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MEMORANDUM FOR: Robert DeFayette, Chief, Reactor Projects Section 28

FROM: Walt G. Rogers, Senior Resident Inspector

SUBJECT: OUTSTANDING ISSUES ON THE CCHVAC SYSTEM

In verbal briefings on the control center heating and air-conditioning
system (CCHVAC) I have tried to provide you a status of all the issues
associated with CCHVAC. Here within is a written account of the issues to
date and recommendations as to their resolution.

I. Structural Integrity of the CCHVAC Ductwork

During initial construction of the facility the licensee used the Robert
Irsay Company as the architect-engineer for the CCHVAC/ standby gas
treatment system (SGTS) systems with Fluor Pioneer as the contractor.
DECO established a design specification, 3071-104, for the CCHVAC ductwork
which identified SMACNA as the national standard to be used for duct
construction at a pressure of +/-6" water gauge (W.G.). Robert Irsay so
constructed the ductwork contingent upon a design pressure of +/-6"
W.G..

However, toward the end of the construction process the CCHVAC system had ;

to be modified to include a recirculation train (ductwork, filters and
fans). The additional ductwork was added to the DECO standard for
construction and installed in accordance with the design / construction ;

standard. However, the addition of the recirculation fans increased the !
internal pressure from -6" W.G. to -22" W.G. on some of the old ductwork i

and most of the new ductwork. This significant change in pressure was
not reflected in the DECO design standard and the construction standard
was not changed to accommodate the pressure change. Using the
technically flawed design / construction standard the wrong ductwork gauge
thickness was used, the seismic analysis of the ductwork was incomplete
and the proof (fan pressure) test was performed at a significantly lower
pressure than required.

A. Gauge Thickness

Due to the mistake on the internal pressure increase the licensee
used 18 gauge instead of the required 16 gauge sheet metal for
construction of 4 sections of ductwork (see Figure 1 for the
location of the 4 sections).

Even before this oversight on the ductwork design pressure,
engineering personnel misapplied the applicable design standards for
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i
L ductwork construction. This dealt with the exclusive referencing of i1 SMACNA as the national construction standard to be met for the DECO ;

j design specification. SMACNA was only applicable to internal I
. pressures >-2" W.G.. At less than -2" W.G. another standard, )! ORNL-NSIC-65, was applicable (Reference ORNL-NSIC-65, Section 2.8.1 1

i first paragraph). ORNL-NSIC-65 was never referenced in the design !
| specification for the ductwork. Based upon my discussions with Deco

the difference between ORNL and SMACNA is minimal for establishment
i - of the ductwork gauge thickness but is significant for proof -

testing.

The licensing basis for the CCHVAC ductwork was encompassed in the
licensee's FSAR and our SER, NUREG 0798. In our licensing review
Regulatory Guide 1.52 was the key document. In the licensee's FSAR
evaluation for conformance to Regulatory Guide 1.52 it states that
the ductwork was in accordance with section 2.8 of ORNL-NSIC-65.
On page 6-5 through 6-6 of Supplement 5 of our SER (Enclosure 1) we
accepted the construction of the ductwork based upon meeting SMACNA
and Section 2.8 of ORNL-NSIC-65 for duct construction. The only
exception to the ORNL standard dealt with the way in which
longitudinal seams were fitted together (use of silicone sealant).

!

.B. Ductwork Seismic Qualification !

The original stress analysis of the ductwork in an accident
condition did not consider the stress due to internal pressure
since it was assumed to be minimal at 6" W.B. When the pressure
almost quadrupled with the addition of the recirculation train
the ramifications or the stress analysis were not reconsidered.

After discovery of the high pressures experienced by CCHVAC, the
system was analyzed for the high internal pressures expected with a
single failure present in one of the active trains for all modes of
operation. The results revealed the highest pressure as +18" W.G.
and the lowest pressure as -22" W.G.

~The SMACNA or the ORNL standards of that era were mute to design
basis evaluations such as tornados and earthquake. Therefore, there
was no definitive analytical basis for accepting the system as
seismically qualified.

Our SER only assured that the CCHVAC system was categorized as a
seismic QA 1 system without reference to acceptance criteria. The
FSAR identified the CCHVAC as a seismic QA 1 system. However,
nowhere in the FSAR does it discuss the methodology used or required
to be used to qualify ventilation systems as seismic QA 1.

I

I
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C. Ductwork Proof Testing (Fan Pressure Test)

Under the design standards of SMACNA a proof test of the ductwork
was required to 1.25 of the maximum fan pressure. Based upon the

| licensee's original assumption that the maximum fan pressure was
| +/-6" W.G. a proof test to 8" was performed. However, the licensee I

misapplied the SMACNA standard on those portions of ductwork that '

experienced pressures of <-2" W.G. to which the ORNL proof test
; requirement was applicable. Section 2.8 of ORNL-NSIC-65, discussed
'

in NUREG 0798, required testing to 1.5 maximum fan pressure not
| 1.25. Therefore, even before the addition of the recirculation
! train the licensee was not in compliance with the licensing basis of
| the facility which as we stated in the SER was constructed to SMACNA

except as noted in Section 2.8 of ORNL-NSIC-65.

Once you take into account the true maximum design pressures (See
; page 20 and 25 of DC 5089) on the ductwork, it is clear that the
! proof test should have been to +22.5" W.G. and -33" W.G. for certain
j portions of the ductwork.
i

! D. Licensee Corrective Actions

The ductwork gauge discrepancy and seismic qualification of the
ductwork were the subjects of LER 61010 (Enclosure 2) and one part
of violation 341/89011-02. In response to the violation the

licensee evaluated the CCHVAC to the most current construction
standard, ANSI N509-1980, under DECO Design Calculation (DC) 5089
(Enclosure 3). Support calculations (Enclosures 4 and 5) from a
consultant firm, Hopper and Associates, provided the actual stress
analysis of the CCHVAC ductwork.

; Obviously, the gauge thickness discrepancy / seismic qualification
' issue was resolved to the licensee's satisfaction in DC 5089. The

acceptability of the existing duct gauge thickness and the seismic
qualification keyed around section 10.3.3, STRESS, of ANSI

,

| N509-1980. Section 10.3.3 states " Allowable stress shall be 0.6 of
| the yield stress for leads encountered during normal plant operation
! and shutdown and shall be 0.9 of the yield stress for combined loads

which include the Safe Shutdown Earthquake and Design Basis Tornado."

The 0.6 yield stress analysis determined that all essential ductwork
met this criteria for normal plant operation. The 0.9 yield stress
analysis determined that localized yielding and buckling would occur

i in some of the rectangular ductwork for the suction of the
! recirculation fans that could experience -22" W.G. (Hopper

calculation 686). Also, some of the other rectangular ductwork
! would experience localized yielding (Hopper calculation 696).

However, both calculations concluded that the primary membrane
i stresses were < 0.9 yield. One section of blanked off return air
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ductwork above the suspended ceiling in the control room was not
analyzed, but the consequences of its failure were evaluated. The
conclusion of that evaluation was that its failure would not effect
system performance or impact any safety related function.

During the DC 5089 review the proof test inadequacy was revealed.
As with the gauge thickness / seismic qualifications issue the
differences between the most current standard, ANSI-N509-1980, and
the actual testing performed were evaluated.

In the most current ANSI standard the rigorous testing of ORNL/SMACNA
was not required since a stress analysis to 0.6 of yield strength was,

| to be performed for the maximum design pressure and an analysis to
0.9 of the yield stress for combined loads which included the Safe
Shutdown Earthquake and Design Basis Tornado was to be performed.
Therefore, a test to the maximum design pressure for a duration of
5 minutes with no ductwork exhibiting permanent distortion or breach
of integrity observed was the required proof test of ANSI-N509-1980
versus testing to 125% or 150% of design pressure.

#In the licensee's review a large amount of the ductwork was found
not to conform with the ANSI-N509-1980 proof test acceptance ;

criteria. To resolvethe failure to satisfy the criteria for the |

negative pressure ductwork, the licensee essentially took credit
for the stress analysis (Hopper calculations) which determined that
the ductwork was acceptable and performance data associated with
running the CCHVAC in the chlorine mode (-17.8"W.G.). For the one ;

section experiencing high positive pressure the licensee determined I

'that the 4" section in question had a large design margin from the
| Hopper calculations.

'There were a couple of other differences between the actual
l construction / testing and ANSI N509-1980 but these appear very

minor. The overall conclusion of DC 5089 was that the CCHVAC was
operable, the construction and testing met the intent of !

'ANSI N509-1980, no modification to the system was required and noi

! unreviewed safety question existed.

E. Summary / Recommendations
-

As a result of the engineering evaluations of the ductwork gauge
inadequacies the licensee concluded that CCHVAC was operable and the
intent of the most current ANSI standard was met. Nevertheless:

The ductwork gauge is presently not in accordance with the*i

i original licensing basis (SMACNA for >-2"W.G. and ORNL-NSIC-65
) for <-2" W.G.), as stated in SER 0798 supplement 5.

The ductwork will experience deformation in a seismic event.*

.._ . _ _ _. __ __ __ - . _.
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I * The proof testing performed by the licensee to date is not in
| conformance to the licensing basis of the facility as we

accepted it in NUREG 0798, i.e. 1.25 design pressure for
ductwork experiencing >-2" W.G. and 1.5 design pressure for
ductwork experiencing <-2" W.G.

Although the gauge thickness, seismic qualification and proof
testing are discussed as separate issues, they are really
interrelated in establishing the structural integrity qualification
of the CCHVAC ductwork.

My recommendations on this structural integrity matter are:

(1) A HVAC structural engineer /NRR review the licensee's evaluation
of CCHVAC differences to the new ANSI standard (DC 5089).
Special emphasis should be paid to the stress analysis of the
ductwork performed by Hopper and Associates which forms the
basis for accepting the ductwork gauge thickness and seismic
qualifications. If the licensee's evaluation is adequate to
support operability and contains adequate safety margin for
the life of the facility then a SER accepting the difference
between the as-built configuration (the new licensing basis) and
NUREG 0789 (the original licensing basis) should be issued. If

the evaluation is not adequate then a 50.54(f) letter should be
submitted to the licensee on the CCHVAC.

(2) Clearly document the licensing basis criteria (technical
criteria) for seismic qualifications of ventilation ductwork
in a SER with any current deviations noted as approved or
rejected.

(3) Have a HVAC engineer /NRR review the licensee's evaluation and
determine whether this is a reasonable approach to resolving the
proof testing issue. If the approach is considered reasonable
then a SER should be issued recognizing the now true licensing
basis accepted by the NRC for the testing of the CCHVAC system.
If this is not a reasonable approach then a 50.54(f) letter
should be submitted to the licensee on the CCHVAC system.

Personally, I believe a proof test to 100% of design should
be performed on those sections of ductwork that has never
experienced 100% of design pressure at sometime during

I pre-operational. testing or plant operation.
;

; (4) A review be conducted of our licensing review documents and
construction inspection modules to determine their adequacy for

,

; reviewing / inspecting HVAC systems.
.

$
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II. Pressure Testing of CCHVAC Ductwork Outside the Control Room Envelope
and Subject to Megative Pressures

A. Discussion
,

,

At initial licensing as documented in a letter referenced in
Supplement 5 (Enclosure 6) of the SER, NUREG-0798, we allowed the

'

licensee to deviate from ORNL-NSIC-65 for duct seam construction
(use of silicone sealant) at least until RF 01. A license condition

| was placed on Deco to either remove the silicone sealed ductwork or
i submit a Technical Specification request proposing a periodic

leakage testing program to determine the degradation of the silicone
sealant over time. Part of the basis for accepting the duct seam
construction between initial licensing and RF 01 was contingent upon
the successful testing of all negative pressure ducts outside the ''

control room envelope during the recirculation mode (LOCA modd) in
accordance with ANSI-N510. Based upcn the licensee's erroneous

| understanding of the CCHVAC pressure profile two ducts were ,

| considered to meet that criteria and the ducts were successfully ,'
| tested during pre-operational testing.

This pressure / leakage testing also assures conformance to one of the
accident analysis assumptions used to derive whole body radiation
dose to the operators in the control room during a LOCA. A 10 cfm,

j average over 30 days of radioactive air is assumed to not pass
'

through the CCHVAC filtration system via opening of doors into the
; control room and via bypass duct leakage. This latter mechanism for

not passing through the CCHVAC filtration system is being quantified
and accepted / rejected under this pressure testing. Clearly, the
resilience of the silicone sealant to cracking would have a direct

i

| bearing on the amount of leakage measured. I

During the review of the CCHVAC system for structural integrity
(DC 5089) the licensee determined that two other ducts (See
Figure 2) required this pressure testing. During RF 01 the licensee
tested the two untested ducts for addition into the 10 cfm total.
DC 5103 provides a summation of the as-found leakage along with the
as-left leakage following repairs during RF 01.

B. The Technical Specification Change Request

At the conclusion of RF 01 the licensee decided not to replace the
silicone sealed ductwork but to submit a Technical Specification
change request. The most current version of that Technical

| Specification request, which includes DC 5103, is dated November 16,
! 1989 (Enclosure 7). It is with this document that I have concerns. ,

Specifically:

,

i
e
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(1) In the original SER the 10 cfm bypass leakage was divided into
7 cfm ductwork leakage and 3 cfm door leakage. In the present

i submittal 9 cfm is assigned to ductwork leakage and I cfm to
; door leakage. The decrease in door leakage is based upon the
; licensee taking credit for vestibules at the two main entrances

to the control room.
.

I have a number of reservations about the licensee claiming the
presence of the vestibules. First, one vestibule involves a
revolving door and frame stretching up to the ceiling. There
is a large amount of plexiglass involved and the door panels,

have collapsed around my resident inspector on one occasion'

trapping him in the revolving door. Therefore, the,

qualification of the revolving door / assembly as a Category I
! seismic structure is at question.

Secondly, the other vestibule has a door that is of poor
reliability. On numerous occasions I have found the door ajar.,

: At original construction the concrete poured around the door
frame bent the frame into an unusual shape requiring a custom
made door to be installed to fit the frame. Evidently, this

; makes the door hang poorly causing it not to close properly.

(2) When the leakage testing was accomplished during RF 01 the |

| 1eakage was found to be as high as 22.57 cfm with a single
' failure present in the system and 9.2 cfm without a single

failure present. When the licensee did the integrated 30 day |
1eakage calculation a new assumption was made in that within |

: 30 minutes the single failure would be identified and isolated
by shutting down the faulted CCHVAC division thereby reducing i
the leakage from 22.57 cfm to 9.2 cfm. With this assumption
made in the calculation the integrated 30 day leakage did not
exceed 10 cfm.

;

I don't know if 30 minutes is consistent with our policy*
4

i on allowing operator action and whether the present i

as-left leakage is acceptable.
i

Also, the identification of the faulted division would be*

through alarms, annunciators and indications. The
submittal is mute to how the operator would identify the
faulted division i.e. what alarms, annunciators and
indications as being taken credit on which the operators
would act upon. Therefore, the Technical Specification
submittal is mute to additional surveillance testing for
those annunciators, alarms and indications and, there is
no discussion as to how the inoperability of those
annunciators, alarms a~nd indications interrelate with the
present LCO action statements.
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(3) As seen in the concerns of (2) above only NRR can provide an
answer as to the adequacy of the present as-left leakage,
taking credit for 30 minute operator action, the adequacy of
the surveillance testing and the LCOs. In addition the
licensee is requesting an every other refueling leakage testing
frequency. Per discussion with John Driscoll it is not
uncommon for this type of testing be done every refueling as is
done at San Onfore for similar concerns.

Presently the licensee has stated in a letter that the leakage
testing would be accomplished during RF 02. However, we have
not reviewed / approved the licensee's method and assumptions
associated with accepting the leakage testing.

C. Recommendation

The licensee's Technical Specification change request should be
evaluated in conjunction with an evaluation of other radiological |concerns potentially impacting on control room habitability, i.e. |
the adequacy and seismic qualification of the vestibule doors and f |the adequacy of operator action, and other related licensee i

assumptions.

III. Chlorine Detection

A. Discussion

Following a self-initiated SSFI on ventilation systems the
licensee's contractors identified a design inadequacy to the
regulatory requirements. This inadequacy involved the capability
of rendering both active trains of CCHVAC inoperable for the
recirculation mode (LOCA mode) through the failure of only one
chlorine detection channel. A failure of either chlorine detector
in the normal CCHVAC intake duct automatically places CCHVAC into
the chlorine mode. If a subsequent high radiation /LOCA signal were
received the system remain in the chlorine mode. This is
inconsistent with the design requirements (IEEE 279) which does not
allow a single failure to defeat a safety system. Meeting IEEE-279
was a licensing basis for CCHVAC acceptability as discussed in
NUREG 0798 sections 7.1, 7.3.2. and 7.3.3.

This situation was reported to the NRC via the ENS on July 26, 1990
and in LER 90-006 (Enclosure 8) dated August 27, 1990. Also the LER
documented the corrective actions (Operator Action) taken that form
the basis as to why the system was considered operable with this
inconsistency to the design requirements present. A modification to
the CCHVAC Ingic was installed in May 1991 which resulted in the
recirculation mode'being dominant.
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8. Recommendation

I recommend that NRR review acceptability of the installed design
change.

IV. Operability /Unreviewed Safety Question (USQ) Questions

The licensee made its decision about CCHVAC operability and the USQ at
the onset of our internal discussions about operability and nonconforming
conditions to the FSAR. In retrospect, given our evolution on FSAR
nonconforming conditions, I have a number of questions on how our current
draft guidance applies. Answers to these questions would be highly
valuable. The questions are:

* Can you conclude that the CCHVAC system was operable and does not
need modification even though it is not consistent with the
licensing basis of the facility?

* Can you conclude that an USQ does not exist even though the system
was not designed, constructed or tested in accordance with the
licensing basis as accepted by the NRC?

* Does not the licensee have to submit to NRR for review and approval
any condition that it concludes is different but equivalent to the
original licensing basis for the facility and does not NRR have to
submit a SER documenting the licensing change?

* Does not the licensee have to inform the NRC of all nonconforming
conditions to the FSAR under 50.73(a)(2)(ii)(B) as a condition
outside the design basis of the plant?

Sincerely,

Walt Rogers
Senior Resident Inspector

cc w/ enclosures: '

file
8. DeFayette
8. Clayton
S. Stasek
8. Drouin

,

R. Landsman
J. Stang
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