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MSLB accident. The whole body and Beta dose contributions from the 1odides and noble gases are
also calculated by the AXIDENT code, however, these values are not presented since they are
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the Control Room dose after a MSLB, reflecting BNP’s power uprate.

Revision 2 assessed the impact on operability with the CR filter unit in a degraded condition

Revision 3 was prepared to utilize the latest reactor coolant release rates as calculated by GE and
to perform the analysis using & uniform cloud and gaussian puff release. The degraded charcoal
efficiencies used in Rev. 2 were not used in Rev. 3. (Due to the extent of revisions in Rev. 3 change
bars were not included)
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L0 OBJIECTIVE

The purpose of this calculation is to reanalyze the Brunswick Nuciear Plant (BINP) control room
(CR) radiological thyroid dose following a main steam line break (MSLB). This analysis was
performed to replace the existing “hand” calculations performed in light of the power uprate effort.
The radiological consequences of the MSLE scenanio will be assessed using the SCIENTECH-NUS

“AXIDENT" computer code to calculate the CR operator thyroid dose following a design basis
MSLB accident. The whole body and Beta dose contributions from the iodides and noble gases are
also calculated by the AXIDENT code, however, these values are not presented since they are
negligible compared to the regulatory limits. This calculation wili be the calculation of record for
the Control Room dose after a MSLB, reflecting BNP’s power uprate.

Ravision 2 assessed the impact on operability with the CR filter unit in a degraded condition

Revision 3 was prepared to utilize the latest reactor coolant release rates as calculated by GE and
to perform the analysis using a uniforn. cloud and gaussian puff release. The degraded charzoal
efficiencies used in Rev. 2 were not used in Rev. 3. (Due to the extent of revisions in Rev. 3 change
bars were not included).

20 METHOD OF ANALYSIS

General

The consequences of a design basis MSLB accident to the Control Room operators will be assessed
using the SCIENTECH- NUS "AXIDENT" computer code which is a transient control room and
off-site dose analysis code.  The program will be executed on a Dell Optiplex GXMT 5133
computer running @ Windows95 operating system as currently assigned to Carl Snyder (Matrix
Leasing - 210158)

Source Term Model/Release Path Modgel

The general accident analysis assurmptions and methodology will be based on the guidance provided
in the Standard Review Plan and Regulatory Guides. This methodology replaces the scenario
described in the existing UE&C Contiol Room MSLB dose calculation which was subsequently
revised by CP&L (See Reference 3.1) The new methodology is based on the general guidance
provided in SRP 15.6.4, SRP 2.3 4, and Reg Guide 1 5 (Safety Guide 5) (Referznces 3 8, 3.9, and
3.10). The methodology and inputs are as follows.

. The calculated radiological consequences of a MSLB accident is conservatively assessed by
assuming that the Reactor Coolant released during the line break forms a cloud that migrates
towards the CR at a rate of 1 meter per second (the wind speed of | meter per second is the
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M regulatory assumption used in design basis accident analyses, see for exampie Safety
Guide 5) This approach conservatively neglects any holdup affect as a result of the presence
of the Turbine Building enclosure and conservatively neglects the removal affeci provided
by the Turbine Building Exhaust filter units (“white elephants”). This approach also
neglects the buoyancy of the steam cloud and conservatively assumes that the cloud stays
at ground level and that the centerline of the cloud passes by the CR intake The size of the
cloud was determined in CP&L calculation 0VA-0107 (Reference 3.10, Information
provided via telephone communication between D. Studley and P. Dorosko). The
determunation of the cloud size neglected the absorption of the air into the steam cloud which
is conservative since it results in a smaller more concentrat2d clud.

. It is assuined that all of the iodines in the relecsed reactor coolam liquid are carried to the
cloud This approach is also conservative since some of the iodine will remain with the water.
The regulatory guidance for similar accidents (i.e, SRP 15.6.2 - Small Lines Carrying
Primary Coolant Outside Containment) allows credit tor a portion of the iodines (equivalent
to the flash fraction) to stay with the water. For information, the guidance from SRP 1562
(Reterence 3.11) is as follows:

“The fraction of the ipdine assumed to become airborne and available for
release to the atmosphere, without credit for plateout, is equal to the fraction
of the coolant flashing into steam in the depressurization process. The flash
fraction 1s determined by assurming the discharge to be a constant enthalpy
process.”

- As stated in SRP Section 15.6.4, two iodine concentrations are normally analyzed. These
two iodine concentrations correlate to the technical specification values associated with (1)
the maximum equilibrium value permutted for continued full power operations and (2) the
maximum value permutted corresponding to an assumed preaccident iodine spike. For BNP
these values are crrently at 0.2 pCi/g i-131 Dose Equivalent and 4 0 uCi/g 1-131 Dose
Equivalent, respectively. For the Control Room, the analysis is being nerformed only at the
preaccident iodine spike concentration since it results in a consequence 20 times higher than
the maximum equilibrium concentration. The iodine spike is conservatively assumed to
occur during Hot Standby which results in the largest liquid release. This analysis will also
assess parametncally the impact of reducing the preaccident iodine spike iimit. Per a
conversation with T. Devore of BNP, the allowable specific activity (ie, Technical
Specification) is based on a dose equivalency of I-131 #s caicuiated using ICRP-2.

. With regards to the analysis of the cloud dispersion und the distnbution of the activity within
the cloud, this anaiysis will determine the calculated radiological consequences of a MSLB
by (1) assuming that the activity is uniformly mixed throughout the cloud and by (2)
assuming that the concentration is distributed in accordance with a Gaussian distribution as
1s recommended in SRP 2.3 4 through reference to Reg Guide 1.78 (Referer.ce 3 13)  Once
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the mlym demonstrates that the two approaches ar: squivalent, the subsequent parametric
studies will be performed using the uniform distrit\ition assumption. The guidance provided
in SRP 2.3.4 is as follows:

“ Most accidental releases can be considered as continuous releases (i.e, on the order
of several minutes or more). However, some releases such as from steam line breaks
or of hazardous chemicols may be considered as instantancous (puffs). The general
Gaussian diffusion model for continuous releases is used (o evaluate releases on the
order of several minutes or more  For puff releases, instantaneous point source
Gaussian diffusion equations are used with a correction for initial source volume ”

2 The iodine distribution at the time of the accident is a function of water chemistry and will
be analyzed using the same distribution as provided by GE in the recent power uprate
analyses (see Reference 3.1).

. The whole body and Beta dose contributicns from the iodides and noble gases arc caiculated
by the AXIDENT code, however, these values are not presented since they are negligible as
compared to the 5 rem and 30 rem limit, respectively.

. For the uniform cloud approach, the analysis does not credit any atmospheric dispersion
above and beyond the initial cloud dispersion by the generation of a cloud. For the Reg
Guide 1.78 Gaussian distribution approach, the analyzis calculates a diffusion of the cloud
as it moves from turbine building to the Control Room. The analysis was performed using
a distance of '30 ft from the Turbine Building to the Control Room.

Except for the recently measured Control Room filter unit flow parameters, the Control Room
parameters will be based on the LOCA dose analysis model presented in Reference 3.2 The LOCA
model as opposed to the UE&C model uses a slighly higher unfiltered inleakage rate and also uses
a lower filter efficiency for the organic iodides (90% as opposed to 95%) Both changes are
conservative. On the other hand, the CR filter unit mode of operation will be assumed to start at
approximately 5 seconds after the accident as opposed to the 10 minute delay that was used in
Reference 3.1 (the ruference calculation was done to support an operability asseisment for which
the redundancy of the CR filter system initiation was no longer availablz, this condition has since
been resolved, based on conversation with T. Devore).

Modeling Approach for AXIDENT Code

The MSLB source term, as discussed above, is treated as a constant flow of air with a uniform
radionuclide concentration being drawn into the control room as the cloud passes the CR followed
by a continuous flow of clean air at ths same fow rate The simplified (i.e , uniform cloud) CR

source term model simulates a cloud of radioactive air with a uniform concentration of radionuclides,
genciated by a MSLB, passing over the control room air intake. The AXIDENT source term model
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15 adjusted to provide the above constant air inflow into the (.R. The containment is represented as
a very large volume (100 times the fission products released and 100 times the Turbine Building
volume) with a radionucliée concentration equal to that of the cloud. The volume and source was
increased by this factor tc ensure that the concentration in the “primary containment” voiume in the
model stays relatively constant during the release (i e., the reduction of radionuclide concentration
in the cloud will be negligible over the cloud passage period). The radionuclide concentration
leaving the containment and entering the CR is then maintained in the AXIDENT code by specifying
aX/Qof 1.0.

For the uniform cloud model, the release rate from the “primary containment” of the AXIDENT
code will be calculated based in the intake flow to the CR. Since the X/Q is being set to 1.0, this
means that all of the activity leaving the “Primary” (the code uses a release rate equal to the CR
intake rate) will enter the CR.  Therefore, the resulting model is one with a uniform cloud in the
Turbine. Building with a concentration the same as described in Ref. 3.1 which leaks with 7 flow of
4500 cfm (see Section 5.0 for source of input) directly to the CR.

For the Gaussian cloud distribution model, the X/Q) as & function of time will be calculated using the
equations in Reg Guide 1.78. This Gaussian distribution will be represented by a step function of
time increments on the order of 4 seconds. The code input for the X/Q will be based on the
percentage of the uniform concentration as a function of time

CR.Dose Mode!

The CR is modeled as one volume with instantaneous air mixing, filtered air inflow, unfiltered
infiltration, filtered recirculation, and CR exhaust flow. Dose mitigating factors outside of the CR,
such as containment spray and filtration as well as secondary containment considerations are not
considered in this MSLB simulation. The 3/Q of 1.0 means that the concentration of radionuclides
is not diminished as they are transferred from the containment (cloud) to the CR intake. Radioactive
decay is applied only to the air in the CR. The filtration of CR air including recirculated air is
modeled in the AXIDENT code. The purging of the CR after the radioactive cloud has passed is
simulated by perfect mixing of all air entering the CR and release ot the mixed air from the CR at
the same rate the air is entening the CR. Operator exposure is based on the dose conversion factors
and a constant breathing rate.

Efl 't of Measured Flows

An analysis will be performed using the recently measured Control Room parameters on the
calculated dose from a MSLB.  These flows were provided as part of the problem statement by
CP&L and represent the current operating status. The onginal design base case flows were 3126 cfm
of unfiltered infiltration, 900 cfim filtered recirculation, and 1100 cfm filtered intake. For this
reanalysis, the measured conditions are for a total unfiltered flow of 3000 cfm with a filter=d intake
flow of 1500 cfm and a recirculation flow of 500 cfm.
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Dose (" ion F

The “AXIDENT" Code uses the coaservative Dose Conversion Factors (DCFs) that were in effect
and used for the design basis 10CFR100 type reactor siting analyses (i.c., TID 14844 and ICRP
Publication 2). This analysis will use the ICRP 30 DCFs which are generally accepted by the NRC
and have been used for a number of design basis accident analyses, including H B. Robinson’s CR
Dose Analyses (the ICRP 30 DCFs are the default values in the NRC CR dose analysis program).
The use of ICRP 2 as the method of limiting the quantity of activity in the coolant and the use of
ICRP 30 as the DCF in the dose calculations does not represent a conflict because the 1131 dose
cquivalency of the TS establishes the allowable initial iodine concentrations and is not related to the

the consequence of the activity.
The various DCF's are as follows:
"AXIDENT"(ICRP 2) ICRP 30
1-131 1 48E+06 1.1E+06
1-132 5.35E+04 6.3E+03
I-133 4 00E+0S 1.8E+05
1-134 2.50E+04 1.1E+C3
1-135 1.24E+05 3 1E+04

3.0 REFERENCES

3.1  Carolina Power and Light Company, 0VA-0009, "BNP Control Room Integrated Dose
Analysis for MSLB Outside Secondary Containment,” Rev. 1, dated November 18, 1996

3.2 HALLIBURTON NUS Calculation, ST73-M-04, "Impact of Standby Gas Treatment Flows
on LOCA Accident Analyses,” Rev 0, dated 4/14/93

33 HALLIBURTON NUS "AXIDENT, A Digital Computer Dose Calculation Model,” Version
2, Mod 4, dated 2/18/92

3.4  TID- 14844, "Calculation of Distance Factors for Power and Test Reactors Sites,” 1962

35  ICRP Publication 2, “Report of Committee II, Permissible Dose for Internal Radiation,” 1959,
36 NotUsed

3.7  ICRP Publication 30, "Limits for Intakes of Radionuclides by Workers," 1979

3.8 NUREG-0800, Standard Review Plan, Section 2.3 4, “Short-term Dispersion
Estimates for Accidental Atmospheric Releases,” Rev. 1, July 1981,
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39 NUREG-0800, Standard Review Plan, Section 15.6 4, “Radiological Consequences
of Main Steam Line Failure Outside Containment (BWR),” Rev. 2, July 1982.

310 CP&L Calculation, 0VA-0107, “Determination of Steam Cloud for MSLB Dose
Calculation,” Rev. 0

3.11 Safety Gude S, “Assumptions used for Evaluating the Potential Radiological
Consequences of a Steam Line Break Accidents for Boiling Water Reactors,”
3/10/71.

3.12 NUREG-0800, Standard Review Plan, Section 15.6 2, “Radiological Consequences
of the Failure of Small Lines Carrying Primary Coolant Outside Containment,” Rev.2
July 1981

3.13 Regulatory Guide 1.78, “Assumptions for Evaluating the Habitability of a Nuclear
Power Plant Control Room During a Postulated Hazardous Chemical Release,”
6/1/74.

4.0  ASSUMPTIONS AND INPUTS
4.1  Yerification of AXIDEL T Code and Input Files

The AXIDENT program, used to perform the dose analyses, will be executed on a Dell Optiplex
GXMT 5133 computer running 8 Windows9$ operating system as currently assigried to Carl Snyder
(Matrix Leasing - 210158). Satisfactory operation of the AXIDENT code on this computer has been
confirmed by revalidation of the code as documented in Reference 3.7. There have been no
hardware or software changes since this revalidation and therefore the verification/baseline is still
valid.

The quantity of steam and liquid released during the MSLB was provided by Mr. Pete Dorosko via
a phone conversation with Mr. Dave Studiey of SCIENTECH. Total reactor coolant released =

47,050 Ibs. of which 9450 ibs is in the form of 98% quality steam and 37,600 Ibs is in the form of
liquid.

50 ANALYSIS

As discussed in the approach, the MSLB analysis is being performed following the approach used

in the hand calculations performed in Reference 3.1 with the changes discussed previously in this
calculation.
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From Reference 3 2, the CR input parameters and general inputs are summarized as follows:

. Iodine Fractions
Assumed that the distribution is the same as the LOCA analysis  There is no impact
on the results due to the distribution since the efficiency is the same for all forms of

= 4% Organic
91% Elemental
5% Particulate
. X/Qs=10

. Occupancy Factors - Used 1.0 instead of the following factors usually used for the entire time
since very little dose from later times

0-1day=10
l4days=06
4-30 days =0 4
. Control Room Volume = 208,650 f*

. Control Rm Emerg Zone Volume = 298,650 ft’

. Unfiltered inlcakage = 3000 cfm
(Note - value used in LOCA analysis is 3126 cfin)
. Filtered Recirculation = 500 cfm

(Note - value used in LOCA analysis is 900 cfm)

. Control Room Filtered intake flow = 1500 ¢fm (approx. 5 second delay)
(Note - value used in LOCA analysis is 1100 cfm)

The above CR filter unit parameters result in a dose 4 9% higher than was calculated with the LOCA
values used in Revision 2 of this calculation. Use of these “measured flows” is hence conservative.

. Control Room Fiiter Efficiency = 90% Elem., 90% Part |, 90% Org.
The CR filter efficiency for this analysis is being reduced 1o 90% for all forms of iodine to allow for

a future reduction in the Technical Specification limit. The use of a value below the TS limit is
conservative.
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. Control Room non-removal rate from Ref. 3.2 is 0.70 for ail forms of iodines (see determination
below).

. CR cleanup rate following isolation = 2.51E-5 sec™ (all at 90%) (See Reference 3 2)
5.1  MSLB Analysis
e Cloud Ansbes

The total fluid released from the MSLB is 47,050 Ibs. Of this total, 9450 Ibs is steam and 37,600
Ibs is liquid. The steam is composed of 2 percent liquid (9450 *0.02 = 189). Therefore, the total
liquid release is 37,600 + 189 = 37,789 Ibs (1.714E7 g). The cloud formed by the initial steam and
the liquid that flashes to sieam has a diameter of 108 15 ft At a wind speed of 1 m/s (3.281 ft/s),
the cloud passes over the control room intake in (108 15 f)/(3.281 fs) = 33 secunds. Assuming
the cloud is a sphere, the volume is (4/3)nr* = (4/3)n(108 15/2) = 6.623ES ft* (1 875E4 m”).

The reactor coolant has an iodine concentration of 4 0 uCvg I-131 Dose Equivalent (DE) The
iodine isotope distribution provided is based on the recent power uprate analysis (Ref 3.1) The
quantity of each isotope is based on the I-131 equivalency using ICRP 2 DCFs. First the distribution
is normalized. The normalized distribution is then multiplied by the ICRP 2 DCFs to yield a

“normalized” dose.
Isotope Iodine Normalized ICRP 2 DCF Normalized Dose
Distribution  Distribution (Ci) (rem/Ci) (rem)

I-131 3.1950 2.139E-2 1 48E6 3 166E4

1~132 31.079 2 080E-1 5.35E4 1.113E4

I-133 21.887 1.465E-1 4.00ES 5.860E4

I-134 61.280 4 102E-1 2.50E4 1.026E4

1-135 31955 2.139E-1 1.24ES5 2.652E4

Total 1.382ES
An ICRP 2 dose is then calculated for the amount of release.
(4.0 uCg I-131 eq )(1.714E7 g) = 68.56 Ci, where 1 714E7 g = 37,789 lbs
(68 56 Ci)(1.48E6 rem/Ci) = 1 0147ER rem
The ICRP 2 dose is divided by the total “normalized” dose to provide a multiplier.

(1.0147E8 rem)/(1.382ES rem) = 734 23
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This multiplicr is applied to the normalized isotope distribution 1o generate the ICRP 2 isotope
distribution. The ICRP 2 distribution is then increased by a factor of 100 to maintain a constant
concentration in the “primary” containment. The distribution is also increased by a fac*or of 4 to
compensate for the 75% auto plateout performed by the AXIDENT code.

Isotope Normalized ICRP 2 AXIDENT
Distribution (Ci) Distribution (Ci) Distribution (Ci)

I-131 2.139E-2 15.708 6282

1-132 2.080E-1 152.720 61088

1-133 1. 465E-]1 107.565 43026

1-134 4.102E-1 301.181 120472

I-135 2.139E-1 157.052 62821

The resulting 30 day control room operator thyroid dose for the uniform cloud scenario was
calculated to be 34.0 rem. (See Attachments J,N)

Gaustian Analysi

As stated previously, a Gaussian cloud distribution model was developed based on the equations in
RG 1.78. The Gaussian diffusion equation is:

3

i -1

X( T 1 x? v z?
'—:\787(":4’0?)(03’07):) gl 1 3 2 3 23
o, ‘ 0,*0; 0,+0; 0,+0;

where.
X/Q, is the unit concentration at coordinates X, v, z from the center of the puff
g, 0,, 0, are the standard deviations of the isotope concentration in the herizontal
alongwind, horizontal crosswind, and vertical crosswind directions, respectively
(assume o, = 0,)

o, is the inital standard deviation of the puff

where Q, is the puff release quantity in curies and X, is the initial curie concentration
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X, y, z are the distances from the puff center in the horizontal alongwind, norizontal
crosswind, and vertical crosswind directions, respectively

x=D-ut whereD is the source-receptor distance, u is the windspeed, and t is the
time after release

For the BNP MSLB model.

o,*0,=|6mand 0,0m
The standard deviation values were determined by extrapolation of the Pasquill Type F curves in
Figures | and 2 of RG 1.78. The Pasquill Type F stability category was assumed since this
represents the worst case stability category at most sites.

D=130f=39¢24m

u = 1 m/s (conservative windspeed described above)

Q= 15.705 Ci (I-131)

The initial concentration (X)) is based on the volume of release (6.623E5 ft* = | 87SE4 m®)

x - 15705 Ci

. it &) = 8.376E-4 Cilm?
i 4dm

Therefore,

1
o= 13705 __ 1 13.35m
T 1(71.87%8.376E-4)

1) -! 3
X.( 2, 27) _Af 39.624-(2)(39 624)t+17 0? L ]
-Q— 7.87(1.6°+13.35%)(0%+13.35%) exp - ol 1 S T

!

X 1,,157006~79.25¢+¢2 ]
— = (5. -5 -—
) (5.26E N"V[( 2)( 18078 )j
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Dose Analysis to Support Power Uprate

SUBJECT:  Main Steam Line Break Analysis, Control Room CHKQ B);.- DATE: 3/20/97

The above equation is the Gaussian diffusion model for BNP. Since X/Q, is independent of
concentration (units are m”), the same X/Q;’s apply to each iodine isotope. Therefore solving the
equation with respect to time generates a X/Q, distribution which is applicable to all iodine isotopes.
For AXIDENT code input, twenty-two time steps were used to model the above equation. This
step function is plotted against the Gaussian curve and the uniform distribution applied in the
previous case. As can be seen in Attachment R, the area under the uniform distribution closely
approximates the area under the Gaussian distribution, This is verified by the results of the Gaussian
distributicn run which yielded a control room operator thyroid dose of 34.2 rem vs. the uniform
distribution result of 34.0 rem. (See Attachments K, 0)

P b i
Because of the close approximation of the Gaussian distribution by the uniform distribution, the two
other cases (3 0 uCi/g and 2.0 uCi/g I-131 eq. concentrations) will be modeled using the uniform
distribution. For both cases the only changes required are to the iodine concentrations
For 3.0 uCi/g I-131 equivalent an ICRP 2 dose is calculated for the amount of release

(3.0 uCi/g 1-131 eq )(1 714E7 g) = 51 42 Ci

(51.42 Ci)(1.48E6 rem/Ci) = 7 610E7 rem
The ICRP 2 dose is divided by the total “normalized” dose to provide a multiplier.

(7 610E7 rem)/(1.382ES rem) = 550.67
This multiplier is applied to the normalized isotope distribution to generate the ICRP 2 isotope
distribution The ICRP 2 distribution is increased by a factor of 100 to maintain a constant

concentration in the cloud as it passes over the control room intake. The ICRP 2 distribution is also
increased by a factor of 4 to account for the 75% auto plateout performed by the AXIDENT code.

Isotope Normalized ICRP 2 AXIDENT
Distribution (Ci) Distribution (Ci) Distribution (Ci)

1-131 2.139E-2 11.779 4712

I-132 2.020E-1 114.539 45816

I-133 1.465E-1 80 673 32269

I-134 4.102E-1 225 885 90354

I-135§ 2.139E-1 117,788 47115

The resulting 30 day control room operator thyroid dose was calculated to be 25.5 rem. (See
Attachments L P)
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For 2.0 uCi/g 1-131 equivalent an ICRP 2 dose is calculated for the amount of release.
(20 uCig I-131 eq X(1.714E7 g) = 34 28 Ci
(34.28 Ci)(1 48E6 rem/Ci) = 5 0734E7 rem
The ICRP 2 dose is divided by the total “normalized” dose to provide a multiplier,
(5.0734E7 rem)/(1.382ES rem) = 367.11
This multiplier is applied to the normalized isotope distribution to generate the ICRP 2 isotope
distribution. The ICRP 2 distribution is increased by a factor of 100 to maintain & constant

concentration in the cloud as it passes over the control room intake. The ICRP 2 distribution is also
increased by a factor of 4 to account for the 75% auto plateout performed by the AXIDENT code

Isotope Normalized ICRP 2 AXIDENT
Distribution (Ci) Distribution (Ci) Distributicz (C1)

I-131 2.139E-2 7853 314]

1-132 2 0BOE-1 76.359 30544

I-133 1 465E-1 53782 21513

I-134 4 102E-]1 150 58% 60235

I-135 2.139E-1 78.525 31410

The resulting 30 day control room operator thyroid dose was calculated to be 17 0 rem. (See
Attachments M,Q)

52  Lmpasielincreased Measured Flows

In the previous revisions to this calculation, the affect on the CR dose was assessed using the original
MSLB accident model flows (LOCA Calc ) along with recent field measured flows This assessment
was not maintained in this revision since it uses a different release path mode!. With the measured
flows, the CR thyroid dosc increased by 4.9 %, Refer to the previous revision for details.

3 Impact of Degraded CR Filter Unit

In Revision 2 of this calculation, an operability asscssment was performed to determune the effect
on the CR room operator dose that would occur with a degraded CR Filter Unit performance The
revision was requested to detzrmine the increase in dose for the following scenarios (these scenarios
were performed to support the concern that the CR filter unit does not have an electric heater).
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. With the flows in the degraded condition as stated in Section 5.0 above,
determine the CR thyroid dose consequence following an MSLB with no
credit for any iodine removal by the CR filter unit (elemental, particulate, and
Organic).

. With the flows in the degraded condition as stated in Section 5 0 above,
determine the CR dose consequence following an MSLLB with partial credit
iodine removal by the CR filter unit (90% elemental, 90% particulate, and
30% organic).

The details of the operability assessment were removed from Revision 3 since subsequent testing of
the charcoal in the CR filter units demonstrated the ability to meet its design basis without the
electnic heater. Refer to Revision 2 for details.

6.0  Results
The calcy” ted radiological consequences of the BNP MSLB at vanious pre-accident iodine spike
activities are as follows:
lodine Concentration CR Operator Thyroid Dose Analysis Model
(uCig I-13l eq.) (rem)
40 340 Uniform Cloud
40 342 Gaussian Puff
30 25.5 Uniform Cloud

20 17.0 Uniform Cloud
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1. FT3 UNSPRAYED VDL,

CLEANUP RATES (WR-1)

X/0 CONY ROOM= _15E-01 SECAG  SEC RELEASE RATE-
SPRAY

MELR GAUSSIAN &.0uCi/g, 4500 cfm
Sesesens FT3 SPRAYED VOL,
X/Q(SITE)= 108401 SEC/N3

PARTICULATE
ACTIVITY (CURIES)
ISOTOPE PRIMARY SECOPDARY RELEASE
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0.
0
(]
0.
o
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Cale. No. CP&L-CED-M-01. Rev. 3, Attachment K. MSLB Gaussian Cloud w/4 0 uCi/gm _
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Calc No CP&L-CED-M-01, Rev. 3, Attachment N, ICRF 30 DCF Convers on, Uniform Cloud w/4 0 uCi/g /r oF 7
T Total w/ Axident ICRP 30 Total w/
5 sec 33sec | 30 min 2hrs 8Frs 24 hrs 4days | 30 days |Axident DCF: DCF OCF ICRP 30 DCFs

jElemantal lodines
fi-131 1 83E-03| 7 75E-02| 6 70E+00] 8 225400 2 IEE+00] 5 90E-03| 6 736-10 3 BTEA1] 1 74E+01] 148 1 10E 1 296407
1132 6 41E-04] 2 72€-02] 2 20E+00] 2 12E+00] 3 536-01] 1.48E-D4] 144E-13] 4 D4E-54] 4 535£+404] 6 30E+03 5 54E-01
133 3 JBE-03| 143E-07] 1.23E+01| 148E+01) 4 0CE+00] 8IBE03| SO7C-10| 4 12642] 3 13E+01] 4 00E+05|  180E+05]  141E+01
1134 591E-04] 2 50E-02] 1.81E+00| 1 20E+00| 8 69E-02| 1 RIE 06| 6 196-19] 4 70E-75] 3.1 250c+04]  110E+03] 137601
1-135 1 53£-03] 6 49E-02] 5 49E+00| 6 20E+00] 1 47E+00| 2 02E 03] 4 68E 11| 2 05E-45] 1 32E+01] 1 24E<05] 3 106+04 33E
Particulate lod! ol =y

1-131 1.00E-04)] 4 26E-03! 3 68E-01] 452F-01] 1.30E-01] 3 24E-04] 3 70E-11] 2 12E-42 9.55E-01 1.48E+06 1 10E+06 7.10E-01
1-132 352E-05] 149E-03] 1.29E-01} 116E-01] 1 94E-02] 8 11E-06] 7 90E-15] 2 22€ 55 2.58E-01] 535E+04 6.30E+03 3. 04E-02
-133 1 86E-04] 7 BBE-03] 6 77E-01 8. 11E-01] 2 20E-01] 460E-04] 3 28E 11 2 27E-43 1 72 4 DOE+05 1 8CE 772501
134 325605| 137E03] 9 96E-02| 657E02| 4 77:-03] 101E-O7| 340E20] 258276 171E-01] 2 S06+04] 1 10E 7 54E 03
135 8 40E05] 3 56E-03 301E-01] 341E-01] 8.10=02] 111E-04] 257E-12| 1 12E48] 7 27E-01]  124E+05] 3 10E+04 182c 01

anic lodines = - o |
1131 BOZE-05| I41E-03] 295E-01| 361E-01 104E-01] 259E-04| 296E-11] 170E42| 7 GAE-D1| 1ABE+08| 110E+08] — SBBEDT
132 2 82E-05§ 1.19E-03] 967E-02| S.31E-02] 1 55E-02| 6 48E-06] 3 32€-15] 1 78BE-55 2.07E-01 5.356+04 & 30E+03 2 436-02
135 1 45E-04 s.aoeml 5426 01| 64BE01 176E-01] 368E04| 263E71] 181EAI| 137E400| 4 0OE+05] _180E05| 6 18E-07
[iFr134 280E05 1.1oe-oal 797E-02] 526E-02| 382E-03] B.04E08| 2 72E 20| 207€-76]  137E01] 2506404) 1 106403 o .04E.03
135 6 72E 05| 2 8SE-03| 247E01] 2 72601 6 48E-02| B BOE-D5| 206E-12| G00E 47|  SBIE01]  124E+0¢| 3 10E+04] 1 45E.07
Total Dose ) 7 66E+01 3 40E+0"
L
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Caic. No. CP&L-CED-M-01, Rev. 3, Antachment O, ICRP 30 DCF Conversion, Gaussian Cloud w/4 0 uCy/g / OF L
‘Ehm-ni 4 sec 8 sec 12 sec 16 sec 20 sec 24 sec 28 sec 32 sec 36 sec 40 sec 43 sec 47 sec
lodines
131 150E0S] 6 44E 171E-04] 383E 04| 76904 14IED3, 230 I77ED3,  SSAE 763ED0, 7206 1.16E00
S26E08| 2 26E05] 6OX05 135604 2 70F 495E04] B 3OE04] 132608 1BAEQ3|  287F 252E03] 405600
ﬁ-m 277E05| 119604] 3 17604| 7T0OE 04| 142:08] 281 443E03| 60803 10002] 1 AIE 1 4 2 14E02
|-134 4BAE 08! J0BEDS| 554E-06| 124E-0A| 24B:0A] 4556 7TIEOd] 121 1 7BEO3| 2 45F 2 ERALE)
135 125€05| 530E05] 143:-04] 321 04| B44c04] 118:03] 200603] IIGE 03] AB4E03| 6 8 9 68E.
Partc fate odnes o
131 8226 07| 354606 OAIE 2 ng‘?i{ A2E05] 77SELS] 13°TO4  207604| 3I0AE-D4| 4 15E-D4| I OSE-O4|  6I5E04
132 289€07, 124606, 33IE TIEDE| 148€05] 272605 46IED5| 720605 1OTED4| 14704 13904 23E 04|
133 152E06] €54E-06] 1 74E 4:sl noe“'cs_l 78205 143E04] 243 D4] 3BID4| 530604 T TSED4|  TIED4 1 18E0G
134 266E 07| 114E06] 30ME08| 6 BOE-06] 136605 250E05 423 06 667606 OT9ED05| 1 BEOS 1 27E 2.04E04
135 6BBE-D/| 200C08| 7 BBE-08] 1 J6E-05| I SAED5| B AGED6| 110:-04,  173E-04] 255E04] 3SIE04] 3 ME 32604
londines
K] 657E 283E 75306 168E-05| 33BED6|  620F 105E 04 18BEO4, 2 G4E 335E04]  316E04| 508E04
132 2.37E (S 264606/ SSIE06| 118 2 18E IBOE 05| S BIE BS4EDS| 117:04] 17 E04] | 78E04
[ES) 1.22€ 5 139ECS| 3 12E06  6.25E 1156 TOSE04|  307E 4SIED4| 620E04] S85604] BAIEO4
134 213 B15E07| 24306, 544E06 108t 2 00E 33BED5| 533k 7B3EQ5] 10BE04]  102E04 1 6OEO4
135 SSIE07| 237E06] B31E06| 1 41E05| 283E05| E19E ABIEDS| © 38E 204ED4|  281ED4| 285604 A SEO4
Tota! Dose
1
[DCF Dose Reduction Facter
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Calc No. C?&1-CED-M-01, Rev. 3, Attachment O, ICRP 30 DCF Conversior, Gaussian Cloud w/4 0 uCv/g & F R

Total wi Awdart ICRP 30 Total wi

8832 862 T0C XVd4 80:TT 43n L6/92/¢C0

Steec | S5wec | S9sec | 63sec | 67mec | Tise T5sec | 79sec | Steec | M days | AwidentDCFs | of DCF___|ICRP 0 DCFs
[ TO7E02] V54E02] 168E02| 178t 02| 185E-02) 188c02| 100E02, 191E02| DOBEOI| 173E+01] 1 TSED1]  TABEWOS| 1 IOES08| 1 30ES0T
478E 08| S40E03] SBOE 00| 629 03| 6ASED3] 650c 03| € 65E03] 66BEOD] 3 36E03] 4 A4E ATIE 35E+04]  B30E 5 54E 01
25)E00] 286£02 3V1E02] 3ED2| 34202 349602 2 374E«01| 4 00E+05| 1 1 4IE+O1
43E00] 404EC3] 638 00| S60E03| 5 B0E 607E-03 3126+00] 2 50E+04] 1105903 TS
TI4E02, 129602 141602, 149c02] 1 SAE02] 158602 T336+01] 1 24E905]  3106%04]  IIE
TSEO4] BABED4] 0256-04| OS79EO4, 1 DIELDI]  1.04c03 OSBEDT| 148E+06| 1 10E+08| 712601
263E04] 297e-04] 3 2(« 3426-04] 3S5E04] I62E-04 250F-01] 5356+04| 6 30E+00 @
139E03] 157 TTIEQ3| 18IE03 188€03| 182603] 1726400 4 00E+06] 1 80E+05|  7TAEDY
24E04 272 296E04] 31304 324EO0A| 3 30c04 171E01]  2506+04] 1 10E Fhes|
628E 04| 7.10E TTHED4| BI9EDA| 84904 BEEEOA| B 7SED4 TIEDN,  124E+05] 310 1.82E-01
BODEO4| 679 04| 7AOEDA| TBIEOM 81 ED4| B2BEDA| BIE TO7ED1] 1. 1106 5.70£-01)
210E04] 238:04] 250604 2 74E 284E04]  2MOEO4| 202F 2076 01] 5 38E+04|  8.30E S
V1IEQ3|  128e03| 137603 145 150608 15%03] 1 1366400  1.38E400] 4 00E=05] 1.80E S -
192ED4| 217EDA| 237ED4| 250E04] 250604 264EO4| 267E 137ED1]  250€ 1105403 601E03 —
SOE04| 688c04 619604| 65SE0A| 679:04) BOIEOA| 7O00EOA| 7O 04| 35204 577E01]  SAAEON] 1 24E+05| 3 10E04 148601 é‘
L] 3 25407 =
445E D1
-
_=r.
X
i
B
T
N\
~
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£
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Calc. No. CP&L-CED-M-01, Rev. 3, Astachment P, ICRP 30 DCF Conversion, Uniform Cloud w/2.0 uCi/g / o< )} =
kel
4
| Totalw/ | Awdent | ICRP 30 Total wi -
- 5 sec 33sec | 30min | 2iws | 8hes | 24hrs | 4days | 30 days |Axi ocF DCF___ |ICRP 30 DCFs =
Flemental iodines . SR 2l =4
131 1.37E-03] 58 E£-02} 5 03£+00] 6 17E+00] 1 77€+00, 4 42E03| 505E-10] 200E41] 130E+01] 148E+08] 1. 10E+08] 9 89E-00] -
132 481E-04| 2 CAE-D2| 1 B5E+00] 1 50E+00] 265601, 1 11E-04 1ooe-13| 303E-54] I5IE+00] 5 ISE+04] 6 30E+03 4 15E01 &
133 25303| 10BE-01|924E+00] 1 11E+07| 3 OOF +00| 6 2BE03] 4 48E-10] 309E42| 2 356+01] 4 0DE+05] 1 B0E+05] 7 DBE+CY %
134 4.43E-04] 187E-02[ 136E+00] 8O7E-01| 6 52E-02] 137E-06) 464E-19] 353E. 75| 2 34E+00| 2 SOE+D4| 1 10E+03) T03E01 2
135 1.15E-03] 4 87E-02| 4 11E+00] 4 65E+00] 1. 11E+00] 3 526 63| ISIE-11] 153E45] 002E+00]  1.24E+05] 2 106+04] 3 40E+00] .
Parficuiate lodines e . I S =
131 7526051 319E-03] 2 76E-01] 3.39E-07| 9.73E 02| 243604 277€-11 15042  7.16ED1] 1ABEDB| 1 10E+08 532601 m
132 2B4E05] 1 12E-03] 0 06E-02| 873-02] 146E 02| 608E-06| SB2E-15| 167E 55|  104E01] 5356+04] 6 306503] 2 28E.00 <
| X 139E-04] 5091E-03] S08E-01] 6OSE01] 165E 0] 345604 246E-11] 170E43] 1 26E+00] 4.00E+05] _ 1.80E+05 579E-01 -
fri3e 2 43E-05] 103E-03] 7 47E-02] 495E-02] I SBE-03| 7.54E-08] 2 55E-20] 194E-76| _ 120601] 250E+04] 1 106+03] 5 68E03
| RS 6 30£.05 :.07543% 226E01| 255E-01] 6 0BE-02] 8.34E-05] 183E-12] N43E47|  S4SE-01] 1.24E+05] 3 10E+04 1.36E-01
Organic lodines
131 | 60205/ 255E03] 221E01| 271E01] 7 7BE-02| 1O4E 04| 220E11| 127E42]  S73601] 148E+ , 1.10E+08 426E01
132 211E-05] 896E-04] 7 25€-02] 6 98EL02] 1 16E-02| A BBEDB| 4 7AE 15 1336 55|  155€.01] 535F- ' [ 6.30E+03| 182602 w
13 1 11E-04] A 73E03| 406E-01| 4B6E01| 1 I2ED1] 276E04| 187E11] 136 43] 1036400 400 05| 180E+05] — 46IED =
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Calc. No. CP&L-CED-M-01, Rev. 3, Attachment R
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ATTACHMENT 2
Sheet 1 of 1
Record of Lead Review
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The svgnature below of the Lead Reviewer records that:
the review indicated below has besn performed by the Lead Reviewer:

j appropriate reviews were perforrmed and errors/deficiencies (for all reviews perforrmed) have

been resolved and these records are included in the design package;

j - the review was performed in accordance with EGR-NGGC-0003

D Design Vaerification Review a Engineering Review M Owner Review
0 Design Paview

Alternate Calculation

Qualification Testing

ago

- Special Engineenng Review

O YES @ N/A  Other Racords are attached

Tom Devage %_m/ !f“"’%’ 94 Y/4/17

Lead Reviewar (pnnt/sign) Discipline Date

Item
No Deficiency Resolution/Date

N4

NINE MITED

FORM EGR-NGGC-0003-2-0

%

r

O

EGR-NGGC-0003 Re\ Page 24 of 25 |




ENCLOSURE 2

BRUNSWICK STEAM ELECTRIC PLANT, UNIT NOS. 1 AND 2
NRC DOCKET NOS. 50-325 AND 50-324
OPERATING LICENSE NOS. DPR-71 AND DPR-62
MAIN STEAM LINE BREAK CONTROL ROOM DOSE CALCULATION

LIST OF REGULATORY COMMITMENTS

The following table identifies those acticns committed to by Carolina Power & Light (CP&L)
Company in this document. Any other actions discussed in the submittal represent intended or
planned actions by CP&L. They are described to NRC for the NRC's information and are not
regulatory commitments. Pleas< notify the Manager - Regulatory Affairs at the Brunswick
Steam Electric Plant of any questions regaruing this document or any associated regulatory

commitments.

Commitment Committed
date or
outage

1. Alicense amendment request limiting reactor coolant peak activity to 5/23/97
less than 2.0 micocuries per gram dose equivalent I-131 will be
submitted by May 23, 1997.




