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Per Regulatory Guide 1.183, the radioiodine released from the fuel gap is assumed to
be 95% particulate (Csl), 4.85% elemental, and 0.15% organic. Due to the acidic
nature of the water in the fuel pool (pH less than 7), the Csl is assumed to immediately
disassociate and re-evolve as elemental iodine, thus changing the chemical form of
iodine to 99.85% elemental and 0.15% organic. In addition, and per Regulatory Guide
1.183, an iodine decontamination factor of 200 is assumed for the SFP / reactor cavity.
Noble gases and unscrubbed iodines rise to the water surface where they are mixed in
the available air space. All of the alkali metals released from the gap are retained in the
pool. In accordance with Regulatory Guide 1.183, the chemical form of the iodines
above the pool is 57% elemental and 43% organic.

Per Regulatory Guide 1.183, the activity released due to an FHA is assumed to be
discharged to the environment in a period of 2 hrs (or less if the ventilation system
promotes a faster release rate).

FHA in the FHB

The radioactivity release pathways following an FHA in the FHB are established taking
into consideration the following Administration Controls:

During fuel movement in the FHB:

a. The movable wall is put in place and secured

b. No exit door is propped open

c. One FHBVS exhaust fan is operating (The supply fan flow (if operating) has been
confirmed by design to have less flow than the exhaust fan)

Operation of the Fuel Handling Building Ventilation system (FHBVS) with a minimum of
1 exhaust fan operating and all significant openings administratively closed will ensure
negative pressure in the FHB which will result in post-accident environmental release of
radioactivity occurring via the Plant Vent. The activity release due to the FHA in the
FHB is assumed to be discharged to the environment as follows:

a. A maximum release rate of 46,000 cfm via the Plant Vent due to operation of the
FHBVS with a closed FHB configuration.

b. A maximum conservatively assumed outleakage of 500 cfm occurring from the
closest edge of the FHB to the control room normal intake (i.e., 30 cfm
outleakage is assumed for ingress/egress; 470 cfm is assumed for outleakage
from miscellaneous gaps/openings in the FHB structure).

It has been determined that for the FHA in the FHB, the actual release rate lambda
based on the FHBVS exhaust (i.e., 8.7 hr'') is larger than the release rate applicable to
“a 2-hr release” per Regulatory Guide 1.183 (i.e., 3.45 hr''). Thus the larger exhaust
rate lambda associated with FHBVS operation plus the exhaust rate lambda for the 500
cfm outleakage is utilized in the analysis.
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FHA in the Containment

The potential radioactivity release pathways following a FHA in the containment are
established taking into consideration

a. Operation of the containment purge system which would result in radioactivity
release via the plant vent

b. Plant Technical Specification Section 3.9.4 that allows for an “open
containment” during fuel movement in containment during offload or reload.
The most significant containment opening closest to the Control room normal
operation intake is the equipment hatch. The equipment hatch is an
approximately 20-ft wide circular opening in containment. In the event the
containment purge system ceased to operate (a viable scenario since it is
single train and has non-vital power), the density driven convective flow out of
the equipment hatch (due to the thermal gradient between inside and outside
containment conditions), could be significant.

It has been determined that for the FHA in the Containment, the release rate assuming
a regulatory based 2 hr release is larger than that dictated by the containment purge
ventilation system, or convective flow out of the equipment hatch. Thus the regulatory
based release rate (i.e., 3.45 hr'), is utilized for this analysis. Review of the
atmospheric dispersion factors associated with the plant vent vs the equipment hatch
indicates that dose consequences due to releases via the equipment hatch will be
bounding.

15.5.22.2.3 Offsite Dose Assessment

AST methodology requires that the worst case dose to an individual located at any
point on the boundary at the EAB, for any 2-hr period following the onset of the
accident be reported as the EAB dose. Since the FHA is based on a 2-hour release,
the worst 2-hour period for the EAB is the 0 to 2-hour period.

The bounding EAB and LPZ dose following a FHA at either location and at either unit
is presented in Table 15.5-47.

15.5.22.2.4 Control Room Dose Assessment
The parameter values utilized for the control room in the accident dose transport
model are discussed in Section 15.5.9. Provided below are the critical FHA-specific

assumptions associated with control room response and activity transport.

Design Basis FHA (occurs at t=72 hours after reactor shutdown)
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Credit is taken for PG&E Design Class | area radiation monitors located at the control
roomcontrol room normal intakes (1-RE-25/26, 2-RE-25/26) to initiate CRVS Mode 4
(filtered / pressurized accident ventilation) upon detection of high radiation levels at
the control room normal intakes as a result of an FHA.

An analytical safety limit of 1 mR/hr for the gamma radiation environment at the
control room normal operation air intakes has been used in the FHA analyses to
initiate CRVS Mode 4. Note that the actual monitor trip setpoint is lower to include the
instrument loop uncertainty.

The radiation monitor response time is primarily dependent on the type of monitor, the
setpoint, the background radiation levels and the magnitude of increase in the radiation
environment at the detector location.

For a monitor with an instrument time constant of “1” (2 seconds) and a background of
0.05 mR/hr, the response time “t” to a high alarm Setpoint (HASP < 1 mr/hr), for a step
increase of radiation level DR (mR/hr) is determined by solving the following equation
that represents the monitor reading approaching the final reading exponentially.

HASP =005 +DR(L =g™5)

It is determined that a DBA FHA (i.e., occurs at 72 hrs post shutdown) will result in a
radiation environment at the control room normal operation intakes that greatly exceed
the analytical limit of 1 mR/hr for initiating CRVS Mode 4. This will result in an almost
instantaneous generation of a radiation monitor signal to initiate CRVS Mode 4
(radiation monitor response time is estimated to be < 1 sec). For purposes of
conservatism, and since the delay in isolation of the normal intake has a significant
impact on the estimated dose consequences, the analysis conservatively assumes a
monitor response time to the HASP of 10 secs.

As discussed in Section 15.5.1.2, when crediting CRVS Mode 4, the FHA dose
consequence analyses is not required to address the potential effects of a LOOP.
Thus delays associated with diesel generator sequencing are not addressed.

Therefore, the time delay between the arrival of radioactivity released due to a DBA
FHA at both the control room normal Intakes (assumed to be instantaneous) and CRVS
Mode 4 operation is estimated to be the sum total of the monitor response time (10
secs), the signal processing time (2 Secs) and the damper closure time (10 secs) for a
total delay of 22 seconds.

Delayed FHA:

It is recognized that the response time for radiation monitors are dependent on the
magnitude of the radiation level / energy spectrum of the airborne cloud at the location
of the detectors, which in turn are dependent on the fuel assembly decay time. Thus
an additional case is considered for each of the two FHA scenarios described above
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(i.e., a FHA in the FHB and a FHA in Containment) when determining the dose to the
control room operator; i.e., a case that reflects a delayed FHA at Fuel Offload or a
FHA during Reload, occurring at a time when the fuel has decayed to such an extent
that the radiation environment at the control room normal intake radiation monitors is
just below the setpoint; thus the control room remains in normal operation mode and
CRVS Mode 4 is not initiated.

The analyses determined that the dose consequences of a DBA FHA bound that
associated with the delayed FHA for both the FHA in the FHB and the FHA in the
containment.

The bounding atmospheric dispersion factors applicable to the radioactivity release
points / control room receptors applicable to an FHA at either location, and at either
unit, are provided in Table 15.5-47B. The %/Q values presented in Table 15.5-47B
take into consideration the various release points-receptors applicable to the FHA to
identify the bounding ¥/Q values applicable to a FHA at either unit and at either
location, and reflect the allowable adjustments / reductions in the values as discussed
in Section 2.3.5.2.2 and summarized in the notes of Tables 2.3-147 and 2.3-148.

The bounding control room dose following a FHA at either location and at either unit is
presented in Table 15.5-47.

15.5.22.4-3 Conclusions

The analysis demonstrates that the acceptance criteria are met as follows:

| |. Fl‘l . I l -' - :F II Is‘s IZ.
The analysis demonstrates that the acceptance criteria are met as follows:

(1) The radiation dose to an individual located at any point on the boundary of
the exclusion area for any 2-hour period following the onset of the
postulated fission product release is within 0.063 Sv (6.3 rem) TEDE as
shown in Table 15.5-47.
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(2) The radiation dose to an individual located at any point on the outer
boundary of the low population zone, who is exposed to the radioactive cloud
resulting from the postulated fission product release (during the entire period
of its passage), is within 0.063 Sv (6.3 rem) TEDE as shown in Table 15.5-
47.

(3) The radiation dose to an indi\}idual in the control room for the duration of the
accident is within 0.05 Sv (5 rem) TEDE as shown in Table 15.5-47.
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15.5.23 RADIOLOGICAL CONSEQUENCES OF A CONTROL ROD EJECTION
ACCIDENT

15.5.23.1 Acceptance Criteria

The radiological consequences of a CREA shall not exceed the dose limits of 10 CFR
50.67, and will meet the dose acceptance criteria of Regulatory Guide 1.183, July 2000
and outlined below:

EAB and LPZ Dose Criteria

(1) Anindividual located at any point on the boundary of the exclusion area for
any 2-hour period following the onset of the postulated fission product
release shall not receive a radiation dose in excess of 0.063 Sv (6.3 rem)
TEDE.

(2) Anindividual located at any point on the outer boundary of the low
population zone, who is exposed to the radioactive cloud resulting from the
postulated fission product release (during the entire period of its passage),
shall not receive a total radiation dose in excess of 0.063 Sv (6.3 rem)
TEDE.

Control Room Dose Criteria

Adequate radiation protection is provided to permit access and occupancy of the
control room under accident conditions without personnel receiving radiation
exposures in excess of 0.05 Sv (5 rem) TEDE for the duration of the accident.
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15.5.23.2 Identification of Causes and Accident Description
15.5.23.21 Activity Release Pathway

As discussed in Section 15.4.6, this event consists of an uncontrolled withdrawal of a
control rod from the reactor core. The CREA results in reactivity insertion that leads to
a core power level increase, and under adverse combinations of circumstances, fuel
failure, and a subsequent reactor trip. In this case, some of the activity in the fuel rod
gaps would be released to the coolant and in turn to the inside of the containment
building. As a result of pressurization of the containment, some of this activity could
leak to the environment.

Following reactor trip, and based on an assumption of a Loss of Offsite Power
coincident with reactor trip, the condenser is assumed to be unavailable and reactor
cooldown is achieved using steam releases from the SG MSSVs and 10% ADVs until
initiation of shutdown cooling. DCPP has established that the LOL event generates the
maximum primary to secondary heat transfer and the CREA assumes these same
conservatively bounding secondary steam releases.

Regulatory requirements provided for the CREA in pertinent sections of Regulatory
Guide 1.183 including Appendix H is used to develop the dose consequence model.
Table 15.5-52A lists the key assumptions / parameters utilized to develop the
radiological consequences following a CREA.

The CREA is postulated to result in 10% fuel failure resulting in the release of the
associated gap activity. Per Regulatory Guide 1.183, the core gap activity is assumed
to be comprised of 10% of the core noble gases and halogens. A radial peaking factor
of 1.65 is applied to the activity release from the fuel gap.
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In accordance with the requirements provided in Regulatory Guide 1.183, two
independent release paths to the environment are analyzed: first, via containment
leakage of the fission products released due to the event from the primary system to
containment, assuming that the containment pathway is the only one available; and
second, via releases from the secondary system, outside containment, following
primary-to-secondary leakage in the steam generators, assuming that the latter pathway
is the only one available.

The actual doses resulting from a postulated CREA would be a composite of doses
resulting from portions of the release going out via the containment building and,
portions via the secondary system. If regulatory compliance to dose limits can be
demonstrated for each of the scenarios, the dose consequence of a scenario that is a
combination of the two will be encompassed by the more restrictive of the two analyzed
scenarios.

envirenment:
Computer code RADTRAD 3.03, is used to calculate the control room and site boundary
dose due to airborne radioactivity releases following a CREA.
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followinga LOGA—
15.5.23.2.2 Activity Release Transport Model

The CREA dose consequence analysis evaluates the following two scenarios.

Scenario 1: The failed fuel resulting from a postulated CREA is released into the
RCS, which is released in its entirety into the containment via the faulted control rod
drive mechanism housing, is mixed in the free volume of the containment, and then
released to the environment at the containment technical specification leak rate for the
first 24 hrs and at half that value for the remaining 29 days.

Scenario 2: The failed fuel resulting from a postulated CREA is released into the
RCS which is then transmitted to the secondary side via steam generator tube
leakage. The condenser is assumed to be unavailable due to a loss of offsite power.
Environmental releases occur from the steam generators via the MSSVs and 10%
ADVs.
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The chemical composition of the iodine in the gap is assumed to be 95% particulate
(Csl), 4.85% elemental and 0.15% organic. However, because the sump pH is not
controlled following a CREA, it is conservatively assumed that the iodine released via
the containment leakage pathway has the same composition as the iodine released
via the secondary system release pathway; i.e.; it is assumed that for both scenarios,
97% of all halogens available for release to the environment are elemental, while the
remaining 3% is organic.

Scenario 1: Transport From Containment

The failed fuel activity released due to a CREA into the RCS is assumed to be
instantaneously released into the containment where it mixes homogeneously in the
containment free volume. The containment is assumed to leak at the technical
specification leak rate of 0.10% per day for the first 24 hours and at half that value for
the remaining 29 days after the event. Except for decay, no credit is taken for
depleting the halogen or noble gas concentrations airborne in the containment. Per
Regulatory Guide 1.183, the chemical composition of the iodine in the gap fuel is 95%
particulate (Csl), 4.85% elemental and 0.15% organic. However, since no credit is
taken for the actuation of sprays or pH control, the iodine released via containment
leakage pathway is assumed to have the same composition as iodine activity released
to the environment from the secondary coolant; i.e.; 97% elemental and 3% organic.
Environmental releases due to containment leakage can occur unfiltered as a diffuse
source from the containment wall, and as a point source via the containment
penetration areas or the Plant Vent. The dose consequences are estimated based on
the worst case atmospheric dispersion factors, i.e., an assumed environmental
release via the containment penetration areas.

Scenario 2: Transport from Secondary System

The failed fuel activity released due to a CREA into the RCS is assumed to be
instantaneously and homogeneously mixed in the reactor coolant system and
transmitted to the secondary side via primary to secondary SG tube leakage. The
activity associated with the release of the initial inventory in secondary steam/liquid,
and primary to secondary leakage of normal operation RCS, (both at Technical
Specification levels) via the MSSVs/10% ADVs are insignificant compared to the failed
fuel release, and are therefore not included in this assessment.

DCPP Plant Technical Specification 3.4.13d limits primary to secondary SG tube
leakage to 150 gpd per steam generator for a total of 600 gpd in all 4 SGs. To
accommodate any potential accident induced leakage, the CREA dose consequence
analysis addresses a limit of 0.75 gpm from all 4 SGs (or a total of 1080 gpd).

The effect of SG tube uncovery in intact SGs (for SGTR and non-SGTR events), has
been evaluated for potential impact on dose consequences as part of a WOG
Program and demonstrated to be insignificant; therefore, the gap iodines have a
partition coefficient of 100 in the SG. The gap noble gases are released freely to the
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environment without retention in the SG.

The condenser is assumed unavailable due to the loss of offsite power. Consequently,
the radioactivity release resulting from a CREA is discharged to the environment from
steam generators via the MSSVs and the 10% ADVs. Per Regulatory Guide 1.183,
97% of all halogens available for release to the environment via the Secondary System
are elemental, while the remaining 3% are organic. The SG releases continue until
shutdown cooling is initiated via operation of the RHR system (10.73 hours after the
accident) and environmental releases are terminated.

15.56.23.2.3 Offsite Dose Assessment

AST methodology requires that the worst case dose to an individual located at any
point on the boundary at the EAB, for any 2-hr period following the onset of the
accident be reported as the EAB dose. For Scenario 1 (release via Containment
leakage), the worst case 2-hour period occurs during the first 2 hours). For Scenario 2
(release via secondary side), the worst two hour period can occur either during the 0-2
hr period when the noble gas release rate is the highest, or during the t=8.73 hr to
10.73 hr period when the iodine and particulate level in the SG liquid peaks (SG
releases are terminated at T=10.73 hrs). Regardless of the starting point of the worst
2 hr window, the 0-2 hr EAB %/Q is utilized.

The bounding EAB and LPZ dose following a CREA at either unit for both scenarios
are presented in Table 15.5-52.

15.5.23.2.4 Control Room Dose Assessment

The parameter values utilized for the control room in the accident dose transport model
are discussed in Section 15.5.9. Provided below are the critical CREA-specific
assumptions associated with control room response and activity transport.

Timing for Initiation of CRVS Mode 4:

The time to generate a signal to switch CRVS operation from Mode 1 to Mode 4 is
based on the containment pressure response following a 2 inch small-break LOCA
(SBLOCA), and the fact that at DCPP, a Containment High Pressure signal will initiate
a SIS which will automatically initiate CRVS Mode 4 pressurization. The containment
pressure response analysis for a 2 inch SBLOCA shows that the 3 psig setpoint for
Containment High Pressure is reached in 150 seconds after the SBLOCA. As
indicated earlier, releases to the containment following a CREA are through a faulted
control rod drive mechanism housing. The control rod shaft diameter is 1.840 inches
and the RCCA housing penetration opening is 4 inches in diameter. Based on the
above and for the purposes of conservatism, the time to generate the Containment
High Pressure SIS following a CREA is assumed to be double the value applicable to
the 2 inch SBLOCA, or 300 seconds.
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Based on the above, following a CREA,

a. An SIS will be generated at t = 300 sec following a CREA.

b. The CRVS normal intake dampers of the accident unit start to close after a 28.2
second delay due to delays associated with diesel generator loading onto the 4kv
buses. The control room dampers are fully closed 10 secs later, or at {=338.2
secs (i.e., 300 + 28.2 + 10). The 2 second SIS processing time occurs in parallel
with diesel generator sequencing and is therefore not included as part of the
delay.

c. In accordance with DCPP licensing basis, the CRVS normal operation dampers
of the non-accident unit are not affected by the LOOP and are isolated at t=312
secs (i.e., 300 + 2 secs signal processing time + 10 sec damper closure time).

Control Room Atmospheric Dispersion Factors:

As noted in Section 2.3.5.2.2, because of the proximity of the MSSV/10% ADVs to the
control room normal intake of the affected unit and because the releases from the
MSSVs/10% ADVs have a vertically upward discharge, it is expected that the
concentrations near the normal operation control room intake of the faulted unit
(closest to the release point) will be insignificant. Therefore, prior to switchover to
CRVS Mode 4 pressurization, only the unaffected unit's control room normal intake is
assumed to be contaminated by a release from the MSSVs/10% ADVs.

The bounding atmospheric dispersion factors applicable to the radioactivity release
points / control room receptors applicable to a CREA at either unit are provided in
Table 15.5-52B. The y%/Q values presented in Table 15.5-52B take into consideration
the various release points-receptors applicable to the CREA to identify the bounding
¥/Q values applicable to a CREA at either unit, and reflect the allowable adjustments /
reductions in the values as discussed in Chapter 2.3.5.2.2 and summarized in the
notes of Tables 2.3-147 and 2.3-148.

The bounding control room dose following a CREA at either unit is presented in Table
15.5-52.

15.5.23.3 Conclusions
The analysis demonstrates that the acceptance criteria are met as follows:

(1) The radiation dose to an individual located at any point on the boundary of
the exclusion area for any 2-hour period following the onset of the
postulated fission product release is within 0.063 Sv (6.3 rem) TEDE as
shown in Table 15.5-52.

(2) The radiation dose to an individual located at any point on the outer

boundary of the low population zone, who is exposed to the radioactive cloud
resulting from the postulated fission product release (during the entire period
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of its passage), is within 0.063 Sv (6.3 rem) TEDE as shown in Table 15.5-
52.

The radiation dose to an individual in the control room for the duration of the
accident is within 0.05 Sv (5 rem) TEDE as shown in Table 15.5-52

o ci CHito =

15.5.24 RADIOLOGICAL CONSEQUENCES OF A RUPTURE OF A WASTE GAS
DECAY TANK

15.5.24.1 Acceptance Criteria

The radiological consequences of a rupture of a waste gas decay tank shall not exceed
the dose limits of 10 CFR 100.11 as outlined below:

(1) An individual located at any point on the boundary of the exclusion area for the
two hours immediately following the onset of the postulated fission product
release shall not receive a total radiation dose to the whole body in excess of
25 rem or a total radiation dose in excess of 300 rem to the thyroid from iodine
exposure.
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57.

58.

59,

60.

61.

62.

63.

64.

65.
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Specifications Section 3.9.4, Containment Penetrations (TAC Nos. MB3595
and MB3596), Accession No. ML021010606, October 21, 2002.

NLJ‘RWAN‘DQM&Dé'G ed
TID-14844, “Calculation of Distance Factors for Power and Test Reactor Sites”,
1962.

"RADTRAD-A-ModelforRadionuclide TranspeH
1 ) 3

Not Used.

Regulatory Guide 1.183, Revision 0, “Alternative Radiological Source Terms for
Evaluating Design Basis Accidents at Nuclear Power Reactors”, July 2000.

NUREG-0017, “Calculation of Releases of Radioactive Materials in Gaseous
and Liquid Effluents from Pressurized Water Reactors”, Revision 1.

NUREG 0737, Clarification of TMI Action Plan Requirements, November 1980.

NUREG 0737, Supplement 1, Clarification of TMI Action Plan Requirements,
January 1983.

NUREG-0800, Standard Review Plan 15.0.1, “Radiological Consequence
Analyses using Alternative Source Terms,” Revision 0.

Regulatory Guide 1.145, “Atmospheric Dispersion Models for Potential Accident
Consequence Assessments at Nuclear Power Plants”, Revision 1.

Ramsdell, J. V. Jr. and C. A. Simonen, "Atmospheric Relative Concentrations in
Building Wakes". Prepared by Pacific Northwest Laboratory for the U.S.
Nuclear Regulatory Commission, PNL-10521, NUREG/CR-6331, Revision 1,
May 1997.

NUREG/CR 5009, Assessment of the Use of Extended Burn Fuel in LWRs,
January 1988.

RADTRAD 3.03 (GUI Mode Version), A Simplified Model for RADionuclide
Transport and Removal And Dose Estimation, NUREG/CR-6604, Users’ Guide
- Supplement 2, October 2002.

SCALE 4.3, “Modular Code System for Performing Standardized Computer
Analyses for Licensing Evaluation for Workstations And Personal Computers,”
Control Module SAS2.

ACTIVITY2, “Fission Products in a Nuclear Reactor” - CB&l Proprietary
Computer Code NU-014, V01, LO3.
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74.

75.

76.

77

78.

79

80.
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IONEXCHANGER, - CB&I Proprietary Computer Code NU-009, Ver. 01, Lev.
03. 4

SWNAUA, “Aerosol Behavior in Condensing Atmosphere”, CB&l Proprietary
Computer Code NU-185, V02, LO.

RADTRAD 3.03 “A Simplified Model for RADionuclide Transport and Removal
And Dose Estimates.

PERC2, “Passive Evolutionary Regulatory Consequence Code” - CB&l
Proprietary Computer Code, NU-226, V0O, L02.

SW-QADCGGP, “A Combinatorial Geometry Version of QAD-5A” - CB&l
Proprietary Computer Code, NU-222, V0O, L0O2.

GOTHIC, “Generation of Thermal-Hydraulic Information for Containments”.
Not Used

EN-113, “Atmospheric Dispersion Factors” - CB&l Computer Code EN-113,
V06, LO08.

ARCONO96, “Atmospheric Relative Concentrations in Building Wakes.

NUREG-0800, Standard Review Plan (SRP) Sections 15.2.1-15.2.5, “Loss of
External Load; Turbine Trip; Loss of Condenser Vacuum; Closure of Main
Steam Isolation Valve (BWR); and Steam Pressure Regulator Failure (Closed)”,
Revision 1

NUREG-0800, SRP Section 15.2.6, “Loss of Non-Emergency AC Power to the
Station Auxiliaries”, Revision 1.

USNRC Standard Review Plan (SRP) for the Review of Safety Analysis
Reports for Nuclear Power Plants, NUREG 0800, Section 15.6.5, Appendix B,
Revision 1, “Radiological Consequences of a Design Basis LOCA: Leakage
from engineered Safety Feature Components outside Containment”.

NRC Generic Letter No. 99-02, Laboratory Testing of Nuclear Grade Activated
Charcoal, June 3, 1999.

Not Used

NUREG 0800, 1988, Standard Review Plan, “Containment Spray as a Fission
Product Cleanup System”, Section 6.5.2, Revision 4.
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82.

83.

85.

86.
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NUREG/CR-5966, “A Simplified Model of Aerosol Removal by Containment
Sprays”, June 1993.

NUREG/CR-5732 “lodine Chemical Forms in LWR Severe Accidents — Final
Report,” April 1992.

ANSI/ANS 6.1.1-1977, “Neutron and Gamma-ray Flux-to-Dose Rate Factors”
ANSI/ANS 6.1.1-1991, "Neutron and Garﬁma-ray Fluence-to-dose Factors".

NRC Information Notice 91-56, September 19, 1991, “Potential Radioactive
Leakage to Tank Vented to Atmosphere”.

NUREG 0800, Standard Review Plan 15.2.8, Revision 2, “Feedwater System
Pipe Break Inside and Outside Containment (PWR)”

NRC SER Related to Amendment No. 8 and 6 to Facility Operating License No.

DPR-80 and. DPR-82, PG&E, Diablo Canyon Power Station, Units 1 and 2,
dated May 30, 1986.
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FABLE 4652 {HISTORICAL)

30-day 30-day 2-hour 2-hour

Release from gas desay- 0 4 0 4
tank

Fuel-handling-accident +6 -3 0 0
Loss-of-reactorprimary -5 -3 +5 -7

nt_h gk

Steam-generator-tube- +6 -2 +4 -
HptHre-aceident

Steam-line-ruptire- +5 -2 +5 )
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FABLE16:5-5

ATMOSPHERIC-DHUHON-FAGTORS

#HQ%x10%sec-m™
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248 o444 0.08 008 005
022 043 009 007 006
0-36 .22 045 042 240
040 024 847 043 44
180 1.08 o7t 060 049
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JABLE 1556
ASSUMED ONSITE ATMOSPHERIC DILUTION-FACTORS{SEC/M%)
. EOR THE CONTROL ROOM

Peried_hrs. —Seeg/m’— L ) 5 & £ & 0

—08 1.084x107 1 4 a2 4 5 B85 7.05x40°
a4 1.084x107 83 82 232 1 5 65 538x10°
—24-98 1.084x10° £ B4 2 4 5 @65 3oud0f
-~ BB a0 1.084x107 48 867 2 4 5 B85 227x10°
08 3.01x10° A . 2 4 5 65 1.96x10™
— R 30110 83 a8 2 1 5 65 149x40™*
. 3405 3.01x10° 66 84 2 1 5 86 smeug! |
06720 3.04x107 48 B2 2 1 5 B85 620x10°
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TABLE155-8
| POPULATION-DISTRIBUTION
|
|
} Onshere ,
'W!.I ; ————S6cier Midpolt Downwine oo, ke ;9‘3‘
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TABLE 15.5-9
SUMMARY OF OFFSITE AND CONTROL ROOM DOSES ERCM |
LOSS OF ELECTRICAL LOAD
Fhyroid-Doses; rem
Dose | _ ipz a8 l
TEDE, rem)Si DaysRequlator
y Limit
(TEDE, rem)
10-CFR-Part100 - 300 300
Maximum 2-hour Exclusion Area 0:028 0-0085
Boundary Dose'
- Pre-incident iodine Spike <0.1 25
- Accident-Initiated lodine <0.1 25
Spike
30-day Integrated Low
Population Zone Dose
- Pre-incident iodine Spike <01 2.5
- Accident-Initiated lodine <0.1 2.5
Spike
30-day Integrated Control Room 5
Occupancy Dose
- Pre-incident iodine Spike <0.1
- Accident-Initiated lodine <0.1
Spike
Expected-case 62%10° §7x40"
Site Boundary -2 Heurs LPZ-30 Days
10-GFR-Part-100 25 25
Design-basis-case 2.3x10° 33%10"
Expected-case 72x107 68.9x10*
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Expected-case- 3.8x10°
Note:

1.  The maximum 2-hour EAB dose occurs during the following time period :

- Pre-incident iodine Spike 0 -2 hours
- Accident-Initiated lodine Spike 8.73 - 10.73 hours
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TABLE 15.5-9A
LOSS OF ELECTRICAL LOAD
ANALYSIS ASSUMPTIONS & KEY PARAMETER VALUES

Parameter Value
Power Level 3580 MWt
Reactor Coolant Mass 446,486 Ibm

Primary to Secondary SG tube leakage

0.75 gpm (total for all 4 SGs); leakage
density 62.4 lbm/ft®

Failed/Melted Fuel Percentage

0%

RCS Technical Specification lodine Levels

Table 15.5-78
(1 uCilgm DE 1-131)

RCS Technical Specification Noble Gas Levels

Table 15.5-78
(270 pCi/gm DE Xe-133)

RCS Equilibrium lodine Appearance Rates

Table 15.5-79
(1 uCilgm DE 1-131)

Pre-Accident lodine Spike Concentration

Table 15.5-79
(60 uCi/gm DE 1-131)

Accident-Initiated lodine Spike Appearance Rate

500 times TS equilibrium appearance rate

Duration of Accident-Initiated lodine Spike

8 hours

Initial Secondary Coolant lodine Concentrations

0.1 pCi/gm DE I-131 (Table 4.2-1)

Initial and Minimum SG Liquid Mass

92,301 Ibm/SG

Time period of tubes uncovered

insignificant

Steam Releases

0-2 hrs: 651,000 Ibm

2-8 hrs: 1,023,000 Ibm

8-10.73 hrs: same release rate as that for 2-
8 hrs

lodine Partition Coefficient in SGs

100

lodine Species Released to Environment

97% elemental; 3% organic

Fraction of Noble Gas Released

1.0 (Released without holdup)

Termination of releases from SGs

10.73 hours

Environmental Release Point

MSSVs/10% ADVs

CR emergency Ventilation : Initiation
Signal/Timing

Control Room is assumed to remain on
normal ventilation for duration of the
accident.

Control Room Atmospheric Dispersion Factors

Table 15.5-9B
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TABLE 15.5-9B
LOSS OF ELECTRICAL LOAD
Control Room Limiting Atmospheric Dispersion Factors (sec/m®)

Release point and receptor 0-2hr 8-10.73 hr

MSSVs/10% ADVs to CR NOP Intake (Note 1) | 8.60E-04 | 5.58E-04 | 5.58E-04
I

2.78E-03 | 1.63E-03 | 1.63E-03

MSSVs/10% ADVs to CR Inleakage (CR
Centerline

operation CR intake of the affected unit, and due to the high vertical velocity of the
steam discharge from the MSSVs/10% ADVs, the resultant plume from the MSSVs/10%
ADVs will not contaminate the normal operation CR intake of the affected unit. Thus the
1/Q s presented reflect those applicable to the CR intake of the unaffected unit.

Note 1: Due to the proximity of the release from the MSSVs/10% ADVs, to the normal

Revision 19 May 2010
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Thyroid-Doses; rem
Site-Boundary—2 Hours LPZ-30Days-
300 300
0024 00068
40x10° 12310°
Site-Boundary—2 Hours LPZ-30Days-
25 25
0.0018 22x30"
53x107 6.6x10°
015
4.3 x10°
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Nuslide 809 4200 2008 4000 7009 10000 20000-
432 0-2274E-06 0.1462E-05 0.8030E-07 0.3344E07 0.1543E-07 0.0457E-08 0-3804E08
133 0.4100E-05 0.2693E-06 0.4484E-06 0.6162E-07 0.2842E-07 04742607 0-7009E-08
134 0-1843E-08 01185605 06547607 0.2744E07 0-4254E07 0-7667E-08 0-3084E-08

| F131PAR 00 0.0 00 00 00 00 00

| 432PAR o0 00 00 00 00 00 0.0
133PAR 09 0.0 08 00 0.0 0.0 0.0
1434RPAR 0.0 00 00 0.0 0.0 00 00

E 1435PAR 0.0 0.0 00 0.0 09 o0 o0
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TABLE 15.5-23 .

SUMMARY OF OFFSITE, CONTROL ROOM & TECHNICAL SUPPORT CENTER DOSES
LOSS OF COOLANT ACCIDENT’SUMMARY-OF EXPOSURE FROM-CONTAINMENT-

LEAKAGE®
Dose . | Regulatory
(TEDE, rem) Limit
(TEDE, rem)

Maximum 2-hour Exclusion Area 5.6 25
Boundary Dose' :
30-day Integrated Low 1 25
Population Zone Dose v
30-day Integrated Control Room 3.7 (0.7) ' B
Occupancy Dose 2
30-day Integrated TSC 4.1(1.3) 5
Occupancy Dose?

ThreatDeses s

EAB 2 Hours LPZ-30-Days
10 CFR Part 100 300 300
Desigh-basiscase 959 17.7
Expected-case 125 %103 920 x-10°
Whole Body-Dusesfem
EAB-2 Hours LPZ-30Days

10 CERPart-1006 25 25
Design-basis-case 564 0.67%
Expected-case 3.65x10* 6-44x10°
Design-basis-case 9321
Expected-case- 0269
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Note:

1

The maximum 2 hr EAB dose is based on the assumed RHR pump seal failure resulting
in a 50 gpm leak of sump water occurring at t=24 hr for 30 mins. This release pathway
is considered a part of DCPP licensing basis with respect to passive system failure. If
this assumed release pathway were not included, the maximum 2 hr dose at the EAB
would occur between t=0.5 hrs to t=2.5 hrs (i.e., during the post-LOCA ex-vessel release
phase and would be 3.4 rem.

The dose presented represents the operator dose due to occupancy. Value shown in
parenthesis represents that portion of the total dose reported that is the contribution of
direct shine from contained sources/external cloud.

4+—The dose received by the operator during transit outside the control room is not a

measure of the “habitability” of the control room which is defined by the radiation
protection provided to the operator by the control room shielding and ventilation
system design. Thus, the estimated dose to the operator during routine post-LOCA
access to the control room is addressed separately from the control room occupancy
dose and is not included with the control room occupancy dose for the demonstration
of control room habitability. As demonstrated in Section 15.5.17.2.4, the dose
contribution to the operator during routine access to control room for the duration of

the LOCA is minimal. (a-)—'Fhese—values-ee#espe;Me—ﬂae—engmal—aﬂalysqsw&e
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i
Seasen® Offshore® Onshere® Calm®
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DBA Expected
Thyroid exposureatsite 291 9.83 %10
bousdapL800-metersirem
Whole-body-expesure 0.0841 715%x10°
i e dar (500 Stire).
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TABLE 15.5-23A
LOSS OF COOLANT ACCIDENT
Assumptions & Key Parameter Values

Parameter

Value

Core Power Level
(105% of the rated power of 3411 MWith)

3580 MWt

Fuel Activity Release Fractions

Per Reg. Guide 1.183 (See Section

15.5.17.2.2.2)

Fuel Release Timing (gap)

Onset: 30 sec

Duration: 0.5 hr

Fuel Release Timing (Early-In-Vessel) Onset: 0.5 hr
Duration: 1.3 hr
Core Activity Table 15.5-77

Chemical Form of lodine released from fuel to
containment atmosphere

4.85% elemental
95% particulate
0.15% organic

Chemical Form of lodine Released from RCS
and sump water

97% elemental
3% organic

Containment Vacuum/Pressure Relief Parameters

Minimum Containment Free Volume:

2.550E+06 ft°

Primary Coolant Tech Spec Activity

Table 15.5-78

Chemical Form of lodine Released

97% elemental; 3% organic

Maximum RCS flash fraction after LOCA
Noble Gases
Halogens

100%
40%

Maximum containment pressure relief line air
flow rate

218 actual cubic feet per second
(acfs)

Maximum duration of release via containment | 13 sec
pressure relief line
Release Point Plant Vent
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Containment Leakage Parameters

Containment Spray Coverage — Injection Spray
and Recirculation Spray Modes:

Sprayed Volume

Unsprayed Volume

82.5% (sprayed fraction)

2.103E+06 ft°
4.470E+05 ft°

Minimum mixing flow rate from unsprayed to
sprayed region:

Before actuation of CFCUs

After actuation of CFCUs

2 unsprayed regions/hr
9.13 unsprayed regions/hr

Minimum duration of mixing via CFCUs Start = 86 sec
End = 30 days
Containment spray in injection mode
Initiation time 111 sec
Termination time 3798 sec

Maximum delay between end of injection
spray and initiation of recirculation spray

12 min (based on manual operator
action)

Containment spray in recirculation mode

Initiation time 4518 sec
Termination time 22,518 sec
Long-term Sump Water pH 275

Maximum allowable DF for fission product
removal

Elemental lodine: 200
Others: not applicable

Elemental iodine and particulate spray removal
coefficients in sprayed region during both
injection spray and recirculation spray modes

See Table 6.2-32

Elemental iodine removal coefficients due to
wall deposition

See Table 6.2-32

Particulate removal coefficients in unsprayed
region due to gravitational settling

See Table 6.2-32

Containment Leak rate (0-24 hr)

0.1% weight fraction per day

Containment Leak rate (1-30 day)

0.05% weight fraction per day
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Containment Leakage Release Point
(Unfiltered)

From the worst case release point of
the following:
Diffuse source via the
containment wall
Via Plant Vent
Via Containment Pen Area GE
Via Containment Pen Areas GW
& FW

ESF System Environmental Leakage Parameters

Minimum post-LOCA containment water 480,015 gal.
volume sources

Minimum time after LOCA when recirculation is | 829 sec
initiated

Duration of leakage 30 days
Maximum ECCS fluid temperature after 259.9 °F

initiation of recirculation

Maximum ECCS leak rate (including safety
factor of 2)

Unfiltered via plant vent = 240
cc/min

Unfiltered via Containment
Penetration Areas GE or GW & FW
=12 cc/min

RHR pump seal failure

Filtered" via plant vent 50 gpm
starting at t = 24 hrs for 30 min

lodine Airborne Release Fraction

10%

Augxiliary Building ESF Ventilation System filter
efficiency

Elemental iodine: 88%
Organic iodine: 88%

Refueling Water Storage Tank (RWST) Back-Leakage Parameters

Earliest initiation time of RWST back-leakage

829 sec

Maximum ECCS / sump water back-leakage
rate to RWST (includes safety factor of 2)

2 gpm

RWST back-leakage iodine release fractions

See Table 15.5-23C

RWST back-leakage noble gas, as iodine
daughters, release rate from the RWST vent

See Table 15.5-23C
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iscellaneous Equipment Drain Tank (MEDT) Leakage Parameters l

MEDT inflow rate (includes safety factor of 2) [ 1900 cc/min
MEDT leakage lodine release fractions See Table 15.5-23D

MEDT leakage noble gas, as iodine daughters | See Table 15.5-23D
release rate from plant vent «

M

CR Emergency Ventilation: Initiation Signal/Timing

Initiation time (signal) Sl signal generated: 6 sec
Non-Affected Unit NOP Intake
Isolated: 18 sec

Affected Unit NOP Intake Isolated
and CRVS Mode 4 in full Operation:
44.2 sec '

Bounding Control Room Atmospheric Table 15.5-23B
Dispersion Factors for LOCA ’

Note:
Releases from the RHR Pump Seal failure are filtered for CR dose evaluation and Site
Boundary Dose Evaluation.
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15.5-23B
LOSS OF COOLANT ACCIDENT
Control Room Limiting Atmospheric Dispersion Factors (sec/ma)
Release Location / Receptor | 0-2hr 28hr | 824hr | 24-96hr 96;\120
Control Room Normal Intakes
Plant Vent Release
- Affected Unit Intake 1.67E-03 e e | mmeee S
- Non-Affected Unit Intake 910E-04 §  —- | e [ e |
Containment Penetration Areas
- Affected Unit Intake 68403 | — | — | =— | —
- Non-Affected Unit Intake 2.24E-03 St | eewe | e | e
Control Room Infiltration
Plant Vent 1.26E-03 8.96E-04 | 3.44E-04 | 3.44E-04 | 2.99E-04
Containment Penetration Areas | 3.22E-03 1.85E-03 7.29E-04 | 7.15E-04 | 6.64E-04
RWST Vent 1.07E-03 5.80E-04 | 2.18E-04 | 2.19E-04 | 1.79E-04
Control Room Pressurization Intake
Plant Vent 5.65E-05 3.70E-05 1.35E-05 | 1.37E-05 | 1.11E-05
Containment Penetration Areas | 6.45E-05 4.05E-05 1.65E-05 | 1.38E-05 | 1.12E-05
RWST Vent 5.25E-05 3.03E-05 1.15E-05 | 1.10E-05 | 8.83E-06

Note 1: Release from the Containment penetration areas (i.e., areas GE or GW & FW):
applicable to containment leakage and ESF system leakage that occurs in the Containment

Penetration Area

Note 2: Release from Plant Vent: applicable to ESF system leakage that occurs in the Auxiliary
building, MEDT releases, RHR Pump Seal Failure Release and Containment Vacuum/Pressure

Relief Line Release
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TABLE 15.5-23C

LOSS OF COOLANT ACCIDENT
RWST lodine Releases Fraction and Gas Venting Rate to Atmosphere

Average Interval

Fromiine | Toins. .| (M0 oksag Rt Wotdhs e Siios

Atmosphere
Sec Sec Fraction Vst / day I
829 7200 2.610E+00
7200 28,800 7.291E-01
28,800 86,400 8.796E-06 7.375E-02
86,400 345,600 4.560E-07 9.955E-03
345,600 471,600 6.347E-07 | 1.311E-02
471,600 1,011,600 8.231E-07 1.489E-02
1,011,600 | 2,048,400 1.114E-06
2,048,400 2592000 1.483E-06

Where:

leieased = Total lodine mass released to atmosphere during specified time interval, gm
lentering = Total lodine mass entering to the RWST during specified time interval, gm
Frac. V.t = Rate of Fractional RWST gas volume vented during specified time interval
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TABLE 15.5-23D
LOSS OF COOLANT ACCIDENT
MEDT lodine Release Fraction and Gaseous Venting Rate to Atmosphere
lodine Release Average Interval Weighted
From Time To Time Fraction to Gas Space Venting Rate
Atmosphere to Atmosphere
Sec Sec Fract:on heteasa Fraction Vygor / day
entering
829 7,200 4.521E-07 5.024E+00
7,200 28,800 1.386E-08 3.024E-02
28,800 86,400 2.362E-07 3.324E-01
86,400 183,289 3.950E-07 6.497E+00
183,289 345,600 1.236E-02 (Note 2) (Note 1)
345,600 752,400 2.028E-02 (Note 2) (Note 1)
752,400 1,530,000 2.390E-02 (Note 2) (Note 1)
1,530,000 2,592,000 2.166E-02 (Note 2) (Note 1)

Where:
l.eleased = Total lodine mass released to atmosphere during specified time interval, gm
lentering = Total lodine mass entering to the MEDT during specified time interval, gm
Frac Vyeor = Rate of Fractional MEDT gas volume vented during specified time interval

Note 1: After the MEDT overflows at t = 183,289 sec, the gas venting rates are 2640 cfm from
the EDRT room, and 1760 cfm from the U1/U2 Pipe Tunnels (i.e., the exhaust ventilation rate
from the respective rooms + 10%). To be consistent with the methodology used to determine
the iodine release fractions after spillover, the noble gases generated by decay of iodines in the
tank and spilled liquid after overflow occurs, should also be released instantaneously to the
environment without hold-up.

Note 2: The room ventilation flows addressed in Note 1 (utilized as clean in-coming air) are
incorporated into the determination of the iodine equilibrium concentration in the EDRT room
and U1/U2 Pipe Tunnels air space, respectively. The bounding iodine release fractions
presented above after spillover assume instantaneous release of iodines to the environment
without hold-up in the room.
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TABLE 15.5-23E
LOSS OF COOLANT ACCIDENT
TSC Limiting Atmospheric Dispersion Factors (seclm3)

Release Location / Receptor

0-2 hr

2-8 hr

8-24 hr

24-96 hr

TSC Normal Intakes

Plant Vent Release

5.52E-04

Containment Penetration
Areas

1.80E-03

RWST Vent

3.63E-04

TSC Infiltration

Plant Vent

5.43E-04

2.16E-04

9.97E-05

8.11E-05

6.58E-05

Containment Penetration
Areas

1.83E-03

7.49E-04

3.16E-04

2.92E-04

2.41E-04

RWST Vent

3.72E-04

1.68E-04

6.64E-05

6.17E-05

5.10E-05

CR/TSC Pressurization Intake

Plant Vent

3.70E-05

1.35E-05

1.37E-05

1.11E-06

Containment Penetration
Areas

4.05E-05

1.65E-05

1.38E-05

1.12E-05

RWST Vent

3.03E-05

1.15E-05

1.10E-05

8.83E-06

Note 1: Release from the Containment penetration areas (i.e., areas GE or GW & FW):
applicable to containment leakage and ESF system leakage that occurs in the Containment

Penetration Area

Note 2: Release from Plant Vent: applicable to ESF system leakage that occurs in the Auxiliary
building, MEDT releases, RHR Pump Seal Failure Release and Containment Vacuum/Pressure

Relief Line Release
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