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Conduit

1.0 REVIEW. PROGRAM IMPLEMENTATION

1.1 Construction Work Category Description

The construction work category of conduit is comprised of all
safety-related conduits. Fittings, pull boxes, and terminal
boxes are included in this construction work' category.

1.2 Population Size and Sample Selection

For this construction work category, a population of
approximately 7,000 items was identified as QC-accepted as of
the date of this reinspection effort. Reinspection were
performed for a total of 147 accessible items. Of these, all
attributes in the first random sample were reinspected as

g ,) minimum of 60 times except as noted below. At least 60
safe-shutdown hardware items were included in the first sample
random selection and were reinspected.

Conduit-to-cable-tray interface - This attribute is-

applicable only to conduit runs where a cable is routed
through a conduit to a cable tray. The proper conduit-
to-cable-tray interface is required to ensure that the
potencial for violation of cable installation
requirements in free air transitions from one raceway
to another is reduced. At least 60 reinspection for
free air cables were performed in the cable population.

*1.3 Attributes Selected

Sample items were reinspected for the following attributes:

Attribute 1 - Conduit size and material

Attribute 2 - Conduit identification and color coding

Attribute 3 - Origin and destination of conduit

Attribute 4 - Installation of fittings

O
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Attribute 5 - Installation of expansion fittings and

flexible conduit

Attribute 6 - Conduit-to-cable-tray interface

Attribute 7 - Clearance for power conduit and pipe

Attribute 8 - Electrical separation

Attribute 9 - Rating of junction boxes

2.0 DISCUSSION OF RESULTS

g 2.1 Summary of Results
i
x_.

For reinspection, a total of 50 Deviation Reports describing
56 deviations was issued. Approelmately 3,000 inspection
points were encountered in performing the reinspection. See

,

| Table 1-1 for results of the reinspection.*

In the 9 reinspection attributes of this population, there
were four adverse trends identified. In addition, there was

one construction deficiency identified as a result of the'
-

,

review of out-of-scope observations. These findings are as
follows:.

.

1. Attribute 4 - Installation of fittings: Adverse trend
for missing bushings. See Section 2.2.4 for discussion

of this attribute.

2. Attribute 4 - Installation of fittings: Adverse trend

for loose unions. See Section 2.2.4 for discussion of
this attribute.

3. Attribute 5 - Installation of expansion fittings and

flexible conduit: Adverse trend for insufficient slack
in flexible conduit used in shake spaces. See Section
2.2.5 for discussion of this attribute.

v,

f

l - - - - - - - - - - - - _ - - -
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4. ' Attribute 5.- Installation.of expansion fittings and.

flexible conduit: A construction deficiency for
damaged flexible conduit was identified during the
review of out-of-scope observations. See Section 2.2.5
for discussion of this attribute.

5. Attribute 8 - Electrical separation: Adverse trend for-
electrical separation violations.- See-Section 2.2.8. ;

for discussion of this attribute.
'

2.2 Analysis of Reinspection'Results

This section provides, by attribute, a discussion of the
reported deviations, an analysis of the effect of the
deviations on the function of the conduit, and an analysis of,
the deviations for the presence of trends. The function of a
conduit is co protect and support the cable that it contains.

2.2.1 Attribute 1.- Conduit Size and Material
.

In all of the approximately 250 inspection points, the
conduit size and material were verified to be in
accordance with the conduit plan drawings and no
deviations were reported.

2.2.2 Attribute 2 - Conduit Identification and Color Coding

In the approximately 600 inepection pointt for conduit
identification and color coding, 15 deviations were
reported. Four were for a missing identification label
at one location in each of four conduit runs (note that
the identification label was present elsewhere on each

conduit). One was for incorrect characters on an
identification label. Four were for partially missing
characters on the identification labels, and six were
due to the color coding being spaced more than 15 feet
apart (note that the maximum spacing found was less
than 23 feet).

O.
These deviation types have no effect on the functional
capability of the conduit, and are determined to be
insignificant. No adverse trend was identified.

.
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2.2.3 Attribute 3 - Origin and Destination of Conduit

In all of the approximately 190 inspection points, the
origin and destination of the conduit run was verified
to be in accordance with the cable and raceway
schedule. No deviations were reported.

2.2.4 Attribu.te 4 - Installation of Fittings

In approximately 1,500 inspection points to verify
fitting type and hand-tightness, 24 deviations were
reported. The deviations are evaluated in two
categories below:

Incorrect fittings - In approximately 500 inspections9 to verify correct fitting type, only one fitting was
found to be different than that required by the
installation specification. A metal bushing was
substituted for a non-metallic bushing. Either type of
bushing, whether metallic or non-metallic, performs the-

same function, which is to protect cables from
abrasion. As no reduction in cable protection can
occur by this substitution of hardware, this deviation
type was determined to be insignificant. No adverse
trend was identified.

Loose or missing fittings - Three missing bushings and
twenty loose fittings were identified out of the
approximately 1000 fittings inspected. There were four
bushings, two locknuts, six unions, four couplings, and
four flexible conduit connectors identified that were
not hand-tight. Fittings are considered to be loose if
they are not hand-tight. The' significance of each
deviation type is evaluated below:

Missing Bushings

The purpose of a bushing is to protect cable from
abrasion during installation. The installation of a
cable into a conduit that is missing a bushing can

O damage the cable jacket and insulation if it rubs on
the bare edge of the ccnduit end. This damage could
lead to cable failure.

- - - - __ -
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The three deviations for missing bushings out of the

approximately 280 bushings inspected were found not to
have caused visible cable damage; however, because this
deviation type could cause cable damage leading to'
cable failure anywhere along the run, an adverse trend
was identified'for missing bushings.

For root cause and generic implications analysis
associated with this adverse trend, see Section 3.1.

Loose Bushings

A loose bushing will have performed its function if it
protects cable during installation. If a loose bushing

were to come off the end of the conduit as a result of
k vibration in the conduit after the cable was installed,

there would be minimal potential for cable damage
because the force exerted on the edge of the conduit
end by the cables would be negligible. In addition, if
a bushing were to come off the end ,of a conduit, it
could not contact live electrical parts because the
cables that go through the bushing spread apart and are
fastened or secured inside equipment beforeL
termination.

|
There were approximately 280 bushings inspected. Based

I on the above, it was determined that the four
deviations for loose bushings had no effett on the
conduit's functional capability. No adverse trend was
identified.

Loose / Missing Locknuts

A loose locknut could separate from a rigid conduit due
to vibration, but would not result in the loss of the
mechanical connection of the conduit to the junction

|
box or equipment. This loss of connection would not
occur even with a missing locknut because the conduit'

protrudes through the junction box or equipment
knockout and is held rigidly in place by a conduit(~'s

|*Q support. The relative displacement under seismic
events between any conduit connected to a junction box'

or equipment and the junction box or equipment would be
insignificant.

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

Based on this evaluation, it was determined that the

deviation for a loose locknut and the deviation for a
missing locknut had no impact on the conduit's
functional capacity. As it is unlikely that a
construction deficiency.would occur in the uninspected
portion of the population due to a similar deviation of
this type, no adverse trend was identified.

'

Loose Unions

Lonse unions that come apart due to vibration in the
conduit run have the potential to be safety-significant
deficiencies because the two conduit sections that they
connect could become uncoupled. This would cause the

[ two conduits to be held in a cantilever position by the. j
'

.

conduit supports, and opposite movement of the free
conduit ends could damage the enclosed' cable.

It was determined that the six deviations for loose
unions out of the approximately 200 unions inspected
had no impact on the safety function of the conduit
even with the conduit sections assumed to be j

unattached.- This is because each was configured in |

such a way that, under seismic conditions, there would )

be negligible displacement between the unattached ;

conduit ends.
1

'

. However, the likelihood exists for a loost union on a
con'duit that is subject to vibration to be located in 1

the uninspected portion of the population. This could
result in excessive displacements of the unattached
conduit ends due to a seismic event that would be |

likely'to cause cable damage.

Therefore, considering the frequency of occurrence and
the likelihood for.this deviation type to be a
construction deficiency should it occur on a conduit
subject to vibration, an adverse trend was identified
for this deviation type.

For root cause and generic implications analysis
associated with this adverse trend, see Section 3.2.

.

1
' ___---_._-____Q
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Loose Couplings

Four out of the approximately 300 couplings inspected
were found to be loose. Uncoupling of conduits is not
credible for conduits attached by a loose

coupling, because for a coupling to come off the end of
a conduit at a connection, it must thread itself
further onto the abutting conduit. This further
threading on abutting conduits is restricted because of
tapered threads. Based on this evaluation, it was

determined that this deviation type will have no impact
on the functional capability of the conduits.

As it is unlikely that a construction deficiency would
occur in the uninspected portion of the population due

9 to a similar deviation of this type, no adverse trend
was identified.

Loose Flexible Conduit Fittings

Out of the approximately 220 flexible conduit fittings
inspected, four were reported to be loose because the
nut that clamps the flexible conduit to the fitting was
found not to be hand-tight. It was determined that
even if the flexible conduit were to separate from the
fitting, the cable would not contact any s'narp surfaces
in a manner that could cause damage. Also, any force
exerted on the cable by the weight of the' flexible
conduit would be less than required to cause cable
damage or damage at the termination. This is true for
all flexible conduit. Therefore, it is unlikely that a
construction deficiency would occur in the uninspected
portion of the population due to a similar deviation of
this type. No adverse trend was identified.

2.2.5 Attribute 5 - Installation of Expansion Fittings and

Flexible Conduit

There were approximately 110 expansion fittings or
flexible conduit segments inspected, and in all but

9 three cases, they were found to meet the installation
requirements.

- _ . _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ __ _ ___
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,

.

The three deviations reported were for violations of
the minimum slack requirement. A minimum of 1 inch
slack is required in flexible conduit to allow the
raceway to move independently in a seismic event.. If
there'is insufficient slack in the flexible conduit,
the displacement between raceway support systems caused
by a seismic event could cause the flexible. conduit to
be pulled loose from the flexible-to-rigid conduit i

.

connector..

The first deviation was on a 1-1/2' inch diameter
'

flexible conduit that links a conduit supported at the-
ceiling to switchgear mounted on the floor of the*
Safeguards Building. This flexible conduit was
reported to have 1/2 inch slack. By evaluation it was

\s. , determined that the 1/2 inch. slack is adequate at the
installed elevation, and no cable damage would occur in
a seismic event.

The second deviation ~was on a'2 inch flexible conduit 6
inches long that stubs-up to a floor-mounted diese1~
generator control panel. This flexible conduit was
reported to have less than 1 inch slack. By evaluation
it was determined that the deflection of the floor with
relation to the bottom of the panel would'be
negligible. Therefore, no cable damage would occur in
a seismic event.

,

The last deviation was on a 4-inch flexible conduit'

that runs through a shake space from the auxiliary
building to the safeguards building. This flexible
conduit was reported to have 1/8-inch slack instead of
the 1 inch required. By evaluation, it was determined
that the 1/8-inch slack was adequate due to the small
building displacement that would occur at the installed
elevation, and no cable damage would occur in a seismic
event.

The first two of the three deviations for insufficient
slack in flexible conduit were determined to be

. insignificant because they have negligible effect on
the safety function of the flexible conduit. Even by
extrapolating these two deviations to the remainder of
the population, no construction deficiencies would be

'

expected.

*
.

- _ _ _ _ . _ _ . _ _ - - . - _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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However, the last deviation is considered to be notable
because the available slack approximately equaled the
calculated seismic displacement. If a similar
deviation were to occur at a higher elevation in the

unexpected portion of the population, it is likely that
a construction deficiency would result. 'Considering
the likelihood for an undetected construction
deficiency, insufficient slack in flexible conduit used
in shake spaces was identified as an adverse trend.

|

For root cause and generic implications analysis
associated with this adverse trend, see Section 3.3.

An out-of-scope observation reported-damaged flexible-
conduit in that it had been pulled from the fitting

C} that had connected it to an instrument. It was further
observed that the sharp edge of the flexible conduit
was in direct contact with the conductors contained
therein and that the conductor's jacket already had

' marks on it as a result of movement of the flexible
.

conduit. Vibration caused by rotating equipment in the
area would increase the likelihood of eventual
insulation cut-through and the forces of a seismic
event could cause shorting and failure of the
conductors. This observed condition was therefore
determined to be a construction deficiency. For root
cause and generic implications associated with this
construction deficiency, see Section 3.4.-

2.2.6 Attribute 6 - Conduit-to-Cable-Tray Interface

In the 39 conduit-to-cable-tray interface inspections,
three deviations were reported where the conduit
opening was improperly positioned with respect to the
cable tray. It was determined that in each case, the
cable installation requirements (maximum free air cable
length and minimum bend radius) had not been violated.
In addition, seismic effects were evaluated where
applicable and found to be negligible.

.O

<
|

|. . __ - __ _ __ __-__-__ -
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Conduit-to-cable-tray interface deviations cannot
result in a construction deficiency without violating
the free air cable installation requirements mentioned

*above, and no significant deviations against free air
cable installation requirements have been identified in
the cable construction work category (Appendix 3). No

adverse trend was identified. ,

2.2.7 Attribute 7 - Clearance for Power Conduit and Pipe

In all 101 samples inspected, conduit clearance was
verified to be in accordance with the electrical
specification, ES-100. No deviations were reported.

2.2.8 Attribute 8 - Electrical separation
7

The concern with electrical separation violations is
that'a fault within a cable in one raceway may damage a
cable in a redundant raceway. The cable could be

' damaged by elevation of the cable insulation
temperature above acceptable limits.

Of 84 samples inspected, ten violations of the
separation criteria have been reported. These are
listed in the table below:

Dev Configuration Required Min. Actual Evaluated Effect
No. of Deviation Separation Separation (See Note 1)

.

1 Conduit to Tray 3'-0" 8" Insignificant

2 Conduit to 1" 3/4" Insignificant

Conduit

3 Conduit with 1" Touching Insignificant

Separation Barrier
Material (SBM) to
Conduit

4 Conduit to 1" 7/8" Insignificant

O, Conduit

l. 5 Conduit with SBM to l'-0" 2" Insignificant

| Tray without Cover
l'

-
- _ _ _ _ _ -
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Dev Configuration. Required Min. Actual Evaluated Effect
No. of Deviation Separation Separation (See. Note 1)

6 Conduit to 1" 1/4" Insignificant

Conduit with SBM

7 Conduit to
Exposed Cable 3'-0" 5-1/2" Insignificant

8 Conduit with SBM
to Conduit 1" Touching Insignificant

9 Conduit to side
of open tray l'-0" 8-1/2" Insignificant

(
\ '10 Conduit to top

of open tray 3'-0" 2'-10" insignificant

Note 1: The evaluated effect of these deviations was determined to be
.

insignificant because in each case, thermal calculations for
fire conditions generated by a faulted cable have shown that

!the temperature of the cable in the sample conduit'is
considerably less than the manufacturer's allowable emergency
temperature rating. For cable temperatures below the
allowable emergency temperature rating, there is no impact on
cable life or function.

.

These deviations were all insignificant. However, it
is likely that there are conduit configurations in the
uninspected portion of the population where similar
deviations would have resulted in excessive cable
temperatures. Therefore, an adverse trend was
identified for electrical separation violations. An

adverse trend associated with electrical separation
violations was also identified in the cable tray

; construction work category (Appendix 2).

o For root cause and generic implication analysis
associated with this adverse trend see Section 3.4.

O

- - _ - _ -______--____O
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Attrib'te 9 - Rating of Junction Boxes2.2.9 u ,

Of the 77 inspections made for National Electrical.
Manuf acturers Association (NEMA) rating of junction
boxes, onc deviation was reported where the'junct1on
box cover retaining screws had been switched in the
field. The self-tapping cover retaining screws

.

supplied'by the manufacturer had been changed to
standard thread screws..

4

.

This deviation type is insignificant and cannot result
II. in a construction deficiency, as the NEMA rating of the

junctions boxes has not been impacted by the cover
retaining screw substitutions. No adverse trend was
identified.

.

3.0 ROOT CAUSE AND GENERIC IMPLICATIONS

This section provides a root cause and generic implications
analysis for the following adverse trends: .

1) Missing bushings

2) Loose unions

3) Insufficient slack in flexible conduit used-in shake spaces
*4) Damaged f12xible conduit

5) Electrical separation violations

Each of these adverse trends is discussed in detail below.

3.1 Missing Bushings

Root Cause

All three deviations for missing bushings occurred on lighting
conduits.

O

-
.
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All safety-related conduit (including lighting) was installed
in accordance with electrical construction procedure ECP-19..
It required th.st bushings be installed on all conduit ends.
These conduits, with the exception of lighting, were 100
percent QC-inspected to QI-QP-11.3-23. This inspection

procedure required verification that bushings were installed
on all conduit ends.

Lighting conduit was inspected to a dif ferent QC. procedure,
QI-QP-ll.3-25, that, depending on the revision, may have only
required surveillance inspections. The revision of this
procedure to which the deviating conduits were inspected did
not require verification that bushings were installed.

(''N All conduit, including lighting, was installed by the same
pg,) construction personnel to the same procsdure that required the

installation of bushings, and there is evidence that the
electricians were trained to that procedure. Based on the
above and consistent with the Appendix 5 (lighting cable) root
cause analysis, it is believed that less-than-adequate
attention to detail by construction personnel is the primary
root cause for missing bushings.

As all the missing bushings were on lighting conduit, the lack
of adequate acceptance criteria for conduit in the lighting
inspection procedure is considered to be the secondary root
cause.

,

Generic Implications

All three deviations for missing bushings were on lighting
conduit, even though lighting conduit represents only a small
percentage of the total conduit population. Based on the
less-than-adequate inspection acceptance criteria for lighting
conduit and the fact that no devittions for missing bushings

I were found in the more than 60 non-lighting conduit runs
inspected, this deviation type is believed to be limited to
lighting conduit. Concerns are therefore limited to other
attributes within the lighting conduit portion of the
population.

O ,

-- -- _ - _ _ _ _ _ _ _ - _ _ _ _
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The less-than-adequate inspection ~ pro'cedure, QI-QP-11.3-25, ,

also pertains to the installation of lighting cables. This
inspection procedure has been identified as a root cause for
an unclassified trend in the lighting cable construction work
category (Appendix 5). No other generic implications beyond
those identified above have been identified.

Summary

The identified primary root cause for missing bushings is
less-than-adequate attention to detail by construction
personnel;concerning the installation of lighting conduit. A
less-than-adequate inspection procedure for lighting conduit
is identified as a secondary root cause. The adverse trend

/' for missing bushings is limited to lighting conduit and the
( generic implications are lisited to the lighting cable

population, where the same inspection procedure was also
identified as less-than-adequate.

The recommended corrective actions fo,r this item are contained
in Section 4.1,

3.2 Loose Unions
iRoot Cause

The Gibbs & Hill electrical specification, 2323-ES-100,
Section 1.1.3, states that all (electrical) equipment should
be installed using good construction practices. Wrench- !

tightening of conduit unions is considered industry-wide to
be a good construction practice.

Construction personnel installed the' conduit in accordance
with electrical construction procedure, 35-1195-ECP-19.
" Exposed Class 1E Conduit and Conduit Hanger Fabrication and
Installation". There is evidence that the construction
personnel were trained to this procedure, but it did'not
require that the conduit unions be wrench tightened. Had the
corresponding inspection procedure addressed wrench-tightness
anyway, the construction procedure would have been judged

( adequate. However, for electrical QC procedures, it appears
that the practice at CPSES was to base inspection on the

'
-

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

construction procedure and, therefore, for this site, the
construction procedure should have addressed wrench-tightening
of conduit unions.

The primary root cause for loose unions is a result of a
less-than-adequate construction procedure that does not
specify that unions should be wrench-tightened (a workmanship
practice that should have been inspected).

The applicable inspection procedure, QI-QP-11.3-23 " Class IE
Conduit Raceway Inspections", was reviewed and it also does
not address union tightness. There is no objective evidence
that QC checked for union tightness because it was not
specified in the inspection procedure. This

(''} 1ess-than-adequate inspection procedure, which did not have a
N- checklist actribute for wrench tightness of unions, is

considered to be a secondary root cause.

Generic Implications

The less-than-adequate procedures apply to the installation
and inspection of conduit. Attributes in the conduit
population affected by installation practices (i.e.,
attributes 4 and 5) may be implicated in that there may be
other potentially significant workmanship cons 1derations that
should have been inspected. Further evaluation to determine
these generic implications is recommended in Section 4.2.

Summary
,

The identified primary root cause for loose unions is a
less-than-adequate construction procedure for the installation i

of conduit that did not explicitly address union tightness, a
workmanship practice that should have been inspected. A
less-than-cdequate inspection procedure is identified as a
secondary root cause.

The recommended corrective action for this item, including
action necessary to complete the generic implications

''N evaluation, is contained in Section 4.2. i

N

|
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3.3 Insufficient Sidek in Flexible Conduit Used in Shake Sfaces

Root Cause
.

Drawing 2323-El-1702, Detail 27, shows the installation
requirements for flexible conduit used for cable routing
,through two adjacent building walls (shake spaces). This
detail requires that the flexible conduit have one inch
movement or slack. Direction as to how slack was to be
measured was included by revision seven to the above drawing
in June 1984 - long af ter the majority of the conduit
was installed and QC-accepted.

The flexible conduit for which the deviation was reported had
an NCR for insufficient length written against it in March

O 1985. The flexible conduit had been QC-accepted in December
1982 and, based on the available documentation, no work had
been performed on the conduit after that date and prior to the
NCR. The engineering disposition of the NCR was.to provide
slack in the flexible conduit by extending the cable tray
section that was attached to the flexible conduit. The cable
tray was extended by 2 inches, as called for by the
disposition of the NCR, and the flexible conduit was
reinspected and determined to be satisfactory by QC. It has
been determined by this CPRT reinspection program that even
though the flexible conduit was reinspected by QC to the
revised criteria, it still does not meet the 1 inch slack

*
requirement.

The primary root cause for this deviation is
less-than-adequate engineering instruction pertaining to the
installation of flex in shake spaces. 'Because the detail for
the installation of flex in shake spaces before June 1984 did
not show how sim.k was to be measured, it is likely that other
flexible conduics installed in shake spaces have insufficient
slack.

A contributing cause for this particular deviation was
inadequate instruction provided by engineering in the
disposition of the NCR. If engineering had required that the

O cable tray be extended by 3 inches instead of 2 inches, the
flexible conduit would have been in accordance with the one
inch slack requirement.

.

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

It cannot be determined whether less-than-adequate QC
training or individual lack of attention to detail by the QC
inspector concerning the measurement of slack in flexible
conduit for the post 1984 inspection is the secondary root
cause.

Generic Implications

The generic implications of less-than-adequate engineering
instruction regarding slack in flexible conduit extend only to
those installed in shake spaces (i.e., flexible conduit
installed in accordance with the less-than-adequate shake
3 pace installation detail).

r"'s There are no other attributes in this construction work
() category that are implicated by the found root causes.

,

The only other construction work category with a similar
safety-significant attribute is the cable population (see
Appendix 3). The cable population also had deviations and a
recommendation for corrective action for inadequate slack.
Because this attribute is unique to only the cable and conduit
populations, there were no generic implications identified
outside of these two populations.

Summary

| The identified primary root cause for insufficient slack in
flexible conduit used in building shake spaces was
less-than-adequate direction from engineering prior to June
1984 on how to measure slack. A contributing cause was

inadequate instruction provided by engineering in the
disposition of the NCR. Less-than-adequate QC training, or
individual lack of attention to detail by the QC inspector,
concerning the measurement of slack in flexible conduit was

| identified as a secondary root cause. The generic
implications are limited to the cable population where similar
violations were reported.

The recommended corrective actions for this item are contained,-
in Section 4.3.|g)'

|

|
|
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3.0 ROOT: CAUSE AND GENERIC IMPLICATIONS (Cont'd)
i

,3 . 4 Damaged Flexible Conduit ,

4

' Root Cause

A review of tha documentation for this conduit installation-'

verified that it had been inspected and was indicated as
having been' satisfactorily installed. A visual examination of
the flexible conduit indicated that it had been pulled from
its fitting, exposing approximately 3 inches of cable. This
extent of damage is very unlikely to have been missed during
the post-installation inspection. The flexible conduit was in
a high traffic construction area and its location and
configuration were such that it would provide natural footing
for personnel ascending or descending from. nearby scaffolds.
Thus, the primary root cause of the damaged flexible conduit
is determined to be incidental damage resulting from' :

construction work in the area. It'is apparent that the damage- L

occurred after the last inspection of'it; therefore, failure
to detect is not an issue and no secondary root cause is
required.

.

Generic Implications

Incidental damage, the identified root cause, is limited to
flexible conduit in this construction work category because

rigid conduit's inherent strength would preclude its being
susceptible to the type of damage observed. Incidental damage

caused by nearby construction work is'pos,ible in others
construction work categories and has been found in the
electrical equipment installation construction work category

'

(Appendix 6).

Summary

The primary root cause of the damaged flexible conduit is
incidental damage resulting from construction work in the
area. Generic implications of incidental damage were
identified in the, conduit and electrical equipment
populations. Other construction work categories may also be
implicated.

M-
V' Recommendations for corrective action are provided in Section

4.4.

___________ __________ -____-
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3.0 ROOT CAUSE AND GENERIC IMPLICATIONS (Cont'd)

3.5 Electrical Separation Violations

Root Cause

Conduit was installed in accordance with electrical
construction procedure, 35-1195-ECP-19. This procedure
required only that the separation criteria between conduit and
redundant raceways be maintained to the extent practical in
order to avoid excessive rework at a later date. Random
in-process inspections were required to verify the craft were
installing the conduit in accordance with the procedure. This
"do the best you can" approach to raceway installation was
based on the expectation that QC would perform a complete
walkdown to find and correct separation violations after the
majority of the installation of electrical raceways was

'() completed. This may have been an efficient method of
completing the installation work, but it should have been
recognized that it could have a detrimental impact on craf t
attitudes regarding the importance of separation as an element
of proper raceway installation. The-large number of
violations that were found during the post construction .

walkdown, and the apparent ease with which some of them might
have been avoided, indicate that construction personnel gave
little consideration to separation requirements.

The practice of deferring separation considerations was
determined to be the primary root cause adversely affecting
the craft's ability to establish and maintain separation. The
large number of violations found wa.s an indicatibn of QC's
failure to detect and ensure correction of the separation
violations.

The post construction walkdown did not identify all of the
separation violations. The QC inspectors could have been

( -
overwhelmed with the large number of violations that were
found and consequently failed to find them all. Furthermore,
additional separation violations could have been created
during rework to correct discovered violations. The fact that
the post construction walkdown did not identify all the
separation violations indicates a failure by QC to implement

/ an adequate walkdown program. This is identified as a
A secondary root cause.

.

___________ _ --
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Conditions' described in deviation reports indicate that in

many inspections, QC missed separation violations because they"

improperly interpreted engineering's separation requirements. *

As an example, many raceways where deviations were identified
by this CPRT reinspection were accepted by QC because they did
not correctly measure separation distances between raceways
where one or both were covered with separation barrier
material even though the engineering requirements were clear.
It is evident that these misinterpretations would not be so
widespread had the proper interface occurred among ,

engineering, QC, and construction.

Less-than-adequate coordination among engineering,
construction, and QC is considered to be a contributing cause
of separation violations.

#
/ ;

' I Generic Implications

The practice of deferring electrical separation considerations
has limited generic implications. Separation criteria
are unique because they normally can be met by the additio.n of

.

separation barriers after the installation of raceways and
cables. This limits the generic implications to the
electrical separation criteria attributes for the construction
work categories of cable tray, conduit, and cable
installation.

The secondary root cause of failure to implement an adequate ,

walkdown program has no generic implications within this
population other than for the electrical separation attribute.
This is because other attributes were verified by normal QC

inspection, rather than the QC walkdown performed here.
|

The cable tray population (Appendix 2) has also identified
these root causes for its adverse trend of electrical
separation violations. The cable population (Appendix 3) did 1

not report any cable separation violations; however, the cable
population only verified separation of free air cable which
typically is not installed by the same personnel that j

installed electrical raceways.

.

Action Plan I.b.4 identified numerous deviations of electrical
separation in multi-train panels which are outside the scope
of this population.

.

h_-_____-_______-____
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3.0 ROOT CAUSE AND GENERIC IMPLICATIONS (Cont'd)

Summary

'

The practice of deferring electrical separation considerations
has been identified as the. primary root cause. Die failure to
implement an adequate walkdown program has been identified as
a secondary root cause.- The less-than-adequate coordination

.between engineering, construction, and-QC has been identified
as a contributing cause. The generic implications ~of the
primary root cause are limited to the electrical separation
attributes of the electrical construction work categories

affected by the separation criteria: cable tray, conduit, and
cable installation. The generic implications of the secondary
root cause' are limited to the electrical separation attribute

in this population.

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

4.0 RECOMMENDATIONS
.

4.1 Missing Bushings

For the adverse trend of missing bushings, it is recommended
that safety-related lighting conduit ends be inspected for the
presence of bushings and corrected as necessary.

The possibility for damage to lighting cable as a consequence ~
'

of missing bushings is being addressed by the corrective
action recommendations for the lighting cable population.

.

No additional recommendation is required because the
inspection procedure for lighting has been revised to exclude
inspection requirements for conduit. Safety-related lighting
conduits are now inspected to the same procedure as all other
safety-related conduits.

4.2 Loose Unions

For the adverse trend of loose unions, it is recommended that
the electrical construction procedure, 35-1195-ECP-19, and the

,

conduit inspection procedure, QI-QP-11.3-23, be revised to.

I
i

. - _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _
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4.0 RECOMMENDATIONS (Cont'd)
'

require that conduit unions be wrench tightened. Also, the
,

unions on safety-related conduit should be inspected for
tightness and tightened as necessary.

To complete the generic implications evaluation, review the
installation procedure 35-1195-ECP-19 for the inclusion of
workmanship practices that should be inspected to assure an
acceptable installation. Following review revise the
procedure and the corresponding inspection procedure (QI-QP
11.3-23) as necessary. Evaluate revisions to identify any
which raise concerns regarding the quality of existing
hardware. Resolve any such concerns, performing reinspection
where appropriate.

|

(~')T
4.3 Insufficient Slack in Flexible Conduit Used in Shake Spaces

L.
For the adverse trend of insufficient slack in flexible
conduit used in shake spaces, it is recommended that flexible
conduit used in shake space transitions be reinspected. Those
in violation of the 1 inch criteria should be reworked or

,

adequate engineering justification provided.

4.4 Damaged Flexible Conduit

Perform walkdowns of areas prior to turnover or final area-
acceptance to identify any damage incurred during construction
activities. Ensure that appropriate inspecti,on procedures are
in effect for construction and operations and that emphasis is
placed on components susceptible to damage such as flexible
conduit and those identified in Appendix 6.

4.5 Electrical Separation Violations

It is recommended that the separation between conduit and
redundant raceways and cable be confirmed to be adequate by
reinspection and corrected as necessary.

No additional recommendation is required as the inspection
procedures for conduit have been appropriately revised to

f ~' include a verification of separation during each conduit

'q,) inspection.
i

!

l
_ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ O |
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5.0 CONCLUSIONS
.

Based on the findings of the reinspection and satisfactory
implementation of the above recommendations there is reasonable
assurance that the hardware item in this construction work category

is adequately. installed in conformance with the design.

.

O

.

%

.O
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Table 1-1

Summary of Reinspection Results-

Conduit,

Deviation Classification
Number of
Inspection Number of Insigni-' Construction

Attribute Points Deviations ficant Notable Deficiency
.

1. Conduit Size .

and Material *250 0 0 0 0

2. Conduit
Identification and
Color Coding' *600 15 15 0 'O

3. Origin and
Destination of
Conduit *190 0 0 0 0

4. Installation of .. .

Fittings *1,500 24 24 0 0

5. Installation of
Flexible Conduit *110 3 2 1 1**

,

6. ' Conduit to Cable
Tray Interface 39 .3 3 ,0 0.

.

7. Clearance for Power
Conduit and Pipe 101 0 0 0 0

8. Electrical Separation 84 10 10 0 0

!9. Rating of Junction
Boxes 77 I 1 0 0

.

TOTALS *3,000 56 55 1 1**

.

Identifies approximate numbers.*

** This CD was identified as a result of the review of out-of-scope observations.

I.
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Cable Tray
.

1.0 REVIEW PROGRAM IMPLEMENTATION

1.1 Construction Work Category Description

The construction work category of cable tray is comprised of
all safety-related cable tray, both ladder and solid bottom
types, located in Units 1 and 2_and in common areas. Cable
tray includes.all of the fittings, attachments, and bolts up
to the cable tray support clamps, and excludes the cable tray
supports and clamps.

1.2 Population Size and Sample Selection

For this construction work category, a population of

(''}L 'approximately 3,000 items was identified as QC-accepted as of
\s /c the date of this reinspection effort. Reinspection and

documentation reviews were performed for a total of 102
accessible items. Of these,-77 first sample items were
randomly selected from the population. An additional 25'
second sample items were randomly selected to ensure that at
least 60 safe-shutdown' hardware items were reinspected or. l
reviewed. The first random sample was sized to ensure that
all attributes were reinspected or reviewed a minimum'of 60
times, with the exception of the welding-related attributes.
The welding-related attributes were proportionally sampled in
combination with other populations to get 60 sample items. The
proportional sampling results for welding are discussed in

*Appendix 35.
,

1.3 Attributes Selected

Sample items were reinspected for the following attributes:

Attribute 1 - Tray identification and color code

Attribute 2 - Damage

Attribute 3 - Tray size

Attribute 4 - Tray routing and arrangement

Attribute 5 - Attachments

Attr1bute 6 - Welding

e-_-_-_--_--______--
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1.0 REVIEW PROGRAM IMPLEMENTATION (Cont'd)

Attribute 7 - Rung spacing

Attribute 8 - Bolting

Attribute 9 - Mechanical clearance

Attribute 10- Electrical separation

'

Sample item documentation was reviewed for the following
attributes:

Attribute 11- Tray inspector certification

Attribute 12- Welding inspector' certification
(}

Attribute 13- Walder qualification

Attribute 14- Weld procedure application
.

. .

2.0 DISCUSSION OF RESULTS

2.1 Summary of Results

For reinspection, a total of 64 Deviation Reports was issued
describing 70 deviations. A total of approximately 20,000-
inspection points was encountered in performing the
reinspection. See Table 2-1 for the results of the
reinspection.'

For documentation review, a total of 23 Deviation Reports was
issued describing 56 deviations. A total of 260 review points

, was encountered in performing the documentation review. See
Table ,2-2 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., it has been determined

. r" 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 Sections 2.3.1 and 2.3.2.

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

In the 10 reinspection attributes of this population, there
were two adverse trends and two special cases identified:

1. Attribute 6 - Welding: an adverse trend was identified
for missing welds. See Section 2.2.6 for discussion of
this attribute.

2. Attribute 10 - Electrical separation: an adverse trend
was identified for electrical separation criteria

violations. See Section 2.2.10 for discussion of this
attribute.

3. Attribute 5 - Attachments: a special case was

/''N declared for the improper installation of splice

(-) plates. See Section 2.2.5 for discussion of this
_

attribute.

4. Attribute 7 - Rung spacing: a special case was
declared for rung spacing. See Section 2.2.7 for.

discussion of this attribute.

Additionally, a trend was identified for cable tray
identification not being marked on thermolag-covered tray.
See Section 2.2.1 for discussion of this deviation type.

In the four documentation review attributes of this
population (excluding QC inspector certification $ , all 56
deviations were determined to be insignificant.

( 2.2 Analysis of Reinspection Results

|

This section provides, by attribute, a discussion of the
reinspection deviations, an analysis of the effect of the
deviations on the functional capability of the cable tray, and
an analysis of deviations for the presence of trends. The
function of a cable tray is to protect and support the cable
that it contains.

<-'S 2.2.1 Attribute 1 - Traf Identification and Color Code

In all but two of the 510 inspection points, cable tray'~

identification and color code were in accordance with
the design drawings. Cable tray identification was
included as an attribute only to document that the

i

! 1
,

.

.. . _ _ . _--_________________-_a
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inspector located and inspected the proper cable tray.-

section. The single deviation report identified two
cable tray node point markers that were switched. -For
this deviation, it was determined that the inspectors
did locate and inspect the proper' tray section using-
the design drawings. This deviation is insignificant.

In addition to the single deviation-reported during

reinspection, a deviation report was initiated to
document the case of cable tray identification not
being marked on the outside of thermolag-covered tray.
No deviations were reported for this during
reinspection; however, this condition'was noted during
other activities. The deviation report, which was;f -

written to document noncompliance with the construction'

procedure, identified a trend that is not safety
significant. However, recommendations' for improvement
relative to this deviation report are made in

,Section 4.2. ,
,

The type of deviation identified has no effect on the
ability of the cable tray to perform its safety-related
design function and was determined to be insignificant.
No adverse trends were identified.-

2.2.2 Attribute 2 - Damage
- .

For 102 samples reinspected, ten deviations were
identified with respect to the attribute of damage.
These deviations were of two types: damage that could
be a cable hazard and miscellaneous tray damage.

Damage That Could Be A Cable Hazard

For 102 samples reinspected, six deviations were of the'

deviation type that has the potential for being a cable !

hazard: two bolts protruding into the tray, three sharp
edges, and one burr. Of the six occurrences of this
deviation type, none was so severe as to be capable of/''

- penetrating the cable jacket. This information,
coupled with the facts that cable is not normally

_ ____ ___________________
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-

pulled through the tray in such a manner that the cable
is dragged across the tray and that no local cable

,

L
damage was f ound, leads' to a conclusion that this
deviation type is insignificant. It is unlikely that a

deficiency would exist if similar deviations were'to
occur in the uninspected portion of the population. No
adverse trends were identified.

|

Miscellaneous Tray Damage

For 102 samples reinspected, four. deviations of
miscellaneous tray damage were reported: a nicked rung

.

(surf ace damage), a notched rung (material was

(]
removed), a cut bolt, and grinding damage. The damaged
rungs could not result in cable damage and do not.s-
affect the structural integrity of.the trays.

.Therefore, these deviations were evaluated to be
insignificant. The cut bolt is a splice plate bolt

that has a portion of-its head notched. Because splice
plate bolts are primarily loaded in shear and only a
small percentage of the bolt head was removed, this
deviation was evaluated to be insignificant.

The fourth deviation was for grinding damage where a
portion of a welded reinforcement plate was ground away
in order to provide clearance for a tray support.
Approximately 1 inch out of 8 inenes of weld length was
ground away'for a reduction of approximately 12 percent
of total weld length. However, since this
reinforcement plate is secured with secondary welds,
and the total tray strength reduction was negligible,
this deviation was determined to be insignificant.

Furthermore, this type of tray damage can only occur
with this type of configuration, that is, a
reinforcement plate interfering with a tray support.
Therefore, this type of tray damage will always be
insignificant.

O-
.

- . - _ _ _ _ _ - - - _ - - - _ - _ - - _ - - - . _ . - _ - . _ - -
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These four deviations are primarily cosmetic in nature;
the damage is apparent but does not affect the cable
tray in an adverse manner. This type of deviation is
therefore insignificant. No adverse trends were
identified.

2.2.3 Attribute 3 - Tray Size

In all 102 inspection points, tray size was verified to
be as required by the drawings and no deviations were
reported.

2.2.4 Attribute 4 - Tray Routing and Arrangement
,_

> n
N' In all 102 inspection points, tray routing and

arrangement were verified to be as required by the
drawings, and no deviations were reported.

.2.2.5 Attribute 5 - Attachments
,

In approximately 750 inspection points, two deviations
were reported for improper installation of
nonstructural attachments and one deviation was
reported for improper installation of a splice plate.
Attachments include tray covers, splice plates,
siderail extensions, reinforcements, and miscellaneous
nonstructural plates. -

Improper Installation of Nonstructural Attachments

Two deviations relating to improper installation of
nonstructural attachments were identified in
approximately 45 inspection points. The deviations
involved missing holes for bolts used for securing
plates to the bottom of the tray (two missing bolt
holes out of six required and three missing bolt holes
out of 12). These deviations were evaluated to be
insignificant.

m

--
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*

Plates are usually installed for two reasons. The
first reason is to provide cable protection (by
providing a smooth surface for cable to rest on), and >

the second reason is to provide an electrical
separation barrier. Plates used for cable protection
and electrical separation serve no structural purpose,
and the bolts are lightly loaded. The only other
reason for which plates are used infrequently is to'

cover the gap created by excessive rung spacing. These
plates also serve no structural purpose. Therefore an
improper bolt installation in other nonstructural
plates will not result in structural failure of the .

'

tray, even if it occurred in the uninspected portion of.'

[
the population. No adverse trends were identified.

Improper Installation of Splice Plates

in 705 splice plates inspected, a notable deviation was
reported for two out of eight bolts being improperly
inserted in one end of one splice plate. The splice
plate was attached in such a manner that only two of
the four bolts used for one side of the. splice plate
passed through both the tray siderail and the splice
plate. This splice plate was located adjacent to a
wall and was not easily accessible. An evaluation of
this deviation showed that the effect on the structural
integrity of the tray was insignificant; however, a 50
percent reduction in the number of bolts is considered
to be notable.

It has been determined that for tray ioading of less
than approximately 65 percent of the maximum load for
the largest size tray, this condition will not
adversely impact the structural integrity of the tray.
Because the number of trays loaded greater than this is
low, it is unlikely that a deficiency exists in the
uninspected portion of the population. 'Also, this |.
deviation is unusual because of the tray's
configuration; it is unlikely to occur elsewhere. No |

O adverse trends were identified.

.

- - - _ _ - - - - _ . _ _ _ _ . . . _ _ _ _
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The determination that only tray loadings above 65
percent would represent a concern is based upon
extrapolation of data from the tray qualification test.
The trays are currently being retested. This deviation
type has been declared a special case and a
recommendation for corrective action has been made to
incorporate a verification of the above evaluation
explicitly into the new qualification test program.
The recommended corrective action for this special cose
is discussed further in Section 4.1.3.

2.2.6 Attribute 6 - Welding

O Proportional sampling was used in combination with
other construction work categories for AWS welding.
Cable tray welding was inspected for 21 samples with
231 inspection points. A total of 14 deviations was
reported for the characteristics of location, size,
length, overlap, undercut, and cracks. No deviations

,

were reported for the characteristics of craters,
prof 11as, porosity, fusion, and surface slag.

Cable tray welding was used as a method of securing
adjustable splice plates, for attaching splice plates
with oversized holes, for adding tray rungs, for
reinforcing certain tray fittings, and for fabricating

i

|
some types of tray fittings. *

Missing Welds (Location)

In 21 inspection points for wel/. location, three
deviations were reported: one case of multiple missing
welds and two cases of missing plug welds.

One deviation was reported for multiple missing welds
on a field-fabricated fitting. This deviation was
evaluated to be insignificant on the basis that the
missing welds were to secure a plate that served a
nonstructural purpose in this particular application.

O However, upon further investigation of this deviation,
it was determined that it was due to a design document

_ _
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revision not being implemented by construction.
Because the design document revision had requirements
more stringent than the original and they were not
incorporated in the field, this deviation has the
potential for being a construction deficiency if it
were to occur in the uninspected portion of the
population.

The remaining two. deviations reported missing plug
welds in five splice plates. The missing plug welds
were to plug misdrilled holes located adjacent to
splice plate bolts that vio. lated the minimum edge
distance between holes. In each case it was determined

(~'} that the structural effect of'the unplugged holes was
\~ / negligible. Therefore, these deviations are ,

insignificant.

For the deviation type of missing welds, an adverse
trend was identified based on the observed frequency
and the potential for a construction deficiency
to occur if other design document revisions were never
incorporated. For root cause and generic implications
analysis associated with this adverse trend, see
Section 3.1.

Size
.

In 21 inspection points for weld size, three deviations
were reported where velos were undersized for a portion
of the weld length. The weld size requirement for
welds on most cable tray material is that fillet weld
size be equal to the thickness of the thinner of the
two plates being welded together.

Two deviations involved fillet welds that were slightly
less than the thickness of the thinner plate for a
portion of their length. The third undersized weld was
due to grinding damage that removed 1/32 inch of weld
metal for a portion of the weld length. Each

('/ connection was evaluated with the assumption that the)
(,

. _ - _ __ ---__ ____ ____ _
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entire weld did not contribute any strength to the
connection. Even with this assumption, each connection
was found to be adequate. Considering the conservatism
in the evaluations, these deviations were determined to
be insignificant.

An industry-accepted standard is that for a fillet weld
on both sides of two plates, a weld leg size of 3/4 of
the thickness of the thinnest plate will provide a
connection with the same strength as the plate. For
secondary welds (those that are not structurally
critical) a weld leg size of 1/4 to 3/8 of the
thickness of the thinner plate is necessary. The
standard cable tray welds (i.e., those installed per.{, typical details) are secondary welds; that is, failure
of the tray will not occur if the weld fails. The
cable ~ tray welds encountered during reinspection were
all standard (secondary) welds. Since the undersized
welds were larger than the above secondary weld size
dimensions, this deviation type was determined to be
insignificant. No adverse trends were identified.

Underlength

In 21 inspection points for correct weld length, four
deviations were reported for underlength welds. For
each case an analysis was performed conservatively
assuming that the underlength weld provided no
structural support to the cable tray configuration.

'

All deviations were found to have negligible impact on
the cable tray capacity. As this deviation type would
not be expected to result in a safety-significant
deviation in the uninspected portion of the population, ,

no adverse trends were identified.

A fifth deviation was reported for an undersized
reinforcing plate that was used to cover a small gap in
the cable tray siderail top lip. The reinforcing plate
was to be welded along its perimeter on each side of

f the gap. The specified weld length could not be
achieved because the plate was undersized. This
deviation type is insignificant because an evaluation
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determined that the plate dimensions were not critical,
provided it was completely welded, as it was in this
case. The functional capability of a tray would not be
impaired if similar deviations were to occur in the
uninspected portion of the population. No adverse
trends were identified.

Overlap

In 21 inspection points for weld overlap, a single
devt2 tion was reported for overlap exceeding 1/4 inch
in length on a vertical rung repair veld. Overlap is a
condition in which excess veld metal is built up such

(''} that fusion cannot be determined for a portion of the

( ,/ weld. This connection was evaluated with the
assumption that the vertical weld with the overlap did
not contribute any strength to the connection. Even
with this assumption, the connection was found to be
adequate. Considering the conservatism in the
evaluation, this deviation was determined to be

insignificant.

The existence of overlap is not in itself indicative of
an inadequate weld; however, fusion of the weld metal
to the base metal is indeterminate. Bec..tse .the
standard cable tray welds are secondary welds that do
not provide the essential structural support,

- indeterminate weld quality'due to overlap will not
affect the capability of the cable tray in an adverse
manner. This deviation type is therefore
insignificant. No adverse trends were identified.

Undercut

In 21 inspection points for veld undercut of auxiliary
steel welded to tray, a single deviation was reported
for a 3/32 inch deep by 1/4 inch long undercut on a
1-inch weld for a reinforcing plate on a tray fitting.
This deviation was determined to be insignificant.

_
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The undercut criterion applies.only to auxiliary steel;
there.is no criterion for undercut on cable tray
material other than that holes created by undercut
shall not create a cable hazard. No damage of this

type was found during the reinspection for Attribute
2, Damage. Since the standard cable tray welds are
secondary welds, localized undercut on reinforcing
places will not affect the cable tray in an adverse
manner. This deviation type is therefore
insignificant. No adverse trends were identified.

Cracks

-() In 21 inspection points for cracks in welds, a single
deviation was reported for a 5/16 inch long crack in a
6 inch long weld on a reinforcing plate for a tray
fitting. This deviation was evaluated by considering
only the nondefective portion of the weld as
loadbearing, and was determined to be insignificant.

Because asble tray is not subject to dynamic loading or
significant levels of vibration, propagation of cracks
is not expected. Also, since the standard cable tray
welds are secondary welds, localized cracks will not
affect ths tray in an adverse manner. This deviation
type is therefore insignificant. No adverse trends were
identified. *

2.2.7 Attribute 7 - Rung Spacing

In the 296 inspection points for rung spacing, two
deviations were reported of rung spacing exceeding the
maximum allowable spacing of 9 inches: one case with
10-1/2 inches and the other with 11 inches of spacing.

>

Rung spacing will vary at splice joints depending on
where the tray was cut and on the type of fitting used
to join the trays. Any time the spacing exceeded the
maximum allowable spacing, the splice joint was to beO repaired either by adding another rung or by covering
the gap with a plate. A bounding analysis was
performed where it was conservatively postulated that a

_ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ -
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s .

splice joint would have the maximum allowable spacing
(9 inches) and, in addition, one of the adjacent rungs
was assumed to be missing, thus resulting in a rung
spacing of 15 inches.

Analysis showed that 15, inches of rung spacing is
1 acceptable. The reported deviations were less severe

than this and they were determined to be insignificant.
The functional capability of a tray would not be
impaired if similar deviations were to occur in the
uninspected portion of the population. No adverse
trends were identified.

The determination that 15 inches of rung spacing is9 acceptable is based upon extrapolation of data from the
tray qualification test. The trays are currently being
retested. Therefore, this deviation type has been
declared to be a special case and a recommendation for
corrective action has been made to incorporate an
explicit verification of the 15 inch cr'iterion into the
new qualification test program. Qualification testing
was determined to be necessary to confirm the
classification of these deviations. The recommended
corrective action for this special case is discussed
further in Section 4.1.4.

2.2.8 Attribute 8 - Bolting *

In the 5,918 bolts inspected in the cable tray
population, there were 17,754 inspection points for
bolts being hand-tight and having a required locking
device and nut. A total of 27 deviations was reported:

22 loose bolts, two bolts installed without a required
lockwasher, and three bolts installed without a
required nut.

Loose Splice Plate Bolts

In 705 splice plates inspected with approximately 5,600
9 bolts, a total of 21 loose splice plate bolts was

reported: 14 splice plates with one bolt loose, two
splice plates with two out of four bolts loose on one
side, and one splice plate with three out of four bolts
loose on one side.

^ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ -___
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Because cable tray bolt loading is predominately in
shear and cable tray vibration is minimal, it is not

considered credible that the nuts will back off
completely from the bolt. It has thus been determined
that loose cable tray bolts will not be lost from the
holes. It has further been determined that the
deviation type of loose bolts has no structural
significance given the shear loading. This type of
deviation is therefore insignificant and no adverse
trends were identified.

Loose Nonstructural Bolts

("' One deviation of loose miscellaneous bolts was
identified for nonstructural bolts: one instance of
loose bolts filling unused tywrap holes.

This deviation was determined to be insignificant. No

credible scenario could be constructed that would lead
to a construction deficiency for this type of bolt

installation. These are nonstructural bolts.
Structural failure of the tray cannot occur, even if
loose nonstructural bolts were to occur in the
uninspected portion of the population. No adverse
trends were identified.

Missing Locking Devices .

In 5,918 bolts inspected for required locking devices,
two deviations were reported. A locking device is used
to ensure that the bolt will remain tight and not
vibrate loose and eventually fall out. Because the
cable tray and fittings are not subject to either
vibratory loading or a significant number of cycles of

| load reversal, tight bolts missing locking devices were
determined to be fully effective. Therefore, this type ,

|
of deviation for cable tray bolting is insignificant,

l' and no adverse trends were identified.

O

| .
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Missing Nute

In 5,918 bolts inspected for the presence of required
~

nuts, three deviations were reported for bolts missing
nuts. Two of these bolts were for splice plates that
had a sufficient number of remaining bolts to meet the
de' sign requirements, and the third bolt was for a cable
transition plate mounted at the end of a tray. These
deviations were determined to be notable.

As stated in Section 2.2.5 - Attachments, it has been
determined that it is unlikely that two missing splice

plate bolts will result in a construction deficiency.
Because each missing nut is equivalent to a missingO bolt, multiple occurrences of this deviation type would
have to occur on one end of a splice plate for a
deficiency to exist. The low frequency of missing nuts
indicates that this is un ikely. A transition plate is
also attached with multiple (three) bolts and would not
result in a defici'ency even if detached. Therefore, no
adverse trends were identified.

2.2.9 Attribute 9 - Mechanical Clearance

In 100 sample reinspection performed to verify that
adequate mechanical clearance exists between cable tray
and pipe, six deviations were identified,.as summarized
in the following Table.

Dev Required Actual Deviation

# Clearance Clearance Classification

1 6" 3-1/2" Insignificant

2 1" 3/4" Insignificant

3 1" 1/2" Insignificant

4 6" 1-1/2" Insignificant

5 6" 4" Insignificant

6 6" 5" Insignificant

h Mechanical clearance is required because high
temperature pipe in close proximity to cable tray might
cause thermal damage to the cable in the tray. In

additicn, pipe that is too close to cable tray could
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overstress the tray and/or pipe support systems if the
pipe.and tray come into contact due to thermal growth
of the piping systems and/or a seismic event.

The reported deviations were for pipes with-low
operating temperatures such that there.is no thermal
concern. It was further determined by evaluation that
the pipes and trays would not come in contact due to
thermal growth or seismic movement; therefore, these
deviations are insignificant.

+
The Large-Bore Piping Configuration Population Report,
Appendix 8, and the Small-Bore Pipe Configuration

O Population Report, Appendix 9, identify an unclassified
.N/ trend of piping clearance violations, of which

clearance between cable tray and pipe is a subset. For
the trend analysis.of this. deviation type, refer to
Section 2.0 of Appendices 8 and 9.

2.2.10 Attribute 10 - Electrical Separation

In 98 sample reinspection performed, six deviations
were identified for violations of electrical separation
criteria: one tray-to-tray violation, two' tray-to-
conduit violations, and three tray-to-conduit
violations with separation barrier material (SBM).
These deviations are summarized in the following Table.

Dev Deviation Required Actual Deviation
# Configuration Clearance Clearance Classification

1 Tray to Conduit 3' 6" Insignificant

2 Tray to Conduit. 3' 2' 3" Insignificant

3 Tray to Tray 3' 2'10" Insignificant

(gaps.in solid bottom tray)
4 Tray to Conduit 1

i

with SBM 1" Touching Notable
5 Tray to Conduit

with SBM 1" Touching Notable

-'~". 6 Tray to Conduit
with SBM 1" Under 1" Insignificant

,

----_------__m__.___.___.___ _
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.

The concern with electriedi separation violations is
that a faulted cable in one raceway might damage a
cable in an adjacent redundant raceway. The cable-

would be damaged by elevation of the cable insulation
temperature above acceptable limits. All the
deviations were evaluated to be insignificant except
for the two violations of tray-to-conduit with SBM
touching the tray. These were determined to be notable
because they had little remaining margin.

Considering the observed deviation rate (approximately
6 percent) and the large uninspected portion of the
population, numerous additional deviations are likely

/''' to exist. Due to the fact that two cases had low
remaining margins, it is likely that construction
deficiencies exist in the uninspected portion of the

,

,

popuJation; therefore, this deviation type has been
determined to be an adverse trend. An adverse trend
for electrical separation also has been identified in
the other electrical raceway population (Conduit),-

Appendix 1. For root cause and generic implication
| analysis associated with this adverse trend, see

iSection 3.2.

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 the cable tray is properly
-installed,

2.3.1 Attribute 11 - Tray Inspector Certification

In 182 reviews of tray inspection documentation for
evidence of inspector certification, two inspection
reports could not be located during the review (one
tray installation report and one tray cover report).
The deviation typelof missing tray documentation was i

r" '
i determined to be inconsequential to the determination

of hardware adequacy because every electrical
inspection attribute is recreatable and was
reinspected. Therefore, these deviations are !

,

insignificant.

_ _ _s____ ____-________ _________
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A total of 182 review points were reviewed to determine
whether the QC inspector who signed, or initialed, and
dated the cable tray inspection results was
appropriately certified.

Deviations were identified wherever 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 inspection qualifications.
Consequently, the identified deviations were not relied

-
upon (though they were considered) in determining

,
inspector capability. Inspector qualifications were
assessed for a11' inspectors (those with and without
reported deviations) using the ISAP I.d.1 methodology.

The ISAP 1.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 ,

'

showr. to be of no further concern. Evaluation details
are discussed further in the ISAP I.d.1 Results Report.

2.3.2 Attribute 12 - Welding Inspector Certification

In 26 reviews of weld inspection documentation, 16
deviations were reported because the welding inspection

Ireports (irs) were neither in the cable tray
documentation file nor could be identified in order to
locate them elsewhere. Further investigation has
determined that there was no program requirement at the j

time the cable trays were inspected to have the welding
irs traceable to the welds. At that time, the welding

QC inspector would affix a sticker to the tray section
indicating that the weld had been inspected and
accepted. The electrical QC inspector who inspected

. the cable tray installation would then use the weld ,

!
|

1

- - _ _ - . _____________d
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acceptance sticker to verify that the welding had been
inspected and accepted when completing his cable tray
inspection report. Thus acceptance of the welding-

attribute by the electrical QC inspector on the cable
tray inspection report was adequate evidence of welding
inspection and acceptance. Additional documentation of
weld inspection and acceptance was found for each of 13
deviations. That documentation consisted of a sticker
adjacent to the weld that identified the inspector and -
the. date of the inspection. Each identified welding QC

inspector was also verified to have been certified to
perform the inspection. Therefore, those 13

deviations are insignificant. For the remaining three
('"; deviations, no QC acceptance sticker nor any welder
( -) identification stamped near the weld could be found.

Based on this lack of procedurally-required
documentation that a field weld was performed and the
inability.to distinguish between field and vendor
welds, it it believed that the welds are vendor welds
and no documentation would be expected to be found.*

Although unlikely, had the welds been performed in the
field, this lack of documentation would not be
significant on the following basis:

the welds produced by the least restrictive-

welding procedure would be metallt gically
and structurally adequate for the intended
purpose,

any and all welders that worked on the trays-

were at least qualified to the least
restrictive procedure,

- any and all filler rod material would result
in adequate welds, and

the welds were visually acceptable; i.e., no-

safety-significant deviations were
identified.f- g

( I
Therefore, these three deviations are insignificant.'''

_ _ _ _ _ _ - _ _ _ -
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For the inspection reports containing welding
attributes that were reviewed, every QC inspector was
found to be appropriately certified, based on TU
Electric's certification files. However, the ISAP
I.d.1 evaluation of AWS welding inspectors whose work

5affected this population concluded that all but four
(4) 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.

Inspectors HE-1 and HE-12 were certified to inspect
cable tray. The cable tray inspection procedure atO that time also included weld inspection attributes, but
inspectors HE-1 and HE-12 had not been trained to
inspect welds and their certifications did not exclude
NDE. This NDE exclusion problem is further documented
in QA/QC-PDR-56 and is discussed in detail in the
Results Report for ISAP I.d.1.

Two additional inspectors were evaluated in Phase III
of ISAP I.d.1, one because of insuf ficient educationj.

l' (inspector BM-1), and the other for document,ation of
| inspection of nonexistent welds (inspector BM-3).
; Additional problems involving these inspectors' work

(e.g. , lack of documentation and correction of'

previously identified concerns) are documented in
QA/QC-PDR-79. No reinspection of these inspectors'
work was performed in ISAP I.d.1, and their ability was
judged to be indeterminate. Evaluation details are
discussed further in the ISAP I.d.1 Results Report.

2.3.3 Attribute 13 - Welder Qualification

In 26 reviews of welder qualification, 17 deviations
were reported for 16 irs that could not be located and
one case where the welder's identification was omitted
from the IR. The 16 cases where the irs could not be
located are the same cases discussed in Section 2.3.2.( Three of these cases are considered likely to be vendor
welding, and even if not, are insignificant. For the
13 cases of missing irs and the one case where the
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welder's identification was omitted from the IR,'

,
'

supplementary information was found consisting of the
welder's identification stamp adjacent to each weld.
The welders identified by these stamps were verified to
be qualified for the welding performed. Therefore,
these deviations are insignificant.

2.3.4 Attribute 14 - Weld Procedure Application

In order to determine proper weld procedure
application, the documentation was reviewed for weld
filler metal type used.

(''i Of the 26 reviews for proper veld filler metal use, 21

\_ .
deviations were reported for 21 documents that could
not be located during the review. The rationale for
the missing documents not being significant is
contained in the discussion for Attribute 12 in Section
2.3.2.

2.3.5 Additional Documentation Evaluation

During documentation reviews, it was determined that
essential weld characteristics such as size, length and

location were not included as attributes in the cable
tray inspection and weld inspection procedures. Where
actual weld attributes were not provided Jn the
procedure, it referenced a welding specification that
provided AWS D.l.1 generic field weld inspection
criteria. The AWS criteria include the generic quality
characteristics of welds such as cracks, surface

porosity, overlap and undercut, but do not address the
weld-specific quality characteristics of size, length
and location. Consequently, these attributes may not
have been inspected and are not documented on
appropriate inspection reports.

A QA/QC Program Deviation Report (QA/QC-PDR-80) was
initiated to identify the lack of adequate acceptancex

' ') criteria for cable tray welding. The PDR was evaluatedi

and determined to be a QA/QC Program Deficiency. The i'

root cause and generic implications of this PDR are
discussed further in the ISAP I.d.1 Results Report.
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This section provides a root cause and generic implication analysis
for the following adverse trends:

1. An adverse trend for missing welds

2. An adverse trend for electrical separation.

3.1 Missing Welds

Root Cause

An adverse trend was identified for missing welds. A
deviation was reported for several missing welds on a field-

(''N fabricated cable tray fitting. According to the latest .

.(,,)- inspection report for this tray, the fitting was fabricated to
Revision 11'of DCA 4178. This DCA is a generic detail design
change for a drawing showing typical details. Revision 29 of
DCA 4178 was the current revision of the design document used
to perform the reinspection for which the deviation was
written.

In the 18 revisions since the last work was performed on the

tray fitting, the design requirements changed significantly.
The original design' allowed the fitting to be used for all
tray sizes. Revision 29 showe'd that this fitting was to be
used only for the smaller trays, indicating that the original
fitting may not have provided the structural strpngth
necessary for the larger sizes of cable tray.

Construction did not implement any of the revisions to DCA
4178 that affected this tray fitting. Further investigation

! determined that changes to this generic DCA were typically not
backfitted. Therefore, the primary root cause is a failure to
backfit revised design requirements.

j

Two additional deviations were reported for several missing
plug welds on two different tray sections. The requirement

I for the minimum edge distance first appeared in Revision 20 of
DCA 4178. This is the same DCA that is discussed above.() According to the inspection reports for these two trays, both
trays were installed three years before Revision 20 was
issued. One had never been reinspected to the new criteria.

- .
_ _ _ ___.
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but the other tray was last inspected one month after Re' vision
20 of the DCA was issued. The inspection report did not
indicate that DCA 4178 (any revision) was used for the
inspection. These two deviations support the primary root
cause identified above and indicate the failure of QC to
inspect to the latest criteria. The reason for the failure of
QC to inspect to the latest criteria is not known. I

Generic Implications *

The generic implications of the root cause of failure to
backfit are that cable tray hardware affected by generic
detail drawings may not have been constructed to the latest

("'x design requirements.

Y.)
Summary

A primary root cause was identified of failure to backfit.
The generic implications are that cable tray hardware affected

"

by generic detail drawings may not have been constructed to
the latest design requirements. The recommended corrective
action for this item is in Section 4.1.

3.2 Electrical Separation

Root Cause
'

All but one of the deviations reported for electrical
I separation violations were between cable tray and conduit.

Unlike conduit, cable tray routing was controlled by design.
Conduit was field-routed in accordance with electrical
construction procedure 35-1195-ECP-19. This procedure
required only that the separation criteria between cable tray
and redundant raceways be maintained to the extent practical
in order to avoid excessive rework at a later date. Random
in-process inspections were required to verify the craft were
installing the cable tray in accordance with the procedure.
This "do the best you can" approach to raceway installation
was based on the expectation that QC would perform a complete-s walkdown to find and correct separation violations after the(''} majority of the installation of electrical raceways was
completed. This may have been an efficient method of
completing the installation work, but it should have been
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recognized that it could have a detrimental impact on craft
attitudes regarding the importance of separation as an element
of proper raceway installation. The large number of
violations that were found during the post-construction
walkdown and the apparent ease with which some of them might
have been avoided indicate that construction personnel gave
little consideration to separation requirements.

The practice of deferring separation considerations was
determined to be the primary root cause adversely affecting
the craft's ability to establish and maintain separation. The
large number of violations found resulted in QC's failure to
detect and ensure correction of the separation violations.

The post construction walkdown did not identify all of the
separation violations. The QC inspectors could have been
overwhelmed with the large number of violations that were
found and consequently failed to find them all. Furthermore,
additional separation violations could have been created
during the rework to correct discovered violations. The fact
that the post construction walkdown did not identify all of
the separation violations indicates a failure by QC to
implement an adequate walkdown program. This is identified as
a secondary root cause.

Conditions described in deviation reports indicate that in
many inspections, QC missed separation violation; because they
improperly interpreted engineering's separation requirements.
As an example, many of the reported deviations were in
raceways that had been accepted by QC because they did not
correctly measure separation distances between raceways where
one or both were covered with separation barrier material,
even though the engineering requirements were clear. It is
evident that these misinterpretations would not be so
widespread had the proper interface occurred among
engineering, QC, and construction. Less-than-adequate
coordination among engineering, construction, and QC is
considered to be a contributing cause of separation

violations.
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The one deviation.that did not involve conduit was for two
horizontal trays, one above the other. The upper tray had

i

L gaps in the bottom of the tray. The lower tray was changed
from a four-inch to a six-inch high tray. The as-found
separation was 2'10", which was two inches less than the

L
allowable separation for this configuration. As originally
installed with the lower tray having four-inch siderails, the
trays met the separation criteria.; The separation criteria
specified for this configuration, both originally and after

|
.the changa,.is clearly stated on the drawings.

The electrical separation between cable trays is normally
controlled by design through dimensions specified on design

('' documents. The installing craft is therefore not normally
concerned with the tray-to-tray separation criteria. As it\

was found for the violations involving conduit, the lack of

emphasis on meeting separation criteria as work is being
performed is the primary root cause.

*

Sincs the deviating trays had been inspected, it appears that
through inattention to detail that the QC inspectors involved
did not properly perform the inspection. The reason that the
inspection was not properly performed is unknown; the root
cause is therefore indeterminate.

Generic Implications

The practice of deferring electrica:- separation considerations
has limited generic implications. Separation criteria

normally can be met by the addition of separation barriers
after the installation of raceways and cables. Separation
criteria are unique for this reason within this population.
This limits the generic implications to the electrical
separation criteria attributes for the construction work
categories of cable tray, conduit, and cable installation.

The secondary root cause of failure to implemttt an adequate
walkdown program has no generic implications within this
population other than for the electrical separation attribute.

O. This is because no other attribute is verified by a QC
walkdown.

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



--_ -_-_

l
1

fRavision: 1

Page 26 of 30

p ;

V RESULTS REPORT l

ISAP VII.c
(Cont'd)

Appendix 2
(Cont'd)

J

I

3.0 ROOT CAUSE AND GENERIC IMPLICATIONS (Cont'd)

The conduit population (Appendix 1) has also identified these
root causes for its adverse trend of electrical separation ,

violations. The cable population (Appendix 3) did not report )
any cable separation violations; however, the cable population
only verified separation of free air cable, which typically is
not installed by the same personnel that installed electrical
raceways.

Action Plan I.b.4 identified numerous deviations of electrical
separation in multi-train panels, which are outside the scope
of this population.

Summary

n
() The practice of deferring electrical separation considerations

has been identified as the primary root cause. The failure to
implement an adequate walkdown program has been identified as
a secondary root cause. The less-than-adequate coordination
between engineering, construction, and QC has been identified
as a contributing cause. The generic implications of the
primary root cause are limited to the electrical separation ;

attributes of the electrical construction work categories j
affected by the separation criteria: cable tray, conduit, and
cable installation. The generic implications identified for

'

;

the secondary root cause are limited to the electrical'

!separation attribute in this population.
'

The recommended corrective action for this item is contained
in Section 4.1.2.

4.0 RECOMMENDATIONS

4.1 Recommendations for Corrective Action

| 4.1.1 Missing Welds

It is recommended that the design changes that have
been made to the generic detail drawings for the cable
tray fittings be evaluated to determine whether they

i s
I need to be implemented. The design changes that do not

need to be backfitted should be revised to reflect
this. For those design changes that should have been
backfitted, reinspect to assure required implementation
and correct as necessary. 1

|

l
i
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4.0 RECOMMENDATIONS (Cont'd)

No prev'entive action recommendations are required as
.

procedures have been issued *.o require that design
changes are reviewed for backfitting requirements.

4.1.2 Electrical Separation

Separation between redundant cables and raceways should
be verified t'o be adequate and corrected as necessary.

.

No additional recommendations are required as the
inspection instruction for conduit has been
appropriately revised to include a verification of
separation during each conduit inspection.

C
(_,R/ 4.1.3 Improper Installation of Splice Plates

A test program incorporating the deviation type of only
two effective bolts for one half of a splice plate has
been recommended and is currently underway. This test

program should be designed to determine the failure
threshold for this configuration. Results of this test

program should be evaluated to establish the threshold.
In the unexpected event that the test fails to confirm
the analysis performed to determine safety
significance, further corrective action may be
required.

* .

4.1.4 Rung Spacing

A test program incorporating the deviation type of
excessive rung spacing has been recommended and is
currently underway. This test program should be
designed to determine the failure threshold for this
configuration. Results of this test program should be
evaluated to establish a threshold. In the unexpected
event that the test fails to confirm the analysis

performed to determine safety significance, further
corrective action may be required.

c

i
- -_________________J
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4.0 RECOMMENDATIONS (Cont'd)

4.2- Recommendation for Improvement

4.2.1 Cable Tray Identification

To ensure compliance with the requirements as stated in
'

the construction procedures, it is recommended that the
presence of identification markings be verified on all
thermolag-covered cable tray and corrected as-
necessary.

5.0 CONCLUSIONS

Based on the findings of the reinspection and document reviews and
- {qj the satisfactory implementation of the above recommendations,.the

applicable recommendations in the ISAP I.d.1 Results Report, the
recommendations contained in Appendices 8 and 9 pertaining to
mechanical clearance, and the recommendations contained in Appendix'
35 pertaining to welding, there will be reasonable assurance that
the hardware in this construction work category is adequately
installed in conformance with the design.

|

.

I

4

i

1

g |

.

_ - _ . _ _ _ , _ - - _ _ _ _ _ _
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Table-2-1

Summary of Reinspection Results
Cable Tray.

Deviation Classification
Number of
Inspection Number of In:igni- Construction..

Attribute Points Deviations ficant Notable Deficiency-
,

,

1) Tray Identification
and Color Code 510 2** 2** 0 0

2) Damage' 102 10 10 0 0

'

3) Tray Size' 102 0 0 0 0
.

4) Tray . sting and
Arrange _ent 102 0 0 0 0

,

5) Attachments 750* 3 2 1 0
,

6) Welding 231 '14 14 0 0

7) Rung Spacing 296 2 2 0 0

8)' Bolting 17,754 27 24 3 0

9) Mechanical Clearance 100 6 6 0 0*

10) ' Electrical Separation 98 6 2 2 0

. TOTALS 20,045* 70 64 6 0

(Approximately 20,000)
1

|e

* Approximately

** 1 of the 2 deviations is a generic deviation.

- __ - _ - _ _ _ _ .

\
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Table 2-2

Summary of Documentation Review Results
Cable Tray

Deviation Classification

' Number-of
Review Number of Insigni--

' Attribute Points Deviations ficant Notable

11) TrayLInspector
Certification 182* 2* 2*- 0*'

12) Welding' Inspector
Certification 26* 16* 16* 0*

.13)' Welder Qualification 26 17 17 0

14) Weld' Procedure
Application 26 21 21 0

.

TOTALS 260* 56* 56* 0

.

QC Inspector Certification review points and deviations are excluded from totals*

and the deviations are not classified because the results of ISAP 1.d.1 indicate
that these deviations do not relate directly~ to actual' . inspection

qualifications. The review points and deviations shown for this attribute are
for missing documentation.

O
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Cables

1.0 REVIEW PROGRAM IMPLEMENTATION

1.1 Construction Work Category Description

The construction work category of cables includes all
safety-related, Class IE cables. Cable terminations, field

installed jumpers, separation barrier material installations,
and cable support grip installations are also included in this
construction work category.'

1.2 Population Size and Sample Selection

For this construction work category, a population of
approximately 7,300 items was identified as QC-accepted as of
the date of this reinspection effort. Reinspection and

7s
('-) documentation reviews were performed for a total of 374

accessible items. Of these, 284 first sample items were

randomly selected and 60 items were non-randomly selected from
the population. The 284 randomly selected items were required
to ensure that at least 60 reinspection or documentation i

reviews of each attribute, except as noted below, were.
,

performed. The 60 non-random samples were required for either
the 100 percent reinspection and documentation reviews noted |

below or were extra samples not used in the first sample, but
the results of which are included in this raport. An
additional 30 acceccible second sample items were randomly
selected to ensure that at least 60 safe-shutdown hardware
items were reinspected or reviewed. '

,

A total of 162 grips from 23 cable samples were inspected for
Attribute 8, Cable Support Grip Installation. This represents
100 percent of the accessible cable grips in the population.

Because there were relatively few power cables in the
population subject to power cable spacing requirements
(Attribute 3), only two samples having this attribute resulted
from random selection. Reinspection of these two samples,
however, resulted in a large number of deviations that were
identified as an unclassified trend. Because the recommended
corrective action will cover 100 percent of the population for 1

I

(\. /''T
this attribute, additional samples for this attribute were
determined not to be required.

J

l
j
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1.0 REVIEW PROGRAM. IMPLEMENTATION (Cont'd)

All 44 of the QC-accepted 6.9Kv cables in the population were
reviewed for Attribute 19, QC acceptance of cable jacket and
insulation removal.

1.3 Attributes Selected

Sample items were reinspected for the following attributes:

Attribute 1 - Size, type and color

Attribute 2 - Damage

Attribute 3 - Power cable spacing

() Attribute 4 - Slack

Attribute 5 - Routing

Attribute 6 - Bend radius
4

Attribute 7 - Support

Attribute 8 - Cable support grip installation

Attribute 9 - Separation

Attribute 10 - Separation barrier material installation

Attribute 11 - Splices and repairs

Attribute 12 - Tie down installation

Attribute 13 - Terminations

Sample item documentation was reviewed for the following
attributes:

Attribute 14 - QC acceptance of raceway acceptability

Attribute 15 - QC acceptance of pull tension

.

--------L--_.n.-___ . _ __
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1.0 REVIEW PROGRAM IMPLEMENTATION (Cont'd)

Attribute 16 - QC acceptance of lubrication

Attribute 17 - QC acceptance of damage and defects

Attribute 18 - QC acceptance of tests

Attribute 19 - QC acceptance of cable jacket and
insulation removal

Attribute 20 - QC acceptance of bolted connections j

Attribute 21 - QC acceptance of heat-shrinkable tubing

Attribute 22 - QC acceptance of separation barrier
material installation

Attribute 23 -'QC acceptance of cable support grip
installation

Attribute 24 - QC acceptance of cable pulling
operations

Attribute 25 - QC inspector certification

2.0 DISCUSSION OF RESULTS

*2.1 Summary of Results

Reinspection resulted in a total of 117 Deviation Reports
describing 196 deviations. Approximately 8,700 inspection
points were encountered in performing the reinspection. See
Table 3-1 for results of inspections.

Documentation reviews resulted in 27 Deviation Reports
describing 27 deviations. Approximately 2,700 review points
were encountered in performing the documentation reviews. See

Table 3-2 for results of the documentation review.

O :
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2.0 DISCUSSION OF RESULTS (Cont'd)

Documentation review deviations related to inspector

certification have not been included in the aforementioned
totals. As discussed in Section 2.3, 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.

In the 13 reinspection attributes of this population, there
were two adverse trends and three unclassified trends
identified. In addition there were three construction
deficiencies identified as a result of the review of

|h out-of-scope observations. These findings are as follows:

1. Attribute 3 - Power cable spacing: Unclassified trend
for spacing less than the specified

minimum. See Section 2.2.3 for
. discussion of this attribute.

2. Attribute 4 - Slack: Adverse trend for slack less
than ths specified minimum. See Section
2.2.4 for discussion of this attribute.

3. Attribute 6 - Dend radius: Unclassified trend for
bend radius less than minimum specified.

See Section 2.2.6 for discbssion of this
attribute.

4. Attribute 10 - Separation barrier material
installation: Adverse trend for
installations not in accordance with
instructions. See Section 2.2.10 for
discussion of this attribute.

5. Attribute 12 - Tie down installation: Unclassified
trend for tie down spacing greater than
specified. See Section 2.2.12 for
discussion of this attribute.g
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6. Attribute 13 - Terminations: A construction deficiency
for loose connections on Weidmuller
terminal blocks. See section 2.2.13 for
discussion of this attribute.

7. Attribute 13 - Terminations: A construction deficiency

for cables not terminated in accordance
with drawings. See section 2.2.13 for
discussion of this attribute.

8. Attribute 13 - Terminations: A construction deficiency
for loose connections on terminal
blocks. See section 2.2.13 for
discussion of this attribute.

O In the 12 documentation review attributes of this population
(excluding QC inspector certification), 21 of the document
review deviations were determined to be insignificant and 6
were notable. One unclassified trend was identified, as

follows:

9. Attribute 19 - QC acceptance of cable jacket and
insulation removal: Unclassified trend
for 6.9 Kv cable jacket and insulation

removal not verified. See Section 2.3.6
for discussion of this attribute.

*
2.2 Analysis of Reinspection Results

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 cable, and an
analysis for the presence of trends. The function of the
cable is to conduct the required current at the required
voltage from its specified origin to its specified
destination.

2.2.1 Attribute 1 - Size, Type, and Color

In the 377 inspection points to verify correct size,G type, and color of the cable, one deviation was
reported where the cable color was not in accordance
with the cable and raceway schedule. In this case, a
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Train A cable that would normally have an orange jacket
was found to have an orange with white strip jacket
(Train A associated). As there was no separation
violation and the cable used was a qualified Class 1E
cable, the deviation was considered insignificant. Use
of the same size and type of cable, but with a
different color jacket, is unlikely to result in a
construction deficiency; therefore, no adverse trend
was identified.

2.2.2 Attribute 2 - Damage

In all 95 inspection points, the cable was verified to
be free from observable damage in accordance with tha

e specifications and procedures. No deviations were
reported.

2.2.3 Attribute 3 - Power Cable Spacing

In the 60 inspection points to verify correct power
,

cable spacing 22 deviations were reported where the
power cable spacing was less than the specified minimum
of one-quarter of the diameter of the largest cable.
These deviations occurred on two cables.

The evaluations of these deviations were based on the
conservative assumption that cables in trays where
spacing is not being maintained are tightly packed.
One cable's rated ampacity was reduced from 104.2
amperes to 84.6 amperes (19 percent); the required
ampacity based on the load was 84.8 amperes. Even
though the required ampacity was 0.2 amperes greater
than the calculated ampacity, it was not considered a
construction deficiency because of the conservative
assumption of tightly packed cables as compared to the
actual condition of spaced cables that were only
intermittently touching. The ampacity was reduced by
more than 10 percent, and therefore the deviation was
considered to be notable. The other cable's rated
ampacity was reduced from 263.9 amperes to 230.99 amperes (12.5 percent); the required ampacity was 88

- _ _ _ _ _ _ _ _ _
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amperes. Because the ampacity was reduced more than 10
percent but not below the required level, the deviation
was considered to be notable, but ves not a

construction deficiency.

Nevertheless, there were deviations in 22 of the 60

tray sections, which indicates that a trend exists.
The deviations encountered consisted of spacing reduced
to within 1/8 inch as well as cases where touching of
the cables occurred for up to 5 feet in length. A
bounding analysis would be very difficult to perform
because of the varied cable sizes, load currents and

spacing configurations throughout the plant.
Therefore, the likelihood of a construction deficiency

O existing in the uninspected portion of the population
cannot be determined, and an unclassified trend was

identified. Refer to Section 3.1 for root cause and
generic implications analysis.

2.2.4 Attribute 4 - Slack

In the 360 inspection points to verify correct cable
slack, 25 deviations were reported where slack was less
than the specified minimum of 2 inches at free air
cable transitions. These transitions were from tray to

conduit.

The minimum specified slack was 2 inches.' The actual
slack, as measured or estimated, was either 0.5 inch
(22 cases) or 1 inch (three cases). There were 13
cases included above where the free air cable was
partially covered with thermolag, and slack was either
measured from where the cable exited the thermolag or

slack existing under the thermolag was estimated (from
existing documentation and data obtained during
reinspection of uncovered cables). In all cases,

through calculations of relative displacement, the
existing slack was determined to be equal to or greater
than the slack necessary for that location. The
measured slack exceeded the necessary slack for these9 deviations by 0 to 0.25 inch (14 cases) 0.26 to 0.6
inch (10 cases) and over 0.6 inch (one case). In these

cases, the ability of the cable to perform its

_
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required function was not affected by these deviations,
and they were determined to be insignificant. Howevfr,
based on frequency, deviations of this type are likely
to exist-in the uninspected portion of the population,
and as the margin of excess slack is zero on one of the
samples and less than 0.25 inch on 13 others, a
deviation severe enough to cause a construction
deficiency could occur. Therefore, an adverse trend
was identified. Refer to Section 3.2 for root cause
and generic implications analysis.

2.2.5 Attribute 5 - Routing

In the 1,835 inspection points to verify correct cable
routing, nine deviations were reported where the cable

, routing was not in accordance with the cable ands

raceway schedule.

In two deviations, the cable was routed through a
conduit not included in the cable and raceway schedule

'

ict th.'t cable. In these cases, there were two
.: oa A ~ it , either of which routed the cable from correct
origin to correct destination. The ampacity and
voltage drop of the cable were not affected by any
percent fill or length change of the conduit. Since
the functional capability of the cable was not reduced,
the deviation was considered insignificant. Cables

routed in the incorrect conduit would resbit in the
cable's origin'or destination being incorrect, except
when two conduits have identical origin and
destination. Cables being terminated at an incorrect
origin or destination would be easily detected by
start-up testing, and the likelihood of that condition
existing is negligible. If a cable were to be routed
in an incorrect conduit the only factor likely to be

affected is conduit fill. Conduit fill is a concern
because of its impact on the ampacity of the cable.
For any cable other than a power cable, conduit fill
would have negligible effect on ampacity because of the

- low levels of current involved. A large percentage of

( power cables are routed in separate conduits. If more
than one power cable were routed in a conduit, the
effect of fill is uncertain depending on the load on

I

the cable.

_ _ _ _ _ _ _ _ _ - _ _ _ _ -
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In summary, based on the following considerations, it-
is not likely this deviation type would result in a
construction deficiency: (1) the low incidence of two
conduits that have identical origin and destination so

~

that misrouting could not be detected by a continuity
check, (2) the low fraction of total cable that is
power cable and thus susceptible to arpacity
restrictions if misrouted, (3) the relative

improbability that similar circumstances would result
in similar deviations, and (4) the probability that if
a deviation were to exist it would be on a lightly

loaded cable or in a conduit with low initial fill.
Therefore, no adverse trend was identified.

O.
In four deviations, cable was routed in conduit with
incorrect (three cases) or missing (one case)
alphanumeric identifications. Each of the incorrect
identifications was a case where one digit of the
number of the identification was incorrect. Although
the raceway' identification did not agree with the cable
and raceway schedule, these discrepancies involved only
the raceway markings, and in each case the cable was
installed in the correct conduit. Because the routing
was actually correct, these deviations were considered
insignificant. In all cases, the origin and
destination of the required conduit are known before
the cable pull. If there is only one conduit installed
between those two points, then incorrect routing is not
possible. In the conduit population, there were no
reported deviations of incorrect size or routing of
conduit. If there is more than one conduit routed
between the identical origin and. destination, then the
rationale stated in the discussion of the previous two
deviations applies and misrouting of the cable would be
unlikely or inconsequential. Because this deviation
type is unlikely to result in a construction
deficiency, no adverse trend was identified.

In three deviations, a cable was routed through three

tray sections that were not scheduled for that cable.
/'')/,

(, There were no violations of function code, separation,

or percent fill requirements and the cable was
terminated at the correct origin and destination.
There was no increase in circuit length and the
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functional capability of the cables was not affected.
Therefore this deviation was considered insignificant.
For other occurrences of similar deviations in the
population, tray fill would not be a factor because the
maximum fill anywhere in the plant is approximately 65
percent of design capacity and would not be adversely
impacted by an occasional misrouted cable. Separation
and function code deviations are easily recognized from
the color coding and raceway number differences;
therefore, the probability of these types of deviations
resulting from a misrouting deviation is negligible.
It is not considered to be likely that deviations of
this type would be severe enough to cause a
construction deficiency; therefore, no adverse trend
was identified.

\_-
2.2.6 Attribute 6 - Bend Radius

In the 475 inspection points to verify correct bend
radius, two deviations were reported where the
installed cable had a bend radius less than the minimum
specified.

The two deviations reported were for cables that were
routed inside equipment. These cables had a specified
minimum bend radius of 4 inches but were reported to
have installed bend radii of 3.75 and 2.5 inches. The
cable supplier was consulted, and he stated that the !

3.75-inch bend radius was acceptable provided the cable
was not touching other cables or equipment. Under |

these conditions, the reduced bend radius would not
cause adverse impact to the cables. The 2.5-inch bend
radius was considered by the cable manufacturer to be
unacceptable. The cable would require rerouting and,
if damaged, replacement. Examination of the cable
revealed no visual damage. Startup and testing of the
circuits completed with the cable also indicated
functional capability of the cable. Therefore, that
deviation was determined not to be a construction

p deficiency.

\
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Bend radius below the manufacturer's specified minimum
can not be accepted based on any measurement of
detectable effects, since immediate effects can not be
related to the ability of a cable to perform its
function over its life. In these cases, the cable

manufacturer is relied upon for determination of
allowable limits. In both of the above cases, the

cable manufacturer's concern about the reduced bend
| radii was evident. This was more so in the latter case

where rework or replacement were the suggested
corrective actions for the deviation. The deviation of
the first cable was only 0.25 inches from the 4 inches
required and no rework was required. This deviation
was determined to be insignificant. The second cable

O had a deviation of 1.5 inches from the 4 inches
required and rework or replacement was recommended.
This deviation was determined to be notable.

Additional bend radius deviations are likely in the

population, including some that could be notable;
however, the likelihood of a construction deficiency
existing in the uninspected portion of the population
cannot be determined from the existing data. This
occurs because each type of cable is different and
interpretation of bend radius requirements vary from
manufacturer to manufacturer. Therefore, these

deviations were determined to constitute an*

unclassified trend. Refer to Section 3.3 for root
cause and generic implications analysis.

2.2.7 Attribute 7 - Support

In the 440 inspection points to verify cable support
requirements, one deviation was reported where the
unsupported cable length was greater than the specified
maximum of 3 feet 6 inches.

The one deviation was a- case where a cable axited
equipment through a conduit and traveled vertically in
free air to a cable tray. The unsupported distance was

O 3 feet 7 inches whereas the specified maximum distance
was 3 feet 6 inches. Because the cable was vertically
oriented, it was considered to be equivalent to a cable

. _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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in a vertical raceway. For a cable'the same size as
this sample, the allowed unsupported vertical raceway
distance would be 25 feet.- Therefore, the unsupported-
vertical distance of 3 feet 7 inches was determined not
to affect the. cable's design function and was
insignificant. If similar deviations were to occur in
the uninspected portion of the population, and be up to
4 feet 6 inches in' length either horizontal or

~

vertical, they would also be determined to be
insignificant. No adverse trend was identified.

2.2.8 Attribute 8 - Cable Support Grip Installation-

In the 810 inspection points to verify correct cable

() grip installation, five deviations were reported where
the cable grip was not installed in accordance with the
installation instructions.

In four deviations, the specified use range of the
cable grip was exceeded. The use range is determined
by the minimum and maximum circumference of the bundle
of cables that the grip is able to support. The

differences between the actual circumferences and the
maximum use ranges were as follows:

Maximum Actual
Use Range Circumference Difference

(Inches)(Inches) (Inches) -

9.420 9.625 0.205
9.420 9.625 0.205
5.500 5.750 0.250
5.500 6.250 0.750

The cable grip manufacturer confirmed that the above
variations would have no adverse impact on the cables
or on the cable grips. Therefore, these deviations
were determined to be insignificant. If similar
deviations were to occur in the uninspected portion of
the population, they would also be expected to be

O. insignificant. No adverse trend was identified..

!
_ _ _ _ _ - _ _ - _ _ - _
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In the one remaining deviation, the bedding tape
applied to the cable prior to installing the grip
exceeded by 1 inch the maxinum specified length of 10
inches. The bedding tape was applied as a good
construction practice to protect the cable but was not
required by the vendor's instructions. No other
installation criteria were violated. The one
additional inch of bedding tape was insignificant and
had no adverse impact on the cable or grip. This type
of deviation could not cause a construction deficiency;
therefore, no adverse trend was identified.

2.2.9 Attribute 9 - Separation

Ont
In all 96 inspection points, separation was verified to
be in accordance with the specifications, installation
procedures and detail drawings. No deviations were
reported.

2.2.10 Attribute 10 - Separation Barrier Material Installation

In the 1,846 inspection points to verify correct
separation barrier material installation 115 deviations
were reported where the separation barrier material was
not in accordance with the installation instructions..

In 91 deviations, the stainless steel bands securing

the separation barrier material to the rebeways or
|

cables were not spaced in accordance with the specified
I minimum distance from the ends of the installations and

from each other.

In approximately 280 inspections for the requirement
that bands be installed within 2 inches of each end of
a separation barrier material installation, 79 resulted
in deviations where the distance was 2.5 to 4.5 inches
and eight where the distance was 5 to 8 inches.-

O

_ _
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The evaluations of these deviations determined that in
no case would a violation of separation criteria exist
as a result of any of the deviations. The evaluations
were performed using the conservative assumption that
the separation barrier material would be fully
dislocated from the end to the band, thereby exposing
the covered raceway or cable. The exposed raceway or
cable was then determined for each case not to be in
violation of,the separation criteria. The identified-
deviations are insignificant.

Since no deviations were reported where separation
barrier material dislocation existed at the ends,
deviations similar to those reported would not likely

(,-~ have separation barrier material dislocation.- This is
N- due to the relative stiffness of the separation. barrier

material and the specified 2 inch overlapping of it
around the raceway or cable. Therefore, a construction
deficiency would be unlikely to result,-should similar
deviations occur elsewhere in the population.

In approximately 150 inspections for the requirement
that additional bands be installed such that the
distance between any two bands does not exceed 9
inches, four resulted in deviations where the distance
between bands was 10 to 12 inches.

The evaluations for these deviations determined that in
no case would a violation of separation criteria' exist
as a result of the deviations. The evaluations
considered the weight and configuration of the
separation barrier material. They determined that
dislocation would not occur and that mechanical
integrity of the bands would not be affected. The
identified deviations are insignificant. Should
similar deviations occur in the uninspected portion of

'

the population, it would be unlikely for a construction
deficiency to result. This conclusion is based on the i

report of Project test number TNE-EQ-CA-000-128,
' entitled " Verification of the Structural Integrity of

( - Siltemp Radiation Barrier Material and Its Installation

- _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ -
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Clips", wherein the mechanical strength of the bands
for separation barrier material covering the largest
raceway with band spacing being 12 inches was found to
have a safety factor of over five.

In 24 deviations, the installed configuration of the
separation barrier material was not in accordance with
the installation details specified in the installation
instructions and travelers.

These deviations were categorized as follows:

NUMBER OF NUMBER

INSPECTIQN OF
'\ DESCRIPTION POINTS DEVIATIONS

(O
Separation barrier material was 450 2

compressed more than 1 inch where
the band was installed.

Separation barrier material did 100 5

not extend 4 inches on either
side of the slot in the cable
tray cover through which cables
entered the tray. .

Separation barrier material was 100 6

not 1 inch wider than the cable -

tray and did not ensure a seal
between the material and tray
rail.

Separation barrier material tag 150 3

number and traveler number were
not the same.

Separation barrier material did 100 3

not mushrocm into the tray where
cables entered.

(
o

,

|

- _ _ _ _ _ _ _ _ _
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NUMBER OF NUMBER

INSPECTIQN OF
'

DESCRIPTION POINTS DEVIATIONS

Separation barrier material was 150 1 |
loose and tearing where bolted
to channels.

Separation barrier material did 150 3

not overlap 2 inches.

Separation barrier material not 150 1

installed on the side of conduit
shown in the detail.

p
i *
% Numbers are approximate TOTAL 1450 24

The evaluation of 13 of these deviations determined
that the installed configuration, although not in full
conformance with the installation instructions, did .

meet the intended purpose of the separation barrier
material installation. For six deviations, the
evaluations determined that regardless of the
configuration of the installed separation barrier |

material, it would not have caused a violation of the

separation criteria. For the three deviations
involving incorrect tag numbers (the tag indicates the
traveler number used to install the separation barrier
material), the evaluations determined either that the
tag was punched incorrectly or had not been changed
subsequent to rework; however, the installations were
in acccrdance with the latest traveler.

Tve dwiations resulted in separation violations. One
deviat;on was reported where a separation barrier
materfd i :@et in a cable tray was not 1 inch wider
than the tray. As a result, the seal between the
material and tray rail was not ensured, thereby
exposing cables in the tray. The evaluation of this
deviation determined that the separation violation

h,A produced a situation in which the cable's conductor
temperature could reach 97 C. The other deviation
reported that the bolte holding a separation

I
._ ____________________________A
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barrier material blanket to Unistrut mounted on the
bottom of the cable tray had. pulled through the
blanket. As a result, the blanket was dislocated,
thereby exposing cables in the tray. The evaluation of
this deviation determined-that the separation violation
produced a situation in which the cable's conductor
temperature could reach 113 C.

The evaluated effect of these two deviations was
determined to be insignificant. In each case, thermal
calculations were performed for conditions of
internally generated raceway fires due to faulted
cables. The resultant conductor temperatures of 97 C
and 113 C are less than the man'facturer's allowable

[ emergency temperature rating of 130 C. For conductor
temperatures below the allowable emergency temperaturex

rating, no loss of cable life or function will occur.

Although these deviations have been determined to be
insignificant, configuration and spacing of separation
barrier material vary throughout the plant in ways that
could affect the significance of similar deviations
elsewhere. Extrapolation of these types of deviations
into the uninspected portion of the population leads to
a conclusion that a situation could exist where cables
or raceway are exposed, thereby causing a violation of
separation criteria. Postulating an internally
generated raceway fire, similar deviationt could result |

in conductor temperature exceeding the maximum
allowable emergency temperature rating of 130 C thereby
causing loss of cable life or function. A construction
deficiency could exist in the uninspected portion of
the population; therefore, an adverce trend of these
deviation types was identified.

I

All of the band spacing deviations have been determined !

to be insignificant; however, the large number of |
deviations and considerable disparity between the
requirements and the found conditions is a concern.
Therefore, all deviation types are addressed in the

j('') root cause and generic implications analysis for the_,/'

adverse trend (refer to Section 3.4). ,

_--_____-._____________________________a
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2.2.11 Attribute 11 - Splices and Repairs

In all 95 inspection points for the presence of
undocumented splices and repairs, all were verified to
be in accordance with the specifications and
procedures. No deviations were reported.

2.2.12 Attribute 12 - Tie Down Installation

In the 1,600 inspection points to verify correct tie
down installation, four deviations were reported where
tie down mounting holes were closer than specified and
one deviation was reported where tie down spacing was
greater than specified.

Four deviations were reported where the holes drilled
in solid bottom trays for tie wraps were spaced less
than the specified minimum of 2 inches. The hole
spacing as found was 1-7/6 inches. Minimum hole
spacing was specified so that the structural soundness
of the cable tray would not be impacted by
indiscriminate hole drilling. The evaluation of these
deviations was based on the conservative assumption
that hole spacing was zero and a continuous slot across
the bottom of the tray existed. On that basis, the
hypothesized worst case hole spacing was no worse than
a tray with a 1-inch gap and splice plate, which is an
acceptable condition. Because the evaluated condition
enveloped the worst case of zero spacing, these
deviations were determined to be insignificant. It

also envelopes any deviation of this type in the
uninspected portion of the population. Accordingly, no
adverse trend was identified.

One deviation was reported where the installed tie
downs were 9 feet apart on cables requiring space to be
maintained between them. That distance is greater than
the specified maximum requirement of 6 feet. Proper
spacing of the tie downs is necessary to maintain
proper spacing of cables. Deviations of this type9 occurred in four of the 60 tray segments inspected.

-_ . _ _
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The tray sections where the tie down deviations
occurred are the same tray sections in which deviations
of spacing between cables occurred. The deviations of
tie down spacing were determined not to be construction
deficiencies on the same basis as were the cable
spacing deviations (Attribute 3). It has not been
determined whether the incorrect spacing of the tie
downs' contributed to the cable spacing deviations;
however, excess tie down spacing could contribute to
the cable spacing problem. The likelihood of a
construction deficiency in the uninspected portion of
the population could not be predicted for cable spacing
(Attribute 3), and the same rationale applies to tie
down spacing. Therefore, the tie down spacingr deviations were identified as an unclassified trend.-

'
Refer to Section 3.5 for root cause and generic
implications analysis.

2.2.13 Attribute 13 - Terminations

In the 645 inspection points to verify correct
installation,11 deviations were reported where

'terminations were not in accordance with
specifications, procedures, and drawings.

.

Three deviations were reported where the conductor was
not fully inserted in the terminal barrel, i.e., not

flush with the barrel end. In each case,'the wire was

inserted past the area where the crimp was made.
Current carrying capacity and mechanical strength of
the terminal were analyzed and found not to be reduced
below rated capacity. These deviations have no effect

.

|
on the ability of the cable to perform its function. I
and are therefore insignificant. Should similar ;

deviations occur in the uninspected portion of the
population, a construction deficiency would be unlikely
to result. No adverse trend was identified.

One deviation was reported where the terminal

O.
insulation was damaged. The damage involved a small
chip in the terminal barrel insulation near the tongue
end. The rest of the barrel insulation was intact and
secured. This damage is cosmetic in nature and does
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not adversely affect'the function of the terminal or
cable. Should similar deviations occur in the
uninspected portion of the population, a construction
deficiency would be unlikely to result. No adverse
trend was identified.

One deviation was reported where the terminal stud hole
size was slightly smaller than the terminal screw size.
As a result, the tightening of the terminal screw had
cut threads on the inside of the terminal hole. The
evaluation of this deviation determined that this
alteration'of the terminal had no effect on its current
carrying capacity or mechanical strength. No reduction
in the functional capability of the terminal or cable

- occurred. Therefore, this deviation is insignificant.
Should similar deviations occur in the uninspected
portion of the population, a construction deficiency
would be unlikely to result. No adverse trend was
identified.

Five deviations were reported where the insulation of
the conductor was not fully inserted in the insulating
sleeve of the terminal barrel. The evaluations of
these deviations determined that the bare conductor was
not exposed and all other' attributes of the
terminations were satisfactory. Mechanical strength of
the terminations was not reduced because the cables
were adequately secured and any differential motion
between the wire and lug would be negligible. Because
no reduction in the functional, capability of the

,

'terminator cable occurred, this type of deviation was
determined to be insignificant. Should similar
deviations occur in the uninspected portion of the
population, a construction deficiency would be unlikely
to result. No adverse trend was identified.

One deviation was reported where a Weidmuller terminal
block was used to terminate a wire size that was not
within its specified wire size range. The evaluation

/ of this deviation determined that the manufacturer's
J ]/s. published wire size range of the terminal block

included those sizes approved for field-installed
cable. That was the information that was included in

_ __ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ .
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the installation procedure. The manufacturer's data
also approves use of the terminal block for smaller
wire sizes in factory wiring. The use of the term
" factory wiring" in this context means wiring installed
under a proceduralized and controlled program. Class
1E field wiring meets that definition and is considered
equal to factory wiring in both consistency and
quality. Therefore, the terminal block was technically
acceptable for smaller wire sizes, the functional
capability of the termination had not been reduced and
the deviation was insignificant. Should similar-
deviations occur in the uninspected portion of the
population, a construction deficiency would be unlikely
to result. No adverse trend was identified.,

\ Four out-of-scope observations reported loose
connections on Weidmuller terminal blocks. One
terminal block was damaged and the terminal screw could
not be tightened. Three other terminal blocks had
loose terminal screws. An evaluation of the condition-
of' loose terminal screws determined that mechanical
vibration, thermal cycling, or other forces on the
conductors would cause failure of the cables to perform

their intended functions. These observations were
determined to be a construction deficiency. Refer to.

Section 3.6 for root cause and generic implications

analysis.
.

One out-of-scope observation reported that cables were
not terminated on the correct terminal block points in
accordance with the design drawings. An evaluation of
the condition of incorrect wiring determined that a
wiring design change had not been implemented and the
circuit would not function ac it was designed to

perform. Therefore, this observation was determined to
be a construction deficiency. Refer to Section 3.7 for
root cause and generic implications analysis.

One out-of-scope observation reported that a terminal
screw on a terminal block was found loose. A loose} termination can cause high contact resistance that will
deteriorate during inservice use and could eventually {
fail causing loss of continuity. That condition j

!
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therefore would cause failure of the cable to perform
its intended function. This observation was determined
to be a construction deficiency. Refer to Section 3.8
for root cause and generic implications.

2.3 Analysis of Documentation Review kesults

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 to
provide reasonable assurance that the cable is properly
installed.

2.3.1 Attribute 14 - QC Acceptance of Raceway Acceptability

In the 135 review points for QC acceptance of raceway
acceptability, one deviation was reported where the
entry on the inspection report for conduit swabbing was
improperly marked N/A for a cable that was routed
through conduit. The evaluation of this deviation
determined that the cable was repulled through all the
conduits and that the swabbing attribute was addressed
on a subsequent inspection report. The deviation on
the original cable pull was determined to be
insignificant.

2.3.2 Attribute 15 - QC Acceptance of Pull Tens,1on

In the 135 review points for QC acceptance of pull
tension, 12 deviations were reported where QC
acceptance of the pull tension attribute could not be
verified in accordance with the procedure. All the
deviations were the result of incomplete signoff of the
cable pull card by engineering. Six deviations were
cases where the engineer signed the pull card but did
not date it, thereby making evidence of engineering
approval prior to the pull indeterminate. An
evaluation of these deviations led to the conclusion
that the actual pull configuration would have been

O evaluated by the engineer regardless of when the pull
was performed; therefore, the missing date was
determined to be insignificant. Three deviations were
cases where the engineer initialed the pull card

- - - _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _
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instead of signing it. The initials were confirmed to
be those of authorized engineers, and these deviations
were therefore determined to be insignificant. Three
deviations were' cases where only a partial cable pull
was performed because the raceway was incomplete. The

-partial pull was followed by a completion pull. The
original pull card for the partial pull was approved by
an engineer's signature but the completion pull was
not. In all three cases the last segment of raceway
was within the preapproved raceway length,
configuration, and cable size table; therefore, no
special engineering consideration was necessary, and
the deviations were determined to be insignificant.

O 2.3.3 Attribute 16 - QC Acceptance of Lubrication
'V

In the 135 review points for QC acceptance of
' lubrication, one deviation was reported where QC
acceptance of the lubrication attribute on the original
cable pull inspection report was left blank. A

, ,

calculation was performed to demonstrate that the cable
pull would have been made without exceeding the maximum
pull tension requirements even without the use of :

lubrication. Therefore, this deviation was determined

to be insignificant.

2.3.4 Attribute 17 - QC Acceptance of Damage and Defects

In the 135 review points for QC acceptance of damage
and defects, appropriate inspection reports were found
to be properly marked to indicate acceptance of these

Iattributes. No deviations were reported.

2.3.5 Attribute 18 - QC Acceptance of Tests !

In the 285 review points for QC acceptance of tests,
appropriate inspection reports were found to be
properly marked to indicate acceptance of this
attribute. No deviations were reported.

O
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2.3.6 Attribute 19 - QC Acceptance of Cable Jacket and
Insulation Removal

In the 264 review points for QC acceptance of cable
jacket and insulation removal, six deviations were
reported where QC acceptance of the cable jacket and
insulation removal attribute was marked N/A, resulting
in 6.9Kv cable jacket and insulation removal not being
verified. Marking this attribute N/A for a 6.9 Kv
cable was not in accordance with the applicable QC
procedures and provided no objective evidence of the
quality of the cable. The evaluation of these
deviations determined that no conclusion about the
condition of the cable could be reached. The adequacys() of this attribute could not be determined through

objective documentation; therefore the deviations are
notable. These deviations have been determined to
constitute an unclassified trend. Refer to Section 3.9
for root cause and generic implications analysis.

.

2.3.7 Attribute 20 - QC Acceptance of Bolted Connections

In the 90 review points for QC acceptance of bolted
connections, two deviations were reported. One was for
a missing termination' inspection report for the origin
end of a cable that was determinate for testing. A
review of documentation, including startup t-est
records, indicates that subsequent rework'and testing
of the cable have occurred and the missing inspection

report does not affect the present condition of the
cable. The other deviation was for the destination end
of the same cable. As reported by the inspector, the
latest inspection report in the cable file did not
contain the necessary attributes for a bolted
connection. The termination procedure that was current
at the time of the inspection had two inspection report
forms, one for in-process inspections that contained
the bolted connection attributes, and one for

post-installation inspections that did not contain
/''T these attributes. Even though the wrong form was used
V.
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for the inspection, as stated above, the cable has
since been reworked and tested by startup. Therefore,
the cable's present condition is unaffected by the
documentation error. These deviations are
insignificant.

2.3.8 Attribute 21 - QC Acceptance of Heat-Shrinkable Tubing

In the 140 review points for QC acceptance of
heat-shrinkable tubing, two deviations were reported.
One was where the heat-shrinkable tubing attribute was
lef t blank on a completed and signed inspection report
for heat-shrinkable tubing installation. The
heat-shrinkable tubing installation was reinspected and

f-~s

('') found to be acceptable. A review of five other
inspection reports signed by the same inspector
revealed that the heat-shrinkable tubing block had been

consistently checked and that those inspection reports
were complete. This deviation is most probably the
result of an isolated oversight by the inspector and is

insignificant.

The other deviation was where an inspector signed the
heat-shrink attribute as being not observed. It should

have been signed not applicable, as there is no
heat-shrinkable tubing installed on the cable. This
deviation is insignificant.

,

2.3.9 Attribute 22 - QC Acceptance of Separation Barrier
Material Installation

In the 142 review points for QC acceptance of
separation barrier material installations, appropriate
inspection reports and travelers were found to be
properly marked indicating acceptance of this

attribute. No deviations were reported, however,
reinspection of the same attributes accepted by QC
revealed 108 deviations. The disparity between the

[''T as-documented and as-found conditions is addressed in
\m / the root cause and generic implications analysis for

Attribute 10 (refer to Section 3.4).

_ ____-_-_ -
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2.3.10 Attribute 23 - QC Acceptance of Cable Support Grip
Installation

In the 165 review point's for QC acceptance of cable
grip installations appropriate inspection reports and
travelers were found to be properly marked to indicate
acceptance of the attribute. No deviations were
reported.,

2.3.11 Attribute 24 - QC Acceptance of Cable Pulling
Operations'

In the 60 review points for.QC acceptance of the item
- " Verify cable pulling operations (routing)", the -

Jg inspection reports were found to be properly marked,
- indicating acceptance of that attribute.

2.3.12 Attribute 25 - QC Inspector Certification

In 965 reviews of cable documentation, three deviations

were reported because the cable installation inspection
reports were not found in the cable documentation file.
In one deviation, a cable installation inspection

report for rework of a cable could not be found. The
rework was indicated on an inspection removal notice
and consisted of repulling and reterminating the cable. |
No pull card for the cable rework could be found. A
cable pull card must be issued to the craft to
implement the work; therefore, it is believed that the
inspection removal notice description of a repull was
inaccurate and the installed cable was reworked and
reterminated. There was an inspection report for the
determination of the cable in the file. This deviation
is insignificant.

In two deviations, a cable termination inspection

report could not be found. The cable terminations had
been reinspected as part of the ISAP VII.c cable
population reinspection, and no deviations were

O identified. The only safety-significant
non-recreatable attribute of the original termination
inspection that documentation review would verify is
continuity testing. A review of startup test records
indicates that these cables were tested and

- _ - - _ - _ _ _ _
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determined to be functionally correct. The present
condition of the cables, determined to be acceptable,
are unaffected by the missing documentation. This
deviation is insignificant.

A total of 965 reviews was also performed to determine i

whether the inspector who signed or initialed and dated
the inspection results of cable installation was
appropriately certified.

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

7s

(''') 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 I.d.1 methodology.

The ISAP I.d.1 evaluation of inspectors whose work
affected this population concluded that all but five
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.

There were five indeterminate historical electrical
inspectors, four whom performed a substantial number of
cable pulling inspections. Inspectors HE-2, HE-4,
HE-13, HE-18, and HE-19 were all determined not to have
had sufficient experience to support their
certification for cable pulling. Because cable pulling
is a non-recreatable inspection, the ability of these
inspectors to conduct inspections adequately could not

['') be determined. Therefore, inspection documentation
\~ ' completed by these inspectors could not be relied upon

_ _ _ - -_____-_-__________-____L
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.

as evidence of the quality of the cable pulling work
process for this construction work category. These
indeterminate inspectors were determined in ISAP I.d.1
to' constitute an unclassified trend. 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 trends:

[~'\ 1. Spacing less than specified minimum
.Q

2. Slack less than specified minimum

3. Bend Radius less than specified minimum

4. Separation Barrier Material Installation not in accordance
with instructions

5. Tie Down Spacing greater than specified

6. Loose Connections on Weidmuller terminal blocks

7. Cables not terminated in accordance with drawingt

8. Loose connections on terminal blocks

9. 6.9Kv cable jacket and insulation removal not verified

3.1 Spacing Less Than Specified Minimum |

i

Root Cause

Maintaining space between cables is only specified for power
cables routed in cable trays that require ventilation toI

t'' maintain temperature limits. The specified requirements are
(_)g that a minimum space between cables of 0.25 times the largest

cable diameter be maintained and that cables be secured to

|

l.
.

_ . - _ _ _ _
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cable tray rungs at intervals not exceeding 6 feet in
horizontal tray and 3 feet in vertical tray. Power cable
diameters range from 0.6 to 1.5 inches; therefore, minimum
spacing would be 0.15 to 0.38 inches.

If the tie wraps are not tight or spaced properly, or if
cables are not spaced far enough apart or pulled straight and
taut when first installed, the cables will, in time, become

too close together at some place along their length. This can,
be caused by the elastic memory of the cable, thermal cycling,
or other physical movement.

The cables were QC-accepted as having minimum spacing when-
initially installed. Those installations upon subsequent

[ reinspection-were not acceptable. In four of the cable trays,_

\s found unacceptable during reinspection, cable tie downs were
not spaced as specified, thereby contributing to the cable
spacing not meeting the minimum specified. However, these
four instances with tie down deviations'are not representative
of the overall problem. The instructions for installing cable
are derived from the criteria in specifiestion ES-100 and are
supplemented or expanded for use by construction personnel.
This installation instruction, EEI-7, was written originally

by Brown & Root construction engineers and subsequently became
the responsibility of TU Electric Project engineering
(approximately January 1979). The primary root cause of the
unclassified trend of spacing less than minimum specified is
determined to be less-than-adequate installation' criteria for
construction's use when installing the spaced cables, in that
allowance was not made for post-installation cable movement.
Adequate criteria could have been included in the instructions

ifor installing the cable (in EEI-7) or more conservative
installation criteria could have been specified in ES-100.
Such criteria in either document could have specified
increased cable spacing or reduced spacing of the cable tie
downs.

A contributing cause was that tie down spacing was greater
than the specified maximum. This is addressed under the cable
tie down installation attribute. Refer to Section 3.5 for a'0,

discussion of its root cause.

_ _ _ _ _ _ _ - _
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' Generic Implications

The criteria for the attribute of slack have been determined
to be less-than-adequate as discussed in Section 3.2.
Less-than-adequate criteria in specification ES-100, as well
as extrapolation of_that criteria into complete and practical
instructions in EEI-7, could be a problem for other attributes
in this construction work category, as well. Further
evaluation to determine these generic implications is
recommended in Section 4.10.

Summary

The primary root cause of the unclassified trend of cable
[ spacing less than specified is less-than-adequate installation

criteria. Within the cable construction work category, the .

attribute of slack has been implicated. Other generic
implications are possible but further evaluation is required.
Recommendations for corrective action are provided in Sections
4.1 and 4.10.

3.2 Slack Less Than Specified Micimum !

Root Cause !

|

Insufficient slack at free air cable transitions was j

identified as an adverse trend. ]-

i
*

The 25 identified deviations occurred on cables installed in* -

Unit i between December 1979 and April 1983. The requirements
for slack during this time period were established by '

DCA 6132, dated November 16, 1979. This DCA was subsequently
incorporated into Revision 2 of Erection Specification ES-100, i

Idated October 15, 1980. This is the revision currently in

effect.

The specification and DCA established requirements for slack
by specifying that cables'have at least 2 inches of free
movement at those locations requiring slack indicated in
drawing El-1702. The installation instruction, EEI-7, and QCO inspection procedure. QI-QP-11.3-26, in effect during that
time period reiterated the requirements of ES-100.

-
- . - _ _ _ -
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With no instructions other than the above, construction

personnel installed the cable in a manner that they perceived
to meet those requirements, and QC accepted the installation
to the same criterion. However, the criterion of 2 inches
movement does not specifically define what is to move, where
it is to move, and in what direction it is to move.

Consequently, that acceptance criterion was interpreted and
,

applied differently among the installations. The result was
'

installations with various amounts of slack, with many having
less than the intended 2 inches of slack. Providing 2 inches
of cable movement does not necessarily mean there are 2 inches
of slack because 2 inches of cable movement may not require 2
inches of excess cable between its two secured ends. It is
this excess cable that is actually the slack that allows the

,_s
ends to move in any direction relative to each other.! );\.
Neither the construction personnel nor the QC inspector can be
faulted in these cases because the specification and
installation instructions did not provide a clear definition
of. slack and how to verify it. Construction and QC personnel

,

were trained to the requirements of the procedures as written,
but the procedure did not provide sufficient information to
install cables and verify that they had adequate slack.
Therefore, the primary root cause of the adverse trend of i

slack deviations is the lack of a clear definition of slack in 1

specification ES-100 and applicable detail drawings, resulting
in a similar lack of clarity in the installation instruction
and inspection procedure. *

Slack that is available and verified after the cable is
pulled, can be reduced during the terminating process.
Ensuring that slack existed after terminating a cable was not
a requirement of the installation or inspection procedures.
Therefore, a contributing cause of the adverse trend of slack
deviations is the lack of necessary instructions during
termination activities and the lack of adequate acceptance
criteria regarding slack in installation instruction EEI-8,
Cable Termination, and QC inspection procedure, QI-QP-11.3-28.

/''N
O
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*

Generic Implications

Lack of clarity of other information in specification ES-100
*

with respect to other attributes in the cable construction
work category could exist. Similarly, lack of clarity in
EEI-8 and QI-QP-11.3-28 could also have generic implications
for other attributes. Further evaluation to determine these
generic implications is recommended in Section 4.10.

Lack of clarity of the definition of slack for flexible
conduit exists and has been identified in the conduit
population.

Summary

O The primary root cause of the adverse trend of slack
deviations was identified as lack of clarity in the definition

'of slack in specification ES-100, instruction EEI-7, and
procedure QI-QP-11.3-26. The contributing cause is the lack
of necessary instructions for termination activities and
acceptance criteria in instruction EEI-8 and procedure
QI-QP-11.3-28. Generic implications were identified for the
definition of slack in the cable and conduit populations.

Other generic implications are possible, but further
evaluation is required. Recommendations for corrective action
are provided in Sections 4.2 and 4.10.

3.3 Bend Radius Less Than Minimum Specified *

,

Root Cause

The requirement not to violate cable minimum bend radius is
included in Electrical Erection Specification ES-100.
Installation instruction EEI-7, " Cable Pulling", also contains

this requirement and specifies the acceptance criteria for
many, but not all, types of cables. Installation instruction
EEI-8, " Cable Termination", contains no requirement to
maintain minimum bend radius. QC instruction QI-QP-11.3-26,
" Electrical Cable Installation Inspection", contains the same
requirement as EEI-7, and includes the same acceptanceO criteria. Further, it requires the QC inspector to monitor
the cable pulling operation for minimum bend radius; however,
this monitoring was not required to be documented on an

- - _ _ _ _ - . . _ _ - - . _ _ _ . _ _ _ _ _ ___ _ _ _ _
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inspection report as was indicated by the deviation reported
for Attribute 24 (refer to Section 2.3.11). QC instruction
QI-QP-11.3-28, " Class 1E Terminations", contains requirements
to verify minimum bend radius and to document it on the
inspection report. It does not contain the acceptance
criteria, but it references QI-QP-11.3-26 for that

information.

The primary root cause of the bend radius deviations is
determined to be less-than-adequate installation instructions
in that EEI-8 did not have a requirement that bend radius be
maintained during the terminating process and EEI-7 did not
have any acceptance criteria for the minimum bend radius of
the type of cable for which the deviations were found. The

O lack of criteria for this particular cable type may result
from the fact that these " specialty" cables were supplied by
the NSSS vendor and thus, unlike most cables in the plant,

were not part of the Gibbs & Hill procurement specification.

It was further found that inspection procedure QI-QP-11.3-26,
which is based on EEI-7, also did not contain an acceptance
criteria for the reinspected cable. The basis for documented
QC acceptance during the original termination inspection could
thus not be determined. QC inspectors should have recognized
that the acceptance criteria for that cable did not exist and
should not have accepted it on any other basis. The reason
this did not occur cannot be determined.

.

Generic Implications

Based on the identified root cause, the bend radius concern

may be limited to a stratum of those " specialty" cables for
which no acceptance criteria for bend radius are provided in

,

| EEI-7 (and thus also in QI-QP-11.3-26). Reinspection was
satisfactorily performed on 90 samples for which criteria are
included in EEI-7, confirming the stratum hypothesis per the
requirements of Appendix D of the Program Plan.

Less-than-adequate instructions for other attributes could
exist as a generic implication. Further evaluation to

O. determine these generic implications is recommended in Section
4.10.

I

- _ _ _ - - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _
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Summary

The primary root cause of the unclassified trend of bend
radius less than the minimum specified 'is less-than-adequate
installation instructions. The secondary root cause involving
QC inspection is indeterminate. Generic implications
involving the cable constructi,on work category are possible, (
but further evaluation is required. Recommendations of
corrective action are provided in Sections 4.3 and 4.10.

3.4 Separation Barrier Material Installation not in Accordance
with Instructions

Root Cause

Separation barrier material not installed in accordance with
the applicable instructions was identified as an adverse
trend.

All separation barrier material was to be inst,alled in
accordance with construction operation travelers that
specified installation in accordance with Engineering
Instruction EEI-25. EEI-25 provided adequate information to
apply separation barrier material to various common
configurations. The travelers provided additional
instructions as required for specific installations.

All separation barrier material was to be inspected to the
requirements'of the traveler and in accordance with
QI-QP-11.3-44. This quality instruction contained the same
installation criteria as EEI-25. The inspection procedures

were complete in describing the installation, inspection, and
acceptance based on stated criteria.

.

For all the deviations that were found, construction personnel
did not completely follow the installation instructions. In
some cases, the configuration of the installation prevented
requirements such as band spacing from being met. However, in

most cases the requirements could have been met, but were not,
Either construction or inspection personnel should haveO recognized the many cases where specified requirements were
not met, whether it was possible to do so or not, and taken

L. .______ _ . _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ .__ __
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action to cause correction of the installation or otherwise
obtain acceptance from engineering for the many deviations.
The reasons why they did not cannot readily be determined.
The fact that separation barrier material was installed just
prior to turnover, after all other work in this construction
work category, and was performed by different personnel
suggests factors relevant to root cause analysis, but does not
permit isolation of a specific cause at the working level.
Nevertheless, based on the number of deviations, which
indicate a significant weakness in the separation barrier
material installation program, a less-than-adequate program
for separation barrier material installation is determined to
be the primary root cause for these deviations.

Generic Implications

Since this program utilized a separate work process, there are
no generic implications for other attributes in this
construction work category.

Summary

The primary root cause was determined to be a
less-than-adequate program for separation barrier material
installation.

Recommendation of corrective action are provided in Section

4.4.
.

3.5 Cable Tie Down Spacing Greater than Specified

Root Cause

Cable tie downs are installed in cable trays to hold cables in

place. For cables that must have space between them
maintained, the requirement is for cable tie downs to be
spaced a maximum of 6 feet apart in horizontal trays and 3
feet apart in vertical trays. This requirement is adequately
and clearly identified in the engineering specification and
instructions to construction as well as in the QC inspection

. _ _ __ _ . _ _ . _. _ - _ _ _ ___ . _ . . _ _ ____________________ ___
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Ir. four tray segments out of the 60 inspected, tie down ,

spacing did not meet those requirements. Construction,n
personnel who installed those tie downs and QC inspectors who
accepted the spacing attribute should have known the tie down-

,

spacing requirements. Assuring the correct spacing involves
only a simple measurement. Lack of attention to detail was
evident in these cases. The exact cause for these deviations
cou' 'or.be determined.

. Generic Implications

As no' root cause could be determined, no generic implications
can be determined.

Sunr.ary
i

No root cause or generic implications have been determined.
As cable tie down spacing is important to maintaining power
cable spacing where required, corrective action to assure
correct tie down spacing should be carried out in conjunction
with that recommended for, power cable spacing.
Recommendations for corrective action are provided in Section
4.5.

3.6 Loose Connections on Weidmuller Terminal Blocks
|
i Root Cause.

*

Weidmuller terminal blocks are devices for terminating wires.
Termination is achieved by inserting the wires into a clamp
that is built into the terminal block and then tightening the

clamp with a set screw.

Termination of the wire requires stripping the insulation from
the end, inserting the wire into the terminal block and
tightening a set screw. The important elements of the
termination are stripped wire length, insertion depth, use of
proper screwdriver type, and screw tightness. Proper
screwdriver type refers to the use of parallel-bladed (tip
same width as shank) screwdriver versus the common

' taper-bladed screwdriver. The use of a parallel-bladed
screwdriver is required because the screw that tightens the
terminal is recessed in a cylindrical hole. If a taper-bladed
screwdriver is used, the screw may not be completely tightened

.
- -
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because the screwdriver cannot be inserted far enough to
achieve adequate tightness. Use of a taper-bladed screwdriver
may cause the terminal block to fracture.

Specific instructions for terminating wires in Weidmuller
terminal blocks were not included in the installation
instructions for terminations EEI-8, prior to Revision 5
dated 6/13/85. There was also no corresponding verification
of tightness required by the inspection prr :edure
QI-QP-11.3-28, due to the apparent prcctice of developing
electrical inspection procedures from the installation
instructions. The primary root cause of the construction
deficiency of loose wires in Weidmuller terminal blocks is
less-than-adequate installation instructions. The secondary
root cause is a less-than-adequate inspection procedure.

Generic Implications

The instructions for terminating wires in Weidmuller terminal
blocks are specific to that activity and would not affect
other attributes in the cable construction work category.
Less-than-adequate instructions in EEI-8 and QI-QP-11.3-28 for
other attributes in the cable construction work category could
exist. Further evaluation to determine these generic

implications is recommended in Section 4.10.

Su= mary

The primary root cause of the construction deficiency of loose
wires in Weidmuller terminal blocks is less-than-adequate
installation instructions. The secondary root cause is a
less-than-adequate inspection proceduse. Generic implications
of these causes for other cable construction work. category
attributes are possible. Recommendations of corrective action
are provided in Sections 4.6 and 4.10.

3.7 Cables Not Terminated in Accordance with Drawings

Root Cause

Through a review of the chronological events preceding theG identification of the deviation, the cause was determined to
be the issuance of a design drawing subsequent to completion
of startup testing that contained design changes in addition
to incorporation of previously implemented DCAs.

- _ - _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _________ __ __
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DCA 18097 was issued July 14, 1983, revising drawing
'
;

2323-El-0059, sheet 35, Revision,5. Revision 6 of that
drawing was issued July 22, 1983 and incorporated previous
DCAs, but not DCA 18097. Startup Work Authorization 12315 was
issued August 2, 1983 to, implement DCA 18097. The work was*

completed on February 10,_1984, and the system was retested
March 2, 1984. Drawing 2323-El-0059, sheet 35, Revision CP-1,
was issued September 27, 1984, and it included the contents of
Revision 6, incorporated DCA 18097 and contained other !
revisions as noted. The system was turned over to Operations !

on December 14, 1984 with no further work or testing taking j
Iplace. There also was no additional work punchlisted for this

c1rcuit.

The primary root cause is less-than-adequate design control in I
s

that design changes requiring field work after completion of
construction and startup testing were issued to the field by
way of a drawing revision rather than a DCA. A contributing :

cause is less-than-adequate configuration control in that the 1
revised document was not adequately reviewed to determine if j

'

all changes were incorporated into the plant. As the system
was under the jurisdiction of startup at the time the drawing
change was issued, it appears that the responsible startup ;

engineer did not adequately review the revised drawing. The ;

reason for this less-than-adequate attention to detail by the j

startup engineer is not known.

Generic Implications
.

~ The primary root cause of less-than-adequate design control ]
does not implicate any other attributes in this construction j
work category. Other attributes are affected only during i

~

original cable installation and any subsequent determinations.
Design changes involving functional changes to electrical
systems will typically involve only viring changes.

Design change control problems of a similar nature have also
been identified for electri. cal equipment and corrective action
is recommended in Appendix 6.

.

1

m
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Summary

The primary root cause of the construction deficiency for
cables not terminated in accordance with the drawings is

| 1ess-than-adequate design control. The contributing cause is
less-than-adequate configuration control. Generic
implications are limited to the termination attribute within
the cable population and components in the electrical
equipment population. Recommendations for corrective action

j are provided in Section 4.7.

3.8 Loose Connections on Terminal Blocks

Root Cause

O The deviation of a loose connection on a terminal block
involved a standard screw type terminal block. Termination of
the wire requires installation of a terminal lug onto the wire
and then connection of the lug to the terminal block by means
of a washer head screw being inserted through the lug and
tightened into the terminal block. There are no special tools
required to tighten the screw and torquing is not required;
however, snug tight connections are expected. This is not a
special process, and procedures, training er supervision have
little to do with the craft's ability to tighten a screw
successfully. The reason that the screw was not tightened
cannot be determined. It is also unknown whether
construction, startup or operations was the last to tighten
the connection. Therefore, it cannot be determihed if QC

could have detected this deviation. I

Generic Implication

No root cause was determined; therefore, no generic

implications can be determined.

Based on the very large number of similar terminations
directly inspected and indirectly observed during the
implementation of various CPRT ISAPs, this one case is
considered to be either isolated or indicative of an extremely

low percentage of such deviations.

,

- - _ _ _ _ - _ . _ - _ - _ _ _ _ _ _
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Summary

No root cause or generic implications have been determined.
Tight connections are important to the safe operation of the'

plant; therefore, further evaluation of this deviation type
should be performed. Recommendations of corrective action are
provided in Section 4.8.

3.9 Unverified 6.9Kv Cable Jacket and Insulation Removal

Root Cause

Inspection procedure QI-QP-11.3-28 requires all 6.9Kv
terminations to be witnessed. Cable jacket and irculation

/''N removal for cables other than 6.9Kv cables are verified during

k._ / an in-process inspection on a limited frequency basis. The
latest revision of the inspection procedure makes this
distinction for 6.9Kv inspection frequency less clear than it
had been, particularly since the inspection report for the
in-process inspections is made separate from the main

,

inspection report. The nature and distribution of the found
deviations tends to confirm that this revision was a cause.
Of the 32 Unit 1. Class 1E, 6.9Kv terminations reviewed, only i

one inspection report had the jacket and insulation removal
attribute marked "NO" which indicates the inspector did not
witness the activity. Of the 12 Unit 2, Class 1E, 6.9Kv 1

'terminations reviewed, five were marked "N/A" indicating the
inspector believed the attribdte was not applicable. Thus,
the later revisions of the inspection procedure QI-QP-11.3-28
vere less cient with respect to the requirement for witnessing
the jacket and insulation removal on 6.9Kv cables. The
primary root cause for these deviations is less-than-adequate
inspection procedures that were revised in a manner that
obscured requirements for witnessing 6.9Kv cable jacket'and
insulation removal.

Generic Implications

Other unclear instructions in QI-QP-11.3-28 that affect other
r"' attributes could exist. Further evaluation to determine the
( generic implications is recommended in Section 4.10.
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Summary

The primary root cause of the special case of unverified 6.9Kv
cable jacket and insulation removal is less-than-adequate
inspection procedures. Generic implications of this root
cause for other cable construction work category attributes

could exist and further evaluation is recommended.
Recommendations of corrective action are provided in Sections
4.9 and 4.10.

I

4.0 RECOMMENDATIONS

This section provides, by attribute, recommendations for corrective
( action. |

v
4.1 Power Cable Spacing

To assure that minimum spacing between power cables is
maintained, cable sizing calculations should be reviewed.co
determine where cable spacing is required. Those cable tray
sections where spacing is required for adequate ampacity
should be inspected for spacing violations, using criteria
with appropriate installation margins as recommended below.
Corrective action should be implemented as necessary.

Engineering should review the adequacy of using one-quarter
cable diameter minimum spacing between power cables and 6 feet I

maximum spacing between cable tie downs. This review should
consider the criteria necessary to maintain spacing
indefinitely, particularly where cables are subject to
movement after they are initially installed. The
specification and installation criteria should be revised as

>necessary.

4.2 Slack

To prevent recurrence of this problem, Erection Specification
ES-100 Installation Instruction EEI-7, and Inspection

(''T Procedure QI-QP-11.3-26 should be revised to include an
s_ / adequate definition of slack that will ensure proper cable

installation and inspection relative to that attribute. Slack l

should be addressed in EEI-8 and QI-QF-11.3-28 to ensure that
adequate slack is provided after terminations.

I
1

._ _ _____________d
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To assure that adequate cable slack exists, it is recommended
.

that the specified cable slack at free air cable transitions
be confirmed by physical reinspection. Where the restated
slack criteria are not met, engineering should evaluate the
as-found condition for adequacy; adequate slack should be
established, as necessary.

4.3 Bend Radius
'

To assure minimum bend radius information is available for
every cable type installed at this site, installation
instruction EEI-7 should be reviewed and revised to include
minimum bend radius criteria for those cable types now
missing. QC procedure QI-QP-11.3-26 should then be revised to

,__

( agree with EEI-7. Installation instruction EEI-8 should be
revised to include instructions, with reference to applicable'

acceptance criteria for maintaining minimum bend radius during
and after terminating cables.

Installations of those cable types where minimum bend radius
criteria is found to be missing from EEI-7 should be

reinspected and corrected as necessary.

4.4 Separation Barrier Material Installation

To assure that separation barrier material is adequately
installed., each required installation should be reinspected
for compliance with the applicable traveler and procedures and
reworked or evaluated, as necessary, to establish a documented
basis for acceptance of the as-built condition of installed
separation barrier material.

To prevent recurrence of these problems, program effectiveness
in the initial stages of the recommended reinspection activity
should be monitored until an acceptable level of performance
is achieved and maintained. Program aspects to be emphasized
include procedures, travelers, training, supervision,
inspection, criteria, engineering support, and attention to
detail. Appropriate improvements should be incorporated in

(~' any future similar plant programs.
(_))

. - _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _
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4.5 Tie Down Installations

Tie down installation inspections should be conducted in
conjunction with any inspections conducted in 4.1 above.

4.6 Loose Connections on Weidmuller Terminal Blocks

Terminations at Weidmuller terminal blocks completed prior to
June 13, 1985 (the effective date of Revision 5 of EEI-8, i

which contains adequate installation instructions for
Weidmuller terminal blocks) should be reinspected.

Inspections should be performed in accordance with the latest
procedures.

1

[^} 4.7 Cablet Not Terminated in Accordance With Drawings

-(s_/
Design changes involving wiring should be reviewed to assure
implementation.

To prevent recurrence, it is recommended that the design
control program be evaluated and revised with respect to
issuance of design changes on different design documents at ,

dif ferent times. The practice of issuing design changes by I

drawing revision rather than by separate design change
documents should be evaluated. This evaluation should also
consider the work tracking aspects of configuration control
and the procedures to assure implementation of design changes
after startup has completed testing. *

4.8 Loose connections on Terminal Blocks

An evaluation should be performed to address concerns
regarding the adequacy of the tightness of field connections
on screw type terminal blocks, and any further actions
determined to be necessary should be implemented.

4.9 Unverified 6.9Kv Cable Jacket and Insulation Removal

Engineering should evaluate the need to have objective
evidence that 6.9Kv cable jacket and insulation removal was

g-')s performed adequately. This would include assurance that( -

-
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insulation and conductor strands were not nicked, gouged or
cut. Engineering justification should* be provided. 'The
requirements in QC procedure QI-QP-11.3-28 should be
clarified.

4.10 Generic Implications

To complete the generic implications evaluation, Specification -

ES-100 should be revi.ewed for correctness of installation
criteria for all other attributes. Similarly, installation

-

( instructions EEI-7 sud EEI-8 should be reviewed for the
complete restatement of'ES-100 installation criteria in the i!

form of practical instructions that include manufacturer's
data and installation criteria as well as the requirements

from any pertinent codes and standards.#

Following this review, each document and the corresponding
inspection procedures (QI-QP-11.3-26 and Q1-QP-11.3-28) should
be revised as necessary. Prior revisions should be evaluated
to identify any that raise concerns regarding the quality,of .

existing hardware. Resolve any such concerns, performing
reinspection where appropriate.

5.0 CONCLUSIONS

Based on the findings contained herein,and 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 the cable construction
work category is adequately installed in conformance with the
design.

O
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Table 3-1

Summary of Reinspection Results
Cables

Deviation Classification
Number of
Inspection Number of Insigni- Construction

Attribute Points * Deviations ficant Notable Deficiency

'

1. Size, Type, and Color 377 1 1 0 O

2. Damage 95 0 0 0 0

3. Power Cable Spacing 60 22 0 22 0

4. Slack 360 25 25 0 0

5. Routing 1,835 9 9 0 0

6. Bend Radius 475 2 1 1 0

'

7. Support 440 1 1 0 0

8. Cable Support Grip
Installation 810 5 5 0 0

9. Separation 96 0 0 0 0

+10. Separation Barrier
Material Installation 1,846 115 115 0 0

11. Splices and Repairs 95 0 0 0 0

12. Tie Down Installation 1,600 5 5 0 0

**

13. Terminations 645 11 11 0 3

**

TOTALS 8,734 196 173 23 3

(Approximately 8,700)

** Three CDs were identified as a result of the review of out-of-scope

observations.

_ _ _ - _ _ _ _ _ _ _ _ _ _ _ .__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _______ _
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Table 3-2

Summary of Documentation Review Results
Cables

.

Deviation Classification
Number of

Review- Number of Insigni-

Attribute- Points * Deviations ficant Notable

14. QC Acceptance of
Raceway Acceptability 135 1 1 0

15. QC Acceptance of
Pull Tension 135 12 12 0

0 16. QC Acceptance of |

Lubrication 135 1 1 0

17. QC Acceptance of-
Damage and Defects 135 0 0 0

'
' '

18. QC Acceptance of
Tests 285 0 0 0

'

19. QC Acceptance of
Cable Jacket and .

Insulation Removal 264 6 0 6

'

20. QC Acceptance of -

Bolted Connections 90 2 2 0
.

21.- QC Acceptance of
Heat-Shrinkable

140 2 2 0Tubing ,

22. QC Acceptance of
*

Separation Barrier
Material Installation 142 0 0 0

23. QC Acceptance of
' Cable Support Grip

. O Installation 165 0 0 0

* Approximate
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Deviation Classification

Number of
Review Number of Insigni-

Attribute Points * Deviations ficant Notable.

24.- QC Acceptance of
Cable Pulling
Operations 60 0 0 0

25. QC Inspector
Certification -965** 3** 3** - **

TOTALS ** 2,651 27 21 6

[V} - (Approximately 2,700)

* Approximate
'

QC Inspector Certification review points and deviations are excluded from totals ~ j**

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.
The review points and deviations listed for this attribute are for missing
documentation.

1

.

e

-

,

i
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Nuclear Instrument System Cable Termination

1.0 REVIEW PROGRAM IMPLEMENTATION

1.1 Construction Work Category Description

The construction work category of Nuclear Instrument System
(NIS) Cable Termination is comprised of all Class 1E
safety-related NIS triaxial cable terminations. The
termination work process includes connector installation,
connector coupling, and testing of the cable and connections.

1.2 Population Size and Sample Selection

For this construction work category, a population of
approximately 320 items was identified as QC-accepted as of
the date of this document review effort. Documentation

|,_ ) reviews were performed for a total of 68 items. Of these, 68
\_/ first sample items were randomly selected from the population

to ensure that at least 60 documentation reviews of each
attribute were performed. All items of the first random
sample were safe-shutdown items; therefore, the requirement
that at least 60 safe-shutdown items be reviewed was met.

1.3 Attributes Selected

Reinspection of NIS cable terminations was not performed
(refer to Section 2.2).

Sample item documentation was reviewed for the Epiloving
attributes: ,

Attribute 1 - Installation of NIS cable connectors

Attribute 2 - NIS cable insulation and resistance testing

Attribute 3 ' Coupling of connectors

Attribute 4 - Soldering of electrical connections

Attribute 5 - QC inspector certification

A
(_-) !

_ _ _ _ _ _ _ _ _ _ - _ _
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2.0 DISCUSSION OF RESULTS

2.1 Summary of Results

For documentation review, 8 Deviation Reports were issued
describing 9 deviations. Approximately 3,313 review points
were encountered in performing the documentation reviews. See

Table 4-1 for results of the documentation reviews.

In the four documentation review attributes of this
Ipopulation (excluding QC inspector certification), all of the

documentation review deviations were determined to be
Iinsignificant.

2.2 Analysis of Reinspection Results

/'"N There was only one recreatable attribute of NIS cable
(s,/ . terminations that could be reinspected without disassembly of

connectors. This was the physical appearance of
heat-shrinkable tubing. This attribute and its associated
work process were identical to those reinspected and
document-reviewed for the cable population, and were therefore
not required to be reinspected in this population (refer to
Appendix 3 for results). Disassembly for access to any other
recreatable attribute would have been destructive to the
components and required extensive rework and retesting. All
attributes of NIS cable terminations were to be verified, and,
for the critical installation and testing attributes, to be

witnessed by QC inspectors at the time of instal,lation.
Therefore, only a document review was performed.

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 to

provide reasonable assurance cl.at the hardware is installed in
accordance with applicable procedures. The function of NIS
cable terminations is to connect NIS cable ends with {
connectors to establish and maintain a conducting path that j

!meets pre-established parameters.

)
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2.0 DISCUSSION OF RESULTS-(Cont'd)

2.3.1 Attribute 1 - Installation of NIS Cable Connectors

A total of 854 review points was encountered while
reviewing inspection reports for the attribute of
installation of NIS cable connectors. ,Each review

point corresponded to an item checked on the inspection
report.. The items on the inspection report verified
that the proper Amphenol triaxial connectors.were
installed in accordance with the installation
instructions that included cleaning and preparing the-
cable, insulation removal, and application of the
connector. JAll items on each inspection report were
verified for QC acceptance. Four deviations were
reported.

\/ Two deviations were reported'where the status block for*

the item " Verify the test sequence requirements for
installed cable have been performed" was left blank on
the inspection report for the attribute of installation
of NIS cable connectors. A review of the documentation-

indicated that one cable had been tested after
installation and the other had been tested after
coupling. This was documented by the inspection
reports for the attribute of NIS cable insulation and

.

i

resistance testing.. These inspection reports
documented subsequent testing that provided the same.
level of assurance of the quality of the cable as the
verification of the missing item on the 1*nspection
reports for installation of'NIS cable connectors would
have. Therefore, these deviations were determined to
be insignificant.

One deviation was reported where the block for the
item " Verify the details of Step 5, Items A-C of
Attachment I have been followed" was left blank on the
inspection report for the attribute of installation of
NIS cable connectors. Step 5 of Attachment 1 was for
the soldering of the connector pin. The inspection
instruction included the requirement to witness the
soldering of the connector pin and document the

: acceptance on a separate inspection report. Review of
. the documentation indicated that the inspection report

for verification of the attribute of soldering

electrical connection was included in the same cable .

file. This inspection report verified that the /
!

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

actual soldering process met'a separate soldering
procedure and documented that.it had been witnessed and
accepted for the connector pin of the same cable
identified on the installation inspection report. It

provided the same information as that missing from the
inspection report for installation of NIS cable
connectors. Therefore, this deviation was determined to

.

be insignificant.

One deviation was reported where the status block for
the item " Verify gasket, washer, and nut in place" was
left blank on the inspection report for installation of
NIS cable connectors. Placement of the gasket, washer,
and nut on the cable was witnessed in a previous step

on the same inspection report. That previous stepig'sg.
( ,) . provided the same verification as that missing from the

inspection report. Therefore, this deviation was
determined to be insignificant.

2.3.2 Attribute 2 - NIS Cable Insulation and Resistance
Testing

A total of 920 review points was encountered while
reviewing the inspection reports for NIS cable
insulation and resistance testing. Each review point
corresponded to an item checked on the inspection
report. The items on the inspection report verified
that the cable tests were performed using'the correct
equipment, following the correct test sequence and that
the test results were approved by Site Electrical
Engineering. All items on each inspection report were
verified for QC acceptance. Three deviations were
reported.

Two deviations were reported where the inspection
report for testing of a connector subsequent to rework
was not in the file. If performed, the undocumented
test would have determined the adequacy of the
connector installation prior to coupling. After
coupling, a test of identical parameters was conducted

() for the overall installation. A review of the
documentation indicated that the test after coupling

had been performed following the rework and was
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2.0 DISCUSSION OF RESULTS (Cont *d) ,

documented on appropriate inspection reports. This
supplementary information provided the same
verification as that which would have been provided in

the missing inspection report. Therefore, these
deviations were determined to be insignificant.

One deviation was reported where the item of " Verify
cable or reel # " was not checked on the inspection

.

report for verification of NIS cable insulation and
resistance testing. Verification was to confirm the I

cable or reel number of the cable tested. The test
documented by the inspection report was performed after
connector installation and prior to coupling. After
coupling, a test of identical parameters was conducted

,_, for the overall installation. The inspection report ij'-j for the test conducted after coupling was in the cable !

file, confirming that the test was performed and .
documented. This supplementary information provided
equivalent insulation and resistance verification as
would have been provided by the inspection r'eport that
did not verify the cable number. Further, the

supplementary inspection report included verification
of the cable number. Therefore, even if the original

testing had been performed on the wrong cable, this
deviation was determined to be insignificant.

2.3.3 Attribute 3 - Coupling of Connectors
,

A tota'l of 441 review points was encountered while
reviewing the inspection reports for coupling of
connector. Each review point corresponded to an item
checked on the inspection report. The items on the
inspection report verified that the final formed and
coupled cable met minimum bend radius, that hecting (if
performed) met requirements, that the 0-ring was
seated, and that heat-shrink was properly applied. All
items on each inspection report were verified for QC
acceptance. One deviation was reported.

/~'T The Deviation Report stated that'one inspection report
(/ for coupling of connector was not in the cable file. A

review of the documentation indicated that a Class IE

_ ___ -__ _ ___ _-__ -
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cable termination inspection report had been used.
Although the inspection documented by that inspection
report was performed to a different procedure than the
one used in the inspection documented by the report on
coupling of connector, the former procedure provided an
equivalent overall inspection, with the exception of
0-ring seating. Field disassembly of the connector
verified that the 0-ring was properly seated, thereby
confirming the adequacy of the installed hardware. A
review of the documentation of Startup's testing and
acceptance of that connector was found to be adequate,
thereby adding to the confidence of the coupling
integrity. This supplementary evidence collected,
including the field verification, provided the

)
verification that was missing due to absence of the
inspection report for coupling of connector.
Therefore, this deviation was determined to be
insignificant.

2.3.4 Attribute 4 - Soldering of Electrical Connections

A total of 1,098 review points was encountered while
reviewing the inspection reports for the attribute of
soldering of electrical connections. Each review point

corresponded to an item checked on the inspection
report. The items on the inspection report verified
that the connector pin was adequately soldered, that
the correct soldering process was followe'd and included
proper cleaning, that the correct solvent, correct
soldering iron, and correct type of solder were used
and that the soldered joint appearance met visual
inspection criteria. All items on each inspection
report were verified for QC acceptance. One deviation
was reported.

One deviation was reported where the item " Verify
solder removal, if required" was not checked on the
inspection report for verification of soldering
electrical connection. A further review of the
documentation indicated that there was no rework and in9 that case solder removal was probably not required. In

addition, because the attribute " Verify an approved
anti-wicking tool used" had been marked NA, it was
concluded to be even more unlikely that solder removal

- - - - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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had taken place. All other attributes indicated that
the soldered connection was acceptable. Therefore,
this deviation was determined to be insignificant.

2.3.5 Attribute 5 - QC Inspector Certification

Approximately 380 reviews were performed to determine
whether the QC inspector who signed or initialled and
dated each inspection report was appropriately
certified to the applicable requirements at the time of
the inspection. Each review point corresponds to an
inspector's signature on an individual inspection
report. No deviations were reported. Additionally,
the ISAP I.d.1 evaluation of inspectors whose work
affected this population concluded that all inspectors9 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.

3.0 ROOT CAUSE AND GENERIC IMPLICATION

A root cause and generic implications analysis is not required.
.

4 .' O RECOMMENDATIONS

No corrective action recommendations are required.

5.0 CONCLUSIONS

Based on the findings of the NIS cable termination documentation
review, there is reasonable assurance that NIS cable terminations
are adequately installed in conformance with the design.

O

--



. _ , _ _ - _

i

Revision: 1

Pags 8 of 8 i

?

~ RESULTS REPORT

ISAP VII.c
!

(Cont'd)
'

' Appendix 4
i

(Cont'd)

Table 4-1

Summary of Documentation Review Results ]
NIS Cable Terminations .

Deviation Classification.
iNumber of.

Review Number of Insigni-

Attribute Points * Deviations _ficant Notable
I

-1. Installation of NIS
Cable Connectors 854 4- 4 0

2. NIS Cable Insulation
and Resistance Testing 920 3 3 0

.

. ") _ 3. Coupling off
\_/ Connectors 441 1 1 0

4. Soldering of
Connections 1,098 1 1 0'

TOTALS 3,313** 9 9 0

* Approximate ,

QC Inspector Certification review points are excluded from totals.**-

!

G

- - - _ -



_ _ _ _ _ _ _ - _ _

.

Revision: 1

Page 1 of 14

RESULTS REPORT

ISAP VII.c
(Cont'd)

Appendix 5

Lighting Cable-

1.0 REVIEW PROGRAM IMPLEMENTATION
i
'

1.1 Construction Work Category Description

The construction work category of lighting cable includes
installation of all Class lE safety-related lighting cables

and terminations. All other cables are included in the cable
construction work category. 1

1.2 Population Size and Sample Selection

For this construction work category, a population of
approximately 375 items was identified as QC-accepted as of
the date of this reinspection effort. Reinspection were

9 performed for a total of 24 accessible items, and
documentation reviews were performed for a total of 62 items.
Of these, all items of the first random sample were
safe-shutdown items so no separate second sample items were
selected. Reinspection were discontinued after 24 items were
reinspected; therefore, all attributes of the first random-

sample were not reinspected a minimum of 60 times. Refer to

Section 2.1 for further discussion of the reason for
discontinuance of the reinspection.

l.3 Attributes Selected'

Sample items were reinspected for the following , attributes:

Attribute 1 - Cable size and type

Attribute 2 - Color coding

Attribute 3 - Circuit goes to correct lighting fixtures

Attribute 4 - Damage

Attribute 5 - Wire joint installation

Attribute 6 - Bare conductor length

O Attribute 7 - Crimp centering on wire joint

.- -- _ - _ - _ - _ _ _ _ _ - _ _ -__--_-__ - ____________ ___ _ _____________________ ___ ______ _ _ _ _ _ _ _ _ _ _ __
__
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1.0 REVIEW PROGRAM IMPLEMENTATION (Cont'd)
.

-
.

Attribute 8 - Terminals applied properly

Attribute 9 - Maximum number of conductors in box.

Sample item documentation was reviewed for the following
attributes:

Attribute 10 - QC acceptance of conduit swabbing, cable
lubrication, and cable free of damage -

Attribute 11 - Lighting cable inspection

Attribute 12 - QC inspector certification

\.j
2.0 DISCUSSION OF RESULTS

2.1 Summary of Results

For reinspection, a total of 49 Deviation Reports was issued-

describing 143 deviations. A total of 3,896 inspection points
was encountered in performing the reinspection. See Table
5-1 for results of the reinspection.

For documentation review, seven Deviation Reports were issued
describing nine deviations. Approximately 236 review points
were encountered in performing documentation rev,iew. See

Table 5-2 for results of documentation review.

Documentation Review deviations related to inspector

certification have not been included in the aforementioned
totals. As discussed in Section 2.3.3, 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 2.3.3.

rm Reinspection were performed for 24 of the 62 sample items,| ( -) after which it was decided to discontinue reinspection-

because the need for corrective actions on all lighting cable

in the population became apparent. The 24 reinspection

!

0 |
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2.0 DISCUSSION OF RESULTS (Cont'd)

identified a significant number of deviations for wire
insulation and wire joint damage, loose and improper wire
joints, excessive bare conductor at terminations, and too many
conductors in a box. The deviations were observed to
occur frequently and to be widespread, and involved several
attributes. Rather than perform safety significance
evaluations for the set of identified deviations, it was
determined to be more practical and expeditious to proceed'

directly to analysis of root cause and generic implications.
Therefore, all deviations constitute an unclassified trend.
Refer to Section 3.0 for root cause and generic implications

analysis.

f-- Documentation reviews were performed for all 62 sample items.,
( These documentation reviews were conducted at the same time as ,

the reinspection and completed prior to the discontinuance of
the reinspection. The documentation review deviations,
except those for inspector certification, were considered part
of the identified unclassified trend and are included in the
same root cause and generic implications analysis.*

2.2 Analysis of Reinspection Results

This section provides, by attribute, a description of the
reported reinspection deviations, but does not provide an
analysis of the deviations for the presence of trends because ,

all deviations constitute an unclassified trend. The function
of lighting cable is to conduct the required cur' rent at the

^

required voltage from its spec 1fied origin to its specified
destination.

2.2.1 Attribute 1 - Cable Size and Type

In 560 inspection points of cable size end type, one
deviation was reported where a smaller size (#12 AWG)
cable.was installed instead of the size (#10 AWG)
specified on the lighting drawing.

2.2.2 Attribute 2 - Color Coding

In 560 inspection points for proper color coding, five
deviations were reported where color code labels on the
cables were missing f rom accessible parts of the cable.

i
!

- _ - _ _ - _ - _ _ _ .
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2.2.3 Attribute 3 - Circuit goes to Correct Lighting Fixtures-

In 133 inspections for circuits going to the correct
lighting fixtures in accordance with the drawings, no
deviation was reported.

2.2.4- Attribute 4 - Damage

In 608 inspection points for damage, 37 deviations were
reported, consisting of nine deviations for wire
insulation damage and 28 deviations for wire joint
insulation damage

Wire insulation damage was visible in the boxes ands

() consisted of cuts, slices, and pinched insulation. In

three cases, wire damage caused arcing when inspections
took place. In addition, wire joint damage, consisting
of cuts and cracks, was present on the nylon insulating
sleeves.

2.2.5 Attribute 5 - Wire Joint Installation
iIn 560 inspection points of wire joint installation, 69

deviations were reported. In 64 of the 69 deviations,

loose wire joints were reported, including one case in
which the wire joint f ell of f when inspected. The
remaining five deviations were reported for use of wire
joint types different from that specified.

2.2.6 Attribute 6 - Bare Conductor Length

In 608 inspection points for bare conductor length, 15
deviations were reported where bare conductors at
termination points extended beyond the insulation
sleeve.

2.2.7 Attribute 7 - Crimp Centering on Wire Joint

In 560 inspection points for crimp centering on wire

f) joints, six deviations were reported where crimps of
wire joints were not centered in accordance with\-

procedure.

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

2.2.8 Attribute 8 - Terminals Applied Properly |

There were no terminals on the sample items

reinspected; therefore, no reinspection for this
attribute were performed. Only a small number of
lighting cables use this method of termination. The
corrective action in Section 4.1 will address
terminals, thereby ensuring proper installation.

2.2.9 Attribute 9 - Maximum Number of Conductors in Box

In 307 inspection points for number of conductors in a
box, 10 deviations were reported where the number of
conductors in a box exceeded the number specified in

|h the National Electric Code which was referenced in the
specification.

2.3 Analysis of Documentation Review Results

This section provides, by attribute, a description of the
reported deviations, but does not provide an analysis of the
deviations because these deviations, except for those for

inspector certification, are part of the identified
unclassified trend.

2.3.1 Attribute 10 - QC Acceptance of Conduit Swabbing, Cable
Lubrication, and Cable Fre,e of Damage

In the 174 review points for QC acceptance of conduit
swabbing, cable lubrication, and cable free of damage,
three deviations were reported in which one inspection
report was not complete for these three items.

2.3.2 Attribute 11 - Lighting Cable Inspection

In the 62 review points for lighting cable inspection,
as evidenced by an inspection report in the lighting
circuit file, six deviations were reported where a

lighting cable inspection report was not in the file.

- -
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2.3.3 Attribute 12 - QC Inspector C, certification

A total of 140 review points was reviewed to determine
whether the QC inspector who signed, or initialed, and
dated the inspection results in the lighting cable
installation documentation was appropriately certified
to perform the indicated inspections.

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 1.d.1
evaluations of inspector certifications, it has been
determined that such deviations do not necessarily-s
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. -

The ISAP I.d.1 evaluation of inspectors whose work
affected this population concluded that all but five
inspectors either were certifiable to applicable
criteria at the time of inspections, dere found to be
capable of performing satisfactory inspections
(including those with substantial positiv,e evidence),
or were otherwise shown to be of no further concern.

There were five indeterminate historical electrical
inspectors who performed a substantial number of cable j
pulling inspections. Inspectors HE-2 HE-4, HE-13,

'

HE-18, and HE-19 were all determined not to have had
sufficient experience to support their certification
for cable pulling. Because cable pulling is a j

non-recreatable inspection, the ability of these
inspectors to conduct inspections adequately could not
be determined. Therefore, inspection documentation |
completed by these inspectors could not be relied upon j

(l
as evidence of the quality of the cable pulling work

'

w/ process for this construction work category. These
indeterminate inspectors were determined in ISAP I.d.1 ,

to constitute an unclassified trend. Evaluation
details are discussed further in the ISAP I.d.1 Results
Report.

,,
_ _ _ - _ _ _
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3.0 ROOT CAUSE AND GENERIC IMPLICATIONS

General

All the inspected and reviewed attributes are part of the lighting
cable installation process. There are a large number of
deviations that have been determined to constitute an unclassified
trend. It is more appropriate and equally effective to perform a
single root cause analysis for the installation process rather than
analyze each attribute separately.

Root Cause

It is the function of management (at the superintendent level) to
utilize appropriate construction personnel for specific work
activities. Thie includes selecting construction personnel with,-s,

( j the appropriate skill level and experience to accomplish each task
'' ' successfully. For lighting cable installation, management selected

construction personnel whose primary work activity had been
installing conduit instead of selecting personnel whose primary
work activity had been installing other Class 1E cable. Based on
construction personnel performance, it is evident that the skill
levels and experience of those who performed the work were not
adequate. The people who by virtue of performing their normal work
activities would have had greater skill and experience were not
utilized. The decision of management (at the superintendent level)
to select construction personnel other than those most closely
related to the work performed, combined with the supervisory
practice discussed below, caused the unclassified tre,nd.

There is evidence that the construction personnel who had been
installing conduit did receive training in cable pulling and
terminating. However, as with people who are learning any new
skill, guidance is required to assure correct application of the
principles learned. It is the function of supervision (at the
foreman level) to monitor the performance of their subordinates.
This assures that construction personnel understand the work
activity they are performing. This function was not effectively
performed by construction personnel supervision. That conclusion
is reached by examining the most frequent types of deviations
reported: insulation or wire joint damage, loose wire joints, and

['')N
exposed bare conductor. Those deviations would have been readily

\~- observable to both the construction personnel and their supervisor,
had a critical examination been performed. Presence of these
readily observable deviations indicates that supervision did not
critically examine the work.

_ _ _ _
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Thus, the primary ro,ot cause of the unclassified trend of lighting
cable deviations is a less-than-adequate combination of management
and supervision of construction personnel: less experienced

personnel were assigned installation responsibility without a
corresponding increase in day-to-day direction.

EEI-4, Revision 0, " Cable Pulling and Termination of Lighting
Wire", was the construction procedure in effect f' rom June 1978
until August 1986, during which time the deviating lighting cable
was installed. That procedure did not contain explicit direction
in the depth and detail necessary to ensure adequate Class 1E cable
installation and termination. This conclusion is reached by

comparing procedure EEI-4 with procedures EEI-7, " Cable Pulling",
7 ~5 and EEI-8, " Class 1E and Non-Class IE Cable Terminations". Those
(,) procedures apply to all other Class 1E cables. With regard to

cable pulling, specific information for cable pulling tension,
maximum pulling distance, and minimum cable bending radii ueye not
provided in EEI-4. With regard to cable terminations, specific
information for wire stripping, installation of wire joints and
terminals, including crimping, and acceptance criteria for these
activities were not provided in eel-4.

Thus, a contributing cause of the unclassified trend of lighting
cable deviations is less-than-adequate documented procedures for
performing the work activities, including the lack of adequate
acceptance criteria to determine if the activities had been
satisfactorily accomplished. ,

.The QC inspection procedure for Class 1E lighting cable,
QI-QP-11.3-25, did not require inspections of some significant
attributes at a frequency that would detect a trend of deviations
and did not require inspection of wire joints for attributes that
would verify proper installation. Even though the construction
procedure was less-than-adequate, there was enough information
available in the installation specification and in supplementary
sources, such as vendor instructions and industry codes and
standards, to permit development of an adequate inspection
procedure.

[ ') An inspection procedure developed from this information should also
take into consideration industry-accepted good construction'''

practices. Nevertheless, "no wire joint damage" and " wire joint
secure", which are basic attributes of a good installation, were

_ - _ _ _ . _ _ _ b



_ _ _ _ _ - - , _ - - - _ _ _ _ _ . _ _ _ _ _ - _ . - - - . _ . _ - - - . _ ___

Revision: 1

Page 9 of 14

A
(,,) RESULTS REPORT

ISAP VII.c
(Cont'd)

Appendfx 5
(Cont'd)

3.0 ROOT CAUSE AND GENERIC IMPLICATION (Cont'd)

not required to be verified. Although the engineers required only
a periodic' surveillance program of in-process attributes for cable
pulling and terminations, the frequency and need for both
inspection and process monitoring is determined by quality control.
Through appropriate monitoring, the effectiveness of the program
could have been determined. Considering the frequency of the
deviations for in-process attributes such as damage and wire joint
installation,'it is apparent that periodic surveillance was not

effective.

Thus, the secondary root cause of the unclassified trend of
lighting cable deviations is less-than-adequate instructions and
procedures for performing inspections.

() Generic Implications

The construction personne1'who installed the lighting cable were
those whose primary work activity had been installing conduit. The
less-than-adequate supervision evidenced in the sample items
inspected is generic to the lighting cable population. The name
supervision and construction personnel were also responsible for
Class 1E conduit installation; however, their experience level and
the applicable procedures are generally different for conduit
installation than for lighting cable and the performance of
construction personnel (craft and supervision) installing conduit
may have been adequate. This potential implication is addressed by

iAppendix 1, Conduit.
,

There are also three non-Class 1E systems (fire protection,
communication, and heat trace) where the same construction (

personnel and supervisors who installed the lighting cable may also
have installed its cable. Therefore, less-than-adequate i

Isupervision may also be generic to those systems. Because of this
implication, further action is recommended (refer to Section 4.2).

The less-than-adequate procedure, EEI-4, Cable Pulling and
Terminating of Lighting Wire is unique to the lighting cable
population, and does not affect any other population. The cable
population, which includes all other Class 1E cables, has its own
unique cable pulling and terminating procedures that were found to

g
,i include detailed instructions omitted from EEI-4.

t

/

*

|

|

'-
'' '
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The less-than-adequate inspection procedure, QI-QP-11.3-25, is
" unique to the lighting system, and with respect to lighting cable
installation, is generic to that activity. The cable population
is not implicated because inspection of all other Class 1E cables
is performed to separate and more complete inspection procedures.
The lighting system inspection procedure also covers Class IE
lighting conduit, which may have the same types of inadequacies;
therefore, a less-than-adequate inspection procedure may be generic
to the conduit population. This implication is addressed in

.

Appendix 1, Conduit.

Summary

The primary root cause of the unclassified trend of lighting cable

() 1ertallation deviations is a less-than-adequate combination of
management and supervision of construction personnel both in
personnel selection and assignment (responsibility of the
construction superintendent) and in day-to-day work supervision
(responsibility of the craf t foreman). The secondary root cause of
this trend is less,than-adequate inspection procedures.
Less-than-adequate procedures for the work activity are a
contributing cause.

A generic implication of less-than-adequate supervision of the work
.

activiti'es performed in the conduit population, as well as the
| three non-Class IE systems of fire protection, communication, and

heat trace has been determined. In addition, a generic implication
.

of the less-than-adequate inspection procedure for th'e lighting
conduit in the conduit population has been determined. The
less-than-adequate installation procedure is applicable only to the
lighting cable population and has no other generic implications.
Refer to Section 4.0 for recommendations.

49 RECOMMENDATIONS

4.1 Recommendations for Corrective Action

1) Revise Brown & Root construction procedure EEI-4 for
Class 1E lighting cables installation and terminationO requirements to include information in the depth and
detail necessary to assure the work activities can be
accomplished with quality suitable for a Class 1E

_ _ _ _ _ _
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system, including the acceptance criteria to determine
if the activities have been satisfactorily
accomplished. As an option, include Class lE lighting
cable installation and termination requirements in

procedures EEI-7 and EEI-8, and cancel procedure EEI-4.

Select construction personnel who have the skill level
and experience to successfully accomplish the assigned
tasks.

Train construction personnel to the revised procedures
prior to any rework or new installations. Train
construction supervisors (foreman level) to be

.

knowledgeable about the techniques of in-process

.() monitoring required to assure good workmanship.

2) Perform a reinspect 1on of the recreatable safety-
significant attributes of accessible portions of Class
lE lighting cables and correct as necessary. Also
perform appropriate tests in accordance'with the
lighting cable manufacturer's recommendations on Class
1E lighting cables to detect any damage on the
inaccessible portions of the cables and correct as
necessary.

3) Revise TUGC0 Quality Instruction QI-QP-11.3-25,
" Inspection of New Installation for Class lE Lighting
System", to assure that verification of c'onformance
with documented instructions, procedures and drawings,
including acceptance criteria, will be adequate to
assure the quality of the installed hardware. The
procedure should assure that each work activity will be ;

inspected for quality or where work activity monitoring |
is utilized, that it be performed at a frequency
adequate to achieve the desired results.

Train inspection personnel to the revised procedures
prior to further inspection of any rework or new
installations.

,-

j
%
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4.2 Recommendations for Improvement
.

1) An evaluation of the non-Class 1E systems of fire
protection, communications and heat trace for the
effects of less-than-adequate supervision similar to
that identified for lighting cables should be
performed.

5.0 CONCLUSIONS

Based on the fiadings of the reinspection and documentation
reviews and satisfactory implementation of the above
recommendations and the applicable recommendations in the ISAPf-

(') 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.

.
.

.h

6

[
LJ

_ _ _ _
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Table 5-1 )
Summary of Reinspection Results ( )- 0

Lighting Cable

Deviation Classification ( )
Number of
Inspection Number of Insigni- Construction

Attribute Points Deviations ficant Notable Deficiency

1. Cable. Size and Type 560 1

'2. Color Coding 560- 5

3. Circuit Goes To Correct
Lighting Fixtures 133 0

t
'4. Damage 608 37

5. Wire Joint Installation 560 69

6. Bare Conductor Length 608 15-

-7. Crimp Centering
on Wire Joint 560 6

8. Terminals Applied
Properly 0 0

'

9. Maximum Number of
Conductors in Box 307 10

.

TOTALS 3896 143

I) Includes results of 24 out of 62 sample packages.

() All deviations are unclassified.

_
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Table 5-2
?

Summary of Documentation Review Results ( }
Lighting Cables

i

Deviation Classification (2)
Number of
Review Number of Insigni-

Attribute Points Deviations ficant Notable

10. QC Acceptance
of Conduit Swabbing,
Cable Lubrication,

and Cable Free of
Damage 174 3,--

f,kj
- 11. Lighting Cable

Installation 62 6

.
.

TOTALS 236* 9*

.

QC Inspector Certification review points and deviations are exc3uded 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.

(} Includes results of 62 sample packages.

( All deviations are unclassified *.
~

v)(

-- ~ __
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Electrical-Equipment Installation

1.0' REVIEW PROGRAM IMPLEMENTATION
1

11 Construction Work Category Description

I

The construction work category of electrical equipment
installation is comprised of the installation of all
safety-related electrical equipment. The installation and
modification of switchgear, panels, control boards, batteries, i

chargers, inverters, electrical penetrations, and electrical
i conductor seal assemblies are included in this construction

work category.

1.2 Population Size and Sample Selection

For this construction work category, a population of

.

-'s approximately 460 items'was identified as QC-accepted as of
the date of this reinspection effort. Reinspection and,

documentation reviews were performed for a total of 99
accessible items. Of these, 74 accessible'first sample items
were randomly selected to ensure that at least 60
reinspection or documentation reviews of each attribute were
performed. An additional 21 second sample items were randomly
selected to ensure that at least 60 safe-shutdown hardware
items were reinspected or reviewed.

1.3 Attributes Selected ,

Sample items were reinspected for the following attributes:

Attribute 1 - Identification

Attribute 2 - Location and orientation

Attribute 3 - Damage
j

Attribute 4 - Assembly or modification

Sample item documentation was reviewed for the following
attributes:

Attribute 5 - QC acceptance of assembly or modification

' Attribute 6 - QC inspector certification
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2.0 DISCUSSION OF RESULTS

2.1 Summary of Results

For reinspection, a total of 46 Deviation Reports was issued
describing 78 deviations. Approximately 17,000 inspection
points were encountered in performing the reinspection. See !
Table 6-1 for results of the reinspection.

.

For documentation review, two Deviation Reports were issued
describing two deviations. Approximately 4,700 review points
were encountered in performing the documentation review. See

Table 6-2 for results of the documentation review.

Documentation Review deviaticus related to inspector

f['} certification have not been included in the aforementioned
NC./ totals. As discussed in Section 2.3., it has been determined

that these deviations do not necessarily related 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.

In the four reinspection attributes of this population there
were four construction deficiencies, one adverse trend and one
unclassified trend. In addition, there was one construction

deficiency identified as a result of the review of
our-of-scope observations. These findings are as follows:

1. Attribute 3 - Damage: A construction deficiency for a
damaged porcelain __ bus insulator was identified. See
Section 2.2.3 for discussion of this attribute.

2. Attribute 3 - Damage: A construction deficiency for a
damaged solenoid operated valve was identified during
the review of out-of-scope observations. See Section
2.2.3 for a discussion of this attribute.

1

3. Attribute 3 - Damage: An adverse trend for a damaged
electrical conductor seal assembly was identified. See

g"~g(,,) Section 2.2.3 for discussion of this attribute.

_ _ _ _ _ _ _ _ _ _ _ _ _ -
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4. Attribute 3 - Damage and Attribute 4 - Assembly or
modification: An unclassified trend was identified for
damage and incorrect reassembly of door hardware and
gaskets. See Sections 2.2.3 and 2.2.4 for discussions
of these attributes.

5. Attribute 4 - Assembly or modification: A construction.
deficiency for a manufacturer-installed component with
an incorrect relay type was identified. See Section

2.2.4 (Modifications not Documented) for a discussion
of this attribute.

6. Attribute 4 - Assembly or modification: Two
construction deficiencies for field-installed

( components with incorrect fuse size were identified.
See Section 2.2.4 (Modifications Not Documented) for a
discussion of this attribute.

For the one document review attribute (excluding QC inspector
certification), all of the document review deviations were
determined to be insignificant.

2.2 Analysis of Reinspection Results j

This section provides, by attribu'ce, a discussion of the
reinspection deviations, an analysis of the effects of the
deviations on the functional capability of the electrical
equipment, and an analysis for the presence of trends. |

2.2.1 Attribute 1 - Identification

In all but 11 of 137 inspection points, equipment
identification was verified to be as shown on the
installation drawings.

I Eleven deviations were reported where electrical
conductor seal assemblies were not identified. The
stainless steel identification or part number tags

f-- originally attached with wire to the electrical

t conductor seal assemblies by the vendor were missing.!

These tags were used to identify the components during

L
_______ ___ _ _ _ ___ _ ___ _ _______ _ _____



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

Revision: 1

Page 4 of 31

RESULTS REPORT

ISAP VII.c
(Cont'd)

Appendix 6
(Cont'd)

2.0 DISCUSSION OF RESULTS (Cont'd)

initial assembly and inspection. They were documented
as being present at the time of original installation.
The tags have no safety-related function after the
initial installation and inspection of the electrical
conductor seal assembly and are not utilized by station
operators. An evaluation determined that the correct
type seals were installed. This type of deviation was
determined to be insignificant. No adverse trend was
identified.

2.2.2 Attribute 2 - Location and Orientation

In all but seven of approximately 280 inspection
points, equipment. location and orientation was verified

O to be correct as required by the electrical
installation drawings.

Seven deviations were reported where equipment location
was from 1/4 to 6 inches out-of-tolerance. A motor
control center and a distribution panel were
out-of-tolerance by less than one inch. Two small
transformers were from 2 to 3 inches out-of-tolerance.
Three lighting panels were from 1 to 6 inches
out-of-tolerance. In each of these cases, it was

determined that the deviation had no effect on the
equipment's seismic qualification, clearances or
ventilation. Access for operators and maintenance was

maintained. The identified deviations are
insignificant. Should similar deviations occur in the
uninspected portions of the population, they too would
be insignificant. This conclusion is based on the lack
of severity of the deviations, the fact that the
equipment seismic qualifications were valid for any
location on a given elevation of a building, and the
observation that clearance around the equipment was
consistently maintained. No adverse trend was
identified.

2.2.3 Attribute 3 - Damage

O In all but 14 of approximately 3,600 inspections to
check for damage, it was verified that the equipment or
components were not damaged,

f- - - - - - -_ -_ _ __
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One deviation was reported where a damaged porcelain
bus insulator in a load center transformer was found to
have-a small crack (about 1/2 inch long). In addition,

the bolt in the insulator by which-the insulator, bus,
and incoming feeder cable are fastened together was
loose and the bolt could.not be tightened. If the

affected insulator fails to maintain its structural
integrity, as could occur in a seismic event, or fails
to provide electrical insulation, as could occur if the
crack propagates during its service life, failure of
the porcelain bus support would result, and the
transformer will fail to perform its function. This
deviation was therefore determined to be a construction

-

' - deficiency. For root cause and. generic implications-
associated with this construction deficiency, see

- Section 3.1.

An out-of-scope observation reported a damaged solenoid
operated valve. The solenoid housing was found to be
very loose, enabling it to pivot and wobble freely
about the valve body. This assembly, as received from
the manufacturer, is normally tight, being secured by a
torqued, threaded connection. Although the solenoid
housing can be rotated, it should not be loose. The
loose housing could allow moisture. intrusion of the
valve assembly, thereby adversely affecting its
operation. This observed condition was therefore
determined to be a construction deficiency. For root
cause and generic implications associated with this
construction deficiency, see Section 3.2.

.

One deviation was reported where an electrical
conductor seal assembly was damaged. The flexible
conduit between the solenoid-operated valve and its
electrical conductor seal assembly was ruptured. The

environmental (hermetic) seal was lost and could have
caused the affected solenoid-operated valve to fail. An
evaluation to determine the probable failure mode,
should failure have occurred under severe environmental

-

conditions, concluded that the solenoid valve could
fail, causing the related air-operated valve to go to
its fail-safe position and thus ensuring its safety
function. This deviation was therefore notable.

_-____ ______ _ ___ -_ _ __ _
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Ebould similar deviations occur in the uninspected

portion of the population, a sealed device, such as a
position switch or a temperature element, could fail
and not perform its safety. function. -Therefore, an
adverse trend was identified. For root cause and
generic implications, see Section 3.3.

Seven deviations were reported for damaged equipment
doors, access panels and their associated hardware. |

All three doors on a diesel engine control panel had -|
torn or missing sections of gaskets. Each of three i

'

access panels fastened with either eight or 11 screws
.

had one stripped screw hole or damaged screw. A door

(_,
.

with three latches had one latch damaged. The/''
evaluation of each of these deviations was based on the
conservative assumption that either the gasket, screw,
or latch was missing. Analyses of the missing screws
or latch determined that under design basis loading the
door or access panel would in each case maintain its !

seismic integrity. However, it is indeterminate
whether the door and door frame assembly configurations
without the gasket would resist water intrusion. These
deviations are notable. It was determined that the
remaining deviations did not adversely impact the
equipment. These deviations are insignificant. Should
similar deviations occur in the uninspected portion of
the population, the effect on the ability of the
equipment to perf orm its safety function could be
significant if the affected equipment required a water
tight seal. Therefore,'an unclassified trend was
identified. For root cause and generic implications,

see Section 3.4.

Two deviations were reported where there was damage to !

screw-type terminal blocks. Two barriers between |

termination points were partially broken off. An

| evaluation concluded that there was no effect on the
current-carrying capacity or the structural integrity
of the terminal block. An analysis further determined

O that the resulting spacing between adjacent terminals
is greater than that required for the rated voltage

._ -______ _-___________ -
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-level based on UL1059. However,.the identified
deviations of broken terminal block barriers are .
notable because of the reduction of spacing (free air
and over surf aces) between adjacent terminal. points.

Although the broken barrier deviations are notable,
should similar deviations occur in the uninspected

_

portion of the population it has been determined that a
construction deficiency would-be unlikely.to occur.
This conclusion is based on the lack of severity of the:

i reported damage and the ability of , the terminal block-
to perform its function. No adverse trend was
identified.

(
' and a' terminal marking strip were missing.. These have

.Two deviations were' reported where a relay legend plate

no. safety-related function, and they are not external
legend plates referred co by the operators. These
deviations are insignificant. Missing or' damaged
terminal' marking' strips or legend plates cannot'
constitute a construction deficiency. No' adverse trend
was identified.

One deviation was reported where the lead plating on
the exposed portions of battery intercell copper*

connectors had worn through, and the exposed copper was
not protected with NO-0X-ID grease. The purpose of
coating the exposed portion of the connectors is to
prevent battery acid corrosion; however, the connectors
were not corroded. Therefore, this deviation is
insignificant.

Periodic cleaning of the connectors to remove corrosion
had apparently worn off the lead plating. Application
of grease where copper is exposed is not required by
the maintenance procedures. A recommendation for
1mprovement of the maintenance practices for station
batteries is provided in Section 4.2. The absence of

.

corrosion protection, however, does not affect the
' current-carrying capacity of the' exposed (non-contact)

surfaces. Similar damage to other batteries would also
be insignificant. No adverse trend was identified.

..
_ _ _ _ _ -
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:2.2.4 Attribute 4 - Assembly or Modification

In all but 46 out of approximately 13,000 inspection
points for field assembly and modifications to the-
equipment, the installation was verified to be as
required by.the engineer's or manufacturer's
instructions, such as installation manuals, drawings,
design change authorizations, construction travelers,.
and dispositions to nonconformance reports.

The146 deviations were in three categories: initial

assembly, reassembly, and field modifications'to the
equipment. The deviations fer field modifications were

t''h- in three subcategories: modifications not documented,
\_)- modifications not implemented, and modifications

implemented incorrectly.

Initial Assembly

Ten deviations were reported where there was
insufficient thread engagement. Three electric
penetration header plates were not properly bolted to
their associated containment flanges in that the nuts
on from one to eight of 12 stud ends were not fully
engaged. The end of the stud was slightly below the j

'

face of the nut in each case. The nut on each end of
two studs was not fully engaged, indicatipg that the
studs were too short. Evaluation of each of these
cases determined that the reduction of the load-bearing

capacity of the threaded connection was insignificant.
There was no reduction of the functional capacity of

the joint nor of the electrical penetration. This type ;

of deviation was determined to be insignificant, and no '

adverse trend was identified.

Seven deviations were reported where the flexible
conduit portion of an electrical conductor seal
assembly had a bend radius less than the minimum
specified by the installation drawings. The flexible-

.i conduit had a specified minimum bend radius of five
- inches but was reported to have installed bend radii of

from two inches to four and a half inches. The minimum
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bend radius allowed by the manufacturer was two. inches
for the flexible conduit and 3/4 inch for the wire in
the flexible conduit. Therefore, there is no adverse

impact on the flexible conduit or the wires. These
deviations were determined to be insignificant. Any
similar deviations existing in the. population would
also be insignificant. No adverse trend was
identified.

One deviation was reported where a conduit locknut on
an instrument rack was loose (i.e., not hand tight). A
loose locknut could separate from a rigid conduit due
to vibration, but would not result in the loss of the
mechanical connection of the conduit to the junction ,em '

) box on the rack. Loss of connection would not occur
because the conduit protrudes through the junction box
knockout and is held rigidly in place by a conduit
support. The relative displacement under seismic
events between any conduit connected to a junction box
and the junction box would be insignificant.
Thereforo, this deviation is insignificant. Similar
deviations were reported in the conduit population and |

were also insignificant (see Appendix 1). This
deviation type cannot result in a construction
deficiency. No adverse trend was identified.

Renssembly ,

Thirteen deviations were reported for incorrect
reassembly of equipment doors or access panels. Each
of two access panels intended to be fastened closed
with either five or seven bolts had two bolts missing i

or not fully engaged. Three conduit entrance roof
panels on a termination cabinet intended to be fastened
with a total of 26 bolts had two bolts missing and

seven bolts not fully engaged. The analysis for the.
access panels determined that in each case under design
basis loading the door or panel would remain in place.
These deviations are insignificant. An analysis for

i the termination cabinet could not be accomplished
because the original deviating condition could not be'

reestablished. As it cannot be determined whether the
reported deviations would have adversely impacted the
mechanical integrity of the cabinet, they are

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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considered notable. Should similar deviations occur
elsewhere in the uninspected portion of the population,
the effect on the ability to perform its safety
function would be significant if the affected equipment
required a tight seal and might also be significant if
equipment such as a relay was mounted on the door or
panel. These deviations are similar to deviations j

reported under Attribute 3 for damage to seals or~

fasteners in access panels and equipment doors.- These
deviations for incorrect reassembly are part of the

unclassified trend identified in Attribute 3. For a

root cause and generic implication, see Section 3.4.

One deviation was reported where the reinstallation of

() wireway covers in the main control board was incorrect.
Slotted holes for nine replacement covers were
specified with a' maximum width of 1/4 inches. For most
of the covers in the board the slotted holes were
drilled out in excess of this maximum dimension. An
analysis determined that the covers would remain in
place and that separation was maintained. The
functional capability of the cover was not reduced.
This type of deviation is insignificant. No adverse
trend was identified.

Modifications Not Documented |

Five deviations were reported where the equipment was
modified, but documentation authorizing or recording
these modifications is not available.

One deviation was reported where a relay nameplate
indicated that the relay had a 120 volt AC coil. A 120
volt DC coil was required by the internal wiring
diagram. An evaluation determined that the incorrect j

relay type was installed, l

It was determined that the incorrect relay type would

cause the installed relay to fail prematurely. The

(~' relay is in the main steam isolation valve test circuit
and interlocks main steam isolation valves with the'

main steam drain pot isolation valve. This deviation
was determined to be a construction deficiency. |

'
.

m . _ __
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For a root cause and generic implication analysis f
associated with this construction deficiency, see
Section 3.5.

Four deviations were reported where the incorrect fuse
size was installed. The fuse size was smaller than
required by the internal wiring diagrams.
Documentation indicates that the correct fuses were
installed when the circuits were tested. One circuit
required two 6-amp fuses, but 3-amp fuses were
installed. One circuit required two 15-amp fuses, but
6-amp fuses were installed.

Both are trip circuits for electrically operated (shunt

(r-s) trip) breakers. The trip coils of these breakers are
'~' normally de-energized and only draw current for a

fraction of a second when actuated. The calculated
peak currents are greater than the fuse ratings. The
fuses may blow out when the circuits are actuated.
Loss of these fuses would disable two load-shedding -

circuits on the emergency diesel generator. As a
result, two battery chargers, one instrument power
inverter, a lighting panel and two chiller auxiliary |

oil pumps would remain connected to the diesel during !

emergency conditions rather than being disconnected as
intended. These two pairs of deviations were
determined to be two construction deficiencies.

For root cause and generic implication analysis for
these construction deficiencies, see Section 3.6.

Modifications Not Implemented

Two deviations were reported where modifications
required by revisions to the drawings were not
implemented. In these cases, wires were deleted by
revision to the drawings, but had not been removed.
The wires were related to equipment that was removed
from service and were jumpers at relays and termination

,_b strips. The wires did not interconnect active
('l circuits, and the interconnecting field cables had been

removed in accordance with revisions to other
associated drawings. This deviation type is ;

insignificant. No adverse trend was identified. q
l

_ _ - - - - _ _ - - - -
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Modifications Incorrectly Implemented

Eight deviations were reported where the implementation
of required modifications was not in accordance with gg
the drawings.

One deviation was reported where a wire was terminated
to a point other than as shown on the drawing. An
evaluation determined that the configuration was
functionally correct; the wire was connected to an
electrically common point. This deviation type is
insignificant. No adverse trend was identified.

() One deviation was reported where number 14 AWG wire was
installed, instead of larger number 12 AWG wire as
required by a note on the wiring drawing. The smaller
wire had a rated capacity more than twice its intended
load, but the capacity reduction was eighteen percent;
therefore, the identified deviation is considered
notable.

There is a relatively high design margin in current
carrying capecity for wiring. Number 12 AMG wire for
example is rated for 24.6 amperes, but the maximum. fuse
or circuit breaker size allowed by the National
Electric Code is 20 amperes (a typical application).
Substituting number 14 AWG wire which is rated for 20.5
amperes, in a similar deviation that has a circuit load
of up to 20 amperes would also be within its rated load
capability. Therefore, should similar deviations occur
in the uninspected portion of the population, they also
would not result in a construction deficiency. No

adverse trend was identified.

Four deviations were reported where components were not
re-labeled in conformance with the detailed wiring
diagrams or permanent equipment transfer instructions.
In all cases it was determined that correct components
were installed. The labels do not affect the operationO of the equipment. None of the tags was an external
legend plate that would be used for reference by the
operators. This deviation type is insignificant. No

adverse trend was identified.

. _ - . _
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Two deviations were reported where wires were not
properly inserted into mechanical terminal blocks. One

wire was not fully inserted. The insulated portion was
1/8 inch outside the terminal. One wire was inserted
too far. The insulated portion of the wire was inside
the terminal. The wires were mechanically secure. An
investigation that included retesting of the circuits
determined that in both cases there was no adverse
electrical effect on the operation of the circuits.
This deviation type could not result in a construction
deficiency if it occurred elsewhere in the population.
No adverse trend was identified.

While no adverre trends were identified for-

Modifications Not Implemented, the failure to implement
design modifications raises a s1gnificant concern.
This concern is addressed in the root cause and generic
implications analysis and, more importantly, the
corrective action recommended for the construction
deficiency for fuse size, see Section's 3.6 and 4.1.4.

2.3 Analysis of Documentation Review Results

This section provides, by attribute, a discussion of the
document review deviations and an analysis of the effect of
the deviations on the ability of the evidence collected to
provide reasonable assurance that the electrical. equipment is
properly assembled and modified.

2.3.1 Attribute 5 - QC Acceptance of Assembly or Modification

In all but two of 4,700 review points, QC inspection
acceptance of assembly or modifications was verified.

Two deviations were reported where attributes on
inspection reports were either not accepted or not
marked N/A by the QC inspector.

One of the inspection reports was for a portion of a

O DCA. The modification of the pin configuration of a
control switch was not accepted, i.e., a checkmark
entry was not made to accept or reject the
modification. An evaluation that included functional

t testing of the switch determined that the pin
configuration is correct.

_ _ _ - _ _ _ _ _ _ ____ -
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One of the inspection reports was for installation of
an electrical conductor seal assembly. A checkmark
entry was not made to accept or reject a butt splice.
The calibration number of the tool was entered. In

addition, it was documented that the butt splice was >

reworked and accepted incidental to the repair of
damage to the associated instrument; therefore, the
as-installed condition met the requirements..

These deviations were determined to be insigt[ificant.

2.3.2 Attribute 6 - QC Inspector Certification

A total of 3,100 reviews was performed to determine

() whether the inspector who signed or initialed and dated
the inspection results of electrical equipment''

installation was appropriately certified.

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 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.

n

-- --
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This section provides root causes and generic implications for the
following construction deficiencies and unclassified trends:

1. Damaged Porcelain Insulator

2. Damaged Solenoid Operated Valve

3. Damaged Electrical Conductor Seal Assembly

4. Incorrect Reassembly and Damage

5. Incorrect Relay Type

6. Incorrect Fuse Size

3.1 Damaged Porcelain Insulator

Root Cause

The transformer was purchased with an incoming cable
termination cabinet suitable to connecting bottom-fed incoming
power cables. In February 1980, a traveler was issued by
engineering to rework the transformer for top-fed cables. The
work involved unbolting existing 1/4 inch by 1 inch bus bars
from their associated porcelain standoff insulators,
rearranging the bus bars, and rebolting the bus bars back to
the insulators. A single 3/8-inch bolt was used at each of
eight bus bar-to-insulator connections. Each insulator had a
babbit insert, threaded for the 3/8-inch bolt.

The traveler directed that each bolt be tightened to a torque

value of 40 pound-feet. The traveler did not note that this
torque value was to be applied to a 3/8-inch bolt. This work
was performed and inspected on March 3, 1980 as directed by
the traveler.

Subsequently, on March 24, 1980, the incoming 6,900 volt
cables were terminated to the bus bar. This involved removing

the bolt securing the bus bar to the insulator at each of
three points and terminating the cable by reinstalling each

O bolt to the insulator through the cable terminal lug, and the
bus bar.

_-___-_-_-__-_
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The three bolts were retorqued to the requirements of the
termination procedure, 20 pound-feet. ,

iThe CPRT reinspection of the original modification involved
verification of the torque value given in the traveler. The
bolt through "A" phase of the cable and the bus bar to the'
insulator would turn but not tighten. Closer inspection
showed that the insulator was damaged. There was a hairline
crack starting at the babbit insert in the porcelain insulator
and extending radially outward about 1/2' inch.

The equipment manual, construction procedures and industry

f-
.

standards ~are all consistent as to torque requirements for

.( this application. The correct torque value for these 3/8-inch
bolts is 20 pound-feet. The value of 40 pound-feet in the
traveler is appropriate for 1/2-inch bolts.

The erroneous torque value may have resulted from transcribing
the wrong torque value from the available design torque
values. The bolt size may have been determined in error,

based on the use of 1/2-inch bolts for similar bus work
elsewhere in the transformer. The bolts' size may have been
determined in error by visual examination of the installed
bolts (the width across the flats of a 3/8-inch bolt is

!approximately 1/2 inch).

The traveler was prepared by field engineering ahd reviewed by
QA engineering. The review and approval cycle for travelers

Idoes not require or provide for design engineering review and
approval.

The damage to the insulator consisted of both the radial crack
in the porcelain body and the damage to the babbit insert as
indicated by the inability to tighten the associated bolt.
The two aspects are directly related. It can be postulated
that a hairline crack alone might be missed during a visual
inspection. It is not reasonable to assume that the directly-

related inability to tighten the associated bolt would go

(~'') unnoted in a torque inspection. The documentation shows two
N/ satisfactory torque inspections. The results of the CPRTs

reinspection for torque are consistent with the original
torque inspections except for the one damaged insulator. The

- _ _ _ _ _ _ _ - _ _ - _ _ - _ _ -
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manufacturer has stated that insulators that have been
subjected to excessive torque values could possibly have
sustained latent damage. Therefore, it is concluded to be
likely that latent damage occurred when the bolts were
tightened to ?0 pound-feet, and that the insulator failed in
service at a time af ter the applied torque had been reduced to
an acceptable value of 20 pound-feet (which was verified).

The primary root cause was a traveler instruction that
incorrectly incorporated design information. An incorrect
torque value was selected and specified, causing a 3/8-inch
bolt to be torqued to a value appropriate for a 1/2-inch bolt.

R

(V Generic Implicationsl

Because all the porcelain insulators in the incoming section
of this transformer were torqued to the incorrect value, they
were all overstressed and may have incurred latent damage.
Other similar 6,900/480V transformers were modified by similar
travelers. Therefore the insulators in these transformers may
also have incurred latent damage. Corrective action is
required for this construction work category.

This transformer was excluded from the count of the required
60 randomly selected items inspected for the attribute damage.
No other deviations were reported that were apparently caused
by improper torque values. However, there are other |
components of electrical equipmant that could incur latent
damage if similar excessive torque values were specified by
travelers.

Travelers were used that provided torque requirements for the
assembly and modification of other portions of the population.
Travelers were also used that provided torque requirements for
other construction work categories, i.e., Mechanical
Equipment.

Further evaluation is required to determine if other travelers
(~') were implemented that incorporated similar misapplication of
(- I design information.

!

.___ -__ ______
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Summary

The primary root cause of damage to the insulator was
misapplication of available design information. An incorrect
instruction on a traveler was used to modify the transformer.
The work involved tightening a 3/8-inch bolt to the insulator.
The torque value specified was appropriate for a 1/2-inch
bolt.- The error was not detected in the traveler review and
approval cycle. Other transformers have been modified by
similar travelers. Other travelers may have errors of

misapplication of design data.

Recommendations for corrective action are in Section 4.1.1.

's ,). 3.2 Damaged Solenoid Operated Valve
m

Root Cause

_A review of the documentation related to this solenoid
operated valve (SOV) verified that the installation had been
inspected by QC and was indicated as satisfactory. A visual
examination of the SOV revealed that the solenoid housing was

extremely loose and had the appearance of being partially
pulled off. The primary root cause of the damaged S0V is,

incidental damage attributed to unrelated construction
activities in the area around the valve. It is apparent that i

the damage occurred after the last inspection of*the SOV;
therefore, failure to detect the damage is not an issue. No
secondary root cause was identified.

Generic Implications

The identified root cause, incidental damage, is limited to ,

electrical conductor seal assemblies, flexible conduit, SOVs |
and other equipment that is susceptible to damage by nearby
construction activitics that could result in stepping on or

bumping the equipment. Incidental damage has also been found
elsewhere in this construction work category and in the

.

conduit construction work category (Appendix 1). ;

|
{

l
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Summary

The primary root cause of the damaged solenoid operated valve
is incidental damage resulting from unrelated activities in
the construction area around the valve. The generic

implication is that all construction work categories that
contain equipment that is susceptible to incidental damage
could be affected.

See Section 4.1.2 for recommended corrective action.

3.3 Damaged Electrical Conductor Seal Assembly

Root Cause

The flexible conduit furnished with the electrical conductor
seal assembly (ECSA) was damaged. The flexible conduit is 3/4
inch by 18 inches long and was installed by construction
between the electrical conductor seal assembly and a solenoid
operated valve. The QC inspection of the installation was
satisfactory. The flexible conduit was broken open and,

exhibited evidence of crushing near the factory-installed ECSA
i

Connector.

|
The reported damage is typical of damage caused by bumping or

| stepping on the equipment. The damage is too obvious to have
been missed on the original inspections.

.

Its location was sheltered enough not to be damaged by passing
traffic becauce it was not readily accessible, but it could
have been damaged by personnel working in the area. The
primary root cause of the damage is incidental damage
resulting from unrelated construction work in the area.

Station housekeeping procedures require periodic inspections
for damage and specifically include damage to instruments and
flexible conduit. The damage to the flexible conduit may have
occurred after the last required inspection. Therefore, no
secondary root cause was identified for failure to detect this
damage.

_ - _
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Generic Implication-

The, identified root cause, incidental' damage, is' limited to.
electrical conductor seal assemblies, flexible conduit, SOVs

,

,

and.other equipment that is susceptible to damage by nearby I

construction activities that could result in stepping on or- )
bumping the equipment. Incidental' damage has also been found
elsewhere in this construction work category and in the
conduit construction work category (Appendix 1).

!

Summary q

|The primary' root cause of the damaged flexible conduit is
/'' incidental damage resulting from unrelated construction work

ti in the area. A program-of area inspections for damage !

(specifically including flexibleLconduit and associated
equipment) was established to detect this type of damage.
Flexible conduit, equipment associated with electrical
conductor seal assemblies and other electrical equipment are
prone to significant damage for some configurations in some
-locations. Determination of!the extent of:such damage and
evaluation of the design configuration is required.

See Section 4.1.2 for recommended corrective action.-.-

3.4 Incorrect Reassembly and Damage
.

Root Cause ;

'The unclassified trend for incorrect reassembly and damage
pertains to reassembly of doors and similar or related
hardware and gaskets in a manner that is either incorrect or |
results in damage. It does not pertain to electrical
penetration assemblies or to electrical conductor seal
assemblies, as they are not typically reassembled.

Of the.nine pieces of equipment with deviations for damage to
door hardware and gaskets or improper reassembly of doors and |

( - removable panels, all but one pertained to doors and panels
t . routinely opened or removed to gain access to the equipment

for testing, maintenance and inspections. The remaining case
is three roof panels on one cabinet apparently removed to cut
holes for entering conduits and not rebolted in place
properly. |

_
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Specific instructions for reassembly of doors and removable-
panels are not providen, nor is provision uniformly made for
tracking components left in an incomplete state of reassembly.
The primary root cause is inadequate control of maintenance,
testing or inspection operations in that the equipment was
damaged or not properly reinstalled during or at the
completion of such work.

Station housekeeping procedures do require periodic inspection
for damage to equipment and proper reassembly, specifically
for doors, vapor seals, and loose or damaged components.

Of the nine cases reported, all but one (related to conduit
[''\ . installation) may have occurred after the last required

- inspection. Therefore, no secondary root cause was identified
for failure to detect these deviations.

Generic Implications

The primary root cause is only applicable to equipment that is
routinely accessed for maintenance, testing and inspection.
It is not applicable to electrical penetrations and electrical )
conductor seal assemblies, which are not routinely opened. It i

is applicable to all other electrical equipment. Corrective
action is required for this portion of the construction work
category.

iThe primary root cause is also applicable to ulectrical
enclosures on items in other populations such as compressors, -|

motor-operated valves and instruments. i

Further evaluation is recommended to determine th9 adequacy of
the housekeeping, testing and maintenance proceduras relative
to this unclassified trend.

Summary

The primary root cause is inadequate control of maintenance, /

:f] testing or inspection operations in that the equipment was
1( ) damaged or not properly reassembled at the completion of such

work. The primary root cause is applicable to electrical
enclosures in this population and also to electrical
enclosures in items in other populations, such as compressors,
motor-operated valves and instruments.
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See Section 4.1.3 for recommended corrective action.

3.5 Incorrect Relay Type

' Root Cause

The incorrect relay is installed in an auxiliary relay
cabinet.- A relay.was installed by the manufacturer in the
specific location where the incorrect relay.was found during
reinspection. The manufacturer's as-shipped drawings, the
current. drawings and the schematics are consistent, and all
require a 120 volt DC relay. The factory-installed relay was
.not replaced due to a change in the drawings.

The relay cabinet consists of several rows of. closely spaced
relays similar in appearance. After installation in the relay
panel, it would be difficult to detect an AC relay .in a
position where a DC relay should be installed. An AC relay
and'a DC. relay of these types are physically similar except
for an approximate one inch difference in depth. 'The relay -

catalogue number is on the side of the relay and after
installation can only be read with an inspection mirror, and'
cannot'be read at all in many cases.

The relay is normally de-energized and is enstgized
momentarily (less'than 1 second) during periodic testing of
the main steam isolation valves. Therefore, it is not
reasonable to expect that a correct 120 volt DC relay
installed by the f actory would have f ailed in service during
preoperational testing, necessitating replacement in the
field. Since a 120 volt AC relay will also function when
briefly energized by 125 volt direct current (but will have a
shortened life), it is likely that this incorrect 120 volt AC
relay would pass energized functional testing and
preoperational testing. There were no Nonconformance Reports,
Test Deficiency Reports, Start-up Work Authorizations or
travelers that could be located that were applicable to this
relay.

O

4



{{5: .}U
~

pg~ ]p
- - - - -- - -- - - -

- qa
w/ .

Jn$6Mp' / [ $c., - Y, ' ' h , [,a ,

1 Revision: 1

o Q~y t' ? - Q(. i
;F 6! 3 Page 23 of 31

+r t a. 9
, r +y < ,

.E
, ,) _ j.

~ :
'

t

; ,.
'

- . ,u,1 ,
.g

,, ,RESULTS REPORT
n

ir' '

r, '.t .-
~

' ISAP VII.c
-

". (Cont'd).. A ~
'

s r 4* ,8 v ,3

,
) 'g "? 5

as

' '
, .

e e Apyendix_6
W, h - (ConL'S,,

r>
$u ;/* -

1

s ..
t '

i 3.0 ROOT CAUSE AND GTEMIC/ J. IMPLICATIONS (Cont'd)
;[ i!

~

j. l' .,,v
/ n ?,~ $.s not the result:of-an authorized

.The dCicturay'The disciehnicy may have existed at. the time of'

- !- modification.g~<
recefppand war, not detect <([and corrected during'

;*t j
~y manute.turing inspr2ction, vender surveillance, or receipt

,

inspection. For this reason..this issue has been referred to
ISAP VII.i.h .for evaluation.i,It may also be that the
original relay was replaced by'this relay in the field where
the intist,was te ' replace a different relay.'

3p
i

I The primary root cause of this error cannot be determined
([ because th Circumstances. surrounding this error cannot be

determined.i.

Generic Is. cf.1 ons

(
A ;t . As no rooC cause cot.in be determined, no generic implications'

,
' can be detstmined.

' Summary
.

A relay rated for use on an AC circuit was reported installed
a /aj a relay cabinet where the drawing required a relay rated* ''

i1
ror direct current (DC). The primary root cause is-

, .

inde.erminate. However, it is possible that the incorrect4\''

relay was installed by the panel manuf acturer. Therefore,
this matter has been referred to ISAP VII.a.9 for further

'
't evaluation,-

*p,
See Section 4.1.4 for recommended corrective action.

3.6 Incerrtet Fuce Size

Root Cauce

Two circuits were originally shown fused at 3 amperes as
det.ernined by the achematics. The internal wiring diagram and
the DC two-line diagram / fuse schedule also showed 3 amp fuses.

- - __.
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In May 1982, engineering revised the schematics byzadding load
and increasing the fuse sizes to 6 amps and~15 amps,
respectively. During Startup. testing in July and August 1982,
6_ amp and 15 amp fuses were correctly installed using the
revised schematics.

The latest internal wiring diagrams also showed these 6~and'15 I

amp fuses. However, these drawings were not reissued to show
the 15 amp fuses until November 1983 and the 6 amp fuses were
not shown on these drawings until April 1984.

The 125 volt two-line/ fuse schedule also shows these fuses.
This drawing was reissued in May 1985 to show the 6 amp fuses
in one circuit. As of December 1986, it still had not been-~g
revised to reflect 15 amp fuses in the other circuit. It

( ,/ shows 3 amp fuses for this and all other circuits in the
cabinet.

The 6 amp and the 15 amp fuses were removed by Operations when
the circuit was tagged out of service in 1982. It is probable

that the incorrect 3 amp and 6 amp fuses were installed
instead of the correct fuses when the circuit was placed back
in service in February 1984.

The primary root cause is less-than-adequate design control
and configuration control. For a two-year period, drawings
(in particular,.the fuse schedule) used for routine operation
of the station were not reissued to show current design
information. As of December 1986 there were still
inconsistencies between three sets of drawings. The reissued
internal wiring drawing for the 15 amp circuit was not marked
to identify the revised fuse size. This is also a
less-than-adequate aspect of design control. Because
operations is procedurally allowed to use any of the three
drawings to determine proper fuse size, in these cases, there
was no control to ensure that the correct configuration was
maintained.

The use of tagging is an important aspect of configuration

-( ) control during such operations as fuse removal and
reinstallation. However, there is no general provision during
tagging operations to note the size of the fuse removed, or

!

i
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provision that the same fuse be used for replacement. Such
provisions could have averted the problem or identified the
discrepancy.

Generic-Implications

The primary root cause of less-than-adequate design control
and less-than-adequate configuration control is applicable to
other fuses in this construction work category. Corrective

action is required for fuses.

All other items in this construction work category are subject
to the same design control and configuration control program.
Other deviations where required modifications were not.j-~s implemented may have been attributable to the same root-cause.( ) Corrective action is therefore required for all items in this
construction work category.

Sur. mary

The construction deficiencies' involved two sets of fuses that
were sized smaller than required by the design base documents.

The primary root cause was less-than-adequate design control
and less-than-adequate configuration control.

The generic implications of less-than-adequate design control
and less-than-adequate configuration control apply to the
entire population.

See Section 4.1.4 for recommended corrective actions.

4.0 RECOMMENDATIONS

4.1- Recommended Corrective Action

4.1.1 Damaged Porcelain Insulator

' Based on the findings associated with the attribute of
damage, specifically the construction deficiency of a
damaged porcelain insulator, the following is
recommended:

.

- - - - - - - - - - - - - - - _ - - . - - _ _ _ m
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1) Replace insulators on transformers subjected
to over-torquing.

2) Evaluate travelers for similar misapplication-
of design data.

3) Evaluate the practice of using travelers that
provide design'information directly in their
instructions, including the review and
approval cycle for such travelers.

4.1.2 Damaged Solenoid Operated Valve and Electrical
.

Conductor Seal Assembly
.

Based on the findings associated with the attribute of
damage, specifically the deficiencies associated with
incidental damage, the following is recommended:

1) Reinspect for damage ECSAs with flexible
conduit inboard of the seal, SOVs, and other

equipment and components susceptible to
damage.

2) Evaluate Operations procedures for area
closeout and housekeeping inspections to
ensure that particular attention will be paid
to possible damage to susceptible equipment
such as flexible conduit, electrical
conductor seal assemblies, and SOVs.

3) Implement a program to evaluate the design,
location, and configuration of flexible
conduit and electrical conductor seal
assemblies.

4.1.3 Incorrect Reassembly and Damage

Based on the findings associated with the attributes of
- damage and assembly and modification, specifically the
' deficiencies associated with incorrect reassembly of

doors and damage to related door hardware and gaskets,
the following is recommended:
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1) Evaluate plant startup, operating and
maintenance programs to assure that these
programs include adequate administrative
controls to require restoration of equipment
and component supports, doors and covers
including bolts, latches, gaskets and vapor
barriers. Specifically, these must include
the following:

a) Provision of adequate
reassembly /reclosure details and
bolting requirements in operating,
surveillance, and maintenance
procedures that involve opening /

9 disassembly / closing / reassembly of
equipment or components, housings
or doors.

b) Provision of adequate quality
*

assurance review to assure that
appropriate instructions are
included in these surveillance,
maintenance, and operating
procedures and to verify that the
equipment and component housings
are properly reassembled and
secured closed. ,

2) Inspect the enclosures of electrical
equipment and components and mechanical
equipment with electrical components for
damage to doors, covers, gaskets, vapor
barriers and associated hardware, and for
proper reassembly /reclosure of components,
supports, covers and doors.

4.1.4 Incorrect Relay Type and Incorrect Fuse Size

Based on the findings associated with the attribute of

|| assembly or modification, specifically the deficiencies
associated with incorrect relay type and incorrect fuse
rating, the following is recommended:

_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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1) Electrical equipment be inspected for
configuration in accordance with the latest'
approved design drawings. Verify,.as a
minimum, device type, identification and
rating (i.e., size), and wire size,
identification and configuration.(number of
wires terminated on each point).

2) Evaluate and revise, as necessary, the design
control program and the configuration control
program with respect to provision and
revision of duplicate.information on.

.

different sets of drawings, with particular

/ emphasis on information:used in the operation'

'

of the plant.
.

3) Evaluate and revise,-as necessary, the design
control and the configuration control program
with respect to identifying and tracking-,

required modifications, incorporation of
as-built information and with particular
emphasis on modifications to equipment that
has previously been tested or accepted.

4) Revise the station taggina procedure with
respect to removal and replacement of fuses.

4.2 Recommendations for Improvement

4.2.1 Battery Maintenance

Based on the findings associated with the attribute of
damage, specifically the deviation for wear cf plating
on battery intercell copper connectors, it is
recommended that consideration be given to revising the
maintenance procedure for station batteries to ensure
compliance with all requirements of the vendor
maintenance manual.

.
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5.0 CONCLUSIONS |
|
'

Based on the findings of the reinspection and document reviews and
satisfactory implementation of the above recommendations, there is
reasonable assurance that the hardware in this construction work
category is adequately installed in accordance with the design.

O

.

9

O

_- - _
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Table 6-1

Summary of Reinspection Results i

Electrical Equipment Installation

i

Deviation Classification

Number of
Inspection Number of Insigni- Construction

Attribute Points Deviations ficant Notable Deficiency

1. Identification 137 11 11 0 0
|

2. Location and
Orientation 283 7 7 0 0

3. Damage 3,587 14 7 6 2( )
O(~''i

4. Assembly or
Modification 13,000(2) 46 31 10 3(3)

TOTALS 17,007 78 56 16 5(1)
(Approximately 17,000)

.

( One of these CDs was identified as a result of the review of out-of-scope
observations.

(} The number of inspection points for this attribute is approximate. It is based

on total number of components inspected.

IT (3)(_,) These three CDs include a total of five separate deviations.

!
..... . . . . . . . . . . . . . . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___]
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Table 6-2 .

Summary of Documentation Review Results
Electrical Equipment Installation

Deviation Classification

Number of
Review Number of Insigni-

Attribute Points Deviations ficant Notable
.

4. QC Acceptance of
Assembly or
Modification 4,700* 2 2 0

TOTALS # 4,700* 2 2 0

.

l

.

|

* The number of review points is approximate. These numbers are based on total
number of documents reviewed (942) and average review points per document. {

t

I
# QC Inspector Certification review points and deviations are excluded from totals

f-~ and deviations are not classified because the results of ISAP I.d.1 indicate
i j$ that these deviations do not relate directly to actual inspector qualifications.
s

1

1
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1.0 REVIEW PROGRAM IMPLEMENTATION

1.1 Construction Work Category Description

The construction work category of instrumentation equipment
installation is comprised of the installation of all
safety-related instruments and associated impulse tubing,
fittings and valves. Impulse tubing for non-safety-related
instruments connected to ASME Class 1, 2, or 3 piping is also
included in this construction work category.

1.2 Population Size and Sample Selection

For this construction work category, a population of
(q) approximately 580 items was identified as QC-accepted as of
,

the date of this reinspection effort. Reinspection and
documentation reviews were performed for a total of 167
accessible items. Of these, 131 first sample items were

randomly selected from the population to ensure-that at least
60 reinspection or documentation reviews of each attribute
were performed except as noted below. The first sample
included 60 safe-shutdown items; therefore, no additional
sc:ond sample items were required.

For Attribute 10, flexible hose installation, the total number
of flexible hoses was small compared to the total instrument
equipment population. Therefore, all 35 flexible hose
assemblies that were QC-accepted and not part of the first
random sample were reinspected.

1.3 Attributes Selected
i

Sample items were reinspected for the following attributes:

Attribute 1 - Material identification for tubing, fittings,

and valves q

Attribute 2 - Tubing size

O Attribute 3 - Tuoing marking
LJ

Attribute 4 - Tubing routing

_____ ____________ _ n
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Attribute 5 - Tubing slope

Attribute 6 - Tubing air gap

Attribute 7 - Tubing separation

Attribute 8 - Tubing minimum bend radius

Attribute 9 - Tubing crimps, kinks, or flattening on bends

Attribute 10 - Flexible hose installation

Attribute 11 - Instrument identification

|h Attribute 12 - Instrument location

Attribute 13 - Instrument vents, drains, and connections

Attribute 14 - Instrument separation

Attribute 15 - Instrument damage

Sample item documentation was reviewed for the following
attributes:

Artribute 16 - QC acceptance of pressure test reports
.

Attribute 17 - Tube bender qualification -

Attribute 18 - QC inspector certification

2.0 DISCUSSION OF RESULTS

2.1 Summary of Results

For reinspection, a total of 138 Deviation Reports was issued
describing 160 deviations. A total of 7,082 inspection points
was encountered in performing the reinspection. See Table

|
7-1 for results of the reinspection.

- -- _
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For documentation review, there were no Deviation Reports
issued. A total of 244 review points was encountered in
performing the documentation reviews. See Table 7-2 for
results of the documentation review.

Documentation review deviations related to inspector

certification have not been included in the aforementioned
totels. As discussed in Section 2.3, it has been determined
that these deviations do not necessarily relate directly to
actual inspection qualifications. These deviations were
considered in the ISAP I.d.1 evaluation.together with

supplemental information as necessary to determino actual
inspection qualifications. The ISAP I.d.1 conclusions are

, - summarized in Section 2.3.

In the 15 reinspection attributes of this population, one
construction deficiency, one QA/QC program deficiency and no
adverse or unclassified trends were identified:

1

1) Attribute 1 - Material identification for tubing,
fittings, and valves: A QA/QC program deficiency for
use of an unapproved thread sealant, Rectorseal, was
identified. See Section 2.2.1 for discussion of this
attribute.

2) Attribute 10 - Flexible hose installation: A
construction deficiency for misaligned flexible metal
hose was identified. See Section 2.2.10 for discussion
of this attribute.

For the two document review attributes (excluding QC inspector
certification) there were no deviations reported.

|

2.2 Analysis of Reinspection Results

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 instrumentation

O)
equipment and an analysis of the deviations for the presence I

k, of trends. The function of the instrumentation equipment
m

- . _ _ _ _ _ - _ _ _ _ _ - _
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is to provide a signal with a known relationship to a plant process
variable such as flow, pressure, temperature, and level and to
maintain the pressure boundary of the system to which it is
attached. Such signals are used for monitoring, recording, or
controlling plant processes.

2.2.1 Attribute 1 - Material Identification for Tubing,

Fittings, and Valves

In 107 inspection points, 33 deviations were reported
where color code markings used for material
traceability were not visible as required by
construction specifications.

. k of the 33 deviations reported, 30 were for missing
longitudinal color-code markings on tubing. Tubing is
required to have a color code marking to provide
material traceability. The color code is
cross-referenced to the heat number, purchase order,
and manufacturer. Most of the deviations reported*

occurred on the exposed portions of short sections of
tubing (1/8 inch to 6 inches long). In such short
lengths, there is the possibility that the color code
marking was eradicated during cutting, deburring, or
installation. All stainless steel tubing delivered for
onsite use was procured to a specification for
safety-class tubing; therefore, the installed 'aterialm

is acceptable. Review of documentation (inspection
reports) for the items with the deviations confirudd
that applicable color codes for the installed
safety-class tubing were identified and recorded by the
inspector. Moreover, in accordance with a design
change authorization, dated 8/15/86, the color code no
longer needs to be maintained after installation
acceptance. The color code has no further use once the
fabrication / installation has been completed, inspected,
and the traceability has been permanently recorded.
The missing color-code markings are not indicative of
incorrect material. This deviation type was determined

|f
to be insignificant, and no adverse trend was
identified.

__ _-______-___ ___
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Three deviations were reported where color-code
markings on studs and nuts used on instruments with i

flanged connections were missing. Like tubing, studs
and nuts are color coded for material traceability. In

one of the three deviations, the studs and nuts were

painted over. In the other two deviations, color marks

were missing from the studs and nuts. The installed
materials were verified to be correct by review of the
inspection reports.

In all cases where deviations were reported, the
materials were found to be as required. Therefore,
this deviation type was determined to be insignificant,
and no adverse trend was identified.g

During reinspection of this attribute, an observation
was recorded regarding the use of Teflon tape, a
commonly used sealant on threaded connections, on
vendor-supplied instruments inside the reactor
containment building. Teflon tape is prohibited in all
areas except the turbine-generator building and the
circulating water intake structure. Teflon when4
exposed to radiation levels greater than 10 rads or
temperatures above 400 F, will break down and release
fluorine in the form of hydrogen fluoride. Fluorides
can cause cracking in stainless steel at temperatures

*

above 150 F.

The procurement specification for these instruments
prohibits the use of materials likely to deteriorate or
become highly radioactive. Teflon tape is included in
this material category. This ' observation was referred
to ISAP VII.a.9 for further evaluation.

During the investigation of the above observation, it'
was discovered that another thread sealant, a product
called Rectorseal, had been used in the plant prior to
January 30, 1981. In an environment of low pH (less

than 7.5), Rectorseal may cause stress corrosion
9 cracking of stainless steel. The use of Rectorseal has

been prohibited in all areas at CPSES since the above
date. Instrument installations in which Rectorseal was
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known to have been used were supposed to have been.
replaced using an approved thread sealant. However, no
documentation can be found to'' determine whether all
installations in which Rectorseal was used were
replaced, as there was no requirement for documenting
the type of sealant used in the installation. There is

a possibility that installations still exist in which
Rectorseal was used and not removed.*

A QA/QC Program Deviation Report (PDR-062) was written
to identify the use of unapproved thread sealant on
threaded connections at CPSES. Tais PDR was evaluated
to be a QA/QC Program Deficiency.

/"~%
tj For root cause and generic implication evaluation for

this QA/QC Program Deficiency, see Section 3.1.

2.2.2 Attribute 2 - Tubing Size

In all 105 inspection points, tubing size was verified
to be in accordance with the installation details, and

no deviations were reported.

2.2.3 Attribute 3 - Tubing Marking

In 64 inspection points, 13 deviations were reported-
where tubing markings did not meet the 10-foot maximum
spacing requirement of the specification. This
circumferential mark is used to identify the train or
the channel of the tubing in order to determine
conformance to the separation criteria. Of the 13
deviations reported, nine are for circumferential color
marks spaced more than 10 feet apart. The remaining
four deviations are for missing marks at points of
entry and exit from an enclosed area. In all instances

of improperly located marks, the marks are present and
observable reasonably near to the required location.
Improperly located marks have no effect on the

O

.
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1

instruments' ability to perform their safety function
if the cubings are properly separated. Separation is
verified by QC at the time of the installation. In all

the above deviations, separate inspections (Attribute
7) have shown that there are no tubing separation
violations due to improperly located circumferential
marks. This deviation type was determined to be
insignificant, and no adverse trend was identified.

I

2.2.4 Attribute 4 - Tubing Routing

In 102 inspection points, three deviations were
reported where the tubing routing was not in accordance

(''N with the design drawings (instrument tabulation sheet
(_) drawing, instrument installation detail drawing, or

instrument location drawing).

The inspection for routing verified that the tubing is
connected to the correct sensing point by checking that
the tubing leads to the correct root valve. Incorrect

routing would provide an incorrect signal to the
instrument and affect the instrument output.

Three deviations were reported for tubing with reversed
high and low pressure connections. In the first
deviation, the installation did not agree with the
installation detail drawing but did agree with the
instrument tabulation sheet and the' location drawing.
It was determined that the differential pressure
indicating switch was installed correctly and the
detail drawing should be revised. In the second
deviation, the installation did not agree with the
instrument tabulation sheet but did agree with the
location drawing. The heading of root valves on the
tabulation sheets shows top /HP and bottom /LP instead of
top /LP and bottom /HP. In the third deviation, the

installation did not agree with the tabulation sheet or
the location drawing. Further review of the drawings

y-'g for all three deviations shows that the installation ;

( ,) agrees with the flow diagram. The flow diagram is the ,

Igoverning design document.

- _ _ _ _ _ ____-____________ ___-_______.
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,

The three reported deviations are actually drawing
inconsistencies between at least two of the three
drawings defined. In all cases, the tubing routing is
correct as they all agree with the flow diagrams. The
flow diagram will always be the governing document, and
the other drawings should agree. These deviations were
referred to the Design Adequacy Program (DAP) for
further evaluation. This deviation type was considered
insignificant, and no adverse trend was identified.

2.2.5 Attribute 5 - Tubing Slope

In 64 inspection points, 25 deviations were reported -

where the slope of the tubing is less than the minimum
/G of 1/4 inch per foot as required by the construction

b specification.

Improper slope may result in air becoming trapped in
the tubing. Expansion or contraction of trapped air
may affect the functional capability of the instrument,
resulting in erroneous indication. Wetted tubing is
required to have a minimum slope of 1/4 inch per foot
to avoid formation of such air pockets.

For convenience of discussion, the deviations are

presented in three groups. The first group has

reversed slope, the second group has slope from zero to |
less than 1/4 inch per foot, and the third group is
comprised of slope violations near the flexible hose
installations.

A reversed slope was reported in six cases. The
oeviations occur in tubing of 3/8 inch and 1/2 inch
diameter and lengths ranging from 5 to 19 inches
occurring along the tubing run. The worst reverse slope
is 7/16 inch per foot in a 19-inch section of tubing.
In each case, the required slope exists immediately
upstream and downstream of the affected section of the
tubing. In all cases the volume of air that can be

.p trapped in tubing of such size and length is very
h small. Compared to the total volume of fluid in the

entire tubing run,.the maximum volume of air in the
tubing section with the reversed slope will have an

_ _ _ _ _ _ _ _ _ 1
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insignificant effect on the instrument's functional
capability. Moreover, calibration procedures require
filling and venting of lines af ter calibration of the
instrument. The implementation of these procedures
reduces the possibility of having air pockets in the
tubing.

A slope of zero to less than 1/4 inch per foot was
reported 1n 14 cases. For this group of deviations,
formation of air pockets is unlikely for the same
reasons described above. No effect on the instruments
in the uninspected portion of the population is
expected from deviations of this type.

-

( s) Five deviations were reported for installations with
flexible hoses. In these cases, the point where the
rigid tubing connects to the flexible hose is slightly
higher than the flexible hose, which may result in ;

trapped air. Slope requirements do not apply to i
'

flexible hose installations, and the physical

configuration of the flexible hoses sometimes
does not allow the rigid tubing connection to be lower
than the hose. During the filling and venting
operations, any trapped air will be eliminated as
described in the analysis for reversed slope. These {
deviations are insignificant.

'

In all the above cases, the required slope exists from
one end of the tubing to the other. Because only
grossly reversed slope is likely to affect instrument
performance, and the mitigating effect of a fill-and-
vent operation will be experienced af ter each
calibration of the instrument attached to the tubing,

this deviation type was determined to be insignificant.
The type and magnitude of deviations reported would be
unlikely to affect the ability of other instruments to
function properly. No adverse trend was identified. |

i

_
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2.2.6 Attribute 6 - Tubing Air Gap

In 101 inspection points, 46 deviations were reported
where.there is less than the 1/8 inch minimum air gap
between tubing lines and other components as required
by the construction specification.

A minimum air gap of 1/8 inch is required to allow
instrument tubing to expand independently at all bends
without contacting adjacent sensing lines, other
equipmeat, concrete, or structural uteel.

Of the 46 deviations, 39 were reported with air gaps

f''' less than 1/8 inch, but greater than zero. Analysis of
the operating conditions for the tubings with~' .

deviations shoes that thermal expansion is negligible,
when the low the'rmal expansion coefficient of stainless
steel and the narrow operating temperature range of the
tubing are' considered. The tubing will not experience
any damage due to thermal growth. In addition, the 1/8

inch minimum requirement has been modified by a design
change authorization. The new requirement does not
specify a minimum gap dimension, but merely requires a
gap to be present. These deviations are acceptable by
the new criterion-and have no effect on the
safety-related function and performance of the-

instruments. This deviation type was determined to be I

insignificant, and no adverse trend was identified.
;

The remaining seven.of the 46 deviations concern tubing
with no air gap. In each case, the tubing is in 3

'

contact with another component: two are in contact
with concrete wall, one with a pipe, one with a pipe

support, one with a conduit with separation barrier
material, one with low pressure tubing touching the )
high pressure tubing, and one in contact with a
Unistrut support. None of these deviating conditions
occurs at a tubing bend. Contact at bends is critical
because axial thermal expansion occurs at these points.

Os A total of 2,988 bends were inspected and since none of
the identified deviations (46 total) occurs at bends,

!

1
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I

it is unlikely that air gap violations exist at tubing
bends elsewhere in the population. These deviations
have no effect on the ability of the instrument tubing
to perform a safety-related function. This deviation |

type was determined to be insignificant, and no adverse ;

trend was identified.

2.2.7 Attribute 7 - Tubing Separation .

In 65 inspection points, one deviation was reported
where the tubing separation was less than 18 inches
(edge-to-edge) f rom the tubing associated with the
redundant instrument, as required by the construction
specification.s

I \

Tubing separation between tubing associated with--

redundant instruments is required to ensure
independence from common potential hazards such as 1.gh !

energy pipe whip, jet impingement, missiles, falling
objects, or compartment pressurization.

The deviation was reported for a separation distance
that varied from 10 inches to 17-1/2 inches between two
tubing runs associated with redundant instruments. The
deviation occurs where a safety-related instrument was
designed to share a drain line with a non-safety-
related instrument. The location of the non-safety-
related instrument prevents the safety-related
installation from achieving the 18 inch required
separation from its redundant counterpart. Review of
the area where the deviation occurs shows that the
tubing in question is out of postulated jet
impingement, pipe whip, compartment pressurization, and
missile-producing areas. It is protected from falling
objects by a grating above it. It was also noted that
the 10-inch separation distance from the other tubing
occurs downstream of a common drain valve that is
normally closed during operation. Thus, failure of
this section of tubing would not affect the instrument

| /'' function.

\-)J'

_ _ _ _ _ - _
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Pipe bends for all high energy piping were identified
during the conduct of the Damage Study that was
performed by the Project. A determination of
instrument tubing in the vicinity of potential breaks
was made and the affected tubing was then protected as
required.

.

Therefore, even if a separation violation of tubing
does exist, an analysis has been performed and
protective measures have been implemented.

The reported deviation type was determined to be
insignificant. No adverse trend was identified.

7-~~)
;

2.2.8 Attribute 8 - Tubing Minimum Bend Radius(x/

In all 2,988 inspection points, the tubing minimum bend
radius was verified to be in accordance with the
requirements of the construction specifications, and no
deviations were reported.

2.2.9 Attribute 9 - Tubing Crimps, Kinks, or Flattening on
Bends

In all 2,988 inspection points, tubing bends were found
to be free of crimps, kinks, or flattening as required
by the construction specification, and no, deviations
were reported.

2.2.10 Attribute 10 - Flexible Hose Installation

In 114 ir.spection points, 16 deviations were identified
where misaligned flexible metal instrument hose

assemblies were installed and had twist in excess of
that allowed by the construction specification, and two i

deviations were identified involving missing

anti-torque indicator lines on the flex hoses. ,

1

In some applications, flexible metal instrument hose is I

/~'h installed between a root valve and the rigid tubing to !
(/ |

:

|
1
I

|
3
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absorb thermal and seismic motion. Both ends of the
flexible hose are provided with anti-torque indicator
lines as a means of determining if the hose has twist.
Because few instrument installations have flexible
hose, all such insta11aticas were reinspected.

The anti-torque indicator lines on the flexible hoses
were found to be misaligned by a range of a' proximatelyp
10 to 90 degrees. The manufacturer has stated that any
installation with twist, as indicated by misa11gned
anti-torque lines, is subject to failure and will not
be in compliance with the equipment qualification
certification. This deviation type was therefore

[] determined to be a construction deficiency. See
v Section 3.2 for root cause and generic implications

analysis. As the absence of the anti-torque lines
makes the acceptability of the flexible hose
installation indeterminate, those two deviations were

considered notable. No further analysis of these two
deviations was performed, because the concerns are.
completely addressed by the construction deficiency
discussed above.

2.2.11 Attribute 11 - Instrument Identification

In 78 inspection points, three deviations were reported
for missing or incorrect identification thgs.

4

A missing or incorrect tag may be indicative of'

improper instrument installation which could cause
operation errors affecting safety.

10f the three deviations reported, two are for missing
instrument tags. In both cases documentation showed
that the original instruments were found to be
defective and were subsequently replaced by means of
the permanent equipment transfer (PET) process. The
PET process requires that the replacement item should
be the same as the original item and should be tagged

(''T.s_,/ accordingly. The replacements were verified to be
appropriate based on the manufacturer, model number,
calibration range, and connecting conduit. Because the
process resulted in acceptable installations, it is

_ __-___ _ -
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.

unlikely that it would result in a construction
deficiency if it were to occur elsewhere in the
population. See Appendix 17, Mechanical Equipment

*

Installation, for a recommendation for improvement
concerning the PET process.

The remaining deviation involved the apparent
installation of an incorrect instrument. The
instrument was one of two similar instruments installed
next to each other on the same tank. Both instruments
have removable covers to which the instrument tag is
attached. Although these removable covers were found
'to have been interchanged, the correct instruments were
actually installed. This was determined by checking

|f
the serial number of the instruments shown on the body
of the instrument. The interchanged covers have no
effect on instrument performance.

Thus, in all cases, the missing or incorrect tag number
was not indicative of the wrong instrument being
installed. The installed instruments will perform

their safety-related design function. This deviation
type was determined to be insignificant, and no adverse
trend was identified.

2.2.12 Attribute 12 - Instrument Location

In 78 inspection points, 16 deviations wete reported
where in'struments were installed more than 4 inches
vertically or 3 inches horizontally from the location
shown on the instrument location plans. These
tolerances were provided by the installation
specification.

Instruments improperly located may not satisfy
separation, calibration, environmental qualification,
seismic, radiation or fire protection requirements.

Of the 16 deviations, 14 installations were noted where
the instruments were located outside the horizontal9 tolerance but within 2 feet of the required location.
In these cases, the instruments were in the same
environmental condition, seismic area, radiation zone,
and fire zone as the design location. In all 14 cases,
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separate inspections (Attribute 14) have shown that
there are no instrument separation violations due to
the mislocated instruments. The reported locations of
these instruments, although outside the required

5 tolerances, are acceptable, based on supplemental
specification criteria that allows any instrument to be
relocated in any horizontal direction as long as the
separation, environmental, seismic condition: radiation
and fire zone requirements are not violated. The
tolerancec provided in the installation specification
were intended to restrict the instruments to a certain
location to avoid interference with other installations
such as piping, electrical, or mechanical equipment.
The tolerances were not intended to be a functionalO requirement for the instruments. None of these 14
deviations affect the safety-related function of the
instrument involved.

In the remaining two deviations it was reported that.

elevation or horizontal location dimensions were not
provided for the instruments on the applicable drawing.
None of the location requirements such as separation,
environmental seismic condition, fire zone, radiation

zone were violated. The instruments as installed will
perform their safety-related function.

These deviations were determined to be insignificant.
Further, as reported above, no deviations were reported-
for violations of the supplemental specification. It

is concluded that craftsmen doing the installation were
knowledgeable of the criteria in this specification.
It is very unlikely that violations of the supplemental
criteria exist in the uninspected portion of the

population. No adverse trend was identified.

2.2.13 Attribute 13 - Instrument Vents, Drains, and
Connections

In 78 inspection points, two deviations were reported.e One was where the tubing on the high point vent was not
curved downward as required. Evaluation of this
condition shows that the present installation of the
vent will not affect the performance of the

.

- - - _ - - - - - - - - . - - . _ _ - . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ _ _ _ _ __ ____. _
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.

instrument. The curved configuration is related 'more
to personnel protection when venting rather than

I instrument performance. The other deviation was for an
instrument where the tubing connections were reversed
as compared to the installation detail. It was

detequined that the as-installed condition was correct
and agreed with the flow diagrams. These deviation
types were determined to be insignificant, and no
adverse trend was identified.

2.2.14 Attribute 14 - Instrument Separation

In all 72 inspection points, separation was verified to

(''}' be in accordance with the construction specification

requirements, and no deviations were reported.s-

2.2.15 Attribute 15 - Instrument Damage

In all 78 inspection points for instrument damage, no
deviations were reported.

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 the instrumentation equipment is properly
installed.

2.3.1 Attribute 16 - QC Acceptance of Pressure Test Reports

In all 173 review points, the pressure test reports
were found to be QC-accepted and no deviations were
reported.

2.3.2 Attribute 17 - Tube Bender Qualification

In all 71 inspection points, each tube bender was
/''T witnessed as being acceptable based on the sign-off by j

'

(_,) QC personnel on each qualification form.

1

- - - --_A



- _ _ _ _ _ _ _

Revision: 1 !

Page 17 of 23 f
1

) RESULTS REPORT

ISAP VII.c
(Cont'd)

Appendix 7
(Cont'd)

2.0 DISCbSSION OF RESULTS (Cont'd) .

2.3.3 Attribute 18 - QC Inspector Certifications
i

A total of 1031 reviews was performed to determine
whether the inspector who signed or initialed and dated
the inspection results of instrument equipment
installation was appropriately certified.

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 1.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 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 satisf actory 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

This section provides a root cause and generic implication analysis
for the following construction deficiency and QA/QC Program
Deficiency:

1. A construction deficiency for misaligned flexible metal
instrument hose.

|h 2. A QA/QC Program Deficiency for unapproved thread
sealant.

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

.
_
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.

3.1 Unappro'ved Thread Sealant .

Root Cause
.

Rectorseal was an approved thread sealant at CPSES prior to
January 30, 1981. When its use was prohibited, instrument
installations in which Rectorseal was known to have been used
were supposed to have been replaced using an approved sealant, ,

although no backfitting requirement was issued. However, no I

documentation could be found to determine whether all
installations with Rectorseal were replaced, as there was no

,

requirement for documenting the type of sealant used in the
installation. The root cause of this problem is a
less-than-adequate'backfit program that provided no documented

"~h record as to whether or not it had been completed.
(d

Generic Implications

The use of unapproved sealant has limited generic
implica.tions . It only applies to instrument installations
with threaded tubing connections. It does not apply to other

attributes in this population.

Summary

The root cause of the use of unapproved sealant (Rectorseal) !
was determined to be a less-than-adequate backfit program in
that it did not result in documentation being prbduced showing j

completion of the backfit. The generic implications are '

limited to instrument installations with threaded tubing
connections in this construction work category.
Recommendations of corrective ' action are provided in Section'
4.1.

3.2 Misaligned Flexible Metal Instrument Hose

Root Cause

The Instrument Installation Procedure, ICP-4, and applicable
installation drawing, 2323-I-002-GN04, both contain the

(-^3 manufacturer's requirements for proper installation of(,j)
flexible metal instrument hose.

- _. _ _ _ _ _ _ - _ - _ - - _ _ - - .
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The applicable inspection procedure, QI-QP-11.8-5, also
contains inspection criteria consistent with the l

manufacturer's requirements. A review of the inspection
reports for the flexible hoses that were found to be
misaligned indicated that all attributes were accepted as
satisfactory by QC. The inspection reports also indicated )
that these inspections were not all performed by a single
inspector. Conversations with,oon:t of the inspection

.

personnel indicate that they were trained to the
manufacturer's installation requirements. Possible
unauthorized rework to the flexible hoses af ter the QC
. inspections is unifkaly as the installations are at the root
valve connections and would not need to be disconnected for |

testing or instrument calibration. Additionally, the majority ;
of the flexible hose installations are welded in the tubing |

_e runs. Based on the above, the root cause of misaligned i

flexible metal instrument hoses is indeterminate..

Generic Implications

The generic implications cannot be determined from an
indeterminate root cause.

Summary

The root cause and generic implications of misaligned flexible
metal instrument hose cannot be determined. Recommendations
of corrective action are provided in Section 4.2'.

4.0 REC 0KHENDATIONS

4.1 Unapproved Thread Sealant

It is recommended that the Project evaluate the use of sealant
to determine what actions were taken in 1981 to assure the
removal of Rectorseal. If conclusive evidence can not be
produced, engineering should conduct an evaluation to
determine any adverse conditions that may exist. Adverse
conditions identified, if any, should be corrected, as

9- necessary.

. _ _ _ . __ ..
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4.2 Misaligned Flexible Hose -.

.

It is recommended that all flexible metal instrument hose
assemblies be inspected to the manufacturer's requirements and.

corrected as necessary. Also, construction and inspection
personnel should be retrained to the manufacturer's criteria.

5.0 CONCLUSIONS.
.

Based on the findings of the reinspection and document revieve and
a satisfactory implementation of the above recommendations, there
is reasonable assurance that the hardware in this constructica work
category is adequately installed in conformance with the design.
Conclusions for the acceptability of Teflon tape as-a sealant on

O threaded connections are separately' stated in the Results Report
for ISAP VII.a.9.

.

}
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Table 7-1.

Summary of Reinspection Results
Instrumentation Equipment Installation

Deviation Classification

Number of'
Inspection Number of Insigni- Construction

Attribute Points Deviations ficant Notable Deficiency

1. Material-
Identification for
Tubing, Fittirgs,
and Valves 107 33 33- 0 0

2.. Tubing Size 105 0 0 0 0

3. Tubing Marking 64 13 13 0 0

4. Tubing Routing 102 3 3 0 0

5. Tubing Slope 64 25 25 0 0

6. Tubing Air Gap 101 46 46 0 0

7. Tubing Separation 65 1 1 0 0

8. Tubing Minimum Bend
Radius 2,988 0 0 0 0

,

'

9. Tubing Crimps., Kinks, ,

or Flattening on
Bends 2,988 0 0 0 0

.10. Flexible Hose
Installation 114 18 0 2 1*

11. Instrument
Identification 78 3 3 0 0

12. Instrument Location 78 16 16 0 0

13. Instrument Vents,
Drains, and
Connections 78 2 2 0 0

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

Deviation Classification -
Number of
Inspection Number of Insigni- Construction

Attribute Points Deviations ficant Notable Deficiency

14. Instrument Separation 72 0 0 0 0

15. Instrument Damage 78 0 0 0 0
,

TOTALS 7,082 160 142 2 1*

,e
,

(_, One construction deficiency comprised of 16 deviations.*

.

%

\'
/

't

^ - ..____________________i_
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Table 7-2
.

.S'ummary of. Documentation Review Results
Instrumentation Equipment Installation

'

Deviation Classification
Number of
Review Number of Insigni-

Attribute Points Deviations ficant ~ Notable-

1. QC Acceptance of
Pressure Test
Reports. 173 0 0 0

'

2. Tube Bender
Qualification 71' 0- 0 0

t -) -s .

_

TOTALS (1) 244' O O 0

(1) 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.

.

;

1

_ _ _ _ _ - _
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