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1.0 OFFSITE DOSE CALCULATION MANUAL ADMINISTRATION

1

1

% |

.2

Purpose

The PENP Offsite Dose Calculation Manual contains the current
methodology and parameters for the calculation of offsite doses due to
radioactive gaseous and liquid effluents. This manual describes a
methodology for demonstrating compliance with 10 CFR 50, Appendix I
dose limits. Compliance with Appendix I is demonstrated by periodic
calculation of offsite doses based on actual plant releases or by the
calculation and comparison of actual plant releases to predetermined
release limits. Release limits are those quantities of radioactivity
which 1f released from PBNP will result in doses within the limits of
Appendix I. Release limits are specified in this manual.

The manual also details the methodology for the determination

of gaseous and liquid effluent monitor alarm setpoints. The PBNP
Kadiation Monitoring System (RMS) effluent monitor alarm setpoints
are established to ensure that controlled releases of liquid and
gaseous radioactive effluents are maintained as low as is reason-
ably achievable, to ensure releases result in concentrations to
unrestricted areas within limits specified in 10 CFR 20, and to
ensure that design objective release limits are not exceeded.

The manual also details the methodology for evaluating the radiological
impact of sewage treatment sludge disposal. This methodelogy addresses
the commitments made to the United States Nuclear Regulatory Commission
in our application dated October 8, 1987 (NRC-87-104) and accepted by
the USNRC in a letter dated January 13, 1988. This application was
submitted in accordance with the provisions of 10 CFR 20.302(a). Dose

limits are established in the application to ensure the health and safety
of the maximally exposed member of the general public and the inadvertent

intruder. 10 CFR 50 Appendix I dose limits do not apply to sewage
treatment sludge disposal.

General Responsibilities

The primary responsibility for the implementation of the PBNP offsite
dose calculation program and for any actions required by the program
resides with the General Superintendent and the staff of the Nuclear

Plant Engineering and Regulation Section (NPERS). NPERS will provide the

technical, regulatory, licensing, and administrative support necessary
to fulfill the requirements of this manual. The calculation of offsite
doses and analysis of data are NPERS responsibilities.
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The Manager, PBNP is responsible for assuring that Radiation Monitoring
System alarm setpoints are established and maintained in accordance with
the methodologies outlined in this manual. The Manager, PBNP ‘s also
responsible for assuring the performance of periodic release summaries
for the purpose of demonstrating compliance with PBNP effluent release
limits.

Manual Revisions

This manual describes the current scope of the PBNP offsite dose calcu-
lation program. The program and the manual are maintained by NPERS.
Program items or procedures may be periodically updated or changed,
either to refiect new parameters or to improve program effectiveness.
This manual may be revised at the discretion of NPERS with the concur-
rence of the PBNP Manager's Supervisory Staff.

1-2
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2.0 RADIATION MONITORING SYSTEM AND RELEASE ACCOUNTING

i computerized Radiation Monitoring System (RMS) is installed at Point
Beach Nuclear Plant (PBNP). The RMS includes area, process, and effluent
monitors. A description of those monitors used for liquid and gaseous
effluents is presented in Tables 2-1 and 2-2. The liquid and gaseous
waste processing flow paths, equipment, and monitoring systems are
depicted in Figures 2-1 and 2-2. Calibration of the RMS detectors is
accomplished in accordance with procedures cortained in the PBNP Health
Physics Calibration Manual.

The RMS is designed to detect and measure liquid and gaseous releases

from the plant effluent pathways. The RMS will initiate isolation and
control functions on certain effluent streams. Complete monitoring

and accounting of nuclides released in liquid and gaseous effluents is
accomplished with the RMS together with the characterization of nuclide
distributions by laboratory analysis of grab samples. Sampling frequencies
and analysis requirements are described in Tables 15.7.6-1 and 15.7.6-2

of the PBNP Technical Specifications. The various aspects of grab

sampling and release accountability are described in the PBNP Release
Accountability Manual.

¢=1
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3.0 METHODOLOGY FOR DETERMINING ALARM SETPOINTS

r

3.2

3.3

38

Introduction

The selection and maintenance of alert and alarm setpoints for

each efflvent & tor of the PBNP radiation moritoring system

will be accompl. ed within the guidelines of this section. The
computerized PBNF radiation moniioring system permits each effluent
radiation monitor to be programmed to alarm at two distinct cet-
points. The a'ert setpoint is intended to delineate a changing
plant condition which may warrant corrective action. The high
alarm or trip setpoant il actuate a contro) function as
applicable or require corrective action.

Objective

The effluent monitor setpoints are established to ensure that
controlled releases of liquid ana gaseous radinactive effluents
are maintained as low as is reasonably achievable, to ensure
releases result in concentrations to unrrestricted areas within
limits specified in 10 CFR 20, and to ensure that design objec-
tive releases are not exceeded.

Alert Setpoint Guidelines

The alert setpoint of each effluent monitor will generally be set
to alarm at two times the established steady-state reading. The
alert seipoint is normally set at concentrations well below the
alarm setpoint value and is never to be set in excess of the alarr
setpoint. In the course of plant operations, certain situations
may require a deviation from the two times steady-state guideline.
The intent of the alert setpoint is to warus of changing plant
conditions which may warrant an evaluatiou of the cause of the
inrreased radiation. If the increased reading is actually due to an
increased radiation inventory within the system being monitored, as
opposed to an increased background r~diation field in the vicinity
of the detector, an evaluation should be made to determine the
impact of the release. The alert setpoint may be adjusted with

the approva. of the Duty Shift Superintendent. Alert setpoint
adjustments are to he made in accordance with the PBNP RMS Alarm
Setpoint and Response Book.

Alarm or Trip Setpoint Guidelines

in accordance with the reguirements of Technical Specifications
15.7.5.A.2 and 15.7.5.C.2, the alarm or trip setpoint for effluent
monitors shall be established %o annunciate at radiation levels
whith would result in unrestrictea area concentrations eqgual te or




. OFFSITE DOSE CALCULATION MANUAL Revision 3
April 1989

w

less than the applicable maximum permissible concentrations con-
tained in 10 CFR 20, Appendix B, Table II. The appropriate detailed
response o an effluent alarm is described in the PBNP RMS Alarm
Setpoint and Response Book.

Monitor Calibration and Calibration Constant Determination

Calibration of the RMS effluent detectors is accomplished in accord-
ance with procedures contained in the PBNP Health Physics Calibration
Manual. Each detector is exposed to a calibration source with isotopic
distribution and intensity characteristics similar to effluents nor-
mally released via the applicable pathway. The detector response to
the calibration source is normalized to a reference isotope.

The liquid effluent monitors apply the derived calibration con-
stant to standardize all liquid releases to equivalent concen-
trations of Co-60. The calibration constants are normalized to
permit each monitor channel to display effluent concentrations in
equivalent concentrations of the Co-60 reference isotope. Calilra-
tion constants are normalized to Co-60 based on dose conversion
factors contained in Regulatory Guide 1.109, Revision 1, October
1877.
|

Noble gas effluent monitors awply the calibration constant to
standardize all gaseous releases to equivalent concentrations of
Xe-133. The calibration constants are normalized to permit each
monitor channel to display gaseous effluent concentrations in
equivalent cuncentrations of the Xe-..3 referance isotope. Calibra-
tion constants are normalized to Xe-133 based on dose conversion
factors contained in Regulatory Guide 1.109, Revision 1, October
1977.

Calibration vonstants are derived from the following formulae:

Cal. Constant B 1
Sensitivity
and
Sensitivity = Monitor Response
i (pC1/cci) (DFi/DFj)
where:

a derived calibration constant normalized
to standard isotope (uCi/cc/cpm);
represents equivalent concentration per
monitor response,

Cal. Constant
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Sensitivity = monitor sensitivity normalized to standard

3.6

isotope (cpm/pCij/cc),

Monitor respons¢ = the counts per minute registered by monitor
when exposed to cilibration source (cpm),

pCi/cci = concentration of isotope i in calibration
source,
DFi = dose conversion factor for isotope i as

given in Regulatory Guide 1.109, Revision 1,
October 1977,

DF = dose conversion factor for reference isotope j
as given in Regulatory Guide 1.109, Revision 1,
October 1977 and,

DFi = factor for converting actual concentrations to
BF eqguivalent concentrations. Table 5-1 lists dose
b conversion factors for common isotopes in liquid

releases, and Table 5-2 lists the conversion
factors for common isotopes in gaseous releases.

The QAD computer program may be utilized to predict or determine
monitor calibration constauts. Application of the QAD program may
be appropriate for determining monitor response for accident source
terms or other instances when the use of a calibration source is
impracticable.

Determination of Liquid Effluent Monitor Alarm Setpoint

The alarm setpoint for each monitor will be correlated tc the un-
restricted area meximum permissible concentration (MPC) of the
ref:rence isotope to which the monitor calibration constant was
normalized. The liguid monitors referenced to Co-60 equivalent
concentrations will have alarm cetpoints correlated to the unre-
stricted area fPC value for Co-60.

setpeints shall be determined as follows:

Dilution Water Flow Rate

SP = MPC X Gite Discharge Flow Rate

where:

SP RMS alarm setpoint in equivalent concentrations of Co-60

(pCi/cc)

unrestrictad area MPC for Co-6U from 10 CFR 20 Appendix B
Table II.

MPC
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Dilution Water Flow Rate = dilution from circulating water
discharge pumps (gpm)

Waste Discharge Flow Rate = maximum liquid effluent flow rate
from waste pathway into circulating
water (gpm).

Dilution witer flow rates are as follows:
a) Dilution from one recirculation pump = 213,600 gpm
b) Dilution from twe recirculation pumps = 35€,000 gpm

Maximum was*te discharge flow rates and monitors associated with
each liquid efiluent pathway are described in Table 3-1.

Alarm setpoints are to be pormally establirhed based upon maximum

waste discharge flow rates and minimum circulation water flow rates.
The alarm setpoints mav be adjusted during periods of batch releases

when actual flow rates are known. Alarm setpoint adjustments ace
to be accomplished in accordance with the provisions and methodol-
ogies of this section and require approval of the Manager's Super-
visory Staff.

Determination of Gaseous Effluent Monitoi Alarm bSetpoints

The alarm setpoint for ca‘h monitor will be correlated to the
unrestricted area maximum permissibje concentration (MPC) of the
reference isotope to which the monitor calibration constant was
nnrmalized. The noble gas effluent monitors will huve alarm set-
points correlated to the unrestricted arsa MPC value for Xe~133.

Setpoints shall be determined as follous:
SP = _ (2.12E+03) (MPC)

(x/Q) (Waste Discharge
Flow Rate)

where:

SP = RMS alarm setpoint in equivalent concentration of Xe-133 (uCi/cc)

MPC = unrestricted area MPC for Xe-133 from 10 CFR 20 Appendix B
Table II.

Xx/Q@ = highest average annual x/Q value at unrestricted area of
1.5E-06 sec/m

3-4



et gl warsi e s R S, iR S LS S st SR Sl AR R el U B D s S i R SR R R

. OFFSITE DOSE CALCULATION MANUAL Revision 3

April 1989

Waste Discharge Flow Rate = flow rate of effluent pathway being
monitored (ft3/min).

2.12E+03 = conversion factor for ft3/min to m3/sec.

Gaseous effluent pathway discharge flow rates and monitors associated
with each pathway are summarized in Table 3-2.

Alarm setpoints are to be normally established based upon maximum
waste discharge flow rates and the average annual x/Q value. The
alarm setpoints may be adjusted for release periods if actual flow
rates are reduced to less than maximum or actual x/Q values are
calculated. Alarm setpoint adjustments are to be made in accordance
with the provisions and methodologies of this section and require
Manager's Supervisory Staff approval.

3-5



+ PFFSITE DOSE CALCULATION MANUAL Revision 3

April 1989

|
|
|
TABLE 3-1
SUMMARY OF LIQUID DILUTION AND EFFLUENT PATHWAY FLOW RATES
Discharge Monitor(s) in
Liquid Effluent Pathway Flow Rate Effluent Pathway
f{gpm)
a. Recirculation Water none
1) 1 recirc. pump 213,600
2) 2 recirc. pumps 356,000
b. Service Water Return 1(2)RE-229
1) Flow rate per pump 6,600
2) Max. 4 pumps
¢. Steam Generator Blowdown 1(2)RE-219 and
1) Max. flow rate from 50 1(2)RE-222
each generator
d. Retention Pond
1) Max. Flow Rate 1,670 RE-230
e. Spent Fuel Pool
1) Max. Flow Rate 700 RE-220
f. Waste Distillate & Cordensate Tank Discharge RE-2:8 & RE-223
1) Max. Flow Rate 100
g. Containment Fan Cooler Return
1) Max. Flow Rate per Containment 4,000 1(2)RE-216

3-6
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TABLE 3-2
SUMMARY OF GASEQUS EFFLUENT PATHWAY DISCHARGE FLOW RATES

Discharge Flow Rate Monitor(s)
Gaseous Effluent Pathway (CFM) In Effluent Pathway
a. Auxiliary Building Vent 61,400 RE-214 & SPING 23
b. Combined Air Ejector 20 RE-225
¢. Unit Air Ejector 10 1(2)RE-215
d. Containment Purge Vent
1) 1 Fan operating 12,500 1(2)RE~212 & SPINGS 21 & 22
2) 2 Fans operating 25,000
e. Gas Stripper Building 13,000 RE-224
£. Drumming Area Vent 43,100 RE-221 & SPING 24
\

3=7
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4.0 DEMONSTRATING COMPLIANCE WITH 10 CFR 50, APPENDIX I

4.1

4.2

Introduction

Maintaining effluents within the dose objectives of Appendix I is
demonstrated at PBNP by periodic calculations. Compliance with
Appendix I limits is demonstrated by using either of the following
methods :

A. A summation of all releases in equivalent curies may be per-
formed on a quarterly basis. These sums are compared with
previously calculated release limits, i.e., quantities which
result in doses within the limits of Appendix I to 10 CFR 50.
If the equivalent curies released during the calendar quarter
are less than or equal to 1’4 of the annual equivalent curie
release limits, then de facto compliance with Appendix I
exists and no further action is required.

B. Dose calculations may be performed on a quarterly basis. These

calculations may be parformed in either of two ways.

1. Hand Calculations - Based on the meteorology, plant para-
meters, and dose pathways given in Appendix I of the
PBNP FSAR and on the dose conversion factors set forth in
Regulatory Guide 1.109 or in NUREG-0172. Section 6.0 of
this manual describes dose calculation methodologies.

2. Computer - This capability will be provided in the
future.

If relecase or dose calculations exceed the cor.esponding quarterly
limit during any calender quarter, a summary of radioactive efflu-
ent releases or dose calculations shall be made monthly until it is
determined that :elease quantiti¢s are within the annual limits. If
the quarterly calculations exceed twice the corresponding quarterly
limit, it is mandatory to calculate doses in accordancy with Section
6.0 of this manual.

Dose Limits

To define the limits and conditions for the controlled release of
radioactive materials in liquid and gaseous effluents to the environ-
ment, to ensure that these releases are as low as is reasonably achiev-
able in conformance with 10 CFR Parts 50.34a and 50.36a, to ensure

that these releases result in concentrations of radioactive materials
in liquid and gaseous effluents released to unrestricted areas that

are within the limits specified in 10 CFR 20, and to ensure that
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the releases of radioactive material above background to unrestricted
areas are as low as is reasonably achievable, the following design
release limits as defined in Appendix I to 10 CFR 50 apply:

A.

The annual total quantity of all radioactive material above
background that may be released from each light-water-cooled
nuclear power reactor to unrestricted areas should not result

in an 2nnual dose or dose commitment from liquid effluents for

any individual in an unrestricted area from all pathways of
exposure in excess of 3 millirems to the total body or 10 millirems
to any organ.

The annual total quantity of all radioactive material above
background that may be released from each light-water-cooled
nuclear power reactor to the atmosphere should not result in an
annual air dose from gaseous effluents at any location near

ground level which could be occupied by individuals in unrestricted
areas in excess of 10 millirads for gamma radiation or 20 millirads
for beta radiation, or that this quantity should not result in

an annual external dose from gaseous effluents to any individual

in unrestricted areas in excess of 5 millirems to the total

body or 15 millirems to the skin.

The annual total quantity of all radioactive iodine and radiocactive
material in particulate form above background that may be

released from each light-water-cooled nuclear power reactor in
effluents tc the atmosphere should not result in an annual dose

or dose commitwment from such radioactive iodine and radioactive
material in particulate form for any individual in an unrestricted
area from all pathways of exposure in excess of 15 millirems to

any organ.

Release Limits

The design releas¢s limits are derived {rom the dose evaluation
performed in accordance with Appendix I to 10 CFR 50. In the

evaluation, certain maxim'um calculated dos®s to an organ or the
total body of an individual result from the calculated effluent

releases.

Design release limits are defined by conservatively

scaling calculated releases upward to the point at which
corresponding doses reach the applicable limit specified in
Appendix I to 10 CFR 50. The scaling factor (SF) used in these
calculations is defined by the equation:

Appendix I dose limit x 2 reactors

SF =

calculated dose to limiting organ
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The limiting organ is the organ whose dose and dose limit yields the
most restrictive scaling factor. The limiting organ may or may not
be the critical organ for a radionuclide group. The critical organ
is the organ receiving the highest calculated Appendix I dose for a
given radionuclide group.

Conservative scaling factors are obtained by the judicious choice of
the limiting organ for each release category. This ensures Appendix I
compliance while allowing for fluctuations in the isotopic composition
of radionuclides within a release category and while accommodating for
contributions from other radionuclides.

Design release limits are calculated in tzrms of "equivalent

curies" to allow for minor shifts in the radionuclide distribution
within an effluent release group. An eguivalent curie is obtained
by scaling a radionuclide's activity to an appropriate single
radionuclide within each release group by the ratio of their dose
factors. Dose factors used in the calculation of equivalent curies
are selected for the age group in which the dose limit is most closely
approached. From the Appendix I evaluation, it is observed that,
except for noble gases, ingestion is generall the most significant
dose pathway for both effluents released to the atmosphere and for
liquid effluents; hence, ingestion dose factors are used in evaluat-
ing effluent releases except when noted otherwise. Conservatively,

no credit is given for radioactive decay; and, in one case, the highest

dose factor listed for each radionuclide within the applicable age
group is used for calculating equivalent curies. For each effluent
category, the release limit is calculated as follows:

ZDCE

ijk = 2 ACE 2L, %2

14k * Ly
Dy

Dose release limit in total equivalent curies for

where ZDCEi
all radionuclides of effluent type k,

ik

ZACE. .. = Calculated release in total equivalent curies for

13k all radionuclides for effluent type k,
2k = Dose limit per reactor from Appendix I of 10 CFR 50,
2 = Two units per plant,
Dk = Calgulatec dose resulting from release of ZACEijk
curies.
R. The following notes apply to the calculation of design

release limits for gaseous effluents:

1. For noble gases, the total body gamma dose is limiting,
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2. For radioiodines, the thyroid dose to the infant is
limiting; the thyroid dose contribution from other
isotopes is negligible,

3. For remaining isotopes, the liver dose to the child
is limiting.

B. The following notes apply to the calculation of equivalent

curies design release limits for liquid effluents:

¢

For radioiodines, the child thyroid is the critical
organ. However, the adult whole body is limiting
because it yields a more conservative scaling factor
(SF). Fer the child thyroid,

.20 e 8
SF = - 100

whereas, the adult whole body dose limit yields a more
conservative factor

3 x 2
SF = 019 = 31.6

Because, in reality, radioiodines contribute very little
to the whole body dose, this conservative methodology for
deriving the radioiodine equivalent curies design release
limit leaves room to accommodate contributions from other
radionuclides and assures that the RETS (or Appendix I)
dose limits will not be exceeded even if all radionuclide
groups are at their respective equivalent curie design
release limit.

For tritium and particulates, the total body dose to

an adult is limiting even though the teen liver is the
critical organ because of its slightly higher dose from
the reference radionuclide mixture. Following the above
conservative methodology, the adult whole body dose and
dose limit yields

which is more conservative than the scaling factor
derived from the liver dose and dose limit,

10 x 2
0.26

SF = = 76.9

4-4
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Design release limits calculated in the manner described above are
quantities of radioactivity in effluents which, for the particular
environmental parameters and conditions at Point Beach Nuclear

Plant, would result in maximum doses to an individual that are within
the limits set forth in Appendix I to 10 CFR 50. Actual plant
releases are expected to be well within the design release quan-
tities. The periodic review required by this section ensures that
plant releases remain as low as is reasonably achievable.

EPA Regulations

Compliance with the provisions of Appendix I to 10 CFR 50 is adequate
demonstration of conformance to the standards set forth in 40 CFR 190
regarding the dose commitment to individuals from the uranium fuel
cycle. If release or dose calculations exceed twice the annual
limits, dose calculations shall be performed as described in Section
6.0 of this manual and shall include exposures from effluent path-
ways and direct radiation contributions from the reactor units and
from any outside storage tanks.

The above calculations do not include contributions from the Kewaunee
Nuclear Power Plant (KNPP) which is some four miles north of PBNP.

Under normal operations using the PBNP annual average X/Q and assuming
that the KNPP source term is identical to either PBNP unit, the greatest
KNPP dose contribution occurs at the north sector PBNP boundary.
However, the total KNPP-PBNP dose at that point is less than the dose

in the highest sector (south boundary) from PBNP alone. The KNPP
contribution in this sector adds only 1% to 8% to the total dose
depending upon the release mode. Even in the highly unlikely event

that PBNP and KNPP operated for an entire year at twice the Appendix I
levels, the small percentage contribution from KNPP would be
insufficient to yield doses exceeding 40 CFR 190 limits.
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5.0 CALCULATION AND COMPARISON OF EFFLUENT RELEASES TO RELEASE LIMITS

Technical Specifications 15.7.5.B.3 and 15.7.5.D.3 require that an
effluent release summary or dose calculation be performed quarterly.
This section describes the methodology for the calculation and compar-
ison of equivalent curie releases to equivalent curie release limits.

5.1 Definitions

g DF,
CEi; e sy
]
CEi. = Activity of radionuclide i expressed in terms of an equiva-
J lent number of curies of radionuclide j.
Ci = Actual number of curies of radionuclide i.
DFi = Dose factor for radionuclide i as given in Regulatory Guide
1.109, Revision 1, October 1977.
DF = Dose factor for reference radionuclide j as given in Regula-
J tory Guide 1.109, Revision 1, October 1977.
%%i = VFactor for converting actual curies to equivalent curies.
j Table 5-1 lists conversion factors for common radionuclides

in liquid releases, and Table 5-2 lists the conversion
facters for common radionuclides in gaseous releases.

5.2 Calculation of Liguid Effluent Releases

The annual design release limits for liquid effluents are as follows:
A. Tritium: Ci € 1.93E+04 curies
B. Radioiodines: 2 Cgij £ 2.62E+01 I-131 equivalent curies
Where 1. The reference isotope, j, is I-131.
2. DF, is the adult total body dose factor for
is&tope i given in Table E-11 of Regulatory
Guide 1.109, Revision 1, October 1977 or Table 5-1.
3. DF, is the adult total body dose factor for the

reference isotope, I-131, as given in Table E-1l1
of Regulatory Guide 1.109, Revision 1, October 1977.

5-1
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€. Others (isotopes other than tritium, noble gases, or radio-
iodines):

z CEij € 9.47E+01 Co-60 equivalent curies
Where - The reference radionuclide, j, is Co-60.
B is the adult total body dose factor for

DF
ra&ionuclide i in Table E-11 of Regulatory Guide
1.109, Revision 1, October 1977, or Table 5-1.

3. DF, is the adult total body dose factor for the ref-~
erénce radionuclide Co-60 in Teble E-11 of Requ~
latory Guide 1.109, Revision 1, October 1977.

D. Noble gases released in liquid effluents are to be included
with noble gases released in gaseous effluents.

Quarterly limits are defined as 1/4 of the annual limits.

As the result of the conservatisms used in formulating the design
equivalent curie release limits, the RETS (or Appendix I) dose limits
will not be exceeded even if each radionuclide group simultaneously
were at its limit. Briefly, the two conservatisms are: (1) The
choice of restrictive scaling factors; and (2) the scaling of the
total dose to the limitina organ, not just the portion of the dose
attributable to the radionuclide group of interest.

Calculation of Gaseous Effluent Releases

The annual design release limits for gaseous effluents are as
follows:

A. Tritium: Ci S 2.90E+04 curies
B. Noble Gases: 2 CEij S 1.04£+06 Xe-133 eguivalent curies
Where l. The reference radionuclide j, is Xe-133.

P DFi is the dose factor for radionuclide i given
as ' DFB, in Table B-l of Regulatory Guide 1.109,
Revisidn 1, October 1977.
DF, is the dose factor for the reference radio-
nuélide Xe-133 given under DFB, in Table B-1

of Regulatory Guide 1.103, Revision 1, October
1977.

$-2
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c Radiciodines: I CEij € 3.52E-01 I-131 equivalent curies

Where 1. The reference isotope, j, is I-131.

2. DF, is the infant thyroid dose factor for iso-
toﬁe i given in Table E-14 of Regulatory Guide |
1.109, Revision 1, October 1977, or Table 5-2.

3. DF_, is the infant thyroid dose factor for the
reference isotope I-131 as given in Table E-14
of Regulatory Guide 1.109, Revision 1, October ‘
1977.

D. Particulates (isotopes other than tritium, noble gases or
radioiodines) :

4 CEij £ 1.72E+00 Co-60 equivalent curies
Where 1. The reference radionuclide j, is Co-60.

2. DF, is the highest dose factor for radio-
nuflide i in any column of Table E-13 of
Regulatory Guide 1.109, Revision 1, October
1977, or Table 5-2.

3. DF, is the highest dose factor for the reference
ra&ionuclide, Co-60, given in any column of
Table E-13 of Regulatory Guide 1.109, Revision 1,
October 1977.

Quarterly l'mits are defined as 1/4 of the annual limits.

Even if all four airborne radionuclide categories were released at

the limits specified in this rection, the RETS (or Appendix I) dose
limits would not be exceeded. The methodology for determining airborne
eguivalent curie release limits is similar, but not identical, to

that used for determining liquid release limits. The difference
derives from the manner in which Appendix I establishes the airborne
release dose limits.

Appendix I specifies two airborne release categories: gaseous and
other. The latter category is defined as the total of radiciodine
and particulates. For the purpose of establishing equivalent curie
release limits, the other category has been further subdivided to
provide a separate limit for tritium in order to accomplish the
tritium balance between liquid and atmospheric releases allowed by
RETS (see following section). In addition to creating two major
release categories, Appendix I sets a different dose standard for
each category. The noble gas release is limited by the external
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5.4

whole body dose (Appendix I, section II, B.2(b)) whireas the release
o/ the other radionuclides is limited by the in‘ernal organ dose
(section II, C). Furthermore, the external whole body dose limit

is independent from the internal dose contr .bu’ions of the other
radionuclides. The following discussion esplains why the RETS

(or Appendix I) dose limits will not be ex:ceded when the radio-
iodine, particulate and tritium radionuclide groups simultanecusly
are at their release limits.

Folloving the methodology established for liquid releases, the FSAR
calcvlated atmospheric equivalent curies release is multiplied by

a scaling factor to arrive at a releast¢ limit. The scaling factoer
(SF) is defined by the formula

SF = Appendix I organ dose limit x 2 reactors
calculated organ dose

Based on the 15 mrem per year crgan dose limit, this formula reduces
to

SF = 30 mrem/calculated organ dose.

One feature common to deriving the radioiodine, tritium, and
particulate equivalent curie release limits is to assume a goat-milk
pathway for all doses in the critical south sector where, in fact, no
goats have been noted. This yields a headroom of 6 mrem for the infant
thyroid dose when scaling radioiodine and about 0.1 mrem when scaling
particulates and tritium for the child liver doses. 1In an identical
conservative tashion to the liquid release limit methodology, the
atmospheric release scaling factors are derived from the total dose

to the limiting organ, not just the portion of the dose attributable

to the radionuclide of interest. As a further conservatism, the
particulate release limit for the child liver was determined, not with
the dose factors for the critical organ, but with the highest dose
factor fur each radionuclide in the group. This reduces the particulate
release limit by 75 percent from the value needed to produce 15 mrem.
Finally, the tritium release limit is on the order of one order of
magnitude greater than the total plant tritium inventory. Therefore,
the potential consequence from a tritium release would be negligible.

Tritium in Liquid and Gaseous Effluents

The design release limit for tritium in liquid effluents may be
increased, provided it is accompanied by a proportional decrease in
the design releace limit for tritium in gaseous effluents. Sim-
ilarly, the design release lim.t for tritium in gaseous effluents
may be increased, provided it is accompanied by a proporticnal

5-4
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The tritium adjustment will be made in accordance with the following
formula:

Annual Lig. H-3 Release Annual Gaseous H-3 Release
Annual Liq. H-3 Release Limit Annual Gaseous H-3 Release Limit

$2.0

Quarterly Summary

Effluent release summaries are made in accordance with this section.
Either release summaries or dose calculations are to be accomplished
quarterly. 1In the event that actual quantities of ridioactive
materials released in liquid and gaseous effluents for any quarter
exceed twice the guarterly limit as described in this section,
actual doses must be calculated in accordance with Section 6.0 and

decrease in the design release limit for tritium in liquid effluents.
5.8
a special report shall be prepared and submitted to the NRC.
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TABLE 5-1
LIQUID EFFLUENT CONVERSION FACTORS

A. Tritium: The conversion factor is unity because tritium is considered
by itself.

B. Noble Gases: The noble gases released in liquid effluents are to be added
to noble gases released in gaseous effluents. They are
normally insignificant.

C. Radiciodine: For iodines, use Regulatory Guide 1.109 Revision 1, Table
E-11, total body dose factors for an adult. Reference |
isotope (DFj) is I-131.

1SOTOPE DFi (mrem/pCi) DFi/DF. }
1-130 8.80E-07 2.58E-01 ;
1=131 3.41E-06 1.00E+00 |
1-132 1.90E-07 5.57E-02 |
1-133 7.53E-07 2.21E-01
I-134 1.03E-07 3.02E-02
1-135 4.28E-07 1.26E-01

D. Other: For non-iodine and non-tritium in liquids, use Regulatory
Guide 1.109 Revision 1, Table E-11, adult total body dose
factors. Although the teen liver receives the highest organ
dose, the adult total body dose is limiting because fewer real
Curies are required to yield the 6 mrem whole body dose limit
than the 20 mrem organ dose limit as determined from
calculations based on Appendix I analysis as given in the
PBNP FSAR. Radionuclides are normalized to Co-60.

ISOTOPE DFi (mrem/pCi) DFi/DFj ISOTOPE DFi (mrem/pCi) DFi/DFj
F-18 6.92E-08 1.47E-02 Ru-106 3.48E-07 7.37E-02

Na-22 1.74E-05 3.69E+00 Rh~=103m (included in Ku-103)
Na-24 1.70E~06 3.60E-01 Rh-105 5.83E-08 1.24E-02

Cl-38 8.65E-08 1.83E-02 Rh-106 (included in Ru-106)
| Sc-46 3.11E: ¢ 6.59E-04 (d-109 8.8lE-09 1.87E-03
? Cr-51 2.66E~09 5.64E-04 Ag-110m 8.79E-08 1.86E-02
| Mn-54 8.72E-07 1.85E-01 Sn-113 9.45E-08 <.00E-02
| Mn-56 2.04E-08 4.32E-03 Sb-122 7.40E-07 1.578-01
Fe-55 4.43E-07 9.39E-02 Sb-124 1.11E-06 2.35E-01
Fe-59 3.91E-06 8.28E-01 S§b-125 4.26E-07 9.03E-02
Co-56 1.67E-06 3.54E-01 Te-125m 3.59E-07 7.61E-02

‘o=57 2.91E-07 65.17E-02 Te-127m 8.25E-07 1.758-01
Ch-58 1.67E-06 3.54E-01 Te-127 2.38E-08 5.04E-03

5-6
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Table 5-1 (Continued)

ISOTOPE DF1 (mrem/pCi) DFi/DFj ISOTOPE DFi (mrem/pCi) DFi/Dl‘iJ
Co-60 4.72E-06 1.00E+00 Te-129m 1.82E-06 3.86E-01
Zn-65 6.96E-06 1.47E+00 Te-129 7 .65E-09 1.62E-03
Cu-64 3.91E-08 8.28E~03 Te-131m 7.05E-07 1.49E-01
Zn=-69m 3.73E-08 7.90E-03 Te-131 6.2JE-09 1.32E-03
As-76 1.11E-06 Z.35E-01 Te-132 1.53E-06 3.24E-0]
Se-75 4.39E-07 9.30E-02 Cs-134m 2.29E-08 4.85E~03
Br-82 2.26E-06 4.79E-01 Cs-134 1.21E-04 2.56E+01
Br-83 4.02E-08 8.51E-03 Cs-136 1.85E-05 3.92E+00
Br-84 5.21E-08 1.10E-02 Cs~-137 7.14E-05 1.51E+01
Br-85 2.14E-09 4.53E-04 Cs-138 5.40E-08 1.14E-02
Rb-86 9.83E-06 2.08E+00 Ba-133 4.43E-07 9.39E-02
Fb-88 3.21E-08 6.8 °-03 Ba-139 2.84E-09 6.02E-04
Pb-89 2.82E-08 5.97E-03 Ba-140 1.33E-06 2.82E-01
5:~85m 7.97E-08 1.69E-02 Ba-141 1.59E-09 3.37E~04
Sr-85 5.58E-06 1.18E+00 La-140 3.33E-10 7.06E-05
Sr-89 8.84E-06 1.87E+00 La-142 1.45E-11 3.07E-06
Sr-90 1.86E-03 3.94E+02 Ce-139 1.05E-09 2.22E-04
Sr-91 2.29E-07 4.85E-02 Te-141 7.18E-10 1.52E-04
Sr-92 9.30E-08 1.97E-02 Ce-143 1.35E-10 2.86E-05
Y-88 1.29E-10 2.73E-05 Ce~144 2.62E-08 5.55E-03
Y-90 2.58E-10 5.47E-05 Pr-143 4.56E-10 9.66E-05
¥-91m 3.52E-12 7 .46E-07 Pr-144 1.53E-12 3.24E-07
Y-91 3.77E-09 7.99E-04 Nd-147 4.35E-10 9.22E-05
Y-92 2.47E-11 5.23E-06 Eu-152 3.90E-08 8.26E~03
Y-93 7.40E-11 1.57E-05 Ta-182 4.65E-09 9.85E-04
Zr-95 6.60E-09 1.40E-03 w-187 3.01E-08 6.38E-03
2r-97 1.55E-10 3.28E-05 Au-198 9.08E-09 1.92E-02
Nb-94 3.72E-09 7.88E-04 Hg-203 6.52E-09 1.38E-03
Nb-95 1.86E 09 3.94E-04 Bi-207 2.64E-08 5.59E-03
Nb-97 4.82E-12 1.02E-06 Np-239 6.45E-11 1.37E-05
Mo-90 2.46E-07 5.21E-02 U-235 4 .86E-05 1.03E+01
Mo-99 8.20E-07 1.74E-01 U-238 4.54E-05 9.62E+00
Tc-9%m 8.89E-09 1.88BE-03 Am-241 5.41E-05 1.15E+01
Tc-101 3.59E-09 7.61E-04
Ru-103 7.97E-08 1.69E-02
Ru-105 6.08E-09 1.29E-03

E. Additional Isotopes - To obtain dose factors for isotopes not in this table,

consult Regulatory Guide 1.109 Revision 1 or NUREG-0172.
not listed in either Regulatory Guide 1.109, Revision 1, or NUREG-0172, DF,

values may be calculated by scaling to another isotope of the same element by
the ratio of MPCs (10 CFR 20, Table II, Col. 2).
use the ALI from ICRP-30.

I1f the MPC is not available,
I1f there is no DF for any isotope of an element,

For DF, of isotopes

use the DF of an isotope of an element in the same chemical family, 1.e.
Then scale by ratio of AlLls.

Au and Ag, whose ALI is similar.
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TABLE £-2
GASEQUS EFFLUENT CONVERSION FACTORS

A. Tritium: The coaversion factor is unity because tritium is considered
by itself.

E. Moble Gases: Use gamma-body dose factors, DFBi, from Table B-1 of Regulatory
Guide 1.109, Revision 1. Normalize to Xe-133:

o
IUOTUPE EEEE DFBi/DFB.
Ar~41 8.84E~03 3.01E+01
Kr-83m 7.56E-08 2.57-04
Kr-85m 1.17E-C3 3.98E+00
Kr-85 1.61E-05 5.48E-02
Kr-87 5.92E-03 2.01E+01
Kr-88 1.47E-02 5.00E+01
Kr-89 1.66E-02 5.65E+01
Kr-90 1.56E-02 5.31E+01
Xe~131m 9.15E-05 3.11E-01
Xe~133m 2.51E-04 8.54F-01
Xe-133 2.94E-04 1.00E+Q0
Xe~135m 3.12E-03 1.06E+01
Xe-135 1.81E-03 6.16E+00
Xe-137 1.42E-03 4.83E+00
Xe-138 8.83E-03 3.00E+01

C. Radioiodine: For iodines in gaseous effluents, use thyroid dose factors
for an infint from Table E-14 of Regulatory Guide 1.109, Revision 1. Mor-
malize to I-131.

ISOTOPE Efl DFi/DF.

I-130 1.48E-03 1.06E-01
I-131 1.39E-02 1.00E+00
I-132 1.58E-04 1.14E-02
1-133 3.31E-03 2.38E-01
1-134 4.15E-05 2.99E-03
$-135 6.4%E-04 4.67E-02

5-8
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D. Other: For particulates in effluents released to the atmosphere, use the
ingestion dose factors fur a child from Table E-13 of Regulatery Guiqe 1.109,
Revision 1. For isotopes not listed in Table E-13, use NUREG-0172 Table 2.
Normalize to Co-60. In using Regulatory Guide 1.109, Revision 1, or NUREG-
0172 the table is scanned for the highest DFi for any organ.

ISOTOPE .Efi DFi/Dfj ISOTOPE Ezi Efiiffi
F-18 {.49E-06 8.50E-02 Tc-101 1.91E-08 6.52E-04
Na-22 5.88E-05 2.01E+00 Ru-103 1.89E-05 6.45E-01
Na-24% 5.80E-06 1.98E~01 Ru=-10% 4.21E-05 1.44E+00
Cl-38 3.11E-06 1.06E-01 Ru-106 1.82E-04 6.21E+00
Sc-46 3.95E~05 1.35E+00 Rh~103m  (included in Ru-103)
er=51 4.72E-07 1.61E-02 Rh-105 1.71E-05 5.84E-01
Mn-54 1.07E-05 3.65E-01 Rh-106 (included in Ru-106)
Mn-58& 4.84E-05 1.65E+00 Cd-109 1.20E-05 4.10E-C1
Fe-35 1.15E-05 3.92E-01 Ag-110m 4.33E-05 1.48E+00
Fe-59 2.78E-05 9.49E-01 Sn-113 2.75E-05 9.39E-01
Co-56 3.15E-05 1.08E+00 Sb-122 4.63E-05 1.58E+00
Co=-57 4.04E~-06 1.38E~01 Sb-124 6.94E-05 2.37E+00
Co-58 1.05E-05 3.58E-01 Sb-125 1.71E-05 5.84E-01
Co~60 2.93E-05 1.CIE+00 Te-125m  1.14E-05 3.89E-01
Cu-64 1.15E-05 3.92E-01 Te-127m 8.24E-05 2.81E+00
Zn=-65 3.65E-05 1.25E+00 Te-127 1.84E-05 6.28E-01
Zn-69m 3.94E-05 1.34E+00 Te-129m 1.43E-04 4 .88E+00
Br-82 7.55E-06 2.58E-01 Te-129 8.34E-06 2.85E-01
Br-83 1.71E-05 5.84E~01 Te-131m 1.01E-04 3.45E+00
Br-84 1.98E-07 ».76E-03 Te-131 4.36E-07 1.49E-02
Br-85 9.12E-04 3.11E-04 Te-132 4.50E~-05 1.54E+00
Se-75 1.37E-05 4 .68E-01 Cs-134m 1.58E-07 5.39E-03
As-76 6.94E-05 2.37E+00 Cs-134 3.84E-04 1.31E+01
Rb-86 t .70E-05 2.29E+00 Cs-136 6.4€E-05 2.20E+00
Rb-88 1.90E-07 6.48E-03 Cs~-137 3.27E-04 1.12E401
Rb-89 1.!78-07 3.99E-03 Cs-138 3.178-07 1.08E-02
Sr-85m 1.28-07 2.49E-02 Ba-133 2.77E-05 9.45E-01
Sr-a85 5.10E-05 1.74E+09 Ba~139 2.39E-05 8.16E-01
Sr-89 1.32E-03 4.51F+01 Ba-140 8.31E-05 2.84E+00
Sr-90 1.70E-02 5.80E+02 Ba-141 2.00E~07 6.83E-03
Sr-91 5.30E-05 1.81E+00 La-140 9.48E-05 3.24E+00
Sr-92 1.71E-04 5.84E+70 La-142 3.31E-05 1.13E+00
Y-88 5.85E-05 2.00E+00 Ce~141 2.47E-05 8.43E-01
¥Y-90 1.17E-04 3.99E+00 Ce-139 €.80E-04 2.32E-01
Y-91 8.02E-05 2.74E+00 Ce-143 5.55E-05 1.89E+00
Y-91m 7.48E-07 2.55E-02 Ce-144 1.70E-C4 5.80E+00
¥-92 1.04E-04 3.55E+00 Pr-143 4.24E-05 1.45E+00
¥-93 1.70E-04 5.80E+Q0 Pr-144 8.59E-09 2.92E-03
2r-95 2.66L-05 9.08E-01 Nd~147 3.58E-05 1.22E+00
2r=97 1.53E-04 5.22E+00
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TABLE 5-2 (Continued)

~ /

IZOTOPE Efi DFi/DF. ISOTOPE Efi DFi,DF.
Nb-94 3.24E-05 1.11E+00 Eu-152 1.84E-05 6.28E-01
Kb-95 1.62E-05 5.53E-01 Ta-182 4.05E-05 1.38E+00
Nb-97 1.21E-05 4.13E-01 w-187 3.57E-05 1.22E+00
Mo-90 8.52E-06 2.91E-01 Au-198 3.56E-05 1.22E+00
Mo-99 2.84E-05 9.69E-01 Hg-203 8.90E-06 3.04E-01
Tc-99m 1.03E-06 3.51E-02 Bi-207 7.67E-05 2.62E+00
U-235 3.42E-03 1.17E+02

U-238 3.27E-03 1.12E+02

Np-239 2.79E-05 9.52E-01

Am-241 1.43E-03 4.88E+01

E. Additional Isotopes: To obtain DF,/DF, for isotopes not in this table, use
the approach as described in item b, above. For DF, of isotopes not listed

| in either Regulatory Guide 1.109, Revision 1 or NUREG-OI?Z, DF, values may

be calculated by scaling to another isotope of the same element by the

|

|

\

ratio of MPCs (10 CFR 20, Table II, Col. 2). If the MPC is not available,
use the ALI from ICRP-30. If there is no DF for any isotope of an element,
use the DF of an isotope in the same chemical family, i.e. Cd and Hg, whose
ALI is similar. Then scale by ratio of the ALIs.

F. Notes

(1) For radioiodines in gaseous effluents, ingestion dose factors are
used, because the grass-cow-milk pathway is limiting.

(2) For particulates in gaseous effluents, ingestion dose factors are
used, because ingestion was generally the most significant dose path-
way. Note also that a significant portion of inhaled particulates is
eventually swallowed, thereby further confirming the appropriateness
of this aoproach.

5-10
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6.0 MANUAL CALCULATION OF DOSES RESULTING FROM EFFLUENTS

The methodology for calculating doses resulting from PBNP radioactive
effluents is presented in this section. Doses are only required to be
calculated if quarterly releases exceed twice the quarterly limit. Com-
pliance with Appendix I dose objectives are demonstrated quarterly by
either summarizing releases in accordance with Section 5.0 or calculating
doses in accordance with this section.

6.1 Basis

There are, of course, a very large number of expcsure pathways that
can be considered for calculating dose to any offsite individual.
However, the actual pathways to be concidered for this procedure

are limited to those pathways found most significant in the 10 CFR 50
Appendix . evaluation for PBNP as contained in Appendix I of the

PBNP FSAR. These are as follows:

A. Ga 'eous Releases

1. Radioiodine dose to an infant thyroid via the cow or goat
t ilk pathway at the site boundary (1300 m) in SSE sector.

2. Noble gas dose:

(a) Gamma dose to the whole body at the site boundary
(1460 m) in the SSW sector.

(b) Beta dose to the skin at the site boundary (1460 m)
in the SSW sector.

3. Tritium dose is not normally limiting and should only be
calculated if tritium releases are exceptionally high.
Calculate adult inhalation dose to the whole body at the
site boundary (1460 m) in the SSW sector.

4. Dose from particulates is not normally limiting and should
only be calculated if particulate releases are exceptionally
high. Calculate the liver dose to a child at the site
boundary (1460 m) in the SSW sector via the stored vegetable
pathway as described in Appendix I to the PBNP FSAR.
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Liquid Effluents

1. Radioiodine dose from liquid effluents is not normally
limiting and should only be calculated if radioiodine
releases in liquid effluents are exceptionaliy high.
Calculate dose to adult thyroid from the fish pathway
with fish at the edge of the initial mixing zone
(dilution factor of 5) and a consumption rate of
21 Kg/year. Further assume 24 hours holdup time
before consumption.

2. Noble gases from liquid effluents are normally several
orders of magnitude less than those in gaseous effluents.
They may be presumed to diffuse into the air and should be
added to the noble gases in gaseouc effluents.

3. Tritium dose is not normally limiting and should only be
calculated if tritium releases are exceptionally high.
Calculate adult ingestion dose to the whole body from
drinking water at Two Rivers, using a total dilution
factor of 1C0.

4. For other isotopes, the limiting dose is that to the whole
body of the adult from eating fish obtained at the edge
of the initial mixing zone. The critical organ is the
liver of the teenager from eating fish obtained at the
edge of the initial mixing zone.

Other Pathways

In the course of the Appendix I evaluation for PBNP, the exposure
pathways listed in A. and B., "bove, were found tc be the most
significant. Other pathways, however, were also considered.
These need not be analyzed, unless the unique circumstances of

a particulate release suggest their consideration. A complete
description of all pathways is presented in Section 8.0 of
Appendix I of the PBNP FSAR. They are:

1. Gaseous: Doses to total body, skin, bone, liver, thyroid,
kidney, lung, and GI tract:

Inhalation - SSW (1460 m)

Deposition on ground - SSW (1460 m)
Fresh Vegetablies - SSW (1460 m)
Stored Vegetables - SSW (1460 m)

Cow milk -~ SSE (1300 m)

Goat milk - SSE (1300 m)

Direct exposure (B, y) - SSW (1460 m)

6-2
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6.2

6.3

2. Liquid: Doses to total body, skin, bone, liver, thyreid,
kidney, lung, and Gl tract:

Ingestion of potable water -~ Two Rivers (12 mi. §)
Ingestion of fish - edge of initial mixing zone
Ingestion of fresh vegetables - 'Tfwo Rivers (12 mi. §)
Ingestion of stor”d vegetables ~ Two Nivers (12 mi. 3)
Ingestion of cow's milk - Two Rivers (12 mi. §)
Ingestion of meat - Two Rivers (12 mi. §)

Swimming - edge of initial mixing zone

Boating - edge of initial mixing zone

Shoreline deposits - (1500 m, S)

Meteorology

Table 1.4-2 of Appendix 1 to the PBNP FSAR is included herewith as

4 convenient summacy of x/Q anl D/Q values. The Drumming Area Vent
{DAV) is not shown separately in the table, because its exit velocity
is identical with the Auxiliary Building Vent (4BV). Hence DAV
reieases are to be included with ABV releases. For purpes of this
procedure. gaseo)s releases should be summarized as follows:

A. Category (A: Auxiliary Building Vent (ABV) - Include
releases from ABV, gas decay tenks, and drumming area
vent (DAV).

B. Category IB: Gas decay tank through the akv.

5 Category IIA: Purge Vent - Include releases from continuous

purge, intermittent purge, gas stripper buiiding, and turbine
building roof exhausters.

Thus, in applying this procedure, the x/Q's and D/Q's from only lines
Ir, 1B, and IIA of Table 1.4-2 are required.

Procedure for Gaseous Effluents

A. Greup ¢11 releates into the categories described above.
B. Calculate Infant Thyroid Dose:

During growing season (April through September)

1. Perform this section for all iodines for each release type.

2. Select grazing season D/Q's from Table 1.4-2. Assume
nears=st cow is at site boundary at 1300 meters in SSE
direction.

6-3
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3. Use the following:

Dij = DK, £ Q.4 X D/Q

1]
where: Di' = dose to thyroid in miem for iodine i &nd
J release type.
Qi' = curies released of iodine i and release
J type j.
D/Q. = deposition constant in m'z for release
J type j.

DKi = combined dose conversion constants derived
from equationc C-5, C-7, C-10, ¢-11, and
¢-13 05 Regulatory Guide 1.109 in units of
mrem-m- per Ci:

Isotope DKi
I1-130 6.96E+06
I-131 8.18E+09
1-132 1.12E+00
I-133 7.64E+07
1-134 6.85E-12
1-135 1.59E+05
4. Sum the results for all iodines and all release types.

Non-grazing season (October througr March)

+. Perform this section for all iodines for each release type.

2. Select annual x/Q values from Table 1.4-2. Assume receptor
is at site boundary at 1460 meters in SSW direction.

3. Use the following:

Dj = DLy X Qs X X/Q

i)
where:

Dij =

0, =

x/Qj .

dose to thyroid in mrem fcr iodine i and
release type j.

curies released of iedine j and release

type j.

annual diffusion factor in sec/m3 for

release type j.
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4.

DLi = combined dese conversion constants derived

Isotope

1-130
I-131
1-132
I1-133
I1-134
1-135

N ==,

from equations C-3 and C-4 of Regulatory
Guide 1.109 Revision 1 in units of mrem-m
per Ci-sec:

DLi
.06E+04
.7T0E+05
.37E+0.2
.13E+05
.41E+03
.21E+04

Sum the results for all iodines and all release types.

Calculate gamma and beta doses to whole body and skin, respectively,
from noble gases:

Perform this section for all noble gases for sach release

type.

Select annual x/Q values from Table 1.4-2. Assume receptor
is at site boundary (1460 m) in SSW sector.

Use the following:

1)
where: Dij
DN.
1
X/Qj
3.17 x 10*

P 4
D;s =3.17 x 10" » DN, x Qij X X/Qj

= dose in mrem from noble gas i in effluent

type j.

; . 3
= dose conversion factor in mrem-m” per

pCi-yr from Table B-1l cof Regulatory Guide
1.109 Revision 1 (Octobar 1977). Use DFS,
for skin dese and DFBi for whole body gamﬁa
dose.

curies released of noble gas i and release
type 1.

diffusien constant in sec/m3 for release
type j.

pCi/Ci divided by sec/yr

Sum the beta dose results for all noble gases and all
release types.
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5. €um the whole body gamma dose results for all noble gases
and all release types.

6. Sum the beta and gamma doses to obtain total skin dose.

If tritium calculations appear advisable, calculate adult
inhalation dose (about twice the infant inphalation dose) as
follows:

Dj = 40.1 x Qj X x/Qj

where: D.
J

the tritium dose to an adult in mrem.

Qj = curies of tritiun in release type j.

X/Q. = diffusion factor in sec/m3 for release typc j.

J
40.1 = dose conversion factor for tritium in mrem-m3 per
Ci-sec based on eqguations C-3 and C-4 in Regulatory
Guide 1.109 Revision 1.

Particulates in gaseous releases will not be limiting under any
reasonably anticipated conditions. If particulates are suspected
to be high, child inhalation dose to whole body will be celculared.
Based on the ratios observed in the Appendix I evaluation tor
PBNP, the inhailation dose will be multiplied by a factor of

17.9 to obtain an approximate screening criterion for dose to a
child's liver via the stored vegetable pathway. If this dose
exceeds the limits of 10 CFR 50 Appendix I a more precisc
calculation of particulate dcses will be performed by the

Nu~lear Plant Engineering and Regulation Section in accordance
with Regulatory Guide 1.109 Revision 1. Child inhalation dose

is calculated as iollows:

1. Perform this section for all particulates for each release
type.

2. Select annual ¥x/Q values from Table 1.4-2. Assumc veceptor
is at site boundary (1460 meters) in SSW sector.

3. Use the fcllowing:
8

Dij s 1.1 200" » Qij X x/Qj % DF,
where: Di' = total body inhalation dose in mrem from
4 the particulave i in effluent type j,
137 8 108 = corversion factor in pci-m3 per Ci-sec.

5-6
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Q.. = curies of particulate 1 in effluent type j.

1]
x/Qj .
type J,
DFi = dose factor in mrem/pCi for isotope i from

diffusion factor in sec/m3 for release
Table E-9 of Regulatory Guide 1.109

Revision 1 or NUREG-0172, Table 6 under

total body column.

4. Sum the results for all isotopes and all release types. 1
5. Multiply by 17.9 to obtain screening dose to child's liver.

6.4 Procedure for Liquid Effluents

A. Calculate radioiodine dose to the adult thyroid from eating '
fish obtained at the edge of the initial mixing zone (dilution
factor = 5). Assume a consumption rate of 21 Kg/yr and a
24-hour holdup time before consumption.

1. Use the following:

1120 UaM At
Di = P Qi Bi DFie ip
where: Di = dose in mrem from isotope i
1120 = factor to convert Ci/yr per Ft3/sec to

pCa/l. It thesefore has units of (pCi/Ci)
per (£/yr)/(ft”/sec)

Ua = consumption rate = 21 Kg/yr
M = mixing ratio = 1/5 (inverse of dilution factor)

F = discharge flow in ft3/sec. Average for
PBNP = 644.

Q. = curies of isotope i released during period.
B. = biocaccumulation factor for freshwater fish =

15 (Table A-1 of Regulatory Guide 1.109
Revision 1)

DF, = dose conversion factor from Table E-1ll of
. Regulatory Guide 1.109 Revision 1 in mrem/pCi
ingested for adult thyroid.
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A; = decay constant for isotope i in hr .

tp = holdup time = 24 hours.

2. The equation then simplifies to:

At
Di = 1.1E+02 Qi DFie i’p

1

3. The exponential term may be ignored for all isotopes with

half lives longer than two days.

4. Sum the results for all radioiodines.

5. Multiply the results in Step 4 by the followinyg dose

appropriate age group.

Age Group Total Thyroid Dose Constants

Adult 1.25
Teen 128
Child 1.54
Infant 1.08

(The dose constants are obtained by dividing the total
thyroid dose for each age group by the adult thyroid fish
pathway dose as presented in FSAR Tables I.8-1 to I1.8-4

and 1.8-6 to I1.8-9.)

6. Radioiodine decay constants, half-lives, dose factors and

decay factors are listed below:

DF
-1 adult thyroid -Ait
I1SOTOPE T(%) A(hr™?) -ingestion g >
1-130 12.36h 5.61E-02 1.89E-04 2.60E-01
1-131 8.04d 3.5°E-03 1.95E-03 9.17E-01
1-132 2.30h 3.01E-01 1.90E-05 7.29E-04
1-133 20.8 h 3.33E-02 3.63E-04 4.50E-01
1-134 52.6 m 7.91E-01 4.99E-06 5.69E-09
1-135 6.61h 1.05E-01 7.65E-05 8.05E-02

Half-life values are from ICRP Publicetion 30, Supplements

to Parts 1, 2. 3.

|
|
!
|
|
|
1
|
constants to estimate the total thyroid dose for the
|




. OFFSITE DOSE CALCULATION MANUAL Revision 3
April 1989

Noble gas releases in liquid effluents are usually several
orders of magnitude less than those in gaseous effluents.
They may be presumed to diffuse into the air and should be
added to the noble gases in gaseous effluents in release type
IIA (ground level release).

Tritium dose is not normally limiting and usually need not be
calculated. If tritium releases are exceptionally high, calcu-
late the maximum adult ingestion dose to whole body from drink-
ing water at Two Rivers, with a dilution factor of 100.

1. The equation is similar to that for radioiodines in A.l,
above, except that the bicaccumulation factor (Bi) = 1.

2. With the following values for the constants, M = 0.01; a
consumption rate, Ua, of 730 £/yr; and a dose conversion
factor, DFi’ of 1.05E-07 mrem/pCi, formula A.1l simplifies

to:
DT = 1.33E-06 QT
where: DT = dose from tritium in mrem

QT = curies of tritium released in liquid effluents.

For all isotopes other than radioiodine, noble gas, or tritium,
calculate the dose to the liver of a teenager from eating iish
obtained at the edge of the initial mixing zone.

1. The equation is similar to that for radioiodines in A.1l,
above, except for a differen' consumption rate. Consump-
tion rate is 16 Kg/yr.

2. Use the following:

D, = 5.57 0, B, DF, o Mty

i
where: Di = dose from isotope i in mrem,

Qi = curies of isotope i released,

B, * bioaccumulation factor for freshwater fish
from Table A-l of Regulatory Guide 1.109
Revision 1,

DF, = dose conversion factor from Table E-12 of
Regulatory Guide 1.109 Revasion 1 or
NUREG-0172, Table 3 in mrem/pCi ingested
for teenager liver.

6-9
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i
tp = holdup time = 24 hours

3. The exponential may be ignored for #1l isctopes with half~-
lives longer than two days.

|
|
i
|
\
\
i
A, = decay constant for isotope i in hr-l, ;
|
|
|
l
4. Sum the results for all radioisotopes. i
The dose to the whole body of an adult from eating fish obtained |
from the edge of the initial mixing zone is accomplished bv
utilizing formula A.1l and the appiopriate aduit whole body dos: |
conversion factors from Table E-11 (or NUREC-0172, Table 4) zal |
l biocaccumulation factor from Table A-1 of Regulatory Guide 1.109.
Based on the FSAR analysis, Cs-134, 136, and 137 account for
| >99% of the adult whole body dose and teen liver dose via
’ the fish pathway.
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TABLE A-)

BIOACCUMULATION FACTORS T0 BE USED IN THE ABSENCE OF SITE-SPECIFIC DATA
hu; E9 per pli/11ter)®

FRESHWATER
ELEMENT FISH INVERTEBRATE
N 9.0t-01 9.0£-0
C 4.6 03 9.1 03
NA 1.0€ 02 2.0€ 02
4 1.06 05 2.0 04
CR 2.0t 02 2.0¢ 03
M 4.0t 02 9.0f 04
FE 1.0 02 3.2 03
co 5.0t 0 2.0 02
NI 1.0 02 1.0€ 02
cu §.0E 01 4.0 02
N 2.0 03 1.06 04
BR 4.2t 02 3.3¢ 02
RB 2.06 03 1.0€ 03
SR 3.0t ;! 1.0€ 02
¥ 2.5¢ 01 1.0¢ 03
IR 3.3t 00 6.7€ 00
NB 3.06 04 1.06 02
MO 1.0€ 01 1.0 01
TC 1.5£ 0 5.0¢ 00
RU 1.0 0 3.06 02
RH 1.0 O 3.0¢ 02
TEee 4.0 02 6.1 03
I 1.5€ 01 5.0 00
s 2.0¢ 03 1.06 Q3e#e
BA 4.0 00 2.0€ 02
LA 2.5¢ 01 1.0 03
CE 1.0¢ 00 1.06 03
PR 2.5¢ 0 1.0 03
ND 2.5 O 1.06 03
W 1.2 03 1.0€ 01
NP 1.0€ 01 4.0 02

SALTWATER

F1SH INVERTEBRATE
9.0E-01 9.3t-0
1.8E 03 1.4€ 03
6.7£-02 1.9€-01
2.9t 04 3.0t 04
4.0 02 2.0t 03
5.5¢ 02 4.0¢ 02
3.0 03 2.0€ 04
1.0€ 02 1.0 03
1.0¢ 02 2,58 02
6.7¢ 02 1.7¢ 03
2.0t 03 5.06 04
1.5£-02 3.1E 00
8.3 00 1.7¢ 0
2.0t 00 2.0¢ 0
2.5¢ 00 1.0¢ 03
2.0 02 8.0t 01
3.0e 04 1.0E 02
1.0t O 1.0€ 0
1.0 0 5.0 0
3.0¢ 00 1.0€ 03
1.0 01 2.0E 03
1.0 01 1.0 02
1.0€ 01 "0t O
4.0¢ 0 2.5 0
1.06 0 1.0€ 02
2.5 0 1.0¢ 03
1.0€ 01 6.0¢ 02
2.5E 01 1.0€ 03
2.5¢ 00 1.0¢ 03
3.0t O 3.0 0
1.0¢ 0 1.0t 01

Values fn Table A-) are taken from Reference 6 unless otherwise indicated.

'.Ottl taken from Reference 8,
"Ocu taken from Reference 7.
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TABLE 8-

DOSE FACTORS FOR EXPOSURE TO A SEMI.INFINITE CLOUD OF NOBLE GASES

Nuclide
Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Kr-90
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
3 Xe-138
Ar-4)

g-01r"0Fi)
2.88£-04"""
1.97€-03
1.95€-03
1.03E-02
2.93£-03
1.06£-02
7.83£-03
1.11€-03
1.48£-0)
1.08€-03
7.39€-04
2.46£-03
1.27€-02
4.75£-03
3.28£-03

by 3
mrad-m
pLli-yr

. 3
mrem-m

pli-yr

e -4
2.88£-04 = 2.88 x 10

g-Skin'.{DFS1)

.46E£-03
.34E-03
.73E-03
.37€-03
.01€-02
.29E-03
.76E-04
.94E-04
.06E-04
11E-04
.86E-03
.22€-02
.13E-03
.69E-03

1.109-21

6-13

,.Asr'gor})

{9

1

1,
6.
.52€-02
.73E-02
.63E-02
.S6E-04
.27E-04
.83E-04
.36E-03
.92E-03
.51€-03
.21£-03
.30€-03

93E-05

.23E-03

72€-05
17€-03

1:80dy"" (0F8 )

.56E£-08
176403
.61E-05
.92£-03
87£-02
.66E-02
.S6E-02
. 18£-08
.51E-04
.94E-04
.12E-03
.81€-03
42E-03
.83E-03

7
1
1

.84£-03
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RECOMMEMDED VALUES FOR Yy

TARLE £-4

TO BE USED FOR THE AVERAGE INDIVIDUAL

INLIQUOF SITESMCIFICOTA

oty

Fruits, vegetables, &
grain (kg/yr)*

Mtk (e/yr)*

Weet § poultry
(kg/yr)*

Fish (kg/yr)*
Seafood (kg/yr)*
Drinking water (t/yr)*

Shoreline recreation
(hr/yr)ee

Inhalation (-’/yr)

ghild Tean Adylt
200 260 190
170 200 10
Y] 59 9%
2.2 5.2 6.9
0.33 0.75 1.0
260 260 0
9.5 Y] 8.3
3700w 8000+ s000"

'm.ﬂen rate obtaimed from Reference 19 and age-prorated wing
technigues in Reference 10,

“bata obtained directly Yrom Reference 10.
Inhalotion rete derived from data provided 1n Reference 20.
"bets obtained directly from Reference 20,

TABLE E-5
RECOMMENDED VALUES FOR U” TO BE USED FOR THE WAXIMUM EXPOSED
Lis "VIDUAL IN LIEU OF SITE-SPECIFIC DATA
Pastuay nfant gailg Teen  Adlt
Fruits, vegetables &

groin (kg/yr)*,* - 820 630 520
Leafy tables

(kg yere . 2 .
Witk (e/yr)® 330 330 400 no
Meat & poultry

(kg/yr)* - 4 (1] 1o
Fish (fresh or salt)

(kg/yr)e* - 6.9 16 Hl
Other seafood (kg/yr)* - | P kN ] $
Drinking water (t/yr)+ 330 s10 $10 730
Srorel ine recreation

(hr/yr)e . 1 67 12
Innalation (w2/yr) 14004+ 3700v++ 8000 ++ 8000+

1t‘.mm-t.m\ rate obtained from Reference 19 for average individus) and
e9e-provated and maxinized using tachniques contained n Reference 10,

"Consists of the fo)iowt
(including leafy vegeta

o

(on & mess basis):
es), and 245 grain.

223 fruit, S4% vegetaties

'"Ccnu-tion rete for aduit obtained by averaging dets from References 10
end 2124 and age-proreted using technigues cotained 1n Reference 10.

"Dute obtained directly from Referance 10,
"“Date sbtatned directly fram Refsrence 20.
T mmalation rete serived from data provided in Reference 20.
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TABLE E~7
PASE | UF )

INMALATION DOSE FACTORS PR ANYLTS
(WRE™ PFA wCI INMALED)

WWCLILE BONE LIvER T.ROCY THYROID  KIDMEY LUNG Gl=LLl
" 3 ND CATA 1.900=07  1,90F=07 1.986~27 1.50€~07 1,.98E-C7 |.50¢-07
C 1s 2.270=06 A.26E-07 4,20E-07 4, 266-07 4,26E~07 4,.26E-C7 4,20¢-07
A 24 1.20E~06 1.20E~06 1,.206-06 1.206~06 1.20E-08 1.206~06 1.206-04
» N 1.05E=04 9.064E-06 0.20E-06 NO DATA  NC DATA NN DATA 1.006-0%
Lh sl NO DATA MO DATA Lo25E=08  T.44E-00 2,.05E~-09 1.00€-04 4,15%¢-07
LU NO DATA  4,950<00 7,876-07 N0 DATA 1.236-06 L .7%E-04 9,.478-06
BT T L T T T PR,
MM 56  NU DATA 1.956~10 2.29€-11 N0 DATa LabdE~ 1.106~06 2.938-04
FE 95 3,076=06 2.12(~06 &.71E~07 ™0 DATA NO DATA 9.01E~08 7.94E~07
FE 59 1 47606 3,476-00 1.326~00 NO DATA  NO DATA 1.27€-04 2.9%8-0%
€O 58 ND DaTa L.90F=07 2,99€~07 WNO CATA  NC DATA Lo16E=04 1.936-0%
CO 60 NO OATS liwdE~Op 1.056~00 NO DATA  NO DATA Tidbi=04 V.96E-0%
NIl ®) $.40¢-05 3.,95E~Ce 1.01E~00 VO DATA  NO DATA  2.23E~0% 1.676-0¢
vl oed 1.926-10 2.020=11 L.14F=L1 NO DATA  NC DATA T.006-07 1.54E~08
Cu o4 NO DATA L1o036=20 7.6%F-L1 MO DATA  5.78E~10 B.40E-0T 6.12E~0¢
In 85 4.0%E~06 1.29€-0% »5.026-006 NO DATA 8.026-00 1.08E-04 6.00E-N¢

1% o9 S.23k=12 8.040-12 5,65E-13 MO DATA  S.27E-12 1.15E-07 2.04K-09
sh 83 NO DATH WO DATA 3.01E-08 NO DATA  NO DATA WO DATA  2.908-08
LU 1Y NO DATA  NO OATA 3.91E-08 NO DATA  NO DATA WO DATA  2,0%¢-1)

- emm-

SR 8> NO DATA  ND DATA 1.00F-09 NO DATA MO DATA  NO DATA LY E-24
e 86 NU DATa 1.09€-05 7,376-06 MO DATA WO DATA WO DATA  2.086-06
R0 00 NO DATA A PAE~D0 2.41E-28 NO DATA  NO DATRE WO DATA  4,108-19

NC DATA 3.20E-98 2,126~08 NO DATA  NO DATA  ND DaTa 1.19€-21

3.80€~05 NO Dava 1.09€=06 ~O DATA  NQO DATA 1.75E~04 4,376~-0%
sa %0 1.24E-02 NO DATA T.626~04 NO DATA  NC DATA 1.20€-03 9,.02¢~-0%
LI T.T4E=09 NO DATA JLIDE~10 MO DATA  NO DATA  4.54€6-06 2.39€-0%
e 9 B.43E~1D MO QATA J.64E~11 WO DATA MO DATA  2.06E-06 5.38E-00
Yy w0 2.81E=07 N0 DATA T.0LE<09 WO DATA  NO DATA  2.128~0% 4.32€-0%
Y In 3.26E-i1 WNC DATA 1.276-12 WO DATA  NO DATA  2.40€-07 1.68E-10
Yy el S.70E~0% MO DATA 1.9%-06 MO DATA W0 DATA  2.13E-04 E-0%
¥ N 1.29€-09 M0 DAT2 3.77E~11 N0 DATA WO DATA 1.9%E-04 9.19%-04

TASBLE E-7, CONT'D
PASE 2 OF 3

INHALAT ION DOSE FACTORS FOR ADULTS
(SREM PER PCT INMALED)

L CAISk BONE LIVER 1,800 THYROID  KIDwFY LUNG CleLtd
y 9 L.18E~08 NO DATA 3,266~1C MO DATA  NC DATA  o.06E~06 5.27E-0%
Ik 9 Lo3AE~05 4.3CE~06 2.91E~00 MO DATA  6.T7E~06 2.21E-04 1.00€-0%
LI 2 Le21€-00 2.45C~09 1.136~09 NO DATA 3.TLE=D9 9,.84E-06 6.%548-0%
LU 1.76E=06 9.7T76=07 5.20€-07 WNO DATA  9.6TE~07 6.31E<0%5 1.908-0%
%0 99 NO DATA 1.516=08 2,.07€~09 W0 DATA B.04E-00 1.16E~05% 3.108-0%
TC 997 1.29E=13  J.04E~13 4,0JE-12 NO DATA  5.526~12 9.950 08 S.208-07

~O

LY

1c101 $.27€-15 7V.52E-15 T.38E-14 DATA 1.3%6=13 &.99E-08 [1.348-21
RU103 1.91€6~07 NO DATA  8.24E-00 DaTa T.296-07 6.31E-05 1.30€-0%
LI V.80E~11 NC DATA 3.09E-11 NO DATa 127E«10 1.37E<06 4.028-0¢

.- -

RULO6  B.04E~Ch WO DATA 1.0%~06 N0 DATA La6TE-05 1. 17602 l.16E=04
AGLIN®  [.I3E-06 1.25E~00 T.430~07 WNO DATA  2.40E<086 S.79E-04 3. 70£-0%
TEL29% 4. 27€-07 ), 98E-07 S,.04E~00 1.31C-07 1.5%~08 3.92E~0% 0.8)8-0¢
TEL2TP  1.506-06 7,215=07 1.90E~07 4 11E-07 S.726-06 1.20€-04 1.078-0%
Te127 LoTSE-LO0 0.00%5=11 D.87E=41 1 32€~10 #.376~10 O0.14E-07 7.178-0¢
TEIPO® |, 226-00 S.04E~07 1. 90E~07 A.J0E~07 4.57€-06 1.45E~04 4,.798-08
TEL2Y  0.22E=12 2.99(~-12 1.9%E=12 A.0TE-12 2.04E~11 2.428-CT 1.%8-00
TELIIIM B, 7400 S5,45E-09 3.03F-09 6.00E-09 J,.006~00 1.8026-0% 6.958~0%
TFL3L 1o09E=12 T.44E=1) 4.49E-13 1 1TE=12 S.60E~12 1.74E=07 2.908-09
TeEn 3.256~08 2,09E~08 2.02E-080 2.37E~08 1.028-07 D.606-03 4.07¢-08
1 130  S.728-07 1.08E<06 5.00€=07 1.426~04 2.616-06 WO DATA  9.618-07
I DLISE~D6 4. 47E-00 2.56(=08 1.49E~0) 7T.04E~06 N0 DATA  7.0%¢-07
i 1o43E=07 4, 0TE=07 1. 4%=07 1.,43E~05 4.40E-07 NO DATA  5,00F-00
11y 1.086=06 1.0%E-06 S5.05E-07 2,.49€<04 1.236-06 WO DATA  L.11E-0¢
I 134 0.056-08 2.16E~07 T7.69E-08 3.736-06 DJ.4AE-CT NO DATA  1.268-10
1 138 3.I5E=CT B.T73E-07 B, 21E~07 S.40E=0% 1.99€-06 WO DATA  4.564-07
CS106 4, 00E-0% 1,086-04 9,106-05 NO DaTA 3.59E-0% 1.22€-0% 1.%08-0¢
CS100  4.08E-086 1.B3E-05 1.D8E-05 NO DATA 1.07TE~-08 1.50E~06 1.%6E~0¢
Cs1y? $.906-0% T.70E-0% 5.35E~05 WO DATA  2.708-09 9.406-06 1.0%¢-0¢
csise A 10E=08 T.70E<080 4.0%E<00 MO DATA  6.006-00 4.0TE~09 2.3)E-1)
BALYS 117610 0.328=16 D, 42E~12 WO DATA  7,.788-14 4. TOE-07 |.12¢-07
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TABLL E-7, CONT'D
PACE 4 OF )

IWHALAYIONY DLSE FACTORS FOR ADWLTS
(HRERM PIX PCL (WMALED)

NUCL T LB BONE Livin T.e0CY THYROID  KIDKNEY LUNG Gl=LL1
RALAD A RBE~06 6.13F-09 A, 21E~07 DATA  2,09E=N% 1.99F«04 2.73F-0%
whlsl 1a2%€~11 9.416-15 4,2CE~1) CATA 075615 2.426-07 1.488-17
LLILH Do296-12 D.38%<1% 2,07E~1 0 DATA  2.96E~1% 1.09E-07 §.%E-2¢

LALAD A, V06~C8  2.17:-08 5.730-09 DATA  NO DATA L.70€6-0% 9.736-0%
LALAZ  B.54E-LL 3. BRE-1L 9, 0%-12 DATA  NC DATA ToO1E=07 2.648-07
CElal 2.4%E=00  1.0%-06 1.91L=07 CATA  7,836<07 4.%2€-0% 1.%0¢-0%

wEL&3  2,33E-Ch |, T726-0% 1.91c~09 DATA  T7.006-0% 9.9TE-08 2,8)E-05
SELAA  4.290~04 1.796-0¢ 2,306-0% DATA  L.06E~04 M,.72E~04 1.028-04
PRiAD LoITE~O8  4.0(9E-07 5,0%-00 DATA  2.70€-07 3.51E~0% 2.%0€-0%

DATA  B.RLE~ID 1.27F=07 2.09E-10
DATA  4.43F=07 2,.768-05 2.16(-0%
w i L.00E~0% 8.8%.-19 J.106~10 DATA N0 DaATA D.60E-086 1.9%E-0%

NP2IY  2.6TE-00  2.M26-09 1.5%E-09 MO DATA  B.794~09 4.T708-06 |.495-0%

LI J.T76E~12 1.26%~12 1.91€-1)
WIAT  $.59%~07 7,.620-07 4.5 E~08

EX5 1455 5388 555

TABLE [~4
PaSE L OF )

IMHALATION DOSE FACTORS FCP TEFNAGER
IMREN PER P(I INMALED)

NUCLICE BNNL Livir T.800Y THYROIL RIDVEY LUNG Gi=LA!

L 3 NO DaATA 1.805="7 | ,508=07 1.59€~07 1.59F<07 1,59¢-07 1,59¢~-07
I ) 3.250=00 6.C% =L/ 06,0907 6.,09<-C7 #.M9~07 6,09E=07 6,09 -07
A 24 LaT2E<06 1.720-06 1,726-086 1.728=%¢ 1.726~06 1.72€-06 1.726-06
SR ' ; 2.306-04 1.37.-0> 8.956-00 %O DATA NC DATA NO DaTa 1.165-0%
CR 51 %O DATA  ND LATA Lob09F<08 9,576~09 3,845« 2,.628~-00 J,75E-07
N 5a NO Cata $.3% <0 |.Cof-00 NO DATA 1.996=N8  2.48E~04 B.35%E-Ch
N S NO DATA 2.12:=10 3.1%~11 NU DATa 2.2606~10 1. 90€~CH T,.10E~-00
FL 5 S 10600 2.90:=00 B.93E-DT7 NO DATA NU UATaA 1.958-0% 7.99¢-07
FE W 1.996-06 4.02c-00 1.79€~06 WO DATA NO DaTa L.916-04 2.2%~0%

. -

(48 1] NO DaATa 2,99 =07  3.,47:-0T NO DATaA N0 DATA 1.008-04 1.19¢-0%
[ 14 NO CATA 1.8%=Co  2.,405<06 NO DATA NC CATA 1.096-03 3.246-0%
“l 83 To285E-0% 5.43i~-06 2,476~086 NO DATa NC DATA B.04E~-05 1.776-08
LA 3 2.73e~10  3.00F=11 1.59E-11 WNO DATa NC DATA 117E=D86 #,.59§-00
Cu es NO DATa 2.56t=12 1.,00f~1C NO DATA B.01E=10 1.9%=% 7.606~0¢
InN 85 A C26-Co  1.07E-05 T7.80€-06 NO DATA 1.00E=0% 1.95E~04 5.00¢8-00
L 1) G.04E«12 1.15%~11 @0.07E~13 NO DATA ToS3E~12 1.90E-07 3.54F-00
w8 03 NO DATA  NU DATA  4,300=080 N0 DATA  NO DATA NN OATA LY E-24

ML Y MO UATA KU CATa S.4LE~00 N0 DATA NC DATA  NO DATA LY E-2s

LI B NO DATA NO CATA 2.290-09 NO DATA NO DATA NO DATA (9} I;}h

W NO DATA 2.305-05  1.C5%E-05 ™D DATA NC DATA ND DATS 2.21F508
LA 1} &0 DATA G.02E-08 ). 40E-08 NO DATA NO DATA NO DATA J.6%E-1%
RO 09 WO DATA  4.4C7=08 2,.91E~08 NO OATA  NC DATA  NO DATA  4,228-17
SR 0% 5.430~C5 NU UATA  |.56E~06 NO OATA  NC DATA  3,.C26-04 4,04£-0%
sh 8 1.395-02 ™0 DATa C.356~04 WO DATA N DaTa 2.060E~03 9.561-0%
LR 3 1.106-08 NO CATA 40910 MO LATA MO DaTa T.99E~06 D.248-78
L LI 1.196-C9 WO CATA $.08E<11 WD DATA NO DATA 3.43E-06 1.49¢-0%
Yy % 3.73E-07 WO DATH 1.00€-08 NO DATA %O DATa 3.00E-05 6.99F-0%

e —ne—-

Y0¥ ALe3E-1]1 NC OATA 1.776«12 WO DATA  NO DATA  4,00F~07 3.77E-09
Yy . 8.26E~05 WNO DATA 2,216-06 MO DATA WO DaATa J.076~04 S.11E~0%
¥ 50 1.04E-00 MU DATA S5.36E-11 M0 DATa WO DATA 3.056-06 2.08E-0%

D e L - - -
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TAsLt E~8, CONT'C
PAGE 2 OF )

INMALATION DOSE FACTORS FOR TEFNAGER
(MREM Peh PCI INMALED)

wCLICE BONE LiveR T.ADDY THYROIC  KIDNEY LUNG Cl=L01

N % 1.696-08 NO OATA  4,656~10 NO DaTa  NOD DaATA 1.04E-05 7.24E~0%
L J.A26-05 5,732«00 3.94E~06 NO DATA  B.62E-06 3.36E-04 1.06F-0%
LA L.72E-08 3,406-09 1.57E-09 WO DATA  5,.186-09 1.62€-05 7,0806-0%
ND 95 2.320-06 1.29E-26 T7.08E~07 MU DATA 1.296-06 9,39E-C5% 1,21€-0%
"0 9 40 DATA  2,11E-08 4.036~-0% NO CATA  S.14E~08 |.92€~-C3 3.366£-0%
TC Wor 1, 73E=13 4.A3E<1) o.24E-12 NO DATA T.20E8=12 1.64E=0T7 T7.66E-07
1Ci01 T.40E=15 1.0%E-14 1,03E=13 NO DATA 1.90E=13  #,.34£-08 1.09¢-1s
wUl03 2.03E-07 NO CATR 1412507 NO DATA  9,206<C7 O,79E-0% 1.346-0%
wios 1.406~1C NuU DATA S.42E~11 ND QAT LoT0E~10 2,2VE~06 1.138-08
RUI0e 1.23F=C5 NO DATA 1.956=06 WNO DATA  2.38E-0% 2.01€~-03 1.20€-04
AGLIO®  1.73E~06 1.64%7-00 9.996-07 NO DATA 3.13E=06 B.40F~04 3.41F-0%
TEI29* 6.10E~07 2,006<07 B.34E~08 1.75E~-07 WNC DATA  ©.726-05 9.30E-0¢
TEI27»  2.25€E~06 1.C2C=0e0 2.73€-07 S5.406-07 B.17TE~06 2.07E-04 1.99¢-0%
TEL27  2.51E=1C 1 16F=10 5.%20-11 1.T7€~10 9.10&~10 1.40€-06 1.01€E-0%
TELZ2O% | T4E~00 B..3(-07 2.01E~07 S.72k~07 6.4% =06 2.47€-04 9.006-0%
TELI29  B.B7E=12 4,228~12 2.,208-12 W .0RE~12 D.328~11 4,128-07 2.028-07
TELDLY  1.23E-00 7.51C-09 S5.0)6-09 9,006-09 $.49€-080 2.97€-05 7.76£-05
TELdL 1o97E=12 1.040=12 6.006~13 1,5%€<-12 7V.726~12 2.92€-07 1.00¢-09
Teis2 4. 50E~08 V,03E~08 2.74E-08 J.0TE~08 2.44E~07 S.e1E-0%5 S5,.796-0%
1 13¢ T.00E~07 2,247-06 0.90E~07 1.86E~04 3.44E~00 NO DATA 1. 14E-08
I 131 4,436-0¢ 6.14F<00 I.I0E=00 1.03E-0) 1.0%6-0% WNO DATA  B.11F-07
1132 1299€=07 5,476-07 1.97E~07 1.09€-05 0.65E-07 WO DATA 1.99¢-07
I 133 1.526-06 2.566~00 T.78E=0T D.0% =04 4,.496-06 NO DATH 1.29€~08
I 134 1o11E~07 2.905«07 1,05E6~07 A.94E~06 4.50E-07 N0 DATA  2.95€-09
135 4.026~07 1.18L=06 4.D6E~07 7.76E-09 1.06(-04 NO DATA  8.69E-07
CS134  6.28E-05 1.41E-04 0.00E~05 NO DATA  4,69E~05 1.83E-05 1.228-0¢
CS136  6.44E~D6 2.42:-05 1.71E~0% MO DarTa 1.30E-0% 2.22€-06 1.36E~08
Cs137 0.30E-05 1.06€-04 D.09E-0> NO DaTa D.00€-0% 1.51E-05 1.06E~0¢
CS13s $.82E-08 1.,076-07 5.586~00 NO DATA  B.20E<08 9,.04£-09 D.30E-11
84139 1.67€-10 1.18E-13 4.876-12 N0 DATA Lo11E~13 0.00€-07 0.00E-07

cme .- coerew

TaslE E-8, CONT'C
PAGE 3 OF 3

INMALATION DUSE FACTORS SCR TEENAGER
(MKEM PER PC1 TNmMALED)

NUCL K OONE Livi? T.300v THYROIC  KIONEY LUNG Cl=L0t

84140 6., 04E-06 B, 8F-09 4. 40F-0T NO DATA 2.85E=N9  2.54E-04 2,80E-0%
LLIER) 1o788=11 1.22F=16 5.936-13 MO DATA 1a23E=14 4,11E-07 9,.)33¢~1le
nale 4.026-12 4.83E-15 2.04E-13 NO DaATa 3.92E~19%  2.99€-07 5.09¢-20
Laleo 5.99E-08 2.950-08 7.82(~09 NO LATA N0 DATA  2.406-0% 6.09¢-0%
LALe2 «200=10 S.30E=11 1.32E~1Y WNO DATA  NO DATA 1.276=06 1.50C~0¢
CElsl 3.556-086 2.370-06 2.71€-07 NO DATA LollE=06 7.07€-08 1.58E-0%
1308} 3.426~00 2.420-08 2.706~09 WNO DATA 1.086-C8  1.63E-05 3,19E-09%
CRies $.115-04 2.53E-04 3,28E-05 NO DATA LoS1E=04 1.67F=03 1.008~04
LA L] 1.076-06 6.64E~07 4.28 NO DATA 3.00E=07 C.04E~CS 2.67E-0%
vRiAS S$.37<-12 2.208-12 2.726-13 NO DATA 1o206-12 2.19€-CT7 2.94E-14
NCLa? 0.036=C7 1,07E-08 6.41E=08 NN DATA  0.20E~07 4.0%E~2% 2.28F-0%
¥ 187 1.50E=09 1.,22°-09 4,29€-10 MO DATA WO OATA  S,.92§-08 2.21F-0%

- - ———

2 4,2%-08 3.¥9C-09 2.21E-09 WNU DATA 1.296~08 A, 116086 1.0%E-0%
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TaNLE £~
PAGE | UF )

INHALATION DCSE FACTORS FOR CMILD
(WWEX PER PCI INMALED)

YUCLIGE 80ONE LivER T.AO0Y THYRDL KIONEY LUNG Gl=LL

" F] NO DATa J.CAL=DT 3, 04E=D1 3.046=37 3,040-07 3.04E=C7 3,04E-07
£ e 9.70C=06 1.,825~06 1.926-06 1.026~"0 1.820-06 1,826=06 1.R26-00
NA 24 $.350-00 4 351500 A 30F-00 4, 35(=00 4. 3%E-T6 4,38E-006 4,356<08
* N T.04E«0a 3,09:-00 2,670=0% NC DATA NC DATA NO DATA LeleE-0s
cr 5 NO CaTa NU JATa S LTE=08  2.317-R 8.576-29 4.59E-06 2.93E-07
LEIRTY O DATA 1.10%-05 2.%7¢-00 WNU DaTA 2.716-086 4.26F-04 #,19%-08
N S5 NU DATA S eBE=10 B.63E-L) NO DATA 4 S526~10 3.55C-08 ).)30-0%
re % 1.206-0% 6.8%6-00 2,15E~06 NO DATA NU CAT2 3.006-28% 71.7%¢8-07
FE 57 5.59(~C6 9.L4E=Ns 4,%1L=26 ~NO DAT4 NU DaTa 34304 |, 91E~0%
CO 58 NU UATa G 17%«07 L.55%-0T NO DaTH NC DATA 2.99(-04 9,29E-08
CC &0 NO DATA 3.5% <06 6.120-00 NN Dala NO DATA 1.91E~03 2.606-0%
1 04 2.206«06 L, 28708 7.%06E-006 N0 DATa NC DATA T.43E=CS 1.T1E=08
) 65 0.CBE~10 7.99FE-11 &, 44f~1] NN DATA HL DATA 2.21E~086 2.27¢-0%
MV 2 ¥C CATA 5.99E-10 2.90C~10 NO 0ATA Le03E=09 2.99E~%¢ 9,92¢-0¢
In 65 1.196~0% 3.06E~05 1.900~09% NO DaATaA Le9DE=0% 2.09C~04 4,4|E=08
iN o LeR1E=1]l 2.0lf=1]1 2.410%12 NO DATA LoSBE-L1 3. .04E-0T7 2.78F<0¢
ne 8 NO LATA Nu JATA 1.206-07 N0 DATA NC DATA AD DATA LY E-24

FUBTY NO DATA NU DaTa LooRE=2T NO DATa NC DATA  NC DATA 7 LT E=2a

F 85  NO DATA  NO DATA  0.04E<-09 NN DATA  NC DATA  NO DATA LT E=24

LU T NO DATA $.207-05  3,0%-05 NO CATa NC OATA N0 CA @ 2.106-08
LLaN '} NO DaTa 1o52F=C7  9,000-08 NO DA NC DATA ND LATY 4. 00508
L1 NO DaATa 9.3)0=08 T,0,6-00 WNO DATA NC DaATA NO DATA S.11€~-10
AL 1) 1.620-064 N0 CATA “.60E-08 NO DATA NO DATa $.830~04 4,52¢-0%
T 2.736-02 NU DATA L.76£-03 NO DATA  NC DaTA 3.99C=03 9,208-0%
LT 3.20E-00 NO CATa 1.24%-09 KO DATa NO DATa Lo0AE~US 4,70F-0%
sr 92 3.54E-09 MO DaATa 1.,426=10 WNO DATA NO DATa G.49C=0% $.%5E-0%
Yy % 1.11E=Cé NO DATA 2.99-08 NC DATa NC DATA T.076-0% 7,24£-0%
Y 9" 1.0TE-1D NC DaATA 4.93E-12 NO DaATa NO DATA T.00F=07 4.04E~07
. 2.476-04 NO DATA  4,59E-06 MO DATA  NO DAT4  T,106-04 4,97¢-0%
Yy w2 5.906-09 NO Da'a 1.57E=1C NO DATa NC DATa G.00E-Co S.00E-0Y

R L L —————

TapL. €~9, CUNT'D
PASE 2 OF 3

IWHALATIUN DLSF FACTORS FOR CMILE
(MREM PER PCI [WWALED)

weLICE Buve Livegh T.o00Y THYROID LEL LA LUNG Gl=LL!

Yy . $.04E~-08 N0 DaTa Lo36L=09 ND DATA NC DATa $.016-0% 1.09€-04
a e 95, 13F=05 1.138=05% 1.00E-0% WU DATa 1.61c=N% . 03F=04 1,06%C(~0%
LN A S5.07(=08 7T.34E-09 4,326~09 NO DaTa 1.096~08 3.00€~0% 9.49(-0%
LI 1 6.35E-00 2.48E-0c 1.776-06 NO DATA 2.3)E-06 1.06E~04 1,006-0%
®0 90 NO CATa 4.00E-0b 1.1%-08 NC DaAT2 L.COE-CT  3.06E-0% 3.42€-0%
TC 99 A 81E~13 9,.al(~13 1.5cE~L1 0 DATa La37E=11 2.57€=C7 1.308-08

TCI01  2419C=)¢  2.30F~1s 2.91%«13 NO DATA 3.92€-13 1 .OAE-NT 4,41 F=00
RULIOD 7.556=07 NO CATA 2.906<07 NO DATA 1470606 1.796~Ca 1.216~CS
LIALL ) S, 0310 NU DATA L+2CE=10 NN DATA 303610 4. 000~086 2.09E-0%
LI J.60E-0% MU Dara 4.57F-06 NO DATA C.97E-0% D.B7E-CY) 1.10E-04
AGLIOY &4,.50E~06 3.00:i-00 2.47E-06 N0 DATA S.T4L~06 1.48F-03 2.71FE~0%
TELI25 L.02E~00 6.29%«07 2,47E-07 5,20%«07 NC DATA 1.296-04 9,13E-00
TEI27%  5.72€-06 2.31E-00 0.)10uE~CT  1.040E«00 1.726~05 4.00(=04 1.938-0%
€127 ToA9=1C 2.970=1C0 L.05E~10 S.30E~10 1.91£~09 2.71F=086 1.928-0%
TEI29%  S.19E=C6  1.858-06 0.226-07 1.T1E=98 1.%0E=0% 4, 70E-04 4.91E-0%

B e

TEL29 2.060F=11 G,A5E~12 #.46T=12 1.93E~11 &.%L=1] T7,93(-07 6.09E-08
TELDL»  D.03E=C8 1.00E~00 1,.376-08 2,.04E-00 1.00€-07 S,.56E~0% 0.)2¢-0%
=i DeBTC=12 2.28E=12 1.780~12 4.5%=12 1.990=-i1 S5.95E-07 3.60£-07
Te132 1.30€=C7 7.360-080 7.126~08 O.50E-080 4.79¢-07 1.026~04 3,.72¢-0%
1T 130 2.21€=06 4,435-00 2.20i=08 4.99{-04 6.061L=08 NN DATA 1.38%-08
1 131 1.30€=C% 1,30F=0> T7.37F=00 4.39E=03 2.1%~0% NO DATA  T7.40¢-07
I 132 S.T26-07 1.1CE=06 S.C7E-07 S5.23E~05 1.69E=Cé NC CATA  B.0%-07
1 133 4.40(-06 5.49 =06 2.086~06 1.04(-73 O,136-06 WO DATA L.a0E~08
113 JLATE-OT  5,045«NT 2,67%(~07 1.376-05 G.926-N7 O OATA  2.30E-07

1 13 Lod3E=06 2.90E-00 1.126<08 2.1471-04 3,026-06 NO DATA 1.20€-08
CS13a LaTOE~04 2.74(=04 &.07E=05 40 OATA 8.936-0% D,.27E~0% 1.04E-0¢
Cs1ve 1o70E-05 A,02E~05 D, 14E~05 NN OATA  2.58E-2% D.93E-C6 1.13€E-00
CSIDT  2.45E-04 2.230-04 3.4T7F-05 NO Q4TA T.63E~-0% 2.01E-0% 9,.70E-07
Cs130 1.71€=07 2.276-07 1.506~07 ND COATA LabBE=0T  1.04E~08 T,29¢-08
AALI9 A 9RE-10 2.06%-13 1.45E<11 NO DATA  2.93E~13 1.56E-00 1.%6E-0%

R AE AR R RS .. e - - .- -
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REG. GUIDE 1.109

TABLE €-9, CONT'C
PAGL 3 OF )

INMALATION DUSE FaCT1ORS FOR CHILD
(MAEM PSR PLL [wHALED)

NUCLTLE BUNE LIvER T.800Y THYROIC KIDNEY LUNG Gl=LLt

0als0 2.00€~05 1.756-08 1.176-06 WO DATA S.71k~09 &, TIE-04 2,.75€-0%
Balsl $.290~11 2.95C~1a 1,72F-12 YO DATA 2.96E~14 T 89E-07  T.44E-08
LLRL T Led8E=11 9.73C~15 7,5C~-13 NC CATA TLATE=1S  4.44E-07 T.41F-10
Lals0 LoTHE~CT  5.08E=03 2.04E~0C8 MO DATA ND DATA 4.94E-05 6.10E-0%
LALa2 3.50E~1C G.11E=10 D.49E~11 NO DATA ND DATA 2.356-06 2.05E6-0%
CELal L.OBE-05 5.286-06 7,03E-07 ND DATA 231606 1.607E-Co  1.53E0%
CELe) 9.09-08 5,37:-08 T.776-99 NO DATA 2.206-00  3,126~0% 3.44E-05
CElas 1.036=03 5.72L-04 9,776-05 N0 Data 3.1TE=04  3,23(~03 1.0%E-N4
LLAL S} A.99E-00 1.50E~06 2.476-07 NO DATA 0.11e=07 1.ITE<04 2.63E-0%
PRias leblE=11l 4,99:-12 @.106-13 NO CATA 2.04E=12 4.23E-N7 5.028-08
Nis? 2.92c-06 2.36E6-06 1,04F-07 N0 DATA 1.306=06 0.87¢-0% 2.22F-0%
LI 4.41E-09 2.610-08 1,17F<0% wN CATA NC DATA 1. 11E-0%  2.408-0%

B RS- — -

NP23S 1.26E=07 9.04%<09 6.356-79 NO DATA  2.4DE-N0 |.576-0% 1.73€-0%

TABLE E-10
PALE L OF 3

INMALATION DOSE FALTORS FOR INFANT
(MREm™ PER »CI INMALED)

NUCLIDE BUNE LIVER T.s80CY THYROID  KIDNEY LUNG Gl=LLl

> 3 NO DATA 402807 4, 62E-07 4 0L2F~0T7 4,020-07 4.62E-07 4.02¢-07
C 14 1.89€-05 3.70(-06 3.796~06 3.79E-06 ).79k-06 3I.796-06 3.79¢-08
NA 24 ToS4E=Co  T.540=06 T,.54F<08 7,.54F<06 T.54£-06 1.54E~06 T.546-08
B 1. 45E=C3 B.03E=-0%5 5.53E6~05 NO DATA  NC DATA  NO DATA 1.18¢€-0%
ce 51 SO UATA WD DaATa 0. 37E-08 4. 11E-08 9,45E-09 9.17E-086 2,5%¢-07
LU T NO DATA 1.81E-05 3.%C~0¢ NC DATA Ba94E 06 T.1aE-04 5,.00E-04

“NoSe NO DATA 1.10F=09 1.58E~10 NO DATA ToBOE~10 B.95E~08 5.126-0%
FE 55 1.416-05 0.46L-00 2.)06~06 ™D DATA MO DATA  5,21E-CS T7.828-07
FE 59 9.u9E=06 1.,08:-05 6.7°%2-06 N0 DaTa NO DATA T.256-06 1.77€-0%
Co %2 NU DATA 0.716-07 1.306~06 OATE NO DATA $.956-04  7,9%¢-04
L0 o0 NO OATA $.736=06 8.41F=00 DATA MO DATA 3.226-03 2.20£-0%
NI 83 2.6208-04  1.40E-05 8,29 E~08 DATA WD DaTa Lo49E=C4  1.73E-08
LA ) 1.TLE=09 2.03(=10 8.79¢~11
Cu o4 NO CaTa L1a24E-09 5,.53¢-10
In 8% Lo3BE~05 6. aT7F~0% 2,22¢-05%
In 8% 3.056~11 @.9V1E~11 5,13E~12
AR B3 WO DATA  ND OATA 2.72E-07
LU T NO DATA  NO DAYA 2.86E-07

DATA M0 DAYA S.00E-06 3.50F-0%
DATA 2.04E«09 5.04E-00 1.07¢~0%
DaTa 2.326-0% AL.02E-04 D 0TE-0S
OATA 2.876=11 1.058<C6 ®.44E-08
DATA NC DATS NO DATA LY E-24
DATa NO DATA ND DATA LT €-24
DATA NC DATA MO DATA LY E=24
DATA N0 DATA N0 DATA  Z.17€-08
DATA NC DATA N0 DATA 2.628-07

DATA NO DaTA ND DATA 4.0TE-00

BR 8> NO DATA  NO DATA ladof~08
28 86 NO DaTA L.36E-04 6.30E-05
B 48 MO DATA 3.906-07 2,03E-07

LN A NO DATA 2.29€=N07 | ,672-07

EBS 535 555 855 8581558, 853

Sh 09  2.84E-04 NO DATA  8.15C-0s DATA MO DATA  1.45E-0) 4,57¢-0%
SR 90 2.926-02 WU DATA  1,85F-03 DATA  NO DATS  0.03E-03 9.%6-0%
FLIE ) ©.83E~00 WO DATA 2.0TE~ON DATa NO DATA 3.76E-08 3.00E~08
FLIL M T.50E<09 WNO OATA 2.79€~10 DATA NO DATA 1. 70E~0% 1.008-04
Y % 2.95E-06 NO DATA  6.306-08 DATA  NO DATA  1.92E~04 T7,.438-0%
Y %P 2.91E-10 wNO DATA 9.%4¢-12 DATA NC DATA 1.99¢-06 1.008~0¢
v %) 4. 206-04 NOD DATH 1.128-08% OataA NO DATA 1.75€-03 S.028~-0%
T N 1.176=00 MNO DATA 3.29%-10 DATA NO DATA 1oTSE-08  9,.048-0%

- ———- - -— - - -




REG. GUIDE 1.109

TaBLL E~10, CONT'D
PASE 2 OF )

INSALATION DCLSE FACTORS FOR INFANT
(WREM PLR PCI INMALED)

WUCLILE BONF LIVER T.800v THYRDILU  KIDNEY LUNG Gl=L0Ld

Yy W 1.07€=07 N0 DATA 2.91E-09 NO DATA  NC DATA  5.46F~0% 1.19¢-04
Lk 9% 0.240+05 1.99E=05 1.45E-05 NO DATA  2.,22¢-"% 1.29%E-0% 1.%9%¢-0%
L A 1.0TE=D7 1.83E-080 0.36E-09 ~U DaTa L.85E~08 T.08E~05 1.00E~04
LU 1.126-05 4,59t=06 2.70€<0¢ WO DATA 3.47E-00 D.A2E~04 9.056~00
"0 99 ND DATA 1.18c~07 2.316<08 NO DATA 1.P9E=07 9,63F~0% D.406-0%
TC 99" 9.90E~13 2.00E~12 2.66E-11 WO DATA 2.220-110 S.T9E-07 |.4%E-08
wiel S.b%E~14 S,%8E-14 S5,B0E-13 WO DATA  6.99E~-13 A 17E<D7 4.0DE-07
"UL0) L.44F=06 NO CATA 4. 05E-07 MO DATA D.03E=06 D.940-C4 [.15F-08
“wios B.74E~10 NO DATa 2.93E~10 NO DATa G.42E«10 1.120~05 D.abf-08
AUICH  ©.,200-0% NU DATA T.776=06 NO DATa ToblE-05 0.266-03 |.178<04
AGLIO™ T,10F-06 5.10E~06 3.57E-06 WO DaTa T.80E-06 2.626-03 2.36E-0%
TEL2%%  3.400-06 ). .4V(=06 4.T70E-07 1l.l0f~086 ND DATA B A9E“04 9.226-08
TEL2TP L A9E=CY% 4 .93E~06 [.6Bi=06 D.4BE~06 2.0ME-05 9.37E-04 1.9%E-0%
TE127 1o59E-09 B.01L~10 3,47 <10 1.B2€<09 D.47€-09 7,30E-06 1.74F-0%
TEI29%  1.CLE-D5 4.350(-06 1.57%-08 V.91€-06 2.27€~05 1.20E~03 4.936-0%
TELZY S5:03E=11 2.48E-11 1.06E-11 A.B28-11 1.2%~10 2.14E-08
TEIBLY  T.e2E-C0 D.93E-00 2.59E-08 6.)0E~00 1.00(-07 [.42E~04
Te131 124811 S.B7E-12 3.57€-12 1.136~11 2.8%E~11 1.47E-0¢

.

TEin 2.006-07 1.696-07 1.26E-07 1.99€<07 T.39€-07 2.43E-04 A,.156-0%
1 100 A.54E-06 9.910=06 3,.90E~04 1.14E=N3 1.99¢~05 NN DATa L.428-00
I 2.70E-05 3,17%-05 1.,60E-0% 1.08E-C2 D.70€-05 WO DATa  7.856E-07
1% 1.21E-0C 2.536~06 8.990~07 1.21€~04 2.%2£<06 WNO DATa 1.00E-0¢
1 132 9.40E-06 1.376-05 4.006~00 2.546-C3 1.006-0% N0 DATA 1.94E-06
T 136 0.58E=07 1, 34E~086 4. T5E~07 3.10E~0% |.49=Co NO DATA  9,218-07
1 13% 2.78(~06 S.436-06 1.99E-06 4.9TE~04 &.N%E-06 NO DATA 1.31€-00
CSide 2.03~06 S.026~04 5.32¢6-05 NO DATA L1e30E~04 S.09(-05 9,5)E-07
LS13e B.ASE~DS 9.01E~05 D.70(-05 NO DATA  4.03~0% B.40E~"6 1.,02¢~08
2380 3.92E~04 4, 37F~04 3.256-0% WO DATA 1.234-04  5,006-05 9.83¢-07
Csise B.6LE=0T 5.58(~07 2.84E~07 W0 DATA  2.9M-07 4.476-00 $.24F-07
LIS L 1.0806~09 7Y.03E~<13 3.07E~11 MO DATA  4.73E~1) 4.25E-08 D.04F-05

-

TABLL E-19, CONT'D
PACE 3 OF 3

INVALATION DOSE FACTORS FOR InFANT
(MREM PER PC1 INMALED)

L ICE BONE Livee 1,800y THYROID  KIDNEY LUNG Gl=L1?

BALAD  4,00E~-0%5 &.COU~08 2.07¢-06 WO DATA  9.59(<-09 1.14E-0) 2.74E-08
rhla) Lel26=10 T7,.70C<j6 3.95E~12 NO DATA G.04L~14 2,128~06 H.39F-0
RALA2  2.04E-11 2.30%-14 1.40E-12 ND DATA  L.d6b=14 1.13E=06 4.98¢-07
PRAGGRRS pi S SR conse sonoe -
LALAD  D.ALE~CT L. 43c~07 3,08E-08 WO DATA  NC DATA  1.20E~04 6.980-0%
LALe2 To36E~10 2.09E~10 e.%0i-l1 NWNO DaATa NO DaTa 5. 807TF-06 4.25%5(-0%
CEia) LeRBE~0> 1.196~05 1.428~06 NO DaTa 3.75¢-06 J3.09F~04 |.%4E~0%
CELe)  2.9UC~07 1.%0E=97 ,5RE-08 WU DATA  4,03£~08 @.3CE=-NS 3,.558-0%
cBle4  2,205-03 B.0%6~04 |,20E-04 ND DATA  3,.04E-04 7,C3E-n)
VR143  1.008-0% V. T74E~00 4.97-07 NO DATA  1.416~06 3,00(-04
PRIGG  D3.42¢=11 1,328=1) L 72612 WO OATA  4.M0E~12 1.15F~06
WOI4?  5.07E=00 $.81F=0b 3,.57E«07 NO DATA  2.2%6-94 2.30F<04 2.2)E-0%
¥ AT 9.26E-00 b, 440-09 2,2VE-09 NO DATA WD DATA  2,0)E-0% 2.948-0%

NP230  2,05E-07 2.37C=08 1.%€~08 WO DaYA S TIL~00 4.2%E-C5 L1.TRE-0Y
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REG. GUIDE 1.109

» TAALE F-11
PACE | OF 3

INGESTIOY DUSE FALTORS 7ON ADULITS
("REM PER #C| INGESTED)

NUCLILE [ 1oL 13 LivER T.h0CY THYROIC  RIDNEY LUNG Gl=LLt

" 3} NO DATA Lo08E~07 1.C5E~07 1.0%6~07 1.086=07 1.086-07 1.0%€<07
C 16 2.04F~06 5.006-07 §.086~07 S5.68E=77 5.60E~07 S.60E-07 9S.48E-07
NA 24 1.706-006 1.70F~06 1.706~06 1,70£-06 1.706~06 1.706-06 1.70€«04
v 28 La93E~04  1,.20F<0% 7T.406~00 %O QAT NC DATa NOD DATA 2.176-0%
ca 8} NO DATA NO CaTa 2.00E~09 1.59E-09 S5.06E~10 3.53E-09 6.69%-07
LU T NO UATa C.576<Co B.726~07 MO Dala 1.36E=06 WO DATA 1.40€-08
ey Se NO DaTA 1.150=-07 2,048<00 w0 0!1; L1o40E-0T wO D:;: ).0'!-0;
Te 95 2.756-06 1.90F=00 4.43L-07 N0 DaTa ﬂé DATa 1.006~06 1.09¢~08
FL % A.04E~00 1.025~05 3.91E<06 NO DATA N0 DATA Z.0%6-06 D 60F-0%

CO S8  NO DATE  7.45¢-07 1.676-06 DATA  ND DATa lO.Dl'l 1.51E-0%
CO 60  NO DATA  2,14F=0b &.72(~08 DATA  NO DATA  ND DATA  4.02€-0%
LIRS 1.30E~C4 9. 01F~08 &,06F~08 DaTa NO DATA NO DATa 1.008-00
LIY) 5.206~07 e.006-08 ),13-00 DATA MO DATA WO DATA |, 74E-0¢
CU 64  NO DATA  8.33:-00 ).91E-00 DATA  2.106~07 NN DAYA  7,106-08
In o5 A BAE=08 1.24E~05% a.9%E-08 DATA 1.03E~0% NO DATA  9.706-06
In ey 1.00~00 1.3970~-08 |.37¢-0% DATa 1.28E6~08 N0 DATA 2.%6E-0%
LN} 40 DATA NO DATA 4. 026-00 DaTa NO DATA NO DATA S.79¢-08
LI 1 NC DATA  ND DATA S.21€~08 DATA NO DATA  NO DATA 4, D%

OR 85  NO DATA MDD DATA  2,14E-09 DATA  NC DATA  NO OATA LT €~

LI 1 NO OATA 2.116-9% 9,.036-08 DATa NO DaATA NU DATA 4. 10E-00
LI 1) ND DATA 6.05E-00 3.21€6-00 DAt NC DATA NO DATA 0.368-19
NO DATA 6. 01E-00 2.820-08 DATA NO DATA NO DATA 2.33¢-21
$° e 3.00E~04 NO DATA 0.04E~008 DATA NO DATA NO DATA 4.94E-0%
L 90 T.506~03 N0 DATA L.00E~0) DETa NO DATA NO DATA 2.198-04
%9 S.67€-06 ND DATA 2.29%-97 DATA  WNC DATA NO DATA  2,70E-0%
SR 92  2.15E-06 MO DATA  9,306-08 DATA  NC DATA MO DATA  4.20E-0%
Yy % 9.020~09 MO DAfA 2.586-10 DATa NC DATa NO DAYTA 1.02€-04

585,858,858

2EE 533

838

Y O 0Ix 9.09E-11 WND DATA  3.52E-12 MO OATA  NO DATA WO DATA  2,.67¢-10
Y % 1.41E~07 ™O DATH D.TTE~O% MO DATA NO DATa NO DATA T.765-0%
Yy w2 B.45E=10 MO DATA  2.4%E~11 WO DATA WO DATA  NO DAT4 | .408<0%

TABLE E~11, COwT'D
PAGE 2 0F 3

INGESTION ONSE FACTO®S FOR ADULIS
(MRER PER PCI INGESTED)

NUCLIOE BONE LIvER T.600v THYROIC KIDNEY LUNG Gl=LL!

Yy % 2.686-C% NO DATA T.40E-11 N0 DATA NU DaTa NO DATA  8.508-0%
L] B.04E~00 9,75E~C9 0.006~09 ND DaATa 1.536~00 WO DATA 3.09¢-0%
v Lo6BE~D9 3.39E~10 1.55E~10 WNO DATA S.126~1C WO DATA 1.088-04

AL L] 6.22€6-09 3.40E-00 1.B6E~09 NO DATA 3.,426-09 NO DATA  2,108-0%
uO 9% MO DATA A D1E~D¢ 0.20E-07 NO DATA 9.76k~06 NO DATA  9.99E-0¢
TC 99% 2. 47E~10 £,985-10 B.39E-09 WO DATA 1.006~08 3.426~10 &.13E~07
rciol 2.54E-10 3.06E-1C D.59E~0% NO DATA 6. 5%-08 1.07C~10 1.10€~21
avios LeBSE~07 NOD VATA T.976<08 NO DATA T.06E~C7T NO DATA  Z.168-0%
"U10Y 1.564E-08 W~U CATS 4.00E-09 NO DAYA 1.99€-07  NO DATA  9,42¢1-0¢

-

wioe 2.756~06 NSO DATA 3.EBE~0T WO DATA  S.31E~D6 NO DATA  1.788-04
AGLIO"  L.00E=07 1.48E=27 .79E-08 NO DATA 2.91E=07 NN DATA  6.04F-08
TE12%% 2.0%E~06 9.T7T1E-07 3.9%(~07 8.06%-07 1.00¢-0% Cata 1.07€-08
TEL2T . 77608 (.020-006 0.2%5(-07 1.73E~-06 2.75£~-0% OATA  2.278-0%
TH127 1.10e=07 3.99E~00 2.386~08 OB.15E~00 4,40(-07 DATA  B.00E-0¢
TELZO™  1.18E~05 4.295<00 1. M2E~06 D.95E-08 4.006-0% DATA  S5.79¢-0%
TEL12 J.16E-08 1.186<08 T.02E~09 2.41E-70 1.32€-07 DATA  2.37¢-00
TELII™  1.73E<06 B.4062-07 7.056~07 1.DaE~0¢ 0.57¢-00 DATA  8.4DE-0%
TEIN) 1 97E~08 0.23E-09 6.226-09 1.026~-080 B.60E-08 DATA  2.79¢-09
e 2.526-06 i.03E-06 1.536-086 1.00E-C6 1.57E~0% DATA  Y.7i8-08
1 130 T.96E-07 2.2%+08 0.80€-07 1.096-C4 3.48i-04 DATA 1.926-04
11 S iBE=08 5.95E-06 D.0L1E~00 1.9%6-03 1.02E-0% DATA 1.576-0¢

1

112 2.03E~07 5.43F<07 1.906-07 1.90€~0% 6.65:~07
11 LoAZ2E-0b 2,476+06 Y,.53E-07 D3,63E-04 4,.31£~08 OATA  2.228-04
1 13 L.08E~07 2.886-07 1.00E~07 4.99E-00 4.%06-07 CATA  2.5iE-10

S

585,555.588%,3383

1 199  4.63E-07 L.10é=00 A.20E-07 7.456-05 1.006~C6 NO DATA  1.)1E-0¢
CHI06  6.226-05 1.40E<D4 1.21E-04 WO DATA  4.79:~05 1.99€-08 2.50¢-0¢
CS1%  6.51E~08 2.57E~05 1.056-0% WO DATA 143608 L.%E~08 2.928-0¢

csiy? T.97E~0% 1.09€-04 7,.14E6~08 WO DAT4 3.706~0% 1. 29E-05 2.11E-04
csise $.526<08 1.00E~07 5.406<00 N0 DATA  0.0LE~08 T.91E-09 4.0%%-13
BALDY 9, TOE~00 6.91E~11 2.04E-0% MO DATA  6.40f-11 D.92€-11 1.728-07

6~21



REG. GUIDE 1.108

YABL® E-11, CONT'D
PASE 3 OF 3

INGESTTON ONSC FACTORS FOR ADULTS
(MRE¥ PLR PCI INGESTELD)

NUCLILE BONE LIVER T.AO0Y TMYROID  KIDNEY LUNG Gl=Lil

LR 2,030-C5 2,55£-08 1.33€<06 40 NATA B.6T7c=09 L.A0E~08 4,10E-25
Palsl AT1E=08  N.560-11 1.59 =09 NO DATA 3.3E-1L 2.026-11 2.22¢-10
LL LT 2413608 2.195=11 1.%4k~09 40 DaTa 1.08F=11 1.24F«,1 13,00E-2s
Cemssnscessl | SESSSEss SEesssmes -  eeseseses . P —
LA)4D 2:,500-09 1.26:-07 3.3)0~10 NU DATA NC DATA NO DATA 9.258-0%
LALe2 Lo20E~10 5.0825-11 1.45E«11 NO DATA NC DATA NO DATA  4,25¢8-07
SELs) 9.30E~09 0.3:F-090 1,IAL-1C NO DATA 2.94E-09 NO DATA 2.028-08
CEle) 1465E=CT  1.22F=06 1.35€~-10 NO OATa $.376~10 NO LATa 4. 50E-0%
CElas A.RBE-CT  [1.TAE=0T7 2,02€-08 NO DATA L21€=07 w0 DT 1.656-04
R4 9.20E-09 3.,8691-08 4.5%€~10 NO DATA 2.13E-09 NO DATa 4.0)E-0%
PRas B3.00E-11  1.298=11 1.54E=12 NO DATaA T.08E<12 WO DATA h.33E-10
NDIAT G 29E=CO  T.276-C9 A,V5E-10 NC DATA “.25%~-09 NO DATa
. 187 1.03E~CT 0,.016-080 3.01E-28 NO DATA N0 DATA NC O DATA

B T

WP239 1o196-0% 1.170~10 . 4%~11 %O Deta 3.0%5:~10 WO DATA 2.40E-05

-

TMLE E-12
PACT | OF )

INGESTION DCSE FACTORS FCR TEENASER
(WREF PER PCI INGESTED)

NUCLICE BONE LivEr T.a00Y THYROIL RICNEY LUNG Gl=Lr!

DT T LT T T TR R
" 3 NL DATA 1.008-C7 1.000-07 1.000=C7 1.76E-07 1.06E~07 1.00€-07
[ L 4.066-06 E.12F=-NT7 B,128-07 0.12F-07 8,12€-07 A, I12E-07 B.12F-07
A 24 2.306~06 2.206-"% 2.3CE~086 2.30f-06 2.%0:~086 2.%96-2¢ 2.307-04
- 2:.76(=04 1.710-0% L.OTE-05 WO LATA NC DATA NO DATA 2.026-0%
cr 5 NU DATaA NC CATa 3.00E-09 2,00E-C9 7.89:-10 S.14[=00 §,08(-07
N Ss NO CATa $.7Cé=0Co  1.17€-06 NN DATA 1.76(=06 WO DATA 1.21%-0%
LI T 40 DATA 1,500=07 2,M1£-08 NO CATA 2.00é=07 NO DATA 1.04E-0%
bE 5 3.786-06 2.00F-086 6.25¢~07 NN QATa NC DATA 1.70E=06 1.10E~0¢
FE 99 S.87€-06 1.a7k~C5 5,296-06 NO DaATA NO DATS 4.020=08 3. 24E-0%

————-—

<0 58 NO DATA Q.726-07 2,24E<04 WNU DATA NO DATA NO DATa L.34E-0%
U o0 NO DATA 2.016=% ©.)3F-00 NO DATA NO DATA NO CAta J.60E~0%
¢ 83 LoT7E=04 1.25.=05 o.006-06 NOU DATa N DATA NOD DATA 1.99¢~00
vl o8 T.49E=07 9,57:-09 4,.3ei-080 N0 DATA NG DATA NO DATA $.19¢=00
Cu o NO DATA LolSE=2T7 S.41E-00 WU OATA 2.71£-07 NO DATA 8.92¢-00
In 45 S.70E=06 2.C0I-C5 9.34E-06 NO VATA 1.206="% NO DATA B.4TE=D0
in 8 Lo4TE-08 2.606=08 1.9E~09 N0 DATA 1.#36-08 &0 DAY S.16E~00
"e ) NO DATA NU DATA 5.74E~08 NO DATA N0 DATA NO DATA LY g-24

LI ND DATA NO CATA 7.226~08 NO OATA NC DATa ND DATA LY E=24

NO DATA NO CATA 3.056-09 NO DATA NO DaTa NO DATA LY 24

s NO DATA 2.700-05 1.426-05 NC DATA NC OATa NO CATA A MLE~De
A0 00 NO DATA  B.52E~0R 4.5 E-08 WNO DATA  NO DATA  NO DATA  7,306~1%

LI L NO DATA $.506-08 J.09E-08 NO DATA NO DaTa MO DATA B.43F-17
1L} 4. 40E-04 NO DATA 1.260-05 NO DATa NO DATA NO DATA 9. 24E-05%
LI 1 0.30E~03 NO DATA 2.,0%6~0) WO DaTA ND DATA NO DATA 2.338<04
o9 B.CTE~08 ND DaATa 3.21E-07 NO DATA NO DATA M0 DATA 3.606E-08
st 92 3.056-06 NC DATa 1.306-07 NO DATA NC DATA MO DATA T.776~0%
Yy % LoDTE-08 ~NOU CATA 3.0%~10 NO DATA NC DATA N0 DATA 1.1)E-04
Y O 9» L.29E=10 ND DATA “,936-12 ND DATH NC DATA MO DATA 6.09€-08
A 2.01E=07 NQ DATA $.39%~09 N0 DATA ND DATH MO DATa B.24F~0%
N N 1.201E=C9 MO CATS 3.5CE~11 N0 DATA WO DATA  NO DATA  3,.326-0%

. . PR RN PRI RN E ... . -




REG. GUIDE 1.109

TosLP §-12, CONT'D
PASE 2 00 B

ISGESTION DOSE FACTORS FOR TEEMAC(?
(WREN vER wC1 IWGESTED)

NUCLITE sUVE LIvER a0y TuyROI0 CIONEY LUNG Cl=LL!

RS SRS IS S eees S e R RARE SN S PSSR e et eRraseaeEse rere st Baseaeses e
Yy 9 B3.03E-CO NO CATA  1;,08E-10 MO RAYA N DeTA 9 DATA | .1T7E-04
v 9 ALIZ2E-00 [, 300~00 B.04E<D9 NN DATE 1.%91¢=CA N0 DATA 3.006-0%
e 9 2.075-0% 4,095 <10 2.0%i-10 %O DATa T.LIE=I0  NO DATA 1.276-04
05 BL22E-09 A 04700 J.51F~09 ND OATA  4.426<09 MO DATA  1.95F-0%
WU 9T NO DATA e CBIe0e 1.i9F=06 ND DATA L.30E~0% WD DATA  1.08-058
TE 997 4.A2E-10 9,26%~10 |.206-080 NO DATA Lad0E=08 5. 16E~10 ., 08V-D7
101 B 60E«10 L 12:%10 S,03E~09% @D JAVA CL20E=0%  3,12€-10 B,788-1)
wWivs 2.9%E-07 WU DATA 1.00E<07 wi) OAYa SN0 WO DATA 2.13%-0%
RUIOS  2.10E~08 MO LATA  B.e0f-59 NU OATA . T8¢=07 NN DATA  |.78%5-0%
LI DO2E-06 MO DATE A, 9E-DT NO DAYA T.96€-06 WO DATA 1480E-04
AGLIO*  2.08E~07 1.94E«0T 1.14€<07 NO DATA 3.706~07 WO DATA S.4%~0%
TEI2o% B 03«06 L 38¢é~Db 5.120+07 J.D7C~06 WO DAT4 NN DATA 1.10E~0%
TE12Tw  S,07E6-06 D.4s€-00 1.15¢~006 2.00E=08 9.92¢~0% NO DATA  2.418-0%
(E121 1eS3E<07 8,0CE«08 3.406-08 1.09F-0T7 G.60F~07 WO DATA  1,228~0%
TELZO™  1.63E~0% 6.05F-00 2.506~00 H.20€~086 O.R26~0% &M DATA  6.12¢-0%
TEL29 A 4BE-00 1. 0TF-0R | 06«00 B3.,206~98 1,09:-07 WO DATA  2.48F-07
YELME® 2.48F~00 1.070(-0s W, 76607 1.745-06 1.226-0% WO DATA  9.)9¢-00
TE1)1 2.79:408 1.196-08 0.726-09 2.)9E-00 1.22¢~07 N DATA  2.29(-0%

- - - .- —— R A e ————

TELB2  D.a9F-06 2.21%«00 2,086-00 2.336~06 2.126-0% WO DATA  7.008-0%
I As0 14036080 Z.98¢~08 1. 19E-08 2.4%~04 4.59E-00 NO DATA  2.296-08
I s S.E5E-00 B, 1= 4. 40E~00 2.39E~0) 1. ALE-08% MO DAVA 1e02€-08
1182 2.79E-07  V,806-07 2.02¢~0" 2.400-0% 1.1%k~06 NO DAYA S.10E-07
110 2.01E«06 Y.slt~06 L. 006<00 4.70E«04 S.906-06 NO DAYA 2.908-00
1 b Foa0E=07 3. 87€-0T 1. D9E~07 #.4%E-00 &_106~07 NO DATA P.108-00
1 iy S A0E=DT L SVE-08 3.82€~07 1. 01E~0a 2.40E~N0 NbO DATA 1.T48~08
[S3F 1) B.OTE~D5 L 9TE-04 O, )xi~ 8 ND DATA G 20808 2.09E~085 2.4%8-04
Coide B.59E~06 D .40F<05 2.278-09 NO DATa LoBAE=0% 2.906~086 2.728-00

Lsisy o A2E=04 |, ARE=D4 F.19€E-08 MO DAYA  S.0TE~0% L.97E-08 2.1R€~04
Csise ToTek=08 1.49F~07 V,456~08 W0 DaTa 1.106=07 1.200-080 6.%ek~)}
LI L) Lo30E=0T 9. 78E<11 4,058<0% MO DATA W, 228~11 6.748-011 1.208-D¢

-

e ST

PARLE 7 12, CONT'P
PACE B OF )

IGESTION DOSE FALTORS FOA TEFNAGER
IWRE® PER PC1 INGESTID)

WLt BONE Liven 1anliny THYROIL w1DNEY LUNG 61-LLl

PR A SRR
Balep 2.04E=05 B.aRE~DE  1.03E-006 NO QATA Lo10E=00 2.%4E-08 4.00E-08
LLIL) 6. TIE=0% S.CUII=11 2,24F-0% 3N DaTa SL08E~11  B.ADE~LL 1.6DE-1)
LITE 2.990-00 2.99E~11 1.06E-09 D DATa 2.90e~10 L. 99E~11 9.10%-20
Lt et L LT T T T repp—— —_— ..
Laleo B3.005-09 1,70C=0% 4,95(~10 NO CATa NC DATA WO DATA  9.0PK-08
Lhisg Le790=10 V.08E~11 1. 90E~11 NO DATA  ND DATR MO DATA  2,428-08
Chinl Led3E-08 D.00E~09 | ,026~00 NO DaATA A 00E-D9 ND DATA 2.945-0%
Cfis) 2.08%E409 1.TiE~Co L, 9iE-10 WD DATA 2.07E-10 MO NATA  S.16E-0%
CPian B.06F~07 Z.805+07 3. TaE-00 NN OATA 1.726-07 NO DATA 1. 75F <04
R LedlE=D8 5, 30=09% 0.52E-10 WU DATH B.NAE-08 N0 DATE  4.31E-0%

LAEE L A AOE«11  LaThE~11 2.10E<12 MO DaTa 1.0LE=11 WD DATa LRl ST
soie? S.900-0% 1.02F-08 6.11E~10 w0 DaTa $.9%-0% WO DaY2 B.e0E~0%
. LoasE~07 1.190-07 LIE~00 WO DATa NO DaTA NO DATA 3.22¢-0%

NP239 LeTOE=0% L. .00F~10 9.2208<11 WO DATA $.216~10 WO DATA 2.076-0%
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TLE E-1D
PaSE | OF )

INGESTION OCSE FACTORS FOR CHILD
(MREs PT2 O (NGESTED)

wutL 1 BONE LIvVER T.u0uY THYROID KIDNEY LUNG Gr=LLt

3 NN JATS  2,036-07 2,03E-0Y 2.03(=07 2,036-CT7 2,03£-07 2,03E=07
L Ae LaZ1E9RS  2.428-06 3. 42E~00 2.42F-00 2,426~06 2.428~Ns 2,420 0¢
WA 74 5.80E-06 S.80E-Ce 5.80E-06 5.00t~06 5.%0k~f6 5.00E<D6 5.008-08
cosnsessnsnsssnssses esnres SRR ENNE S S REEPENRPERSeetsEe A sts e
¢ N 0.75E~06 D3.B67+C> S, 186~05 40 DATA O DaTa NO DATA 2.206-0%
CR 51 NO DATA  NO LATA  0.996-00 4.94E="9 (,3%(=09 9,02(<C9 4, 72¢-07
N 54 MO OATA 1.97e=05% 2.85:~00 WO LaATA 3.000=00 NO DATA B.98E-0s
LU T ML DaTa $.3¢5-07 7,51-08 NO NATA A.CAE-0T  ND DATH a.B4E-08
FE 5 Lo1%=05 6.10E~00 |.097 <00 NO DATA UC DATA 3.456~00 1.13E~00
FE 5 1e03E-0% 2.067F~035 1.35(+-0% NO DaTa NC DAYA T.T4E006 2.70E~0%
CO %4 NO DATA  1.00E<00 5.%515+06 WU UATA  NC DATA SO DATA |, 08E-0%
CC a0  NO DATA  5.29F=0C |.50E~0% WO DATA  NO OAT4 MO DATA  P.9%E-08
¥ 8 S.306~Ca  2.C0F-05 1.83(~0% ND DATA WO DaTA  NO DATA 1.940~u8
NI 65 2.20€-00  2.09C<3T7  1.226-07 NN DATA NC DaATA N0 DATA ?2.56E-0%
LU 84 NU DATH 2.45€-97 ND DATA $.926~07 WD DATA L.15E-08
In 65 L13TE=0% J.08%E-0> 2.,27(~-0% WD D°°a 2.%06-0% N0 DATA b.41E-08
IN b0 $.230-00 5,056~09 NO DATa $.84E-08 ND DATA 3.99¢~0¢
BR B3 NO OAYA 1, 716-07 NO DAYA MO DATA  ND DASA LT Ev2e

LU B NO DaTa NO DATS 1.95:~07 WO DAta w0 DatTa NO DATA LT E-24

AR B> ND DATA MO DATA  9,12€=09 WO DATA  NL DnYA  NO DATA LT E-24

NE Bo  ND DATA  6.T0é-03 4. 128<0% ND DATA N0 DATA NN D&TA  4,31F=08
Re W8 NO DATA 1.90E-07  J.52E-0T7 ~Q QaYa NC Oata NO O o, 82009
LU L NO DATA 1.176=07 S .04f«0Y 10 Aa's ND DATA NO DATA 1.D2€-09
L ) 1.326-03 NU CATa 3.TTE-08 <0 OAYa NO DaTa NO DATA S.11E~08
LI 1.706=02 MO UATA 4. 31F~0) WO OATA  NO DATA  ND DATA  2,29E-04
AL 2 2.406+05 wNO DATA 9.006~07 NN DAYA NO DaTa ND DATS $.30€6-0%
L F 9.03E~Ce NO DATA 3.62E~07 N0 DATA NC DATA ND DATA LeV1E=Na
Y S0  4.11E-00 WO DATA 1.106=09 MO DaTa  NC Dath MO DATA G, 1YE~O4
PR cmeer cewsessessscescssss
Y OSi¥ 3.028-1C NO Dava 1037 ~41 W0 DATA w0 Da®4 WM DaATa V.apE~C7
¥y 5 $.02E-07 WO DATA LeblF=Cl WO DATA w DaTa %0 DATA 8.026~0%
Yy 92 3.60E<«09 MO DATA 1.038<10 MO DaTA SO DaTA N0 DATS 1.04E~04

- - - -

YagLr £-13, CONT'C
PAGE 2 OF 3

INGESYION UGSE FACZODS FOR CHILD
(mREm P2A »CT INCESTED)

NUCL | B BONC LIvER 1.000v THYRDID  KIDNEY LUNG Gi=tut

1.140-08 NO CATA  3,130«10 N0 DATA MO DATA  NO DATA  1.70€-04
IR 9% L. 10E=07 2.95E«08 2,27E~ul MO DATA  3.65E6-08 WD DATA  2,.60E-08
IR 87 6. Y9E~-09 [.LiE~00 3.56E-10 WO DATA  1,45t-06 MO DATA  1,.53E-04
. AP P ARSI R e he e BRSLCAIL ST FISELSL A0SR SEEH LGS PESSEESES RN BISS L e e BRES®
SR 98 2.2%%~08 D.TE-09 #.20E-N9 MO OATA  B.23E-09 WD DATA  1.62E-D9
"0 99  NO DATA 1 33F-0%  3,29E-006 NO DATA  2.8AE~03 AU DATS  1.A0E-DS
TC 99%  9.236~10 1.B81E~09 3.006-080 WNO DATA [ ,.03E~00 9.19%-IC 1.05E<De
rciol LaDYE-D9  1.02¢=09 1.42€6-00 N0 DATA Lo91E~00  S.926~10 DJ.%6F-09
®#U10) T.316~07 WL DATe 2.B1E-07 NO DaTa 1e04E=0b NO DATA 1.09€-0%
BULIOS  0.45E=08 MO DATA  2,.9%AE~U0 N0 DATA  5,0T7E~07 WO DATA  4,.216-0%

4uloe 1.17F-0% NO DATA LoseE=04 NU DATA F90E«0DS ) DATA  1.828-0%
AGLLIOM  3.39€-07 B.0al=07 2.91E-07 NO DATA  A.70E~CT MO OATA  4,356-08
TEI29%Y  1.14€=0% J.0WE~Oe 4.52(~00 1.206~06 XD DavTa NO DAYA 1.10%-0%
1242w i.vnw-os ToT0F-086 3.,43E~06 6.91E~08 P,24£-0% WD DATE  2.34F-0%
TE 2T ATIE=0Y  1.275=07 1.00E=07 3.26E-07 |.%4E=00 NN DATA  1.04E-0%
TEL29% A 0T€-0% 1.90F=0> 7T.50E~006 1.57E=08 1,436-04 NN DATA  5.94E-0%
TLize LoS0¥ct? D, 74500 Y. 10608 9.56F~28 H.92E~CT W0 DATA 0.046-00
TEIDIN  7.208=04 2,0%i=06 2.05E<00 S5.12E-00 2.416<05 WO LATA 1.016=04
TELSI B.30E~08 2.536«08 2.47F~080 4£.,358-08 2.01E-07 WNO DATa .. 38507
TE182 1.0i€=08 4. 476=00 S.808<00 6,515-00 #.15F=00 WNC DATR 4. 900~0%
I (3D 2.928~06 S.906-06 J.06E~08 4.5CE-04 B.82c=086 WO OATA 2. .Tak-06
Pawn 1.726«0% 1.730=05 O, 03606 5.T20~03 2.04(~N5 NO DATA  1.84E~0¢

. A -

M2 $.0DE=07 1.,4TE~De o.70£<07 6.02€-0% 2.25E~N6 NN DATA 1.708-08
I 5.926-06 T.32F-08 2.77E-D6 1.30E-03 1.226~0% NO DATA  2,.958-04
1 13« AL AVE-DT T TRE0T 3. 5RE~07 1. TIE~05 1.19E<0e WD DATL  S.1aE-07
1 138 1.75E=06 D3.15E«00 1.,49F<08 2.79E<04 4. 8DE~06 MO DATA  2.408~08
C5.34 2.04k=06 3.040=04 0.10F~0% &0 DATA  1.19~D4 4. 276-05 2.07F-08
C5106  2.00E=0% @.4CL-0% &,.18E-08 &0 DATA  D.4E-03% S.10E-08 2.27E-06
Lsiy Ne2TE-04 DL AN-06 A 02E~00 WO DATE 1.02¢-C4  3.076-05 1.9C-0b
CS108  2.208-07 D 17E~07 2.01E~07 MO OaTa  Z2.706-07 2.40E-00 1.488-07
BALIY AL LAE“BY 2.21L~1D 1. 20F~yi MO DATA 1.93:~10  1.00€-10 *.%9E-05

-
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TaoL? E~1Y, CONT'D
PALE 5 OF ©

INGESTIOY DOSE FACTORS FOR CwiLe
(WREXF PLR 2L INGESTED)

SuCL ot 80vE LivER T.e00Y TMYROID

PALsO B.310~0% 7.,28.-08 4A.05E-26 NO DATa
TALA 2,006=07 1.12:=10 0.51€-09 ~NO DATH
TAla¢ B.740=08 6.295=11 4,.00F-09 NO DATA

KIDNEY LUNG Cl=LLt

2.37.-08 4. 34E<00 4.21E-7%
F.09E~11 6.90E~10 1.14E-0Y
S.00FE~11 3.70C=11 1.16E=09

LAlaD LeOLE=OF  3,536-090 |.17~09 40 DATA
LAl S.74E=10 1.07%=10 5,23E~11 N0 DATA
CElel 2.97L=00 ©.90(~08 2.9+0-09 N0 DATA

CElas G. 9909 H,.796-N¢ S.409E~10 NO DATA
CEles 2.006-06 £.%20i~07 1.11E-07 WO CATA
PRIAY $.930-00 1,.107-08 1.95E-09 NO DATA

LY
L1y

DATA NO DATA V. 04E-08
DATA NO DATA 3.31€~C8

R.606~N9 WD DATA  2.476-08
1.996=09 WO DATA 8,2, s
J.0le=07 WNO DATA 1. 70F~0n
O.19L~09 NO DATA  4.24E~0%

PRI1as 1429C=19  9.99% 11 #.4%~12 VO DaTaA
NC1a? 2.796-00  2,20€-08 1. 7%E-09 K DATA
v isr 4.296-07 2.547-07 L. I6E-D7 NU DATA

TRmeen m———

2.10E=11 NOD DAYA  0.99E-00
1.24E-00 NO DATA 3.58¢8-09%

NO

DaTa NO DATa 3.97€-08%

-

“r2ne S.2%-C7 D, TY6=10 2,65 10 w0 DaATS

TABLE E~-1s
PAGE 1 OF )

1.096=09 WO DATA ?2.796-0%

INGESTIUN UDSE FACTORS FOR [INFanT
(MREm PER PCT INGESTED)

wUCL Tt BONE LIvER T.a0uy YMYaQ1D

L ] NO DATA B.CO5=CY  3,086°07 3.0RF-0Y
S L] 2:376-0% 5.0¢F-Up 5.00L~006 $.06E~0s
NA 24 1«0LE=0% 1.010=05 1.01E~9% 1.CIL~08

KIONEY LUNG Gl=LLI]

S S,
3.08(-07 3.08E~07 3,.00f-07
$.Cot~06 5.00F-006 5.06(~08
1.01E~0% 1.,01E~05 1.01€~0%

¥ 3% 1.70€=03 ).C0¢=06 .99 =08 NO DATA
e 8 NO DA NO DATA LoolE=~00 9,208~09
LU T NO Daia L.89E=05 &,516=08 NO DATA

. cem——

NE

DATA  ND DATA  2,.30E~0%

2.016~09 1,79€-08 4.11€-07
4.81E~N8  ND CATA T.01E~08

- .-

mN S0 NU DATA 0.10E5-07 1.41E<07 ~U DATA
rE »% 1.30£<05 0.905-06 2.4CE~00 NO DATA
FE 99 3.086~0% 5.s582-0> 2.126-0D% WNO CATa

- .-

ce 3 NO DATA J.606~06 0.93E~06 NO DAYA
(49 1 NO DATA 1.08e=05 1.3%~0% WD UATA
LIS S} B VME~Ce  2.92¢-0% 2,276-05 WNO DATA

N1 By 4, T06+00 9.228-07 2.62¢-07 WD VATA
N L NO DATa 5,09 <"Y 2.08i-07 NO DATA
IN 8 La98E«0% . 2.9 E=05 ND LATA

-

T.0%=07 N0 DATE  7,43F-08

~C
LY

CATE 4. ¥9E-06 1.14E<00
Dats 1.99€-0% 2.37¢-08

0
NC
NO

DaTa  ND DATA  B.97(«(p
DATA  ND DATA  2.976-0%
DaTa ND CATa 1.9%2-00

L1

DATA  ND DATA  &,.08F-0%

1.,00E=06 NT DATA 1.286~0%
3.00E~0% W7 DATA  S.33E-0S

FL L V:,33E=C8 ' . 50E~07 |.25F-00 N0 DaTa
LU ¥} N DAYA MO JATA 3.00E6<07 N0 OaTaA
bR b ND DATa NO DiTa 3 E«07 N0 DATA

RS .-

Ok 0>  NO DATA  ND CATA  [.%E~08 WU DaTa
A0 B0 ND DATA L. T0I-D4 B,40E-0% WO DaTA
A0 8P D DATA  #.98£-07 2.73E~07 NO Dala

- -

S.90E-CR  ND DATA 1.379-03%

NO
~o

.

NC

QATA WO DATA LT f=24
DATA  ND DATA LT E=24

DATA NO DATA AT Eede
DATA NO DATA  4,350-0s
DAt NO DATA “. 05607

A 0% ND DATa 2.80E-0Y |, OTECOT NO UATA
SR J® F.51E-T3 NG DATa 7.2%6-05 ND DATa
5 0 1.0%=02 WU DATA 6. T1IE=03 MO DATA

DATA  NO DAYA  9,.T4E-D8
DATA NO DAY S.10E-08
DATA  ND DATA  2.31E-04

(LI} 5.008«C5 NO DATA 1.81E=06 NO OATA
EL 7 1.920«0% ™0 Dala T.13E-07 NO DaYs
Yy o L] E=D8 MU DATA 2.356-09 NO Cava

CaTa N0 DATa  5.928-0%
Cata WO DATA  R2.07¢-0%
~0

DaTA DATa Pe OE=O4

Y ix B.IDE~IC WO DaTa 2,7T0E=11 N0 DATA
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OFFSITE DOSE CALCULATION MANUAL Revision 3

April 1989

7.0 COMPUTER CALCULATION OF DOSES RESULTING FROM EFFLUENTS

Software for calculating doses from normal releases will be installed on
the plant process computer sometime in the future. A description and
operating instructions will be provided at that time. Should dose
calculations be required, either the manual technique of Section 6.0 or
the computer technique of this section may be used.
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8.0 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Requirements for the PBNP environmental monitoring program are detailed
in Technical Specification 15.7.7. A complete description of the PBNP
radiological environmental monitoring program, including procedures and
responsibilities, is contained in the PBN® Environmental Manual. The
latter is hereby incorporated into the Offsite Dose Calculation Manual
(ODCM) by reference.
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9.0 Radiological Impact Evaluation of Sewage Treatment Sludge Disposal

The methodology for determining the radiological impact of sewage treatment
sludge disposal is presented in this section. The radiological impact

evaluation must be performed for each sewage treatment sludge disposal prior
to land application.

9.1 Basis

Wisconsin Electric's commitment with the United States Nuclear Regulatory
Commission in a letter dated October 8, 1987 (VPNPD-87-430, NRC-87-104)
requires Wisconsin Electric to measure the concentrations of radionu-
clides in the sewage treatment sludge and compare them to concentration
limits prior to disposal. 1In addition, the appropriate exposure pathways
will be evaluated prior to each application of sludge to insure that

the dose to the maximally exposed member of the general nublic is
maintained less than 1 mrem/year and the dose to the inadvertent

intruder is maintained less than 5 mrem/year.

The exposure pathways evaluated for the maximally exposed individual are
the following:

8 External whele body exposure due to a ground plane source of
radionuclides.

- Milk ingestion pathway from cows fed alfalfa grown on plot.
3. Meat ingestion pathway from cows fed alfalfa grown on plot.
4. Vagetable ingestion pathway from vegetables grown on plot.
5. Inhalation of radioactivity resuspended in air above plot.

6. Pathways associated with a release to Lake Michigan. These
pathways are ingestion of potable water at the Two Rivers,
Wisconsin municipal water supply, ingestion of fish from edge
of initial mixing zone of radionuclide release, ingestion of
fresh and stored vegetables irrigated with water from Lake
Michigan, in¢*stion of milk and meat from cows utilizing
Lake Michigan s drinking water source, swimming and boating
activities at i he edge of the initial mixing zone, and shore-
line deposits.

The exposure pathways evaluated for the inadvertent intruder are the
same as items 1, 4, 5, and 6 identified above for the maximally exposed
individual.
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9.2

Procedure

The following steps are to be performed by the Responsible Engineer -
NPERS for each sewage treatment sludge disposal:

9.2.4 Obtain from PBNP - Chemistry the radionuclide concentrations
in each representative sewage treatment sludge sample. The
minimum number of representative samples required is three
from each sludge storage tank. The average of all statistically
valid concentration determinations will be utilized in determin-
ing the sludge storage tank concentration values.

9.2.2 Verify that the concentration of each radionuclide meets the
concentration and activity limit criteria. The methodology
for determining compliance with the concentration and activity
limit criteria are contained in Appendix A-1.

9.2.3 Verify that the proposed disposal of the sewage treatment
sludge will maintain doses within the applicable limits. This
calculation will include radionuclides disposed of in previous
sludge applications. The activity from these prior disposals

will be corrected for radiological decay prior to performing dose
calculations for the meat, milk, and vegetable ingestion pathways,

the inhalation of resuspended radionuclides, and all pathways
associated with a potential release to Lake Michigan. The

residual radiocactivity will be corrected, if applicable, for the
mixing of radionuclides in the soil prior to performing external
exposure calculations.

Wisconsin Electric utilizes QAD, a nationally recognized computer

code, to perform shielding and dose rate analyses. QAD will be

used to calculate the dose rate due to standing on a plot of land

utilized for sludge disposal in which the radionuclides from
prior disposals have been incorporated into the plot by plowing.

This calculated dose rate will be used to assess the radiological

consequences from prior disposals with the consequences of
proposed future disposals. The total radiological dose con-
sequence of the past and the proposed disposal will be compared
to the applicable limits to insure the dose is maintained at

or below the limits.

The methodology for calculating the radiological impact of the
sewage treatment sludge disposal is contained in Appendix A-1l.

9.2.4 Inform PBNP - Chemistry that the sewage treatment sludge disposal
may proceed after verifying that the sewage treatment sludge
meets the concentration, activity, and dose limits.

9.2.5 Forward all calculations to PBNP - Chemistry to be included with
the sewage treatment sludge disposal record.
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APPENDIX A-1

Wisconsin Electric submittal to the United States Nuclear Regulatory Commission,
dated October 8, 1987 (VPNPD-87-430, NRC-87-104).




Wisconsin Electric couc coveans

231 W MICHIGAN P O BOX 2046 MILWAUKEE Wi 53201 (414) 277.2345

VPNPD-87= 430
NRC-87~-104

October €, 1987

U.S. NUCLEAR REGULATORY COMMISSION
Document Control Desk
washington, D.C. 20555

Gentlemen:

DOCKET NOS. 50-266 AND 50-301

RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION
FOR 10 C _T‘gﬁ'f—m 0. APPLICATION

POINT BEACH NUCLEAR PLANT

On July 14, 1987, Wisconsin Electric Power Company submitted an
application, under the provisions of 10 CFR 20.302, for approval
of a proposed procedure tc dispose of sewage treatment sludge
containing minute quantities of radicactive materials. Sub~-
sequent to the application, Mr. Ted Quay of the NRC staff
requested additional information regarding the environmental
characteristics of the area surrounding the Point Beach Nuclear
Plant. The responses to this request were furnished in our
submittal dated August 6, 1987.

By letter dated September 9, 1987, the NRC has requested
wisconsin Electric supply additional information in order to
complete the review of our application. This Request for
Additional Information (RAI) contains ten specific items which
require responses or commitments from Wisconsin Electric. 1In
addition, the NRC reguests the previously submitted information
and the information supplied in response to the RAI be compiled
into "one complete, extensive, and self-contained package'.

To facilitate your review, Attachment I is included to provide
direct responses to the ten items contained in the RAI.
Attachment II is provided as the complete application, including
the information from our letters dated July 14, 1987, and
August 6, 1987, and information supplied in response to the

NRC RAI.

We reqguest that you complete your review of this complete,
self-contained package and issue an approval of our application

RECEIV-
NUCLEAR ENGIl..K .G




NRC Document Control Desk

October 8, 1987
Page 2

as soon as possible. 1In order to facilitate your review and

to expedite processing, we would be pleased to discuss these
matters or provide additional information by telephone. Please
feel free to contact us.

Very truly yours,

e
/

(_ - '/d‘
C. W. Fay |
Vice President
Nuclear Power

\
bim
Attachments
\

Copies to NRC Resident Inspector
NRC Regional Administrator, Region III

Blind copies to Britt/Gorske/Fé::;*,Burstein, Charnoff,
Fay, Krieser, Lgp¥Xe, Newton, Zach

PRI T SRS PR 0, WM By | 7 smi g | e




ATTACHMENT 1

RESPONSES TO SUESTIONS CONTAINED IN THE

FOR I'TSPOSAL OF L IVITY

CONTAMINATED SEWAGE SLUDGE BY LAND APPLICATION

ECTRIC POWER COMPANY
UNDER 10 CFR 20.302(a)



The numbering system used in these responses corresponds dirsctiy to numbering

used in the NRC RAl, dated September 9, 1987.

1.

10.

a. This request is for multiple applications, approximately 2 to 4
per year.

b. This request is for multiple years, expiration te ceincide with
conclusion of decommissioning activities associated with retirement
of PENP Units 1 & 2.

c. Please refer to the response to question number 10.

The pathways used to determine doses to both the maximally exposed
individua! and the inadvertent intruder are documented in Attachment
11, Appendices D and E.

Due to the extremely low concentraticns of radionuclides in the sewage
sludge and the assoziate low doses, Wisconsin Eiectric will control
access to the disposal sites by conditions of use defined in lease
agreements with the lease. Use f the land is not controlled beyond
the conditions of the lease, tiiereby not restraining a casual visitor
from the disposs) site. However continucus occ ipancy would be readily
observed, and remedial sction would be taken.

Information contained in previous submittals has been included in
Attachment ]I with modifications to provide specific commitments to
the NRC.

Please refer to the response to question number 10.

Site maps have been updated and are included in Attachment 1I,
Appendix C.

The direc* grazing of cattle on the proposed disposal sites is
controliad by restrictions contained in the lease agreement.

T.ere will be no restrictions placed on fishermen on Lake Michigan.
Calculations of doses due to all pathways associated with a release
to Lake Michigan (Attachment Ii Appendix k) do not indicate a neec
to apply restrictions to fishermen.

Please refer to revised site maps included in Attachment II,
Appendix C. Site number 5 is located on corpany owned land
beyond the PENP site boundary. A1l other sites are within the
PBNP site Loundary area.

Please refer to Attachment 1[I, Section 3.2, Dispossl Procedure.
Please refer to Attachment I[, Section 3.2, Disposal Procedure.
Please vefer to Attachment 1), Section 3.2, Disposal Precedure.
Please refer to Attachment 11, Appandix A.

oanowm

Please refer to Attachment II, including Appendix D and Appendix E

for additiuna' pathways analyzed for this submittal. These identified
pathways will pe analyzed prior to all subsequent disposals Lo irsure
doses are maintained within prescribed limits, i.e., 1 wrem/year to the
maximally exposed individua) and & miem/year to the inadvertent
intruder.

A limiting concentration Tevel for the sludge contained in the
storage tank is discussed. in Attachment 17, Appendix F. Since this
apylicatizn 4s for multiple applications over multiple years,
Attachment 11, Appendix F also addresses an activity limit.



ATTACHMENT 11

COMPLETE ANALYSIS AND CVALLATION
POINT BEACH NUCLEAR PLANT
10 CFR 20.302(a) APPLICATION




1.0

Purpose

By this submittal Wisconsin Electric Power Company requests approval of the
U.S. Nuclear Segulatory Commission for a proposed procedure to dispose of
sewage treatmert sludge containing trace quantities of radionuclides
generated at the Point Beach Nuclear Plant. This request is cubmitted in
accordance with the provisions of 10 CFR 20.302(a).

Waste Description

The waste involved in this cisposal process consists of the residual solids
remaining in solution upon completion of the aerobic digestion sewage treat-
pent process utilized at PENP. The PBNP sewage treatment plant is used to
process waste water from the plant sanitary and potable water systems.

These systems produce non-radivactive waste streams with the possible
exception of wash basins located in the radiclogically controlled area cof
the plant. These wasn basins are believed to be the primary source of the
extremely small quantities of radionuclides in the sludge.

The sewage sludge generated &t PENP is allowed to accumulate in the sewage
plant digestor anc aeration basin. Two to four times annually, depending
on work activities and corresponding work force at PBNP, the volume of

the sludge in the digestor and asration basin needs to be reducec to allow
continued efficient operation of the treatment facility. The total volume
of sludge removed during each cisposal operat’ .n is typical'y on the order
of 15,000 gallons. The maximum capacity for the entire PBNI' treatment
facility and hence the maximum disposal volume is &bout 30,000 gallons.

In the case of a maximum capacity disposal, doses would not necessarily
increase in proportinon to the volume, since more than one disposai site
may be used.

Trace amounts of radionuclides have been identified in PENP sludge currentiy

being stored awaiting disposal. The radionuciides identifiec and their
concentrations in the sludge are summarized pelow:

Nurlide Concentration (pCi‘cr)
Co~60 2.33E-07
Cs-137 1. 50E-07

ine total activity of the radionuclides in the stored sludge, bssed on the
identified concentrations and a total volume of 15,000 gallons of sewage
sludge, are as follows:

Nuclide Activity (pCi)
Co-80 13.2
Cs-137 8.5

These concentrations and activities are consisient with expected values
based on prior analyses of sewage sludge. The radionuclide concentration
in the sewage sludge has remained relativeiy constant curing sampling
conducted since December 30, 1983 A detailed summary of the results of
this sampling program are contained in Appendix A for your review.




3.0

3.1

In addition to monitoring for the radionuclide content of the sludge,

the WONR requires several other physical and chemical properties of the
s1udge to be determined. These properties are the percent total solids,
percent total nitrogen, percent ammonium nitrogen, pH, percent total
phosphorus, percent total potassium, cadmium, copper, lead, nickel.
mercury, zinc, and boron. An example ot a typical sludge sample analysis
is included in Appendix B.

Disposal Method

In the context of this application, Wisconsin Electric commits to the
following methodology. No distinction is made or intended between “shall”
or "will", as used in the descriptions contained in this section.

Transport of >ludge

The method used to dispose of the sludge shall utilize a technique approved
by the WONR. The pruocess of transporting the sewage sludge for disposal
involves pumping the siudge from the PBNP sewage treatment plant storage
tarnks into a truck mounted tank. The truck mounted tank shall be required
to be maintaired tightly closed to prevent spillage while in transit to

the disposal site. 7ie sludge shall be transported to one or more of the
six sites approvad by the WONR for land applicaticn of the sewage sludge
from PBNP.

3.2 Disposal Frocedur:

The radionuclide toncentratiens in the sludge stall be determined prior
to each disposal by obtaining three representative samples from each

of the sludge storage tanks. The siudge contained in the sludge tanks
is prevented from Joing septic by & precess known as complete mix and
continuous seration. This process completely mixes the sludge allowing
for representative samples to be obtained.

The samples shall be counted utilizing a Geli detector and multi-
channel analyzer with appropriate geometry. The detection system is
routinely calibrated and checked to ensure the lower 1imits of
detection ure within values specified in the Radiological Effluent
Technical {pecifications (RETS).

To insure the samples are representative of the overall concentration
in the storage tanks, the radionuclide concentration determination for
each of the three samples shall be analyzed to insure each sample is
within two standard deviations of the average value of the three
samples. If this criteria is not met, additional sampies will be
obtained and analyzed to insure a truly representative radionuclide
concentration is utilized fur dose calculations and concentration
limit determinations. The average of all statistically valid
concentration determinations will be utilized in determining the
storage tank concentration values.




Prior to disposa)l the waste stream will be monitored to determine the
physical and chemical properties of the sludge, as discussed in the last
paragraph of Section 2.0, Wa:te Description. The results will be compared
to State of Wisconsin limits ‘o insure the slucdge does not pose a chemical
hazard to peoplz or to the environment.

The radionuclides identifivd in the sludge, along with their respective
concentrations, will be compared to concentration limits prior to
disposal. The methodology discussed in Appendix F will be used in
determining compliance with the proposed concentration limit. The
total activity of the proposed disposal will be compared to the
proposed activity limit as described in Appendix F.

If the concentration and activity 1imit criteria are mel, the appropriate
exposure pathways (as described in Appendix D) will be evaluated prior to
rach applicatior of sludge. These exposures will be evaluated to insuis
“he dose to the maximally exposed individual will be maintained less than
1 mrem/year and the dose to the inadvertent intruder is mzintained less
than 5 mrem/year The exposures will be calculated utilizing the meth-
odology used in kpoendix E, including the current activity to be landspread
a'ong with the activity from all prior disposal. The remaining radio-
a:tivity from prior disposals will ve corrected for rad olugical decay
prior to performing dose calculations for the meat, mill, and vegetable
injestion pathways, the inhalation of resuspended radionuclides, and all
pa shways asscciated with a release to Lake Michigan. The residual radio-
activity will be corrected for radiological decay and, it appropriate, the
mizing of the radionuclides in the scil by plowing prior to performing
extarnal expoture calculatiors.

The sewage sludge is applied on the designated area of land utilizing the
WINR approved technique and adhering t.o the following requirements of
WFDES Permit Number WI-0000957-3.

. Discharge to the land disposal system shall be limited so that during
surface spreading all of the sludge and any precipitation falling
onto or flowing onto the disposal field shall not overflow the peri-
meter of the system.

. Sludge shall not be land srread on land with a slope greater than 12%.
During the period from December 15 through March 31 sludge shall not
be land spread on land with a slope greater than 6% unless the wastes
are injected immediately into the soil.

’ Sludge shall not be surface spread closer than 500 feet from the
nearest inhabited dwelling except that this distance may be reduced
with the dwelling owner's written consent.

° Sludge shall not be spread closer than 1,000 feet from a public water
supply well or 250 feet from a private water supply well.

" Sludge shall not be land spread within 200 Teet of any surface water
unless a vegetative buffer strip is maintained between the surface
watercourse and the land spreading system, in which case a minimum
separaticn distance of at least 100 feet is required between the
system and the surface watercourse.




" Depth to groundwater and vedrock shall be greater than 3 feet from
the land surface elevation during use of any site.

. Sludge shall not be land spread in a floodway.
o Sludge shall not be land spread within 50 feet of a property line road

or ditch unless the sludge is incorporated with the soil, in which
case a minimun separation distance of at least 25 feet is required.

. The pH of the sludge-soil mixture shall be maintained at 6.5 or higher.

g Low areas of the approved fields, subject to seasonally high ground-
water levels, are excluded from the sludge application.

" Crops for human consumption shall not be grown on the land for up to
one year following the application of the sludge.

» The sludge shall be plowed, disked, injected or otherwise incorporated
inte the surface s>i] layer at appropriate intervals.

The fiexibility implied in the latter provision for scil incorporation is
intended to allow for crops which require more than a one year cycle.

For the Point Beach disposal sites, alfalfe is & common crop which 's
harvested for several years after a single planting. Sludge disposal on
an alfilfa plot constitutes good fertilization, but the plot cannot be
plowed without destroying the crop. The alfalfa in this case aids in
binding the layer of slutige on the surface of the plot.. At a minimum,
however plowing (or disking or other method cf injection and mixing to

a nomini1 depth of & inches) shall be done prior to planting any new crop,
regardless of the crop.

.3 Administrative Procedures

Complete records of each disposal will be maintainec. These records
will include the concentration of radionuclides in the sludge, the
total volume of sludge disposed, the total activity, the plot on
which the sludge was applied, the results of the chemical composition
determinations, and all dose calculations.

The annual disposal rate for each of the approved land spread sites
will be limited to 4,000 gallons/acre, provided WONR chemical composi-
tion, NRC dose guidelines, and concentration and activity limits are
maintained within the appropriate values.

The farmer leasing the site used for the disposal will be notified
of the applicable restrictions placed on the site due tc the land
spreading of sewage sludge.

4.0 Evaluation of Environmental Impact

4.1 Site Characteristics

4.1.1 Site Topography

The disposal sites are located in the Town of Two Creeks in
the northeast corner of Manitowoc County, Wisconsin, on the

-4~




west shure of Lake Michigan about 30 miles : theast of the
center of the city of Green Bay, and 90 mil = # 't of Milwaukee

This site is lotated

at longitude 87° 32.5'W o ‘atitude 44°

17.0'N. The six sites are on property owned ana /trolled by
Wisconsin Slectric and are within or directly adju.ent to the
Point beach site boundary. The sites are described below and
are outlined on \he map contained in Appendix C as Figure 3.

Site No. PB-0. =~ The
1/4 of the NE 1/4 of

Site No. PB-02 = The
1/4 of the SE 1/4 of

Site No. PB-03 - The

1/4 of Section 24, T.

Site No. PB-04 = The
1/4 of the SW 1/4 of

Site No. PB-0% = The
1/4 of the NW 1/4 of

Site No. PB-06 - The
1/4 of the SW 1/4 of

approximately 15 acres located in the NE
Section 23, T. 21N - R. 24E.

approximately 20 acres located in the SE
Section 14, T. 21N - R. 24t.

approximately 5 acres located in ths Nw
21N - R. 24E.

approximately 5 acres locatei in the Nw
Section 24, 7. 21N - R. 24E.

approximately 5 acres locatec in the NE
“action 25, T. 21N - R. 24L.

approximately 5 acres located in the NE
Section 14, T. 2IN - R. 24E.

The overzll ground surface at the site of the Point Beach Nuclear
Plant is gently rolling to flat ith elevations varying from

5 to 60 feet above ihe level of Lake Michigan. Subdued knob

and kettle topography is visible from aerial photographs. The
land surface slopes gradually toward the lake from the higher
glacial moraine areas west of the site. Higher ground adjacent

to the lake, however,

south.

diverts the drainage to the north and

The major surface drainage features are two smail creeks which
drain to the north and south. One creek discharges into the
lake about 1500 feet above the northern corner of the site and
the other near the center of the :ite. During the spring, ponds
of water may occupy the <hallow depressions. As mentioned in
Section 3.2, Disposal Prg.edure. these low areas are excluded
from the sludge application.

A site topographic map covering details out to a 5 mile radius
may be found in the FSAR at Figure 2.2-3 and is included in

Appendix C as Figure

&

The disposal of sewage sludge at these six sites will have no
impact on the topography of this area.

4.1.2 Site Geology

Prior to construction of the Point Beach Nuclear Plant, an
evaluation of the geological characteristics of the area in and
surrounding the site was made. The geologic structure of the
region is essentially simple. Gently dipping sedimentary rock




strata of Puleozoic age outcrop in a herseshoe pattern around a
shield of Precambrisn crystalline rock which cccupies the
western part of the region. The site is located on the western
flank of the Michigen Basin, which is a broad downwarp ringed
by discontinuous out:rons of more resistant formations. The
bedrock formiétions a~e principally Timestones, dolomites, and
sandstones with subordinate shale layers. The rocks form a
succession of extensive layers that are relatively uniform in
thickness. The bedrock strata dip very gently towards Lake
Michigan at rates from 15 to 35 feet per mile.
|
|

The uppermost bedrock under the site is Niagara Dolomite.
Bedrock does not outcrop on the site but is covered by glacial
ti11 and lake deposits. The soils contain expansive clay
minerals and have moderately high base exchange capa:ity.

In the area of the site, the overburden soils are approximately
70 to 100 feet in thickness. Although the character of the
glacial deposits may vary greatly within relatively short
distances, a generalized section through the overburden soils
adjacent to Lake Michigan at the gite consists of the folluwing

sequence:

1. An upper layer of brown clay silt topsoil underlain with
several feet of brown silty clay with layers of silty sand;

2. A layer of 20 feet of reddish-brown silty clay with some
sand and gravel and occasional lenses of silt;

3. A layer of 25 feet of reddish-brown silty clay with layers
of silty sand and lenses of silt;

4. A layer of 50 feet of reddish-brown $ilty clay with some
sand and gravel, the lower portion of which contains
gravels, cobbles, and boulders resting on a glacial eroded
surface of Niagara dolomite bedrock.

Site drainage is poor due to the high clay content of the soil
combined with the pock-warked surface. Additienal information
on site geology may be found in Section 2.8 of the FSAR.

The use of these sites for disposal of sewage sludge will not
impact the geology of the area.

4.2 Area Characteristics

4.2.1 Met2orology

The climate of the site region is influenced by the general
siorms which move eastward along the northern tier of the United
States and by those which move northeastward from the south-
western part of the country to the Great Lakes. This conti-
nental type of climate is modified by Lake Michigan. During
spring, summer, and fall months the lake temperature differs
markedly from the air temperature. Wind shifts from westerly

to easterly directions produce marked cooling of day-time



4.2.2

temperatures in spring and summer. In autumn the relatively
warm water to the lake prevents night-t'me temperatures from
falling as low as they do a few miles irland from the shorelire.
Summer time temperatures excee: 90°F for six dzys on the
average. Freezing temperatures occur 147 days and be'ow zero
on 14 days of the winter on the average. Rainfall averages
about 28 inches per year with 55 percent falling in the months
of May through September. Snowfall averajes about 47 inches
per year. Sludge spreading shall be manajed such that the
surface spreading together with any preci itation falling on
the field shall not overflow the perimeter of the field.
Additional information on site meteorology may be found in
Section 2.6 of the FSAR.

There will be no impact on the meteorology of the area due to
the disposal of the sewage sludge.

Hydrology

The dominant hydrological feature of this site is Lake Michigin,
one of the largest of the Great Lakes. The normal water level
in Lake Michigan i< approximately 580 feet sbove mean sea level.
In the general vicinity of the site, the 30 foot depth contour
is between 1 and 1-1/2 miles offshore and the 60 foot contour
is 3 to 3-1/2 mi\es off shore. The disposal sites are twenty
or more feet above the normal lake level. There is no record
that the sites have been flooded by the lake during modern
times. There are no rivers or large streams which could create
a flood hazard at or near the sites.

The subsurface water table at the Point Beach site has a
definite slope eastward toward the lake. The gradient indi-
catad by test drilling on the site is approximately 30 feet per
mile. It is therefore extremely unlikely that any release of
radioactivity on the site could spread inland. Furthermore,
the rate of subsurface flow is small due to the relative
impervious nature of the soil and will not promote the spread
of releases. Further information on site hydrology is detailed
in the PBNP FSAR Section 2.5.

There will be no adverse impact on hydrology of the area due
to disposal of sewage sludge by land spreading.

Water Usage

4.3.1

Surface Water

Lake Michigan is used as the source of potable water supplies
in the vicinity of the site for the cities of Two Rivers (12
miles south), Manitowoc (16 miles sourth), Sheboygan (40 miles

south), and Green Bay (intake at Rostok 1 mile north of Kewaunee,

13 miles north). No othzr potable water uses are recorded
within 50 miles of the site aleng the lake shore. All pudlic
water supplies drawn from Lake Michigan are treated ‘n puri-
fication plants. The nearest surface water used for drinking
other than Lake Michigan ave the Fox River 30 miles NW and



There will be no impact on surface water usage due to the
disposal of sewage sludge.

4.3.2 Ground Water

Ground water provides the remaining population with potable
supplies. Public ground water supplies within a 20 mile radius
of the site are listed in Table 2.5-3 of the FSAR. Additional
wells for privat. use are in existence throughnut the region.
The location of private wells within a two mile radius of PBNP
are indicated on Figure 3, Appendix C.

The potable watler for use at the Point Beach Nuclear Plani is
drawn from a 257 feet deep well located at the southwest coiner
of the plant yard. Water frcm this well is routinely sampled
as part of the environmental monitoring program.

There will be no adverse impact on ground water usage due to
the disposal of sewage sludge.

4.4 Land Usage

Manitowoc County, in which the site is located, and the adjacent
’ counties of Kewaunee, Brown, Calumet, and Sheboygan are predominantly

N Lake Winnebago 40 miles W of the site.
Lake Michigan is also utilized by various recreational
' activities, including fishing, swimming and boating.
r

rural. Agricultural pursuits account for approximately 90% of the
total county acreage. With the exception of the Kewaunee Nuclear
Plant located 4.5 miles north, the region within a radius of five
miles of the site is presently devoted exclusively to agriculture.
Dairy products and livestock account for 85% of the C wunties' farm

. productien, with field crops and vegetables accounting for most of

" the remainder. The principal crops are grain corn, silage corn,

oats, barley, hay, potatoes, green peas, lira beans, snap beans,
beets, cabbage, sweet corn, <ucumbers, and cranberries. Within the
township of Two Creeks surrounding the site (15 sq. miles), there
are about 800 producing cows on about 40 dairy farms. Some beef
cattle are raised 2.5 miles north of the site. Cows are on pasture
from the first of Jure to late September or early October. During
the winter, cows are fed on locally produced hay and silage. Of the
milk produced in this area, about 25 percent is consumed as fluid
milk and 50 percent is converted tu cheese, with the remainder heing
used in butter making and other by-products.

It has been the policy of Wisconsin Electric to permit the controlled
use of crop land and pasture land on company owned property. No
direct grazing of dairy or beef cattle or other animals is permitted
on these company owned properties. Crops intended for human consump-
tion shall not be grown on the disposal sites for at least one year
following the application of the sludge.

{ The proposed land application of sewage sludge will not have any
direct effect on the adjacent facilities. Additional land use

-8.




informacion may be feund in Section 2.4 of the FSAR.

Radiological Impact

The rate of sewage sludge application on each of the six proposed
sites will be monitored to insure doses are maintained within applic-
able limits. These limits are based on NRC Nuclear Reactor Regulation
(NRR) staff proposed guidance (described in AIF/NESP-037, August,
1986). These limits require doses to the maximally exposed member

of the general public to be maintained less than 1 mrem/year due to
the disposal material. In addition, MRR guidance requires doses of
less than 5 mrem/year to an inadvertent intruder.

To assess the doses received by the maximally exposed individual and
the inadvertent intruder, six credible pathways have been identified
for the maximally exposed individual and four credible pathways for
the inadvertent intruder. The identified credible pathways are

described in Appendix D.

Calculations detailed in Appendix E demonstrate the disposal of the
currently stored PBNP sewage sludge would remain below these limiis.
The total annual exposure to the maximally exposed individual baser
on the identified exposure pathways is equai to 0.072 mrem. The
dose to a hypothetical intruder assuming an overly conservaiive
occupancy factor of 100% is calculated to be 0.115 mrem/year. By
definition, the inadvertent intruder would not be exposed to the
processed food puthways (meat and milk).

The calculational methodology used in determining doses for the
proposed disposal of sludge stored at PBNP shall be utilized prior to
each additional land application to insure doses are maintainec less
than those proposed by NRR. This calculation will include radio-
nuclides disposed of in previous sludge applications. The activity
from these prior dispusals will be corrected for radiological decay
prior to performing dose calculations for the meat, milk, and
vegetable ingestion pathways, the inhalation of resuspended radio-
nuclides, and all pathways associated with a potential release to Lake
Michigan. The residual radioactivity will be corrected fc " radio-
logical decay and, if applicable, the mixing of radiorucl’ des in the
s0i) prior to performing external exposure calculaticns. In addition,
the dose to a farmer potentially ‘easing more than or® application
site will be addressed by summing the doses received tiom the external
exposure from a ground plane source and resuspension inhalation
patnways for each leased site. In addition, the maximum site specific
dose due to the oiher pathways identified in Appendix D, will be
utilized in the total exposure estimation.

5.0 Radiation Protection

The disposal operation will follow the applicable PBNP procedures to
maintain doses as low as reasonably achievable. Technical review and
guidance will Le provided by ihe PBNP Superintendent - Health Physics.
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SUMMARY OF RADIOLOGICAL ANALYSES

OF SEWAGE SLUDGE SINCE DECEMBER 30, 1983




Sample
Date

12-30-83

4-06~-84
12-05-84

6-03-85

4-10-86

11-04-86
|
|
|
|
|

Radionuclide

Tank Tank
Volume (Gallons)

Digester 8400
Digester 7560
Aeration 6667
Digester 7560
Aeration 6667
Digester 7560
Aeration 6700
Digester 7560
Digester 7560
Aeration &

Clarifier 25100

Co-58
Co~-60
Cr-51
Cs-134
Cs-137

Co-60
Co-60

Co-58
Co-60

Co-60
Cs=137
Co-60
Cs=137

Co-60
Cu-137
Mn-54
Co-60

Co-58
Co-58

Co-60
Cs~137

Concentration
(pli/cc)

5.58E-07
1.87E-06
4.88E-07
1.59€-07
3.57€-07

7.89E-07
1.87€-07

1.75€-07
8.29¢-07

8.29E-07
2.46E-07
3.27€-07
1.33E-07

6.79E-07
1.72E-07
4.91E-08
1.05€-07

8.04E-08
1.37€-07

2.18E-07
1.64E-07

-



APPENDIX B

CHEMICAL COMPOSITION ANALYSIS

OF SEWAGE SI.UDGE



SYATE OF WISCONSIN SL'YDGE CHARACTERISTIC
DEPARTMENT OF NATURAL RESOLACES Wisconsin Statute 147 02(1) snd

Wisconsin Administrative Code NR 110.27(6)
FORM 340049 REV. 1040

swage Treatment Plant Sludge

Plasse complete this form snd send to the Department of Naturs! Resources appropriare District/Ares Otfice. Keep one copy for
YOur records.
For sdditions! forms, please contac: your sppropriste District/Ares Otfice.

FERGTITEE : ST R RO ER

wisconsin Electric Power Cozpany wioo L 29 5 7
TRLEY BR ROUTE BN
231 W, Michican Street Milwnukee
YV STAYE T EO5E YECESERE ROUBER INELUBE KKEA S55T)
“ijwauiss. W1 53203 114.277-2183

1. Pleas report laboratory testing results for the following parameters:

*Parameter Abbreviation Result “Parameter Abbrevistion Result
Tot! Solids, % - - Ch omium, por, o -
Total Nitrogen, % TOTN ol £\ Macan Conpst, pom Cu =200
% 2 . + n.34 130
Asmonium Nitrogen, % NH —N 2 Lead, oo Po
Yota! 'm_sphorou, % P «90.01 Mercury, pom Hy _.__S_L.....
Total Potamium, % K 0.28 Niekel, por Ni 1l
: 3.0 2306¢
: Arsenic, pom As Zine, pom 2n
Cadmium, s Cd 2. oM S 7.0

*Suggested armlysis procedures for the sbowe parametsrs can be found in NR 218, ansiytical tests and procedures, Wisconsin
Administrative Code. All persmaters other then percent solids and pH shall be reported on s dry weight besis.

2. What is the neme of the laboratory that did the snalysis end when was it performed?

Laborstory Neme Wisconsin Electric Power Co. Detssontto ap APTil 12, 1533

Laboratory Services Division

4. Where st the trestment plant was the sample t2ken?

tpam sludas helding tank »rior to kauline

«. When was the sample teken? Arril 1:, 1983

AR e Al | o Water Muality Eagineer




APPENDIX C

SITE MAPS
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