F E Noc Beaver Valley Power Station

P.O. Box4
Shippingport, PA 15077

FirstEnacgy Nuctear Ooeraling Company

412-393-5234
Lew W. Myers Fax: 724-643-8069

Senior Vice President

May 12, 2000
L-00-008

U. S. Nuclear Regulatory Commission
Attention: Document Control Desk
Washington, DC 20555-0001

Subject: Beaver Valley Power Station, Unit No. 1 and No. 2
BV-1 Docket No. 50-334, License No. DPR-66
BV-2 Docket No. 50-412, License No. NPF-73
License Amendment Request Nos. 280 and 151

FirstEnergy Nuclear Operating Company (FENOC) requests NRC review and approval
of proposed changes to the Beaver Valley Power Station (BVPS) Unit 1 and Unit 2
Updated Final Safety Analysis Reports (UFSARs). The proposed revisions to the
UFSARs modify information on design basis accident radiological doses as a result of
the recent complete reevaluation of all BVPS dose calculations. An evaluation of all
BVPS Unit 1 and Unit 2 dose calculations was completed which reviewed the input
parameter values, the input assumptions, and the methodology used. This license
amendment is being requested in accordance with 10 CFR 50.59(c) because it has been
identified that this UFSAR change is an unreviewed safety question. NRC approval is
needed to revise the UFSAR analyzed dose values for several design basis accidents and
to utilize different calculation methodologies. The results for the BVPS Unit 1 and Unit
2 DBA dose calculations are provided in Attachment B, except for the BVPS Unit 2 Fuel
Handling Accident, which was provided in License Amendment Request 2A-155
submitted via FENOC Letter L.-00-048, dated May 1, 2000.

The proposed UFSAR changes are presented in Attachment A. The safety analysis
(including the no significant hazards evaluation) for the change is presented in
Attachment B.

These changes have been reviewed by the Beaver Valley review committees. The
changes were determined to be safe and do not involve a significant hazard consideration
as defined in 10 CFR 50.92 based on the attached safety analyses.

In accordance with Generic Letter 91-18, Rev. 1, prior NRC approval is not required for
Unit 1 to continue power operation. This is justified by BVPS approved Bases for
Continued Operation.

ADDS
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If there are any questions concerning this matter, please contact Mr. Thomas S.
Cosgrove, Manager, Licensing at 724-682-5203.

Sincerely,
Lew W. Myers
c: Mr. D. S. Collins, Project Manager
Mr. D. M. Kern, Sr. Resident Inspector
Mr. H. J. Miller, NRC Region I Administrator
Mr. D. A. Allard, Director BRP/DEP
Mr. L. E. Ryan (BRP/DEP)

Ms. Mary E. OReilly (FirstEnergy Legal Department)



I, Lew W. Myers, being duly sworn, state that [ am Senior Vice President of
FirstEnergy Nuclear Operating Company (FENOC), that I am authorized to sign and file
this submittal with the Nuclear Regulatory Commission on behalf of FENOC, and that
the statements made and the matters set forth herein pertaining to FENOC are true and
correct to the best of my knowledge and belief.

FirstEnergy Nuclear Operating Company

e
Send ice President - FENOC

STATE OF PENNSYLVANIA

COUNTY OF BEAVER

Subscribed and sworn to me, a Notary Public, in and for the County and State

above named, this _/X{_th day of M% , 2000.

My Comm%ion Expires: 7

Notarial Seal
Tracey A. Baczek, Notary Public
Shippingport Boro, Beaver Coumg
My Commigsion Expires Aug. 16, 2001

Membar, Panhaylvania Assoclation of Notarles




ATTACHMENT A-1

Beaver Valley Power Station, Unit No. 1
License Amendment Request No. 280
UFSAR Update for Revised Radiation Dose Calculations

10—
The following is a list of the affected pages:

Affected UFSAR Pages:  Revise Pages 2.2-13, 6.4-16, 6.4-17, 11.2-2, 11.2-6, 11.3-24,
14.1-45, 14.2-4, 14.2-5, 14.2-6, 14.2-7, 14.2-8, 14.2-9,
14.2-11, 14.2-12, 14.2-14, 14.2-17, 14.2-24, 14.2-25,
14.2-45, 14.2-53, 14.3-48 through 14.3-52, 14.3-58,
14.3-59, 14B-1 through 14B-4,
14B-8 through 14B-17

Affected UFSAR Tables: Revise Tables 2.2-12, 11.3-7, 14.1-3, 14.2-4b, 14.2-6,
14.2-6a, 14.2-8, 14.2-9, 14.2-10, 14.2-12, 14.3-10, 14.3-13,
14.3-14a, 14B-1, 14B-5, 14B-6, 14B-11, 14B-15, 14B-16,

Delete Tables 14.2-6b, 14.2-7, 14.3-14b, 14B-3, 14B-4,
14B-9, 14B-10, 14B-13, 14B-14

Affected UFSAR Figure:  Revise Figure 14B-1



BVPS-1-UPDATED FSAR

TABLE 2.2-12

MAIN CONTROL ROOM X VALUES

0-8 8-24
Release Point Hours Hours
Containment Building
Top. 2.73 1.28
Edge 4.33 2.04
Auxiliary Building 43.0 20.1
Main Steam Valve House 7.60 3.51
Service Building 6.25 3.04
Turbine Building 24.3 12.2

Gaseous Waste :
Storage Vault 5.11 2.15

Refuelimg Water

7 X
Stovase Tank 3.7 .21

Notes:

1. These values were effective in January 1992 and are used

for analyses documented after that date.
factors are not included in values.

2. All values are in X/Q (x 10™% sec/m®).

Rev. 16 (1/98)
1-4 4-30
Days Days
0.917 0.557
1.46 0.884

14.9 9.25
2.59 1.58
2.36 1.57
8.90 6.26
1.65 1.14
1-33% 0.%850

Occupancy

*These values weve e:cgec'h‘\re, Au.jus-l- \aa9 ,““‘L ave used
+o detervmme cowntrol roowm oloera:l—w dose fvrom ro.dwoo-.c’('wt'l~

in spaces below the condrel voowm pressure boundary Floov,

TWis Sowurce weos vto"l' Prc.u?oa.sly covxs?dem& ™ rxclTo\OaT‘CA—Q-A
CoNnseg wemce c«v\c\lysTs, and 1S a.pplrca\ole, ‘1o the desra\/\

basts LOCA. Ov\l\/ Ahese values neclude o reduwettond

‘Fa.c_‘{’aw -(-ov- Oc.cwpamc?/ (a’u@-l-cr ay b\ouu‘SS.

Con‘\‘a'\v\mev\”f E&ﬁe, +o o.q 494
Sevvree Bui ’A—Tv\cj'*

Cowntas wt Tep To 45.2 6.6
"“SSQQZ‘Z_"’ Bui l<lJ~(J v‘j* 3
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BVPS-1-UPDATED FSAR Rev. 16 (1/98)

15. USNRC NUREG/CR-2858, "“PAVAN: An Atmospheric Dispersion’
Program for Evaluating Design Basis Accidental Releases of
Radioactive Materials from Nuclear Power Stations", Pacific
Northwest Laboratory (November 1982). '

16. DLC Calculation ERS-SFL-83-015 r0, Accident Analysis X/Q
Values (1983).

17. Halliburton NUS Environmental Corporation, Control Room X/Q
Values for the Beaver Valley Power Station (1991).

18. J. V. Ramsdell, Atmospheric Diffusion for Control Room
Habitability Assessments, NUREG/CR-5055 (1988).

19. DLC cCalculation ERS-SFL-96-021 x0, RG 1.145 Short Term

Accident X/Q Values for EAB and LPZ, Unit 1 and Unit 2, based
on 1986-1995 Observations (1996).

20. SWEL Colewlatron ©07¥59.1003 ENVR-MET .,zu-EN-N'(E_-Lm)
Nocwiolized Comcentrodrons (X/q 5) ot the Uwit & Aws. Oldg. NW
Covwner and Untt 1 Sevurce e\d—j‘ Roof for Releases Hrowethe
Untt | and Unit L Contmvivament Bus \A.ij S.

2.2-13
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Electrical interlocks which prevent the operator from tripping
the spray pumps inadvertently or prematurely from the main
control room are accomplished by use of a control switch trip
action blocking contact. Upon the receipt of a containment
isolation phase B signal, a contact from the pump motor starting
timer produces this signal instantaneously.

The containment spray pumps suction and discharge valves are
protected from inadvertent closure by a control room operator
during pump operation by either a normally closed pump switchgear
auxiliary contact placed in the closing circuit of the motor-
operated valve, or by access covers placed over the benchboard
control switch.

To deactivate any containment spray pump would require two
operator actions: (1) manually reset the containment isolation
phase B train signal associated with the equipment and (2) place
the control switch for the pump in the stop_position.

Above the operating floor (El. 767 ft Ofinches -
sprays cover a volume of approximately 581,638~ cu
recirculation sprays cover a volume of approximately
ft. The total free volume above the operating floor is 1,028,000
cu ft. Because of the forced circulation set up by the sprays,
the entire volume above the operating floor is considered to be
uniformly mixed and scrubbed by the sprays.

3 yy3 elow the operating floor, the gquench sprays cover approximately
55,943 -

14,1

—

“cu ft and the recirculation sprays cover approximately
6567600/cu ft. The total free volume below the operating floor
487768,300 cu ft.

211 of the subcompartments, with the exception of the volume
below the reactor vessel, the refueling cavity and the incore
instrumentation passage, are well vented and scrubbed by the

sprays. The following regions are not directly covered by
sprays:
Area
Region (cubic ft)
Incore instrumentation passage 6,500
Volume below reactor vessel 2,000
Volume below refueling cavity 21,750
Note that this volume is a portion of the base mat floor. As

such, it has no side walls, is not enclosed and is subject to
good mixing with the main spray volume.

The spray patterns for the quench and recirculation sprays are

depicted in Figure 6.4-8. These spray patterns are based on
minimum engineered safeguards.

6.4-16
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The degree of mixing between the regions covered by the quench and
recirculation sprays can be estimated by the amount of overlap of
‘coverage by the quench and recirculation sprays and from the
forced circulation set up by containment sprays. The volume
above the operating floor whi¥ch is tovered by overlapping quench
and recirculation sprays is cubic ft. The mixing from
forced circulation induced sprays may be visualized by
inspection of Figure 6.4-9 shows a simplified diagram of
the air flow in the contai up by the sprays.

Consider that the contai olume is split into two concentric

cylindrical regions. In the outer region, air is entrained by
sprays and forced downward. In the inner portion, the air moves
upward. This circulation pattern is augmented by rising air

currents from hot components, such as the reactor pressure vessel,

steam generators and pressurizer. The effectiveness of the sprays
in m x1ng the containment atmosphere has been verified by
BNWL( in which measurements, made at different points in the
containment systems experiment vessel (similar to the BVPS-1
containment) for iodine and noble gases, showed that iodine was

completely distributed throughout +the containment, even at the
high points in the vessel. o

The design of the containments and containment spray systems for
BVPS-1 and BVPS-2, are similar to those of the Surry Power
Station, Units 1 and 2 for which it has been concluded by the
Atomic Energy Commissiont ) that the containment spray systems

provide adeguate mixing of the containment atmosphere in the post
LOCA environment.

A measure of the mixing between subcompartments below the
operating floor (such as the steam generator cubicles and the
pressurizer cubicle), that are covered by the sprayed volume, may
be determined by the natural circulation set up by the difference
in air/steam densities between the subcompartment volumes and the
containment volume covered by the sprays. The floY ?ue to "stack
effect" can be computed from the following equation:
Q =7.2 Ay/h(t;-t,) (6.4-1)
where: Q = air flow, cubic feet per minute
A

= free area of inlets or outlets (assumed equal; if
different, the smaller of the two is used), sg ft

h = height from inlets to outlets, ft
t; = average temperature of inside air, °F
t, = temperature of outside air, °F
7.2 = constant of proportionality, including a value of

50 percent for effectiveness of openings

6.4-17
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System design provides that all the gaseous effluent from the
degasifiers is directed to the gaseous waste charcoal delay
subsystem for decay of most radioactive isotopes prior to
compressing and discharged through the process vent. Gaseous
effluent may be recycled to the volume control tank but this is
not normally performed. Provision is made to direct compressed
waste gas to decay tanks for control of the equilibrium activity
level of the coolant fission product gas inventory and subsequent
release to the atmosphere. The discharge to the atmosphere is
handled by diluting the flow controlled release of waste gas with
a large volume of air, discharging the air through charcoal and
HEPA filters to the top of the cooling tower, approximately 500
ft above the ground. This same discharge system is also designed
to handle gaseous effluent from the main condenser air ejector
vents, purge and vent from the oxygen analyzers, decay tank
radiation monitor aerated vents of the vent and drain system, and
the gaseous discharge from the containment vacuum systemn. The
system also handles special conditions when gases from the
containment purge are vented to the top of the cooling tower.

11.2.3.2 Description

Radioactive gases enter the gaseous waste disposal system from -
the degasifier vent chiller of the boron recovery system and are
directed by the system pressure gradient to the gaseous waste
charcoal delay subsystem upstream of the overhead gas cCompressor.
The gas is chilled to approximately 55°F to condense most of the
water vapor. The compressors operate automatically in response
to +the suction pressure thus maintaining the degasifier's
overhead components at a pressure between established 1limits.
Radioactive gases from the degasifier vent chillers contain
primarily hydrogen, water vapor and a small amount of nitrogen in
the gaseous effluent. The gas is +then processed through the
gaseous wasSTe charcoal delay subsystem which holds up the xenon

3g9days, and the krypton about two days. Essentially
all of the_iedine is absorbed by the charcoal. This holdup
assumes continuous stripping of 60 gpm of primary coolant letdown
with a hydrogen concentration of 35 cc/kg.

Oone of the two overhead gas compressors directs the radioactive
gas stream to a gas surge tank at a system pressure of about 65
psig. The gas flow is reduced in pressure and, as long as it
meets Westinghouse specifications, can be returned to the volume
control tank in the chemical and volume control system (Section
9.1). However, this method.of gas reclamation i ot normally
used. A quantity of gas can be discharged frgmw“the surge tank to
one of the three decay tanks at Unit 1 of any—ef
storage tanks at Unit 2 for eventual release
via the process vent on top of the cooling tower.

11.2-2
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The gas waste decay and surge tanks are designed in compliance with
_ the requirements of. the BAmerican Society of Mechanical Engineers
(ASME) Boiler and Pressure Vessel Code, Section III, Nuclear Vessels,
Class C, with 100 percent radiography. The gas waste charcoal beds
are designed in compliance with the requirements of the American
Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel
Code, Section III, Nuclear Vessels, Class 3, with 100% radiography.

Process piping is designed to meet American National Standards
Institute (ANSI) B31.1, Power Piping, Section 1 requirements.

The gaseous waste disposal system from the boron recovery system to
an isolation valve downstream of the decay tanks is considered
Seismic for design purposes. Component design data for the gaseous
waste disposal system is listed in Table 11.2-1.

11.2.3.3 Evaluation

Fission product gas inventory in the reactor coolant is a function of
reactor coolant system fission gas input and output. - Fission gas
input is determined by the reactor power level and the amount of fuel
failure. Fission gas output from the reactor coolant system is

determined by the amount of gas sent to the BVPS-1 decay tanks and
not recycled. .

Reactor coolant is letdown to adjust its chemistry and its radiation
. level and to provide water for seal injection.

The annual average waste gas bleed rate needed to maintain the
krypton-85 inventory at acceptable levels within the reactor coolant

during steady state full power operation raction of a
cfm.

Operation of the gaseous. waste dispbsal)system, using charcoal delay
beds selectively delaying xenon-133 for/3& days, results in an annual
average atmospheric emission rate ‘hj i fraction of
the 10 CFR 20 limit. A tabulation
calculated annual release rate is given in Appendix "11A. The doses

[ o-pProxT Ma—+=ly 39

from t eous nuclides released are presented in Appendix 11B.

nine :
Thi days/ of holdup allows time for the short lived fission gases
to

the point where krypton-85 is the controlling isotope.

In the event of modes of fuel failure which result in abnormal
concentrations of fission products in the reactor coolant, adequate
storage space in the decay tanks is supplied. The tanks will be
allowed to go to a higher holding pressure and will thus be able to
accommodate a larger volume of gas. The higher pressure will not
exceed the design pressure of the system.

When charcoal delay beds are installed for the air ejectors the
activity discharged from the air ejectors is assumed to be the result
of one percent failed fuel and a continuous 50 lb per hr in-leakage
from all steam generators. Periodic increases in the leakage rate up
to 500 1lb per hr will also be considered in the design. It is

11.2-6
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D. Waste Gas System Failure (Table 14.2-8)
E. Steam Generator Tube Rupture Accident (Table 14.2-9)
F. Main Steam Line Break Accident (Table 14.2-10)

G. Rod Ejection Accident (Table 14.2-12)

H. Small Line Break Accident (Table 14.3-10
O
I. Loss of Coolant Accident (Table 14.3- 4;6

The analyses indicate that the common BV1-BV2 Control Room is
habitable for all design basis accidents at Beaver Valley Power
Station Unit 1. Postulated doses are tabulated in Table 11.3-7.

The integrated whole body dose from the worst case radiological
accident was calculated to be below the criterion dose of 5 rem.
Thus, the main control room walls which must be a minimum of 24
inches thick for tornado missile protection, provide more than
adequate shielding from radiation.

Special consideration has been given to the design of
penetrations and structural details of the main control room so
as to establish an acceptable condition of leak tightness.

The air-conditioning systems are installed within the spaces
served and designed to provide uninterrupted service under
accident conditions. Upon a containment isolation phase B, high
chlorine or high radiation signal, the normal replenishment air
and exhaust systems are isolated automatically from the main
control room by tight closures in the ductwork. Breathing-
quality compressed air is supplied from high-high pressure
storage bottles to' maintain a small positive outflow from the
main control room for a period exceeding the containment leakage
period. This outflow can be verified by means of a pressure gage
which reads the inside and outside pressure difference in inches
of water. The main control and relay rooms are also provided
with an emergency ventilation system fitted with particulate and
impregnated charcoal filters to introduce cleaned outside air
into the protected spaces upon depletion of the high-high
pressure air. This system can be used indefinitely to maintain
the area pressure above atmospheric to ensure exfiltration.

The radiation levels in the main control and relay rooms are
measured by gamma monitors to verify safe operating conditions.

11.3-24
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TABLE 11.3-7
POSTULATED CONTROL ROOM ACCIDENT DOSE, REM(5)(6)

(Design Basis Accidents at Unit A1)

Accident Thyroid Gamma Beta Notes

Main Steam Line Break

Co-inaident Spike 26.0 .9E-3 3.7E-2 2

Pre-indident Spike 29.0 .5E-3 2.0E-2 2
Small Line Break 27.0 3.0E-3 2.6E-2 4
Steam Generator Tube Rupture :

Co-incident Spike 3.17 8.12E-4 2.22E-2 4

Pre-incident Spike 8.€5 9.30E-4 2.34E~-2 4
Rod Ejection Accident 12.0 1.1E-3 8.9E-3 4
Fuel Handling Accidem 4.3 1.4E-2 8.3E~-1 4.
Locked Rotor Accident 9.69 7.35E-2 1.16 1
Loss of Auxiliary AC Power 8.0E-1 7.1E-5 2.7E-3 4
Waste Gas System Rupture

Line Break - < 1.0E-2 < 1.0 4

Tank Rupture &/‘{l - 7.1E-4 1.3 4

{ (} 14.3 1.7E-1 4.0E-1 3

NOTES: o

DBA LOCA }y%?xﬂ/

1. Control Room iSolation by area radiatjon monitor signal based

on a setpoint/with a safety limit dose\rate of 1 mrem/hr
gamma in the/Control Rcom.

2. Isolation by manual operator action at T=30 minutes post-
accident. /In support of Alternate Repair iteria for steam
generators/ (ref..USNRC GL 95-05) the MSLB th¥roid doses were
maximized/within applicable limits in order to\establish the
maximum Allowable accident-induced leakage agaihst which tube
leakage/projections, based on voltage indication,\are
comparegd. Current values are based on 8.0 gpm primgary-to-
secondary leakage (0-2 hour Exclusion Area Boundary thyroid
dose /Alimiting). See Section 14.2.5.1.3.

3. Contkol Isolation actuated by CIB signal.
4. No/action required.

5. ? ferences: ERS-SFL-93-005 r0, ERS-SFL-92-033 ri,
2241/14110.39-UR(B)-456, 14110.39-UR(B)-457 xrO,
//ERS—SFL-89—021 rl, ERS-SFL-95-008 r2.

6. Listed dose values represent the limiting bounding value.

1l of 1
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TABLE 11.3-7

POSTULATED CONTROL ROOM ACCIDENT DOSE, REM'®(®

(Design Basis Accidents at Unit 1)

Accident CDE,
Thyroid EDFE Skin DE Notes
Main Steam Line Break
Co-incident Spike 2.9E+401 <2E-01 <1E+00 2
Pre-incident Spike 1.4E+01 <2E-01 <1E+00 2
Small Line Break 2.0E+01 <2E-01 <1E+00 4

Steam Generator Tube Rupture

Co-incident Spike 3.1E+00 <2E-01 <1E+00 4

Pre-incident Spike 1.9E+00 <2E-01 <1E+00 4

Rod Ejection Accident 7.7E+00 <2E-01 <1E+00 4
(23]

Fuel Handling Accident 328400 <2E-01 <1E+00 4

Locked Rotor Accident 3.1E+00 <2E-01 <1E+00 1

Loss of Auxiliary AC Power <1E+00 <2E-01 <1E+00 4

Waste Gas System Rupture

Line Break - <2E-01 3.9E+00 4

Tank Rupture - <2E-01 <1E+00 4
DBA LOCA Lt 5.58+00 7.18-01 <1E+00 3
NOTES:

1 Control Room isclation by area radiation monitor signal based on a
setpoint with a safety limit dose rate of 1 mrem/hr gamma in the
Contrel Room.

2. Isolation by manual operator action at T=30 minutes post-accident.
In support of Alternate Repair Criteria for steam generators (xref.
USNRC GL 95-05) the MSLB thyroid doses were maximized within
applicable limits in order to establish the maximum allowable
accident-included leakage against which tube leakage projections,

. Foltage 1n-1c— ion, are compared. Current values are based
&cc\'dqn\- “Mduced
g na T --seccndary leakage {6-3—hour—Exciusion-Area
: . See Section 14.2.5.1.3.

o R /—-’."——‘
3. Control Isolation actuated by CIB signal. /,//'«L,yf—ali)
f;:' - 99-010) RS
4. No action requzredn 99 . 0I5 (FRS-JTL- 89-¢10 \mp} s
5. References: ERS-SFi~93—865r68, ' ERS-SFL-92-033 p¥, " 122434314110-35—
—UR{B)}—456, 14130-39-UR{B}457 r0, ERS-SFR-89-021 »Y, ERS-SFL-95-008,

6. Listed dose values repre%;nt the limiting bounding wvalue.

(224 /11700 - vR(8) - 430 @fﬁi’:j
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Table 14.2-6. Gap inventories of fission products were
determined using the release fractions identified in Regulatory
Guide 1.25 except for Iodine-131, for which the release fraction
is increased 20 percent in accordance with NUREG/CR-5009. '

14.2.1.3 Fission Product Inventories

Core specific inventories (Curies per metric ~~pf uranium) of"
fission products were estimated with the ORIG gode .

The results of the ORIGEN calculations for isotopes that
contribute to the thyroid and whole-body doses are given in Table
14:.2-63,; while—Fable—34+2~6B—tists—p i

dsotopes—ef—interest~ Data and assumptions used in the dose

calculations are given in Table 14.2-6.

14.2.1.4 Offsite Exposure from Accident During Refueling

During refueling, the fuel building will be maintained at a
ninimum negative pressure of 0.125 inches W.G., with a maximum
exhaust flow rate of 3,000 cfm. i i1ding

assumed in the fuel handling
accident of the Control Room Dose Analysis.

During refueling, the containment is maintained by the
supplementary leak collection and release system at a negative

| pressure of 0.125 inches W.G. -

Exhaust flow from the fuel building will discharge through the
main supplementary leak collection and release system filter bank
to the SLCRS Vent.

The doses at the Beaver Valley EAB from the specified fuel
handling accident are tabulated below. The doses are based on
the release of all gaseous fission product activity in the gaps
of 298 fuel rods in highest-power assemblies.

.. GOE Yewm
Thyroid dose, xras¢ - = 466 LS E+O\
Whele-bedydose;reh

Beta-dose,—b; = 296

Samna—dese;—Db, = 655 o
Pmole-bodygggta-l—, rem = 3+92 S,RE-O|

These potential doses are well within the exposure guideline
values of 10 CFR 100, paragraph 11. As defined in Standard
Regview Plan 15.7.4, Radiological Consequences of Fuel Handling
Accidents,” "well within" means” 25%% or less of the 10 CFR 100
guidelines, or values of 75-xad- flor thyroid doses and 6.25 rem
for whole-body doses. rem

The doses for the Beaver Valley Common Control Room were also
analyzed for the specified fuel handling accident. The doses for
the duration of the accident arejf provided in Table (1.3 -7,

14.2-4
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The doses are within the criteria of 10 CFR 50, Appendix A,
General Design Criterion 19 and are acceptable. Table 14.2-6
tabulates significant analysis parameters.

In the event of a fuel handling accident within the containment
structure, a high-high radiation level in the purge duct
discharge will trip the purge 1ine isolation valves and isolate
the containment from the supplementary leak collection and
release system. During refueling in the containment, the
containment isolation valves of the containment purge supply and
exhaust systems are not required to close since the containment

purge exhaust duct 1s lined up to the seismically supported leak
collection system and filter train. Ne—credit—is—taken—for

. Since the containment has been
maintained at subatmospheric pressure, there will be no driving -
force for. discharge of gas from the containment, which will
result in no release of activity to the environment. Once the
nature of the activity release within the containment has been
ascertained, a containment ventilation operation may be manually
initiated, the containment iodine removal filter may be placed
into operation, or other corrective action taken. 3
?KWW@MW&W For these
conditions, the site dose would be the same as that obtained for
a fuel handling accident in the fuel building.

14.2.2 2Accidental Release of Waste Liquid

14.2.2.1 Identification of Causes and Accident Description

Accidents in the auxiliary system which could result in the

release of waste ligquid may involve the rupture or leaking of
various components.

14.2.2.2 Analysis of Effects and Conseguences

Liquid processing components are located within the auxiliary
building, and. any liquid leakage or release from the components
is locally collected and transferred to sumps for subsequent
pumping into the liquid waste disposal systen.

curbs and floor drains to the sump are employed to minimize the
effect of leakage and spills. Outboard seal leakage from the
charging pumps (Section 9.1) is contained in this manner. The
ventilation system collects any gaseous radioactivity and

discharges it to the monitored ventilation vent as discussed in
Section 9.13.

14.2-5
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The primary coolant recovery tanks are located in the vyard area
within building cubicles of sufficient capacity to retain the |
total 1liquid volume resulting from rupture of either primary

coolant recovery tank without overflowing to areas outside the
cubicles.

Piping running between the auxiliary building and the reactor
containment, the auxiliary and fuel buildings, and . the fuel
building and the tanks in the yard area, are run in concrete
trenches. Ligquid released from such piping is collected and

transferred to sumps and pumped into the liguid waste disposal
system. .

The 1liquid waste inventories in the various tanks are based on the
mode of operation during any particular time duration. In order

to determine the 1liguid waste inventory for the various process
tanks the following programs are used: :

1. Program aAcTIviTy (15) calculates the primary coolant
equilibrium activity for a variety of input parameters.
The inputs include . data such as thermal power level,.
volume of primary coolant, fraction of failed fuel,
purification flow rate, and primary coolant letdown
rate. The 1library of the program contains factors for
each fission product nuclide such as decay constant,

escape rate coefficient, purification factor, fission
yield, and absorption cross section.

2. Program IONEXCHANGER (16) calculates the total
accumulation of radioactive nuclides in a tank. The
input data may include the feed rate, nuclide activity

concentration, bleed rate, container volume, and duration-
of feed.

14.2.2.3 Conclusions

Administrative controls and batch handling of all waste liquids
ensures positive control of all processing. System liquid level
indicators, radiation monitors, flow control instrumentation, and

piping siphon break prevent an inadvertent radioactivity release
to the environment. ' >

When accidental spillage of waste liquids does occur, it is

contained  within the station and does not result in any
significant release of activity. '

14.2.3 Accidental Release of Waste Gases

The concentration of radioactive waste gases in the reactor
coolant system and auxiliary systems is a function of the rate of
fission gas release to the coolant from defective fuel and the
rate of -removal via the auxiliary systemns. -The-areas—which-retain-

;; Tnser

14.2-6
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The waste gas incidents consider the rupture of the volume control
‘tank, or the gas surge tank with the subsequent release of its
ioactive gas inventories to the environment.

14.233.1 Method of Analysis

Basis of Fission Product Inventory

Reactor oolant fission product concentrations are based on the
assumption\ that 1.0 percent of the fuel rods in the coye develop
pinhole deRects, resulting in the diffusion of fissifon product
isotopes intqQ the coolant. The rod fission product/inventories
are those priyduced at 100 percent power at a maximdm calculated
core thermal rating of 2,766 Mwt.

The fission prodict gases which are removed rom the reactor
coolant are those ich are derived from a reactor coolant letdown
rate of 60 gpm. An\average of 0.30 scfm of figsion gases removed

in the degasifier ake directed to the gas/surge tank prior to
- being sent to either \the volume control £ank or the waste gas
decay tank. The greabdest expected buildyp of noble gas fission

product 1isotopes in the \volume control//tank vapor phase (Table
14B-9) 1is approximately 6,850 Ci of Xe-133 equivalent and 0.18 Ci
of TI-131 equivalent. The grdatest expegfed buildup of radioactive
fission isotopes in the gas ‘surge tapk is approximately 1,780 Ci
of ZXr-85 equivalent. The chaxcoal delay beds remove essentially
all iodines. Therefore a thyxoid/dose is not considered in the
analysis of a surge tank rupture.

The gaseous waste inventories /in\the holdup tanks are derived
using the computer programs dgscribed in Section 14.2.2.2 for the
waste liquid accident.

The evaluation of the wHole body dose Xrom the release of noble
gases 1is based updn an Anstantaneous forkation, at ground level,
of a semi-infinite clgid. The source strépgth within this cloud
is assumed to be unifform and is based om\ the cloud centerline
concentration at the site boundary (2,000 ft).

The following equatfon is used to calculate the eXternal dose:
Dose =(X/Q)/% Ci * CF : (14.2-1)

where:

/Q = ground level centerline dispersion factor\at site

boundary, sec per m

Ci = curies of a particular noble gas isotope

CF = conversion factor for each noble gas isotope,
rem/(Ci~sec/m3)

Delete
14.2-7
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he conversion factor, CF, is derived from the published maximu
parmissible concentration values in 10CFR20, Table II.

(14.242)
(0.5 rem/yr) /[ (3%10%*~7 uC/cc)*(3.154%10*%+7 sec r)]

0
Hy
R
M
!

i

CF Kr-85 5.28 * 10#*-2 rem/(uC-sec/cc)

CF Kr-85 .28 * 10%%-2 rem/(c—sec/m3)

The internal thyr01d) dose from inhalation of the/fission product
iodine containkd in the released cloud is comput using TID 14844
methods.

Meteorology

Dose calculations at\ the site boundary (
Pasquill Type "“F" meteéQrology with a win speed of 0.84 meter per
second. A dispersion goefficient, whi includes a shape factor
of 0.5 to account for bhilding wake effects is used to calculate
doses at the site boundary agsuming a ound level release.

000 ft) are based upon

e SLCRS Vent of 150 ft could
contacting the ground at the
ame elevation as the SLCRS Vent.
m the release point.

The discharge of activity
result in a point source release
nearest point, offsite, at the
This nearest point is 2,500 feet

14.2.3.2 Results

Volume Control Tank Ruptuke Analvsi

In the unlikely event f a sudden ruptyre of the volume control
tank, it is assumed thaf the noble gases §issolved in the coolant
are released in ‘addition to the fission product inventory
contained in the vapbér phase (Table 14B-9). The radioactive
concentration accurulated in the vapor phase Ns assumed to consist
of the equilibrium/ concentration of fission product gases and to
have total activiyy values as described in Section 14.2.3.1. The
site boundary (2/000 feet) dose for a ground levil release of the
gaseous inventor is 0.28 rem to the whole bod¥Xx and negligible
dose to the tHyroid. - The dose at the 2,500 ft ofifsite location
based on an Alevated release is approx1mately 0.%9 rem to the
whole body an¢ negligible dose to the thyroid.

Gas Surde Tank Rupture Analvsis

The ruptdre of the gas surge tank would suddenly release\to the
environpént the stored concentration of Kr-85 equivalent fission
productss inventory. The expected fission product concentratyons
escribed in Section 14.2.3.1. It is assumed that the
hypo¥hetical tank rupture takes place when the gas surge tank his
th greatest inventory of gases (Table 14B-10). The site boundar
;000 ft) dose for a ground level release of the fission product

PDelete
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entory is approximately 0.07 rem whole body. The dose at th
feet offsite location based on an elevated relea i

For the purpose demonstrating habi ility of the common
control room, analysed\were performed T two release scenarios: .
(1) rupture of Waste Ga Storage F&nk, (2) rupture of gaseous
waste 1line upstream of ¢ delay beds. Table 14.2-8
tabulates significant an parameters.: . Table 11.3-7
tabulates analysis resul

14.2.3.3 Conclusi

A rupture o ither the volume control tank
will produCe site boundary dose values much
of 300 rem to the thyroid and 25 rem
ested in 10 CFR 100. pelete

the gas surge tank
s than the dose
ole body as

14.2.4 Steam Generator Tube Rupture

14.2.4.1 Accident Description .
The accident examined is the complete severance of a single steam
generator tube. The accident is assumed to take place at power
with the reactor coolant contaminated with fission products
corresponding to continuous operation with a limited amount of

defective fuel rods. The accident leads to an increase in
contamination of the secondary system due to leakage of
radioactive coolant from the reactor coolant systen. In the

event of a coincident loss of offsite power, or failure of the
condenser dump.system, discharge of activity to the atmosphere
takes place via the steam generator safety and/or power operated
relief valves.

 Because the steam generator tube material is Inconel 600 and is a
highly ductile material, it is considered that the assumption of
a complete severance is conservative. The more probable mode of
tube failure would be one or more minor leaks. Activity in the
steam and power conversion system is .subject to continual.
surveillance, the maximum value of this activity is given in the
Technical Specifications.

The operator is expected to determine that a steam generator tube
rupture has occurred, and to identify and isolate the faulty
steam generator on a restricted time scale in order to minimize
contamination of the secondary system and ensure termination of
radioactive release to the atmosphere from the faulty unit. . The
recovery procedure can be carried out on a time scale which
ensures that break flow to the secondary system is terminated
pefore water level in the affected steam generator rises into the
main steam pipe. sufficient indications and controls are
provided to enable the operator to carry out these functions
satisfactorily.

consideration of the indications provided at ‘the control board,
together with the magnitude of the break flow, leads to the

14.2-9




Section 14.2.3 Insert

The radiological consequence (dose) analysis for the accidental release of waste gases considers
two accident scenarios. The first is a rupture of a gas decay tank with the release of it’s contents
directly to the environment. The second is a gaseous waste system pipe rupture. The analyses
were performed using conservative assumptions based on NUREG-0800, Branch Technical
Position ETSB 11-5. These accidents, as described in detail below, provide the bounding
conditions and resultant radiological consequences for a waste gas release.

14.2.3.1 Method of Analysis

Reactor coolant noble gas concentrations (taken from Table 14B-6) are based on the assumption
that 1.0 percent of the fuel rods in the core develop pinhole defects, resulting in the diffusion of
fission product isotopes into the coolant. The rod fission product inventories are those produced
at 102 percent power at a maximum core thermal power of 2705 MWt.

For the decay tank rupture accident, Xe will not be present because of the relatively long holdup
in the charcoal delay bed. The Kr activity that is accumulated in a tank is calculated by
assuming activity transfer from the RCS at the maximum rate of 120 gpm, holdup in the charcoal -
delay bed then transfer to the tank for the minimum time period required to fill the tank. This
methodology minimizes activity reduction by the radioactive decay process. Activity release to
the environment following a tank rupture is assumed to be a puff release from the decay tank
vault directly to the environment.

For the line rupture accident, the release consists of two sources 1) 100 percent of the Xe and Kr
contained in reactor coolant letdown liquid released at the maximum letdown flow rate of 120
gpm plus, 2) a fraction of the Xe and Kr that would be retained on the waste gas system charcoal
delay bed during 24 hours of power operation plus 26.5 hours after reactor shutdown (the time to
degas the reactor coolant system) while operating with letdown at the maximum 120 gpm.
Activity release following a line rupture is assumed to be a puff release from the charcoal delay
bed, and a 1 hour release of the reactor coolant letdown gases, both into the Auxiliary Building.
The activity is assumed to be instantaneously released to the environment as it enters the
Augxiliary Building.

Between the two accident scenarios described above, the bounding waste gas system accident is
considered for the purpose of radiological consequence analysis.

Table 14.2-8 provides the significant analysis parameters for each of the accident scenarios,
including relevant assumptions for calculating dose to the control room operators and at the
exclusion area boundary (EAB) and the low population zone (LPZ).

14.2.3.2 Results

Thyroid committed dose equivalent (CDE), whole body dose (EDE) and skin beta dose
equivalent (DE) for the control room operators are provided in Table 11.3-7.



Section 14.2.3 Insert (continued)

* Doses calculated for offsite are provided below:

Decay Tank Rupture Line Rupture
0-2 hEAB 0-30d LPZ 0-2hEAB 0-30d LPZ
(rem) (rem) (rem) (rem)
Thyroid CDE N/A N/A N/A N/A
Whole Body EDE <2E-01 <2E-01 2.2E-01 <2E-01

14.2.3.3 Conclusions

The maximum control room operator doses that may result due to a failure of the gaseous waste
system are less than the 10 CFR Part 50 Appendix A, GDC 19 limit of 5 rem whole body, or its
equivalent to any part of the body.

The maximum EAB and LPZ doses that may result due to a failure of the gaseous waste system
are a small fraction of the 10 CFR Part 100.11 limits of 25 rem whole body and 300 rem thyr01d
and are within the 500 mrem whole body dose specified in NUREG-0800, ETSB 11-5.
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14.2.4.2 Analysis of Effects and Consequences

14.2.4.2.1 Method of Analysis

In estimating the mass transfer from the Reactor Coolant Systemn
through the broken tube, the following assumptions are made:

1. Reactor trip occurs automatically as a result of low
pressurizer pressure.

2. Following +the initiation of the SIS, two centrifugal
charging pumps are actuated and continue to deliver flow
for 30 minutes. The emergency instructions for a tube

rupture accident indicate that the operator should switch
off all but one pump when he has identified the accident
and when a minimum on scale water level returns to the
pressurizer.

3. After reactor trip, the break flow reaches equilibrium at
the point where incoming safety injection flow is
balanced by outgoing break flow as shown in Figure .
14.2-3. The resultant break flow persists from plant
trip until 30 minutes after the accident. -

4. The steam generators are controlled at the safety valve
setting rather than the power operated relief valve
setting.

5. The operator identifies the accident type and terminates
break flow to the faulty steam generator within 30
minutes of accident initiation.

) \31,400
The above assumptions lead to a conservative estimate of 4327600
1b for .the total amount of reactor coolant transferred to the

faulty steam generator as a result of a tube rupture accident. Twis mass
\3717,400 release s consrstewt with o & hour release duradio—

: The +tvie consevvat v wused 1w Twe radiologieal analysis
The dose values!calculated for the steam §3h3§3%or tube rupturesls Ye

based on 32790 1b of primary coolant activity released to the
environment. Equilibrium primary coolant activity values are
derived by computer progran "ACTIVITY"Kand are tapulated in Table
14Bl-s-ﬁ(. Additronal ST?.V\T‘G?C&V\‘{' anelysTs Pmawten‘evs are Provi’ded v Table 14.2-9.

it team Generator Tube Rupture Accident has been anié§§gg/for'
the 15 15 fuel assembly resulting in offsite dose under
the limits o CFR100. This analysis is conserwative for the 17
x 17 fuel. design ince the diffusion' o Joactive isotopes in
the fuel pellet is temper rent. Since the 17 x 17 fuel
operates at a lower aver rature, the release of fission
products from the £ ellet into lad gap and subsequently

into the react toolant 1is decreased. less radiation is
transferx Tom the primary to secondary system and € ly to
the ironment. DELETE

, edjusted To maxinuw con centvations
iwited BY €eci 11'1»\/ Techwnreel
14.2-11 Specigica&¢ovxs7
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14.2.4.2.2 Environmental Consequences of Tube Rupture

In the unlikely event of a steam generator tube rupture, the
non-volatile fission and corrosion products would largely
concentrate in the secondary side water of the faulty steam
generator. An insignificant fraction of this activity is assumed
to be carried over by the moisture droplets entrained in the
steam flow exiting the faulty steam generator (the moisture is
estimated at the design value of 0.25 percent of the steam mass
flow). The volatile fission products are continuously releasegd
without buildup via the condenser air ejector.

With Offsite Power

If offsite power is available, all volatile activity is diverted
into the containment upon a high-high radiation signal from the
condenser air ejector vent monitor.

Without Offsite Power (Atmospheric Relief Onlv).

The activity release will only be through the faulted steax
genhgrator and 1limited by the concentration in the reacifr
coolant. The activity in the coolant is assumed to result fpém-1
percent defective fuel. For purposes of analysis, if it is
conservatively assumed that it takes 30 minutes to isoXate the
leak and Xurther that the charging pumps maintain tHe reactor
coolant system pressure during this time pefiod, then
approximately\ 132,000 1b of coolant will be disgharged to the
faulted steam generator secondary side. This wgdld result in an
activity carryovar of less than 25 percent of fthe total coolant
activity in the rewctor coolant system.

Because the iodine ix soluble in water, <Konsiderable separation
will occur. Assuming equilibrium is redched between the liquig
and vapor iodine concenk ations, the 4&ffective reduction factor
is 0.01. Activities reledsed to the secondary side of the steam
generator, on the .basis X equilibrium core conditions and
132,000 1b of reactor coolant ya er, are shown in Table 14.2-7.

Using the effective reduc on actor %iven above, 0.01 for
Todines, and a X/Q value”of 7.8\ x 10~ sec/m~, the activity
released through the sa ety valves »esults in a whole body dose
of approximately 0.3 rem and a thyroid\dose of approximately 0.9
rem at the site boupdary. Thus, these \doses are well under the
limits of 10 CFR 00, even if it is asSuymed that the operator
delays in taking 4ction when warned by ala and instruments.

. Control Xoom Habitability

For the’ furpose of demonstrating habitability ®f the common
control /room, an analysis of the radiation doses inNthe common
room from a steam generator tube rupture was parformed.
14.2-9 tabulates significant analysis parameters. Table
3-7 tabulates analysis results.

14.2-12




Section 14.2.4.2 2 Insert

"~ The activity release will be through the faulted steam generator and, to a lesser extent, the two
intact steam generators. Initial radioactivity concentrations in the primary coolant, secondary
coolant and secondary steam are assumed to be at the upper limit specified in the facility
Technical Specifications. Mass releases from these three activity compartments, and other
significant parameter values used in the analysis are provided in Table 14.2-9. Although it is
expected that the ruptured steam generator will be isolated within 30 minutes, the rupture release
is assumed to occur over a duration of 0-2 hours. For the pre-accident iodine spike case, this
assumption does not affect the rupture mass release and does not cause a significant change in
the radioactivity released. However, for the co-incident iodine spike case, influence of the iodine
spike is maximized, and the total accident dose will be conservatively bounded.

The accident is analyzed twice, first assuming that a pre-accident iodine spike has occurred and
caused primary coolant activity to increase to the instantaneous Technical Specification limit of
21 pCi/g dose equivalent iodine 131. A second analysis was performed assuming that an iodine
spike occurs co-incident with the accident, releasing iodine to the coolant at a rate 500 times the
equilibrium rate that will maintain the coolant at the Technical Specification 48 hour limit of
0.35 nCi/g dose equivalent iodine 131. The co-incident spike duration is assumed to be 4 hours.

Control room operator dose is provided in Table 11.3-7. The 0-2 hour site boundary doses are
1.3E+00 rem thyroid CDE and <2E-01 rem whole body (EDE) for the pre-accident iodine spike

case, and 1.4E+00 rem thyroid CDE and <2E-01 rem whole body (EDE) for the co-incident
spike case.

The maximum control room operator doses that may result due to a steam generator tube rupture

are less than the 10 CFR Part 50 Appendix A, GDC 19 limit of 5 rem whole body, or its
equivalent to any part of the body.

The maximum site boundary doses that may result due to a steam generator tube rupture are a
small fraction of the 10 CFR Part 100.11 limits of 25 rem whole body and 300 rem thyroid.
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povwer unavailable. Although the recovery method is the same with

or without offsite power available, the equipment- used may be
different.

Since neither the steam dump valves or the condenser would be
available with offsite power unavailable, the RCS is cooled using
the atmospheric steam dump valves on the intact steam generators.
RCPs trip on-a loss of offsite power and a gradual transition to
natural circulation flow ensues. With RCPs stoppéd, normal
pressurizer spray would not be available. Consequently, RCS

pressure must be controlled using pressurizer PORVs or auxiliary
spray. :

The objectives of the ‘above recovery procedure are to limit the
release of radioactive effluents from: .the ruptured stean
generators, stop primary—to-secondary leakage to prevent steam
generator overfill, and restore reactor coolant inventory to
ensure adequate core cooling and plant pressure control. -

There is ample time available to carry out the above recovery
procedure such that isolation of the affected steanm generator is
established before water level rises into the main steam pipes.
The available time scale is improved by the termination of
auxiliary feedwater flow to the faulty steam generator and the
regulation of pressurizer water level with only one charging pump
operating. Normal operator vigilance, therefore, assures that
excessive water level will not be attained. In addition, the
main steam piping and supports are capable of withstanding a

solid water condition due to overfilling the steam generator as
described in Section 10.3.1.1.

14.2.4.2.4 Results

Figure 14.2-3 illustrates the flow rate that wo
the ruptured steam denerator tube. The previgfs. ons lead
to a conservative upper 1limit estimate of g

total amount of reactor coolant transferred t secondary side
of .the faulty steam generator as a result
accident.

14.2.4.3 Conclusions

A steam generator tube rupture will cause no subsequent damage to
the Reactor "Coolant System or the reactor core. An orderly
recovery from the accident can be completed even -as i

simultaneous loss of offsite power. Offsite dose c
may be calculated based on a conservative estimate of
of reactor coolant transferred to the secondary - side of |the
faulty steam generator following the accident.

14.2-14
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activity released is the steam generator

that which leaks from the primary sys

and cooldown.

The Westinghouse
analyses of Sections 14.1 and 14.2 are as follows:

- Code Name

Computer Codes

The steam generator /equi
descri

utilized

Reference Section

ilibr

in the transient

1. FACTRAN 14D.10.1

2. BLKOUT 14D.10.2

3. MARVEL 14D.10.3

4. LEOPARD 14D.10.5

5. TURTLE 14D.10.6
6. TWINKLE 14D.10.7

7. WIT | 14D.10.8

8. PHOENIX 14D.10.9

9. LOFTRAN 14D.10.4 -

Rev. 16 (1/98)
"ToN EXCHANGER"
two modes.

ium activity and
ten/during depressurization
librium activity is
bed in Section

The following conditions were assumed to exist at the time of a
main steam line break atcident:

1. End of 1life shutdown margin at no load, equilibrium
wenon conditions, and the most reactive assembly stuck
in its fully withdrawn position: operation of the
control rod banks during core burnup is restricted in
such a way that addition of positive reactivity in a
steam 1line break accident will not lead to a more
adverse condition than the case analyzed. The value of
chutdown margin used is 1.77 percent.

2. The negative moderator coefficient corresponding to the
end of 1life rodded core with the most reactive rod 1in

the fully withdrawn position. The variation of the
coefficient with temperature and pressure has Dbeen
included. The Kkegs versus temperature at 1,000 psi

corresponding to the negative moderator temperature
coefficient used plus the Doppler temperature effect, 1s

14.2-17
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The sequence of events is shown in Table 14.2-2.

Radiological Consecquences

The radiological consequences of a main steam line break (MSLB)
were re-analyzed in support of the Alternate ReZ}:BJair Criteria
(ARC) for steam generators (ref. USNRC GL 95-05)(%®), The MSLB
is of interest due to the rapid depressurization of the secondary
side and the high differential pressure across the stean
generator tubes that can occur. Such conditions can result in
accident-induced primary-to-secondary leakage. The ARC allows
steam generator tubes having defects to remain in service with
higher non-destructive examination (NDE) indications than would
have Dbeen allowed under prior repair criteria, subject to
conditions established in technical specifications. One such
requirement is to project, on the basis of the NDE indication
(voltage), the potential MSLB-induced leakage (5% prediction .

with 95% confidence), and the offsite and control room operator
doses that could result.

In lieu of calculating the radiological consequence of this event

with each operating cycle, an analysis was performed to establish

a maximum allowable accident-induced leakage, against which the

cycle leakage projections could be compared. This leakage rate

is the maximum primary-to-secondary leakage that could occur with -
offsite and control room operator doses remaining within 3oday

applicable limits. Lysis showed that the 3e—§em~6—2(

This re-ans
J_Beuwx thyroid dose = WRADPZi N was limiting

with @ projected)leakage @ pm. \ Since steam generator tubes
with NDE Jrdications corxesponding\ to potential leak rates

a.ca?c’evz‘f' Tndu.Cecl

greater thfn 820 4pm will be repaired, this is expected to be the
bounding case r~ future operating cycles. “Egﬁ}valroowxcmevaiof

The MSLB is assumed to occur between the containment wall and the
main steam isolation valve, resulting in an unisolable release
path to the environment. - This re-analysis was performed using
the guidance of the Standard Review Plan (SRP)(%?) with two
exceptions: (1) the dose calculation methodology (see Section
14B.8.5) is based on ICRP-26 and ICRP-30 principles rather than
that described in the SRP, and (2) the primary-to-secondary leak
rate is the 95% prediction 95% confidence leak rate projected on
the basis of NDE indications rather than the value established by

technical specification.

The analysis assumes that the unit is operating with technical
specification primary and secondary coolant specific activities.
In conjunction with this analysis, the reactor coolant system
specific activity technical specification was reduced from 1.0
pCi/gm to 0.35 pCi/gm. A primary-to-secondary technical
specification leakrate of 150 gpd is assumed in all steam
generators prior to the event and in the remaining steanm
generators post-event. The thermodynamic analysis indicates that
DNB is not exceeded and, therefore, no fuel damage is projected.
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The analysis was performed assuming two iodine spike cases, pre-
incident iodine spike, and accident-initiated spike (co-

incident). Offsite power is assumed to be lost making the
condenser unavailable for steam dump.

The release sources considered include: pre-event liquid and
steam activity in all steam generators, primary-to-secondary
leakage during the event. The release of primary-to-secondary
leakage is assumed to continue for eight hours. Significant
analysis inputs are listed in Table 14.2-10.

and < 2E-01\ 2.setol

The 0-2 hour doses at/ the exclusion/area boundary for the co-
incident iodine spike/case were rem thyroid committed dose
equivalent (CDE) -6~ rem effective dose equlvalent (EDE)

i . The 1low population zone (LPZ)

doses for the co-incident spike case were rem thyroid CDE/

L;LC o\ 864 rem EDE/—G—G-Z—sk—i—n—-BE. These co-incident/iodine spike doses
are a small fraction of the 10 CFR Part 100/guidelines and are,

therefore, acceptable. — .S E+o1

l.SE*ol amd L2E-O\
The 0-2 hour doses at theﬁxclusion area boundary/for the pre-
incident spike case were-4%-rem thyroid CDE rem EDE,—6+63

rem—skimDE. The LPZ doses for the pre—1n01dent spike case were
_A.3E+ro0 85 rem thyroid CDE rem EDE, <8+63i—skin—DBE-. These pre-
incident iodine spike“doses are 10 CFR Part 100
guidelines and are,/therefore, acceptable. [Note: EAB and LPZ

doses listed above /represent the limiting i

and LaE-o0\ o SMa.H "Fra.c‘HM O‘F +he

The dose to control room operators was also assessed and is
documented in Section 11.3.

-

14.2.5.1.4 Conclusions

The analysis has shown that the criteria stated earlier in this
section are satisfied.

Although DNB and possible clad perforation following a steam pipe
rupture are not necessarily unacceptaole and not precluded in the
criterion, the above analys:Ls, in fact, shows that no DNB occurs

for any rupture assuming the most reactn.ve assembly stuck in its
fully withdrawn position.

14.2.5.2 Major Rupture of a Main Feedwater Pipe

14.2.5.2.1 Identification of Causes and Accident Description

A major feedwater line rupture is defined as a break in a
feedwater pipe large enough to prevent the addition of sufficient
feedwater to the steam generators to maintain shell-side fluid

inventory in the steam generators. If the break is postulated in
a feedline between the check valve and the steam generator, fluid

14.2-25
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the instantaneous release of 18 percent of gap activity to the
RCS. A coincident loss of AC power. to station auxiliaries is
assumed, resulting in an 8 hour plant cooldown via steam release
from the secondary system to the atmosphere. Table 14.2-4b
tabulates significant analysis parameters.

4.7E-0l S.g E+oo
The analysiseﬁgfojected 0-2 hour doses at the exclusic;riéarea '
boundary of 253-rem whole body i and &6 rem
thyroid. The dose results of the analyses are a small fraction |
of the 10 CFR 100 exposure guidelines and are, therefore,

,//%gggptghlg;;ﬂ [Note: the above listed doses represent the
Taserdt imiting bounding values.]

14.2.8 Tnadvertent Ioading of a Fuel Assembly into an Tmproper
Position

14.2.8.1 Identification of Causes and Accident Description

Fuel and core loading errors, such as can arise from the
inadvertent loading of one or more fuel assemblies into improper
positions, loading a fuel rod during. manufacture with one or more
pellets of the wrong enrichment, or the loading of a full fuel
assembly during manufacture with pellets of the wrong enrichment,
will lead to increased heat fluxes if the error results in
placing fuel in core positions calling for fuel of lesser
enrichment. Also included among possible core loading errors is
the inadvertent loading of one or more fuel assemblies requiring

burnable poison rods into a new core without burnable poison
rods.

Any error in enrichment, beyond the normal manufacturing
tolerances, can cause power shapes which are more peaked than
those calculated with the correct enrichments. The incore system
of moveable flux detectors which is used to verify power shapes
at the start of 1life is capable of revealing any assembly
enrichment error or. loading error which causes power shapes to be
peaked in excess of the design value.

T6 reduce the probability of core loading errors, each fuel
assembly is marked with an identification number and loaded in
accordance with a core loading diagram. During core loading, the
identification number will be checked before each assembly is
moved into the core. Serial numbers read during fuel movement
are subsequently recorded on the loading diagram as a further
check on proper placing atter the loading is completed.

The power distortion due to any combination of misplaced fuel
assemblies would significantly raise peaking factors and would be
readily observable with in-core flux monitors. In addition to
the flux monitors, thermocouples are located at the outlet of
about one-third of the fuel assemblies in the core. There is a
high probability that these thermocouples would also indicate any
abnormally high coolant enthalpy rise. In-core flux measurements

are taken during the startup subsequent to every refueling
operation.
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Calculated doses to the control room operators are provided in Table 11.3-7. These doses are
within the 10 CFR Part 50 Appendix A GDC 19 limit of 5 rem to the whole body or its
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The elastic design capability of the primary shield wall greatly

" exceeds the differential pressure and loading described above.

Initially the shield wall was designed to contain a 100 psi
differential pressure across its full height. Later design
development and final loading criteria resulted in a transfer of
loading to the primary shield wall as shown by Figure 14.3-85.

This loading is 1less severe than the initial criteria given to
design the area. :

Results

Figures 14.3-84 through 14.3-96 graphically show the pressure

response (absolute pressure and differential pressure) of the
components as a function of time.

It should be noted that all of the above plots represent

differential pressures between the cubicle and the containment
free volume.

Absolute pressure for each of the four nodes shown in Figure
14.3-84, Figures 14.3-95 and 14.3-96 may be obtained by adding
9.51 to the value shown on the curve since a constant containment
back pressure of 9.51 was. assumed for the analysis. Absolute
pressure for each of the steam generator cubicles can be obtained
by adding the back pressure from Figure 14.3-93 to the
differential pressure in Figure 14.3-87 or 14.3-88. Absolute
pressure for each of the pressurizer cubicles may be obtained by
adding the back pressure from Figure 14.3-94.

14.3.5 Radiological Conseguences

This  section addresses the radiological consequences of the
postulated design basis accident. Although the preceding thermal
-hat there would be little if any
cribed in this section are based on

core damage, the analyse <
assumptions that assufe, i

{

4

D
L]

14.3.5.1 Effectiveness of Spray Systems for Iodine Cleanup

The containment depressurization system (section 6.4) is designed
to reduce post accident containment pressure by condensing
released steam and is designed to absorb iodine present in the

containment atmosphere in inorganic vapor form and in particulate
form with chemical spray.

The removal of iodineg__yapor by chemical sprays is modeled as a
mass transfer process ). The mass transfer coefficients for
iodine in the gas phase and within the liquid droplet are used in
calculating a spray removal rate coefficient, LAMBDA(V), in terms
of the volume sprayed, the flow rate of the sprayed liquid and the

14.3-48
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terminal velocity of the spray.droplets. Table 14.3-12 provides
the formulae used, while Table 14.3-13 tabulates the input,
intermediate, and resulting values of the .calculation.

Particulates suspended in a containment vessel may deposit out or
otherwise “be removed from the vessel by a wide variety of
mechanismss including: plateout, sedimentation, thermal effects,
leakage from the vessel, filtration, and/or chemical sprays.
Reference * (a) noted that spraying predominates any other natural
aerosol removal mechanism. For this reason, no analysis was made
of the other natural removal processes. The particulate removal
rate coefficient, LAMBDA(P), was determined in terms of collision
efficiency, settling wvelocity, droplet size, and the flow rate of
the sprayed liquid. Table 14.3-12 provides the formula used,
vhile Table 14.3-13 tabulates the input, intermediate, and
resulting values of the e=

From the data p A
spray system is of a possible contain Tee <

volume of 1,79 When the recirculati ays initiate”
at 305 seconds, e coverage is such that opndy percent of
containment free volume is sprayed. The minimum ench

spray ~ during operation is ‘8.5 and the wWinimum pH of the
containment sump and therefore the recirculation sprays is 8.0.
The guench sprays are assumed to initiate instantaneously, as the
actual spray start is postulated at 64 -seconds, less than the
regulatory guidance of” 90 seconds. The preceding data is based on
inimum Safeguards. Cvedit v spray vewmoval of Tedine is TakKen after
305 secownds, The start of reecvaddation spray.
A Wo—-redqls Dgae &= sea—1T0FY L T 'SlS (o) adietodins A e
containment atmosphere, for the duration of the release period
0-3600 seconds. This model, described in Appendix 14B,. calculates
the iodine leakage from the sprayed region and the unsprayed
region with mixing between regions. :

The spray removal constants, LAMBDA(V) and LAMBDA(P), were
calculated for the four time periods identified in the original
FSAR analysis. The constants for vapor removal varied from 11.3
per hour to 17.5 per hour for the quench spray and recirculation
spray (minimum safeguards). A value of 10 per hour will be used
in the calculations. Note that this analysis did not take
additional credit for the improved effectivene in the volume
where the sprays overlap. In a similar mariier, 3 conservative
particulate removal rate was determined to be o.gg.pe hour.

For the. vapor removal rate, the continued‘ef€éctiveness of the
recirculation sprays is limited by the partitioning factor of the
sump water, ie: when iodine is evolved by the sump at a rate
equal to or higher than the removal of iodine by the sprays. In
this analysis, this limitation was not reached prior to
termination of the containment leakage. It is noted, however,
that the quench spray continues beyond the point that the
containment becomes subatmospheric. Thus, fresh spray water is
continuously injected, offsetting the partitioning-limitation of

14.3-49
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the recirculation sprays. For this and other reasons, the iodine
removal postulated herein is conservative.

14.3.5.2 Release Pathways for DBA Case
A LOCA would increase the pressure in the containment, initiating
containment isolation, auxiliary ' feedwater, emergency core
cooling, and containment spray. Normal ventilation in the.
auxiliary and contiguous buildings is realigned and the engineered
safety features (ESF) areas - are aligned and exhausted by the
supplementary leak collection and release system (SLCRS).
However, no credit is taken for containment leak collection and
filtration prior to release to the enviromment. The main control
room environment is ensured by immediate isolation of intake air,
by a containment isolation Phase B (CIB) signal, and a supply of
clean air from an emergency bottled air system. One hour after.
the IOCA, when the  containment has returned to a subatmospheric

condition, the control room ventilation system provides filtered
intake air to the control room.

The doses to personnel in the control room following the DBA &dre
provided in Section 11.3.5, while doses determined for the
Population at the exclusion area boundary (EAB) and at the 1low
population zone (LPZ) outer boundary are provided in Table 14.3-
l4a. These doses are due to leakage from the containment building
and ESF equipment, and due to direct shine from the containment
building. Figure 14B-1 of Appendix 14.B illustrates the release
pathways to the general public. Table 14.3-l14a tabulates all
significant assumptions used in this analysis.

i days are available for release from
the containment atmosphere time = 0. The containment structure
is assumed to leak at the design basis leak rate of 0.1 volume
percent per day for the first hour after the accident. Within the
hour the containment is brought to subatmospheric pressure,
precluding any further leakage. .

Engineered Safety Features Leakage

In the event of a LOCA, safety injection will be initiated. At
305 seconds, recirculation spray starts. Also, at about thirty
minutes, safety injection shifts to a recirculation by the low
head safety injection (LHSI) - pumps. Each of these systems has
components located outside of the containment in the safeguards
area. Table 6.3-9 and Table 6.4-4 tabulate the maximum expected
leakage from these systems. For the site boundary dose

it v ly assumed that the ESF leakage would
The analysis assumes that the leakage
Wou i ' 30 days. Fifty percent of the core
iodihe\ i ory 1is assumed mixed in the sump water that 1is

11.356 E+03
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circulated through the piping external to the containment. Ten
percent of the iodine in the water leaking from the ESF piping is
postulated to become airborne. A fraction of this iodine is

exhausted to the environment following filtration by the SLCRS. .

A surveillance test is performed every 18 months to determine the
actual ESF leakage. The acceptance criteria for this test is set
at 5.7 x 103 cc/hr. This is conservative since the acceptance
criteria is based on the Contrgl Room Dose. Analysis, which
assumes a leak rate of 11.356 x 10> cc/hr.(73)(74)

Direct Dose

The direct dose is due to activity contained in the atmosphere
and the sump of the containment building. This direct dose
includes both direct and skyshine components. No credit was
taken for shielding other than that of the containment walls.

Control Room Habitabilit

For the purpose of demonstrating habitability of the common.
control room, analyses of the radiation doses in the common

control l from two loss-of-coolant accidents were performed.
Table 0 tabulates significant analysis parameters
assoc }%h a small line break outside containment. Table
14.3- bylates significant analysis parameters associated
with reak LOCA. Table 11.3-7 tabulates the results from

In addition to the ESF 1leakage modeled above, analyses were
performed _in 1992 in <response to NRC Information Notice
91-56(85)(86) These analyses addressed the possibility of
leakage from ECCS components to the RWST and then to the
environment. This leakage was postulated to occur due to leakage
through check valves 'and isolation valves that isolate the normal
flow paths from the RWST when the ESF systems re-align for -
recirculation injection. As with the other ESF 1leakage, the
analysis assumes that 50 percent of the core iodine inventory is
mixed in the sump water that will be recirculated through the
affected piping. The analysis assumes that the leakage through
valves in credible paths is limited to a total of 1.0 gpm. In

accordance with the Standard Review Plan, ea
doubled prior to use in the analyses, leakage into the RWST_ 0.7 howr
is postulated to start at abou i oS t.

However, since water is being draw RWST, a negative
pressure is maintained in the RWST, precluding environmental
release.. The environmental releases are postulate
when the pump down of the RWST ceases at about
accident. Doses at the LPZ and Control Room for t
the accident were assessed. The results of these calculations
are provided in Table 14.3-14a and 11.3-7,
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Dose Model )

The releases resulting from the LOCA, including ESF 1eakage,
presented in Table 14.3-14a are used in conjunction with the
atmospheric dlspers:Lon values given in Table 2.2~11 to calculate
the offsite doses using the methodology discussed in Appendix
14.B.

The total doses at the exclusion area boundary and. the LPZ,
presented in Table 14.3-14a are within the guidelines of 10 CFR
100. The dose to the BVPS-1 control room operators due to a LOCA
at BVPS-1, as discussed in Section 11, is below the limit set in
General Design Criterion 19 of 5 rem whole body, 30 rem thyroid.

14.3.5.3 ~Realtistic Case Loca— D&[e;}ecl

he design basis accident analysis is based on a seg of
a mnptlons, some of which are known to be overconservatiy€. The
realistic case analysis substitutes. more realistic, POt still
conservative assumptions, where appropriate. Table 14.3-14a
documents the assumptions used in the realistic c¢cédse analysis~
opposite the DBA assumptions and also provides phe results of
both analyseg. The more significant assumptions Are:

a. The SLCR is assumed to collect 0 percent of the
containment \\eakage, as discussed in Agpendix 14.B.10.

b. The activity released to the containment at t=0 is based on

the same fractions used for e design basis case, but
applies these fractions to equ ibrium gap activity instead
of the core inventor Sect¥on 14.3.2.1 addresses how the
peak clad temperature \doeZ not exceed that temperature
necessary for fuel clad Xailure. on the basis of that
discussion, assuming a ore inventory <release is
unrealistic. s

c. Section 6 of the FSAR addresses the % ermally induced mixing
- of the containmey dtmosphere. om\ _the basis of that
discussion, an /assumption of complet® spray mixing is
realistic. Therefore, a single region hqdel is used as
described in Appendix 14.B. N

d. ESF leakag€ is not considered due to the insignificance of
this pathway -under the above assumptions. This is
particuYarly the case when a more realistic partitioning

» factoy/is assumed for the leak fraction which goes airbodXne.

It -3 also unlikely that an uncontrolled 1leak would De
alléwed to continue, without some mitigating action, for 30
days.
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TABLE 14.1-3

PARAMETERS USED IN CONTROL RCOM HABITABILITY ANALYSIS
OF THE 10SS OF AC POWERED AUXIT.TARIES ACCIDENT#*

Design Case

Power, MWt ‘ ' 9,*705 —2766—
Fraction of fuel-with-defects—— ' : . 0:0078
' 0ffsite AC power . Lost

Initial primary system activity (d.e. I-131), uCi/gm .35 —+*¢
Initial secondary system activity (d.e. I-131), uCi/gm 0.1
Pre-incident primary-to-secondary leak rate, gpm .

any one S/G, gpd - . : |jse -500— “

all three S/Gs, -gpm- 393 . : ) 450 IT0
Steam generator fluid content/sg, 1lbm .

Liquia ¥ 103 96 8 ~107 53,900~

Steam™ * s,*z)o-; +10%° 6460
RCS fluid content, lbm ™ 7 345,00 3907800
Steam release from steam generators, lbm

0-2 hrs 443,878

2~8 hrs ’ 793,664
Duration of plant cooldown by secondary system aftér 8
accident, hours
Iodine partition factor in all steam generators prior to 0.01
and during the accident
Control Room volume, ft3 1.73E+5
Control Room normal intake, cfm 500
Control Room isolation A ’ None
Control Room purging . . . None
Control Room %/Q value 0-8 hours, sec/m> ' Table 2.2-12 3 9953

Analysis references A3241-UR{B)=455 &0
: ERS-AJIL-q9-013-

*This analysid was originally performed 3in 1987 in support of plant
modifications converting the -Unit 1 Control Room to a common Unit 1 - Unit 2
facility. The analysis inputs, assumptions, and methodologies are based on
regulatory requirements that existed at the time the analysis was performed.
The radiological consequences of this event were not required to be evaluated
as part of the licensing basis for Unit 1.

o sle |
** Parameters are 4ve 100 power, 390 steam 3evlev‘a—+:¥" +
Tube P'l“'ﬁjf"‘ -_/n‘N:- conditrons and The stated uncertaiv )/

ave '\oau.n&Mj o This a..’cc.‘.‘clevl"h

1 of 1
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TABLE 14.2-4b

PARAMETERS USED IN RADIOLOGICAT, ANALYSIS
OF THE IOCKED ROTOR ACCIDENT

Design Case
Power (MWt) ‘ n705 27667

Fraction of fuel with defects

imcident—tapproximate) - 8063
Incident : 0.18 I
rrimary-to—secondary leak rate (gpd) (per steam generator) » 156 |
Iodine partition factor in all steam generators prior to 0.01
and during the accident
Duration of plant cooldown by secondary system after i
accident (hr)
Steam release from steam generators (1b) »
0-2-hrs 443,878
"2-8 hrs : 793,664 -F93764%
Steam generator fluid content/sg (1b)
Liquia # ¥ 103,868 —1o" 887100
Steam *¥ A s, 807 + 107 _¢980
Iodine spike duration (hf) ' . 4
Primary coolant fluid content (1b)* ¥ ‘ 345,300 353,000 |
EAB and LPZ %/Q values (sec/m3) Table 2.2-11
Initial primary system (d.e. I-131) activity, pci/gm 0.35 I
Initial secondary system (d.e. I-131) activity, pcCi/gm 0.1
offsite AC power . Lost

Fraction of core inventory in gap

Kr-85 0.3

1-131 0.12

Others , - _ 0.1
Control Room volume, ft3 ) : - 1.73E+5
Control Room normal intake, cfm . . 500
CREBAPS actuation by radiation monitor, sec oS —3085 |

Time to reach alarm concentration, sec = 380~ (4SO
Damper, EDG loading, instrument response delays,
sec = 195

Delay between CREBAPS depletion and mavual 20
start of ewievgency prescuvizatio fans, min

1 of 2



BVPS-1-UPDATED FSAR "Rev. 16 (1/98)

TABLE 14.2-4b (Cont'd)

PARAMETERS USED IN RADIOLOGICAY, ANALYSIS
OF THE IOCKED ROTOR ACCIDENT

Control Room pressurization rate, cfm

Air bottles (flow rote used for activily rewioual) 0
Emergency filtered intake (after one hour) oo X630
Control Room intake filter efficiency, % 95
Control Room unfiltered infiltration, cfm 10
Duvmig fan start A0 wmmm d.z\.o.\/ . 310

Control Room purging None
Control Room %/Q values, sec/m3 Table 2.2-12
offsite X/Q voluwes  sec/m? Table 2-2-11
Analysis references ERS-SFL-89-021

3¢ : '

* PCLTQW\C’/“”CY‘,Sn ave -Fvw laﬁdo\oow ev, 30°405&-¢q_w\ emevg;{'w +u—‘ne_
pluggmrg. These comdT+ions and the stated uneceviaint g
bou.v.d_’.'vxﬁ v AT aces dent.

r or e
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BVPS-1-UPDATED FSAR Rev. 15 (1/97)

TABLE 14.2-6
RADIOLOGICAL

ASSUMPTIONS USED FOR THE FUEL HANDLING ACCIDENT ANALYSIS

Core power level, Mwg —2766— Q&S
Fuel enrichment, weight % v 3.6-5.0
* —Fﬁe&-bﬂfﬂﬁpT—MWBfMTG—————————————6€7666——
’
Fuel assemblies ivcope \S 1
Power peaking factor 1.65
) | Number of failed fuel 298
: rods -
Core inventory released '
to gap, %
Iodine~131 12
Other iodines 10
Krypton-85 30
Xenon-133 10
Other xenons 10
relcased from pool
Iodine composition, %
Elemental 1 9975 n§
Organic =25~ 2%
.Pool decontamination factors
—Elementatr FSdine 133 oo
- ine v 4
Noble gases 1
Filter decontamlnatlon factors
- Erementatliodine #% 26— \Oo
Organic—iedina— < et
Noble gases 1
Atmospheric diffusion
3 —e—et—x—ro—‘—Ta‘O‘eS 4-d-ha.,
hfactor (x/Q), sec/m 2.2-1 %
Breathing rate, m3/sec 3.47 x 1074
T 1 of 2
60«5?& 4‘w cove Tnuveu Yo '
Cove 'Fva.c_hav\,clou[s at wa"”‘aowew \/3 ) S0
’ ‘/3\ sSoo
Y3, Se0

Between cycle cooldouwm trme (days) Ho



BVPS~1-UPDATED FSAR ‘Rev. 15 (1/97)

Table 14.2-6 (Cont'd.)
ASSUMPTIONS USED FOR THE FUEL HANDLING ACCIDENT ANALYSIS

ol ] Habitabt vt vsis—F ;

Release Duration, days— . Pl —30-
Releasé rate, 1/sec* & & 139 -6+-661599
Control Room volume,- ft3 1.73E+5
Control Room normal intake, cfm . 500
Control Room isolation _ : None -
Control Room purging | - None
Control Room %/Q values, sec/m" Table 2.2-12
Analysis reference —(—eont-z—'ol—Reem—ea%y—)—— ERS=SEL=82=025¥0-
' | second © T ERS-ITL-44-009

% ¥ *represents 99.999}5 of the activity in the fuel building atmosphere being
released in . This release rate is greater than that suggested by the
building ventilation flow rate and volume. 1Analysis assumed instantaneous
release from fuel to the fuel building atmosphere. Retresse—xate—assumptien
1358 ¢ that + £ I mred et Rk} ££ait Tassi

¥ Cove acf?vf‘\\/ covtent was defevvamed o 3.0%° aMcl S=P

evrrdhwments aud Hthe waxiviuwm a.c-h—uﬁ‘\/ ‘o each vadionuclide
was selected fovr e a/na,lys'l' 5.

2* ldtev nodme Fotal DF combmes rewmoval efficiencies
.O‘G ﬁSde —Fw elewientald o dme ) "ZOol'p ‘Gor &¥ g omT e xedia-
amd V%2 Lilter bypas‘s € botu. ’

2 of 2




fI;nsev*¥

BVPS-1-UPDATED FSAR Rev. 13 (1/95)

TABLE 14.2-6a

RESULTS OF ORIGEN;X{CALCULATIONS FOR_RADIONUCLIDES
OF IODINE, KRYPTON, “AND XENON AT 150-HOURS COOLING TIME

\i;;E}anuclide Curies per MTU-

T-131 10
T-132 x 10°
T-133 1.473 x 10°
Kr-85 1.612 x 104

Xe-131m

1 of 1




~ Table 14.2-6a Insert

Isotope

Kr-85m
Kr-85

Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135

I-131
I-132
I-133
I-135

Activity in Core

1.59E-03
7.58E+05

8.73E+05
1.03E+06
7.91E+07
3.09E+00
4.67E+03

4.39E+07
2.84E+07
1.03E+06
1.90E+01



BVPS-1-UPDATED FSAR Rev. 13 (1/95)

TABLE 14.2-6b

[)-e;\ezibﬁif

RADIONUCLIDE PROPERTIES USED IN THE
FUEL HANDLING ACCIDENT ANALYSIS

Dose
Conversion,
Radionuclide Rads/Curie Eg (Mev) Ey (Mev)
Iodine-131  1.48X 10° @ Semeeee mmemee
Iodine-132 5.35 x 10 ————— —————
Iodine-133 L0 X 1027 N\ mmemmmem e
Krypton-85 A ==m--- 0.002

Xenon-131m s e

1 o0of 1




BVPS-1-UPDATED FSAR Rev. 0 (1/82)

TABLE 14.2-7

ACTIVITIES RELEASED TO THE SECONDARY SIDE OF THE STEM
GENERATOR FOLLOWING TUBE RUPTURE ACCIDENT -
(WITHOUT OFFSITE POWER)

Iso%ope Activity Cdries
I-131 55
I-132 53
I-133 239
I-134 33
I-135 127
Kr 85 655
Kr 85m - 115
kx 87 72
Kr 88 - 192
Xe 133 . 1,609
Xe 133y . 187
Xe 5 lQi
e 135m 65
deiede

m:scorpavwleJ b g re feren ce_

lofl



BVPS-1-UPDATED FSAR Rev. 17 (1/99)

TABLE 14.2-8

: ARRDIOLOGICAL
PARAMETERS USED IN CONTROL—ROOM—HABFFPABILLITY ANALYSIS

OF THE WASTE GAS SYSTEM FAILURE ACCIDENTX

Design_Case

Power, MWt 270S —23F656”
Fraction of fuel with defects 0.01
Offsite AC power Lost
Letdown flow rate, gpm 120

Analysis cases

Rupture of Waste Gas Storage Tank (WGST)

PRupture of Gaseous Waste System line upstream of
charcoal delay beds

Vvolume of WGST, ft3 132
wesT feed rate, scim L2
Gaseous Waste System operating pressure, psig s
Gaseous Waste System operating temperature, °F 100

Charcoal bed holdup time, days

Krypton _ ) 2.1

Xenon 38.7
control Room volume, ft3 1.73E+5
Control Room normal intake, cim 500
Control Room isolation None**
Control Room purging None
Control Room %/Q valueé;.sec/m;

Auxiliary Building 0-8 hours (line rupture case) : Table 2.2-12

Gaseous Waste Vault 0-8 hours (WGST rupture case) Teb le 221220382~

Analysis references

.

ERS ~-TTL ~qa-014

O eLsvde X/ values , sec/w” Tobles 2.2-1la , 2.2-11 h
* This analysis was originally performed in 1987 in support of plant
modifications converting the Unit 1 Control Room to a common Unit 1 -
Unit 2 facility. The analysis inputs, assumptions, and methodologies are

based on regulatory requirements that existed at the time the analysis was
performed if - + i

.

** The dose calculation conservatively assumed that the control room radiation

monitors will not initizte control room isolation.

1 of 1
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BVPS-1-UPDATED FSAR Rev. 15 (1/97)

TABLE 14.2-9

RADTOLOGTCAL .
TERS USED IN €ONTROL—ROOM—HABITARTEIPY ANALYSI

. OF THE STEAM GENERATOR TUBE RUPTURE ACCIDENT#*
S—=iih o2t wRNLRAIOR 1UBKR RUPTURE ACCIDENT*

Design Case

Power, MWt ’ ' 270S 2766~
-Frastion-of fual-with-dofocte 6+-0026~
Offsite AC power ‘ Lost
Initial primary system activity (d;e. I-131), pCi/gm —1+8- 0.35
Initial secondary system activity (d.e. I-131), pCi/gnm ) 0;1

Concurrent iodine spike release rates into primary
coolant (Ci/sec) ¥ %

I-131 L.t 36—

I-132 Ll 252~
I-133 2.00 -3+08
I-134 , .29 3<68~
I-135 : : \.S53 -2<68F
Iodine spike duration, hour 4

Pre-incident primary-to-secondary leak rate, gpm

any one S/G, gpd : : - \So 560~
all three S/Gs, gpm~ qpd 4so -6~
Steam generator fluid content/sg, lbm
Liquigq *% 103,868 ~10"° 57580~
Steam *% 5,807 +10° _ga6p~
RCS fluid content, lbm %* To ‘h",‘o ae -‘g%%(;.-rlg’%-
- .
RCS inventory released to r&'ﬁﬁre’é‘%ﬁ:‘éaﬁ: gernerator, ibm 1:!3'7 » 400
Steam release from ruptured steam generator, lbm
0-2 hrs . . 48,100
2-8 hrs . 28,760
Steam release from intact steam generators, lbm _ ‘
0-2 hrs - ' 364,600
2-8 hrs 800,600
Duration of plant cooldown by secondary system after i 8
adcident, hours ’
Iodine partition factor in all steam generators prior to 0.01

and during the accident

*This analysis was originally performed in 1987 in support of plant
modifications converting the Unit 1 Control Room to a common Unit 1 - Unit 2
facility. The analysis inputs, assumptions, and methodologies are based on
regulatory requirements that existed at the time the analysis was performed,

“* Pavametevs ave for 100-“‘30-0&«-, 305 team genevator tube pluggt “3;’“\656—
conditrons and ™wa stated uncertamtyl OFf 2 .
ave boundivg fov thts aceident,



BVPS-1-UPDATED FSAR Rev. 15 (1/97)

TABLE 14.2-9 (Cont'd.)

o TcAL
PARAMETERS USED IN e§£gﬁgﬁiﬁggiaﬁABEEAB§£§@¥-ANALYSIS

OF THE STEAM GENERATOR TUBE RUPTURE ACCIDENT*

Control Room volume, £t . 1.73E+45
Control Room normal intake, cfm ) ’ 500
Control Room isolation None
Control Room purging None
Control Room %/Q values, sec/m3 Table 2.2-12
Analysis references ’ ERS—SFL-92-033/X;
oftsite X/Q valwes , Sec/wd Tables 2.2-Wa , 324110

2 of 2




BVPS-1-UPDATED FSAR

""Rev. 16 (1/98)

TABLE 14.2-10

RADTOLOGTCAL

PARAMETERS USED IN MAIN STEAM I, INE BREAKEANALYSIS

Ppower, MWt

Design Case

X205 65
Ooffbdite AC Power Lost
InitialPrimary Coolant Activity, Dose Equivalent i—131, HCi/fgm . 0.35
Initial Sowondary System Activity, Dose Equivalent I-131, uCi/gm 0.1

Initial Primakxy and Secondary Isotopic Concentrations

concurrent Iodind Spike Appearance Rates , Ci/s

Pre-incident Iodine“Spike Concentrations
Iodine Spike Duration, “hour

Primary-to-Secondary leak xate
Pre-event, any SG, gpd
Affected SG, gpm
Post-event, each unaffected\§G, gpd

Steam Generator Fluid Content
Liquid, lbm @
Steam, lbm @

RCS Fluid cContent, lbm

éteam.Release from Affected SG, lbm
0~30 minutes
30 min-8 hrs

Steam Release from Intact SG, 1lbd
0-2. hours
2-8 hours N

Duration of Release, hours

_Iodine Partition Factor

Affected SG
Intact SGs (init¥ally)
Intact SGs (aftér 1 hour)

offsite y/Q Valueg, éec/m3
Control Room Volume, ft3
Control Room Normal Intake, cfm
Control Roglm Isolation

control Koom Purge > T=8 hours
contrgd Room %/Q Values, sec/m3
Doseg’/ Calculation Hethod

Aalysis Reference

1 of 1

Table 14B-15
Table 14B-16
Table 14B-16
4

150

‘8.0
- 150

164,000
6100

.351,000

150,000
1300

' 366,776
705,393

8

1.0
1.0
0.01

Tables 2.8%-11a, 2.2-11b
173,000

500

Manual Actuation at T=30\minutes
28,000'cfm for 30 mnutes

Table 2.%-12

Section 14B.8%5

ERS-SFL-95-008




| </£ N sé'v+>

PARAMETERS USED IN MAIN STEAM LINE BREAK RADIOLOGICAL ANALYSIS

TABLE 14.2-10

Power, MWt 2705
Offsite AC Powver Lost
Tnitial Primary Coolant Activity, Dose Equivalent I-131, uCi/g 0.35
Tnitial Secondary Coolant Activity, Dose Equivalent I-131, uci/g 0.1
Tnitial Primary and Secondary Isotopic Concentrations Table 14B-15
Concurrent Iodine Spike Release Rates, uCi/s I-131 1.16E+06

(specific for the Main Steam Line Break) I-132 1.12E+06

I-133 1.99E+06

I-134 1.24E+06

I-135 1.49E+06

Pre-accident Iodine Spike Concentrations Table 14B-16

Iodine Spike Duration, (hours) 4

Primary-to-Secondary Leak Rate

Pre-event, each SG, gpd 150
Affected SG Accident Induced gpm 3.0
Post event, each SG, gpd 150

Steam Generator Fluid Content

Liquid, lbm 148,104 +10%

Steam, lbm . 5,781 +10%
RCS Ligquid Content, lbm

Total 329,500

‘Less Pressurizer 314,500

Steam Release From Affected SG, lbm

0-30 min (Initial content and 3.104 gpm) 170,050

30 min - 8 hours (3.104 gpm) 1397
Steam Release from Intact SG, lbm

0~2 hours 366,776

2-8 hours A 705,383
Duration of Release, hours 8

Iodine Partition Factor
Affected SG 1.
Intact SGs (Initially) 1
Intact. SGs (After 1 hour) 0.0



B LI\A b ef;l;->.'

TABLE 14.2-10 (Continued)

PARAMETERS USED IN MAIN STEAM LINE BREAK RADIOLOGICAL ANALYSIS

Offsite X/Q Values, sec/m’ Tables 2.2-11la, 2.2-11b

Control Room Volume, ft? 1.73E+05
Control Room Normal Intake, cfm 500
Control Room Manual Isolation, min 30
Post—isolation Bottled Air (CREBAPS) Flow Rate, cfm 600
Unfiltered Infiltration Rate During CREBAPS Pressurization, cfm 10
Post CREBAPS Depletion Pressurization Fan Start Delay, min 20
Unfiltered Infiltration Rate During Fan Start Delay, cfm ~ 310
Time Post-accident for Pressurization Fan Start, min . 80
Pressurization Fan Flow Rate, cfm 1030
Unfiltered Infiltration Rate During Fan Run, cfm 10
Control Room Intake Filter Iodine Removal Efficiency, Total % 95
Control Room Purge Duration/Flow Rate, @T=8 hours, cfm 30 min / 28,800
Control Room X/Q Values Table 2.2-12
Dose Calculation Method Section 14B.8.5

Analysis Reference ERS-SFL-95-008

*Parameters are for 0% power, 30% steam generator tube plugging.

These conditions and the stated uncertainty are bounding for this
accident.



. BVPS-1-UPDATED FSAR

TABLE 14.2-12

RADIOLOGICAL

PARAMETERS USED IN

OF THE ROD EJECTION ACCIDENT#* ~

Power, MWt
Offsite AC power
Release paths

Containment design leakage
Secondary steam release

Fraction of fuel with defects ) P°S+ evewnt
_Pre-event

Rev. 15 (1/97)

o1 T-131
0.3 Uv-S

0.10 Others

ANAT.YSTS

Design Case

Q7085 2766
Lost

LPost—event

Fraétion of core inventory in gap

Ipitial primary system activity (d.e. I-131), pCifgm
Initial ;econdary system activity (d.e. I-131), pci/gm
Fraction of fuel melted

Fraction of activity from melted fuel available for
release to environment

Via containment leakage
Noble Gases
Iodines

Via primary-to-secondary leakage
Noble Gases
Iodines

1
3

Steam generator fluid content/sg, lbm

Liquid > >+
Steam %%

RCS fluid content, 1lbm ¥

Containment leak rate, % volume per day

Cdﬁtainment sprays

Duration of Containment leakage, hours
. Steam dump, lbm (500 seconds)

Primary;to-secondary leak rate, -g@m-‘ 3 P c].

*This analysis was originally pefformed in 1987

160.35

0.1
0.0025

(03,547 +18° 977900

S,%077 110 —6460—

345,300 —390,000

0.1

None
1.0
58,600
—~0

support of plant

modifications converting the Unit 1 Control Room to a common Unit 1 - Unit 2
facility. The analysis inputs, assumptions, and methodologies are based on
regulatory regquirements that existed at the time the analysis was performed,

K% Pavamelers cre for lOO“oPau)er) 30§Jo.$+€aw\ genevator Hebe P‘“’ﬁﬁ“"S'

These condTHrenms and ™ stated
uncertamty ave boumdms for T

accidents,

1l of 2
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BVPS—-1-UPDATED FSAR

TABLE 14.2-12 (Cont'd.

Rev. 'is (3./97)

RADT O LO G-TC AL

PARAMETERS USED IN ANATYSIS .
OF _THE_ROD EJECTION ACCIDENTX*

puration of primary-to-secondary leakage, geconds 500'
Todine partition factor 0.01
ééntrol Room volume, ft3 1.73E+5
Control Room normal intake, cfm 500
Control Room isolation . None
Control Room purging None
Control Room %/Q values, gec/m3 Table 2.2;12

.

Analysis reference

2 of 2

EAS ~3TL~-4q9-0L0




S‘ncﬂ@n. Lor T swacll Vine brealk

BVPS-1-UPDATED FSAR Rev. 16 (1/98)

TABLE 14.3-10

PARAMETERS USED IN CONTROL ROOM HABITABILITY ANALYSIS

Pty A A A A I A A ]

OF THE SMALL LINE BREAK ACCIDENT*

Degign_Case

Power, MWt LAToS —2766—
-Praction-of-fuel-with-defects—{approximate) 801 |
Offsite AC power Lost
Break location Letdowh line upstream of Non-

Regenerative Heat Exchanger in
Primary Auxiliary Building

Initial primary system activity (d.e. I-131), pcCi/gm 0.35 l

7 $ '\_gm‘ " g

Concurrent iodine spike release rates into primary
coolant_(Ci/sec)

/;31 (ASE +004-B8E=1

-~
¥

I-132 \.\bE+Do 7."‘9’4‘3"1‘
I-133 .aqEroo ITTOAETD
I1-134 \.JA E+00 “TTIHAEYO-
I-135 1eSAE 0O —OTTIE=T
Jodine spike duration, hour 4
. R X

—353-6600~

RCS fluid content, lbm >l ) ) 3.0 E5E l
RCS release rate, lbm/s'e%ss gresSurizer 345 etos 16.2
Duration of release, minutes i5
Steam flash fraction <, 0.38
Auxiliary Building holdup or filtration None
Control Room volume, ft3 ] 1.73E+5

COnﬁrol Room normal intake, cfm 500 I
Control Room %/Q values, sec/m3 Table 2.2-12

Analysis reference ' ERE~SFE=~93-005- |
. ERS-ITL~-~ 99 .-0\S

*This analysis was originally performed in 1987 in support of plant
modifications converting the Unit 1 Control Room to a common Unit 1 - Unit 2
facility. The analysis inputs, assumptions, and methodologies are based on
regulatory requirements that existed at the time the analysis was performed.
The radiological consequences of this event were not required to be evaluated

i £ ot T2 mmmmlmen hande Lo Tali 9
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Ceplace i abmtacd Tl MRS rov- 2 (/00
) IODINE REMOVAL COEFFICIENTS
QUANTITY UNITS SYMBOL FIRGP-PERIOD 5ECOND—PERTOD
Tim | sec £ 64-304 305-600
Temperature °c U\ —125- 1.\adaEron 115
Viscosity . gm/cm/séc TR 0--000160- \.C\AE-0¢  0.000161
Diffusivity, 1{ cm?/sec D, 00000699 ¢.531E~0S  0.0000620
Diffusivity, gas m2/sec Py 004636 S.0a2E6-0x  0.005595
Density, 1liq. : Py | 009394~ QUITE-0\  0.9472
Density, gas gm/cc Py 8+-001989 1. ¢ME-O3  0,001655
Schmidt Number unitless 17353 141\ E+eo 1,7412
Reynolds Number unitless 589+6- 54341 €-oa 524.8
Droplet Size cm A125- t.AS E~0\ 0125 .45 E~0\
Terminal Velocity cm/sec 394~ 3.857EFEtoxn 408.4
Mass transfer, liq. cm/sec I 85663679 3.4374 E-03 0.00326
Mass transfer, gas cm/sec g G235 ‘1. 1712 E+vo 8.30
Quench Recirc. Quench Recirc,
Partitioning _ unitless H 5000 1500 5000 1500
Flow Rate - cm?/sec . F 1.20x105 0 1.20x105  3.79x10°%
Spray Ring Height cm h ~2665-2%29 77 2865 2377
Containment Volume cc \ 5.09x1010 5,00%10'° 5.09x10!% 5,09x10!0
Lambda sec | A 0.003698 0 0.003649 0.004873
Lambda hr™! A 13,31 0o 13,13 17.54
Vapor Lambda hr ! A 10 10
Part, Collection unitless € 0.0015
Quench Recirc. Quench Recirc.
Lambda sec”! A " 0.000129 0 0.000128 O0N000336
Lambda - hr! A 0.46 0 . 0.461
Particulate Lambda hr™!} A 0.46 0.46
MEX~—Fodine- DF—  ——unilloss— — (54 [Or periot—6t+-3600—aececondsl

1 of 2




Rc‘olace, with attached Table

QUANTITY UNITS
sec
Tem °c
Viscos gm/cm/sec
Diffusivityy liq. cm?/sec
Diffusivity, g cm? /sec

Density, liq.

Density, gas
Schmidt Number

unitless

Reynolds Number unitless
Droplet Size cm
Terminal Velocity cm/sec

Mass transfer, liq. cm/sec

Mass transfer, gas cm/sec
Partitioning unitless
Flow Rate cm?/gec
Spray Ring leight cm
Containment Volume cc
Lambda sec !
Lambda hr™ !
Vapor Lambda hr !}
Part. Collection unitless
Lambda sec !
Lambda hr }
Particulate Lambda hr !}

v

BVPS-1~-UPDATED FSAR
TABLE 14,3-13

TODINE REMOVAL'COEFFICIENTS

Rev. 2 (1/84)

SYMBOL “THIRD—PERIOD EGURPH—PERTOD
t 601-1000 1001-3600
T 105 80 4
" 0.000163 0.000172
D, . 0.0000546 0.0000386
Dg 0.06715 0.10013
P1 0.9547 0.9718
Py 0.001395 0.000983
1.7450 1,7453
467.2° 355.5
0.125 0.125
437 497.6
0.00287 0.00203
9.462 12,51
Quench Recirc. Quench Recirc.
n 1500 5000 1500
F 3.79x108% 1,20x10°% 3.79x105
h 2865 2865 2377
v 5.09x1010- 1010 5,09x10!0 5,09x10!0
A 0.003555 0,00449 0.003140 0.003488
A 12.8 16.19 11.3 12.56
A : 10 '
€ 0.0015
Quench Recirc. cire.
A 0.000127 0.000334 0.000125 0.000
A 0.458 1.2 0.45 1.18
A , 0.46 0.46

2 of 2

i .
534 for—pertod

LA AL-00 - Y
O T~ JUVU OCLUIIGOTY

Y




Twsevnt —Cw

QUANTITY
Time
Temperature
Viscosity
Diffusivity, liq
Diffusivity, gas
Density, liq
Density, gas
Schmidt Number
Reynolds Number
Droplet Size
Terminal Velocity
Mass Transfer, liq
Mass Transfer, gas

Partitioning

Flow Rate

Drop Height
Containment Volume
Lambda

Lambda

Vapor Lambda

Part, Collection

Lambda
Lambda
Particulate Lambda

UNITS
sec t 64 305 900 1500
°c T T1952E+02 T2145E+02 T.0656E+02 B.B5E+01
gm/cm-sec 1.6123E-04 1.6102E-04 1.6400E-04 1.6990E-04
cmisec D, 6.5303E-05 6.6761E-05 5,5899E-05 4.3907E-05
cmisec D, 5.0913E-02 " 4.9092E-02 6.4235E-02 8.6183E-02
gmicc P 9.4358E-01 9.4198E-01 9.5237E-01 9.6671E-01
gm/ce Po 1.8189E-03 1.8851E-03 1.4618E-03 1.1278E-03
n/a Sc 1.7411E+00 1.7399E+00 1.7465E+00 1.7480E+00
n/a Re 5.4391E+02 5.5534E+02 4.7397E+02 3.9491E+02
cm d 1.25E-01 1.25E-01 1.25€-01 1.25E-01
cm/sec v 3.8572E+02 3.7948E+02 4.2540E+02 4.7594E+02
cm/sec 4 3.4374E-03 3.5141E-03 2.9424E-03 2.3111E-03
cm/sec Ko 7.6712E+00 7.4643E+00 9.1116E+00 1.1282E+01
Qs RS Qs RS Qs RS Qs RS
nfa H 5000 1500 5000 1500 5000 1500 5000 1500
cm’/sec F  1.1987E+05 0 1,1987E+05  3.9430E+05 1.4987E+05 3.9430E+05 1.1987E+05 3.9430E+05
cm h  2.8986E+03 2.4079E+03 2.8986E+03  2.4079E+03 2.8986E+03 2.4079E+03 2.8986E+03 2.4079E+03
ce V  5.0970E+10 5.0970E+10 5.0970E+10  5.0970E+10 5.0970E+10 5.0970E+10 5.0970E+10 5.0970E+10
sec’! A 6.5076E-03 0 6.4360E-03  5.4071E-03 7.0084E-03 4.8320E-03 7.7564E-03  4.0504E-03
hr! A 2.343E+01 0 2317E+01  1.947E+01 2.523E+01  1.740E+01 2.792E+01  1.45BE+01
hrt A 10 10 10 10
n/a £ 1.50E-03 1.50E-03 1.50E-03 1.50E-03
Qs RS Qs RS Qs RS Qs RS
sec’! A 1.2270E-04 0 1.2270E-04  3.3530E-04 1.2270E-04 3.3530E-04 1.2270E-04 3.3530E-04
hr' A 4.417E-01 ] 4.4M7E-01  1.207E+00 4.417E-01  1.207E+00 4417E-01  1.207E+00
hr! A 0.44 0.44 0.44 0.44




Iusert fr Toble 143413 (contiuned)

Time sec 1700 2255 3600
Temperature °c T 7.9550E+01 2.5878E+01 5.7994E+01
Viscosity gm/icm-sec p 1.7321E-04 1.7999E-04 1.7971E-04
Diffusivity, lig cm?/sec Dy 3.8444E-05 2.5740E-05 2.6774E-05
Diffusivity, gas cm®/sec D,y 9.7628E-02 - 1.2289E-01 1.2057E-01
Density, liq gm/cc m 9.7243E-01 ~ 9.8521E-01 9,8421E-01
Density, gas gm/cc Po 1.0158E-03 8.4102E-04 8.5572E-04
Schmidt Number na Sc 1.7466E+00 1.7416E+00 1.7418E+00
Reynolds Number .nfa Re 3.6459E+02 3.1431E+02 3.1796E+02
Droplet Size cm d 1.25E-01 1.25E-01 1.25E-01
Terminal Velocity cm/sec v 4.9736E+02 5.3817E+02 5.3420E+02
Mass Transfer, liq cm/sec K 2.0236E-03 1.3549E-03 1.4093E-03
Mass Transfer, gas cm/sec Ky 1.2338E+01 1.4548E+01 1.4346E+01

Qs RS Qs RS Qs RS
Partitioning n/a H 5000 ‘3000 5000 5000 3000
Flow Rate cmY/sec F  1.1987E+05 3.9430E+05 7.4794E+04 3.9430E+05 7.1794E+04 3.9430E+0S
Drop Height cm h  2.8986E+03 2.4079E+03 2.8986E+03 2.4079E+03 2.8986E+03 2.4079E+03
Containment Volume cc V  5.0970E+10 5.0970E+10 5.0970E+10 5.0970E+10 5.0970E+10 5.0970E+10
Lambda sec™! A 8.1171E-03  6.27TM1E-03 5.2078E-03 4.7212E-03 5.2631E-03 4.8698E-03
Lambda hr? A 2.922E+01 2.259E+01 1.907€E+01  1.700E+01 1.895E+01  1.763E+01
Vapor Lambda hr! A 10 10 10
Part. Collection nfa € . 1.50E-03 1.60E-03 1.80E-03

as RS Qs RS as RS
Lambda sec’! A 1.2270E-04  3.3530E-04 7.3492E-05 3.3530E-04 7.3492E-05 3.3530E-04
Lambda hr A 4.417E-01 1.207E+00 2.646E-01  1.207E+00 2.646E-01 1.207E+00
Particulate Lambda hr! A 0.44 0.26 0.26

Based on the above results, an elemental spray lambda of 10 hr! and a particulate spray removal lambda of 0.44 hr are appropriate. QS flow Is assumed to be reduced by about
50% at T=2255 seconds, based on MAXIMUM ESF flow rates. However, the spray coefficients are based on minimum flow rates. If maximum flow rate would occur, the flow rates
used above would be significantly higher. The regions covered by QS and RS are not treated seperately, therefore, the most restrictive spray removal rate is selected.
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TABLE 14.3-14a

PARAMETERS USED IN EVALUATING THE

RADIOLOGTICAL CONSEQUENCES OF A IOSS~OF—-COOLANT ACCIDENT

Core Parameters

1.
2.

Core Power (MWt)
Days of Operation

Radiation §og;gg‘Tegms

1.

Release to containment percentage

a. Noble gas

b. Iodine
atmosphere

Activity released to containment, (ci)

1l of 6

~DBA-CASE-
2705 -2766—
\S00 —650-
100
50
T£'3° qadeaos
1131 scamsor NG v
1132 S.30E+07 0 . 2
1133 A4sEr07 . 0
1134 gaseror g g »
1135 .0sev07 g g5 4 39
Il!b 3.A7EYO?
Xel31M q39er0s. 5. 183109
Xel3M weaeroe 4,00—3-106
Xel?? idaers 1.58-x-108
Xel35™ 526407 424167
Xeld5 4ssesor 431 %367
xel37 3serar 1 395108
Xel38 xge+® 1.39—108
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TABLE_14.3-14a (Continued)

Parameters Used in Evaluating the
, . Radiological Consequences of a lLoss-of-Coolant Accident

B.” 2. Continued ~-DBA_CASF-— EALISTIC CASE
Kr33m qotetor 1,37 310l .09 x 104
KrB5™ (S3Eto7 7 75 x-30> \.93 x 10%
.  Kr® 1.eAAe+0s 3. 063107 1\33 x 10°
Kr8?  3938+07 5-89-x—167 4\os x 10%
xr88 s.asEto7 8+38—x—10O" 8.58 x 104
Kr?? ¢.s7e+07 1,08—2—165 1.84 x 109
ke3¢ .05 E+t0%7
3. Activity in CoPtalnment Sump at T=0\(Ci) + 30 g.ase+os N/A
1131 3.62E+07 3 45 107
132 530Et07 B p0—x—10L
13 r4sEro7 765—%—10l-
138\ 8.2 E+07 8,95 3307
1135 PSE+07 6,95—3—10L
T3 3.a7Bk07 .
4. Containment Plateout Percentage SO N N/A(2)
elewmentrdl Tediue released o covitainwewt :
5. TIodine Species Percentage
L. . Elemental 91 51
Organic 4 4
Particulate 5 5 i
C. Data and Assumptions Used to Estimate
Activity Released
1. Containment Leakrate (%/day) 0.1 0.1
2. Containment release duration (hrs.) 1 1

2 of 6
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C> o IABLE 14.3-14a (Continued)

Parameters Used in Evaluating the
Radiological Consequences of a Loss-of-Coolant Accident

C. Continved:

a. SLCRS .
b. Bypass to environment
4. Containment free volu .+emir C&+@)  LLAEE -5—e8Fx—toit-
. ~
a. Sprayed fraction (t < ;35\§ec) .21

- Sprayed fraction (t > 305 sec) 0.5S
5. Containment spray removal coefficzgﬁtqi(hr'l)

S
~.
~,

a. Elemental N
b, Particulate ' S

6. Mixing rate_between sprayed and unsprayed

regions —(—emg-/-sec)- (uv\SfV‘ayecl valumes/ hv-"‘)

Elewewtal
7.I1Iodine Decontamination Factor fov Spvays.

8. Spray delay time (sec)

a. -Quench Spray
b. Recirculation Spray

—*'T—<—305f9—>7305—‘—

3 of 6




Continue

BVPS-1-UPDATED FSAR

TABLE 14.3-14a (Continued)

Parameters Used in Evaluating the’

Radiological Consequences of a Loss-of-Coolant Accident

9. SLCRS Filtexr Efficiencies (%)

a.
b.
c.
d.

Element;;\zsang

Particulate iodine
Organic iodine ) .
Noble gas N

D. Offsite Dose Evaluation Results

1. Dose calculation methodology

2. Activity released to environment

by containment leakage (Ci)

13
§132
1133
11;4
1135

e1321.m
Xe133m

e133
§2137
Xe138

oo
Krasm
Kr

4 of 6

DBA_CASE

99
99
90

Rev. 15 (1/97)

REALISTIC CASE

D9
99
90

ERS~SFL-83-016 ERS~SFL-83-017

283
405
629
635
63

166
6563
618

‘1729

532

. 1869

440
1181
32

0.6§2
0.108
0./495
04110
025

0.223
0.749
4.528
0.194
3.224
0.174
0.612
0378
1.53%7
5.540
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TABLE 14.3-14a (Continued)

Parameters Used in Evaluating the
Radiological Consequences of a_loss-of-Coolant Accident

D.. 2. Continued

3. Activity released to envirqnment by ESF

leakage (Ci)

4. Atmospheric dispersion factors (sec/m>)
a. Percentile
b. Highest sector (NW) EAB 0-2 hrs.
¢. Highest sector (NW) LPZ 0-2 hrs.
4 LPZ 0-8 hrs.

LPZ 0-24 hrs.
LPZ 30 days

5. Radlological exposures (rem)

a. Contributors(3)

b. Whole body dose based on

5 of 6

Rev. 15 (1/97)

DBA_CASE REALISTIC CASE
K87 1891 1.310
K88 3100 3.174
Kr8? 344 0.049
0-2 0-2 ,
hrs Duration hrs Duration
7.11  954.1 N/A
8.02 18.2
I 15.42 250.4
1t 8.99 11.5
1135 71.6
5% 0%
8.9 x 104 .3 x 1074
9.5 .9 x 1073
4.2 6 x 1073
2.7 4 x 1073
6.8 6. % 1078

Containment leakage
Containment direct
ESF leakage

beta & gamma
body surface
dose rate

gamma with skin
attenuation

Containmert direct




BVPS-1-UPDATED FSAR

TABLE 14.3-14a (Continued)

Parameters Used in Evaluating the
Radiological Consequences of a Loss-of-Coolant Accident

D. 5. Continued

DBA_CASE
c. 0-2 hour Dose at N
i.  Thyroid ) 252.2
ii. Whole Body 4.9
d. 30~day Dose at LPZ
Thyroid 42.3

i.
ii. Whole Body

NOTES: 1. Based on gap activity

: 2. Treated mechanistically by sprays

3. Hydrogen purge dose treated elsewhere in FSAR
- Control Room dose treated elsewhere in FSAR

6 of 6

Rev. 15 (1/97)

REALISTIC CASE

0.270
0.0013

' 0.034
0.00016
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TABLE 14.3-14Db

Delete—

ARAMETERS USED IN CONTROL ROOM HABITABILITY ANATYSIS
OF THE 1,0SS OF COOLANT ACCIDENT=

Design_Case.
Power, MWt :

2766
Offsite power Lost
Containment Release Assumptions

Fraction of core inventQry available for release (after plateout)

Noble gases 1.0

Iodines 0.25 .
Iodine chemical form

Elemental 0.91

Particulate 0.05

Methyl 0.04
Containmént free volume, ft3 1.8E+6
Containment volume spray coverage fraction

T < 305 sec 0.51

T > 305 sec 0.89
Containment volume mixing rate, hr * 2.0
Spray effective time, sec \\

Quench spray . 64

Recirculation spray 305
Iodine removal coefficients, hr~t

ﬁlemental 10.0

Particulate 0.46

Organic 0.0

Elemental Iodine Decontamination Factor 100
0.1

1.0

Containment leak rate, % volume per day
Containment leakage duration, hours '

» ' ECCS Ieakage Assumptions
ECCS leak initiation time, sec

Ec'cs leak rate, gpm

Fraction of core iodine inventory in sump water

*This analysis was originally performed in 1987 in support of plant
modifications converting the Unit 1 Control Room to a common Unit 1 - Unit\2
facility. The analysis inputs, assumptions, and methodologies are based o
regulatory requirements that existed at the time the analysis was performed,
and may differ from those used in the offsite dose calculations.

1 of 2
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TABLE 14.3-14b (Cont'd.)

PARAMETERS USED TN CONTROIL, ROOM HABITABILITY ANALYSIS
OF THE 10SS OF COOLANT ACCIDENT#*

Volume of coOrtainment sump water, gal 4.59E+5

Fraction of io
flashing

e released to contiguous areas due to leak 0.1

SICRS filter efficie % 95

Control Room volume, ft

1.73E+5
Control Room normal intake,“¢cfm ’ 500
éREBAPS actuation by Containme Isolation phase B (CIB), sec 0
Control Room pressurization rate,
Air bottles . 600
Emergency filtered intake (CIB + 1\hour) 776
Control Room intake filter efficiency, % ~95
Control.?oom unfiltered infiltration, cfm . 10
Control Room purging None

Control Room %/Q values, sec/m3

period CNMT Leakage ECCS ILeakage
0-8 hr : 4.33E-4 2.73E~-4
8-24 hr 2.04E-4 1.28E-4

1-4 days 1.46E-4 9,17E-5
4-30 days 8.84E-5 5.57E-5 -

Analysis reference 14110.39-UR(

2 of 2



TABLE 14.3-14a

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

A, Core Parameters

1. Core Power (MWt) 2705
2. Days of Operation 1500

B. Radiation Source Terms

1. TRelease to containment (% of core)
a. Noble gas 100
b. Iodine 50

2. Activity released to containment atmosphere (Ci)

I-130 9.25E+05
I-131 3.62E+07
I-132 5.30E+07
I-133 7.45E+07
1-134 8.25E+07
I-135 7.05E+07
I-136 3.27E+07
Xe-131m 9.87E+05
Xe-133m 4.69E+06
Xe-133 1.49E+08
Xe-135m 3.12E+07
Xe-135 4 .85E+07
Xe~137 1.35E+08
Xe-138 1.28E+08
Kr—-83m 9.04E+06
Kr-85m 1.88E+07
Kr-85 7.59E+05
Kr-87 3.78E+07
Kr-88 5.25E+07
Kr-89 6.57E+07

7.05E+07

Kr-90

3. Activity in Containment Sump at T=0 (Ci)

I-130
I-131
I-132
I-133
I-134
I-135
I-136

9.25E+05
3.62E+07
5.30E+07
7.45E407
8.25E+07
7.05E+07
3.27E+07



4.

5.

Data and Assumptions Used to Estimate Activity Released

TABLE 14.3-14a (Continued)

PARAMETERS USED IN EVALUATING THE

RADIOLOGICAL CONSEQUENCES OF A LOSS-OF-COOLANT ACCIDENT

Continued

Containment Plateout (% of release to containment)

of Elemental Iodine Release to Containment

Iodine Species (%)
Elemental
Organic

Particulate

50

1.

Containment Leak Rate (%/day)

Containment Release Duration (hours)

Containment Leakage Unfiltered Release Fraction

Containment Free Volume (ft?)
(Minimum value conservatively used)

a. Sprayed Fraction (T < 305 sec)
b. Sprayed Fraction (T > 305 sec)

Containment Spray Removal Coeffecients (hxr™)

a. Elemental :
b. Particulate

Mixing Between Sprayed and Unsprayed
Regions (unsprayed volumes, hr1)

Elemental Iodine Spray Decontamination Factor

Spray Delay Time (sec)

a. Quench Spray
b. Recirculation spray

SLCRS Iodine Removal Efficiency* (%)
a. Elemental

b. Organic

c. Particulate

d. Noble gas

1.69E+06

10
0.44

100

64

305

99
80
99



TABLE 14.3-14a (Continued)

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

D. Offsite Dose Evaluation Results

1. Radioactivity Release to the Environment

INSERT

2. Atmospheric Dispersion Factors (s/m’)

Control Room Table 2.2-12
Offsite . Table 2.2-11a
Table 2.2-11b



Table 143-14a

Tasevt
" ENVIRONMENTAL RELEASES* (Ci) DUE TO A
LOSS-OF<COOLANT ACCIDENT
. ESF AWST Total2 Hr  Total 30 day
Nuclide Containment 2 Hour 30 Day 2Hour 30 Day Release Release

. KR-83M 3.42E+02  2.48E+01 2.29E+02 6.69E-03 7.29E-02 © 3.67E4+02 5.71E+02

KR-85 3.16E+01 2,13E-07 7.55E-07 6.32E-13 1.23E-11 3.16E+01 3.16E+01
KR-85M 7.29E+02 3.16E-02 3.16E-02 224E-07 65.84E-07  7.20E+02 7.29E+02
KR-87 1.22E+03 1.13E-02 1.13E-02 8.05E-08 1.47E-07 1.22E+03 1.22E+03
KR-88 1.94E403 1.12E-03 1.12E-03 1.39E-08 3.20E-08  1.94E+03 1.94E+03
KR-89 2.09E+02 1.37E-03 1.37E-03 7.16E-17 7.17E-17  2.09E+02 2.09E+02
KR-90 3.74E+01 1.70E-08 1,70E-06 1.10E-59 1.10E-52  3.74E+01 3.74E+01

XE-131M 4.11E+01 2OBE-02 6.32E+02 6.58E-06 5.83E-02 4.11E+0 6.73E+02
XE-133 6.20E+03  8.18E+00 4,19E+03 2.61E-03 3.79E+00  6.21E+03 1.04E+04
XE-133M 1.95E+02 5.81E-01 2.88E+02 1.84E-04 2.12E-01 1.95E+02 4.93E+02
XE-135 2.06E+03  8.48E+01 4.75E+03 2.61E-02 2.85E+00  2.14E+03 6.81E403
XE-135M 7.39E4+02  5.38E+02 3.03E+04 7.38E-02 9.41E-01 1.28E+03 3,10E+04
XE-137 5.28E+02 406E-02 4.06E-02 5.2{E-14 5.22E-14 5.20E402 5.29E+02
XE-138 1.72E+03 3.72E-03 3.72E-03  7.05E-10 8.03E-10 1.72E+03 1.72E403

BR-82 1.23E+00 1.42E-02 3.84E-01  1.35E-03 7.00E-02 1.24E+00 1.68E+00
BR-83 3.87E+01 3.74E-01 B8.79E-01 2.89E-02 1.22E-01 3.91E+01 -3.97E+01
BR-85 1.26E+01 1,07E-02 1.07E-02 3.60E-12 3.61E-12 1.26E+01 1.26E+01
129 1.24E-05 1.45E-07 5.42E-05 1.40E-08 2.51E-06 1.25E-05 8.91E-05
1-130 8.66E+00 9.75E-02 9.58E-01 9.03E-03 1.77E-01 8.77E+00 8.80E+00
1-131 3.45E402  4.03E+00 5.42E+02 3.88E-01 4.81E+01  3.50E+02 9.36E+02
1-132 455E+02  4.37E:00 9.93E+00 3.34E-01 1.37E+00  4.60E+02 4.67E+02
-133 7.03E+02  8.04E+00 1.31E+02 7.58E-01 262E401  7.12E+02 8.59E+02
I-134 6.10E+02  4.46E+00 5.71E+00 - 2.21E-01 4.92E-01 6.14E402 6.16E+02
1135 6.49E+02  7.07E+00 3.89E+01 6.32E-01 6.36E+00  6.57E+02 6.04E+02
1-136 2.24E+01 4.79E-03 4.79E-03 4.30E-22 4.30E-22  2.24E+01 2.24E+01

* Ret12241/11700-UR(B)486; Revd-

£ ¢ GIET 685 L19  'ON Xvd TYOINVHOTN W4 EE:€  NOW 66-F -120



TABLE 14.3-14a (Continued)

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

ECCS Leakage Assumptions

a. Leak Initiation time (s) 305

b. Leak Rate, (gpm) 0.05
(Doubled in the analysis)

c. Fraction of Core Iodine in Sump Water 0.5

d. Sump Water Volume (gal) 514,138

e. Leakage Flash Fraction 0.1

RWST Back-leakage Assumptions

a. Core iodine in sump water, (% of core) 50

b. Sump water iodine release
c. Beginning of back-leakage
d. Beginning of RWST release

100% elemental
post accident, (s) 2531
post accident, (s) 5444

e. End of RWST release post accident, (d) 30
f. Rate of back-leakage to RWST, (gpm) 1

(doubled in the analysis)

g. Iodine release fraction from RWST

Control Room Parameters

a. Control Room Volume (ft?) 1.73E+05
b. Control Room Normal Intake (cfm) 500
c. CREBAPS Actuation by Containment 0
Isolation Phase B (CIB) (sec)
d. Control Room Pressurization Flow Rate (cfm)
Normal Intake (T=0-92 sec) 500
Bottled Air (T=92 sec ~ 60 min) 600
Pressurization Fan Manual 0
Start Delay (T=60-81 min)
Pressurization Fans 600
{(T=81 min - 30days)
e. Control Room Unfiltered Infiltration 10
{T=92 sec - 30 days)
f. 1Intake Filter Efficiency (total %) 95
g. Control Room Purge None

Radiological Exposures
a. Contributors
(Control Room Only)

(Control Room Only)
b. Control Room dose

Containment Leakage
ESF Leakage
RWST Leakage
Containment Direct Radiation
RWST Direct Radiation
Table 11.3-7

Time dependent



TABLE 14.3-14a (Continued)

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

c¢. O0-2 Hour Dose at EAB (rem)

i. Thyroid {CDE) 2.0E+02
ii. Whole Body (EDE) 4.3E+00

d. 30-Day Dose at LPZ (rem)

i. Thyroid (CDE) 1.4E+4+01
ii. Whole Body (EDE) 4.0E-01

*Considering data B.5, C.9 and an assumed charcoal filter bypass of 1%°
for organic and elemental iodine, an iodine removal total efficiency
of 95% is conservatively used in the analysis.
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APPENDIX 14B

RADIATION SOURCES AND DOSE CALCULATION METHODOLOGY

This appendix. presents the quaptitier of radioactive isotopes
present in the core, fuel rod g:R;*%o-lant,_uolume—eeﬁ%fe;—tankf
and—gas—surge tanks, A brief Aiselission of the derivation of

these quantities and the dose calculation methodology used in the

assessment of the radiological consequences of the postulated
accidents is also included.

14B.1 ACTIVITIES IN THE CORE

Twsev t

-

tonsistent—witir—the—inventories given —in—FIP 148441 The-
fission —product——inventories for other i g axe
importent—from—a—health hazards point-of—wiew arecalcoulated
: £oy e s ; :
using—the—data from-APED 5398+=". These inventories are given 1in
Table 14B-1. The isotopes included in Table 14B-1 are the
isotopes controlling from considerations of inhalation dose,
(iodines) and from external dose due to immersion (noble gases).

14B.2 ACTIVITIES IN THE FUEL ROD GAP

Tusert

e computed gap activities (Table 14B-1) are based on buildup
th> fuel from the fission process and diffusion to the fuel xod
gap at rates dependent on the operating temperature. The
temperakure dependence is accounted for by determining fifle core
fuel fraction operating within each of ten temperatyré regions

(Figure 14D%J), each with a release rate to the gap-flependent of

the mean fusl temperature within that regior. Since the
temperature distribution changes during core JZXife, the highest
expected values are used. The temperaturg” dependence of the

diffusion coefficient, D', for Xe and K¢~ in UO., follows the
Booth expression($) which is based upon the Arrhenius equation:

D' (T) = D'{1l673) * EXP {{-E/R) (L/T - 1/1673)) (14B.2-1)
where: |

D' (T)

diffusiof coeffdxient at temperature T,
per sécond

E = acfivation energy, 82 Rilocalories/mole

]

D' (1673) diffusion coefficient at 16W3 K = 1 x 10”11

per second-

+3

temperature in degrees Kelvin

gas constant, 1.99 x 10 3 Kilocaloriesigole-K

d
I

14B-1
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he above expression is valid for temperatures above 1,100 C.
Below 1,100 C fission gas release occurs mainly by two
temperature independent phenomena, recoil and knock-out, and As
predicted by using D' at 1,100 C. The value used for D' (16778 K)
based “qn data at burnups greater than 10!% fissions DET cC,
accounts\for possible fission gas release by other mechawisms as
well as pedlet cracking during irradiation.

The diffusion\goefficient for iodine isotopes was c¢dénservativel

assumed to be xhe same as for Xe and Kr. ToneX and Scott(3

observed that io¥ine diffuses in uranium dioxjfle at about the
same rate as Xe an® Kr and has about the same ctivation energy.
Data reported by Belle/") indicates that fodine diffuses at
slightly slower rates Xhan Xe and Kr.

‘With the .diffusion -coefficient de¥brmined for the fuel
temperature region of in grest, the” fraction of radiocactive

fission gas which crosses th& fuel bo ndary into the fuel rod gap
is found from: : :

£ =3 % SQRT (D'/X ) * ((COTM (A/D')) - (D'/r )) (14B.2-2)
whefe: |
f = fraction of a giyén radiocactive\fission gas in fuel
rod gap
A = fission gas gecay constant, per. secoxd

Dl

diffusion/coefficient, per second

The above expfession is the steady-state solNtion of the
diffusion equafion in spherical geometry as given by\Booth!3!,

Table 14B-1/lists the total core activities as well as tivities
present ip’ the gap for each pertinent isotope obtained using the
above egdations and the fuel temperature distribution gixen in
Table 14B-2. . .

The Activities in the reactor coolant as well as in the volune
coptrol tank, pressurizer and waste gas decay tanks are given i
CHapter 11, including the data on which the computation of these
activities is based. C

14B.3 FUEL HANDLING SOURCES

Twsert
The~inventory of fission products in a fuel assembly is dependent
on the Tating of the assembly. ' The parameters wsed for the
calculations of the—highest rated assemb 0 be discharged are
summarized in Table 14B-3,~while thke associated activities at the
time of shutdown are givemn—+tH Tabte 4B-4,
The expected end-of-life temperature and power diztributions were

caleulated by using the radial and axial power peaking Tzcéars of

14B-2



A Section 14B.1 Insert

Activities in the core were calculated using the computer code ORIGEN as described in
NUREG/CR-0200, and using parameter values specific to the physical and chemical makeup of
the fuel and to the reactor operation. Because uranium enrichments may change from cycle to
cycle and these changes may cause an increase in certain nuclides, core radionuclide inventory is
calculated for a minimum expected enrichment and again for a maximum expected enrichment.
The assumed core inventory used in radiological analysis is composed of a selection of the
maximum value for each nuclide for the range of expected enrichments.

Section 14B.2 Insert

Where fuel rod gap activities are used in radiological analyses, the gap fractions provided in
Regulatory Guide 1.25 (and NUREG/CR-5009 for I-131) are assumed. These are 0.30 Kr-85,
0.12 I-131 and 0.10 for other iodines and noble gases total activity in the core.

-
5

Section 14B.3 Insert

The inventory of fission products available for release from a damaged fuel assembly is based on
the total core inventory described in 14B.1, the fraction of activity in the fuel gap described in
14B.2 and the number of fuel assemblies in the core. When used in the fuel handling accident
radiological analysis, this activity is also reduced to account for delay time specified in the
facility Technical Specifications which limits the post criticality time duration for performing
core alterations. Additionally, the PWR radial peaking factor of 1.65, as specified in Regulatory

Guide 1.25, is applied to increase the activity content to ensure that the maximum power
assembly is considered in the analysis.



BVPS-1-UPDATED FSAR Rev. 2 (1/84)

1.27. ano 37 respectlvely. The conservative epd-eof=life
temperature and powe distributions were calculated by using the
. same radial power peaking factor—a in—tHe expected case, but
with a higher axial power peaking factor—eof 1.69. Thus, the
temperature/volume distrxibttion in the fuel is changed and the
. maximum tempera =~ is increased (Table 14B-3), resulting—in an
_increased fraction of fission products in the fuel-cladding gap

(Table 14B-4).
14B.4 REACTOR COOLANT FISSION PRODUCT ACTIVITIES

.. - The parameters used in the calculation of the reactor coolant
fission product 1nventor1es, together with the pertinent
information concerning the expected coolant cleanup flow rate and
demineralizer effectiveness, are summarized in Table 14B-5, while
the results of the calculations are presented in Table 14B-6. In
these calculations, the defective fuel rods were assumed to be
present at the initial core loading and were uniformly

" distributed throughout the core. Thus, the fission product
escape rate coefficients were based upon the average fuel
temperature. The calculations were performed for—the—prevailing
.tempe;atu:e_upst;eam—4#;—%he—;egene:at;ue_Juﬁu;_exGhangeE———J&ur

e
.

4aar1%nﬂ:-ae%éﬁéﬁﬁﬁa§—a%r4%x;4&ownsizxunn—%eﬁgx;;a:aug;p with progen considevation
of the varrtous coolant densities in The puvTtTeation streawm.

The fission product activities in the reactor coolant durlng
operation with small claddlng defects (fuel rods containing
pinholes or fine cracks) in 1 percent of the fuel rods were
computed using the follow1ng dlfferentlal equations:

-

r parent nuclides in the coolant:

Bl

B E—— {(14B.3-1)
dt (B ~t*B')
o
for daughter nuclides
. (14B.3-2)
dej _ B ) :
— = D*V. % - *N . ]
. D Vj ch l] ij + l NWl
dt (B ~t*B*')
O .
where:
N = popula
D Zction of fuel rods having defectivesgladding
R purification flow, coolant systém volumes pe second
B initial boron concentration, ppm

14B-3
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1. First order nuclides:

dei hnYi PFEQi Q) ‘I‘1
& TV N B -ty AT, ) N (8
w i 1% - 1
-4
2. Second order nuclides: (Viﬁ.ﬂ.l)
de. hny,
=—L N (&) + €, N (¢)
dec v c. i7ij
W j i

PF Q
EQ., ™1 1
_(Xj-i-_v__-]___.*.a

3
~—
4
€

[
~~
[ad
o’

, 3T,
AR -2
(48.4.2)
3. Third order nuclides:
dek hn‘{k ] NN
= A v E, N + ., f. L
dc v N (B w B Ny () LB N
w k . i ]
Teg % D)y o
A + —X _+8 — N (t

143.4.3

where: J,3,K = First, second and +hivd order nuclide paremeters
I\lc.,i ()= Population of nuclide £ per fuel region at time T (afoms rer MTO“)

Nw (t) = Concentration of nuclide i in the main coolant at
i time t (atoms/cm3)
Fraction of €ailed fuel

=

n = Total number of fuel regions
YA-_ = ESc&Pe, vate c.oe%F’-‘ cient (SCCOV\A-‘)
8, = 95 ?., = Burnup rate (seconds-?)

i
Vw = Volume of main coolant (cm?)

= Decay constant for Tsotope £ (S ecanc\—‘)

PFEQ Equivalent purification factor (fraction) for i

e

T, = Coolant residence time in core (seconds)

[

TZ = Coolant circulation time (seconds)

{-.13 = gvnﬁb\:ﬂma fraction From 4 4o Ny



'Sec,‘h‘avg. lﬁ@-“‘(’ IN.IE}&T' (cou+rn»c;:c{)

Qi = Equivélent flow into purification stream (cm®/sec)
=% %

Py

O
]

Actual flow entering purification stream at.coolant

loop density (em?/sec)

)
]

Density of the main coolant (g/cm?)

Density of the purification flow (g/cm?®)

©
]

p

The &g ui valent puVTFTCa—'hom "Fa_c.‘{‘w ineludes the effell of wixed
bed demmevals 2evs perto dveall used cation dewmin evalizer and
noble goas stvs pPTg v The voluwme control tank.
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boron concentration reduction rate by d and
bleed, ppm per second

E removal efficiency of purjfication cycle for
clide '

1 = radidagtive constant

v = escape ra coefficient for diffusion into coolant

Subscript

Subscr w refers to coolant

script i refers to parent nuclide

Subscript j refers to

daughter nuclide

14B.4.1 Reactor Coolant and Secondary System Equilibrium

Activities

The reactor coolant ‘activities tabulated in Table 14B-6 are based
on 1.0% failed fuel. While these activities were .the basis of
most design basis radiological analyses performed during original
licensing, current analysis practice is to base many of these
analyses on the primary and secondary equilibrium activities that
correspond to the specific activity 1limits for reactor coolant

and secondary coolant provided in technical specifications.
Table 14B-15 tabulates these equilibrium activities.

14B.4.2 Reactor Coolant System Iodine Spiking °

Two cases of iodine spiking are considered in current design
basis radiological analyses. The first is the pre-incident spike
which occurs such ..that the technical specification maximum
21 pci/gm dose equivalent I-131 concentrations are reached just
prior to accident initiation. The second case is the iodine
spike that is initiated by the accident transient (i.e., ‘co-
incident spike). For this case, regulatory practice requires
analyses to include an iodine spike appearance rate that is 500
times the iodine appearance rate that would result in RCS
equilibrium concentrations equal to the 0.35 MUCi/gm technical
specification. Table 14B-16 tabulates the pre-incident spike
concentrations and the inci odd s

Me/HAadotajy -cha.(cwta:t'mi co-meident

iodna spilke release vates.

14B-4
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14B.6 VOLUME-CONFROL-TANK-ACREVERY. TN SEQT

ontrol tank is ass ain 120 cu ft
or. Table 14B-9 1lists the

_ olume control ta lad defects in
‘1 pex of the fuel rods.

14B.7 GAS SURGE—TANK ACTIVITY — T ANSERT

Activities—in _the gas surge tank are calculated assuming that i
is pressurized to 65—psig with gases stripped from s~ reactor
coolant and passed throug re-_gaseou vaSte charcoal delay
subsystem which provides for 30-da oldup of xXenon isotopes and
2-day holdup of krypton isotopes. The assumed T2 tripping rate
is 60 gpn. When the  operating pressure of the surge—ftank is
reached, the-fged and bleed rates for the tank are equal. able
14-10 sts the activity in the gas surge tank.

14B.8 DOSE MODELS FOR DESIGN BASIS ACCIDENT : “:

This section identifies the models used to calculate the offsife

radiological consequences from the release of radiocactivity as a
result of a loss of coolant accident.

14B.8.1 Assumptions

The follow1ng assumptlons are basic to both the whole body dose

due to immersion in a cloud of radioactivity and the thyroid dose
due to 1nha1atlon of radioactivity:

a. All radioactive releases are treated "as ground level
releases regardless of the point of discharge.

b. No credit is taken for cloud depletion by ground
deposition and/or radioactive decay during transport to
the exclusion area boundary (EAB) or the outer boundary
of the low population zone -(LPZ).

c. No credit is taken for collection and filtration of the
containment leakage by the Supplementary Leak Collection
and Release System (SLCRS) in the design basis case
(DBA) . -Credit-for 50% collection—ef ecentainment—leakage
—ds—takenr—in—the—realistie—ecaser :

assumptlon that
that is infinite in a

infinite cloud. The radi aterial concentration within
this cloud is as

14B-8



Section 14B-6 Insert

14B-6 WASTE GAS SYSTEM DECAY TANK RUPTURE ACTIVITY RELEASE

The radioactivity available for release following rupture of a waste gas system decay tank was
determined using the guidance of Regulatory Guide 1.24 and NUREG-0800 Branch Technical
Position ETSB 11-5, that is, the noble gas is removed from the RCS as quickly as possible and
collected in decay tanks. Additionally, the RCS activity concentration is conservatively based on
equilibrium achieved while operating with 1% fuel failures, a condition prohibited by facility
Technical Specifications. When a tank is full, it immediately ruptures and releases it’s entire
contents directly to the environment.

Hold-up in the charcoal delay bed is considered in the radiological analysis. Because of the long
hold-up time for Xe, there are no Xe isotopes assumed to be present when the tank rupture
occurs. Decay of Kr isotopes during activity collection and hold-up is considered in the analysis.
The collection time duration is based on the time required to fill a decay tank. During this period
RCS activity is conservatively assumed to remain constant, with no credit taken for activity
depletion.

Section 14B-7 Insert

14B-7 WASTE GAS SYSTEM LINE RUPTURE ACTIVITY RELEASE

The radioactivity available for release following rupture of a waste gas process system
component was determined using the guidance of Regulatory Guide 1.24 and NUREG-0800
Branch Technical Position ETSB 11-5. The radioactivity release consists of two source
components: 1) instantaneous release of a portion of the activity collected on the charcoal delay
bed following 24 hours of degassing at power plus the time period required to remove 99% of
the gas following reactor shutdown and, 2) one hour continuous flow release via the rupture
assuming a constant activity removal rate (no source depletion). Additionally, the RCS activity
concentration is conservatively based on equilibrium achieved while operating with 1% fuel
failures, a condition prohibited by facility Technical Specifications. The dose resulting from
each of these two source components is summed to provide a conservative, bounding
radiological consequence determination for this accident.
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The whole body dose conservatively incorporates the beta skin
The model assumes that all of the energy of the emis
nuclides present in the plume are deposite
receptor. he doses calculated from this energy ab
corrected for  the differences in absorption b
tissue.

ption are
air and by

The whole body dose
follows:

ommitment due to damma and beta is as

D (WB) = X0Q x Q(i) x DCFN(i)}

Where: D (WB) =
X0Q ' i ersion during
location

Total activity of isotope, i Nreleased
during time period (Ci)-

Dose conversion-factor for noble gas
isotope, i, (rem-cu.M/Ci-sec)

14B.8.3 [Thyreid Pose Commitwents — DELETIZD,

DCFN (i)

The total thyroid dos i o the radioiodine uptake
is as follows:

D(T)

]
=
Q
6]
o
2]

©
LY
e
L g
b
w]
0
ey
]
Cane Y
E
| W )

Where: D(T) = i itment (rem)

BR Breathing Rate (cu.M/sec) Table 14B-11

(i) = Dose conversion factor for radioiodi
i, (rem/ci)

isotope,

14B.8.4 rPose-Models—fur—Realistic—€ese— D= Lf“rrl)

Under realistic evaluation of the DBA LOCA
dose model is on deep-deposxtlon
deposition, including
tissues(®), The
‘contributi

vody
an surface energy
on of the attenuation by body
e body dose so includes the
rom the radiociodines in the release.

14B-9
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| 14B.8.5 Updated Dose Calculation Models

section.

Effective Dose Equivalent (EDE) as described in IcRp-26(11),
Replaces the traditional whole body gamma dose quantity. Like
the whole body dose it replaces, the EDE model assumes that the
receptor is immersed in a semi-infinite cloud. The EDE model
estimates the dose to each organ in the body due to radiation

from this cloud, applies a weighting factor to each organ dose,
and sums the weighted doses to obtain the EDE.

Dgpg = X / @ % 2 (Q3 X Cgpg, )

¥ l
where:
Dgpg = Effective Dose Equivalent (EDE)
Qi = Activity of nuclide i released
%/Q = Atmospheric dispersion factor

Cgpg; = Dose conversion factor for nuclide i
(DOE/EH~0070, 1988) (13)
For the control room dose analyses, the EDE is corrected to
account for the finite volume of the control room using the
method of Murphy—Campe(l3).
 ,0.338
D =X/ Q X:Z————->(§:(Q X CgpE. )
DE - i s
EDEcr 1173 0 T i

where:

DEDEqg = Effective Dose Equivalent (EDE) for control rocom

V = volume of control room, £t

Skin Dose Equivalent (skin DE) as described in ICRP-26. Replaces

the traditional beta skin dose quantity. Assumes that the
receptor is immersed in a semi-infinite cloud.

Dskn = X / @ X 2.(Qj X CsgrN;)

i
where:
Dsgzy = Skin Dose Equivalent (skin DE)
Qi = Activity of nuclide i released

14B~-10
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%/Q = Atmospheric dispersion factor

CSKIN1==Dose conversion factor for nuclide i
(DOE/EH-0070, 1988)

Thvroid Committed Dose Equivalent (thyroid CDE) as described in

ICRP-26 and ICRP-30'"“).  Replaces the traditional th¥roid dose
quantity based on the critical organ model of 1crRP-2{7) used in
TID14844 (1.

DCDE&,Y=X / Q XZ(QiXCCDEiX BR)
i
where:

DCDEthy = Thyroid Committed Dose Equivalent (CDE)
Q; = Activity of nuclide i released

x/Q Atmospheric dispersion factor

BR = Breathing rate
3.47E-4 m>/sec, 0-8 hours
1.75E-4 m>/sec, 8-24 hours
2.32E-4 m3/sec, >24 hours

3.47E-4 m°/sec, 0-30 day control room analysis
Ccpg; = Dose conversion factor for nuclide i
(USEPA FGR11, 1988)(1®)

14B.9 CONTAINMENT LEAKAGE MODEL - DBA CASE(®)

This section describes the model used to estimate the quantity of

radionuclides released to the environment by leakage from the

containment building, using design basis assumptions. The-
a. ' L] 3 E;; F : J s ; .1 i » S 1 > - an ae

0 -

14B.9.1 Radioiodine

Figure 14B-1 illustrates, 'schematically, the leakage model. The
containment free volume is assumed to consist of two regions: a
sprayed region and an unsprayed region. The processes acting
simultaneously on the activity in the unsprayed region are:

a. Radioactive decay
b. Leakage from containment : .
c. Thermally induced exchange with sprayed region

For the sprayed region, scavenging 6f iodine by chenical sprays
is added to the 1list above. This scavenging is effective on

elemental and particulate species of iodine. The chemical
removal continues until the i i

[y 3 0 .

~the—recirculationsprayand-the—-iedine-partitioning—factor+
containment becomes sub atmosphevic (| hour ofter Loc H—). At that
+’\VV\2 ﬁe Spv‘a\.y decov“t_"’M?V\kaOV\ ’é‘M‘l’vrS (DF) are w?-Ho\TV\ ’h\e, wiaxivmiuwwt

allo we_é— valwes,

14B-11



BVPS-1-UPDATED FSAR Rev. 16 (1/98)

The transport of radioiodines in and between the two regions is
modeled as a first order 1linear process. The activity in the
sprayed region (subscrlpt mg") and in the unsprayed region
(subscript "u") is determined as a function of the removal
processes identified above, Z, and the exchange between regions,
E, by the following differential expression:

da(s)/dt = E(u)xA(u) - 2z(s)xA(s)
dA(u)/dt = E(s)xA(s) - 2(u)xA(u)

The activity released to the environment, Q, as a function of
leakage, L, is given by:

Q = LJ§(S) + LJA(U)
t=0 t=0

The solutions to these express:.ons are tabulated in Table 14B-12.
The model was applled to the time perlod-e—aeq-—seeen&s——éef—l-ned——as

305 3600 seconds start:mg w:.th the :Lnltlatlon of

recirculation sprayy owd terwmnmats wg when the c.cw\‘}-aJV\mev\"t'
becowres subatmos phevre,

14B.9.2 Noble Gases

Noble - gases are not affected by the containment sprays, and
therefore, the two region model used for the radioiodines is
replaced with a model which encompasses the entire containment
free volume in a single region. The noble gas activity released
to the containmeat, A, as a function of time, 1leakage, L, and

radioactive g cay"' [BDA is given by:
Cov\s‘faw\'t-
D

The activity released to the environment, Q, is given as a
function of leakage, L, and time:

T
LIA

t=0

Q =

These edpressions are

Q(= {[LXA(O) ] / [L+
Wh

lved/ by the following:

EXP (- (L+LAMBDA)XT)]

A(0) = Initial noble gas activity released to the
containment at t=0, Ci

L = Leakage constant, see—x—10"1 sec

IAMBDA = Radioactive decay, see—x—20~t sec” ¢
Ja (V) o.&&ﬁ'\-rov\ ™M e velease off noble aenbid ?euev'a.‘t-ed by Tre d.eca o a.rcvt'l‘

ha\oaev\s‘/w\ahle Gerses Tn containwment 15 Tvclwded v The cq.lcul«_‘hon wtacle_lo
14B-12
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14B.9.3 ESF Leakage

The ESF leakage model assumes that there is leakage of containment
sump water to areas outside of the containment wvia leaks in the
recirculation piping. Noble gases are not assumed to be present
in the sump water and therefore are not considered in the ESF
leakage model. Ten percent (10%) of the radioiodine postulated to
leak from the recirculation piping is assumed to go airborne and
be available for release to the environment.

All of the potential ESF 1leakage occurs within the areas
maintained at a slight vacuum by the Supplementary Leak Collection
and Release System (SLCRS), and is therefore collected. This
activity is ‘released +via the release point located on the
containment dome after filtration by the main filter banks. —Fhe-

£ 3wt 3 3 4 t for 43 ceiod it Lo £334
banks—and-the-310%—xelease—£raction

14B.10 ~CONPATNMENT LEAKAGE-MODEL—=REATISTIC CASE(/ ~ DELETED

This section describes the model used to estimate the quantity
adionuclides released to the environment by leakage only om
tha containment building, using realistic case assumptions The
primary difference between the design basis and the zgélistic
case Ns that credit is taken for 50% collectiop” of the

contain®ent leakage by the Supplementary Leak Col}ection and
Release System, in the realistic case.

14B.10.1 SLCRS Efficienc

-

The fraction of\(the Technical Specificatién limit for total
 containment leakag® assumed to terminate i the areas served by
the Supplemental Leak Collection and Rglease Systenm (SLCRS) 1is
conservatively set'at\§0 percent. Thi¥s percentage was selected
at the construction peruit stage £or BVPS-1 and was based on
conservative engineering Sudgement“since no containment had yet
been built with a SLCRS. incethat time, several containment
leak rate tests have been onducted on other PWR reactor
containments. Calculatio show that the assumption is
conservative and only a #aximuls_ of 0.01 percent per day of
leakage of the containment could\be uncollected. The SLCRS,
therefore, is at 1least S0 perce effective in collecting
potential leakage foldowing a DBA. '

An analysis of ¢dhtainment leak test data\from Type A, Bloand C
tests for Main/Yankee, Connecticut Yankee, \Surry Unit 1(19) ang

Surry Unit 2 V) power stations was made. e A tests measure
the primary” containment overall integrated leaReage rate; Type B
tests p€asure leakage rates across prima containment

penetrations; and Type C tests measure containment isolatiQn
valve leakage rates. A summary of these tests is presented 1n
TabYe 14B-13.

14B-13
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e boundary of the Supplementary Leak Collection and Release
Sysgtem includes all penetrations and valves that undergo Type B
and\C testing with the single exception of the equipment hatg
which is sealed after the plant construction phase.

Therefore, the difference between the two 1leak rates, of the
overall leak rate, as determined in a Type A test, and tiHe leak
rate acrosg penetrations and valves, as determined by the
combination ®f Type B and C test results, represents thé rate of
leakage that 15 uncollected and unfiltered, if the legXage around
the equipment hatch is, as the data indicate, negligible.

The unfiltered leak rate assumed in offsite dose/calculations is
50 percent of the TRechnical Specification limit The unfiltered
leak rates for all four nuclear power plants ciyed are well within

50 percent of the Technical Specification ligits (38 percent or
less). ) :

Furthermore, since the cantainment structyfe is completely 1lined
by a 3/8 inch shell wiXth joints tha¥ are welded and then
overlapped by test channels\welded to th¢ shell, the potential for

leakage through the containmint shell s negligible and invariant
with time.

The leakage of iodine by diffysion through the 1liner is
negligible. Solid iodine is shippéd commercially in polyethylene
bags in a fiberpack container/\with no noticeable loss by
diffusion. It is expected tha# the diffusion of iodine through
steel will be =zero. Methyl Zodine\is not expected to diffuse
either. A BNWL report notes/ "Losses to the reaction vessels
surfaces in the absence of hydrazine are\negligible."

To evaluate the SLCRS an

alysis was made\of each potential leak
path. The sensitivity

I tests actually\used on Surry Power
Station were used. ‘'For/welds, the sensitivity of the H-10 lea}g
detector probe was use (minimum threshold sen3jitivity of 1.8x10~
cc per second measuring 1/4 inch of weld). ach 1/4 inch of
containment liner wag assumed to leak at 1.8 x 10N cc per second.
Testing of the coptainment liner weld leakage 1§ conducted in
accordance with & W nondestructive test procedure No. 261,
entitled "Quality’ Control Halogen Leak Testing." TRNs procedure
contains calibrZtion procedures for all apparatus used for the
test. Gross Aeakage testing is performed prior to the actual
halogen tests The gross leak test requires the applicatbion of a
specifically/prepared bubble solution which will form bubbles when
air is pasged through it. Following the application of the \bubble
solution, /the welded test channel is pressurized with air %o 50
psig and/held for 15 minutes soak time prior to examination. \ Any
leaks detected by this method are repaired and retested prior\to
the rformance of the halogen test. The halogen 1leak tegt
procedure requires the attachment of a special test apparatus t\Y
the/ welded containment. This apparatus includes a vacuum pump
Fyeon (R-22) tank, and pressure gages, piping and valves necessary
0 conduct the test. The apparatus is connected to the test
containment by flexible metal hose and fittings. The vacuum pump

DELETE
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started and the test containment is evacuated to 1.0 to Q.f
psia The vacuum pump is then isolated and the Fregr gas
isolatien valve is fully open to measure a reading of 50 psig.
The isolation valve is then closed. Wwith the 1le#k detector
calibrated Im accordance with the procedure, 100 percent of the
welds are scanied with the probe held as clese as practicable
traveling at a maxImum rate of 1 inch per seednd.

The probe is checked usihg a calibratéd source before and after
each section of containment~\is tested or 20 ft, whichever is
smaller. The total maximum JPatential uncollected containment
jeakage through liner welds u<ing This ultra conservative analysis
is 80.12 ft3/day (for BVES<i). The results of the evaluation are
presented in Table 14B-10. This analysig provides justification
for the 50 percent cpfiservatively effective™SLCRS on BVPS-1.

14B.10.2 Releagé Model

A single région model was used in the realistic case. ™ is model
used expfessions similar to those in Section 14B.9.2, expangded to

inclpde removal by sprays for radioiodines. Figure 4B-1
i ustrates the release pathways. -

DELETE
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TABLE 14B-1

FRACTTON S
CORE AND GAP Achsvistps !5°
BASED ON FULL POWER OPERATION FOR 660 DAYS

. 0 (1/82)

FULL POWER: 2766 MWt

S . 210s
FNSERT

Percent of

Curies in Core Activity
Core (x 107) In Gap
1-13) 6.83 :ﬁ,lqv 0.851
I-132 10.4 0.0933

I-133 15.3 0.280
I-134 17.9 0.0577
1-139/5 0.159
Xe-131m 0.

Xe-133 15.8

Xe-133m 0.

Xe-135

Xe~-135m

Xe-138

Kr-83m 0.0853
Kr-85 0.0775 . 17.1
Kr-85m 3.06 0.128
Kr-87 5.89 ' 0.0692

Kr-8

10.8 0.0142

1l of 1l

Curies i
Gap (x Y0%)

0.0538
10.9
0.181
0.804
0.133
0.455




Table 14B-1 Insert

CORE CORE FRACTION
NUCLIDE ACTIVITY (Ci) In Gap
Kr-83m 9.04E+06 0.10
Kr-85m 1.88E+07 0.10
Kr-85 7.59E+05 0.30
Kr-87 3.78E+07 0.10
Kr-88 5.25E+07 0.10
Kr-89 6.57E4+07 0.10
Kr-90% 7.05E+07 0.10
Xe-131m 9.87E+05 0.10
Xe-133m 4.69E+06 0.10
Xe-133 1.49E408 0.10
Xe-135m 3.12E+07 0.10
Xe-135 4.85E+07 0.10
Xe-137 1.35E+08 0.10
Xe-138 1.28E+08 0.10
Br-82% 2.85E+05 0.10
Br-83* 8.96E+06 0.10
Br-85% 1.87E+07 0.10
1-130* 1.86E+06 0.10
1-131 7.24E407 0.10
1-132 1.06E+08 0.12
I-133 1.49E+08 0.10
I-134 1.65E+08 0.10
I-135 1.41E+08 0.10
I-136* 6.57E+07 0.10

*Because of their short half-lives and/or insignificant impact
on accident dose, these isotopes are considered only in the LOCA
radiological analysis.
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TABLE 14353/////////’ ' .

NUCLEAR CHARACTERISTICS OF HIGﬁgg;RATED DISCHARGED ASSEMB

Reactor Po Expected Case nservative Case

2766

Rating MWt 2766
102% Rating 2821 2821
Number of Assemblies 157 157
Array 15 x 15 15 x 15
Core Average Assembly Power
At 102% Rating, MWt 17.97
Discharged Assembly (Highest Power)
Axial Peak to Average Ratio 1.37 1.69
Peak Power, Kw/ft 12.8 15.8
Maximum Temperature, F 3500 3900
Radial Peak to Average, Ratj 1.27 1.27
Temperature/Powexr

Distribution % Fuel Powexr, MWt % Fuel Power, Mwt

Local Temperature, Volume in Volume Volume i

>3900

0 o 0

3700 - 0 0 1.33
00 0 0 2.67

| 1.33 0.30 4.00

3300 2.67 0.61 © 5.33

4.00 0.91 6.67

5.33 1.22 8.00

6.67 1.52 9.33

80.00 18.26  _62.67

100.00 22.82 100.00

1l of 1



BVPS-1-UPDATED FSAR Rev. 0 (1/82)

TABLE 14B-4

ACTIVITIES IN HIGHEST RATED DISCHARGED ASSEMBLY
CURIES AT TIME OF REACTOR SHUTDOWN

Fraction in Fuel-Cladding Fraction in Fuel-Cladding

Fuel-Cladding Gap Fuel-Clad Gap

Isotope Total Curies Gap Curies G Curies
1-131 5.75 x 10° 0.0166 9.55 x 10° 0.0376 2.16 x 10"
1-132 8.68 x 10° 020018 1.56 x 10° 0.0042 3.65 x 10°
1-133 1.28 x 10° 0.0064 8.19 x-T10° 0.0137 1.75 x 10"
1-134 1.50 x 10° 0.0012 780 x 10° 0.0026 3.90 x 10°
1-135 1.16 x 10° 0.0034 ~95 x 102 0.0078 | 9.05 x 10°
Kr-85m 2.53 x 10° 0.0058 1.26 x0° 0.0108 2.73 x 103
Kr-85 8.25 x 10° 0.243 2.00 x 10° 0.353 2.91 x 10°
Kr-87 4.86 x 10° 0.0014 6.80 x 10? 0.0031 1.50 x 103
Kr-88 6.91 _x710° 0.0048 3.32 x 10° 0.0308 7.46 x 10°
Xe-133m .63 x 10" 0.0091 2.39 x 10?2 0.206 5.41 x 10°?
Xe-13 1.30 x 10° 0.0137 1.78 x 10" 0.0310 4.03 x 10"
€-135 3.53 x 10° 0.0037 1.26 x 10° 1.0084 2.9%8 103

Dele fe
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TABLE 14B-5
PARAMETERS USED IN'THE CALCULATION OF REACTOR COOLANT -
ACTIVITIES
1. Core thermal power, maximum o 27766~ Q70S
calculated, MWt
2. Fraction of fuel containing . 0.01
clad defects
3. Reactor coolant liquid volume, 9387 “7,¢3 S
including pressurizer, ft® "
4, Reactor coolant -average dev\s#y (\b/,;_‘}) —S737— 44,13
temperature, ¥ ‘
5. n flow rate 60

cation demineralizer 6.0
flow, gpm

7. Volume control tank wvolumes

a. Vapor, ft® A 180~ 183
b. Liquigd, ft 20— 36

8. Fission product escape
rate coefficients:

a. isotopes, sec ! _ 6.5 x 10_°
b. Cs isotopes, sec ! 1.3 x 10 8
c. pes, sec_ 1.0 x 10_°
d. Mo—¥sotopes, sec 2.0 x 10_°
e. Sr and Ba 1sotopes, sec ! 1.0 x 10 !
f. Y, La, Ce, Pr¥isotopes, sec” } 1.6 x 10 *?2
Ses Br,Nb, Te, Ru, Rk, S%,50,N4, Pm, Sim
9. Mixed bed demineralizer decontamlnatlon
' factors:
JRYb
a. Noble gases and Cs—%34T—L367—%3¥7
Aééwk—ei—an&—ﬂe-SS- 1.0
b. All other isotopes 10.0
10. cCation bed demineralizer .decontamination’

factor for Cs-134, 1367337 —X~=-90,91
and—Me—99- LS 10.0
Noble gases, halogeuns , othevs \.0

1l of 2
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TABLE 14B-5 (CONT'D)

- PARAMETERS USED IN THE CALCULATION OF REACTOR COOLANT
ACTIVITIES

11. Volume control tank noble gas stfipping
fraction '

Isotope : Stripping Fraction
\

Kr-88
Xe-133

Xe~133m

2 of 2



Table 14B-5 (continued) INSERT

12.

13.

14.

15.

16.

17.

18.

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138

Thermal Neutron Flux in Fuel Region (n/s-cm?)
Thermal Neutron Flux in Coolant Region in Core (n/s-cm?)
Circulation time of Primary Coolant (sec)
Residence Time of Coolant In Core (sec)
Density of Purification Flow (Ib/ft*)
Volume Control Tank

Water Volume #)

Vapor Volume (ft%)

Temperature (°F)

Pressure (psig)

Purge Rate (ft*/min)

Reactor Operation Time (days)

7.7E-01
5.8E-01
6.5E-05
8.3E-01
6.8E-01
9.9E-01 -
1.3E-02
6.9E-02
3.0E-02
9.4E-01
3.0E-01
9.8E-01
9.4E-01

4.64E+13
5.34E+13
12.2
0.808

61.29

136
183
115
20
0.0

1,150
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TABLE 14B-6

;;RBQQR COOLANT EQUILIBRIUM FISSION AND CORROSION PRODUCEJK/;IVITIES
(Based on Parameters Given in Table 14B- -5)

Activity ActivAty
Isotope (uCi/cc) Isotope (uCX/cc)
Br-84 2.9 x 10 2 Cs-137 0. 91
‘Rb-88 3¢ 3 ' Cs-138 0.66
Rb-89 6.9 102 Ba-140 3.0 x 103
Sr-89 | 2.9 x I8 La-140 1.1 x 1078
Sr—éo 6.9 x 10~ Ce-144 2.5 x 10 *®
Sr-91 1.4 x 1073 pr 144 2.5 x 107" .
Sr-92 5.2 x 10 * Xr-85 7.8 |
Y-90 8.4 x 10 5 Krx85m 1.4
¥-91 4.7 x 10 * Kr-8% 0.86
Y-92 5.1 x 10 / - Kr-88 2.3
Zx-95 4.9 x /7% Xe-133 19.2
Nb-95 4,9 ¥ 107" Xe-133m 2.2
Mo-99 2.7 Xe-135 2.3
I-131 1.8 Xe-135m . 0.°A8
I-132 0.63 Xe-138 0.48
I-133 2.9 Mn-54 5.6 x 1 *
1-134 0.39 ~ Mn-56 2.1 x 10
I-13 1.5 Co-58 - 1.8 x 102
Tef132 0.19 Co-60 5.4 x 107"
e-134 2.14 x 1072 Fe-59 7.5 x 107
Cx-51 6.8 x 10"

TNSERT

1l of 1



Table 14B-6 Insert

DESIGN REACTOR COOLANT NOBLE GAS AND IODINE ACTIVITIES

NUCLIDE

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89

Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138

I-131
I-132
I-133
I-134
I-135

Mn-54
Co-58
Co-60
Fe-59
Cr-51

ACTIVITY

(uCi/gram)

3.95E-01
1.38E+00
1.45E+02
9.26E-01
2.95E+00
7.51E-02

4.70E+00
3.93E+00
2.91E+02
8.99E-01
9.67E+00
1.85E-01
6.35E-01

2.69E+00
1.06E+00
4.03E+00
5.94E-01
2.32E+00

4.80E-03
1.38E-02
1.59E-03
9.00E-04
9.30E-03

(Based on Parameters Given in Table 14B-5)

ACTIVITY
NUCLIDE (uCi/gram)
Br-84 3.62E~02
Rb-88 2.69E+00
Rb-89 1.54E-01
Sr-89 3.38E-03
Sr-90 1.98E-04
sr-91 1.40E-03
Sr-92 9.95E-04
Y-90 5.41E-05
Y-91 4.60E-04
Y-92 8.49E-04
Z2r-95 5.94E-04
Nb-95 6.01E-04
Mo-99 7.11E-01
Te-132 2.78E-01
Te-134 2.85E-02
Cs-137 3.27E+00
Cs-138 9.67E-01
Ba-140 3.85E-03
La-140 1.31E-03
Ce-144 4.34E-04
Pr-144 4.37E-04



BVPS~1-UPDATED FSAR "Rev. 0 (1/82)

~ TABLE 14B-9

LDNSERT MR CONIROL SANK hORIVIRIRS

Y~

Activities
{Curies)

1.41

6.35

Xe-131m

Xe-133m 1.05 x 10!
Xe-133 3.85 x 102

_ Xe-135m .59

{

~ .- Xe~135 x 10!
I-131

- Negligible

Negligible

Negligible

l of 1



ssumptions:

Isotoge
Kr-83m

K;-85m
Kr-85
Kxr-87

Kr-88

Xe-lBlm
Xe-133m
Xe-133

Xe-135m

Xe~-135

‘Tank at opérating pressure -~ 80 psia

BVPS-1-UPDATED FSAR "Rev. 0 (1/82)

TABLE 14B-10

Clad defects in 1 percent of fuel rods

Operation at -2,766 MWt

ity inventory
reactor coolant

Tank contains worst gaseous actj
associated with gas stripping o
‘letdown to compensate for fuel
actor coolant system volume s 9,387 ftd.

al Activity Curies

4,01 x 1077 .
6.55 x 10 2

1.69 x 103

2.33 x 10 1%

1.11 x 103

3.84 x 107V
5.30 x 10" 2
8.70 x 10!

.60 x 10 °

x 10 3

Negligikle
Negligible

Negligible

Negligible

Negligible
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TABLE 14B-11

THYROID DOSE CONVERSION FACTORS 1)

Nuclide ,S!Abr— _ xemiCi-

1131 R.A3E-07 148—xT05—
1132 _ \.TqE~eq 5353104
1133 4.SCE~08 4-06—x—165-
Ii3b 2.25E-10 2.50-% 104
1135 €. 40 E~0q 24 —x1o°

BREATHING RATES'2)

Time Period . m3/sec

0-8 hours .~ , 3.47 10_*
8-24 hours 1.75 10_*
24-duration 2,32 10 ®

1 EPA S20, Fedevdd G'_u,fda.v\ee—' Re,pov-'{' No.

F—4

4 e—an
Fest—Reactor—Sites— (conversion factm, 3.7 E+0 mrem—Bg /5, -,u.c.:)

r2y y. s. Nuclear.Regulatory Commission, Regulatory Guide 1.4

lofl
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YABLE 14R-13

SUMMARY OF ‘*YPE A, B AND C CONTATNMENT LENKAGR TESTS

[
c |

Tach ?

leakage ype N Test Type B + C Tests B +C M (B + C) A~ (B + C)
Plant _{t Day) {3 /Day) (V/Day) {1/0ay) {Tech Spec 1)

Maine Yankee 0.25 0.0112 + 0,00003 21 0.0429 + 0.0187 17

(.1875)

(1) (3) (2) (3) (2)

Connacticut Yankee 0.25 0.0426 + 0.0038 23 0.0719 99 169 0.0003 + 0.0038 0.1

(.1875)
Swery 1 0.1 (.075) 0.052 27 0.038 + 0,004 an
Surry 2 0.1 (.075) 0. 0.020 + 0.007 20
Ginng 0.1 (.0731)

HOTES: (1) Test

(2) Teptconducted during 1967

Teat conducted ducing 1970
DELETE
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BVPS-1-UPDATED FSAR Rev. 2 (1/84)

D E L. E’\—E TABLE 14B-14 , I

PARAMETERS USED IN CALCULATING FRACTION
OF LEAKAGE COLLECTED BY THE SLCRS

Structure Ar

Contalyment

Containmext Dome 10% ft2

Containment Wall 10* ft2

Containment Flogr 10* £t2

Containment Wall 104 ft?
Waterproof Membrage

Total Containment Are “1o% ft?

Waterproof Membrane

Safegquards Area. 4.41 x 103 ft2 l

~ Cable Vault Area 4.82 x 103 ft?
Total Contiguous Area 9.23 x 103 ft2 -

Total Contiguybus Area . _ 9.23 x 103 ft2 |

Ratlo = Total poten¥ial containment \ 5.78 x 10% £t¢
weld leakage area
Ratio = 15.97% of potential weld leakagd is into areas serviced

by the gLCRS.

Potential confainment leakage 105.72 £t3/day

from liner/weld

5.72 = 16.88 £t3/day leakage into cyntiguous areas

0.1597 x
: A Serviced by SLCRS.

eakage Sources (Uncollected)

Ungollected type C piping : less than Q0 ft3/day
akage ' | by test

Equipment Hatch 99.86 ft3/day

Dome Hatch (welded closed) 4,72 x 10°3 ft3/day
' (negligible)

1 of 2
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TABLE 14B-14, (Cont'd) .

PARAMETERS USED IN CALCULATING FRACTZION
OF LEAKAGE COLLECTED BY THE SLC

Leakage Sources\(Uncollected)

Maximum potential u;::I}é ted

containment liner weld le
to atmosphere

Leakage

88.84 ft3/day

Total maximum potential ungdllecdked 278.70 ft3/day
leakage

RESULTS
Maximum popéntial uncollected 0.016 pexcent of
leakag containment volume
per day :
Effegtiveness of SLCRS (percent greater than 8%%

of Technical specification
eakace collected)

DELETE

2 of 2



BVPS~1-UPDATED FSAR

IABLE 14B-15

PRIMARY AND SECONDARY EQUILIBRIUM ACTIVITIES .
Corresponding to 0.35 uCi/gm Dose Equivalent T-131 in Resg(l)

8G

" Rev. 16 {1/98)

1. Steam generator liquid based on 0.1 puCi/gm D.E. I-131 in

8G
ReCS Liquia Steam
Kr-83m H0AE-0A 4 658~02— 4+53E—~0F ¢4SE-0O7
Rr-85m L4 E~0l  2+2FE~01" 2,21E=06-1.39£-04
Kr-85 .49 E4+0  1+20B+060 A3 7B~-05-008-04
Kr-87 w44 E-0d I-30B-0F IT26E-0U6 t11£-00
Kr-88 2LYE-Ol I 4E6B~03- 3+3FE~O06 1SSE~CL
Kr-89 16SE-D} L1+ O9E=2 15 0TE=07 1036-07
Xe-131n 429 £-01 1.,17BE-g2 eI 4B~0T 6.4 $E ~ 04
Xe=-133nm 4.00 £ ~0l 3+33E-0% 3 2B5E=06—5.42E-0g)
Xe-133 Aq97& 10l 2-845+00 25FFE=05 4.00E-0y
Xe-135n U6 8-02 IT18R=01" A15B-06-5¢1E-0b
Xe-135 49.§5E-0l 3+48E-0% 3+40E=06-1.44E-05
Xe~137 1-T1e -0} I~I71E=D2~ A+F2EB-0F-2LS5E-07
Xe-138 T -4 E-02 F2B8E=02 +IO0E-07-7.74E-07
I-131 RI4E-0l  J+F2E-0F T 0L 8411E=0D 8+13P—-049.35E-04
I-132 tose-ol 9.48E=02 l-ISE-0d 1+445-02- A+ 44E~04 1.3sE-04
I-133 g E~ol 4-24E=-0F q.u3e-0x 106803 1+06E-032.13 E-04
I-134 ©-05E-0d. 5793E<02 176 E-03 254803 2+54E-051.16 E-0S
I-135 2.3 E-o\ 2.28E=01~—3.11E-03 3+ 88803 3<88E=04 3.1qe -0y
Notes:

steam generator.

2. Ref:

ERS~ ATL— G -0 7

lof 1
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TABLE 14B-16
RCS IODINE SPIRE ACTIVITIES

Pre~incident Concentration, p.ci/gm‘
(Corresponding to 21 pCi/gm d.e. I-131)

I-131 L.e4E+ol 2653—
I-132 6.4¢ E4o0 569
I-133 2.4 E4+0\ 2574

I-134 3,3€+00 378€
I-135 L4AE 40\ FF+F—

(500x Equi ium Rate for 0.35 uci/gm d.e
I-131 «49
I-132 0.92
I-133 1.10

I-134

Notes:

1. Ref:

ERS - AL 49-00°7

TNSERT
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PARAMETERS AND ASSUMPTIONS AND MODEL USED
FOR CALCULATING IODINE RELEASE RATES INTO REACTOR COOLANT
DUE TO A CONCURRENT IODINE SPIKE

Thyroid dose conversion factors Nuclide mrem/UCi

I-131 1.08E+03
I-132 6.44E+00
I-133 1.80E+02
I-134 1.07E+00
I-135 3.13E+01
Nuclide decay constants (A;) Nuclide second™!
I-131 9.9783E-07
I-132 8.3713E-05
I-133. 9.2568E-06
I-134 - 2.1963E-04
I-135 2.9129E-05
Reactor coolant system leakage (L) Technical Specification

maximum allowable values

Reactor coolant system mass (M) Limiting value specific
to the accident

Letdown purification removal (E) 1.0
Letdown purification flow rate (F) 120 gpm
Technical Specification equilibrium Table 14B-15

concentrations (EQ)

Formula for iodine loss constant Aorar = (F*E/M) + (L/M) + A,

Concurrent iodine spike RR = EQ *M * A coa1
release rate (RR) )

- NOTES:

Formulas for iodine release rates from EPRI Report, "Review of
Iodine Spike Data from PWR Power Plants in Relation to SGTR
with MSLB, TR-103680)"

This Table is applicable to design basis accident analyses
performed subsequent to December 1998.
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UPDATED FINAL SAFETY ANALYSIS REPORT




ATTACHMENT A-2

Beaver Valley Power Station, Unit No. 2
License Amendment Request No. 151
UFSAR Update for Revised Radiation Dose Calculations

—

The following is a list of the affected pages:

Affected UFSAR Pages:

Affected UFSAR Tables:

Revise Pages 6.4-5, 6.4-8, 11.1-2, 12.2-1, 12.3-15,
15.0-11a, 15.0-12, 15.0-14, 15.0-15, 15.1-22, 15.1-23,
15.2-13, 15.2-22, 15.3-10, 15.3-11, 15.3-12, 15.4-29,
15.4-44, 15.4-45, 15.4-46, 15.6-4, 15.6-5, 15.6-9, 15.6-10f,
15.6-10g, 15.6-10h, 15.6-20, 15.6-22, 15.6-25, 15.6-26,
15.7-2, 15.7-6, 15A-1, 15A-5, 15A-7

Revise Tables 1.8-1, 6.5-2, 11.1-1, 11.1-2, 11.1-3, 11.1-6,
11.1-7, 12.2-1, 12.2-3, 15.0-7a, 15.0-7b, 15.0-8b, 15.0-9a,
15.0-10a, 15.0-12, 15.0-13, 15.0-14, 15.1-3, 15.2-2, 15.3-3,
15.4-3, 15.6-2, 15.6-5b, 15.6-11, 15.6-12, 15.7-1, 15.7-2

Delete Tables 6.4-2, 15.1-4, 15.1-5, 15.2-3, 15.4-4,
15.6-3, 15.6-6, 15.6-7, 15.6-13, 15.7-3

Add Table 15A-1a
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TABLE 1.8-1 (Cont)

RG No. 1.23, Rev. 0 _
UFSAR Reference Secticon 2.3.3

ONSITE METEOROLOGICAL PROGRAMS (FEBRUARY 17, 1972)

Onsite meteorological programs for Beaver Valley Power Station
- Unit 2 will follow the guidance of this regulatory guide.

RG No. 1.24, Rev. O
UFSAR Reference Section 15.7.1.3

ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL RADIOLOGICAL

CONSEQUENCES OF A PRESSURIZED WATER REACTOR RADIOQACTIVE GAS
STORAGE TANK FAILURE (MARCH 23, 1972)

Beaver Valley Power Station - Unit 2 evaluation of the potential
radiological consequences of a pressurized water reactor
radioactive gas storage tank rupture meets the intent of this

regulatory guide. The following alternatives were considered
prudent:

Paragraph C.1l.a

In recognition of specific plant equipment arrangements for
gaseous waste handling, the system component producing the
worst environmental impact was identified and additiomal
conservatism was appropriately applied.

Paragraph C.2

Atmospheric diffusion (X/Q) values were calculated using the

latest approved techniques which are provided in Regulatory Guide
1.145. '

RG No. 1.25, Rev. 0
UFSAR Reference Section 15.4.7

ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL RADIOQLOGICAL
CONSEQUENCES OF A FUEL HANDLING ACCIDENT IN THE FUEL HANDLING AND
STORAGE FACILITY FOR BOILING AND PRESSURIZED WATER REACTORS

" (MARCH 23, 1972)

The assumptions used for evaluating the potential radiological
consequences of a fuel handling accident in the fuel handling and
storage facility at Beaver Valley Power Station - Unit 2 meet the
intent of this regulatory guide with the following altermative:

Paragraph C.1.j specifies iodine removal efficiencies of
90 percent for inorganic species and 70 percent for organic

species. However, the efficiencies used are those given in
Table 2 of Regulatory Guide 1.52 (that is, 95 percent for
both
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TABLE 1.8-1 (Cont)

organic and inorganic species if 2-inch charcoal bed depth is
provided; 99 percent if 4 or more inches of charcoal bed depth
is provided) since these represent more realistic values.

Paragraph C.l.d4 specifies that the analysis should be performed
asspuming 10% of the total radiocactive iodine in the rods of the
time of the accident. However, the iodine percentages used are
12% I-131 and 10% of the other iodine nuclides. This is in

keeping with NUREG-5009, as referenced by the USNRC in the safety

evaluation report for license amendment 12.

RG No. 1.26, Rev. 3
UFSAR Reference Section 3.2.2

QUALITY GROUP CLASSIFICATIONS AND STANDARDS FOR WATER-, STEAM-,
AND RADIOACTIVE-WASTE-CONTAINING COMPONENTS OF NUCLEAR POWER

PLANTS (FEBRUARY 1976)

Quality group classifications and standards for water-, - steam-,
and radiocactive-waste-containing components of Beaver Valley
Power Station -~ Unit 2 meet the intent of Regulatory Guide 1.26
with the following alternatives:

1. The safety class terminology of ANSI N18.2 and
ANSI 18.2a-1975 is used instead of the quality group
terminology. Thus, the terms Safety Class 1, Safety

Class 2, Safety Class 3, and Non-nuclear Safety (NNS)
Class are used instead of Quality Groups A, B, ¢, and D,
respectively, and are consistent with present nuclear
industry practice.

2. Paragraph NB-7153 of the ASME Section III Code requires
that there: be no valves between a code safety valve and
its relief point unless special interlocks prevent
shutoff without other protection capacity. Therefore,
as an alternative to Paragraphs C.l.e and C.2.c, a
single safety valve designed, manufactured, and tested
in accordance with ASME 1III Division 1 is considered
acceptable as the boundary between the reactor coolant
pressure boundary and a lower safety class or NNS class

.line.

3. Portions of the emergency diesel generator cooling water
system, considered by the vendor to be parts of the
engine (as distinguished from auxiliary support

systems), were built " to the manufacturer's standards

rather +than ASME 1III. These are identified in

Table 3.2-1 and Section 9.5.5. The components used are
of high quality, proven by experience, and were
designed, fabricated, erected, and tested under the
vendor'’s Quality Assurance Program which meets the
requirements of 10CFR50, Appendix B. Similar equipment
has been accepted by the NRC for other nuclear power
plant applications.

11 of 80
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TABLE 1.8-1 (Cont)

8. Paragraph C.1 (IEEE Standard 384-1974 - Section 3,
- ISOLATION DEVICES)

The wuse of two independent Class 1E overcurrent devices
(breakers or fuses) in series, provides electrical

separation between Class 1E and non-Class 1E circuits
under the following conditions:

1. Coordination is provided between each of the two
series devices and the main Class 1E feeder
breaker.

2. These devices are included in a surveillance

program during normal plant operation.

RG No. 1.76, Rev. 0
UFSAR Reference Section 3.3.2.1

DESIGN BASIS TORNADO FOR NUCLEAR POWER PLANTS (APRIL 1974)

All applicable Beaver Valley Power Station - Unit 2 structures,
systems, or components important to safety will be designed to
withstand, or will be enclosed in structures which will
withstand, the six descriptive parameters given in Table I of
Regulatory Guide 1.76 for the Region I location.

RG No. 1.77, Rev. 0
UFSAR Reference Section 15.4.8

ASSUMPTIONS USED FOR EVALUATING A CONTROL ROD EJECTION ACCIDENT
FOR PRESSURIZED WATER REACTORS (MAY 1974)

The guidance of this regulatory guide was followed for the Beaver
Valley Power Station - Unit 2 analysis of a control rod ejection

accident as provided in Section 15.4.8 with the following
alternatives:

The rod ejection accident is considered a faulted condition
as stated in ANSI N18.2 rather than as an emergency condition
as implied by Paragraph C.2.

The meteorological model as described in Regulatory
Guide 1.145, Revision 0, was used in the atmospheric

diffusion analysis since it supersedes the meteorological
portion of Regulatory Guide 1.77.

OOSC.Cam0€¢STMu.Vne+hvol97 is based ov thet
c[e.s:wib-ad» v T CRP Reioav*l-s AL and 3o
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6.4.2.5 Shielding Design

The design of the control room envelope includes adequate radiation
shielding and ventilation control to maintain acceptable radiation
levels in the main control room under accident conditions, as
discussed in Section 12.3.2,

In accordance with General Design Criterion 19, personnel exposure is
limited to 5 Rem whole body, or its equivalent to any part of the
body, for the duration of any accident postulated in Chapter 15.

The postulated accident radioactivity sources inside and outside the
control room envelope are stated in Chapter 15.

The effects of the LOCA and all other design basis accidents are
evaluated to determine the doses which the main control room
personnel might receive at BVPS-2. The LOCA analysis is based on:

1. Major reactor coolant system (RCS) pipe rupture (LOCA) at
‘BVPS-2 or a

2. Major RCS pipe rupture (LOCA) at BVPS-1.

For purposes of analysis, it is assumed that each accident occurs
with a seismic event and loss of offsite power. Accidents are not
postulated to occur simultaneously.

The main control room personnel are potentially exposed to sources
from several locations following the LOCA. The sources considered
for the design of control room shielding include: 1) the containment
building (direct and skyshine dose), 2). the external cloud (from
containment and emergency . core cocling system (ECCS) leakage), 3)
sources in adjacent buildings, and 4) iodine collection on the main
control room intake filter.

The containment building is considered as one of the sources of
radiation used for main control room shielding design due to its
location and the 1large amount of- activity contained within its
.bounds. A significant fraction of the containment free air volume is
located above grade and its dose contribution is evaluated to
determine the main control room 30 day whole body gamma dose. The
containment atmosphere source is based on 100 percent of the noble
gas and 50 percent of the halogen core inventory. The containment
atmosphere LOCA specific activities” for 12 time intervals are

presented in Table 12.2-13. ,used o0 conbrol room S\Me,l&tms AesT?y\)

The external cloud is due to containment leakage during the first
hour of the LOCA plus the ECCS leakage over 30 days. The containment
leakage contribution to the cloud source is a function of the
containment airborne inventory available for leakage and the

6.4-5
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of a HEPA filter and carbon adsorber with effective iodine removal
efficiency of 95 percent. These emergency supply filtration units and
associated air handling equipment are designed to Seismic Category I
and Ssafety Class 3 requirements.

The evaluation of radiation exposure to personnel in the main control
room envelope examined the contribution from the four LOCA sources
defined in Section 6.4.2.5. In addition, the inhalation dose from
inleakage into the main control room of radionuclides in the external
cloud was also examined for each of the DBAs considered in Chapter 15.
Dose calculations are based on the source terms and pertinent
parameters defined in Chapter 15 for each DBA, and the flux-to-dose
conversion factors given in ZFable—6+4—2+ \orﬂoe\/ld?x IS A,

Exposure from inhalation is principally attributable to airborne
radioactivity in the main control room envelope due to:

1. Intake prior to main control room isolation, -

2. Inleakage during main control room isolation, or
3. Post—-isolation ventilation intake.

The CIB signal isolates the control room almost immediately after a

R3-Ci o0 - oM - on

—do—not—initiate-—a—high—radiation—signal. For the MSLB

manual operator action by t=30 min post-accident is needed to maintain
habitability.
The analyses consider a conservative selection of parameters to
calculate the thyroid dose. Ventilation intake prior to control room
isolation and an assumed 10 cfm unfiltered inleakage are the main
contributors to the thyroid dose. The maximum normal ventilation
intake rate of 500 cfm (for both BVPS-1 and BVPS-2 intakes) prior to
isolation and an appropriate clean up rate post-isolation are used to
maximize the dose estimate. The analysis also assumes coincident loss
of offsite power.

Radtation doses +o @ contvol Voowm opewcd‘ar dwe Fo
the vaviows pas‘]—u_la—‘l‘e-& DBA's ave sumwmarized in

T“\o\& lSOO_lB’
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TABLE 6.4-2

FLUX-TO-DOSE CONVERSION FACTORS*

DELETE

mRem/hr

(Mev/photon N\ (Mev/cm? sec)

2.46x10 2
2.10x10"?
1.83x10 3
1.69x10 3
1.55x10 °
1.49x10 3
1.32x10 3
.15 1.08x10 3

W NN = O O
T T C IR R R - S

NOTE:

*Based on ANSI/ANS-6.1.1-1977 (N666) (American Nuclear Society 1977).

lof1l
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TABLE 6.5-2 (Cont)

Particulate Iodine Removal Coefficient

Parameter Units Value
E Dimensionless " 0.0015
d microns 1,000
v ft3 1.356x10°
F gpm Upper header 593
Lower header 1,824
h ft _ Upper header 104
: Lower header 78.5
A, hr ! —0.83—~ 0.84S

2 of 2
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t = Time (seconds)

F = Fission rate (fissions per second in fuel region)

a, = Fission yield for isotope i (atoms per fission)
Ai = Decay constant for isotope i (seconds-1)
Y, = Escape rate coefficient (seconds-!)
= = -1
Bi o, ¢th Burnup rate (seconds™")

i
fij = Branching fraction from i to j

h = Fraction of failed fuel.

The program has a basic library of 167 nuclides with a capability of
200 nuclides. Library data include decay scheme information,
production information, and decay gamma spectra in seven energy
groups. Input data include time intervals, initial source inventory
in the fuel, neutron flux, and power level. The program output
describes the system analyzed, as well as the operating history, the
activities, and associated gamma spectral information for the input
time interval.

The calculation of the core iodine fission product inventory is
consistent with the inventories given by DiNunno (et al 1962). The
fission product inventories are calculated using the appropriate data
from Meek and Rider (1974), Lederer (et al 1968), Nucleonics Handbook
of Nuclear Research and Technology (1963), Goldberg (et al 1966), and
Perkins (1963). The core iodine and noble gas fission product
inventories  are presented in Table 11.1-1 based on continuous
operation of the unit at 2,766 MWt. -Fhese—inventeries —are—used—in—
éIw&e»t) ~the—evalustion—of-the postulated-—aeeidents—in——Chapter—35+——

Fuel assembly source terms for shielding design are calculated using
the ACTIVITY 2 computer code and are presented in Chapter 12.

Fuel element heat loadings and stresses, as well as fuel operating
experience, are presented in Chapter 4.

11.1.2 Radionuclide Inventory in Fuel Element Gap .

The gap activity is that fraction of the gaseous activity in the core
that diffuses to the fuel gaps. In accordance with the guidance
provided in Regulatory Guides 1.25 and 1.77, the noble gas and iodine
inventory in the fuel gap region is conservatively assumed to be 10
percent S :

Table
11.1-1 presents the core gap activities.

<Etm5crﬁ>

11.1-2



<insert Section 11.1.1>

These inventories are not used in Chapter 15 design accident
analysis. For this, a new core inventory (Table 15.0-7b)
and primary and secondary system design activity
concentrations (Table 15.0-8b) were developed in 1999 using
updated, conservative facility design and operating
parameter values as analysis inputs. The wvalues and
parameters maintained in Chapter 11 provide the historical
basis for facility design and remain adequate for analyses
not related to Chapter 15 accidents.

<insert Section 11.1.2>

Core gap activity values used in Chapter 15 accident
analyses are provided in Table 15.0-7b. These were
developed in 1999 using updated, conservative facility
design and operating parameter values as analysis inputs.
In addition, a Kr-85 gap fraction of 0.30 was used in
accordance with Regulatory Guide 25, and an I-131 gap
fraction of 0.12 was used in accordance with NUREG/CR-5009.
The values and parameters maintained in Chapter 11 provide
the historical basis for facility design and remain adequate
for analyses not related to Chapter 15 accidents.
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TABLE 11.1-1

IODINE AND NOBLE GAS INVENTORY IN REACTOR CORE
AND FUEL ROD GAPS*

Core Fraction of Core Fuel Rod Gap Activity

Isotope (Ci) Activity in Gap _ - (Ci)
I-131 6.9x107 0.1 6.9x10°¢
1-132 9.9x107 0.1 9.9x10°%
1~-133 1.6x10°% 0.1 1.6x107
1-134 1.8x10°% 0.1 1.8x107
I-135 1.4x10% 0.1 1.4x107
Kr-83m 1.2x107 0.1 1.2x10°
Kr-85m 3.0x107 0.1 3.0x10°%
Kr-85 6.8x10° 0.1%%* 6.8x10"*
Kr-87 5.9x107 0.1 5.9x10°%

' Kr-88 8.3x107 0.1 8.3x10°¢
Kr-89 1.1x108 0.1 1.1x107
Xe-131m 4.2x10% 0.1 4.2x10%
Xe-133m 3.7x10° 0.1 3.7x10°
Xe-133 1.6x10% 0.1 1.6x107
Xe-135m 4,2x107 0.1 4.2x10°8
Xe-135 4.1x107 0.1 4.1x10°
Xe=-137 1.4x10% 0.1 1.4x107
Xe-138 1.4x10% 0.1 1.4x107
NQOTES :

*Based on 650 days of operation at 2,766 MWt,-fer—use—inChapter
15— '

Refer 4o Table 15.0-Tb Br values wsed 7w Clhiapter LS

ocecidewnt avia I)’ ses.
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TABLE 11.1-2 (Cont)

: Design Expected
Nuclide (uCi/q) (uCi/g)
Other
Activation Products

H-3 3.5 1.0
Subtotal 3.5 1.0
Total (excluding H-3) 7.5x101 4.1
Total (including H-3) 7.9x%x101 5.1

Reter Yo Table 15.0-%b Lor valuwes weed in CL\alo‘lLM, s

accident a,vxa(\/se,s_
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BVPS-2 UFSAR
TABLE 11.1-3 (Cont)

Parameter
Thermal neutron flux (n/cm?-sec)
Operating time (650 EFPD) (hr)
Coolant cycle time (sec)
‘Coolant in core time (sec)
Degasification factor
Secondary side equilibrium time (hr)
Volume control tank volumes

Vapor (ft?)
Liquid (ft*)

Total secondary liquid per steam generator (1b)
Total steam generator blowdown flow

(1b/hr) (15 gpm/steam generator is the

minimum flow corresponding to secondary

side design activities).

Fraction removed from steam generator blowdown

(purification factors for design and expected cases)

Noble gases
Halogens

Cs, Rb '
Others

Tritium

Ratio of condensate
Demineralizer flow rate to
total steam flow rate

Value
4.16x10%3
is,soo
11.3

0.9

1.0

1.0 x 10*

175
125

9.93x10%

2.24x10*

[=NeoloNeNo
(o RGN Ne
w oL
w o

0.733

+o determme £1ss7T0m cond actriatra pve decet activitres

"me le\mp‘*‘% 1S acc'r'cle,n‘l" ‘Mc\,\YSes-
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TABLE 11.1-6 (Cont)

Design* ' Expected**

Nuclide (uCi/q) (uCi/qg)
Te-134 4.5x10°6 .

Cs~-134 5.9%10°¢ 7.3%10°6
Cs-136 3.3x10°4 3.7x10°6
Cs~-137 3.4x10°3 5.3x10°6
Cs-138 1.1x10-4 4
Ba-137m 3.1x10"3 1.6x10°6
Ba=-140 5.2%x10°6 3.2x10°8
La-140 2.2x10°6 2.1x10-8
Ce-141] 8.4x10°7 1.3x10"8
Ce-143 5.4x10°7 3.0x10°°
Ce-144 5.7x10°7 6.5x10"°
Pr-143 8.1x10~7 6.5x10"9
Pr-144 5.7x10°7 3.6x10°°9
Np-239 4,5x10°6 1.9x%10°7
H=-3 4.4%10°3 1.0x10°3
Total (excluding H-3) 2.2x10°2 8.7x10°5
Total (including H-3) 2.6x10°2 1.1x10°3

NOTES:

*Based on 1,188 lb/day primary to secondary leak rate.
**Based on 100 lb/day primary to secondary leak rate.

Refer 4o Table 15.0-Bb 4o concembotions used 1
C\/m,‘a‘\‘e/\, \S orceident maly;es.
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BVPS-2 UFSAR

12.2 RADIATION SOURCES

12.2.1 Contained Sources

The radiation source terms used for shield design analyses are based
upon full power operation, shutdown conditions, and accident
conditions. Normal operation source’ locations are shown on
Figures 12.3-1 through 12.3-5. '

The sources of radioactivity contained in the streams of the various
radioactive waste management systems are the nuclides generated in.
the reactor core, the activation of nuclides in the reactor coolant
system (RCS) and the air surrounding the reactor vessel.
Tables 11.1-3 and 12.2-1 present the principal parameters which are
used in establishing normal operation design radiation source
inventories. Dimensions and locations for equipment containing all
major sources in normal operation are given in Table 12.2-2.

The reactor core source description is similar to that given in
Section 4.1.1 of Topical Report RP-8A (SWEC 1975).

The activity of a spent fuel assembly is calculated using appropriate
fission yields, decay constants, and thermal neutron cross-sections.
Isotopic inventories are based on full power operation for 650 days.
The core inventory at shutdown and 100 hours after shutdown is given

in Table 12.2-3. The corresponding source strength in MeV/sec,
assuming a radial peaking factor of 1.65 for one fuel assembly, is
given in Table 12.2-4. The primary and secondary side system

inventories are given in Tables 11.1-2, 11.1-6, and 11.1-7. Based on
selected data in Topical Report RP-8A (SWEC 1975), source strengths

for various auxiliary systems are presented in Tables 12.2-5 -through
12.2-9. 3

Sources used in the evaluation of equipment qualification and post-
accident access doses are determined using NUREG-0737 (USNRC 1980)
values for fractional releases of the core inventory which is given
in Table 12.2-3. The specific activities for the contained accident
sources are given for various times from T=0 to T=6 months after the
accident in Tables 12.2-10 through 12.2-14.

A discussion of systems which contain major sources of radiation
follows.

12.2.1.1 Sources for Normal Full Power Operation Shield Design

The main sources of activity during normal full power operation are
N-16 from coolant activation processes, fission products from fuel
clad defects, and corrosion and activation products.

Each BVPS-2 system is shielded according to the amount of activity

present and adjacent zoning and access criteria. The systems which
are the major contributors to radiation levels in the plant are:

12.2-1
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BVPS-2 UFSAR

TABLE 12.2-1

SELECTED PARAMETERS USED 'IN CALCULATION OF DESIGN
RADIATION SOURCE INVENTORIES

-—

Characteristic ' Parameters
Power level (MWt) © 12,766
Failed fuel fraction % . 0.01
Primary to secondary leak rate .(gpd) - 144
Reactor operating time (days) | 650

* TFailed fuel fraction of 0.01 indicates the failure of the fuel
which produces 1 percent of the reactor power.

-

P\e{:er To C,lna«/pm S o ]garam% wsed Tw MCTJ%I. .
vadro Loj'rcos—@ et a2 Wiysas Lo conbol voer v}oewauf-w :
ond offsite dosas.
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BVPS-2 UFSAR

dose in excess of 5 Rem (or equivalent organ dose). This dose
includes the 30 day direct radiation dose from activity inside ' the
containment (assuming no cleanup), the external radiation
contribution from the postulated radioactive plume leaking from the
containment and engineered safety features (ESF) system leakage.
Leakage from the containment is assumed until the ESF system returns
the containment to subatmospheric pressure and terminates the leakage
as discussed in Chapter 15. The radiation sources in-the containment
during the assumed DBA are calculated by the methods described in
Regulatory Guide 1.4 and are discussed in Section 15.6.5. These
sources are assumed to be -evenly distributed throughout the
containment. The containment is then treated as a volume source and
the 30 day direct radiation dose inside the 24-inch thick concrete

wall of the main control room is calculated using typical shielding
computational techniques.

The released activity is assumed to leak from the containment
structure at a rate of 0.1 percent of the contained volume per day
for sixty minutes, and is converted into a semi-infinite volume
source surrounding the main control room.

Sources such as containment and ESF system leakage which contribute
to personnel doses from the intake of the outside atmosphere into the
control room, are described in Section 6.4.2.5. prauréeulﬁn’ﬁzblc—‘5-<>—l3-

The integrated whole body -gamma dose from. all sources described in
Section 6.4.2.5 is This dose is

well below the dose criterion of 5 Rem Thus, the main control room
walls, which must be a minimum of 24 inches thick for tornado missile
protection, prov1de more than adequate shielding from radiation.

Special consideration has been given to the design of penetrations
and structural details of the main control room so as to establish an
acceptable condition of leaktightness.

The control room air-conditioning systems are installed within the
spaces served and are designed to provide uninterrupted service under
accident conditions. Upon a containment isolation Phase B signal or
a high radiation signal from the control room redundant area
monitors, the normal replenishment air and exhaust systems are
isolated automatically from the main control room by tight closures
in the ductwork. Breathing-quality compressed air is supplied from
high pressure storage bottles to maintain a small positive outflow
from the main control room for a period exceeding the containment
leakage period. The main control computer, and mechanical rooms are
included in the control room envelope.

The radiation levels in the main control room are measured by

installed area and airborne monitors to verify safe operating
conditions.

12.3-15
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The computer code ORIGENS was used to calculate core radiocactivity
inventory. ORIGENS is distributed by the Radiation Safety Information
Computational Center, Oak Ridge, TN. This code is readily available,
and is a commonly used code for this purpose. The code input
parameters used for this calculation are provided in Table 15.0-7a.
The revised core radiocactivity inventory values for the radionuclides
used in design basis radiological accident radiological consequence
analyses are provided in Table 15.0-7b.

15.0.9.2 Activities in the Fuel Pellet Clad Gap

For accident analysis, the core gap activities are based on the
guidance provided in Regulatory Guides 1.25 and 1.77. The noble gas
and iodine inventory in the fuel gap region is assumed to be 10
percent (30 percent for Kr-85 and 12 percent for I-131

i i of the core
inventory. The values are presented in Table 15.0-7.

For design basis accident radiclogical consequence analyses performed

subsequent to December 1998, the core gap radioactivities are
presented in Table 15.0-7b.

15.0-11a
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15.0.9.3 Primary and Secondary Side Coolant Activities

The equilibrium concentrations in the RCS and the secondary coolant
system have been calculated assuming full power operation for the
following cases: l) one percent fuel defects, 2) normal operations
using the guidelines of NUREG 0017 (USNRC 1976), and 3) plant
Technical Specification iodine concentrations. The Technical
Specification activities are used in the analysis of the main steam
line break (MSLB), the locked rotor accident, the rod ejection
accident, the failure of small lines carrying primary coolant outside
containment, and the steam generator tube rupture. The Technical
Specifications for BVPS-2 restrict the concentration in the primary

and secondary systems to 0.35 and 0.1 uCi/gm I-131 dose equivalent,
respectively.

In December 1998, the primary and secondary side coclant
radicactivities for wuse in performing design basis radiological
consequence analyses were revised. This revision was made as part of
a larger effort which included revision of core radioactivity
inventory (all used as accident source terms). The reanalyses were
performed using updated plant operating and design parameters that had
been changed since the radioactivities were last calculated.

The parameters used to calculate the revised primary and secondary
side coolant radicactivities are presented in Table 15.0-8a. The
revised core inventory values given in Table 15.0-7b are. used as the
basis for calculating the revised primary coolant and secondary side
coolant and steam radioactivities. The computer codes and methodology
used to determine these remain unchanged from those used to determine
the former primary coolant and secondary side coolant and steam
radiocactivities. The exception noted in the preceding paragraph is a
change to the basis for primary coolant radiocactivity from 1.0 MuCi/gm
I-131 dose equivalent to a revised, lower value of 0.35 HUCi/gm. This
alone causes the primary system Technical Specification radiocactivity
concentrations to be lower than the former values by a factor of
1/0.35. The revised primary coolant and secondary side coolant and
steam radioactivity concentrations are presented in Table 15.0-8b.
The original (1.0 MCi/gm) concentrations are presented in Table

15.0-8.
1S.0-% b

For the waste gas system rupture /analysis, primary coolant
concentrations with 1 percent fuel /defects are assumed. These RCS
concentrations are given in Table 4%¥:3—2cr The calculation of releases
due to a liquid-containing tank failure uses expected normal operation
concentrations of 0.12 percent fuel defects. These concentrations are
also presented in Table 11.1-2.

15.0.9.4 Iodine Spiking Concentrations
The analysis of an MSLB, steam generator tube rupture, and the failure
of small lines carrying primary coolant outside containment include

equilibrium coolant iodine concentrations augmented by iodine spiking.
Both pre-accident and concurrent iodine spiking models are considered.

15.0-12
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steam dump, feedwater control, and pressurizer pressure control. The
ECCS, including the accumulators, is also modeled.

LOFTRAN is a versatile program which is suited to both accident
evaluation and control studies as well as parameter sizing.

LOFTRAN also has the capability of calculating the transient value of
DNBR based on the input from the core limits illustrated on Figures
15.0-1 and 15.0-1la. The core limits represent the minimum value of
DNBR as calculated for typical or thimble cell.

LOFTRAN is further discussed by Burnett (1972).

15.0.11.3 TWINKLE

The TWINKLE program is a multi-dimensional spatial neutron kinetics
code, which was patterned after steady state codes presently used for

reactor core design. The code uses an implicit finite-difference
method to solve the two-group transient neutron diffusion equations in
one, two, or three dimensions. The code uses six delayed neutron

groups and contains a detailed multi-region fuel-clad-coolant heat
transfer model for calculating pointwise Doppler and moderator
feedback effects. The code handles up to 2,000 spatial points, and
performs its own steady state initialization. Aside from basic cross
section data and thermal-hydraulic parameters, the code accepts as
input basic driving functions such as inlet temperature, pressure,
flow, boron concentration, and control rod motion. Various edits are
provided, for example, channelwise power, axial offset, enthalpy,
volumetric surge, pointwise power, and fuel temperatures.

The TWINKLE code is used to predict the kinetic behavior of a reactor
for transients which cause a major perturbation in the spatial neutron
flux distribution.

TWINKLE is further described by Risher and Barry (1975).

1

15.0.11.4 THINC
The THINC Code is described in Section 4.4.
15.0.12 Radiological Consequences

The radiological consequences of each of the design basis accidents
(DBA) were analyzed based on assumptions discussed in the respective
sections. Specific parameters used in these analyses are tabulated in
the corresponding sections.

Initial core and core gap activities, coolant Technical Specification
equilibrium concentrations, pre-accident iodine spike primary coolant
concentrations, and concurrent iodine spiking appearance rates are
discussed in Section 15.0.9. Coolant concentrations at design basis
and Technical Specification 1limit used in design basis accident
radiolegical consequence analyses prior to 12/98 are given in Section
11.1. Subsequent to 12/98, these values were recalculated using
updated plant design and operating parameters and the ORIGENS computer

s

code. The revised values are provided in Table 15.0-8b. -The—releases—

15.0-14



Accident atmospheric dispersion coefficients (X/Q) for the exclusion
area boundary and low population zone were used to calculate the
potential offsite doses. The 0.5 percent sector-dependent X/Q values,

.0-11, were determined as described in
ol room X/Q values for the LOCA are

presented in Table
Section 2.3.4. Mai
given in Table 15.

The atmospheric retedses discussed in each accident section
in conjunction with the appropriate X/Q values of Table 15.
calculate the potential offsite doses for the corresponding adgidents
and the potential control room dose due to a LOCA. The methodology
for determining the doses is discussed in Appendix 15A. The resulting
EAB and LPZ doses are presented in Table 15.0-12 for all postulated
accidents. The potential doses to main control room personnel due to I
DBAs are presented in Table 15.0-13.

For all cases the potential offsite doses are within the limits of
10 CFR 100, while the potential doses for the main control room due to
a LOCA are within the limits of GDC 19 of Appendix A to 10 CFR 50. ’

15.0.13 References for Section 15.0

Bordelon F.M. et al 1974a. SATAN-VI Program: Comprehensive Space -
Time Dependent Analysis of Loss-of-~Coolant. WCAP~-8302 (Proprietary)
and WCAP-8306.

Bordelon F.M. et al 1974b. LOCTA-IV Program: Loss-of-Coolant |
Transient Analysis. WCAP-8305.

Burnett, T.W.T. et al 1972. LOFTRAN Code Description. WCAP~-7907,
June 1972. (Also supplementary information in letter from
T.M. Anderson, NS-TMS-1802, May 26, 1978 and NS-TMS-1824, June 16,
1978.) :

ERS-MPD-91-035. "Assessment of the Doses in the Unit 2 Control Room
Due to a Locked Rotor Accident at Unit 2 Assuming 18% Failed Fuel.”

Hunin C. 1972. FACTRAN, A FORTRAN 1V Code Thermal Transients in a
U02 Fuel Rod. WCAP-7908.

Risher, Jr. D.H. and Barry R.F. 1975. TWINKLE - A Multi-Dimensional
Neutron Kinetics Computer Code. WCAP-7979-P-A (Proprietary) and
WCAP-8028-A, (Non-Proprietary). '
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for DVPS”

SWEE Calewlation ‘19\‘[\/11‘700 wRk(g)-~u1q » RarlTolos.’cc.,l Source Ternws

for Brecident Analyses ~ Composite Eguilibrium Reacten Cove livwe,n'\'ory
(3.8 S92 Twitral E\Avtc_\v\w\ev\-i-) and tThe Besoetoted Deg-r%_-“ P‘h’lmar\y

awnd Seconda.ry Coolant Retivities Sor DUPS Y
' 15.0-15



PARAMETERS AND ASSUMPTIONS USED FOR CALCULATING
REACTOR CORE RADIONUCLIDE INVENTORY USING ORIGENS

BVPS-2 UFSAR

TABLE 15.0-7a

A. Inputs for fuel, cladding and coolant material compositions

Uranium mass per fuel ass

Uranium isotopic composit ongﬁ

Initial Number of
Enrichment Assemblies U~234(%)
3.820 1 0.0327
3.604 8 0.0316
4.008 20 0.0373
3.608 56 0.0319
4.210 8 0.0333
4.000 20 0.0328
4.400 44 0.0390
0.740* 157 0.0057

463.5 Kg/assembly

U-235 (%) U-236 (%) U-238 (%)
3.8203 0.0017 96.145
3.6037 0.0091 96.356
4.0078 0.0010 95.954
3.6077 0.0013 96.359
4.2104 0.0018 95.758
4.0000 0.0013 95.966
4.4000 0.0013 95.560
0.7400 0.0010 99.253

* These values are representative of the natural uranium blankets
located in the top and bottom six inches of each assembly.

Cladding material and density

Average coolant density in
active core regiocn

Average boron concentration in
reactor coolant during a fuel cycle

Average temperature %n fuel
Average temperature in cladding

Average temperature in coolant

B. Inputs for fuel cell geometry

Fuel cell type

Cell dimension

Fuel pin diameter
Clad cuter diameter

Clad inner diameter

% The values shown ave vepresantative of 3940
Cove wvemiory coleculations were peerwneA us

VeV o

OBA'OMAO(YSTS. See Table \S.O-T0,

envrehments to represemt bounds )
indwi uaﬂ“wwch‘!de,valums ave salec+¢<11'{:gofvvé these caleuledTons o usa 11

3
ZIRLO - 6.44 gm/cm

3
0.719 gm/cm
Figure 1

1200°F
632°F

580.2°F

Square cell (17x17)
0.496 inches
0.3225 inches
0.374 inches

0.329 inches

avevode ev\\rtc‘fl\”\eﬂ\"'.

3.(,4" and S.ov°

ceondTtions. The maximuwa
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TABLE 15.0-7b

IODINE AND NOBLE GAS INVENTORY
IN REACTOR CORE AND FUEL ROD GAPS*

Fraction of Activity
Core Core Activity in Fuel Rod Gap

Nuclide (Ci) in Gap (Ci)
T-130 + \. €SEG nla Nla
I-131 2’7 L AHET 0.12 8-65E6~ . YEL
I-132 1.06E8 0.1 1.06E7
I-133 14§88 L. URER 0.1 1+-48E7— (.4UET
I-134 1-63E8 1.LSES 0.1 16387 lLLLSEY
I-135 1.41E8 0.1 1.41E7
IT-~06+t . SHEN nia. Wio-
Kxr-83m B-47E6—.04EL 0.1 84785 Q.05SES
Kr-85m A-F3EF .85 67 0.1 17386 LL.IKE G
Kr-85 F-17E5 "1.SQES 0.3 231585 2.28ES
Kr~87 B45EF 3.IFEN 0.1 3. 45E6 3.7%F0
Kr-88 4-FBET- 5. &SET 0.1 4-78E6 S.ASEG .
Kr-89 £-918F (.STE 0.1 5:91E6 6.5 7EQ
" Kkv-~a0 1.0567 wa o '
Xe-131m 9-80ES- 1.87ES 0.1 9-80E4- A.37EY
Xe-133m 46886 44.6AEL 0.1 46885 4.642ES
Xe-133 1-48E8 (.HQEF 0.1 1 48EF -4 E'Y
Xe-135m 3.30E7 3. AE7 0.1 3-10E6 3.12E6
Xe-135 4-668BF H.3SET7 0.1 4-06E6 4 9SEL
Xe-137 1.35E8 0.1 1.35E7
Xe-138 12588 1.2aVE¥ 0.1 12587 |.ATE"
NOTES:

*+ Based on 1500 days of operation at 2,705 MWt.

Kr-85 and I-131 gap activity fractions are in accordance with
Regulatory Guide 1.25 and NUREG/CR-5009.

This table is applicable to design basis accident radiclogical
consequence analyses performed subsequent to December 1598.

The. cove velues re\ores%’% The viexiniuw '(:or ‘e exvﬂed‘eA

fange © cove uvaniuwt enrichwmewnt.
core velease

only :
+‘:£sa‘\'o?cs TV\c\u\Ae_&n’\\A The DDA LOCA amonSTSA Source tevm.

Bv -G + A.3SES nia Wa
Br—232 + 2.9 EG W/a /e
Br-85 + 1.8787 w/a W/
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TABLE 15.0-8b

1% FAILED FUEL AND TECHNICAL SPECIFICATIONS
PRIMARY AND SECONDARY SIDE
IODINE AND NOBLE GAS CONCENTRATIONSY*

1% Failed
Fuel Technical Specification

Primary Primary Secondary Secondary
Nuclide Cooclant Coclant** Liquid*** Steam
-_— ——q _ —_—
I-131 2.688E+00 2.74E-01 8.38E-02  %.36 8-4E-04
I-132 1.06E+00 1.08E-01 1.35E-02 .35 1.4E-04
I-133 403 4-0FE+00 4.\ 41OE-01 9.13E-02 q.13 8-3E-04
I-134 s.a4 5= -01  £.05 6~03E-02 1.76E-03 (.1618E-05
I-135 2.32E+00 236 2-378-01  3.\A-3-20E-02 3.9 3-2E-04
Kr-83m 3.%-01 %402 3+68E-02 *kkk G4S 6-07E-07
Kr-85m  \.3% IT27E+00 14| +-S0E-01 199 1-75E-06
Kr-85 |.45 T3FE+02 |3 1—46E+01 2 .00 T—89E-04
Kz-87 q.26 845E-01  q.44 8-64E-02 .27 TT17E-06
Kr-88 2.59 2-35E+00 0% 2-46E-01 3.SS 3—24E-06
Kr-89 a_l.—.%%z—oz .05 6~96E-03 1.03E-7 9 30E-08-
Xe-131m 4720 4—66E+00 473 437E-01 6.4S 6—42E-06
Xe-133m 343-3+92E+00  4.004-01E-01 5.42E-06
Xe-133 2.4| 2-90E+02 2.97E+01 4.00E-04
Xe-135m 3aq B—93E-01  q.16 9+3I3E-02 2.6\ §-64E-06
Xe-135 4.07809E+00  q.g5 8-28E-01 1-44% 1-23E-05
Xe-137 1.85E-01 1.89E-02 2.55E-07
Xe-138 .35 6-22E-01 (.47 6-36E-02 322 8-5FE-07

NOTES:

.

* All concentration have units of HCi/gm.

** Technical Specification primary coolant concentrations correspond
to 0.35 MCi/gm I~-131 dose equivalent.

*** Technical Specification secondary liquid concentrations correspond
to 0.1 BCi/gm I-131 dose equivalent.

**%%* All noble gas activity is assumed to leak directly from the
pPrimary coolant into the steam phase.

This table is applicable to design basis accident radiological
consequence analyses performed subsequent to December 1598.

l1eofl
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TABLE 15.0-9a

PRE-ACCIDENT IODINE SPIKE
PRIMARY COOLANT IODINE CONCENTRATIONS

Primary Coolant

Nuclide Concentration (UCi/gm)
I-131 1.64E+01
I-132 6. 4% 6-51E+00
I-133 2.46E+01
I-134 3.3 3-62E+00
I-135 1.42E+01

NOTES:

This table is applicable to design basis accident radiological
consequence analyses performed subsequent to December 1998.

lof 1
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TABLE 15.0-10a

PARAMETERS AND ASSUMPTIONS AND MODEL USED
FOR CALCULATING IODINE RELEASE RATES INTO REACTOR COOLANT
DUE TO A CONCURRENT IODINE SPIKE

Thyroid dose conversion factors

Nuclide decay constants (A,;)

Reactor coolant system leakage (L)
Reactor coolant system mass (M)

Letdown purification removal (E)
Letdown purification flow rate (F)
Technical Specification equilibrium
concentrations (EQ)

Formula for iodine loss constant

Concurrent iodine spike
release rate (RR)

NOTES :

Nuclide mrem/uci
I-131 1.08E+03
I-132 6.44E+00
I-133 1.80E+02
I-134 1.07E+00
I-135 3.13E+01

Nuclide second™?
I-131 9.9783E-07
I-132 8.3713E-05
I-133 9.2568E-06
I-134 2.1963E-04
I-135

2.9129E-05

Technical Specification
maximum allowable values

Limiting value specific to the
accident

1

135S —t20-gpm

e 15.0-8b

Aeorar = (F*E/M) + (L/M) + A,

RR = EQ *M * A, pnq

Formulas for iodine release rates from EPRI Report, "Review of Iodine
Spike Data from PWR Power Plants in Relation to SGTR with MSLB,

TR-103680)"

This table is applicable to design basis accident radiological
consequence analyses performed subsequent to December 1998.

lof 1l
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TABLE 15.0-12

POTENTIAL DOSES DUE TO POSTULATED ACCIDENTS

(Rem)
Exclusion Area Boundary . Low Population Zone*
FSAR COE Whole Body ieta coE Whole Body
Postulated Accident Section Thyroid £0 € -Gamma— kin Thyroid E£0E_GCamma
Loss of nonemergency 1526  +5xto™ 5.2x40- 4{1x10™ 24407 6.5x102
ac power to the station <\Er0O0 <4\E-o) £\ o0 < \|E~0\
auxiliaries
6.2E+*00 S Sg-0\ 3.1E+ 00 < \E-0\
Locked rotor 1533  -37xfet % 2, 4-6x16! 3.6x10""
Rod ejection 1548 2.4 E+o) < le~o\ 1 AE+o0O <\E-0\
Containment leakage &4xtel -1—9:1-6-1 ) Pt
Secondary side 2x4° -54x46- 2
)1 & 420 <\e-o) LlEr00 ‘\E—O\
Small line break - loss-of- 15.6.2 +-6xt0 F-0x102 . 2
coolant 6.3 E+oo <1E-e| <\ E+o0O <4\E =0\
Steam generator tube rupture 166.3 \1E+en <|E-ol Z|\E Yoo < |E-ol|
Pre-accident iodine spike +-6- - ’ 3-6- F-0x40°2
Concurrent iodine spike 134~ O 910 9:0x16°
7.0 Exro0 . \E~-o\ < |{E4o0 < | E~o\
Loss-of-coolant : 15.6.5 2L.AE*OR 4.4 Etoo A E Yol WG E -10\
Containment leakage 240~ = 26546~
ECCS leakage B3x407 A-3xto> s—3x+o'4 202
ECCS backleakage to RWST 80—~ 06— - F-oxtot
Waste gas system rupture 15.7.1 29 €-0\
Line rupture —:’:—1-)(—1-941
Tank rupture - -
L\E =0\
Fuel handling 15.7.4 2.9x10" 2.33 1.4 1.1x10"
Main steam line break 15.1.5 LeE Yol A4 E *o0
Pre-accident lodine spike 4-8E=+04- < 1E-01 2-8E+00- < 1E-01
Concurrent lodine spike 2-9B+61 < 1E-01 44E+04- < 1E-01
A TE+0Y (.3 Etol
NOTE:

* For duration of accident

1o0f1
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TABLE 15.0-13

=)
Control Room Doses, rem, From Design Basis Acciden

CDE EvE Skin OE
Accident Thyroid -Gamma— -Beta-
HAE 0O £ AE-o\ < \E+roO
| small Line Break 8084 C
Steam Generator Tube \.\ Etoo < ae-o\ & \Etoo
Rupture 19 3084 H+18--3-
Co-incident Spike . 5084 s
Pre-incident Spike 2.38r00 <2 E-~0\ < \E+oo0
| Rod Ejection Accident -9 4.9E-4 .
| Fuel Handling Accident 2.3 9.3E-3 5.3E-1
. n.SE+o0 < E-0| ¢\ Bxoo
| L.ocked Rotor Accident =7 1682 s
v <\E+oO < aE-o\ . L \E X00O
| Loss of Auxiliary AC Power 21 = 1282
Waste Gas System Rupture <9 E~o\ L\E*DO
Line Break —-_—— 5. 8E~2- 13-
Tank Rupture ' - 3-55=-2 o7~
Le-ol| 6.4 Etoo
DBA LOCA 33 B = J325-1
AO0Broo 3,3E-o\ L\ Etroo
Main Steam Line Break
Co-incident Spike W 3HE+00 < 2E-01 < 1E+00
Pre-incident Spike .3 H4E+00 < 2E-01 < 1E+00

Notes

Rev. 12

Notes

W
W,

QY
LN

1: Isolation by manual operator action at T=30 minutes post-accident.
2:. Control Isolation actuated by CIB signal.

| '3: No action required.
4:

later than T=8 hr post-accident initiation.

S: Reference: ERS-SFL-93-004

Purge of Control Room atmosphere for 30 minutes at 16,900 cfm at no

lof1l



BVPS-2 UFSAR g Rev. 12

TABLE 15.0-14

ACCIDENT METEOROLOGICAL PARAMETERS 1

Control Room 0-8 8-24 1-4 4-30
Release Point* Hours Hours Days Days

Containment Building

PS

-Top 1.20 0.591 0.445 0.264
-Bdge 1.88 0.932 0.706 0.418
Auxiliary Building 10.4 5.15 4.04 2.46
Main Steam Valve House 1.59 0.786 0.596 0.376
Service Building 2.21 1.11 0.851 0.517
Turbine Building 2.72 1.43 1.10 0.630
Gaseous Waste Storage f
Vault . 17.4 9.36 7.69 5.55
RWST** 0.825 0.407 0.313 °  0.189 |
EAB*** 0-2
Hours
12.5
LPZ*** 0-8 8-24 1-4 4-30
Hours Hours Days Days
' 0.604 0.433 0.210 0.0744
NOTES:
* These values weré ‘effective in 1/92 and are used for anaiyses ]
documented after that date. Occupancy factors are not included in
values. o . 2t 58 5 . . -

All values are in X/Q (x 10~ sec/m®)

*%* This value was effective 4/92 and is used for analyses documented |
after that date.

*** These values are applicable to design basis accident radiological
consequence analyses performed subsequent to December 10/96.

1 0f 1
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15.1.5.3 Radiological Consequences

The SLB is postulated to occur in a main steam line outside the
containment. Steam and feedwater isolation valves shut autcomatically,
and the AFWS starts, supplying feedwater to each of the steam
generators until the feedwater system is manually isolated from the
affected steam generator (that is, the one associated with the broken
main steam line).

The c¢onservative analysis assumes that BVPS-2 is operating with
Technical Specification iodine concentrations in the primary coolant
and secondary coolant systems and with a primary to secondary
Technical Specification leakage of 450 gpd. The equilibrium primary
and secondary coolant systems noble gas and iodine concentrations are
presented in Table 15.0-8b.

The radiological consequences are determined assuming each of the
following occurrences:

1. Pre-accident ijiodine spike, and
2. Accident-initiated concurrent iodine spike.

The pre-accident iodine spike ig the result of a primary plant
transient which will increase the primary system iodine concentrations
to the levels shown in Table 15.0-9a. The accident-initiated or
concurrent iodine spike is modeled by assuming that the iodine release
rates from the fuel rods into the primary coolant are 500 times the
Technical Specification equilibrium release rates. The iodine release
rates for the concurrent iodine spiking conditions are calculated for
the limiting SLB as detailed in Table 15.0-10a. The results used in
the MSLB analysis are given in Table 15.1.3.

In 1999, the radiological consequences of a MSLB outside of
containment was re-analyzed in support of the Alternate Plugging
Criteria (APC) for steam generators (ref. T/S amendment 115). The
MSLB is of interest due to the rapid depressurization of the secondary
side and the high differential pressure across the steam generator
tubes that can occur. The APC allows steam generator tubes having
outside diameter stress corrosion cracking (ODSCC) to <remain in
service with higher NDE indications than would be allowed under prioxr
repair criteria, subject to conditions established in technical
specifications. One such requirement is to project, on the basis of
the NDE indication (voltage), the potential leakage (95 percentile/95%
confidence) should a MSLB occur, and, on the basis of this projected
leakage, the resulting offsite and control room doses.

In lieu of calculating the radiological consequence of this event for
each operating cycle, an analysis was performed to establish a maximum
allowable accident leakage, against which the leakage projections
could be compared. For this analysis, the thyroid dose was maximized
at 10% of the 10 CFR 100 guideline of 300 rem (co-incident iodine
spike). Analyses were also performed for control room habitability.
as determined that the EAB thyroid dose, assuming a co-incident
iodine spike, would be limiting at a projected accident leak rate of
. This maximum allowable leakage is wused in the dose
lations in addition to the traditionally assumed technical
ification primary-to-secondary leak rate.

15.1-22
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The radiological consequences due to a postulated main steam line
break (MSLB) accident are evaluated based on the assumptions listed in
Table 15.1-3. The offsite power is assumed to be lost, thereby making
the condenser unavailable for steam dump. The steam released from the
secondary system is assumed to be released directly to the environment
at ground level.

The environmental releases due to a MSLB following a pre-accident
iodine spike'are—peeseaGeé—ia—@ablo—L5';-4—while—Eablo—45~4—5—p£eviéeg—-a“J
the releases resulting from the MSLB with concurrent iodine spike/
These—releases are combined with the atmospheric dispersion values
presented in Table 15.0-14 to calculate offsite doses. The |
methodology employed in the dose calculations is discussed in
Appendix 15A with results presented in Table 15.0-12. The radiological
consequences for either a pre-accident iodine spike or concurrent
iodine spike with a MSLB do not exceed 10 percent of the dose
guidelines of 10 CFR 100, that is, 2.5 Rem to the whole body and
30 Rem to the thyroid.

15.1.5.4 Conclusions

The analysis has shown that the criteria stated in Section 15.1.5.1
are satisfied with the exclusion of the radiological criteria.
Although DNB and possible cladding perforation following a steam pipe
rupture are not necessarily unacceptable and not precluded by the
criteria, the analysis, 'in fact, shows that the DNB design bases is
met as stated in Section 4.4. The radiological conseqQquences are a
small fraction of the dose guidelines of 10 CFR 100.

C g

15.1.6 References for Section 15.1

Burnmett, T. W. T., et al 1972. LOFTRAN Code Description. WCAP-7907,
June, 1972. Also supplementary information in letter from T. M.
Anderson, NS-TMA-1802, May 26, 1978 and NS-TMA-1824, June 16, 1978.

DLC, Safety Analysis of the EAB, LPZ and Control Room Doses from a
Main Steam Line Break Outside of CNMT at Unit 2 with Increased
Primary-to-secondary Leakage (SG APL), ERS-SFL-96-010.

DLC Technical Evaluation Report No. 12075, BVPS-2 Design Basis for
Safety Limit Associated with Overpower AT Trip Setpoint.

 Ho11ingsworth, S. D. and Wood, D. C. 1978. Reactor Core Response to
Excessive Secondary Steam Releases, WCAP-9227.

Moody, PFP. W. 1965. Transactions of the ASME. Journal of Heat
Transfer, Figure 3, page 134.

Westinghouse 1574. Westinghouse Anticipated Transients Without Trip
Analysis, WCAP-8330.

USNRC Voltage Based Repair Criteria for Westinghouse Steam Generator

Tubes Affected by Outside Diameter Stress Corrosion Cracking, Generic
Lettexr 95-05.
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TABLE 15.1-3

ASSUMPTIONS USED FOR THE MAIN STEAM LINE BREAK ACCIDENT

Primary coolant concentrations

Primary to secondary leak rate

Secondary coolant concentrations

Primary coolant concentrations due
to pre-~accident iocdine spike

Concurrent iodine spike release
rates (Ci/8S)
(Reder to Teble 15.0-10e o

releaze. rate detevminationa
wmethedo L"‘ﬁ‘/)

Duration (hxrs)

Iodine partition factor for initial
and long term steam release from
affected steam generator

Iodine partition factor in non-
affected steam generator prior to
and during accident after one hour

Time to isclate affected steam

generator (hr)

Initial steam and water release

from affected steam generator
(0 - 30 min)

Long term steam release from
affected steam generator
(0 - 8 hr)

Steam release from 2 non-affected
steam generators (lb)

0 - 2 hr

0 - 8 hr

Feeshnical-
£ ted ; €3 .
~Fahlie— Table
—+i3-2= 15.0-8b
—0-005%-gpm— 450 gpd
Talle— Table
Zi3-b 15.0-8b
—0—0— Table

15.0-9a

Zable-— I-131 336 [,-9\?
15636~ I-132 336 (.20

I-133 -2-66— 2.9
I-134 228 .32
I-135 —=52— | 4’ 3

—4— 4
I 1.0
——6%+— 0.01
—£— 8

all of the liquid and steam mass
initially present

mass available due to total

primary-to-secondary leak rate

—3367776— 336,776
—F057393— 705,383

1l of 2
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TABLE 15.1-3 (Cont)

Techrnical
- red s i Eieati
Steam generator fluid cont:e::xt:/SGzk o
liquid weight (1b) 1627946  145,133+10 162,946~
steam weight (1b) —6,360— SpfatiS® e, 360

* Cavrcspav\As +o bﬂwﬂdmﬁ Cmck'h‘ovxs “Fz» ‘hATs acdcte\f\"i_

-
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Nuclide
Kr-83m
Rr-85m
Rr-85
Kr-87
Kr-88
Rr-89
Xe-131lm
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-~-138
I-131
I-132

I-133

BVPS-2 UFSAR

TABLE 15.1-4

ENVIRONMENTAL RELEASES FROM A

MAIN STEAM LINE BREAK ACCIDENT WITH

PRE-ACCIDENT IODINE SPIKE

DELETE

Aiﬁwcorfarm$¢d— by re£c«cwwe;>

lof 1

Releases (

Rev. 12

0-2 Hr

.10E+02
7.91E-02
2.85E-01
3.97E-04
7.13E-01
6.06E-01
4.44E+01

2.64E+00

1.62E-0
3.05E+01
8.24E+00
4.21E+01

2.84E+00

2.15E+01

4.43E-01
8.31E+01
1.17E-01
6.29E-01
3.97E-04
2.80E+00
2.44E+00
1.75E+02
8.86E+00
1.88E+01
1.31E-03
1.62E-02
9.88E+01

IN\S52E+01

5.76E+01




uclide
Kr-83m
Kr-85m
KRr-85
Rr-87
Kr-88
Rr-89
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe~135
Xe-137
Xe-138
I-131
I-132
I-133

~134

I-135

BVPS-2 UFSAR

TABLE 15.1-5

ENViRONMENTAL RELEASES FROM A
MAIN STEAM LINE BREAK ACCIDENT WITH
CONCURRENT IODINE SPIKE

DELETE

Li weor va‘o.{-ec‘, 107 r&€c¢emc¢>

1 0f 1

Rev. 12

Releases (Ci)

0~-2 Hr
3.99E~-02
1.68E-0
2.10E+02
.90E-02
2.85E~-01
3.96E-04
7.13E-01
6.10E-01
4.44E+01
5.78E+00
3.44E+00
1.31E-03
1%§62E-02
4.66Ex01
3.42E+01
7.50E+01
2.81E+0i

5.18E+01

0-8

.10E-02

4.43E-01

8.29E+01

1.17E-01

6.29E-01

3.96E-04

2.83E+00

3.12E+00

1.84E+02

7.13E+01

1.01E+02

1.31E-03

1.62E-02

4.72E+02

2.17E+02

-32E+02

1.09E+02

4.56E%02
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The assumptions used in the analysis are similar to the loss of
normal feedwater flow incident (Section 15.2.7) except that power is
assumed to be lost to the RCPs at the time of reactor trip, and only
one motor driven auxiliary feedwater pump is conservatively assumed
to deliver flow.

Plant characteristics and initial conditions are further discussed in
Section 15.0.3.

Results

The transient response of the RCS following a loss of ac power is
shown on Figures 15.2-9 through 15.2-13 for three loops initially in

operation, and on Figures 15.2-9a through 15.2-13a for two loops
initially in operation.

The first few seconds after the loss of power to the RCPs will
closely resemble the complete loss of flow incident (Section 15.3.2),
that is, core damage due to rapidly increasing core temperatures is
prevented by promptly tripping the reactor. After the reactor trip,
stored and residual decay heat must be removed to prevent damage to
either the RCS or the core. The LOFTRAN results show that the
natural circulation flow available is sufficient to provide adequate
core decay heat removal following reactor trip and RCP coastdown.

The calculated sequence of events for this accident is listed in
Table 15.2-1.

15.2.6.3 Radiological Consequences

A loss of nonemergency ac power to BVPS-2 auxiliaries would result in
a turbine and reactor trip and loss of condenser vacuum. Heat
removal from the secondary system would occur through the steam
generator power relief valves or safety valves. The parameters to be

used in analysis of the radiological consequences of the loss of ac
power are summarized in Table 15.2-2.

No fuel damage is postulated to occur from this transient. The
environmental releases due to a loss of ac power and actuation of the

nsert

steam safety valves are - These releases
are combined with the atmospheric dispersion values presented in
Table 15.0-11 to calculate offsite doses. The results of the
analysis, as shown in Table 15.0-12, indicate the doses to the

unrestricted area are within the limits prescribed by 10 CFR 20.

15.2.6.4 Conclusions

Analysis of the natural circulation cépability of the RCS has
demonstrated that sufficient heat removal capability exists following
RCP coastdown to prevent fuel or c¢lad damage. The radiological

consequences of this event are within the limits specified by
10 CFR 20.

Lincert aboue> 15.2-13

Ca.lct-(_loc‘\‘eaa U.SMj "(’\/\& V‘G\ch‘olﬂﬁlca..@ SOurece +eww\5 presev\-}tcl A4t
Teables \S.0-"Thand 15.0-8, omd The Paravme,+ws pwesen-l-acl v
Table 1S.2-2.
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removal capability of the AFWS, and makeup is provided by the high
head safety injection pumps.

The major difference between the two cases analyzed can be seen in
the plots of hot- and cold-leg temperatures, Figures 15.2-21 and
15.2-22 (with offsite power available) and Figures 15.2-27 and 15.2-
28 (without offsite power). It is apparent that for the initial
transient (300 seconds), the case without offsite power results in
higher temperatures in the hot-leg. For longer times, however, the

case with offsite power results in a more severe rise in temperature
due to the addition of pump heat.

The pressurizer fills more rapidly for the case with power due to the
increased coolant expansion resulting from the pump heat addition;
hence, more water is relieved for the cases with power. As

previously stated, however, the core remains covered with water for
all cases.

15.2.8.3 Radiological Consequences

The feedwater line break with the most significant consequences would
be one that occurred inside the containment between a steam generator
and the feedwater check wvalve. In this case, the contents of the
steam generator would be released to the containment. Since no fuel
failures are postulated, the radicactivity released is less than that
for the steam line break (SLB), Section 15.1.5.3. Furthermore,
automatic isolation of the containment would further reduce any
radiological consequences from this postulated accident.

15.2.8.4 Conclusions

Results of the analyses show that for the postulated feedwater line
rupture, AFWS capacity is adequate to remove decay heat, to prevent
overpressurizing the RCS, and to prevent uncovering the reactor core.
Radiological doses from the postulated feedwater line rupture would
be less than those previdusly presented for the postulated SLB.

15.2.9 References for Section 15.2

Burnett, T. W. T. et al 1972. LOFTRAN Code Description. WCAP-7907.
(Also, supplementary information in letter from T. M. Anderson, NS-
TMA-1802 May 26, 1978 and NS-TMA-1824, June 16, 1978.)

Mangan, M. A. 1972, Overpressure Protection for Westinghouse
Pressurized Water Reactors. WCAP-7769.

Westinghouse Electric Corporation 1974. Westinghouse Anticipated
Transients Without Trip Analysis. WCAP-8330.

DLC, Colewletrom. ERS-ATL-99-013 | “safety Analysns
of the Ruarﬁ‘aﬁ-ffove Conseguences of o loss of AC Powenr

Pesigm Bousts Acecident at unit &, Common Condrol Rvo\m).
EAD and LP2Z Doges 15.2-922



PARAMETERS USED FOR THE LOSS OF
NONEMERGENCY AC POWER TO THE STATION
AUXILIARIES ACCIDENT

BVPS-2 UFSAR

TABLE 15.2-2

© —Teehaieal

Parameters —Expocted- —Specification
Power (MWt) —25766— —25366— A0S
Fractiomeffuetwith defeets 0-6012 68026
Primary coolant concentrations —Fable—11-1-2- Table 15.0-8b
Secondary coolant ~Fablte—ti—31—6- Table 15.0-8%
concentrations
Primary to secondary leak —0-66%— ~16- 4SO
rate (gpm) -
qpa
Icdine partition factor in —661— 0.01
all steam generators prior
to and during the accident
Duration of plant cooldown “~—8— 8
by secondary system after
accident (hr)
Steam release from 3
steam generators (1lb)
0-2 hr —535 88— 443,878
2-8 hr . 735664 793,664
Feedwater flow to 3
steam generators (1lb)
0-2 hr —S27-065— 527,065
2-8 hr —BH5 57— 874,470
Steam generator fluid
content/SG ¥
Liquid (1b) —955306— 99,300 (03,173 ~167°
Steam (1b) —85766—

—&700— GS349 +ioe

* Cowespmcl te bomcle CUV\AT“’W/V\S 'Far Hrs a.ccn’clev\'f‘.
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TABLE 15.2-3

ENVIRONMENTAL RELEASES DUE TO A LOSS OF
NONEMERGENCY AC POWER TO THE STATION AUXILIARIES

DELETE

Total Releases (Ci

Xe-131m 1. 5.1x10 2
Xe-133m 3.5x10 ! 1.4

Xe-133 3.1 1.2x10!
Xe-135m 4.5x10 2 7.8x10 2
Xe-135 3.7x10 ? 1.2

Xe-137 2x10 * 9.2x10 *
Xe-138 1.5x10 ?
1-131 4.1x10 1!
1-132 5.1x10 2

L’ur\cmr‘?u-fo--(-«’a<L by v'@@f)uevtce_>
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2. Locked Rotor with Three Loops operating, Loss of Power to the
Remaining Pumps

The transient results for this case are shown on Figures 15.3-17
through 15.3-20. The results of these calculations are
summarized in Table 15.3-2b. The peak RCS pressure reached
during the transient is 1less <than that which would cause
stresses to exceed the faulted condition stress limits. Also,
the peak cladding surface temperature in considerably lose than
2,700°F. Both the peak RCS pressure and the peak cladding
surface temperature for this cans are similar to the 3-loop
transient with power available as discussed on the previous
page. :

The calculated sequence of events for the two cases analyzed is shown
in Table 15.3-1. Figure 15.3-17 shows that the core flow reaches a
new equilibrium value by 10 seconds. With the reactor tripped, a

stable plant condition will eventually be attained. Normal plant
shutdown may then proceed.

Following reactor trip, Beaver Valley Power Station - Unit 2 (BVPS-2)
will approach a stabilized condition at hot standby; normal plant
operating procedures may then be followed toc maintain a hot condition
or to cool the plant to c¢old shutdown. The operating procedures
would call for operator action to control RCS boron concentration and
pressurizer 1level wusing the CVCS, and to maintain steam generator
level through control of the main feedwater system or AFWS. Any
action required of +the operator to maintain BVPS-2 in a stabilized

condition will be in a time frame in excess of ten minutes following
reactor trip.

15.3.3.3 Radiological Consequences

The radiological consequences of a postulated locked rotor accident

are analyzed assuming .18% failed fuel. The primary to secondary
system leakage rate is at the Technical Specification value of-}—%SC’sz
—GPR~ The primary coolant and secondary side iodine and noble gas

concentrations prior to the start of the accident are presented in
Table 15.0-8Y%

b

15.3-10
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ground level until secondary side pressure decreases below the relief
valve actuation value. ’
14

The environmental releases for a ostulated locked rotor accident,

—showr—ia—Fakle—3+br3—4 are combined)with the atmospheric dispersion
values presented in Table 15.0- to determine the exclusion area
boundary and low population zone doses given in Table 15.0-12. The
methodology used in calculating the offsite doses is discussed in
Appendix 15A. The radiological consequences for a locked rotor event
do not exceed a small fraction of 10 CFR 100 guidelines.

15.3.3.4 Conclusions

Since the peak RCS pressure reached during any of the transients is
less than that which would cause stresses to exceed the faulted
condition stress limits, the integrity of the primary coolant system
is not endangered.

Since the peak cladding surface temperature calculated for the hot
spot during the worst transient remains considerably less than 2,700°F,
the core will remain in place and intact with no loss of core cooling °
capability. No fuel failures are predicted for the locked rotor
accident (Van Houten 1979).

15.3.4 Reactor Coolant Pump Shaft Break
15.3.4.1 1Identification of Causes and Accident Description

The accident is postulated as an instantaneous failure of an RCP
shaft, such as discussed in Section 5.4. Flow through the affected
reactor coolant loop is rapidly reduced, though the initial rate of
reduction of coolant flow is greater for the RCP rotor seizure event.
Reactor trip is initiated on a low flow signal in the affected loop.

Following initiation of the reactor trip, heat stored in the fuel rods
continues to be transferred to the coolant causing the coolant to
expand. At the same time, heat transfer to the shell side of the
steam generator is reduced, first because the reduced flow results in
a decreased tube side film coefficient and then because the reactor
coolant in the tubes cools down while the shell side temperature
increases (turbine steam flow is reduced to =zero upon plant trip).
The rapid expansion of the coolant in the reactor core, combined with
reduced heat transfer in the steam generators causes an insurge into
the pressurizer and a pressure increase throughout the RCS. The
insurge into the pressurizer compresses the steam volume, actuates the
automatic spray system, opens the PORVs, and opens the pressurizer
safety valves, in that seguence. The PORVs are designed for reliable
operation and would be expected to function properly during the
accident. However, for conservatism, their pressure reducing effect
as well as the pressure reducing effect of the spray is not included
in the analysis.

15.3-11
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This event is classified as an ANS Condition IV incident (a limiting
fault as defined in Section 15.0.1.

15.3.4.2 Radiological Consequences

The radiological consequences for an RCP shaft break event are less
severe than those from the locked rotor incident (Section 15.3.3).

15.3.4.3 Conclusions

The consequences of a RCP shaft break are less severe than those
calculated for the locked rotor accident (Section 15.3.3). With a
failed shaft, the impeller could be free to spin in a reverse
direction as opposed to being fixed in position as assumed in the
locked rotor analysis. However, the net effect on core flow is
negligible, resulting in only a slight decrease in the end point
(steady state) core flow. For both the shaft break and locked rotor
incidents, reactor trip occurs very early in the transient. 1In
addition, the 1locked rotor analysis conservatively assumes that DNB
occurs at the beginning of the transient.

15.3.5 References for Section 15.3

Baldwin, M.S., et al 1975. An Evaluation of Loss of Flow Accident

caused by  Power System Frequency Transients in Westinghouse PWRs,
WCAP-8424, Revision 1.

Burnett, T. W. T, et al 1984. LOFTRAN Code Description, WCAP-7907-PA
{Proprietary), WCAP-7907-A (Non-Proprietary), April 1984.

Hargrove, 'H.G., "FACTRAN-A Fortran Code for Thermal Transients in a
U02 Fuel Rod," WCAP-7908-2A, December 1989.

Van Houten, R. 1979, Fuel Rod as a Consequence of Departure from

Nucleate Boiling or Dryout. Office of Nuclear Regulatory Research,
USNRC, Washington, D.C. NUREG-0562.

DLC) Coleulation Assessment of the Doses vt the Uwit L
Contvol Roowmt Due 4o o Locked Rotov Rccident at Uwit
H’SSRV\/\'\V\ﬁ 189° Failed Fuel (Tucludes OFfsite Dose Added in
Rev. \5
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TABLE 15.3-3

PARAMETERS USED FOR THE LOCKED
ROTOR ACCIDENT

Parameter
Power (MWt) 2+766— 9{7625
—Fraction-offuel—with defects —0026—
X o 3 i dont
Primary coolant concentrations Table 15.0-8 b

prior to the accident

Secondary coolant concentrations Table 15.0-8
prior to the accident

g

Primary to secondary leak rate ha%?) —3=6- U4So
¢
Iodine partition factor in all steam 0.01 -
generators prior to and during the
accident
Duration of plant cooldown by 8

secondary system after accident (hr)
Steam release from steam generators (1b)

0-2 hr 443,878
2-8 hr 793,664

Feedwater flow to steam generators (1b)

0-2 hr 527,065
2-8 hr . 874,470

Steam generator fluid content/SG (lb)*

Liquid $2,000 102,220 ~167°
Steam : F+199-  C,15A+ to°
-Control—room-pressurization—fan—flow; 17030
—<fm—
' Control-rocm-purge—flew,—cfm- 16,900
@

* Correspuv\da. +- \oauv\An\s coY\cL'-\-rw\s fov +Hats aceident.

1 o0f 1
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and subsequently manually withdraw the control rods, a process that
takes several hours. The BVPS-2 Technical Specifications require
that the operator determine the estimated critical position of the
control rods prior to approaching criticality thus assuring that the
reactor does not go critical with the control rods below the
insertion limits. Once critical, the power escalation must be
sufficiently slow to allow the operator to manually block the source
range reactor trip after receiving P-6 from the intermediate range
(nominally at 10° cps). Too fast a power escalation (due to an
unknown dilution) would result in reaching P-6 unexpectedly leaving
insufficient time to manually block the source range reactor trip.
Failure to perform this manual action results in a reactor trip and
immediate shutdown of the reactor.

After reactor trip with all loops in service there is at least 35
minutes for operator action prior to return to criticality. The
required operator action is the opening of valves 2CHS*LCV-115B and D
to initiate boration and the closing of wvalves 2CHS*LCV1il15C and E
terminate dilution.

Dilution During Full Power Operation

With the reactor in manual control and no operator action taken to
terminate the transient, the power and temperature rise will cause
the reactor to reach the overtemperature AT trip setpoint resulting
in a reactor trip. After reactor trip, with all 1loops in service,
there is at least 16 minutes for operator action prior to return to
criticality. The required operator action is the opening of wvalves
2CHS*LCV115B and D and the closing of valves 2CHS*LCV115C and E. The
boron dilution transient in this case is essentially the equivalent
of an uncontrolled rod withdrawal at power. The maximum reactivity
insertion rate for a boron dilution transient is conservatively
estimated to be 1.8 pcm/sec and is within the range of insertion
rates analyzed for uncontrolled rod withdrawal at power. It should
be noted that prior to reaching the overtemperature AT reactor trip

the operator will have received an alarm overtemperature AT and an
overtemperature AT turbine runback.

With the reactor in automatic rod control the pressurizer level
controller will limit the dilution flow rate to the maximum 1letdown
rate, approximately gpm. If a dilution rate in excess of the
letdown rate is present, \ the pressurizer level controller will
throttle charging flow downjto match the letdown rate.

135S
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analysis, the accident for BVPS-2 will not result in an excessive
pressure rise or further damage to the RCS.

Lattice Deformations

A large temperature gradient will exist in the region of the hot
spot. Since the fuel rods are free to move in the vertical
direction, differential expansion between separate rods cannot
produce distortion. However, the temperature gradients across
individual rods may produce a differential expansion tending to bow
the midpoint of the rods toward the hotter side of the rod.
Calculations have indicated that this bowing would result in a
negative reactivity effect at the hot spot since Westinghouse cores
are under-moderated, and bowing will tend to increase the under-
moderation at the hot spot. Since the 17 by 17 fuel design is also
under-moderated, the same effect would be observed. In practice, no
significant bowing is anticipated, since the structural rigidity of
the core is more than sufficient to withstand the forces produced.
Boiling in the hot spot region would produce a net flow away from
that region. However, the heat from the fuel is released to the
water relatively slowly, and it is considered inconceivable that
cross flow will be sufficient to produce significant lattice forces.
Even if massive and rapid boiling, sufficient to distort the lattice,
is hypothetically postulated, the large void fraction in the hot spot
region would produce a reduction in the total core moderator to fuel
ratio, and a large reduction in this ratio at the hot spot. The net
effect would therefore be a negative feedback. It can be concluded
that no conceivable mechanism exists for a net positive feedback

resulting from 1lattice deformation. In fact, a small negative
feedback may result. The effect is conservatively ignored in the
analysis.

15.4.8.3 Radiological Consequences

The radiological consequences of a postulated rod ejection accident
are analyzed in accordance with the methods described in Regulatory
Guide 1.77, Initial concentrations of radionuclides in the primary
and secondary coolant systems are based on Technical Specification
limits. Also postulated is a Technical Specification primary-to-
45039A“__§Eiﬁﬁaéry leakage of D gpm- The primary and secondary systam
concentrations prior to the accident are shown in Table 15.0-§?
rod ejection accident produces an adverse core power disdtribugdion
which results in localized fuel rod. damage. The assumed damage
includes the breach of the fuel clad, releasing a fraction of the
core gap activity, plus melting of a fraction of the core fuel pins
which reach or exceed the initiation temperature of fuel melting.
The quantity of nuclides released from the fuel is based on the
assumption that 10 percent of fuel rods experience clad damage and

0.25 percent of fuel 1rods experif melting. The fuel and gap
activity is presented in Table 15.Q

15.4-44
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Activity released into the primary coolant from melted fuel pins and
the fuel rod gap is assumed to be immediately released into the
containment through the break in - the RCS located in the reactor
pressure vessel head. The activity released to the containment is
assumed to leak from the building to the environment at the design
basis leak rate as a ground level release. No credit is taken for
the removal of iodines due to the containment spray system; however,
the containment will reach subatmospheric conditions and leakage will
cease within 1 hour due to the effects of the spray systems.
g4so 3pcl

Concurrently, the activity in the/coolant is assumed to leak to the
secondary side at the rate of-4—€¥mjf Offsite power is assumed to be
lost making the condenser unavailable for steam dump. The primary-
to-secondary leakage activity along with the initial secondary system
inventory 1s assumed to be released from the secondary system to the
environment as a ground level release.

The releases to the environment from the containment leakage and
secondary side are i =

calculated based on the assumptions summarized in Table 15.4-3.

The offsite doses are computed by the methods discussed in
Appendix 15A using the environmental releases in combination with the
atmospheric dispersion values listed in Table lS.O;}I,

t

The radiological consequences of the postulated rod ejection accident
are presented in TabI%:IS.O-IZS and {S.0-13,

15.4.8.4 Conclusions

Conservative analyses indicate that the described fuel and cladding
limits are not exceeded. It is concluded that there is no danger of
sudden fuel dispersal into the coolant. Since the peak pressure does
not exceed that which would cause stress to exceed the faulted
condition stress limits, it is concluded that there is no danger of
further consequential damage to the reactor coolant system. The
analyses have demonstrated that the fission product release, as a
result of the number of fuel rods entering DNB, is 1limited to 1less
than 10 percent of the fuel rods in the core.

The calculated dose values for the rod ejection accident are well
within the 10 CFR 100 guidelines of 75 Rem thyroid and 6 Rem whole
body.

15.4.9 Spectrum of Rod Drop Accidents in a Boiling Water Reactor

This section applies only to BWRs, and is not applicable to BVPS-2.
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TABLE 15.4-3

PARAMETERS USED FOR THE ROD CONTROL
CLUSTER EJECTION ACCIDENT

Parameters

Power (MWt)

: : oot o
—Pf—&e@l—gﬂ—@-f—@&&l—“—l—th—éé—fvy»u 3
. ' 3 : :

Primary coolant concentrations
Secondary coolant concentrations

Primary-to-secondary leak rate (gpm)

—Technical—

E i - s Y .
—2 66— -25766— AT10S

86612 60026

0--509— —3=6— uso
qpd

1.2..106 I o1k

== S v 4 Lo VUALY

—Containment—free—volume—(£ed)
(£
Core and gap activity

Fraction of core activity in
fuel-clad gap
Iodine *
Noble gases;'F
Fraction of fuel experiencing
clad failure
core
Fraction ofnactivity released to
reactor coolant from failed fuel
Iodine
Noble gases :

Melted fuel f:action

Fraction of activity from melted
fuel available for release from
containment

Iodine
Noble gases

Fraction of activity from melted
fuel available for release from
secondary system

Iodine
Noble gases

Containment leak rate 0-1 hr (%/day)

* G—ap froctrons assumed for T-131
" 1 of 2

~Fable—35-0-F+  Table 15.0-7%

15— 0.10
16 0.10
—6-6— 0.10
- 0.10
“NA— 0.10
S oracal 0.0025
NA— 0.25
NA— 1.0
NA— 0.5
~NA— 1.0
S e 0.1

= Ol and Kw-¥S = 0.30
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TABLE 15.4-3 (Cont)

~Feechnieal-
Parameters —Expected— Speeifieation~
Iodine partition factor —0-61- 0.01
in steam generators prior .
to and during accidents
Steam dump from relief valves (1lb) —585666- 58,600
Duration of dump from relief valves (sec) —566— 500
Steam generator fluid content/SG (lb)** Ao
Liquid -59-386- 99-380- 102,230~ 10
Steam | —ByPee— 85766~ (15 +107°

*X Coprespmds to \oouuclm.j conditroms o Hars accident.

2 of 2



Nuclide

Kr-83m
Kr-85m

Kr-85
Kr-87
Kr-88
Kr-89

Xe-131m
Xe-133m
Xe-133
Xe=-135m
Xe-135
Xe~137
Xe-138

I-131
I-132
I-133

BVPS-2 UFSAR
TABLE 15.4-4

-RADIOACTIVITY RELEASED
TO THE ENVIRONMENT
DUE TO ROD EJECTION ACCIDENT

DELETE

Releases
From
From Secondary
Containment (Ci) System (Ci)
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limit wvalue throughout the transient; thus, the departure from

nucleate boiling (DNB) design-basis as described in Section 4.4 is
met.

15.6.2 Failure of Small Lines Carrying Primary Coolant Outside
Containment

15.6.2.1 TIdentification of Causes and Accident Description

Lines connected to the RCS and penetrating the containment, as well
as isolation provisions are identified in Table 6.2-60.

There are no instrument lines connected to the RCS that penetrate the
containment. There are, however, the sample lines from the hot and
cold legs of reactor coolant locops and the steam and liquid space of
the pressurizer, and the CVCS letdown and excess letdown lines that
penetrate the containment. The sample lines and the CVCS letdown and
excess letdown 1lines are all provided with normally open containment
isolation wvalves on both sides of the containment wall. 1In all
cases, the containment isolation valves are designed in accordance
with the containment isolation requirements of General Design d
Criterion 55 (Section 6.2.4). ovd with o coincident lose of hest exchanger
coeling
The most severe small 1line/ rupture with regard to radiocactivity d Tvecn
release during normal BVPS-2/cperation is a complete severance of the owns T
2-inch 1letdown 1line at a {location outside containment, a@sefeaﬁrsg_/
the letdown heat exchanger4 This event would result in a loss—-of- 1.0 tem [s
reactor coolant at the rate of approximately &69—@§éf¥£ﬂ§§f?§??f/
He\3 density of 83— lbs/ft3 and on the flow restriction provided by two
of the three letdown line orifices in service (the 45-gpm orifice and
one of the 60-gpm orifices), shown on Table 9.3-8 and Figure 9.3-24.

The time required for the operator to identify the accident and
isolate the rupture is expected to be less than 15 minutes. Diverse
instrumentation in the form of letdown line pressure and flow
downstream of the postulated break location, volume control tank
level and pressurizer level with indication at the main control board
will allow detection of the failure by the operator. In addition, a
control room operator can determine specific plant areas which are
experiencing high radiation after receiving plant high radiation
annunciation. The operator would isolate the letdown line rupture by
closing the letdown orifice isolation valves, 2CHS*AOV200A, B, and C
of- the pressurizer low 1level isolation valves, 2CHS*LCV460A and
2CHS*LCV460B. All wvalves are provided with control switches with
indicating 1lights at the main control board and at the emergency
shutdown panel. All valves are air-operated and designed to fail
close on 1loss of air or electrical power. There are no single
failures that would prevent isolation of the letdown line rupture.

15.6-4
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15.6.2.2 2Analysis of Effects and Consequences

Method-of Analysis Eadibd

The amount of primary coolant released is conservatively estimated by
assuming critical flows in the ruptured letdown line. The mass of
fluid released from the postulated break was calculated using the
Zaloudek correlation in WCAP-8312A (Reference 2) for subcooled
liquids and the theoretical model developed by Moody for saturated
conditions. Immediately after the rupture, the Moody model is used
for a saturated liquid until the liquid in the letdown line between
the orifices and rupture point is depleted. After the liquid is
depleted, Zaloudek's subcooled correlation is used at the orifice and
continues until isolation occurs at 15 minutes after the break.
These critical flow correlations are in accordance with WCAP-8312A.

15.6.2.3 Radiological Consequences
af*ﬁf

The failure outside the containment of small lineslcarrying primary
coolant is postulated to occur in the letdown line the letdown
heat exchanger. The rupture of this line will result in the loss of
primary coolant, with isolation occurring within 15 minutes. The
rupture will result in the discharge of primary coolant directly into
the auxiliary building or into the contiguous areas, with the
radioactivity released to the environment at ground 1level. All
potential locations for the small 1line break in the auxiliary
building are within ventilation zones of the supplementary leak
collection and release system (SLCRS). A small line break in the
contiguous areas would be serviced by the SLCRS after receipt of a
high radiation signal from a QA Category II ventilation monitor.

However, the conservative analysis does not take credit for SLCRS
operation. )

The assumptions for evaluating the radiological consequences of the
postulated small line. failure are summarized if Tadhle 15.6-2. The

conservative analysis assumes primary coolant Te€hnica} Specification
equilibrium activities as presented in Table 15 o-8b

Additionally, a concurrent iodine spike is po@ftulated to occur with
iodine release rates into the primary coolant -azs—shown-in Takle
357036~ The resulting releasegs to the environment based on the
tated assumptions, apided

5637

ing from a postulated failure of
a small 1line «ca ing primary “coclant outside containment are
presented, in Tab5.0-12. The offsite doses are determined using
the  calculated en¥itonmental releases for this accident and the IL¥

atmospheric dispersion  values given in Table 15.07217—__E532’i
methodology for calculating the offsite doses is discussed in

Appendix 15A. The radiological consequences for this event are a

The radiological consequences resu

ot a vate calculoted wstng He me+\4oclalo3y proufclexl. i Teble 15.0-10a.

15.6~5
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The RCS depressurization is performed using normal pressurizer
spray if the reactor coolant pumps (RCPs) are running. However,
if offsite power is lost or the RCPs are not running for some
other reason, normal pressurizer spray is not available. In
this event, RCS depressurization can be performed using the

pressurizer power operated relief valves (PORVs) or auxiliary
pressurizer spray. -

§. Terminate SI to stop primary to secondary leakage.

The previous actions will have established adeguate RCS
subcooling, a secondary side heat sink, and sufficient reactor
coolant inventory to ensure that SI flow is no longer needed.
When these actions have been completed, SI flow must be stopped
to terminate primary to secondary leakage. Primary to secondary
leakage will continue after SI flow is stopped until RCS and
ruptured steam generator pressures equalize. Charging flow,
letdown, and pressurizer heaters will then be controlled to
prevent repressurization of the RCS and reinitiation of leakage
into the ruptured steam generator.

Following SI termination, the plant conditions will be stabilized,
the primary to secondary break flow will be terminated, and all
immediate safety concerns will have been addressed. At this time a
series of operator actions are performed to prepare the plant for
cooldown to cold shutdown conditions. Subsequently, actions are
performed to cool down and depressurize the RCS to cold shutdown
conditions and to depressurize the ruptured steam generator.

15.6.3.2 Analysis of Effects and Consequences

An SGTR results in the leakage of contaminated reactor coolant into
the secondary system and subsequent release of a portion of the
activity to the atmosphere. Therefore, an analysis must be
performed to assure that the offsite radiological consequences
resulting from an SGTR are within the allowable guidelines. One of
the major concerns for. an SGTR is the possibility of steam generator
overfill since this could potentially result in a significant
increase in the offsite radiological consequences. Therefore, an
analysis was performed to demonstrate margin to steam generator
overfill, assuming the limiting single failure relative to overfill.
The results of this analysis demonstrated that there is margin to
steam generator overfill for BVPS Unit 2. An analysis was also
performed to determine the offsite radiological consequences,’
assuming the limiting single failure relative to offsite doses
without steam generator overfill. Since steam generator overfill
does not occur, the results of this analysis represent the limiting
consequences for an SGTR for BVPS Unit 2. The analyses to
demonstrate margin to overfill wanrd—to—determine the  offsite

—zadiclogical consequences for a design basis SGTR for BVPS Unit 2
are presented in Schrader, 1990, - and the results of the offsite
radiological consequences analysis are discussed below.

15.6-9
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i. Accident Initiated Spike ;LThe initial primary coolant
iodine concentration is pCi/gm of Dose Egquivalent
(D.E.)  I-131. Following the primary system
depressurization associated with the SGTR, an iodine
spike is initiated in the primary system which
increases the jodine release rate from the fuel to
thecoolant to a value 500 times greater than the
release rate that corresponds to the -initial primary
system iodine concentration. The duration of the
iodine spike is 4.0 hours.

ii. Pre-Accident Spike - A reactor transient has occurred
prior to the SGTR and has raised the primary coolant

iodine concentration from 1 to 60" pCi/gram of D.E.
I-131. 21

b. The initial secondary coolant iodine concentration is
0.1 puCi/gram of D.E. I-131. ‘

c. The chemical form of jodine in the primary and secondary
coolant is assumed to be elemental.

d. The initial noble gas concentrations in the reactor coolant
are based upon i

Spproximately—0-26% fueldefects,
clﬁs"?:n concentrations veduced +v corves ‘omcl 4=
Dose Calculations the Technteal Specifrecetromn Liwait DE. T-131.

The iodine transport model wutilized in this analysis was
proposed by Postma and Tam (NUREG 0409). The model considers
break flow flashing, droplet size, bubble scrubbing, steaming,
and partitioning. The model assumes that a fraction of the
iodine carried by the break flow becomes airborne immediately
due to flashing and atomization. Removal credit is taken for
scrubbing of iodine contained in the atomized coolant droplets
as a function of the height of the secondary water level above
the rupture site. The fraction of primary coolant iodine which
is not assumed teo become airborne immediately mixes with the
secondary water and is assumed to become airborne at a rate
proportional to the steaming rate and the iodine partition
coefficient. This analysis conservatively assumes an iodine
partition coefficient of 0.01 between the steam generator liquid
and steam ©phases. Droplet removal by the dryers is

conservatively assumed to be negligible. The iodine transport
model is illustrated in Figure 15.6-69.

The following assumptions and parameters were used to calculate

the activity released to the atmosphere and the offsite doses
following a SGTR.

a. The mass of reactor coolant discharged into the secondary
system through the rupture and the mass of steam released

from the ruptured and intact steam generators to the .
atmosphere are presented in Table 15.6-5a.

 15.6-10f
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b. The time dependent fraction of rupture flow that flashes to
steam and is immediately released to the environment is
presented in Figure 15.6-70. The break flow flashing
fraction was conservatively calculated assuming that 100
percent of the break flow comes from the hot leg side of
the steam generator, whereas the break flow actually comes

from both the hot leg and cold leg sxdes of the steam
generator. .

c. In the iodine transport model, the time dependent iodine
removal efficiency for scrubbing of steam bubbles as they
rise from the rupture site to the water surface
conservatively assumes that the rupture is located at the
intersection o©of the outer tube row and the upper anti-
vibration bar (approximately 4 inches below the apex of the
tube bundle). However, the tube rupture break flow was
conservatively calculated assuming that the break is at the
top of the tube sheet. The water level relative to the top
of the tubes in the ruptured and intact steam generators is
shown in Figure 15.6-71. The iodine scrubbing efficiency is
determined by the method suggested by Postma and Tam (NUREG
0409). The iodine scrubbing efficiencies are shown in .
Figure 15.6-72.

The activity released to the environment by the flashed
rupture flow can be written as follows:

Ay = ZIAj (1 - eff))
. J
J
where:
Ay = total iodine released to the environment by

flashed primary coolant

IAj = (integrated activity in rupture flow during time
interval 3) {(flashing fraction for time
interval j)

effj

iodine scrubbing efficiency during time interval j

d. The total primary to secondary leak rate is assumed to be
4so 3pd ——3rO—gpm as allowed by the BVPS Unit 2 Technical
Specifications. The leak rate is assumed to be-€~35—1§mrlsoﬁfé
for each of the intact steam generators and fo \So d
the ruptured steam generator. The leakage ‘to the lntact P
steam generators is assumed to persist for the duration of -
the accident.

15.6-10g
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e. The iodine partition coefficient between the 1liquid and

steam of the ruptured and intact steam generators is
-assumed to be 0.01. ——

f. No credit was taken for radioactive decay during release
and transport, or for cloud depletion by ground deposition

during transport to the site boundary or outer boundary of
the low population zone.

g. Short-term atmospheri
provided in Table 15.
in Appendix 15A.

ersion factors {X/9s) are
breathing rates are provided

Offsite Dose Calculation Models

CDE
The models used to calculate the offsite thyroid, whole-body EoE

—gamma, and beta-skin doses are presented in Appendlﬁ 15A.

Results

-$he—4HHﬁm&ated——nuc&tde~—fe%eases——resuittﬂg——frem—ﬂnr—56¥a—aamr—
~presented—in-TFable-15-6—6—fer—the—pre-accident—iodine-spike—case—
ead——*n—JEab}e——tﬁ*ﬁ-ﬁ**for—%ﬂEr—accIdent——rnIttated——toétae——sptkena

T-1-7-98 Thyroid/ w y'hole—body Gamma,—and—beta=skin- doses at the
Exclusion Area Boundary and Low Population Zone are presented in
Table 15.0-12. All doses are within the allowable guidelines as
specified by Standard Review Plan 15.6.3 and 10CFR100.

15.6~10h
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15.6.5.4 Radiological Conseguences

A LOCA would increase the pressure in the containment initiating
containment isolation, auxiliary feedwater, emergency core cooling,
and containment spray. Normal wventilation in the auxiliary and
contiguous buildings is realigned and the ESF areas are aligned and
exhausted by the supplementary leak collection and release system
(SLCRS). However, no credit is taken for containment leak collection
and filtration prior to release to the environment. The main control
room environment 1is ensured by immediate isolation of intake air, by
a containment isolation Phase B (CIB) signal, and a supply of clean
air from an emergency bottled air system. One hour after the LOCA,
when the containment has returned to a subatmospheric condition, the
control room ventilation system provides filtered intake air to the
control room. The post-accident monitoring system (Section 7.5) is
available for monitoring important post-LOCA parameters.

Doses from the LOCA are calculated for the power plant operators
located in the control room as well as at locations on the exclusion
area boundary and 1low population =zone (LPZ) outer boundary. The
doses are due to leakages from the containment building and ECCS, in

addition to the direct shine from the containment building and other
emergency systems.

Containment Leakage Source

|s00

that 100 percent of the noble gas
inventory and 25 percent of the-1odine inventory in the core -after
full power operation for days are available for release from the
containment atmosphere. The containment structure is assumed to leak
at the design basis leak rate of 0.1 volume percent per day for the
first hour after the accident. Within the hour the containment is
brought to subatmospheric pressure, precluding any further leakage.

For a LOCA, it 1is postulate

The iodine concentration in the containment atmosphere is reduced by
a caustic spray additive which is injected into the containment by
the quench spray system (QSS). The Q@SS is activated by the CIB
signal and provides caustic spray to the nozzles within 90 seconds of
accident initiation. A two region model is used to evaluate the
effect of the spray on the concentration of iodine in the containment
atmosphere. {(Section 6.2.2.3.3). This model accounts for mixing
between the sprayed and unsprayed regions of the containment.

Emeréency Core Cooling System Leakage Source

In the event of a LOCA, emergency core cooling will be initiated. It
is postulated that leakage will occur from the ECCS outside
containment 1in the safeguards area, the auxiliary building, and the
rod control building. A combined leakage rate in the buildings is
expected to be 9.4x10°2 gpm, as shown in ~ Table 15.6-12.
Fifty percent of the core iodine inventory is assumed mixed in the
sump water that 1s circulated through the piping external to the

15.6-20
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The environmental releases result;ng from the LocA, including ECCS
tion with the

offsite and control room doses using the methddgology) discussed in
Appendix 15A.

The potential dose to the plant operators in the control room is due
to inleakage into the control room of the external cloud, and direct
doses from 1) immersion in the external cloud, and 2) radiation
sources in the containment and emergency systems located outside

containment including the intake filters in the control room. The
operating procedures for the control room ventilation system are
described in Section 6.4. The accident analysis considers a

conservative post-accident ventllatlon rate in the control room to
evaluate the thyroid dose from ince the unfiltered in-
leakage into the control rod dar*ag—%ee&atro& is\the main contributor
to the inhalation dose, a min : p rate is assumed.
Specific control room shielding detalls, whlch limit the 30 day
exposure to control room personnel, are described in Section 12.3.

The control room walls provide the necessary shielding to protect
personnel from the external cloud due to containment building and ECCS
leakage. Conversion factors were developed, as presented in
Appendix 15A, to calculate-the control room operator dose due to these
sources. Parameters redui to calculate the control room doses are
provided in Tables 15.6-I\ thrsugh 15.6-14.

ibn area boundary and the LPZ, presented
in Table 15.0-12 are within the guidelines of 10 CFR 100. The dose to
the BVPS-2 control room operators due to a LOCA at the BVPS-2 plant,
as presented in Table 15.0-13, is below the limit set in General
Design Criterion 19 of 5 Rem whole body, or its equivalent to any part
of the body.

15.6-22
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TABLE 15.6-2

PARAMETERS USED FOR THE
. SMALL LINE CARRYING
PRIMARY COOLANT FAILURE

Characteristics

Power (MWt)

Fraction-of—failed fuel

hY

Line failure

Break size (in)

Time required to detect
and isolate failure (min)

Primary coolant release
rate from break [ib m

sec

Temperature of released
primary coolant (°F)

Fraction of iodine assumed
airborne from pipebreak

Supplementary leak
collection and release
system iodine filter
efficiency (%)

Primary coolant
concentrations

Iodine.spiking - release
rateg¥(assumed to occur
for duration of accident)

~Technical—
. £ tad 5 fieats
—25766- —2 766~ ANOS
00012 80626
Letdown line to- frow
inlet—ef letdown
heat exchanger
—2— 2
e 15
—28- 20 1.0
28T 549
-1 -84 0.3%
95~ 0
Table 11 1-2— Table
15.0-8b
Tabte—15-6—36— - Table
15.0-10 o

lofl
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TABLE 15.6-3

SMALL LINE FAILURE
RELEASES TO THE ENVIRONMENT

DELETE

Releases (,Cff{

I-1 2.3x10%

Lincluded by yeference>

1 of 1



BVPS-2 UFSAR " Rev. 7
TABLE 15.6-5b

PARAMETERS USED IN EVALUATING
RADIOLOGICAL CONSEQUENCES ©OF A
STEAM GENERATOR TuR:E RUWPTURE

I. Source Data

A. Core power level, MWt -23 66— 9.,;‘205

B. Total steam generator tube 10 4Seo
leakage, prior to accident, gpm-
gpd

C. Reactor coolant iodine activity:

1. Accident Initiated Spike The initial RC iodine
activities based on

0.35 X pci/gram of D.E. I-131

presented in Table 15.Q

The iodine appearance rs

calculatton acsumed for the accident

methe Yinitiated spike axe- 1§
presented in Table 15.0-10 c- -
2. Pre-Accident Spike Primary coolant iodine

activities based on

210 6¢ pci/gram of D.E. I-131

are p nted in Table
15.0<9a; )

3. Noble Gas Activity

-+# Table 15.0-8

D. Secondary system initial activity Dose equivalent of

0.1 pci/gm of I-131,
' : presented in Table 15.0{8 b

lbw
E. Reactor coolant mass, grams 19t x102 3.FET1E +OS
F. Initial steam generator water 4. 530+
mass (each lbm ¥
¢ Lf)q:uvgfm "9%“'1"“’4:0
. Ste o 6,534+ 10 .
G. Offsite power Lost at time of reactor tri
H. Primary-to-secondary leakage 8
duration for intact SG, hrs.
I. Species of iodine 100 percent elemental

*C,ovvespomls 4o \ooméwﬁ conditrons fo thrs cacerdent

1 of 2



BVPS—~-2 UFSAR

TABLE 15.6-5b

Activity Release Data

A. Ruptured steam generator

1. Rupture flow

2. Rupture flow flashing fraction
3. Iodine scrubbing efficiency

4. Total steam release, 1lbs.

S§. Iodine partition factor

6. Location of tube rupture

Intact steam generators

1. Total primary-to-secondary
leakage 150 god
ge, gor (50 g0d ©)

2. Total steam release, lbs
3. Iodine partition factor
Condenser

1. Iodine partition factor

D. Atmospheric Dispersion Factors

2 of 2

Rev. 7

See Table 15.6-5a

See Figure 15.6-70

See Figure 15.6-72

See Table 15.6-5a

0.01

Intersection of outer tube

row and upper anti-vibration
bar

B+~ 3OO

See Table 15.6-5a

l
See Table 15.0-=31 *



BVPS-2 UFSAR " Rev. 7
TABLE 15.6-6
ENVIRONMENTAL RELEASES DUE TO A

STEAM GENERATOR TUBE RUPTURE
FOR PRE-ACCIDENT IODINE SPIKE CASE

DELETE

Total Releages (€i
Nuclide 0-2 hr 0-8 hr

5.7
3.1E1
1.7E2

5.7

Kxr-87 1.6E1

Kr-88 4.6E1 .6E1
Kr~-89 1.7e-1
Xe-131m 1.7
Xe-133m .8E1 4.8E1
Xe-133 4.1E2 4.1E2
Xe-135m 8.2 8.2
Xe-135 4.9E1
Xe-137 3.5E-1
Xe-138 5.4
I-131 .6E1

I-132

4’1\(\0\&*&63 by we,—Qem.,\c&>
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BVPS-2 UFSAR
TABLE 15.6~7
ENVIRONMENTAL RELEASES DUE TO A

STEAM GENERATOR TUBE RUPTURE
FOR ACCIDENT INITIATED IODINE SPIKE CASE

DELETE
Total Releages (€i)

Nuclide 0-2 hr 0-8 hr

5.7 5.7
3.1E1 3.1E1
1.7E2

Kr-85

Kr-87 l1.6E1

Kr-88 4.6E1 .6E1
Kr-89 1.7E-1 1.7E-1
Xe-131m 1.7
Xe-133m .8E1 4.8E1
Xe-133 4.1E2 4.1E2
Xe-135m 8.2 8.2
Xe-135 9E1l 4.9E1
Xe-137 3.5E-1
Xe-138 5.4
I-131 .1E1

I-132

z{IMLiuxLe<l %7 YE>#L&V8~4Cc;>

lof 1l

Rev.
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BVPS-2 UFSAR

TABLE 15.6-11

PARAMETERS USED FOR THE LOCA-CLOUD ANALYSIS

Parameters

Power level (MWt)
Operating time (days)
Core inventory

Iodine reduction factor due to effects
of plateout

Core inventory available for release from

containment following plateout (%)

Noble gases
Iodine

Iodine composition (%)
Elemental
Particulate
Organic

Containment free volume (ft?)

7a9°
Sprayed region (Z&%f‘
Unsprayed region (22%
pray g %2
Spray effective time (sec)

- Volume mixing rate (hr !)

Containment leak rate (%/day)

Elemental iodine decontamination factor

Iodine removal coefficient (hr )
Elemental
Particulate

Organic

Duration of containment leakage (hr)

l1of1l

25766 25105

656 1500

Table 15.0}€j::}

0.5

100
25

100

10 : :
At O.BRS

1.0
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TABLE 15.6-12

Rev. 6

PARAMETERS USED FOR EMERGENCY CORE
COOLING SYSTEM LEAKAGE ANALYSIS

Parameters

sec
Leak initiation time (min)

Leak rate (gpm)

5 min to 30 days
(Dow\o led T e Mu\ys?s)

Fraction of core iodine inventory in
sump water

Sump water volume (gal)

Peak ESF £luid tew pevature
xecirculation-spray (°F)

Iodine released to building atmosphere
due to flashing (%)

Supplementary leak collection and release
iodine filter efficiency (%)

Leak rate into RWST (gpm)

30 min to 30 days

(deb ‘C.A WM The Mq,l\(s't-s)
Release from RWST to environment

starts at (&)
sec

1 of 1

10
95
1.0

2~ g%0c




BVPS-2 UFSAR
TABLE 15.6-13
ENVIRONMENTAL RELEASES DUE TO A

LOSS~OF-COOLANT ACCIDENT
DELETE

Releases (Ci)
0-2 Hr 0-30_Pays

Kr-83m 4.2x102
Kr-85m 1.2x10°
Kr-85 2.8x10*
Kr-87 1.9x10%
Kr-88 3.1x10°%
Kr-89 3.5x102

2.

3.

1.

2.

3.

S.

1.

43mdudza by re£erewce>>
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The 1inlet line rupture analysis assumes that the noble gas inventory
released to the environment from the ruptured line is based on the
" sum of the following: a 1-hour release to the environment of
degasifier effluent and the release of a fraction of the
radioactivity adsorbed on the charcoal delay beds. The fraction of
noble gases released from the charcoal delay beds are given in

Table 15.7-2. -The—tetal—aetivity —released—from—theruptured—line~
1 ] \ 1 delav bods—ic 14 | in Table 15 7.3

cows'-:le.rms h'olclwp awd decay,
For the GWST rupture, it is assumed that 106—percdent—of-the noble
gases produced from the complete degasification of the primary
coolant is contained in the seven GWSTs. Since the tanks are not
isolated from each other, the rupture of one tank is assumed to cause
the release of the contents of all seven tanks. -The—seleases—from—a—
—GHSTrupture—are—shewnt—in—Table—15-F w3 The accident atmospheric
dispersion values are given in Table 15.0-}{h{

The methodology used in computing the doses is discussed in Appendix
15A. The calculated whole body doses at the exclusion area boundary
are presented in Table 15.0-12, and do not exceed 0.5 Rem.

15.7.2 Radioactive Liquid Waste System Leak or Failure (Atmospheric
Release)

This section of the Standard Review Plan (NUREG-0800) has been
deleted.

15.7.3 Postulated Radicactive Releases Due to Liquid Containing
Tank Failures

15.7.3.1 1Identification of Causes and Accident Description

The postulated radiocactive release due to liquid-containing tank
failures is classified as an ANS Condition III event, an incident
which may occur during the lifetime of a plant.

All tanks have been qualitatively considered for radiocactive
releases. The failure and subsequent release of the contents of the
tanks with the largest inventory of radioactivity most likely to
infiltrate the nearest potable water supply in an unrestricted area
were evaluated. The following tanks were considered for release:
coolant recovery tank - located on Beaver Valley Power Station -
Unit 1 (BVPS-1) and utilized by both BVPS-1 and Beaver Valley Power
Station - Unit 2 (BVPS-2), refueling water storage tank (RWST)
(Section 6.2.2), waste drain tank (Section 11.2), and the steam
generator blowdown hold tank (Section 11.2). The most limiting
liquid-containing tank failure postulated is the RWST. Although the
coolant recovery tank and the steam generator blowdown hold tank have
larger radionuclide inventories than the RWST, a rupture of either of
these tanks would not be as limiting since the liquid pathway to the
river is through ground water.

15.7-2
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15.7.5.2 Analysis of Effects and Consequences

The details of spent fuel cask handling are provided in
Section 9.1.5.

15.7.5.3 Radiological Consequences

Since a spent fuel cask drop exceeding 30 feet cannot occur, no
radiological analysis need be performed for a spent fuel cask drop
accident.” = ’ S o ’

15.7.6 References for Section 15.7

Underhill, D.W. 1972. Effects of Rupture in a Pressurized Noble Gas
Adsorption Bed; Nuclear Safety Volume 13 Number 6.

U.S. Nuclear Regulatory Commission (USNRC 1976). Calculations of
Releases of Radioactive Materials in Gaseous and Liquid Effluents
from Pressurized Water Reactors (PWR-GALE Code). NUREG-0017.

USNRC  1978. Preparation of Radiological Effluent Technical
Specification for Nuclear Power Plants. NUREG-0133.

USNRC 1981. Standard Review Plan for the Review of Safety Analysis

Reports for Nuclear Power Plants (formerly issued as NUREG 75/087).
NUREG-0800.

USNRC 1988. Assessment of the Use of Extended Burnup Fuel in Light
Water Power Reactors. NUREG/CR-5009.

DLC 1989. Unit 2 Fuel Handling Accident Doses at EAB, LPZ, Common
Control Room. ERS-SFL-89-019, .

DLC  Calewlattion | ERS -TTL-29-00%, Safety Analysis of the
P\a.a.'\olaj'nca.\ Consequences of o Waste Gas System Ruptuve
et BYPS Uwit &, Cownivel Roowm EABR end LPZ Doses.
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TABLE 15.7-1

PARAMETERS USED FOR THE
WASTE GAS SYSTEM FAILURE

—Expected— —Besign——

Power (MWt) —5F 6 | 2766~ R,70S
Fraction of fuel with defects —0-003+2— 0.01
Reactor coolant concentrations —Table—13-3-2— —“Febite—3i—3-2—-
Letdown flow (gpm) —60— t120— 35S
Charcoal delay beds holdup
times (days)

Kr Wrs 26— 4 Q.6

Xe —&G— 26 |74
Fraction of noble gases
released from charcoal
delay beds —“Fabte—35-F—2— Table 15.7-2
Duration of release _ —_ 1

for the inlet line
rupture (hrs)

1 of 1



BVPS-2 UFSAR
TABLE 15.7-2
FRACTIONS OF NOBLE GASES

RELEASED FROM CHARCOAL DELAY BEDS

Nuclide ’ Expected - Design

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89

.650

.7

.502
.000

0
0
0
0
0
1

Xe-131m
Xe-133m
Xe-133
Xe~135m
Xe-135
Xe-137
Xe-138

1l of 1l
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TABLE 15.7-3

WASTE GAS SYSTEM FAILURE
ENVIRONMENTAL RELEASES

DELETE

Line Rupture Tank Rup;ité;e/
Nuclide Releases (Ci) " ReleasesACi)
Kr-83m 3.2x10? .
Kr-85m 1.6x102 3.2x10%
Kr-85 3.2x102 2.0x10*%
Kr-87 8.1x10? 2.3
Kr-88 22§x102 1.8x102
Kr-89 3
Xe~131m
Xe-133m
Xe-133
Xe-135m

Xe-135

<’IV\C(MA«2<L ‘O\/ V‘f/'@CfP/nce>

1 of 1
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APPENDIX 15A

DOSE METHODOLOGY

The radiological consequences of the design basis accidents (DBAs) arxe
represented by the calculated results of thyroid doses, whole-body
gamma doses, and beta skin doses at the exclusion area boundary (EAB),
the low population zone (LPZ), and the main control room. The doses
at the EAB are based on the release of radionuclides over a period of
2 hours following the occurrence of a postulated accident. For
accidents lasting beyond 2 hours, doses are calculated for the LPZ
based on releases over the duration of the accident, up to 30 days
following the occurrence of an accident. The control room dose is
based on releases over a 30-day period following the loss-of-coolant
accident (LOCA).

15A.1 Original Licensing Basis

Thyroid doses are calculated based on Regulatory Guide 1.4, June 1974
and the following equation:

Dewy - >.Q (x/Q) (BR.) (Cary,) (15A-1)
i
where:
Deny = thyroid dose (Rem)
Qs = activity of iodine isotope i released (Ci)
X/Q = atmospheric dispersion factor (sec/m’)
B.R. = breathing rate (m®/sec)
Ceny = thxroid dose conversion £3 or iodine isotope i
i (Rem/Ci) (DiNunno et al

galculated using the
For /persons offsite, the

The %/Q values presented in Table 15/0-
methodology described in Section 2.8
breathing rates are assumed to be:

3.47 x 10 m®/sec, 0 to 8 hours
1.75 x 10™* m’/sec, 8 to 24 hours
2.32 x 10™ m®’/sec, >24 hours
These values are taken from Regulatory Guide 1.4.
External whole-body gamma doses and beta skin doses are calculated

using Equations 15A-2 and 15A-3 derived from equations in Regulatory
Guide 1.4.

15.a-1
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QADMOD

Program QADMOD calculates dose rates at a series of detector
locations with shielding for a number of different source points
representing volumetric sources. The program is a modified version
of the 0QAD P-5 program written at the Los Alamos Scientific
Laboratory by R. E. Malenfant. This program has been upgraded to
include: 1) the FASTER geometry routines, 2) a point source option,
3) a translated cylindrical source volume option, and 4) internal
library data for conversion factors, build-up factor coefficients,
and mass attenuation factors for several materials and compositions.

15a.1 References for Section 15A

DiMunno, J. J.; Anderson, F. D.; Baker, R. E.; and Waterfield, R.L.
1962. Calculation of Distance Factors for Power and Test Reactor
Sites, TID 14844.

U.S. Atomic Energy Commission (USAEC) 1974. Assumptions Used for
Evaluating the Potential Radiological Consequences of a Loss-of-
Coolant  Accident for Pressurized Water Reactors. Regulatory
Guide 1.4, Revision 2.

15.a-5
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TRAILS_PC

Program TRAILS PC performs calculations involving transport of
radiocactive species between compartments that are related by first order
linear processes. It is specifically structured to evaluate the
transport of radioactivity in design basis accidents, and for
calculating dose rates and doses at a user defined offsite location and
in the control room. This code was developed and tested at BVPS and has
been benchmarked against the SWEC DRAGON code.

PERC2

Program PERC2 is identical to DRAGON in terms of the environmental
transport and dose conversion, but it includes the following:

e Provision of time-dependent releases from the reactor coolant
system to the containment atmosphere

e Provision for airborne radionuclides other than noble gas and
iodine, including daughter ingrowth.

e Provision for calculating organ doses other than thyroid.

e Provisions for tracking time-dependent inventories of all
radionuclides in all control regions of the plant model.

e Provision for calculating energies as well as activities for the
inventoried radionuclides to permit direct equipment qualification
and vital area access assessment.

(NOTE: These provisions are necessary to treat the kind of source term
described in NUREG-1465, a methodology not employed in BVPS analyses.)

)

ORIGEN

Program ORIGEN, calculates fuel depletion, actinide transmutation,
fission product buildup and decay and associated radiation source terms.
At BVPS, ORIGEN has been used to develop reactor core inventory, and
decayed inventories after various cool down times. These values are
used in design basis radiological consequence analyses. This code was
developed for the NRC at the Oak Ridge National Laboratory. This code
is documented as part of the SCALE package in NUREG/CR-0200.
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U.S. Atomic Energy Commission (USAEC) 1974. Assumptions Used for

Evaluating the Potential Radiological Consequences of a Loss-of-
Coolant Accident for Pressurized Water Reactors. Regulatory

Guide 1.4, Revision 2.

Kocher, DC, External Dose-Rate Conversion Factors for Calculation of
Dose to the Public, DOE/EH-0070, 1988

Eckerman, K. F., etal, Limiting Values of Radionuclide Intake and Air
Concentration and Dose Conversion Factors for Inhalation, Submersion,
and Ingestion, EPA-520/1-88-020, 1988

ICRP, Recommendations of the International Commission of Radiological
Protection, ICRP Publication 26, 1977

iCRP, Limits for Intakes of Radionuclides by Workers, ICRP Publication
30, 1979

Murphy, K. G. and Campe, K. W., Nuclear Power Plant Control Room
Ventilation System Design for Meeting General Criterion 19, published
in proceedings of 13th AEC Air Cleaning Conference

DLC Calculation ERS-SFL-96-004, TRAILS_PC: Transport of Radiocactive
Material in Linear Systems, PC Version

DLC Calculation ERS-SFL-96-017 ASCOT_PC: Assessment of Containment
Transport, PC Version

DLC Calculation ERS-SFL-96-001, QAD/CGGP_PC, a Point Kermel Photon
Shielding Code With Combinatorial Geometry and Geometric Progression
Buildup Factors

DLC Calculation ERS-SFL-88-020, Combinatiorial Geometry Point Kermal
Photon and Neutron Shielding Code, QAD-CG, DLC Version 1.0 .

WS NRC NUREG/CR-0200 , ORTGEN-S 2 Scale Syster Module +2

Col crtate Fuel A,ap\e%fow) Actinide Tramsmuwtation , Frssron

Pro_éu,c;l— Bu_(\d—up avtcL Dec.a_y, a.vul a_ssac,i'c.:{‘c_& QaATa.*'TM

Sowree T VS
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Table 15A-1a

FLUX-TO-DOSE CONVERSION FACTORS
(Used in 1999 (SWEC PERC2 code) reanalysis of Unit 2 LOCA)

Energy (rem/hr)/

Mean MeV (MeV/cm?®-s)
‘ 0.01 3.96E-04
0.025 3.20E-05
0.0375 1.05E-05
0.03 1.94E-05
0.0575 4.67E-06
0.085 3.11E-06
0.125 2.61E-06
0.225 2.51E-06
0.375 2.49E-06
04 2.46E-06
0.575 2.29E-06
0.5 2.36E-06
0.85 2.07E-06
1.25 1.86E-06
1.75 1.67E-06
225 1.54E-06
275 1.44E-06
4.25 1.23E-06
3.5 1.32E-06
5 1.16E-06
. 1.5 1.02E-06
7 1.04E-06

9.5 9.62E-07



ATTACHMENT B

Beaver Valley Power Station, Unit Nos. 1 and 2
License Amendment Request Nos. 280 and 151
UFSAR Update for Revised Radiation Dose Calculations

A. DESCRIPTION OF AMENDMENT REQUEST

The proposed amendment would revise the Beaver Valley Power Station (BVPS) Units 1
and 2 calculated doses and associated descriptions/information listed in the UFSAR for
the Design Basis Accidents (DBAs). An evaluation of all of the BVPS Unit 1 and 2 dose
calculations was completed which reviewed the input parameter values, the input
assumptions, and the methodology utilized. The resultant DBA dose calculation revisions
necessitate associated revisions to the UFSAR. Additionally, some changes were made in
response to Generic Letter 99-02.

This change is not to plant hardware. It is intended to reflect revised analyses results
only and is necessary to allow correction of the licensing basis to reflect conservative
assumptions used in the revised dose analysis for the DBAs listed in the Unit 1 and Unit
2 UFSARs.

The UFSAR changes are identified in Attachments A-1 and A-2.

This amendment is being requested in accordance with 10 CFR 50.59(c). The differences
between the present analyses of record and the new analyses are sufficiently significant
such that NRC review is warranted. Several analyzed dose values have increased for
several DBAs. The increases in calculated dose values and changes to analysis
methodology for each DBA 1is described below in Part C.

B. DESIGN BASES

The BVPS Unit 1 Design Basis Accidents are described in the Unit 1 UFSAR. The
radiological dose calculation information for the postulated DBAs are described
throughout Chapters 11 and 14 of the UFSAR. Specific radiological dose information is
calculated and provided for the following DBAs: Loss of Offsite AC Power (Section
14.1.11), Fuel Handling Accident (Section 14.2.1), Accidental Release of Waste Gas
(Section 14.2.3), Steam Generator Tube Rupture (Section 14.2.4), Major Secondary
System Pipe Rupture (Section 14.2.5), Rod Cluster Control Assembly Ejection (Section
14.2.6), Single Reactor Coolant Pump Locked Rotor (Section 14.2.7), and Loss of
Reactor Coolant from Small Ruptured Pipes/Loss of Coolant Accidents (Section 14.3).

The BVPS Unit 2 Design Basis Accidents are described in the Unit 2 UFSAR. The
radiological dose calculation information for the postulated DBAs are described
throughout Chapters 11 and 15 of the UFSAR. Specific radiological dose information is
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License Amendment Request Nos. 280 and 151

Page 2

calculated and provided for the following DBAs: Steam System Piping Failures
(Section 15.1.5), Loss of AC Power (Section 15.2.6), Reactor Coolant Pump Shaft
Seizure (Section 15.3.3), Rod Cluster Control Assembly Ejection (Section 15.4.8),
Failure of Small Lines Carrying Primary Coolant Outside Containment (Section 15.6.2),
Steam Generator Tube Rupture (Section 15.6.3), Loss of Coolant Accidents (Section
15.6.5), Waste Gas System Failure (Section 15.7.1), and Fuel Handling Accidents
(Section 15.7.4).

JUSTIFICATION

Information Common to Both Units’ Radiological Dose Analyses

The proposed revisions to the BVPS Unit 1 and 2 UFSARs as a result of revised
radiological dose calculations are a result of an extensive review re-assessing the dose
calculations’ input parameter values, input assumptions, consistency with current design
basis, calculation methodologies and conservatisms. This action was taken as a follow-up
extent of condition action described in BVPS Unit 2 Licensee Event Report (LER)
97-008, Revision 1, issued on March 30, 1998. Following the changes, several DBA
dose values were determined to be above the dose values currently listed in the UFSAR.
These proposed changes to the BVPS Unit 1 or Unit 2 UFSAR have been determined to
be an Unreviewed Safety Question pursuant to 10 CFR 50.59. Since this extensive
evaluation and the resulting changes have caused some DBA dose values to increase and
other dose values to decrease, this submittal will address each UFSAR DBA which
calculates a dose value.

Reactor core inventory was recalculated using updated fuel and operating parameters.
This, as well as other parameter updates, supported recalculation of primary coolant,
secondary coolant and secondary steam design and Technical Specification limits activity
concentration. This work was performed using the methodology of NUREG/CR-0200,
ORIGEN and SWEC proprietary ACTIVITY computer codes. Previously, the only
Unit 1 accident that used the ORIGEN methodology for source term calculation was the
Fuel Handling Accident. Other Unit 1 analyses used ACTIVITY methodology
exclusively. Previously, the only Unit 2 accident that used the ORIGEN methodology for
source term calculation was the Main Steam Line Break. Other Unit 2 analyses used
ACTIVITY methodology exclusively.

Recent changes to the Technical Specification for reactor coolant activity limits were
considered in all accident analyses where this Technical Specification parameter was
used as a source term. The recent changes for reactor coolant activity limits were
associated with steam generator alternate repair criteria (NRC Generic Letter 95-05) and

B-2
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were implemented via License Amendment No. 205 for Unit No. 1 and via License
Amendment No. 101 for Unit No. 2.

Revised dose conversion factors/dose quantities and offsite atmospheric dispersion
factors (chi over Q — only where applicable) were used for all accidents. Previously at
Unit 1, only the more recent Main Steam Line Break Accident analysis used these revised
dispersion factors. These revised dose conversion factors and atmospheric dispersion
factor methodologies were reviewed and accepted by NRC for use at Unit 1 in License
Amendment No. 205 in the Main Steam Line Break analysis pursuant to implementing
the steam generator alternate repair criteria. Previously at Unit 2, the more recent Main
Steam Line Break and Locked Rotor Accident analyses used these. These methodologies
were reviewed and accepted by NRC for use at Unit 2 in Unit 2 License Amendment
Nos. 101 and 103.

NRC Generic Letter 99-02 provides for a safety factor of > 2, relating organic iodine
adsorption by charcoal filters and allowable test penetration. This provision is not
currently met for accidents which take credit for organic iodine removal by BVPS Unit 1
SLCRS. This license amendment request includes appropriate changes to the BVPS Unit
1 dose calculations to reduce the SLCRS filtration efficiency as discussed in FENOC
Letter 1L-00-046 dated May 12, 2000, which transmitted License Amendment Request
263/138 Revision 1 for BVPS Unit 1 and 2, respectively.

The offsite skin doses (LPZ & EAB*) currently listed in the Unit 1 and Unit 2 UFSAR
will be deleted. There is no 10 CFR 100 limit nor a Standard Review Plan limiting
criterion for calculated skin dose quantity following a design basis accident. Thus these
values will be deleted from the UFSAR, though they were calculated in the recent
reevaluation of BVPS DBA radiation dose calculations. In addition, all references to
realistic analyses will be deleted as these analyses are not required as provided in
Regulatory Guide 1.70, Section 15.

Consistent with recent similar information received in other NRC license amendment
safety evaluation reports for BVPS, the BVPS Unit 1 and Unit 2 UFSAR will only list a
threshold dose value when the calculated value is determined to be very small. For all
design basis accidents, if the calculated dose does not exceed the threshold value, the
following values will be listed in the UFSAR:

*
LPZ:

Low Population Zone; EAB: Exclusion Area Boundary
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Control Room (CR) Dose: Thyroid: <1E+00 rem
Whole Body: <2E-01 rem
Skin: <1E+00 rem
Exclusion Area Boundary (EAB) Dose & Thyroid: <1E+00 rem
Low Population Zone (LPZ) Dose: Whole Body: <1E-01rem

In addition, all doses above the threshold will be listed with two significant digits.

The methodology changes described above are those that generally affect all or most of
the DBA calculations. Other methodology changes unique to the specific DBA analysis
are described below. Specific details are provided in the marked-up UFSAR pages in
Attachment 1.

Information Specific To Unit 1’s Radiological Dose Analyses

Loss of Offsite AC Power (UFSAR Section 14.1.1)

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis input parameter values or input assumptions on plant design and operation. No
new analysis methodology was used which had not been previously reviewed and

approved by the NRC for BVPS Unit 1.

The revised analysis did not show an increase in dose for this accident.

Fuel Handling Accident (UFSAR Section 14.2.1)

UFSAR UFSAR
Dose Location Current Dose Revised Dose 10 CFR Limit
Thyroid EAB 14.6 2.5E+01 300
Thyroid CR 3.2 6.3E+00 30

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis input parameter values or input assumptions on plant design and operation. No
new analysis methodology was used which had not been previously reviewed and
approved by the NRC for BVPS Unit 1. Because this accident takes credit for organic
iodine removal by SLCRS, a reanalysis was performed to add the Generic Letter 99-02

safety factor of > 2. As a consequence of this, the doses increased.
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Control room operator dose increased from 3.2 to 6.26 rem, and EAB thyroid dose
increased from 14.6 to 24.6 rem. These are reported in the UFSAR revision as "6.3E+00
rem" and 2.5E+01 rem." This increase may be attributed to use of the Generic Letter

safety factor of > 2.

Accidental Release of Waste Gas (UFSAR Section 14.2.3)

Dose Increases as a result of revised radiological analyses:

UFSAR UFSAR
Dose Location Current Dose Revised Dose 10 CFR Limit
Skin (line break) CR? <1.0 rem 3.9 E+00 rem 30.0 rem
Whole Body (line break) CR <1.0 E-02 rem <2E-01 rem 5.0 rem

The revised calculated doses are well within the applicable regulatory limit.

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis input parameter values or input assumptions on plant design and operation. In
addition, some analysis methodology was changed. The offsite dose analysis was
previously based on volume control tank and waste gas surge tank ruptures. This was
original licensing basis. A control room analysis was performed circa 1987 for Unit 2
(common control room) licensing action; however, the offsite analysis was not updated.
Consequently, the offsite radiological analysis was changed to conform to the control
room dose analysis. The new analysis follows guidance provided in NUREG-0800
(ETSB 11-5) and Regulatory Guide 1.25. To ensure that the revised analysis represents
the bounding case for a Waste Gas System Rupture, the radioactivity release quantities
for the volume control tank and gas surge tank were adjusted for the source term revisions
discussed above and compared to the revised analysis. The release point to the
environment for the volume control tank and gas surge tank ruptures is the same as that
for the new, limiting line rupture case. The release quantities for the revised analysis are
higher; therefore, the accident consequences are bounded. Methodology was also
changed for the control room analysis. This change was limited to using a more
conservative method for calculating the environmental release radiological source term.
This also now conforms to the accident analysis performed for Unit 2. The new
methodology is summarized in the attached UFSAR markups.

# Control Room
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Control room operator beta (skin) dose increased from <1.0 to 3.85 rem, and whole body
(gamma) dose increased from <1E-02 to 0.0295 rem. These are reported in the UFSAR
revision as “3.9E+00 rem” and “<2E-01 rem”. This increase may be attributed, for the
most part, to update of plant operating input parameter values, for example, addressing
conservative values of reactor coolant and steam generator mass.

Steam Generator Tube Rupture (UFSAR Section 14.2.4)

Dose Increases as a result of revised radiological analyses:

UFSAR UFSAR
Dose Location Current Dose  Revised Dose 10 CFR Limit
Skin (coincident spike) CR 0.0222 rem <1E+00 rem 30.0 rem
Skin (preincident spike) CR 0.0234 rem <1E+00 rem 30.0 rem
Thyroid (coincident spike) EAB 0.9 rem 1.4E+00 rem 300.0 rem

The revised calculated doses are well within the applicable regulatory limit.

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis input parameter values or input assumptions on plant design and operation. In
addition, some analysis methodology for the offsite dose analysis was changed. The
revised analysis uses the methodology of the current analysis of record for the control
room operator dose.

Control room operator beta (skin) dose increased from 0.0222 to 0.0451 rem for the co-
incident iodine spike case, and from 0.0234 to 0.0443 rem for the pre-incident iodine
spike case. These are reported in the UFSAR revision as “<1E+00 rem”, consistent with
our current policy for reporting small doses therein. This increase may be attributed, for
the most part, to update of plant operating input parameter values.

Exclusion area boundary thyroid dose increased from 0.9 rem to 1.37 rem. This is

reported in the UFSAR revision as “1.4E+00 rem”. This increase may be attributed to
methodology changes employed to conform with current regulatory guidance.
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Major Secondary System Pipe Rupture (UFSAR Section 14.2.5)

Dose Increases as a result of revised radiological analyses:

UFSAR UFSAR
Dose Location Current Dose  Revised Dose 10 CFR Limit
Thyroid (coincident spike) CR 26.0 rem 2.9E+01 rem 30.0 rem

The revised calculated doses are within the applicable regulatory limit.

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis input parameter values or input assumptions on plant design and operation.

Control room operator thyroid dose increased from 26.0 rem to 28.9 rem for the co-
incident iodine spike case. This is reported in the UFSAR revision as “2.9E+01” rem,
consistent with our current policy for reporting doses therein. This increase may be
attributed, for the most part, to update of plant operating input parameter values.

Rod Cluster Control Assembly Ejection (UFSAR Section 14.2.6)

Dose Increases as a result of revised radiological analyses:

UFSAR UFSAR
Dose Location Current Dose Revised Dose 10 CFR Limit
Skin CR 8.9E-3 rem <1E+00 rem 30.0 rem

The revised calculated dose is well within the applicable regulatory limit.

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis input parameter values or input assumptions on plant design and operation. No
new analysis methodology was used which had not been previously reviewed and
approved by the NRC for BVPS Unit 1.

Control room operator beta (skin) dose increased from 0.009 to 0.014 rem. This is

reported in the UFSAR revision as “<1E+00 rem”. This increase may be attributed, for
the most part, to update of plant operating input parameter values.
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ingle Reactor Coolant Pump Locked Rotor (UFSAR Section 14.2.7)

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis input parameter values or input assumptions on plant design and operation. In
addition, some analysis methodology was changed. The co-incident iodine spike,
previously assumed to occur, is removed from the analysis. This is justified because of
the 18% failed fuel assumption. Consistent with License Amendment No. 103 received
on Unit 2, these source terms are considered mutually exclusive for analysis purposes.
This change does not significantly affect the analysis results.

The revised analysis did not show an increase in dose for this accident.

Loss _of Reactor Coolant from Small Ruptured Pipes/Small Line Break (UFSAR
Section 14.3)

Dose Increases as a result of revised radiological analyses:

UFSAR UFSAR
Dose Location Current Dose Revised Dose 10 CFR Limit
Skin CR 0.026 rem <1E+00 rem 30.0 rem

The revised calculated doses are well within the applicable regulatory limit.

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis input parameter values or input assumptions on plant design and operation. No
new analysis methodology was used which had not been previously reviewed and
approved by the NRC for BVPS Unit 1.

Control room operator beta (skin) dose increased from 0.026 to 0.0438 rem. This is

reported in the UFSAR revision as “<1E+00 rem”. This increase may be attributed, for
the most part, to update of plant operating input parameter values.

Loss of Coolant Accident (UFSAR Section 14.3)

Dose Increases as a result of revised radiological analyses:

UFSAR UFSAR
Dose Location Current Dose Revised Dose 10 CFR Limit
Whole Body CR 0.170 rem 7.1E-01 rem 5.0 rem
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The revised calculated doses are well within the applicable regulatory limit.

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis input parameter values or input assumptions on plant design and operation. In
addition, some analysis methodology was changed. The dose analysis is performed using
SWEC PERC2 computer code. This is functionally equivalent to the previously used
DRAGON code. An additional control room dose source is included in the revised
analysis — shine from the area beneath the control room that is not within the control
room ventilation envelope. For this one source, it was necessary to calculate a new
atmospheric dispersion factor. The methodology of Murphy and Campe (1974) was used
to calculate this one source, consistent with the Unit 2 analysis. Because thyroid dose
due to iodine is limiting, this new source has little effect on the accident consequences.

Because this accident takes credit for organic iodine removal (for the ECCS portion of the
release) by SLCRS, the potential change in accident consequences was evaluated. It is
determined that the analysis assumption used for total iodine removal efficiency is
sufficiently conservative such that reanalysis is not necessary. However, the UFSAR
description of the accident is changed to recognize that a safety factor of > 2 for organic
iodine removal efficiency is required.

Control room operator whole body (gamma) dose increased from 0.170 to 0.71 rem. This
is reported in the UFSAR revision as “7.1E-01 rem”. This increase may be attributed, for
the most part, to the additional source described above.

Information Specific To Unit 2’s Radiological Dose Analyses

Steam System Piping Failures (UFSAR Section 15.1.5)

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis input parameter values or input assumptions on plant design and operation. No
new analysis methodology was used which had not been previously reviewed and
approved by the NRC for BVPS Unit 2.

The revised analysis did not show an increase in dose for this accident.

Loss of AC Power (UFSAR Section 15.2.6)

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis input parameter values or input assumptions on plant design and operation. No
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new analysis methodology was used which had not been previously reviewed and
approved by the NRC for BVPS Unit 2

The revised analysis did not show an increase in dose for this accident.

Reactor Coolant Pump Shaft Seizure (UFSAR Section 15.3.3 )

Dose Increases as a result of revised radiological analyses:

UFSAR UFSAR
Dose Location Current Dose Revised Dose 10 CFR Limit
Thyroid CR 1.7 rem 7.5E+00 rem 30.0 rem

The revised calculated dose is well within the applicable regulatory limit.

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis input parameter values or input assumptions on plant design and operation. In
addition, some analysis methodology was changed. Isolation of the control room is
assumed NOT to occur in the revised analysis. Although previously control room
isolation was assumed, control room isolation is now deleted both in the analysis as a
conservative measure and to simplify the calculation. Note the control room isolation
function remains operationally unchanged; it is just not credited in the analysis.

Control room operator thyroid dose increased from 1.7 to 7.46 rem. This is reported in

the UFSAR revision as “7.5E+00 rem”. This increase may be attributed, for the most part,
to removal of the control room isolation assumption.

Rod Cluster Control Assembly Ejection (UFSAR Section 15.4.8)

Dose Increases as a result of revised radiological analyses:

UFSAR UFSAR
Dose Location Current Dose Revised Dose 10 CFR Limit
Skin CR 0.0038 rem <1E+00 rem 30.0 rem

The revised calculated dose is well within the applicable regulatory limit.

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis iput parameter values or input assumptions on plant design and operation. No
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new analysis methodology was used which had not been previously reviewed and
approved by the NRC for BVPS Unit 2.

Control room operator beta (skin) dose increased from 0.0038 to 0.00451 rem. This is

reported in the UFSAR revision as “<1E+00 rem”. This increase may be attributed, for
the most part, to update of plant operating input parameter values.

Failure of Small Lines Carrying Coolant Quiside Containment (USFAR Section 15.6.2)

Dose Increases as a result of revised radiological analyses:

UFSAR UFSAR
Dose Location Current Dose Revised Dose 10 CFR Limit
Skin CR 0.0077 rem <1E+00 rem 30.0 rem

The revised calculated dose is well within the applicable regulatory limit.

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis input parameter values or input assumptions on plant design and operation. No
new analysis methodology was used which had not been previously reviewed and
approved by the NRC for BVPS Unit 2.

Control room operator beta (skin) dose increased from 0.0077 to 0.0106 rem. This is

reported in the UFSAR revision as “<1E+00 rem”. This increase may be attributed, for
the most part, to update of plant operating input parameter values.

Steam Generator Tube Rupture (UFSAR Section 15.6.3)

Dose Increases as a result of revised radiological analyses:

UFSAR UFSAR
Dose Location Current Dose  Revised Dose 10 CFR Limit
Skin (coincident spike) CR 0.0061 rem <1E+00 rem 30.0 rem
Skin (preincident spike) CR 0.0079 rem <1E+00 rem 30.0 rem
Skin (preincident spike) LPZ 0.0050 rem Deleted None

The revised calculated doses are well within the applicable regulatory limit.

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis input parameter values or input assumptions on plant design and operation. No
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new analysis methodology was used which had not been previously reviewed and
approved by the NRC for BVPS Unit 2.

Control room operator beta (skin) dose increased from 0.006 to 0.012 rem for the co-

incident iodine spike case, and from 0.008 to 0.012 rem for the pre-incident iodine spike

case. These are reported in the UFSAR revision as “<1E+00 rem”. Low population zone

beta (skin) dose increased from 0.0050 rem to 0.0051 rem. This is not reported in the

UFSAR revision as there is no regulatory criterion for offsite skin dose limitation for
- design basis accidents.

Loss of Coolant Accidents (UFSAR Section 15.6.5)

Dose Increases as a result of revised radiological analyses:

UFSAR UFSAR
Dose Location Current Dose Revised Dose 10 CFR Limit
Whole Body CR 0.32 rem 3.3E-01 rem 5.0 rem
Thyroid CR 1.3 rem 2.0E+00 rem 30.0 rem

The revised calculated doses are well within the applicable regulatory limit.

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis input parameter values or input assumptions on plant design and operation. No
new analysis methodology was used which had not been previously reviewed and
approved by the NRC for BVPS Unit 2.

Control room operator whole body (gamma) dose increased from 0.320 to 0.330 rem, and
thyroid dose increased from 1.3 to 2.0 rem. These are reported in the UFSAR revision as
“3.3E-01 rem” and “2.0E+00 rem”. This increase may be attributed, for the most part, to
a change in an analysis assumption. Previous analyses assumed a control room isolation
to occur prior to plume arrival. The new analysis assumes instantaneous transport and
control room intake between T=0 and isolation.
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Waste Gas System Failure (UFSAR Section 15.7.1)

Dose Increases as a result of revised radiological analyses:

UFSAR UFSAR
Dose Location Current Dose Revised Dose 10 CFR Limit
Skin (line break) EAB 0.19 rem Deleted None
Skin (tank rupture) EAB 1.5 rem Deleted None

The revised calculated doses are well within the applicable regulatory limit.

Certain parameters and assumptions were changed to reflect corrected or conservative
analysis input parameter values or input assumptions on plant design and operation. No
new analysis methodology was used which had not been previously reviewed and
approved by the NRC for BVPS Unit 2.

Exclusion area boundary beta (skin) dose increased from 0.19 to 0.757 rem for the line
break case, and from 1.5 to 4.97 rem for the tank rupture case. However, these will not
be reported in the UFSAR revision as there is no regulatory criterion for offsite skin dose
limitation for design basis accidents.

Fuel Handling Accidents (UFSAR Section 15.7.4)

The Fuel Handling Accident was revised to support BVPS Unit 2 License Amendment
Request (LAR) 2A-155, Revision of Requirements Associated with Containment Closure.
This LAR was submitted to the Commission in FENOC Letter L-00-048, dated May 1,
2000. Please reference this LAR for details regarding the dose calculation. [Note it is
discussed here solely for completeness of addressing all BVPS dose calculations. ]

D. SAFETY ANALYSIS

The proposed revision to the BVPS Unit 1 and 2 UFSARs as a result of revised
radiological dose calculations are a result of an extensive review reassessing the dose
calculations’ input parameter values, input assumptions, consistency with current design
basis, calculation methodologies and conservatisms. Following the changes, several DBA
dose values were recalculated to be above the dose values currently listed in the UFSAR.
These proposed changes to the BVPS Unit 1 or Unit 2 UFSAR have been determined to
be an Unreviewed Safety Question pursuant to 10 CFR 50.59. However, each of these
increases in calculated DBA dose values remain within the applicable DBA previously
approved regulatory limit. In addition, the only higher dose value which approaches a
regulatory limit is the BVPS Unit 1 Major Secondary System Pipe Rupture DBA. The
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dose for BVPS Unit 1 Major Secondary System Pipe Rupture DBA increases from 26.0
rem to 28.9 rem, which remains within the Standard Review Plan limit of 30 rem. This
value remains below the Standard Review Plan limit in accordance with the steam
generator alternate repair criteria as previously approved via BVPS Unit 1 License
Amendment No. 205.

Thus, since each dose increase remains within the applicable DBA previously approved
regulatory limit, it is recommended that the proposed UFSAR changes in Attachments
A-1 and A-2 be approved for BVPS Unit 1 and Unit 2, respectively.

E. NO SIGNIFICANT HAZARDS EVALUATION

The no significant hazard considerations involved with the proposed amendment have
been evaluated. The evaluation focused on the three standards set forth in 10 CFR
50.92(c), as quoted below:

The Commission may make a final determination, pursuant to the procedures in
paragraph 50.91, that a proposed amendment to an operating license for a facility
licensed under paragraph 50.21(b) or paragraph 50.22 or for a testing facility
involves no significant hazards consideration, if operation of the facility in
accordance with the proposed amendment would not:

(1) Involve a significant increase in the probability or consequences of an
accident previously evaluated; or

(2)  Create the possibility of a new or different kind of accident from any
accident previously evaluated; or

(3)  Involve a significant reduction in a margin of safety.

The following evaluation is provided for the no significant hazards consideration
standards.

L. Does the change involve a significant increase in the probability or consequences
of an accident previously evaluated?

Following a reevaluation of the calculated dose values for BVPS Unit 1 and Unit 2
design basis accidents (DBAs) as described in their respective UFSAR, several
calculated dose values were identified to be increased. These increases were small
and remained within the applicable DBA previously approved regulatory limit.
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The increases for each DBA were as a result of revised plant data being used in the
dose calculation, revised calculation assumptions, or new methodology. These
changes were not the result of plant hardware changes. The changes were
intended to ensure that accurate, current and conservative licensing basis
information and assumptions were used for DBA dose analyses. The UFSAR
changes are proposed to reflect the revised analyses results for the Unit 1 and
Unit 2 UFSAR.

Does the change create the possibility of a new or different kind of accident from
any accident previously evaluated?

BVPS Unit 1 and Unit 2 calculations which are used to determine DBA calculated
dose values were revised. The changes were as a result of revised plant data being
used in the dose calculation, revised calculation assumptions or new methodology.
The changes were intended to ensure that accurate, current and conservative
licensing basis information and assumptions were used for DBA dose analyses.
The DBA events themselves remain the same postulated events as previously
described within the BVPS Unit 1 and Unit 2 UFSARs. These changes were not
the result of plant hardware changes. The changes were only in the calculations.
The UFSAR changes are proposed to reflect the revised analyses results for the
Unit 1 and Unit 2 UFSAR.

Does the change involve a significant reduction in a margin of safety?

This amendment request addresses only proposed changes to the Unit 1 and Unit 2
UFSAR, which was determined to involve an Unreviewed Safety Question
pursuant to 10 CFR 50.59. This request does not propose modifying any
Technical Specification criteria. This request proposes that several calculated dose
values for BVPS Unit 1 and Unit 2 DBAs be increased following a reevaluation of
their design basis calculations. These proposed increases are small and remained
within the applicable DBA previously approved regulatory limit.

F. NO SIGNIFICANT HAZARDS CONSIDERATION DETERMINATION

The Commission has provided guidance concerning the application of standards in
10 CFR 50.92 by providing certain examples (March 6, 1986 51FR7751) of amendments
that are considered not likely to involve a significant hazards consideration. The
proposed amendment is similar to example (vi) stated in the March 6, 1986 Federal
Register Notice, in that this proposed change results in some increase in the consequences
of a previously analyzed accident, but where the results of the change are clearly within
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acceptable criteria. The proposed increases in calculated doses remain within the
applicable DBA previously approved regulation limits.

G. ENVIRONMENTAL CONSIDERATION

This license amendment request changes the calculated design basis accident dose values
identified in the BVPS Unit 1 and Unit 2 UFSARs. The identified increased dose values
remain below the dose requirements of 10 CFR 100 and 10 CFR 50, GDC 19. It has
been determined that this license amendment request involves no significant increase in
the amounts, and no significant change in the types of any effluents that may be released
offsite, and that there is no significant increase in individual or cumulative occupational
radiation exposure. This license amendment request may change requirements with
respect to installation or use of a facility component located within the restricted area;
however, the category of this licensing action does not individually or cumulatively have
a significant effect on the human environment. This amendment is necessary to allow
correction of the licensing basis to reflect corrected and conservative input and
assumptions used in the BVPS Unit 1 and Unit 2 analyses for design basis accidents.
Accordingly, this license amendment request meets the eligibility criteria for categorical
exclusion set forth in 10 CFR 51.22(c)(9). Pursuant to 10 CFR 51.22(b) no
environmental impact statement or environmental assessment need be prepared in
connection with the issuance of this license amendment request.

H.  UFSAR CHANGES

UFSAR changes are required. See Attachments A-1 and A-2.
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