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SURVEILLANCE REQUIREMENTS

AN

SURVE TLLANCE vﬁ(OUle(

Operaie each CREVS train for
15 minutes

31 days

Perform requived CREVS filter testing in
accordance with the Ventilation i .iter
Testing Program

In accardance
with the
Yentilation
i1ter Testing
Program

-
|
|
”*
|
|
|
|
!

Verif. each CRLVS train actuates to the 24 months
em&rtn\.(» recirculation mode on an actual
or simulated actuation sinnal

verify CCHE boundary leakage does not 24 months
exceed JHiowable Simits as weasures by
performance of an integrated leatags test
13 specitied in nppvoved control roem dose
caleututions,

Crystal River Unit 3 g Amendment No. 349




Procedures, Programs and Munu:ls
"

5.6 Procedures, Programs and Manuals

$.6.2.11

$.6.2.12

Secondary wa' .r Chemisty Program [coniinuca)

¢. ldentification of prucess sampiing points, which shall
include monitoring the discharge of the condensate pumps for
evidence of condenser in leakage;

d. Procedures for the recording and management of data;

e. Procedures defining corrective actions fur all off control
poini chenistry conditions; and

f. A procedure Idontifglng the authority responsible for the
interpretation of the data and the secuence and timing of
administrative events, which is required to initiate
corrective action,

Ventilation Filter Tesiing Program (VFIP)

* arogram shall be estabiished to fmplement the following required
test.ng of the Control Room Emergency Ventila jon System (CREVS)
per the requirements specified in Regulatory wu.de i 52,

Revision 2, 19785 and in accordance with ASME ANSI N510-1975 and

ALME-NBOS-1976 ASTM D 2L03-89 (Re-approved 1995).

a. Demonstrate far each train of the CREVS that an inplace test
of the hijh efficiency particulate air (HEPA) filters shows
a penetration and-system-bypass < 0.05% when tested in
accordance with Regulatory Guide 1.52, Revision 2, 1978, und
in accordance with ASME A“Z NS10-1975 at & ihe R;Q:gg}
flowrate of between 43,500 cfm-+-10% 37,500 and 47,850 ¢fm.

b. Demonstrate for each .rain of the CREVS that an inplace test
of the ehaveoal carbun adsorber shows a peneiretion-and
;yst:m bypass < 0.05% w:on tested 1;’;;cordance with

egulatory Guide 1.52, Revision 2, and ASME
N510-4989 1975 at the system flowrate of between 4%:2%9—e$n
+10% 37,800 and 47,350 cfm.

¢. Demonstrate for each *rain of the CREVS that a laboratory
test of a sample of the eharesad carbon adsorbor, when
?gtumd as dosc;iug‘{uq u_\';;ory G:gc‘l.ss,éatilsnn;.
meets the laboratory tasting criteria N D 2803-
f e Ik o1 Totnes SiRetration Wi’%’%ﬁ
: 2 ' S - 2 LK . t . 3 3 # -~

(continued)
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Procedures, Programs and Manuals

5.6

5.6 Procedures. Proagrams and Manuals

tested 0 -accordance with Jable- 2 -of legulatory Gurde 164
Re et s ton—o-and ASME-NBOO- 1076-at o temperature of 80'C-and
0% retat tve bumrdity
$.6.2.12 VETP (continued)
d Demonstrate for each train of #he CREVS that the pressure
\ft drop across the combined roughing filters, HePA fiiters and
e the eharceoal carbon adsorbers s «-Aba8™ g AP=4" water Jauge .
‘ when tested in accordance with Regulatory Guide 1.52,
Reviston 2, 1976, and ASME ANSI N510-1975 at the system
flowrate of belween 43,500-efm+-10% 37,800 and 47,850 cfm
Il The provisions of SR 3.0.2 and Sk 3.0.3 are app'icable to the VETP
test frequencies
5.6.2.13 Explosive Gas and Storage ank Radicactivity Monitoiing Program

This program provides controls for potentially explosive gas
mixtures contained in the Radioactive Waste Disposal (WD) System,
i the quantity of radioactivity contained in gas storage tank< or

fed into the offgas treatment system The gaseous radioactivity
quantities sha))! be determined following the methodoiogy in Branch
Technical Position (BTP) EYSB 11-5, "Postulated Radiocactive
Release due to Waste Gas System Leak or Failure’ The liquid

g radwaste quantities shall be determined in accordance with
Standaid Review Plan, Section 15.7.3, "Postulated Radicactive
Release due to Tank Failures”

The program shall include:

a The 1imits for concentrations of hydrogen and oxygen in the
Radioactive Waste Disposal (WD) System and a surveillance
program to ensure the limits are maintained Such limits
shall be appropriate to the system’'s design criteria, (1.e,
whethe: or not the system is designed to withstand a

hydrogen explosion)

(4 A surveillance program to ensure ‘hat the quantity of

radioactivity cuntained in each gas storage tank and fed
into the offgas treatment system is less than the amount
that would result in a whole bod exposure of » 0.5 rem to
any individual in an unrestricted area, in the évent of an
uncontrolled release of the tanks’ contents.

(continued)
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CREVS
B3.7.12

E 3.7 PLANT SYSTEMS
B 3.7.1¢ Control Room Enargency Ventilation System (CREVS)

BASES

BACKGROUND

The principal function ot the Control Room Emergency
Ventilation System (CREVS) is to provide an enclosed
environmant from which the plant can be operated following
an uncontrolled relsase of radioactivity or toxic gas.

The CREVS consists of two trains with much of the non-safety

related equipment common to both trains and with two

independent, redundant components supplied for oaeh

ftems of safety related pieceof oquignont (Ref .

major equipment cousists of the normal duty filtcr banks.

the emergency filters, the normal duty and emergency duty

supply fans, and the return fans. The normal duty filters

contist of one bank of glass fiber rouzhing filters. The

emergency fiiters consist of three | ks each. The first

bank is a roughing filter similar tc ..e normal filters,.

The second bank is a high efficiency particulate air (HFPA)

filter. The third bank is an activated eharcoal-absorber
carbon adsorbe: for removal of gaseous activity lprincipully

1odfno) The rest of the system, consisting of supply and

return ductwork, dampers, and 1nstrunont¢tton. is not

des | nod w‘th redundant components. ., redundant

rgzvlm for 1solation of tM mumm system
m surrounding environment.

The ventilalion exhaust duct is continuously tes}ed by
radiation monitor RM-AS, which has a range of 10' to 10°
counts per minute. The monitor is set to alarm and initiate
the emergency recirculation mode of operation when the
airborne radioactivity and/or area radiation level reaches
two times Lhe background count rate.

The m% &mlu memugu Envelope (cwa
nciudes Control Complex f1o0 “_.«tlomim mu
‘ . fm a!avat on

CCHE are -m
: uﬂm m ‘
tha CCHE

¢ fr "uum the plant can be
1108 FiREs o

.‘,

:ﬁ#

N

(continued)
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BASES

CREVS

gﬂl¥l has a normal operation mode and recirculation modes.
ur,ng normal operaiion, t'e system provides filtered,
1

condi owoo air to the ontrol complex. -
4R e

oroo—o‘~4 -1on%¢o¥ room; -and a-controtled accessares (CA)o
mng the mww access area on the 95 foot

:QQ:. “When switchod_to the r- rcu1|t1on modto'

“idpphrongh -
freulates f11tered air m' P e 1
mﬂ' 100G fo11ouTag DHrAGHEDR,

(continued)
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BASES

CREVS
B37.12

RACKGROUND
(continued)

The control complex normal duty ventilation system 1s
oporatod from the control room and runs continuously.
17¢ .or-al operation, the outside air intake damper is

$ damper 15 thro

{\ovs a controlied amount of outside air to be adwitted to
the control complex. The design temperature maintained by
the system 1s 75°F at a relative humidity of 50%.

Thre signals will cause the system to automatically switch
to th recirculation modes of operation,

1. & ?1nsorod Safeguards Actuation System (ESAS) signal
high reactor building prescure).

2. MHigh radiation signal from the return duct radiulion
monitor RM-AS5,

3.  Toxic gas signal (chlorine or sulfur dioxide).

The recirculation modes 1solate the eontrol-room from

outside air to ensure a habitable environment for the safe

shutdown of the plant. In Lhese modes of operation, the

ontrolled access area is ‘solated from the eontrel-voom
Cand Lhe Pomatheng areas 6F Lhe control complev.

Upon detection of ESAS or toxic gas signals, the system

jwttchcx’to khu h\-:s;i ﬂlo uzos& rn‘t \s‘lj

v an e system return damper w open thus a ow ng
air in the eontrel complex to be recirculated.
Additionally, the CA
fume hood exhaust fin, CA fume hood auxiliary supply fan,
and CA exhaust fan are de-energized and their corresponding
fsolation dampers close. The return ian, normal filters,
normal fan, and the cooling (or heating) coils remain in
operation in a recirculating mode.

Upon detection of high radiation by RM-A5 the system
switches to the emergency recirculation mode. his node.
the dampers that form th ﬁlﬁl
automatically close. ‘ihe meehantead-

fany CA fume hood exhaust fan, CA fume hood auxiliary supply
fan, CA exhaust fan, normal supply fan, and return fan are

(continued)
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CREVS
8 3.7
BASES
.

tripped and their corresponding isolation dampers close

Manual action is required to restart the return fan and

place the emergency fans and filters in operation The

cooling (or heating) colis remain in operation
APPLICABLE During emergency operations the design basis of the CREVS

SAFETY ANALYSIS  and the CCHE 1s Lo provide radiation protection to the

control room operators. The limiting accident which may
threaten the habitability of the contrel room (1.e.,
accidenis resulting in release of airborne radiocactivity) 1s
the postulated maximum hypothetical accident (MHA), which is
assumed to occur while in MODE | [he consequences of this
event in MODE | envelope the results for MODES 2, 3, and 4,
and results in the limiting radiological source term for the

I control room habitability evaluation (Ref. 2). A fuel
handling accident (FHA) may also re sult in a challenge to
control room habitability, and may occur in any MODE .
However, due to the severity of the MHA and the MODES in
which the postulated MHA can occur, the FHA 15 the Timiting
accident in MODES § and 6 only. The CREVS and the CCHE

l ensures ihat the control room will remain habitable
following all postulated design basis events, maintaining
exposures to control room operators within the limits of GOC
19 of 10 CFR S0 Appendix A (Ref. 3)

The CKEVS 18 not in the primary success path for any

| accident analysis. However, the Control Room Emergency
{ Ventilation System meets Criterion 3 of the NR( Policy
Statement since long term control room habitability 1is
¥ essential to mitization of accidents resulting ir

atmospheric fission product release

LCU Two trains of the control room emergency ventilation system
are required to be OPLRABLE to ensure that at least one 1§
available assuming a single failure di.abling the other
tréin Fatlure to meet the LLO could result in the contrel

room becoming uninhabitable in the unlikely event of an

accident

The required CREVS trains must be independent to the extent
allowed by the design which provides redundant componenris
for the major equipment as discussed in the BACKGROUND
section of this bases OPERABI'ITY of the CREVS requires
the following as a minimum:

A, ——ihe-emergency-duty—fan +5-OPERABLE: A Control Complex
Emergency Duty Supply Fan is OPERABLE;

ontinued)
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BASES (continued)

CREVS
B3.7.12

APPLICABILITY

ensure that the will remain habitable
during and following a postulate . During movement of
irradiated fuel assemblies, the CREVS must be OPERABLL to

sope with a release due to a fuel handling accident,

In MODES 1, 2, 3, and 4, the CREgéggzst be OPERABLE to
d

ACTIONS

Ad

With one CREVS train 1noaxrablc. action must be taken to

restere the train to OPERABLE status within 7 days. In this

Condition, the remaining OPERABLE CREVS train is adoquaie to
y is

et form the Lrol + radiation protection function
gﬂgiﬁ§§~ ‘personnel. However, the overall reliabili
reduced because a failure in the OPERABLE CREVS train could
result in loss of CREVS function. The 7 day Completion Time
is based on the low probability of a DBA occurring during

this time period, and ability of the remaining train to
provide the required capability.

(continued)
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BASES (continued)

CREVS
B3.7.12

ACTIONS
(continued)

B.) and 8.2

In MODE 1, 2, 3, or 4, 1if the inoperable CREVS train cannot
be restored to OPERABLE status within the associated
Completion Time, the plant must be placed in a MODE in which
the LCO does not upgl{. To achieve this status, the plant
must be placed in at least MODE 3 within 6 hours, and in
MODE § within 36 hours. The allowed Completion Times are
reasonable, based on operating exper .ence, to reach the
r:guirod piant conditions from full power conditions in an
orderly manner and without challenging plant systems.

Ll and €.2

During movement of irradiated fuel assemblies, if the
inoperable CREVS train cannot be restored to OPERABLE status
within the associated Completion Time, the OPERABLE CREVS
train mist iumnd1atcl¥ be placed in the emergency
recirculation mode. This action ensures that the remaining
train 1s OPERABLE, that no failures preventing automatic
sctuation will occur, and that any active failure will be
readily detected. Required Action C.1 is modified by a Note
indicating to place the system in the emergency mode if
automatic transfer to emergency mode is inoperable.

An alternative to Required Action C.1 is to ‘mmediately
suspend activities that could release racioactivity and
require isolation of the eentrol-room . This places the
plant in a condition that minimizes the accident risk. This
does not preclude the movement of fuel to a safe position,

QJd

If both CREVS trains are inoperable in MODE 1, 2, 3, or 4,
the CREVS may not be capable of performing the intended
function and the plant is in & condition outside the
accident analysis. Therefore, LCO 3.0.3 must be entered
immediately.

Ll

During movement of irradiated fuel assemblies, when two
CREVS trains are inoperable, action must be taken

immediately to suspend activities that could releas
radioactivity that could enter the eentrel-room ﬁ;ﬁ‘. This
places the plant in a condition that minimizes the accident

risk. This does not preclude the movement of fuel to a safe
position,

(continued)
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BASES (continued)

CREVS
B3.7.12

SURVE 1LLANCE
REQUIREMENTS

SR_J.7.02.1

Standby systems should be checked periodically to ensure
that they function p rly. Since the environment and
normal operating conditions on this system are not severe,
testing each train once every month adequately checks proper
function of this system, Systems such as the CR-3 d.sitn
without heaters need only be operated for : 15 minutes to
demonstrate the function of the system. The 31 day

Frequency is based on the known reliability of the equipment
and the two train redundancy available.

SR_3.1.J2.2

This SR verifies that the required CREVS tosting (s
erformed in accordance with the Ventilation Filter Testing
rogrnl (VFTP). The CREVS filter tests are in accordance

with Regulatory Guide 1.52 xaof. 4! as described in the

VETP Program description (fs R, Section 9.7.4). The VFTP

includes testing HEPA filter performance,

4 ‘i‘.‘t efficiency, minimum system fiow rate, and
e physical properties of the activated eharcoad n.

Specific test frequencies and additional information are

discussed in detail in the VFTP,

SR_3.7.12.3

This SR verifies that each CREVS train actuates to place the
control complex into the emergency recirculation mode on an
actual or simulated actuation signal. The Frequency of

24 months 1s consistent with the typical fuel cycle length,

(continued)
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BASES  (concinued)

REFERENCES

SR 2. 1.12.4

This SR verifies the integrity o the CCHE and the sssumed
inleakage rates of potent l|1{ contaminated air. During the
energency mode of operation, the CCHE 1s designed ta be a
closed envirenment having limited air exchange with its
surroundings. Performance of & gcriodic leek test verifies
the continuing intearity of the CCHE within acceptabie
1imits. The frequency of 24 months 1t consistent with the
typical fuel cycle length., The acceptance criteria for the
test 15 leakage that does not exceed the value contained in
the approved dose calculations.

FSAR, Section 9.7.2.1.9

CR-3 Control Room Mabitability Evaluation Report,
submitted to NRC on June 30, 1987

10 CFR 50, f\[l'p(‘hd\x A, GDC 19

Regulatory Guide 1.52, Rev. 2, 1978

T TI SIS I I e LI T A A S T X RN VIR

(continued)
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TURVEILLANCE REQUIREMENTS

SURVETLLANCE l FREQUENCY

wan e et e e s e € o

9:7:38:) Operate each CREVS train for 31 days
> 15 minutes.

|

3.7.12.2 Perform required CREVS filter testing in ’ In accordance

accordance with the Ventilation Filter with the
Te<ting Program. Ventilation
Filter Testing
Program

Verify each CREVS train actuates to the 24 months
emergency recirculation mode on an actual
or simulated actuation signal

——— _.__._._*r. Sp—

f

Verify CCHE boundary leakage does not 24 months

excerd allowable 'imite as measured by
per formance of an integrated leakage test.

-
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Procedures, Programs and Manuals
5.6

Procedures, Programs and Manuals

Secondary Water Chemistry Program (continued)

ldenvification of process sampiing points, which shall
include monitoring the discharge of the condensate pumps for
evidence of condensar in leakage:

Procedures for the recording and management of a;

Procedures defining corrective actions for al control
point chemistry conditions; and

A procedure identifying the authority responsible for the
interpretation of the data and the sequence and timing of
administrative events, which is required to initiate
corrective action,

Ventilation Filter Testing Program (VFTP)

A program shall be established to implement the fol.owing required
testing of the Contrel Room Emergency Ventilation System (CREVS)
per the requirements specified in Regulatory Guide 1.52,

Revision 2, 1978, and in accordance with ANSI N510-1975 and ASTM

D 3803-89 (Re-approved 1995).

Demonstrate for eacn train of the CREVS that an inplace test
of the high efficiency particulate air (HEPA) filters shows
a penetraticn < 0.05% when tested in accordance with
Regulatory Guire 1.52, Resision 2, 1978, and in accordance
with ANSI N510-1975 at the system flowrate of between 37,800
and 47,850 cfm

Demonstrate for each train of the CREVS that an inplace test
of the carbon adsorber shows a system bypass < 0.05% when
tested in accordance with Regulatory Guide 1.52, Revision 2,
1978, and ANSI N510-1975 at the system flowrate of between
37,800 and 47,850 cfm.

Demonstrate for each train of the CREVS that a laboratory
test of a sample of the carbon adsorber, when obtained as
described in Regulator' Guide 1.52, Revision 2, 1978, meets
the laboratory testing .riteria of ASTM D 3803-89 (Re-
approved 1995) at a temperature of 30°C and relative
humidity of 95% with methyl iodide penetration of less than
2.5%

(continued)

Crystal River Unit 3 : Amencment No.




Procedures, Programs and Manuals
5.6

§.6 Procedures, Programs and Manuals

5.6.2.12

(continued)

Demonstrate for eaci train of CREVS that the pressure drop
across the combined roughing filters, HEPA fiiters and the
carbon adsorbers 1s < AP=4" water gauge when tested in
accordance with Regulatory Guide 1.52, Revision 2, 1978, and
ANST N510-1975 at the system flowrate of between 37,800 and
47,850 cfm.

The provisions of SR 3.0.2 and SR 3.0.3 are applicable to the VFTP
test frequencies.

Explosive Gas and Storage Tank Radioactivity Monitoring Program

This program provides controls for potentially explosive gas
mixtures contained in the Radioactive Waste Disposal (WD) System,
the quantity of radiocactivity contained in gas storage tanks or
fed into the offgas treatment system. The gaseous radioactivity
quantities shall be determined following the methodology in Branch
Technical Position (BTP) ETSB 11-5, "Postulated Radioactive
Release due to Waste Gas System Leak or Failure". The ligquid
radwaste quantities shall be determined in accordance with
Standard Review Plan, Section 15.7.3, "Postulated Radioactive
Release due to Tank Failures”

The program shall include:

The limits fur concentrations of hydrogen and oxygen in the
Radioactive Waste Disposal (WD) Systci and a surveillance
program to ensure the 1imits are maintained. Such limits
shall be appropriate to the system’s design criteria, (1.e.,
whother or not the system is designed to withstana a
hydrogen explosion).

A surveillance proyram to ensure that the guantity of
radicactivity contuined in each gas storage tank and fed
into the offgas treatment system is less than the amount
that would result in a whole body exposure of > 0.8 rem to
any individual in an unrestricted area, in the event of an
uncontrolled release of the tanks’ contents.

The provisions of SR 3.0.2 and SR 3.0.3 ave applicable to the
Explosive Gas and Storage Tank Radioactivity Monitoring Program
surveirl lance freguencies.

{continued)
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CREVS
B3.7.12

B 3.7 PLANT SYSTEMS
B 3.7.12 Control Room Emergency Ventilation System (CREVS)

BASES

T T T S e A R T T T S e e e e T T S SR e e T

BACKGROUND

The principal function of ths Control Room Emergency
Ventilation System (CREVS) is to provide an enclosed
environment from which the plant can be operated foilowing
an uncontrolled release of radioactivity or toxic gas.

The CREVS consists of two trains with much of the non-safety
related equipment common to both trains and with two
independent, redundant components supplied for major items
of safety related equipment $Ref. 1). The major equipment
consists of the normal duty filter banks, the emergency
filters, the normal duty and emergency duty supply fans, and
the return fans. The normal duty filters consist of one
bank of glass fiber roughing filters. The emergency fiiters
consist of three banks each. The first bank .5 & roughing
filter similar to the wormai filters. The second bank is a
high efficiency particulate air (HEPA) filter. The third
bank is an activated carbon adsorber for removal of gaseous
activity (principally iodine). The rest of the system,
consisting of supply and return ductwork, dampers, and
instrumentation, is not designed with redundant components.
However, redundant dampers are provided for isolation of the
ventilation system from the surrounding environment.

The ventilation exhaust duct is continuously tested by
radiation monitor RM-A5, which has a range of 10' to 10°
counts per minute. The monitor is set to alarm and initiate
the emergency recirculation mode of operation when the
airborne radioactivity and/or area radiation level reaches
two times the background count rate.

The Contro) Complex Mabitability Envelope (CCHE) is the
space within the Control Complex served by CREVS. This
includes Control Complex floor elevations from 108 through
180 feet and the st2ir enclosure from elevation 95 to 198
feet. The elements which comprise the CCHE are walls,
doors, a roof, floors, floor drains, penetration seals, and
ventilation isolation dampers. Together the CCLE and CREVS
provide an enclosed environment from which the plant can be
controlled following an uncontrolled release of
radioactivity or toxic gas.

(continued)
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BASES

CREVS
B 3.7.12

BACKGROUND
(continued)

Design calculations determine the maximum allowable leakage
into the CCHE below which control room operator dose and
toxic gas concentrations remain within approved limits,
Integrated leak tests of the CCHE determine actual leakage.
The difference between allowed and actual leakage is
converted to «n allowance for breaches (in square inches)
that may exist in the CCHE to accomodate normal operating
and maintenance activities. Breaches in excess of the
calculated area renders the CCHE incapable of performing its
function, therefore inoperable. Routine opening and closing
of CCHE doors for personnel passage and the movement of
equipment 1s accounted for in the design calculations. A
continuous leakage of 10 cubic feet per minute is assumed to
account for this. Holding or blocking doors open for short
?oriods of time does not constitute a breach of the CCHE as
ong as the doors could be closed upon notification of a
radiological or toxic gas release.

CREVS has a normal operation mode and recirculation modes.
During normal operation, the system provides filtered,
conditioned air to the control complex, including the
controlled access area on the 95 foot elevation. When
switched to the recirculation mode, isolation dampers close
isolating the discharge to the controlled access area and
isolating the outside « » intake. In this mode the system
recirculates filtered air through the CCHE. This is
described in the following paragraph.

The control complex normal duty ventilation system is
operated from the control room and runs continuously.

During normal operation, the outside air intake damper is
partially open, the atmospheric relief discharge damper is
closed, the discharoe to the controlled access area is open,
and the system return damper is throttlied. This
configuration allows a controlled amount of outside air to
be admitted to the control complex. The design temperature
ga;ntained by the system is 75°F at a relative humidity of

Three signals will cause the system to automatically switch
to the recircuiation modes of operation.

1. Engineered Safeguards Actuation System (ESAS) signal
(high reactor building pressure).

2. High radiation signal from the return duct radiation
monitor RM-AS,

(continued)
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BASES

CREVS
B 3.7.12

BACKGROUND
(continued)

3. Toxic gas signal {chlorine or sulfur dioxide). |

The recirculation modes isolate the CCHE from outside air to |
ensure a habitable environment for the safe shuidown of the
plant. In these modes of operation, the controlled access
area is isolated from the CCHE.

Upon detection of ESAS or toxic gas signals, the system
switches to the normal recirculation mode. In this mode,
dampers for the outside air intake and the exhaust to the
controlled access area will automatically close, isolating
the CCHE from su:side air exchange, and the system return
damper will open thus allowing &ir in the CCHE to be
recirculated. Additionally, CA fume hood exhaust fan, CA
fume hood auxiliary supply fan, and CA exhaust fan are de
energized and their corresponding isolation dampers close.
The return fan, normal filters, normal fan, and the cooling
(or heating) coils remain in operation in a recirculating
rode .

Upon detection of high radiation by RM-AS the system

switches to the emergency recirculation mode. In this mode,
the dampers that form the CCHE will automatically close. |
The CA fume hood exhaust fan, CA fume hood auxiliary supply
fan, CA exhaust fan, normal supply fan, and return fan are
tripped and their corresponding isolation dampers close.
Manual action is required to restart the return fan and

place the emergency fans and filters in operation. The
cooling (or heating) coils remain in operation.

APPLICABIE
SAFETY ANALYSIS

During emergency operations the design basis of the CREVS
and the CCHE is to provide radiation protection to the
control room operators. The 1im1ting accident which may
threaten the habitability of the control room (i.e.,
accidents resulting in release of airborne rad oactivtty& is
the postulated maximum hypothetical accident (MHA), which is
assumed to occur while in MODE 1. The consequences of this
event in MODE 1 envelope the results for MODES 2, 3, and 4,
and results in the limiting radiological source term for the
control room habitabili*y evaluation (Ref. 2). A fuel
handling accident (FHA¥ may also result in & chailenge to
control room habitability, and maK occur in any MODE.
However, due to the severity of the MHA and the MODES in
which the postulated MHA can occur, the FHA is the limiting
accident in MODES 5 and 6 only. The CREVS and the CCHE
ensurc that the contro! room will remain habitable

following all postu’ated design basis events, naintaining

(continued;
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APPLICABLE exposures to control room operators within the limits of GDC

SAFETY ANALYSIS 19 of 10 CFR 50 Appendix A (Ref. 3).

(continued)

The CREVS 1s not in the prinar‘ success path for any
accident analysis. However, the Control Room Emcrgency
Ventilation System meets Criterion 3 of the NkC Policy
Statement since long term control room habitability is
essential to mitigaticn of accidents resulting in
atmospheric fission prouuct release.

LCO

Two trains of the control room onorgencg ventilation system
are required to te OPERABLE to ensure that at least one is
available assuming a single failure disabling the other
train. Failure to meet the LCO could resuit in the control
roo?dbeiouing uninhabitable in the uniikely event of an
accident,

The required CREVS trains must be indeperdcnt to the extent
atlowed by the design which provides redundant coagazants
for the major equipment as discussed in the BACKG

section of this bases. OPERABILITY of the CREVS requires

the following as a minimum:

a. A Contro)l Complex Emergency Duty Supply Fan is
OPERABLE ; i o ghison e

b. A Control Complex Return Fan is OPERABLE,

¢. HWEPA filter and carbon adsorber ar» not excessively
restricting flow, and are capabie of performing their
filtration functions;

d. Ductwerk, valves, and dampers are OPERAB'E, and 2ir
circulation can be maintained; and

e. The CCHE is intact as discussed below.

The CCHE boundary including the integrity of the doors,
walls, roof, floors, floor drains, penetration seals, and
ventilation isolation dampers must be maintained within the
assumptions of the design calculations. Breaches in the
CCHE in excess of allowed 'unidentified’ leakage pathway
sizes as specified in approved design calculations must be
controlled to provide assurance that the CLHE remains
cepable of performing its function.

The ability to maintain temperature in the Control Comnlex
is addressed in Technical Specification 3.7.18.

(continued)
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APFLICABILITY In MODES 1, 2, 3, and 4, the CREVS nust be CPERABLE to
ensure that che CCHE wil) remain habitable during and
following a postulated DBA. During movement of irradiated
fue! assemblies, the CnEVS must be OPERABLE to cope with a
release due to a fuel handling accident.

ALTION® Al

With une CREVS train inoperable, action must be taken to
restore the train to OPERABLE status within 7 days. In this
Cond tion, the remaining OPERABLE CREVS train is adeguate to
perfr-m the radiation grotection function for contrel room
g:rsouaol. However, the overall reliability is reduced

cause a failure in the OPERABLE CREVS train could result
in loss of CREVS function. The 7 dav Completion Time is
based on the low probability of 3 DSA occurring during this
time period, and ability of the remaining train to provide
the required capability.

B.1 and B.2

In MODE 1, 2, 3, or 4, if the inoperable CREVS train cannot
be restored to OPERABLE status within the associated
Completion Time, the plant must be placed in a MODE in which
the LCO does not appl{. To achieve this status, the plant
must be placed in at least MODE 3 within & hours, and in
MODE 5 within 36 hours. The allowed Completion Times are
reasonable, based on operating exPerience. to reach the
reguired plant conditions from fu.l power conditions in an
orderly manner and without challenging r'ant systems.

C.land C.2

During movement of irradiated fuel assemhlies, if the
inoperable CREVS train cannot be restored to OPERABLE status
within the associated Completion Time, the OPERABLE CREVS
train must immediatel¥ be plaved in the emergency
recircuiation mode. This action ensures that the remaining
train is OPERABLE, that no failures preventin? automatic
actuation will occur, and that any active failure will be
readily detected. Required Action C.1 is modified Dy a Note
indicating to place thc system in the emergency mode if
automatic transfer to emergency mode is incnerable.

(continued)
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ALTIONS An alternative to Reguired Action C.1 is to immediately
(continued) suspend activities that could release radioactivity ard

require isolation of the CCHE. This places the plant ina |
condition that minimizes the accident risk. This doaes not
preclude the movement «f fuel to a safe position.

Q.1

if both CREVS trains are inoperable in MODE 1, 2, 3, or &,
the CREVS may not be capable of performing the intended
tunction and the plant is in a condition outside the
accident analysis. Therefore, 100 3.0.3 must be entered
immecdiately.

£d

During movement of irradiated fuel assemblies, when two

CREVS trains are inoperable, actior must be taken

immediately to suspend activities that cou(d release
radicactivity that could enter the CCHE. This places the |
plant in a condition that minimizes the accident risk. This
does not preclude the movement of fuel to a safc position,

SURVE i LLANCE SRRl

REQUIREMENTS
Standby sy:tems should be checked periodicaily te ensure
that they functior properly. Since the environment and
normal operating conditions on Lhis system are not severe,
test.ng each irain once evory month adequately checks proper
function of this system. Systems such as the CR-3 design
without heaters need only be operated for > 15 minutes to
desonstrate the function of the system., The 21 day
Frequency is based on the known roliaoility of the equipment
and the two train redundancy availalle,

SR_3.7.12.2

This SR verifies that the required CREVS testin? is
evformed in accordance with the Ventilation Filter Testing
rogram (VFTP). The CREVS filter tests are in accordance

with Reguiatory Guide 1.52, (Ref. 4) as deccribed in the

VFTP Program description (FSAR, Section 9.7.4). The VFT?

includes testing hePA filter performance, carbon adsorber |

efficiency, minimum system flow rate, and the physical

{continued,;
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SURVETLLANCC
REQUIREMENTS

SR_3.2.12.2 (continued)

properties of the activated carbor. Specific test and
acditional ‘aform:tion are discussed in detai! in the VFTP.

SR._3.7.12.3

This SR verifies that each CREVS train actuates to place the
control complex into the emergency recirculation mode on an

actua) or simulated actuation signal. The Frequency of

24 wonths is consistent with the typical fuel cycle length.

SR_3.7.12.4

This SR vi- Ffies the integrity of the CCHE and the assused
inleakage rates of potentially contaminated air. ODuring the
emergency mode of operation, the CCHE is designed to be a
closed environment having limited air exchange with ils
surroundings. Performance of 2 periodic leak test verifies
the continu1ng integrity of the LCHE within acceptable
1imits., The frequency of 24 months is censistent with the
typical fuel cycle length.

REVERENCES

1. FSAR, Section 9.7.2.1.9.

2. CR-3 Control Room Habitability Evaluation Report,
submitted to the NRC on June 30, 1987.

3. 10 CFR 50, Appendix A, GDC 19.
4. Regulatory Guide 1.52, Rev. 2, 1978.
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Purpose

This attachment provides a discussion. of calculations for post-accident dose to the conrol room
operator  Specifically, iodine and beta skin doses are assessed The *Maximum Hypothetical
Accident (MHA) 1s taken to be the limiting event from the perspective of Control Room
habitabili'y and is initially assessed  MHA with loss of offsite power (LOUP) and MHA without
LOOP scouarios are considered The Steam Generator Tube Rupture (SGTR) is also assessed to
evaluate events which might require radiation monitur RM-AS (for Control Complex Habitability
Envelope (CCHE) isolation), and the Fuel Handling Accident (FHA) is assessed to evaluate the
source terras and mode' associated with this event  Inputs for these calculations are jisted

Protection from toxic gas events is dependent on detection and isolation of the CCHE

Calculations demouwstrate that adequate uetection and isolation capabilities exist for the toxic gas
sources located near CR-3  Once isolaiion 1s achieved, leakage into the CCHE 1s of no
consequence, even at many times the leakage aliowed for radiological events  Since the focus of
this document 1s the determination of allowed leakage foi radiological events, toxic gas events are
not discussed further in this document

Background

NRC Inspections and System Readiness Reviews conducted in 1997 during the CR-3 Design Basis
Outage identified several issues which potentially impacted control room habitability The predominant
issue pertained to the validity of assumptions for CCHE inleakage Other notable items cf concern
included Control Room Emergency Ventilation Sysiem (CREVS) recirculation flow rate and carbon
filter etficiency Modifizaticns were made *o reduce CCHE inleakage by improving the integrity of
boundary elements Existing boundary dampers were replaced with zero leakage models, and
redundant dampers prowded at all boundary damper locations ‘ithe mechanical equipnient room
exhaust duct was spared in place, and the CCHE penetration for this duct sealed Minor CREVS
design changes were made to provide alternate means of mechanical equipment room ventilation and
to improve system reliability Programmatic changes were made to ensure that the assigned efficiency
of the Control Complex carbon filters was consistent with regulatory ywidance

The findings and modifications ansing fiom resolution of dentified issues required that the Control
Room operator dose calculations be revised 1o ahign inputs and assumption: with plant design  The
basic methodology used in these revised calculations is consistent with that found in regulatory
gudance and utilized in previous caleulations  Determunation of CCHE inleakage, performad by tracer
gas testing, is difterent than the previous methodology Other mputs have also changed and are listed
in Attachment £

The tracer gas test was conducted at » differential pressure of 0 171 inches water gauge (in wg)
using ASTM E 741.1993  The test was based ~n measuring the inleakage across the CCHE This
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condition i1s representative of the inleakage mechanism applizable to the design of the CR-3
CCHE (zone isclation systemy with filtered, recirculated air) Using tracer gas test methods, it is
possibie 19 set up a test to measure inleakage under conditions which are representative of a specific
postulated scenario

The primary motive forces which might indue a significant differential pressure across the CCHE
are taken as wind pressures (assuming a loss of oftsiie power) and ventilation systems in adjoining
structures (no loss of offsite power) In the loss of offsite power scenario, secondary effects such
as thermal effects and localized pressures induced by the operation of CREVS become relatively
significant and must be considered  Significantly higher differential pressure would be expected
assuming no loss of offsite power, but the source term would be lower given that this would
necessarily require the Auxiliary Building Filtration System to be in operation

To fully assess limiting post-accident conditions, both scenarios must be evaluated This is
accompbished by measuring inicakage at a known differential pressure using tracer gas methods,
then analytically adjusting this value to correspend with postulated conditions The wind speeds
responsible for the driving CCHE differ cntial pressure were taken consistent with Murphy-Campe
assumpuions regarding the post-accident meteorology  This standard method for calculating dose
utilizes these wind speeds to prodace a conservative estimate of the control room operator dose
Using the wind speed to calcula'e the differential pressure at the four peniods defined by Murphy-
Campe Juring the accident, control roova operator dose during the accident 1s 26 § REM,
including 228 sq in of breach margin in the envelope beyond the conservative inleakage
measured dunng the tracer gas test FPC is using tius mechanmistic inleakage approach to
demonstrate the operability of the CCHE and CREVS

Analysts of the MHA was performed using the post-accident model described in Regulatory Guide 1 4
and source terms der ved from TID-14844  SRP 6 4 ana the Murphy-Campe Paper on Control Room
Ventilation System Dusi gn were used as guidance documents The following lists specific assumptions
assocuated with control room dose calculanons for the MHA  Additional information penaining to
selected parameters 18 provided e the discussion that follows A detatied set of inputs and assumptions
is provided in Tables | and 2

Assumptions for the MHA

- This analysis uses 102% of the rated thermal power (2619 MWth)

- The containment free volume is 2,000,000 cubic feet The spraved volume is 1,304,000 £’
and the remainder 1s vnsprayed

- Containment air rixing rate 1s equal to 2 unsprayed volumes per hour between the sprayed
and the unsprayed volumes

- The core fission products raieased to the free volume are 25% of the total iodine and ' 00%
of the noble gases

. The core fission products released to the sump water is 50% of the total 1od:ne
The rodine species fractiuns for the free volume are 0 91 Elemental + 0.05 Partiviate +
¢ “ Organic

- The post LOCOP/LOCA containment design leakage rate is 0 25% for the first day and
0. 125% Yor the remaining post-accident recovery period
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- Modeling includes continuous Emergency Core Cooling system (FCCS, leakage outside
the containment building

. For the MHA w/ 1.OOP, modeling includes 30 minutes of S0 gpm ECCS leakage outside
the containment building beginning 24 heurs after the LOCA imtiation event

. For the MHA without LOOP, credit 1; taken for the Auxiliary Buiiding Ventilation System
carbon filters operating at 75% efficiency

. The vaponzation fraction for the ECCS leakage is rol less than 10%

- The iodine removal efficiency for the 2" thick CREVS carbon filter is 95% based on
meeting the testing requirements of Reg Guide 1 52
Meteorology extrapolations and control room dose modeling and calculations (when
equilibrium conditions are present) are based or. the Murphy-Campe methodology or
meeting GDC 19 of |0CFRS0
The containment spray elemental todine removal cut of is based on a decontamination
factor (DF) of 100, and the particuiate (odine spiay removal constant is based on a DF of
S0 for reducing the constant by a factor of 10

. The spray starts 124 seconds (0 03444 hours) afier containment isolation *which is assumed
to occur instantaneously  This time is more conservative than full flow ume specified in
Tecti Spec 3 6 6

- During the first 30 minutes post LOOP/LOCA, there is no ferced ventilztion flow in the
Control Complex

. Fission product solids that might be in the sunip water are assumed to be nun-volatile ana
are ot released to the environment

- The surap watei volume is assamed not 1o be reduced due to ECCS leakage

Discussion of Selected A{HA Radiological Dose Caleulation Inputs

i) Dose Convarsion Facters

FPPC apphied revised dose conversion facters for Control Complex Hebitability dose
calculations.  Specifically, FPC changed from using Intzrnational Commissior on
Radiologicai  Protection Publication 2 (ICRP-2), pubbished 195¢ to Internaticonal
Commission on Radiological Protection Publication 30 (. KP-30), published 1979, and
Federal Guidance Report #11, pubtisned 1988, for calculating thyrowd dose to control
rOON; Operators

Dos2 calculations for internal organ: such as the thyrowl aie performed using dosimetig
and metabolic models contained in the ICRP publications The cunent NRC Safety
Evaluatior oi FPC's control room habitability 1s basad on the “‘Control Room Habitability
Evaluation Report” submitted te the NRC on June 50, 1987 At that time, ICRP-2
methodology was used for internal dose calculations

Revised methods for calculating organ dose and relating organ dose to whole body dose
were published in ICRP-30. and endorsed for use in this country by the Environmental
Protection Agoncy (EPA) in rederal Giudance Repe 1 #1101 These documents changed the
dose conversion factors that are used to convert a quantity of inbaled radioactive material
to organ dose For the radionuchdges of concern, « - of ICRP-30 / Federal Guidance
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Report #11 dose conversion factors results in the accident thyroid dose to be ~30% lower
than previously calculated

The statutory authonty for the use of JCn"-30 and Federal Guidance Report #11 can he
found in the Statements Of Consideration foi the publication of revised 10 CFR 20 as a
Final Rule In Federal Register 56 FR 23360, published May 5, 1991, and effective June
20, 1991, the us2 of ICRP-30 and Federal Guidance Report #11 {or calculating internal
doses 1s discussed The NRC addressed a public comment regarding Section 20 1204,
‘Determination of Internal Exposure,” by stating that “Approprate parameiers for

calculating organ doses from radionuclide uptakes can be found in ICRP-30 and iis
supplements Dose factors in Federa! Guidance Report #11 are also acceptable for use in
calculating occupational exposures for compliance with either §§20.1 - 20 601 or with
§820 1001 - 20 2401, except that the iadividual organ dose values must be used for
£8201 - 20601 " (Note §§20 1 - 20601 were the former sections of 10 CFR 20 that
remained in effect concurrent with the revised sections. §§20 1001 - 20 2401, untl
January 1, 1994, after which §§20 1 - 20 601 were removed from federal law )

CR-3 Improved Technical Specificatious (ITS) include specific activity limits for primary
and secondary coolant  Specific activity is measwed and reported as DOSE
EQUIVALENT 1-131, which is a defined term in the ITS  The ITS definition of DOSE
EQUIVALENT 1-131 specifies that the thyroid dose conversion factors used for this
calculation shall be those from {CRP-30

Evaluations of postulated accidents include estimation of offsite doses that could result
from radioactive material releases A standard assumption applied in determining the
amount of radivactive material released is that the reactor coolant acuvity is equal to the
Technical Specification limit  Since NOSE EQUIVALENT 1-131 i5 used as a measure of
the pernussible concentration of rrdioactive iodine species in reactor coolant, ICRP-30 is
custently being used in the calcv'ations of offsite dose consequences Therefore, the use
of ICRP-30 in revised control room dose calculations is consistent with the current
licensing basis of CR-3

2) Accident Analysis Software (POSTDBA & AXIDENT)
POSTDBA s an inte.nally developed proprietary computer program of Sargent & Lundy
for evaluating the radiological ¢ “sequences of design basis accidents

POSTDBA has been used to support post-accident dose analyses licensing requirements
and special dose studies for more than twenty years It was used to support the initial
Byron 1 & 2 and Braidwood 1 & 2 (ComEd) FSAR submuttal control room doses  Since
B/B uses the NUREG-0800 (Standard Review Plan or SRP) format, dose analyses
referenced compliance with the SRP and Regulatory Guides This computer progran: was
used in the 1980s o investigate Main Steam Jsoiation Vaive leakage on BWRs  Studies
were performed for GE Mark Il design (CombEd’s La Salle County) and GE Mark 111
design (IPC's Chinton}, Zion's cuirent control room design modification is under NRC
review, and the supporting post-acvident dose analyses were prepared using POSTDBA
At the present time (last quarter of 1997) La Salle and Clinton are having their post-
accident doses reanalyzed using POSTDRA
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Computer program POSTDBA performs radiological dose calculations and related
analyses for the LOCA in a pressurized water reactor (PWR) or a boiling water reactor
(BWR) POSTDBA was originally developed to calculate PWR contro! room (CR) and
offsite doses in accordance with requirements and recommendations of Regulatory Guide
(RG) 14, RG 1109, Standard Review Plan (SRP) Section 6.4, and SRP 652 This
program handles containment leakage, additional gaseous leakage (purge and MSIV), and
can model liquid leakage (constant and intermittent reactor coolant (RC) boundary
releases outside containment) ac a separate case in the same computer run  In addition to
the dose evaluation, POSTDBA calculates the time dependent airborne concentrations of
iodine (using spray removal modeling which handles all SRP 6 52 requirements and
recormmendations) and noble gases for the containment at the CR inlet ard in the CR
volume The control room's potential outside air intrusions, iodine filtration, and gamma
body, beta skin, and thyroid dose computations are based on the Murphy-Campe approach
using time dependent integration techniques The site meteorology can be entered as a
joint frequency table, as predetermined Sth percentile x/Q values or as effective wind
speeds as determined by the Murply-Campe methodology

POSTDBA is constructed to allow the user to select the time steps and to contro! variable
parameters for each time step Initial DBA isotopic iodine and noble gas sources (starting
at time = 00 seconds) are individually entered, element family release fractions can be
applied, and the iodine can be subdivided into specific fractions of chemically diferent
types  Any one or all of the three release pathway rates and the containment spray
removal factors can be specified for cach time step  Control room ventilation inputs
include outside air makeap, recirculation, and unfiltered inleakage  Separate filter
efficiencies can be specified for the makeup and recirculation filters

POSTDBA was revised in 1994 to make the iodine dose conversion factors referenced in
Federal Guidance Report #11 (ICRP-30) the default conveision factors  This program
will allow manual entry of any of the default iodine conversion factors and/or depth dose
conversion factors for gammas and betas Thus, if surface gamma or beta doses are
needed, they can be determined using POSTDBA

Similar to POSTDBA, Computer program AXIDENT is NUS - SCIENTECH propnetary
software developed for radiological dose calculanons and related analyses consistent with
approved regulatory guidance and recommendations. The AXIDENT Code was
developed in the mid-70s by NUS with the pnmary function to assess the habitability of
control rooms during design basis accidents The AXIDENT code has been used by NUS
over the last 17 years (also used by SCIENTECH inc since the acquisition of NUS in
1996) In the early 80s, the AXIDENT code was used to prepare a large number of
control room habitability studies that were submitted to the NRC ir response to NUREG-
0737, Action Item 111X 3 4  These onginal habitability studies typically contained the
AXIDENT manual {(NUS-1954) which includes a detailed discussion of the code
dertvanion and design inputs (an example being CP&L's Brunswick and H B Robinson
submuttals) Since the ongmal habitability submittal, the AXIDENT code has been used to
resolve habitability 1ssues throughout the industry, including the development of new
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licensing basis analyses The most recent analyses that were submitted to the NR(C in
1997 were prepared for Dresden, Quad Cities, and Brunswick

3) Reactor Building Spray System
The reactor building spray system was analyzed conservatively using only the spray pump
recirculation rate of 1112 gpm for the entire time spray removal credit for iodine is
permitted  For calculation purposes, the spray mode of operation is one header at 1112
gpm for the permitted duration of iodine removal credit  The volume of the sprayed
region is 68 2% of the total building free vulume and the unsprayed volume is 34 8%

The SPIRT Computer Code was used to evaluate the spriy removal constants for
clemental 1odine  SRP 6 5 2 calculational methods were sed to evaluate the spray
removal constants for particulate iodine  Organic 1odine remains mrborne for the duration
of the accidernt  lodine removal censtants derived in CR-3 calculation # [-86-0002,
Revision S was used as input .o this analysis  Additional wnputs and assumptions for RB
Spray analysis are found in Tables 3 and 4

4) Control Room Emergency Ventilation System Recirculation Flow Rate

LER 97-022-00 identified that past modifications were implemented vhich edded
resistance to Control Complex Ventilation System ductwork without fully assessing the
impact on recirculation flow rate  As a result the system flow rate with clean filters is
now somewhat lower than ithe 43,500 ofm nominal design flow rate  Previous calculations
have assessed Control Room dose at values as low as 39,150 ¢fm (43,500 - 10%) A flow
evaluation of current system performance has established a calculated minimum
recircu'ation flow rate of 37 800 with 4" wg across fouled filters  This lower bound is
conservatively taken forward for use in Operaior dose calculations

The 4" filter fouling value is lss than the 6" currently refiacied in the 1TS and taken as the
combined (HEPA and carbon) fiter fouling limit Current procedures constrain operation
within 43 500 ¢fim +/- 5% and ensure that the 37 800 ¢fm munimum flow rate requirement
for dose calculations is met

Analysis of MHA with LOOP

SRP 6 4 identifies that locally high differential pressures at houndary damper locations within the
control roon ventilation system can have the effect of inducing significant leakage across the
habitability boundary The redundant dampers being installed at all CREVS boundary locaticas
are tested to be bubble-tight at 15" wg, and effectively elimnates this concern for the CR-3
CCHE. Subsequently. the only mechanism of getting unfiliered outs.de arr flow into the
controlled emvironment following a LOCA with a LOOP weuld be to nduce it oy wirtue of
differential pressure across outside walls such as would be induced by wind pressure

Wind speeds can be converted into differential pressure (Ap) in the following relationship

Py = Ap = 000642 p U’ inches of water column, where U is the wind speed in mph
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Air density “p"” for this vquation is conservatively taken as that at a temperature of 15° F, and 1s
(P1s = pux T/ Tis = 0075 /A’ x S30°R / 475°R =) 0 0837 b/fi’

The relationship bevween nleakage and differential pressure for a fixed resistance can be
conservatively expressed as Q = C (Ap)", where Q is the inleakage flow rate in c¢fm, with the flow
coefficient C taken as | For interpolation to values less than the test condition, the flow
exponent ‘h” is conservatively taken to be 05 For extrapolation to vaiues above the test
condition, the use of n = 0 5 is non-conservative, and the more realistic value of n = C 65 is taken
from ASHRAE guidance  From this relationship the following equation can be obtained which
determines corrected inicakage Qc at any differential pressure Ap.- based on test inleakage Q; at
the corresponding test differential pressure Apr

Qc = Qr/(Apc/Apr)"

Finally, substituting the results from tracer gas testing (462 cfm at 0 171" wg) yields the equation
which predicts inleakage of the CR-2 UCHE at anv differential pressure

Q.= 462 x(Ap,/0.171)"

Since wind pressures are assumed to be the ; imary motive forre under MHA w/ LOOP
conditions, nicakage for this scenario 15 deteimined by examining meteorological condinons
associated with event analysis  SRP 6 4 methodology assumes post-accidert meteorological
conditions corresponding to the 5% 3/Q value during the cntical initial stages of the event in
order to minimize dispersien of the radioactive plume as it 1s camied fr  the containment
building to the Control Complex  The methodology then allows for three incremental increases in
vand speed and direction over the duration of the accident due to the extreme improbability that
these imtial v/ind conditions would be sustained over an extended period of time

Based on these considerations, inleakage values are derived for each of the four time intervals
over which x/Q values vary by correcting inleakage at the test differentiai pressure to the
dgifferennial pressure induced by the wind speed associated with that interval  These wind induced
differential pressures voore conservatively calcalated using ASHRAE methods  Each of these
infcakage values i1s an input into the appropriate wmterval in the revised radiological dose
calculations such that the wind speed associated with plume dispersion corresponds to that which
drives inleakage through the Control Complex boundary

For the MHA w/ LOOP, it 1s noted that the use of 'ow wind speeds provides relatively small
mative force for inducing leakage through the CCHE  However, parametric studies show that,
over the range of interest, increased wind speeds will tend to lower Control Room dose when it is
applied uniformly 1o both x/Q vulues and building differential pressure It is also noted that, at
these relatvely low wind speeds the potential effects of thermally induced inleakage becomes
significant  Differentai pressure across walls induced by differences in inside and outside
temperatures (1 e , stach etfect) can be pro-ounced in ta!! structures, as its magmtude is basically a



US Nuclear Regulatory Commission Attachment D
3F1297-19 Page 8

function of the difference in temperatures across a wall and the difference in height from a given
penetration to the building's neutrai pressure level

. The temperature gradient between the Control Complex and adjacent areas at the outset
of an accident would be relatively small  Given a source term model wherein the majonty
of exposure occurs during the initial stages of the event, leakage induced by the stack
effect would be mimimal during this critical period

. The neutral press.re level of a building wall tends to be towards the elevation containing
the largest leakage area, or in the case of uniform leakage, at the vertical center of the
buildin,_  "he majority of CCHE penetrations are at or near the elevation of the cable
spreading room, which 1is itself just below vertical center of the Control Complex
elevation  Since the stack effect resulis in no appreciable differential pressure at the
neutral pressure level and differential pressures which increase with distance from the
neutral pressure level, the distribuiior of CCHE penetrations would tend to minimize the
nleakage due to the stack effect

. At higher wind speeds, the inleakage induced by wind pressure is dominant and stack
etfect pressure provides a iesser relative contribution to inleakage

For MHA w/ LOOP, the contribution of stack effect to inleakage was con:zrvatively considered
by caiculating stack effect pressures during both winter and summer conditions. A uniform
temperature of 31 °F was assumed in adjacent areas for winter conditions, while 118 °F was used
to assess summertime conditions  The Control Comple: itself was assumed to remain at its
design temperature of 75 “F  These values were conservatively assumed to remain constant for
the duration of the 30 day accident An average stack effect pressure was calculated. and
infeakage associated with this value determined by application of relationship between building
differential pressure and inleakage derived from tracer gas test results This value was then
combined with wind induced inleakage using an ASHRAE formula, with a 10 ¢fin allowance
added for access/egress, as follows

O\rl " (sz ¥ QII)O‘ + lO

The MHA w/ LOOP analysis also gave consideration to CCHE leakage whica might be induced
by localized high and low pressure areas induced within the CCHE boundary by the operation of
the CREVS  Obviously, any leakage which occurs as a result of local high pressure areas within
the CCHE would be outleakage and of no concern with regard to coatrol room dose
consequence It is also reasonable to assume that inleakage caused solely by virtue of low
pressures within rooms or elevations of the CCHE due to ventilation system operation would be
nuced into the system return ducting

CREVS distributes air through common supply and return headers From the common headers,
discharge and return branches service each elevation individually to provide hzat removal for
operating equipment. [t s significant that the majority of CCHE penetrations exist on the lower
elevations ({rom the cable spread room elevation down ) Therefore, a relatively small percentage
of CCHE nleakage occurs on the control toom elevation  Air leaking into lower elevations 13
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induced nto the ventilation return duct and passed through the carbon filters before reaching the
control room  The assumption that a significant percentage of all CCHE inleakage is actually
filtered would not be unrealistic. However FPC has treated all leakage due to wind pressure,
stack effects, and access/egress as unfiltered inleakage This 1s extremely conservative

FPC has not quantified the leakage induced by operation of CREVS, however it is conservatively
accounted for as follows Inleakage induced by CREVS operation is assessed by including an
additional penalty of 125 cfm of filtered inleakage Given that testing was performed with
CREVS in operation such that this effect existed at the time, classification of any portion of
inleakage as filtered for this reason could be taken as a reduction in unfiltered inlcakage Instead,
this filtered inleakage penalty is superimposed on unfiitered inleakage due to wind pressure, stack
effects, and access/egress, and is applied for the entire 30 day duration of the everit  This again is
extremely conservative treatment of inleakage assumptions since the penalty for filtered inleakage
is taken both directly in tracer gas test measurements and analytically superimposed again in dose
calculations

Analysis of MHA without LOOP

Given the occurrence of the MHA without a loss of offsite power, the ventilation systems in
adjacent buildings are assumed to continue to operate during and after the accident Increasing
levels of radiation in the Auxiliary Building as sensed by radiation monitor RM-A2 would result in
a trip of the Auxiliary Building Ventilation System (ABVS) supply fans, resulting in a significantly
greater negative pressure in the Auxiliary Building  The Turbine Building is considered to be
essentially at atmospheric pressure due to the numerous large openings in that structure Under
these conditions, the post-accident leakage into the Control Room could be significantly higher
(especially during the early time steps) than that postulated on the basis of wind pressures (i e,
MHA w/ LOOP)

The release path for this scenario is based on the activity being releasad from the Containment and
subject to initial dispersion as it travels to the Turbine Building Ventilation System intakes and
into the Turbine Building From that point it uitimately enters the Control Room as unfiltered
inleakage by the differential pressure induced across the Control Complex This release path
model considers dilution into the large Turbine Building volume as well as minor decay and
holdup while the activity is in the Turbine Building

The evalvation of MHA without LOOP has four distinct changes from the version of the event
which assumes LOOP

(1) given that the ABVS must be in operation to induce the -ferential pressures of concern,
then filtration by the ABVS carbon filters occurs and there is no requirement to assume an
ECCS pump seal failure at 24 hours after the accident with a leak rate of S0 gpm for 30
minutes,

(2) the normal ECCS leakage which does occur is assumed to be filtered to 75% efficiency,
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(3) the activity will enter the Control Room via the Turbine Building and as such will be subject
to some delay due to the buildup and decay in the volume of the Turbine Building, and

(4) inleakage will be constant for the duration of the accident and will not be affected by the
wind speed used in the dose analysis This is conservative in that the wind direction
nccessary for transport towards the Turbine Building wou'd tend 1o oppose inleakage
through the CCHE towards the Auxiliary Building

Temperature effects in this scenario are assumed to be insignificant given that continued operation
of adjacent ventilation systems minimizes the temperature differentials betweer these areas and
the Control Complex The 75% efficiency assumed for the Auxiliary Building carbon filters is
consistent with that recently allowed for these filiers by the NRC in control room habitability
analyses Inleakage induced by CREVS operation is also ignored on the basis that conditions at
the time of tracer gas testing are similar to those postulated under these post-accident conditions,
such that this factor was present during the tests  As with the MHA w/ LOOP, aralysis of this
scenario assumes that inleakage is distributed evenly throughout the CCHE volume CREVS
design makes it probable that very little inleakage is introduced into the Control Room from the
floors below it without being subject to filtration  Given this and other conservatisms in the
analysis, the treatment of MHA without LOOP described above is considered to be a very
conservative treatment of this scenano

Results of MHA Analyses

The results of this analysis shows that the bounding version of the MHA is that associated wit":
the accident occurning with LOOP  Calculations show that a 26 5 REM dose limit can be
maintaineC in this scenario while aliowing an 2 ' litional CCHE breach area of up to 22 8 in’  The
26 5 REM value corresponds with that in the Control Room Habitability Evaluation report dated
June 30, 1987 (as referenced in the ITS Bases), and the NRC's SER in reply dated May 25, 1989
It is concluded that, given that CCHE breach ereas 1re maintained below the value of 22 8 i |
the level of CCHE integnty is sufficient to meet operabiliy requirements pertaining to radiological
consequences of the MHA

Analysis of other DBAs

A review of other design basis accidents for which CR-3 is licensed was performed to verify that
the MHA as analyzed above s the limiting event  This review was based on (1) a review of
source terms, (2) a review of the means by whick isolation of the CCHE is achieved, and (3)
consideration of plant operating couditions (i e , operating MODES) at the time of the event

This review found that the MHA source term exceeds that assoviated with ail other DBAs as
analyzed in Rev 23 of the Final Safsty Analysis Report (FSAR) However, MHA accident
analysis assumes that CREVS boundary dampers are isolated essentially from the outset of the
event by virtue of the 4 psi Reactor Building High Pressure Engineered Safeguards (ES) siynal

Since other DBAs might not provide isolaticn by (his signal, a review of events which could rely
on the radiation monitor or operator action to solate has been performed Based on this review,
a detailed analysis of the Steam Generator Tube Rupture cvent was performed which
demonstrated that wolation of the CREVS was .ot necussary to maintain operator exposures less
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than regulatory limits  Further, given any reasonable isolation time either by the radiation monitor
or operator action, the MHA remains the bounding event with regard to control room habitability

The inputs, source terms and dose consequences of the SGTR, as analyzed, are presented in
Tables 6 through 9
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Table 1
Significant Core lodine and Noble Gas Fission ProJducts
at the Start of a DB-LOCA(MHA)
2619 MWT
ISOTOPE | FISSION | C/MWT | REACTOR BUILDING
YIELD T=0 AIRBORNE
INVENTORY in Ci
I-131 0029 2 SO8E+4 6 S685E+7
1-132 0 044 3 806E+4 9 9679E+7
1-133 0 065 S 622E+4 1 4724E 8
1-134 0076 6 S75E+4 1 7220L+8
I-135 0059 5 103E+4 | 3365E+8
KR-83M 0 0048 4 152E+3 | O874E+7
KR-BS 0 0029 4 102E+2 | 0743E+6
KR-85M 00158 | 297E+4 3 3068E+7
KR-87 0027 2 335E+4 6 1154E+7
KR-88 0037 3 200E+4 8 3808E+7
KR-RO 0 046 3 970E+4 | 0421E+8
XE-31M 0 0003 2 S9SE+2 6 7963E+S
XE-33M 00016 | 384E+3 3 6247E+6
XE-133 0 065 S 622E+4 1 4724E+8
XE-35M 0018 | SSTE+4 4 0778E+7
XE-135 0 062 5 363E+4 1 4046E+8
XE-137 0 059 S 103E+4 | 3365E+8
XE-138 0 0552 4 775E+4 | 1 2506E+8
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TABLE 2
List of Assumptions and Parameters to Model the Maximum Hypothetic sl Accident
for Control Room Habitability Analysis
Parameter Value =

Thermal Power (MW1t) 2619

Containment Free Volume (ft') 20x10°

% Sprayed Volume (ft") 65 2(1 304 x 10"

% Unsprayed Volume (ft') 34 8(6 96 x 10°)

lodine Fraction Initially Dispersed In Sprayed Volume 0652

lodine Fraction Initial Dispersed In Unsprayed Volume 0 348

Air Turnover Unsprayed to Sprayed Volumes 23,200 cfm

Air Turnover Sprayed to Unsprayed Volumes 23,200 ¢fm

Fraction of Airborne lodine Activity Released From the Core 025

Fraction of Airborne Noble Gases Released From the Core 10

Fraction of Sump lodines Released From the Core 05

Elemental lodine Species (%6) 91

Organic lodine Species (%) 4

Particulate lodine Species (%) 5

Maximum Decontamination Factor For Removal of Elemental 100

lodines by Sprays 3

Maximum Decontamination Factor For Removal of Particulates 50

Maximum Decontamination Factor For Removal of Organics 0

Containment Spray Flow Rate-One Header (gpm) 1112

Spray System Actuation Time Post-LOCA(Seconds) 124

lodine Remova! Cutoff (hr) 44

Time to Sump Recirulation (Min) 29 95

Elemental lodine Removal Constant hr' 2C 46 (To a DF of 100)

Particulate Removal Constant hr' 221 (To a DF of 50)

Particulate Removal Constant hr' 0221 (After a DF of 50

for 2 01 hours)

Containment Leak Rate (*o/Day) 0-24 hr 025

Containment Leak Rate (*a/Day) 1-30 Days 0125

Recirculation Loop Leakage-Operational Leakage(ce/hr) 4510 cc/hr for duration of

the accident

Recirculation Loop SRP Assumed |Leakage SO gpm for 30 Minutes

Starting 24 Hours After
Accident
Sump Liquid Volume Post-LOCA ' 45,902
Fraction of Recirculation Loop Leakage Flashing to Steam (%) 10
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Summary of Input Parameters Used for lodine Spray Removal Analysis

Input Paramcter

I'otal Containiaent Free Volume

Sprayed Containment Free Volume

Unspraved Containment Free Volume

Cpray Nozzle Type

Spray Distribution

Number of l)!"l‘ Sizes

Mean Spray Fall Hc:sM One Header Model

Spray Flow Rate- One Header Model
Collecticn Drop Efficiency

Elemental fodine Partition Coefficient

Normal Temperature at Which Spray Water 1s Stored

Maximum Post -Accident Sump Temperature

Lamunar Qoundary Laver Surface Area

Turbulent Boundary Laver Surface Area-One Header
Water Wall Flow Fraction

AT Across Wall/Gas B m".f.‘.';\

olume of Containment Sump
,

ment Wall Surface Area Impacted by Sprays-(

.“‘\!L'

alue

652

34 8% (6 96 x

SPRAYCO Model
1713A
See Table 2
See Table 2
1105 1t
1112 gom
|

Standard Review Plan
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TABLE 4
Spray Distribution for SPRAYCO MODEL 1713A Nozzle

Data Point No, | Drop Size (cm) | Relative Frequency (fraction)
| 3 75-3 Uil




FTABLE 4 (continued)
Spray Distribution for SPRAYCO MODEL 1713A Nozzle

Data Point No Drop Size (¢m) Relative Erequency (fraction)

"
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FABLE §
List of Assumptions and Parameters Used to Model the Control Room
for the Control Room Dose Habitability Analysis

Parameter Value

| Mode of Operatiot [ Zone Isolation With
Fiterad Recirculated
Afl~r 3
Minutes
, H\."L"W'l!.\ | v"|“1‘("|l( Voiume (1) ' 64 922
Control Room Free Volume( it
| Un tered Infiltration Rate (SCHFM)

8 hrs

Filtered Recirculation Flow Rate (SCFM)

)

Recirculation Carbon Filter Bed Depth (Ing
| \ ’ ”!\4("\ v 101 E wWnesd )

Control Poom X/0O values
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Primary 1o Secondary Leakage through 435 gpm
affected Steam Generator i
Primary to Secondary Leakage through 1 gpn.
| unaffected Steam Cronerator
Recirculation Filte  fliciency 05% for iodine
species
Eight Hour Isolation Analysis: Uses the above input and assumptions unless same variable is
shown below.
| Eight hour isolation source term .
lodine Partition Factor (0 - 34 minutes) 10 Release factor through the steam
rehief valves
lodine Partition Factor (34 minutes - 8 10" Release factor through the condenser
hours)
Steam Generator Tube Rupture Source Term
(Both Analyses)
[sotope Concentration mCi/ml
L 1 54
Ki-8§ 8 04
Ki-87 084
& Kr-88 269
Xe-131m 240
Xe-133ra 279
Xe-133 2500
Xe-135m 093
P Xe-135 § 96
Xe-138 051 54
1-131 317
1-132 481
1-133 378
[-134 0 499
1-13§ 192
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CONTROL ROOM DOSE (REM)

(without CREVS isolation)

Thyroid Dose Wholebody
Thirty-four Minute Steam 121 E-1 891 E-3
Generator Isolation
Eight Hour Steam 8 14E-1 1.03 E-1

Generator Isolation

(with CREVS isolation initiated by RM-AS)

Thyroid Dose Wholebody
Thirty-four Minute Steam J20E-2 731E-3
Generator lsolation
Eight Hour Steam 333 E-2 878 E-2

Generator Isolation

1129719 Page 20
Table 8
Steam Generator Tube Rupture Activity Relcased
Isotope Activity Released Aztivity Released
(Ch) (C1)
(34 min Isolation) | (8 hour Isolation)
Kr-8$ S 02E+02 7 08E 03
Kr-85m 8 641 +0] | 22E+03
Kr-87 4 71E+01 6 66E+02
Kr-88 1 SIE+02 2 13E+03
Xe<131m 1 3SE+02 1 90E+03
Xe-133m | STE+02 221E+03
Xe-133 | 40E+04 | 98E+0S
Xe-135m S 22E+01 7 37E+02
Xe-138 3 34E+02 4 72E+03
Xe-138 2 R6E+01 4 04E+02
1-131 | 78E+02 2 S1E+03
1-132 2 70E+02 IRIE+O3
I-133 2 10E+02 2 9TE+03
1-134 2 80E+O] 3 OSE+02
113§ 1 ORE+02 1 S$2E+03
Table 9
SGTR ACCIDENT
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| gpm 1s used in revised dose calculations

The instrument loop uncertainties {or spray flow
indication and control were being reviewed concurrent
with performing the revised dose calculations As a
contingency, the revised dose calculation looked at a
containment spray flow rate of 1000 gpm and found that
it was essentially the same as the 1112 gpm case The
calculation concludes that containment spray rate of
1000 gpm can be tolerated

Balliet to Widell " stter NOE97-2311 dated 11/11/97,
shows that when spray 1s heing supplied from the RB
Sump, the actual flow may be 121 gpm below the
indicated flow of 1200 gpm  Thus, the lowest value may
be 1079 gpm

Reactor
Building
Sump
Volume

490,182 gal
(65532 1))

343 547 gal
(45,902 ft")

"Reactor
Building
Sump
Additive / pH

85

The habitability submittal assumes the liquid sump
volume as 490,182 galons (7 48 gal/ft’ or 65,532 353
fi') Calculation 186-0003 Rev 1, $/2/91, referenced
GC1 caleulation DC-5515-084-1-ME, Rev 0, dated
3/26/90 that calculated new RB sump volumes based on
eliminating NaOH tanks and switching to TSP baskets
(MAR 88-05-01-01) New volumes were based on
cubic feet and were referenced to 130° F New volume
was determined 10 be $00,718 7 gal or 66,941 ft’
Calculation 186-0003 Rev 6, 3/30/95, then switched to
45,902 ft’ or 343,347 gallons This figure *vas the
output from Calculation M95-0007  An important
design reference for Calculation M95-0607 was
Calculation M95-0005, Minimum BWST Level to
Prevent Vortexing Rev 0 EOP-8 swaps from BWST to
RB sump starting at 15’ An instrument error of 1 2
was used in BWST level calculations  EOP-8 requires
swapping over when BWST is less than 15" and has to
be complete by 7" to prevent BWST vortexing (5 §
from Calculation M95-0005) These low level
considerations reduced the amount of BWST water

_| going into the RB sump significantly

1le 1987 habitability evaluation report contained spray
solution pH Table 4 1-1, Results of Drawdown Analysis
for a Minimum of 6 0 wt % Sodium Hydroxide in the
Storage Tank  Ths tablc listed rive RB spray cases with
initial spray pH and time post-LOCA for spray pH 0
reach 8 5 The iodine removal constants were calculated
using SR™ 6 5 2 Rev |
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| BAW-2044, “Elimination of Containment Spray
Additive”, was a B & W study to determine how to
convert 1o from NaOH storage tank to TSP With TSP,
the " 'al RB spray pH will be around 4-5 because that
is the pH of the BWST water  After the water mixes
with the TSP in the RB flooded level and RB spray 1s
swapped to recirculation, then the RB spray water pH
increases 1o the range of 7-7 6. FPC installed the TSP
baskets by MAR 88.05.01-01

GC1 revised Calculation 186-0002, Containment Spray
Removal Constants (lodine Remova!) to Rev 2 and
calculated the CR-3 specific 10dine removal constants
using SRP 6 5 2 Rev 2 methodology in 1991 186-0002
Rev S, 1/16/96, recalculated the iotal containment spray
odine removal constants for 1397 (1500 gpm with
largest maximum negative crror) and 1112 gpm (1200
gpm with largest maxinum negative error)  These
constants are considered to refluct current plant design
and configuration, and are used in revised dose cales

MHA Source
Terms

Ba'ed on
TID 14844
and a power
level of
2505 MWth

Based on
TID 14844
and a power
level of
2619 MWth

The higher power rating was incorporated based on
recent licensing activities regarding a CR #3 power
uprate This action has not veen completed, but the
post-accident source t2rm associated with the ligher
power rating has been incorporated into dose
calculations  Since the source term is determined based
on a per megawatt basis per T1D-14844, the use of the
larger MWth rating results in ¢ source term shghtly
higher than that which would be predicted with the lowar
power rating This is clearly a conservatism (not a USQ)
given that the plant is still licensed to the lower value

!

Auxiliary
Building
Filtration

0% efficient

0% efficient
in LOOP
events, 75%
efficient in
events for
which
power is
assumed to
be
maintained

By letter dated September 13, 1989 (3F0989.01), FPC
submitted a revised licensing basis for the CR-3 Loss of
Coolant Accident (LOCA) and the Makeup System
Letdown Line Failure Accident (LLFA) offsite
radiological consequences to eliminate the credit for the
Auxiliary Building Ventilation System (ABV) due to
lack of safety yrade power FPC re-evaluated the offsite
radiological consequences of a LOCA using the same
methodology for fission product release as that used to
evaluate the CR-3 control room habitability in its June
30, 1987 habitability report (3F0687-16), i e, no credit
for Auxiliary Building filters
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During calculational verification efforts relative to the
Reactor Building (RB) flooding issue, FPC identified
that the control room habitability dose is adversely
effected by the change in RB [lood volume This affect
was documented in FPC letter to the NRC dated June 4,
1990 (30690 04) The habitability report posculates a
gross failure of a passive component which causes a 70
gpm leak for 30 minutes at 24 bours It was considered
that since CR-3 does bave a filtration system associated
with the areas containing the Engineered Safeguards
(ESF) systems and passive failures such as that
postutated to cause the SO gpm leak have not been
considered as part of the CR-3 licensing basis, the gross
failiure of a passive component would not be postulated
in the CR-3 control room habitability dose analyses
Discussion with the NRC regarding the RB flooding
issue and the aaverse effect on control room habitability
dose resulted in the FPC analyses including the
postulated gross failure of a passive component causing
a S0 gpm leak for 30 minuies at 24 hours with the ABV
system in service with 75% efficient carbon filters for
wodine removal (3F0690-06 and 3F0690-13) The NRC
documented acceptance of this in its letter to FPC dated
June 21, 1990 (3N0690-15) as an interim measure until
the RB flooding issue was permanently resolved
Subsequent to replacement of Sodium Hydroxide spray
additive solution with TSP baskets, calculations were
performed which demonstrated acceptable dose
sequences without the ABVS filters and credit for their
operation was discortinued

In revised dose analyses, the ABY'S filters are assumed to
be operating for any event which assuraes thai the Auxihiary
Building is at a high negative pressure  Under these
conditions, the ABVS supply fans are assumed to be
tripped and the exhaust fans discharging thirough the carbon
filtration system and out the steck  Differential pressures
across the CCHE on the order of 020" wg would be
expected, which would result in leakage: considerably
higher (han tnat associaled with MHA/LOOP  However,
given that the ABVS is assumed t¢ be operating throughout
the event, per SRP 1565 no S0 gpm leak wouid be
nogtulated at 24 hours into the event, and ‘hormal” ECCS
'sakage would be subject to filtration Thus, this scenano is
well bounded by the MHA/LOOP scenario with respect to
Control Room “{abitability
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I'he position of recirculation air damper AHD-J
will be established during the process of
balancing the system for the normil operating
mode
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Mechanical Equipment Room Ventillation Aur
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dampers AHD-24, AHD-25, AHD-26, and
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associated CCHE penetration sealed This
{

portion oOf the § em ornginally exhausted au

from the Mechanical Equipment Rcom, Elevator

Equipment Room, lavatory, kitchen
lhis eliminates another potential
inleakage into
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installed in the ductwork in the Mechamcal
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