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Subject: Semi-Annual Radiological Effluent Re). ease Report
I

The Semi-Annual Effluent Release Report for Fermi 2 is attached. This
report is being transmitted in compliance with Reference 2 and
Regulatory Guide 1.21, Revision 1. The attached report covers the
period from July 1 through December 31, 1990. In addition, a

entrection of a typographical error on page 14 of the February 1989
Semi-Annual Effluent Release Report is provided for the record.

During this reporting period there were no instances of unmonitored or
unplanned radioactive releases from the site.

j

' Please direct any questions or requests for additional information to
Joseph Pendergast, Compliance Engineer, at (313) 586-1682.

Sincerely,

NY/

cc: A. B. Davis
| R. W. DeFayette

W. G. Rogers
J. F. Stang
Region III
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PREFACE I

The Fermi 2 Nuclear Power Plant ntaintains a comprehensive program of monitoring and
controlling the release of radioacthis material from tt a site. The releases covered in this
report are of three types: liquid relesses, gaseous %ases, and radioactive waste
shipments.

In a liquid release, a tank containing radioactive water is sampled prior to dischar00.
Based on the analysis of thia sample, both the amount of radioactivity in the tank and the
potential radiation dose to a member of the public are determined, and these figures are
compared to federal limits. In calculating the radiation dose, very conservative

I

assumptions are used. For example, it is assumed that an individual eats 46 pounds of
fish per year from Lake Erie directly offshore of the Fermi 2 plant. The tank may be
released only after it is determined that no federal limits are exceeded. As it is released,
the contents of the tank are diluted by clean water in a ratio of about 400 gallons of
clean water to one gallon of tank water, and the release is continuously monitored by
radiation detectors. Fermi 2 is actively trying to eliminate all liquid releases, and none
occurred the seconci half of 1990.

Gaseous releases occur at Fermi 2 in conjunction with building ventilation systems.
There are six ventilation system release points, or " stacks *, each of which is monitored by
a sophisticated radiation monitor which continuously extracts a sample from tlie stack
effluent. Since any gaseous radioactive material is diluted by building ventilation, the
stack concentrations are small. In fact, radioactive material th not detected in most stack
samples. Of course, all sample results are compared with federal limits to ensure
compliance. if the amount of radioactivity in the effluent of any stack would get close to
a federal limit, an alarm would be received in the Fermi 2 control room so that operators
can evaluate the situation, order increased sampling, shut down building ventilation, or
divert the effluent stream to a special standby treatment system so that federal limits are
not exceeded.

Radioactive shipments of solid waste from the Fermi 2 site consist of waste generated in
the process of cleaning plant water, radioactive trash, and irradiated components. Federal
regulations and limits governing these shipments are extensive, and Fermi 2 also
complies with internal, sometimes more restrictive, procedures. Shipment destinations
are either licensed burial sites or intermediate processing facilities.

This report also contains data on potential radiation doses due to ilquid and gaseous
releases. These doses are calculated according to methods approved by the Nuclear
Regulatory Commission, and many conservative assumptions are used in the calculations.
As mentioned above, in calculatinD dose due to liquid releases it is assumed that an
individual consumes 46 pounds of fish per year caught just offshore of Fermi 2. To
calculate a maximum dose due to gaseous releases,it is assumed that a hypothetical
infant drinks 87 gallons per year of milk from a milk animal which is fed exclusively from
feed grown at the same location at which the infant lives. Most dose calculations
assume that the individual receiving dose spends the entire year at a given location, and
that he is nnt protected by shelters such as houses. Because of assumptions such as
these, it is likely that the radiation doses listed in this report are overestimates of the

,

|
doses actually received. Even so, no calculated dose exceeds 1% of any federal limit.

!
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1. INTRODUCTION

The Detroit Edison Fermi 2 Nuclear Power Plant is designed and operated to strictly
control and monitor the release of radioactive effluents to the environment in
accordance with Nuclear Regulatory Commission (NRC) and Detroit Edison Company
requirements. This Semiannual Radioactive Effluent Release Report is submitted in
accordance with Fermi 2 Technical Specification 6 0.1.8 and NRC Regulatory Guide
1.21 This report provides the following information required by those references.

1. Summation of the quantities of radioactive material (in the form c; qases and
liquids) relf ased from the olant and analysis of the radiolooical impact of these
releases

2. Summation of quantities of radioactive material coritained in solid waste
packaged and shipped for off-site dispoaal

3 Changes to the Process Control Program (PCP)

4. Changes to the Offsite Dose Calcuiation Manual (ODCM)

This report covers the period of July 1 through December 31,1990.

During 1990, the total gaseous and liquid radioactive effluent releases and resulting
dose to the public were maintained A. Low As Reasonably Achievable (ALARA). A
summary of the dose due to radioactive effluents its comparison to NRC limits is
shown below:

NRC DOSE LIMITS FERMI 2 ESTIMATED PERCENT OF

| (10CFR50 APPENDIX l) DOSE IN 1990 ALLOWADLE LIMITS

A. GASEOUS EFFLUENTS

Noble Gas Dose to Air (Site Boundary)

<10 mrad / year gamma 4.58 E-2 mrad 0,46 %

<20 mrad / year beta 2,76 E-2 mrad 0.14 %

l-131,1-133. Tritium, and Particulates with half lives > 8 days

$15 mrem / year to any organ 5.69 E-2 mrem 0.38%

B. LIQUlO EFFLUENTS

53 mrem / year to total body 5.13 E-3 mrem 0 17 %

$10 mrem / year to any organ 1.11 E-2 mrom 0.11 %

Section 11 of this report presents data supporting this summary.

. . . .

_ _ _ _ _ - _ _ _ _ _ _ - _ _ _ -
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2. REGULATORY LIM;TS
,

The Nuclear Regulatory Commission limits on Uquid and gaseous effluents are
,

incorporated in the Fermi 2 Technical Specifications. These limits prescribe the'

maximum quantities and rates of release for radioactivo effluents resulting from
normal operdtion of Fermi 2 The limits are defined in several ways to limit the
overall imaact on persons living near the plant. The limits are described below:

A. Gaseous Effluents

1. Dose rate due to radioactive materials released in gaseous effluents from the
site to areas at and beyond the site boundary shall be limited to the following:

a. Noble gases
,

I

Less than or equal to 500 mrom/ year to the tota' body
Less thm or equal to 3000 mrem /yoar to the skir

1

b. lodine 131,133, tritium, and for all radionuclides in particulate form with
half liver, greater than 8 days

|

|
Less than or equal to 1500 mrom/ year to any organ.

l
2. Air dose due to noble gases released in gaseous effluents from the reactor toi

areas at and beyond the site bc 'ndary shall be limited to the following:
!

| a Less than or equal to 5 mrads for gamma radiation
| Less than or equal to 10 mrads for beta radiation

-During any caleadat quarter

b. Less than or equal to 10 mrads for gamma radiation
Less than or equal to 20 mrads for beta radiation
-During any calendar year

3 Dose to a member of the public from lodine-131,133, tntium, and all
.

radionuclides in particulate form with half lives grecter than 8 days in gaseousI

|
effluents releised from the reactor to areas at and beyond the site boundary

|
shall be limited to the following:

a. Less than or equal to 7.5 mrems to any organ
;
' -During any calendar quarter

l b. Less than or equal to 15 mroms to any organ
-Durin0 any calendar year
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1

B Liquid Effluents

1. The concentration of radioactive material released in liquid effluents to

unrestricted areas shall be limited to the concentrations specified in Title 10 of
the Code of Federal Regulations Part 20 (Standards for Protection Against
Radiation), Appendix B, Table 11 Column 2 for radionuclides other than
dissolved or entrained noble gases. For dissolved or entrained noble gases,
the concentration shall be limited to 2E-4 ( 0002) microcuries/mi total activity. j

l

2. The dose or dose commitment to a member of the public from radioactive
materials in liquid effluents released from the reactor to unrestricted areas
shall be limited to: |

|

a. Less than or equal to 1.5 mrem to the total body )
Less than or equal to 5 mrem to any organ 1

-During any calender quarter

b. Less than or equal to 3 mrem to the total body
Less than or equal to 1C mre n to any organ
-During any calender year j

l
3, MAXIMUM PERMISSIBLE CONCENTRATION (MPC) |

i
Fermi 2 Technical Specifications implement the MPC requirements of 10 CFR 20 and
NRC Regulatory Guide 1.21 by means of the following dose rate limits: '

A. Gases
i

The dose rate due to gaseous effluents is calculated in accordance with the Fermi 2
]Offsite Dose Calculation Manual (ODCM). The maximum permissible dose rates for |

'

gaseous releases are defined in Fermi 2 Technical Specifications:

Technical Specification 3.11.2.1.a (Dose rate at the site boundary from noble
gases):

,

-Less than or equal to 500 mrem / year to the total body

-Less than or equal to 3000 mrem / year to the skin

Technical Specification 3.11.2.1.b (Dose rate at the site boundary from I-131,
1-133, and particulates with half lives greater than 8 days)-

1

-Less than or equal to i300 mrom/ year to any organ

B. Liquids

Allowable liquid release rates are calculated in accordance with the Fermi 2 Offsite
Dose Calculation Manual (ODCM). The maximum permissible concentration (MPC) for
liquids used for these calculations are taken from 10 CFR 20. Appeadix B. Table ll.
Column 2. The most restrictive MPC is used in all cases. For dissolved and entrained
gases the MPC of 2E-4 microcurier/ml is applied. This MPC is based on the Xe-135
MPC in air (submersion dose) converted to are equivalent concentration in water as
discussed in the Internat:onal Commission on Radiological Protection (ICRP)
Publication 2. l

l

1
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4. AVERAGE ENERGY
|

The calculated site boundary dose rates for Fermi 2 are based on identification of
individual isotopes and on use of doss factors specific to each identified isotope or a
highly conservative dose f actor. Average energy values are not used in these

! calculations, and therefore need not be reported,

| 5. MEASUREMENTS AND APPROXIMATIONS OF TOTAL ACTIVITY

As required by NRC Regulatory Guide 1.21, this section describes the methods used
| to measure the total radioactivity in effluent releases and to estimate the overall
| errors associated with these measurements- The effluent monitoring systems are

| described in Chapter 11.4 of the Fermi 2 Updated Final Safety Analysis Report
| (UFS AR).

A. Gaseous Effluents

1. Fission and Activation Gases

| Samples are obtained from each of the seven plant radiation monitors whica
continuously monitor the six ventilation exhaust points and from the Offgas
Vent Pipe which carries the gland seal condenser exhaust mechanical vacuum
pump exhaust, and treated offgas streams. The fission and activation gases
are quantified by gamma spectroscopy analysis of periodic samples. The
following are typical fission and activation gases that are quantified for dose
c3lculations:

|

Krypton (Kr)-85m Xenon (Xe)-133 Xenon (Xe)-135
Xenon (Xe)-135m Xenon (Xe)-137 Xenon (Xe)-138
Argon (Ar)-41

The values reporteri in Section 9 are the sums of all fission and activation
gases quantified at all monitored release points.

| Considering the inherent variability in radiation measurement, the variability in
effluent stream composition, and the uncertatnties in effluent flow rate and
instrument calibration Detrott Edison estimates that the uncertainty of the

fission and activation gas total release figures is less than plus or minus 8
percent.

2. Radiciodines

Samples are obtained from each of the seven plant radiation monitors, which
continuously monitor the six ventilation exhaust points. The radioiodines are
entrained on charcoal and then quantified by gamma spectroscopy analysis.
For each sample the duration of sampling and continuous flow rate through
the charcoal are used in determining the concentration of radiciodines. From
the flow rate of the ventilation system a rate of release can be determined
The radioiodines usually quantified for dose calculations are the following.

lodine (I)-131 lodine (1)- m
lodine (I)-133 lomne (1)-135
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The values reported in Section 9 are the sums of all radioiodines quantified at
all continuously monitored release points.

'

Considering the inherent variability in radiation measurements, tae variability in
effluent stream composition, and the uncertainty in sample and effluent flow
rates, Detroit Edison estimates that the uncertainty of the total radiciodine
release figures is less than plus or minus 5 percent.

3. Particulates

Samples are obtained from cach of the seven plant effluent radiation monitors,
which continuously monitor the six ventilation exhaust points. The particulates
are collected on a filter and then quantified by gamma spectroscopy analysis.
For each sample the duration of sampling and continuous flow rate through
the filter are used in determining the concentration of particulates. From the
flow rate of the ventilation system a rate of release can be determined.
Radioactive activation and fission products that are typically found include the

'following:

Manganese (Mn)-54 Iron (Fe)-59 Cobalt (Co)-58
Cobalt (Co)-60 Zinc (Zn)-65 Chromium (Cr)-51
Barium (Ba)-139 Barium (Ba)-140 Lanthanum (La)-140
Yttrium (Y)-91m Strontium (Sr)-91 Rubidium (Rb)-89
Cesium (Cs)-138 Technetium (Tc)-99m

A composite of the filters from each ventilation release point are analyzed
monthly for gross alpha radioactivity using gas proportional counting
methods. Quarterly the filters are radiochemically separated and analyzed for
Strontium (Sr)-89/90 using various analytical methods. If found these
radionuclides are reported as total particulate activity.

The values reported in Section 9 are the sums of all particulates quantified at
all monitored release points.

Considering the inherent variability in radiation measurements, the variability in
effluent stream composition, and the uncertainties in instrument calibration
and in sample and effluent flow rates, Detroit Edison estimates that the the
uncertainty of the total particulate release figures is less than plus or minus 3
percent.

|

1

|

l

|

l
'

I

i

__ _

,



_ _ _ _ _ _ _ _____ _ _ _ - _ _ _ - _ - - _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

"Effluent Release Report
February 1991
Page 6

4. Tritium

Samples are obtained for each of the seven plant effluent radiation monitors
which continuously monitor the six ventilation exhaust points. The sample is
passed through a bottle containing water and the tritium is " washed' out to
the collecting water. Portions of the collecting water are analyzed for tritium
using liquid scintillation counting techniques. For each sample, the duration of
sample and sample flow rate are used to determine the concentration. From
the flow rate of the ventilation system a release rate can be determined

The values reported in Section 9 are the sums of all tritium quantified at all
monitored release points.

Considering the inherent variabihty in radiation measurement, the variability in
effluent stream composition, and the uncertainties in instrument calibration,
sample and effluent flow rates, and collection efficiency. Detroit Edison
estimates that the uncertainty of total gaseous tritium release figures is less
than plus or minus 34 percent.

5. Gross Alpha

The geseous particulate filters from the seven plant effluent radiation monitors
are stored for one week to allow for decay of naturally occurring alpha
emitters. These filters are then analyzed for gross alpha radioactivity by gas
proportional counting, and any such radioactivity found is assamed to be plant
related. The quantity of alpha emitters released can then be determined from
sample flow rate, sample duration, and stack flow rate.

The values reported in Section 9 are the sums of all alpha emitters quantified
at all monitored release points.

Considering the inherent variability in radiation measurements. the variability in
effluent stream composition, and the uncertainties in instrument calibration
and in sample and effluent flow rates. Detroit Edison estimates that the
uncertainty of the total gaseous gross alpha release figures is less than plus
or minus 10 percent.

B. Liquid Effluents

The liquid radwaste processing system and the liquid effluent monitoring
system are described in the Fermi-2 UFSAR.

1. Fission and activation products

Before the contents of each holding tank is discharged to the environment, a
representative sample of the tank's contents is taken and retained The
sample allows for the determination of radioactive material concentrations and
establishes the rate at which the radioactive material can be discharged to the

environment. Radioactive activation and fission products that are typically
found include the following:

- _ - _ _ _ _ _ _ _ _ _ _ . _ _ . _ . _ _ _
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Manganese (Mn)-54 Iron (Fe)-59 Chromium (Cr)-51
Cobalt (Co)-58 Cobalt (Co)-60 Silver (Ag)-110m
Zinc (Zn)-65 Barium (Ba)-131 Technetium (Tc)-99m

At the end of the calendar quarter a composite sample is made of all
discharge samples taken during the quarter. This composite sample consists
of portions of each discharge sample which are proportional to the volumes
discharged. The composite sample is analyzed for Iron (Fe)-55 and Strontium
(Sr)-89/90. Rattiochemical separations and various analytical methods are
used to quantify the amounts of Sr-89/90 and Fe-55.

The values reported in Section 8 are the sums of all fission and activation
products found in all batch releases.

Considering the inherent variability in radiation measurement and the
uncertainties in volume measurements and instrument calibration. Detroit
Edison estimates that the uncertainty in total liquid fission and activation
product release figures is less than plus or minus 5 percent.

2. Tritium

Before the contents of each holding tank is discharged to the environment, a
representative sample of the tank contents is taken and retained. At the end
of the calendar month a composite sample is made of all discharge samples
taken during the month. This composite sample consists of portions of each
discharge sample which are procedonal to the volumes discharged. The
composite sample is analyzed for tritiun; by liquid scintillation counting

The values reported in Section 8 are the >ums of all tritium quantified from all
batch releases.

Considering the inherent variability in radiation measurement and the
uncertainties in volume measurement and inctrument calibration. Detroit
Edison estimates the uncertainty in total tritium release figures is less than
plus or minus 15 percent.

3. Dissolved and Er% rained Gases

rior to releasing liquid radioactive waste to the environment a sample is
taken from the radwaste holding tank. This sample is representative of the
tank's contents. The sample is examined using gamma spectroscopy to
determine the dissolved and entrained noble gases. The following radiogases
are typical of those which may be found:

Xenon (Xe)-133 Xenon (Xe)-135

The values reported in Section 8 are the sums of all radiogases found for all
batch releases.

- - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ -
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Considering the inherent variability in radiation measurement and the
uncertainties in instrument calibration and volume measurements. Detroit
Edison estimates that the uncertainty in total dissolved and entrained gas
release figures is less than plus or minus 15 percent.

4. Gross Alpha

Before the contents of each holding tank is discharged to the environment, a
representative sample of the tank's contents is taken and retained. At the end
of the calendar month a composite sample is made of all discharge samples
taken during the month. This composite sample consists of portions of each
discharge sample which are proportional to the volumes discharged The
composite sample is analyzed for gross alpha radioactivity by gas proportional
counting.

The values reported in Section 8 are the sums of the gross elpha radioactivity
from all batch releases.

Considering the inherent variability in radiation measurement and the
uncertamty in volume measurements and instrument calibration, Detroit Edison
estimates that the uncertainty in total hquid gross alpha release figures is less
than plus or minus 43 percent.

6. ABNORMAL RELEASES

For the purpose of this report, an abnormal release is any release of radioactive,

| material not performed in accordance with the Fermi 2 license and implementing
j procedures. No abnormal releases occurred during the reporting period.

7. BATCH RELEASES

l

| No batch liquid releases occurred between July 1,1990 and December 31,1990.
|

|
The only batch gaseous releases from Fermi 2 are the venting or purging of the
primary containment (drywell) atmosphere. These venting or purging releases pass
through the reactor building ventilation or standby gas treatment system and are

! monitored by the final effluent monitors for these pathways. Separate data on these
( venting or purging releases are not reported because the associated data are already

included in the gaseous effluent release data (Section 5.A and Section 9).

.

1
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8. LlOUID EFFLUENT SUMMARY

REPORT CATEGORY SEMIANNUAL SUMMMATION OF ALL RELEASES BY OUARTER
TYPE OF ACTIVITY ALL LIQUID EFFLUENTS
REPORTING PERIOD OUARTER 3 AND QUARTER 4

During the third and fourth quarters of 1990, there were no liquid releases.

|

|

I
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9. GASEOUS EFFLUENT SUMMARY

REPORT CATEGORY , SEMIANNUAL SUMMMATION OF ALL RELEASES BY QUARTER
TYPE OF ACTIVITY ALL AIRBORNE EFFLUENTS
REPORTING PERIOD OUARTER 3 AND QUARTER 4

UNIT QUARTER 3 QUARTER 4
TYPE OF EFFLUENT

A. FISSION AND ACTIVATION GASES

1; TOTAL RELEASE CURIES 2.98E + 01 1.75E + 01

2. AVERAGE RELEASE RATE FOR PERIOD uCi/sec 3.75E + 00 2.20E+ 00

'B. RADIOIODINES

1. TOTAL IODINE - 131 CURIES 7.78E-04 3.42 E-04

2. AVERAGE RELEASE RATE FOR PERIOD uCi/sec 9.79E-05 4.30E-05

i
I
'

C. PARTICULATES
l
'

1. PARTICULATES
(HALF-LIVES >8 DAYS) CURIES 4.42 E-03 9.69E-04

2. AVERAGE RELEASE RATE FOR PERIOD uCi/sec 5.56E-04 1.22 E-04

3. GROSS ALPHA RADIOACTIVITY CURIES 9.58E-07 3.13 E-07

l D. TRITIUM
i

1. TOTAL RELEASE CURIES 0.00E + 00 0.00E +00

| 2. AVERAGE RELEASE RATE FOR PERIOD uCi/sec 0.00E+03 0.00 E + 00

! ]g.
l

f

i

- - . - - . - - . . . . _ _ _ _ - -
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9. GASEOUS EFFLUENT SUMMARY (continued)

REPORT CATEOORY : SEMIANNUAL AIRBORNE CONTINUOUS RELEASES
TYPE OF ACTIVITY : FISSION OASES, IODINES, AND PARTICULATES
REPORTINO PERIOD :OUAflTER 3 AND QUARTER 4

MIXED MODE RELEASES

: UNIT :OUARTER 3 :OUARTER 4
NUCLlDE
PARTICULATE S

Cr-51 CURIES 3.76E-03 5.96E-04
Mn-54 CURIES 2.62 E-05 1.09E-06
Co-58 CURIES 1.38 E -04 1.17E-05
Co-60 CURIES 7.84E-05 3.90E-06
Na-24 CURIES 157E-03 * 2.S3E-04
Zn-65 CURIES 8.97E-05 * < 2.0E- 13
Tc-99m CURIES 6.78E-03 1.7 5E-03
Ba-139 . CURIES 2.87 E-01 1.34 E-01
Ba-140 CURIES 3.06E-04 2.79E-04
La-140 CURIES 2,26 E-04 : 1.81 E-04
Y-91m CURIES 1.76E-03 8.04E-04,

Sr-91 CURIES 2.87 E-03 2.10E-03'

Ba-131 CURIES 6.10 E -06 * < 1.3E- 13
As-76 CURIES 2.81 E-05 :*<1.7E-13
Rb-89 CURIES 1.58E-01 1.60E-01
Cs-138 CURIES 1.92 E-01 8.79E-02
Mn-56 CURIES 4.08E-04 * < 7.8E- 14
Ag-110m CURIES * < 1.6E- 13 5.98E-06
Zn-69m CURIES 1.12 E-05 '* < 6.3E- 14
Br-82 CURIES 4.86E-06 * < 8.2 E- 14
Sr-89 CURIES 1.17E-05 7.00E-05
Sr-90 CURIES 4.45 E-07 1.12 E-06
Cs-134 CURIES * < 5.1 E- 14 * * < 5.1 E - 14

Cs-137 CURIES * < 6.4 E- 14 '* < 6.4 E- 14
Ce-141 CURIES * < 6.0E - 14 ;* < 6.9E- 14
Ce-144 CURIES '* < 2.9E- 13 * < 2.9 E- 13

Total for Period CURIES 6 55E-01 3.88E-01

Less than the Lower Limit of Detection (LLD). i.e. the maximum sensitivity of measurement in*
' units of microcuries per milliliter (uCi/ml)

|

t

I
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9. GASEOUS EFFLUENT SUMMARY (continued)

REPORT CATEGORY SEMIANNUAL AIRBORNE CONTINUOUS RELEASES
TYPE OF ACTIVITY FISSION GASES, IODINES, AND PARllCULATES
REPORTING PERIOD OUARTER 3 AND QUARTER 4

_

MIXED MODE RELEASES

.

UNIT QUARTER 3 OUARTER 4
h . lCUDE

FISSION GASES

Ar-41 CURIES 4.99 E + 00 5 69E+00
Xe- 135m CURIES 8.24 E-01 5 26E-01
Xe-138 CURIES 2.70E + 00 1.4 7 E + 00

Xe-135 CURIES 2.11 E-01 7.74E-02
Kr-85m CURIES 132E+00 8.96E-01
Xe-137 CURIES 7.93F + 00 3 4SE+00
Kr-88 CURIES 8 05E+00 9.00 E -01

Kr-89 CURIES 3.17 E + 00 4 48E+00
Xe-133 CURIES 6.02E-01 * < 7.2 E-08

Total for Period CURIES 2.98E+01 1.7 5 E + 01

IO_ DINES

|-131 CURIES 7.78E-04 3.42 E -04

l-132 CURIES 9.99E-04 2 56E-04
1-133 CURIES 3 42E-03 149E-03
1-134 CURIES * < 2 0E- 13 "* < 2.0 E - 13

1-135 CURIES 7.93 E -04 -* < 4 2 E- 13

Total for Period CURIES 599E-03 2 09E-03

Less than the Lower Limit of Detection (LLD), i e. the maximum sensitivity of measurement in*

units of microcuries per milliliter (uCi/ml)
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10. SOLID WASTE AND IRRADIATED FUEL SHIPMENTS

A. Solid Waste Shipped Offsite for burial or disposal (not irradiated fuel)

6 month Est. Total
1. Type of Waste Unit period Error %

3
a. Spent resins. filter sludges, m 128E+02 +/- 25

evaporator bottoms. etc. Curies 3.50E + 02 +/- 25

3
b. Dry compressible waste. m 7.54 E + 02 4/- 25

contaminated equipment. etc. Curies 2.21 E + 00 +/- 25

3
c. Irradiated components, m 3.25E + 00 +/- 25

control rods, etc. Curies 1.98E + 04 +/- 25

0d. Other
_

2. Estimate of major nuclido composition (by type of waste)

a. Spent resins, filter sludges, evaporator bottoms, etc. (All waste of this type was Class A
and was shipped in LSA containers.)

Percent of
Nuclide Total Activity Curies

Cr-51 25.1 8.79E + 01

Mn-54 7.5 2.63E + 01

Fe-55 36.9 1.29E + 02

Co-58 4.9 1.71 E+ 01

Co-60 12.1 4.24E+ 01

Fe-5s 0.1 3.63E-01
Ni-63 0.3 9.86E-01
Zn-65 11.6 4.06E + 01

H-3 <0.1 6.57E-02
C-14 0.3 9.32 E-01
Zr-95 1.3 4.47 E + 00

Tc-99 < 0.1 2.90E-04
l-129 < 0.1 3.15E-04
Sb-124 < 0.1 5.47E-02
1-131 < 0.1 2.35E-02

|

_- _ - -.. . - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _
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b. Dry compressible waste, contaminated equipment, etc. (All waste of this type
was Class A and was shipped in LSA containers.

Percent of
Nuclide Total Activity Curies

Cr-51 34 7.56E-02
Mn-54 8.0 1.76 E -01

Fe-55 74.2 1.64 E + 00

Co-58 30 6.68E-02
Co-60 94 2.08E-01
Fe-59 1.8 3.96E-02
C-14 0.1 2.19 E-03
Tc-99 < 0.1 7.85E-04

| |-129 < 0.1 8.7 2 E-04

I
l c. Irradiated components. contr al rods, etc. (All waste of this type was class C
' and was shipped in type B ' ontainers.)

Percent of
Nuclide Total Activity Curies

j

Cr-51 < 0.1 6.99 E + 00

fan-54 6.1 1.21 E + 03

Fe-55 59.0 1.17 E + 04

Co-60 30.7 6.08E + 03

| Ni-63 1.2 2.33 E + 02

Sb-124 2.5 4.95 E + 02

| Sb-125 0.3 5.48E+01
| H-3 0.3 5.04E+01

C-14 < 0.1 3 65E-01
Tc-99 < 0.1 5.00E-03
Ni-E9 < 0.1 1.57 E + 00

Nb-94 < 0.1 5.01 E -03
Np-237 < 0.1 2 32E-08
Pu-238 < 0.1 7.78E-05
Pu-239/240 < 0.1 1.96E-05
Pu-242 < 0.1 6 68E-09
Am-241 < 0.1 9.71 E-07
Am-243 < 0.1 3.52 E-08
Cm-242 < 0.1 1. 76 E- 04

Cm-243/244 < 0.1 3.63E-06
Pu-241 < 0.1 1.89 E-03

Note: Activities of all principal radionuclides were determined by measurement.
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3. Solid Waste' Disposition

Type of shipment / Number of Mode of
solidification process shipments Transport. Destination

Dewatered resin 15 truck Barnwell, SC

Dry active waste 10 truck Oak Ridge, TN
2 truck Channahon. IL

irradiated components, 2 truck Barnwell. SC
control rods, etc.

4. Irradiated Fuel Shipments:

None

.11. RADIOLOGICAL IMPACT ON MAN

A. Dose Due to Liquid Effluents

As discussed in Section 2.51 of the Fermi 2 Offsite Dose Calculation Manual,
compliance with Technical Specification 3.11.1.2, which limits dose to a member
of the public to any organ and to the total body due to liquid offluents, is
evaluated by calculating the dose to a hypothetical individual who both eats fish
from Lake Erie and drint:s water extracted from Lake Erie at the water intake for
the city of Monroe. Conservative assumptions are made about the quantity of
fish and water consumed. The individual organ and total body doses for 1990
to this hypothetical individual were calculated according to Section 2.5.1 of the
ODCM and are listed below.

Organ 1990 Liquid Effluent Dose

Bono 3.96 E-3 mrom
Liver 9.94 E-3 mrom
Thyroid 2.80 E-3 mrom
Kidn9y 6.98 E-3 mrem
Lu n c, 1.14 E-3 mrem
GI ~Ll 1.11 E-2 mrem
Total body 5.13 E-3 mrem
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B. Dose Due to Gaseous Effluents

j As discussed in Section 3 8.1 of the Fermi 2 Offsite Dose Calculation Manual.
'

compliance with Technical Specification 3.11.2 3, which limits dose due to 1-131,

1-133, H-3, and particulates with half lives greater than 8 days in gaseous
effluents to any organ of a member of the public, is evaluated by calculating the
dose to a hypothetical individual who receives the highest single organ dose of
any member of the public. This hypothetical individual is an inf ant who is
assumed to live at an offsite location known to have milk animals. This infant ;

i

| is assumed to drink milk from these animals, and to also be exposed by the |
inhalation and ground plane pathways. The individual organ and total t>ody

'

doses to this individual due to 1-131.1-133, H-3. and particulates with half lives
| greater than 8 days were calculated according to Section 3.8.1 of the ODCM and
| are listed below.

1990 Gaseous Effluent Dose to Receptor
,

Organ with Highest Single Organ Dose 1

| Bone 4 31 E-4 mrem j
| Liver 3 22 E-4 mrem

Thyroid 5 69 E-2 mrem )

| Kidney 3 30 E-4 mrem
'

Lung 109 E-4 mrem
GI-LLI 155 E-4 mrem
Total body 2 04 E-4 mrem

C. Dose Due to Direct Radiation and Comphance with 40Cf R190 |

,

Title 40, Part 190 of the Code of Federal Regulations requires that dose to an ;

| individual from the uranium fuel cycle be hmited to 25 mrem /yr to the total

body and 75 mrom/yr to the thyroid. The sources of fuel cycle dose not
analyzed above are due to other fuel cycle f acilities and dose due to direct
radiation. As discussed in Section 4.2 of the Fermi 2 Offsite Dose Calculation
Manual. no other fuel cycle facilities contribute significantly to dose in the

vicinity of Fermi 2 With respect to direct radiation, none of the offsite TLD
locations listed in Table 6.0-1 of the ODCM showed 1990 TLD readings which
were consistently greater than the TLD readings at the control locations. Smco
other facilities and direct radiation did not contribute significantly to offsite
dose, and since the preceding sections of this report show compliance with the
more restrictive requirements of 10CFR50 Appendix 1. Fermi 2 was in compliance
with 40CFR190 in 1990.

D. Dose to Visitors on Site

As discussed in Section 4 0 of the Fermi 2 Offsite Dose Calculation Manual,

" visitors ~ to the Fermi 2 site may recente dose due to their activities within the
site boundary. For purposes of this analysis, visitors are members of the public
who spend time within tF houndary, and who do not do work associated
with the operation of Fe ODCM considers two categories of visitors
persons ice fishing on La' and persons spending time in the Fermi 2
Visitors Center
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The ODCM lists the maximum amount of time an individual is likely to spend in
these activities and the dispersion factors and exposure pathways which apply:
Exposure by direct radiation from noble gases and by inhalation of radioactive
particulates, iodines, and tritium are considered (These pathways are in
addition to those aleady considered, such as fish consumption in the case of ice
fishermen.)

Based on these assumptions, the maximum dose in 1990 to a visitor at the
Visitors Canter is 1.45 E-4 mrom to total body and 1.59 E-4 mrem to the
maximally exposed organ (thyroid). The maximum dose in 1990 to an ice
fisherman is 1.82 E-2 mrem to the total body and 1.99 E-2 mrom to the
maximally exposed organ (thyroid)

12 RADIATION INSTRUMENTATION

Fermi 2 Technical Specifications 3.3.7.11, Radioactive LiquiJ Effluent Monitoring
Instrumentation, and 3.3.7.12, Radioactive Gaseous Effluent Monitoring
Instrumentation, require that those monitors which exceed the time specified for out
of service be reported in the next Semiannual Effluent Release Report. During this
reporting period, July through December of 1990, the time specified in the action
statements for these monitors was not exceeded.

| 13. METEOROLOGICAL DATA SUMMARY
|
l The meteorological monitoring system is described in the Fermi 2 UFSAR. In

accordance with Regulatory Guide 1.21, data recorded by that system is provided
here to permit the Nuclear Regulatory Commission to assess the :rdiological impact

|
of Farmi 2 releases independently. The data format required by Regulatory Guide 1.21

' is used. Appendix A contains the meteorological data tables.

14. CHANGES TO THE PROCESS CONTROL PROGRAM (PCP)

As required by the Fermi 2 license, the operator (Detroit Edison) is required to
I establish a program that v:lli reatorably assure the complete processing of
| radioactive wastes. This program assures processed ".astes are completely solidified

and are free of standing water. Changes to the PCP Manual are provided to
document changes to established conditions and to ensure that controls are in place
to assure that the radioactive waste is solidified

i
' During this reporting period, July through December of 1990, there were no changes

to the PCP.

15. CHANGES TO DOSE CALCULATION AND ENVIRONMENTAL MONITORING
LOCATIONS

As a result of analysis of 1990 tand Use Census data and changes in public
participation in the environmentai sampling program, several changes were made in
the sampling locations. Also, the reported distances of several locations were
changed due to distance recalculation by Detroit Edison cartographers. The updated
sampling tables are presented in the revised Offsite Dose Calculation Manual
(Appendix B).
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16. CliANGES TO THE OFFSITE DOSE CALCULATION MANUAL (ODCM)

During this reporting period the ODCM was revised. The revised ODCM and site
'

documents explaining the changes are presented in Appendix B.

17. - MAJOR CHANGES TO RADIOACTIVE WASTE SWTEMS

During this reporting period, July through December of 1990, there were no major
changes to the liquid, gaseous, or solid radioactive waste treatment systems.

<

|
. _ _ _ _ _ _ _ _ _ .
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MUS CORPORATION AIR /WADIOLOGICAL PROGRAMS DEPARTMENT ' 5' AGE 4 *

PROGRAM: JFD WERSION: PC-1.1 *

DECO TERMf2 JFD At 60-METERS FOR 1990 t

StiE IDEsitFIER: FERul2
DATA PERIOD ERAMtWED: 12/30/89 - 12/28/90

... neagnt
i

$!ASILITY 9ASED ON 1=A,2*S,...,7*G
Wi e MEASURED AT: 60.0 METERS
WIND THRESNOLO AT: .75 1998
J0 TWT FREQUENCY OtSitf 90 TION OF WIND SPEED AND DIRECTION IN NOURS AT 60.00 METERS

SPEED

(MPM) N NNE WE ENE E ESE SE SSY S SSW SW vsW W WNW WW WNW TOTAL

| CAtM 1

.TS- 2.50 1 0 0 2. 2 0 1 1 2 3 .0 1 0 0 0 0 13
'

2.51- 4.50 5 3 3 9 7 8 6 8 5 3 6 2 2 4 5 3 79
4.51- 6.50 5 4 21 8 6 12 to 18 15 9 6 8 9 6 7 8 152
6.51- 8.50 6 8 12 9 7 17 18 21 23 23 11 9 7 16 9 12 208

. 8.51-11.50 25 12 30 lit 6 15 20 38 54 46 46 33 52 30 20 31 498
I 11.51-14.50 26 20 15 19 7 12 17 36 ST 6T 98 101 66 36 40 34 651
; 14.51-18.50 19 18 15 1T 8 20 15 29 48 101 120 69 37 61 32 22 63i
i 18.51-23.50 2 4 5 2 0 4 to 9 24 94 116 45 18 20 14 8 375 L

23.51-30.50 0 0 0 0 3 2 T 2 21 2T 48 11 13 15 6 0 155
30.51-39.50 0 0 0 0 0 6 0 0 0 2 8 4 1 e 0 0 21 t

>39.50 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TOTAL 99 69 101 86 . 46 96 104 162 249 375 459 301 205 188 133 118 2784

STAsttlTY CLASS F
STAetLITY DASED 04 1*A,2=8,...,7=C
WIND MEASURED AT: 60.0 METERS -

k1ND TNRESNOLD AT: .75 NPst !

JOINT FRET >JENCY DISTRIBUTION OF WIND SPEED AND O!WECfl0E In NOURS AT 60.00 MTERS
,.

SPEED t

WN) N 8M8E NE ENE E Ett SE SSE S SSW SW WSW W WWW NW NNW TOTAL
!

CALM .- 0
.T6- 2.50 0 0 0 3 0 0 1 0 1 0 0 1 0 0 1 0 7

2.51- 4.50 0 3 2 7 5 4 2 5 2 3 2 5 1 4 0 1 to
4.51- 6.50 3 2 8 4 2 3 7 5 8 6 9 7 4 2 2 1 T3
6.51- 8.50 3 5 4 6 2 1 8 6 5 14 8 8 2 3 4 0 79
8.51-11.50 T .# 11 3 1 3 15 13 21 24 12 17 t7 6 to 9 178

11.51-14.5C to 5 5 1 1 2 9 12 11 27 16 14 1T 21 29 1T 19T F

14.51-18.50 9 6 0 0 0 1 11 7 8 ' 23 29 11 8 19 14 5 151 |

18.51-23.50 0 0 0 0 0 3 9 3 17 31 25 3 0 0 0 0 91
23.51-30.50 0 0 0 0 0 2 0 7 14 34 7 0 1 0 0 0 65 i,.

'

30.51-39.50 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 2
'

m39.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 'O

totAt 32 30 30 24 11 19 62 $8 88 163 108 66 50 51 eo 33 - 8e9
t

I
.

i
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NUS CORPORAfl0N AIR /RA0 lot 0GICAL PROGRARS DEPAniMENT : PAGE 6 *

. PROGRAM: JFD WERSION: PC-1.1

DECO FERRt2 JFD At 60-METERS FOR 1990
SITE IDENTIFIER: FEEMt2
DATA PERI (B EMAMINED: 12/30/89 - 12/28/90

. ...aggunt

Sfasttt!Y 9ASED ON 1*A,2et....,7=G
WIND MEASURED AT: 60.0 METERS
WIND TNRESNotD AT: .75 MPW

TOTAL NUMBER OF CBSERVAfl0NS: 8A81
TOTAL NUM8ER OF WALID UBSERVATIONS: 8681.
total NUMBER OF MIS $1NG OBSERVAtt0NS: O
PERCEMT DATA RECOWERT FC9 TMs5 PERIOD: 100.0 1

. MEAN WIND SPEED FOR TNIS Natte: 14.1 NPN
TCTAL NUPPtEt OF OBSERVATIch? WITM BACKUP DATA: O

PERCENTAE OCEURRENCE OF StAGIL11Y CLASSES
A B C D E F G

T.15 4.22 5.73 35AT 32.07 ' 10.24 5.13

DIStatsutION CF WIND DIRECTION VS STAtillTY
N' WNE NE ENE E ESE SE SSE S SSW SW USW W WNW WW NNW CALR

A 27 38 38 64 40 14 23 .~5 24 36 22 55 53 69 51 42 0
3 16 to 21 29 15 21 12 7 12 33 1T 51 32 41 25 21 0
C 15 12 18 21 34 12 16 12 21 56 38 T5 51 50 31 35 0
0 105 105 190 159 153 187 195 163 152 259 340 322 242 199 162 146 0
E 89 69 101 86 46 96 104 162 249 375 459 303 205 188 133 118 1
F 32 30 30 24 11 19 62 58 88 163 108 66 50 55 60 33 0
G 30 5 17 9 8 18 23 34 40 53 65 23 28 39 M 23 0

TOYat 314 269 415 392 310 36T 435 461 586 975 1049 895 661 641 492 418 1

i

l
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LICENSING CHANGE REQUEST

LCR | | | - | 2(O 10| - |O D IMII ve

Revision 3 Page / of
"* "" "" " " "" *" "I r Vj

g. . . . . . . . . . . . . . . . . . . . * P A R Y 1 : UFSAR. PLAN. OR PROGRAM REVISION [ ]NA

oJe G$culcrkou b$a><ua.f.re ,_

B) Section(s), Table (s), Figure (s), etc. Affected
0. 0, f. 0 , 2. 3. I ~2.. ),'L ,2,3.T 2, l , Rs , 2 0-1, 3. 2. 2. 7,3 . 3 S, 3.(, . !, 3. ? |, J.'l
C) Reason for Changel %We/ J.o -2,4, t-r' tI4/, r 4|o -/ u,,/ (.o - / . / ,b,-i (,0 -/ 7T -A'

' '

L ( .o-r _f. 'c) 'Mre'//
w,n v di fd v & r u w is kis{ek H v wuoe cdwhAm w <%D , e fe.Cwd %%r s '

D) Reference and S6urce Documerits fidentify) /'

EDP
Tech Spec >

Procedure
^

, PDC
ABN SE (Attached)
DER PE (Ansched)
Test Drawing No.

JYes )No
Effectiveness Review (AttachedJ [s Cw,c4[ /. /OcltocF UoOther A/(>/P C6 -0 / 32 , Is e

Drawings. Design Ca'iculations, Corresponder1ce, etc. ,

'

[. . . . . . . . . . . . . . . . . . . . . . . . . * * * * P A R T 2 : OPERATING LICENSE CHANGES (X]NA """"*"""""**** |)A) Occument l{ ] Operating License [ ] Tech Specs ( ) Environmental Protection Plan
|( ) Tech Spec Clarification
|B) Section(s), Table (s), Figure (s), etc. Affected

C) Reference and duurce Documents Attached
[ ]NA [ ] Other [ } Marked-up pages ;

1 ) Significant Hazards Consideration ( ) Environmental Evaluation
[ ] Enviromental Impact / Categorical Exclusion _ { } Justifiestion _ _ _ ,

D) is UFSAR change required?
[ ]Yes I ] No LCR No

E) Priority [ )NA
NRC approval required by (date):

Ew.planation

0) Amendment No.I

F) NRC Letter No.

g. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . P A R T 3 : AP P R O V ALS "" * " """ * "" " "" * " * " " * " * * * * * " "" * * * |

Dete '|-|0~90
Int _ , - -

g ff #f d,f g $__ _ M Date N//2/fCB) Technical Exp'ert
[ )See Attached '

C) Nuclear Generation d, j

rD) General Director, Nuclear Engineering
Date

(>0NA [ Mee Attached
E) Plant Manager Date ////fMO#( )See Attached ,

/'
',

'

F) Other Date
.

G) Director, Nuclear Licensi Date //////?"J
! }$ee Attached I

DateM 7/ O) Ai }See Attached ) d [//g
/ /

"
1) NSRG Date

()QNA { }See Attached ~

Form FIP RA2-01 Att 1 P1/1050190 DTC: Fate:
,

- - . - - - . _ . . . - .- . - . - . _ _ -. - -
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EFFECTIVENESS REVIEW D.[Gwsw
l]l f l - IN | l- 1 O 18 WIReference LCR

L Revision 3 Page | of
y . . . . . . ., . . . . . . . u . . . . . . . . . . . . . . . . . . . . . . . P A R T 1 : upsAR [ I N A " " " " " * " * " * " " " " " "E " |

s Quality A8surance Program ,,

! }Yas M) No Does the change (s) cease to satisfy the criteria of 10CFR50, Appendix B
or reduce UFSAR program commitments previously accepted by the NRC?;

Prov!de the basis for each change on Attachment 2. Page 2.
B) Fire Protection Programe

( ]Yas [X] No Does the change (s) significantly decrease the level of fire protection in
the plant?

,

i ! }Yes [JQ No Does the change (s) result in failure to complete Fire Protection Program
i

.

epproved by the NRC prior to license issue?
PrcNide the basis for each change on Attachment 2. Page 2.

. P="PART 2: RADIOLOGICAL EMERGENCY RESPON$E PREPAREDNES PLAN [ ] N A """""""" * l
All ] Yes [X] No Does the change (s) decrease the effectiveness of the RERP Plan?'

I ] Yes [J4 No Does the RERP Plan, as changed, cease to meet the standards of
10CFR50.47(b) and 10CFR50 Appendix E?

,

Provide the basis for each change on Attachment 2. Page 2.
pWu . " * * "" * * * *"" * " * * * * P A R T 3 : SECURITY PLANS [ A] N A " " " " " " " " " " " " " " " " " " " |
A) Document

J

B) { ]Yes [ ] No Does the change (s) decrease the effectiveness of the Physical Security
Plan or Security Personnel Training and Qualification Plan prepared
pursuant to 10CFR50.34(c) or 10CFR737

! ] Yes [ ] No Does the change (s) decrease the effectiveness of the first four categories-
of Informational Background, Generic Plannmg Base, Licensee Planning
Base, and/or responsiblity matrix of the $sfeguards Contingency Plang( prepared pursuant to 10CFR50.34(d) or 10CFR737

Provide the basis for each change on Attachment 2. Page 2.
p.u..u.u.u.u.u. "* * "" PART 4: PROCESS CONTROL PROGRAM ( )9N K " " " " " " " * * * * " " " * |
A) [ ] Yes [ ] No Does the change (s) reduce the overall conformance of the solidified

waste product to existing criteria for solid wastes in accordance with
Technical Specification 6.137

Provide the basis for each change on Attachment 2, Page 2.
. |u...u.u... .. ....... u u u u u .u . u. P A RT 5: ODCM [ ; NA""""""""""""""**""*"""|

A) [ ] Yes [N No Does the change (s) reduce the accuracy or reliability of the cose
calculations-or setpoint determinations in in accordance with Technical
Specification 6.14?

Provide the basis for each change on Attachment 2. Page 2.
p...u unn...u.unou... PART 6: _ A P P R O V A L S' * * " * " " " " " " " " " * " " " " " " " " " " " " * * " |

A) Originator % MM Date Il-I 9-d o-

B) Technical Expert # - O Date ////9/98
'

f F I

C) Quality Assurance (For Security Plans only) f, ,,A Date /

Date [//[7 hD) OSRO (Not required for UFSAR Changes)
,

Form FIP-RA2-01 Att 21/2 050190 DTC: File:

- . - - - - - . . - - . - . - . - - , - - - . - - - . - . - - - . - . - - . . . . . -
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ITTIL'TIVINP.SS REVIIN DOCUMENTATION* *

Refer:noa LCR 18 19 I - 12 10 10 l - 10 ID IM i

Revision 3 Page 2 of 10
Document

Offsite Dose Calculation Manual
Listed below is each change by section and page; the reason for the chenge;
and the basis for concluding that the revised plan or program continues to
satisfy the crit.eria for t. hat plan or program.

Section/Page I Change i Basis
| I

0.0-3 and 4 1 Delete Appendix A and I Liquid radwaste effluent
i I

| Table A-1 I monit.or setpoints are
~

I l

l | based on actual nuclide
| I

I l concentrations in each
i I

I I release hatch, and there__
l |

I I is no need to refer to
| I

| | UFSAR estimated values.
I I

2.0-6 I i) Revise radwaste efflu- | 1) The Cs-137 sensitiv _
l I

i ent monitor sensitivity I ity value is not con-

1 I

l value to conform to I servative for actual
~

l I

I nuclide mixes in actual I releases, but the Cr-51
1 I

I re! cases. I value is conservative. _
l I

l 2) Revise setpoint when no i 2) The 2 times back-
_

I I

1 nuclides are detected to I ground setpoint may
I 1

I prevent spurious alarms. I cause spurious alarms
I l

l 1 due to background flue-
1 |

|
~

| tions. When no nuclider
i l

| I are detected, no monitor

I I

l l response is expected, j
l I

1 I _ _therefore, a limit of i

I I

l l one half the previous

i I

I l discharge is conserv-
1 I

i | ntive.
Form FIP-RA2-01 Att 2 P2/2 120590 DTC: File:

.
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DTECTIVFNFEd REVIEW DOCUMENTATION
.

Refer a LCR 18 19 1 - 12 10 10 ! - 10 10 (H I

Revision 3 Page 3 of to
Document

Offsite Dose Calculation Manual
Listed below is each change by section and page; the reason for the change;
6nd the basis for concluding that the revised plan or program continues to
I,atisfy the criteria for that plan or program.

I

Section/Page | Chango | Basis
| |

2.0-7 | Add safety factor to | The omissison of a safety

I i

l circulating water monitor i factor for this setpoint

i I

| setpoint calculation. I is an appar->nt error in
i I

l I the current ODCM; addin L
| 1

| | a safety factor adds 3

I I

| | conservatism.
I I

2.0-8 i Revise section on generic I Actual release data have
| I

l setooint for circulatinR I made the generic UFSAR
I I

| water monitor since actual I setpoint obsolete; the
| I

l release data is now used. I current setpoint is
_

! I

| 1 based on an evaluation
I l

I of actual release data
i

i I and is coriservative.
I I

2.0-14,15 i Revise dose projection i Dose projections made in
i l

i section to allow projec- | the first few days of a___

i i

i tions based on data from a I ouarter should be based
1 I

l previous quarter. I on the previous quarters

1 I

l I dose, but the present

i I

I l wording does not allow

I I

I I this. This revision
i I

l
I allows more meaningful

i I

i ! dose projections.

I I

I I
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Section/Page | Change | Basis
i l i

i

3 0-16 | Allow use of current vent i Engineering periodically
i l

l flow rates. I redetermines flow rates
| I

l | due to plant changes.

I I

2.0-18 | Improve readability of I N/A
| |

| figure. |

I I

3 0-3 i Clarify exceptions to | Revise current wording

I I

| increased sampling and I to conform to Tech Specss

| I

l analysis schedule. I increased sampling is _
l |

| | required if either of 2

I I

| | conditions exist; this

| I

i l is more conservative
! I

| | then present ODCM
l l

3.0-5 | 1) Allow noble gas monitor I 1) Basing setpoints on
| I

| setpoints to be calculated I actual monitor response
i I

| using actual monitor I allows more accurate
| |

| response. I setpoint calculation

| I

l I because assumptions
| |

| | about correct monitor
i l

i i response to current

| I

| | nuclide mix (and correct
i I

| | calibration constant)
| I

I I are not necessary.

I I

I I
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Section/Page | Change | Basis
| I
| 2) Allow application of | 2) The allocation factor
I I

| additional safety factors i may provide an insur-
- .

I in setpoint calculation. I ficient margin of safety
---

; ,

i l in Equation 3-3 This
'

I i

l I insertion adds conserv-
1 l

| | atism.
I I

l 3) Emphasize that generic I 3) Alerts reader that
i I

| setpoints in Table 3 0-2 I more accurate or current
i I

| may have been superseded I data may be in use. See
i I

l by setpoints based on grab-| change in 1.0-1.
I I

| samples. |

I I

3.0-7 through 9- | Revise section to base | The Offgas Vent Pipe
,

I I !

I noble = gas release quanti- | sample point must be
| I

I ties on noble gas grab I added because most noble
~

I i l
,

i samples at the Offgas Vent I gases are below the
I -

1

I Pipe and the RB Exhaust I threshold of detection
i l

i Plenum rather than on i at the RB Exhaust Plenum.
I I

| noble gas monitor readings.I Release reports should
| I

| | not be based on monitor
i |

| 1 readings due to uncer-
1 I

| | tainty about correct

I I
,

| l response to current'

i I

l I nuclide mix and about
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Section/Page i Change i Basis
| I

I I calibration constant
'

l I

I I accuracy for current

1 I

l I conditions.
i I

3 0-10 I Revise simplified dose | This change clarifies

I I

| rate evaluation to base I the simplified method

i I

I the Tech Spec compliance I and deletes the 11Ci
i l

l evaluation on the I-131 I criterion which is
| I

I dose factor and a direct I dependent on assumptions
i |

| comparison with the I about current critical
| I

i 1500 mrem /yr limit. I pathways and dispersion
i |

| l factors. The 11 Ci
| I

I l criterion is simply a

l |

I | convenience which is
i I

I i unnecessary. 1500
I I

I I mren/yr is the Tech

| I

I I Spec limit and I-131 has
i I

I | the most conservative
i l

I I dose factor.
I I

3.0-12 | Provide the conversion of I This change allows for

I I

I grass-cow-milk dose I more accurate dose
i l

I factors to grass-goat-milk | calculation which is
i I

| dose factors. I consistent with the
| I

| l guidance in NUREG-0133
I _l

I l and Reg Guide 1.109
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| |

3.0-14 i Revise dose projection i Dose projection made in
i I

| section to allow projec- | the first few days of a

l |

| tions based on data from I quarter should be based
| I

l previous quarter. I on the previous quarters

I i

l I dose, but the present

i I

l I wording does not allow

I I

I I this. This revision
i I

| | allows more meaningful
| I

l I dose project.ons.

| |

3.0-16 I Correct reactor building I cld value is drywell

i I

| ventilation flow rate I purge flow rate, this is

I l

l value. I corrected.
I l

3.0-18 |-Revise table to include | Each February NUS Corp.
I I

l X/Q and D/Q values from I provides us with new
I I

I each release point from I X/O and D/0 values
| I

| latest meterological I based on previous year's
| I

I analysis I meterological data.

I i

3.0-19 through 33 I Correct errors in table i N/A
I I

| and improve readability i

I |

3 0-34 I Improve readability of ! N/A
| |

| figure I

i
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Section/Page 1 Chaneje | Ilasis
I l

I I

4.0-7 I Updato dispersion factors | See basis of 3 0 _18
Ii

l based on latest metero- |

I |

| logical data analysis |

I I

5.0-1,2,3 I Revise land use census | Identifying more loca-

I I

l assessment section to I tions is conservative
~

l |

| identify more locations, I since it presents more

I I

I to evaluate dose using I candidates for critical
I I

| actual release data, to I receptor; evaluating

i I

I facilitate critical I relative dose based on
i

I

| receptor identification I actual release data
l |

I and define critical l allows more accurate
i |

| receptor, and to delete l dose comparisons between~
I I

l onsite land use data i receptors; defining

I I

I collection requirment. I critical receptor

I I

I I eliminates ambiguity and

i I

l I facilitates correct
I l

| | critical receptor

i l

l | identification; the

i I

| | onsite land use data
l |

| | collection must be per-

| I

l l formed throughout the

| I

| | year and should not be
i I

l I exclusively a land use
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Section/Page i Change | Basis
I |

| | census activity.

I I

| | Additionally, per the

I i
I I bases of T.S. 3/4.12.2,

,

I 'l
l I the land use census is
I l '

I l-for areas at and beyond
.

i I

l I site boundary, so it is
'

I |

| l not meant to cover areas
l 1

I i within the boundary

l- I

l l anyway.
_

I l

6.0-8,11,12 I Update and correct REMP | Sampling locations
i |

| tables based on current I change because of land
i I

l sampling locations and i use census data partici-
,

1 I

I~new distance calculations | pation by the public in

i I I

l-and latest land use census I the REMP, critical

. , - | |

i l I receptor analysis, and
I I

I | distance recalculation
i i

'

l ! by DECO cartographers.
- -

-. -

I1i

- 6.0-15 through 19 |-Improve readability of i N/A.
.I I

l' maps. I
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Section/Page i Change i Basis
I I

4 . 0 11 i Deleted examples of | Examples are inaccurate:
I i
I environmental samples, I samples were never taken
1 |

| instead referred to Tech I as described in examples.

I i

| Specs. I Samples are taken per
I !

I l approved Tech Spec
I I

i i program. List of samples

I i

l I is unnecessary in the

i I

| | paragraph, another list

| I

| | 1s contained on same
i |

| | page.
I I

I I
'

I I

I I

I I

l I

I |

| |

| |

| |

| I

i l

i |

| |

1 i

l i

I i

l I

I I

i I

I I

I I

I I

I I

| |

| l
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INTRODUCTIOI:

1.0 INTRODUCTION

The Fermi 2 Offsite Dose Calculation Manual (ODCM) describes the methodology and
parameters used in:

1.1 Determining radioactive material release rates and cumulative releases

1.2 Calculating radioactive liquid and gaseous effluent monitoring instrumentation
alarm / trip set points

1.3 Calculating the corresponding dose rates and cumulative quarterly and yearly doses.

The methodology provided in this manual is acceptable for use in demonstrating
compliance with concentration limits of 10 CFR 20.106 and the cumulative dose criteria of
10 CFR 50, Appendix 1 and 40 CFR 190, and the Fermi 2 (Radiological Effluent) Technical
Specifications.

More conservative calculational methods and/or conditions (e.g., location and/or exposure
pathways) expected to yield higher computed doses than appropriate for the maximally
exposed person may be assumed in the dose evaluations for contrelling the release of
radioactive material from Fermi 2.

The ODCM will be meintained at Fermi 2 for use as a reference guide and training
document of accepted n.ethodologies and calculations Changes to the ODCM calculational
methodologies and parameters will be made as necessary to ensure reasonable
conservatism in keeping with the principles of 10 CFR 50.36a and Appendix I for
demonstrating radioactive effluents are "As low As Reasonably Achievable *

NOTE: Throughout this document words appearing all capitalized denote either definitions
specified-in the Fermi 2 Technical Specifications or common acronyms.

Section 2.0 of the ODCM describes equipment for monitoring and controlling liquid
effluents, sampling requirements, and dose evaluation methods. Section 3.0 provides
similar information on gaseous effluent controls, sampling, ar'J dose evaluation.
Section 4.0 describes special dose analyses required for co'.1pliance with Fermi 2 Technical

: Specifications and 40 CFR 190. Section 5.0 describes the role of the annual land use
census in identifying the controlling pathways and locatons of exposure for assessing
potential off-site doses. Section 6.0 describes the Raolological Environmental Monitoring-
Program.

1

END OF SECTION 1.0
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LIQUID EFFLUENTS

2.0 LIQUID EFFLUENTS

This section summarizes information on the liquid effluent radiation monitoring
instrumentation and controls. More detailed information is provided in the Fermi ? UFSAR
and Fermi 2 design drawings from which this summary was derived. This section also
describes the sampling and analysis required by Technical Specifications. Methods for
-calculating alarm setpoints for the liquid effluent monitors are presented. Also, methods for
evaluating doses from liquid effluents are provided.

2.1 Radiation Monitoring instrumentation and Controls

This section summarizes the instrumentation and controls monitoring liquid effluents.
This discussion focuses on the role of this equipment in assuring compliance with
the Fermi 2 Technical Specifications and ODCM.

2.1.1 Technical Specification (TS) 3.3.7.11 Requirement

Fermi-2 TS 3.3.7.11 prescribes the monitoring required during liquid releases
and the backup sampling required when monitors are inoperable.

The liquid effluent monitoring instrumentation for controlling and monitoring
radiotetive effluents in accordance with the Fermi 2 TS 3.3.7.11 is
summarized below:

1. Radiation Alarm - Automatic Release Termination

Liquid Radweste Effluent Line - The D11-N007 Radiation Monitora.
on the liquid radwaste effluent line provides the alarm and
automatic termination of liquid radioactive material releases prior

.to exceeding 1 Maximum Permissible Concentration (MPC)
(10 CFR 20, Appendix B, Table 11. Column 2) required by
TS 3.3.7.11. The monitor is located upstream of the Isolation
Valve (G11-F733) on the liquid radwaste discharge line and
monitors the concentration of liquid effluent before d9ution by the
circulating water reservoir (CWR) decant flow.

2. Radiation Alarm (only)

Circulating Water Reservoir (CWR) Decant Line - Tho CWR Decanta.
Line Radiation Monitor (D11-N402) provides indication of the
concentration of radioactive materia! in the diluted radioactive-
liauld releases just before discharge to Lake Erie. As required by
TS 3.3.7.11, the alarm setpoint is established to alarm (only) prior
to exceeding one MPC.
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'~ ' D I N /'/7|C \,/Date approved: //- 2'l "hO Release authorized by' "' 'v

Change numbers incorporated: LC R - 89-200-ODM

DSN Rev 3 Date

DTC TMPLAN File 1715 02 Recipient

Appvi v

Date

'

A



-. - -. -- - - -- . . - -.

# * O DCM-2.0 -
Revision 3
Page 2.0-2

3. Flow Rate Measuring Devices

a. Liquid Radweste Effluent Line - In accordance with TS 3.3.7.11, the
release rate of liquid radweste discharges is monitored by. ;

G11-R703. This flow rate instrumentation is lotted on the-
radweste discharge line prior to the junction with the CWR decant
line.

b. Circulating Water Reservoir Decant Line - In accordance with
TS 3.3.7.11, the flow rate of the CWR decant line is monitored by
N71-R802. The flow rate instrumentation is located on the decant
line downstream of the junction with the liquid radweste effluent
line. This Instrumentation measures the total discharge flow rate
from Fermi 2 to Lake Erie.

'

2.1.2 Non Technical Specification Monitor

An additional monitor not required Ny Fermi 2 TS is provided by-
Detroit Edison to reduce the likellht, 3 of an unmo.uored release of
radioactive liquids. ,

.

1. General Service Water - The General Service Weter (GSW) Radiation
Monitor (D11-N008) provides additional control of potential radioactive

- effluents. 011-N008 monitors-the GSW System prior to' discharge into
the Main Condenser circulating water discharge line to the Circulating
Water Reservoir. Although not a TS required monitor, D11-N008
. monitors a primary liquid stream in the plant that also discharges to
the environment (Lake Erie via the Circulating Water Reservoir),
indication of radioactive material contamination in the GSW System
-would also indicato potential CWR contamination and the need to
control all discharges from the CWR a' radioactive effluents.

' 2.2 Sampling and Analysis of Liquid Effluents

The program for sampling and analysis of. liquid waste is prescribed in the Fermi 2
Technical SpecificationsiTable 4.11.1.1.1-1. This table distinguishes two types of
liquid releases:. j

BATCH releases, defined as discrete volumes, normally processed through-' 2.2.1--
.the radwaste system to the waste sample tanks

,

2.2.2 CONTINUOUS releases, from the Circulating Water Reservoir (CV/R) System,
if it becomes contaminated

Continuous releases from the CWR System are via the CWR decant line to: Lake Erie.
'

The CWR System is not expected to become contaminated. Therefore, continuous
_

radioactive material releases are not expected. However, the General Service Water
-(GSW) and the CWR systems interface with radioactive systems in the plant. Also,
the.GSW intake is within-a few hundred feet of the CWR decant line discharge to-

,

Lake Erie. For these reasons, it is prudent to consider the GSW and the CWR a
-potential source of radioactive effluents and to sample them regularly.

t
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2.2.1 BATCH Releases

Fermi 2 T$ Table 4.11,1.1.1-1 requires that a sample representative of the
tank contents be obtained before it is released. The table specifies the
following program:

Prior to each batch release, analysis for principal gamma emitters- ,

(including all peaks identified.by gamma spectroscopy)

Once per month, analysis of one batch sample for dissolved and-

entrained gases (gamma em!tters).- (See note in Section 2.2.2 below.)

Once per month, analysis of a composite sample of all releases that-

month for tritium (H-3) and gross alpha activity. (The composite
sample is required to be representative of the liquids released and
sample quantities of the composite are to be proportional to the
quantities of liquid discharged).

Once per quarter, analysis of a composite sample of all releases that--

quarter for Strontium (Sr)-89, St-90, and Iron (Fe)-55.

2.2.2 ' CONTINUOUS Releases

Fermi 2 TS Tabic 4.11.1.1.1-1 requires that composite samples be collected
from the CWR System, if contaminated. The table specifies the tollowing '

cample analysis:

Once per month, analysis of a composite samp|e for principal gamma-

emitters and for 1-131.

Once per month, analysis of a composite sample for H-3 and gross-

alpha.'

Once per month, analysis of weekly grab samples (composited) for-

dissolved and entrained gases (gamma emitters) (Se>3 note below.)

Once per quarter, analysis for Sr-89, -90 and Fe-55.-
,

'

NOTE: Identification of noble gases that are principal gamma emitting
radionuclides are included in the gamma spectral analysis performed on all
liquid radwaste effluents. Therefore, the TS Table 4.11.1.1.1-1 sampling and
analysis _for noble gases in batch releases (one batch per month) and-
continuous releases (monthly analysis of weekly grab samples) need not be

,

performed as a separate program. The gamma spectral analysis on each
batch release and on the CWR monthly composite meets the intent of this
TS requirement.

.
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: 2.3 Lliguld Effluent Monitor Setpoints

Technical Specification 3.11,1.1 requires that the concentration of liquid radioactive
effluents not exceed the unrestricted area MPC at the discharge point to Lake Erie.
Dissolved of entrained noble gases in liquid effluents are limited to a concentration'of
2 E-04 uCl/ml. total noble gas activity. TS 3.3.7.11 requiros that radiation monitor
setpoints be establisned to alarm and trip prior to exceeding the limits of TS 3.11.1.1.

~

To meet-this specification, the alarm / trip setpoints for liquid effluent monitors are
determined in accordance with the following equation:

.

CL (DF + RR)gp g ,

RR-

(2-1)
- where:

the setpoint, in uCl/ml, of the monitor measurir.g the radioactivitySP =

concentration in the effluent line prior to dilution. ~ The setpoint
1epresents a value which, if exceeded, would result in concentrations
exceeding th, MPC in the unrestricted area

the effluent concentration limit (TS 3.11.1.1) implementing 10 CFR.CL =

Part 20.106 (i.e., MPC at dhcharge point) in uCi/ml. defined in '

Equation -(2-4) -

the liquid effluent release rate as measured at the radiation monitorRR =

location,-In volumn per unit time, but in the same units as DF. below

the dilution water flow as measured prior to the release point (LakeDF =

Erie) in volume per unit time

; At Fermi 2 the available Dilution Water Flow (DF) is constant for a given release, and-

the waste tank Release Rate (RR) and monitor Setpoint ISP) are set to meet the
. condition of Equation (2-1) for a given effluent Concentration Limit, CL

NOTE: if no dilution is provided, SP < CL. Also, when Dc is largo compared to RR,
then (DF + RR)~DF,

2.3.1 Liquid Radwaste Effluent Line Monitor (311-N007)

Liquid Radwasto Effluent Line Monitor D11-N007 provides alarm and
automatic termination of releases prior to exceeding MPC. As required by'

T S Table - 4.11,1.1.1- 1 and as discussed in ODCM Section 2.2.1, a sample of
the liquid radweste to be discharged is collected and analyzed by gamma'

spectroscopy to identify principal gamma emitting radionuclides. From the
measured individual radionuclide concentrations, the allowable release rate
is determined.'

,
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1he allowable release rate is inversely proportional to the ratio of the
radionuclide concentrations to the MPC values The rado of thr, measured_

concentration to MPC values is referred to as the *MPC factio't" and is
- calculated by the equation;

*
mci

(2-2)
where:

MPCF = fraction of the unrestricted area MPC for a mixture of
radionuclides

= concentration of each radionuclide l measured in each tankCi
prior to release (uCi/ml)

= unrestricted area most restrictive MPC for each radionuclide iMPCi
from 10 CFR Part 20 Appendix B, Table ll, Column 2. For
dissolved and entrained noble gases an MPC value of-
2E-04 uCi/mi shall be used.

Basad on the MPCF, the maximum allowable release rate can be calculated
by the following equation:

* SF
MAX RR = M F

(2-3)
where:

fi..-.X P" = maximum acceptable waste tank discharge rate (gal / min)
(Monitor #G11-R703)

DF < dilution flow rate from the CWR as observed from the
Control Room readout (gal / min) (Monitor #N71-R802)

SF " 0.5, administrative safety factor to account for variations in
monitor respon:;e and flow rates. The SF value of 0.5 provides
for 100% variation caused by statistical fluctuation ants /or
errors'in measurems.'ts. Also, this f actor provides
conservatists accountlog for the presence of radionuclides that|'
may not b:) detected by the monitors (i.e., non-gamma
emitters),

MPCF - = As previously defined by equation 2-2.
;

NOTE: Equation (2-3) is valid only for MPCF >1; if the MPCF <1, the waste tank
concentration meets the limits of 10 CFR Part 20 without dilution, and the|

waste sample tank may be discharged at the maximum rate

| If MAX RR as calculated above is greater than the maximum discharge
pump capacity, the pump capacity should be used in establishing the actual
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Release Rate RR for the radweste discharge. For the Weste Sample Tank,
the maximum discharge rate is 50 gallons por minute. The actual Release
Rate RR is monitored in the Radwaste Control Room by G11-R703.

The Concentration Limit (CL) of a liquid radwaste discharge is the same as
the effective MPC for the radionuclide mixture of the discharge. Simply, the
CL (or effective MPC) represents the equivalent MPC value for a mixture of
radionuclides evaluated collectively. The equation for determining CL is:

[TOCf
C.CL =

k
(2-4)

Based on the Release Rate RR and Dilution Flow DF and by substituting
Equation (2-4) for CL in EquatMn (2-1), the alarm setpoint is calculated by
the equation:

(C . SEN ) OF , g1 1SP = MPCF * RR
(2-5)

where:

setpoint of the rbdiation monitor counts per second (cps)SP =

Ci concentration of radionuclide i as measured by gamma=

spectroscopy (uCi/ml)

SENi monitor sensitivity for radionuclide i based on calibration=

curve (cps /(uCi/m|))

actual release rate of the liquid radwaste discharge (gal / min)RR =

MPC fraction as determined by Equation (2-2)MPCF =

background reading of monitor (cps)Bkg =

Dilution flow rate of Circulating Water Decant Line as observedDF =

from Control Room readout (gal / min) monitor #N71-R802.

A monitor sensitivity value of 1.0 E6 cps /(uCl/ml) may be used in lieu of
sensitivity values for individual radionuclides. Thi:, value is the sensitivity of
Cr-51 determined from the primary calibration sensitivity curve. It is a
conservative value for the nuclide mixes which have been seen in actual

,

liquid discharges from Fermi 2.

If no radionuclides are measured by gamma spectroscopy, the alarm
setpoint can be established at one half the setpoint of the previous
discharge.

Prior to conducting any batch liquid radwaste release, Enuation (2-3) is used
to determine the allowable release rate in accordance with Technical
Specification 3.11.1.1. Equation (2-5) is used to determine the
D11-N007 alarm setpoint in accordance with TS 3.3.7.11.
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2.3.2 Circulating Water Reservoir Decant Line Radiation Monitor (011-N402)

Technical Specification 3.3.7.11 requires that tne setpoint for the
CWR Decant Line Radiation Monitor D11-N402 be established to ensure the
radioactive material concentration in the decant line prior to discharge to
Lake Erie does not exceed MPC, unrestricted area (10 CFR 20, Appendix B,
Table 11, Column 2). The appr]ach for determining the alarm setpoint for
the CWR Decant Line Radiation Monitor is the same as presented in
Section 2.3.1 for the liquid Radweste Effluent Line Monitor. Equation (2-1)
remains valid, except that, for,the CWR Decant Line Monitor, the dilution
flow previously assumed for diluting the BATCH liquid radwaste effluents is
now the release rate. There is no additional dilution prior to discharge to
Lake Erie, Thus Equation (2-1) simplifies to:

SP < CL
~

(2 -6)

Substituting Equation (2-4) for CL and introducing a safety f actor, the
D11-N402 alarm setpoint can be calculated by the equation:

C. * SFSp <
MPCF-

(2-7)
where:

concentration of each radionuclide i in the CWR decant lineCi =

effluent uCi/ml)

MPC fraction as determined by Equation (2-2)MPCF =

0.5, administrative safety f actorSF =

Normally, only during periods of batch liquid radwaste discharges will there
exist any plant-related radioactive material in the CWR decant line.

2.3.3 Generic, Conservative Alarm Setpoint for D11-N402

The D11-N402 setpoint could be adjusted for each BATCH release as is
done for the liquid radwaste effluent line monitor. Based on the measured
levels of radioactive material in a BATCH liquid release. the alarm setpoint
for D11-N402 could be calculated using Equation (2-7). However, during
those planned releases, the concentrations will almost always be so low
(due to dilution) that the D11-N402 Monitor will not indicate measurable
levels. The CWR decant line design flow is 10,000 Opm; and the maximum
liquid radwaste release rate is 50 gpm providir g a 200:1 dilution. The
radioactive matet)al concgntration of BATCH liquid releases is typically in
the range of 10' to 10~ uCi/ml. With a nominal 200:1 dilution
(actual dilution has been greater since in actual releases the decant line
flow rate has been about 18,000 gpm), the CWJylecant linegonitor would
monitor diluted activity in the range of 5 x 10 to 5 x 10 uCl/ml.
D11-N402 Monitor response at these levels would be 0.1 to 100 cpm,
depending on the particular radionuclide mixture and corresponding
instrument response. These response levels are less than the monitor
background levels.
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In lieu of rout;nely adjusting the D11-N402 setpoints, generic, conservative
setpo:nts have been established based on an analysis of nuclides seen in
actual liquid discharges and on the primary calibration sensitivity curve.

2.3.4 Alarm Setpoint for GSW and RHR System Radiation Monitors ,

Levels of radioactive material detectab|e above background at Radiation
Monitor D11-N008 would be one of the first indicators of contamination of
the General Service Water (GSW) System and the CWR. Likewise, for the
Residual Heat. Removal (RHR) System, the D11-N401 A and B Monitors
would be one of the first indicators of contamination and subsequent
contamination of the CWR. Therefore, to provide early indication and assure
prompt attention, the alarm setpcints for these monitors should be
established as close to background as possible without incurring a spurious
alarm due to background fluctuations. This level is typically around three
times background.

If the GSW System or RHR System becomes contaminated, it may become
necessary to raise the radiation monitor setpoints. The alarm setpoints
should be re-evaluated to provide the CR operator a timely indication of
further increasing activity levels in the GSW or RHR System without
spurious alarms. The method for this re-evaluation is the same as
described above - the alarm setpoint established at three times its current
reading. No regulatory limits apply for establishing a maximum value for
these alarm setpoints since these monitors are located on plant systems
and do not monitor final release points to the environment. However, as a
practical matter, upper limits on the alarm sotpoints can be evaluated using ,

the methods of ODCM Section 2.3.1 based on the actual system flows,
dilution and release paths in effect at the time.

2.3.5 Alarm Response - Evaluating Actual Release Conditions

Normally, liquid release rates are controlled and alarm setpoints are
established to ensure that the release does not exceed the concentration
limits of TS 3.11.1.1 (i.e.,10 CFR 20 MPCs at the discharge to Lake Erio).
However, if either Monitor D11-N007 or D11-N402 alarms during a liquid
release, it becomes necessary to re-evaluate the release conditions to
determine compliance with TS 3.11.1.1. Following an alarm, the actual
release conditions should be determined. Radioactive material
concentrations should be evaluated by sampling the effluent stream or
resampling the waste tank. Discharge flow and dilution water flow should
be redetermined.

The following equation may be used for the evaluation:

CMPCg
C, RR <1,

DF + RR
(2-8)- .

wnere:

= measured concentration of radionuclide i in the effluent 'Ci
stream (uCi/ml)
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MPC| = the MPC value for radionuclide i from 10 CFR 20, Appendix B,
Table 11, Column 2 (uCl/ml), 2 E-04 uCl/mi for dissolved or
entrained noble gases

actual release rate of the liquid effluent at the time of theRR =

alarm, gpm

actual dilution circulating water flow at the time of the releaseDF =

alarm, gpm

NOTE: For alarm on D11-N402 (CWR decant line). the Release Rate RR is the
Dilution Water Flow DF and the equation simplifies to (C /MPC,) <1.g ,

2.3.6 Liquid Radwaste Monitor Setpoint Determination with Contaminated
Circulating Water Reservoir

in the event th9 CWR is determined to contain radioactive material, the
effective dilution capacity of the CWR is reduced as a function of the
MPCF. To determine the available dilution flow capacity the MPCF for the

.

CWR is determined using equation (2-2). The MPCF of the CWR is used to
determine the available dilution flow as follows:

CWR Dilution Flow = CWR Decant Flow Rate (GPM) * (1-CWR MPCF)

(2-9)

The resulting dilution flow rate is substituted in equation (2-3) to determine
the maximum allowable release rate for discharges from the radwas'e
system. Substituting the available CWR dilution flow from equation (2-9),

' the Liquid Radwaste fAonitor maximum release rate can be determined using
equation (2-3).

Once the available dilution flow and maximum allowable release rate have
been determined the radwaste monitor setpoint can be determined using
equation (2-5).

2.4 - Contaminated GSW or RHR System - Quantifying and Controlling Releases

-_The OSW Radiation Monitor (D11-N008) provides an Indication of contamination of
this system. The Monitors D11-N401 A and B perform this function for the -

- RHR_ System. Also, the CWR Decant Line Radiation Monitor monitors _ all liquid
releases from the plant and would record any release to Lake Erie from either of-
these systems if contaminated. As discussed in ODCM Section 2.2.2, sampling and
analysis of the CWR System is required only if this system is contaminated, as would
be indicated by D11-N402 or D11-N008. Nonetheless, periodic samples are collected
from the CWR System to verify absence of contamination. Although not required by
TS, periodic sampling and analysis of the RHR System is also performed since it also
is a potential source of contamination of the CWR and subsequent releases to
Lake Erie. If contamination is found, further releases frarr the applicable system
(GSW or RHR) via the CWR decant line must be evalucted and controlled to ensure
that releases are maintained ALARA. The following actions will be considered for
controlling releases.-
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- Sampling frequency of the applicable source (OSW or RHR System) and the
CWR will be increased until the source of the contamination is found and
controlled. This frequency may be relaxed after the source of contamination
has been identified and isolated.

- Osmma spectral analysis will be performed on each sample.

- The measured radionuclide concentrations from the gamma spectral
analysis will be compared with MPC (Equation 2-2) to ensure releases are
within the limits of TS 3.11.1.1.

- Based on the measured concentrations, the setpoint for the CWR Decant
Line Radiation Monitor (D11-N402) will be determined as specified in
Section 2.3.2. If the calculated setpoint based on the measured distribution
is greater than the current setpoint (see ODCM Section 2 3.3) no adjustment
to the setpoint is required

- Samples will be composited in accordance with TS Table 4.11 1.1.1 - 1 f o r
monthly analysis for H-3 and gross alpha and for quarterly analysis for
Sr-89, 90 and Fe-55.

- Each sample will be considered representative of the releases that have
occurred since the previous sample. For each sample (and corresponding
release period), the volume of liquid released to the lake will be determined
based on the measured CWR decant line cumulative flow.

- From the sample analysis and the calculated volume released, the total
radioactive material released will be determined and considered
representative of the release period. Cumulative doses will be determined
in accordance with ODCM Section 2.5.

2.5 Liquid Effluent Dose Calculation - 10 CFR 50

The parameters of the liquid release (or estimated parameters, for a pre-release
calculation) may be used to calculate the potential dose to the public from the
release (or planned release). The dose calculation provides a conservative method for
estimating the impact of radioactive effluents released by Fermi 2 and for comparing
that impact against limits set by the NRC in the Fermi 2 TS. The limits in the
Fermi 2 TS are specified as quarterly and calendar year limits. This assures that the
average over the year is kept as low as reasonably achievable.

2.5.1 MEMBER OF THE PUBLIC Dose - Liquid Effluents

Technical Specification 3.11.1.2 limits the dose or dose commitment to
MEMBERS OF THE PUBLIC from radioactive materials in liquid effluents from
Formi 2 to:

during any calendar quarter;-

51.5 mrem to total body
5 5.0 mrem to any organ

during any calendar year;-

5 3.0 mrem to total body
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< 10 0 mrem to any organ

The calculation of the potentia'. e .,:, to MEMBERS OF THE PUBLIC is a
function of the radioactive matenal releases to the lake, the subsequent
transport arid dilution in the exposure pathways, and the resultant individual
uptake. At Fermi 2, pre-operational evaluation of radiation exposure
pathways indicated that doses from consumption of fish from Lake Erie
provided the most conservative estimate of doses from releases of
radioactive liquids. However, with the oroximity of the water intake for the
City of Monroe, it must be assumed that individuals will consume drinking
water as well as fish that might cr91n radioactivity from discharges into
Lake Erie.

Study of the currents in Lake Erie indicates that the current in the
Lagoona Beach embayment carries liquid effluents from Fermi 2 north along
the coast part of the time and south along the coast part of the time.
When the current flows north, liquid effluents are carried away from the
Monroe Water intake, so only the fish consumption exposure pathway must
be considered. When the current flows south, toward the Monroe Water
intake, both fish consumption and drinking water consumption exposure
pathways must be considered. To ensure connervatism in the dose
modeling, the combined fish and drinking water pathway is used for
evaluating the maximum hypothetical dose to a MEMBER OF THE PUBLIC
from liquid radioactive effluents. The following calculational methods may
be used for determining the dose or dose commitment due to the liquid
radioactive effluents from Fermi 2:

D, = 1.67 E-02 . VOL (C, , A ,)y

DF * Z
(2-10)

where:

dose or dose commitment to organ o or total body (mrem)Do =

site-specific ingestion dose commitment factor to the totalAjo =

body or any organ o for radionuclide i
(mrem /hr per uCi/ml)

= average concentration of radionuclide i in undiluted liquidCi
effluent representative of the volume VOL (uCi/ml)

VOL = total volume of liquid effluent released (gal)

average dilution water flow (CWR decant line) duringDF =

release period (gal / min)

5, near field dilution factorZ =

(Derived from Regulatory Guide 1.109 Rev 0)

1 hr/60 min1.67 E-02 =

The site-specific ingestion dose / dose commitment factors (Ajo)
represents a composite dose factor for the fish and drinking water
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pathway The site-specific dose factor is based on the NRC's generic
maximum individual consumption rates; Values-of A ol are presented in"

Table 2-1. They were derived in accordance with' guidance of NUREG-0133
<

from the following equation:

Ao = 1.14 E -+ 05 (Uw1 DW + Up * BF ) DFi 'i i
(2-11)'

where:
a

UF = 21 kg/yr adult fish consumption

UW- = 730 liters /yr adult water consumption

15.4, additional dilution from the near field to the water-DW =

intake for the City of Monroe (Net dilution factor of 77
from discharge point to drinking water intake,
Fermi 2 UFSAR, Chapter 11. Table.11.2-11)

Bioaccumulation factor for radionuclide i in fish fromBFi =

Table 2-2 (pCl/kg per pCl/ liter)

= dose conversion factor for nuclide i for adults in organ oDFi
from Table E-11 of Regulatory Guide 1.109 (mrem /pCl)-

106 ( Cl/uCl) .103 (ml/kg)1.14 E + 05 =

8760 _(hr/yr)

The radionuclides included in the periodic dose assessment required by
TS 3.11.1.2 are those identified by gamma spectral analysis of the liquid
waste samples collected and analyzed per the requirements of
TS Table 4.11.1.1.1-1. In keeping with the NUREG-0133 guidance, the adult
age group represents the maximum exposed individual age group.
Evaluation of doses for other age groups is_not required for demonstrating
compliance with the dose criteria of TS 3.11.1.2. The dose analysis for -
radionuclides requiring radiochemical analysis will be performed after
receipt of results of the analysis of_the composite samples. In' keeping with
the required analytical frequencies of TS Table 4.11.1.1.1-1, tritium dose
analyses will be performed at least monthly; Sr-80, St-90 and Fe-55 dose
analyses will be performed at least quarterly.

|2.5.2 Simplified Liquid Effluent Dose Calculation

in lieu of the individual radionuclide dose assessment presented in
Section 2.5.1, the following simplified dose calculation may be used for

- demonstrating compliance with the dose-limits of TS 3.11.1.2. (Refer to
Appendix A for the derivation of this simplified method.)-
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Total Body

C,Dtb = 9.69 E + 03 . VOL ,

DF * Z
(2- 12) -

Maximum Organ

C,D = 1.18 E + 04 . VOL .

DF* Z
(2-13)

where:

= average concentration of radionuclide i in undilutedCl
liquid effluent representative of the volume VOL (uCl/ml)

VOL = volume of undiluted liquid effluent released (gal)

average dilution water flow (CWR decant line) duringDF =

release period (gal / min)

5, near field dilution factor (derived from RegulatoryZ- =

Guide 1,109, Rev 0)

conservatively evaluated total body dose (mrem)Otb =

Dmax = conservatively evaluated maximum organ dose (mrem)

9.69 E + 03 = 0.0167 (hr/ min) * 5.80 E + 05 (mrem /hr per uCl/mi,
Cs-134 total body dose factor from Table 2.0-1)

.
.1.18 E + 04 = 0.0167 (hr/ min) * 7.09 E + 05 (mrem /hr per uCi/mi,

Cs-134 liver dose factor from Table 2.0-1)

2.5.3 - Contaminated CWR System - Dose Calculation

if the CWR System becomes contaminated, releases via the CWR System to
Lake Erie must be included in the evaluation of the cumulative dose to a
MEMBER OF THE PUBLIC:as required by TS 3.11.1.2. ODCM Section 2.4
described the methods for quantifying and controlling releases from the
CWR System

For calculating the dose to a MEMBER OF THE PUBLIC, Equation (2-10)
remains applicable for releases from the GSW System with the follo' wing
assumptions:

- DF, Dilution Flow, is set equal to the average CWR decant line flow
rate over the release period.

- C| Radionuclide Concentration, is determined as specified in ODCM
Section 2.4.
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VOL, Volume Released, is set equal to the total volume of the-

discharges to Lake Erie via the CWR decant line as specified in
.

Section 2.4. ;

,

' 2.6 . Liquid Effluent Dose Projections

10 CFR 50.36a requires licensees to maintain and operate the Radwaste System to
ensure releases are maintained ALARA. This requirement is implemented through
TS 3.11.1.3. This TS requires that the Liquid Radioactive Waste Processing System be
used to_ reduce the radioactive material levels in the liquid waste prior to release
when the projected dose in any 31 day period would exceed:

0.06. mrem to the total body, or-

0.2 mrem to any organ-

When the projected doses exceed either of the above limits, the waste must be ;

processed by the Liquid Radwaste System prior to release. This dose criteria for
processing is established at one forty eighth of the design objective rate (3 mrem /yr,
total body or 10 mrem /yr any organ) in ariy 31 day period.

The applicable Liquid Waste Processing System for maintaining radioacd.e matettal
releases ALARA is the lon Exchange System as delineated in Figure 2-1. Alternately,
the Waste Evaporator (presented in the Fermi 2 UFSAR, Section 112) can be used to
meet the NRC ALARA design requirements. It may be used in conjunction with or in
lieu of the lon Exchange System to meet the waste processing requirements of
TS 3.11.1.3;

Each BATCH release of liquid radweste is evaluated to ensure that cumulative dosos
are maintained ALARA. In keeping with the requirements of TS 3.11.1.3 dose
projections are made at least once per 31 days to evaluate the need foi additional
radwaste processing to ensure future releases are maintained ALARA.

?

- The following equations may be used for the dose projection calculation:

Dtbp =Dtb (31 / d)

Dmaxp = Dmax (31/ d)
(2-15)

. where:

= the total body dose projection for the next 31 day period (mrem)Dtbp

NOTE: The reference calendar quarter is normally the current calendar quarter.
If the dose projection is done in the first month of the quarter and is to
be based on dose calculated for the previous quarter, the reference
calendar quarter is the previous quarter.

= the cumulative total body dose for all releases to date in the referenceOtb
calendar quarter (norrnsily the current quarter) as determined by
equation (2M0) or (2-111 (mrem)
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the maximum organ dose projection for the next 31 day period (mrem)Dmaxp *

the cumulative maximum organ dose for all releases to date in theDmax a

reference calendar quarter as determined by Equation (2-10) or
(2-13) (mrem)

the number of days from the beginning of the reference calendard =

quarter to the date of the most recent release in the reference
calendar quarter.

the number of days in projection31 =

END OF SECTION 2.0
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TABLE 2.0-1

Fermi 2 Site Specific Liquid in9estion Dose Commitment Factors
A o (mrem /hr per uCl/mt)i

Nuclide Bone Liver T Body Thyroid Kidney Lung GI-LLI

7.94 E- 1 7.94E-1 7.94 E- 1 7.94 E- 1 7.94E- 1 7.94 E- 1H-3 -

C-14 3.13 E + 4 6.26E + 3 6.26E+3 6.26E + 3 6.26E+3 6.26E +3 6.26E+3

Na-24 4.16 E+ 2 4.16 E + 2 4.16E+ 2 4.16E + 2 4.16 E + 2 4.16E + 2 4.16 E + 2

1.56 E + 5P-32 1.39E+ 6 8.62E +4 5.35E+4 - - -

1.29 E +0 7.70E-1 2.84E-1 1.71 E + 0 3.24 E + 2Cr-51 - -

1.35 E + 44.40E + 3 8.40E+ 2 - 1.31 E + 3 -

Mn-54 -

Mn-56 - 1.11 E + 2 1.96 E + 1 - 1.41 E + 2 - 3.53E +3
2.59E+2 2.67 E + 2Fo-55 6.73 E + 2 4.65E + 2 1.08E + 2 - -

Fo-59 1.06E + 3 2.50E +3 9.57E+ 2 - - 6.98E + 2 8.32 E + 3

2.19 E + 1 3.64 E+ 1 - - - 5.55 E + 2Co-57 -

9.32 E + 1 2.09E+2 - - - 1.89E +3Co-58 -

5.03E+ 3Co-60 - 2.68E+ 2 5.90E+2 - - -

Ni-63 3.18 E + 4 2.21 E +3 1.07 E+ 3 - - - 4.60E+2

Ni-65 1.29E+ 2 1.68E + 1 7.66 E+0 - - - 4.26 E+ 2

Cu-64 - 1.04 E + 1 4.89 E + 0 - 2.63E + 1 - 8 88E+2

4.94 E + 4 - 4.65 E + 4Zn-65 2.32 E + 4 7.38E + 4 3.34 E + 4 -

Zn-69 4.94 E + 1 9.44E + 1 6.57 E+ 0 - 6.14 E+ 1 - 1.42E+ 1

2.28E +3 - - - 2.62 E + 3Br-82 - -

4.06E+ 1 - - - 5.85E+1Br-83 - -

5.27 E+ 1 - - - 4.13 E-4Br-84 - -

- - - 1.01 E-152.16E+0Br-85 - -

- - - 1.99 E + 4Rb-86 - 1.01 E + 5 4.71E+4
- - - 4.01 E-9Rb-88 - 2.90 E+2 1.54E+ 2
- - - 1.12 E- 11Rb-89 - 1.92E+2 1.35E+ 2

6.83E+2 - - - 3.81 E + 3Sr-89 2.38E +4 -

- - - 1.69 E + 4Sr-90 5.85E + 5 - 1.44 E + 5

Sr-91 4.38 E + 2 - 1.77 E + 1 - - - 2.09E +3

Sr-92 1.66 E +2 - 7.18E+ 0 - - - 3.29 E +3
- - - 6.66E+3Y-90 6.28E- 1 - 1.68E-2

Y-91m 5.93 E-3 - 2.30E-4 - - - 1.74 E-2

5.06E+3Y-91 9.20E + 0 - 2.46 E- 1 - - -

9.66E + 2Y-92 5.51E-2 - 1.61 E-3 - - -

- - - 5.55 E + 3Y-93 1.75 E- 1 - 4.83E-3
Zr-95 4.04 E- 1 1.30E- 1 8.7 8E-2 - 2.04 E- 1 - 4.11 E + 2

Zr-97 2.2 4 E -2. 4.51 E-3 2.06E-3 - 6.81 E-3 - 1.40 E + 3

Nb-95 4.47 E+ 2 2.49E + 2 1.34 E+ 2 - 2.46E+ 2 - 1.51 E + 6

Nb-97 3.75 E +0 9.48E- 1 3.46E-1 - 1.11 E + 0 - 3.50 E +3

Mo-99 - 1.26E + 2 2.41 E + 1 - 2.86E+ 2 - 2.93E + 2

Tc-99m 1.02 E-2 2.88E-2 3.67E-1 - 4.38E- 1 1.41 E-2 1.71 E + 1

Tc-101 1.05 E-2 1.51 E -2 1.48 E- 1 - 2.72 E- 1 7.73E-3 4.54 E - 14
|
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TABLE 2.0-1

Fermi 2 Site Specific Liquid Ingestion Dose Commitment Factors
A o (mrem /hr per uCl/ml)!

Nuclide -Bone Liver T Body - Thyro!d Kidney Lung GI-LLI
,.

6.34 E + 22.34E+0 - 2.07E+ 1 -

'llu- 103 5.43E+0 -

2.76E + 25.84E+01.78E-1 -

Ru-105: 4.52E-1 --

5.22E+31.56E +21.02E+ 1
-

.Ru-106- 8.07E+ 1
--

- - - - - - - -

Rh' 103m
Rh-106- -- - - - - - -

3.17E + 0 - 6.59E + 2
| A9'-110m : 1.75E+0 1.61 E +0 9.59E-1 -

1.70E + 1 6.20E + 2'Sb-1241 2.18E41 ' 4.13E-1 8.66E + 0 5.29E-2 -

1.08E+ 1 1.54 E +2Sb;125 1.40E + 1 1.56 E-1 3.32E+0 1.42 E-2 -

Tc-125m 2.58E+3 - 9.35E+2 3.46 E + 2 - 7.76E+2 1.05 E + 4 - - 1.03 E + 4

2.19E +4 -Te-127m ~ 6.52E+3 ~ 2.33 E +3 - 7.94E+2 1.67 E+3 2.65E + 4 -

8.36E+3Te-127I 1.06E+ 2 3.80E+ 1 2.29E+ 1 7.85E+ 1 4.31 E + 2 -

5.58E+4 -Te-129m. 1.11 E+ 4 4.13E+3 1.75E+3 3.80E+3 4.62 E +4 . -

Te-129 3.02 E+ 1 1.14 E + 1 7.37E+0 2.32 E+ 1 1.27 E+2 -- 2.28E+ 1

Te-131m 1.67E +3 8.15E + 2 6.79 E+ 2 1.29 E+3 8.25 E+3 - 8.09E+4 -

!To-131 1.90E+ 1 7.93 E + 0 - 5.99E+0 1.56 E + 1 ' 8.31 E+ 1 - 2.69E+0 -

7.42 E + 4JTe-132 2.43E+3 1.57E +3 - 1.47 E+3 - 1.73E+3 - 1.51 E+4 -

1-130 3.12E+ 1 9.21E+ 1 - 3.64E+ 1 7.81 E+3 1.44E+2 - 7.93E + 1

1-131' .1.72 E + 2 2.46E + 2 1.41 E+ 2 8.065+4 4.21E+2 - 6.49E + 1
4.21 E+ 01-132- 8.39E + 0 - 2.24E + 1 7.85E +0 7.85E+ 2 3.57E + 1 -

-|-133 5.87E+ 1 1.02 E+ 2 3.11 E+ 1 1.50E +4 1.78E + 2 - 9.17E + 1

1.04 E-2l' 134 - ' 4.38E+0 1.19 E+ 1 4.26E+0 ~ 2.06 E+ 2 1.89E+ 1 -
-

1-135: 1.83E+ 1 4.79 E + 1 1.77E+ 1 , 3.16 E+ 3 7.68E + 1 - - 5.41 E + 1

2.30E + 5 7.62 E + 4 ' 1.24E+4Cs-134 2.98E+5 7.09 E +5 '5.80E+5 -

Cs-136 3.12E+4 - 1.23E+5 - 8.87 E+4 - - 6.85E+4 9.40E+ 3 1.40 E+ 4

1.77E+ 5 5.90E+4 ' 1.01E +4Cs-137? -. 3.82 E+ 5 5.22 E+ 5 3.42 E+5 -

3.84E + 2 3.79E+ 1 - 2.23E-3Cs-138 2.65E+2 5.22E +2 2.59E+2' -

:Ba-139 ' 1.45E+ 0 ~ 1.04E-3 4.25E-2 - 9.68E-4 5.87E-4 2.58E+0,

-

p .Ba-140 3.04E+2 - 3.82E-1 ' 1.99 E+ 1 - - 1.30E-1 2.19 E- 1 -- 6.26E+2
4.96E-4 - - 3.03E-4 3.33E-10Ba-141 ^ 7.06E-1 5.33E-4 - 2.38E-2 -

2.77E 4 1.86E-4 4.49E-19'

Ba-142 3.19E- 1 3.28E-4 2.01E-2 -

- - - 6.04 E+3 -'La-140 .1.63E-1 - 8.22E-2 2.17E-2
-

2.77E+ 1La-1421 8.35E-3 - 3.80E-3 9.46E-4 - - -- -

,.

1.89E+22.29E-2(i ' Co.-l 41 7.30E-2 4.94E-2 5.60E-3 --

3.56E+ 2
| .- -Ce-143- 1.29E-2 9.51 E +0 1.05E-3 - 4.19E-3 -

1.29E+39.44E- 1
| ; Ce.-144 3.81E+0 1.59E+0 2.04E-1 --

1.39E-1 - 2.63E+3Pr-143 - 6.00E-1 2.41 E- 1 2.98E-2 -

2.83E-10.Pr-144 1.96E-3 ' 8.16E-4 9.98E-5 - 4.60E-4 -

2.28E+3 -2.77 E-1Nd-147 4.10 E- 1 4.74 E- 1 2.84 E-2
--

8.12 E+4W-187 2.96E+ 2 2.48E + 2 8.66E+ 1 - - -

7.04E + 2Np-239 3.49E-2 3.43E-3 1.89E-3 - 1.07 E-2 -

Appvl k .
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| TABLE 2.0-2
.

Bioaccumulation Factors (BFI)-
(pCi/kg per pCl/ liter)*

r

Element Freshwater Fish

H 9.0E-01 ,t

C 4.6E+03 |
Na 1.0E+02 i

P 3.0E + 03

Cr 2.0E+ 02
Mn 4.0E +02
Fe 1.0E+02 .

*

Co 5.0E+01
Ni - 1.0E +02

Cu 5.0E+ 01
'

Zn 2.0E+03
Br 4.2E + 02 .t

Rb '2.0E+03 -
~''

Sr 3.0E+01
Y '2.5E+01
Zr 3.3E +00 ,

-Nb 3.0E+04
Mo 1.0E+01
Tc. 1.5E+ 01

,

Ru 1.0E+01 1

Rh 1.0E+01 -
Ag ~ 2.3E+00
Sb 1.0E+00
Te 4.0E+02
1 1.5E+01

- '

Cs . 2.0E+03 e

'Ba 4.0E+00-

La 2.5E+01
Ce 1.0E+ 00
Pr 2.5E+01
Nd 2.5E+01
W 1.2E+03 ,

Np- 1.0E +01

1

* Values in this. table are taken from Regulatory Orlde 1.109 except for phosphorus, which is'
adapted from NUREG/CR-1336,' and silver and antimony, which'are taken from UCRL 50564,

..Rev:1, October 1972.

.
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GASEOUS EFFLUENTS

3.0 GASEOUS EFFLUENTS

3.1 ' Radiation Monitoring Instrumentation _ and Controls

3.1.1 Effluent Monitoring - Ventilation System Releases

The gaseous effluent monitoring instrumentation required at Fermi 2 for
controlling and monitoring radioactive effluents are specified in TS 3.3.7.12.
The monitoring of each identified gaseous effluent release point must
include the following:

Noble Gas Activity Monitor-

lodine Sampler (sample cartridge containing charcoal or silver zeolite) b
-

Particulate Sampler (filter paper)-

- Sampler Flow Rate Monitor-

Meeting these requirements, a total of seven Eberline SPING' Monitoring -
Systems are installed on the six gaseous release points (Onsite Storage-

: Facility, Service Building, Radweste Building. Turbine Building,
Reactor Building Exhaust Plenum, and Standby Gas Treatment _ System
Division 1-and Division 2). The SPING Monitor outputs are recorded
electronically in the CT-28_ Control Terminal in the Main Control _ Room.

in general, a reading exceeding the High alarm setpoint of the
SPING Monitors causes an altrm in the Control Room, Fermi 2 TS
Table 3.3.7.12-1 identifies only the alarm function of the Reactor Building
Exhaust Plenum Effluent Monitor, the Standby Gas Treatment System-
Monitors, and the Onsite Storage Facility.

3.1.2 Main Condenser Offgas Monitoring

__TS Table 3.3.7.12-1 specifies monitering requirements for the Offges System
-at the 2.2 minute delay line. The following monitors are required:

_ Hydrogen Monitor - used to ensure the hydrogen concentration in-the-

Offgas Treatment System is maintained less than 4% by volume as
-required by TS 3.11.2.6.

Noble Gas Activity Monitor - used to ensure th' e gross activity release-

rate is maintained within 340 millicuries per second after 30 minute
decay as required by TS 3.11.2.7.

9/ gARMS - INFORMATION SERVICES /''

Date approved: / / '2P 90 Release authorized by:M /IT' vri6 itndu
I

-Change numbers incorporated: LCR 89-200-ODM

DSN Rev 3 Date

DTC TMPLAN File 1715.02 Recipient
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These two monitors perform safety functions.= The Hydrogen Monitor
"

1monitors the potential explosive mixtures in the Offgas System. The Noble-
Gas Monitor monitors the release rate from the main condenser ensuring
doses at the exclusion area boundary will not exceed a small fraction of the
llmits of 10 CFR 100 in the event this effluent is inadvertently discharged
directly to the environment bypassing the Offgas Treatment System.

3.1.3 Reactor _ Building Ventilation Monitors (Gulf Atomic)

The Gulf Atomic Monitors (D11-N408 and 410) on the Reactor Building
Ventilation System provide on high radiation levels (above alarm setpoint)
initiation of SGTS, isolation of drywell vent / purge, isolation of the RB and

_

Control Center Ventilation Systemt, and initiation of Control Center
recirculation mode ventilation. These monitors and functions are not
required by Fermi 2 TS but are important in controlling containment ,

venting / purging.

3.2 Sampling and Analysis of Gaseous Effluents

The program for sampling and analysis of gaseous waste is prescribed in Fermi 2 TS
Table 4,11.2.1;2-1. This table distinguishes two types of gaseous releases:
(1) containment PURGE, treated as BATCH releases, and (2) discharges from the
Reactor Building Exhaust Plenum (including Standby Gas Treatment System (SGTS)
when operating), and other building ventilation exhausts, treated as
CONTINUOUS releases.

*

3.2.1 - Containment PURGE

TS Table 4.11.2.1.2-1 requires that a grab sample be collected and analyzed
before each containment drywell PURGE. Sampling and analysis are
required within eight hours before starting a PURGE.- TS Table 4.11.2.1.2-1
Footnote i and TS 4.11.2.8.3 also require that if the PURGING or VENTING is
through the Reactor Building Vent, rather than through SGTS, additional
sample and analyses are required every twelve hours throughout the
release period. Analysis must include principal gamma emitters and tritium
prlor to venting and purging.

For a planned containment PURGE, the results of t a sampio and analysis
see used to establish the acceptable release rate and radiation monitor
alarm setpoint in accordance with ODCM Section 3.3. This evaluation is

- necessary to ensure compliance with the dose rate limits of TS 3.11.2.1.
The periodic samples collected throughout the PURGENENT period are used
to ensure that release conditions over an extended period are maintained
within TS limits.

3.2.2 Ventilation System Releases'

TS Table 4.11.2.1.2-1 requires continuous samples of releases from the
RB Exhaust Plenum, Standby Gas Treatment System, Radwaste Building.
Turbine Building, Service Building, and Onsite Storage Facillity. The table
specifies the following program:

- Once per week, analysis of an adsorbent sample of I-131 and 1-133,
plus analysis of a particulate sample for principal gamma emitters.

Appvlhy
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.Once per month, analysis.of a composite particulate sample of all-

releases (by release'polnt) that month for gross alpha activity.1

4

Once per quarter, analysis of a composite particulate sample of all-

releases that quarter for Sr-89 and Sr-90.

Once per month, analysis of a grab sample'for principal gamma-

emitters (noble gases and tritium).

TS Table 4.11.2.1.2-1 also requires continuous monitoring for noble gases.
This requirement is met by the SPING Monitors on each of the plant
gaseous release points.

The TS require more frequent sampling and analysis following reactor-
startup, shutdown, or change in thermal power exceeding 15% within one
hour. The TS allow exceptions to this increased sampling schedule
provided that neither one of the following conditions exist:

Primary coolant dose equivalent 1-131 has increased more than a-

factor of three.

- Reactor Building SPING noble gas monitor has increased more than a'

factor of three.
,

Grab samples of the Fuel Pool Ventilation Exhaust are required. tritium
analysis once per seven days whenever spent fuelis in the Spent
Fuel Pool. ' Also, grab samples for tritium are required when either-the
reactor well or'the dryer separator poolis filled. These samples are taken [
at the Reactor Bullding Exhaust Plenum and Standby Gas Treatment System

-(SGTS) when operating.

3.3 Gaseous Effluent Monitor Setpoint Determination,

3.3.1 ' Ventilation System Monitors

Per the requirements of TS 3.3.7.12, alarm setpoints shall be established for-.
the gaseous effluent monitoring instrumentation to ensure that the release
rate of noble gases does not exceed the limits of TS 3.11.2.1. This TS limits
releases to a dose rate at the SITE BOUNDARY-of 500 mrem / year to the
total body or 3000 mrem / year to the skin. From a grab sample analysis of :
the applicable release (i.e., grab sample of the Drywell_or Ventilation System
release), the radiation monitoring alarm setpoints may be established _by the
following calculational-method The measured radionuclide concentrations
and release rate are used to calculate the fraction of the allowable release
. rate, limited by TS 3.11.2.1, by the equation:

FRAC = 1,67 E + 01 * X/O * VF * [ (C. * K,)
' '

500
(3-1)

FRAC = 1.67 E + 01 * X/O * VF * [(C, * [L + 1.1 Mj)
1

'

3000 '
(3-2)

Appvi M
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I' Where!
--,

fraction of the allowable release rate based on the -- t
' FRAC- =

!

identified radionuclide concentrations and the release
flow rate

.

annual average meterological dispersion to theX/O =

controlling site boydary-location from
1 Table 3.0-4 (sec/m )

Ventilation System flow rate for the applicable release.
~

VF. =

- point and monitor (liters / minute)-

concentration of noble gas radionuclide i as determined
C1

=

by gamma spectral analysis;of grab sample (uCl/cc)

_ K) = -t'otal body dose conversion facto.rjor noble gas;
' radionuclide I (mrem /yr per uCl/m -, from Table 3 0-3).

.

l.) = beta skin dose conversion factor fgr noble gas
radioni.clide .i (mrem /yr per uCl/m , from Table 3.0-3)

,

Ms . = gamma air dose conversion factog for noble gas
radionuclide I (mrad /yr per uCi/m , from Table 3.0-3)

1.1 = mrem skin dose per mrad gamma air. dose (mrem / mrad)

total body dose rate limit (mrem /yr)500 *

skin dose rate limit (mrem /yr)'3000 =
+

1.67 E -+ 01 = - 1 E + 03 (cc/ liter) * (1/60) (min /sec)

Based on the more limiting (i.e., higher) value of FRAC as determined above,-
- the alarm setpoints for the applicable monitors 'may be calculated by the
equation:

SP = (AF . E C )'+ Bkg
1
'

FRAC
~ (3-3)

. Wherei'

SP = alarm setpoint corresponding to the maximum allowable -
release rate (uCi/cc)

Bkg = backgrou.1d of the monitor (uCl/cc)
~

administrative allocation factor (Table 3.0-2) for the' AF >=

specific monitor and type release, which corresponds to
.

the fraction of the total allowable-release rate that is
administratively allocated to the individual release

-

points.

Appvif2*
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Ci = concentration of Noble-Gas Radionuclide i as determined
by gamma spectral analysis of grab sample (uCi/cc)
Note: If the monitor ctnannel in question was showing a
response to the effluent at the time of the grab sample,
this response minus background may be used in lieu of
the summed grab sample concentrations.

The Allocation Factor (AF) is an administrative control imposed to ensure
that combined releases from all release points at Fermi 2 v,ill not exceed
the regulatory limits on release rate from the site (i.e., the release rate
limits of Technical Specification 3.11.2.1). From the Fermi 2 design
evaluation of gaseous effluents presented in the UFSAR Section'11.3,'
representative values have been determined for AF. These valut 5 are.
presented in Table 3.0-2. These values may be changed in the future as
warranted by operational experience, provided the site releases comply with
TS 3.11.2.1. In addition to the allocation factor, safety tactors which have

.the effect of lowering the calculated setpoints may be applied. When
combined with the Noble Gas Monitor calibration constant, the monitor.-
sensitivity for Xe-133 may be used in lieu of the sensitivity values for the
individual radionuclides. Because of its lower namma energy and
corresponding monitor response, the Xe-133 sensitivity provides a
conservative value for elarm setpoint determination.

=3.3.2 Conservative, Generic Alarm Setpoints

A conservative alarm setpoint can be establish 9d in lieu of the individual
radionuclide evaluation (described above) basec on the grab sample
analysis. This approach eliminates the need tr, adjust the setpoint'
periodically to reflect minor changes 'n radionuclide distribution or release
flow rate.- .The alarm setpoint may be enservatively determined based on
the UFSAR design radionuclide. distribution values as summarized in

' Table 3.0-1. If due to a change in plant conditions this UFSAR radionuclide
mix is no longer conservative, setpoints based on the.UFSAR mix will be

_

recalculated using data from plant samples.

For.the radionuclide distribution given in UFSAR Table 11.3-5, the estimated
total body. dose rate is higher than the estimated skin dose ratec Therefore,
the more restrictive setpoint is based on the total body dose rate limit and
-is calculated with Equations (3-1) and (3-3).- The calculated setpo.nts are
presented in Table 3.0-2. These setpoints are not necessarily the current
setpoints.

- 3.3.3 ' Gaseous Effluent Alarm Response - Evaluating Actual Release
Conditions

The monitor-alarm setpoint is used as the primary method for ensuring and
demonstrating compliance with the release rate limits of.TS 3.11.2.1. . Not
exceeding alarm setpoints constitutes a demonstration that release rates
have been maintained within the TS limits. When an effluent Noble Gas
Monitor exceeds the alarm setpoint, an evaluation of compilance with the
release rate limits must be performed using actual release conditions. This
evaluation requires collecting a sample of the effluent to establish actual|-

L radionuclide concentrations and permit evaluating the monitor response.
The following equations may be used for evaluating compliance with the

,

release rate hmit of TS 3.11.2.1a:
t
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Otb = 1.67 E + 01 * X/O * VF * [ (K * C )i l

'

Ds = 1.67 E + 01 * X/O * VF *[((L + 1,1 Mg] * Cg)
- 1

Where:

Dtb = total body dose rate (mrem /yr)

skin dose rate (mrem /yr)'

-Ds =

atmospheric dispersion to the cg) trollingX/O =

SITE BOUNDARY location (sec/m

VF =- Ventilation System release rate (liters / min)

concentration of radionuclide i as measured in the grabC- =l
sample or as correlated from the SPING Noble Gas
Monitor reading (uCl/cc)

= total body dose conversion f actor jor noble gasKi
radionuclide I (mrem /yr per uCl/m , from Table'3.0-3)

Li = beta skin dose conversion factor fgr noble gas
radionuclide I (mrem /yr per uCi/m , from Table 3.0-3)

= gamma air dose conversion factog for noble Das-Mi
radionuclide I (mrad /yr per uCi/m , from Table 3.0-3)

~1.1 =- mrem skin dose per mrad gamma air dose (mrem / mrad)

1.67 E + 01 = 1 E + 03 (cc/ liter) * (1/60) (min /sec)

3A- Containment Drywell, VENTING and PURGING

3.4.1 Release Rate Evaluation
,

For drywell VENTING-or PURGING, an evaluation of acceptable release rate ,

should be performed prior to the release._ Based on the measured noble
gas concentration in the grab sample collected per the requirements of
TS Table 4.11.2.1.2-1, the allowable release rate can be calculated by the
following equation:

RRg= 500. AF-

1.67 E + 01 * X/O * { (Kg * C )i
(3-6)

or

RR*= 3000. AF
{ ([L + 1.1 M l * C )1.67 E + 01 * X/O * i i i

(3-7)

.
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Where:
,

allowable release rate so as not to exceed a dose rateRRtb =

of 000 mrem /yr, total body (hters/ minute)
RRs = allowable release rate so as not to exceed a dose rate

of 3000 mrem /yr, skin (liters / minute)

AF = allocation factor for the applicable release point from
Table 3.0-2 (def ault value is 0 5 for Reactor Building
Exhaust Plenum)

500 = total body dose rate limit (mrem /yr)

skin dose rate limit (mrem /yr)3000 =

The lesser value (RRtb or RRs) as calculated above should be used for
establishing the allowable release rate for the drywell PUROINO or VENT!NO.

342 Alarm Setpoint Evaluation

For a containment drywell VENTING or PURGING, a re-evaluation of the
alarm setpoint is needed to ensure compliance with the requirements of
TS 3.3.7.12. For the identified release path (RB Exhaust Plenum or SGTS)
and associated effluent Radiation Monitor, the alarm setpoint should be
calculated using Equations (3-1),(3-2) and (3-3). In Equations (3-1) and
(3-2), the value of the Ventilation Flow VF should be established at the total
release flow rate, including the f.ontribution from the PURGE or VENT. If the
calculated alarm setpoint is greater than the current setpoint. no
adjustments are necessary.

3.5 Quantifying Releases - Noble Gases

The determination of doses in the environment from releases is dependent on the
mixture of the radioactive material. Also, NRC Rf,gulatory Guide 1.21 requires
reporting of individual radionuclides released m gaseous effluents Therefore,
Detroit Edison must determine the quantitles of the individual rcdionuclides releases
For noble gases, these quantitles must be based on actual noble gas grab samples.

3.5.1 SamplinD Protocol

As required by TS 3.11.2.1, a gas sample is collected at least monthly from
each of the six gaseous release points (Reactor Building Exhaust Plenum,
Standby Gas Treatment System, Radweste Building, Turbine Building, Onsite
Storage Facility, and Service Building). As discussert in ODCM Section 3.2.2,
this gas sample is analyzed by gamma spectroscopy to identify individual
radionuclidos (noble gases). To date (May 1990) noble gases have been
detected only in the reactor building effluent.

.

<
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in addition to these monthly samples from each release point, noble gas
grab samples from the Offgas Vent Pipe may be collected using the sample
knes of the abandoned Offgas Vent Pipe Monitor (Oti-N105 and
D ' 1 - N 106). Since noble gases are more concentrated at this point than at
thf Reactor Building Exhaust Plenum, a greater number of noble gases are
deiected at this point. Sampling should be performed monthly at the
Offgas Vent Pipe unless the reactor is shut down or noble gas
concentrations increase sufficiently to allow detection of all significant
noble gas nuclides at the Reactor Building Exhaust Plenum.

For Containment PURGE / VENT, sa'aples are collected prior to the initiation
of the release and periodically tnroughout the release (see ODCM
Section 3.2.1). These samples are evaluated using Equations (3-4) and (3-5)
to ensure that the site boundary dose rate limits of TS 311.2.1 are not
exceeded For an extended PURGE / VENT period (e g., longer than 48 hours),
drywell airborne activity levels will equilibrate. After equilibrium is reached,
the quantification of the PURGE / VENT can be adequately addresud by the
periodic (typically weekly) sample and analysis of the Reactor Building
Exhaust Plenum or Standby Gas Treatment System.

As required by TS Table 4.11.2.12-1, special samples are requireu of the
RB Exhaust Plenum and SGTS following shutdown, startup or a
THERMAL POWER change exceeding 15% within a 1 hour period. Exceptions
to this special sampling are allowed as noted previously in
ODCM Section : 12.

3.5.2 Release Concentration Determination for Reactor Building Exhaust
Plenum

In cases where both e RB Exhaust Pisnum noble gas sample and an Offgas
Vent Pipe (OGVP) sdmple have been takers the RB Exhaust Plenum noble gas
concentrations are determined as follows: First, the RB SPING channel 1-5
readings (above background) at the times the two samples were taken are
compared, and the noble Das concentrations for the sample taken at the
lower RD SPING channel 1-5 reading are normalized to the higher RB SPING
channel 1-5 reading. Second, a dilution factor relating OGVP concentrations
to RB Exhaust Plenum concentrations is calculated by dividing the RB
Exhaust Plenum flow rate (nominally 9.43 E4 cfm) by the OGVP flow rate as
indicated in the control room (N62-R808 blue pen). Third, the OGVP noble
gas concentrations are divided by this dilution factor. Fnurth, the diluted
OGVP noble gas concentrations are compared to N RB Exhaust Plenum
noble gas concentrations, and the higher of the J,e two concentration
values for each nuclido is taken to be the RB fa eaust Plenum t.once,ntration
for that nuclide. (For purposes of chiculation, ne concentrations Of nuclides
which are not detected are taken to be zero.) Fifth, the resulting RB
Exhaust Plenum concentrations are corrected for variations during the
release period by multiplying each concentration value by the average RB
SPING channel 1-5 reading (above backglound) for the

|
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period divided by the higher of the two RD SPING channel 1-5 sample readings (above
backgrouno) at time the samples were taken These corrccted values are then used as C, in
Equation (3-8) to determine the quantity of noble gases released.

3.53 Calculation of Activity Released

The following equatior' may be used for determining the release quantities
from any release point based on the grab sample analysis:

O = 1.0 E + 03 * VF * T * C|i
(3-8)

Where;

total activity released of radionuclide i (uCi)0: =

Ventilation System release rate (liters / min)VF =

total time of release period (min)T =

milliliters per liter1.0 E + 03 =

concentration of rad Oruclide i as determined by gammaC)
=

spectret analysis of Drab sample (uCi/cc) corrected for
variations during release period as described in
Section 3 5.2

30 Site Boundary Dose Rate - Radiolodine and Particulates

TS 3.11.2.1.b limits the dose rate to < 1500 mrem /yr to any or0an for 1-131, I-133,
tritium and particulates with half-lives greater than 8 days. To demonstrate

,

compliance with this limit an evaluation is performed at a frequency no greater than
'het corresponding to the sampling and analysis time period (nominally once per
7 days). The following equation may be used for the dose rate evaluation:

[ (R * Q )Do = X/O * i i
(3-9)

Where:

average organ dose rate over the sampling time period (mrem /yr)Do *

atmospheric dispersion to the corg) rolling SITE BOUNDARY locationX/O =

for the inhalation pathway (sec/m from Table 3-4

3
Ri dose parameter for radionuclide I, (mrem /yr per uCi/m ) for the=

chlid inhalation pathway from Table 3 S

average release rate over the appropriate sampling period andOj =

analysis frequency for radionuclide I -- l-131, l-133, tritium or
other radionuclido in particulate form with half-life greater than
8 days (uCi/sec)

Appvl 20^ ,
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Og a Cg * VF * 1.67E + 01
Where:

VF = Average ventilation flow for release point (liters / min)

Concentration of radionuclide I as determined by gamma spectralCi =

analysis of media (uCi/ml)

1E + 03 (cc/ liter) * (1 min / 60 see)1.67E + 01 =

3 6.1 Simplified Dose Rate Evaluation for Radiolodines and Particulates

it is conservative to perform a simplified evaluation of allowable releases by
applying the 1-131 dose f actor to eli measured radionuclides if the 1-131
dose factor is used for each nuclide in EquMion (3-g) and if the catculated
dose rate does not exceed 1500 mrem / year, no additional analyses are
needed to verify compilance with the TS 3.11.2.1.b limits on allowable
release rate.

3.7. Noble Gas Effluent Dose Calculations - 10 CFR 50

3.7.1 UNRESTRICTED AREA Dose - Noble Gases

TS 3.11.2.2 requires a periodic assessment of releases of noble gases to -
evaluate comp!!ance with the quarterly dose limits of 5 mrad. gamma-air
and 10 mrad, beta-air and the calendar year limits 10 mrad, gamma-alt and
20 mrad. beta-air. The following equations may be used to calculate the-
gamma-air and beta-air doses:

D = 3.17 E - 08 * X/O * [ (M * O )i i

and

D = 3.17 E - 08 * X/O * [ (N) * O )iM (3-11)

Where:
.

alt dose due to gamma emissions for noble gasD =

I radionuclides (mrad)

air dose due to beta emissions for noble gas -D =g
radionuclides (mrad)

atmospheric dispersion to the cqf) trollingX/O =

SITE BOUNDARY location (sec/m

= cumulative release of noble gas radionuclide i over theOi
period of interest (uCl) .,

-!

= air dose factor due to gamma ergssions from noble gas'o

radionuclide I (mrad /yr per uCl/m , from Table 3.0-3)
i
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:

alt dose factor due to beta emissgons from noble gasNi =

| radionuclide I (mrad /yr per uCl/m , Table 3 0-3)
i

f 1/3.15 E + 07 (year /sec)3.17 E - 08 =

:

3.7.2 $1mplified Dose Calculation for Noble Gases
,

in lieu of the individual noble gas radionuclide dose assessment presented
above, the following simpilfied dose calculational equations may be used for

j

j_ verifying compliance with the dose limits of Technical
Specification 3.11.2.2, (Refer to Appendix C for the derivation and
justification of this simplified method.)

,

D[ = 2.0 * 3.17 E - 08 * X/O * Mett * [ O
i

(3- 12)
and

" D = 2.0 * 3.17 E - 08 * X/O * Nef t * [Oio
j P (3- 13)

wnere:

Mett 2.7 E + 03, effectivggamma-air do,e f actor=

(mrad /yr per uCi/m )

2.3 E + 03, effectivg) beta-air dose f actorNett =
;

(mrad /yr per UCi/mF
4

I
conservatism factor to account for potential variability in2.0 =

the radionuclide distribution
,

3.8 ' Radiciodine and Particulate Dose Calculations - 10 CFR 50
.

3.8.1 UNRESTRICTED AREA Dose - Radiolodine and Particulates

in accordance with requirements of TS 3.11.2.3. a periodic assessment is
required to evaluate compliance with the quarterly dose limit of 7.5 mrem
and the calendar year limit of 15 mrem to any organ. The following
equation may be used to evaluate the maximum organ dose due to releases
of l-131, tritium and particulates with half-lives greater than 8 days:

* [ (R * O )Daop = 3.17 E - 08 * W * SFp i i
(3-14)

' Where:
7

done or dose commitment via controlling Pathway p and
'

Daop =
;

Age Group a (as identified in Table 3.0-4) to Organ o,
including the total body (mrem) i

1

atmospheric dispersion parameter to the controllingW =

location (s) as identified in Table 3.0-4:

.
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W = X/Q, atmospheric dispersion for inhalation pathway and
H-3 dose contribution via other pathways (sec/m )

D/Q. atmospheric deposition for vegegation, milk andW r

ground plane exposure pathways (m~)

Where:

3
doge factor for radionuclide i, (mrem /yr per uCi/m ) orBi

=

(m - mrom/yr per uCl/sec) from Table 3 0-5 for each
Age Group (a) and the applicable Pathway (p) as

Values for R were dertved inidentified in Table 3.0-4. i

accordance with the methods described in
NUREG-0133. As noted in NUREG-0133 section 5.3.1.3,
in the case that the milk animal is a goat, parameter
v9 lues from Reg Guide 1.109 should be used For1-131,
for example, use of the goat feed / forage consumption
rate given in Table E-3 and the stable element transfer
factor given in Table E-2 of Reg Guide 1.109 results in
grass-goat-milk dose factors which are equivalent to
the grass-cow-milk dose f actors in lable 3.0-5
multiplied by 1.2.

cumulative release over the period of interest forOi =

radionuclide i - I-131 or radioactive material in
particulate form with half-life greater than 8 days (uCi).

annual seasonal correction factor to account for theSF =
p

fraction of the year that the applicable exposure
pathway does not exist:

1) For milk and vegetation exposure pathways:

= A six month fresh vegetation and grazing season
(May through October) limits exposure through
this pathway to half the year

0.5 (derived from Reg Guide 1.109, Rev 1)=

2) For Inhalation and ground plane exposure pathways:

1.0 (derived from Reg Guide 1.100, Rev 1)a

1/3.15 E + 07 (year /sec)3.17 E - 08 =

The age group with the highest potential dose via the contiolling pathway
should be used for evaluating the maximum exposed individual. This
determination is based on a comparison of the age group pathway dose
conversion factors (Table 3-5), The infant age group is controlling for the
milk pathway and the child 800 group is controlling for the vegetable
pathway. Only the controlling 800 group and pathway identified in
Table 3.0-4 need be evaluated for compliance with TS 3.11.2.3,

AppvifA,
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38.2 -Simplified Dose Calculation for Radiolodines and Particulates

in lieu of the. individual radionuclide (1-131 and particulates) dose
assessment presented above, the following simplified dose calculation may
be used for verifying compliance with the dose limits of TS 3.11.2.3. 1

a

*R|_131*[OiDmax = 3.17 E - 08 * W * SFp
(3-15)

Where:

maximum organ dose (mrem)Dmax *

:
l-131 dose parameter for the thyroid for the identifiedR).131 =

controlling pathway

= 4.76 E + 10, child thyrgld dose parameter for the
vegetable pathway (m - mrem /yr per uCi/sec)

The ground plane exposure and inhalation pathways need not be considered
when the above simplified calculational method is used because of the
overall negligible contrioution of these pathways to the total thyroid dose. '
It is recognized that for some particulate radionuclides (e g., Co-60 and
Cs-137), the ground exposure pathway may represent a higher dose
contrsbution than either the vegetation or milk pathway. However, use of
the 1-131 thyroid dose parameter for all radionuclides will maximize the
organ dose calculation, especially considering that no other radionuclide has
a higher dose parameter for any organ via any pathway than 1-131 for the '

thyroid via the vegetable or milk pathway.
,

The location of exposure pathways (critical receptors) and the
1 '

corresponding maximum organ dose calculation should be based on the
pathways identif. M by the annualland-use census (Technical
Specification 3.1W). Otherwise, the dose should be evaluated based on the.

predetermined controlling pathways ider'tified in Table 3.0-4.

3.9 Gaseous Effluent Dose Projection

As with liquid effluents. the Fermi 2 TC on gaseous effluents require " processing" of
gaseous effluents if the projected dose exceus specified limits. This TS implements
the requirements of 10 CFR 50.36a on maintaining and using the appropriate radwaste
processing equipment to keep releases ALARA. ,

TS 3.11.2.5 requires that the VENTILATION EXHAUST TREATMENT SYSTEM be used to
reduce radioactive material levels prior to discharge when the projected dose exceeds
0.3 mrem to any organ in any 31 day period (i.e., one-quarter of the design oblective
rate). Figure 3-1 presents the gaseous effluent release points and the VENTILATION
EXHAUST TREATMENT SYSTEMS applicable for reducing effluents prior to release.

.

\
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r

Dose projection is performed at least once per 31 days using the following equation:

Dmaxp = Dmax * (31/ d)
(3-16)

Where:

Dmaxp = maximum organ dose projection for the next 31 day period (mrem)

NOTE: The reference calendar quarter is normally the current calendar
quarter. If the dose projection is done in the first month of the
quarter and is to be based on dose calculated for the previous quarter,
the reference calender quarter is the previous quarter.

Dmax = the cumulative maximum organ dose from the beginninp of the
reference calendar quarter (normally the current quarter) to the end
of the most recently evaluated release period as determined by
Equation (3-14) oi (3-15) (mrem)

d = number of days from the beginning of the reference calendar
quarter to the end of the rnost recently evaluated release period.

number of days in projection31 =

END OF SECTION 3.0
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TABLE 3.0-1

'
Def ault Noble uns Radionuclide Distribution'

of Gaseous Effluents
i

.i

Radionuclide Fraction of Total
(A / [ A)'

i l

Kr-85m 0.10
'

.

Kr-85 0.01i

- Kr RB - 0.04 .''

Kr-LJ 0.06
Xe-133 0.67
Xe-135 0.02
Xe-137 0.02
Xe-138 0.07 j

TOTAL 0.99 ,

,

:

i .

NOTE:

Data adaptea from Fermi 2 UFSAR, Section 11.3, Table 11.3-5. Kr-90, Kr-91, Xe-139,*

and Xe-140 have been excluded from the distribution Because of their short ,

half-lives, they decay during transport off site to negligible levels of activity. Kr-87, 3

Xe-131m and Xe-133m have been excluded because of their negligible fractional
abundance.

.

4

.
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i

TABLE 3.0-2

Generic Values for Evaluating
Gaseous Release Rates and Alarm Setpoints

,

Allocation Allocated Dose
Release Point Flow Rate * Factor Rate Limit Generic Alarm

(liter / min) (AF) (mrom/ year) Setpoint (uCl/ml)*

Reactor Building 2.67E6 0.50 T Body = 250 1.02E-4+ Bkg

Exhaust Plenum Skin = 1500
D11-P280 Organ = 375

,

' Standby Gas 1.07ES 0.10 T Body = 25 6.12E-4+ Bkg

Treatment System Skin = 150
75Div i D11-P275 Organ =

LStandby Gas 1.12E5 0.10 T Body = 25 6.17E-4+ Bkg

'Troatment System Skin = 150
75Div 11 D11-P276 Organ = ,

Turbine Building 8.67E6 0.20 T Body = 50 1.06E-5+ Bkg__

Ventilation Skin = 300
D11-P279- Organ = 150

S2rvice Building g.06ES 0.01 T Body = 2.5 7.93E-6+ Bkg
15; Ventilation Skin =

,

D11-P282 Organ = 7.5

' Radweste Building 1,13E6 0.02 T Body = 5 6.22E-6+ Bkg
30Ventilation Skin a

-D11-P281 Organ = 15'-

Onsite Storage 3.06E5 0.02 T Body = 5 1.93E-4+ Bkg
30Building Skin =

Ventilation Organ = 15
D11-P281

Reactor Building 2.57E6 0.50 T Body = 125 9.19E-6 cpm

. Ventilation ** Skin = 750
Outf Atomic
Monitors
D11-N408,N410

,

* . Ventilation flow rate values are subject to change due to plant modifications and changing plant
conditions; therefore updated values may be used.

D11-N408 and N410 will start the SOTS, close the Drywell PurgeNent Valves, isolate Rx Building**
'

Ventilation System, isolate Control Center, and initiate emergency recirculation mode. Alarrn
setpoints for these monitors are not required by Fermi 2 TS but have been included in this table for

;- completeness.
1.
|
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i

TABLE 3.0-3

Dose Factors for Noble Gases *

Total Body Skin Gamma Air Beta Air
Gamma Dose Beta Dose Dose Factor Dose Factor

Nuclide Factor Ki Factor Li Mi Ni

(mrem /yg)p u (mrom/yg)per (mrad /yrf)er (mrad /yrg) eruCl/m uCl/m uCl/m uCl/m'

1.93E +01 2.88E+ 02Kr-83m 7.56E-02 -----

Kr-85m 1.17E+03 1.40E+ 03 1.23E + 03 1.97 E + 03

Kr-85 1.61 E+01 1.34E + 03 1.72E+ 01 1.95E+03 -

Kr-87 5.92 E+03 9.73 E+ 03 6.17E +03 1.03 E + 04

Kr-88 1.47E+ 04 2.37E+ 03 1.52E+04 2.93 E + 03

Kr-89 1.66E +04 1.01 E +04 1.73E+ 04 1.06E+ 04

Kr-90 1.56E + 04 7.29E + 03 1.63E +04 7.83E+03

Xe-131m 9.15E + 01 4.76E + 02 1.56E +02 1.11 E +03

Xe-133m 2.51E+02 9.94 E+ 02 3.27E+ 02 1.48E +034

-Xe-133 2.94E+02 3.06E+02 3.53E+02 1.05E + 03

Xe-135m 3.12 E+03 7.11 E+ 02 3.36E+03 7.39E + 02

Xe-135 1.81 E+ 03 1.86E + 03 1.92E +03 - 2.46E+03

Xe-137 1.42E+03 1.22E + 04 1.51E+03 1.27 E+ 04

Xe-138 8.83E + 03 4.13E + 03 9.21E+ 03 4.75E + 03

Ar-41 8.84E+03 2.69E + 03 9.30E+03 3.28E+03
4

:i

NOTE:

Dose factors taken from NRC Regulatory Guide 1.109*

|

'l
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TABLE 3.0-4

Controlling Locations, Pathways, and Atmospheric |

Dispersion for Dose Calculations *

Atmospheric Dispersion
Factor

Tcchnical Location Pathway (s) Controlling X/O D/O
3 2

Specification Age Group (sec/m ) (1/m )

3.11.2.1 a site boundary noble gases N/A RB: 2.75E-6 N/A

(0.36 mi, NE) direct TB: 1.35E-5 !

RW: 6.12E-6exposure

3.11.2.1 b site boundary inhalation chlid RB: 2.75E-6 N/A
TB: 1.35E-5(0.36 mi, NE)
RW: 6.12E-6

3.11.2.2 site boundary gamma-air N/A RB: 2.75E-6 N/A

(0.36 mi, NE) beta-air TB: 1.35E-5
RW: 6.12E-6

3.11.2.3 residence milk, infant RB: 1.24 E-7 9.57 E- 10
,

(2.1 mi, WNW) inhalation, and TB: 3.24E-7 1.60E-9 !

ground plane RW: 2.02E-7 1.20E-9

|

>

NOTE:

The identified controlling locations and pathways have been determined from the 1989 land-use*

census data. ''.t atmospheric dispersion factors for these locations were derived from '

meteore?ogical data records for the period 1/1/89 to 12/31/89. Dispersion factors are given for the
three gaseous release points from which radioactive release 3 other than natural products have

- been detected; the reactor building (RB), the turbine building (TB), and the radwaste building (RW).
Dispersion factors for other release points are available from the X/O and D/O data tables. New
dispersion factors are calculated at the end of each calendar year based on the previous year's
meterological data; such new factors should be used to calculate dose for the February Semlannual
Effluent Release Report pending revision of this table. ,

Appvl
'
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tacitee been Lhot terrold &sener Sees 41*1L8 f. toe r

1.36b 3 f. Hie) 't.36te3 1.268*3 1.36tel 1.86tel23 *
.

C*to 1. Alb4 3.41b3 3.418e3 3.418 3 3.4 t D 3 3.41b3 3.4ttel
8e.34 1.021 4 1.02b 4 e.021 4 1.021 4 1.02 b 4 t.028e4 1.028e4

8.64be 6.ctb4P 32 1.328*6 lettlee * * *

8.9f D1 3.38tet 1.441*4 3.12t*3 1.00b3Ct il * *

9.648e3 1.40t*6 7.14te4 4.htelhe 64 3.968 4* *
1. Hiep 9.44tel 8.62b4 1.431 1as- H + 1.34B+0 .

f.218,4 6.83te) 3.94telFe ll 2.46te4 1.10b 4 * =

1.02fe6 f.64tel 1.M t * 4Feelt 1.lete4 2.745 4 . .

3.70tel 3 141 4 6.71b2Ce-St 6.92b 3- . .

9.36tel 1.Mtel 2.0?b31.54b 3Co 54 + . *

8.97b6 2.85tel 1.48t+4Co-60 * 1.11t*4 . *

1.76tel 1. Hie t 1.45t+458 63 4.32bl 3.14 tee * *

5.60tel 1.231 4 9.131 2si il 1.548*0 2.101 1 * *

4.628 0 6.78tel 4.908,4 6.158 11.46beCo-64 * *

6.901 4 8.64tel 1.348,4 4.Hb4to 6l 3.141'. 4 1.03t.1 .

4.22b2 9. 20D 3 1.631*1 4.13t*3ta-49 3.388 3 6.511 2 *

St*42 + + + = * 1. 04 t * 4 1.35t*4
2.311e3 2.418*3Br 43 * * * * .

1. i 3.13tetStatt = * * * *

* * * * * * 1. ttb ttrell
1. H b4 S.908 41.38tet* s> H . * *.

3.ht 9 1. 9 Hel3.47telt> &8 * * * .

t.70b32.Hb!test + = = * *

t.401 6 3.htel 8.f!!*3ar*89 3.04tel . * *

9.60te6 f.22tel 4.10t*66t*90 9.92t*7 . * *

3.65t*4 1.9ttel 3.50!*0tr.9% 6.19tet * * *

* * * 1.66te4 4.hte4 2.9t!*1Se*93 6.741*0
1.70!*$ l.Mlel 5.6ttetf 90 3.09tel * * *

1.921*3 1.331*0 1.02t'2f*9te f.ettet * * *

1.70te6 3.tStel 1.24t*4T fl 4.628*$ * . -

1.178 4 f.HE*4 3.02b tf*f2 1.0 H e t * * *

4.458*4 4.221 1 2.61te0f*f3 9.44tet * * *

l.42tet t.77b6 1.50tel 2.3H+4tratl 1.07bl 3.44te4 .

2.97tet 7.871*4 6.33bl 9.04bett*97 9.68tet 1.96tet *

7.741*3 1.05tel 1.04tel 4.2ttelpett 1.411 4 1.82b 3 *

4.14bt 2.40tel 2.421e2 2.0lt 2pt-97 2.228 1 5.63t 2 *

2.9t!*2 9.121 4 2.44185 2.30t*1t.2ttetme*99 a+

4.43b2 f.648*3 4.16b 3 3.701 2Ts=99e 1.038 3 2.911 3 +

1.908 41.048 3 3.99te!fe*tet 4.10bl 4.02bl **

l.821e3 S.05tel 1. tobl A.18telav.103 1;lHe3 = .

* * 1.02b0 9.10!e4 4.438 8 3.118 1BeatOS 7.90t.1
* * 1.htel 9.Hb4 9.12'el 4.73telavalp 6.91t*4

kA=103. . + + * * . *

th=106 * * * * * * =

1. 97 b4 4.63tes 3.02tel 1. h t e)4e=tt0e 1.041 4 1.00t*4 .

Sette 3.13b4 1.49b3 f.65tet 2.46tet 4.06tel 1.24t+4*

l.74Ee 4.0ttel 1.248*4Ob 125 S.341*4 8.91tet 5.40tet .

fe ttle 3.431e3 1.58tel 1.05Ee3 1.268 4 3.161.i 1.04te4 4.47bt
Te 127e 1.368*4 S.77b3 3.2H 3 4.leb4 9.605 8 telotel 1. lib 3

fe It? 1.408,0 6.421 1 1.M t *0 5.10t*0 6.511 0 5.74t 4 3. tob t
feattle 9.76tel 4.67t*3 1.44tel 3.668 4 1.16t*6 3.83bl 1.letel
te.itt 4.981 2 3.398 3 3. W 2 1.8st l 1.94tel 1. lit *2 1.24bt
Te*t3te 6.99tet 4.34tet 5. 50b t 3 09tet 1.46tet 8.htel 3.90tet
fe-131 1.11b2 S.9$b3 9.Hb) 4.378 2 1.39b 3 1.64tet 3.59b3

fe.132 2.60tel 3.15b2 1. 90D 2 1. 46 b 3 2.881 5 S.totel t.6ttet
7.69te) 1.28t+3btM 4. 54 t* 3 1.34t+4 1.14t*6 3.01t+4 .

4.381 3 3.0lb4**131 3.125 4 3.let*4 1.19te? 6.13te4 *

4.Hiel 1.16tel!=t32 1.16t*3 3.26tel 1.14 D $ l.Itte) .

8.64tel 4.128e3I*tH 4.64D 3 1. 48 b4 .9.1$t*6 2. lab 4 *

1.018,0 6.18tell*th 4.448 2 1.73b 3 3.98b4 2.?lt+3 =

5.25t*3 2.$7b32 135 2.Wiel 4.94te3 4.44DS 1.ttt*4 .

2.87bl 9.761*4 1.04 ten 7.34telCo tH 3.73tel 8. 44 b l *

8.56te4 1.30t*4 1.17te4 1.10D $C 136 3.Mb 4 1.46tel *

2.22tel 7.528 4 8.408e3 4.28telC 137 4.?tbl 6.3tbl *

4.Sote2 4. 86b t 1. 84b 3 3.34tetCe*138 3.3tt*2 6.21b! .

6.321 4 3.768 3 8.96tet 2.74btbe*t39 9. Htal 6.641 4 *

1.67tet 1.!Pb4 2.14 bl 2.l?telheat 40 3.90t*4 4.90tet =

I Se 141 1.00t 1 7.838 5 7.005 5 t.94te) 1.16b7 3.Ht 3*

1.661 32.291 6 1.lftel. 143 2.63b2 2.70t*$ . -*

1.36tel 4.58tel 4. 54 b tta H0 3.44bt 1.fotet . .

6.33tel 3.118e3 7.12b314 142 6.83t*1 3.101 1 * *

4.26te) 3.628 5 1.20tel 1.538*3Ce 141 1.99 ten 1,38te4 *

6.04tet 7.98b4 2.26tel 1.lltetCo.143 1.44tet 1.34tet -

4.48tel 7.78b6 8.16tel 1.64telCo.144 3.43t+6 1.43te6 .

3.16tel 2.Itbl 2.001 5 4.648 3Prat 43 9.Hisl 3.fliel .

gp} %7.0lb3 1.0!!*3 2.11t 6 1.53t*3Pr*144 3.011 3 1.25t 3 .

3.lete) 3.211 5 1.71b 5 3.65b2H 147 1.27te3 6.10b 3 -

2. 90b 4 1.lltel 2.48b0 Date Oh/goWall? 4.481 0 7.04D0 - *

7.00tet 3.76b4 1.19bl 1.24tet fup*239 2.30tel- 2.24b t 7-

L
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1.!?id 1.378'$ t.3784 1.37tel 1.!!b 3 1.3?telD.3 *

C 14 3. 60t * 4 4.878 4 4.878 4 4.478 4 4.418 0 4.878 4 4.4MO
h 34 4.HI+4 1. H D 4 t.Hien 1. Hie t 1. H ! * 4 1. Hie t 1. Hie t

9.348 4 f.16 teeP 33 1.898 6 1.10Let . + .

f.508 1 3.0f D t 3.10t*4 3.008 4 1.358stCed t . +

t.37t+4 1. H t e 6 4.64t*4 8.408 4l.118e4ha 64 +.

1.708 0 1.ftt*0 1.538 4 S.141 4 3.638 1no.H . .

1.36tel 4.39te) 5.548 4te.6% l. H te4 3.Htee . .

. . 1.l38 6 1.)Stel 1.438 4Fe.lt t.ltE*4 3.?0t*4
l.htel 3.14 ten 9.20te!Coelf + 4.921e3 * *

1.h t e6 9.131 4 3.148 43.071 4Co.l4 . *a

8.738 4 3.89tel 1.96tett.ltteeCe*60' * **

3.0ftel 1.435 4 1.968 4Bi+H S.40tel,4.168 4 . .

9.36te) 3.6fte4 1.378 188 65 3.188 0 3.938 1 * *

6.41t*0 1.118e4 4.14 b4 8.448 13.03DOCe44 **

4.Hlet 1.34 tea 4.Hiet 6.34tetto.6% $.868 4 1. h t el .

4.028 3 0.64 tee 3.85tel 6.468 3le 66 4.838 3 9.308 3 .

1.03te4Dr.4 3 . . . . . .

3.44btStat) * * * . . *

4.HtelSr.84 . * * . . .

1.831 1be. 4 6 * * . . . .

1.77t*4 8.40te41.90tel* 86 84 . . ..

3.93t l 3.738*3l.46tetSble * . . .
'*3.HE*1 3.Hiel86 89 . 3.121e3 . . .

3.48te6 3.?ttel 1.35 D 48t.89 4.Hiel e . *

1.4lb f 1.65tel 6.64tdSt.90 t.Htel * * *

6.07t*4 3.lttel 3.ltb6pt.91 8.60tet . . .

3.741 4 1.19tel 4.048 1St 9) 9.521e0 . . .

3.93tel 5.59D S 4.00881f.90 3.98tel . * .

3.301 4 3.03D1 i.431 37 9te 3.70bt . . .

3.948 4 4.09tel 1.718'4f.91 6.6ttel . . .

3.645*4 1.48tel 4.39t*1f.93 1.47tet . . .

8.33t+4 5. tid 3.731e0f.93 1.38tet * * .

6.14D4 3.698 6 1.49D S 3.11b 43 *95 1.46tel 4.18te4 .

4.12tet 1. Ht el 6.Hiel 1. 36 D tle.97 1. Hie t 3.721st .

1.00te4 f.111 5 9.68b6 S.Htelubtl 1.661 4 1.031 4 *

9.12b3 3.931 0 3.17te) 3.84b3ubt? 3.148 1 f 7814 .

4.118 3 1.64tel 3.69fel 3.331 1ke*99 . 1. HD 3 .

l.76td 1.084 4.014 4.998 3te*99e 1. h t .) 3.861 4 *

1.l28 3 6.67tel 4.128 1 8.345 4isatet 1.928 1 8.401.$ .

1.O t e) 7.H tel 1.09D $ 8.94telSe*t03 3.10 D 3 . *

1.418e0 1.821 4 9.048 4 4.348 1Se.tel 1.131 0 . .

1.90!*l 1. 6 t b 7 9.60D $ 1.34t*4Es.104 9.648*4 . .

th.103e . . . * * . .

En.106 . . . . . . .

3.$0 ten 6.75t*6 3.?Hel f.9984Aa * Hoe 1. H I * 4 1.311 4 -

tbt34 4.30t*4 f.94tet 9.14b t 3.854 6 3.94 D S 1.648 4+

8 bill 7.Hte4 8.04tet 7.04tet 3.168 6 9.92te4 1.138 4.

fe.13Se 4.88tel 3.348 4 1.40te3 l.htel 1. lote 4 6.67tel*

fe.137e 1.60t*4 8.168 4 4.Hle) 6.64 ten 1. H t * 6 1.59D S 3.18tel

.e.131 3.0tt*0 9.131 1 1.431 0 7.HD0 1.138e4 4.Hta4 4.438 1
fe.;'to 4.398 4 6.54D3 e. le td 8.198 4 1. H 8 * 6 4.0$lel 3.38tel
f e 139 f e t0b3 3.388 3 S.161 3 3.Ht 1 3.301 0 1.638 4 1.765 3
fe.131e .' 64tel 4.0t!*1 f.35tel 4.39tel 3.HDI 6. Ilbl 4.08tet
te.01 1. Ct.3 8.338 4 1.348 3 6.168 3 3.Htd 1.lttet 5.04 b 3

Te. 03 3.60tel 3.90tet 3.46b3 1.95tel 4.495el 4.43tel 3.Hiet
3 00 6.34t*3 1.791 4 1.49te6 3.flD4 9.128e3 7.178 0.

3 131 3.541 4 4.9tten 1.46te? .8.40t*4 6.491 3 3.64te4.

4.34t*3 1.ltbl 6. 92b 3 1.371*3 1 l41 4
1. Hid4

leul *

1.328 3.0$t+4 3.925*6 3.19t*4 1.038e4 6.331 33*t33 .

1 04 8.88bt 3.331 4 3.95D4 3.66td 3.04tel 8.40tel.

3 131 3.701e3 9.441*3 6.318el 1.498 4 6.96te) 3.49te).

3.fitel 1.46D $ 9.76tel 1.49tdCo.04 1.02D 5 1.1H 4 .

1.105 5 1.18 D 4 1.09t 4 1.37blCo.t M l.tStet 1.94 D S .

3.04D S 1.ltDS.4.448e3 3.111elCe*137 6.70tel 8.48DS *

6.63D3 7.87tet 3.708 1 4.66 teaCo.04 4.66td 8.54t*3 .

8.681 4 6.46tel 6.451 3 3.90s.3ns tH t.341 0 9.448 4 .

3.34tet 3.03te6 3.398 5 3.538 4teel 40 5.478 4 4.10p t *

9.848 5 3.39D3 f.Ht4 4.14 tdhe.144 1.431 1 1.048 4 .

3.16bl 1.914 4 3.371 4ae.143 3.7003 3.70bl +.

W HO 4.75tel 3.htd 3.14tel 4.87tel 4.34tet. .

W itt 9.608 1 4.35t.t 1.03D4 1.30D4 1. H t.1. .

Co.141 3.445 4 1.901 4 8.88td 4.141 5 1.34tel 3.171 0.

Ce. td 3.64tel 1.941 3 8. H te t 1. HD 5 3.llD S 3.tetet.

Ce H4 4.8946 2.03De 1.211 4 1.34 D7 8.64tel 3.63bl.

Pt.td 1.348 4 l.3ttel 3.09td 4.83D5 3.14tel 6.63tet*

Pr.144 4.301 3 1.765 4 1.018 3 1.751 0 3. 3 5b4 3. t t b 3+

Appyl 4 Ip4 141 7. 84 t 4 8.56td 5.02te) 3. 73 bl 1.ttrol S.tstet.

W.187 1.30tet 9.76te0 4. fate 4 1.77bl 3.431*0. .

1.001 3 6.49te4 1.33D $ t.fibt 00 kip /, f d 3kr 339 3.Hiet 3 lept
7

.
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bustl6e tone Lloot tbrte&d tiemey Lens 8bla! 1.6edy

1.128e3 1.13bl 1.12tel 1.12tel 1.13tel 1.128e383 +

ble 3.ltb4 6.73b 3 4,13te) 6.738 3 6.fttel 4.78tel 4.f He3
he*24 1.618e4 1.61t*4 1.6tte4 1.618e4 1.41t*4 1.4t!*4 1.61t*4
P 32 3. 60b 6 1.148el 4.32b4 9.68b4. * *

4. lib t 3 Obt 1.fot*4 1.04tel 1. 54 b tCtelt + .

4.29t*4 + 1.0cte4 1.58t*6 2.39t.4 9. 81b 3ha 54 .

e,g73*0 1.3ttet 1.28tel 3.12 k the H * l.66 tee .

feell 4.14t*4 3.128*4 1.Illel 3.47te) 7.771*l= *
. . 1.278 6 7.078 4 1.6?b4Fe*lt 3.071*4 3.54te4

Co-lf l.cftel 1. Hb4 1.07b 39.03te!* * *

1.111 6 3.64t*4 3.16telCo 58 1 ?ftel. * *

l.3ttee 7.071 6 9.628*4 3.36t*4Co-60 . . *

51 63 8.21b l 4. Hie 4 2.75tel 6.HE*) 2.60 ten. *

84-65 3.998 0 2.968 1 8.istel 8.408 4 1. 64 tal. .

+ 6.03t*0 9.64tel 3.67t*4 1.078 0l.ttE*0Co-64 *

f.14 ten 9.95tel 1.63t*4 f.031*6to-61 4.261 6 1.13te l +

10-49 6.708 2 9.HI 2 1.811 2 1. 42 b 3 1.028 4 8.ttb3+

tra8! * . . * * * 3.098 4
4.74te2St.83 + + . * * *

l.48telSt.64 . . . . . .

3.13tetSr.45 . . . . . .

l.90tel 7.995e) 1.14telabl6 . . . .

l.62b2 1.128*1 3.Hiel8 b88 . + . .

1.891 0 2.90t*2Ab89 + 3.46tel * . .

Br 89 $.99tel 3.168*6 1.67tel 1.728e4. . .

1.44te? 3.Otel 4.448*43r*90 1.ettet . . .

l.13te4 1.74tel 4.898 0Statt 1.31tet . . .

3.40te4 3.42bl S.81t*1Sr*tt 1.3ttet * * *

2.621el 2.48tel 1.11b 2f.90 4.111 3 + = *

2.8tte) 1.72b 3 1.841 1b9le $.07bt . * *

2.63b4 1.44tel 3.44te41 91 9.14tel . . .

. . + 2.198e4 3.39tel S. Bit *1T 93 3.04tet
7.44b4 3.8tbl 5.11b0bt) 1.04tet . * *

l.94te4 3.23t*6 6.118*4 3.fot*4at*98 1.90tel 4.181 4 .

It t? 1.80tel 2.721*1 + 3.8ttet 1.13tel 3 lt!*5 1.60tet

8.621 3 6.14tel 3.10tet 6.15telubtl 2.35t*4 9.18te) *

8.llt.2 3.48tel 3.78 ten 3.601 2pbt) 4.291 1 7. 70b t .

2.92tst 1.38tel 1.37tel 4.26tett.738*2 - *no-99 +

1.078 2 9.lttel 4.418 4 5. 77b2te.99m 1.788 3 3.488 3 .

+ t. 4 514 $.858e2 1.431*t t.0414te 101 4.10t l 8.518 5
7.03td 6.628el 4.44te4 1.071*3An 103 2.?tb 3 . .

l.34t*0 1.895*4 9.951e4 5.llt.1teatOS 1.13t*0 . .

1.84tel 1.4 3 b 7 4.7tbl 1.69t*4tv 106 1. htel . .

Ek 40)e . . . . . . .

13 106 * * * * . . .

3.128 4 5.481 6 1.00tel 9.14telAgattom 1.69t*4 1.14t*4 +

$ bile 1.74t*4 7.40tel 1.26tel 3.24t+6 1.641 4 2.00b4.

$bt25 9.648e4 f.lttel 9.tolet 3.321e6 4.03 tee 2.07t*4.

4.77tel 3.Hte4 9.14tette-125e 6.731 4 3.35t*2 1.921 3 *

Te*127e 2.498 4 8.lltel 6.071e3 6.36t+4 1.488*6 7.letoe 3.02D 3

fe 127 3.778+0 9.518-1 1.968 0 1.07t*0 1.0e*e4 S.621*4 6.118 1
te-129m 1.928*4 6.418 4 6.H tel 5.03te4 1.76 b 6 1.828el 3.04tel ,

Te-fit 9.778 2 3.508 3 7.148 3 2.lf b t 3.93te) 2.llpe 3.345 2
Te 131e 1.34tet $.92tet 9.77tet 4.00tet 3.06tel 3.04tel 5.07tet
fe*131 2.178 2 8.448 3 1.708-3 6.848 2 1.05 Eel 1.338*3 6.591 3

fe.132 4.818et 2.f!!*2 3. t tb2 1 * 77t * 3 3.77tel 1.38tel 2.63tel
3 130 8.168e3 1.64t*4 1. 8 3 b 6 2.41t+4 S. lib) 8.44te).

1 131 4.81te4 4.81t*4 1.62te7 7.888 4 3.848e3 3.Mt*4.

3.20t*3 1.84 te)bt32 3.12tel 4.0?!*) 1. 94 t e l 4.35tel .

l.48b3 7.704 0bt33 1. Hte 4 2.03tet 3.85D 6 3.34 ten .

3 134 1.1?b 3 2.161 0 6.071 4 3.308 3 9.168 2 9.95tet.

1 131 4.921*3 8.131 4 7.92tel 1.34t*4 4.441 0 4.14tes.

3.30tel 1.31tel 3.85b3 3.38telCeath 6.lttel 1.011e6 *

Co.134 6.51t*4 1.fttel 9.llten 1. O b 4 4.18te) 1.16bi.

2.42tel 1.04 bl 3.62b3 1.88telCo.137 9.07tel 8.258el +

Ce*138 4.33tel 8.40te! 6.22tet 4.8ttet 3.70tet 6.lltet.

be-139 1. 84 b0 9.645*4 6.625 4 5.77b3 6.778 4 S.378 3 -.

6a 140 f.eaI+4 6.488 1 . 3.11tet 1.748 6 1.02tel 4.33te)
9,478 5 3.921*3 2.fttel 6.345 3beat 41 1.96t*t 1.098-4 .

2.918 5 1. H t el 2.144 0 3.795 4no.143 5.001-3 3.60bl .

La=140 6.44t*2 2.titel 1.83tel 2.36tel 7.511 1. .

Laatt3 1.30t*0 4.111 1 6.70!*3 7.lttee 1.29t*1. .

Ce 141 3.92 ten 1.91t*4 4.llte) $.44tel l.64 tee 1.90te3.

Ce*14) 3.66tel 1.99tel 8.34tet 1.15tel 1.27tel 2.87tet=

Ce*144 6.771 6 2.128*6 1.17b6 1.208 0 3.8tbl 3.4ttel.

Prat 43 1.858 4 $.llte) 3. cord 4.33tel 9.738 4 9.44tet=
I trat44 $.96b2 1.858 2 9.771 3 1.57te3 1.97tel 3.001 3*

Ndat47 t .04 b 4 8.73t*3 4.Itte) 3.20tel 8.21t*4 6.8 t b 2 Appvl b.

19187 1.63tet 9. 64 b0 4.11t*4 9.10t*4 4.33:eo. .

6.40te 2. nt e t Date! @ / Mn .nt 4. Hie: 3.34:ei 9.ruoi 5.8ste4r .
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6.478e3 6.47t*3 6.47tel 6.47tel 6.47tel 6.47tel |p.) =

C 14 ' 8.658 4 5.318 4 8.318 4 8.315 4 5.318 4 6.318 4 6.lttel '

teal 4 t.Mlet t.Mte4 1.MIe4 1. M t * 4 l.Mtet 1.ht e 4 1.Mten
P 32 3.038*6 1.12885 . . * 1.618e4 7.748 4

8.? H e t 1.32tet 1.388e4 3.878e3 4.95tetCed t * *

2.838 4 4.988 3 t.00tet 7.04tel 4.Mtelme.64 . .

I.54140 .. 1.108 0 1.25 tee 7.178 4 2.311*the 56 .

Fe*ll 1.971*4 1.178*4 8.691e4 1.095e) 3.138*3. .i

1 tealt 1. Hie 4 3.318 4 t.028 6 8.4& tee 9.488*3* *

6.lttelCe*lf 3.79tel 4.Htd 6.4tte!a . .

)7.77tel 1.ttle4 t.82telCo 88 * 1.221 3 . .

4.81se6 3.19te4 1.18t*4 <8.021 3Ce-60 . . .

3.09tel 3.43tel 1.16 ten |51*63 3.39tel 3.04 tee * *
'8.13tel 5.0lle4 1.3H 154 45 3.39te0 3.048 1 . *

3.981*0 9.30Ee3 1.Mle4 7.748 11.64t*0Co*H + -

3.251 4 6.47tel 1.44t*4 3.118e4te*46 1.93t*4 6.361 4 +

4.021 3 1.47te3 1.331 4 7.188 4 |to-69 8.398 2 9.678 3 *

l.331*4i Sr*82 * * * * * .

3 8'E*2Dr*B) . . . . . .1

i

6.00telSt 64 . * = * * *

3.Mte t Ite*85 . * * . . .

3.648 4 8.628*41.908e1. Re86 * . . *

3.39tel 3.87tell.871 2Sete . * * *

6.82tet 3.04telRett 3.311 3 . . ..

8t*89 3.948 6 3.031 4 6.46te4 1.168 4. . .

1.12te? t.3ttel 2.59t 4Stato 4.091 7 * * .

. * * 6.348e4 7.34t*4 3.44t 0Sr*91 9.54tet
8.34*e4 1.40tel 3.91t=1St=93 1.0$let * * *

2.69tel 1.04tel 8.828stf 90 . 3.298 3 . . .

3.79tel 3.31883 1.3M 3f=9te 4.078 1 . * *

2.45te6 7.031 4 1.178 4b91 l.48tel * * *

3.451+4 1.37tel 4.61t*1f 92 1.64te1 . . .

7.645*4 1.67tel 4.078 0fat) 1.lotet . - *

3.tlle6 l.76t*4 2.171*4 8.031 4!**95 1.tStel 3.791 4 .

3.lttet 1.108 4 1.408 6 1.17tettr*t? 1.lotel 3.14tet *

4.72tal 4.79tel 1.ftt*4 3.78883>>.95 1.571 4 6.41tel .

l.701 3 3.32tel 3.691 4 3.431 284 97 3.421 1 7.195 2 .

2.65tal 1.35tel 4.878 4 3.33tet1.45te2Me-99 * .

feette 1.401 3 2.88t=3 e 3.tt!*2 8.ttlet 3.03te) 3.728 3
9.79t 4 1.645 3 8.44tel 8.128 4fe* tot 4.itt.S 6.231 5 .

4.34te) 5.$2tel 1.6ttee 6.?ttelBeat 03 3.021 3 . *

8.991 1 1.178 4 4.441 4 4.108 1Re 101 *1.321*0 . .

1.07tel 1.l6t*7 1.648 5 1.09ee4te*106 8.641 4 . .

th 103e . . * . . . .
.

.

Rhet04 . . . . * . *

1.091 4 3.67t*6 3.30t*4 S.00tel7.22t*3Asettes 9.9.llel +

3.65t*6 S.9tte4 1.208 466 124 3.798 4 5.145 2 1.0ttet .

1.648 6 1.47te4 1.09t.4ft 125 S.17te4 4.771 2 6.23tel *

4.47tel 1.39t*4 6.S4tetTea t tle 4.76tel 1.99Ee3 1. 62 t 4 .

fe-127e 1.67te4 6.90te) 4.871 4 3.751 4 1.311 6 3.731*4 2.071 3

fe*127 2.338 0 9.538 1 1.85te0 4.Mt*0 1.031 4 3.645*4 4.89t*t
Te-tite 1.418 4 4.09te) 5.471 4 3.181 4 1.68te6 6.90te4 3.33te3
feet 29 7.Mt 2 3.47t*! 6.751 2 1.75tal 3.00tel 2.63te4 1.681 3
fe*13to 1.071*2 1.50$el 4. 9M.1 3.65tet 1.99tel 1.Ittel 3.63tel
fe*138 1.745 2 8.321 3 1.181 2 3.991 2 3.Mid 8.321 4 5.008 4

fe 133 3.73tet 2.37tet 3.79tel 1.03tel 3.40tel 4.411 4 1.76tel
t.99tel S.lftel2*12 6.htd 4.39 tee 1.60t*6 1. 5 H 4 .

1.M t e ) 1. M8 e43*t31 3.*tte4 4.441 4 1.48te? l.188 4 .*

1. 90t 4 1.341 43 132 1.691 3 3.letel 1.495 4 3.918 3 *

2.161e3 l.60tel3 133 l.11t*4 1.928 4 3.54t*6 3.34 tee *

1.198 4 6.65tellath 9.2ttet 1.648 0 4.45 ten 2.0910 .

1.831 3 3.778 4t*135 3.848*) 7.60td 6.htel 8.478e3 .

1.90td 7.971 4 1.3 M4 7.45t*4J. Co 134 3.94tel 7.03tel .

l.64!*4 1.18t*4 1.438*3 8.ftt 4Ce * t h 4.83 tee 1.lltel .

1.721 4 7.131 4 1.338 4 4.668 4Ca.137 - 3.49tel 4.12tel .

4.10tet 6.Setet 8.76tel 3.98tetCa*tle 5.011 3 7.811 3 .

l.921 4 $.951 3- 5.10tet 4.308 4te 1H 1.485 0 9.648 4 .

1.H Eel 1.405 6 3.848*4 3.901436a-140 5.00t*4 l.60tet .

6.21 5 3.971*3 4.751d 4.978 3Be*141 1.l?tal 1.04t 4 .

1.908 5 1.S$lel 6.93tel 1.948 3ha*142 3.988 2 3.30tel *

1.68tel 4.48te4 l.lltetLaat40 5.05tet 3.00tet . .

8.22tel S.951 4 9.04t.314 143 1.03te0 3.??t 1 . .

S.fite) S.t?!el 3.168 4 1.998 3Ce*141 3.??!*4 1.671 4 .

S.Htet 1. Mt e l 4.97tet 3.111e1Ce*t43 2.93tel 1.9Me t .

l.388*3 9.841 6 1.48tel 1.76telCo.144 3.19t*6 1.31t*6 =

1.971 0 4.33tel 3.721 4 6.99tetPrate) 1.401 4 6.26te) .

6.721 3 1.6ttel 4.28tel 2.418 3Pr*144 4.791 2 1.851 3 *

3.151 0 3.328 5 3.121 4 S.00tel1 H 147 7.94Ee3 8.010 Appvl 4 ..

3. h ten 3 letet 3.128 0W 187 1.30!*1 9.021*0 * .

6.421el S.95t*4 3.4He4 1.68tet gg , y, f 9pWP 239 3.7ttel 3.128et *

--- -, _ . - - _ _ . _ _ . ._ . _ _ _ . _ _ _ . _ . . _. L



q '' fante 3 3 (e ntinued)
ODCM-30see. 4reee C a4a r 46.et me.e t:4 tse e . mt
R3visicn 3throd rt Per edi/3s) ggt 3 3 god g.t'

(e8 a maemftt yet e.C1/ses) for others PaEe 3'0 23
auelise tone Livet ftreela Mener Lens $3*l11 f 6 ear

f.431*2 f.63tel f.43tel f.43tet f.eltet f.63tel53 . .
C 84 3.63tel f.36 tee 1.248*4 7.368e4 f.26te4 f.368+4 f.24t+4
34 24 3.648e6 3.54te6 3. 64 t*6 3.64t+4 3.148 6 3. 64 8 e 6 3.548 6
p.32 1.71540 1.Mt + 9 1.92tet 6.60tes* * .

Ct-St . . 1.71te4 6.50!*3 3.608 4 f.30!*4 3.66t+4
No- 64 8.401 6 3.50t*6 3.lftet 1.40t+6 |

* . .

an H * 4.33E=3 l.141 3 1.168 1 f.ltl 4. . *

Te-ll 3.518ef 1.73tet 9.67te6 9.958 6 4.648 6. .

Fe-lt 3.90tel 7.00te? 1.958e7 3.31tet 3.64tet. .

Co-l? 1.368e6 . . . 3.258 7 3.13t+6.

Co 64 4.72t*6 9.l?tet 1.Mtet* . . .

Ce 60 1.641*f 3.04tet 3.621 1. * * *
pl.43 6.13tet 4. ut*4 9.738+7 3.26tet. . .

1.328et 3.195 3 Ia4 65 3.701 1 4.811 3 . . .

Co 64 3.418 4 6.048 4 3.058*4 l.13te4. . .

to 45 t.37tet 4.htet 3.92tet 3.758 9 1.97tet. *

!. 69 * . . . . . .

Br 82 = . . . . 3.721e7 3.35te?
St 43 * . . * * 1.498 1 1.031*l
Sr*64 . * * . . . .

3r.45 . . . . . . .

. Bb 86 3.19tet l.11tst 1.Ittet= . . .
j

a b.64 . . . . . . . 3

se-49 . . . . . . .

St 49 1.48tet 3.331 8 6.16te?. . . .

8teto 4.64 tete . . . . t.lltet 1.tState
8tett 3.131+4 1,et!*l 1.37tel. . . .

St*t2 4.498 1 . . = . 9.641 0 3.118*3
fato 7.07tet 7.$0tel 1.90 tee. . . .

fette . . . . . . .

1*tt 4.60t*3 . . . . 4.73te6 1.308 2
f*ti 1.421 5 . . . . 9.498 1 1.let*6
1 93 2.331 1 f.395e3 6.438 3. . . .

tratl 9.46tet 3.03tet 9.42tel 3.051*34.76t+2. .

tt*ti 4.268 1 4.591 2 3.668 4 3.931 31,308 1= =

sbtl 8.35t*4 4.991 4 3.798 4 3.471e44.$4tet. .

abt? .' . . . . l.471 9 .

Me tt 3.llte? 6,721ef 5.tStel 4.604 4= . .

fr-fle 3.33 0 9.198 0 1.40f i 4.$01 0 1.44te) 1.17tet
fe=101

. .

. . . . . . .

1.lttel 4.39tes3.Itte3hv=103 1.021e3 .. .

l.341 1 3.141 41.111 2tv 10$ 8.171 4 .. .

1.38te6 3.58tel3.64tetto tot 3.Mie4 .. .

tha t01e * * * . . . .

. * . . . . .R6*104

2.20telo 3.30tetl.MW44 1tos 5.83tel 8.391e7 ..

t.Mt e ? 1.3ttet t .11 1ab124 3.$78 7 4.64tel 6.168 4 . .

t.5ete? M*N 4.4484eblil 3.Mle? 3.30tel 3.04te4 =

6.lotel 3.14te6Te lise 1.63te? 5.905 6 4.90Ee6 4.631e? .

1.64t+4 S.141 6fe llle 4.541*f 1.64Ee7 1.171*7 1.641*8 *

l.30te4 1.45te3Te*I27 6.72tel 3.41t*3 4.tstet 3.f48e3 *

3.048 8 f.57te4fe.139m 6.M tef 3.358e7 3.cetel 3.128 0 =

te.139 . . . . . . .

t.filef 1.47telte 131e 3.618el 1.77tel 3.00tel 1.79 tee *

Te llt . . . . = = .

7.32tet 1.46t.4te-132 3.39 tee 1.51te4 1.fote6 1.498 7 .

1.04E+4 4.641*l1 110 4.26tel '1.26te6 1.071*8 1.968 6 .

1.128 4 3.43tes3*13l 3.66tet . 4.34tet 1.39tett 7.37tes .

8.221 3 1.llt lI.133 4.64Lat 4.375 1 1.55tet 6.978 1 =

6.20t*6 3.10 tee1+133 3.971 6 6.90t*6 1.018*9 1.30!*f .

. . . . . . .3 134
4.10te4 1.148 43 135 1.19Ee4 3.438 4 3.40t*6 S.Ilten =

4.35tet 1.448*9 3.35t+4 1.101 10Ce= t M l.65tet 1.34t*10 .

l.741 0 f.47te? 1.178 8 f.421 6Co 1H 3.6ttet 1.03t.9 .

3.431 9 1. ute t 1.titel 6.411stCa 137 7.34tet t.018e10 .

. . . . . . .Co.134
4.348 4 1, H g.9be.139 4.708 4 . . . .

1.188 4 1.938 4 f.54te7 1.76te6&a Ho 2.698ef 3.34tes .

. . . . . . .be*let

. . . . . . .te.143

l.66tel $.978 1Laat40 4.49t.0 3.36t+0 = = .

3.03t.4 .I4-143 . . . . .

1.251 7 3.fttet1.121e3Ce*lti 4.64t 3 1.371 3 =.

1. Mt * 4 3.48te01. ht e tCe= M3 4.19tet 3.09Eet ..

1.3ttes 1,938 4g,37getCe H4 3.18tel 1.50tal ..

4.MIe3 f.44 tee3.64tetPr*143 1.198 3 6.371 1 ==

. . . . . . .trat44
l.23tel 6.52t+0 Appvl 4 -6.37tet$d * H f 9.421st 1.09tel *=

l.60t+4 1.92telW.187 6.letel 5.48tel . . . NN IM'kM7.Itte6 j.titell.12 teeprallt 3.66te0 3.608 1 *.
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9.94tet 9. tete 8 9.htel 9.64tel 9.Hiel 9.*4telW3 .

C*to 6.?Diel 1.148 1 1.34tel t.netel 1.Hiel 1.Hiel 4.141e1
ba*34 4.44t*6 4.448 4 4.448*6 4.44te6 4.44te6 4.44t*6 4.44t+6

l.65tet 1.22tetP.33 3.188e10 1.958*t . . .

2.78t*4 1.10 tee ?.131*4 4.60 tee 5.00beCtall' . .

8.478e7 3.?tte6l.40te? . 4.11te6see H ..

4.ht*1 1.33t*39.808 3he* H * 7.918 3 * .

8.00tet t.l?te? ?.hte4Fe* H 4.46tel 3. Mt e t e *.

3.83tel 3.878+8 4.68te?i Fe.it 8.30te? 1.tzt*8 . .

4.191 7 3.768*43.3$1 6Ce-l? * . . .

1.101 8 1.83te?Ce 18 . f.tl!*6 + * .

1.63tel 6.36te?2.?68+1Ce.60 . . .*

1.lltel 4.011 8Steel 1.18tet0 8.35te8 . + +

4.70be 3.ht.184*46 6.781 1 8.668 8 . . .

1.09tel 3.13t*6 3.031 4Co.H . 4.298 4 . .

8.10b t 3.4tbtte el 3.11tet f.3ttet 4.Hiet . *.

r g o.49 . . . . . . .

S.Hief' st.82 . . . . . .

. . . . . . 1.918 1St.83
Dr*64 . . . . . . .

,

St.8) . . . . + . .
,

j Sk64 . 7.00tel 3.!!!*9* 4.?)tet . . .
3 36 64 . . . + . * *s

,

* gett . . . . . . .,

3.188+4 f. HistSt.89 2.678*9 . * * *

1.Hlet 1.68te10St.to 6.ettete . . . .

8.61185 3.39telSt.ft 6.751 4 . . . .

3.38tet 3.818 3St.92 8.958 1 . . . .

1.07 b 6 3.10 tee1*to 1.30!*! . . . .

fette . . . . . + .

4.488 4 4.34telf.St 1.58t+4 . . . .

2.75t*O 3.908 4f.93 1.005 4 . . . .

1.3tten 1.188 3f.93 4.30s.1 . . . .

t.30t*6 3.lttetf 6tte:tr.95 1.66tel 1.ttlet ..

4.15t*4 f.MI 32.321 1St.97 1.75t*1 1.338*1 *.

3.14tel 4. Mte47.l? teesett 1.44tel f.60t*4 ..

6.ht 8p>97 . . * . . .

8.16tel 8.491 64.letet 1.04te8ste.tt .a.

2.348 3 4.738e0 1.03te4 3.648*3Te=tte $. 64 t *0 1.871 1 =

fe.101 . . . . . . .

1.128 6 7.fitel6.40te3no.103 1.8ttel .. .

1.368*0 6.088 41.97b2Be=105 1.$78a3 +* .

+ 1.801 6 4.73te37.231 4Sv 106 3.111 4 . .

th 103e . . . . . . .

AD.106 . . * * * * *

8.56teto 5.54tetAs.llos 9.63te? 9.tt!*1 1.14b4 ..

86 134 4.ltte? 8.46tel 1.D4tel . 4. Site? 9.361 8 1.79te)
3.ittel 2.64tes 8.betseSetal 3.658e1 3.tttel 3.49te4 .

8.84te? 4.038 6fe.121e 3.00147 1.M t e ? 8.398*4 . .

l.10b s 1.008 7fe*137e 4.44te? 2.998 7 2.01te7 S.42tet .

9.etten 3.648e3fe*137 1.248*3 4.41tel 8.lttel 5.04tel .

4 tltel 1.15tetTeat 2le 1.11t*4 6.10Le7 3.8/b1 4.631 8 .

3.18f.91.671 9feallt ... . .

To tale 6.lfbl 3.llbl 4.14Lel 3.*19te6 3.llbf 3.6305-

fe.131 . . . . . . .

8.letet 3.llt*6Te.133 4.36b6 2.ftb4 3.66b e 2.608e? . .
. l.675 6 8.Hiel1.tM f.4 tb l 3.17te6 1.77tet 3.Mb6

1.493 8 4.04b83 131 8.Htet 7.538e8 3.30 bit 1. Mb t .

2 132 2.901 1 1.198 1 2.letet 1.30t*0 + 3.111 1 3.721 1
9. Mt *6 3.711 61 13) 7.348*6 1.23te7 1.728et 3.15t*1 .

3 134 . . . . . . .

7.031 4 3.11t*42 135 1.478 4 6.15t*4 4.M be 1.00tel .

7. Mle t 2.60tet 3.878e8 1.07bleCa th 9.8ttet 2.3ttele .

Ce1H 4.45t*8 1. filet 9. 53b 8 1.60tet 1.4ttet 1.188+4
6.Mlet 2.35bt 3.llb8 6.20btCe=137 1.H8e10 1.781elo *

Co*134 . . . . . . .

* * . . . f.751 7 3.83btSa*139 8.ett*8
2.02b4 4.00b4 1.49tel 3.13b6be* ue 4.458 7 8.951 4 .

be.141 . . . . . . .

pa.u3 . . . . . . .

3.37bl t.058e0La.e40 4.Mb0 3.94880 . *- .

3.231 1Le i43 *. . . . .

1.6tte? 6.411e33.?ttelCo.141 8.87tel 8.92te3 ..

1.68t*6 6.35t+02.ltteiCo.143 f.69tet S.60t+4 =.

1.43bl l.Hiel 3.14 b4Ce144 6.54tel 2.728el .. .

9.618el 1.45tet6.ffsetPt*143 2.93te) 1. t tb 3 ..

AppvlI43Pt.144 . . . . . . .

v.utel 1. ute t1.i6tetu af i.$ites t.975 3 .-

3.618e4 3.4ne) Date '2/Waw str 1.nte4 9.nte3 . . .

1.Mtel 3.648 1Dr.339 6.99t*0 4.598 1 ___ 2.07te0. =
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1.l'tel 1.lftel 1.111e3 1.l?tes t.iftel 1.57telDal .

Cele t.685 6 3.394el 3.19tel 3.394el 3.29tel 3.898el 3.29tel
be 24 9.23t+6 9.13 tee 9.331*6 9.238*6 9.33t+6 9.338 6 9.138 6
P 33 7.771*10 3.64t*9 3.168el 8.potel. . .

5.668*4 1.11t*4 1.03tel 5.4tte6 1.02telCr*31 . *

he b4 3.098e1 l.87t*6 + 1.76te? l.$4te6. .

1.ltt=3 . 1.90!*0 2.958 5he 56 . 1.648 3*

Fe ll 1.128 4 S.93tet 3,351 7 1.tetet 1.64te?. .

l.651*f 3.031*8 9.71E*?Fe.it 1.208 8 1.951 8 * *

C+ 57 3.64te6 3.14tel f.774 6. * . .

1.314 7 ?.041 7 3.128 7Ce 54 . . . .
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St*64 . . . . . . .
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86 88 . . . . . . .
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i St 89 6.628*9 2.l6tes 1.89t*8. . . .

1.618et 3.83te16S t * 90 1.12te11 . . . .

St*91 1.4ttel 3.121el l.13tel. . . .

. . . . 4.ttlet 8.748 3St 92 2.19t*0
9.titel 8.6t!*0f.90 3.221e3 . . . .

fatte . . . . . . *

Tatt 1.91t*4 l.itte6 1.De tel* * * .

f.92 2.448 4 7.10t 0 1.038 6. * * *

1.578 4 3.901 2f.93 1.048 0 . . * *

8.818el 7.12teltr.95 3.648 3 8.45tet 1.218e3. .

It*97 1.898 0 3.!!!*1 3.911 1 4.138 4 1.6t8 1. +

ut tl 3.18tel 1.341*l 1.141 5 2.29tes 4.648*4..

p> 97 . . . . . 1.458 4 .

6.84tef 3.05tet8.391 1 1.778 8ke-99 * . .

f e 99e 1.29tet 3.$41el 3.641 3 1.298 1 1.445 4 4.208e3.

feat 01 - . . . . . .

1.tttel 1.45te)1.048e4Sv.103 4.198e3 .. .
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B >.64 . . . . . . .

g b.3 9 . . . . . . .

1.66tet 1. Hie fSt.89 4.421*8 . . . .

St.90 1.04te10 1.401 8 3.64tet. . . .

St 91 1.018 9 .. . . . .

St.93 . . . . . * .

4.64tel 4.511e0f.90 1.70tet . . . .

f.91e . . . * * . .
,

t 91 1.811e6 2.418e8 4.831 4. . * *

v.92 . . . . * * .

1.158 11 93 . . . . . .

tr.95 1.68te6 S.89tel 4.43tel 6.14t*8 6.348+l. *

st 97 2.848 5 4.108 6 l.891 6 6.2t!*1 2.418 6. .

W6 91 3.091*6 1.30t*4 1.131 6 2.238*9 8.618el. .

36 97 . . . . . . .

ne.99 . 1 3$tel 1.678el l.031el 3.09te4. .

te.99. . . . . . . .

te*10t . . .. . + - .

3.918e4 4.041e9 l 94b)te.103 1.66tet . . .

ge.105 . . . . . . .

6.90te10 5.14tell.99t*9Sv.106 4.441e9 .. .

En.10 be . . . . * * .

getH . . . . . . .

Aa.itee 4.60 tee 6.67te6 4.fitel 4.131 6. 1.Mte? .

66 124 2.938e7 3.608 8 6.46t*4 1.42te? 1.438 8 1.03te?.

Sbt25 2.81t*7 3.198 1 3.64t*4 1.891,7 4.60tet 5.96te6*

fe.125e $.695e8 1.548 4 1.60tes l.498 4 f.89te?. =

te 117e 1.771 9 4.78tet 4.24b8 8.Miet 1.44tet 2.188 8.
,

fe.131 1.318 9 1.661 4. . . . .
*te 129e 1.4ttet S.Mt*8 5.821 8 5.30tet 2.20E*9 2.40te8.

te.139 . . . . . . .

fe 13te 7.totel 3.421e2 4.ME*2 3.htel 9.828e3 2.541st.

te.131 . . . * * * *

9.331 6 1.131*4to.133 2.09te6 9.37tel 1.355 6 8.60te6 .

3 130 3.398 6 6.858 4 7.545 4 1.028 5 3.208 6 1.53t.6.

! 1 131 1.66 D F 1.67b 7 S.121 9 2.74bt 1.4 9b 6 9.49te6.

| 3*132 * * * . . . .

3.338 1 3.ttt.t| 1 133 6.648 1 8.261 1 1. 53b 3 1.Hb6 .

1 114 . . . . . . .

1 133 . . . . . . .
,

4.698 8 1. 6. b 4 4.111 6 3.lflesCe * t M 9.221e8 1.lltet .

3.33tel 3.471*6 1.'14 1*6 f.Ille?Ce*136 1.59&o? 4.37b3 .

4.168 4 1.50t*8 f.99 tee 1.881 8Co*137 1.33849 1.34tet .

Co.138 . . . . . . .

ge.139 . . . . . . .

1.tSten 3.198 4 2.221 7 1.54t*6net 40 4.39te? 3.45te4 .

no-tal . . . . . . .

6e.143 . . . . . . .
,

1.27b t 6.Ht.)14 140 1.418 3 1.491 3 . . .

14 142 = * * * * = =

1.38te? 1.64tel4.htelCo.141 3.221e4 1.11te4 *.

2.621e1 2.$91 37.518 3Ce.143 3.30b2 1.79tet ..

t.891 4 1.24tel4.02blCo.144 1.328 6 7.26tel *.

3.668 7 1.64tell. lite) -tr.14) 3.39t*4 t.02b4 ..

p,.144 . . . . . . .

1.10tet f.34b2 Akpyl '-l.20te)D4 147 1.118e4 9.48te) *.

2.7the 4.921 3W.187 3.341 2 1.998 3 . * *

3.138*) 2. t tb: Date 6//cfC4.73t*3Br.239 4.301 1 3.028 2 . -

'[l
L._.



sme 3 Steesue .n
ODCM-3.0, , beo usu4un rein.e, 8,ees emu. . mt
R vislan 3

8(crea/rt yet pC1/2 ) f te 4 5 tad C.16
Pa92 3'0-30(28 s Cree /yr ret pC1/ses) for enhete

6 cil6e 6.mie West Thrteld. U 6mer Lens 81+111 f.6edy

D3 '. 3.36tel 3.36tel 3.36tel 3.368e3 3.368e3 3.36tel
C.14 0.t?!*l 1.79tel 1.?ttel 1.fitel t.?ttel 1.79885 1.?ttel
me.34 3.76tel 3.16tel 3.76tel 3.76tel 3.?ltel 3.768*l 3.76tel
P 33 t.401 9 8.731 7 1.648 8 S.43te?. . .

Ct St 3 19 4 1.0$ tee 6.191 4 1.17t*7 4. HE*4* .

heel 4 3.111 8 9.letet 5.64tet9.37te?. . .

1.611 1fue M . 3.041 1 l.13tel 3.858*0* .

Fe*ll 3.09t*8 1.46tel 4.04te? 8.39te? 3.371*7. .

Fe.it t.37tel 3.tttel 8.318 7 9.%tet 1.141 8. .

Co.lf 1.171*? 3.971 6 1. tit *7. . . .

3.09t*7 + . . 6.368 4 6.stte?Ce 14 .

1.47tel 3.14t*9 3.69t*4Co 60 . . . .

pl.43 1.04t*10 7.3ttet 1.105 4 3.495 8. . .

84 48 6.16tel 7.tttep 3.03tel 3.65te0. . .

9.37tel 7.901 1 6.35telCo.64 3.34t*4. . .

te.el 3.171st 1.0llet 6.16tet 4.Htet6.75tet. .

to.69 8.761 6 1.678 5 1.091.$ 3.511 6 1.168 6. .

St.83 1.73t*6 t.lltel. . . . .

tr*83 4.631*0 3.311e0. . . . .

Dr.64 . . . . . . .

St.45 . . . . . . .
,

p>H 3.198 0 4.331*? 1. tit *4. . . .

ab.as . . . . . . .

a b.et . . . . . * *

St.tt 9.96tet 1.60tet 3.648 4. . . .

1.76tet0 1.44tettS t.to 6.037*11 . . . .

St*91 3.30tel . . . . 1.531 6 1.398 4
8.46te3 t.8ltetSt*tt 4.378e3 = * * *

1 90 1.33t+4 . . . . 1.411*3 3.HE*3
fette 1.435 9 1.711 8. . . . .

.
3.83tet t.37telT.91 S.13t*6 . . . .

f.93 9.013.) t.lete4 3.634 3. . . .

f.93 1.748 3 5.l!!*6 4.60te0. . . *

tr.tl 1.191 6 3.81tel l 971*l 1.3ttet 3.letel. *

Et.97 3.33te3 6.731 1 3.Mt*7 3.Mtet1.03tet ..

ub tl 1.48tel f tit *4 4.808 4 4.3$1*47.811 4 ..

Wet? 3.905 6 1.348 7 8.548 7 3.711 3 3.648 7..

1.411e?heeft . 1.451e7 1.19t*46.381 6 *.

fe He 3.H tec 4.648 0 1.38tel 4.348 0 $.131 3 1.10!*3.

fe.101 . . . . . . .

1.838 1av.103 4. tN e 6 . l.6tt+8 3.07te6. .

Sv.105 l.3ttet 6.96tet 3.30 ten 3.13tet. . .

R9 106 1.931 8 3.?!!*4 1.751 10 3.44te?. . .

kh.103e = * . . . . .

putM . . . . . . .

A4 1 % 1.M te t 1.761 6 1.93147 3.90tet $.60te6. .

Sette 1.M t * 8 1. Hie 6 3.83tel 8.04te? 3.95tet 4.ttle?.

8H135 1.34tet 1.l!!*6 1.39tel . 1.05tet t.lotet 3.35te?
7e.131a 9.MIe? 3.50tet 3.90te? 3.978 4 :t.44tet 1.39te?.

Te.137e 3.49t*4 1.33Ee8 8.t!!e? 1.47tet %.171 9 4.368 7*

Te.137 S.761 3 3.07tel 6.371 3 3.111e4 4.14tel 1.Ille)*

Te.tlle 3.lltet t. lote? 8.75te? 1.Delet 1.381 9 4.03te? *.

Te.139 6.45E4 3.508 4 S.108 4 3.798 3 l.035 4 1.638 4.

fe*131e 9.13tel 4.Hiel 7.Miel 4.338 6
4.431*7 3.73 t.el

.

fe.131 . . . . . . .

Te.133 4.?ttee 3.771*6 3.Mt+6 3.6?tet 1.lttel 3.60f.6.

1 00 3.96tel 1.178*6 9. tote? 1.831*6 1.0tte6 4.6ttel.

3 131 0.095e7 1.16te8 3.?ttato 1.96t*8 3 05te? 6.43te?.

.l*133 S.748et 1.54fel S.Htel 3.458 3 3.39tet 5.34tet=

3 133 3.138 6 3.49te6 5.48te8 6.44te6 3.3tte6 1.131e6.

3 134 1.061 4 3.944 4 l.001 3 4.698 4 3.511 7 1.032 4*

3 131 4.04 t d 1.07tel 7.04t+4 1.111 5 1.318el 3.94te4.

* Ca.134 4.641*t 1.11te10 3.St!*9 1.191 9 1.948*4 9.07t*9.

Co.134 6.305 7 t.Htes 9.341 7 1.378e7 f.09tet 1.198 8.

Ca*t37 6.Hiet 8.70tet 3.tStet 9. tit *8 1.64tet 1.70s 9.

Ca.138 . . . . . . .

be.ut 3.958 3 3.10t.$ 1. M t. $ 1.191.$ l.231 3 8.648 4.

be.140 1.39tet 1.63tel l.495 4 9.35te4 3.651 8 4.438 6.

be.141 . . . . . . .

64 143 . . . * * . .

f.30te? 3.631 314 140 1.97143 9.931 3 . * *

La.143 1.40t.4 6.358 5 4.64t.1 1.648 5. . *

6.17te4 l.081 4 1.511 4Co.141 1.tetel 1.33tel *.

3.365 3Co.143 1.Dotel 7.43tel 3.77te? 8.311*t..-

Co.144 3.381 7 1.38te7 8.16t*6 1.11t*10 1.17t*6..

1.47te4Pt.143 6.Ht4 3.64te4 3.74tel 3.145 3..

Pr.144 . * * * * * *
.

3.35te4D4 14) 3.34t+4 3.64te4 1.85t*0 3.3ttel gp }
1']

. .

W.tg7 3.83t+4 3.191 4 1.051*7 1.13 ten '. . .

3.srt*7 7.73 *i Date g/8/'/d4.3?telut.239 t.435 3 t.40tet ..

-I.
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Tal 3 3 (eestas..o
, , ODCM-3.0Se.e ve ei ues t.46.or Sese roeise. . f tzucts

Revislan 3
(area /rr per pclh8) fte tot god C 14
(28 a stem /rt per pC1/etc) Ist stbers Pa9e 3 0-31

#wtilde 6+ee Liver ThyteH E14eer tasa t!.LLI f. nedy
*

63 2.lttel 2.lttel 2.lttel 3.595 3 2.lttel 2.19E*3.

C 14 1.45te6 2.9ttel settlel 3.913 5 2.911el 3.9ttel 2.9ttel
54 24 2.45tel 2.45tel 2.45tel 3.451 5 2.461e1 2.4 5bl 2.48tel
P 32 1.611e9 9.96t*7 1.35tet 4.7H 7. . .

Cr S1 3.441 4 1. Hb 4 8.85 ten 1.04 b 7 6.201 4. .

fle 54 4.128 8 9.37tet 8.971 71.351 8. . .

me H * 1.46tel 9.541 2 2.54t*01.83teta .

fe*38 3.258 8 3.31te8 ^ 1.44tel 9.988*7 $.38t*7. -

Fe 59 1.8 tD8 4.32te8 1. 3 H e 8 9.98t*8 1.63t*8* *

Co-87 1.7tte? 3.htes 3. cob?. . . .

Co 50 4. late? 6.041 8 1.0lb 8* * * .

Co 60 2.49fet 3.24tet $.60tet* . . .

81 43 1.61tet0 1.13tet 1,411 8 $.45t 8. = .

8845 8.73tel 7.325 0 3.97842 3.33t+0= . .

Cv44 8.40!*3 2.128 4 6.lt!*1 3.95t*3- * *

to-68 4.34te8 t.47tet 9.41tes 6.131 8 6.86tet. .

te49 8.191 4 t.561 5 1. 02 *.. l 2.888 1 1.098 4. .

tres! 1.331 6- . * * * =

St*83 3.01te0* . * * * *

State . . . . . . .

|$r.45 . . . . . . .

8> 86 2.73t*8 4.0$t*7 t.28te8. '= . .

8 >- 88 . . = . . . .

36 8v . . . . . . .

$ratt 1.lttet0 1.80!*9 4.331 8* * * .

Sta9o 7.lttelt 3.111e10 1.888*11. . . .

$r 91 2.tttel 1.34t*4 1.198 4= . . .

8 tat 2 3.97tel 1.01t*4 1.69tet= . . =

7 90 1.24 tee 1.02te8 3.341 2. * * *

T tte $.431 9 2.$41 7. . * * .

a fatt 7.8?be 3.231 9 3.Iltel. = + =

T 92 8.47bt 2.321 4 2.451 2.=
* * -

4.941 6 4.47te0 If*t) 1.611et * * *

.itell 1.74te6 $.4tbl 8.071*$ 1.378e9 3.74tti j= .

tt 97 3.09t+2 6.115e1 9. 26b t 1.45b 7 2.818el. .

I
WD-fl 1.925el 1.061 5 l.0$ ten 4.558*8 8.861 4 '. .

NFl? 2.6tD6 6.678 7 7. tota? 1.89b2 2.445 7. .

he 99 l.74te6 l.11te? t.03te? 1.09b6. . *

Ts-99e 2.701 4 7.54tec 1.12b2 4.191 0 4.9$te) 9.77b t.

te*let . . . . . . .

Sv.101 4.87te6 2.488 7 6.741 8 2.948 6* . =

Suatel $ 00tet 6.313e2 + 4.04t*4 1.94tet. .

tratC8 3.0tD8 8.97Ee8 1.48te10 3.90te?* * .

Esettla . . . . . . .

84 104 . . . . . . .

Asal tte 1 llte? 1.44te? 2.74te) 4.04Ee9 8.74t*6. .

8 ba t!4 1. lite 8 2.85b6 3.lttel 1.35t*8 S.11bt 6.0H 7.

86-121 2.14tet 2.34te6 2.041 5 t.Sabs t.Hiet 8.008 7.

7e 125e 1.48tet $.341,7 4.148*7 4.378 8 1. 98b 7* *

f e.127e 1.818e8 1. 96b 8 1.311,8 3.24bt 1.37tet 6.let*7=

Teat!I S.43tel 1.921 3 3.748 3 2.30 tee 4.19145 1.171*3*

fe*129m 3.67te8 1.36te8 1.18t*8 1. 54 b t 1. Hie t 5.818e7 *.

Te*129 6.228 4 2.321 4 4.ekt 4 2.618 3 3.408 3 1.818 4*

fe=131e 4.448el 4.05 Eel 6.09 Eel 4.321 4 3.25t*7 3.38tel.

feat 31 . . . . . . .
.

Teat 32 3.90t*6 2.47 tee 2.60t*6 2.Mb7 7.821 7 2.328*6.

2 130 3. 54 td 1.028*6 8. 3 8b 7 1. lit *6 7.87tel 4.09tel=

I 131 7.70b7 1.08b8 3.148 to 1.4$18 2. t Me 7 S.7tD7.

!=132 S.18 p t 1.34tel 4.17te3 2.14tet $.91D1 4.47teta

I.133 1.978 4 3.34b6 4.66b8 1.84b6 2.53te6 1.02b 6.

3 th 9.59t 8 3.54 t4 4.34t.1 4.01 4 3.358 4 9.13t l.

bt31 3.64b4 9.48tes 6.10D4 1.501+l , . 1.0lbl 3.521 4
ts*134 7.09tet 1.67b 10 f.30tet 2.02bt 2.04tes 7.74t*9.

Ce*1H 4.3tb7 1.691*4 9.19te7 1.45te? 1. ht e ? 1.13tet.

ca.t!7 1.0t!*10 1.35te10 4.898 9 1. 74 D 9 1.92b8 4.69pt.

Co.154 . . . . . . .

Se*139 2.77bt 1.95t l 1.64t-l 1.HI l 2.471 1 4.081 4=

&a.140 1. Hie t 1.69tel l.75te4 1.14tel 3.13 b8 8.91D6.

ge.ttt . . . = . . .
go.143 . . . . . . .

1.a 140 1. 80b 3 4.841 2 5.08te? 2.35tet= . -

14 142- 1.288-4 l.6tbl 1.73 tee 1.421 5= * *

Co.141 2.82tel 1.88tel 8.86te4 $.381 4 2.16tet* *

Ce tu 9.37b2 6.82tel 3.041 3 2.0lb7 7.62tel. =

Ce 144 $.37D7 2.18 b 7 1.30t*7 1.33 tete 1.83 tee. .

Pt.143 7.131 4 2.848 4 1. 45b 4 3.34b8 3. 55 b 3. =

Prat 44 . * * * * * *

i.4Hel 2.htel Appvl/Au to mien 3.b!4 2. u b.. .

e in 3.lH4 2.9ete. 7.btee i.0:!''. . .

Date P,/e/ Nst H; 1. Hte) 1.30b2 1.10b 7 7.24tet4.0tb2. +

'

IL-
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teHe 3 3 (coette.ed)
i F- ODCM-3.0seee te.euisee rows, neee recurs e Cms

R3visinri 3
,

us w re per ase u v > 8te mal Sea r.it
(s8 s twea/ft per pCusto) 8&r 64bere p*, Ee 3.0-32

p 4346e bene LlHr thyroid 116eer Lees Gl.LLI f.6edy

D.3 6.ettel 4.018 3 4.otte) 4,$ttel 4.011 3 4.0ttel.

C.14 3.101 6 7.0ttel 7.011 8 7,011 5 7.013 5 7.pttel 7.011el
na.24 3.431 8 3.03tel 3.831 5 3.331 5 3.331 5 3.831 $ 3.83 Eel
P 12 3.374+9 1. 64 Eel 9.Mte? 1.30!*8. . .

Cr.it 6.$48e4 1.79te4 1.191 5 6.251*6 1.141 5. .

Ma 54 6.6ttet 4.lltet 1.76tet1.018*8. . .

Ma.16 1.90tet * 2.75te) 4.881 02.291+1. +

re SS 8.00tel 4.24tet 2.40tet 7.66tet 1.118*4. .

fedt 4.0ttet 6.49tet 1.68tel 6.761*0 3.231*6. .

Co.57 2.995e7 2.45te8 6.041e7= . . .

C*. $4 6.471*7 3.778,4 1.941e6. . . .

Co 60 3.70tet 3.101e9 1.121 9. . . .
pl*63 3.931e10 2.11t+9 l.428e8 1.341 9. . .

54*65 1.05tel 9.891 0 1.21t*3 S.77te0. . .

Co 64 . 1.118 4 2.641*4 1.20!el 6.698 4= .

te41 8.12tet 2. 4t e t 3.608 4 1.llt*91. Hie t. =

to-69 1.512 5 2.185 5 1.328 5 1.341 3 3.028 6. .

3r.82 2.041 4. . . * * .

Br.8) . . . . . . 5.$38*0
tr 84 . . . . . . .

tr.8 5 . . . . * * *

Ab66 . 4.121 8 2.9tte? 2.781 4. . .

able .. . . . . . .
36.st . . . . . . .

St it 3.lttelo 1.391 9 1.0!!et. . . .

St=90 1.24tet! . . * * 1.67t*10 3.1$teli
S r. 91 4.501 4 . . . . 1.218 6 2.04 tee
St.92 ' 7.24te2 t.3 Sten 2.92tet. . . .

f.90 2.30t*4 4.64te? 6.t?!*2. . . .

f.9te 9.948 9 1.931 5. . . . *

f.91 1.87fe? 2.49te t S.011el. . . .

7 92 1.let+0 . . . . 4.111 4 4.468 2
f.93 3.018e2 4.48te6 4.268 0. . . .

tratl 3.90t*6 8.letel 1.23 tee . 4.95tet 7.64tel.

3r*t? 5.648*2 8.tltet 1.178e2 1.231*7 4.8ttet. .

te9% 4.10tel 1.lttel 1.letel 2.95tet t. intel. .
#bly 4.901 4 8.451 1 9.828 7 2.731 1 4.138 7* .

Me* 99 7.831 6 1.67te? 6.44te6 1.94 t* 6. . =

ft*99e 4.45t*0 9.121*0 1.33tet 4.631 0 5.19t*3 1.lltel.

78 101 . . . . . . .

3.99t+8 8.94te63.49te?Be.103 t.llte? .. .

8.06tet l.94te4 3. 3 H.1Rv.105 1.17tet .. .

1.16telo 9.308 7Rv.104 7.4 5t e 8 1.011e9. . .

th.103e . . . . . . .

h.106 . . . . . . .

2.14tet 1.74te?4.018e7Ad Iton 3.22te? 2.178e7 . .

seal 24 3.521 4 4.l?tes 7.748e8 1.968 4 2.20tet 1.338 8=

2.781 8 1.191 9 1.01;e88b125 4.998 4 3.Il!*6 4.64tel .

3.HI*8 4.678e7Teal 25m 3.Itt*6 9.60te? 9.Hte? . .

fe.127e 1.321e9 3.565e8 3,168e8 8.77Ee9 1.07tet 1.l?tet*

te.127 1.00te4 2.70t*3 6.93te) 2.868 4 3.918 5 3.1$1e3.

f e 129s 8.54t.8 3.39tet 2.7$te8 3.litet 1.041 9 1.333 0 a.

7.178 3 2.742 4fe.129 1.161 3 3.228 4 8.228 4 3.378 4 .

3.16te7 l.64telfe 13te 1.548 4 8.33tel tet0t*6 4.41 6 .

fe.131 .- . . . . . .

3.118e? 3.73te6Te.132 6.94 tee 3.09t*6 4.$0!*6 3.878e7 .

l.87tel 6.476el1*t30 6.3ttel 1.36t*6 1.341 4 1.64t+6 .

1.28te? 8.14te?3 131 1.435 8 1.441*4 4.76te10 3.htel =

1.991 3 7.77tetI.132 9.20tet 1.69te! 7. 64 t * 3 3.letet .

1+791+6 1.685 63 133 3.598 6 4.44t*6 4.35tel 7.405 6 .

2.108 4 1.461 42 134 1.708 4 3.161 4 7.285 3 4. 64I.4 .

3 135 6. 54 t e4 1.1stel 1.048e7 1.Ittel .. 0.94t+4 5.571+6
4.14tet 2.921e9 1.421 8 8.645 9Ca.134 1.60te10 2.43 tete .

1.168*4 1.76te? 7.79tet 1.4?tesCa 1M t.06te? 2.321 8 .

7.468 9 2.64tet 1.431 8 3.341 9Ca.137 3.395e10 2.398 10 .

C4 1H . . . . . . .

2.348 ) 1.41t=l 2.951 0 t.488 3le 139 1.111 3 2.738.$ .

7.90t*4 1.451 5 1.408*4 1.621 7te.140 -3.fftet 2.438e5 . ,

J64 141 . . . . . . .

64 143 . . . . * * .

3.tSte? 3.41te214 140 3.23tel 1.13tel . . .
,

1.471 1 3.328 5La.142 2.321 4 7.408 5 . . .

7.Hief 9.tllel8.49te4Co 141 1.231 5 6.141 4 ..
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i

SPECIAL DOSE ANALYSIS -

4.0 - SPEC;AL DOSE ANAt.YSES

4.1 Doses Due to Activities inside the SITE BOUNDARY

in accordar'ce with Technical Specification 6.9.1.8, the Semlannual Radioactive Effluent
Release Report submitted within 60 days after January 1 of each year shall include an
assessment of radiation doses from radioactive liquid and gaseous effluents to
MEMBERS OF THE PUBLIC due to their activities inside the SITE BOUNDARY.

Two locations within the Fermi 2 SITE BOUNDARY are accessible to MEMBERC OF THE
PUBLIC for activities unrelated to Detroit Edison operational and support activities.
One is the over-water portion of the SITE BOUNDARY due east of the plant. Ice
fishermen sometimes fish here during the winter The other is the Fermi 2
Visitor's Center, outside the protected area (but inside the Owner Controlled Area),
approximately_470 meters SSW of the Reactor Building. The Visitor's Center is open
to the public and is routinely visited by MEMBERS OF THE PUBLIC, inrluding school
tour groups on a frequency of once per year.

Conservative esvJmptions of locations, exposure times and exposure pathways for
assessing doses due to activhies inside the SITE BOUNDARY aru presented in
Table 4.0-1. The calculational methods presented in ODCM Sections 3.6 and 3.7 may
be used for determining the maximum potential dose to a MEMBER OF THE PUBUC
based on the above assumptions.

The potential dose from the fish pathway to a MEMBER OF THE PLA!!C engaged in
ice fishing within the SITE BOUNDARY is accounted for by the modes i presented in

_

ODCM Sectiod 2.5. Therefore, no additional special dose analyses art ,, quired for
this exposure pathway for reporting in the Semiannual Radioactive Effluent Release
Report.

4.2 Doses to MdMBERS OF THE PUBLIC - 40 CFR 190

The Semiannual Radioactive Effluent Release Report shall also include an assessment
# of the radiation dosu to the likely most exposed MEMBER OF THE PUBLIC for reactor

releases .and other nearby uranium fuel cycle sources (including dose contributions
from effluents and direct radiation from onsite sources). For the likely most exposed
MEMBER OF THE PUBLIC in the vicinity-of the Fermi 2 site, the sources of exposure
need consider only the radioactive effluents and direct exposure contribution from

"Fermi 2. No other 'e-' a"cle facilities contribute significantly to the cumulative dose
to a MEMBER OF c _IC in the immediate vicinity of the site. Davis-Besse is the -
closest fuel cycle fan, .ocated about 20 miles to the SSE. Due to environmental
dispersion, any routine releases from Davis-Besse would contribute insignificantly to
the potential doses in the vicinity of Fermi 2.

=- ARMS - INFORMATION SERVICES AM
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As appropriate _for demonstrating / evaluating compliance with the limits of Technical
Specification 3.11.4 (40 CFR 190), the results of the environmental monitoring program
may be used to provide data on actual measured levels of radioactive material in the
actual pathways of exposure.

4.2.1 Effluent Dose Calculations

For purposes of implementing the surveillance requirements of TS 3.114
and the reporting requirernents of 6.9.1.8, dose calculations for Fermi 2 may-
be performed sing the calculational methods contained within this ODCM;
the conser;stive controlling pathways and locations of Table 3.0-4 or the
actual pathways and locations as identified by the land use census
(TS 3.12.2 and ODCM Section 5.0) may be used. Liquid pathway doses may
be calculated using Equation (2-10). Doses due to releases of radiolodines,
tritium and particulates are calculated based on Equation (3-14).

>

The following equations may be used for calculating the doses to MEMBERS
OF THE PUBLIC from releases of noble gases:

Dtb * 3.17 E - 08 * 'X/O * [ (Kg * O )i
(4- 1)

and

113 = ,17 E - 08 * X/O * [ ([L + 1.1 M l * O )'

i i i
(4-2)

where:

Otb total body dose due to gamma emissions for noble gas=

radionuclides (mrem)

skin dose due to gamma and beta emissions for nobleDs =

gas radionut.lides (mrad)
| .-

atmospheric dispersion to the offsite location (sec/m )X/O =

cumulative release of-noblo gas radionuclide i over theOi =

period of interest (uCl)

C x VF x 1.67E + 01=
i

concentration-of radionuclide i as determined by gameCi =

spectral analysis of media (uCl/ml)

average ventilation flow for re:eas_e point (liters / min)VF =
_

(1E + 03 ml/ liter) * (1 min /60 sec) _1.67E + 01 =

total body dose factor due to gamma emissig)ns from
' -

Ki
=

noble gas radionuclide i (mrem /yr per uCl/m (from
'

Table 3.0-3)

Li skin dose factor due to beta emisgions from noble gas=

radionuclide I (mrem /yr per uCi/m ) (frt;m Table 3.0-3)

|
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= gamma air dose fag)or for nob!a gas radionuclide I~Mi
(mrad /yr per uCl/m (from Table 3.0-3)

1.1. = mrem skin dose per mrad gamma air dose (mrem / mrad)

3.17 E - 08 1/3.15 E + 07 yr/sec=

Average annual meterological dispersion parameters or meterological
conditions concurrent with the release period under evaluation may be used
(e.g., quarterly averages or year-specific annual averages).

4.2.2 Direct Exposure Dose Determination

From evaluations performed in the Fermi 2 Environmental Report,
Section 5.3.4, the direct exposure to the highest offsite location from the
Turbine Building N-16 skyshine dose has been calculated to be
approximately 3 mrem / year. This value may be used as a baseline for
actual direct exposure contributions during plant operations. Other
potentially significant direct exposure contributions to offsite individual
doses may be evaluated based on the results of the environmental
measurements (e.g., T(0, '.iu chamber measurements) or by the use of a
radiation transport and 4hielding calculational method. Only during atypical
conditions will there exist any potential for significant onsite sources at

,

Fermi 2 that would yield potentially significant offsite doses to a MEMBER
OF THE PUBLIC. However, should a situation exist whereby the direct
exposure contribution is potentially siDnificant, onsite measurements, offsite
measurements and calculational te;hniques will be used for determination
of dose for assessing 40 CFR 190 compliance. The calculational techniques
will be identified, reviewed, and approved at that time.

4.2.3 Dose Assessment Based on Radiological Environmental Monitoring Data

Normally, the assessment of potential doses to MEMBERS OF THE PUBLIC
must be calculated based on the measured radioactive effluents at the
plant. The resultant levels of radioactivo material in the offsite environment
are so minute as to be undetectable. The calculational methods as
presented in this ODCM are used for m.odeling the transport in the
environm> ' and the resultant exposure to offsite individuals.

The rt W of the radiological environmental monitoring program.can
provide input into the overall assessment of impact of plant operations and
radioactive effluents. With measured levels of plant related radioacitee
material in principal pathways of exposure, a quantitative assessment of
potential exposures can be performed. With the monitoring prcgram not
identifying any measurable levels, the data provides a qualitative
assessment - a confirmatory demonstration of the negligible impact.

Dose modeling can be simplified into three basic parameters that can be
applied in using environmental monitoring data for dose assessment:

D = C * U * DF
(4-3)

Appvl h
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where.

dose or dose commitmentD =

t

concentration in the exposure media, such as airC =

concentration for the inhalation pathway, or fish,
vegetation or milk concentration for the ingestion
pathway

individual exposure to the pathway, such as br/yr forU- =

direct exposure, kg/yr for ingestion pathway

dose conversion factor to convert from an exposure orDF =

uptake to an individual dose or dose commitment

The applicability of each of these basic modeling parameters to the use of
environmental monitoring data for dose assessment is addressed below:

Concentration - C'

The main value of-using environmental sampling data.to essess potential
doses to individuals is that the data r'apresents actual measured levels of
radioactive material in the exposure pathways. This eliminates one main
uncertainty and the modeling has been removed - the release from the
plant and the transport to the environmental cxposure medium.

Environmental samples are collected on a :outine frequency per Technical
Specifications. To determine the annual average concentration in the
environmental medium for use in assessing cumulative dose for the year, an
average concentration should be determined based on the sampling
frequency and measured levels:

%= (C * t)/365i
(4-4)

where:

M average concentration in the sampling medium for the=

Year-

concentration of each radionuclide i measured in theCi =

individual sampling medium

period of time that the measured concentration ist
=

considered representative of the sampling medium
(typically equal to the sampling frequency; e.g.,7 days-
for weekly samples,- 30 days for monthly samples).

If the concentration in the samphng medium !s below the detection
capabilities (i.e., less than Lower Limits of Ostection (LLD), a value of zero
should be used for C (Ci = 0).i

Appvl [4L,
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Exposure - U

Default Exposure Values (U) as recommended in Regulatory Guide 1.109 are
presented in Table 4.0-2. Tnese values should be used only when specific
data applicable to the environmental pathway being evaluated is unavailable.

Also, the routine. radiological environmental monitoring program is designed
to sample / monitor the environmental media ttf. would provide early
indications of any measurable levels in the environment but not necessarily
levels to which any individual is exposed, For example, sediment samples

. are collected in the area of the _ liquid discharge; typically, no individuals
are directly exposed. To apply the measured levels of radioactivity in
samples that are _not directly applicable to exposure to real individuals, the
approach recommended is to correlate the location and measured levels to
actual locations of exposure.

Hydrological or atmospheric dilution factors can be used to provide
reasonable correlations of concentrations (and doses) at other locations.
The other alternative is to conservatively assume a hypothetical individual

',

at the sampling location. Doses that are calculated in this manner should
be presented as hypothetical and very conservatively determined - actual
exposure would be much less. Samples collected from the _ Monroe water
supply intake should be used for estimating the potential drinking water
doses. Other water samples collected, such as near field dilution area, are
not applicah to this pathway.

Dose Factors - DF

The dose factort are used to convert the intake of the radioactive material
to an individual dose commitment. Values of the dose factors are
presented in NRC_ Regulatory Guide 1.109. The use of the RG 1.109 values|

! applicable to the exposure pathway and maximum exposed individual is

|L referenced in Table 4.0-2.

Assessment of Direct Exposure Doses

Thermolumiwscent Dosimeters (TLD) are routinely used to assess the directi

j exposure component of radiation doses in the environment. However,
because routine releases of radioactive material (noble gases) are so low,
the resultant direct exposure doses are also very low. A study * performed -
for the NRC concluded that it was generally impractical to distinguish any-
plant contribution to the natural background radiation levels (direct
exposure) below around 10 mrem per _ year. Therefore,.for routine releases
from nuclear power plants the use of TLD is mainly confirmatory - ensurinD
actual exposures are within the expected natural background _ variation.

* NUREG/CR-0711, Evaluation of Methods for the Determination of X- and Gamma-Ray
.

Exposure Attributable to a Nuclear Facility Using Environmental TLD Measurements, Gail
dePlanque,-June 1979, USNRC.
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For releases of noble gases, environmental modeling using plant measured
releases and atmospheric transport models as presented in ODCM
Section 3.6 and 4.2.1 represents the best method of assessing potential
environmental doses. However, any observed variations in
TLD measurements outside the norm should be evaluated.

END OF SECTION 4.0
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TABLE 4.0-1

Assumptions for Assessing Doses Due to
Activities inside SITE BOUNDARY

Ice Fishing Visitor's Center

~ Distance / Direction: 470 meters / E - 470 meters / SSW

Estimated Exposure 240 hr/yr 4 hr/yr
Time: (20 hr/ week over (4 hr/ visit,1 visit

3 month period) per ' year)

Exposure Pathways: direct exposure direct exposure
(noble gases) (noble gases)

Inhalation Inhalation
(H-3,1-131, -133, (H-3,1-131. -133
particulates) ' particulates) -

Meteorological annual average annual average
Dispersion: (as determined for (as determined for.

year being evaluated) year being. evaluated)-

3 3
1.59E-5 sec/m 7.63E-6 sec/m

Meterological data is provided from the monitoring year 1989.*

!

.
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. TABLE 4.0-2

Recommended Exposure Rates in Lieu of
Site Specific Data *

Table Reference
Exposure Pathway Maximum Exposed - Expr ure Rates for Dose Factor

Age Group from RG 1.109

Liquid Releases

Fish Adult 21 kg/y E-11'

- Drinking Water Adult 7301/y E-11

Bottom Sediment Teen 67 h/y E-6

Atmospheric Releases

3
inhalation Teen 8,000 m /y E-8
Direct Exposure All 6.100 h/y** N/A
Leafy Vegetables Child 26 kg/y E-13
Fruitsi Vegetables Teen 630 kg/y E-12.

and Orain
Milk Infant 330 1/y E-14

Adapted from Regulatory Guide 1.109, Table E-S*

Net exposure of 6,100 h/y is based on the total 8760 hours per year adjusted by a 0.7**

shielding factor as recommended in Regulatory Guide 1.109.

END
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ASSESSMENT OF LAND USE CENSUS DATA >

5.0 ASSESSMENT OF LAND USE CENSUS DATA

A Land-Use Census (LUC) is conducted annually in the vicinity of the Fermi 2 site. This
census fulfills two main purposes: i) Meet requirements of TS 3,12.2 for identifying
controlling location / pathway for dose assessment of TS 3.11.2.3; and 2) provide data on
actual exposure pathways for assessing realistic doses to MEMBERS OF THE PUBUC.

5.1 Land Use Census as Required by TS 3.12.2

As required by TS 3.12.2, a land use census shall be conducted during the growing
semon at least once per twelve months. The purpose of the census is to identify
within a 5 mile distance the location in each of the 16 meterological sectors of all

ml!k pjoducing animals, all meat producing-animals, all gardens larger than
_

500 ft - producing broadleaf vegetation, and the closest residence to the plant. The
data from the LUC is used for updating the location / pathway for dose assessment-
and for updating the Radiological Environmental Monitoring Program

If the census identifies a location / pathway (s) yielding a higher potential dose to a
MEMBER OF THE PUBUC than currently being assessed as required by TS 3.11.2.3 (and
ODCM Section;3.7 and Table 3.0-4), this new location pathway (s) shall be used for'

dose assessment. Table 3.0-4 shall be updated to include the currently identified
controlling location / pathway (s). Also, if the census identifies a location (s) that yields

-

a calculated potential dose (via the same exposure pathway) 20% greater than a
location currently included in the Radiological Environmental Monitorir's Program, the
new location (s) shall be added to the program within 30 days. The sampling
location (s), excluding control locations, having the lowest calculated dose may be
deleted from the program after October 31 following the current census. As required
by TS 3,12.2 and 6.g.1.8..the new location / pathway (s) shall be identified in the next
Semiannual Radiation Effluent Release Report, The following guideline shall be used
for assassing the results from the land use census to ensure compilance with
TS 3.12.2,

5.1.1 Data Compilation

1. Compile all locations and pathways of exposure as identified by the
land use-census.

t

>

2. From this ccmpiled data, identify any changes from the previous year's
census. -identify the current controlling location / pathway (critical
receptor) used in ODCM Table 3.0-4. Also, identify any location
currently included in the REMP (Table 6-1).
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3. Determine the historical, annual averaDe meterological dispersion i

parameters (X/O, D/Q) for any location to be evaluated for dose I
'significance. All locations should be evaluated against the same

historical meterological data set.

5.1.2 Relative Dose Significance

For locations which may receive a higher dose than the current critical
receptor, calculate the relative dose sipificance by applicable pathways of
exposure.

1. Relative dose calculations should be based on the actual Fermi 2
gaseous effluent releases for the mast recent six month period of
reactor operation.

2. The pathway dose equations of the ODCM should be used.

5.1.3 Data Evaluation

1. Formulate a listing of locations of high dose significance in
descending order of relative dose significance. Include the relative
dose significance in the listing.

2. If any location / pathway (s) is identified with a higher relative dose than
the current critical receptor in ODCM Table 3.0-4, this
location / pathway (s) should replace the previously identified controlling
location / pathway in Table 3.0-4. If the previously identified controlling
pathway is no longer present, the current controlling location / pathway
should be determined. In identifying the critical receptor for Table
3.0-4, all age groups and all pathways that may be present at each
evaluated location are considered. The critical receptor is assumed to
be a member of the age group with the highest calculated dose to the
maximally exposed organ due to iodines, tritium and particulates.
Other receptors may have higher doses to other organs than the
critical receptor has.

3. The t.and Use Census data should be used to revise the REMP and
Section 6.0 of the ODCM in accordance with TS 3.12.2, Action item b.

4. Any changes in either the controlling location / pathway (s) (critical
receptor) for the C,DCM dose calculations (Section 3.7 and Table 3.0-4)
or the REMP (ODCM Section 6.0 and Table 6-1) shall be reported to
NRC in accordance with TS 3.12.2, Action items a. and b. and
TS 6.9.1.8.

NOTE: As permitted by footnote to TS 3.12.2, broadleaf vegetation
sampling may be performed at the SITE BOUNDARY in two
locations, in different sectors with highest predicted D/Os, in
lieu of the garden census. Also, for conservatism in doso
assessment for compliance with TS 3.11.2.3 (ODCM
Section 3.7 and Table 3.0-4), hypothetical exposure
location / pathway (s) and conservative dispersion factors may
be assumed (e.g., milk cow at 5 mile location or garden at
SITE BOUNDARY in highest D/O sector). By this approach, the

|

,
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- ODCM is not subject to frequent revision as pathways and .

,

.. locations chanDe from year to year. . A verification that the ,

hypothetical pathway remains conservative and valid is still
required. Also, for NRC reporting, the actual pathways and
doses should be reported along with the hypothetical. . The

_

reporting of the actual pathway and doses provides a formal
, documentation of the more realistic dose. impact. |
i

. 5.2 Land Use Census to Support Realistic Dose Assessment

The LUC provides' data needed to support the special dose analyses of the ODCM
Section 4.0. Activities inside the SITE BOUNDARY should be periodically reviewed for!

j. dose assessment as required'by TS 6.9.1.8 (ODCM Section 4.1). Assessment-of
|- realistic _ doses to MEMBERS _OF THE PUBLIC is required by TS 3.11.4 for demonstrating

compliance with the EPA Environmental Dose Standard,40 CFR 190 (ODCM
a

j; Section 4.2).
.

To support these dose assessments, the LUC shall include use of Lake Erie water on'

! and near the site. The LUC shall include data on Lake Erie use obtained from local
and state officials. Reasonable efforts shall be made to identify individual irrigation
and potable water users, and industrial and commercial water users whose source is
Lake Erie. This data is used to verify the pathways of exposure used in OOCM
Section 2.5.

END OF SECTION 5.0

|
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RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

6.0 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

The Radiological Environmental Monitoring Program (REMP) is conducted in accordance with
the requirements of Technical Specification 3.12.1. The sampling and analysis program
described herein was developed to provide representative measurements of radiation and
radioactive materials resulting from station operation in the principal pathways of exposure
of MEMBERS OF THE PUBLIC. This monitoring program implements Section IVE2 of
Appendix 1 to 10 CFR Part 50 and thereby supplements the radiological effluent control
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 the
modeling of the environmental exposure pathways. Guidance for the development of this
monitoring program is provided by the Radiological Assessment Branch Technical Position
on Environmental Monitoring.

6.1 Sampling Locations

Sampling locations as required by TS 3.12.1 are described in Table 6-1 and shown on
the maps in Figures 6-1, 6-2, 6-3, and 6-4.

NOTE: For purposes of implementing TS 3.12.2, sampling locations will be modified
as required to reflect the findings of the land use census as described in
ODCM Section 5.1.

6.2 Reporting Levels

TS 3.12.1, Action b, describes criteria for a Special Report to the NRC if levels of
plant-related radioactive material, when averaged over a calendar quarter, exceed the
prescribed levels of TS Table 3.12.1-2. The reporting levels are based on the design
objective doses of 10 CFR 50, Appendix i (i.e., the annual limits of TS 3.11.1.2, 3.11.2.2
and 3.11.2.3). In other words, levels of radioactive material in the respective sampling
medium equal to the prescribed reporting le' als are representative of potential annual

'

doses of 3 mrem, total body or 10 mrem, maximum organ from liquid pathways; or
5 mrem, total body, or 15 mrem, maximum organ for the gaseous effluent pathway.
These potential doses are modeled on the maximum individual exposure or
consumption rates of NRC Regulatory Guide 1.109.

The evaluation of potential doses should be based solely on radioactive material
resulting from plant operation. As stated in TS 3.12.1, Action b. the report shall also
be submitted if radionuclides other than those in TS Table 3.12.1-2 are detected (and
are a result of plant effluents) and the potential dose exceeds the above annual
design objectives. The method described in ODCM Section 4.2.3 may be used for
assessing the potential dose and required reporting for radionuclides other than those
in TS Table 3.12.1-2.

ARMS - INFORMATION SERVICES /-[[ ~7/ fr
Date approved: //-2740 Release authorized byM N l 7 W(k-[f6 Mi //

I
Change numbers incorporated: LCR 89-200-ODM

DSN Rev 3 Date

DTC TMPLAN File 1715.02 Recipient
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f6.3 Interlaboratory Comparison Program

A major objective of this program is to assist laboratories involved in environmental
radiation measurements to develop and maintain both an intrataboratory and an
interlaboratory quality entr >l program This is accomplished through an extensive
laboratory intercomparison study (' cross-check") program involving environmental
media (milk, water, sir, food, soll, and gases) and a variety of radionuclides with
activities at or near environmental levels.

Simulated environmental samples, containing known amounts of one or more
radionuclides, are prepared and routinely distributed to all laboratories upon request.
These laboratories perform the required analyses and return their data to the Quality
Assurance Branch of tne Environmental Protection Agency (EPA). The EPA performs

. statistical analysis and comparison with known values and ana:ytical values obtained
from other participating laboratories. A report and control chart are returned to each
participant. The program thus enables each laboratory to document the precision and
accuracy of its radiation data, identify instrument and procedural problems, and
compare its performance with that of other laboratories.

The environmental laboratory is required to participate in a Commissb.'-approved
Interlaboratory Comparison Program and to submit GA Program Progress Summary
Reports to Detroit Edison on a bimonthly or quarterly basis. These reports contain
summsry descriptions and performance data summaries on reference standards,
blank, blinti, rpiked, and duplicate analyses, as well as the USEPA and other
Laboratory intercommission Programs, as applicable. A summary of the
Interlaboratory Comparison Program results obtained is required to be included in the
A7nual Radiological Environmental Operating Report pursuant to Specification 6.9.1.7.

Panicipation in en approved Interlaboratory Comparison Program ensures that an
independent check on the precision and accuracy of the measu ements of radioactive
material in environmental sample matrices is performed as part of the QA Program
for environmental monitoring in order to demonstrate that the results are valid for
the purpose of Section IV.B.2 of Appendix 1 to 10 CFR Part 50.

END OF SECTION 6.0

Appvl k
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TABLE 6.0-1

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
FERMI 2 SAMPLE LOCATIONS AND ASSOCIATED MEDIA

KEY-

1- T' TLD Locations (Pg. 6.0-4 to 6.0-6)

2- S Sediments locations (Pg. 6.0-7)

3- F Fish locations (Pg. 6.0-7)

4- M Milk Locations (Pg. 6.0-8)

5- DW - Drinking Water Locations (Pg. 6.0-9)

6- SW Surface Water Locations (Pg. 6.0-9)

7- GW Ground Water Locations (Pg. 6.0-9)

8- API Air Particulate / lodine Locations (Pg. 6.0-10)

9- FP Food Products Locations (Pg. 6.0-11)

NOTE: Ferml 1 sampling information is Appendix 1.

, ,

'

h,
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TABLE 6.D-1

Radiological Environmental Monitoring Program, reret 2 Sample Locations and Associated media

Direct Radiation

Mateorological
Station Sector / Azimuth Distance from
Number Direction Reactor (Appros) Description Media Frequency

0T1 NE/38 1.3 ml Estrel Beach Pole on Lakeshore. Direct Radiation 0
23 Poles S of Lakeview (Special Area)

0T2 NNE/22 1.2 mi Tree at the Termination Brancho St (Special Direct Radiation 0
Area)

0T3 N/9 1.1 mi Pole. NW e 'ner of Swan Boat CluD Fence Direct Radiation Q
(Special f ea)

T4 NNW/337 0.6 mi Site Boundary and Tott Rd. on Site rence by Direct Radiation 00

API #2

0T5 NW/313 0.6 mi- Site Boundary and Tott Ad. on Site Fence by Direct Radiation Q
API #3

76 WNW/293 0.6 mi Pole. NE Corner of Bridge over To11 Rd Direct Radiation 00

T7 W/270 14.2 mi Pole. behind Doty Farm. 7512 N Custer Rd Direct Radiation Q0

(Control)

TO NW/305 1.9 mi Pole. NE Corner of Dizie Hwy and Post Rd Direct Radiation O0

T9 NNW/334 1.5 mi Pole. NW Corner of Tromoley and Swan View Rd Direct Radiation Q0

T10 N/E 2.1 mi Pole. S Side of Massarant - 2 Poles W Direct Radiation 0O

of Chinavarra

T11 NNE/23 6.3 mi Pointe Mouillee - W Jefferson and Campau Direct Radiation G0

Rds. Pole on SE Corner of Bridge

T12 NNE/29 6.3 mi Pointe pouillee Came Area - Field Office. Pole Direct Radiation Q0

near Tree. N Area of Parking Lot

T13 N/356 4.1 mi Labo and Dlate Hwy - Pole on SW Corner Direct Radiation Q0

witn Light
g7 y,
os T3

T14 NNW/337 4.4 mi Labo and Brandon - Pole on SE Corner nesr RR Direct Radiation Q0
{{ }{

'~

TIS NW/315 3.9 mi Pole. behind Ne-port Post Office Direct Radiation Q

sg'd'
43
C.
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TABLE 6.0-1 ne '
,

...

Feral 2 Sample'Locatlons and Associated IBediae .

Radiologicci Environmental teonttoring Program.

Direct' Radiation
';

Meteorological .. .

Station Sector /Artmuth Distante from *

Number Direction. Reactar (Appron) Description . Media Frequency

*

'T16 WNW/283o 4,'9 mi Pcle..SE of War and Post Rds' Direct Radiation 0-

T17 W/271 4.9 mi Pole,.NE Corner of Nadeau and Laprad near- , Direct Radiation 'O0

Mobile Home' Park

T18 WSW/247 4.8 mt Pole. NE Corner of Ment el - and Hurd Direct Radiation .0 .0 .

T19 SW/236* 5.2 ml 1st Pole E of Fermt Siren.on Waterworks Rd. Direct Radiation Q

NE corner of intersection - Sterling State
dark Rd Entrance Drive / waterworks (in ,

Sterling State Park).

l T20 WSW/257 2.7 mi- Pole. S Side of Williams Rd - 8 Poles W of Direct Radiation Q0

Dixie Hwy (Special Area) 4

0 '2.7 ml Pole. N Side of Pearl at'Parkview - Woodland Direct Radiattun Q
T21 WSW/239

Beach (Special Area) ,

T22 S/172* 1.2 ml Pole. N Side of Pointe Aus Peaum 2 Poles W of Direct Radiation O

Long - Site Boundary
: s

..

SSW/195 1.1 mt Pole. S Side of Pointe Aun Peaux - 1 Pole W of Direct Radiat4cn Q0723 iHuron neut to Vent Pipe - Site Boundary

T24 SW/225 1,2 ml Feret Gate along Pointe Aus Peaux Rd - on- Direct Radiation Q0

Fence Post W'of Gate - Site Boundary ,

i T25 WSW/251 1.5 mt Pole. Toll Rd - 13 Pot 9s S of'Feret Dr Direct Radiation' O0

T26 WSW/259 1.1 ml . Pole. T oll Ro. 6 Poles S of Fermi Dr Direct Radiation Q0
+j

T27 SW/225 6.8 mi Pole..NE Corner of McMillan and East Front St- D' rect Radiation 00
?

(Spectat area)'

T28 SW/229 10.7 mi Pole. SE Corner of Mortar Creen and Direct Radiation 0 !
0

LaPlaisance (Control) .;

0 1 Pole 5 of Albain Direct Radiation O
T29 WSW/237 10.3 mi Pole. E Side ofIS Dixie. i

'(Control)! C3 3>
oo D

kIl$ T30 WSW/247 7.8 mi Pole. Custer. St. Mary's Park Corner of Direct Radiation O :
0 ?

Elm and Monroe St. N Side, next
w to River (Specist Area)

[*

D, .

L

i

!

I
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-

1 \~- , , , o



-

*
00C0-6.0
Revision 3
Paga G.D-6

TABLE 6.0-1
.

Radiological Fnvironmental Monitoring Program. Feral 2 Sample t.ocations and Associated Media

Direct Radiation

Meteorological
Station Sector / Azimuth Distance from
Number Direction Resetor (Appron) Description Medla Frequency

T31 WSw/2SS 9.6 mi 1st Pole w of Entrance Drive Milton " Pat" Direct Radiation QO

Munson Recreational Reserve - N Custer Rd
(Control)

T32 WNw/295 13.3 mi Pole. Corner of Stony Creek end Finzel Rds Dir ect ridiation O0

T33 Nw/317 9.2 mi Pole, w Side of Grafton Rd. 1 Pole N of Direct Radiation Q0

Ash /Grafton Intersection

T34 NNw/338 9.7 mi Pole. E Side of Port Creek. 1 Pole S of Direct Radiation Q
witt-Carleton Rd

T35 N/359 6.9 mi pote. S Side of S Huren River Dr acrosa from Direct Radiation O0

Race St (Special Area)

T36 N/358" 9.1 mi Pola. NE Corner of Gibraltar and Cahill Ros Direct Radiation O

T37 NNE/21 9 8 mi Pole. 5 Corner of Adams and Gibraltar (across Direct Radiation Q0

from Mumbug Marina)

T38 WNw/294 1.7 mi Residence - 6594 N. Diane H=y. Direct Radiation O0

T39 $/176 0.3 mi SE Corner of Protected Area Fence (PAF) Direct Radiation Q0

T40 S/170 0.3 mi Midway along OBA - PAF Direct Radiation 00

T41 SSE/161 0.2 mi Midway between OBA and Shield Watt - PAF Dir*ct Radiation Q0

T42 SSE/149 0.2 mi Midway along Shield wall - PAF Direct Radiation Q0

T43 SE/131 0.1 mi Mid."r between Shield wait and Au= Boilers - Direct Radiation O0

par

T44 ESE/109 0.1 mi Opposite OS$F Door - PAF Direct Radiation O0

T45 E/86 0.1 mi NE Corner - PAF

T46 ENE/67 0.2 mi NE Side Barge Stip - on fence Direct Radiation O0

C3 3>
ca D
C+ D
(D <
~s --
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TABLE 6.0-1
w

Radiological Environmental Monitoring Program. Feral 2 Sample Locations and Associated media

Fish and Sediment

Meteorological
Station Sector /Arimuth Distance from
Number Direction Reactor (Appros) Description Medla frequency

SEDIMENTS

S-1 SSE/165 0.9 mi Pointe Aus Peaux. Shoreline to 500 ft aediment SA

offshore sighting directly to Land Base
water Tower

S-2 E/81 0.2 mt Fermt 2 Discharge, approm 200 ft offsh<rre Sediment SA0

S-3 NE/39 11 mi Estral Beach, appros 200 ft offsnore, off Sedimee s t SA0

North shoreline where Swan Creek and Lake
Er1e meet

S-4 WSw/241 3.0 ml Indian Traits Community Beach Sediment SA0

S-5 NNE/20 11.7 mi DECO *s Trenton Channet Power Plant intake Sediment SA0

area (Control)

FISH

F-1 NNE/31 9.5 mi celeron Island (Controt) Fish 5"0

F-2 E/86 0.4 mt Fermt 2 Discharge (approm 1200 ft offshore) Fish SA0

F-3 wSw/238 4.8 mt Brest Bay parina Area (Control) Fish SA

C3 32
Os D
c+ D
(D <
. >=

s
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o
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w

Radtologleal Env1ronmental Itonitoring Program. Fernt 2 Sampte Locatiens and Assoc 1ated Neota

til I k / Grass . r

teeteorologicot-
Statton- Sec t or/Azimut ti , Distance from.
Number Directton Reactor-- ( Appron ) Description GBedia -Frequency- i

e

0 ' S.4 mi . Resume Farm - 270S E tabo Milk M-SMM-2 HW/319

M-3 NW/317" 4.2 mi 'Voas Farm -'3239 Newport Rd Milk M-SM

OM-7 WNW/30l - 2.1 mt Webb Farm - 4262 Post Rd * Grass M-SM

M-8 WNW/289 9.9 mi Calder Dairy - 9334 Finzel Rd Milk / Grass M-SM :}8

[

k
* Grass taken in lieu of' milk samples--residence.ls calculated critical receptor, but does not participate in REMP rrogram.

i

!

I

i

k

t

.;
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?

I
o> tco u ,

'r+ V
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TABLE 6.O-1
w

Radiological Environmental Monitoring Program. Fermi 2 Sample Locations and Associated Media

Water

Meteorological
Station Sector /Arimuth Distance from
Number Direction Reactor (Appros) Description Media Frequency

DRINKING WATER

DW-1 S/174 1.1 mt Monroe Water Station N Side of Pointe Aun Drinking Water M0

Peaum 1/2 Block W of Long Rd

OW-2 N/8 18.5 el Detroit Water Station Drinking Water M0

14700 Moran Rd. Atten Park (Control)

SURFACE WATER

SW-1 SSE/160" O.3 mi Fermi 1 Raw Lake Water Intake Structure Surface Water M

Sw-2 NNE/20 11.7 mi DECO's Trenton Channel Po=*r Plant Intabe Surface Water M0

Structure (Screenhouse st) (Control)

SITE WELLS

GW-1 S/175* O.4 mi Approm 100 ft W of Lake Erie. EF-t Pac k ing tot Ground-ater C
near gas fired peakers

GW-2 SSW/208 1.0 mi 4 ft 5 of Pointe Aus Peao= (PAP) Rd Fence Ground =ater O
427 ft W of =here PAP crosses over Stoney
Point's Western Dike

GW-3 SW/226 1.0 mi 143 ft W of PAP Rd Gate. 62 ft M of Groundwater O0

PAP Rd Fence

GW-4 WNW/299 0.6 mi 42 ft 5 of Langton Rd, 8ft E of Groundanter O

Toll Rd Fence

C3 35
mV
r+ V
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TABLE 6.0-1
,'w

Radiological Fnvironmental Munitoring Program. Fermt 2 Sample Locatloes and Associated Medla

Air Particulate Air Iodine

Meteorological
Stat 6cn Sector / Azimuth Distance from
Number Direction Reactor (Appron) Description Media Fregeency

0API-1 NE/39 1.4 mt Estral Beach Pole on Lakeshore. 18 Poles S of Radiotodine W
Lakeview ( Ne a r e :, t Community with highest X/Q) Particulates W

0API-2 NNW/337 0.6 mi Site Boundry and ToII Road, on Site Fence by Radiolodine w
T-4 Particulates W

API-3 NW/313 0.6 mi Site Boundey and Toit Road, on Site Fence by Radiotodine W
T-5 Particulates W

API-4 W/270 14.2 mi Pole, behind Doty Farm - 7512 N Custer Road Radiolodine W
(Control) Particulates W

API-5 S/191 1.2 mi Corner of Erie St and Pointe Aum Peauw Rds Radiolodine W0

Particulates W

-

c3 3>
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iTA9tl 6.0-l': *

:: s ..
*' '_. Rad i o l og i cal Environmental Alonttoring Progree, Feral 2 Sample tocations.and Associated Isodle

. Food Products

tee t eoro l ogica l

1 - Statton Sector / Azimuth' . Distance from'
Number' Directton' " React or _ ( Appros) ' 'DescrSpttonL 90ed l a . ' Frequency.

FP-1 NNE/21 3.9 mi,_ 9501 Turnpike Highway' Food Products. M (when'-0

available)

0'
'

FP-3 NNE/12 '1.1 mi :6441 Orancheau Food Products' M (when.
available)-

.,

| FP-5 .NNE/19 4.5 mi ' 7806 Labo Food Products' M (when-0

avattable)

FP-6 WNW/290 14.5 mi 8 200 'Gei rman . (Cont rol') ' Food Products M (when0'

available)'

.

.%
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h
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<
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TABLE 6.0-1
Na

Radiological Environmental Monitoring Program. Feral 2 Sample Locations and Associated Media

Land Use Census

Meteorological Distance from
Sector Reactor (Appron) Description

NE 1.1 ml 6760 Lakeshore

NNE 1.1 mi 6500 Brancheau

N 1.1 mi 6200 Blanchett

NNW 1.1 mi 5701 Post

NW 1.1 mi 6577 teroux

WNW O.7 ml 6200 Langton

W 1.1 mi 6001 Toll

WSW 3.6 mt 4771 Pointe Aun Peaux

SW 1.1 mt '4981 Pointe Aun Peaux

SSW 1.0 mt 5820 Pointe Aus Peaux

5 1.0 mi 4834 Long

ESE-SSE Lake Erie

NOTE: These locations have been identified as the closest restoences in the most recent Land Use Census

CD 23
DV
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rD <
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YTABLE 6.0-2

Radiological Environmental Monitoring Program. Termt 1 Sample Locations and Associated Media
Water

Station Meteortogical
Number Sector / Azimuth Distance from

Direction Reactor (approx.) Description Media. Frequency

Surface Water

South Lagoon S/190 0.5 mi Shoreline behind fust oli storage tank SW SS0

S.an Creek NW/56 1.9 mi Area below bridge N. of Dixie Hwy and Swan SW SA0

Creek Rd. (Public Access area)

Reactor NE/0 0.4 mi Area where overflow canal meets Swan Creek SW SA0

Channel

Lake water SSE/159 0.4 ml Ferm? intet E. of pumphouse SW SA0

s3

Raw City Water

City of S/169 1.2 mi Monroe Water Station. N. side of Point Aux RW SA0
Peaum. 1/2 block w of Long Rd.

Monroe

Fermi 1 SSE/159 0.4 mi Fermi (*n t t 1 Raw Lake water intake structure RW SA

City of NNE/28 29.5 mi Detroit City water Treatment plant
N. of Belle Isle on Jefferson Ave. Aw SA

Detroit

!
:
:

|
|

,

I

,

| cp Note: Distances were taken from Fermt 2 Reactor Center Lin.
i av
' r+ V
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.TAst.E 6.0-2 4

|
Radlot ogical Enw t ronmental . esent t orIng Program . Feral:' t Sa: ele Locat lens and Assocf aied leadla .

.. >,

. Sediments
i

1
'

Station aseteorlogical .., , , , ,,
i

! Number. Sector / Azimuth'' Distance from ,
.

$$edia . Frequency
"

Olrect10n . Reactor (avros). Descriptton1

South
0 'Shoretine behind fuel atI storage tana. . Sediment' 'SA

Lagoon S/190 0.5 ml -

Reactor
Cnannet N/0* .O.4 mi Area where overflow canal meets Swan Creek' Sediment - SA

Swan .
.

.

Creek .N/W/56o g,9 ,g . Area.Delow Deldge N;- of Dimie Hwy. and Swan
Creek Rd. (public. access. area)- Sediment S A -.*

.

I

1

i

r

1

4

T

!
!

.

.

C>
Os V' r+ V
(D <
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-
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2 t,
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| APPENDIX A: TECHNICAL BA$l$ FOR EFFECTIVE DOSE FACTORS
d LIOUl0 EFFLUENT RELEASES

~

Overview,

a

To simplify the dose _ calculation process, it is conservative to identify a controlling,
1

dose-significant radionuclide and to use its dose conversion factor in the dose calculations.'

Using the total release (ie., the cumulative activity of all radionuclides) and this single dose
;

conversion factor as inputs to a one-step dose assessment yields a dose calculation method!

which is both simple and conservative.

Fermi 2 does not have a largo data base of previous releases of radioactive liquid effluents
upon which to base the determination of the controlling, dose-significant isotope. The
Fermi 2 FSAR, Table 11.2-9 presents the estimated annual releases from liquid effluents as,

"

calculated using the NRC GALE computer code,(NUREC-0016, Revision 1) Site specific dose
conversion factors (Ajo) from ODCM Table 2.0-1 were multiplied by the FSAR estimated
annua! release quantity to determine a relative dose significance. Tatle B-1 presents the

<

results of this relative dose evaluation.
!

Because Cs-134 is the controlling nuclide for the total body dose and has the highest dose
convert.lon factor among the nuclides evaluated for that dose, the use of its dose
conversion factor in the simpliflod dose assessment method for evaluating the total body
dose is demonstrably conservative.

Selection of the appropriate dose conversion factor for the maximum organ dose is not so
j straightforward. Inspection of Table A-1 shows that the thyroid dose is the controlling

organ dose, and it follows that the lodines are the controlling radionuclides. However, this
i

identification is based upon the FSAR estimate of annual celeases. To be adequately
conservative when using this simplified method, it is appropriate to select the largest dose|

conversion factor from among all the radionuclides evaluated to assure that offsite doses
are not mistakenly underestimated. <

For the FSAR Table 11.2-9 isotopes evaluated, there are a few radionuclides with a higher
dose conversion factor than 1-123 for the thyroid dose, Further inspection of Table B-1
shows that P-32 is the major contributor to the dose to the bone, which is the second
highest organ dose. P-32 has a high dose conversion factor (1.39 E + 06 mrem /hr
per uCi/ml) and would provide additional conservatism if used as the simplifying doso

- mversion f actor, However, analysis for P-32 is not required P-32 decays by beta
emiss!on without any accompanying characteristic gammas.

Use of the P-32 dose conversion factor is therefue inappropriate. The nest largest dose
conversion factor of the evaluated radionuclides is Cs-134 for the dose te, the liver at'

7A9 E + 05 mrem /hr per uCi/ml. (The dose to the liver is the third largest organ doso.) As
Cs-134 is easily measured with gamma spectroscopy, has a long half-life, and a high organ
dose conversion factor,it is used as the controlling radionuclide for the simplified maximum
organ dose assessment.
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Simplified Method

For evaluation complisce with the dose limits of Technical Specification 3.11.1.2, the
following simplified equationr. may be used:

Tatal Body

C$b= .67 E - 02 * VOL , A(Cs-134,tb) * g

(A-1)
,

where:

dose to the total body (mrem)Dtb =

VOI. = volume of liquid effluents released (gel)

DF = average circulating water reservoir decant line flow (gal / min)

5, near field dilution factor (derived from Regulatory Guide 1.109)Z =

5.80 E + 05 mrem /hr per uCi/mi, the total body ingestion dose factorA(Cs-134,tb) =

for Cs-134

Ci = total concentration of all radionuclides (uCi/mt)

1 hr/60 min1.67 E - 02 =

Substituting the value for the Cs-134 total body dose conversion factor, the equation
simplifies to:

tb = 9.69 E + 03 . VOL CD
_

. g
DF * Z

(A-2)

Maximum Organ

A(Cs-134, liver) * C,D,,,= 1.67 E - 02 . M .

DF * Z
(A-3)

where:

maximum organ dose (mrem)Omax =

7.09 E + 05 mrem /hr per uCl/mt, the liver ingestion dose factorA(Cs-134, liver) =

for Cs-134

Appvi k*
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Subilituting the value for the Cs-134 liver dose conversion factor, the equation simplifies to;

D,,, s 1.18E + 04 . VOL C. g
DF*Z

(A-4)

Tritium is not included in the limited analysis dose assessment for liquid releases, because
the potential dose resulting from normal reactor releases is relatively negligible.
Furthermore, the release of tritium is a function of operating history and is essentially
unrelated to radwaste system operations.

.\

t

\
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APPENDIX B: TECHNICAL BASIS FOR EFFECTIVE DOSE FACTORS
GASEOUS RADWASTE EFFLUENTS

Overview

Dose evaluations for releases of gaseous radioactive effluents may be simplified by the use
of an effective dose f actor rather than radionuclide-specific dose f actors. These effective
dose factors are applied to the total radioactive release to approximate the various doses in
the environment; i.e., the total body, gamma-air, and beta-air doses. The effective dose
factors are based on the typical radionuclide distribution in the gaseous radioactive
effluents. This approach reduces the analyses to a single multiplication
(Keff, Mett, or Neff) times the quantity of radioactive gases released, rather than
individual analyses for each radionuclide and summing the results to determine the dose.
Yet the approach provides a reasonable estimate of the actual doses since under normal
operating conditions there is relatively little variation in the radionuclide distribution

Determination of Effective Dose Factors

Effective dose transfer factors are calculated by the following equations:

[( K * f )Keff = i i
(0-1)

where:

the effective total body dose factor due to gamma emissions from all nobleKeff =
3gases released (mrem /yr per uCi/m , effective)

the total body dose factor due to gamma epissions from each noble gasK)
=

radionuclide i released (mrom/yr per uCi/m , from Table 3-3)

the fractional abundance of noble gas radionuclide i relative to the total noblefi =

gas activity

[ ((L + 1.1 Mj) a f )(L + 1,1 M)eff * i i
(B-2)

where:

(L + 1.1 M)ett = the effective skin dose factor due to beta and gagma emissions
from all noble gases released (mrem /yr per uCi/m , effective)

the skin dose factor due to beta and gamma emissions frog(L) + 1.1 Mj) =

each noble gas radionuclide i released (mrem /yr per uCl/m ,
from Tab:s 3-3)

/- 2h-h/[ARMS - INFORMATION SERVICES ,
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M off a [(M*f)i i

r

where:

Merf = the effective air dose f actor gue to gamma emissions from all noble gases
teleased (mrad /yr per UCl/m , effective)

= the air dose factor due to ggmma emissions from each noble gas radionuclide iMi
released (mrad /yr per uCi/m , from Table 3-3)

[(N e f )N ,ff a i i

where:

Neff = the effective air dose factor pue to beta emissions from all noble gases
released (mrad /yr per uCi/m , effective)

= the air dose factor due to bsta emissions from each noble gas radionuclide i
NJ 3; released (mrad /yr per uCl/m . from Table 3-3)

Normally, past radioactive effluent data would be used for the determination of the effective
dose factors. _ Fermi 2, however, does not have a sufficient operating history at or near full
power to provide a reasonable data base for determination of the typical radionuclide'

distribution in gaseous effluents. Therefore, the FSAR estimate of radionuclide -

'.

concentrations at the site boundary is used as the initial typical ditstribution. The effective~

dose factors derived from this distribution are presented in Table B-1.

Application -

To provide an additional degree of conservatism, a factor of 2.0 is introduced into the dose'

calculation when the effective dose factor is used. This conservatism provides additional
assurance that the evaluation of doses by the use of a single effective dose factor will not

~

significantly underestimate any actual doses in the environment.

For evaluating compliance with the dose limits of Technical Specification 3.11.2.2 the
following Otnplified equations may be used:'

D = 2.0 * 3.17 E - 08 * X/O * Moff a [ Og

and

2.0 * 3.17 E - 08 * X/O * Neff * [ 01L D =

/8 (B-6)

where:

D = air dose due to gamma emissions for the cumulative release of all
I noble gases (mrad)

air dose due to beta emissions for the cumulative release of all nobleD,. =

P gases (mrad)

Appvl h/.,
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3atmospheric dispersion to the controlling site boundary (sec/m )X/O =

32.7 E + 03, effective gammu-air dose factor (mrad /yr per uCi/m )lAeff =

32.3 E + 03, effective beta-air dose factor (mrad /yr per uCl/rn )Nett =

cumulative release for all noble gas radionuclides (uCl)Qi =

conversion factor (yr/sec)3.17 E - 08 =

conservatism factor to account for the verlsbility in the effluent date 42.0 =

Combining the constants. the dose calculation equations simplify to:

0 = 1.71 E - 04 * X/O * [ 06

and

1,46 E - 04 * X/O * [ OgD =

A (0-8)

The effective dose factors are used for the purpose of facilitating the timely assessment of
radioactive effluent releases, particularly during periods when the computer or
ODCfA software may be unavailabic to perform a detailed dose assessment.
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TABLE B-1

Effective Dose Factors - Noble Gas Effluents

Tot al body Skin Dose Gamma Air Beta Air
Don Factor Factor Dose Factor Dose Factor

is: tope Fractional * Koff (L+1.1 Mef f) Mett Nett
Abundance (mrem /gr per (mrom/gr per (mrad /g)per (mrad /yg)peruCl/m ) uCl/m ) uCl/m if,l/m

Kr-85m 0.10 1.2 E+ 02 2.8E+02 1.2 E +02 2.0E + 02

Kr- 85 0 01 1.6E-01 1.4E+ 01 1.7 E-01 2.0E + 01

Kr-88 0.04 5.9E+ 0 7.6E+ 02 6.1 E +02 1.2 E+ 02

Kr 89 0.06 1.0E+ 03 1.7E + 03 1.0E +03 64E+02

Xe-133 0.67 2.0E + 02 4.7 E + 02 2.4E+0? 7.0E+ 02

Xo 135 0.02 3.6E + 01 7.9E+ 01 3 BE+01 4.9E+ 01 ,

'

Xe 137 0.02 2.8E+ 01 2.8E+ 02 3.0F +01 2.5E+ 02

-Xe-138 0.07 6.2 E + 02 1.0E + 03 6.4 E * 02 3 3E+02

'

TOTAL 2.6E + 03 4.6E+ 03 2.7 E +03 2.3 E +03

RadionuclidTdistribution as presented in ODCM Table 3-1, derived from Fermi 2 UFSAR,*

Section 11.3. Table 11.3-5. Kr-90, Kr-91, Xe-139, and Xe-140 have been excluded from the
UFSAR distribution because of short half-lives and subsequent decay during environmental
transport. Kr-87, Xe-131m, and Xe-133m have been excluded because of their negligible

i

fractional abundance.

END

Appvi,/<-
Date //// /G,

-

. - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _

j



.

O e

APPENDIX C: REVISED PAGE FROM FEDRUARY 1989 REPORT

The following page from the February 1989 Semiannual Effluent Release Report, which covers the
period from July 1,1988, through December 31,1988, contains a typographical error: The total
activity of spent resins, filter sludges, evaporator bottoms. etc., is listed as 4 29 E+00 Curies,
whereas the correct value is 4.29 E+02 Curies. The listing of individual nuclide activities for (his
waste category is correct.

_. _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ - _ _- ._
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Effluent Reloose Report |
e.

FCbruary 1989
l

PaBe 14

|

10. SOLID WASTE AND IRRADLATED FUEL SHIPMENTS
, 1

'

A. Solid Weste Shipped Offstte for buriel or siisposal (not 6rrediated fuel) )

Container 6 month Est. Total
1. Type of Weste Volume Unit period Error %

f
3

s. Spent resins, filter stud 9es, m S.50E+01 +25
evaporator bottoms, etc. Curies d.00!10 I251

3
b. D'y compressible weste, m 4.27E+01 +25

contaminated equipment. etc. Curie s 1.19E + 00 I25

c. Irradiated components,
control rods, etc. O

\ '

d. Other 0

2. Estimate of mejor nuclide composition (by type of weste)

a. Spent resins, Etter stud 9es, evaporator bottoms, etc.

4.29E+02
Percent of

heclide Total Activity Curies

Cr-51 40.8 1.71.E+02

Mn-54 7.6 3.27E+01 .
.

Fe-55 20.8 8.91E+01
Co-58 8.2 3.53E * 01

Co-60 5.4 2.31E+01
Fe-59 3.0 1.28E *01

Zn-65 6.2 2.64E + 01

H-3 <0.1 2.98E-02
C-14 0.5 2.16E+00
Zr-95 <0.1 1.38E-02
Be-131 4.9 2.10E + 01

Co-144 2.5 1.08E+01

St-90 <0.1 6.79E-04
i Ni-63 0.1 4.20E-01

Cs-137 <0.1 8.26E-02

-
.
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