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CHAPTER 10

RADIOACTIVE EFFLUENT TREATMENT AND MONITORING

10.1 AIRBORNE RELEASES

10.1.1 System Description

A simplified gaseous radwaste and gaseous effluent
flow diagram is provided in Figure 10-1. The
principal release points for potentially radioactive
airborne effluents are the two auxiliary building
vent stacks (designated Unit 1 Vent Stack and Unit 2
Vent Stack in Figure 10-1). In the classification
scheme of Section 4.1.4, each is classified as a
ground level release point (see Table A-1 of
Appendix A). j

10.1.1.1 Waste Gas Holdup System

The waste gas holdup system is designed and
installed to reduce radioactive gaseous effluents by
collecting reactor coolant system off-gases from the
reactor coolant system and providing for delay or
holdup to reduce the total radioactivity by
radiodecay prior to release to the environment. The
system is described in Section 11.1.2.3 of the Zion

,

i

FSAR.

10.1.1.2 Ventilation Exhaust Treatment System

Ventilation exhaust treatment systems are designed
and installed to reduce gaseous radiciodine or
radioactive material in particulate form in gaseous

i

effluents by passing ventilation or vent exhaustI

gases through charcoal adsorbers and/or HEPA filters
prior to release to the environment. Such a system
is not considered to have any effect on noble gas
effluents. The ventilation exhaust treatment
systems are shown in Figure 10-1.

Engineered safety features atmospheric cleanup
systems are not considered to be ventilation exhaust

,

treatment systera components.
I

i

10-1
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Radiation ~ Monitors a10.1.2
. f ~o ||

- 10.1.2.1 Final Vent Stack Effluent Monitors -

!
Monitors 1RIA-PR49 (Unit 1)'and 2RIA-PR49 (Unit 2) f

continuously monitor the final effluent from.the ||
auxiliary building vent stacks. Both vent stack .i

'

monitors feature automatic isokinetic sampling and
grab sampling.

;

t

In nornal operation all. three noble gas channels |(low, mid-range, high) are on line and active. On a .

high alarm from the mid-and/or high range channels :
the particulate, iodine, low range noble gas and

,

mid-range noble gas channels are isolated, and only
.

the high range noble gas channel remains active. i
-!

+

No automatic isolation or control functions are
performed by these monitors. On high alarm, the

,

control room operator will notify the health physics i

group and reduce the release rate as appropriate. |
Because of the conservatism built into the setpoint j

calculations (Section 10.1.3), there is an adequate j
margin between the setpoint and-release limit to' 't

accommodate this procedure.
,

|

fs Pertinent information on these monitors.is provided ]
it

.
in UFSAR Table 11.5-1. -|

,

10.1.2.2 Auxiliary Building Vent Effluent Monitors ,|
t

Monitors 1RT-PR25 (Unit 1), 2RT-PR25 (Unit 2).and i

ORE-0014 (common) continuously monitor the effluent' i
from the auxiliary building vent fans; j

No automatic isolation or control functions are
performed by these monitors. On high alarm, the
control room operator will notify the health physics
group and reduce'the release rate as appropriate.
Because of the conservatism built into the setpoint
calculations (Section 10.1.3) there is an adequate

,

imargin between the setpoint and release limit to
accommodate this procedure.

Pertinent information on monitor ORE-0014'is '

provided in UFSAR Table 11.5-2.

10.1.2.3 Containment Purge Effluent Monitors

Monitors 1RT-PR09 (Unit 1) and 2RT-PR09 (Unit 2)
continuously monitor the effluent from the Unit 1

,

10-2
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and Unit 2 containments, respectively. On high
alarm, the monitors automatically initiate closure
of the four air-operated butterfly valves *

(RV0001/2/3/4 purge valves for each unit).

Pertinent information on these monitors is provided
in UFSAR Tables 11.5-1 and 11.5-2. Monitors
1(2)RIA-PR40 continuously monitor the Unit 1(2)
atmosphere. On high alarm, the monitors
automatically initiate closure of valves RV0001-
RV0006 inclusive. ,

10.1.2.4 Waste Gas Decay Tank Monitors

Monitors ORT-PR10A/B continuously monitor the noble
gas activity released from the gas decay tanks.

On high alarm, the monitors automatically initiate
closure of the valve ORCV-WG014 thus terminating the
release.

Pertinent information on these monitors is provided
in UFSAR Table 11.5-2.

10.1.2.5 Condenser Air Ejector Monitors
,

Monitors 1RE-0015 and 2~J-0015 continuously monitor
the condenser air eje:tur gas from Units 1 and 2,
respectively. No control device is initiated by

_

these channels.

Pertinent information on these monitors is provided
in UFSAR Table 11.5-2.

10.1.2.6 Service Building Ventilation Monitor

Monitor ORT-PR22 continuously monitors noble gas
activity in the service building ventilation system.
No control device is initiated by this channel.

Pertinent information on this monitor is provided in
UFSAR Table 11.5-2. r

10.1.2.7 Miscellaneous Ventilation Monitors

Monitor ORT-PR18B continuously monitors noble gas
activity in the ventilation exhaust from the
auxiliary equipment room, computer room,

,

laboratories, decontamination room and other
'

miscellaneous areas. No control device is initiated
by this channel.

*

*
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Pertinent information on this monitor-is provided in !
'UFSAR Table 11.5-2. !

i

10.1.3 Alarm and Trip Setpoints ,I

10'.l.3.1 Setpoint Calculation '!
i

The effluent noble gas monitor setpoints are j
conservatively based on the assumption that a j

-

release is occurring simultaneously for all seven i

gaseous release points at the maximum expected flow. ;

rate for each pathway. Furthermore, the setpoints :|
'

are chosen such that an occurrence of simultaneous j
high alarms on all seven pathways would correspond ;

to a station release rate of one half of the RETS. ;

limit.
i

P,p s 0.5 x Q y x 1/F" x K" x C" - (M4) ;,
t

i
P,, = Setpoint for monitor, M, on release ;

path, P { cpm] [
;

0.5 = Factor to reduce release rate by.50%. f
f

Q, , = Total Allowed Release Rate, Vent ;

Release [pCi/sec) |

F" = Flow rate through Release Path, P. [cc/sec)

K" = Factor to apportion a fraction of the total release 'l-

|
rate, Oo to release path, P.t

C" = Conversion Factor for monitor, M { cpm per
pC.1/ cc)

i

10.1.3.2 Release Limits |

Alarm and trip setpoints of gaseous effluent |
;' monitors are established to ensure that the release. :

rate limits of the RETS Section 12.4 are not |'
- ;

exceeded. The release-limits are found by solving
Equations 10-2 and 10-3 for the total allowed

;

release rate of vent releases, Oy.t

(1.11) Or, { {Kf,) < 500*' mrem /yr (10-2) .f
.

!

Or, [ ( (f,) iW(X/0), exp (-1;R/3600u,) (10-3)

+ 1.11 V,) ) s 3 000* mrem /yr
_,

!
'

Upo, Technical specification (TS) approval ( submi t t al dat ed ik>v. 10,1993), '

this value m,iy be used. Frier to T3 approval, section 6.2 of TS's specify ;

t he vau d limit s.
-|

I

!
l-0-4
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.
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:

i

:
. . . - . .



ZION Revision 1.0
January 1994

-|
The summations are over noble gas radionuclides i.

O ><f Fractional Radionuclide Composition
3

The release rate of noble gas radionuclide i
divided by the total release rate of all noble
gas radionuclides. ,

Qw Total Allowed Release Rate, [pCi/sec)
Vent Release

|

The total allowed release rate of all noble gas i

radionuclides released as vent releases.

The remaining parameters in Equation 10-2 have the i

same definitions as in Equation A-8 of Appendix A.
The remaining parameters in Equation 10-3 have the
same definition as in Equation A-9 of Appendix A.

,

Equation 10-2 is based on Equation A-8 of Appendix A
and the RETS restriction on whole body dose rate
(500' mrem /yr) due to noble gases released in gaseous
effluents (see Section A.1.3.1 of Appendix A).
Equation 10-3 is based on Equation A-9 of Appendix A
and the RETS restriction on skin dose rate (3030
mrem /yr) due to noble gases released in gaseous
effluents (see Section A.1.3.2 of Appendix A).

Equations 10-2 and 10-3 can each be solved for a
value of On. The monitor alarm and trip setpoints
will be established based on the equation which
yields the smaller release limit, Om. The exact
settings are selected to ensure that RETS limits are
not exceeded.

Calibration methods and surveillance frequency for
the monitors will be conducted as specified in the ,

RETS.
*

10.1.3.3 Release Mixture

In the determination of alarm and trip setpoints,
the radioactivity mixture in exhaust air is assumed
to have the radionuclide composition of Table 10-1.
This mixture was conservatively chosen based on
station isotopic release data averaged over a period
of 7 years (1977 through June 1984).

10.1.3.4 Conversion Factors.

The response curves used to determine the monitor
count rates are chosen in order to best match the
reference noble gas mix.

10-5
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t Example curves are shown in Figure 10-5.

10,1.3.5 HVAC Flow Rates

HVAC flow rates are computed for 1(2)RT-PR25, ORE-
0014 and 1(2)RIA-PR49 based on the number of
operating fans in the monitored flow path.

F ,x N; (10-4)F, =

Total Flow In Monitored Flow Path [cc/sec)F, =

Flow from fan i in path p. [cc/sec)F =ip

Number of fans, in operationN =
3

The maximum flow for each fan is used for setpoint
calculations because this maximizes the flow, and
therefore minimizes the calculated monitor
sensitivity which is conservative.

Pertinent data for the fans is provided in Table 10-
2.

HVAC flows for the remaining monitors are

O conservatively fixed at upper bound values. They
are listed below.

Monitor Flow in cc/sec

ORT-PR10A/B 6.60E5
1(2)RE-0015 7.32E5
ORT-PR22 6.96E6
1RT-PR09A 1.65E6 (vent mode) ;

1.46E6 (mini-purge mode) {
*

1.46E7 (purge mode)
,

"

2RT-PR09A 4.35E6 (vent mode)* '

4.11E6 (mini-purge mode)"

1.99E7 (purge-mode)"

2.70E6 (routine, hot lab"

only)

i

* Flow greater than Unit 1 due to " hot lab" hood exhaust fan flow.

.

10-6
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10.1.4 Allocation of Effluents from Common Release Points

Radioactive gaseous effluents released from the auxiliary
building miscellaneous ventilation system and the gas
decay tanks are comprised of contributions from both
units. Under normal operating conditions, it is
difficult to apportion the radioactivity between the
units. Consequently, allocation normally is made evenly
between units

10.1.5 Dose Projections for Batch Releases ,

The 10CFR20 dose limits have been converted into a station
administrative release rate limit using the methodology in
the ODCM. Compliance is verified prior to release by
determining that the release rate of the batch release is
within the above limits. Compliance is also verified through
conservative radiation monitor setpoints which have been set
in accordance with the methodology of the ODCM and RETS dose
limits. Per procedure, representative samples are obtained
and analyzed, and the doses are calculated on a monthly basis
to verify compliance with 10CFR50.

|

10.2 LIQUID RELEASES

10.2.1 System Description
i

A simplified liquid waste processing diagram is provided in
Figure 10-2. A simplified liquid effluent flow diagram is
provided in Figure 10-3.

The liquid radwaste treatment system is designed and
installed to reduce radioactive liquid effluents by
collecting the liquids, providing for retention or holdup,

,

and providing for treatment by demineralizer for the purpose
of reducing the total radioactivity prior to release to the
environment. The system is described in Section 11.1.3 of
the Zion FSAR.

'10.2.1.1 Lake Discharge Tanks
i
'There are two lake discharge tanks (OA and OB, 30,000-gallon

capacity each) which receive liquid waste before discharge to
Lake Michigan, ,

|

10.2.1.2 Turbine Building Fire Sump

The turbine building floor and equipment drain tanks receive
turbine building waste which is released to the fire sump for
processing by the waste water treatment facility and ultimate
discharge into Lake Michigan. The discharge constitutes a
low level radioactive release.

|

|
i

|
'

10-7
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10.2.2' Radiation Monitors '

c

10.2.2.1 Lake' Discharge Tank Monitors 'i~

7

Monitors ORT-PR04 and ORT-PROS are used to monitor-
all-releases from the lake discharge tanks. On high i

alarm, the monitor automatically initiates closure i

of a valve to prevent further releases. .The valve
is located over 250 feet downstream of the monitor .

to allow closure prior to exceeding release limits. '

The monitor setpoints are found by solving Equation-
10-5 for release setpoint P.

,

!

Pertinent information on these monitors is provided
in UFSAR Table 11.5-3. e

i

10.2.2.2 Turbine Building Fire Sump Monitor I

Monitor ORT-PR25 continuously monitors the discharge !
line from the fire sump pumps to the waste water i

treatment facility. On high alarm, the monitor
automatically trips all of the fire sump pumps, i
thereby containing the liquid in the turbine
building. The monitor setpoints are found by

,

!

-
solving Equation 10-5 for release setpoint P. |

Pertinent information on the monitor is provided in
UFSAR Table 11.5-3.

|

10.2.3 Alarm and Trip Setpoints >

1

10.2.3.1 Setpoint Calculation :
i

''Alarm and trip setpoints of liquid effluent monitors
at the principal release points are established to l

ensure that the limits of the.RETS.are not exceeded. .;
in the unrestricted area. The monitor setpoints are
found by solving Equation 10-5 for a conservative

.,

mixture of radionuclides found in liquid effluents.

dP s K x C" x ( 10 * * DWC ) ( F / F'' ) (10-5)3 .;
P Release Setpoint (pCi /mL) !

The alarm setpoint for radioactivity to be
released in liquid effluents.

DWC Derived Water Concentration [pCi/mL)3

of radionuclide i
;

The concentration of radionuclide i given in
Table 2 of Appendix B to SS 20.1001 - 20.2401.

*

'
Upon Technical specification (TS) approval (submittal

- dated Nov. 10,1993), the "10" may be used. Prior to TS
approval, TS section 6.2 specifies the valid limits.

10-8
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C" Conversion Factor for monitor M to pCi/ml
'

C" = 1, unless monitor is in units of cpm then 1

conversion is needed from pCi/ml.

10 Multiplier |

dF Dilution Flow Rate [gpm)

The flow rate of the radwaste dilution stream j
(condenser cooling water). !

F' Discharge Flow Rate [gpm)

i,

| The flow rate from the lake discharge tank or i
! fire cump as appropriate. I

K Factor of conservatism.
K :s 1. 0

10.2.3.2 Discharge Flow Rates

10.2.3.2.1 Lake Discharge Tank Discharge Flow Rate

Prior to each batch release, the water is recirculated,
sampled, and analyzed.

The results of the analysis of the waste sample determine
the discharge rate of each batch as follows:

FL, = (10**DWC,) (Ffer/C) (10-6)

FL, Maximum Permitted Discharge Flow Rate [gpm)

The maximum permitted flow rate from the
lake discharge tank. [gpm)

Ffer Actual Dilution Flow Rate [gpm)

The actual flow rate of the radwaste dilution
stream (based on pump curves).

C Sample Radioactivity Concentration [pC1/mL)

The concentration of radioactivity in
the lake discharge tank based on
measurements of a sample drawn from the
tank.

* Upon Technical Specification (TS) approval (submittal
dated Nov. 10,1993), the "10* may be used. Prior to TS
approva.l. TS section 6.2 specifies the valid limits.

10-9
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DWC Derived Water Concentration -[pCi/mL]
i

of radionuclide i

The concentration of radionuclide i given in |
Table 2 of Appendix B to SS 20.1001 -
20.2401. >

10 Multiplier i

;

'!
10.2.3.2.2 Turbine Building Fire Sump Discharge. Flow Rate

This release path is a continuous discharge. |

Consequently, the release rate F' .in . Equation 10-6 is '!
set equal to naximum design capacity for the pumps j
on the effluent of the waste water treatment !

facility. ~j

10.2.3.3 Release Limits
,

Release lindts are determined f rom RETS. j
!

10.2.3.4 Release Mixture

The release mixture used for setpoint determination ;

is the worst case radionuclide mix chosen on the ,

basis of station isotopic analysis data. R

!
10.2.3.5 Conversion Factors |

The conversion factor for ORT-PR25 (fire sump 3

monitor) is based on detector response curves for I- |
131. The conversion factors for monitor ORT-PR04- )
and ORT-PROS are based on detector response curves j
for Cs-137. ;

!

10.2.3.6 Liquid Dilution Flow Rates

Dilution flow rates are computed based on the number
of operating pumps in the flow path.

d }[ Ff x N, (10-7) |F =

d Dilution Flow Rate [gpm]F =

Ff Dilution Flow Rate from pump i [gpm)=

1

Number of pumps of type i operating IN =
3

Pertinent flow data for the pumps is provided in
Table 10-3.

. _

|

10-10 )
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10.2.4 Allocation of Effluents from Common Release Points

ORadioactive liquid effluents released from the lake
discharge tank and turbine building fire sump are
comprised of contributions from both units. Under.

L normal operating conditions, it is difficult to
| apportion the radioactivity between the units.

Consequently, allocation is based on the unit
discharge canal used for dilution.

10.2.5 Projected Concentrations for. Releases

Projected concentrations are calculated before
initiating liquid discharges. Per procedure, a
representative sample is obtained and analyzed and
the projected concentrations are calculated using I

conservative dilution flows prior to release. l

Because the fire sump is a continuous release, it is
sampled daily and isotopic analyses are performed
weekly.

Doses due to liquid effluents are calculated as j
required by the RETS. '

( 10.3 SOLIDIFICATION OF WASTE / PROCESS CONTROL PROGRAM

The process control program (PCP) contains the -

sampling, analysis, and formulation determination by ]
which solidification of radioactive wastes from )
liquid systems is ensured.

'

|

|

@
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Table 10-1

'

LO.. Assumed Composition of the Zion Station .I
Noble Gas Effluent |

^|
:!
-i

|Isotone. Percent of
|i ' Effluent' .'' ::,

<

Ar-41 1.92E-1 )
i

Kr-83m 1.0E-4- i

i

Kr-85m 2.24E-1 j

|
Kr-85 5.50E-2. .

.. !

Kr-87 1.22
:

Kr-88 3.19

Kr-89 1.0E-4

Xe-131m 1.85

Xe-133m 7.56E-1

Xe-133 8.36El

Xe-135m 1.03E-1

Xe-135 8.79 h

Xe-137 1.0E-4

Xe-138 4.37E-3

~|

. .

< .

!

|Note: Based on station isotopic release data averaged over 7
years (1977.through June 1984). |,

!
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TABLE 10-2
HVAC EXHAUST FAN CAPACITIES ,

EAN CC/9EC CFM CFH

#1 Aux. Blda

OA Exh. Fan 3.16 x 10' 6.70 x 10' 4,020,000
GB Exh. Fan 3.16 x 10' 6.70 x 10' 4,020,000
OC Exh. Fan 3.16 x 10' 6.70 x 10' 4,020,000

*2 Aux. Blda.

OD Exh. Fan 3.16 x 10' 6.70 x 10' 4,020,000
,

OE Exh. Fan 3.16 x 10' 6.70 x 10 4,020,0004

0F Exh. Fan 3.16 x 10' 6.70 x 10' 4,020,000

el Purce Exh.

lA Purge Fan 1.46 x 10' 3.10 x 10 1,860,0004 t

1B Purge Fan 1.46 x 10' 3.10 x 10* 1,860,000
5 2H Purge Fan 1A 1.70 x 10 3.60 x 10 21,6002
5 2H Purge Fan 1B 1.75 x 10 3.40 x 10 22,2002

Mini Purge 1. 4 6 x 10' 3.09 x 10' 185,600

#2 Purce Exh.,

2A Purge Fan 1. 6 5 x 10' 3.50 x 10' 2,3^' 400
2B Purge Fan 1.72 x 10' 3.65 x 10* 2,188,800

5 2H Purge Fan 2A 1.82 x 10 3.85 x 10 23,1002
5H Purge Fan 2B 1.75 x 10 3.71 x 10' 22,2602

Hot Lab Exh. OA 1.50 x 10' 3.18 x 10' 191,000
Hot Lab Exh. OB 1.18 x 10' 2.51 x 10' 150,600
Mini Purge 1. 4 2 x 10' 3.01 x 10 181,0003

Misc. Exh.

Comp & Misc. Exh. 2.81 x 10' 5.95 x 10' 357,000
OA
Comp & Misc. Exh OB 2.81 x 10' 5. 9 5 x 10' 357,000

ser. Blda.

Decon. Rm. Exh. 1.91 x 10 4.04 x 10' 242,5806

Welding Rm. Exh. 1.09 x 106 2.30 x 103 138,000
5 3Sandblast Rm. Exh. 9.44 x 10 2.00 x 10 120,000
5Cave Exh. 6.14 x 10 1.30 x 10' 78,000

0
10-13
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TABLE 10-3
i

.-

LIQUID DILUTION FLOW PUMP CAPACITIES ;

1

PUMP NUMBER OF PUMPS DILUTION FLOW ;'

RUNNING !
._ ;

CIRCULATING WATER 1 '250,000 gpm |
.

CIRCULATING WATER '2 530,000 gpm:
,

!

CIRCULATING WATER 3 640,000'gpm '

SERVICE WATER 1 13,500 gpm I

SERVICE WATER 2 27,000 gpm
i

SERVICE WATER 3 40,500 gpm ;
,

i

?

.!

!
.,

.

O ,

,

I
r

'

i

1

'

I

:

-!

[

,

'h

t

!

.

O :
.
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CHAPTER 11 '

!

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM |
|

||
4

1 The parameters of the radiological environmental monitoring. program-for j
the environs around Zion Station are given in Table 11-1. I;

I

Figure 11-1 shows the 15 fixed air sampling sices, water sample
|

1'

$ locations, and milk sample locations. Figure 11-2 shows the inner ring |

TLD locations (those approximately 2 miles from the station). . Figure . . 'j
j 11-3 shows the outer ring TLD locations (those approximately 5 miles

i

distant) and additional water sample locations. The TLDs are code j
a ,

.. numbered as follows: )
'

|

I
XYY-N

. ~ ]I
,

I

X= 1 means inner ring,- l
' ;I

X=2 means outer ring, and j
i

YY-N is an identification code. I
4

The reporting levels for radioactivity concentrations in environmental

samples are given in Table 11-2. The lower limits of de.ection for

this program are given in Table 11-3.

I:
.

,
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Table 11-1

Radiological Environmental Monitoring Program

Exposure Pathwa'/ Sampling or Monitoring Sampling or Type and Frequency
and/or Sarole Locatiens* Collection Frecuency of Analvris

1. Airborne a. Onsite and IIear Field" Continuous sampler cperation Particulate Samoler:
with particulate filter col-

Padiciodine and Z-01 Onsite 11o. 1 South side, lection weekly and radio- Gross beta analysis
Particulates 0.3 mi 5 (0.5 km J) iodine canister collection folicwing filter

Z-02 Onsite 110. 2 West side, biweekly' change'
O.2 mi W ( 0. 3 km II)

Z-03 Onsite tio. 3 IIorth side, Exiioiodine Canist er: .

0.2 mi titIW (0.3 km R) ..

I-131 analysis bi-
weekly'

sa-olina Train:

Test and maintenance
weekly

b. Far Field' Continucus sampler operation Particulate Samnler:
with particulate filter col-

Z-04 Zion (W), 5.0 mi W (8. 0 km II) lection weekly and radio- Gross beta and gamma
Z-05 Zion (SW), 3.5 mi WSW (5.6 km M) iodine canister collection isotopic analysis when
0-06 Zion (WI&D , 2.5 mi Wtrd (4.0 km P) biweekly" analyses are made*
Z-07 Winthrop Harbor Marina Drive,

2.5 mi IIITd (4.0 km R) Radiciodine Canister:
Z-08 Kenosha Road (Coleman),

3.6 mi W (5.8 km ti) I-131 when analyses
Z-09 Waukegan, 4.5 mi SSW (7.2 km K) are made*
Z-10 tiorth Chicago, 8.0 mi SSW (12.9 km K)

|

l
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Table 11-1
Radiological Environmental Monitoring Program - Cont.

Exposure Pathway Sampling or Monitoring Sampling or Type and Frequency
and/or Samnle Locations * Collection Frecuency of Analysis

1. Airborrm (Cont'd) Z-11 WEPCO Southport substation, Samnlina Train
7.7 mi 11 (11.2 km A)

Z-12 Flood Farm, 11.0 SW (17.7 km L) Test and maintenance
Z-13 Pleasant Prairie DC, - weekly.

10.0 174 (16.1 km Q)

2. Direct Radiation a. At Air samoler site # Quarterly Gamma dose quartetly

- -

Same locations as fixed air sampling
- ' ' ~

locations in Item 1.

b. Inner Rina' Quarterly Gamma dose quarterly -

Z-104-1 0.1 mi EllE (0.2 km D)
Z-104-2 0.1 mi.EtIE (0.2'km D)
Z-1-05-1 0.1 mi E (0.2 km E)
Z-105-2 0.1 mi E (0.2 km E)
Z-107-1 0.1 mi SE (0.2 km G)
Z-107-2 0.1 mi SE .'(0.2 km G)
Z-110-1 0.2 mi SSW -(0.3 km K)
'Z-110-2 0.2 mi SSW (0.3 km K)
Z-111-1 0.3 mi SW (0.5 km L)
Z-111-2 0.3 mi SW (0.5'km L)
Z-112-1 0.7 mi WSW (1.1 km !!)
Z-112-2 0.7 mi WSW (1.1 km M)
Z-113-1 0.6 mi W -(1.0 km 11)
Z-113-2 0.6 mi W (1.0 |un ti)
Z-114-1 0.6 mi W!rd (1.0 km P)
Z-114-2 0.6 mi Wird (1.0 km P)
Z-115-1 - 0.4 mi tid (0.6 km Q)
Z-115-2 0.~3 mi 1r4 (0.5 km 0)

|

|-

| 11--3
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Table 11-1
Radiological Environmental Monitoring Program - Cont.

Exposure Pathway Sampling or Monitoring Sampling or Type and Frequency
and/or Sarole Locations * Collection Frecuercy of Analysis

2. Direct Radiation c. Outer Rina' Quarterly Gamma dose quarterly
(Cont'd)

Z-209-1 4.6 mi S (7.4 km J)
Z-209-2 4.6 mi S (7.4 km J)
Z-210-1 4.7 mi SSW (7.6 km K)
Z-210-2 4.7 mi SSW (7.6 km K)
Z-211-1 4.6 mi SW (7. 4 km L)
Z-211-2 4.6 mi SW (7.4 km L)
Z-212-1 4.5 mi WSW (7.2 km M) *

Z-212-2 4.5 mi WSW (7.2 km M) - ~~

Z-213-1 4.6 mi W (7.4 km II)
-Z-213-2 4.6 mi W (7.4 km N)
Z-214-1 4.4 mi WIrd (7.1 km P)
Z-214-2 4.4 mi W!rd (7.1 km P)
Z-215-1 4.0 mi trd (6.4 km 0)
Z-215-2 4. 0 mi 174 (6.4 km 0)
Z-216-1 3.0 mi tard (4.8 km R)
Z-216-2 3.0 mi IRrd (4.8 km R)

3. Waterborne

a. Public Water' Z-14 Kenosha Water Works, Weekly collection composited Gamma isotopic
10.0 mi N (16.0 km A) monthly analysis monthly.

Z-15 Lake County Water Works, Composite for tritium
1.4 mi IHr4 (2.2 km R) analysis quarterly.

Z-16 Waukegan Water Works,
6.1 mi S (9.8 km J)

Z 17 North Chicago Water Works,
9.0 mi 5 (14.4 km J)

Z-18 Lake Forest Water Works,
12.9 mi S (20.8 km J)

11-4
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Table 11-1
Radiological Environmental Monitoring Program - tont.

Exposure Pathwa/ Sampling or Monitoring Sampling or T/pe-and Frequency
and/or Samole Locations * Collection Frecuency of Analysis

3. Waterborne (Cont'dl Z-19 Great Lakes Naval Training Center
Water Works. 9.9 mi S (15.8 km J)

b. Coolina Water Z-22 Unit 1 inlet at station Weekly Gross beta analysis
Samole7 Z-23S Unit 1 discharge at station weekly. Composite for

Z-23H Unit 2 discharge at station tritium analysis
quarterly.

c. Shoreline Z-25 Lake Michigan, Illinois Beach Semiannually Gamma. isotopic -

sediments' State Park, 2.0 mi 5 (3.2 km J) ~ ~ analysis semiannually

4. Incestion

a. Fish" Z-24 Lake Michigan near site at Semiannually Gamma isotopic
station analysis on edible

portions of each !

sample.

b. Liilf Z-21 Steinbrink Dairy, 8.1 mi HW Semimonthl'/ t May to October Gamma isotopic and
(13.0 km Q) Monthly: Nccember to April I-131 analysis on

- Z-27 Doolittle Farm, 11.0 mi W each sample
(17.7 km N)

c. Food Products

Indicators

Samples of three Grown nearest each of two different Monthly when available and Gamma isotopic and
different kinds offsite locations of highest predicted required; recuired only if I-131 analysis
of broadleaf annual average ground level D/Q (see milk samolina not oerformed
vegetation- Table F-5)

11-5
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Table 11-1
Radiological Environmental Monitoring Program - Cont.

Exposure Pathway Sampling or Monitoring Sampling or Type and Frequency
i and/or Samnle Locations * Collection Frecuency of Analysis

4. Incestion (Cont'd)

Controls

One sartple each of From a location 15 to 30 km from the Monthly when available and Gamma isotopic and
broadleaf vegeta- station in direction of least pre- required; recuired onlv if I-131 analysis
tion similar to valent wind direction milk samolina not cerformed
that collected
for the above
requirement ''

5. Land Use Census

a. Milch Animals 1. Site boundary to 2 miles Annually during grazing season Enumeration by a
door-to-door or
equivalent counting
technique.

2. 2 to 5 miles Annually during grazing season Enumeration by using
referenced information
from county agricultural
agencies or other
reliable sources.

3. At dairies listed in Item 4.b. Annually during grazing season Inquire as to feeding
practices:

a. Pasture only.
b. Feed and chop

only.

11--6
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Table 11-1
Radiological. Environmental Monitoring Program - Cont.

,

-Exposure pathway Sampling or Monitoring Sampling or Type and Frequency,
and/or Samole Locations * Collection Frecuency of Analysis

5. Land Use Census' c. Pasture and feed;

(cont'd) if both, ask'
farmer to estimate
fraction of food-
from pasture
<25%, 25-50%
50-75%, or >75%.

b. Nearest Resident In all 16 sectors up to 5 miles. Annually --
-

See Table D-16 for definitions of sector codes used with kilometer distances.*

See Figure 11-1, " Location of Fixed Air, Water and Milk Samples."6

Biweekly means every two weeks.-
*

A gamma isotopic analysis shall be performed wherever the gross beta concentration in a sample exceeds by five times (5x)*

the average concentration of the preceding calendar quarter for the sample location.

Far field samples are analyzed when near field'results are inconsistent with previous measurements and radioactivity is.*

confirmed as having its origin in airborne effluents released from the station, or at the discretion of the Emergency
Preparedness Director.

' See Figure 11-2, " Inner Ring TLD Locations".

* See Figure 11-3, " Location of Outer Ring TLDs and Water Samples".

_
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Table 11-3

Maximum values for the Lower Limits of Detection-(LLD)

Water Airborne Particulate Fish Milk Food Products Sediment
Analysis (ocl/L) or Gases (oci/m'l Aci/ka. wet) (oCi/L) foci /ka. wet) (oui /ka. drv)

gross beta 4*- 0.01
s

gamma 0.01 |.

isotopic
.,

H-3 2000 (1000*) - "~

,

Mn-54 15 130

Fe-59 30 260

CO-58,60 15 130

. Zn-65 30 260

- Zr-Nb-95 15* *

'

I-131 1* 0.07 1 60.

- cs-134,137 15 (10*) ,18 0.01 130 15 60 150

Ba-La-140 15" 15* -

4 -

11-9
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Table 11-3 (Cont'd)
Maximum Values for the Lower Limits of Detection (LLD)

General Notes:

1. The LLD is the smallest concentration of radioactive material in a
sample that will be detected with 951 probability with only 5%
probability of falsely concluding its presence.

For a particular measurement system (which may include
radiochemical separation):

4.66 s n
LLD =

A E V 2.22 Y exp (~ Aat)

LLD The lower limit of detection as defined above (as pCi per
unit mass or volume).

s The square root of the background count or of the count of as

blank sample as appropriate (as counts per minute),

A The number of gamma-rays emitted per disintegration for
gamma-ray radionuclide analysis
(A = 1.0 fcr gross alpha and tritium measurements).

E The counting efficiency (as counts per gamma). f.
V The sample size (in units of mass or volume).

2.22 The number of transformations per minute per picocurie.
Y The fractional radiochemical yield when applicable

(otherwise Y = 1.0).

A The radioactive decay constant for the particular
* radionuclide.

At The elapsed time between sample collection and analysis.

O
11-10
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'Table 11-3 (Cont'd)
Maximum Values for the Lower Limits of Detection (LLD)

i

The value of s , used in the calculation of the LLD for a detectione

system shall be based on the actual observed background count or on the
count of the blank samples (as appropriate) rather than on an
unverified theoretically predicted value. Typical values of E, V, Y,
At , shall be used in th.e calculation.

For gamma-ray radionuclide analyses, the background counts are
determined from the total counts in the channe'ls which are within plus
or minus one FWHM-(Full' Width at Half Maximum) of the gamma-ray-
photopeak energy normally used for the quantitative analysis for that
radionuclide. Typical values of the FWHM shall be used in the
calculation.

2. The LLD for environmental measurement is defined as an a nriori
(before the fact) limit representing the capability of a
measurement system and not as an a nosteriori'(after the fact)
limit for a particular measurement.

Footnotes:

*LLD for drinking water.

]

i

i
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SPECIAL NOTE
;

The transfer of the Radiological Effluent Technical Specifications
.(RETS) to the ODCM from the Zion Station Technical Specifications has ,

been approved by the Nuclear Regulatory Commission as of July 12, 1993 .

in amendments 147 (Unit 1) and 135-(Unit 2). ,
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12.1 DEFINITIONS

i

12.1.1 ACTION shall be that part of the sections which prescribes R

remedial measures required under designated conditions. !

12.1.2 A PATCH PELFASE is the discharge of liquid wastes of a-discrete ,

volume. Prior ,to sarpling for analyses, each batch shall-be
isolated and th' n thoroughly mixed to assure representative . .e
sampling. [

'

;

12.1.3 A CHANNEL CALIBP.ATION, shall be the adjustment, as necessary,.of
the channel such that it responds with the necessary range and' ,

accuracy to known values of input. The CHANNEL CALIBRATION
shall encompass the entire channel including the sensors (where

i

possible), alarm interlock and/or trip functions and shall !

include the CHANNEL FUNCTIONAL TEST. The CHANNEL CALIBRATION 1

may be performed by any series of sequential, overlapping, or
total channel steps such that the entire channel is-calibrated.

12.1.4 A,CHANMEL CHECK chall be the qualitative assessment of channel
behavior during operation by observation. This determination

,

shall include, where possible, comparison of the channel ,{

indication and/or status with other indications and/or status
derived from independent INSTRUMENT CHANNELS measuring the same
parameter, ;

I
12.1.5 A CHANMEL FUNCTIONAL TEST shall be: i

i !

a. Instruments'- The injection of a simulated signal (s) into
the channel as close to the primary sensor (s) as
practicable to verify OPERABILITY, including.all channel 1

cutputs, as appropriate.

b, Logics - The application of input signals, or the
operation of relays or switch contacts, in all the
combinations required to produce the required decision
outputs including the operation of all ACTUATION DEVICES.
Where practicable, the test shall include the operation of
the ACTUATED EQUIPMENT as well-(i.e. pumps will be
started, valves operated, etc.).

~ '

12.1.6 A COMPOSITE SAMPLE is one in which the quantity of liquid sample
is proportional to the quantity of liquid waste discharged and
in which the method of sampling employed results in a specimen
which is representative of the liquids released.

12.1.7 A CONTINUOUS RFLFASE is the discharge of liquid or gaseous
wastes of a nondiscrete volume (e.g. from a volume or system
that has an input flow during the release).

12.1.8 A GASEOUS RADWASTE TREATMENT SYSTEM any system designed and i

'installed to reduce radioactive gaseous effluents by| collecting
off-gases from the Reactor Coolant System and providing for'
delay or holdup for the purpose of reducing the total

~!radioactivity prior to release to.the environment.:

..
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12.1.9 MEMBER (S) OF THE PUBLTC means an individual in a controlled or
unrestricted area. However, an individual is not a member of
the public during any period in which the individual receives
occupational dose.

.12.1.10 A system, subsystem, train, component or device shall be
OPERAPLE or have OPERAPILITY when it is capable of performing
its specified, function (s), and when all necessary attendant
instrumentatidn, controls, electrical power, cooling or seal
water, lubrica' tion or other auxiliary equipment that are
required for the system, subsystem, train, component, or device
to perform its' function (s) are also capable of performing their
related support function (s),

12.1.11 An OPERATIONAL MODE (i.e., Mode) shall correspond to any one
inclusive combination of core reactivity condition, power
level, and average reactor coolant temperature specified in
Table 1.1 of the Technical Specifications, when fuel assemblies
are present in the reactor vessel.

12.1.12 The PROCESS CONTROL PROGRAM (PCP) shall contain the current
formulas, sampling, analyses, test, and determinations to be
made to ensure that processing and packaging of solid
radioactive wastes based on demonstrated processing of actual
or simulated wet solid wastes will be accomplished in such a
way as to assure compliance with 10CFR Parts 20, 61, and 71,
State regulations, buria? ground requirements, and other
requirements governing the disposal of solid radioactive waste.

12.1.13 PURGE OR PURGING is the controlled process of discharging air
or gas from a confinement to maintain temperature, pressure,
humidity, concentration or other operating condition, in such a
manner, that replacement air or gas is required to purify the
confinement.

12.1.14 The SITE BOUNDARY shall be that line beyond which the land is
not owned, leased or otherwise controlled by the licensee.

12.1.15 A SOURCE CHECK shall be the qualitative assessment of channel
response when the channel sensor is exposed to a radioactive

,

source.

12.1.16 The SURVEILLANCE FREOUENCY NOTATION Specified for the
performance of Surveillance Requirements shall correspond to
the intervals defined in Table 12.1-1.

12.1.17 An UNRESTRICTED AREA an area, access to which is neither
limited nor controlled by the licensee. ;

12.1.18 A VENTILATION EXHAUST TREATMENT SYSTEM is any system designed
and installed to reduce. gaseous radiciodine or radioactive ,

material in particulate form in effluents by passing
ventilation or vent exhaust gases through charcoal adsorbers
and/or HEPA filters for the purpose of removing iodines or
particulates from the gaseous exhaust stream prior to release
to the environment. Such a system is not considered to have
any effect on noble' gas effluents. Engineered Safety Feature
(ESF) atmospheric cleanup systems are not considered to be
VENTILATION EXHAUST TREATMENT SYSTEM components.

12-2 ]

|



- . . , . - . . , . . . . ... . . . . .- . . . - -. . . - . . . . . . - , _ _ ~ -

' (',[ '\ /
'

9
'

s.;
,

=..
,

ZION . Revision 1.0 |
~

January 1994''

'|.

- 12.1.19 VENTING is the controlled process of discharging air or gas.-

from a confinement to maintain temperature, pressure, humidity,. .t
'~

concentration or other operating condition, in such a manner
that replacement ' air or gas is not provided or required during - ;
venting. Vent, used in systeta names, does not imply a venting !

process. ,

!
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TAPLE 12.1-1
:

STTRVEIT T htFE FREOUEMOY MOTATION
!
4

MOTATION FREOUDTCY *

S (Shiftly) At least once per scheduled shift

D (Caily) At least once per 24 hours

W (Weekly) At least once per 7 days

M (Monthly) At least once per 31 days

Q (Quarterly) At least once per 92 days

SA (Semiannually) At least onca por 184 days !.
!

9 |t
R (Refueling Cycle) At least once per 18 months

t

s/U (Startup) Prior to reactor startup
,

t

P (Prior) Complete prior to start of release

EFPM At least once per effective full
power month

M.A. Not Applicable

Each Surveillance Requirement shall be performed within the specified*

time interval with a maximum allowable extension not to exceed 25% of i

the surveillance interval. |

|

1

1

i
1

1

i

O
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12.2 INSTRUMENTATION

12.2.1 Radioactive Liquid Effluent Monitoring Instrumentation |
5

Onerability Recuirements j

12.2.1.A The radioactive liquid effluent monitoring instrumentation I
channels sh6wn in Table 12.2-1.shall be OPERABLE with their f

alarm / trip setpoints set to ensure that the limits of i

Section 12.3.1.A are met. ]
u

Annlicabilitv: At all times. |

Actibn

!1. With a radioactive liquid effluent monitoring
'

instrument channel trip setpoint less conservative than
the value necessary to prevent violating the limits of i

Section 12.3.1.A, immediately suspend the release of i

radioactive liquid effluents monitored by the affected i

channel or declare the channel inoperable. ;

2. With one or more radioactive liquid effluent monitoring
,

instrumentation channels inoperable, take the ACTION |

shown in Table 12.2-1.. l

.i
Surveillance Recuirements j

12.2.1.B.1 The setpoints shall be determined in accordance with
procedures as described in the ODCM.

12.2.1.B.2 Each radioactive liquid effluent monitoring instrumentation
channel shall be demonstrated OPERABLE by performance of a

,

CHANNEL CHECK, SOURCE CHECK, CHANNEL CALIBRATION and CHANNEL
FUNCTIONAL TEST at the frequencies shown in Table 12.2-2.

Bases
\

12.2.1.C The radioactive liquid effluent instrumentation is provided-
to monitor and control, as applicable, the~ release of.
radioactive materials in liquid ef fluents. The alarm / trip
setpoints for these ' instruments shall be calculated in
accordance with the procedures in the ODCM to ensure that
the alarm / trip will occur prior to exceeding the limits of
RETS. The OPERABILITY and use of this instrumentation is !

''
consistent with the requirements of General Design Criteria
60, 63 and 64 of Appendix A to 10CFR Part 50.-

12-5-
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TABLE 12.2-1

RADIOACTIVE LIOUID EFFLUENT MOMITORING IIISTRUMENTATIC'T TABLE

MINIMUM I

CHAliNELS APPLICABLE
INSTRUMFlIT OPERABLE ACTICM u fiODES

1. Gross Activity Itonitors Providing ji

| Automatic Termination of Release '

A. Lake Discharge Tank (LDT)
1. OR-PR04 See ACTIOP l- 1 All,,

2. OR-PRO 5 See ACTION 1 1 All

B. Turbine Bldg.
1. OR-PR25 1 2 All

2. Continuous Composite Sampler

A. Turbine Building Fire Sump 1 2 All

3. Flow Rate Monitors

A. Lake Discharge Tank
1. OF-WD63 1 3 All
2. OF-WD67 1 3 All

!

12-6
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TABLE 12.2-1

. i
RADIOACTIVE LIOUID EFFLUENT MONITORING IMSTRUMENTATION ,

-(Cont'd) |
t

s

ACTION 1 With one of the LDT monitors Inoperable, all LDT releases
~ shall be made through the OPERABLE monitored pathway. If
both monitors are inoperable, effluent releases from the
tank may' continue, for up to-14 days provided.that-prior to:
initiating the release: '

: . i

1. At least'two independent samples of the tank's contents i

are analyzed, in accordance with Section 12.3.1.Biand

'

2. At least two technically qualified members of the
facility staff independently verify the release rate
calculations and discharge flow path-valving;

otherwise,' suspend release of radioactive effluents via this
pathway.

|
ACTION 2 With the number of channels OPERABLE less the minimum number

required, effluent releases via this pathway may_ continue,
,

provided that at least once per shift grab samples are . i

analyzed for gross radioactivity (beta / gamma'or isotopic) i
-

at a lower limit of detection (LLD) as specified in Table
12.3-2.

1
ACTION 3 With the number of channels OPERABLE less than the minimum |

number required, effluent releases via this pathway may i

continue, for up to 30 days provided the flow rate is |
estimated at least once per 4 hours during actual releases.
Pump curves may be used to estimate flow.

:l
I

|

a
!

.1

.)

12-7
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M LE 12.2-2

RADIOACTIVE LIOUID FFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE

CHANNEL
CHAIRIEL SOURCE CHAIRIEL FUNCTIONAL

INSTRUMENT CHECK CHECK QLIBRATIONf1) TEST f2)

1. Gross Activity Monitors Providing
Automatic Termination of Release

A. Lake Discharge Tank (LDT)
1. OR-PR04 P P R Q
2. OR-PRO 5 P P R Q

'

B. Turbine Bldg.
, ,_

i

l. OR-PR25 D M R Q

2. Continuous Composite Sampler
A. Turbine Building Fire Sump D N/A N/A N/A

3. Flow Rate Monitors
A. Lake Discharge Tank

1. OF-WD63 D' N/A R* N/A
2. OF-WD67 D' N/A R* N/A

(1) CHANNEL CALIERATION shall include perf ormance of a CHANNEL FUNCTIONAL TEST ar.d a SOURCE CHECK.

(2) The CHANNEL FUNCTIONAL TEST shall also demonstrate thst any automatic isolation of this pathway
occurs and that control room alarm annunciation occurs if any of the following conditions exist. (if
the capability is installed):
a) Instrument indicates levels above the alarm setpoints,
b) Circuit failure.
c) Instrument indicates a downscale failure.
d) Instrument controls not set in operate mode.

(3) CHAIRJEL CHECK shall be made at least once daily on any day on which continuous, periodic, or BATCH
RELEASES are made.

* Does not include flow sensor.

12-8
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k- 12.2.2 Radioactive Gaseous Effluent Monitoring Instrumentation

i
Onerability Penuirements

~l|. .

12.2.2.A The radioactive gaseous effluent monitoring instrumentation j
channels shown in Table 12.2-3'shall be-OPERABLE with their i

alarm / trip s,etpoints set in accordance-with'the method .|
prescribed Qn the ODCM to ensure that the limits of Section j
12.4.1.A are' met. j

;

Annlicabilitv: At all times, except as indicated in Table f
12.2-3.

Action !

1. With a radioactive gaseous effluent monitoring
. ;

'

,

instrumentation channel alarm / trip setpoint less i

conservative than required by the above Section, j
immediately suspend the release of radioactive gaseous j
effluents monitored by the affected channel or declare [
the channel inoperable. 'i

.

2. With one or more radioactive gaseous. effluent. !
uonitoring instrumentation channels inoperable, take, .i
ACTION as shown in Table 12.2-3. |

Surveillance Recuirements _)
il

12.2.2.B.1 The setpoints shall be determined in~accordance-with- . i
procedures as described in the ODCM. '. |

..;

12.2.2.B.2 Each radioactive' gaseous effluent monitoring instrumentation i

channel shall be demonstrated OPERABLE by performance of a j
CHANNEL CHECK, SOURCE CHECK, CHANNEL CALIBRATION and CHANNEL i4

'

FUNCTIONAL TEST at the frequencies shown~in Table 12.2-4. !
4
a

.

. ,s

! Pases [
<

.

;t.
.

.i; 12.2.2.C The radioactive gaseous effluent instrumentation is provided

~ |
; to monitor, record and control, as applicable, the release
! of radioactive materials in gaseous effluents during actual -

or potential releases. The alanm/ trip setpoints' f or these '

; instruments shall be calculated in accordance with the ODCM i
!' to ensure that the alarm / trip will occur prior to exceeding -

! the limits of RETS. i
'

i

i i
i I

t t

, ^|
!

i i
i :

:
i

|
1 ,

'

' .

> >

o

>v
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TABLE 12.2-3

RADIOACTIVE GA9EOt39 EFFLUPNT MONTTORING TNSTRTTMENTAT TON

MINIMUM
CHANNELS APPLICABLE

IM9TRUMr_27T OPEP_AP LE ACTION MODE 9'*

,

1. Gac Decav Tank

A. Gas Activity Monitor
1. OR-FR10A Low range gas 1 5 All
2. OR-PR10B High range gas 1 5 All

B. Particulate / Iodine Monitor
1. OR-PR10C 1 5 All

C. Flow Rate Monitor
1. OF-WG03 1 9 All

2. Air E-iector Off-Gas

A. Gas Activity Monitor
1. 1R-0015 Gas 1 6 1,2,3,4,7
2. 2R-0015 Gas 1 6 1,2,3,4,7

B. Particulate / Iodine Monitor
1. 1R-PR26 1 6 1,2,3,4,7
2. 2R-PR26 1 6 1,2,3,4,7

| C. Flow Rate Monitor

( 1. 1F-0G10 1 12 1,2,3,4,7
2. 2F-0G10 1 12 1,2,3,4,76

3. Centainment Purce or Vent

A. Gas Activity Monitor
2 21. 1R-PR09A Gas 1 6, 7 gyy

2. 2R-PR09A Gas 1 6, 722 gyy
3. 1R-PR40E (Channel 5) 1 6, 722 All

2 24 2R-PR40E (Channel 5) 1 6, 7 7,11

B. Iodine Monitor
1. 1R-PR09B Iodine 1 6, 722 311

2 22. 2R-PR09B Iodine 1 6, 7 All
2 23. 1R-PR40C (Channel 3) 1 6, 7 311

4. 2R-PR40C (Channel 3) 1 6, 722 gyy

2 During VENTING
2 During PURGING

O

12-10 ,
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. TABLE 12.2-3 -|

PADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMNTATION - !

(Cont'd) '

>

;

-i

MINIMUM .. j
! CHANNELS APPLICABLE '
'

INSTRUMMT OPERABLE ACTION ' MODES I

'
'

.;
3. Containment and Purce or Vent ,

):

C. Particulate Monitor. j
2 21. 1R-PR09C Particulate 1 6,7 311 ,|

2. 2R-PR09C Particulate 1 6,'7 All j
2 2

3. 1R-PR40A (Channel 1) 1 61, 72 311- ;

4. 2R-PR40A (Channel 1) ~ 1 6 , . ~1 311 ,|3 2

;.-

4. Auxiliarv Buildina ventil at ion t

and f
Miscellaneous Ventilation Stack i

i

A. Gas Activity Monitor !
1. OR-0014 or 1 6 All
2. IR-PR25 and 2R-PR25 1 6 All . |3. OR-PRIEB Gas 1 6 'All -

('
-

4. 1R-PR49E (Channel 5) 1 6 All. '|
5. 2R-PR49E (Channel 5) 1 6 All

B. Iodine Monitor 5

1. IR-PR49C (Channel 3) 1 8 'All. ;

2. 2R-PR49C (Channel 3) 1 8 All .j

C. Particulate Monitor |

1. OR-PR18A Particulate 1 6 All. |
1. 1R-PR49A (Channel 1) 1 8- All i

2. 2R-PR49A (Channel 1) 1 8- All <

i

D. Flow Rate Monitor !
1. ILP-084 1 9 All.
2. 2LP-084 1 9- ~ All - |

S. Service Buildinc ventilation . |
.;-

A. Gas Activity Monitor !
1. OR-PR22 1 8 All ;|

B. Particulate / Iodine Monitor
1. OR-PR36 1 8 All'

2 During Venting
3 During: Forging

..

(
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' TABLE 12.2-3

RADIOACTIVE CASEOUS EFFLUENT MONITORING TMSTRUMENTATION
(Cont'd)

MINIMUM
I CHANNELS APPLICABLE
'

INSTn"MO;T OPERABLE ACTION MODES

6. Steam Generator Atmosnheric
Relief and Saferv Valvers

A. 1R-PR58 1 10 1,2,3,7 >

B. 2R-PR58 1 10 1,2,3,7
C. 1R-PR59 1 10 1,2,3,7
D, 2R-PR59 1 10 1,2,3,7
E. 1R-PR60 1 10 1,2,3,7
F. 2R-PR60 1 10 1,2,3,7
G. 1R-PR61 1 10 1,2,3,7
H. 2R-PR61 1 10 1,2,3,7

7. Accident Monitorina

A. Containment
1. 1R-PR40G (Channel 7) 1 10 1,2,3,4,7
2. 2R-PR40G (Channel 7) 1 10 1,2,3,4,7
3. 1R-PR40I (Channel 9) 1 10 1,2,3,4,7 ''

4. 2R-PR40I (Channel 9) 1 10 1,2,3,4,7

B. Miscellaneous Vent Stack
1. 1R-PR49G (Channel 7) 1 10 1,2,3,4,7
2. 2R-PR49G (Channel 7) 1 10 1,2,3,4,7 j

3. 1R-PR49I (Channel 9) 1 10 1,2,3,4,7
4. 2R-PR49I (Channel 9) 1 10 1,2,3,4,7

C. Containment Fuel
Handling Area Monitor * 1

1. 1R-AR04A 1 11 6
2. 1R-AR04B 1 11 6 i

13. 2R-AR04A 1 11 6
4. 1R-AR04B 1 11 6

I
1
|

!

l

When purging during fuel handling operations
,

*

l

I,

O
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TAPtP 12.2 1 j

RADIOAr"PIVE GASPOU9 FFFLUFMT MONITORIfyl IMRTRUMENTATION

(Cont'd)

:{
TAM E NOTATIOM9

|I
ACTION 5 - With.the number of channels OPERABLE less than the minimum number :

required, the contents of the tank may be released to the !
environment provided that prior'to initiating the release: i

i

1. At least two independent samples of the tank's content are -

analyzed, and I

2. At least two technically qualified members of the facility
,

ntaff independently verify the release rate calculations and 't

discharge flow path valving;
If

'

' f-
Otherwise, suspend release of radioactive effluents via

* ~ thisi

pathway. ,

ACTION 6 - With the number of channels OPERABLE less than the minimum number
required, effluent releases via this pathway may continue for.up .!
to 30 days provided grab samples are taken at least once per shift

{
and these samples are analyzed for gross activity within 24 hours. j,,

i ACTION 7 - With the number of channels OPERABLE less than the minimum number |
required, and-no redundant monitor OPERABLE in this flow path, !

immediately suspend PURGING of radioactive ef fluents via this ' }
4

pathway. }
l

ACTION 8 - With the number of channe]s OPERABLE less than the minimum number
,

required, effluent releases via this' pathway may continue for up i
t o 30 days, provided samples are continuously collected with .i
auxiliary sampling equipment as required in Table 12.4-1. !

ACTION 9 - With the number of OPERABLE channels less than the minimum number -

required, effluent releases via this pathway nay continue provided !
'the flow rate is estimated at least once per shift while release t

*
in in progress. j

>

ACTION 10 - With the nt of channels OPERABLE less than the minimum number,
required, r ore the inoperable monitor to OPERABLE status within
30 days or establish an alternate means of monitoring the '

,

parameter. i

4 ACTION 11 - With the number of OPERABLE channels less than the. minimum number k' required, suspend vent and purge. operations and close each. vent j
and purge valve providing direct access from the containment '

atmosphere to the outside atmosphere or suspend the movement of :
; nuclear fuel and' reactor components in the vicinity of the

.,

reactor, refueling cavity, and transfer canal (containment side). '
,

t

ACTION 12 - With the number of OPERABLE channels less than the minimum number I

required, effluent releases via this pathway may continue provided. ;

the effluent flow is being' accounted for-in the total plant .

effluent.
i

I
i

.- .
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TABLE 12.2-4

RADIOACTIVE GASEOUS EFFLUEtIT MOIIITORING INSTRUME!!TATION SURVEILLANCE

CHAliNEL
CHANNEL SOURCE CIIANNEL FUNCTIONAL
... CH Et CIIECK CALIBRATION (1) TEST (2)

1. Gas Decav Tank

A. Gas Activity Monitor
1. OR-PR10A Low range gas P P R Q

*

2. OR-PR10B High range gas P P R 'Q. . .

B. Particulate / Iodine Monitor
1. OR-PR10C P P R Q

C. Flow Rate Monitor
1. OF-WG03 P N/A N/A Q (5)

2. Air Eiector Off-Gas

A. Gas Activity Monitor
1. 1R-0015 Gas D M R Q
2. 2R-0015 Gas D M R Q

B. Particulate / Iodine Monitor
1. 1R-PR26 D M R Q
2. 2R-PR26 D M R Q

C. Flow Rate Monitor
1. 1F-0G10 D N/A R N/A
2. 2F-0G10 D N/A R N/A

12-14
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TABLE 12.2-4

PADIOACTIVE GASEOUS EFFLUENT MONITORIIIG INSTRUMENTATION SURVEILLANCE
(Cont'd)

CHANNEL'-
CHANNEL SOURCE CHANNEL FUNCTIONAL.

INSTRUMENT CHECK CHECK CALIEPATION f1) TEST'f2)

3. Containment Purde or Vent
~ ~

A. Gas Activity Monitor ~

~ ~

1. 1R-PR09A D M R Q
2. 2R-PR09A D M .. R Q
3. 1R-PR40E (Channel 5) D M R Q.
4. 2R-PR40E (Channel 5) D M R Q

B. Iodine Monitor,
1. 1R-PR09B D M R Q
'2. 2R-PR09B D M R Q
3. 1R-PR40C (Channel 3) D M R Q
4. 2R-PR40C (Channel 3) D M R Q

C. Particulate Monitor
1. 1R-PR09C- D M R Q
2. 2R-PR09C D M R Q
3. 1R-PR40A (Channel 1) .D M R Q.
4. '2R-PR40A.(Channel 1) D. M R -Q

. .
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TABLE 12.2-4

RADIOACTIVE CASEOUS EFFLUEMT MOMITORIMO INSTRUMEMTATION SURVEILLANCE
(Cont'd)

CHANNEL
CHANNEL SOURCE CHANNEL FUNCTIONAL

INSTRUMEMT CHECK CHECK CALIBRATION (1) TEST (2)

4. Auxiliary Buildina Ventilation

i|Lil51
Miscellaneous Ventilation Stack

A. Gas Activity Monitor , . .

1. OR-0014 Gas or D M R Q
2. 1RT-PR25 and 2RT-PR25 D M R Q
3. OR-PR18B D M R Q
4. 1R-PR49E (Channel 5) D M R Q
5, 2R-PR49E (Channel 5) D M R Q

B. Iodine Monitor
1. 1R-PR49C (Channel 3) D M R Q
2. 2R-PR49C (Channel 3) D M R Q

C. Particulate Monitor
1. OR-PR18A D M R Q
2. 1R-PR49A (Channel 1) D M R Q
3. 2R-PR49A (Channel 1) D M R Q

D. Flow Rate Monitor
1. 1LP-084 D N/A R Q
2. 2LP-084 D N/A R Q

5. Service Buildina ventilation

A. Gas Activity Monitor
1. OR-PR22 D M R Q

B. Particulate / Iodine Monitor
1. OR-PR36 N/A N/A N/A N/A

12-16
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TABLE 12.2-4 i

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION SURVEILTANCE
; (Cont'd)

CHANNEL
CHANNEL SOURCE CHANNEL FUNCTIONAL I

INSTRUMENT CHECR CHECI' CALIBRATION (1) TEST (2)
,

6. Steam Generator Atmoseheric Relief
' and Safety Valves

'

i 1. 1R-PR58 D M R
, , , , _ Q

2. 2R-PR58 D M R Q
3. 1R-PR59 D M R Q
4. 2R-PR59 D .M R Q
5. 1R-PR60 D M R Q
6. 2R-PR60 D M R Q-
7. 1R-PR61- D M R - Q -

8. 2R-PR61 D M R Q

7. Accident Monitorina

A. Containment-
'

1. . 1R-FR40G (Channel 7) ND/A N/A R Q
2. 2R-PR40G (Channel 7) ND/A N/A R Q.
3. 1R-PR40I (Channel 9) N/A N/A R - Q

4. 2R-PR40I (Channel 9) N/A N/A R Q
,

B. Miscellaneous. Vent Stack
1. 1R-PR49G (Channel 7) N/A N/A' R Q
2. . 2R-PR49G (Channel 7) 'N/A N/A R Q
'3. 1R-PR49I (Channel 9) 'N/A .N/A R Q

'

4. 2R-PR49I (Channel 9) N/A N/A R Q

C. Fuel _ Handling. Area
1. 1R-AR04A D M'" R -Q"L

W2. 1R-AR04B D M .R Q"' '

3. 2R-AR04A D, M* R Q!*'
-4 . 2R-ARO4B D M"' R Q"'

'

.
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Table 12.2-4

i

RADIOACTIVE CASEOUS EFFLUENT MONITORING INSTRUMOJTATION SURVETT Y ANG
| (Cont'd) ;

* TABLE NOTATIONS

!

(1) CHANNEL CALIBRATI5N shall include performance of a CHAIMEL<

'
FUNCTIONAL TEST.

(2) The CHANNEL FUNCTIONAL TEST shall also demonstrate that any
automatic iselation occurs; and that Control Room alarm
annunciation occurs if any of the following conditions exist (if !.

the capability is installed): :
;

.

a) Instrument indicates measured levels above the alarm
setpoint.

b) Circuit failure. ,

'c) Instrument indicates a downscale failure.
d) Instrument controls .ot set in " operate" mode.

(3) Daily when PURGING the containment during fuel handling
'operations.

(4) Within 72 hours prior to commencing refueling operations.

(5) OPERABILITY test only.

:

|

|
'

.

i

I

|
)

,

,

h

L

O|
|

!
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12.'3 LIQUID EFFLUENTS
!

12.3 1 Concentration !

!
'Onerability Pecuirements

12.3.1.A.1 The concentration of radioactive material released from the ,j
site (see Zion Station ODCM Annex, Appendix F, Figure F-1)
shall be limited to 10 times * the concentration values in
Appendix B, ' Table 2, Column 2 to 10CFR20.1001-20.2402 for
radionuclide's-other than dissolved or entrained noble gases.
'For dissolved or entrained noble gases, the limit is shown

,

in Table 12.3-1.
,

12.3.1.A.2 During the release of radioactive liquid wastes, a. minimum .

dilution water flow rate of 44,000 gpm.is required. !
i

'Arnlicability: At all times.

Action j

t

1. With the concentration of radioactive materials |
released from the site to UNRESTRICTED AREAS exceeding
the limits specified in Section'12.3.1.A, immediately i
decrease the release rate of radioactive materials ;

and/or increase the dilution flow rate to restore the
concentration to within the above limits. 't

i(, surveillance Recudrements

12.3.1.B.1 The radioactivity content of each batch of radioactive ;

liquid waste shall be determined prior to release by |
sampling and analysis in accordance with Table 12.3-2. The !
results of pre-release analyses shall be used with the !
calculational methods in the ODCM to assure that the ,

'concentration at the point of release is maintained within
the limits of Section 12.3.1.7.

;

12.3.1.B.2 Post-release analyses of sanples composited from BATCH
RELEASES shall be performed Ln accordance with Table 12.3-2. !

The results of the previous post-release analyses shall be
used with the calculational methods in the ODCM to assure
that the concentrations at the point of release were

,

maintained within the limits of Section 12.3.1.A. I

12.3.1.B.3 The radioactivity concentration of liquids discharged from !
continuous release points shall be determined by collection |

and analysis of samples in accordance with Table 12.3-2. '

The results of the analysis shall be used with the ;

calculational methods in the ODCM to assure that the
concentrations at the point of release are maintained within
the limits of Section 12.3.1.A. i

12.3.1.B.4 At least two service water pumps or a circulating water pung |

shall be operational on the discharge path. !

1
* Upon Technical Specification (TS) approval (submittal dated Nov. 10, '1993), the "10 i

times" may N used. Fricr t.o TS approval, TS section 6.? specifies the valid limits.

12-19 4
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12.3.1.C This Section is provided to ensure that the concentration
of radioactive materials released in liquid waste
effluents'from the site will be less than ten (10) times *
the concentration levels specified in Appendix B, Table 2,

Column 2 to 10CFR20.1001-20.2402. This limitation
provides additional assurance that the levels of
radioactive materials in bodies of water outside the site
will result in exposures within (1) the Section II.A
design objectives of Appendix I, 10 CFR 50, to an
individual, and (2) the limits of 10CFR20.1301.

O

Upon Technical Specification (TS) approval (submittal dated Nov. 10,*

1993), the *10 times" may be used. Prior to TS apprcval, TS section
6.2 specifies the valid limits.

12-20
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1 TABLE 12.3-l'

|iALLOWABLE OONCENTP_ATION OF DISSOLVFD OR ENTPAINED NOBLE CASES
PFLFASED FROM THE SITE TO UNRESTRICTED AREAS IN LTOUTD EFFLUENTS |

'l
i

- ||tNT1CLTDE ) AC f uci/ml) *
,

Kr-85m 2 X 10'''

|

Kr-85 5 X 10-' j
i.

|- i

Kr-87 4 X 105 ,

i
'Kr-88 9 X 10-5
!

Ar-41 7 X 10'5
'

Xe-131m 7 X 10''

Xe-133m 5 X 10''

Xe-133 6 X 10''

Xe-135m 2 X 10''

Xe-135 2 X 10-'
..

Computed from Equation 20 of ICRP Publication 2(1959), adjusted for*

infinite cloud submersion in water, and R = 0.01 rem / week., density =
1.0 g/cc and Pw/Pt 1.0,=

I
.

r
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TABLE 12.3-2

RADIOACTIVE LIOUID FFFLUENT SAMPLING & Id4ALYSI9 SURVPILLMIC

OWRWMTYPE OFLIQUID SAMPLING MINIMUM AtJALYSIS
ACTIVITY |RELEASE TYPE FREQUE!JCY FREOUENCY DETECTIONg g ygy3

(LLD) (uci/ml)

A. Priot to Each Pr ior t o Each Principal Gamma SE-7
Releane (c) Release Emitters

1-131 1E-6

Lake Dischatue P M Dicno]ved and IE-5
Tank One ba t. c h / M ( c ) Entrained Ganen

(Gamma
Emit t et a (d) ) |

P M Tiitium 1E-5
Each Batch (c) Compocite (b)

Gross Alpha 1E-7

P O Sr-89, Sr-90 SE-8
Each Batch (c) Composite (b)

Fe-55 IE-6

B. Continuous W Ptincipal Gamma SE-7
During Release Emittern(c)

(d)
1-131 IE-6

Turbine Building
Fit" Sump (I) Disc Ived and 1E-5

.

Entrained Ganes
(Gamma Emitters)

Continuoun (d) M Tritium 1E-5
Composite (b)

Grons Alpha 1E-7

Cont inuous (d) 0 (b) Sr-89, Sr-90 SE-8
Componite (b)

Fe-55 1 E -- 6

Waste Prior t. o each Prior to each Principal Gamma 5E-7
11euttalizing helease Release Emittet'
Tank

1-131 1E-6

P M Tritium 1E-5
Each Batch (c) Compos it e (b)

Gronn Alpha 1E-7

'

O
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TABLE 12.3-2
'_( TABLE NOTATTONS

RADIOACTIVE LTOUTD EFFLU MT SAMPLINO & ANALYSIS SURVFTELANcE
.(Cont'd)

a. The LLD is.the smallest concentration of radioactive material in a
sample that will be detected with 95% probability with 5%
probability of falsely concluding that a blank observation.
represents a 'real" signal.

For a particular measurement system (which may include
radiochemical separation):

LLD = 4.66 m
exp (-AAt)A- E. V 2.22 Y. .

Where:
LLD is the lower limit of detection as defined above in
picocuries (pCi) per unit mass or volume,

s is the-square root of the background counting rate or ofe

the counting rate of a blank sample as appropriate (as
counts per minute),

A is the number of gamma-rays emitted per disintegration for
gamma-ray radio-nuclide analysis (A = 1.0) for gross alpha,
strontium, and tritium measurement.

E is the counting efficiency (as counts per gamma),

V is the samp' site (in units of mass or volume),

2.22 is the number of disintegrations per minute per
picoeurie,

Y is the fractional radiochemical yield when applicable
(otherwise . = 1.0)

1 is the radioactive decay constant for the particular'
,

radionuclide, and

At is the elapsed time between midpoint of sample collection
r.nd time of. counting (for plant effluents, not environmental
sample).

The value of s, used in the calculation of the LLD' f or a detection
system shall be based on the actual observed variance of the
background counting rate or of the counting rate of the blank-
samples (as appropriate) rather than on an unverified
theoretically predicted variance. In calculating the LLD for a

-

radionuclide determined by gamma-ray spectrometry, the background-
shall include the typical contributions of other radionuclides
normally present in the samples. Typical values of E, V, Y, and

' At shall be used in the calculation. The background count-rate is.

calculated from the background counts that are determined to be
within i one FWHM (Full Width at Half Maximum) energy band about
the energy of the gamma-ray peak used for the quantitative
analysis for that radionuclide.

12-23
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TABLE 12.3-2

TABLE NOTATIONS

RADIOACTIVE LIOUID EFFLUENT SAMPLTNG & ANALYSIS SURVEILLANCE
(Cont'd)

i

For certain mixtures of gamma emitters, it may not be possible to
measure radionuclides in concentrations near their sensitivity
limits when other 'nuclides are present in the sample in much
greater concentrations. Under these circumstances, it will be
more appropriate to calculate the concentrations of such
radionuclides using observed ratios with those radionuclides which
are measurable,

b. A COMPOSITE SAMPLE is one in which the quantity of liquid sampled
is proportional to the quantity of liquid waste discharged and in
which the method of sampling employed results in a specimen which
is representative of the liquids released.

1) To be representative of the quantities and concentrations'of-<

radioactive materials in liquid effluents, all samples taken
for the composite shall be throughly mixed in order for the
composite sample to be representative of the effluent
release.

2) The weekly and monthly Proportional Composite samples are ,

not required provided that (1) the analysis required for '

each of these composite samples has been run on each batch
discharged, and (2) a monthly record of radionuclides
discharged (isotope and quantity) is maintained,

c. A PATCH RELEASE is the discharge of liquid wastes of a discrete
volume. Prior to sampling for analyses, each batch shall be
isolated, and then thoroughly mixed to assure representative
sampling.

d. A CONTINUOUS PELEASE is the discharge of liquid wastes of a
nondiscrete volume; e.g., from a volume of system that has an
input flow during the continuous release.

e. The principal gamma emitters for which the LLD specification
applies exclusively are the following radionuclides: Mn-54,
Fe-59, Co-58, Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, and
Ce-144. This list does not mean that only these nuclides are to
be detected and reported. Other peaks which are measurable and
identifiable, together with the above nuclides, shall also be
identified and reported. Nuclides which are below the LLD for the
analyses shall be reported as "less than" the nuclide's LLD, and
shall not be reported as being present at the LLD level'for tha't ,

nuclide. The "less than* values shall not be used in the required
dose calculations.

f. If the fire sump composite sampler is inoperable, grab samples
will be taken from the turbine building fire sump once per shift. f

,

12-24
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12.3.2 ' Dose

Onerability Reauirements
|

12.3.2.A The dose or dose commitment to a MEMBER OF'THE PUBLIC above. +

background from radioactive materials in liquid effluents
released from the site to UNRESTRICTED AREAS.(see Zion
Station ODCN, Annex, Appendix F, Figure F-1) shall'be'

.q
limited:

>

1. .During'any calendar quarter to less than or equal to 3
mrem to the total body and to less-than or equal to 10 |
mrem to any organ, and t

2. During any calendar year to less than or equal to 6
mrem to the total body and to less than or equal to 20 >

mrem to any. organ.
_t

Annlicability: At all times.

'Action
'

-

l. With the calculated dose from the release of
radioactive materials in liquid effluents exceeding ,

twice the limits specified in Section 12.3.2.A, limit
the subsequent releases such that the dose or dose. !
commitment to a MEHBER OF THE PUBLIC from all uranium {

fuel cycle cources is limited to less than or equal to !

25 mrem to the total body or any organ (except. thyroid,- a

which is limited'to less than or equal to'75 mrem) over :
12 consecutive months. Demonstrate that radiation ~ !
exposures to all MEMBERS OF THE PUBLIC from all uranium !

fuel cycle sources (including all effluent pathways and
direct radiation) are less than the 40CFR Part 190 and
40CFR Part 141 Standard, otherwise obtain a variance
from the Commission to' permit releases which exc.eed the
40CFR Part 141 or 190 Standard. The' radiation exposure i

analysis shall use methods prescribed in the.ODCM. f

Surveillance Recuirements
|

12.3.2.B Dose Calculations - Cumulative dose. contributions from'
liquid ef fluents shall be detenmined by calculation at least l
once per month and a cumulative summation of'these. total '

body and any organ doses shall be maintained for each
calendar quarter.

-

i

i

!

s

! '

? . ~
.

i

|
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12.3.2.C This Section is provided to implement the requirements of
Sections II.A, III.A and IV.A of Appendix I, 10CFR Part 50.
The limiting Condition of Operation implements the guides
set forth in Section II.A of Appendix I. The ACTION
statements provide the required OPERATING flexibility and at
the same tide implement the guides set forth in Section.IV.A
of Appendix'I to assure that the releases of radioactive
material in liquid effluents will be kept "As Low As Is
Reasonably Achievable". Also, for fresh water sites with
drinking water supplies, which can be potentially affected
by plant operations, there is reasonable assurance that the
operation of the facility will not result in radionuclide
concentrations in the finished drinking water that are in
excess of the requirements of 40CFR 141. The dose
calculations in the ODCM implement the requirements in
Section III.A of Appendix I that conformance with the guides
of Appendix I be shown by calculational procedr.res based on
models and data, such that the actual exposure of an
individual through appropriate pathways is unlikely to be
substantially underestimated. The equations specified in
the ODCM for calculating the dose due to the actual release
rate of radioactive naterials in liquid effluents are
consistent with the methodology provided in Regulatory Guide
1.109; Calculation of Annual Doses to Man from Routine
Releases of Radioactive Effluents for the Purpose of
Evaluating Compliance with 10CFR Part 50, Appendix I,
Revision 1, October 1977 and Regulatory Guides 1.113,
" Estimating Aquatic Dispersion of Effluents from Accidental
and Routine Reactor Releases f or the Purpose of 1mplementing
Appendix I", April 1977.

This Section applies to the release of liquid effluents from
the site. For shared radwaste treatment systems, the liquid
effluents from the shared systems are proportioned among the
units s+.aring the system.

O
12-26
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12.3.3 Liquid Radwaste Treatment System
V

- 1
Onerability Recuirements

;

12.3.3.A The Liquid Radwaste Treatment System shall be OPERABLE.*
The appropriate portions of the system shall be used to
reduce the d,adioactive materials in liquid. wastes. prior to- ;
their discharge when the projected dose due to liquid y
effluent relpases from the site to UNRESTRICTED AREAS (see ;

-Zion Station ODCM Annex,. Appendix F, Figure F-1) when.
- averaged over 31 days. would exceed 0.13 rmnam to the total :!
body or 0.42.to any organ. j

The liquid Radwaste Treatment System shall be considered*

OPERABLE,.if liquid waste can be held up and/or {
discharged within applicable limits. |

Annlicability: At all times. '

Action With the Liquid Radwaste Treatment. System !
-inoperable for more than 30 days or with

.
,

radioactive liquid waste being discharged'without
,

treatment and in excess of the above limits, j

return the system to OPERABLE status and place :i
the appropriate portions of the system in use. -)

.. ;)

i Surveillance Recuirements

,

12.3.3.B Doses due to liquid releases from the site to UNRESTRICTED
AREAS, shall be. projected at least once per month in I

accordance with the ODCM. |

Bases

12.3.3.C The OPERABILITY of the Liquid Radwaste Treabment System
ensures that the system will be available for use whenever.
liquid effluents require treatment prior to release to the
environment. The requirement that the appropriate portions
of this system be used when specified, provides assurance
that the releases of radioactive naterials in liquid
effluents.will be kept "As Low As Is Reasonably. Achievable".
This- Section implements the -requirements of 10CFR Part
50.36a, General Design Criterion to of Appendix A to 10CFR. .|
Part 50 and the' design objective given in Section II.D of )
Appendix I to 10CFR Part 50. The specified limits governing.
the use of appropriate portions of the Liquid Radwaste
Treatment System were specified as a suitable fraction of,
the dose design objectives set forth in Section II.A of
Appendix I, 10CFR Part 50, for liquid effluents.

|

;

l

i

1

:
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12.4 GASEOUS EFFLUENTS

12.4.1 Dose Rate

Onerat iner PmTud rement s

12.4.1.A The dose rate due to radioactive materials released in
gaseous effluents from the site (see Zion Station ODCM
Annex, Appendix F, Figure F-1), shall be limited to the
following:

,

1. For noble gases: Less than or equal to a dose rate of
500 mrem /yr to the whole body and less than or equal to
a dose rate of 3000 mrem /yr to the skin, and

2. For Iodine-131, Iodine-133 and for all radionuclides in
particulate form with half-lives greater than 8 days:
Less than or equal to a dose rate of 1500 mrom/yr to
any organ.

Annlicability: At all times.

Action

With a release exceeding the above limits, immediately
reduce the release rate to within the above limits.

Surveillance Recuirements

12.4.1.B.1 The dose rate due to radioactive materials in gaseous
effluents shall be determined to be within the prescribed
limits in accordance with the methods and procedures of the
ODCM.

12.4.1.B.2 The dose rate due to radioactive materials, other than noble
gases in gaseous effluents shall be determined to be within
the prescribed limits in accordance with the methods and
procedures of the ODCM by obtaining representative samples
and performing analyses in accordance with the sampling and
analysis program specified in Table 12.4-1.

Oi
!
|
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12.4.1.C This Section is provided to ensure that the dose at the' )
UNRESTRICTED AREA boundary f rom gaseous ef fluents from all |
units on the site will be within the annual dose limits .j
stated in 10CFR20.1301. The-specified release-rate. limits '

restrict, at all times., the corresponding' gamma-and beta |

. dose rates dbove background to an individual at or beyond
the UNRESTRICTED AREA boundary to.a dose rate of 500- ;

mrem / year to the total body or to less than or equal to a
dose rate of 3000 mrem / year to the skin. These release rate ,

limits also restrict, at all times, the corresponding-
thyroid dose' rate above background via the inhalation
pathway to less than or equal to a dose rate of 1500 ?

mrem / year. For purposes of calculating dose resulting from
airborne releases, the two stacks are considered a ground . |
release.

|
,

h

9

$

4

,

)
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tar 4LE 12.4-1

RADIOACTIVE GAFFOUP FFFLUEf1T SAMPLIfF; MJD Af1MNR19 PPMRM

LOWR MMMMINIMUM TYPE OFGASEOUS RELEASE SAMPLIl1G AIIALYSIS ACTIVITYTYPE FREQUEf.JCY "
FREQUEtJCY A!JALYSIS

(LLD) uCi/cc

A. Gac Ilecay Tank Grab Samply Prior to Each floble Gases
Pr101 to Each Release (c)
Release Pricipal Gamma 1E-4

Emitters (d)

Continuous After Each Particulate IE-11
Siunpl e During Release (c)
Each Release Principal

Gamme Fmitters
(d)

Tritium 1E-6

I-13; 1E-12
(Charcoal
Sample)

I-133 1E-10
(Charcoal

'

!Sample)

Sr-89 IE-11
Particulate

Compcs i t e Quarterly (c)
Sr-90 1E-11
Particulate

Gross Alpha IE-11

B. Containment Prior to Each Prior to Each Principal 1E-4
Vent and Purge Releace (a; Release (c) Gaseous Gamma

Emit ters (d)

Particulate 1E-11
Gamma
Emittern(d)

Tritium 1E-6

I-131 1E-12
(Charcoal)

1-133 1E-10
(Charcoal)

Composite Qua r t.e r ly (c) Sr-89 1E-11
Particulate

Sr-90 1E-11
Particulate

_

Gross Alpha IE-11

12-30
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TAPLE 12.4-1' E

(
N PADIOACTIVE GA9EOU9 EFFLUFMT RAMPLING AND ANALYRTE PPCCRAM i

r (Cont'd) i

MitJIMUM LOWER LIMIT OF f
GASEOUS RELEASE SAMPLItJG ATJALYSIS TYPE OF '" DETECTIOtJ, i

TYPE FREQUE!JCY FREQUEtJCY ACTIVITY AriALYSIS (LLD) (uCi/cc) j
t i

C. Continuous Gral? (b) Monthly Principal Gaseous 1E-4 |

Release Pointo and Gamma Emitters

1. Air Ejector for Continu'ous (b) Monthly Tritium IE-6 f
Both (2) Unita j

2. Aux Bldg Vent .

1E-12 |I-131
(Charcoal-Sample) tf r B th (2) . Cont inuoun (b) WeeklyUnita I-133 1E-10 ?

(Charcoal Sample) |3. Misc. Ventiltn.
>

Stack Continuoun (b) Weekly (c) Particulate IE-11 !
Principal Gamma |

4. Serv. Bldg. Emitters
,

Vent
Composite Quarterly St-89 Particulate IE-11 |

S. Cont. Purge for -(c) !
Both (2) Units Sr-90 Particulate IE-11-

6. Turbine Bldg. >

Gross Alpha 1E-11
J

+

i

'I

.

!

!
!
:

!
t

1

f

12-31 g
P

6

i

.



.

.

ZION Revision 1.0
January 1994

,

O
TABLE 12.4-1

TABLE NOTATIONS

RADIOACTIVE OASEOUS EFFLUENT SAMPLTNO AND ANALYSIS PROGRAM
(Cont'd)

!
4

!
a. Should a shutdown,' startup or power change greater than 50% occur

which could alter the mixture of radionuclides after sampling,
another analysis shall be performed prior to release.

b. The ratio of the sample flow rate to the sampled stream flow rate
shall be known for the time period in Section 12.4.1.

;

c. The particulate filter (s) from this/these release point shall be
,

saved for a quarterly composite analysis for Sr-89 and Sr-90.

d. The principal gamma emitters for which the LLD specification
applies exclusively are the following radionuclides: Kr-87,
Kr-88, Xe-133, Xe-133m, Xe-135, and Xe-138 for gaseous emissions,
and Mn-54, Fe-59, Co-60, Zn-65, Co-58, Mo-99, Cs-134 Cs-137,
Ce-141, and Ce-144 for particulate emissions. Other peaks which
are measurable and identifiable by gamma-ray spectrometry,
together with the above nuclides, shall also be identified and
reported when an actual anal / sis is performed on a sample.
Nuclides which are below the LLD for the analyses shall not be
reported as being at the LLD level for that nuclide. '

e. The LLD is defined in Notation a of Table 12.3-2,

t

O'
|
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12.4.2 Dose - Noble Gases-
.

Onerabi1itv Peauirementm

12.4.2.A The air dose due to noble gases released in gaseous
effluents trom the site (see Zion Station'ODCM Annex, j
Appendix F, Figure F-1)-shall be limited to the following: .!

! |*

1. During any calendar quarter: Less than or equal to 5
'

mrad for gamma radiation and less than or equal to 10 j
mrad for beta radiation, and |

. !
.2. During any calendar year: Less than or equal to 10 -

;

mrad for gamma radiation and less than or equal-to 20_ 'j
mrad for lieta radiation.

!

Aonlicabildtv: At all times ,f
!

Action .]
. i

'

1. With the calculated air dose from gaseous- !
effluents exceeding the above limits, define the :

corrective action (s) to be taken to ensure that :
future releases are in compliance with Section !
12.4.2.A. !

;

2. With the calculated air dose from radioactive !
noble gases in gaseous effluents exceeding twice .|
the limits of Section 12.4.-2.A:

.

a. Limit subsequent releases such that the dose j
or dose conmitment to a MEMBER OF THE PUBLIC ;

from all uranium fuel cycle sources.is :|
limited to less than or equal to 25 mrem to !

the total body or any organ (except the -I,

!thyroid, which is limited to.less than.or
equal to 75 mrem) over 12 consecutive,

,

months. .. j

i

b. Prepare an analysis which demonstrates that |
radiation exposures to all MEMBERS OF'THE |

PUBLIC from all uranlum fuel cycle source's !
(including all effluents pathways and direct |

radiation) are less than the 40 CFR Part 190 1j

Standard. 1
!

Eurveillance Recuirements

12.4.2.B Cumulative dose contributions for the current calendar. *

quarter and current calendar year for noble gases _shall be .;
determined in accordance with the ODCM at least once every |

31 days-.

i

|

|

|
.
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Parer

12.4.2.C This Section implements the requirements of Sections II.B.
III.A and IV.A of Appendix I, 10CFR Part 50. The
Operability Requirements implement the guides set forth in
Section II.E of Appendix I. The ACTION statements provide
the required, operating flexibility cnd at the same time
implement t h'e guides set forth in Section IV.A of Appendix I
to assure th'at the releases of radioactive material in
gaseous effluents will be kept *As Low As Is Reasonably
Achievable", The Surveillance Requirements implement the
requirements in Section III.A of Appendix I that conformance
with the guides of Appendix I is to be shown by calculation
procedures based on models and data such that the actual
exposure of an individual through the appropriate pathways -

is unlikely to be substantially underestimated.

O

O
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12.4.3 Dose - Radiciodine - Particulate.- Othe.f Than Noble Gas
;

]Onerability Reauirements
-i

12.~4.3.A The. dose to a MEMBER OF THE PUBLIC from radiciodine and j
radioactive materials in particulate form and radionuclides .;
(other than noble gases) with half-lives greater than 8 day i

in gaseous e)fluents released from the site (see Zion- |
Station ODCM' Annex, Appendix F, Figure F-1) shall he limited
to the following:

,

1. During ,any calendar. quarter: Less than or equal'to'7.5
mrem to any organ, and

;

. . .
;

2. During any calendar year: Less than or equal to 15 ;

mrem to any organ. .i

Arnlicability: At all times. [
Action L

With the calculated dose from the release of
Iodine-131, Iodine-133, tritium and all radionuclides I

in particulate form with half-lives greater than 8 days |
in gaseous effluents exceeding twice the limits of |
Section 12.4.3.A: !

?

O' 1. Limit subsequent releases-such that the dose or *

dose commitment'to a MEMBER OF THE PUBLIC;from |
all uranium fuel cycle sources to less'than or' !
equal to 25 mrem to the total body or organ Ji
(except-the thyroid which is limited |to less than ;
or equal to 75 mrem) over 12 consecutive months. ;

i
2. Prepare an. analysis which demonstrates'that '

radiation exposures to all MEMBERS OF THE PUBLIC
from all uranium fuel cycle sources (including .;
all effluent pathways and direct radiation),are- i

less than the 40CFR Part 190 Standard.
Otherwise, request a variance frem the Commission j
to permit release which exceeds the 40CFR Part =j

190 standard. The' radiation exposure =n=1? sis j
shall use the methods prer.cribed in the ODCM. 1

:

surveillance Recu riemen t s j
!

12.4.3.B Cumulative dose contribution for the current calendar
,

quarter and current calendar year for radioiodines, '

radioactive materials in particulate form and' radionuclides
(other than noble gas) with half-lives. greater than 8 days i
shall be determined in accordance with the ODCM at least 'l
once per 31 days. j

)

.
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12.4.3.C This Section implements the requirements of Sections II.C,
III.A and IV.A of Appendix I, 10CFR Part 50. The
Operability Requirements are the guides set forth in Section
II.C of Appendix I. The ACTION statements provide the
required operating flexibility and.at the same time,
implement th',e guides set forth in'section IV.A of Appendix I
to assure that the releases of radioactive materials in
gaseous effluents will be kept "As Low As Is Reasonably
Achievable",' The ODCM calculation methods specified in the
Surveillance Requirements implement the requirements in
Section III.A of Appendix I that conformance with the guides
of Appendix I is to be shown by calculational procedures
based on models and data such that the actual exposure of an
individual through appropriate pathways is unlikely to be
substantially underestimated. The release rate
specifications for radiciodines, radioactive material in
particulate form and radiciodines other than noble gases are
dependent on the existing radionuclide pathways to man, in
the UNRESTRICTED AREA. The pathways which are examined in
the development of these calculations are: 1) individual
inhalation of airborne radionuclides, 2) disposition of ,

radionuclides onto green leafy vegetation with subsequent
consumption by man, 3) deposition onto grassy areas where
milk animals and meat producing animals graze with
consumption of the milk and meat by man.

,

i

t

.

r

; O
1
!

|
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12.5 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
.

+

i

12.5.1 Monitoring Procram :

i

2perability Recuirements ;

!

12.5.1.A TheLRadiological Environmental Monitoring Program shall be ;

conducted ad,specified in Table 12.5-1. ;
- !

ArolicahCitz: At all times.
,

Action ,

i

1. With the Radiological Environmental Monitoring Program |
*

not being conducted as specified in Table 12.5-1,
prepare and submit to the Commission, in the Annual i

Radiological Environmental Operating Report., a
description of the reasons for not conducting a program

,

as required and the plans for preventing a recurrence. ;

Deviations are permitted from the required sampling ,

schedule if specimens are unobtainable due to hazard'ous
conditions, seasonal unavailibility, contractor r

omission which is corrected as soon as discovered, ;

malfunction of sampling equipment, or if a person who
participates in the program'by providing samples goes !

out of business.

If the equipment malfunctions, corrective actions shall j
be completed as soon as practical. If a person
supplying samples goes out of business, a replacement i
will be found as soon as possible. All deviations from-

,

the sampling schedule shall be described in the Annual j'
Radiological Environmental Op? rating Report.

2. With the level of radioactivity in an environmental f

sampling medium at one or more of the location i

specified in the ODCM exceeding the limits of Table i
12.5-2, when averaged over any calendar quarter, j

prepare and submit to the Commission within 30 days
from the end of the affected calendar quarter, a
Special Report which includes an evaluation of any-
release conditions, environmental factors, or other
aspects which caused the limits of Table 12.5-2 to be - i
exceeded. This report is not required, if the measured |
level of radioactivity was not the result of plant i

effluents; however, in such a event, the condition >

shall be reported and described in.the Annual |
Radiological Environmental Operating Report.

,

.

b

,

(
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12.5.1 Monitoring Program - Continued

3. With milk samples unavailable from any of the sample
locations required by Table 12.5-1, identify locations
for obtaining replacement samples and add them to the
Radiological Environmental Monitoring Program within 30
days. The locations from which samples were
unavailable nay then be deleted from the program.
Identity the cause of the unavailability-of samples in
the Annual Radiological Environmental Operating Report
and also include in the report a revised figure (s) and
table for the ODCM reflecting the new location (s).

Surveillance Recui rement s
1

12.5.1.B.1 The Radiological Environmental Monitoring samples shall be
collected from the locations specified in the ODCM and
analyzed pursuant to Table 12.5-1 and the detection
capabilities required by table 12.5-3.

12.5.1.B.2 The results of analyses performed on the Radiological
Environmental Monitoring Program samples shall be summarized

|in the Annual Radiological Environmental Operating Report.
,

See Section 12.6.1.

Bases

12.5.1.C The Radiological Environmental Monitoring Program required
. t

by Table 12.5-1 provides for measurement of radiation and of ~

radioactive materials in those exposure pathways and for
those radionuclides, which lead to the highest potential
radiation exposures of individuals resulting from the
station operation. This monitoring program thereby
supplements the Radiological Effluent Monitoring Program by
verifying that the measurable concentrations of radioactive
materials and levels of radiation are not higher than
expected on the basis of the effluent measurements and
modeling of the environmental exposure pathways. Changes to i
the initially specified monitoring program may be initiated
based on operational experience.

The detection capabilities required by Table 12.5-3 are
state of-the-art for routine environmental measurements in
industria] laboratories. The specified lower limits of
detection for I-131 in water, milk and other food products
correspond to approximately one-quarter of the Appendix I to
10CFR Part 50 design objective dose-equivalent of 15
mrem / year for atmospheric releases and 10 mrem / year for
liquid releases to the most sensitive organ and individual.
They are based on the assumption given in Regulatory Guide
1.109, "Calcul, tion of Annual Doses to Man from Routine
Releases of Reactor Effluents for the Purpose of Evaluating
Conpliance with 10CFR Part 50, Appendix I", October 1977, s

except the change for an infant consuming 330 liters / year of
drinking water instead of 510 liters / year.

O
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TABLE 12.5-1

r

ZIOff RADIOLOGICAL Ef!VIRotiME! ITAL MCIIITORIffG PROGRAM i

'

SAMPLE fMDIA COLLECTIOt7 SITE TYPE OF ANALYSIS FREQUEffCY

a
1. Airborne (A) Onsite hnd near field a) Filter-gross beta a) Weekly 1

(1) Onsite Station #1 b) Charcoal-I-131 b) Bi-Weekly *' !

(2) Onsite Station #2 ;
*

(3) Onsite Station #3 c) Sampling Train - , .. c) Week 1)
Test and Maint'enance -

,

(B) $Offsite - Far Field.
I10 Locations a) Filter Exchange a) Weekly

b) Charcoal-Exchange b) Bi-Weekly'
c) Sampling Train - c) Weekly

Test and Maintenance
,

.2. Direct Radiation Forty locations Gamma Radiation Dose Quarterly
(TLD) (minimum of two TLD's

i per packet)

i

,

e.

,
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TABLE 12.5-1

ZION RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
(Cont'd) i

EXPOSURE PATHWAY |
AMD/OR SAMPLE MEDIA COLLECTION SITE TYPE OF ANALYSIS FREOUENCY

| 3. Waterborne

A. Public Water Supply 6 Locations a) Gamma Isotopic a) Monthly Analysis
of weekly composites ,

b) Tritium ' b) Quarterly Composite

B. Cooling Water (1) Inlet a) Gross Beta a) Weekly
Sample

(2) Discharge b) Tritium b) Quarterly Composite

C. Sediment Lake Michigan Shoreline

1 Location Gamma Isotopic Semiannually |

|I
i

4. Incoction

A. Milk 2 DaiIy Farms I-131 and gamma isotopic Semi-Monthly - May
|to Oct, Monthly at

all other times.

B. Fish Lake Michigan Near Gamma Isotopic on ed1ble Semiannually |
Zion Station portions I

,
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TABLE 12.5-2

REPORTIITC LEVELS FOR RADIOACTIVITY OO!IOENTRATIOliS III E!IVIRO!IMENTAL SAffPLES

Water Airborne Fish Milk Food Products
"Y"" (pci/1) Particulate or (pci/Kg, wet) (pci/1) (pci/Kg, wet)

Gases ( pCi /m')

H-3 2x108 (a)
'~

Mn-54 1X10' 3x10'
2Fe-59 4x10 1x10'

Co-58 1x10 3x10'5

Co-60 3x10 1x10'2

Zn-65 3x10 2x10'2

2Zr-Nb-95 4x10 (b)
2I-131 2 0.9 3 1x10

Cs-134 30 10 1x10' 60 1x10'

Cs-137 50 20 2x10' 70 2x10)

2 2Ba-La-140 2x10 (b) 3x10

(a) For drinking water samples. This is'40 CFR Part 141 value.

(b) Total for parent and daughter

12-42
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TABLE 12.5-3
.

MAXIMUM VALUES FOR THE LOWER LIMITS OF DETECTION.

t
(LLD) a,b

Water Alrborne Particulate Fish Milk Food Products Sediment-

Analysis (pCi/1) or Gases (pC1/m') (pCi/Kg, wet) (pCi/1) (pCi/Kg, wet) (pci/kg,

dry) 4

gross Beta 4 1x10 26

4

2gamma 1x10 , ,_

isotopic
H-3

2 000J 1000')Mn-54
15 130

Fe-59
- 0 260 .|co-58,60

1
Zn-65-

'

.

Zr-Nb-95
15*

I-131
*

Cs-134,137
15(10 ),18 1x10 ^2 130 15 60 1506

Ba-La-140 .

15' 15*

i ' 12-43
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TABLE 12.5-3

TABLE NOTATIONS
(Cont'd)

a. The LLD is the smallest concentration of radioactive material in a
sample that will be detected with 95% probability with only 5%
probability of falsely concluding its presence.

,

For a particular measurement system (which may include
radiochemical separation).

LLD =
' ""

i

exp (-lat)2.22 YA E +V + + ++

Where:
!LLD is the lower limit of detection as defined above (as pC1

per unit mass or volume)

s is the square root of the background count or of thee

count of a blank sample as appropriate (as counts per
minute)

A is the number of gamma-rays emitted per disintegration for
gamma-ray radio-nuclide analysis
(A = 1.0 for gross alpha, strontium, and tritium
measurements)

E is the counting efficiency (as counts per gamma)

V is the sample size (in units of mass or volume)

2.22 is the number of transformations per minute per
picocurie ,

,

Y is the fractional radiochemical yield when applicable
(otherwise Y = 1.0)

f

A is the radioactive decay constant for the particular
radionuclide, and

Iat is the elapsed time between sample collection and
analysis.

The value of s used in the calculation of'the LLD for a3

detection system shall be based on the actual observed
background count.or of the count of the blank samples (as
appropriate) rather than on an unverified theoretically
predicted value. Typical values of E, V, Y,-At, shall be
used in the calculation.

-

,

.

I
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TABLE 12.5-3

'TABLE NOTATION 9
(Cont'd) |

,

a. (Cont'd) *

i

For gamma ray radionuclide analyses the background counts are :

determined from the total counts in the' channels which are within' -I
plus or minus one FWHM (Full Width at Half Maximum):of the gamma I

ray photopeak energy'normally used for the quantitative analysis |
for that radionuclide. Typical values of the FWHM shall be used -

in the calculation

b. The LLD.for environmental measurement is defined is an a criori .;
(before the fact) limit representing the capabilit*, ~f a ;

measurement system and not as an a nostoriori (after the fact) |
limit for a particular measurement. j

c. LLD for drinking water. -|

.!
!
,

F

t

.

S

5

B

''

i
i

+

I

f

!
:

4

.

i
-:

1

i

)
-

,

!
!
I

'

:
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12.5.2 Land Use census

Ot.e r abi l i t y Peauirements

12.5.2.A A Land Use Census shall be conducted to identify the
location of,the nearest residences and of animals producing
milk for hudpn consumption in each of the following
meteorological sectors, A, J, K, L, M, N, P, Q and R within
a distance of 5 miles.

Arnlicability: At all times.

Action

1. With a Land Use Census identifying a location which
yields an ODCM calculated dose or dose commitment
greater than the values currently being ca]culated in

,

Section 12.4.3.A, this new location shall be added to '

the Radiclogical Environmental Monitoring Program
within 30 days. The sampling location excluding the
control station location having the lowest calculated
dose or dose commitment (via the same exposure
pathways), may be deleted from this monitoring program
after October 31 of the year in which this Land Use
census was conducted.

Surveillance Reauirementn

12.5.2.B.1 The Land Use Census shall be conducted-at least once per 12
months between the dates of June 1 and October 1, by a
door-to-door curvey, road survey, aerial survey, or by
consulting local agriculture authorities.

12.5.2.B.2 The results of the Land Use Census shall be included in the
Annual Radiological Environmental Operating Report.

Earer
,

12.5.2.C The Land Use Census Section is provided to ensure that
changes in the use of UNRESTRICTED AREAS are identified and
that the modifications to the monitoring program are made,
if required, by the results of this census. This census
satisfies the requirements of Section IV.B.3 of Appendix I
to 10CFR Part 50.

,

O
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T 12.5.3 Interlaboratory Comparison Program

)Onerability Reauirements

12.5.3.A Analysis shall be performed on radioactive materials .)
: supplied as part of an Interlaboratory comparison Program- ;

which has been approved by the Commission. ;

! *

Annlicabilidv: At all times. i

'
Action

;

1. With analysis not being performed as required above, e

report the corrective actions taken to prevent a !

recurrence to the Commission in the Annual Radiological I

Environmental Operating Report.
;

Surveillance Recuirements ;
.
.

12.5.3.B A summary of the results obtained as part of the above ,

required Interlaboratory Comparison Program and in- '

accordance with the ODCM shall-be included in the Annual ,

Radiological Environmental Operating Report. j

.fBases

12.5.3.C The requirement for participation in the Interlaboratory
Comparison (crosscheck) Program is provided to ensure that |

independent checks on the precision and accuracy of the !
'

measurements of radioactive materials in environmental
sample matrices are performed as part of the Quality ,

Assurance Program for environmental monitoring in order to :

demonstrate that the results are reasonably valid. j

!
r

i

i
!
,

!

!

L

I
t

- !i.

i
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12.6 REPORTING REOUIREMENTS

12.6.1 Annual Radiological Environmental Operating Report

An Annual Radiological Environmental Operating Report !

containing the data taken in the Radiological Environmental j
Monitoring Program Table 12.5-1, shall be submitted by April |
30 of the fdllowing year. The content of the report shall !*

include: 1

I

1. Results of Radiological Environmental Sampling, |
'summarized and tabulated, following the format of

Regulatory Guide 4.8, Table 1 (December 1975);
individual sample results will be retained at the
station; in the event that some results are not
available for inclusion with the report, the report
shall be submitted noting and explaining the reason for ;

the missing results. The missing data shall be
submitted as soon as possible in a supplementary
report.

2. An assessment of the monitoring results and radiation
dose via the principal pathways of exposure resulting
from plant emissions of radioactivity; including
maximum noble gas gamma and beta air doses in the
UNRESTRICTED AREA (dose calculations shall be performed
in accordance with the ODCM).

3. Results of the census to determine the locations of
animals producing milk for human consumption.

4. A summary of the meteorological conditions concurrent
with the release of gaseous effluents during each
quarter as outlined in Regulatory Guide 1.21 (Revision
1) dated June, 1974, following the format of Appendix B
thereof.

5. A summary description of the Radiological Environmental
Monitoring Program.

6. A map of all sampling locations keyed to a table giving
approximate distances and directions from one reactor.

7 The results of the Interlaboratory Comparison Program
required by Section 12.5.3.A.

.

O
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(s 12.6 REPORTING REQUIREMENTS (Continued)
>

8. This report shall also include an annual summary of ..|
hourly meteorological. data collected over the previous
year. ' This annual summary may be either in the form of |
an hour-by-hour' listing of-wind speed, wind direction, j

-atmospheric stability, and precipitation.(if measured)
on maghetic tape, or in'the form of joint' frequency

1

distributions of wind speed, wind direction, and |!
atmospheric stability. This same report shall include |

an assessment of the radiation doses due to the
radioactive liquid and gaseous effluents released.from
the station during the previous calendar year; This
same report shall also include an assessment of the- 'i

radiation doses from the radioactive liquid and gaseous ;

effluents to individuals due to their activities inside ,

the SITE BOUNDARY (see Zion Station ODCM Annex,
Appendix F, Figure F-1).during the report period. All
assumption used in making these assessments (i.e., I

specific activity, exposure time and location) shall..be !
included in these reports. The meteorological :
conditions concurrent with the time of release of '

radioactive materials in gaseous effluents (as'
determined by' sampling frequency and measurement) shall. !

be used for determinating the gaseous pathways doses.
The assessment of radiation doses shall be performed in
accordance with the ODCM. -

This report shall also include an assessment of
radiation doses to the most likely exposed real ;
individual from reactor releases and other nearby -|
uranium fuel cycle sources (including' doses.from {
primary effluents pathways and direct radiation) for !

the previous 12 consecutive months to show conformance i

with 40 CFR 190, Environmental Radiation Protection |

Standards for Nuclear Power Operation. Acceptable
methods for calculating the dose contribution from ;

liquid and gaseous effluents are given in Regulatory i
'Guide 1.109, Rev. 1.

9. This report shall also include a special. report
pursuant to the requirements of'the Technical
Specification 3.3.6, whenever the reactor coolant j

specific activity limits have been exceeded.
,
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12.6.2 Annual Radioactive Effluent Release Report

Prior to April 1 of the following year, a report shall be |
submitted covering the radioactive content of effluents I
released to UNRESTRICTED AREAS during the previous six
months operation. The data shall be in the format of
Regulatory Guide 1.21, Rev. 1 (June 1974) and shall be
summarized dn a quarterly basis and shall include as a

*minimum:

1. casecue Effluents: a

a. Gross Radioactivity Releases:

1) Total gross radioactivity (in curies)
primarily noble and activation gases
released.

2) Maximum gross radioactivity release rate
during any one-hour period.

3) Total gross radioactivity (in curies) by
nuclide releases, based on representative
isotopic analyses performed.

4) Percent of ODCM limits,

b. Iodine Releases:

1) Total iodine radioactivity (in curies) by
nuclide released, based on representative
isotopic analyses performed.

2) Percent of ODCM limits for I-131 released.

c. Particulate Releases:

1) Total gross radioactivity (Beta-Gamma)
released (in curies) excluding background
radioactivity.

2) Total gross Alpha radioactivity released (in
curies) excluding background radioactivity.

3) Total gross radioactivity released (in
curies) of nuclides with half-lives greater
than 8 days.

4) Percent of ODCM limits for particulate
radioactivity with half-lives greater than 8
days.

O
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._( ~2. Liauid Effluents: ~'

a. Total gross radioactivity (Beta-Gamma) released (in
,

curies) excluding. tritium and average concentration' .i
released to the UNRESTRICTED AREA.

b. Total tritium and total Alpha radioactivity released
(in cupies).and average concentration released to the
UNRESTRICTED AREA'. I

c. Total dissolved. noble gas radioactivity released (in ~!
curies) and average' concentration released.to the
UNRESTRICTED AREA.

<

d. Total volume (in liters) of liquid waste released.
"

e. Total volume (in liters) of. dilution water used prior j
to release from the restricted area. |

:
f. -The maximum concentration of gross radioactivity :

(Beta-Gamma) released to the UNRESTRICTED AREA (average [
over the period of released). 1,

:
g. Total gross radioactivity (in curies) by nuclide ;

released, based on representative isotopic' analyses
performed.

!

h. Percent of ODCM limit.
'

;

3. Solid Radioactive Waste:

f
Refer to the Annual Reporting Requirements.provided in the

.

Process Control Program (PCP).
.

,

4. The radioactive effluent release reports shall include
unplanned releases from the site to UNRESTRICTED AREAS of

|
radioactive materials in gaseous and liquid effluents on a ;
quarterly basis. i

' ;

:
-)

i

f

i
fI

r;
.:

$,

'l
!

i

!

l
- 1

12-51 |
1

* :'

-- - ~..



.

.

ZION Revision 1.0'
January 1994

,

12.6.3 Unique Reporting Requirements

Mon-Routine Renortc:

1. Radiological Environmental Monitoring Program:
)
3

If a confirmed measured radionuclide concentration in
an environmental sampling medium averaged over any
calendar quarter sampling period exceeds the reporting
level given in Table 12.5-2 and if the radioactivity is ,

attributable to plant operation, a written report shall
be submitted to the Director of the NRC Regional Office
of Inspection and Enforcement with a copy to the
Director, Office of Nuclear Reactor Regulation within
30 days from the end of the quarter. When more thano
one of the radionuclides in Table 12,5-2 are detected

in the medium, the reporting level shall have been
exceeded if:

6
LC;_ 21 g

RL
3

where C is the concentration of the ith radionuclides
in the medium and RL is the reporting level of
radionuclide i.

2. If radionuclides other than those in Table 12.5-2 are
detected and are due to plant effluents, a reporting
level is exceeded if the potential annual dose of an
individual is equal to or greater than the design
objective doses of 10 CFR 50, Appendix I.

3. This report shall include an evaluation of any release
conditions, environmental factors, or other aspects
necessary to explain the anomalous effect.

,

l.
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12.6.4 offrito nosa calculation Manual foncM)-

chances to the'ODcMr

a. Shall be documented and records of reviews. performed [
shall be retained as required by specification 6.5.2. i

This documentation shall contain:
?

1. Sufficient Inf ormation to . support the change
together with the appropriate analyses or i

e' valuations justifying the change (s); and

"

2. A' determination that the change will maintain the
level of radioactive effluent control required by- :i
10 CFR 20, 106, 40 CFR Part 190, 10 CFR 50.36a.,
and Appendix I to 10 CFR Part 50 and not .i
adversely impact the accuracy or reliability of ,

effluent, done, or setpoint calculations. ''

'

3. Documentation of the fact that the change'has
been reviewed and found acceptable.by both the
Onsite and offsite Review Functions.

b. Shall become effective after review and acceptance by
the Onsite Review and Investigative ~ Function, the

.

Offsite Review and Ivestigative Function, and the'
.

!

approval of the Plant Manager on the date specified by. -

the Onsite Review and Investigative Function,

c. Shall be submitted to the. Commission in the' form of a .i

complete, legible copy of'the entire ODCM as a part of '

or concurrent'with the-Annual Radioactive-Effluent
Release Report for the period of the report'in which

]jany change to the ODCM was made effective. Each change
chall be identified by markings in.the margin of.the :)
affected pages, clearly indicating the area of the-page ;
that was changed, and shall-indicate the date (e.g., .!
month / year) the change was implemented. '

I
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PAGE REVISION

APPENDIX F

F-1 1.0
F-2 1.0
F-3 1.0 ? *

'F-4 1.0
F-5 1.0
F-6 1.0 '

F-7 1.0
F-8 1.0
F-9 1.0
F-10 1.0
F-11 1.0
F-12 1.0
F-13 1.0
F-14 1.0
F-15 1.0

,

F-16 1.0
F-17 1.0
F-18 1.0
F-19 1.0
F-20 1.0
F-21 1.0
F-22 1.0
F-23 1.0O ,

F-24 1.0
F-25 1.0

'F-26 1.0
F-27 1.0
F-28 1.0
F-29 1.0
F-30 1.0
F-31 1.0
F-32 1.0
F-33 1.0
F-34 1.0
F-35 1.0
F-36 1.0
F-37 1.0
F-38 1.0

'F-39 1.0
F-40 1.0
F-41 1.0
F-42 1.0
F-43 1.0
F-44 1.0
F-45 1.0
F-46' 1.0
F-47 1.0
F-48 - 1. 0
F-49 1.0
F-50 1.0

( F-51 1.0
t
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'
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._ APPENDIX F
.

STATION-SPECIFIC DATA FOR ZION
UNITS 1 AND 2

F.1 INTRODUCTION

This appendix contains data relevant to the Zion site. . Included is a
i

figure showing the unrestricted area boundary and values of parameters

| used in offsite dose assessment.

.

F.2 REFERENCES

1. Sargent & Lundy, Analysis nd Technology Division,
Calculations Nos. ATD-0129, Revision 0, and ATD-0090,
Revision O.

2. " Verification of Environmental Parameters used for
Commonwealth Edison Company's Offsite Dose Calculations",
NUS Corporation, 1988.

3. " Verification of Environmental Parameters used for
Commonwealth Edison Company's Offsite Dose Calculations",
NUTECH Engineering Group, 1992.

-1
|

|

?!
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Table F-1 i

Aquatic Environment Dose Parameters

General Inf ormat ien*

The existence of irrigation is not mentioned in Zion Environmental
Report.

Recreation includes one' or more of the following: bo a t it,g , water

skiing, swimming, and sport fishing.

'hter and Firh Innertinh Paramoters

Parameter * Value
|

f U* , water usage, L/hr 0.083
!

U', fish consumption, Eg/hr 2.4E-3

M* , M' 1/60', 1. 0"

F*, cfs" F'(gpm)/448.86

F' , cfs 4.0E5

t', hr 24.0d

t*, hr# 5.5

Limite on Radioactivity in Unnrotected Outdoor Tanksf

Outside Temporary Radioactive
Liquid Storage Tank n 10 CiS

(per Technical Specification 3.11.1)

* This is based on information in the Zion Environmental Report
Section 2.3.2.2.

'' The parameters are detined in Section A.2.1 of Appendix A.
Based on the Lake Michigan Model discussed in Section

{
C.1.3.1.2 of Appendix C. :

F' is the average flow of condenser cooling water (gpm)
during the period of discharge (either Unit 1 or 2).
The constant 448.86 is the nun 1>er of gpm per cf s.

*t' (hr) 24 hr (all stations) for the fish ingestion pathway.=

O
F-6
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Table F-1 !
l

'
Aquatic Environment Dose Parameters'- Continued j

i
)*

-t* (hr) = 5.5 hr (distance to the nearest public, potable water
1

int aire , Lake County, is 1.1 mile north of the station and -j
3000 ft out in Lake Michigan; flow rate of 0.2 mph).

|
.)SeeSectionA.2.4ofhppendixA. |

'

|
1' Tritium and dissolved or entrained gases are excluded from j

this limit.
-|
-)

!

'!

|

i

.' |i

'i
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Table F-2

Station Characteristics

s

STATION: Zion Nuclear Power Station

LOCATION: Zion, Illinois

CHARACTERISTICS OF ELEVATED RELEASE POINT: Not Applicable (NA)

1) Release Height = m 2) Diameter = m

ms'' 4) Heat Content3) Exit Speed KCal s-2= =

CHARACTERISTICS OF VENT STACK RELEASE POINT

1) Release Height E R , ' ? m* 2) Diameter = 2.32 m=

3) Exit Speed '' ? ms ' * *=

1

CHARACTERISTICS OF GROUND LEVEL RELEASE
,

1) Release Height =0 m

2) Building Factor (D) = 57.6 m*

METEOROLOGICAL DATA

A ?RO ft Tower ic Located 700 m NNW of elevated release point

Tower Data Used in Calculations
t

Wind Speed and Ditferential
Felense Point Direction Temnerature

I.
Elevated (NA) (NA)
Vent 125 250-35
Ground 35 250-35

1

!

,

!
t

'Used in calculating the meteorological and dose factors in
Tables F-5, F-6, F-7. See Sections B.3 through B.6 of -i

Appendix B.

O
!
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Table F-3
critical Ranges

%

Unrestricted .

Area Restricted Nearest Nearest Dairy Farm
Boundary * Area Boundary. Residentb Within 5 Miles'

Direction (m) (m) (m)
_ (m)

N '469 I' 375 4000 None
'

NNE 475 400 d None ;
NE 400 325 d None

'
ENE 400 200 d None

,

.1
*

E 400 175 d None
'ESE 400 175 d None

SE 400 175 d None i

SSE 400 200 d None i

'
S 433 350 d None
SSW 439 375 3700 None
SW 518 475 2000 None o
WSW 671 671 2000 None 1

~l

W 658 658 1100 None
WNW 893 893 2000 None
ITA 847 847 2000 None ,

NNW 725 250 2400 None

k
*Used in calculating the meteorological and dose factors in Tables F-5 and !
F-7. See Sections B.3 through B.6 of Appendix B.

I

'1992 annual survey by Teledyne Isotopes Midwest Laboratories.
The distances are rounded to the. nearest conservative 100 .;
meters. I

I

*1992 annual milch animal census by Teledyne Isotopes Midwest '!
' Laboratories. Used in. calculating the D/Q values in Table F-6. The !
distances are rounded to the nearest conservative 100 meters.

dLake Michigan. -I'

,

~

l

;

I

I
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Table F-4

Average Wind Speeds I

Downwind Average Wind Speed (m/sec)*
Direction Mixed Mode Ground Level

N 5.0 3.2
NNE 1 5.3 3.3

,

NE 5.8 4.1
ENE 5.6 3.9

E 5.7 3.9
ESE 5.1 3.3
SE 4.9 3.0
SSE 5.1 3.4
S 5.9 4.6
SSW 5.8 4.4
SW 5.1 4.0

WSW 5.2 4.6

W 5.1 4.4
WNW 4.8 3.7
NW 3.7 3.1
NNW 5.1 3.9

' Calculated in Reference 1 of Section F.2 using formulas in
Section B.1.3 of Appendix B. Based on Zion site meteorological
data. January 1979 through December 1987. I

i

l
!

|

9|
1
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Table F-6

D/Q at the Nearest Milk Cow and Meat Animal Locations within 5 miles

Downwird Wearest Mitk Cow 0/Q(1/m"2) Nearest Meat Animet 0/Q(1/m"2)
Direction Radius Mixed Ground Radius Mixed Ground

(meters) Release Release (meters) Release Retesse

N 8000. 1.154E 10 2.975E-10 8000. 1.154E-10 2.975E-10
NME 8000. 1.041E-10 2.684E-10 8000. 1.041E 10 2.684E-10 -

NE 8000. 1.639E-10 3.623E 10 8000. 1.639E-10 3.623E-10 -

ENE 8000. 1.478E 10 3.081E 10 8000. 1.478E 10 3.08et-10
E 8000. 1.666E-10 3.308E-10 8000. 1.666E-10 3.308E-10

ESE 8000. 1.325E-10 3.002E-10 8000. 1.325E-10 3.002E-10 *

SE 8000. 1.343E 10 3.164E-10 8000. 1.343E-10 3.164E-10
SSE 8000. 9.873E-11 2.055E-10 8000. 9.873E- 11 2.055E-10
5 8000. 1.372E-10 2.550E-10 8000. 1.372E-10 2.550E-10

Ssu 8000. 1.389E 10 2.404E-10 8000. 1.389E-10 2.404E-10
SW 8000. 8.296E-11 1.531E-10 8000. 8.296E 11 1.531E-10
Wsw 8000. 6.592E 11 1.268E-10 7200. 7.920E-11 1.533E-10
W 8000. 6.472E-11 1.157E-10 5600. 1.195E-10 2.194E-10 s

WWW 8000. ' 5.744E-11 1.074E 10 8000. 5.744E-11 1.074E 10
W 8000. 7.706E 11 1.359E-10 8000. 7.706E-11 1.359E-10
NNW 8000. 9.972E-11 1.836E-10 8000. 9.972E-11 1.836E 10

,

Note: Based on the formulas in Section B.4 of Appendix B.

Approximate distance from the station as determined by annual census.

The mixed mode release data are provided for reference purposes only.

Routine dose calculations are performed using ground level release data.
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Table F-7

Maximum Offsite Finite Plume Gamma Dose Factors Based on 1 cm Depth at the Unrestricted Area Boundary for !

Kr-03m

)

Downwind Unrestr eted Mlwed Mode (Vent) Rotease Ground Level Retesse
Directton Area bound Radius V VBAR Radlus G GBAR

(meters) (meters) (mrad /yr)/(uCl/sec) (meters) (mrad /yr)/(uCt/sec) j

N 469. 469. 2.083E-04 1.571E-04 469. 9.339E-04 7.042E-04 I

NNE 475. 475. 1.807E-04 1.362E-04 475. 9.509E-04 7.170E-04
NE 400. 400. 2.720E-04 2.05tE-04 400. .t.286E-03 9.693E-01~

ENE 400. 400. 2.248E-04 1.695E-04 400. 1.092E-03 8.237E-04
| E 400. 400. 2.097E-04 1.581E-04 400. 1.109E-03 8.363E-04

ESE 400. 400. 1.722E-04 1.298E-04 400. f.193E-03 8.995E-04
SE 400. 400. 1.769E-04 1.334E-04 400. 1.277E-03 9.63OE-04

SSE 400. 400. 1.100E-04 8.298E-05 400. 7.648E-04 5.76?E-04
5 433. 433. 1.458E-04 1.099E-04 433. 7.104E-04 5.356E-04

SSW 439. 439. 1.15fE-04 8.679E-05 439. 6.071E-04 4.578E-04
SW 518. 518. 5.574E-05 4.203E-05 518. 3.385E-04 2.553E-04

WSW 671. 671. 3.032E-05 2.286E-OS 67). 1.629E-04 1.228E-04
W 658. 658. 3.056E-05 2.304E-05 658. 1.657E-04 1.249E-04

WNW 893. 893. 1.812E-05 1.366E-05 893. 1.OO4E-04 7.567E-05
NW 847. 847. 2.674E-05 2.016E-05 847. 1.483E-04 1.118E-04

NNW 725. 725. 4.752E-05 3.583E-05 725. 2.306E-04 1.739E-04
|

Zion Site Meteorological Data 1/79 - 12/87

11ot e : Based on the formulas in Sections B.5 and B.6 of Appendix B.

Approximate distance from midpoint between gaseous effluent release points.

F-14

O O O .

- - - _



1

d
.-

. j

. . _,

04 .

$9
-

a_19 r
;___

n f N
1 o

,

oy .

i_y
.)irsa r~ _

u a,(un _

d L

i, ea n
RJ u

- o
B

.-

.

.

a' _.
e ,

-
-

ir
A, .

d
- .*
-

e - 3333333333344443
.

t 0000000000000000
.t c - - - - - - - - - - - - - - - - ..c Re EEEEEEEEEEEEEEEE

i' A s 694697297t 39B084
.

-
.

070t 1 31 987Ot 263 .r eB/ 1

sGt 8 8 0 4.S 8. J. 2 9 6 5. O. t 361t a c . .
L_s' e u 33544453221 88571 .

e l (

r e _/ 3333333333344443
-0000000000000000R ) ,n r - - - - - - - - - - - - - - - -

U l y EEEEEEEEEEEEEEEE
eG/ 5953231 964572485

3486304685O8 .,e v d 981 1
e a 993670531
L r . . . 8 6 3 4 5.O. 1h . .

t n 33544553321 88581r
d (_

t n
u )

a oss
. . . . . . . . . . . . 8375 8

. . . . 7
rur 950000003981

h Gie 67000000331 75942 /
dt 4444444444566887 2t ae 1p Rm .

e ( - I) Dd 3333333444444444 9
0000000000000000 7 <e )

m c - - - - - - - - - - - - - - - - / .-.u c eRe EEEEEEEEEEEEEEEE 1

n sA s 845792381 1 77t671 .
i aB/ 9640641 24346t 722 a1

05321 2 2 2 2 8 0. O.9 8 6t eV1 1 t

a iC .n l

nm e u 1 1 111 1 1 8984331 24 D .o R (

O,N
o5 5 .

C / 3333333444444444 l

e 0 0000000000000000 a 1) )(
2 d - t r - - - - - - - - - - - - - - - - c -D er n y EEEEEEEEEEEEEEEE i

.

F w7 sK eV/ 9Ot3393288858t 51 g
- V d 4t t 6286626382530 o ia ( a 2. t 6331 256501 0981F l

o -B e r . . : . .

d m 1 1 11 11 1 898533224 re o o -(s il M er ) t -

b e
-

o dss . . . . . . . . . . . . . . . .
a eur 950000003981 8375 MtT c ixie 6700000033175942

dt 4444444444566887 e .
-a Mae t
.

2F Rm i

( S
d Le ed n

s t n) o
o cus . . . . . . . . . . . . . . . . t

D ior 950000003981 8375 Z
rBe 67000000331 75942
t 't 4444444444566887 .

a sae
.

.-n eem Ju rr(n nA ,

a U i.G n
.do

ni
.e i t EEE EEE WWW WWW -

m wc NNNNESSS55SSWNNN
u ne N E E S 5 W W N
l wr

oi .P DD L
e

-

.-t
i

.

~.
n .
i -

F .
-

-

e -

t
i ,

s _

f
.

f
O

m
u
m .

i
-x -a

M _

j_
.

-

_
-



.

O *r
+ ch h

,4 o, o
H H

C *

Oh h
si i 9
@ C
%D h

A

d
e

D i
e :m in m an in an m m c an m o e to e in

20000000000000000U -

g U e e i a e * * e i e * * e

ae wwwwwwwwwwwwwwwwg - *

t. n w m - O ci m e n o m - an m n<m
$4 e to s r- n - e t- e n co in , or n an e to
y ec- . *. in. co cn cv. to an. n. m r. so. O. es in ng g o . . . . . .

e 3 4vmveconnN-meme-,
64 -e s in in in an m in to in in o in e e to to an

-

0000000000000000C tx ~
L i e i e e e e e e e s e ep > wwwwwwwwwwwwwwww-

ecN n in n v O O cn r- ce n in r- p to - in
S > V - - rw co - an e in c) in O v N an e O

(9. m t- 01 - w O. c. n. O. co. . n . co n,c e e
a L . . . . . . .y

E e v in e in in to n n n - o cn to e -
V -

U C
g :

. . . . . . . . r-
~

cmm .

n Cn to - O 19 P- o soL 3L @c4 o-e on nn-Somwn s
a te v e w n w w w w e n sn e to so so r- n
g ee -

aEg
" '

Qm

t m in in to in in in to in e o e to to e e cn
0000000000000000 oe 5 ~

o e e e e e e e a e e e e * e sU U s cr e wwwwwwwwwwwwwwww -

C mee o r- n to n v co e to e to w n an O e
w a e ce s an D e r- n O co r- w cn n - e e n - e
y e>- c9 cv r. T. v n n. v. O. n. to. to. an. (9 m at.

**

en u . .

OU C e 3 - - - e e - - o - cm to t9 m n n in
O O Sn a w., D

O e, ' s commmmmonwOwo@@wU~ -

0000000000000000 e g- -yo
H w L a e e a e e e e e e e a e e e e y I

r

N 9 04 c > wwwwwwwwwwwwwwww -

h MM e>N n c) c7 @ N ED to co N 40 ED t- w an w - D N
: e > V O w O rv so * n cn co - n M o rv = 0 O

4 cu so in. v r4 5. F- O. t- to 6. o. e. e. c.e -A A w
. . . oe L

- - - - - e @ - @ 40 f5 m N c7 O 6V E -

O@ M O -

& 4 K *
,

A O yam . .

O f7 os so - to (9 P- an E
. . . . . . . . . e

5 M e3L m in
$4 0 X- e to r- O f"a to - t- in c) e cv

~V ***************h 8d 2 e "e *
b 2E *

- m
G D

eV Cg
O ** C "n . . . . , . . . . . . . -Ouy
Q *OL ci in O O ra os so - to to r- in N

L EQ e @ r- O O (9 n - r- in Cn v N
** * w T w v v v w T T w @ @ (D to Eo r=
mCe
eeE
s. L w
C4

0 3
c

VO
@ C-

-- www www 233 333g
Zg22Wmmmmmmm32Z530g ce s w w m m 3 3

d 3L
k O-

00
W
U
w
C
w
b

G
M
w
M
N
W

i e
,
w
M
e

T.e



,c - , ,,-

. ,,
-t.

4 i

|

OW P

'm 4 ,

et m . o t.'ed y
I- .C .

. 3 h' h, . !~

. f$$ d g
'

s d0 m\ h C- |
0; b $

-

a
i

t6 '

0

e

d- ) *@ -{.0000000000000000nNNNNNnMMMMMMMMM
U
U. U e * * e e i e e e e e a e e e t
g me wwwwwwwwwwwwwwww ,e e> oi so ao co 6 in n m to (9 m n n n - in
N emN 'mvwnbe-Owne**bbe !

U se c - * * in n m w e. b. o. O. o. e. e. in. c1. e. r'
g a p . .

e 3 ,--e****@mmvnN*nM ig
- w

' li e N N n n N n n n n r9 to e f9 m t9 f9 re .
0000000000000000G a a

p L e e e e e e ** e e e e e e
- >. ,wwwwwwwwwwwwwwww
ecN wnwsoemO ci 4 n in v O o> c

@ > V e so e e. - O to e m O m so a to o
.c e e * * in n e to. e . to a. so e. v. e. (9 5a L . . . . . [y

E * * * * * * * * m m v n N * N tn
D w r

'U C
e6 3

* - -

O M m as - to r1 > c co

^ *

Omm - - - - . * + + - 6
L 3L mmOM c-e obo O mn-domen N

v Ve w w w w w v v w v e n w e so w n n ;

Q ee =
t

aE v-e w a

d m m t919 (9 (9 to f9 m a m n M v v (9 m
0000000000000000 >e $ -

U e e e e e e e e i e i e e e e i NU U ene wwwwwwwwwwwwwwww -

C mee to e n r- e n e on e m > (9 in v to o>
,4 H e cn N o to t9 w w to a n ci on co r- in m to m e ,

m. an. . t9. n to . to O. b to O. O. to, to. in. . 1y -e>* *a
ep s < *

N N e 3 M M m v v f4 4 n t9 N e * * (D m e O *

O Ob a w .. b*/'*%r. '
O cp N m n n es en to es es r9 to (9 m n v to e *--

V' a a 0000000000000000 e Hg ew
H e L e e e e e e a e e e e e e e e e o g .

. h 8 c > wwwwwwwwwwwwwwww *

'b G e>N t9 co an > n r- * (9 so n r* in e cp to to a N
g > V co o to r- r- m in * co e to O so 40 - e O

C. o. n. v. o. m. n m. e m. b. . O. O. O. c.
w e -g m . . Oe L
V -E v M in v v #9 4 E1 19 N * ** * ** ** ** L i

W G O w O-
,e 54 E 6 *

e e
M O Vme e. . . . . . . . . , . . . .

4 M e3L m in O O O O (9 cito * soto o o E
[4 0 X=@ LD t'- O O O O E9E9 *r* m m v n

.

i
g *VW wvvv4vvvvvm@@mmb e p

Eee e i

k aE '*

w in

@ V
g @V c

*.= C a O
9 03m - * * * * * * * - * * * * * * * *

OL m in O O O O O O rs cn to e so t9 r* in NQ -

L 10 e c r= O 0 0 O O O r9 to - f* in m v n .
* * w v v v v v v 9 4 e in ED to to to b
mee
eeE
L Lw _

Ce t

O D - !e
VO i

@ C= *'
** www www 3 3r 3r 3r 3 3g
30 2 2 2 Z w m to m Ln m e m 3 2 2 Z JCe Z W W e e 3 3 Z

P1 3L 5

De O- )

0C i

e la .

.r4 . 1

C
M .

b I
J

G
v
r4
%
W
W
O

E'

N-
-
M
e <

% I

i
i

-



..u,

=

.

Ov
*m. 54am o

H u

i s i 9G % 9%b o
54

W
e

C' ; NNNNNNNNNNNmmmmm
G 0000000000000000a

y no e 4 e e e . e e
n'W wwwwwwwwwwwwwwwwU <m on55cMmommeNONO-*4 @ cc N to r- O - O N m an to in v r- m O N co

$4 m 0 ,- r . 5 r . N. m. in. co. n m . o. cn m. LD. N.y g o . . .

G 2 N N m e m m n N N - - in to m an soE - w
@ G N NNNNNNNNNNNmmmMM

0000000000000000a a

L e e e e e s e e e

- >. wwwwwwwwwwwwwwwwD @cN m5mmem-O* vocem >5
> v w o - - O N - N an - m w o - co N

co co. ce. m. w. @. O. w. N. O.. O. e o. o. ine @ m
w LM . . .

E N N m M m M V N N N - @ LD v in c)U D w
C

y 3 a

U omm - - . . . . . . . >
L 3L m in m o c) - c) e r- #n c)
O-@ c t- m M - e- an en w tw %

.Q U* T T 4 Y v T 9 T T Tin 10 @ G)cer- N
y e@ -

2 Eg
w e,

Q m m N N N m to m o to m to m to m m mm

0000000000000000 6g a

U e e e e a a e e e e e e s s e NW N @2W wwwwwwwwwwwwwwww -
# U m .4 m r- O r9 in cn N N v c O - c- t. in a: eg a c3 N & v ro v - r- co in w m - 9 cm - M m e

o. m. N O O. n. o. m. v. o. *. @. c. o. v. e.w a .-@>- *
o gM @ 3 @m"**m@@b@vNN*Nm Qd C E w

0 0 cp N mmNNNmNammmmmmmm -Z g e 0000000000000000 e Ga a

a * L e e e e e s e e s e e e e a e e vUI C > WWWWWWWWWWWWWWWW -
,.4 ,*

H |N @ @>N r* m o4 (D 01 m r- ** * T co N ** m r* LD G
p g > D m co 4D r* v W N m LD v N N r- LD O v 0 N
I d cc. t . N. O O. to. O. O. LD. m. N 5 to. r . in. 0

w e5 -
@ L . . Obe $Q V E m co * - * m * t- 5 to e N N * N v L
0 w 0

y a 1 C
e *H 4 eem . . . .

O m m co - co m e- In 1.Q O @ 3L m an O O
. . . . . . . . . e

g a x-@ tor- 0 0 O m n - r- m o 9 N
p g *V* T T T 4 4 4 9 v v v 10 tD (D do co r- @

KG@ *W ME -

ha - en
V

y GD C
*Cm oto y3m . . . . . . . . . . . -

0 -oL cn in m cn to - ce ro r- e u
Q L D3 @ (D r* r9 ri e e- an Ch 9 N

* * w w w w w v v w w w nn @ w co co r-
mN@
GWE
L Lw
C *E
D

C
0 to

C-
-* www www 333 3 *e 3g
30 2 2 2 w m A m th m m m 3 2 2 2
C@ w w m M 3 3 2
3L '

r.4 O=
m 00

@
M '
e4

.C.<
$4

e
U
w4
5
4
M I

; G,
-
M
cc
E

__. ---



t > . ' r t i!

._

.

O. 9
4 .

-

r.

19 o
. 1 f
.'n i.

oy y
-

-

.i r r .
;

n
J: a aru .

d .

vn n _ea
RJ u

o
B

.

a
e
r
A

-
2222222333333433d t' 0000000000000000 .

e c - - - - - - - - - - - - - - - - -
.

t Re EEEEEEEEEEEEEEEE
-

c As 568492777569251 6
eB/ 631 40956571 881 40

. i 074545431 987225 ,sGl 1

r a G .

.

t e u 1 1 1 1 1 1 1 99831 1 81 2
-l (s e / 2222222333333433 -

e R ) 0000000000000000 .
r r - - - - - - - - - - - - - - - - .n l y EEEEEEEEEEEEEEEE .

U eG/ O697363747255780 -v d O668530431 343578
e a 2074556764098425 .e L r . . .

l.
h m 1 1 1 1 1 1 1 99841 1 81 2 .-

d (
t n

,u )

t oss . . . . . . . . . . . . , . . . 7

a rur 950000003981 8375 8 ,

Gl e 67000000331 75942 /
_dt 4444444444566887 2

h ee 1
.

et Rr .

-
( -p -

e 3333333333333443 9 .

D 0000000000000000 7
.

))

d c - - - - - - - - - - - - - - - - /

e m eRe EEEEEEEEEeEEEEEE 1 -

sA s 21 7251 41 654751 59 -
u c a8/ 281 0365984321 1 17 a .

-n eVt 03322358401 . .1 1556 t
. al ci 1 581 De u 547665534421 1

t .R (
n n / 3333333333333443 l

0000000000000000 ao o9 ) )
?N C 8 t r - - - - - - - - - - - - - - - - c 9 ,

.

t n y EEEEEEEEEEEEEEEE ig .

1d- .( 35898685707353eV/ 1 1

O1 6964762 o -
Z er V d 71 381 1 1

F .553457.O61. . .7 sK 11 1 677( a 1 l

o- a e r
581 r .

d m 547665544421 1

F B o ( o i

M e
.

e s ) t .

e .l r dss . . . . . . . . . . . . . . .
eur 950000003981 8375. M

b o xie 67000000331 75942
a t idt 4444444444566887 e
T c Mae t

Rm .-
i

a S(
F d

ed n -o -

e t n)
-

. . . . . . . . . . . . . . . . icuss ior 950000003981 8375 Z
o rBe 67000000331 75942

t t 4444444444566887D .sae .eema -rr(
m nA
m U ~
a n -

do
-G ni -

it EEE EEE WWW WWW
e wc NNNNESSS5SSSWNNN

-

.

m ne N E E S S W W N .

wru o1
l D0
P .

J

e
t -

i
.

n .

i
.-

F
-

.e
t

,

i -

s
f .

f .

O _.
.

m .

u
m

.-i
x
a
M



.

04

_9 r19
1 o

n f
oy
i r y
sa r
i u a
vn d
ea n
RJ u

o
B

a
e
r
A

-

d - 3433333333444554

t
..) 0000000000000000e

c - - - - - - - - - - - - - - - -
c R e EEEEEEEEEEEEEEEE

A s 50290731 59635708i eB/ 053762781 8337211

r sG1 1 493477264687285
t a C . . . , .

1 92221 1 1 1 1 41 1 321s e u
l (e e / 3433333333444554

r R ) 0000000000000000
n r - - - - - - - - - - - - - - - -

y EEEEEEEEEEEEEEEEU leg / 06538381 8331 9085
v d 5941 4271 36398806

604587374887395e e a 1

h L r . . . . . . . .

321m 93221 1 1 1 1 41 11

t d (
n

t u )
. . . , 7a oss . . . . . . . . . . . . 8375 8rur 950000003981

Gie 67000000331 75942 /
h dt 4444444444566887 2

1t ae
p R m

-(e) D 4433333333444554 9d 0000000000000000 7)
e m c - - - - - - - - - - - - - - - - /
u eRe EEEEEEEEEEEEEEEE 1

cn sA s 6284856221 077424
aB/ 59430702871 71 275 a

i 1 eV1 61 28933031366938 t

t aC . .

351 D
l

n e u 9921 1 1 1 1 1 1 41 1no 0 R (
0o / 4433333333444554N C 9

l

0000000000000000 a 2O ) )
( - t r - - - - - - - - - - - - - - - - c

I d -r n y EEEEEEEEEEEEEEEE i

". 7 eK eV/ 6781 777468497681 g F
s V d 571 961 4520426431 o

- ( a 9438943042476059 la oF e r .

451 rB d m 9921 1 1 1 1 1 1 41 1
oe o (

s M e
l t)r
a eur 950000003981 . . . .

eb dss . . . . . . . . . , . , 8375 Mo
t xie 67000000331 75942T idt 4444444444566887 ec t
a Mae

iRmF S(
d

e ed n
s . . . . iot n)

D
icus . . . . . . . . , . , . 8375 Zo or 950000003981
rBe 67000000331 75942

4444444444566887t t

saea .eemn
u rr(
n nA
a U

nG do
ni

e it EEE EEE WWW WNW
m wc NNNNESSSSSSSWNP N

ne N E E S S W W Nu wr
l oi
P DD

e
t
i
n
i
F

e
t
i
s
f
f.
O

m
u
m
i
x
a
M



' 7 [ ' s

.
,

_.

_
.

.

l.0 4. .

9 r .19 o ,

1 f .

n .-.

oy y
ir r/s a C-ar ~u d

. vn n .

u iea
RJ

:o -

B

a .-e
r -

A
id ..e . 4444444444 444544 .

0000000000000000)t
-c - - - - - - - - - - - - - - - -c Re EEEEEEEEEEEEEEEE -

i A s 0027845079773658 1,
r eB/ 26601 96337360497 .

t sGl 457561 839241 2406
.a C , . .s e u 668778854421 171 1 ,

e l (

r e / 4434433444444544 -

0000000000000000 ln R )

.

r - - - - - - - - - - - - - - - -U l y EEEEEEEEEEEEEEEE
.

eG/ 6222384683696756
e v d 8739354761 394405e a 241 6801 8351 45541 -h L r . . . . , .

t m 881 991 66531 91 21 1

d
.

t n .(
.

u )a ioss . . . . , . . . . . . . . . . 7
rur 950000003981. 8375 8

.h Gie 67000000331 75942 /
t dt 4444444444566887 2 .ae 1p R m .e -( - .
D .

,)

d 4444444545555555 9
.

0000000000000000 7)
e m c - - - - - - - - - - - - - - - - / .-u c eRe

1 487S3966271 1554
EEEEEEEEEEEEEEEE 1

n sA s

i 1 aB/ 9030060855467225 a -
eVt 4396523205344528 tt c al

n nm e u 111 1 1 11 81 84221 23 D
f' o o1 R (

1 _/ 44444444445555S5 lC 3f

00000000000000O0 a 2
_

o ) )
d1 t r - - - - - - - - - - - - - - - - c( .

h e- n y EEEEEEEEEEEEEEEE -i
;

7 se eV/ 5573952954852966 g FV d 06751 06448679972 o- aX ( a 9640966030400878 l

F B e r o
.

d m 1 1 221 1 1 1 11 533124 r .

e s o ( o
M e il r ) t -

b o dss . . . . . . . . . . . . . . . . e
.
-

a t eur 950000003981 8375 M
ixie 67000000331 75942T c idt 4444444444566887 e .

a Mae t .
F Rm i

( S
de ed ns t n)

. . , . . . . . . . . . . . i
o .

io cus . .

D ior 950000003281 8375 Z
rBe 67000000331 75942
t t 4444444444566887a sae

m eem
m rr(

.-nAa U
G n -

do
e nt

it EEE EEE WWW WWW .m wc NNNNESSSSSSSWNNNu ne N E E S S W W N
l wr ,

P oi ~
DD .

.

e .

t
.

i .
.

.-n ,-

i -

F -

e i.
.

t
i
s

.f
f

.

.
O .

- m .

-
-

u _

m
.

.

i _x
.

a ._M
.

-

.-

.
-



A

.

OQ
* Ch Lg

Hm o
d H

C
.

Gi i i@ (C yMb O
A

16
e

c ,
e : nemmnnnewwwwwwww
U ~*0000000000000000
U U w' w' w' w' w' w' w' w' w' w' w' w' w' w' w' w'a@d 4 m o c) - o O v m o n r- so w os o so O
4 W to N < 0 - c) to - O (9 v to e so w as ei n r-
p e0- - - 4 N M M in. N. in. m. M * - M. O. O.g o . . .g - - - - - - 0) sot- e n n - N n@ 3 -

W - - .

4 @ N mennMmmmmeweevev
0000000000000000g a a

L e s * e e e e e e e o e s e

U > wwwwwwwwwwwwwwww-

@cN m n e c) r- O N so so t1 N O to co O O
9 > U - m r- n in r- tv c) - M Ln n co n m -

M n o p o e m O O. m. *. c. c. o. m. o.4 @ m
a LM E = ~ - - - - '" '" ** to e n n - n M
V -

M C
g 3 ~

- . - - . - - r'Omm
L 3L cn' in 29 m to - co m r* in m

4 0-@ ,60 ,r-
M M - r- an c) en N

u v- e v v v v v v v in e e m eer- n
*R @g UE@ ew

Q^

c e e e v * w v e * w e ininininin m
0000000000000000 og g a

U i e n e a e a i e e e o e e s e N
U U @u@ wwwwwwwwwwwwwwww -

A eem 05 0 - e e o n n O co O c7 n - co M
or4 ,.4 e 80 % r0 01 O m r9 v t- n r- w n so r1 m in so e

@>- m. o. m.. O. c. o. m. . m O. . . m. e. w.
*y - o . .

- e
A d6 @ 3 NNMMMNN-N--@@Mem O '

0 0 rn a - N .

,

(,) ,q N v v v *r v v v v w e e in in in in e --
0000000000000000 a mO e ~yaw e L s e e s e e e a e o s e e * * e u fa 0 ' C A WWWWWWWWWWWWWWWW *

t1 rs te @ @>N c r- - r- 4 O r* n e r- iD 0 in so *- in m Et,
g gg > V -ONm-wmmO-mvemew 0

v. o. v. c. in O. . O. c. . . p so. n. n. o.- e -

A A @ L . . o
e a nnenMmennn-ceve- L

oe e o -
H 4 E 8

o
a o oem . . . . . . . . . . . . . . . .

s
@

id M @ 3L m m O O O O O O ro ci so - co in r- in
b O Me W @ r* O O O o O O M n - r* in c) e n

-V- vgevvvvvvwomemme @g Z 10 @ W
b EE -

- o
@ D

$t C* *C~
. . . . . . . . -

O
O u3m . .

Q -OL c) in O r9 ci co - co rs 5 m N
L 80 @ (D t- O 19 m - f* so c) w n
- - T e v v v v v 4 w w @ @ 4p to to r-
mC@
@ @ E
L Lw
C<
30 e
VO

@ C-
-- www www 333 333g
30 2ZZZwWmmmmmm3ZZZ

N CW Z w W M M 3 3 Z
H 2 L
k O*

OO
@
U
.e4

.Ce4

N
e
M
.r4
to
u
W

-
M
N
%



Re on l'. 0
~

2January 1994-

Table F-7 (Continued)

Maximum Offsite Finite Plume Gamma Dose Factors Based on 1 cm Depth at the Unrestricted Area Boundary for
Xe-133

Downwind Unrestricted Mixed Mode (Vent) Retesse Ground Level ReleaseDirection Area Bound Radius V VBAR Radius G G8AR
(meters) (meters) (mrad /yr)/(uC1/sec) (meters) (mrad /yr)/(uCt/sec)

N 469. 469. 3.709E-04 3.304E-04 '469. 1.412E-03 1.236& Q3NNE 475. 475. 3.266E-04 2.912E-04 475. 1.427E-03 1.247E-03
NE 400. 400. 4.796E-04 4.27tE-04 400. 1.899E-03 1.658E*O3

ENE 400. 400. 4.020E-04 3.584E-04 400. 1.639E-03 1.433E-03
E 400. 400. 3.836E-04 3.42dE-04 400. l.672E-03 1.463E-03

ESE 400. 400. -3.316E-04 2.976E-04 400. 1.790E-03 1.565E-03
SE 400. 400. 3.485E-04 3.133E-04 400, t.963E-03 1.720E-03

SSE 400. 400. 2.285E-04 2.063E-04 400. 1.183E-03 1.037E-03
5 433. 433. 2.749E-04 2.464E-04 433. 1.099E-03 9.639E-04

SSW 439. 439. 2.337E-04 2.106E 04 439. '9.702E-04 8.527E-04
SW 518. 518. 1.278E-04 1.163E-04 518. 5.633E-04 4.965E-04WSW 671. 671. 7.715E-05 7.065E-05 671. 2.779E-04 2.459E-04W 658. 658. 7.644E-05 6.990E-05' 658. 2.848E-04 2.518E-04

WNW 893. 893. 4.907E-05 4.506E-05 893. 1.820E-04 1.616E-04NW 847. 847. 7.083E-05 6.495E-05 847. 2.647E-04 2.347E-04NNW 725. 725. 1.188E-04 1.086E-04 725. 3.978E-04 3.StBE-04
1

Zion Site Meteorological Data 1/79 - 12/87
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ZION Revision 1.0-
January 1994

Table F-7 (Continued)

Maximum offsite Finite Plume Gan:ma rose Factors Based on 1 cm Depth at the Unrestricted Area Boundary for
Xe-135m

1

f

I

Oownwind Unrestricted Mixed Mode (Vent) Release Ground Level Release
Otractton Area Bound Radius V VBAR Radius G GBAR

(meters) (meters) (mrad /yr)/(uCt/sec) (meters) (mead /yr)/(uCl/sec)
t

N 469. 469. 2.366E-03 2.281E-03 469. 6.852E-03 6.'594k 03
NNE 475. 475. 2.093E-03 2.017E-03 475. 6.600E-03 6.35tE-03

NE 400. 400. 3.146E-03 3.032E-03 400. 9.348E-03 8.994E-03 ;

ENE 400. 400. 2.661E-03 2.565E-03 400. 7.926E-03 7.627E-03 j

E 400. 400. 2.620E-03 2.525E-03 400. 8.209E-03 7.900E-03 J
ESE 400. 400. 2.337E-03 2.253E-03 400. 8.64tE-03 8.315E-03 |

SE 400. 400. 2.463E-03 2.376E-03 400. 9.29tE-03 8.942E-03
SSE 400. 400. 1.680E-03 1.620E-03 400, 5.550E-03 5.342E-03

S 433. 433. 1.896E-03 1.828E-03 433. 5.246E-03 5.049E-03
i

SSW 439. 439. 1.697E-03 1.63?E-03 439. 4.559E-03 4.389E-03
i SW 518. 518. 9.762E-04 9.41'9E-04 518. 2.487E-03 2.394E-03
'

WSW 671. 671. 5.877E-04 5.672E-04 671. 1.323E-03 1.274E-03
W 658. 658. 5.810E-04 5.608E-04 658. 1.274E-03 f.227E-03

WNW 893. 893. 3.547E-04 3.424E-04 893. 7.789E-04 7.504E-04
| NW 847. 847. 5.237E-04 5.C55E-04 847. 1.144E-03 1.102E-03
' NNW 725. 725. B.8tBE-04 8.511E-04 725. f.784E-03 1.718E-03

Zion Site Meteorological Data 1/79 - 12/87

|

|
|
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Table F-7a

Maximum Offsite Finite Plume Gamma Dose Factors Based on 1 cm Depth at the Restricted Area Boundary for-
Kr-83m

Downwind Controlled Mixed Mode (Vent) Release Ground Level Release
Direction Area Bound Radius V VBAR Radius G GBAR

(meters) (meters) (mrad /yr)/(uC1/sec) (meters) (mrad /yr)/(uCl/sec)

N 375. 375. 2.860E-04 2.156E-04 375. 1.289E-03 9.716E-04
NNE 400. 400. 2.305E-04 1.738E-04 400. 1.217E-03 9.175E-04

NE 325. 325. 3.644E-04 2.747E-04 325. 1.728E-03 1.303E-03
ENE 200. 200. 5.895E-04 4.445E-04 200. 2.915E-03 2.198E-03

E 175. 175. 6.653E-04 5.016E-04 175. 3.579E-03 2.698E-03
ESE 175. 175 5.378E-04 4.055E-04 175. 3.838E-03 2.894E-03

SE 175. 175 5.556E-04 4.189E-04 175. 4.177E-03 3,149E-03

SSE 200. 200. 2.908F-04 2;193E-04 200. 2.084E-03 1.572E-03
5 350. 350. 1.986E-04 1.498E-04 350. 9.700E-04.7.314E-04

SSW 375. 375. 1.452E-04 1.095E-04 375. 7.691E-04 5.799E-04
.SW 475. 475. 6.325E-05 4.769E-05 475. 3.867E-04 2.916E-04
WSW 671. 671. 3.032E-05 2.286E-05 671. 1.629E-04 1.228E-04
W 658. 658. 3.056E-05 2.304E-05 658. 1.657E-04 1.249E-04

'

WNW 893. 893. 1.812E-05 1.366E-05 893. 1.OO4E-04 7.567E-05
NW 847, 847. 2.674E-05 2.016E-05 847. 1.483E-04 1.118E-04
NNW 250. 250. 2.155E-04-1.625E-04 250. 1.132E-03 8.533E-04

Zion Site Meteorological Data 1/79 - 12/87

Note: Based on the formulas in Sections B.5 and B.6 of Appendix B.

Approximate distance from midpoint between' gaseous effluent release points.

-
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Table F-7a (Continued)

Maximum Offsite Finite Plume Gamma Dose Factors Based on 1 cm Depth at the Restricted Area Boundary for
F1-85m

Downwind Controlled Mixed Mode (Vent) Release Ground Level Release
Direction Area Bound Radius V VBAR Radius G GBAR

(meters) (meters) (mrad /yr)/(uct/sec) (meters) (mrad /yr)/(uC1/sec)

N 375. 375. 1.618E-03 1.551E-03 375. 3.252E-03 5.013E,,03
NNE 400. 400. 1.352E-03 1.296E-03 400. 4.916E-01 4.692E-03
NE 325. 325. 2.046E-03 1.961E-03 325. 6.839E-03 6.52GE-03

ENE 200. 200. 3.013E-03 2.885E-03 200. 1.070E-02 1.020E-02
E 175. 175. 3.419E-03 3.274E-03 175. 1.294E-02 1.233E-02

ESE 175. 175. 3.026E-03 2.900E-03 175. 1.379E-02 1.314E-02
SE 175. 175. 3.205E-03 3.072E-03 175. 1.535E-02 1.464E-02

SSE 200. 200. 1.B71E-03 1.795E-03 200. 7.910E-03 7.543E-03
5 350. 350. 1.236E-03 1.186E-03 350. 4.081E-03 3.897E-03

SSW 375. 375. 1.033E-03 9.921E-04 375. 3.421E-03 3.269E-03
SW 475. 475. 5.572E-04 5.359E-04 475. 1.838E-03 1.758E-03

W5W 671. 671. 3.185E-04 3.067E-04 671. 8.367E-04 8.OO9E-04
W 658. 658. 3.128E-04 3.011E-04 658. 8.482E-04 8.118E-04

WNW 893. 893. 2.051E-04 1.976E-04 893. 5.554E-04 5.320E-04
NW 847, 847. 2.935E-04 2.827E-04 847. 8.OOBE-04 7.668E-04

NNW 250. 250. 1.600E-03 1.537E-03 250. 4.539E-03 4.332E-03

Zion Site Meteorological Data 1/79 - 12/87
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Table F-7a (Continued)

. Maximum Offsite Finite Plume Gamma Dose Factors Based on 1 cm Depth at the Restricted Area Boundary for Kr-85

Downwind Controlled- Mixed Mode (Vent) Release Ground Level Release
Direction Area Bound Radius V VBAR Radius G GBAR

(meters) (meters) (mrad /yr)/(uCt/sec) (meters) (mrad /yr)/(uC1/sec)

N 375. 375. 1.810E-05 1.750E-OS 375. 5.650E-05 5.463 Elds''
NNE 400. 400. 1.517E-05 1.467E-05 400. 5.302E-05-5.127E-05

NE 325. 325. 2.282E-05 2.207E-05 325. 7.343E-05 7.101E-05
ENE 200. 200. 3.346E-05 3.236E-05 200. 1.145E-04 1.IO7E-04

E 175. 175. 3.796E-05 3.67tE-05 175. 1.383E-04 1.338E-04
ESE 175. 175. 3.398E-05 3.286E-05 175. 1.475E-04 1.426E-04

SE 175. 175. 3.607E-05 3.488E-05 175. -1.644E-04 1.590E-04
SSE 200. 200. 2.120E-05 2.050E-05 200. 8.484E-05 8.204E-05

5 350. 350. 1.384E-05 1.339E-05 350. 4.403E-05 4.258E-05
SSW 375. 375. 1.168E-05 1.129E-05 375. 3.710E-05 3.588E-05
SW 475. 475. 6.434E-06 6.222E-06 475. 2.012E-05 1.945E-05

WSW 671. 671. 3.737E-06 3.614E-06 671. 9.147E-06 8.845E-06
W 658, 658. 3.664E+06 3.543E-06 658. 9.329E-06 9.021E-06

WNW 893. 893. 2.425E-06 2.315E-06 893 6.158E-06 5.955E-06'
NW 847. 847. 3.444E-06 3.330E-06 847. 8.861E-06 8.569E-06

NNW 250. 250. 1.832E-05 1.77tE-05 250. 4.876E-05 4.715E-05

21on Site Meteorological Data 1/79 - 12/87
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Table F-7a (Continued)

Maximum Offsite Finite Plums 3 Gamma Dose Factors Based on 1 cm Depth at the Restricted Area Boundary for Kr-89

Downwind Controlled Mixed Mode (Vent) Release Ground Level Release
Directton Area Bound Radius V VBAR Radius 'G GBAR

(meters) (meters) (mrad /yr)/(uCt/sec) (meters) (mrad /yr)/(uCt/sec)
.

N 375. 375. 1.274E-02 1.238E-02 375. 3.775E-02 3.664E-02
NNE 400. 400. 1.069E-02 1.039E-02 ~400. 3.525E-02 3.422E-02

NE 325. 325. 1.609E-02 1.563E-02 '325. 4.918E-02 4.773E-02
ENE 200. 200. 2.365E-02 2.297E-02 200. 7.712E-02 7.483E-02'

E 175. 175. 2.689E-02 2.612E-02 175 9.360E-02 9.062E-02
ESE 175. 175. 2.435E-02 2.366E-02 175. 9.953E-02 9.657E-02 -f

'
' SE 175. 175. 2.587E-02 2.514E-02 175. 1.107E-Ot 1.074E-01
SSE 200. 200. 1.52BE-02 1.485E-02 200. 5.695E-02 5.526E-02

5 350. 350. 9.800E-03 9.523E-03 350. 2.930E-02 2.844E-02
SSW 375. 3?5. 8.34tE-03 8.tO7E-03 375. 2.457E-02 2.386E-02
SW 475. 475. 4.669E-03 4.539E-03 475. 1.319E-02 1.280E-02

WSW 671. 671, 2.722E-03 2 647E-03 671. 6.046E-03 5.872E-03
W 658. 658. 2.671E-03 2.597E-03 658. 6.106E-03 5.930E-03

WNW 893. 893, t.763E-03 1.715E-03 893. 4.OIBE-03 3.902E-03-
NW 847. 847. 2.507E-03 2.438E-03 847. 5.787E-03 5.620E-03

NNW 250. 250. 1.330E-02 1.293E-02 250, 3.267E-02 3.170E-02

Zion Site Meteorotogical Data 1/79 - 12/87
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Table F-7a (Continued)

Maximum offsite Finite Plume Gamma Dose Factors Based on 1 cm Depth at the Restricted Area Boundary for Kr-90

)

Downwind Controtted Mixed Mode (Vent) Release Ground Level Release
Directton Area Bound Radius V VBAR Radius G GBAR

(meters) (meters) (mrad /yr)/(uCl/sec) (meters) (mrad /yr)/(uCt/sec)

N 375. 375. 1.931E-03 1.873E-03 375. 2.639E-03 2.558E ,Q3 ,
'

NNE 400. 400. 1.546E-03 1.500E-03 400. 1.800E-03't.745E-03
NE 325. 325. 3.920E-03 3.802E-03 325. 5.743E-03 5.567E-03

ENE 200. 200. 9.603E-03 9.312E-03 200. 1.770E-02 1.715E-02
E 175. 175. 1.293E-02 1.254E-02 175. 2.606E-02 2.526E-02

ESE 175. 175. 1.OO9E-02 9.782E-03 175. 2.292E-02 2.222E-02
SE 175. 175. 1.OOtE-02 9.712E-03 175, 2.348E-02 2.276E-02

SSE 200. 200. 5.619E-03 5.450E-03 200. 1.091E-02 1.05BE-02
5

S 350. 350. 2.477E-03 2.402E-03 350. 3.313E-03 3.212E-03
55W 375. 375. l.852f.-03 1.796E-03 375. 2.423E-03 2.349E-03
SW 475. 475. 5.779E-04 5.605E-04 475. 6.536E-04 6.356E-04

WSW 671. 671. 1.729E-04 1.677E-04 671, 1.89tE-04 1.833E-04
W 658. 658. 1.667E-04 1.617E-04 658. 1.789E-04 1.735E-04

WNW 893. 893. 4.046E-05 3.924E-05 893. 3.380E-05 3.277E-05
NW 847. 847. 5.538E-05 5.372E-05 847. 2.908E-05 2.820E-05

NNW 250. 250. 4.099E-03 3.975E-03 250. 5.977E-03 5.793E-03

Zion Site Meteorotogicat Data 1/79 - 12/87
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Table F-7a (Continued)

Maximum Offsite Finite Plume Ganuna Dose Factors Based on 1 cm Depth at the Restricted Area Boundary for
Xe-131m

Downwind Controlled Mixed Mode (Vent) Release Ground Level Release
Direction Area Bound Radius V VBAR Radius G GUAR

(meters) (meters) (mrad /yr)/(uct/sec) (meters) (mrad /yr)/(uC1/sec)

N 375. 375. 2.585E-04 2.Ot9E-04 375. 1.131E-03 8.751E-04 -
NNE 400. 400. 2.102E-04 1.644E-04 400. '1.074E-03 8.308E-04
NE 325. 325. 3.283E-04 2.564E-04 325. 1.507E-03 1.165E-03

ENE 200. 200. 5.219E-04 4.065E-04 200. 2.510E-03 1.938E-03
E 175. 175. 5.878E-04 4.580E-04 175. 3.068E-03 2.368E-03

ESE 175. 175. 4 . 817 E -04 3.763E-04 175. 3.291E-03 2.539E-03
SE 175. 175. 5.OOOE-04 3.909E-04 175. 3.598E-03 2.778E-03

SSE 200. 200. 2.661E-04 2.08BE-04 200. 1.808E-03 1.397E-03
5 350. 350. 1.811E-04 1.419E-04 350. 8.589E-04 6.652E-04

SSW 375. 375. 1.354E-04 1.066E-04 375. 6.908E-04 5.357E-04
SW 475. 475. 6.163E-05 4.894E-05 475. 3.555E-04 2.761E-04

W5W 671. 671. 3.075E-05 2.461E-05 671. 1.499E-04 1.167E-04
W 658, 658. 3.092E-05 2.471E-05 658. 1.546E-04 1.203E-04

WNW 893. 893. 1.899E-05 1.525E-05 893. 9.547E-05 7.446E-05
NW 847. 847. 2.776E-05 2.225E-05 847. 1.405E-04 1.095E-04

NNW 250. 250, 2.021E-04 1.594E-04 250. 9.883E-04 7.646E-04

Zion Site Meteorological Data 1/79 - 12/87
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Table F-7a (Continued)

Maximum Offsite Finite Plume Gamma Dose Factors Based on 1 cm Depth at the Restricted Area Boundary for
Xe-133m

Downwind Controlled Mixed Mode (Vent) Release Ground-Level Release
Direction Area Bound Radius 'V VBAR Radius G GBAR

(meters) (meters) (mrad /yr)/(uC1/sec) (meters) (mrad /yr)/(uCt/sec)
.

N 375. 375. 4.538E-04 3.891E-04 375. 1.767E-03 1. 4 8 2 E -03.>- -
NNE 400. 400. 3.735E-04 3.209E-04 400. 1.671E-03 1.400E-03

NE 325. 325. 5.749E-04 4.927E-04 325. 2.334E-03 1.955E-03
ENE 200. 200. 8.845E-04 7.536E-04 200, 3.802E-03 3.169E-03

E 175. 175. 9.991E-04 8.516E-04 175. 4.629E-03 3.855E-03
F4E 175. 175. 8.457E-04 7.250E-04 175. 4.954E-03 4.124E-03

SE 175 175. 8.856E-04 7.605E-04 175. 5.453E-03 4.545E-03
SSE 200. 200. 4.912E-04 4.248E-04- 200. 2.764E-03 2.309E-03

S 350. 350. 3.3OOE-04 2.848E-04 350, 1.354E-03 1.138E-03
SSW 375. 375. 2.599E-04 2.262E-04 375. 1.107E-03 9.334E-04
SW 475. 475. 1.289E-04 1.137E-04 475. -5.805E-04 4.913E-04

WSW 671. 671. 6.940E-05 6.183E-05 671. 2.520E-04 2.144E-04
W 658. 658. '6.885E-05 6.122E-05 658. 2.586E-04 2.199E-04

WNW 893. 893. 4.398E-05 3.931E-05 893. 12638E-04't.399E-04
NW 847. 847. 6.341E-05 5.658E-05 847. .2.390E-04 2.038E-04
NNW 250. 250. 3.948E-04 3.445E-04 250. 1.537E-03 1.289E-03

Zion. Site Meteorological Osta 1/79 - 12/87
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Table F-7a (Continued)

Maximum Offsite Finite Plume Gamma Dose Factors Based on 1 cm Depth at the Restricted Area Boundary for
Xe-133

Downwind Controlled Mixed Mode (Vent) Release Ground Level Release
Direction Area Bound Radius V VBAR Radius G' GBAR

(meters) (meters) (mrad /yr)/(uC1/sec) (meters) (mrad /yr)/(uC1/sec)

N 375. 375. 4.891E-04 4.343E-04 375. 1.884E-03 1.644E-03-
NNE 400, 400. 4.034E-04 3.588E-04 400. 1.779E-03 1.551E-03
.NE 325. 325. 6.195E-04 5.499E-04 325. 2.478E-03 2.158E-03
ENE 200. 200. 9.409E-04 8.304E-04 200. 3.981E-03 3.449E-03

E 175. 175. 1.063E-03 9.388E-04 175. 4.53.'E-03 4.184E-03
ESE 175. 175. 9.OO7E-04 7.989E-04 175. 5.166E-03 4.469E-03

SE 175. 175. 9.451E-04 8.394E-04 175. 5.711f -03 4.948E-03
SSE 200. 200. 5.285E-04 4.722E-04 200. 2.Si16-03 2.527E-03

5 350. 350. 3.597E-04 3.213E-04 350. 1.451E-03 1.269E-03
SSW 375. 375. 2.854E-04 2.567E-04 375. 1.196E-03 1.049E-03
SW 475. 475. 1.423E-04 1.292E-04 475. 6.328E- 04 5.571E-04

WSW 671. 671. 7.715E-05-7.065E-05 671. 2.779E-04 2.459E-04
W 658. 658. 7.644E-05 6.990E-05 658. 2.848E-04 2.518E-04

WNW 893. 893. 4.907E-05 4.506E-05 893. 1.820E-04 1.616E-04
NW 847. 847. 7.083E-05 6.495E-05 847, 2.647E-04 2.347E-04

NNW 250. '250. 4.276E-04 3.849E-04 250. 1.635E-03 1.425E-03

Zion Site Meteorological Data 1/79 - 12/87

. .

_ _ . _ _ _ _ _ . _ _ - - _ _ _ _ _ . _ _ _ _ _ _ . _ --___- _ _ *T



. :, j L t ,

_
_

. . .m

,-- m
m

O4 ~

9 -

19 -
1 r

n . o -, ,
e

Oy f
-

. l r -

+
. ~ a y

-
e

u r -

- n a .

a d -

RJ n +m
.
a

u +

.

-

o
.

B
.
w
.-

a e

e -

w

r -

e.
-A -

v-
3322222233333433

-

O000000000000000
i

d ) ,

e c s - - - - - - - - - - - - - - -
.-.Re EEEEEEEEEEEEEEEE

A s 5825471 8O624742t
-

t
c eB/ 88938279t 3720061

i sGl 901 9357385722519
r a C

2221 6521 71 7e u 881 1 1

t l ( .

-s e / 3322222233333433 e.

e

0000000000000000 -e R ) *

R r - - - - - - - - - - - - - - - -
l y EEEEEEEEEEEEEEEE -

eG/ 8792991 371 734945
e v d 3031 728573327847

, h e. a 342046840783271 2,
u

.
-

t L r . . . . . .

m 981 22221 7521 4 71 8 r
-

w

d ( -

t n
u

a u )
oss . . . . . . . . . . . . . . . . 7
rur 505055500551 8370 8 -eh Gie 7020777057775945 / .

t dt 34321 1 1 233466882 2 m

1p ae e.

Rme ( - .

D
.

)

d 3333333333344443 9
0000000000000000 7e m )

c - * - - - - - - - - - - - - - - /
.-u c eRe EEEEEEEEEEEEEEEE 1 s

n sA s 46683281 57228452 ,

i 1 aB/ 201 3358289570256 a
-

t eVl 0599803739066401 t *

l C . an n m e u 3235666321 55353 D +1

o o R (
-

-
a

5
N. C / 3333333333344443 9l

3 ) ) 0000000000000000 ad*
- - - - - - - - - - - - - - - c 3(

t 1 t r E E E'EEEEEEEEEEEEE i -e n y +

Z a s- eV/ 8034308051 070778 g F
-e7 a V d 3066982677971 437 o -
-

X 601 026840088522 l( a 1 e- B e r . o +
-

-F d m 3246766322155353 r t

os o (

e r M e -,

e
) t

l o dss . . . . . . . . . . . . . . . . e
b t eur 505055500551 8370 M
a c xie 7020777057775945 ,

T a idt 34321 1 1233466882 e e

Mae t wF Rm w
i

S ~(

e
s dd n

oen)o us . . . . . . . . . . . . . . i -

l
. wD l or 505055500551 837C Z e

oBe 7020777057775945 m
r t 34321 11 233466882a t ae

s

-
.

m nem
-

m
.

m or( -.

a CA
-

~G n =

do
e ni

it EEE EEE WWW WWWm wc NNNNESSS55S5WNNN u

u ne N - _E E S 5 .W W N
e.

-

-

l wr
P oi -

wDD -

e -

=-t u

i w

n v

i
-

w

F ,

.
*

e e

t e.s

i -

s e,

f
f

a

O =

w

-

- m
- -

u
-

m
i
x
a

w

M -

.

e

.-
-

.

-

w

*
! l



.

06
9

19
1 r

n o .

oy f
ir
sa y 9i u r
vn a
ea d
RJ n

u
o
B

a
e
r
A

'J332222233333433d U000000000000000)e c - - - - - - - - - - - - - - - -
t Re EEEEEEEEEEEEEEEE
c A s 951 9t 80758475379

935445O30880749i eB/ 5

sGt 7273679O.24301. 207r i c . . . .

t o 6681 5421 1 71 51 1 1 1

s -

3332222233333433e 0000000000000000R - - - - - - - - - - - - - - - -
l ) EEEEEEEEEEEEEEEE

e eG/ 24891 22447964049
v d 624001 242662438Oh
L r . 50.O.e a 950478004541 1

t
11 21 5421 1 71 6m 6691

t d (
na u )

505
. . . . . . . . . 7oss . . . .

4500551. 8370 8
.

h rur 702N ' 057775945 /t Gie
dt 343 233466882 2p ae 1

e Rm
D -) (

d 3333333333444443 9e m 0000000000000000 7)

u c c - - - - - - - - - - - - - - - - /

n eRe EEEEEEEEEEEEEEEE 1

i 1 sA s 39637530t 2343768
aB/ 05591 264t 5535309 e

t eV1 768491 463321 790 t1

n n l C . .

O
a

o o5 e u 21 2343421 1 744232
R ( 0N C 3

40/ 3333333333444443 l

d1O 0000000000000000 a( ) )
I e- t r - - - - - - - - - - - - - - - - c -

Z a se n y EEEEEEEEEEEEEEEE i FeV/ 7t Ot 349679796001 g
7 aX V d 72S i 760269079347 o

- B ( a 1 8 s03563632801 l

oF e r . .

4421 1 744242 r
. . .

s d m 21 oo (e r M e
l o

. . , . e
) t

b t dss . . . . . . . . . . . . 8370 Ma c eur 505055500551
xie 7020777057775945T a idt 34321 233466882 i1 1

F Mae t

R m i

S(e
s dd n

oo en)
. . , . . . . . . . . . , . . .

Z
us i

_D t

t or 505055500551 8370
oBe 7020777057775945

a r t 34321 1 1 233466882
m t ae
m nem

or(a CAG
n

e do
nim

u
i t EEE EEE WWW WWW .wc NNNNESSS5SSSWNNN

l ne N E E S S W W N
P wr

oi
ODe

t
i -n
i
F

.

e
t
i
s
f
f
o

0m
u
m
i
x
a
M

_



'

--
.:- ,

D i Rehs on 'l;0:
January-1994

Table F-7a (Continued)

Maximum Offsite Finite Plume Gamma Dose Factors Based on 1 cm Depth at the Restricted' Area' Boundary for
Xe-137 t

t

:

Downwind Controlled Mixed Mode (Vent) Release Ground Level Release

Olrection Area Bound Radius V VBAR Radius G GBAR
(meters) (meters) (mrad /yr)/(uCt/sec) (meters) (mrad /yr)/(uC1/sec)

'

N 375. 375. 1.078E-03 1.043E-03 375. 2.808E-03 24717E-03.~
NNE 400. 400. 8.696E-04 8.416E-04 400. 2.342E -03 2.26 tie-03

NE 325. 325. 1.477E-03 1.429E-03 325. 3.895E-03 3.768E-03
ENE 200. 200. 2.423E-03 2.344E-03 200. 7.OO6E-03 6.778E-03

E 175. 175. 2.870E-03 2.777E-03 175. 8.924E-03 8.634E-03
ESE 175. 175. 2.496E-03 2.416E-03 175. 9.281E-03 8.979E-03

SE 175. 175. 2.609E-03 2.525E-03 175. 9.922E-03 9.600E-03

SSE 200. 200. 1.505E-03 1.456E-03 200. 4.851E-03 4.693E-03
S 350. 350. 9.127E-04 8.832E-04 350. 2.154E-03 2.084E-03

'

"
..

SSW 375. 375. 7.572E-04 7.328E-04 375. 1.712E-03 1.657E-03

SW 475. 475. 3.659E-04 3.54tE-04 475. 7.510E-04 7.266E-04

W5W 671. 671. l.729E-04 1.673E-04 671. 3 .149 E -04 3.047E-04
W 658, 658. 1.710E-04 1.655E-04- 658. 2.974E-04 2.878E-04 i

WNW 893, 893. 8.763E-05 8'480E-05 893. 1.447E-04 1.400E-04.

NW 847, e47, 1.343E-04 1.3OOE-04 847. 2.191E-04 2.120E-04
NNW' 250. 250. 1.252E-03 1.211E-03 250. 2.763E-03 2.673E-03

Zion Site 64eteorological Data t/79 - 12/87

F-41.
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Table F-7a (Continued)

Maximum Offsite Finite Plume Gamma Dose Factors Based on 1 cm Depth at the Restricted Area Boundary for Ar-41

3

3

Downwind Controlled Mixed Mode (Vent) Release G.*ound Level Release

Directton Area Bound Radius V VBAR Radius G G8AR.
(meters) (meters) (mrad /yr)/(uC1/sec) (meters) (mrad /yr)/(uCi/sec)

~

N 375. .375. B.235E-03 7.972E-03 375. 2.489E-02 2.409E-02...-
NME 400. 400. 6.898E-03 6.677E-03 400. 2.319E-02 2.245E-02

NE 325. 325. 1.042E-02 1.OO9E-02 325. 3.247E-02 3.143E-02
ENE 200. 200. 1.536E-02 1.487E-02 200 5.103E-02 4.940E-02

E- 175. 175. 1.747E-02 1.691E-02 175. 6.188E-02 5.990E-02
ESE 175. 175. 1.573E-02 1.522E-02 175. 6.592E-02 6.381E-02'

SE 175. 175. 1.669E-02 1.616E-02 175 7.324E-02 7.090E-02
SSE 200. 200. 9.826E-03 9.511E-03 200. 3.763E-02 3.643E-02

S 350. 350. 6.335E-03 6.133E-03 350. 1.927E-02 1.866E-02
SSW 375. 375. 5.365E-03 5.193E-03 375. 1.6ttE-02 1.559E-02

SW 475. 475. 2.968E-03 2.873E-03 475. .8.584E-03 8.309E-03
NSW 671. 671. 1.713E-03 1.658E-03 671. 3.940E-03 3.814E-03
W 658. 658. 1.682E-03 1.628E-03 658. 3.961E-03 3.834E-03

4TN 893. 893. 1.103E-03 1.068E-03 893. 2.59tE-03 2.508E-03
Nw 847. 847. 1.576E-03 1.525E-03 847, 3.736E-03 3.617E-03

NNW 250. 250. 8.510E-03 8.23BE-03 250. 2.156E*02 2.087E-02

Zion Site Meteorological Data 1/79 - 12/87
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ZION Revision 1.0
January 1994

Supplemental Table A

Mixed Mode Joint Frequency Distribution Table Summaries

250 Foot Elevation Data
Summary Table of Percent by Directfen and C1sss

Class N NNE NE ENE E ESE SE SSE 5 SSW SW WSW W WNW NW NNW Total

4 .267 .504 .349 .248 .243 .315 .542 409 .247 .214 .335 .440 .648 .737 .705 .400 6.604
B .068 .110 .085 .O55 .079 .069 .118 .117 .067 .050 .090 .105 .143 .138 .143 .152 1.590
C .104 .162 .121 .059 .098 .087 .142 .139 .071 .065 .104 .132 .139 .141 .183 .146 f.892
0 .745 .992 .685 498 .544 .536 .741 .887 .552 .603 .978 .933 1.115 1.136 1.361 1.003 13.309
E 1.512 1.507 1.234 1.161 1.021 .924 * .376 1.887 1.597 1.672 2.358 2.073 2.051 2.097 2.238 1.620. 26.327
F .729 .603 .521 .386 409 .410 .568 .923 1.196 1.133 1.354 .977 .897 .875" .858 .644 12.483
G 499 412 .352 .283 .246 .247 .362 .700 1.366 1.480 1.008 .612 421 428 463 .388 9.265

Total 3.924 4.292 3.346 2.689 2.640 2.588 3.848 5.062 5.097 5.217 6.227 5.272 5.414 5.552 5.950 4.353 71.471

Summary Table of Percent by Direction and Speed

Speed N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

.45 .003 .000 .005 .013 .009 .006 .000 .010 .014 .002 .000 .003 .000 .001 .001 .005 .074

1.05 .023 .022 .026 .043 .027 .036 .030 .035 .026 .023 .027 .027 .027 .030 .026 .031 .459
2.05 .194 .172 .200 .239 .270 .267 .262 .260 .224 .187 .189 .158 .159 .217 .213 .180 3.391
3.05 .320 .372 .529 .560 .576 .515 .586 .601 .414 .362 .393 .318 .343 433 .572 .344 7.238
4.05 478 .599 .629 .522 .514 .473 .722 .842 .562 .590 .595 .548 .546 .716 .831 .595 9.764
5.05 .649 .720 .650 .456 .374 .392 .753 .898 .886 .895 .937 .813 .809 1.029 1.145 .851 12.256
6.05 .656 .713 .484 .296 .247 .262 .528 .807 .976 .968 1.115 .993 .872 1.215 1.362 .971 12.467

8.05 1.106 1.257 .615 .372 .422 .47S .722 1.237 1.609 1.749 2.243 1.856 1.990 1.651 1.628 1.180 20.116
10.05 .458 .407 .191 .171 .182 .146 .229 .348 .365 412 .677 .522 .630 .249 .164 .187 5.338
13.05 .037 .029 .016 .017 .020 .012 .017 .023 .022 .029 .048 .034 .037 .011 .007 .010 .369
18.00 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 000 .000 .000 .000 .000 .000
99.00 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000

Total 3.924 4.292 3.346 2.689 2.640 2.588 3.848 5.062 5.097 5.217 6.227 5.272 5.414 5.552 5.950 4.353 71.471

NOTE: Wind directions in tables are presented in * wind from" and not ' wind to" direction.

In. order to determine the final mixed mode values, 71.471% of the elevated value (presented in
the 250 FT Mixed Mode table) and 28.529% of the ground level value (presented in the 30 FT Mixed
Mode table) are used to calculate the final values.

F-44
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Supplemental Table B

Ground Level Joint Frequency Distribution Table Summaries

Summary Table of Percent by 01rection and Class

Class N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

A .573 .881 .500 .366 .343 440 .582 .503 .397 .324 .509 .640 .941 .989 .950 .666 9.605
B .175 .211 131 .089 .087 .086 .113 .157 .1J1 .058 .139 .176 .219 .17' .215 .206 2.363
C .213 .281 .165 .113 .103 .120 152 .17i .115 .089 .168 .207 .235 . tr / .250 .209 2.771
O 1.488 1.629 1.012 .801 .756 .681 .797 .971 1.036 .783 1.610 1.454 1.820 1.'/8 1.967 1.433 19.716
E 2.801 2.521 1.683 1.537 1.317 1.065 1.255 2.107 2.835 2.531 3.911 3.300 3.293 2.756 3.239 1.907 38.058
F 1.155 .710 .463 .384 .389 .313 .509 .692 1.908 1.815 1.987 1.547 1.385 1.331 1.143 .707 16.439
G .472 .253 .176 .132 .127 .192 .258 .353 1.603 1.642 1.448 .987 1.028 1.192 .770 .416 11.049

Total 6.877 C.486 4.130 3.421 3.122 2.898 3.667 4.954 8.025 7.241 9.772 8.311 8.921 8.097 8.534 5.543 100.000

Summary Table of Percent by 01rectton and Speed

Speed N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

.45 .048 .065 .058 .009 .022 .012 .018 .037 .027 .042 .027 .052 .042 .043 .075 .054 .631

1.05 .206 .168 .156 .118 .121 .118 .135 .134 .216 .238 .271 .197 .233 .264 .350 .234 3.158
2.05 .903 .674 .518 .467 .458 .558 .636 .534 1.254 1.834 1.675 1.396 1.326 1.837 2.043 .990 17.102
3.05 1.089 1.031 .861 .743 .683 .806 1.309 1.075 2.628 f.993 1.781 1.670 1.944 2.223 2.304 1.333 23.474
4.05 1.054 1.309 .883 .554 .456 .478 .846 1.269 2.134 1.088 1.655 1.639 t.715 1.534 1.873 1.234 13.724
5.05 .931 1.129 .586 .345 .338 .230 .369 .797 1.005 .755 1.450 1.328 1.404 1.079 1.079 .836 13 661
6.05 .906 .841 409 .273 .279 .231 .161 .477 418 .573 t.176 .894 1.007 .550 .537 468 9.201
8.05 1.119 .779 .354 415 .393 .283 .158 .482 .265 .575 1.338 .845 .936 489 .253 .338 9.022

i 10.05 .4ti <312 .213 .366 .246 .127 .032 .123 .063 129 .318 .208 .219 .062 .019 .046 2.896
13.05 .177 .154 .087 .118 .102 .050 .003 .026 .015 .014 .075 .078 .085 .014 .000 .009 1.008
18.00 .032 .023 .004 .013 .024 .003 .000 .000- .000 .001 .005 .003 .012 .003 .000 .000 .122

;

99.00 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000

Total 6.877 6.486 4.130 3.421 3.122 2.898 3.667 4.954 8.025 7.241 9.772 8.311 8.921 8.097 8.534 5.543 100.000

NOTE: Wind directions in tables are presented in ". wind from* and not "wf.nd to" direction.
|
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Supplemental Table B -continued

Ground Level Joint Frequency Distribution Table Summaries

Summary Table of Percent by Speed and Class

Class A B C D E F G
5 peed

45 .006 .004 .005: -040 .l72 .154- .249.

1.05 .036 .013 .024 .121 .797 ~.823 1.344 - '~

2.05 464 .141 .194 1.591 4.805 4.405 5.502
-3.05 1.606 433 .507 3.810 8 847 5.409 2.862-
4.05 2.520 .563 .613- 4.211 8.107 2.995 .715
5.05 1.909 419 .505 3.384 5.795 't.394 .251
6.05 1.211 .306 .368 2.527 4.023 .681 .085
8.05 1.281 .342 .381 2.766- 3.745 478 .030
10.05 410 .099 .104 .877 1.317 .078 .010
13.05 .147 .039- .054 .348. 400- .019 .001
-18.00 .014 .004 .012 .042 .049 : .001 .000
99.00- '.000 .000 .000 .000' .000 .000 .000
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