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CP/0/B/2003/02

DUKE POWER COMPANY
OCONEE NUCLEAR STATION
ESTIMATE OF FAILED FUEL BASED ON I-131 CONCENTRATION

Purpose

This procedure describes the method for calculating the gumber of failed
fuel pins and the percent failed fuel for four fuel conditions using the
I-131 concentration (im pCi/ml) in the Reactor Coolant Systam (RCS).

Limits and Precautions
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The numbers obtained by usiag this procedure are at best, estimates
only.

All formulas quoted are based upon equilibrium full power core
iodine. If fuel damage is suspected to have occurred during times of
reduced power or near the time of significant power change, the core
I-131 inveatory must be adjusted by using Eaclosure 10.2. This is
the correcticn factor Y.

All values given are gormalized to volumes of coolant at zormal
reactor coolant system pressure and temperature. To correct for
other RCS system temperatures or RCS sample temperatures, use
Eaclosure 10.1. This is the correction factor X.

The decay of Te-131 to I-131 has been neglected as imsigaificant ia
this analysis.

Iodine spiking may occur after a shutdown or sigmificant power
change. Data from other nuclear power plants have siown that the
iodine spiking process 1as been observed to occur duriag a period of
1 to 3 days after the change or shutdown. However, the splike seems
to peak during the period from &4 to 3 hours after the change. I-131
concentrations can increase by a factor of 2 to 25 above the equilibrium
levels during these times, although an increase over a factor of 10
is unusual and would only be seen at a shutdown. Iancreases by a
factor of 2 to 3 are typical for a significant power decrease (i.e.,
100% to 50% power). Do not misinterpret this temporary chamge for
fuel failure if there is no other evidence of fuel damage. Otler
evidence of fuel damage can be comstituted by any indicatiom of
inadequate core cooling, lcose parts indicatiom, Bigh incore thermo=~
couple indicatica, etc.
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2.8.

Case

3.1

3.2

If estimates for fuel failure are needed for fuel conditions other
than those covered by the four cases described below, or if more
accurate fuel failure data is needed, see Saction 7.0 of this pro-
cedure.

The following four cases cover a very board rarge of core conditions.
Choose the one that best suits the existing conditions.

Follow up as necessary with Babcock and Wilcox site managers dependiaz
on the plant situation. .

I - Normal Operation
Initial Conditions

3:3.1 The conditions which pertain to Case I - Normal operation
are as follows:

3.1.1.1 Normal reactor operation at any power or snutdown
with no unusual conditions prior to shutdown.
Adequate core cooling has been maintained.

Procedure

< B I[f£ 3.1.1 describes the core conditicns, use the followiag
formulas to calculate the range of failed fuel values.
Evaluate correction factors ¥ and Y by using Eaclosures 1C.1
and 10.2.

3.2.1.1 (Measured I-131 conceatration uCi/al)(X)(7)

3.5 x 1072 uCi/ml

= Number of failed pins (Max. expected
and best estimate)

3.2.1.2 (Measured [-131 concentration uCi/ml)(X)(T)

4.9 x 1072 uCi/ml

= Number of failed pins (Min. expected)

3.2.1.3 (Measured I-131 comceatration wCi/al)(X)(Y)

1.8 uCi/ml

= Perceant failed fuel (Max. expectad
and best estimata)

N STy

3:2.3-4 (Measured I-131 concentration uCi/=l)(X)(Y)

- 0

2.5 uCi/ml

= Perceat failed fue. (Min. expectad)



NOTE: Values for I-131 concentration in
pCi/ml for Oconee at normal operating
conditions are between 1.0 x 10 ° and
5.0 x 10 ! pCi/ml.

4.0 Case II - Macroscopic Clad Damage

Initial Conditions

s
.
-

4.1.1 The conditions which pertain tvo Case II - Macroscopic clad
damage are as follews:

4.1.1.1 Normal reactor operation at any power, or shutdowr
where some mechanical clad failure (i.e., a loose
part monitor indication) or a flow induced
failure is suspected. The core has adequate
cooling and no significact fuel overtemperature
is observed.

[ ]

Procedure

e

46.2.1 If 4.1.1 best describes the core conditions, use the
following formulas to calculate the range of failed fuel
values. Evaluate correction factors X and Y by usiag
Eaclosure 10.1 and 10.2.

$.2:1.1 (Measured I-131 concentrationm uCi/al)(X)(T)

5.5 x 1072 uCi/ml

= Number of failed pins (Max. expected)

4.2.1.2 (Measured I-131 comceatration uCi/al)(X)(¥) =
16.5 x 1072 uCi/al
= Number of failed pias (Best estimate)
4.2.1.3  (Measured I-131 comcentiation uCi/ml)(X)(¥) =

27.4 z 1072 uCi/ml
= Number of failed pias (Min. expected)

4.2.1.6 (Measured I-131 conmceatratiom wCi/ml)(CU(T) =

27.9 uCi/ml

= Percent failed fuel (Max. expected)



51,3 (Measured [-131 concentration MCi/ml)(X)(Y) =

83.7 wCi/ml
= Percent failed fuel (Best estimate)

4.2.1.6 (Measured I-131 concentration HCi/ml)(X)(Y) =

139.5 uCi/ml

= Percent failed fuel (Min. expected)

5.0 Case III - Severe Fuel Overtemperature

5.

3

1

-

Initial Conditions

.

1.

1

Proceadure

3.

9
-

.1

The condicions which Pertain to Case [II - Severe Fuel

Overtemperature are as follows:

S.1.1.1 ™I type accident where there has been an abnormal
shutdown and it is Suspected that the fuel has
been at least partially uncovered for a period of
time greater than a few minutes. Voiding in the
core is detected by hizh incore thermocouple
readings and loss of Margin to saturation. ~Fuel
clad oxidation is detected by excess hydrogen ia
the contaiaoment or in the reactor coolant sample;
however, no fuel melting is suspected.

If 5.1.1 best describes the core conditions, use the
following formulas to calculate the Tange of failed fuel
values. Evaluate correction factors X and Y by using
Eaclosures 10.1 and 10.2.

5.2.1.1  (Measured I-131 concentration 4Ci/ml ) (X)(Y) =

2.4 uCi/ml
= Number of failed Pins (Max. expected)

5.2.1.2  (Measured [-13]1 conceatration uCi/ml) (X2 (Y)

2.9 pCi/ml
= Number of failed pias (Best estimate)

5.2.1.3  (Measured I-131 conceatration gCi/ml) (X)(Y7)

3.2 uCi/nl

= Number of failed Pias Min. esxpected)
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5.0 Case IV = Fuel Melting

Initial Conditioas

(Measured

I«131 concentration uCi/ml)(X)/¥) =

1255 pCi/ml

= Percent failed fuel (Max. expected)

(Measured I-131 concentration uCi/ml)(X)(¥) =

= Percent

1535 uCi/ml
failed fuel (Best estimate)

[-131 concentratiasn uCi/ml)(X)(Y) =

(Measured

= Percent

The conditions which pertain to Case IV

as follows:

Procedure

1675 uCi/ml

failed fuel (Min. expected)

= Fuel Melting, are

where there has been ain abnormal

Severe accident
shutdown and
period of time.
readings are abov
time. Fuel melting
erature exceeds 5000°F) and is verified by the in-
ability to operate the incore iastrumentation
system properly.

If 6.1.1 best describes the core conditions
following formulas to caluclate the
Evaluate correction factors Xand ¥

10.1. amd 10.2.

the core is uncovered for a long
Iacore thermocouple temperature
e 2300°F for a long period of

is suspected (i.e., fuel temp-

, use the
failed fuel values.
by usiang Enclosures

(Measured I-131 concentration UCi/ml) (X)(Y) =

5.5 uCi/ml

= Number of failed pins (Best estimate)

(Measured I-131 concentration dCi/ml) (X)(T) =

2790 uCi/ml

= Perceat of failed fuel (Best =stimate)



Case V - Other Fuel Ccnditions

7.1 If fuel conditions other than those described above exist, or if a
more detailed failed fuel estimation is desired for either emerzencw
or normal operation, contact tie appropriate B&W Site Managers or the
Crisis Management Center for assistance.

Data Disposition

8.1 Wwhen plant conditions dictate that the Technical Support Ceater (TSC) is
not necessary to the Safe Operation of ONS:

5.3.3 Deliver Enclosures 10.4 - 10.7 to the Station Chemist in
the Technical Services Building. Deliver a copy to the
Primary Chemistry Supervisor.

8.2 When plant conditions, addressed in the Emergency Plam, dictate tiat
the TSC be manned:

8.2:1 Deliver Enclosures 10.4 - 10.7 to the Station Chemist
in the TSC. Deliver a copy of Enclosures 10.4 - 10.7
to the Power Chemistry Supervisor in the Cperational
Support Center (0SC).

3.3 After completing failed fuel calculations, compare data with the guide-
lines givem in Eaclosure 10.8 to determine appropriate Station Emergeacy
Action lLevel (EAL). Appropriate EAL and supportiang data should Dde
recorded in comments section of Enclosures 10.4 - 10.7 and delivered
in accordance with 8...1 and 8.1.2.

References

9.1 Letter of 4/14/82 from R. Michael Glover to C. C. Jennings, Subject:
"Failed Fuel Estimating”

9.2 ONS Emergency Plan, Section II.D

9.3 MNS Administrative Procedure AP/0/A/35500/33
9.4 ONS FSAR

10.1 De sity Correction Factor, (X)

10.2 Core I-131 Iaventory Correction Factor, (Y)
10.3 Examples

10.4 Failed Fuel Calculations - Case I

10.5 Failed Fuel Calculations - Case [I
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10.6 Failed Fuel Calculations - Case III
10.7 Failed Fuel Czlculations - Case IV

10.8 Emergency Action Levels



ENCLOSURE 10.1

DENSITY CORRECTION FACTOR

(X)

Page 1 of 1

Find the appropriate RC System temperature at the time of accideat. Find the
approximate temperature at which the RC samples are taken.

of both numbers is the deasity correction factor, X.

The intersection

NOTE: Normal RC System sample temperature is approximately 90°F. Use this
temperature if no other information is available.

RCS
Temperature
'

RCS Sample Temperature °F

80 30 100

100 .996 .998 1

150 .983 .985 .987
200 266 .368 270
250 843 947 949
300 921 .923 .524
350 .89 .895 .897
400 .862 .864 .365
<50 827 .828 .830
500 787 .788 790
330 739 740 741
500 728 729 731
570 717 .718 719
530 .706 .708 .708
330 693 .694 695
500 .680 .681 .083
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ENCLOSURE 10.2
CORE I-131 INVENTORY CORRECTION FACTCR
(Y)

Situation 1:

Use the following equation to calculate (Y) at power operation (excent
0%) where the power level has agot changed more than £ 10% withia the
last 22 days.

£q. 10.2.1.1 ¥ =12

Where: 4 the Core I-131 inventory correction factor.

PL

the power level, in %, at the suspected time of fuel
failure.

Situation 2:

Use the following equaticn to calculate (Y) at times other than coverasd
by Situation 1 above.

£q. 10.2.2.1 Y= - 100
&Pli)(e-") + (Pfo(z-e'“‘)

Where: Y = the core I-131 ianventory correction factor.
PL, = the initial power level befors the power clange.
PLf = the final power level before/at the suspected time

of fual failure

the decay comstaat for I-131, 0.084 day *

-
"

1" €y

t; = the median time, in days, to make the power chamge
from PL, to PL..

i £
the time, ia days, after the final power level (PL_)
is reached that the fuel failure is suspectad to 21dve
occurred.

o
-
"
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ENCLOSURE 10.3

EXAMPLES
Problem 1
a. Power level has been decreased from 85% to 350%.

b. This power change took four hours and occurred bet.cen 1200
and 1600. TAVG at 50% is 570°F.

c. At 1800 a loose part monitor alaim goes off indicating a locse object
in the core. The reactor is not tripped. .

4. A Chemistrv team is immediately dispatched to take a sample RC System
as failed fuel is suspected. ) ;

8. Chemistry sample indicates I-131 concentration 1is 10.0 uCi/ml.
Part 1. Determine the best estimate of the number of failed pisas.

Part 2 Determine tae best estimate of percent failed fuel.

Solutiecn

This is Case II, Sectiom 4.0

Use equatiom 4.2.1.2 for Part 1

for Part 2

w

Use equation 4.2.1.

Measured 1-131 concestration pCi/ml (X)(Y) = Number of failed pins
16.5 x 10 2 wCi/ml

Pazt 1.

Determine X: Caclosure 10.1 T G is 370°F at 50%.
Aésume RCS Sample Temperature

is 90°F
Thereiore, X = .718

Determine 7: CEaclosure 10.2

Ap = 0864 day !

t= i%l + (2) = & hours

the difference

is the median time to make a power change plus
the new power level

Remember, © ‘
time when the damage is suspected and the time

between the
is reached.

Nanu - - : 4 = 4 ! =
Convert T CO aavs - % Ors
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ENCLOSURE 10.3

EXAMPLES
Problem 2
a. The reactor has just tripped instantly from 100% power due to a mal-

functioning iastrument. There were no unusual conditions prior to the
trip.

b.  Tyyg is now 557°F at 0% power.
¢. The operator, while having no reason to suspect failed fuel, is curious
about the amount of failed fuel present now following the trip.
4. A Chemistry team is sent to take an RC sample 12 hours atfter the trip.
e. The Chemistry sample gives an I-131 conceatratiom of 2.0 x 1072 uCi/ml.
(A typical value for a normally operating planc. See Note under Case I,
Section 3.0)
£. Chemistrv personnel also iadicate that RC sample temperature is 100°F.
Part 1. Determine the maximum expected aumber of failed fuel pins.
Part 2. Determine the maximum expectad percent. failed fuel in the core.
Solution
This is Case I, Sectiom 3.0
Use equation 3.2.1.1 for Part i
Use equation 3.2.1.3 for Part 2
Pazt 1. Measured [-131 concentration uCi/ml (X)(T) = Yumber of failed pias

3.5 x 10 3 uCi/ml

Determine X: Enclosure 10.1 RZ Temperature is 337°F at 0%
RC sample temperature is 1C0°F
Therefore, X = .732
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ENCLOSURE 10.3
EXAMPLES

Determine Y: Eanclosure 10.2

1 dav

-z i S

Situation 2: t = 12 hours %

100
=T086%) (-3) , () 1-e -( -0864) (.3)

Y=
(100) e

Y= 1.044

NOTE: If £t = 0 or 3 sample was taken immediately, T = 1.0.

St
2.0 x 10 ° uCi/al ( 592)(1.064) = 4.4

Part 1. -
3.5 x 103 pCi/al
or £ & to 3 failed pins
- h =131 Co tration uCi/mi o\ v %
Pase 2 Measured [-131 Coacentr n i/ml (X)(Y) = % failed fuel

1.3 pCi/ml

2.0 x 10 ° uCi/ml

1.5 uCi/al (.732) (1.064) = .0085 % failed fuel

The above numbers are indicative of normal operatiom.

Apswer

~

NOTE: I-131 spiking may be a problem bere. See Section 2.5.

Answer
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ENCLOSURE 10.3

EXAMPLES
Problem 3
a. Power level has been between 30% and 53% for the last 30 days and is pre-
sently at 60% at 1800.
b. TAVG is = 375°F at 60% power.
. It is desired to see if any significant failed fuel exists ia the core

even though no abmormal occurrences have takea place.

4. At 2200 the same day, a Chemistry sample is taken of the RC system.

e. The Chemistry sample indicates I-121 concentration is 3.9 x 1072 uCi/ml.
Part 1. Determine the best estimate of the aumber of failed pias.
Part 2. Determize the best estimate of the % failed fuel.

Solution

This is Case I, Section 3.0
Use equation 3.2.1.1 for Part 1

Use equatiom 3.2.1.3 for Part 2

Measured I-131 conceatration uCi/aml (X)(Y) = Yumber of failed Dins
3.5 x 1073 uCi/ml '

Fart 1.

Determine X: Eanclosure 10.1 TAVG is 37S°F at 80% power
ASsire RCS sample temp. of 30°F

Therefore, X = .713
Determine Y: Eaclosure 10.2

Situation |

1
-~

o

y = 290 = 1 67

¢
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ENCLOSURE 10.3
EXAMPLES

.2 - &
Part 1. 3.9 x 10.. uCi/ml (.713)(1.67) = 13.27
3.3 x 10 ° pCi/ml

2 14 failed pins

X 12 < TS
Heasured [ IJIIC%QSEEE;it‘on uCi/al (£)(Y) = % failed fuel

o
[S)
la}
"
[ 3

"2 ucif
22 X 10 _URBL (1713)(1.67) = .026% failed fuel

The above numbers are acceptable for a normally operating plant.

Answer

Answer
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ENCLOSURE 10.3

EXAMPLES
Problem &4
R The unit has been at 37% power for a menth when a depressurization of the

RC system occurs.

b. The reactor trips.

. Heavy vibration is cbserved in the RC pumps.

d. Thermocouple temperatures over 1000°F are indicated in the core.

e. High Pressure [njection was delayed and it is suspected the core was ua-
covered between 30 and 60 minutes before sufficient reactor vessel water
level was regained.

£ The incore instrumentation system is still operable.

g The RC sample indicates an I-131 concentration of 3800 uCi/ml.

h. A Chemistrv sample is taken immediately (within the hour) after the trip.
Part 1. Determine the maximum expected number of failed pins.
Part 2. Determine the maximum expected % of failed fuel.

Solutiva

This is Case III, Sectiom 3.0
Use equation 5.2.1.1 for Part 1
Use equatiom 5.2.1.4 for Part 2
Determine X: Eaclosure 10.1 RC Temp. TA G 3% 0% power i{ SSir
Assume sampie temperature of $0°F

Therefore, X = .730

Determine 7: Eaclosure 10.2

Y= 393 = 1.03
97




Pazk. 1.

Part 2.

3800 uCi/ml
2.% yCi/ml

3800 uCi/ml (
1255 pCi/ml -

(

Page 8 of 8

ENCLOSURE 10.3
EXAMPLES

.730)(1.03) = 11390.5

~

= 1191 number failed pins, max. expected

(.730)(1.03) = 2.28% failed fuel, max. expected

Answer

Answer



ENCLOSURE 10.+
FAILED FUEL CALCULATIONS
CaSE I

< ; S DATE/TIME BY

Page 1 of 1

Xs= Y= I-131
Maximum Number of Failed Fuel Pins (Best Estimate):
T I A Y B

Minimum Number of Failed Fuel Pias:
T e

+.9 E=3 l

Maximum % Failed Fuel (Best Estimate):

L 3
1.3 »

Migimum % Failed Fuel:

— ) ) = %

COMMENTS:

Reviewed By

uCi/ml




ENCLOSURE 10.5
FAILED FUEL CALCULATIONS

Page 1 of 1

CASE II
UNIT DATE/TIME BY
X= Y= I-131
Maximum Number of Failed Fuel Pias:
ST AR B o ok
Best Istimate of Failed fuel Pias:
i g ) i

1.63 E-1 .
Minimum Number of Failed Fuel Pins:
Papegmpe {03 £ g8
Maximum % Failed Fuel:
onen g et D B TN S %
Best Estimate Failed Fuel:
EA—-L )4 ¥ %
Minimum % Failed Fuel:

BER g i) 8 .
COMMENTS :

uCi/ml

Reviewed 3v
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ENCLOSURE 10.5%
FAILED FUEL CALCULATIONS

CASE III

UNIT DATE/TIXE BY
X= Y= I-131 pCi/ml
Haxi;;n N;;;;; of Failed Fuel Pins:

T3 e BB TR e
Best Estimate of Failed Fuel Pias:
— () ()

2.9 e
Minimum Number of Failed Fuel Pias:

— () () = :
Maximum ’, Failed Fuel:

1355 ot SRR e %
Best Estimate Failed Fue’:

1333 SR Rl AN %
Minimum % Failed Fuel:

— ) () = %
COMMENTS:

Reviewed By




ENCLOSURE 10.7
FAILED FUEL CALCULATIONS

Page 1 of 1

CASE IV

UNIT DATE/TIME 8Y
X= ) iy ' f = I-131
Best Estimate of Failed Fuel Pins:

— ) )

9.3
Best Estimate of % Failed Fuel:
ey { ) ( ) = ”

COMMENTS:

uCi/ml

Reviswed 3y
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ENCLOSURE 10.8

EMERGENCY ACTION LEVELS

(EAL)

Following reactor coolaat sampling and completion of the failed fuel calculac:ions,
compare [-131 concentratiocns or percent failed fuel with the following guide-
lines to determine the appropriate Station Emergency Action Level. Appropriate
action level should be highest applicable EAL.

1.0 Unusual Event

1.1 Initial indicator is high reactor coolamt activity;
total activity > 224 .

E
1.2 Suspected damage mechanism is mechanical clad failure or flow
induced failure.

Py I-131 concentration in reactor coolant ia range of 70 pCi/ml
to 350 pCi/ml.

L
o

Alert

[

Initial indicator is very high reactor coolant activity;
total activity >> 224 .

=

E
2.2 Suspected damage mechanism is mechanical clad faiiure or flow induced
failure. '
2:2:3 Total failed fuel exceeds 5%, but less than 25%.
2:2.2 1-131 conceatration between 350 and 1770 uwCi/ml.

3.0 Site Area Emergency
3.1 Initially suspected degraded core with possible loss of coolable geomectcvy.

3.2 Substantial mechanical clad failure or flow ianduced failure with total
failed fuel > 25%.

3:4.1 I-131 concentration from 1770 to 7000 wCi/ml (7000 wCi/ml
equivalent to 100% failure under this damage mechanism).

3.3 Substantial damage to clad from severe fuel over temperature (fuel
clad oxidation evident from excess hydrogen ia containment Or reactor
coolant, ao fuel melt suspected).

< P T I-1321 co~centration from 1300 to 13,000 uCi/ml (1% to 10%
fuel failure uander this damage mechanism)



3.4

Substantial damage to fuel and clad from fuel melt conditions (iacnre
thermocouple > 2300°F for period of time; fuel temperature > S5000°F) .

3.4.1 I1-131 concentration from 1180 to 11,800 pCi/ml (0.3% to
$% failed fuel under this damage mechanism).

General Emergency

4.1

4.2

Initially loss of cladding and primary coolant boundary with poteatial
loss of containmeat.

Substantial damage to clad from severe fuel overtemperature (fuel clad
oxidation evident from excass hydrogen in containment or reactor coolant,
no fuel melt suspected).

4.2.1 I-131 concentration > 13,000 pCi/ml (> 10% fuel failure uncer
this mechanism).

Substantial damage to fuel and clad from fuel melt (severe accident
where core is uncovered for a period of time and incore temperature
> 2300°F for long period; fuel melt suspected by fuel temperature

> 3000°F and verified by inoperable incore instrumentation.

4.3.1 I-131 concentration > 11,800 pCi/ml, for this damage mechanism
failed fuel > S%. -
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HP/Q/B/1009/ 14

DUXE POWER COMPANY
OCONEE NUCLEAR STATION
PROJECTION OF OFF-SITE DOSE FROM RELEASES

OTHER THAN THROUGH THE UNIT VENT

Purpose

This procedure should be used for projecting dose commitment from a noble
gas or iodine release, other than a unit vent release, during az emergency.

References

2.1

[ ]

2.

(o]

Reg Guide 1.109
Reg Guide 1.4

HP/0/3/1009/13, Procedure for Implementation and Verification for
the Availability of a Backup Source of Meteorological Data.

Limits and Precautions

3+1

L)
.
[ ]

t is assumled that a small perceatage of the total containment
iaventory of iodine is released. The iodine whole bodv dose
from a release is very small compared to the iodiae thyroid
dose. Thus, iodige whole body dose is not .ousidered Here.

This procedure applies to releases made from Oconee Nuclear Station
only. Many of the values contained ia this procedure are site
specific. :

This procedure considers all releases to be ground level releases.

Enclosure 3.6 should be done in conmjuction with the Field Momitoriag
Coordinator.

Meteorology data needed to calculate offsite dose should be obtained
as required by Eaclosure 5.1. Data not available from the primary
source should be obtained from the backup source. The order of
preference for each data point is listed each place meteorological
data is required. All meteorology dazta ootained from the tower cr
river must be a 15 minute average. National Weather Service (NWS)
data is a standard observation and is aot a 15 minute average.

3.5.1 ZIvery 15 ainutes the wind direction and wind speed will
be rechecked in accordance with Enclosure 5.1 to =2nsurse
additional sectors have not bdeen affectad. Once 3 sector

I  ———y e " - . - . ——— e — o, w r—



3.5

[ 5]

4.0 Procedure

4.

1

;\‘

has been determined to be affected, it cannot be removed
from the list of affectad sectors.

The following are conversion formulas for the met2orological
data obtained from the National Weather Service:

mph = 1.15 (knots)

°F = (9/5 °C) + 32

Acquire the following information and record on EZaclosure 5.1.

NOTE:

'S
[

'S
=1

P
=

4.1,

4. 1.

.1

‘\

W

)

-
/

The sources of meteorological data are listed in order of
preference on Eaclosure 5.1.

Reactor Unit, date and time of reactor t=rip.

Wind speed (mph).

Wind direction in degrees from North (North = 0°9).
Temperature gradieat (AT°F).

Radiation Monitor reading (R/hr) calculated per Eaclo-
sure S5.2.

Present date and time.

Time meteorology data determined.

Determine the Coatainment Buil’ding leakage rate (LR) amd record it
cn Eaclosure 5.1.

4.2

o1

-

LR is the total leak rate for the containment which is:
a) a '""best guess' assumption,

b) assumed to be the design leak rate (see note bdelow),
or

c) the measured leak rate where suitable means are
available.

Record the leak rate onto Eanclosure 3.1.

NOTE: Eze design leakage rate (LRDLR) is determined

LRDLR = Containment Volume + Design Leak Coastant

, ] 0.0025 av
= (5.38 z 1019 =l) —_— ) =
lav -+ ar

= 5.6 x 10%° ai/hr
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Determine the X/Q values for each point of intarest dowanwind.

If no points have been requested, use the 1, 2, 5 and 10 mile

values.

8.3

4.3.2

1

Locate the relative two-hour downwind concentration value

(CH) for each point from Enclosure 3.3 and record onto
Enclosure 5.1.

Convert these values to X/Q by,

CH (MPH-Sec/m?)
Qs Wind Speed (MPH)

Record X/Q values onto Eaclosure 3.1.

Determine the poteantial whole body dose from submersion in a cloud
of aoble gas.

4.

Determine

/
-

/.
-

5

o ¢

.
-

Calculate the whole body two (2) hour dose commitment,

DWB = DRH *DC - IR * X/Q - UNG

Where,

DWB = Whole body two (2) hour dose commitment

-

DR, = Monitor dose rate (see Zacl. 5.2)

DC = Average Decay comstant for aoble gases =

uCi + MeV-hr?
ml - d R

1.5448E-2 (see Eacl. 5.4)

Lk = containment leakage rate in ml/hr-

X/Q = dispersion factor in sec/m?

(3.74d/sec uCi)(1.6E-b6erzs/ MeV)

NG * 777100 ergs/g-rad) (1.25-3g/ca’) (1E6ca”, =)
- 3.-
2.58-7 —LE_rad
sec-uCi-MeV

Record results on Eaclosure 5.1
the potential thyroid dose from uptake of radioiodine.
Locate the time plus one (1) hour after trip om Eaclo-

sure 5.5 and record the corresponding Decay Constant
on Eaclosure 3.1



4.5.2 Calculate a child's thyroid two (2) hour dose commictment
using time plus ome (1) hour,

IJR.r = DR“ «DC « IR * X/Q * UI
Where,
DRT = thyroid two (2) hour dose commitment

D!u = monitor dose rate (see Encl. 5.2)

uCi * mrem-hr?
al + pCL * R

DC = Decay Comstant in for time plus

one (1) hour (see Enclosure 3.3)
LR = Leak rats in ml/hr
X/Q = dispersion in sec/m?

UI = breathing rate for child

(1.17E-4m3/sec) (1E3 )= 1.17E-1

Record results on Eaclosure 5.1

4.8 Calculate an adult's thyroid dose by dividing':ne child's dose by
two (2). Report results of all calculations om Eaclosure 3.7.

4.7 Determine the potentially affected area using Eaclosure 3.3. Re-
cord sectors on Enclosure 5.7.

4.3 Complete Eaclosure 5.7 with information from Enclosure 3.1 and
submit it to the Offsite Radiological Coordimator or his designee.
Iaclude any comments pertinent to the evaluation of offsite hazards.

Eaclosures

5.1 Projected Offsite Dose Released from Contaiument

3.2 Survey Instrument Correlation

5.3 Table of Two Hour Relative Concentratiom Factors

5.4 Table of Noble Decay Coamstaant (DC)

5.5 Table of lodine and Noble Decay Comstaat (DC)

w

W

Evaluation of Plume Locaction

Dose Assessmeat Report



ZNCLOSURE 5.1
AP/0/8/1009/14 Proposed
PROJECTED OFFSITE DOSE RELEASED TRCM CCNTAINMENT

Date/Time Now /

Date/Time of Incident /

METECROLOGICAL DATA
(All data is 15 min. average, excapt NWS)

Daytizme - 1000-1600 hrs. (Circle source of data for each poiat)

= 15 min. period eading time

Wind Direction (degrees)
Sources 1) Tower (T)
2) River (R)
3) NWS o)
’

T T T :
R R R R
h > i $ .
- AT (°F)

Socurces 1) Tover (7)
2) Assume (A) -0.4°F

4

- wind Speed (mph)
Sources 1) Tower (T)
2) River (R)

3) NwS N
> T ' T T
3 R R 3
¥ P N ¥ A S ———

Nightime - 1600-1000 ars. (Circle source of data “ar sach poiat)

= 15 ain. period eadiag time

River Wiad Direstica (If river wind direction is unavailable assume
0% - 210%)

.5:a2 the river wind jirec=ign above., completa 1 sr %2 Selow.
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ENCLOSURE 5.1
HP/0/B/1009/14 Proposed
PROJECTED OFTSITE DOSE RELEASED FROM CONTAINMENT

River Wind Direction is between 210° - 70°

Wind Direction (degrees)
Sources 1) Tower (T)
2) Assume (A) betweea 0 - 360°

T 4 T T
A H A 7 A . A
« AT (*T)

Sources 1) Tower (T)
2) Assume (A) +1.0°F

- Wind Speed (mph)
Sources 1) Tower (T)
2) Assume (A) - 1 wph
T y i T -
A 5 A : A - A

River wind direction is between 70° - 210° (Sources below are based
on experizent)

- Wind Direction (degrees)

Source 1) 3etweea 0° - 360° (%)
- AT (°F)
Source 1) »1.0°F (B)

wind Speed (mpa)
Source 1) 1 apk (E)

; & ; E :

(3}

BUILDING DOSE RATE

Determine naa by completing eitier step a or b.

A) Conctainoment high range momnitor =~ RIA #

DRn = R/hr

3) Survev iastrument #

a) readiag R/he

5) correlation value \Eaclosure 3.2)

¢ OR_ = Riar
mn

) Data;zime 2f sample
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ENCLOSURE 5.1
HP/0/B/1009/14 Proposed
PROJECTIZD OFFSITE DOSE RELEASED TROM CONTAIMMENT

DOSE CALCULATION

LR ml/bhr (Design basis LR = 5.6E6 ml/hr]
CE@ __m. = , X/Q = sec/m3
CE@ __ mi. = , X/Q = sec/m?
cda mi. = = Vil sec/m°
cHe ai. = S NMes _________ sec/e®

A. “hole 3@dy 2 hr. dose projection from aoble gases:
bv D'-B = m?X * 1.5448E~-2 * IR - X/Q - 2.5E-7,

D,

-
Miles Out B - Ar Dose Commitment

Thyroid 2 hr. dose projection from iodine:

DC (for ¢t + 1 br.)

by DR, = D&’ «DC ~IR - X/Q - (1.178-1),

it OR.. 2 hr Dose Coomitment
¥iles Out 1y




ENCIOSURE 5.1
HP/0/8/1009/14 Proposed

PROJECTED OFFSITE DOSE RELEASED FRCM CONTALNMENT
JEFINITIONS
D“‘ - wkole body 2 hour dose commitment
DRT - thyroid 2 hr dose commitment from iodine
LR - containment leakage rate
LRDLR - Design leak rate (5.6 Eéml/hr)
X/Q - "Chi over Q" is downwind comncentratiom correction factor

. | - 2 hr. relative downwind coaceatration -~ MPH (¥X/Q - MPH)

oC

Decay constaat
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ENCLOSURE 5.2
HP/0/3/1009/14 Proposed

SURVEY INSTRUMENT CORRELATION

Preseatly, Oconee does 2ot have a high raoge momitor installed to evaluate the
conditions of am airborme release iaside the contaioment. Therefore, tle
foilowiag equation showld be used to determine the dose rate:

gnaoni:or = DRs + Correlation Value

where:

The correlation value is determined by usiag the grapa oo tie followiag
Jage.

OR is taken from the 5th floor iaside the Auxiliary 3uildirng,

survey
1 foot from the r=actar wall and 4 feet from the floor.




s 0f 2

2age

e

-

CICR

-
-

oN

/

STRE 32
RRELATION

-~

-~
-
- -

ORRELA

-
~

C~
ISTROENT C
C

ap/0/3/10

-

el
-

- — ‘6.

SAVEY

-
=

>

MR - -

m L D "
o o (8] o
.4 . . .

N SIRA ML IAN




e los 5.4

Table of Two Howr Belative Concentration Factors

bemper atur e Distance (Mides)

3 FLITIE P

#1/6001/8/0/dk
3

Ditference b e . S - - ———— - RPN e
AV
[ 2 3 h 5 6 7 8 9 10
LH.0 o 1. Jr5E-6 9.4t 7 | 5.460-) hooe-7 | 3.4} 2.9E-7 | 2.5¢-7 2.2¢e-] 2.06-7 | V1.8BE-7
1.2 to -1.0 §5.8€6-5 1.6E-5 | B.1E-6 h.9E-6 | 3.4E-6 2.5¢-6 | 1.9¢-6 |.5E-¢ | 26-6 | )1.0E-6
0.9 10 0.4 f1.5E-0 5.66-5 | 3. 0E-5 2065 | 1.5E-5 1.26-5 | 7.6E-6 7.86-6 6.7e-6 | 5.8e-6
0.3 o 1009 §2.96-4 260 1 6. 0E-% h.9C-5 | 3.4E-5 2.JE-5 | 2.2€6-5 i.9E-5 1.6E-5 | 1.4E-5
V0 1o 1250 3 6. 4E-h J.0E-h L BE-4 V.36-0 | §.5€-5 7.36-5 | 6.16-5 5.0E-5 h.3E-5 | 3.6E-5

$JCI9Es UD|IBJIUSDUCY 94178 |Dy JNOK Omy JO |QE
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CLOSURE 5.4
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aP/0/3/1009/%4
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ENCLOSURE 5.6
AP/0/B/1009/14 Proposed
EVALUATION OF PLUME LCCATICN
s Acquire the followiag iaformation from Zaclosure 5.1 and record ca
Eaclosure 5.7.

) Meteorological Data - ideatify for eaci point whetler data is
assumed (A), exper:ment (Z), or measured (T, R or N).

b) Thyroid and whole body dose

[
.

2rotective action guides submitted o the Offsita Radiological Coordi-
aator are to be made base¢ on the calculated dose om Zaclosure 3.1 aad
the following information.
A) For doses:

> 3 Rem whole 3ody or,

> 25 Rem Thyroid

Recommend Ivacuation of Populaticn in Affectad Area.
3) for doses:

1=3 Rem “hole 3o0dv or,

3«25 Rem Thyroid

Recommend avacuat ‘'t of childrean and pregnant wcmea, ind shelteriay
sf remainder of Jersonnel ia tie afiectac area.

c Tor doses:
< 1| Rea waole 3odv or,

Rem Thyroid

N
o

Recommend a0 action.

o

To deta2rmine sectors aff
usiag meterological data
’>a Zaclosure 5.7.

ected, complete ome of the options under A or 3
¢rom Eaclosure 3.1. Record zhe sectors afiscted

A. Davtime (1000~-1500 3rs.)

d speed > 3 3ph for tower Oor river wiad ZJirection, use
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ENCLOSURE 5.6
4P/0/8/1009/1s Proposed

TVALUATICON OF PLUME LOCATION

2) Wind speed > 5 mph fo. NWS wind direction, use Table 2.

3) Wind speed < 5 wph for tower or river wiad direction, assume
sector~ Al, Bl, C1, D1, El, aad Fl1 are atfected. Then use
Table 1 to determine additional seactors affected.

4. Wind speed < 5 mph for ¥WS wiad direction, assume all sectors
are atfected (Al through Fl1, AZ througn 72).

Nightime (160" - 1000 hrs.)
(I£ siver wind direczion is unavailabls, assume 70° - 210°9).

1) If river wiad direction is betweea :10° - TQ°, use Optioca A
(Daytime).

~

If river wiad dirscziocn i1s between 70° - 210°, assume all
seczors affected (Al through F1, A2 througn F2).

| ]
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ENCLOSURE 5.5
¥P/0/3/1009/14 Proposed
CVALUATION OF PLUME LOCATICN
TABLE 1

wind Dizez:ion Sectors Affectad

1649-27¢ ¢1, ¢z, D1, D2, El1, E2

279-42° ¢1, D1, D2, EI1, ES

(¥

+2°-90° D1, D2, El1,

569-85° D1, D2, E1, 32, F2
35°-104° o1, D2, £1, E2, F1, 2
171941299 £1, £2, F1, 2
1299-136° Al, A2, E1, 22, F1, B2
56°-178° Al, A2, £1, A1, §2
175941410 AL, a2, f1, 2
1319-213° Al, A2, 31, 32, 1, 2
2139-255° Al, A2, B1, 82
2859-271° Al, A2, B1, 82, ¢i, €2
2719-297° 31, 82, €1, C2
2979-312° a1, 82, C1, C2, 02
1129-345° 31, 32, €1, C2, 31. 92

103%9-14° ¢1, €2, D1, D2
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ENCIOSURE 5.6
HP/0/8/1009/14 Proposed
EVALUATION uF PLUME LOCATION
TABLE 2
Wwind Directiocn Sectors Affected
19-39¢ 31, 82, €1, C2, E1, E2, F1, P2

399-7%° Al through F1, A2 tarough 72

75°-91° Al, A2, €1, C2, D1, D2, Ei, E2, F1, M2
919-117° Al througa F1, A2 through F2

117%=-132° Al, A2, 81, B2, €1, D1, D2, E1, E2, F1, F2
132%-165° Al, A2, 31, 32, D1, D2, 81, 22, FI, 72
163°-194° Al througa F1, A2 througn 72

194°-207° Al, A2, 891, B2, C1, C2, EI1, B2, I, F2
2079-222° Al, A2, 31, B2, C1, C2, D2, E1, E2, M1, F2
2229-246° Al through T1, A2 =hrough 2

266%-263° Al, 22, 1, %2, ¢C1, €2, D1, B2, &1, M1, F2
263%-284° al, oS, 31, 82, €1, <2, D1, D2, 1, E2
2842-309° Al chrough F1, Al througa 2

309°- 326° Al, A2, 91, 32, ¢1, <2, 01, D2, B1, =2
336%-355" Al, A2, 31, B2, C1, €2, D1, D2, EI, E2, FS

- -

353°%-1° Al tarougn F1, A2 shrougms 72
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ENCLOSURE 5.6
4P/0/B/1209/14 Proposed

EVALUATION OF PLUME LOCATION

Determine Stability Class by completing step (a) below and record on

~

Zaclosure 5.7.

a) aT

Stability Class

-8
=}

-~

-l

.4 8o =1.0
-_.
-9.

to~-1.3

3 to =0.:
3 to +0.9
0 to *8

OO



DOSE ASSESSOR:

Sage

ENCLOSURE 5.7
DOSE ASSESSMENT REPORT

HP/0/B8/1009/14 Proposed

wIND DIRECTICN

SOURCE

wIND SPEED

MPH SCURCZ

1

al 9%¥/120

LAY
"

STABILITY CLASS

JISTANCE TAYROID/ADULT

THYROID/CIILD wAOLE 30DY

a2t

.ﬂm\r‘s
b -t

S5 k.

L M.

Seczors Affected




Ferm SPD-1002-1

(2)
(3)

(3)

(8)

(8}

i3 1 ki
-8 B ) ‘ : 4 i
iid N ~f.’

‘ L}
|

"?,W'," e r'\c'"’\r\n ﬂ

3 U uasd e

LY
CONTROL COPY

INFORIAR

DUKE POWER COMPANY
PROCEDURE PREPARATION

PROCESS RECORD

STATION: Oconee

ATION OMLY

(1) ID No: HP/0/B/1009/11
Change(s)__ 3 to
N/A Incorporated

PROCEDURE TITLE: Projection of Offsite Dose from the Uncontrolled Re-

lease of Radicactive Materials Through a Unit Vent

PREPARED 3Y: SQL\Q)(\ R (N

Cress-Disciplinary Review By:

MISCZLLANEOQUS:

Reviewed/Approvead 3y:

Reviewed/Approved 3y:

sars:__\Q-19-52
REVIEWED 3Y: (.7 Vew D DATE ]2 = IS -8 2~
ey J WD 2 g
N/R:
TEMPORARY APPROVAL (IF NECESSARY):
3v: (SRO) Date:
3y: e = Date:
APPROVED 3Y: JLN/\M Date: Ll\l’s\ﬁl
] 19
Date:
Date:




v

HP/0/3/1009/11

DUKE POWER COMPANY
OCONEE NUCLEAR STATION
PROJECTION OF OFFSITE DOSE FROM THE UNCONTROLLED

RELEASE OF RADIOACTIVE MATERIALS THROUGH A UNIT VENT

Purvose

This procedure describes the method for calculating the poteatial offsite

dose following an uncontrolled release of radioactive materials tarough
the unit vent.

Refarsnces

2
-

-

1
. .

-~

-

£PA~320/1-75-001, Manual of Protective Action Guides and Frotective
Actions for Nuclear Incidents

2T/0/A/230/01, Radiation Momitor Check

Limits and Precautions

(o]

1

[

(¥

Use actual sample data when possible. Radiation monitor readings are
susceptible to several sources of error. when radiatilon monitor
readings are used for downwiand concentrations, anote this ia the
report of offsite dose assessment.

Eavironmentul data should be collected and analvzed to verify these
calculations. This procedure considers ail releases to 2e zrouad
level releases.

Use the computer code ODCAR2 when possible. It is faster, applies a
more accurate conversion factor when changing count rate to conceatra~
tion, and it Zenerates a more concise report. CULCARZ iategrates lose

from the initial release and makes two-hour projections from the time
of latest data entry.

Use the manual calculations for times whea ODCAR2 is umavailable and
1f more than oae unit is affected.

This procedure applies to releases made from Oconee Nuclear Station
oaly. Many of the values contaired im this procedure aire site
specifi

Znclosure 3.7 should be dome in comjvaction with the Field Monitor:iag
Coordinator



S

Vent releases can occur through more than one uni: at a time. Check
unit vent moaitors on all 3 units during a vent release.

3.3 When usiag this procedure ia comjunctiom with HP/0/8/1009/10, "Proce=
dure for Quantifying Gaseous Releasss through St<.m nelief Valves aand
Post-Accident Conditicas', ensure that the correct time is used :a
Steps 4.4.3 and 4.4.4.

3.9 Meteorology data needed to calculate offsite dose should be obtained
as required by Eaclosure 5.1. Data oot available from the primary
source should be obtained from the back up :wurce. The order of
preference for esach data po.at is listed each place meteorological
Jata is required. All meteorology data obtained from the tower or
river must be a 15 minute average. National Weather Service (NWS)
data is a standard observation and is not a 15 minute average.

3.9:1 Every 15 minutes the wind direction and wind speed will De
rechecked in accordance with Eaclosure 3.1 to ensure
additional sectors have not been affected. Once a sector
has been ~etermined to be affected it c-nnot be removed
from cthe list of affected sectors.

(o
“w
[ ]

The following are ccaversion formulas for the metsrological
data obtained from the Naticnal Weather Service.

mph = 1.15 (Koots)
T = (9/5 °C) = 22 : s
<.0 Procedure
4.1 Obtain the following meteorological information Izom one of tae

iesignated sources and record it on Eaclosure 3.1. The sources of
data are listed in order of preference on Zaclosure 5.1.

& 1.1 Time of reactor trip.

w12 Wind speed in MPH.

. 1.3 Direction ‘rom which the wind is blowing 1n legrees from
North.

«.1.% Temperature gradieat (iT°F).

il Time meteorology data takea.

0
",
E

.2 Obtain results of veant sample analysis :nd vent flow rate ‘a
record on Eaclosurs 5.1 for each affected umit.

ana

—

Date/tiae of sample.

-~
* -

4
’

o | 3ross zas concentration ia JCi/ml.



4.2.3 lodine =quivalent concentration (or data for calculation).
2.4 Gamma E-bar value ia ~2v/dis (or data for calculation).
NOTE: Actual sample results may not be available due o

adverse plint conditions. [f sample results are
not available, obtain vent radiaticn monitor
readings from the gas and iodine momitors on the
unit involved. Record the date/time of data
collection and the monitor readings om Eaclosure
3.1 Calculate discharge concentration as shuwn
oa Eaclosure 5.1.

NOTE: The iodine monitur response is time
dependent. JAilow sufficient time £O
elapse between readings ia order to
obtaian adequate change in monitor
response.

Project the impact of the release on the downwiad population bV using
the computer code ODCARZ.

NOTE: In the event that CDCARZI cannot be used, manually calculate
the potential dose by the methods outlined in Staeps <+.s
taru 4.6.

NOTE: ODCAR will only calculate for one unit at a time.

+.3.1 Using Eaclosures 5.1 and 5.2, run ODCAR2 for the unit on

which the highest activity is found aad obtaia a priatout
of the downwind dose assessment. Then manually calculate
potential dose (Step 4.4) from any other affected unit.
Add these cresults onto rhe pr.atout from ODCAR.

%.3.2 C:mplete Steps %.5 thru <.5 of this prucedure.

Project the impact of the release on the downwind population hy using
tne manual calculations outlined below.

4.5.1 Cetermine the X/Q values for 2ach peciat of iaterest downwiad.

NOTE: I£ ao points have been requestaed, use the 1, I, 3
and 10 mile values.

4.4.1.1 Locate the relative two hour coancentration value
(CH) for each point from Enclosure 3.3 and record
onto Eanclosure 5.4.

-, %.1.2 Convert these values to X/Q bw,

w9 = CH(MPH-Sec /M=)
= wind 3peed (MPH)




4.4.2

4.4.3

Record results on Enclosure 5.4.

Calculate the downwind concentrations for gas and ..dine at
1, 2, 5 and 10 mile points by completing Steps 4.4.2.1 and
4.4.2.2.

4.4.2.1

4.6.2.2

Concr = Unit 1 (Concv . Fv) + Unit 2 (Concv .
Fv) + Unit 3 (Concv . Fv)

where,

Concr = total concentration in unit vents
(uCi/ml -+ cfm)

Concv = vent discharge conceatration (pCi/ml)

Fv = vent discharge flow rate (CFM) .
ConcDw = ConcT - X/Q - UDWC
where,

Conch = dewawind concentration (pCi/ml)

ConcT = total concentration in unit veats
(pii/ml + cfm)

X/Q = dispersion factor in sec/m?

Upye = umit conversions derived from (2.832E-2m3/ft3),
(0.017 min/sec) = 4.7E-4

Enclosure 5.4 provides work space for this
calculation.

Determine the potential whole body gamma dose downwind
using the gas copcentrations calculated above and the

equation,

u

UG + E Concnw *+ Time

whole body gamma dose dne to submersion in a
cloud of radiocactive gas (rem)

unit conversion derived from,

(2.22E6/dis/pCi min), (cc/1.293E-3g),



(60 mian/hr.), (1.602E-6 erg/mev),

(g * rem/100 ergs),

dis-rem-cc
(1.1* P:/Pa) 1/2 = 9.00E2 —— HCi-hr-Hev

ConcUw = downwind concentratioa (uCi/ml)

Time = projected duration of exposure (hrs); use
2 hours unless calculating a release from
a steam relief valve.

g = average ga:ma energy per disintegration
(Mev/dis)
NOTE: If £ cannot be obtained from the sample results,
the following values can be used:
Hours from Trip E (Mev/dis)
0-12 0.+0
12-48 0.20
48~ 0.10

Record results on Ei - asure 3.4.

- - -

4.4.3.1 Use Eaelosure 3.3 as an alternate means of wnole
body exposure approximation.

Determine the poteatial thyroid dose downwind using cthe
iodine concentrations calculated above anc the 2quaction.

DTHY =T, * Concn,, - Time

»

D’HY = thyroid dose due to uptake of radioactive
K iodise (rem)

UI = constants derived from a child's breathing rate
(1.17E2 2c/sec.), I-131 duse conversioa factor
(4.39 E-3 mrem/pCi), and conversion of 3Ci to
WCi(10%), mrem to rem (10 *)x aod ars. to sec

(3600 sec/hr) = 1.36 E6 L B

Concqw = downwind conceatration of iodine (pCi/ml)
Time = projected exposure time (hrs); use 2 hours
unless calculating a release from a steam

relief valve.

Record results on Zaclosure 3.4,



w

n

6.4.4.1 Use Enclosure 5.6 as an alternate m=ans of
thyroid exwpor''re approximation.

Calculate an adult's chyroid dose by dividing the child's dose by
two (2). Record results of all cal-ulations on Enclosure 5.3.

4.6 Determine the potentially affected area using the method outlined iz
Eaclosure 5.7. Record sactors ca Eaclosure 5.8.

4.7 Comslete Faclosure 3.8 with information from Enclosure 5.1 and submit
it to the Offsite Radiological Coodinator or his aesignee. Iaclude
any comments and information pertinent to the evaluation of offsite
hazards.

NOTE: Maiatain a file of all worksheets and printouts used in
dose calculations.

Enclosures

5.1 YVent Relesase Data Sheet

3.2 ODCAR2 User's Guide
Appendix A: Sample Run of ODCAR

5.3 Table of Two Ho~ Relative Concentratiom Factors

5.4 Manual Calculation Worksheet

3.3 Graph of Noble Gas Concentration vs. Whole 3odv Dose

3.9 Graph of I-131 Conceatration vs. Thyroid Dose

5.7 Ewaluation of Plume Location

3.3 Dose Assessment Report
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ENCLOSURE 5.1
4P/0/B/1009/11
VENT RELEASE LATA SHEET

Date/time /

Date/time of Rx trip

(All data is 15 min average except NWS)

Daytime-1000-1600 hrs (Circle source of data for each point)

=15 min. period ending time

-wind direction (degrees)
Sources 1) Tower (T)
2) River (R)
3) NWS (N)

P oo ‘-
Tewer (T)

Assume (A) -

-wind speed . mpn)
Scurces

-

L

@ A v

T
R
5 2 ' %

Nightiime=1600-1000 hrs (circle source of data for each point)

=13 min. period eanding time

River Wind Direction (If river wind direction is urnavailable assume 70°-
RN Y
bt:) J

Using the river wiad dirsczion above complete #1 or 2 bHelow
2
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ENCLOSURE 5.1
HP/0/8/1009/11

1) River wind direction is between 210°- 70°
-wind direction (degrees)

Sources 1) Tower (T)
2) Assume (A) - between 0-360°

T T - 7 ¢
A ;A o B ;A
~AT (°F)
Sources 1) Tower (T)
2) Assume (A) - +1.0°F
T

| e

~w.nd spesd (mph)
Sources 1) Tower (T)
2) Assume (A) -i mph

T ;¢ T %
N | % A ;A

River wind direction is between 70%9-210° (Sources below are DdDased
>n axperimeat)
-wind direction (degrees,

Source 1) 3etweea 0-360° (E)

- -
<
-

™

- '

-AT (°F)
Souzce 1) +1.0°F (E)

-wind speed (mph)
Sou~ce 1) 1 mph

(8]
~—

(&)
L] ]

(8]

VENT SAMPLE ANALYSIS

Total cas 4Ci/ml = Unit 1

4

uCi/ml = Unit 2

(o)

JCi/ml « Cnit




2)

i

L)

[

[-131 Equiv.

ENCLOSURE 5.
AP/0/B/1009/.1

-

P

uCi/ml - Unit

[

gCi/ml - Unit

MCi/ml - Unit 3

Mev/dis (Gamma) -

Sample Results

i:::', *,1
-“P
-
R1A 45 (Lo range)
RiA -0 (hi range)

AR1A 4« (icdine)

RIA S0 (hi range)

Mev/dis (Gamma) -

Mev/dis (Gamma) -

Hours from Trip/

Uait

Unit

Cait

e

[ ]

0«12
12-48

VENT MONITOR DATA

CP¥ - Unit

Unic

[ S

Page 3 of

A, ¢ WL,
ks 13
min =
|y -
na -

Unit

Cait

e &
“aic

-

’

-
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ENCLOSURE 5.2
HP/0/B/1009/11
ODCAR2 USER GUIDE

Tntroduction

The complete code ODCAR2 was designed to calculate offsite dose from
gaseous releases through the unit vent. This guide is to aid the user

‘a ruaning ODCAR2 on VAX. Ia this guide, computer respoanses will be

shown inside double bold lines. User responses will be shown underlined.
The mark signifies a carriage retura.

ODCAR will only calculate for one unit at a time. If more than one unit
is affected, use ODCAR for the unit showing the highest activity. Any
other unit will be calculated manually and added to the ODCAR results.

Procedure
2.1 Complete VAX LOGON procedure outlined below.

3y (0% | Depress parity and Juplex keys.

-

a. 1.2 Pick up receiver and diale_ . When tone is heard,
depress data key and return to phone cradle.

by W Tyvpe ia a carriage return ( ).

. L% The computer will request: user name:
Answer with: 0DCi310

- 9% The computer wili then request: Pass;ord:
Respond by typing: DOSE

2.2 Computer will hesitate for a few seconds to load program and read the
initial daca file.

i
(]

Computer will then respond with: INITIALIZE (Y5 OR NO)

Answer YES for first run of the program to initialize data files and
history files.

- Answer NO for subsequeat runs of the program to allow the computer to
account for past history of the release.

2.3.1 If initialized, computer will type: ENTER TIME OF (RI?

Sater the date and time of the reactor trip.
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ENCLOSURE 5.1
HP/0/B/1009/11

CALCULATED DISCHARGE CONCENTRATION

Gas - (Use RIA 36 if om scale; if not on scale, use RIA 45 or RIA 46.
RIA-46 is considered oa scale at > 10 cpm)

Concv = (RIA-36 ex/bc) = uCi/ml, Umit 1
3.2E-2 — :

uCi/ml, Uait 2

uCi/1l, Unitc 3

Conc,, = LBLQ%%%_EEEl = _ pCi/ml, Unic 1

z pHCi/ml, Unit 2

__HCi/ml, Unit 3

Cone, = (At 2m) uCi/ml, Unit 1

uCi/ml, Yaic 2

uCi/ml, UYait 3

Iodine

Come.. , = (IR1A 4a CPM) (1.0E-3) = #Ci/ml, Unic 1

at

o

yCi/ml, Unit

L

uCi/ml, Cnit
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ENCLOSURE 5.2
HP/0/B/1009/11

Format: month, day, year. time

Example: 11,10,30,0943

Computer will type: ENTER WIND SPEED (MPH

Enter the wind speed in miles per uoui.
Example: 12.0

Computer will type:

ENTER WIND DIRECTION (°FROM NORTH)

Eater wind direction

Example: 127.0

NOTE: At night when wind directionm is 0°-360°, enter 360° iato
the computer.

Computer will type: ENTZR TEMP DIFFERENTIAL (DEG.:Z)

Zater the t:uperature differential using degrees Fahrenheit.
Example: =-1.6

Computer will type: INPUT RELEASE RMIE IN CIM

Zater the release flow rate (unit veat flow rate) in cubic faet per
miaute.

Zxample: 1.3E3 .

NOTE: Exponeatial notation may de used, but does 20t have Lo De

Computer will type: ENTER TIME DATA wAS TAKEN

£ater the time of dav (approximately) that all of the data dDeing antered

was collected.

Example: 11,10,30,0945

Computer will type: RELEASE CONC. IS XNOWN (X) OR UNKNOWN (U)

If release concentration is Xnown, use case (A) below., If the release
\
7

conceatration is not known, skip down to Case (3

(A) later a X if the release concentration is Xaown (such as Izom
vent sample results.)

535 B
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A Computer will type:
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ENCLOSURE 5.2
HP/0/B/1009/11

ENTER GROSS NOBLE GAS GONC.

Example: 1.3 E-2

Use units of microcuries per cubic centimeter.

2 Computer will type: ENTER 1-131 EOULV. CONC.
Example: Same as 2.9.1
= Computer will type: ENTER GAS E-3AR

Example: 0.27

NOTE: This Z-Bar number can be obtained from sample
results.

Eater a U if the release concentration is uakancwn
(processs monitor information).

ENTER GAS LOW RANGE CPM (RIA- 3}

tater the counts per minute reading from the RIA-43 displav.
txample: 1.2 E &

NOTE: RIA 43 zoes offscale at 1ES cpm. CSater 1E6 1f
RIA-Go is > 100 com.

Computer will type: ENTER 3AS HI-RANGE C2M (RIA-co

Zater counts per minute from RIA-<6.
Example: 1.2 E 3

NOTE: ODCAR does aot consider RIA-wo on scale uatil
> 100 cpm.
.8 Computer will tvpe: ENTER IODIME CHANGE IN CPL (RId=wei

Eater the change in couats per minute observed oa RIA-w4 over
a measured period of time.
Example: 1 4 E 4

Computer will twpe: ZNTER TIME (MINUTES) oF CHANGE

Sater the time ia minutes over wnich the change ia RIA-ws o0k
place.
Example: 10.0
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ENCLOS'RE 3.2
HP/0/B/1009/11

.10 Computer will now calculate, and update history files:

Computer will type:

WHEN READY FOR PRINTOUT, ADVANCE_TO TOP OF PAGE AND ENTER VUMBER 3

Example: 3
.11 Computer will print, program will end, and the computer logs ofZ.
.12 When computer has signed off. hang up the phone or start at Step l.1.3

and comtinue data 2atry. Release the phnone iine it the end of cthe
session (wnen logged off) by depressing the LOCAL/TALK key.



ENCLOSURE 5.2, APPENDIX A

HP/0/8/1009/11

SAMPLE RUN OF ODCAR2

Username: 0ODC7310
Password:

Welcome to VAX/VMS Version V2.3 on aode _OCO::

INITZALIZE? (YES OR YO)
YES
ENTER TIME OF TRIP
1 12 80 0900
ENTER TOWER WIND SPEED (M7H)
ENTER TOWER WIND DIRECTION (DEGREES FROM NORTH)
148
ENTER TEMP DIFFERENTIAL (DEG F)
1.8
INPUT RELEASE FLU~ RATE (CPM)
12000
INTER TIME DATA WAS TAKEN
11 12 80 1000
AELEASE CONC. IS XNOWN(K) OF UNKNOWN(U)
ZNTER GAS LOW RANGE CPM (RIA-43)
1.3E6
ENTER GAS HI RANGE CPM (RIA-4o0)

|

E.U7ER IODINE CHANGE IN C2M (RIA-w&)
1.583
ENTER TIME (MINUTES) OF CHANGE
2.9
WHEN READY FOR PRINTOUL,
ADVANCE TO TOP OF PAGE
AND ENTER NUMBER 9.

Page 1 of 2



ENCLOSURE 5.2, APPENDIX A
HP/0/B/1009/11

SAMPLE RUN OF ODCAR2

PLUME DIRECTION: 3.28E+02 DEGREES RELEASE FLOW RATE: .20E+04 CFM
WINDSPEED: 2.2 MPH
DELIA TEMP: ~-1.6 DEGF NOBLE GAS RELEASE CONC: 2.82E+01 UCL/ML
IODINE RELEASE CONC.: 3.62E-04 UCI/ML

TIME OF TRIP- 11/12/80 900
TIME OF SAMPLE: 11/12/80 1000

EMERGENCY LEVEL
SITE EMERGENCY

DISTANCE  SUBMERSION SUBMERSION SUBMERCION PRESENT
DOWNWIND DOSE RATE DOSE-TOTAL DOSE-TOTAL + 2 HCURS CONCENTRATION
(MILES) (REM/HR) (REM) (REY) (CCTI/ /ML)
1 4.081E-01 4.081E-01 1.224E+00 3.388E-04
2 2.951E-02 2-951E-C2 8.8S3E-02 5,788E-05
3 1.695E-"2 1.695E-02 5.085E-02 3.900E-05
s 1.256E-02 1.2568-02 3.767E-02 2.389E-95
5 1.067E-02 1.067E-02 3.202E-02 2.433E~05
) 9.104E-02 3.104E-03 2.731E~02 2.094E-05
Y 7.343E-03 7.248E-123 M. 3S4E-Q2 1.30SE-33
3 6.306E-03 5.206E-93 2.072E-02 1.389E-95
3 6.278E-03 5.278E-03 1.884E-02 1. 4bag=08
10 5.8651E-03 5.851iE=03 1.695E-02 . 1.300E-90S
THYROID THYROID PRESENT
DOSE-TOTAL DOSE-TOTAL + I HOURS CONCENTRATION
(REM) (REM) (CCI/ML)
1 2. 44E-02 6.733E-02 1.206E-08
2 1.623E-03 4.368E-23 8.7198-10
3 9.323E-04 2.7978-03 5.009E~-10
- 5.906E-04 2.072E-03 3.710E-10
3 5.370E-04 1.761E-03 3.154E-10
5 5.007E-04 1.507E-03 2.690E-10
7 4.316E-04 1.295E-03 2.319E-10
3 3.798E-04 1.139€-03 2.061E~10
3 3.433E-04 1.036E-03 1.855E-10
! 3.108E-04 9.323E-04 1.670E-10
FORTRAN STCP

JRCT310 logged out at 18-aUG-1981 07:39:40.30
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ENCLOSURE 5.4
HP/0/B/1009/11
MANUAL CALCULATION WORKSHEET

Discharge Concentration (Comcy),

Gas =

lodine =

HNCi/ml U~1;

uCi/ml U=l;

Vent Discharze Flow Rate:

u‘;

Wind Speed

= CPY U-1; ___

MPH (Enclosure 5.1)

uCi/ml U=-2;

uCi/ml U=2;

M U-2;

Page | of 2

uCi/ml U-3

yCi/ml U-3

CrM U-3

Toctal Concentraticm: Comc, = U-1 (Conc,, * F,,) + U2 (Conec, * F,,) + U=l
-~ - 3 - v . . .
(Cenc,, - F.)
Gas = yCi;ml » cfm
lodine = uCi/ml - cfm
Two Hour Relative Conc. Factors (CH) = sec-mpn/m® X/Q - CH/mph = sec/m?)
Cd @ i = ; X/Q = Sec m*
cH @8 i = : X/Q = Sec/m=
R 3 Mi = : X/Q = Sec. m*
- O Mi = ; X/Q = Sec 'm*
Downwind Concenctrations: Concnw = Conc,. * X/Q + (4.7E-4)
A) J4s

C , = i/ 2 Mi

ancak uCi/ml @ i

conc. . = 4Ci/ml @ Mi

—

. " : ”

Coney. uCi/ml @ Mi

c = Ci/ml @ i

ency puCi/ml @ i




8) lodine

ENCLOSURE 5.5
HP/0/8/1009/11
MANUAL CALCULATION WORKSHEET

Comey, = uCi/ml @ i
Comcp, = uCi/ml @ Mi
Concw B uCi/ml @ Mi
Comeqy, # 4Ci/ml @ Mi

Pocential Whole Bodv Gamma Dose: D'-‘B s (9.00 E2)

il

'

. Concm_. . « Time

» Mev/dis Time = hours®

0.3 Rem @ i

D.‘_.a Rem @ Mi

%2 Rem @ i

D'~'B Rem @ Mi

Poteatial Thvroid Dose: e = (1.36E8) Conc:w * Time
Time = hours*

D':‘IY Rem @ i

Oruy Rem ¢ i

Sray Rem @ i

3...:_&. Ea Rem @ o 3

“Ensure correct time is used for steam relief valve release.
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CONCIIT2ATICN 3.
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ENCLOSURE 5.7
HP/0/8/1009/11
EVALUATION OF PLUME LOCATION

Acquire the f:llowiag information from Eaclosure 3.1 and record on
Eaclosure 5.8.

a) Meteorological Data - identify for each peiat whether data is assumed
(A), experiment (L) or measurea (T, R or N).

b) thyroid aad whole body doses
Protective action guides submitted to the Offsite Radiclogical Coordimator
ar. to be made p=sec on the calculated dose on Enclosure 5.1 and the follow=
ing iaformation.
a) For doses:

> 3 Rem Whole Body or,

>2S Rem Thyroid

Recommend Zvacuation of Population in Affected Area.
b)) For Joses:

1=3 Rem Whole Body or,.

3-25 Rem Thyroid

Recommend 2vacuavion >f childrenm and pregnant women, ind sneitering
)¢ remainder of personnel :in the affected area.

- Tor doses:
< 1 Rem vhole 3odvy or,
< 3 Rem Thyroid
Recommend no action.

Jetermine Stability Class by completing step 3 Selow and record on
Zaclosure 35.3.
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ENCLOUSURE 3.7
HP/0/B/1009/11
EVALUATION OF PLUIE LOCATICN

a) AT Stability Class
-8 to-1.2 A
«1.2 to =1.0 c
-0.9 to =0.4 s]
=0.3 to +0.9 E
+1.0 to +8 3

To determine the sectors affected, complete one of _he options uader A
or B. Record the sector: affectez on Enclosure 3.3.

A) Daytime (1000-1600 hrs)

wind spead mph for tower or river wiand direction, use Table 1.

wind speed voh for NWS wind direction, use Table 2.

wind speed mph for tower or river wind direction, assume sectors

Al, 81, €1, D1, El, and Fl are affected. Then use Table | o

jetermine additional sectors affscted.

<) wind speed < 5 mph NWS wind direction, assume all sectors afiectad
(Al through F1, A2 through F2).

S e
AV IV
(v ey

L

TABLE 1
wiad Directiona Sectors Affectad
169279 Cle C2.- 01 02. EY. 83
ol T ehl® 1, U1, Be. Bl. &3
22%=ng? g1, D2, E1. E2
30°%-33° 1. 02 Bl, BEo. §2
35%=-1042 Dl, D2. §1. &3, F1. F2
104°-1299 El, Ex. Fl, F2
129°=-1526° Al, A2, Bl, B2, Fl, F2
156°-1739° al, Ag. B1. Fl. B2
175%-131° Al: A2, Fil, £2
}¥a270 Al, AZ. BY. B82. Fi. B2
219" =2589 Al, A2, Bl. Be
PL LR b L 1. A2. Bt. B2, C1. G2
271%+297° 1. 82. C1. G2
2979-312° 381, B2. Cil. C2, D2
3129-345° B1, 82, €1, C2, D1, D2
34533-14° Cl, €2, D1, D2
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ENCLOSURE 5.7
HP/0/8/1009/11
EVALUATION OF PLIME LOCATICN
EVALUATION OF PLUME LOCATION

TABLL 2

Wind Direction Sectors Affected
19=39¢ 51, 82, C1, C2, £1, %2, F1, F2
39°-7%* Al through F1, A2 through F2

15%-91° Al, A2, C1, €2, D1, D2, E1, B2, 11, K2

919-117¢ Al through F1, A2 through F2

1179+132° Al, A2, B1, B2, C3, DI, D2, E1, B2, F%, ¥2
132°-168° Al, A2, By, B2, 03, D2, B, K2, T1, I3
165°%-194° Al through F1, A2 through F2

154°-207° Al, A2, 81, 82, C1, C2, E1, B2, K1, %2
207%-223% AL, A2, BY. B2, Cy,. G2, £&, B1, 82, KL, B2
"23%=2467 Al through f1, A2 througan F2

246%-2863° al, A2, 81, 82, €31, 62, D1, DX §1, F1, 23
2632-284° Al. A2, 81, 82, Ci, C3, D1, D2, F1. F2
<842=-309° Al through F1, A2 :htoug; 4

309°-336° Al, AZ, .81, B2, &1, €2, 91, D2 21 &2
336°-355° Ak, AL, Bl B2, €1, S22, D1, De, Bl E2: ES
355%-1° Al through Fl, 2 through F2

.. 3) Nighttime (1600-10C. ars)

(If river wind direction is upavailable., assume 70°-210°.)

14

iver wind direction is between 210°-70°, use Optica A

-+ o)

nd direczion i jetweea "0°-210°, sssume ail
ected ‘Al tharough F1, A2 through F1).



ENCLOSURE 5.3
DOSE ASSESSMENT REPORT

HP/2/8/1009/11

DATE:

TIME:

DOSE ASSESSOR:

WIND DIRECTION

wIND SPEED MPH SOURCZ

T °F/ 120t SOURCE

STABILITY CLASS

DISTANCE THYROID/ADULT THYROID/CHILD

.3 Bi.

1 mi.

x 0% .

3 7t

ni.

« M1.

y Nk

ni.

3 %M.

1.




