluation for this support showed a
reduction in capacity of less than five percent with a j

remaining design margin of approximately 51 percent. |
This deviation was determined to be insignificant.- No

adverse trend was identified.

Weld Size and Length

Weld size and length was required to meet or exceed the
minimums specified on design documents.

In 1,494 inspections, 13 deviations were reported.
3

The deviations concerned undersize conditions ranging
from 1/32 to 1/16 inch for 20 to 100 percent of the
weld length or unclear instructions to the welders.
One additional deviation consisted of a Program
Deviation Report (PDR-04) for proper specification of
weld length on tubular members.

)

Evaluations of the deviations were accomplished by
using the actual field configurations of the welds in
calculating allowable load capacities. Evaluations-
showed the field conditions to be acceptable. The
welds were assumed undersize for their entire length
when the deviation was only on a portion bf the weld or
the weld was omitted for calculative purposes. This
conservative approach significantly over emphasizes the
effect of the deviations. Therefore, these deviations
were determined to be insignificant. If this type of
deviation were to exist in the uninspected portion of

the population, it is unlikely that a construction
deficiency would result. This is based on conservative
analyses that showed remaining margins to be between 40 g

'

and 99 percent for the welds. The sample velds are
representative of the balance of the population.
Therefore, deviating welds similar to those observed 1

( would also have sufficient remaining margin. No !
i adverse trend was identified. I

i
1

1

.
__..__.._____________ _ w
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In the course of evaluating the construction adequacy
of welding it was found that the Engineer had not
issued complete instructions regarding the length of
tube-steel-to-tube-steel or tube-steel-to-structural
member welds. Engineering design calculations gave
weld lengths that were not adequately transferred to
design drawings. This condition was reported on QA/QC
Program Deviation Report (PDR-04). This PDR was
evaluated to be a QA/QC Program deviation.
Construction properly followed drawing instructions,
resulting in welds-that did not provide the length
required by the design. The adequacy of this condition
is being evaluated by the Engineer in the Pipe
Stress / Support Requalification Program.

Undercut

The maximum undercut allowed by code on a weld joint is
1/32 inch. In 1,494 inspection points, one deviation
was reported for undercut of 3/32 inch.

The evaluation of this deviation was conducted by
assuming that the portion of the weld affected by the
undercut was missing. The analysis showed that the
support would perform its intended function under these
conservative assumptions as the amount of weld actually
needed to meet design requirements was less than that
installed in the field. Therefore, this heviation was
determined to be insignificant from the standpoint of
weld strength. If this type of deviation were to exist*

in the uninspected portion of the population, it is
unlikely that a construction deficiency would result.
This is because further evaluation showed that
undercuts, which do reduce base metal thickness of the
members being joined, do not affect the structural
load-carrying capacity of the weld. Minimal spot
reductions on the order of magnitude of 3/32 inch for
similar members being joined would have little or no
effect on the load-carrying capability of the support
structure as the deviations O

.
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exhibited no sharp discontinuity that could create
stress risers and lead,to potential fatigue failure.
This conclusion was determined to apply to the range of
metal thicknesses of concern in the three pipe support
populations. No adverse trend'was identified.

2.2.7 Attribute 7 - Installation of Concrete Expansion
Anchors

The attribute of installation of concrete expansion
anchors addresses size, length, type, embedment,
spacing, angularity, nut engagement, nut bearing, and
concrete damage. In the 2,580 inspection points, 17
deviations were found for the characteristics of
length, type, embedment and spacing. The results of

O- analyses of these deviations and analyses for adverse
trends are reported in ISAP VII.b.4, "Hilti Anchor Bolt

.

Installation", Results Report.

2.2.8 Attribute 8 - Installation of Vendor-supplied

Components

The attribute of installation of vendor-supplied
components includes-inspection of pre-engineered
assemblies of snubbers, sway struts, and spring cans to
ensure that they meet design criteria as documented for

| each specific assembly discussed below. In the 352
inspection points, thirteen deviations were reported.

A. Snubbers

Snubber installations were inspected to verify that all
the various components that make up the assembly meet
the requirements set forth in the design documentation.
These requirements address angularity, snubber length,
clamp spacers, extraneous material, bearing spacers,.
eye rod thread engagement, binding / offset, and
fasteners. In 108 inspection points, two deviations
were reported for snubbers involving extraneous
material on spherical bearings. Spherical bearings are

(. required to be free from extraneous material (dirt, |

I

|

L _ _ _ _-_ _ ___ - _. _- _. i_
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paint, and foreign matter) that could impair their
rotation within the eye rod. Extraneous material on
spherical bearings might limit or stop rotation of the
snubber assembly and, therefore, limit or stop pipe
movement, or it could cause the spherical bearing to
become dislodged at the clamp or bracket ends. A field

investigation found that the bearings were properly
engaged and that the extraneous material did not
interfere with bearing rotation and pipe movement.
Therefore, these deviations were determined to be
insignificant. No adverse trend was identified.

B. Sw y Struts

Sway strut installation was inspected to verify that
all components that make up the assembly neet the
requirements set forth in the design documentation.
These requirements address angularity, pipe clamp
spacers, absence of extraneous material, bearing
spacers, jam nuts, eye rod thread engagement,
binding / offset, and fasteners. In 181 inspection

points, ten deviations were reported. No deviations
were reported for angularity, binding / offset and

| fasteners.

Pipe Clamp Spacers

Pipe clamp halves are required to have th$e appropriate
I spacer installed to ensure proper alignment on the pipe,

and to prevent overstress of the load pin. In 36
inspection points, three deviations were reported where
the pipe clamp spacer was inappropriately installed.

l
Evaluations of the deviations were performed to
determine the effect the clamp spacers have on the

I bending stresses in the load pin. The analyses showed
that the bending stresses in the load pins were less
than allowables in each case. However, there was a

reduction in capacity of as much as 30 percent.
Therefore, these deviations were determined to be
notable.j

1

_ _ _ _ _ -
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However, a similar deviation has been determined in
Appendix 25, "Large-Bore Pipe Supports - Rigid" to be a'

construction deficiency that extends to the small bore
pipe support population. A recommendation that all
pipe clamps be inspected for the correct clamp spacer
is contained within that Appendix.

Extraneous Material

Spherical bearings are required to be free of
extraneous material (dirt, paint, and foreign matter)
that could impair the bearings rotation within the eye
rod and cause-it to be dislodged. -In 14 inspection
points, four deviations were reported for paint on
bearing surfaces.

Extraneous material on spherical bearings might limit
or stop rotation of the sway strut assembly and
therefore limit or stop pipe movement, or it could
cause the spherical bearing to become dislodged at the
clamp or bracket ends. A field investigation found
that the bearings were properly engaged and that the
paint did not interfere with bearing rotation and pipe
movement. Therefore, these deviations were determined
to be insignificant.

If this type of deviation were to exist in the
uninspected portion of the population, it is judged
to be unlikely that sufficient paint could have been
applied, given the configuration and the painting
process, to cause bearing binding and thus result in a
construction deficiency. No adverse trend was
identified.

The Engineer has reassessed the application of paint on
spherical bearings and found that..provided the bearing
can rotate within its housing, it is an acceptable
condition. The Engineer has elected nevertheless to
verify bearing rotation during the ongoing Hardware
Validation Program (HVP) (See Section 5.0).

t

_ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _
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Bearing Spacers

Bearing spacers were required to be installed in the
rear bracket and/or clamp. The resultant gap is
required to be less than the thickness of the thinnest
installed spacer. In 28 inspection points, one
deviation was reported where the resultant gap of
1/16 inch was equal to the thinnest spacer.

An evaluation showed that, based on vendor design
documentation, the staking of a spherical bearing is
sufficient to prevent bearing disengagement.
Nevertheless, the bearing spacers provide a backup
mechanism to prevent complete disengagement even if
staking should fail, provided that the distance between
the clamp halves is not greater than three times the
thickness of the bearing. It was observed that for all
sway strute inspected, the distance between the clamp
halves was less than or equal to three times the
bearing thickness. Therefore, this deviation was
determined to be insignificant.

If this type of deviation were to exist in the
uninspected portion of the population, a construction
deficiency would not result based on the evaluation
provided above. No adverse trend was identified.

Based on the generic implications related to gaps

(Section 3.1) it has been determined that the
installation of bearing spacers is sufficiently
non-routine to entail the risk of impacting the support
function should a bearing become dislodged. While the
vendor states that the spacers are not required, it is
good engineering practice to install such spacers.
Under the HVP program, bearing spacers that do not meet
requirements will be identified and appropriate
corrective action taken on vendor-supplied components.

Jam Nuts

Eye rod jam nuts were required to be in contact with
the sway strut body and to be snug tight.

-- . -- - _ , _ _ _ _ _
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In 14 inspection points, one deviatio'n was ' reported for
an eye rod j am nut that was loose and backed of f from
the strut body approximately 5/8 inch.

When the threaded connection of the strut to the eye
rod is subjected to sustained loads, it creates a
friction force between bearing surfaces that is
sufficient to resist slippage. A jam nut is provided
to place the threaded connection parts in compression
for resistance to external applied loads, and to
' maintain a friction force between the parts to resist
slippage.

The purpose of the strut used in this application is tofs( ) provide lateral support to a cantilever support frame.
The analysis showed that a 3/16 inch lateral deflection
of the support frame will occur before the strut
becomes active. This deflection will not cause
excessive stress in the piping or support system. As

;

! the functional capability of the support is not
affected assuming the sway strut inactive for an
initial 3/16 inch deflection, this deviation was
determined to be insignificant.

However, a similar deviation (where sway struts are
i

used as a direct connection to piping) has been'

determined in Appendix 25, "Large Bore Pipe
Supports - Rigid" to be a < 7struction deliciency that
implicates the small-bore y!;e support population. A
recommendation that jam nuts on pipe supports in this
population be inspected is contained within that
Appendix.

Eye Rod Thread Engagement

Eye rod thread engagement was required to be verified
by looking through the sight hole provided in the sway
strut body or by examining a star stamp in the
proximity of the connection. In 14 inspection points,

,

;jone deviation was reported for a sway strut that has no
g

sight hole or star stamp.

L _ _-__ - ____ _ _
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The maximum eye rod extension that will maintain
adequate eye rod thread engagement was calculated using
dimensions from vendor documentation. The existing rod
extension for the deviating assembly in the field was
found to be less than the maximum allowed. The
capacity of the eye rod is based on the maximum thread
extension of 1-3/4 inches. As the field data confirms
adequate eye rod thread engagement, this deviation was
determined to be insignificant.

If this type of deviation were to exist in the
uninspected portion of the population, it is unlikely
that a construction deficiency would result. This is
because sway struts were found to be fabricated such
that the thread extension cannot exceed the maximum due
to staking of the eye rod threads during fabrication.
No adverse trend was identified.

C. Spring Can Supports

Spring can installation was inspected to determine
whether all the various components making up the
assembly met the requirements set forth in the design
documentation. These requirements include size, beam
attachments, thread engagement, travel stops, absence
of extraneous materials, angularity, and fasteners. In

63 inspection points, one deviation was reported for an
unsecured fastener.

All fasteners on spring can assemblies were required to
be in place and secure. In 14 inspection points, one
deviation was reported for an unsecured fastener on a
turnbuckle assembly.

The primary function of this spring can support is to

| prevent the overstressing of the pipe and cooling coil
nozzle by supporting deadweight loads during operating
conditions.

The unsecured turnbuckle fastener could result in
eventual slippage, due to loading effects, of the

|

,

_ _ _ _ . _ . _ _ . . . _
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chilled water system piping under plant operating
conditions. The spring setting could be altered to the
point that the support would no longer be carrying the
design weight dead load. As the support would no
longer be performing its intended function, the
unsecured fastener was determined to be a construction
deficiency. (For root cause and generic implications
analysis of this construction deficiency for spring can
fasteners, sae Section 3.3.)

2.3 Analysis of Documentation Review Results

This section provides, by attribute, a discussion of the
g--)g documentation review deviations and an analysis of the effect(

of the deviations on the ability of the collected evidence to''

provide reasonable assurance that small bore pipe supports are
adequately installed.

2.3.1 Attribute 9 - Documentation of Inspection Drawings

Pipe support inspection packages were reviewed to
determine that the latest revision of the drawing used

in the reinspection process had previously been used
3

for inspection by Brown & Root QC. In all 156 review
points for this attribute, no deviations were reported.

I.

2.3.2 Attribute 10 - ASME Welding Documentation

Welding documentation was reviewed for procedure
application, weld material traceability, welder and
procedure qualifications, impact tests, heat treatment
and QC hold points.

)
In the 1,092 review points, two deviations were 1

| reported for procedure application and QC hold points. ]
I

Procedure Application j

|
f- s
(

Variables used in the welding process were reviewed to
\- ensure that they were within the range specified on the

i

applicable welding procedure.'

t

i l
L _ __
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In 156 review points, one deviation was reported for a
weld procedure that specified a preheat temperature of
200*F for material thickness ranging from 0.187 inches
to 0.625 inches. One of the materials being joined on

the support was 2 inches thick. An improper preheat
temperature could adversely affect the integrity of the |

!
weld, which could result in the failure of the weld
when subjected to loading conditions. An evaluation
was made to ensure that the proper preheat temperature
was used.

Based on the material thickness, an incorrect welding

procedure was used. The applicable welding procedure
required a minimum preheat of 250*F. However, an ASME
Code case for a similar configuration and supporting
TUGC0 DCA specifies a minimum preheat of 150*F. Thus, )
it is concluded that the integrity of the weld was not i

adversely affected by using the welding procedure
indicated on the weld data card. The recorded preheat

was 200*F. As a result, the functional capability of I

the support is not impaired. Therefore, this deviation

was determined to be insignificant.

QC Hold Points

QC hold points were reviewed to ensure that they were
properly signed off and documented. Of 468 review
points, one deviation was reported for reference to a
punchlist not in the support package.

A further review of documentation revealed that an
update to the check list had been reviewed and accepted
by QC, This update was included in the support package
documentation. Therefore, this deviation was
determined to be insignificant.

2.3.3 Attribute 11 - Concrete Expansion Anchor Installation
Documentation

The documentation of concrete expansion anchors was
reviewed for the proper calibration of setting

!

_ _ _ _ _ _ _ _ _ _ _ -
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equipment, the recording of the torque setting, bolt
spacing, rework, and hole drilling. In 860. review
points, one deviation was reported for torque setting.
The results of the analysis of this deviation and
analyses for adverse trends are reported in ISAPc
VII.b.4, "Hilti Anchor Bolt Installation", Results.

Report.

L 2.3.4 Attribute 12 - ASME Material Traceability Documentation

| .
.

; Documentation on material traceability was reviewed'to
determine if all applicable materials supplied for each
support were traceable to certified documentation that,

( established the identity of the material.

In 2,432 review points, five deviations were reported
where material identity could not be established
through a review of the support documentation package.

I An evaluation revealed that the deviations reported
were the result of documentation errors (both recording

and omission) and that all'the material was traceable
by other documents back to the base document giving its
identity. Therefore, these deviations were determined
to be insignificant.

|

| 2.3.5 Attribute 13 - Vendor-supplied Component installation
Documentation

Documentation of vendor-supplied component inspections
was reviewed for torquing of load stud jam nuts, spring
can settings, snubber adapter' thread engagement and
snubber stroke. In 36 review points, no deviations

were reported.
~

2.3.6 Attribute 14 - Inspector Certification

In 600 review points, the certification records of
quality control inspectors who signed / initialed and
dated the inspection reports in the support package*

were reviewed to verify that each inspector was
appropriately certified in the area of inspection being
performed.

_ _ _ _ _ _ _ _ _
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Deviations were identified whenever evidence of
certification to the established procedural
requirements at the time of inspection could not be
found. However, as a result of the ISAP I.d.1
evaluations of inspector certifications, it has been
determined that such deviations do not necessarily

relate directly to actual inspector qualifications.
Consequently, the identified deviations were not relied
upon (though they were considered) in determining
inspector capability. Inspector qualifications were
assessed for all inspectors (those with and without
reported deviations) using I.d.1 methodology.

The ISAP 1.d.1 evaluation of inspectors whose work
haffected this population concluded that all but two

inspectors either were certifiable to applicable
criteria at the time of inspections or were found

capable of performing satisfactory inspections
(including those with substantial positive evidence).
Evaluation details are discussed further in the ISAP
I.d.1 Results Report. For one of the two inspectors,

no further concerns were identified.

An analysis was performed on the inspection
discrepancies noted during the ISAP I.d.1 evaluation
that are attributable to the inspectors not found to be
either certifiable or capable of performing
satisfactory inspection by the ISAP I.d.1' evaluation.
This analysis took into account the nature, scope, and
relevancy to this population of the reported
discrepancies and considered the possibility that such
discrepancies might result in a construction
deficiency, adverse trend, or unclassified trend if
they were to occur on items in this population. This

analysis determined that these discrepancies are all of
a relatively minor nature and are similar to deviations
(those that did not result in findings) noted during
the reinspection conducted on items in the random
sample for this population. Based on this analysis, it
was concluded that inspection discrepancies of the type
and severity noted during ISAP I.d.1 Phase III
evaluation, were they to occur on a reinspection or
documentation review attribute for an item in this

_ _ _ - _ _ _ _ _ _ _ _
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population, would not result in a construction
deficiency, adverse trend, or unclassified trend.
Thus, the possibility of such discrepancies existing
does not detract from tha conclusions made for this
construction work category.

3.0 ROOT CAUSE AND GENERIC IMPLICATIONS

This section provides a root cause and generic implication analysis
for the following construction deficiencies and adverse trends:

1. Adverse trend for gags (between pipe and support structure).

2. Construction deficiency for inappropriate locking devices.

3. Construction deficiency for unsecured spring can fasteners on
vendor-supplied components.

3.1 Gaps

Root Cause

Incorrect gaps between the pipe and supporting members of
small bore pipe supports were found to be an adverse trend.
The support gaps are specified to permit axial movement on
piping subjected to certain thermal expansion and pressure
loads. .

The requirements for design and erection of pipe supports were
given in specifications MS-46A and MS-100. Both
specifications were clear as to the requirements for gaps
between the pipe and the supporting members with two
exceptions:

First, erection requirements allowed the placement of pipe
supports in close proximity to piping welds. Second, no

requirements were established for deadweight supports.
Permitting pipe welds to be near to supports has the potential
for causing gap problems due to pipe movement along its axis

O that could cause the pipe weld to bind within a support
assembly even with gaps that meet requirements. None of the
deviations on which the adverse trend was based is attributed
to either of these specification limitations.

-- _ _ - - _ - - _ - _ _ _ _ - - _ _ _ _ - _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _
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Construction personnel were provided with training to site
procedure CP-CPM-9.10, which delineated the requirements for ;

gaps per the applicable specifications. The procedure
contained sufficient information so an acceptable installation
could be made (with the above noted exceptions). Further, a

set of typical "CP" drawings that were generated for small
bore pipe supports also contained the above information. The
classroom training, however, provided greater emphasis on the
more difficult tasks (e.g., welding) and gave less instruction
for more common work activities (e.g., bolting, measuring,

etc.)

Upon completion of an insta11stion, supervision was to review
the craft's work for compliance with drawing and procedural
requirements prior to submitting a component to QC for
inspection. Apparently, in these cases, this process was not
conducted in sufficient depth to ensure an adequate

installation.

Quality Control was responsible for inspecting each support
assembly in accordance with Inspection Procedure
QI-QAP-11.1-28. This procedure clearly delineated the
requirements for gaps between the pipe and the support
structure. Each inspection was to be documented to show
satisfactory completion of the aforementioned requirements.
However, the training of QC personnel was primarily limited to
having them read the procedure rather than holdipg interactive
classroom sessions.

The primary root cause was determined to be less-than-adequate
training and supervision of construction personnel in meeting
the requirements of installation set forth in procedures.

The secondary root cause was determined to be
less-than-adequate training of QC personnel to the inspection
requirements of QI-QAP-11.1-28.

In addition to the above findings it was determined that
design / erection specifications did not give gap requirements
for restraints that act as deadweight supports and did not

,

i

.______i
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1

give specific clearance requirements along the length of a !

pipe run between supports and piping welds. The design

adequacy is being addressed through the Pipe Stress / Support
Requalification Program and the HVP (see Section 4.4).

Generic Implications

The generic implications of found root causes of incorrect
gaps relate to those installation activities that require a
lesser degree of skill than those that were emphasized in
training, yet are sufficiently non-routine to entail
significant risk of occurence of function-impacting erection
errors. Specifically, activities that require measurement

p verification, threading a nut on a bolt to a prescribed
tightening criterion, installing and reinstalling cotter keys
and snap rings without damage, and installing bolting in
concrete inserts to a prescribed insercion depth, fit the
above description and appear to have received limited
attention'during training (of QC and construction personnel)
and to have often been overlooked in supervisors' reviews of
completed work. This implication affects all reinspection
attributes except welding in all three pipe support
populations. ,

TUGC0 has initiated comprehensive training programs for QC and
construction personnel in the performance of the HVP that i

treats each attribute and its characteristics eq,ually. As the
HVP will reinspect / correct all of the attributes with the
exception of welding (high degree of skill required), this
generic implication will be adequately addressed.

Summary

The primary root cause was determined to be less-than-adequate
training and supervision of construction personnel in meeting
the requirements of installation set forth in procedures.

The secondary root cause was determined to be
less-than-adequate training of QC personnel to the inspection,.m
requirements of QI-QAP-11.1-28.

- --- _---_-_ _
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The generic implications of the found root causes of incorrece
gaps relates to those installation activities that require a
lesser degree of skill than those emphasized in training yet
are sufficiently non-routine to entail significant risk of
function-impacting crection errors. This implication affects

all reinspection attributes, except welding, in all three pipe
support populations.

The recommended corrective action for this item is presented
in Section 4.1.

3.2 Locking Devices

Root Cause

Missing locking devices on threaded bolting connections used
on small-bore pipe supports were found to be a construction
deficiency. Locking devices are required for all bolting
except high strength bolting which is preloaded.

The hardware involved consists of vendor-supplied components,
which include beam clips, threaded rod, pipe clamps, and
miscellaneous support bolting. All this material was not
considered high-strength bolting at CPSES, was not preloaded
and hence did require locking devices.

The requirements for the erection of pipe suppor,ts were given
in erection specification MS-100. This specification invoked

the requirements of ASME III Subsection NF, which has
requirements regarding locking devices; these are summarized
above (i.e., locking devices are required except on preloaded,
high-strength bolting). The Code, however, does not specify
what constitutes preloaded, high-strength bolting.

To implement locking device requirements, the Engineer issued
a design change authorization to the specification that led to
a note on all drawings that showed bolting hardware stating
that high-strength bolting did not require locking devices.
The bolting material for vendor-supplied components was not
separately listed on the bill of materials; however, it was
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included with the component (e.g., pipe clamp SPC-10-120 was
listed as one component and no material type was identified).
The reinspection ef fort revealed that where bolting was
specified on the drawing and a material type was identified,
locking devices were installed as required.

Construction personnel were provided with training to an
approved site procedure that delineated the requirements for
requisitioning, fabrication, and installation of the subject
supports. There was no discussion on the subject of
high-strength bolting in these training sessions, apparently
es a consequence of the lack of information given by the
Engineer.

The original construction procedure (CP-CPM-9.10 Rev. 0)
required that all bolts, with the exception of high-strength
bolting (A325, A193, and Hiltis), be provided with a locking
device. Revision 1 to this procedure in 1979, documented
without explanation, eliminated this locking device
requirement. Subsequent revisions made no mention of this
requirement until late 1984 when the requirement was
reinstated. It was in this 1979 to 1984 time frame that the
bulk of the work on supports was performed.

Quality control was charged with the responsibility of
inspecting each support assembly in accordance with design and
code requirements. Each inspection was to be performed and
documented in accordance with procedure QI-QAP-11.1-28.
However, it was not until 1984 that inspection requirements
for locking devices were included in the procedure and
checklist.

Engineering identified the problem with ASME code locking
device requirements in October 1984, and through a series of
memoranda, brought about a revision in construction and
quality control procedures to incorporate the requirements.
Corrective action to backfit the requirement was implemented,
but only for Unit 2. Unit 1 and areas common to both units
were determined not to require action by construction or QC
because the paint that was on the supports was determined to

.
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be an acceptable locking device. The Engineer reversed that
determination in 1986, due principally to uncertainties
regarding acceptability of paint for all plant operating
conditions, so that paint is no longer relied upon as the !

locking device required by the Code.

The primary root cause was determined to be less-than-adequate
engineering specifications in that they failed to indicate the
types of bolting that required locking devices and failed to
specify consistently the materials for construction on the
design drawings. The locking device requirements and the
corresponding material identification on the drawings should
have been specified in a manner suitable for field
determination of the specific requirements applicable to each
piece.

A contributing cause was determined to be the conclusion
reached by Engineering, since withdrawn, that paint was a
suitable locking device for Unit I and areas common to both
units. Because paint was considered effective as a locking
device, complete corrective action was prevented.

Generic Implications

The generic implications of the missing locking devices are
that all pipe supports that have the same specification
requirements may have threaded fasteners installed without the
required locking devices.

In a complete review of the specification for the inclusion of
ASME Code requirements there is no other information found
that would indicate that other Code requirements were omitted
from the design and specification of ASME component supports.

Summary

The primary root cause was determined to be less-than-adequate
engineering specifications in that they failed to indicate the
types of bolting materials that required locking devices and i

'

to specify consistently the materials for construction on the
design drawings.

_. - _ _ _ _ _ _ ___-
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A contributing cause}was determined to be Engineering's
conclusion that paint was a suitable locking device for Unit 1
and areas common to both units.

The generic implications of the' missing locking devices are
that all pipe supports that have the same specification
requirements may have threaded fasteners installed without
requiring locking devices.

The recommended corrective action for this item is presented
in Section 4.2.

3.3 Fasteners
,

.
Root Cause-

Loose fasteners on threaded components of spring can
assemblies used in small bore pipe supports were found to be a
construction deficiency that could cause the supports not to
perform their intended function.

The hardware involved consists of vendor-supplied components,
which include spring cans, threaded rods, turnbuckles, and
weldless eye nuts. Each of these components requires an
additional fastener to lock it in place after the setting of
the spring can.

.

.Two major vendors were responsible for the design and supply
of these assembly components. Each component was provided
with a positive method of locking the assembly after setting.
The requirements for the design and supply were adequately
covered in Gibbs and Hill Specification MS-46A and Erection
Specification MS-100.

Construction personnel were provided training to site
procedures CP-CPM-9.10 and CP-CPM-9.10A, which delineated the
requirements for the requisitioning, fabrication, and
installation of spring can supports.

.

_ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ . _ _ _ . _ _ - . - _ -
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Quality Control was responsible for inspecting each suppcet
iassembly in accordance with Inspection Procedure

QI-QAP-ll.1-28. This procedure clearly delineated the
requirements for securing fasteners on spring can supports.
Each inspection was to be documented to show satisfactory
completion of the aforementioned requirements.

Once inspections were completed and system construction was [
accepted by QC, the system was turned over to TUGC0 Startup.
Included in Startup's responsibility was the testing of that
system to ensure that all components were set in accordance
with established operating parameters. For pipe supports,
this involved the adjustment of components such as spring cans
to obtain required load settings. Since the fasteners were

,

inspected and verified after erection, loosening is likely to
have occurred on subsequent adjustments.

All Startup activities were controlled by procedures that
defined the requirements for adjusting system components.
Startup engineers do not perform the physical work; that work
is Cra urner Startup supervision by construction personnel.
However, the Startup procedure controlling these adjustments
did not require that written instructions be given to the
craft and direction was often given verbally in practice.
When so requested, construction personnel performed some
adjustments based on experience without invoking applicable
procedures and, consequently, the full requirements of the
applicable construction procedures (e.g., QC inspection) were
not invoked to cover this work. This practice permitted the
work to be conducted without meeting all procedural
requirements and without follow-up QC inspection.

A review of proj ect documentation demonstrates that spring can
support hardware was adequately installed and secured by i

tconstruction personnel, and was subsequently inspected by QC.
All inspections were well documented and are present in the
support packages.

Loose fasteners are determined to have resulted from this
less-than-adequate procedural interface between Startup and
construction groups resulting in ambiguity as to which

_ _ _ _ _ - _ _ _ -
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procedures, if any, and acceptance criteria were in effect at
the time of support adjustment. More specifically, the
primary root cause has been determined to include two
elements: 1) the lack of documentation (work authorizations)
of requests for or instructions to construction personnel
regarding the performance of work activities on pipe supports
and 2) the performance of work by construction personnel
without invoking applicable procedures. Since these practices
prevented QC inspections as well, there is no separate
secondary root cause.

Generic Implications

/~N The generic implication of loose fasteners on spring can() assemblies extend to all Startup activities related to the
adjustment of all ASME vendor-supplied pipe support
components. The adjustment of these components is covered
under one uniform procedure that does not require written work
authorizations.

Startup procedures for other plant components require the use
of written work authorizations that adequately delineate all
applicable requirements and inspection. Therefore, the
generic implication is limited to ASME pipe supports.

Summary
.

The primary root cause has been determined to be
less-than-adequate procedural interface between Startup and
construction groups as to which procedure and acceptance
criteria were in ef f ect at the time of support adjustment.

The generic implication of loose fasteners on spring can
assemblias extend to all Startup activities related to the
adjustment of all ASME vendor-supplied pipe support
components. The generic implication is limited to ASME pipe
supports.

1

The recommended corrective action for this item is in

( Section 4.3.

i
1
!
i

_ _ _ _ _ _ _ _ . . _ _ _ _ _ _ }
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4.1 Gaps

Based on the findings associated with configuration, it is
recommended that that following activities be completed:

Inspect all ASME Code class 1, 2, and 3 pipe supports for the
existence of proper gaps. This should be performed in
accordance with TUGC0 procedure CPPP-7, Attachment 4-11 and
DCA 22563. Criteria should be developed to address supports
that provide deadweight support by maintaining zero gap on the
bottom of the pipe.

Develop a criterion for determining how close to a piping weld
a support may be placed. Inspect ASME Code class 1, 2, and 3
pipe supports to determine which are located too close to
piping welds. After those supports that deviate from the
criteria are identified, an evaluation should be undertaken to
determine those situations which are acceptable. Correct
those situation that cannot be evaluated to be acceptable.

To address activities that are implicated but not covered by
specific recommendations in this report, extend the
inspections of ASME Code Class 1, 2, and 3 pipe supports to
include the safety-significant attributes with the exception
of welding.

4.2 Locking Devices *

Eased on findings associated with the attribute of bolting it
is recommended that suitable locking devices be installed on

vendor-supplied components that cannot be identified as having
high-strengen bolting. The high-strength bolting utilized on
the vendor-supplied components must be torqued to an
acceptable preload to be exempt from the locking device
requirement.

Procedures and specifications should be reviewed to ensure
that the code requirements related to locking devices, as
adopted by the Project for component supports, have been met
and were verified by documented QC inspections.

. _ _ _ _ _ _ _ _ - _ - -
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Supporting documentation should also be updated to ensure that
accurate identification of material type can be performed for
any high-strength bolting that will not require locking
devices.

4.3 Fasteners

It is recommended that proper securing of fasteners on
vendor-supplied components be verified during the startup and
preoperational phases, with the provision that a complete and
detailed procedure and checklist be provided and verified by
QC.

Additionally, a 100 percent walkdown of pipe support having
{')g( , pipe clamps should be performed to establish that pipe

supports are securely attached to the pipes. Nonconforming
conditions should be corrected as necessary.

Startup procedures for pipe support component adjustment
should be revised to ensure that an adequate
Startup-construction interface ex1sts. This interface should
provide for Startup issuing written instructions defining the
work required and the criteria to which the work will be
performed (e.g., construction procedure, traveler, inspection
provisions, etc.). Construction should be instructed to
perform work only to procedures invoked by written
instructions. -

4.4 Ongoing Corrective Action Activities

TUGC0 has initiated the HVP to provide corrective action for j

the findings discussed in this Results Report. In addition, ,

TUGC0 has elected to review other areas of pipe support
construction to address potential generic implications beyond
the scope of specific third-party findings.

{

TUGC0 has also initiated the Pipe Stress / Support )
Requalification Program to verify the pipe suppurt design in

'

-g conjunction with the HVP inspections.

\~,

1
_ _ _ _ _ _ - _ _ ._ __ _ _ .J
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5.0 CONCLUSIONS

Based on the findings of the reinspection and documentation reviews
and the satisfactory implementation of the above recommendations
and the applicable recommendations in the ISAP I.d.1 Results
Report, there is reasonable assurance that the hardware in this
construction work activity is adequately installed in conformance
with the design. Conclusions for concrete expansion anchors and
for concrete inserts are separately stated in the Results Report
for ISAP VII.b.4 and in Appendix 33.

.

i

O
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Table 27-1

Summary of Reinspection Results
Small-Bore Pipe Supports

Deviation Type

Number of
Inspection Number of Insigni- Construction

Attribute Points Deviations ficant Notable Deficiency

1. Identification of
Support 82 7 7 0 0

2. Location and
Orientation of
Support Assembly 156 3 3 0 0

3. Configuration of
Support Assembly 3,256 40 40(C) 0 0

4. ASME Bolting for
Support Structure 231 33 3 0 1*

5. Concrete Inserts 4 0 (A) [A] [A]

6. Welding of Components 7,470 15** 15** 0 0

7. Installation of
*Concrete Expansion

Anchors 2,580 17 [B] [B] (B)

8. Installation of
Vendor-supplied
Components 352 13 9 3 1

TOTALS 14,131 128** 77** 3 2*

One of this numbar represents a generic DR for 30 deviations.
O **]

* This number does not include a Program Deviation Report (PDR-04).
[A See Appendix 33 for Combined Results.
[B] See ISAP V11.b.4 Results Report.
(C) Eleven Gap DRs and one Component DR in unclassified status, not evaluated here.

_ _ _ - -



_ _ _ _ _ _ _ _ ,

Revision: 1

Page 38 of 38

RESULTS REPORT

ISAP VII.c

(Cont'd)

Appendix 27
(Cont'd)

Table 27-2

Summary of Documentation _ Review Results*
Small-Bore Pipe Supports

Deviation Type

Number of
Review Number of Insigni-

) Attribute Points Deviations ficant Notable

9. Documentation of
Inspection Drawings 156 0 0 0

10. ASME Welding
documentation 1,092 2 2 0

11. Concrete Expansion
Anchor installation
documentation 860 1 (A) [A]

12. Material Traceability
documentation 2,432 5 5 0

13. Vendor-supplied
Components
installation
documentation 36 0 0 0

.

TOTALS 4,576 8 7 0

[A] See ISAP VII.b.4 Results Report

* QC Inspector Certification review points and deviations are excluded from the
totals and the deviations are not classified because the results of 1.d.1
indicate that these deviations do not relate directly to actual inspecto
qualifications.

_ _ _ _ _ _ _ _ _ _ -
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Instrument Tube Supports

1.0 REVIEW PROGRAM IMPLEMENTATION

1.1 Construction Work Category Description

The construction work category of instrument tube supports is
comprised of all safety-related supports carrying
safety-related instrument tubes, instrument geges, and related
instrument fittings (e.g., manifolds, valves).

1.2 Population Size and Sample Selection

For this construction work category, a population of
approximately 500 items (an item consists of all the supports
on an instrument tube run identified by the instrument number
between the root valve and the instrument) was identified as.

tO-
~

QC accepted as of the date of this reinspection effort.
Reinspection and documentation reviews were performed for a
total of 140 sample items or individual supports. Of these 86
first sample items were randomly selected from the population
to ensure reinspection or document review of at least 60 items
for each attribute with the exception of stud welding and base
place bearing. The corrective action recommended for
non-Unistrut-spring-nut bolting will provide the assurance
required by the Program Plan that the stud welds in this CWC
will perform their safety function. The base plate bearing
attribute was proportionately sampled with the base plate
bearing attribute of Conduit Supports.

.

Approximately 64 of the 500 items in the population were
related to safe shutdown. Of these safe shutdown items 1.564
supports were identified. Because seven of the first 60
randomly selected sample items were safe shutdown related, 51
additional supports with individual instrument-support
designations of the 1564 safe shut down supports were randomly
selected to ensure that at least 60 safe shutdown supports
were reinspected or reviewed.

1.3 Attributes Selected |

Sample items were reinspected for the following attributes: )
i\_- Attribute 1 - Tube restraint

,

Attribute 2 - Tube span

_ _ _ _ _ _ _ _ _
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Attribute 3 - Unique base plate identifier

Attribute 4 - Components

Attribute 5 - Configuration

Attribute 6 - Welding

Attribute 7 - Bolting

Attribute 8 - Concrete expansion anchors

Attribute 9 - Base place bearing

Sample item documentation was reviewed for the following
attributes:

Attribute 10- Material traceability

Attribute 11- Concrete expansion anchors

Attribute 12- Drawing revision

Attribute 13- Stud welding

Attribute 14- QC inspector certification

.

2.0 SU}iMARY OF RESULTS

2.1 Summary of Results

For reinspection, 515 Deviation Reports were issued describing
941 deviations. Approximately 45,000 inspection points were
encountered in performing the reinspection. See Table 28-1
for results of the reinspection.

For documentation review 72 Deviation Reports were issued
describing 130 deviations. A total of approximately 500
review points was encountered in performing the documentation
reviews. See Table 28-2 for the results of the documentation
reviews.

.
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Documentation Review deviations related to inspector
certification have not been included in the aforementioned
totals. As discussed in Section 2.3.5, it has been determined

that these deviations do not necessarily relate directly to
actual inspector qualifications. These deviations were
considered in the ISAP I.d.1 evaluation together with
supplemental information as necessary to determine actual
inspector certifications. The ISAP I.d.1 conclusions are
summarized in Section 2.3.5.

In the nine reinspection attributes of this population, two
construction deficiencies and one unclassified trend were
identified as follows:

I''T 1. Attribute 1 - Tube restraint: An unclassified trend
5%-) was identified on a clamp types not in accordance with

the design drawing. See Section 2.2.1 for a discussion
of this attri'oute.

.

2. Attribute 7 - Bolting: A construction deficiency was
identified for inadequate torque and misaligned spring
nuts on Unistrut bolting. See Section 2.2.7 for a
discussion of this attribute.

3. Attribute 7 - Bolting: A construction deficiency was
identified for other loose bolts (this is specific to
all non-Unistrut spring nut type bolting). See Section
2.2.7 for a discussion of this attribute.

4. Attribute 7 - Bolting: An unclassified trend was
identified for inadequate thread engagement on Unistrut
spring nut type bolting installations. See Section
2.2.7 for a discussion of this attribute.

In the four documentation review attributes of this population
(excluding QC inspector certification), 53 of the deviations
were evaluated to be notable, and the remainder were
determined to be insignificant.

)

o
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2.2 Analysis of Reinspection Results

This section provides, by attribute, a discussion of any
reported deviations, an analysis of the effect of deviations
on the functional capability of the instrument tubing and
instrument tube support, and an analysis for the presence of
trends.

The function of an instrument tube support is to support the
instrument tube and instrument components so that the design
relationship between the manifold process parameter and the
instrument reading can be maintained for all design-specified
loading conditions.

2.2.1 Attribute 1 - Tube restraint

In more than 800 inspection points of tube restraints
for proper clamp type, a total of nine deviations were

noted. The deviations involved either the use of the
incorrect clamp (e.g. a three-directional restraint is
installed in lieu of a two-directional restraint), or
the incorrect combination of the components of two
different clamp types. Two of the nine daviations
involved the incorrect combination of components. A
review of these clamps with improper component
combinations showed that there was no reduction in
clamp strength from that originally required. The
effect of these clamps on the tube is idantical to that
intended by the original design. Where the drawing
required a particular restraint type (i.e., two
directional or three directional) these clamps provided
the necessary restraint condition. These two

| deviations are therefore insignificant.
|

The remaining seven deviations involved the use of the
wrong clamp type where depending on the substitution,
the axial restraint component of the clamp was either
added or deleted. Since the largest number of degrees
of restraint of any clamp is three, (i.e., vertical,
lateral, and axial), the addition or deletion of a

degree of restraint is considered a substantial change
from design requirements and these seven deviations
were determined to be notable.

_ _ _ - _ _ _
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An analysis of these deviations indicated that none

would result in a construction deficiency. Although
none of these deviations was considered to be
safety-significant, the effect of these deviations on
the uninspected portion of the population is
indeterminate. All the combinations of possible tubing
configurations with seismic conditions of each

individual floor for every safety-related building can
not be effectively evaluated for the use of an improper
clamp. Tubing deformation that might impact instrument
channel accuracy or vibration damage in instances of
reduced restraint cannot be readily precluded. Thus an
unclassified trend for clamp types not in accordance

,- s with the design drawings was identified. For a root
| 1 cause and generic implication analysis of this
\- / unclassified trend see Section 3.0.

2.2.2 Attribute 2 - Tube span

In more than 780 inspection points to verify that tube
span is in accordance with design drawings, 36
deviations were noted. All of the deviations pertained
either to the tube span exceeding the maximum allowable
span or to the tube span not being in accordance with
any specific generic design drawing. In this review,
the entire span and the individual parts were treated
as one deviation in cases where the overall span
between two supports was deviating and individual span

.

sections in this span were also deviating. In one of -

the deviations, the span was more than 1.5 times the
allowable span. In this case a maximum span of 1 inch !
was required, but tubing with a span of 1-11/16 inches |
was installed. The remaining deviations were )
proportionally smaller: 25 were reported where less j

than 1.25 times the maximum allowable span existed, and l

eight were reported where less than or equal to 1.5
times the allowable span existed. Out of these 36
deviations, 17 were notable in that they were more than
1.1 times the maximum allowed span (i.e., they deviated

[~} more than 10 percent of that allowed by the design
\__/ drawings) and 19 were insignificant. Two deviations

were noted because there was no generic design drawing I

that matched the span |

|

. _ _ _ _ _ - _ _ _ _ _
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configuration installations exactly. All the spans on
these installations were found to be in conformance
with other similar generic span configurations;
therefore these deviations were determined to be
insignificant.

An analysis of these deviations shows that the maximum
allowable stress in the tubing was not exceeded and the
total load on each of the supports was still within the
design drawing allowable limits. Although analytical
results for two of these deviations indicated stresses
in the tubing that approached ASME Code-allowable
stresses (one case showed stresses at approximately 90
percent of the maximum allowable stresses), the
potential impact of these types of deviations on the
remainder of the population is bounded by the following
evaluation. (1) The design margin change is small,
i.e., the original calculated stress for this tubing
span without the deviations is similar to the stress
calculated for the longer span with the deviation
(i.e., the normal design stress is approximately 90% of
Code-allowable). The majority of the stress was due to
applied thermal loading; this condition would be true
without the deviation. (2) The loading conditions for
the deviation are the highest that could be realized in
the plant; i.e., the tube is exposed to the highest
temperature and the highest seismic conditions. All
other design conditions for this item would result in
lower stresses.

In addition to the effect on tubing stresses, these
overspan deviations also have an effect on support
loading. The capacities of the supports are not
exceeded because of the additional loads from these
overspans. Because all the tubs supports in this
population are overdesigned, any support would be able
to sustain the additional loads of these overspans.
Thus, the uninspected portion of the population would
not be significantly affected by the occurrence of
similar deviations. No adverse trend was identified.

|
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2.2.3 Attribute 3 - Unique baseplate identifier

In approximately 410 inspection points on baseplates
for a unique legible identifier, seven deviations were
noted for the lack of a legible identifier. This
identifier is an alpha-numeric symbol stamped on the
baseplate that is used to trace the material of the
place to a mill certification. (Haterial traceability
is covered under Attribute 10). The requirement for a
unique identifier was part of the construction and
inspection requirements for instrument tube supports;
it was therefore included in this reinspection. The
identifier was required to be legible after painting.
For the deviations noted, it was concluded that the

7-~s identifier was made illegible by preparation for

(' ') painting and the paint or by the position of the plate
with respect to its supporting surface or attached
components. Because this identifier is used only as an
aid for fabrication and installation of the support,
its existence has no direct effect on the structural
capacity of the support. The presence of 403 legible
identifiers indicates that construction did stamp the
unique identifier as required; seven illegible or
missing identifiers show a possible lack of adherence
to procedure requirements on the part of the installers
and painters. All the deviations noted were considered
to be insignificant. I

'

2.2.4 Attribute 4 - Components

In more than 1,600 inspection points to verify that the
components are installed according to the applicable
design drawings, nine deviations were noted for two
component types: shims and base plates. For all other l

support components, such as Unistrue fittings, etc., no
deviations were identified. Four of the nine

3

deviations involved base plates; these resulted from j

the inspection of more than 400 base plates. The five |

deviations on shims resulted from the inspection of
more than 300 shim installations.7,

: \
(_,/ The base plate deviations were noted for either the

incorrect plate thickness (e.g., 3/4 inch instead of 1
inch), the incorrect overall size (e.g., 14 inches

- - _ _ - _ - _ _ _ - _ - _
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square by 5/8 inches instead of 10-3/4 inches square by
3/4 inches), or for the baseplate being omitted from
the support installation. Two of the four baseplate
deviations were notable in that there was a change in
the dimensions that exceeded 10 percent of that
required by design. The two remaining deviations on
base places were determined to be insignificant. One
was for a support where the baseplate was omitted that
was installed to the requirements of a Component
Modification Card (CMC). This CMC identified several
supports that were to be installed in this tubing run
without baseplates. The deviation was written because
proper identification of this support was not made on
the card. Analysis of this support shows that the
support as installed is capable of sustaining the
imposed tubing loads and the maximum loads established
by design for this support type. Analysis of the
remaining deviations shows that the plate stresses are
less than 50 percent of the allowable stress and that
the related expansion anchor loadings do not result in
a significant change in design margin. Because the
plate stresses are relatively low and support loadings
are typically small with respect to the capacity of
support components, the effects of these types of
deviations in the uninspected portion of the population
are insignificant. Therefore, no adverse trends were
identified.

Inthefiveshimdeviations,therequir[mentscallfor
correct shim alignment and proper shim usage. Three of
the five deviations noted shim use where shims were not
required; the remaining two deviations were noted on a
misa11gned shim and a missing shim. Shim usage in a
clamping installation where such usage is not required
by design creates unanticipated freedom of movement in
the tube. A misaligned shim could possibly restrain
tubing movement if contact is made between the shim and
the tubing. The missing shim is part of a J. C.
White-clamp-to-Unistrut-channel installation and only
provides additional bearing area; it has no effect on
the function of the clamp. Upon evaluation, it was
determined that the three deviations for the use of

. _ _ _ _ _ _ _ _ _ _ _ _ _ -
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shims where shims are not required were notable, in
that the tubing was restrained in only two out of a
possible three directions with the installation of
these shims.

With the exception of instrument rack installations,
shims were required on all two-directional Unistrut
clamp restraints. The deviations noted for these shims
occurred only on instrument racks. For all other
support types the reinspection noted that shims were-
present with the Unistrut clamps whenever called for by
the design drawings. Analysis of these situations
where shims were installed where they were not required
indicates that there were no adverse effects on the

/e s tubes or the racks. Because tubing configurations and
( temperature ef fects are similar in all instrument

racks, the occurrence of these shim deviations in the

uninspected racks would also be insignificant.
Therefore no adverse trend was identified.

Shims were only required on J. C. White clamps when
these clamps were attached to Unistrut channels.
Analysis shows that these shims only provide additional
bearing area and have no effect on the tube restraint.
Since the bearing area provided by the J. C. White
clamp is adequate without this shim, this deviation is
insignificant. For these reasons, other J. C. White
clamps attached to Unistrut channel withbut shims in
the uninspected portion of the population would also be
insignificant; thus no adverse trend was identified.

The remaining deviation was noted on a misaligned shim
in contact with the tube. A field evaluation of this
deviation indicated that although there was contact,
the tube movement in the axial direction was not
restrained. This deviation was determined to be
insignificant since tube movement was not restrained.
Should similar deviations of this magnitude be noted
elsewhere in the population tube movement would also
not be restrained; therefore these would also be

g ) insignificant. No adverse trend was identified.
%J

_ _ _ _ _ _ _ _ _
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2.2.5 Attribute 5 - Configuration

In more than 2,400 inspection points to verify that the
overall configuration and dimensional requirements of
the support were as specified by the design drawings,
89 deviations were noted. Of all the configurations
inspected, the following items were noted for
deviations: bolt hole edge distance, bolt hole
spacing, overall length of structural steel

component-to-component attachments, and support type.

Bolt Hole Edge Distance

In more than 480 inspection points to verify the
minimum spacing between the edge of a structural member
and centerline of a bolt hole, 26 deviations were
noted. The required minimums vary between 1-9/16
inches and 1 inch. Most of the deviations were
insignificant. Ten deviations were reported where the
edge distance measured was 1/32 inch less than the 1
inch required; cen deviations were reported on edge
distances of 15/16 inch where 1 inch was required; and
three deviations were reported where edge distances of
1-3/8 to 1-9/16 inches were required but the dimensions
measured 1/8 of an inch less than requirements. The
remaining three deviations were considered notable in

that they varied from requirements by more than 10
percent. For two of these, the design drawing called
for 1 inch and 1-1/8 inch spacings; the , dimensions
measured 1/8 inches less in both cases. In the most
severe deviation 1-1/2 inch spacing was required but
1-3/16 inches was noted.

Analysis of these ,26 deviacions indicates that the
supports as installed are still adequate to sustain the
maximum applicable loading conditions for all
deviations identified. The analysis for each deviation
used one of three methodologies to verify this
conclusion. The analysis for the majority of
deviations considered the maximum shear load specified
for concrete expansion anchors and verified that the
base plate edge distance as installed was sufficient to
prevent overstress at these loadings. The analysis for
the remaining deviations either indicated that the edge
distance was greater than ASME code requirements or
that the conservative loading used to evaluate the

l

i

_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _
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deviation was greater than the maximum loading
indicated by the original design basis calculations.
Since the deviations had a negligible effect on the
maximum design loading capacity of the supports, if,

similar deviation were to occur in the uninspected
portion of the population, it is unlikely that a
construction deficiency would result.

Bolt Hole Spacing

In more than 400 inspection points on bolt hole
spacing, 36 deviations were noted. In this attribute,
the bolt hole spacings (center-to-center spacing or
spacing from a referenced baseline) on the same
attachment were verified with the requirements of the

geg design drawings. The minimum spacing requirements
g j generally varied between 3 and 24 inches, with one at
' 54-3/4 inches. In twelve of the deviations, the

difference between the requirements and the actual
spacing was within 1/16 inch. The remaining
deviations, with the exception of eight cases, were all
within 3/8 inch. All 28 deviations falling within this
3/8 inch range were determined to be insignificant.
Two of the eight deviations outside of the 3/8 inch
range measured 24-1/2 inches and 18-7/16 inches where
23-11/16 inches and 18 inches respectively were
required; these deviations were also determined to be
insignificant. The more detailed evaluation of the
notable deviations below is also applicable to these
insignificant deviations; the evaluation demonstrates
that design margin is not significantly affected in
these cases.,

The six remaining deviations were determined to be
notable. For one of these a 6 inch spacing was
required but instead 8-7/8 inches was noted. A
comparison of this support to available generic support
types indicated that this support was in conformance

, with one of the generic support types. (All the
j documentation that references a particular support was

7-s used in this reinspection; thus all valid applicable

(j isometrics, Design Change Authorization forms and;

1

- _ - _ _ __ -_. .-_ _- - - _ . _ _ _ _ _ _ - _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ - - _ _ -__
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CMCs were used in the reinspection. When a document
referenced a particular support type, the generic
design drawing for this support type was used in the
reinspection. There were cases where design
configurations of two or more supports were sLmilar,
such as the one noted in the analysis of this
deviation.)

Thus, the spacing may deviate from the generic support
type indicated by the Project documentation, but it is
in conformance with another acceptable generic support
type. Therefore, the deviation noted was caused by |
improper documentation and not the improper '

installation of an accepted generic support type. Of
the other five notable deviations the most extreme
spacing deviation measured 2-15/16 inches where 3-3/4
inches were required. Analysis indicates that the
supports where these deviations were noted still have

the capacity to carry the maximum design loading.
Since all the deviations on bolt hole spacing had a
negligible effect on the support's ability to perform
its function, and these deviations would similarly have
no impact in the remainder of the population, no
adverse trend was identified.

{ Structural Steel Length

In more than 400 inspection points for the overall
length of structural steel as specified on the design

| drawings, there were 12 deviations noted. In four of
| the deviations, the length exceeded the requirements by
| 1ess than i percent. A conservative analysis showed
J that for the most severe of these deviations, the
| structural member stress was still less than 30 percent

of AISC code-allowable stress. Six deviations were
noted because of poor documentation; a review showed
that design drawings and documents existed to which the

installations conformed. These deviations occurred
because these drawings were not properly referenced by
support installation documentation (i.e., Component
Modification Cards). In the remaining two deviations,

'

the design drawings required lengths of 12 and 56
inches; instead structural steel lengths of 13 and 64

|
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inches, respectively, were noted. A review indicated
that the resulting stress increase from these
deviations is negligible and that there is an
insignificant decrease on design margin. Based on the
percentage that the 64 inch structural steel length !

deviated from the 56 inch requirement, this deviation
is notable. The remaining eleven deviations on overall
length were evaluated to be insignificant. Thus, no
. adverse trend was identified for the overall length of
structural steel.

Component-to-Component Installation

In more than 300 inspection points on component-to-
component installations there were 14 deviations noted.

/''N Five of these involved component-to-component edge\s) distances; one involved the location of tube steel with

respect to a building wall; six involved weep hole
configurations; one involved a tube-steel-to-baseplace
centerline orientation; and one deviation involved the

attachment of two instruments on one support.

All the component-to-component edge distance deviations
and the deviation on the location of tube steel were
shown by analysis to have a negligible effect on
support capacity. The requirements for weep holes in
tube steel required slotted holes along with 1/4 inch
diameter drilled holes at the lowest poipt. The
deviations noted that the holes were no.t slotted, or
were not at the lowest point, or were not present. As
the slotted holes are required for gas venting during
the welding fabrication process, and the 1/4 inch holes
are for moisture drainage, che capacity of the support
is not affected. The environmental conditions within
the Category I buildings of the power block are not
conducive to excessive corrosion; thus, moisture
drainage from tube steel is not required to prevent a
reduction of support capability. Analysis of the tube

;

steel and base plate centerline orientation deviation
showed that stresses did not exceed 25 percent of code
allowable stresses. Based on the low stresses
calculated for this deviation _, the application ofs

|

- - _ - _ _ _ _ _ - _ - - _ _
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maximum loading would not overstress the support or any
of the related components. The last deviation involved
the unapproved attachment of two instruments on one
support. Design drawings applicable to this
installation indicated that one or three instruments
could be attached to the support. There was no
specific approval or drawing detail which indicated
that the attachment of two instruments was acceptable.
A review of the design basis calculation indicated that
the attachment of two instruments was taken into
account, and that the support was designed for the
attachment of one, two or three instruments. The
allowance for two supports was implicit in this case,
since the documents provided specific approval for one
or three instrument attachments. Therefore, this
deviation is insignificant.

All of the deviations on component-to-component
installations were determined to be insignificant with
a negligible effect on support capacity and hence no
effect on design margin. If similar deviations were t.o
occur in the uninspected portion of the population it
is unlikely that a construction deficiency would
result. No adverse trends were identified.

Support Type

There was one deviation noted on support type. In this
case the support type installed in the field was
different from the support specified on the CMC.
Generally the support type is not specified by
engineering prior to installation. The supports are
selected and installed from a design list of several
generic support types. Component Modification Cards
are used to provide acceptance for installations
(tubing or support) that do not completely conform to
generic types. In this CMC, which approves a given
tubing run, one of the support types was incorrectly
noted. The support type that should have been noted
has a capacity greater than the support type noted on
the CMC. This deviation is therefore insignificant,
and other deviations similar to this one in the
uninspected portion of the population would also be
insignificant. Thus, no adverse trends were
identified.

. _ _ ________ _
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2.2.6 Attribute 6 - Welding

In more than 12,750 inspection points to ensure that
I

the welding is in conformance with AWS and design
drawing requirements, 252 deviations were noted on weld
size, weld length, location, weld profile and undercut.
No deviations were noted for fusion, craters, porosity,
overlap, surface slag, and cracks.

Weld Size

On weld size, in more than 1,060 inspection points, 206
deviations were noted. The design drawings required
fillet welds that ranged from 3/16 inch to 5/16 inch in
size; in most cases deviations were within 1/16 inch of
the minimum requirements. Specifically these weld size

9 deviations are categorized as follows: 110 deviations
i

noted 3/16-inch fillets where 1/4-inch fillets were
required; 88 deviations noted 1/8-inch fillets where
3/16-inch fillets were required; 2 deviations noted
5/32-inch fillets where 3/16-inch fillets were
required; 2 deviations noted 1/16-inch fillets where
3/16-inch fillets were required, and 4 deviations noted
1/4-inch fillets where 5/16-inch fillets were required.
Based on the percentage of required weld size vs. j
actual weld size, considering the total weld length and ;
configuration,163 of these deviations were determined

|
co be notable; the remainder were determined to be |

insignificant. The evaluation of these. deviations is i

detailed at the end of this weld attribute discussion. I

Weld Length

For weld length 11 deviations were noted in the review
,of more than 1,060 inspection points. In all these '

deviations the design drawings required 2 inch weld
lengths; instead, weld lengths of 1-1/8 inches to 1-3/4 |

inches were noted. All but two of these deviations
were determined to be insignificant; this is because
these nine deviating welds were part of an intermittent I

fillet weld installation where at least eight out of
i

9 every ten welds were within. requirements. The two |

remaining welds were notable since they deviated by

_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _
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more than 10 percent and were not part of a larger
intermittent weld configuration. The evaluation of
these deviations is detailed at the end of this weld
attribute discussion.

Weld Profile

In more than 1,060 inspection points on weld profile 7
deviations were noted. The weld profile requirement
specified that welds be no more than 1/32 of an inch
below flush; the deviations were noted where the welds

were 1/16 inch below the flush level. All the
deviations on weld profile were determined to be
insignificant. The evaluation of these deviations is
detailed at the end of this weld attribute discussion.

Weld Undercut

In more than 2,120 inspection points on weld undercut
13 deviations were noted. For undercut the
requirements specified that there be no more than 1/32
of an inch undercut for 1/2 of the total length of weld
members larger than 1/8 inch thick, welded on both
sides, and no undercut for members 1/8 inch or less.

The undercuts noted in the deviations were on base
metal where no undercut was allowed; the maximum
undercut noted was 1/32 inch deep by 1/4 inch long.
All the deviations for undercuts were de,termined to be
insignificant. The evaluation of these deviations is
detailed at the end of this weld attribute discussion.

Weld Location

In more than 1,060 inspection points on weld location
15 deviations $ere noted. The deviations on weld
location were noted wPsrc the following conditions
existed: intermittent welds were staggered
incorrectly, e.g. , six inches center-to-center instead
of five inches center-to-center; intermittent weld was

started 9/32 of an inch from the member end instead of
at the member end; weld was incorrectly deposited

>

.___________m
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across a vent hole; or no specific weld location was
provided on the design document. All the deviations on
weld location were determined to be insignificant. The
evaluation of these deviations is detailed at the end
of this weld attribute discussion.

Analysis of Weld Deviations

Analysis of all the deviations indicates that none is
substantial enough to affect the function of the
instrument tubes or the supports adversely. The
analyses completed to reach this conclusion employed
five dif ferent methodologies; the methodology used
depended on the deviation type and the information
available from the original design basis calculations.,

( The following paragraphs describe the methods used to
'-

analyze the deviations noted.

1) For 165 of the weld deviations, the analysis
indicated that the application of the maximum
loads, as estab'ished by the design drawing
or the original design basis calculation, was !

less than that required to overstress the
deviating welds.

2) For 41 of the weld deviations a review of the
design basis calculations indicated that the
welds noted were greater than'or equal to the
weld sizes required by design. The welds
indicated on the design drawings were
conservative considering the maximum
allowable load. These design drawing weld
sizes were based on practical considerations,
such as minimum weld rod size and thickness I

of material joined rather than maximum
allowable stress considerations. The welds
as noted were more than adequate to sustain '

the maximum applied loading.

[(,r

I

1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _
;
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3) The design drawing specified a loading that
was based on all required design conditions
such as seismic and dead load for each tubing
section attached to a support. In the
analysis of 17 deviations, this design
loading was used for each of the tubes
attached to the support. Analysis using this
method instead of the method that applies the
total maximum design load was based on the
practical consideration of the number of

tubes that could be attached to the support
in the area of a given weld deviation. For
example, between a given set of deviating
intermittent fillet velds, space may be
limited such that only one or two tubing
sections could be attached. Using this fanalysis approach, which considers only the
maximum loads for each tube attached, the
weld stresses calculated were not more than
one fifth the ASME Code-allowables stress.
Becadse the total maximum allowable design
loading for these supports is approximately
three times that used in the analysis, these
deviations would be negligible even if the
space was available to attach the maximum
quantity of tubes allowed.

4) In the characteristics of weld location and
weld undercut, eight of the deviations were
qualitatively determined to be negligible
because of the location and the extent of the
deviations. Five of the weld location
deviations related to welds not starting at
the member end and welds across vent holes.
The remaining three of these deviations
relating to undercut were in an area that

could not affect support capacity. Thus,
these deviations were determined to be
insignificant since there was no effect on
design margin or support capacity.

O
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5) Analyses for the remaining 21 deviations were
performed either using the maximum loading
from a design basis calculation of a similar
support or the actual loading as noted in the

field. These 21 deviations occurred on two
unique supports. One of these supports was
similar to an existing generic support type
that utilized four concrete expansion anchors
for wall connections. The support was
unusual because the base was installed
partially over an embedded steel plate. Thus
two concrete expansion anchors could be used
as connectors in the unobstructed area of the
base, but the base section over the embedded

' ~ '

( ,)N
/ plate required welds for the connection.

Design information specific to these welds,

could not be located. Application of the
maximum loads f rom the design basis
calculation for the similar generic support '

indicated that the installed weld was
sufficient. !

Th'e second unique support consisted of
several structural members bolted and welded
together in several frame configurations and
fastened to the flocr with concrete expansion
anchors. Since there is no similar generic
support type, and a design basis calculation
could not be located, a maximum loading for
this support could not be established. The
analysis was based on the number and location
of tubes attached to the support and the
support configuration. This analysis
indicated that the deviating welds were
adequate to sustain the existing loads. It

should be noted that these welds were not the
load limiting factors on the support; the j

concrete expansion anchors would ultimately
be the load limiting factors.

(~b
' ( )

.
,

Based on this analysis for all the deviating welds, the
weld capacities of instrument tube supports, even with
these deviations, are greater than the loadings
imposed. Therefore deelations similar to those noted !

1

_ _ _ _ _ _ - _ _ _
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above, if they were to exist in the uninspected portion
of the population would not affect the ability cf the
item to perform its safety-related function.
Therefore, no adverse trend was identified.

2.2.7 Attribute 7 - Bolting

In over 5,700 inspection points to verify the criteria
of Unistrut spring nut alignment, torque, engagement,
bolting components, washers, concrete inserts and
surface contact 483 deviations were noted. The
characteristics of washers, concrete inserts and
surface contact, had no deviations noted.

Unistrut Spring Nut Alignment

In more than 810 inspection points on Unistrut spring
nut alignment, 92 deviations were noted. Proper
alignment required the serrated grooves in the spring
nut to be completely aligned and engaged with the
Unistrut channel clamping ridges. Incomplete alignment
and engagement reduces the overall capacity for the
clamp to resist sliding in the transverse and
longitudinal directions. An evaluation of one of these
deviations showed that the noted misaligned spring nut
coupled with insufficient torquing (as noted by another
deviation report on this connection), readers the
support inadequate when the design load is applied.
This deviation was evaluated to be a construction
deficiency for inadequate torque and misaligned spring
nuts. Proper bolt torquing ensures that sufficient
preload is imparted to the bolt to resist anticipated

j design loading conditions. (Deviations on bolt torque
are discussed below.) Because insufficient torquing is
coupled with several of the remaining skewed spring nut,

installations, the 91 remaining deviations were
unclassified and included in the evaluation of the'

deficiency. For a root cause and generic implication
) analysis associated with this construction deficiency

see Section 3.0..

u

_ _ _ _ _ _ _ . _
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Bolting Torque

In over 1,100 inspection points on bolt torquing, 318
deviations were noted. Most of these deviations
occurred with Unistrut spring nut connections; two were
noted where only a hand-tight securing was required.
For many of the bolt torques checked, less than 10
percent of the required torque was noted. One
deviation was noted where the bolt was loose. In this
case, which did not involve a skewed Unistrut spring
nut, the nut was found loose enough to allow unintended
sliding of the tube.- This deviation was determined to
be a construction deficiency for loose bolts. All of

f- the remaining deviations entailed applied torque that
t was relatively low coupled with skewed spring nuts; all
\- these deviations remain unclassified and were included

in the evaluation of the deficiency. For a root cause
and generic implication analysis associated with this
construction deficiency see Section 3.0.

j Bolting Engagement

In over 1040 inspection points on engagement, 20
deviations were noted. The construction procedure
required all the threads of the nut to be fully engaged
by the bolt. In most of the deviations, all but one to
two threads on the nut were engaged; in the most severe
case, which was noted on a Unistrut spring nut type
installation, only 1-1/2 threads were engaged. As a
reduction of one thread can reduce the shear strength
design margin of the threads by more than 10 percent,
all of the deviations are considered notable. Six of
the deviations, when analyzed, had sufficient
engagement to sustain the imposed loads. However, for
the most severe deviation noted, the possibility exists
that such a Unistrue spring nut installation in the
uninspected portion of the population could be subject

'
i

to loading sufficient to result in an adverse
condition. In the absence of information that could be

j obtained only from testing, it is uncertain whether it
\/ is possible to achieve the required torque on a

spring nut that has only 1-1/2 thread of engager.ent
without stripping the threads. Therefore, an

_ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _
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unclassified trend was identified for inadequate thread

engagements on Unistrut spring nut type bolting. The
remaining 14 deviations were included in the
unclassified trend and, therefore, were not evaluated
for safety significance.

It should be noted that if the thread did strip prior
to achieving the required torque, the probics would be
readily apparent and would very likely be corrected
prior to completing the installation. For a root cause
and generic implication analysis associated with this
unclassified trend, see Section 3.0

Bolting Components

There were 53 deviations noted for bolting components
not being in accordance with the design drawing: 51 of
these were noted for the improper substitution of
spring nuts for standard hex nuts; one was noted for
using a bolt longer than that specified by the design
drawing; and one was noted for using a larger Unistrut
spring nut than specified by the design drawing. The
misapplication of Unistrut spring nuts was made in
instances where the connection was installed through a
slotted hole with a width larger than the width of the
required standard nut. Rather than spanning this slot
with a washer, construction personnel elteted to
substitute, without documentation or authorization, a
Unistrut spring nut with a lengtn larger than the width
of the slotted hole. The number of threads per inch on
the Unistrut nut was equal to the number on the
corresponding bolt, and the torque applied to the

I connection, as noted by the reinspection, was greater
than that required Ly design in most cases. (Torquing
on all connection configurations is addressed in the

,

I bolt torquing section.) Therefore, these connections
will perform as intended, and the deviations were
determined to be insignificant.

f For the deviation concerning the installation of a bolt
longer than that required by the drawing, it was noted
that a 2-1/2 inch long bolt was installed where a 2
inch bolt was required. The installation of this

f longer bolt has no effect on support capacity;
therefore the deviation is insignificant.

_ _ _ _ _ _ _ _
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|For the deviation where a larger Unistrut spring nut 1

was installed, it was determined that this substitution
is stronger than that specified by design. Therefore
this deviation is insignificant.

As support capacities are not diminished for any of
these types of deviations, no adverse trends were
identified.

2.2.8 Attribute 8 - Concrete expansion anchors

Inspection of concrete expansion anchors included
verification of size, length, type, embedment, spacing,
angularity, nut engagement, nut bearing, and concrete
damage.

/ \
i'-} Of the 20,500 inspection points, 49 deviations weres

identified in the areas of embedment, nut bearing,
size, spacing, angularity and nut engagement. The
evaluations of these' deviations and analysis for
adverse trends are covered in ISAP VII.b.4, "Hilti
Anchor Bolt Installation," Results Report.

2.2.9 Attribute 9 - Base Plate Bearing-

In over 410 inspection points for base plate bearing,
seven deviations were noted. This attribute ensures !
that the fit of the base plate to the equerete surface I
is complete (flush) enc, ugh to transmit the loads as )intended by design. Incomplete ficup directly affects i

the loading on the anchor bolts and the stress in the
base plate. Analysis of the deviations showed that
none of the anchor bolts was loaded beyond 70 percent
of maximum allowable load and the plates were stressed
to less than 50 percent of ASME Code-allowable stress.

|
Because there is no direct relationship between gap and |

plate capacity the deviations were categorized by their
expected effect on capacity and not by the degree to {which the gap exceeded requirements. Five of these
deviations were determined to be insignificant, and two,

! i were determined notable.O

F

~ _ _ _ _ _ . _ _ _ _ _ _ . _ . . _ _ . . .
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The support loads used in the analysis were based on
the actual conditions noted in the field, i.e., the
loads are based on the number and location of tubing
sections on the support and the base plate gaps noted
in the reinspection. These loads varied between
approximately 20 and 100 percent of design basis loads.
(The loads described here were resolved at the base
plate; thus the comparison between the actual load used
in this analysis and the maximum loads used in the
design basis calculation is valid regardless of the
difference between the support configuration used in
the design basis calculation and the support
configuration used in the analysis of the deviations.)
As expected, lower support loads resulted in lower
stresses. For example, where the loads were
approximately 20 percent of design load, the base plate
stress was 12 percent of ASME Code-allowable and the
concrete expansion anchor loading was approximately 9
percent of the maximum allowed. Also, higher support
1 cads resulted in higher stresses. In base plates
where support loads were between 70 and 100 percent of
design basis loads, the raximum stress noted for the
plates was 43 percent of ASMI Code-allowable, and the
maximvm anchor bolt load was 69 percent of the maximum
allowed.

Based on this analysis the capacities of,the base
plates and concrete expansion anchors were well in
excess of the allowable design support loads. Thus, if
similar base plate bearing deviations were to exist in
the uainspected portion of the population, it is
unlikely that a construction deficiency would result.
Therefore no adverse trend was identified.

.

_ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _
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2.3 Analysis of Documentation Review Results '

|

This section provides, by attribute, a discussion of the
documentation review deviations and an analysis of the effect
of the deviations on the ability of the evidence collected to
provide reasonable assurance that instrument tube supports are
properly installed.

J

2.3.1 Attribute 10 - Material traceability

In more than 180 review points to verify the heat
number and material type of installed support
components, 58 deviations were noted. These deviations
were written because the inspector could not verify the
material identification via the documents available;

9 investigation of these deviations consisted of a review

of the material requisitions, the receiving inspection
reports, the miscellaneous structural steel log, and
the miscellaneous iron and steel fabrication log.

Of the deviations noted for material traceability five
were solely for components determined not to be treated
as safety-related and therefore not requiring material
traceability. These components were necessary and
safety-related only for fabrication and installation.
Once installation was complete each of these components
was abandoned in place and was no longer required for
support integrity. Therefore, material * traceability
for this component was required to ensure proper
installation but not for proper support function.
Although not required for support function, the design
documents provided no indication that this component
was only required for support installation. Thus,
these are valid but insignificant deviations. Because
the related hardware of these supports was found
acceptable during the hardware reinspection (reference
Attributes 4 and 5 in Section 2.2) and because these
components performed their intended function, the
material is acceptable without further verification.

O

-
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There were 53 deviations noted for no heat number on
the material or for no applicable documentation
relating to material traceability. Since the design
basis yield strength of material used in these
applications was 36 kai and the lowest grade of
material received for these structural purposes is
typically ASTM A36 (the yield strength for this
material is 36 kai), all the deviations on material
traceability are considered negligible. However, since
adequate documentation is not available to verify
material type, these deviations are determined to be
notable.

2.3.2 Attribute 11 - Concrete Expansion Anchors

In approximately 170 review points to verify that
concrete expansion anchors were properly torqued there
were 67 deviations noted. These deviations were noted
because the Inspection Report (IR) noted more anchors
than were installed in the run, because the IR noted
fewer bolts than the number installed in the run, or

because there was no available documentation for the
anchors. The results of the evaluation of these
deviations and their analysis for adverse trends are
covered in ISAP VII.b.4.

|
2.3.3 Attribute 12 - Drawing revision

In approximately 140 review points to enhure that the
requirements of the latest drawing were accounted for
via the notation of the latest drawing revision number
on the inspection report, one generic deviation was
written. Ihe QC inspection reports made no provision
for this attribute, so there is no documentation to

ensure that the latest drawing revision was used. The
generic deviation was therefore written against the
entire sample.

Although documentation on this requirement is not
1 available, the hardware reinspection shows that the

requirements of the latest drawings were reflected in
the installed hardware. This conclusion is based on
the nature of the design changes for the generic or
specific design drawing revisions applicable to each ,

.
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sample item. None of the hardware deviations

identified were found to be attributable to
construction or inspection using a superceded drawing
issue. Further, while it was found that there was no
formal system in place requiring documentation of a
review for construction impact whenever a drawing was
revised, there was evidence found of an informal review
process. In one case, an NCR disposition and a related
CMC permitted a support'to remain 4. installed to an
earlier drawing revision. Therefore this generic
deviation was determined to be insignif1 cant.

2.3.4 Attribute 13 - Stud welding

f' In three review points for each of two supports with
\ stud welding, four deviations were noted. The

applicable review points include verification that the
daily qualification reports were properly completed,
the torquing of production studs was performed, and
that the finsi visual inspections were performed for
stud welds.

For one of the deviations noted for lack of a final
visual inspection, documentation verifying that the
bolt was torqued was available. Because torquing is
sufficient to verify the adequacy of a stud weld this
deviation is insignificant. The remaining three I,

deviations related to missing documentation for daily
qualification and torque. These deviations are notable
since documentation verifying proper installation was
not available. This missing documentation will'not
have any impact on the adequacy of these supports
because these stud welds were torque-tested and found
to be adequate during the hardware reinspection. This
torque test is sufficient to verify the adequacy of
these installations. Stud welds in the uninspected
portion of the population will be torque-tested as a j
result of the recommendations (see section 4.3) made in j

this report for all bolted connections based on the

f- construction deficiency for loose bolts identified in
i Section 2.2.7. The document review deviations for stud

welding were considered in the corresponding roit cause
and generic implications evaluation. As a result of
this testing, any deficient stud weld will be

,

identified and repaired. !

- |
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2.3.5 Attribute 14 - QC inspector certification

Deviations were identified whenever evidence of
certification to the established procedural
requirements at the time of inspection could not be
found. However, as a result of the ISAP I.d.1
evaluations of inspector certifications, it has been
determined that such deviations do not necessarily
relate directly to actual inspector qualifications.
Consequently, the identified deviations were not relied

upon (though they were considered) in determining
inspector capability. Inspector qualifications were
assessed for all inspectors (those with and without

reported deviations) using the ISAP 1.d.1 methodology.

The ISAP I.d.1 evaluation of inspectors whose volk
affected this population concluded that all but one
inspector either were certifiable to applicable
criteria at the time of inspections, were found to be
capable of performing satisfactory inspections
(including those with substantial positive evidence) or
were otherwise shown to be of no further concern.
Evaluation details are discussed further in the ISAP
1.d.1 Results Report.

An analysis was performed on the inspection !

discrepancies noted during the ISAP 1.d.,1 evaluation
that are attributable to the inspector not found to be
either certifiable or capable of performing
satisfactory inspection by the ISAP I.d.1 evaluation.
This analysis took into account the nature, scope, and
relevancy to this population of the reported
discrepancies and considered the possibility that such
discrepancies might result in a construction
deficiency, adverse trend, or unclassified trend if
they were to occur on items in this population. This
analysis determined that these discrepancies are all of
a relatively minor nature and are similar to deviations

(those that did not result in findings) noted during
the reinspection conducted on items in the random
sample for this population. Based on the analysis, it
was concluded that inspection discrepancies of the type
and severity noted during the ISAP 1.d.1 Phase III

.
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evaluation, were they to occur on a reinspection or
documentation review attribute for an item in this
population, would not result in a construction
deficiency, adverse trend, or unclassified trend.

Thus, the possibility of such discrepancies existing
does not detract from the conclusions for this
construction work category.

3.0 ROOT CAUSE AND GENERIC IMPLICATIONS

This section provides a root cause and generic implications
analysis for the following construction deficiencies and
unclassified trends:,,

)-

's,/ 1. Unclassified trend for clamp types not in accordance with the
design drawings.

2. Construction deficiency for inadequate torque and misaligned
spring nuts on Unistrut bolting.

3. Construction deficiency for loose bolts (non-Unistrut spring
nut type).

4. Unclassified trend for inadequate thread engagement on
Unistrut spring nut type bolting.

3.1 Tube Restraints - Clamp Typen not in Accordance with the
Design Drawing

Root Cause

The construction procedure for instrument tube installations,
ICP-4, references the generic design drawings, 2323-I-002, for
the proper location of clamps and supports. These procedural
requirements are sufficient and simple enough to guide the
installation of the proper clamps at the locations required.
This deviation noted that proper clamps were not installed in
accordance with the applicable design drawing.- Since

) /''N reinspection of the majority of instrument tube installations |' ( ,) of these types did not note the use of improper clamps,
evidence to support the conclusion of a systematic fault in
training or supervision is not available. The same craft

{personnel responsible for correctly installing the clamps on
|other tubing runs were responsible for these errors. [

_ _ _ _ _ _ _ _ _ _ _ _ _ i'
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Thus the evidence available does not support the
identification of a primary root cause for this unclassified
trend.

QC personnel were responsible for inspecting the installations
to ensure that they complied with design requirements. The
inspection for each set of supports of a given instrument is
documented on the appropriate line-item of the Inspection
Report. In these cases, the applicable Inspection Reports did
not indicate a rejection with respect to support items. Thus,
the evidence available does not support the identification of
a secondary root cause for this unclassified trend.

An out-of-scope observation involved a missing clamp that was
considered to be another instance of a clamp type not in
accordance with the design drawing. The root cause is
similarly indeterminate and the proposed corrective action is
sufficient to address missing clamps.

Generic Implications

The evaluation to determine generic implications for this
unclassified trend was based on generalizing the found problem
(i.e., substitution of a wrong type component or a missing
component), since no root cause was determired. The use of,

! 1:nproper clamps in this population was significant because a
complace evaluation could not be made for all possible
installations and significant impacts could not*be precluded
for all possible configurations. Although there were other i

components within this population that were improperly
substituted (e.g. , washers, base plates), the ef fect of each
substitution was such that there was no detrimental effect on
the inspected installations or on any installation in the
uninspected portion of the population. For the substitutions
not involving clamps the components substituted were similar
to the one originally required by the design drawing; in
contrast to this, improper clamping substitutions resulted in

|
.

|

|
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potentially significant changes in the restraint conditions
originally established by the design. No evidence of other
missing components was identified.

Additionally, since clamp design is based largely upon generic
details, the verification of clamp design will entail
verification of tube spans and tube-restraint components. The
corrective action therefore will extend beyond the tube
restraint attribute. Thus, although the root cause for this
unclassified trend is indeterminate there is no justification
for applying the corrective action beyond these attributes
specifically associated with tube restraints.

Summary
, i
I\_-] Evidence to support the identification of primary or secondary

root cause could not be established. Thus, no root cause was
identified for this deviation.

Generic implications between this unclassified trend and other
attributes within this population do not exist for
non-tube-restraint attributes, which are not included in the

recommended corrective action.

Recommended corrective action is specified in Section 4.1.

3.2 Bolting - Unistrut Bolting, Misaligned Spring Wuts and
Inadequate Torque

Root Cause

The construction deficiency was identified for Unistrue spring
nu~t misalignment combined with lack of required torque on the
bolt-spring nut fastener. The requirement for torque and .

spring nut alignment is established in a design drawing
referenced by construction procedure ICP-4, which states that
all Unistrut components shall be installed in conformance with

| the Unistrut General Engineering Catalogue. This technical
(vendor) catalogue specifies the requirements for alignment of('' spring nuts and for torque on the basis of bolt diameter.(,j} Reference to the catalogue should be sufficient to alert
construction craft to the spring nut alignment requirement, as
this alignment requirement is commonly understood by craft

.

1
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personnel installing these and similar components. Given the
reference from the procedure, coverage in training would be
anticipated (though the training curriculum could not be
verified). However, construction craft would not normally be
expected to torque bolts to requirements specified within a
technical (vendor) catalogue unless specific indication that
torque is required was also provided in the procedure. Thus,
the primary root cause for inadequate torque on Unistrut
spring nuts is determined to be Engineering's failure to
translate the vendor requirements into appropriate specific

,

instructions to construction craft on torquing. Misaligned '

spring nuts are attributed to less-than-adequate training or
subsequent supervision of craft personnel.

QC personnel were provided with instructions in the quality
procedure (Q1-QP-11.8-5) that instrument tube supports and
racks are in accordance with applicable drawings (type,
placement, and installation) and are properly identified. In

preparing the quality instruction, QC personnel did not take
into account fully all of the detailed requirements of the
Unistrue General Engineering Catalogue for installation of
Unistrut components referenced by the design drawing note.
Thus, (he secondary root cause for inadequate torque and
misalignment of Unistrut spring nuts is attributed to QC's
incomplete inspection procedure, which omitted detailed
instructions by not covering all the implications of the
design drawing notes.

,

Generic Implications

Although these deficiencies are prevalent in the instrument
tube support population, their occurrence in other structural
support populations utilizing Unistrut components was not
evident. The other structural support populations utilizing
Unistrut components are Conduit Supports and Equipment *

Supports. It was determined that specific installation
instructions were provided in bot.h of these populations to
ensure proper torquing of Unistrut bolts. In addition, the

inspection instructions provided to the QC personnel were
complete enough to ensure that torquing was properly
performed and spring nuts were aligned. Reinspection of
items in these populations tend to confirm these conclusions
in that there is no indication that improper alignment and
installation of spring nuts are significant problems.

!.

I
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The implications of this deficiency. did not extend into the
non-bolting attributes of this population. A review of the
design drawings and notes shows that there was sufficient
guidance for the proper installation of the non-bolting items
on the supports. The. sampling results for other attributes-

were also reviewed and it was concluded that the evidence j
obtained indicates that problems of this kind do not exist. ;

Summary '

i

iThe primary root cause for insufficient torque and misa11gned ;

spring nuts is attributed to inadequate engineering '

instructions regarding torque and less-than-adequate
supervision and training for craft personnel on the proper
installation of spring nuts. The secondary root cause for

(''} this construction deficiency is attributed to incomplete QC
\s_/ inspection instructions regarding torque and spring nut

alignment.

Generic implications between this CD and other attributes in
this population were determined not to exist. .Also, generic
implications were found not to exist for other populations.

.

For recommended corrective action for these problems see
Section 4.0.

3.3 Bolting - Other Loose Bolts

.

Root Cause (Primary and Secondary)

For bolting other than that of the Unistrut spring nut type,
the construction procedure required that the bolted
connections be securely fastened. The Deviation Report
written on this construction deficiency noted that the bolted
connection was loose. This condition was in violation of
construction procedure ICP-4.

Since the basic intent of the instruction was evident and
since the number of deviations precludes isolated errors as an
explanation, the primary root cause for this deficiency was

fg determined to be inadequate supervision of construction
( j personnel. Supervistor. is responsible for ensuring detection

and correction of such a widespread less-than-adequate work
product.

- - _ - _ _ - _ _ _
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While the procedure was not found to be the primary root
cause, it was determined to be a contributing cause in that
the specification statement, " securely fastened", is too
ambiguous to ensure that design requirements are fully
satisfied.

QC personnel were provided with instructions in the quality
procedure (QI-QP-11.8-5) that instrument tube supports and
racks are to be in accordance with applicable drawings (type,
placement, and installation) and are properly identified. In
preparing the quality instruction, QC personnel did not take
into account all the requirements of drawing notes for
bolting. Thus, the secondary root cause for loose bolts is
attributed to a less-than-adequate QC inspection procedure,
which omitted specific reference to bolting requirements.

Generic Implications

Loose or improperly torqued bolting was noted in the Pipe Whip
Restraint population, the Structural Steel population, and the
Cable Tray population. Since a common contractor, Brown &
Root, was charged with the installation of these items,
generic implications may exist between these populations.
However, findings in each of these populations have already
led to corrective actions.

The implications of this deficiency did not extend into the
non-bolting attributes of this population. Deviations on bolt
torquing occurred frequently; deviations on oth'er attributes
did not occur with the same high frequency. Also, a review of

'

the design drawings and notes shows that there was sufficient
guidance for the proper installation of the non-bolting items
on the supports. Further, evidence obtained by the
reinspection indicates that problems of this kind do not
exist.

|
1

l
Summary

1

The primary root cause for failure to properly install
non-Unistrue spring nut type bolting is a product of
inadequate supervision of construction personnel. The
secondary root cause was a result of less-than-adequate QC
inspection procedure. For recommended corrective action for
these problems see Section 4.0. Although generic implications |

_ _ - - - .
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'for.other attributes in this population do not exist, similar
bolting problems were noted and addressed by corrective
actions in the Pipe Whip Restraint population, the Structural -
Steel population, and.the Cable Tray population.

'

3.4 Bolting - Inadequate Thread Engagement on Unistrut Spring Nut
Type Bolting

Root Cause (Primary and Secondary)

For all bolting the construction procedure identified the
requirement for thread engagement by reference to other
bolting procedures and specifications. The Deviation Reports
that correspond to this unclassified trend note that bolts are
not adequately engaged with Unistrut spring nuts. This
condition was in violation of-construction procedure ICP-4.

Since the basic intent of the instruction was evident and
since the number of deviations noted for the attribute of
bolting precludes isolated errors as an explanation, the
primary root cause for this finding was determined to be
inadequate supervision of construction personnel. Supe rvision
is responsible for ensuring detection and correction of such a
widespread less-than-adequate work product.

QC personnel were provided with instructions in the quality
procedure (QI-QP-11.8-5) that instrument tube supports and i

racks are to be in accordance with applicable (rawings (type,
placement, and installation) and are properly identified. In
preparing the quality instruction, QC personnel did not take
into account all the requirements of drawing notes for
bolting. Thus, the secondary root cause for loose bolts is*

attributed to a less-than-adequate QC inspection procedure,
which omitted specific reference to bolting requirements.

.
,

Generic Implications

Although these deviations are prevalent in the instrument tube
support population, their occurrence in other structural I

support populations utilizing Unistrut components was not

O evident during reinspection. The other structural support
populations that utilize Unistrut components are Conduit ;

Supports and Equipment Supports. It was determined that the !
supervision of construction personnel and QC inspection j

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
_;
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instructions in these CWCs was sufficient to ensure adequate
thread engagement of Unistrut spring nut type bolting.
Reinspection of items in these populations provided the
evidence required to reach this determination.

Because of dif ferences in the installation processes
deviations of this magnitude are not likely to occur in
standard nut / bolt connections. As such, this unclassified
trend is restricted to spring nut type bolting.

The implications of this finding did not extend into the
non-bolting attributes of this population. Deviations on
bolting occurred frequently; deviations on other attributes
did not occur with the same high frequency. Also, a review of
the design drawings and notes shows that there was sufficient
guidance for the proper installation of the non-bolting items
on the supports.

Summary

The primary root cause for failure to engage Unistrue spring
nut type bolting properly is less-than-adequate supervision of
construction personnel. The secondary root cause was
less-than-adequate QC inspection procedure. For recommended
corrective action for these problems see Section 4.0. Generic
implications for other attributes in this population do not
exist; also similar bolting engagement problems were not noted
in other populations.

,

4.0 RECOMMENDATIONS

Based on the root cause analysis for the construction deficiencies
and unclassified trend noted the following corrective actions are
recommended.

.

4.1 Tube Restraints - Clamp Types not in Accordance with the
Design Drawing

Reinspect all instrument tubes to ensure that spacing and
types of tube restraints are in accordance with current
construction procedures (ICP-4). |f

)
i

_ . _ _ _ _ _ _ _ _ _ _ _ _ _ _
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4.2 Bolting - Unistrut Bolting, Inadequate Torque and Skewed
Spring Nuts

1. For existing Instrument Tube Support installations,
torque and align the Unistrut spring nuts per
specifications.

2. Review construction and QC procedures for instrument
tube supports to ensure that the requirements for
torquing and alignment of Unistrut spring nuts are
properly incorporated.

4.3 Bolting - Loose Bolts, Non-Unistrut Spring Nut Type

1.I 'T For existing installations, reinspect the existing
instrument tube supports to assure that all connections

/ utilizing non-Unistrut-spring-nut type bolting are%-

torqued in accordance with the design requirements.

2. For future work evaluate the adequacy of the current
construction and inspection procedures for the field
implementation, fastening, and inspection of
non-Unistrut bolting and revise as necessary.

,

1

4.4 Bolting - Inadequate Thread Engagement on Unistrut Spring Nut
Type Bolting

q

1. For existing installations, reinspect 1Q0 percent of
the existing instrument tube supports to assure that
all connections utilizing Unistrut spring nut type
bolting are securely fastened in accordance with
construction procedures (ICP-4) .

2. For future work evaluate the adequacy of the current
inspection procedure for Unistrut bolting and revise as
necessary.

4.5 Construction and QC Personnel

Provide retraining of construction and QC personnel, including
/'' supervisory personnel as appropriate, to ensure that the
( requirements for future installations of instrument tube

supports are understood.

,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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5.0 CONCLUSIONS

Based on the findings of the reinspection and documentation
reviews, and satisfactory implementation of the above
recommendations and the applicable recommendations of Appendix 35
(AWS Welding), and the ISAP VII.b.4 Results Report, there will be
reasonable assurance that the hardware in this construction work
category is adequately installed in conformance with the design.

O

1

e

1

.

i

|

1

O-
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Table 28-1-

Summary of Reinspection Results
Instrument Tube Supports

Deviation Type
Number of
Inspection Number of Insigni- Construction

Attribute Points Deviations ficant Notabic Deficiency

1. Tube Restraint 800 9 2 7 0

2. Tube Span 780 36 19 17 0

3. Unique Base Place
Identifier 410 7 7 0 0

4. Components 1,600 9 4 5 0

5. Configuration 2,400 89 79 10 0

6. Welding 12,750 252 87 165 0

7. Bolting 5,700 483 53 20[C] 2[B]

8. Concrete Expansion
Anchors 20,500 49 [A] [A] [A]

9. Base Plate Bearing. 410 7 5 2 0-

)

TOTALS 45,350 941 256 226 2
(Approximately 45,000)

[A] See ISAP VII.b.4 Results Report.

[B] These CDs include 408 Unclassified Deviations applicatie to Unistrut or
non-Unistrut bolting.

1

[C] The 20 notable deviations include 14 that were part of an unclassified trend and 'I
therefore were not evaluated for safety significance.

'

. _ . - . _ - . - . - - - - - - . _ - _ - - - _ . . - - - - - - - - -- - - - - -- - - - - - - - - - ^ - - - - - - - - - - - - - - ' - - - - - - - - - ' ' - - - - - ' ' ^ ^ ^ --
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Table 26-2

Summary of Documentation Review Results
Instrument Tube Supports

Deviation Type
Number of
Review Number of Insigni-

Attribute Points Deviations ficant Notable

10) Material
Traceability 180 58 5 53

11) Concrete Expansion
Anchors 170 67 [A] [A]

12) Drawing Revision 140 1** 1** 0

13) Stud Welding 6 4 1 3

TOTALS * 496 130 7 56
(approximately 500)

QC Inspector Certification review points and deviations,are excluded from totals*

and the deviations are not classified because the results of ISAP I.d.1 indicate
that these deviations do not relate directly to actual inspe'etor qualifications.

** This is a generic DR that applies to all the items in the samples.

[A] See ISAP VII.b.4 Results Report.

.

O
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Pipe Whip Restraints

1.0 REVIEW PROGRAM IMPLEMENTATION

1.1 Construction Work Category Description

The construction work category of pipe whip restraints is
comprised of all safety-related moment restraints, pipe whip
restraints (including those associated with the main reactor

s
coolant loop) and restraint support structures in piping
systems (large and small bore piping).

1.2 Population Size and Sample Selection

For this construction work category, a population of
approximately 650 items was identified as QC-accepted as of
the date of this reinspection effort. Reinspection and
documentation reviews were performed for a total of 153

|h accessible items that were randomly selected. Additionally,

reinspection and documentation reviews were performed for
three randomly selected items that were only partially
accessible. All the items in this population are required for
safe shutdown; therefore, no second sample was required. All
attributes in the sample were reinspected or reviewed a |

minimum of 60 times except as noted below: )
.

1. Concrete inserts - This attribute was proportionally
sampled with other populations to get 60 sample items,
and the results are discussed in Appendix 33.

2. Concrete expansion anchors - This attribute was
proportionally sampled with other populations to get 60
sample items, and the results are discussed in the
Results Report for ISAP VII.b.4, "Hilti Anchor Bolt
Installation."

3. Welds made with ASME procedures - The reinspection and
,

document review results are combined with those from 1

the pipe support populations on a proportional sampling
basis to achieve the required sample size. The results
are discussed in each appendix and are trended with
respect to the other populations.

O

_
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4. Structural bolting and other welds (AWS)- These
attributes were proportionally sampled with other
populations to get 60 sample items. The results are
discussed in Appendix 34 and 35 respectively.

5. Location - Forty-eight items were inspected for the
attribute of location. The results of these
inspections, when considered together with the results
from the inspections of similar work processes in other
CWCs, were concluded to be sufficient to provide the
assurance required by the Program Plan that items in
this CWC are located within specified tolerances. The
piping configuration populations, Large Bore Piping
Configuration and Small Bore Piping Configuration,
verified the proper location of inline piping system
components. These results provide assurance that the
uninspected inline moment restraint forgings in this
CWC are also properly located. The three pipe support
populations verified that pipe.supporta are properly
located. These results provide assurance that the
uninspected pipe whip restraints, whose installation in
a specific location require a similar process, are also
correctly located.

,

1.3 Attributes Selected

Sample items were reinspected for the following attributes:

.

Attribute 1 - Identification

Attribute 2 - Location

Attribute 3 - Orientation

Attribute 4 - Configuration

Attribute 5 - Cold gap between pipe and restraint

Attribute 6 - Structural bolting

Attribute 7 - Concrete inserts and nuts for embedded bolts

.
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Attribute 8 - Concrete expansion anchors

Attribute 9 - Welds made with ASME procedures

Attribute 10- Other welds

Sample item do:umentation was reviewed for the following
attributes:

Attribute 11- Traveler package completeness

Attribute 12- Fit-up, preheat, stress relief and
non-destructive examination of welds

Attribute 13- Torque for bolted connections'w)
Attribute 14- Tightness of concrete inserts and nuts for

embedded bolts

Attribute 15- Torque and rework for concrete expansion
anchors

Attribute 16- Material traceability

Attribute 17- Hot gap between pipe and restraint

Attribute 1S- Weld procedure qualification and. application

Attribute 19- Welder qualification j

' Attribute 20- QC Inspector Certification

2.0 DISCUSSION OF RESULTS

2.1 Summary of Deviations

For reinspection, a total of 245 Deviation Reports was issued
describing 1,623 deviations. Approximately 75,000 inspection

Q)
points were encountered in performing the reinspection. See

( Table 29-1 for results of the reinspection,

u_____.__________..
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For documentation review, 36 Deviation Reports were issued
describing 116 deviations. Approximately 28,000 review points
were encountered in performing the documentation reviews. See

Table 29-2 for the results of the documentation review.
!

Documentation Review deviations related to inspector

certification have not been included in the aforementioned
totals. As discussed in Section 2.3.10, it has been
determined that these deviations do not necessarily relate
directly to actual inspector qualifications. These deviations
were considered in the ISAP 1.d.1 evaluation together with

supplemental information as necessary to determine actual
inspector qualifications. The ISAP I.d.1 conclusions are
summarized in Section 2.3.10.

In the 10 reinspection attributes of this population, there
were two ccustruction deficiencies, four adverse trends, and

an unclassified trend as follows:

1. Attribute 4 - Configuration: Adverse trend for missing
components. See Section 2.2.4 for discussion of this
attribute.

2. Attribute 4 - Configuration: Construction deficiency
for levelness and plumbness. See Section 2.2.4 for
discussion of this attribute.

3. Attribute 4 - Configuration: Construction deficiency
for missing shim welds in bearing type joints. See

Section 2.2.4 for discussion of this attribute .

4. Attribute 5 - Cold gap between pipe and restraint:
Unclassified trend for gap between pipe and restraint.

See Saction 2.2.5 for discussion of this attribute.

5. Attribute 6 - Structural bolting: Adverse trend for
missing and incorrectly installed locking devices. See

Section 2.2.6 for discussion of this attribute.

6. Attribute 6 - Structural bolting: Adverse trend for
lack of joint tightness in structural bolted joints.

See Section 2.2.6 for discussion of this attribute.

_ _ _ _ _ _ _ _ _ _ _
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7. Attribute 10 - Other welds: Adverse trend for missing
welds. See Section 2.2.10 for discussion of this
attribute.

In the nine documentation review attributes of this population
(excluding QC inspector certification) 74 of the documentation
review deviations evaluated were determined to be
insignificant and 40 were notable. Two deviations were
referred to ISAP VII b.4.

2.2 Analysis of Reinspection Deviations

This section provides, by attribute, a discussion of the
reported deviations, an analysis of the effect of the

[~) deviations on the functional capability of the pipe whip

(s / restraints, and an analysis for the presence of trends. The
function of the pipe whip restraints is to limit the movement
of the system piping in the event of a pipe break, thus
providing for the protection of adjacent safety-related items.

2.2.1 Attribute 1 - Identification

In 119 inspection points for identification, six
deviations were reported where the restraint was not
permanently marked with the restraint number as
required by the specification. All six deviations were {
reported for U-bar restraints. In all six cases vendor
part numbers stamped on the restraint, measurement of |

U-bar size and review of documentation indicated that
the correct restraint assembly had been installed.
Therefore, the deviations were insignificant, and no
adverse trend was identified.

I

2.2.2 Attribute 2 - Location I

For the attribute location, the following dimensions
specified on the drawing were verified, as applicable:

- Location of the restraint with respect to the

f''g system pipe elbow. If this dimension was not

~') specified on the drawings, location of the!

restraint was verified with respect to plant
coordinates.

.

____ .___.- _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ _ _ . - . . _ _ _ _ . _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ . _ _ _ _ _ _ . _ . _ _ . . ____-___._.________________J
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- Location of the restraint with respect to the
support structure. If this dimension was not
specified on the drawings, location of the
support structure was verified with respect
to plant coordinates.

In 85 inspection points for location, 42 deviations
were reported.

A total of 31 deviations were reported where the
location of the restraint with respect to the pipe
elbow did not meet the drawing requirements. The
distance of a restraint from the pipe elbow is
important from two considerations: the impact load on
the restraint and the bending moment in the whipping
pipe. The maximum magnitude of the 31 deviations
discussed above was less than 3 inches. Of these, only
nine deviations occurred in a direction that would
cause the restraint loading and pipe bending moment to
increase. These nine deviations represented a change
in location of 5 percent or less. In all cases, the

change in the restraint loading and pipe bending moment !

were negligible. Therefore, these 31 deviations were
.Idetermined to be insignificant.

The effect of a deviation of ten percent in location

|
with respect to a pipe elbow was evaluateH for the

| uninspected portion of the population. The deviation
| was considered to occur in a direction that would cause

the restraint loading and pipe bending moment to
increase. It was determined that such a deviation
would not result in a construction deficiency, if it
occurred in the uninspected portion of the population.

Location of a restraint was verified with respect to

plant coordinates when the drawing did not specify any
dimension to locate the restraint with respect to the

pipe. A total of three deviations was reported. The
maximum deviation was identified 'for a restraint that
was installed such that its centarline elevation was
3/4 inch out of tolerance. Two deviations were
evaluated to be insignificant. One deviation was not
evaluated as thp design basis for the pipe whip

.

. _ . _ _ _ _ . _ _ . _ _ _ _ . _ _
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restraint had been previously eliminated due to the
deletion of a postulated break. A deviation of this
type indicates that the restraint may not be at the
design location with respect to the pipe.- Based on the
discussion of deviations on location with respect to
pipe elbow, it is concluded that if similar deviations
were to exist in the remainder of the population they
would not be likely to result in a construction
deficiency.

Location of a support structure was verified with
respect to plant coordinates when the drawing did_not
specify any dimension to locate the restraint on the
support structure. Two location deviations were

O reported. The larger deviation was 1/2 inch for a
dimension that was specified to be 34 feet from the
centerline of the reactor. Both deviations were
evaluated to be insignificant. In general, when t'ae

drawing does not specify dimensions to locate a
restraint on the support structure, the area in which
the restraint can be installed is limited by
configuration of the support structure. Therefore,
similar deviations in the uninspected portion of the
population are expected to be insignificant, and
therefore not likely to result in a construction
deficiency.

The remaining six deviations were reportet where the
location of the restraint with respect to the support
structure did not meet the design requirements. Five
out of these six deviations were determined to be
insignificant, because an evaluation found that the
change in the stresses was negligible for each one.
The sixth deviation was reported for the hot leg
restraint on a reactor coolant loop. This restraint
consists of a saddle clamped to the system pipe and a

isupport structure comprised of a column and three brace
beams. The saddle is designed to accelerate through a
gap and impact the column in the event of a postulated
pipe break. The design required the centerlines of the
saddle and the column to be within 1/2 inch of each
other. The deviation reported an eccentricity of 1
inch. An evaluation found that this eccentricity would

i

L___________________--_-_ - - - - - - - - - - - i
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cause an increase of column stresses from 56 percent to
71 percent of the allowable limits. This deviation was
determined to be notable. There are a total of eight
hot leg restraints for the two units. The design
stress levels for all these restraints are essentially
the same. Therefore, a similar deviation in another
hot leg restraint would not result in a construction
deficiency. In general, for other types of restraints,
a small change in the location of the restraint with
respect to the support structure would not result in a
significant change in stresses. Therefore, if similar
deviations were to exist in other type of support
structures, they would be likely to be insignificant,
and therefore not likely to result in a construction
deficiency.

Based on the analysis of deviations discussed above, no
adverse trend was identified.

,

2.2.3 Attribute 3 - Orientation

In all 123 inspection points, orientation was verified
to be as required by the drawings, and no deviations
were reported.

2.2.4 Attribute 4 - Configuration

For each restraint or support structure, pomponents of
the assembly, material conformance of high strength
bolts, levelness and plumbness, dimensions, bearing of
base plates, shimming and attachments were incpected
under this attribute. These items are discussed below.

Components of the Assembly

The restraint or support structure was visually |
inspected to verify that all the components of the |

| assembly were installed and arranged as shoen on the
f drawings. In approximately 1,300 inspection points, 57
| deviations were reported. Based on the deviations, an

adverse trend was identified for missing co,mponents.

1

1

. _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _
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A total of 47 deviations was reported where minor
differences existed between the drawing requirements
and the installed condition, e.g., in one case the
drawing showed a single shim whereas the installed
restraint had a stack of shims with the required
overall dimensions; in another case, a 3/4-inch-thick

stiffener was installed instead of a 1/2-inch-thick
stiffener required by the drawing. All 47 deviations
were evaluated and found to be insignificant.

The remaining 10 deviations were for six missing
stiffeners, two missing cover plates and two missing
enclosure plates for four sa.mple items. These
deviations for missing compcnents were determined to be

() . notable and are described below.

In one case, four out of 14 1-inch-thick stiffeners,
which were to be welded to the face of a 4 feet
4 inches by 4 feet 6-1/2 inches by 1 inch support
plate, were missing. This plate was mounted to the
concrete structure by means of concrete expansion
anchors. The stiffeners were required by design to
distribute the load from the support structure to the
attached support plate. An evaluation determined that
the deviation resulted in a.35 percent increase in
plate bending stresses. However, the plate could still
perform its function. ,

In another case, a 1-inch-thick stiffener, which was to
be welded between two plates of a support structure
perpendicular to the inside faces of the plates, was
missing. There are a total of 15 stiffeners required
for the sample item. Twelve stiffeners were vendor
installed. The subject stiffener was to be located
behind the plate to which the bumper is attached. The
purpose of the stiffener was to stiffen the plate. An
analysis of the reported condition determined that even
without the subject stiffener plate, the support
structure was adequate to carry the design loads.

.

*
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In one case, a 1-inch-thick stiffener plate, which was
to be welded to the face of a 10 feet 6 inches by 10
feet 2 inches by 1-1/2 inch support plate, was missing.
This plate required a total of 82 such stiffeners.
This plate is mounted to the concrete structure by
means of embedded anchors. This stiffener was designed
to distribute the load from the support structure to
the attached support plate. An analysis of this
condition determined that even without the subject
stiffener, the support place was adequate to carry the
design loads. <

In one case of two missing cover plates, two box beam
sections of a support structure were butted together
and spliced by full penetration welding. To allow for
a potential misalignment of the top plates of the box
sections, cover plates were shown to be welded to the j

top of the box sections and to each other at the splice j
location. These cover plates were missing. Because ;

the alignment at these sectious was acceptable, no
cover' plates were necessary and the box beams as
spliced are capable of performing their intended
function.

!

In two cases, a plate was missing that forms part of a
four-sided enclosure that retains the whip restraint
energy-absorbing honeycomb material in position in the
event of a pipe break. In these two cases, the ;

postulated load would cause the honeycomb material to
move,away from the location of the missing plate and
toward the sides of the enclosure that had been
installed. Therefore, che restraint structure would

perform its intended function even without the plate.

1Although none of these 10 deviations was evaluated to
be a construction deficiency, deviations for missing
components are considered notable. However, the
observed stress increases were either large, or could

; be large were a cover plate to be omitted on a
misaligned support section. Therefore, were these !

, '

I missing components to occur in the uninspected portion
| of the population, it is considered likely that a

j construction deficiency could result. Therefore, an
adverse trend was identified for missing camponents.

!
~

|
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For root cause and generic implications analysis
associated with this adverse trend for missing
components, see Section 3.1.

Material Conformance of High Strength Bolts

Each sample item was inspected to verify the use of
proper bolt material when high strength bolts were
required by the drawings. This verification included
bolts used in structural joints, in concrete inserts,
and in holes drilled through the concrete wall or floor
slabs.

In approximately 2,300 inspection points, 111

, -~s deviations were identified. Four of these deviations-

( ) reported substitution of ASTM A490 for ASTM A354 Grade
'

BD. All deviations occurred on the same restraint,'~

which required four specially fabricated 1-3/4 inch
bolts, 5 feet 6 inches in length. Review of
documentation indicated that the substitution was made
by the vendor. The two materials have similar
mechanical properties, and the substitution has no
effect on the load transfer capability of the joint.
Thereforet these four deviations were insignificant.

Another four deviations were reported where ASTM A325
bolts were substituted in a joint where the drawing
specified ASTM A307 bolts. As the mechanical
properties of ASTM A325 bolts are superior to those of
ASTM A307 bolts, the substitution was found to have no
adverse effect on the load transfer capability of the
joint. These four deviations were also insignificant.
Deviations similar to these eight deviations, were they
to occur in the uninspected portion of the population
would also be insignificant. No adverse trend was
identified.

A total of 36 deviations was reported for structural
bolts. Of these, 30 bolts had partial markings and six
bolts had no identification marks. The 30 bolts with

/'' partial markings still had enough of the marking to
(_,)/ conclude that they were the correct material. The

markings were apparently damaged or removed during

- - _ _ - _ _ - _ - _ _ - _ _ _
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surface preparation for painting or paint removal for
reinspection. The bolts with no markings were
distributed through three connections. A 24-bolt
connection had four bolts with no markings.
Additionally, a 12-bolt connection and a 16-bolt
connection had one bolt each with no identification
marks.

As bolts with no markings were in the same connections
that have bolts with proper markings, and as there was
no evidence found during reinspection that lower grade
bolting material had been substituted elsewhere in the
population, it was concluded that the bolts with no
markings in structural connections were also the
correct type.

A total of 67 deviations were reported for anchor
bolts. Of these, nine had partial markings and 58 had
no identification marks, The nine bolts with partial

markings still had enough of the markings to conclude
that they were the correct material. The anchor bolts
with no marking are fabricated from bar stock / threaded
rod that does not have a mandatory manufacturers
material marking on it, as do high strength structural
bolts. Markings are added only to facilitate
traceability to the point of placement. The markings
may have been removed during surface preparation for
painting or paint removal for reinspection.
Thirty-four of the deviations for missing
identification were for connections in which none of
the bolts had any markings. There were five such
connections. In all five cases, a review of material

requisitions, field fabrication records, and the
traveler packages provided sufficient supporting
documentation that the correct material had been
installed. The remaining 24 bolts with no

identification were distributed across seven
connections, each of which had the majority of its

bolts properly marked for identification. Further

investigation resulted in suitable documentation being
located to provide assurance that the bolts were of the
correct material in each case. The fact that no (

l

________
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evidence was found during the reinspection conducted
for this CWC that lower grade bolting material had been
substituted in the population provides further
assurance that the correct material has been used for
bolting in this CWC.

Therefore, all deviations for missing or illegible
markings were determined to be insignificant.

Based on the above discussion of deviations, no adverse

trend was identified.

Levelness and Plumbness

O In all but one of the approximately 650 inspection
points, each structural member was verified to be level
and plumb within the specification tolerances. The
single deviation was evaluated to be a construction
deficiency for levelness and plumbness.

The deviation identified an out-of-level beam that was
part of a support structure. The drawings permitted a
maximum out-of-levelness of 1/2 inch over the length of
a member. The deviation reported the beam to be out of
level by more than 2-7/8 inches. This beam was a
built-up channel, 2 feet 6-1/2 inches in length, and it
spanned between the base plate of the support structure
and the part of the restraint that was designed to take
direct impact of the whipping pipe. The beam was
designed for an 83 kip load in tension or compression.

'

The beam was bolted at either end by a single 2-inch
bolt installed snug tight. Therefore, there was
essentially no moment transfer at either end of the
beam. At the base plate end, the beam was bolted to a
1-1/2 inch gusset plate welded to the base plate. The
drawings cequired the longitudinal axis of this 7 by 15
inch gusset plate to be aligned with that of the beam.
The deviation identified an out-of-level condition that
caused the two axes to be inclined at approximately 16
degrees to each other and caused the beam to be

_-
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misa11gned* with the bracket on the wall. This
misalignment caused a substantial bending moment in the
gusset plate that resulted in stresses that were more
than 20 percent above the allowable limits. Therefore,

this deviation was determined to be a construction
deficiency.

For root cause and generic implications analysis
associated with this construction deficiency for
levelness and plumbness, see Section 3.1.

Dimensions

Each restraint or support structure was inspected to
verify that dimensions controlled during installation
were within the specified tolerances. However, gaps
between pipe and restraint, and location dimensions for
restraint and support structure, were verifled under
separate attributes.

In 700 inspection points, 106 deviations were reported.
For all 106 deviations that addressed length or
relative location of structural members, evaluations

found that the effect of the deviations on the
load-carrying capacity of the sample item was
insignificant. The large number of deviations appears
to be the result of very tight tolerances, e.g. 1 1/16
inch for dimensions up to 30 feet. Reported dimensions
were less than 3/4 inch out of tolerance in 104 cases.
The remaining two cases reported dimensions that were
1 inch and 3-1/2 inches out of tolerance. The-

deviation for 3-1/2 inches occurred on a 10 feet 2
inches by 10 feet 6 inches base plate that had been
constructed using a splice plate. A stiffener was
required to be installed near the splice plate weld at
a distance of 1 foot 7-1/4 inches from another

Note that alignment was separately reinspected under the*

characteristic " components", but, by procedure, no deviation was
reported there because a related, objectively measured, deviation
was identified here.

_ _ _ _ _ _ _ _ _ _ _ _
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stiffener. The installed stiffeners were 1 foot 10-3/4
inches apart. Evaluations found that the worst case
deviation would cause an increase in stresses of less
than 3 percent. Therefore, all 106 deviations were
insignificant.

Pipe whip restraints are designed so that they are
loaded close to allowables under design loading
conditions so that they would experience some plastic
deformation and then absorb energy under these design
loads. Small increases in stress that result from
small dimensional variances would have only negligible
effects on a restraint's ability to perform its
intended function. Thus, if similar deviations were to

f s. occur in the uninspected portion of the population, no

( } construction deficiency would result. Therefore, no
N-' adverse trend was identified.

Bearing of Base Plates

in all but one of the 114 inspection points, the
bearing concact of base plates was verified to be in
accordance with the specification requirements. The
single deviation was reported for a support structure.
The support structure consisted of a main beam
connected to a wall by a large base plate having 25
anchor bolts. These 1-1/2 inch diameter bolts were
installed in holes drilled through the vaJ1. On the
back side of the wall, the nut for each anchor bolt
bore on a 7-inch-square anchor plate that was grouted.
The deviation identified one of these 25 anchor plates
as having a void between the plate and the grout. 'This
void extended 3 inches from the edge into the bearing
area. An analysis that neglected the bolt at the
location of the deviation showed that the change in the
stresses was small. Therefore, the single deviation
identified was insignificant and no adverse trend was
identified.

O
N.Y

.

I

_ _ _ _ _
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Shimming

Each sample item was inspected to verify that the shims
in bolted joints met the drawing requirements. In

approximately 400 inspection points, 57 deviations were
identified. One of these deviations that reported
missing shim welds was determined to be a construction
deficiency. The deviations are discussed below.

A total of 39 deviations were identified where shims
did not cover the entire surface of the mating parts,
as required by the drawings. In all 39 cases, the area
not covered by the shims was small and did not affect
the load transfer capability of the bolted joint.
Therefore, the deviations were insignificant.

Three deviations were identified where shims did not
meet the thickness requirement of the drawing. In all
three cases, an analysis determined that the installed
shimming was acceptable, met AISC edge margin
requirements, and resulted in no change in the load
transfer capability of the joints. These three
deviations were also insignificant.

When chins were used in bearing type joints, the
drawings required that shims be welded to each other
and to one of the mating members, such that the total

thickness of unwelded shims did not exceed 1/4 inch.
One deviation identified a bolted connection where the
drawing specifically called out the mating surface to
which the shim was required to be welded. The
deviation reported that the weld was made to the other
mating member. This deviation was insignificant
because an evaluation determined that there was no
effect on the load transfer capability of the joint.

Fourteen other deviations reported missing welds in
bearing type joints. Thirteen deviations for missing
welds, where the sample items could still perform their
intended function, were determined to be notable
because they represent a significant departure from
design requirements. One deviation, where the total
thickness of unwelded shims was 1/2 inch, was found to

- _ _ _
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be a construction deficiency. The evaluation found
that under design loads, substantial bolt bending would
occur such that the bolt stresses would be well above
the allowable limits.

For a root cause and generic implications analysis of
this construction deficiency for missing shim welds,
see Section 3.1.

Attachments

In all 81 inspection points, attachments of instrument
brackets were verified to be as required by the
drawings, and no deviations were reported.

,,

Ik_,) 2.2.5 Attribute 5 - Cold gap between pipe and restraint

All restraints were inspected to verify that the cold
gap between the system pipe and the restraint is as
specified on the drawings. In 162 inspection points,
64 deviations were identified. Based on an evaluation
of the deviations, an unclassified trend was identified
for gap between pipe and restraint.

Six deviations were on the clearance in the lateral
direction between the system pipe and U bar restraints.
An evaluation determined that the deviati,ons had no
effect on the functional capability of the restraint.
Therefore, these deviations were insignificant.

The remaining 58 deviations on gaps were for the
dimension in the direction in which the pipe would move
in the event of a pipe break. These deviations are
discussed below. In the discussion, consideration is

'

given to the fact that the plant had been subjected to
two hot functional tests prior to.the reinspection.
When a piping system heats up for the first time and
subsequently cools down, the cold position of the pipe
is typically not identical to its original position.
During subsequent heat-up and cool-down cycles, the
piping system tends to return to the position
established by the initial heating cycle. Deviations
exceeding 1/4 inch are considered out of the ordinary
for this construction work category. There were eight

such deviations ao described below.

- _ _ _ - _ _ _ - _ .
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A total of 10 deviations were identified for restraints
where the gap exceeded the allowable limits at some
points of the restraint. An evaluation found that the
average gap was within the allowable limits and that
the deviations had no impact on the functional
capability of the restraint. Therefore, the deviations
were insignificant.

A total of 26 deviations were identified for gaps that
were larger than the drawing requirements. A larger
gap, in general, increases the load on the restraint,
as it allows the pipe to accelerate through a greater
distance in the event of the postulated break. In 21
of these deviations, the reported gap exceeded the
tolerance by less than 1/4 inch, and the effect of the
increased gap was evaluated to be small. Twenty of the
above deviations were determined to be insignificant.
For one deviation, the load resulting from the
increased gap was determined to be notable.

Three deviations out of the 26 for larger gaps exceeded
the tolerance by 5/16, 9/16, and 5/8 inch. The gaps
required by the drawings were 5-11/16, 1-1/8, and 2-1/2
inches, respectively. The effect of the increased gap
on the functional capability of the restraint was
determined to be small; therefore, these deviations

'
were also insignificant.

One deviation out of the 26 for larger gaps was on a
honeycomb restraint where the gap exceeded the drawing
requirement by 7/32 inch. The drawing required the gap
to be within 1/16 inch of the 3-13/32 inches indicated.
An analysis found that the deviation would result in a
honeycomb crush of 3-1/2 inches under the design load.*

The design condition would cause a crush of
approximately 3 inches. The allowable crush was 5-1/2
inches. As the magnitude of the deviation was small
and significant design margin remained, the deviation
was insignificant.

O
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The last deviation for larger gaps was identified for a
hard restraint. This type of restraint is designed
such that its deformations under the applied loadings,
remain within elastic. Limits. The required cold gap

| for this restraint was 3/32 inch and a tolerance of
' 1/16 inch was specified. The deviation reported a gap

of 3/16 inch. As the reported gap was only 1/32 inch
outside the tolerance and the restraint stresses
remained within the allowable limits, the deviation was
insignificant.

A total of 21 deviations was identified where the gap
between the system pipe and the restraint was less than
the drawing requirement. A smaller gap, in general,

h(./
decreases the load on the restraint; therefore, it does
not affect the functional capability of the restraue,

| provided that no interference is created oy cae
restraint during any plant operating condition. In 16
of these deviations, the reported gaps were outside the
tolerance by less than 1/4 inch, and the evaluations
found no reduction in the functional capability of the

i restraints. Therefore, these 16 deviations were
'

insignificant.

Four deviations out of the 22 for smaller gaps, were
reported where gaps were outside the tolerance by 5/16,
5/16, 7/16, and 5/8 inch. The required gaps were
1-9/16, 2-5/16, 3-1/2, and 3-15/16 inches respectively.
The evaluations determined that there was no reduction
in the functional capability of the restraints and thus
these deviations were also insignificant.

The last deviation for smaller gaps was identified for
a U bar restraint where the gap was 1 inch smaller than
the specified value of 3-15/16 inches. The subject
restraint was designed to function together with
another restraint. The gaps on the two restraints were
specified such that the pipe would impact both the
restraints simultaneously. The smaller gap on the
subject restraint resulted in a higher load on the

( restraint because the second restraint would not share
any load until it was impacted. An evaluation found a
substantial reduction, of more than 20 percent, in the

L________--_
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design margin for the corresponding structure. The
resulting stresses in the support structure were found
to be approximately 97 percent of the allowable
stresses. Therefore, this deviation was notable.

Although the majority of the deviations were small and
could be attributed to the change in the piping

position that follows a hot functional test, deviations
in excess of 1/4 inch are considered out of the
ordinary for this construction work category. As
described above, there were a total of eight such

deviations. A review of the evaluations indicates that
seven of these deviations were insignificant. Even in
the case of the single notable deviation, where only
one restraint would function instead of the two
provided by design, the stresses remained within the
allowable limits. The likelihood of similar
deviations, if present in the uninspected portion of
the population, to cause a construction deficiency
could not be determined. Therefore, an unclassified
trend was declared for gap between pipe and restraint.

One deviation was not evaluated on the basis of
corrective action recommended as a result of the
unclassified trend. Therefore, this deviation was

unclassified.

For root cause and generic implications ahalysis
associated with this trend, see Section 3.2.

2.2.6 Attribute 6 - Structural Bolting

For each structural bolted joint, the size and number
of bolts, bolt angularity, washer, installation of
locking devices, thread engagement, and joint tightness
were verified. These items are discussed below.

Size and Number of Bolts

In all but one of the approximately 2,000 inspection
points, the size and number of bolts were verified to
be as required by the design drawings. The single-

deviation was reported for a missing bolt f or a joint

_ _ - _ _ _ _ _ _ _ _ _ _
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that required six bolts. As a missing bolt could
result in a significant reduction of the load transfer
capability of the joint, the deviation was considered |
notable. This deviation was considered in the trend i

analysis for loose bolts under joint tightness for
structural bolting.

Bolt Angularity

In all but it of the approximately 3,900 inspection
points, the angularity of the bolt with respect to the
bolted surface was verified to be within the tolerances
allowed by the design requirements. In all 14
deviations, there was no significant reduction of joint
capacity, Therefore, the deviations vere insignificant,

( and no adverse trend was identified.
w_

Washer

All bolts were inspected to verify that washers were
installed per the design specifications.

In approximately 2,000 inspection points, 108
deviations were reported. Of these, 50 deviations were
reported for bolts with no washers. The remaining 58
deviations were for bolts where the washer did not
completely cover the hole. The majority of these holes
were slotted, and a standard washer had been installed.
All the deviations were for bolts that were required to
be installed snug tight only. As a washer is required
primarily to prevent excessive forces on the connected
material due to bolt pretension, the deviations
identified were insignificant. Similar deviations, if
they were to occur in the uninspected portion of the
population would also be insignificant. Therefore, no
adverse trend was identified.

Locking Devices

In approximately 1,200 inspection points for locking

['} devices, 712 deviations were identified. Similar

\_ / deviations in other populations have been determined to
be construction deficiencies. A recommendation has

- _ _ _ _ - _
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been made to TUGC0 to perform a 100 percent
reinspection of locking devices. As this reinspection
will include the construction work category of pipe

whip restraints, the deviations in this population were
not analyzed for construction deficiencies. Based on
the evaluations of similar deviations in other
populations, an adverse trend was identified for
missing and incorrectly installed locking devices.

For root cause and generic implications analysis
associated with this trend, see Section 3.3.

Thread Engagement

In all but 14 of the approximately 1,700 inspection ,

points, thread engagement was verified to be as
required by the design. These 14 deviations were for
bolts that lacked the required thread engagement by up
to a maximum of 1/8 inch. The deviations were
insignificant, because in all cases it was found that
the length of threads engaged was sufficient to allow
the development of full bolt strength. Similar
deviations, if they were to exist elsewhere in the
uninspected portion of the population, would also be
insignificant. Therefore, no adverse trend was
identified.

*Joint Tightness

Joint tightness was verified for all four bolted joint
types: hand-tight, bearing, friction, or torqued. The
inspections for bolted joints are classified in three
categories.

For the first category, all joint types were-

inspected to verify that the bolts cannot be
rotated by hand.

- For the second category, all joint types,
except hand-tight, were inspected to verify
that the mating parts were solidly seated
together with no visible gaps.

_ _ _ _ _ _ _ _ _ _ -
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For the third category, friction and torqued-

type joints having unpainted bolts were
inspected using calibrated wrenches to verify
that the bolts had a minimum of 70 percent of
the torque specified in the design documents.

In approximately 2,800 inspection points for joint
tightness, 114 deviations were identified. Based on
the deviations, an adverse trend was identified for
lack of joint tightness in structural bolted joints.

Deviations for joint tightness are discussed below for
each type of bolted joint.

Hand-Tight Joints

o
i In all 100 inspection points for hand-tighti
\ joints, it was verified that the bolt could~-

not be rotated by hand.

Bearing Type Joints

Inspections for bearing type joints are
classified in two categories. For the first
category, in approximately 1,200 inspection
points, 14 deviations were reported where ,

bolts could be rotated by hand. The j
deviations identified a total of four bolted j

joints in which one out of three, three out l
of five, two out of two, and eight out of !
eight bolts could be rotated by hand. j
Although none of the conditions with loose |
bolts was evaluated to be a construction

'

deficiency, a loose bolt could significantly
reduce the capability of the joinc to
transfer tension loads. Also, a loose bolt ,

has the potential of falling out of the joint |
and thus could significantly reduce the

'

capability of the joint to transfer shear
loads. It should be noted that a bolt was
reported missing during verification of the

/~N size and number of bolts. All 14 deviations I

( ,) were determined to be notable.
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For the second category, in approximately 400
inspection points, 49 deviations were
reported where visible gaps existed in the
joints. In all 49 cases the gaps were small
and resulted in insignificant reductions of
the load transfer capability of the joints.
Most of the bearing joints in this
construction work category join thick welded
plates with bolts that are installed snug
tight. The gaps observed are characteristic
of this type of joint and do not impair the
load transfer capability of the joint.
Therefore, all 49 deviations were
insignificant.

Friction Type Joints

Inspections for friction type joints are
classified in three categories. For the
first category, in all approximately 670
inspection points it was verified that the
bolt cannot be rotated by hand.

For the second category, in 56 inspection
points, 13 deviations were rep.orted where
visible gaps existed in the joints. Of
these, 11 deviations were deterpined to be
insignificant because the ef fect on joint
capacity was negligible. The remaining two
deviations were determined to be notable,

because the evaluations found an increase in
bolt stresses of up to 28 percent.

For the third category of inspections for
friction joints, in approximately 290
inspection points 31 deviations were reported
where the bolt torque was less than the
verification torque. The reported torque
values ranged between 30 and 65 percent of
the required installation torque; the
majority were less than 50 percent. Although
none of the deviations was evaluated to be a

_ _ _ _ _ _ _ _ _ _ _
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construction deficiency, inadequate torque
reduces the load transfer capability of a
friction type joint. All 31 deviations were
determined to be notable.

Torqued Type Joints

Bolted joints where a specific torque is
required by the drawings, were termed
torqued-type. Inspections for torqued
connections were also classified in three
categories. For the first category, in all
28 inspection points, it was verified that
the bolt cannot be rotated by hand.f~ss

I \
N- For the second category of inspections, in

10 inspection points, two deviations were
identified where gaps existed in a
connection. An evaluation showed that
reported gaps had a negligible effect on the
connection. Thus the deviations were
determined to be insignificant.

For the third category of inspections, in
10 inspection points, five deviations were
reported where the bolt torque was less than
the verification torque. In ali five cases ;

evaluations found that inadequate torque had I

no effect on the functional capability of the )
item. Therefore, the deviatior.s were I

determined to be insignificant,
i

Loose and missing bolts in bearing type joints and |
less-than-adequate torque in friction type joints could
adversely affect the functional capability of an item. |
Similar deviations, if they were to exist elsewhere in j
the uninspected portion of the population, would be i

likely to result in a construction deficiency.
Therefore, an adverse trend was identified for lack of

(''N joint tightness in structural bolted joints.

For root cause and generic implications associated with
this trend, see Section 3.3.

_ _ - _ _ _ _ - _ _ _ _
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2.2.7 Attribute 7 - Concrete Inserts and Nuts for Embedded
Bolts

For this attribute, concrete inserts, anchors embedded
at the time of concrete pour, and anchors installed
into holes drilled through a wall or a floor slab were
inspected. All anchors were inspected for the siec and
number of bolts, bolt angularity, washer, thread
engagement, and bolt tightness. In addition, concrete
inserts were inspected to verify that the emoedded
engagement length was at least two times the diameter
plus 1/8 inch.

In approximately 7,100 inspection points, 67 deviations
were reported.

Six deviations were for concrete inserts, three each in

the area of bolt angularity and embedded engagement
length. All three deviations for bolt angularity were
insignificant because in each case the effect on the
load-carrying capacity was negligible. Two deviations
for embedded engagement length occurred on a sample
item that had a 3 feet 1 inch by 3 feet 3 inches base
plate. The base plate was anchored with two 1-1/2
inch through anchor bolts and three 1-1/2 inch concrete
inserts. Two of the concrete inserts had embedded
thread engagement that was 5/16 inch Snd 1/4 inch less
than the required value of 3-1/8 inches. .The remaining
deviation for concrete insert occurred on a sample item

|
that had a 4 feet 5 inches by 3 feet 1 inch base plate.
The base plate was anchored with three 1-1/4 inch

,

concrete expansion anchors an" uree 1 inch concrete

inserts. One of the concrete at:rts had embedded
thread engagement that was 7/16 inch less than the
required value of 2-1/8 inches. The combination of the
results in this report for thread engagement in

,

concrete inserts and similar results reported in!
Appendices 19, 25, 26 and 27 is covered in Appendix 33.
Appendix 33 provides an analysis of the results and an
evaluation for trends.

O'

. _ _ - _ _ _ - .
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Eleven deviations were for lack of full thread
engagement in the nut. The maximum deviation was 3/64
inch. In all cases the effect of the deviation was
negligible. The 3/64-inch dimension represents the
chamfer on the nut itself. As the threaded portion of
bolt is at least up to the point of the chamfer, there
is adequate thread engagement. Therefore, these 11 1

deviations were insignificant. No adverse trend was
identified.

A total of 40 deviations were reported for the use of
2-inch diameter bolts in locations where the drawing

required 1-3/4 inch bolts. These deviations were
insignificant because they resulted in no reduction of-

[v~')
the load-carrying capacity of the base plate,

Four deviations were reported where anchor bolts had ,

two nuts fastalled per bolt. The drawing required only
one nut. As there was no reduction in the
load-carrying capacity, these deviations were also
insignificant.

The use of components having a greater size than
required or additional components beyond drawing or
specification requirement would not diminish the load
carrying capacity of restraints. Therefore, no adverse
trend was identified. ,

One deviation was reported for a missing nut on one of
the four anchor bolts on a base plate. An evaluation
showed that by neglecting the anchor bolt with the
missing nut, the stresses increased from 1.23 ksi to
2.41 kai. The allowable stress was 94.5 ksi. Though
the stresses remained well within the allowable limits,
the deviation for a missing nut was considered notable.

The single deviation for a missing nut was found in
more than 1200 bolts inspected and therefore is
considered isolated. Based on the insignificance of

'

all other deviation types, no adverse trend was
I identified.

)
- -- - - - - - -------. -_ _a



__

Revision: 1

Page 28 of 64 I

RESULT 3 REPORT

ISAP VII.c

(Cont'd)

Appendix 29
(Cont'd)

2.0 DISCUSSION OF RESULTS (Cont'd)

Three deviations were reported where washers under the
nut for the anchor bolts, required by the drawing, were
not installed. All three deviations were insignificant
because the effect of missing washers was found to be
negligible, and there was no effect on the
load-carrying capacity of the base plate. Similar
deviations occurring elsewhere in the population would
also,be considered insignificant. No adverse trend was
identified.

Two deviations were identified for loose nuts for two
anchor bolts on a restraint. The 5 feet by 5 feet 9
inch base plate for the restraint was anchored to the
wall by a total of 32 anchors. Nuts on all anchor
bolts were required to be installed snug tight. The
loose nuts were on two adjacent anchor bolts and
apparently became loose when other nuts for the base
plate were tightened. This can occur when the base
plate is resting on an uneven surface and when there
are large number of anchor bolts. An evaluation, which
ignored the contribution of anchors with loose nuts,
found that the increase in stresses was less than 1
percent. The deviations were insignificant. Similar

deviations would only be likely to occur on large base
plates with a large number of anchor bolts and would
also be insignificant. No adverse trend was
identified. ,

2.2.8 Attribute 8 - Concrete Expansion Anchors

Inspection of concrete expansion anchors included
verification of: size, length, type, embedment,
spacing, angularity, nut engagement, nut bearing, and
concrete damage.

Of the approximately 1,300 inspection points, 13
deviations were identified in the areas of type,
embedment, spacing, and nut bearing. The results of

evaluations of these deviations are covered in ISAP
VII.b.4, "Hilti Anchor' Bolt Installation," Results
Report.
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2.2.9 Attribute 9 - Welds Made with ASME Procedures

For moment restraints and their cupport structures and
for U-bar restraint brackets, welds were consistently
made with ASME procedures. These welds were visually
inspected for location, size and length, profile,
fusion, cracks, uncercut, and surface conditions (e.g.,
craters, porosity, overlap, slag). In approximately

| 5,200 inspection points, 32 deviations were identified
I for location, size, cracks, and undercut. No

deviations were identified for profile, length, fusion
or surface conditions.

Weld Location

Each weld in the sample was inspected to verify that it
is located as required by the drawings. In 647 welds
inspected, five deviations were identified.

Three deviations were for missing welds on a single

j moment restraint. These deviations involved
j reinforcing fillet welds for stiffener plates that were

to be field-installed in addition to vendor-installed
single bevel groove welds. These reinforcing welds,
added by the vendor, were not field-installed as
required by the vendor drawing. These reinforcing
welds were not required per the Engineer's drawing, and
thus were not required for strength. The purpose of
these welds appears.co be to help maintain the groove
weld profile, protecting it from accidental damage from
normal field operations such as grinding and welding
that may be done in the vicinity of these welds. As
these welds were not required for strength and their
apparent intended purpose of maintaining the underlying
weld profile is inconsequential (weld profile was
checked as a reinspection attribute and no significant
deviations were reported), these types of deviations
are insignificant. It is noted that the root cause and
corresponding recommendation for missing components
(see Section 2.2.4 - Configuration) applies to these
missing welds as the lack of a single governing drawing
with clear work delineation led to these deviations.
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Two deviations were reported for full penetration welds
with a backing bar. The weld had been made with the
backing bar and end preparation on the sides opposite
to that shown on the drawing. As th're was no
reduction in weld capacity, these deviations were also
insignificant.

As all deviation types were insignificant, no adverse
trends were identified.

Weld Size and Length

Each weld in the sample was inspected to verify that
the size and length met the drawing requirements. In

approximately 650 welds inspected 22 undersize weld
type deviations were identified.

One deviation was identified for a 5/16-inch fillet
weld that was concave for a length of 5-1/2 inches.
The result of the concavity was a reduction of the
effective weld size of a maximum of 1/8 inch. An
evaluation showed that the reduction in weld capacity
was negligible; therefore, this deviation was
determined to be insignificant.

One of the deviations concerned a maximum undersize of
1/8 inch for 1/2 inch of the weld length.' The required

size was 7/8 inch. The remaining 20 deviations

identified undersize of 1/16 inch or less. Evaluations
showed the effect of undersize on the weld capacity for
all 21 deviations was negligible.

Because similar deviations, if they were to exist
elsewhere in the population, would also be
insignificant, no adverse trends were identified.

Weld Cracks

In approximately 650 welds inspected, f our deviations
were identified. For all four deviations the weld had !

separated from the base metal due to cracking of the
weld. All the deviations occurred on the same sample
item, and are described below.

.______________-_a
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Two stiffeners were installed at right angles.to the.
two faces of an I beam web. The drawing required three
single bevel groove welds, at top and bottom flanges

'

and at the web, for each stiffener. The welds that
cracked were installed on the side opposite to the weld I

between the web and the stiffener. There were a total
of six fillet welds, 3/16 inches in size and 2 inches

'

in length, installed for the two stiffeners. Four of
these six welds were identified for which the weld and
the base metal of the stiffener or the web had J

separated at the toe of the weld. These' welds were not
required by the drawings. An evaluation determined !

that the subject welds were apparently installed to
hold the stiffener in place prior to welding. Due to

O warpage that accompanied the cooling of the groove
(/ welds, the welds separated at the toe. An evaluation

of the deviations at the reported location found that
similar imperfections would not jeopardize the
structural integrity of the beam web, beam flanges, or
the stiffeners. The actual cracks caused by the tack -|
welding that would possibly propagate through the j

thickness of the web or stiffener are limited to the I

fheat-affected zone of the tack weld, which is

approximately 1/8 inch. Further, the analysis found i

that 1) cracks with a depth of 0.015 inch or less do
,

not experience any fatigue crack growth and 2) cracks :

with a depth of 0.90 inch or less do not , experience ~any f
sudden crack growth. From a loading standpoint, the l

I

deviations have no affect on the load-carrying capacity

of the restraint and are therefore considered to be
insignificant. To determine if the potential exists in
the balance of the population for similar deviations to
result in construction deficiencies, a bounding
analysis was performed. The analysis of the
indications detected by the nondestructive examination
near the tack welds in the web and the stiffener of the
restraint showed that 1) exposure of these indications
to allowable and actual loads results in neg11gibic
fatigue crack growth, 2) high single-application loads
will not cause fracture if the depth of the postulated

i crack is less than 0.27 inch and 3) any cracks caused ;

by tack welding are limited to the heat-affected' !'

zone (1/8 inch). Therefore, the observed indications,

. _ _ - _ _ _ _ _ - _ - .
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were they to occur elsewhere in the population, would
not result fracture of the web or stiffeners when
exposed to allowable loads. As a result of the various
calculations and analyses no adverse trend was
identified.

Undercut

Each weld in the sample was inspected to verify that
undercuts, if any are present, do not exceed the
specified limit. In approximately 650 welds inspected,
one deviation was identified.

The deviation was reported for a weld that had
scattered undercut to a maximum depth of 3/64 inches
for a total of approximately 15 inches. An evaluation
of the deviation found the effect of the undercut to be
negligible. Therefore, the single identified deviation
was determined to be insignificant.

If this type of deviation were to exist in the
uninspected portion of the population, it is unlikely
that a construction deficiency would result. This is
because further evaluation showed that undercuts do not
affect the structural load-carrying capacity of the
weld but do reduce base metal thickness of a member (s) <

being j oined. Minimal spot reductions on,the order of

| magnitude of 3/64 inch for similar members joined would
have little or no effect on the load-carrying

i capability of the pipe whip restraint because the

| deviations exhibited no sharp discontinuities that
I could create stress risers and lead to failure due to

fatigue. This was determined to apply to the range of
metal thicknesses of concern in this population. No

adverse trend was identified.

2.2.10 Attribute 10 - Other Welds

On the remaining items in the PWRE population (i.e.,
those not covered by Attribute 9) most welds were made
with AWS procedures. These welds were. visually
inspected for location, size and length, fusion,
craters, profile, undercut, porosity, ov,erlap, slag,

L
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and cracks. In approximately 42,000 inspection points,
103 deviations were identified for location, size and
length, fusion, craters, profile, undercut, and
overlap. No deviations were reported for porosity,
slag, and cracks. Each category of deviations is
discussed below. In some instances, these welds were
made with ASME procedures. Nevertheless, reinspection
were performed to WAC requirements, which were
determined to ensure fulfillment of the pipe whip
restraint safety function (note that the design
permitted AWS welding for which WAC is applicable in
each instance).

Weld Location

f3
I ) Each weld in the sample was inspected to verify that it

is located as specified on the drawings. In

approximately 3,500 welds inspected, 17 deviations were
identified.

Two deviations were identified for single-bevel
full-penetration welds made with the bevel on a side
opposite to that shown on the drawing. As the joint
strength was not affected, these deviations were
determined to be insignificant.

The remaining 15 deviations were for missing welds.
Eight of the missing welds were required for a bumper
restraint. The restraint consisted of an 8-inch
diameter crushable pipe that was welded to a 1/2-inch
thick plate by the vendor. Eight clip plates welded to
this plate were bolted to eight 1/2-inch tl.ick, 1-1/2
inch by 1-1/4 inch lug plates that were welded to the
support structure. The drawing detail for the welds
joining the lug plates to the support structure,
required two 1-1/8 inches long by'5/16-inch field-
installed fillet welds along the length and one 1-1/2
inch long by 5/16-inch field-installed fillet weld
along the width of each lug plate. All eight 5/16-inch
by 1-1/2 inch fillet welds along the width of each clip

[] plate were reported to be missing. An evaluation found |

C/ that the deviations resulted in a significant increase
in the welded joint stresses. These eight deviations
were notable, j

- --- - - - - - -- ---
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A total of five deviations for missing welds were
identified for a support structure. All these deviations
were for vendor-installed, full-penetration T joints on
1-inch thick plates. The vendor drawing required a
1/4-inch reinforcing fillet weld to be field-installed
to supplement the full-penetration vendor veld. At
five locations, the reinforcing fillet welds were
missing. The remaining two deviations were also
reported for missing reinforcing fillet welds on
similar joints for another sample item. An evaluation
showed that these reinforcing welds were not required
per the Engineer's drawing, and thus were not required
for strength. The purpose of these welds appears to be
to help maintain the underlying weld profile,
protecting it from accidental damage from normal field
operations such as grinding and welding that may be
done in the vicinity of these welds. As these welds
were not required for strength and their apparent
intended purpose of maintaining the underlying weld
profile is inconsequential (weld profile was checked as
a reinspection attribute, and no significant deviations
were reported), these types of deviations are
insignificant, and no adverse trend was identified. It

is noted that the root cause and corresponding
recommendation for missing components (see Section
2.2.4 - Configuration) applies to these missing welds,
as the lack of a single governing drawing with clear
work deline. tion led to these deviations. '

} There are locations on items in the uninspected portion
of the population where a missing weld would result in!

the item not being able to perform its function. If

missing weld deviations were to occur at these
locations, a ccustruction deficiency would result.
Therefore, an adverse trend was identified for missing
welds.

For root cause and generic implications analysis of
this adverse trend, see Section 3.4.

O
,

--- . _ _ _ _ _ _ - _ _ - _ _ -
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Weld-Size and Length

Each weld in the sample was inspected to verify that
the drawing requirements for size and length were met.
In 3,515 welds inspected, 68 deviations were identified
for undersize and eight deviations were identified for
length.

The maximum amount of undersize was identified for a
1-inch, all-around fillet weld on a 14 by 8-inch plate

,

| welded to the top flange of a beam. At the corner of
the plate, one leg of the weld was undersized to a
minimum of 5/16 inch, due to lack of adequate space for
welding. The total length where the weld was .!

/ undersized was 4-1/4 inches. An evaluation found the
' effect of the undersize to be negligible. One

deviation identified an undersize of 1/8 inch for a
length of 1/2 inch. Another deviation identified an
undersize of 1/8 for a maximum length of 4-1/2 inches.
The evaluation showed the length of weld provided.
excluding the undersize portion, was still greater than j

the length the design calculation required. The i

required weld size was 5/8 inch. The remaining 65 |
deviations identified undersizes of 3/16 inch in two i

cases and 1/16 inch or less for the rest. In all
cases, the effect of the undersized weld on the
functional capability of the item was negligible. 1
Therefore, all 68 deviations for undersiztd welds were
insignificant. Similar deviations, if they were to -

Iexist in the uninspected portion of the population,
would also be insignificant.

Of the eight deviations on length, five were reported
for missing return welds. In all five cases, the total
length of the installed weld was more than the design ;

'

drawing requirement, and the weld capacity was not
affected. Therefore, these five deviations were
insignificant. Two deviations were reported where
stitch welds were installed instead of a continuous ;

fillet weld, as required by the drawing. It was found

O that the deviations did not result in any reduction of
the joint capacity. Therefore, these two deviations |

were insignificant.

- - - -
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The remaining deviation was identified for a 4-1/16
inch long fillet weld that was required by the drawings ;

to be at leact 4-3/4 inches in length. An evaluation
'

found that the capacity of the weld decreased by 23
percent; therefore, the deviation was notaole.
However, the weld stresses remained well within the
allowables and the functional capability of the item
was not affected. As this single notable deviation was
found in approximately 3,500 welds inspected and allo
other deviation types were insignificant, no adverse
trend was identified.

Fusion

Each weld in the sample was inspected to verify proper
fusion. In approximately 3,500 welds inspected, one
deviation was identified. The deviation reported lack
of fusion on weld for a backing plate for a full
penetration weld. It was found that the deviation had
no effect on the function of the sample item.
Therefore, the single deviation identified was
insignificant and no adverse trend was identified.

Craters

Each weld in the sample was inspected to verify that
the weld size was met at any underfilled craters. In

approximately 3,500 welds inspected, one Haviation was
identified. The crater was 1/8 inch deep, 3/16 inch
wide and 1-1/4 inches long for a 1-inch
full-penetration weld, 10 inches in length. An

evaluation found that the effect of the crater was
negligible. The deviation was therefore insignificant,

and no adverse trend was identified.

Profile

Each weld in the sample was inspected to verify that it
had an acceptable profile. In approximately 3,500

i welds inspected, four deviations'were identified.

O

,

!
L- - - - - - - - - _ - -
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One deviation was reported when a fillet weld was
installed in a location where the drawing required a
bevel weld. As the throat of the fillet was greater
than the required bevel size, the joint capacity was
not affected and the deviation was insignificant.

One deviation was reported where a full penetration
weld was installed instead of two fillet welds. An
evaluation determined that there was no effect on the
joint capacity; therefore, the deviation was
insignificant.

.

One deviation was reported where a full penetration
weld was installed without the backing bar as required

[''N by the drawing. An evaluation determined that there
\~ l was no ef fect on the joint capacity and the deviation

was insignificant.

The remaining deviation on profile was identified for a
condition where a butt veld had been made along the
perimeter.of a shim plate and a bumper plate. The
drawing required a fillet veld. An evaluation showed
that there was no impact on the functional capability
of the restraint, and the deviation was insignificant.

Based on the negligible effect of the deviations, no ;

adverse trend was identified.
.

Undercut j
|

Each weld in the sample was inspected to verify that
undercuts, if any are present, do not exceed the
specified limit. In approximately 3,500 welds
inspected, two deviations were identified. The maximum
undercut was 3/32 inch deep. The effect of the 3

undercut was determined to be negligible in both cases.
Therefore, the deviations were detersined to be
insignificant.

'O
.

1

l

|
|
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If this type 3fideviation were to exist in the\ #
,

' '

; uninspected por. ion of the population it is unlikelya

/ that a construef;1on deficiency would result. This is' '-'
,

' ', '

l. t / because furthe'r evaluation showed that undercuts do not'

I affect the' stract. ural load-carrying capacity of thei..

veld but do reduce base metal thickness of a member (s)
being joined.. .tiinimal spot reductions on the order of

fragnitude,of3/32inchforsimilarmembersjoinedwould
.~aave little or no effect on the load-carrying<

, capabilhy lof the pipe whip restreint as the deviations
( exhibf:/d to sharp discontinuities that could create

stres:/ ritds and lead to failure due to fatigue. This'

k was deterv.ined to apply to the range of metal
thickrasses of concern in this population. No adverse*

trend das identified.
\

$ |

- Overlap

I 's Each weld in the sample was inspected to verify that if
'

I t. overlap was present, the required weld size and fusion
s ',

acceptance criteria were met. In approximately 3,500
welds inspected, two deviations were identified for the

t I~t .

same sample item. One deviation was identified for'' ' '

' overlaps of 1/8 inch and 1/4 inch length on a 1 inch'

,
,

! i i double-bevel full-penetration weld. Fusion could not
! be determined in the overlap areas. The second

deviation also occurred on a 1 inch double-bevel
full-penetration weld. The weld had an overlap with

,

incomplete fusion for 1/2 inch. By ignoring these"

overlap areas, an evaluation determ. ed the effect of
*nese overlaps to be negligible. Therefore, the
dertations were insignificant and no adverse trend was

,

identified.

2.3 Analysis M Decamentation Review Results

This section provides, by attribute, a discussion of the !

documer.tation review deviations and an analysis of the effect ;

of the deviations on the ability of the collected evidence to ;

iprovide reasonable assurance that the pipe whip restraints are
properly installed. |

_______ -
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2.3.1 Attribute 11 - Tray 11er Package Completeness

Documentation of installation work activities and QC
inspections relating to a pipe whip restraints and
support structures, was done by Brown & Root on {
construction operational travelers and inspection j

reports filed in traveler packages. Traveler i
package (s) for each sample item was (were) reviewed to
verify that proper design documents were used to
construct the item.

A generic deviation report was written to identify that
the travelers did not always specify the revision
number of the drawings used. An evaluation of this

(''T deviation report concluded that if this condition
(_,/ resulted in the use of a superseded revision of a

drawing, it would be identified as a specific deviation
for another attribute. The effect of any such
potential deviations on the functional capability of
the associated sample items is contained in the
discussion of other attributes.

In approximately 970 review points for traveler package
completeness, 14 other deviations were identified.

One deviation was identified when the traveler package j

for a sampled item referenced an incorrec,t traveler for
'

work activities associated with shimming of the sample
item. The correct traveler was located and found
acceptable; therefore, this deviation was
insignificant.

One deviation was reported when a drawing required for
the construction of the sample item was not referenced
or included in the traveler package. A review of
reinspection results showed that the sample item was
acceptable, as installed, indicating that the craft was
aware of the subject drawing requirements. Therefore,
the deviation was insignificant. |

,- , .

i |

C

|
4

_ _ _ _ _ - - _ _ _ _ _ _ _



- - _ - _ _ _ - _ _ _

Revision: 1
'

Page 40 of 64

RESULTS REPORT i

GISAP VII.c

(Cont'd)
l

Appendix 29
(Cont'd)

2.0 DISCUSSION OF RESULTS (Cont'd)

Two deviations were reported when the revision of a
drawing or a design change document included or
referenced in the traveler package, did not contain the
latest design requirements for the sample item. Review
of other pertinent documentation and reinspection
results indicated that the craft was aware of the
proper design documents at the time work was performed.
Therefore, these deviations were also insignificant.

The remaining ten deviations were identified for design
change documents that were applicable to sample items
but were not included or referenced in the appropriate
traveler packages. A review of other documentation and
reinspection results indicates that in eight cases the
installed hardware reflected the use of these design
change documents, and therefore, the eight deviations
were insignificant. In two cases, the deviations were
reported for design change documents that required
readjustment of gaps between pipe and U-bar restraints.
A review of reinspection results indicated that the
required readjustments had not been made. These
deviations are insignificant as no action was taken by
craft and documentation requiring the change did exist.
However, deviations related to U-bar restraint gaps
were determined to constitute an unclassified trend.
The root cause and generic implications for this
unclassified trend are presented in Section 3.2. (Cold
Gap between Pipe and Restraint) ,

! 2.3.2 Attribute 12 - Fit-up, Preheat, Stress Relief and
Non-Destructive Exam 1 nation of Welds

| Documentation for each sample item was reviewed to
verify that QC iropections for fit-up and preheat, when
indicated on the traveler, and for non-destructive

,

! examination as required by the drawings, were performed
for each field weld. Additionally, it was verified

,

} that post-weld heat treatment, where required, was
performed in accordance with the design requirements.
In approximately 10,000 review points, 80 deviations
were identified.
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A total of 53 deviations were reported where welds on
shim plates for three restraints were not MT-examined.
An evaluation found that the subject welds were
non-structural and had been adequately
inspected visually; therefore, the deviations had no
impact on the functional capability of the restraints.
Therefore, the deviations were insignificant.

One deviation was reported for a case where the
required hold time at temperature for post- weld heat
treatment was 30 minutes. The recorded start time was
11:54 and the end time was 11:24. An evaluat1on of the
documentation found that an error was made when

/ recording the actual times and that the hold time was
\ in fact 30 minutes. Therefore, the deviation was

insignificant.

Two deviations were reported because no documentation
was available for the required non-destructive
examinations of two welds on a sample item. As
sufficient supporting evidence for weld quality could
not be located, these two deviations were notable.

The remaining 24 deviations were reported because no
documentation was available for a total of 24 welds on-
three sample items. As no documentation was available
to allow verification of fit-up, electrode material,
welder qualifications, or non-destructive examination
results, all 24 deviations were notable.

These deviations for missing documentation were
identified on a QA/QC Program Deviation Report
(FDR-077).

2.3.3 Attribute 13 - Torque For Bolted Connections

Documentation for each sample item was reviewed to
verify that bolted joints were tightened to the
specified requirements. In 80 review points, seven
deviations were identified.

.
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Two deviations identified two instances where
inspectors recorded incorrect calibration due dates.
Two deviations identified the use of torque wrenches
for which proper calibration could not be verified.
Use of torque wrenches for which proper calibration
cannot be verified does not ensure proper joint
tightness. One deviation identified that torquing of
friction connections was not documented for a sample
item. One deviation identified a sample item for which
tightening of bolted connections required to be
installed snug-tight, was not documented. Another
deviation identified a friction connection was
documented as having been torqued per a change
document, which was never issued.

OLack of proper documentation for tightness of a joint
renders the load transfer capacity of a joint
indeterminate. In one case where the inspector
recorded an incorrect calibration due date,

reinspection found that bo* ted joints on the sample
item did not have proper torque. For the other six
deviations, the sample items were painted and,
cherefore, no torque verification was performed during
reinspection. Therefore, all seven deviations
described above were notable.

The corrective action recommended in Section 4.3 to
address the adverse trend for lack of joint tightness
in structural bolted joints will ensure the adequacy of
the installed hardware, and thus cover the

aforementioned deviations.

2.3.4 Attribute 14 - Tightness of Concrete Inserts and Nuts
for Embedded Bolts

Documentation for each sample item was reviewed to
verify that concrete inserts and embedded bolts were
installed snug tight. In 84 review points, no
deviations were reported.

O
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2.3.5 Attribute 15 - Torque and Rework for Concrete Expansion
Anchors

Documentation for each sample item was reviewed to
verify that concrete expar.aion anchors had been torqued
as required by the specification, and that torque
wrenches used were properly calibrated. It was also
verified that the documentation indicated proper QC
verification for spacing and rework of concrete
expansion anchors.

In 32 review points, two deviations were identified.
One deviation was reported when no torque value was
recorded for torquing of concrete expansion anchors for

7 ~g a sample item. The sample item had a baseplate with a

( ,) total of six anchors. Two of these anchors were
concrete expansion anchors. The second deviation
identified a sample item with a baseplate anchored with
four concrete expansion anchors. No documentation for

. installation of these concrete expansion anchors could
be located. These deviations and the results of
concrete expansion anchor installation reviews in other
populations, are included in the ISAP VII.b.4, "Hilti
Anchor Bolt Installation," Results Report.

2.3.6 Attribute 16 - Material Traceability

The majority of structural members for items in this
construction work category were fabricated offsite, i
Documentation for each sample item was reviewed to
verify that a receipt inspection had been performed and
that it indicated satisfactory traceability of every

,

item fabricated off site.

Additionally, for any field-supplied item, it was
verified that the documentation indicated use of proper
material. In 152 review points, no deviations were
reported.

As a supplemental review for material traceability,
,_

identification marks from the installed sample items

(x_-) were recorded during reinspection. Documentation for
each sample item was reviewed to verify that the

- - _-__________-______-___-_ _
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identification marks indicated traceable material. In

approximately 2,200 review points five deviations were
reported where the identification recorded could not be
related to any traceable material. In all five cases,
the sample items had been painted, thus rendering them
inaccessible; therefore, the recorded numbers could be
incomplete numbers. As this was a supplemental review
only, and as none of the other identification marks
reviewed indicated use of incorrect material, the
deviations were insignificant because of the low
likelihood that incorrect material of less strength
would be present.

Documentation for every sample item was also reviewed
to verify that weld filler metal used was per the weld
procedure and that a certified material test report was
available for veld filler metal used on moment
restraints. In approximately 4,400 review points, two
deviations were identified. The deviations were
reported when traceability of electrodes used for two
welds on a moment restraint could not be verified. It

was found that a total of 16 welds had been made by the
same welder on the subject restraint. In all cases the
material and size of electrode recorded was identical,

and in 14 cases the heat number recorded was 431L245
with 026B220 as the corresponding lot number. In two
cases however, the welder noted 43L245 as.the heat
number with 026B220 as the corresponding lot number.
Heat number 431L245 is traceable but 43L245 is not.
However, as the electrode type, size and lot number
correspond to heat number 431L245, it is concluded that
there was an error in recording the heat number. The
deviations were considered insignificant.

2. 3. ~/ Attribute 17 - Hot Gap Between Pipe and Restraint

Documentation was reviewed to verify that hot gaps had
been verified where required by the drawings. I

In 56 review points, two deviations were reported.

_ __
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Both deviations were identified for U-bar restraints.
In one case no documentation for verification of hot

| gaps could be located. In the other case, a hot
functional test indicated that the hot gaps did not
conform to the drawing requirements. However, no
documentation indicating Engineering review and
acceptance of this condition, could be 1ccated. These
deviations were notable.

The deviations for this attribute are covered in the
root cause and generic implications analysis presented
in Section 3.2 and recommendations in Section 4.2.

2.3.8 Attribute 18 - Weld Procedure Qualification and
Application

In all of the approximately 9,200 review points, weld"'

procedure qualification and application was verified to
be as required by the specifications and drawings. No
deviations were reported.

2.3.9 Attribute 19 - Welder Qualification

In all but four of the approximately 540 review points,
welder qualifications were verified to be correct as
required by the welding procedure.

One deviation was reported for a welder who had welded
to a procedure that required a C-6 test for
qualification. The welder was qualified to a C-10
test. A C-10 test qualifies the welder to perform
welding on all the joints that require a C-6 test
except welds on less-than-24 inch diameter pipe. As
there was no welding on pipe involved f or the subject
sample item and the weld made was qualified under C-10,
the welder was considered qualified to make the weld.
Therefore, the deviation was insignificant.

Two deviations were identified for a restraint because
no documentation was available to verify welder

l'~ qualifications for two welds. Both of these deviations
' were notable.

|

- _ _ _ _ __ __A
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The fourth deviation was reported for a welder-who had
welded to a procedure that required an A-10 test for
qualification. No documentation indicating that the
welder was qualified to this test could be located.
The welder was, however, qualified to a A-10-2 test.
This qualified him to make all the welds permitted with
A-10 test in a horizontal position. The subject sample
item required some overhead welding which included
1/4-inch fillet welds. Documentation indicated that
the subject welds were KI-examined and found
acceptable. The welds were also visually inspected
during reinspection and found acceptable. However, as
both these inspections are surface inspections, the
quality of the welds is uncertain. Therefore the
deviation was notable.

These deviations for missing documentation were
identified on a QA/QC Program Deviation Report
(PDR-77).

2.3.10 Attribute 20 - QC Inspector Certification

In 1,3000 review points, the certification records of
quality control inspectors who signed / initialed and
dated the inspection reports in the support package
were reviewed to verify that each inspector was
appropriately certified in the area of inspection being

*performed.

Deviations were identified whenever evidence of
certification to the established procedural |

requirements at the time of inspection could not be !

found. However, as a result of the ISAP I.d.1 ;

evaluations of inspector certificaticus, it has been
'

determined that such deviations do not necessarily
relate directly to actual inspector qualifications.
Consequently, the identified deviations were not relied
upon (though they were considered) in determining
inspector capability. Inspector qualifications were
assessed for all inspectors (those with and without
reported deviations) using the ISAP I.d.1 methodology.

|
,

!

I
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The ISAP I.d.1 evaluation of inspectors whose work
affected this population concluded that all inspectors
either were certifiable to applicable criteria at the
time of inspections, were found to be capable of
performing satisfactory inspections (including those
with substantial positivs evidence), or were otherwise
shown to be of no further concern. Evaluation details
are discussed further in the ISAP I.d.1 Results Report.

3.0 ROOT CAUSE AND GENERIC IMPLICATIONS

This section provides a root cause and generic implications
analysis for the following construction deficiencies, adverse
trends, and unclassified trend:

1. Attribute 4 - Configuration

Adverse trend for missing components.-

- Constructica deficiency for levelness and plumbness.

Construction deficiency for missing shim welds in-

bearing type joints.

2. Attribute 5 - Cold Gap Between Pipe and Restraint

- Unclassified trend for gap between pipe and restraint.

3. Attribute 6 - Structural Bolting

Adverse trend for missing and incorrectly installed-

locking devices.

Adverse trend for lack of joint tightness in structural-

bolted joints.

4. Attribute 10 - Other Welds

- Adverse trend for missing welds.
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3.1 Configuration

Background for Root Cause

Brown & Root construction had the overall responsibility for
erection of restraints and support structures. There was no
erection procedure specifically written for pipe whip
restraints. The steps for erection were delineated on
construction operation travelers. Work activities necessary
to place the restraint or support structure in its proper
location, to bolt and to anchor the assembly were performed by
Brown & Root craft. Field welding was partly done by Brown &

IRoot craft and partly by Chicago Bridge & Iron (CBI) .

Weld inspections for CBI welds were performed by CBI Quality
Control and documented on CBI checklists. The responsibility
of inspecting the remaining welds and verifying overall
completion of work rested with Brown & Root Quality Control
until the middle of 1978. Since then, Brown & Root Quality
Control has been responsible for inspecting ASME hardware
only. Non-ASME items were inspected by site Quality Control,
which was under TUGC0 supervision. The procedures and
personnel remained essentially the same. Sign off for
completion of work, inspections, and erection activities other
than welding were documented on the travelers.

Root Cause - Missing Components
.

The deviations for missing components were classified as an
adverse trend.

The deviations reported were all found on non-ASME items,
i.e., restraints and support structures other than moment
restraints; and all the missing components were required to be
installed with field welds.

The primary root cause was determined to be the lack of
instructions for erection of pipe whip restraints that were
sufficiently specific to ensure adequate implementation of
each detail for these complex installations. The lack of
correspondingly detailed QC inspection instructions for pipe f
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whip restraints was determined to be the secondary root cause. ~l

The construction practice of using travelers for erection and
inspection of pipe whip restraints was not adequate as
implemented because there was no clear requiremen* on the L

traveler for construction to ensure and Quality Cwucrol to
'

verify that all the components had been installed and arranged
as required by the drawings.

The contributing causes for this trend are itemized below:

There was no single set of drawings that specified all-

the erection requirements. Design drawings had to be
reviewed together with vendor shop drawings to define
the scope of field welding. Design change documents
only referenced the design drawings. As the scope of

,

field welding could not be defined with either set of
drawings alone, welds were documented either by
references to design drawing details or to vendor piece ,

numbers on vendor drawings. Some welds were documented
merely by a reference to dimensions of pieces being
welded together. One consequence of this practice is
that it is difficult to relate a weld documented in the
traveler package to a field weld shown on the drawing.
thus increasing the potential for error during the
review for closeout of the traveler.

- There was no construction procedure to divide the scopu
of field welding between Brown & Root and CBI. A Brown
& Root Construction Supervisor could direct CBI to make
certain welds. No record of this direction, which

defined the scope of CBI work, was kept with the
traveler package. This work practice not only
increased the difficulty of review for work completion,
but also increased the potential for weld omissions due
to misunderstanding of work responsibility.

For the case of moment restraints, which were installed to
ASME requirements, field welding was performed solely by Brown ,

& Root. Drawings that showed and numbered all field welds had f| s
been issued. Documentation of field welding j

referenced these weld numbers. These differences from the |'

approach taken for the general population tended to reduce the
complexity of component installation. No deviation for

4
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missing components was reported for moment restraints
installed by Brown & Root using drawings that showed numbered
welds. Welds shown on these drawings, however, did not
include the shim welds required in bearing type joints with
shims that are thicker than 1/4 inch. These welds are the
subject of a construction deficiency discussed below.

_oot Cause - Levelness and PlumbneasR

A single deviation for levelness and plumbness was found to be
a construction deficiency.

The deviation reported was for one out of 647 structural
members inspected for correctness of level and plumb. The
magnitude of the deviation indicates that no attempt had been
made to level the beam. The configuration of the beam is such
that once the base plate is in place on one end, and the
restraint is in place on the other end, the position of the
beam is essentially fixed. Therefore, it is easy to
understand that the beam could be bolted in place and not be
level. The beam was not just out of level. It was also not
aligned with the bracket on the wall, as required by the

f drawings. Given clear requirements on the drawings for both
levelness and alignment, a decision by the installer to leave
the beam in this configuration, should have been documented on
a change document, such as a CMC, for Engineering review.
Similarly, the correct decision to relocate the bracket to
establish alignment would have required a CMC and Engineering
approval. No CMC of either type could be located.

|
| The primary root cause of the out-of-level and

out-of-alignment condition is determined to be closely related
to that for missing components: namely, the lack of
instructions for erection of pipe whip restraints that were
sufficiently specific to ensure a final inspection could be

_

performed adequately. This determination reflects a judgment
that while the initial failure may have been an isolated
error, the complete assembly should not have remained in its
as-found condition. Lack of specific QC-inspection
instructions for pipe whip restraints, is determined to be the
secondary root cause. The construction practice of using

,

|

|
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travelers for erection and inspection of pipe whip restraints
was not adequate as implemen'ted. There was no clear
requirement on the traveler for construction to ensure and
Quality Control to verify that all the components had been
installed and arranged as required by the drawings.

Root Cause - Missing Shim Welds

A construction deficiency was identified for missing shim ,

welds in bearing type joints. As noted in the discussion of f
'root cause for missing components, the requirements for these

shim welds-(ASMI and non-ASME) were documented and implemented
in the same manner as those for the welds that should have
attached the missing components. That root cause evaluation

. [~_ has been determined to apply to the missing shim welds as
\s. .well.

Generic Implications

Based on the root cause analysis, it was concluded from a
review of the travelers and the referenced documentation for'
each attribute that generic implications extend to all items
in this construction work category for two attributes:
configuration and other welds. Within the attribute
configuration, the generic implications were concluded in the,

same review to be limited to the characteristics of components

of the assembly and shimming. As confirmation of,these
conclusions, the steps on the travelers were determined to be-
adequate for the other attributes and characteristics, and an
adverse trend with related causes has been identified for the
attribute of other welds. The reinspection of all other i

attributes and characteristics at least 60 times with no
related findings also supports this conclusion. (Note that 60
reinspection are sufficient to test a stratum hypothesis per
Appendix D of the CPRT Program Plan.)

Summary

An adverse trend and two construction deficiencies were
identified for the attribute configuration.,

,

V
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Lack of sufficiently specific instructions for installation of
pipe whip restraints was determined to be the primary root
cause that led to an adverse trend for missing components.
Lack of corresponding inspect 1on instructions was determined
to be the secondary root cause. Lack of a comprehensive set
of drawings, and lack of a procedure to divide the scope of
field welding between Brown & Root and CBI, were determined to
be contributing causes for the trend.

The primary and secondary root causes of the construction
deficiency for levelness and plumbness were the same as those
of missing components. No contributing causes were
identified.

The primary root cause, the secondary root cause, and
contributing causes of the construction deficiency for missing
shim welds in bearing type joints were determined to be the j

same as those for missing components. |
|
'

Generic implications were concluded to be limited to the
attributes of configuration and of other welds in this
population. Within the attribute of configuration, generic
implications were limited to the characteristics of components
of the assembly and shimming. For the attribute of other
welds, an adverse trend has been identified for missing welds.

The recommended corrective action for the findings associated
with the attribute configuration is contained in Section 4.1.

3.2 Cold Gap Between Pipe and Restraint

Root Cause

Deviations on gap between pipe and restraint were identified
as an unclassified trend. The drawings for the pipe whip
restraints always specify cold gap requirements and sometimes
specify hot gap requirements as well. All pipe whip
restraints were installed by Brown & Root construction craft.

The responsibility of cold gap inspections rested with Brown &
Root Quality Control until the middle of 1978. S'ince then
Brown & Root Quality Control has inspected ASME hardware only.
Non-ASME items were inspected by site Quality Control, which
was under TUGC0 supervision. The procedures and personnel
remained essentially the same.

'' ' - , - -. . . . _. _ _ _ _ _ _ _ _ _ _
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The fact that the found deviations were out-of-tolertnce by
more than 1/4 inch implies that the initial installation could
have been out-of-tolerance, since the initial heat-up cycle
would not typically displace the pipe by more than 1/4 inch.
The cause of such an original installation error was not
determined. Subsequent root cause investigation focused on
the verification testing that should have provided the final
assurance of a correct gap for plant operation.

After the restraints were installed, the piping system was
tested twice by TUGC0 Nuclear Operations for thermal expansion
under normal operating conditions. The test procedures
provided precise acceptance criteria for items on the piping
systems such as snubbers, spring can hangers, etc. The

[_'l drawings for such items clearly show the required hot and cold
\/ position. However, in general, hot position of the pipe is~

not shown on the pipe whip restraint drawings. The test
procedure stated only that gap measurements between the pipe
and the restraint taken during the test would be reviewed by
Engineering (though it did not establish a process or
responsibility for ensuring review). Documentation affords
evidence that many such reviews were performed, with some
concluding that gap adjustments were required. There was no

procedure that delineated responsibilities for performing or
ensuring these modifications required by Engineering.
Reinspection and documentation review for this construction ,

!work category revealed some cases where Brown & Boot
construction performed the work.and site Quality Control under
TUGC0 supervision inspected it.

The single notable deviation on gaps found during reinspection
resulted because gap adjustments required by Engineering on a ]
design change document were not performed. The design change
document (DCA) was issued based on a review of test results by
Engineering. Documentation reviews found two cases where the i

required readjustment had not been made. Documentation review
also found a case where no documentation for verification of
hot gaps could be located, and a case where the hot functional ;

'test reported a nonconformance and the appropriate Engineering
(''N review and acceptance could not be located.

)6

G'
1

.
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The primary root cause for this trend is determined to be the
lack of a procedure that delineates responsibilities for
determining, tracking, and implementing adjustments of pipe
whip restraints to ensure proper gaps between pipe and
restraint. The lack of an acceptance criteria that could have
been evaluated by the Startup and Testing organizations is
determined to be a contributing cause. Had Startup and !

Testing been able to identify deviating restraints, they would
have tracked them like any other deviation.

Generic Implications

The generic implications associated with the root causes
identified were determined to be limited to this attribute,

gap between pipe and restraint. Other attributes did not
require a similar interface between TUGC0 Nuclear Operations,
Brown & Root, and Engineering, did not rely upon
preoperational testing and, therefore, are not affected.

Summary

Gap between pipe and restraint did not meet the design
requirements. Lack of a procedure that delineates
responsibilities for determining, tracking, and implementing
adjustments of pipe whip restraints to ensure proper gaps was
determined to be the primary root cause for the trend. Lack
of an acceptance criteria that could have been evaluated by
the Testing organizat' ion was determined to be a contributing

| cause.

|

|
The recommended corrective action for the findings associated

i with this attribute is contained in Section 4.2.
1

3.3 Structural Bolting
|

Root Cause
i

All structural bolting work was performed by Brown & Root
craft. The travelers, which delineate the erection and
inspection steps, usually refer to the construction procedure

| CCP-22, " Structural Steel Erection", for installation of
I structural bolts.

.

|
'
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3.0 ROOT CAUSE AND GENERIC IMPLICATIONS (Cont'd)

The responsibility of bolted joint inspections rested with
Brown & Root Quality Control until the middle of 1978. Since
then, Brown & Root Quality Control has inspected ASME hardware
only. Non-ASME hardware items were inspected by site Quality
Control under TUGC0 supervision. The procedures and personnel
remained essentially the same.

Missing and Incorrectly Installed Locking Devices

Deviations for missing and incorrectly installed locking
devices were identified as an adverse trend.

The hardware involved includes: 1-inch diameter and larger
bolting in bearing connections, bolting in slotted holes and

(''} other connections specified to be hand-tight, and cocter pins.

V
There was no erection procedure or specification specifically

,

written for pipe whip restraints. The steps for erection were
delineated on construction operation travelers.

Engineering did not give specific requirements for the i

installation of locking devices until 1984. When the addition
of the requirement was made, paint was permi'tted As an
acceptable locking device. Because of the allowance for
paint, no Engineering backfit requirements were provided to i

construction or QC. Subsequently, the Engineering acceptance
of paint as a locking device was rescinded.

.

The only provision for cotter pins was on the drawing and
operations traveler; however, the instructions given were not
well defined.

The root cause for the problem can be traced to the
less-than-adequate definition by Engineering of proper
installation requirements for locking devices and cotter pins.
The responsibility rests with Engineering to provide
instructions, procedures, or drawings that include appropriate
quantitative or qualitative acceptance criteria for
determining that important activities have been satisfactorily
accomplished.-

,

(

'

,
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3.0 ROOT CAUSE AND GENERIC IMPLICATIONS (Cont'd)

Lack of Joint Tightness in Structural Bolted Joints

An adverse trend was identified for lack of joint tightness in
structural bolted joints.

The primary root cause for this trend is considered to be a
less-than-adequate construction procedure, that, for example,
did not explicitly require proper seating of mating surf aces,
nor did it identify the need for torque sequencing or touch
up. It simply stated that joints shall be tightened from the
most rigid part to the most flexible part of the joint. Since
QC. inspection followed the same traveler steps that referenced
the less-than-sdequate procedure, no separate secondary root
cause is identified.

Gencric Implications

The identified root causes were determined to be applicable

only to the structural bolting attribute and only to the
locking devices and joint tightness characteristics within
this attribute. Specifically, no similar instances of
less-than-adequate Engineering definition of requirements were"

identified in a review of typical' travelers, drawings,
procedures, and the specifications for the remaining
attributes and characteristics. These findings address

comparatively simple activities, with imprecisely stated
technical requirements, in contrast with earlier, procedural
problems, which involved failure to control complex activities
administratively,

f The generic implications for missing and incorrectly installed
locking devices extend to all items in this population and may
extend as well, to other populations where similar locking
devices are required. Implicated populations could include
Large Bore Pipe Supports - Rigid and Non-rigid, Small Bore
Pipe Supports, and Structural Steel. A construction
deficiency was identified in each of these populations for
missing or improperly installed locking devices.

9c
,

!

!
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The procedure ur ed for installation of bolted joints for pipe
whip restraints was also used in the erection of structural
steel. Therefore, the generic implications of the findings on
lack of joint tightness extend to similar bolted joints in
this population as well as structural steel. A construction
deficiency has been identified for bolt tightness in the
structural steel population.

l
|

Summary

Two adverse trends were identified for the attribute
structural bolting.

Less-than-adequate definition by Engineering of proper |

9 installation requirements was identified to be the primary |

root cause of the adverse trend for missing and improperly
installed locking devices.

A less-than-adequate construction procedure was identfFied to
be the root cause'of the adverse trend for lack of jo at
tightness in structural bolted joints.

Generic implications of missing or improperly installed
locking devices extend to all items in this population and may
extend to the pipe support populations and the structural
steel population, as well. A construction deficiency was
identified in each of the other two populations for missing or
improperly installed locking devices. Generic 1' implications of
less-than-adequate procedure to ensure proper joint tightness
extend to similar bolted joints in this population and in the
population of structural steel. A construction deficiency has
been identified for bolt tightness in the structural steel
population.

The recommended corrective action for the findings associated

with this attribute is contained in Section 4.3.

O

_ _ -
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3.0 ROOT CAUSE AND GENERIC IMPLICATIONS (Cont'd) {

3.4 Other Welds

Root Cause

The deviations for missing welds were classified as an adverse
trend. As noted in the discussion of root cause and generic
implications for missing components in Section 3.1, the
requirements for welds made with AWS procedures were
documented and implemented in the same manner as those for the
welds that should have attached the missing components. That
root cause evaluation has been determined to apply to missing
welds as well.

Generic Implications
,

The generic implications of the adverse trend for missing
welds are covered in the discussion for the attribute
configuration in Section 3.1.

Summary

An adverse trend was identified for this attribute. The root
causes associated with this trend are covered in the
discussion for the attribute configuration in Section 3.1.

The recommended corrective action for the findings associated

with this attribute are contained in Section 4.4'.

4.0 RECOMMENDATIONS

4.1 Configuration

Based on the findings associated with this attribute for
missing components, for levelness and plumbness, and for
missing shim welds in bearing type joints, the following
actions are recommended:

Items in this construction work category should be-

reinspected and corrected as necessary to ensure:

.

_.___.__._.__________w
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a) that the configuration of each item is per
the drawings, i.e., the components have been
installed and arranged as required by the
drawings. It is r.ot necessary to verify the
dimensions by measurement for this
inspection. Engineering should establish
instructions and acceptance criteria for this
inspection,

b) that shims in bearit.g type joints meet the
design requirements.

If travelers are used for future work, they should have-

f- s a standard step or steps requiring construction to

() ensure and Quality Control to verify that the installed
configuration is per the drawings and that shims in
bearing type joints meet the design requirements, as
stated above.

- Applicable drawings for the items in this construction
work category should be reviewed and corrected.as
necessary to ensure that there is adequate cross-

referencing between design drawings, vendor drawings
and associated design change documents such that the
required scope of field welding for each . detail can be
readily established. Instructions should be issued for
construction and quality control to detail the
relationship between different sets of drawings. ,

1

A process for documenting assigned responsibilities-

'should be established when erection of an item is done
by more than one contractor.

4.2 Cold Gap Between Pipe and Restraint

Based on the findings associated with this attribute, the
following actions are recommended:

O'
- A procedure should be established to delineate

evaluation, tracking and implementation
responsibilities to ensure that required final
adjustments are made so that the gaps meet the design

|
!>
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4.0 RECOMMENDATIONS (Cont'd)

requirements. This procedure should also indicate a
method for documenting Engineering acceptance of final
gap settings for the restraints. This procedure should
be applied when hot functional testing is reperformed.

The reinspection results for this attribute should be-

analyzed to evaluate whether deviations similar to the
ones reported, should they exist in the remainder of
the population, could result in a construction
deficiency. If they could, corrective action such as
reinspection of the restraints, reevaluation of prior
HFT data, or reverification during a future HFT should
be adopted, as appropriate to verify that the gaps
between the pipe and restraint meet the design
requirements.

4.3 S3ructural Bolting

Based on the findings associated with this attribute, the
following actions are recommended:

.

Bolted joints and U-bar restra1nts should be-
,

reinspected and corrected as necessary to verify that
the required locking devices have been properly

|
j installed.

.

- Bolted joints should be reinspected and corrected as
necessary to verify that the bolts have been installed
to proper installation torque.

Construction procedures should be revised a) to provide-

installation instructions and acceptance criteria for
locking devices; and b) to provide sufficient
instructions for tightening bolted connections to
ensure that similar deviations do not occur in the
future.

O
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|4.4 Other Welds
1

Items in this construction work category for which the design i
Iallowed the use of AWS welding procedures, should be

reinspected and corrected as necessary to ensure that the
required field welds have been installed. A corresponding
standard step or steps should be added to future travelers for
verification of required welds by construction and by QC.
Other recommendations for the findings associated with this

attribute are covered in Section 4.1.

5.0 CONCLUSIONS

Based on the findings of the reinspection and documentation
reviews, and satisfactory implementation of the recommendations
there is reasonable assurance that the hardware in this
construction work category is adequately installed in conformance
with the design. Conclusions for concrete inserts and concrete i

expansion anchors are separately stated in Appendix 33 and in ISAP |

VII.b.4.

.

O

_ _
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Table 29-1

Summary of Reinspection Results i

Pipe Whip Restraints

Deviat,1on Type
Number of
Inspection Number of Insigni- Construction

Attribute Points Deviations _ficant Notable Deficiency

1) Identification 119 6 6 0 0

2) Location 85 42 41 1 0

3) Orientation 123 0 0 0 0

4) Configuration 5,500 333 308 23 2

5) Cold Gap Between
3

Pipe and Restraint 162 64 61 2 0

1 1
6) Structural Bolting 13,600 963 203 48 0

7) Concrete Inserts
and Nuts for
Embedded Bolts 7,100 67 63 4 0

8) Concrete Expansion
2

--Anchors 1,300 13 -- --

.

9) Welds Made With
ASME Procedures 5,200 32 32 0 0

10) Other Welds 42,000 103 87 16 0

__

TOTALS (Approximately 75,000) 1,623 801 94 2

Of 1,222 inspection points for locking devices, 712 deviations were
unclassified.

!

2 l
Thirteen deviations for concrete expansion anchors are considered in IS i

VII.b.4.

3 of 162 inspection points for Cold Gap, one deviation was unclassified. ;

- -_ -_ __- -
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Table 29-2

Summary of Documentation Review Results
Pipe Whip Restraints

.

Deviation Type
Number of
Review . Number of Insigni-

Attribuy Points Deviations ficant Notable

11) Traveler Package 970 14** 12 2

Completeness

12) Fit up, Preheat,
Stress Relief and

,

| Non-Destructive
f Examination of Welds 10,000 80 54 26

13) Torque for Bolted
Connections 80 7 0 7

14) Tightness of Concrete
Inserts and Nuts for' 84 0 0 0
Embedded Bolts

15) Torque and Rework for
Concrete Expansion

3Anchors 32 2 -- -- |

16) Material Traceability 6,800 7 7 0'

17) Hot Gap.Between Pipe
and Restraint 56 2 0 2

l|
I

-)
** Does not include generic DR.

9

1

-

1

h __

*
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Deviation Type j

Number of
Review Number of Insigni-

Attribute Points Deviations ficant Notable

18) Weld Procedure
Qualification and
Application 9,200 0 0 0

19) Welder Qualification 540 4 1 3

TOTALS * (Approximately 28,000) 116 74 40

.

Two deviations for concrete expansion anchors are considered in ISAP VII.b.4.
*

QC Inspector Certification review points and deviations are excluded f rom the
total and the deviations are not classified because the results of I.d.1

indicate that these deviation do not relate directly to actual inspector
qualifications.

O
,

L

.
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Equipment Supports

1.0 REVIEW PROGRAM IMPLEMENTATION

1.1 Construction Work Category Description

The construction work category of equipment supports is
comprised of all safety-related supports for electrical,
mechanical, and heating and ventilating equipment.

1.2 Population Size and Sample Selection

For this construction work category, a population of
approximately 1,450 items was identified as QC-accepted as of
the date of this reinspection effort. Reinspection and
documentation reviews were performed for a total of 70
accessible items. Of these, 64 first sample items were

f- s randomly selected from the population to ensure that 60

('"') reinspection or documentation reviews of each attribute were
performed except as noted below:

1. Concrete expansion anchors - The reinspection and
document review results are combined with those from
other populations on a proportional sampling basis to
achieve the required sample size. Refer to
Issue-Specific Action Plan (ISAP) VII.b.4 for the
combined results.

2. Bolting - The reinspection results are combined with
those from other populations on a proportional sampling
basis to achieve the required sample site. Refer to
Appendix 34 for the combined results.

3. Welding - The reinspection results are combined with
those from other populations on a proportional sampling
basis to achieve the required sample size. Refer to
Appendix 35 for the combined results.

An additional six second sample items were randomly selected
to ensure that at least 60 safe-shutdown hardware items were
reinspected or reviewed,

lh
U

_ - _ _ _ _ _ _ _ _ _ - - _ - _
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1.0 EP IEW PROGRAM IMPLEMENTATION (Cont'd)

1.3 Attributes Selectg

Sample items were reinspected for the following attributes:

Attribute 1 - Location and orientation

Attribute 2 - Configuration of support assembly

Attribute 3 - Bolting of support structure

Attribute 4 - Welding of components

Attribute 5 - Installation of concrete expansion anchors

Sample item documentation was reviewed for the following
attributes:

Attribute 6 - Documentation of operations traveler

Attribute 7 - Welding documentation

Attribute 8 - Concrete expansion anchor documentation

Attribute 9 - Bolting documentation

Attribute 10 - Material traceability documentation

Attribute 11 - QC inspector certification '

2.0 DISCUSSION OF RESULTS

2.1 Summary of Results ,

)
For reinspection, a total of 87 valid Deviation Reports were
issued describing 326 deviations. A total of approximately
22,000 inspection points were encountered in performing the q

reinspection. See Table 30-1 for results of the
reinspection.

O
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In documentation review, 36 valid Deviation Reports were
issued describing 36 deviations. A total of approximately
7,000 inspection points were encountered in performing the
documentation reviews. See Table 30-2 for results of the
documentation review.

In the five reinspection attributes of this population, no
deviations were evaluated to be construction deficiencies and
no adverse trends were identified.

In the five documentation review attributes of this population
(excluding QC inspector certification), 14 of the document
review deviations were determined to be insignificant and 22

were notable.
/s

(_,) Documentation review deviations related to inspector

certification have not been included in the aforementioned
totals. As discussed in Section 2.3.6, it has been determined
that these deviations do not necessarily relate directly to
actual inspector qualifications. These deviations were
considered in the ISAP I.d.1 evaluation together with
supplemental information as necessary to determine actual
inspector qualifications. The ISAP I.d.1 conclusions are

summarized in Section 2.3.6.

2.2 Analysis of Reinspection Results

This section provides, by attribute, a discussioh of the
reported deviations and an analysis of the effect that the
deviations have on the functional capability of the equipment
support to ensure that the structural integrity of the
supported equipment will not be compromised when it is
subjected to design and seismic loadings. In addition, the

deviations are analyzed for the presence of trends. The
function of an equipment support is to connect the equipment
to the structure and to transfer loads between the equipment

and the structure.

2.2.1 Attribute 1 - Location and Orientation

n
i\") Equirment supports were required to be located in

accordance with the final design drawing and oriented
in relation to given coordinates (i.e., North, South,
East, West).

I



_ _ _ _ _ -

Revision: 1

Page 4 of 25

RESULTS REPORT

ISAP VII.c

(Cont'd)

Appendix 30
(Cont'd)

2.0 DISCUSSION OF RESULTS (Cont'd)

In the 140 inspection points, no deviations were
reported.

2.2.2 Attribate 2 - Configuration of Support Assembly

Configuration was inspected for the proper component
installation in accordance with the design
documentation. Of the 2,767 inspection points, 118
deviations on equipment support configuration were
reported.

Bolt Spacing

In 1,935 inspection points, 20 deviations were
reported. These deviations were reported for
violations of bolt spacing requirements on the
equipment supports. The deviations varied from the
drawing requirements from a minimum of 1/8 inch to a
maximum of 2 inches. Evaluations considered the
reduced bolt spacing and the possibility of reduced
connection capacity. Where a reduction in capacity
resulted from deviations in bolt spacing, the reduction
was a maximum of four percent. These deviations were
determined to be insignificant.

Should deviations similar to any of the bolt spacing
deviation types exist in the uninspected portion of the
population, similar changes in capacity w'ould be
expected and would not result in a construction
deficiency. No adverse trend was identified.

Equipment Mounting

In 70 inspection points, 69 deviations were reported
for equipment mounted in a manner other than what was
called for on the installation drawings.

Eighteen deviations concerned extra, unnecessary Hilti
bolts or Nelson studs being installed. In each case, I

the additional connectors provide higher supporting {
strength than required. Thus these deviations were j
determined to be insignificant.

'

- _---- |
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One other deviation was reported where an unused hole
in one mounting bracket was not identified on the
Design Change Authorization (DCA). Since the hole is
not used to support the panel, the lack of marking will
not have any impact on the adequacy of the support to
carry the designed loads.

Thirty-two of these deviations related to equipment
where mounting dimensions were outside the given

,

drawing tolerances. Evaluations considered the changes
in loading due to the as-found configuration of the-
building attachment in each case. Comparison of the
loadings and stresses showed that in those cases where
the mounting attachments had a capacity reduction,'the
reduction was less than 4 percent. Therefore, these

\ deviations.were determined to be insignificant. i

The existence of= deviations similar to these 32
deviations elsewhere in the uninspected portion of the
population would not be expected to result in a
construction deficiency as the stresses resulting from i

equipment loads, coupled with the minimal capacity
reduction, would not cause the design capacity to be
exceeded. No adverse trends were identified.

Six deviations. concerned changes in the vendor
equipment supports (holes rather than slotted holes)
that were not recorded on the installation drawings. :

It was determined that the changes to the supports were- ]
made by the vendor (to allow for ease of installation) j

and had no effect on the capability of the equipment )
support to perform its function. Even though the
changes were not shown on drawings given to
construction, construction adequately installed the.

equipment with the non-slotted holes. Therefore, these
deviatic.ns were determined to be insignificant. A
round hole of a given diameter used in such a support
could never result in a reduction in capacity relative j
to use of a slotted hole with a width equal to the .I

diameter of the round hole, as long as proper alignment
can be achieved for installation of the bolt. No
adverse trend va identified.

. _ _ . ____ ___- _-__ .
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Seven deviatiocs were reported for incorrectly
installed mounting components that included deviations
for turned washers and shims, washers not shown on
drawings and shim thickness not as specified.
Evaluation of each case showed that none of the
deviations would affect the capability of the support
to perform its function. The deviations were thus
determined to be insignificant. The types of
deviations noted have no affect on the load-carrying
capacity of the support, nor do they have an impact on
the equipment. No adverse trend was identified.

One deviation concerned a channel framing member being
a size larger than shown on the drawings. The
evaluatis determined that since lower stresses would
result from use of the larger section, the condition is
acceptable and determined to be insignificant. The
substitution of members having greater section and
structural properties would never be an adverse trend.

One deviation cites the presence of grout between
equipment and mounting surface where none had been
specified. Evaluation determined that grout is
required if the concrete mounting surface is uneven, so
as to provide a reasonable smooth support surface. The
use of the grout in such 1 installations is necessary for
proper transfer of loads and would therefore never

*result in an adverse trend.

Three deviations com arned Nelson studs being used

instead of plug welds or concrete expansion anchors
used in lieu of Nelsen studs as shown on the drawings.

The use of any combination of plug welds Hiltis or
Nelson studs at appropriate locations was approved by
the DCA for the accachment. The deviation is
insignificant and would not be an adverse trend based
on the above evaluation.

O
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Support Component Dimensions

In 762 inspection points, a total of 29 deviations were
reported in which dimensions of component parts.of
supports varied from the dimensions or shapes shown on
the installation drawings.

Twenty-two deviations concerned dimensions of
baseplates or component plates, five concerned the
length or size cf bolts, and two concerned the
dimensions of a notch in a plate varying from the shape
shown on the drawings.

In all'the above deviations, evaluations determined

[''h' that the shape or dimensional variation from that
\s / specified by the installation drawings did not have any

effect on the ability'of the equipment to function and
the components structural integrity was not
compromised. Therefore these deviations were
insignificant. No adverse trend was identified, as
these types of deviations would r.ever lead to a !

Iconstruction deficiency because of their minor nature.

2.2.3 Attribute 3 - Bolting of Support Structure

The attribute of bolting includes the characteristics
of materials, surface contact, tightness and thread

engagement. Of the 1,575 iospection points, 68
deviations were reported. These deviations are
discussed below. No deviations were reported on thread
engagement. No conclusions are reached regarding
trends in the discussions that follow. The analysis of

bolting in Appendix 34 includes the results presented
here.

Materials

All bolting hardware was required to be the size,
material, grade, and configuration given on the

rf"' installation drawing. In 315 inspection points, 15 |

deviations were reported.*

- . _ _. _ _ __ -___ ____-__ ._ _ __ -
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One deviation was reported for SA193 B7 bolting
material being used in lieu of the specified SA325. An
evaluation of the physical properties of both materials
showed that SA193 B7 bolting has higher strength
properties. The bolts as installed are acceptable for
the reported condition. Therefore, this deviation was
determined to be insignificant.

!

The installation of SA193 B7 bolting rather than SA32S
bolting represents an upgrading that could not result
in a construction deficiency if similar substitt.cion-
were to exist in the uninspected portion of the
population.

Four deviations were reported where no material type
for bolts was specified on design drawings. Field
examination found the material to be A449 through
standard markings on the installed bolts. Based on a
review of design calculations, the bolts were found to
be of greater strength than those originally specified
for the connection (A307 bolts). Therefore, these
deviations were determined to be insignificant.

As the installed bolting represented an upgrade in the
bolting, no construction deficiency could result in the
uninspected portion of the population were e similar
substitution to occur.

'

Four deviations were reported where the nuts on the {
attachment of an electrical distribution panel to a }

support were either unmarked or of an incorrect grade.
Evaluations were performed in which it was assumed that
the bolts with the subject nuts were ineffective. i

Loadings on the balance of the bolts were calculated.
The calculation showed that for the design conditions

!

O

-
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(including seismic) the bolts were stressed
to approximately 20 percent of the allowable loads.
Therefore, this deviation was determined to be
insignificant. Since the evaluation of the deviation
conservatively assumed no strength for the uncertain
nut material, should a similar deviation exist in the
uninspected portion of the population, a construction
deficiency would not be likely to result. No adverse ;

trend was identified.

Six deviations reported A325 bolting that was 1/8 inch
longer than specified on design drawings. A
calculation was performed to determine if the longer
bolt lengths could lead to a nuc Sottoming out. Such

(''' bottoming out, if it occurred, could result in the

( equipment not being adequately secured to the
structure. The evaluation showed that sufficient
thread length was left to preclude the nut bottoming
out. Therefore, this deviation was determined to be
insignificant. The occurrence of a similar deviation
in the uninspected portion of the population would not
be expected to cause a construction deficiency as
adequate thread would be expected to be available to
ensure nut bottoming does not occur.

Surface Contact

Surfaces of bolted parts in contact with the bolt head
and nut were required to have a slope of no more than
1:20 with respect to a plane normal to the bolt axis.

Spring nuts used in combination with unistrut were
required to have their serrated grooves aligned with
the channel clamping ridge. In 630 inspection points,
one deviation was reported for an installation with one
out of four spring nuts misa11gned with the Unistrut
channel. {

Evaluation showed that the misalignment of the spring

L e-~ nut to the Unistrut channel is not critical to the

( overall structural integrity of the four mounting

!
|
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brackets. The load transfer will be adequate through
the mounting bracket even though the spring nut is
slightly misaligned, because the as-found preload
tension of the attaching bolt was higher in nagnitude
than the actual axial tension forces applied during
maximum design loading. Therefore, this deviation was
determined to be insignificant. Additionally, no
construction deficiency would be expected in the
uninspected portion of the population should a similar
deviation exist, as the mounting arrangements would
have similar preload tension that exceeds axial tension
as described above.

Tightness

G,The reinspection for tightness addressed connection
bearing, high-strength bolt rotation and torque. In

315 inspection points, 52 deviations were identified.

Bearing type connections were required to be installed
with no visible gaps between the connecting plies of
the connection. Four deviations were reported where
visible gaps of 1/16 inch existed between equipment
mounting channels and the base plates. In one case,

the visible gap occurred only at the toe of the channel
flange. The heel of the flange is in contact with the

base plate. The arrangement reduces the effective
bearing area available to transfer the lo' ads from the
equipment support channel to the base plate. A
calculation showed ther even with the reduced are.a for
load transfer, the effective load-bearing capacity of
the channel was adequate. In the other three cases,

further evaluation determined that the gaps did not

extend across the entire surface and that there was
adequate surface contact. Therefore, all four
deviations were determined to be insignificant. For
other connections in the uninspected portion of the
population, similar variances in structural component
dimensions (within tolerance as in this case) would be
expected to result in acceptable bearing contact.

]

i
. _ _ _ _ _ _

>
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High-strength bolts used in friction type connections
were required not to exhibit any rotation when a torque
equal to 70 percent of the specified value was applied.
Four deviations were reported; in cach of two cases,
two out of four bolts turned prior to 70 percent of

specified torque being applied.

Evaluation of two of the four deviations showed that
the design tension loadings on the support are less
than the compressive forces created by the as-found
torquing of the bolt. As no separation will occur
between the face of the bolts and the support lugs,
these deviations were determined to be insignificant.

Evaluation of the other two deviations showed that the

O strength of the two under-torqued bolts could be
ignored; the two remaining bolts had adequate capacity
to carry the loads of the subject equipment under all
design conditions. Tae insignificant nature of the

reported deviations, combined with the light loads
encountered in the equipment supports population, make
it very unlikely that deviations of this type would
result in construction deficiencies if they were to
exist in the uninspected portion of the population.

Bolt torque was required to be checked to 70 percent of
the specified installation values for Nelson studs.
Forty-four deviations were reported for Nelson studs

'

that did not meet inspection criteria.

Evaluation showed that in 25 cases the nuts had
adequate surface contact to preclude any concern due to
prying or movement of the equipment due to iuismic
accelerat1on. Therefore, these deviations were
determined to be insignificant. Should similar
deviations occur elsewhere in the equipment support

population they would not be expected to result in
construction deficiencies based on the above
evaluations.

O

- __ - -.
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The 19 remaining bolt torque deviations occurred on one
support. The evaluation catermined the deviations to
be indeterminate because the torque values were not
recorded for these bolts at the time of the
reinspection of this support, although all were less
than the required 70% of specified torque. Once the
first torque verification was performed, it was not
possible to establish the torque that existed prior to
the verification effort. However, the 19 nuts were
verified to be at least hand-tight, to have adequate
surface contact with the bearing surface, and to have
full thread engagement. This support is a battery rack
that sees only dead weight loads except under seismic
conditions. Thus, it is very unlikely that the nuts
would ever become loosened to a point where the battery i

rack would not be securely fastened to the floor, i

Therefore, these deviations, while indeterminate, are
considered to be insignificant. !

2.2.4 Attribute 4 - Welding of Components

The attribute of welding addresses location, size,

profile, length, undercut, surface condition, cracks, i

lack of fusion, and porosity. In 12,380 inspection |
points, 92 deviations were reported. No deviations

were reported for profile, reinforcement, surface
condition, offset, porosity, or cracks. The analysis
of welding in Appendix 35 includes the rehults ;

presented here.

Weld Location ;

Each weld sampled was inspected to verify that the weld
was located as specified on the design drawing. In

1,238 inspection points for weld location, 25
deviations were identified.

Four deviations were reported for weld center-to-center i

dimensions of stitch welds that did not meet drawing (

requirements. Evaluations for three deviations showed
that the reduced center-to-center dimensions of tne
stitch welds were the result of increased weld length.
This increased length actually increases the strength

|
_ _ _ _ _ _ _ - _ _ _ _ - _ . -
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of the weld pattern. Therefore, these deviations were
determined to be insignificant. The fourth deviation
was evaluated to be insignificant based on the fact
that the grvater center to center distance of the welds
would have no affect on the ability of the weld to
carry its actual load. Additionally, a construction
deficiency could not occur in the uninspected portion
of the population should similar additional weld length
be present. No adverse trends were identified.

Fifteen deviations were reported for gusset plates'that
had missing welds and stitch welds that were not placed
intermittently. Evaluation showed that the gusset
plates were provided to reinforce a pump pedestal to-

.

~ [ '\ change the natural frequency of the pedestal from the
\~ I_ pump operating frequency. The welds that were in place

were evaluated as sufficient to fulfill that function.
Therefore, these deviations were determined to be
insignificant.

As this type of installation is only used in one area
of the plant on the four containment spray pumps, it is
unique. Because the effect of the weld deviatious was
insignificant, it was also determined that similar
deviations occurring elsewhere in the plant would be
very unlikely to result in a construction deficiency.
No adverse trend was identified.

.

One deviation concerned additional welds attaching a

cabinet floor to an embedded channel. As the welds
were neither specified nor required for support of the
equipment, their presence would not affect the
capability of the support to perform its intended
function. Therefore, the deviat1on was determined to
be insignificant. Additional weld would never
constitute an adverse trend.

One deviation was reported in which the attachment
fillet weld began 1/8 inch from the end of a support

,(5 channel rather than beginning flush with the end of the

V channel as specified. Evaluation showed the existing

weld to be structurally adequate to carry the design
loads and the reduction in capacity to be less than one

_ _ __ ____-_
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percent. Thus the deviation is insignificant. Similar
deviations elsewhere in the equipment support
population would likewise be expected to be
insignificant in their effect on the capability of the
supports to perform their intended function.

Four deviations concerned welds connecting an equipment
frame to an embedded plate. The wclds were not
specified 'n the design drawings. Evaluation of thei

welds concluded that they were adequate to carry the
design loads. The stress in the welds under design
loads is considerably less than allowable; hence,
similar deviations could likewise not be expected to
produce construction deficiencies. Therefore, the

deviations are insignificant. Additional welding would i

not result in an adverse trend. ,

Weld Length

Welds were inspected to verify that the weld lengths
were as specified on the design documents. In 1,238

inspection points, three deviations were reported for
three out of four intermittent weld segments being
underlength. The three intermittent welds were
required to have lengths of 6 inches but were recorded
as 5, 5-1/4, and 5-5/8 inches, respectively.
Evaluation showed that the capacity reduction for each
weld was less than 8 percent. Therefore *theser

deviations were determined to be insignificant. No

construction deficiency would be expected in the
uninspected portion of the population for similar
deviatiens, as capacity reductions would be minor and
would not result in an overstress condition of the
welds. No adverse trend was identified.

Weld Size

The welds were inspected to verify that the weld size
was within tolerance specified on the design documents.
In 1,238 inspection points, 59 deviations were reported
for welds that were undersized a minimum of 1/32 inch
to a maximum of 1/8 inch for either the entire or a
portion of the weld length. These weld sizes were

_ - _ -
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evaluated to determine the reduction in design
capacity. All welds had a reduction in design capacity
of less than ten percent, and.none of the analyzed
welds was loaded'to more than 50 percent of the code
allowable. The deviations were determined to be
insignificant. As the distribution of weld loading
encountered should be representative of.the equipment
support population, it is unlikely that a construction

'

deficiency would result should a similar deviation
exist in the uninspected portion of the population. No

adverse trends were identified.

Undercut

'-/' The welds were inspected to verify that undercut, if
\ present, did not exceed the specified limits. In-

'2,476 inspection points, four deviations were reported.

One deviation was for undercut 1/4 inch in length by-
3/16 inch wide to a depth of 3/32 inch. The amount of
undercut is insignificant for the type of structural
items being joined in the population.

Three deviations were 1/16 inch undercuts 1/4 inch long
on welds attaching gusset plates to a pumo pedestal.
Evaluation determined that the effects of the area
reduction of the gusset plates due to the undercut were i

insignificant. The as-built welds were a'dequate to
'

fulfill their intended function with no adverse impact
on the structural strength of the pump pedestal.

If these types of deviations were to exist in the
uninspected portion of the population it is unlikely
that a construction deficiency would result. This is
because further evaluation showed that undercuts do not
affect the structural load-carrying capacity of the
veld but rather reduce base metal thickness of a
member (s) being joined. Minimal spot reductions on the
' order of magnitude of 3/32-inch for s1milar members
being joined would have little or no effect on the
load-carrying capability of the support structure as
the deviations exhibited no sharp discontinuities that j

j

1

i____ _ __ _ _ - _ _ _ .___ l'
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could create stress risers and lead to failure due to
fatigue. This was determined to apply to the range of
metal thicknesses of concern in this population. No
adverse trend was identified.

Incomplete Fusion

The welds were inspected to verify that inc,omplete
fusion, if present, did not exceed the specified
limits. In 1,238 inspection points, one deviation was
reported.

This deviation was for a plug weld connecting an
embedded channel to a switchgear panel cabinet. The
plug weld became redundant when an alternate method of
panel support using Hilti bolts was utilized. Thus,

the plug weld is superfluous to the structural
integrity of the cabinet attachment and has no impact
on the adequacy of the connection to perform its
intended function. The deviation was determined to be
insignificant.

It was determined that a total of 32 samples containing

approximately 1,238 welds were reinspected for the
characteristic of fusion. In this total only one

deviation was identified. It is conservatively
estimated that this weld represents a less than
one-tenth of one percent of the total welbs reviewed
and is considered to be an isolated occurrence. Given
the insignificance of the deviation and its rete of
occurrence in the population, it is very unlikely that
a construction deficiency exists in the uninspected
portion of the population. No adverse trend was
identified.

2.2.5 Attribute 5 - Installation of Concrete Expansion

Anchors

The attribute of installation of concrete expansion
anchor bolts addresses size, length, type, embedment,

spacing, angularity, nut engagement, nut bearing, and
concrete damage.

_ - _ _ _ _ _ -



_ - _ - _ _ _

|Ravicion: 1
'

Page 17 of 25

. O)I i RESULTS REPORT |
%

ISAP VII.c

(Cont'd)

Appendix 30
(Cont'd)

2.0 DISCUSSL7N OF RESULTS (Cont'd) !

Of the 4,950 inspection points, 48 deviations were
reported for the characteristics of size, length, type,
spacing, nut engagement, and nut bearing. These
results are evaluated and the analysis for adverse
trends is provided, combined with the results for
similar anchors from other populations, in the ISAP
VII.b.4 Results Report, "Hilti Anchor Bolt
Installation."

2.3 Analysis of Documentation Review Results

This section provides, by attribute, a discussion of the
documentation review deviations and an analysis of the effect
of the deviations on the ability of the collected evidence top) provide reasonable assurance that equipment supports were(
properly fabricated and installed.''-

2.3.1 Attribute 6 - Documentation of Operations Traveler

The equipment inspection packages were reviewed to
determine that a construction operations traveler
existed for the installation of the equipment support

or equipment.

In 70 review points for this attribute, 14 deviations
were reported for 14 missing travelers. These I

travelers documented welding and bolting inspections,
among other inspections, for the affected' items. The ,

inspection information contained in these travelers j

that is of interest in the documentation review for
this construction work category relates to welding and
bolting documentation attributes. All of the bolts on
the 14 items for which the original bolting inspection
information was not available were reinspected, and the

~

characteristics of tightness and material types were
verified during these reinspection. Thus, although
the bolting documentation would have provided assurance
that the original inspections were conducted and the
bolting attribute found to be acceptable, the i

|O reinspection provided assurance that these bolts are
.(d of the proper material and are adequately tightened and'

that the baseplates are adequately installed.

- _ _ _ _ - _ _
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The welding information contained in this traveler that
is of interest relates to inprocess inspection
activities and includes the characteristics of
procedure application, weld material traceability,
welder and procedure qualification, stress relief, and
quality control holdpoints. These characteristics
cannot be verified during subsequent reinspection.
Verification that acceptance criteria are met for these
characteristics is important to reaching a conclusion
regarding the acceptability of welds in certain
applications. These include welds on pressure boundary
components that are subjected to high stress. However,
the welds on the equipment supports that comprise this
construction work category are not subjected to high
stress. The acceptability of these welds can be j

adequately established on the basis of the visual weld !

reinspect 1ons that were conducted as part of ISAP
VII.c. Thus, although the inprocess weld inspection
information in the 14 missing travelers would have
provided assurance that the inprocess inspections were
conducted, the visual weld reinspection provide
sufficient information regarding the quality of the
welds on the 14 items to confirm the ability of the
welds to meet their design requirements.

The missing travelers may exist but they have not been
located yet because of a less-than-adequate system for
storage and retrieval of inspection docum'entation for
non-ASME safety-related equipment supports. The 14
deviations for missing operation travelers are
notable. A recommendation f or improvement of this
documentation storage and retrieval system is presented
in Section 4.0.

Deviations were not reported against the other
documentation review attributes for the 14 items.
Thus, no discussion of them is provided under the

,

'

remaining documentation review attributes.

O
:

|
|

_ _ _ _ _ _ _
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2.3.2 Attribute 7 - Welding Documentation

Welding documentation was reviewed for procedure
application, weld material traceability, welder and
procedure qualifications, stress relief, and QC hold
points. j

In 1050 review points for this attribute, nine
deviations'were reported, of which one concerned welder.
qualifications and eight were for weld procedure
application documents. 'The deviation on welder
qualification was reported because no welder symbol had
been entered on the construction traveler. Without the

.

. welder symbol, the identity of the welder is
indeterminate. Therefore, the deviation is notable.-

{
One deviation on wald procedure application concerned
documentation on the weld procedure and the Weld Filler
Material Log (WFML), neither of which were available.
Other documentation was found that indicates that the
welding was performed and inspected to applicable QC
requirements. This deviation was thus determined to be
insignificant.

Two deviations were reported for illegible entries
concerning' weld procedures on the construction
operations traveler. These deviations were evaluated
to be indeterminate and are therefore nothble.

Five other deviations were reported where there was a
complete lack of welding documentation. The operations
travelers were available, but certain weld inspection
documentation was missing. All five deviations were
evaluated to be indeterminate. These indeterminate
deviations were determined to be notable.

The eight welding documentation deviations that were
notable resulted from missing or illegible welding |
documentation. Based on the analysis presented in
Section 2.3.1, it is concluded that the visual weld

reinspection performed on the items with missing ,

welding documentation provide sufficient information Jregarding the quality of the welds to confirm the
)
I
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I

ability of the welds to meet their design requirements.
The recommendation for improvement in Section 4.0
addresses the missing welding documentation discussed
here.

2.3.3 Attribute 8 - Concrete Expansion Anchor Documentation

The documentation of concrete expansion anchors was
reviewed for the proper calibration of setting
equipment and the recording of the torque setting, bolt
spacing, rework, and hole drilling.

In the 1,650 review points for this attribute, four
deviations were reported. ,

'

The combination of these results and analysis for
adverse trends is covered in ISAP VII.b.4, "Hilti
Anchor Bolt Installation," Results Report.

2.3.4 Attribute 9 - Bolting Documentation

The documentation of bolting was reviewed for tightness
and the calibration of testing equipment. The analysis
of bolting in Appendix 34 includes the results
presented here.

In 630 review points for this attribute, nine
deviations were reported where incomplete' documentation
existed for the inspection sign offs. For those
support packages having construction operations |
travelers available, overall acceptance for the bolts

had been entered. However, the referenced supporting
documentation for torque was not present. ;

A review of the reinspection documentation for seven of
these deviations showed that where the bolts were
required to be torqued, there was verification that the
torque had been measured to the required 70 percent of

'

the specified value. Where no special torque
requirement was specified and only a snug tight fit was !

required, the bolts were verified to be installed
sufficiently tight such that they could not be loosened
by hand. Based on this, it was determined

_ _ _ _ _ _ _ _ _ -
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that the bolts (A325 and A449) had been originally

torqued or tightened as required and that the lack of
supporting documentation had no effect on the
installation.

Two deviations concerning lack of documentation of
torque verification involved bolts or Nelson studs
that, when subjected to torque verification upon
reinspection, were found not to meet the torque

| requirements. These deviations are notable. However,
the nuts were determined to be at least hand-tight and

to have adequate surface contact with the bearing
surface. These reinspection results confirm that the
nuts are capable of performing their design function.

2.3.5 At tribute 10 - Material Traceability Documentation

Documentation on material traceability was reviewed to
determine if all the applicable material supplied on
any one support was traceable to certified
documentation that established the identity of the

material.

Of the 3,596 review points, no deviations were reported
for material traceability.

2.3.6 Attribute 11 - QC Inspector Certification

In 210 review points, the certification records of
QC inspectors who signed / initialed and dated the
inspection reports in the support package were reviewed
to verify that each inspector was appropriately
certified in the area of inspection being performed.

Deviations were identified whenever evidence of
certification to the established procedural
requirements at the time of inspection could not be
found. However, as a result of the ISAP I.d.1
evaluations of inspector certifications, it has been
determined that such deviations do not necessarily
relate directly to actual inspector qualifications.
Consequently, the identified deviations were not relied

_ _ _ _ .
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upon (though they were considered) in determini;g
inspector capability. Inspector qualifications were
assessed for all inspectors (those with and without
reported deviations) using the ISAP I.d.1 methodology.

The ISAP I.d.1 evaluation of inspectors whose work
affected this population concluded that all inspectors
either were certifiable to applicable criteria at the
time of inspections, were found to be capable of
performing satisfactory inspections (including those
with substantial positive evidence), or were otherwise
shown to be of no concern. Evaluation details are
discussed further in the ISAP I.d.1 Results Report.

3.0 ROOT CAUSE AND GENERIC IMPLICATION |

No adverse trends or construction deficiencies were identified;
therefore, a root cause and generic implication analysis is not
required.

i
i

4.0 RECOMMENDATIONS

4.1 Recommendation for Improvement

The document reviews determined that both entire operations
travelers and individual pieces of inspection dchumentation ;

could not be located for a significant portion of the items in
|

this construction work category. This documentation was not
required to reach the conclusion regarding the adequacy of the
installed hardware that is provided in Section 5.0. However,

it is recommended that TU Electric conduct a thorough search

to locate the balance of the documentation for non-ASME
safety-related equipment supports that exist. This
documentation should then be reviewed to ensure that these
supports were adequately inspected.

O'
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5.0 CONCLUSIONS

Based on the results of the reinspection and documentation reviews
there is reasonable assurance that the hardware in this
construction work category is adequately installed in conformance
with the design. Conclusions for concrete expansion anchors,
bolting of support structures, and welding of components are.
separately stated in the Results Report for ISAP VII.b.4,-Appendix
34 and Appendix 35, respectively.

.
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Table 30-1

Summary of Reinspection Results
Equipment Supports

Deviation Type
Number of
Inspection Number of Insigni- Construction

Attribute Points Deviations ficant,_ Notable Deficiency

1. Location
and Orientation 140 0 0 0 0

2. Configuration of
Support Assembly 2,767 118 118 0 0

3. Bolting of Support
Structure 1,575 68 68 0 0

4. Welding of
Components 12,380 92 92 0 0

5. Installation of
Concrete Expansion
Anchors 4,950 48 [A] [A] [A]

TOTALS 21,812 326 278 0 0

Approximately (22,000)
.

[A] See ISAP VII.b.4 Results Report.

O\
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Table 30-2

Summary of Documentation Review Results*
Equipment Supports

Deviation Type

Number of
Review Number of Insigni-

Attribute Points Deviations ficant Notable

6. Operations Traveler 70 14 0 14

7. Welding of Components 1,050 9 3 6

8. Installation of
Concrete Expansion

[)h Anchors 1,650 4 4[A] 0[A]
%

9. Bolting 630 9 7 2

10. Material Traceability 3,596 0 0 0

TOTALS 6,996 36 14 22
Approximately (7,000)

.

[A] See ISAP VII.b.4 Results Report. |

QC Inapector Certification review points and deviations are excluded from totals*

and the deviations are not classified because the results of ISAP I.d.1 indicate
that these deviations do not relate directly to actual inspector qualifications.

C
| O
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Appendix 31

HVAC Duct Supports

i

1.0 REVIEW PROGRAM IMPLEMENTATION

1. l' Construction Work Category Description

The construction work category of HVAC duct supports is 3

comprised of seismic Category I structural supports for all !
s:

safety-related heating, ventilation, and air conditioning4

duct.s installed by .the HVAC contractor (Bahnson Service
Company-BSC). Structural members, structural bolts and nuts, I
concrete expansion anchors, and structural welds were included
in this construction work category.

I
i

1.2 Population Size and Sample Selection 1

1,,

For this construction work category, a population of
rI i approximately 2,430 items was identified ac QC-acceptea as of
'\ / the date of this reinspection. effort. Reinspection ands-

documentation reviews were performed for a total of 180 ;

1accessible items. Of these, 169 first sample items were
randomly selected from the population to ensure that at least
60 reinspection or documentation reviews of each attribute
were performed. However, there were two cases identified
where single item sample selection errors were not correcteds

because an unclassified trend had been identified for the
entire population. An additional 11 second sample items were
randomly selected to ensure that at least 60 safe-shutdown
hardware items were reinspected or reviewed, i

*1.3 Attributes Selected

Sample items were reinspected for the following attributes:
,

Attribute 1 - Support location

i. Attribute 2 - Support frame configuration and orientation

Attribute 3 - Welding

Attribute 4 - Installation of concrete expansion anchors

Attribute 5 - Installation of bolts into concrete inserts''
/

Attribute 6 - Miscellaneous structural bolting (other than'~'

expansion anchors and concrete insert bolts)

:

lun _ __ __



Revision: 1

Pegu 2 of 26

RESULTS REPORT

ISAP VII.c

(Cont'd) i

Appendix 31
(Cont'd)

1.0 REVIEW PROGRAM IMPLEMENTATION (Cont'd)

Sample item documentation was reviewed for the following
attributes:

Attribute 7 - Weld procedure application

Attribute 8 - Welder certification ,

Attribute 9 - Concrete expansion anchor inspection

Attribute 10 - Inspection of bolt installations into
concrete inserts

Attribute 11 - Material traceability

Attribute 12 - QC inspector certification

The drawings used by the CPRT for the reinspection portion of
this population were special as-built drawings provided by the
HVAC contractor. These as-builts (called duct support detail
drawings by the third-party) are unique in that, for Unit 1
and Common areas, these drawings were never reviewed and
approved by engineering after preparation. Therefore, the
basis for the use of the duct support detail drawings in the

reinspection program requires elaboration.

HVAC duct supports were initially installed at the locations
specified on the duet support location drawings. These
location plan drawings referenced a " typical" detail drawing
that showed the support that should have been installed for
each support location. Subsequently, modifications to the
supports were initiated, through field walkdowns and via
memoranda, by the consulting subcontractor for seismic design.
Modification sketches detailing the as-built configuration of

the support were produced to provide the seismic design
subcontractor with information necessary to evaluate the
acceptability of the duct support. In most cases, these

as-built sketches were prepared upon completion of
construction and then approved by BSC engineering. During
this time frame,- QC inspections of completed construction were
performed on a limited scope to the procedural requirements
but not to the typical details and/or the modification
sketches.

.____-___
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The HVAC duct contractor later prepared the duct support
detail drawings for each support from the typical detail
drawings and the modification sketches. The duct support
detail drawings were prepared with the intention of
superseding the sketches as the design document of record.
Accordingly, the duct support detail drawings were to be
reviewed by both BSC QC and engineering for Unit 2 supports;
these reviews were not prescribed for supports located in the
Unit 1 and Common areas. Since the duct support detail
drawings were prepared from the modification sketches (which
were the design document of record), reinspection to the duct
support detail drawings does address construction to the
sketches with one exception: extra deviations not applicable
to the construction process are identified for errors made in

('')T
drawing preparation (i.e., when the' duct support detail

(m , drawing does not accurately reflect the sketch or the hardware
that construction was instructed to install). At the outset
of the reinspection effort, the duct support detail drawings
were thought to be more accurate than they proved to be, as
evidenced by the deviations that were identified.

2.0 DISCUSSION OF RESULTS

2.1 Summary of Results

For reinspection, 377 Deviation Reports were issued describing
2,210 deviations. Approximately 35,500 inspectibn points were
encountered in performing the reinspection. See Table 31-1
for results of the reinspection.

For documentation review, 182 Deviation Reports were issued
describing 274 deviations. Approximately 2,240 review points
were encountered in performing the documentation reviews. See
Table 31-2 for results of documentation review.

Documentation review deviations related to inspector

certification have not been included in the aforementioned
totals. These deviations were considered in the ISAP I.d.1

f-s evaluation together with supplemental information as necessary
( to determine inspector qualifications. The ISAP 1.d.1

conclusions are summarized in Section 2.3.6.'-

- _ _ _ _ _ _ _ - _ _ _ _ -
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In this population, evaluation of the reinspection and
documentation review deviations identified the following:

1. Attribute 2 - Support frame configuration and
orientation: Two construction deficiencies for the
deviation type non-attachment of the duct to the
support. See Section 2.2.2 for the discussion of this
attribute.

2. An unclassified trend was declared for HVAC duct
supports as discussed below.

|
These evaluations determined that there were notable
reductions of capacity resulting from a number of deviation ;

'types. The deviations encountered in the reinspection and
documentation reviews for this population included incorrect
location of supports, incorrect frame orientation and/or
configuration, incorrect member sizes and lengths,
non-attachment of the duct to the support, unauthorized
attachment of instrumentation supports, incorrect weld sizes,
weld configurations, weld locations, weld lengths, missing
welds, unacceptable weld quality, inadequate bolt thread
engagement (in applications to concrete inserts), missing
bolts in duct-to-support attachments, and missing
documentation. Except for the two construction deficiencies,
none of the deviations were safety-significant. Potentially
safety-significant deviations might exit in the uninspected
portion of the population. It is not known, thelefore, if

these deviations, when encountered in the uninspected portion j

of the population, would result in the failure of the duct ;

supports to perform their intended functions. No bounding
analysis or further categorization (i.e., insignificant or
notable) of deviations was performed. An unclassified trend
was determined to exist for all attributes in the HVAC duct
support population, including all deviations described in this
report.

Prior to the decision to declare a broad-scope unclassified
trend, representative design concerns were referred to the

*

Design Adequacy Program (DAP) for consideration.
Subsequently, the design verification elements of the
recommended corrective actions have obviated the need for
further considerations of these concerns.

-_ _____-_
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2.2 Analysis of Reinspection Results

This section provides, by attribute, a description of the
reported reinspection deviations and an analysis of the effect
that the deviations had on the functional capability of the
HVAC duct supports. The function of each duct support is to
maintain the structural integrity and flow capability of the
duct that it supports.

2.2.1 Attribute 1 - Support Location

in 88 inspection points, six of the 84 supports
inspected for this attribute were not located as
specified on the duct support locttion plan drawings

-[_ within the tolerance of 6 inches allowed by the

k installation procedure. These deviations ranged from
1/2-inch to 2 feet 6 inches beyond the allowable
tolerance. None of these deviations were determined to
be a construction deficiency. However, these six
deviations were included in the unclassified trend
described in the summary section (See Section 2.4).

2.2.2 Attribute 2 - Support Frame Configuration and
Orientation

iin 3,300 inspection points, 288 deviations were
reported on the 94 supports inspected for this
attribute where the support frame configuration and/or
orientation was not as specified on the duct support j
detail drawing (Note: 55 of the 94 supports inspected j
had deviations reported). J

The deviations were of seven types and are listed

below. Two construction deficiencies were found (for {
non-attachment of duct-to-duct support). All of these j

deviations were included in the unclassified trend (see
Section 2.4). For root cause and generic implications

analysis of this unclassified trend, see Section 3.1.

i
\.

!

4

- . _ _ _ _ - _ _ _ . _ _ _ _ _ _
,
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Non-Attachment of the Duct to the Support

Two deviations were reported where the duct was not ;

attached to the support, although the attachment of the i
duct to the support was specified on the duct support j
detail drawing. These two deviations resulted in the

"

inability of the affected items (duct supports) to
perform their structural functions and were determined
to be construction deficiencies.

Configuration and/or Orientation

A total of 73 deviations was reported where the
configuration and/or orientation did not match the duct
support detail drawing.

A total of 59 of the 73 deviations occurred as a result
of drafting errors (e.g., section views shown as
opposite hand, missing or disoriented locating arrows,
rotated section views).

Three deviations were reported where members of the
support frame had different configurations than those
shown on the duct support detail drawing. In one case,

a sheet metal support member was skewed 10 degrees, and
in the other two cases frame members had been notched
with no evidence of approval from engineering. The
notches encountered were 4-1/2 inches by 3/4 inch and
1-1/4 inches by 3/4 inch.

Two deviations were reported where the duct support
member was oriented differently than shown on the duct
support detail drawing.

Eight deviations were reported where additional load-
bearing members were attached to the supports without
approval from engineering.

The remaining deviation was reported where one of six
3/8-inch diameter bolts was missing in a

|duct-to-support connection.
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Member Details

A total of 183 deviations was reported for incorrect
member details. These deviations were categorized as
discussed below.

| Three deviations were reported where installed member
sizes were greater than those required by design.

Twenty-three deviations were reported for smaller
member sizes than those shown on the drawings. The
worst cases were five deviations that were reported
where 3 by 3 by 3/8 inch angles were installed and 4 by
4 by 1/2 inch angles were shown on the drawings.

Eight deviations were reported where edge distances for
holes of a bolted member were not as specified on the
duct suppott detail drawing or were not in accordance
with American Institute of Steel Construction (AISC)
requirements when not shown on the duct support detail
drawings. Three of these eight deviations were
reported because the bolt hole edge distance was less
than AISC minimum, with the worst case occurring where

the edge distance was 3/16 inch less than minimum
allowable (i.e., 1-1/16 inch was provided and 1-1/4
inch was required).

A total of 73 deviations occurred as a rehult of
drafting errors (e.g., the dimensions on the drawing
did not provide adequate detail to determine member
lengths).

The remaining 76 deviations were reported for member
details that were not installed as shown on the duct
support detail drawing (within the 1/2-inch tolerance).
These deviations were all dimensional errors in member
length and/or span and in the angle of attached
bracing. These deviations resulted from 55 cases where
member spans and/or locations were not installed as
shown on the duct support detail drawing and 21 cases
where the angle of the bracing attached to the support
was discrepant. These dimension deviations ranged as

follows: 37 deviations were less than or equal to

_
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2 inches; 17 deviations were less than or equal to
4 inches but greater than 2 inches; and the remaining
22 deviations ranged from 4 inches to 32-7/8 incher.

(Note: these deviations were based on actual member
dimensions bef ore the 1/2 inch tolerance was applied.)

Attachment of the Duct Support to an Embedded Plate

A total of three deviations was reported where the duct
support was incorrectly attached to an embedded plate
as defined in the installation procedure. Two of those
deviations resulted from supports that were mislocated
1/4 inch and 5/16 inch beyond the 3/4 inch maximum
allowed offset. The remaining deviation resulted from
a spacing violation where the support was installed too
close to an adjacent support (11-7/8 inches existed; 12
inches was the minimum required spacing).

Attachment of the Duct to the Duct Support

A total of 14 deviations was reported where the duct
was attached to the support, but this attachment was
not shown on the duct support detail drawing.

Attachment of Other Supports or Items

Seven deviations were reported where other supports or
items were attached to the duct support with no
evidence of approval from engineering. Tko of these

deviations were the result of attachment of
instrumentation supports, and the remaining five were
the result of attachment of members f rom adjacent duct

supports.

Duct Size

A total of six deviations was reported where the duct
;

size did not match the size shown on the duct support
detail drawing. In all cases, the installed duct size

| matched the duct size detailed on the HVAC contractor's
| duct location drawing. This attribute was verified

only to the extent necessary to ensure proper loading

- - _ _ _
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of the support. In four cases the support was designed
for a larger or equivalent duct size. The remaining
two deviations were reported for cases where the
support was designed for a smaller duct size.

2.2.3 Attribute 3 - Welding

In 23,600 inspection points, 1,700 welds were
reinspected on 80 supports and 1,724 deviations were
reported where the welding performed on the duct
support was not as shown on the duct support detail
drawing or was not installed as specified in the
applicable procedure. All of these deviations were
included in the unclassified trend (see Section 2.4).
The deviations were of two types and are listed below.

,_

\m / Weld Configuration

In 8,700 inspection points,1,607 deviations were
reported for unacceptable weld configurations and/or
orientations. These deviations were categorized as

follows:

Orientation and/or configuration - A total of 83
deviations was reported where a weld orientation did
not match the orientation shown on the duct support
detail drawing. In all, 26 of these cases reported
configurations with greater load-carrying capability
than specified, 39 cases reported configurations with
less load-carrying capability, and 18 cases reported
missing welds.

Location - A total of 121 deviations was reported where
the welds were not located as specified on the duct
support detail drawing. All of these deviations were
reported for dislocations of intermittent fillet welds
used to connect the duct to the support.

Size - A total of 1,009 deviations was reported for
weld sizes that were smaller than those specified by

('~5
the installation procedure or the duct support detail

( drawing. The weld sizes specified ranged from 3/lo

- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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inch to 5/8 inch and the deviations ranged from 1/32
inch to 3/8 inch undersize. The worst cases occurred
where 59 1/2 inch welds were installed as 1/8 inch
welds.

Length - A total of 87 deviations was reported where
the veld length provided was not the length specified
on the duct support detail drawing. Forty-four of the
weld length deviations were for the support-to-duct
connection, where the required maximum intermittent
fillet veld length of 2 inches was exceeded. In the

remaining 43 deviations, the required weld lengths
ranged from approximately 2 inches to approximately 11
inches with the following deviations: 25 welds were
less than 1 inch underlength, and 18 welds were 1 inch
or more underlength. The worst cases were two welds
that were 5 inches underlength, where the required weld
lengths were 10 inches and 7-1/4 inches, respectively.

Drawing errors - A total of 307 deviations was reported
where the orientations and lengths of the welds could
not be verified because the duct support detail
drawings did not provide adequate detail.

Weld Quality

In 15,600 inspections points, 117 deviations were
reported for cases of unacceptable weld quality.
Welding was performed and/or inspected by'the HVAC
contractor to the requirements of AWS D1.1. (Welding
procedures were qualified to the requirements of ASME
Section IX.) However, the project has since adopted an
alternate weld acceptance criteria called Visual Weld
Acceptance Criteria (VWAC). All weld inspections
perf ormed under this reinspection program utilized this
alternate acceptance criteria.

Incomplete fusion - Eight deviations were reported
where welds contained areas of incomplete fusion. The
worst cases '.iere 3/8 inch of incomplete fusion in a
1 inch long fillet weld and 7/16 inch of incomplete
fusion in a 2-3/8 inch fillet weld.
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Underfilled craters - Eight deviations were reported

where the welds contained areas with underfilled
craters. The largest crater reported was 1/4 inch wide
and 1/2 inch long.

Weld profile - Twelve deviations were reported for
unacceptable fillet weld profiles, and one deviation
was reported for an indeterminate bevel for a square

I groove weld.

Undercut - Ten deviations were reported for cases where
the undercut exceeded the maximum allowed by the veld
acceptance criteria. In the worst case, the undercut

was 5/16 inch long by 3/16 inch deep.

Overlap - Six deviations were reported for cases where
overlap resulted in a weld with ircomplete fusion or in
a weld where the completeness of fusion could not be
determined. The worst case was a 7/16 inch section of
overlap on a 2-inch weld.

Surface slag inclusions - A total of 66 deviations was
reported where portions of the welds inspected had slag
inclusions greater than those allowed. The worst case
encountered was a surface slag inclusion that covered
the entire weld length of 2 inches.

Cracks - Seven deviations were reported for cracked

welds. (Note: All of these cracked weld' deviations
occurred in intermittent fillet welds used to attach
a duct to a support.)

2.2.4 Attribute 4 - Installation of Concrete Expansion

Anchors

Reinspection of the installation of the concrete
expansion anchors for the HVAC contractor was divided
into several characteristics: size , length, type ,

quantity, spacing, angularity, and nut engagement. Of
the approximately 3,800 inspection points, 247 concrete
expansion anchors were inspected on 79 supports. A'

total of 18 deviations were reported against type,
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diameter, quantity, spacing and nut engagement. No
deviations were reported for length, embedment or
angularity characteristics, and none of the deviations
were construction deficiencies.

Additionally, a separate reinspection program to verify
proper application of installation torque on cancrete
expansion anchors was performed. The results .d this
reinspection and the ceparate torque verification
program are reported in the ISAP VII.b.4 Results
Report, "Hilti Anchor Bolt Installations".

2.2.5 Attribute 5 - Installation of Bolts into Concrete
Inserts

In approximately 800 inspection points on 157 bolts
inspected on 67 supports,163 deviations were reported
where the bolt threaded into the concrete insert was
not installed in accordance with requirements. These
deviations were of two types and are listed below. All
of these deviations were included in the unclassified
trend (see Section 2.4). There were no deviations that
were reported for inadequate bolt tightness or for bolt
spacing violations.

Bolt Thread Engagement

A total of 148 deviations was reported where the bolt

installed in the concrete insert did not have the
minimum thread engagement required by specification.
(Note: All samples reinspected used 1-inch diameter
concrete inserts. The minimum thread engagement for a
1-inch diameter bolt used in a concrete insert is 2-1/8
inches.) These deviations ranged from approximately
1/8 inch to approximately 1-3/16 inches less than
required, with six deviating 5/S inch or more, 72
deviating less than 5/8 inch but greater than 3/8 inch,
and 70 deviating less than 3/8 inch from minimum thread
engagement.

|

_ _ _ _ _ _ _ _ _ _ _ _ _
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In addition, it was determined that, prior to 1981, the
tightness of installations of bolts into concrete
inserts was ensured by use of a method of installation
that pretensions the bolt. This method may potentially
damage a concrete insert or cause bolt slippage.
Resolution of this matter is addressed in the
recommended corrective action for this population (see
Section 4.0).

Bolt Angularity

A total of fifteen deviations was reported where the
slope measured from the axis of the bolt to a plane
perpendicular to the surface of the bolted part

(''} exceeded the allowable 1 in 20 (5 percent) slope. The
(_,/ vorst slope encountered was 15 percent.

2.2.6 Attribute 6 - Miscellaneous Structural Bolting

In 3,900 inspection points, approximately 500 bolts
were inspected on 61 supports. Eleven deviations were
reported where the structural bolts installed on the
supports did not meet the requirements of the AISC
Code. Three of these were for less than full thread
engagement, one was for a loose bolt, three were for
improper seating of the bolt, and four concerned
installed bolts for which no size had been specified.

.

None of these deviations was determined to be a
construction deficiency. However, these deviations

were included in the unclassified trend described in
the summary section (see Section 2.4).

2.3 Analysis of Documentation Review Deviations

This section provides, by attribute, a description of the
reported documentation review deviations and an analysis of
the effect of the deviations on the ability of the
evidence collected to provide reasonable assurance that the

<- duct supports are properly installed.
l

.

---_.---_a.---__--__________
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2.3.1 Attribute 7 - Weld Procedure Application

Documentation was reviewed to determine if weld fit-up
inspections were performed, if welder identification
symbols stamped on the supports matched symbols on the
inspection reports and if both base and weld material
matched welding procedural requirements.

In 880 review points, 82 deviations were reported where
the weld installation and inspection procedures
specified were not followed. Of these 82 deviations,
53 were for lack of weld fit-up inspection, 11 were for
base and weld filler material deviations, and 18 were
for missing veld inspection documentation. (Note: The
deviations for missing documentation were included in a
QA/QC Program Deviation Report (PDR-57).)

These 82 deviations were included in the unclassified
trend described in the summary section (see Section

2.4).

2.3.2 Attribute 8 - Welder Certification

In 711 review points, 65 welders were reviewed for
certifications to the applicable velding procedures.
These procedures were listed on the Welding Material
Issue (WMI) slips refereni.sd on the Bahnson inspection
reports. A total of 237 reviews of these 65 welders
resulted in four deviations where the welder listed on
the WMI sheet was not certified for the procedure
listed on the same WMI sheet. In addition, nine

deviations were reported where the welder certification
was indeterminate because the inspection documentation
could not be located for the item reviewed or the BSC
QC inspector did not record the correct WMI number.
(Note: The deviations for missing documentation were
included in a QA/QC Program Deviation Report (PDR-57).)
All of these deviations were included in the
unclassified trend described in the summary section

(see Section 2.4).
O
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2.3.3 Attribute 9 - Concrete Expansion Anchor Inspection

In 490 review points, 131 deviations were reported
| where the torque applied to the concrete expansion

anchor could not be verified or no torque inspection
documentation could be located. A separate
reinspection effort verified installation torque on 60
concrete expansion anchor bolts for HVAC duct supports.
The results of this reinspection program are reported
in the ISAP VII.b.4 Results Report, "Hilti Anchor Bolt
Installations." This ISAP provided evidence that the
installed hardware was likely to be acceptable even
though the documentation review deviations were not
evaluated. Nevertheless, all of these deviations were

O included in the unclassified trend described in the
summary section (see Section 2.4).

2.3.4 Attribute 10 - Inspection of Bolt Installations into
Concrete Inserts

In 158 review points, 44 deviations were reported where
no documentation could be located to verify inspection

of the bolts installed into concrete inserts. Review
of this documentation was required to determine if the
bolt installed into the concrete insert was placed
correctly (i.e., snug tight and correctly threaded).
These deviations were reported on a QA/QC Program
Deviation Report (PDR-37). All of these deviations
were included in the unclassified trend described in
the summary section (see Section 2.4).

2.3.5 Attribute 11 - Material Traceability

The HVAC contractor's quality assurance (QA) program
does not require that material traceability be
maintained after the receipt inspection of the
material. As a result, one additional documentation
review was performed to determine the acceptability of
documentation of material as it was purchased. This
material was obtained in the following two ways:
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1) Material was purchased by the HVAC contractor
directly and inspected on receipt, and

2) Material was transferred to the HVAC
contractor from the primary contractor.

All identified documentation for material purchased by
or transferred to the HVAC duct contractor was
reviewed. For the material purchased and inspected by
the HVAC duct contractor, three deviations were

reported where the material did not conform to the
design material requirements. In addition, one
deviation was identified because, with few exceptions, 1

no receipt inspection was performed by the HVAC
contractor on the material transferred from the primary

contractor. These deviations were included in the
unclassified trend described in the summary section

(see Section 2.4).

2.3.6 Attribute 12 - QC Inspector Certification

The certification records of quality control inspectors
who signed (and/or initialled) and dated the duct
support inspection reports vere reviewed to verify that
each inspector was qualified to do the inspection
performed. Deviations were identified whenever
evidence of certification to the applicable
requirements at the time of inspection could not be
found. However, because the Bahnson record system did
not allow ready identification of inspections conducted

| by individual inspectors and because a major corrective
action program was being developed to correct other
significant problems, no ISAP I.d.1 evaluations of any
Bahnson inspectors beyond Phase II were performed.

An a result of these systematic problems, QA/QC-FDR-45
was issued under ISAP I.d.1 documenting the
inadequacies of these inspectors and recommending that
these inadequacies be factored into the overall
corrective action program for Bahnson-installed
equipment. This PDR was determined to be a QA/QC
program deficiency. The root cause and generic
implications analysis and recommended corrective action
are reported in ISAP 1.d.l.

- _ _ _ _ _ _ _ _ _. _ _ _ _ _ _ _ _ _ _ -
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2.4 Summary of All Deviations

During the course of this reinspection, 2,210 reinspection
deviations and 274 documentation review deviations were
reported for the 11 attributes (excluding Attribute 12,
inspector certification). Two deviations were evaluated to be
construction deficiencies; the remaining deviations were
evaluated to be not safety significant. When these deviations
were considered for the presence of trends on an
attribute-by-attribute basis, it was determined that there
were deviation types reported for each attribute that would be
difficult to bound by analysis, in part because errors in
construction are intennixed with errors in design
documentation for this population. Due to the frequency and

/~ the potential severity of some of the of these deviations, no
( bounding analysis was performed, and an unclassified trend was

determined to exist for all attributes in the population. For
root cause and generic implications analysis, refer to Section
3.1.

In eddition, the QA/QC Program Deviation Reports (PDR-57 and
PDR-37) for missing documentation were determined to be QA/QC
Program deficiencies. Since the deviations that constitute
this program deficiency are part of the unclassified trend for
this population, a separate root cause and generic
implications analysis was not performed.

.

3.0 ROOT CAUSE AND GENERIC IMPLICATIONS

General

Many of the deviations that comprise the unclassified trend and
construction deficiencies identified for this construction work
category have similar root causes. The root causes discussed in
this section apply to all attributes. These root causes are
sufficient to define an appropriate set of corrective actions,
address all occurrences of the identified deviations, and preclude
recurrence of the deviations.

O

-
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3.1 Reinspection and Documentation Review Deviations (Unclassified
Trend and Construction Deficiencies)

Root Cause 1
)

Originally, the HVAC contractor, Bahnson Services Company
developed a series of standar, design drawings. These
" typical" detail drawings were issued to BSC constructf.cn and
QC personnel with a set of installation and inspection
procedures to provide the craft personnel and QC inspectors
with the instructions needed co fabricate, install, and f
inspect the HVAC duct supports. Support locations were
specified on separate drawings. The supports shown on the
typical details, however, were designed to support the dead
load of the system only.

A design subcontractor, Corporate Consulting and Development
Company, Ltd. (CCL), performed the seismic design analysis for
the HVAC duct supports. Where deemed necessary, the supports
were modified to withstand seismic loadings. The HVAC
contractor was notified of recommended modifications by a

combination of verbal instructions and memoranda. These
modifications were, typically, additions of bracing. Based on
CCL's instructions, the HVAC contractor's engineering group
issued sets of instructions to their superintendent of
construction to modify the supports. When the modifications
were complete, the superintendent notified both BSC
engineering and QC. Engineering then produced an as-built
sketch of the support and QC inspected the support. This
as-built sketch of the support was used to produce the duct
support detail drawing, and a copy of the sketch was
transmitted to the design subcontractor for seismic
qualification. This was the program used by the HVAC duct
contractor to install, inspect, and design the HVAC duct
supports prior to 1983.

To determine root cause(s), the process for drawing

preparation was examined. A review of the HVAC contractor's
quality field procedures in effect prior to 1983 determined
that the earliest available revision of the procedure for

instructions, procedures, and drawings was Revision 2 (dated
5/19/80). This revision of the procedure requirea the
preparation of individual duct hanger drawings, including the
construction chara:teristics and specific modifications for

_ _ _ _ _ _ _ _ _
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seismic loadings, to show the location ar.d identification of
support types requiced. The duct support detail drawings were
produced ~to satisfy this procedure requirement. The
installation procedures were revised in 1981 to provide
engineering personnel with instructions for preparing these
as-built drawings. These instructions were adequate in that
they required the documentation of " construction details" for
each hanger, though they did not specify which details were to
be included. In practice, as-built sketches were produced as
an intermediate step in drawing preparation and used for
engineering review, presumably to expedite the design process.
The reinspection of the duct supports by the CPRT revealed
that the duct support sketches and detail drawings produced
were not accurately detailed by the HVAC contractor's
engineering personnel. Individual sketches and drawings were

O prepared that generally did not show duct-to-support|
attachments, failed to specify orientation, member size and
weld details, and reflected inaccurate or inconsistent
details. The two construction deficiencies for nonattachment
of the duct to the support should probably have been detected
during engineering review and corrected. This
less-than-adequate preparation of as-builts resulted in many
of the other deviations encountered as well (e.g., the member
detail deviations, the weld location deviations, etc.).

| A review of the inspection procedures in effect prior to 1983
1 determined that the QC procedures limited the inspections of

supports to concrete expansion anchor, concrete Ansert, and
welding attributes. Furthermore, weld fit-up was not
inspected until 1980 and concrete insert inspections were
required on a surveillance basis only. There were no
provisions for the inspection prior to 1983 to the details
shown on the duct support location drawings, shown on the duct
support detail drawings, or specified for bolting attributes.
In addition, when a procedure was revised, there were usually
no requirements f:o " retrofit" previous inspections when a
requirement was made more stringent. (Note: This practice
resulted in many of the deviations encountered for lack of
weld fit-up and concrete insert inspections, for example.)
These procedures were approved by the HVAC duct contractor's

,

quality assurance and engineering personnel.
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Taken together, the installation and inspection procedures
generally failed to implement properly the two steps in the
iterative design process, to delineate precisely which
requirements were to be met and verified at each step in the
process, and to ensure necessary communication at each stage
between BSC craft, engineering and 9C. For example, all
significant design requirements should have been verified by
QC either during initial inspection or during as-built drawing
preparation. Subsequent monitoring of the engineering review
process should hav: been performed. Only those design
features (principally bracing configurations) not firmly
established at the time of initial inspection should have been
deferred to the as-built iteration. As another example,
effective provision should have been made to ensure
communication of the duct-to-support attachment criteria to
the craf t and to the QC organization. This requirement was
imposed for certain bracing configurations by c letter from
CCL. If it was to be communicated to the craft via
modification request memos and then documented in the design,
QC should have inspected sketches prepared to document
attachment status and the modification request memos should
have been retained.

The fact that numerous deviations were reported for the
concrete expansion anchor, concrete insert, and welding
attributes, although the procedures for some of these
installation and inspection attributes were adequate, suggests
that the execution of the established installation and
construction programs by construct 1on and QC personnel was
also less-than-adequate. A review of the HVAC contractor's
records determined that, for construction personnel, the
training records were incomplete and the adequacy of training
for construction personnel prior to 1983 was indeterminate. A

review of the certifications and qualifications of QC
personnel determined that the certification program for these
personnel was less-than-adequate and that many of them were
not qualified to perform inspections. This less than adequate
training was judged to have contributed to many of the
deviations encountered in the documentation review.

The programmatic weaknesses described above were evaluated to
be too broad in scope to be attributed to any isolated problem
areas or specific root causes for the deviation contained in

. _ _ - _
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the unclassified trend. Instead, the primary and secondary
root cause of the identified unclassified trend and
construction deficiencies was determined to be a
less-than-adequate development and implementation of the HVAC
contractor's program to ensure that HVAC supports were
installed in accordance with the design.

In 1983, the NRC reviewed the HVAC contractor's quality
!assurance programs for adequacy and generated the Construction

Assessment Team (CAT) audit report. This report stated that
,

ithe NRC inspectors found undersized welds, mislocated welds,
member length deviations and other similar deviations. The
NRC review of the HVAC contractor's documents for
certification of QC inspectors and for overview of the
production of design drawings found that these docunents and/-s

.

programs were less-than-adequate. TU Electric, as licensee,
- responded at the time of the CAT inspection by performing an

audit of the HVAC contractor and'immediately issuing a stop
work order. TU Electric's formal response to the CAT report

included several commitments to establish a corrective action
program intended to correct the deviations identified by the
NRC and their ramifications. Corrective action was delegated
to the HVAC contractor, with follow-up and overview assigned
to the TU Electric QA audit program. This corrective action
program involved the issuance of a new procedure intended to
correct all of the Unit 2 support drawings and an evaluation
of the deviation types in Unit 1 and Common areas. A review
of the evaluation program for Unit 1 and Common areas
determined that the sample chosen may not have been
representative of the established population and that the
evaluation of this sample addressed only weld size and weld
length deviations.

In 1984, the HVAC contractor performed an internal audit on
all completed Unit 2 supports. This audit revealed that "a
high confidence level was not possible" for completed and
inspected work in Unit 2. The response to this audit was a
corrective action request that stated, in its response, that
all QC inspectors should be retrained and that all Unit 2
supports should be reinspected. This corrective action was
intended to ensure that a "high level of confidence" wasO established. Another audit, conducted in July 1986, however,

- - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -



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

Rsvision: 1

Page 22 of 26 i

I

RESULTS REPORT

ISAP VII.c

(Cont'd)

Appendix 31
(Cont'd)

3.0 ROOT CAUSE AND GENERIC IMPLICATIONS (Cont'd)

revealed that there was insufficient documented evidence that
the corrective action of 1984 had been completed. It was then

determined that the entire corr'ective action for the 1983 NRC
CAT audit was less-than-adequate. These less-than-adequate
responses to the NRC deviations and their ramifications were
determined to be a contributing cause for many of the
deviations encountered remaining uncorrected.

Generic Applications

The generic implications of these findings extend to all of
the work performed by the various BSC organizations (QC,
engineering, etc.) as they developed their own unique
approaches to the design and construction of supports. There
is a generic implication regarding the adequacy of follow-up
and corrective actions in the TU Electric QA Audit Program.
This is referred to the collective evaluation phase of the

QA/QC Adequacy Program for consideration in light of the
findings in the Results Report for ISAP VII.a.4, " Audit
Program and Auditor Qualification".

Summary
.

The primary and secondary root causes were determined to be a
less-than-adequate program, developed and implemented by the
HVAC contractor, to ensure that HVAC supports were it.atalled
in accordance with the design requirements. The
less-than-adequate response to the 1983 NRC CAT deviations and
the HVAC contractor's failure to implement an acceptable
corrective action progre.m to correct these deviations were
determined to be a contributing cause.

4.0 REC 0KKENDATIONS AND ONGOING ACTIVITIES

4.1 Recommendations for Cerrective Action

The following recommendations are made *a correct the
deviations included in the construction deficiencies and the
unclassified trend identified for this population. These
corrective actions apply to H'!AC duct supports in Unit 1,
Common, and Unit 2 areas:

- -

;
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1. Verify that the program for installation and QC
verification of HVAC duct supports is adequate. This
review should include revision of procedures,
improvement of training, and acquisition of qualified
personnel, where deemed necessary.

2. Initiate a program to correct duct support detail
drawings and reevaluate the design of the duct
supports. In addition, revise the duct support
location drawings to show correct locations of
supports.

| 3. Perform an evaluation for the possibility of inadequate
weld fit-up on welding performed before 1981. This
program should include an evaluation of the effect of
potentially less-than-adequate fit-up on effective
throats of welds. Upon completion of this evaluation,
a program to repair any less-than-adequate welds should
be initiated.

4. Implement a test program tc establish the allowable
loadings for bolting in concrete inserts with less than
full thread engagement. Demonstrate the acceptability
of field installations through a margin analysis on
those supports most heavily loaded. Repair those
installations that do not meet margin analysis

I criteria. These corrective actions should include, in
the testing programs and analyses, a determination of
the effect of pretensioning bolts during installation.

5. Verify that the material provided to the HVAC duct
contractor by the primary contractor is acceptable for
use in safety-related seismic Category I applications.

6. Reinspect HVAC duct supports for safety-related ~

attributes. Review existing documentation for these
supports and combine these two sets of documentation to
ensure that records of QC acceptance are complete and
accurate.

. _ _ .
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4.2 Ongoing Activities

TU Electric has initiated programs tc correct and verify
as-built drawings in the duct support population. These
programs (Field Verification Method - Procedures for Seismic
Duct Hanger Verification in Unit 1, Common, and Unit 2 areas)
are designed to provide a complete reanalysis / reverification
of all duct supports and to correct (or, in some cases, to
evaluate and to accept) the deviations for which corrective
action was recommended.

5.0 CONCLUSIONS

Based on satisfactory implementation of the above recommendations
and the applicable recommendations in the ISAP I.d.1 Results
Report, there will be reasonable assurance that the hardware in
this construction work category is adequately installed in
conformance with the design. Conclusions for concrete expansion
anchors are separately stated in the Results Report for ISAP
VII.b.4.

.

!

O;

!
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Table 31-1

Summary of Reinspection Results
HVAC Duet Supports

Deviation Classification

Number of
Inspection Number of Insigni- Construction

Attribute Points Deviations ficant Notable Deficiency

1. Support Location 88 6 0 0 0

2. Support frame
Configuration and
Orientation 3,300 288 0 0 2

3. Welding 23,600 1,724 0 0 0,e
\
' 4. Installation of

Concrete Expansion
Anchors 3,800 18 0 0 0

5. Installation of
Bolts into Concrete
Inserts 800 163 0 0 0

6. Miscellaneous
Structural Bolting 3,900 11 0 0 0

TOTALS 35,488 2,210 0 0 2

(Approximately 35,500)
f
i

I Safety significance evaluations were performed for all deviations including the
On two that were classified as construction deficiencies. The remainder of the
\~ / deviations were included in the unclassified trend, but were not categorized as

insignificant or notable.

_ _ _ _ _ _ _ _ _ _ _ _ _ _
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Taele 31-2

Summary of Documentation Review Results
HVAC Duct Supports

Deviation Classification
Number of

Review Number of Insigni-

Attribute Points Deviations ficant Notable

7. Weld Procedure
Application 880 82 0 0

8. Welder
Certification 711 13 0 0

9. Concrete Expansion
Anchor Inspection 490 131 0 0

10. Inspection of Bolt
Installations into 158 44 0 0

Concrete Inserts

11. Material
Traceability N/A 4 0 0 )

TOTALS 2,239 274 0 0

(Approximately 2,240) .

1 All deviations were included in the unclassified trend.

2 QC inspector certification review points and deviations are excluded from the
totals and the deviations are not classified. Results of the ISAP I.d.1 should
be factored into the overall corrective action program for Bahnson installed

'equipment.

.

_ . _ _ _ _ _ _ _ _
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Conduit Supports

1.0 REVIEW PROGRAM IMPLEMENTATION

1.1 Construction Work Category Description

The construction work category of conduit supports is
comprised of all safety-rela:ed supports carrying conduits

I csneaining electrical cables f er power, instrumentation, and

|
lighting.

'

1.2 Populati ;n P.3_gid Sample Selection

For this construction work category..a population of

|
approximately 53.00^ iters was identifiec as QC-accepted as of

| the date of tLit reinspection effort. Reitspections and
! document reviews were performed for a total of 155 accessible
I items. Of these, 105 first sample items were randomly

selected from the population to ensure that at least 60
reinspection or document reviews of each attribute were
performed. An additional 50 second sample items were rardomly
selected to ensure that at least 60 saf e-shutdown hardware
items were reinspected or reviewed. All attributes in the
first random sample were reinspected or reviewed for a minimum

i of 60 samples, except as noted below:

- Welding - Welding was proportionally saepled with other
populations where AWS welding was performed. This
proportional sampling is discussed in Appendix 35.

Stud Welding - Complete information verifying the-

adequacy of this attribute is determined in the
torquing subattribute of bolting of the hardware
reinspection.

Junction Box Support Capacity - This attribute verifies1 -

the capacity of the support for junction box loads.
Since support capacity is also accounted for in the
capacity attribute, this attribute is considered part
of the capacity attribute.

Base Plate Bearing - This attribute was proportionately-

sampled with the base plate becring attribute in the
Instrument Tube Support population.

_

_ _ _____-_ ___-____
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1.3 Attributes Selected

Sample items were reinspected for the following attributes:

Attribute 1 - Capacity

Attribute 2 - Conduit span

Attribute 3 - Orientation

Attribute 4 - Components

Attribute 5 - Configuration

Attribute 6 - Welding

Attribute 7 - Bolts

Attribute 8 - Concrete expansion anchors

Attribute 9 - Conduit bearing

Attribute 10 - Clamps

Attribute 11 - Base plate bearing

Sample item documentation was reviewed for the following
*

attributes:

Attribute 12 - Concrete expansion anchors

Attribute 13 - Stud welding

Attribute 14 - Welding

Attribute 15 - Drawing revision

Attribute 16 - Structural bolting

Attribute 17 - Junction box support capacity

Attribute 18 - QC inspector certification

|

|

____._________
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2.0 DISCUSSION OF RESULTS

2.1 Summary of Results

For reinspection, a total of 65 Deviation Reports was issued
describing 102 deviations. Approximately 19,000 inspection
points were encountered in performing the reinspection. Sae
Table 32-1 for results of the reinspection.

For document review 190 Deviation Reports were issued
describing 242 deviations. Approximately 1,000 review points
were encountered in performing the reviews. See Table 32-2
for results of the documentation reviews.

Documentation review deviations related to inspector

I certification have not been included in the aforementioned
totals. As discussed in Section 2.3.7, it has been determined
that these deviations do not necessarily relate directly to
actual inspector qualifications. These deviations were
considered in the ISAP I.d.1 evaluation together with

|
supplemental information as necessary to determine actual'

inspector qualifications. The ISAP 1.d.1 conclusions are
summarized in Section 2.3.7.

In this population, no construction deficiencies and no
adverse tr.nds were identified.

2.2 Analysis of Reinspection Results

This section provides, by attribute, a discussion of the
reported deviations, an analysis of the effect of these
deviations on the functional capability of the conduit and the
conduit support, and an analysis for the presence of trends.

The function of a conduit support is to support the conduit
and its related components. The conduit's function is to
carry and protect electrical cable.

For this construction work category, design margin was a
significant factor in the trend analysis. Conduit supports

are typically designed with large margins. For example,
standard designs are based on conservative assumptions of
maximum conduit size, maximum cable weight, maximum hanger
length and maximum space between hangers, all combined with
bounding case seismic loadings enveloping all possible plant
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locations, even though all of these conditions will never
occur in any field installation. All supports in the sample
specifically evaluated for deviations included the expected j
large design margin. Based on these results, it was concluded

'

that similar margins are likely to exist on the uninspected
supports in this population.

2.2.1 Attribute 1 - Capacity
,

Support capacity was verified in accordance with the
design drawings, which provided two criteria for
checking support loading. The first required the
conduit configuration (verified under attribute 2)
carried by the support to conform to specified
configurations listed on the design drawings. This
check was necessary for all supports. The second,
which was not a requisite for all supports, required a
check of the total load on the suppcirt where specified
load limits were listed on the design drawings. For
junction box supports, data required to verify capacity
was only collected during reinspection but verification
was performed during documentation review (refer to
Section 2.3.6).

In approximately 160 inspection points to ensure that
the support capacity was adequate to support the
conduit loading, five deviations were noted. There
were no deviations en total load. Two of*the
deviations concerned spans exceeding stated lengths for
the applicable configuration. The maximum allowable
span for these configurations was 6 inches; this was
exceeded by 1/8 inch in one case and 5/8 inch in
another. An analysis of these span deviations
indicates that the support loads and stresses are still
within allowable limits and that the design margin has
not been significantly affected; therefore, these
deviations are insignificant. (Allowable stress limits
for these supports are established by the AISC and
AISI.)

O
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The third deviatien occurred where an incorrect support
type was installed for the conduit configuration used.
In this deviation a suspended support was installed
where a directly attached support was required.
Analysis ahowed that this support is adequate to
sustain the existing loading condition. This deviation
is insignificant.

The fourth deviation was noted for a conduit attachment
and configuration that could not be verified using the
generic design drawings. In this case, the conduit was
attached at two locations along the same support and
two bends were noted within the same span. Although
similar conditions are allowed by the design drawings,

(''T there were no drawings which allowed this specific
(,,) configuration. This installation was evaluated and

found to be acceptable by comparison to other span
configuration and attachment criteria that permitted a
higher loading on a similar support arrangement and a
higher stress in the conduit. This deviation is
therefore insignificant.

Because allowable span configurations are conservative
with respect to support capacity, deviations of these
types, should they occur in the uninspected portion of
the population, would be insignificant. No adverse
trend was identified.

.

The last deviation was noted for the installation of a
transverse support in a location at which only
multidirectional supports were specified. This
deviation was considered notable because of the
diminished restraint afforded in one of the three
required directions. Analysis showed, however, that
this support is adequate to sustain the imposed conduit
loading in this direction. Therefore, this deviation
was insignificant.

I'
\
's-

I

_ _ _ _ _ _ _ _ _ _
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It was determined that a DCA had already been issued
either to replace all transverse supports with
multidirectional supports or to reinforce existing
transverse supports. A review of this DCA concluded
that its implementation will correct any similar
discrepancies. Since there is an ongoing program
to correct all similar problems, no further analysis is
warranted.

2.2.2 Attribute 2 - Conduit Span

In approximately 1,180 inspection points for conduit
span, eight deviations were noted. To ensure that
conduit stresses remain within allowable limits,

criteria for conduit span were established.
Fabrication and installation requirements for such
configuration items as electrical fittings, junction
boxes, required numbers of bends, cantilevered conduit
length, and flex conduit length were included in these
criteria.

Four of the eight deviations occurred where span
requirements within the configuration were exceeded by
2, 8, 10, and 39 percent. Because of the extent to
which the deviation of 39 percent exceeded specified
limits, this deviation was considered to be notable.
The other three deviations are insignificant. Analysis
shows that the conduit stress for the maximum overspan
is less than 63 percent of Code-allowable stress. The
analysis performed in arriving at this stress
conservatively used peak acceleration factors, which
increased the calculated total stress by a factor of
eight. Therefore, it was concluded that the most severe
plant loading conditions would result in conduit
stresses less than the maximum Code allowable.
(Maximum allowable stresses f or these conduits are
established by the AISC Code.)

Two deviations occurred where there were no applicable
conduit span design drawing criteria by which to check
these configurations. Because no span configuration
acceptance criteria existed, analyses utilizing peak
acceleration values were made with these or similar

. .

_ _ _ _
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i

| specified span configurations. These analyses
indicated that the in-place configuration would result
in lower stresses in the conduit than would similar,

applicable configurations specified on the drawings.
As such, these deviations were considered
insignificant.

The last two deviations were noted for not maintaining
the specified 1 inch minimum distance between the
tangent point of a bend in the conduit and the edge of
a clamp. In both deviations a 13/16 inch distance was
measured. This criterion exists to ensure that the
conduit bend does not interfers with the proper
clamping and bearing of the conduit on the support.

[')N
Inspection was independently made on both of these

\s, attributes, clamping and bearing, and both were found
to be acceptable; therefore, these deviations have no
adverse effect on the support or the conduit. This
criterion of 1 inch is conservative to provide a set

standard for all conduit installations. These
deviations are insignificant.

Because of the large margins afforded by the design and
the low stresses generated, these types of deviations,
should they exist in the uninspected portion of the
population, would also be insignificant. No adverse
trends were identified.

.

2.2.3 Attribute 3 - Orientation

In approximately 160 inspection points to verify that
the orientation of supports is in accordance with the
design drawing, no deviations were reported.

2.2.4 Attribute 4 - Components

in approximately 790 inspection points to verify that
the correct support components were installed, 11
deviations were noted.

('
t
\%

1
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Seven of these deviations involved substitution of
components of similar capacity and configuration to
those originally specified, but not included as
acceptable substitutions in the existing design
documents. In four of these seven deviations, square
washers with specified dimensions were replaced by
washers with slightly dif ferent dimensions. The
largest magnitude deviation noted that a washer with
dimensions of 2 inches by 1-7/8 inches was installed
where a 1-5/8 inch by 1-5/8 inch washer was required.
This oversized washer deviation is insignificant. The
other three of these four deviations were below minimum
requirements by a maximum of 1/8 inch.

The remaining three of these seven deviations involved
a connecting plate with a required width of 2 inches
for which a plate 1-5/8 inches in width was
substituted, and two angle fittings where 4-1/8 and
3-1/2 inch legs were required, b instead they were

interchanged and stiffeners were added.

With regard to the deviations for the washers and
connecting plate that were physically smaller than ,

'required, there is no change in the design margin of
the support as these are not the load-limiting
components of the support. The in-place angle fittings
with stiffeners were determined to be stronger than the

angles required by the original design. These
deviations are insignificant.

Three of the last four deviations concerned Unistrut
fittings that were installed 180 degrees from the
design drawing requirements. Evaluation of the
deviating Unistrut fittings (these three deviations
were noted on one conduit support) indicated that the
180 degree rotation had no effect on the function of
the connector or any of the other components in the
support. The design margin of the fittings as
installed was not affected. These deviations are
insignificant.

_ _ _ _ _ _ _ _ _ - _ _
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The last deviation involved the substituting of a clamp
of an incorrect type. The use of the incorrect clamp

occurred when a 3/4 inch diameter train C (not
safety-related) conduit was placed on a safety-related
support. Attaching train C conduit with this clamp is
acceptable if the attachment is made to a non-safety-
related support. It is unacceptable to use this clamp
on safety-related supports. Per Significant Deficiency
Analysis Report CP-85-36 TU Electric had already
committed to a reverification program for all 2 inch
and under train C conduit in safety-related areas.
This attachment was reviewed as part of the corrective
action to the SDAR mentioned above. This review found
the clamp adequate to sustain the loads of the conduit.

f'' This deviation is insignificant. A review of the
corrective action program associated with SDAR CP-85-36
indicates that implementation of this program will
correct all similar discrepancies. Since there is an
ongoing' program, no further analysis was performed.

Since none of these deviations resulted in a reduction
in support capacity, the existence of these types of
deviations in the uninspected portion of the population
would not result in construction deficiencies. No
adverse trend was identified.

2.2.5 Attribute 5 - Configuration
.

In approximately 1,100 inspection points for support

; conf 1guration, seven deviations were noted. The
overall arrangement of components and dimensional,

information relating to these configurations were,

: inspected. Most of the deviations involved edge
distance requirements and center-to-center distances oni

bolt holes. One deviation was noted for shim plate
width.

There were three deviations on bolt edge and claap edge
distance; the most severe concerned an edge distance of
1/2 inch where 3/4 inch was required. On the basis of

O the extent of variation from dimensional requirements
and their effect on stress, all the edge distance
deviations were determined to be notable. Analysis

.

'''
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showed that for the most severe edge distance
reduction, the remaining edge distance is three
times greater than the edge distance required even if
the support were loaded to its design capacity.
Conduit loadings were typically small when compared to
support capacity, and therefore the effect of these
deviations on the design margin is inconsequential.
Should deviations of this type exist in the uninspected
portion of the population, their effect would be
negligible. No adverse trend was identified.

Three deviations were noted on bolt hole locations.
The dimensional requirements were exceeded by 1, 7, and
11 percent, respectively. One of the three deviations
on bolt hole location was determined to be netable
because of the degree of the deviations from
requirements; the remaining two deviations were
insignificant. Conduit loadings for these supports are
less than 33 percent of maximum allowable, and analysis
shows that the deviations have a negligible effect on
the capacity of the supports to sustain these loads.
The deviations of 1 and 11 percent related to bolt
locations where a distance of one-third the member
length from a plata edge was to be maintained. The
objective of this requirement is to ensure that
sufficient leverage is available to resist lateral i

loads. Thus, if the distance requirements indicated
above are exceeded, the lever arm increas'es and the j

resistive capacity increases. In both of these j
deviations the distance exceeded requirements; the {

'capacity of the affected components to resist loads was
therefore increased.

|

| Because the design margin is negligibly affected for
the types of deviations noted, the effect of deviations
of this type, should they exist in the uninspected

| portion of the population, would be negligible. No

adverse trends were identified.

The remaining deviation was noted for shim plate width;
analysis showed that this substitution has no effect on I

the support capacity as it is not the load-limiting
component of the support. The design configurations

_____-____a
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for shim plates are not load-limiting; so the existence
of a similar deviation in the uninspected portion of
the population would not result in a construction
deficiency. No adverse trend was identified.

2.2.6 Attribute 6 - Welding

In approximately 4,020 inspection points to verify
characteristics related to welding, 14 deviations were
noted. The characteristics for welding included
location, weld size, weld length, fusion, craters, weld
profile, undercut, porosity, overlap, surface slag, and
cracks. Only the undercut and weld size
characteristics were cited for deviations on welding.

Ten of the fourteen deviations noted on welding were on
weld size. Six of these were minor in that the welds
were undersized by 1/32 of an inch from the 3/16 inch
fillet welds required. These dcviations were
determined to be insignificant. For the remaining
.four, the most severe case occurred where a 1/8-inch

fillet was installed in lieu of a 1/4-inch fillet. Due
to the degree of reduction from original size
requirements, this deviation is notable. Analysis of
all these size deviations showed that the weld stress
did not exceed 55 percent of allowable design stress
for the installed configuration. As such, these
deviations were deemed inconsequential with regard to
design capacity. An evaluation of margins for other
fillet velding applications concluded that the
existence of similar deviations in the uninspected
portion of the population would not result in
construction deficiencies. No adverse trend was
identified.

The remaining four of the 14 deviations noted on
welding were against material undercut. Because of the
location and degree of the undercut, neither the
overall capacity of the base material nor the capacity
of the weld was reduced for any of these deviations.
There is a capacity reduction in the base metal in theg
localized area of the undercut, but the surrounding
area will control the loading distribution, and the

. -- - _ _ _ _ _ _ _ _ _ _ _ _
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support capacity will be minimally affected. Because
the stresses are low and the design margin of the
supports where these deviations were noted is still
large, these deviations are insignificant. Because of
these low stresses, the existence of similar deviations
in the uninspected portion of the population would also
be insignificant. No adverse trend was identified.

2.2.7 Attribute 7 - Bolts

in approximately 4,980 inspection points on bolts, 35
deviations were noted. The deviations related to
skewed spring nuts, missing washers, and inadegaate
torque application.

During an inspection of approximately 500 spring nut
installations, 30 skewed spring nut deviations were
noted. The reduction in capacity of a skewed spring
nut is proportional to the degree of skew. For the 30
skewed nut installations, the degree of skew was minor;
therefore, the capacity loss was also small. All 30
deviations were determined to be insignificant. Based
on analyses of representative cases, in no instance did
the actual load for these skewed connections exceed 80
percent of the manufacturers stated test loads for
spring nuts skewed at 45*. None of the found
deviations approached this magnitude of skew. For most
cases the actual load was conservatively Betermined to
be less than 30 percent of this test load.

A review of the analysis and the conduit loading
indicates that all the deviations are insignificant. |

The analysis used was conservative since the analysis
assumed that the spring nut is skewed 45 degrees,
allowing only for the lowest load capacity. Also, the

j highest seismic accelerations for the location of the
I deviating Installations were used, i.e., the

f
accelerations used were the maximum for the building
and elevation in which the deviations occurred,1

regardless of the fact that the support configurations
would provide lower accelerations. Therefore, the
calculated percentage of allowable load is higher than
actual conditions. In one of the skewed spring nut

|

| . _ _ _ _ _ _ _ _ - _ _ -
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deviations, the inspector noted that the nut uas
damaged. A field investigation showed that the damage

| was similar to a surface blemish and that it did not
impair the capacity of the nut. Because typical

support loads are less than 50 percent of support
capacity, and the types of deviations noted are
insignificant, no adverse trend was identified for the
uninspected portion of the population.

In more than 100 inspection points to ensure that
washers are installed where required by the design
drawings, three deviations were cited. In one
deviation, the bolt was installed at an angle so that
it required a beveled washer; inspection noted that no

/''N beveled washer was installed. An evaluation of this
( ,) deviation shows that the loading on the bolt is small

and the bearing of the connection is adequate. The two
remaining deviations were cited for flat hardened
washers missing from the installation of two welded
stud conne:ctions. For larger loads, washers were
reouired to ensure proper load distribution between the
nut and the bearing surface. Loading for these conduit
supports is small relative to the connection capacity;
therefore, the washers are unnecessary and these
deviatious are negligible. These deviations were
determined to be insignificant, and should deviations
of this type occur in the uninspected portion of the
population, they would also be insignificant. No
adverse trend was identified.

In more than 330 inspection points for bolt torque, two
deviations were noted. In one of these deviations, the

torque was 45 percent of the required installation
t o r que: . Therefora, this deviation was determined to be
notable. This bolt is part of a four-bolt system )
supporting a junction box. Assuming that there is no ;

support provided by this bolt, analysis shows that the |

remaining bolts can support the existing load. This I

analysis indicated that bolt stress and junction box |

plat.e stress were only 9 and 11 percent of allowable |,-~g
( stress, respectively. Therefore this deviation is

negligible with regard to its effect on support'

capacity. As the support design capacities typically

- - _ _ _ _ _ _ _ _ _ - _
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are far in excess of the actual applied loads on the
supports, similar deviations, should they exist in the
uninspected portion of the population, would be
insignificant.

In the remaining deviation on bolt torque, the required
test torque was 156 in-lbs, but instead 110 in-lbs was
noted. This bolt was part of a two-bolt connection
system for clamping the conduit to the support.
Analysis indicates that had both the bolts in this
connection been equally undertorqued, the support would
still have a resistive capacity of more than twice the
maximum possible design load for the area. Because
there was a reduction of greater than 10% from the
required torque, the deviation is notable. However,
because the support loading is generally small with
respect to support capacity, the existence of
deviations of this type in the uninspected portion of
the population would not result in construction
deficiencies. No adverse trend was identified for bolt
torque.

In more than 120 inspection points for welded stud
torque, no deviations were noted. For bolts and welded
studs, torque was checked using 70 percent of
installation requirements. This value, depending on
the welded stud diameter, is between 85 and 95 percent

of the stud base qualification test valuet required by
the American Welding Society Code DI.1. The
qualification test is a Code-accepted method for
determining the adequacy of welded studs at the time of
installation. (Other characteristics of welded studs,

including engagement and angularity, are covered
elsewhere in this section.)

2.2.8 Attribute 8 - Concrete Expansion Anchors

Inspection of concrete expansion anchors covered
several characteristics: size, length, type,

embedment, spacing, angularity, nut engagement, nut
bearing, and concrete damage.

_ _ _ _ _ _ _ _



- _ - . _ _ _ _ _ _ __

Revision: 1

Pege 15 of 23

[' ) RESULTS REPORT
U

ISAP VII.c

(Cont'd)

Appendix 32
(Cont'd)

2.0 DISCUSSION OF RESULTS (Cont'd)

Of the 6,060 inspection points, eight deviations were
identified in the areas of type, embedment, and nut
bearing. The results of the evaluations of these
deviations and their analysis for adverse trends are
covered in ISAP VII.b.4, "Hilti Anchor Bolt
Installation" Results Report.

2.2.9 Attribute 9 - Conduit Bearing

In 170 inspection points to verify conduit bearing, no
deviations were noted.

2.2.10 Attribute 10 - Clamps

(''N In 180 inspection points on clamps, 13 deviations were

(,_,/ cited. For this attribute the gap between the ears of
the clamp and the support on which the conduit bears
was verified against a specified gap. The attribute
was included in the construction requirements to ensure
complete contact of the conduit with its supporting
surface and to preclude deformation of the conduit.

The largest gap noted was 3/32 inch in excess of the
allowable gap of 5/32 inch. As there were no
deviations listed against conduit bearing and no
notation of conduit deformation during the reinspection
process, it was concluded that the torque applied to
the clamps provided the necessary clamping force
without damaging the conduit even with the excessive
gap. In fact, gaps of the type observed would never
result in conduit damage, so long as the correct size
of clamp was used. As such, these deviations were
determined to be insignificant. Should deviations of
this type exist in the uninspected portion of the
population, they would also be insignif1 cant. No

adverse trend was identified.

2.2.11 Attribute 11 - Baseplate Bearing

7-~s
In 100 inspection points of base plate bearing, one() deviation was noted. This attribute is included to
ensure adequate bearing of baseplates against the
concrete surface. Typically imposed loads are small

_ _ _ _ _
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with respect to the support capacity. For this
deviation, analysis indicates that the existing 31
percent minimum plate contact area, along with
sufficient plate perimeter contact, was sufficient to
support the imposed loads adequately. Because of the
ratio of the actual contact area to that of the
specified contact area, the deviation is notable.
Because the support is still adequate to sustain the
loading, the deviation is considered inconsequential
with regard to design capacity. Based on the typically
small loading of these supports with respect to the
support capacity, deviations of this type, should they
exist in the uninspected portion of the population, I

would also be inconsequential. No adverse trend was
identified.

O2.3 Analysis of Documentation Review Results

This section provides, by attribute, a discussion of the
documentation review deviations and an analysis of the effect
of the deviations on the ability of the evidence collected to

provide reasonable assurance that conduit supports are
properly installed.

2.3.1 Attribute 12 - Concrete Expansion Anchors

in 340 review points, 27 deviations were noted for
missing documentation for torque wrench calibration,
torque setting, spacing to covered abandoned holes, and
rework for concrete expansion anchors. For a detailed
discussion of the conclusions for this attribute, see

ISAP Vll.b.4.

2.3.2 Attribute 13 - Stud Welding

|
| In approximately 120 reviews of documentation to ensure

that the daily gun qualification and the proper
torquing and final visual inspection of welded studs
was performed, 26 deviations were noted. All the

deviations pertained to missing documentation.
Therefore, these deviations were notable. The torquing

of welded studs was verified during reinspection.
Overall, an evaluation of the results of the hardware

_ _ _ _ _ _ _ - _ _
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reinspection concluded that the studs had been
installed such that the supports would be capable of
resisting the anticipated design loadings. (See
Section 2.2.7.)-

2.3.3 Attribute 14 - Welding

h

tg In approximately 240 reviews of documentation en
% welding, 60 deviations were noted. These deviations

can be categorized as stated below. For the
verification of the proper weld filler material for a
tiven base metal, as required by the welding procedure,
l' deviations were noted. For the verification of
vel!er qualification via the welder symbol on the Weld
Fillbr Material Log (WFML), 22 deviations were noted.

Oi For the verification of the qualification of the proper
welding' procedure, 19 deviations were noted.

For 19 of the deviations from each of the three
categories 11ated above, accounting for 57 of these
deviations, the.WFML was missing from the conduit
support package.

For the three remaining deviations on welder
qualification, the weAier symbol on the support did not
match those listed on tue WFML in the support package.

For nina deviations from each of the three deviation
categories where the WFML wao missing, the Construction
Traveler was matched with the information on the Welder
Qualification Update (Rods Req 11sition List) for the
day in question to obtain the teld procedure number,
which in turn could be utilized to locate the WFML
filed with the Brown & Root welding department. The
WFML was used to verify the three checklist attributes.
Therefore, these deviations are it.significant.

One deviation from each of the three categories where
the WFML was missing had documentation filed along with
that for another conduit support. Therefore, these

n%.s
deviations are insignificant.

- - _ _ _ _ - _ _ - - - _ -
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For the remaining nine deviations from each of the
three categories where the WFML was missing, no
documentation could be located. These deviations were
notable. As evidenced in the cases listed before, the
fact that the required documentation was not filed in
the conduit support package does not mean that it does
not exist. It may be that this documentation is only
mislocated. Further, it is known that welders were
drawn from a qualified pool of welders; the materials
joined were compatible; the welds were small in size
requiring no more than one or, in some cases, two
passes; and that the lowest strength carbon steel rods
available on the site were acceptable from both the
strength and compatibility requirements. As sucn, the
available evidence is suf ficient to support a
conclusion of hardware adequacy.

In two of these cases, where the welder symbol on the

support did not match that listed on the WFML, the
welder's symbols for the welders shown both on the
support and on the WFML were those of qualified
welders. Therefore, these deviations were determined
to be insignificant.

In the third case the welder listed on the WFML was a
qualified welder, while the symbol on the support was
not clearly legible. The support symbol appeared to be
PJC, while that on the WFML was BJD. This was
concluded to be a problem of legibility; hence, this
deviation was determined to be insignificant.

2.3.4 Attribute 15 - Drawing Revision

In approximately 160 reviews of documentation to ensure
that the requirements of the latest drawing revision
were accounted for via the notation of the latest
drawing revision on the inspection report, 122
deviations vere noted. For this population, the I

applicable drawings were generic details, and there was
no formal procedure for reviewing and determining the f

O <1
,

-- -



- _ _ _ _ _ _ _ _ _ _ _-_ _

Revision: 1

Page 19 of 23

RESULTS REPORT

ISAP VII.c
(Cont'd)

Appendix 32
(Cont'd)

2.0 -DISCUSSION OF RESULTS (Cont'd)

impact of revised design drawings on supports installed
and final QC-accepted to prior revisions. The effects
of drawing revisions were assessed by reviewing the
hardware deviations noted during the reinspection of
the affected items against the current drawings and by
reviewing drawing revisions that were issued subsequent
to installation and the original inspection.

The review of the reinspection results where the
drawing revision deviations were noted concluded that
none of the deviations were a consequence of
construction installing or of QC reviewing the support
to an obsolete drawing revision. The review of drawing
revisions issued after the drawing that was current at

- the time of installation for each affected support
-showed that most of the changes involved the

'( clarification of drawing details or a relaxation of
requirements (e.g., an increase in tolerance or an
allowance for an alternate component), and none of i

Ithese changes affected the capability of installed
hardware to fulfill its safety function.

These reviews concluded that the support hardware
installations were not adversely affected either by
these drawing revision deviations or by the informal
process employed to address subsequent drawing ]
revisions. These drawing revision deviations are
determined to be insignificant. .

2.3.5 Attribute 16 - Structural Bolting

In approximately 120 reviews of documentation for the
verification of torque in structural bolting, 7
deviations were noted. Specifically, the deviations
noted missing torque information on the QC inspection
report. Since no documentation could be located for
these seven deviations, they are classified as notable.
Overall, the results of the hardware review
(Attribute 7), however, indicate that the structural
bolts have been adequately installed and properly

i
.

_ _ _ _ _ _ _ - _ _ - _ _
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torqued. The one case of torque below the reinspection
criteria was detarmined to be generically acceptable.
These deviations, while classified es notable, do not
impact the ability of the collected evidence to support
a conclusion of hardware adequacy.

2.3.6 Attribute 17 - Junction Box Support Capacity

Data to verify junction box support capacity, including
conduit counts for junction box configuration, were
recorded during reinspection. Evaluation of the data
for junction box configuration was performed during
document review; however, since the appropriate design
drawing was not part of the reinspection package, this
junction box configuration is not a separate attribute,
but merely a portion of Attribute 1, capacity. For
some types of junction boxes, capacity was verified by
ensuring the conduit entering and exiting the junction
box was as indicated by the conduit line diagrams. In

these instances only this design drawing and no other
documents were reviewed.

In approximately ten reviews of documentation to ensure
that the number of conduit entering and exiting the
junction box is as indicated by design drawings, no |
deviations were noted.

I

2.3.7 Attribute 18 - QC Inspector Certification {
i.

Deviations were identified whenever evidence of I

certification to the established procedural |
requirements at the time of inspection could not be j

found. However, as a result of the ISAP I.d.1
evaluations of inspector certifications, it has been
detetuined that such deviations do not necessarily
relate directly to actual inspector qualifications.
Consequently, the identified deviations were not relied j

upon (though they were considered) in determining i

inspector capability. Inspector qualifications were !
assessed for all inspectors (those with and without i

reported deviations) using the ISAP I.d.1 methodology.

O

_
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The ISAP I.d.1 evaluation off inspectors whose work
affected this population concluded that all inspectors
either were certifiable to' applicable criteria at the
time of inspections, were.found'to be capable of
performing satisfactory inspections (including those
with substantial positive evidence), or were otherwise
shown to be of no further concern. Evaluation details
are discussed further in the ISAP I.d.1 Results Report.

3.0 ROOT CAUSE AND GENERIC IMPLICATIONS

A root cause and generic implications analysis is not' required.

4.0 RECOMMENDATIONS

4.1 Recommendations for Corrective Action

No recommendations fer corrective action are required.

5.0 CONCLUSIONS

Based on the findings of the reinspection and documentation
reviews, the conclusions stated in Appendix 35 (Welding), and the
Results Feport for ISAP VII.b.4,- there is reasonable assurance that
the hardware in this construction work category is adequately
installed to perform its safety-intended function.

nv

_ _ - _ - - _ _ - - _ .
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Table 32-1

Summary of Reinspection Results
Conduit Supports

Deviation Classification
Number of .

Inspection Number of Insigni- Construction I
Attribute Points Deviations ficant Notable Deficiency

1) Capacity 160 5 5 0 0

2) Conduit Span 1,180 8 7 1 0

3) Orientation 160 0 0 0 0

4) Components 790 11 11 0 0

0
5) Configuration 1,100 7 6 1 0

6) Welding 4,020 14 13 1 0

7) Bolts 4,980 35 33 2 0

8) Concrete Expansion
Anchors 6,060 8 [A] [A] [A]

9) Conduit Bearing 170 0 0 0 0

10) Clamps 180 13 13 .0 0

11) Base Plate Bearing 100 1 0 1 0

TOTALS 18,900 102 88 6 0

(Approximately 19,000)
..

[A] See ISAP VII.b.4 Results Report.

Oi
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Table 32-2

Summary of Documentation Review Results
Londuit Supports

Deviation Classification

Number of
Inspection Number of Insigni-

Attribute Points Deviations ficant Notable

12) Concrete Expansion
Anchors 340 ?.7 [A] [A]

13) Stud Welding 120 26 0 26

14) Welding 240 60 33 27

p- s.

(,) 15) Drawing Revision 160 122 122 0

16) Structural Bolting 120 7 0 7

17) Junction Box
Support Capacity 10 0 0 0

TOTALS * 990 242 155 60

(Approximately 1,000)
i

.

[A] See ISAP VII.b.4 Results Report.

QC Inspector Certification review points and deviations are excluded from totals*
and the deviations are not classified because the results of ISAP I.d.1 indicate
that these deviations do not relate directly to actual inspector qualifications.

|

i
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Concrete Insert Thread Engagement

1.0 REVIEW PROGRAM IMPLEMENTATION

1.1 Description

The attribute of concrete insert thread engagement addresses
the engagement length of threaded rods or bolts into Richmond
inserts that were utilized in the installation of
safety-related equipment and structures for structural steel,
pipe whip restraints, large-bore supports (rigid and
non-rigid) and small-bore pipe supports.

For the above construction work categories, proportional
sampling was performed to obtain at least 60 accessible sample
items for concrete insert thread engagement.

O(,/
This appendix provides an evaluation of the ccabined results
of reinspection for concrete insert thread engagements for
trends. A trend analysis within each construction work
category was not performed for this attribute.

1.2 Sample Size and Selection

For this proportionally sampled attribute, QC-accepted items
using concrete inserts were identified from the construction
work categories of structural steel, pipe whip restraints,
large-bore pipe supports (rigid and non-rigid) and small-bore
pipe supports. Items having QC acceptance yielded a
population of approximately 34,000 items with and without
concrete inserts. A total of 5,311 accessible sample items
were chosen from this population yielding 207 accessible items
with inserts for reinspection in accordance with the VII.c
proportional sampling process,

i
'

See Table 33-1 for information regarding the number of samples

with concrete inserts from each of the construction work
categories. ;

1.3 Attribute Selected

Sample items having concrete inserts for each of the five
p construction work categories were reinspected for the
g attribute of thread engagement.

_ _ - - _ _ _ - _ _ _ _ _ _ - _ - _ _ _ - _ - - _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ - - _ _ _ _ _ _ _ - _ . _ _ - _ _ - - - _ _ . -
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i

2.1 Summary of Results

For reinspection, a total of 19 Deviation Reports were issued
describing 41 deviations. Approximately 323 inspection points
were encountered in performing the reinspection. No
construction deficiencies were identified; 12 of the
deviations were determined to be insignificant and 28 were
notable.

For this attribute the combined evaluation identified one
unclassified trend for concrete insert thread engagement. See
Section 2.2.1 for a discussion cf this attribute.

2.2 Analysis of Reinspection Results

This section provides a summary of the reinspection deviations h
reported in each construction work category, the result of the
previous analysis of the effect that each of the deviations
have on the affected concrete insert's functional capability,
and an analysis of the deviations for the presence of trends.

The function of the concrete inserts is to provide an
attachment point to the building structure for safety-related
components. This attachment is the path through which loads
are transmitted to the building structure.

2.2.1 Thread Engagement
.

The length of thread engagement into Richmond Inserts
was required to be at least two times the bolt diameter
plus 1/8 inch. For the reinspection of thread
engagement it was necessary to establish the length of
the bolting. The length of bolting material for
structural steel and pipe whip restraint attachments
was found to be indeterminate by visual inspection.
For these construction work categories, ultrasonic
testing was used to establish bolt length. For pipe

supports, bolt lengths given on the support detail
drawings were used to determine design lengths. The
installed lengths of bolting used for pipe supports
were verified through random ultrasonic testing that
confirmed the accuracy of the design dimensions.

- _ _ - _ _ _ _
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There were only two bolt diameters used for the
aforementioned construction work categories: 1 and
1-1/2 inch. These bolts were required to have a
minimum engagement of 2-1/8 and 3-1/8 inches,
respectively. *

Out of 323 inspection points, 41 deviations were
reported where the bolting used in the inserts did not
meet the minimum engagement. The deviations reported
engagements of 1-1/4 to 3 inches for 1-1/2-inch
diameter bolting (3-1/8 inches required) and 1 to
1-15/16 inches for 1-inch diameter bolting (2-1/8
inches required). The deviations were distributed
within the construction work categories as follows: no

/''' deviations for structural steel and small bore pipe

\s_, supports, three deviations for pipe whip restraints,
six deviations for large-bore non-rigid pipe supports
and 34 deviations for large-bore rigid pipe supports.

An evaluation was performed on the engagement
deviations to estimate the effect that less-than-full
thread engagement has on the capacity of the concrete
insert assembly.

The capacity of this type of connection is dependent on
the ability of the threaded rod to transfer applied
loads to the insert, the insert's ability to carry and
transfer the applied loadings to the concrete in which
it is embedded, and the local concrete's ability to
distribute the loads to the building structure. The
load distribution mechanisms and the effect of
less-than-full engagement for both the bolt and the
insert were analyzed as follows:

Ov

. _ _ _ _ _ . _ . _ . . _ _ _
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For bolting, the applied loads from the support steel
are direct tension, tension due to prying effect,
horizontal shear and bending moment due to horizontal

shear. These loads are transferred to the insert as
total tension (direct and additional) through thread
shear in the bolt threads to the threads tapped in the
insert's upper helical coil and horizontal shear by the
bearing of the bolt on the inside surface of the
insert's upper helical coil.

For the insert, the loads are transferred to the
concrete through horizontal shear as a bearing load and
tension as loading through the insert coil welds to
insert struts, and hence to the concrete.

Based on the above, an analysis was performed using
empirical data for the as-designed capability to
develop a conservative estimate of the allowable
tension, shear and interaction coefficients for
less-than-full thread engagement. The results showed
that the most severe loading occurs in tension and that
the shear allowable is not significantly affected by
limited engagement. Thus, values are presented in
Table 1 for tension for varying engagements.

.

|
|

9
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Allowable Leadings Available
Design

No. of Insert Req'd Recorded Req'd Recorded Loading
Deviations Size Engagant Engagmnt Engagmnt Engagmnt (Percent)

0 1" 2 1/8" 1" 11,500# 3,354# 29%
0 1" 2 1/8" 1 1/8" 11,500# 4,193# 36%
0 1" 2 1/8" 1 3/8" 11,500# 5,870# 51%
1 1" 2 1/8" 1 5/8" 11,500# 7,547# 66%

0 1" 2 1/8" 1 7/8" 11,500# 9,224# 80%
0 1" 2 1/8" 2" 11,500# 10,062# 87%
4 1 1/2" 3 1/8" 1 1/4" 25,000# 6,063# 24%
2 1 1/2" 3 1/8" 1 1/2" 25,000# 8,488# 34%
1 1 1/2" 3 1/8" 1 3/4" 25,000# 10,913# 44%

G 0 1 1/2" 3 1/8" 2" 25,000# 13,338# 53%

V 5 1 1/2" 3 1/8" 2 1/4" 25,000# 15,763# 63%

0 1 1/2" 3 1/8" 2 1/2" 25,000# 18,188# 73%

16 1 1/2" 3 1/8" 2 3/4" 25,000# 20,613# 82%
12 1 1/2" 3 1/8" 3" 25,000# 23,038# 92%

NOTES

I Required engagement is twice the bolt diameter plus 1/8 inch,
as measured from the face of the concrete surface. Actual
thread engagement can be obtained by subtracting 1/2 inch from
the recorded engagement (measured from the insert flange
surface) for 1-inch inserts and 5/8 inch for 1-1/2-inch
inserts (e.g., a 1-1/2-inch insert with 1-1/4-inch recorded
engagement has an actual thread engagement of 5/8 inch).

Allowable loadings for required engagement are based on
minimum anchor spacing (e.g., distance between concrete
inserts or distance between concrete inserts and concrete
expansion anchors).

3 Allowable loadings for recorded engagement are based on
calculated capability and not the actual loadings for the
deviating conditions.

O l
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2.0 DISCUSSION OF RESULTS (Cont'd)

In all cases analyzed, no concrete inserts with
deviations had loads that exceeded the estimated
allowable tension loads at the recorded engagements.
However, based on the empirical formulations used to
calculate allowable loadings it was determined chat
28 deviations were notable as the reduction in the
engagement length (or in estimated capacity) was
greater than ten percent and 12 were insignificant.
For 1-inch inserts an engagement less than 1-15/16
inches was notable, and less than 2-7/8 inches was

notable for 1-1/2 ine' inserts.

An unclassified treno was identified for concrete
insert thread engagement. The results of the
reinspection reported above were evaluated, and it was
determined that insert engagement deviations as large
as some of the found deviations (resulting in actual
capacities as low as 24 percent of design capacity)
could possible result in a construction deficiency if
these deviations were to occur on concrete inserts that
are more highly loaded. No such specific situations of
relatively highly loaded inserts could be identified,
but it cannot be shown with certainty that none exist
in the plant. Thus, the likelihood of c construction
deficiency existing could not be assessed objectively,
and the trend was detennined to be unclassified.

I
'

3.0 ROOT CAUSE AND GENERIC IMPLICATIONS.

This section provides a root cause and generic implication analysis
for the unclassified trend on thread engagement.

|
| Root Cause

Less-than-required thread engar,ement in Richmond inserts used on
pipe whip restraints, pipe supports and structural steel was found
to be an unclassified trend.

O
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3.0 ROOT CAUSE AND GENERIC IMPLICATIONS (Cont'd)

The construction personnel were provided training to site
procedures CP-CPM-9.10 and CCP-22, which delineated the
requirements for concrete inserts. The procedures provided
sufficient information so that an acceptable installation could be
made. The classroom training, however, placed primary emphasis on
the more difficult tasks (e.g. , welding) and gave less instruction
on more common work activities (e.g., bolting, measuring, etc.).

Upon completion of an installation, supervision was to review the
craft's work for compliance with drawing and procedural
requirements prior to submitting the component to QC for
inspection. Apparently, in the cases with thread engagement
deviations, this process was not conducted in sufficient depth to
ensure proper installation.

() Quality Control was responsible for inspecting each bolt for the
proper thread engagement into the insert. The requirements were
adequately described in the procedure; however, the mechanics of
the inspection performance were not. Inspection reports were found
in which Richmond engagement was marked unsatisfactory and was
corrected, confirming that the inspection program worked in some
Cases.

Given the installation process, potential alignment problems during
installation would not explain the limited thread engagement
observed. As the insert itself was treated as a blind hole, it was

necessary for the construction personnel to measure the bolt length
prior to insertion to determine what portion should extend from the
building surface in order to obtain proper engagement. Once
complete, QC was to perform a measurement from the building surface
using the bolt length given on the design documents or the material
requisition to calculate engagement.

A concern with concrete insert thread engagement was identified and
a review inspection was to be implemented to correct the
oversights. This inspection, using a prescribed procedure
(QI-QP-11.14-8), implemented in the 1982-1983 time period, involved
a " sweep" of the various plant rooms and a survey of approximately
10% of the inserts on a room-by-room basis for proper engagement.
The method by which inserts were to be checked was ultrasonic

O examination. This examination was to determine the length of the
bolting, from which the engagement could be calculated. For those
items that had less-than-full thread engagement, the deviation was
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3.0 ROOT CAUSE AND GENERIC IMPLICATIONS (Cont'd)

to be corrected to Project requirements. The " sweep" was only to
review plant safety-related items other than ASME. The inspection
for ASHI components was to be accomplished during the final support
walk-down under procedure CP-QAP-12.1. It should be noted,

however, that the lengths of all bolting material were found to be
satisfactory during the " sweep", thus prcviding no evidence to
support the possibility of unauthorized snortening of bolts as
found on the steam generator upper lateral supports addressed in
ISAP V.b, " Improper Shortening of Anchor Bolts in Steam Generator
Upper Lateral Supports".

There is no summary documentation available that gives an estimate
of how many rooms were surveyed, or of how many Richmonds were
inspected or of how many engagements were required to be fixed.
The conclusions reached as result of the " sweep" and the basis for
reaching them are not available as a result of the lack of
documentation. However, the program cannot have been effective in
locating and correcting all underengaged bolts and threaded rods in
concrete inserts, given the results reported in this Appendix.

The primary root cause was determined to be less-than-adequate
training of construction personnel on installation requirements and
proper installation methods for bolting material into concrete
inserts and supervision of construction personnel during the
installation of the bolting material.

The secondary root cause is less-than-adequate QC procedures that
did not specifically address the steps necessary to establish that
an acceptable engagement had been met. In this instance the only
two definitive alternatives were, 1) actual witnessing of

installation or 2) the use of Ultrasonic examination.

A contributing cause was the less-than-adequate assessment during a
room-by-room review of thread engagement into the insert
(QI-QP-11.14-8) and a less-than-adequate QC final support walkdown
under procedure CP-QAP-12.1.

Generic Implications

The generic implications of the primary root-cause for inadequate
thread engagement related to those installation activities that
require a lester degree of skill than those that were emphasized in
training, yet are sufficiently non-routine to entail significant
risk of function-impacting errors occurring during installation.
Specifically, activities that require verification of a dimension
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3.0 ROOT CAUSE AND GENERIC IMPLICATIONS (Cont'd)

or threading a nut on a bolt to a prescribed tightness criterion
fit the above description. These appear to have received limited
attention during training of construction personnel and to hsve
been overlooked often in the supervisors' review of completed work.
This implication cannot be extended beyond this attribute as no
further review of procedures was done. This will be determined
under the collective evaluations phase of the QOC program. The QC
inspection procedures that contained the requirements: for concrete
inserts were reviewed and found to be adequately specific for all
the construction activities addressed. The generic implications of
the secondary root cause were thus concluded to be limited to the
attribute of concre.te insert thread engagement.

The generic implication of inadequate thread engagement in concrete
inserts would not necessarily extend to other applications where

f

bolts are inserted into blind holes such as tapped holes in sole'

plates or embedded plates since there are significant differences
in the work processes and requirements. Other blind holes are
being addressed under ISAP V.b.

Summary

The primary root cause was determined to be less-than-adequate
training of construction personnel on installation requirements and
proper installation methods for bolting material into concrete
inserts and supervision of construction personnel during the
installation of the bolting material. j

!'

The secondary root cause is less-than-adequate QC procedures that
did not specifically address the steps necessary to establish that
an acceptable engagement had been met.

A contributing cause was the less-than-adequate assessment during a
room-by-room review of thread engagement into Richmond inserts
(QI-QP-11.14-8) and a less-than-adequate QC final support walkdown
under procedure CP-QAP-12.1.

I

Generic implications to other construction work categories will be I

determined under collective evaluation. ]

A recommendation for corrective action is presented in Section 4.1.e)

b_ i
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4.0 RECOMMENDATIONS

4.1 Thread Engagement

It is recommended that TUGC0 initiate a program to complete
the following activities:

1. Perform a test program to establish the allowable
loadings for bolting in concrete inserts with less than
full thread engagement.

2. Demonstrate acceptability of field installations
through a margin analysis on those construction work
categories most heavily loaded.

3. Repair those installations, if any, that do not meet
margin analysis criteria.

iVerify that current procedures for corrective action include
features that would ensure that a future " sweep" activity
motivated by a similar concern would result in effective
detection and correction of any deviating conditions. Verify
that personnel hrve been retrained for all future
installations.

5.0 CONCLUSIONS

Based on the findings of the reinspection and the satisfactory
implementation of the above recommendations, there is reasonable
assurance that the hardware for this attribute is adequately
installed in conformance with the design.

O

-
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Table 33-1

Richmond Samples for E,ach Construction Work Category

Min. No. of
Estimated No. of Items Items with No. of

Construction Population Sample With Richmonds Richmonds Richmonds
Work Category Size Size In Sample Required' In Sample'

Structural Steel 1,656 227 3 2 10

Pipe Whf.p .

Restraints, 1,304 284 19 6 76

* Pipe Supports 30,868 4,800 185 56 237

TOTALS 33,828 5,311 207 64 323-

O (Approximately 34,000)|

'
,

|

.

* Samples for pipe supports were randomly selected from the combined populations
of large-bore pipe - rigid, large-bore non-rigid and small-bore pipe supports.

O

_ _
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AISC Bolting

1.0 REVIEW PROGRAM IMPLEMENTATION

1.1 Description

The attribute of AISC bolting is comprised of bolting that was
performed in accordance with similar specifications,
installation procedures and by similarly trained Brown & Root
construction personnel on items in the structural steel, pipe
whip restraint and equipment support construction work
categories.

Conduit supports, instrument supports, cable tray supports and
HVAC duct supports are not addressed in this appendix because
they were dissimilar in at least one of the following elements
of the work activity: specifications, installation process or
responsible craft organizations.

Proportional sampling was performed to obtain at least 60
accessible sample items for bolting among the above-mentioned
construction work categories.

This appendix provides a combined evaluation of the results of
bolting reinspection and documentation reviews for additional
trends beyond those already identified in the individual
construction work category appendices.

1.2 Sample Size and Selection ,

i

|

For this proportionally sampled attribute, safety-related
items that may contain AISC bolting were identified from the
construction work categories af structural steel, pipe whip
restraints and equipment supports. Items having QC acceptance
yielded a total of approximately 2,700 items. A total of 156
accessible sample items with AISC bolting were chosen from the
population for reinspection and documentation review in

,

accordance with the VII.c proportional sampling process. See
Table 34-1 for information regarding the number of items
selected and the number found to contain bolts from each of
the construction work categories.

O
!

1

- - _ _ . _ _ - -
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1.0 REVIEW PROGRAM IMPLEMENTATION (Cont'd)

1.3 AISC Bolting Characteristics / Documentation Types Selected for

Review

Sample items for each of the three construction work
categories listed above were reinspected for the following
characteristics within the bolting attribute: diameter,
material, washers, hole coverage, locking device, thread
engagement, edge distance, spacing, tightness (torque and
gaps), bearing and configuration.

Sample item documentation was reviewed for the following
characteristic within the bolting attribute: tightness

(torque).

2.0 DISCUSSION OF RESULTS

2.1 Summary of Results

For reinspection, 179 valid Deviation Reports were issued
describing 1,485 deviations in the construction work
categories of structural steel, pipe whip restraints and
equipment supports. Approximately 32,751 inspection points
were encountered in performing the reinspection. Four
construction deficiencies, two adverse trends and one special

case were identified. A total of 605 of the deviations were
determined to be insignificant and 800 were notable.

For documentation review, 16 deviations were reported in

approximately 796 review points.

The discussion that follows briefly describes the deviations
from each of the three construction work categcries included

in this appendix. For more detailed description of the
deviations and their analysis on a construction work category
basis, see the respective appendix listed below.

Construction Work Category Appendix No.

Structural Steel 19

Pipe Whip Restraints 29
Equipment Supports 30

,

- - _ _ _ _ _ .
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2.0 DISCUSSION OF RESULTS (Cont'd)

Two additional trends were identified as a result of the
combined analysis of results presented here. Construction
deficiencies, unclassified trends and adverse trends
previously identified in any one construction work category of
this population were evaluated and extended to the other
construction work categories as appropriate.

2.2 Analysis of Reinspection Results

This section provides for the bolting attribute, a summary of
the reinspection deviations reported in each construction work
category, the results of the previous analyses of the effect
of the deviations on the functional capability of the bolts,
an analysis for the presence of any additional trends and

7g evaluation of the applicability of previously identified

(''') trends to other construction work categories. The bolting
process joins a minimum of two members together for the
purpose of providing a load path through which forces are
transmitted. The deviations are grouped by characteristic.

2.2.1 Bolt Diameter

Bolts were reinspected to verify that the diameter of
the installed bolt was as specified on the design
drawing and/or support documents. Out of 3,015

inspection points, 13 deviations were identified where
the diameter of the installed bolt was not in
accordance with the design drawings. No deviations
were reported for pipe whip restraints or equipment
supports.

Sututary of Deviations

For structural steel there were 13 deviations
concerning the substitution of bolts with the nominal
diameter 1/8 inch smaller than the bolt diameter
specified. Two types of substitution affecting
diameter were encountered: 3/4-inch diameter bolts for
7/8-inch diameter bolts and 5/8-inch diameter bolts for
3/4-inch diameter bolts. The 13 deviations reported

(' ) for structural steel were determined to be notable.
\s/ These deviations were evaluated to be unlikely to cause

a construction deficiency in any uninspected portion of

- - - _ - - _ _ _ - _ - _ __
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2.0 DISCUSSION OF RESULTS (Cont'd)

the structural steel population. As the deviation type
is not expected to cause a construction deficiency, no
adverse trend was identified. However, this deviation

type was determined to be a special case.

Evaluation of Combined Results

There were no deviations of this type for pipe whip
restraints or equipment supports. Considering the
degree of severity of the deviations found on
structural steel items it is unlikely, however, that a
construction deficiency would exist in any uninspected
portion of the two other construction work categories
as a result of deviations for undersized bolts. The
substitution of smaller diameter bolts in the
structural steel construction work category was
considered to be a unique case and should not be
extended to the other populations. The basis for this

determination is that for the deviations in ttructural
steel, the design drawings specified the bolt diameter
to be used. However, the vendor fabrication drawings
specified a smaller diameter hole. The Engineer had
not incorporated the smaller holes on the design
drawing. Industry practice is to receive the
fabricated structural steel along with the bolt
material from site storage. This material is then
erected and the bolts are installed according to the
size of the pre-drilled holes. As a result, the
smaller diameter bolts were installed.

Thus, no additional trend was identified for
installation of smaller diameter bolts when considering
the three construction work categories.

O

l



Rsvision: 1

Page 5 of 19

I' \ RESULTS REPORT

k_
ISAP VII.c

(Cont'd)

Appendix 34
(Cont'd)

2.0 DISCUSSION OF RESULTS (Cont'd)

2.2.2 Bolt Material

Bolts were reinspected to verify that the installed
bolt material was as specified on the design drawings
and support documents. Out of 3,315 inspectica points,
259 deviations were identified where bolts were not of
the material specified.

Summarv of Deviations

For structural steel there were 133 deviations
were reported on bolt material. Fifty-four of these

deviations were for the substitution of bolts of
higher-strength material, 78 deviations were reported

/''N for bolts that did not conform to the standard for the
q_,) identification marks, and one was for a bolt that could!

not be verified as being of the specified material.

For pipe whip restraints, there were 111 deviations
concerning bolt material. Eight deviations were

reported for material substitution not shown on the
drawing and the remaining 103 deviations were reported
for missing or eradicated bolt markings.

For equipment support , 15 deviations were reported.
One deviation was reported for material substitution
not shown on the design drawing, eight deviations were
reported for unmarked material or material type not
shown on drawings and six deviations were reported for
bolting being 1/8-inch longer than specified.

All of these deviations were determined to be
insignificant.

Evaluation of Combined Results

In all of the cases involving material substitution,
the material of the substituted bolts was of equal or

|
higher strength as that of the originally specified
bolts.

j p

-- -
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For the bolting with missing or eradicated markings,
conservative evaluations were performed by considering
the bolts to be made of a lower grade bolting material
than was specified, by considering the bolt to be
missing, by examining alternative Project documentation
that confirmed the material type, or by further

examination of the bolts themselves.

The deviations reported for the lack of material type
being specified were evaluated by determining the grade
of the installed material and reviewing the design
calculations. The design required the lowest grade of
material in each case, and the installed bolt was

always made of a better grade.

All of the deviations reported were similar in nature.

The evaluations concluded that the deviations were
insignificant. An additional evaluation showed that
use of a bolt of higher grade of material than
specified would never result in a CD on this Project.
For those materials where identification could not be
identified, the use of conservative analysis or
evaluation also provided reasonable assurance that the
installations in the plant are acceptable. No

additional trends were identified.

2.2.3 Bolt Washers
.

Bolts were inspected to verify that the use of washers
was as specified on the design drawings and support
documents. Out of 3,015 inspection points, there were
70 deviations concerning washers not installed in
accordance with design documents. No deviations were
reported for equipment supports.

Summarv of Deviations

For structural steel, there were 20 deviations
concerning the use of washers. The deviations were in
two categories: ASTM A490 bolts installed without a
washer under.the head and ASTM A325 bolts installed
without any washers. Washers are specified for the
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ASTM A325 bolts under the turned element (either the
bolt head or nut and for the ASTM A490 bolts under both
the bolt head and nut.

For pipe whip restraints, there were 50 deviations
concerning bolts with no washer. The deviations were
for bolts that are required to be installed snug-tight.

The deviations were evaluated to be insignificant.
'

Evaluation of Combined Results

The use of washers is a standard requirement to prevent
damage to the structural member material during the
pretensioning of the bolt. The bolts in question were

f

(, not required to be installed with a pretension and'thus
the. washers are not required. As no deviations were
identified for connections that required pretensioning,
no additional trends were identified.

2.2.4 Bolt Hole Coverage

Bolts were reinspected to verify that the washer
completely covered the bolt hole, unless otherwise
specified on the design drawings and support documents.
Out of 2,915 inspection points, 66 deviations concerned
bolt holes not covered. No deviations were reported
for equipment supports. .

Summary of Deviations

For structural steel, eight deviations concerned
partially exposed bolt holes. The hole coverage
ensures that the bearing pressure due to bolt
tightening does not cause excessive force on the steel
item.

For pipe whip restraints, there were 58 deviations
concerned with bolt hole coverage. The majority of
these holes were slotted and the use of a standard
washer 'does not allow f or complete hole coverage. The_,

hole coverage ensures that the bearing pressure due to
bolt pretensioning does not cause excessive force on
the steel item.

. .

. . . . - - _ _ _ _-
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Analysis of the reported deviations showed that the
bolt bearing pressure was within AISC code allowables
and there was no functional loss of either the bolted
connection or the structural member. These deviations
were determined to be insignificant.

Evaluation of Combined Results

As there was no reduction in capacity and connections
similar to these are not likely to be tightened by
methods that would produce significant bearing force
under the head or nut; no additional trends were
identified.

2.2.5 Bolt Locking Device

Bolts were reinspected to verify that jam nuts or
alternate locking devices were as specified on the
design drawings and documents. In 1,805 inspection
points, there were 790 deviations concerning jam nuts
or locking devices not being installed in accordance
with the design drawings. No deviations were reported
for equipment supports.

Summary of Deviations

For structural steel, there were 78 deviations
concerning lack of jam nuts or spoiled threads.
Seventy of these deviations associated with the Unit I
rotating platform. The 70 deviations for the lack of
jam nuts were determined to be a construction
deficiency.

Eight deviations concerned lack of jam nuts or spoiled
threads on the Unit 1 pressurizer platform. A DCA to
the design drawing for the pressurizer platform was
issued, but not implemented, specifying the
installation of jam nuts or the spoiling of the
threads. These deviations were determined to be
notable due to the missing locking devices.

O

_ _ - - _ _
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For pipe whip restraints, there were 712 deviations
concerning locking devices. These deviations were not
analyzed because they were enveloped by the
construction deficiency identified-in structural steel.
Based on the evaluation in the structural steel
construction work category, these deviations were
determined to be an adverse trend.

Evaluation of Combined Results

As stated above, no deviations concerning locking
devices were identified on the equipment support sample
items. However, equipment supports were installed by
the same craft who worked in the two other construction

L work categories. Similar work processes were required
( to complete the work activities. Furthermore, only 38

items in the equipment supports sample had bolting.
Therefore, it has been determined that the adverse
trend for missing locking devices is applicable to all
three construction work categories. See Section 4.0
for recommendation for corrective action in the
equipment supports construction work category.

2.2.6 Bolt Thread Engagement

Bolts were reinspected to verify that the bolt
engagement was flush with or projected beyond the face

| of the nut. In 2,715 inspection points, there were 18
deviations where bolt thread engagement was not flush
with or projecting beyond the face of the nut. No
deviations were reported for equipment supports.

Summary of Deviations

For structural steel, there were four deviations, all
concerning one installation. Each bolt end was
recessed 3/16-inch below the face of the nut (nut
height is 3/4-inch).

,
_ _ _ ____ ___ _____ _ i
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For pipe whip restraints, there were 14 deviations
concerning lack of thread engagement up to a maximum of
1/8 inch.

The deviations were determined to be insignificant in
both construction work categories because nut
engagement is significant only when bolts are to be
subjected to tension loadings. None of the bolts with
the thread engagement deviations were in joints that
experience tension loading. As a result, the analyses
showed that there was no reduction in design capacity
of the bolted connections or the componente on which
they were installed.

Evaluation of Combined Results

As stated above, deviations of this type are of no
concern on bolting that is not loaded in tension.
Should these deviations occur on bolting that is in
tension, they also would be insignificant. This
conclusion is based on the following evaluation. It is

an AISC requirement that bolts that are designed to be
loaded in tension be specified such that they are
loaded not to exceed 60 percent of the allowable yield
stress. All of the bolts on which thread engagement

deviations were identified still had sufficient
engagement to be capable of carrying tensile loads in
excess of the above requirement without exceeding
stress allowables in the threads of the bolt and its
nut. This condition is applicable to all of the bolts
on items in these construction work categories.
Therefore, no additional trend was identified.

2.2.7 Bolt Edge Distance

Bolts were reinspected to verify that the specified
edge distance was within the tolerance given on design
drawings and documents. Out of 3,305 inspection
points, there were five deviations concerning the bolt
edge distance. No deviations were reported for pipe
whip restraints and equipment supports.
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Summary of Deviations c#'
-

For structural steel, there were five deviations

erseerning the observed bolt vie,egligance of 1/8 to
1/4 inch. Four of the deviations concerning bolt edge
distance vote less than the AISC requirements and one
deviation did noe seet the distance specified'on the
design drawing.

The one deviation from the drawing-specified edge
distance was determined to be insignificant as the AISC
requirements were met and analysis showed no reduction
in design margin. The remaining four deviations for
AISC requirements were also determined to be
insignificant as the edge distance was not in the

\ direction of loading and there was no reduction of
design margin.

Evaluation of Combined Results

As there was no reduction in margin for the reported
deviations, similar deviations occurring in the other
populations would be equally insignificant.

Given the insignificant nature of these deviations and
the low rate of occurrence, no additional trends were
identified for any of the construction work categories.

2.2.8 Bolt Spacing

Bolts were reinspected to verify that the installed
bolt spacing was within the specified tolerance on
design drawings and support documents. Out of 4,515
inspection points, there were 31 deviations concerning
bolt spacing within the specified tolerance on design
drawings and support documents. No deviations were
reported for pipe whip restraints.

t

-__ ___- _ _
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Summary of Deviations

For structural steel, 13 deviations were reported for
bolt spacing. The deviations were for spacing that
differed from design requirements by 3/8 to 3-1/4
inches. An evaluation cf the deviations showed no
reduction of the design funce_on of the structural
steel itcas. While the deviations did not comply with
tha design values, they all complied with the minimum
spacing of the AISC. Therefore, these deviations were>

-determined to he insignificant.

For equipment support, 18 deviations were reported for! . g q.3
!violations of bolt spacing requirements on the

installation drawings. The deviations varied from the
drawing requirements a minimum of 1/8 inch to a maximum
of 2 inches. Evaluations of the deviations
considered the reduced bolt spacing and the possibility
of reduced bolt load-carrying capacity. The reduction
in capacity due to the reported conditions ranged from
one to four percent. These deviations were
insignificant .

,

Evaluation of Combined Results

When considering the minimal capacity reduction (zero
to four percent) it is unlikely that similar deviations
elsewhere in the populations would lead to a
safety-significant deviation. No additional trends
were identified.

2.2.9 Bolt Tightness

Bolts were reinspected to verify that the installed
bolt satisfied the specified tightness or torque
requirement as defined by design drawings and
documents. Connections specified to be hand-tight were
inspected by verifying that the bolt and/or nut could
not be rotated by hand, and there were no visible gaps
between the connected plies. In 3,931 inspection

O

!
<
|
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points 212-deviations were identified for torque that
did not meet specified minimums and for gaps between
the connecting plies.

Summary of Deviations

For tightness, the summary of deviations can be
described as follows:

Hand-tight joints

Six deviations were reported for loose bolts in
structural steel. All six deviations occurred on
one thirty-bolt assembly. Review of the
installation cencluded that the bolts were loose

Oi due to tightening of adjacent parts. The analysis
showed that there was no loss of design
capability due to the reported deviations. These
deviations were determined to be insignificant.
No deviations were reported for pipe whip
restraints or equipment supports.

Bearing type joints

For pipe whip restraints, 14 deviations were
reported for bolt rotation by hand. Although none
of the conditions were evaluated to be
safety-signifiennt, a loose bolt could
significantly reduce the capability of the joint
to transfer tention loads. The deviations were
determined to be notable.

For equipment stpports, 44 deviations were
reported for Nelson studs-that did not meet the
inspection crite ria. The nuts had adequate
surface contact to preclude any concern due to
prying or movement of the equipment due to seismic
acceleration. These deviations were determined to
be insignificant,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ l
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No deviations were reported for structural steel.

Friction type joints

For pipe whip restrains, 31 deviations were
reported for bolt torque being between 30 and 65
percent of required torque. Although none of the
deviations was evaluated to be safety-significant,
inadequate torque reduces the load transfer
capability of a friction joint. These deviations
were determined to be notable and were identified
as an adverse trend for lack of joint tightness.

For equipment supports, 4 deviations were reported
for bolting that did not reach required torque.
In two of these deviations, the design tension

loadings on the support are less than the
compressive forces created by the bolt in its
deviating condition. The remaining deviations
were conservative.tly analyzed by ignoring two of
the four bolts 1n the connection. The remaining
bolts had adequate capacity to carry the loads of
the equipment under all design conditions. These
deviations were determined to be insignificant.

Torqued type joints

For pipe whip restraints, five deviations were
reported where the bolt torque was less than the
requirement. Evaluations found that the
inadequate torque had no effect on the functional
capability of the item. These deviations were
determined to be insignificant.

Gaps between plies

)
For structural steel, 40 deviations were reported {
on the gap between the connecting plies. In five j
of these deviations it was concluded that, because

the load transfer mechanism relied on contact of
the connecting plies, the connections would not

I

!

____ _______ a
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i perform their design function. These deviations
resulted in two construction deficiencies. Five'

deviations on seismic wall angles were also
determined to be a construction deficiency as the
wall angles would not transfer tension forces due
to the gap. One deviation was evaluated to be
insignificant as the gap was localized and
sufficient bearing contact remained. The
remaining 29 deviations were unclassified as a
result of the construction deficiencies.

For pipe. whip restraints, 64 deviations were
reported on the gap between the connecting plies.
In 62 devf; ; ions, the effect on the joint capacity.
was evaluated to be negligible and these

( deviations were determined to be insignificant.
The remaining two deviations were determined to be
notable as. evaluations found an increase in
stresses up to 28 percent. An adverse trend that
also applies to torque was identified.

For equipment supports, four deviations were
reported for gaps of 1/16 inch between two i

structural members. An evaluation showed the
effective load-bearing capability of the structural
members to be adequate. These deviations were
determined to be insignificant.

.

Evaluation of Combined Results

As stated above, findings were identified against this
characteristic for structural steel and pipe whip
restraints. All of the deviations against this
characteristic for equipment supports were
insignificant. However, equipment supports were
installed by the same craft who worked in the two other
construction work categories. Similar work processes
were required to complete the work activities.
Furthermore, only 38 items in the equipment support

.

_. _ . . _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _
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sampic had bolting. Therefore, it has been determined
that the adverse trends for lack of joint tightness and
gaps between connection plies are applicable to all
three construction work categories. See Section 4.0,
for the extended corrective action recommendation.

,

!

2.2.10 Bolt Bearing
!

Bolts were reinspected to verify that they were
installed and that there was no visible gaps between
the head of the bolt or nut except as allowed per the
bolt bearing criteria. This criteria permits a maximum
one in twenty slope between bolt head and surface
without a beveled washer. This inspection was
performed to provide additional assurance that the )
connections were properly tightened. In 5,130

inspection points (representing 2,565 bolts), 21
deviations concerning bolts not aligned in accordance
with design.

Summary of Deviations

For structural steel, six deviations were reported for
bearing. These deviations identified three cases of
improper installation of beveled washers and three
cases of misalignment of connected parts or debris
under the bolt head.

.

For pipe whip restraints, 14 deviations were reported
for bolts where less than required surface contact
occurred.

For equipment supports, one deviation was reported for
less than required surface contact.

All of these deviations were determined to be
insignificant.

Evaluation of Combined Results

Given the insignificant nature of this type of
deviation and the low rate of occurrence, no additional
trends were identified for any of the construction work
categories.
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2.2.11 Bolt Configuration

Bolts were reinspected to verify that their
configuration was ac specified on the design drawing.

In 1,655 inspection points, no deviations attributable
to this characteristic were reported.

2.3 Analysis of Documentation Review Results

This section provides, by construction work category, a
summary of the documentation review deviations and an analysis
of the effect of the deviations on the ability of the
documentation to provide reasonaole assurance that the AISC

/''},
bolts are properly installed.

V The documentation for samples was checked for bolt tightness
and proper bolt torque. No deviations were reported for pipe
whip restraints.

For the construction work categories of structural steel and
equipment supports, 16 deviations were reported out of 796
inspection points. All the deviations were identified for
missing, incomplete or incorrect documentation. The
disposition of these deviations is addressed for each
construction work category in its respective appendix.
Broader implications of missing or incomplete documentation
are addressed in the Collective Evaluation Report. No
additional trends were identified for any of the construction
work categories,

i

3.0 ROOT CAUSE AND GENERIC IMPLICATIONS

A root cause and generic implication analysis is not required.

4.0 RECOMMENDATIONS

No additional recommended corrective actions are required. Where,y
additional trends have been identified, previous existing; *

's / corrective action recommendations have been extended as follows:

!

i

I
|
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1) Corrective action for jam nuts and locking devices from
structural steel and pipe whip restraint construction work
categories also applies to the equipment support construction
work category.

2) Corrective action for tightness from structural steel and pipe
whip restraint construction work categories also applies to
the equipment support construction work category.

6.0 CONCLUSIONS

Based on the findings of the reinspection and documentation reviews
and satisfactory implementation of the applicable corrective
actions (as extended in this appendix) from the appendices
corresponding to the three construction work categories, there is
reasonable assurance that hardware joined with bolts is adequately
installed.

.

O
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Table 34-1

Bolting Samples for Each' Construction Work Category

Estimated Required No. of Items Total No.
Construction Population Sample Items with With Bolts of Bolts
Work Category Size Size Bolts In Sample in Sample

Structural Steel 600 503 10 60 .700

Pipe Whip Restraints 650 276 19 58 1,994

Equipment Supports 1,450 191 38 38 315

TOTALS 2,700 970 67 156 3,009

O'

1

%

+

O
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Brown & Root AWS D1.1 Welding

1.0 REVIEW PROGRAM IMPLEMENTATION

1.1 Description

The attribute of welding is comprised of welding that was
performed in accordance with the American Welding Society
Structural Welding Code, AWS D1.1, by Brown & Root
construction personnel in the installation of safety-related
equipment and structures for cable tray, structural steel,
instrument supports, pipe whip restraints, equipment supports,
and conduit supports.*

The intent of proportional sampling was to obtain at least 60
accessible sample items for welding among the above-mentioned
construction work categories. Forty-four samples were

O inspected in conduit supports. Proportional sampling required
that fifty-seven be in the sample. As the recommended
corrective action by the Project will select additional
samples for conduit supports and inspect them to the same
criteria, the proportionate method of sampling will be
adequately addressed.

This appendix provides a combined evaluation of the results of
welding reinspection and documentation reviews to determine
if additional trends exist beyond those already identified in
the individual construction work category appendices.

1.2 Sample Size and Selection
,

For this proportionally sampled attribute, items that may
contain AWS welds were identified from the construction work i

categories of cable tray, structural steel, instrument
supports, pipe whip restraints, equipment supports, and
conduit supports proportionally sampled. Items having QC ,

acceptance yielded a total of approximately 59,200 items from "

the combined populations. A total of 284 accessible sample a -

items with AWS welds were chosen from these populations for
.

Cable tray supports have been excluded from examination in ISAP*

VII.c because they have been subject to a corrective action program

O by TU Electric implemented concurrently with the implementation of
this ISAP.

|
_ _ -- _ _ ---_--__ .___--_------- __--- ----- _ _ _ _----- - .. ------.-_ _ -_ --- - J
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1.0 REVIEW PROGRAM IMPLEMENTATION (Cont'd)

reinspection and documentation review in accordance with the
VII.c proportional sampling process. See Table 35-1 for
information regarding the number of samples selected and the
number found to contain welds from each of the construction
work categories.

1.3 Weld Characteristics / Documentation Types Selected for Review

Sample items for each of the six construction work categories
listed above were reinspected for the following
characteristics within the welding attribute: location, weld

size and profile, length, incomplete fusion, craters,
under;ut, porosity, overlap, surface slag and visual cracks.

Sample item documentation was reviewed for the following .

characteristics within the welding attribute: welder
qualification, weld procedure application and weld procedure
qualification.

Many of the items that were reinspected were covered with
protective coatings. These protective coatings typically were
not removed prior to reinspection of the welds. The weld
geometry-related characteristics of location, size and
profile, and length can be inspected reliably through
protective coatings. However, uncertainty exists regarding
how reliably the weld quality-related characteristics of
incomplete fusion, craters, undercut, porosity, overlap,
surface slag and cracks can be inspected through' protective
coatings. The results reported in this appendix were obtained
from reinspection through protective coatings where they were
present.

l

2.0 DISCUSSION OF RESULTS |
1

2.1 Summary of Results

For reinspection, 159 valid Deviation Reporte were issued
describing 774 deviations in the construction work categories -

of cable tray, structural steel, instrument supports, pipe |
whip restraints, equipment supports, and conduit supports. l

Approximately 100,248 inspection points were encountered I

during the reinspection. No construction deficiencies were |
|

!
- - _ _ - - --- -- --- )
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2.0 DISCUSSION OF RESULTS (Cont'd)

identified. Three adverse trends and one unclassified trend
were identified. A total of 569 of the' deviations were
determined to be insignificant and 205 were notable.

For documentation review, 199. deviations were reported from
approximately 11,600 review points.

"< The discussion that follows briefly describes the. deviations
from each of the six construction work categories' included in
this appendix. For more detailed description of the
deviations and their analysis on a construction work category
basis, see the respective appendix listed below..

Construction Work Category Appendix No.
'

\~~ Cable Tray 2

Structural Steel 19
Instrument' Supports- 28
Pipe Whip Restraints 29
Equipment Supports 30
Conduit Supports- 32

No additional adverse trends were identified as a result of
the combined analysis of results presented here. Construction
deficiencies, unclassified trends, and adverse trends

previously identified in any one construction work category of
this population were evaluated for extension to the other
construction work categories as appropriate. No' additional
generic implications were identified.

2.2 Analysis of Reinspection Re'sults

| This section provides, for the welding attribute, a summary of
' the reinspection deviations reported in each construction work

category. The results of the previous analysis of the effect
of the deviations on the functional capability of the welds,
an analysis for the presence of any additional trends, and
evaluation of the applicability of previously analyzed trends
to other construction work categories are also provided. The
deviations are grouped by characteristic.

| 2.2.1 Location
|
'

Each weld sampled was inspected to verify that the weld
was located as specified on design documents.

_ _ _ _ _ _ _ _ _ _ - _ _ .
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In 8,354 inspection points, 70 deviations were
identified where the weld was not properly located. No
deviations were reported for conduit supports.

Summary of Deviations

For cable tray, three deviations for missing welds were
identified. One deviation was reported for missing
welds on a field-fabricated fitting. The remaining two
deviations were reported for missing plug welds on
cable tray splice plates. These deviations were
determined to be insignificant; however, an adverse
trend was identified based on the failure to addreas
backfit of a generic design change.

For structural steel, ten deviations were identified.
Two of these deviations were reported for velds that
were intermittent where design documents specified
continuous welds, and the other eight were reported for
missing welds. The two deviations for intermittent
welds were determined to be insignificant. The
remaining eight deviations for missing welds were
determined to be notable and were identified as an
adverse trend. Each deviation involved the apparent
deliberate omission of one of two required welds on one
of eight identical fittings. The deviations were found
to be limited to a stratum within the servetural steel
population of structures without a documented
inspection.

For instrument supports, 15 deviations were noted.
These deviations were related to mislocated
intermittent fillet welds or were due to the fact that
specific weld locations were not shown on design
documents. These deviations were determined to be
insignificant as the welds met design length and size
requirements in all cases and the minor changes in
spacing between welds did not result in significant
load changes.

-

Oi
i
!
!

|
|
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For pipe whip restraints, 17 deviations were
identified. Two of these deviations were identified
for single-bevel full-penetration welds with the bevel
opposite that shown on the drawing. The remaining 15
deviations were reported for missing welds. Eight of
these deviations were reported for 1-1/2 inch by
5/16 inch fillet velds that were missing on one bumper
restraint, and the remaining seven were reported for
missing fillet welds. The two deviations for velds
with bevels on the opposite side and seven deviations
for missing fillet welds were determined to be
insignificant. The eight deviations for missing fillet
velds on a bumper restraint were determ!.ned to be
notable and were identified as an adverse trend. The

G lack of specific installation and irapection
instructions, the lack of a comprehensive set of
drawings for these structures and the lack of a
procedure to divide welding scope between Brown & Root
and Chicago Bridge and Iron were determined to be the
root cause.

For equipment supports, 25 deviations were reported for
welds out of location. These deviations were related
to missing or mislocated intermittent fillet velds, or
the fact that specific weld locations were not shown on
design documents. These deviations were determined to
be insignificant as the welds met design length and
size requirements in all cases and the minor changes in
spacing between welds did not result in significant
load changes.

Evaluation of Combined Results

The evaluation of the effect of deviations occurring in
structural steel and pipe whip restraints in the
balance of the construction work categories identified
no additional trends, as both problems are limited to
strata not applicable to the other construction work
categories in the proportional sample. Only structural
steel included some structures never subjected to an9 effective QC inspection (the previously identified
stratum containing the adverse trend for missing
welds). The complex drawings, instructions and

. _ _ _ _ _ - _ - _ _ _ _ - _ .
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responsibilities causing the adverse trend for pipe
whip restraints affected the welding requirements for
only that construction work category. Sufficient
samples were reinspected without similar deviations in
the balance of the proportionally sampled construction
work categories to demonstrate that missing welds do
not extend outside these strata.

A separate evaluation also determined that the pipe
whip restraints and structural steel members and
components are more highly loaded than are components
in the remaining construction work categories in thia
appendix. Therefore, the small change in load-carrying
capability that components in the remaining
construction work categories would experience -if
deviations of the type involved in the missing ut.1d
finding were to exist on components in these
construction work categories, the effect would be
minimal relative to the high available design margin in
these velds.

The deviations associated with cable tray that were
identified as an adverse trend were for welds on

| nonstructural components. The root cause of the
I adverse trend eas determined to te failure to backfit.

The review of revised engineering drawings to determine
work requirements was to be performed by supervisory
personnel and was not part of the common welding work
process addressed in this appendix. The root cause and
generic 1 implications within the cable tray construction
work category are addressed in Appendix 2 and broader
generic implications of this finding, if any, vill be
addressed in Collective Evaluation. Since the affected
welds satisfied the requirements at the time they were
made, the deviations do not apply to the welding work
process and the adverse trend is nct extended to the
other proportionally sampled populations.

2.2.2 Weld Size and Profile

The sample welds were inspected to verify that the weld
size and profile were in accordance with the design

i document and within allowable tolerances. Duc of

- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
j
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16,708 inspection points, there were 625 deviations
where the veld was not properly sized or the weld ;

profile was unacceptable.

Summary of Deviations

For cable tray, three deviations were reported
regarding weld size. All of the welds involved were
required to be equal to the thickness of eSe thinner
part being jo n d which was 16-gage (0.00-anch) sheetd

metal. All s.te undersized by approximately 1/32 inch.
These deviations were determined to be insignificant.

For structural steel, there were 260 deviations

[ regarding size and eight deviations for profile.
N Oversized welds on the monorail crane accounted for 186

deviations, while undersized welds accounted for 74.
For the 186 deviations on the monorail it was
determined that the oversize condition (which could
have caused warpage due to excessive heat input) was
insignificant as the monorail was in acceptable
as demonstrated by routine ongoing operation. For the
74 undersize welds, 38 deviations resulted in a
capacity reduction of less than ten percent and were
insignificant . The remaining 36 deviations resulted in
a capacity reduction greater than ten percent and were

nctable. Of the eight profile deviatious, six resulted
from insufficient throat; one was a weld joint
substitution, and one was due to the existence of
unconsumed weld rod. These deviations were determined
to be insignificant. On the basis of the above
deviations, an unclassified trend was identified.

i

For the instrument supports, 206 deviations were noted
regarding veld size, and seven were noted regarding
profile. The required weld sizes were 3/16-inch to
5/16-inch fillet welds; the deviations varied from 1/16
inch to 1/8 inch from the requirement. The profile
deviations were reported where the welds were 1/16 inch

'N below the flush requirement. Forty-three of these size
' deviations were determined to be insignificant, and the

remaining 163 deviations were notable. These
deviations were determined to be notable sclely because

)

.. .

- _ - _ _ _ _ _ -__ __
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of the significant reduction of weld size and not
because the deviating welds were loaded anywhere close
to their capacity. The capacity of welds on instrument
supports is much greater than required. The seven
deviations for veld profile were determined to be
insignificant.

For equipment supports, 59 deviations were identified
for undersized welds. The welds were undersized from
1/32 inch to a maximum of 1/8 inch for all or some
portion of the required weld length. For profile, one
deviation was reported for a fillet weld installed
instead of a bevel weld, one deviation was reported for
a bevel weld installed instead of fillet welds, one

deviation was reported for a weld installed without a
backing bar and one deviation reported a butt weld in
place of a fillet veld on a shim plate. All the
deviations were determined to have a negligible effect
on the structural capability of the components and were
determined to be insignificant.

For pipe whip restraints, 68 deviations were identified
for undersized welde and four deviations for veld
profile. The undersize conditions ranged from 1/16 to
3/16 inch for 65 welds, 5/16 inch'due to 1sek of
adequate space te weld and two deviations for 1/8 inch.
All the deviations were determined to havg a negligibic
effect on the functional capability of the components
and were determined to be insignificant.

For conduit supports, 10 deviations were cited for
.

variations from weld size requirements. Most of the
deviating welds were undersized by 1/32 inch for a
portion of the weld length. The largest deviation
occurred in a location where a 1/8-inch fillet was used
instead of the 1/4-inch fillet that was specified. Six
of these deviations were determined to be

O

_
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insignificant, and the balance were notable. These
notable deviations were based solely on reduction of
weld size; the deviating welds were still loaded below
their capacity. The capacity of welds on conduit
supports is much greater than required.

Evaluation of Combined Results

An evaluation of the deviations in all of these
construction work categories, along with appropriate
consideration of the unclassified trend in structural
steel, identified no additional trends. This is
because the deviations identified in the construction
work categories were of a similar character.

4 Additionally, conservative analyses were performed that
considered each weld to be undersize over its entire
length. Considering the predicted reduction in
capacity for these welds, the welds in all of the
construction work categories (excepting structural
steel, because of its unclassified trend) had
sufficient margin to absorb these reductions in
capacity, which were on the order of 20 percent.

2.2.3 Length

The sample welds were inspected to verify that the weld
length was as specified on the design documents within
permitted tolerances. In 8,354 inspection points,
there were 38 deviations where the weld length was
incorrect. No deviations were reported for conduit

supports.

Summary of Deviations

For cable tray, five deviations were reported for
underlength welds. Four of the deviating welds were
underlength from the requirements. One deviation was
identified where the length of a reinforcing plate sa
inst.111ed was not as specified. As the plate length
was incorrect, so was the weld length. These9 deviations were determined to be insignificant.

- . . . . - .. _ _ __-__- _ - _ _ _ - _ _ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ ________________
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For structural steel, eleven deviations were reported.
Four deviations were for spacing violations on
intermittent fillet welds. One deviation was for lack
of weld return as specified on the design drawing. The
remaining six deviations were for welds that were
underlength up to a maximum of 1-1/2 inches for a
1-foot-6-inch weld. All but two of the deviations were
determined to be insignificant. The remaining two
deviations were notable but were also determined to
result in an increased stress relative to the AISC code
allowable of only one percent.

For instrument supports, 11 deviations were noted for
underlength. In all these deviations, the required
weld length was 2 inches, and the installed weld i

lengths were 1-1/8 inches to 1-3/4 inches. All but two
of the deviations were determined to be insignificant.
The remaining nine notable deviations were as a result
of the reduction in weld length from 2 inches to 1-1/8
inches.

For pipe whip restraints, eight deviations were
reported. Five of these deviations concerned return
welds; two deviations were for stitch welds installed
instead of a continuous fillet veld, and one deviation
was for a fillet veld with a length reduction from
4-3/4 to 4-1/16 inch. All but one of the deviations
were determined to be insignificant. For'the remaining
deviation, a reduction in capacity of approximately 25
percent made this deviation notable.

For equipment supports, three deviations were
identified for veld length. The underlength portions
varied from between 3/4 inch and 1 inch from the
required length of 6 inches. These deviations were
determined to be insignificant.

Evaluation of Combined Results

The evaluation of the combined results considered
extrapolation of the deviations from two perspectives.
In the construction work categories of cable tray,
instrument supports, equipment supports and conduit

. _ _ _ _ - _ _ _ _ _ _ _
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supports, continuous weld lengths are typically short
(on the order of 2 to 6 inches). Items.in these
categories are significantly less heavily loaded
relative to their capacities than are items in the
structural steel and pipe whip restraint categories.
The largest observed deviation in these construction
work categories was a reduction in weld length of 1
inch. Considering a reduction of 1 inch on a
2-inch-long weld in the less heavily loaded categories,
it was determined that the components in these
categories will still perform their intended function.

For structural steel and pipe whip restraints the
extrapolation of the percentage of the deviation was
not done because it is not likely (or credible) that a
50 percent length reduction would occur on a structural'

stec1 or pipe whip restraint weld. Welds having
shorter lengths in these two categories are limited in
number and do not represent a significant portion of
the total. As a 1-inch weld length deviation is
enveloped by the largest observed deviation (1-1/2
inch) in structurel steel, no additional trend was
identified in this construction work category. In the

pipe whip restraint construction work category, a
reduction in length of 11/16 inch was observed on a
weld with a required weld length of 4-3/4 inches.
Consideration of a postulated 1-inch underlength
deviation in this case would result in an additional
margin reduction of only four percent. Since there
would be sufficient remaining margin to accommodate
this size deviation, no additional trend was
identified. This evaluation adequately bounds the
effect of a 1-inch weld length deviation in the
structural steel and pipe whip restraint construction
work categories.

In the construction work categories of structural steel
and pipe whip restraints, the maximum deviations were
1-1/2 inches for a 1-foot-6-inch weld (eight percent
length reduction) and 11/16 inch for a 4-3/4-inch-1 ;,

\ weld (15 percent reduction), respectively. The
potential impact of deviations of these magnitudes saa

- _ _ _ - -
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the construction work categories that see significantly
lower loading was considered.in the following manner.
Extrapolation of the absolute magnitude of the
deviations was not done because it is not itkely (or
credible) that a 1-1/2-inch reduction in weld length
would occur on a 2-inch-long weld. Rather, the

percentage length reductions were used as a basis for
extrapolation to those construction work categories
that see significantly lower loading. On this
percentage basis, these postulated deviations are
enveloped by the observed deviations for the
construction work categories of cable tray, instrument
supports, equipment supports and conduit supports. No

additional trend was identified as the above evaluation
bounds the effect of a percentage reduction in these
construction work categories.

2.2.4 Incomplete Fusion

The sampled welds were inspected to verify that if any
incomplete fusion was present it did not exceed the
specified limits.

Out of 8,354 inspection points, three deviations were
cited where the veld exhibited incomplete fusion that
exceedrd the specified limitr. No deviations were
reported for cable tray, instrument supports and

'

conduit supports.

Summary of Deviations

For structural steel, one deviation was identified for
a 5/16-inch long area of incomplete fusion on a 3-inch
weld.

I
For pipe whip restraints, one deviation was reported

'

for an area of incomplete fusion on a backing plate for
a full penetration weld.

For equipment supports, one deviation was reported for
incomplete fusion on a plug weld.

All of these deviations were determined to be {
insignificant .

. .
_ _ _ - _ .
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Evaluation of Combined Results

Giver the insignificant nature of these deviations and
'the low rate of occurrence, no additional trends were

identified for any of the construction work categories.

2.2.5 Craters

The sampled welds were inspected to determine whether-
.

.any welds were undersized due to underfilled craters.
|

| In 8,354 inspection points, one deviation was reported.

Summary of Deviations

The one reported deviation in the pipe whip restraint
population was for a crater that was 1/8 inch deep,
3/16 inch wide and 1-1/4 inch long for a full
penetration veld. This deviation was determined to be
insignificant as the effect of the crater was
negligible from a structural standpoint.

Evaluation of Combined Results

Given the insignificant nature of these deviations and
the low rate of occurrence, no additional trends were
identified for any of the construction work categories.

2.2.6 Undercut

The sampled welds were inspected to verify that if any
undercut was present, it did not exceed the specified
limits.

Out of 16,708 inspection points, 28 deviations were
identified where the weld exhibited undercut that
exceeded the specified limits.

Summary of Deviations

/ For cable tray, one deviation was reported for undercut
on a reinforcing plate on a tray fitting. The undercut
was 3/32 inch deep by 1/4 inch long in a 1-inch-long
weld.

_ _ _ _ _ _ _ _ _ _ - .. ..
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For structural steel, four deviations were reported for
undercuts with a maximum depth of 1/8 inch and a length
of './8 inch.

Fo r instrument supports, 13 deviations were reported,
with the maximum undercut being 1/32 inch deep by 1/4
inch long.

for pipe whip restraints, two deviations were reported
tith the maximum undercut being 3/32 inch.

For equipment supports, four deviations were identified
for undercuts 1/4 inch in length by 3/16 inch wide by
3/32 inch deep and 1/4 inch wide by 1/16 inch deep.

For conduit supports, four deviations were noted h
regarding base material undercut. Becs.use of the
location and degree of the undercuts, neither the
capacity of the base material nor r.h4 capacity of the
welds was reduced.

All of these deviations were determined to be
it.significant .

Evaluation of Combined Results

The amount of undercut reported in all of the
deviations for the six construction vork eategories was
similar. Further evaluation showed that undercuts do
not affect the structural load-carrying capacity of the
veld but rather reduce base metal thickness of the
member (s) being joined. Minimal spot reductions on the
order of magnitude of those identified above would have
little or no effect on the load-carrying capability of
the components involved as the deviations exhibited no
sharp discontinuities that could create stress risers
and lead to fatigue failure.

No additional trends were identified from the combined
results.

O
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2.2.7 Porosity

The sample welds were inspected to verify that, if any
porosity existed, it did not exceed the specified
limits.

Out of 8,354. inspection points, there were no
deviations.

2.2.8 Overlap

The sampled welds were inspected to verify that, if any
weld overlap was present, it did not exceed the
specified limits.

Out of 8,354 inspection points, four deviations were
identified where the weld overlap was unacceptable.

S_ummary of Deviations

For cable tray, one deviation was reported for overlap
that was less than 1/4 inch long on the 1-1/2-inch
vertical portion of a welded rung connection.

For pipe whip restraints, two deviations vers reported-
for overlaps of 1/6 inch and 1/4 inch on a full
penetration weld and 1/2 inch on another full

'
penetration weld.

For structural steel, one deviation reported an area of
overlap of approximately 3/4 inch long for a
32-inch-long veld.

The four deviations noted regarding overlap were
determined to be insignificant.

Evaluation of Combined Results

Given the insignificant nature of these deviations and
the low rate of occurrence, no additional trends were
identified f or any of the constructiott work categories.

- _ _ _ _ _ - _ - _ _ _
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2.2.9 Surface Slag

The sampled welds were inspected to verify that, if any
surface slag was present, it did not exceed the
specified limits.

Out of 8,354 inspection points, four deviations were
identified where surface slag was determined to exceed
the acceptance limit.

Summary of Deviations

For structural steel, the four deviations resulted from
instances of surface slag that exceeded the allowable
1/4-inch length. For all deviations, evaluations
showed that the welds had significant design margin.
Therefore, these deviations were determined to be

insignificant.

Evaluttion of Combined Kasalts

Given the insignificant nacure of these deviations and
the low rate of occurrence, no additions 1 trends were

identified for any of the construction work categories.

2.2.10 Cracts

The campled welds nere reinspected to verify that no !

cracks were present.

Out of 8,354 inspection points, one deviation was
identified where a crack was present.

Summary of Deviations

For cable tray, one deviation was reported for a
5/16-inch-long weld crack in a 6-inch-long veld on a
reinforcement plate for a tray fitting. Because the
cable tray is lightly loaded, it was determined that
crack propagation would not occur. This deviation was
determined to be insignificant.

- _ - _ _ _ _ _ _ _ _ _



- - _ - _ _ - - -

-Revision: 1-

Page <17 of 19-

RESULTS REPORT

ISAP VII.c

(Cont'd)

Appendix 35
(Cont'd)

2.0 DISCUSSION OF RESULTS (Cont'd)
!

Evaluation of Combined Results

Cracks of the size noted above are of no concern as
long as the weld'is not subject to significant cyclic
loading such that crack propagation would be initiated.
The probable root cause of cracks on-cable tray is
less-than-adequate surface preparation. As cable tray
is pre-galvanized material, it is important to strip
away the galvanized coating prior <to welding in order
to prevent impurities from being entrapped in the weld.
Such impurities can lead to an embrittled condition and
result in'the formation.of cracks.

This root cause was determined to be isolated to cable

O-
tray as the other construction work categories do not

,

utilized pre-galvanized material and are less |

susceptible to the formation of cracks due to
impurities in the weld.

Other construction work categories (i.e., duct
supports) that utilized pre-galvanized material l

er.perienced similar cracks. These categories were not {
included in this appendix as they were installed by a

'

subcontractor.

However, it is noted that cracks of this size, if they
exist, are particularly prone to being masked by
protective coatings + The suitability of Inspections
through coatings will be assessed in the quality of
construction section (trend analysis) of the Collective
Evaluation Report. (See Section 4.0.)

2.3 Analysis of Documentation Review Results

This section provides a summary of the documentation review
deviations and an analysis of the effect of the deviations on
the ability of the evidence collected to provide reasonable
assurance that the welded joints are properly installed.

The documentation for samples was checked for the following:
welder qualification, weld procedure application (includes
filler metal and stress relief), and weld procedure
qualification.

I

|
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _
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For five of the six construction work categories, 199
deviations were reported out of 11,600 review points. One
hundred eleven of the deviations concerned missing
documentation. For each construction work category, the
disposition of missing documentation is addressed in the
corresponding Results Report appendix. Broader implications
of missing documentation are discussed in the Collective
Evaluation Report. The remaining 88 deviations involved weld
procedure application, welder qualification, NDE
documentation, and filler metal and were individually
determined to be insignificant. Given the insignificant
nature of these deviations and the low rate of occurrence of
each deviation type, no additional trends were identified for
any of the construction work categories.

O
3.0 ROOT CAUSE AND GENERIC IMPLICATIONS

A root cauce and generic implications analysis is not re. quired.

4.0 RECOMMEN9ATIONS

The suitability of weld inspection through coatings in supporting
the objectives of ISAP VII.: will be assessed in the quality of
construction section of the Collective Evaluation Report.

Identified concerns will be addressed and recommendations for
corrective action to be performed by the Project will'be made.

5.0 CONCLUSIONS

Based on the findings of the reinspection and documentation reviews
and satisfactory implementation of the applicable corrective
actions in the Collective Evaluation Report and the Appendices
corresponding to the six included construction work categories,
there is reasonable assurance that the welding on the hardware that
was performed by Brown & Root subject to AWS D1.1 requirements was
properly accomplished.

O



_ _ - - _ _ _ - - - - _ _ _ _ . .- _ . _ _ . - _ _ _-___ ____-- - - . ..

Revision: 1

Pags 19 of 19
)

RESULTS REPORT

ISAP VII.c :

(Cont'd) i
i

Appendix 35
(Cont'd)

Table 35-1

Welded Item Samples for Each Construction Work Category

Estimated Required No. of Items No. of
Construction Population Sample Items with With Welds Welds
Work Category Size Size Welds In Sample In Sample

Cable Tray 3,000 77 2 15 21

Structural Steel 600 105 1 78 2,200

Instrument Tube ,

Supports 500 86 1 61 1,060 1

Pipe Whip Restraints 650 153 1 61 3,500

Equipment Supports 1,450 61 2 32 1,238

Conduit Supports __ 53,0C0 105 57 44* 335

- TOTALS 59,200 587 64 '284 8,354
l
,

i

|
.

* Additional-reinspection under recommended corrective action from collective
evaluation will be performed.

O


