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1. PURPOSE

The purpose of this calculation is to determine the dose consequences of a fuel handling accident (FHA) in containment
assuming the personnel hatch is open but can be closed within 10 minutes of initiation of the FHA.

This calculation supports AR # 99014682-04. It also supports a proposed Technical Specification change that will allow the
personnel hatch to remain open during fuel movement provided that containment can be closed within 10 minutes of a fuel
handling accident. In addition, this calculation will address AR # 98020342-52 which questions the adequacy of the iodine
DF used in the fuel pools if less than 23° of water is over the fuel.

2.  SUMMARY OF RESULTS

The MP3 Control Room, EAB and LPZ doses are summarized below along with the MP2 Control Room and TSC doses.
Table A provides the dose consequences associated with failure of | fuel bundle. Table B provides the dose consequences of
Table A with a 25% margin factored in which encompasses a total fuel failure of 1 bundle plus 50 additional rods.

The intent of this calculation is to show that a 10 minute closure requirement for the containment, including personnel hatch
will ensure that GDC19, Reg. Guide 1.25, and SRP 15.7.4 dose limits are met. It should be noted that the dose modeling for
the control rooms and TSC assume a full 2 hour release of activity with no requirement for personnel hatch closure, whereas
offsite doses are determined based upon a 10 minute containment closure requirement.

TABLE A - Dose Consequences from Failure of | Fuel Bundle

Beta Dose, rem

Thyroid dose, rem Whole Body Dose, rem

MP3 Control Room - Aux 2.75E-01 1.95E+01
Bldg/ Vent path - submersion
& inhalation
Plume shine component na na )
Filter shine component na na :

7 AR A oo RERE g 4
MP3 Control Room -CTMT/ 2.31E-01 1.75E+01 1.47E-02
ground path - inhalation &
submersion
Plume shine component na na 5.00E-03

Filter shine component

BEaalinEs ) l;ﬁ:a§ . A VA SEOET ps A 520 : & 3 u & N
MP2 Control Room - Aux 4.24E+00 7.34E+00 1.38E-01
Bldg/ Vent path - submersion

& inhalation

o3 ks

Plume shine component na na - 2.00E-03 - _
Filter shine component | na na 6.00E-04
TSC 2.62E+00 1.95E+01 8.49E-02
Plume shine component na na 2.00E-01
Filter shine component na na 1.71E-01

3
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TABLE B - Dose Consequences from Failure of 1 Fuel Bundle plus 50 Rods plus margin (Equivalent to Table A * 1.25)

Beta Dose, rem I Whole Bo
- EAB: - NA: A0 ROB0THE
S O AL NAY {H1L50E
MP3 Control Room - Aux 3.44E-01 2.18E-01
Bldg/ Vent path - submersion
& inhalation
Plume shine component na ) na 7.50E-03
Filter shine component na 9.50E-02
MP3 Contzol Room Toiales E

E

Vent Release 5 _ :
MP3 Control Room -CTMT/ 2.89E-01 2.19E+01 1.84E-02
ground path - inhalation &
submersion
Plume shine component na na 6.25E-03
Filter shine component na na 9.50E-02

MP3 Control Room Totals

5.30E+00 ‘ 9.18E+00 1.73E-01
Bldg/ Vent path - submersion ' :
& inhalation
Plume shine component na na 2.50E-03
Filter shine component na 7.50E-04
MP2 Control Room Total 0E+00 18E( L J6E:01%
TSC 3.28E+00 244E+01 1.06E-01
Plume shine component na na 2.50E-01
Filter shine component na na 2.14E-01
. TSCotls b RE00 , FOE01w%

3

The doses associated with an MP3 FHA in containment, assuming containment closure within 10 minutes of initiation of a
FHA are within GDC 19 requirements for the control room (less than 5 rem whole body or equivalent) and “well within” 10
CFR 100 requirements as defined by SRP 15.7.4 (Radiological Consequences of a Fuel Handling Accident) of 75 rem -

thyroid and 6 rem - whole body. The doses in Table B bound the worst case fuel failure of 1 complete bundle plus 50 rods
from another.

The offsite dose determinations evaluated both ground and vent release pathways. The dose determinations for both pathways
are very similar, but the EAB thyroid dose associated with the ground release was the most challenging relative to the SRP
15.7.4 limits. Therefore the bounding release pathway for offsite dose consequences is via the ground release.

The bounding control room dose is based on the release pathway from MP3 containment to the Auxiliary Building and
subsequently exhausted to the environment via the Ventilation Vent. The basis for this release path being bounding is due to
the thyroid dose. (It should be noted that the control room and TSC calculations took no credit for containment closure after
10 minutes, but assumed a full 2 hour release consistent with Reg. Guide 1.25. It was later identified that offsite dose was™~
limiting based on a 2 hour release and therefore was recalculated and limited to a 10 minute release [from containment, but
the control room and TSC determinations still use the 2 hour release which is conservative. )

In addition, the impact on iodine DF due to reduced pool water height above a dropped fuel bundle is discussed. Regulatory
Guide 1.25 allows use of a DF of 100 provided there is 23 feet of water over the bundle. In the event that a bundle is lying on
the pool floor, the water height may be reduced by as much as 1 foot because of the dimensions of the bundle, leaving 22 feet
of coverage instead of 23 feet. Based on the results of this calculation, the resultant DF for 22 feet of water coverage is 188.
Therefore use of a DF of 100 is conservative.
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ASSUMPTIONS BASIS
1) Power Level = 3636 MW thermal Ref. 3
2) Core Inventory Ref. 3
3) Core Release Fractions:

10% Core Noble Gases (except KR-85)
30% Core KR-85
12% Core Iodines (Ref. 6)

Ref. 5 and Ref. 6. 1-131is relcased at 12% due to high fuel burnup but
the 12% is applied to all iodines for conservatism

4) Iodine Chemical Form:
75% elemental
25% organic

Ref. §

5) MP3 Control room damper closure time = 5 sec (does not include Control Room
Inlet Rad Monitor Response time)

Ref. 2, Section 3.3.2 lists a control building isolation time of 6 seconds
which includes rad monitor response time. It credits 3 seconds for
damper closure time in footnote 10 of TRM section 3.3.2. 5 seconds is
credited for damper closure in this calculation for conservatism.

6) MP3 Control room is pressurized from bottled air instantaneously | minute
following control building isolation signal and botdle lasts 1 hour.

Ref. 11
Section 4.7.8

7) MP3 Control room intake prior to

pressurization (<! min) = 115 cfm
At T= 10 seconds post FHA, the unfiltered inleakage is assumed to be 115 CFM. This
is a conservative assumption because the contro! room has been isolated, there is no
forced flow into the control room and the only unfiiltered leakage is from access to and
from the control room. SRP 6.4 recommends 10 CFM for this access/egress leakage,
but this calculation is using 50% of the full inleakage value when ventilation is aligned
(50% of 230 CFM, 230 CFM is from Assumption 9).

This is the minimal inleakage used. Unlike a LOCA analysis where the
accident is of extended duration and greater inleakage would be
conservative, that is not the case for a FHA. Use of 115 CFM
inleakage for a FHA is conservative because SRP 6.4 recommends 10
CFM occuring as a result of control room doors being opened,
exfiltration, etc. Since there is no forced input to the control room at
this time, the use of 115 CFM is conservative. 115 CFM is also
consistent with Ref. 12 (Datum 44, pg 47)

8) Release Points: ground & Ventilation vent

Both ground and ventilation vent release paths are evaluated to ensure
completeness and conservatism.

9) MP3 Control Room Unfiltered inleakage is 230 cfm following the 60 minute

control room pressurization for 37 minutes until filtered intake and recirc are
established

Reference 1 (37 minutes). It is conservatively assumed that intake is
aligned but unfiltered until after 37 minutes, after which it is filtered.

10) MP3 Control Room Unfiltered inleakage after initiation of recicculation
due to ingress/ egress = 10 ¢fm. This is also applicable to the MP2 Control Room.

This is the minimal inleakage used. Unlike a LOCA analysis where the
accident is of extended duration and greater inleakage would be
conservative, that is not the case for a FHA. Use of 10 CFM inleakage
for a FHA is conservative because it results in a greater residence time
for radioactivity in control room air. (Ref. 30)

11) MP3 Control room emergency ventilation rate
after 1 hr 37 min:
Filtered intake = 230 cfm
Filtered recirc = 666 cfm

Ref. 11 - 4.7.7 for 230 cfm. 666 CFM is based on TS 4.7.7 flow rate of
1120 less 20% and subtracting 230 CFM ’

12) MP3 Control room iodine cleanup rate =.1595/hr @ T =1 hr, 38 min, 10 sec

TSCiodine cleanup rate  =3.434/hr, T = 0- 30 min

=3.262/ hr, T>30 min

The iodine cleanup rate {1/hr) is defined as:

F)( E¢) .
Acieany = (F)(Er) x 60 min/ hr
A%
where,
Fgr = Recirculation flow rate ft3/min)
Er = Filter Efficiency

v = Volume (ft3)

For the Unit 3 control room:

Fr = 666 ft3/min (Assumption 11)
Er = 95% (Assumption 13}
A\ = 2.38E+5 ft3 (Assumption 15)
Avcleannup = 0.1595/hr

For the TSC

Fr = 2000 ft3/min,T=0—3O min{Assumption Z2)
Fr = 1900 ft3/min,T=>30 min (Assumption Z2)}
Er = 95% {(Assumption 23)
v = 3.32E+4 ft3 (Assumption 24)

Acleanp = 3.434/hr, T= 0 - 30 min
Acreamwp = 3.262/hr, T > 30 min

13) MP3 Control room filter efficiency = 95% for all forms of iodine

Reference 11 - Tech Spec Surveillance 4.7.7.¢.2 requires ~...a methni
todide penetration of less than 0.175%....". This implies a removal
efficiency of >99.1%. 95% will be used for conservatism.
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ASSUMPTIONS

BASIS

14) MP2 Control Room is on filtered recirculation 10 minutes after receipt of high
radiation signal on MP2 Control Room Ventilation Intake Rad monitors,
RM9799A&B

Per Ref. 31, “a dedicated operator is stationed to ensure CRACS s
properly aligned within 10 minutes following annunciation of
“CRACS IN AUTO RECIRC MODE" (window C-40....."

15) MP3 Control Room Free Air Volume = 2.38ES ft’

Ref. 12

16) X/Q's (sec/m3) from the MP3 Ventilation Vent
MP2 Control Rm MP3 Control Rm & TSC

Ref. 13 (MP2)
Ref. 14 (MP3)

(0-2) hr 1.25E-03 3.75E-3

X/Q’s (sec/m3) from the MP3 Containment (ground release) *

(0-2) hr 9.19E-04 1.52E-3

17) X/Q's (sec/m3) Ref. 12

EAB - ground release

(0-2) hr S.42E-04 NOTE: The LPZ for ground and vent release are the same.
LPZ - ground release

(0-8) hr 2.91E-05
EAB - vent release

(0-2) br 4.30E-04
LPZ - vent release

(0-8) hr 2.91E-05

18) Thyroid Dose Conversion Factors - thyroid, adult, inhalation, rem/ Ci inhaled

Ref. 20, pg 28 provides ICRP 30 DCFs in units of “rem/ Ci inhaled™
The TACT code provides the DCFs used by TACT. The ICRP 30:

ICRP 30 TACT ICRP30/TACT TACT DCEF ratio listed is used to adjust TACT thyroid doses to an
1-131 1.073E+06 1.490E+06 0.720 ICRP 30 equivalent.
I-132 6.290E+03 1.430E+04 0.440 .
[-133 1.813E+05 2.690E+05 0.674
I-134 1.073E+03 3.730E+03 0.288
1-135 3.145E+04 5.600E+04 0.562

19) TSC is isolated on CBI signal from MP3 Control Room Inlet Ventilation Radiation
Monitor. CBI also initiates filtered intake and recirc.

Ref. 17

20) TSC Damper Closure Time = 2 seconds - assume 10 seconds total time for
isolation from receipt of CBI to damper closure

Ref 12 and conservative assumption

21)TSC Unfiltered inleakage (T= 0 to 30 minutes) Ref 12
prior to pressurization after pressurization
unfiltered inleakage 50 CFM 10CFM
It will be assumed for conservatism that personnel will be in the TSC from T=0.
22) TSC Emergency Ventilation Rate Ref 12
(0 - 30 minutes post-accident) (30 minutes - 720 hours)
filtered intake 0 CFM 100 CFM
filtered recirculation 2000 CFM 1900 CFM .
23) TSC filter efficiency for all iodines = 35% Ref 12
24) TSC free air volume = 3.32E+04 f¢ Ref 12
25) Reactor is shutdown 100 hours prior to fuel movement Reference 11 - Tech. Spec 3.9.3
26) MP2 control room damper closing time = 5 seconds Ref 20
27) The MP 3 control room ceiling is 2 feet thick concrete. Ref 12
28) The MP 2 control room ceiling is 2 feet thick concrete. Ref 7
29) The TSC roof provides at least 1 foot thickness of concrete. Ref12
30) MP3 Control Room Filters and TSC Filters have 1 foot of concrete shielding Ref 12
31) MP2 Control Room Filter has 18" of concrete shielding Ref 20
32) MP3 Radial Peaking Factor = 1.7 Ref 10
33) One complete fuel assembly is assumed to fail in a FHA in containment.

This is an assumption made for calculational purposes and is adjusted
to lassembly plus 50 rods in the calculation.

34) Refuel Pool DF for iodines is 100, retention of nobles gases by the pool is
negligible

Ref 5 based on at least 23 feet of water above the fuel.

35) There is at least 23 feet of water over the damaged fuel. (A fuel bundle which falls
on the refuel pool floor would be covered by slightly less than 23 feet of water but
this deviation is not significant, in addition only the one bundle would be

damaged without the additional 50 rods.) Further proof of this is provided in
Section 6.1.

Ref. 11 - Tech. Spec 3.9.10 - ) -

36) MP2 Control Room iodine cleanup rate = 3.408 /hr (See Assumption 14 for start
time)

Ref. 20 (using method of Assumption 12: 2,250 cfm * 90% *
60 min/hr / 35,650 ft3 = 3.408 / hr)

37) The radioactive material that escapes from the pool is released from the building at
an exponential rate over a 2 hour time period.

Ref. 5
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38) MP3 containment purge valves isolate prior to release of activity from MP3 TRM, pg 3 TRM-3.3.2 requires total response time (from time of
containment.

detectability of release from pool to isolation of purge valves) to be <=
16 seconds. Ref 32 states that for an istrument response time of 7
seconds, a valve closure time of 9.7 seconds is required to ensure no
activity is released from the purge ductwork. Based on a review of
Attachment 1, response time testing for RE 41, the worst case response
time is 6.28 seconds. Since the worst case response time, 6.28 seconds
plus the worst case valve closure time of 9.7 seconds is a total of 16
seconds, this meets the TRM criteria of <= 16 seconds, resulting in
assurance that the purge valves isolate prior to releasing activity.

39) The MP3 core contains 193 fuel assemblies.

Tech Spec Section 5.3.1 “Fuel Assemblies”

40) The MP3 Control Room ventilation intake is normally 1450 CFM

Ref. 25, (datum 1 of pg A3)

41) The MP2 control room ventilation intake is normally 800 CFM

Ref. 7

42) The MP2 unfiltered inleakage prior to control room isolation is 130 CFM.

Ref. 7 [t will be assumed that this inleakage rate continues until the
control room is aligned for filtered recirculation (10 minutes after
isolation). After the 10 minutes, the inleakage rate is assumed to drop
to 10 CFM for the duration of the accident. This provides a greater
challenge to the GDC 19 dose limits rather than assuming 130 CFM

inleakage for the duration of the accident.
43) MP3 Containment Free Volume = 2.32E+06 ft3 Ref. 12
44) MP2 Control Room Volume = 3.565E+04 ft3 Ref. 20

5. METHOD OF ANALYSIS

This analysis will evaluate the dose consequences of a fuel handling accident (FHA) in containment assuming that:
1) fuel movement (and accident) occurs 100 hours after reactor shutdown, and

2)

the personnel hatch is open but containment closure is achieved within 10 minutes of initiation of a FHA in containment.

Two separate FHA scenarios will be analyzed. The first assumes a simple ground release from containment with essentially
all airborne activity being released at an exponential rate over a 2 hour period. This implies an air change rate of 3/ hour (3
containment volumes per hour) which results in releasing greater than 99.75% of all airborne activity in containment to the

environment within 2 hours. The second scenario assumes that activity is released from the containment to the Auxiliary Bldg
to the environment over a 2 hour period via the ventilation vent. In this scenario, a containment release rate of 4 / hour and an
Auxiliary Building release of 6 / hour is used. This ensures that greater than 99.75% of all activity released to containment is

released to the environment within 2 hours. Since 2 scenarios will be evaluated, the worst case one will be used to evaluate

the MP2 and MP3 control room and TSC doses. The dose components evaluated for the worst case accident scenario will
consist of

1. offsite dose - determined by running the TACT code with appropriate inputs
2. MP2 & 3 control room dose comprised of :

» inhalation and submersion dose within the control room - by running CRADLE code

¢ plume shine to the control room - from TACT code
e filter shine

3. Technical Support Center TSC) dose comprised of :

¢ inhalation and submersion dose within the TSC- by running CRADLE code
¢ plume shine to the TSC - from TACT code
¢ filter shine

A basic timeline of pertinent events is listed below.
@ T = 0 hours: FHA in containment is initiated, MP3 containment purge isolates based on signal from fuel drop rad monitor

@T =10 seconds: the TSC and MP3 control room isolate based on control room inlet rad monitor and damper response time

@T = 1 minute: MP2 control room isolates based on MP2 control room inlet rad monitor and isolation damper response time
@T = 1 minute and 10 seconds: MP3 control room pressurizes (duration of 1 hour)

@T = 10 minutes: FHA release stops (containment is closed).

@T = 11 minutes: MP2 contro! room is on filtered recirculation

@T = 30 minutes, 10 seconds: TSC goes on filtered recirculation and filtered makeup
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@T =1 hour, 1 minute, 10 seconds: MP3 control room is no longer pressurized
@T= 1 hour, 38 minutes, 10 seconds: MP3 control room is on filtered recirculation and filtered makeup

@T =2 hours: for control room and TSC analyses, the release stops (this is conservative relative o intent to stop release at 10
minutes)

@T = 720 hours: dose determination ends

The source term is based on the full core inventory and adjusted for the release fractions and 100 hours decay.

The effect of the containment release on fuel drop radiation monitors and control room inlet radiation monitors is evaluated
based on area dose rate and airborne concentration determinations.

Plume shine to the control rooms and TSC will be determined by ratioing the appropriate control room X/Qs to the TACT
results for offsite dose. Filter shine will be determined by summing all iodine activity within the control rooms and treating it
as a point source with dose calculated for 30 days. Credit will be taken for shielding from plume and filter shine.

Information provided in Section 4 will be used to evaluate the dose consequences. The computer codes used to model the
releases are TACT and CRADLE and are further explained below.

The CRADLE (version 2) (Ref. 18) computer code was used for the direct exposure calculations in this analysis. CRADLE
was validated per NEO 2.24/QS-3 and was last benchmarked April 2000. CRADLE calculates the activity which enters the
control room after an accident. The effects of filtration, buildup, decay and plateout are taken into account in the transport of
activity from the core into containment to the environment and eventually to the control room. From the activity in the
control room, CRADLE calculates the resulting thyroid, whole body and beta doses to the control room operators inhabitants.
In addition, CRADLE will be used to determine the amount of iodine built up on the control room charoal filters.

The TACT III (version 83.0) (Ref. 19) computer code was used to determine the doses at the EAB and LPZ and to determine
the cloud shine dose component to the control room. TACT I (ver. 83) was validated per NEO 2.24/QS-3 and was last
benchmarked April 2000. TACT III simulates the movement of radioactivity released from a reactor core as it migrates
through user-defined regions (nodes) of the containment, is immobilized by filters and sprays, and leaks to the outside
environment. Outputs are shown for the end of each time interval and include the level of radioactivity in each node of the
containment and in the environment, broken down as iodines, noble gases, and solids; and the radiation dose to reference

individuals at the exclusion radius, the boundary of the low population zone, and in the control room. TACT will also be used
to evaluate plume shine to the control room.

The CRADLE code uses a generic source term inventory which will be adjusted for the MP3 inventory that reflects this FHA.
In addition, both codes use thyroid dose conversion factors from Regulatory Guide 1.109 (Reference 16) which are outdated

and will be adjusted using thyroid dose conversion factors from ICRP 30. Both adjustments require multiplication of the
isotope specific response by a simple ratio of the old value/ new value.

6. BODY OF CALCULATION

6.1. lodine Decontamination Factor for Water Depth < 23 feet

Per Assumption 35, there is 23 feet of water over the damaged fuel bundle. In the event that a bundle falls on the
reactor vessel flange, there is slightly less than 23 feet of water over the bundle because of the apparent height of that
bundle. This brings into question the validity of the iodine DF of 100 from Assumption 34 which requires 23" of
water coverage. Table 3-5 of Reference 29 provides empirical data associated with measurements of iodine removal
in varying depths of water (26’ and 40°). At 26’ for the high release pressure, a DF of 810 is observed whereas for

40’, a DF of 3000 is observed. By linear extrapolation from those 2 data points, the equation of the line passing
through those 2 points is :

Y = 156.43 * X -3257.2 (Equation 1)
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where
Y = the DF
X = pool depth in feet.

At 26’ and 40’ the results from Equation 1 agree with the empirical resuts.

Since fuel assemblies are typically less than 9 wide on a side (assume 1 foot for conservatism), then a DF
determined at 22’ depth would be approximately 184 based on Equation 1. This is greater than the DF of 100
assumed and used in this calculation. Therefore there is no significant impact from a fuel assembly lying on its side
in the refuel pool resulting in a water depth over the assembly of only 22 feet.

It should be noted that Reference 29 implies that the DFs determined in that reference are for total iodine released.
Since Regulatory Guide 1.25 provides a DF of 133 for inorganic iodine and 1 for organic at a 23 foot depth, it would
be conservative to apply the DF of 184 at 22 feet determined in the previous paragraph to the inorganic iodines and 1
for the organic. The resultant overall DF , using the Reg. Guide 1.25 method (where the iodine composition above
the pool is 75% organic and 25% inorganic) is 138 (= 184 * 0.75 + 1 * 0.25). It should also be noted that if an
effective DF is determined based on the gap inventory, which is comprised of 99.75% inorganic iodine and 0.25%

organic, then the resultant DF is 183.5 (= 184 * 0.9975 + 1 * 0.0025). In any case, the DF based on only 22 feet of
water is greater than the Reg. Guide 1.25 assumption of 100.

In conclusion, a DF of 100 is acceptable and conservative when used with a fuel bundle having only 22 feet of water
coverage as opposed to the 23 feet required by Reg. Guide 1.25.

6.2. Source Term Determination

Table 1 below contains the information supporting the release fractions that will be used in TACT and CRADLE.
The release fraction RF is determined using the equation: RF= A x PF x GR / (CD x DF)

where

A - the isotope specific core activity (Assumption 2)

PF - radial peaking factor (Assumption 32)

GR - Gap Release (Assumption 3)

CD - amount of core damage (1 damaged ass’y/ 193 ass’ys in a core)

DF - refuel pool DF (Assumption 34)

Table 1 provides a listing of all applicable iodines and nobles gases used in this calculation, as well as the release
fraction determination. The full core inventory is based on Assumption 2.

To summarize Table 1, the release fractions are as follows ( please note that these fractions are based on 1 fuel
bundle and do not include the additional 50 rods, which will be addressed in Section 6.8 of this calculation):

todines - 1.06E-05
noble gases (except KR-85) - 8.81E-04
KR-85 - 2.64E-03.

These release fractions will be used to support the CRADLE and TACT runs.

In addition to release fractions, Table 1 also provides the conversion factors used to correct the CRADLE dose
output based on the MP3 core inventory instead of the default CRADLE library. The default library is based on TID
14844 core inventory generation rates which are not based on high bumup inventories. These conversion factors are
used as multipliers to the isotope specific doses in all of the sections in this calculation concerning control room and
TSC doses. The CRADLE activity listed in Table 1 is based on the isotopic inventory library in CRADLE and
printed on all CRADLE output. The activity is determined by multiplying the MP3 power level (3636 MWt) by the
isotope specific Ci/MWt conversion factor (obtained from the CRADLE INPUT DATA LIBRARY provided with
each CRADLE output). For example, I-131 has the following Ci/MWt conversion factors: 2.282E+04 (elemental),
1.003E+03 (organic) and 1.254E+03 (particulate). The sum of these factors is 2.508E+04 Ci/ MW1. Multiplied by
the 3636 MWt power level results in a CRADLE I-131 inventory of 9.12E+07 Ci. Dividing the full core inventory

located in the second column of Table 1 by the CRADLE inventory results in a correction factor of 0.999 (=
9.11E+07 / 9.12E+07).
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Table 1 - Source Term Identification and Release Fraction Determination
Isotope  {Full Core Radial |Fraction |Numberof |#of Refuel [Release [CRADLE = |MP3to CRADLE
Inventory, Ci*@ T |Peaking |of Core in [Damaged Assemblies |Pool DF [Fraction ?ctugty, Cie 233?3;3"&
=0 Factor  {Gap Assemblies Ln3(9k;re (Sec from pool CR ADl._E output
. correction
1-131 9.11E+07 1.70 0.12 1.00 193 100 1.06E-05 9.12E+07 9.99E-01
-132 1.30E+08 1.70 0.12 1.00 193 100] 1.06E-05 1.38E+08 9.38E-01
1-133 2.04E+08 1.70 0.12 1.00 193 100 1.06E-05 2.04E+08 9.97E-01
1-134 2.38E+08 1.70 0.12 1.00 193 100] 1.06E-05 2.39E+08 9.94E-01
1-135 1.88E+08 1.70 0.12 1.00 193 100] 1.06E-05 1.86E+08 1.01E+400
Kr-83m 1.58E+07 1.70 0.10 1.00 193 1} 8.81E-04 1.51E+07 1.05E+00
Kr-85 8.83E+05 1.70 0.30 1.00 193 1| 2.64E-03 1.49E+06 5.92E-01
Kr-85m 3.96E+07 1.70 0.10 . 1.00 193 1 8.81E-04 4.72E+07 8.40E-01
Kr-87 7.71E+07 1.70 0.10 1.00 193 1] B.81E-04 8.49E+407 9.08E-01
Kr-88 1.08E+08 1.70 0.10 1.00 193 1| 8.81E-04 1.16E+08 9.32E-01
Kr-89 1.40E+08 1.70 0.10 1.00 193 1] B8.81E-04 1.45E+08 9.66E-01
Xe-131m 8.01E+04 1.70 0.10 1.00 193 1| 8.81E-04 9.44E+405 8.49E-02
Xe-133m 4.89E+06 1.70 0.10 1.00 193 1| 8.81E-04 5.03E+06 9.72E-01
Xe-133 2.03E+08 1.70 0.10 1.00 193 1} 8.81E-04 2.04E+08 9.94E-01
Xe-135m 5.50E+07 1.70 0.10 1.00 193 1] 8.81E-04 5.66E+07 9.72E-01
Xe-135 5.38E+07 1.70 0.10 1.00 193 11 8.81E-04 1.95E+08 2.76E-01
Xe-137 1.83E+08 1.70 0.10 1.00 193 1] 8.81E-04 1.86E+08 9.85E-01
Xe-138 1.80E+08 1.70 0.10 1.00 193 1| 8.81E-04 1.74E+08 1.04E+00

6.3. Radiation monitor impact

There are 3 radiation monitoring systems that must be addressed because they may impact isolation of MP2/3 control
rooms and the TSC, in addition they impact isolation of MP3 containment purge valves. They are the MP3 Fuel
Drop rad monitor, the MP3 Control Room Inlet Vent rad Monitor and the MP2 Control Room Ventilation Intake rad
monitor. They will be addressed individually below.

6.3.1. MP3 Fuel Drop Radiation Monitor, 3BRMS*RE41,42

Determination of the rad monitor response will be performed assuming the fission gas release from the
refuel pool reaches the surface as a bubble. This is then treated as a point source and an exposure rate
determination made relative to the rad monitor locations. From Reference 23 it can be shown that the
farthest distance between the bubble and the rad monitors is based on the bubble rising in the north end of
the refuel pool and the farthest rad monitor is approximately 60 feet away. The farthest distance is used
because it results in the lowest dose rates and associated instrument response time. Since these rad monitors
are ion chamber devices, their energy response is essentially flat for the energies associated with the fission

gases, so no energy correction is required. The exposure rate is determined using equations J.1 and J.4 from
page 32 of Reference 22. The equations are :

ARE I'=0.156 n E (10° ), mR/hr at 1 meter per mCi
and

J4: Exposure Rate, mR/hr=N T/ s

where

n = gamma quanta per disintegration

E = gamma energy, Mev

M. = energy absorption coefficient for gamma in air, cm™
N = number of millicuries

s = distance in meters

I = results of equation J.1,

The parameters used in the exposure rate determination are listed in Table 2. The total activity released is
based on the release fraction from Table 1 times the core activity in Table 1. This activity is then decayed
for 100 hours due to Tech Spec requirements (Assumption 25) . Decay constants, gamima energy per
disintegration and the linear absorption coefficient are taken from Reference 22 (pgs 261 - 301 for half life
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and energy spectrum and pg 135 for linear absorption cocfficient). From Table 2, the exposure rate at the
furthest rad monitor is 4.7 R/hr. This exceeds its alarm sctpoint of 1 R/hr (Tech Spec Table 3.3-4) and does
indeed result in purge isolation. Therefore, no activity is released via purge (See Assumption 38 for details).

Table 2 - Exposure Rate Determination at Fuel Drop Rad Monitor

{sotope Total Activity {100 hour Decay Average Gammas/ {Distance, [distance, U, linear Fuel Drop
Released (no |Decayed constant, hr-1* |Gamma Energy |dis ft meters absorption  |Rad Monitor
decay activity, uCi per coefficient  |Exposure
correction), Ci disintegration, for air, cm-1 |rate @ 18.3

Mev/ dis ** m, m/hr

[-131 9.63E+02 6.73E+08 3.58E-03 3.53E-01 1 60 18.3 3.00E-05 3.3E+02

1-132 1.37E+03 1.13E-04 3.01E-01 0.00E+00 1 60 18.3 3.00E-05 0.0E+00

i-133 2.15E+03 7.82E+07 3.32E-02 0.00E+00 1 60 18.3 3.00E-05 0.0E+00

1-134 2.51E+03 4.71E-26 8.00E-01 0.00E+00 1 60 18.3 3.00E-05 0.0E+00

i-135 1.99E+03 6.40E+04 1.03E-01 1.56E+00 1 60 18.3 3.00E-05 1.4E-01

Kr-83m 1.40E+04 2.02E-06 3.65E-01 0.00E+00 1 60 18.3 3.00E-05 0.0E+00

Kr-85 2.33E+03 2.33E+09 7.68E-06 2.11E-03 1 60 18.3 3.00E-05 6.9E+00

Kr-85m 3.49E+04 5.04E+03 1.58E-01 1.51E-01 1 60 18.3 3.00E-05 1.1E-08

Kr-87 6.79E+04 1.18E-13 5.47E-01 0.00E+00 1 60 18.3 3.00E-05 0.0E+00

Kr-88 9.65E+04 1.30E+00 2.50E-01 1.65E+00 1 60 18.3 3.00E-05 3.0E-08

Kr-89 1.23E+05 0.00E+00 1.30E+01 2.00E+00 1 60 18.3 3.00E-05 0.0E+00

Xe-131m 7.06E+01 5.55E+07 2.41E-03 3.28E-03 1 60 18.3 3.00E-05 2.5E-01

Xe-133m 4.31E+03 1.20E+09 1.28E-02 3.26E-02 1 60 18.3 3.00E-05 5.5E+01

Xe-133 1.79E+05 1.03E+11 5.48E-03 3.00E-02 1 60 18.3 3.00E-05 4.3E+03

Xe-135m 4.85E+04] 8.49E-106 2.67E+00 0.00E+00 1 60 18.3 3.00E-05 0.0E+00

Xe-135 4.74E+04 2.42E+07 7.58E-02 2.46E-01 1 60 18.3 3.00E-05 8.3E+00

Xe-137 1.61E+05 0.00E+00 1.07E+01 0.00E+00 1 60 18.3 3.00E-05 0.0E+00

Xe-138 1.58E+05 9.46E-96 2.45E+00 0.00E+00 1 60 18.3 3.00E-05 0.0E+00

Dose Rate, 4.7E+03
mBR/hr

* - slight differences may occur between CRADLE inventories and the 100 hour decayed inventory in this table due to minor

differences in the decay constants used

** - a number of isotopes were totally decayed by the time T= 100 hours has occurred. Since those isotopes did not affect the
results of this calculation, the average gamma energy per disintegration was not used and for simplicity was assumed to be *

ZEro.

6.3.2. MP3 Control Building inlet Vent Monitors, 3HVC*RE16A&B

Per Tech Spec Table 3.3-4, the alarm setpoint for this rad monitor is 1.5E-05 uCi/cc. To determine the
activity that will reach the rad monitor, the release rate must be determined and then multiplied by the
appropriate control room x/q. The release rate is determined by taking the maximum airborne Xe-133
activity in containment (or Aux Bldg when appropriate), multiply it by the air change rate and the X/Q. Xe-

133 provides a representative response to these rad monitors for this isotope mix because for this accident,
it is the dominant isotope, as can be seen in Table 2.

Since there are 2 different release scenarios, each must be evaluated separately. The next 2 sections provide

Justification for allowing use of a 10 second period from time of detection by these rad monitors to the time
that the isolation dampers are closed.

Alarm by these rad monitors will result in a CBI which isolates both the MP3 Control Room and the TSC.

6.3.2.1. 3HVC*RE16A&B Response Based on vent release from Auxiliary Building

The impact from the Auxiliary Building Release

An air change rate of 6/hr was used for the Aux. Bldg and 4 / hr for containment. This ensures that
essentially all airborne activity is released from containment to the environment within 2 hours. From
CRADLE run # 23591 it has been determined that the Xe-133 activity in the Auxiliary Building at T= 1 sec
post-FHA is 125 Ci. It should be noted that the Xe-133 activity from CRADLE does not need to be
converted to a 3636 MWt equivalent because the CRADLE conversion factor from TABLE 1 is essentially
L. A determination at 1 second was made to identify the carliest possible time for detection.
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The release rate from the Aux Bldg at T= 1 second is 125 Ci * 6 / hour = 750 Ci/ hour = 0.2 Ci/sec. With a
X/Q to the control room for the Ventilation Vent of 3.75E-03 sec / m?, the resultant activity concentration at
the MP3 control room inlet is 7.5E-04 uCi/cc. This will alarm the inlet rad monitor based on the alarm

setpoint of 1.5E-05 uCi/cc. Since the alarm setpoint for this rad monitor is 1.5E-05 uCi/ce, the control room
will isolate.

The response time of the rad monitor must be determined to address impact on MP3 control room isolation
time. The Xe-133 activity at the control room inlet as determined in the above paragraph is 7.8E-04 uCi/cc.

The method that’s used in reference 25 (page AS - A6) will be used below to show how quickly that the
MP3 control room inlet radiation monitor will detect the release.

Alarm setpoint:  1.5E-05 uCifcc Xe-133
Time constant': 10 sec for a count rate > 1000 cpm

5.3 sec for a count rate > 2000 cpm

1 sec for a count rate > 3000 cpm
Detector response conversion factor: 1.3E-08 uCi/cc per cpm Xe-133
Set-point count rate (Cs) = 1.5E-05 uCi/cc / 1.3E-08 uCi/cc per cpm = 1154 cpm
Concentration = 7.5E-04 uCi/cc
Step increase (Cf) = 7.5E-04 uCi/cc / 1.3E-08 uCi uCi/cc/cpm = 5.4E+04 cpm
Since the detector instantaneous count rate (5.4E+04 cpm) is greater than 3000 cpm, the time constant (RC)
is 1 sec. The monitor response time, T, to reach the setpoint is determined by:
Cs = Cf (1-e RS
Cs/Cf=(1-eTR
1154/ SAE+04 = (1-¢7''*%)
T =0.02 sec

The response time is 0.02 seconds. For conservatism, 5 seconds will be used which includes the release at 1
second. In addition, using Assumption 5, 5 seconds is used for damper closure time. Therefore it takes 10
seconds for the control room to isolate following detection by the MP3 control room air inlet detectors.

6.3.2.2. 3HVC*RE16A&B Response Based on ground release from containment
For the release from containment.

The released activity is decay corrected for 100 hours shutdown time and multiplied by the air change rate
of 3 / hour. From the CRADLE run # 09065, the initial Xe-133 activity in containment at T = 100 hours is
1.042E+05 Ci. It should be noted that the Xe-133 activity from CRADLE does not need to be converted to
a 3636 MWt equivalent because the CRADLE conversion factor from TABLE 1 is essentially 1. The
resulting initial (and maximum) release rate is 1.042E+05 Ci * 3/ hour = 3.13E+05 Ci/hour which is
equivalent to 87 Ci/ second. This release rate is then multiplied by the x/q for the containment to control
room. The result is the air activity at the rad monitor. The x/q to be used is 1.52E-03 sec/m3 from
Assumption 16. Doing the math, 87 Cif sec * 1.52E-03 sec/m’ is 1.32E-01 Ci/m3 of Xe-133 activity
(equivalent to 1.32E-01 uCi/cc). It should be noted that the contribution from the other isotopes has not
been addressed but they are not significant. All of the other isotopes result in no significant increase in the
rad monitor response above the Xe-133 response.

Since the activity expected at the rad monitor from the accident (1.32E-01 uCi/cc) is almost a factor of  _
10000 higher than the rad monitor alarm setpoint (1.5E-05 uCi/cc), the MP3 control room and TSC will
isolate. The activity released from containment at T=100 hours is higher than at any other time and is
therefore conservative to use. Since the airborne activity is much greater than that determined in the
previous section, the rad monitor response will be quicker. For simplicity, it will be assumed that the 10

second period between release of activity and control room isolation determined in the previous section is
still applicable.

! time constant is calculated based on information from Reference 26
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6.3.3. MP2 Control Room Ventilation Intake, RM9793A&B

The MP2 control room rad monitor response will be determined using the methods of Section 6.3.2.1
because most of it is still applicable. Use of the Aux Building ventilation release path is conservative over
the containment release path because it will result in the lowest airborne activity at the detector and slowest
response time for MP2 control room isolation. The primary difference in airborne activity at the inlet is that
the x/q should be 1.25E-03 sec/m3 versus the 3.75E-03 sec/m3 used for MP3. A simple ratio of 1.25E-03 /
3.75E-03 is multiplied by the 7.5E-04 uCi/cc from Section 6.3.2.2 to arrive at the air concentration at the
Unit 2 Control room. The resulting valu is 1.25E-03/ 3.75E-03 x 7.8E-04 = 2.5E-04 uCi/cc. Therefore
activity the MP2 control room rad monitor sees is 2.5E-04 uCi/cc.

Reference 3.20, pages 31 & 32 provides a model for evaluation of the MP2 rad monitor response time and
is used as follows.The detector has a response conversion factor of 1 mr/hr = 0.009 uCi/cc dose equivalent
XE-133. For a 2.5E-04 uCi/cc activity, the rad monitor will see approximately 0.028 mr/hr. This exposure
rate is too low for an adequate response and has an associated time constant (RC) of > 0.3 min (20 sec).
More activity must be released from the MP3 Auxiliary Building before the MP2 rad monitors will alarm.
The MP2 control room CRADLE run# 00871, dated 5/31/2000 provides the activity in the MP3 Aux Bldg
at T = 45 seconds and this value is 4894 Ci - XE-133. The activity seen at the rad monitor detector based on
a release rate from MP3 of 6/ hr is 4894 Ci * 6/ hr = 2.94E+04 Ci/hr = 8.1GE+00 Ci/ sec. Applying the
X/Q of 1.25E-03 sec/ m3, results in a XE-133 activity at the detector of 1.02E-02 uCi/ cc. With the
response conversion factor of 0.009 uCi/cc / mR/hr, the monitor will see 1.13E+00 mR/hr. The time
constant, RC, (per Ref 20, pg 31) for this exposure rate is 0.033 min (1.98 seconds).

The monitor response time to reach the setpoint is :

C, = C; * (1-¢TRC

where

C, = monitor setpoint of 1 mr/hr

C; = exposure rate at the detector, 1.13 mr/hr

1/1.13=1-¢ T8

T =4.28 sec

Therefore rad monitor response time is 49.28 seconds (= 4.28 sec + 45 seconds release time) and will be
assumed to be 50 seconds. From Assumption 26, the MP2 control room isolation damper closing time is 5
seconds. This results in an isolation time once detected to isolation of 55 seconds.

Since it takes 50 seconds from T = O for sufficient activity to be released from the MP3 Auxiliary Buildimg
to be alarmed by these rad monitors, plus 5 seconds for MP2 control room isolation, the MP2 control rocm

will not isolate until T=55 seconds, post- FHA. For this calculation, isolation is assumed to occur at T= 60
seconds for conservatism.

Offsite dose

TACT III was used to evaluate offsite dose based on a 10 minute ground release using 3 air changes per
hour from containment. The 10 minute release assumes that the containment will be closed within 10
minutes of initiation of the accident. A similar run assuming a vent release (with vent X/Q of 4.3E-04 -

sec/m3) and 4/ hour release rate was performed with results that were lower than the ground level release.
Therefore the ground level! release is bounding. '

The ground release TACT input dataset is listed below.
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2 1 9 1.4E4 00000550
2 1 11 2.33E3 00000560
2 1 10 3.49E4 00000570
2 1 12 6.79E4 00000580
2 1 13 9.55E4 00000590
2 1 14 1.23E5 00000591
2 1 15 7.06E1 00000592
2 1 16 4.31E3 00000593
2 1 17 1.78ES 00000594
2 1 18 4.85E4 * 00000595
2 1 19 4.74E4 00000596
2 1 20 1.61E5 00000597
2 1 21 1.58E5 00000598
3 1 0 2.32E6 00000610
111 1 0.0 00000620
17 6 0 0.00E-0 0.00E-0 0.00E-0 0.0 0.0 0.0 00000630
1 2 0 100.0 100.167 00000640
111 1 7.2E3 00000700
17 6 0 5.42E-4 2.91E-S5 3.47E-4 0.0 0.0 0.0 00000800
1 2 0 100.167 102.0 00000900
111 1 0.0 00001000
17 6 0 0.00E-0 0.00E-0 0.00E-0 0.0 0.0 0.0 00001100
0/ 00001500

TACT runs # 15205 and 15881, performed on 5/15/2000, provides the following dose information for
ground and vent releases.

(TACT #15205) (TACT #15881)
GROUND VENT
EAB - whole body: 2.238E-01 rem 2.195E-01 rem
LPZ - whole body: 1.201E-02 rem 1.486E-02 rem

Thyroid dose from that TACT run must be adjusted to reflect ICRP 30 DCFs. This is performed below. The
end results are the following EAB and LPZ thyroid doses.

(TACT #15205) (TACT #15881)
GROUND VENT
EAB - thyroid: 5.454E+01 rem 5.350E+01 rem
LPZ - thyroid: 2.928E+00 rem 3.620E+00 rem

Since the ground release thyroid dose provides the most challenge to the dose limits (6 rem -whole body
and 75 rem- thyroid), the ground release will be used to bound the offsite dose analysis.

The corrections to thyroid dose conversion factors (DCFs) are listed in Assumption 18 and repeated below.
The DCFs are multiplied by the isotope specific thyroid dose fraction for the time step in TACT. The dose
fraction is found in the TACT run. This value provides the weighted multiplier to the total dose. The TACT

thyroid doses are multiplied by the weighted correction factor to determine the ICRP 30 based thyroid
doses.

Since only 1 time interval was considered in TACT, only 1 time interval need be evaluated.

The conversion for the ground release thyroid dose is listed below ST
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Offsite Thyroid Doses
DCF Ratio
1-131 1-132 1-133 -134 1-135
0.720 0.440 0.674 0.288 0.562
TACT Hll lodine Dose Fraction Combined
Release Type 1-131 1-132 -133 1-134 -135 Factor
10 minute release 9.795E-01 0.000E+00 2.055E-02 0.000E+00 3.634E-06 7.1909E-01
Combined Faclor(l) = Summation of [DCF Ratio(i) x lodine Dose Fraction(i)] over i for time interval {t), where i=iodine isotope.

6.5.

Filtered Release Thyroid Doses (Rem)
TACT ill ICRP 30
Release Type EAB LPZ EAB LPZ
10 minute release 7.584E+01 4.072E+00 5.454E+01 2.928E+00
ICRP 30 EAB(t), or LPZ{t) = TACT [l EAB(Y), or LPZ{t), x Combined Factor(t) for time interval (t).
The conversion for the vent release thyroid dose is listed below
Offsite Thyroid Doses
DCF Ratio
1-131 1-132 1-133 1-134 1-135
0.720 0.440 0.674 0.288 0.562 -
TACT 1ll lodine Dose Fraction Combined
Release Type 1-131 1-132 1-133 1-134 1-135 Factor
10 minute release 9.794E-01 0.000E+00 2.055E-02 0.000E+00 3.635E-06 7.1902E-01
Combined Factor(t) = Summation of {[DCF Ratio(i} x lodine Dose Fraction(i)] over i for time interval (1), where i=iodine isotope.
Filtered Release Thyroid Doses (Rem)
TACT Ill ICRP 30
Release Type EAB LPZ EAB LpzZ
10 minute release 7.440E+01 5.035E+00 5.350E+01 3.620E+00
ICRP 30 EAB(1), or LPZ(t) = TACT Wl EAB(t), or LPZ(1), x Combined Factor(t) for time interval (t).

MP 3 control room dose

6.5.1. inhalation and submersion dose within the control room

Dose results for each scenario (ground and ventilation vent release) are listed in this section. Whole body
and beta doses are listed based on CRADLE output and corrected for inventory using release fractions
(Section 6.2). Thyroid dose is adjusted for inventory (Section 6.2 and thyroid dose conversion factors
(Assumption 18). The CRADLE input datasets are listed below for the 2 scenarios.

Based on a review of the output from both scenarios, using the KR-85 inventory as a benchmark, the
activity released from the refuel pool is essentially removed in entirety from the Containment (and Auxiliary
Building) within the 2 hour time constraint specified by Regulatory guide 1.25. KR-85 is used because of its
relatively long half-life. The use of shorter lived isotopes is not recommended because they may
misrepresent the extent of activity released from containment due to their shorter half-lives.

In both cases, the initial airborne KR-85 activity in containment at T = 100 hours, is 1.313E+03 Ci. This
value was taken from the CRADLE runs for the MP3 control room analyses. v
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At 2 hours post FHA, for the containment-ground release scenario, the remaining KR-85 activity in

containment is 3.255 Ci (this value is from the MP3 Control room - ground release CRADLE run # 09065) .
This means that 99.75% of the activity was released within 2 hours.

For the Aux Bldg- ventilation vent elevated release pathway, after 2 hours, the remaining KR-85 activity in
containment is 0.44 Ci and the Auxiliary Building activity is 0.87 Ci, for a total of 1.31 Ci (0.44 Ci + 0.87
Ci, these values are from the MP3 control room/ vent release CRADLE run # 23591) remaining in the
containment and Auxiliary buildings. Thig means that of the original 1313 Ci of KR-85 released, more than
99.75% of the activity was released to the environment. Figure 1 provides an approximate visual
explanation of the KR-85 release from containment to the Aux Bldg and out from the ventilation vent.

It should be noted that the dose modeling for the control rooms and TSC assume a full 2 hour release of
activity with no requirement for personnel hatch closure. This is a conservative approach that will show
compliance with regulatory dose limits. The intent of this calculation is to show that a 10 minute closure

requirement for the containment, including personnel hatch will ensure that GDC19, Reg. Guide 1.25, and
SRP 15.7.4 dose limits are met.
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As will be shown, releasing activity through the Auxiliary Building via the Ventilation vent results in a
higher MP3 control room thyroid dose than the ground release.

6.5.1.1. AUX BLDG RELEASE PATHWAY

The CRADLE input to support the MP3 control room dose determination from the Aux Bldg/ Vent release pathway is listed
below. Following it are the source term corrected (and DCF corrected for thyroid) CRADLE outputs. These are based on
CRADLE run # 09033, dated 5/26/2000 (provided on floppy with Attachment 2).

CRADLE Input for MP3 Control Room - Aux Bldg / Vent release path

MP-3 CR FROM CTMT RELEASE:2 HOUR RELEASE TO AUX. BLDG

200000100

3636. 2.38E+5 1. 0 12 00000200
0.0 100. 100.0028 100.01%94 100.1667 100.1861 101.0194 00000300
101.6361 102.0 108.0 124.0 196.0 820.0 00000400
0.0 0.0 00000410
1.06-05 8.81E-4 00000500
0.0 0.0 00000600
0.0 0.0 00000700
0.0 0.0 00000800
0.0 0.0 00000801
0.0 0.0 00000802
0.0 0.0 00000803
0.0 0.0 00000810
0.0 0.0 00000820
0.0 0.0 00000830
0.0 0.0 00000900
1450. 1450 115.0 10. 10.0 10.0 115.0 00001000
10 10. 10. 10. 10. 00001010
0.000 0.0 0.0 Q. 0.0 0.0 0.0 00001100
230.0 230.0 230.0 230. 230.0 00001110
1450. 1450. 115.0 10. 10.0 10.0 115.0 00001200
240. 240. 240. 240. 240.0 00001210
95.0 95.0 95.0 00001300
0.00 0.00 0.00 00001400
.00 0.00 0.00 00001500
0.00 0.00 0.00 00001600
0.00 0.00 0.00 00001700
0.00 06.00 0.00 00001701
0.00 0.00 0.00 00001702
0.00 0.00 0.00 00001710
0.1595 0.1595 0.1595 00001720
0.1595 0.1595 0.1595 00001730
0.1595 0.1585 0.1595 00001740
0.1595 0.1595 0.1585 00001800
0.1595 0.1595 0.1595 00001900

0.0 3.75E-3 3.75E-3 3.75E-3 3.75E-3 3.75E-3 3.75E-3 00002000

3.75E-3 3.75E-3 3.75E-3 3.75E-3 3.75E-3 00002010
4.0 4.00000 4.00000 4.00000 4.00000 4.00000 4.00000 00002100
4.0 4.00000 4.00000 4.00000 4.00000 00002110
6.0 6.00000 6.00000 6.00000 6.00000 6.00000 6.00000 00002120
6.0 6.00000 6.00000 6.00000 6.00000 00002130

0.00 0.00 0.00 00002200
0.00 0.00 0.00 00002300
0.00 0.00 0.00 00002310
0.00 0.00 0.00 00002400
0.00 0.00 0.00 00002410
0.00 0.00 0.00 00002500
0.00 0.00 0.00 00002501
0.00 0.00 0.00 00002502
0.00 0.00 0.00 00002510
0.00 0.00 0.00 00002600
0.00 0.00 0.00 00002700
0.00 0.00 0.00 00002800
0.00 0.00 0.00

00002900




NORTHEAST NUCLEAR ENERGY COMPANY CALC. M3FHA-01791-R3  Rev.

MP3- Fuel Handling Accident In Containment - 10 Minute Closure Time

SHEET 21
0.00 0.00 0.00 ' 00003000
0.00 0.00 0.00 00003100
0.00 0.00 0.00 00003200
0.00 0.00 0.00 00003300
0.00 0.00 0.00 00003400
0.00 0.00 0.00 00003500
0.00 0.00 0.00 00003600
0.00 0.00 0.00 00003700
0.00 0.00 0.00 00003800
0.00 0.00 0.00 . 00003900
0.00 0.00 0.00 00004000
0.00 0.00 0.00 00004100
0.00 0.00 0.00 00004200
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6.5.1.2. CTMT - GROUND LEVEL RELEASE PATHWAY

The CRADLE input to support the MP3 control room dose determination from the containment/ground release pathway is listed below. Following it are the source term corrected
(and DCF corrected for thyroid) CRADLE outputs. These are based on CRADLE run # 09065, dated 5/26/2000 (provided on floppy with Attachment 2).

CRADLE Input for MP3 Control Room - containment/ ground release path

MP-3 CR FROM CTMT RELEASE:2 HOUR GROUND RELEASE 100000100
3636, 2.38E+5 1. 0 12 00000200
0.0 100. 100.0028 100.0194 100.1667 100.1861 101.0194 00000300
101.6361 102.0 108.0 124.0 196.0 820.0 00000400
1.06-05  8.81E-4 00000410
0.0 0.0 00000500
0.0 0.0 00000600
0.0 0.0 00000700
0.0 0.0 00000800
0.0 0.0 00000801
0.0 c.0 00000802
0.0 0.0 00000803
0.0 0.0 00000810
0.0 0.0 00000820
0.0 0.0 00000830

0.0 0.0 00000500 ’
1450. 1450 115.0 10. 10.0 10.0 115.0 00001000
10 10 10. 10 10. 00001010
0.000 0.0 0.0 0 0.0 0.0 0.0 00001100
230.0 230.0 230.0 230. 230.0 00001110
1450 1450. 115.0 10. 10.0 10.0 115.0 00001200
240. 240. 240 240 240.0 00001210
95.0 95.0 95.0 00001300
0.00 0.00 0.00 00001400
0.00 0.00 0.00 00001500
0.00 0.00 0.00 00001600
0.00 0.00 0.00 00001700
0.00 0.00 0.00 00001701
0.00 0.00 0.00 00001702
0.00 0.00 0.00 00001710
0.1595 0.1595 0.1595 00001720
0.1595 0.1595 0.1595 00001730
0.1595 0.1595 0.1595 00001740
0.1595 0.1595 0.1595 00001800
0.1595 0.1595 0.1595 00001900
0.0 1.52E-3 1.52E-3 1.52E-3 1.52E-3 1.52E-3 1.52E-3 00002000
1.52E-3 0.0 0.0 0.0 0.0 00002010
0.0 3.00000 3.00000 3.00000 3.00000 3.00000 3.00000 00002100
3.0 0.0 0.0 0.0 0.0 00002110
0.00 0.00 0.00 00002200
0.00 0.00 0:00 00002300
0,00 0.00 0.00 00002310

T
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0.00 0.00 0.00 00002400
0.00 0.00 0.00 00002410
0.00 0.00 0.00 00002500
0.00 0.00 0.00 00002501
0.00 0.00 0.00 00002502
0.00 0.00 0.00 00002510
0.00 0.00 0.00 00002600
0.00 0.00 0.00 00002700
0.00 0.00 0.00 00002800
0.00 0.00 0.00 00002900
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6.5.2. Plume shine to the control room

6.5.3.

Ground release plume shine is determined by taking the EAB dosc from the ground release TACT run # 15205 (provided in Attachment 2), ratioing the
worst case X/Q (which happens to be the Vent to Control Room X/Q) to it and then adjusting for dose reduction as a result of MP3 control room

shielding.

The EAB whole body dose from the TACT run is 0.2238 rem based on a X/Q of 5.42E-04 sec/ m’.

The Vent to MP3 control room X/Q is 3.75E-03 sec/ m’>. (Assumption 16)

The control room shielding provides 2 feet of concrete (Assumption 27) which provides a radiation reduction factor of approximately 0.003. (Ref. 22 pg

149)

Plume dose to control room, rem =EAB dose * (vent to control rm X/Q) / (EAB X/Q) * shielding reduction factor.

Plume dose to control room, rem = 0.2238 rem * (3.75E-03/ 5.42E-04) * 0.003
= 0.005 rem plume shine from the ground release

I

dose from the vent release TACT run # 15881 (provided in Attachment 2), ratioing the worst

Vent release plume shine is determined by taking the EAB
duction as a result of MP3 control room shielding.

case X/Q (which happens to be the Vent to Control Room X/Q) to it and then adjusting for dose re
The EAB whole body dose from the TACT run is 0.2195 rem based on a X/Q of 4.3E-04 sec/ m’.

The Vent to MP3 control room X/Q is 3.75E-03 sec/ m’. (Assumption 16)

The control room shielding provides 2 feet of concrete (Assumption 27) which provides a radiation reduction factor of approximately 0.003. (Ref. 22 pg

149)

Plume dose to control room, rem =EAB dose * (vent to control rm X/Q) / (EAB X/Q) * shielding reduction factor.

Plume dose to control room, rem = 0.2195 rem * (3.75E-03/ 4.30E-04) * 0.003
= 0.006 rem plume shine from the vent release

Filter shine from charcoal filter beds

the filter to the control room as 12’ 8 1/2”. From Assumption 30, the MP3 control room has 1’ of shielding.

Reference 20, pg A9, lists the distance from
he control room is provided. It will be assumed that 100% of the iodine activity is trapped on the filter at

Using Cradle run #09033, the iodinc activity int
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each time step in the CRADLE run. This activity will be added to the decay corrected activity of the previous time step to determine iodine activity on
the filter at the beginning of each time step. This activity will be treated as a point source and dose/ dose rate determined as follows.

From CRADLE run # 09033, the amount of iodine in the control room has been determined. I-131 and 1-133 are the dominant iodines in the control
room (with average gamma energies of 0.39 Mev and 0.444 Meyv, respectively). It will be conservatively assumed that all of the iodine activity in each
time step is deposited on the filter at the beginnning of the time step and treated as a point source sourrounded by 1’ of concrete (Assumption 30). Each
time step will have the decay corrected activity from the previous step added to it. From the CRADLE run, the time dependent iodine activity in the
control room is listed below. Also listed is the time dependent iodine buildup (and decay) on the filter. Since the gamma energies of I-131 and I-133 are
so similar, the I 133 will be treated as I-131 for simplicity. Dose rate is calculated using the gamma constant, T', for I-131 from Ref 22, pg 131 0f 2.2.

Per Ref 22:
I'/ 10 = R/hr at 1 meter/ Ci

2.2/10=0.22 R/hr at 1 meter/ Ci

In order to account for distance and shielding, the inverse square law will be used to correct the above equation to a 12' 8 1/2” distance. 12’ 8 1/2” is
equivalent to 3.9 meters. Dividing 0.22 R/hr @ 1 meter/Ci by 15 (same as 3.9%) provides an approximate inverse square correction to the 12 8 1/2”
distance. The corrected equation is now 1.5E-02 R/hr @ 12’ 8 1/2"/ Ci.

In order to account for the shielding effectivenesss of the 1* of concrete, the transmission factor of 0. 1 from Ref. 22, pg 149 will be used. This results in
a dose rate to the control of 1.5B-03 R/hr - Ci. Total iodine activity in the control room is estimated from CRADLE at less than 7E-02 Ci of iodine.

Applying 7E-02 Ci of iodine to 1.5E-03 R/hr - Ci results in a dose rate of 1.05E-04 R/hr. Multiplying this by 30 days (720 hours) results in a dose of
7.6E-02 Rem.

Since the Aux Bldg/ vent release path results in the highest thyroid dose to the control room it will also result in the highest filter shine dose using the
above method. Therefore it will be conservatively used as the basis for filter shine dose based on the containment/ ground release path.
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CRADLE Input for MP2 Control Room - Aux Bldg/ vent release path

MP-2 CR FROM CTMT RELEASE:2 HOUR RELEASE TO AUX. BLDG 200000100
3636. 3.565E+4 1. 0 12 00000200
0.0 100. 100.0014 100.0167 100.1833 100.1861 101.0194 00000300
101.6278 102.0 108.0 124.0 196.0 820.0 00000400
0.0 0.0 00000410
1.06-05 8.81E-4 00000500
0.0 0.0 00000600
0.0 0.0 00000700
0.0 0.0 00000800
0.0 0.0 00000801
0.0 0.0 00000802

0.0 0.0 00000803 ,
0.0 0.0 00000810
0.0 0.0 00000820
0.0 0.0 00000830
0.0 0.0 00000900
800. 800 800.0 130. 10.0 10.0 10.0 00001000
10 10. 10. 10. 10. 00001010
000 0.0 0.0 0. 0.0 0.0 0.0 00001100

0.0 0.0 0.0 0. 0.0 00001110 °
800 800. 800.0 130. 10.0 10.0 10.0 00001200
10. 10. 10. 10. 10. 00001210
0.00 0.00 0.00 00001300
0.00 0.00 0.00 00001400
0.00 0.00 0.00 00001500
0.00 0.00 0.00 00001600
0.00 0.00 0.00 00001700
3.408 3.408 3.408 00001701
3.408 3.408 3.408 00001702
3.408 3.408 3.408 00001710
3.408 3.408 3.408 00001720
3.408 3.408 3.408 00001730
3.408 3.408 3.408 00001740
3.408 3.408 3.408 00001800
3.408 3.408 3.408 00001300
0.0 1.25E-3 1,25E-3 1.25E-3 1,25E-3 1.25E-3 1.25E-3 00002000
1.25E-3 1,25E-3 1.25E-3 1.25E-3 1,.25E-3 00002010
4.0 4,00000 4.00000 4.00000 4.00000 4.00000 4,00000 00002100
4,0 4.00000 4.00000 4,00000 4.00000 00002110
i
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6.0 6.00000 6.00000 6.00000 6.00000 6.00000 6.00000 00002120
6.0 6.00000 6.00000 6.00000 6.00000 00002130
0.00 0.00 0.00 00002200
0.00 0.00 0.00 00002300
0.00 0.00 0.00 00002310
0.00 0.00 0.00 00002400
0.00 0.00 0.00 00002410
0.00 0.00 0.00 00002500
0.00 0.00 0.00 00002501
0.00 0.00 0.00 00002502
0.00 0.00 0.00 00002510
0.00 0.00 0.00 00002600
0.00 0.00 0.00 00002700
0.00 0.00 0.00 00002800
0.00 0.00 0.00 00002900
0.00 0.00 0.00 00003000
0.00 0.00 0.00 00003100
0.00 0.00 0.00 00003200
0.00 0.00 0.00 00003300
0.00 0.00 0.00 00003400
0.00 0.00 0.00 00003500
0.00 0.00 0.00 00003600
0.00 0.00 0.00 00003700
0.00 0.00 0.00 00003800
0.00 0.00 0.00 00003900
0.00 0.00 0.00 00004000
0.00 0.00 0.00 00004100
0.00 0.00 0.00 00004200
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Plume shine to the control room

Ground release plume shine is determined by taking the EAB dose from the ground release TACT
run # 15205 (provided in Attachment 2), ratioing the worst case X/Q (which happens to be the

ground to Control Room X/Qto it and then adjusting for dose reduction as a result of MP2
control room shielding.

The-EAB whole body dose from the TACT run is 0.2238 rem based on a X/Q of 5.42E-04 sec/ m>.
The ground to MP2 control room X/Q is 9.19E-04 sec/ m>. (Assumption 16)

The control room shielding provides 2 feet of concrete (Assumption 28) which provides a radiation
reduction factor of approximately 0.003. (Ref. 22 pg 149)

Plume dose to control room, rem =EAB dose * (vent to control rm X/Q) / (EAB X/Q) * shielding
reduction factor.

Plume dose to control room, rem = 0.2238 rem *(9.19E-04 / 5.42E-04) *0.003
= 0.001 rem plume shine from the ground release

Vent release plume shine is determined by taking the EAB dose from the vent release TACT run #
15881 (provided in Attachment 2), ratioing the worst case X/Q (which happens to be the Vent to

Control Room X/Q) to it and then adjusting for dose reduction as a result of MP2 control room
shielding.

The EAB whole body dose from the TACT run is 0.2195 rem based on a X/Q of 4.3E-04 sec/ m>.
The Vent to MP2 control room X/Q is 1.25E-03 sec/ m®. (Assumption 16)

The control room shielding provides 2 feet of concrete (Assumption 28) which provides a radiation
reduction factor of approximately 0.003. (Ref. 22 pg 149)

Plume dose to control room, rem =EAB dose * (vent to control rm X/Q) / (EAB X/Q) * shielding
reduction factor.

Plume dose to control room, rem = 0.2195 rem * (1.25E-03/ 4.30E-04) *0.003
= 0.002 rem plume shine from the vent release

Since the worst case plume shine to the MP2 control room from ground or vent release is 0.002
rem, this value will be used to bound the plume shine dose.

Filter shine from charcoal filter beds

Reference 20, pg A9, lists the distance from the filter to the control room as 35°. From Assumption
31, the MP2 control room has 18" of shielding. Using Cradle run #5490, the iodine activity in the
control room is provided. It will be assumed that 100% of the iodine activity is trapped on the filter
at each time step in the CRADLE run. This activity will be added to the decay corrected activity of
the previous time step to determine iodine activity on the filter at the beginning of each time step.
This activity will be treated as a point source and dose/ dose rate determined as follows.
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From CRADLE run # 5490, the amount of iodine in the control room has been determined. I-131
and [-133 are the dominant iodines in the control room (with average gamma energies of 0.39 Mev
and 0.444 Mev, respectively). It will be conservatively assumed that all of the iodine activity in
each time step is deposited on the filter at the beginnning of the time step and treated as a point
source sourrounded by 18” of concrete (Assumption 31). Each time step will have the decay
corrected activity from the previous step added to it. From the CRADLE run, the time dependent
iodine activity in the control room is listed below. Also listed is the time dependent iodine buildup
(and decay) on the filter. Since the gamma energies of I-131 and I-133 are so similar, the I 133 will

be treated as I-131 for simplicity. Dose rate is calculated using the gamma constant, T, for I-131
from Ref 22, pg 131 of 2.2 . Per Ref 22:

'/ 10 =R/hr at 1 meter/ Ci

2.2/10=0.22 R/hr at 1 meter/ Ci

In order to account for distance and shielding, the inverse square law will be used to correct the
above equation to a 35° distance. 35’ is equivalent to 10.7 meters. Dividing 0.22 R/hr @ 1
meter/Ci by 110 ( 110 = 10.7%) provides an approximate inverse square correction to the 35
distance. The corrected equation is now 2E-03 R/hr @ 35 ft/ Ci.

In order to account for the shielding effectivenesss of the 18" of concrete, the transmission factor
of 0.01 from Ref. 22, pg 149 will be used. This results in a dose rate to the control of 2E-05 R/hr -

Ci. Total iodine activity in the control room is estimated from CRADLE at less than 4E-02 Ci of
iodine.

Applying 4E-02 Ci of iodine to 2E-05 R/hr - Ci results in a dose rate of 8E-07 R/hr. Multiplying
this by 30 days (720 hours) results in a dose of 6E-04 R which is essentially negligible.

6.7. Technical Support Center (TSC) dose

6.7.1. Inhalation and submersion dose within the TSC

The CRADLE input to support the TSC dose determination from the Aux Bldg/ vent release pathway is listed below.

Following it are the source term corrected (and DCF corrected for thyroid) CRADLE outputs. These are based on CRADLE
run # 15634, dated 5/2/2000 (provided on floppy with Attachment 2).

CRADLE Input for TSC

1TsC FROM CTMT RELEASE:2 HOUR RELEASE TO AUX. BLDG 200000100

3636. 3.32E+4 1. 0 5 00000200

0.0 100 100.0028 100.5030 102. 820.0 00000300

0.0 0.0 00000410

1.06-05 8.81E-4 00000500 A

0.0 0.0 00000600 -

0.0 0.0 00000700

0.0 0.0 00000800

50. 50. 50.0 10. 10.0 00001000

0.000 0.0 0.0 100. 100.0 00001100

50. 50. 50.0 110. 110.0 00001200

95.0 95.0 95.0 00001300

0.00 0.00 0.00 00001400

0.00 0.00 0.00 00001500

3.434 3.434 3.434 00001600

3.262 3.262 3.262 00001700

3.262 3.262 3.262 00001701

0.0 3.75E-3 3.75E-3 3.75E-3 3.75E-3 © 00002000

4.0 4.00000 4.00000 4.00000 4.00000 00002100
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6.0 6.00000 6.00000 6.00000 6.00000 00002120
0.00 0.00 0.00 00002200
0.00 0.00 0.00 00002300
0.00 0.00 0.00 00002310
0.00 0.00 0.00 00002400
0.00 0.00 0.00 00002410
0.00 0.00 0.00 00002500
0.00 0.00 0.00 00002501
0.00 0.00 0.00 00002502
0.00 0.00 0.00 < 00002510
0.00 0.00 0.00 00002600
0.00 0.00 0.00 00002700
0.00 0.00 0.00

00002800
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The TSC beta dose listed below has been source corrected (Table 15). The resultant dose value listed at the bottom of Table
15 is 2.62 rem - beta. )

TABLE 15 - SOURCE TERM CORRECTION TO CRADLE BETA DOSE RESULTS -TSC

Source » Integrated Total
Term 100h- |100.0028 -] 100.503 102 Dose Corrected
Correction { 100.003 100.503 102 820 | rem Dose (rem)
-131 ELEM 0.9988 7.98E-10 8.62E-04 1.09E03] 1.19E-05 2.06E-03]| 2.06E-03
I-132 ELEM 0.9381 4.77E-22 5.24E-16 5.11E-16] 3.63E-18 1.04E-15| 9.73E-16
1-133 ELEM 0.9970 2.20E-10 2.63E-04 2.92E-04| 3.06E-06 5.57E-04{ 5.56E-04
-134 ELEM 0.9939 3.77E-43 3.53E-37 2.73E-37| 9.36E-40 6.27E-37{ 6.23E-37
1-135 ELEM 1.0134 1.26E-13 1.47E-07 1.58E-07| 1.49E-09 3.06E-07} 3.11E-07
1-131 ORG. 0.9988 3.51E-11 4.23E-05 4.77E-05| 5.22E-07 9.05E-05] 9.04E-05
1-132 ORG. 0.9381 2.10E-23 2.30E-17 2.24E-17] 1.59E-19 4.56E-17] 4.28E-17
1-133 ORG. 0.8970 9.66E-12 1.15E-05 1.28E-05| 1.34E-07 2.45E-05| 2.44E-05
1-134 ORG. 0.9939 1.66E-44 1.55E-38 1.20E-38| 4.11E-41 2.76E-38| 2.74E-38
-135 ORG. 1.0134 5.54E-15 6.47E-09 6.94E-09} 6.56E-11 1.35E-08| 1.37E-08
1-131 PART. 0.9988 4.38E-11 5.29E-05 5.97E-05| 6.52E-07 1.13E-04| 1.13E-04
I-132 PART. | 0.9381 2.62E-23 2.88E-17 2.81E-17| 1.99E-19 5.70E-17| 5.35E-17
1-133 PART. 0.9970 1.21E-11 1.44E-05 1.60E-05] 1.68E-07 3.06E-05| 3.05E-05
1-134 PART. 0.9939 2.07E-44 1.94E-38 1.50E-38] 5.14E-41 3.44E-38| 3.42E-38
1-135 PART. 1.0134 6.92E-15 8.09E-09 8.68E-09| B8.20E-11 1.68E-08! 1.71E-08
KR-83M 0.0000 0.00E+00 0.00E+00 0.00E+00| 0.00E+00 0.00E+00{ 0.00E+00
KR-85 ** 0.5922 1.65E-09 3.18E-03 3.03E-02] 9.80E-02 1.31E-01] 2.34E-01
KR-85M 0.8397 7.01E-15 1.28E-08 1.06E-07{ 1.68E-07 2.87E-07] 2.41E-07
KR-87 0.9078 4.94E-30 7.93E-24 4.74E-23] 2.75E-23 8.28E-23] 7.52E-23
KR-88 0.9317 3.10E-18 5.48E-12 4.17E-11] 4.95E-11 9.67E-11] 9.01E-11
KR-89 0.9663 0.00E+00 0.00E+00 0.00E+00| 0.00E+00 0.00E+00] 0.00E+00
XE-131M 0.0849 2.91E-10 5.61E-04 5.34E-03| 1.70E-02 2.29E-02| 1.95E-03
XE-133M 0.9717 1.17E-09 2.25E-03 2.12E-02| 6.38E-02 8.73E-02| 8.48E-02
XE-133 0.9941 2.98E-08 5.74E-02 5.45€E-01} 1.71E+00 2.31E+00{ 2.30E+00
XE-135M 0.9717 0.00E+00 0.00E+00 0.00E+00| 0.00E+00 0.00E+00{ 0.00E+00
XE-135 0.2760 1.50E-10 2.82E-04 2.51E-03] 5.55E-03 8.34E-03| 2.30E-03
XE-137 0.9852 0.00E+00 0.00E+00 0.00E+00| 0.00E+00 0.00E+00| 0.00E+00
XE-138 1.0350 0.00E+00 0.00E+00 0.00E+00| 0.00E+00 0.00E+00| 0.00E+00
Uncorrected | Cormrected
Total 2.56E+00| 2.62E+00

** - KR-85 dose is multiplied by 3 to reflect a 30% release instead of 10%
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The TSC whole body dose listed below has been source corrected (Table 16). The resultant dose value listed at the bottom of
Table 16 is 8.49E-02 rem - whole body.

TABLE 16 - SOURCE TERM CORRECTION TO CRADLE WB DOSE RESULTS-TSC

Source Integrated Total
Term 100 h- |100.0028-| 100.503 102 Dose Corrected
Correction | 100.003 100.503 102 820 rem Dose (rem)
1-131 ELEM 0.9988 1.77E-09 2.14E-03 2.41E-03] 2.64E-05 4.57E-03 4.57€E-03
[-132 ELEM 0.9381 2.38E-21 2.61E-15 2.55E-15| 1.81E-17 5.18E-15 4 86E-15
1-133 ELEM 0.9970 2.36E-10 2.82E-04 3.13E-04| 3.28E-06 5.98E-04 5.96E-04
I-134 ELEM 0.9939 8.67E-43 8.13E-37 6.27E-37| 2.15E-39 1.44E-36 1.43E-36
1-135 ELEM 1.0134 6.85E-13 7.99E-07 8.58E-07{ 8.11E-09 1.67E-06 1.69E-06
-131 ORG. 0.9988 7.78E-11 9.39E-05 1.06E-04| 1.16E-06 2.01E-04 2.01E-04
1-132 ORG. 0.9381 1.05E-22 1.15E-16 1.12E-16{ 7.95E-19 2.27E-16 2.13E-16
1-133 ORG. 0.9970 1.04E-11 1.24E-05 1.38E-05| 1.44E-07 2.63E-05 2.62E-05
1-134 ORG. 0.9933 3.81E-44 3.57E-38 2.76E-38] 9.47E-41 6.34E-38 6.30E-38
1-135 ORG. 1.0134 3.01E-14 3.51E-08 3.77E-08| 3.56E-10 7.32E-08 7.42E-08
-131 PART. 0.9988 9.73E-11 1.17E-04 1.32E-04| 1.45E-06 2.51E-04 2.51E-04
1-132 PART. 0.9381 1.31E-22 1.44E-16 1.40E-16} 9.94E-19 2.85E-16 2.67E-16
[-133 PART. 0.9970 1.30E-11 1.55E-05 1.72E-05| 1.80E-07 . 3.29€-05 3.28E-05
1-134 PART. 0.9939 4.77E-44 4.47E-38 3.45E-38] 1.18E-40 7.92E-38 7.88E-38
I-135 PART. 1.0134 3.76E-14 4.39E-08 4.72E-08{ 4.46E-10 9.15E-08 9.28E-08
KR-83M 1.0492 3.94E-26 6.70E-20 4.62E-19] 4.00E-19 9.29E-19 9.75E-19
KR-85 ** 0.5922 2.13E-11 4.11E-05 3.92E-04| 1.27E-03 1.70E-03 3.02E-03
KR-85M 0.8397 6.01E-15 1.10E-08 9.04E-08| 1.44E-07 2.46E-07 2.06E-07
KR-87 0.8078 3.74E-30 6.00E-24 3.58E-23| 2.08E-23 6.26E-23 5.69E-23
KR-88 0.9317 2.25E-17 3.97E-11 3.02E-10] 3.59E-10 7.00E-10 6.53E-10
KR-89 0.9663 0.00E+00 0.00E+00]{ 0.00E+00]| 0.00E+00 0.00E+00 0.00E+00
XE-131M 0.0849 9.70E-11 1.87E-04 1.78E-03] 5.67E-03 7.64E-03 6.49E-04
XE-133M 0.9717 3.92E-10 7.51E-04 7.08E-03{ 2.14E-02 2.92E-02 2.84E-02
XE-133 0.9941 3.49E-08 6.72E-02 6.38E-01| 2.00E+00 2.70E+00 2.69E+00
XE-135M 0.9717 0.00E+00 0.00E+00| 0.00E+00| 0.00E+00 0.00E+00 0.00E+00
XE-135 0.2760 1.58E-10 2.96E-04 2.63E-03} 5.82E-03 8.74E-03 2.41E-03
XE-137 0.9852 0.00E+00 0.00E+00{ 0.00E+00| 0.00E+00 0.00E+00 0.00E+00
XE-138 1.0350 0.00E+00 0.00E+00f 0.00E+00| 0.00E+00 0.00E+00 0.00E+00
Uncorrected Corrected
Infinite 2.76E+00 2.73E+00
Cloud
dose
Finite 8.58E-024 548 49E202 588
Cloud P :
Dose :

** - KR-85 dose is multiplied by 3 to reflect a 30% release instead of 10%
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TABLE 17 - SOURCE TERM CORRECTION TO CRADLE THYROID DOSE RESULTS-TSC

Source Integrated
Term 100 h - 100.0028 - 100.503 102 Dose Corrected
Correction 100.0028 100.503 102 820 rem Dose (rem)
1-131 ELEM 0.9988 9.39E-06 1.13E+01 1.28E+01 1.40E-01 2.42E+01 2.42E+01
1-132 ELEM 0.9381 2.37E-20 2.60E-14 2.54E-14 1.80E-16 5.16E-14 4.84E-14
i-133 ELEM 0.9970 1.98E-07 2.37E-01 2.63E-01 2.76E-03 5.03E-01 5.01E-01
1-134 ELEM 0.9939 . 3.54E-42 3.31E-36 2.56E-36 8.78E-39 5.88E-36 5.84E-36
-135 ELEM 1.0134 3.46E-11 4.04E-05 4.33E-05 4.09E-07 8.41E-05 8.52E-05
-131 ORG. 0.9988 4.13E-07 4.98E-01 5.62E-01 6.14E-03 1.07E+00 1.06E+00
1-132 ORG. 0.9381 1.04E-21 1.14E-15 1.12E-15 7.92E-18 2.27E-15 2.13E-15
1-133 ORG. 0.9970 8.71E-09 1.04E-02 1.16E-02 1.21E-04 2.21E-02 2.20E-02
i-134 ORG. 0.9939 1.55E-43 1.46E-37 1.12E-37 3.86E-40 2.58E-37 2.57E-37
-135 ORG. 1.0134 1.52E-12 1.77E-06 1.90E-06 1.80E-08 3.70E-06 3.75E-06
-131 PART. 0.9988 5.16E-07 6.22E-01 7.02E-01 7.68E-03 1.33E+00 1.33E+00
I-132 PART. 0.9381 1.30E-21 1.43E-15 1.40E-15 9.90E-18 2.83E-15 2.66E-15
|-133 PART. 0.9970 1.09E-08 1.30E-02 1.45E-02 1.51E-04 2.76E-02 2.75E-02
1-134 PART. 0.9939 1.94E-43 1.82E-37 1.41E-37 4.82E-40 3.23E-37 3.21E-37
1-135 PART. 1.0134 1.90E-12 2.22E-06 2.38E-06 2.25E-08 . 4.62E-06 4.68E-06
Uncorrected Corrected
Total 2.72E+01 2.72E+01
TABLE 18 - DCF CORRECTION TO CRADLE THYROID DOSE RESULTS-TSC
R.G. 1.109 Total
Corrected | to ICRP 30 | Corrected
Dose (rem) | DCF Corr. | Dose (rem)
1-131 ELEM 2.42E+01 7.20E-01 1.74E+01
1-132 ELEM 4.84E-14 4.40E-01 2.13E-14
1-133 ELEM 5.01E-01 6.74E-01 3.38E-01
-134 ELEM 5.84E-36 2.88E-01 1.68E-36
1-135 ELEM 8.52E-05 5.62E-01 4.79E-05
1-131 ORG. 1.06E+00 7.20E-01 7.66E-01
i-132 ORG. 2.13E-15 4.40E-01 9.36E-16
I-133 ORG. 2.20E-02 6.74E-01 1.49E-02
1-134 ORG. 2.57E-37 2.88E-01 7.40E-38
1-135 ORG. 3.75E-06 5.62E-01 2.10E-06
1-131 PART. 1.33E+00 7.20E-01 9.58E-01
1-132 PART. 2.66E-15 4.40E-01 1.17E-15
1-133 PART. 2.75E-02 6.74E-01 1.86E-02
-134 PART. 3.21E-37 2.88E-01 9.25E-38
1-135 PART. 4.68E-06 5.62E-01 2.63E-06
Total: 1.95E+01
6.7.2. Plume shine to the TSC

Since the X/Qs for the TSC are same as for the MP3 Control Room, the worst case plume shine ~
would be from the vent release (Section 6.5.2). Since the only difference is in the amount of

shielding, the MP3 control room plume from a vent release (0.006 rem) will be adjusted for
shielding.

The TSC shielding provides 1 feet of concrete (Assumption 29) which provides a radiation

reduction factor of approximately 0.1 (Ref. 22 pg 149). Ratioing the MP3 control room shielding
factor of 0.003 to the 0.1 results in:

Plume dose to control room, rem =MP3 control room plume shine * TSC shielding reduction /
MP3 Control room shielding factor.



NORTHEAST NUCLEAR ENERGY COMPANY CALC. M3FHA-01791-R3 Rev. 0

MP3- Fuel Handling Accident In Containment - 10 Minute Closure Time

SHEET 43

Plume dose to control room, rem = 0.006 rem * 0.1/ 0.003
= 0.20 rem

6.7.3. Filter shine from charcoal filter beds

From CRADLE run # 15634, the amount of iodine in the TSC has been determined. I-131 and I-
133 are the dominant iodines in the TSC (with average gamma enrgies of 0.39 Mev and 0.444
Mev, respectively). For simplicity, since the I-131 and I-133 energies are similar, all activity will
be assumed to be I-131. The iodine activity in the TSC at the end of each time step in CRADLE
will be assumed to be completely filtered by the charcoal filter and applied for dose evaluation
over the duration of that time step. The activity in the TSC for each subsequent time step will be
added to the inventory on the filter and the activity existing on the filter prior to the time step will
be decayed. After the first 2 hours post FHA, no more iodine enters the TSC therefore the filter
inventory will be decayed for the remainder of the 30 days, with decay correction being performed
at approximately 8 day intervals from T = 102 to T = 820 hours post FHA. From the CRADLE
run, the iodine activity in the TSC at the beginning of each time step is listed below in Tabl e 19.
The dose for each time step would be calculated using the gamma constant, T, for I-131 from Ref

22,pg 131 of 2.2 . Per Ref 22:
T/ 10 =R/hr at 1 meter/ Ci
2.2/10=0.22 R/hr at 1 meter/ Ci

Table 19 - TSC filter dose evaluation

CRADLE Jodine Activity |Cumulative iodine |Dose rate @ 1 meter from
T, hours  |in TSC, Ci on filter filter, R/hr Dose over period, R
100 6.22E-06 1.37E-06
100.0028 6.22E-06 1.24E-05 2.74E-06 3.83E-09
100.53 2.17E-02 2.17E-02 4.78E-03 1.44E-06
102 2.79E-04 2.19E-02 4.81E-03 7.02E-03
294 1.10E-02 2.42E-03 9.24E-01] .
486 5.52E-03 1.21E-03 4.64E-01]
678 2.77E-03 6.10E-04 2.33E-01
820 8.66E-02
' Total 30 day dose from filter shine: 1.71E+00

6.8.

The unshielded shine dose from the filter is 1.71 rem @ 1 meter. From Reference 12, page D3, itis
identified that there are multiple distance/ shielding configurations. For conservatism, the
assumption of 1 foot of concrete and 1 meter distance is used. From Assumption 30, 1 foot of
concrete shielding can be credited, with an associated transmission factor of 0.1 (Section 6.5.3).
The resultant dose at 1 meter is 1.71E-01 rem. It should be noted that no credit is taken for
occupancy factor in the TSC, therefore this evaluation is conservative.

Impact of Additional Fuel Failure

Attachment 4 provides information identifying the amount of fuel damage associated with 1 bundle =~ -
dropping on another bundle. This results in a potential failure of 1 full bundle plus an additional 50 rods
from the other bundle. Since there are 264 rods in a fuel assembly (per Attachment 4 (pg 52 of this
calculation) there are 264 rods in 1 fuel assembly), the additional 50 rods would increase the release
fraction determined in Section 6.2 by 19% (50/264). Multiplying the release fractions by 1.19 would result
in the appropriate amount of activity released to containment but the proportionality of dose to activity
allows the doses to be determined based on multiplying the doses based on 1 bundle by 1.19 and would
result in the dose associated with failure of 1 bundle plus 50 rods. For additional conservatism, a multiplier

of 1.25 will be used instead of 1.19. This multiplier will be applied to the doses in Table A of Section 2 and
reflected in Table B of Section 2.
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7. DESIGN VERIFICATION

A design review was performed in accordance with DCM-04 “Design Inputs and Design Verification”. All design inputs were
verified and assumptions were validated.

8. ATTACHMENTS

NOTE: The block to the left represents an electronic link to the supporting spreadsheet and is not
Microsoft Excel functional in hardcopy. :

Worksheet

Attachment 1 - Response Time Testing of RE-41

Attachment 2 - Floppies with TACT and CRADLE outputs
Attachment 3 - Reviewer comments

Attachment 4 - Westinghouse Fuel Failure Analysis
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Calculation Number: M3FHA-01791-R3 Revision: © CCN NA
MP3 Fuel Handling Accident In Containment - 10 Minute Closure Time
S. M. Torf Reviewer (PRINT): K. Ju

Calc. Originator:

This form is intended to document significant comments and their resolutions. Typographical errors and other editorial
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4 6.4 the TACT run supporting offsite dose is not representative of release | new TACT runs were made to support both release paths
nor conservative
5 6.5.1.1 there is no basis for MP3 control room flow rates used bases added to Section 4
6 6 General: the uncorrected dose values should be listed in the tables done
that provide corrected dose values '
7 6.6.1 there is no basis for MP2 control room flow rates used bases added to Section 4
8 6.7.1 the TSC CRADLE output is not consistent with dose tables in this tables were corrected to reflect CRADLE output’
section
9 6.7.1 Table 16 is listing the incorrect, uncorrected, finite cloud, whole body | the correct value was entered and table results were revised.
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August 25, 1977 .
RESAR 41, Fuel Handling Accident

M. Beaumont¥

ce:  S. Nakazato* F. Thompson*
M. G. Arlottt PE Managers {6)
0., F. Dudek 8. H. Carroll
J. Petrow - *w/attachments

An analysis to determine the maximum number of fuel rods that could be
ruptured as a result of a dropped fuel assembly handling agcident was
performed. An assemdbly with 14 ft. fuel was considered in the analysis
per your request to provide informatfon and support for RESAR 41, The
results of the analysis which included the viscous effects of the water

{ndicated that a maximum of 314 fuel rods could be ruptured. A detailed

description of the analysis and results are presented in the attachment.

S P

L. T. Gesinski
Product Analysis & Testing

VY R TS

Attacﬁment reviewed by: W. D. Rabenstein
Product Analysis & Testing
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ulic drag on 4 falling fye} assembly

Information obtained from fuel assemdly flow

¢lents associated wWith a fyel assembl

¥y falling
in water were significant. The fuel assembly

test data was yseq to determine the
impact velocity and resulting fyel damage,

fhe analytfcal procedure for assessing the fyal damage was to assume that the tota]

kinetic energy of the dropped‘assembly was converted intg either fgelvclad

elastie strain energy or fmpact fracture energy. In the handling process, it {s
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The {nitial consideration was to assume that the fuel assembly was dropped
vertically (minimum drag cross-section). Test data indicated that a flow
velocity of 13.7 ftfsec (at 70°F) was sufficient to produce a 1ift force
equal to the waight of the fuel assembly minus the bouyant force. This
1nformatioh was obtained fot a 17x17 fuel assembly with 12 foot fuel and

seven grids {ref. 2). However, the data was extrapelated to assess the fue}
damage to a 414 fuel assembly design.

The fuel assembly drag coefficient can be determined using the 13.7 ft/sec
flow velocity and considering it a terminal velocity since the fuel assembly
is in equilibrium. The equation of motion for the droppgd assembly s given
by mX= Ww-Ff-Fy eq. (1)

where Fb = bouyant force

Fd = yiscoys drag force

Equation (1) can be written in terms of the drag coefficient as follows:

2
m dv/dt = W - F, - %‘ﬁl eq(2)
9

For the case in which the fuel assembly attafns a terminal velocity (i.e.

V = constant, dv/dt = Q), equatfon (2) can be solved for drag coefficient.
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et 2 .
Cy ® (W-Fb) 29/ Vv Ceq. {3)°
where: Vt = terminal velocdity

The drag coefficient for the 13.7 ft/sec velocity was found to be 28.0. The

fuel assembly velocity as a.function of drop can be obtatned by integration

of eq (2).

Let a = W-Fy and b = Cd/OIZg. thru equation (2) can be written as

1 1
—dt =
Jm fa-bvz dv
ar 1 ¥ .
—dX = dV €q. (4)
J m fa-bvz ;

Integrating eq. (4), we obtain the following rel ations for the drop distance

as a function of velocity.
S = m2b (log (-a/b) - Tog (¥ = a/b) ) eq. (5)
since Y, = ya/b, equation (5) can be written the form

S %E 109 [('V':'EV‘)]z 2% lcg{(’!":vﬂt)]. eq. (6)

Examination of eq. (6) indicated that as the variable (V) approaches the terminal
veloeity, the drop distance, S, tends to Infinity. However, eq. {6) may be -
evaluated for specific values of velocity to show that the fuel assembly attains

98 per cent of the terminal velocity {.98 V’t) within a 12 ft. drop.
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414 Fuel Assembly Extrapolation

[N

Based on hydraulic calculations, the drag coefficient for the 414 fuel
assembly design is given by Cd n }%4%-X (é8.0) e 37.4

The terminal veIoci;y corresponding to this drag coeffient was found to be

2. W ¢ w2 . 1600 28, 2 _
er e ) Bss 3 (13.7)% = 166.5

V. = 12.9 ft/sec €y Vi - values for D-loop test assembly

The 414 fuel assembly design reaches 98 per cent of the terminal velocity

within a drop distance of 10.9 ft.

fuel Assembly Kinetic Energy

Ouring the process of reloading,a fuel assembly can be 1{fted toc a maximum
hefght of 13-1/2 ft. above the top of the core. If we assume the fuel assembly is 7
dropped and then strikes ef{ther the top of another assembly ar the lower core
plate, the fuel assembly velocity at 1m?act would be slightly less than the
terminal velocity of 12.9 ft/sec.
The fuel assembly kinetic energy based on the terninal velocity {s given by
KE = 1/2 av?
KE = 1/2 U228 (12.9)% » 4460 fe-bs
For a drop accident in which the fuel assembly (vertically) impacts a rigid
surface, a significant amount of energy is required to buckle the bottom
nozzle. The energy dissipated by nozzle plastic deformaifon was estimated
2500 ft-Ibs (see Appendix B). .
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Mi. of Fuel Rods Fractured )

The energy required to break a fuel rod in compressjon and béndi.ng was estiﬁated
(bef. 1) to be 90 ft-1bs and 1 ft-lbs respectively. 1if ft fs assumed that the
thtal kinetic energy s absorbed by fracturikg the rods, a total of 50 fyel

rbds vould be broken. This value would be reduced to 22 rods if the energy

dssipated by the bottom nozzle is taken into.account.

Shent Fuel Storage Accident

The maximum drop hefght would be 19 ft. if the fue) assembly fell {into an empty

riick location. If the energy absorbed by the rack is heglected. the same number

of rods will be fractured for this accident as predicted for an accidental drop

orer the core. 1If a fuel assembly {is dropped an the rack structure, the structure

i} designed to preclude penetration at points between two assembl{es. The
finpact velocity would be 9.2 ft/sec with a resulting kineti¢ energy of 2267'ft-7bs.

A total of 25 fuel rods would be broken at the initia) {mpact with additional
rhd fraturs caused by the fallover.

Fiillover Accident

After impacting with a rigid surface, the fuel assembly can tip over and fall

th a horizontal position. The fuel assembly velocity profile for a fallover

dvetdent taking into account the viscus drag effects of the water 1is presented

th Appendix A. The fuel asﬁembly kineti¢ energy for the calculated velocjty at

fijpact 1s 412 ft-1bs. This energy could cause the breakage of 264 rods in bending.
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dinclusion

(I can be concluded that the max {mum number of fuel rods that can he damaged

alh a result of a dropped fiel assembly are as follows:
a;)

.Page' 5 . ' % g =

50 fuel rods Tn the impacted assembly plus 264 rods for the assembly fallaver
or the equivalent of 1.19 assemblies in the core.

Sﬁ 50 fuel rods for an assembly dropped at a vacant location in the spent fue)

storage area or 264 rods (1.0 equivalent assembly) for a fallover accident
in the same area.

SI/GIlid cSreebraasI8 0L TI8P biE ZIp ONISNIOIT-1S3 M d4 O£:0T 0OBZ 9T ALK



H3FHA- 0129 (%5

"7 REFERENCES. . L B w5
1) NRC Report, Oocket No., STK 50516, 50-517 _

£) WCAP 82585 "7x17 Hydraulic Flow Test”,

81-11'd cSPoabrasgls OL 1Y9P tLE 2T ONISNIOIT-1SA M J4 O£:0T 0882 9T AU



81-91'd

SKETCH SHEET ' . hEEe AL
nﬁmzu:n Arracymgr A e T

..‘.-é‘,“_I_.' 'y Lo
C Rt
. -

- NESTINGHOUSE ELECTRIC CORPORATION.

.

Fluid Tlow alsut Inimersed O‘uchta : 31'7

The clange from laminae to trbulent Loundary Ja

t 0

ver on a flat
plitte has heen seen’(Are. 1 17) to oterr at a eriticat Revnolds numbicr :
dependeat upon the Wrbvlence of the appreaching flaw. 1 altwo
oevurs with a sphere, and with inereased turbulence in the approach.
ing flow the sudden drop in the deag cocflicient cunve occurs at lower
Reynolds nutber. Thus a sphere may be used as a relative mensyre
ol wrbulence by noting the Reynolds nuinlicr at which o deag cocf-
fictent of 030 (sex Fig. 259) iy obtuined. Before the development of
the hot-wire anamotneter (Lt 93), this method was used o cémmre

the tucbulence churncteristics of difierent wind tupacls.
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Fie. 20. Drug cocfficicnts for eiecular eylinders, At pleter. 2nd sereantined
seruta of infinive hengen,»
The drag cocfficient of a thin circulac disk placed normal ta the flow
shows practically no variation with the Reynolds number, since the
separation poind is fised at the edge of the disk and cannot shify
from this paiut, regardless of the conditien of the boundary fayer.
Thiua tre widtlh of the wake romaina caaentially constane, as does the
drag cocflicient.  This idea nuy he usefully gencralized and applierd]
(0 all brusque or very rough cbjects in a fluid How: experiment jn..
dicates that such objects have drag coefficients which are casentially
constant in the range of high Reyuolds nunibers.s .
The drag cocficients of cireular eylinders placed normatl to the
How sliene charmeteristios similer ta these of splieres. The cweificients
shown in Fig, 260 are for infinitely long cylinders. The dug cocl-
¥ Data from I.. Peandtl, Ergebrise der acredynsmlschen Versucksanstall zy
Cottingen, Vol U, 1. N, R. Oldcubuury, 1913; and 0. A, Uakhmeted, Sleckanies
of Fluids, Pary 11, 1. 44, Culumlia Univensity eesy, 1913,
® Compare thia with the eclation of ic friction factos Jo and Reyoolds numbes,
R, fur reugh pigee, Figs, 119 and 121, 31d also the fact ths

t the minoe loss coefBicients
of pipe fluw shaw il variation witk the Reynolds numler,

REF Lo Mecssgurc = Yewwipy - Wuep Pon.
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