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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. 219 and 73

Pursuant to 10 CFR 50.90, FirstEnergy Nuclear Operating Company (FENOC) requests
an amendment to the above licenses in the form of changes to the technical
specifications. The proposed amendment revises the technical specifications associated
with the requirements for handling irradiated fuel assemblies in the reactor containment
and in the fuel building. The proposed amendment also revises the technical
specifications associated with ensuring that safety analysis assumptions are met for a
fuel handling accident (FHA) in the reactor containment building and in the fuel
handling building. The FHA radiological analyses that were performed to support this
amendment request are based on the guidance provided in NUREG 0800 titled “Standard
Review Plan” Chapter 15.0.1 and Regulatory Guide 1.183 titled “Alternate Radiological
Source Terms for Evaluating Design Basis Accidents at Nuclear Power Reactors.” The
proposed amendment includes administrative, editorial and format changes. Revisions to
the applicable Technical Specification Bases Sections are also included in this proposed
amendment.

Proposed technical specification changes for Unit No. 1 are presented in Attachment
A-1. Proposed technical specification changes for Unit No. 2 are presented in
Attachment A-2. The safety analysis (including the no significant hazards evaluation) is
presented in Attachment B. An analysis of the radiological consequences of a fuel
handling design basis accident for each Unit is presented in Attachments C-1 and C-2.

The Holtec International affidavit pursuant to 10 CFR 2.790 for withholding proprietary
information applicable to the Holtec International Report listed below is presented in
Attachment D-1. The Proprietary version of the Holtec International Report No:
HI-992343 titled “Evaluation of Spent Fuel Assembly Drop Accidents in the Beaver
Valley Power Station Reactor Core” is presented in Attachment D-2. The Non-
Proprietary version of the Holtec International Report No: HI-992343 titled “Evaluation
of Spent Fuel Assembly Drop Accidents in the Beaver Valley Power Station Reactor

Core” 18 presented in AttaChment D-3. AP@,
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As the proprietary report contains information proprietary to Holtec International, it is
supported by an affidavit signed by Holtec International, the owner of the information.
The affidavit set forth the basis on which the information may be withheld from public
disclosure by the Commission. Accordingly, it is respectfully requested that the
information which is proprietary to Holtec International be withheld from public
disclosure in accordance with 10 CFR Section 2.790 of the Commission's regulations.

Correspondence with respect to the proprietary aspects of this item listed above or the
supporting Holtec International Affidavit should reference Holtec International Report
No: HI-992343 and should be addressed to Scott H. Pellet, Holtec International, Holtec
Center, 555 Lincoln Drive West, Marlton, New Jersey 08053.

Draft Containment/Fuel Building Closure Controls are present in Attachment E. Draft
changes to the Licensing Requirements Manual for each Unit are presented in
Attachments F-1 and F-2.

Proposed draft Updated Final Safety Analysis Report (UFSAR) changes that reflect the
changes to the UFSAR description of a fuel handling accident and its radiological
consequences for each Unit are presented in Attachments G-1 and G-2.

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

An implementation period of up to 60 days is requested following the effective date of
this amendment.

This change is requested to be approved prior to the start of the Beaver Valley Power
Station Unit No. 1 fourteenth refueling outage (1R14).

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

Sincerely,

AL S 7 e

Lew W. Myers
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c:  Mr. L. J. Burkhart, 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)



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. 219 and 73

I, Lew W. Myers, being duly sworn, state that I am Senior Vice President of
FirstEnergy Nuclear Operating Company (FENOC), that T 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

=0 1 /7

Lew W. Myers {
Senior Vice President - FENOC

COMMONWEALTH OF PENNSYLVANIA
COUNTY OF BEAVER

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

above named, this / 4 th day oﬁWﬂ/Zé’é ,2001.

@K%u// /). % Ltfrzes

My Commission Expires:

Notarial Seal
Sheila M. Fattore, Notary F&ubhct
Sh\ppmgpon Boro, Beaver County
My Commlssmn Explres Sept. 30, 2002
Fember. Parmavie | nsociation of Notaries
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DRAFT CONTAINMENT/FUEL BUILDING CLOSURE CONTROLS



BVPS ADMINISTRATIVE CLOSURE CONTROLS DURING FUEL MOVEMENT

Containment Building Closure:

A. The following requirements shall be maintained to ensure defense-in-depth:

NOTE: 1. Closure Controls are in effect whenever the Containment is open
during operations within containment involving movement of
non-recently irradiated fuel assemblies or movement of fuel
assemblies over non-recently irradiated fuel assemblies.

2. The definition of an open containment penetration is a penetration
that provides direct access from the containment atmosphere to the
outside environment.

1. The equipment necessary to implement containment closure shall be
appropriately staged prior to maintaining any containment penetration open
including airlock doors and the containment equipment hatch.

2. Hoses and cables running through any open penetration, airlock, or
equipment hatch should be tagged to facilitate rapid removal in the event
that containment closure is required. The tags shall contain the following
information:

a. Directions for isolating the line prior to disconnecting.

b. Directions for disconnecting the line.

c. Where to perform the de-energization or isolation function.
d. The location of any tools required for disconnection.

3. The containment personnel airlock (PAL) may be open during movement
of irradiated fuel within the containment or during movement of fuel
assemblies over irradiated fuel assemblies, except when the irradiated fuel
has been recently irradiated (i.e., fuel that has occupied part of a critical
reactor core within the previous 100 hours), provided the following
conditions exist:

a. One door in each airlock is capable of being closed.

b. Hoses and cables running through the airlock shall employ a means to
allow safe, quick disconnection or severance. These hoses and cables



shall be tagged per A.2 above. The tag shall be located on the hose or
cable at the airlock, preferably outside the containment so it will be
available for reference during containment closure.

The airlock door is not blocked in such a way that it cannot be
expeditiously closed. Protective covers used to protect the seals/airlock
doors or devices to keep the door open/supported (i.e., jacks), do not
violate this provision provided these items can be removed with simple
hand tools.

Personnel are available and designated by the Nuclear Shift
Supervisor/Outage Director with the responsibility for expeditious
closure of at least one door on the PAL following containment
evacuation due to a fuel handling accident inside containment.

The containment equipment hatch may be open during movement of
irradiated fuel within the containment or during movement of fuel
assemblies over irradiated fuel assemblies, except when the irradiated fuel
has been recently irradiated (i.e., fuel that has occupied part of a critical
reactor core within the previous 100 hours), provided the following
conditions exist:

a.

b.

d.

The containment equipment hatch is capable of being closed

Hoses and cables running through the equipment hatch shall employ a
means to allow safe, quick disconnection or severance. These hoses
and cables shall be tagged per A.2 above. The tag shall be located on
the hose or cable at the equipment hatch.

The equipment hatch is not blocked in such a way that it cannot be
expeditiously closed. Protective covers used to protect the
seals/equipment hatch or devices to keep the hatch open/flange
supported (i.e., jacks), do not violate this provision provided these
items can be removed with simple hand tools.

1) Necessary tools to install the equipment hatch flange and tighten
at least four equipment hatch closure bolts are staged at the
equipment hatch or



2) Other methods to close the equipment hatch (i.e., restrict air flow
out of the containment), such as an air curtain, are fabricated and
staged at the work area along with the necessary installation tools.

e. Sufficient number of personnel are available and designated by the
Nuclear Shift Supervisor/Outage Director with the responsibility for
expeditious closure of the containment equipment hatch following
containment evacuation due to a fuel handling accident inside
containment.

Other containment penetrations may be open during movement of
irradiated fuel within the containment or during movement of fuel
assemblies over irradiated fuel assemblies, except when the irradiated fuel
has been recently irradiated (i.e., fuel that has occupied part of a critical
reactor core within the previous 100 hours), provided the following
conditions exist:

a. One penetration isolation valve in each open containment penetration is
capable of being closed, or

b. Other methods to close the open penetrations (i.e., restrict air flow out
of the containment), such as a closure cover, shall be fabricated and
staged at the work area along with the necessary installation tools.

c. Personnel are available and designated by the Nuclear Shift
Supervisor/Outage Director with the responsibility for expeditious
closure of open penetration(s) following a fuel handling accident inside
containment.

Consideration should be given to maintaining containment closed during
higher risk evolutions.

If containment closure would be hampered by an outage activity, the
Outage Organization shall determine if compensatory actions are required.

Major disassembly of containment boundary valves, except those valves
3/4 of an inch or less in diameter, should only be performed on one valve at
a time with administrative controls established on the opposite boundary
valve. If conditions require working both containment isolation valves in
parallel, closure devices shall be fabricated and staged at the work area.



10.

The following ventilation system, with associated radiation release
monitoring, will be available for the release path, whenever movement of
irradiated fuel or movement of fuel assemblies over irradiated fuel
assemblies is in progress in the containment building:

a. Containment Purge and Exhaust System with either a filtered or an
unfiltered exhaust path in service and the capability of placing the
filtered release path in service if required, or

b. Contiguous containment areas containing open containment
penetrations, except for the containment equipment hatch, are being
serviced by SLCRS.

If for any reason the above ventilation requirements can not be met, fuel
movement within the containment building shall be discontinued until the
flow path(s) can be reestablished.

The containment purge exhaust penetration will be in service in order to
ensure that containment air will be drawn past at least one radiation monitor
via the PAB ventilation release stack or via the SLCRS elevated release
stack on top of the containment building. The automatic isolation of the
purge exhaust penetration will be defeated in order to ensure that this flow
path remains available should a FHA occur within containment. The
capability of directing the containment purge exhaust flow through the
SLCRS filter banks must be maintained.

If for any reason operation of the purge exhaust flow path must be
discontinued during fuel movement within the containment with the
equipment hatch open, the equipment hatch opening will be monitored for
radioactive releases via health physics air monitoring station. In addition, if
other containment penetrations are open with the purge exhaust penetration
not in service, the contiguous area where the open penetration is located
will be verified to be exhausting via a monitored flow path or the
penetration will be isolated.

Personnel responsible for Containment Building Closure shall be trained
and knowledgeable in using the procedure for executing containment
closure. Walkdowns should be considered to demonstrate the closure
capability including compensatory actions in the event of loss of electrical
power.



Fuel Building Closure:

B. The following requirements shall be maintained to ensure defense-in-depth:

NOTE: Closure Controls are in effect during operations within the fuel
building involving movement of non-recently irradiated fuel
assemblies or movement of fuel assemblies over non-recently
irradiated fuel assemblies.

1. The fuel building doors shall be maintained closed except for normal entry
and exit unless a designated person is available to close the open door(s)
should a FHA occur within the fuel building.

2. The following ventilation system, with associated radiation release
monitoring, will be available for the release flow path:

a. The fuel building portion of SLCRS will be operated to ensure that the
fuel building air is drawn past at least one radiation monitor via the
elevated release stack on top of the containment. The capability of
directing the fuel building exhaust flow through the SLCRS filter banks
must be maintained. If for any reason operation of the fuel building
SLCRS flow path must be discontinued, fuel movement within the fuel
building shall be discontinued until the flow path can be reestablished.

3. If fuel building closure would be hampered by an outage activity, the
Outage Organization shall determine if compensatory actions are required.
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Applicable Draft LRM Changes



BVPS-1
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LICENSING REQUIREMENTS MANUAL ﬂzagafw“kioﬂ
TABLE 5.1-1 (Cont.) oNLY
CONTAINMENT PENETRATIONS
MAXIMUM MAXTMUM
PENET. STROKE TIME STROKE
No. IDENTIFICATION DESCRIPTION INSIDE VALVE {BEC) OUTSIDE VALVE TIME (SEC)
87 H2 Discharge to CNMT N/A i1HY-111 N/A
1HY-197 N/A
88 H2 Discharge to CNMT N/A 1HY-110 N/A
1HY=-196 N/A
89 Main Condenser Ejector Vent 1AS5-278 N/A (B) TV-15V-100A < 60
90 CNMT Purge Exhaust (11)VS-D-5-3B (5)8 (11)VS-D-5-3A (5)8
91 CNMT Purge Supply (11) VS-D-5-5B (5)11 (11)VS-D-5-5A (5)8
(11) VS-D-5-6 N/A
92 CNMT Vacuum Pump 1B & H2 (A) TV-1CV~-150C < 60
Recomb. Suction (A)TV-1CV-150D < 60
1HY-102 N/A
1HY~-104 N/A
93 CNMT Vacuum Pump 1A & H2 (A) TV-1CV-150A < 60
Recomb. Suction (A) TV-1CV-150B < 60
1HY-101 N/A
1HY-103 N/A
94 CNMT Vacuum Ejector Suction (11)HCV-1CV-151 N/A (11)HCV-1CV-151-1 N/A
95 RVLIS (3 lines) (2) (13) N/A
95-64 H2 Analyzer - CNMT Dome SOV~-1HY-102B1 N/A SOV-1HY-102B2 N/A
95-69 H2 Analyzer - PRZR Cubicle SOV-1HY-103B1 N/A SOV-1HY-103B2 N/A

5.1-10

Revision 3



BVPS-1
LICENSING REQUIREMENTS MANUAL

TABLE 5.1~-1 (Cont.)
CONTAINMENT PENETRATIONS
MAXTMUM MAXIMUM

PENET. STROKE TIME S8TROKE
No. IDENTIFICATION DESCRIPTION INSIDE VALVE (8EC) OUTSIDE VALVE TIME (8SEC)

Equalization Valve (1) (7)1VsS-184 N/A

Equalization Valve (1) (7)1VsS-183 N/A
NOTES:
(8) Containment Isolation Phase A
(B) Containment Isolation Phase B
(1) May be opened on an intermittent basis under administrative control.
(2) Not subject to Type C leakage tests.
(3) Tested individually by Type C Test. Leakage rates added to Air Lock Type B Test. |
(4) Maximum opening time. [@V\QUU\ Tecnical SPQC“‘L\"CR\'\‘M 399 s q,ﬂrdl(m‘ole.)
(5) Applicability:_f"ﬁ'

Githin eontainment. /' In Modes 1, 2, 3 and 4 stroke time is "N/A." The provisions of

Technical Specification 3.0.4 are not applicable.
(6) Not subject to the requirements of Technical Specification 3/4.6.1 and 3/4.6.3. Listed

in TABLE 5.1-1 for information only.
(7) Tested under Type "B" testing.
(8) Subject to testing as per Technical Specification Amendment 65.

Clﬂf‘ofJOScc)\ wofé\ v\&)

5.1-14 Revision 16




BVPS-1
LICENSING REQUIREMENTS MANUAL

7.1 CRANE TRAVEL - SPENT FUEL STORAGE POOL BUILDING

LICENSING REQUIREMENT

—

Y5
LR 7.1 Loads in excess of @Lp%nds shall be prohibited £rom
travel over fuel assemblies in the storage pool.

APPLICABILITY: With fuel assemblies in the storage pool.
ACTION:
With the requirements of the above LR not satisfied, place the crane

load in a safe condition.

LICENSING REQUIREMENT SURVEILLANCES

o s ——
—— —~

LRS 7.1.1 Crane interlocks and physical stops which prevent crane
travel with loads in excess of 3008 pounds over fuel assemblies shall
be demonstrated OPERABLE within’'7 days prior to crane use and at

least once per 7 days thereafter{during crane operation.

7.1-1 Revision 15

(Proposed Word )




BVPS-1

LICENSING REQUIREMENTS MANUAL
BASES

B.7.1 CRANE TRAVEL - SPENT FUEL STORAGE BUILDING

The restriction on movement of loads in excess of the normal weight

of a fuel assemblyYover other fuel assemblies ensures that no more
than the contents of those fuel assembly rods assumed in the fuel
handling accident described in Chapter 14 of the BVPS Unit 1 UFSAR
will be ruptured. This assumption is consistent with the activity
release assumed in the accident analyses.

o\vxc\ C,Ov&rq\ (\Oé* C\SSQMb\y o.\c} QQSOC.‘\G&EA \’\om;\\z %oo\

B.7-1 Revision I+

(PPQPQSCJ Wefé\%z)
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Beaver Valley Power Station, Unit No. 2
License Amendment Request No. 73

Applicable Draft LRM Changes



BVPS-2
LICENSING REQUIREMENTS MANUAL

7.1 CRANE TRAVEL - SPENT FUEL STORAGE POOL BUILDING

EFCENSING REQUIREMENT

LR 7.1 Loads in excess of ; po! shall be prohibited from

travel over fuel assemblies in the storage pool.

APPLICABILITY: With fuel assemblies in the storage pool.

ACTION:

With the requirements of the above LR not satisfied, place the crane
load in a safe condition.

LICENSING REQUIREMENT SURVEILLANCES

LRS 7.1.1 Crane interlocks and physical stops which prevent crane
travel with loads in excess of pounds over fuel assemblies shall
be demonstrated OPERABLE within,/7 days prior to crane use and at
least once per 7 days thereafter|during crane operation.

7.1-1 - Revision 16—

Clof*o'oosea\ Woréwa\




BVPS-2

LICENSING REQUIREMENTS MANUAL
BASES

B.7.1 CRANE TRAVEL -~ SPENT FUEL STORAGE BUILDING

o
—— ——

The restriction on movement of loads in excess of the normal weight
of a fuel assemblylover other fuel assemblies ensures that no more
than the contents Wk—&@—!&e&—&a

ﬁ ! i .~ This assumpticn 1 Sistent with the activity
release assumed in the accident analyses.

'HK\OS@. qfu\?_\ CxSSGmlo\\/ r'o AS Qg&MMQA 1% éﬂ'\m o(ut\

1/\&,\:\\\2 C«C_(‘_'\Aev\\( des‘c/\\ggc) b ia C(,\q)olrd\ )S Gp
—\—‘/\z 60}05 Mm}ka UFSAK WRY bi /‘uw"uwco‘.

l—@aw\'ro\ ro 05 G $Seivn Y \7 cmo\ affoci qu eo\ \’\w\:b \(V\d %o\

B.7-1 " Revision 16-
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ATTACHMENT G-1

Beaver Valley Power Station, Unit No. 1
License Amendment Request No. 219

I

Applicable Draft UFSAR Changes



BVPS~1-UPDATED FSAR Rev. 1 (1/83)

The Nuclear Steam Supply System (NSSS) was designed for a
warranted power output of 2,660 MWt, which 1is the license
application rating, with an equivalent unit net electrical output
of 835 MWe. The NSSS output was based upon an expected ultimate
output of approximately 2,774 MWt. This rating of 2,774 MWt
resulted from a core power of 2,766 MWt and 8 MWt from the
reactor coolant pumps. All safety systems, including containment
and engineered safety features, were designed and evaluated for
operation at the higher power level.

The initial fuel load commenced in February, 1976 and commercial
operation was achieved in September, 1976.

The Original FSAR consists of 15 sections and four appendices.
The Updated FSAR also consists of 15 sections and four
appendices, corresponding to the Original FSAR arrangement and
format. The contents are briefly described below.

Section 1 of this report summarizes the principal design features
and safety criteria of the unit, emphasizing the similarities and
differences with respect to other pressurized water nuclear power
stations employing essentially the same technology and basic
engineering features as BVPS-1,. Appendix 1A of Section 1
provides a discussion of BVPS-1's degree of conformance to the
General Design Criteria (GDC) Published as Appendix A to 10CFR50
in July 1971. Section 2 contains a description and evaluation of
BVPS-1 site and environs, prepared at the time of Plant
Licensing, and supports the suitability of the site for a reactor
of the size and type described. Sections 3 and 4 describe the

reactor and the reactor coolant system. Section 5 describes the
containment structure and related systems. Sections 6 through
11 describe the other auxiliary systems. Sections 5, 6, 7,
8, and 9 include descriptions of the various systems directly
related to safety. Section 12 reviews the current
organization and technical competence of BVPS-1l. Descriptions
of the BVPS-1 organization and personnel training are also in-
Section 12, Section 13 descrik:s the initial tests and
operation. Section 14 relates to safety evaluation and

summarizes the analyses which demonstrate the adequacy of the
reactor protection system, the containment, and engineered safety

features. Section 14 demonstrates that the consequences of
various postulated accidents are within the guidelines suggested
in  the Federal Regulation IOCFR100) Section 15, Technical

Specifications and Bases has been deleted from the Updated FSAR -
since this section has been superceded by the BVPS-1, Technical
Specifications, Appendix A to Operating License No. DPR-66. The
Technical Specifications, gives safety limits, limiting safety
system setting, limiting conditions for operation, surveillance
requirements, design features and administrative controls for
the station. The BVPS-1 Valve Operating Diagram Drawings
{(VOND's) provided in Section 15 of the Original FSAR have been
retained to locate previously submitted documents in one
location.

OV\OCF&SQQ7)a3aﬂMnaHe
1.1-2



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

The systems provided are summarized below:

1. The steel-lined concrete containment structure provides
a highly reliable barrier against the escape of
radioactivity when the containment is below or above
atmospheric pressures. The structure and all
penetrations, including access openings and ventilation
ducts, are of proven design.

2. The emergency core cooling system cools the core by
injecting borated water into the reactor coolant loops
from the accumulators and the safety injection pumps in
major loss—-of-coolant accidents.

3. The gquench spray and recirculation spray subsystems of
the containment depressurization system provide sprays
of Dborated water to the <containment atmosphere.
Following the DBA, the containment pressure is rapidly
reduced to subatmospherlc pressure by the containment
depressurlzatlon system, thereby positively terminating
leakage to the atmosphere. Subsequent long—-term
maintenance of subatmospheric conditions is accomplished
by the recirculation spray subsystems and the
containment vacuum system.

4. The supplementary leak collection and release system
ensures that radioactive leakage from the containment
penetrations follow1ng a DBA, —-er—radicactive—release—die—

or radiocactive material
released in the waste gas storage area is filtered and
discharged to the atmosphere at an elevated point,
rather than at ground level.

5. The post DBA hydrogen control system recirculates the
containment atmosphere through a recombiner following a
DBA. Recombination ensures that there is no explosion
or fire hazard due to hydrogen in the containment
atmosphere following a DBA.



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

provided for retention of gaseous, liquid, or solid effluents,
particularly where unfavorable environmental conditions can be
expected to require operational limitations upon the release of
radioactive effluents to the environment. In all cases, the
design for radioactivity control shall be Jjustified on:

1. The basis of 10CFR20 requirements for normal operations
and for any transient situation that might reasonably
be anticipated to occur

2. The Dbasis of 10CFR100 dosage 1level guidelines for
potential reactor accidents of exceedingly low
probability of occurrence except that reduction of
the recommended dosage levels may be required where
high population densities or very large cities can
be affected by the radiocactive effluents.

Answer

Provision 1is included in the station design for storage and
processing of radiocactive waste and the release of such wastes
under controls adequate to prevent exceeding the limits of
10CFR20. BVPS-1 also includes provision to prevent radioactivity
releases during accidents from exceeding the limits of 10CFR100(«
Descriptions of the radiocactive waste disposal systems a
included in Section 11. The effects of potential accidents,

including a loss-of-coolant accident, are analyzed in
Section 14.

O7 IOCFRSO.GT + i
1.3.3 Safety Guides ,aSo@P\cub -

The AEC Safety Guides applicable to BVPS-1 design and’
construction are provided below. Following each Safety Guide is

a summary discussion of BVPS-1's method of satisfying each

regulatory position. :

1.3.3.1 Net Positive Sucticon Head for Emergency Crre Cooling

and Containment Heat Removal System Pumps (Safety
Guide 1)

BVPS~-1 complies with the intent but not the letter of Safety
Guide 1. :

The regulatory position expressed in Safety Guide 1 is similar to
part of the design bases as presented in Sections 6.3 and 6.4.

The operation of the emergency core cooling system is not
dependent on containment pressure until after the refueling water
storage tank is empty. By the time recirculation safety
injection is required, the net positive suction head (NPSH)
available to the recirculation pumps 1is sufficient to ensure
satisfactory performance under all conditions. The recirculation
sprays are started by containment pressure and are only required
if an increase in containment pressure occurs. Consequently,

1.3-34



BVPS-1-UPDATED FSAR Rev. 12 (1/94)

Probabilities have been established by the use of
general failure data based on continuous operation.
Specific probability analyses will be provided on a
plant basis at the request of the commission.

3. "The equipment can routinely be tested when the
reactor 1is shut down."

In all the cases discussed above, it is only the device function
that 1is not tested. The logic associated with the devices has the
capability for testing at power.

Refer to Sections 7.2 and 7.3 for further discussion.
1.3.3.23 Onsite Meteorological Programs (Safety Guide 23)

The BVPS-1 onsite meteorological program complies with Regulatory
Guide 1.23 as described in Section 2.2.3.

1.3.3.24 Assumptions Used for Evaluating the Potential
Radiological Consequences of a Pressurized Water
Reactor Radioactive Gas Storage Tank Failure (Safety
Guide 24)

The assumptions wused for evaluating the potential radioclogical
consequences of radioactive gas storage tank ruptures are provided
in Section 14.2.3.

Deleted
1.3.3.25 h\Assumptéens~@sed—§er—£va%ﬁa%fng-the—Peten%ial—~

) . . .
¥a3?5l8315?%lES???q&EHE?SETf = 5“;; ¥?¥?l%?3 Afs%??“g

—ahd—Pressurized—Water—Reactors—{(Safety—Guirde—25—

. ¢ luati ) tontial liolocical
—Cconseguehces—ef—a—fuet-handl-ing—aecsident-areprovided—in—Secktion—
. 3 e =

1.3.3.26 Quality Group Classifications and Standards
(safety Guide 26)

Components for BVPS-1 were classified by gquality assurance
categories, as discussed in Appendix A.1.

Compliance with GDC 1 is discussed in Appendix 1A.1. Design and
fabrication criteria for the Engineered Safety Feature (ESF)
equipment 1is covered in Section 6.2. The codes and standards
applicable to other systems and components are discussed within
the respective sections.

1.3.3.27 Ultimate Heat Sink (Safety Guide 27)
The ultimate heat sink of BVPS-1 is the Ohio River. The river is

the water source of the cooling water system that removes residual
heat after reactor shutdown and following an accident.

1.3-43



BVPS~1-UPDATED FSAR Rev. 0 (1/82)
1A.60 CONTROL OF RELEASES OF RADIOACTIVE MATERIALS TO THE
ENVIRONMENT (CRITERION 60)
Criterion
The nuclear power unit design shall include means to control

suitably the release of radicactive materials in gaseous and
liguid effluents and to handle radiocactive solid wastes produced

during normal reactor operation, including anticipated
operational occurrences. Sufficient holdup capacity shall be
provided for retention of gaseous and liquid effluents containing
radiocactive materials, particularly where unfavorable site

environmental conditions can be expected to impose unusual
operational limitations upon the release of such effluents to the
environment.

Design Conformance

In all cases, the design for radioactivity control is justified
(1) on the basis of 10CFR20 and 10CFR50 requirements for normal
operations and for any transient situation that might reasonably
be anticipated to occur, and (2) on the basis of 10CFR100 Xdosage
level guidelines for potential accidents of exceedingly)low
probability of occurrence. or locFRSCh@7)QScxf@hca¥ka

Control of waste gas effluents is accomplished by charcoal delay
beds and holdup of waste gases in decay tanks until the activity
of tank contents and existing environmental conditions permit
discharges within 10CFR20 and 10CFR50 reguirements. In addition,
waste gas effluents are monitored prior to discharge for
radiocactivity and rate of flow. An accidental burst of the gas
surge tank does not result in an activity release greater than
10CFR100 limits, based on one percent failed fuel.

Control of 1ligquid® waste effluents 1is maintained by batch
processing of all station radicactive liquids, sampling before
discharge, controlling the rate of release, and by preventing
inadvertent tank discharge. Liquid effluents are monitored for
radioactivity and rate of flow. Liquid waste disposal system
tankage and evaporator capacity is sufficient to handle any
expected transient in the development of liguid waste volume.

Station solid wastes are prepared batchwise for offsite disposal
by approved contractors. Solid wastes are prepared for shipment
by placement in shielded and reinforced containers which meet
Federal Regulation requirements.

References
1. Section 5, Containment System
2. Section 9, Auxiliary and Emergency Systems
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defined by fuel enrichment vs. burnup limitations. The racks,
free standing on the floor of the spent fuel pool, are sized to
hold 1622 spent fuel assemblies (additionally there are 2 failed
fuel assembly cannisters). The spent fuel assemblies are placed
in vertical cells within the rack, continuously grouped in
parallel in both directions. Cell pltch is approximately 10.8"

for Region 1 and approx1mately 9" for Region 2. In addition,
Boral panels are installed in the walls of the individual cells
to maintain subcriticality. The racks are so arranged that the

spacing between fuel elements cannot be less than that
prescribed. Borated water (approximately 2000 ppm) is used in
the spent fuel pool. Even if unborated water were introduced,
the spacing and Boral maintain subcriticality with Kegeg £ 0. 95
for stored fuel.

The new fuel assemblies are stored dry in a steel and concrete
structure within the fuel building. The assemblies are stored
vertically in racks in parallel rows, having a fuel assembly
center—-to-center distance of about 21 1nches There 1s storage
space for one-third (53 assemblies) of a core plus 17 spare
assembly spaces. The steel rack construction prevents possible
criticality by regquiring that the spacing between fuel elements
will not be 1less than that prescribed. In the event of
accidental flooding of the fresh fuel racks, the center to center
spacing of the fuel assemblies results in Kefr < 0.95 under full
water density conditions and Keff < 0.98 under low water density
(optimum moderatlon) and aqueous foam conditions. Criticality
prevention is discussed in detail in Section 9.12 and Section
3.3.2.7.

During handling, as a result of the hypothetical worst case
accident the safeguards are designed such that the consequences
of this accident meet guidelines. For a complete
description of this worst?case accident, refer to Section 14.2.

, IOCFRSO.GT
1A.632 MONITCORING FUEL AND WASTE STORAGE (CRITERION 63)

Criterion

Appropriate systems shall be provided in fuel storage and
radiocactive waste systems and associated handling areas (1) to
detect conditions that may result in loss of residual heat
removal capability and excessive radiation 1levels and (2) to
initiate appropriate safety actions.

Design Conformance

Gamma radiation levels in the containment and fuel storage areas
are conciinuously monitored. These monitors provide an audible
alarm at the initiating detector indicating an unsafe condition.
The fuel pocl water temperature is continuously monitored. The
temperature is displayed in the main control room where an
audible alarm will sound should the water temperature increase
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. 1971
Nominal Isolation Valves Auto GDC Or Valve Closure
Penet. Penet. Line Provided {16) Isolation Valve Position Fluid Actuation Exception Time (Sec) {51 _.
ervi No. Class ize . Inside Outside  Normal Shutdown (13} DBA (14) Failure (15) Contajned  Signal(1)  _Met(2) Inside  Outside
Personnel Air Lock (PH-P-1) None D 11/2 2 Manual 2 Manual Admin, Closed  Closed AS-IS Air "~ None 56 Manual Manual
in Series in Serles Closed
Emergency Air Lock (PH-P-2) None . D 2 Manual Manual Admin. Closed Closed AS-IS Air None 56 Manual Manual
Closed
Reactor Vessel Level Instrumentation 95,109 D 1/4 None (10) - - - Liquid None FSAR - -
System (RVLIS) 5337
Fire Protection - Containment Hose 13 D 4 Check Auto-Trip Closed Closed Closed ‘Closed Liquid CIA 56 Check 15
Reel Stations
Fire Protection - Containment Cable - 31 D 4 Check Auto-Trip Closed Closed Closed Closed Liquid CIA 56 Check 15
Penetrations
Fire Protection - Containment RHR 32 D 3 Check Auto-Trip Closed Closed Closed Closed Liquid CIA 56 Check 15
Platform
Notes: (1) * Sections 7.3 and Tables 7.3-1 and 7.3-2 describe actuation signals. (8) Each of the containment leakage monitoring and containment wide range pressure
. monitoring lines have a one-eighth inch orifice on the inside of containment located
{2) 1971 General Design Criterlon met is listed with appropriate subparagraph in parentheses. adjacent to the three-eighth inch penetration, consistent with the requirement of Safety
Exceptions to General Design Criterion arrangements are noted by explanatory Updated Guide 11 (Section 1.3). Penetrations 57-3 and 57-4 have been capped inside and outside
FSAR section numbers. of containment.
(3) MOV = Electric Motor Operated Valve (9) CIA can be overridden for sample inlet valves (Section 9.6.1.1).
TV = Trip Valve
(10) Hydraulic isolation device.
{4) For electric motor-operated valves (MOVs) the appropriate motor control center is listed.
Those which have an even number receive power from Emergency Generator 2. Those (11)  Penetrations 65-2, 567-1, 57-2, and 97-3 are isolated outslde of containment downstream of
which have an odd number receive power from Emergency Generator 1 (Section 8.5). For the containment pressure instrumentation by a sealed manuval valve and pipe cap.
air-operated trip valves (TVs), the power supply is designated CA for compressed air .
(Section 9.8). For solenoid operated trip valves (TVs), the power supply Is designated sov (12) Main Steam Isclation Valve fails closed on loss of air and falls AS-IS on loss of 125 VDC.
for solencid operator. Secondary modes of operation are provided for MOVs in the form of l
manually operated (handwheels) overrides; for TVs, CA pressure can be bled off or (13) Shutdown position in Modes 3 and 4.
solenoid operator can be de-energized to trip valves to fail-safe positions. Manual and :
check valves have no specific secondary modes of operation. (14) DBA position is for LBLOCA.
(5) Closure times listed for air-operated trip valves are calculated assuming no plug weight or (15) Failure position Is for power failure.
stem friction. All times listed are design values.
: (16) Raelief valves listed in Licensing Requirements Manual Table 5.1-1.
(6) Opened to shift low head safety injection from refueling water storage tank to containment
sump (Section 6.3). (17) Relief valve between isolation valves.
)] Containment purge isolation valves are normally shut, remote manually operated,

BVPS-1-UPDATED FSAR

TABLE 5.3-1 (CONT'D)

CONTAINMENT ISOLATION ARRANGEMENTS

administratively controlled valves, meeting General Design Criterion 56-(1). During
refueling operations, these valves are opened and-wiktrip shut automatically on receipt of a
containment high-high radiation signal (Section 11.3).

way be CM'FTﬁuvacl ‘o
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A nominal flow of 2,000 cfm is the design basis for the separate
iodine filtration system with impregnated charcoal cells sized
for 500 cfm and minimum charcoal composite efficiency of
95 percent based on the influent ilodine composed of 90 percent
elemental and 10 percent organic iodines. may be

Purge exhaust is designed in the normal mode for a one air change
flow rate of 30,000 cfm with connections to supplemental leak
collection and release filter banks and duct system dampers
arranged to reduce the concentration of any possible airborne
radioactivity to levels acceptable for atmospheric discharge at
an elevated release point meeting the requirements of 10 CFR 20
and 10 CFR 50. During containment refueling activities, the -aix
fLlow—rate—is—7,5060—cfm—and—the- purge exhaust -is- lined up to the
supplementary leak collection and release system through
seismically designed ducts and dampers. The purge exhaust system
is also designed with radiological monitoring to meet the
requirements of 10 CFR 20 and 10 CFR 50. The purge exhaust is
designed with the capability of diverting a reduced flow rate of
1,000 cfm to the process vent filters and gaseous waste blowers
discharging at the top of the cooling tower in the event of a
high degree of activity.

The common ventilation vent, located on top of the auxiliary
building is designed to discharge low level and nonradioactive
purge exhaust air at a point 10 ft higher than the turbine
building roof.

Purge supply is designed for a flow rate of 27,000 cfm which is
less than the normal exhaust rate to maintain a slight negative
pressure in the containment. During containment refueling, air
infiltrates into the containment through the purge supply system.

Reactor coolant pump motors do not constitute a major heat source
since they are cooled by self-contained water coils fixed to.the
motor housings.

5.4.1.2 Description
Bulk air cooling of the containment is achieved by three air

recirculation cooling systems with the recirculated air being
cooled on passing through chilled water or river water coil

banks. Cooled air 1is circulated by three 50 percent design
capacity fans, each with a capacity of 150,000 cfm, discharging
into common ductwork supplying the ventilated spaces. Air

leaving the ventilated spaces is recirculated back to the supply
fans via the annular space between the crane wall and containment
outside wall. All three fans are normally operable; however,
bulk air temperature is limited to a design maximum of 105°F with
any two fans in operation. Gravity actuated back draft dampers
are installed at the discharge of each fan to prevent reverse
flow through an idle fan.
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filters are effective for jodine removal and the pleated glass
fiber type HEPA filters, at a minimum efficiency of 99.97 Percent,
remove particulates and charcoal fines. Each HEPA filter cell jis
rated at 1,000 cfm and each charcoal filter cell is rated at 500
cfm. The charcoal filter cell is of flat parallel tray design
containing approximately 44 pounds of charcoal in two 2 inch beds
having a total of about 8 square feet of face area. The media is
new impregnated activated coconut shell charcoal, North American
Carbon type G615. The media particle size is from 8 to 16 uU.s.
Sieve mesh with not more than § percent retained on 8 mesh nor
more than 5 percent passing through 16 mesh. A dqual fan-filter
system is used, so that one may decay to a safe level before
replacement with the second unit available as needed.

During shutdown periods, containment purging ventilation is
provided by an exhaust system and a supply systenm designed to
maintain a slight negative containment pressure, with provisions
to handle variable flow rates up to one air change per hour, or

30,000 cfm. During unit shutdown, these systems are manually
actuated if dctivity levels within the containment are high enough
to require purging before personnel entry. This systenm also

functions as a heating and ventilation system during periods of
maintenance.

During refueling, the purge system exhaust duct -+s—lined up to ‘the
supplementary leak collection and release system. The air 4
exhausted through the filters—at—&arate-cf-?rsee—efm~with make up
air infiltrating into the containment.

The purge system exhaust circuit is provided with connections to
dual filter banks consisting of prefilters, particulate~filters
and charcoal filters +to ensure that any .radioactivity is within
allowable offsite limits, as required in 10CFR20 and 10CFR50.

This circuit consists of a valved outlet from the containment,
with ductwork extending to the filter banks and connected to the
suppi 2mentary leak collection and release system,. Filter
characteristics and the supplementary leak collection and release
system are described in Section 6.6. The purge exhaust air
bypasses the filters and discharges to the monitored common
ventilation vent when filtration is not required. Under
conditions of high activity in the containment, a small guantity,
1,000 cfm of the purge exhaust air is also capable of being
diverted to the process vent filters and gaseous waste blowers for
discharge at the top of the cooling tower. The gaseous waste
disposal system is described in Section 11.2.3. In normal unit
operation, the purge exhaust and refueling circuit is inoperative
and the butterfly isolation valves at the containment barrier are
closed. Ventilation vent instrumentation, including radiation
monitors and flowmeters, and containment radiation monitors
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The ESF systems provided for satisfying these functions are:

1. A safety injection system, which injects borated
water into the reactor coolant loops (Section 6.3).

2. Two separate low pressure safety injection subsystems
which provide 1long term reactor core decay heat
removal (Section 6.3).

3. The separate subsystemns of the containment
depressurization system (the quench spray subsystems
and the recirculation spray subsystems) which, when
operating together, reduce the containment
temperature, return the containment to subatmospheric
pressure and remove heat from the containment. The
recirculation spray subsystems maintain the
containment subatmospheric and transfer the heat from
the containment to the river water system. The
addition of a chemical (NaOH) to the gquench spray
reduces the concentration of airborne fission
products in the containment (Section 6.4).

4. The supplementary leak collection and release systen,
which normally exhausts the structures contiguous to
the containment (except the main steam valve
cubicle), the fuel building and the waste gas
shortage area to an elevated release point.
Following a DBA ~or—a—fuel—handling—aceident or a
waste gas storage accident, the exhaust from these
areas is diverted to a filter prior to being
discharged at the elevated release point (Section
6.6).

5. The post DBA hydrogen control system, which, after a
DBA, circulates the containment atmosphere through a
thermal recombiner in which the hydrogen and oxygen
are combined to form water. This system is not
i equired for 12 hours following a DBA (Section 6.5).

A composite schematic of the ESF systems is shown in Figure
6.1-1. ‘

The safety injection system provides for the injecting of
borated water to the RCS from the accumulators following a

LOoCA. The three accumulators are self contained and are
designed to supply water as soon as the RCS pressure drops
below accumulator pressure. Continued makeup is provided by

the charging pumps and the low head safety injection pumps.
Both the charging and low head safety injection pumps are
located outside the containment and are electric motor-driven,
capable of being energized and operated rapidly and powered by
the emergency buses. The pumps also ensure an adequate
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6.6 SUPPLEMENTARY LEAK COLLECTION AND RELEASE SYSTEM

6.6.1 Design Bases

The supplementary leak collection-and release system is designed
according to the following criteria:

1. The maintenance of 0.125 inch water gauge negative
pressure 1n most areas contiguous to the containment
(with the exception of the main steam valve area, the
steam generator blowdown room, the purge air duct area,
east cable vault and west cable wvault), containment
during refueling, the waste gas storage area and the
fuel building.

2. The filtration by impregnated charcoal of contaminated
air for radiocactive iodine removal with individual
charcoal cells sized for 600 cfm.

3. The discharge of exhaust air at the SLCRS Vent.

4, The use of redundant filter banks and exhaust fans with
the fans operable on emergency power.

5. Equipment and system capability of withstanding the
design basis earthquake without loss of function.

6. Removal of heat from areas containing safety related
equipment following a design basis accident with loss
of offsite power.

6.6.2 Description

The elements of the supplementary 1leak collection and release
system are shown in Figure 6.6-1. The design data is provided in |
Table 6.6-1. :

The primary function of the system is to ensure that radioactive
leakage from the primary containment following a DBA, —ex—

——radieaetive release —due—to—a—Ffuel—handling—aceident; or
radiocactive material released in the waste gas storage area is
collected and filtered for iodine removal prior to discharge to
the atmosphere at the SLCRS Vent.

An important secondary function of the system is the removal of
heat from areas contiguous to containment where equipment
important to safety is located (i.e., the charging pump cubicles,
the low head safety injection pump cubicles, the recirculation
spray pump cubicles, the auxiliary feedwater pump room, the east
and west cable vaults, the MCC room, and the safeguards pipe
tunnel). Following a loss of offsite power, SLCRS is the only
available means of assuring that components in these areas do not

exceed the design temperatures. Temperature switches are -
provided to open SLCRS dampers when area temperatures exceed
110°F.
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and HEPA filter is rated at 1,200 cfm. It is of flat parallel |
tray design, containing approximately 44 lb of charcoal in two
2 inch beds having a total of about 8 sq ft of face area. The
media is new impregnated activated coconut shell charcoal. The
media particle size is from 8 to 16 U. S. Sieve mesh with not
more than 5.0 percent retained on 8 mesh nor more than 5.0
percent passing through 16 mesh. Charcoal cells are leak tested
in accordance with Technical Specifications.

Charcoal filter efficiency is based on the attenuation of
radioactive iodine with a minimum composite efficiency. of 95
percent with the influent iodine composed of 90 percent elemental
and 10 percent organic iodine.

A heat detection and alarm and automatically actuated water spray
deluge system is provided for the charcoal cells to maintain
cooling of the media and prevent ignition in the event of decay
heat buildup.

The leak collection exhaust fans discharge through a duct to the

SLCRS Vent. The SLCRS Vent is located on the top of the
containment structure. The containment extends 144 ft above
grade. The duct and supporting structure is designed to

accommodate seismic forces. The release above the containment is
a high-velocity discharge at an elevation of 150 ft above grade.

During refueling, the fuel buildingS%aé—eont&inment—are—normally
maintained at negative pressures of 0.125 inches of water colunmn,
by the operating leak collection exhaust fan. . '
. way be
During Mode 6, SLCRS ventilation damper VS-D-4-18A -dis—normally
closed and the upstream containment contiguous areas -are not be
ventilated. ey

If there should be a fuel building high-high radiation signal,
the exhaust from the fuel building along with the rest of the
leak collection system exhaust, -¢#s—diverted to one of the main
filter banks in the leak collection)release system before being
released at the SLCRS Vent. may \o:

6.6.3 Evaluation

The supplementary leak collection and release system incorporates
redundant 100 percent capacity leak collection exhaust fans and
main filter banks. In addition, there are redundant dampers
where required. The redundant fans and dampers are connected to
different emergency buses, which are capable of being supplied
either from normal or emergency power sources. Thus, there is
sufficient redundancy in the system to ensure system reliability.
Proper operation of the system is further ensured by the
capability for testing the system periodically.
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The instrumentation, control and electrical equipment of the
supplemental leak collection system are in accordance with IEEE
27911)~1971 and IEEE 308(2)-1971 with one exception.

IEEE 279-1971 requires that the "protection system shall, with
precision and reliability, automatically initiate appropriate
protective action whenever a condition monitored by the system
reaches the preset level'. It also requires that this be
accomplished with a single failure.

The exhausts from the contiguous areas, (with the exception of
the main steam valve cubicle), the fuel building and the waste
gas storage area are each monitored by a radiation monitor which
automatically diverts the exhaust through a filter path when the
| radiation reaches a preset level. Should any of these systems
fail, a redundant backup radiation monitor, located in the SLCRS
Vent duct, would indicate and alarm to the operator that the
preset level had been reached, which would alert the operator to
manually divert the exhaust through the filters. The automatic
and manual systems are redundant and on separate power supplies.

The radioactivity release from the contiguous and waste 'gas
storage areas is expected to be much less than specified by the
guidelines described in 19§F3Q00.

The supplementary leak collection and release system collects,
filters and releases at an elevated point (SLCRS Vent) the
‘leakage from the containment following a DBA -and—refuering—
—aeeidentT Essentially, all the leakage from the containment
following a DBA flows into those containment contiguous areas
which house the various containment penetrations and the
engineered safeguards equipment circulating radioactive water.

Although a negative pressure of .125 inch water gauge in the
areas contiguous to Containment is adequate to prevent
exfiltration under DBA conditions, no credit has been taken :for
the collection of containment leakage through any electrical
penetration in the LOCA analysis of Section 14.3. Such leakage
is modeled as the release of .1% volume per day directly to the
environment without regard to the specific location of the
containment isolation failure.

The only credit taken for SLCRS igs for the collection and
filtration of leakage from ESF piping systems and components that
recirculate containment sump water outside the containment. A
negative pressure of .125 inch water gauge is required only for
those areas.

The SLCRS Vent in the supplementary leak collection and release
system is located above the top of the containment. The high
velocity, coupled with the mass flow rate, ensures adequate stack
effect for wind speeds below 2 m/second. At wind velocities
considerably in excess of 2 m/second, some entrainment of the
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likewise 1limit the maximum lift of a fuel assembly to within 8
ft-4 inches of the normal water level in the spent fuel pit.

The fuel pool elevator, 1located within the spent fuel pool,
utilizes push button switches. - An elevator operator must hold
down the up push button switch to raise the fuel pool elevator.
This ensures that the operator will be able to immediately stop
the elevator upon any indication of trouble or increasing
radiation 1levels in the fuel building. The new fuel elevator may
be used for repair of irradiated fuel assemblies if a mechanical
stop 1is added to prevent raising the irradiated fuel assemblies
too close to the surface.

9.12.5.2 Malfunction Analysis

137

The analysis presented in Section 14.2.1 assumes damagde to the

—entire —group.—of- fuel rods in an assembly as the basis for a fuel

handling accident.
9.12.5.3 Seismic Considerations

The maximum design stress for the structures and for all parts
involved in gripping, supporting, or hoisting the fuel assemblies
is 1/5 wultimate strength of the material. This requirement
applies to normal working load and emergency pullout loads, when
specified, but not to earthquake loading. To resist design basis
earthquake forces, the equipment is designed so that the stress in
any load bearing part is less than 0.9 times the ultimate strength
for a combination of normal working load plus design basis
earthquake forces.

9.12.6 Tests and Inspections

Prior to initial fueling, preoperational checkouts of the fuel
handling equipment were performed to ensure proper performance of
the fuel handling equipment and to familiarize station operating
personnel with operation of the egquipment. A dummy fuel assembly
was utilized for this purpose.

Upon completion of core 1loading and installation of the reactor
vessel head, certain mechanical and electrical tests are performed
prior to criticality. The electrical wiring for the rod drive
circuits, the rod position indicators, the reactor trip circuits,
.the incore thermocouples, and the reactor vessel head water
temperature thermocouples are checked at the time of
installation. The checks are repeated on these electrical items
before unit operation.

The precritical tests are performed in close cooperation with the

Station 1Instrument Department, the Station Electrical Engineer,
and the Station Test Section.

9.12-20
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the normally radioactive process auxiliary systems are at
acceptable levels.

Normally nonradioactive systems which may become contaminated by
leaks from radioactive systems will be monitored continuously to
ensure that no condition hazardous to the operators or to the
general public will be developed.

Selected process and effluent radiological monitoring channels will
be designed as Seismic Category I to ensure their availability
under accident conditions.

In the event of an accident, the process and effluent radiological
monitoring systemn, in conjunction with the area radiation
monitoring system (Sectlon 11.3.4) will provide information on the
concentration and dispersion of radiocactivity throughout the unit.
This will enable operating personnel to evaluate the severity and
mitigate the consequences of an accident.

The following:- automatic actions will be initiated by the process
and effluent radiological monitoring system to mitigate ' the
consequences of postulated accidents:

1. Containment refueling ventilation will be terminated in
the event of a refueling accident inside containment. Aany
activity released prior to accomplishing containment
isolation . be directed to the Supplementary Leak
Collection anijelease System (SLCRS) filters.

wias

2. Fuel building ventilation will be through the
Supplementary Leak Collection and Release System (SLCRS).
During fuel handling, flow -is- dlrected through the
charcoal filters. may be

3. Ventilation:  flow from all areas enclosing radioactive
fluids, including loss-of-coolant accident recirculation
fluids, will be diverted through charcoal filters in the
event of a release of activity into that arec.

4, All effluent discharges from the secondary system will be
terminated in the event of a steam generator tube rupture.

5. All effluent flow to the environment will be automatically
terminated or processed in the event of a high-high
activity alarm condition or an ESF signal, depending on
the nature of the initiating event.

11.3.3.2 Continuous Monitoring

The monitoring system consists of separate independent channels
each having:

1. Radiation detector with remotely operated check source

except for steam effluent monitors: SGADV, MSSV and AFTEX
monitors '

11.3-6

‘4
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All equipment 1is identical with that of the two gaseous waste
channels. Normally, the sample is composed of effluent from the
leak collection areas, fuel building, and waste gas storage tank
area which are each individually monitored. A high-high activity
alarm signal from any of these sources will cause all of these
effluents to pass through a prefilter/charcoal/HEPA filter
complex in the supplementary leak collection and release systenm
before discharge via the Reactor Building/SLCRS release point.

Two high range noble gas monitoring systems continuously draw a
sample from the Reactor Building/SLCRS exhaust line upstream of
the point of discharge. These systems are operationally and
functionally similar to the Gaseous Waste high range noble gas
monitors discussed in Section 11.3.3.3.23.

11.3.3.3.5 Auxiliary Building Ventilation Exhaust Monitors

The auxiliary building ventilation system consists of exhaust
system "A" and exhaust system "B." A continuous gas sample from
each exhaust system is first passed through an in-line, easily
removable, charcoal filter cartridge (as desired) and then
analyzed by a gas monitor similar to the gas sampler/monitor
equipment described for the gaseous waste monitoring system. The
building exhaust is normally discharged to the atmosphere via the
ventilation vent duct. A high-high alarm will cause the exhaust
effluent to be diverted through a prefilter/charcoal/HEPA filter
complex in the supplementary leak collection and release system
before atmospheric discharge via the elevated release point.
With manual damper VS-D-7-8A normally closed during Mode 6,
operator action 1s regquired to manually open the damper to
accomplish diversion in the event of a high-high alarmn.

The charging pump cubicle exhaust is not monitored by an
auxiliary building ventilation monitor. The cubicle exhaust is
discharged through the supplementary leak collection and release
system release point, which is monitored by an effluent radiation
monitor. A CIA signal will cause the charging pump ct ricle
exhaust effluent to be diverted through a prefilter/charcoal/HEPA
filter complex in the supplementary leak collection and release
system before atmospheric discharge.

11.3.3.3.6 Fuel Building Ventilation Exhaust Monitors

The fuel building ventilation exhaust 1is monitored by two

redundant in-line detectors. A high-high radiation alarm —wild— wa

automatically divert the flow through the prefilter/charcoal/HEPA
filter complex of the supplementary leak collection and release
system before discharge to the elevated release duct. It will
also activate the fuel building and containment evacuation alarm.

11.3.3.3.7 Containment Purge Exhaust Monitor

The containment purge exhaust 1is monitored by two redundant
inline detectors. During the initial containment purge (prior to

allowing personnel entry into containment for refueling

11.3-11

’
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norwaed

the operator to
the purge exhaust
omplex for subsequent

operations) an activity alarm will signa
manually actuate damper valves to diver
through the prefilter/charcoal/HEPA filter
discharge via the elevated release point. For the 1likely no-
radiation-alarm condition, the normal purgel cycle is completed
and the containment is opened to atmosphere /permitting entry for
refueling, operations. During refueling, e purge/exhaust system(hay
maintaing the containment at a slightly negative pressure. in-
accordance with the supplementary leak collection and release
_sys%em—fSﬁeRS%-&esiga—as—stated—in—UFSAR—Sectéon—évée Flow witd, way
at—eall—times during—refueling+ be directed through the SLCRS
prefilter/charcoal/HEPA filter complex. A high-high activity
alarm from either of the containment purge exhaust monitors,-wé&&wwy'
automatically close the purge supply and exhaust isolation
dampers in the containment building and activate the fuel
building and containment evacuation alarm. The airborne activity
in the containment atmosphere subsequently discharged at a
controlled rate through the refilter/charcoal/HEPA filter

complex in the supplementary leak collection and release system ’
to the elevated release point above\the containment building.
way be

11.3.3.3.8 Leak Collection Area Gas Monitor

The leak collection area exhaust is monitored by analyzing a
sample continuously drawn from the discharge flow stream. The
sample is passed through a removable charcoal filter cartridge
(as desired) and then drawn into a fixed lead-shielded sampler
enclosing the detector. The sample activity is measured and then
returned to the leak collection area exhaust discharge line. A
high-high activity alarm signal will cause automatic diversion of
the air flow through the prefilter/charcoal/HEPA filter complex
to the elevated release point above the containment. A purge
system is integral with the gas monitoring system for flushing
the sampler with clean air for purposes of calibration.

11.3.3.3.9 Waste Gas Tank Vault Ventilation Gas Monitor

The ventilation exhaust from the waste gas tank vaults is
monitored by analyzing a sample continuously drawn from the
ventilation discharge flow stream. This monitoring system and
its operation are identical with the monitoring system and
operation described for the leak collection area gas monitor.

11.3.3.3.10 Component Cooling Water Monitor

The component cooling water monitor continuously analyzes a
composite sample drawn from the downstream leg of the primary
plant component cooling water heat exchangers. The sample is
drawn through an off-line sampler system containing a detector
inserted in a well located in the flow stream of the off-1line
sampler. Detection of radioactivity indicates leakage of
radioactive effluent from the reactor coolant system or an
auxiliary system into the component cooling water system.

11.3-12
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TABLE 11.3-7

POSTULATED CONTROIL ROOM ACCIDENT DOSE. REM(5)(6)

(Design Basis Accidents at Unit 1)

Accident Thyroid Gamnma ' Beta Notes

Main Steam Line Break

Co-incident Spike 26.0 2.9E-3 3.7E-2 2
Pre-incident Spike 29.0 1.5E-3 2.0E-2 2
Small Line Break 27.0 3.0E-3 2.6E-2 4

Steam Generator Tube Rupture

Co-incident Spike 3.13 8.12E-4 2.22E-2 4
Pre-incident Spike 8.65 9.30E-4 2.34E-2 4

Rod Ejection Accident 12.0 1.1E-3 8.9E-3 4

Fuel-Handling-Aceident 43 34 E=2 —S8-+3F~L 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 - 7.1E-4 1.3 4
DBA LOCA 14.3 1.7E-1 4.0E-1 3
TEOE

Fuel HomA\Mj Aecident 2.AEX00 | 7

NOTES:

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

2. Isolation by manual operator action at T=30 minutes post-
accident. In support of Alternate Repair Criteria for stean
generators (ref. USNRC GL 95-05) the MSLB thyroid doses were
maximized within applicable limits in order to establish the
maximum allowable accident-induced leakage against which tube
leakage projections, based on voltage indication, are
compared. Current values are based on 8.0 gpm primary-to-
secondary leakage (0-2 hour Exclusion Area Boundary thyroid
dose limiting). See Section 14.2.5.1.3.

3. Control Isolation actuated by CIB signal.

4. No action required.

5. References: ERS-SFL-93-005 r0, ERS-SFL-92-033 rl,
12241/14110.39-UR(B)-456, 14110.39-UR(B)-457 rO0, |

~ ERS-SFL~-89-021 rl1, ERS-SFL-95-008 xr2.

6. Listed dose values represent the limiting bounding value.

Mintvaum 16,300 cfwm Ppuraqe Lo 30 mmute duvatron ofter velease
To ewvivonwmernt ends, 1 of 1
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14.2 STANDBY SAFEGUARDS ANALYSIS

14.2.1 Fuel Handling Accident

This section discusses the design features which preclude 3
serious accident during fuel handling, and then verifies that the
consequences of the worst case assumptions meetY-16eFRI06-
.guidelines. 10CFR SO.67 limits ond NUWREG -0F%00 (SR? lS-O.I)

The following representative fuel handling accidents are evaluated
during the course of design to ensure that no hazards are created:

1. A fuel assembly becomes stuck inside the reactor vessel,
in the penetration valve in the transfer carriage, or the
transfer carriage itself becomes stuck. In this case,
the criterion is to ensure cooling of the fuel.
Cov onto othev assemblics Wiich may he pv‘ueﬂ'}')
2. A fuel assembly is dropped onto the floorp of the
refueling cavit or spent fuel pool. In this case,
assuming that® %11’ fuel rods in—the-dropped—assembly are
ruptured, the «criterion is to ensure that the offsite
dose is within—310CFRI00—guideolines «.; - . -
cece’eptable as descevibed above.

14.2.1.1 Accident Description

The possibility of a fuel handling incident is very remote because
of the many administrative controls and physical  limitations
imposed on fuel handling operations. All refueling operations are
conducted 1in accordance with prescribed procedures under direct
surveillance of a supervisor technically trained in nuclear
safety.

The fuel handling manipulators and hoists are designed so that
fuel cannot be raised above a position which provides adequate
shield water depth for the safety of operating personnel. This
'safety. feature applies to handling facilities in both -the
containment and in the spent fuel pool area.

In the spent fuel pool, the design of storage racks and
manipulation facilities is such that:

1. Fuel at rest is positioned by positive restraints in an
oversafe (Kggg < 0.95), always subcritical, geometrical |
array, with no credit taken for boric acid in the water.

2. Oonly one fuel assembly can be manipulated at a time.

3. A minimum boron concentration of 400 ppm will maintain
Kogf < 0.95 for fuel assembly Tmisplacement.
Misplacement of a new fuel assembly of 5.0 weight percent
enrichment in a Region 2/Region 3 location, surrounded by
locations filled with fuel of the highest permissible
reactivity, could cause Kk e¢ to exceed 0.95 without
soluble boron.

14.2-1 : -
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friction force. This would absorb the shock and thus limit the
force on the individual fuel rods.

After the reactor is shutdown, the fuel rods contract during the
subsequent cooldown and would not be in contact with the bottom
plate of the assembly.

Considerable deformation would have to occur before the rod would
make contact with the top plate and apply any appreciable load on
the fuel rod. Based on the above, it is unlikely that any damage
would occur to the individual fuel rods during handling. If one
assembly 1s lowered on top of another, no damage to the fuel rods
would occur that would breech the integrity of the cladding.

All these safety features make the probablllty of a fuel handling
accident very low. The worst case, which is hypothesized with
respect to the release of fission products to the environment, is
a fuel handling accident in the fuel handling building. .

14.2.1.244&@;}94—%5;-5———<IN SE &T>

The fuel handling accident is classified as an ANS Condition I
event; 1i.e., faults that are not expected to occur but
postulated because their consequences include the potentia
the release of significant amounts of radiocactive material.

for

The fuel \handling accident is postulated to occur the fuel
building and_ in the containment. Environmental relefse from the
containment 12 precluded by a design which automati€ally isolates
the containmen following the detection of radi®activity by the

redundant containment purge monitors (Section 1 .3).

The fuel handling asxcident sequence of ~events consists of the
dropping of one fuel asSsembly on another el assembly in the fuel
pool, resulting in cladding damage to tke fuel rods in the dropped
assembly plus additional\ rods 1 the struck assembly with
s bsequent instantaneous relwase f all the gap radionuclide
inventory. :

The gap radionuclide inventofy is based on the minimum time after
refueling shutdown of 1507 hours ahd peak inventories for the
damaged fuel assemblies The fuel podl water provides retention
capabilities for radioie@ines as describedN\in Table 14.2-6.

The radioactivity ~feleased from the fuel ool into the fuel
building atmospkere is filtered by the 3ypplementary leak
collection and xelease system (Section 6.6).

The radigactivity control features of the fuel “gtorage and

handling ~systems inside containment and in the fu&l building
(Sectigr 9.12) meet the requirements of 1971 GDC 61.

The assdmptions applied to the evaluation of the releade of
ddicactivity from the fuel and the fuel building are provided\in

14.2-3
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ble 14.2-s6. Gap inventories of fission products wgyé
ermined using the release fractions identified in Regulat ry
Guide 1.25 except for Iodine~131, for which the release fraction
is iRcreased 20 percent in accordance with NUREG/CR-5009.

14.2.1) Fission Product Inventories

Core specific inventories (Curies per metric ton of uranium) of
fission prbducts were estimated with the ORIGEN-2 code/

The results
contribute to
14.2-62A, while
isotopes of - int
calculations are

of the ORIGEN calculations for Sotopes that
he thyroid and whole-body doses are/given in Table
Table 14.2-6B 1lists pertinen data for the
est. Data and assumptions used in the dose
iven in Table 14.2-6.

14.2.1.4 Offsite E

During refueling, the\ fuel building wi be maintained at a
minimum negative pressuxe of 0.125 inc s W.G., with a maximum
exhaust flow rate of 3)\000 cfm. THe maximum fuel building
exhaust flow rate of 3,000, cfm was asdumed in the fuel handling
accident of the Control Room Dose Analysis.

nt is maintained by the
release system at a negative

During refueling, the contai
supplementary leak collection
pressure of 0.125 inches W.G.

Exhaust flow from the fuel ildi will discharge through the
main supplementary leak colldetion a d release system filter bank
to the SLCRS Vent.

handling accident are
the release of all gadeous fission produc

gij doses are based on
of 298 fuel rods in

activity in the gaps
ghest-power assemblies ~ ‘

Thyroid dose, rad = 14.60
Whole-bddy dose, rem
ta dose, D; 2.96

amma dose, D = 0.95

guideline
values of/ 10 CFR 100, paragraph 11. As defined in, Standard
Review PEdan 15.7.4, Radiological Consequences of Fuef\Handlinq
Acciden¥s,  "well within" neans 25% or less of the 10 CFR 100
nes, or values of 75 rad for thyroid doses and 6.95 rem
ole-body doses. :

doses for the Beaver Valley Common Control Room were akso
alyzed for the specified fuel handling accident. The doses f

14.2-4
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Thyroid dose, rem = 4.33
ole-body dose, rem

Beta dose, Dg = 0.83

Gamma dose, D = 0.014

Y

The doses ar
General Design
tabulates signi
tabulates results.

within the criteria of 10 CFR 50, Apperfdix A,
riterion 19 and are acceptable. Tabie 14.2-6
icant analysis parameters. Table 11.3-7

In the event of a fuelMqandling accident within the containment
structure, a high-high adiation 1level n the purge duct
discharge will trip the purye line isolation valves and isolate
the containment from the plementary leak collection and
release systemn. During refueling . in the containment, the
containment isolation valves of t containment purge supply and
exhaust systems are not required
purge exhaust duct is lined up
collection system and filter” train.
containment isolation in t safety analy
accident in the contaipafent. Since the
maintained at sSubatmo eric pressure, there 11 be no driving
force for discharge” of gas from the contai nt, which will
result in no releasSe of activity to the environmeégt. Once the
nature of the tivity release within the containmegt has been
ascertained, containment ventilation operation may D manually
initiated, e containment iodine removal filter may ba placed:
tion, or other corrective action taken. For amalysis
purpos no credit is taken for containment isolation. For these
condjtions, the site dose would be the same as that obtained

eismically supported leak
o credit 1is taken for
is for a fuel handling
ntainment has been

14.2.2 Accidental Release of Waste Liquid

14.2.2.1 Identification of Causes and Accident Description

Accidents in the auﬁiliary system which could result in the "
release of waste liquid may involve the rupture or leaking of
various compone::ts. .

14.2.2.2 Analysis of Effects and Consequences

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

Curbs and floor drains to the sump are employed to minimize the
effect of leakage and spills. outboard seal 1leakage from the
charging pumps (Section 9.1) 1s 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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14.2.1.2 Radiological Consequence Analysis Methods, Assumptions and
Results

The fuel handing accident is classified as an ANS Condition IV event;
i.e., faults that are not expected to occur but are postulated
because their consequences include the potential for the release of
significant amounts of radiocactive material.

This DBA is described in NRC Regulatory Guide 1.183 and NUREG-0800
Chapter 15, Section 15.0.1. The parameters and assumptions used to
perform the radiological consequence analysis are summarized in
Tables 14.2.6 and 14.2.6a. The dose calculation methodology is
provided in Appendix 14B.

The accident occurs while moving a fuel assembly in either the fuel
building fuel storage pool or in the reactor building containment
cavity or transfer canal. The assembly 1is dropped, resulting in
rupture of 137 fuel rods (in the dropped assembly plus other
assemblies that may be struck) and release of radiocactive iodine and
noble gas into the pool water. The extent of damage has been
determined by performing an analysis wusing the 1limiting drop
conditions and considering the weight of the dropped fuel assembly
(plus any attached handling grapples), the height of the drop, and
the compression, torsion, and shear stresses on the irradiated fuel
rods. Damage to adjacent assemblies has been considered.

As the iodine percolates to the pool surface much of it will be
"scrubbed out" and remain in the water. This reduces the amount of
iodine that 1is released from the damaged rods by a factor of 200
before it becomes airborne within the building. The noble gas
activity released from the damaged rods is all released to the
building with no removal by pool water scrubbing. After becoming
airborne, the radiocactivity is released to the environment assuming a
constant air flow rate (exponential activity removal rate). The
analysis model uses a conservatively calculated release rate constant
that results in 99.9999% of the activity being released to the
environment in the two hours immediately following the accident.
Because the accident conditions may include having any of the reactor
building containment penetrations open (including the equipment hatch
or personnel airlock), and the release may be via any one or a
combination of penetrations, the most restrictive release point
atmospheric dispersion factor(s) are conservatively applied to the
entire release. For the radiological consequence analysis to remain
valid, the radioactivity release must be via one of these three
points. Additionally, the analysis conservatively does not take
credit for any pre-release filtration or iodine plate-out.
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The environmental radiocactivity release is transported to the dose
receptor points assuming dispersion due to diffusion and local
meteorological conditions with no consideration given to radioactive

decay during transport or to gravitational settling. For control
room personnel, protective systems are provided to mitigate the
consequences of a fuel handling accident. The capability to purge

the control room of radioactivity after the environmental release has
ended is the only protective system feature that is considered in the
dose analysis. The minimum system flow rate and operation time used
in the analysis is provided in Table 14.2.6.

The dose analysis results are:

TEDE (rem)
Control Room Table 11.3-7
EAB 1.7E+00
LPZ 9.5E-02

These postulated fuel handling accident doses are within the limits
provided in 10 CFR 50.67 of 25 rem TEDE for the EAB and LPZ, and 5
rem TEDE for the control room. Additionally the accident doses are
within the more restrictive criteria provided in NUREG-0800 Section
15.0.1 of 6.3 rem TEDE for the EAB and LPZ.
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TABLE 14.2-6
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RADToLOGTcCAL

ASSUMPTIONS USED FOR THE FUEL HANDLING ACCIDEN?AANALYSIS

Core power level, MW

5
Fuel enrichment, weight % U

Fuel—burnup,—MWbB/MIY—7—60-060—

—_—

2F766— X705

'5".'6‘ BQQ—S‘O

Fuel wssemblies in cove \ST7
Power peaking factor 1.65
Number of failed fuel —298— |37
rods
Core inventory released
to gap, % .
Iodine-131 —12— ¥
other—iodines 10—
Krypton-85 36— O
*enon~133 16
Other -xenens— X6~ g
—Tedine—composition,—3-
—Elemental 99.75
—Organie 025
Pocl decontamination factor%%-évhﬂ)
Elementalliodine —333— 200
—organie—ieodine—mm——————F——
Noble gases 1

243 3 : fnati e ac
£3 tal iods »

: i tods 26
HNeblegases—m—mm™M89mM8m8 ¥ ———————————3—

Atmospheric diffusion
factor (%x/Q), sec/m3

S
Breathing rate, m3/sec 3ﬁ$¥-x 1074
BOASTS-‘(:GT Core "\vwe/\‘\'m 1 of 2
: ¢ o \
C.o*‘e—g\*a._c\‘\w\) days ot 108 powev Ve , Soo
| l/3) Soo
y3)soo

Getueen £yc,(c wo[doum‘t'meéiays) 40

—-879-1—?{—1-65-4 Tables 2.2-lla,

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

Habitabili Luei !

Release Duration, @ays—— liousws . =30
Release rate, 1/sec*X [LALE-03 —0+061599—
Control Room volume, £t3 1.73E+5
Control Room normal intake, cfm 500
Control Room isolation , [= wmm F*7* - 30 Nerne-
PosA Tsolatmn un f; \+emd1n\eakasa, 5 € ; )
Control Room purglng,cgw« 6,00 _None-
Purea +WV\’TVL T= wamna : lao—-1So
Control Room X/& values, sec/m Table 2.2-12

LAﬁa%ysés—seéemnce—econt;o;—aomn;y;—___fERSnSELm%&z&pe—

% *represents 99. 99;% of the activity in the fuel building atmosphere being
released in 2 hours. This release rate is greater than that suggested by the
building ventilation flow rate and volume. Analysis assumed instantaneous
release from fuel to the fuel building atmosphere. -Release—rate—assumption—
-differs from that used for offsite analysis-—in_ that the offsite analysis-
%mmmmwwmmdehwx%
—contiouous intake rate.

-

* Cove oretsThy rovtent wes cle:’cev mM@.A -QAI 3-@ 3 Sde,vw'\dawe.w"hs
T avnd the vwlaxiwuw octy vu'l‘y € each vadionucelide was gelectead

£ the o.vxalysis.
AN ¥ T he contbol roovm vendtilatron arommetevs wsed Tw
m M\G\l\/SIS VCP(\QS@I ‘H,\e, boumdM3 C,UV\& ‘1‘\0\«, I‘G‘
solodien vamng o\AmoO\m) oc i Tsolotion does wot occun
: o o\ 5 Tha acc»dm"r‘ Conse quemce s will e reduced . TE

‘\50la’r1m does oceuv and oy wn €1 Heved IV\le_aLkata.p,

octuvs , The CLCC\MQW\S_Q%M(GS will ke veduced.

2 of 2




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

TABLE 14.2-6a

RESULTS OF ORIGEN%& CALCULATIONS FOR RADIONUCLIDES
OF IODINE, KRYPTON, AND XENON AT -350-HOURS COOLING TIME

\o O _
<j: NS E R >

kRidionuclide Curies per M.T(/

1 o0of 1
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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

(Ci)

3.
7.

9.
1.
1.
6.
.9%E+05

w U,

64E+00
59E+05

19E+05
92E+06
03E+08
04E+02

.23E+07
.41E+07
.45E+06
.71E+03
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RADIONUCLIDE PROPERTIES USED IN THE
FUEL HANDLING ACCIDENT ANALYSIS

Dose
Conversion,
Rads/Curie

Radionuclide

Iodine-131
Jodine-132

Iodine-133

Krypton-85

Xenon-131m

1 of 1
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The above expression 1s valid for temperatures above 1,100 C.
Below 1,100 ¢ fission gas release occurs mainly by two
temperature independent phenomena, recoil and knock-out, and is
predicted by using D' at 1,100 C. The value used for D' (1673 K)
Lased on data at burnups greater than 1019 fissions per cc,
accounts for possible fission gas release by other mechanisms as
well as pellet cracking during irradiation.

The diffusion coefficient for iodine isotopes was conservativel¥
assumed to be the same as for Xe and XKr. Toner and Scott '3
observed that iodine diffuses in uranium dioxide at about the
same rate as Xe and Kr and has about the same activation energy.
Data reported by Bellef*)! indicates that iodine diffuses at
slightly slower rates than Xe and Kr.

with the diffusion coefficient determined for the fuel
temperature region of interest, the fraction of radioactive
fission gas which crosses the fuel boundary into the fuel rod gap
is found from:

£ = 3 % SQRT (D'/x ) * ((COTH (A/D")) = (D'/A 1)) (14B.2-2)
whefe:
£ = fraction of a given radioactive fission gas in fuel
rod gap
» = fission gas decay ¢onstant, per second
D' = diffusion coefficient, per second

" The above expression 1is the ~steady-state solution of the
diffusion equation in spherical geometry as given by Booth(3Y,

Table 14B-~1 lists the total core activities as well as activities
present in the gap for each pertinent isotope obtained using the
above equations and the fuel temperature distribution given in
Table 14B 2.

The activities in the reactor coolant as well as in the volume
control tank, pressurizer and waste gas decay tanks are given-in
Chapter 11, including the data on which the computation of these
activities is based. : '

14B.3 FUEL HANDLING SOURCES

*he—inventory of fission products in a fuel assembly is depepnde

on the Tating of the assembly. The parameters ed—Tor the
calculations of =_hiqhest rated assembl o—pe discharged are
summarized in Table 14B-3, nile the—ssSociated activities at the
time of shutdown are give ! ahle—34B-4. '
The expecteddna-of-life temperature and power distIribs jons were

3 ated by using the radial and axial power peaking factors—a

ZFNSERT>

14B-2
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\t7%1-§2§?33;37, respectively. The conservative end-of-ljifs—
temperatu : ower distributions were calculated by usifi§ the
same radial ;ﬁbﬁ%‘peaking\jggzor as in Eﬁg,e*péﬁfga case, but
with a higher axial power -k%gg<:§235§r of 1.69. Thus, the
temperature/volume distributiem in € - is changed and the
maximum temperature-—is increased (Table l4B-3“T‘resuL§%£§ in an

increase ction of fission products in the fuel-claddt
—4PabTe 14B-4). TesAR_
14B.4 REACTOR COOLANT FISSION PRODUCT ACTIVITIES

-The parameters used in the calculation of the reactor coolant
fission product inventories, 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. 1In
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
temperature upstream of the regenerative heat exchanger. The
coolant density correction of 1.35 is made in order to obtain the
correct activities at the downstream temperature.

The fission product activities in the reactor coolant during
operation with small cladding defects (fuel rods containing
pinholes or fine cracks) in 1 percent of the fuel rods were
computed using the following differential equations:

-

For parent nuclides in the coolant:

- dN,

wi B!
- : - * , *N .
- D*VJI.*Nci‘ li + R Ei + — Nw1 (14B.3-1)
dt (B ~t*B') '
o
for daughter nuclides in the coolant:
(14B.3-2)
dej B!
= D*V_ * - *E . *N . + 1.*N .
D Vj ch lj + R Bj + Wi 1 NG5
dt (B ~t*B')
o .
where:
N = population of nuclide
D = fraction of fuel rods having defective cladding
R = purification flow, coolant systém volumes per second
VBO = initial boron concentration, ppm

14B-3
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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. 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 to move fuel assemblies.
Additionally, .a conservative radial peaking factor of 1.65 is
applied to increase the activity content to ensure that the
maximum power assembly is considered in the analysis.

The postulated fuel rod gap activities are taken from Regulatory
Guide 1.183. These are 0.10 Kr-85, 0.08 I-131 and 0.05 for
other iodines and noble gases total activity in the core.
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| 14B.8.5 Updated Dose Calculation Models

Commencing with analyses performed in 1995, the whole body-gamma
dose, beta skin dose, and thyroid dose commitments described in
Section 14B.8.1 - 14B.8.4 have been calculated using the dose
quantities described in this sectiocn. the BuPs wuit 2L UFsAR Secttom ISA. 2.

Effective Dose Equivalent (EDE) ' as described in ICRP-26f11),
aces the traditional whole body gamma dose quantity. Like
hole body dose it replaces, the EDE model assumes that the
receptQr is immersed in a semi-infinite cloud. The EDE model
estimat the dose to each organ in the body due to radiation
cloud, applies a weighting factor to each organ dose,
and sums the weighted doses to obtain the EDE.

Q x 2, (Qj x Cgpg,)

Dgpg = Effecti
Qi = Activity

Dose Equivalent (EDE)
nuclide i released

Atmospheric \dispersion factor

»2
~
0

i

ses, the EDE is corrected to
the control room using the

For the control room dose ana
account for the finite volume
method of Murphy-Campe (13),
“0.338
D =X/ Qx
EDEcg 1173
where:

DEDECR = Effective Dose 'Equivalent (ED for control room

V = volume of control room, £t

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

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

Dsrin =%/ Qx Z(Qi X CsKkiN,)

i

where:
Dsxin = Skin Dose Equivalent (skin DE)
Qi = Activity of nuclide i releaszed

14B-10
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= Atmospheric dispersion factor

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

Thyroid Committed Dose Equivalent (thyroid CDE) as described in
ICRP-26 and CRP-30

Replaces the traditional th¥r01d dose
quantity based n the crltlcal organ model of ICRP-2! used in
TID14844 (1),

DCDEy, =X / Q X2, (Q4 X Ccpg, X BR)

ed Dose Equivalent (CDE)
Activity of nucl

DCDEthy = Therid Commi

©0
'J.
i

e i released

Atmospheric dispersiqn factor
BR = Breathing rate IQ\\\\

3.47E-4 m?/sec, 0-8 hours
1.75E-4 m3/sec, 8-24 h
2.32E-4 n /sec, >24 hour

3.47E-4 m /sec, 0-30 day coOrtrol room analysis

=

~

0
i

Ccpe. = Dose conversion factor for nuclid
(USEPA  FGR11, 1988) (16)

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
realistic case leakage model is described in Section 14B.10.

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 of iodine by chemical sprays
is added to the 1list above. This scavenging is effective .on
elemental and particulate species of iodine. The chemical
removal continues until the maximum spray decontamination factor
(DF) is reached. This DF is based on the iodine concentration in
the recirculation spray and the iodine partitioning factor.

14B-11
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'TABLE 1.8-1 (Cont)

RG No. 1.23, Rev. d _
UFSAR Reference Section 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. 0
UFSAR Reference Section 15.7.1.3

ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL RADIOLOGICAL
CONSEQUENCES OF A PRESSURIZED WATER REACTOR RADIQACTIVE GAS
STORAGE TANK FAILURE (MARCH 23, 1972)

Beaver Valley Power Station - Unit 2 evaluation of the potential
radiological consequences of a pressurized water reactor
radiocactive gas storage tank rupture meets the intent of this
regulatory guide. The following alternatives were considered
prudent:

Paragraph C.l.a

In recognition of specific plant equipment arrangements for
gaseous waste handling, the system component producing the
worst environmental impact was identified and additional
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. g :

"RG No. 1.25, Rev. 0
—UFSAR—Reference—Fectiton—t5rbri—

ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL RADIOLOGICAL
CONSEQUENCES OF A FUEL HANDLING ACCIDENT IN THE FUEL HANDLING AND
STORAGE FACILITY FOR BOILING AND PRESSURIZED WATER REACTORS
(MARCH 23, 1972)

assumptions used for evaluating the potential radiologj

storage facili Beaver Valley Power Station --bfMit 2 meet the
intent of this regulat wing alternative:
Paragraph C.1.j specifi emoval efficiencies of
90 percent for ing 1c species and 70 p t for organic
species. Ver, the efficiencies used are t iven in
- Table Regulatory Guide 1.52 (that is, 95 percent

Thes “""3““"'1‘0“7 Gju—f‘l& is not applicabkle Yo Beaver Vodley
Power “Statron - Uunit .
10 of 80.
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TABLE i 8-1 (Cont)

ganic and inorganic species if 2 inch charcoal bed depth

odine in the rods of the
iodine percentages used are
nuclides. This is in
he USNRC in the

assuming 10% of the total
time of the accident. However

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 1is 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, C, 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 ITI Division 1 is considered acceptable as the boundary
between the reactor cpolant 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 III.

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

o been accepted by the NRC for other nuclear power plant
applications.

11 of 80



.<INSERT Table 1.8.1, end>
RG No. 1.183, Rev. 0
UFSAR Reference Section 15.4.7

ALTERNATIVE RADIOLOGICAL SOURCE TERMS FOR EVALUATING DESIGN
BASIS ACCIDENTS AT NUCLEAR POWER REACTORS, JULY 2000

The assumptions used for evaluating the potential radiological consequences of a fugal
handling accident at Beaver Valley Power Station — Unit 2 meet the intent of this
regulatory guide.
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Oov IOCFR SO.67, aor O—OPITC“‘”"@J
2. 10 CFR 100,dose limit guidelines for potential accidents of
exceedingly low probability of occurrence (Chapter 15).

Radiocactive waste systems are described in Chapter 11. The radiation
monitoring system (RMS) is described in Sections 11.5 and 12.3.4.
Waste gas effluents are controlled by charcoal delay beds and, when
necessary, waste gases are held in decay tanks until their activity
and existing environmental conditions permit their discharge within
10 CFR 20 and 10 CFR 50 requirements. In addition, waste gas
effluents.are monitored prior to discharge for radioactivity and rate
of flow (Section 12.3.4). Section 15.7 describes the results of a
rupture of a gas waste storage tank and verifies that the applicable
release limits are not exceeded.

Beaver Valley Power Station - Unit 2 liquid waste effluents (Section
11.2) are controlled by batch processing of station radiocactive
liquids, if necessary, in either BVPS-1 or BVPS-2, sampling before
discharge, controlling the rate of release, and prevention of
inadvertent tank discharge. Liquid effluents are monitored for
radioactivity and rate of flow. Liquid waste disposal system
tankage, BVPS-2 steam generator blowdown evanorator capacity, and
BVPS-1 liquid waste evaporator capacity are sufficient to handle any
expected transient in liquid waste volume.

Station solid wastes (Section 11.4) are prepared in batches in 55-
gallon drums and other approved packages for offsite disposal by
approved contractors. Solid wastes are shielded for shipment, when
necessary, to meet federal regulations.

3.1.2.61 Fuel Storage and Handling and Radioactivity Control
(Criterion 61)

3.1.2.61.1 Criterion

"The fuel storage and handling, radiocactive waste, and other systems
which may contain radioactivity shall be designed to assure adequate
safety under normal' and postulated accident conditions. These
systems shall be designed (1) with a capability to permit appropriate
periodic inspection and testing of components important to safety,
(2) with suitable shielding for radiation protection, (3) with
appropriate containment, confinement, and filtering systems, (4) with
a residual heat removal capability having reliability and testability
that reflects the importance to safety of decay heat and other
residual heat removal, and (5) to.prevent significant reduction in
- fuel storage coolant inventory under accident conditions."

3.1.2.61.2 Design Conformance

Beaver Valley Power Station = Unit 2 design conforms to the
guidelines of GDC 61.

3.1-42 :
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3.1.2.62.2. Design Conformance

The new and spent fuel storage racks are designed in accordance with
GDC 62 so that the necessary minimum spacing between nearby fuel
assemblies is ensured. The new fuel storage rack accommodates 1/3 of
a core plus 17 spare assemblies. The spent fuel storage pool
accommodates the spent fuel rack and the required spent fuel shipping
cask area.

The fuel racks are arranged so that the spacing between fuel elements
cannot be less than that prescribed. Borated water (approximately
2,000 ppm) is used in the spent fuel pool. Even if unborated water
were introduced, the spacing is such that criticality is impossible
and Keff cannot exceed 0.95. Spent fuel rack design and criticality
prevention are fully discussed in Section 9.1.2.

The new fuel assemblies are stored dry in a steel and concrete
structure within the fuel building. They are arranged vertically in
racks in parallel rows. The steel rack construction prevents possible
criticality by requiring that the spacing between fuel elements be not
less than that prescribed. The new fuel rack design and criticality
prevention is discussed in detail in Section 9.1.1.

Safeguards are provided during handling so that the consequences of
the hypothetical worst-case accident —whed—all—fuel xads.in

A ropped—-
—assemhly are assumed ruptured) meet 10 CFR-&OQ:ggiiflines. Chapter 15

provides a complete description of this worst-casg)accident.

SO.67
3.1.2.63 Monitoring Fuel and Waste Storage (Criterion 63)

3.1.2.63.1 Criterion

"Appropriate systems shall be provided in fuel storage and radioactive
waste systems and associated handling areas (1) to detect conditions
that may result in loss of residual heat  removal capability and
excessive radiation levels, and (2) to -initiate appropriate safety
actions."

3.1.2.63.2 Design Conformance

The BVPS-2 design conforms to GDC 63 as follows: Gamma radiation
“levels in the containment and fuel storage areas are continuously
monitored as described in Section 11.5. These monitors provide an
audible alarm at the initiating detector indicating an wunsafe
condition. The fuel pool water temperature is continuously monitored.
The temperature is displayed in ‘the main contrel room where an audible
alarm sounds if the water temperature increases above a preset level.
Continuous surveillance of radiation levels in the waste storage and
handling areas is maintained by ventilation-~duct-mounted radiation
detectors described in Section 11.5.

3.1-44



ftem/Mark No.

Steam generator CS
narrow - range level

Steam gencrator cs
wide = range level

Primary plant demin.
water storage tank level

Containment pressure

RWST tevel Y

Containment sump level

Containment sump temperature
HHS| fiow/RCS boration

RHS flow CS £

RCS flow CS E

CCP flow AB E
QSS chemical injection

Recirculation spray pump minimum
flow actuation

Fue!l pool level and temperature
LHS| pump recirculation control
Recirculation spray/SWS HX
radiaiton monitors

Containment purge radiation
monitor

Main steam discharge radiation monitors

BYPS-2 UFSAR

TABLE 3.6B-2 (Cont)

Building Associated

Location*® Support System** Reguired Safety Function®*#%

£,C

cv

Cs

CS

CV, AB

SA

SA

FB
SA

DG

CS

15 of 16

Feedwater isolation/
Auxiliary feedwater pump start/
Reactor trip

Post-accident monitoring

E Post-accident monitoring/
auxiliary feedwater supply

E,C Initiation of safety injection and
containment isolation signals on

high and high-high containment pressure,
post-accident monitoring.

Post-accident monitoring and transfer
to recircutlation mode.

E Post-accident monitoring and reactor
coolant pressure boundary leak
detection

L Post-accident monitoring

L Post-accident monitoring

Post-accident monitoring

Low RCS flow reactor trip
Post-accident monitoring

E Initiate chemical injection
for quench spray

E,C Provide pump protection
during accident conditions

E Post-accident monitoring '

E,C Provide pump protection
during accident conditions

E Post-accident monitoring

contvols
L Post-accident monitoring-~prevente—release
of radioactivity from containment

MV E Post-accident effluent release
monitoring
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4. The use of reddndant demister assemblies, each with an
electric heating coil, filter banks, and exhaust <fang
operable on emergency power.

5. The system is designated as nuclear safety-related.

6 Equipment and system'capability of withstanding the design
basis earthquake without loss of function.

7. Continuous exhaust through the HEPA filters and charcoal
filtration units from the auxiliary building, charging pump
cubicleg, fuel building, and solid waste handling building.

3 | cai e building duss fual

8. -Safety-related equipment in the Charging Pump Cubicles,
Component Cooling Pump Area, Auxiliary Personnel BAirlock,
and the Cable Vault Areas Elev. 735' and 755' requires SLCRS
flow for cooling. :

6.5-8a
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6.5.3.2.2 System Description

The components and operation of the SLCRS are shown on Figure 6.5-2
and in Tables 6.5-7 and 6.5-8. The primary function of the SLCRS is
to ensure that radiocactive leakage from the primary containment
following a DBA -er—sradicactive—release—dus—to—afual—handling
—assident- is collected and filtered for iodine removal prior to
discharge to the atmosphere at an elevated release point through a
ventilation vent.'- This ventilation vent also discharges the exhaust
~“from the gland seal steam exhaust system as described in
Section 9.4.15.

The SLCRS consists of: 1) one 10,500 cfm and one 29,000 cfm leak
collection normal exhaust fans powered from the normal buses, 2) two
34,000 cfm leak collection filter exhaust fans powered from the
emergency buses, 3) four 28,500 c¢fm filter banks, and 4) two
13,000 cfm emergency charging pump cubicle exhaust fans.

Air is exhausted from the fuel building, solid waste handling
building, auxiliary building, charging pump cubicles, CCW pump area,
post accident sampling system panel and personnel sampling area, and
from the areas contiguous to the reactor containment except. the main
steam and feedwater valve area. The areas contiguous to the reactor
containment are the personnel access hatch area, equipment hatch
enclosure, purge duct area, main steam and feedwater valve area,
cable vault and rod control building at el 735 ft-6 in and el 755 ft-
6 in, pipe tunnel, and safeguards areas.

The capacity of each leak collection filter exhaust fan is in excess
of the estimated air inleakage to the containment contiguous areas
and the other buildings delineated in the previous paragraph. The
excess capacity of the fan ensures a negative pressure in the areas
being exhausted. Tables 6.5-7 and 6.5-8 and Figures 6.5-2 through
6.5-4 list nominal air flow rates required to ensure the negative
pressure. .

In order to limit air leakage into these structures to less than the
design capacity of a leak collection exhaust fan, all penetration
pipes, ducts, and cables are sealed at or near the point where they
pass from the contiguous structure to some other structure, such as
for example, the auxiliary building. A flexible sealing compound is
used between electrical cables and sleeves. Doors are either locked
or self-closing, and are under administrative control.
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The leak collection filter exhaust fans discharge through a duct to an
elevated release point 150 feet above grade. This elevated release
point is located on the top of the containment structure, which is 144
feet above grade. The duct and supporting structure is designed to
accommodate seismic forces. .

The leak collection normal exhaust and filter exhaust fans are also
used for reactor containment purging after plant shutdown to remove
radicactivity from containment atmosphere. Section 9.4.7, Containment
Ventilation System, provides additional information about the purge
system.

Should the SLCRS suffer a loss of function, the emergency exhaust fan
system, as shown on Figures 6.5-4 and 9.4-4, may be started manually
from the main control room to remove the heat generated by the
charging pumps and the CCW pumps. The emergency exhaust fan system
consists of ducting, motor-operated dampers, and two axial flow fans
with back draft dampers located within the tornado missile-protected
pertion of the auxiliary building. The fans are powered from the
emergency buses.

6.5.3.2.3 safety Evaluation

The SLCRS incorporates redundant 100 percent capacity leak collection
exhaust fans, demister assemblies, and main filter banks. In
addition, there are redundant dampers where required. The redundant
fans, electric heating coils, and dampers are connected to redundant
emergency buses, which are capable of being supplied either from
normal 4,160 V buses 2A and 2D or emergency diesel generators 2-1 and
2-2 (Figure 8.3-1). Thus, there 1is sufficient redundancy in the
system to ensure system reliability. The SLCRS collects, filters, and
releases at an elevated point, the leakage from the containment
following a DBA, n inmes ith-—ope :

Essentially, all the leakage from the containment following a DBA
flows into containment contiguous areas. These areas house the
various containment penetrations, ESF equipment circulating
radiocactive water, and equipment used for plant shutdowns. The SLCRS,
wivh the exception of the ESF portion of the system, is not tornado
missile-protected.

The elevated release point in the SLCRS is located above the top of
the containment and has a discharge flow rate of about 59,000 cfm.
The contiguous area exhaust is normally exhausted directly to
atmosphere, but the exhaust is automatically diverted through one of
the demister assemblies and main filter banks on an accident signal
and is discharged at this elevated release point. Upon failure of
both hydrogen recombiners, the hydrogen control system purge blower
will take suction from either recombiner suction line. The discharge
of the blower is connected directly into the SLCRS contiguous area
exhaust ductwork (see Section 6.2.5).

6.5-11
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TABLE 6.5-6

PRIMARY CONTAINMENT INFORMATION

Data Description

Type of structure

Primary containment design leak rate

Primary containment subatmospheric
operation

Primary containment internal fission
product removal systems

Ice condenser
Spray system (accident)
Filter system (normal éperatibn)

H, purge mode (direct; to recirculation
systems; to annulus)
Purge initiation time
_.Purge rate

Priﬁéry containment purge

Normal plant operation

Parameter Value

Steel-lined reinforced
poncrete

<€ 0.1% per day

9.5 psia

Not. applicable
3,000 gpm each pump

2 at 10,000 cfm each

Long term backup

50 cfm

Containment not purged

——At-—refueling
At cold,shutdown

Valve arrangement

%*As Built Parameter

1 of1l

F-5-00—cfm—max-
29,000 cfm max¥*

Figures 6.5-2 and 6.5-3



Modes of Plant Operation

Incident condition

Filtration modes

Air Flow*(cfm) From:

Aux bldg - flow path "A" & "B"
Aux bldg - flow path "C"

Main steam valve area - flow

path up kE

Fuel bldg - flow path "E"

RC contiguous area -~ flow

path "F"

RC purge - flow path "G"

Total flow (cfm):

Exhausted by:
exh fan

Flow per fan (cfm):

Fan IlAlI
Fan '"'B"

Filter Capacity (cfm):

Normal

None

Filtered

39,250

14,750

3,000

0

0

Normal

Rad. Signal in
RC Contg. Areas

Main filter - Bank "A"
Main filter - Bank '"B"

NOTES:

*For flow paths "A" through "S" refer to Figure 6.5-4.
*%Flow path "D" is not used - the duct is blanked off.
*%%Flow path "G" isolates on High High Activity in
Reactor Containment, flow is zero at that time.

57,000

 Filter®*

exh fan

28,500
28,500

59,000
Standby

Normal**#*

SUPPLEMENTARY LEAK COLLECTiON AND RELEASE SYSTEM
- AIR FLOW RATES

Normal

Loss of Filter
Exhaust Fan

Unfilt Filtered
0 17,000
0 15,000
0 0

(o} 2,000

0 0

0 0
o0 34,000
Normal Filter
exh fan exh fan
0 34,000

Standby Lost

0 59,000
- Standby

ﬂ'\‘\r {:\ow Fiwatettone e v‘\o“‘ V‘c:t'u.i\fcgl ’@ov* e Pu.\rpou a‘@
controlling o Luel handiwng accident radielogieal release,

BVPS-2 UFSAR
TABLE 6.5-8

Reactor TriE

DBA or Loss of Normal

Power

Filtered

16,750
0
3,500

15,000

0

735,250

Filter

exh fan

35,250

O(single
failure

59,000

Stendby

1l of 1

Purge

High Activity
in Reactor Cntmnt

Filtered Unfilt

Purge

No Activity

in Reacior Cntmnt

Filtered Unfilt

o o

20,500 0 17,000 0
12,500 0 15,000 0
0 0 0 s)
2,500 0 2,000 o)
0 10,500 0 10,500
9,400%** 0 0 29,000
44,900 10,500 34,000 39,500
Filter Ndrmal Filter Normal
exh fan exh fan exh fan exh fan
44,900 10,500 34,000 10,500
4] Standby O 29,000
59,000 - 59,000 -
Standby - Standby -

Refueling

No Activity
in Fuel Bldg

Filtered Unfilt

Refueling

High Activity
in Fuel Bldg.

Filtered Unfilt

0
0

0

(¢

10,500 |

0

exh fan exh fan

43,000 10,500

-1o,soo|

Normal
exh fan

10,500]
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TABLE 8.1-2

SAFETY SYSTEMS IDENTIFICATION AND FUNCTION

Safety Load

Function

The following systems are powered from Class 1lE ac sources:

High head safety injection
system

Low head safety injection
system

Residual heat removal
system

Containment spray systems

Primary component cooling
water system

Service water system

Auxiliary feedwater system

Spent fuel pool cooling
system

Safety-related air conditioning

and ventilation systems

Post~-DBA hydrogen control
system

Supplementary leak collection
and release system

1l of3

Emefgency core cooling
Emergency core cooling
Normal core cooling

Emergency containment cooling

Provides cooling water for ESF
system and RHRS

Provides cooling of primary
component cooling, emergency
diesel generators, and safety-
related air conditioning

Provides water to the steam
generators when main feedwater
is not available

Provides cooling for the spent
fuel pool

Provide cooling for Class 1E
electrical areas, .control areas,
and ESF areas

Maintains hydrogen concentration
within containment at safe
levels following a DBA

Collects and filters radicactive
leakage from containment
fellowing a DBA-er-a—fuel—

——handling-accident to prevent

release into the atmosphere

Collects and releases ac‘h'\/f‘*?’

—Go\lowwxﬁ e Fuel \'\ma,l:vxj '

aceident,
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The design -bases of the spent fuel pool area ventilation system
include the following:

1. To maintain the spent fuel pool area indoor air temperature
between 76°F and 96°F during normal operation.

2. The spent fuel pool area ventilation system is nonnuclear
safety (NNS) class except for the exhaust portion of the
ductwork connected to the leak collection system, which is
Safety Class 3.

3. General Design Criterion 2, and Regulatory Guide 1.29, as
they relate to seismic design classificationm. The
distribution ductwork of the ventilation system 1is
seismically designed and will withstand seismic forces so
that the safety-related equipment within the fuel building
will not be damaged by ductwork -during the postulated
seismic events.

4, General Design Criterion 5, as it relates to shared systems
and components important to safety. No portion of this
system is shared.

5. General Design Criterion 60 and Regulatory Guide 1.52, as
they relate to the ability of the system to minimize the
release of airborne radicactivity by maintaining the fuel
building at negative pressure and by discharging exhaust air
through - charcoal - filtration units which are part of the
SLCRS, as described in Section 6.5.3.2.

6. General Design Criterion 61 and Regulatory Guide 1.13, as
they relate to spent fuel pool facility design basis
controlled leakage during refueling operatioms. Air flow is

- maintained from noncontaminated to potentially contaminated
areas.

7. During accident conditions, thi: system is not required to
operate, but the SLCRS continues to dperate to exhaust and-
filter air and to maintain a negative pressure in the spent
fuel pool area. Filtvatio fpllowmg e €uel handling aceident T8
not reguire d Ho mointam doses within the limits o tlocFR SO

9.4.2.2 System Description v

The spent fuel pool area ventilation system is shown on
Figure 9.4-15. The principal components and design parameters are
given in Table 9.4-6.

The recirculation portion of the system includes a 20,000 cfm
air handling unit that consists of a roll filter, two chilled water
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cooling coils, two hot water reheat coils, a fan, controls, and
distribution ductwork to all levels.

The exhaust portion of the system, 3,000 cfm, continuously maintains
a negative pressure in the building and is connected with the SLCRS.

Condensate from the air handling unit is directed to the fuel pool
(Section 9.1.3).

9.4.2.3 Safety Evaluation v\:NM&UY
The spent fuel pool area ventilation system is nonsafety-related and
is not required to operate during accident conditions. The exhaust
portion, which is a part of the safety-related SLCRS, continues to.
operate during a DBA. Air is drawn from the spent fuel pool area,
which maintains a negative pressure, and is {passed through a
filtration unit before being released to theA atmosphere. This
procedure ensures that the release of airborne radioactivity to the
atmosphere is minimized. Airborne radiation levels are measured by a
radiation monitor installed in the exhaust duct, which is part of the
supplementary leak collection system.

9.4.2.4 Inspection and Testing Requirements

Routine observation and maintenance is performed to ensure
operability of the system. The filtration unit housings and filters
are components of the supplementary leak collection system and are
factory~ and site-tested, as described in Section 6.5.1.4.
Preliminary tests are performed as described in Section 14.2.12.

9.4.2.5 Instrumentation Requirements

A control switch with indicating lights for the spent fuel pool area
air-conditioning unit is provided on the local control panel.
Cooling and dehumidification is provided by a chilled water cooling
coil thermostatically-controlled valve to maintain a  constant
discharge air temperature. The reheat coils #nd the unit space
heaters are thermostatically-controlled to maintain the space
temperature.

Indication on the local control panel is provided for return air
temperature, cooling coils discharge air temperature, supply air
temperature, and outdoor air temperature. Annunciators for spent
fuel pool area recirculation fan auto trip, spent fuel pool area high
temperature, and high radiation in the spent fuel pool area exhaust
are provided in the main control room and are also monitored by the
BVPS-2 computer system. '

9.4-11
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9.4.7.3 Conﬁainment Purge Air System

The containment purge air system is designed to reduce the airborne
radioactivity in the containment after the plant has reached cold
shutdown, and to provide outdoor air during extended periods of
occupancy such as during refueling, when the containment —is—
maintained at a slightly negative pressure. may be

9.4.7.3.1 Design Bases

The design bases for the containment purge air system are the
following:

1. The capacity of the containment purge air system provides
approximately one change of containment free air volume
every hour. Section 12.3.3 discusses activity levels in the
containment following a purge of 8 hours.

2. The containment purge air is supplied at a rate consistent
with reducing airborne activity to as low as reasonably
achievable.

3. The containment purge supply air. is heated or cooled as
required.

4. The containment penetrations, the containment isolation
valves, and the piping between the valves are Safety Class
2. The remainder of the system is NNS class. The ductwork

within the containment building is seismically supported.

5. During refueling, the exhaust air flow —is~ reduced as
indicated in Table 6.5-8. mey be

9.4.7.3.2 System Descriptiocn

The containment purge air system is shown on Figure 9.4-9. The
performance characteristics are provided in Tables 9.4-7 and 5.5-7.
The containment purge air system consists of supply and exhaust air
subsystems.

An outdoor air pressure-equalizing line with a manually-operated
valve is provided between the isolation valve outside the containment
on the purge supply line and its containment penetration. This line
is used to bring the containment to atmospheric pressure prior to
purging. The purge system is actuated manually after containment is
at atmospheric pressure.

The purge air is supplied from one of the auxiliary building air
conditioning units, as described in Section 9.4.3.2.

Purge exhaust is provided by the SLCRS, as described in
Section 6.5.3.2. The exhaust fans have the capacity to handle
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approximately one containment air change per hour maintaining the
containment under a slightly negative pressure.

The purge exhaust can be manually routed through filter units of the
SLCRS ensuring that no radiocactivity beyond allowable limits is
released to the atmosphere.

A containment airborne monitor provides the plant operators with a
high radioactivity alarm. Upon receipt of an alarm the purge exhaust
can be manually rerouted through SLCRS "filters. Monitors are
provided in the purge exhaust ductwork to ‘automatically close the
containment  purge isolation wvalves upon detection of high
radioactivity in the airstream.

Supply and exhaust ductwork are provided with containment butterfly
isolation valves. During normal operation of the plant, the purge
supply circuit is inoperative and the isolation valves are closed.
Provisions are also made to direct a small quantity of the exhaust
air to the BVPS-1 process vent filters and gaseous waste blowers for
discharge at the top of the cooling tower, as described in
‘Jection 11.3.2.4.

9.4.7.3.3 Safety Evaluation

The isoclation valves are closed during subatmospheric containment
operation.

Mechanical locking devices are provided to prevent an inadvertent
opening of these containment isolation valves.

To prevent discharge of radioactive air to the outside atmosphere,
during operation with the containment at atmospheric pressure, air in
the containment and in the purge exhaust duct is monitored for
radicactivity. High radiation in the containment  atmosphere
initiates an alarm ‘'in the main control room. The operator, upon
receipt of the alarm, can reroute the purge exhaust from normal to
filtered exhaust and elevated release. Detection of high
radiocactivity in the.purge exhaust airstream will automatically close
the containment purge isolation valves, as shown on Figure 6.5 2.

LS A béL
During refueling activities in the containment, the purgei;s-routed
through the filtered leak collection exhaust at reduced air flow rate
as indicated in Table 6.5-8.

This system is not required to operate during accident conditions.
9.4.7.3.4 Inspection and Testing Requirements

The containment isolation valves for the containment purge  air system

are tested for air-tightness as part of the containment leak testing
program (Chapter 16).
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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-!)
Y, = Escape rate coefficient (seconds-!)
= = -1
Bi g, ¢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 1in 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 icdine and noble gas fission product
inventories are presented in Table 11.1-1 based on continuous
operation of the unit at:2,766 MWt. These inventories are used in
the evaluation of the postulated accidents in Chapter 15.

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 Guide#-;43$-and 1.77, the noble gas and iodine
inventory in the fuel gap region is conservatively assumed to be 10
percent 3
aaalysis) for the accident analysis described in Chapter 15. Table
11.1-1 presents the core gap activities.:

For the fuel \aavx&\?ng a.cct&ev\‘\- %alp ‘et ‘Grac/’t\ms avre
v p\aﬁwlcu\'w‘y CG-wuTde V153 (O \ fovr K¥- 25, 0.02 ‘FNI"\31 and

0.05 fov others), Toble \Se -G presewts 'Hne ou;soc..oc}e& cove
Qep ccerividies., 11.1-2
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4. Inddvertgnt loading and operation of a fuel assembly in an
improper position (Section 15.4.7).

5. Loss-of-reactor-coolant from small ruptured pipes or from
cracks in large pipes, which actuate the ECCS
(Section 15.6.5).

6. Waste gas system failure (Section 15.7.1).

7. Radiocactive liquid waste system leak or failure (atmospheric
release) (Section 15.7.2).

8. Liquid containing tank failure (Section 15.7.3).
15.0.1.4 Condition IV - Limiting Faults

Condition IV occurrences are faults which are not expected to occur,
but are postulated because their consequences would include the
potential for release of significant amounts of radioactive material.
They are the most drastic events which must be designed against and
represent limiting design cases. Plant design must be such as to
preclude a fission product release to the environment resulting in an
undue risk to public health and safety in excess of guideline values
of 10 CFR 100« A single Condition IV fault must not cause a
onsequentia loss of required functions of systems needed to
mitigate the consequences of the fault including those of the ECCS
and containment. The following faults have been classified in this
category:

1. Steam system piping failure (Section 15.1.5).
2. Feedwater system pipe break (Section 15.2.8).

3. Reactor coolant pump shaft  seizure (locked rotor)
(Section 15.3.3).

4. -Reactor coolant pump shaft break (Section 15.3.4).

5. Spectrum of RCCA ejection accidents (Section 15.4.8).

6. Steam generator tube failure (Section 15.6.3).

7. Loss-of-coolant accidents (LOCA) resulting from the spectrum
of postulated piping breaks within the reactor coolant
pressure boundary (RCPB) (Section 15.6.5).

8. Fuel handling accident (Section 15.7.4).

9. Spent fuel cask drop (Section-15.7.5).

oY 10 CFR SOs(a7)0A, c-.?P\Tca«[a le
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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).

‘4

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
radiological 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
code. The revised values are provided in Table 15,0-8b. -The—relteases—

15.0-14
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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,
presented in Table 15.0-1¥ were determined as described in
Section 2.3.4. Main control /room X/Q values for the LOCA are also

given in Table 15.0-11. ond Toble 1S,0-14 ‘ ond Table \S.o-t4

The atmospheric releases discussed in each accident section are\qsed I
in conjunction with the appropriate X/Q values of Table 15.0-11pto
calculate the potential offsite doses for the corresponding accidents
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.

or \0 cRR §0.L7,a% applicalle
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 0r \2 TFR 50.67, 08 a.ﬁa\Tmue.
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 l
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 IV Code Thermal Transients in a
UO2 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).

SWEC 1998. Beaver Valley Nuclear Power Station Unit 2, Radiological

Accident Analyses Update, Site Boundary and Control Room Calculations,
Radiological Source Term Report. . .
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: ear Regulatory Commission (USNRC) 1972. Assumptions ls
for Evaluating g —Pesantial Radiologica onsequence of a Fuel
Handling Accident " ip - ue Hand Storage Facility for
Bailir Preasurized Water Reactors. Safety Guide 25.

USNRC 1974. Agssumption Used for Evaluating a Control Rod Ejection
Accident for Pressurized Water Reactors. Regulatory Guide 1.77.

USNRC 1976. Calculations of Releases of Radioactive Materials in

Gageous and Liquid Effluents for Pressurized Water Reactors (PWR-GALE
CODE) NUREG 0017.

WSNRC 2000. RBldevnatne Racl?o\osu‘ca.\ Source Terms Lo

Eveluatmg Dectgn Basts Brecidenats at Nuclear Power Reactors,
Regulatory Giide 1.193.
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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)
I-131 7.21E7 0.12 8.65E6
I-132 1.06E8 0.1 1.06E7
I-133 1.48E8 0.1 1.48E7
I-134 1.63E8 0.1 1.63E7
I-135 1.41E8 0.1 1.41E7
Kr-83m B8.47E6 0.1 8.47E5
Kr-85m 1.73E7 0.1 1.73E86
Kr-85 7.17E5 0.3 2.15E5
Kx-87 3.45E7 0.1 3.45E6
Kr-88 4.78E7 0.1 4.78E6
Kr-89 5.91E7 0.1 5.91E6
Xe-131m 9.80E5 0.1 9.80E4
Xe-133m 4.68E6 0.1 4.68E5
Xe-133 1.48E8 0.1 1.48E7
Xe-135m 3.10E7 0.1 3.10E6
Xe-135 4.06E7 0.1 4.06E6
Xe-137 1.35E8 0.1 1.35E7
Xe-138 1.25E8 0.1 1.28E7
NOTES:

* Based on 1500 days of operation at 2,705 MWt.

Kr-85 and I-131 gap activity fractions are in accordance with
~Regulnateory—Gaide—lr25—and- NUREG/CR-5009.

This table is applicable to design basis accident radiological
consequence analyses performed subsequent to December 1898.

Refer v Table 15.7-6 o for ‘éu&l QSSem‘aly o.c;i'.vrf
avd gap aetivittes use for the fuel MM&lMﬁ ceet clew}-
Vveadte le\ cel OW\alysa.S.
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Postulated Accident

Main steam line break
Pre-accident lodine spike
Concurrent lodine spike

Loss of nonemergency
ac power to the station
auxiliaries

Locked rotor

Rod ejection
Containment leakage
Secondary side

Small line break - loss-of-
coolant

Steam generator tube rupture
Pre-accident iodine spike
Concurrent iodine spike

Loss-of-coolant
Containment leakage
ECCS leakage
ECCS backleakage to RWST

Waste gas system rupture
Line rupture -
Tank rupture

Fuel handling

NOTE:

* For duration of accident

BVPS-2 UFSAR

TABLE 15.0-12

POTENTIAL DOSES DUE TO POSTULATED ACCIDENTS

10f1

(Rem)
'Exclusion Area Boundary
FSAR Whole Body Beta
Section Thyroid Gamma Skin
15.1.5
1.8E+01 < 1E-01 < 1E+00
2.9E+01 < 1E-01 < 1E+00
15.2.6 1.5x10™ 5.2x10" 4.1x10™
15.3.3 3.7x10" 3.6 2.2
15.4.8
4.1x10' 1.9x1 0': 6.5x107
2.2x10™ 5.1x10° 3.7x10™
15.6.2 1.6x10" 7.0x107 2.4x10%
" 15.6.3 1
71.6 2.0x107, 1.0x10°"
13.4 2.0x10° 2.0x10™
15.6.5 ,
2.7x10° 53 2.5
8.3x10" 1.3x10° 5.1x10°
0.0 0.0 0.0
15.7.1 1
3.1x107 1.9x10™
1.6x10° 1.5
TEDE
15.7.4 -3:8E+01 4-SE+00-
A, 0E+00

Thyroid

2.8E+00
1.4E+01

2.1x10?
1.6x10"
2.0
1.1x1072
8.2x10™

Rev. 12
Low Population Zone*
Whole Body Beta
Gamma Skin
< 1E-01 < 1E+00
<1E-01 < 1E+00
6.5x10° 6.8x10°
3.6x10" 2. 3x10"
9.2x1073 3.2x10°3
2.5x102 1.8x107
3.4x10° 1.2x10°
7.0x1 0'.3 5.0x10°3
9.0x10" 7.0x10°
2.6x1 0'; 1.2x1 0';
1.2x107 1.1x102
7.0x10° 3.4x10°
TEDE
—<tE=t
9. 9E-02
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TABLE 15.0-13

. . 7
Control Room Doses, rem, From Design Basis Accidents

Accident Thyreoid Gamma Beta Notes

Main Steam Line Break

Co-incident Spike 3.0E+00 < 2E-01 < 1E+00 1,4,8
Pre-incident Spike 1.4E+00 < 2E-01 < 1E+00 1,4,8
| small Line Break 8.1 8.0E-4 7.7E=3 3,s
Steam Generator Tube Rupture
Co-incident Spike 1.9 3.0E-4 6.1E-3 3,5
Pre-incident Spike 8.7 5.0E-4 7.9E-3 3,5
Rod Ejection Accident 4.9 4.9E-4 3.8E-3 3.5
TELE
Fuel Handling Accident —3--5E4+00 <—2E=0% -—1E+00 %q
et E+00
LocKked Rotor Accident 1.7 1.6E-2 2.3e-1 1,4,6
Loss of Auxiliary AC Power 2.1 1.8E-4 1.2E-2 3,5
Waste Gas System Rupture
Line Break —— 5.8E-2 1.3 3,5
Tank Rupture —_—— 3.5E-2 9.7 3,5
DBA LOCA 1.3 3.2E-1 1.2E-1 2,5

Notes:

1: Isolation by manual operator action at T=30 minutes post-accident.
2: Control Isolation actuated by CIB signal.
3: No action required. ..
| 4: Purge of Control Room atmosphere for 30 minutes at 16,900 cfm at no
later than T=8 hr post-accident initiation.
Ss Reference: ERS~SFL-93-004
| 6: Reference: ERS-MPD-91-035
7: Listed dose values represent the bounding value which may be higher
than current analysis results.
I 8: Reference: ERS-SFL-96-010

a: Reﬁ:re,nce‘. ERS-SFL-~89-0D19

l1of1
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15.7.4 Radioclogical Consequence  of Fuel Handling Accidents
15.7.4.1 Identification of Causes and Accident Description

The fuel handling accident is classified as an ANS Condition IV event,
faults that are not expected to occur but are postulated because their
consequences include the potential for the release of significant
amounts of radiocactive material.

The fuel handling accident is postulated to.occur in the fuel building

and in the containment. Administrative—controis—are—established—to—

The fuel handling accidentsequence of events consists of the dropping
l of one fuel assembly on 6ther fuel assemblies resulting in cladding
damage to the fuel rods i i

FA—the—stnuel—asgsembly. with subsequent instantaneous release of all

the gap radionuclide inventory. The total wumbev o8 broken fuel
rods {s 137, determined by conservative avealysis.

The gap radionuclide inventory is based on the minimum time after
refueling shutdown of 100 hours and peak inventories for the damaged
fuel assemblies. The ~fwed pool water provides retention capabilities
for radiciodines as described in Table 15.7-6.

or neaov i Y GXT VAW

| The radicactivity released from the pool into the building atmosphere

~

—~Seetiomr—b6ririy. Will be released via one ov o comhinotion of thvee

?bauﬂt\wa\,s. These are, The containment equipment ateh, the auxiliary
uilding ventilation systewr or the SLERS. .
The radioactivity control features of the fuel storage and handling

systems inside containment and in the fuel building meet the
requirements of GDC 61 (Section 9.1).

15.7.4.2 Analysis of the Effects and Consequences

15.7.4.2.1 Method of:Analysis

123
The assumptions applied/ to the evaluation of the release of
radioactivity from the ffuel and the fue. building are based on

Regulatory Guide ~with—&he—eoexcaptions—=ot iodine—7=Eiltan.

detectis radioactivity by the redundant cont
monitors, has been ted. The time requj or air to travel
from the radiation monitor to i ntainment isolation valve is
greater than the closure i of the c¢G& d nt isolation wvalves.
The location of iation monitors and the con isolation
e ducting arrangement causes the air travel
eed the detector response time plus valve closure time.

- N
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o equipment hateh
Activity{may be released to the environment following a fuel handling
accident/in the containment building through either the open personnel

airloc or other open penetrations. ~Fn—eadéirbton——to——-aahe—

_ » Cgontrols have been
established to close any open penetration following a fuel handling
accident. Although this provision will further minimize the activity
release, the accident radiological consequence analysis does not take

credit for closure.

15.7.4.3 Radiological Consequences

ov- Near
A fuel handling Jaccident is defined as the dropping of one spent fuel

assembly onto,dther assemblies located in either the reactor core or

in the fuel building fuel storage racks. -The—aeeident—is—postuiated

----- B -~ -

f .additienad g
is dependent upon many factors; however, conservative analyses show
that the maximum expected -additiensd damage for the accident occurring

amage

The analysis

J.n} the fuel .building -is—56—redsr—amt—in’"the reactor containment
buildingﬁv,éss-.rods. MWOG—OS—MWM

is performed assuming that the accident

bui'—l.da‘.-n-g,‘(as this represents the bounding case.

nc-.r)/

b]

S Vio- fhe L] t'

1
Town systewm

The gap activity in the core fuel assemblies consists of ;L»e"spercent of l

the core noble gas and iodine activities, except for Kr-85, which is
taken as ']0 percent of the Kr-85 core activity and I-131, which is

taken as J#% of the I-131 core activity at the time of the accident.
The damaged fuel assemblies are assumed to have a radial peaking

factor of 1.65, ensuring that the analysis addresses the assemblies
with the maximum inventory. The gap inventory released into the fuel
pool is based on 100 hours of decay resulting from the time between
shutdown and movement of the first fuel assembly. <

o

[ ]
All of the gap activity in the damaged fuel rods is %::r'ned to leak
into the pool where 100 percent of the noble gas and percent of
the iodine is then released into the building. The rpalysis—acsumes

< - ) )
g
~SRrenme ’
- . . : :

s Y- LtNSEF\T'>

"The radiological consequences of the postulated fuel handling accident
are analyzed based on the assumptions and initial maximum assembly gap
activities listed in Tables 15.7-6 and 15.7-6a. Offsite doses are
calculated using the releases in combination with the atmospheric
dispersion values given in Table 15.0-14 and the methodology described

Q’l H‘en:& yen d,
™ 9 ventilat

release 5 un
buwild

in Appendix 15a. : \
and Takle 15.0-13

The radiological consequences of the postulated fuel/handling accident
: presented in Table 15.0-124" are well within the

: he—fued lowidd
guidelines of 10 CFR 466, that is, less than F5~Rem—thyreid—and—C—FRom
wholo—pedys 50.67 a

S vewm TEDE offsite and S rem TEOE fov the f_ow{vol{oom' lecte
Additionally, the offsite doses are within the criteria o Regutatory

G uide 1.133 and NWREG -0%00 §§.7_-53V‘ew TEDE.
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After becoming airborne, the radioactivity is released to the
environment assuming a constant air flow rate (exponential activity
removal rate). The analysis model uses a conservatively calculated
release rate constant that results in 99.9999% of the activity being
released to the environment in the two hours immediately following
the accident. Because the accident conditions may include having any
of the reactor building containment penetrations open {(including the
equipment hatch or personnel airlock), and the release may be via any
one or a combination of penetrations, the most restrictive release
point atmospheric dispersion factor (s) are conservatively applied to

the entire release. For the radiological consequence analysis to
remain valid, the radioactivity release must be via one of these
three points. Additionally, the analysis conservatively does not

take credit for any pre-release filtration or iodine plate-out.
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.15.7.5 Spent Fuel Cask Drop Accidents

15.7.5.1 1Identification of Causes and Description

Cask handling procedures ensure that a postulated spent fuel cask drop
height of 30 feet is not exceeded. If the spent fuel cask trolley
limiting devices are removed during cask handling within the plant,
the 30-foot drop height is still not exceeded.

"15.7.5.2 BAnalysis 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.

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.

BVPS 2000. Unit 2 Fuel Handling Accident Doses at EAB, LPZ, Common
Control Room. ERS-SFL-89-019.

USNRAC 32000 Rlitevrncdive Ra.&w\oﬁTca.\ Source Tevms Lov
Evelueting Destgm Basts Aceidents at Nuclearw Power
Reacetors. Regulatory Guide 14183,

15.7-6



BVPS-2 UFSAR Rev. 12
TABLE 15.7-6

ASSUMPTIONS USED FOR THE
FUEL HANDLING ACCIDENT ANALYSIS

Power level (MWwt) ) 2,705 |
Operating time (days) 1,500

Minimum time since shutdown (hrs) 100

Total number of fuel assemblies in core 157

Number of fuel rods per assembly 264

Fuel damage* (rods) —613+ V37
Fraction of gap activity released 1.0

Radial peaking factor 1.65

Minimum depth of water between top of the
damaged fuel rods and fuel pool surface (ft) 23

Fuel pool decontamination factor
Iodines ~186— Qoo

Noble gases 1.0

Fods & . N 1
I : 035
%ga!!!‘ e'- 9 - 25
T ™9 %) 55
. . o

offsite breothmg rate Cw\3/s> .SEe-o4

Release duration (hrs) 2

Contvol room a™ Tntake and exhaust (¢ rw) sco

Control voo m voluwe (§3) : L3 EtoSg

CContol vornaa, ©ceup ey (Gv-au(-‘rw)

O—=%4 Wnouwuvry : Lo
24 Nours - & days o.lb
isrddo deoys . . 0.8 :

* ause of the differences #n the physical configuration, maxim
damage for —m—dxopped fuel ass nmen : rods) is
greater than that for a e fuel building (314

e similar,

rods). Because othe - . -
containmep : dent represents the bounding condition
idling accident.

Control roowa opovaten \omn:HAMj voke Cm"[s‘) 3»\55‘04

the

lofl
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TABLE 15.7-6a

ACTIVITIES USED FOR THE
FUEL HANDLING ACCIDENT ANALYSIS

100 hour decay fuel 100 hour decay gap

assembly (curies)* activity (curies) **
Kr-85m 2.32E-02 3+ 838-03 |.ALE-0
Kr-85 6 .60E+03 32FE4+03 \.OCqE+0Y
Xe-131m 6.41E4+03 1-06E4+03 S. W BN
Xe-133m 1.22E+04 2--023K4+03 (.OC\E+CD
Xe-133 6.56E+05 31-68E+05 S.A\Etroq
Xe-135m 3.85E+00 ~-635E-01 J.7E~-0|
Xe-135 1.27E+03 | 2.09E+02 .0SE+0od

38

I-131 3.83E+05 6+68E404- 4, LU ETOY
I-132 2.81E+05 4+64E4+04 R.32ErOY
I-133 3.47E+04 ~S5-F3R4+03 1. E+0]
I-135 2.36E+01 3-908+60- (.45 EY00Q

* Based on core average activity, 1500 days of full power operation at
2705 MWt. The maximum activity for each nuclide was determined
considering upper and lower expected bounds of core average
enrichment, and average and maximum burn assembly activity.

** Gap activity derivation includes 1.65 multiplier for radial peaking
and . s . X . .

... N . X *

ac‘\'iuﬂ-y T qap Lractions of 0.\ for kv =25, 0.0% Lo
T\ emd ©.05 for others.

lof1l
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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:

0.338 .
D =7/ — Yo 15A-8
EDEcp ~4/Q° 1173 z,: (Q'° EDEJ ( ‘

where:

])EDECR.= Effective Dose Equivalenf (EDE) for control room

v = volume of contrel room, ft3
—>
Skin Dose Equivalent (skin DE) as described in ICRP-26,
replaces the traditional beta skin dose quantity. Based on

immersion in a semi-~infinite cloud.

Dskv=2/Q 3. [Qi .CSKINi) (15a-9)
i
where:
Dsxiy = Effective Dose Equivalent (skin DE)
Qs = Activity of nuclide i released

1/Q
C = Dose conversion factor for nuclide i (DOE/EH-0070, 1988)
SKH%

Atmospheric dispersion factor

Thyroid Committed Dose Equivalent {(thyroid CDE) as described in ICRP-
26 and ICRP-30, replaces the traditional thyroid dose quantity based
on the critical organ model of ICRP-2 used in TID-14844.

Depe. =x/Qe Z (Qi" Ccpe. ® BR) (15A-10)
thy i 1
where:
I)CDE = Thyroid Committed Dose Equivalent (CDE)
thy
: = Activity of iodine isotope i released
i
x/Q = Atmospheric dispersion factor
BR = Breathing rate o

3.47E-4 m’/sec, 0-8 hours

1.75E-4 m’/sec, 0~24 hours

2.32E-4 nﬁ/sec, > 24 hours -

= 3.47E-4 n?/sec, 0-30 days contrxol room analysis

CCDE- = Dose conversion factor for nuclide i (USEPA FGR11,
i

o 1988)

15.a-4
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For the EDE calculation where the guidance of Regulatory Guide 1.183 is used, the
dose conversion factors are based upon those provided in Federal Guidance Report 12,
in lieu of DOE/EH-0700. The methodology described above remains applicable. All of
the radionuclides included in the accident source term, including iodines, are considered
in the EDE calculation.

<INSERT 2 Page 15A-4>

Committed Effective Dose Equivalent (CEDE) as described in ICRP-26 and ICRP-30.
This value represents the dose due to intake of radioactive material. This dose quan_tity
is calculated and used only when analyses are performed pursuant to Regulatory Guide
1.183. .

Degpe =% /Q X Z(Ql X Ccepe, X BR)

where:

‘DCEDE = Committed Effective Dose Equivalent
Qi = Activity of nuclide i released

Q= Atmosbheric dispersior; factor

Bk« = Breathing rate
3.5E-04 m%/sec, 0-8 hours (Offsite)
1.8E-04 m%/sec, 8-24 hours (Offsite)
2.3E-04 m%/sec, >24 hours (Offsite)
3.5E-04 m¥/sec, 0-30 days (Control Room)

Ccepei = Dose conversion factor for nuclide i (from USEPA FGR 11, 1988)
Total Effective Dose Equivalent (TEDE) as described in ICRP-26 and ICRP-30. This

dose quantity is calculated and used only when analyses are performed pursuant to
Regulatory Guide 1.183. '

TEDE = EDE + CEDE
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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 wvarious cool down times.
These values are used in design basis radiological consequence
analyses. This code was developed for the NRC at Oak Ridge National
Laboratory. This code is documented as part of the SCALE package in
NUREG/CR-0200.

15A.4 References for Section 15A

DiNunno, 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.

Kocher, D. C., External Dose-Rate Conversion Factors for Calculation
of Dose to the Public, DOE/EH-0070, 1988

Eckerman, K. F., et al, 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, 197s

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 Conferxence

BVPS Calculation ERS-SFL-96-004, TRAILS PC: Transport of Radiocactive
Material in Linear Systems, PC Version

BVPS Calculation ERS-SFL-86-017 ASCOT PC: Assessment of Containment
Transport, PC Version '

BVPS Calculation ERS-SFL-%6-001, QAD/CGGE_PC,‘a. Point Kernel Photon
Shielding Code With Combinatorial Geometry and Geometric Progression
Buildup Factozrs

BVPS Calculation ERS-SFL-88-020, Combinatio:ial Geometry Point Kernal
Photon and Neutron Shielding Code, QAD-CG, DLC Vexsion 1.0

US NRC NUREG/CR-0200, ORIGEN-S: Scale System Module to Calculate Fuel
depletion, Actinide Transmutation, Fission Product Buildup and Decay,
and associated Radiation Source Terms N

(INSERTY_ .

>
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USNRC Regula{ory Guide 1.183, Alternative Radiological Source Terms for Evaluating ‘
Design Basis Accidents at Nuclear Power Reactors, July 2000

K. R. Eckerman and J. C. Ryan, External Exposure to Radionuclides in Air, Water and
Soil (Federal Guidance Report 12), EPA 402-R-93- 081, 1993
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LIMITING CONDITIONS FOR OPERATION AND SURVEILLANCE REQUIREMENTS
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TABLE 3.3-6 DPR~-66

D ION MONITO G_INSTRUMENTATION

1. .NIMUM
CHANNELS APPLICABLE 3 MEASUREMENT‘
INSTRUMENT OPERABLE MODES SETPOINT () RANGE ACTION
1. AREA MONITORS
a. Fuel Storage Pool Area 1 (1) < 15 mR/hr 107! - 10® mR/hr 19
(RM-207)
b. Containment F@
i. Purge & Exhaust >3 6 <1.6 x 10° cpm 10 - 10° cpm 22
Isolation (RMVS
104 A & B) |
ii. Area (RM-RM-219 2 1,2,3 & 4 < 1.5 x 10 R/hr 1 - 10’ R/hr 35
A & B)
c. Control Room Isolation 2 < .47 mR/hr 1072 - 103 41
(RM-RM-218 A & B) mR/hr
2. PROCESS MONITORS
a. Containment
i. Gaseous Activity 1 1,2,3 & 4 N/A 10 - 10° cpm 20
RCS Leakage Detection
(RM 215B)
ii. Particulate Activity 1 1,2,3 & 4 N/A 10 - 10° cpm 20
RCS Leakage Detection .
(RM 2153)
b.[Fael—Sterage—Building 31— ) -5—-4—.—0—)(—1-91—6pm- 10——-—1-Oﬁ—epm 21
Gross—Aetivity :
(RMVS~103-A—&B)
eleYe
BEAVER VALLEY - UNIT 1 3/4 3-34 Amendment No. 220~
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£ue\ assemblies ouelt f‘zcew\‘\y
Weadicked fuel asiomblies

DPR-66 TABLE 3.3-6 (Continued)
@uriny movemed oF recenbly) TABLE NoTATIONS

(1) With fuel in the storage pool or building.

(2) q I’rradiated fuel wikhin *\'\/\Q COY\\'Q'lMQK}.

(3) Above background. ” Qud Aury)

(4) During movement of irradiated fue é_ of (e :
over R L ue\ affemblies,) Q :

(5) ‘Nominal range for Ch. and Ch. 9. Alarm set on ch.tc§$mﬁ““$

(6) Nominal range for Ch. 7 and Ch. 9. alarm set on Ch. 9.

(7) Other SPING-4 channels not applicable to this specification.

ACTION STATEMENTS

ACTION 19 - With the number of channels OPERABLE less than required
by the Minimum Channels OPERABLE requirement, perform
area surveys of the monitored area with portable
monitoring instrumentation at least once per 24 hours.

ACTION 20 - With the number of channels OPERABLE less than required
by the Minimum Channels OPERABLE requirement, comply
with the ACTION requirements of Specification 3.4.6.1.

ACTION 21 -
(Mwis Aconis Y\o\'um‘.)
ACTION 22 = With the number of channels OPERABLE less than required
by the Minimum Channels OPERABLE requirement, comply
with the ACTION requirements of Specification 3.9.9.
ACTION 35 -  With the number of OPERABLE channels less than required
by the Minimum Channels OPERABLE requirement, either
restore the inoperable Channel(s) to OPERABLE status
within 72 hours, or:
a) Initiate the preplanned alternate method of
monitoring the appropriate parameter(s), and
b) Return the channel to OPERABLE status within 30
days, or, explain in the next Annual Radiocactive
Effluent Release Report why the inoperability was
not corrected in a timely manner.

ACTION 41 - a) With the number of Unit 1 OPERABLE channels one
less than the Minimum Channels OPERABLE
requirement:

1. Verify the respective Unit 2 control room
radiation monitor train is OPERABLE within 1
hour and at least once per 31 days.

BEAVER VALLEY - UNIT 1 3/4 3-35 Amendment No. 2230
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ACTION 41 (Continued)

a&se“\\"Qs G\N; mo\’t\kﬂ\q 2.
of 4ud) assemylied

TAB 3.3-6 (Continue

ACTION STA ENT

With the respective Unit 2 control roonm
radiation monitor train inoperable, suspend

ouey . \'f‘tbé’\q\eé
Fue) assembliey

all operationsg involving movement of
irradiated fuel¢within 1 hour and restor: the
Unit 1 control room radiation monitor to
OPERABLE status within 7 days or isolate the
control room from the outside atmosphere by
closing all series air intake and exhaust
isolation dampers, unless the respective
Unit 2 control room radiation monitor train
is restored to OPERABLE status within 7 days.

b) With no Unit 1 control room radiation monitors

1.

OPERABLE:

Verxfy both Unit 2 control room radiation
monitors are OPERABLE within 1 hour and at
least once per 31 days.

With either Unit 2 control room radiation

"monitor inoperable, suspend all operations

BEAVER VALLEY - UNIT 1

involving movement of irradiated fuel¥within
1 "holr ana rescure the respective Unit 1
control room radiation monitor <train to
OPERABLE status within 7 days or isolate the
control room from the outside atmosphere by
closing all series air intake and exhaust
isolation dampers, unless the respective
Unit 2 control room radiation monitor train
is restored to OPERABLE status within 7 days.

With no Unit 2 «control room radiation
monitors OPERABLE, immediately isolate the
coimbined control room by closing all series
air intake and exhaust isolation dampers and
be in at least HOT STANDBY within the next 6
hours and in COLD SHUTDOWN within the
following 30 hours.

3/4 3-35a Amendment No.244.
(loropgseé woré“?)
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DPR-66
CONTAINMENT SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued)

2. Cycling each weight or spring loaded check valve
testable during plant operation, through one complete
cycle of full travel and verifying that each check
valve remains closed when the differential pressure in
the direction of flow is < 1.2 psid and opens, when
the differential pressure in the direction of flow is
> 1.2 psid but less than 6.0 psid.

b. Immediately prior to returning the valve to service after
maintenance, repair or replacement work is performed on the
valve or its associated actuator, control or power circuit
by performance of the applicable cycling test, above, and
verification of isolation time.

4.6.3.1.2 Each containment isolation valve shall be demonstrated
OPERABLE* during the COLD SHUTDOWN or REFUELING MODE at least once
per 18 months by:

a. Verifying that on a Phase A containment isclation test
signal, each Phase A isolation valve actuates to its
isolation position.

b. Verifying that on a Phase B containment isolation test
signal, each Phase B isolation valve actuates to its
isolation position.

sighal —sach b — )
/" Qulekd)T

d. Cycling each power operated or automatic valve through at
least one complete cycle of full travel and measuring the
isolation time.

e. Cycling each weight or spring loaded check valve not
testable during plant operation, through one complete cycle
of full travel and verifying that each check valve remains
closed when the differential pressure in the direction of
flow is < 1.2 psid and opens when the differential pressure
in the direction of flow is 2 1.2 psid but less than 6.0
psid.

£. Cycling each manual valve not locked, sealed or otherwise
secured in the closed position through at least one
complete cycle of full travel.

*+ Locked or sealed closed valves may be opened on an intermittent
basis under administrative control.

BEAVER VALLEY - UNIT 1 3/4 6-18 Amendment No. 485
(next page is 3/4 6-20)
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DPR~-66
PLANT SYSTEMS:

3/4.7.7 CONTROL ROOM EMERGENCY HABITABILITY SYSTEMS

LIMITING CONDITION FOR OPERATION

3.7.7.1 The control room emergency habitability system is OPERABLE x
when: '

a. Two out of three emergency ventilation subsystems, fans,
associated filters and dampers are OPERABLE, and

b. Five bottled air pressurization subsystems consisting of
two bottles per subsystem are OPERABLE**, and

c. The series normal air intake and exhaust isolation dampers
for both units _are OPERABLE, and capable of automatic

closure on a CIBland Control Room High Radiation isolatij CA
signal, or @\QZ?} OfERAGLE by beins, Secured in a cl
F‘posi\i(w\ wib\ Eo\,&r e o8 :
d. The contrel room air temperatu § maintal .

APPLICABILITY: (3+—Wath—eithes uniti i#) MOD , G2 @nd)

Ow\‘n MayeMme o(:

fue) ajfemblies

ACTION:

a. With less than two emergency ventilation subsystems, fans,
and associated filters OPERABLE, restore at least two
subsystems to OPERABLE status within 7 days or be in at
least HOT STANDBY within the next 6 hours and in COLD
SHUTDOWN within the following 30 hours.

a.l With an emergency ventilation subsystem inlet isolation

damper open and not capable of being closed, the
requirements of 3.0.3 are applicable. :
IS reqanted 1 MOOBS{G

| s SARETS,
* Emergency power for¥one train of dampers

LA dve feackor P Acsiure 0&8‘3‘:?.
** The air bottles may be isoclated for up to 8 hours for performance
of instrumentation and control systems testing.

AoY —> Ki¥ Aalomalic actuckion on o C\8 s*iavu-\ (s cm\\’ r\zlu\mé . MODES | &k»oudl«\‘D

BEAVER VALLEY - UNIT 1 3/4 7-16 Amendment No. 223
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DPR-66 :
PLANT SYSTEMS.

LIMITING CONDITION FOR OPERATION (continued)

b. With one bottled air pressurization subsystem inoperable,
restore five bottled air pressurization- subsystems to
OPERABLE within 7 days or be in at least HOT STANDBY within
the next 6 hours and in COLD SHUTDOWN within the following
30 hours. '

b.1 With less than four bottled air pressurization subsystems
OPERABLE, the requirements of 3.0.3 are applicable and
movement of f¥radiated—fue) shall be suspended.

c. With one open series normal air 'intake or exhaust isclation
damper inoperable and not capable of closing, restore all
series dampers to OPERABLE status within 7 days or be in at
least HOT STANDBY within the next 6 hours and in COLD
SHUTDOWN within the following 30 hours. :

c.1l With both series normal air intake‘o': exhaust isolation
dampers inoperable and not capable of being closed, the
equirements of 3.0.3 are applicable and movement of

shall be suspended.

d. With the control room air temperature > 88°F but < 105°F,
return the temperature to < 88°F in 7 days or be in at
least HOT STANDBY within the next 6 hours and in COLD
SHUTDOWN within the following 30 hours.

d.l1 With the control room air temperature > 105°F, be in at
least HOT STANDBY within the next 4 hours and in COLD
SHUTDOWN within the following 30 hours.

irradiaked efuw..\ q\‘se\n‘o\iﬁb and mevewenk oF
£ie\ assemblier ouver - 'n'ruA"a‘-QJ Lue) agsemblies

BEAVER VALLEY - UNIT 1 3/4 7-16a Amendment No. 233.
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DPR-66
ELECTRICAL POWER SYSTEMS

SHUTDOWN

LIMITING CONDITION FOR OPERATION

3.8.1.2 As a minimum, the following A.C. electrical power sources
shall be OPERARBLE:

a. One cir'cuit between the offsite transmission network and
the onsite Class 1E distribution system, and

b. One diesel generator with:
1. Day and engine-mounted fuel tanks containing a minimum

of 500 usable gallons of fuel,

2. A fuel storage system containing a minimum of 17,500
usable gallons of fuel, and

3. A fuel transfer pump. w
APPLICABILITY: MODES 5 and 6, QI

DELETE ‘J/

During movement of irradiated fuel .
OBLETE ——m assemblies Gi_Ehe—reactor_vesse), and
(fud\ aserolieS ) puring movement ofm over irradiated fuel

assemblies

ACTION: DELETE =

With less than the above minimum required A.C.\ electrical power
sources OPERABLE, immediately suspend all operations] involving CORE
ALTERATIONS, positive reactivity changes, movement]) of irradiated
fuel, and movement of over irradiated fuel¥until the minimum
Tequired A .C. electrical’| power sources are restored to OPERABLE

tatus.
us (-(ue\ assemblies

SURVEILLANCE REQUIREMENTS

4.8.1.2 The above required A.C. electrical power sources shall be
demonstrated OPERABLE by the performance of each of the Surveillance
Requirements of 4.8.1.1.1 and 4.8.1.1.2 except for requirement
4.8.1.1.2.a.6.

BEAVER VALLEY - UNIT 1 3/4 8-5 Amendment No. 227
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DPR-66 ,
ELECTRICAL POWER SYSTEMS

A.C. DISTRIBUTION - SHUTDOWN

LIMITING CONDITION FOR OPERATION

3.8.2.2 As a minimum, one of the following trains of A.C. Busses
shall be OPERABLE and energized in the specified manner:

a. Train "A" A.C. Emergency Busses consisting of:
1. 4160-Volt Emergency Bus #¥1AE,
2. 480-Volt Emergency Bus #8N,
3. 120-Volt A.C. Vital Bus #I energized from Iits
associated inverter connected to D.C. Bus #1-1, and
4. 120-Volt A.C. Vital Bus #III energized from its

associated inverter connected to D.C. Bus #1-3.
b. Train "B" A.C. Emergency Busses consisting of:

1. 4160-Volt Emergency Bus #1DF,

2. 480-Volt Emergency Bus #9P,

3. 120-Volt A.C. Vital Bus #II energized from its
associated inverter connected to D.C. Bus #1-2, and

4, 120-Volt A.C. Vital Bus #IV energized from its
associated inverter connected to D.C. Bus #1-4.

A ABILITY: MODES 5 and 6, [T

o ORETE
During movement of irradiated fuel
OELETE @ith-ho fue) assemblies , and

—

During movement of Ge&d&S over?itfadiﬁied fuel
éﬁ@ sssenniles Gghe-seschon vesse].
ACTION: OBLE 2

With the above required train of A.C. Emergency Busses not fully
energized in the required manner, immediately suspend all operations
involving CORE ALTERATIONS, positive reactivity changes, movement of
irradiated fuel,and movement of over irradiated fuel. Initiate
corrective action)to energize/the required electrical busses in the
specified mannex{ as soon as ossible.

SURVEILLANCE REQUIREMENTS

4.8.2.2 The specified busses shall be determined energized in the
required manner at least once per 7 days by verifying correct breaker
alignment and indicated voltage on the busses.

BEAVER VALLEY - UNIT 1 3/4 8-7 Amendment No. +86
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DPR-66 :
ELECTRICAL POWER SYSTEMS

s S =5 QWN

LIMITING CONDITION FOR OPERATION

3.8.2.4 As a minimum, one of the following trains of D.C. electirical
equipment and busses shall be OPERABLE and energized in the specified
manner:

a. Train "A" (orange) consisting of the following:
1. 125-volt D.C. Busses No. 1-1 & 1-3, and
2. 125-volt D.C. Battery Banks 1-1 & 1-3 and Chargers 1-1
& 1-3. :
b. Train "B" (purple) consisting of the following:

1. 125-volt D.C. Busses No. 1-2 &Ai-4, and
2. 125-volt D.C. Battery Banks 1-2 & 1-4 and Chargers 1-2

. v & 1-4.
APPLICABILITY: MODES 5 and s.,
. . . -
During movement of irradiated fuel oR.e .tl
oasre«—@l assemblies @aithereastorvesse], and
During movement o over_ irradiated fuel
assemblies .

ACTION: OFLETE

With the above required train of D.C. electrical equipment and busses

not fully OPERABLE, immediately suspend all operation involving CORE

ALTERATIONS, positive reactivit:’ changes, movement of irradiated fuel

and movement of over irradiated fuel. Initiate corrective

~action to restorefthe required train of D.C.(e ectrical equipment and
busses to OPERABLE|status as soon as possible. -

SURVEILLANCE REQUIREMENTS

4.8.2.4.1 The abové required 125-volt D.C. bus train shall be
determined OPERABLE and energized at least once per 7 days by
verifying correct breaker alignment and indicated power availability.

4.8.2.4.2 The above required 125-volt battery bank and chargers
shall be demonstrated OPERABLE per Surveillance Requirement
4.8.2'3.20

BEAVER VALLEY - UNIT 1 3/4 8-10 Amendment No. +86-
Cﬁ‘o‘)eSeA Wa rAw’a)



REFUELING OPERATICNS

DECAY TIME

LIMITING CONDITION FIR OPEDATION

3.9.3 The reactor shall be suberitical for at least ‘hours.
APPLICABILITY: Ouring movement of irradiatad fuel, {n the reactor
pressure vessel. .

ACTION: |

With the reactor subcritical for less than hours, suspend all opera-
tions involving movement of irradiated fuelein the reactor pressure
vessel. The provisiens of Specification 3.0.3)are not applicable.

' SURVETLLANCE REQUIREMENTS

4.9.3 The reactor shall be datermined t3 have been subcritical #or at
least (I5®) hours by verificatisn of the date and time of suberiticality

prior(to movement of irradiatad fuellfn the reactor pressure vessel.

(p'op osed Word 1.

)

BEAVER VALLEY - UNIT 1 3/8 9-3 Amencment Yo. 23



DPR-66

LIMITING CONDITION FOR OPERATION

3.9.4 The containment building penetrations shall be in the
following status:

a. The equipment hatch closed and held in place by a minimum

of four bolts, Caw leclD)

b. A ninimum of one door in each &irleel is closed, and

c. Each penetration providing direct access from the
containment atmosphere to the outside atmosphere shall be
either:

1. Closed by an isolation valve, blind flange, manual
valve, or approved functional equivalent, or

austing at less than or equal to 7500 cfm through
OPERABLE Containment Purge and Exhaust Isolation

REALNCE Valves to OPERABLE HEPA filters and charcoal adsorbers
wiTh o w of the Supplemental Leak Collection and Release System
TnseERT | (SLCRS) .

DELETE -
APPLICABILITY: During W movement ofYfirradiated

fue within the contaimunt JQV‘ 3
w«cuemev\\'- of Fusl asSumblies ovel M'&Mﬂw@
.Fqg,\ a'sSc_v-\\a\\ES within dpe CG'\\’QW\MQM"- BEETE
With the requirements of the above specification not satisfied, '/7
immediately suspend all operations involving
irradiatod fuel 45 the containment, The provisions of
Specification 3.0.3 are not/applicable. G‘TM“MM\ o fae\ asiombli s mﬂ
cow

- 1S W tradiated £ue) agsemblies
SURVEILLANCE REQUIREMENTS \\\M\v:' i—V\Q contammen,

4.9.4.1 Each of the above required containment penetrations shall ,ORETE
it in YA RaaEa

.9.4.2 The containment purge and exhaust system shall be
éamonstratcd OPERABLE by: G

a. Verifying the flow rate &hrougl) the SLCRS at least once per
24 hours when the system is in opcration@

b. Tutirg the Containment Purge and Exhaust Isolation Valves
per a-pgaaa-bi—o— porsiens of Specification Gbv3~ivd,

P s ‘T.:A"-:A“-;‘ A AT YW ATA AT ALY - LOPEQAELE - Swgc‘m&\
‘ he e portions o‘: SLERS shall b: 'A)?g.‘“:}\;:‘qitp\‘\mh Aﬂf'-lfl gl.c.a.
BEAVER VALLEY - UNIT 1 3/4 9-4 _Amendment No. 55
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Attachment A-1

Beaver Valley Power Station, Unit No. 1
License Amendment Request No. 219

INSERT

"l"

Capable of being closed by an OPERABLE Containment
Purge and Exhaust Isolation System with the
containment air being exhausted through this system at
a flow rate of < 7500 cfm to at least one OPERABLE
filtered Supplemental Leak Collection and Release
System (SLCRS) train.



i

/ \REFUELING OPERATIONS

CONTAINMENT PURGE AND EXHAUST ISOLATTOY SYSTEM

LIMITING CONDITINN FOR OPERATION

3.9.9 The Containment Purae and Exhaust isolation system shall be

OPERABLE. OELETE] ~ (assemblies )
APPLICABILITY: During GORE_ALTERATIONSof) movement of¥irradiated fuelvwithin
the containment '

ACTINN: Bt et o b duel asSembhes ouer f‘ecev\k\j Lrradieted
fug_\V\aSSeh\v\(@ wilMrn Hae conkoinmu) .

With the Containment Purge and Exhaust isolation system inoperable,
close each of the purge and exhaust oenetrations providing direct
access from the containment atmosphere to the outside atmosphere.
The provisions of Specification 3.0.3 are not applicable.

SURVETLLANCE RENU] REMENTS

4.9.9 The Containment Purge and Exraust is ystem shall Fe J OELETE
demonstrated OPERABLE e t at

least once per 7 days idurinc—CORE :
ment Purce and Exhaust Ysolation oc:urs on manual initiation and on a
high-high radiation signal frem each of the containment radiation

monitorina instrumentation thannels, /and Yhe | , .
dy ‘\' \SQ\Q\'\QV\ A\V\\Q op QQLL\ S‘IS*QM

iselakion yalue s wWith'in Hwd sy

: ~o—
BEAVER VALLEY - UNIT /L Q.8 Amendment Ng. -E2—
(I’Jr‘oIoaS&J W°"“)‘“D)



SURVEILLANCE REQUIREMENTS

- e e ———— [ . o v ——— e i e et e i o - —— -

Covx\u\nmw\' ) qu

Datiny Maest ment o fue\ astembolies
oyey \'Tf‘qéﬂq\'tc\ vcue.\ agsemblies
withia Yhe containmen'r.

REFUELING QPERATIONS

3/4 9.10 WATER LEVEL - REACTOR VESSEL

LIMITING CONDITION FOR QPERATION

3.9.10 At least 23 feet of water shall be maintained over the top of the

reactor pressure vessel flange. Oaggl

APPLICABILITY: Ouring movement ofyfuel assemblies Qe—control rodd within the
GRaser—rasiure vasselwaTe 1A 004 ). . —

—

ACTION: OFLETE
With the requirements of the above specification not satisfied,]suspend all
operat'lons invelving movement of¥fuel assemblies within the

The provisions of Specification 3.0.3 are not applicable.

é

and reuemenr of {uo.\ assemb\ies »
overt irradiaked fuel askewblies wihin
e ﬁoni'qihnm\- .

4.9.10 The water Ieve'l shan be detemnned to be at least its minimum required

d)at least once per 24 hours
SF GORLEOT-Frods.

BEAVER VALLEY - UNIT 1 3/4 9-10. Amendment No. 43~
| C\ol‘opeSeJ \\)QAA\'B\



REFUELING OPERATIONS

STORAGE POOL WATER LEVEL

LIMITING CONDITION FOR OPERATION

3.9.11 As a minimum, 23 feet of water shall be maintained over the top
of irradiated fuel assemblies seated in the storage racks.

APPLICABILITY: irradiated fuel assemblies Gee—D» the
pool Yol
Uur\v\ MoRmeny o
» @vx MoOVEMen A\ ojSew\a\\eJ over \M&\o@
Lae

ACTION mh\o\lej‘ w\\\/\m dne fuel S%Qreﬁ,k Fm
With the requirement of the s-ec1f1cation not satisfied, suspend all
movement of ue] assemb11es @ad-Arane operations—with Toads .

Sraa.t d A . tar—18
oELETE}

within e {uel Shora ﬂQQ\ and
W\ouemm\" OP x{l\e\ asSewmbliey
ouly irradioved fuel assemblies

w'\\—\/\;m

SURVEILLANCE REQUIREMENTS

4.9.11 The water level in thejstorage pool shall be determined to be at
1east 1ts m1n1mum required depth at least once per 7 days &hen irradiatey

BEAVER VALLEY - UNIT 1 3/4 9-11
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REFUELING QPERATIONS

FUEL BUILDING VENTILATION SYSTEM - FUEL MOVEMENT
wiln {uz\ \0“\\3\% edhaust flow ) pofion of Yoo Sup‘o\'-\ﬂw\“'*\ Leak (-““u-\'g
TMITING CONDITION FOR OPERATION and Relesse. System CSLERS)
L
3.9.12 The fuel building Gentilation—syscen shall be and
{ discharging through _at least one train of the SLCRS HEPA filters and
: 25~ -
charcoal adsorbers @uriag—eithert)e—() DELETE 3,

B
PDuy iy maylreny o ecen
G e (Ju."__‘!A = o~ o e o &
- -— R A ‘nu z“

(i ST S L.

APPLICABILITY: e 1 _ —
- DRETE>»CaFe—E5—2D the fuel storage pocl ‘

ACTION: Owin MGUQW\QQF ol Eun\ astembhies cuey' -'Y\Q_&y\\-\\’ ,rraé\q\'eé Juz\

- : Qa\&ej WA the fuel Sheres® @e\. @

aIem
with the requirement of the above specification not atisfieq,
suspend all operations involving movement of within/the¢storage

BOO S ;T‘m— 0.3 t licabl
Tovisions of specification 3.0.5 are not applic e. - ‘
P N&A-\’ H‘NA\Q&’QA

and mavemenr of fud) assemblves cuel Mcm\\\’ \ fradiqred :
. . £ud asembles
URVEILLANCE REQUIREMENTS \fu®! assubhiel wdam

S
filon o )
4.9.12 The fuel building @ shall be verified to be
= B Bl Es et oy = FEa

e R I R ¥ oty BV o ol SO 28 W WXV Giemaye 1]
oW wm Y WY R e . A & s » - A=

ARETFac1ng G T - - - :
A= N— an 12 hours Jduring—eitcner—fue:

- W

oy Y
(A AR ¥R,

‘\N_uerx‘s Lrom ‘Spgc'\c'\u\\"\k)'/\ L\-qtls

< AQO S u(‘\]e:\\\m\c_c_ Qeccu.

UJ'\\\(\ ‘F“t\‘;k—.\-\a'\ Qﬁ\l\ew&’ ;\OUJ A'\SC\»\ul‘a'\v\a &'\’\l‘cma\q q&’
c\ L\'\quOR\ (

— \{,uS\‘ onwe Yraia _OL dpne SLCRS REPA filles aw \
aA.Sw‘o erl and v\"\m\\- aW Jud buid A’\-\a Aesors are c,\gsgc}

- NOD —\‘/

[\\ The {U\L\ b\m\A\n‘a AOaf,S MQ\I bQ. OPQV\(:A ‘(o/‘ eh!\f\/au\A Q)(—fn'-'\’. )

3/4 9-12 Amendment No. 2~

C Pl‘opoya Word \o\a )
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REFUETING OPERATIONS

j4.9.13 (Ths Spu\t;co\\t'\on

N —

"

-
%3 e .

APRRLICABILITY+ —Whenever—irradiated-fusl—is—in the storage pocl. '

ACTIONT

@a@ At least once per 18 months by: DELETE

¢;9 The fuel building i shall be demonstrated
OPERABLE: @ ‘ POF\"\N’\ ot S _
. t ' 5

p - ; ; iy

dElETE)

@-7@ Verifying that <the ventilation <ystem maintains the
spent fuel storage pool area at a negative pressure c:Z
> 1/8 inches Water Gauge relative to the outside

atmosphere during system operation.
&

with Yhe exception

Yo ‘\’rem_‘-\f‘l ‘%.\-c.y

Testing the SLCRS per Specification 4.7.8.1

MoUE TO SPECIFICATION q.q.\a

BEAVER VALLEY - UNIT 1 3/4 9-13 Amendment No. 3.
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DPR-66
INSTRUMENTATION

BASES
—_———— e

3/4.3.3 MONITORING INSTRUMENTATION

3/4.3.3.1 RADIATION MONITORING INSTRUMENTATION

The OPERABILITY of the radiation monitoring channels ensures that:
1) the radiation levels are continually measured in the areas served
by the individual channels; 2) the alarm or automatic action is
initiated when the radiation level trip setpoint is exceeded; and
3) sufficient information is available on selected plant parameters
to monitor and assess these variables following an accident. This
capability 1is consistent with the recommendations of NUREG-0737,
"Clarification of TMI Action Plan Requirements," October, 1980.

3/4.3.3.2 (This Specification number is not used.)

3/4.3.3.3 (This Specification number is not used.)

3/4.3.3.4 (This Specification number is not used.)

A “(‘ecxn\-\\'” L rradioked el assunbly s fae) had Was

\g;eé pac\' of & crikical feactol Core withia Yhe
LoQ hounS .

O LCu
Pr?.d iO\*S

BEAVER VALLEY - UNIT 1 B 3/4 3-2 Amendment No. 233-
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PLANT SYSTEMS

BASES @f‘ 5 rem TEOE | as app! fm\ﬂi}__

3/4.7.7 CONTROL ROOM EMERGENCY HABITABILITY SYSTEM

The OPERABILITY of the control room emergency habitability system
ensures that the control room will remain habitable for operations
personnel during and follow1ng all credible accident conditions. The
ambient air temperature is controlled to prevent exceeding the
allowable equipment qualification temperature for the equipment and
instrumentation in the control room. The OPERABILITY of this system
in conjunction with control room design provisions is based on
limiting the radiation exposure to personnel occupying the control |
room to 5 rem or less whole body, or its equivalent# This limitation
is consistent with the requirements of General Design Criteria 19 of

Appendix "A", 10 CFR 50y 10 CFR 50,677, ay appliccuie )

3/4.7.8 SUPPLEMENTAL LEAK COLLECTION AND RELEASE SYSTEM (SLCRS)
The OPERABILITY of the SLCRS provides for the filtering of postulated

radicactive effluents resulting from )
leakage of LOSS OF COOLANT ACCIDENT (LOCA) activity from
systems outside of the Reactor Containment building, such as

Engineered Safeguards Features (ESF) equipment, prior to their
release to the environment. This system also collects potential
leakage of LOCA activity from the Reactor Containment building
penetrations into the contiguous areas ventilated by the SLCRS except q
for the Main Steam Valve Room and Emergency Air Lock. @he—epefa%&en

-t a Q mad - ne hé Do ad—o o

geses—in fe—ana sis for—s HA System operation was also assumed
in that portion of the Design Basis Accident (DBA) LOCA analysis
which addressed ESF 1leakage following the LOCA, however, no credit
for SLCRS operation was taken in the DBA LOCA analysis for collection
and filtration of Reactor Containment building leakage even though an
unquantifiable amount of contiguous area penetration leakage would in
fact be collected and filtered. Based on the results of the
analyses, the SLCRS must be OPERABLE to ensure that ESF leakage g~/

following the postulated DBA LOCA @rd—JTeakage-resulting from—a FHA

will not exceed 10 CFR 100 limits.

3/4.7.9 SEALED SOURCE CONTAMINATION

The limitations on sealed source contamination ensure that the total
body or individual organ irradiation does not exceed allowable limits
in the event of ingestion or inhalation of the source mate-ial. The
limitations on removable contamination for sources requiring leak
testing, including alpha emitters, is based on 10 CFR 70.39(c) limits
for plutonium. Leakage of sources excluded from the requirements of
this specification represent less than one maximum permissible body
burden for total body irradiation if the source material is inhaled
or ingested.

Sealed sources are classified into three groups according to their
use, with surveillance requirements commensurate with the probability
of damage to a source in that group. Those sources which are
frequently handled are required to be tested more often than those
which are not. Sealed sources which are continuously enclosed within
a shielded mechanism (i.e., sealed sources within radiation
monitoring or boron measuring devices) are considered to be stored
and need not be tested unless they are removed from the shielded
mechanism.

3/4.7.10 and 3/4. 7 11 RESIDUAL HEAT REMOVAL SYSTEM (RHR)
Deleted

BEAVER VALLEY - UNIT 1 B 3/4 7-5 Amendment No, ‘Mg, T2
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DPR-66
3/4.8 ELECTRICAL POWER SYSTEMS

BASES

3/4.8.1, 3/4.8.2 A.C. SOURCES, D.C. SOURCES AND ONSITE POWER
DISTRIBUTION SYSTEMS

The OPERABILITY of the A.C. and D.C. power sources and associated
distribution systems during operation ensures that sufficient power
will be available to supply the safety related equipment required for
1) the safe shutdown of the facility and 2) the mitigation and
control of accident conditions within the facility. The minimum
specified independent and redundant A.C. and D.C. power sources and
distribution systems satisfy the requirements of General Design
Criterion 17 of Appendix "A" to 10 CFR 50.

The ACTION requirements specified for the levels of degradation of
the power sources provide restriction upon continued facility
operation commensurate with the 1level of degradation. The
OPERABILITY of the power sources are consistent with the initial
condition assumptions of the safety analyses and are based upon
maintaining at least one redundant set of onsite A.C. and D.C. power
sources and associated distribution systems OPERABLE during accident
conditions coincident with an assumed loss of offsite power and
single failure of the other onsite A.C. source.
Lcoss 3,2.1,3,2.8.9.2,0nd 3,

The ACTION requird&men specifi in address the
condition where sufficient power 1is unavailable to recover from
postulated events (i.e. fuel handling accident). Implementation of
the ACTION requirements shall not preclude completion of actions to
establish a safe conservative plant condition. Completion of the
requirements will prevent the occurrence of postulated events for
which mitigating actions would be required.

The OPERABILITY of the minimum specified A.C. and D.C. power sources
and associated distribution systems during shutdown and refueling
ensures that 1) the facility can be maintained in the shutdown or
refueling condition for extended time periods, 2) sufficient
instrumentation and control capability is available for monitoring
and maintaining the unit status, and 3) sufficient power is available

for systems (i.e. @ﬁ—-ry—fﬂx‘—m_m-mmt;n—-mm sEam)
necessary to recover from postulated events in these MOBI g. a
fuel handling accident. (C,QV\)(VO\QQQM Uo_y\\'n\cx\\om Sy&

In Modes 1 through 4, the specified quantity of 17,500 usable gallons
required in each storage tank (35,000 total gallons) ensures a
sufficient volume of fuel o0il that, when added to the specified
900 usable gallon volume in the day and engine-mounted tanks,
provides the fuel o0il necessary to support a minimum of 7 days
continuous operation of one diesel generator at full load (UFSAR
Sections 8.5.2 and 9.14). The total volume in each of the tanks is
greater due to the tank's physical characteristics.

BEAVER VALLEY - UNIT 1 B 3/4 8-1 Amendment No. 2274
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The limitations on minimum boron concentration (2000 ppm) ensure
that: 1) the reactor will remain subcritical during CORE ALTERATIONS,
and 2) a uniform boron concentration is maintained for reactivity
control in the water volume having direct access to the reactor
vessel. The Limitation of K,,, of no greater than 0.95 which includes
a conservative allowance for uncertainties, is sufficient to prevent
reactor criticality during refueling operations. '

3/4.9,2 INSTRUMENTATION

The OPERABILITY of the source range neutron flux monitors ensures
that redundant monitoring capability is available to detect changes
in the reactivity condition of the core when performing those
evolutions with the potential to initiate criticality. suitable
detactors used in place of primary source range neutron flux monitors
N-=31 and N=-32 are recognized as alternate detectors. Alternate
detectors may be usad in place of primary source range neutron flux
monitors as long as the required indication is provided. Since
installation of the upper internals does not involve movement of fuel
or a significant positive reactivity addition to the core, one-
primary or alternata source range neutron flux monitor with
continuous visual indication in the control room provides adequate
neutron flux monitoring capability during this evolution.

3/4.9.3 DECAY TIME

The minimum requirement for reactor subcriticality prior to movement
of irradiated fuel assemblies in the reactor vessel ensures that
sufficient time has elapsed to allow the radioactive decay of the
short lived fission products. This decay time is consistent with: the

assumptions used in the accident analyses.
(50.671)

r?rhe ‘requirements on containment penetration closure and operability
of the containment purge and exhaust system HEPA filters and charcoal
adsorbers ensure that a release of radicactive material within
containment will be restricted from leakage to the environment or
filtered through the HEPA filters and charcoal adsorbers prior to

- discharge to the atmosphere within 10 CFR @5‘% Iimits. The
OPERABILITY and closure restrictions are sufficient to restrict
radiocactive material release from based upon
the lack of cg)ntainment pressurization while in the
REFUELING MODE.

otentia

. ———
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Beaver Valley Power Station, Unit No. 1
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INSERT "2"

The LCO is applicable during movement of recently irradiated fuel
assemblies and during movement of fuel assemblies over recently
irradiated fuel assemblies because there is a potential for the
limiting fuel handling accident (FHA) to occur. Therefore, the
requirements of this Specification may be required to limit leakage
of radiocactive material within the containment to the environment. A
FHA which does not involve recently irradiated fuel (i.e., fuel that
has occupied part of a critical reactor core within the previous
100 hours) will result in radiation exposures that are within the
guideline values specified in 10 CFR 50.67 without any reliance on
the requirements of this Specification to 1limit 1leakage to the
environment. The 100 hour limit is based on the current radiological
analysis for a FHA which assumes a decay time of 100 hours. LCO
3.9.3 prohibits irradiated fuel movement unless 100 hours of decay
has occurred. Therefore, this specification will not be applicable
unless the decay time in Specification 3.9.3 and the time assumed in
the radiological analysis for a FHA are reduced to below 100 hours.

An OPERABLE filtered SLCRS train is required to include only those
portions of the system that are necessary to ensure that a filtered
exhaust path is available from the required plant areas to HEPA and
charcoal adsorbers and then to the elevated release point on top of
the containment building.



DPR-66
REFUELING OPERATIONS

BASES .
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3/4.9.4 CONTAINMENT BUILDING PENETRATIONS (Continued)

All containment penetrations, except for the containment purge and
exhaust penetrations, that provide direct access from containment
atmosphere to outside atmosphere must be isolated on at least one
side. Penetration closure may be achieved by an isolation valve,
blind flange, manual valve, or functional equivalent. Functional
equivalent isolation ensures releases from the containment are
prevented for credible accident scenarios. The isolation techniques
must be approved by an engineering evaluation and may include use of
a material that can provide a temporary, pressure tight seal capable
of maintaining the integrity of the penetration to restrict the
release of radioactive material from a fuel element rupture.

3/4.9.5 COMMUNICATIONS

The requirements for communications capability ensures that refueling
station personnel can be promptly informed of significant changes in
the facility status or core reactivity conditions during CORE
ALTERATIONS.

3/4.9.6 MANIPULATOR CRANE OPERABILITY

The OPERABILITY requirements for the manipulator cranes ensure that:
1) manipulator cranes will be used for movement of control rods and
- fuel assemblies; 2) each crane has sufficient load capacity to lift a
control rod or fuel assembly; and 3) the core internals and pressure
vessel are protected from excessive lifting force in the event they
are inadvertently engaged duripg lifting operations.

3/4.9.7 (This Specification number is not used.)

3/4.9.8 RESIDUAL HEAT REMOVAL AND COOLANT CIRCULATION

The requirement that at least one residual heat removal (RHR) loop be
in operation ensures that 1) sufficient cooling capacity is
available to remove decay heat and maintain the water in the reactor
pressure vessel below 140°F as required during the REFUELING MODE,

BEAVER VALLEY - UNIT 1 B 3/4 9-2 Amendment No.-233-
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BASES
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and 2) sufficient coolant circulation is maintained throughout the
reactor core to minimize the effect of a boron dilution incident and
prevent boron stratification.

The requirement to have two RHR loops OPERABLE when there is less
than 23 feet of water above the reactor pressure vessel flange
ensures that a single failure of the operating RHR loop will not
result in a complete loss of residual heat removal capability. With
the reactor vessel head removed and 23 feet of water above the
reactor pressure vessel flange, a large heat sink is available for
core cooling. Thus, in the event of a failure of the operating RHR
loop, adequate time is provided to initiate emergency procedures to

cool the core.

THE OPERABILITY of this system ensures that the containment vent and
purge penetrations will be automatically isolated upon detection of
high radiation levels within the containment. The integrity of the

containment penetrations of this system’is) required to restrict the
release of radioactive material from the containment atmosphere to
acceptable levels which are less than those listed in 10 CFR G@B?iﬁd_

R

The restrictions on minimum water/level ensure that suffjcient water
depth is available to remove C'““‘} of the assumed lodme gap

ﬁhe assumptions of the
8°/° Lor 1odine 13) an Ver oF fue) o
.Cof ok\mf ‘oé\h&&] -l*e bo p 5—\—&"&&

—~ - = A v the Woandlw

‘ ‘ ‘ aCdAQi‘\Qv«e\\[SIS Y
The limitations on the storage pool ventilation system ensure that
all radiocactive material released

will be filtered through the HEPA filters and charcoal adsorber prior
to discharge to the atmosphere.

AT A ZATE AL AL — T g :

ventilation system is non-safety related and only rec11culates air
through the fuel building. The SLCRS portion of the ventilation
system is safety-related and maintains a negative pressure in the

Hy as a reSulty og «Cu&,\ hond i in qcc;é@,v\h’
@INSERT ! j\:‘.\m witin e fuel bu\\c\é\vp W\\!o\\)ma

racm\'\j vrrodiaked furd,
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Beaver Valley Power Station, Unit No. 1
License Amendment Request No. 219

INSERT "3"

The LCO is applicable during movement of recently irradiated fuel
assemblies and during movement of fuel assemblies over recently
irradiated fuel assemblies because there is a potential for the
limiting fuel handling accident (FHA) to occur. Therefore, the
requirements of this Specification may be required to limit leakage
of radiocactive material within the containment to the environment. A
FHA which does not involve recently irradiated fuel (i.e., fuel that
has occupied part of a critical reactor core within the previous
100 hours) will result in radiation exposures that are within the
guideline values specified in 10 CFR §0.67 without any reliance on
the requirements of this Specification to 1limit leakage to the
environment. The 100 hour limit is based on the current radiological
analysis for a FHA which assumes a decay time of 100 hours. LCO
3.9.3 prohibits irradiated fuel movement unless 100 hours of decay
has occurred. Therefore, this specification will not be applicable
unless the decay time in Specification 3.9.3 and the time assumed in
the radiological analysis for a FHA are reduced to below 100 hours.

INSERT "4"

The LCO is applicable during movement of recently irradiated fuel
assemblies and during movement of fuel assemblies over recently
irradiated fuel assemblies because there is a potential for the
limiting fuel handling accident (FHA) to occur. Therefore, the
requirements of this Specification may be required to limit leakage
of radioactive material within the fuel building to the environment.
A FHA which does not involve recently irradiated fuel (i.e., fuel
that has occupied part of a critical reactor core within the previous
100 hours) will result in radiation exposures that are within the
guideline values specified in 10 CFR 50.67 without any reliance on
the requirements of this Specification to limit leakage to the
environment. The 100 hour limit is based on the current radiological
analysis for a FHA which assumes a decay time of 100 hours.
LCO 3.9.3 prohibits irradiated fuel movement unless 100 hours of
decay has occurred. Therefore, this specification will not be
applicable unless the decay time in Specification 3.9.3 and the time
assumed in the radiological analysis for a FHA are reduced to below
100 hours.
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3/4.9.12 O FUEL BUILDING VENTILATION SYSTEM (Continued)
fuel building. The SLCRS flow is normally exhausted to the

atmosphere without filtering, however, the flow is diverted through
the main filter banks by manual actuation or on a high radiation

signal. @ 9.3 (T\f\\'vspec\(—{ca\\'on 1S ek ULSQAJ)

T

3/4.9.14 FUEL STORAGE ~ SPENT FUEL STORAGE POOL

The requirements for fuel storage in the spent fuel pool ensure that:
(1) the spent fuel pool will remain subcritical during fuel storage;
and (2) a uniform boron concentration is maintained in the water
volume in the spent fuel pool to provide negative reactivity for
postulated accident conditions under the guidelines of ANSI
16.1-1975. The value of 0.95 or less for K, which includes all
uncertainties at the 95/95 probability/confidence level is the
acceptance criteria for fuel storage in the spent fuel pool.

The Action Statement applicable to fuel storage in the spent fuel
pool ensures that: (1) the spent fuel pool is protected from
distortion in the fuel storage pattern that could result in a
critical array during the movement of fuel; and (2) the boron
concentration is maintained at 2 1050 ppm (this includes a 50 ppm
conservative allowance for uncertainties and 600 ppm for margin)
during all actions involving movement of fuei in the spent fuel pool.

The Surveillance Requirements applicable to fuel storage in the spent
fuel pool ensure that: (1) the fuel assemblies satisfy the analyzed
U-235 enrichment limits or an analysis has been performed and it was
determined that K, is < 0.95; and (2) the boron concentration meets

the 1050 ppm limit.

The reracked spent fuel pool consists of discrete Regions 1 and 2
with Region 2 further . ubdivided and identified as Regions 2 and 3.
Region 1 is configured to store fuel with a nominal region average
enrichment of 5.0 weight percent (w/o) with individual fuel assembly
tolerance of + or - 0.05 w/o U-235. The most reactive of the
Westinghouse 17 X 17 STD/Vantage SH and OFA fuel assemblies yielded
a maximum K,,; of 0.940 including all biases and uncertainties.

Region 2 racks are. designed to store fuel with burnup consistent with
its initial enrichment. A table of enrichment and corresponding
required burnup is provided in the technical specification. A
conservative value of the required burnup is given by the following
linear equation:

Minimum burnup for unrestricted storage in Region 2 in
MWD/MTU = 12100 * E% - 20500, where E is the initial
enrichment in w/o.

BEAVER VALLEY - UNIT 1 B 3/4 9-4 Amendment No. t+78~
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BASES

3/4.9.14 FUEL STORAGE - SPENT FUEL STOﬁAGE POOL (Continued)

Storage cells in Region 2, which face the pool wall, are in an area
of high neutron leakage and are capable of maintaining the K, below
0.95 with fuel that does not meet the foregoing burnup restriction.
A separate calculation to establish the admissibility of storing low
burnup fuel in these cells, designated Region 3, has been performed
and a table of enrichment and corresponding required burnup is
provided in the technical specification. This calculation was
performed using the same analytical models and computer codes which
were used in the high density rack design. A conservative value of
the required burnup is given by the following linear equation:

Minimum burnup for fuel storage in Region 3 in
MWD/MTU = - 480 * (E%)® + 12,900 * E% - 27,400, where
E is the initial enrichment in weight percent.

The maximum reactivity in Region 2 is 0.945 and in Region 3 is 0.946
if all cells are loaded with fuel with minimum allowable burnup. This
includes all biases and uncertainties and appropriate allowance for
uncertainty in depletion calculations.

BEAVER VALLEY - UNIT 1 B 3/4 9-5 Amendment No. +#5-
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TABLE 3.3-6

NPF-73
RADIATION MONITORING INSTRUMENTATION
MINIMUM )
CHANNELS APPLICABLE , MEASUREMENT
INSTRUMENT OPERABLE MODES SETPOINT ') RANGE ACTION
1. AREA MONITORS
a. Fuel Storage Pool Area 1 (1) <75.8 mR/hr  10°! to 10*mR/hr 19
(2RMF-RQ202)
b. Containment Area 2 1,2,3 & 4 <2.0x10%R/hr 1 to 107 R/hr 35
(2RMR-RQ206 & 207)
c. Control Room Area 2 1,2,3 <0.476 mR/hr 1072 to 103mR/hr 46,47
(2RMC-RQ201 & 202)
2. PROCESS MONITORS @
a. Containment
i. Gaseous Activity (Xe-133) 1 1,2,3 & 4 N/A 107%to 107luci/cc 20

RCS Leakage Detection
(2RMR-RQ303B)

ii. Particulate Activity (I-131) 1 1,2,3 & 4 N/A
RCS Leakage Detection
(2RMR-RQ303A)

1071 to 10™%uci/ce 20

G

BEAVER VALLEY - UNIT 2 3/4 3-40
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TABLE 3.3-6 (Continued) NPF-73

RADIATION MONITORING INSTRUMENTATION

MINIMUM
) CHANNELS APPLICABLE MEASUREMENT
INSTRUMENT OPERABLE MODES SETPOINT ¢3? RANGE ACTION
2. PROCESS MONITORS {(Continued) }
C - ~ <6 -9 . -10| ;g-s ~ / )21
5 T- :
c. Noble Gas and Effluent Monitors ELETE
i. Supplementary Leak
Collection and Release
System
1) Mid Range Noble Gas 1 1,2,3s4 N.A. 10" *to 10%pci/ce 35
(Xe-133) (2HVS-RQ108C)
2) High Range Noble Gas 1 1,2,384 N.A. 10 to 10°pci/cc 35
{Xe-133) (2HVS-RQ109D)
ii. Containment Purge Exhaust 2 (5) £1.01x10—3uCi/cc 10" %to lﬁfluCi/cc 22
(Xe-133) (2HVR-RQ104A & B)
iii. Main Steam Discharge 1/sG 1,2,3&4 53.9x10-2uci/cc 10 %to 103uCi/cc 35
(Kr-88) (2MSS-RQ101A,B & C)
BEAVER VALLEY - UNIT 2 3/4 3-41 Amendment No.jg
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TABLE 3.3-6 (Continued)

TABLE NOTATIONS

(1) { With fuel in the storage pool or building.

(3) Above background. @
(4) During movement of}irradiated fu

(5) During movement of

assemblies and
Autiny mouemed ok
£ue) assemb ies
cuLy fecew\ ‘\N‘u§(q\'th
Hae\ asSewblies,

uel assemblies within,containment e
' and dutiw MO\_SQMQM\’ o
ACTION STATEMENTS £Fuel assowblied ouer recently

‘irnqdialed N
S S o psfembliels

ACTION 19 - With the number of channels
required by the Minimum Channels OPERABLE requirement,
perform area surveys of the monitored area with
portable monitoring instrumentation at least once per
24 hours.

ACTION 20 - With the number of channels OPERABLE less than..
required by the Minimum Channels OPERABLE requirement,
comply with the ACTION requirements of Specification
3.4.6.1. :

ACTION 21 -

(Tt Aekion Ts gl Sompisith—hs_szpliosbie icuion—

ACTION 22 -~ With the number of channels OPERABLE 1less than
required by the Minimum Channels OPERABLE requirement,
comply with the ACTION requirements of Specification
3.9.9.

ACTION 35 - With the number of OPERABLE channels less than
. required by the Minimum Channels OPERABLE requirement,
either restore the inoperable channel(s) to OPERABLE

status within 72 hours, or:

1) Initiate the _preplanned alternate method of
monitoring the appropriate parameter(s), and

2) Return the channel to OPERABLE status within
30 days, or, explain in the next Annual
Radiocactive Effluent Release Report why the
inoperability was not corrected in a timely
manner.

BEAVER VALLEY - UNIT 2 : 3/4 3-42 : Amendment No. 46—
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TABLE 4.3-3
RADIATION MONITORING INSTRUMENTATION SURVETLLANCE REQUIREMENTS

CHANNEL MODES IN WHICH
CHANNEL CHANNEL FUNCTIONAL SURVE TLLANCE
INSTRUMENT CHECK CALIBRATION TEST REQUIRLD
1. AREA MONITORS
a. Fuel Storage Pool Area S R M *
(2RMF-RQ202)
b. Containment Area S R M 1, 2, 3, 4
(2RMR-RQ206 & 207)
c. Control Room Area S R M 1, 2, 3, 4,
(2RMC-RQ201 & 202) rm
2. PROCESS MONITORS Cand)~
a. Containment
i. Gaseous Activity S R# M 1, 2, 3& 4

RCS Leakage
Detection (2RMR-RQ303B)

ii. Particulate Activity S R# M 1, 2, 3& 4
RCS Leakage

Detection (2RMR-RQ303A) @

-
o
«
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*With fuel in the storage pool or building

#Surveillance interval may be extended to the upcoming refueling outage if the interval between retueling
outages is greater than 18 months.

#buring movement ofyirradiated fllt‘lt_é—s;«\a\{es and dur(vxa moverer 6% Fuel assemblies over McenH\/
(et

dieked £l assemb Vies .




TABLE 4.3-3 (Continued)

- INSTRUMENT
2. PROCESS MONITORS (Continued)

c. Noble Gas Effluent Monitors

i. Supplementary Leak Collection

and Release System
(2HVS-RQ109C & D)

ii. Containment Purge Exhaust
(2HVR-RQ104A & B)

iii. Main Steam Discharge
(2MSS-RQ101A, B & C)

### During movement of¥fuel assemblies within, containment

CHANNEL
CHECK

BEAVER VALLEY - UNIT 2 3/4 3-44
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_ CHANNEL
CHANNEL FUNCTIONAL
CALIBRATION TEST
R M
R M
R M

ouvey M

MODES IN WHICH
SURVE ILLANCE
REQUIRED

1, 2, 3 &4

Hi#

1, 2, 3 &4
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CONTAINMENT SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued)

——

4.6.3.1.2

Each containment isolation valve shall be demonstrated

OPERABLE* at least once per 18 months by:

a.

isolation position.

Verifying that on a Phase A containment isolation test
signal each Phase A 1isolation valve actuates to its
isolation position.

Verifying that on a Phase B containment isclation test
signal, each Phase B isolation valve actuates to its
isolation position.

Verifying that on a Containment Purge and Exhaust isolation
signal, each Purge and Exhaust valve actuates to 1its

Cycling each power operated or automatic valve through at
least one complete cycle of full travel and measuring the
isolation time pursuant to Specification 4.0.5.

Cycling each weight or spring loaded check valve not
testable during plant operation, through one complete cycle
of full travel and verifying that each check valve remains
closed when the differential pressure in the direction of
flow is < 1.2 psid and opens when the differential pressure
in the direction of flow is 2 1.2 psid but less than
6.0 psid.

Cyecling each manual valve not locked, sealed or otherwise
secured in the closed position through at least one
complete cycle of full travel.

* Locked or sealed closed valves may be opened on an intermittent
basis under administrative control.
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PLANT SYSTEMS -

3/4.7.7 _CONTROL ROOM _EMERGENCY AIR CLEANUP AND PRESSURIZATION SYSTEM

3.7.7 The Control Room Emergency Air Cleanup and Pressurization System com-
prised of the following shall be OPERABLE: ’

a. A.pressurization filtration unit comprised of two trains of fans and
filters, and flow path control dampers.**

b. A bottled air pressuriiation system comprised of 5 subsystems with
- two bottles in each subsystem.*

c. Two isolation dampers in series in each of four normal air flow paths
(two_intake and two exhaust) with each damper OPERABLE by automatic

Mor OPERABLE by being sacured in a closed position with
power removed.

MODES 1,3,3 aadll, and

Dury m«m\- o$ recw\\- \'frokiq‘(eé Vput\ QSSQML\(eS‘JanA

‘ouf‘w\ mgu!mn\' OF Fut.\ QSSCML\\'QI oueky r‘ecu\H\,
il‘(‘nz:a\'es fue) a sSembl n.eS. ’ v

APPLICABILITY:
ACTION:
MODES 1, 2, 3 and 4:

With one train of the pressurization filtration unit, or one subsystem of
the bottled air pressurization system, or one of two isolation dampers in
series inoperable, restore the system to OPERABLE status within 7 days or
be in at least HOT STANDBY within the next 6 hours and in COLD SHUTDOWN

within the following 30 hours. Duting moce ol oF ['chv\\‘l \'rmé\’u’&ee\ﬁa\ T
@ assemblves and duss m)o.m.»lr ok fudl astenblied
l ouer pecenbly itredl Fud astenblies
a. With one train of the pressurization filtratfon unit or one subsystem
of the bottled afr pressurization system, or one of two isolation

dampers in series in. )arable, restore the inoperable systea to
OPERABLE status within 7 days or suspend all operations involving

b. With both trains of the pressurization filtration unit, or more than
© one subsystem of the bottled air pressurization system, or two of two
fsolation damg ries inoperable suspend all operations involv-

Glad L T Lt el *aa 1. a : tar : 2m am 2N =
meue.wv;\- eI recevt\ m’*gé ared fuel assemblieS and meve Py 0‘ wcutD
Qssamblies over pecndbly rradiated Fur) GSiembhies. / -
*The air bottles may be isolated for up to 8 hours for performance of instru-

. mentation and control systuliliting. o _
**Emergency backup power fordune train of dampers and fans of the pressuriza-

_ tion filtration unit raquind in MOOES&?S Wi e Fatl a3emblhes
. () 1Y e reacker peusure
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NPF-73
ELECTRICAL POWER SYSTEMS

SHUTDOWN

LIMITING CONDITION FOR OPERATION

3.8.1.2 As a minimum, the following A.C. electrical power sources
shall be OPERABLE:

a. One circuit between the offsite transmission network and
the onsite Class 1lE distribution system, and

b. One diesel generator with:
1. Day tank containing a minimum of 350 usable gallons of
fuel,
2. A fuel storage system containing a minimum of 53,225

usable gallons of fuel,

3. A fuel transfer pump.

APPLICABILITY: MODES 5 and 6, @GB

@nd)
tH!!!E!’ OEW?E;TL

During movement of Pirradiated fuel

OHETE —GEEh no—fue) assemblies Ga—thereactor—vessel, and
: o
(£ue) assewb) e3) During movement of@ over¥irradiated fuel @

assemblies &n—the reacter vessel.
ACTION: OELETE

With less than the above minimum required A.C. \ electrical power

sources OPERABLE, immediately suspend all operations)\involving CORE

ALTERATIONS, positive reactivity changes, movement j of » irradiated
;‘p

fue and movement of overs irradiated fuelyuntil/the minimum
Tequired A.C. electrical ower { sources are restored |to OPERAELE
status.

SURVE ILLANCE REQUIREMENTS

thQLSQKleS

4.8.1.2 The above required A.C. electrical power sources shall be
demonstrated OPERABLE by the performance of each of the Surveillance
Requirements of 4.8.1.1.1 and 4.8.1.1.2 except for requirement
. 4.8.1.1.2.a.6.

BEAVER VALLEY - UNIT 2 3/4 8-6 Amendment No. 3155~
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NPF-73
ELECTRICAL POWER SYSTEMS

A.C. DISTRIBUTION - SHUTDOWN

LIMITING CONDITION FOR OPERATION

3.8.2.2 As a minimum, one of the following trains of A.C. Busses
shall be OPERABLE and energized in the specified manner:

a. Train A" A.C. Emergency Busses consisting of:
1. 4160-Volt Emergency Bus #2AE,
2. 480-Volt Emergency Bus #2N,
3. 120-Volt A.C. Vital Bus #I energized from its
associated inverter connected to D.C. Bus #2-1, and
4. 120-Volt A.C. Vital Bus #III energized from its

associated inverter connected to D.C. Bus #2-3.
b. Train "B" A.C. Emergency Busses consisting of:

1. 4160-Volt Emergency Bus #2DF,

2. 480-Volt Emergency Bus #2P,

3. 120-Volt A.C. Vital Bus #II energized from its
associated inverter connected to D.C. Bus #2-2, and

4. 120-Volt A.C. Vital Bus #IV energized from its
associated inverter connected to D.C. Bus #2-4.

APPLICABILITY: MODES 5 and 6, m
OELETE

OELETE During movement ofvirradiated fuel
assemblies WJ

, and
\assemblies rec
(ZEEZ::::::::> During movement of?¢§§§§ over‘irradiated fuel C::EEEED

assenmblies .

DELETE

ACTION: p

n .
With lessithe above required train of A.C. Emergency Busses not fully
energized in the required manner, immediately suspend all operations
involving CORE ALTERATIONS, positive reactivity changes, movement of

irradiated fuel, _and movement of overa_irradiated fuel.
Initiate correctivelaction to energizejthe requireglélectrical busses

in the specified[Mmanner as soon as|[possible. @

£ue assemblies

|

SURVEILLANCE REQUIREMENTS

4.8.2.2 The specified busses shall be determined energized in the
required manner at least once per 7 days by verifying correct breaker
alignment and indicated voltage on the busses.

BEAVER VALLEY - UNIT 2 3/4 8-8 Aamendment No. &9
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NPF-73
ELECTRICAL POWER SYSTEMS

D.C. DISTRIBUTION - SHUTDOWN

LIMITING CONDITION FOR OPERATION

3.8.2.4 As a minimum, one of the following trains of D.C. electrical
equipment and busses shall be OPERABLE and energized in the specified

manner:
a. Train "A" (orange) consisting of the following:
1. 125-volt D.C. Busses No. 2-1 & 2-3, and
2. 125-volt D.C. Battery Banks 2-1 & 2-3 and Charger 2-1%*
& Rectifier 2-3%.
b. Train "B" (purple) consisting of the following:
1. 125-volt D.C. Busses No. 2-2 & 2-4, and
2. 125-volt D.C. Battery Banks 2-2 & 2-4 and Charger 2-2*
& Rectifier 2-4%*. ¢<:zz>
APPLICABILITY: MODES 5 and 6, GNB) oo 'y)
. / - oELETE:‘L
During movement ofv¥irradiated fuel

NELETE—>E&EhRo-fued assemblies , and

(fud assew\o\\'ngJ'During movement of lead® over{irradiated fuel@u A

assemblies f%:gggzgaacto;—xassgg.

With the above required train of D.C. electrical equipmentjand busses
not fully OPERABLE, immediately suspend all operation/involving CORE
ALTERATIONS, positive reactivity changes, movement ofvirradiated fuel
and movement of over airrsdiated fuel. Initiate corrective
action to restore thelrequired]train of D.C.(electrical equipment and

busses to OPERABLE {status as fsoon as possible. :
‘fuo\ assembhieS asSSewlo\ 123
URVEILLANCE REQUIREMENTS

4.8.2.4.1 The above required 125-volt D.C. bus train shall be
determined OPERABLE and energized at least once per 7 days by
verifying correct breaker alignment and indicated power availability.

ACTION: DELETE

4.8.2.4.2 The above required 125-volt battery bank and
chargers/rectifiers shall be demonstrated OPERABLE per Surveillance
Requirement 4.8.2.3.2.

* Spare Charger 2-7 may be substituted for any one charger or
rectifier.
BEAVER VALLEY - UNIT 2 3/4 8-12 Amendment No. 66—
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REFUELING OPERATIONS

DECAY TIME

LIMITING CONDITION OF QPERATION

T«

3.9.3 The reactor shall be subcritical for at least &=8) hours.

APPLICABILITY: During movement of irradiated fuel,in the reactor pressure
vessel :

ACTION:

With the reactor subcritical for less than &3P hours, suspend all operations
involving movement of irradiated fuelpin the reactor pressure vessel. The
provisions of Specification 3.0.3 are{not applicable.

SURVEILLANCE REQUIREMENTS

4.9.3 The reactor shall be determined to have been subcritical for at least
@ED hours by verification of the date and time of subcriticality prior to move-
ment of irradiated fuel_in the reactor pressure vessel.

@

BEAVER VALLEY - UNIT 2 3/4 8-3 )
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REFUELING OPERATIONS

LIMITING QPNDITION FOR OPERATION (Continued)

— — ———

d. The area(s) outside of containment, where the
open containment penetration piping is located,
is being exhausted to at least one OPERABLE
filtered SLCRS train with all doors to the
area(s) required to be serviced by SLCRS
closedm; or

2. Capable of being closed by an OPERABLE Containment
Purge and Exhaust Isolation System with the
containment air being exhausted through this system at
a flow rate of < 7500 cfm to at least one OPERABLE

filtered SLCRS train. Creca\’r\\, ; fmé 'q\e &
At A=

APPLICABILITY: __ During movement of ¢ fuel assemblies within the
containment @

. Dty masement od fue\ asemblies ouer r\ecev\\\\{ irradiated
ACTION: ADD — L. e\ assemblier within the onXa nant.

With the requirements of the above specification not satisfied,
immediately suspend all operations involving movement of uel '
assemblies 88 the containmentL The provisions of Specification 3.0.3

are not [PPp iceple. and “"Wf’-W\‘ 0& fu e\ astemb el aues
r;g?f“ “:{“A"Q\’ﬁé Fuel aSremblies wrhin the

VAL 4

SURVEILLANCE REQUIREMENTS

———
—

4.9.4.1 Each of the above required containment penetrations shall
be determined to be in its above required condition:

a. At least once per 7 days, and

b. For all areas located outside of containment containing
cpen containme .t penetrations, including PAL doors, verify
at least once per 12 hours that these areas are being
exhausted to filtered SLCRS and that all required area
doors are closed. 'V

4.9.4.2 The containment purge and exhaust system shall be
demonstrated OPERABLE by:

a. Verifying the flow rate to filtered SLCRS at least once per
24 hours when the system is in operation, and

b. Testing the Containment Purge and Exhaust Isoclation Valves
per the applicable portions of Specification (@6

(1) Except for entry and exit.

BEAVER VALLEY - UNIT 2 3/4 9-4a Amendment No. 6~

Oofopesmé Werd, ~ )



REFUELING OPERATIONS

CONTAINMENT PURGE AND EXHAUST ISOLATION SYSTEM

LIMITING CONDITION FOR OPERATION

3.9.9 The Containment Purge and Exhaust isolation system shall be

OPERABLE. . ;
ecently irrad jate
APPLICABILITY: During movement of wfuel assemblies within the

containment B
ACTION: Our'\»b M euC Menk eir '('.ue\ assembolieS ocuep f\ecev\\—\\, \rraéla\'ec\
foueVasiomelieS Wit thwe conbainment.

With the Containment Purge and Exhaust 1Isolation system inoperable,
close each of the purge and exhaust penetrations prowviding direct
access from the containment atmosphere to the outside atmosphere.
The provisions of Specification 3.0.3 are not applicable.

SURVEILLANCE REQUIREMENTS

4.9.9 The Containment Purge and Exhaust isolation system shall be
demonstrated OPERABLE at least once per 7 days by verifying that
containment Purge and Exhaust isolation occurs on manual initiation
and on a high radiation signal from each of the containment radiation
monitoring instrumentation channels

and Yae tslation dime for
eachh syshewn (solabien vdve
LS within Hmds,

BEAVER VALLEY - UNIT 2 3/4 9-10 amendment No.. 46
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J GV\A

Outs v\& movemet ot fue\ agsemblies]

ouve™ \V‘méno«xi_é) «sz\ QSSQV\\:’\\Q_S
withmn e Cm\‘a\hmen\' )

REFUELING OPERATIONS
© 3/409.10 WATER LEVEL - REACTOR VESSEL

LIMITING CONDITION FOR QPERATION

3.9.10 At least 23 feet of water shall be maintained over the top of the

reactor pressure vessel flange. OELETE'J/
APPLICABILITY: During movement ofVfuel assemb11esQE§=ggg§§gL:§g§§ within the

conta1 nment Wit Ear - the-tual aarambites—bBots r-—vyvrv'm:-v- ¥

ACTION: K?\':LETE

With the requirements of the above)specification not satisfied,\suspend all
operations involving movement of¥fuel assemblies @r—centrelrods) within the

The provisions of Specification 3.0.3 are not applicable.
ch\*u\hM O.V\A Y"\Q\’QW\‘“\’ Qg &:\“—\ QSSQ,M\D\IU OVQ“(‘
ifraéfq\:g Lae) asemblies wain v\'\'f\o_ Condeni men

4.9.10 The water level sha11 be determ1ned to be at least its minimum required
i : —ang at 1east once per 24 hours

()ELY?TF?-—jh

' pmﬂosgé WO!‘AUZ)
BEAVER VALLEY - UNIT 2 3/4 9-11



REFUELING OPERATIONS

STORAGE POOL WATER LEVEL

LIMITING CONDITION FOR OPERATION

3.9.11 As a minimum, 23 feet of water shall be maintained over the top of

jrradiated fuel assemblies s in_the storage racks.
atins. Moulm ot )
APPLICABILITY: WheRow irradfited fuel assemblies QI thetorage pool
ACTION: C@“\V\ W\QUQW\Q.V\\' OC ‘(‘\AQ\ QSS"Q.\#\M“QS ouyey ;TPC\A\.C\“QA {MQ_\
! T pCTIoN: Ssodlies wiknin e Fuel Shorags ol )

With the requirement of the specification not satfgfi d, suspend all movement 4::!’
ofvfuel assemblies QRICrane OPETALIONS—WItH -

The provisions

JfHSpeéfficaﬁion 3;b.3 are not apb]‘cable.

SURVETLLANCE REQUIREMENTS ' -

4.9.11 The water level in the‘étorage pool shall be determined to be at least
its minimum required depth at least once per 7 days ad

w;\'\'\Qv\ She é\um\ S‘}tc(‘q e f%\ av\c\
Mmove mu\\' c@ *Cum.\ CLSSL\M\O\{QS
e\ LAS \'f‘f‘Qé\\‘c\st.A fCuQ\ QS‘Sem\o\ Ve

BEAVER VALLEY - UNIT 2 3/4 9-12
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REFUELING OPERATIONS
FUEL BUILDING VENTILATION SYSTEM - FUEL MOVEMENT

OPERNGLE G@ wikhy fuel oulMdin, edha SV low)
3.9.12 The fuel building portionjof the SupplementalllLeak Collectiod and
Release System (SLCRS) shall bedoperating xscharging through at least one

train of the SLCRS HEPA filters and charcoal adsorbers

Oufma OELETE

movemenr of _ m
e irradiated fuel i J?‘

m;go ool
shed dal )

—

\Moue,w\ev\" o" sz.\ GXS‘Qw\\o \ t es ouvey l‘_zceu\H\f \r roé

ACTION: TN,
- ?-_Ls;o_é\-\:e.: withindhe fuwe Shorepe paol
With the requirement of the above specification not satisfied, suspend all
operations involving movement of within the,storage pool
DELETE —>@thloHiroveE<the-s50ragepoe) | he provisions/of Specification 3.0.3 are not

and mevemunr o f fud) acserblies

outy fecerkly irradialed fuel
assewo) 12S Wlain Mne £aey \5.\;"?

¢

o\ assemblies @

applicable. @e&“\\\‘m;‘\d

Q.
(e -1 1}

B3t Rl b et e e 3O

P e AL RS S

Araga . non
-~ e 2 s —m o~ = - {]

<——ADD Sunellance ﬂenu\ 3 &rem Spec'\:\f-&\'\'\w 9,13

w ik ‘\Cui\ ‘Oui\éin& Q\C“\Gul* .J\Qw d'\sc\nara'\? %m?h a’
leagd ona drat of SLERS REPA £illerS and Charesa)
adsorbarsy and dhdr all dud \ou;\a:a doers are closed )

13100"‘]L
(N The *Fut\ \O\A..\A\‘v» dOO_fS V"“"? be °P9"\¢§ '{°( e”\“f and
ey Y, '
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REFUELING OPERATIONS _ | 3)4 .q,\?) (T\’\\'S S(JQ('\E\‘CQ\'\QV\
C Numbper ‘lS he* U\SQA-\
ETE

\.’A
4.9%e fuel building portion of the SCLRS shall be demonstrated OPERABLE
by testing the SLCRS per Specification 4,7.8 :

Wik dhe excephion ‘o
tdem UW1R\ ...

MoUE TO SYECIFICATION 4.9.173

BEAVER VALLEY - UNIT 2 3/4 9-14
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NPF-73
3/4.3 INSTRUMENTATION

BASES

3/4.3.1 and 3/4.3.2 REACTOR TRIP SYSTEM AND ENGINEERED SAFETY
FEATURES ACTUATION SYSTEM INSTRUMENTATION (Continued)

CHANNEL CALIBRATION

The alternate source range detectors are modified by a note to
indicate they are not subject to the source range detector
surveillance requirements until they have been connected to the
applicable circuits and are required to be OPERABLE. This complies
with the testing requirements for components that are required to be
OPERABLE.

A CHANNEL CALIBRATION is performed every 18 months, or approximately
at every refueling. The CHANNEL CALIBRATION for the source range
neutron detectors consists of obtaining the detector plateau and
preamp discriminator curves, evaluating those curves, and
establishing detector operating conditions as directed by the
detector manufacturer. The 18 month frequency is based on the need
to perform this surveillance under the conditions that apply during a
plant outage since performance at power is not possible. The
protection and monitoring functions are also calibrated at an
18 month frequency as is normal for reactor protection instrument
channels. Operating experience has shown these components usually
pass the surveillance when performed on the 18 month frequency.

3/4.3.3 MONITORING INSTRUMENTATION

3/4.3.3.1 RADIATION MONITORING INSTRUMENTATION

The OPERABILITY of the radiation monitoring channels ensures that:
1) the radiation levels are continually measured in the areas served
by the individual channels; 2) the alarm or automatic action is
initiated w.en the radiation 1level trip setpoint is exceeded; and
3) sufficient information is available on selected plant parameters to
monitor and assess these variables following an accident. This
capability 1is consistent with the recommendations of NUREG-0737,
"Clarification of TMI Action Plan Requirements," Octcber, 1980.

3/4.3.3.2 (This Specification number is not used.)

s

Px ”Y‘o,c.w\)(\\;' \N‘nt&\n}‘u\ efue\ GLSS%\\o\y ‘\Y Q(uv-\ A’N\- \'\.uf QCCu'a \'Q.A )au—r\"

of o oY) cal (‘ch:\—b{‘ Core w:\\/\m 6\«& }omd\'c\xs 160 houwrs ,

BEAVER VALLEY - UNIT 2 B 3/4 3-10 Amendment No. 33s-

C Pro'ooScc\ Wa fé“‘a’)



NPF-73
3/4.7 PLANT SYSTEMS

Sm— —
———— e ———— —

BASES

i

3/4.7.5 ULTIMATE HEAT SINK (Continued)

exceeding their design basis temperature and is consistent with the
recommendations of Regulatory Guide 1.27, "Ultimate Heat Sink for
Nuclear Plants.”

3/4.7.6 FLOOD PROTECTION

The limitation on flood level ensures that facility operation will be
terminated in the event of flood conditions. The limit of elevation
695 Mean Sea Level was selected on an arbitrary basis as an
appropriate flood level at which to terminate further operation and
initiate flood protection measures for safety related equipment.

3/4.7.7 CONTROL ROOM EMERGENCY AIR CLEANUP AND PRESSURIZATION SYSTEM
‘—9§he OPERABILITY of the control room emergency air cleanup and
pressurization system ensures that the control room will remain
habitable with respect to potential radiation hazards for operations
personnel during and following all credible accident conditions. The
OPERABILITY of this system in conjunction with control room design
provisions is based on limiting the radiation exposure to personnel
occupying the contrel room to 5 rem or less whole body, or its
equivalent This limitation is consistent with the requirements of
General (Design Criteria 19 of endix "A", 10 CFR 50«
Qof STem TEDE , oS applicchle (©(10€FR30.67), a8 q,p\m\a\q?
The control room air cleanup system includes two pressurization
systems. The filtration pressurization system draws outside air
through filters. The bottled air pressurization system pressurizes
by discharge of air from bottles without filtration and with closure
of intake and exhaust dampers. Although the bottles are shared with
Unit 1, the discharge can be initiated by Unit 2 control systems in
response to radiation levels. Closure of the intake and exhaust
dampers can be initiated by Unit 2 control systems. However, closure
of dampers in one 1intake and in one exhaust is dependent upon
availability of Unit 1 power sources.

3/4.7.8 SUPPLEMENTAL LEAK COLLECTION AND RELEASE SYSTEM (SLCRS)

The OPERABILITY of the SLCRS provides for the filtering of postulated
radicactive effluents resulting

from leakage of loss of coolant accident (LOCA) activity from
systems outside of the Reactor Containment building, such as
Engineered Safeguards Features (ESF) equipment, prior to their
release to the environment. This system also collects potential
leakage of LOCA activity from the Reactor Containment building

L. Aop TNgERT ) "

BEAVER VALLEY - UNIT 2 B 3/4 7-4 Amendment No. 135
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Attachment A-2
Beaver Valley Power Station, Unit No. 2
License Amendment Request No. 73

INSERT "1"

This LCO is applicable during MODES 1, 2, 3 and 4. This LCO is also
applicable during movement of recently irradiated fuel assemblies and
during movement of fuel assemblies over recently irradiated fuel
assemblies because there is a potential for the limiting fuel
handling accident (FHA) for which the requirements of this
Specification may be required to limit radiation exposure to
personnel occupying the control room. A FHA which does not involve
recently irradiated fuel (i.e., fuel that has occupied part of a
critical reactor core within the previous 100 hours) will result in
radiation exposure, to personnel occupying the control room, that is
within the guideline values specified in 10 CFR 50.67 without any
reliance on the requirements of this Specification to limit personnel
exposure. The 100 hour limit is based on the current radiological
analysis for a FHA which assumes a decay time of 100 hours.
LCO 3.9.3 prohibits irradiated fuel movement unless 100 hours of
decay has occurred. Therefore, this specification will not be
applicable, during fuel movement, unless the decay time in
Specification 3.9.3 and the time assumed in the radiological analysis
for a FHA are reduced to below 100 hours.



NPF-73
PLANT SYSTEMS

BASES

L ————— s —— ——

215.7.8 SUPPLEMENTAL LEAK .COLLECTION AND RELEASE SYSTEM {SLCRS)
(Continued)

penetrations into the contiguous areas ventilated by the SLCRS except

for the Emergency Air Lock. [he—opa on—O Chis s bam W mad
S Salouiating  the Ssosfulated o i dose 3 he R 3

System operation was also ass “a‘ln thif’portlon f the De31gn

Basis Accident (DBA) LOCA analysis which addressed ESF leakage
following the LOCA, however, no credit for SLCRS operation was taken
in the DBA LOCA analysis for collection and filtration of Reactor
Containment building leakage even though an unquantifiable amount of
contiguous area penetration leakage would in fact be collected and
filtered. Based on the results of the analyses, the SLCRS must be

OPERABLE to ensure that ESF leakgge following the postulated DRA LOCA
Wll not exceed 10 CFR 100 limits.

3/4.7.9 SEALED SOURCE CONTAMINATION

The limitations on sealed source contamination ensure that the total
body cor individual organ irradiation does not exceed allowable limits
in the event of ingestion or inhalation of the source material. The
limitations on removable contamination for sources requiring leak
testing, including alpha emitters, is based on 10 CFR 70.39(c) limits
for plutonium. Leakage of sources excluded from the requirements of
this specification represent less than one maximum permissible body
burden for total body irradiation if the source material is inhaled
or ingested.

Sealed sources are classified into three groups according to their
use, with surveillance requirements commensurate with the probability
of damage to a source in that group. Those sources which are
frequently handled are required to be tested more often than those
which are not. Sealed sources which are continuously enclosed within
a shielded  mechanism (i.e., sealed sources within radiation
monitoring or boron measuring devices) are considered to be stored
and need not be tested unless they are removed from the shielded
mechanism.

3/4.7.10 and 3/4.7.11 RESIDUAL HEAT REMOVAL SYSTEM (RHR)

Deleted

BEAVER VALLEY - UNIT 2 B 3/4 7-5 Amendment No. 15—
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NPF-73
3/4.8 ELECTRICAL POWER SYSTEMS

BASES

3/4.8.1, 3/4.8.2 A.C. SOURCES AND ONSITE POWER DISTRIBUTION SYSTEMS

The OPERABILITY of the A.C. and D.C. power scurces and associated
distribution systems during operation ensures that sufficient power
will be available to supply the safety related equipment required for
1) the safe shutdown of the facility and 2) the mitigation and
control of accident conditions within the facility. The minimum
specified independent and redundant A.C. and D.C. power sources and
distribution systems satisfy the requirements of General Design
Criterion 17 of Appendix "A" to 10 CFR 50.

The ACTION requirements specified for the levels of degradation of
the power sources provide restriction upon continued facility
operation commensurate with the 1level of degradation. The
OPERABILITY of the power sources are consistent with the initial
condition assumptions of the safety analyses and are based upon
maintaining at least one redundant set of onsite A.C. and D.C. power
sources and associated distribution systems OPERABLE during accident
conditions coincident with an assumed loss of offsite power and
single failure of the other onsite A.C. source. &EfLFCE\ﬂVEH'

LCO's 3.8 119, 3.8. 20,003 J.8. o TNIERT -

The ACTION requirements specified in address the
condition where sufficient power is unavalilable to recover from
postulated events (& 3 Implementation of
the ACTION requirements sha not preclude completion of actions to
establish a safe conservative plant condition. Completion of the

requirements will prevent the occurrence of postulated events for
which mitigating actions would be required.

The OPERABILITY of the minimum specified A.C. and D.C. power
sources and associated distribution systems during shutdown and
refueling ensures that 1) the facility can be maintained in the
shutdown or refue:ing condition for extended time periods and 2)
sufficient instrumentation and control capability is available for
monitoring and maintaining the unit status, and 3) sufficient power
is available for systems (i.e., Supplemental Leak GCellese ien and

i

Release Sy#tem)Inecessary to recover from postulated events in these
e.q., a fuel handling accident B S IR
involuing fecepntly ifrad taked e\ - e
e Requirements for demonstrating the OPERABILITY of
the diesel generators are based on the recommendations of Regulatory
Guides 1.9, Revision 2, "Selection of Diesel Generator Set Capacity
for Standby Power Supplies," December 1979; 1.108, "Periodic Testing
of Diesel Generator Units Used as Onsite Electric Power Systems at
Nuclear Power Plants," Revision 1, August 1977; and 1.137, "Fuel-0il

Systems for Standby Diesel Generators," Revision 1, October 1979,
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, such as a fuel handling accident involving recently irradiated
fuel. Due to radioactive decay, electrical power is only required to
mitigate fuel handling accidents involving recently irradiated fuel
(i.e., fuel that has occupied part of a critical reactor core within
the previous 100 hours).



NPF-73
3/4.9 REFUELING OPERATIONS

BASES

3/4.9.1 BORON CONCENTRATION

The limitations on minimum boron concentration (2000 ppm) ensure
that: 1) the reactor will remain subcritical during CORE
ALTERATIONS, and 2) a uniform boron concentration is maintained for
reactivity control in the water volume having direct access to the
reactor vessel. The limitation on Kere of no greater than 0.95 which
includes a conservative allowance for uncertainties, is sufficient to
prevent reactor criticality during refueling operations.

Isolating all reactor water makeup paths from unborated water sources
precludes the possibility of an uncontrolled boron dilution of the
filled portions of the Reactor Cooclant System. This limitation is
consistent with the initial conditions assumed in the accident
analyses for MODE 6. :

3/4.9.2 INSTRUMENTATION

The OPERABILITY of the source range neutron flux monitors ensures
that redundant monitoring capability is available to detect changes
in the reactivity condition of the core when performing those
evolutions with the potential to initiate criticality. Suitable
detectors used in place of primary source range neutron flux monitors
N-31 and N-32 are recognized as alternate detectors. Alternate
detectors may be used in place of primary source range neutron flux
monitors as long as the required indication is provided. Since
installation of the upper internals does not involve movement of fuel
or a significant positive reactivity addition to the core, one
primary or alternate source range neutron flux monitor with
continuous visual indication in the control room provides adequate
neutron flux monitoring capability during this evolution.

3/4.9.3 DECAY TIME

The minimum requirement for reactor subcriticality prior to movement
of irradiated fuel assemblies in the reactor vessel ensures that
sufficient time has elapsed to allow the radioactive decay of the
short lived fission products. This decay time is consistent with the
assumptions used in the accident analyses.

3/4.9.4 CONTAINMENT BUILDING PENETRATIONS

r_-l.:l‘l'te requirements on containment penetration closure limit leakage
of radicactive material within containment to the environment é;fb/
ensure compliance with 10 CFR (69¢qlimits. The regquirements on
operation of the SLCRS ensure that radiocactive material released
as the result of a fuel

—Aon TNS‘ERT “gq "

BEAVER VALLEY - UNIT 2 B 3/4 9-1 Amendment No. 16

('%bpaju)\DQﬁAuZ)



Attachment A-2
Beaver Valley Power Station, Unit No. 2
License Amendment Request No. 73

INSERT "3"

The LCO is applicable during movement of recently irradiated fuel
assemblies and during movement of fuel assemblies over recently
irradiated fuel assemblies because there is a potential for the
limiting fuel handling accident (FHA) to occur. Therefore, the
requirements of this Specification may be required to limit leakage
of radioactive material within the containment to the environment. A
FHA which does not involve recently irradiated fuel (i.e., fuel that
has occupied part of a critical reactor core within the previous
100 hours) will result in radiation exposures that are within the
guideline values specified in 10 CFR 50.67 without any reliance on
the requirements of this Specification to 1limit leakage to the
environment. The 100 hour limit is based on the current radiological
analysis for a FHA which assumes a decay time of 100 hours. Lco
3.9.3 prohibits irradiated fuel movement unless 100 hours of decay
has occurred. Therefore, this specification will not be applicable
unless the decay time in Specification 3.9.3 and the time assumed in
the radiological analysis for a FHA are reduced to below 100 hours.
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REFUELING OPERATIONS m\,\}\\l ircadiated {E—’\

BASES

3/4.9.4 CONTAINMENT BUILDING PENETRATIONS (Continued)

handling accident (FHA) within contalnment[:rlll be filtered through
HEPA filters and charcoal absorbers prior to discharge to the
atmosphere. These requirements g/are sufficient to restrict
) radiocactive Ymaterial release from

ack of

within containment. nenamber °,(. <\ reds aSSume
4o be fuptued tndwe FHA anclySiS
Except for the containment purge an rations and open
penetrations that meet the requirements of this specification, all
containment penetrations that provide direct access from containment
atmosphere to outside atmosphere must be isolated on at least one
side. Penetration closure may be achieved by an isclation valve,
blind flange, manual valve, or functional equivalent. Functional
equivalent isolation ensures releases from the containment are
prevented for credible accident scenarios. The isolation techniques
must be approved by an engineering evaluation and may include use of
a material that can provide a temporary, pressure tight seal capable
of maintaining the integrity of the penetration to restrict the
release of radicactive material from a FHA occurring inside
containment.

An OPERABLE filtered SLCRS train is required to include only those
portions of the system that are necessary to ensure that a filtered
exhaust path is available from the required plant areas to HEPA and
charcoal adsorbers and then to the elevated release point on top of
the containment building. As a minimum, an OPERABLE filtered SLCRS
train includes one OPERABLE filtered exhaust fan. If two filtered
SLCRS fans are utilized to satisfy the requirements of SR 4.9.4.4,
then in order to satisfy the LCO requirements, each fan must be in
operation and be OPERABLE with both a normal and emergency power
source available.

LCO 3.9.4 requires that a minimum of one train of filtered SLCRS be
operating and OPERABLE. A single OPERABLE train of filtered SLCRS
that is operating ensures that no undetected failures preventing
system operation will occur, and that any active failure will be
readily detected. Therefore, the LCO requirement to have an OPERABLE
and operating train of filtered SLCRS is sufficient to mitigate the
consequences of a FHA within the containment.

The personnel air lock (PAL) area is the plant area where the outer
PAL door is located.

BEAVER VALLEY - UNIT 2 B 3/4 9-2 Amendment No. 11&
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REFUELING OPERATIONS

BASES

3/4.9.7 (This Specification is not used.)

3/4.9.8 RESIDUAL HEAT REMOVAL AND COOLANT CIRCULATION

The requirement that at least one residual heat removal (RHR) loop be
in operation ensures that 1) sufficient cooling capacity is available
to remove decay heat and maintain the water in the reactor pressure
vessel below 140°F as required during the REFUELING MODE, and
2) sufficient coolant circulation is maintained throughout the
reactor core to minimize the effect of a boron dilution incident and
prevent boron stratification.

The requirement to have two RHR loops OPERABLE when there is less
than 23 feet of water above the reactor pressure vessel flange
ensures that a single failure of the operating RHR loop will not
result in a complete loss of residual heat removal capability. With
the reactor vessel head removed and 23 feet of water above the
reactor pressure vessel flange, a large heat sink is available for
core cooling. Thus, in the event of a failure of the operating RHR
loop, adequate time is provided to initiate emergency procedures to
cool the core.

3/4.9.9 CONTAINMENT PURGE AND EXHAUST ISOLATION SYSTEM

“4&HE OPERABILITY of this system ensures that the containment vent and
purge penetrations will be automatically isolated upon detection of
high radiation levels within the containment. The integrity of the
containment penetrations of this system G& required to meet 10 CFR
D requirements in the event of a fuel handling accident inside
containment The piping that connects this system to filtered SLCRS
is not safety)related and, therefore, can not be relied upon to
mitigate the (radiological effects of a fuel handling accident inside

containment. @ 'Pe&h\'\\L\'f‘mA\'q\-QA '&AO'\D
3/4.9.10 AND 3/4.9.11 WATER LEVEL - REACTOR VESSEL AND STORAGE POOL

The restrictions on minimum wateryleéV@lénsure that sufficient water
depth is available to remove @8%) of the assume iodine
activityareleased from Ghe ruptures of an—Lrradiated fuel ascembly

o ] e T 8 S N S —A-A

The minimum water depth s consistent with the assumptions of thé
ident lysis. '
aectcent amares (BO1° fur fodine 131 and 5°/0 for )
RT " \ Tedt
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The LCO is applicable during movement of recently irradiated fuel
assemblies and during movement of fuel assemblies over recently
irradiated fuel assemblies because there is a potential for the
limiting fuel handling accident (FHA) to occur. Therefore, the
requirements of this Specification may be required to limit leakage
of radioactive material within the containment to the environment. A
FHA which does not involve recently irradiated fuel (i.e., fuel that
has occupied part of a critical reactor core within the previous
100 hours) will result in radiation exposures that are within the
guideline values specified in 10 CFR 50.67 without any reliance on
the requirements of this Specification to limit leakage to the
environment. The 100 hour limit is based on the current radiological
analysis for a FHA which assumes a decay time of 100 hours. LCO
3.9.3 prohibits irradiated fuel movement unless 100 hours of decay
has occurred. Therefore, this specification will not be applicable
unless the decay time in Specification 3.9.3 and the time assumed in
the radiological analysis for a FHA are reduced to below 100 hours.
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3/4.9.12 @ FUEL BUILDING VENTILATION SYSTEM

The limitations on the storage pool ventilation system ensure that

will be filtered through the HEPA filters and charcoal adsorber prior
to discharge to the atmosphere. / The—ORERABILITY—eof S —SvStem—ang

assumptions—o he-—aceider analysigs./ The spent fuel pool area
ventilation system is non-safety related and only recirculates
air through the fuel building. The fuel building portion of the
SLCRS is safety related and continuously filters the fuel building
exhaust air. This maintains a negative pressure in the fuel
building.

—>
3/4.9.14 FUEL STORAGE - SPENT FUEL STORAGE POOL

The requirements for fuel storage in the spent fuel pool ensure that:
(1) the spent fuel pool will remain subcritical during fuel storage;
and (2) a uniform boron concentration is maintained in the water
volume in the spent fuel pool to provide negative reactivity for
postulated accident conditions under the guidelines of ANSI 16.1-
1975. The value of 0.85 or 1less for Kesr which includes all
uncertainties at the 95/95 probability/confidence 1level 1is the
acceptance criteria for fuel storage in the spent fuel pool.

Verification that peak fuel rod burnup is less than 60 GWD/MTU is
provided in the reload evaluation report associated with each fuel
cycle.

The Action Statement applicable to fuel storage in the spent fuel
pool ensures that: (1) the spent fuel pool 1is protected from
distortion in the fuel storage pattern that could result in a
critical array during the movement of fuel; and (2) the boron
concentration is maintained at = 1050 ppm (this includes a 50 ppm
conservative allowance for uncertainties) during all actions
inveolving movement of fuel in the spent fuel pool.

The Surveillance Requirements applicable to fuel storage in the spent
fuel pool ensure that: (1) the fuel assemblies satisfy the analyzed
U-235 enrichment limits or an analysis has been performed and it was
determined that Keee is < 0.95; and (2) the boron concentration meets
the 1050 ppm limit.

—'@‘-Ilcl. 13 (Twhis Spgc“(;a'm\—\‘ov\ LS ne¥ t&SeAD

L App TNSERT “5 "

BEAVER VALLEY - UNIT 2 B 3/4 9-7 Amendment No .36

C‘ol‘e(mse.c)t \Uon:)\ vp’)



Attachment A-2
Beaver Valley Power Station, Unit No. 2
License Amendment Request No. 73

INSERT "5"

The LCO is applicable during movement of recently irradiated fuel
assemblies and during movement of fuel assemblies over recently
irradiated fuel assemblies because there is a potential for the
limiting fuel handling accident (FHA) to occur. Therefore, the
requirements of this Specification may be required to limit leakage
of radiocactive material within the fuel building to the environment.
A FHA which does not involve recently irradiated fuel (i.e., fuel
that has occupied part of a critical reactor core within the previous
100 hours) will result in radiation exposures that are within the
guideline values specified in 10 CFR 50.67 without any reliance on
the requirements of this Specification to limit 1leakage to the
environment. The 100 hour limit is based on the current radiological
analysis for a FHA which assumes a decay time of 100 hours. LCO
3.9.3 prohibits irradiated fuel movement unless 100 hours of decay
has occurred. Therefore, this specification will not be applicable
unless the decay time in Specification 3.9.3 and the time assumed in
the radiological analysis for a FHA are reduced to below 100 hours.



ATTACHMENT B

Beaver Valley Power Station, Unit Nos. 1 and 2
License Amendment Request Nos. 219 and 73

REVISION OF REQUIREMENTS ASSOCIATED WITH CONTAINMENT CLOSURE

AND FUEL BUILDING VENTILATION

A

DESCRIPTION OF AMENDMENT REQUEST

For Beaver Valley Power Station (BVPS) Unit No. 1 only:

e The proposed amendment will revise Table 3.3-6 titled “Radiation Monitoring

Instrumentation,” Item 1.b.i. Specifically, the minimum number of channels
required to be operable will be revised from one channel to two channels. In
addition, the Applicable Modes specified in Table 3.3-6 for Item 1.b.i will be
revised from Mode "6" to table notation (2). The current table notation (2) will
be revised to specify the following: “During movement of recently irradiated
fuel assemblies within the containment and during movement of fuel assemblies
over recently irradiated fuel assemblies within the containment.” The Modes in
which the surveillance is required as specified in Table 4.3-3 titled “Radiation
Monitoring Instrumentation Surveillance Requirements” for Item 1.b.i will be
revised from Mode "6" to a footnote designated by **. The current footnote
designated by ** will be revised to state the following: “During movement of
recently irradiated fuel assemblies within the containment and during
movement of fuel assemblies over recently irradiated fuel assemblies within the
containment.”

The Applicable Modes specified in Table 3.3-6 for Item 1.c will be revised by
deleting the words “(in either unit)”.

Table notation number (4) of Table 3.3-6 will be revised to state the following:
“During movement of irradiated fuel assemblies and during movement of fuel
assemblies over irradiated fuel assemblies.”

Action 41, specified in Table 3.3-6, will be revised by adding the requirements
for suspending all operations involving movement of fuel assemblies over
irradiated fuel assemblies. In addition, the term “assemblies” will be added
following the word “fuel”.

For Item 1.c contained in Table 4.3-3, the modes in which the applicable
surveillances are required will be revised by deleting the words “(in either
unit)”.
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e The current footnote designated by ## contained in Table 4.3-3 will be revised

to state the following: “During movement of irradiated fuel assemblies and
during movement of fuel assemblies over irradiated fuel assemblies.”

Limiting Condition For Operation (LCO) 3.7.7.1 will be revised by modifying
the LCO applicability and required actions. The reference to TS 3.9.15.1 will be
deleted. The applicability requirement of "with either unit in" will be deleted.
The footnote designated by * will be modified and applied to the term
“OPERABLE” in the requirement that the “control room emergency
habitability system is OPERABLE”. A new footnote designated by *** will be
added to LCO 3.7.7.1.c pertaining to control room isolation on a Containment
Isolation Phase B (CIB) signal. LCO 3.7.7.1.c will also be revised by replacing
the words “or closed” with the words “or OPERABLE by being secured in a
closed position with power removed.”

LCO 3.8.1.2 titled “ A.C. Sources — Shutdown”, LCO 3.8.2.2 titled “A.C.
Distribution - Shutdown”, and LCO 3.8.2.4 titled “D.C. Distribution -
Shutdown”, the LCO applicability pertaining to fuel movement will be revised
to state the following: “During movement of irradiated fuel assemblies, and
During movement of fuel assemblies over irradiated fuel assemblies.” The
LCO Action requirements will also be revised by adding the word “assemblies”
following the word “fuel” and replacing the word “loads” with the words “fuel
assemblies”.

LCO 3.9.4 titled “Containment Building Penetrations” will be revised.
Specifically, LCO 3.9.4.c.2 will be revised by replacing the existing wording
with the words “Capable of being closed by an OPERABLE Containment Purge
and Exhaust Isolation System with the containment air being exhausted through
this system at a flow rate of < 7500 cfm to at least one OPERABLE filtered
Supplemental Leak Collection and Release System (SLCRS) train.” LCO 3.9.4
will also be revised by removing the terms “Core Alterations or” from the LCO
Applicability and Action requirements. In addition, the term “assemblies™ will
be added to the LCO Applicability and Action requirements following the word
“fuel.” The word “in” will be replaced with the word “within” following the
word “assemblies” in the LCO Action requirement. In addition, the term
“recently” will be added to the LCO Mode Applicability and Action
requirements preceding the word “irradiated”. The LCO Applicability will also
be modified by adding the following wording: “and, During movement of fuel

B-2
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assemblies over recently irradiated fuel assemblies within the containment”.
The action statement will also be modified by adding the words “and movement
of fuel assemblies over recently irradiated fuel assemblies within the
containment”.

Surveillance Requirement (SR) 4.9.4.1 will be modified by removing the words
“within 150 hours prior to the start of and”. The words “during Core
Alterations or movement of irradiated fuel in the containment” will also be
removed from SR 4.9.4.1. SR 4.9.4.2.a will be modified by revising the words
“through” to the word “to”. SR 4.9.4.2.b will be revised by replacing the
reference to Specification 4.6.3.1.2 with a reference to Specification 4.9.9.
SR 4.9.4.2.¢c will be revised to read as follows: “The required portions of
SLCRS shall be demonstrated OPERABLE per Specification 4.7.8.1 with the
exception to item 4.7.8.1.c.2.

LCO 3.9.9 titled “Containment Purge and Exhaust Isolation System” will be
revised by removal of terms “Core Alterations or” from the LCO Applicability
requirements. In addition, the terms “recently” and “assemblies” will be added
to the LCO Applicability modifying the words “irradiated fuel.” SR 4.9.9 will
be revised by removing the words “within 150 hours prior to the start of and”
and the words “during CORE ALTERATIONS.”

SR 4.9.13 will be designated as SR 4.9.12.2. SR 4.9.13.a and SR 4.9.13.b.1
will be deleted. The words “ventilation system” in the current SR 4.9.13 will be
replaced with the words “portion of SLCRS”. SR 4.9.13.b will be designated as
SR 4.9.12.2.a. SR 4.9.13.b.2 will be designated as SR 4.9.12.2.a.1. SR 4.9.13.c
will be designated as SR 4.9.12.2.b. The current wording of SR 4.9.13.c will be
revised by adding the words “with exception to item 4.7.8.1.c.2.” following the
words “Specification 4.7.8.1”. The proposed SR 4.9.12.2 will be moved to
Specification 4.9.12.

Specification 3/4.9.15 titled “Control Room Emergency Habitability Systems”
will be deleted.

Bases Section 3/4.9.9 will also be revised to remove text pertaining to Mode 5
applicability that is not relevant to this specification.

B-3
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For BVPS Unit No. 2 only:

Table notation number (4) of Table 3.3-6 will be revised to state the following:
“During movement of recently irradiated fuel assemblies and during movement
of fuel assemblies over recently irradiated fuel assemblies.

Table notation number (5) of Table 3.3-6 will be revised to state the following:
“During movement of recently irradiated fuel assemblies within the
containment and during movement of fuel assemblies over recently irradiated
fuel assemblies within the containment.”

The requirements specified in table notation (2) contained in Table 3.3-6 will be
deleted. The words “Not used.” will replace this requirement.

The current footnote designated by ** contained in Table 4.3-3 will be deleted.

The current footnote designated by ## contained in Table 4.3-3 will be revised
to state the following: “During movement of recently irradiated fuel assemblies
and during movement of fuel assemblies over recently irradiated fuel
assemblies.”

The current footnote designated by ### contained in Table 4.3-3 will be revised
to state the following: “During movement of recently irradiated fuel assemblies
within the containment and during movement of fuel assemblies over recently
irradiated fuel assemblies within the containment.”

LCO 3.7.7 will be revised by modifying the LCO applicability and required
actions. The footnote designated by ** will be modified. A new footnote
designated by *** will be added to LCO 3.7.7.c pertaining to control room
isolation on a CIB signal.

For LCO 3.8.1.2 titled “A.C. Sources — Shutdown”, LCO 3.8.2.2 titled “A.C.
Distribution - Shutdown”, and LCO 3.8.2.4 titled “D.C. Distribution -
Shutdown”, the LCO applicability pertaining to fuel movement will be revised
to state the following: “During movement of recently irradiated fuel assemblies,
and During movement of fuel assemblies over recently irradiated fuel
assemblies.” The LCO Action requirements will also be revised by adding the
word “assemblies” following the word “fuel”, adding the word “recently”
preceding the word “irradiated”, and replacing the word “loads™ with the words
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“fuel assemblies”. For LCO 3.8.2.2 only, the word “than” will be added to the
LCO Action requirements following the word “less”.

The LCO 3.9.4 Applicability will be modified by adding the following wording:
“and, During movement of fuel assemblies over recently irradiated fuel
assemblies within the containment”. The action statement will also be modified
by adding the words “and movement of fuel assemblies over recently irradiated
fuel assemblies within the containment”. The word “in” will be replaced with
the word “within” following the word “assemblies” in the LCO Action
requirement. In addition, the term “recently irradiated” will be added to the
LCO Mode Applicability and Action requirements preceding the word “fuel”.
SR 4.9.4.2.b will be revised by replacing the reference to Specification 4.6.3.1.2
with a reference to Specification 4.9.9.

LCO 3.9.9 titled “Containment Purge and Exhaust Isolation System” will be
revised by adding the term “recently irradiated” to the LCO Applicability
modifying the word “fuel”.

The current wording of SR 4.9.13 will be revised by adding the words “with
exception to item 4.7.8.1.c.2.” following the words “Specification 4.7.8”. The
modified SR 4.9.13 will be designated as SR 4.9.12.2 and moved to
Specification 4.9.12.

For BVPS Unit Nos. 1 and 2:

o The Applicable Modes specified in Table 3.3-6 for Item 1.c will be revised

from Modes 1,2,3,4,5% and 6™ to Modes 1,2,3,4, and (4).

For Item 1.c contained in Table 4.3-3, the modes in which the applicable
surveillances are required will be revised from Modes 1,2,3,4,5##,6# to
Modes 1,2,3,4,and ##.

The requirements specified in Table 3.3-6 item 2.b pertaining to the fuel
building process monitors will be deleted. The word “Deleted” will replace
these requirements.

The requirements specified in Table 4.3-3 item 2.b pertaining to the fuel
building process monitors surveillance requirements will be deleted. The word
“Deleted” will replace these requirements.
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The requirements specified in Table 3.3-6 Action number 21 will be deleted.
The words “This Action is not used.” will replace this action requirement.

surveillance requirement.

e LCO 3.9.3 titled “Decay Time” and the associated SR 4.9.3 will be revised by
replacing “150 hours” with “100 hours”. The word “assemblies” will be added
following the word “fuel”.

e LCO 3.9.9 Applicability will be modified by adding the following wording:
“and, During movement of fuel assemblies over recently irradiated fuel
assemblies within the containment™.

SR 4.9.9 will be revised by the addition of a requirement to verify that the
isolation time of each system isolation valve is within limits.

The Applicability for LCO 3.9.10 titled “Water Level — Reactor Vessel” will be
revised to read as follows: “During movement of irradiated fuel assemblies
within the containment, and During movement of fuel assemblies over
irradiated fuel assemblies within the containment.” The associated Action
requirement will be revised by adding the word “irradiated” preceding the word
“fuel”, deleting the words “or control rods” and replacing the words “pressure
vessel” with the words “containment and during movement of fuel assemblies
over irradiated fuel assemblies within the containment.”

SR 4.9.10 will be modified by removing the words “within 2 hours prior to the
start of and” and the words “ thereafter during movement of fuel assemblies or
control rods”.

The Applicability for LCO 3.9.11 titled “Storage Pool Water Level” will be
revised to read as follows: “During movement of irradiated fuel assemblies
within the fuel storage pool, and During movement of fuel assemblies over
irradiated fuel assemblies within the fuel storage pool.” The associated Action
requirement will be revised by adding the word “irradiated” preceding the word
“fuel”, replacing the word “areas” with the word “pool”, deleting the words
“and restore the water level to within its limits within 4 hours” and replacing
the words “and crane operations with loads in” with the words “within the fuel
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storage pool and movement of fuel assemblies over irradiated fuel assemblies
within the fuel storage pool.”

SR 4.9.11 will be modified by adding the word “fuel” preceding the word
“storage” and removing the words “when irradiated fuel assemblies are in the
fuel storage pool”.

LCO 3.9.12 titled “Fuel Building Ventilation System — Fuel Movement” will be
revised to state the following: “The fuel building portion of the Supplemental
Leak Collection and Release System (SLCRS) shall be OPERABLE and
operating with fuel building exhaust flow discharging through at least one train
of the SLCRS HEPA filters and charcoal adsorbers.” The Applicability for
LCO 3.9.12 will be revised to read as follows: “During movement of recently
irradiated fuel assemblies within the fuel storage pool, and During movement of
fuel assemblies over recently irradiated fuel assemblies within the fuel storage
pool.” The associated Action requirement will be revised by replacing the word
“fuel” with the words “recently irradiated fuel assemblies”. The words “storage
pool” will be replaced with the words “fuel storage pool”. The words “or crane
operation with loads over the” will be replaced with the words “and movement
of fuel assemblies over recently irradiated fuel assemblies within the”.

SR 4.9.12 will be renumbered and become SR 4.9.12.1. In addition, the current
surveillance wording will be revised to state the following: “The fuel building
portion of SLCRS shall be verified to be operating with fuel building exhaust
flow discharging through at least one train of the SLCRS HEPA filters and
charcoal adsorbers and that all fuel building doors are closed () at least once per
12 hours”. The words “within 2 hours prior to the initiation of and” and the
words “during either fuel movement within the fuel storage pool or crane
operation with loads over the fuel storage pool” will be deleted from SR 4.9.12.
A new footnote (1) will be added which will modify the requirements of
proposed SR 4.9.12.1. This proposed footnote will state the following: “The
fuel building doors may be opened for entry and exit.”

LCO 3.9.13 titled “Fuel Building Ventilation System — Fuel Storage” will be
deleted. The words “3/4.9.13 (This Specification number is not used.)” will be
added in the page header.

Editorial and format changes are also included. These changes include revision
of Index Pages to reflect the deletion of Technical Specifications, changes in
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Bases page numbering due to the addition and deletion of text, updating to
current page format, the addition of new technical specification pages to
accommodate the addition of text, grammatical changes, capitalization changes,
word spelling changes, punctuation changes, and the shifting of page footers.
The Bases section has been revised as necessary to reflect the changes to these
Specifications and the utilization of the Alternative Radiological Source Term
and the requirements of 10 CFR 50.67.

B. DESIGN BASES
Fuel handling accident (FHA)

A FHA is classified as an American Nuclear Society Condition IV event, faults
that are not expected to occur but are postulated because their consequences
include the potential for the release of significant amounts of radioactive material.
The FHA is postulated to occur in the fuel building and in containment. A FHA is
defined as the dropping of one spent fuel assembly onto another fuel assembly in
the spent fuel storage area or in the containment building. Currently, the most
limiting FHA is postulated to cause damage to all fuel rods in the dropped
assembly (264 rods) plus an additional 34 rods in the struck fuel assembly (BVPS
Unit No. 1) and 2.34 assemblies (617 rods) (for BVPS Unit No. 2) with subsequent
release of all the activity in the fuel rod gap. The gap inventory released into the
pool containing irradiated fuel is based on 150 hours (for BVPS Unit No. 1) and
100 hours (for BVPS Unit No. 2) of decay resulting from the time between
shutdown and movement of the first fuel assembly. The bases for the failure of the
postulated 298 rods for a FHA in the fuel building is referenced in a Beaver Valley
Power Station (BVPS) Unit No. 1 dose calculation as the USNRC staff analysis
that indicated that 298 rods (one assembly plus 34 rods) would be damaged. This
USNRC staff analysis is also referenced in NUREG 0800, Standard Review Plan
(SRP) Section 15.7.4 titled “Radiological Consequences of Fuel Handling
Accident.” This SRP section states that “The applicant should provide in the SAR
conservative analyses for the number of rods assumed damaged both for the spent
fuel storage area and inside containment, and the Mechanical Engineering Branch
(MEB) should be requested to verify the number of rods assumed damaged.
Reference 6 may also be consulted in this regard.” Reference 6 is the Long Island
Lighting Co., et al., Docket No. STN 50-516/517, further additional supplemental
testimony on contention L.D.2 (Spent Fuel Handling Accident) by Walter L.
Brooks, et al. The BVPS Unit No. 2 limiting FHA, which assumes the failure of
2.34 assemblies (617 fuel rods), is based on the USNRC staff analysis which states
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that the maximum number of fuel rods that can be damaged as a result of a
dropped fuel assembly in the core is 617 fuel rods or the equivalent of 2.34 fuel
assemblies.

Environmental release from the containment through the containment purge and
exhaust penetrations is limited by a design which automatically isolates these two
containment penetrations following detection of radioactivity by redundant
containment purge radiation monitors (RM-1VS-104A & B) for BVPS Unit No. 1
and (2HVS-RQ104A & B) for BVPS Unit No. 2. To verify that a FHA inside
containment does not release radioactivity prior to automatic isolation, an
evaluation to show that automatic containment isolation occurs upon detection of
radioactivity by the redundant containment purge monitors was completed. The
time required for air to travel from the radiation monitor to the first containment
isolation valve is greater than the closure time of the containment isolation valves.
Therefore, the design capability for rapid isolation of the containment provides
assurance that minimizes radioactive releases from the containment building via
the containment purge and exhaust penetrations. For a FHA in the fuel building,
the radioactivity released from the fuel pool into the fuel building atmosphere is
filtered by SLCRS.

The assumptions applied to the evaluation of the releases, as a result of a FHA,
from the containment and the fuel building are based on Regulatory Guide (RG)
1.25, with the exceptions of iodine filter efficiencies which follow the guidance in
RG 1.52; the atmospheric dispersion factors, which follow NUREG-0800 (USNRC
1981) (Section 2.3); and the I-131 gap activity fraction, which follow NUREG/CR-
5009 (USNRC 1988) (Section 3.2.2).

BVPS Unit No. 1 SLCRS

The primary function of SLCRS is to ensure that radioactive leakage from the
primary containment following a Design Basis Accident (DBA) or radioactive
release due to a fuel building FHA is collected and filtered for iodine removal prior
to discharge to the atmosphere at an elevated release point through a ventilation
vent.

The BVPS Unit No. 1 SLCRS consists of:
1)  two exhaust fans powered from the emergency buses (one per train),

2)  two filter banks (one per train),
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3)  two filter bank bypass isolation dampers powered from the emergency buses
(one per train)

The supplementary leak collection and release system has two 100 percent design
capacity leak collection exhaust fans and two 100 percent design capacity main
filter banks. Each main filter bank consists of roughing filters, charcoal filters and
HEPA filters. The supplementary leak collection and release system normally
exhausts structures contiguous to the containment, the fuel building and the waste
gas storage area directly to the elevated release point without the air stream going
through the filters. On a containment isolation phase A (CIA) signal, a leak
collection area high-high radiation signal, a fuel building high-high radiation signal
from the fuel building process radiation monitors (RM-1VS-103A & B), or a waste
gas storage area high-high radiation signal, the exhaust from all areas served by the
supplementary leak collection and release system is diverted to the filters prior to
being discharged at the elevated release point. Should any of these radiation
monitoring systems fail, a redundant backup radiation monitor, located in the
SLCRS Vent duct, would indicate and alarm to the operator that the preset level
had been reached, which would alert the operator to manually divert the exhaust
through the filters. The automatic and manual systems are redundant and on
separate power supplies.

Air is exhausted from the fuel building, solid waste handling building, charging
pump cubicles, containment (during refueling only), certain plant areas contiguous
to the reactor containment except for the main steam valve room, and the
containment equipment hatch area. The areas contiguous to the reactor
containment are the personnel air lock (PAL) area, purge duct area, main steam
valve room, cable vaults, piping penetrations area, pipe tunnel, and safeguards
areas.

The capacity of each SLCRS fan is in excess of the estimated air inleakage to the
containment contiguous areas, fuel building and waste gas storage area. An intake
damper is provided at the suction header of the fans to provide makeup air. The
excess capacity of the fan ensures a minimum of the required negative pressure in
the exhausted areas. Provision is made in the various exhausted areas to permit
confirmation that they are maintained at the required negative pressure.

The fuel building ventilation exhaust is monitored by two redundant in-line
detectors. A high-high radiation alarm will automatically divert the flow through
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the prefilter/charcoal/HEPA filter complex of the supplementary leak collection
and release system before discharge to the elevated release duct. It will also
activate the fuel building evacuation alarm.

The containment purge exhaust is monitored by two redundant inline detectors
(RM-1VS-104A & B). During the initial containment purge (prior to allowing
personnel entry into containment for refueling operations) an activity alarm will
signal the operator to manually actuate damper valves to divert the purge exhaust
through the SLCRS filter banks for subsequent discharge via the elevated release
point. For the likely no-radiation-alarm condition, the normal purge cycle is
completed and the containment is opened to atmosphere permitting entry for
refueling operations. During refueling, the containment purge and exhaust system
maintains the containment at a slightly negative pressure in accordance with the
SLCRS design as stated in UFSAR Section 6.6. Flow will, at all times during
refueling, be directed through the SLCRS filters. A high-high activity alarm from
either of the containment purge exhaust monitors, will automatically close the
purge supply and exhaust isolation dampers in the containment building and
activate the containment evacuation alarm. The airborne activity in the
containment atmosphere is subsequently discharged at a controlled rate through the
SLCRS filters to the elevated release point above the containment building.

If there should be a fuel building high-high radiation signal, the exhaust from the
fuel building along with the rest of the leak collection system exhaust, is diverted

to one of the main filter banks in the leak collection release system before being
released at the SLCRS Vent.

BVPS Unit No. 2 SLCRS

The BVPS Unit No. 2 SLCRS consists of:

1)  two unfiltered leak collection normal exhaust fans powered from the normal
buses,

2)  two filtered exhaust fans powered from the emergency buses,

3)  four filter banks (two per train),
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4)  two emergency exhaust fans powered from the emergency buses to provide
unfiltered release and heat removal from the charging pump, component
cooling pump area in the event of total loss of SLCRS.

Air is exhausted from the fuel building, solid waste handling building, auxiliary
building, charging pump cubicles, component cooling water (CCW) area, post
accident sampling panel and personnel sampling area, and from the area
contiguous to the reactor containment except the main steam and feedwater valve
area. The areas contiguous to the reactor containment are the PAL area, equipment
hatch enclosure, purge duct area, main steam and feedwater valve area, cable vault
and rod control building at elevation 735 ft-6 in and elevation 755 ft-6 in, pipe
tunnel, and safeguards areas.

During normal plant operation, the normal SLCRS exhaust fan is manually set to
exhaust unfiltered air from the SLCRS areas, except for the solid waste handling
building, auxiliary building, charging pump cubicles, component cooling water
(CCW) pump area, and the fuel building. These plant areas are serviced by filtered
SLCRS exhaust fans.

On a containment isolation Phase A signal, or on a high radiation signal from
monitors in the ventilation exhaust from the areas contiguous to the containment,
the air that is normally exhausted by the leak collection normal exhaust fan is
diverted so that it first flows through one of the two parallel demister assemblies
and then through the aligned main filter banks before flowing to the leak collection
filter exhaust fans. The other demister assemblies and main filter banks are used as
standby. Each demister assembly consists of a moisture separator and an electric
heating coil. Each main filter bank consists of HEPA filter, charcoal, and a second
set of HEPA filter. The fuel building is continuously exhausted by filtered SLCRS
regardless of the alignment of the normal SLCRS flow paths.

The fuel building airborne radiation monitor draws a sample from the fuel building
ventilation exhaust and monitors the radioactivity concentration in the fuel
building. It will also activate the fuel building and Decontamination building
evacuation alarm.

The containment purge air system is designed to reduce the airborne radioactivity
in the containment after the plant has reached cold shutdown, and to provide
outdoor air during extended periods of occupancy such as during refueling. The
ductwork within the containment building is seismically supported. Redundant
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radiation monitors (2HVS-RQ104A & B) are located in the containment exhaust
ductwork. Upon detecting a predetermined high level of radiation during purging
the motor-operated containment isolation valves automatically close.

Purge exhaust is provided by the SLCRS. The exhaust fans have the capacity to
handle approximately one containment air change per hour maintaining the
containment under a slightly negative pressure.

To prevent discharge of radioactive air to the outside atmosphere, during operation
with the containment at atmospheric pressure, air in the containment and in the
purge exhaust duct is monitored for radioactivity. High radiation in the
containment atmosphere initiates an alarm in the main control room. The operator,
upon receipt of the alarm, can reroute the purge exhaust flow from a normal
(unfiltered) release path to a filtered release path to the elevated release point on
top of the containment building.

BVPS Unit No. 1 CONTROL ROOM VENTILATION

The control room air conditioning system includes two separate systems consisting
of two 100 percent redundant air handling units, refrigeration condensing units,
river water cooling coils, temperature control air compressors and controls, return
air fans, and associated dampers. Each system's electrical components are supplied
from separate emergency powered buses.

The main control room is equipped with an emergency pressurization system for
use during a DBA. This system is considered essential to prevent radioactive
inleakage to the control room by pressurizing the area during the period of time
that the containment is above atmospheric pressure (one hour) following a DBA.
The requirements of the system are that a sufficient amount of air be released to the
control room for a period of 1 hour to maintain a positive pressure in the area thus
ensuring a positive air outflow from the isolated area. The system consists of ten
Seismic Category I compressed air pressure vessels, each containing 12.5 percent
of the required total supply. Thus, there is a 25 percent excess supply equal to the
capacity of two storage vessels to satisfy the single failure criteria. There are five
Seismic Category I systems of piping and pneumatic controls to control the release
of compressed air to the control room area.

Under accident conditions, the control room air-conditioning system outdoor air
intake (two dampers in series) and normal exhaust dampers (two dampers in series)
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are closed at both Units on a CIB signal or by operator action, isolating the entire
main control area from the outside atmosphere. At this time, each emergency air
pressurization subsystem will have two redundant emergency powered solenoid
valves open to release control air from its respective compressed air tank. The
operation of either or both of the solenoid valves will cause an isolation valve to
open and a pressure control valve to regulate pressure to the metering orifice.

The control room emergency pressurization is used to pressurize the BVPS Unit
No. 1 and the BVPS Unit No. 2 main control area for one hour after a design basis
accident to protect operating personnel from radioactive inleakage.

Upon depletion of the compressed air supply, the BVPS Unit No. 2 redundant
emergency outdoor air pressurization fans and dampers will receive a 60 minutes
time delayed CIB signal to operate. The BVPS Unit No. 1 outdoor air
pressurization fans and dampers serve as a backup to the BVPS Unit No. 2 outdoor
air pressurization fans and dampers and are operated manually as required. Either
of the two separate BVPS Unit No. 1 100 percent design capacity emergency
outside air pressurization fans may be started as a backup to the BVPS Unit No. 2
fans. The BVPS Unit No. 1 fans draw air from an outside air intake through a
single, normally closed, butterfly valve which is provided around the outdoor air
butterfly valves and then through redundant, emergency powered heaters, which
are provided to limit the relative humidity of the air to the filter banks. The fans
then discharge the air through an emergency outside air filter bank consisting of a
prefilter, charcoal filter and particulate filter. The filtered air supply is introduced
into the air conditioning system to maintain indefinitely the pressurized condition
in the main control area. The emergency outside air filters have been provided
with a manually operated, normally closed, outlet damper to isolate the control
room because the BVPS Unit No. 1 outdoor air pressurization fans and dampers
are not controlled automatically.

The BVPS Unit No. 1 and the BVPS Unit No. 2 control room air-conditioning
systems are independent and physically separate. The main control room areas are
open to each other and are in the same pressure envelope. The control and
operation of the two air-conditioning systems are not interconnected. The BVPS
Unit No. 1 and the BVPS Unit No. 2 control rooms are permanently occupied and
their respective operators may adjust operating parameters with system limitations.
The bottled compressed air system is common to both BVPS Unit No. 1 and BVPS
Unit No. 2, and its capacity has been sized to accommodate both control rooms.
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Power for the emergency bottled air pressurization system can be provided by
BVPS Unit No. 1 or BVPS Unit No. 2.

BVPS Unit No. 2 CONTROL ROOM VENTILATION

The main control room air-conditioning system maintains a suitable environment
for personnel occupancy and equipment operation during normal and emergency
conditions. Two service water cooling coils in the return air stream are also
provided as an additional back-up method of cooling the main control room area if
required. Components of the air-conditioning systems are seismically designed
and are housed in the Seismic Category I control building.

Upon receipt of a CIB signal, or a high radiation signal from the control room area
monitors, the normal outside air supply dampers (two dampers in series) and
normal exhaust dampers (two dampers in series) automatically close at both Units,
thus isolating the control room envelope. This signal also initiates the control
room emergency bottled air pressurization system.

The emergency bottled air pressurization system is capable of providing the control
room envelope with a sufficient supply of air to meet pressurization requirements.
The system is capable of maintaining the ambient pressure slightly above
atmospheric pressure, preventing inleakage for approximately 1 hour.

Following the first hour after an accident, the control room envelope is maintained
at a positive pressure for an indefinite period of time due to the operation of the
redundant emergency supply systems. Each system can draw outside air through a
filter assembly which consists of a HEPA filter and carbon adsorber with effective
iodine removal efficiency of 95 percent.

The CIB signal isolates the control room almost immediately after a loss of coolant
accident (LOCA). For DBAs that do not cause a CIB signal, control room
isolation is initiated by a high radiation signal from redundant Category 1 area
monitors centrally located in the BVPS-2 control room except for the main
steamline break (MSLB) and the locked rotor accident (LRA) which do not initiate
a high radiation signal. For the MSLB and the LRA, manual operator action by
t=30 min post-accident is needed to maintain habitability. This action consists of
purging the control room atmosphere by reconfiguring the control room ventilation
system from full recirculation and placing it on full outside air.
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In the event of a toxic gas release, main control room habitability is maintained by
isolating the air intake, recirculating air conditioned air, and by maintaining a
positive pressure using the bottled air system for 1 hour, after which, the main
control room will remain isolated for the duration of the accident. The toxic gas
protection requirements for the control room are currently specified in the BVPS
Licensing Requirements Manual (LRM).

Miscellaneous

A Core Alteration is defined in the BVPS Technical Specifications as the
movement of any fuel, sources, or reactivity control components within the reactor
vessel with the vessel head removed and fuel in the vessel.

The PAL is a circular cylinder, with a door at each end. The doors are interlocked
to prevent simultaneous opening. During periods when containment is not
required to be operable, the door interlock may be disabled allowing both doors of
the air lock to remain open. The swinging of the PAL doors is done manually.
Each PAL door locking and sealing mechanism is hydraulically driven and
actuated by the operation of a pushbutton and associated electric motor driven
pump unit. The emergency air lock is located in the containment equipment hatch.
This air lock is normally removed from the equipment hatch and stored during a
refueling outage. A temporary closure plate is normally installed in place of the
emergency air lock when containment closure is required per LCO 3 94.

The containment equipment hatch is a circular opening that is stored adjacent to
the containment opening via an overhead trolley system. Closing the equipment,
to meet the containment closure requirements specified in LCO 3.9.4, involves
manually moving the equipment hatch flange in front of the containment opening
and lowering the flange into position via a manually operated chain hoist. Once the
flange is in the correct position, four swing bolts are moved into position and then
manually tightened. No electrical power is required to perform these activities that
are necessary to close the equipment hatch. The expedited closure of the
containment equipment hatch during shutdown conditions, due to a loss of reactor
core decay heat removal, is specified in plant procedures at both Units. The
expedited closure of the containment equipment hatch has been demonstrated
during a practice drill at BVPS Unit No. 2.

The BVPS waste gas decay tanks are located in underground storage vaults. Each
BVPS Unit has separate storage vaults. Each of the decay tanks is considered
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independently regarding tank bursts for the requirements of 10 CFR 100, in that
each tank is shielded from any other tank. Double valving and missile protection
are provided on all interconnecting piping.

C. JUSTIFICATION

REVISION OF MINIMUM NUMBER OF OPERABLE CHANNELS (For
BVPS Unit No. 1 only)

The proposed change of the minimum number of radiation monitors specified in
Table 3.3-6 for Item 1.b.i from “1” to “2” and the change in the applicable Modes
aligns the radiation monitor operability requirements with the containment purge
isolation requirements specified in LCO 3.9.9, SR 4.9.9, and LCO 3.9.4. This
proposed change is consistent with the intent of Specification 3.3.6 titled
“Containment Purge and Exhaust Isolation Instrumentation” contained in the
NUREG 1431 Revision 1 titled "Standard Technical Specifications - Westinghouse
Plants" (ISTS). When the plant is in Modes 5 or 6 without fuel handling in
progress in the containment, these radiation monitors do not need to be operable
since the potential for radioactive releases is minimized and operator action is
sufficient to ensure post accident offsite doses are maintained within regulatory
limits. The operability of these radiation monitors is intended to provide protection
against a FHA within containment. The proposed mode applicability will continue
to require that two radiation monitors be operable during plant evolutions when a
FHA can occur (i.e., during movement of recently irradiated fuel assemblies and
during movement of fuel assemblies over recently irradiated fuel assemblies) and
these radiation monitors are necessary to initiate containment purge and exhaust
isolation. The proposed change in the mode in which the surveillance is required,
as specified in Table 4.3-3 for Item 1.b.i is justified based on the above discussion
for changing the mode applicability specified in Table 3.3-6 for these same
radiation monitors. Surveillance Requirements do not need to be performed on
equipment that is not required to be operable.

DELETION OF CERTAIN CORE ALTERATIONS REQUIREMENTS

The proposed deletion of the term “Core Alterations™ from LCO 3.9.4 and LCO
3.9.9 (for BVPS Unit No.1 only) is justified since a FHA is the only event during
Core Alterations that is postulated to result in fuel damage and radiological release.
The accidents that are postulated to occur during Core Alterations, in addition to a
FHA, are: inadvertent criticality (due to a control rod removal error or continuous
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control rod withdrawal error during refueling or boron dilution) and the inadvertent
loading of, and subsequent operation with a fuel assembly in an improper location.
These events are not postulated to result in fuel cladding integrity damage. The
proposed LCO applicability will continue to require that plant equipment be
operable when required to mitigate a FHA during plant evolutions where a FHA
can occur inside containment when required; i.e., during movement of recently
irradiated fuel assemblies within containment and during movement of fuel
assemblies over recently irradiated fuel assemblies within containment. This
proposed change to remove Core Alterations from these LCOs is also consistent
with NRC approved Technical Specification Traveler Form (TSTF) 51 Revision 2
to the ISTS. This change is also consistent with the changes approved by
Amendment number 116 (TAC No. MA8861) to the BVPS Unit 2 Technical

Specifications.

Based on the above, the proposed deletion of the terms “or control rods™ from
Specification 3/4.9.10 is also justified. Movement of control rods within the reactor
pressure vessel is a core alteration. These events are not postulated to result in fuel
cladding integrity damage. Therefore, maintaining 23 feet of water of the seated
fuel is not required during movement of control rods within the reactor pressure
vessel. This change is also consistent with NRC approved Technical Specification
Traveler Form (TSTF) 51 Revision 2 to the ISTS.

REVISION OF LCO APPLICABILITY AND ACTIONS

The proposed revisions of the BVPS Unit No. 1 LCO applicability and action
requirements, specified in Table 3.3-6 for item l.c, LCO 3.7.7.1, and LCOs
3.8.1.2,3.8.2.2, and 3.8.2.4 for the control room radiation monitors, for the control
room habitability systems, and for the electrical power requirements, respectively,
will ensure that the requirements of these specifications apply and appropriate
actions are taken during fuel handling activities that involve the potential need for
these systems to mitigate the consequences of a FHA in order to meet the radiation
exposure limits specified in 10 CFR 50.67. The addition of “and during movement
of fuel assemblies over irradiated fuel assemblies” is necessary based on the results
of the fuel drop analysis contained in Attachment D of this LAR. The fuel drop
analysis has determined that damage to the struck fuel assembly will result in fuel
rod failure. The movement of a non-irradiated fuel assembly could result in a
radiological release that may require the use of the control room habitability
systems if this assembly were to strike an irradiated fuel assembly. Therefore, the
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adoption of the ISTS LCO applicability wording of “During movement of
irradiated fuel assemblies” is not sufficient to meet the BVPS fuel drop analysis.

The proposed revisions of the BVPS Unit No. 2 LCO applicability and action
requirements specified in Table 3.3-6 item l.c, LCO 3.7.7, and LCOs 3.8.1.2,
3.8.2.2, and 3.8.2.4, for the control room radiation monitors, the control room
habitability systems, and the electrical power requirements, respectively, will
ensure that the requirements of these specifications apply and the appropriate
actions are taken during fuel handling activities that involve the potential need for
these systems to mitigate the consequences of a FHA in order to meet the radiation
exposure limits specified in 10 CFR 50.67. The addition of “and during movement
of fuel assemblies over recently irradiated fuel assemblies™ is necessary based on
the results of the fuel drop analysis contained in Attachment D of this LAR. The
fuel drop analysis has determined that damage to the struck fuel assembly will
result in fuel rod failure. The movement of a non-irradiated fuel or non-recently
irradiated fuel assembly could result in a radiological release that may require the
use of the control room habitability systems if this assembly were to strike a
recently irradiated fuel assembly. Therefore, the adoption of the ISTS LCO
applicability wording of “During movement of irradiated fuel assemblies” 1s not
sufficient to meet the BVPS fuel drop analysis.

The proposed revisions of Table 3.3-6 item (1.b.i for BVPS Unit No.1) / 2.c.ii for
BVPS Unit No. 2), LCO 3.9.4, and LCO 3.9.9 applicabilities and actions, to
specify during movement of recently irradiated fuel assemblies and during
movement of fuel assemblies over recently irradiated fuel assemblies, will ensure
that requirements of these specifications apply and that appropriate actions are
taken during fuel handling activities that involve the potential need for these
systems to mitigate the consequences of a FHA in order to meet the radiation
exposure limits specified in 10 CFR 50.67. The addition of “and during movement
of fuel assemblies over recently irradiated fuel assemblies” is necessary based on
the results of the fuel drop analysis contained in Attachment D of this LAR. The
fuel drop analysis has determined that damage to the struck fuel assembly will
result in fuel rod failure. The movement of a non-irradiated or a non-recently
irradiated fuel assembly could result in a radiological release that may require
containment isolation and/or filtration if this assembly were to strike a recently
irradiated fuel assembly. Therefore, the adoption of the ISTS LCO applicability
wording of “During movement of recently irradiated fuel assemblies” 1s not
sufficient to meet the BVPS fuel drop analysis. These LCOs will not be applicable
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when moving non-irradiated or non-recently irradiated fuel assemblies provided
that these fuel assemblies are not moved over recently irradiated fuel assemblies.
During these evolutions, neither the dropped fuel assembly nor the stuck assembly
has sufficient amount of radioactivity to require filtration prior to a release to the
environment. The current BVPS Unit No. 2 LCO applicability of “During
movement of fuel assemblies within containment” will be revised to the LCO
applicability stated above based on the above discussion on the level of
radioactivity contained in a non-irradiated fuel assembly. Currently, the term "Core
Alterations" in the LCO applicability (for BVPS Unit No. 1 only) requires that
LCO 3.9.4 and LCO 3.9.9 be applicable during the movement of any fuel within
the reactor vessel. For BVPS Unit No. 2 only, LCO 3.94 and LCO 399
applicabilities and LCO 3.9.4 actions of movement of fuel within containment are
applicable during the movement of any fuel within the reactor vessel. Therefore,
LCO 3.9.4 and 3.9.9 are currently applicable during movement of non-irradiated
fuel within the reactor vessel.

The proposed revisions of the LCO applicability and action requirements specified
in LCO 3.9.10 and LCO 3.9.11 will ensure that the requirements of these
specifications apply and that the appropriate actions are taken during fuel handling
activities that involve the potential need for these minimum water levels to
mitigate the consequences of a FHA in order to meet the radiation exposure limits
specified in 10 CFR 50.67. The addition of “and during movement of fuel
assemblies over irradiated fuel assemblies™ is necessary based on the results of the
fuel drop analysis contained in Attachment D of this LAR. The fuel drop analysis
has determined that damage to the struck fuel assembly will result in fuel rod
failure. The movement of a non-irradiated fuel could result in a radiological release
that may require the minimum water level to mitigate the FHA if this assembly
were to strike a recently irradiated fuel assembly. Therefore, the adoption of the
ISTS LCO applicability wording of “During movement of irradiated fuel
assemblies” is not sufficient to meet the BVPS fuel drop analysis.

The proposed revisions of the LCO applicability and action requirements specified
in LCO 3.9.12 for the fuel building ventilation system will ensure that
requirements of these specifications apply during fuel handling activities that
involve the potential need for this system to mitigate the consequences of a FHA in
order to meet the radiation exposure limits specified in 10 CFR 50.67. The addition
of “and during movement of fuel assemblies over recently irradiated fuel
assemblies” is necessary based on the results of the fuel drop analysis contained in
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Attachment D of this LAR. The fuel drop analysis has determined that damage to
the struck fuel assembly will result in fuel rod failure. The movement of a non-
irradiated fuel or non-tecently irradiated fuel assembly could result in a
radiological release that may require the use of the fuel building ventilation system
if this assembly were to strike a recently irradiated fuel assembly. Therefore, the
adoption of the ISTS LCO applicability wording of “During movement of
irradiated fuel assemblies” is not sufficient to meet the BVPS fuel drop analysis.

USE OF THE TERM “RECENTLY” IN LCO APPLICABILITY AND
ACTION REQUIREMENTS

The revised radiological analyses contained in Attachment C of this LAR
demonstrates that the consequences of a fuel handling accident once the fuel had
undergone radioactive decay for several days will result in radiation exposures that
are within the guideline values specified in 10 CFR 50.67 without reliance on the
requirements of these Specifications to limit leakage to the environment and to
limit control room personnel exposure. The length of this “several day” period has
been determined to be 100 hours by the FHA radiological analysis. The term
“recently irradiated” fuel will be defined in the applicable TS Bases sections as
“fuel that has occupied part of a critical reactor core within the previous 100
hours”. This LAR permits fuel handling activities to occur after this period of
radioactive decay, without requiring Technical Specification controls over the fuel
building and the containment building integrities and the associated building
ventilation system/filtration operability. [Note: This LAR continues to require
Technical Specification controls over building integrity and ventilation system
operability during the first 100 hours of the outage (when the fuel is still classified
as “recently irradiated™).]

The addition of the term “recently” to certain LCO applicabilities is based on the
radiological analysis contained in Attachment C of this LAR and the guidance
provided in TSTF 51 Revision 2. The purpose of the addition of the term
“recently” is to establish a point where operability of those systems typically used
to mitigate the consequences of a FHA is no longer required to meet the radiation
exposure limits specified in 10 CFR 50.67. The LCOs for which the term
“recently” will be added applies to those systems (with the exceptions discussed
below) which are no longer required to be operable to mitigate a FHA once the
irradiated fuel has undergone 100 hours of radioactive decay.

B-21



ATTACHMENT B, continued
License Amendment Request Nos. 219 and 73
Page 22

The proposed wording of LCO 3.9.3 will prohibit irradiated fuel movement unless
100 hours of decay has occurred. Therefore, those specifications that will have the
term “recently” irradiated (excluding the electrical power Specifications) will not
be applicable unless the decay time in Specification 3.9.3 is reduced to below 100
hours based on a revised radiological analysis.

For BVPS Unit No. 1 only, the control room habitability system (i.e., the
pressurization bottles, emergency supply fans and damper isolation) is not required
to mitigate the consequences of a FHA (based on the proposed radiological
analysis) in order to maintain the radiation doses to personnel occupying the
control room to within the limits of 10 CFR 50.67. The revised BVPS Unit No. 1
analysis assumes only that a 30 minute purge of the control room atmosphere
occurs following radioactivity release termination. In order to ensure that sufficient
electrical power is available to conduct a purge of the control room following a
FHA and as a conservative measure to support the control room habitability
systems, the term “recently” will not be added to the BVPS Unit No. 1 LCO
applicability and action requirements for electrical power specified in LCOs
3.8.1.2,3.8.2.2, and 3.8.2.4. Additionally, the term “recently” will not be added to
the BVPS Unit No. 1 applicability and action requirements specified in Table 3.3-6
and LCO 3.7.7.1 for the control room radiation monitors and for the control room
habitability systems, respectively. The basis for not adding the term “recently” to
these requirements is also a conservative measure. The requirement to maintain the
control room habitability systems will provide additional assurance that a sufficient
level of control room ventilation equipment is available to conduct the 30 minute
purge of the control room following a FHA. The term “recently” was not added to
either Unit’s LCOs 3.9.10 and 3.9.11, which pertain to the water level over
irradiated fuel assemblies, because the radiological analysis assumes a minimum
water level regardless of the amount of radioactive decay. The amount of
radioactive decay and the minimum water level over irradiated fuel assemblies are
two key assumptions in the FHA radiological analysis.

Consistent with the Reviewer’s Note stated in TSTF 51 revision number 2, BVPS
is making the commitment to the following guidelines for the assessment of
systems removed from service during movement of irradiated fuel assemblies and
movement of fuel assemblies over irradiated fuel assemblies:

During fuel handling, ventilation system and radiation monitors availability (as
defined in NUMARC 91-06) should be assessed, with respect to filtration and
monitoring of releases from the fuel. Following shutdown, radioactivity in the fuel
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decays away fairly rapidly. The basis of the Technical Specification operability
amendment is the reduction in doses due to such decay. The goal of maintaining
ventilation system and radiation monitor availability is to reduce doses even further
below that provided by the natural decay. A single normal or contingency method
to promptly close containment penetrations should be developed. Such prompt
methods need not completely block the penetration or be capable of resisting
pressure. The purpose of the “prompt methods” mentioned above are to enable
ventilation systems to draw the releases from a postulated fuel handling accident in
the proper direction such that it can be treated and monitored.

Attachment E of this LAR contains the draft BVPS guidelines to implement the
requirements of the above commitment for fuel handling. The guidelines are very
similar to those utilized at FENOC’s Perry plant. Perry’s fuel handling related
Technical Specifications currently contain the term “recently”. The NRC approved
this change by amendment number 102 dated March 11, 1999 (TAC No. M94028).

For BVPS Unit No. 1 only, LCO 3.9.4 currently requires that at least one door of
the PAL be maintained closed during Core Alterations or fuel movement within
containment. In addition, other containment penetrations, which provide direct
access from the containment atmosphere to the outside atmosphere, must be
closed. This requirement is to prevent the release of radioactive material in the
event of a FHA. During fuel movement within containment, other refueling outage
activities such as steam generator tube inspection and snubber inspections are
normally being performed. These activities require that personnel enter and exit
the containment. Since both PAL doors are normally closed to ensure that the
requirements of LCO 3.9.4 are met, both air lock doors and associated opening and
closing mechanisms must be cycled during each entry and exit. As a result of this
frequent usage, higher wear occurs on the doors and associated closure
mechanisms than would be expected if the air lock was used only for Mode 1
through 4 containment entries. Containment entry during power operation is
normally infrequent.

An additional concern with requiring that PAL doors remain closed during a FHA
inside containment occurs when a large number of personnel are inside
containment. The PAL is the only readily accessible exit path with the
containment equipment hatch closed. The emergency air lock, located in the
equipment hatch, is not normally installed during refueling operations. Therefore,
it may take a number of PAL door cycles to evacuate personnel from containment
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if a FHA were to occur. The time required for door cycling operations results in
increased personnel doses for the personnel remaining in containment.

During a typical refueling outage, a number of containment isolation valves are
required to be Type C leak tested in accordance with SR 4.6.1.2.a. This
surveillance is conducted to ensure that containment isolation valve leakage is
within acceptable limits. During this testing, the containment penetration is
required to be drained of process liquid.  This usually requires that both
containment penetration isolation valves be opened along with the necessary vent
and drain valves to permit proper draining of the piping. During this evolution a
pathway from the containment atmosphere to the outside atmosphere is typically
established. In addition, depending on how the air pressure in the containment
penetration is bled off following completion of the leak test and the method
utilized to fill and vent the containment penetration following the required testing,
a pathway from the containment atmosphere to the outside atmosphere could also
be established.

The proposed changes to LCO 3.9.4 applicability (for BVPS Unit No. 1 only) will
permit this required testing and other required surveillance and maintenance
activities to occur under the administrative controls described in Attachment E of
this LAR. It is BVPS's objective to perform future refueling outages in less than
30 days. In order to support this objective, the BVPS management staff has
determined that it will be necessary to allow these work activities to be conducted
during movement of fuel within containment. In addition, allowing the PAL to be
open will contribute to reducing the outage duration by allowing personnel quicker
access to containment.

By permitting the containment equipment hatch to be open during fuel movement
at both Units, activities such as steam generator sludge lancing and chemical
cleaning of the steam generators will be able to be conducted without the need for
special containment isolation provisions. When using this isolation arrangement,
the opening of the equipment hatch for the purpose of moving equipment in and
out of containment is not desirable from the standpoint of completing the outage
activity in a timely manner. The removing of the equipment hatch generally
requires that activity associated with the process hoses passing through the
equipment hatch be temporarily terminated. The connected hoses are then isolated
and removed and then reinstalled and the process flow be reestablished.
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The proposed Technical Specification (TS) changes will allow both doors of the
containment PAL and other containment penetrations including the containment
equipment hatch to be open during fuel movement provided the fuel assemblies
being moved have not been recently irradiated.

There have been several occurrences in the history of the nuclear power industry in
which fuel bundles have actually been dropped in the course of fuel handling
activities. In each of these instances, the actual releases from the fuel have been
minimal or nonexistent (reference Nuclear Safety Analysis Center (NSAC)-129
and other subsequent plant operating event reports). This has shown that the
assumptions utilized in the radiological dose calculations for a fuel handling
accident are quite conservative. It has also contributed to considerations of what
the actual areas of concern are during a refueling outage. It has been shown that
the primary shutdown safety issue is with the potential for core damage events.

An examination of the significance of Fuel Handling Accidents was examined as
part of a Grand Gulf shutdown risk study (reference NRC Meeting Summary of
September 9, 1998, “Meeting To Discuss The Planned Joint Proposals On
Containment Requirements To Mitigate Fuel Handling Accidents During
Refueling” with several BWR/6 plants). Insights from this study show that due to
the much lower potential releases from a Fuel Handling Accident than from a core
damage accident (approximately 100 Curies as compared to 3 X10° Curies) the risk
from a Fuel Handling Accident is very low, and is 3 orders of magnitude below the
risk associated with core damage events. Although certain types of controls
addressing fuel handling events remain appropriate as discussed above, these
controls do not necessarily need to be addressed within the Technical
Specifications.

As noted in the Commission’s Statements of Consideration for the Final Rule on
Technical Specification Improvements dated July 19,1995, the Technical
Specifications had grown to the point that they contained too many requirements,
which led to diversion of licensee attention from the more important requirements
to the extent that the excessive requirements had “resulted in an adverse but
unquantifiable impact of safety.” It was also noted that they had grown so large
due in part to “a lack of well-defined criteria (in either the body of the rule
[10 CFR 50.36] or in some other regulatory document) for what should be included
in Technical Specifications.”
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Therefore, the Commission revised 10 CFR 50.36 to include four specific criteria
on what should be included (see 10 CFR 50.36 to see the specific wording). They
also noted that “If a Technical Specification provision does not meet any of the
first three criteria, and if the current PRA (Probabilistic Risk Assessment)
knowledge or operating experience does not identify the structure, system, or
component as risk significant, the NRC staff will not preclude relocating such
Technical Specifications.”

Criterion 3 is the criterion that applies today to the systems, structures and
components discussed in the proposed license amendment (before application of
the revised Fuel Handling Accident calculations as proposed by the amendment).
It reads as follows:

“A structure, system or component that is part of the primary success
path and which functions or actuates to mitigate a design basis accident
or transient that either assumes the failure of or presents a challenge to
the integrity of a fission product barrier.”

This criterion was further clarified in the Commission’s Final Policy Statement on
Technical Specification Improvements dated July 22, 1993, which made it clear
that “the primary success path of a safety sequence analysis consists of the
combination and sequences of equipment needed to operate (including
consideration of the single failure criteria), so that the plant response to Design
Basis Accidents and Transients limits the consequences of these events to within
the appropriate acceptance criteria. It is the intent of this criterion to capture into
Technical Specifications only those structures, systems and components that are
part of the primary success path of a safety sequence analysis ... The primary
success path ... does not include backup and diverse equipment...”

The definition of “appropriate acceptance criteria” was clearly discussed in
T. E. Murley’s letter dated May 9, 1988. This letter transmitted the results of the
NRC Staff's review of the Owners Groups’ application of the Technical
Specification selection criteria and formed the basis for the issued Improved
Standard Technical Specification. Enclosure Section 2.(6) states: “Accordingly,
the SRP limits should be used to define the equipment in the primary success path
for mitigating accidents and transients when developing the new STS.”

Therefore, since the revised calculations, which credit several days of radioactive
decay, do mnot include credit for building integrity requirements or
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ventilation/filtration systems as part of the primary success path, and the results of
those calculations meet the SRP limits, the Technical Specification controls over
such items can be relocated to procedures under licensee administrative control.

Conclusions

e Fuel Handling Accidents are not risk-significant enough to require Technical
Specification controls.

o Adequate defense in depth is maintained by the requirements for water level
and radioactive decay.

e The license amendment request is based on dose calculations performed
assuming radioactive decay (a natural process) has occurred before the
proposed changes to relax building integrity requirements take place.

e The dose calculations meet the SRP acceptance criteria without crediting the
SSCs whose Technical Specifications are being revised by the proposed
amendment.

e The specific Technical Specification controls addressed by the license
amendment no longer meet the criteria given in 10 CFR 50.36 for inclusion
within the Technical Specifications, once the fuel has undergone sufficient
radioactive decay.

e Administrative controls over shutdown safety will remain in effect to control
monitoring and filtration of any releases that might occur from a fuel handling
accident.

DELETION OF THE TERM _“LOADS” FROM THE LCO
APPLICABILITY AND ACTION REQUIREMENTS

The proposed deletion of the Mode applicability of "during movement of loads
over irradiated fuel assemblies" is consistent with the ISTS. For the fuel storage
building, the fuel storage racks are designed to withstand the dropping of a fuel
assembly and remain capable of performing their safety function to prevent a
criticality event. Adequate separation is maintained between the dropped fuel
assembly and the active fuel height of the stored fuel assembly which precludes
interaction (reference BVPS Unit 1 LAR submittal number 202 dated November 2,
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1992 (TAC No. M84673) and BVPS Unit No. 2 UFSAR section 9.1.2.3 pertaining
to the spent fuel storage pool). Therefore, loads that have an impact energy which
is less than or equal to the impact energy of a dropped fuel assembly (light loads)
will not result in significant deformation of the fuel storage racks which will
protect the stored fuel assemblies.

Crane operations involving heavy loads (greater than 2450 1bs.) over irradiated fuel
stored in the spent fuel pool are prevented by administrative controls in compliance
with NUREG-0612. The administrative controls are required to be implemented by
NUREG-0612 and associated Generic Letter 81-07 titled “Control of Heavy
Loads”. As documented in the BVPS response to NUREG-0612 and the NRC SER
for that response, the BVPS administrative controls for moving heavy loads
provide adequate assurance that operation of the fuel building crane will not
include lifting heavy loads that have the potential to damage stored fuel
assemblies.

The movement of loads over irradiated fuel within the containment is addressed by
the development of safe load paths consistent with the guidance provided in
NUREG-0612 and the current requirement to require FHA mitigation systems
when performing Core Alterations (BVPS Unit No. 1 only) and moving fuel
assemblies within containment (BVPS Unit No. 2 only). These requirements
provide additional assurance that FHA mitigation systems are operable when
moving loads within the reactor vessel (fuel assemblies) and the potential exists for
a fuel handling accident. The proposed changes to the applicable LCOs will
continue to require that FHA mitigation systems be operable during movement of
loads (fuel assemblies) over the reactor vessel containing recently irradiated fuel
assemblies. The movement of heavy loads over the reactor core with the potential
to damage fuel assemblies in the reactor core has been evaluated and safe load
paths have been incorporated into the BVPS plant procedures. Changes to
established safe load paths can only be made in accordance with the provisions of
10 CFR 50.59.

In addition, the proposed change to Licensing Requirements Manual (LRM)
Section 7.1 titled “Crane Travel — Spent Fuel Storage Pool Building” contained in
Attachment F of this LAR will further restrict the movement of loads in excess of
2450 lbs. over fuel assemblies in the fuel storage pool. A weight of greater than
2450 1bs. is the current heavy load classification limit at BVPS in accordance with
NUREG-0612. The BVPS plant-specific Holtec report titled “Evaluation of Spent
Fuel Assembly Drop Accidents in The Beaver Valley Power Station Reactor Core”
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contained in Attachment D of this LAR utilizes a total fuel assembly weight of
2500 1bs. which is 50 Ibs. above the BVPS heavy load classification limit. The
additional 50 Ibs. was added for conservatism and to allow for additional margin
should the total fuel assembly weight be increased due to changes in the fuel
assembly design.

FHA ROD FAILURE ANALYSIS

NUREG 0800, Standard Review Plan (SRP) Section 15.7.4 titled “Radiological
Consequences of Fuel Handling Accident.” states that “The applicant should
provide in the SAR conservative analyses for the number of rods assumed
damaged both for the spent fuel storage area and inside containment, and the
Mechanical Engineering Branch (MEB) should be requested to verify the number
of rods assumed damaged. Regulatory Guide (RG) 1.183 titled “Alternative
Radiological Source Terms for Evaluating Design Basis Accidents at Nuclear
Power Reactors™ states the following: “the number of fuel rods damaged during
the accident should be based on a conservative analysis that considers the most
limiting case. This analysis should consider parameters such as the weight of the
dropped heavy load or the weight of a dropped fuel assembly (plus any attached
handling grapples), the height of the drop, and the compression, torsion, and shear
stresses on the irradiated fuel rods. Damage to adjacent fuel assemblies, if
applicable (e.g., events over the reactor vessel), should be considered.” The
number of fuel rods that are utilized in the attached radiological analysis is based
on the BVPS plant-specific Holtec report titled “Evaluation of Spent Fuel
Assembly Drop Accidents in The Beaver Valley Power Station Reactor Core”
which is contained in Attachment D of this LAR. This report is a fuel fragility
analysis to determine the extent of rod breakage under various drop scenarios. This
report is applicable to BVPS Unit Nos. 1 and 2. The fuel assembly is assumed to
be in an irradiated state, and for conservatism, modeled to simulate the actual
geometry of Westinghouse 17 x 17 Optimized Fuel Assembly (OFA), which
contains rods of the smallest diameter in the family of PWR fuel assemblies, and
its fuel rods are most vulnerable to drop accidents. The OFA assemblies currently
are only contained in the BVPS Unit No. 1 fuel pool. These fuel assemblies were
utilized as lead test assemblies a number of years ago at BVPS Unit No. 1. There is
a very limited number of this type of fuel assembly in the BVPS Unit No. 1 fuel
pool. There is no current plan to load this type of fuel assemblies back into the
reactor vessel as part of any future core reloads. The finite-element method was
used to conduct the numerical simulations for various drop events to obtain the
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conservative damage estimation. The analyzed drop scenarios are postulated to
envelop all probabilistically significant drop events that could occur during
irradiated fuel movement in the BVPS reactor core. A postulated drop of a single
irradiated fuel assembly over the reactor core represents the bounding drop
location. This location has the largest drop height available, based on the use of the
current irradiated fuel handling procedures at BVPS, due to the reactor core barrel
depth. The maximum drop height results in the maximum amount of kinetic energy
available to damage the fuel assemblies. The fuel building, the fuel transfer canal
and the fuel transfer tube have a smaller drop height available based on the use of
the current irradiated fuel handling procedures at BVPS. In addition, only one fuel
assembly is handled at a time during the transfer process between the fuel building
and reactor core. Once the fuel assembly has been lifted out of the reactor core
area, there are no other fuel assemblies within the target area to be damaged should
the fuel assembly in transit be dropped. In the fuel pool area, the fuel racks provide
additional protection against damage to additional assemblies since only one
additional assembly can be struck by the dropped assembly. The target area is also
limited due to the opening size of the storage location. In the reactor vessel, the
target area is greatly increased due to open surface area containing fuel assemblies.
In case 3 of the analysis contained in Attachment D, the event where the dropped
assembly strikes the edge of a target assembly is analyzed. In this scenario, the
target assembly receives the energy from the dropped assembly. This scenario
bounds a scenario where more than one assembly is struck since the kinetic energy
of the dropped assembly would be distributed over more than one target fuel
assembly. The analysis contained in Attachment D of this LAR utilizes a total fuel
assembly weight of 2500 lbs. which is 50 Ibs. above the BVPS heavy load
classification limit.

Therefore, the analysis contained in Attachment D of this LAR is based on the
dropping of a single irradiated fuel assembly of the reactor core since this is the
most limiting drop scenario at BVPS. The results of this analysis show that the
number of ruptured fuel rods could be up to 137.

RADIOLOGICAL EVALUATION OF FHA

The results of the dose calculations for a FHA are presented in Attachments C-1
(BVPS Unit No. 1) and C-2 (BVPS Unit No. 2). The radiological analyses were
performed based on the guidance provided in the SRP Chapter 15.0.1 and
RG 1.183. The attached radiological analyses demonstrates that should a FHA
occur within the containment or the fuel building that involves irradiated fuel with
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at least 100 hours of decay, the projected offsite doses for this event will be well
within the applicable regulatory limits of 10 CFR Part 50.67 of 25 rem total
effective dose equivalent (TEDE) at the exclusion area boundary (EAB) (for any
2-hour period) and low population zone (LPZ) (for the entire period of radioactive
cloud passage), and are less than the more restrictive guidance criteria in the SRP
Section 15.0.1 and RG 1.183 of 6.3 rem TEDE for the 2 hour release duration.
Control room personnel doses (for the duration of the accident) are less than the
10 CFR Part 50.67 limit of 5 rem TEDE. This radiological analysis is based on all
airborne activity reaching the applicable building (fuel building or containment
building) atmosphere, as a result of a FHA inside the applicable building, being
released to the environment over a 2 hour period. The 2 hour release period is
based on the guidance contained in Regulatory Guide 1.183. The radiological
analyses are bounding for a FHA in the fuel building or a FHA in the containment
building. These analyses use the maximum number of predicted failed fuel rods for
a FHA in either building. The number of ruptured fuel rods (137) that is utilized in
the attached radiological analysis is based on the BVPS plant-specific Holtec
report contained in Attachment D of this LAR. The most restrictive release point
atmospheric dispersion factor(s) for either building are conservatively applied to
the entire release. The most restrictive of the three assumed release paths for either
building is from the Primary Auxiliary Building (PAB) ventilation stack. A
postulated release from the other two release paths (the containment equipment
hatch or the SLCRS ventilation stack on top of the containment results in better
atmospheric dispersion factor(s) than from the PAB ventilation stack.

The revised radiological analyses assumes that the radioactivity released to the fuel
building or the containment building due to a FHA is then released to the
environment with no credit for activity removal by filtration or plate-out. The
primary success path for mitigating a FHA does not include the functioning of
active containment or fuel building systems. For BVPS Unit No. 1 only, the
control room habitability system (i.e., the pressurization bottles, emergency supply
fans and damper isolation) is not required to mitigate the consequences of a FHA
in the proposed radiological analysis in order to maintain the radiation doses to
personnel occupying the control room to within the limits of 10 CFR 50.67. The
revised analysis assumes that a 30 minute purge of the control room atmosphere is
performed following radioactivity release termination. This post-release purge
assumption has been utilized in the BVPS MSLB accident analysis which have
been reviewed and been determined to be acceptable by the NRC staff. For BVPS
Unit No. 2 only, the control room habitability system (i.e., the pressurization
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bottles, emergency supply fans and damper isolation) is also not required to
mitigate the consequences of a FHA in the proposed radiological analysis in order
to maintain the radiation doses to personnel occupying the control room to within
the limits of 10 CFR 50.67. In addition, a post-release purge of the control room is
not assumed in the revised radiological analysis.

Consistent with the requirements outlined in Attachment E of this LAR, the
containment purge exhaust penetration will be in service in order to ensure that
containment air will be drawn past at least one radiation monitor via the PAB
ventilation release stack or via the elevated release stack on top of the containment
building. The automatic isolation of the purge supply and exhaust penetrations will
be defeated in order to ensure that this flow path remains available should a FHA
occur within containment. If for any reason operation of the purge exhaust flow
path must be discontinued during fuel movement within the containment with the
equipment hatch open, the equipment hatch opening will be monitored for
radioactive releases via health physics air monitoring station. In addition, if other
containment penetrations are open with the purge exhaust penetration not in
service, the contiguous area where the open containment penetrations are located
will be verified to be exhausting via a monitored flow path or the penetrations will
be isolated or fuel movement within containment will be temporarily terminated.
Similarly for the fuel building, the fuel building portion of SLCRS will be operated
during fuel movement within the fuel building to ensure that the fuel building air is
drawn past at least one radiation monitor via the elevated release stack on top of
the containment. If for any reason operation of the fuel building SLCRS flow path
must be discontinued during fuel movement within the fuel building, fuel
movement will be discontinued until the flow path can be reestablished.

The commitment to the previously mentioned guidelines for the assessment of
systems removed from service during movement of irradiated fuel assemblies and
movement of fuel assemblies over irradiated fuel assemblies, as outlined above and
as specified in Attachment E of this LAR, will ensure that the radiological analyses
assumption for the three release paths during a FHA remains valid. The best
estimate TEDE dose for workers closing the equipment hatch following a FHA in
containment is 1.1 rem TEDE based on a 20 minute stay time.

It is a normal BVPS practice, with the plant in Mode 5, to operate the non-filtered
containment purge supply and exhaust system with the containment equipment
hatch and PAL open. Acceptable system performance has been observed during
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this operating configuration. Airflow is normally observed to be into the
containment through the open PAL and equipment hatch.

The following provides a review of the acceptance criteria for using alternate source term
(AST) in a license amendment request as specified in the Standard Review Plan (SRP)
15.0.1:

1.

10 CFR 50.49, Environmental Qualification Of Electric Equipment Important To
Safety For Nuclear Power Plants.

Of particular concern is the qualification of equipment with regard to integrated
radiation dose during normal and accident conditions. The changes proposed in
this LAR do not affect normal plant operating conditions and, therefore, have no
impact on the current equipment qualification status for normal plant operation.
The proposed changes do affect accident conditions in the plant. However, the
current environmental equipment qualification analyses utilize assumptions based
on Technical Information Document (TID) 14844, “Calculation of Distance
Factors for Power and Test Reactor Sites.” The proposed change does not include
revisions to the assumptions utilized for equipment qualification. Consistent with
Regulatory Position 1.3.5 of Regulatory Guide 1.183, BVPS will continue to
utilize the TID 14844 assumptions for performing the required equipment
qualification analyses.

10 CFR 50.67, Accident Source Term.

The proposed changes include calculations (see Attachment C of this LAR) that
explain how the radiological criteria of 10 CFR 50.67 are met.

10 CFR 50 Appendix A, General Design Criteria (GDC) 19, Control Room.

The proposed changes include discussions and calculations (see Attachment C of
this LAR) that explain how the control room environment is maintained within the
applicable limits. The proposed changes to the technical specifications are
consistent with the results of the attached calculations.
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4, 10 CFR 51, Environmental Protection Regulations For Domestic Licensing And
Related Regulatory Functions.

As explained in Section G of Attachment B in this LAR, the proposed changes
meet the eligibility criteria for categorical exclusion set forth in 10 CFR 51.22¢(9).

5. 10 CFR 50, Appendix E, Paragraph IV.E.8, Emergency Planning And
Preparedness For Production And Utilization Facilities.

This requirement relates to the maintenance of emergency facilities in a safe,
habitable condition under accident conditions. The BVPS Emergency Response
Facility (ERF) is designed to accommodate continuous occupancy following a
DBA. Shielding and ventilation system designs ensure occupancy of the ERF for
30 days while staying within the dose requirements of GDC 19 after a design basis
LOCA. As the radiological consequences of a design basis LOCA are greater than
the fuel handling accident described in this LAR, the changes proposed in this
LAR do not reduce the habitability of the ERF in any way.

6. NUREG-0737 ILB.2, “Design Review Of Plant Shielding And Environmental
Qualification Of Equipment For Spaces/Systems Which May Be Used In Post-
accident Operations.”

The design review requirements of this item of NUREG-0737 are based on post-
accident radioactivity releases equivalent to that described in Regulatory Guides
1.3 and 1.4. Regulatory Guide 1.3 pertains to Boiling Water Reactors and
Regulatory Guide 1.4, titled “Assumptions Used For Evaluating The Potential
Radiological Consequences Of A Loss of Coolant Accident For Pressurized Water
Reactors,” addresses only Loss of Coolant Accidents (LOCAs). The changes
proposed in this LAR do not affect the safety analyses associated with a design
basis LOCA nor do the changes in this LAR affect the plant design requirements
for spaces or systems that may be used after a design basis LOCA. The existing
licensing commitments in response to NUREG-0737 I1.B.2 remain unaffected by
the changes proposed in this LAR.

7 NUREG-0737 ILB.3, “Post Accident Sampling Capability.”

The design and operational review of sampling systems required by this item of
NUREG-0737 assume accident conditions consistent with the fission product
release described in Regulatory Guide 1.4 titled, “Assumptions Used For
Evaluating The Potential Radiological Consequences Of A Loss of Coolant
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Accident For Pressurized Water Reactors,” which addresses only Loss of Coolant
Accidents (LOCAs). The sampling operations in question are intended to help
ascertain the degree of core damage after a LOCA. The changes proposed in this
LAR do not affect the safety analyses associated with a design basis LOCA nor do
the changes in this LAR affect the plant design requirements for sampling systems
that may be used after a design basis LOCA. The existing licensing commitments
in response to NUREG-0737 IL.B.3 remain unaffected by the changes proposed in
this LAR.

8  NUREG-0737 ILF.1, “Additional Accident Monitoring Instrumentation.”

This item of NUREG-0737 addresses requirements for the following
instrumentation:

a)  Noble gas effluent monitors,

b)  Iodine and particulate sampling and onsite laboratory capabilities,
¢)  Containment high range radiation monitor,

d)  Containment pressure monitor,

e)  Containment water level monitor; and

f) Containment hydrogen concentration monitor.

The changes proposed in this LAR affect the calculation method and consequences
of a fuel handling accident. As a result, the changes proposed in this LAR affect
specific equipment and plant conditions related to the fuel handling accident.
However, the changes proposed in this LAR do not affect the requirements
specified in NUREG-0737 item ILF.1 for the equipment listed above. Therefore,
the changes proposed in this LAR do not affect the BVPS licensing commitments
made in response to NUREG-0737 item ILF.1.

9  NUREG-0737 IILD.1.1, “Integrity Of Systems Outside Containment Likely To
Contain Radioactive Material For Pressurized-Water Reactors And Boiling Water
Reactors.”

This NUREG-0737 item addresses requirements for a program to reduce leakage
from systems outside containment that would or could contain highly radioactive
fluids during an accident or transient to as-low-as-practical levels. The changes
proposed in this LAR do not affect the leak detection and reduction efforts related
to meeting the requirements of this item of NUREG-0737. Therefore, the changes
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proposed in this LAR do not affect the BVPS licensing commitments made in
response to NUREG-0737 item IIL.D.1.1.

NUREG-0737 IIL.A.1.2, Upgrade Emergency Support Facilities.

This NUREG-0737 item addresses requirements for maintaining emergency
response facilities in a safe habitable condition under accident conditions by
providing protection against radiation and toxic gas. The BVPS Emergency
Response Facility (ERF) is designed to accommodate continuous occupancy
following a DBA. Shielding and ventilation system designs ensure occupancy of
the ERF for 30 days while staying within the dose requirements of GDC 19 after a
design basis LOCA. A conservative evaluation of the radiation dose to an
individual located in the ERF following a fuel handling accident (FHA) was
performed to support this LAR. The results of this evaluation show that the
radiation dose would be within 5 rem TEDE. This evaluation was based on good
engineering judgment rather than a formal analysis. Following is a summary of the
assumptions and methodology, and the results.

All assumptions and methodology used in the design basis analysis were used with
the following two exceptions:

a) The atmospheric dispersion factor (chi-over-Q) used is that for the BVPS Unit
No. 2 top of containment, to the nearest side of the ERF building. This was
determined in calculation (ERS-SFL-95-012) using the NRC PAVAN code.
This code was used to determine the current, licensed EAB and LPZ chi-over-
Qs for both Units. For this evaluation, this is assumed to be a suitable value for
any of the potential FHA release points for either Unit.

This chi-over-Q should be conservative for any of the BVPS Unit No. 1 release
points because there is considerably more distance between BVPS Unit No. 1
and the near side of the ERF building. For the other BVPS Unit No. 2 potential
release points, the distance is comparable, but the release elevation is somewhat
higher than that of the equipment hatch or the PAB vent. Because of this, the
containment top value may not be conservative. However, other multiple
conservatisms in this evaluation provide bounding results.

b) The ERF building offers some protection to lower accident radiation dose. The
ERF has 2' thick concrete walls and roof which should reduce plume exposure
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dose to a negligible value. The outside air intake rate is limited based on an
evaluation previously performed for the LOCA. Additionally, the building is
provided with charcoal filters in the air recirculation system. The facility
activation procedure directs that the building ventilation system be configured
in the recirculation mode early in an accident. Some of the activity drawn into
the building may still be retained after the plume has passed. Although this will
result in protracted exposure, the net value should be less due to unmitigated
plume exposure for the shorter duration.

This evaluation did not take credit for any of the ERF building protective
features. It assumes that the receptor is located outside of the building at the
side nearest to the release point. Thus, the dose provided in this evaluation is
bounding for an individual working inside of the ERF building.

The FHA DBA computer model input file was modified considering the two
items discussed above. The consequent dose was 799 mrem TEDE.

Conclusion: The ERF will remain habitable following a fuel handling DBA at
either Unit.

NUREG-0737 II1.D.3.4, Control Room Habitability Requirements.

This NUREG-0737 item addresses requirements to maintain the control room
adequately protected against the effects of accidental release of toxic and
radioactive gases consistent with General Design Criterion 19. The effects of the
proposed changes on control room habitability are discussed in more detail in
Attachments B and C of this LAR. The toxic gas protection requirements for the
control room are currently specified in the BVPS LRM and are not being revised
due to this LAR. In summary, the proposed changes account for control room
habitability and will continue to ensure the ability to maintain the control room
environment safe and within the applicable dose limits.

REVISION OF DECAY TIME

The current BVPS FHA radiological analyses are based on a decay time, resulting
from the time between shutdown and movement of the first fuel assembly, of 150
hours (for BVPS Unit No. 1) and 100 hours (for BVPS Unit No. 2). The bases for
the decay time specification is to ensure that sufficient time has elapsed to allow
the radioactive decay of short lived fission products. The proposed decay time of
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100 hours is consistent with the assumptions used in the accident analysis. The
attached radiological analyses demonstrates that should a FHA occur within the
containment or the fuel building that involves irradiated fuel with at least 100
hours of decay, the projected offsite doses for this event will be well within the
applicable regulatory limits of 10 CFR Part 50.67 of 25 rem TEDE at the EAB (for
any 2-hour period) and LPZ (for the entire period of radioactive cloud passage),
and are less than the more restrictive guidance criteria in the SRP Section 15.0.1
and RG 1.183 of 6.3 rem TEDE for the 2 hour release duration. Control room
personnel doses (for the duration of the accident) are less than the 10 CFR Part
5067 limit of 5 rem TEDE. The change in decay time will result in an increase in
the spent fuel pool heat load. BVPS will evaluate the effects of an increased heat
load on the spent fuel pool cooling system due to conducting a core offload at 100
hours. The ability to conduct a core offload at 100 hours or (between 100 and 150
hours) will be dependent on the results of this evaluation.

Therefore, based on the above, the change in decay time specified in Specification
3/4.9.3 from 150 hours to 100 hours is acceptable.

REVISION OF FUEL BUILDING PROCESS MONITORS AND
VENTILATION REQUIREMENTS

The proposed deletion of the fuel building process radiation monitors (RM-1VS-
103A & B) for BVPS Unit No. 1 and 2RMF-RQ301A & B) for BVPS Unit No. 2
technical specification requirements is justified since Specification 3.9.12 will
ensure that the fuel building exhaust flow is aligned to the SLCRS filter banks
during plant evolutions when a FHA could occur and the filtration of the fuel
building atmosphere may be required to meet the limits specified in 10 CFR 50.67.
Specification 3.9.12 requires that the fuel building exhaust flow be aligned to the
SLCRS filter banks during fuel movement within the fuel building. The automatic
action of the BVPS Unit No. 1 fuel building process monitors to initiate filtration
of the fuel building exhaust flow is, therefore, not required. The effluent monitors
requirements contained in the BVPS Offsite Dose Calculation Manual (ODCM)
for the SLCRS elevated release point will not be affected by this proposed deletion
of the fuel building monitors. The capability to monitor this SLCRS radioactivity
release point to the environment will be maintained per the ODCM requirements.
The TS requirements for the fuel pool storage area monitor (RM-207) for BVPS
Unit No. 1 and (2RMF-RQ202) for BVPS Unit No. 2 will also not be affected by

this proposed change.
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The ISTS provides guidance as to the types and bases for the radiation monitors
required to remain within the TS. The radiation monitors retained in ISTS perform
one of the following functional requirements that have been determined to meet the
NRC’s Final Policy Statement on Technical Specification Improvements for
Nuclear Power Reactors, 58 FR 39132, July 22, 1993 (the policy statement) criteria
for inclusion in the TS. The radiation monitors retained in the TS must be:

1.

Assumed in the safety analysis to provide automatic initiation of a system or
component that is part of the primary success path and which functions to
mitigate a design basis accident or transient that either assumes the failure of
or presents a challenge to the integrity of a fission product barrier
(Criterion 3),

Assumed in the safety analysis to provide an indication or alarm that is
relied on by operators to initiate manual action that is part of the primary
success path and which functions to mitigate a design basis accident or
transient that either assumes the failure of or presents a challenge to the
integrity of a fission product barrier (Criterion 3),

Installed instrumentation that is used to detect and indicate in the control
room, a significant abnormal degradation of the reactor coolant pressure
boundary (Criterion 1 - RCS leak detection monitors), or

Instrumentation that monitors Regulatory Guide 1.97, “Instrumentation for
Light-Water-Cooled Nuclear Power Plants to Assess Plant and Environs
Conditions During and Following an Accident,” Type A or Category I
variables. Regulatory Guide 1.97 Type A variables are those indications that
provide the primary information required for the control room operators to
take specific manual actions for which no automatic control is provided and
that are required for safety systems to accomplish their safety functions for
design basis accidents (Criterion 3). In general, Regulatory Guide 1.97
Category 1 (non-Type A) variables provide indications intended to assist
operators in minimizing the consequences of accidents. As such, Category I
(non-Type A) instrumentation has been identified as important for reducing
risk to the public (Criterion 4).
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The fuel building process radiation monitors do not:

1.

Provide an automatic initiation function assumed in the proposed
radiological analysis for any design basis accident described in BVPS Unit
No. 1 UFSAR Chapter 14 or BVPS Unit No. 2 UFSAR Chapter 15. No
credit for fuel building filtration during movement of non-recently irradiated
fuel is assumed in the radiological analysis contained in Attachment C of
this LAR. The revised requirements of LCO 3.9.12 will ensure fuel building
filtration during movement of recently irradiated fuel and during movement
of fuel assemblies over recently irradiated fuel assemblies without reliance
on the fuel building process radiation monitors. For BVPS Unit No. 2 only,
these monitors do not initiate filtration of the fuel building air exhaust flow.
The fuel building is continuously exhausted to the SLCRS filter banks. For
BVPS Unit No. 1 only, during plant operation in Modes 1 through 4,
SLCRS flow is automatically diverted through the main filter banks on a
Containment Isolation Phase A (CIA) signal. This action ensures that
SLCRS exhaust flow is filtered prior to being released to the environment.
SR 4.7.8.1.c.2 demonstrates this capability at least once per 18 months
during plant operation. For BVPS Unit No. 2 only, during plant operation in
Modes 1 through 4, SLCRS exhaust from plant areas contiguous to the
containment is automatically diverted through the SLCRS filter train on a
CIA signal to ensure that airflow from these plant areas is filtered prior to
being released to the environment. SR 4.7 8.1.c.2 demonstrates this
capability at least once per 18 months during plant operation.

Provide indication or alarm functions relied on by operators to take manual
actions that are assumed in the safety analyses for any design basis accident
described in Unit 1 UFSAR Chapter 14 or Unit 2 UFSAR Chapter 15.
Manual actions for the fuel building ventilation are not assumed in the
proposed radiological analysis.

Provide indication that is used to detect and indicate in the control room, a
significant abnormal degradation of the reactor coolant pressure boundary.
These process monitors do not provide indication on the status of the reactor
coolant pressure boundary. The level of radioactivity in the fuel building is
not representative of the level of activity in the containment building where
the reactor coolant pressure boundary is located, or
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4 Monitor variables that have been identified as Regulatory Guide 1.97
Type A or Category I variables in the BVPS Unit 1 and Unit 2 responses to
Regulatory Guide 1.97. The BVPS Unit 2 Regulatory Guide 1.97 variable
Type and Category are contained in UFSAR Table 7.5-1. The BVPS Unit 1
Regulatory Guide 1.97 variable Type and Category are identified in the
Unit 1 response to Generic Letter 82-33, Regulatory Guide 1.97, Revision 2,
Supplemental Report, transmitted to the NRC by letter dated October 13,
1986. The fuel building process monitors are not RG 1.97 instruments.

Therefore, based on the above discussions, the proposed removal of the fuel
building process radiation monitors requirements from the technical specifications
are acceptable.

For a FHA in the fuel building, the radioactivity released from the fuel pool into
the fuel building atmosphere is filtered by SLCRS. Currently, LCO 3.9.12 titled
“Fyel Building Ventilation System — Fuel Movement” requires that the fuel
building portion of SLCRS be operating and discharging through at least one train
of SLCRS filters during fuel movement within the spent fuel pool. LCO 3.9.13
titled “Fuel Building Ventilation System —Fuel Storage” requires that the fuel
building portion of SLCRS be operable whenever irradiated fuel is in the storage
pool. These two LCOs ensure that the filtration assumptions contained in the
current radiological analysis for the fuel building are met.

The proposed change to LCO 3.9.12 will require that at least one train of fuel
building portion of SLCRS be operable and operating with the fuel building
exhaust flow discharging through one train of the SLCRS filter banks. A single
operable train of filtered SLCRS that is operating ensures that no undetected
failures preventing system operation will occur, and that any active failure will be
readily detected. This requirement is consistent with the required ISTS actions for
an inoperable fuel building air cleanup system filter train contained in LCO 3.7.13.
The essential requirements contained in Specification 3/4.9.13 will be incorporated
into Specification 3/4.9.12. The remaining portions of Specification 3/4.9.13 will
be deleted. Specifically, LCO 3.9.13 will be deleted. This LCO requirement is no
longer necessary due to the proposed revisions to LCO 3.9.12. LCO 39.13
applicability is not redundant to the applicability of LCO 3.9.12. However, this
LCO applicability “when irradiated fuel is in the storage pool” is not relevant to
the mitigation of a FHA and can be deleted. The postulated FHA can occur only
when fuel is being moved within the fuel building. If this activity is not in
progress, the fuel building ventilation is not required. The proposed change in the
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LCO action requirement to specify “fuel storage pool” instead of “storage pool” is
editorial in nature and will make the Specification terminology consistent.

For BVPS Unit No. 1 only, SR 4.9.13 will be revised to clarify that the fuel
building ventilation system is part of the SLCRS. SR 4.9.13 will be designated as
SR 4.9.12.2. SR 4.9.13.a will be deleted since this requirement is contained in the
current SR 4.9.13.c (see SR 4.7.8.1.a) which will be moved to SR 4.9.12. The
current SR 4.9.13.b.1 requirement to verify that a high-high radiation signal diverts
the fuel building to the SLCRS filter banks is not necessary due to the current
requirements specified in LCO 3.9.12. LCO 3.9.12 requires that the system be
aligned in this manner prior to initiating activities involving recently irradiated fuel
assemblies. The proposed requirements of SR 4.9.12.1 will require verification of
this flow path at least once per 12 hours.

The current SR 4.9.13 will be revised by adding an exception to item 4.7.8.1.¢c.2.
The proposed revision of SR 4.9.13.c (for BVPS Unit No. 1) / SR 4.9.13 (for
BVPS Unit No. 2) will require that the required portions of SLCRS be
demonstrated operable per Specification 4.7.8.1 with exception to item 4.7.8.1.c.2.
The proposed exception to SR 4.7.8.1.c.2 provides clarification that SLCRS does
not have to be capable of diverting flow to the filter banks on a CIA signal.
Actuation of plant equipment on a CIA signal is only required per TS Table 3.3-3
during plant operation in Modes 1 through 4. A CIA signal is generated due to
increasing containment internal pressure and not due to fuel building conditions
following a FHA.

The proposed revision to the current SR 4.9.12 wording is necessary to more
accurately reflect the LCO requirements. The surveillance requirement to verify all
building doors are closed will be clarified by specifying “the building™ as “the fuel
building”. Also, a new footnote number 1 will be added to clarify that the fuel
building doors may be opened for entry and exit. The exception is necessary to
permit plant area doors to be opened for the purpose of entry and exit. During
entry and exit, where the door is not held open, air infiltration into the fuel building
occurs due to the building’s negative pressure.
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REVISION OF CONTAINMENT CLOSURE __REQUIREMENTS
(SPECIFICATION 3/4.9.4)

The proposed change to LCO 3.9.4.c.2 (for BVPS Unit No. 1 only) will make the
LCO terminology more consistent with the associated surveillance requirement
terminology. This proposed administrative change is being made to improve the
presentation of this LCO requirement and is not intended to introduce a technical
change.

For BVPS Unit No. 1 only, the proposed revision of the word “through” to the
word “to” in SR 4.9.4.2.a is necessary to make the surveillance wording consistent
with the LCO wording. The flow rate to the SLCRS is specified in the LCO. Flow
rate through SLCRS is the combination of purge exhaust flow and other plant area
flow rates that are serviced by SLCRS. This proposed change is consistent with the
current wording contained in the BVPS Unit No. 2 SR 4.9.4.2.

The proposed changes to: SR 4.9.4.2.b to revise the reference from Specification
4.6.3.1.2 to Specification 4.9.9, the proposed deletion of SR 4.6.3.1.2.c, and the
proposed addition of the requirement to SR 4.9.9 to verify that the isolation time
for each system isolation valve is within limits, are administrative changes to better
consolidate the purge and exhaust isolation system surveillance requirements.
SR 4.6.3.1.2.c requires that each purge and exhaust containment isolation valve
actuates to its isolation position on a containment purge and isolation signal. This
surveillance is not relevant to the requirements of LCO 3.6.3.1. These containment
isolation valves do not receive a containment Phase A or Phase B isolation signal.
These valves are locked closed during plant operation in Modes 1 through 4. The
automatic isolation of these valves is currently only required to mitigate a FHA
within containment during cold shutdown. This surveillance requirement is also
redundant to the requirements specified in SR 4.9.9. The proposed addition of the
requirements to SR 4.9.9 to verify the isolation time for each isolation valve will
ensure that isolation will occur within the required timeframe. Therefore, it is
appropriate for the automatic isolation requirements to be specified in SR 4.9.9.

The proposed revision of SR 4.9.4.2.c (for BVPS Unit No. 1 only) will require that
the required portions of SLCRS be demonstrated operable per Specification 4.7.8.1
with exception to Item 4.7.8.1.c.2. The proposed exception to SR 4.7.8.1.c.2
provides clarification that SLCRS does not have to be capable of diverting flow to
the filter banks on a CIA signal. Actuation of plant equipment on a CIA signal is
only required per TS Table 3.3-3 during plant operation in Modes 1 through 4. A
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CIA signal is generated due to increasing containment internal pressure and not
due to containment conditions due to a FHA. The proposed administrative wording
change to SR 4.9.4.2.c is being made to improve the presentation of this
surveillance requirement and is not intended to introduce a technical change. This
change is also consistent with the current BVPS Unit No. 2 wording for SR 49.43.

For BVPS Unit No. 1 only, the proposed change to SR 4.9.4.1 to remove the
wording "within 150 hours prior to the start of' and during “movement of
irradiated fuel in the containment” removes unnecessary detail from the
surveillance requirement. In addition, the proposed change to SR 4.9.9 to remove
the wording "within 150 hours prior to the start of and" also removes unnecessary
detail from this surveillance requirement. SR 4.0.4 requires that a surveillance be
successfully performed and current prior to entering the Mode of applicability.
Therefore, SR 4.9.4.1 and SR 4.9.9 require that these surveillances be performed
within 7 days prior to entering the mode of applicability. Since the difference
between 7 days and 150 hours is not significant, the existing requirement to
perform these surveillances within 150 hours prior to entering the mode of
applicability is essentially redundant to the requirements of SR 4.0.4.

REVISION OF CONTROL ROOM HABITABILITY REQUIREMENTS

FOR BVPS UNIT 1 only

The proposed revision to LCO 3.7.7.1.c to replace the words “or closed” with the
words “or OPERABLE by being secured in a closed position with power removed”
will make the operability requirements for the control room isolation dampers
consistent between the two Units. If a control room isolation damper is placed in
the closed position, the safety function provided by the automatic closure function
has been satisfied. Therefore, this isolation damper can still be considered operable
even if the automatic closure feature is not available. The automatic function of the
control room isolation dampers serves only to close the dampers. Opening of the
control room isolation dampers is performed by operator action. This proposed
change clarifies the current LCO wording to specifically state that the control room
isolation dampers can be considered operable in the closed position without the
automatic closure function being available.

Specification 3/4.9.15 titled “Control Room Emergency Habitability Systems,”
which is applicable when both Units are in either Mode 5 or 6, is no longer
necessary since the control room habitability system at either Unit will not be
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specifically applicable in Modes 5 or 6. The BVPS Unit No. 1 control room
habitability system will be applicable when the plant is in Modes 1 through 4 and
during movement of irradiated fuel assemblies or during movement of fuel
assemblies over irradiated fuel assemblies. The BVPS Unit No. 2 control room
habitability system will be applicable when the plant is in Modes 1 through 4 and
during movement of recently irradiated fuel assemblies or during movement of fuel
assemblies over recently irradiated fuel assemblies. BVPS Unit No. 2 Technical
Specifications do not contain a Specification that prescribes requirements when
both Units are in Modes 5 and 6. LCO 3.7.7 for BVPS Unit No. 2 contains the
necessary requirements to ensure that the control room personnel are protected
against radiation exposures in excess of the limits specified in 10 CFR 50.67.
Similarly, LCO 3.7.7.1 for BVPS Unit No. 1 contains the necessary requirements
to ensure that the control room personnel are protected against radiation exposures
in excess of the limits specified in 10 CFR 50.67. Based on the fact that the BVPS
control rooms are open to each other and are in the same pressure envelope, the
requirements contained in each Unit’s LCO for the control room habitability
systems are sufficient to protect the control room operators at either Unit.
Therefore, it is not necessary to state in the LCO applicability the words “at either
Unit” nor to require a separate Specification to prescribe requirements when both
Units are in a shutdown condition. The requirements of 10 CFR 50.36 will still be
met with the proposed deletion of Specification 3/4.9.15. LCO 3.7.7.1 will
continue to specify the necessary requirements to meet the assumptions for the
control room habitability systems credited in the plant safety analysis.

The removal of Modes 5 and 6 applicability when both Units are in Modes 5 and 6
(currently specified in LCO 3.9.15.1) is consistent with the applicable BVPS Unit
No. 1 safety analysis and the ISTS guidance. In the ISTS bases section 3.7.10
requirement to have the control room ventilation system operable in Modes 5 and 6
is based on a waste gas decay tank rupture analysis for a plant design that includes
outside waste gas decay tanks. The BVPS Unit No. 1 waste gas decay tanks are
located underground. The BVPS Unit No. 1 UFSAR Chapter 14 waste gas decay
tank rupture analysis does not take credit for the control room ventilation system in
order to limit control room personnel doses to within the limits of GDC 19 during a
waste gas decay tank rupture accident.

Based on the above discussion for the deletion of the words “at either Unit” the
proposed deletion of the same words for the control room isolation radiation
monitors specified in Table 3.3-6 and Table 4.4-3 is acceptable.
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The footnote designated by * will also be revised to clarify that emergency power
for only one train of dampers is required in Modes 5, 6 and with no fuel is in the
reactor pressure vessel. The proposed wording will state when emergency power is
required instead of when emergency power is not required. This proposed
administrative change is being made to improve the presentation of this footnote
requirement and is not intended to introduce a technical change. The proposed
clarification of this footnote requirement, consisting of adding the words “with no
fuel in the reactor pressure vessel”, is also necessary since Mode 6 is defined as the
reactor head being unbolted or removed and fuel is in the vessel. Once all the fuel
is removed from the reactor pressure vessel, the plant is no longer in Mode 5 or 6.
However, fuel handling activities may still be occurring in the fuel building for
which Specification 3.7.7.1 may be applicable. Therefore, the proposed change to
this footnote will clarify that only one train of emergency power is required during
this plant condition.

The proposed addition of the new footnote designated by *** will clarify that
automatic actuation of the control room isolation dampers on a containment
isolation phase B (CIB) signal is only required in Modes 1 through 4. Actuation of
plant equipment on a CIB signal is only required per TS Table 3.3-3 during plant
operation in Modes 1 through 4. A CIB signal is generated due to increasing
containment internal pressure and not due to fuel building or containment
conditions as a result of a FHA. Therefore, automatic closure of the control room
isolation dampers on a CIB is not required to mitigate a FHA and should not be
applicable during the plant conditions when only a FHA is postulated to occur.

FOR BVPS UNIT 2 only

The proposed changes to: the BVPS Unit No. 2 Applicable Modes for Table 3.3-6
item 1.c, Modes in which Surveillance required for Table 4.3-3 item 1.c and Mode
Applicability for LCO 3.7.7 consists of changing from “All Modes” to “Modes 1,
2. 3 and 4, and during movement of recently irradiated fuel assemblies and during
movement of fuel assemblies over recently irradiated fuel assemblies”. The
removal of Modes 5 and 6 from the LCO applicability is consistent with the
applicable BVPS Unit No. 2 safety analysis and the ISTS guidance. In the ISTS
bases section 3.7.10 requirement to have the control room ventilation system
operable in Modes 5 and 6 is based on a waste gas decay tank rupture analysis for a
plant design that includes outside waste gas decay tanks. The BVPS Unit No. 2
waste gas decay tanks are located underground. The BVPS Unit No. 2 UFSAR
Chapter 15 waste gas decay tank rupture analysis does not take credit for the
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control room ventilation system in order to limit control room personnel doses to
within the limits of GDC 19 during a waste gas decay tank rupture accident. The
proposed revision to the applicability requirements pertaining to fuel movement
will ensure that the control room radiation monitors, and the emergency air cleanup
and pressurization system are operable during plant conditions where the
radiological analysis does not support operation without this system and system
operation may be necessary to meet the 10 CFR 50.67 limit of 5 rem TEDE during
a FHA .

The proposed deletion of the requirement to suspend all operations involving
positive reactivity changes from LCO 3.7.7 Mode 5 and 6 Action requirements is
justified since positive reactivity changes in the reactor core due to core alterations
are not postulated to result in fuel cladding integrity damage. A boron dilution
event is not credible at BVPS Unit No. 2. Boron dilution during plant shutdown is
controlled by LCO 3.1.2.9 titled “Isolation Of Unborated Water Sources —
Shutdown. Therefore, it is acceptable to delete the required actions to suspend
positive reactivity changes from LCO 3.7.7 Action requirements.

The proposed revision to the Action requirement heading of “Modes 5 and 6” is
necessary to reflect the proposed LCO applicability requirements that have been
previously discussed. The footnote designated by ** will also be revised to clarify
that emergency power for only one train of dampers and fans is required in Modes
5, 6 and with no fuel is in the reactor pressure vessel. The proposed wording will
state when emergency power is required instead of when emergency power 1s not
required. This proposed administrative change is being made to improve the
presentation of this footnote requirement and is not intended to introduce a
technical change. The proposed clarification of this footnote requirement,
consisting of adding the words “with no fuel in the reactor pressure vessel”, is also
necessary since Mode 6 is defined as the reactor head being unbolted or removed
and fuel is in the vessel. Once all the fuel is removed from the reactor pressure
vessel, the plant is no longer in Mode 5 or 6. However, fuel handling activities may
still be occurring in the fuel building for which Specification 3.7.7 may be
applicable. Therefore, the proposed change to this footnote will clarify that only
one train of emergency power is required during this plant condition.

The proposed addition of the new footnote designated by *** will clarify that
automatic actuation of the control room isolation dampers on a containment
isolation phase B (CIB) signal is required only in Modes 1 through 4. Actuation of
plant equipment on a CIB signal is only required per TS Table 3.3-3 during plant
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operation in Modes 1 through 4. A CIB signal is generated due to increasing
containment internal pressure and not due to fuel building or containment
conditions as a result of a FHA. Therefore, automatic closure of the control room
isolation dampers on a CIB is not required to mitigate a FHA and should not be
applicable during the plant conditions when only a FHA is postulated to occur.

MISCELLANEQUS CHANGES

The proposed change to SR 4.9.10 to remove the wording "within 2 hours prior to
the start of" and “thereafter during movement of fuel assemblies or control rods™
removes unnecessary detail from the surveillance requirement. SR 4.0.1 requires
that surveillance requirements be met during the operational modes or other
conditions specified for the individual LCO. SR 4.0.4 requires that a surveillance
be successfully performed and current prior to entering the Mode of applicability.
Therefore, the proposed wording for SR 4.9.10 requires that this surveillance be
performed within 24 hours prior to entering the mode of applicability. The
requirement to perform the surveillance within 2 hours prior to the start of, is
essentially redundant to the requirements of SR 4.0.4. The requirement to perform
the surveillance thereafter during the LCO applicability is unnecessary based on
the requirements of SR 4.0.1. Therefore, this SR wording can be deleted.

The proposed deletion of the requirement specified in LCO 3.9.11 to restore the
water level to within its limit within 4 hours is justified because the minimum
water level is not required if fuel handling has been terminated. The minimum
water level is an analysis assumption for a FHA. The proposed actions of LCO
3.9.11 require that fuel movement that could result in a FHA be terminated if the
water level in the spent fuel pool is not within the limit. Therefore, the proposed
deletion of action to restore the water level within 4 hours is acceptable. The
proposed change in the LCO action requirement to specify “fuel storage pool”
instead of “fuel storage areas” is necessary to make the Specification terminology
consistent. This Specification uses the words “fuel storage areas” only in the action
statement. The words “fuel storage pool” are utilized throughout the remaining
requirements of this Specification.

The proposed change to SR 4.9.11 to remove the wording "when irradiated fuel
assemblies are in the fuel storage pool” also removes unnecessary detail from the
surveillance requirement. The requirement to perform the surveillance thereafter
during the LCO applicability is unnecessary based on the requirements of SR 4.0.1.
SR 4.0.1 requires that surveillance requirements be met during the operational
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modes or other conditions specified for the individual LCO. Therefore, this SR
wording can be deleted.

The proposed change to SR 4.9.12 to remove the wording "within 2 hours prior to
the initiation of" and “during either movement of fuel assemblies within the fuel
storage pool or crane operation with loads over the fuel storage pool” removes
unnecessary detail from the surveillance requirement. SR 4.0.1 requires that
surveillance requirements be met during the operational modes or other conditions
specified for the individual LCO. SR 4.0.4 requires that a surveillance be
successfully performed and current prior to entering the Mode of applicability.
Therefore, the proposed wording for SR 4.9.12 requires that this surveillance be
performed within 12 hours prior to entering the mode of applicability. The
requirement to perform the surveillance within “2 hours prior to the initiation of” is
essentially redundant to the requirements of SR 4.0.4. The requirement to perform
the surveillance thereafter during the LCO applicability is unnecessary based on
the requirements of SR 4.0.1. Therefore, this SR wording can be deleted.

The editorial and format changes includes the revision of Index pages to reflect
changes in Bases page numbers due to the addition of and deletion of text and
Specifications, updating to current page format, the addition of new technical
specification pages to accommodate the addition of text, punctuation changes,
shifting of page footers, a change of the spelling of the word “airlock”, adding the
word “fuel” preceding the words “storage pool”, and the addition of the term
“assemblies” following the word “fuel.” These changes are editorial in nature and
are being made to improve the presentation and consistency of the Technical
Specifications. The terms “Not used”, “This Action is not used.”, or “This
Specification number is not used” will be added to replace deleted wording in
order to maintain consistency through the Technical Specifications. The Bases
section has been revised as necessary to reflect the changes to these Specifications,
to define the term “recently”, and to reflect the implementation of the AST
methodology.

D. SAFETY ANALYSIS

Based on the current technical specification requirements, an environmental
release due to a FHA occurring within containment is precluded by a design which
automatically isolates the containment following detection of radioactivity by
redundant containment purge monitors (for BVPS Unit No. 1 only). For BVPS
Unit No. 2, a release due to a FHA within containment is filtered prior to being
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released to the environment. For a FHA occurring within the fuel building at either
Unit, the release is also filtered prior to being released to the environment. The
proposed amendment increases the dose at the EAB, LPZ, and to control room
personnel due to a FHA occurring within the fuel building or the containment;
however, the dose remains within acceptable limits. Based on the radiological
analysis contained in Attachment C for a FHA without crediting the use of the
filtered SLCRS or the isolation of the containment, the resultant radiological
consequences of this event will be well within the applicable regulatory limits of
10 CFR Part 50.67 of 25 rem TEDE at the EAB (for any 2-hour period) and LPZ
(for the entire period of radioactive cloud passage), and are less than the more
restrictive guidance criteria in the SRP Section 15.0.1 and RG 1.183 of 6.3 rem
TEDE for the 2 hour release duration. Control room personnel doses (for the
duration of the accident) are less than the 10 CFR Part 50.67 limit of 5 rem TEDE.
This radiological analysis is based on all airborne activity reaching the applicable
building (fuel building or containment building) atmosphere being released to the
environment over a 2 hour period. The 2 hour release period is based on the
guidance contained in Regulatory Guide 1.183. Attachment E of this LAR contains
draft administrative requirements to maintain the capability to close open
containment penetrations following a FHA inside containment. Completion of this
action will reduce the dose consequences to the environment should a FHA occur
within containment by terminating the release prior to all airborne activity within
the containment reaching the environment. Attachment E also contains
requirements to maintain the ability to filter the fuel building exhaust air prior to
being released to the environment. This capability will reduce the dose
consequences to the environment should a FHA occur within the fuel building.

The proposed changes to the technical specification requirements, including
changes to the LCO applicabilities and required actions, will continue to ensure
that the necessary plant equipment is operable in the plant conditions where these
systems are required to operate to mitigate a DBA.

The BVPS Unit No. 1 UFSAR Chapter 14 waste gas decay tank rupture analysis
does not take credit for the control room ventilation system in order to limit control
room personnel doses to within the limits of GDC 19 during a waste gas decay
tank rupture accident.

The BVPS Unit No. 2 UFSAR Chapter 15 waste gas decay tank rupture analysis
does not take credit for the control room ventilation system in order to limit control
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room personnel doses to within the limits of GDC 19 during a waste gas decay
tank rupture accident.

LCO 3.9.10 titled “Water Level — Reactor Vessel” and LCO 3.9.11 titled “Storage
Pool Water Level” will continue to ensure that at least 23 feet of water is
maintained over stored/seated fuel assemblies during fuel movement. LCO 3.9.3
titled “Decay Time” will continue to ensure that irradiated fuel is not moved in the
reactor pressure vessel until at least 100 hours after shutdown. These LCOs will
continue to ensure that two of the key assumptions used in the radiological safety
analysis for a FHA are met.

A FHA is the only event during Core Alterations that is postulated to result in fuel
damage and radiological release. The accidents that are postulated to occur during
Core Alterations, in addition to a FHA, are: inadvertent criticality (due to a control
rod removal error or continuous control rod withdrawal error during refueling or
boron dilution) and the inadvertent loading of, and subsequent operation with a
fuel assembly in an improper location. These events are not postulated to result in
fuel cladding integrity damage. Therefore, the proposed change (for BVPS Unit
No. 1 only) to remove the terms “Core Alterations™ from LCO 3.9.4 and LCO
3.9.9 will not adversely affect the requirements to ensure that plant equipment is
available during plant evolutions when a FHA can occur inside containment.
Similarly, the proposed removal of the terms “or control rods” from Specification
3/4.9.10 will not adversely affect the requirements to ensure that 23 feet of water is
maintained over stored fuel assemblies during plant evolutions where this water
level is required to mitigate the consequences of an accident.

The radiological consequences of the Core Alteration events other than the FHA
remain unchanged. These events do not result in fuel cladding integrity damage.
A radioactive release to the environment is not postulated since the activity is
contained in the fuel rods. Therefore, the affected containment systems and
minimum water level over fuel assemblies are not required to mitigate a
radioactive release to the environment due to these Core Alteration events.

The proposed deletion of the requirement (for BVPS Unit No. 2 only) to suspend
all operations involving positive reactivity changes from LCO 3.7.7 Mode 5 and 6
Action requirements is safe since positive reactivity changes in the reactor core due
to core alterations are not postulated to result in fuel cladding integrity damage. A
boron dilution event is not credible at BVPS Unit No. 2. Boron dilution during
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plant shutdown is controlled by LCO 3.1.2.9 titled “Isolation Of Unborated Water
Sources — Shutdown.

The proposed revision (for BVPS Unit No. 1 only) in the minimum number of the
Containment Purge Exhaust Radiation Monitoring Instrumentation channels
required to be operable from one to two, ensures that redundant instrument
channels are available to detect and initiate isolation of the containment purge and
exhaust containment penetrations during a FHA occurring inside containment.

The various administrative changes will continue to ensure that plant systems are
available to support the assumptions of plant safety analysis for a FHA. Therefore,
these administrative changes do not affect plant safety. The editorial and format
changes do not affect plant safety.

Therefore, based on the above, this proposed amendment is considered safe.
E. NO SIGNIFICANT HAZARDS EVALUATION

The proposed amendment revises the technical specifications associated with
requirements for handling irradiated fuel assemblies in the reactor containment and
in the fuel building. The proposed amendment also revises the technical
specifications associated with ensuring that safety analysis assumptions are met
should a fuel handling accident (FHA) occur when moving irradiated fuel
assemblies in the reactor containment and in the fuel building. Specifically, the
radiological analysis for FHA has demonstrated that non-recently irradiated fuel
does not contain sufficient fission products to require operability of accident
mitigation features to meet the accident analysis assumptions. The accident
mitigation features such as building integrity and engineered safety feature (ESF)
ventilation systems are not required during fuel handling activities that do not
involve “recently” irradiated fuel assemblies. The radiological analyses utilized to
support this amendment request were performed based on the guidance provided in
the NUREG 0800 titled “Standard Review Plan” (SRP) Chapter 15.0.1 and
Regulatory Guide (RG) 1.183 titled “Alternative Radiological Source Terms for
Evaluating Design Basis Accidents at Nuclear Power Reactors”. The decay time
specified in Technical Specification 3/4.9.3 titled “Decay Time” will be revised
from 150 hours to 100 hours. The proposed amendment also includes
administrative, editorial and format changes to the Specifications and Bases
sections associated with handling irradiated fuel assemblies in the reactor
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containment and in the fuel building and with ensuring that safety analysis
assumptions are met should a FHA occur.

For Beaver Valley Power Station (BVPS) Unit No. 1 only, the terms “Core
Alterations” will be removed from Specifications 3/4.9.4 and 3/4.9.9. For BVPS
Unit Nos. 1 and 2, the term “or control rods” will be removed from Specification
3/4.9.10.

Proposed changes to the BVPS Unit Nos. 1 and 2 Updated Final Safety Analysis
Report (UFSAR) have been included in this amendment request. These UFSAR
changes will revise the UFSAR description of a FHA and its radiological
consequences to reflect the revised FHA analysis for each Unit.

The editorial and format changes include the revision of Index pages to reflect
changes in Bases page numbers due to the addition of and deletion of text and
Specifications, updating to current page format, the addition of new technical
specification pages to accommodate the addition of text, punctuation changes,
shifting of page footers, a change of the spelling of the word “airlock”, adding the
word “fuel” preceding the words “storage pool”, and the addition of the term
“assemblies” following the word “fuel.” These changes are editorial in nature and
are being made to improve the presentation and consistency of the Technical
Specifications. The terms “Not used”, “This Action is not used.”, or “This
Specification number is not used” will be added to replace deleted wording in
order to maintain consistency through the Technical Specifications. The Bases
section has been revised as necessary to reflect the changes to these Specifications,
to define the term “recently”, and to reflect the implementation of the Alternative
Radiological Source Terms (AST) methodology.

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:
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(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.

1.

Does the change involve a significant increase in the probability or
consequences of an accident previously evaluated?

The proposed amendment involves changes to accident mitigation system
requirements. These systems are related to controlling the release of
radioactivity to the environment and are not considered to be accident
initiators to any previously analyzed accident.

The implementation of the AST methodology does not affect the probability
of an accident previously evaluated. The AST methodology is utilized to
evaluate the consequences of a FHA.

Therefore, the proposed change does not involve a significant increase in the
probability of an accident previously evaluated.

The proposed amendment increases the dose at the exclusion area boundary
(EAB), low population zone (LPZ), and to the control room personnel due to
a FHA. However, the dose remains within acceptable limits. Based on the
revised radiological analysis for a FHA which does not credit filtration of
the radioactive release or the isolation of the containment, the resultant
radiological consequences of this event at the EAB and outer boundary of
the LPZ are well within the 10 CFR Part 50.67 limits as defined by
acceptance criteria in the Standard Review Plan (SRP) Section 15.0.1.
Control room personnel doses (for the duration of the accident) remain less
than the 10 CFR Part 50.67 limit of 5 rem total effective dose equivalent
(TEDE).

The proposed revision of the decay time from 150 hours to 100 hours is
consistent with the assumptions used in the FHA accident analysis. The
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revised radiological analyses demonstrates that should a FHA occur within
the containment or the fuel building that involves irradiated fuel with at least
100 hours of decay, the projected offsite doses for this event will be well
within the applicable regulatory limits of 10 CFR Part 50.67 of 25 rem
TEDE at the EAB (for any 2-hour period) and LPZ (for the entire period of
radioactive cloud passage), and are less than the more restrictive guidance
criteria in the SRP Section 15.0.1 and RG 1.183 of 6.3 rem TEDE for the
2 hour release duration. Control room personnel doses (for the duration of
the accident) are less than the 10 CFR Part 50.67 limit of 5 rem TEDE.

Limiting Condition for Operation (LCO) 3.9.10 titled “Water Level —
Reactor Vessel” and LCO 3.9.11 titled “Storage Pool Water Level” will
continue to ensure that at least 23 feet of water is maintained over the
stored/seated fuel assemblies during fuel movement. LCO 3.9.3 titled
“Decay Time” will continue to ensure that irradiated fuel is not moved in the
reactor pressure vessel until at least 100 hours after shutdown which is
consistent with the revised FHA radiological analysis. These LCOs will
continue to ensure that two of the key assumptions used in the radiological
safety analysis are met.

The radiological consequences of the Core Alteration events other than the
FHA remain unchanged. These events do not result in fuel cladding
integrity damage. A radioactive release to the environment is not postulated
since the activity is contained in the fuel rods. Therefore, the affected
containment systems are not required to mitigate a radioactive release to the
environment due to a Core Alteration event.

The proposed deletion of the requirement (for BVPS Unit No. 2 only) to
suspend all operations involving positive reactivity changes from LCO 3.7.7
Mode 5 and 6 Action requirements does not affect the radiological
consequences to control room personnel due to this event. Positive reactivity
changes in the reactor core due to core alterations are not postulated to result
in fuel cladding integrity damage. A boron dilution event is not credible at
BVPS Unit No. 2. Boron dilution during plant shutdown is controlled by
LCO 3.1.2.9 titled “Isolation Of Unborated Water Sources — Shutdown.

The BVPS Unit No. 1 UFSAR Chapter 14 waste gas decay tank rupture
analysis does not take credit for the control room ventilation system in order
to limit control room personnel doses to within the limits of 10 CFR 50
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Appendix A General Design Criterion (GDC) 19 during a waste gas decay
tank rupture accident.

The BVPS Unit No. 2 UFSAR Chapter 15 waste gas decay tank rupture
analysis does not take credit for the control room ventilation system in order
to limit control room personnel doses to within the limits of GDC 19 during
a waste gas decay tank rupture accident.

The proposed revision in the minimum number of the Containment Purge
Exhaust Radiation Monitoring Instrumentation channels required to be
operable from one to two (for BVPS Unit No. 1 only), ensures that
redundant instrument channels are available to detect and initiate isolation of
the containment purge and exhaust containment penetrations during a FHA
inside containment involving recently irradiated fuel assemblies.

The proposed amendment does not alter the manner in which fuel assemblies
are handled or core alterations are performed. The proposed amendment
does not alter the manner in which heavy loads are controlled at the Beaver
Valley Power Station.

The proposed changes to the technical specification requirements, including
changes to the LCO applicabilities and required actions, will continue to
ensure that the necessary plant equipment is operable in the plant conditions
where these systems are required to operate to mitigate a Design Basis
Accident (DBA).

The proposed administrative, editorial, and format changes do not affect
plant safety. The Bases section has been revised as necessary to reflect the
changes to these Specifications.

Therefore, the proposed amendment does not significantly increase the
consequences of any previously evaluated accident.

Does the change create the possibility of a new or different kind of accident
from any accident previously evaluated?

The proposed amendment affects a previously evaluated accident; e.g., FHA.
The proposed amendment does not represent a significant change in the
configuration or operation of the plant. The proposed amendment takes
credit for the normal decay of irradiated fuel rather than crediting active
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mitigative systems (e.g., ventilation and filtration systems). Since
radioactive decay is a natural phenomenon, it has a reliability of 100 percent
in reducing the radiological releases from irradiated fuel assemblies. In
addition, the water level that covers irradiated fuel assemblies is another
natural method that provides an adequate barrier to a significant radiological
release. The proposed amendment does not adversely impact Technical
Specification requirements for systems needed to prevent or mitigate other
Core Alteration events.

The proposed amendment does not alter the manner in which fuel assemblies
are handled or core alterations are performed. The proposed amendment
does not alter the manner in which heavy loads are controlled at the Beaver
Valley Power Station.

Therefore, the proposed amendment does not create the possibility of a new
or different kind of accident from any accident previously evaluated.

Does the change involve a significant reduction in a margin of safety?

The proposed amendment increases the dose at the EAB, LPZ, and to the
control room personnel due to a FHA occurring within containment or the
fuel handling building; however, the dose remains within acceptable limits
as defined by RG 1.183, SRP 15.0.1 and 10 CFR 50.67. The revised
radiological analysis based on the proposed amendment and the use of the
AST methodology, demonstrates that during a FHA, the projected offsite
doses will be well within the applicable limits of 10 CFR Part 50.67 of
25 rem TEDE at the EAB (for any 2-hour period) and LPZ (for the entire
period of radioactive cloud passage). The projected offsite doses are also
less than the more restrictive regulatory limit specified in RG 1.183 and the
guidance criteria stated in the SRP Section 15.0.1 of 6.3 rem TEDE for the 2
hour release duration. Control room personnel doses (for the duration of the
accident) are less than the 10 CFR Part 50.67 limit of 5 rem TEDE. This
radiological analysis is based on all airborne activity reaching the
containment or fuel building atmosphere, as a result of a FHA within the
containment or fuel handling building, being released to the environment
over a 2 hour period. The 2 hour release period is based on the guidance
contained in RG 1.183. This amendment request contains administrative
requirements to maintain the capability to close open containment
penetrations following a FHA inside containment. Completion of this action
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will reduce the dose consequences to the environment should ‘a FHA occur
within containment by terminating the release prior to all airborne activity
being released from the containment. This amendment request also requires
the capability of directing the fuel building exhaust air to filtered SLCRS
prior to being released to the environment. This capability will reduce the
dose consequences to the environment should a FHA occur within the fuel
building.

The proposed revision of the decay time from 150 hours to 100 hours is
consistent with the assumptions used in the FHA accident analysis. The
revised radiological analyses demonstrates that should a FHA occur within
the containment or the fuel building that involves irradiated fuel with at least
100 hours of decay, the projected offsite doses for this event will be well
within the applicable regulatory limits of 10 CFR Part 50.67 of 25 rem
TEDE at the EAB (for any 2-hour period) and LPZ (for the entire period of
radioactive cloud passage), and are less than the more restrictive guidance
criteria in the SRP Section 15.0.1 and RG 1.183 of 6.3 rem TEDE for the
2 hour release duration. Control room personnel doses (for the duration of
the accident) are less than the 10 CFR Part 50.67 limit of 5 rem TEDE.

Therefore, the margin of safety is not significantly reduced based on meeting
the applicable regulatory limits for a FHA which are conservatively set
below the 10 CFR 50.67 limits for the EAB and LPZ. With respect to the
control room personnel doses, the margin of safety is not significantly
reduced based on the doses remaining less that the 10 CFR 50.67 limit of
5 rem TEDE.

The margin of safety for Core Alteration events other than the FHA is not
significantly reduced due to this proposed amendment. The proposed
amendment does not impact Technical Specification requirements for
systems needed to prevent or mitigate such Core Alteration events. These
events do not result in fuel cladding integrity damage. Therefore, a
radioactive release to the environment is not postulated since the activity is
contained in the fuel rods.

The proposed deletion of the requirement (for BVPS Unit No. 2 only) to
suspend all operations involving positive reactivity changes from LCO 3.7.7
Mode 5 and 6 Action requirements does not affect the radiological
consequences to control room personnel due to this event. Positive reactivity
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changes in the reactor core due to core alterations are not postulated to result
in fuel cladding integrity damage. A boron dilution event is not credible at
BVPS Unit No. 2. Boron dilution during plant shutdown is controlled by
LCO 3.1.2.9 titled “Isolation Of Unborated Water Sources — Shutdown.

The proposed amendment does not alter the manner in which fuel assemblies
are handled or core alterations are performed. The proposed amendment
does not alter the manner in which heavy loads are controlled at the Beaver
Valley Power Station.

The proposed revision in the minimum number of the Containment Purge
Exhaust Radiation Monitoring Instrumentation channels required to be
operable from one to two (for BVPS Unit No. 1 only), ensures that
redundant instrument channels are available to detect and initiate isolation of
the containment purge and exhaust containment penetrations during a FHA
inside containment involving recently irradiated fuel assemblies.

The BVPS Unit No. 1 UFSAR Chapter 14 waste gas decay tank rupture
analysis does not take credit for the control room ventilation system in order
to limit control room personnel doses to within the limits of GDC 19 during
a waste gas decay tank rupture accident.

The BVPS Unit No. 2 UFSAR Chapter 15 waste gas decay tank rupture
analysis does not take credit for the control room ventilation system in order
to limit control room personnel doses to within the limits of GDC 19 during
a waste gas decay tank rupture accident.

The proposed changes to the technical specification requirements, including
changes to the LCO applicabilities and required actions, will continue to
ensure that the necessary plant equipment is operable in the plant conditions
where these systems are required to operate to mitigate a DBA.

The proposed administrative, editorial, and format changes do not affect
plant safety. The Bases section has been revised as necessary to reflect the
changes to these Specifications.

Therefore, the proposed amendment does not involve a significant reduction
in a margin of safety.
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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 an
increase in the consequences of a previously analyzed accident. However, the
results of this change are within the acceptance criteria stated in SRP Section
15.0.1 of 6.3 rem TEDE. Control room personnel doses are less than the 10 CFR
Part 50.67 limit of 5 rem TEDE.

Based on the considerations expressed in this application for license amendment, it
is concluded that the activities associated with this license amendment request
satisfy the requirements of 10 CFR 50.92(c) and, accordingly, a no significant
hazards consideration finding is justified.

ENVIRONMENTAL CONSIDERATION

This license amendment request changes a requirement with respect to the
installation or use of a facility component located within the restricted area as
defined in 10 CFR Part 20. 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 or
change an inspection or surveillance requirement; however, the category of this
licensing action does not individually or cumulatively have a significant effect on
the human environment. 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.

UFSAR CHANGES
Draft UFSAR changes are provided in Attachment G.
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BEAVER VALLEY
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Health Physics Section Revision 2
DISCUSSION
General

This calculation determines control room operator, exclusion area boundary (EAB) and low population
zone (LPZ) radiation doses following a fuel handling design basis accident (FHA DBA) at Beaver
Valley Unit 1. The plant parameters and assumptions used herein are consistent with the plant design
basis as revised in accordance with Regulatory Guide 1.1831, and they provide results that define the
upper bound of the accident dose consequences. As a design basis calculation, this is not intended to
show what the expected doses would be, but rather what they might be if the plant is operated at
"worst case" design limits (operating at the NRC License limits) and using "worst case" accident
conditions. The combination of circumstances that would result in the associated maximum dose is
unlikely to occur.

This revision of the FHA was requested by the Licensing Section. It is performed to demonstrate that
the design case accident dose will remain within the regulatory dose limits and criteria with certain
changes made to plant operation and configuration. Additionally, this analysis represents Beaver
Valley Unit 1's first use of the alternative source term as provided in the recently issued Regulatory
Guide 1.183". As such, the design basis of the facility is changed, and NRC review is required prior to
implementation of any of the configuration/operational changes supported by the analysis. The facility
changes made herein are specific to the FHA scenario, and affect the activity available for release and
pre-release treatment for this accident only. The characteristics of plant configuration and/or operation
associated with the other design basis accidents are not changed. Thus the validity of each of the
other design basis accidents as described in the facility UFSAR is unaffected and a clear, consistent
and logical design basis is maintained. Refer to the Input Data and Assumptions section of this
calculation package for additional information conceming the analysis methodology and assumption
changes.

Fuel Handling Accident

This DBA is described in NRC Regulatory Guide 1.183' and NUREG-0800 Chapter 15, Section
15.0.1%. The accident occurs while moving a fuel assembly in either the fuel building fuel storage pool
or in the reactor building containment cavity or transfer canal. The assembly is dropped, resulting in
rupture of 137 fuel rods (in the dropped assembly plus other assemblies that may be struck) and
release of radioactive iodine and noble gas into the pool water. The extent of damage has been
determined by perfori 1ing an analysis® using the limiting drop conditions and considering the weight of
the dropped fuel assembly (plus any attached handling grapples), the height of the drop, and the
compression, torsion, and shear stresses on the irradiated fuel rods. Damage to adjacent assemblies
has been considered.

As the iodine percolates to the pool surface much of it will be "scrubbed out" and remain in the water.
This reduces the amount of iodine that is released from the damaged rods by a factor of 200 before it
becomes airborne within the building. The noble gas activity released from the damaged rods is all
released to the building with no removal by pool water scrubbing. After becoming airborne, the
radioactivity is released to the environment assuming a constant air flow rate (exponential activity
removal rate). The analysis model uses a conservatively calculated release rate constant that results
in 99.9999% of the activity being released to the environment in the two hours immediately following
the accident. Because the accident conditions may include having any of the reactor building
containment penetrations open (including the equipment hatch or personnel airlock), and the release
may be via any one or a combination of penetrations, the most restrictive release point atmospheric
dispersion factor(s) are conservatively applied to the entire release. For this analysis to remain valid,
the radioactivity release must be via one of these three points. Additionally, this analysis
conservatively does not take credit for any pre-release filtration or iodine plate-out.
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Calculation History

SWEC RP-11700-043-0. 1. -2, -3 (1977)*
Calculated site boundary doses. Superseded by SWEC RP-11700-131-1

SWEC RP-11700-131-0. -1(1977)°
Calculated site boundary doses. Revision 1 changed the decay time (time between reactor subcritical
to the accident) from 100 to 150 hours. Superseded by HOTEC calculation.

SWEC 12241 UR(B)-447-0 (1987)°

Calculated control room operator dose for the combined (Unit 1 + Unit 2) control room. Superseded
by SWEC 12241 UR(B)-456-0.

SWEC 12241 UR(B)-456-0, -1 (1988)

Calculated control room operator dose for the combined (Unit 1 + Unit 2) control room. Increased fuel
building ventilation flow rate from 2000 cfm to 3000 cfm (rev. 1); analyzed two cases, using SLCRS
iodine filter efficiency of 95% and 90% (90% and 85% in rev. 1). Updated control room atmospheric
dispersion factors. Analyzed with control room isolation. Superseded by ERS-SFL-92-025-0.

ERS-SFL-90-002-0 (1990)°

Special calculation to assess effect of using a 60 day decay time and delaying SLCRS diversion for 20
minutes.

ERS-SFL-92-025-0 (1992)°
Calculated control room operator dose for the combined (Unit 1 + Unit 2) control room. Analyzed with

no control room isolation/filtration. Changed SLCRS iodine filter efficiency to 95%. Updated control
room atmospheric dispersion factors to current, approved values. Increased iodine 131 gap fraction
from 0.10 to 0.12. Used revised decayed core radionuclide inventory calculated using ORIGEN2.

* Calculation of record for control room operator dose **

HOLTEC Calculation'

Calculated environmental (EAB and LPZ) dose. Updates decayed core radionuclide inventory to that
calculated using revised core parameters (extended bum-up) and ORIGEN2. Changed SLCRS iodine
filter efficiency to 95%. Increased iodine 131 gap fraction from 0.10 to 0.12.

= Calculation of record for environmental dose **

ERS-JTL-99-009-0 (1999)"

This revision was prompted by References 12 and 13, and the associated extent of condition review
and corrective actions specified therein. Calculated control room operator dose for the combined (Unit
1 + Unit 2) control room, and offsite dose at the EAB and LPZ. Updated EAB and LPZ atmospheric
dispersion factors (chi/Q) to current, approved values. Modeled the release as a "puff* for control
room dose analysis (consistent with the EAB/LPZ analysis). Updated decayed core radionuclide
inventory to that calculated using revised core parameters (extended burn-up) and ORIGENS™. Also,
the core inventory value used is determined by selecting the maximum activity from a range of core
enrichments for each radioisotope. Used updated ICRP 26/30 dose quantities and dose conversion
factors'>'®. This calculation has received internal review; however, it has not been reviewed and
accepted by the NRC. Consequently it is not a part of the Unit 1 design basis.

ERS-JTL-99-009-1 (2000)"

Included added detail on the assumptions regarding iodine chemical composition and associated
charcoal filter removal efficiencies. Changed the total SLCRS iodine removal efficiency from 95% to
90%. This calculation has received internal review; however, it has not been reviewed and accepted
by the NRC. Consequently it is not a part of the Unit 1 design basis.
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THIS CALCULATION - ERS-JTL-99-009-2 (2000)

Assumes that the FHA may occur as early as 100 hours after reactor shut down. Uses the maximum
number of damaged fuel assembly rods (137) that could result, assuming the worst-case conditions
that may be encountered in either the fuel building or the reactor containment building at Unit 1. The
validity of this radiological consequence analysis is contingent upon NRC review and acceptance of
the engineering analysis that determined the maximum number of rods damaged. Uses the current
analysis assumptions and input parameters to the extent that they are consistent with those spucified
in Regulatory Guide 1.183'. Changes made to conform with this Guide affect pool water iodine DF,
activity fraction in-gap, reference source for submersion dose conversion factors and the dose quantity
that is calculated. All changes are detailed in the Input Data and Assumptions section of this analysis.

METHODOLOGY

Overall Methodology

The methodology used in this analysis is similar to that used in previous analyses. This revision uses
version 1.0b of the TRAILS_PC (for Transport of Radioactive mAterial In Linear Systems), PC version
documented in Reference 18. This version is similar to the VAX-based version used in the current
calculation of record for control room dose, and has been verified to produce like resuits. This newer
version has the capability to model progeny in-growth, a feature used in this analysis. Also, the
submersion dose conversion factors from DOE/EH-0700" (used in previous revisions of the FHA
analysis) have been replaced with those from Federal Guidance Report No. 12, This “b" version of
TRAILS_PC has been designated as TRAILS12 to readily identify this change to the user. More
details are provided with the TRAILS_PC input file in Attachment 3.

Fuel Handling Accident Modeling

The FHA model is relatively simple and is depicted in Attachment 1.

INPUT DATA AND ASSUMPTIONS

1.0 Assumptions

1.4 This analysis of the Unit 1 FHA is based on guidance provided in
NUREG-0800, Chapter 15.0.1% and USN, :C Regulatory Guide 1.183".

1.2 Minimum 100 hours between reactor shutdown (subcriticality) to the [Assumption]
accident release.

This value is decreased from the current Technical Speciﬁcation20
value of 150 hours with the intent of supporting a change to this
requirement. -

1.3 Radioactivity release to the building occurs instantaneously, 1]
followed by a release to the environment for a two hour period.

To model a constant air flow, a release rate constant which results
in 99.9999% of the total radioactivity released in two hours is used.
This approach is conservative particularly for the control room
operator and EAB 0-2 hour doses. Release rate is important
where control room radiation monitor response is needed, and the
alarm time will be calculated.
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1.4

2.1

2.2

23
24
2.5
2.6
2.7

This calculation takes no credit for this protective feature;
however, the monitor alarm and actuation of the control room
habitability system are expected to occur. Regulatory Guide
1.183' specifies that the EAB and LPZ doses be calculated for the
two hour period that results in the highest dose. Because, per the
Guidance, effectively all of the activity from the fuel handling
accident Is released to the environment in the first two hours, only
this time period need be considered.

The radioactivity released to the building is then released to the

environment with no credit for activity removal by filtration or plate-out.

While some of the release pathways may be filtered, this will not
be credited in this analysis. Assuming no filtration is a
conservative assumption.

2.0. Input Data

Core activity in gap:

1-131 = 8%
Other iodines = 5%
Kr-85 =10%

Other noble gases = 5%
Radial peaking factor = 1.65

For events that do not involve the entire core, Regulatory Guide
1.183' provides “To account for differences in power level across
the core, radial peaking factors from the facility’s core operating
limits report (COLR) or technical specifications should be applied
in determining the inventory of the damaged rods”. 1.65 is the
value used in previous analyses and is slightly higher than the
facility-specific value. Continued used of this value is slightly
conservative.

Number of assemblies in core = 157
Number of ruptured fuel rods = 137
Number of rods in assembly = 264

Fuel pool iodine DF = 200

Core Inventory at T = 100 hours, and release to the building:
Calculated in Attachment 2

Regulatory Guide 1.183' Appendix A provides “Radionuclides that
should be considered include xenons, kryptons, halogens, cesiums
and rubidiums”. Additionally, Section 4.1.1 provides in part, for the
EAB and beyond, “The calculation of these two components of the
TEDE should consider all radionuclides, including progeny from
the decay of parent radionuclides, that are significant with regard
to dose consequences and the released radioactivity’.

[Assumption])

(]

[References 4 - 11]

[21, 22]
(3]
(21, 22]
Ml
[23, 24]
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2.8

2.9

Although this statement is not specifically repeated for the control
room, Section 4.2.2 provides “The radioactive material releases
and radiation levels used in the control room dose analysis should
be determined using the same source term, transport, and release
assumptions used for determining the EAB and the LPZ TEDE
values, unless these assumptions would resutt in non-conservative
results for the control room”. Considering this guidance, the
source term from the previous revision of this calculation (includes
kryptons, xenons and iodines) is deemed appropriate for continued
use based on the following.

Cesium and rubidium are particulates, therefore the activity
released from the fuel will be retained in the pool water. However,
cesium may be produced in the building and the environment as
progeny of the 1-135 — Xe-135 — Cs-135 decay chain. Because of
the 100 hour pre-accident decay period, the 135 decay chain is the
only one that has precursor isotopes of sufficiently long half-life to
contribute to post-release cesium production. Cs-135 has a very
long half-ife and it's precursors have short half-lives.
Consequently, the total activity of Cs-135 that could be produced
from the released 1-135 and Xe-135 is minute, and is not
considered to be significant with regard to either submersion or
interal dose. Post-release rubidium production will not contribute
to dose. Kr-85 and Kr-85m are the only precursor isotopes that
remain after the 100 hour pre-accident decay period, and these
decay to stable Rb-85.

The halogen, Br-82, will be present in the fuel clad gap in small
quantities even after the 100 hour pre-release decay period. The
dose contribution from this isotope was evaluated and, assuming
that pool scrubbing will occur similar to that for iodine, this
contribution is not significant, i.e., will not change the dose values
calculated in this analysis.

Pool release iodine composition = N/A for this analysis

Regulatory Guide 1.183' provides ‘specific fractions for the iodine
release chemical form. These become important when
determining removal by filtration, an assumption NOT made in this
analysis.

Two hour duration release rate constant (1) = 1.92E-03 s’

For a two hour release duration, 99.9999% of the radioactivity
is assumed to be released in the two hours.
0.000001 = ¢
In (0.000001) = At
13.824=1 A
where t = 7200 seconds, A = 1.92E-03 s

IN/A]

[Assumption]
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2.10 Control room air intake and exhaust flow rate: [21, 22, 25]

T = 0 — 30 minutes 500 c¢fm intake & exhaust
(Unfiltered, normal mode)

T = 30 - 120 minutes 0 cfm intake & exhaust
(Emergency pressurization mode)

T = 120 ~ 150 minutes 16,900 cfm intake & exhaust
(Unfiltered, purge mode)

T = 150 min — 30 days 500 cfm intake & exhaust
(Unfiltered, normal mode)

The control room ventilation system parameters are selected to
provide bounding analysis results and to permit maximum
operational flexibility. Preliminary analysis results demonstrated
that the accident dose would not be acceptable with the control
room ventilation system remaining in the normal configuration.
Some aspect(s) of this protective system would need considered.
The_only mitigation feature that is credited to reduce control room

operator dose_is system operation in the purge mode _for 30
minutes after the end of the radioactivity release to the

environment. While the actual timing and flow rates for the other
system parameters may vary from the assumptions given above,

sensitivity analyses have been performed which demonstrate that
such variations would act to decrease the analysis dose.

The first time period is the duration of the significant radioactivity
release. Because of the exponential release model, little
radioactivity is released after this period. By assuming the normal,
unfiltered mode of operation, radioactivity drawn into the control
room is maximized. This is a bounding assumption, because
control room isolation (actuation of the emergency habitability
system) will occur before 30 minutes. This will be accomplished
automatically by the radiation monitor alarm, assuming the
radioactivity release is high enough. (As noted below, radioactivity
from as little as 50 rods broken will cause an alarm). Sensitivity
analyses (on file) were performed which demonstrate that
decreasing the isolation time will decrease the operator dose.

The second time period is the remainder of the two hour
radioactivity release period specified by Regulatory Guide 1.183".
This period is conservative because actions.by plant personnel are
expected to isolate release pathways within two hours of the
accident. At 30 minutes the exponential release modeling has
maximized the radioactivity in the control room. Although the air
outside of the control room may still contain residual radioactivity,
sensitivity analyses (on file) demonstrate that any air exchange
with between the environment and the control room will reduce the
control room air radioactivity concentration. Assuming 10 cfm
unfiltered inleakage was insufficient to change the dose, but the
radioactivity content showed a slight decrease.
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2.1
2.12

213

2.14,

When this was increased to 310 cfm, the dose decreased.
Although the control room envelope may be pressurized by clean,
bottled air (600 cfm minimum) for 30 — 90 minutes, and by fittered
outside air (600 cfm minimum) for the remainder of the
radioactivity release period, the affect of this air exchange is not
cradited in this analysis.

The third time period is important with regard to this analysis. The
post release purge will remove most of the airborne radioactivity
that has accumulated in the control room. Step 10 of 1/2-OM-
44A.4AA Part B%® (entered from Irradiated Fuel Damage
Abnormal Operating Procedure 10M-53C.4.1.49. 1%) directs the
operator to purge the control room with at least 16,900 cfm for a
minimum of 30 minutes upon Emergency Director determination
that the event that resulted in control room isolation is terminated.
(16,000 cfm is the lower value for the Unit 2 purge system, and is
a conservative value in this analysis.). Additional dose reduction
will result if the radioactivity release is terminated earlier and this
action is performed sooner. This post-release pugge assumption
has been used in other BVPS accident analyses®% which have
been reviewed and accepted by the NRC.

The fourth and final time period is the retum to normal system
operation. If the purge duration is extended beyond 30 minutes,
the dose will be further reduced. Assuming the minimum purge
duration in the analysis is conservative.

Sensitivity analyses (on file) were performed to answer the
question “Is it possible to reduce the amount of fuel damage to the
point where the control room radiation monitor would not reach the
control room habitability system automatic actuation setpoint
(process safety fimit of 1 mRmr**), and still have enough
radioactivity released to exceed the control room operator dose
resulting from the case described above?” With 50 rods damaged,
the setpoint is still reached; however, the conirol room operator
dose is less that in the case described above. Therefore, the
control room ventilation and emergency habitability system
parameters used in this analysis represent the bounding accident
conditions.

Control room volume = 1.73E+05 ft°
Control room occupancy factors:
0to 24 hours = 1.0
24 hours to 4 days = 0.6
410 30 days = 0.4
Control room operator breathing rate = 3.5E-04 m/s

Offsite breathing rates (0 to 8 hours) = 3.5E-04 m’/s

[21, 22, 25]
{1]

(1
(1]
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2.15 Atmospheric dispersion factors:

[32,33,34,35,36]

EAB (/m%) LPZ(s/m%) Control room (s/m°)

0 -2 hours 1.04E-03
0 - 8 hours 6.04E-05 4.30E-03

Primary Auxiliary Building

Note: References 32 and 33 are related to Unit 2 submittals.
Revised atmospheric dispersion factors were approved by the
NRC for both Units 1 and 2 therein. Because this release is
conservatively modeled as a having a two hour duration,
atmospheric  dispersion factors beyond this time are
unnecessary.

Of the three possible release pathways (equipment hatch and
SLCRS and stacks), the most restrictive is that for the primary
auxiliary building. If any portion of the radioactivity is released
via the other two pathways, the control room dose would be

reduced. This is not an issue with regard to offsite atmospheric .

dispersion values as these are not specific to the individual
release points.
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RESULTS AND CONCLUSIONS

The assumptions and data given above were used to build the TRAILS_PC (v1.0b) input file for the control
room, LPZ and the EAB dose calculation. The input and output files are given in Attachment 3. The
control room operator, EAB and LPZ calculated doses are summarized below.

TEDE (rem)
Control room 2.2E+00
EAB 1.7E+00
LPZ 9.5E-02

Offsite doses are within the applicable regulatory limit of 10 CFR 50.67" of 25 rem TEDE at the EAB (for
any 2-hour period) and LPZ (for the entire period of radioactive cloud passage), and are less than the
more restrictive guidance criteria in the NUREG-0800 Section 15.0.1% and Regulatory Guide 1.183"' 0f 6.3
rem TEDE for the 2 hour release duration. Control room operator doses (for the duration of the accident)
are less than the 10 CFR 50.67% limit of 5 rem TEDE.
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ATTACHMENT 1

Fuel Handling Accident Release Model

Controf room 7/Q _

Activity released to the building

0-30 min - 500 c¢fm unfiltered infout
30-120 min - 0 cfm infout

420~-150 min 16,900 cfm infout
150 min-30 d - 500 cfm infout

2 hour release
to environment with no

filtration or plate-out

Pool water
lodine removal
DF =200

\ EAB & LPZ exposure
EABorLPZy/Q

calculated for 0 — 2 hours. the
postulated release duration

Damaged Fuel - 137 fuel rods
Core activity in gap:
10% Kr-85, 5% other noble gas
8% iodine 131, 5% other iodine
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Note: Nuclide activity is selected for either a maximum bum assembly or core average assembly, whichever is higher. The differences are small and this is conservative.
"Walue from SWEC 12241/11700-UR(B)-479 - This calculation provides activities for the average bumn assembly considering bounding uranium enrichment for each nuclide.

24

A B | ¢ | D E | F | G H [ J K L | M
1 uel Handling Accident Release Source Ter termina
2
3 =Col H * Col | * (J5/264
) =Col B/Col C =MAX(Col 0:Col E =Col F * Col G =ColH * Col | (J5/264) * 1E+06
5 Core ) ) Max. of Max. Assembly | Pooi 137
6 100 hr decay | Assemblies| UR(B)-479 | UR(B)-482| ColD,C | Radial | Max. Assembly | Gap Gap Act Release | No. Rods | Rods, Bldg Activity
7 (Ci) in core Core Avg. | Max. Bum (Ci) Peaking (Ci) Fraction (Ci) Fraction | Damaged (uCi)
8 |Kr-85m | 3.64E+00 157 2.32E-02 193602 | 2.32E-02 1.65 3.83E-02 0.05 1.91E-03 1.00 137 9.93E+02
9 [Kkr-85 7.59E+05 157 4.83E+03 | 6.60E+03 | 6.60E+03 1.65 1.09E+04 0.10 1.09€+03 1.00 137 5,65E+08
10
11 [Xe-131m| 9.19E+05 157 5856403 | 6.41E+03 | 6.41E+03 1.65 1.06E+04 0.05 5,29E+02 1.00 137 2.74E+08
12 [Xe-133m| 1.926+06 157 1.22E+04 | 1.226+04 | 1.22E+04 1.65 2.02E+04 0.05 1.01E+03 1.00 137 5.24E+08
3 [Xe-133 | 1.03e+08 157 6.56E+05 | 6.47E+05 | 6.56E+05 1.65 1.08E+06 0.05 5.41E+04 1.00 137 2.81E+10
14 [Xe-135m| 6.04E+02 157 3.856+00 | 3.82E+00 | 3.85E+00 1.65 6.35E+00 0.05 3.17E-01 1.00 137 1.65E+05
15 |Xe-135 1.99E+05 157 1.27E+03 | 1.25E+03 | 1.27E+03 1.65 2.09E+03 0.05 1.05E+02 1.00 137 5.43E+07
16 ‘
17 1-131 5,23E+07 157 3.33E+05 | 3.38E+05 | 3.38E+05 1.65 5.58E+05 0.08 4.46E+04 0.005 137 1.16E+08
18 1-132 4.41E+07 157 2.81E+05 | 2.81E+05 | 2.B1E+05 1.65 4.64E+05 0.05 2.32E+04 0.005 137 6.026+07
19.]1-133 5.45E+06 157 347E+04 | 3.42E+04 | 3.47E+04 1.65 5.73E+04 0.05 2.86E+03 0.005 137 7.43E+06
0 [1-135 3.71E+03 157 2.36E+01 | 2.34E+01 | 2.36E+01 1.65 3.90E+01 0.05 1.95E+00 0.005 137 . 5,06€+03
21
22
23

PValue from SWEC 12241/11700-UR(B)-482 - This calculation provides activities for the maximum burm assembly considering bounding uranium enrichment for each nuclide.

(1-.999999) = e™ where t = 72008
s release rate constant

A=

Assumptions:

Per Reguiatory Guide 1.183.
lodine pool DF = 200

1.92E-03

Radial peaking = 1.65 (This is conservative. AST guidance specifies that an actual value be used - 1.65 is from SG 25)
Gap fractions listed in Column |
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RTL: n/a Form: RE 1.103-3 9/92

BEAVER VALLEY
POWER STATION ERS-JTL-99-009 Page 16
Health Physics Section Revision 2 Attachment 3

TRAILS_PC Input File for Control Room, LPZ and EAB dose

'L1°',11,1.0E-3,1.0E-4,1.0E-5,1.0E-4,1.0,1.0E-3,3.5E-4,2,24,1,2
'Unit 1 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (U1_FHA.TXT)'
'‘C1','N/A',0.0,0.0,0.0,0.0

'C2','FHB',1.92E-3,0.0,0.0,0.0

'CR"',1.73E5,10.0,10.0,0.0,0.0,0.0

'PRD',24*0.0

'PRD',24*0.0

'INI,1.0,' ,24*0.0

'INF,1.0,'uCi *,0.0,9.93E2,5.65E8,4*0.0,
2.74E8,5.24E8,2.81E10,1.65E5,5.43E7,2%0.0
1.16E8,6.02E7,7.43E6,0.0,5.06E3,5"0.0

'INI',1.0,'',24*0.0 _
'TIM',1200.,1800.,5400.,6600.,7200.,9000.,14400.,28800.,86400.,3.456E5,2.592E6
'XPR',11*0.0 ’
'XPR',11*0.0

'XPR',2*50.0,2*0.0,0.0,1.690E3,5*50.0

'XRM',11*0.0

'XRM',5*1.0,6*0.0

"XRM',2*50.0,2*0.0,0.0,1.690E3,5*50.0

'XRF',11*0.0

'XRF',11*0.0

'XRF',11*0.0

'XOQEB',5*1.04,6"0.0

'XBREB',5*3.5,6*0.0

'XOQLZ',5"6.04,6*0.0

'XBRLZ',5*3.5,6"0.0

'X0Q',5*4.30,6"0.0

'XBR',11*1.0

'0CC',9*1.0,0.6,0.4

Modeling:
This models the release following a fuel handling accident.

1. Release is modeled as constant flow rate, exponential.

2. Activity in gap is 5% except Kr-85 - 10% and I-131 - 8%.

3. 100% of the noble gas gap activity from broken rods is released to the building.
4. 0.5% of the iodine gap activity from broken rods is released to the building.

Changes this revision:

1. Used guidance provided in NRC Regulatory Guide 1.183.

2. Remove any credit for pre-release iodine filtration.

3. Used bounding assumptions for control room habitability ventilation system parameters.

4. Credited the post-activity release control room habitability ventilation system purge feature.
5. Used the radioactivity released assuming from 137 damaged rods.




TRAILS12 -- Transport of Radiocactive Material in Linear Systems, V1.0b

Unit 1 Fuel Handling Accident - CR, EARB & LPZ, 100 hours decay (1FHA_AST.TXT) *%%*PROGENY INGROWTH ON **¥
COMP: N/A coMP: FHB COMP: Control Room
VOLUME: 1.730E+05 Cu.Ft.
INITIAL: 0.000E+00 Kr=-85m 9,930E+02 Kr-85m uCi 0.000E+00 Kr-85m
0.000E+00 Kr-85 5.650E+08 Kr-85 0.000E+00 Kr-85
0.000E+00 Xe-131lm 2.740E+08 Xe-131m 0.000E+00 Xe-131lm
0.000E+00 Xe-133m 5,240E+08 Xe-133m 0.000E+00 Xe-133m
0.000E+00 Xe-133 2.810E+10 Xe-133 0.000E+00 Xe-133
0.000E+00 Xe-135m 1.650E+05 Xe-135m 0.000E+00 Xe-135m
0.000E+00 Xe-135 5.430E+07 Xe=-135 0.000E+00 Xe-135
0.000E+00 I-131 1.160E+08 I-131 0.000E+00 I-131
0.000E+00 I-132 6.020E+07 I-132 0.000E+00 I-132
0.000E+00 I~133 7.430E+06 I-133 0.000E+00 I-133
0.000E+00 I~135 5.060E+03 I-135 0.000E+00 I-135
ACT MULT (to uCi): 1.000E+00 1.000E+00 1.000E+00
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TRAILS12 -- Transport of Radioactive Material in Linear Systems, v1.0b
Unit 1 Fuel Handling Accident -~ CR, EAB & LPZ, 100 hours decay (1FHA_AST.TXT)

REMOVAL:
NUC Grp 1 REL FR:
NUC Grp 2 REL FR:
NUC Grp 3 REL FR:

MULTIPLIERS=m==
STEP TIME
1.200E+03
1.800E+03
5.400E+03
6.600E+03
7.200E+03
9.000E+03
1.440E+04
2.880E+04
8.640E+04
3,.456E+05
2.592E+06

B OWOIOOMAEWNKH

o

MULTIPLIERS====>
STEP TIME,s
1.200E+03
1.800E+03
5,400E+03
6.600E+03
7.200E+03
9.000E+03
1.440E+04
2.880E+04
8.640E+04
3.456E+05
2.592E+06

HOW®®JO & Wwhd e

[

+ % PROGENY

INGROWTH ON *¥¥

0.000E+00 1/sec 1.920E-03 1l/sec 1.000E+01 cfm
0.000E+00 0.000E+00 INTAKE REDUCT: 0.000E+00
0.000E+00 0.000E+00 INTAKE REDUCT: 0.000E+00
0.000E+00 0.000E+00 INTAKE REDUCT: 0.000E+00
XPR XREM XRE XPR XREM XRF XPR XREM XRF
0.00 0.00 0.00 0.00 1.00 0.00 50.0 50.0 0.00
0.00 0.00 0.00 0.00 1.00 0.00 50.0 50.0 0.00
0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 1.690E403 1.690E+03 0.00
0.00 0.00 0.00 0.00 0.00 0.00 50.0 50.0 0,00
0.00 0.00 0.00 0.00 0.00 0.00 50.0 50,0 0.00
0.00 0.00 0.00 0.00 0.00 0.00 50.0 50.0 0.00
0.00 0.00 0.00 0.00 0.00 0.00 50.0 50.0 0.00
0.00 0.00 0.00 0.00 0.00 0.00 50.0 50.0 0.00
=me=—m== CONTROL ROOM «====--- ~== EXCLUSION AREA BOUNDARY === ~== LOW POPULATION ZONE ---
X/Q Breathing Occupancy X/Q Breathing X/Q Breathing
s/M3 M3/s s/M3 M3/s s/M3 M3/s

1.000E-03 3.500E-04 1.000E+00

4.30
4.30
4.30
4.30
4.30
0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00
1,00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.600
0.400

1.000E-03 1.000E-04

1.04
1.04
1.04
1.04
1.04
0.00
0.00
0.00
0.00
0.00
0.00

3.50
3.50
3.50
3.50
3.50
0.00
0.00
0.00
0.00
0.00
0.00

1.000E-05 1.000E-04

6.04
6.04
6.04
6.04
6.04
0.00
0.00
0.00
0.00
0.00
0.00

3.50
* 3.50
3.50
3.50
3.50
0.00
0.00
0.00
0.00
0.00
0.00
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TRAILS12 ~-- Transport of Radiocactive Material in Linear Systems, v1l.0b

INTEGRD

uCi/ce uCi-sec

Unit 1 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (1FHA_AST.TXT) *%* PROGENY INGROWTH ON **¥
N/A FHB AVERAGE =~  —==c-ecw-- CONTROL ROOM
CURRENT INTEGRD CURRENT INTEGRD RELEASED RELEASE CURRENT CURRENT
STEP TIME uci uCi-sec uCi uCi-sec uCi uCi/sec uCi
Kr-85m INITIAL 0.000E+00 9.930E+02 0.000E+00
1 0.3333 h 0.000E+00 0.00CE+00 9.418E+01 4.573E+05 8.791E+402 7.326E-01 8.450E-01 1.725E-10
2 0.5000 h 0.000E+00 0,000E+00 2.900E+01 3.320E+04 6.375E+01 1.062E~-01 8.630E-01 1.762E-10
3 1.5000 h 0.000E+00 0.000E+00 2.474E~02 1.476E+04 2.834E+01 7.873E-03 7.393E~01 1.50%E-10
4 1.8333 h 0.000E+00 0.000E+00 2.346E-03 1,141E+01 2.190E~02 1.825E-05 7.021E~01 1.433E-10
5 2.0000 h 0.000E+00 0.000E+00 7.226E-04 8.272E-01 1.588E-03 2,.647E-06 6.842E-01 1.397E-10
6 2.5000 h 0.000E+00 0.000E+00 6.688E-04 1.252E+00 0.000E+00 0,000E+00 3,380E-02 6.899E-12
7 4,.0000 h 0.000E+00 0.000E+00 5.303E-04 3.223E+00 0.000E+00 0.000E+00 2.066E-02 4.217E-12
8 8.0000 h 0.000E+00 0.000E+00 2.856E-04 5.693E+00 0.000E+00 0.000E+00 5.560E~03 1,135E-12
9 24.0000 h 0.000E+00 0.000E+00 2.402E-05 6.086E+00 0.000E+00 0.000E+00 2.917E-05 5.955E~15
10 96.0000 h 0.000E+00 0.000E+00 3.488E-10 5.589E-01 0.000E+00 0,000E+00 1.602E-15 3.270E=-25
11 720.0000 h 0.000E+00 0.000E+00 0.000E+00 8.116E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Kr-85m  TOTALS 0.000E+00 5.059E+05 9.713E+02
Kr-85 INITIAL 0.000E+00 5.650E+08 0.000E+00
1 0.3333 h 0.000E+00 0.000E+00 5.642E+07 2.649E+11 5.086E+08 4,238E+05 6.014E405 1.024E-04
2 0.5000 h 0.000E+00 0.000E+00 1.783E+07 2.010E+10 3.859E+07 6.432E+04 5.257E+05 1.073E-04
3 1.5000 h 0.000E+00 0.000E+00 1.775E+04 9.277E+09 1.781E+07 4.948E+03 5,257E+05 1.073E-04
4 1.8333 h 0.000E+00 0,000E+00 1.773E+03 8,323E+06 1.598E+04 1.332E+01 5.257E+05 1,073E-04
5 2,0000 h 0.000E+00 0.000E+00 5.602E+02 6.316E+05 1.213E+03 2,.021E+00 $,257E+05 1.073E~-04
6 2.5000 h 0.000E+00 0.000E+0Q0 5.602E+02 1.008E+06 0.000E+00 0.00Q0E+00 2.805E+04 5,727E-06
7 4.0000 h 0.000E+00 0.000E+00 5.602E+02 3.025E+06 0.000E+00 0.000E+00 2.163E+04 4.415E-06
8 8.0000 h 0.000E+00 0.000E+0Q0 5.602E+02 8.067E+06 0.000E+00 0.000E+00 1.081E+04 2.206E-06
9 24,0000 h 0.000E+00 0.000E+00 5.601E+02 3.227E+07 0.000E+00 0,000E+00 6.741E+02 1.376E-07
10 96.0000 h 0.000E+00 0.000E+0Q0 5.598E+02 1.451E+08 0.000E+00 0.000E+00 2.547E-03 5.200E~13
11°720.0000 h * 0.000E+00 0.000E+00 5.573E402 1.255E%09 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Kr-85 TOTALS 0.000E+00 2.957E+11 5.650E+08
Xe-131m INITIAL 0.000E+00 2.740E408 0.000E+00
1 0.3333 h 0.000E+00 0,000E+00 2.734E+07 1.284E+11 2.466E+08 2,055E+05 2.430E+05 4.960E-05
2 0.5000 h 0.000E+00 0.000E+00 8.636E+06 9,738E+09 1.870E+07 3.116E+04 2.547E+05 5,199E-05
3 1.5000 h 0.000E+00 0.000E+00 - 8.578E+03 4.492E+09 8.624E+06 2.396E+03 2.541E405 5.186E-05
4 1.8333 h 0.000E+00 0.0Q00E+00 8.559E+02 4.021E+06 7.720E+03 6.433E+400 2.539E+05 5.182E-05
5 2.0000 h 0.000E+00 0.000E+00 2.704E402 3,049E+05 5.854E+02 9.756E-01 2.538E+05 5.180E-05
6 2.5000 h 0.000E+00 0.000E+00 2.700E+02 4.864E+05 0.000E+00 0.000E+00 1.352E+04 2.761E-06
7 4.0000 h 0.000E+00 0.000E+00 2.691E402 1.456E+06 0.000E+00 0,000E+00 1.039E+04 2.121E-06
8 8.0000 h 0.000E+00 0,000E+00 2.665E+02 3.856E+06 0.000E+00 0.000E+00 $.142E+03 1.050E-06
9 24.0000 h 0.000E+00 0,000E+00 2.563E+02 1.505E407 0.000E+00 0,000E+00 3.085E+02 6.298E-08
10 96.0000 h 0.000E+00 0.000E+00 2.152E+02 6.095E+07 0.000E+00 0,000E+00 9,793E-04 1.999E-13
11 720.0000 h 0.000E+00 0.000E+00 4.717E+01 2.488E+08 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Xe-131m TOTALS 0.000E+00 1.430E+11 2.739E408

5.162E+02
5.124E+02
2,878E+03
8.646E+02
4,159E+02
3.892E+02
1.441E+02
1.656E+02
6.068E+01
3.201E-01
1.757E-11
5.948E+03

3.038E+08
3.082E+08
1.893E+09
6.309E+08
3.154E+08
3.057E+08
1.334E+08
2.246E408
2.104E+08
1.399E+07
5.288E+01
4.339E+09

1.472E+08
1.493E+08
9.157E408
3.048E+08
1.523E+08
1.475E+08
6.420E+07
1.074E+08
9.896E+07
6.316E+06
2.005E+01
2.094E+09
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TRAILS12 -- Transport of Radioactive Material in Linear Systems, v1.0b

Unit 1 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (1FHA_AST.TXT) *%* PROGENY INGROWTH ON *¥*
N/A FHB AVERAGE =  -—~===-c==- CONTROL ROOM-==e-wee———
CURRENT INTEGRD CURRENT INTEGRD RELEASED RELEASE CURRENT CURRENT INTEGRD
STEP TIME uCi uCli-sec uCi uCi-sec uCi uCi/sec uCi uCi/cc uCi-sec
Xe~133m INITIAL 0.000E+00 5.240E+08 0.000E+00
1 0.3333 h 0.000E+00 0.000E+00 5.210E+07 2.453E+11 4.710E+08 3,925E+05 4.634FE+05 9.459E-05 2.809E+08
2 0.5000 h 0.000E+00 0.000QE+00 1.643E+07 1.854E+10 3.560E+07 5.934E+04 4.847E+05 9.895E-05 2,845E+08
3 1.5000 h 0.000E+00 0,000E+00 1.614E+04 8.531E+09 1.638E+07 4.550E+03 4,.784E+05 9.766E~05 1.734E+09
4 1.8333 h 0.000E+00 0,000E+00 1.605E+03 7.557E+06 1.451E+04 1.209E+01 4.763E+05 9.723E-05 5.728E+08
5 2.0000 h 0.000E+00 0.000E+00 5.061E+02 5.712E+05 1.097E+03 1.828E+00 4.753E+05 9.701E-05 2.855E+08
6 2.5000 h 0.000E+00 0.000E+00 5.027E+02 9.079E+05 0.000E+00 0.000E+00 2.519E+04 5.143E-06 2.758E+08
7 4,0000 h 0.000E+00 0,.000E+00 4.929E+02 2.688E+06 0.000E+00 0.000E+00 1.904E+04 3.8B87E~06 1.187E+08
8 8.0000 h 0.000E+00 0.000E+00 4.676E+02 6.914E+06 0.000E+00 0.000E+00 9,028E+03 1.843E~06 1.932E+08
9 24.0000 h 0.000E+00 0.000E+00 3.786E+02 2.428E+07 0.000E+00 0.000E+00 4,561E+02 9.309E~08 1.654E+08
10 96.0000 h 0.000E+00 0.000E+00 1.465E+02 6.337E+07 0.000E+00 0.000E+00 6.673E-04 1.362E-13 8.799E+06
11 720.0000 h 0.000E+00 0.000E+00 3.909E-02 3,999E+07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.287E+01
Xe-133m TOTALS 0.000E+00 2,725E+11 5.230E+08 3.919E+09
13
Xe-133 INITIAL 0.000E+00 2.810E+10 0.000E+00
1 0.3333 h 0.000E+00 0.000E+00 2.801E+09 1.317E+13 2.528E+10 2.107E+07 2.490E+07 5.083E-03 1.509E+10
2 0.5000 h 0.000E+00 0,.000E+00 8.843E+08 9.975E+11 1.915E+409 3.192E+06 2.608E+07 5.325E-03 1.530E+10
3 1.5000 h 0.000E+00 0.000E+00 8.758E+05 4.598E+11 8.828E+08 2.452E+05 2.594E+4+07 5,296E~03 9,365E+10
4 1.8333 h 0.0C0E+00 0.CO00E+00 8.730E+04 4.104E+08 7.879E+05 6.566E+02 2.590E+07 5.286E-03 3.110E+10
) 2.0000 h 0.000E+00 0.000E+00 2.756E+04 3.109E+07 5.969E+04 9.949E+401 2.587E+07 5.282E-03 1.553E+10
6 2.5000 h 0.000E+00 0,000E+00 2.749E+404 4.955E+07 0.000E+00 0,000E+00 1.377E+06 2.811E-04 1.503E+10
7 4.0000 h 0.000E+00 0.000CE+00 2.727E+04 1.478E+08 0.000E+00 0.000E+00 1.053E+06 2.150E-04 6.522E+09
8 8.0000 h 0.000E+00 0.000E+00 2.668E+04 3,884E+08 0.000E+00 0.000E+00 5.150E+05 1.051E-04 1.083E+10
9 24.0000 h 0.000E+00 0,000E+00 2.447E+04 1.472E+409 0.000E+00 0.000E+00 2.946E+04 6.013E-06 9.775E+09
10 96.0000 h 0.000E+00 0.000E+00 1.654E+04 5.249E+09 0.000E+00 0.000E+00 7.528E-02 1.537E-11 5.930E+08
11 7290.0000 h 0.000E+00 0.000E+00 ° 5.357E+02 1,050E+10Q 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.515E+03
Xe=-133 TOTALS 0.000E+00 1.464E+13 2.808E+10 2.134E+11
Xe-135m INITIAL 0.000E+00 1.650E+05 ’ 0.000E+00
1 0.3333 h 0.000E+00 0.000E+00 6.731E+03 5,934E+07 1.139E+05 9.494E+01 7.455E+01 1.522E-08 5.172E+04
2 0.5000 h 0.000E+00 0.000E+00 1.364E+03 2.017E+06 3.872E+03 6.453E+00 4.950E+01 1.011E~08 3.662E+04
3 1.5000 h 0.000E+00 0.000E+00 1.122E-01 5.139E+05 9.866E+02 2.741E-01 3.945E+00 8.053E-10 6.311E+04
4 1.8333 h 0.000E+00 0.000E+00 5.846E-03 4.271E+401 8.,200E~-02 6.833E-05 1.989E+00 4.060E-10 3.388E+03
) 2.0000 h 0.000E+00 0.000E+00 1.422E-03 1.871E+00 3.592E-03 5.987E-06 1.499E+00 3.059E-10 1.036E+03
6 2.5000 h 0.000E+00 0.000E+00 8.496E-04 1,938E+00 0.000E+00 0.000E+00 4.495E~-02 9.176E-12 7.255E+02
7 4.0000 h 0.000E+00 0.000E+00 5.694E-04 3,555E+400 0.000E+00 0.00QE+00 2.215E-02 4.521E-12 1.616E+02
8 8.0000 h 0.000E+00 0,000E+00 3.722E-04 6.663E+00 0.000E+00 0,000E+00 7.225E-03 1.475E=-12 1.912E+02
9 24.0000 h 0.000E+00 0,000E+00 6.952E~05 1.039E+01 0.000E+00 0.000E+00 8.418E-05 1.718E-14 9.238E+01
10 96.0000 h 0.000E+00 0.000E+00 3.657E-08 2,385E+00 0.000E+00 0.000E+00 1.674E-13 3.417E-23 1.089E+00
11 720.0000 h 0.000E+00 0.000E+00 1.396E-36 1,255E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.166E-09
Xe-135m TOTALS 0.000E+00 6.187E+07 1.188E+05 1.570E+05
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TRAILS12 -- Transport of Radioactive Material in Linear Systems, v1.0b

Unit 1 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (1FHA_AST.TXT)

STEP TIME
Xe-135 INITIAL
1 0.3333 h
2 0.5000 h
3 1.5000 h
L] 1.8333 h
5 2.0000 h
6 2.5000 h
7 4.0000 h
8 8.0000 h
9 24.0000 h
10 96.0000 h
11 720.0000 h
Xe-135 TOTALS
I-131 INITIAL
1 0.3333 h
2 0.5000 h
3 1.5000 h
4 1.8333 h
5 2.0000 h
6 2.5000 h
7 4.0000 h
8 8.0000 h
9 24.0000 h
10 96.0000 h
11 720.0000 h
I-131 TOTALS
I-132 INITIAL
1 0.3333 h
2 0.5000 h
3 1.5000 h
4 1.8333 h
5 2.0000 h
6 2.5000 h
7 4.0000 h
8 8.0000 h
9 24.0000 h
10 96.0000 h
11 720.0000 h
I-132 TOTALS

N/A

CURRENT
uCi

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.0DOE+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

INTEGRD
uCi-sec

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

FHB
CURRENT
uCi

5.430E+07
5.287E+06
1.650E+06
1.522E+403
1.482E+02
4.625E+01
4.452E+01
3.972E+01
2.930E+01
8.673E+00
3.623E-02
8.705E~-23

1.160E+08
1.157E+07
3.654E406
3.625E+03
3.616E+02
1.142E+02
1.140E+02
1.134E+02
1.118E+02
1.055E+02
8.147E+01
8.660E+00

6.020E+07
5.437E+06
1.634E+06
1.204E+03
1.087E+02
3.267E401
2.810E+01
1.788E+01
5.356E+00
4,313E-02
1.626E-11
0.000E+00

INTEGRD

uCi-sec

2.525E+10
1,.874E+09
8.490E+08
7.079E+05
5.253E+04
8.168E+04
2,.272E+405
4,931E+05
9.759E+05
4.086E+05
1.714E403
2,798E+10

5.436E+10
4.121E+09
1.900E+09
1.699E+06
1.288E+405
2.054E+05
6.139E405
1.621E+06
6.256E+06
2.410E+07
7.297E+07
6.049E+10

2.733E+10
1.898E+09
8.149E+08
5.465E+05
3.795E+4+04
5.459E+04
1.221E+05
1.496E+05
6.347E+04
5.152E+02
1.943E-07
3.004E+10

%% %« PROGENY INGROWTH ON ***

AVERAGE =~  —==w=—=a=- CONTROL ROOM
RELEASED RELEASE CURRENT CURRENT
uCi uCi/sec ucCi uCi/cc

0.000E+00
4.848E+07 4.040E+04 4,720E+04 9.636E-06
3.598E+06 5.996E+03 4.886E+04 9.973E-06
1.630E+06 4.528E+02 4.528E+04 9.243E-06
1.359E+03 1.133E+400 4.415E+04 9.012E-06
1.009E+02 1.681E-01 4.359E+04 8.898E-06
0.000E+00 0.000E+0Q0 2.239E+03 4.571E-07
0.000E+00 0.000E+00 1.540E+03 3.144E-07
0.000E+00 0.000E+00 5.678E+02 1.159E-07
0.0C0E+00 0.000E+00 1.048E+01 2.140E-09
0.000E+00 0.000E+00 1.656E-07 3.38B0E-17
0.000E+00 0.000E+00 0.000E+00 0,000E+00
5.371E+407

0.000E+00
1.044E+08 8.698E+04 1.028E+05 2.099E-0S
7.912E+06 1.319E+04 1.078E+05 2,200E-05
3.648E+06 1.013E+03 1.074E+05 2.192E-05
3.262E+03 2,.718E+00 1.073E+05 2.189E-05
2.473E+02 4.121E-01 1.072E+05 2.188E-05
0.000E+00 0,000E+00 5.710E+03 1.166E-06
0.000E+00 0.000E+00 4.378E+03 8.937E-07
0.000E+00 0,000E+00 2.157E+4+03 4.403E-07
0.000E+00 0.000E+00 1.270E+02 2.593E-08
0.000E+00 0,000E+00 3.708E-04 7.569E-14
0,000E+00 U.000E+00" 0.000E+00 0.000E+00
1.159E+08

0.000E4+00
5.248E+07 4.373E+04 4,.925E+04 1.005E-05
3.644E+06 6.074E+03 4.906E+04 1.001E-05
1.565E+06 4.346E+02 3.629E+04 7.408E-06
1.049E+03 8.743E-01 3.982E404 6.700E-06
7.286E+01 1.214E-01 3.121E+04 6.372E-06
0.000E+00 0.000E+00 1.433E+403 2,925E-07
0.000E+00 0.000E+00 7.029E+402 1,435E-07
0.000E+00 0.000E+00 1.052E+02 2.148E-08
0.000E+00 0,000E+00 5.285E-02 1.079E~11
0.000E+00 0.000E+00 7.535E~17 1.538E-26
0.000E+00 0.000E+00 0.000E+00 0.000E+00
5.768E+07

INTEGRD

uCi-sec

2.871E+07
2.882E+07
1.694E+08
5.365E+07
2.632E+07
2.507E+07
1.009E+07
1.403E+07
8.041E+06
1.513E+05
2.389E-03
3.643E+08

6.231E+07
6.319E+07
3.873E+08
1.288E+08
6.433E+07
6.229E+07
2.708E+07
4.518E+07
4.128E+07
2.583E406
7.542E+00
8.843E+08

3.033E+07
2.949E+07
1.525E+08
4.143E+07
1.921E+07
1.740E+07
5.534E+06
4.532E+06
7.974E+05
4.007E402
5.714E-13
3.0'2E+08
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TRAILS12 -- Transport of Radiocactive Material in Linear Systems, v1l.0b

INTEGRD

uCi/cc uCi-sec

Unit 1 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay {1FHA_AST.TXT) *% % PROGENY INGROWTH ON **+
N/A FHB AVERAGE =~  =——=——==ce- CONTROL ROOM
CURRENT INTEGRD CURRENT INTEGRD RELEASED RELEASE CURRENT CURRENT
STEP TIME uCi uCi-sec uCi uCi-sec ucCi uCi/sec uCi
I-133 INITIAL 0.000E+00 7.430E+06 0.000E+00
1 0.3333 h 0.000E+00 0.000E+00 7.338E+05 3.471E+09 6.664E+06 5,553E+03 6.534E403 1.334E-06
2 0.5000 h 0.000E+00 0.000E+00 2.306E+05 2.608E+08 5.008BE+05 8.346E+02 6.812E+03 1.391E-06
3 1.5000 h 0.000E+00 0.000E+00 2.221E+02 1.194E+08 2.293E+05 6.368E+01 6.589E+03 1.345E-06
4 1.8333 h 0.000E+00 0.000E+00 2.193E+01 1.037E+405 1.992E+02 1.660E-01 6.516E+03 1,330E-06
5 2.0000 h 0.000E+00 0.000E+00 6.B92E+00 7.796E+03 1.497E+01 2.495E-02 6.480E+03 1.323E-06
6 2.5000 h 0.000E+00 0.000E+00 6.778E+00 1.230E+04 0.000E+00 0.000E+00 3.401E+02 6.942E-~-08
7 4,0000 h 0.000E+00 0.000E+00 6.448E+00 3.570E+04 0.000E+00 0.000E+00 2.494E+402 5.091E-08
8 8.0000 h 0.000E+00 0.000E+00 5.643E+00 8,693E+04 0.000E+00 0.000E+00 1.081E+02 2.227E~08
9 24.0000 h 0.000E+00 0,000E+00 3.311E+00 2.519E+05 0.000E+00 0.000E+00 3.993E+00 8.150E-10
10 96.0000 h 0.000E+00 0.000E+00 3.006E-01 3.252E+05 0.000E+00 0.000E+00 1.370E-06 2.797E~16
11 720.0000 h 0.000E+00 0.000E+00 2.799E-10 3.247E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00
I1-133 TOTALS 0.000E+00 . 3.852E+09 7.394E+06
I-135 INITIAL 0.000E+00 5.060E+03 . 0.000E+00
1 0.3333 h 0.000E+00 0.000E+00 4.879E+02 2.346E+06 4.504E+03 3.753E+00 4.364E+00 8.909E-10
2 0.5000 h 0.000E+00 0.000E+00 1.515E+02 1.726E+05 3.314E+02 5.523E-01 4.495E+00 9.176E-10
3 1.5000 h 0.000E+00 0,000E+00 1.359E-01 7.767E+04 1.491E+02 4.142E-02 4.048E+00 8.262E-10
4 1.8333 h 0.000E+00 0.000E+00 1.310E-02 6.29BE+01 1.209E-01 1.008E-04 3.909E+00 7.979E-10
5 2.0000 h 0.000E+00 0.000E+00 4.068E-03 4,634E+00 8.897E-03 1.483E-05 3.841E+00 7.840E-10
3 2.5000 h 0.000E+00 0.000E+00 3.860E-03 7.134E+00 0.000E+00 0.000E+00 1.945E~01 3.970E-11
7 4.0000 h 0.000E+00 0.000E+0Q0 3.298E-03 1.929E+01 0.000E+00 0.000E+00 1.281E-01 2.615E-11
8 8.0000 h 0.000E+00 0.000E+00 2.168E~03 3.879E+01 0.000E+00 0.000E+00 4.209E-02 8,.592E~-12
9 24.0000 h 0.000E+00 0,000E+00 4.050E-04 6.,054E+01 0.000E+00 0,000E+00 4,904E-04 1.001E-13
10 96.0000 h 0.000E+00 0.000E+00 2.130E-07 1.390E+01 0.000E+00 0.000E+00 9.753E-13 1.991E~-22
11 720.0000 h ' 0.000E+00 0.000E+00 8.132E-36 7.313E-03 0.000E+00 0.000E+00 0.000E+00 0,000E+00
1-135 TOTALS 0.000E+00 2.596E+06 4.984E+03

3.966E+06
4.005E+06
2.412E+07
7.863E+06
3.899E+06
3.750E+06
1.579E+06
2.444E+06
1.830E+06
6.952E+04
2.3B6E~-02
5.353E+07

2.659E+03
2.658E+03
1.536E+04
4.773E+403
2.325E+03
2.200E+03
8.586E+02
1.113E+03
5,382E+02
6.344E+00
1.262E-08
3.249E+04
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TRAILS12 -~ Transport of Radioactive Material in Linear Systems, v1l.0b

Unit 1 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay {1FHA_AST.TXT)

Kr=-85m

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96.0000
720.0000

TOTALS

Kr-85

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96,0000
720.0000

TOTALS

Xe=131m

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96.0000
720.0000

TOTALS

TOSTSTITIToOITIOr o it = gl e g~ o g~ gite e g 4

fogt= gie dit= g di libe g~ ik~ b= Jie g

- EXCLUSION AREA BOUNDARY -

EDE
DOSE
mrem

2.53E-05
1.84E-06
8.16E-07
6.31E-10
4.57E-11
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.80E~05

2.34E-01
1.77E-02
8.18E-03
7.34E-06
5.57E-07
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.60E-01

3.70E-01
2.80E-02
1.29E-02
1.16E-05
8.78E-07
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
4.11E-01

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0. 00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

TEDE
DOSE
mrem

2.53E-05
1.84E-06
8.16E~07
6.31E-10
4.57E-11
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.80E-05

2.34E-01
1.77E-02
8.18E-03
7.34E-06
5.57E-07
0.00E+00
0.00E+00
0,00E+00
0.00E+00
0.00E+00
0.00E+00
2.60E-01

3.70E-01
2.80E-02
1.29E-02
1.16E-05
8.78E-07
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
4.11E-01

--- LOW POPULATION ZONE ---

EDE
DOSE
mrem

1.47E-06
1.07E-07
4.74E-08
3.66E-11
2.66E-12
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.62E-06

1.36E-02
1.03E-03
4.75E-04
4.26E-07
3.24E-08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.C0E+00
1.51E-02

2.15E-02
1.63E-03
7.51E-04
6.72E-07
5.10E-08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.39E-02

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

TEDE
DOSE
mrem

1.47E-06
1.07E-07
4.74E-08
3.66E-11
2.66E-12
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.62E-06

1.36E-02
1.03E-03
4.75E-04
4.26E-07
3.24E-08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.51E-02

2.15E-02
1.63E-03
7.51E-04
6.72E-07
5.10E-08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.39E-02

*%* PROGENY INGROWTH ON **¥

1.47E-07
1.46E-07
8.18E-07
2.46E-07
1.18E-07
1.11E-07
4.09E-08
4.71E-08
1.72E-08
5.46E~11
2.00E-21
1.69E-06

1.38E-03
1.40E-03
8.57E-03
2.86E-03
1.43E-03
1.38E-03
6.04E-04
1.02E-03
9.53E-04
3.80E-05
9.58E-11
1.96E-02

2.18E-03
2.21E-03
1.35E-02
4.51E-03
2.25E-03
2.18E~03
9.49E-04
1.59E-03
1.46E-03
5.60E~05
1.19E-10
3.09E-02

EDE
DOSE RATE
mrem/h

8.64E-07
8.83E~-07
7.56E~07
7.18E-07
7.00E-07
3.46E-08
2.11E-08
5.69E-09
2,98E-11
1.64E-21
0.00E+00

8,18E~-03
8.57E-03
8.57E-03
8,.57E-03
8.57E-03
4.58E-04
3.53E-04
1.76E-04
1.10E-05
4.15E-11
0.00E+00

1.29E~02
1.36E-02
1.35E-02
1.35E-02
1.35E-02
7.20E-04
5.53E-04
2.74E-04
1.64E-05
5.21E-11
0.00E+00

CONTROL ROOM

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

‘0.00E+00

0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.47E-07
1.46E-07
8.18E-07
2.46E-07
1.18E-07
1.11E-07
4.09E-08
4.71E~-08
1.72E-08
5.46E-11
2.00E-21
1.69E-06

1.38E-03
1.40E-03
8.57£-03
2.86E-03
1.43E-03
1.38E-03
6.04E-04
1.02E-03
9.53E-04
3.80E-05
9.58E-11
1.96E-02

2.18E-03

2.21E-03
1.35E-02
4.51E-03
2.25E-03
2.18E-03
9.49E-04
1.59E-03
1.46E-03
5.60E-05
1.192-10
3.09E-02
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TRAILS12 -- Transport of Radicactive Material in Linear Systems, v1.0b

Unit 1 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (1FHA_AST.TXT)

Xe~133m

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96,0000
720.0000

TOTALS

Xe-133

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96,0000
720.0000

TOTALS

Xe-135m

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96.0000
720.0000

TOTALS

IOy o oT TSSOSO T

TSI IODSTIT oS

-~ EXCLUSION AREA BOUNDARY -

EDE
DOSE
mrem

2.49E400
1.88E-01
8.66E~02
7.67E-05
5.80E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.77E+00

1.52E+02
1.15E+01
5.30E400
4.73E-03
3.59E-04
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.69E+02

8.95E-03
3.04E~04
7.75E-05
6.44E-09
2.82E-10
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
9,.33E-03

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.QO0E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

TEDE
DOSE
mrem

2.439E+00
1.88E-01
8.66E~02
7.67E-05
5.80E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.77E400

1.52E+02
1.15E+01
5.30E+00
4.73E-03
3.59E-04
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.69E+02

8.95E-03

3.04E~04

7.75E-05
6.44E-09
2.82E-10
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
9.33E-03

~~- LOW POPULATION ZONE =~--

EDE
DOSE
mrem

1.45E-01
1.09E-02
5.03E-03
4.46E-06
3.37E-07
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.61E-01

8.82E+00
6.68E-01
3.08E-01
2.75E~04
2.08E-05
0.00E+00
0.00E+00
0.00E+00
0,.00E+00
0.00E+00
0.00E+00
9.80E+00

5.20E-04
1.77E~05
4.50E-06
3.74E-10
1,64E~11
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
5.42E-04

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00 °

0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

TEDE
DOSE
mrem

1.45E-01
1.09E-02
5.03E-03
4.46E-06
3.37E-07
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.61E-01

8.82E+00
6.68E-01
3.08E-01
2.75E~04
2.08E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
9,80E+00

5.20E-04
1.77E-05
4.50E-06
3.74E-10
1.64E-11
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
5.42E-04

*% * PROGENY INGROWTH ON ***

1.46E-02
1.48E-02
9.04E-02
2.99E-02
1.49E-02
1.44E-02
6.19E-03
1.01E-02
8.62E-03
2.75E-04
2.69E-10
2.04E-01

8.94E-01
9,07E-01
5.55E+00
1.84E+00
9.21E-01
8.91E-01
3.87E-01
6.42E-01
5.79E-01
2,.11E-02
3.59E-08
1.26E+01

4.01E-05
2.84E-05
4.89E-05
2.63E-06
8.03E-07
5.62E-07
1.25E-07
1.48E-07
7.16E-08
5.06E-10
6.71E-19
1.22E-04

EDE
DOSE RATE
mrem/h

8.70E-02
9.10E-02
8.,98E-02
8.94E-02
8.92E-02
4.73E~03
3.57E-03
1.69E-03
8.56E-05
1.25E-10
0.00E+00

5.31E+00
5.57E+00
5.54E+00
5.53E+00
5.52E+00
2.94E-01
2.25E-01
1.10E-01
6.29E-03
1.61E-08
0.00E+00

2.08E-04
1.38E-04
1.10E-05
5.55E-06
4.18E-06
1,28E-07
6.18E-08
2.02E-08
2.35E-10
4.67E-19
0.00E+00

CONTROL ROOM

CEDE
DOSE
mrem

0,00E+00
0.00E+00
0.00E+00
0.00E+0GO
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0,00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.QO0E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

8.94E-01
9.07E-01
5.55E+00
1.84E+00
9.21E-01
8.91E~01
3.87E-01
6.42E-01
5.79E-01
2.11E-02
3.59E-08
1.26E+01

4.01E-05
2.84E-05
4.89E~-05
2.63E-06
8.03E-07
5.62E-07
1.25E-07
1.48E-07
7.16E-08
5.06E~-10
6.,71£-19
1.22E-04
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TRAILS12 -- Transport of Radioactive Material in Linear Systems, v1.0b

Unit 1 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (1FHA_AST.TXT)

Xe-135

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96.0000
720.0000

TOTALS

I-131

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96.0000
720.0000

TOTALS

I-132

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96,0000
720.0000

TOTALS

o it i~ e g~ g~ g~ g~ = g~ < oSO o o

o it - e i e = g~ = g~ =4

- EXCLUSION AREA BOUNDARY -

EDE
DOSE
mrem

2.23E+00
1.65E-01
7.49E~-02
6.24E-05
4.63E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.47E+00

7.33E+00
5.55E~-01
2.56E~01
2.29E-04
1.74E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
8.14E+00

2.26E+01
1.57E+00
6.73E-01
4.52E-04
3.14E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.48E+01

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.25E+03
9.q7E+01
4.37E+01
3.91E~02
2.96E-03
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.39E+03

7.28E+00
5.05E-01
2.17E-01
1.46E-04
1.01E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
8.00E+00

TEDE
DOSE
mrem

2.23E+00
1.65E~01
7.49E-02
6.24E-05
4,.63E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.47E400

1.26E+03
9.53E+01
4.39E+01
3.93E-02
2.98E-03
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.40E+03

2,99E+01
2.07E+00
8.90E-01
5.97E~04
4.15E-05
0.00E+00
0.00E+0Q0
0.00E+00
0.00E+00

'0.00E+00

0.00E+00
3.28E+01

~=-= LOW POPULATION ZONE ==~

EDE
DOSE
mrem

1.29E-01
9.60E-03
4.35E-03
3.63E-06
2.69E-07
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.43E-01

4.26E-01
3.23E-02
1.49E-02
1.33E-05
1.01E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
4.73E-01

1.31E+00
9.11E-02
3.91E-02
2.62E-05
1.82E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.44E+00

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0,00E+00
0.GQ0E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

7.26E+01
5.50E+00
2.54E+00
2.27E-03
1.72E-04
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E%00
0.00E+00
8.06E+01

4.23E-01
2.94E-02
1.26E-02
8.45E-06
5.87E~-07
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
4.65E-01

TEDE
DOSE
mrem

1.29E-01
9.60E-03
4.35E-03
3.63E-06
2.69E-07
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.43E-01

7.30E+01
5.53E+00
2.55E+400
2.28E-03
1.73E-~04
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
8.11E+01

1.73E+00
1.20E-01
5.17E-02
3.47E-05
2.41E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.91E+00

***PROGENY INGROWTH ON ***

1.30E-02
1.31E~02
7.67E-02
2.43E-02
1.19E-02
1.14E-02
4.57E-03
6.36E-03
3.64E-03
4.11E-05
4.33E-13
1.65E-01

4.31E-02
4.38E-02
2.68E-01
8.92E-02
4.45E-02
4,31E-02
1.87E-02
3.13E-02
2.86E-02
1.07E-03
2.09E-09
6.12E-01

1.29E-01
1.25E-01
6.47E-01
1.76E-01
8.15E-02
7.39E-02
2.35E-02
1.92E-02
3.39E-03
1.02E-06
9.70E-22
1.28E+00

EDE
DOSE RATE
mrem/h

7.70E-02
7.97£~02
7.39E-02
7.20E-02
7.11E-02
3.65E-03
2.51E-03
9.26E-04
1.71E-05
2.70E-13
0.00E+00

2.56E-01
2.69E-01
2.68E-01
2.67E-01
2.67E~01
1.42E-02
1.09E-02
5.38E-03
3.17E-04
9.24E-10
0.00E+00

7.53E-01
7.50E-01
5.55E~01
5.02E-01
4.77E-01
2.19E-02
1.07E-02
1.61E-03
8.08E-07
1.15E-21
0.00E+00

CONTROL ROOM

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.46E+02
1.49E+02
9.10E+02
3.03E+02
1.51E+02
1.46E+02
6.36E+401
1.06E+02
9,70E+01
3.64E+00
7.09E-06
2.08E+03

8.26E-01
8.03E-01
4.15E+00
1.13E+00
5.23E-01
4.74E-01
1.51E-01
1.23E-01
2.17E-02
6.54E-06
6.22E-21
8.20E+00

1.19E-02
1.14E-02
4.57E-03
6.36E-03
3.64E-03
4.11E-05
4.33E-13
1.65E-01

1.47E+02
1.49E+02
9.11E402
3.03E+02
1.51E+02
1.46E+02
6.37E+01
1.06E+02
9.71E+01
3.64E+00
7.09E-06
2.08E+03

9.54E-01
9.28E-01
4.80E+00
1.30E+00
6.04E-01
5.47E-01
1.74E-01
1.43E-01
2.51E-02
7.57E-06
7.198-21
9.48E+00
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TRAILS12 -~ Transport of Radioactive Material in Linear Systems, v1.0b

Unit 1 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (1FHA_AST.TXT)

I-133

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96.0000
720.0000

TOTALS

FIFOTIToSOToOOT

I-135

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96.0000
720.0000

TOTALS

[o e = g e i = S gk g g~ 4

ALL NUCLIDES
0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000

24.0000

96.0000
720.0000
TOTALS

o = gi- g e o e ge - 2= -4

- EXCLUSION AREA BOUNDARY -

EDE
DOSE
mrem

7.55E-01
5.67E-02
2.60E-02
2.26E-05
1.70E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
8.37E-01

1.38E-03
1.01E~-04
4.57E-05
3.70E~08
2.72E-09
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.53E-03

1.88E+02
1.41E+01
6.44E400
5.60E-03
4.21E-04
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.08E+02

CEDE
DOSE
mrem

1.42E+401
1.07E+00
4.88E-01
4.24E-04
3.19E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0,00E+00
0.00E+00
1.57E+01

2.02E-03
1.48E-04
6.68E~05
5.41E-08
3.98E-09
0. 00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.23E-03

1.27E+03
9.63E+01
4.44E+01
3.96E-02
3.00E-03
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.41E+03

TEDE
DOSE
mrem

1.49E+01
1.12E+00
5.14E-01
4.47E-04
3.36E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.66E+01

3.40E-03
2.50E-04
1.12E-04
9.12E-08
6.71E-09
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0. 00E+00
3.76E-03

1.46E+03
1.10E+02
5.08E+01
4.52E-02
3.42E-03
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.62E+03

~--~ LOW POPULATION ZONE ---

EDE
DOSE
mrem

4.38E-02
3.29E-03
1.51E-03
1.31E-06
9.84E~08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
4.86E-02

8.01E-05
5.89E-06
2.65E-06
2,15E-09
1.58E-10
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
8.87E-05

1.09E+01
8.18E-01
3.74E-01
3.25E-04
2.45E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.21E+01

CEDE
DOSE
mrem

8.24E-01
6.19E-02
2.84E-02
2.46E-05
1.85E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
9.14E~-01

1.17E-04
8.62E-06
3.88E-06
3.14E-09
2.31E-10
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.30E-04

7.38E+01
S.59E+00
2.58E+00
2.30E-03
1.74E-04
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
8.20E+01

TEDE
DOSE
mrem

8,68E-01
6.52E~02
2.99E-02
2.59E-05
1.95E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
9.63E-01

1.97E-04
1.45E-05
6.53E-06
5.29E-09
3.90E-10
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.18E-04

8,.48E+01
6.41E+00
2.95E+00
2.63E-03
1.99E-04
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
9.41E+01

** % PROGENY INGROWTH ON ***

1.07E-11
5.98E-02

8.03E-06
8.03E-06
4.64E-05
1.44E-05
7.02E-06
6.65E-06
2.59E-06
3.36E-06
1.63E-06
1.15E-08
1.52E-17
9.81E-05

1.10E+00
1.11E+400
6.68E+00
2.18E+00
1.08E+00
1.04E+00
4.43E-01
7.14E-01
6.28E-01
2.26E-02
3.85E-08
1.50E+01

EDE
DOSE RATE
mrem/h

2.63E-02
2.74E-02
2.,65E-02
2.62E-02
2.61E-02
1.37e-03
1.00E~-03
4.39E-04
1.61E-05
5.51E-12
0.00E+00

4.75E-05
4.89E~-05
4.40E-05
4.25E-05
4.18E-05
2.11E-06
1.39E-06
4,58E-07
5.33E-09
1.06E-17
0.00E+00

6.53E+00
6.80E+00
6.57E+00
6.50E+00
6.47E+00
3.41E-01
2.54E-01
1.20E-01
6.75E-03
1.72E-08
0.00E+00

CONTROL ROOM

CEDE
DOSE
mrem

1.66E+00
1.67E+00
1.01E+01
3.29E+00
1.63E+400
1.57E+00
6.60E-01
1.02E+00
7.65E-01
1.74E-02
3.99E-09
2.24E+01

2.34E-04
2.34E-04
1.35E-03
4.19E-04
2.04E-04
1.93E-04
7.55E-05
9.78E-05
4.73E-05
3.35E-07
4.43E-16
2.86E-03

1.49E+402
1.51E+02
9.25E+02
3.07E+02
1.53E+02
1.48E+02
6.45E+01
1.07E+02
9.78E+401
3.66E+00
7.09E-06
2.11E+03

1.66E+00
1.68E+00
1.01E+01
3.30E+00
1,63E400
1.57E+00
6.62E-01
1.02E+00
7.67E-01
1.75E~-02
4.00E-09
2.24E+01

2.42E-04
2.42E-04
1.40E-03
4.34E-04
2.11E-04
2.00E-04
7.80E-05
1.01E-04
4,B89E-05
3.46E~-07
4.59E-16
2.95E-03

1.50E+02
1.52E+02
9.31E+02
3.09E+02
1.54E+02
1.49E+402
6.49E+01
1.08E+02
9.85E+01
3.68E+00
7.13E-06
2.12E403
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ATTACHMENT C-2

Beaver Valley Power Station, Unit No. 2
License Amendment Request No. 73

Safety Analysis of the Radiological Consequences of a Fuel Handling
DBA at BVPS Unit 2, Control Room, EAB and LPZ Doses



RTL: A9.621A
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Beaver Valley Power Station
Health Physics Section

REVISION

Subject PAGE 1 OF
Safety Analysis of the Radiological Consequences of a Fuel
Handling DBA at BVPS Unit 2, Control Room, EAB and LPZ

Doses

ERS-SFL-89-019

Reference

“HPM RP/RIP EPP T/S EM DCP

Review Category 10 CFR 50.59

D Required

Unit1 Unit2
RSC Required D RSC Not Required

O
Purpose

This calculation package documents an analysis of the postulated dose in the common control room,
at the Exclusion Area Boundary (EAB) , and at the Low Population Zone (L.PZ) following a Fuei
Handling DBA at BVPS Unit 2. This revision follows the guidance provided in USNRC Regulatory
Guide 1.183, “Alternative Radiological Source Terms for Evaluating Design Basis Accidents at'
Nuclear Power Reactors” '
NOTE: This calculation package documents the evaluation described above. This package does not, alone, provide for any revision in a structure,

system or component; nor changes in procedures, tests, or experiments described in the plant licensing basis. The data and/or conclusions of this
package shall not be extended to other procedures without explicit concurrence from Health Physics.
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DISCUSSION
General

This calculation determines control room operator, exclusion area boundary (EAB) and low population
zone (LPZ) radiation doses following a fuel handling design basis accident (FHA DBA) at Beaver
Valley Unit 2. The plant parameters and assumptions used herein are consistent with the plant design
basis as revised in accordance with Regulatory Guide 1.183', and they provide results that define the
upper bound of the accident dose consequences. As a design basis calculation, this is not intended to
show what the expected doses would be, but rather what they might be if the plant is operated at
"worst case" design limits (operating at the NRC License limits) and using "worst case” accident
conditions. The combination of circumstances that would result in the associated maximum dose is
unlikely to occur,

This revision of the FHA was requested by the Licensing Section. It is performed to demonstrate that
the design case accident dose will remain within the regulatory dose limits and criteria with certain
changes made to plant operation and configuration. Additionally, this analysis represents Beaver
Valley Unit 2's first use of the alternative source term as provided in the recently issued Regulatory
Guide 1.183'. As such, the design basis of the facility is changed, and NRC review is required prior to
implementation of any of the configuration/operational changes supported by the analysis. The facility
changes made herein are specific to the FHA scenario, and affect the activity available for release and
pre-release treatment for this accident only. The characteristics of plant configuration and/or operation
associated with the other design basis accidents are not changed. Thus the validity of each of the
other design basis accidents as described in the facility UFSAR is unaffected and a clear, consistent
and logical design basis is maintained. Refer to the Input Data and Assumptions section of this
calculation package for additional information concerning the analysis methodology and assumption
changes.

Fuel Handling Accident

This DBA is described in NRC Regulatory Guide 1.183' and NUREG-0800 Chapter 15, Section
15.0.12. The accident occurs while moving a fuel assembly in either the fue! building fuel storage pool
or in the reactor building containment cavity or transfer canal. The assembly is dropped, resulting in
rupture of 137 fuel rods and release of radioactive iodine and ngble gas into the pool water. The
extent of damage has been determined by performing an analysis3 using the limiting drop conditions
and considering the weight of the dropped heavy load or the weight of the dropped fuel assembly (plus
any attached handling grapples), the height of the drop, and the compression, torsion, and shear
stresses on the irradiated fuel rods. Damage to adjacent assemblies has been considered.

As the iodine percolates to the pool surface much of it will be "scrubbed out” and remain in the water.
This reduces the amount of iodine that is released from the damaged rods by a factor of 200 before it
becomes airborne within the building. The noble gas activity released from the damaged rods is all
released to the building with no removal by pool water scrubbing. After becoming airborne, the
radioactivity is released to the environment assuming a constant air flow rate (exponential activity
removal rate). The analysis model uses a conservatively calculated release rate constant that results
in 99.9999% of the activity being released to the environment in the two hours immediately following
the accident. Because the accident conditions may include having any of the reactor building
containment penetrations open (including the equipment hatch or personnel airlock), and the release
may be via any one or a combination of penetrations, the most restrictive release point atmospheric
dispersion factor(s) are conservatively applied to the entire release. For this analysis to remain valid,
the radioactivity release must be via one of these three points. Additionally, this analysis
conservatively does not take credit for any pre-release filtration or iodine plate-out.
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Calculation History — BVPS Unit 2

SWEC 12241 UR(B)-189-0 (1982)*
Initial calculation of environmental dose (EAB and LPZ). Superseded by SWEC 12241 UR(B)-189-1.

This (and subsequent) calculation considers only an accident in the fuel building.

SWEC 12241 UR(B)-280-0 (1983)°
Initial calculation of Control Room operator dose. Superseded by SWEC 12241 UR(B)-295-0.

SWEC 12241 UR(B)-189-1 (1984)°
Revision to update atmospheric dispersion factor for the EAB. Superseded by ERS-SFL-89-019.

SWEC 12241 UR(B)-295-0 (1984)
Calculated control room operator dose, with different assumptions for operator action to actuate the

control room emergency ventilation system.

SWEC 12241 UR(B)-445-0 (1'5!81)a
Calculated control room operator dose for the combined (Unit 1 + Unit 2) control room. Superseded

by ERS-SFL-89-019-0.

ERS-SFL-89-007-0 (1989)°
Special calculation to assess effect of delaying control room isolation for 10 minutes following an FHA.

ERS-SFL-89-019-0 (1989)"

Calculated control room operator and environmental (EAB and LPZ) dose assuming an increased
iodine 131 percentage (12%) of core activity in the rod gap.

= Calculation of record for environmental dose **

ERS-SFL-93-004-0 (1993)'"

Calculated control room operator dose assuming that the normal control room ventilation system
configuration is maintained for the accident duration (no credit for system filtration). Used updated
atmospheric dispersion factors (chi/Q). '

= Calculation of record for control room operator dose ™

ERS-SFL-89-019-1 (1999)"

Used revised reactor core radionuclide inventory calculated using updated fuel parameters (high burn-
up) and the computer code ORIGENS'?: also, the core inventory used is determined by selecting the
maximum activity from a reage of core enrichments for each radioisotope. Used current, approved
values for EAB and LPZ atmospheric dispersion factors (chi/Q); models release from the fuel buildinsq
as a puff release; used updated ICRP 26/30 based dose’ quantities and dose conversion factors'*™.
This calculation is intended to replace ERS-SFL-89-019-0'° and ERS-SFL-93-004""; however, it has

not been reviewed and accepted by the NRC. Consequently it is not a part of the Unit 2 design basis.

ERS-SFL-89-019-2 (2000)*

Assumed maximum of 617 fuel rods breached.- Made slight adjustment to the dropped assembly
radioactivity content by using the highest individual nuclide activity selected from between a core
averaged assembly and a maximum burn assembly. All previous analyses used a core average
assembly. This change is in addition to using the maximum individual nuclide activity selected over a
range of core enrichment, first used in the previous revision of this calculation.
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THIS CALCULATION - ERS-SFL-89-019-3 (2000)

Uses the maximum number of damaged fuel assembly rods (137) that could result, assuming the
worst-case conditions that may be encountered in either the fuel building or the reactor containment
building at Unit 2. The validity of this radiological consequence analysis is contingent upon NRC
review and acceptance of the engineering analysis3 that determined the maximum number of rods
damaged. Uses the cumrent analysis assumptions and input parameters to the extent that they are
consistent with those specified in Regulatory Guide 1.183'. Changes made to conform with this Guide
affect pool water iodine DF, activity fraction in-gap, reference source for submersion dose conversion
factors and the dose quantity that is calculated. Ali changes are detailed in the Input Data and
Assumptions section of this analysis.

METHODOLOGY
Overall Methodology

The methodology used in this analysis is similar to that used in previous analyses. This revision uses
version 1.0b of the TRAILS_PC (for Transport of Radioactive mAterial In Linear Systems), PC version
documented in Reference 17. This version is similar to the VAX-based version used in the current
calculation of record for control room dose, and has been verified to produce like results. This newer
version has the capability to model progeny in-growth, a feature used in this analysis. Also, the
submersion dose conversion factors from DOE/EH-0700" (used in previous revisions of the FHA
analysis) have been replaced with those from Federal Guidance Report No. 12'®, This “b" version of
TRAILS_PC has been designated as TRAILS12 to readily identify this change to the user. More
details are provided with the TRAILS_PC input file in Attachment 3.

Fuel Handling Accident Modeling

The FHA model is relatively simple and is depicted in Attachment 1.

INPUT DATA AND ASSUMPTIONS
1.0 Assumptions

1.1 This analysis of the Unit 2 FHA is based on guidance provided in
NUREG-0800, Chapter 15.0.1% and 'JSNRC Regulatory Guide 1.183".

1.2 Minimum 100 hours between reactor shutdown (subcriticality) to the [Assumption]
accident release.

This value is decreased from the current Technical Speciﬁcation19
value of 150 hours with the intent of supporting a change to this
requirement. '

1.3 Radioactivity release to the building occurs instantaneously, M
followed by a release to the environment for a two hour period.

To model a constant air flow, a release rate constant which results
in 99.9999% of the total radioactivity released in two hours is used.
This approach is conservative particularly for the control room
operator and EAB 0-2 hour doses. Release rate is important
where control room radiation monitor response is needed, and the
alarm time will be calculated. This calculation takes no credit for
this protective feature.
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Regulatory Guide 1.183' specifies that the EAB and LPZ doses be
calculated for the two hour period that results in the highest dose.
Because, per the Guidance, effectively all of the activity from the
fuel handling accident Is released to the environment in the first
two hours, only this time period need be considered.

1.4 The radioactivity released to the building is then released to the [Assumption}
environment with no credit for activity removal by filtration or plate-out.

While some of the release pathways may be filtered, this will not

be credited in this analysis. Assuming no filtration is a
conservative assumption.

2.0. Input Data

2.1 Core activity in gap: ‘ (1]
I-131 = 8%
Other iodines = 5%
Kr-85 =10%
Other noble gases = 5%
2.2 Radial peaking factor = 1.65 (References 4-12,16]

For events that do not involve the entire core, Regulatory Guide
1.183' provides “To account for differences in power level across
the core, radial peaking factors from the facility's core operating
limits report (COLR) or technical specifications should be applied
in determining the inventory of the damaged rods”. 1.65 is the
value used in previous analyses and is slightly higher than the
facility-specific value. Continued used of this value is slightly

conservative.
2.3 Number of assemblies in core = 157 [20]
2.4 Number of ruptured fuel rods =137 [3]
2.5 Number of rods in assembly = 264 [20]
2.6 Fuel pool iodine DF = 200 : 1]
2.7 Core Inventory at T = 100 hours, and release to the building: [21, 22]

Calculated in Attachment 2 3

Regulatory Guide 1.1 83' Appendix A provides "Radionuclides that
should be considered include xenons, kryptons, halogens, cesiums
and rubidiums”. Additionally, Section 4.1.1 provides in part, for the
EAB and beyond, “The calculation of these two components of the
TEDE should consider all radionuclides, including progeny from
the decay of parent radionuclides, that are significant with regard
to dose consequences and the released radioactivity”. '
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2.8

29

Although this statement is not specifically repeated for the control
room, Section 4.2.2 provides “The radioactive material releases
and radiation levels used in the control room dose analysis should
be determined using the same source term, transport, and release
assumptions used for determining the EAB and the LPZ TEDE
values, unless these assumptions would result in non-conservative
results for the control room”. Considering this guidance, the
source term from the previous revision of this calculation (includes
kryptons, xenons and iodines) is deemed appropriate for continued
use based on the following.

Cesium and rubidium are particulates, therefore the activity
released from the fuel will be retained in the pool water. However,

cesium may be produced in the building and the environment as

progeny of the 1-135 — Xe-135 - Cs-135 decay chain. Because of
the 100 hour pre-accident decay period, the 135 decay chain is the

only one that has precursor isotopes of sufficiently long half-life to

contribute to post-release cesium production. Cs-135 has a very
long half-ife and it's precursors have short half-lives.

Consequently, the total activity of Cs-135 that could be produced
from the released 1-135 and Xe-135 is minute, and is not
considered to be significant with regard to either submersion or
internal dose. Post-release rubidium production will not contribute

to dose. Kr-85 and Kr-85m are the only precursor isotopes that
remain after the 100 hour pre-accident decay period, and these

decay to stable Rb-85.

The halogen, Br-82, will be present in the fuel clad gap in small
quantities even after the 100 hour pre-release decay period. The
dose contribution from this isotope was evaluated and, assuming
that pool scrubbing will occur similar to that for iodine, this
contribution is not significant, i.e., will not change the dose values
calculated in this analysis.

Pool release iodine composition = N/A for this analysis

Regulatory Guide 1. 183" provides specific fractions for the iodir
release chemical form. These become important when
determining removal by filtration, an assumption NOT made in this
analysis.

Two hour duration release rate constant (A) = 1.92E-03 s’

For a two hour release duration, 99.9999% of the radioactivity
is assumed to be released in the two hours.

0.000001 = e
In (0.000001) = At

13.824 =4
where t = 7200 seconds, A = 1.92E-03 s

IN/A]

[Assumption]
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2.10 Control room air intake and exhaust flow rate = 500 cfm [23]

The control room ventilation system is assumed to remain in the
normal mode operation for the entire duration of the analysis
period (T = 0 - 30 days).

2.41 Control room volume = 1.73E+05 [23]

2.12 Control room occupancy factors: _ [1]
Oto 24 hours=1.0
24 hours to 4 days = 0.6
4t0 30days=0.4

2.13 Control room operator breathing rate = 3.5E-04 m/s h)
2.14. Offsite breathing rates (0 to 8 hours) = 3.5E-04 m/s (11
2.15 Atmospheric dispersion factors: [24)
Unit 2: '
EAB (¢/m% LPZ(s/m® Control room (s/m
0 -2 hours 1.25E-03
0 - 8 hours 6.04E-05 1.04E-03

Primary Auxiliary Building

Note: Because this release is conservatively modeled as a
having a two hour duration, atmospheric dispersion factors
beyond this time are unnecessary.
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RESULTS AND CONCLUSIONS

The assumptions and data given above were used to build the TRAILS_PC (v1.0b) input file for the control
room, LPZ and the EAB dose calculation. The input and output files are given in Attachment 3. The
control room operator, EAB and LPZ calculated doses are summarized below.

TEDE (rem)
Control room 1.4E+00
EAB 2.0E+00
LPZ 9.5E-02

Offsite doses are within the applicable regulatory limit of 10 CFR 50.67%° of 25 rem TEDE at the EAB (for
any 2-hour period) and LPZ (for the entire period of radioactive cloud passage), and are less than the
more restrictive guidance criteria in the NUREG-0800 Section 15.0.12 and Regulatory Guide 1.183' 0f 6.3
rem TEDE for the 2 hour release duration. Control room operator doses (for the duration of the accident)
are less than the 10 CFR 50.67% limit of 5 rem TEDE.
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ATTACHMENT 1

500 cfm unfiltered infout for

Activity released to the building

Control room y/Q the duration of the analysis
(T = 0-30 days)
2 hour release
to environment with no
fitration or plate-out

Pool water
jodine removal
DF = 200

\ EAB & LPZ exposure
EAB or LPZ y/Q calculated for 0 —~ 2 hours. the

postulated release duration

Damaged Fuel - 137 fuel rods
Core activity in gap:
10% Kr-85, 5% other noble gas
8% iodine 131, 5% other iodine
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Assumptions:

N
O

Per Regulatory Guide 1.183.

&
(=

lodine pool DF = 200

I
purd

(%4
N

Gap fractions listed in Column |

(1-.999999) = ™ wheret =

7200s

8" release rate constant

Radial peaking = 1.65 (This is conservative. AST guidance specifies that an actual value be used - 1.65 is from SG 25)

Al B | ¢ | D E | F | 6 | H | J K L | M

1 Fuel Handli ccident Release Source ermination

2

3 =Col H * Col 1 * (J51264
4 =ColB/ColC =MAX(Col D:Col E =Col F * Col G =Col H * Col | (J5/264) “ 1E+06
5 Core (1) (3] Max. of Max. Assembly | Pool 137

6 100 hr decay| Assemblies| UR(B)479 | UR(B)-482 ColD,C Radial | Max. Assembly | Gap Gap Act Release | No. Rods | Rods, Bldg Activity
7 (Ci) in core Core Avg. Max. Burn {Ci) Peaking (Ci) Fraction (Ci) Fraction | Damaged (uCi) .

8 |Kr-85m 3.64E+00 157 2.32E-02 1.93E-02 2.32E-02 1.65 3.83E-02 0.05 1.91E-03 1.00 137 9.93E+02

9 |kr-85 7.59E+05 157 4.83E+03 6.60E+03 6.60E+03 1.65 1.09E+04 0.10 1.09E+03 1.00 137 5.65E+08
10
11 |Xe-131m]| 9.19E+05 157 5.856+03 6.41E+03 6.41E+03 1.65 1.06E+04 0.05 5.29E+02 1.00 137 2.74E+08
12 [Xe-133m| 1.92E+06 157 1.22E+04 | 1.22E+04 1.22E+04 1.65 2.02E+04 0.05 1.01E+03 1.00 137 5.24E+08
13 [Xe-133 1.03E+08 157 6.56E+05 6.47E+05 €.56E+05 1.65 1.08E+06 0.05 5.41E+04 1.00 137 2.81E+10

4 IXe-135m| 6.04E+02 157 3.85E+00 3.82E+00 3.85E+00 1.65 6.35E+00 '0.05 3.17E-01 1.00 137 1.65E+05
15 [Xe-135 1.99E+05 157 1.27E+03 1.26E+03 1.27E+03 1.65 2.09E+03 0.05 1.05E+02 1.00 137 5.43E+07

6 .
17 131 5.23E+07 157 3.33E+05 3.38E+05 3.38E+05 1.65 5.58E+05 0.08 4 46E+04 0.005 137 1.16E+08

8 [1-1132 4.41E+07 157 2.81E+05 | 2.81E+05 2.81E+05 1.65 4.64E+05 0.05 2.32E+04 0.005 137 6.02E+07

9 ]1-133 5.45E+06 157 3.47E+04 3.42E+04 3.47E+04 1.65 5.73E+04 0.05 2.86E+03 0.005 137 7.43E+06
20 |1-135 3.71E+03 157 2.36E+01 2.34E+01 2.36E+01 1.65 3.90E+01 0.05 1.95E+00 0.005 137 5.06E+03
21 [Note: Nuclide activity is selected for either a maximum burn assembly or core average assembly, whichever is higher. The differences are small and this is conservative.

Value from SWEC 12241/11700-UR(B)-479 - This calculation provides activities for the average burn assembly considering bounding uranium enrichment for each nuclide.
2Value from SWEC 12241/11700-UR(B)-482 - This calculation provides activities for the maximum burn assembly considering bounding uranium enrichment for each nuclide.
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RTL: w/a Form: RE 1.103-3 9/92

BEAVER VALLEY
POWER STATION ERS-SFL-89-019 Page 13
Health Physics Section Revision 3 Attachment 3

TRAILS_PC Input File for Control Room, LPZ (0-30 day) and EAB (0-2 hour) dose

'L1 ',11,1.0E-3,1.0E-4,1.0E-5,1.0E—4,1.0,1.0E-3,3.5E-4,2,24,1,2
'Unit 2 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (2FHA_AST.TXTY
'C1''N/A',0.0,0.0,0.0,0.0

'C2''FHB',1.92E-3,0.0,0.0,0.0
'CR',1.73E5,10.0,10.0,0.0,0.0,0.0

'PRD',24*0.0

'PRD',24*0.0

'INI',1.0,' ',24*0.0

"INI',1.0,'uCi ',0.0,9.93E2,5.65E8,4*0.0,
2.74E8,5.24E8,2.81E10,1.65E5,5.43E7,2*0.0
1.16E8,6.02E7,7.43E6,0.0,5.06E3,5*0.0

'INI',1.0,' ',24*0.0
"TIM',1200.,1800.,5400.,6600.,7200.,9000.,14400.,28800. .86400.,3.456E5,2.592E6
'XPR',11*0.0

'XPR',11*0.0

'XPR',11*50.0

'XRM',11*0.0

'XRM',5*1.0,6*0.0

'XRM',11*50.0

'XRF',11*0.0

'XRF',11*0.0

'XRF',11*0.0

'XOQEB',5*1.25,6*0.0

‘XBREB',5*3.5,6*0.0

'X0QLZ',5*6.04,6*0.0

'XBRLZ',5*3.5,6"0.0

'X0Q',5*1.04,6*0.0

'XBR',17*1.0

'0CC',9*1.0,0.6,0.4

Modeling:
This models the release following a fuel handling accident.

1. Release is modeled as constant flow rate, exponential.

2. Activity in gap is 5% except Kr-85 - 10% and I-131 - 8%.

3. 100% of the noble gas gap activity from broken rods is released to the building.
4. 0.5% of the iodine gap activity from broken rods is released to the building.

Changes this revision:
1. Used guidance provided in NRC Regulatory Guide 1.183.

2. Remove any credit for pre-release iodine filtration.
3. Used the radioactivity released assuming from 137 damaged rods.




TRAILS12 -— Transport of Radicactive Material in Linear Systems, V1.0b
Unit 2 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (2FHA_AST.TXT)

INITIAL:

ACT MULT (to uCi):

*%%*PROGENY INGROWTH ON ***

COMP: N/A COMP: FHB COMP: Control Room
VOLUME: 1.730E+05 Cu.Ft.

0.000E+00 Kr-85m 9,930E+02 Kr-85m uCi 0.000E+00 Kr-85m
0.000E+00 Kr-85 5.650E+08 Kr-85 0.000E+00 Kr-85
0,000E+00 Xe-131m 2.740E+08 Xe-131m 0.000E+00 Xe-131lm
0.000E+00 Xe-133m 5.240E+08 Xe-133m 0.000E+00 Xe-133m
0.000E+00 Xe~-133 2.810E+10 Xe-133 0.000E+00 Xe-133
0.000E+00 Xe-135m 1.650E+05 Xe-135m 0.000E+00 Xe-135m
0.000E+00 Xe-135 5.430E+07 Xe-135 0.000E+00 Xe-135
0.000E+00 I-131 1.160E+08 I-131 0.000E+00 I-131
0.000E+00 I-132 6.020E+07 I~-132 0.000E+00 I-132
0.000E+00 I-133 7.430E+06 I-133 0.000E+00 I-133
0.000E+00 I-135 5.060E+03 I-135 0.000E+00 XI-135
1.000E+00 1.000E+00 1.000E+00
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TRAILS12 -- Transport of Radioactive Material in Linear Systems, v1.0b

Unit 2 Fuel Handling

REMOVAL:
NUC Grp 1 REL FR:
NUC Grp 2 REL FR:
NUC Grp 3 REL FR:

MULTIPLIERS====>
STEP TIME
1.200E+03
1.800E+03
5.400E+03
6.600E+03
7.200E+03
9.000E+03
1.440E+04
2.880E+04
8.640E+04
3.456E+05
2.592E+06

SO WO e WN -

b

MULTIPLIERS===
STEP TIME,s

1.200E+03
1.800E+03
5.400E403
6.600E+03
7.200E+03
9.000E+03
1.440E+04
2.880E+04
8.640E+04
3.456E+05
2.592E+06

It
A\

HOWVWOSNOWLe WM

[y

Accident -~ CR, EAB & LPZ, 100 hours decay (2FHA_AST.TXT)

*+ % PROGENY INGROWTH ON ***

0.000E+00 1l/sec 1.920E-03 1l/sec 1.000E+01 cfm
0.000E+00 0.000E+00 INTAKE REDUCT: 0.000E+00
0,000E+00 0.000E+00 INTAKE REDUCT: 0.000E+00
0.000E+00 0.000E+00 INTAKE REDUCT: 0.00OE+00
XPR XREM XRF XPR XREM XRF XPR XREM XRE
0.00 0.00 0.00 0.00 1.00 0.00 50.0 50.0 0.00
0.00 0.00 0.00 0.00 1.00 0.00 50.0 50.0 0.00
0.00 0.00 4,00 0.00 1.00 0.00 50.0 50.0 0.00
0.00 0.00 0.00 0.00 1.00 0.00 50.0 50.0 0.00
0.00 0.00 0.00 0.00 1.00 0.00 50.0 50.0 0.00
0.00 0.00 0.00 0.00 0.00 0.00 50.0 50.0 0.00
0.00 0.00 0.00 0.00 0.00 0.00 50.0 50.0 0.00
0.00 0.00 0.00 0.00 0.00 0.00 50.0 50.0 0.00
0.00 0.00 0.00 0.00 0.00 0.00 50.0 50.0 0.00
0.00 0.00 0.00 0.00 0.00 0.00 50.0 50.0 0.00
0.00 0.00 0.00 0.00 0.00 0.00 50.0 50.0 0.00
————-l—- CONTROL ROOM =—=mw==mw=m -~~~ EXCLUSION AREA BOUNDARY --- -~~ LOW POPULATION ZONE -~-
X/Q Breathing Occupancy X/Q Breathing ’ X/Q Breathing
s/M3 M3/s s/M3 M3/s s/M3 M3/s

1.000E-03 3.500E-04 1.000E+00

1.04
1.04
1.04
1.04
1.04
0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.600
0.400

1.000E-03 1.000E-04

1.25%
1.25
1.25%
1.25
1.28
0.00
0.00
0.00
0.00
0.00
0.00

3.50
3.50
3.50
3.50
3.50
0.00
0.00
0.00
0.00
0.00
0.00

1.000E-05 1.000E-04

6.04
6.04
6.04
6.04
6.04
0.00
0.00
0.00
0.00
0.00
0.00

3.50
3.50
3.50
3.50
3.50
0.00
0.00

0.00

0.00
0.00
0.00
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TRAILS12 -- Transport of Radioactive Material in Linear Systems, v1.0b
Unit 2 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (2FHA_AST.TXT)

N/A FHB AVERAGE

CURRENT INTEGRD CURRENT INTEGRD RELEASED RELEA

STEP TIME ucCi uCi-sec uci uCi-sec uCi uCi/sec
Kr-85m INITIAL 0.000E+00 9,930E+02

1 0.3333 h 0.000E+00 0.000E+00 9.418E+01 4.579E+05 8.791E+02 7.326

2 0.5000 h 0.000E+00 0.000E+00 2.900E+01 3.320E+04 6.375E+01 1.062

3 1.5000 h 0.000E+00 0.000E+00 2.474E-02 1.476E+04 2.834E+01 7.873

4 1.8333 h 0.000E+00 0.000E+00 2.346E-03 1.141E+01 2.190E-02 1.825

5 2.0000 h 0.000E+00 0.000E+00 7.226E~04 8.272E-01 1.588E-03 2.647

6 2.5000 h 0.000E+00 0.00CE+00 6.688E-04 1.252E+00 0.000E+00 0.000

7 4,0000 h 0.000E+00 0.000E+00 5.303E-04 3.223E+00 0.000E+00 0,000

8 8.0000 h 0.000E+00 0.000E+00 2.856E~-04 5.693E+00 0.000E+00 0.000

9 24,0000 h 0.000E+00 0.000E+00 2.402E-05 6.086E+00 0.000E+00 0.000

10 96.0000 h 0.000E+00 0.000E+00 3.488E~10 5.589E-01 0.000E+00 0.000

11 720.0000 h 0.000E+00 0.000E+00 0.000E+00 8.116E~06 0.000E+00 0.000

Kr-85m TOTALS 0.000E+00 5.059E+05 9,.713E+02

Kr-85 INITIAL 0.000E+00 5.650E+08

1 0.3333 h 0.000E+00 0.000E+00 5.642E+07 2.649E+11 5.086E+08 4.238

2 0.5000 h 0.000E+00 0.000E+00 1.783E+07 2.010E+10 3.859E+407 6.432

3 1.5000 h 0.000E+00 0.000E+00 1.775E+04 9.277E+09 1.781E+07 4,948

4 1.8333 h 0.000E+00 0.000E+00 1.773E+03 8.323E+06 1.598E+04 1.332

5 2.0000 h 0.000E+00 0.000E+00 5.602E+02 6.316E+0S 1.213E+03 2.021

6 2.5000 h 0.000E+00 0.000E+00 5.602E+02 1.008E+06 0.000E+00 0,000

7 4.0000 h 0.000E+00 0.000E+00 5,.602E+02 3.025E+06 0.000E+00 0.000

8 8.0000 h 0.000E+00 0,000E+00 5.602E+02 8.067E+06 0.000E+00 0.000

9 24.0000 h 0.000E+00 0.000E+00 5.601E+02 3.227E+07 0.000E+00 0.000

10 96.0000 h 0.000E+00 0.000E+00 5.598E+02 1.451E+08 0.000E+00 0.000

11 720.0000 h 0.000E+00 0.000E+00 5.573E+02 1.255E+09 0.000E+00 0.000

Kr-85 TOTALS 0.000E+00 2.957E+11 5.650E+08

Xe-131m INITIAL 0.000E+00 2.740E+08

1 0.3333 h 0.000E+00 0.0COE+00 2.734E+07 1.284E+11 2.466E+08 2.055

2 0.5000 h 0.000E+00 0.000E+00 8.636E+06 9.738E+09 1.870E+07 3.116

3 1.5000 h 0.000E+00 0.000E+00, 8.578E+03 4.492E+09 8.624E+06 2.396

4 1.8333 h 0.000E+00 0.000OE+00 8.559E+02 4.021E+06 7.720E+03 6.433

5 2.0000 h 0.000E+00 0.000E+00 2.704E+02 3.049E+05 5.854E+02 9.756

6 2.5000 h 0.000E+00 0.000E+00 2.700E+02 4.864E+05 0.000E+00 0.000

7 4.0000 h 0.000E+00 0.000E+00 2.691E+02 1.456E+06 0.000E+00 0.000

8 8.0000 h 0.000E+00 0.000E+00 2.665E+02 3.856E+06 0.000E+00 0.000

9 24.0000 h 0.000E+00 0.000E+00 2.563E+02 1.505E+07 0.000E+00 0.000

10 96.0000 h 0.000E+00 0.000E+00 2.152E+02 6.095E+07 0.000E+00 0.000

11 720.0000 h 0.000E+00 0.000E+00 4.717E+4+01 2.488E+08 0.000E+00 0.000

Xe-131m TOTALS 0.000E+00 1.430E+11 2.739E+08

* %« PROGENY INGROWTH ON **¥*

---------- CONTROL ROOM=----—m————=
SE CURRENT CURRENT INTEGRD
uCi uCi/cc uCi-sec
0.000E+00
E-01 2.044E-01 4.172E-11 1.243%E+02
E-01 2.087E-01 4.261E-11 1.239E+02
E-03 1,563E-01 3.190E~-11 6.518E+02
E-05 1.401E-01 2.859E-11 1.776E+02
E-06 1.326E-01 2.707E-11 8.179E+01
E+00 1.126E-01 2.298E~11 2.202E+02
E+00 6.880E-02 1.405E-11 4.800E+02
E+00 1.852E-02 3.780E-12 5.517E+02
E+00 9,716E-05 1.983E-14 2.021E+02
E+00 5.335E-15 1.089E-24 1.066E+00
E+00 0.000E+00 0.000E+00 5.853E-11
2.615E+403
0.000E+00
E+05 1.213E+05 2.476E-05 7.347E+07
E+04 1.272E405 2.596E-05 7.454E+07
E+03 1.109E+05 2.264E-05 4.277E+08
E+01 1.047E+05 2.137E-05 1.293E+08
E+00 1.017E+05 2.076E-05 6.192E+07
E+00 9.327E+04 1.904E-05 1.754E+08
E+00 7.190E+04 1.468E-05 4.435E+08
E+00 3.593E+04 7.335E-06 7.467E+08
E+00 2.241E+03 4.575E-07 6.994E+08
E+00 8.469E-03 1.729E-12 4.652E+07
E+00 0.000E+00 0.000E+00 1.758E+02
2.878E+09
0.000E+00
E+05 5.877E+04 1.200E-~05 3.561E+07
E+04 6.160E+04 1.257E-05 3.612E+07
E+03 5.361E+04 1.094E-05 2.069E+08
E+00 5.056E+04 1.032E-05 6.248E+07
E~-01 4.910E404 1.002E-05 2.989E+07
E+00 4.496E+04 9.179E-06 8.460E+07
E+00 3.454E+04 7.051E-06 2.134E+08
E+00 1.709E+04 3.489E-06 3,572E+08
E+00 1.026E+03 2.094E-07 3.290E+08
E+00 3.256E-03 6.646E-13 2.100E+07
E+00 0.000E+00 0.000E+00 6.666E+01
1.276E+09
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TRAILS12 -- Transport of Radioactive Material in Linear Systems, v1.0b

Unit 2 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (2FHA_AST.TXT)

STEP TIME

Xe-133m INITIAL

0.3333

1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
10 96.0000
11 720.0000

WO LA S W

h

0.5000 h

h
h
h
h
h
h
h
h

h
Xe-133m TOTALS

Xe-133 INITIAL

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
10 96.0000
11 720.0000

WO W

= i i e e fi= e i~ g~ = g 4

Xe-133 TOTALS

Xe=135m INITIAL

1 0.3333
2 0.5000
3 1.5000
4 1.8333
5 2.0000
6 2.5000
7 4.0000
8 8.0000
9 24.0000
10 96.0000
11 720.0000

h

h
h
h
h
h
h
h
h
h
h

Xe~135m TOTALS

N/A

CURRENT
uCi

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

INTEGRD
uCi-sec

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

FHB
CURRENT
uCi

5.240E+08
5.,210E+07
1.643E+07
1.614E+04
1.605E+03
5.061E+02
5.027E402
4.929E+02
4.676E+02
3.786E+02
1.465E+02
3.909E-02

2,.810E+10
2.801E+08
8.843E+08
8,758E+05
8.730E+04
2.756E+04
2.749E+04
2.727E+404
2.668E+04
2.447E+04
1.654E+04
5.357E+02

1.650E+05
6.731E+403
1.364E+03
1.122E-01
5.846E-03
1.422E-03
8.496E~04
5.694E~-04
3.722E-04
6.952E-05
3.657E-08
1.396E-36

INTEGRD

uCi-sec

2.453E+11
1.854E+10
8.531E+09
7.557E+406
S5.712E+05
9.079E+05
2.688E+06
6.914E+06
2.428E+07
6.337E+07
3.999E+07
2.725E+11

1.317E+13
9.975E+11
4.598E+11
4.104E+08
3.109E+07
4.955E+07
1.478E+08
3.884E+08
1.472E+09
5.249E+09
1.050E+10
1.464E+13

5.934E+07
2.017E+06
5.139E+05
4.271E+01
1.871E+00
1.938E+00
3.555E+00
6.663E+00
1.039E+01
2,385E+00
1.255E-03
6.187E+07

%+« PROGENY INGROWTH ON ***

AVERAGE

RELEASED

RELEASE

uCi uCi/sec

4.710E+08
3.560E+07
1.638E+07
1.451E+04
1.097E+03
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
5.230E+08

2.528E+10
1.915E+09
8.828E+08
7.879E+05
5.969E+04
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
2.808E+10

1.139E+05
3.872E+03
9.866E+02
8.200E-02
3.592E-03
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.188E+05

3.925E+05
5.934E+04
4.550E+03
1.209E+01
1.828E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

2.107E+07
3.192E+06
2.452E+05
6.566E+02
9.949E+01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

9.494E+01
6.453E+00
2.741E-01
6.833E-05
5.987E~-06
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

CURRENT
uCi

0.000E+00
1.121E405
1.172E+405
1.010E405
9.487E+04
9.196E+04
8.377E+404
6.332E+04
3.002E+04
1.516E+03
2.219%E-03
0.000E+00

0.000E+00
6.023E+06
6.309E+06
5.474E+06
5.158E+06
5.006E+06
4.578E+086
3.501E+06
1.712E+06
9.794E+04
2,503E-01
0.000E+00

0.000E+00
1.803E+401
1.197E+01
8.850E-01
4.163E~01
3.025E-01
1.525E~01
7.375E~02
2.405E~-02
2.802E-04
5.572E~13
0.000E+00

CURRENT
uCi/cc

2.288E-05
2.393E-05
2.061E-05
1.937E-05
1.877E-05
1.710E-05
1.293E-05
6.128E-06
3.095E-07
4.529E-13
0.000E+00

1.229E-03
1.288E-03
1.117E-03
1.083E-03
1.022E-03
9.345E-04
7.147E-04
3.495E-04
1.999E-05
5.109E-11
0.000E+00

3.680E-09
2.444E-09
1.807E~10
8.499E-11
6.176E~-11
3.113E-11
1.505E-11
4.909E-12
5.719E-14
1.137E-22
0.000E+00

INTEGRD
uCi-sec

6.794E+07
6.880E+07
3.918E+08
1.175E+08
5.604E+07
1.580E+08
3.946E+08
6.425E+08
5.499E+08
2.926E+07
4.280E+01
2.476E+09

3.649E+09
3.700E409
2.116E+10
6.377E+09
3.049E+09
8.620E+09
2.168E+10
3.601E+10
3.250E+10
1.972E+09
5.037E+03
1.387E+11

1.251E+04
8.856E+03
1.470E+04
7.376E+02
2.131E+02
3.813E+02
5.416E+02
6.366E+02
3.075E+02
3.625E+00
7.209E-09
3.898E+04
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TRAILS12 -- Transport of Radiocactive Material in Linear Systems, vl1.0b
Unit 2 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (2FHA_AST.TXT)

N/A FHB AVERAGE
CURRENT INTEGRD CURRENT INTEGRD RELEASED RELEA
STEP TIME ucCi uCi-sec uCi uCi-sec uCi uCi/sec
Xe-135 INITIAL 0.000E+00 5.430E+07
1 0.3333 h 0.000E+00 0.000E+00 5.287E+06 2.525E+10 4.848E+07 4.040
2 0.5000 h 0.000E+00 0.000E+00 1.650E+06 1.874E+09 3.598E+06 5.996
3 1.5000 h 0.000E+00 0.000E+00 1.522E+03 8.490E+08 1.630E+06 4.528
4 1.8333 h 0.000E+00 0.,000E+00 1.482E+02 7.079E+05 1.359E+03 1.133
5 2.0000 h 0.000E+00 0,000E+00 4.625E+401 5.253E+04 1.009E+02 1.681
6 2.5000 h 0.000E+00 0.000E+00 4.452E+01 8.168BE+04 0.000E+00 0.000
7 4.0000 h 0.000E+00 0.000E+00 3.972E+01 2.272E+05 0.000E+00 0.000
8 8.0000 h 0.000E+00 0.000E+00 2.930E+01 4.931E+05 0.000E+00 0,000
9 24.0000 h 0.000E+00 0.000E+00 8.673E+00 9.759E+05 0.000E+00 0.000
10 96.0000 h 0.000E+00 0.000E+00 3.623E-02 4.086E+05 0.000E+00 0.000
11 720.0000 h 0.000E+00 0.000E+00 8.705E-23 1.714E+03 0.000E+00 0.000
Xe-135 TOTALS 0.000E+00 2.798E+10 5.371E+07
I-131 INITIAL 0.000E+00 1.160E+08
1 0.3333 h 0.000E+00 0.000E+00 1.157E+07 5.436E+10 1.044E+08 8.698
2 0.5000 h 0.000E+00 0.000E+00 3.654E+406 4.121E+09 7.912E+06 1,319
3 1.5000 h 0.000E+00 0.000E+00 3.625E+03 1.900E+09 3.648E+06 1.013
4 1.8333 h 0.000E+00 0,000E+00 3.616E+02 1.699E+06 3.262E+03 2,718
5 2.0000 h 0.000E+00 0.000E+00 1.142E+02 1.288E+05 2.473E+02 4.121
6 2.5000 h 0.000E+00 0.000E+00 1.140E+02 2.054E+05 0.000E+00 0.000
7 4.0000 h 0.000E+00 0.000E+00 1.134E+02 6.139E+05 0.000E+00 0.000
8 8.0000 h 0.000E+00 0.000E+00 1.118E+02 1.621E+06 0.000E+00 0.000
9 24.0000 h 0.000E+00 0.000E+00 1.055E+02 6.256E+06 0.000E+00 0.000
10 96.0000 h 0.000E+00 0.000E+0Q0 8.147E+01 2,.410E+07 0.000E+00 0.000
11 720.0000 h 0.000E+00 0.000E+00 8.660E+00 7.297E+07 0.000E+00 0.000
I-131 TOTALS 0.000E+00 6.049E+10 1.159E+08
I-132 INITIAL 0.000E+00 6.020E+07
1 0.3333 h 0.000E+00 0.000E+00 5.437E+06 2.733E+10 5.248E+07 4.373
2 0.5000 h 0.000E+00 0.000E+00 1.634E+06 1.898E+409 3.644E+06 6.074
3 1.5000 h 0.000E+00 0.000E+00 1.204E+03 8.149E+08 1.565E+06 4.346
4 1.8333 h 0.000E+00 0.000E+00 1.087E+02 5.465E+05 1.049E+03 8.743
5 2.0000 h 0.000E+00 0,.000E+00 3.267E+01 3.795E+04 7.286E+01 1.214
6 2.5000 h 0.000E+00 0,000E+00 2.810E+01 5,459E+04 0.000E+00 0,000
7 4.0000 h 0.000E+00 0.000E+00 1.788E+01 1.221E+05 0.000E+00 0.000
8 8.0000 h 0.000E+00 0.000E+00 5.356E+00 1.496E+05 0.000E+00 0.000
9 24.0000 h 0.000E+00 0.000E+00 4.313E-02 6.347E+04 0.000E+00 0.000
10 96.0000 h 0.000E+00 0.000E+00 1.626E-11 5.152E+02 0.000E+00 0.000
11 720.0000 h 0.000E+00 0,000E+00 0.000E+00 1.943E-07 0.000E+00 0.000
I-132 TOTALS 0.000E+00 3.004E+10 5.768E+07

+% %« PROGENY INGROWTH ON ***

—————————— CONTROL ROOM--—====———=
SE CURRENT CURRENT INTEGRD
ucCi uCi/cc uCi-sec
0.000E+00
E+04 1.142E+04 2.331E-06 6.945E+06
E+03 1.182E+04 2.412E-06 6.971E+06
E+02 9.562E+03 1,952E-06 3.831E+07
E+00 8.799E+03 1.796E-06 1.101E+07
E-01 8.441E+03 1.723E-06 5.171E+06
E+00 7.451E+03 1.521E-06 1.428E+07
E+00 5.125E+403 1,046E-06 3.356E+07
E+00 1.889E+03 3.856E-07 4.669E+07
E+00 3.488E+401 7.121E-09 2.676E+07
E+00 5.510E-07 1.125E-16 5.034E+05
E+00 0.000E+00 0.000E+00 7.950E-03
1.902E+08
0.000E+00
E+04 2.487E+04 S.078E-06 1.507E+07
E+04 2.606E+04 5.321E-06 1.528E+07
E+03 2.266E+04 4.625E-06 B8.752E+07
E+00 2.136E+04 4.360E-06 2.640E+07
E-01 2.074E+04 4.233E-06 1.263E+07
E+00 1.898E+04 3.875E-06 3.573E+07
E+00 1.456E+04 2.971E-06 9.002E+07
E+00 7.171E+03 1.464E-06 1.502E+08 .
E+00 4,223E+402 8.620E~08 1.373E+08
E+00 1.233E-03 2.516E-13 8.589E+06
E+00 0.000E+00 0.000E+00 2.507E+01
5.787E+08
0.000E+00
E+04 1.191E+404 2.431E-06 7.335E+06
E+03 1.186E+04 2.422E-06 7.132E+06
E+02 7.686E+03 1.569E-06 3.460E+07
E-01 6.561E+03 1.339E-06 8.530E+06
E-01 6.062E+03 1.237E-06 3.785E+406
E+00 4.781E+03 9.759E-07 9.713E+06
E+00 2.345E+03 4.788E-07 1.847E+07
E+00 3,.511E+02 7.167E-08 1.512E+07
E+00 1.763E-01 3.600E-11 2.661E+06
E+00 2.514E-16 5.133E-26 1.337E+03
E+00 0.000E+00 0.000E+00 1.907E-12
1.C73E+08

uonoag SalsAud yieeH

NOILV1S ¥3MOd

ATTIVA ¥3AV3E

¢ uoisiAey

610-68-14S-Sd3

€ alyoely

gl ebed

Z6/6 €-€01'1 3y "uuog el ULLY




TRAILS12 -- Transport of Radiocactive Material in Linear Systems, v1.0b

Unit 2 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (2FHA_AST.TXT)

STEP TIME
I-133 INITIAL
1 0.3333 h
2 0.5000 h
3 1.5000 h
4 1.8333 h
5 2.0000 h
6 2.5000 h
7 4.0000 h
8 8.0000 h
9 24.0000 h
10 96.0000 h
11 720.0000 h

I-133 TOTALS

I-135 INITIAL
1 0.3333
2 0.5000
3 1.5000
4 1.8333
5 2.0000
6 2.5000
7 4.0000
8 8.0000
9 24.0000
10 96.0000
11 720.0000
I-135 TOTALS

== g~ gt - =i = gk e g = s g

N/A

CURRENT
uCi

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+0Q0
0.000E+00
0.000E+00
0.000E+00

INTEGRD
uCi-sec

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+0Q0
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

FHB
CURRENT
uCi

7.430E+06
7.338E+05
2.306E+05
2.221E+02
2.193E+01
6.892E+00
6.77BE+00
6.448E+00
5.643E+00
3.311E+00
3.006E-01
2.79%E-10

5.060E+03
4.879E+02
1.515E+02
1.359E-01
1.310E-02
4.068E-03
3.860E-03
3.298E-03
2.168E-03
4.050E-04
2.130E-07
8.132E-36

INTEGRD
uCi-sec

3.471E+09
2.608E+08
1.194E+08
1.037E405
7.796E+03
1.230E+04
'3.570E+04
8.693E+04
2.519E+05
3.252E+05
3.247E+04
3.852E+09

2.346E+06
1.726E+05
7.767E+04
6.298E+01
4.634E+00
7.134E+00
1.929E+01
3.879E+01
6.054E+01
1.390E+01
7.313E-03
2.596E+06

*** PROGENY INGROWTH ON *¥*

AVERAGE

RELEASED

RELEASE

uCi uCi/sec

6.664E+06
5.008E+05
2.293E+05
1.992E+02
1.497E+0}
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
7.394E+06

4.504E+03
3.314E+02
1.491E+02
1.209E-01
8.897E-03
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
4,984E+03

5.553E+03
8.346E+02
6,368E+01
1.660E-01
2,495E-02
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

3.753E+00
5.523E-01
4.142E-02
1.008E-04
1.483E-05
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

CURRENT
uCi

0.000E+00
1.580E+03
1.64BE+03
1.391E+03
1.298E+03
1.254E+03
1.131E+403
8.295E+02
3.628E+02
1.328E+01
4.557E-06
0.000E+00

0.000E+00
1.056E+00
1.087E+00
8.551E-01
7.793E-01
7.440E-01
6.474E-01
4.265E-01
1.401E-01
1.632E-03
3.246E-12
0.000E+00

CURRENT
uCi/cc

3.226E-07
3.363E-07
2.839E-07
2.650E-07
2.560E-07
2.309E~07
1.693E-07
7.406E-08
2.710E-09
9.303E-16
0.000E+00

2.155E-10
2.219E-10
1.745E-10
1.591E-10
1.519E-10
1.321E-10
8.705E-11
2.860E-11
3.332E-13
6.627E-22
0.000E+00

INTEGRD
uCi-sec

9.591E+05
9.685E+05
5.453E+06
1.613E+06
7.657E+05
2.145E+086
5.251E+06
8.127E+06
6.087E+06
2.312E+05
7.936E-02
3.160E+07

6.431E+02
6.4239E+02
3.477E403
9.799E+402
4.569E+02
1.250E+403
2.858E+03
3.704E+403
1.791E+403
2.112E+01
4.200E-08
1.582E+04
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TRAILS12 -- Transport of Radioactive Material in Linear Systems, v1.0b

Unit 2 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay {2FHA_AST.TXT)

Kr-85m

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96.0000
720.0000

TOTALS

Kr-85

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96.0000
720.0000

TOTALS

Xe-131lm

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96.0000
720.0000

TOTALS

SOOI oIToSoT oo TITSIToOT TS

fo k=i e i e g = - - -4

- EXCLUSION AREA BOUNDARY -

EDE
DOSE
mrem

3.04E-0S
2.21E-06
9.81E-07
7.58E-10
5.50E~-11
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.36E-05

2.81E-01
2.13E-02
9.83E-03
8.82E-06
6.70E-07
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.12E-01

4.44E-01
3.37E-02
1.55E-02
1.39E-05
1.05E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
4.94E-01

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

TEDE
DOSE
mrem

3.04E-05
2.21E-06
9.81E-07
7.58E-10
5.50E~11
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.36E-05

2.81E-01
2.13E~02
9.83E-03
8.82E-06
6.70E-07
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.12E-01

4.44E-01
3.37E~-02
1.55E-02
1.39E-05
1.05E~06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
4.94E~01

-~~ LOW POPULATION ZONE ===

EDE
DOSE
mrem

1.47E-06
1.07E-07
4.74E-08
3.66E-11
2.66E~12
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.62E-06

1.36E-02
1.03E~03
4.75E-04
4.26E-07
3.24E-08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.51E-02

2.15E-02
1.63E~03
7.51E-04
6.72E~07
5.10E-08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.39E-02

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

TEDE
DOSE
mrem

1.47E-06
1.07E-07
4.74E-08
3.66E~-11
2.66E~12
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.62E-06

1.36E-02
1.03E-03
4.75E-04
4.26E-07
3.24E-08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.51E-02

2.15E-02
1.63E~03
7.51E-04
6.72E-07
$.10E-08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.39E-02

* %+ PROGENY INGROWTH ON ***

3.55E-08
3.52E-08
1.85E-07
5.05E-08
2.32E-08
6.25E-08
1.36E-07
1.57E-07
5.74E-08
1.82E-10
6.65E-21
7.43E-07

3.33E-04
3.38E~04
1.94E-03
5.86E-04
2.81E-04
7.95E-04
2.01E-03
3.38E-03
3.17E-03
1.26E-04
3.19E-10
1.30E-02

5.27E-04

5.34E-04

3.06E-03
9.24E-04
4.42E-04
1.25E~03
3.16E-03
5.28E-03
4.87E~03
1.86E-04
3.94E~10
2.02E-02

EDE
DOSE RATE
mrem/h

2.09e-07
2.13E-07
1.60E-07
1.43E-07
1.36E-07
1.15E-07
7.04E-08
1.89E-08
9.94E-11
5.46E-21
0.00E+00

1.98E-03
2.07E-03
1.81E-03
1.71E-03
1.66E-03
1.52E-03
1.17E-03
5.86E-04
3.66E-05
1.38E-10
0.00E+00

3.13E-03
3.28E-03
2.85E-03
2.69E-03
2.61E-03
2.39E-03
1.84E-03
9.10E-04
5.46E-05
1.73E-10
0.00E+00

CONTROL ROOM

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

3.55E-08
3.52E-08
1.85E~07
5.05E-08
2.32E-08
6.25E-08
1.36E-07
1.57E-07
5.74E-08
1.82E-10
6.65E-21
7.43E-07

3.33E-04
3.38E-04
1.94E-03
5.86E-04
2.81E-04
7.95E-04
2.01E-03
3.38E-03
3.17E-03
1.26E-04
3.19E~10
1.30E-02

5.27E-04
5.34E-04
3.06E-03
9.24E-04
4.42E-04
1.25E-03
3.16E-03
5.28E-03
4.87E-03
1.86E-04
3.94c-10
2.02E-02
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TRAILS12 -- Transport of Radicactive Material in Linear Systems, vl.0b

Unit 2 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (2FHA_AST.TXT)

Kr-85m

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96.0000
720.0000

TOTALS

Kr-85

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96.0000
720.0000

TOTALS

Xe-131m

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96.0000
720.0000

TOTALS

o it e dibs i o = g~ gt~ g~ g 4 TSSO ITIToOOTT

TSSOSO T

- EXCLUSION AREA BOUNDARY -

EDE
DOSE
mrem

3.04E-05
2.21E-06
3.81E-07
7.58E-10
5.50E-11
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.36E-05

2.81E-01
2.13E-02
9.83E-03
8.82E~06
6.70E~-07
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.12E-01

4.44E-01
3.37E-02
1.55E-02
1.39E-05
1.05E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
4.94E-01

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0,00E+00
0.00E+00

0.00E+00
0.QOE+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

TEDE
DOSE
mrem

3.04E-05
2.21E-06
9.81E-07
7.58E-10
5.50E-11
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.36E-05

2.81E-01
2.13E-02
9.83E-03
8.82E-06
6.70E=-07
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.12E-01

4.44E-01

3.37E-02.

1.55E-02
1.39E-05
1.05E~-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
4.94E-01

~--~- LOW POPULATION ZONE ---

EDE
DOSE
mrem

1.47E-06
1.07E-07
4.74E-08
3.66E-11
2.66E-12
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.62E~06

1.36E-02
1.03E-03
4.75E-04
4.26E-07
3.24E-08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.51E-02

2.15E-02
1.63E-03
7.51E-04
6.72E-07
5.10E-08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.39E-02

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0,00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

TEDE
DOSE
mrem

1.47E-06
1.07E-07
4.74E-08
3.66E-11
2.66E-12
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.62E-06

1.36E~-02
1.03E-03
4.75E-04
4.26E~07
3.24E-08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.51E-02

2.15E-02
1.63E-03
7.51E-04
6.72E-07
5.10E-08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.39E-02

* %4 PROGENY INGROWTH ON ***

3.55E-08
3.52E-08
1.85E~07
5.05E-08
2.32E-08
6.25E-08
1.36E-07
1.57E~07
5.74E-08
1.82E-10
6.65E-21
7.43E-07

3.33E-04
3.38E-04
1.94E-03
5.86E-04
2.81E-04
7.95E-04
2.01E-03
3.38E-03
3.17E-03
1.26E-04
3.19E-10
1.30E-02

5.27E-04
5.34E-04
3.06E-03
9.24E-04
4.42E-04
1.25E-03
3.16E-03
5.28E-03
4.87E-03
1.86E~-04
3.94E-10
2.02E-02

EDE
DOSE RATE
mrem/h

2.09E-07
2.13E-07
1.60E-07
1.43E-07
1.36E~-07
1.15E-07
7.04E-08
1.89E-08
9.94E-11
5.46E-21
0.00E+00

1.98E-03
2.07E-03
1.81E-03
1.71E-03
1.66E-03
1.52E-03
1.17E-03
5.86E-04
3.66E-05
1.38E-10
0.00E+00

3.13E-03
3.28E-03
2.85E-03
2.69E-03
2.61E-03
2.39E-03
1.84E-03
9.10E-04
5.46E-05
1.73E-10
0.00E+00

CONTROL ROOM

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

3.55E-08
3.52E-08
1.85E-07
5.05E-08
2.32E-08
6.25E-08
1.36E-07
1.587E-07
5.74E-08
1.82E-10
6.65E-21
7.43E-07

3.33E-04
3.38E-04
1.94E-03
5.86E-04
2.81E-04
7.95E-04
2.01E-03
3.38E-03
3.17E-03
1.26E~04
3.19E~-10
1.30E-02

5.27E-04
5.34E-04
3.06E-03
9.24E-04
4.42E-04
1.25E~03
3.16E-03
5.28E-03
4.87E-03
1.86E-04
3.94F-10
2.02E-02
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TRAILS12 -- Transport of Radioactive Material in Linear Systems, vl.0b

Unit 2 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (2FHA_AST.TXT)

Xe-133m

0.3333
0,.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96.0000
720.0000

TOTALS

Xe-133

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96.0000
720.0000

TOTALS

Xe=-135m

0.3333
0.5000
1.5000
1.8333
2.0000
2.5000
4.0000
8.0000
24.0000
96.0000
720.0000

TOTALS

OOy o = 2= i gt == g gl git= i b= 4

= = i i+ e = ke il = = g= 4

-~ EXCLUSION AREA BOUNDARY -

EDE
DOSE
mrem

2.99E+00
2.26E-01
1.04E-~01
9.22E-05
6.97E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.32E+00

1.83E+02
1.38E+01
6.38E+00
5.69E-03
4.31E-04
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.03E+02

1.08E-02
3.66E-04
9.32E-05
7.75E-09
3.39E-10
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.12E-02

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

TEDE
DOSE
mrem

2.99E+00
2.26E-01
1.04E-01
9.22E-05
6.97E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.32E+00

1.83E+02
1.3BE+01
6.38E+00
5.69E-03
4,.31E~-04
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.03E+02

1.08E-02
3.66E-04
9.32E-05
7.75E-09
3.39E~-10
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.12E-02

--- LOW POPULATION ZONE ---

EDE
DOSE
mrem

1.45E-01
1.09E-02
5.03E-03
4.46E-06
3.37E-07
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.61E-01

8.82E+00
6.68E-01
3.08E~01
2.75E-04
2.08E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
9.80E+00

5.20E-04
1.77e~-05
4.50E-06
3.74E-10
1.64E-11
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
5.42E-04

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+0Q0
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

TEDE
DOSE
mrem

1.45E-01
1.09E-02
5.03E-03
4.46E-06
3.37E-07
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.61E-01

8.82E+00
6.68E~-01
3.08E-01
2.75E-04
2.08E~05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
9.80E+00

5.20E-04
1.77E-05
4.50E~-06
3.74E~-10
1.64E-11
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
5.42E~04

« %% PROGENY INGROWTH ON ***

2.87E-02
9.15E-04
8.93E-10
1.29E-01

2.16E-01
2.19E-01
1.25E+00
3.78E-01
1.81E-01
5.11E-01
1.29E+00
2.13E+400
1.93E+00
7.01E-02
1.19E-07
8.18E+00

9.69E-06
6.86E-06
1.14E-05
5.72E-07
1.65E-07
2.96E-07
4.20E-07
4.93E-07
2,38E-07
1.69E-09
2.23E-18
3.01E-05

EDE
DOSE RATE
mrem/h

2.10E-02
2.20E-02
1.90E-02
1.78E-02
1.73E-02
1.57E-02
1.19E-02
5.64E-03
2.85E-04
4.16E-10
0.00E+00

1.29E+00
1.35E+00
1.17E+00
1.10E+00
1.07E+00
9.77E-01
7.47E-01
3.65E-01
2.09E-02
5.34E-08
0.00E+00

5.03E-05
3.34E-05
2.47E-06
1.16E-06
8.44E-07
4.26E-07
2.06E-07
6.71E-08
7.82E-10
1.55E-18
0.00E+00

CONTROL ROOM

CEDE
DOSE
mrem

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

8.93E-10
1.29E-01

2.16E-01
2.19E-01
1.25E+00
3.78E-01
1.81E-01
5.11E-01
1.29E+00
2.13E+00
1.93E+00
7.01E-02
1.19E-07
8.18E+00

9.69E-06
6.86E-06
1.14E-05
5.72E-07
1.65E~07
2.96E-07
4.20E-07
4.93E-07
2.38E~07
1.69E-09
2.23F-18
3.01E-05
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TRAILS12 -- Transport of Radioactive Material in Linear Systems, v1.0b I m
Unit 2 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (2FHA_AST.TXT) *%* PROGENY INGROWTH ON ¥** 3 m 2
—
- EXCLUSION AREAR BOUNDARY - —~-= LOW POPULATION ZONE -~~ = ==—=-—-—=—==- CONTROL ROOM =-=----——w=-== % ; >
EDE CEDE TEDE EDE CEDE TEDE EDE EDE CEDE TEDE e r
DOSE DOSE DOSE DOSE DOSE DOSE DOSE DOSE RATE DOSE DOSE f, -
mrem mrem mrem mrem mrem mrem- mrem mrem/h mrem mrem a o m
Xe-135 Z =<
0.3333 h 2.68E+00 0.00E+00 2.68E+00 1,29E-01 0.00E+00 1.29E-01 3.15E-03 1.86E-02 O0.00E+00 3.15E-03 g’
0.5000 h 1.998-01 0.00E+00 1.95E-01 9.60E~03 0.00E+00 9.60E-03 3.16E~03 1.93E-02 O0.00E+00 3.16E-03 Q
1.5000 h 9.00E-02 0.00E+00 9.00E-02 4.35E-03 O0.00E+00 4.35E-03 1.74E-02 1.56E-02 O0.00E+00 1.74E-02 o
1.8333 h 7.50E-05 O0.00E+00 7.50E-05 3.63E-06 0.00E+00 3.63E-06 4.99E-03 1.44E-02 0.00E+00 4.99E-03 3
2.0000 h 5.57E-06 0.00E+00 5.57E-06 2.69E-07 O0.00E+00 2.69E-07 2.34E-03 1.38E-02 0.00E+00 2.34E-03
2.5000 h 0.00E+00 0.00E+00 0.Q0E+00 0.00E+00 0.00E+00 0.00E+00 6.47E-03 1.22E-02 0.00E+00 6.47E-03
4.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.52E-02 8.36E-03 0.00E+00 1.52E-02
8.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.12E-02 3.08E-03 0.00E+00 2.12E-02
24.0000 h O0.Q0E+00 O0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 1.21E-02 5.69E-05 0.00E+00 1.21E-02
96.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 1.37E-04 8.99E-13 0.00E+00 1.37E-04 P m
720.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.44E-12 O0.00E+00 O0.00E+00 1.44E-12 [
TOTALS 2.97E400 0.00E+00 2,97E+00 1.43E~-01 O0.00E+00 1.43E-01 8.61E~-02 0.00E+00 8.61E-02 g m
s W
I-131 = ]
0.3333 h 8.8l1E+00 1.50E+03 1.51E+03 4.26E~01 7.26E+01 7.30E+0l 1.04E-02 6.20E-02 3.54E+01 3.54E+01 w (D
0.5000 h 6.68E-01 1.14E+02 1.15E+02 3.23E-02 5.50E+00 5.53E+00 1.06E-02 6.50E-02 3.59E+01 3.59E+01 n
1.5000 h 3.08E-01 5.25E+01 5.28E+01 1.49E~02 2.54E+00 2.55E+00 6.06E-02 5.65E-02 2.06E+02 2.06E+02 r
1.8333 h 2.75E-04 4.70E-02 4.72E-02 1.33E-05 2.27E~03 2.28E-03 1.83E-02 5.32E-02 6.21E+01 6.21E+01 L]
2.0000 h 2.09E-05 3.56E-03 3.5B8E-03 1.01E-06 1.72E-04 1.73E-04 8.74E-03 5.17E-02 2.97E+01 2.97E+01 o0
2.5000 h 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.47E-02 4.73E-02 8.40E+01 8.40E+01 tlo
4.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.23E-02 3.63E-02 2.12E+02 2.12E+02 (o]
8.0000 h O0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 1.04E-01 1.79E-02 3.53E+02 3.53E+02 -
24.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 9.50E~02 1.05E-03 3,23E+02 3.23E+02 ({e)
96.0000 h 0.00E+00° 0.00E+00 0.D0E+00 0.00E+00 0.00E+00 0.00E+00 3.57E-03 3.07E-09 1.21E+01 1.21E+01
720.0000 h 0.00E+00 0.00E+00 0.0CE+00 0.00E+00 O0.00E+00 0.00E+00 6.94E-09 O0.00E+00 2.36E-05 2.36E-05
TOTALS 9.78E+00 1.67E+03 1.6B8E+03 4.73E-01 B8.06E+01 8.11E+01 3.98E-01 1.35E+03 1.35E+03
x>
I-132 -~
0.3333 h 2.72E+01 8.75E+00 3.59E+01 1.31E+00 4.23E-01 1.73E+00 3.11E-02 1.82E-01 2,00E-01 2.31E-01 3
0.5000 h 1.89E+00 6.07E-01 2.49E+00 9.11E-02 2.94E-02 1.20E-01 3,03E-02 1.81E-01 1.94E-01 2.24E-01 =
1.5000 h 8.09E-01 2.61E-01 1.07E+00 3.91E-02 1.26E-02 5.17E-02 1.47E-01 1.17E-01 9.42E-01 1.09E+00 g )
1.8333 h 5.43E-04 1.75E-04 7.18E-04 2.62E-05 B8.45E-06 3.47E-05 3.62E-02 1.00E-01 2.32E-01 2.68E-Ol =)
2.0000 h 3.77E-05 1.21E-05 4.98E-05 1.82E-06 5.87E-07 2.41E-06 1.61E-02 9.27E-02 1.03E-01 1.19E~0l w@Q
2.5000 h 0.Q00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.12E-02 7.31E-02 2.64E-01 3.06E-01 @
4.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 7.84E-02 3.58E-02 5.03E-01 5.81E-01
8.0000 h O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.42E-02 5.37E-03 4.12E-01 4.76E-01 a’,
24.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.13E-02 2.70E-06 7.24E-02 8.37E-02
96.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.41E-06 3.84E-21 2.1BE-05 2.52E-05
720.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.24E-21 0.00E+00 2.08E-20 2.40E-20
TOTALS 2.98E+401 9.62E+00 3.95E+01 1.44E400 4.65E-01 1.91E+00 4.56E-01 2.92E+00 3.38E+00
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s>
m
TRAILS12 -- Transport of Radioactive Material in Linear Systems, vl.0b T m
Unit 2 Fuel Handling Accident - CR, EAB & LPZ, 100 hours decay (2FHA_AST.TXT) * %% PROGENY INGROWTH ON **¥* 8 wn m
—
- EXCLUSION AREA BOUNDARY - -=- LOW POPULATION ZONE «-= = —<=====ccceo-=- CONTROL ROOM ==-==————-== 5d §
EDE CEDE TEDE EDE CEDE TEDE EDE EDE CEDE TEDE g E r
DOSE DOSE DOSE DOSE DOSE DOSE DOSE DOSE RATE  DOSE DOSE ~c<n -—
mrem mrem mrem mrem mrem mrem mrem mrem/h mrem mrem g om
I-133 P4 w
0.3333 h 9.07E-01 1.71E+01 1.80E+01 4.38E-02 8.24E-01 8.68E-01 1.07E-03 6.36E-03 4.01E-01 4.02E-01 g,’
0.5000 h 6.82E-02 1.28E+00 1.35E+00 3.29E-03 6.19E-02 6.52E-02 1.08E-03 6.63E-03 4.05E-01 4.06E-01 aQ
1.5000 h 3.12E-02 5.87E-01 6.18E-01 1.51E-03 2.84E-02 2.99E~02 6.09E-03 5.59E-03 2.28E+00 2.29E+00 o
1.8333 h 2,71E-05 5.10E-04 5.37E-04 1.31E-06 2.46E~-05 2.59E-05 1.80E-03 5.22E-03 6.74E-01 6.76E-01 =
2.0000 h 2.04E-06 3.83E-05 4.03E-05 9.84E~08 1.85E-06 1.95E-~06 8.55E-04 5.04E-03 3,.20E-01 3.21E-01
2.5000 h 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.40E-03 4.55E-03 B8.96E-01 B.99E-0l
4.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.87E~-03 3.34E-03 2.19E+00 2.20E+00
8.0000 h 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.08E-03 1.46E-03 3.40E+00 3.41E+00
24.0000 h 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 ©0.00E+00 0.00E+00 6.80E-03 5.34E-05 2.54E+00 2.55E+00
96.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.55E-04 1.83E-11 5.80E-02 5.81E-02
720.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.55E-11 O0.00E+00 1.33E-08 1.33E-08 ;ﬂ? m
TOTALS 1.01E+00 1.89E+01 1.99E+01 4.86E-02 9.14E-01 9.63E-01 3.52E-02 1.32E+401 1.32E+01 '<u': X
s N
I-135 = |
0.3333 h 1.66E-03 2.42E-03 4.08E-03 8.01E-05 1.17E-04 1.97E-04 1.94E-06 1.15E-05 5.65E-05 5.85E-05 RN 7))
0.5000 h 1.22E-04 1.78E-04 3.00E-04 5.89E-06 8.62E-06 1.45E-05 1.94E-06 1.18E-05 5.65E-05 5.84E-~05 M
1.5000 h 5.49E-05 8,02E-05 1.35E-04 2.65E-06 3.88E-06 6.53E-06 1.05E-05 9.30E-06 3,.06E-04 3.16E-04 r
1.8333 h 4.45E-08 6.51E-08 1.10E-07 2.15E~-09 3.14E-09 5.29E-09 2.96E-06 8.47E-06 8.61E-05 8.91E-05 ]
2.0000 h 3.27E-09 4.79E-09 8.06E-09 1.58E-10 2.31E-10 3.90E-10 1.38E-06 8.09E-06 4.02E-05 4.15E-05 o]
2.5000 h 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 3.78E-06 7.04E-06 1.10E-04 1.14E-04 ‘P
4.0000 h 0.00E+00 0.00QE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.63E~-06 4.64E-06 2.51E-04 2.60E-04 o
8.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.12E~05 1.52E-06 3.26E-04 3.37E-04 -
24.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.41E-06 1.77E-08 1.57E-04 1.63E-04 w0
96.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.83E-08 3.53E-17 1.11E-06 1.15E-06
720.0000 h 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 O0.00E+00 0.00E+00 §.07E-17 O0.00E+00 1.48E-15 1.53E-15
TOTALS 1.83E-03 2.6BE-03 4.52E-03 8.87E~05 1.30E-04 2.18E-04 4.78E-05 1.39E-03 1.44E-03
=
—

ALL NUCLIDES g
0.3333 h 2.26E+02 1.53E+03 1.75E+03 1.09E+01 7.38E+01 8.48E+01 2.67E-01 1.58E+00 3.60E+01 3.63E+0l =
0.5000 h 1.69E+01 1.16E+02 1.33E+02 8.18E-01 5.59E+00 6.41E+00 2.69E-01 1.65E+00 3.65E+0l 3.68E+01 g o
1.5000 h 7.74E+00 5.34E+01 6.11E+01 3.74E-01 2.58E+00 2.95E+00 1.51E+00 1.39E+400 2.09E+02 2.10E+02 3 m
1.8333 h 6.73E-03 4.76E-02 5.44E-02 3.25E-04 2.30E-03 2.63E-03 4.47E-01 1.30E+00 6.30E+01 6.34E+01 ;(Q
2.0000 h S.06E-04 3.61E-03 4.12E-03 2.45E-05 1.74E-04 1.99E-04 2.12E-01 1.25E+00 3,.01E+01 3.03E+01 o
2.5000 h 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.96E-01 1.13E400 8.51E+01 8.57E+01
4.0000 h 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.47E+00 8.46E-01 2.14E+02 2.16E+02 N
8.0000 h 0.0Q0E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.38E+00 4.00E-01 3.57E+02 3.59E+02 &

24.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 2.09E+00 2.24E-02 3.25E+02 3.27E+02
96.0000 h 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 7.52E-02 5.72E-08 1.22E+01 1.22E+01
720.0000 h 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 1.28E~-07 O0.00E+00 2.36E-05 2.37E-05
TOTALS 2.51E+02 1.70E+03 1.95E+03 1.21E+01 8.20E401 9.41E+01 9.31E+00 1.37E+03 1.38E+03
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PREFACE

A fuel fragility analysis to determine the extent of rod breakage under various drop scenarios has
been performed and documented in this report. The fuel assembly is assumed to be in an irradiated
state, and for conservatism, modeled to simulate the actual geometry of Westinghouse 17x17
Optimized Fuel Assembly (OFA), which contains rods of the smallest diameter in the family of PWR
fuel assemblies. The analysis was performed using the LS-DYNA code, which has been previously
utilized by Holtec in numerous licensing basis analyses for impact and collision problems.

The analyzed drop scenarios are postulated to envelop all probabilistically significant drop events
that could occur during fuel movement in the Beaver Valley Power Station reactor core. The results
of the analysis, summarized in this report, show that the number of ruptured fuel rods could be up to
137. In summary, the fuel assembly drop analysis performed in this report has demonstrated that the
postulated fuel drop accidents in the reactor core could lead to damage to fuel assemblies.

This is a nonproprietary report.
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1.0 PURPOSE AND SCOPE

Holtec International has been contracted by the FirstEnergy Nuclear Operating Company (FENOC)
to perform spent fuel assembly damage evaluation under postulated drop events to support a revision
to plant operating procedures and permit maintaining the containment in a non-isolated
configuration. In accordance with the technical proposal [9.1], the fuel drop analysis is performed in
two phases (i.e., Phase A and Phase B). The results of Phase A investigation were issued as an
interim report [9.7]. This new report documents the results of both Phase A and Phase B analyses.

The objectives of this report include: (1) to define the bounding drop scenarios that warrant a
fragility evaluation, (2) develop appropriate fuel drop analysis models, (3) perform a comprehensive
analysis of the identified bounding drop scenarios with the developed models. By comparing the fuel
rod sizes of potential dropped fuel assemblies [9.6], the Westinghouse 17x17 Optimized Fuel
Assembly (OFA) has been identified to have the smallest rod size in the family of all PWR fuel
assemblies [9.2], and its fuel rods are most vulnerable to drop accidents. Therefore, the modeling and
analysis of fuel drop accidents were performed based on the geometry of the Westinghouse 17x17
OFA. In order to bound all drop events that may occur in the reactor core, four fuel assembly drop
scenarios have been identified and analyzed in the report. Detailed description of the drop events is
given in Section 6.1 of the report.

Fuel assembly drop events are transient, nonlinear problems involving a number of structural
components in dynamic contacts. The finite-element method was used to conduct the numerical
simulations for various drop events to obtain the conservative damage estimation. The impact
damage was evaluated in terms of stress, strain and deformation in the structure members involved in
the impact.

A commercial computer code developed by the Livermore Software Technology Corporation and
QA validated by Holtec International, LS-DYNA [9.3], was used to numerically model the fuel
handling accidents.

Project 90844 1 Report No. HI-992343
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20 METHODOLOGY AND THEORETICAL BACKGROUND

The finite element method was used to carry out the impact analysis of postulated fuel drop
accidents. Theoretically, the impact process of a drop event comprises the following three phases.

In the first phase, the impactor experiences a rigid body movement before it hits the target. During
this process, the impactor accumulates kinetic energy while loosing its potential energy; other types
of energy, if exist, remain constant. For the postulated drop events studied in this report, the impactor
has a vertical trajectory traveling a specified distance before colliding with the target. The target is
always stationary in this phase. The kinetic energy of the impactor can be described by two
parameters: mass and velocity.

Phase two takes place from the contact initiation to the first full establishment of the contact. In this
phase, energy redistributes between the impactor and the target. The kinetic energy of the impactor is
absorbed by the target and the impactor in the form of internal energy due to the generated stress and
deformation. To ensure the validity and accuracy of the analysis, all the possible contact interfaces
and the corresponding contact conditions must be correctly defined. The contact interfaces may have
a number of highly non-linear and time-dependent connectivity conditions, which are enforced and
checked by the finite element model at every time step of the analysis.

The third phase begins after the full contact is developed. The shock wave generated by the impact
propagates through the structural components of the impactor and the target. The type of the
traveling wave depends on the material properties of the structural components, being of elastic or
elasto-plastic nature. More importantly, permanent damage may be generated in the structural
components of the target and impactor. During this phase the impactor may indent into or separate
from the target, and additional but much weaker impacts may take place. However, the numerical
analysis shall be considered complete when the velocity of the impactor is nullified or the failure
criteria of the target material are exceeded. '

A very important aspect of the impact analysis is the correctness of the material description. The
elasto-plastic material behavior of the structural components involved in the impact can be defined
as a bi-linear material through four constants: the elastic modulus, the yield stress, the rupture stress
and the rupture strain. These constants, as they are obtained usually through laboratory tests, could
deviate from the nominal values significantly when the deformation is applied in an impulsive
manner or the material is irradiated for a long period of time. Both of these situations are present in
the currently postulated drop events. It is known that a material subjected to an instantaneous
deformation would increase its elastic stress limit but reduce the plastic strain before rupture.
Moreover, the existence of radiation would make the behavior of an elasto-plastic material more
brittle. If specific experimental data reflecting the variation of material properties in the drop event
are not available, existing data in the technical literature pertinent to the static application of the load
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should be conservatively used in the numerical analysis to describe the elasto-plastic bi-linear
material behavior.

The current numerical impact analysis takes a conservative approach to estimate the possible damage
of the postulated drop accidents. In reality, the structural elements will dissipate a percentage of the
initial impact kinetic energy throughout the deformation process. Due to the complexity of the
analysis and the previously mentioned uncertainties related to the material description, the energy is
intentionally channeled towards the structural elements to obtain an upper bound of the investigated
damage.

In general, the impact analysis to assess the damage inflicted in the related structures is conducted in
five sequential steps: :

Step 1: description of the postulated drop event;

Step 2: identification and definition of the impactor and the target;
Step 3: impactor mass and impact velocity calculations;

Step 4: finite-element modeling of the impactor and the target;

Step 5: LS-DYNA numerical analysis and damage assessment.

Project 90844 3 Report No. HI-992343
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3.0

ASSUMPTIONS

The following assumptions are used in the numerical analysis.

3.1

3.2

3.2.1

322

Assumptions related to the target and impactor:

Both the impactor and the target are entirely submerged during the collision, which is
consistent with the postulated drop events.

The reactor core support is rigid and fixed. This assumption takes no credit of the energy
absorption capacity of the reactor core support in a drop event, leading to a conservative
damage estimate for the fuel assemblies involved in the drop accident.

The drag force on the leading face of the impactor that opposes the vertical motion of the
impactor through the pool water is proportional to the square of the velocity.

The trajectory of the impactor is vertical, which is consistent with the postulated drop events.

Since a moving object in water always adjusts its position to reduce the drag force, it is
assumed that all end-fitting pedestals of a vertically dropped fuel assembly simultaneously
hit the target.

The frictional forces by which the fuel rods are attached to the guide tubes under normal
conditions are conservatively neglected in vertical drop events to maximize the impact
damage to the fuel rods.

Assumptions related to the material behavior:
The stainless steel (SA240-304) used to manufacture the fittings of the fuel assembly is
considered as bi-linear elasto-plastic material as defined in Section 2.0. The material

characteristics of the end fittings at a bounding temperature of 200 °F are obtained from Ref.
[9.4].

The material of the guide tubes and fuel rods, Zircaloy-4, is also considered as bi-linear

elasto-plastic. The material property is established based on the experimental data obtained
under high strain rate and reasonable temierature conditions [9.5]. _
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40 INPUT DATA

All fuel assembly geometrical dimensions, material specifications and estimated weights used in this
analysis are collected from Ref. [9.2]. The material properties are taken from Refs. [9.4] and [9.5].
The total weight of the fuel assembly and the associated lifting tools is provided by Ref. [9.6]. Table
1 contains the geometric and material input data pertinent to the analysis.

Table 1. Geometric and Material Input Data for Fuel Drop Analysis
Fuel Rod Outside Diameter (inch) 0.36
Fuel Rod Inside Diameter (inch) 0.315
Fuel Rod Length (inch) 151.56
Number of Fuel Rods 264
Fuel Rod Pitch (inch) 0.496
Fuel Rod Array 17x17
Fuel | pyel Pellet Weight Per Rod (lbs) 4.01
Assembly
Data Guide Tube Outside Diameter (inch) 0.474
Guide Tube Inside Diameter (inch) 0.442
Guide Tube Length (inch) 153.357
Number of Guide Tubes 24
Weight of Guide Tubes Per Assembly (1bs) 21.01
Total Weight of Fuel Assembly 1373
Total Weight of Fuel Assembly Plus Tools 2500
Yield Stress of SA240-304 (psi) 2.50x10*
Failure Stress of SA240-304 (psi) 7.10x10*
Young’s Modulus of SA240-304 (psi) 2.76x107
Material | Failure Strain of SA240-304 0.38
Properties | yield Stress of Zircaloy-4 (psi)
Failure Stress of Zircaloy-4 (psi)
Young’s Modulus of Zircaloy-4 (psi)
Failure Strain of Zircaloy-4
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Table 2 contains the input data pertinent to the analyzed drop scenarios. Note that the drop height for
case | (i.e., fuel to reactor core support drop) is greater than that for cases 2 and 3 (i.e. fuel to fuel
drops). The height difference is due to the height of the target fuel assembly, which is stored in
reactor core and takes the hit of the dropped fuel assembly.

Table 2. Input Data for Analyzed Fuel Drop Scenarios

Impact Impact
Drop Scenario Drop Height (in) Target Location on Velocity
the Target (in/sec)
Reactor core
Case 1 360 support (rigid) -
Existing fuel in | Center of target
Case2 200.235 the core fuel top fitting
Existing fuel in | Edge of target
Case3 200.235 the core fuel top fitting
Case 4 Rotational impact Existing fuel in Side of fuel
the core rods
Project 90844 6 Report No. HI-992343
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5.0 COMPUTER CODES AND FILES

The Holtec QA validated LS-DYNA computer code [9.3], developed by Livermore Software
Technology Corporation and QA validated by Holtec International, is used to model the drop events.
This computer code has very sophisticated finite-element and material description libraries and can
simulate various time-dependent contact conditions that normally arise in the structural components
during the impact. In addition, MathCad 2000 is used to calculate the initial impact velocity of the
fuel assembly.

The LS-DYNA input and output files for the analyzed accidents are stored in the Holtec network
directory.

The numerical analysis is stored in the subdirectory F:\Projects\90884\JZ\Accident\FuelDrop. The
results of analyzed drop scenarios are saved in four corresponding subdirectories (i.e., Case 1, Case
2, Case 3, and Case 4). Each subdirectory contains the LS-DYNA input file (*.DYN) corresponding
to the analyzed drop event, and four time-history files (MATSUM- the impact velocity time-history,
RCFORC- the impact force time-history, GLSTAT- the kinetic and internal energy time-histories
and PLOT- the deformation time-history) generated in the numerical analysis.

The MathCad files for appendices A and B, as well as this report, are saved in the directory of
F:\Projects\90884\JZ\Accident\Report.

The fuel drop accident analysis is performed under a PC Windows NT environment.
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6.0 NUMERICAL ANALYSIS
6.1 Fuel Drop Event Description

Four impact scenarios specified in Refs. [9.6] and [9.9] are analyzed in this report. All drop events
are postulated to occur during the handling of a Westinghouse 17x17 OF A fuel assembly. As pointed
out in Section 1.0, the use of the above fuel assembly in the analysis bounds the drop events of other
fuel assemblies in terms of damage to the fuel rods. Each of the drop scenarios is described below in
detail.

6.1.1 Casel

The fuel assembly is assumed to drop vertically with no initial velocity and travel through the

stratum of water before impacting the rigid reactor core support.

The velocity of the

dropped fuel assembly immediately before the impact is calculated to be in Appendix A
u. In addition, the rigid target (i.e., the reactor core
support) assumption channels the entire impact energy into the fuel assembly, leading to a
conservative damage evaluation for the dropped fuel assembly. In summary, evaluation of this drop
scenario will envelop other drop scenarios in which the fuel assembly directly hits the reactor core

support.

6.1.2 Case?2

A dropped fuel assembly may hit an existing fuel assembly stored in the reactor core. Note that the
lower fitting of the dropped fuel assembly may impact any position of the upper fitting of the
stationary fuel assembly stored in the reactor core. Case 2 simulates a scenario where the dropped
fuel assembly exactly hits the center of the top fitting of the target fuel assembly. In this case, the top
fitting of the target fuel assembly moves downward with little rotation as a result of the guide tubes
deformation due to the “on-center” hit. The number of fuel rods that could be compressed by the
upper and lower fittings is maximized in this drop scenario which therefore must be studied. Since
the impact occurs at the elevation of the top fitting of the target fuel, the impact velocity is reduced to

- due to the reduced drop height.

6.1.3 Case3

The third drop case assumes that the dropped fuel assembly hits the edge of an existing fuel assembly
stored in the reactor core. In this case, the fuel assembly fittings may rotate to some degree as a result
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of the “edge” impact. Compared with Case 2, some of the fuel rods could be compressed by the
fittings more severely. To maximize the rotation of the end fittings, it is assumed that the only a half
of width of the lower fitting pedestal of the dropped fuel assembly is in contact with the upper fitting
of the target fuel assembly. The initial impact velocity of the dropped fuel assembly is same as that in
Case 2.

6.1.3 Cased

Case 4 simulates a scenario where a fuel assembly falls over and impacts the side of another standing
fuel assembly with certain angular velocity. This scenario could occur after a vertically dropped fuel
assembly hits the reactor core support or when a target fuel assembly is knocked and begins to
“tipover” into other standing fuel assemblies in the reactor core. Therefore, Case 4 can be viewed as
a potential event subsequent to any of the previous three scenarios. The simulation results can be
used to estimate the total number of ruptured fuel rods after the “tipover” fuel assembly impacts one
or multiple fuel assemblies. Note that the “tipover” fuel assembly does not impact the standing fuel
assembly with a significant angular velocity after vertically hitting the reactor core support or a fuel
assembly. The angular velocity immediately before the impact is conservatively calculated as
- in Appendix B. In addition to the conservative angular velocity, the orientation of the
impactor is chosen to be about 60 degrees relative to the reactor core support to maximize the impact
when the target fuel assembly hits the reactor core support. For conservatism, the “tipover” fuel
assembly is assumed to be rigid to maximize the damage to the target fuel assembly.

6.2 Finite-Element Model Description
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70 SUMMARY OF RESULTS

The results of the LS-DYNA numerical analysis for the studied fuel handling accidents are
summarized in the following subsections. LS-DYNA determines the failure of any structure element
based on the specified failure stress and failure strain of the material.

7.1 Case 1

For case 1 (i.e., the dropped fuel hits the reactor core support), Fig. 2 shows the velocity time history
of the lower end fitting of the dropped fuel assembly. As shown in the figure, the first impact takes
after which the end fitting starts to bounce.

7.2 Case 2

For case 2 (i.e., the center of the top fitting of a target fuel is hit), Fig. 7 shows the velocity time
histories of the lower end fittings of the dropped fuel assembly and the target fuel assembly,
represented by the solid line and the dashed line, respectively.
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7.3 Case 3

Case 3 is similar to case 2, but the first impact occurs at the edge of the top fitting of the target fuel
assembly. As discussed in Section 6.1.3, the fuel assembly fittings may rotate to some degree as a
result of the “edge” impact leading to more severe damage to the fuel rods close to the impact edge.

7.4 Case 4

As discussed in Section 6.1.3, Case 4 can be viewed as an extended event of any of the previous
three cases. Without repeating the vertical drop portion, simulation of Case 4 starts from the side
impact between the “tipover” fuel assembly and a standing fuel assembly and ends after the impacted
fuel assembly hits the reactor core support.
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8.0 CONCLUSIONS

A comprehensive finite element analysis has been performed to assess the damage to the spent fuel
assembly resulting from various fuel assembly drop accidents postulated to occur in the Beaver
Valley Power Station reactor core. The analysis was carried out with the commercial code LS-
DYNA. It is found that the postulated drop events will result in up to 137 ruptured fuel rods.
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Fig. 1 Case 1: Finite Element Model
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Fiv 2 Case I: Velocity Time History — Lower End Fitting
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Fig. 3 Case I: Impact Force Time History
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Fig. 4 Case I: Deformed Shape of the Dropped Fuel Assembly
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Fig. 5 Case 1: Deformed Shape - Lower End Fitting
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Fig. 6 Case 2: Finite Element Model
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Fig. 7 Case 2: Impact Velocity Time History ~ Lower End Fittings
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Fig. 8 Case 2: Impact Force Time History — Fuel to Fuel and Fuel to Floor
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Fig. 10 Case 3: Finite Element Model
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Fig. Il Case 3: Snapshot of Deformed Fuel Assemblies (1)
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Fig. 12 Case 3: Snapshot of Deformed Fuel Assemblies (2)

Project No. 90844 ' , Report No. HI-992343




Fig. 13 Case 3: Snapshot of Deformed Fuel Assemblies (3)
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Fig. 14 Case 3: Snapshot of Deformed Fuel Assemblies (4)
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Fig. 15 Case 3: Snapshot of Deformed Fuel Assemblies (5)
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Fig. 16 Case 3: Deformed Fuel Assemblies ~ Lower End Fittings
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Fig. 17 Case 3: Impact Force Time Histories of the Dropbed Fuel Assembly
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Fig. 18 Case 4: Finite Element Model

Project No. 4 '
oject No. 90844 . Report No. HI-992343

N , H .




Fig. 19 Case 4: Snapshot of Fuel Assemblies During the Impact Event (1)
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Fig. 20 Case 4: Snapshot of Fuel Assemblies During the Impact Event (2) ~
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Fig. 21 Case 4: Snapshot of Fuel Assemblies During the Impact Event (3)
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Fig. 22 Case 4: Snapshot of Fuel Assemblies During the Impact Event (4)
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Appendix A: |
Impact Velocity Calculation for Fuel Assembly
Drop Accidents

Part A: Theory

A.1  Drop of an Object in Water

A dropped object, such as a spent fuel assembly, is modeled as a single lumped mass under
the influence of gravity in a drag inducing medium. The objective of the analysis is to
calculate the impact velocity of the fuel assembly dropping through the water resulting
from a fuel handling drop accident. The effects of virtual mass, gravity, and fluid drag are
accounted for in the model. The virtual mass is assumed equal to the buoyant mass of the
dropped object. The drag force is based on the exposed frontal area of the object. The
governing equation for a body of mass subject to gravity and drag effects is

C
(M+Mv)~—+—2—-dw-AD-v =(M-M,)-g (A-1)

where .

M equals the dry mass of the object;
equals the virtual mass of the object (buoyant mass);

Cp equals the effective drag coefficient due to all contributing effects;
d,, equals the mass density of the object;
Ap equals the area subject to drag forces;

v equals the velocity of the object;
- g equals the gravitational acceleration.

I[f € = M /M, then equation A-1 can be written as follows

.
2
dv  1-¢ CpdwApv

& g A2
& 1+e 2M(1 +¢) (8-2)

The time derivative of velocity, dv/dt, is expressed as
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v dv"
dt  ds
where
ds .
Vi= —
dt

If the variable x is defined equal to v?, then equation A-2 becomes

dx .
—+Ax:=p (A-3)
ds _
where
]
CpdwAp" 1-g "
; B=2 ‘g
M (1 + 8) l+¢

The constant A is a measure of the drag forces relative to the inertia forces.

The solution to equation A-3, with initial condition v=v_ ats=0,is

1
X = (voz - E)e_ sy 1 : (A-4)
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Part B: Calculation

B.0 INPUT DATA

The following parameters are general for all analyses:

Weight of fuel assembly and tools

Fuel assembly envelope

Mass density of water (200° F)

Mass density of fuel assembly (100% UO,)

Mass density of stainless steel

Initial velocity of fuel assembly

B.1 CALCULATION

W := 2500-1bf
Dfyep := 8.424in
-1
dy = 60.1-—2
ft
df := 0.39‘E
.3
, in
dgy = 490-%
ft
Vo = 0-—lr-l—
sec

Rev. 2

[Ref.2]

[Ref.1]

The following calculation determines the velocity of the dropped fuel assembly
immediately before the impact. Part A provides the theoretical background for this
calculation. The nomenclature used herein is consistent with Part A.

The following parameters are defined in Part A.

] ]
M dy V
g = — g 1= —— = 0.089
M dg-V
Frontal area subject to drag force Ap = Dsuel' Dfuel Ap=1T71 in’

- Project 90844 - A3
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For the drop of a fuel assembly to the floor or another fuel, there is no conﬁnement of
fluid, so the drag coefficient, C,, equals 1.0.

Drag coefficient Cp:=1.0

B.1.1 Fuel Drop onto Reactor Core Floor
In this case, the drop height is: [Ref2]

CpdwApg
W-(l + s)

(l—s)
P=207 (1+8)

(Eq. A-3)

(Eq. A-3)

X = (voz - %] éxp(—k-h) + % | | (Eq. A-4)

Vel Z=\/;

The velocity of the dropped fuel assembly as it hits the floor is

B.1.2 Fuel Drop onto a Stored Fuel Assembly

In this case, the drop height (after subtracting the
height of the fuel assembly) is: o . [Ref.2]

CpdwApg
W-(l + a)

(l—s)
b= (l+s)

. (Eq. A-3)
(Eq. A-3)

X = (Voz _ %)-exp(—lﬁ) +%  (Eq.A4)
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v =X

The velocity of the dropped fuel assembly as it hits another fuel is

B2 REFERENCES

1. Characteristics of Spent Fuel, High_Level Waste, and Other Radioactive Wastes Which .
May Require Long-Term Isolation, Appendix 2A, Physical Descriptions of LWR Fuel
- Assemblies, US Department of Energy, December 1987,

2. Project Input Data Provided by K.E. Halliday of Beaver Valley Nuclear Station Through
Fax, Dated on January 4, 2000. _
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Calculation of Angular Impact Velocity of a Dropped Fuel Assembly

This appendix calculates the maximum angular impact velocity with which a fuel assembly hits
another standing fuel assembly after a vertical drop to the reactor core at the Beaver Valley
Power Station. The dropped fuel assembly is assumed to tip over with zero initial velocity
trigged by some perturbation after the vertical drop. The angular velocity of the fuel assembly
during the process of tipover reaches the maximum value when the fuel assembly rotates to
the horizontal orientation. However, at any rotation angle, the fuel assembly may hit another
standing fuel assembly stored in the reactor core and causes the latter to tipover. For
conservatism, the maximum angular velocity is assumed to be the impact angular velocity.

The motion of a tipover fuel assembly with a weight of W is governed by the following differential

equation
d% ’ ~ 4
[~ —— = W.rsinf
dt? :
where, as shown in the following figure, ¢

I5 is the mass moment’of inertia of the
fuel assembly about the pivot point A,
and.f is the rotation angle between a
vertical line and the longitudinal axis of
the fuel assembly.

A

Using the initial conditions, i.e., 6=0 and w=d/dt=0 at t=0, the equation of motion can be
integrated to give the angular velocity at any rotation angle.

2W-r_(l - cosG)

o=
Ia

When the fuel assembly rotates to the horizontal orientation ( i.e., 8=90 ), the angular velocity
reaches the maximum value.

By taking the fuel assembly as a uniform bar, we have
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I = —— r.= ——l
A =3

Where, m and | are the mass and Iength of the fuel assembly, respectively. Substituting I, and r |
into the angular velocity formula to yield

3
Omax = &
I
Per Ref. [9.2], l:=
3
Omax = ]_g D max =

Therefore, the maximum angular velocity at which the drbpped fuel assembly could hit another
standing fuel assembly in the reactor core is

k3
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AFFIDAVIT PURSUANT TO 10CFR2.790

I, Scott H. Pellet, being duly sworn, depose and state as follows:

(1)

2)

3

4)

I am an adjunct Project Manager for Holtec International and have been delegated
the function of reviewing the information described in paragraph (2) which is sought
to be withheld, and have been authorized to apply for its withholding.

The information sought to be withheld is contained in the document entitled
“Evaluation of Spent Fuel Assembly Drop Accidents in the Beaver Valley Power
Station Reactor Core,” Holtec Report HI-992343, revision 2. The proprietary
material in this document is delineated by shaded text.

In making this application for withholding of proprietary information of which it is
the owner, Holtec International relies upon the exemption from disclosure set forth
in the Freedom of Information Act ("FOIA"), 5 USC Sec. 552(b)(4) and the Trade
Secrets Act, 18 USC Sec. 1905, and NRC regulations 10CFR Part 9.17(a)4),
2.790(a)(4), and 2.790(b)(1) for "trade secrets and commercial or financial
information obtained from a person and privileged or confidential" (Exemption 4).
The material for which exemption from disclosure is here sought is all " confidential
commercial information", and some portions also qualify under the narrower
definition of "trade secret", within the meanings assigned to those terms for
purposes of FOIA Exemption 4 in, respectively, Critical Mass Energy Project v.
Nuclear Regulatory Commission, 975F2d871 (DC Cir. 1992), and Public Citizen
Health Research Group v. FDA, 704F2d1280 (DC Cir. 1983).

Some examples of categories of information which fit into the definition of
proprietary information are:

a. Information that discloses a process, method, or apparatus, including
supporting data and analyses, where prevention of its use by Holtec's
competitors without license from Holtec International constitutes a
competitive economic advantage over other companies;
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6))

(6)

b. Information which, if used by a competitor, would reduce his expenditure
of resources or improve his competitive position in the design, manufacture,
shipment, installation, assurance of quality, or licensing of a similar product.

c. Information which reveals cost or price information, production, capacities,
budget levels, or commercial strategies of Holtec International, is
customers, or its suppliers;

d. Information which reveals aspects of past, present, or future Holtec
International customer-funded development plans and programs of potential
commercial value to Holtec International;

e. Information which discloses patentable subject matter for which it may be
desirable to obtain patent protection.

The information sought to be withheld is considered to be proprietary for the
reasons set forth in paragraphs 4.a, 4.b, 4.d, and 4.e, above.

The information sought to be withheld is being submitted to the NRC in confidence.
The information (including that compiled from many sources) is of a sort
customarily held in confidence by Holtec International, and is in fact so held. The
information sought to be withheld has, to the best of my knowledge and belief,
consistently been held in confidence by Holtec International. No public disclosure
has been made, and it is not available in public sources. All disclosures to third
parties, including any required transmittals to the NRC, have been made, or must
be made, pursuant to regulatory provisions or proprietary agreements which provide
for maintenance of the information in confidence. Its initial designation as
proprietary information, and the subsequent steps taken to prevent its unauthorized
disclosure, are as set forth in paragraphs (6) and (7) following.

Initial approval of proprietary treatment of a document is made by the manager of
the originating component, the person most likely to be acquainted with the value
and sensitivity of the information in relation to industry knowledge. Access to such
documents within Holtec International is limited on a "need to know" basis.
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(7)

(8)

9

The procedure for approval of external release of such a document typically
requires review by the staff manager, project manager, principal scientist or other
equivalert authority, by the manager of the cognizant marketing function (or his
designee), and by the Legal Operation, for technical content, competitive effect, and
determination of the accuracy of the proprietary designation. Disclosures outside
Holtec International are limited to regulatory bodies, customers, and potential
customers, and their agents, suppliers, and licensees, and others with a legitimate
need for the information, and then only in accordance with appropriate regulatory
provisions or proprietary agreements.

The information classified as proprietary was developed and compiled by Holtec
International at a significant cost to Holtec International. This information is
classified as proprietary because it contains detailed historical data and analytical
results not available elsewhere. This information would provide other parties,
including competitors, with information from Holtec International's technical
database and the results of evaluations performed using codes developed by Holtec
International. Release of this information would improve a competitor's position
without the competitor having to expend similar resources for the development of
the database. A substantial effort has been expended by Holtec International to
develop this information.

Public disclosure of the information sought to be withheld is likely to cause
substantial harm to Holtec International's competitive position and foreclose or
reduce the availability of profit-making opportunities. The information is part of
Holtec International's comprehensive spent fuel storage technology base, and its
commercial value extends beyond the original development cost. The value of the
technology base goes beyond the extensive physical database and analytical
methodology, and includes development of the expertise to determine and apply the
appropriate evaluation process.

The research, development, engineering, and analytical costs comprise a substantial
investment of time and money by Holtec International.



Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (856) 797-0900
Fax (856) 797-0909

AFFIDAVIT PURSUANT TO 10CFR2.790

The precise value of the expertise to devise an evaluation process and apply the
correct analytical methodology is difficult to quantify, but it clearly is substantial.
Holtec International' s competitive advantage will be lost if its competitors are able
to use the results of the Holtec International experience to normalize or verify their
own process or if they are able to claim an equivalent understanding by
demonstrating that they can arrive at the same or similar conclusions.

The value of this information to Holtec International would be lost if the
information were disclosed to the public. Making such information available to
competitors without their having been required to undertake a similar expenditure
of resources would unfairly provide competitors with a windfall, and deprive Holtec
International of the opportunity to exercise its competitive advantage to seek an
adequate return on its large investment in developing these very valuable analytical
tools. .

STATE OF NEW JERSEY )
: ) Sss:
COUNTY OF BURLINGTON )

Scott H. Pellet, being duly sworn, deposes and says:

That he has read the foregoing affidavit and the matters stated therein are true and correct
to the best of his knowledge, information, and belief.

Executed at Marlton, New Jersey, this 7th day of December, 2000.

Sab. st

Mr. Scott H. Pellet
Holtec International

Subscribed and sworn before me this vl day of Depigm beAi.2000.
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