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LeprAce WITH ATTACHED LCo And Shs,

t}hﬂAINMENf SYSTEMS ~ /

SP;>\_ADDITIVE SYSTEM

anxf?ke CONDITION FOR OPERATION

3.8.2.2 \>h§ Spray Additive System shall be OPERABLE with:

4540\gallons of between 31% and 34% by weight NaOH s

Two spr
from the ‘chemical additive tank to a Containme

ray additive tank containing a volume of between 4240 and

a. A
and
b.
flow.
APPLICABILITY:
ACTION:

With the Spray Additive Syskem inoperable, res
status within 72 hours or te'din at least HOT

ution,

NaOH solution
Spray System pump

addit‘ve eductors each capable of addi
MODES 2, 3, and 4,

re the system to OPERABLE
TANDBY within the next 6 hours,

restore the Spray Additive Sys¢em to OPERABLE status within the next 48 hours
or be in COLD SHUTDOWN within the following 3C hours.

SURVEILLANCE REQUIREMENTS \

o A

4.6.2.2 The Spray Additive Syst

CALLAWAY -

At least once per 31
power-operated, or
sealed, or otherwjfe secured in

At least once

At

1A
Ma

-

m
a

le

v -

shall be demonstated OPERABLE:

ays by varifying trat each valve (manual,
utomatic) im the flow path that is not locked,
sition, is in its correct position;
r & months by:
Verifyifig the contained solution'yolume in the tank, and

Verifying the concentration of the WaOH solution by chemical
anglysis.

st once per 18 months during shutdowny) by verifying that each
atic valve in the flow path actuates to\jts correct position
Containment Pressure-High-3 (CSAS) test sygnal; and

ast once per 5 years by verifying

Each eductor flow rate is greater than or equd) to 52 gpm using
the RWST as the test source throttled to 17 ps at the educter
inlet, and

The 1ines between the spray additive tank and the
not blocked by verifying flow.
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CONTAINMENT SYSTEMS

RECIRCULATION FLUID pH CONTROL (RFPC) SYSTEM

LIMITING CONDITIUN FOR OPERATION

3.€.2.2 The RFPC System shall be OPERABLE with each of the two
storage baskets (one within the confines of each of the two containment
recirculation sumps) containing a minimum of 19", but not to exceed 36.8"
(uniform depth), of granular trisodium phosphate dodecahydrate (TSP-C).

APPLICABILITY: MODES 1, 2, 3, and 4

ACTION:

With the RFPC System inoperable, restore the system to OPERABLE status
within 72 hours or be in at least HOT STANDBY within the next 6 hours;
restore the RFPC System to OPERABLE status within the next 48 hours or
be in COLD SHUTDOWN within the following 30 hours.

SURVEILLANCE REQUIREMENTS

4.6.2.2 The RFPC System shall be demonstrated OPERABLE at least once
per 18 months by verifying that:

(a) One TSP-C storage basket is in place in the confines of each
containment recirculation sump, and

(b) Both baskets show no evidence of structural distress or abnormal
corrosion, and

(c) Each basket contains between 19" and 36.8" (uniform depth) of
granular TSP-C,



EMERGENCY CORE COQLING SYSTEMS

BASES

REFUEL ING WATER STORAGE TANK (Continued)

The contained water volume limit includes an allowance for water not

usable hecause of tank discharge line location or other physical characteristics.

The limits on contained water volume and boron concentration of the RWST
also ensure a,-p - - ~& for the solution recirculated
within contaynment after a LOCA. This oM 4 minimizes the evolution of iodine
and minimiz the effect of chloride and caus¥ic stress corrosion on mechanical
systems ang/ components,

leve/
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CONTATNMEN] 's{rslv\fl‘ns : REVIS) ON |

3/4.6. 1.7 CONTAINMENT VENTILATION SYSTEM

The 36-inch containment purge supply and exhaust isolation valves are
required to be closed and blank flanged during plant operations since these
valves have not been demonstrated capable of closing during a LOCA or steam
line break accident. Maintaining these valves closed and blank flanged during
plant operation ensures that excessive quantities of radicactive material will
not be released via the Containment Purge System. To provide assurance that
the 36-inch containment valves cannot be inadvertently opened, the valves are
blank flanged.

The use of the containment mini-purge lines is restricted to the 18- inch
purge supply and exhaust isolation valves since, unlike the 36-inch valves, the
18- inch valves are capable of closing during a LOCA or steam line break accident.
Therefore, the SITE BOUNDARY dose guideline vaiues of 10 CFR Part 100 would not
be exceeded in the event of an accident during containment purging operation.
Operation will be 1imited to 2000 hours during a calendar year. The total time
the Containment Purge (vent) System isolation values may be open during MODES 1,
2,3, and 4 in a calendar year is a function of anticipated need and operating
experience, Only safety-related reasons; e.g., containment pressure control or
the reduction of airborne radiocactivity to facilitate personnel access for
surveillance and maintenance activities, should be used to support additional
time requests. Only safety-related reasons should be used to justify the
opening of these isolation valves during MODES 1, 2, 3, and 4 in any calendar
year regardless of the allowable hours.

Leakage integrity tests with a maximum allowable leakage rate for
containment purge supply and exhaust supply valves will provide early indica-
tion of resilient material sea) degradation and will aliow opportunity for
repair before gross leakage failures could develop. The 0.60 L, Teakage limit
of Specification 3.6.1.2b. shall not be exceeded when the 1eakaae rates deter-
mined by the leakage integrity tests of these valves are added to the previously

determined total for all valves and penetrations subject to Type B and C
tests.

3/4.6.2 DEPRESSURIZATION AND COOLING SYSTEMS
3/4.6.2.1 CONTAINMENT SPRAY SYSTEM

The OPERABILITY of the Containment Spray System ensures that containment
depressurization and cooling capability will be available in the event of a
LOCA or steam line break. The pressure reduction and resultant lower contain-

ment leakage rate are consistent with the assumptions used in the safety
analyses.

The Containment Spray System and the Containment Cooling System are
redundant to each other in providing post-accident cooling of the Cantainment
atmosphere. However, the Containment Spray System also provides a mechanism
for removing iodine from the containment atmosphere and therefore the time
requirements for restoring an inoperable spray system to OPERABLE status have
been maintained consistent with that assigned other inoperable ESF equipment,
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CONIAINMENT" SYS [EMS

BASES o

SPRAY ADDITIVE SYSTEM (Continued)

3/4.6.2.3 CONTAINMENT COOLING SYSTEM

The OPERABILITY of the Containment Cooling System ensures that: (1) the
containment air temperature will be maintained within Timits during normal
operation, and (2) adequate heat removal capacity is available when operated in
conjunction with the Containment Spray Systems during post-LOCA conditions.

The Containment Cooling System and the Containment Spray System are
redundant to each other in providing post-accident cooling of the Containment
atmosphere. As a result of this redundancy in cooling capability, the allowable
out-of-service time requirements for the Containment Cooling System have been
appropriately adjusted. However, the allowable out-of-service time require-
ments for the Containment Spray System have been maintained consistent with
that assigned other inoperable ESF equipment since the Containment Spray
System also provides a mechanism for removing iodine from the containment
atmosphere. ) |,
3/4.6.3 CONTAINMENT ISOLATION VALVES

The OPERABILITY of the containment isolation valves ensures that the
containment atmosphere will be isolated from the outside environment in the
event of a release of radioactive material to the containment atmosphere or
pressurization of the containment and is consistent with the requirements of
GDC 54 thru 57 of Appendix A to 10 CFR Part 50. Containment isolation within
the time limits specified for those isolation valves designerd to close auto~
matically ensures that the release of radioactive material to the environment
will be consistent with the assumptions used in the analyses for a LOCA.

1/4. 6.4 COMBUSTIBLE GAS CONTROL

The OPERABILITY of the equipment and systems required for the detection
and control of hydrogen gas ensures that this equipment will be available to
miintain the hydrogen concentration within containment below its flammabie
limit during post=LOCA conditions. Either recombiner unit (or the Purge
System) is capable of controlling the expected hydrogen generation associated
with: (1) zirconium-water reactions, (2) radiolytic decomposition of water, and
(1) corrosion of metals within containment. The Hydrogen Purge Subsystem
discharges directly to the Emergency Exhaust System. Operation of the Emergency
I xhaust System with the heaters operating for at least 10 continuous hours in a
J1-day. period is sufficient to reduce the buildup of moisture on the adsorbers
and MEPA filters. These hydrogen control systems are consistent with the
recommendat ions of Regulatory Guide 1.7, "Control of Combustible Gas
Concentrations in Containment Following a Loss-of-Coolant Accident,” Revision 2,
November 1978, ~

CALLAWAY - UNIT 1 B 3/4 6-4



BASES

3/4.6.2.2 RECIRCULATION FLUID pH CONTROL (RFPC) SYSTEM

The operability of the RFPC System ensures that there exists adequate TSP-C
in the containment such that a post-LOCA ¢quilibrium sump pH of greater
than or equal to 7.1 is maintained during the recirculation phase. The
iminimum depth of 19" inches ensures that 5000 Ibm of TSP-C is available for
dissolution to yield a minimum equilibrium sump pH of 7.1. This pH level
manimizes the evolution of 10dine and minimizes the effect of chloride and
caustic stress corrosion on mechanical systems and components. The upper
limit of 36.8" corresponds to the basket design capacity.



CONTAINMENT SYSTEMS

RECIRCULATION FLUID pH CONTROL (RFPC) SYSTEM

LIMITING CONDITION FOR OPERATION
e

3.6.2.2 The RFPC System shall be OPERABLE with each of the two storage baskets (one
within the confines of each of the two containment recirculation sumps) containing a
minimum of 19", but not to exceed 36.8" (uniform depth), of granular trisodium phosphate
dodecahydrate (TSP-C).

With the RFPC System inoperable, restore the system to OPERABLE status within 72 hours
or be in at least HOT STANDBY within the next 6 hours; restore the RFPC System to
OPERABLE status within the next 48 hours or be in COLD SHUTDOWN within the
following 30 hours,

SURVEILLANCE REQUIREMENTS

4.6.2.2 The RFPC System shall be demonstrated OPERABLE at least once per 18 months
by verifying that:

(a) One TSP C storage basket is in place in the confines of each containment recirculation
sump, and

(b) Both baskets show no evidence of structural distress or abnormal corrosion, and

(c) Each basket contains between 19" and 36.8" (uniform depth) of granular TSP-C.

CALLAWAY - UNIT 1 34614 Amendment No. 44
Corrected



EMERGENCY CORE COOLING SYSTEMS

BASES

D
UNRAS

REFUELING WATER STORAGE TANK (Continued)

The contained water volume limit includes an allowance for water not usable because
of tank discharge line location or other physical characteristics.

The limits on contained water volume and boron concentration of the RWST also
ensure a minimum equilibnium sump pH of 7.1 for the solution recirculated within
containment after a LOCA. This pH level mimimizes the evolution of iodine and minimizes
the effect of chloride and caustic stress corrosion on mechanical systems and

components.

CALLAWAY - UNIT 1 B3/45-4 Amendment No. 42, 68




CONTAINMENT SYSTEMS

BASES
e

3/4.6.1.7 _CONTAINMENT VENTILATION SYSTEM

The 36-inch containment purge supply and exhaust isolaticn valves are required to be
closed and blank flanged during plant operations since these vaives have not been
demonstrated capable of closing during a LOCA or steam line break accident. Maintaining
these valves closed and blank flanged during plant operation ensures that excessive
quantities of radioactive material will not be released via the Containment Purge System.
To provide assurance that the 36-inch containment purge valves cannot be inadvertently
opened, the valves are blank flanged.

The use of the containment mini-purge lines is restricted to the 18-inch purge supply and
exhaust isolation valves since, unlike the 36-inch valves, the 18-inch valves are capable of
closing during a LOCA or steam line break accident, Therefore, the SITE BOUNDARY dose
guidehne values ot 10 CFR Part 100 would not be exceeded in the event of an accident
during containment purging operation. Operation will be limited to 2000 hours during a
calendar year. The total time the Containment Purge (vent) System isolation valves may be
open during MODES 1, 2, 3, and 4 i calendar year is a function of anticipated need and
operating experience. Only safety-related reasons; e.g., containment pressure control or the
reduction of airborne radioactivity to facilitate personnel access for surveillance and
maintenance activities, should be uscd to support additional time requests. Only
safety-related reasons should be us« | to justify the opening of these isolation valves during
MODES 1, 2, 3, and 4 in any calendar year regardless of the allowable hours.

Leakage integrity tests with a maximum allowable leakage rate for containment purge
supply and exhaust isolation valves will provide early indication of resilient material seal
degradation and will allow opportunity for repair before gross leakage failures could
develop. The 0.60 La leakage imit of Specification 3.6.1.2b. sha'i not be exceeded when

the leakage rates Jdetermined by the leakage integrity tests of these valves are added to the
previously determined total for ail valves and penetrations subject to Type B and C tests.
3/4.6.2 DEPRESSURIZATION AND COOLING SYSTEMS

3/4.6.2.1 CONTAINMENT SPRAY SYSTEM

The OPERABILITY of the Containment Spray System ensures that containment
depressurization and cooling capability will be available in the event of a LOCA or
steam line break. The pressure reduction and resultant lower containment leakage
rate are consistent with the assumptions used in the safety analyses.

The Containment Spray System and the Containment Cooling System are
redundant to each other in providing post-accident cooling of the Containment
atrnosphere. However, the Containment Spray Svstem also provides a mechanism for
removing iodine from the containment atmosphere and therefore the time requirements
for restoring an inoperable spray system to OPERABLE status have been maintained
consistent with that assigned other inoperable ESF equipment.

3/4.6.2.2 RECIRCULATION FLUID pH CONTROL (RFPC) SYSTEM

The operability of the RFPC System ensures that there exists adequate TSP-C in the
containment such that a post-LOCA equilibnium sump pH of greater than or equal to 7.1 is

CALLAWAY - UNIT 1 B3/46-3
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conditiones is described below. The post-accident parameters

used in the equipment review are provided in summary form in

Table 3.11(B)-2 and as used in the review, in Figures 3.11(B)~-1
through 84. / Zn add tien +he airbarne gamma Ascar were inereared &
anothar .?%)/l @ ccount Fo- the replucement oF Hhe active
Jpra ‘J/o'*"" J‘,ﬁf‘m U:’*‘ a f.l‘.l‘;r‘ J"./"F‘M Opl‘pkl*f »

¢ ‘Containment racirculation rumpsr containing Privedium phaphate.
Using fhe dance of NUREG-0588, post-LOC radiatioﬁ’environ-

ments Were determined in all areas of the containment. The
originfal fission product release data used in this analysis I

Radiatio

were tained from Westinghouse. The isotopic inventory
provided by Westinghouse was for an equilibrium cycle Callaway
core The data were calculated at the end of cycle life and,
thereflore, represent maximums suitable for post-accident
evaluations. Thies source term is referred to as the licensing
basis [EQ source term, applicable to the initial core load.
Subsequent cycles have seen changes in fuel type (from
STD/LQPAR to OFA to VANTAGE 5), power level (from 3425 MWt to
3579 t), and burnup (up to 60,000 MWd/MTU as discussed in

' 4.2.1). The doses reported in Table 3.11(B)-4 have
been increased by 5% to account for these effects.V The
following discussion refers to the initial calculations

performed with the licensing basis EQ source term and a 50%
cesium releasge fraction.

The accident scenario assumed that a LOCA event occurred

causing core damage. The entire source of 100 percent noble

gas inventory, 50 percent of the core halogen inventory,

50 percent of tiie cesium, and 1 percent of the other solids was

released to the containment. This release was conservatively

assumed to occur at time zero. For the liquid source, 50 per-

cent of the halogens, 50 percent of the cesium, and 1 percent

of the remaining fission product solide were assumed to go

directly to the sump and were diluted by the volume of the

refueling water storage tank (RWST) and the liquid volume of

the reactor coolant system. For the airborne source, 100 percent

of the noble gases and 50 percent of core halogens were assumed

to be released to the free volume of the containment. The

gimultaneous release of 50 percent of the halogene to the

atmosphere and to the sump introduced additional conservatism.
(-75-7Ar-’4n/ 2. 7.?J‘r—')

Credit was taken for mechanistic rempval of the airborne iodine

via containment spray and plateout. |The spray removal lambdas

for elemental and particulate iodineywere taken from -S-eee-:-oa-#c c‘/tab*d

<=4 The plate-out removal lambda,wes—determimed using method- va/ues

ology outlined in NUREG/CR-0009. he surface area available /7. m

for plateout was assumed to be egjpivalent to the heat sink area Tadle

used in the containment pressure /analysis given in Table 6.2.1-4. SR,

In addition, two of the four hydfogen mixing fans were assumed

to be operating, at 42,500 cfm gach, to provide mixing between

the sprayed (86 percent) and upfsprayed (14 percent) regions of

the containment. These removXl processes were assumed to

persist until the elemental /And particulate iodine in the

C1.58 A" ) war calculated

Rev. OL~-6
3.11(B)-5 6/92
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sprayed region were reduced by factors of 200 and 10,000,
respectively. ZM &7 /

To determine the gamma dose rate inside the containment, the
multigroup, three-dimensional, point kernal code QAD-CG was
used to take credit for all major internal structures. The
containment was divided into regions, and the maximum dose rate
within each region as a function of time was determined. These
dose rates were assumed to apply to all equipment within that

Rev. OL=-6
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INSERT 1

These decontamination factors (DFs) were taken from Reference 22. The
spray removal rate for elemental iodine was calculated in Section 6.5A.2 to
be 25.7 hr-1. This spray removal rate plus the plateout removal rate (25.7 hr-1
+ 1.58 hr-1) were assumed to be effective in the sprayed region until an
elemental 10dine decontamination factor (DF) of 200 was reached in the EQ
dose calculations. Only the plateout removal rate was assumed to be effective
in the unsprayed region until an elemental 10dine DF of 2 was reached in the
EQ dose calculations. The spray removal rate for particulate iodine was
calculated to be 0.73 hr-! in Section 6.5A.1 and was assumed to be effective
in the sprayed region until a particulate 1odine DF of 10,000 was reached in
the EQ dose calculations.

It is noted that the offsite and control room doses discussed in Section 15.6.5
were calculated using an elemental iodine spray removal rate of 10 hr-1 and a
particulate iodine spray removal rate of 0.45 hr-1, until a DF of 28.7 was
reached for elemental species and a DF of 50 was reached for particulate
species. No plateout removal lambda was used in the Section 15.6.5 dose
calculations since credit was taken for the instantaneous plateout of half of
the iodines released to the containment atmosphere (i.e. 25% of the core
1odines).

With the replacement of the spray additive system with trisodium phosphate
baskets in the containment recirculation sumps, the minimum equilibrium
sump fluid pH is reduced to 7.1. This reduced pH results in a reduced spray
partition coefficient (H, from Equation 6.5A-15 on page 6.5A-7) of 1100 per
Reference 23. Using Equation 6.5A-15, the resulting elemental iodine DF was
calculated to be 28.7 for the analysis of offsite and control room doses
discussed in Section 15.6.5. Per Reference 24, the particulate iodine spray
removal rate, calculated using Equation 6. 5A-1 on page 6.5A-2, can
conservatively be based on an assumed E/D of 10 per meter initially,
changing to 1 per meter after a DF of 50. After the particulate iodine spray
removal rate 1s reduced, there is no DF limit. However, for simplicity and
conservatism, removal was assumed to stop after a DF of 50 was reached in
the analysis of offsite and control room doses. With consideration given to
these reduced DF values for elemental and particulate iodines, airborne
gamma doses listed in Table 3.11(B)-4 have been estimated to increase by
3% as a result of the use of the trisodium phosphate baskets.
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region. Each dose rate was numerically integrated to obtain

the 180-day integrated dose for each region. The beta dose

rate as a function of time was obtained assuming a semi-infinite
cloud model. These dose rate values were alsc numerically
integrated to obtain the 180-day beta doses for each region.

The gamma plate-out was modeled using a cylinder with a height
and radius equal to that of the containment. The dose rate was
obtained at the center of the cylinder without taking credit

for air attenuation. Beta dose rate contributions due to
plate-out were obtained assuming a contact dose rate.

The resulting containment integrated dose curves are provided
as Figures 3.11(B)-50 through 3.11(B)-84.

Fer the commitmente to Regulatory Guides 1.7 and 1.89 in
Appendix 3A, a 1% cesium scource term is sufficient for
Callaway. However, the radiation levels reported in Table
3.11(B)-4, obtained using a 50% cesium source term, were
utilized during thz NUREG-0588 review. Due to the extreme
congervatism in the eguipment specifications, most components
were gqualified to this radiation level. For the isolated
cases where the 50% cesium source term radiation proved too
severe (i.e. electrical specificationsgJ-301, J-481, J-1030,
bt ESE~3A and mechanical specifigations ESE-21, ESE-48A),
the equipment was evaluated against 1% cesium source term.

’
Pressure, Temperature, and Humidity i

Callaway uniqgue containment pressure-temperature profiles were
utilized for the current eguipment evaluation to NUREG-0588.
The temperature and pressure conditions were evaluated for both
LOCA and MSLB accidents. The resulting containment temperature

and pressure profiles are provided in Figures 3.11(B)-1 through 6.

The maximum containment temperatures are 308.6 F and 384.9 F
for LOCA and MSLB conditions, respectively. The maximum
containment pressure utilized for evaluating both accidents is
63 psia.

For the evaluation of eguipment located inside containment,
pressure-temperature enveloping profiles for Callaway have
been generated. These environments were generated for a
spectrum of MSLBs and LOCAs. For LOCAs, full and partial
double-ended breaks and split breaks in the pump suction line
were evaluated. Full double-ended hot and cold leg breaks
were also analyzed. For the main steam lines, a spectrum of
break sizes (split and double-ended) at various power levels
with minimum entrainment were evaluated. For these
evaluations, loss of offsite power and a worst single failure
were assumed. Fressure and temperature mitigation from the
operation of safety-related containment eprays, air coolers,
and heat transfer to structures was considered.

All methcds applied in the determination of eanvironments are in
accordance with Sections 1.1 and 1.2 of NUREG-Q0588, Revision 1

for Category 1 plants. The evaluation of mass and energy
Rev, OL-6
3.11(B)~-6 6/92
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é . The peak qualification temperature envelopes the peak
uprating temperature with significant margin (384.9°F ve.
352°F).

b. The total heat transferred into the eguipment is greater

for the previous EQ profile (Fig. 3.11(B)-3) than for the
uprating profile, particularly at 45 seconds. This is
possible since the EQ pressure at 45 seconds is higher

than the uprating pressure (55 psia vs. 45 psia) and the
condensing heat transfer coefficient is orders of magnitude
greater than convective heat transfer coefficient.

( The equipments' thermal lag makes emall deviations from
an accident profile insignificant in comparison to the
overall profile.

Therefore, there was no impact on equipment gualification as a
result of the plant uprating to 3579 Mwt.

Containment Spray

The Callaway design utilizes two redundant trains to supply
containment spray for temperature and pressure reduction and
fission product removal from the containment atmosphere.

Table 3.11(R)-5 identifies the containment spray requirements.
The Standard Review Plan indicates that single failures should
be evaluated to determine the worst case chemical concentrations.
The worst case concentrations : :

are pi = 4.0 and pH = 11.0, as discussed in Section 6.5.2.3.

will be
A caustic spray with an upper limit of pH = 11.0 aeMused in e £R
reVieW‘fh@“@#ﬁ%ﬁ—4*—41H*009§ﬁ4ﬁ06—%h&%—%h46—0¥09§—ﬂi4*—0ﬂ4§b
ecour—for—a—ehort-periedr A boron concentration of 2050 ppm

wae used in the EQ reviews. The Cycle 4 change to an RWST

boron concentration of 2350-2500 ppm has a negligible effect

on peak pH, therefore the corrosive effects of the containment
spray are not increased. As guch, there is no adverse EQ

impact arising from this change in RWST boron concentration.

3.11(B).1.2.3 Accident Environments - Outside Containment

Radiation

Using the guidance of NUREG-0588 and NUREG-0737, post-LOCA dose
rates and doses were determined in those areas of the auxiliary
building where safety-related egquipment gualification would be
reviewed. The fission product release data used in this
analysis were the same as discussed in Section f.2.4. The
analysis for the auxiliary building yielded a conservative
upper bound estimate for the doses to all safety-related
electrical equipment as reguired by NUREG-0588. See Section
3.11({B).1.2.2 regarding source term changee since the initial
core ioad. s The following discussion refers to the initial
calculatiogs performed with the licensing basis EQ source term
and a 50% ftesium release fraction.

ANSERT 2 Rev. OL=6
3.11(B)-8a 6/92



With the replacement of the spray additive system with trisodium phosphate

baskets in the containment recirculation sumps, the doses in penetration

rooms 1409-1412 and i506-1509 in Table 3.11(B)-2 have been estimated to
increase by 8% due to the harder spectrum of gamma energies associated

with the 10dines
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Auxiliary Bullding

1325116)

1326|16l

1327

1328

1329

\ 1330

1331

1001'1¢’

1402

160¢'1¢)

1408
1409

1410
) 1411
1612
1413

1501

1502

1503

1504
150¢

1507

-t

Auxiliary
{motor)

feadpump
room

Auxiliary
{motor) room

Feedwvater pump valve
compartment Mo. 2

feedpump

Feedwater pump valve
compartment No. 2

Vestibule

Feadwater pump valve
compartment No. 4

Auxiliary feedpump
(turbine) room

CCHW pump room

Corridor No. 1,
E1l. 202é'

CCW pump room
Corridor

Electrical pene-
tration room

Electrical pene-
tration room

Main feedwater room
No. 1

Main feedwater room
No., 2

Auxiliary shutdown
panel room

Control room a/c
equip. room

CCWN surge tank area
(B

CCW surge tank area
(A)

Ctmt. purge exhaust
and mech. equip.
room (B)

Cemt. purge supply
air handling unit
room (A)

Personnel hatch
area E1. 2047'-6"

CALLAMWAY - 5P

DBA
Pressure

Max. (paig)'®’

Atmospheric

Atmospheric

Atmospheric

Atmospheric

1.0

Atmospheric

Atmospheric

1.0
1.0

Atmospheric

1.0

1.0

Same as room 1504

TABLE 3.11(B)-2 (Sheet 3)

DBA DBA DBA Environmental
Temp . RK 7 Dose ph
Mo, F18M9) gy 1B)I9) (py(16) DBA
¢
106 70 7.26 x 10
104 70 6.66 x 10
1064 70 8.79 x 10°
2

104 70 8.79 x 10
110 73 8.79 x 10°
106 70 8.79 x 10°
1642 100 8.85 x 10!
106 71 «.48 x 10°
106 7 1.55 x 10°
106 7 4.85 x 10°
106 7 7.88 x 10°
106 71 e x 10°

/.27
106 71 et x 10°

/.4
324'18) 100 *eo® x 108

/A
sae' I8! 100 oo x 10°

l/9
106 7N 1.10 x 10°
104 7 7.14 x 10°
106 71 8.92 x 10°
106 71 9.58 x 10°
106 7 3,97 x 10°
conditions el % 10°

7.’0
106 71 ot x 10°

/.09

Rev. OL-4
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Room No .

Auxiliary Building

1508

1509

1512

1513

Control Building

3101

3105

3106

3eez
3224

3229

3230

3301‘,7'

230217}

14606' 17!

3605 17!

3‘07417)

3400(17'

3610‘17)

5411"”

3413“7,

3416“7)

Area

Main steam/main
feedwater tuolnro'
tion valve room

Main steam/main
feadvater l-olar"
tion valve room

Control room a/c
equip. room

Control bldg a/c
equip. room

Pipe space tank area
El. 1974

Control building
cable chase

Control building
cable chase

Health physicists
office, E1. 1984'

Vestibule No. 2
El. 1984

Control building
cable chase

Control building
cable chase

ESF switchgear room
ESF switchgear room

Switchboard room
(No, &)

Battery room
Battery room

Switchboard room
(Ne. 1)

Svitehboard room
iNo., 2)

Battery room
Battery room

Switchboard room
{ho, 3)

CALLAWAY - SP
TABLE 2.11(B)-2 (Sheet &)

DBA DBA DBA DBA Environmental
Pressure Tamp . RN 7 Dose ph .\

Max . ‘2."'l9l Bax . rlbl|9! ".‘.!B|(91 lR.d)‘l“' e
6.7 324! 187 100 avor  10°

/.16
6.7 s24118) 100 o x 10°

/.18
Atmospheric 104 71 3.13 x )Oz
1.0 106 7 3.13 x 10°
Atmospheric 120 95 <2.5
Atmospheric 120 95 <2.5
Atmospheric 120 95 <2.5
Atmospheric 120 95 <2.85
Atmospheric 120 95 <2.5
Atmospheric 120 95 <2.5
Atmospheric 120 95 <2.5
Atmospheric 90 70 <2.5 '
Atmospheric o0 70 <2.5
Atmospheric 90 70 <0.0005
Atmospheric 90 70 <2.5
Atmospheric 90 70 <2.5
Avmosgheric 90 70 <0.0005
Ai=ospheric 90 70 <0.0005
Atmospheric °0 70 <2.5
Atmospheric 90 70 <2.5
Atmospheric 90 70 <0,0005

Rev. OL-3
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SQURCE

Gamma

Airborne Source
Ligquid Source
Plateout Source
Total

Beta
Airborne Source
Liquid Source

Plateout Source
Total

Total

CALLAWAY

TABLE 3.11(B) -4

CONTAINMENT WORST CASE

- 8P

RADIATION LEVELS

UPPER
=IMT.

o 1/}
et
1.52
9.24

2.4/

.40
.60

O

+ + + ¥

PN O

s\h-agy
L
+ 0t o+ o+

L8

TS

(MRADS)

LW W
o N

"

ABOVE
SUMP

=)

N B

SUBMERGED
IN SUMP

Negl.
1.26 + 2
Negl.
1.26 + 2

.55 + 1

POPrOo

.58 + 1

Rev.
6/92
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TABLE 3.11(B)-5

CONTAINMENT
SPRAY REQUIREMENTS

Sprayed Fluid Injection Phase
Agueous Solution, pE 4mastri
Boric Acid, ppm boron (max./min.)
Sprayed Fluid Recirculation Phase

Agqueous Solution, PE <maser
Boric Acid, ppm boron (max./min.)

Fina%ASump Fluid Agueous Solution, PpH

é-(“’./’./".“m Boric Acid, ppm boron (max./min.)

ezt FO0=7.0
2,500/2,350

i 7= /1.0
2,500/ 1568

=,0077

Sfaao o7 /~-%0
2,500/3r5%6-2, 047
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Radiciodine in its various forms is the fission product of
primary concern in the evaluation of a LOCA. 1t is absorbed
by the containment spray from the containment atmosphere. To
enhance this iodine absorption capacity of the spray, the
spray solution is adjusted to an alkaline pH which promotes
iodine hydrolysis, in which iodine is converted to nonvolatile
forms tending to plate out on containment structures or to be
retairned in the containment recirculation sumps.

The physical characteristics of the.CSS are discussed in

Section 6.2.2.1. Discussed herein g;e-the epfay—add+$*¥o-post+on

i the-system-—and-the containment spray system's fission
product removal capability following a LOCA.

6.5.2.1 Design Bases

6.5.2.1.1 Safety Design Bases

SAFETY DESIGN BASIS om: - The css is de51gned to provzde anIAU‘GK'T"f

SAFETY DESIGN BASIS TWO - The CSS is capable of reducing the
iodine and particulate fission product inventories in the con-
tainment atmosphere such that the offsite radiation exposures
resulting from a design basis LOCA are within the plant siting
dose guidelines of 10 CFR 100.

Additional safety design bases are included in Section 6.2.2.1,
in which the capability of the spray system to remove heat
from the containment atmosphere is discussed.

6.5.2.1.2 Power GCeneration Design Basis

The CSS has no power generation design basis.

6.5.2.2 System Design

6.5.2.2.1 General Description

—6p;ay—+agoc$+on—eo$u$}onv——$h*s—y&e4ée~a~sp¥ey—n&*&u&e—w+%h—a——-
- £ rof S B —te—i4+—O-Guring—the—inicetion—Phaee —wWReR————— !
mbﬁab04od*nc—+smbo+aq-+en9¥ed—44xm»4§x>«ﬁwéa+anwa%~e%mesphe#e*—~
-fan/(' Lar deen retired in ,o/oec and arreeiated linar have been caﬂu/

The spray additiveVYeubeyerem of-the-SH8- shown schematically

in Figure £.2.2-1, wenticte——oi—ahe—epiay—aaariivetank —Luo—
-oduc~e+s7—~a4¥esT—aad—connest+aq—ﬁ4fa+ﬁh——$he—systom—usos—zha-
CoRtaiiRent —SpEay-PUREs SRd—Sprayheagdere —ae—getorabed—ih—

B T B S T e e e e R

Rev. OL~4
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equilibrium sump solution pH of greater than or equal to 7.1 following the
complete dissolution of the trisodium phosphate stored in baskets within the
confines of the containment recirculation sumps.




TALLAWAY - SFP

Initially, water from
) the refueling water storage tank (RWST) is used for containment
spraying followed by water from the containment recirculation
BUMPS . : ; : -
s o : ;
. ; I . I : ; ;
CMﬂﬁlnnwni'gpn?IJNMud?
Those parts of the system 1n contact w:th - e e
are

stainless steel or an eguivalent corrosio stant mate ial
Frirediun phos phate (T F-C ) backete conrtru e-h) rf ' fere rhea] mousted % ca _,.#‘ /

Thevmwﬂ»e—w contaln&wsuffJCJent TI~C
: : . Y J

s to bring thegsump fluid to a minimum pH of &=5gupon mixing with
the borated Mater from the refueling water stofage tank, She
: et . the accumulatore, and rgactor coolant.
Thie assur s continued iodine retention effectiveness of the
sump wate /1 g the recirculation phase. o A 4

tm

’I“M

The spray header design, including the number of nozzles per

header, nozzle spacing, and nozzle orientation, is provided in
: Section 6.2.2.1 and shown in Figures 6.2.2-2 and 6.2.2-4. Each
) spray header layout is oriented to provide more than S0-percent

area coverage at the operating deck of the reactor building.

Total containment free volume, unsprayed containment free
volume, speciiis unsprayed regions and volumes, and post-
accident ventilation between sprayed and unsprayed volumes are
provided in Table 6.5-2. Operability of dampers, ductwork,
etc., for wh*ch credit is taken post-accident ieg discussed in
Section €.2.2.2.

6.5.2.2.2 Component Description

edd+é+¢e—oubevoéem—eenpepan%-dﬁa&ga—pa+aneuefg-a;e—g+¥eﬁ—+n—-
.,l-,(.-/' fas been

+ire ln//ne‘-
The containment spray additive tank, located at El. OOO feet

in the auxiliary building, is a stainless steel tank
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itial fill, concentration adjustments, and
A manway is also provided for tank internal
Tank level, pressure indication, and alarm
are provided.

a0OH has been added Px
sump pH criterion. gspfay additive tank

ated piping) are heated to

jan 60 F. The containment

everpressure protection
blief devices are

fodium hydroxide By a liquid jet
pductor, a devig€ which uses kinetic energy of a“Rressurized
ain another liquid, mix the two, and i
e”against a counter pressure. The pressuri®e
this case is the spray pump discharge which i8
‘ain the sodium hydroxide solution and discharge the
ure into the suction of the spray pumps.

Component descriptions of the nozzles are provided in Section
6.2.2.1. Special tests performed on the spray nozzleg include
capacity and droplet size distribution. Figures 6.5 , 6.5-2,
and 6.5-3 provide the test results for the spray nozzles (Ref. 1).

The spray nozzle was flow tested at a range of inlet pressures
from 3 to 10C psig to determine that the actual flow at 40 psi
differential across the nozzle was in accordance with the
design value of 15.2 gpm, as depicted in Figure 6.5-1.

Droplet-size distribution measurements were performed at the
design pressure differential of 40 psi and the design flewrate
of 15.2 gpm. At these conditions, the spray distribution was
obtained by measuring the spray volume distribution in two
perpendicular planes over a timed interval (Ref. 1).

For the droplet size distribution measurement, a television
camera and light source were mounted on a flat beam. A pro-
tective covering was constructed with a slot which allowed
spray droplets to fall between the camera and light source,.
Measurements of drop count in each micron increment were re-
corded at 4-inch increments from the outer edge of the spray
cone to the spray axis.

Rev, OL-4
6.5~6 6/90
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At the design pressure, the droplet size distribution was re-
corded by high speed photographic methods. The droplet images
were measured, and droplets with a diameter in the micron in-
crement being counted were registered. Figure 6.5-2 shows the
relative frequency for each droplet size. The results of
testing performed on the spray nozzle are provided in Table
6.5-2. The containment spray envelope reduction factor as a
function of post-LOCA containment saturation temperature is
provided in Figure 6.5-4. This envelope reductinn factor was
applied to the throw distance and elliptic coverage values
presented in Table 6.5-2.

6.5.2.2.3 System Operation

Summary of the design basis LOCA and MSLB chronology for the
CSS is presented in Table 6.2.2-3.

The spray system is actuated either manually from the control
room or on coincidence of two-out-of-four CSAS containment
pressure signals. Either of these actuation mechanisms starts
the containment spray pumps ge valves to the

spray headers, B ‘J e i e e Ay
e e A an

recirculated.
On actuation, apptroximately 5 percent of each sprdy pump's
discharge flow isWed —

: . 5 . . 3 1y ¥
: s :

e

When the refueling water storage tank has reached its specified
low-low=-2 lev=l limit, recirculation spray flow is manually ini-
tiated. The operator can remotely initiate recirculation flow
by use of either or both of the spray pumps. Sections 6.2.2.1.5
and 6.5.2.5 address the instrumentation and information displays
available to the operator, in order for manual switchover of

the CSS to take place.

System flow rates and the duration of operational modes are
presented in Section 6.2.2.1.2.3.

Design operation of the CSS ¥

Subsysian is such that LOCA iodine removal reguirenmeits are

fvlfilled during “he injection phasz and the amount of &e&?}"-"’f/-’#Cme'/d
weded is sufficient to ensure long-term iodine retention. —ope—
-e+a&éon~eé~%he—een%eiﬁnen%—epfey—add&%+ve—ﬁube7ﬁﬁem—iﬁ—femo%e——

FAGRa—fE ot he—e pray—addi five —tani— e ve i R e R e R The

containment iodine removal credit assumed in the calculation
of offsite dosesy following a LOCA, is provided iqAGhep%er-+§*Gv
/Z /! Table /5.6-6.
INSERT Revwy .
:r 6. &6/86
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Following a large break LOCA, the containment spray during the injection
phase will be a boric acid solution having a pH of about 4.5. The desired pH
level is greater than 7.0 to assure iodine retention in the sumps, to limit
corrosion and the associated production of hydrogen, and to limit chloride
induced stress-corrosion cracking of austenitic stainless steels. To adjust the
sump solution pH into the desired range, a minimum of 5000 pounds of
trisodium phosphate dodecahydrate (Na3PO4 e 12 H2O ¢ 1/4 NaOH) is
stored in two baskets, one within the confines of each containment
recirculation sump, which will be submerged after a LOCA. This amount of
trisodium phosphate is sufficient to assure that the equilibrium sump solution
pH will be greater than or equal to 7.1
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6.5.2.3 Safery Evaluation

The safety evaluations are numbered to correspond to the safety
design bases.

J'ur-f:ncc area |
SAFETY EVALUATION ONE - The system's capability toI;;duce the |
airborne fission product inventory is based on theVeh of the <
spray solution for removal during injection andgfor retention

during recirculation, and on the system's capab lity to provide

spray for essentially all regions of the containment,

corsidering post-accident conditions. on Sump Jo/u'/'fo.nf/‘/ |

retent{on in the recirculated/ spray liguid. 7/

-phaae-; The Semg-ternr minimu?sump pH of HAassure odine

minimem €gui Jikrium =71 |

The system is designed to provide a spray solution
during the recirculation phase with aVmasemam pH of B e |
: : = -oR—£ow—rate—as—noted— ‘

-4&mﬁab4e—&w3w3—3-—eﬂéméee%gﬂ-9p9ey—eééé%éve—%&eu—*a&e—eé-44-gpm7 |

%—th@&9&%—9€%&%&#@—9$»9%%9~5@~«~ |
Na@ﬁfhae-beeﬁwaééeé-eeﬂmaae43ﬁ>ﬁhm¢w?ﬁ—e§é%e§4eaww&n~4a&a;lo;h.¢a

previded-—on e metan-opensted-ralves-from—the-sprayaadrtdve—taike 1

ook -—hos pecnaaaed—to—thotam - Tho total wely + Gl mm.-}-"m'»c‘

|

\

|

|

Bydroyis e added—to—the-contarament—following—a—b008 results 1in -
PAis G—tomage Minimum Dl s in the sumps, ana-theFabe-ofi-addition {
BT ajns ."h—‘ '-..-.H‘k’,_f;é&‘»..mi 5 .E.:s Alr *_‘:...: -‘“S"S ;:E ey
level - .
Rev, OL=7 |
- - ‘
6.5-8 5/394 |
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During injection, the effectiveness of the spray against elemental iodine vapor
1s chiefly determined by the rate at which fresh solution surface area is
introduced into the containment atmosphere, as discussed in Reference 3. The
first-order spray removal coefficient calculated ner Reference 3, as discussed
in Section 6.5A.3, is 37 hr-1. Thus, the elemental iodine removal coefficient
of 10 hr-! used in Section 15.6.5 is conservative.
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a(ar. ac-hm /A(a.rc would be Jnuv‘o YLan or Czaa/
"; J"J' %Aan 7.0 ‘w(¢n l
-;.f';: he l:;: 4a$+ca—phaso—— The worst case concentrationov-

. PO water from the refuellng water
storage tank.%pﬂ—-—4—e+-1s sprayed dlrectly to the containment.

- G Gead

: it is probable tha
g$lso not have power to operates
ntroduced from that train. In tphe

e rest of the“affected train would
efore, no spray would be
unlikely event that one of

, and Yhe rest of the affected
rain did function, this corf@ition would Dbe immediately identifiedq
n the control room on e ESF status panel. one of these
valves does not opga~(and no resulting operator avtjon is taken),
dition will be one train providing spxay at
pH - e the other train provides spray at pH 210.0

spray header is redundant the components being sprayed

# eceive spray from both headers. The resultan
i v o G The
anectlon phase is the only time that this pH = 4.,0Mondition

could exist. The injection phase is short (1 hour) relative to

the entire spray duration (approximately 24 hours). During the
recirculation phase) thegpH range is;®w6———3€+6~ This spray is l
directed through the sgme spray hedgders and, therefore, should

rinse all of the preyfously spray components (for a period of

approximately 23 hours). ] -

il y 23 rf-z)u f/ t’l/ 8 7 / ?' o,
Hduritne—thre—tniecttonr—rhese—te—C- L bha 35 O
occurs early during the injection phase.
spray additive tank decreases, the he
uctors decreases; accordingly, t
It is possible durin e beginning of
Q still be addipe~Sodium hydroxide via
Tod (£1 minute), it is
Assuming a single
could last up to

O minutes. For the rainder of the rec ulation phase (22

© 23.5 hours), the~spray pH = 8.0-10.0. S8in failure analysis l
or the spray.e@ditive subsystem is given in Table
a function of time, is provided in Figure B
changes rave an xns*gnxflcant lmpac* on Figure

P “~ ORI O o ot
R s e xW.LJ [ S ap w5 .‘iILL]XUU_J‘JIX of 1)‘

on the
level

ipray additive
ecreases in the 8
he recirculation phase
he eductor(s). During thi?

SA ET& EVALUATION TWO - The spray iodine removal analysis is

based on the assumptions that:

a Only one out of two spray pumps is gperating
©. The ECCS is operating at its maximum capacity
Rev. OL-4
6.5-¢ &6/90
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The minimum equilibrium sump pH of 7.1 1s based on the Technical
Specification minimum of 5000 Ibm of TSP-C in the baskets and the
maximum sump solution boric acid concentration of 2500 ppm boron. With
the Technical Specification maximum of 13,440 Ibm of TSP-C :n the baskets
and the minimum sump solution boric acid concentration of 2007 ppm boron,
the maximum equilibrium sump pH would be less than 9.0.

The previously evaluated upper bound for containment spray pH of 11.0 will
continue to be cited, consistent with Section 3.11(B).1.2.2, for the purpose of
performing EQ reviews.

Another issue that has been reviewed is the unlikely, but possible, event in
which an imitially concentrated solution of TSP-C occupies the stagnant
volume of an inoperable sump. This situation would not last for long since, as
the recirculated sump fluid 1s cooled in the RHR heat exchangers, sufficient
buoyancy-driven circulation within containment will result to displace the
stagnant solution and eventually yield a uniform, equilibrium solution.
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The spray system is assumed to spray approximately 85 percent
of the total containment net free volume. This volume consists
of those areas directly sprayed plus those volumes which have
good communication with the directly sprayed volumes. The
remaining 15 percent of the containment free volume has res-
tricted communication with the sprayed volumes and is assumed
to be unsprayed. A description of the unsprayed volumes is
presented in Table 6.5-2.

The performance of the spray system was evaluated at the
containment post-LOCA calculated saturation temperature cor-
responding to the calculated peak pressures and containment
design pressure provided in Table 6.2.1-2. The net spray flow
rate of 3,131 gpm (see Table 6.5-2) per train was used in the
calculations described in Appendix 6.5A.

Based on Regulatory Guide 1.4, three species of airborne iodine
are postulated to exist in the containment atmosphere following
a LOCA. These are elemental, particulate, and organic species.
an
It has been assumed in these evaJuations of spray removal ef-
fectiveness that organic iodine forms are not removed by the coafiﬁun¢n4L
Sl perondde- spray. A limited credit for the removal of

airborne particulates elemental iodine has been

takeny assuming that the spray removal rate is,10 hr ! until a Jenertn/
decoptamination factor (DF) ofy 30€ is attaine '*'Tﬁzge assump- fgz;ﬂk‘.

s underestimate the actual/ amounts of ioddne removed and

us result in calculated acgddent doses higher than could . .

realistically be expected. 287 445“,",,,-/»,’/ a /ocawfom:'u'/wn

in Phe offrite and compryl roerm dare oafeulabi fuctor of 50 ir attained for
Utilizing the dose analysis inpu?ﬂéfﬁ'ﬂeters indicated above, /ar-lfcu/a-ftr
in Table 6.5-2, and in Appendix 15A, the dose analysis of and fhat

“Shapter—i5-Oydemonstrates that offsite radiation exposures Hhe Spray
resulting frOm a design basis LOCA are within the plant siting ,emgpa/

k(ées of 10 CFR 100. rate jr

‘(“‘/‘;‘h /S.-‘.-{

Appendix 6.5A provides the model used to calculate the iodine

removal coefficiente provided in Table 6.5-2.

dose guide

6.5.2.4 Tests and Inspections

ReV . 0[1‘4
6.5-10 6,/90
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I:i Redundant level instruments are provided to ala

imminent depletion of the spray additive

and provide automatic closure of the
additi tank discharge line valves.

2. Redundant lev instruments are.dlso provided to
annunciate at th
has been educted fro

criteria of the syst

ank to meet the pH
These level instruments

cally mounted indicator on the eductor suctio
ine provides eductor suction pressure during flow

E 24~ o

«= Containment spray instrumentation is adee discussed in
Section 6.2.2.1.5.

6.5.2.6 Material

The chemical compositions ef—the—NebH-stered—in—the—spray—
the containment spray fluid entering the spray

header during the injection phase of containment sprayafhnd the
containment spray fluid in the system during the recirculation
phase of containment spray (containment recirculation sump
solution) are provided in Table 6.5-5.

None of the materials used is subject to decomposition by the
radiation or thermal environment. —fiit—spesiiicationt —Fogeto—

B e et B e e e B PR A L e
reni : l I i n i i ot ;

The corrosion of materials in the NSSS and the containment
building, resulting from the spray solution used for iodine
absorption, has been tested by the Reactor Division at ORNL
(Ref. 2). The spray solutions provided in Table 6.5-5 result
in negligible corrosion, based on these studies.

TS0
SodiumdepdrertsteV¥ioes not undergo radiolytic decomposition in
the post-LOCA envircnment. Sodium has a low neutron absorption
cross section and will not undergo significant activation.

Rey. OL=0
6.5-12 6/86
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With respect to the potential for pysedyese decomposition, waor73/4C

is stable to at leasth—mﬂmm/fl‘F
. : > PP , che— Tem ".+.
ARy 0“V¢ /J—,’F ﬁ\/ r‘l‘u# "~ +‘¢ ver Jf//‘l #r',\ Fhe TIP-C but
Will net atbFect hr caurfic repe-tler.
£.5.3 FISSION PRODUCT CONTROL SYSTE

6.5.3.1 Primary Containment

The containment consists of a prestressed post-tensioned,
reinforced concrete structure with cylindrical walls,
hemispherical dome, and base slab lined with a welded
quarter-inch carbon steel liner plate, which forms a
continuous, leaktight membrane. Details of the containment
structural design are discussed in Section 3.8. Layout
drawings of the containment structure and the related items are
given in the general arrangement drawings of Section 1.2.

The containment walls, liner plate, penetrations, and isolation
valves function to limit the release of radiocactive materials,
subsequent to postulated accidents, such that the resulting
offsite doses are less than the guideline wvalues of 10 CFR 100.
Containment parameters affecting fission product release
accident analyses are given in Appendix 15A.

Long-term containment pressure response to the design basis
LOCA is shown in Figure 6.2.1-1. Relative to this time period,
the CSS is operated to reduce iodine concentrations and
containment atmospheric temperature and pressure commencing
with system initiation, at approximately 60 seconds, as shown
in Table 6.2.2-3 and ending when containment pressure has
returned to normal. For the purpose of post-LOCA dose
calculations discussed in Chapter 15.0, two dose models have
been assumed, the 0-2 hour case and the 0-30 day case, as shown
in Appendix 15A.

The containment minipurge system may be operated for personnel
access to the containment when the reactor is at power, as
discussed in Section 9.4.6.

Redundant, safety-related hydrogen recombiners are provided in
the containment as the primary means of controlling
postaccident hydrogen concentrations., A hydrogen purge system
is provided for backup hydrogen control. See Section 6.2.5.3
(S8afety Evaluation Eight).

Containment combustible gas control systems are discussed in
detail in Section 6.2.5.

Rev, OL-7
. 5-13 5/94
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6.5.3.2 Secondary Containment

This section 1s not applicable to SNUPPS.

6.5.4 ICE CONDENSER AS A FISSION PRODUCT CLEANUP SYSTEM
This section 1s not applicable to SNUPPS.

6.5.5 REFERENCES

1. Spraying Systems Company Topical Report No. S$SC0-15215-1C=-
3048S-6.3-NP, April 1977, "Containment Spray Nozzles for
Nuclear Power Plants"

2. '"Design Considerations of Reactor Containment Spray Systems,
The Corrosion of Materials in Spray Solutions," ORNL-TM-2412
Part 111, December 1969

3. /V“KG&-D'JD) f‘f-nJ‘r/ f‘W“W f/‘n ﬁc?"f"n 6.5, 2/ (Ov:’.ﬂ'dn -2)
"Ccn-/m’nmen-f »-frn)l ar a F;'J‘.rfln Pn/uc-/' C/Canu/ ~J}J~/-m) ’
Decamber /9227,
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TABLE 6.5-1

ESF FILTRATION SYSTEMS INPUT PARAMETERS TO

CHAPTER 15.0 ACCIDENT ANALYSIS

Emergency exhaust
filter adsorber unit
efficiencies (percent)

Emergency exhaust
gsystem flowrate (SCFM)

Control room filter
adsorber unit
efficiency (percent)

Control room air
conditioning system
flowrate (SCFM) per
train

Filtered intake from
control building

Filtered recirculation
from control room

90

9,000

9095

540

1,440

Rev.
6/30
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TABLE 6.5-2

INPUT PARAMETERS AND RESULTS OF
SPRAY 1ODINE REMOVAL ANALYSIS

Core power rating 3,565 MWt
Total containment free volume 2.50 n 10* f¢?
Unsprayed containment free volume <15.0 percent

Area coverage at the operating deck
design

>90 percent
Calculated

>93 percent

Mixing rate between sprayed and
unsprayed volumes 85,000 cfm

Dose model One region

Minimum vertical distance to
operating deck from lowest spray

header 118 feet - 2 in.

Net spray flow rate per train,

injection phase 3,131 gpm ‘
4ir&+ga—Na9H~§+ow—ra¥e~per—odaeﬁom- O }
Number of spray pumps cperating 1

Spray solution pH R A T e e l
4’;0’20 l.nJ"C'*I"n A‘J'O)

Elemental iodine absorntion co- 4 recireu [atism phare
efficient, )s, used in,aceisent ar epuilll rivm
calculations L&Cr?kﬁ o e an/ cortra/ 10 hr™? ==(/) )
rtern dere 1 (2)
Fpectes, ) o 25.7 hr~ i 22
Cn leufated €7 A7

Particulate iodine absorption
coefficient, ip, used in LoCA o Ffrite and contral resm

sooident,calculations 0.45 hr™? = (3)
are
Calculated ip 0.73 hr™! w=(g)
Spray drop size, design See Figure 6.5-2
Rev. OL-~-4
6,/90
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TABLE €.5-2 (Sheet 2)

schmidt number ( fee Jeeton {.SA.2) 11.58

Gas diffusivity (s Jeetion b.5A.2) 0.064 cm'/“'-‘

partition cosfficisnt (ree Jesvin 4.54.2) 5,000

Gar /AA!O mars fransrfer co€ Lhrerent (see Jection [SAZ) 7,5,6&/,,,,’,,
Terminal mass-mean a/"/a Ve/ui‘t‘/ (J‘u Jection ‘.5:4.?) 790 Fo4 Jrmin

ﬂrﬁ"h“n CICM’C/Q,\«* (J‘gc fec#‘n ‘,$ﬂ3) /102

3k L

B T S e e T

(1) Until DF =297, .

(2) As of 257 A" wars ca leulated in Jectron £.5A.2 and ured in+the 4
Pl JNC caleu/otions d:'.fcu.r./‘e/ " Jeectin = Hee). 1.2.2. :‘J 07‘:374.-

was CA/Cu/-M " fec‘h"h 55;}3 éu-yL /DA,.—/W‘J' u.re/ in +A¢

pff'.r/-/r amd contrel reom olore caleulations o//.rcufru/ e J;( efn, (545

ee\ OL=-0
(2) Until LF= 50, /86

(4 )f of 0.73 Ar” war cu/cu/a*/‘fd in Section 6.5A.1 ard used ;n the £4
Asre caleulationr.
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TABLE 6.5-4

SPRAY ADDITIVE SUBSYSTEM - SINGLE FAILURE ANALYSIS

Componen Malfunction Conse

Automatically Fails to open Two fprovided in
operated spray payallel. Operation
additive tan one reqguired.
outlet isolatipn

™ valve

)

Fails to close Potential exists
for losing one
train. Operation
of only one train
required.

Spray additive
tank vacuum
breaker

Fails to ope Two provided.
Operation of one

required.

DeceTED

Rev. OL-0O
6/86
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(/\/4’/&4' I2H, 0 Vo NabH) TABLE 6.5-5

CONTAINMENT SPRAY SYSTEM
FLUID CHEMISTRY

k . Containment Spray Additive
e e T 23 5200 [bm minimurm
Temperature range, °F e A I
S0~ /20
II. Sprayed Fluid - Injection Phase - 7.0
Agueous solution, pH 4.0(—;%1-9-
Chloride, ppm, max 100
Fluoride, ppm, max 100
Boric acid, ppm boron, max/min 2,500/2,350
'\i iii i‘ ; l: i } i e 9’_5_”
Temperature range, °F 37-120
113 Sprayed Fluid - Recirculation Phase
Agqueous solution, pH Sl A /=/10
Boric acid, ppm boron, max/mir 2,500/ 35be 2007 |
. o ’ ! -=E 7 a Eg
Temperature range, °F 120-255
“l/l‘num
IV, FinalYRecirculation Sump Fluid
Agqueous solution, pH e
Boric acid, ppm boron, max/min 2,500/84556-2,407 |
Saa‘*‘ w“ il‘l a.! e!!!’ a.el pp-“: !lﬁ’! s ’ EES
Temperature range, °F 120-255
Rev., OL-7
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6.5A.1 PARTICULATE IODINE MODEL

The spray washout model for aerosol particles is represented in
equation form as follows:

AP = L) (6.5A-1)
2dV
Where:
AP = spray removal constant for particles
h = drop fall height l
E = total collection efficiency for a single
drop

F = spray volumetric flow rate |
d = mean drop diameter

V = volume of sprayed region I

The capture of particles by falling drops results from Brownian
diffusion, diffusiophoresis, interception, and impaction.

Early in the injection phase, particles are removed mainly by
impaction. Following injection, when the larger particles have
already been removed, the removal rate is controlled by
diffusiophoresis, which is the collection of particulates by
steam condensing on the spray drops. The single drop
collection efficiency, E, is taken as 0.0015, the minimum value
observed in experimental tests (Ref. 1). The minimum
collection efficiency, 0.0015, was only attained after the
major fraction of airborne jarticles was removed. For early
time periods, the removal races were much higher than the
minimum values ultimately reached.;ZWAFévrT’iL

The spray removal constant (AP) for particulate iodine has been

calcqlated to be 0.73/hr, based on eguation 6.5A-1,9n/ ured in
Section 2//(8).1.2.2 . x%;n Section 15.4.5,

A limited and conservative credit for spray moval of airbzrne
particulates containing iodine has been takeny assuming the
spray removal constant is 0.45/h;é .

following the postulated LOCA (s Table 6.5-2)

Urtil a  decontamination tneter ok 5
Particle spray removal constants considerably larger and of // reae
longer duration than those conservatively chosen above have

been reported from the Battelle Northwest Containment Systems
Experiment (Ref, 2) and by the Oak Ridge National Laboratories
Nuclear Safety Pilot Plant (Ref. 4). [

6.5A.2 ELEMENTAL IODINE MODEL Foe &8 Dor€ CALCULATIODNS
The spray system, by virtue of the large surface area provided

be;ween the droplets and the containment atmosphere, will
afford an excellent means of absorbing elemental radicactive

Rev. OL-7
6.5A-2 5/94
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Per Reference 11, it 1s conservative to assume that E/D is 10 per meter
initially (i.e., 1% efficiency for spray drops of one millimeter in diameter),
changing abruptly to one per meter after the aerosol mass has been depleted
by a DF of 50 (i.e., 98% of the particulate mass 1s ten times more readily
removed than the remaining 2%). Using the 831 micron mean drop diameter
identified in Table 6.5-2 and the minimum collection efficiency of 0.0015
from Reference 1, E/D would be 1.8 per meter which is consistent with the
value from Reference 11 after a DF of 50 is attained.
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1od1ne released as a consequence of a LOCA —Sod*un—hydseu*do

‘ihe rate of absorptlon
is largely dependent on the concentration of radioiodine in the
air surrounding the drops.

-""‘*

ZASERT The basic model of the containment atmosphere and spray system
is given by Parsley (Ref. 4). The containment atmosphere is
viewed as 2 "black box" having a sprayed volume, V, and
containing iodine at some uniform concentration Cg. Liquid
enters at a flow of F volumes per unit time, containing iodine
at a concentration of CLlL, and leaves at the same flow, at
concentration CL2. A material balance for the containment
vessel as a function of time is given by:

~VdCg = F(CL2 - CL])dt (6.5A-2)
Where:

CL1 = the iodine concentration in the liquid entering
the dispersed phase, gm/c:n3

CL2Z = the iodine concentration in the liquid leaving
the dispersed phase, gm/cm3

v = gsprayed volume of containment, em?

Cg = the iodine concentration in the containment
atmosphere, gm/cm’

F = the spray volumetric flow rate, cm’/sec
t = gpray time, sec

A drop absorption efficiency, E, which may be described as the
fraction of saturation, is defined as:

E = (CL2 - CL1)/(CL* - CL1) (6.5A-3)

In addition, the eguilibrium distribution of iodine between
the vapor and liquid phases is given by:

H = CL*/Cg (6.5A-4)
Where:

H = the lodine partition coefficient (gm/liter of
liquids) /(gm/liter of gas)

CL* = the equilibrium concentration in the ligquid, gm/cm’

Rev. OL-7
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The following discussion 1s based on the pH dependent correlation for the
elemental 1odine spray removal constant discussed in Reference 12 and used
in the | () dose calculations of Section 3.11(B).1.2.2 (see ifqn‘ltmnf\ 6.5A-9
and 6. 5A-17). Section 6.5A.3 discusses the surface area dependent
correlation for the elemental 1odine spray removal constant discussed in
Reference 11 and used in the offsite and control room dose calculations of
Section 15.6.5. Both of these correlations are applicable for the injection

phase only




|
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Substitution of equation 6.5A-4 into equation 6.5A-3 yields
E = (CL2 - CL1)/(HCg - CL1) (6.5A-5)

Solving equation 6.5A-5 for (CL2e- CLl1) and inserting the result
into equation 6.5A-2 gives A

-(V)dCg = EF(HCyg - CL1)dt (6.5A-6)
During the injection phase, CLl1 = 0, so that

-{V)dCg = (EFHCg)dt (6.5A-7)
Equation 6.5A-7 can be integrated to solve for Cg. The

concentration of iodine in the containment atmosphere during
injection as a function of time is given by:

Cg = (- exp [-EHFt/V] (6.5A-8)
Where:

Cg, = the initial iodine concentration in the
containment atmosphere, gm/cm3

Equation 6.5A-8 is applicable up to the time the spray solution
is recirculated and is based on the following assumptions:

a. Cg is uniform throughout the containment
b. There are no iodine sources after the initial release

¢. The concentration of iodine in the spray solution
entering the containment is zero

From equation 6.5A-8, the spray removal constant, A§, is given
by A

EHF
A:_T (6.5A-9)

The above egquation for A is independent of the models on which
the numerical evaluation of the drop absorption efficiency, E,
and the iodine partition coefficient, H, may be based.

Absorption efficiency for elemental iodine may be calculated
from the time-dependent diffusion equation for a rigid sphere,
with the gas film mass transfer resistance as a boundary
condition. This mass transfer model was suggested by L. F.

Rev. CL-7
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interface, is in equilibrium with the iodine concentration in the
gas phase outside the drop. The expression in this reference
model is:

6kt
E= l-exp(~ dlicj (6.5R-14)

The absorption efficiency is a function of the drop diameter, the
gas phase mass transfer coefficient, diffusiviry of iodine in the
liquid drop, the partition coefficient, and the drop exposure
time.

Eggleton's eguation (Ref. 8) for the eguilibrium elemental iodine
decontamination factors, DF, is given by:

DF = 1 + H(VL)/(VG) (6.5A-15)
Where:
H = equilibrium iodine partition coefficient
‘ inikial Concentration
DF = ratio of the sesmmViodine Vin Lhe S idme-a—tart—
containment atmosphere toO <hedwsw the,containment
atmosphere = Cj‘ CJ ¢£m‘/u"w’ urn jodine Concartration inthe

VG = net free containment volume minus VL

VL = wvolume of ligquid in the containment sumps plus
overflow from the sumps, which may be used for
calculation of the partition coeffjcient, H, for a

ELQ dese given value of the DF. Heweves - ation 6.5A-15 was

caleculotisns not used in theVepsesent—smelesde- instead, a numerical

aﬁvcunnu/;h value of 5,000 for H, the minimum found from
Containment Systems Experiment (CSE) tests (Refs. 9

Seetin 8//(5)./-123&11@ 10) for sodium hydroxide spray, was used in the
evaluation of i\, IMSEST /0

Since the spray does not consist of a uniform droplet size, a
spectrum of drop sizes and their corresponding volume percentage
(for the specific nozzle cdesign) were used to determine the
individual spray removal constant for each droplet size. The
total spray removal constant is egual to the sum of the
individual spray removal constants, i.e.:

n n
Am 2k, = 2 X & (6.5A-16)

Since the drop exposure time, 1. , is dependent on distance from l
the spray header to the operating deck, znd each spray header

!
consists of ring headers (£) located at varicus levels, Z; was

calculated for each spray ring header ({), utilizing the
appropriate drop distance for each header.
Rev. 0OL-7
€.58-7 5/94
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While a value of 5000 for H was used to calculate the elemental iodine spray
removal constant of 25.7 hr-! used in the EQ dose calculations, it is noted
that Section 6. 5A.3 calculates an elemental 10dine spray removal constant of
37 hr-l. In any event, for dose calculations the spray removal constant is not
as important as the DF in determining EQ doses.
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Therefore,
Ei. HEF
A = -LTK (6.5A-17)
¢ -
Where:
Ei[ = collection efficiency for a single drop of
micron increment i for ring header /
E( = spray flow rate for micron increment i for
header {
and,
Ef = (F,/nozzle) - (Nf) (6.5A-18)
Where:
(152 gpm) () (v)
F,/nozzle = R
2 NV
=
NE = number of nozzles on ring header /
Ni = number frequency for micron increment i
(Figure 6.5-2)
Vi = volume of a drop in micron increment i

As the spray solution enters the high-temperature containment
atmosphere, steam will condense on the spray drops. The amount
of condensation is easily calculated by a mass balance of the
drop:

mh +m_h_ = mh
c g f
where:
m and m' = the mass of the drop before and after
condensation, lbs

m, = the mass of condensate, lbs

h = the initial enthalpy of the drop, Btu/lb
hgandlu. = The saturation enthalpy of water vapor and

liquid, Btu/1lb

Rev. OL-7
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The increase in each drop diameter in the distribution,
therefore, is given by:

; . (h -h)
4] - H j‘i“h' J

fg
Where:
vE = the specific volume cf liquid at saturation, ﬂB/lb
v = the specific volume of the drop before condensation,
f3/1pb
}%g = the latent heat of evaporation, Btu/lb
hg = the enthalpy of steam at saturation, Btu/lb

d and d' = the drop diameter before and after condensation, cm

Postma and Pasedag (Ref. 6) conclude that condensation will
tend to increase the iodine washout rate due to the increased
volume of the spray. Their effect has been conservatively

ignored.

The drop exposure time calculated is based on the assumption
that the drops were sprayed in such a manner that the initial
downward velocity of the drops at the spray ring header
elevation was zero. The drops fall under the effect of gravity
from the spray ring header to the operating deck. The minimum
height is given in Table 6.5-2. As the drop size increases,
the average exposure time decreases from about 20 to 5 seconds.
Incorporating the above parameters into equation 6.5A-16 with
the sprayed containment volume, V, and assuming a single spray
header flow rate, the value of the spray removal coefficient
calculated,is presented in Table 6.5-2.
(25,7 A‘,D."’

The resulting elemental iodinel;bray removal constant is
greater than 10/hr. -emiy-tirteYconservative removal constant of
10/hr is assumed and used in the design basis LOCA evaluations
presented in Section 15.6.5.

TNIERT [ —>»
6. SA:-’B_- REFERENCES
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6.5A.3 ELEMENTAL IODINE MODEL FOR OFFSITE AND CONTROL
ROOM DOSE CALCULATIONS

As discussed in Reference 11, the effectiveness of the spray during the
injection phase against elemental iodine vapor is chiefly determined by the
rate at which fresh solution surface area is introduced into the containment
atmosphere. The rate of solution created per unit gas volume in the
containment atmosphere may be estimated as (6F/VD), where F is the spray
volumetric flow rate, V is the volume of the sprayed region, and D is the
mean diameter of the spray drops. The first-order spray removal constant for
elemental 10dine, A5, may be taken to be:

Ag = Q_ngD;
VD

where kg 1s the gas phase mass transfer coefficient and T is the drop fall time
(or drop exposure time), which may be estimated by the ratio of the average
fall height to the terminal velocity of the average drop. The above expression
represents a first-order approximation if a well-mixed droplet model is used
for spray absorption efficiency. This expression is valid for Ag values equal to
or greater than 10 per hour but less than 20 per hour. Using this expression
and the values contained in Table 6.5-2 a value of 37 hr-! is calculated. A
value of 10 per hour will continue to be used in the dose calculations of
Section 15.6.5.

Spray removal of elemental 1odine continues until the DF of Equation 6.5A-
15 is reached. Although the VL term in Equation 6.5A-15 represents the
volume of the sumps plus any overflow from the sumps, it is conservative to
just use the volume of the sumps for VL since a lower DF will result. The
value for the partition coefficient, H, in Equation 6. 5A-15 was taken from
Figure 6 of Reference 13 using the 323°K plot at 14 hours (representative of
the average conditions during a LOCA). The value of 1100 used is considered
to be conservative since the sump fluid temperature at 14 hours would be
greater than 323°K per Figure 6.2.1-17 and Figure 6 of Reference 13 shows
that higher temperatures would be associated with higher partition
coefficients. The resulting DF 1s calculated to be 28.7.
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. assumed to plateout onto the internal surfaces of the contain-

) ment or adhere to internal components. The remaining iodine
and the noble gas activity are assumed to be immediately
available for leakage from the containment.

Once the gaseous fisegion product activity is released to the
containment atmosphere, it is subject to various mechanisms of
removal which operate simultaneously to reduce the amount of
activity in the containment. The removal mechanisms include
radioactive decay, containment sprays, and containment leakage.
For the noble gas fission products, the only removal processes
considered in the containment are radioactive decay and con=-
tainment leakage.

\\ a. Radioactive Decay - Credit for radioactive decay for
fission product concentrations located within the
containment is assumed throughout the course of the
accident. Once the activity is released to the
environment, no credit for radicactive decay or
deposition is taken.

rckn*".ln
b. Containment Spfays - The containment spray system is
designed to abgorb airborne iodine fission products
within the containment atmosphere. To enhance the
iodine -semewertVcapability of the containment spraye,f*ﬂwdeun\
/ﬂﬁwﬁfﬂc#t'oodﬁam—hydeoﬁéekr is added to the spray solution The
- spray effectiveness for the womewetryof iodine ?2
:) dependent onyg ' ' - ) yia 4"‘0#3
W alnlatiten o /‘gwhmn‘m {// {’“*’ Fhan 7.0. retertion within the Sumar,
. ontainmen eakage - The containment leaks at a rate
of 0.2 volume percent/day as incorporated as a Technical
Specification requirement at peak calculated internal
containment pressure for the first 24 hours and at
50 percent of this leak rate for the remaining duration
of the accident. The containment leakage is assumed
to be directly to the environment.

ASSUMPTIONS AND CONDITIONS - The major assumptions and param-
‘\\ eters assumed in the analysis are itemized in Tables 15A~1 and

15-6—/6, and /ffcu:m/ ‘n JectHon 6.5A.3.

In the evaluation of a LOCA, all the fission product release
assumptions of Regulatory Guide 1.4 have been followed. The
following specific assumptions were used in the analysis.
Table 15.6~7 provides a comparison of the analysis to the
requirements of Regulatory Guide P e

a. The reactor core eguilibrium noble gas and iodine
inventories are based on long-term operation at a core
power level of 3,636 MWt.

Rev. OL=2
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One hundred percent of the core equilibrium radio-

active noble gas inventory is immediately available )

for leakage from the containment.

Twenty-five percent of the core equilibrium radio-

active iodine inventory is immediately available for

leakage from the containment. 74e sdher 25% releared Yo fhe combminmest
‘a¥ﬂ~%76¢r¢ bwﬁhm4wnaau1} later sut.

Of the iodine fission proé;ct inventory released to

the contaiument, 91 percent is in the form of ele-

mental iodine, 5 percent is in the form of particulate

iodine, and 4 percent is in the form of organic

iodine,

syetem is taken, starting at time zer¢ and continuing
until a decontamination factor of #66Yfor the ele-
mental «md-pertieatete species, has been achieved.

and €0 5r +he particulate ereier
The following iodine remov constants for the con-

2"7 -
Credit for iodine removal by the contg;nment spray y

tainment spray system are s'med in the analysis:
Elemental iodine - 1C.0 per hr

Organic iodine - 0.C per hr
Particulate iodine - 0.45 per hr

The following parameters were used in the two-region
spray model:

Fraction of containment sprayed - 0.85

Fraction of containment unsprayed - 0.15

Mixing rate (cfm) between sprayed and unsprayed
regions ~ 85,000

Section 6.5 contains a detailed analysis of the
sprayed and unsprayed volumes and includes an ex-
planation of the mixing rate between the sprayed and
unsprayed regions.

The containment is assumed to leak at 0.2 volume
percent/day during the first 24 hours immediately
following the accident and 0.1 volume percent/day
thereafter.

The containment leakage is assumed to be direct
unfiltered, to the environment.

cmﬁp/‘u:’//u’ and Contryl resm

The -SG‘F'VfiJQers will be @8y4percent efficient in the
removal of all species of(godine.

95
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MATHEMAT ICAL MODELS USED IN THE ANALYSIS - Mathematical models
ueged in the analysis are described in the following sections:

a. The mathematical models used to analyze the activity
released during the course of the accident are described
in Section 15A.2.

b. The atmospheric dispersion factorse used in the analysis
were calculated, based on the onsite meteorological
measurements program described in Section 2.3 of the
Site Addendum, and are provided in Table 15A-2.

¢. The thyroid inhalation and total-body immersion doses
to a receptor exposed at the exclusion area boundary
and the outer boundary of the low population zone
were analyzed, using the models described in Sections
15A.2.4 and 15A.2.5, respectively.

d. Buildup of activity in the control room and the
integrated doses to the control room personnel are
analyzed, based on models described in Section 15A.3.

IDENTIFICATION OF LEAKAGE PATHWAYS AND RESULTANT LEAKAGE
ACTIVITY - For evaluating the radiological consequences of a
postulated LOCA, the resultant activity released to the con-
tainment atmosphere is assumed to leak directly to the
environment,

No credit is taken for ground deposition or radicactive decay
during transit to the exclusion area boundary or LFZ outer
boundary.

15.6.5.4.1.2 Radioactive Releases Due to Leakage from ECCS
and Containment Spray Recirculation Lines

Subsequent to the injection phase of ESF system operation, the
water in the containment recirculation sumps is recirculated by
the residual heat removal, centrifugal charging and safety
injection pumps, and the containment spray pumps. Due to the
operation of the ECCS and the containment spray system, most of
the radioiodine released from the core would be contained in the
containment sump. It is conservatively assumed that a leakage
rate of 2 gpm from the ECCS and containment spray recirculation
lines exists for the duration of the LOCA. Thie leakage would
occur inside the containment as well as inside the auxiliary
building. For this analysis, all the leakage is assumed to occur
inside the auxiliary building. ©Only trace guantities of
radiojodine are expected to be airborne within the auxiliary
building due to the temperature and pH level of the recirculated
water. However, 10 percent of the radiciodine in the leaked water
is assumed to become airborne and exhausted from the unit vent to
the environment through e ye- filters (90% efficient). No
credit is taken for holHup (i.e. decay) or mixing in the auxiliary
building; however, miying and holdup in the sumps are factored into
the release and decay(removal constants for this pathway.

+he oam’/,'a7 /w’//aij cmcau.y eanu.rf'
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loadings are in accordance with Regulatory Guide 1.52, which
limits the maximum loading to 2.5 mg of iodine per gram of
activated charcoal. The 100 percent efficiency assumption is
conservative for the purpose of checking filter loading and is
not to be confused with th;fﬁok efficiency assumption used for

radiological consequences g s tzsted in Tabl g 15.A-1.
95
15.6.5.4.3.2 Doses to a Receptor at the Exclusion Area
Boundary and Low Population Zone Outer Boundary

The potential radiological consequences resulting from the
occurrence of the postulated LOCA have been conservatively
analyzed, using assumptions and models described in previous
sections.

The total-body dose due to immersion and the thyroid dose due
to inhalation have been analyzed for the 0-2 hour dose at the
exclusion area boundary and for the duration of the accident at
the LPZ outer boundary. The results, with margin, are listed
in Table 15.6~8. The resultant doses are within the guideline
values of 10 CFR 100.

15.6.5.4.3.3 Doses to Control Room Personnel

Radiation doses to control room personnel following a pos-
tulated LOCA are based on the ventilation, cavity dilution, and
dose model discussed in Section 15A.3.

Control room personnel are subject to a total-body dose due to
immersion and a thyroid dose due to inhalation. These doses

have been analyzed, and are provided in Table 15.6-8. The listed
doses, with margin, are within the limits established by GDC-19.
15.6.6 A NUMBER OF BWR TRANSIENTS

This section is not applicable to the Callaway Plant.
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TABLE 15.6-6

PARAMETERS USED IN EVALUATING
THE RADIOLOGICAL CONSEQUENCES OF A
LOSS - OF - COOLANT - ACCIDENT

: P Source Data
a. Core power level, MWt 3,636
b. Burnup, full power days 1,000
& Percent of core activity initially
airborne in the containment
1. Noble gas 100 4
2. Icodine i 5D

d. Percent of core activity 4""’“/""*?// /"f‘-’"*“/
in containment sump @—&-4i—heurs—

1. Noble gases 0
2. Iodine 50
e. Core inventories Table 15A-3

£f. Iodine distribution, percent

1. Elemental 91
2., Organic 4
3. Particulate 5
: & & Atmospheric Dispersion Factors See Table 15A-2

III. Activity Release Data

a. Containment leak rate, volume

percent/day
1. 0-24 hours 0.20
2. 1-30 days 0.10

b. Percent of contairment leakage
that is unfiltered 100

c. Credit for containment sprays

1. Spray iodine removal constants

(per hour)

a. Elemental 10.0
b. Organic 0.0
¢. Particulate 0.45

*H‘/ﬁ /’hfhn‘*'ﬂeﬂ‘f/ /"/Ef lu+ /“V”g .25" "’."AGJI"‘/E/ ay"./.‘/‘
for /¢a1'4J¢ f"m :Z([ Condainment. 7
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TABLE 15.6-6 (Sheet 2)

2. Maximum iodine decontamination
factors for the containment

atmosphere
a. Elemental 260~ 28. 7
b. Organic 0
¢. Particulate 366 5O
3. Sprayed volume, percent 85
4. Unsprayed volume, percent 15
5 Sprayed-unsprayed mixing
rate, CFM 85,000
§. Containment volume, fi’ 2.5E+6

d. ECCS recirculation leakage

1. Leak rate (0.47 hours-30

days), gpm 2.0
2. Sump volume, gal. 460,000
3. Fraction iodine airborme 0.1
4. , ESF filter efficiency, % 90.0
Emar

encty €x
e. Rwsf’leékage

1. Leak rate (0.47 hours -~

30 days), gpm 3.0
2. RWST volume, gal. 400,000
3 Fraction iodine airborne 0.1
IV, Control room parameters Tables 15A-1 and
15A-2

Rev. OL-7
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TABLE 15A~1 (Sheet 2)

iii. Unfiltered flow from control
building, cfm
Prior to operator action (0-30
minutes)
After operator action
(30 minutes - 720 hours)

iv. Filtered recirculation, cfm
V. Filter efficiency (all forms of
iodine), %
Miscellaneous

1. Atmospheric dispersion factors, x/Q

sec,/m?
2. Dose conversion factors
9% total body and beta skin, rem-
meter?/Ci-sec
I thyroid, rem/Ci
3. PBreathing rates, meter?/sec
| control room at all times
1%. offsite
0-8 hrs
8~=24 hrs
24-720 hrs
4. Control room occupancy fractions
0-24 hrs
24-96 hrs
96~720 hrs

540

1440
Lo 95

Table 15A-2

Table 15A~4
Table 15A-~4

3.47 x 107 *
3.47 x 107"

1.75 x 10_*
2.32 x 107

OO
» o O
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