Approval:

DAVIS-BESSE
OFFSITE DOSE CALCULATION

Revision 9.0

odlal

MANUAL

ﬂ-/zo/qi'

Chairman Pate
—dCSod 12/24 /95~
Plant Manager Pate |

604170307 9604
:DR ADOCK 0500

10
0346
PDR



DBP 6027A

ODCM list of Effective pages

Page No.

i

ii

iii

iv

v

vi

vii
viii
ix

p—
O OO N W»;Es WM

-
P =

e
s w

e
~NOAwWwm

[ R
O v o

~N
ot

rn

Ll
s w

~N
L

~N
L )

W o NN
o O o

W w w
W N =

e
&

n

wow
~N o U

w W
o

Lo

o
—

Revision¥*

<
.

VWO O WWWWOWOWWOWWOOWOWW WO WO OYOOOOOOOOO OO0 OOe e

O WO O YO OWLe OO O

.

COO0 Q0000000000000 00CO0D0O0O0DO0ODD0 VOO0 O0O0OCO00DDOO0OODODO0COCO0ODDO0O0OO

Revision 9.0
ODCM



ODCM list of Effective pages (Continued)

Page No. Revision*
42
43
L4
45
46
47
4“8
49
50
51
52
53
54
35
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
gl
82
83
84
85
86
87
88
89
90
91
92

-

O WO O 0O O O O WO O ©WWWWP WO W OWOWWPY WO OWWWWPO OO O OOOOWOOOYYOOOYOOOWOOVOoOeD
OO0 0000000000000 000000000CO00 00000000000 O0CDOO0COO

DBP 6027A ii Revision 9.0
0ODCM



ODCM list of Effective pages (Con*inued)

Page No. Revision*
93 9.0
94 9.0
95 9.0
96 9.0
97 9.C
98 9.0
99 9.0

100 9.0
101 9.0
102 9.0
103 9.0
104 9.0
105 9.0
106 9.0
107 9.0
108 9.0
109 9.0
110 9.0
111 9.0
112 9.0
113 9.0
114 9.0
115 9.0
116 9.0
117 9.0
118 9.0
119 9.0
120 9.0
121 9.0
122 9.0
123 9.0
124 9.0
125 9.0
126 9.0
127 9.0
128 9.0
129 9.0
130 9.0
131 9.0
132 9.0
A-1 9.0
A-2 9.0
A-3 9.0
A~b 9.0
B-1 9.0
B-2 9.0
B-3 9.0
B-4 9.0
B-5 9.0
B-6 9.0
C-1 9.0

DBP 6027A 344 Revision 9.0
ODCM



ODCM list of Effective pages (Continued)

Page No. Revision¥
Cc-2 9.0
C-3 9.0
Gab 9.0
c-5 9.0
c-6 9.0
c-7 9.0
c-8 9.0
c-9 9.0

Cc-10 9.0
c-11 9.0
c-12 9.0
Cc-13 9.0
C-14 9.0
C-15 9.0
C-16 9.0
c-17 9.0
c-18 9.0
c-19 9.0
c-20 9.0
c-21 9.0
c-22 9.0
c-23 9.0
C-24 9.0
Cc-25 9.0
C-26 9.0
c-27 9.0
Cc-28 9.0
Cc-29 9.0
C-30 8.0
c-31 9.0
Cc-32 9.0
C-33 9.0
C-34 9.0
C-35 9.0
C-36 9.0
C-37 9.0
C-38 9.0
C-39 9.0
DBP 6027A iv Revision 9.0

ODCM



TABLE OF CONTENTS
INTRODUCTION

LIQUID EFFLUENTS

Required Monitors
2:3.2 Non-Required Monitors

Radiation Monitoring Instrumentation and Controls
T B |

)
£

ling and Analysis of Liquid Effluents

% | Batch Release:

. & Continuous Re ses i & ¥
Condensate Demineralizer Backwash

- Borated Water Stcrage Tank and
Pr

imary Water Storage Tank.

1id Effluent Monitor Setpoints
] Concentration Limits
Basic Setpoint Equatio
Liquid Radwaste Efflue Line Monitor Setpoint
( lations
Sewer Drain Monit
ne
1on Monitors
Response Evaluating

10N¢

1

Calculation
MEMBERSE
IRt v I“.'

L4




TABLE OF CONTENTS (Continued)

(3.0 GASEOUS EFFLUENTS - continued)

3.4

3.5

3.8

Site Boundary Dose Rate Calculation - Noble Gas .

Site Boundary Dose Rate Calculation - Radioiodine, Tritium,
and Particulates. « @ B & T
3.5.1
3:5.2

Dose Rate Calculation . "
Simplified Dose Rate Evaluntion fo: Rndioiodi
Tritium and Particulates. ' e 25 W

Quantifying Activity Released . 3
Quantifying Noble Gas Activity Relensed Using

3.6.1

obl
5 1
7
7

Station Vent Monitor.

hQ.

Quantifying Noble Gas Activity Relensed Using

A Grab Sample . " A
Quantifying Rnd101odine. Tritium. and Pattxcu
Activity Released .

Dose Calculations - 10 CFR 50 .

UNRESTRICTED AREA Dose - Limits .

Dose Calculations - Noble Gases . N i
Simplified Dose Calculation for Noble Gases ‘

llte

Radioiodine, Tritium and Particulate Dose Calculations -

10 CFR 50 .

W W w
@ o o™

L L

UNRESTRICTED AREA Dose Limits

Critical Pathway. »

Dose Calculations - Rldxoiodine. Tritium and
Particulates.

Simplified Dose Calculltion for Rldioiodine.
Tritium and Particulates £ % R W

3.9 Gaseous Effluent Dose Projection

4.0 SPECIAL DOSE ANALYSES

4.1

DBP 6027A

Doses To The Public Due To Activities
Inside the SITE BOUNDARY . . « .+ « + « « & + &

Doses to MEMBERS OF THE PUBLIC - 40 CFR 190 .

4.

4

4

2
.2

o

.2

o |
o2

3

A

Effluent Dose Calculations. .

Direct Exposure Dose Determinution -

Ongsite Sources.

Dose Assessment Based on Radxological
Environmental Monitoring Data . 3
Use of Environmental TLD for Assessxng Doses
Due to Noble Gas Releases .

vi

45
46
46
46
47
&7
48
L9
5C
50

51
52

53
53
54
55
56
14

100

100

101
102

103

104

106

Revi~ion 9.0

0ODCM



TABLE OF CONTENTS (Continued)

5.0 ASSESSMENT OF LAND USE CENSUS DATA . 108
5.1 Land Use Census Requirements. . . . . . « « + « « « & 108
5.1.3 Data Compilation. ; 109
5.1.2 Relative Dose Siguificnnce 109
1.3 Data Evaluation . . & 4 109
5.2 Land Use Census to Support Realistic Dose Assessment 110
6.0 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM 111
6.1 Program Description . 111
6.1.1 General . ¢ "5 = 111
6.1.2 Program Deviations. : 111
§.1.3 Unavailability of Milk or Broed Leef Vegetltion
Samples 3 112
6.1.4 Seasonal Unaveilabilxty. Equipment Mnlfunctions.
Safety Concerns . " ; S 112
6.1.5 Sample Analysis 112
6.2 Reporting Levels 112
6.2.1 General . ; 112
6.2.2 Exceedance of Reportxng Levels 3113
6.3 Interlaboratory Comparison Program 113
7.0 ADMINISTRATIVE CONTROLS 126
7.1 Annual Radiological Environmental Operating Report 126
7.2 Radioactive Effluent Release Report 126
7.3 Special Reports 128
7.4 Major Changes to Radioactive Liquid and Gaseous
Waste Treatment Systems 128
7.5 Definitions . - 129
7.5.1 Batch Release . - 129
7:.5.2 Channel Calibration . 129
7:5:3 Channel Check . e 129
7.5.4 Channel Functional Test 129
7:8:9 Composite Sample. N . 130
71.5.86 Gaseous Radwaste Treatment System ‘ 130
Laigal Lower Limit of Detection (LLD). 130
7:3.8 Member of the Public. 331
2.5.9 Operable - Operability. 131
7.3,30 Purge-Purging . 131
7:3:11 Site Boundary 131
7.9.32 Source Check . 131
7:5:13 Unrestricted Area . . 15
7 .9:0% Ventilation Exhaust Treatment System 131
7.5.2% Venting . 132
DBP 6027A vii Revision 9.0

ODCM



APPENDIX A -

APPENDIX B -

APPENDIX C -

Table

Table

Table

Table

Table
Table
Table
Table

Table

Table
Table
Table

Table

Table
Table
Table
Table
Table

Table

2-1 -

2-2 -

2-3 -

3-10-

3-11-

G4s) =

DBEP 6027A

APPENDICES

Technical Basis for Simplified Dose Calculations,

Liquid Effluent Releases. . A-1
Technical Basis for Effective Doue Factors
Gaseous Effluent Releases . . . B-1
kadiological Environmental Honitoring
Program, Sample Location Maps . . . . . . . C-1
LIST OF TABLES
Radioactive Liquid Effluent Monitoring Instrumentation 22
Radioactive Liquid Effluent Monitoring Instrumentation
Surveillance Requirements . . . . . . . . 24
Radioactive Liquid Waste Sampling and Analysis Program. 26
Limiting Radionuclide Concentrations in Secondary Side
Clean-up Resins for Allowable Discharges to Onsite
Settling Basin. 29
Radionuclide Activity Limits for the BWST and PWST. 30
Liquid Ingestion Dose Committment Factors . 31
Bioaccumulation Factors 33
Radicactive Gaseous Effluent Monitoring Instrumentation . 5y’
Radioactive Gaseous Effluent Monitoring Instrumentation
Surveillance Requirements 62
Radioactive Caseous Waste Sampling and Analysis Fiogiam . 64
Land Use Census Summary . 67
Dose Factors for Noble Gases 68
Exposure Pathways, Controlling Parameters, and
Atmospheric Dispersion for Dose Calculations. 69
Inhalation Pathway Dose Factors 70
Grass - Cow - Milk Pathway Dose Factors 78
Grass - Cow - Mcat Pathway Dose Factors 86
Vegetation Pathway Dose Factors 92
Ground Plane Pathway Dose Factors 98
Recommended Exposure Rates in Lieu of
Site Specific Data. 107
viii Revision 9.0

ODCM



Figure 2-1

Figure 3-1

DBP 6027A

(List of Tables - Cont.)

Radiological Environmental Monitoring Program .

Required Sampling Locations .
Lower Limits of Detection .

Reporting Levels for Radioactivity
Concentrations in Environmental Samples.

Default Noble Gas Radionuclide Distribution
of Gaseous Effluents . . . . . . .« + + .« .

Effective Dose Factors - Noble Gas Effluents

LIST OF FIGURES

Liquid Radioactive Effluent Monitoring and
Processing Diagram

Gaseous Radioactive Effluent Monitoring and
Ventilation Systems Diagram .

ix

Revision 9.0
ODCM



1.0 INTRODUCTION

The Davis-Besse Offsite Dose Calculation Manual (ODCM) describes the
methodology and parameters used in:

1) determining the radioactive material release rates and
cumulative releases;

2) calculating the radioactive liquid and gaseous effluent
monitoring instrumentation alarm/trip setpoints; and

3) calculating the corresponding dose rates and cumulative
quarterly and yearly doses.

The ODCM also describes and provides requirements for the Radiological
Environmental Monitoring Program. Sampiing locations, media and
collection frequencies, and analytical requirements are specified. The
methodology provided in this manual is acceptable for use in demonstrating
compliance with concentration limits of 10 CFR 20.1302; the cumulative
dose criteria of 10 CFR 50, Appendix I; 40 CFR 190; and the Davis-Besse
Technical Specitications (TS) 6.8.4.d and 6.8.4.e.

The exposure pathway and dose modeling presented provides estimates (e.g.,
calculational results) that are conservative (i.e., higher than actual
exposures in the environment). This conservatism does not invalidate the
modeling since the main purpose of these calculations is for demonstrating
"As Low As is Reasonably Achievable" (ALARA) for radioactive effluents.

In using these models for evaluation and controlling actual effluents,
further simplification and conservatism may be applied. For purposes of
demonstrating compliance with the EPA environmental dose standard for the
Uranium Fuel Cycle (40 CFR 190), more realistic dose assessment modeling
may be used.

The ODCM will be maintained for use as a reference guide and training
document of accepted methodologies 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, Appendix I, Section III and IV. Questions about the ODCM
should be directed to the Manager - Radiation Protection.

NOTE : Throughout this document, words appearing all capitalized denote
definitions specified in Section 7.5 of this manual, or common
acronyms.

Section 2.0 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,
and dose evaluation. Section 4.0 describes special dose analyses required
for Regulatory Guide 1.21, Annual Effluent Reporting and EPA Environmental
Dose Standard of 40 CFR 190. Section 5.0 describes the role of the annual
land use census in identifying the controlling pathways and locations of
exposure for assessing the potential offsite doses. Section 6.0 describes
the Radiological Environmental Monitoring Program. Section 7.0 describes
the environmental, effluent and special reporting requirements, procedural
requirements for major changes to liquid and gaseous radwaste systems, and
definitions.

DBP 6027A 1 Revision 9.0
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1

LIQUID EFFLUENTS

RADIATION MONITORING INSTRUMENTATION AND CONTROLS

This section summarizes information on the liquid effluent radiation
monitoring instrumentation and controls. More detailed information is
provided in the Davis-Besse USAR, Section 11.2, Liquid Waste Systems and
associated design drawings from which this summary was derived. Location
and control function of the monitors are displayed in Figure 2-1.

The radioactive liquid effluent instrumentation is provided to monitor and
control, as applicable, releases of radioactivity in liquid effluents
during actual or potential releases. The radioartive liquid effluent
monitoring instrumentation channels listed in Table 2-1 shall be OPERABLE
with their alarm/trip setpoints set to ensure the limits specified in
Section 2.3.1 are not exceeded.

Each radioactive liquid effluent monitoring instrumentation channel shall
be demonstrated OPERABLE by the performance of the CHANNEL CHECK, SOURCE
CHECK., CHANNEL CALIBRATION, and CHANNEL FUNCTIONAL TEST operations at the
frequencies shown in Table 2-2. Each of these operations shall be
performed within the specified time interval with a maximum allowable
extension not to exceed 25 percent of the specified interval.

NOTE : The monitors indicated in 2.1.1 a), b), and c¢) are inoperable if
surveillances are not performed or setpoints are less
conservative than required.

With a radicactive liquid effluent monitoring instrumentation channel
alarm/trip setpoint less conservative than required, without delay suspend
the release of radicactive liquid effluents monitored by the affected
channel, or declare the channel inoperable, or change the setpoint so it
is acceptably conservative.

With less than the minimum number of radioactive liquid effluent
monitoring instrumentation channels OPERABLE, take the actions described
in Table 2-1. Exert best efforts to return the instruments to OPERABLE
status within 30 days and, if unsuccessful, explain in the next
Radioactive Effluent Release Report, (Section 7.2), why the inoperability
was not corrected in a timely manner.

~N
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Required Monitors

This section describes the monitoring required during liquid releases
and the backup sampiing required when monitors are inoperable.

a) Alarm and Automatic Release Termination

&

Clean Radwaste Effluent Monitors (RE-1770 A & B)

Discharges from the Clean Radwaste Monitor Tanks (2) are
monitored by redundant radiation monitoring systems
(RE-1770 A & B). These monitors detect gross gamma
activity in the effluent prior to mixing in the Collection
Box. Measurements from each detector read out on the
Victoreen panel in the Control Room. Each monitoring
system is capable of initiating an alarm and an automatic
termination of the release by closing valve WC-17/1. Thue
method for determining setpoints for the alarms is
discussed in Section 2.3.

Miscellaneous Radwaste Effluent Monitors (RE-1878 A & B)
Discherges from the Miscellaneous Liquid Waste Monitor Tank
and the Detergent Waste Drain Tank are monitored by
redundant radiation monitoring systems (RE-1878 A & B).
These monitors detect gross gamma activity in the effluent
line prior to mixing in the Collection Box. Measurements
from each detector read out on the Victoreen panel in the
Control Room. Each monitor is separately capable of
initiating an alarm and automatic termination of the
release by closing valve WM-1876. Setpoint determination
for the alarms is discussed in Section 2.3.

b) Alarm (only)

- 8

Storm Sewer Drain Line (RE-4686)

The monitor on the Storm Sewer Drain effluent line detects
abnormal radionuclide concentrations in the storm sewer
effluent. This monitor is located near the end of the
storm sewer drain pipe, upstream of the final discharge
peint into the Training Center Pond. The most probable
source of any non-naturally occurring radioactive material
in the storm sewer would be from the secondary system.

When radioactivity is present in the secondary system, the
Turbine Building Sump effluent shall be directed to the
onsite Settling Basins. In this configuration, the source
of radicactivity in the Storm Sewer Drain line is from
Turbine Building drains that are not routed to the Turbine
Building Sump, or from Storm Sewer drains. Evaluation of
the alarm setpoint for RE-4686 is discussed in

Section 2.3.4.

3 Revision 9.0
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c) Flow Rate Measuring Devices

i, Clean Radwaste Effluent Line

Flow Indicator (FI) 1700 A & B
Flow Totalizer (FQI) 1700 A & B

ii. Miscellaneous Radwaste Effluent Line

Flow Indicator (FI) 1887 A & B
“low Totalizer (FQI) 1887 A & B

iii. Dilution Flow to the Collection Box

Computer Point F201

Non-Reguired Monitors

Additional monitors, although not required by the ODCM, have been
installed to monitor radioactive material in liquid. The monitors
are:

Collection Box QOutlet to the Lake (RE-8433) - monitors the final
station effluent to the lake,

- Component Cooling Water System (CCWS) (RE-1412 & 1413)-monitors
the CCWS return lines. High alarm closes the atmospheric
vent valves on the CCWS surge tank,

- Service Water System (SWS) (RE-8432) - off-line detector
monitors the SWS outlet pricr to discharge to the Collection
Box, and

- Intake Forebay (RE-8434) - monitors the station intake water
from Lake Erie.

- Revision 9.0
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2.2 SAMPLING AND ANALYSIS OF LIQUID EFFLUENTS

As a minimum, radioactive liquid wastes shall be sampled and analyzed
according to the sampling and analysis program of Table 2-3. Table 2-3
identifies three potential sources of liquid radicactive effluents. A
fourth potential release point from the Turbine Building Sump is
discussed in Section 2.2.2.

The results of the radioactivity analyses shall be used in accordance with
the methodology and parameters of this section to ensure that the
concentrations at the point of release are maintained within the limits of
10 CFR 20.1302.

> - W | Batch Releases

BATCH RELEASE is defined as the discharge of liquid waste of a
discrete volume. The releases frcm the Clean Waste Monitor Tanks 1-1
and 1-2, the Miscellaneous Liquid Waste Monitor Tank, and the
Detergent Waste Drain Tank are classified as BATCH RELEASES. The
following sampling and analysis requirements shall be met for all
releases from these tanks.

- Prior to each release, analysis of a representative grab sample
for principal gamma emitters.

- Once per month, as a8 minimum, analysis of one sample from a
BATCH RELEASE for dissolved and entrained gases (see note
below) .

- Once per month, analysis of a COMPOSITE SAMPLE of all releases
that month for tritium and gross alpha activity. Samples
contributed to the composite are to be proportional to the
quantity of liquid discharged.

- Once per quarter, analysis of a COMPOSITE SAMPLE of all releases
that quarter for Strontium (Sr)-89, Sr-90, and Iron (Fe)-55.

NOTE: Identification of noble gases that are principal
gamma-emitting radionuclides are included as a part of
the gamma spectral analysis performed on all "“quid
radwaste effluents. Therefore, the Table 2-3
requirement for sampling and analysis of one batch per
month for noble gases need not be performed as a
separate program.

DBP 6027A 5 Revision 9.0
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Continuous Releases

Releases from the Turbine Building Sump (TBS) and Storm Sewer Drains
(SSD) are classified as continuous releases.

Because the Turbine Building Sump discharges may contain minute
concentrations of radionuclides due to primary-to-secondary system
leakage, the Turbine Building Sump discharges are routed to the
onsite Settling Basins instead of the SSD line. Overflow from the
Settling Basins is pumped to the Collection Box where it is mixed
with dilution flow and released to Lake Erie. Releases via this
pathway are monitored by weekly analysis for principal gamma-emitting
radionuclides and tritium, and by quarterly analysis of composite
samples for Fe-55, Sr-89 and 5r-90.

Discharges to the Storm Sewer Drains are from Turbine Building drains
that are not routed to the TBS and from storm drains. The Storm
Sewer discharges to the Training Center Pond with the overflow
discharging to the Toussaint River. For conservatism, it is assumed
that radioactive material released to the Training Center Fond is
ultimately discharged to Lake Erie (unless actions are taken to
prevent this occurrence).

Grab samples are collected weekly from the Settling Basins and
analyzed by gamma spectroscopy. If activity is identified,
additional controls are enacted to ensure that the release
concentrations are maintained below Effluent Concentration Limits and
that the cumulative releases are a small fraction of the dose limits
of Section 2.4.1. The following actions will be considered for
controlling any radicactive material releases via the TBS and SSD:

- Increase the sampling frequency of the TBS and SSD until the
source of the contamination is identified.

B Perform gamma spectral analysis on each sample for principal
gamma emitters.

- Compare the measured radionuclide concentrations in the sample
with EC (equation 2-2) to ensure releases are within the limits.

- Based on the measured concentrations, a re-evaluation of the
alarm setpoint for the SSD monitor (RE-4686) may be performed as
specified in Section 2.3.4.

- Consider each sample representative of the releases that have
occurred since the previous sample. Determine the volume of
liquid released from the Turbine Building Sump based on the
Turbine Building Sump pump run times and flow rates.

- Determine the total radioactive material released from the
sample analysis and the calculated volume released. Determine
cumulative doses in accordance with Section 2.4.

6 Revision 9.0
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Condensate Demineralizer Backwash

Discharges from the Condensate Demineralizer Backwash Receiving Tank
(BRT) to the South Settling Basin are sampled in accordance with
Table 2-3. Samples are collected prior to each release of the
resin/water slurry and separated into the liquid phase (transfer
water) and solid phase (resin). These samples are separately
analyzed for principal gamma emitters. Toledo Edison has imposed
guidelines on concentrations of radionuclides that may be discharged
to the onsite settling basin. These guidelines are presented in
Table 2-4.

The radioactive material contamination in the condensate
demineralizer backwash will be contained on the powdered resin;
soluble or suspended radioactive material associated with the water
phase is not expected. The resin and the water are analyzed
separately thus allowing for a determination of the amounts retained
onsite in the Settling Basin (the resin) and the amounts released to
Lake Erie as an effluent (the decant).

The BRT receives the spent resin from the Condensate Polishing
System. Low-level radioactive material contamination of the spent
resin is periodically expected due to minor weeps in the steam
generators and the leaching of residual activity iu the secondary
system.

During primary-to-secondary leskage, activity levels will be elevated
and typically above the limits imposed for acceptable discharge to
the basin. Under these conditions, the powdered resins are retained
within the plant and processed as solid radwaste for offsite
transport and disposal at a licensed radioactive waste disposal site.
1f within the criteria of Table 2-4, the BRT may be discharged to the
onsite settling basin with the approval of the Manager - Radiation
Protection.

2.2.4 Borated Water Storage Tank and Primary Water Storage Tank

The quantity of radioactive material stored in in the Borated Water
Storage Tank (BWST) and Primary Water Storage Tank (PWST) shall be
limited to ensure the following:

1) Protected Area boundary dose rates remain less than 0.25 mR/hr,
and

2) Tank rupture would result in ALARA isotopic concentrations
at the nearest offsite potable water intake.

The concentration of radionuclides in the BWST and PWST shall be
determined to be within the applicable limits by analyzing a
representative sample of the tank contents at least once per 7 days
when radiocactive materials are being added to the tank. Although the
PWST is not currently used to support plant operation, the following
limits still would apply suould it be in use.

DBP 6027A 7 Revision 9.0
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The method for limiting the BWST and PWST radionuclide concentration
to meet the criteria above is described ocelow and represented in
equation (2-1).

1) Determine the limiting fraction of each radionuclide present in
a liquid sample from the tank. This is the sample concentration
times the volume of liquid in the tank divided by the limiting
activity from Table 2-5.

2) Sum the limiting fractions of each radionuclide in the sample.
This sum should be less than one (1) to meet the limiting
criteria for area dose rates and offsite dose rates via the

liquid pathway.

n C‘i * VOL * 3785
LF = L (2-1)
.- ie A
lim i
Where:

LFsum = sum of the limiting fraction of each radionuclide '

in the sample,
Csi « concentration of radionuclide "i" in the liquid sample
VoL = volume of liquid in the tank (gal),
3785 = ml per gal,
A = limiting activity of radionuclide "i" from Table 2-5

lim i

(uCi/ml), and

n = number of radionuclides found in the liquid sample.

1f the sum of the limiting fractions of radionuclides in the BWST or
PWST exceeds one (1), then suspend all additions of radioactive
material to the tank, reduce tank contents to within the limits, and
describe the events leading to this condition in the next Radioactive
Effluent Release Report.

The values in Table 2-5 were calculated specifically for the BWST.
They are conservative for the PWST due to its smaller volume.

DEP 6027A 8 Revision 9.0
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2.3 LIQUID EFFLUENT MONITOR SETPOINTS

y P

2.

DBP 6027A

3.

3.

3

1

2

.3

Concentration Limits

The concentrations of radioactive material released in liquid
effluents to UNRESTRICTED AREAS shall be limited to the
concentrations specified in 10 CFR Part 20.1302 for radionuclides
other than dissolved or entrained noble gases. For dissolved or
entrained noble gases, the concentration shall be limited to 2.0
E-04 pCi/ml. If the concentration of radioactive material released
in liquid effluents to UNRESTRICTED AREAS exceeds these limits, then
without delay restore the concentrations to within these limits.

This limitation provides additional assurance that the levels of
radicactive material in bodies of water outside the site should not
result in exposures exceeding the Section II.A design objective of
Appendix I, 10 CFR Part 50, to an individual, and the limits of

10 CFR Part 20.1302 to the population.

The concentration limit for noble gases is based upon the assumption
that Xe-135 is the controlling radioisotope and its EC in air
(submersion) was converted to an equivalent concentration in water
using the methods described in International Commission on
Radiological Protection (ICRP) Publication 2.

Basic Setpeoint Equation

During the release of liquid radioactive effluents, radiation monitor
setpoints shall be established to alarm and trip prior to exceeding
the limits specified above. To meet this requirements, the
alarm/trip setpoint for liquid effluent monitors measuring the
radioactivity concentration prior to dilution is derived in

Section 2.3.3.

Liquid Radwaste Effluent Line Monitor Setpoint Calculations
(RE-1770A & B, RE-1878A & B)

The Ligquid Radwaste Effluent Line Monitors provide alarm and
automatic termination of releases prior to exceeding the Effluent
Concentrations (EC) of 10 CFR 20.1302 at the UNRESTRICTED AREA. As
required by Table 2-3 and as discussed in Section 2.2.1, a sample of
the liquid radwaste to be discharged is collected and analyzed by
gamma spectroscopy to identify principal gamma-emitting
radionuclides. A maximum release rate from the tank is determined
for the release based on the radionuclide concentrations and the
available dilution flow rate.

9 Revision 9.0
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The maximum release rate is inversely proportional to the ratio of
the radionuclide concentrations to their EC values. This ratio of
measured concentration to EC values is referred to as the EC fraction
(ECF) and is calculated by the equation:

c

ECF = [ —— (2-2)
i ECi

where:
ECF = sum of the fractions of the unrestricted area EC for a

mixture of radionuclides,
C. = concentration of each radionuclide i measured in tank prioer

i

to release (uCi/ml), and

ECi = unrestricted area EC for each radionuclide i from 10 CFR

Part 20.1302. For dissolved and entrained noble gases an
EC value of 2.0E-04 pCi/ml shall be used (upCi/ml).

Based on the ECF, the minimum dilution factor (MDF) for the conduct
of the release is established at 3.33 times larger than actually
required. This safety factor (SF) provides conservatism, accounting
for variations in monitor response and flow rates and also for the
presence of radionuclides that may not be detected by the monitors
(i.e., non-gamma emitters). The following equation is used for
calculating the required minimum dilution factor:

MDF = ECF/SF (2-3)
where:
MDF = minimum required dilution factor,
SF = 0.3 administrative safety factor.

The maximum release rate from the tank ie then calculated by dividing
the available dilution flow rate (ADF) at the Collection Box by the
MDF as calculated by equation (2-4).

MAX RR = 0.9 (ADF/MDF) (2-4)
where:
MAX RR = maximum allowable release rate (gal/min),
0.9 = administrative conservatism factor, and
ADF = available dilution flow rate at the Collection Box as

measured by Computer Point F201 (gal/min).
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NOTE: Equations (2-3) and (2-4) are valid only for ECF >1. For
ECF <1, the waste tank concentration is below the limits of
10 CFR Part 20.1302 without dilution, and MAX RR may take
on any value within discharge pump capacity.

If MAX RR is greater than the maximum discharge pump capacity, then
the pump capacity should be used in establishing the actual release
rate (RR) for the radwaste discharge. For releases from the
Miscellaneous Waste Monitor Tank and Detergent Waste Drain Tank, the
discharge pump capacity is 100 gpm; for the Clean Waste Monitor Tank,
this value is 140 gpm.

Since the actual release rate from the tank is derived such that 10
CFR 20.1302 limits will not be exceeded given the radionuclide
concentration in the tank and the available dilution flow, setpoints
must be established “o ensure:

1) radionuclide concentration released from the tank does not
increase above the concentration detected in the sample,

2) available dilution flow does not decrease, and

3) actual release rate from the tank does not increase above
the calculated value.

The setpoints for the predilution radiation monitor (RE-1770 A & B,
or RE-1878 A & B) are determined as follows:

Alert Alarm SP = [2 * R * [ (C, * SEN,)] + Bkg (2-5)
High Alarm SP = [3 * R * [ (Ci d SENi)] + Bkg (2-6)
where:
SP = setpoint of the radiation monitor (cpm),
Ci = concentration of radionuclide i as measured by gamma
spectroscopy (uCi/ml),
SENi = monitor sensitivity for radionuclide i based on calibration
curve (cpm per puCi/ml), and
Bkg = background reading of the radiation monitcr (cpm).

R = MAX RK / actual release rate

The Cs-137 sensitivity may be used in lieu of the sensitivity values
for individual radionuclides. The Cs-137 sensitivity provides a
reasonably conservative monitor response correlation for
radionuclides of interest in reactor effluents. Coupled with the
safety factor SF in equation (2-3), this assumption simplifies the
evaluation without invalidating the overall conservatism of the
setpoint determination.
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The high flow setpoint should be set equal to the MAX RR calculated
in equation (2-4) or discharge pump capacity (whichever is smaller).
The low flow setpoint for dilution flow rate should be set at 0.9
times the available dilution flow rate.

Storm Sewer Drain Monitor (RE-4586)

The setpoint for the SSD radiation monitor, RE-4686, shall be
established to ensure the concentration in the effluent does not
exceed the limits of 10 CFR 20.1302. The SSD is not normally
radioactively contaminated by other than naturally-occurring
radionuclides. Therefore, the setpoint for this monitor has been
established at a practical level to provide an early indication of
any abnormal conditions without causing spurious alarm due to
fluctuations in background.

Since discharge is to the Training Center Pond, exceeding the RE-4686
setpoint does not necessarily mean Section 2.3.1 concentration limits
have been exceeded at UNRESTRICTED AREAS. The verification of
compliance with the limits on concentration should be based on actual
samples of the effluent from the pond to the Toussaint River and Lake
Erie. (Refer to Section 2.3.6).

Alarm Setpoints for the Non-Reguired Radiation Monitors

a) Collection Box Outlet to the Lake (RE-8433)

The radiation monitor on the Collection Box outlet utilizes a
single off-line detector to continuously monitor all station
liquid effluent discharges to the lake. Although this is the
final effluent monitor, it does not serve any control function.
Control functions have been placed on the upstream undiluted
effluent line that will terminate the release prior to exceeding
the effluent concentration for UNRESTRICTED AREAS in 10 CFR
20.1302. RE-8433 provides a final check of the total diluted
effluent stream. Since this monitor views the diluted radwaste
discharges, its response during routine operations will be
minimal (i.e., typical of background levels). Therefore, the
alarm setpoint for this monitor should be established as close
to background as possible without incurring a spurious alarm due
to background fluctuations. The setpoint is controlled in
accordance with the Radiation Monitor Setpoint Manual.

Component Cooling Water System (CCWS) (RE-1612 & 1413)

The monitors RE-1412 and 1413 provide indication of a breach in the
CCWS integrity that would allow reactor coolant water to enter and
contaminate the system. Therefore, the alarm setpoint is established
to prevent incurring a spurious alarm due to background fluctuations.
The setpoint is controlled in accordance with the Radiation Monitor
Setpoint Manual.

12 Revision 9.0
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Service Water System (SWS) (RE-8432)

No radioactive material is expected to be contained within the SWS
during normal operations. Therefore, the high alarm setpcint is
established to prevent incurring a spurious alarm due to background
fluctuations. The setpoint is controlled in accordance with the
Radiation Monitor Setpoint Manual.

Intake Forebay Monitor (RE-B8434)

The high alarm setpoint is established to prevent incurring a
spurious alarm due to background fluctuations. Although highly
unlikely, a verified alarm from this system would indicate a possible
contamination of the station intake water. The setpoint is
controlled in accordance with the Radiation Monitor Setpoint Manual.

Alarm Responsé - Evaluating Actual Release Conditions

Liquid release rates are controlled and alarm setpoints are
established to ensure that releases do not exceed the concentration
limits of Section 2.3.1 (i.e., 10 CFR 20 ECs at the discharge to
Lake Erie). However, if any of the monitors (RE-1770 A & B, RE-1878
A & B, or RE-4686) alarm during a liquid release, it becomes
necessary to re-evaluate the release conditions to determine
compliance with the limits. After an alarm, the following actual
release conditions should be determined:

- verify radiation monitor alarm setpoint to ensure consistency
with the setpoint evaluation for the release;

- re-sample and re-analyze the source of the release
- re-determine the release rate and the dilution water flow.

Based on available data, the following equation may be used for
evaluating the actual release conditions:

Ci RR
L * <1 (2-7)
EC, DF + RR
i
where:
Ci = measured concentration of radionuclide i in the effluent
stream prior to dilution (upCi/ml),

ECi = the Effluent Concentration for radionuclide i from

Appendix B, Table II, Column 2 of 10 CFR 20 or 2.0E-04
pCi/ml for dissolved or entrained noble gases
(uCi/ml),
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actual release rate of the liquid effluent at the time of
the alarm (gal/min), and

DF = actual dilution water flow at the time of the release alarm
(gal/min).

1f the value calculated by equation 2-7 is less than or equal to 1,
then the release did not exceed the limits of 10 CFR 20.1302.
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2.4 LIQUID EFFLUENT DOSE CALCULATION - 10 CFR 50

2.4.1

DEP 6027A

Dose Limits to MEMBERS OF THE PUBLIC

The limits for dose or dose commitment to MEMBERS OF THE PUBLIC from
radiocactive materials in liquid effluents from Davis-Besse are:

- during any calendar quarter:
< 1.5 mrem to total body
< 5.0 mrem to any organ

- during any calendar year:
< 3.0 mrem to total body
< 10.0 mrem to any organ

With the calculated dose from the release of radiocactive materials in
liquid effluents exceeding any of the above limits, in lieu of a
Licensee Event Report, prepare and submit to the Commission within

30 days, pursuant to Section 7.3, a Special Report that identifies
the cause(s) for exceeding the limit(s) and defines the corrective
actions that have been taken to reduce the releases and the proposed
corrective actions to be taken to assure that subsequent releases
will be in compliance with the above limits.

Cumulative dose contributions from liquid effluents for the current
calendar quarter and the current calendar year shall be determined in
accordance with the methodology and parameters in the ODCM at least
once per 31 days.

This requirement is provided to implement the requirements of
Sections II.A, I1I1.A and IV.A of Appendix I, 10 CFR Part 50.

This action provides the required operating flexibility and at the
same time implements the guides set forth in Section IV.A of Appendix
I, 10 CFR Part 50 to assure that the releases of radioactive material
in liquid effluents will be kept "as low as is reasonably
achievable."
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NOTE: For fresh water sites with drinking water supplies which
can be potentially affected by plant operations, there is
reasonable assurance that the operation of the facility
will not result in radionuclide concentrations in the
finished drinking water that are in excess of the
requirements of 40 CFR 141. The dose calculations in the
ODCM implement the requirements of Section III.A of
Appendix I, 10 CFR Part 50. Conformance with the guides of
Appendix 1 is to be shown by calculational procedures based
on modes and data such that the actual exposure of an
individual through appropriate pathways is unlikely to be
substantially underestimated. The equations specified in
the ODCM for calculating the douses due to the actual
release rates of radioactive materials in liquid effluents
are consistent with the methodology provided in Regulatory
Guide 1.109, "Calculation of Annual Doses to Man from
Routine Releases of Reactor Effluents for the Purpose of
Evaluating Compliance with 10 CFR Part 50, Appendix I,”"
Revision 1, October 1977.

MEMBER OF THE PUBLIC DOSE - Liquid Effluents

The calculation of the potential doses to MEMBERS OF THE PUBLIC is a
function of the radiocactive material releases t¢ the lake, the
subsequent transport and dilution in the exposure pathways, and the
resultant individual uptake. At Davis-Besse, the combined fish
consumption and drinking water pathway has been modeled to provide a
conservative dose assessment for exposures to MEMBERS OF THE PUBLIC.
For the fish pathway, it has been conservatively assumed that the
maximum exposed individual consumes 21 kg per year of fish taken in
the immediate vicinity of the Davis-Besse discharge to the lake. For
the drinking water pathway, the conservative modeling is based on an
individual drinking 730 liters per year of water from the beach wells
located 966 m to the NW of the site discharge. (It is important to
note that because of the high sulfur content, the water from these
beach wells is not suitable for consumption; however, for
conservatism this pathway has been included in the dose modeling for
the maximum exposed individual.)

The equation for assessing the maximum potential dose to MEMBERS OF
THE PUBLIC from liquid radwaste releases from Davis-Besse is:

1.67E-02 * VOL

D, = e o 3 *L(C, *A) (2-8)
where:
Do - dose or dose commitment to organ "o" including total body
(mrem) ,
Ao = site-specific ingestion dose commitment factor to the total

body or any organ "o" for radionuclide "i" given in
Table 2-6 (mrem/hr per uCi/ml),
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c = average concentration of radionuclide i in undiluted liquid
effluent representative of the the volume VOL (uCi/ml),

VOL = total volume of undiluted liquid effluent released (gal),

DF = average dilution water flow rate during release period
(gal/min) (typically 20,000 gpm),

> 4 = 10 (near field dilution factor)*
1.67E-02 = 1 hr/60 min.

The site-specific ingestion dose/dose commitment factors (A )
represent a composite dose factor for the fish and drinking water
pathway. The site-specific dose factor is based on the NRC's generic
maximum individual consumption rates. Values of A, are presented in
Table 2-6. These values were derived in lcc0tdancé°w1th the guidance
of NUREG-0133 using the following equation:

Aio = 1,14E+05 (Uw / Dw - UF » BFi) DF1 (2-9)

where:

UF = 21 kg/yr adult fish consumption,

Uw = 730 liters/yr adult water consumption,

Dw = 5.7 additional dilution from the near field to the beach
wells (net dilution of 57),

BFi = bioaccumulation factor for radionuclide "i" in fish from
Table 2-7 (pCi/kg per pCi/l),

DF = dose conversion factor for nuclide "i" for adults in

organ "o" from Table E-11 of Regulatory Guide 1.109
(mrem/pCi), and

1.146405 =  10° (pCi/uCi) * 10° (ml/kg) / 8760 (hr/yr).

* Near field dilution factor and dilution to beach wells are based on a study
performed by Stone & Webster for Toledo Edison entitled "Aquatic Dilution
Factors within 50 Miles of the Davis-Besse Unit 1 Nuclear Power Plant", June
1980.
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The radionuclides included in the periodic dose assessment required
by Section 2.4.1 are those identified by gamma spectral analysis of
the liquid waste samples collected and analyzed per the requirements
of Table 2-3. 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 Section 2.4.1.

The dose anzlysis for radioruclides requiring radiochemical analysis
will be performed after receipt of results of the analysis of the
composite samples. 1In keeping with (he required analytical
frequencies of Table 2-3, tritium dose analyses will be performed at
least monthly; Sr-89, Sr-90 and Fe-55 dose analyses will be performed
at least quarterly.

Simplified Liquid Efflusnt Dose Calculation

In lieu of the individual radionuclide dose assessment presented in
Section 2.4.2, the following simplified dose calculation may be used
for demonstrating compliance with the dose limits required by Section
2.4.1. Radionuclides included in this dose calculation should be
those measured in the grab sample of the release (principal gamma
emitters measured by gamma spectroscopy). H-3 should not be included
in this analysis. Refer to Appendix A for the derivation of this
simplified method.

Total Body
9.70E+02 * VOL
D, = «* L C, (2-10)
tb DF i
Maximum Organ
1.19E+403 * VOL
D = L C (2-11)
max DF i
where:
C; = average concentration of radionuclide i excluding H-3 in

undiluted liquid effluent representative of the release
volume (uCi/ml),

VoL = volume of liquid effluent released (gal),

DF = average dilution water flow rate during release period
(gal/min),

Dtb = conservatively evaluated total body dose (mrem),

Dmax = conservatively evaluated maximum organ dose (mrem),

9.70E+402 = 0.0167 (hr/min) * 5.81E+05 (mrem/hr per pCi/ml, Cs-134
total body dose factor from Table 2-6) / 10 (near
field dilution), and
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1.19E+403 = 0.0167 (hr/min) * 7.11E+05 (mrem/hr per pCi/ml, Cs-134
liver dose factor from Table 2-6) / 10 (near field
dilu’ ion).

Contaminated TBS/SSD System - Dose Calculation

All non-naturally occurring radioactivity released from the SSD must
be included in the evaluation of the cumulative dose to a MEMBER OF
THE PUBLIC. Although the discharges are via the Training Center Pond
te Pool 3, and then to the Toussaint River (instead of directly to
Lake Erie), the modeling of equation (2-8) remains reasonably
conservative for determining a hypothetical maximum individual dose.
The following assumptions should be applied for the dose assessment
of any radioactive material releases from the $5D into the Training
Center Pond and subsequently to the Toussaint River:

B 1f no additional controls are taken, then it should be assumed
that any radioactive material released to the Training Center
Pond will ultimately be discharged to the lake environment;

- 1f actions are taken to limit any release, then the assessment
of dose should be made based on an evaluation of actual
releases: and

- The dilution flow should consider additional dilution of the SSD
discharge from other sources into the Training Center Pond prior
to release to the river.
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2.5 LIQUID EFFLUENT DOSE PROJECTIONS

10 CFR 50.36a requires licensees to maintain and operate the radwaste
system to ensure releases are maintained ALARA. This Section implements
the requirements of 10 CFR Part 50.36a, General Design Criterion 60 of
Appendix A to 10 CFR Part 50 and design objective Section II.D of Appendix
1 to 10 CFR Part 50. Based on a cost analysis of treating liquid
radwaste, the specified limits governing the use of appropriate portions
of the liquid radwaste treatmeat system were specified as the dose design
objectives as set forth in Section II.A of Appendix I, 10 CFR Part 50, for
liquid effluents. This requirement is implemented through this ODCM.

The liquid radioactive waste processing system shall be used to reduce the
radioactive material levels in the liquid waste prior to release when the
projected doses in any 31-dav period would exceed:

- 0.06 mrem to the total body, or
- 0.20 mrem to any organ.

This dose criteria for processing is established at one quarter of the
design objective rate (i.e., 1/4 of 3 mrem/yr total body and 10 mrem/yr
any organ over a 31-day projection).

With radioactive liquid waste being discharged without treatment and in
excess of the above limits, in lieu of a Licensee Event Report, prepare
and submit to the Commission within 30 days, pursuant to Section 7.3, a
Special Report that includes the following information:

- explanation of why liquid radwaste was being discharged without
treatment, identification of any inoperable equipment or subsystems,
and the reason for the inoperability;

- action(s) taken to restore the incperable equipment to OPERABLE
status; and

- summary description of action(s) taken to prevent a recurrence.
In any month in which radioactive liquid effluent is being discharged
without treatment, doses due to liquid releases to UNRESTRICTED AREAS
shall be projected at least once per 31 days in accordance with the
methodology and parameters in the ODCM.

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

Dtbp = Dtb (31 / 4) (2-12)
Dmaxp = Dmax (31 / d) (Z-13)
where:
D(bp = the 31-day total body dose projection (mrem),
DBP 6027A 20 Revision 9.0
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the cumulative total body dose for current calendar quarter
including release under consideration as determined by equation
(2-8) or (2-10) (mrem),

the 31-day maximum organ dose projection (mrem),

the maximum organ dose for current calendar quarter including
release under consideration as determined by equation (2-8) or
(2-11) (mrem),

the number of days accounted for by the calendar quarter dose,
and

the number of days in projection.
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INSTRUMENT

i

Gross Radioactivity Monitors
Providing Alarms and Automatic
Termination of Release

a. Liquid Radwaste Effluent Line

* (either Miscellaneous or Clean,

but not both simultaneously)

Flow Rate Measurement Devices
a. Liquid Radwaste Effluent Line
b. Dilution Flow to Collection Box
Gross Beta or Gamma Radioactivity
Monitors Providing Alarm But wot
Previding Automatic Termination

of Release

a. Storm Sewer Drain

MINIMUM
CHANNELS
OPERABLE

APPLICABILITY

(1)

(1)

(1)

(1)

* Only one release (either MWMT or CWMT) at a time can be in progress.
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Table 2-1 (continued)

TABLE NOTATION

(1) During radicactive releases via this pathway

ACTION A

ACTION B

ACTION C

DBP 6027A

With the number of channels OPERABLE less than required by the
minimum channels OPERABLE requirement, effluent releases may be
resumed, provided that prior to initiating a release:

1. At least two independent samples are analyzed in accordance
with Table 2-3 for analyses performed with each batch;

& At least two independent verification of the release rate
calculations are performed;

3. At least two independent verifications of the discharge
valving are performed;

Otherwise, suspend release of radioactive effluents via this
pathway.

With the number of channels OPERABLE less than required by the
minimum channels OPERABLE requirement, effluent rcleases via
this pathway may continue provided the flow ratc is estimated at
least once per 4 hours during actual releases. Pump curves may
be used to estimate flow.

With the number of channels OPERABLE less than required by the
minimum channels OPERABLE requirement, effluent releases via
this pathway may continue provided that, at least once per 12
hours, during effluent releases, grab samples are collected and
analyzed for gross radioactivity (beta or gamma) at a lower
limit of detection no greater than 1.0E-07 pCi/ml.
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CHANNEL SOURCE CHANNEL FUNCTIONAL

INSTRUMENT CHECK CHECK CALIBRATION TEST
1. Gross Beta or Gamma Radioactivity

Monitcr= Providing Alarm and

Automat ic Isolation, if applicable.

a. Liquid Radwaste Effluents Lines D'’ P ) ‘¥

b. Storm Sewer Discharge Line D(‘) M R(s) Q(z)
2. Flow Rate Monitors

a. Liquid Radwaste Effluent Lines D(‘) N.A. R Q

b. Dilution Flow to Collection Box D(h) N.A. R Q
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(1)

(2)

(3)

(4)

(D)
(M)
(P)
(R)

(Q)

Table 2-2 (continued)

TABLE NOTATION

During releases via this pathway.

If applicable, the CHANNEL FUNCTIONAL TEST shall also demonstrate that
automatic isolation of this pathway and control room alarm annunciation
occurs if the instrument indicates measured levels above the alarm/trip
setpoint.

The initial CHANNEL CALIBRATION for radioactivity measurement
instrumentation shall be performed using one or more of the reference
standards certified by the National Institute of Standards and Technology
or using standards that have been obtained from suppliers that participate
in measurement assurance activities with NIST. These standards should
permit calibrating the system over its intended range of energy and rate
capabilities. For subsequent CHANNEL CALIBRATION, sources that have been
related to the initial calibration should be used, at intervals of at
least once per eighteen months. For high range monitoring
instrumentation, where calibration with a radioactive source is
impractical, an electronic calibration may be substituted for the
radiation source calibration.

CHANNEL CHECK shall consist of verifying indication of flow during periods
of release. CHANNEL CHECK shall be made at least once daily on any day on
which continuous, periodic, or BATCH RELEASES are made.

At least once per 24 hours.

At least once per 31 days.

Prior to each release.

At least once per 18 month (550 days).

At least once per 92 days.
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Table 2-3

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

Minimum Type of Lower Limit
Liquid Release Type Sampling Analysis Activity of Detection 2
Frequency Frequency Analysis (LLD) (uCi/ml)
P 4 Principal b
Batch Waste d Each Batch Each Batch Gamma £ $.0E-07
Release Tanks Emitters
1-131f
P Dissolved
One Batch/M M and Entrained 1.0E-05
Gases
P M .
Each Batch Composite H-3 1.0E-05
Gross Alpha 1.0E-07
P Q 3
Each Batch Composite Sr-89, Sr-90 5.0E-08
Fe-55 1.0E-06
B. Storm Sewer L Principal b
Drain Continuously S Gamma 5.0E-07
monitored Emitters
f
1-131 1.0E-06
P r Principal b
s Condensate Each Batch Each Batch Gamma 5.0E-07
Demineralizer when when Emitters
Backwash discharged discharged
to the to the £
settling settling I1-131 1.0E-06
basin basin
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Table 2-3 (continued)

TABLE NOTA{1iuN

a. The LLD is the smallest concentration of radiocactive material in a sample
that will be detected with 952 probability with 5% probability of falsely
concluding that a blank observaticn represents a "real” signal.

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

4.66 s
LLD = .
E*V*2,22%Y*exp (-A0t)

where

LLD is the lower limit of detection as defined above (as pCi per unit
mass or volume);

S, is the standard deviation of the background counting rate or of
tRe counting rate of a blank sample as appropriate (as counts per
minute);

E is the counting efficiency (as counts per transformation);

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

2.22 is the number of transformations per minute per picocurie;

Y is the fractional radiochemical yield (when applicable);

A is the radioactive decay constant for the particular radionuclide;

At for plant effluents is the elapsed time between the midpoint of
sample collection and time of counting.

It should be recognized that the LLD is defined as an a priori (before the
fact) limit representing the capability of a measurement system and not as
an a posteriori (after the fact) limit for a particular measurement.
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Table 2-3 (continued)

TABLE NOTATION

b. The principal gamma emitters for which the LLD specification will apply
are exclusively the following radionuclides: Mn-54, Fe-59, Co-58, Co-60,
Zn-65, Mo-99, Cs-134, Cs-137, and Ce-141. For Ce-144, the LLD is 2.0E-06
uCi/ml. Other peaks which are measured and identified shall also be
reported.

Nuclides which are below the LLD for the analysis should not be reported
as being present at the LLD level. When unusual circumstances result in
LLDs higher than required, the reasons shall be documented in the
Radioactive Effluent Release Report.

£ A COMPOSITE SAMPLE is one in which the method of sampling employed results
is a specimen which is representative of the liquids released.

d. A BATCH RELEASE is the discharge of liquid wastes of a diccrete volume.

e. When the monitor is out of service, a grab sample shall be taken and
analyzed once every 12 hours if there is flow from the Storm Sewer line.

£ I1f an isotopic analysis is unavailable, gross beta or gamma measurement of
BATCH RELEASE may be substituted provided the concentration released to
the UNRESTRICTED AREA does not exceed 1.0E-07 wCi/ml and a COMPOSITE
SAMPLE is analyzed for principal gamma emitters when instrumentation is
available.

g- Frequency notation:

P - Prior to each release.

M - At least once per 31 days.

Q - At least once per 92 days.

v
'

At least once per 12 hours (when the monitor is inoperable).
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Table 2-4

Limiting Radionuclide Concentrations* In Secondary-Side
Clean-Up Resins for Allowable Discharges to Onsite fettling Basin

Radionuclide Limiting Concentration**
(uCi/em™)
Cr-51 3.3E-02
Mn-54 6.2E-05
Fe-59 5.1E-04
Co-58 3.0E-04
Co-60 5.4E-06
Y-91 2.1E-03
Zr-95 4.1E-04
Nb-95 1.0E-03
Mo-99 7.8E-Q3%*¥
Ru-103 1.0E-03
Ru-106 1.6E-05
Ag-110m 1.6E-05
Te-125m 5.4E-05
Te-127m 1.5E-05
Te-129m 6.2E-05
Te-131m 3.1E-03%w*
Te-132 3.5E-Q3%w+
1-131 1.1E-04
1-133 3.8E-04
I-135 1.5E~03
Cs-134 1.1E-05
Cs-136 2.3E-03%%x%
Cs-137 1.0E-05
Ba-140 3.1E-Q3%x%
La-140 3.5E-03%w+
Ce-141 5.8E-03
Ce-14b 4.1E-05
Pr-143 1.9E-02

* Concentration limits based on the study, Disposal of Low-Level Radicactively
Contaminated Secondary-Side Clean-up Resins in the On-site Settling Basins
at the Davis-Besse Nuclear Power Station, J. Stewart Bland, May 1983. The
limits represent a hypothetical maximum individual dose of less than 1 mrem
per year due to an inadvertent release to the offsite environment. The
allowable release limits as presented in Table 2 of the above reference
report have been reduced by a factor of 10 for added conservatism -
representing a hypothetical dose of less than 0.1 mrem.

** With more than one radionuclide identified in a resin batch, the evaluation
for acceptable discharge to the onsite settling basin shall be based on the
"sum of the fractions" rule as follows: Determine for each identified
radionuclide the ratio between the measured concentration and the limiting
concentration; the sum of these ratios for all radionuclides should be less
than one (1) for discharge to the basin.

**¥Limits updated due to changes in 10CFR20, Appendix B, Table II, Column 2
values.
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Table 2-

5

Radionuclide Activity Limits for the BWST and PWST

Radionuclide

H-3

Cr-51
Mn-54
Fe-59

Co-57
Co-58
Co-60
in-65

Rb-88
Sr-89
Sr-90
Sr-91

Sr-92
Y-91
Y-93
2r-95

Zr-97
Nb-95
Nb-97
Mo-99

Tc-99m
Ru-103
Ru-106
Ag-110m

Sn-113
Sb-125
1-131
1-132

1-133
1-134
1-135
Cs-134

Cs-136
Cs-137
Cs-138
Ba-139

Ba-140
La-140
Ce-141
Ce-144

30

Total Activity (Ci)

=N AN N LE B S I S E SN N = = S NN v NN N = ol ol I o

~N Oy =

.12E+403
.B8E+02
41E+01
.07E+01

L26E+02
.18E+01
.14E+00
.16E+01

.04E+02
.12E+00
.12E-01
. 73E+01

.72E+00
+12E+01
.12E+01
.23E+01

.41E+01
.31E+00
.63E+01
.82E+01

.01E+02
.16E+01
.06E+00
.31E+00

.64LE+01
47E+01
.12E-01
.00E+00

.05E-01
.S3E+00
.82E+00
.35E+00

LLLE+00
.41E+01
.73E+01
.43E+03

.41E+01
.3BE+00
.35E+01
.05E+00
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Table 2-6
Davis-Besse Site-Specific Liquid Ingestion Dose Commitment Factors, A,

(mrem/hr per pCi/ml)

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI

H-3 0.COE+0 1.76E+0 1.76E+0 1.76E+0 1.76E+0 1.76E+0 1.76E+0
C-14 3.13E+4 6.26E+3 6.26E+3 6.26E+3 6.26E+3 6.26E+3  6.26E+3
Na-24 4.32E42 4L.32E+2 4.32E+42 4.32E+2  4.32E+2  4.32E+2  4L.32E+2
P-32 1.39E+46 B.64E+4 5.37E+4 0.00E+0 O0.00E+0 0.00E+0 1.56E+5
Cr-51 0.00E40 0.00E+0 1.31E+0 7.85E-1 2.89E-1  1.74E+0 3.30E+2
Mn-54 0.00E+0 4.44LE+3 8.48BE+2 0.00E+0 1.32E+3 0.00E+0 1.36E+4

Mn-56 0.00E4+0 1.12E+2 1.98E+1 0.00E+40 1.42E+2 0.00E+0 3.57E+3
Fe-55 6.99E+2 4.B3E+2 1.13E+42 0.00E+0 0.00E+0 2.69E+2 2.77E+2
Fe-59 1.10E+3 2.59E+3 9.93E+2 0.00E+0 0.00E+0  7.24E+42  8.64E+3
Co-57 0.00E+0 2.35E+1 3.91E+1 C.00E+0 0.00E+0 0.00E+0 5.96E+2
Co-58 0.00E+0 1.00E+2 2.24E+2 0.00E40 0.00E+0 0.00E+0 2.03E+3
Co-60 0.00E+0 2.87E+2 6.34E42 0.00E+0 0.00E+0 0.00E+0 5.40E+3
Ni-63 3,30E+4 2.29E+3 1.11E+3 0.00E+0 0.00E+0 0.00E+0  &.78E+2
Ni-65 1.34E+2 1.74E+1 7.95E+0 0.00E+0 0.00E+0 0.00E+0 4.42E+2
Cu-64 0.00E+0 1.12E+1 5.25E+0 0.00E+0 2.82E+1 0.00E+0 9.54E+2
in-65 2.32E+4 7.40E+4 3.34E+4 0.00E+0 4 .95E+4 0.00E+0 4.66E+4
in-6° 4.95E+1 9.46E+1 6.58E+0 0.00E+0 6.15E+1 0.00E+0 1.42E+1
Br-82 0.00E+0 0.00E+0 2.60CE+2 0.00E+0 0.00E+0 0.00E+0 2.9BE+2
Br-83 0.00E+0 0.00E+0 4.10E+1 0.00E+0 0.00E+0 0.00E+0 5.91E+1

Br-84 0.00E+0 0.00E+0 5.31E+1 0.00E+0C 0.00E+0 0.00E+0 4.17E-4
Br-85 0.00E+0 0.00E+0 2.18E+0 0.00E+0 0.00E+0 0.00GE+0 0.00E+0
Rb-86 0.00E+0 1.01E+5 4.72E+4 0.00E+0 0.00E+0 0.00E+0 2.00E+4
Rb-88 0.00E+0 2.91E+2 1.54E+2 0.00E+0 0.00E+0 0.00E+0 4.01E-9
Rb-89 0.00E+0 1.93E+2 1.35E+42 0.00E+0 0.00E4+0 0.00E+0 1.12E-11
Sr-89 2.66E+4 0.00E+0 7.64E+2 0.00E+0 0.00E+0 0.00E+0 4.27E+3
Sr-90 6.55E+5 0.00E+0 1.61E+5 0.00E+0 0.00E+0 0.00E+0 1.89E+4
Sr-91 4.90E+2 0.00E4+0 1.98E+1 0.00E+0 0.00E+0 0.00E+40  2.33E+3
Sr-92 1.86E+2 0.00E+0 8.04E+40 0.00E+0 0.00E+0 O0.00E+0 3.6BE+3

Y-90 7.16E-1 0.00E+0 1.92E-2 0.00E+0 0.00E+0 0.00E+90 7.59E+3
Y~-91m 6.77E-3 0.00E+0 2.62E-4 0.00E+0 0.00E+0 0.00E+0 1.99E-2
Y-91 1.035E+} 0.00E+0 2.81E-1 0.00E+0 0.00E+0 0.00E+0 S5.78E+3
Y-92 6.29E-2 0.00E+0 1.84E-3 0.00E+0 0.00E+0 0.00E+0 1.10E+3
Y-93 2.00E-1 0.00E+0 5.51E-3 0.00E+0 0.00E+0 0.00E+0 6.33E+3
2r-95 6.84E-1 2.19E-1 1.49E-1 0.00E+0 3.44E-1 0.00E+0 6.95E+2
2r-97 3.78E-2 7.63E-3 3.49E-3 0.00E+0 1.135E-2 0.00E+0 2.36E+3
Nb-95 4. 47E+2 2.49E+2 1.34E42 0.00E+0 2.46E+2 C.00E+0 1.51E+6
Nb-97 3.75E40 9.4BE-1 3.46E-1 0.00E+40 1.11E+0 0.00E+0 3.50E+3
Mo-99 0.00E+0 1.66E+2 3.16E+1 0.00E+0 3.76E+2 0.00E+0 3.85E+2
Tc-99%m 1.29%8-2 3.53E-2 4.49E-1 0.00E+0 5.35E-1 1.73E-2 2.09E+1
Tc-101 1.28E-2 1.85E-2 1.81E-1 0.00E+0 3.33E-1 9.45E-3 5.56E-14
Ru-103 7.13E40 0.00E+0 3.07E+0 0.00E+0 2.72E+1 0.0CE+0 8.32E+2
Ru-105 5.94E-1 0.00E+0 2.34E-1 0.00E+0 7.67E+0 0.00E+0 3.63E+2
Ru-106 1.06E+2 0.00E+0 1.34E+] 0.00E+0 2.05E+2 0.00E+0 6.86E+3
Rh-103m 0.00E+0 0.00E+0 0.00E+0 0.00E+0 0.00E+0 0.00E+0 0.00E+0
Rh-106 0.00E+0 0.00E+0 0.00E+0 0.00E+0 0.00E40 0.00E+0 0.00E+0
Ag-110m 3.22E+0 2.98E+0 1.77E+0 0.00E+0 5.85E+40 0.00E+0 1.21E+3
Sb-124 4L.76E+1 8.99E-1 1.89E+1 1.15E-1 0.00E+0 3.70E+1 1.35E+23
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Table 2-6 (continued)

Davis-Besse Site-Specific Liquid Ingestion Dose Commitment Factors, A,

(mrem/hr per upCi/ml)

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI
S§b-125 3.04E+41 3.40E-1 7.24E+0 3.09E-2 0.00E+0  2.35E+1l 3.35E+2
Te-125m 2.61E+3 9.44LE+2  3.49E+2 7.84E+2 1.06E+4 0.00E+0  1.04E+4
Te-127m 6.58E+3  2.35E+43 8.02E+42 1.68E+3 2.67E+4 0.00E+0 2.21E+4
Te-127 1.07E+2 3.84E+1  2.31E+1 7.92E+1 4.36E+2 0.00E+0  8.44E+3
Te-129m 1.12E+4  4.17E+43  1.77E+3  3.84E+3 4.67E+4 0.00E+0  5.63E+4
Te-129 3.05E+1 1.15E+1 7.44E+40 2.34E+1 1.28BE+42 0.00E+0 2.30E+l
Te-131m 1.68BE+3 8.22E+2 6.85E+2 1.30E+3 8.33E+3 0.00E+0 8.17E+é
Te-131 1.92E+1 B.00E+40 6.05E+0 1.57E+1 8.39E+1 0.00E+40 2.71E+0
Te-132 2.45E4+3 1.58E+3 1.49E+3 1.75E+3 1.53E+4 0.00E+0  7.50E+é
1-130 3.82E+1 1.13E+2  4.44E+1  9.55E+3 1.76E+2 0.00E+0 9.70E+l
1-131 2.10E+2 3.01E+2 1.72E+2 9.85E+4 5.15E+2 0.00E+0 7.93E+1
1-132 1.03E+41 2.74E+1 9.60E+0 9.60E+2 4.37E+1 0.00E+0 5.15E+0
1-133 7.17E+41 1.25E+42 3.80E+1 1.83E+4 2.18E+2 0.00E+0 1.12E+2
I1-134 $.35E+0 1.45E+1 5.20E+0 2.52E+2 2.31E+1 0.00E+0 1.27E-2
1-135 2.24E+1 5.86E+1 2.16E+1 3.86E+3 9.39E+1 0.00E+0 6.62E+1
Cs-134 2.99E+45 7.11E+5 5.81E+5 0.00E+0 2.30E+5 7.64E+4 1.24E+4
Cs-136 3.13E+4 1.23E+5 8.88E+4 0.00E+0 6.87E+4 9.41E+3 1.40E+4
Cs-137 3.83E+5 5.23E+5 3.43E+5 0.00E+0 1.78E+5 5.91E+4  1.01E+4
Cs-138 2.65E+2 S.23E42 2.59E+2 0.00E+0 3.85E+2 3.80E+1  2.23E-3
Ba-139 2.35E+0 1.67E-3 6.87E-2 0.00E+0 1.56E-3 9.4BE-4 4.16E+0
Ba-140 4.91E+2 6.16E-1 3.22E+1 0.00E+0 2.10E-1 3.53E-1 1.01E+3
Ba-141 1.14E+0 8.61E-4 3.84E-2 0.00E+0 8.00E-4 4.8BE-4 5.37E-10
Ba-142 5.15E-1 5.29E-4 3.24E-2 0.00E40 4.47E-4  3.00E-4 7.25E-19
La-140 1.86E-1 9.38E-2 2.48E-2 0.00E+0 0.00E+0 0.00E+0 6.89E+3
La-142 9.53E-3 4.33E-3 1.08E-3 0.00E+0 0.00E+0 0.00E+0 3.16E+1
Ce-141 1.39E-1 1.0BE-1 1.22E-2 0.00E+0 S5.00E-2 O0.00E+0  4.11E+2
Ce-143 2.80E-2 2.07E+1 2.29E-3 0.00E+0 9.13E-3 0.00E+0 7.75E+2
Ce-144 8.29E40 3.47E+0 4.45E-1 0.00E+0 2.06E+0 0.00E+0 2.80E+3
Pr-143 6.85E-1 2.75E-1 3.39E-2 0.00E+0 1.59E-1 0.00E+0  3.00E+3
Pr-144 2.24E-3 9.31E-4 1.14E-4 0.00E+0 5,25E-4 0.00E+0 3.22E-10
Nd-147 4.68E-1 5.41E-1 3.24E-2 0.00E+0 3.16E-1 0.00E+0 2.60E+3
w-187 2.97E+2 2.49E+2 8.69E+1 O0.00E+0 0.00E+0 0.00E+0 8.14E+4
Np-239 4.,59E-2 4.51E-3 2.49E-3 0.00E+0 1.41E-2 0.00E+0 9.25E+2
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Bioaccumulation Factors (BFi)
(pCi/kg per pCi/liter)*

Element

H

C

Na
P

Cr
Mn
Fe
Co
Ni
Cu
Zn
Br
Rb
Sr
Y

ir
Nb
Mo
T
Ru
Rh
Ag
Sb
Te
I

Cs
Ba
La
Ce
Pr
Nd
W

Np

Table 2-7

Freshwater Fish

b R R B RO BB S B R R R W W R WA RN WL SN WE SO

.0E-01
.6E+03
.0E+02
.0E+403
.0E+02
.0E+02
.0E+02
.0E+01
.0E+02
.0E+01
.0E+03
.2E+02
.0E+03
.0E+01
.SE+01
.3E+00
.QE+04
.0E+01
.SE+01
.0E+01
.0E+01
.3E+00
.0E+00
.0E+02
.SE+01
.0E+03
.0E+00
.5E+01
.0E+00
.SE+01
.SE+01
.2E+03
.0E+01

* Values in this Table are taken from Regulatory Guide 1.109 except for
phosphorus which is adapted from NUREG/CR-1336 and silver and antimony which

are taken from UCRL 50564,
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Figure 2-1

Liquid Radioactive Effluent Monitoring and Processing Diagram
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3.0 GASEQUS EFFLUENTS

3.1 RADIATION MONITORING INSTRUMENTATION AND CONTROLS

This Section specifies the gaseous effluent monitoring instrumentation
required at Davis-Besse for controlling and monitoring radioactive
effiuents. Location and control function of these monitors are displayed
in Figure 3-1. More information is provided in the Davis-Besse USAR,
Section 11.3, Gaseous Waste System.

The radioactive gaseous effluent monitoring instrumentation channels shown
in Table 3-1 shall be OPERABLE with their alarm/trip setpoints set to
ensure that the limits of Section 3.3 are not exceeded. The alarm/trip
setpoints of these channels shall be determined and adjusted in accordance
with the methodology and parameters in Section 3.3.

With a radioactive gaseous effluent monitoring instrumentation channel
alarm/trip setpoint less conservative than required, without delay suspend
the release of radioactive gaseous effluents monitored by the affected
channel, or declare the channel inoperable, or change the setpoint so it
is acceptably conservative.

With less than the minimum number of radioactive gaseous effluent
monitoring instrumentation channels OPERABLE, take the actions shown in
Table 3-1. Exert best efforts to return the instruments to OPERABLE
status within 30 days and, if unsuccessful, explain in the next
Radioactive Effluent Release Report (Section 7.2) why the inoperability
was not corrected in a timely manner.

Each radioactive gaseous effluent monitoring instrumentation channel shall
be demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE
CHECK, CHANNEL CALIBRATION and CHANNEL FUNCTIONAL TEST operations at the
frequencies shown in Table 3-2. Each of these operations shall be
performed within the specified time interval with a maximum allowable
extension not to exceed 25 percent of the specified interval.

NOTE : The monitors specified in Table 3-2 are inoperable if
surveillances are not performed or setpoints are less
conservative than required.

The radioactive gaseous effluent instrumentation is provided to monitor
and control, as applicable, the releases of radioactive materials in
gaseous effluents during actual or potential releases. The alarm/trip
setpoints for these instruments shall be calculated in accoruance with
methods in Section 3.3 to ensure that the alarm/trip will occur prior to
exceeding the limits of 10 CFR Part 20. The OPERABILITY and use of this
instrumentation is consistent with the requirements of General Design
Criteria 60, 63 and 64 of Appendix A to 10 CFR Part 50.
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3:3.13 Alarm and Automatic Release Termination

a) Waste Gas Decay System Monitor (RE-1822 A&B)

The radioactive waste gas discharge line is continuously
monitored by two off-line detectors, each measuring gross
activity. The monitors’ control function will terminate the
waste discharge prior to exceeding the release rate limits of
Section 3.3.2. Table 3-1 requires that the Waste Gas Decay
System contain as a minimum the following instrumentation:

- noble gas activity monitor (RE-1822 A or B), and

- effluent system flow rate measuring device (FT-1821 or
1821 A).

If both noble gas monitors are declared inoperable, then the
contents of the tank may be released provided that prior to the
release:

- at least two independent gas samples are collected and
analyzed by gamma spectroscopy for principal gamma emitters
(noble gases),

- at least two independent verifications of the release rate
calculations are performed, and

- at least two independent verifications of the discharge
valve line-up are performed.

1f the flow rate device is inoperable, effluent releases may
continue provided that the flow rate is estimated at least once
per 12 hours. Flow rates may be estimated based on fan curves
or discharge valve header positioning.

b) Containment Purge Exhaust Filter Monitor (RE-5032 A,B&C)

This detector monitors the containment atmosphere for
radioactivity during Containment VENT or PURGE. The noble gas
activity monitor (Channel C) is required by Table 3-1. It
provides an automatic termination of the release prior *o
exceeding the release rate limits of Section 3.3.2. Although
not required in order to comply with Table 3.1, Channels A and B
provide indications of increasing levels of particulate and
radioiodine releases and terminate the release if their high
alarm setpoint is exceeded.
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3.1.2

DBP 6027A

Alarm Only

a)

b)

Station Vent Monitor (RE-4598 AA, BA)

The Station Vent is designed as the final release point for all
gaseous radioactive effluents. Three separate channels (1, 2,
and 3) are provided for each monitoring system. Channel 1 is a
beta scintillation detector viewing a fixed air volume measuring
for noble gases. Channel 2 is a beta scintillation detector
viewing a fixed particulate filter sampler. Channel 3 is a
gamma scintillation detector viewing a fixed cartridge sampler
(e.g., charcoal). Only the Channel 1 radiation detector is
required by Table 3.1.

The Channel 2 and Channel 3 detectors provide information on
potential particulate and radioiodine releases. However, those
monitors experience wide variations in response due, in part, to
the much more abundant noble gases in the effluent stream
relative to the particulate or radioiodines being sampled.
Therefore, while Channels 2 and 3 provide useful information for
identifying particulate and radioiodine releases, they are not
required by Table 3.1 for quantifying the release rate. Refer
to Section 3.5.

The following sampling and/or monitoring instrumentation on the
Station Vent is required by Table 3-1:

noble gas activity monitor (Channel 1),
- particulate sampler filter,

- iodine sampler cartridge,

- sampler flow rate measuring device, and

- unit vent flow rate measuring device (computer points F882
or F885).

The hydrogen purge line serves as a Containment pressure relief
route to the Station Vent. A separate radiation monitor on
this line is not required. Any release through the hydrogen
purge line will be monitored by the Station Vent monitor,
RE-4598.

Waste Gas System Oxygen Monitors (AE 5984 and 6570)

The Waste Gas System is provided with twn oxygen monitors (with
an alarm function) as required by Table 3-1 to alert operators
in the unlikely event of oxygen leakage into the waste gas
header. The concentration of oxygen is limited to less than or
equal to 2% by volume whenever the hydrogen concentration
exceeds 42 by volume. An oxygen concentration above the
specified limit will actuate a local and control room alarm.
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3.2 SAMPLING AND ANALYSIS OF GASEOUS EFFLUENTS

Radioactive gaseous wastes shall be sampled and analyzed in accordance
with Table 3-3. This sampling and analysis ensures that the dose rates
and doses from gaseous effluents remain below the release rate limits of
Section 3.3.2, and the dose limits of Sections 3.7.1 and 3.8.1.

3:2:3 Batch Releases

Table 3-3 requires that a grab gas sample be collected and analyzed
prior to each BATCH RELEASE from the Waste Gas Decay Tanks (WGDT) or
a Containment PURGE. The analysis shall include the identification
of all principal gamma emitters (noble gas) and tritium. Although
not required by Tahle 3-3, Containment Pressure releases, Integrated
Leak Rate Tests of Containment, and other tank venting operations are
batch releases and shall be sampled similarly.

The results of the sample analysis are used to establish the
acceptable release rate in accordance with Section 3.3.5. This
evaluation is necessary to ensure compliance with the limits of
Section 3.3.2.

.22 Continuous Release

All releases from the Station Vent are required to be continuously
sampled for radiocactivity. As specified in Table 3-3, the following
minimum samples and analyses are required:

- once per week, analysis of an absorption media (e.g., charcoal
cartridge) for 1-121,

- once per week, analysis of a filter sample for all principal
gamma emitters (particulate radioactive material),

- once per month, analysis of a grab gas sample for all principal
gamma emitters (noble gas) and tritium,

- once per month, analysis of a composite of the particulate
samples of all releases for that month for gross alpha activity,

- once per quarter, analysis of a composite of the particulate
samples for all releaces for that quarter for $r-89 and 90, and

- continuous monitoring for noble gases (gross beta and gamma
activity).
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Releases Resulting from Primary-to-Secondary System Leakage

Should the secondary coolant system become contaminated, then there
are several additional gaseous release points to consider:

- The Atmospheric Vent Valves (AVVs),

Main Steam System Relief Valves (MSSVs),

Auxiliary Feed Pump Turbines (AFPTs), and

Auxiliary Steam System Relief Valves.

Since these releases of radioactivity are not controlled on a batch
basis, they should be considered continuous releases unless they are
unplanned and uncontrolled in which case they are abnormal releases.

Steam may be released via any of these points due to imprcper valve
seating. Steam may be released via the MS5Vs and AVVs if the plant
trips, or via the AVVs during a condenser outage. Steam is released
through the AFPTs during their operation. Steam may be rei-ased due
to overpressurization of the Auxiliary Steam System via the relief
valves on the various steam headers.

For secondary coolant system release pathways, the following minimum
samples and analyses are required:

- once per week, analysis of a secondary system off-gas sample for
principal gamma emitters (noble gases) and tritium;

- once per week, analysis of a secondary system liquid sample for
principal gamma emitters (iodines and particulates);

B once per quarter, analysis of a composite of secondary system
liquid samples for strontium-89 and strontium-90.

Liquid samples are analyzed from Main Steam during normal operations,
and from the Auxiliary Boiler during Modes 5 and 6. For Auxiliary
Steam System Relief lifts that occur when the Auxiliary Boiler is the
source of Auxiliary Steam, analyze liquid samples from the Auxiliary
Boiler for gamma emitters and tritium.

1f only one steam generator has a primary-to-secondary leak, then
radionuclides other than tritium are released through the valves on
the leaking steam generator's main steam line. Demineralizing and
gas stripping remove some radionuclides from the condensate prior to
its return to the steam generator as feedwater. However, these
processes do not remove tritium.
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GASEQUS EFFLUENT MONITOR SETPOINT DETERMINATION

Total Effective Dose Equivalent Limits

10 CFR 20.1301 limits the total effective dose equivalent, (TEDE), to
individual members of the public from all licensed operations to
100 mrem in a year. At Davis-Besse, the total effective dose

equivalent due to radioactive materials released in gaseous effluents
at tke boundary of the unrestricted area shall be limited tc 50 mrem

in a year.

Release Rate Limits

All releases of gaseous radioactive effluents are designed to occur
via the Station Vent. Station Vent alarm setpoints shall be
established to initiate Control Room isolation when the activity
level exceeds the Derived AIR Concentration limits of 10 CFR 20 and
to ensure release rate of noble gas, radioiodine and particulates
effluent does not exceed the following limits:

This may be demonstrated by ensuring that:

The annual average gaseous effluent concentrations at the
boundary of the unrestricted area do not exceed the values
specified in Table 2 of Appendix B of 10 CFR 20.
For batch and intermittent releases (e.g. containment purges, etc.),
compliance may be demonstrated by ensuring that:

Airborne effluent concentrations at the boundary of the
unrestricted area do not exceed ten times the values specified
in Table 2 of Appendix B of 10 CFR ! 0 averaged over one hour.

Noble gas: to less than or equal to 500 mrem/year, averaged

1 body, (Deep Dose Equivalent, DDE)
and to less than or equal to 3000 mrem/year averaged over one
hour to the skin, (Skin Dose Equivalent, SDE), and

over one hour, to the tota
|

odine 131, Tritium and all radionuclides in particulate form
with half-lives greater than 8 days: to less than or equal to
1500 mrem/year averaged over one hour to any organ.

Should dose rate(s) exceed the above limits, without delay
restore the release rate to within the above limit(s).
requirements ensure that the total effective dose equivalent at
JOUNDARY from gaseous effluents will be within the annual
s of 10 CFR Part 20 fo 1idividual members of the public.

MEMBERS OF THE PUBLIC who may at times be within the
the occupancy of that MEMBER OF THE PUBLIC will be
to compensate for any increase in the atmospheric
above that for the SITE BOUNDARY.
Revision 9.0
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3.3.3

DEP 6027A

Irdividual Release Raci.cion Monitor Setpoints

Although generic radiation monitor setpoints are normally used at
Davis-Besse (see Section 3.3.4), setpoints may be established from a
sample analysis of the applicable source (i.e., Station Vent, Waste
Gas Decay Tanks, or Containment atmosphere), and the following

equations:

SP

TB

SP

where:

SPTB

SP

500

3000

X%y =

VF

K,
i

d:1

472

Lc, » 500
(3-1)
472 % xIQu* VE * L(C; * K)
Lc, * 3000
(3-2)
472 * xIQ & VF * L€, * (L, + 1.1 M)

monitor setpoint corresponding to the release rate
limit for the total body dose rate of 500 mrem per
year (uCi/ml),

monitor setpoint corresponding to the release rate
limit for the skin dose rate of 3000 mrem per year
total body dose rate limit (mrem/yr),

skin dose rate limit (mrem/yr),

atmospheric y/Q value for direct exposure to ngble gas
at the SITE BOUNDARY given in Table 3-6 (sec/m”),

ventilation system flow rate gor the applicable
release point and monitor (ft”/minute),

concentration of noble gas radionuclide "i" as
determined by gamma spectral analysis of grab sample

total body dose cogversion factor for radionuclide "i"
(mrem/yr per uCi/m”) from Table 3-5,

beta skin dose congersion factor for radionuclide "i"
(mrem/yr per puCi/m”) from Table 3-5,

gamma air dose congetsion factor for radionuclide "i"
(mrad/yr per pCi/m”) from Table 3-5,

mrem skin dose per mrad gamma air dose (mrem/mrad),
and

28,317 (ml/ft>) * 1/60 (min/sec,.
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3.

.

4

The lesser value of SPTB or SPs is used to establish the monitor
setpoint.

The Station Vent monitor (RE-4598) efficiencies and real’ outs are in
uCi/ml; however, the Containment Purge Exhaust Monitor (RE-5052) and
the WGDT monitor (RE-1822) efficiencies and read outs are in counts
per minute. Therefore, for RE-5052 and RE-1822, the setpoints in
pCi/ml must be corrected to an equivalent monitor counts per minute.
The monitor calibration curves are used for determining specific
radionuclide efficiencies (cpm per pCi/ml).

Normally, the monitor efficiency for Xe-133 is used in lieu of the
efficiency values for the individual radionuclides. Because its
lower gamma energy causes a higher monitor response, the Xe-133
efficiency provides a conservative value for alarm setpoint
determination.

Conservative, Generic Radiation Monitor Setpoints

Normally, generic alarm setpoints are established instead of those
determined by individual radionuclide analysis. This approach
eliminates the need to adjust the setpoint periodically to reflect
minor changes in radionuclide distribution or release flow rate. The
glarm setpoint may be conservatively determined by assuming all
activity released is Kr-89. The Kr-89 total body dose conversion
factor is the most limiting. Therefore, the more restrictive
setpoint is based on the total body dose rate limit and may be
calculated using equation (3-1). Again, the Xe-133 monitor
efficiency is used for conservatism. The alarm setpoints are
controlled for RE-4598, RE-5052, and RE-1822 in accordance with the
Radiation Monitor Setpoint Manual.

Release Flow Rate Evaluation For Batch Releases

To comply with the release rate linits of Section 3.3.2, each batch
release shall be evaluated for maxiwum release flow rate prior to
being released. Based on noble gas concentration, and the
radioiodine, particulate, and tritiwn concentration in the sample as
collected in accordance with Table 3-3, the allowable release rate is
determined based on equations (3-3), (3-4) and (3-5). The smallest
value of RR .. RR_ or RR is used as the maximum allowable release
tb s INH
flow rate.
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To determine RR NH exactly, a separate RRIN must be calculated for
every organ in Zvery age group (28 values o¥ RRINH)’ The smallest of
these 28 is the RRI" which is compared to RR L "and RR. to determine
maximum allowable teYeuse rate. A conservative shortcut is to

cal- .late RR once by using the largest inhalation dose factor (R,

from Table 3§y§ for any organ of any age group for each nuclide ”
released. The largest dose factors in the inhalation pathway are
usually for the teen lung.
500
Rntb = (3-3)
472 % XIQu.* L(K, * CNG )
3000
RRS = (3-4)
472 % XIQu.* LaLy + 1.2 M) * CNG,)
1500
RRINH = (3-5)
472 * Y1Qquw * L (R, ¥ CINH,) * DF.,
where:
RRtb = allowable release flow rate so as not tg exceed a
total body dose rate of 500 mrem/yr (ft” /minute),
RRs = allowabie release flow rate sg as not to exceed a skin
dose rate of 3000 mrem/yr (ft” /minute),
RRINH = allowable release flow rate so as not to_exceed an
inhalation dose rate of 1500 mrem/yr (ft™ /min),
500 = total body dose rate limit at the SITE BOUNDARY
(mrem/yr),
3000 = skin dose rate limit at the SITE BOUNDARY (mrem/yr),
1500 = inhalation dose rate limit at the SITE BOUNDARY

(mrem/yr),

472 = 28317 (ml/ft>) * 1/60 (min/sec),

XIQNG = atmospheric y/Q value for direct exposure to ngble gas
at the SITE BOUNDARY given in Table 3-6 (sec/m™),
X/QINH = atmospheric )y/Q value for inhalatign at the SITE
BOUNDARY given in Table 3-6 (sec/m”),
Ki = total body dose cogversion factor for radionuclide "i"
(mrem/yr per pCi/m”) from Table 3-5,
DBP 6027A 43 Revision 9.0
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. = beta skin dose con!etsion factor for radionuclide "i*
(mrem/yr per uCi/m”) from Table 3-5,

Mi = gamma air dose congersion factor for radionuclide "i"
(mrad/yr per puCi/m”) from Table 3-5,
Rio = dose factor for radionuclide, to organ "o" o§ age

group, given in Table 3.7 (mrem/yr per pCi/m"),

CNGi = concentration of noble gas radionuclide "i" analyzed
in grab samples,

CINHi = concentration of tritium, radioiodine, or particulate
radionuclide "i" analyzed in grab samples, and
DFIP = removal factor of 100 to be used for radioiodines and

particulates when the effluent is processed through an
absolute filter (do not use for tritium).

The actual release rate may be set lower than the maximum
allowable release rate to provide an additional assurance that
the release rate limits of Section 3.3.2 are not exceeded.
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SITE BOUNDARY DOSE RATE CALCULATION - NOBLE GAS

1f an effluent noble gas monitor exceeds the alarm setpoint, then an
evaluation of compliance with the release rate limits of Section 3.3.2
must be performed using actual release conditions. This evaluation
requires collecting a sample of the effluent to establish actual
radionuclide concentrations and monitor response.

The following equations may be used for evaluating compliance with the
release rate limit of Section 3.3.2 for noble gases:

Doy = 472 ~ x/QNG * VF » !:(lti *Cp) (3-6)
D, = 472 * yIQu. * VF * L((L; + 1.1 M) *C)) (3-7)
where:

Dtb = total body dose rate (mrem/yr),

Ds = skin dose rate (mrem/yr),

x/QNG = atmospheric Y/Q for direct exposure to noblg gases at
the SITE BOUNDARY given in Table 3-6 (sec/m™),

VF = ventilation system flow rate (ftalmin).

Ci = concentration of radionuclide "i" as measured in
the sample (uCi/ml),

Ki = total body dose conversion factor fgt noble gas
radionuclide "i" (mrem/yr per wCi/m”) from Table 3-5,

Li = beta skin dose conversion fnctgr for noble gas radio-
nuclide "i" (mrem/yr per uCi/m™) from Table 3-5,

Mi = gamma air dose conversion factor fog noble gas
radionuclide "i" (mrad/yr per uCi/m”) from Table 3-5,

1:1 = mrem skin dose per mrad gamma air dose (mrem/mrad),
and

72 = 28,317 (ml/ftB) * 1/60 (min/sec).
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3.5 SITE BOUNDARY DOSE RATE CALCULATION - RADIOIODINE, TRITIUM, AND
PARTICULATES

$.9:3

2:5.2

DBP 6027A

Dose Rate Calculation

Section 3.3.2 limits the dose rate to <1500 mrem/yr to any organ for
gaseous releases of I-131, tritium and all particulates with
half-lives greater than 8 days. To demonstrate compliance with this
limit, an evaluation is performed in accordance with Table 3-3
(nominally once per 7 days). The following equation may be used for
the dose rate evaluation:

Do = X/Qpyy * L(Ry, * Q) (3-8)

where:

Do = dose rate to organ "o" over the sampling time period
(mrem/yr)

X/Qpuy = atmospheric x/Q value fotsinhnlation at the SITE BOUNDARY

given in Table 3-6 (sec/m”),

= dose factor to organ_from radionuclide "i" for the

g controlligg age groug via the inhalation pathway (mrem/yr
per puCi/m™) from Table 3-7, and
Qi = average release rate over the appropriate sampling period

and analysis frequency for radionuclide "i" (uCi/sec).

Simplified Dose Rate Evaluation for Radioiodine, Tritium and
Particulates

1. is conservative to evaluate dose rates by applying the 1-131 dose
‘actor to the collective releases for all measured radionuclides. By
substituting 1500 mrem/yr for the dose rate to organ "o" in

Yquation (3-8) and solving for Qi' an allowable release rate can be
determined. Based on the annual average meteorological dispersion
(see Table 3-6) and the I-131 dose factor for the most limiting
potential pathway, age group and_organ (inhalation, child, thyroid --
R, = 1.62E+407 mrem/yr per pCi/m”), the allowable release rate is
4471 uCi/sec. An added conservatism factor of 0.8 has been included
in this calculation to account for any potential dose contribution
from other radioactive particulate material.

For a 7-day pericd, which is the nominal sampling and analysis
frequency, the cumulative release would be 26.7 Ci. Therefore, as
long as the total radioiodine, tritium, and particulate releases in
any 7-day period do not exceed 26.7 Ci, no additional analyses are
needed to verify compliance with the Section 3.3.2 limits on
allowable release rate.
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3.6 QUANTIFYING ACTIVITY RELEASED

NRC Regulatory Guide 1.21 requires reporting the quantities of individual
radionuclides released in gaseous effluents. Therefore, these quantities
shall be determined.

3.6.1 Quantifying Noble Gas Activity Released Using Station Vent Monitor
(RE-4598

The quantification of continuous noble gas effluents is based on
sampling and analysis of the Station Vent effluent. The monitor
provides a measurement of gross radioactive material concentration in
the effluent. As required by Table 3-3, a gas sample is collected at
least monthly from the Station Vent. And, as discussed in

Section 3.2.2, this sample is analyzed by gamma spectroscopy to
identify principal gamma emitting radionuclides (noble gases). The
results of the analysis are used to determine the quantities of
radionuclides released. This simplified approach reasonably
quantifies the continuous release provided that no atypical levels
have been observed (e.g., alert setpoint being exceeded).

Based on the average noble gas monitor reading and a gas analysis for
the release period, the individual noble gas radionuclides released
are quantified by the eguation:

A,
Q; = 28,317 % ' *C*VF*T (3-9)
L4
where:

Qi = total activity released of radionuclide "i" (pCi),

28,317 = milliliters per ft3.

Ai = activity concentration of radionuclide "i" from the
gamma spectral analysis of the grab sample from the
release point (uCi/ml),

c = average gross activity concentration over the release
period as measured by the noble gas monitor excluding
any BATCH RELEASES (uCi/ml),

VF = wventilation system flow rate (ftslmin). and

T = release duration (min).
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3.6.2

DBP 6027A

Quantifying Noble Gas Activity Released Using A Grab Sample

With both Station Vent radiation monitors inoperable (i.e., RE-4598
AA and BA, Channel 1), the once-per-8 hours grab samples provide for
continued quantification of releases in accordance with Table 3.1
requirements. Analysis of grab samples provides the radionuclide
concentrations in the effluent. The flow measurement device (or flow
rate estimate) and the release duration provide the total volume
released. With these, the total amount of radicactive material
released can be determined.

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

Qi = 28,317 * VF » T « Ci * 1E-06 (3-10)

where:

Qi = total activity released of tadionuclidei (Ci),

28,317 = milliliters per ft3.

VF = ventilation system flow rate (ftslmin).

T = release duration (min),

1E-06 = Ci per uCi, and

Ci = concentration of radionuclide "i" as measured in the

grab sample (uCi/ml).
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3.6.3 Quantifying Radioiodine, Tritium, and Particulate Activity Released

For radioiodine and particulates:

Q = [ At xi * t v * 1E-06
4 -x t (3'11)
| -e™i %) *+ s % 0.72

where:

Q1 = total activity released of ndionuclide1 (C1),

Ai = activity of radionuclidei measured on filter media
(uCi),

N = decay constant of radionuclide, (hr 4,

t - release duration (hr),

v = total vent system flow for sampling period (cc),

1E-06 = Ci per uCi,

s = total flow through sampler (cc), and

0.72 = isokinetic flow correction factor for normal range
station vent sikid RE 4598 AA or BA filter media.

For Tritium:

Q=C*W+*V + JE-06

0.9 * § (3-12)
where:

Q = total activity of tritium released (Ci),

c = tritium concentration in gas washing bottle (pCi/ml),

Y = volume of water added to gas washing bottle (ml),

v - total vent system flow for release period (cc),

1E-06 = Ci per uCi,

0.9 = efficiency for collection of tritir- and

S = total sample volume through gas wa ! . bottle (cc).
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3.7 NOBLE GAS DOSE CALCULATIONS - 10 CFR 50

.71
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UNRESTRICTED AREA Dose - Limits

Cumulative dose contributions for the current calendar quarter and
current calendar year for noble gases shall be determined in
accordance with the methodology and parameters in this Section at
least once per 31 days. This periodic assessment of releases of
noble gases is to evaluate compliance with the guarterly dose limits
and calendar year limits.

The air dose due to noble gases released in gaseous effluents to
areas at and bevond the SITE BOUNDARY shall be limited to the
following:

- during any calendar quarter: less than or equal to 5 mrad for
gamma radiation and less than or equal to 10 mrad for bete
radiation, and

- during any calendar year: less than or equal to 10 mrad for
gamma radiation and less than or equal to 20 mrad for beta
radiation.

With the calculated air dose from radioactive noble gases in gaseous
effluents exceeding any of the above limits, in lieu of a Licensee
Event Report, prepare and submit to the Commission within 30 days,
pursuant to Section 7.3, a special Report that identifies the
cause(s) for exceeding the limit(s) and defines the corrective
actions that have been taken to reduce the releases and the proposed
corrective actions to be taken to assure that subsequent releases
will be in compliance with the above limits.

This specification is provided to implement the requirements of
Section 1I.B, 1I1.A and IV.A of Appendix I, 10 CFR Part 50. The
limits specified above provide the required operating flexibility and
at the same time implement the guides set forth in Section IV.A of
Appendix I to assure that the releases of radioactive material in
gaseous effluents will be kept "as low as is reasonably achievable.”
This Section implements the requirements of Section III1.A of Appendix
I that conformance with the guides of Appendix I to be shown by
calculational procedures based on models and data such that the
actual exposure of an individual through the appropriate pathways 1is
unlikely to be substantially underestimated. The dose calculations
established for calculating the doses due to the actual release rates
of radioactive noble gases in gaseous effluents are consistent with
the methodology provided in Regulatory Guide 1.109, "Calculation of
Annual Doses to Man from Routine Releases of Reactor Effluents for
the Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix
1,* Revision 1, October 1977 and Regulatory Guide 1.111, "Methods for
Estimating Atmospheric Transport and Dispersion of Gaseous Effluents
in Routine Releases from Light-Water-Cooled Reactors,” Revision 1,
July 1977.
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Dose Calculations - Noble Gases

The following equations may be used to calculate the gamma-air and

beta-air doses:

Dy =

bf =

where:
D" =
Df =
X/QNG -
Qi =
M, =
i
N. =
i
3.17E-08 =

3.17E-08 * y/Qy.* L M *Q ) (3-13)

3.17E-08 * y/Qy * L (N, * Q) (3-14)

air dose due to gamma emissions fcr noble gas
radionuclides (mrad),

air dose due to beta emissions for noble gas
radionuclides (mrad),

atmospheric Y/Q value for diirect exposure to
noble gas at the SITE BOUNDARY given in Table 3-6
(secim™),

cumulative release of noble gas radionuclide "i"
over the period of interest (uCi),

air dose factor due to gamma emissions Srom noble
gas radionuclide "i" (mrad/yr per pCi/m”) from
Table 2-5,

air dose factor due to beta emissions from noble
gas radionuclide "i" (mrad/yr per pCi/m”) from
Table 3-5, and

1/3.15E+07 (yr/sec).
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Simplified Dose Calculation for Noble Gases

In lieu of the individual noble gas radionuclide dose assessment
oresented above. the following simplified equations may be used for
verifying compliance with the dose limits of Section 3.7.1. (Refer
to Appendix B for the derivation and justification of this simplified

method.)

DY = 2.0 % 3.17E-08 * y/Qu. *M .. * L Q (3-15)
and
Df = 2.0 % 3.17E-08 * y/Q.. * N .. * LQ (3-16)
where:
Meff = 5.7E+02, effective gamma-air ?ose factor from
Appendix B (mrad/yr per uCi/m™),
Neff B 1.1E+03, effective beta-air dgse factor from

Appendix B (mrad/yr per pCi/m™), and

2.0 = conservatism factor to account for potential
variability in the radionuclide distribution.
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3.8 RADIOIODINE, TRITIUM AND PARTICULATE DOSE CALCULATIONS - 10 CFR 50

3.8.1

DEP 6027A

UNRESTRICTED AREA Dose Limits

A periodic assessment is required to evaluate compliance with the
quarterly dose limit and the calendar year limit to any organ.
Cumulative dose contributions for the current calendar quarter and
current calendar year for I-131, tritium, and radionuclides in
particulate form with half-lives greater than 8 days shall be
determined in accordance with the methodology and parameters in this
section at least once per 31 days.

The dose to a MEMBER OF THE PUBLIC from I-131, tritium and all
radionuclides in particulate form with half-lives greater than 8 days
in gaseous effluents released to areas at and beyond the SITE
BOUNDARY shall be limited to the following:

- During any calendar quarter: less than or equal to 7.5 mrem to
any organ, and

- During any calendar year: less than or equal to 15 mrem to any
organ.

With the calculated dose from the release of iodine-131, tritium and
redionuclides in particulate form with half-lives greater than 8 days
in gaseous effluents exceeding any of the above limits, in lieu of a
Licensee Event Report, prepare and submit to the Commission within

30 days, pursuant to Section 7.3, a Special report that identifies
the cause(s) for exceeding the limit and defines the corrective
actions that have been taken to reduce the releases and the proposed
corrective actions to be taken to assure that subsequent releases
will be in compliance with the above limits.

This requirement is provided to implement the requirements of

Section I1.C, III1.A, and IV.A of Appendix I, 10 CFR Part 50. The
limits are the guides set forth in Section II1.C of Appendix I. The
actions specified provide the required operating flexibility and at
the same time implement the guides set forth in Section IV.A of
Appendix I to assure that the releases of radioactive materials in
gaseous effluents will be kept "as low as is reasonably achievable."
The ODCM calculational methods specified in this Section implement
the requirements in Section III.A of Appendix I that conformance with
the guides of Appendix I be shown by calculational procedure based on
models and data such that the actual exposure of an individual
through appropriate pathways is unlikely to be substantially
underestimated. The ODCM methods for calculating the doses due to
the actual release rates of the subject materials are consistent with
the methodology provided in Regulatory Guide 1.109, "Calculating of
Annual Doses to Man from Routine Releases of Reactor Effluents for
the Purpose of Evaluating Compliance with 10 CFR 50, Appendix I",
Revision 1, October 1977 and Regulatory Guide 1.111, "Methods for
Estimating Atmospheric Transport and Dispersion of Gaseous Effluents
in Routine Releases from Light-Water-Cooled Reactors," Revision 1,
July 1977.
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3.8.2
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The release rate specifications for radioiodines and radioactive
material in particulate form are dependent on the existing
radionuclide pathways to man in the UNRESTRICTED AREA. The pathways
which are examined in the development of these calculations are:

- individual inhalation of airborne radionuclides,

- deposition of radionuclides into green leafy vegetation with
subsequent consumption by man,

- deposition onto grassy areas where milk animals and
meat-producing animals graze with consumption of the milk and
meat by man, and

- deposition on the ground with subsequent exposure of man.

Critical Pathway

The critical pathway is that exposure pathway, age group, organ, and
receptor location for which the maximum dose is calculated due to a
given gaseous release of radionuclides. Determination of the
critical pathway is made as part of the Annual Land Use Census. As
part of this process, the maximum exposure pathway is determined for
vach directional sector in the area surrounding Davis-Besse. The
maximum exposure pathways for each sector are listed in Table 3-4.
The critical pathway is chosen from among the maximum pathways for
each sector and is listed in Table 3-6.

Only the dose via the critical pathway identified in Table 3-6 need
be evaluated for compliance with the dose limits of Section 3.8.1.

Dose shall be calculated to the organ with the highest dose factor

for the controlling age group to determine the maximum organ dose.

The dose factors for organs of the various age groups are listed by
exposure pathway in Tables 3-7 through 3-11.
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3.8.3 Dose Calculations - Radioiodine, Tritium and Particulates

The following equation may be used to evaluate the maximum organ dose
due to releases of iodine-131, tritium and particulates with
half-lives greater than 8 days:

D = 3.17E-08 * W * ICF * SF * [ (Rio * Qi) (3-17)

aop
Where:

aop

io

ICF =

3.17E-08 =

dose or dose commitment to organ "o" via
controlling pathway "p" and age group "a" as
identified in Table 3-6 (mrem),

atmospheric dispersion factor to the controlling
location as identified in Table 3-6

x/Q, dispersion factor for inhalation pathway, and
H-3 dose contribution via all pathways (sec/m”)

D/Q, deposition factor for vegetation, milk
and ground plane exposure pathways (m ),

dose factor for radionuclide "i" to organ "o" of
age group"a" via pathway "p" as identified in
Table 3-7, 3-8, 3-9, 3-10, or 3-11 depenging on
the pathway specified (mrem/yr per pCi/m™) or

(m~ - mrem/yr per uCi/sec),

cumulative release over the period of interest
for radionuclide "i" (uCi),

elemental iodine correction factor which may be
used in calculating doses from radioiodines via
the vegetation, milk, and ground plane exposure
pathways = 0.5,

seasonal correction factor which may be used for
milk and vegetation pathways = 0.5, and

1/3.15E+07 (yr/sec).

The dose factors in Tables 3-7 through 3-11 are derived in accordance

with NUREG-0133.

The elemental iodine correction factor in

equation (3-17) is referenced in Regulatory Guide 1.109.

DBP 6027A
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3.8.4
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simplified Dose Calculation for Radioiodine, Tritium and Particulate,

In lieu of the individual radionuclide dose assessment presented in
equation (3-17) the following simplified dose calculation may be us:d
for verifying compliance with the dose limits of Section 3.8.1:

Doy = 3-17E-08 * W & ICF ¢ SF % Ry ,,) + Iqg (3-18)
where:
D = maximum organ dose (mrem),
max
RI-131 1-131 dose factor for the thyroid for the controlling
pathway identified in Table 3-6, and
EQi = sum of the activities of all radioiodines, tritium and

particulates (pCi).

The ground plane exposure and inhalation pathways need not be
considered when the simplified method is used because of the
negligible contribution 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
contribution than either the vegetation or milk pathway. However,
use of the 1-131 thyroid dose factor for all radionuclides will
maximize the organ dose calculation, especially considering that no
other radionuclide has a higher dose factor for any organ via any
pathway than 1-131 for the thyroid via the vegetable or milk pathway.
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3.9 GASEOUS EFFLUENT DOSE PROJECTION

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

The GASEOUS RADWASTE TREATMENT SYSTEM (i.e., Waste Gas Decay Tank) shall
be used to reduce noble gas levels prior to discharge when the projected
air dose due to gaseous effluent releases to areas at and beyond the SITE
BOUNDARY would exceed 0.2 mrad for gamma radiation and 0.4 mrad for beta
radiation in a 31 day period (i.e., one quarter of the design objective
rate).

The VENTILATION EXHAUST TREATMENT SYSTEM shall be used to reduce
radiociodine and particulate effluents, prior to their discharge, when the
projected dose due to gaseous effluents releases to areas at or beyond the
SITE BOUNDARY would exceed 0.3 mrem to any organ in a 31-day period.
Figure 3-1 presents .the gaseous effluent release points and the GASEOUS
RADWASTE and VENTILATION EXHAUST TREATMENT SYSTEMS applicable for reducing
effluents prior to release.

With the gaseous waste being discharged without treatment and in excess of
the limit.,, in lieu of a Licensee Event Report prepare and submit to the
commission within 30 days, pursuant to Section 7.3 a Special Report that
includes the following information:

- Explanation of why gaseous radwaste was being discharged without
treatment, identification of any inoperable equipment or
subsystems, and the reasons for the inoperability,

- Actions taken to restore the inoperable equipment to OPERABLE
status, and

- Summary description of action(s) taken to prevent a recurrence.

The requirements that the appropriate portions of these systems be used,
when specified, provides reasonable assurance that the releases of
radioactive materials in gaseous effluents will be kept "as low as is
reasonably achievable.” This requirement implements the requirements of
10 CFR Part 50.36a, General Design Criterion 60 of Appendix A to 10 CFR
Part 50. The specified limits governing the use of appropriate portions
of the systems were specified as a suitable fraction of the dose design
objectives set forth in Sections II.B and II.C of Appendix I, 10 CFR
Part 50, for gaseous effluents.
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1f the GASEOUS RADWASTE and VENTILATION EXHAUST TREATMENT SYSTEMS are not
being used, dose projections shall be performed at least once per 31 days
using the following equations:

D1p = Dy * (31/d) (3-19)

Dﬁp = Df * (31/d) (3-20)

Dmaxp "R (31/d) (3-21)
where:

D7p = projected 31-day gamma-air dose (mrad),

Dy = pgamma-air dose for current calendar quarter (mrad),

Dﬂp = projected 31-day beta-air dose (mrad),

Dp = beta-air dose for current calendar quarter (mrad),

Dmaxp = projected 31-day maximum organ dose (mrem),

Dmax = maximum organ dose for current calendar quarter as

determined by equation (3-17) or (3-18) (mrem),

d = number of days accounted for by current calendar quarter
dose, and
31 = number of days in projection.
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' 2

INSTRUMENT

Waste Gas Decay System
(provides automatic
isolation)

a. Noble Gas Activity Monitor

b. Effluent System Flow Rate
Measuring Device

Waste Gas System
(provides alarm function)

a. Oxygen Monitcr
Containment Purge Monitoring
System (provides automatic

isolation)

a. Noble Gas Activity Monitor

MINIMUM
CHANNELS
OPERABLE APPLICABILITY

1 (1)
1 (1)
1 (2)
1 (1)

PARAMETER ACTION
Radioactivity Measurement A

System Flow Rate Measurement B

1 Oxygen D
-3
~
o
—
L
w

Radioactivity measurement c -
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INSTRUMENT

4.

Station Vent Stack
(provides alarm function)

a. Noble Gas Activity Monitor

b. Iodine Sampler Cartridge

c. Particulate Sampler Filter

d. Effluent System Flow
Rate Measuring Device

e. Sampler Flow Rate
Mezsuring Device

MINIMUM
CHANNELS
OPERABLE APPLICABILITY

PARAMETER

1 (1)
1 (1)
1 (1)
| (1)
1 (1)

Radioactivity Measurement

Verify Presence of
Cartridge

Verify Presence of Filter
System Flow Rate

Measurement

Sampler Flow Rate
Measurement

ACTION
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Table 3-1 (Continued)

TABLE NOTATION

(1) During radioactive waste gas releases via this pathway.

(2) During additions to the waste gas surge tank

ACTION A

ACTION B

ACTION C

ACTION D

ACTION E

DBP 6027A

With the number of channels OPERABLE less than required by the
minimum channels OPERABLE requirement, the contents of the tank
may be released to the environment provided that prior to
initiating the release:

ds At least two independent samples are analyzed in accordance
with Table 3-3 for analyses performed with each batch;

2. At least two independent verifications of the release rate
calculations are performed;

3. At least two independent verifications of the discharge
valving are performed.

With the number of channels OPERABLE less than required by the
minimum channels OPERABLE requirement, effluent releases via
this pathway may continue provided the flow rate is estimated at
least once per 12 hours.

With the number of channels OPERABLE less than required by the
minimum channels OPERABLE requirement, effluent releases via
this pathway may continue provided grab samples are taken at
least once per 8 hours and analyzed in accordance with
applicable procedures.

With the number of channels OPERABLE less than required by the
minimum channels OPERABLE requirement, additions to the waste
gas surge tank may continue provided another method for
ascertaining oxygen concentrations, such as grab sample
analysis, is implemented to provide measurements at least once
per four(4) hours during degassing and daily during other
operations.

With the number of channels OPERABLE less than required by the
minimum channels OPERABLE requirement, effluent releases via
this pathway may continue provided samples are continuously
collected with auxiliary sampling equipment, as required in
Table 3-3 (this requirement is not applicable for routine
replacement of sampling media or routine testing).

61 Revision 9.0
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INSTRUMENT

1. Waste Gas Decay System
a. Noble Gas Activity Monitor

b. Effluent System Flow Rate

2. Containment Purge Vent System

a. Noble Gas Activity Monitor

3. Station Vent Stack

a. Noble Gas Activity Monitor
b. TIodine Sampler
¢. Particulate Sampler

d. System Effluent Flow Rate
Measurement Device

e. Sampler Flow Rate
Measurement Device

CHANNEL
CHECK _

(1)

(1)

D(l)

D(l)
(1)

G
(1)

(1)

SOURCE
CHECK

N/A

p(7):H(8)

N/A

N/A
N/A

N/A

CHANNEL
CALIBRATION

(3)

(S)

(5)

N/A

N/A

FUNCTIONAL

TEST

(3)

(3)

(&)

N/A

N/A

N/A

N/A
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Table 3-2 (Continued)

TABLE NOTATION

During radioactive w=ste gas releases via this pathway
During additions to the waste gas surge tank.

The CHANNEL FUNCTICNAL TEST shall also demonstrate that automatic
ienlation of this pathway and control room alarm annunciation occurs if
the instrument indicates measured levels above the alarm/trip setpoint.

The CHANNEL FUNCTIONAL TEST shall also demonstrate that control room alarm
annunciation occurs if the instrument indicates measured levels above the
alarm/trip setpoint

The initial CHANNEL CALIBRATION for radiocactivity measurement
instrumentation shall be performed using one or more of they reference
standards certified by the National Institute of Standards and Technology
or using standards that have been obtained from suppliers that participate
in measurement assurance activities with NIST. These standards should
permit caliirating the system over its intended range of energy and rate
capabilities. F¥or subsequent CHANNEL CALIBRATION, sources that have been
releated to the initial calibration should be used, at intervals of at
least once per eighteen months. For high range monitoring

t

instrumentation, where i ion with a radioactive source is

impractical, an electronic calibration may be substituted for the

ro
radiation source calibra

he CHANNEL CALIBRATION shall include the use of

mtaining a nominal:
cent oxygen, balance nitrogen;
»rcent oxygen, balance nitroge

purges
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Minimum Lower Limit of
Gasesous Release Type Sampling Analysis Type of Detection (kLD)
Frequency Frequency Activity Analysis {(pCi/ml)—=
P P c
Each Each Principal Gamma Emitters 1.0E-04
Waste Gas Decay Release Release
Grab Sample H-3 1.0E-06
P P
Containment Purge Each Purge Each Purge Principal Gamma E-ittersg 1.0E-04
Grab Sample
H-3 1.0E-06
M M c
Station Vent Stack Grab Sample Principal Gamma Emitters-— 1.0E-04
H-3 1.0E-06
W
Continuous Charcoal I-131 1.0E-12
Sample
b W
Continuous Particulate Principal Gamma 1.0E-11
Sample Emitters—
M
Continuous Composite
Particulate Gross Alpha 1.0E-11
Sample
b Q
Continuous Composite
Particulate Sr-89, Sr-%0 1.0E-11
Sample
Continuousb Noble Gas Noble Gases
Monitor Gross Beta or Gamma 1.0E-06
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Table 3-3 (Continued)

TABLE NOTATION

a. The LLD is the smallest concentration of radiocactive material in a sample
chat will be detected with 951 probability with 5 probability of falsely
concluding that a blank observation represents a "real" signal.

For a particular measurement system (which may include radio-chemical
separation):

4.66 s
LLD = "
E+*V % 2,22 «Y * exp(-ABt)

where

LLD is the lower limit of detection as defined above (as pCi per unit
mass or volume);

s, is the standard deviation of the background counting rate or of
the counting rate of a blank sample as appropriate (as counts per
minute);

E is the counting efficiency (as counts per transformation);

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

2.22 is the number of transformations per minute per picocurie;

Y is the fractional radiochemical yield (when applicable);

)\ is the radioactive decay constant for the particular radionuclide;

At for plant effluents is the elapsed time between the midpoint of
sample collection and time of counting.

It should be recognized that the LLD is defined as an a priori (before the
fact) limit representing the capability of a measurement system and not as
a posteriori (after the fact) limit for a particular measurement.

b. The ratio of the sample flow rate to the sampled stream flow rate shall be
known for the time period covered by each dose or dose rate calculation
made in accordance with Sections 3.3.1 and 3.8.
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Table 3-3 (Continued)

TABLE NOTATION

¢. The principal gamma emitters for which the LLD specification will apply
are exclusively the following radionuclides: Kr-87, Kr-88, Xe-133,
Xe-133m, Xe-135, and Xe-138 for gaseous emissions and Mn-54, Fe-59, Co-58,
Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141 and Ce-144 for particulate
emissions. This list does not mean that only these nuclides are to be
detected and reported. Other peaks which are measured and identified,
together with the above nuclides, shall also be identifed and reported.
Nuclides which are below the LLD for the analyses should be reported as
*less than' the nuclide’'s LLD and should not be reported as being present
at the LLD level for the nuclide. The "less than" values shall not be
used in the required dose calculations. When unusual circumstances result
in LLDs higher than required, the reasons shall be documented in the
Radioactive Effluent Release Report.

Frequency notation:

P - Prior to each release.

M - At least once per 31 days.
W - At least once per 7 days.
Q - At least once per 92 days.
DBP 6027A 66 Revision 9.0
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Table 3-4

Land Use Census Summary

Exposure Pathway Locations and Atmospheric Dispersion Parameters

Sector

NNE**
NE
ENE*
E*
ESE+
SE*
SSE**
Sxw
SSWw+
SWr*
WSWH

W

NNW**

Distance Exposure
(meters) Pathway
880 inhalation
880 vegetation
90f( inhalation
2,820 vegetation
1,410 vegetation
1,220 vegetation
960 vegetation
7,010 goat milk
980 vegetation
1,750 vegetation
2,340 vegetation
1,210 vegetation

Controlling }/Q D!g

Age Group (sec/m”) (m *)
child 9.15E-07 B.40E-09
child 1.24E-06 1.44E-08
child 1.265-06 1.58E-08
child 7.02E-08 B8.36E-10
child 1.27E-07 2.57E-0¢
child 1.57E-07 3.46E-09
child 3.18E-07 5.78E-09
infant 3.60E-08 2.03E-10
child 6.21E-07 9.58E-09
child 1.46E-07 1.72E-09
child 6.84E-08 5.61E-10
child 2.70E-07 1.92E-09

* Since these sectors are located over marsh areas and Lake Erie, no ingestion

or inhalation pathways are present.

** These values are a change to this table as

Census.

Note:

a result of the 1995 Land Use

The meteorological dispersion factors are taken from the Stone and

Webster report, Handbook for ODCM y/Q and D/Q Calculations, October

1983.
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Table 3-5
Dose Factors for Noble Gases*

Total Body Skin Gamma Air Beta Air
~ Gamma Dose Beta Dose Dose Factor Dose Factor
Nuclide ( Factor K Factor L Mi “&
mremlys per (ntemlys pet (mradlytapcr (mra Iytaper
pCi/m™) uCi/m™) puCi/m™) uCi/m™)

Kr-83m 7.56E-02 1.93E+01 2.88E+02
Kr-85m 1.17E+03 1.46E+03 1.23E+03 1.97E+03
Kr-85 1.61E+01 1.34E+03 1.72E+401 1.95E+03
Kr-87 5.92E+03 9.73E+03 6.17E+03 1.03E+04
Kr-88 1.47E+04 2.37E+03 1.52E+04 2.93E+03
Kr-89 1.66E+04 1.01E+04 1.73E+404 1.06E+04
Kr-90 1.56E+04 7.29E+403 1.63E+04 7.83E+03
Xe-131m 9.15E+01 4.76E402 1.56E+02 1.11E403
Xe-133m 2.51E+02 9.94E+02 3.27E+02 1.48E+03
Xe-133 2.94E+02 3.06E+02 3.53E+02 1.05E+03
Xe-135m 3.12E+403 7.11E+402 3.36E+03 7.39E+02
Xe-135 1.81E+03 1.86E+03 1.92E+03 2.46E+403
Xe-137 1.42E+03 1.22E+404 1.51E+03 1.27E+404
Xe-138 8.B3E+03 4.13E+03 9.21E+03 4.75E+03
Ar-4l 8.84E+03 2.69E+03 9.30E+03 3.28E+03

* Dose factors taken from NRC Regulatory Guide 1.109
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Table 3-6
Exposure Pathways, Controlling Parameters, anc Atmospheric Dispersion
for Dose Calculations

Atmosphccic Dispersion

Exposure Receptor Controlling le3 D[Q

Pathway Location Age Group (sec/m”) _m ")

noble gases SITE BOUNDARY N/A 1.83E-06 N/A

direct NNE

exposure

inhalation SITE BOUNDARY child 1.68E-06 N/A
NNE

(critical pathway)
vegetation 880 meters child 1.24E-06 1.44E-08
NNE

NOTES:

1. All meteorological dispersion values have been taken from the Stcone and
Webster report, Handbook for ODCM y/Q and b/Q Calculations, October 1983.

2 The noble gas, direct exposure f/Qs are based on the decayed, undepleted
values.

3. The inhalation pathway Y/Qs are based on the decayed, depleted values.
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Table 3-7
Inhealation Pathwey Dose F!ctoro - ADULT

is (mrem/yr per pCi/m")

Nuclide Bone Liver Thyroid Kidney Lung
H-3 - 1.26E+3 1.26E+3 1.26E+3 1.26E+3
C-14 1.82E+4 3.41E+3 3.41E+3  3.41E+3 3.41E+3
Na-24 1.02E+4 1.02E+4 1.02E+4 2 .02E+4 1.02E+4
P-32 1.32E+6 7.71E+4 - - >
Cr-51 - - 5.95E+1 2.28E+1 1.44E+4
Mn-54 - 3.96E+4 - 9.B4E+3  1.40E+6
Mn-56 - 1.24E+0 - 1.30E+0 O.44E+3
Fe-55 2. 4E6E+4 1.70E+4 - - 7.21E+4
Fe-59 1.1BE+4 2.7BE+4 - - 1.02E+6
Co-57 - 6.92E+2 - - 3.70E+5
Co-58 - 1.58E+3 - - 9.28E+5
Co-60 - 1.15E+4 - - 5.97E+6
Ni-63 4.32E+5 3.14E+4 - - 1.78E+5
Ni-65 1.54E+0 2.1CE-1 - - 5.60E+3
Cu-64 - 1.46E40 - 4,.62E+0 6.78E+3
Zn-65 2, 24E+4 1.03E+5 - 6.90E+4 8.64E+5
Zn-69 3.38BE-2 6.51E-2 - 4.22E-2 9.20E+2
Br-82 - - - - -
Br-83 - - - - -
Br-84 - - - - -
Br-85 - - - - -
Rb-86 - 1.35E+5 - - -
Rb-88 - 3.87E+2 - - -
Rb-89 - 2.56E+2 - - -
Sr-89 3.04E+5 - - - 1.40E+6
Sr-90 9.92E+7 - - - 9.60E+6
Sr-91 6.19E+1 - - - 3.65E+4
Sr-92 6.74E+0 - - - 1.65E+4
Y-90 2.09E+3 - - - 1.70E+5
Y-91m 2.61E-1 - - B 1.92E+3
Y-91 4.62E+6 - - - 1.70E+6
Y-92 1.03E+1 - - - 1.57E+4
Y-93 9.44E+] - - - 4.BSE+4
2r-95 1.07E+5 3.44E+G - 5.42E+4 1.77E+6
2r-97 9.68E+1 1.96E+1 - 2.97E+1 7.87E+4
Nb-95 1.41E+4 7.82E+3 - 7.74E+3 5.05E+5
Nb-97 2.22E-1 5.62E-2 - 6.54E-2 2.40E+3
Mo-99 - 1.21E+2 - 2.91E+2 9.12E+4
Tc-99m 1.03E-3 2.91E-3 - 4L.UL2E-2 7.64E+2
Tc-101 4.18BE-5 6.02E-5 - 1.08E-3 3.99E+42
DBP 6027A 70

GI-LLY T.Body
1.26E+3 1.26E+3
3.41E+3 3.41E+3
1.02E+4 1.02E+4
B.64LE+4 5.01E+4
3.32E+3 1.00E+2
7.74E+4 6.30E+3
2.02E+4 1.83E-1
6.03E+3 3.94E+3
1.88E+5 1.06E+4
3.14E+4 6.71E+2
1.06E+5 2.07E+3
2.85E+5 1.48E+4
1.34E+4 1.45E+4
1.23E+4 9.12E-2
4 .90E+4 6.15E-1
S5.34E+4 4.66E+4
1.63E+41 4.52E-3
1.04E+4 1.35E+4
2.32E42 2.41E+2
1.64E-3 3.13E+2
- 1.28E+1
1.66E+4 5.90E+4
3.34E-9 1.93E+2
- 1.70E+2
3.50E+5 8.72E+3
7.22E+5 6.10E+6
1.91E+5 2.50E+0
4.30E+4 2.91E-1
5.06E+5 5.61E+1
1.33E+0 1.02E-2
3.85E+5 1.24E+4
7.35E+4 3.02E-1
4.22E+5 2.61E+0
1.50E+5 2.33E+4
5.23E+5 9.04E+0
1.04E+5 4.21E+3
2.42E+2 2.05E-2
2.4BE+5 2.30E+1
4.16E+3 3.70E-2
- 5.90E-4
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Table 3-7 (continued)

Rio' Inhalation Pathway Dose Factors,- ADULT (continued)
(mrem/yr per pCi/m™)

Nuclide Bone Liver Thyroid Kidney Lung = GI-LLI T.Body
Ru-103 1.53E+3 - 5.83E+3 5.05E+5 1.10E+5 6.58E+2
Ru-105 7.90E-1 - - 1.02E40 1.10E+4 4.82E+4 3.11E-1
Ru-106 6.91E+4 - - 1.34E+5 9.36E+6 9.12E45 B.72E+3
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m 1.08E+4  1.00E+4 - 1.97E+44  4.63E+6  3.02E+5  5.94E+3
S§b-124 3.12E+4  5.89E+2  7.55E+1 - 2.48E+6  4L.O6E+5 1.24E+4
SL-125 5.34E+4 5.95E+2 5.40E+1 - 1.74E+6 1.01E+5 1.26E+4
Te-125m 3.42E+3 1.58E+3 1.05E+3 1.24E+4 3.14E+5 7.06E+4 4.67E+2
Te-127m 1.26E+4 5.77E+3 3.29E+3 4.5BE+4 9.60E+5 1.50E+5 1.57E+3
Te-127 1.40E+0 6.42E-1 1.06E+0 5.10E+0 6.51E+3 S5.74E+4 3.10E-1
Te-129m 9.76E+3 4.67E+3 3.44E+3 3.66E+4 1.16E+6 3.83E+45 1.58E+3
Te-129 4.98E-2 2.39E-2 3.90E-2 1.87E-1 1.94E+3 1.57E+2 1.24E-2
Te-131m 6.99E+1 4.,36E+1 5.50E+1 3.09E+2 1.46E+5 5.56E+5 2.90E+1
Te-131 1.11E-2 5.95E-3 9.36E-3 4.37E-2 1.39E+43 1.84E+1 3.59E-3
Te-132 2.60E+2 2.15E+2 1.90E+2 1.46E+3 2.88E+5 5.10E+5 1.62E+2
1-130 4.58E+3 1.34E+4 1.14E+6 2.09E+4 - 7.69E43 5.28E+3
I-131 2.52E+4 3.58E+4 1.19E+7 6.13E+4 - 6.28E+3 2.05E+4
I-132 1.16E+3 3.26E+3 1.14E+5 5.18E+3 - 4.06E+2 1.16E+3
I-133 8.64E+3 1.48E+4 2.15E+6 2.58E+4 - 8.88E+3 4,52E+3
1-134 6.44E+2 1.73E+3 2.98E+4 2.75E+3 - 1.01E+0 6.15E42
I-135 2.6BE+3 6.98E+3 4.4BE+5 1.11E+4 - 5.23E+3 2.57E+3
Cs-134 3.73E+5 8.48E+5 - 2.87E+5 9.76E+4 1.04E+¢4 7.28E4+5
Cs-136 3.90E+4  1.46E+5 - 8.56E+4 1.20E+4 1.17E+4 1.10E+5
Cs-137 4.78E+5 6.21E+5 - 2.22E45 7.52E+4 8.40E+3 4.2BE+5
Cs-138 3.31E+2 6.21E+2 - 4.80E+2 4.86E+1 1.86E-3 3.24E+2
Ba-139 9.36E-1 6.66E-4 - 6.22E-4 3.76E+3 8.96E+2 2.74E-2
Ba-140 3.90E+4 4.90E+1 - 1.67E+1 1.27E+6 2.18E+5 2.57E+3
Ba-141 1.00E-1 7.53E-5 - 7.00E-5 1.94E+3 1.16E-7 3.36E-3
Ba-142 2.63E-2 2.70E-5 - 2.29E-5 1.19E+3 - 1.66E-3
La-140 3.44E+2 1.74E+2 - - 1.36E45 4,58E+5 4.58E+1
La-142 6.83E-1 3.10E-1 - - 6.33E43 2.11E+3 7.72E-2
Ce-141 1.99E+4 1.35E+4 - 6.26E+3 3.62E+5 1.20E+5 1.53E+3
Ce-143 1.86E+2 1.38E+2 - 6.08E+1 7.98E+4 2.26E+5 1.53E+1
Ce-144 3.43E+6 1.43E+6 - 8.4LBE+5 7.78E+6 8.16E+5 1.84E+5
Pr-143 9.36E+3 3.75E+3 - 2.16E+3 2.81E+5 2.00E+5 4.64E+2
Pr-144 3.01E-2 1.25E-2 - 7.05E-3 1.02E+3 2.15E-8 1.53E-3
Nd-147 5.27E+3 6.10E+3 - 3.56E+3 2.21E+5 1.73E+5 3.65E+2
W-187 8.4BE+C 7.08E+0 - - 2.90E+4 1.55E+5 2.4BE+0
Np-239 2.30E+2 2.26E+1 - 7.00E+1 3.76E+4 1.19E+5 1.24E+1
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Table 3-7 (continued)

GI-LLI T.Body
1.27E+3 1.27E+3
4.B7E+3 4.87E+3
1.38E+4 1.38E+4
9.28E+4 7.16E+4
3.00E+3 1.35E+2
6.6BE+4 8.40E+3
5.74E+4 2.52E-1
6.39E+3 5.54E+3
1.78E+5 1.43E+4
3.14E+4 9.20E+2
9.52E+4 2.78E+3
2.59E+5 1.98E+4
1.42E+4 1.98E+4
3.67E+4 1.27E-1
6.14E+4 8.4BE-1
4 .66E+4 6.24E+4
2.85E+2 6.46E-3
- 1.82E+4
- 3.44E+2
- 4.33E+2
- 1.83E+1
1.77E+4 8.40E+4
2.92E-5 2.72E+2
3.38BE-7 2.33E+2
3.71E+5 1.25E+4
7.65E+5 6.68E+6
2.59E+5 3.51E+0
1.19E+5 4.06E-1
5.59E+5 8.00E+1
3.02E+1 1.42E-2
4 .09E+5 1.77E+4
1.65E+5 4.29E-1
5.79E+5 3.72E+0
1.49E+5 3.15E+4
6.30E+5 1.26E+1
9.68E+4 5.66E+3
2.17E+3 2.84E-2
2.69E+5 3.22E+1
6.13E+3 4.99E-2
8.72E-7 8.24E-4

Rio' Inhalation Pathway Dose Fagtors - TEENAGER
(mrem/yr per uCi/m™)

Nuclide Bone Liver Thyroid Kidney Lung
H-3 - 1.27E+43  1.27E+43  1.27E+3  1.27E+3
C-14 2.60E+4 4.B7E+3  4.B7E+3  4.BT7E+3  4L.B7E+3
Na-24 1.38E+4 1.38E+4  1.3BE+4 1.3BE+4  1.3BE+4
P-32 1.89E+6  1.10E+5 - - -
Cr-51 - - 7.50E+41 3.07E+1 2.10E+4
Mn-54 - 5.11E+4 - 1.27E+4  1.98E+6
Mn.56 - 1.70E+0 - 1.79E40  1.52E+4
Fe-55 3.34E+4 2.38E+4 - - 1.24E+5
Fe-59 1.59E+4  3.70E+4 - - 1.53E+6
Co-57 - 6.92E+2 - - 5.86E+5
Co-58 - 2.07E+3 - - 1.34E+6
Co-60 - 1.51E+4 - - 8.72E+6
Ni-63 S.B0E+5  4.34E+4 - - 3.07E+5
Ni-65 2.18E+0 2.93E-1 - - 9.36E+3
Cu-64 - 2.03E+40 - 6.41E+0 1.11E+4
in-65 3.86E+4 1.34E+5 - 8.64E+4 1.24E+6
Zn-69 4.83F-2 9.20E-Z - 6.02E-2 1.58E+3
Br-82 - - - - -
Br-83 - - - - -
Br-84 - - > - i
Br-85 - - - - -
Rb-86 - 1.90E+5 . » -
Rb-88 - 5.46E+2 - . -
Rb-89 - 3.52E+2 - - -
Sr-89 4.34E+5 - - - 2.42E+6
Sr-90 1.08E+8 - - - 1.65E+7
Sr-91 8.80E+1 - - €.07E+4
Sr-92 9.52E+0 - - - 2. T4E+4
Y-90 2.98E+3 - - - 2.93E+5
Y-91m 3.70E-1 - - - 3.20E+3
Y-91 6.61E+5 - - - 2.94E+6
Y-92 1.47E+1 - - - 2.68E+4
Y-93 1.35E+2 - - - 8.32E+4
Zr-95 1.46E+5  4.S5SBE+4 - 6.74E+4  2.69E+6
2r-97 1.38E+2 2.72E+1 - 4.12E+1 1.30E+5
Nb-95 1.86E+4  1.03E+4 - 1.00E+4  7.51E+5
Nb-97 3.14E-1 7.78E-2 - 9.12E-2 3.93E+3
Mo-99 - 1.69E+2 - 4.11E+2  1.54E+5
Tc-99m 1.38E-3 3.86E-3 - $.76E-2 1.15E+3
Tc-101 5.92E-5 B8.40E-5 - 1.52E-3 6.67E42
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Nuclide

Table 3-7 (continued)

Inhalation Pathway Dose Factors = TEENAGER (continued)

Bone

Liver

(mrem/yr per uCi/m")

Thyroid

Kidney

Lung

Ru-103
Ru-105
Ru-106
Rh-103m
Rh-106

Ag-110m
Sb-124
Sb-125
Te-125m
Te-127m

Te-127
Te-129m

Te-129
Te-131m
Te-131
Te-132
1-130
1-131
1-13
1-1

I-134
I-135
Cs-134
Cs-136
Cs-137

Cs-138
Ba-139
Ba-140
Ba-141
Ba-142

.10E+3
.12E+0
.B4E+4

.31E+4

. 94E+2

.OBE+2
.24E+3
.16E+3

.12E-1

.S8E+3

.38E-2
.OlE+1
.32E-3
. 90E+2
79E+4
.91E+4
.38E+3

2 .05E+4

2.32E+3

LGL4E+3

1.13E+6

.94E+5
.4BE+5

3 .S6E+2

.QQE?-\.

. 70E+1
1.06E-4

3.70E-5

2.36E+2

.25E-1
.90E+4
L94E+2
.02E+6

- 31E#43
.76E-2

3.56E+3

. 7T6E+0
.19E+1

7.43E43

.41E+0
.90E+5

5. S4E+4

LMDV

.28E+0
.19E+4
.66E-1
.39E+2
.18E-2
.95E+3
.T5E+4
GOE+¢
.92E+3
.S9E+4

.66E+3
LAWOE+4

3.75E+5

.10E+5
O4E+5

.62E+2

B.BBE-4
2.28E+1
) .B4E-5
3.14E-5

NN W e

.B3E+5
.B2E+4
.61E+7

1.46E+5

.78E+4
.21E+5

.87E+1
.4B6E+3

2.03E+6
29E+3

.91E+3

2.14E+5

.O2E+4
.14E+5
. 30E+5

. 34E+7

.83E+5
. 75E+3

3. 72E+5

.T4E+4
LL9E+4

HHEHOOCOUESFOOE S

. 73E+5
.98BE+5
.92E+4
. SO0E+4
. S9E+5

.OBE+4
.O5E+5
.62E+3
21E+5
21E+1
.63E+5

12E+3

.49E+3
.27E+3

LO3E+4

2 .O4E+1

.95SE+3
.76E+3

1.09E+4

.99E+3
.6BE+4
T2E+4
.67E+2
.18E+3

,42E-1
.25E+3
.76E-2
.02E+1
S.04E-3
. 19E+2
17E+3
LBLE+4
.58E+3
.22E+3

.40E+2
LALO9E+3
.49E+5
.37E+5
+11E+5

.4BE+2
.90E-2
.52E+3
.74E-3
.27E-3

.26E+1
.06E-1
.17E+3
.16E+1
.62E+5

NN =

.62E+2

18E-3
.13E+2
.43E+0
.77E+1

T ¥ S TS
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Table 3.7 (continued)
Ri , Inhalation Pathway Dose F,ctorc - CHILD
0
(mrem/yr per pCi/m")

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body

=3 - 1.12E+3 1.12E+3 1.12E+3 1.12E+3 1.12E+3 1.12E+3
C-14 3.59E+4 6.73E43 6.73E+3 6.73E+3 6.73E+3 6.73E+3 6.73E+3
Na-24 1.61E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4
P-32 2.60E+6 1.14E+5 - - - 4.22E+4 9.8BE+4
Cr-51 - - 8.55E+1 2.43E+1 1.70E+4 1.08E+3 1.54E+2
Mn-54 - 4,290 +4 - 1.00E+4 1.58E+6 2.29E+4 9.51E+3
Mn-56 - 1.66E+0 - 1.67E+0 1.31E+4 1.23E+5 3.12E-1
Fe-55 4. T74E+4 2.52E+4 - - 1.11E+5 2.87E+3 7.77E+3
Fe-59 2.07E+4 3.34E+4 - - 1.27E+6 7.07E+4 1.67E+4
Co- 57 - 9.035E+2 - - 5.07E+5 1.32E+4 1.07E+3
Co-58 - 1.77E+3 - - 1.11E+6 3.44E+4 3.16E+3
Co-60 - 1.31E+4 - - 7.07E+6 9.62E+4 2.26E+4
Ni-63 8.21E+5 4.63E+4 - - 2.75E+5 6.33E+3 2.80E+4
Ni-65 2.99E+0 2.96E-1 - - 8.18E+3 8.40E+4 1.64E-1
Cu-64 - 1.99E+0 B 6.03E+0 9.58E+3 3.67E+4 1.07E+0
Zn-65 4.26E+4 1.13E+5 - 7.14E+4 9.95E+5 1.63E+4 7.03E+4
Zn-69 6.70E-2 9.66E-2 - 5.85E-2 1.42E+3 1.01E+4 8.92E-3
Br-82 - - - - - - 2.09E+4
Br-83 - - - - - - 4.74E+2
Br-84 - - - - - - 5.48E+2
Br-85 - - - - - - 2.53E+1
Rb-86 - 1.98E+5 - - - 7.99E+3 1.14E+5
Rb-88 - 5.62E+2 - - - 1.72E+1 3.66E+2
Rb-89 - 3.45E+2 - - - 1.89E+0 2.90E+2
Sr-89 5.99E+5 - - - 2.16E+6 1.67E+5 1.72E+4
Sr-90 1.01E+6 - - - 1.4BE+7 3.43E+5 6.44E+6
Sr-91 1.21E+2 - - - 5.33E+4 1.74E4+5 4.59E+0
Sr-92 1.31E+1 - - - 2.40E+4 2.42E+5 5.25E-1
Y-90 4.11E+3 - - - 2.62E+5 2.68BE+5 1.11E+2
Y-91m 5.07E-1 - - - 2.81E+3 1.72E+3 1.84E-2
Y-91 9.14E+5 - - - 2.63E+6 1.84E+5 2.44E+4
Y-92 2.04E+] - - - 2.39E+4 2.39E4+5 5.81E-1
Y-93 1.86E+2 - - - 7. 44E+4 3.89E+5 5.11E+0
2r-95 1.90E+5 4. 18E+4 - 5.96E+4 2.23E+6 6.11E+4 3.70E+4
2r-97 1.88E+2 2.72E+1 - 3.89E+1 1.13E+5 3.51E+" 1.60E+1
Nb-95 2.35E+4 9.18E+3 - 8.62E+3 6.14E+5 3.70E+4 6.55E+3
Nb-@7 4.29E-1 7.70E-2 - 8.55E-2 3.42E+3 2.78E+4 3.60E-2
Mo-99 - 1.72E2 - 3.92E+2 1.35E+5 1.27E+5 4.26E+1
Tc-99m 1.78E-3 3.48BE-3 - 5.07E-2 9.51E+2 4.BlE+3 5.77E-2
Tc-101 8.10E-5 8.51E-5 - 1.45E-3 S.B5E+2 1.63E+1 1.08E-3
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Nuclide

X,
io

Table 3-7 (continued)

Inhalation Pathway Dose Fa(torsx- CHILD (continued)

(mrem/yr per uCi/m™)

Thyroid _Kidney

Ru-103
Ru-105
Ru-106
Rh-103m
Rh-106

Ag-110m
Sb-124
$b-125
Te-125m
Te-127m

Te-127
Te-129m
Te-129
Te-131m
Te-131

1"

“

s
.
I
1

7.03E+3
1.34E+40
.BLE+S

NN

W W

P

8.55E+3
.36E+1

1.17E+6

.00E+3
77E-3
.B1lE+3

Lung

6.62E+5

S9E+4
A3E+7

4BE+6

.24E+6

.32E+6

. 77E+5

.4BE+6

.O0E+4

1.76E+6
2.93E+3

O6E+5

2.05E+3
3. 77E+S

NN =W

W u;manN

LW N WL WA W,

ON DTN WLW O

~N =N

N
o}
m
+
-

$

N W W W

O W g wn

T Mmm
+

W oW w N

4

W N N
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Table 3-7 (continued)
R Inhalation Pathway Dose chtors - INFANT

e (mrem/yr per pCi/m™)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 6.47E+2 6.47E+2 6.L7E+2 6.4L7E+2 6.47E+2 6.47E+2
C-14 2.65E+4 5.31E+43 5.31E+3 5.31E+3 S.31E+3 5.31E+43 [ 31E+3
Na-24 1.06E+4 1.06E+4 1.06E+4 1.06E+4 1.06E+4 1.06E+4 1.06E+4
pP-32 2.03E+6 1.12E+5 - - - 1.61E+4 7.74E+4
Cr-51 - - 5.75L+1 1.32E+1 1.28E+4 3.57E+2 8.95E+1
Mn-54 - 2.53E+4 - 4.98E+3 1.00E+6 7.06E+3 4. 9BE+3
Mn-56 - 1.54E+0 - 1.10E+0 1.25E+4  7.17E+6  2.21E-1
Fe-55 1.97E+4 1.17E+4 - - 8.69E+4 1.09E+3 3.33E+3
Fe-59 1.36E+4 2.35E+4 - - 1.02E+6 2.4BE+4 9.48L+3
Co-57 - 6.51E+2 - - 3.79E+5 4.B6E+3  6.41E+2
Co-58 - 1.22E+43 - - 7.77E+5 1.11E+4  1.82E+3
Co-60 - 8.02E+3 - - 4,.51E+6 3.19E+4 1.18E+4
Ni-63 3.39E+5 2.04E+4 - - 2.09E+5 2.42E+3 1.16E+4
Ni-65 2.39E+0 2.84E-1 - - 8.12E+3 S.01E+4 1.23E-1
Cu-~64 - 1.88E+0 - 3.98E+0 9.30E+3 1.50E+4 7.74E-1
Zn-65 1.93E+4 6.26E+4 - 3.25E+4 6.47E+5 5.14E+4 3.11E+4
in-69 5.39E-2 9.67E-2 - 4.02E-2 1.47E+3 1.32E+4 7.18E-3
Br-82 - - - - - - 1.33E+4
Br-83 - - - - - - 3.81E+2
Br-84 - - - - - - 4.00E+2
Br-85 - - - - - - 2.04E+1
Rb-86 - 1.90E+5 - - - 3.04E+3 8.82E+4
Rb-88 - S.S57E+2 - - - 3.39E+2 2.87E+42
Rb-89 - 3.21E+2 - - - 6.82E+1 2.06E+2
Sr-89 3.98E+5 - - - 2.03E+6 6.40E+4 1.14E+4
Sr-90 4.09E+7 - - - 1.12E+7 1.31E+35 2.59E+6
Sr-91 9.56E+1 - - - 5.26E+4 7.34E+4 3.46E+0
Sr-92 1.05E+1 - - - 2.38E+4 1.40E+5 3.91E-1
Y-90 3.29E+3 - - - 2.69E+5 1.04E+5 8.82E+1
Y-91m 4.07E-1 - - - 2.79E+3 2.35E+3 1.39E-2
Y-921 5.88E+5 - - - 2.45E+6 7.03E+4 1.57E+4
Y-92 1.64E+1 - - - ?.645E+4 1.27E+5 4.61E-1
Y-93 1.50E+2 - - - 7.64E+4 1.67E+5 4.07E+0
2r-95 1.15E+5 2.79E+4 - 3.11E+4 1.75E+6 2.17E+4 2.03E+4
2r-97 1.50E+2 2.56E+1 - 2.59E+1 1.10E+5 1.40E+5 1.17E+1
Nb-95 1.57E+4 6.43E+3 . 4. 72E+3 4,79E+5 1.27E+4 3.78E+3
Nb-§7 3.42E-1 7.29E-2 - 5.70E-2 3.32E+43 2.69E+4 2.63E-2
Mo-99 - 1.65E+2 - 2.65E+2 1.35E+5 L.BTE+4 3.23E+1
Tc-99m 1.40E-3 2.88E-3 - 3.11E-2 8.11E+2 2.03c43 3.72E-2
Tc-101 6.51E-5 8.23E-5 - 9.79E-4 S.84E+2 8.44LE+2 8.12E-4
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Table 3-7 (continued)
Inhalation Pathway Dose Factors_ - INFANT (continued)
(mrem/yr per pCi/m™)

Nuclide Li Thyroid Kidney Lung GI-LLI

Ru-103 2. 4.24E+3 .S2E+5 .61E+4
Ru-105 2 8.99E-1 +STE+4 i . BLE+4
Ru-106 8 O7E+5 +16E+7 .64LE+5
Rh-103m -
Rh-106 -

Ag-110m 9. . 22E+3 . : . . . O0E+3
Sb-124 : . S6E+2 .01E+2 : . . 20E+4
Sb-125 : .77E+42  6.23E+1 ‘ . L09E+4
Te-125m : .99E+3 .62E+3 . : . S8E+2
Te-127m . . 90E+3 .BTE+3 . 7SE+4 . X 2.07E+3

.B89E-1
.23E+3
.8B8E-2
.63E+1
.OCE-3
. 76E+2
> . S7E+3
.96E+4
.26E+3
.B60E+3

.B6E+0D
.1BE+4
15E-1
.65E+2
.9%E-2
.O3E+3
.S53E+4

). 53E-1 1.85E+0
.09E+3 .GLT7E~3
3.47E-2 5. 71SE-2
.50E+1 .93E+1
3. 22E-3 . 58E-2
2.37E+2 2.79E42
.39E+4  1.60E+6
4 .44E+4 1.48E+7 .1BE+4
.S54E+3 .69E+5 .95SE+3
.92E+4 3.56E+6 2.24E+4

Te-127
Te-129m
Te-129
Te-131m
Te-131
Te-132
I-130
I-131
1-132

Lo B i S ]

= W= W

il ol o < I K o W N
WD W N

W
U -

e

3
6.
1
1

.09E+3 . .65E+2
ATE+3 ’ ). 77E4+3
.90E+5 7. ) ASE+4
L64E+4 . : .29E+4
. 72E+5 rs ; .SSE+4

1.88E+43 4.45E+4
7.60E+3 5.96E+5
7.03E+5

+ 39E+S
6.12E+5

i T A0 i+ N S

.98E+2
4 .30E-2
.90E+3
4.97E-3
1.96E-3

7.81E+2 4.10E+2
9.84E-4 .92E-4
5.60E+1 1.34E+1
1.08E-4 6.50E-5

.30E-5 .90E-5

Lo NN i PR O B ¢ <]

5. 15E+1
9.04E-2
.99E+3
2.21E+1
1.76E+5

2.00E+2
3.77E-1
BTE+4
+93E+2
1F+6

e & = ~

- NNt

5.24E+3 - l. 3 v . 6.99E+2
1.85E-2 6. 3 b . Z2.41E-3
8.13E+43 D s I . .O0E+2
9 .02E+0 - 3. . 3.12E+0C
3.32E+4] . ). 62E+1 - - .88E+1
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Table 3-8
R, , Grass - Cow - Milk Pashvay Dose Factors - ADULT

(prem/yr per uCi/m”) for H-3 and C-14

(m~ * mrem/yr per pCi/sec) for others
Nuclide Bone Liver Thyroid Kidney Lung
H-3 - 7.63E+42 7.63E+2 7.63E+2 7.63E+2
C-14 3.63E+5 7.26E+4 7.26E+4 7.26E+4 7.26E+4
Na-24 2.54E+6 2.54E+6 2.54E+6 2.54E+6 2.54E+6
p-32 1.71E+10 1.06E+9 - - -
Cr-51 - - 1.71E+4 G.30E+3 3.80E+4
Mn-54 - 8.4OE+6 - 2.50E+6 -
Mn-56 - 4.23E-3 - 5.38E-3 -
Fe-55 2.51E+7 1.72E+47 - - 9.67E+6
Fe-59 2.98E+7 7.00E+7 - - 1.95E+7
Co-57 - 1.28E+6 - - -
Co-58 - 4.72E+6 - - -
Co-60 - 1.64E+7 - - -
Ni-63 6.73E+9 4.66E+8 - - -
Ni-65 3.70E-1 4.81E-2 - - -
Cu-64 - 2.41E+4 - 6.08E+4 -
Zn-65 1.37E+9 4.36E+9 - 2.92E+9 -
Zn-69 - - - - -
Br-82 - - - - -
Br-83 - - - - -
Br-84 - - - - -
Br-85 - - - - -
Rb-86 - 2.59E+9 - - -
Rb-88 - . - - -
Rb-8¢ - - - - -
Sr-89 1.45E+9 - . - .
Sr-90 4.68E+10 - . - -
Sr-91 3.13E+4 . - - -
Sr-92 4.89E-1 - - - -
Y-90 7.07E+1 . - . -
Y-91m - . . - -
Y-91 8.60E+3 - - - -
Y-92 5.42E-5 - . - -
Y-93 2.33E-1 - - - -
Zr-95 9.46E+2 3.03E+2 - 4.76E+2 -
2r-97 4.26E-1 8.59E-2 - 1.30E-1 -
Nbh-95 B8.25E+4 4.59E+4 - 4. S54E+4 -
Nb-97 - @ " & i
Mo-99 . 2.52E+7 - 5.72E47 .
Tc-99m 3.25E+0 9.19E+0 - 1.40E+2 4.50E+0
Tc-101 - - - - -
DBP 6027A 78

GIl-LLI T.Body
7.63E+42 7.63E+2
7.26E+4 7.26E+4
2.54E+6 2.54E+6
1.92E+9 6.60E+8
7.20E+6 2.86E+4
2.57E+7 1.60E+6
1.35E-1 7.51E-4
9.95E+6 4 .04E+6
2.33E+8 2.68E+7
3.25E+7 2.13E+6
9.57E+7 1.06E+7
3.08E+8 3.62E+7
9.73E+7 2.26E+8
1.22E+0 2.19E-2
2.05E+6 1.13E+4
2.75E+9 1.97E+9
3.72E+7 3.25E+7
1.49E-1 1.N3E-1
5.11E+8 1.21E+9
2.33E+8 4.16E+7
1.35E+9 1.15E+10
1.49E+5 1.27E+3
9.68E+0 2.11E-2
7.50E+5 1.90E+0
4.73E+6 2.30E+2
9.49E-1 1.58E-6
7.39E+3 6.43E-3
9.62E+5 2.05E+2
2.66E+4 3.93E-2
2.79E+8 2.47E+4
5S.47E-9 -
S5.85E+7 4 .BOE+6
S5.44E4+3 1.17E+2
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Table 3-8

GI-LLI T.Body
1.19E+5 4.39E+2
5.24E-1 3.38E-4
1.32E+6 2.58E°3
2.20E+10 3.20E+7
7.31E+8 1.02E+7
2.25E+8 4 .8B6E+6
6.50E+7 2.18E+6
1.54E+8 5.5BE+6
5.30E+4 1.45E+2
3.04E+8 9.57E+6
1.75E+47 1.47E4+5
7.32E+7 1.45E+6
1.08E+6 4.96E+5
1.12E+8 2.43E+8
8.22E-2 1.53E-1
6.20E+6 2.10E+6
4.10E+4 1.34E+4
2.35E+8 1.10E+10
1.17E+8 7.42E+8
1.95E+8 6.61E+9
8.34E-8 1.38E-9
S5.54E+7 1.76E+6
1.66E+5 5.97E-1
3.03E-8 -
1.25E+7 3.71E+2
1.16E+6 3.42E40
1.21E+8 1.92E+4
6.96E+5 7.88E+0
5.23E+5 6.52E+0
1.80E+6 1.92E+3
7.39E+4 1.98E-1

Rio’ Grass - Cow - Milk Pathway gose Factors - ADULT (continued)

(mfcm/yr per uCi/m~) for H-3 and C-14

(m~ * mrem/yr per pCi/sec) for others
Nuclide Bone Liver Thyroid Kidney Lung
Ru-103 1.02E+3 - - 3.89E+3 -
Ru-105 8.57E-4 - - 1.11E-2 -
Ru-176 2.04E+4 - - 3.94E+46 *
RP-103m - - - - -
Fh-106 - - - - -
Ag-110m 5.83E+7 5.39E+7 - 1.06E+8 -
Sb-124 2.57TE+7 4.86E+5 6.24E+4 - 2.00E+7
§b-125 2.04E+7 2.28E+5 2.08E+4 - 1.58E+7
Te-125m 1.63E+7 5.90E+6 4.90E+6 6.63E+7 -
Te-127m 4.58E+7 1.64E4+7 1.17E+7 1.86E+8 -
Te-127 6.72E+2 2.41E+2 4.98E+2 2.74E+3 -
Te-129m  6.04E+7 2.25E+7 2.08E+7 2.52E+8 -
Te~129 - - - - -
Te-131m 3.61E+5 1.77E+5 2.80E+5 1.79E+6 -
Te-131 - - - - -
Te-132 2.39E+6 1.55E+6 1.71E+6 1.49E+7 -
I-130 4 .26E+5 1.26E+6 1.07E+8 1.96E+6 -
I-131 2.96E+8 4.24E+8 1.39E+411 7.27E+8 -
1-132 1.64E-" 4.37E-1 1.53E+1 6.97E-1 -
I-133 3.97E%¢ 6.90E+6 1.01E+9 1.20E+7 -
I-134 - - - - -
I-135 1.39E+4 3.63E+4 2.40E+6 5.83E+4 -
Cs-134 5.65E+9 1.34E+10 - 4.35E+9 1.44E+9
Cs-136 2.61E+8 1.03E+9 - 5.74E+8 7.87E+7
Cs-137 7.3BE+9 1.01E+10 - 3.43E+9 1.14E+9
Cs-138 - - - » -
Ba-139 4,70E-8 - - - -
Ba-140 2.69E+7 3.3BE+4 - 1.15E+4 1.93E+4
Ba-141 - - - - -
Ba-142 - - - - -
La-140 4. 49E+0 2.26E+0 - - -
La-142 - - - - -
Ce-141 4.BUE+3  3.27E+3 . 1.52E+3 -
Ce-143 4.19E+1  3.09E+4 ’ 1.36E+1 -
Ce-144 3.58E+5 1.50E+5 - 8.87E+4 -
Pr-143 1.59E+2 6.37E+1 - 3.68E+1 -
Pr-144 - - - - -
Nd-147 9.42E+1 1.09E+2 - 6.37E+1 -
wW-187 6.56E+3 5.48E+3 - - -
Np-239 3.66E+0 3.60E-1 - 1.12E+0 -
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Table 3-8 {continued)

GI-LLI T.Body
9.94E+2 9.94E+2
1.34E+5 1.34E+5
4. LLE+6 ¢, 44E+6
2.65E+9 1.22E+9
8.40E+6 5.00E+4
2.87E+7 2.78BE+6
4.94E-1 1.33E-3
1.37E+7 7.36E+6
2.87E+8 4.68E+7
4.19E+7 3.76E+6
1.10E+8 1.83E+7
3.62E+48 6.26E+7
1.33E+8 4.01E+8
4.70E+0 3.94E-2
3.33E+6 2.02E+4
3.10E+9 3.41E+9
- 5.64E+7
- 1.91E-1
7.00E+8 2.22E+9
3.18E+8 7.66E+7
1.86E+9 1.63E+10
2.61E+5 2.29E+3
2.28E+1 3.81E-2
1.07E+6 3.50E+0
6.48E+6 4 ,24E42
2.75E+0 2.90E-6
1.31E+4 1.18E-2
1.20E+6 3.59E+2
4.15E+4 7.06E-2
3.34E+8 4.30E+4
6.34E-8 -
8.16E+7 8.69E+6
1.03E+4 2.04E+2

Rio’ Grass - Cow - Milk Pathyay Dose Factors - TEENAGER

(mfem/yr per uCi/m”) for H-3 and C-14

(m“ * mrem/yr per uCi/sec) for others
Nuclide Bone Liver Thyroid Kidney Lung
H-3 - 9.94E+2 9.94E+2 9.94E+2 9.94E+2
C-14 6.70E+5 1.34E45 1.34E+5  1.34E+5  1.34E+45
Na-24 4. 4LLE+6 4.44E+6 4.44E+6 4. LLE+E 4.44E+6
P-32 3.15E+410 1.95E+9 - - -
Cr-51 - - 2.78E+4 1.10E+4 7.13E+4
Mn-54 - 1.40E+7 - 4.17E+6 -
Mn-56 - 7.51E-3 - 6.50E-3 -
Fe-55 4.45E+7 3.16E+7 - - 2.00E+7
Fe-59 5.20E+7 1.21E+8 - - 3.82E+7
Co-57 - 2.25E+6 - - -
Co-58 - 7.95E+6 - - -
Co-60 - 2.78E+7 - - -
Ni-63 1.18E+10 8.35E+8 - - -
Ni-65 6.78E-1 8.66E-2 - - -
Cu-64 - 4, 29E+4 - 1.09E+5 -
in-65 2.11E+9 7.31E+9 - 4L.68E+9 -
Zn-69 - = . " -
Br-82 - - - - -
Br-83 - - - - -
Br-84 - - - - »
Br-85 - - - - -
Rb-86 - 4.73E+9 - - B
Rb-88 - - - - -
Rb-89 - - - - -
Sr-89 2.67E+9 - - - -
Sr-90 6.61E+10 - - - -
Sr-91 5.75E+4 - & ” -
Sr-92 8.95E-1 - - - -
Y-90 1.30E+2 - - - -
Y-91m - - - - -
Y-°1 1.58E+4 - - > -
Y-92 1.00E-4 - - - -
Y-93 4.30E-1 - - - .
Zr-95 1.65E+3 5.22E+2 - 7.67E+2 -
Zr-97 7.75E-1 1.53E-1 - 2.32E-1 -
Nb-95 1.41E+5S 7.80E+4 - 7.57E+4 -
Nb-97 - - - “ -
Mo-9¢ - 4.56E+7 - 1.04E+8 -
Tc-99m 5.64E+0 1.57E+1 - 2.34E+2 8.73E+0
Tc-101 - - - - -
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Table 3-8 (continued)

GI-LLI T.Body
1.52E+5 7.75E+2
1.26E+0 6.0BE-4
1.80E+6 4.73E+3
2.56E+10 S.54E+7
9.25E+8 1.79E+7
2.84E+8 8.54E+6
8.86E+7 4.02E+6
2.10E+8 1.00E+7
9.61E+4 2.68E+2
4.15E+8 1.75E+7
2.18E-9 -
2.53E+7 2.63E+5
8.58E+7 2.55E+6
1.67E+6 8.66E+5
1.49E+8 4. 04LE+8
3.31E-1 2.72E-1
9.30E+6 3.75E4+6
7.03E+4 2.35E+4
2.87E+8 1.07E+10
1.41E+8 1.18E+9
2.53E+8 6.20E+9
7.75E-7 2.53E-9
7.49E+7 3.13E+6
2.27E+5 1.05E+C
2.23E-7 >
1.69E+7 6.81E+2
1.68E+6 6.25E+0
1.66E+8 3.54E+4
9.61E+5 1.45E+41
7.11E+5 1.18E+1
2.65E+6 3.643E+3
1.06E+5 3.66E-1

Rio' Grass - Cow - Milk Pathway Dgle Factors - TEENAGER (continued)

(mpem/yr per uCi/m™) for H-3 and C-14

(m”~ * mrem/yr per uCi/sec) for others
Nuclide Bone Liver Thyroid Kidney Lung
Ru~103 1.81E+3 - - 6.40E+3 -
Ru-105 1.57E-3 - - 1.97E-2 -
Ru-106 3.75E+4 - - 7.23E+4 -
Rh-103m - - - - -
Rh-106 - - - - -
Ag-110m 9.63E47 9.11E+7 - 1.74E+8 -
Sb-124 4.59E+7 8.46E+5 1.04E+5 - 4.01E+7
Sb-125 3.65E+7 3.99E+5 3.49E+4 - 3.21E+7
Te-125m 3.00E+7 1.08E+7 8.39E+6 - -
Te-127m 8.44E+7 2.99E+7 2.01E+7 3.42E+8 -
Te-127 1.24E+3 4.41E+2 8.59E+2 5.04E+3 -
Te-129m 1.11E+8 4 .10E+7 3.37E+7 4.62E+8 -
Te-129 - - - 1.67E-9 -
Te-131m 6.57E+5 3.15E+5 4,.74E+5 3.29E+6 -
Te-131 - - - - -
Te-132 4.28E+6 2.71E+6 2.B6E+6 2.60E+7 -
I-130 7 .49E+45 2.17E+6 1.77E+8 3.34E+6 -
1-131 5.38E+8 7.53E+8 2.20E+11 1.30E+9 B
I-132 2.9%0E-1 7.59E-1 2.56E+1 1.20E+0 -
I1-133 7.24LE+6 1.23E+7 1.72E+9 2.15E+7 -
1-134 - - - - -
I-135 2.47E+4 6.35E+4 4.0BE+6 1.00E+5 -
Cs-134 9.81E+9 2.31E+10 - 7.34E+9 2.80E+9
Cs-136 4.45E+8 1.75E+9 - 9.53E+8 1.50E+8
Cs-137 1.34E+10 1.78E+10 - 6.06E+9 2.35E+9
Cs-138 - - - - -
Ba-139 8.69E-8 - - - -
Ba-140 4.85E+7 5.95E+4 - 2.02E+4 4 .00E+4
Ba-141 - - - - -
Ba-142 - - - - -
La-140 8.06E+0 3.96E+0 - - -
La-142 - - - - -
Ce-141 8.87E+3 5.92E+3 - 2.79E+3 -
Ce-143 7.69E+1 S5.60E+4 - 2.51E+1 -
Ce-144 6.58E+5 2.72E+5 - 1.63E+5 -
Pr-143 2.92E+2 1.17E42 - 6.77E+1 -
Pr-144 » - - - -
Nd-147 1.81E+2 1.97E+2 - 1.16E+2 -
w-187 1.20E+4 9.78E+3 - - -
Np-239 6.99E+0 6.59E-1 - 2.07E+0 -
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Table 3-8 (continued)

R Grass - Cow - Milk Pathway Dose Factors - CHILD

o (mfemlyt per pCi/m”) for H-3 and C-14
* mrem/yr per puCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung = GI-LLI T.Body
H-3 - 1.57E43 1.57E+3 1.57E+3 1.57E+43 1.57E+43 1.57E+3
C-14 1.65E+6  3.29E+5 3.29E+5 3.29E+5 3.29E+5 3.29E+5 3.29E+5
Na-24 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6
P-32 7.77E410 3.64LE+9 - - - 2.15E+9 3.00E+9
Cr-51 - - 5.66E+4 1.53E+4 1.03E+5 5.41E+6 1.02E+5
Mn-54 - 2.09E+7 - 5.87E+6 - 1.76E+7 5.58E+6
Mn-56 - 1.31E-2 - 1.58E-2 - 1.90E+0 2.95E-3
Fe-55 1.12E+8 S5.93E+7 - - 3.35E+7 1.10E+7 1.84E+7
Fe-59 1.20E+8 1.95E+8 - - 5.65E+7 2.03E+8 9.71E+7
Co-57 - 3.84E+6 - - - 3.14E+7 7.77E+6
Co-58 - 1.21E+7 - - - 7.08E+7 3.72E+7
Co-60 - 4.32E+7 - - - 2.39E+8 1.27E+8
Ni-63 2.96E+410 1.59E+9 - - - 1.07E+8 1.01E+9
Ni-65 1.66E+0 1.56E-1 - - - 1.91E+1 9.11E-2
Cu-64 - 7.55E+4 - 1.82E+5 - 3.54E+6 4.56E+4
in-65 4.13E+9 1.10E+10 - 6.94E+9 - 1.93E+9 6.85E+9
in-69 - - - - - 2.14E-9 -
Br-82 - - - - - - 1.15E+8
Br-83 - - - - - - 4.69E-1
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 8.77E+9 - - - 5.64E+8 5.39E+9
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 6.62E+9 - - - - 2.56E+8 1.89E+8
Sr-90 1.12E+11 - - - - 1.51E+9 2.83E+10
$r-91 1.41E+5 - - - - 3.12E+5 5.33E+3
Sr-92 2.19E+0 - - - - 4.14E+1 8.76E-2
Y-90 3.22E+2 - - - - 9.15E+5 8.61E+0
Y-91m - - - - - - -
Y-91 3.91E+4 - - - - 5.21E+6 1.04E+3
Y-92 2.46E-4 - - - - 7.10E+0 7.03E-6
Y-93 1.06E+0 - - - - 1.57E+4 2.90E-2
2r-95 3.84E+3 8.45E+2 - 1.21E+3 - 8.81lE+5 7.52E+2
2r-97 1.89E+0 2.72E-1 - 3.91E-1 - 4,.13E+4 1.61E-1
Nb-95 3.18E+5 1.24E+5 - 1.16E+5 - 2.29E+8 8.84E+4
Nb-97 - - - - - 1.45E-6 -
Mo-99 B 8.29E+7 - 1.77E+8 - 6.86E+7 2.05E+7
Tc-99m 1.29E+1 2.54E+1 - 3.6BE+2 1.29E+1 1.44E+4 4.20E+2
Tc-101 - - - - - - -
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Table 3-8 (continued)

Rio' Grass - Cow - Milk Pathway gose Factors - CHILD (continued)
(mgem/yr per uCi/m™) for H-3 and C-14
(m~ * mrem/yr per uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung = GI-LLI T.Body
Ru-103 4,29E+3 - - 1.08E+4 - 1.11E+5 1.65E+3
Ru-105 3.82E-3 - - 3.36E-2 - 2.49E+0 1.39E-3
Ru-106 9.24E+4 - - 1.25E+45 - 1.44E+6 1.15E+4
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m 2.09E+8 1.41E+8 - 2.63E+8 - 1.68E+10 1.13E+8
Sb-124 1.09E+8 1.41E+8 2.40E+5 - 6.03E+7 6.79E+8 3.81E+47
Sb-125 8.70E+7 1.41E+6 8.06E+4 - 4.85E+7 2.08E+8 1.82E+7
Te-125m 7.38E+7 2.N00E+7 2.07E+7 - - 7.12E+47 9.84E+6
Te-127m  2.08E+8 5.60E+7 4.STE+7 5.93E+8 - 1.68E+8 2.47E+7
Te-127 3.06E+3 8.25E+2 2.12E+3 8.71E+3 - 1.20E+5 6.56E+2
Te-129m  2.72E+8 7.61E+7 8.78E+7 8.00E+8 - 3.32E+8 4.23E+7
Te-129 - - - 2.87E-9 - 6.12E-8 -
Te-131m 1.60E+6 5.53E+5 1.14E+6 5.35E+6 - 2.24E+7 5.89E+5
Te-131 - - - - - - -
Te-132 1.02E+7 4.52E+6 6.58E+6 4.20E+7 - 4.55E+7 5.46E+6
I-130 1.75E+6 3.54E+6 3.90E+8 5.29E+6 - 1.66E+6 1.82E+6
1-131 1.30E+9 1.31E+9 4.34E+11 2.15E+9 - 1.17E+8 7.46E+8
1-132 6.86E-1 1.26E+0 5.85E+1 1.93E+0 - 1.48E+0 5.80E-1
I-133 1.76E+7 2.18E+7 4.04E+9 3.63E+7 - 8.77E+6 B.Z23E+6
1-134 - - - - - - -
I-135 5.84E+4 1.05E+5 9.30E+€ 1.61E+5 - 8.00E+4 4.97E+4
Cs-134 2.26E+10 3.71E+10 - 1.15E+10 4.13E+9 2.00E+8 7.83E+9
Cs-136 1.00E+9 2.76E+9 B 1.47E+9 2.19E+8 9.70E+7 1.79E+9
Cs-137 3.22E+10 3.09E+10 - 1.01E+410 3.62E+9 1.93E+8 4.55E+9
Cs-138 B - - - - - -
Ba-139 2.14E-7 - - - - 1.23E-5 6.19E-9
Ba-140 1.17E+8 1.03E+5 - 3.34E+4 6.12E+4 5.94E+7 6.84LE+6
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 1.93E+1 6.74E+0 - - - 1.88E+5 2.27E+0
La-142 - - - - - 2.51E-6 -
Ce-141 2.19E+4 1.09E+4 - 4.7BE+3 - 1.36E+7 1.62E+3
Ce-143 1.89E+2 1.02E+5 - 4.29E+1 - 1.50E+6 1.48E+1
Ce-144 1.62E+6 5.09E+5 - 2.B2E+5 - 1.33E+48 8.66E+4
Pr-143 7.23E+2 2.17E+2 - 1.17E+2 B 7.80E+5 3.59E+1
Pr-144 - - - é - - -
Nd-147 4.45E+2 3.60E+2 - 1.98E+2 - 5.71E+5 2.79E+1
wW-187 2.91E+4 1.72E+4 - - - 2.42E+9 7.73E+3
Np-239 1.72E+1 1.23E+0 - 3.57E+0 - 9.14E+4 8.68E-1
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Table 3-8 (continued)

Rio' Grass - Cow - Milk Pathway Dose Factors - INFANT
(mgem/yr per pCi/m”) for H-3 and C-14
(m~ * mrem/yr per uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung = GI-LLI T.Body
H-3 - 2.3BE+3 2.38E+3 2.38E+3 2.3BE+3 2.3BE+3 2.3BE+3
C-14 3.23E+6 6.89E+5 6.89E+5 6.89E+5 6.89E+5 6.89E+5 6.89E45
Na-24 1.61E+7 1.61E+7 1.61E+7 1.61E+7 1.61E+7 1.61E+7 1.61E+7
P-32 1.60E+411 9.42E+9 - - - 2.17E+9 6.21E+9
Cr-51 - - 1.05E+5 2.30E+4 2.05E+5 4.71E+6 1.61E45
Mn-54 - 3.89E+7 - 8.63E+6 - 1.43E+7 8.83E+6
Mn-56 - 3.21E-2 - 2.76E-2 - 2.91E+0 5.53E-3
Fe-55 1.35E+8 8.72E+7 - - 4.27E+7 1.11E+7 2.33E+7
Fe-59 2.25E+8 3.93E+8 - - 1.16E+8 1.8BE+8 1.55E+8
Co-57 - 8.95E+6 - - - 3.05E+7 1.46E+7
Co-58 - 2.43E+7 - - - 6.05E+7 6.06E+7
Co-60 - 8.81E+7 - - - 2.10E+8 2.08E+8
Ni-63 3.49E+410 2.16E+9 - - - 1.07E+8 1.21E+9
Ni-65 3.51E+0 3.97E-1 - - - 3.02E+1 1.81E-1
Cu-54 - 1.8BE+5 - 3.17E+5 - 3.85E+6 8.69E+4
Zn-65 5.55E+9 1.90E+1C - 9.23E+9 - 1.61E+10 8.78E+9
Zn-69 - - - - - 7.36E-9 -
Br-82 - - - - - - 1.94E+8
Br-83 - - - - - - 9.95E-1
Br-84 - - - - - - B
Br-85 - - - - - - -
Rb-86 . 2.22E+10 . - - 5.69E+8  1.10E+10
Rb-88 - - - - - ~ -
Rb-89 - - - - - - -
Sr-89 1.26E+1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>