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'1.0 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ADMINISTRATION

l.1 Definition of Radiolocical Environmental Monitoring

Radiological environmental monitoring is the measurement of radioactivity in samples
collected from the atmospheric, aquatic and terrestrial environment around the Point !

'

Beach Nuclear Plant (PBNP). Monitoring radioactivity in effluent streams at or prior
;

to the point of discharge to the environment is not pan of the Radiological
Environmental Monitoring Program. i

1.2 Responsibilities for Program Implementation

1.2.1 Nuclear technical services section functions
i

The manager and the staff of the Nucicar Technical Services Section
(NTSS) provide the Manager - PBNP with technical, regulatory, licensing
and administrative suppon necessary for the implementation of the
program. The NTSS administrative functions relating to the Radiological,

.
Environmental Monitoring Program fall into the six broad areas outlined -

! below.

1

a. Program scope

l The scope of the Radiological Environmental Monitoring Progam is
determined by NTSS. Based on the scope, NTSS prepams the, ,

'

pmgram manual as necessary to conform to changes in program
procedums and scope. NTSS monitors the program effectiveness and

; compliance with Radiological Effluent Technical Specifications
i (RETS). In order to verify compliance with RETS, NTSS arranges for

a program audit at least once every 12 months and an audit of the
analytical contractor at least once every 36 months.

i

! b. Record keeping

| Monthly results of contractor analyses am sent to both PBNP and !

; NTSS. However, the analytical results maintained by NTSS are i

regarded as the official results. These records are kept for the lifetime
of the plant.

1
i

|
|

!

|

'
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|

c. Data monitoring !

!
The cognizant NTSS engineer reviews and interpmts all program j

analytical results on a monthly basis as they are reponed. Trends, if i

any, are noted. Any resulting corrections, modifications and additions j
to the data are made by the cognizant NTSS engineer. Inconsistencies j
are investigated by the cognizant NTSS engineer with the cooperation !

of PBNP and contractor personnel, as required. Unusual results as j
evidenced by radioactivity levels exceeding NTSS administrative j
notification levels are investigated in the same manner. Results of the !

'

investigation will be conveyed to the Manager - PBNP. NTSS will j

promptly inform PBNP of any sample exceeding Nuclear Regulatory |
Commission (NRC) regulatory notification levels and both NTSS and i

PBNP will initiate an investigation. A formal report shall be provided i
to the Manager - PBNP by NTSS upon completion of the mvestigation. ;

I
d. Data summary |.

i
Results from the Radiological Environmental Monitoring Program shall
be summarized semiannually for inclusion in the PBNP Semiannual |

Monitoring Report. This summary advises the Manager - PBNP of the {
'

'

radiological status of the environment in the vicinity of PBNP. The
summary shall include the numbers and types of samples as well as the !

averages, statistical confidence limits and the ranges of analytical |
results. Methods used in summarizing data are at the discretion of !

NTSS. :

i

e. Contractor communications ;

!

Communication with the contractor regarding data, analytical i

procedures, lower limits of detection, notification levels and !
contractual matters are normally conducted by NTSS. Communication ji

regarding sample shipment may be done by either PBNP or NTSS as ;
'

appropriate.

'
f. Reponable items

i

1. NTSS shall generate all technically-specified reports related to the !
operation of the Radiological Environmental Monitoring Program. j
The following items and occurrences are required to be reponed in i

'

the PBNP Semiannual Monitoring Repon: -

. !,

(a) Summary of monitoring results including number and type of |
samples;

,

!
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t

(b) Unavailable, missing, lost samples and plans to prevent j
recurrence; :

!
(c) New or relocated sampling locations; |

)

(d) LLDs that are higher than specifications and factors |
!contributing to inability to actueve specified LLDs; and

-

(e) Notification that the analytical laboratory does not panicipate f
in an interlaboratory comparison pmgram. '

:

!2. The following items are required to be reponed to the NRC within
30 days of occurrence: 'j

,

(a) Confirmed environmental radionuclide concentrations, ;
'attributable to PBNP effluents, in excess of notification levels;

and |
'

(b) Confirmed results of weighted sum calculations involving

[s
radionuclide concentrations, attributable to PBNP effluents, in - !

environmental samples in excess of the specified notification
level.

r

1.2.2 PBNP functions I
r

.

'

The primary responsibility for the implementation of the Point Beach
i Nuclear Plant (PBNP) Radiological Environmental Monitoring Program

and for any actions to be taken at PBNP, based on the results of the -
program, resides with the Afanager - PBNP. The responsibility for -
ensuring that PBNP ponions of the Semiannual hionitoring Report are ;

,
'

correct, complete and transmitted to NTSS in a timely manner resides with
'

,

the manager - Chemistry. {
:
I

a. hianual control and distribution !
'

Tne distribution of the PBNP Environmental Afanual is the ;

responsibility of PBNP. j

.

!
;

f

~

;

i
;
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!
b. Pmgram coordination .!

i
.

The daily operation of the pmgram is conducted by PBNP Health ;

Physics personnel, and other qualified personnel as required, under the i

supervision of a Specialist - Nuclear Health Physics who consults, as {
needed, with the cognizant NTSS engineer. The daily administrative ~|

"

functions of the Cognizant Specialist - Nuclear Health Physics address !

those functions required for the effective operation of the PBNP I

Radiological Envimnmental Monitoring pmgram. These administrative' |
functions include the following:

,

1. Ensuring that samples are obtained in accordance with the
applicable Technical Specifications following procedures outlined in .!

! this manual;

2. Ensuring adequate sampling supplies and calibrated, operable j
equipment are available at all times; ;4

3. Ensuring that air sampling pumps are maintained, repaired and
'

calibrated as required and that an adequate number of backup }
pumps are readily available at all times; .

i

4. Fomially reporting lost or unavailable samples as well as other j
potential deviations from the technically-specified sampling regime ;

'

to the cognizant NTSS engineer and logging the same at PBNP;
i

5. Assisting the State of Wisconsin in obtaining samples at co-located i
and other sampling sites based upon a yearly, renewable agreement; |
and I

;

6. Assisting, as necessary, the cognizant NTSS engineer with |
investigations into elevated radioactivity levels in environmental
samples.

;

1.3 Ouality Assurance /Ouality Control
|

Quality assurance considerations are an integral part of Wisconsin Electric's j
Radiological Environmental Monitoring Program. The program involves the )

interaction of the Nuclear Technical Services Section (NTSS), Point Beach Nuclear |

Plant (PBNP), Wisconsin Electric's Quality Assurance Section (QAS) and Teledyne I
,

Isotopes Midwest Laboratory (TIML).
>

i .|

I
1

|
|
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(
The TIML quality assumnce and quality control progmm is described in the TIML
Quality Assurance Program Manual and the TIML Quality Contml Procedures |
Manual. Copies of these manuals are maintained by NTSS and QAS. Amendments
and revisions of these documents am reviewed by responsible NTSS and QAS
personnel as they are issued. The contractor is audited by Wisconsin Electric 1

personnel periodically at intervals which do not exceed three years. The quality
assurance ponion of the audit is perfonned by QAS and the technical ponion of the

! audit is performed by NTSS. If circumstances preclude an audit by NTSS/QAS
| personnel within the allotted time interval, a delay of up to six (6) months is

: I pennitted provided that the results of an audit by another qualiGed QA group is
I available for review. As pan of its quality control program, TIML panicipates in the

Environmental Crosscheck Progmm operated by the Intercomparison and Calibmtion
Section, Quality Assurance Branch, Environmental Monitoring and Suppon
Laboratory, U.S. Environmental Protection Agency, I2s Vegas, Nevada.

Quality control for the PBNP ponion of the Radiological Environmental Monitoring
Program is achieved by following the procedures contained in this manual. Health
Physics technologists (HPTs) collect, package and ship environmental samples under
the supen'ision of Health Physics supervisors and the General Supervisor - Health
Physics. They are advised by the Specialist - Nuclear Health Physics who has

'
immediate responsibill:y for the overall technical operation of the environmentals

sampling functions. The HPTs receive classroom training as well as on the-job
training in carrying out these procedures.

An audit of the PBNP Radiological Environmental Monitoring Progmm and its
results shall be completed at least once every 12 months as a means of monitoring
program effectiveness and assuring compliance with progmm directives. The audit
shall be perfonned by either NTSS personnel, QAS or a qualiGed consulting firm.

1.4 Program Revisions !

This manual describes the curmnt scope of the PBNP Radiological Environmental
Monitoring Progam. The program and the manual are maintained by NTSS,
consistent with Technical Speci6 cation commitments. Program items or procedures
periodically may be updated or changed, consistent with good radiologically
monitoring practices, either to reflect new conditions or to improve program
effectiveness. Technical and program features described in this manual may be
changed at the discretion of NTSS with the concurrence of the PBNP Managers'
Supervisory Staff.

Page 5 of 36
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2.0 RADIOLOGICAL ENVIRONMENTAL MONITORING ;

,

2.1 Pmeram Overview
1

!

2.1.1 Purpose |
I

No significant or unexpected radionuclide concentrations of plant origin !
'

are expected because each normal effluent pathway at PBNP is monitored
at or before the release point. However, the Radiological Envimnmental |
Monitoring Program is conducted to verify that plant operations produce - !
no significant radiological impact on the encimement and to demonstrate i

compliance with applicable standards.

2.1.2 Samples }
:

Samples for the Radiological Envimnmental Monitoring Program an: ,

obtained from the aquatic, terrestrial and atmospheric environment. The [
sample types represent key indicators or critical pathways identified by ;

applying sound radiological principles to the PBNP environment. [
i

2.1.3 Monitoring sensitivity |
i

The effectiveness of the Radiological Envimnmental Monitoring Program i

; in fulfilling its purpose depends upon the ability to accurately determine |
the nature and origins of fluctuations in low levels of environmental |
radioactivity. This requires a high degree of sensitivity so that it is j

possible to correctly discriminate between fl, cruations in background |
radiation levels and hvels of radioactivity that may be attributable to the ;'

!operation of PBNP. Therefore, personnel actively participating in the"

monitoring pmgram should make every effort to minimize the possibility |
of contaminating environmental samples and to obtain samples of the
appropriate size. |

'

!
2.1.4 Technical Specifications !

I
a

A copy of the PBNP Technical Specifications applicable to the ;

Radiological Environmental Monitoring Progmm is located in Appendix A i
'

of this manual. These specifications are part of the Radiological Effluent ;

~ Technical Specifications (RETS).

|

|

!
.
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2.2 Procram Parameters

2.2.1 Contamination avoidance
1

Contamination prevents the accurate quantification of environmental
radioactivity and the correct differentiation between fluctuating background
radioactivity and levels of radioactivity attributable to the operation of
PBNP. Therefore, it is necessary that all personnel associated with
collecting and handling radiological envimnmental samples take the
appmpriate precautions to minimize the possibility of contaminating the|

'

I samples. Some of the precautions that should be taken and which will
help to minimize contamination are listed below:

a. Equipment which has been on the controlled side, even if released
clean, should not be used in conjunction with radiological
environmental monitoring;

b. Store sampling equipment in radiologically clean areas only;

{ c. Store radiological environmental samples only in radiologically clean
areas when samples cannot be shipped to the contractor on the same
day they are collected;

d. Treat each sample as a possible source of contamination for other
samples so as to minimize the possibility of cross-contamination;

e. Radiological envimnmental monitoring equipment should be repaired in
clean-side shops;

|f. Contamination avoidance for environmental TLDs is covered in
Section 2.4.2; and

g. Do not enter the contmiled zone prior to leaving to collect
environmental samples.

2.2.2 Sample size

Sample size affects the sensitivity achievable in quantifying low levels of
environmental radioactivity. Therefore, sampling personnel must attempt
to attaia the quantities of sample specified in Table 2-1. When a range is
given, every effort should be made to obtain a quantity at the upper part of
the range.

Page 7 of 36
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2.2.3 Lower limit of detection

The sensitivity required for a specific analysis of an environmental sample
is defined in terms of the lower limit of detection (LLD). The LLD is the
smallest concentration of radioactive material in a sample that will yield a
net count, above system background, that will be detected with a 95%
pmbability and have only a 5% probability of falsely concluding that a
blank obsenation represents a real signal. Mathematically, the LLD is
defined by the formula

4.66 S*un .
E x V x 2.22 x Y x EXP(-1AT)

Where

the a priori lower limit of detection in picoeuries per unitLLD =

volume or mass, as applicable;

the standard deviadon of the background counting rate or theS =
3

counting rate of a blank sample, as appropriate, in counts per
minutes;

counting efficiency in counts per disintegration;E =

sample size in units of volume or mass, as applicable; !V =

I

number of disintegrations per minute per picoeurie; i2.22 =

the fractional chemical yield as applicable; qY =

the radioactive decay constant for the particular radionuclide; ;1 =

and '!
|

the elapsed time between sample collection, or the end ofAT =

the collection period, and the time of counting.

Typical values of E, V, Y, and AT are used to calculate the LLD. As
defined, the LLD is an a priori limit representing the capability of a
measuring system and not an a nosteriori limit for a particular
measurement. j

\

Page 8 of 36
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The required analysis for each environmental sample and the highest
acceptable LLD associated with each analysis are listed in Table 2-2.
Whenever LLD values lower than those specified in Table 2-2 are

.

reasonably achievable, the analytical contractor for the radiological
environmental samples will do so. When the LLDs listed in Table 2-2 are
not achieved, a description of the factors contributing to the higher LLD
shall be reponed in the next PBNP Semiannual Monitoring Repon.

2.2.4 Notification levels

The Notification I.evel (NL) is that measured qutr ity a adioactivity in !
an environmental sample which, when exceeded, rx dres a notification of !e
such an occuiTence be made to the appropriate pany. Regulatory and
administrative notification levels are listed in Table 2-2.

a. Regulatory notification levels

The regulatory notification levels listed in Table 2-2 represent the
concentration levels at which NRC notification is required by PBNP

-[' Technical Specification requirements. If a measured level of
radioactivity in any environmental medium exceeds the regulatory
notification level listed in Table 2-2, resampling and/or reanalysis for

|
confirmation shall be completed within 30 days of the determination of

' the anomalous result. If the confirmed measured level of radioactivity-
remains above the notification level, a written repon shall be submitted
to the NRC. If more than one of the radionuclides listed in Table 2-2
are detected in any environmental medium, a weighted sum calculation
shall be performed if the measured concentration of a detected
radionuclide is greater than 25% of the notification levels.' For those
radionuclides with LLDs in excess of 25% of the notification level, a
weighted sum calculation needs to be performed only if the reponed
value exceeds the LLD. Radionuclide concentration levels, called
Weighted Sum Action I.evels, which trigger a weighted sum
calculation are listed in Table 2-2.

Page 9 of 36
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The weighted sum is calculated as follows:

concentration (1) concentration (2) + . . . - weighted sum.

notification level (1) notification level (2)

If the calculated weighted sum is equal to or greater than 1, resampling
and/or reanalysis for confirmation shall be completed within 30 days of
the determination of the anomalous result. If the confirmed calculated'
weighted sum remains equal to or greater than 1, a written report shall
be submitted to the NRC. This calculation requirement and _ report is
not required if the measured level of radioactivity was not the result of r

plant effluents. !

.

b. Administrative notification levels !

i

The NTSS administmtive notification levels are the concentration levels- |
at which the contracted analytical laboratory promptly notifies the ,

Icognizant NTSS engineer by phone, followed by a formal written
communication. The NTSS administrative notification levels are set
lower than the NRC regulatory notification levels and lower than, or i

equal to, the weighted sum action levels so that the nature and origin j
of the increased level of environmental radioactivity may be
expeditiously ascenained and corrective actions taken if required. !

!

2.2.5 Sampling locations |

A list of sampling locations and the corresponding location codes appear in I

Table 2-3. The locations also are shown in Figures 2-la and 2-lb. It is ;

conceivable that samples may becc.me unavailable from specified sample
locations. If this were to occur, new locations for obtaining replacement ;

samples shall be identified and added to the Radiological Environmental *

Monitoring Program. If milk or vegetation samples become unavailable ;j
from the , ecified sampling locations, new sampling locations will be j

identified vithin 30 days. The specific locations where samples.were -j
unavailable may be deleted from the monitoring program. A formal, i

written reason for the new site and its location shall be transmitted to the i

cognizant NTSS engineer who will make the appropriate changes to the -i

Environmental Manual. Any significant changes in existing sampling ;

location and the criteria for the change shall be reported in the Semiannual !
Monitoring Repon for the period in which the change occurred. !

Additional sampling locations may be designated if deemed necessary by .

( cognizant company personnel. i

!
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2.2.6 - Sampling media and frequency i

.

t

The sampling fmquency for the environmental media required by PBNP !
Technical Specifications is found in Table 2-4. In addition to samples i
required by Technical Specifications, the Radiological Environmental |

Monitoring Program also includes the sampling of soil and shoreline !

sediment. To ensure that all samples are obtained at the appropriate times, j

two different checklists are used. A yearly checklist pmvides a
.

j

month-by-month indication of all samples, except air, to be obtained at ;

I cach sampling location (PBF-4121). This checklist also identifies the i

schedule for the annual milk survey and provides space for recording the !
date the samples were shipped offsite for analysis. In addition, a separate I

checklist is provided for each sampling location to identify all samples, [
including weekly air samples, to be obtained and the collection date !

| (PBF-4075 series). Because the weekly air samples require additional [
information, a separate checklist is used for each individual air sampling

| location as shown in PBF-4078.

It is recognized that on occasions samples will be lost or that samples -
cannot be collected at the specified frequency because of hazardous 1,

conditions, seasonable unavailability, automatic sampling equipment !

malfunctions and other legitimate reasons. Reasonable efforts will be
made to recover lost or missed samples if warranted and appropriate. If ;

samples are not obtained at the indicated frequency or location, the reasons 1

or explanations for deviations fmm the sampling frequency specified in ;

Table 2-4 shall be logged at PBNP and shall be conveyed formally in
writing to the cognizant NTSS engineer using the appropriate form '

'
!

I (Figure 2-2). The cognizant engineer will evaluate the sampling problem
to determine whether it constitutes a reportable deviation from the ;

Technical Specifications in Table 2-4. Ifit does, a description of the j
reasons for not conducting the sampling as specified and, when ;

'

appropriate, plans for preventing a recurrence, shall be identified in the
next Semiannual Monitoring Report by the cognizant NTSS engmeer. _[

i

2.2.7 Sample labeling !

!
All samples must be properly labeled to ensure that the necessary ;

information is conveyed to the analytical contractor and that the results are !

I associated with the correct geographical location. Each label (PBF-4026) |
must contain the following: |

:

a. Sample type; |
s 1

4

!

Page 11 of 36 |
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b. Sample location including both the location code and location
description fmm Table 2-3; i

c. Date and time (as appmpriate) collected;
_ :

d. Air samples must show the total volume in m ; volumes for water and |3

milk are in gallons; vegetation, sediment, soil, and algae are indicated j
as s1000 gmms; and fish a1000 grams;

!

e. Analyses for routine samples are indicated as "per contract." For i

special samples, the manager - Health Physics or the Cognizant .

Specialist - Nuclear Health Physics will designate the analyses |
required; and -|

f. Name of person collecting the sample, f;

!

A permanent or indelible ink type felt-tip marker shall be used. |
|

A separate sample label is needed for each sample type and location. i

'

I2bels are securely attached to each sample container. In addition to -;

sample labels, other identifying markings may be placed on sample |
containers as appropriate. !

i

2.2.8 Sample shipping

i

All environmental samples are shipped to a contractor for analysis. The j

samples shall be packaged and shipped in such a way as to minimize the |

possibility of cross-contamination, loss, spoilage and leakage. Each i

sample shipment shall have a typed cover letter and, when appropriate, a j

contractor data collection sheet. Included in the letter shall be the same !

information required for the sample labels as well as the specific analyses '

irequired. The original cover letter and data collection sheet shall be sent.
to the contractor under separate cover; one copy of each is to be used.as a ;'

packing list and a copy of each shall be kept in the appropriate PBNP file. -i

2.2.9 Sample analyses and frequency

The PBNP Radiological Environmental Monitoring Program samples shall j|
. .

be analyzed for designated parameters at the frequency listed in Table 2-5. |
!

i
i

i

|

I
!
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2.2.10 Analytical laboratory
.

;
;

:

The analyses are performed by a contractor. The current contractor is: |
!

Teledyne Isotopes Midwest Laboratory |
700 landwehr Road |
Nonhbrook, IL 60062-4517 ;

(708)564-0700 i

|
This laboratory, former named Hazleton Environmental Sciences :

Corporation, performs the analyses in such a manner as to attain the {
desired LLDs. The contracted laboratory panicipates in the inter- |
laboratory comparison crosscheck program conducted by the U.S. '

Environmental Protection Agency, Intercomparison and Calibration :
|Section, Quality Assurance Branch, Environmental Monitoring and

Suppon Laboratory, las Vegas, Nevada. !

i
The contractor is responsible for providing prompt notification to NTSS '

reganiing any samples found to exceed the NTSS administrative
notification levels as identified in Table 2-2.

7

.

2.3 Assistance to the State of Wisconsin I

As a counesy and convenience, PBNP personnel obtain cenain environmental ,

samples for the Section of Radiation Protection, Department of Health and Social |
Services of the State of Wisconsin as listed in Table 2-6. A checklist is used as (

I shown in PBF-4075 series. In addition, a State of Wisconsin air sampling data sheet !,

is submitted with each sample obtained at Wisconsin air sampling locations serviced |
by PBNP personnel. {

i

State of Wisconsin precipitation samples collected twice a month (or as available) !
require a state sample tag to be placed in a box with the quan cubitainer. State !

supplied labels for air paniculate filters require stan and stop time, date and 1
beginning and ending volume. Fish sent to the state identify.only the quarter and the !

l year using a PBNP label (PBF-4026). The monthly lake water composite is picked - 1

up by state personnel and therefore requires only that the date and location be written |
on the box for the cubitainer. The state provides a sample tag for the quanerly lake, j
water sample. [

t

!
I r

!e

!

\

!
.
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( ,

Samples obtained for the State of Wiscousin am either given directly to state. ]
personnel or shipped as required. The department address is: |

Radiation Pmtection Laboratory
l

Room 111
State Laboratory of Hygiene :

465 Henry Mall |
*Madison, Wisconsin 53706
j-

2.4 Specification of Sampline Procedures !

:
General radiological environmental sampling procedures follow the directives !

presented in Sections 2.1 and 2.2. Specific infonnation for handling individual
sample types follow. |

2.4.1 Vegetation '

Vegetation samples consist of green, growing grasses and weeds and are
obtained thme times per year, as available, fmm specified locations. New
growth, not dead vegetation, should be used because these samples are' -

indicators of recent atmospheric deposition. Use a scissors or other sharp ;
%

cutting tool to cut the grasses and weeds off as close to the ground as |

possible. Do not include plant roots and take care not to contaminate the ;

sample with soil. Total sample collected should exceed 500 grams and j
ideally should be 1000 grams. Place entire sample in a plastic bag, tape

'

the bag shut, and label the bag as described in Section 2.2.7. :

i

2.4.2 Thermoluminescent dosimeters (TLDs) :

TLDs capable of multiple, independent measurements of the same . .;

I exposure am posted at the twenty-seven (27) locations specified in j
Table 2-4 and am changed quarterly. The utmost care in handling is |
required to minimize unnecessary exposure during transit, storage'and !

posting because the TLDs begin recording all radiation from the moment i

they are annealed (heated to rezero) at the contractor's laboratory.
Packages of TLDs in transit shodd k marked "DO NOT X-RAY."

i-

A transportation control (E-TC) shall accompany the new batch in transit j
from the contractor's laboratory to the plant. The control shall accompany ;

the batch during brief storage and subsequent posting. The same control i

shall accompany the "old" or exposed batch on its way back to the |
contractor. Therefore, each control represents the sum of approximately |

half the in-transit exposure of the two hatches. This control system is able ,

to identify any unusual in-transit exposure. ]
|
:

Page 14 of 36. ,

i

. . . ..



_M ' -
'

,

POINT BEACH NUCLEAR PLANT Revision 9 i

d November 11, 1992
|

|
,

- ENVIRONMENTAL MANUAL :
.

Environmental TLDs should never be bmught into the plant controlled
zone or any other area with elevated radiation, but may be stored for brief j
periods in a shielded enclosum in the Extension Building or other low- . j
background area, such as the basement of the Energy _ Center or the Site '

Boundary Control Center. The contractor is to time shipments to coincide i

as closely as possible with the beginning of a calendar quarter. TLDs |
should be shipped back to the contractor immediately or within 24 hours of. |
removal. The contmetor is instructed to process the samples immediately
upon receipt. The contractor shall report removal data and cumulative :
readings in mR for all locations and control, cormet for in-transit exposun: !

and express results in net mR/7 days. Labels of the exposed set for
shipment to contractor should show both posting and removal dates.

2.4.3 12ke water

Lake water samples are obtained monthly at specified locations. As a ;
.

special case, the water sample at the discharge flume is composited weekly j
for monthly analysis. The contractor is responsible for the compositing
for quarterly analyses. Collect approximately.8000 ml of lake water in the '

required number of cubitainers at each location and label as directed in
Section 2.2.7. ;

i

12ke water is collected at the request of the state of Wisconsin. These |
samples are collected, labeled, and fonvarded to the appropriate agency. ,

i

2.4.4 Well water

Well water samples are obtained quarterly from the single onsite well. |
Collect approximately 8000 ml of well water using the required number of !

cubitainers. Label as directed in Section 2.2.7. |-

f2.4.5 Air
- !

a. Sample collection ,

I
:

Air filters are changed weekly at specified locations. Take precautions :

to avoid loss of collected material and to avoid contamination when !

handling filters. Washing hands befom leaving the plant to change |
filters is e recommended practice.

!
i

- !
!
!

% |
!

- !

I
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,

Both paniculate filters and charcoal cartridges are employed at each
sampling location. Paniculate filters are analyzed for gmss beta |
activity after waiting for at least 24 hours to allow for the decay of :

shon-lived radon and thoron daughter pmducts. The contractor makes i

quanerly composites of the weekly paniculate samples for gamma
'

isotopic analyses.

A regulated pump (Eberline Model RAS-1 or equivalent) is used at f
each air sampling location. Because of the automatic flow regulation, ;

rotameter readings at the beginning and ending of the sampling period i

should be nearly identical. Substantial differences in readings usually
require some investigation to detennine the cause. The rotameters ;

attached to the pumps are calibrated in liters per minute. When new
filters are installed, flow rate should be about 28-301pm. Flow mies .
less than 261pm or greater than 321pm require that the pump regulator :
be readjusted. The correct flow rate is determined by multiplying the j
mtameter reading by the correction factor indicated on the calibration !
sticker affixed to the mtameter. '

:

f The pumps are equipped with an elapsed time meter which reads in !

s hours. Elapsed time in hours for the sample is obtained by subtracting *

the meter reading at stan time from the reading at the end of the |
| sampling period. The form shown in PBF-4078 is used for recording :

peninent air sampling data for each location. At a nonnal filter ,

change, the following procedure will apply:
,

1. Record "date off" on the air sampling data sheet. :

2. Record rotameter reading for end of period (R:).

3. Turn off pump and record hour meter reading for end of period .

(t:). ;

i

24. Calculate total volume for period and enter on data sheet (m ).

|
5. Before removing the filter, label the envelope as directed in |

Section 2.2.7. Also enter any other peninent information at this !
time. Always write data on the envelope before the paniculate |

filter is in the envelope. :

1

6. Remove paniculate filter being careful to handle filter only by j
|edges, place in envelope.

|

Page 16 of 36 |<
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7. Remove charcoal canridge, place in plastic bag, and label as
directed in Section 2.2.7. |

8. Install new charcoal cartridge and paniculate filter being sure to !
check the charcoal canridge for breaks and holes in the filter j
surface. Discard canridges with holes and breaks.

'

I
9. Record "date on" on a new line of the data sheet. !

;,

10. Record hour meter reading for beginning of peri'..: (t ). !i

:

11. Turn pump on. i
!,

12. Perform weekly gross leak test. [

13. Record rotameter reading for beginning of period (R ).3

14. Record correction factor as indicated on calibration sticker affixed ;

to rotameter (C). j
!

15. Observe that the staning rotameter reading (R ) is close to the .i
!previous ending reading (R). A substantial difference indicates

need for funher investigation because the regulator will generally
maintain constant flow regardless of filter loading. ;

16. Any unusual conditions or observations should be referenced under
.

'
(*) and recorded under "* NOTES" at the bottom of the data sheet.

Air samples are collected for the State of Wisconsin at three locations, I
one of which is co-located with a PBNP air sampling site. They are I

handled in a manner similar to PBNP samples except that no charcoal f
canridges are involved. However, state samplers are equipped with !
volume integrating meters. Therefore, clock time must be recorded in !

addition to the ending and beginning volumes. Label and forward !
samples to the State. !

i

!
t

!

f
!

!
:
',

!

!
!
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b. Air sampling system description |

The air monitoring equipment for the PBNP air sampling program
consists of a Regulated Rate Contml System. The Regulated Rate
Contml System is used at PBNP because of its simplicity and
reliability. It is designed to minimize both calibration difficulties and
the potential for leaks. The regulated rate control system includes a
pump, a flow mgulator, an electrical hour meter, the appmpriate filter-
holders and a minimum of tubing. In this system, the total volume .j
sampled can be calculated simply and accurately from the lapsed time ;

!indicated on the hour meter and the flow rate which is key, constant by
the regulator regardless of filter loading.

.

The air samplers are Eberline Model RAS-1 (or equivalent) and have ;

built-in rotameters which read in liters per minute. The systems also
include a 1000-hour elapsed time meter, an Eberline WPH-1 (or
equivalent) weatherpmof housing and an iodine canridge holder and :

mounting kit. Currently, all metallic and rigid plastic tubing and rigid
fittings are used in lieu of tygon tubing and quick disconnects. Glass
fiber,47 mm diameter, paniculate filters capable of collecting 95% of !

'

I micron diameter panicles and iodine impregnated charcoal cartridges
(Scott or equivalent) constitute the filter media. ;

:

c. Calibration ;

!
Calibrate the pump mtameter at initial installation and at yearly
intervals thereafter by connecting a laboratory-qu lity mference flow

'

meter with NBS traceable calibration to the filter face with the i

paniculate filter and charcoal canridge in position. Upon completion, ;

a calibration sticker indicating the cormction factor is affixed to, or ;
'near, the built-in rotameter. The results are recorded on the form -

I shown in PBF-4020. i

;

,

h

!

I
;

!

!
:

;
i

t

|
.
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I
'

d. Inspection and maintenance

:

Initially, and at quarterly intervals, not to exceed 16 weeks, thereafter, i

the assembled system should be checked for leaks by attaching the i
reference flow meter across the face of the tilter holder with the fihers
in position. Leakage in this configuration is indicated by a higher {

' reading on the built-in rotameter than on the reference flow meter.
Because leakage is indicated by disagreement between the two flow i

measuring devices, remember to apply the calibration correction factor :
to the built-in rotameter reading. Leak tests are to be recorded on the |

| form shown in PBF-4020. Weekly gross leak checks shall be -|
accomplished as indicated in the appropriate PBNP procedure. |

.

For normal opemtion, the regulators should be adjusted to maintain a i4

''true flow rate of 28-30 liters per minute. Adjustments are made by
turning the screw marked FLOW ADJUST located on the side of the j
regulator body: counterelockwise increases flow, clockwise decreases ;

flow. Flow rates should be observed at all filter changes. Flow rates |
less than 261pm or more than 321pm require readjustment of the ;
regulator. Panicular attention should be paid to flow rate readings ;

with the "old," loaded filter and with new, unused filters in position. |
Because of the regulator, the difference in flow should be barely i
perceptible, perhaps no more than one Ipm. Significant differences in j
flow rates require further investigation to determine the cause. ;

,

Preventive maintenance shall be performed on all environmental air f
I samplers and the results recorded on the form shown in PBF-4020. -|

i
?

e. Pump repair and replacement !

i

The pumps can operate for long periods of time with minimal or no y

maintenance. The vane assembly of the pump is most susceptible to |

failure, indicated by excessive noise or inability to maintain. sufficient -|
flow across loaded filters. At least one standby pump should be |
available for temporary service during the repair period. In the event

.

:

of motor failures due to causes other than defective connections, |
complete replacement of the unit may be necessary. All pump repairs - !

should be done in a clean-side shop with clean tools. i
!

.

.

,
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2.4.6 Milk

Because of iodine decay and pmtein binding of iodine in aging milk
samples, speed is imperative in processing and samples must be kept cool ,

to avoid degradation and spoilage of the samples. Milk samples are ;

obtained monthly in conjunction with the State of Wisconsin Milk
Sampling Pmgram from three individual dairy farmers located nonh,'
south, and west of the site. Because two of the three sites are co-located,
the PBNP pickup is coordinated to coincide with the State arTanged
schedule. The pickup usually will be the first Wednesday of the month.

.

!

The following sequence should be followed: f
!

a. After verifying the State milk pickup date with the Manitowoc Public |

Health Department (Mr. Alan Troullier, phone number 683-4454), i

notify Mr. Ieon Strutz (755-2060) of the pickup date. This must be j
done because the Stmtz farm (PBNP sampling location E-21) is not a -

State of Wisconsin sampimg site. j
t

{y b. Because the milk must be kept cool, but not frozen, fill enough -

cubitainers with water and freeze to be able to put one in each shipping :i
container. Fill the cubitainers with water and freeze the day preceding
the pickup. j

c. The milk from the Stmtz farm (E-21) must be picked up before 0900
.

because that is the time the Strutz milk is shipped. A late arrival may [
mean a missed sample. Milk from sites E-Il and E-19 may be picked 1

'
up any time after the Stmtz pickup.

d. Identify yourself and the nature of your business at each milk pickup ;
site. Collect two one-gallon samples from each site, using a funnel if

'

'

necessary. Place each gallon in a one-gallon box liner for shipment.
If shipment cannot occur on the collection day, store the milk in a
clean-side refrigerator overnight. DO NOT FREEZE. i

i
e. Complete a PBNP sample tag according to Section 2.2.7 for each |

gallon sample and place in the box with the sample. Do not seal the |
box. Place the samples in insulated containers and turn them over to +

Ready Stores personnel for shipment. Make sure that the cover letter ;

and, as appropriate, the contractor data collection sheets are sent I
Iaccording to Section 2.2.8 of this manual.

!
!

,

!
!
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2.4.7 Algae .;

!
'Filamentous algae are collected fmm pilings or rocks three times per year,

as available, from two locations. The long, grassy, dark gmen algae can {
normally be cut with scissors. The shoner, light green algae normally :

must be scraped from mcks or pilings. When scraping algae, be careful j

not to include pieces of rock in the sample. The sample can be lightly ;

rinsed in the same medium in which it is growing. This rinse will_ help rid {
the sample of pieces of mck and gravel that may have been inadvertently j
collected with the sample. Because mcks and sediment contain naturally. ;

occurring radioactive materials, their inclusion may give false sample i
results. Collect between 100 and 1000 gm of algae. A sample greater j
than 500 gm is pmferred. Place the algae in a 1000 ml cubitainer and ;

label the container as director in Section 2.2.7. The algae must be kept ' ;

cool to pmvent spoilage. !

|

2.4.8 Fish !
i

Fish are obtained three times per year (March, August and December) as ' :

available either from the taveling screens as washed into the fish basket or |
by other methods as required. For any given sampling period, three fish,- ,

or a sufficient number to yield at least 1000 gm of fillets, should be :
provided. i

i

Place fish in plastic bags and tape and/or tie tightly closed. Fish am j
stored briefly in a radiologically clean freezer. It may be desirable in '

wami weather to coordinate milk and fish sampling, thereby allowing {
simultaneous shipment in insulated containers. Pack fish samples with ice .;
if needed.12 bel bags as directed in Section 2.2.7, being sure to indicate !

fish species when possible. Following packaging of fish, remove and j

discard any fish left in the freezer. This avoids sending fish that are not ,

representative of the sampling period. r

i
Fish are obtained four times per year (March, June, September and |
December) for the State of Wisconsin. Fish sampling for the State is |

performed in the same manner as that for the plant. Approximately four .

fish should be sent to the state at each sampling period. 1
:

In March and December split samples are sent to Teledyne and the State of [
Wisconsin. Each fish is bisected with one half going to Teledyne and the ;

other half to the State.
I

\ :!
!

t
!
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2.4.9 Soil

Soil integrates atmospheric deposition and acts as a reservoir for long-lived -
radionuclides.- Although soil sampling is a poor technique for assessing ~!

small incremental releases and for monitoring routine releases, it does
!provide a means of monitoring long-term trends in atmospheric deposition

in the vicinity of PBNP. Therefore, soil samples are obtained two times
per year from specified locations.

Clear the vegetation from a 6" x 6" area,'being careful to leave the top |
layer of soil relatively intact. Remove root bound soil by shaking the soil ;

tonto the cleared area or into the sample container before discarding the
roots. When necessary, it is preferable to leave some roots in the soil ,

rather than to lose the top layer of soil.

Remove the soil to a depth of three inches. If necessary, expand the area, j
instead of digging deeper, to obtain the required amount of sample. If an ;

area larger than 6" x 6" is used, notify the cognizant NTSS Engineer of |
the area used. The minimum acceptable quantity is 500 grams. Place the :

entire soil sample in a 1000 mi plastic bag and seal the bag with tape. [

Label the sample as directed in Section 2.2.7. ,

i

This procedure assumes that the samples are obtained from undisturbed
'

land; land that has not been plowed within approximately the last 25 years. ;

If the land has been plowed, the soil should be sampled to the plow depth j

which typically is eight inches. Place the soil in a clean bucket or !

appropriate size plastic bag, homogenize the soil and place 1000 grams of
the well mixed soil sample in a plastic bag and label as described above. ;

i

2.4.10 Shoreline Sediment |

Shoreline sediment consisting of sand and smaller grain size material is !

sampled two times per year from specified locations. The 1000 gram
sample is collected, from beach areas near the water ridge. At each - !

location collect representative samples of sediment types roughly in !

proportion to their occurrence. For example, at E-06 avoid collecting a ,

sample which consists exclusively of the dark-brown to black sediments
which occur in layers up to several inches thick. Package the sample in a ;

1000 ml cubitainer and label as described in Section 2.2.7. !

l

V I

:
i

!
i
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2.5 Milk Survey
,

In accordance with PBNP Technical Specifications, the milk sampling program is
reviewed annually, including a visual verification of animal gmzing in the vicinity of
the site boundary, to ensum that sampling locations remain as conservative as
poeticable. The verification is conducted each summer by cognizant PBNP
personnel. Because it is already assumed that milk animals may graze up to the site
boundary, it is only necessary to verify that these animals have not moved onto the
site. No animal census is required. Upon completion of the visual check, PBNP i

personnel will notify NTSS in writing. To ensure performance of the annual'

I verification, " milk review" is identified on the sampling checklist, PBF-4121.
!

!

:
.

i

,

'

t
1

:

(
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!

TABLE 2-1 |

!
RECOMMENDED MINIMUM SAMPLE SIZE j

:

!

'

S_izeiSample Type
:
"

Vegetation 100-1000 gm
'

Iake Water 8 liters
3Air Filters 250 m i

Well Water 8 liters !

Milk 8 liters ;

Algae 100-1000 gm |
Fish (edible ponions) 1000 gm ' |
Soil 500-1000 gm ;

Shoreline Sediment 500-1000 gm - !

!
.

$

!
i

'f
:
.

E

!

!

t

!

-

;

.

i
;

. . -

t
;

,

!

!
o

i

'N i
i.

!
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TABLE 2-2

SAMPLE TYPES AND ASSOCIATED LOWER LEVEL OF DETECTION (LLD) AND
NOTIFICATION LEVEL VALUES

NOTIFICATION LEVELS
REPOR~IlNG NRC NTSS(b) WEIGHTED SUM ,

)SAMPLE TYPE UNIT PARAMETER LLD(a) (Regulatory) (Admin.) ACTION LEVEL

Vegetation pCi/g wet Gross Beta (c) 0.25 - 60 -

Cs-137 0.08 2 0.40 0.50
Cs-134 0.06 1 0.20 0.25

I-131 0.06 0.1 0.06 0.06

Other(d) 0.25 - 2.0 -

Shoreline pCi/g dry Gross Beta 2.0 - 100 -

Sediment and Cs-137 0.15 -- 20 -

Soil (e) Other(d) 0.15 - 20 -

)
Algae pCi/g wet Gross Beta 0.25 - 12 -

Cs-137 0.25 10 1 2.5
Cs-134 0.25 10 1 2.5
Co-58 0.25 10 1 2.5
Co-60 0.25 10 1 2.5

Other(d) 0.25 - 1 -

l

Fish pCi/g wet Gross Beta (c) 0.5 - 125 -

C5-137 0.15 2 0.40 0.50
Cs-134 0.13 1 0.20 0.25
Co-58 0.13 30 3 7.5
Co40 0.13 10 1 2.5
Mn-54 0.13 30 3 7.5
Fe-50 0.26 10 1 2.5
Zn45 0.26 20 2- 5.0

Other(d) 0.5 6 - ;--

l

TLDs mR/7 days Gamma Exposure ImR/TLD - SmR/7 days -

|

Lakewater and pCill-T.S.(f) Gmss Beta 4 - 100 -

Well Water Cs-134 15 30 15 15

Cs-137 18 50 18 18

Fe-59 30 400 40 100

Zn-65 30 300 30 75

Zr-Nb-95 15 400 40 100

Ba-12-140 15 200 20 50
( Co-58 15 1,000 100 250

Co40 15 300 30 75
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TABI E 2-2 ,

i

SAMPLE TYPES AND ASSOCIATED LOWER LEVEL OF DETECTION (LLD) AND
NOTIFICATION LEVEL VALUES

(CONTINUED) f

i
'NOTIFICATION LEVELS

REPORTING NRC NTSS(b) WEIGHTED SUM i

SAMPLE TYPE UNIT PARAMETER LLD(a) (Regulatory) (Admin.) ACTION LEVEL . ,

!
I

i
;

bkewater and pCUI-T.S.(f) Mn-54 15 1,000 100 250 |
Well Water I-131(c) 2 - 2 - !
(Continued) Other(c) 30 - 100 -

|
H-3 3,000 30,000 3,000 7,500 |

Sr-89(c) 10 - 50 ;

Sr-90(c) 2 - 20 -

|
Milk pCill Sr-89(c) 5 - 100 - ;

Sr-90(c) 1 - 100 - !

I-131 0.5 3 0.5 0.75 !

( Cs-134 15 60 15 15 ;

Cs-137 18 70 18 18 ,

! Ba-La-140 15 300 30 75 |

Other(d) 15 - 30 -

Air Filter pCi/m' Gross Beta 0.01 1.0- ,

I-131 0.07 0.9 0.09 0.2 |
*

i Cs-137 0.06 20 2.0 5.0 ;
'

Cs-134 ' O.05 10 1.0 2.5 |
Other(d) 0.1 - 1.0 - !

!
!

!

!

|
i
I

(a) The LLDs in this column are the maximum acceptable values. |
(b) The values in this column are not technical specifications. !

(c) This parameter and associated LLD and notification level are not Technical Specifications items. |
(d) Other refers to non-tech spec identifiable gamma emitters. i

(e) These sample types and associated values are not required by the Technical Specifications. j

(f) T.S. = total solids.

I

i

!

i 1

|

i
1

|
|
t
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i

I

!
ENVIRONMENTAL MANUAL i

!'

!

!jTABLE 2-3
!

RADIOLOGICAL ENVIRONMENTAL SAMPIJNG LOCATIONS |
<i

:

location Code location Descrirition [
!

E-01 Meteorological Tower [
E42 Site Boundary Control Center - East Side of Building i

E-03 Tapawingo Road, about 0.4 Miles West of 1.akeshore Road j
E-04 North Boundary {
E-05 Two Creeks Park !

E-06 Point Beach State Park - Coast Guard Station
. |

E47 WPSC Substation on County Rt. V, about 0.5 Miles West of !

Hwy. 42 !

E-08 G. J. Francar Property, at the Southeast Comer of the |
Intersection of Hwy.163 and Zander Road |

'
E-09 Nature Conservancy
E-10 PBNP Site Well I

E-11 Dairy Fann (W. Funk), about 3.75 Miles West of Site [
E-12 Discharge Fiume/her i

E-13 Pumphouse !
E-14 South Boundary, about 0.2 miles East of Site Boundary '!

Control Center i

E-15 Southwest Corner of Site 5

4 E-16 WSW, Hwy. 42, Bishop Residence, about 0.25 miles North of
# Nuclear Road

E-17 North of Mishicot, Hwy.163 and Assman Road, Northeast
Comer ofIntersection -i

E-18 Northwest of Two Creeks at Zander and Tannery Roads I;

E-19 local Dairy Farm, about 0.2 miles West of Hwy. 42 on the
North Side of Two Creeks Road (L. Engelbrecht)

E-20 Reference location,17 miles Southwest, at Silver latke
College ;

E-21 local Dairy Farm just South of Site (L. Strutz) on Lakeshore
and Irish Roads {

E-22 West Side of Hwy. 42, about 0.25 miles North of Johanek |
Road

_ i

E-23 Greenfield Lane, about 4.5 Miles South of Site,0.5 Miles East i
of Hwy. 42 -|

E-24 North Side of County Rt. V, near intersection of Saxonburg .
Road [

E-25 South Side of County Rt. BB, about 0.5 miles West of !
"

Norman Road
E-26 804 Tapawingo Road, about 0.4 miles East of Hwy.163, !

North Side of Road |

/ E-27 Intersection of Saxonburg and Nuclear Roads, Southwest
Corner, about 4 Miles WSW

!

'
-
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!
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\ !

TABLE 2-3 ;

RADIOLOGICAL ENVIRONMENTAL SAMPLING LOCATIONS
(CONTINUED) .,

| E-28 Nature Trail sign in parking lot on West side of EIC.
| E-29 On tree on bluff overlooking Lake Michigan NE of Microwave t

| Tower and due East of MET Tower. .

'
| E-30 NE corner at Intersection of Tapawingo and 1Aeshore

| Roads. ,

| E-31 On utility pole North side of Tapawingo Road closest to the gate ,

!
I at the West property line

| E-32 On a tree located at thejunction of property lines, as indicated

| by trees and shrubs, about 1000 feet east of the west gate on ,

j Tapawingo Road and about 1200 feet south of Tapawingo !

| Road. The location is almost under the power lines between ;

| the blue and gray transmission towers.

| E-TC Transportation Control; Resened forTLDs !
!

!

,

; i

!
. .

:
'

!

<

f
:

;

!
!

.;
1

f

f
i

:
.t

!

<

t

s :

;

\
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i
E

ENVIRONMENTAL MANUAL !
!

"

!
!

r

I

TABLE 2-4 |
;

t
>

PBNP RADIOLOGICAL ENVIRONMENTAL SAMPLE COLLECTION FREQUENCY :,

|
!
t

Sample Type Sample Codes Collection Frequency i

1 i

!

Environmental Radiation Exposure E-01 -02, -03, -04, -05, Quarterly 1

-06. -07, -08, -09, -12, .

-14 -15 -16, -17, -18, !
-20, -22, -23, -24, -25, ''

1 -26, -27, -28, -29, -30, 4

| -31, -32 j

!

Vegetation E-01, -02, -03, -04, -06, 3x/yr as available !
-08,-09,-20 :

I

Algae E-05, -12 3x/yr as available

Fish E-13 3x/yr as available ;
;

Well Water E-10 Quarterly |

'

12ke Water E-01, -05, -06, -09, -12 E-12 collected veekly for monthly
'

composite. Others collected monthly.
!
i
'

Milk E-11, -19. -21 Monthly

Air Filters E-01, -02, 03, -04, -08, Weekly particulate filters and charcoal
-20 canisters by continuous air sampler. !

!

Soil E-01, -02, -03, -04, -06, 2x/yr
-08.-09,-20 |

i

Shoreline Sediment E-01, -05, -06, -09, -12 2x/yr !
'

!
:
!.

!

!
!

],

;

1

1

'

,-
!
i4
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_

TABLE 2-5

PBNP RADIOLOGICAL ENVIRONMENTAL SAMPI'; ANALYSIS AND FREQUENCY

Sample Type Sample Codes Analyses Frequency

Environmental Radiation E-01. -02. -03. -04, -05 TLD Quarterly
Exposure -06,-07,-08,-09, -12

-14, -15, -16. -17. -18,
~20, -22, -23 -24, -25,

j -26, -27, -28, -29 -30,

| -31, -32, -TC

Vegetation E-01, -02 -03, 04 -06, Gioss Beta 3x/yr as available
-08,-09,-20 Gamma Isotopic Analysis

Algae E-05, -12 Gross Beta 3x/yr as available
Gamma Isotopic Analysis

Fish E-13 Gross Beta 3x/yr as available
Gamma Isotopic Analysis
(Analysis of edible

portions only)

Well Water E-10 Gross Beta, H-3 Quarterly
Sr-89. 90,1-131
Gamma Isotopic Analysis

(on total solids)

Lake Water E-01, 45, -06, -09 Gross Beta Monthly
-12 H-3, Sr-89, 90 Quarterly composite of

monthly collections
1-131 Monthly
Gamma Isotopic Analysis Monthly
(on total solids)

Milk E-II. -19. -21 Sr-89, 90 Monthly
1-131

Gamma Isotopic Analysis

Air Filters E41, 42, -03, 44, Gross Beta Weekly (particulate)
-08, -20 1-131 Weekly (charcoal)

Gamma Isotopic Analysis Quarterly (on composite
particulate filters)

Soi! E-01, -02, -03, -04, Gross Beta 2x/yr
-06.-08,-09.-20 Gamma Isotopic Analysis

Shoreline Sediment E-01, -05, -06, -09, Gross Beta 2x/yr
-12 Gamma Isotopic Analysis

Page 30 of 36
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|
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I

;

I

,

TABLE 2-6 !

SAMPLES COLLECTED FOR STATE OF WISCONSIN !

:

Sample Tvne location Freouency

1. Lake Water E-12 Weekly, Composited Monthly
iE45 Quarterly
1

!

2. Air Filters E-07 Weekly i

E48 '!:
Buechen Residence i

'|
3. Fish E-13 Quarterly, |

As Available '

4. Precipitation E41 Twice a month, f
E44 As Available ,

E-07 !
E48 >

!

|
!

!

;

:
'

I

i
i
;

:

+

.

P

t
;

I
!

!.
.

t

I

N !
1

i

I
!
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Figure 2-2 |
'

;

POINT BE.ACH NUCLEAR PLANT

RADIOLOGICAL Eh*VIRONMENTAL MONTTORING PROGRAM |

SAMPLING PROBIIM REPORT FORM |

r

'

Location Number and DescriptRn
i

Date |Sample 1)pe _'
7\w of Problem (Check One)

- (
,

Lost in Field t

I

lost in Transit to Contractor Laboratory i
i

_
Sampic Not Available i

Other (Explain)

'
Cause of Samphng Problem:

i

I

!
p

Description of Samphng Problem: [
!

!

!
'

i

!|
.

+..

"

Suggestions (if any) for Preventing Recurrence: _

.

Reported By Date

Reviewed By Date

'
'Samtste Tyne Cr.de I

Fish [AP - Airborne Particulates F -

Al - Airborne lodines SL - Slime. Aq. Vegetation .

TLD- Thermoluminescent Dosimeter SS - Shorehne Sediment ,

ML - Milk SP - Special Sample (Indicate what kind) {WW . Well Water 50 - Soil +

G - Grasses and Weeds LW - 12kewater

.

!
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3.0 NON-RADIOLOGICAL MONITORING

The measurement of meteorological data is the only non-radiological environmental
monitoring currently required by PBNP Technical Specifications. In accordance with
Amendment Nos. 69 and 74 to Facility Operating Licenses DPR-24 and DPR-27,
respectively dated March 11, 1983, all other non-radiological environmental monitoring has
been deleted. The meteorological data are kept on site for review by the NRC upon request.

I
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|

APPENDIX A
!

RADIOLOGICAL ENVIRONMENTAL MONITORING TECHNICAL SPECIFICATIONS - !

|

0
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I*

O 15.7.7 OPERATIONAL ENVIRONMENTAL MONITORING PROGRAM

Q -

Aoolicability

'

.

This section applies to operational environmental radioactivity monitoring,

and sampling.

Obiective

To verify that plant operations have no significant radiological effects
on the environment.

Specifications

A. Environmental Monitoring Program
,

1. Environmental monitoring samples shall be taken at locations
specified in the PBNP Environmental Manual according to the
sampling and collection frequencies given in Table 15.7.7-1.

2. Deviations from the required sampling schedule as specified in
Table 15.7.7-1, are perwitted if hazardous conditions, seasonal
unavailability, automatic sampling equipment malfunctions, and
other legitimate reasons make the sample unobtainable. If the '

radiological environmental monitoring program is not being con-
ducted as specified in Table 15.7.7-1, a description of the reasons
for not conducting the program and the plans for preventing a

'

recurrence will be submitted with the next Semiannual Monitoring
Report.

3. If milk or vegetation samples become unavailable from one or more
of the sample locations specified in the PBNP Environmental Manual,
identify locations'for obtaining replacement samples and add
them to the radiological environmental monitoring program within
30 days. The specific locations from whi'ch samples were unavail-
able may then be deleted from the monitoring program. The cause

of the unavailability of samples and replacement samples shall be

(
Unit 1 Amendment 97 15.7.7-1 October 10, 1985

Unit 2 Amendment 101
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identified in the next Semiannual Monitoring Report. Figures and

.

tables in the Environmental Manual are to be revised reflecting

the new sample locations.'

B. Detection Capabilities ,

- 1. Environmental sambles shall be analyzed as specified in Table

15.7.7-2.'

2. The required detection capabilities for environmental sample
analyses are tabulated in terms of the lower limits of detection

(LLDs).
3. If circumstances render the stated LLDs in Table 15.7.7-2 unachiev-

able, the contributing factors shall be identified and described
in next Semiannual Monitoring Report.

C. Notification Levels
1. If a measured level of radioactivity in any environmental medium

'

exceeds the notification level listed in Table 15.7.7-3, resampling
and/or reanalysis for confirmation shall be completed within 30
days of the determination of the anomalous result. If the con- |

firmed measured level of radioactivity remains above the notiff- -

( cation level, a written report shall be submitted to the NRC in
accordance with Section 15.7.8.4.B within thirty days of the

confirmation. This report is not required if the measured level
of radioactivity was not the result of plant effluents.

2. If more than one of the radionuclides listed in Table 15.7.7-3
are detected in any environmental medium, a weighted sus calcula-

'

tion shall be perfomed if the measured concentration of a detec-
ted radionuclide is greater than 25% of the notification levels.
For those radionuclides with LLDs in excess of 25% of the notifi-
cation level, a weighted sum calculation need only be performed
if the reported value exceeds the LLD. The weighted sum is

calculated as follows:
,

concentration (1) concentration (2) _ weighted
. ,,

notification level (1) notificationlevel(2) sum

If the calculated weighted sua is equal to or greater than 1,
resampling and/or reanalysis for confirmation shall be completed

I within 30 days of the determination of the anomalous result. If |
(

Unit 1 Amendment 114 15.7.7-2 April 18, 1988

Unit 2 Amendment 117
.
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theconfirmedIakculatedweightedsusremainsequaltoorgreater.

than 1, a written report shall be submitted to the NRC in accor- i

q dance with Section 15.7.8.4.B within thirty (30) days of the con-
firmation. This calculation requirement and report is not required
if the measured level of radioactivity was not the result of plant
effluents. -

,

3. All detected radionuclides shall be reported in the Semiannual
Monitoring Reports. Naturally occurring nuclides such as Be-7,

,

K-40, and the U-238 and Th-232 decay series radionuclides shall
not be included in this requirement.

D. Land Use Census

1. The milk sampling program shall be reviewed annually, including
a visual verification of animals grazing in the vicinity of the
site boundary, to ensure that sampling locations remain as con-
servative as practicable.

E. Interlaboratory Comparison Program
1. The environmental sampling analyses shall be performed by a

laboratory participating in an Interlaboratory Comparison
.

Program.

p 2. If the analytical laboratory is not participating in the Inter- >

laboratory Comparison Program, a description of the corrective
actions to be taken to preclude a recurrence shall be submitted in
the Semiannual Monitoring Report.

Basis

The operational radiological environmental monitoring program as outlined in
Table 15.7.7-1 provides sufficient sample types and locations to detect and
to evaluate changes in environmental radioactivity. Although radioactivity
in plant effluents is continuously monitored and releases are well below
levels which are considered safe upper limits, radiological environmental
monitoring is a conservative measure undertaken to determine whether the

operation of the Point Beach Nuclear Plant produces any significant radio-
logical change in the surrounding environment.

'

Radioactivity is released in liquid and gaseous effluents. Air particulate
samples and thermoluminescent dosimeters placed at various locations provide
means of detecting changes in environmental radioactivity as a result of plant

( releases to the atmosphere.

Unit 1 Amendment 97 15.7.7-3 October 10, 1985
Unit 2 Amendment 101
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The land in the area of Point Beach Nuclear Plant is used pricarily for '

farming and dairy operations. Therefore, radiological environmental samp1-.

{ ing of vegetation is conducted to detect changes in radiological conditions
|

at the base of the food chain. Sampling of area produced milk is carried
out because dairy farming is a major industry in the area,

i

Water, periphyton, and fish are analyzed to monitor radionuclide levels in,

Lake Michigan in the vicinity of PBNP. Periphyton, attached algae, concen- [
trate radionuclides from the surrounding lake water. Therefore, algae !
samples, along with lakewater samples, provide a means of detecting changes f
which may have a potential impact on the radionuclide concentrations in Lake !
Michigan fish. Because of the migratory behavior of fish, fish sampling is {
of minimal value for determining radiological impact specifically related to {
the operation of the Point Beach Nuclear Plant. However, fish sampling is !
carried out as a conservative measure with emphasis on species which are of )

; intermediate trophic level and which exhibit minimal migration in order to !
monitor the status of radioactivity in fish. |

i

1 - !

Vegetation, algae, and fish sampling frequencies are qualified on an "as !
'

,

available" basis recognizing that certain biological samples may occasionally f
be unavailable due to environmental conditions. !

,

a

'

i
-i

!

'
i>

!
!

!
l
i

!<

,

!
!
!

|

(-

;

i

|
r

i

!

Unit 1 Amendment 97 15.7.7-4 October 10, 1985 {
Unit 2 Amendment 101 !
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lABLE 15.7.7-1 - r

OPERATIONAL RADIOLOGICAL ENVIRONMENTAL PROGRAM

HUMBER & LOCATION OF COLLECTION ANALYSIS TYPE
SAMPLE TYPE SAMPLES FREQUENCY AND FREQUENCY

.

Direct environmental 23 TLDs are distributed as follows: Quarterly Gamma dose quarterly
(Each TLD contains 2 chips)

9 - In the general area of the site
boundary in the nine meteor- i
logical sectors around the *

Point Beach Nuclear Plant
P
11 - On the Lake Michigan side of

PBNP

11 - In a ring around PBNP at a
distance of 3 to 6 alles from
the plant

1 - Background reference in a low
D/Q area greater than 16 miles
from PBNP

1 - Transport control'

V:getation a samples of vegetation obtained as 3x/yr as Radiolodine and gamma isotopic analysis
follows: available performed 3x/yr as samples are available

1 - Background reference as de-
scribed above

4 - In the general area of the
site boundary

'3 - At locations N, W and 5 of PBNP
at 3-6 miles from the plant

Unit 1 Amendment 97 October 10, 1985
Unit 2 Amendment 101
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| O
1ABLE 15.7.7-1 (Continued) 3

- >

|

| NUMBER & LOCATION OF COLLEC110N ANALYSIS TYPE
SAMPLE TYPE SAMPLES FREQUENCY AND FREQULNCY' .

|.

Well water 1 - Onsite well Quarterly 11-3 quarterly with gamma isotopic
analysis performed quarterly on total
solids

Lake water 1 - Olscharge fiume Monthly Monthly gross beta and gamma isotopic
(discharge analysis of total solids. 11-3 analysis '

'2 - N of discharge 0.5 to 5 fiume is quarterly on composite
miles from PBNP collectad

h.~weekly sed,

2 - S of discharge 0.5 to 5 composited
,

miles from PBNP for monthly
analysis)

Air filters 1 - Reference location as de- Weekly by Radiciodine weekly on charcoal canisters.
scribed above continuous Gross beta weekly on particulate filters. ,

air sampler after at least 24 hours decay. Gamma
4 - In the general area of the isotopic analysis quarterly on particulate <

site boundary filter composites.

1 - About 6 miles W of PBNP,

Milk 3 - Dairy farms about 2-6 miles N, Monthly Monthly gamma isotopic analysis and
W, and S of P8HP radioidine analysis i

Fish 1 - Travelling screens 3x/yr as Gamma isotopic analysis 3x/yr as avail-
available able. Analysis of edible portions'only

Algae 2 - Along shore within 5 miles 3x/yr as Gross beta and gamma isotopic analysis
N and 5 of discharge available 3x/yr as available

~

Unit 1 Amendment 97' October 10, 1985
Unit 2 Amendment 101 I
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| TABLE 15.7.7-2 RADIOLOGICAL ENVIRONMENTAL MONITORING ANALYSISI
L

LOWER LIMIT OF DE1ECT10N (LLD)2

WellWatergVegetation Airborge Milk Lake Water Algae Fish.Analysis' (pCl/o wet) (pCi/o ) (pci/1) (pCi/l)-1.5.4 (pCl/g wet) (pCi/o wet)
Gross Beta 0.01 4 0.25 E

,

H-3 3,000

Gamma Scan

1-131 0.06 0.07 0.5

Cs-137 0.08 0.06- 18 18 0.25 0.15
Cs-134 0.06 0.05 15 15 0.25 0.13
Co-58 15 0.25 0.13
Co-60 15 0.25 0.13

'

Ba-La-140 15 15

Zr-Mb-95 15 *

Fe-59 30 0.26
Zn-65 30 0.26
Mn-54 15 0.13

'

Unit 1 Amendment 97
October 10. 1985

Unit 2 Amen h nt 101,
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NOTES FOR TABLE ~15.7.7-2
.

1. For gamma isotopic analysis of environmental samples, the spectrum is scanned over the energy
range of 80 to 2048 kev for gamma ray emitting radionuclides which may be attributable to Point Beach
Nuclear Plant effluents. The analysis specifically includes, but is not limited to Mn-54, Fe-59, In-65,, , .

Co-58, Co-60, Zr-Mb-95, Ru-103, Ru-106,1-131, Ba-La-140, Cs-134, Cs-137, Ce-141, and Ce-144.

2. The environmental TLDs have an LLD of 1 ares / chip.
#

3. No drinking water

4. T.S. = total solids. f,,

o

e

F

'

Unit 1 Amendaient 97 15.7.7-5 October 10, 1985

Unit 2 Amendment'101
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TABLE 15.7.7-3 RADIOLOGICAL ENVIRONNENTAL MONITORING ANALYSIS

NOTIFICATION LEVELS ,

Well Water & .

Vegetation
Airborp)

Hilk Lake Water Algae fish
Analysis (pC1/g wet) (pCl/m (pCl/1) (pCl/1)-T.S. (pCi/g wet) (pCi/g wet)

H-3 30,000

1-131 0.1 0.9 3
t

Cs-137 ? 20 70 50 10 '' 2

Cs-134 1 10 60 30 10 1 P

Co-58 1,000 10 30

Co-60 300 10 10

Ba-La-140 300 200
.

Zr-Mb-95 400

Fe-59 400 10

Zn-65 300 20*

Mn-54 1,000 30

..

?
-

1

F

Unit 1 Amendment 97 October 10, 1985
Unit 2 Amendment 101- *
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1.0 OFFSITE DOSE CALCUIATION MANUAL ADMINISTRATION

1.1 Purpose

The PBNP Offsite Lose 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 and comparison to Appendix I dose limits.

The manual also details the methodology for the determination of
gaseous and liquid effluent monitor alarm setpoints. The PBNP
Radiation 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
reasonably achievable and to ensure releases result in
concentrations to unrestricted areas within limits specified in
10 CFR 20.

The manual also details the methodology for evaluating the
radiological impact of sewage treatment sludge disposal. This
methodology 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) . A copy of the submittal

( ~
Dose limits are established in the application to ensure the
and subsequent modifications is contained in Appendices E and F.

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.

1.2 General Rescensibilities

The primary responsibility for the implementation of the PBNP
offsite dose calculation program and for any actions required by
the program resides with the Manager and the staff of the Nuclear
Industry and Regulatory Services Section (IRSS) .. IRSS 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 IRSS
responsibilities.

The Manager, PENP is responsible for assuring that Radiation
Monitoring System alarm setpoints are established and maintained
in acccrdance with the methodologies outlined in this manual. The
Manager, PBNP is also responsible for assuring the performance of
periodic release summaries for the purpose of demonstrating
compliance with PENP effluent release limits.

1.3. Manual Revisions

This manual describes the current scope of the PBNP offsite dose
calculation program. The program and the manual are maintained by
IRSS. Program items or procedures may be periodically updated or ;

e'~S changed, either to reflect new parameters or to improve program(j) effectiveness. This manual may be revised at the discretion of
\ IRSS with the concurrence of the PBNP Manager's Supervisory Staff

(FSS) .

1-1
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2.0 RADIATION MONITORING SYSTEM AND RELEASE ACCOUNTING
,

!

A computerized Radiation Monitoring System (EKS) is installed at Point
Beach Nuclear Plant (PBNP). The RMS includes area, process, and
effluent monitors. A description of those monitors used f or 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 contained in the PBNP
Health Physics Calibration Manual. The setpoint methodology is
described in Section 3 of this 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 identified in Table 2-1
and 2-2. 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 PENP Technical
Specifications. The various aspects of grab sampling and release

'
accountability are described in the PBNP Release Accountability Manual.

\sm

o

t

- N

{
1
\%s

>

2-1
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TABLE 2-1
RADIOACTIVE LIQUID WASTE EFFLUENT MONITORS

Channel Number Name Control Function Detector Tvoe

1 (2 ) RE - 21G Containment Fan Coolers None Scintillation
Liquid Monitors

RE-218 Waste Disposal System Shuts waste liquid overboard Scintillation h
Liquid Monitor '|,

F,

1 (2 ) RE- 219 Steam Generator Blowdown Shuts steam generator blowdown isolation Scintillation
Liquid Monitors valves, blowdown tank outlet valves and steam

generator sample valves
N
I

N

RE*220 Spent Fuel Pool Liquid None Scintillation
Monitor

RE-223 Waste Distillate Overboard Shuts waste distillate overboard isolation Scintillation
Liquid Monitor valve 1

1 (2 ) RE - 2 29 Service Water Discharge None Scintillation
Monitors

RE-230 Retention Pond Discharge None Scintillation
Liquid Monitor

1 (2 ) RE- 22 2 Steam Generator Blowdown Shuts steam generator blowdown isolation GM Tube
Tank Outlet Monitor valves and blowdown tank outlet valves

. - - - - , ,
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TABLE 2-2
RADIOACTIVE GASEOUS WASTE EFFLUENT MONITORS

|

f

Channel Number Name Control Function Detector Type

|
' 1(2) RE-212 Containment Noble Gas Monitor Actuates containment ventilation isolation Scintillation

RE-214 Auxiliary Building Exhaust Ventilation Shuts gas release valve and shifts Scintillation
Noble Gas Monitor auxiliary building exhaust through carbon

filters

1 (2 ) RE - 215 Condenser Air Ejector Noble Gas None ScintillationfMonitors g

|

| RE-225 Combined Air Ejector Low-Range Noble None Scintillation
'

Gas Monitor jg
i
bs

RE-221 Drumming Area Vent Noble Gas Monitor Hone Scintillation
|

|
RE-224 Gas Stripper Building Exhaust Noble Gas None Scintillation

Monitor

1 (2 ) RE -3 05 Unit 1 and 2 Purge Exhaust Noble Gas Containment ventilation isolation Scintillation
Monitors (Channel 5 on SPING Units No.
21 and No. 22)

RE-315 Auxiliary Building Exhaust Ventilation None Scintillation
Noble Gas Monitor (Channel 5 on SPINGi

Unit No. 23)

!

RE-325 Drumming Area Ventilation Noble Gas None Scintillation
Monitor (Channel 5 on SPING
Unit No. 24)

-_
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3.0 METHODCID3Y FOR DETERMINING ALARM SETPOIICS

3.1 Introduction

The selection and maintenance of alert and alarm setpoints for
each effluent monitor of the PBNP radiation monitoring system will -

be accomplished within the guidelines of this section. The
computerized PBNP radiation monitoring system permits each
effluent radiation monitor to be programmed to alarm at two
distinct setpoints. The alert setpoint, typically twice the
steady-state reading, is intended to delineate a changing plant
condition which may warrant corrective action. The high alarm or
trip setpoint either will actuate a control function as applicable r

or will require corrective action to be initiated. '

3.2 Obi e ctive
e

The effluent monitor setpoints are established to ensure that
.

controlled releases of liquid and gaseous radioactive effluents
are maintained as low as is reasonably achievable, to ensure
releases result in concentrations to unrestricted areas within
limits specified in 10 CFR 20, and to ensure that the dose limits
of 10 CFR 50, Appendix I are not exceeded.

3.3 Alert Setooint Guidelines ;

s The alert setpoint of each effluent monitor generally will be set
[ to alarm at two times the established steady-state reading. The
( alert setpoint is normally set at concentrations well below the

alarm setpoint value and is never to be set in excess of the alarm
Betpoint. In the Course of plant operations, Certain situatioGs
may require a deviation from the two times steady-state guideline. *

The intent of the alert setpoint is to warn of changing plant
conditions which may warrant an evaluation of the cause of the

'

increased radiation. If the increased reading is actually due to
an increased radiation inventory within the system being
monitored, as opposed to an increased background radiation 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 approval of the Duty Shif t Superintendent.
Alert setpoint adjustments are to be made in accordance with the
FBNP RMS Alarm Setpoint and Response Book. [

.

3.4 Alarm er Trio Setooint Guidelines

In accordance with the requirements 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 to annunciate at radiation levels
which would result in an unrestricted area concentration equal to
or less than the applicable maximum effluent concentration (MEC)
specified in 10 CFR 20, Appendix B, Table 2 for a single
radionuclide. However, for a mixture of radionuclides, the
setpoint shall be established so that the summation of fractions,
as defined in Appendix B of 10 CFR 20, is less than or equal to
one (1). The appropriate detailed response to an effluent alarm
is described in the PBNP RMS Alarm Setpoint and Response Book.

r^'s |y
\u
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3.5 Monitor Calibration and Calibration Constant Determination

Calibration of the RMS effluent detectors is accomplished in
accordance with procedures contained in the PBNP Health Physics
Calibration Manual. Noble gas effluent monitors apply the
calibration constant to standardize all gaseous releases to the
1985-1991 average isotopic noble gas distribution. The
calibration constants are based on the calculated monitor response
to the beta energy distribution in the 1985-1991 average isotopic
noble gas distribution.

Noble gas effluent monitor calibration constants are derived f rom
the following formulae:

Cal. Constant 1=

Sensitivity

and

Monitor ResoonseSensitivity =

E (pCi/cc)

where:

the calculated counts per minute-~s Monitor response =

registered by monitor exposed to the
1985-1991 average noble gas isotopic

'

distribution

total concentration of isotopes in theE(pCi/cc) =

1985-1991 average noble gas isotopic
distribution

The liquid effluent monitors apply the derived calibration
constant to standardize all liquid releases to the total
concentration in the release path. The calibration constants are
based on the monitor response to the 1985-1991 average liquid
isotopic distribution. Each liquid monitor channel displays the
effluent concentration in terms of a total release concentration.

b
(m

3-2
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Liquid effluent monitor calibration constants are derived from the
following formulae:

Cal. Constant = 1

Sensitivity

and

Sensitivity Monitor Pesconse=

I (pCi/cci)
where:

the counts per minute registered byMonitor Response =

monitor exposed to calibration source
,

I (pCi/cc,) total concentration on radionuclides in the=

1985-1991 average liquid effluent isotopic
distribution

The QAD computer program may be utilized to predict or determine
monitor calibration constants. 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. The methodology for determination of
calibration constants using the QAD program is maintained by the
staff of the IRSS.

\s_ 3.6 Determination of the Effective Maximum Effluent Concentration
(EMEC) for Liouid Releases

In order to fulfill the requirements of 10 CFR 20, the RMS
setpoint must be a value which will alarm when a liquid effluent
would contain enough radionuclides to cause the effluent
concentration limit of 10 CFR 20, Appendix B, Table 2, Column 2
for a single radionuclide to be exceeded, or for a mixture of
radionuclides, the summation of fractions (SOF), as defined in
Appendix B, to exceed one (1). Dividing the average isotopic
concentrations for the years 1985-1991 by the SOF scales the total
of individual concentrations up to the value where the SOF equals
one. This total concentration is called the effective maxbmwm
effluent concentration (DKEC) and its calculation is described
below. (For a complete discussion of the EMEC derivation, see
Appendix A.)

The SOF is calculated using the formula found in the revised 10
CFR 20, Appendix B, Note 4:

SOF = E C/MIC;

where:

concentration of radionuclide "i" (pCi/ml) inC; =

effluent (annual discharge / total volume of
discharge)

MECi= maximum effluent concentration for unrestricted

[''' areas from Appendix B, Table 2, Column 2 of the
g revised 10 CFR 20.
N

3-3
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The SOF for radionuclides in liquid effluent for the years 1985
through 1991 were averaged and applied to the average of the
isotopic concentrations for the same years. Na-24 and H-3 were
not used in the calculations (see Appendix A for details). {

Next, the "eff ective MIC" or EMEC is calculated using the formula:

EMEC = IC, / I (C /MEC ) or EC *1 JFi i 3

where the variables are the same as def_ned above.

The average EMIC, based on 1985-1991 data is 4.29E-06 pCi/cc.
This is the maximum non H-3 radionuclide mixture concentration
that could be released in liquid effluent without the SOF
exceeding one (1).

However, the 10 CFR 20 Appendix B criterion is that the SOF f or
all radionuclides, including H-3 which can not be measured by the
liquid ef fluent NaI RMS monitors, be less than or equal to
one (1). Therefore, the above equation modified by a factor of
0.70 (see Appendix At to account for H-3 becomes

EMEC = 0.70 IC; / I (C /MEC ) or IC * 0.70/SOF.i i i

The EMEC becomes

EMEC = 0.70 * 4.29E-06 = 3.00E-06 pCi/cc.

Only three radionuclides identified in PBNP liquid effluent have ax_
lower MEC (10 CFR 20, Appendix B, Table 2), They are I-131
(IE-06), Cs-134 (9E-07), and Cs-137 (IE-06).

Note that the use of the 0.7 moditying factor sets the SOF for
non-tritium radionuclides to 0.7 and allows an SOF of 0.3 for H-3.
A SOF of 0.3 limits the disdharge concentration of H-3 to 0.3 MEC
or 3E-04 pCi/cc. The factor of 0.3 may be changed as needed for
releases f or which the isotopic mixture and concentrations are
known as long as the total SOF s 1.

3.7 Determination of Licuid Effluent Monitor Alarm Setroint

The alarm setpoint for each liquid monitor is based upon the
1985-1991 average radionuclide concentration in the effluent
discharged to the unrestricted area. The radionuclide
concentration in the release is calculated assuming a minimum
circulating water flow rate of 206,000 gpm and the maximum flow
rate of the individual liquid ef fluent waste stream. The isotopic
distribution of the waste stream is obtained from the historical
PBNP release data for the seven years mentioned above. Setpoints
are determined such that the sum of all radionuclides in the
mixture, when released into the circulating water system, will be
maintained at or below the unrestricted area EMEC.

s
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Setpoints are calculated using the formula

SP = EESC * Cire water flow rate (opm)
Waste Discharge Flow Rate (gpm)

where

SP = RMS alarm setpoint in pCi/cc

EMEC = effective maximum effluent concentration

Cire water flow rate = total flow from Unit I + Unit 2

Waste discharge flow rate = flow rate for effluent line on which
the monitor is located

Maximum waste discharge flow rates and monitors associated with each
liquid effluent pathway are described in Table 3.7-1.

Default alarm setpoints normally are established based upon the maximum
waste discharge flow rate and the minimum circulation water flow rate.
The liquid release monitor default setpoints are listed in Table 3.7-2.
Alarm setpoints may be adjusted for batch releases, when actual flow
rates are known. Alamm setpoint adjustments which are higher than
default values, are to be made in accordance with the provisions and
methodologies of this section and requires approval of the ESS. Lower
alarm setpoint values maybe used without ESS approval if the default
values lie outside the upper range of the monitor or if compliance with
applicable limits will not be compromised.

.

t
b
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TABLE 3.7-1

SUMMARY OF LIOUID DILUTION AND EFFLUENT PATHWAY PLOW RATES

DISCHARGE
FLOW RATE PATHWAY

LIOUID EFFLUENT PATHWAY (GPM) MONITOR

RECIRCULATION WATER

1 pump, either unit 206,000 none
2 pumps, either unit 350,000
1 pump, each unit 392,000
I pump, onc unit & 2 pumps,
other unit 530,000

2 pumps, each unit 680,000

SERVICE WATER RETURN 1 (2 ) RE- 229
(normal cooldown per pump)

2 pumps s 7500 gpm 15,000
3 pumps @ 6300 gpm 18,900
4 pumps @ 5100 gpm 20,400 ,

5 pumps @ 4300 gpm 21,500 (

6 pumps @ 3700 gpm 22,200c

STEAM GENERATOR BLOWDOWN 1 (2) RE-219 &
1 (2 ) RE- 222

Max flow 100

RETENTION POND RE-230

Max Flow Rate (2 pumps) 360 I

(sliding gate open) 1670

SPENT FUEL POOL RE-220

Max Flow Rate 700

WASTE DISTILLATE & CONDENSATE TANK
DISCHARGE RE-218 & RE-223

Fm Flow Rate 100 '

CONTAINMENT FAN COOLER PETURN 1 (2 ) PI- 216

Max Flow Rate per Containment 4000

,

I
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TABLE 3.7-2

LIQUID PATHWAY MONITOR .

.

CALCULATED DEFAULT SETPOINTS |

MONITOR FLOWRATE(coml SETPOINT (aCi/cgl

1 (2 ) RE-229 6@ 3700' 2.78E-05

1 (2) RE-219 & 100 6.80E-03
1 (2 ) RE-222

RE-230 1670 3.70E-04

RE-220 700 8.83E-04

'
RE-218& 100 6.18E-03
RE-223

1 (2 ) RE-216 4000 1.55E-04

' six service water pumps at normal cooldown flow rates

,r.

;

i
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3.8 Determination of EMEC for Atmoseheric Releases

The maximum concentration of the mixture of radionuclides that is
allowable at the site boundary is called the effective maximum effluent
concentration (EMEC). The EMEC for an effluent mixture is defined by the
equation

EMEC = ICi / I(C, / MEC )i
where

,

Ci= concentration of radionuclide "i*

MIC,= maximum effluent concentration for radionuclide i from
10 CFR 20, Appendix B, Table 2

I (C / MEC) summation of fractions (SOF), as discussed in=
3 i

Section 3.6, applied to atmospheric releases

The EMEC is calculated from the reference radionuclide mixture. This
mixture is obtained from the 1985 - 1991 average annual atmospheric
releases and the corresponding concentrations determined from the highest
annual average X/Q. (Details of the EMEC calculation are found in
Appendix B.)

The calculated EMEC, corrected for H-3, of 1.92E-08 yCi/cc was obtained
to be used in the setpoint calculations.

3.9 Determination of Gaseous Effluent Monitor Alarm Setooints

The alarm setpoint for each monitor is based upon maintaining the
concentration of the reference radionuclide mixture at or below the EMEC.
The set point is calculated using the formula

SP = 2.12E+03 * EMEC / (X/Q * FR)
where

SP = setpoint in pCi/cc

E+03 = conversion factor f or it?/ min to m'/see'

EMEC = 1.92E-08 pCi/cc

x/Q = highest site boundary annual average 1.5E-06 sec/m'

FR = the flow rate in f t'/ min of the ef fluent pathway being
monitored.

Combining the cbove numerical values yields
!
'

SP (pCi/cc) 2.71E+01 / FR .=

Gaseous effluent pathway discharge flow rates and monitors associated
with each pathway are summarized in Table 3.9-1.

,i

>
-~
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TABLE 3.9-1

SUMMARY OF GASEOUS EFFLUENT PATHWAY DISCHARGE PLOW RATES
.

Discharge Flow Rate Monitor (s) <

Gareous Effluent Pathway (CFM) In Effluent Pathway

a. Auxiliary Building vent 66,400 RE-214 & SPING 23

b. Combined Air Ejector 20 RE-225
1

c. Unit Air Ejector 10 1 (2 ) RE- 215

d. Containment Purge Vent

1) 1 Fan operating 12,500 1 (2) RE-212 &
2) 2 Fans operating 25,000 SPINGS 21 & 22 |

e. Gas Stripper Building 13,000 RE-224

f. Drtmaning Area Vent 43,100 RE-221 & SPING 24
L

9

6

(
!

1

!
!

l

|

|

|
|

!

!
i

!
l

!

l

|

|
w

!

|
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Alarm setpoints are to be normally established based upon maximum waste
discharge flow rates and the highest annual average X/Q value at the site
boundary. The alarm setpoints may be adjusted for release periods if
actual flow rates are reduced to less than maximum values or actual x/Q
values are calculated. Alarm setpoint adjustments to higher values are
to be made in accordance with the provisions and methodologies of this
section and require MSS approval.

De1& ult setpoint values obtained using the flow rates in Table 3.9-1 are
presented in Table 3.9-2. An additional reduction factor of 1/4th has
been applied to the four release point monitors so that the maximum
allowable site boundary concentrations will not be exceeded in the event
simultaneous releases from these points occur. Lower setpoint values may
be used for any of the monitors without MSS approval if the default value
is outside the upper range of the monitor or if compliance with
applicable release limits will not be compromised. The setpoint values
for the SPINGs will be the same as the corresponding release point
monitor; RE-214 (SPING 23), 1 (2 ) RE-212 (SPINGS 21 and 22) or RE-221
(SPING 24),

m

.
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TABLE 3.9-2 *

ATMOSPHERIC PATHWAY MONITOR
.

DEFAULT FMS SETPOIEIS

'

FLOW RATE SETPOIh"r
MONITOR (f t'/ min) (uCi /cc)

RE-214 66,400 1.02E-04 ,

RE-225 20 1.36E+00
1RE-215 10 2.71E+00
2RE-215 10 2.71E+00

1 '1RE-212 25,000 2.73E-04
22RE-212 38,000 1.78E-04 :

RE-224 13,000 2.09E-03
FI-221 43,100 1.58E-04

' 2 fans (with 1 fan the flow rate is 12,500 cubic feet / minute)

2 fans + 13,000 cfm from the gas stripper building

,

t

)

i

i
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4. 0 DEMONSTRATING COMPLIANCE WIIr.i_1LCFR 50. APPENDIX l

4.1 Introduction
Maintaining effluents within the dose objectives of Jppendix I is
demonstrated at PBNP by periodic calculations. Compliance with
Appendix I limits is demonstrated by periodically calculating dores
to the maximum exposed individual using the methodology set forth in
Regulatory Guide 1.109, Rev. 1, October 1977 and in other recognized
sources such as ICRP publications.

In order to aid in the dose calculations, the formulae in Reg Guide
1.109 were rearranged to calculate the dose per curie released
(mrem /Ci) to the environment. For each pathway given in Reg Guide
1.109, a radionuclide's mrem /Ci values for the whole body and the
organs were calculated for each of the two release modes, liquid and
atmospheric. All of the pathway doses for a radionuclide via the
release mode under consideration were summed to obtain the
radionuclide's total mrem /Ci released. These values, called total
dose factors (TDFs), are listed in Tables 5.1.1 and 5.1.2. The
application of TDFs are given in Section 5; the calculations used to
obtain them, in Appendix C.

4.2 Dose Limits

To define the limits and conditions for the controlled release of
radioactive materials in liquid and gaseous effluents to the environ-g-

( ment, to ensure that these releases are as low as is reasonably
; achievable 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 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: j

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 annual 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.

B. 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.

i

N

(v)
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C. The annual total quantity of all radioactive iodine and
radioactive material in particulate form above background that may
be released from each light-water-cooled nuclear power reactor in
effluents to the atmosphere should not result in an annual dose or
dose commitment from such radioactive iodino 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.

4.3 Pelease Limits

Based on the Appendix I dose limits, Point Beach, being a two (2)
unit nuclear plant, may release into the environment the quantities
of radionuclides above background that fulfill the criteria listed
below.

A. Pursuant to Section 4.2.A, the doses from radionuclides in the
unrestricted area in liquids shall not exceed

1. Six (6) millirem to the whole body, or
2. Twenty (20) millirem to any organ.

B. Pursuant to Section 4.2.B, the doses from gaseous radionuclides in
the unrestricted area shall not exceed

1. Twenty (20) millirads to the air from gamma radiation,
-s 2. Forty (4 0) millirads to the air from beta radiation,

'
3. Ten (10) millirem to the whole body, or
4. Thirty (30) millirem to the skin.

C. Pursuant to Section 4.2.C, the dose from radiciodine and -

radioactive material in particulate form released to the
atmosphere in the unrestricted area shall not exceed thirty (30)
millirem to any organ.

4.4 EPA Reaulations

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. For 40 CFR 190 compliance, quarterly dose calculations shall
include exposures from effluent pathways 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 PENP annual average X/Q and
assuming that the KNPP source term is identical to either PENP unit,

'

o

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 PENP 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. j

-

v
i
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5.0 CALCUIATION AND COMPARISON OF EFFLUENT RELEASES TO RELEASE IIMITS

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 of doses for
comparison to the corresponding dose limits. For Appendix I compliance,

*

the organ and whole body doses shall be calculated for the maximumly
exposed individual in each age group using the appropriate total dose
factors in mrem /Ci released which were obtained using Regulatory Guide
1.109 and other documented methodologies.

5.1 Anoendix I Dose Calculations

5.1.1 Liquid Release Mode

The dose calculations for demonstration of compliance with the 10
CFR 50, Appendix I dose limits will be accomplished by the
Radiological Engineering Group of IRSS. These calculations will
be done monthly, within fifteen (15) days cf receipc of the final
effluent curie values from the PBNP Chemistry Section. The doses
from each radionuclide will be calculated for each age group and
for each organ, including the whole body, and summed over all the
identified radionuclides released. The total dose is compared to
the corresponding liquid release mode Appendix I dose limit for
the organ in question. Noble gases released in liquids are added
to the atmospherically released noble gases for Appendix I dose
compliance calculations.

k_ The doses are calculated using the following formula:

E Dose E (TDFw x C) s K,, mremAPI = =g 3

where ,

the Appendix I dose for compliance evaluation inAPI =

mrem

the dose to the specific age group (a) and organDose,. =

(o) via release mode On) from radionuclide (i)

total dose factor for the specific age group (a)TDF,s =

and organ (o) via release mode Dn) from
radionuclide (i) from Table 5.1-1 in mrem /Ci

curies of radionuclide (i) releasedC =
3

'the Appendix I dose limit for organ (o) andFy, =

release mode Om) for which the calculation is
being made.

The methodology and the values used to obtain the TDF,g values are given
in Appendix C.

It is recognized that some of the releaso quantities may not be available i

at the end of the month because the samples from these release paths are
sent to a vendor for analysis. Usually, the only radionuclides affected
by these delays are Sr-89 and Sr-90. Because the quantities of these two

[' radionuclides are but a small fraction of the total release, the absence

( of their dose contributions from the initial monthly dose calculation
will not significantly affect the total dose obtained from the remaining

i
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k
radionuclides. The dose for the month will be updated upon the receipt
of the vendor isotopic results and upon the receipt of any corrections to
previous release quantities.

Instead of using the precalculated total dose factors, the Appendix I
dose calculation may be modified to reflect the actual liquid discharge
volume during the release period using the methodology in Appendix C.

(

f

e
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Table 5.1-1

Liquid Effluent Dose Factors

Summation of dose per curie released f actor calculations over the pathways:
potable water, aquatic food, shoreline deposit, irrigated foods (milk), and
irrigated foods (meat) .

Dose factor - liquid release pathway (mrem /Ci released)
...................................................................

H-3 Bone Liver T. Body Thyroid Kidney Lungs GI-LLI
Adult 0.00E+00 4.57E-06 4.57E-06 4.57E-06 4.57E-06 4.57E-06 4.57E-06
Teen 0.00E+00 4.11E-06 4.11E-06 4.11E-06 4.11E-06 4.11E-06 4.11E-06
Child 0.00E+00 6.76E-06 6.76E-06 6.76E-06 6.76E-06 6.76E-06 6.76E-06

Infant 0.00E+00 7.80E-06 7.80E-06 7.80E-06 7.80E-06 7.80E-06 7.80E-06

Dose f actor - liquid release pathway (mrem /Ci released)
...................................................................

F-18
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 1.15E-07 9.12E-89 1.28E-08 0.00E+00 5.14E-89 0.00E+00 3.40E-09
Teen 1.21E-07 7.59E-89 1.35E-08 0.00E+00 4.35E-89 0.00E+00 1.09E-08
Child 1.51E-07 1.08E-88 1.50E-08 0.00E+00 5.74E-89 0.00E+00 4.08E-08

Infant 2.05E-12 0.00E+00 1.75E-13 0.00E+00 0.00E+00 0.00E+00 4.83E-13

Dose factor - liquid release pathway (mrem /Ci released)
.......................................................... 7.......
Na-22

Bone Liver T. Body Thyroid Kidney Lungs GI-LLIs

Adult 4.71E-03 4.71E-03 4.82E-03 4.71E-03 4.71E-03 4.71E-03 4.71E-03
Teen 5.48E-03 5.48E-03 6.07E-03 5.48E-03 5.48E-03 5.48E-03 5.48E-03
Child 8.32E-03 8.32E-03 8.45E-03 8.32E-03 8.32E-03 8.32E-03 8.32E-03
Infant 7.21E-03 7.21E-03 7.21E-03 7.21E-03 7.21E-03 7.21E-03 7.21E-03

Dose factor - liquid release pathway (crem/Ci released)
.......... ........................................................

Na-24
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI i

Adult 1.85E-04 1.85E-04 1.85E-04 1.85E-04 1.85E-04 1.85E-04 1.85E-04
Teen 1.98E-04 1.98E-04 1.98E-04 1.98E-04 1.98E-04 1.98E-04 1.98E-04
Child 2.40E-04 2.40E-04 2.40E-04 2.40E-04 2.40E-04 2.40E-04 2.40E-04

Infant 8.06E-05 8.06E-05 8.06E-05 8.06E-ud 8.06E-05 8.06E-05 8.06E-05

Dose f actor - liquid release pathway (mrem /Ci released)
.. ................................................................

Sc-46
Bone Liver T. Body Thyroid Ki dney Lungs GI-LLI

Adult 1.70E-07 3.31E-07 8.92E-06 0.00E+00 3.09E-07 0.00E+00 1.61E-03 ,

Teen 1.52E-07 2.97E-07 4.94E-05 0.00E+00 2.84E-07 0.00E+00 1.01E-03
Child 3.54E-07 4.85E-07 1.05E-05'O.00E+00 4.29E-07 0.00E+00 7.09E-04

Infant 3.42E-07 4.94E-07 1.54E-07 0.00E+00 3.25E-07 0.00E+00 3.22E-04 :

Dose f actor - liquid release pathway (mrem /Ci released) ;

;...................................................................

Mn-54 Bone Liver T. Body Thyroid Kidney Lungs GI-LLI j

Adult 0.00E+00 3.2BE-03 6.34E-04 0.00E400 9.75E-04 0.00E+00 1.00E-02 j
Teen 0.00E+00 3.22E-03 6.86E-04 0.00E+00 9.59E-04 0.00E+00 6.60E-03 j

/'' Child 0.00E+00 2.60E-03 7.04E-04 0.00E+00 7.30E-04 0.00E+00 2.19E-03
( Infant 0.00E+00 1.92E-04 4.34E-05 0.00E+00 4.25E-05 0.00E+00 7.04E-05
\
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Table 5.1-1 (continued)

Dose factor - liquid release pathway (mrem /C. released)
___..__........................_...................................

Cr-51
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 0.00E+00 0.00E+00 1.01E-06 5.84E-07 2.15E-07 1.30E-06 2.46E-04
Teen 0.00E+00 0.00E+00 1.17E-06 5.60E-07 2.21E-07 1.44E-06 1.70E-04
Child 0.00E+00 0.00E+00 1.19E-06 6.44E-07 1.76E-07 1.18E-06 6.15E-05
Infant 0.00E+00 0.00E+00 1.72E-07 1.12E-07 2.45E-08 2.18E-07 5.01E-06

Dose factor - liquid release pathway (mrem /Ci released) j
<..__.......... ..........._.....................-..................

Mn-56
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 0. 00E+ 00 3.18E-06 5. 65E-07 0. 00E+00 4. 04E-06 0. 00E+00 1. 02E- 04
Teen 0.00E+00 3.33E-06 5.94E-07 0.00E+00 4.22E-06 0.00E+00 2.19E-04
Child 0.00E+00 3.04E-06 6.86E-07 0.00E+00 3.67E-06 0.00E+00 4.40E-04

Infant 0.00E+00 1.97E-11 3.39E-12 0.00E+00 1.69E-11 0.00E+00 1.79E-09

Dose factor - liquid release pathway (mrem /Ci released)
..............__...........__.___............................. ....

Fe-55
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 5.98E-04 4.13E-04 9.63E-05 0.00E+00 0.00E+00 2.31E-04 2.37E-04
Teen 6.11E-04 4.33E-04 1.01E-04 0.00E+00 0.00E+00 2.75E-04 1.88E-04
Child 9.35E-04 4.96E-04 1.54E-04 0.00E+00 0.00E+00 2.80E-04 9.19E-05
Infant 1.55E-04 1.00E-04 2.68E-05 0.00E+00 0.00E+00 4.91E-05 1.28E-05

Dose factor - liquid release pathway (mrem /Ci released)
..... ..........___................................................

Fe-59
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 9.12E-04 2.14E-03 8.23E-04 0.00E+00 0.00E+00 5.99E-04 7.14E-03
Teen 9.22E-04 2.15E-03 8.40E-04 0.00E+00 0.00E+00 6.79E-04 5.09E-03
Child 1.29E-03 2.09E-03 1.04E-03 0.00E+00 0.00E+00 6.07E-04 2.18E-03
Infant 3.34E-04 5.84E-04 2.30E-04 0.00E+00 0.00E+00 1.73E-04 2.79E-04

Dose factor - liquid release pathway (mrem /Ci released)
...............................................__........ ...__....

Co-57
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 0.00E+00 2.02E-05 3.57E-05 0.00E+00 0.00E+00 0.00E+00 5.13E-04
Teen 0.00E+00 2.06E-05 4.62E-05 0.00E+00 0.00E+00 0.00E+00 3.83E-04
Child 0.00E+00 2.31E-05 4.93E-05 0.00E+00 0.00E+00 0.00E400 1.89E-04
Infant 0.00E+00 1.24E-05 2.02E-05 0.00E+00 0.00E+00 0.00E+00 4.24E-05

Dose f actor - liquid release pathway (mrem /Ci released)
... .............__............. ..................................

Co-58
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 0.00E+00 8.49E-05 1.93E-04 0.00E+00 0.00E+00 0.00E+00 1.72E-03
Teen 0.00E+00 B.30E-05 2.04E-04 0.00E+00 0.00E+00 0.00E+00 1.14E-03
Child 0.00E+00 8.32E-05 2.57E-04 0.00E+00 0.00E+00 0.00E+00 4.85E-04
Infant 0.00E+00 3.84E-05 9.5BE-05 0.00E+00 0.00E+00 0.00E+00 9.57E-05
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Table 5.1-1 (continued)

Dose factor - liquid release pathway (mrem /Ci released)
.............................................................. ....

Co-60
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 0.00E+00 2.48E-04 6.82E-04 0.00E+00 0.00E+00 0.00E+00 4.66E-03
Teen 0.00E+00 2.44E-04 1.30E-03 0.00E+00 0.00E+00 0.00E+00 3.17E-03
Child 0.00E+00 2.49E-04 8.92E-04 0.00E+00 0.00E+00 0.00E+00 1.38E-03
Infant 0.00E+00 1.17E-04 2.77E-04 0.00E+00 0.00E+00 0.00E+00 2.79E-04

Dose factor - liquid release pathway (mrem /Ci released)
...................................................................

Ni-63
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 3.03E-02 2.10E-03 1.02E-03 0.00E+00 0.00E+00 0.00E+00 4.38E-04
Teen 3.13E-02 2.21E-03 1.06E-03 0.00E+00 0.00E+00 0.00E+00 3.52E-04
Child 5.00E-02 2.67E-03 1.70E-03 0.00E+00 0.00E+00 0.00E+00 1.80E-04

Infant 1.27E-02 7.85E-04 4.41E-04 0.00E+00 0.00E+00 0.00E+00 3.91E-05

Dose factor - liquid release pathway (mrem /Ci released)
...................................................................

Ni-65
'

Bone Liver T. T,ody Thyroid Kidney Lungs GI-LLI
Adult 3.39E-06 4.40E-07 2. die-07 0.00E+00 0.00E+00 0.00E+00 1.12E-05
Teen 3.66E-06 4.68E-07 2.?3E-07 0.00E+00 0.00E+00 0.00E+00 2.54E-05
Child 4.68E-06 4.41E-07 2.57E-07 0.00E+00 0.00E+00 0.00E+00 5.40E-05

k Infant 1.74E-10 1.97E-11 8.95E-12 0.00E+00 0.00E+00 0.00E+00 1.50E-09

Dose factor - liquid release pathway (mrem /Ci released)
............................................................... ...

Cu-64
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 0.00E+00 4.02E-06 1.89E-06 0.00E+00 1.01E-05 0.00E+00 3.43E-04
Teen 0.00E+00 4.31E-06 2.04E-06 0.00E+00 1.09E-05 0.00E+00 3.34E-04
Child 0.00E+00 4.30E-06 2.60E-06 0.00E+00 1.04E-05 0.00E+00 2.02E-04
Infant 0.00E+00 1.41E-06 6.52E-07 0.00E+00 2.38E-06 0.00E+00 2.8DE-05

Dose factor - liquid release pathway (mrem /Ci released)
...................................................................

2n-65
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI -

Adult 1.73E-02 5.50E-02 2.49E-02 0.00E+00 3.6BE-02 0.00E+00 3.46E-02
Teen 1.58E-02 5.50E-02 2.57E-02 0.00E+00 3.52E-02 0.00E+00 2.33E-02
Child 1.68E-02 4.47E-02 2.78E-02 0.00E+00 2.82E-02 0.00E+00 7.85E-03

'
Infant 1.32E-03 4.51E-03 2.08E-03 0.00E+00 2.19E D_3 0.00E+00 3.81E-03

Dose f actor - liquid release pathway (mrem /Ci released)
...................... .................... ........................

2n-69
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 1.97E-05 3.76E-05 2.62E-06 0.00E+00 2.44E-05 0.00E+00 5.65E-06
Teen 2.14E-05 4.08E-05 2.86E-06 0.00E+00 2.67E-05 0.00E+00 7.52E-05
Child 2.77E-05 4.00E-05 3.70E-06 0.00E+00 2.43E-05 0.00E+00 2.52E-03 i

Infant 5.98E-07 1.08E-06 8.01E-08 0.00E+00 4.47E-07 0.00E+00 B.78E-05
.

E
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| Table 5.1-1 (continued)

1

Dose factor - liquid release pathway (mrem /0i released)
...................................................................

En-69m
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI !

Adult 3.25E-04 7.79E-04 7.12E-05 0.00E+00 4.72E-04 0.00E+00 4.76E-02
Teen 3.50E-04 8.25E-04 7.57E-05 0.00E+00 5.01E-04 0.00E+00 4.53E-02
Child 4.49E-04 7.65E-04 9.04E-05 0.00E+00 4.44E-04 0.00E+00 2.49E-02

Infant 9.61E-06 1.96E-05 1.79E-06 0.00E+00 7.94E-06 0.00E+00 2.72E-04

Dose f actor - liquid release pathway (mrem /Ci released)
...................................................................

Br-82
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 0.00E+00 0.00E+00 1.39E-03 0.00E+00 0.00E+00 0.00E+00 1.59E-03
Teen 0.00E+00 0.00E+00 1.47E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Child 0.00E+00 0.00E+00 1.71E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Infant 0.00E+00 0.00E+00 4.43E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Dose factor - liquid release pathway (mrem /Ci released)
................................................................... |

Br-83
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 0.00E+00 0.00E+00 9.06E-07 0.00E+00 0.00E+00 0.00E+00 1.30E-06
s Teen 0.00E+00 0.00E+00 9.85E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 )

Child 0.00E+C0 0.00E+00 1.27E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00
x Infant 0.00E+00 0.00E+00 2.93E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Dcse factor - liquid release pathway (mrem /Ci released)
...................................................................
Br-84

Bone Liver T. Body Thyrcid Kidney Lungs GI-LLI <

Adult 0.00E+00 0.00E+00 3.12E-05 0.00E+00 0.00E+00 0.00E+00 2.44E-10 :
Teen 0.00E+00 0.00E+00 3.43E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 i

Child 0.00E+00 0.00E+00 4.33E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Infant 0.00E+00 0.00E+00 1.20E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00

i

Dose factor - liquid release pathway (mrem /Ci released) I

{
...................................................................
Br-85

iBone Liver T. Body Thyroid Kidney Lungs GI-LLI |Adult 0.00E+00 0.00E+00 4.24E-82 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Teen 0.00E+00 0.00E+00 4.60E-82 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ;

Child 0.00E+00 0.00E+00 5.94E-82 0.00E+00 0.00E+00 0.00E+00 0.00E+00 iInfant 0.00E+00 0.00E+00 9.35E-3090.00E+00 0.00E+00 0.0CE+00 0.00E+00 i

Dose factor - liquid release pathway (mrem /Ci released)
................................................................... |

Rb-86 |

Bone Liver T. Body Thyroid Kidney Lungs GI-LL1
Adult 0.00E+00 7.36E-02 3.43E-02 0.00E+00 0.00E+00 0.00E+00 1.45E-02

|Teen 0.00E+00 7.98E-02 3.75E-02 0.00E+00 0.00E+00 0.00E+00 1.18E-02 ;

Child 0.00E+00 7.93E-02 4.88E-02 0. ODE +00 0.00E+00 0.00E+00 5.10E-03
Infant 0.00E+00 9.07E-03 4.48E-03 0.00E+00 0.00E+00 0.00E+00 2.32E-04

'

(s_ !
;

i
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Table 5.1-1 (continued) ,

Dose factor - liquid release pathway (mrem /Ci released)
.:_..................................................................

Rb-88
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 0.00E+00 1.41E-16 7.46E-17 0.00E+00 0.00E+00 0.00E+00 1.94E-27
Teen 0.00E+00 1.51E-16 8.04E-17 0.00E+00 0.00E+00 0.00E+00 1.29E-23
Child 0.00E+00 1.45E-16 1.01E-16 0.00E+00 0.00E+00 0.00E+00 7.12E-18
Infant 0.00E+00 5.68E-54 3.12E-54 0.00E+00 0.00E+00 0.00E+00 5.54E-54

Dose factor - liquid release pathway (mrem /Ci released) [
'

..... ____............................._ ..........................

Rb-89
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 0.00E+00 1.28E-18 8.99E-19 0.00E+00 0.00E+00 0.00E+00 7.42E-32
Teen 0.00E+00 1.34E-18 9.45E-19 0.00E+00 0.00E+00 0.00E+00 2.05E-27 ,

Child 0.00E+00 1.23E-18 1.09E-18 0.00E+00 0.00E+00 0.00E+00 1.07E-20
Infant 0.00E+00 1.15E-61 7.93E-62 0.00E+00 0.00E+00 0.00E+00 3.92E-62

i

Dose factor - liquid release pathway (mrem /Ci released) r

.. ___............................................... .............

Sr-89 |

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI i

Adult 2.26E-02 0.00E+00 6.48E-04 0.00E+00 0.00E+00 0.00E+00 3.62E-03 ;

Teen 2.43E-02 0.00E+00 6.95E-04 0.00E+00 0.00E+00 0.009+00 2.89E-03 i~

Child 4.27E-02 0.00E+00 1.22E-03 0.00E+00 0.00E+00 0.00E+00 1.65E-03 |

Infant 2.58E-02 0.00E+00 7.40E-04 0.00E+00 0.00E+00 0.r.0E+00 5.3 0E-04s

Dose factor - liquid release pathway (mrem /Ci released) ;
... ...............................................................

Sr-90
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 5.63E-01 0.00E+00 1.38E-01 0.00E+00 0.00E+00 0.00E+00 1.63E-02 '

Teen 4.64E-01 0.00E+00 1.15E-01 0.00E+00 0.00E+00 0.00E+00 1.30E-02
Child 5.59E-01 0.00E+00 1.42E-01 0.00E+00 0.00E+00 0.00E+00 7.53E-03

Infant 1.95E-01 0.00E+00 4.97E-02 0.00E+00 0.00E+00 0.00E+00 2.44E-03 ,

!

Dose factor - liquid release pathway (mrem /Ci released) |
;._........................................_........................

Sr-91 I

Bone Liver T. Body Thyroid Kidney Lunos GI-LLI r

Adult 1.27E-04 0.00E+00 5.14E-06 0.00E+00 0.00E+00 0.00E+00 6.05E-04
-

Teen 1.38E-04 0.00E+00 5.51E-06 0.00E+00 0.00E+00 0.00E+00 6.24E-04 ,
'

Child 1.83E-04 0.00E+00 6.91E-06 0.00E+00 0.00E+00 0.00E+00 4.04E-04
Infant 1.59E-05 0.00E+00 5.76E-07 0.00E+00 0.00E+00 0.00E+00 1.88E-05

Dose factor - liquid release pathway (mrem /Ci released)
;

...__..............................................................

Sr-92 .

Bone Liver T. Ecdy "tyroid Kidney Lungs GI-LLI ;

Adult 5.21E-06 0.00E+00 2.26E-07 0.00E+00 0.00E+00 0.00E+00 1.03E-04 '

Teen 5.64E-06 0.00E+00 2.42E-07 0.00E+00 0.00E+00 0.00E+00 1.44E-04 i

Child 7.20E-06 0.00E+00 2.89E-07 0.00E+00 0.00E+00 0.00E+00 1.36E-04 '

Infant 9.41E-10 0.00E+00 3.50E-11 0.00E+00 0.00E+00 0.00E+00 1.01E-08

:

I
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Table 5.1-1 (continued) '

i

Dose f actor - liquid release pathway (mrem /Ci released)
........... ....................... ...............................

Y-90 r

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI
Adult 4.85E-07 0.00E+00 1.30E-08 0.00E+00 0.00E+00 0.00E+00 5.15E-03 ,

'

Teen 5.16E-07 0.00E+00 1.40E-08 0.00E+00 0.00E+00 0.00E+00 4.26E-03
Child 8.67E-07 0.00E+00 2.32E-08 0.00E+00 0.00E+00 0.00E+00 2.47E-03
Infant 4.80E-07 0.00E+00 1.29E-08 0.00E+00 0.00E+00 0.00E+00 6.63E-04

I

Dose factor - liquid release pathway (mrem /Ci released)
'

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

Y-91
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 9.20E-06 0.00E+00 2.53E-07 0.00E+00 0.00E+00 0.00E+00 5.06E-03
Teen 9.68E-06 0.00E+00 2.97E-07 0.00E+00 0.00E+00 0.00E+00 3.97E-03
Child 1.74E-05 0.00E+00 4.74E-07 0.00E+00 0.00E+00 0.00E+00 2.32E-03
Infant 1.03E-05 0.00E+00 2.73E-07 0.00E+00 0.00E+00 0.00E400 7.35E-04

'
Dose f actor - liquid release pathway (mrem /Ci released)
.................._........__.............................._.......

Y-91m
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 1.71E-13 0.00E+00 5.10E-14 0.00E+00 0.00E+00 0.00E+00 5.02E-13
Teen 1.85E-13 0.00E+00 2.55E-13 0.00E+00 0.00E+00 0.00E+00 8.72E-12*

Child 2.36E-13 0.00E+00 6.04E-14 0.00E+00 0.00E+00 0.00E+00 4.62E 10
Infant 2.62E-26 0.00E+00 B.92E-28 0.00E+00 0.00E+00 0.00E+00 8.72E-23 j

Dose factor - liquid release pathway (mrem /Ci released)
..........................................__ ......................

Y-92
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 3.51E-09 0.00E+00 2.BBE-10 0.00E+00 0.00E+00 0.00E+00 6.15E-05 !
Teen 3.83E-09 0.00E+00 1.15E-09 0.00E+00 0.00E+00 0.00E+00 1.05E-04
Child 4.92E-09 0.00E+00 3.57E-10 0.00E+00 0.00E+00 0.00E+00 1.42E-04

Infant 5.88E-12 0.00E+00 1.65E-13 0.00E+00 0.00E+00 0.00E+00 1.12E-07 i
i

Dose factor - liquid release pathway (mrem /Ci released)
... ............................................................... p

Y-93 '

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI |

Adult 5.32E-08 0.00E+00 2.33E-09 0.00E+00 0.00E+00 0.00E+00 1.69E-03
Teen 5.77E-08 0.00E+00 6.38E-09 0.00E+00 0.00E+00 0.00E+00 1.76E-03 .

Child 7.75E-08 0.00E+00 3.13E-09 0.00E+00 0.00E+00 0.00E+00 1.16E-03 [
Infant 8.33E-09 0.00E+00 2.27E-10 0.00E+00 0.00E+00 0.00E+00 6.58E-05 i

Dose f actor - liquid release pathway (mrem /Ci released) |
.........................................................,.. ......

Zr-95 ;

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI
Adult 1.23E-06 3.94E-07 1.79E-06 0.00E+00 6.19E-07 0.00E+00 1.25E-03 1

Teen 1.11E-06 3.52E-07 8.74E-06 0.00E+00 5.17E-07 0.00E+00 8.11E-04
Child 2.48E-06 5.45E-07 2.26E-06 0.00E+00 7.80E-07 0.00E+00 5.69E-04
Infant 1.87E-06 4.56E-07 3.23E-07 0.00E+00 4.91E-07 0.00E+00 2.27E-04

|
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Table 5.1-1 (continued)

Dose factor - liquid release pathway (mrem /Ci released)
................__.................................................

Zr-97
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 1.07E-08 2.16E-09 1.23E-08 0.00E+00 3.27E-09 0.00E+00 6.70E-04
,

!

Teen 1.11E-08 2.19E-09 6.42E-08 0.00E+00 3.33E-09 0.00E+00 5.94E-04
Child 2.21E-08 3.19E-09 1.51E-08 0.00E+00 4.58E-09 0.00E+00 4.83E-04

Infant 1.92E-08 3.29E-09 1.50E-09 0.00E+00 3.32E-09 0.00E+00 2.10E-04

Dose factor - liquid release pathway (mrem /Ci released)
...... __.................. _...._..... ..... .................... .

Nb-95
*

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI
Adult 3.23E-04 1.79E-04 9.73E-05 0.00E+00 1.77E-04 0.00E+00 1.09E+00
Teen 3.25E-04 1.80E-04 1.04E-04 0.00E+00 1.75E-04 0.00E+00 7.70E-01
Child 3.84E-04 1.49E-04 1.08E-04 0.00E+00 1.40E-04 0.00E+00 2.76E-01
Infant 5.36E-07 2.21E-07 1.28E-07 0.00E+00 1.58E-07 0.00E+00 1.86E-04

Dose factor - liquid release pathway (mrem /Ci released)
..._........_.......................... ........................._.

Nb-97
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 2.69E-09 6.81E-10 2.51E-10 0.00E+00 7.95E-10 0.00E+00 2.51E-06 !

Teen 2.90E-09 7.20E-10 2.73E-10 0.00E+00 8.41E-10 0.00E+00 1.72E-05
Child 3.68E-09 6.65E-10 3.12E-10 0.00E+00 7.38E-10 0.00E+00 2.05E-04 !

Infant 5.81E-21 1.24E-10 4.47E-22 0.00E+00 9.68E-22 0.00E+00 3.91E-16

Dose f actor - liquid release pathway (mrem /Ci released)
..........................................___...................... .

Mo-99 [
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI r

*

Adult 0.00E+00 1.49E-04 2.84E-05 0.00E+00 3.38E-04 0.00E+00 3.46E-04
Teen 0.00E400 1.76E-04 3.36E-05 0.00E+00 4.03E-04 0.00E+00 3.15E-04
Child 0.00E+00 2.79E-04 6.91E-05 0.00E+00 5.96E-04 0.00E+00 2.31E-04
Infant 0.00E+00 4.38E-04 8.54E-05 0.00E+00 6.54E-04 0.00E+00 1.44E-04

Dose f actor - liquid release pathway (mrem /Ci released)
__ ....... ................. .................... .................

Tc-99m
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 1.68E-09 4.74E-09 6.07E-08 0.00E+00 7.20E-08 2.32E-09 2.81E-06
Teen 1.74E-09 4.86E-09 6.46E-08 0.00E+00 7.24E-08 2.70E-09 3.19E-06 ,

Child 2.19E-09 4.29E-09 7.15E-08 0.00E+00 6.24E-08 2.18E-09 2.44E-06
.'

Infant 3.78E-10 7.79E-10 1.00E-08 0.00E+00 8.38E-09 4.07E-10 2.26E-07

Done factor - liquid release pathway (mrem /Ci releared)
................................................................... .

Tc-101
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 3.60E-24 5.19E-24 5.10E-23 0.00E+00 9.34E-23 2.65E-24 1.56E-35
*

Teen 3.89E-24 5.53E-24 5.49E-23 0.00E+00 1.00E-22 3.37E-24 9.45E-31
Child 4.98E-24 5.22E-24 6.63E-23 0.00E+00 8.90E-23 2.76E-24 1.66E-23
Infant 9.73E-69 1.23E-68 1.21E-67 0.00E+00 1.46E-67 6.69E-69 2.08E-66

.
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Table 5.1-1 (continued)

Dose f actor - liquid release pathway (mrem /Ci released)
......____........._..................... .........................

Ru-103
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 3.47E-05 0.00E+00 1.56E-05 0.00E+00 1.32E-04 0.00E+00 4.05E-03
Teen 2.96E-05 0.00E+00 1.64E-05 0.00E+00 1.04E-04 0.00E+00 2.47E-03
Child 5.53E-05 0.00E+00 2.20E-05 0.00E+00 1.39E-04 0.00E+00 1.43E-03
Infant 1.33E-05 0.00E+00 4.43E-06 0.00E+00 2.76E-05 0.00E+00 1.61E-04

Dose f actor - liquid release pathway (mrem /Ci released)
................... .__..............__............................

Ru-105
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 4.13E-08 0.00E+00 1.75E-08 0.00E+00 5.34E-07 0.00E+00 2.53E-05
Teen 4.45E-08 0.00E+00 2.42E-08 0.00E+00 5.62E-07 0.00E+00 3.59E-05
Child 5.71E-08 0.00E+00 2.22E-08 0.00E+00 5.02E-07 0.00E+00 3.73E-05
Infant 6.98E-10 0.00E+00 2.35E-10 0.00E+00 5.13E-09 0.00E+00 2.78E-07

Dose factor - liquid release pathway (mrem /Ci released)
.......................__..__...........__.......__..........__....

Ru-106
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 6.71E-04 0.00E+00 8.76E-05 0.00E+00 1.30E-03 0.00E+00 4.34E-02
Teen 5.86E-04 0.00E+00 8.85E-05 0.00E400 1.13E-03 0.00E+00 2.81E-02
Child 1.13E-03 0.00E+00 1.44E-04 0.00E+00 1.53E-03 0.00E+00 1.76E-02

s, Infant 2.23E-04 0.00E+00 2.78E-05 0.00E+00 2.63E-04 0.00E+00 1.69E-03
s

Dose factor - liquid release pathway (mrem /Ci released)
'

... ........................................................... ___

Rh-105
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 3.35E-06 2.45E-06 1.62E-06 0.00E+00 1.04E-05 0.00E+00 3.90E-04
Teen 4.10E-06 2.96E-06 1.97E-06 0.00E+00 1.26E-05 0.00E+00 3.77E-04
Child 8.43E-06 4.52E-06 3.88E-06 0.00E+00 1.80E-05 0.00E+00 2.80E-04
Infant 1.00E-05 7.05E-06 4.74E-06 0.00E+00 1.96E-05 0.00E+00 1.75E-04

Dose factor - liquid release pathway (mrem /Ci released)
.....__.................._______...........................__......

Ag-110m
Sone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 3.06E-05 2.83E-05 3.83E-05 0.00E+00 5.56E-05 0.00E+00 1.15E-02
Teen 3.74E-05 3.54E-05 1.41E-04 0.00E+00 6.75E-05 0.00E+00 9.94E-03
Child 6.78E-05 4.58E-05 6.17E-05 0.00E+00 B.53E-05 0.00E+00 5.45E-03
Infant 8.87E-05 6.47E-05 4.28E-05 0.00E+00 9.26E-05 0.00E400 3.36E-03

Dose factor - liquid release pathway (mrem /Ci released) e

...................................................................

Sb-124
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 5.42E-04 1.02E-05 2.21E-04 1.32E-06 0.00E+00 4.22E-04 1.54E-02
Teen 5.66E-04 1.04E-05 2.53E-04 1.28E-06 0.00E+00 4.94E-04 1.14E-02
Child 7.89E-04 1.02E-05 2.83E-04 1.74E-06 0.00E400 4.38E-04 4.94E-03
Infant 1.95E-04 2.86E-06 6.03E-05 5.17E-07 0.00E+00 1.22E-04 6.00E-04

J
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Table 5.1-1 (continued) ,

Dose factor - liquid release pathway (mrem /Ci released)
__......................__..._................._........__.........

Sb-125
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 3.49E-04 3.90E-06 1.07E-04 3.55E-07 0.00E+00 2.69E-04 3.85E-03
Teen 3.65E-04 3.99E-06 2.19E-04 3.49E-07 0.00E+00 3.21E-04 2.84E-03
Child 5.14E-04 3.96E-06 1.35E-04 4.76E-07 0.00E+00 2.86E-04 1.23E-03
Infant 1.14E-04 1.11E-06 2.35E-05 1.43E-07 0.00E+00 7.17E-05 1.52E-04

Dose f actor - liquid release pathway (mrem /Ci released)-

__......___. ............____......__..............................

Te-125m
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 3.30E-04 1.20E-04 4.43E-05 9.93E-05 1.34E-03 0.00E+00 1.32E-03
Teen 3.36E-04 1.21E-04 4.53E-05 9.39E-05 0.00E+00 0.00E+00 9.92E-04
Child 5.74E-04 1.56E-04 7.67E-05 1.61E-04 0.00E+00 0.00E+00 5.54E-04

Infant 2.47E-04 8.27E-05 3.35E-05 8.33E-05 0.00E+00 0.00E+00 1.18E-04

Dose f actor - liquid release pathway (mrem /Ci released)
................. ..____........... ...............................

-

Te-127
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 3.15E-05 1.13E-05 6.83E-06 2.34E-05 1.28E-04 0.00E+00 2.49E-03
fs Teen 3.45E-05 1.22E-05 7.43E-06 2.38E-05 1.40E-04 0.00E+00 2.67E-03

Child 4.45E-05 1.20E-05 9.54E-06 3.08E-05 1.27E-04 0.00E+00 1.74E-03
Infant 3.10E-07 1.04E-07 6.67E-08 2.52E-07 7.56E-07 0.00E+00 6.51E-06

Dose factor - liquid release pathway (mrem /Ci released)
_....__.............__ ___.................._........__.__.........

Te-127m
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 8.63E-04 3.08E-04 1.05E-04 2.21E-04 3.51E-03 0.00E+00 2.89E-03
Teen 8.74E-04 3.10E-04 1.04E-04 2.08E-04 3.54E-03 0.00E+00 2.18E-03
Child 1.50E-03 4.05E-04 1.79E-04 3.60E-04 4.29E-03 0.00E+00 1.22E-03
Infant 6.28E-04 2.0BE-04 7.61E-05 1.82E-04 1.55E-03 0.00E+00 2.54E-04

Dose factor - liquid release pathway (mrem /Ci released)
.... ...................... .......__..............................

Te-129
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 1.6BE-0B 6.32E-09 4.10E-09 1.29E-08 7.07E-08 0.00E+00 1.27E-08
Teen 1.83E-08 6.82E-09 4.45E-09 1.31E-08 7.68E-08 0.00E+00 1.00E-07
Child 2.36E-0B 6.58E-09 5.60E-09 1.68E-08 6.90E-08 0.00E+00 1.47E-06
Infant 1.08E-18 3.73E-19 2.53E-19 9.07E-19 2.69E-18 0.00E+00 8.65E-17

Dose factor - liquid release pathway (mrem /Ci released)
*_____..___ ___.....................................................

Te-129m
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 1.35E-03 5.04E-04 2.14E-04 4.64E-04 5.63E-03 0.00E+00 6.80E-03 ;

Teen 1.37E-03 5.10E-04 2.18E-04 4.43E-04 5.75E-03 0.00E+00 5.16E-03
Child 2.34E-03 6.54E-04 3.64E-04 7.55E-04 6.88E-03 0.00E+00 2.86E-03

Infant 1.04E-03 3.58E-04 1.61E-04 4.01E-04 2.61E-03 0.00E+00 6.23E-04

%
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Table 5.1-1 (continued)
i

Dose factor - liquid release pathway (mrem /Ci released)
...................................................................

Te-131m
*

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI
Adult 1.04E-04 5.08E-05 4.24E-05 8.05E-05 5.15E-04 0.00E+00 5.05E-03
Teen 1.11E-04 5.34E-05 4.49E-05 8.03E-05 5.56E-04 0.00E+00 4.28E-03
Child 1.63E-04 5.63E-05 6.00E-05 1.16E-04 5.45E-04 0.00E+00 2.28E-03

'

Infant 5.46E-05 2.20E-05 1.81E-05 4.45E-05 1.51E-04 0.00E+00 3.70E-04

Dose factor - liquid release pathway (mrem /Ci released)
...................................................................

Te-131
Bone Liver T. Body Thyroid Kidney Lungs GI.LLI

Adult 2.97E-15 1.24E-15 9.40E-16 2.44E-15 1.30E-14 0.00E+00 4.21E-16
Teen 3.21E-15 1.32E-15 1.01E-15 2.47E-15 1.40E-14 0.00E+00 2.63E-16
Child 4.12E-15 1.25E-15 1.23E-15 3.15E-15 1.24E-14 0.00E+00 2.16E-14

Infant 4.22E-41 1.56E-41 1.18E-41 3.77E-41 1.08E-40 0.00E+00 1.71E-39

Dose factor - liquid release pathway (mrem /Ci released)
..... . ............. ............................................. ,

Te-132
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 1.96E-04 1.26E-04 1.19E-04 1.40E-04 1.22E-03 0.00E+00 5.9BE-03
Teen 2.05E-04 1.30E-04 1.22E-04 1.37E-04 1.24E-03 0.00E+00 4.11E-03
Child 3.15E-04 1.39E-04 1.69E-04 2.03E-04 1.29E-03 0.00E+00 1,40E-03
Infant 1.4SE-04 7.32E-05 6.83E-05 1.08E-04 4.5BE-04 0.00E+00 2.71E-04,

Dose f actor - liquid release pathway (mrem /Ci released)
................................................................... ,

I-131
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 2.09E-04 2.99E-04 1.71E-04 9.78E-02 5.12E-04 0.00E+00 7.8BE-05
Teen 2.41E-04 3.37E-04 1.81E-04 9.83E-02 5.80E-04 0.00E+00 6.66E-05
Child 4.90E-04 4.93E-04 2.80E-04 1.63E-01 8.09E-04 0.00E+00 4.39E-05
Infant 5.71E-04 6.73E-04 2.96E-04 2.21E-01 7.86E-04 0.00E+00 2.40E-05

Dcse factor - liquid release pathway (mrem /Ci released)
........................ ..........................................

I-132 i

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI
Adult 1.43E-07 3.81E-07 1.34E-07 1.33E-05 6.07E-07 0.00E+00 7.16E-08'

Teen 1.49E-07 3.90E-07 1.41E-07 1.32E-05 6.15E-07 0.00E+00 1.70E-07
,

Child 1.85E-07 3.39E-07 1.56E-07 1.57E-05 5.19E-07 0.00E+00 3.99E-07
Infant 1.64E-11 3.32E-11 1.18E-11 1.56E-09 3.71E-11 0.00E+00 2.69E-11

Dose factor - liquid release pathway (mrem /Ci released) .

................................................................. ..

I-133
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI ,

Adult 3.33E-05 5.80E-05 1.77E-05 8.52E-03 1.01E-04 0.00E+00 5.21E-05
Teen 3.74E-05 6.34E-05 1.94E-05 8.85E-03 1.11E-04 0.00E+00 4.80E-05
Child 6.27E-05 7.75E-05 2.94E-05 1.44E.02 1.29E-04 0.00E+00 3.13E-05
Infant 4.77E-05 6.95E-05 2.04E-05 1.26E-02 8.17E-05 0.00E+00 1.18E-05

t
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Table 5.1-1 (continued)

Dose factor - liquid release pathway (mrem /Ci released)
,

;...................................................................

I-134
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI ,

Adult 2.09E-10 5.69E-10 2.04E-10 9.85E-09 9.04E-10 0.00E+00 4.96E-13
Teen 2.20E-10 5.82E-10 2.10E-10 9.70E-09 9.18E-10 0.00E+00 7.67E-12
Child 2.72E-10 5.05E-10 2.33E-10 1.16E-08 7.72E-10 0.00E+00 3.35E-10

1

Infant 5.37E-22 1.10E-21 3.91E-22 2.56E-20 1.23E-21 0.00E+00 1.14E-21 j

Dose factor - liquid release pathway (mrem /Ci released) ;
...................................................................

I-135 >

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI
Adult 3.37E-06 8.83E-06 3.26E-06 5.82E-04 1.42E-05 0.00E+00 9.97E-06
Teen 3.55E-06 9.14E-06 3.41E-06 5.88E-04 1.44E-05 0.00E+00 1.01E-05
Child 4.54E-06 8.17E-06 3.87E-06 7.24E-04 1.25E-05 0.00E+00 6.23E-06

Infant 4.4BE-07 8.92E-07 3.25E-07 7.99E-05 9.94E-07 0.00E+00 3.23E-07

Dose factor - liquid release pathway (mrem /Ci released)
"

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

Cs-134
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 2.19E-01 5.21E-01 4.26E-01 0.00E+00 1.69E-01 5.60E-02 9.12E-03
Teen 2.25E-01 5.30E-01 2.46E-01 0.00E+00 1.68E-01 6.43E-02 6.59E-03
Child 2.76E-01 4.52E-01 9.55E-02 0.00E+00 1.40E-01 5.03E-02 2.44E-03

Infant 1.07E-02 2.00E-02 2.02E-03 0.00E+00 5.16E-03 2.11E-03 5.44E-05
,,

Dose factor - liquid release pathway (mrem /Ci released)
...................................................................

Cs-134m
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 4.21E-06 8.85E-06 4.52E-06 0.00E+00 4.80E-06 7.56E-07 3.12E-06
Teen 4.42E-06 9.16E-96 4.71E-06 0.00E+00 5.10E-06 8.95E-07 6.09E-06 ,

Child 5.48E-06 8.11E-06 5.29E-06 0.00E+00 4.28E-06 7.07E-07 1.03E-05 '

Infant 5.19E-11 8.64E-11 4.37E-11 0.00E+00 3.33E-11 7.67E-12 6.84E-11

Dose factor - liquid release pathway (mrem /Ci released)
...................................................................

Cs-136
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

'
Adult 2.23E-02 8.81E-02 6.34E-02 0.00E+00 4.90E-02 6.72E-03 1.00E-02 .

Teen 2.25E-02 8.85E-02 5.95E-02 0.00E+00 4.82E-02 7.59E-03 7.12E-03
Child 2.69E-02 7.40E-02 4.79E-02 0.00E+00 3.94E-02 5.87E-03 2.60E-03

Infant 1.1BE-03 3.47E-03 1.29E-03 0.00E+00 1.38E-03 2.83E-04 5.27E-05 r

Dose factor - liquid release pathway (mrem /Ci released)
...................................................................

,

Cs-137 i

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI
Adult 2.81E-01 3.84E-01 2.52E-01 0.00E+00 1.30E-01 4.33E-02 7.43E-03
Teen 3.02E-01 4.01E-01 1.40E-01 0.00E+00 1.36E-01 5.30E-02 5.71E-03
Child 3.85E-01 3.69E-01 5.45E-02 0.00E+00 1.20E-01 4.33E-02 2.31E-03

Infant 1.49E-02 1.74E-02 1.24E-03 0.00E+00 4.68E-03 1.89E-03 5.45E-05

i
t
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Table 5.1-1 (continued)

Dose factor - liquid release pathway (mrem /Ci releaaed) j
................................................_..................

Cs-136
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 3.57E-11 7.04E-11 3.49E-11 0.00E+00 5.18E-11 5.11E-12 3.00E-16
Teen 3.82E-11 7.34E-11 3.67E-11 0.00E+00 5.42E-11 6.30E-12 3.33E-14
Child 4.84E-11 6.73E-11 4.27E-11 0.00E+00 4.73E-11 5.10E-12 3.10E-11 *

Infant 1.63E-32 2.65E-32 1.2BE-32 0.00E+00 1.32E-32 2.06E-33 4.23E-32
i

Dose factor - liquid release pathway (mrem /Ci released)
....... .................................................___.......

Ba-139
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 1.67E-09 1.19E-12 4.93E-11 0.00E+00 1.12E-12 6.77E-13 2.97E-09
Teen 1.83E-09 1.29E-12 5.50E-11 0.00E+00 1.21E-12 8.87E-13 1.63E-08 i

'

Child 2.35E-09 1.25E-12 6.84E-11 0.00E+00 1.09E-12 7.37E-13 1.36E-07
Infant 3.30E-16 2.19E-19 9.55E-18 0.00E+00 1.31E-19 1.33E-19 2.09E-14

Dose factor - liquid release pathway (mrem /Ci released)
............~..........__...........__...............__. ..........

Ba-140
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 5.34E-04 6.71E-07 3.51E-05 0.00E+00 2.28E-07 3.84E-07 1.10E-03
Teen 5.41E-04 6.63E-07 3.56E-05 0.00E+00 2.25E-07 4.46E-07 8.35E-04
Child 1.32E-03 1.16E-06 7.72E-05 0.00E+00 3.76E-07 6.89E-07 6.69E-04

Infant 1.52E-03 1.52E-06 7.84E-05 0.00E+00 3.61E-07 9.34E-07 3.74E-04

Dose factor - liquid release pathway (mrem /Ci released)
.......__.........................................._..._...........

Ba-141
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI .

:Adult 4.57E-19 3.45E-22 1.63E-20 0.00E+00 3.21E-22 1.96E-22 2.15E-28
Teen 4.96E-19 3.70E-22 2.14E-20 0.00E+00 3.44E-22 2.53E-22 1.06E-24
Child 6.37E-19 3.57E-22 2.18E-20 0.00E+00 3.09E-22 2.10E-21 3.63E-19

Infant 1.58E-53 1.08E-56 4.99E-55 0.00E+00 6.52E-57 6.60E-57 1.93E-52 |

Dose factor - liquid release pathway (mrem /Ci released)
....... ...................................._............__........

La-140 i

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI
Adult 3.66E-08 1.84E-08 1.03E-07 0.00E+00 0.00E+00 0.00E+00 1.35E-03
Teen 3.68E-08 1.81E-08 5.51E-07 0.00E+00 0.00E+00 0.00E+00 1.04E-03
Child 8.21E-08 2.87E-08 1.24E-07 0.00E+00 0.00E+00 0.00E+00 8.00E-04 |

Infant 8.56E-08 3.38E-08 8.69E-09 0.00E+00 0.00E+00 0.00E+00 3.97E-04 j

Dose f actor - liquid release pathway (mrem /Ci released)
__.................. ..............................................

La-142
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 2.92E-11 1.33E-11 4.94E-11 0.00E+00 0.00E+00 0.00E+00 9.71E-08 !

Teen 3.12E-11 1.38E-11 2. 61E-10 0. 0 0E+ 0 3 0. 00E+ 00 0. 00E+ 00 4.21E-07
Child 3.93E-11 1.25E-11 5.77E-11 0.00E+00 0.00E+00 0.00E+00 2.48E-06
Infant 7.74E-18 2.84E-18 6.81E-19 0.00E+03 0.00E+00 0.00E+00 4.83E-13

.F
|

|
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Table 5.1-1 (continued)
!

i

Dose factor - liquid release pathway (nxem/Ci released)
................... .......................................... ....

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI
Adult 2.05E-07 1.39E-07 2.42E-07 0.00E+00 6.45E-08 0.00E+00 5.31E-04
Teen 2.06E-07 1.37E-07 4.88E-07 0.00E+00 6.47E-08 0.00E+00 3.93E-04 r

Child 5.80E-07 2.89E-07 1.42E-07 0.00E+00 1.27E-07 0.00E+00 3.61E-04
'Infant 7.11E-07 4.34E-07 5.11E-08 0.00E+00 1.34E-07 0.00E+00 2.24E-04

Dose f actor - liquid release pathway (mrem /Ci released)
................................................._.................

Ce-143 ,

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI
Adult 1.47E-08 1.09E-05 1.78E-08 0.00E+00 4.78E-09 0.00E+00 4.06E-04
Teen 1.49E-08 1.08E-05 9.40E-08 0.00E+00 4.86E-09 0.00E+00 3.26E-04
Child 4.01E-08 2.17E-05 2.25E-08 0.00E+00 9.12E-09 0.00E+00 3.18E-04
Infant 5.10E-08 3.38E-05 3.86E-09 0.00E+00 9.85E-09 0.00E+00 1.97E-04 ;

i

Dose factor - liquid release pathway (mrem /Ci released)
6................................... ...............................

Ce-144
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 1.12E-05 4.67E-06 1.04E-06 0.00E+00 2.77E-06 0.00E+00 3.78E-03
Teen 1.12E-05 4.65E-06 3.03E-06 0.00E+00 2.78E-06 0.00E+00 2.82E-03
Child 3.17E-05 9.92E-06 2.20E-06 0.00E+00 5.50E-06 0.00E+00 2.59E-03

Infant 2.80E-05 1.15E-05 1.57E-06 0.00E+00 4.63E-06 0.00E+00 1.61E-03

Dose factor - liquid release pathway (mrem /Ci released)
...................................................................

Pr-1434

d Bone Liver T. Body Thyroid Kidney Lungs GI-LLI
Adult 5.69E-07 2.28E-07 2.82E-08 0.00E+00 1.32E-07 0.00E+00 2.49E-03
Teen 6.00E-07 2.40E-07 2.99E-08 0.00E+00 1.39E-07 0.00E+00 1.97E-03
Child 1.07E-06 3.21E-07 5.31E-08 0.00E+00 1.74E-07 0.00E+00 1.15E-03

Infant 6.81E-07 2.55E-07 3.38E-08 0.00E+00 9.47E-08 0.00E+00 3.60E-04

Dose factor - liquid release pathway (mrem /Ci released)
...................................................................

Pr-144
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 3.76E-22 1.56E-22 2.24E-23 0.00E+00 8.80E-23 0.00E+00 5.41E-29
Teen 4.09E-22 1.67E-22 3.91E-23 0.00E+00 9.61E-23 0.00E+00 4.51E-25
Child 5.29E-22 1.64E-22 3.05E-23 0.00E+00 8.66E-23 0.00E+00 3.52E-19 i

IInfant 1.72E-59 6.66E-60 B.67E-61 0.00E+00 2.41E-60 0.00E+00 3.10E-55
; i

Dose factor - liquid release pathway (mrem /Ci released) !

.......... ........................................................

i Nd-147
'

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI j
Adult 3.82E-07 4.42E-07 1.13E-07 0.00E+00 2.58E-07 0.00E+00 2.12E-03
Teen 4.23E-07 4.60E-07 5.09E-07 0,00E+00 2.70E-07 0.00E+00 1 66E-03
Child 7.45E-07 6.03E-07 1.47E-07 0.00E+00 3.31E-07 0.00E+00 9.55E-04
Infant 4.53E-07 4.65E-07 2.85E-08 0.00E+00 1.79E-07 0.00E+00 2.95E-04 |

!
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Table 5.1-1 (continued)
,

Dose factor liquid release pathway (mrem /Ci released)
'

....................................................................

Eu-152
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 1.31E-05 2.99E-04 1.63E-04 0.00E+00 1.85E-05 0.00E+00 1.72E-03
Teen 1.21E-05 2.92E-06 9.00E-04 0.00E+00 1.35E-05 0.00E400 1.07E-03
Child 1.84E-05 3.34E-06 1.91E-04 0.00E+00 1.41E-05 0.00E+00 5.49E-04
Infant 6.27E- 06 1.67E- 06 1.4 0E-06 0. 00E+00 4. 67E-06 0. 00E+ 00 1. 4 BE- 04 ,

Dose factor - liquid release pathway (mrem /Ci released)
............................_......................................

W-187
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 1.52E-04 1.27E-04 4.45E-05 0.00E+00 0.00E+00 0.00E+00 4.17E-02
Teen 1.65E-04 1.34E-04 4.71E-05 0.00E+00 0.00E+00 0.00E+00 3.63E-02
Child 2.09E-04 1.24E-04 5.57E-05 0.00E+00 0.00E+00 0.00E+00 1.74E-02 ,

Infant 2.25E-06 1.57E-06 5.41E-07 0.00E+00 0.00E+00 0.00E+00 9.21E-05
'

Dose factor - liquid release pathway (mrem /Ci released)
'

...................................................................

Np-239
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI L

Adult 3.15E-08 3.09E-09 2.30E-08 0.00E+00 9.65E-09 0.00E+00 6.34E-04
Teen 3.42E-08 3.22E-09 1.21E-07 0.00E+00 1.01E-08 0.00E400 5.19E-04
Child 6.77E-08 4.86E-09 2.83E-08 0.00E+00 1.41E-08 0.00E+00 3.60E-04
Infant 5.72E-08 5.12E-09 2.89E-09 0.00E+00 1.02E-08 0.00E+00 1.4SE-04

s

Dose factor - liquid release pathway (mrem /Ci released)
.................__.............____...............................

U-235
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI

Adult 3.05E-02 0.00E+00 1.89E-03 0.00E+00 7.13E-03 0.00E+00 2.98E-03
Teen 3.17E-02 0.00E+00 2.13E-03 0.00E+00 7.43E-03 0.00E+00 2.30E-03
Child 6.92E-02 0.00E+00 4.23E-03 0.00E+00 1.14E-02 0.00E+00 1.63E-03

Infant 4.42E-02 0.00E400 3.37E-03 0.00E+00 9.40E-03 0.00E+00 7.67E-04

Dese factor - liquid release pathway (mrem /Ci released) ,

;...................................................................

U-238 |
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI !

Adult 2.92E-02 0.00E+00 1.73E-03 0.00E+00 6.67E-03 0.00E+00 2.10E-03 ;

Teen 3.03E-02 0.00E+00 1.81E-03 0.00E+00 6.96E-03 0.00E+00 1.62E-03
Child 6.62E-02 0.00E+00 3.93E-03 0.00E+00 1.06E-02 0.00E+00 1.15E-03

Infant 4.23E-02 0.00E+00 3.15E-03 0.00E+00 8.78E-03 0.00E+00 5.41E-04

Dose factor - liquid release pathway (mrem /Ci released) $
................................... ....................... .......

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI
Adult 5.25E-02 1.85E-02 3.47E-03 0.00E+00 2.61E-02 0.00E+00 4.75E-03
Teen 4.10E-02 1.56E-02 2.77E-03 0.00E+00 2.05E-02 0.00E+00 3.74E-03

*Child 4.10E-02 1.83E-02 2.93E-03 0.00E+00 1.79E-02 0.00E+00 2.19E-03
Infant 1.42E-02 6.68E-03 1.01E-03 0.00E+00 6.10E-03 0.00E+00 7.17E-04

1

i
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5.1.2 Atmospheric Release Mode: Radiciodine, Tritium, and Particulates

The dose calculations for demonstration of compliance with the 10
CFR 50, Appendix I dose limits for radiciodines, tritium, and
particulate radionuclides released to the atmosphere will be done

.

Iin the manner si=dlar to the liquid release dose calculations
described in Section 5.1.1. The total dose is compared to the !
corresponding atmospheric release mode Appendix I dose limit for
the organ in question.

The doses are calculated using the following formula:

API 1 Dose E (TLF_ x C;) Y , mrem
.

s= =w

Where

the Appendix I dose for compliance evaluationsAPI =

in mrem

the dose to the specific age group (a) and organDose,w =

(o) via release mode On) from radionuclide (i)

total dose factor for the specific age group (a)TDF , =

and organ (o) via release mode Dm) from
radionuclide (i) from Table 5.1-2 in mrem /Ci

curies of radionuclide (i) releasedC =i

the Appendix I dose limit for organ (o) and\ Ts. =

release mode (m) for which the calculation is
being made.

The methodology and the values used to obtain the TDF., values are
given in Appendix C.

1

It is recognized that some of the release quantities may not be ;

available at the end of the month because the samples from these
release paths are sent to a vendor for analysis. Usually, the
only radionuclides affected by these delays are Sr-89 and Sr-90.
Because the quantities of these two radionuclides are but a small i

fraction of the total release, the absence of their dose
contributions from the initial monthly dose calculation will not
significantly affect the total dose obtained from the remaining
radionuclides. The dose for the month will be updated upon the
receipt of the vendor isotopic results and upon the receipt of any

.

corrections to previous release quantities. !

Instead of using the precalculated total dose factors, the
Appendix I dose calculation may be modified to reflect the actual
r/O during the release period using the methodology of Appendix C.

i

b
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Table 5.1-2

Airborne Effluent Dose Factors

Summations of dose per curie released were made for calculations over the
pathways: ingestion of produce, leafy vegetables, milk, meat; inhalation of
airborne radionuclides, and direct exposure to deposited radioactivity.

Dese factor - airborne release pathway (mrem /Ci released)
...................................................................

H-3
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 0.00E+0D 9.78E-05 9.78E-05 9.78E-05 9.78E-05 9.78E-05 9.7BE-05 0.00E+00
feen 0.00E+00 1.03E-04 1.03E-04 1.03E-04 1.03E-04 1.03E-04 1.03E-04 0.00E+00
child 0.00E+00 1.32E-04 1.32E-04 1.32E-04 1.32E-04 1.32E-04 1.32E-04 0.00E+00

Infant 0.00E+00 2.03E-05 2.03E-Oc 2.03E 05 2.03E-05 2.03E-05 2.03E-05 0.00E+00

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

F-18
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 1.12E-04 0.00E+00 9.61E-04 0.0DE+00 0.00E+00 0.00E+00 2.19E-06 2.23E-03
Teen 1.55E-04 0.00E+00 9.65E-04 0.00E+00 0.00E+00 0.00E+00 9.23E-06 2.23E-03
Child 2.06E-04 0.00E+00 9.69E-04 0.00E+00 0.00E+00 0.00E+00 3.70E-05 2.23E-03

Infant 1.63E-04 0.00E+00 9.62E-04 0.00E+00 0.00E+00 0.00E+00 2.53E-05 2.23E-03

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

[ ka-22
t Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin
\ Adult 4.83E+00 4.83E+00 2.89E+01 4.83E+00 4.83E+00 4.83E+00 4.63E+00 3.79E+01

Teen 7.41E+00 7.41E+00 3.15E+01 7.41E+00 7.41E+00 7.41E+00 7.41E+00 3.79E+01
Child 1.50E+01 1.50E+01 3.90E+01 1.50E+01 1.50E+01 1.50E+01 1.50E+01 3.79E+01

Infant 1.81E+01 1.81E+01 4.21E+01 1.81E+01 1.81E+01 1.81E+01 1.81E+01 3.79E+01

Dose f actor - airborne release pathway (mrem /C1 released)
...................................................................

Wa-24
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 9.4BE-04 9.4BE-04 1.77E-02 9.48E-04 9.4BE-04 9.48E-04 9.4BE-04 7.64E-02
Teen 1.36E-03 1.36E-03 1.81E-02 1.36E-03 1.36E-03 1.36E-03 1.36E-03 7.64E-02
Chiid 2.37E-03 2.37E-03 1.91E-02 2.37E-03 2.37E-03 2.37E-03 2.37E-03 7.64E-02

Infant 3.14E-03 3.14E-03 1.99E-02 3.14E-03 3.14E-03 3.14E-03 3.14E-03 7.64E-02

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Se-46
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI skin

Adul t 1.33E-02 2.59E-02 2.00E+00 0.00E+00 2.42E-02 0.00E+00 2.40E+00 2.69E+00
Teen 1.75E-02 3.41E-02 2.00E+00 0.00E+00 3.26E-02 0.00E+00 2.09E+00 2.69E+00
Child 2.23E-02 3.05E-02 2.00E+00 0.00E+00 2.70E-02 0.00E+001.32E+0D 2.69E+00

Infant 1.56E-02 2.25E-02 2.00E+00 0.00E+00 1.4BE-02 0.00E+00 1.35E-03 2.69E+00

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Mn-54
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 0.00E+00 2.32E-01 1.99E+00 0.00E+00 6.89E-02 4.15E-02 7.08E-01 2.28E+00
Teen 0.00E+00 3.34E-01 2.01E+00 0.00E+0D 9.95E-02 5.89E-02 6.83E-01 2.28E+00
child 0.00E+00 4.86E-01 2.07E+00 0.00E+00 1.36E-01 4.68E-02 4.08E-01 2.28E+00

Infant 0.00E+00 2.03E-02 1.95E+00 0.00E+00 4.47E 03 2.97E-02 7.3BE-03 2.28E+00

1 ,

5-18

|

|

. -- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ - - _ _ _ _ _ _ _ - _ _ - _ _



N

OFFSITE DOSE CALCULATION mal % Revision 6
A January 1993

p
/
\
\ ..s

Table 5.1-2 (centinued)

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Cr-51
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 0.00E+00 0.00E+00 6.59E-03 2.63E-05 9.86E-06 4.83E-04 1.07E-02 7.73E-03
feen 0.00E+00 0.00E+00 6.6DE-03 3.39E-05 1.34E-05 7.03E-04 9.66E 03 7.73E-03
Child 0.00E+00 0.00E+00 6.66E-03 6.30E-05 1.72E-05 6.14E-04 5.81E-03 7.73E-03

Infant 0.00E+00 0.00E+00 6.58E-03 2.42E-05 5.31E-06 4.25E-D4 1.02E-03 7.73E-03

Dose factor - airborne release pathway (mrem /ti released)
...................................................................

Mn-56
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 0.00E+00 4.81E-08 1.27E-03 0.00E+00 5.31E-08 2.80E-04 6.01E-04 1.50E-03
Teen 0.00E+00 6.05E-08 1.27E-03 0.00E+00 6.61E-08 4.51E-D4 1.70E-03 1.50E-03
Child 0.00E+00 6.26E-08 1.27E-03 0.00E+00 6.58E-08 3.90E-D4 3.66E-03 1.50E-03

Infant 0.00E+00 4.57E-08 1.27E-03 0.00E+00 3.27E-08 3.72E-04 2.13E-03 1.50E-03

Dose tactor - airborne release pathway (mrem /Ci released)
...................................................................

Fe-55
bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 3.20E-01 2.21E-01 5.15E-02 0.00E+00 0.00E+00 1.25E-01 1.27E-01 0.00E+00
Teen 3.80E-01 2.70E-01 6.29E-02 0.00E+00 0.00E+00 1.74E-01 1.17E-01 0.00E+00
Child 8.65E-01 4.59E-01 1.42E-01 0.00E+00 0.00E+00 2.62E+01 8.49E-02 0.00E+00

Infant 7.36E-02 4.75E-02 1.27E-02 0.00E+00 0.00E+00 2.56E-02 6.02E-03 0.00E+00

[m\ Dose f actor - airborne release pathway (mrem /Ci released)
(, ,/ ...................................................................

Fe-59
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 2.01E-01 4.73E-01 5.65E-01 0.00E+00 0.00E+00 1.62E-01 1.5BE+00 4.50E-01
Teen 2.25E-01 5.24E-01 5.B6E-01 0.00E+00 0.00E+00 2.10E-01 1.24E+00 4.50E-01
Child 4.62E-01 7.48E-01 7.56E-01 0.00E+00 0.00E+00 2.54E-01 7.80E-01 4.50E-01

Infant 6.14E-02 1.07E-01 4.26E-01 0.00E+00 0.00E+00 6.16E 02 5.16E-02 4.50E-01

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Co-57
Bone Liver T. Body Thyr oid Kidney L ungs GI-LLI Skin

Adult 0.00E+00 1.17E-02 4.93E-01 0.00E+00 0.00E+00 1.10E-02 2.97E-01 6.13E-01
Teen 0.00E+00 1.59E-02 5.00E-01 0.00E+00 0.00E+00 1.74E-G2 2.97E-01 6.13E-01
Child 0.00E+00 2.57E-02 5.26E-01 0.00E+00 0.00E+001.50E 02 2.11E-01 6.13E-01

Infant 0.00E+00 4.38E-03 4.81E-01 0.00E+00 0.00E+00 1.13E-02 1.50E-02 6.13E-01

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Co-58
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 0.00E+00 3.14E-02 6.02E-01 0.00E+00 0.00E+00 2.75E-02 6.3BE-01 6.23E-01
Teen 0.00E+00 4.00E-02 6.24E-01 0.00E+00 0.00E+00 3.99E-02 5.53E-01 6.23E 01
Child 0.00E+00 5.73E-02 7.07E-01 0.00E+00 0.00E+00 3.28E-02 3.35E-01 6.23E-01

Infant 0.00E+00 9.9DE-03 5.57E-01 0.00E+00 0.00E+00 2.31E-02 2.49E-02 6.23E-01

Dose f actor - airborne release pathway (mrenVCi released)
...................................................................

Co-60
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 0.00E+00 1.68E-01 3.06E+01 0.00E+00 0.00E+00 1.77E-01 3.16E+00 3.56E+01
Teen 0.00E+00 2.23E-01 3.07E+01 0.POE+00 0.00E+00 2.59E-01 2.90E+00 3.56E+01

e Child 0.00E+00 3.28E-01 3.12E+01 0.00E+00 0.00E+00 2.10E-01 1.82E+00 3.56E+01f
"'s

s

l Infant 0.00E+00 5.B6E-02 3.04E+01 0.00E+00 0.00E+00 1.34E-01 1.40E-01 3.56E+01
[
\
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Table 5.1-2 (continued)
,

Oose f actor - airborne release pathway (mrem /Ci released)
................ ..................................................

N '. - 63

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI skin ,

Adult 2.39E+01 1.65E+00 8.00E-01 0.00E+00 0.00E+00 5.29E-03 3.45E-01 0.00E+00
Teen 2.93E+01 2.07E+00 9.92E-01 0.00E+00 0.00E+00 9.11E-03 3.29E-01 0.00E+00
Child 6.73E+01 3.60E+00 2.29E+00 0.00E+00 0.00E+00 8.16E-03 2.43E-01 0.00E+00

Infant 2.11E+01 1.30E+0D 7.32E-01 0.00E+00 0.00E+00 6.19E-03 6.49E-02 0.00E+00

Dose f actor - airborne release pathway (mrenVCi released)
...................................................................

Ni-65 >

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin
Adult 8.95E-08 1.19E-08 4.17E-04 0.00E+00 0.00E+00 1.66E-04 3.66E-04 4.85E-04
Teen 1.06E-07 1.30E-08 4.17E-04 0.00E+00 0.00E+00 2.78E-04 1.09E-03 4.85E-04
Child 1.64E-071.5BE-08 4.17E-04 0.00E+00 0.00E+00 2.43E-04 2.49E-03 4.85E-D4

Infant 7.17E-08 8.51E-09 4.17E-04 0.00E+00 0 00E+00 2.41E-041.49E-03 4.85E-04

Dose f actor - airborne release pathway (mrenvCi released)
........................ ..........................................

Cu-64
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin i

Adult 0.00E+00 1.12E-05 8.57E-04 0.00E+00 2.82E-05 2.01E-04 2.40E-03 9.65E-D4
Teen 0.00E+001.40E-05 8.5BE-D4 0.00E+00 3.54E-05 3.30E 04 2.90E-03 9.65E-04
Child 0.00E+00 2.19E-05 8.65E-D4 0.00E+00 5.2BE-05 2.B4E-04 2.11E-03 9.65E-D4

Infant 0.00E+00 3.42E-05 8.6BE-04 0.00E+00 5.79E-05 2.76E-04 1.15E-03 9.65E-D4

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................g

2n-65
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 1.21E+00 3.85E+00 2.79E+00 0.00E+00 2.57E+00 2.56E-02 2.42E+00 1.21E+00
Teen 1.63E+00 5.67E+00 3.69E+00 0.00E+00 3.63E+00 3.68E-02 2.40E+00 1.21E+00
Child 3.12E400 8.31E+00 6.22E+00 0.00E+00 5.24E+00 2.95E-02 1.46E+00 1.21E+00

Infant 2.95E+00 1.01E+01 5.71E+00 0.00E+00 4.91E+00 1.92E-02 8.54E+00 1.21E+00

Dose f actor - airborne release pathway (mrenVCi released)
...................................................................

2n-69
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 3.01E-06 5.76E-06 4.01E-07 0.00E+00 3.74E-06 2.73E-05 1.35E-06 0.00E+00
feen 4.64E-06 8.83E-06 6.18E-07 0.00E+00 5.77E-06 4.70E-05 2.47E-05 0.00E+00
Child 1.08E-05 1.56E-05 1.45E-06 0.00E+00 9.49E-D6 4.22E-05 1.29E-03 0.00E+00

Infant 1.93E-05 3.4BE-05 2.59E-06 0.00E+00 1.45E-05 4.36E-05 3.23E-03 0.00E+00

Dose f actor - airborne release pathway (mrenVCi released)
...................................................................

Zn-69m
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI skin

Adult 4.99E-05 1.20E-04 3.07E-03 0.00E+00 7.26E 05 5.65E-D4 1.13E-02 5.74E-03
Teen 7.60E-05 1.79E 04 3.07E-03 0.00E+00 1.09E-04 9.30E-D4 1.49E-02 5.74E-03
Child 1.76E-04 3.00E-04 3.09E-03 0.00E+00 1.74E-04 8.0SE-04 1.27E-02 5.74E-03

Infant 3.11E-D4 6.35E-04 3.12E-03 0.00E+00 2.57E-D4 7.93E-04 1.00E-02 5.74E-03

Dose foctor - airborne release pathway (mrem /Cl released) f

...................................................................

Er 62
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 0.00E+00 0.00E+00 5.44E-02 0.00E+00 0.00E+00 0.00E+00 8.47E-03 6.41E-02
Teen 0.00E+00 0.00E+00 5.89E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.41E-02

r Child 0.00E+00 0.00E+00 7.04E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.41E-02
( Infant 0.00E+00 0.00E+00 8.32E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.41E-02

k
i
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Table 5.1-2 (continued)

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Br-83
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 0.00E+00 0.00E+00 1.65E-05 0.00E+00 0.00E+00 0.00E+00 6.89E-06 2.84E-03
Teen 0.00E+00 0.00E+00 1.96E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.B4E-03
Child 0.00E+00 0.00E+00 2.34E-05 0.00E+00 0.00E+0D 0.00E+00 0.00E+00 2.84E-03

Infant 0.00E+0D 0.00E+00 2.07E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.B4E-03

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Br-84
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 0.00E+00 0.00E+00 2.59E-02 0.00E+0D 0.00E+00 0.00E+00 1.11E-09 2.49E-01
Teen 0.00E+00 0.00E+00 2.60E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.49E-01
Child 0.00E+00 0.00E+00 2.63E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.4?E-01

Infant 0.00E+00 0.00E+00 2.66E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.49E-01

Cose factor - airborne release pathway (mrem /Ci released)
...................................................................

Br-85
bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adait 0.00E+00 0.00E+00 4.95E-D6 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.63E-04
Teen O. 00 0.00E+00 7.06E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.63E-04
Child O. *00 0.00E+00 2.02E 05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.63E-D4

Infant D. 4+00 0.00E+00 4.21E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.63E-04

( Oose f actor - airborne release pathway (mren/Ci released)
s ... ...............................................................

Rb- B6
Bone Liver T. Body Thyroid Kidney Lungs GI-LL1 Skin

Adult 0.00E+00 8.21E-01 3.95E-01 0.00E+00 0.00E*00 0.00E+00 1.61E-01 1.44E-02
Teen 0.00E+00 1.23E+00 5.52E-01 0.00E+00 0.00E+00 0.00E+00 1.82E-01 1.44E-02
Child 0.00E+00 2.18E+00 1.35E+00 0.00E+00 0.00E+00 0.00E+00 1.40E-01 1.44E-02

Infant 0.00E+00 4.17E+00 2.07E+00 0.00E+00 0.00E+00 0.00E+00 1.07E-01 1.44E-02

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Rb-BB
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 0.00E+00 1.15E-05 5.22E-05 0.00E+00 0.00E+00 0.00E+00 9.92E-17 5.31E-05
Teen 0.00E+00 1.62E-05 5.45E-05 0.00E+00 0.00E+00 0.00E+00 8.66E-13 5.31E-05
Child 0.00E+00 1.67E-05 5.73E-05 0.00E+00 0.00E+00 0.00E+00 5.12E-07 5.31E-05

Infant 0.00E+00 1.65E-05 5.50E-05 0.00E+00 0.00E+00 0.00E+00 1.01E 05 5.31E-05

Dose f actor - airborne release pathway (mrem /Cl released)
...................................................................

Eb-89
Bone Liver T. Body Thyroid Kidney Lungs G1-LLI skin

Adult 0.00E+00 7.60E-06 1.78E-04 0.00E+00 0.00E+00 0.00E+00 2.75E-19 2.07E-04
Teen 0.00E+00 1.04E-05 1.80E-04 0.00E+00 0.00E+00 0.00E+00 1.00E-14 2.07E-04
Child 0.00E* 00 1.02E-05 1.81E-04 0.00E+00 0.00E+00 0.00E+00 5.61E-08 2.07E-04

Infant 0.00E+00 9.51E-061.79E-04 0.00E+00 0.00E+00 0.00E+00 2.02E-06 2.07E-04

Dose f actor - airborne release pathway (mren/Ci released)
...................................................................

Sr-89
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 7.63E+00 0.00E+00 2.19E-01 0.00E+00 0.00E+00 4.15E-02 1.23E+00 3.53E-05
feen 1.16E+01 0.00E+00 3.34E-01 0.00E+00 0.00E+00 7.17E-02 1.40E*00 3.53E-05

's Child 2.77E+01 0.00E+00 7.90E-01 0.00E+00 0.00E+00 6.40E-02 1.08E+00 3.53E-05
Infant 3.66E+00 0.00E+00 1.05E-01 0.00E+00 0.00E+00 6.02E-02 7.69E-02 3.53E-05

(_
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Table 5.1-2 (continued)
i

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Sr-90
Bone Liver T. Body Thyroid Kidney Lungs Cl-LLI Skin [

Adult 5.10E+02 0.00E+00 1.25E+02 0.00E+00 0.00E+00 2.85E-01 1.47E+01 0.00E+00 !

Teen 6.33E+02 0.00E+00 1.56E+02 0.00E+00 0.00E+00 4.89E-01 1.77E+01 0.00E+00
Child 1.05E+03 0.00E+00 2.65E+02 0.00E+00 0.00E+00 4.38E-01 1.41E+01 0.00E+00 ;

Infant 7.33E+01 0.00E+00 1.84E+01 0.00E+00 0.00E+00 3.34E-01 9.04E-01 0.00E+00 ,

Dose f actor - airborne release pathway (mrem /Ci released) i
.............................................. ....................

Sr-91 6

Bone Liver T. Body Thyroid Kidney Lungs GI LLI Skin
Adult 2.29E-04 0.00E+00 3.03E-03 0.00E+00 0.00E+00 1.0BE-03 6.76E-03 3.53E-03 i

Teen 2.20E-04 0.00E+00 3.03E-Q3 0.00E+00 0.00E+00 1.80E-03 8.6BE-03 3.53E-03 -

Child 4.09E-04 0.00E+00 3.03E-03 0.00E+00 0.00E+00 1.5BE-03 6.06E-03 3.53E-03 '

Infant 5.29E-05 0.00E+00 3.02E-03 0.00E+00 0.00E+001.56E-03 2.24E-03 3.53E-03

Dose factor - airborne release pathway (mrem /Ci released)
...................................................................

Sr-92
Bone Liver T. Body Thyroid Kidney Lungs GI-LL1' Skin, ,

Adult 5.04E-07 0.0DE+00 1.65E-03 0.00E+00 0.00E+00 4.89E-04 1.2BE-03 3.15E-03
Teen 5.66E-07 0.00E+00 1.65E-03 0.00E+00 0.00E+00 8.14E-04 3.54E-03 3.15E-Q3
Child 9.0BE-07 0.00E+00 1.65E-03 0.00E+00 0.0DE+00 7.12E-04 7.20E-03 3.15E-03

Infant 3.12E-07 0.0DE+00 1.65E-03 0.00E+00 0.00E+00 7.06E-04 4.15E-03 3.15E-03
i

''Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Y-90 '

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin ,

Adult 7.17E-05 0.00E+00 8.23E-06 0.00E+00 0.00E+00 5.03E-03 1.19E-01 7.45E-06 '

Teen 9.77E-05 0.0DE+00 8.93E-06 0.00E+00 0.00E+00 B.69E-03 9.20E-02 7.45E-06 9

Child 1.39E-04 0.00E+001.00E-05 0.00E+00 0.00E+00 7.76E-03 5.63E-02 7.45E-D6
Infant 9.77E-05 0.00E+00 8.93E-06 0.00E+00 0.00E+00 7.9BE-03 3.26E-03 7.45E-06 !

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Y-91 ,

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin f

Adult 1.7BE-02 0.00E+00 1.9BE-03 0.00E+00 0.00E+00 5.06E-02 2.26E+00 1.70E-03
teen 2.55E-02 0.00E+00 2.19E-03 0.00E+00 0.00E+00 8.71E-02 2.44E+00 1.70E-03
Child 4.10E-02 0.00E+00 2.60E-03 0.00E+00 0.00E+00 7.79E-02 1.86E+00 1.70E-03

Infant 1.75E-02 0.00E+001.97E-03 0.00E+00 0.00E+00 7.27E-02 3.72E-03 1.70E-03
P

Dose f actor - airborne release pathway (mrem /Cl released)
...................................................................

Y-91m
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 3.5BE-06 0.00E+00 2.31E-04 0.00E+00 0.00E+00 5.7DE-05 1.05E-05 4.33E-04
Teen 6.15E-06 0.00E+00 2.31E-04 0.00E+00 0.00E+00 9.49E-05 2.91E-04 4.33E-04
Child 1.50E-05 0.00E+0D 2.31E-04 0.00E+00 0.00E+00 B.34E-05 2.94E-02 4.33E-D4

Infant 1.21E-0B 0.00E+00 2.31E-04 0.00E+00 0.00E+00 8.27E-05 6.9BE-05 4.33E-04

!Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Y-92
Bone Liver T. Body Thyroid Kidney Lungs G1-LLI Skin

'Adult 3.35E-05 0.00E+00 4.38E-D4 0.00E+00 0.00E+00 4.65E-04 5.83E-01 2.90E-02
Teen 5.80E-05 0.00E+00 4.39E-04 0.00E+00 0.00E+00 7.95E-04 1.5BE+0D 2.90E-02
child 1.42E-04 0.00E+00 4.41E-D4 0.00E+00 0.00E+00 7.09E-04 4.09E+00 2.90E-02

Infant 4.86E-07 0.00E+00 4.37E-04 0.00E+00 0.00E+00 7.27E-04 3.76E-03 2.90E-02 i

A
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Table 5.1-2 (continued)

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Y-93
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 1.08E-D4 0.00E+00 4.43E-04 0.00E+00 0.00E+00 1.44E-03 3.35E+00 6.58E-02
Teen 1.86E-04 0.00E+00 4.45E-D4 0.00E+00 0.00E+00 2.47E-03 5.59t+00 6.58E-02
Child 4.53E-04 0.00E+00 4.52E-D4 0.00E+00 0.00E+00 2.21E-03 6.69E+00 6.58E-02

Infant 4.45E-06 0.00E+00 4.40E-04 0.00E+00 0.00E+00 2.27E-03 4.95E-03 6.53E-02

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Zr-95
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Ikin

Adult 4.79E-03 1.54E-03 3.45E-01 0.00E+00 2.42E-03 5.25E-02 1.64E+00 3.9BE-01
Teen 6.16E-03 1.94E-03 3.45E-01 0.00E+00 2.85E-03 7.98E-02 1.35E+00 3.98E-01
Child 9.47E-03 2.08E-03 3.45E-01 0.00E+00 2.97E-03 6.62E-02 8.81E-01 3.98E-01

Infant 3.43E-03 8.27E-04 3.44E-01 0.00E+00 9.23E-04 5.19E-02 9.12E-04 3.98E-01

Dose factor - airborne release pathway (mrem /Ci released)
...................................................................

Zr-97
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

,

Adult 3.12E-06 6.31E-07 4.16E-03 0.00E+00 9.56E-07 2.34E-03 3.09E-02 4.84E-03
Teen 4.31E-06 8.52E-07 4.16E-03 0.00E400 1.29E-06 3.85E-03 3.090 02 4.84E-03
Child 5.98E-06 8.66E-07 4.16E-03 0.09E+00 1.24E-06 3.36E-03 1.95E-02 4.64E-03

Infant 4.45E-06 7.60E-07 4.16E-03 0.0wi+00 7.69E-07 3.27E-03 4.16E-03 4.84E-03

Dose f actor - airborne release pathway (mrem /Ci released)
( ...................................................................

,

Nb-95
Bone Liver T. Body Thyroid Kidney Lungs Cl-LLI Skin

Adult 1.39E-03 7.75E-D4 1.92E 01 0.00E+00 7.67E-D4 1.50E-02 3.30E+00 2.26E-01
Teen 1.39E-03 7.72E-04 1.92E-01 0.00E+00 7.4BE-04 2.23E-02 1.99E+00 2.26E-01
Child 2.22E-03 8.65E-04 1.93E-01 0.00E+00 8.13E-D4 1.82E-02 1.10E+00 2.26E-01 '

infant 6.08E-04 2.49E-04 1.92E-01 0.00i+00 1.82E-04 1.42E-02 4.99E 02 2.26E-01

Dose factor - airborne release pathway (mrem /Ci released)
...................................................................

Nb-97
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 2.05E-06 5.17E-07 4.17E-04 0.0DE+00 6.03E-07 7.12E-05 1.91E-03 3.20E-03
Teen 3.50E-06 8.6BE-07 4.17E-04 0.00E+00 1.02E-061.17E-D4 2.07E-02 3.20E-03
Child 8.49E-D6 1.53E-06 4.17E-04 0.00E+00 1.70E-06 1.01E-D4 4.73E-01 3.20E-03

Infant 1.01E-08 2.16E-09 4.17E-04 0.00E+00 1.69E-09 9.B4E-05 7.98E-04 3.20E-03

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

No-99
Bone Liver T. Body Thyroid Kidney Lungs Gl-LLI Skin

Adult 0.00E+00 9.10E-03 7.34E-03 0.00E+00 2.06E-02 2.71E-03 2.85E-02 6.50E-03
Teen 0.00E+00 1.24E-02 7.97E-03 0.00E+00 2.B4E-02 4.56E-03 3.02E-02 6.50E-03
Child 0.00E+00 2.06E-02 1.07E-02 0.00E+00 4.41E-02 4.02E-03 2.0SE-02 6.50E-03

Infant 0.00E+00 3.82E-02 1.31E-02 0.00E+00 5.70E-02 4.00E-03 1.40E-02 6.50E-03

Dose f actor - airborne release pathway (mrem /Cl released)
...................................................................

Tc-99m
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 2.92E-09 8.24E-09 2.59E-04 0.00E+00 1.25E-07 2.27E-05 1.2BE-D4 2.96E-04
Teen 3.11E-09 8.6SE-09 2.59E-D4 0.00E+00 1.29E-07 3.42E-05 1.87E-04 2.96E-D4
Child 5.95E-09 1.17E-08 2.59E-04 0.00E+00 1.69E-07 2.82E-05 1.49E-04 2.96E-04

Infant 5.14E-09 1.06E-08 2.59E-04 0.00E+00 1.14E-07 2.41E-05 6.33E-05 2.96E-04
\
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Table 5.1-2 (continued)

Dose f actor - airborne release pathway (mrenvCi released)
...................................................................

Tc-101
B one Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 1.16E-05 1.67E-05 2.08E-04 0.00E+00 3.01E-D4 2.D4E-05 5.06E-17 5.80E-04
Teen 1.99E-05 2.83E-05 3.23E-04 0.00E+00 5.12E-D4 3.71E-05 4.87E-12 5.80E-04

!Child 4.89E-05 5.12E-05 6.93E-D4 0.00E*00 B.72E-04 4.44E-05 1.63E-04 5.80E-04
Infant 1.93E-12 2.44E-12 4.44E-05 0.00E+00 2.90E-11 1.73E-05 2.50E-05 5.80E-04

Dese f actor - airborne release pathway (mrem /Ci released)
...................................................................

Iuu 103
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin *

Adult 4.36E-02 0.00E+00 1.71E-01 0.00E+00 1.66E-01 1.50E-02 5.08E+00 1.77E-01
Teen 3.76E-02 0.00E+00 1.68E-01 0.00E+00 1.33E-01 2.32E-02 3.14E+00 1.77E-01
Child 7.01E 02 0.00E+00 1.79E-01 0.00E+00 1.77E-01 1.97E-02 1.81E+00 1.77E-01

Infant 6.20E-05 0.00E+00 1.52E-01 0.00E+00 1.30E-D4 1.64E-02 5.05E-D4 1.77E -01

Dose factor - airborne release pathway (mrem /Ci released)
...................................................................

Ru-105
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 6.19E-D4 0.00E+00 2.07E-03 0.00E+00 7.99E-03 3.25E-04 3.80E-01 1.02E-02
Teen 1.06E-03 0.00E+00 2.23E-03 0.00E+00 1.34E-02 5.39E-04 8.59E-01 1.02E 02
Child 2.59E-03 0.00E+00 2.76E-03 0.00E+00 2.28E-02 4.72E-D4 1.69E+00 1.02E-02

'

Infant 3.63E-08 0.00E+00 1.82E-03 0.00E+00 2.67E-08 4.65E-04 1.44E-03 1.02E-02

Dose factor - airborne release pathway (mrem /Ci released)
+ ................................._ ................................

Ru-106
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 1.65E+00 0.00E+00 8.01E-01 0.00E+00 3.18E+00 2.78E-01 1.06E+02 7.11E-01
Teen 1.49E+00 0.00E+00 7.81E-01 0.00E+00 2.BBE+00 4.77E-01 7.16E+01 7.11E-01
Child 2.93E+00 0.00E+00 9.58E-01 0.00E+00 3.96E+00 4.25E-01 4.55E+01 7.11E-01

'

Infant 2.67E-03 0.00E+00 5.93E-01 0.00E+00 3.28E-03 3.43E-01 5.60E-03 7.11E-01

Dose factor - airborne release pathway (mrem /Ci released)
...................................................................

Rh-103
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 4.81E-02 3.52E-02 2.47E-02 0.00E+09 1.50E-01 5.72E-04 5.61E+00 7.74E-03
Teen 8.33E-02 6.02E-02 4.10E-02 0.00E+00 2.56E-01 9.71E-04 7.66E+00 7.74E-03
Child 2.04E-01 1.10E-01 9.53E-02 0.00E+00 4.37E-01 8.59E-04 6.80E+00 7.74E-03

Infant 7.15E-04 4.68E-04 1.83E-03 0.00E+D0 1.30E-03 8.64E-04 1.22E-02 7.74E-03

Dose f actor - airborne release pathway (mrem /Cl released)
...................................................................

Ag-110m
Bone Liver T. Body Thyroid Kidney Lungs G1-LLI Skin

dult 4.10E-02 3.80E-02 4.85E400 0.00E+00 7.47E-02 1.37E-01 1.54E+01 5.63E+00
Teen 6.2BE-02 5.94E-02 4.86E+00 0.00E+00 1.13E-01 2.00E-01 1.66E+01 5.63E+00
Child 1.34E-01 9.D4E-02 4.90E+00 0.00E+00 1.68E-01 1.62E-01 1.07E+01 5.63E+00

Infant 1.93E-01 1.41E-01 4.92E+00 0.00E+00 2.02E-01 1.09E-01 7.31E+00 5.63E+00
!
'Dose f actor - airborne release pathway (mrem /Ci released)

...................................................................

Sb-124
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adul t 1.44E-01 2.73E-03 1.36E+00 3.50E-04 0.00E+00 1.85E-01 4.09E+00 4.02E+00
Teen 2.22E-01 4.09E-03 1.39E+00 5.03E-04 0.00E+00 3.07E-01 4.46E+ 0D 4.02E+00
Child 5.11E-01 6.63E-03 1.48E+00 1.13E-03 0.00E+00 3.79E-01 3.19E+00 4.02E+00

Infant 6.72E-02 9.90E-04 1.32E+00 1.78E-04 0.00E+00 1.20E 01 2.06E-01 4.02E+00

%
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Table 5.1-2 (continued)

Dose factor - airborne release pathway (mrem /Ci released)
...................................................................

Sb-125
Bone Liver T. Body Thyroid Kidney Lungs GI-LL1 Skin

Adult 1.07E-01 1.20E-03 5.3BE+00 1.09E-04 0.00E+00 1.33E-01 1.17E+00 9.11E+00
feen 1.61E-01 1.76E-03 5.39E+001.54E-D4 0.00E+00 2.21E-01 1.24E+00 9.11E+00 '

Child 3.69E-01 2.B4E-03 5.43E+00 3.42E-04 0.00E+0D 2.73E-01 8.75E-01 9.11E+00
Infant 8.33E-02 8.05E-D4 5.37E+0D 1.D4E-04 0.00E+00 9.99E-02 1.09E-01 9.11E+00

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Te-125m
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI skin

Adait 3.87E-01 1.40E-01 6.67E-02 1.16E-01 1.57E+00 9.30E-03 1.55E+00 3.96E-02
Teen 5.11E-01 1.64E-01 8.32E-02 1.43E-01 0.00E+00 1.59E-02 1.51E+00 3.96E-02
Child 1.17E+00 3.16E-01 1.7DE 01 3.27E-01 0.00E+00 1.42E-02 1.13E+0D 3.96E-02

Infant 5.10E-02 1.71E-02 2.18E-02 1.72E-02 0.00E+00 1.33E-02 2.46E-02 3.96E-02

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Te-127
Bone Liver T . B ody Thyroid Kidney Lungs GI-LLI Skin

Adult 4.47E-06 1.61E-06 5.15E-06 3.31E-06 1.82E-05 1.93E-D4 2.05E-03 4.60E-06
Teen 4.34E-06 1.55E-06 5.12E-06 3.00E-06 1.76E-05 3.32E-D4 2.73E-03 4.60E-06
Child 8.13E-06 2.20E-06 5.93E-06 5.63E-D6 2.31E-05 2.9BE-D4 1.9BE-03 4.60E-06

Infant 1.25E-06 4.25E-07 4.45E-061.02E-06 3.03E-06 3.07E-04 7.4BE-04 4.60E-06
e'%

,

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Te-127m
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 1.19E+00 4.26E-01 1.54E-01 3.05E-01 4.84E+00 2.85E-02 4.00E+00 6.16E-02
Teen 1.4BE+00 5.26E-01 1.85E-01 3.52E-01 6.01E+00 4.91E-02 3.70E+00 6.16E-02
Child 3.32E+00 B.94E-01 4.03E-01 7.94E-01 9.47E+00 4.39E-02 2.69E+00 6.16E-02

Infant 1.96E-01 6.5DE-02 3.26E-02 5.66E-02 4.82E-01 3.89E-02 7.96E-02 6.16E-02

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Te-129
Bone Liver T. Body Thyroid Kidney Lungs G1-LLI Skin

Adult 1.48E-09 7.10E-10 3.6BE-05 1.16E-09 5.56E-09 5.74E-05 4.65E-06 4.36E-05
feen 2.11E-09 1.00E-09 3.68E-05 1.54E-09 7.BBE-09 9.78E-05 4.79E-05 4.36E-05
Child 2.90E-091.04E-09 3.68E-05 2.12E-09 7.62E-09 8.71E-05 7.56E-D4 4.36E-05

Infant 2.34E-09 1.03E-09 3.6BE-05 2.00E-09 5.19E-09 8.89E-05 7.81E-04 4.36E-05
i

Dose f actor - airborne release pathway (mrem /Ci released)
.................................. ................................

Te-129m
Bone Liver T. Body Thyroid Kidney Lungs G1-LLI Skin

Adult 1.39E+00 5.19E-01 2.35E-01 4.7BE-01 5.80E+00 3.44E-02 7.01E+00 9.07E-01 .

T een 1.94E+00 7.20E-01 3.22E 01 6.26E-01 8.12E+00 5.86E-02 7.30E+00 9.07E-01
Child 4.53E+00 1.26E+00 7.18E-01 1.46E+00 1.33E+01 5.23E-02 5.53E+00 9.07E-01

Infant 1.39E-01 4.77E-02 3.66E-02 5.34E-02 3.48E-01 4.9BE-02 8.46E-02 9.07E-01

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Te-131
Bone Liver T. Body Thyroid Ki dney Lungs G1-LLI Skin

Adult 1.47E-03 6.14E-D4 5.56E-04 1.21E-03 6.43E-03 4.13E-05 2.09E-D4 1.63E-03
Teen 2.52E-03 1.D4E-03 8.BOE-D4 1.94E-03 1.10E-02 6.93E-05 2.07E-D4 1.63E-03

g ~~~ Child 6.19E-03 1.89E-03 1.93E-03 4.73E-03 1.87E-02 6.09E-05 3.25E-02 1.63E-03
/ Infant 5.15E-10 2.44E-10 9.27E-05 4.69E-10 1.18E-09 6.11E-05 2.44E-04 1.63E-03
k
s_
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Table 5.1-2 (continued)

Dose f actor - airborne release pathway (mrem /Ci released) L

...................................................................

Te-131m
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 1.30E-01 6.34E-02 7.45E-02 1.00E-01 6.43E-01 4.32E-03 6.32E+00 3.77E-02
Teen 2.21E-01 1.06E-01 1.10E-01 1.60E-01 1.11E+00 7.05E-03 8.53E+00 3.77E-02
Child 5.38E-01 1.86E-01 2.20E-01 3.83E-01 1.80E+00 6.10E-03 7.56E+0D 3.77E-02

Infant 6.34E-D4 2.56E-04 2.iBE-02 5.18E-D4 1.76E-03 5.90E-03 7.81E-03 3.77E-02

Dose f actor - airborne release pathway (mrem /Ci released) .

I...................................................................

Te-132
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 1.92E-01 1.24E-01 1.27E-01 1.37E-01 1.20E+00 8.55E-03 5.89E+00 1.32E-02
Teen 3.19E-01 2.02E-01 2.00E-01 2.13E-01 1.94E+00 1.33E-02 6.42E+00 1.32E-02
Child 7.61E- 01 3.37E-01 4.17E-01 4.91E-01 3.13E+00 1.12E-02 3.39E+00 1.32E-02

Infant 3.94E-03 1.95E-03 1.17E-02 2.88E-03 1.22E-02 1.01E-02 8.50E-03 1.32E-02

Dose f actor - airborne release pathway (mrem /Ci released)
,

...................................................................

1-131
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI skin

Adult 7.1bE-02 1.02E-01 8.29E-02 3.36E+01 1.76E-01 0.00E+00 2.69E-02 2.93E-02
Teen 6.57E-02 9.19E-02 7.35E-02 2.6BE+01 1.5BE-01 0.00E+00 1.81E-02 2.93E-02
Child 1.44E-01 1.45E-01 1.07E-01 4.80E+01 2.38E-01 0.00E+00 1.29E-02 2.93E-02

Infant 2.04E-01 2.40E-01 1.30E-01 7.89E+01 2.80E-01 0.00E+00 B.56E-03 2.93E-02
, "*

,

k $$$. $$ ..$.$ $ $$$$.[$ $ $$.$$) 5$[. I.$) ..$ $$I$ ..........
b

j.132

Bone Liver 1. Body Thyroid Kidney Lungs G1-LLI Skin
Adult 3.44E-D5 9.67E-05 1.78E-03 3.40E-03 1.54E-D4 0.00E+001.21E-05 2.06E-03
Teen 4.73E-05 1.30E-D4 1.80E-03 4.49E-03 2.05E-D4 0.00E+00 3.7BE-05 2.06E-03
Child 6.28E-05 1.21E-04 1.80E-03 5.74E-03 1.86E-D4 0.00E+00 9.50E-05 2.06E-03

Infant 5.03E-05 1.05E-D4 1.79E-03 5.03E-03 1.17E-04 0.00E+00 5.65E-05 2.06E-03

Dese factor - airborne release pathway (mrem /Ci released)
...................................................................

I-133
Bone Liver T. Body Thyroid Kidney Lungs G1-LLI Skin

Adult 1.46E-03 2.53E-03 4.21E-03 3.71E-01 4.41E-03 0.00E+00 2.14E-03 4.19E-03
,

Teen 1.49E-03 2.52E-03 4.21E-03 3.53E-01 4.42E-03 0.00E+00 1.75E-03 4.19E-03
Child 2.87E-03 3.55E-03 4.78E-03 6.61E-01 5.91E-03 0.00E+00 1.35E-03 4.19E-03

Infant 3.16E-03 4.59E-03 4.79E-03 8.37E-01 5.40E-03 0.00E+00 7.45E-04 4.19E 03

Dose f actor - airborne release pathway (mrem /Cl released)
...................................................................

'1-134
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 1.91E-05 5.13E-05 6.45E-04 8.85E-04 8.17E-05 0.00E+00 2.99E-08 7.45E-04
feen 2.63E-05 6.8BE-05 6.52E-D4 1.17E-03 1.09E-04 0.00E+00 6.05E-07 7.45E-04
Child 3.4BE-05 6.41E-05 6.57E-04 1.50E-03 9.79E-05 0.00E+00 2.83E-05 7.45E-D4

Infant 2.73E-05 5.57E-05 6.47E-04 1.32E-03 6.19E-05 0.00E+00 3.83E-05 7.45E-D4
I

Dose f actor - airborne release pathway (mrenvCi released)
...................................................................

1-135
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 9.31E-05 2.43E-04 3.64E-03 1.56E-02 3.87E-04 0.00E+001.96E-04 4.14E-03
Teen 1.22E-D4 3.12E-04 3.66E-03 2.05E-02 4.92E-04 0.00E+00 2.41E-D4 4.14E-03

f ''+g Child 1.69E-04 3.00E-04 3.69E-03 2.72E-02 4.61E-04 0.00E+00 1.63E-04 4.14E-03 .

( Infant 1.23E-D4 2.43E-04 3.64E-03 2.22E-02 2.70E-D4 0.00E+00 6.06E-05 4.14E-03
\ ib
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Table 5.1-2 (continued)

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Cs-134
Bone Liver T . B ody Thyroid Kidney Lungs GI-LLI Skin

Adul t 6.6BE+00 1.59E+01 2.26E+01 0.00E+00 5.15E+00 1.71E+00 2.78E-01 1.12E+01
Teen 1.06E+01 2.49E+01 2.12E+01 0.00E+00 7.90E+00 3.02E+00 3.09E-01 1.12E+01
Child 2.39E+01 3.93E+01 1.79E+01 0.00F+00 1.22E+01 4.37E+00 2.12E-01 1.12E+01

Infant 1.96E+01 3.66E+01 1.33E+01 0.00E+00 9.42E+00 3.86E+00 9.94E-02 1.12E+01

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Cs-134m
Bone Liver 1. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 8.36E-04 1.76E-03 9.41E-D4 0.00E+00 9.54E-04 1.50E-04 6.19E-04 6.90E-05
Teen 1.40E-03 2.89E-03 1.53E-03 0.00E+00 1.61E-03 2.83E-04 1.92E-03 6.90E-05
Child 3.30E-03 4.89E-03 3.24E-03 0.00E+00 2.5BE-03 4.27E-04 6.18E-03 6.90E-05

Infant 5.4BE 06 8.72E-06 4.70E-05 0.00E+00 3.53E-96 8.31E-07 4.82E-06 6.90E-05

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Cs-136
Bone Liver T. Body Thyroid Kidney Lungs G1-LLI Skin

Adult 3.31E-01 1.31E+00 1.28E+00 0.00E+00 7.27E -01 9.97E-02 1.48E-01 4.73E-01
Teen 5.12E-01 2.02E +00 1.70E+00 0.00E+00 1.10E+00 1.73E -01 1.62E- 01 4. 73E-01
Child 1.14E+00 3.14E+00 2.3BE+00 0.00E+00 1.67E+00 2.49E-01 1.10E-01 4.73E-01

Infant 3.54E-01 1.04E+00 7.33E-01 0.00E+00 4.15E-01 8.4BE-02 1.5BE-02 4.73E-01
(~
( Dose factor - airborne release pathway (mrem /Cl released)

...................................................................s
Cs-137

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin
Adult 9.52E+00 1.30E+01 2.30E+01 0.00E+00 4.42E+00 1.47E+00 2.52E-01 1.69E+01
Teen 1.57E+01 2.09E+01 2.18E+01 0.00E+00 7.12E+00 2.77E+00 2.97E-01 1.69E+01
Child 3.73E+01 3.57E+01 1.97E+01 0.00E+00 1.16E+01 4.18E+00 2.23E-01 1.69E+01

Infant 2.99E+01 3.49E+01 1.70E+01 0.00E+00 9.38E+00 3.80E+00 1.09E-01 1.69E+01

Dose f actor - airborne release pathway (mrem /Ci released) f
...................................................................

Cs-138 <

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin
Adult 2.17E-03 4.2BE-03 2.70E-03 0.00E+00 3.14E-03 3.10E-04 1.82E-08 4.39E-03
Teen 3.69E-03 7.0BE-03 4.13E-03 0.00E+00 5.23E-03 6.0BE-D4 3.21E 06 4.39E-03
Child 8.93E-03 1.24E-02 8.46E-03 0.00E+00 8.73E-03 9.40E-04 5.71E-03 4.39E-03

Infant 1.50E-05 2.32E-05 5.97E-04 0.00E+00 1.22E-05 1.94E-06 2.60E-05 4.39E-03

Dose f acto - airborne release pathway (mrem /Ci released)
...................................................................

Ba-139
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 3.7BE-03 2.69E 061.3BE-04 0.00E+00 2.52E 06 4.62E-05 6.71E-03 6.76E-03
Teen 6.56E-03 4.61E-06 2.18E-D4 0.00E+00 4.35E-06 8.00E-05 5.86E-02 6.76E-03
Child 1.61E-02 8.60E-06 4.95E-D4 0.00E+00 7.51E-06 7.37E-05 9.31E-01 6.76E-03 1

Infant 1.76E-08 1.17E-11 2.75E-05 0.00E+00 7.04E 12 7.07E-05 6.06E-04 6.76E-03

Dose f actor - airborne release pathway (mrem /ti released)
...................................................................

Ba-140
Bone Liver T. Body Thyroid Kidney Lungs GI-LL1 Skin

Adult 1.09E-01 1.37E-D4 3.60E-02 0.00E+00 4.67E-05 3.7BE-02 2.29E-01 3.29E-02
feen 1.19E-01 1.46E-D4 3.65E 02 0.00E+00 4.94E-05 6.04E-02 1.88E-01 3.29E-02

''N Child 2.39E-01 2.10E-D4 4.28E-02 0.00E+00 6.83E-05 5.18E-02 1.23E-01 3.29E-02
} Infant 4.46E-02 4.46E-05 3.11E-02 0.00E+001.06E-05 4.74E-021.17E-02 3.29E-02

%)
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Table 5.1-2 (continued)

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Ba-141
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 1.83E-03 1.39E-06 2.01E-04 0.00E+00 1.29E-06 2.38E-05 8.66E-13 1.55E-03
Teen 3.16E-03 2.36E-06 2.45E-04 0.00E+0D 2.19E-06 4.07E-05 6.75E-09 1.55E-03
Child 7.79E-03 4.36E-06 3.92E-04 0.00E+00 3.77E-06 6.03E-05 4.44E 03 1.55E-03

Infant 1.S6E-09 1.28E-12 1.39E-04 0.00E+00 7.72E-13 3.53E-05 5.64E-05 1.55E 03

Dose f actor - airborne release pathway (mrem /Ci released)
.............................................. ....................

La-140
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 1.17E-05 5.91E-06 2.70E-02 0.00E+00 0.00E+00 4.04E-03 6.96E-02 3.06E-02
Teen 1.57E-05 7.71E-06 2.70E-02 0.00E+00 0.00E+00 6.36E-03 5.51E-02 3.06E-02
Child 2.18E-05 7.60E-06 2.70E-02 0.00E+00 0.00E+00 5.42E-03 3.26E-02 3.D6E-02

Infant 1.56E-05 6.17E-D6 2.70E-02 0.00E+00 0.00E+00 4.98E-03 5.27E-03 3.D6E-02

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

La-142
Bone Liver T. Body Thyroid Kidney Lungs GI-LL] Skin

Adult 4.98E-06 2.27E-061.97E-03 0.00E+00 0.00E+00 7.52E-05 1.65E-02 9.71E-03
Teen 8.44E-06 3.75E-06 1.97E-03 0.00E+00 0.00E+00 1.21E-D4 1.14E-01 9.71E-03
Child 2.04E-05 6.50E 06 1.97E-03 0.00E+00 0.00E+00 1.03E-D4 1.29E+00 9.71E-03 [

Infant 1.22E-08 4.48E-09 1.97E-03 0.00E+00 0.00E+00 9.77E-05 7.07E-D4 9.71E-03
A
l Dose f actor - airborne release pathway (mrem /Ci released) 2

( ..................................... .............................

Ce-141
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 7.38E-D4 5.01E-D4 1.93E-02 0.00E+00 2.32E-04 1.07E-02 3.B4E-01 2.16E-02
Teen 1.05E-03 7.02E-D4 1.93E-02 0.00E+00 3.29E-04 1.82E-02 4.02E-01 2.16E-02
Child 1.65E-03 8.20E-04 1.93E-02 0.00E+00 3.59E-04 1.61E-02 3.02E-01 2.16E-02

Infant 8.32E-04 5.00E-04 1.92E-02 0.00E+00 1.58E-D4 1.53E-02 3.79E-03 2.16E-02

Dose f actor - airborne release pathway (mrenVCi released)
...................................................................

Ce-143
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 6.71E-05 4.80E-02 4.80E-03 0.00E+00 2.18E-05 9.48E-04 1.80E+00 6.6DE-02
Teen 1.15E-04 8.10E-02 4.81E-03 0.00E+00 3.74E-05 1.55E-03 2.44E+00 6.60E-02
Child 2.77E-04 1.48E-01 4.82E-03 0.00E+00 6.31E-05 1.37E-03 2.17E+00 6.60E-02

Infant 3.55E-06 5.06E-05 4.80E-03 0.00E+00 6.85E-07 1.38E-03 8.73E-04 6.60E-02

Dose f actor - airborne release pathway (mren/Ci released)
...................................................................

iCe-144
Bone Liver T. Body Thyroid Kidney Lungs GI-LL1 Skin

Adult 1.26E-01 5.24E-02 1.D4E-01 0.00E+00 3.10E-02 2.31E-01 8.05E+00 1.13E-01
Teen 1.83E-01 7.56E-02 1.07E-01 0.00E+00 4.51E-02 3.96E-01 9.46E+00 1.13E-01
Child 2.91E-01 9.10E-02 1.13E-01 0.00E+00 5.D4E-02 3.55E-01 7.37E+00 1.13E-01

Infant 9.5 SE-02 3.64E-02 1.03E-01 0.00E+00 1.61E-02 2.92E-01 6.97E-02 1.13E-01

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Pr-143 i

Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin
Adult 5.11E-04 2.05E-D4 2.53E-05 0.00E+00 1.18E-D4 3.34E-03 1.75E+00 3.77E-01
Teen 8.14E-04 3.25E-04 4.uSE-05 0.00E+001.89E-D4 5.74E-03 2.16E+00 3.77E-01
Child 1.82E-03 5.46E-04 9.02E-05 0.00E+00 2.96E-D4 5.15E-03 1.73E+00 3.77E-01

(-- Infant 1.67E-04 6.23E-05 8.32E-06 0.00E+00 2.35E-05 5.14E-03 5.83E-04 3.77E-01

\
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Table 5.1-2 (continued)

Dose f actor - airborne release pathway (arem/Ci released)
...................................................................

Pr-144
Bone Liver T. Body Thyroid Kidney Lungs C!-LLI 1..i n

Adult B.93E-10 3.70E-10 2.5BE-06 0.00E+00 2.09E-10 3.01E-05 6.39E-16 2.9.1-06
Teen 1.27E-09 5.22E-10 2.58E-06 0.00E+00 2.99E-10 5.20E-05 6.9BE-12 2.9< f-Do
Child 1.77E-09 5.48E-10 2.58E-06 0.00E+00 2.90E-10 4.64E-05 5.B4E-06 2.96 P 9'

Infant 1.42E-09 5.4BE 10 2.58E-06 0.00E+00 1.99E-10 4.7BE-05 1.27E-04 2.96L -D6

Dose f actor - airborne release pathway (mrenvCi released)
...................................................................

Nd-147
Bone Liver T. Body Thyroid Kidney Lungs G1-LLI Skin

Adult 8.95E-05 1.03E-04 2.00E-02 0.00E+00 6.D4E-05 2.62E-03 1.51E-01 2.00E-01
Teen 1.22E-D4 1.33E-D4 2.00E-02 0.00E+00 7.80E-05 4.42E-03 1.15E-01 2.00E-01
Child 1.85E-04 1.49E-04 2.00E-02 0.00E+00 8.22E-05 3.90E-03 7.33E-02 2.00E-01

Infant 9.45E-05 9.69E-05 2.00E-02 0.00E+00 3.75E-05 3.83E-03 4.73E-D4 2.00E-01

Dose f actor - airborne release pathway (mrem /Ci releas ed)
'

...................................................................

!E u-152
Bone Liver T. Body Thyroid Kidney L ungs GI-LLI Skin

Adult 3.32E-02 2.45E-01 3.62E+01 0.00E+00 4.67E-02 3.26E-02 1.38E+00 6.86E+01
Teen 4.20E-02 1.02E-02 3.62E+01 0.00E+00 4.73E-02 4.76E-02 1.23E+00 6.86E+01
Child 6.02E-02 1.10E-02 3.62E+01 0.00E+00 4.64E-02 3.96E-02 8.25E-01 6.B6E+01

Infant 1.30E-02 2.95E-03 3.62E+01 0.00E+00 9.90E-03 2.46E-02 5.31E-04 6.86E+01

r Dese factor - airbo ne release pathway (mrem /Ci released)
\ ...................................................................

W-187
3one Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 4.0BE-03 3.41E-03 7.22E-03 0.00E+00 0.00E+00 3.45E-D4 1.12E+00 2.79E-02
Teen 6.98E-03 5.69E-03 8.03E-03 0.00E+00 0.00E+00 5.63E-D4 1.54E+00 2.79E-02 ,

Child 1.69E-02 1.00E-02 1.05E-02 0.00E+00 0.00E+00 4.88E-04 1.41E+00 2.79E-02 '

Infant 1.13E-05 7.BBE-D6 6.04E-03 0.00E+00 0.00E+00 4.71E-D4 8.79E-04 2.79E-02

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

U-235 ,

Bone Liver T. Body Thyroid Kidney Lungs Cl-LLI Skin '

Adult 4.06E+01 0.00E+00 1.04E+01 0.00E+00 9.47E+00 4.66E+00 3.87E+00 1.06E+01
Teen 6.45E+01 0.00E+00 1.19E+01 0.00E+ 00 1.51E+01 8.03E+00 4.59E+00 1.06E+01
Child 1.54E+02 0.00E+00 1.73E+01 0.00E+00 2.53E+01 7.17E+00 3.5BE+00 1.06E+01

Infant 1.17E+01 0.00E+00 8.B4E+00 0.00E+00 2.49E+00 5.46E+00 1.90E-01 1.06E+01 '

'

Dose f actor - airborne release pathway (mrem /ci released)
...................................................................

U-238
Bone Liver T. Body Thyroid Kidney Lungs G1-LLI Skin

Adult 3.88E+01 0.00E+00 2.33E+00 0.00E+00 8.86E+00 4.36E+00 2.72E+00 2.47E-01
Teen 6.17E+01 0.00E+00 3.70E+00 0.00E+00 1.41E+01 7.50E+00 3.23E+DO 2.47E-01
Child 1.4BE+02 0.00E+00 8.79E+00 0.00E+00 2.37E+01 6.73E+00 2.53E+00 2.4?I-01

Infant 1.12E+01 0.00E+00 8.63E-01 0.00E+00 2.33E+00 5.09E+00 1.34E-01 2.47E-01

Dose f actor - airborne release pathway (mrem /Ci released)
...................................................................

Np-239
Bone Liver T. Body Thyroid Kidney Lungs GI-LLI Skin

Adult 5.00E-05 4.92E-06 5.54E-03 0.00E+00 1.53E-05 4.47E-04 9.55E-01 9.52E-03 i

Teen B.79E-05 8.29E-06 5.55E-03 0.00E+00 2.60E-05 7.71E-04 1.27E+00 9.52E-03
Child 2.11E-04 1.52E-05 5.55E-03 0.00E+00 4.39E-05 6.91E-D4 1.10E+00 9.52E-03~s

[ Infant 4.42E-06 3.95E-07 5.54E-03 0.00E+00 7.BBE-07 7.07E-04 3.14E-04 9.52E-03
\
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Table 5.1-2 (continued)

Dose factor - airborne release pathway (mrem /Ci released)
.................................... ..............................

Am-241
Bone Liver T. Body thyroid Kidney Lungs GI-LLI Skin

Adult 1.34E+02 4.76E+01 1.03E+01 0.00E+00 6.70E+01 5.76E+00 3.48E+00 2.04E+00
Teen 1.46E+02 5.59E+01 1.11E+01 0.00E+00 7.31E+01 9.99E+00 4.12E+00 2.94E+00
Child 1.37E+02 6.14E+01 1.11E+01 0.00E+00 5.9BE+01 8.88E+00 3.22E+00 2.94E+00

Infant 3.07E+01 1.41E+01 3.56E+00 0.00E+00 1.32E+01 6.76E+00 2.58E-03 2.94E+00

i

s

.

!

/
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5.1.3 Atmospheric Release Mode: Noble Gases

The dose calculations for demonstration of compliance with >

the 10 CFR 50, Appendix I dose limits for noble gases
released to the atmosphere will be done in the manner
similar to the liquid release dose calculations described in
Section 5.1.1. The total doses to the air, skin, and whole
body resulting from the release of noble gases is compared !

to the corresponding Appendix limits. Noble gases released
in liquids are to be added to the atmospherically released
noble gases for Appendix I dose compliance calculations.

The doses are calculated using the following formula:

I ( TDF ; x C, ) s K, mremAPI I Dose,;= =

where

API = the Appendix I dose for compliance evaluation in
mrem

Dose,= the dose to the applicable target (t) from
radionuclide (i)

TDF , = total dose factor from Table 5.1-3 in
mrem /Ci for the specific target (t)
from radionuclide (i) based on the maximumw

annual average x/Q at the site boundary
, s

curies of radionuclide (i) releasedC =i

the noble gas Appendix I dose limit forK, =

target (t)

The methodology used to obtain the TDF values are given
in Appendix C.

Instead of using the precalculated total dose factors, the
Appendix I dose calculation may be modified to reflect
actual x/O values during the release using the methodology
of Appendix C.

O
t(
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Table 5.1-3

Activity to Dose Conversion Factors for Noble Gases
(Highest Annual Average g/Q)

Beta Air Gamma Air Skin Whole Body
Nuclide (mrad /Ci) (mrad /Ci) (mrem /Ci) (mrem /Ci)

AR-41 1.56E-04 4.42E-04 2.94E-04 4.72E-04
KR-83M 1.37E-05 9.18E-07 2.52E-09 7.13E-07
KR-85M 9.37E-05 5.85E-05 3.89E-05 1.15E-04
KR-85 9.27E-05 8.18E-07 5.36E-07 6.44E-05
KR-87 4.90E-04 2.93E-04 1.97E-04 6.91E-04
KR-88 1.39E-04 7.23E-04 4.89E-04 6.74E-04
KR-89 5.04E-04 8.23E-04 5.53E-04 1.12E-03
KR-90 3.72E-04 7.75E-04 5.19E-04 9.49E-04

IE-131M 5.28E-05 7.42E-06 3.05E-06 2.84E-05
XE-133M 7.04E-05 1.55E-05 8.35E-06 5.93E-05
XE-133 4.99E-05 1.68E-05 9.79E-06 2.76E-05
XE-135M 3.51E-05 1.60E-04 1.04E-04 1.58E-04
XE-135 1.17E-04 9.13E-05 6.02E-05 1.59E-04
XE-137 6.04E-04 7.18E-05 4.73E-05 6.36E-04
XE-138 2.26E-04 4.38E-04 2.94E-04 5.37E-04

/

t

|

n
{
\s_
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6.0 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGPAM

Requirements for the PENP 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 PBNP Environmental Manual. The '

latter is hereby incorporated into the Offsite Dose Calculation Manual
(ODCM) by reference.

t

I

.
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7.0 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.

7.1 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 radionuclides in the sewage treatment sludge and
compare them to concentration limits prior to disposal. In addition,
the appropriate exposure pathways will be evaluated prior to each
application of sludge to insure that the dose to the maximally t

exoosed member of the general public 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:

1. External whole body exposure due to a ground plane source of
radionuclides.

,- Milk ingestion pathway from cows fed alfalfa grown on plot.2.-

k 3. Meat ingestion pathway from cows fed alfalfa grown on plot.
v

4. Vegetable 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,
ingestion of milk and meat from cows utilizing Lake Michigan as
drinking water source, swimming and boating activities at the edge
of the initial mixing zone, and shoreline 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.

7.2 Procedure

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

7.2.1 Obtain from FBNP - Chemistry the radionuclide concentrations
in each representative sewage treatment sludge sample. The
minimum number of representative samples required i n three
from each sludge storage tank. The average of all
statistically valid concentration determinations will be

7s utilized in determining the sludge storage tank
; concentration values.
\
%
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7.2.2 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 E. '

7.2.3 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 pricr
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 radioactivity 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 consequence of the
past and the proposed disposal will be compared to thes
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 E.

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

7.2.5 Forward all calculations to PBNP - Chemistry to be included
with the sewage treatment sludge disposal record.

s

;
x,,
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DERIVATION OF LIQUID RELEASE PATHWAY

EFFECTIVE MAXIMUM EFFLUENT CONCENTRATION
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A1.O p_ERIVATION OF LIOUID RELEASE EFFECTIVE MAXIMUM EFFLUENT CONCENTRATION

A1.1 Source Term

The effective maximum effluent concentration is calculated from the
annual releases via liquids for the years 1985 - 1991 (Table A-1).
Although Na-24 was discharged in 1985, it was excluded from the isotopic
mixture because it is not a radionuclide which would be normally found
in PBNP effluent. Na-24 appears in the effluent because it was used for
tests run on the steam system. Tritium also was omitted from the
initial calculation because its production is largely independent from
the appearance of the fission products in the effluent.

A1.2 Effective Maximum Effluent Concentration

The effective maximum effluent concentration (EMEC) was calculated
using the formula given in Section 3.6

'
EMEC = IC /I (C /MEC;) or EC 1/SOF*

3 3 3

where:

SOF = E C;/EIC, is the summation of fractions for the annual
effluent isotopic release

Ci= concentration of radionuclide "i" (pCi/ml) in effluent

f-~ (annual discharge / total volume of discharge)

maximum effluent concentration for unrestricted areas fromMEC =
3

Appendix B, Table 2, Column 2 of the revised 10 CFR 20.

The SOF for radionuclides in liquid effluent for the years 1985
through 1991 were calculated with and without H-3 and used to
calculate the EMEC for the same years (Table B-2). The average
EMEC without H-3 is 4.29E-06 pCi/cc. This is the maximum
concentration of non H-3 radionuclides in a mixture that could be
released in liquid effluent without the SOF exceeding one (1).

However, the 10 CFR 20 Appendix B criterion is that the SOF for
all radionuclides, including H-3 which can not be measured by the
liquid effluent NaI RMS monitors, be less than or equal to one
(1). Therefore, the above equation, modified by a factor of 0.70
to account for H-3, becomes

EMEC = 0.70 IC /I (C /MEC;) or IC * 0.70/SOF.
3 3 i

The EMIC becomes

EMEC = 0.70 * 4.29E-06 = 3.00E-06 Ci/cc.

Only three radionuclides identitled in PENP liquid effluent have a
lower MEC (10 CFR 20, Appendix B, Table 2). They are I-131 (IE-
06), Cs-134 (9E-07), and Cs-137 (IE-06).

By restricting the non-tritium radionuclides to 70% of their
calculated EMEC, the H-3 concentration can be discharged at 30% of
its MEC or 3.00E-04 pCi/cc without exceeding the SOF criterion of

[' 10 CFR 20, Appendix B for the total liquid effluent isotopic
| mixture.
\s
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TABLE A-1

fCURIES RELEASED IN LIOUIDS

LIDUID RELEASES
NUCLIDE MEC 1985 1986 1987 19S8 1989 1990 1991

LCi/cc
H-3 1.00E-03 8.05E+02 8.11E+02 7.09E+02 3.57E+02 5.59E+02 8.72E+02 7.87E+02

1-131 1.00E-06 1.02E-01 3. 74E-02 1. 04E-02 1.40E- 03 1.77E-03 1.53E-04 1.83E-03
1-132 1.00E-04 6.15E-02 7.25E-02 5.82E-02 1.03E-03 8.15E-D4 4.45E-05 9.41E 03
1-133 7.00E-06 1.27E-01 1.49E-01 1.04E-01 1.21E-02 8.11E-03 3.01E-03 1.01E-02
1-134 4.00E-04 3.18E-02 4.39E-02 3.97E-02 2.29E-D4 6.83E-04
1-135 3.00E-05 1.04E-01 1.34E-01 1.23E-01 4.4BE-04 8.21E-04

AG-110M 6.00E-06 2.55E-05 2.84E-D4 3.09E-03 9.85E-04 4.70E-04 1.71E-D4 4.06E-D4
BA-133 2.0DE-05
BA-139 2.00E- D4 8.63E-06 2.47E-04
BA-140 8.00E-06 6.90E-06 4.45E-05 6.13E-05
CD-109 6.00E-06 6.33E-05 1.31E-04 '

CE-139 7.00E-05
CE-141 3.00E-05 1.31E-03 7.50E-04
CE-144 3.00E-06 1.37E-03 2.08E-03 4.76E-04 1.59E-04 9.47E-06 9.64E-06
CO-56 6.00E-06
Co 57 6.00E-05 2.52E-03 1.33E-04 3.21E-04 5.07E-05 6.90E-07 4.08E-06
Co-58 2.00E-05 4.05E-01 9.02E-03 3.36E-02 6.81E-03 3.12E-03 3.25E-04 2.93E-03
Co-60 3.00E-06 2.BSE-01 2.85E-02 6.34E-02 2.04E-02 1.54E-02 1.41E-03 5.53E-03
CR-51 5.00E D4 2.71E-02 3.16E-D4 1.58E-02 5.31E-05 4.44E-04 B,71E-05

CS-134 9.00E-07 4.76E-02 6.92E-03 1.18E-03 4.96E-D4 1.49E-03
CS-134M 2.00E-03 3.59E-D4 5.97E-06 4.67E-04

k CS-136 6.00E-06s
CS-137 1.00E-06 9.60E-02 2.11E-02 7.54E-03 8.63E-03 2.80E-03 1.94E-03 8.93E-03
CS-138 4.00E-D4 1.11E-03 5.48E-03 3.24E-03
F-18 7.00E-04 1.00E-02 1.67E-02 7.56E-04 1.66E-03 2.26E-03 4.06E-04
FE-59 1.00E-05 2.76E-04

LA-140 9.00E-06
MN-54 3.00E-05 7.46E 03 1.18E-03 4.68E-03 1.54E-04 2.68E-D4 3.10E-05 1.96E-04
MD-99 2.00E-05 3.70E-05
WB-95 3.00E-05 6.28E-03 6.65E-04 3.21E-03 1.61E-04 2.33E-06 8.68E-05
NB-97 3.00E- D4 1.35E-03 5.22E-D4 6.16E-05 1.06E-05 3.90E-D6 8.80E-06 5.10E-06
RS-BB 4.00E-04 8.46E-05 1.11E-02 3.33E-03
RB-89 9.00E-04 7.9BE-04 2.34E-D4

RU-103 3.00E-05 3.59E-03 1.68E-06 8.41E-D4 5.86E-05
RU-106 3.00E-06 8.07E-04 2.BBE-03 7.33E-03 1.04E-04
SB-124 7.00E-06 3.B6E-02 2.96E-04 1.42E-D4 2.34E-04
SB-125 3.00E-05 1.12E-02 1.20E-03 1.95E-03 1.00E-03 2.12E-02 1.2BE-05 1.0SE 02
SN-113 3.00E-05 1.07E-03 4.20E-05 5.13E-04 3.21E-04 3.07E-06
SR-89 8.00E-06 2.27E-04 3.46E-05 3.89E-03 2.68E-03 8.69E-06
SR-90 5.00E-07 1.29E-03 2.2BE-D4 2.80E-D4 3.50E-04 2.55E-04

TC-99M 1.00E-03 1.75E-05 3.75E-06 3.30E-05
TC-101 2.00E-03 1.10E-05
TE-131 8.00E-05 7.98E-05
TE-132 9.00E-06 5.83E-07 6.94E-05 2.74E-05 7.19E-06 1. 74E- D4
W-187 3.00E-05 3.41E-05
Y-91M 2.00E-03
2N-65 5.00E-06 5.15E-D5
ZR-95 2.00E-05 7.95E-05 2.61E-D4 2.45E-03 1.58E-05
2R-97 9.00E-06 1.49E-06 3.09E-06 1.74E-05

TOTAL C1 8.06E+02 8.12E+02 7.10E+02 3.57E+02 5.59E+02 8.72E+02 7.87E+02
TOTAL W/0 H-3 1.37E+00 5.39E-01 5.12E-01 5.99E-02 5.65E-02 9.57E-03 5.42E-02

\
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TABLE A-2

FRACTIONAL MEC IN LIOUID EFFLUEJII ;

NUCLIOE MEC 1985 1986 1987 19B8 1989 1990 1991
uti/cc

H-3 1.00E-03 1.27E-03 1.25E-03 1.D4E-03 5.17E-04 8.36E-04 1.26E-03 1.22E-03

1-131 1.00E-06 1.61E-04 5.75E-05 1.52E-05 2.03E-06 2.65E 06 2.21E-07 2.B4E-06
1-132 1.00E-D4 9.70E-07 1.12E-06 8.53E-07 1.49E-08 1.22E-08 6.43E-10 1.46E-07
1-133 7.00E-06 2.86E-05 3.27E-05 2.18E-05 2.51E-061.73E-06 6.21E-07 2.24E-06
1 134 4.00E-D4 1.25E-07 1.69E-07 1.46E-07 8.30E-10 2.65E-09
:-135 3.00E-05 5.47E-06 6.87E-06 6.01E-06 2.16E-08 4.24E-08

,

AG-11DM 6.00E-06 6.70E-09 7.2BE-08 7.55E-07 2.3BE-071.17E-07 4.12E-08 1.05E-07
BA-133 2.00E-05
BA-139 2.00E-D4 6.33E-11 1.79E-09
BA-140 8.00E-06 1.36E-09 0.00E+00 8.16E-09 1.11E-08
CD-109 6.00E-06 1.62E-08 3.16E-08
CE-139 7.00E- 05
CE-141 3.00E-05 6.89E-08 3.67E -08
CE-144 3.00E-06 7.03E-07 1.02E-06 2.30E-07 7.92E-08 4.56E-09 4.98E-09
Co-56 6.00E-06
CO-57 6.00E-05 6.62E-08 3.41E-09 7.84E-09 1.22E-09 1.72E-11 9.83E-11
Co-58 2.00E-05 3.19E-05 6.94E-07 2.46E-06 4.93E-07 2.33E-07 2.35E-08 2.27E-07
CD-60 3.00E-06 1.51E-D4 1.46E-05 3.10E-05 9.86E-06 7.67E-06 6.79E-07 2.86E-D6
CR-51 5.00E-04 8.55E-08 9.72E-10 4.63E-08 1.54E-10 1.33E-09 2.52E-10

CS-134 9.00E-07 8.34E-05 1.18E-05 1.92E-D6 7.99E-07 2.57E-06
CS-134M 2.00E 03 2.60E-10 4.46E-12 3.62E-10
CS-136 6.00E-06

/**' CS-137 1.00E-06 1.51E-04 3.25E-05 1.11E-05 1.25E-05 4.19E-06 2.80E-06 1.38E-05
/ CS-138 4.00E-D4 4.3BE-09 2.11E-08 1.19E-08
\ F-18 7.00E-D4 2.2G 08 3.50E-081.57E-09 3.54E-09 4.67E-09 8.99E-10
' ' ' FE-59 1.00E-05 4.05E-DB

LA-140 9.00E-06
MW-54 3.00E-05 3.92E-07 6.D5E-08 2.29E-07 7.44E-091.34E-081.49E-09 1.01E-08
MD-99 2.00E-05 2.68E-09
NB-95 3.00E-05 3.30E-07 3.41E-081.57E-07 7.7BE-091.16E-10 4.18E-09
NB-97 3.00E-04 7.10E-09 2.68E-09 3.01E-10 5.12E-11 1.94E-11 4.24E-11 2.74E-11
RB-88 4.00E-04 3.34E-10 4.27E-08 1.22E-08
RB-89 9.00E-04 1.36E-09 3.81E-10

RU-103 3.00E-05 1.89E-07 8.62E-11 4.11E-08 2.83E-09
RU-106 3.00E-06 4.24E-07 1.4BE-06 3.5BE-06 5.02E-08
SB-124 7.00E-06 8.70E-06 6.51E-08 2.97E 08 4.84E-08
$8-125 3.00E-05 5.89E 07 6.15E-08 9.53E-08 4.83E-081.06E-06 6.17E-10 5.58E-07
SN-113 3.00E-05 5.63E-08 2.15E-09 2.51E-08 1.55E-08 1.59E-10
SR-89 8.00E-06 4.48E-08 6.65E-09 7.13E-07 4.86E 07 1.62E-09
SR-90 5.00E-07 4.07E-06 7.02E-07 8.21E-07 1.01E-06 7.62E-07

TC-99M 1.00E-03 2.76E-11 5.77E-12 4.78E-11
TC-101 2.00E 03 8.06E-12
TE-131 8.00E - 05 1.45E-09 .

TE-132 9.00E-06 1.02E 10 1.19E-08 4.46E-09 1.16E-09 3.00E-08 '

W-187 3.00E-05 1.65E-09
Y-91M 2.00E-03 >

2N-65 5.00E-06 1.51E-08 '
2R-95 2.00E-05 6.27E-09 2.01E-08 1.80E-07 1.14E-09
2R-97 9.00E-06 2.61E-10 5.2BE-10 2.80E-09 ,

ANNUAL VOL(CCs) 6.34E+14 6.50E+14 6.82E+14 6.90E+14 6.69E+14 6.92E+14 6.45E+14
TOT FRACTIDW 1.90E-03 1.41E-03 1.14E-03 5.48E-04 8.54E-D4 1.26E-D3 1.25E-03
FRACT W/0 H-3 6.29E-04 1.61E-D4 9.B3E-05 3.04E-05 1.85E-05 4.41E-06 2.55E-05

TOTAL Cl 8.06E+02 8.12E+02 7.10E+02 3.57E+02 5.59E+02 8.72E+02 7.87E+02
TOTAL W/0 H-3 1.37E+00 5.39E-01 5.12E-01 5.99E-02 5.65E-02 9.57E-03 5.42E-P'

TOT CONC (uti/CC) 1.27E-06 1.25E-06 1.04E-06 5.17E-07 8.36E-07 1.26E-06 1.22E-06 .

/''' TCON W/0 H-3 2.16E-09 8.30E-10 7.51E-10 8.69E-11 8.44E-11 1.3BE-11 8.40E-11
{, EMEC 6.70E-04 8.86E-04 9.14E-04 9.45E-04 9.7BE-D4 9.97E-04 9.80E-04

EMEC W/0 H-3 3.43E-06 5.14E-06 7.64E-06 2.85E-06 4.56E-06 3.14E-06 3.30E-06

IL- 4
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Bl.0 DERIVATION OF ATMOSPHERIC RELEASE EFFECTIVE MAXI 5UM EFFLGElq
_QQECENTRATION

Bl.1 Source Teng

The effective maximum effluent concentration (EMEC) for atmospheric
effluents is calculated from the annual releases for the years 1985 -
1991 (Table B-1). Unlike liquid releases, tritium was not omitted from
the EMEC calculation. Instead, the EMEC was calculated with H-3 and
then modified by the fraction of non-tritium radionuclides in the
effluent.

,

,

Bl.2 Effective Maximum Effluent Concentration

The maximum concentration of a radionuclide mixture that is
allowable at the site boundary is called the effective maximum
effluent concentration (EMEC). The EMEC for an effluent mixture
is defined by the equation

,

EMEC = ICi / E (C, / MEC )i

where ,

Ci= concentration of radionuclide "i"

MECi= maximum effluent concentration for radionuclide
''i" f rom 10 CFR 20, Appendix B, Table 2,
Column 1;

'I (C, / MEC,) summation of fractions (SOF) , as discussed-=

in Section 3.6, applied to atmospheric
releases

The EMEC is calculated from the reference radionuclide mixture
which is the radionuclides released during the years 1985 - 1991.
The average annual site boundary concentration for each year was
calculated using the highest annual average I/O of 1.56E-06
se c/m'. Then the total EMEC was calculated for each year
(Table C-2). The average total EMEC is 8.04E-08 1 1.31E-08 pCi/cc i

with a range of 5.84E-08 to 9.50E-08 pCi/cc. Next, the annual
EMEC was modified for the presence of H-3, which is not detected
by the atmospheric RMS, by multiplying each EMEC by the ratio of
the non H-3 concentration to the total concentration. The annual
H-3 corrected EMECs were averaged to obtain a value of 1.92E-08 1
1.23E-08 pCi/cc with a range of 5.02E-09 to 3.70E-08 pCi/cc. !

r
(x
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TJU31JE B-1 '

CURIES IN ATMOSPHERIC EFFLUENT

NUCLIDE MEC 1985 1986 1987 1988 1989 1990 1991

uti/ml <

H-3 1.00E-07 6.71E+01 1.20E+02 1.18E+02 1.26E+02 1.42E+02 1.28E+02 1.13E+02

AR-41 1.00E-08 1.27E+00 6.81E-01 2.17E+00 1.96E+00 1.57E+00 1.11E+00 1.07E+00
KR-B5M 1.00E-07 1.B4E+01 6.77E-01 1.18E+00 7.31E-01 2.24E-01 1.85E-01 1.03E-01
KR-85 7.00E-07 1.67E+01 1.32E+00 7.11E-01 9.B4E 01 3.5BE-01 1.78E-01 2.74E-01
KR-87 2.00E-08 4.78E+00 1.01E+00 2.37E+00 1.48E+00 4.94E-01 4.05E-01 2.31E-01
KR-88 9.00E-09 5.73E+00 1.30E+00 2.72E+00 1.69E+00 5.64E-01 4.49E-01 2.56E-01
XE-131M 2.00E-06 8.54E-02
XE-133M 6.00E-07 3.30E-01 1.3BE-01 2.12E-01 3.35E-01 4.94E-03 2.06E-02 3.97E 02
XE-133 5.00E-07 3.45E+01 1.53E+01 2.06E+01 6.D4E+01 7.54E+00 1.96E+00 1.60E+01
XE-135M 4.00E-08 5.76E+00 1.27E+00 3.68E+00 2.54E+00 7.37E-01 6.49E-01 3.44E-01
XE-135 7.00E-08 1.19E+01 3.21E400 5.64E+00 3.53E+00 1.0BE+00 1.09E+00 6.03E-01
XE-138 2.00E-08 1.65E+01 2.91E+00 B.87E+00 7.19E+00 2.45E+00 1.99E+00 1.06E+00 5

AG-110M 1.00E-10 2.31E-07
BA-133 9.00E-10 ,

EA-139 4.00E-08 1.17E-07
BA-140 2.00E-09 3.41E-07
CD-109 2.00E-10 8.92E-06 1.26E 06 2.2BE-04
CE-139 9.00E-10
CE-141 8.00E-10 8.4BE-09
CE-144 2.00E-11 2. D4E -06 3.92E-07 3.94E-09
Co-57 9.00E-10 2.10E-07 2.52E-11 1.13E-08 1.23E-06 4.BOE-07
CO-58 1.00E-09 1.57E-04 1.33E-05 1.01E-04 3.59E-05 1.69E-04 2.74E-05 3.85E-06
Co-60 5.00E-11 7.94E-05 1.11E-D4 1.18E-05 3.64E-04 1.63E-04 3.56E-06 1.06E-04;

T CR 51 3.00E-08 5.28E-D4 7.58E-09
''-" '

CS-134 2.00E-10 1.18E-03 9.49E-D4 5.86E-05 7.27E-05 1.10E-03
CS-136 9.00E-10
CS-137 2.00E-10 4.02E-03 2.94E-04 3.08E-04 6.74E-D4 2.10E-03 1.91E-04 1.90E-03 ,

CS-138 8.00E-08 9.64E-07 1.92E-06 1.85E-03 1.26E-07 3.44E-06 1.92E-02 .

E-18 1.00E-07 1.08E-05 2.52E-D4 3.87E-05 3.31E 04 1.10E 05 6.60E-04 ,

FE-59 7.00E-10 4.87E-09
MN-54 1.00E-09 1.99E-06 1.70E-06 4.86E-05
MD-99 2.00E-09 7.27E-09 2.71E-08
NA-24 7.00E-09 1.39E - D4 4.32E-04 4.29E-D4
NB-95 2.00E-09 2.52E-06 7.70E-07 5.97E-07 6.25E-08 9.56E 10
NB-97 1.00E-07 1.60E-08 1.65E-09
RB-B8 9.00E-08 4.63E-05 3.46E-05 1.03E-02 4.00E-06 1.81E-05 1.62E-01
RB 89 2.00E-07 4.30E-09
RU-103 9.00E-10 1.91E-08 1.89E-05
SB-125 7.00E-10 1.25E-07 3.6BE-06 9.39E-08
SN-113 8.00E-10 2.16E-08 4.80E-10
SR-89 2.00E-10 4.87E-081.54E 06 7.70E-07 3.71E-06 .

SR-90 6.00E-12 1.68E-10 4.30E-06 |
SR-91 5.00E-09
TC-99M 3.00E-07 6.43E-08 2.20E-07 9.24E-07
TC-101 5.00E-07 '

TE-132 9.00E-10 3.07E-06 7.33E-08 2.34E-06
Y-88 3.00E-10 1.28E-10 >

2N-65 4.00E-10 9.27E-06
2R-95 4.00E-101.31E 06 3.56E-09 7.43E-10
2R-97 2.00E-09 2.97E-10 ,

1-131 2.00E-10 3.44E-03 1.11E-03 3.0BE-03 5.43E-04 3.18E-04 7.85E-D5 3.46E-04
I-132 2.00E-08 3.75E-03 1.79E-03 2.42E-03 4.7BE-04 4.20E-05 1.09E-05 2.95E-05
1-133 1.00E-09 1.37E-03 6.80E- D4 3.04E-03 1.53E-03 1.19E-03 1.13E-D4 1.13E-04
1-134 6.00E-08 1.33E-05 9.32E-04
1-135 6.00E-09 5.79E-D4 1.09E-D4 2.19E-03 9.18E-05 1.26E-05 3.15E-081.58E-05fs

\
%
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TABLE B-2
FRACTIONAL MEC FOR ATMOSPHERIC EFFLUENT

WUCLIDE 1985 1986 1987 1988 1989 1990 1991
H-3 3.20E-05 5.71E-05 5.62E-05 6.00E-05 6.76E-05 6.10E-05 5.38E-05

AR-41 6.05E-06 3.24E-061.03E-D5 9.33E-06 7.48E-06 5.29E-06 5.10E-06
KR-85M 8.76E-06 3.22E-07 5.62E-07 3.4BE-07 1.07E-07 8.81E-08 4.90E-08
KR-85 1.14E-06 8.98E-08 4.84E-08 6.69E-08 2.44E-08 1.21E 08 1.86E-08
KR-87 1.14E-05 2.40E-06 5.64E-06 3.52E-06 1.18E-06 9.64E-07 5.50E-07
KR-88 3.03E-05 6.BSE-06 1.44E-05 8.94E-06 2.98E-06 2.38E-06 1.35E-06

rr.-131M 2.03E-09
XE-133M 2.62E-08 1.10E-08 1.6BE-08 2.66E-08 3.92E-10 1.63E-09 3.15E-09
XE-133 3.29E-06 1.46E-06 1.96E-06 5. 75E -06 7.18E-07 1.87E-07 1.52E-06
XE-135M 6.86E-06 1.51E-06 4.38E-06 3.02E-06 8.77E-07 7.73E-07 4.10E-07
XE-135 8.10E-06 2.18E-06 3.84E-06 2.40E-06 7.35E-07 7.41E-07 4.10E-07
XE-138 3.93E-05 6.93E-06 2.11E-05 1.71E-05 5.83E-06 4.74E-06 2.52E-06

AG-11 DM 1.10E-10
BA-139 1.39E-13
BA-140 8.12E-12
CD-109 2.12E-09 3.00E-10 5.43E-08
CE-141 5.05E-13
CE-144 4.86E-09 9.33E-10 9.38E-12
CO-57 1.11E-11 1.33E-15 5.9BE-13 6.51E-11 2.54E-11
CD-58 7.48E-09 6.33E-10 4.81E-09 1.71E-09 8.05E-09 1.30E-09 1.83E-10
co-60 7.56E-08 1.06E-07 1.12E-08 3.47E-07 1.55E-07 3.39E-09 1.01E-07
CR-51 8.3BE-10 1.20E-14

f
''s CS-134 2.81E-07 2.26E-07 1.40E 08 1.73E-08 2.62E-07

CS-136(
s CS-137 9.57E-07 7.00E-08 7.33E-081.60E-07 5.00E-07 4.55E-08 4.52E-07' ' - CS-138 5.74E-13 1.14E-12 1.10E-09 7.50E-14 2.05E-12 1.14E-08

T-18 5.14E-12 1.20E-10 1.84E-11 1.58E-10 5.24E-12 3.14E-10
FE-59 3.355-13
MW-54 9.4BE-11 8.10E-11 2.31E-09
MD-99 1.73E-13 6.45E-13
NA 24 9.46E-10 2.94E-09 2.92E-09
NS-95 6.00E-11 1.83E-11 1.42E-11 1.49E-12 2.28E 14
NB-97 7.62E-15 7.86E-16
RB-88 2.45E-11 1.83E-11 5.45E-09 2.12E-12 9.58E-12 8.57E-08
RB-89 1.02E-15

RU-103 1.01E-12 1.00E-09
5B-125 8.50E-12 2.50E-10 6.39E-12
$N-113 1.29E-12 2.86E-14
SR-89 1.16E-11 3.67E-10 1.83E-10 8.83E-10
SR-90 1.33E-12 3.41E-08 >

SR-91
TC-99M 1.02E-14 3.49E-14 1.47E-13
TC-101
TE-132 1.62E-10 3.B8E-12 1.24E-10 *

Y-88 2.03E-14
2N-65 1.10E-09
ZR-95 1.56E-10 4.24E-13 8.85E-14
ZR-97 7.07E- 15

1-131 8.19E-07 2.64E-07 7.33E-07 1.29E-07 7.57E-081.87E-08 8.24E-08
1-132 8.93E-09 4.26E-09 5.76E-09 1.14E-09 1.00E-10 2.60E-11 7.02E-11
1-133 6.52E-08 3.24E-081.45E-07 7.29E-08 5.67E-08 5.38E-09 5.38E-09
1-134 1.06E-11 7.40E-10
1-135 4.60E-09 8.65E-10 1.74E-08 7.29E-10 1.00E-10 2.50E-13 1.25E-10

TOTALTRAC1.49E-04 8.29E-05 1.20E-04 1.11E-04 8.83E-05 7.62E-05 6.67E-05
, -~s TOTAL-H3 1.17E-04 2.57E-05 6.34E-05 5.13E-05 2.07E-05 1.52E-05 1.29E-05
/ EFF MEC 5.B4E-08 8.49E-08 6.62E-08 8.85E-08 8.46E-08 8.50E-08 9.50E-08
( W/0 H-3 3.70E-081.60E-081.92E-08 3.46E 08 8.10E-09 5.02E-09 1.44E-08
u

i
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C1.0 CALCULATION OF TOTAL DOSE FACTORS USING REGULATORY GUIDE 1.201
METHODOLOGY

C1.1 Linuid Release Dose Factors

The equations and values used to calculate the total dose to the maximum
exposed individual for each of the liquid release mode pathways
evaluated according to Regulatory Guide 1.109, Rev. 1, 1977 methodology
is shown below. The total dose factor in mrem /Ci released is the sum of
all pathway doses in mrem /Ci for the following pathways: milk, meat,
fish, potable water, and shoreline deposits. The results f or an organ
is summed for each pathway and the total presented by age group and
target organ in a matrix format for each radionuclide in Section 5,
Table 5.1.1. The derivation of dilution factors used in the
calculations is presented in Appendix D. The highest dose in each
matrix is used as the dose tracking factor to be used for the monthly
tracking of release doses. These values are found in Section 5,
Table 5.2.

C1.1.1 Amaatic Foods

The dose from the eating of fresh fish caught at the edge of the
initial mixing zone was calculated using the equation:

W''P 'P O BjpD,ipjeDose,p3 = 1100 i

the dose to the organ j of an individual of age groupwhere: Dose =g
a from all of the nuclides i in pathway p, in
mrem / year;

a f actor to convert from Ci-sec/yr-f t' to pCi/ liter;1100 =

the mixing ratio (reciprocal of the dilution factor) at theEL =

point of harvest of aquatic food, dimensionless;

a usage factor that specifies the intake rate for anU, =

individual of age group a associated with pathway p, in
kg/ year;

the flow rate of the liquid effluent, in f t'/sec;F =

the release rate of nuclide i, in Ci/ year;Q, =

the equilibrium bicaccumulation factor for nuclide i inB, =

pathway p, expressed as the ratio of the concentration in
biota (in pCi/kg) to the radionuclide concentration in
water (in pCi/1) , in liters /kg;

the dose factor, specific to a given age group a, nuclideD,j =

i, pathway p, and organ j, which is used to calculate the
radiation dose from an intake of a nuclide, in mrem /pCi;

d1; the radioactive decay constant of nuclide i, in day ;=

the average transit time required for nuclides to reach thet, =

['~ point of exposure. For internal dose, t, is the total time

( elapsed between release of the nuclides and the ingestion
of the water, in days.x-

C-2
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To calculate the dose per curie released, the equation above was rearranged
and the calculation performed for each nuclide. The rearranged equation is
shown below:

* *' %''P3 = 110 0 BP *P 3pD,,py e

The values used in the equation above are:

0.1136 (Point of harvest of the fresh fish is taken at aP, =

point 1000 m downstream. The plume centerline dilution
factor at this location is 8.8 using RG 1.111 methodology.
The dilution factor calculations are attached. The factor
of 2 allowed for current reversals was not used.) ;

0, Child - 6.9, Teen - 16, and Adult - 21 kg/ year;InfantU., -=

1507 f t'/sec. (677000 gpm);F =

Valces used are taken from Table A-1 of RG 1.109;B, =

Values used are taken from Tables E-11 through E-14 ofD,% =

RG 1.109;

0.5 days.'
t, =

.

1

!

.

,

\
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C1.1.2 Irricated Foods (Meat From Watered Cattle)

#

The dose from the ingestion of meat from cattle which have been given
contaminated water was calculated using the equation:

Dose,py = 1100 * [ 0;F D,yye *' ''P *
u

J

the dose to the organ j of an individual of age groupwhere: Dose , =

a from all of the nuclides i in pathway p, in
mrem / year;

factor to convert from Ci-sec/yr-f t' to pCi/ liter;1100 =

the mixing ratio (reciprocal of the dilution f actor) at theM, =

point of exposure, dimensionless;

a usage factor that specifies the intake rate for anU, = ,

individual of age group a associated with pathway p, in
kg/ year;

consumption rate of contaminated water by an animal, inR4, =

liters / day;

the flow rate of the liquid effluent, in f t'/sec;f-'s F =

the release rate of nuclide i, in Ci/ year;Q, =
s,

the stable element transfer coefficient that relates theF;4 =

daily intak.e rate by an animal to the concentration in an
edible portion of animal product, in pCi/ liter of meat per
pCi/ day;

the dose factor, specific to a given age group a, nuclideD. , =

i, pathway p, and organ j, which is used to calculate the
radiation dose from an intake of a nuclide, in mrem /pCi;

dthe radioactive decay constant of nuclide i, in day ;1 =
3

the average time from slaughter to consumption, in days.t, =

i

l
|

|

|

l
i

i
\
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i
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To calculate the dose per curie released, the equation above was rearranged
and the calculation performed for each nuclide. The rearranged equation is
shown below:

'' **'''* i''' 1100 '"F D,ip, e= u

The values used in the equation above are:

0.1111 (Point at which water is taken from the lake isP =9
taken as plume centerline 1 mile downstream. The plume
centerline dilution factor at this location is 9 using RG
1.111 methodology.);

Infant -0, Child - 41, Teen - 65, and Adult - 110 kg/ year;U, =

60 liters / day;Q4. =

1507 f t'/sec. (677000 gpm) ;F =

Values used are taken from Table E-1 of RG 1.109;Fa =

Values used are taken from Tables E-11 through E-14 ofD.,g =

RG 1.109;

20 days.t, =

m

s
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C1.1.3 Irricated Foods (Milk From Watered Cattle)

The dose from the ingestion of milk from cows which have been given
contaminated water was calculated using the equation: 4

0,F ,D,3ge"'''Dose,g = 1100 }'"[2
*

i

the dose to the organ j of an individual of age groupwhere: Dose ,3 = ;

a from all of the nuclides i in pathway p, in t

mrem / year;

factor to convert from Ci-sec/yr-f t' to pCi/ liter;1100 =

the mixing ratio (reciprocal of the dilution f actor) at theM, =
'

point of exposure, dimensionless;

a usage factor that specifies the intake rate for anU, =

individual of age group a associated with pathway p, in r

liters / year; I

tion rate of antaminated water by an animal, inQ. consump/ day;
=

liters
'

the flow rate of the liquid effluent, in f t'/sec;F =

the release rate of nuclide i, in Ci/ year; ;03 =

the stable element transfer coefficient that relates theFa =

daily intake rate by an animal to the concentration in ans

edible portion of animal product, in pCi/ liter of milk per
pCi/ day;

the dose factor, specific to a given age group a, nuclideELg =

i, pathway p, and organ j, which is used to calculate the
radiation dose from an intake of a nuclide, in mrem /pCi; t

the radioactive decay constant of nuclide i, in day-'; ;l =i
i

the average transport time of the activity from the feed '

tr =

into the milk and to the receptor, in days.

:

!
1

I

|

!

I

t

( ,

x ,
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To calculate the dose per curie released, the equation above was rearranged
and the calculation performed for each nuclide. The rearranged equation is
shown below:

**iP1 ' ' " W'= 1100 "F .D,3pjey

The values used in the equation above are:

0.1111 (Point at which water is taken from the lake isM, =

taken as plume centerline 1 mile downstream. The plume
centerline dilution factor at this location is 9 using RG
1.111 methodology. the dilution factor calculations are
attached. The factor of 2 allowed for current reversals
was not used. This is a conservative assumption.);

Infant - 330, Child - 330, Teen - 400, and Adult - 310U, =

liters / year;

60 liters / day; ;Qu =

$1507 f t /sec. (677000 gpm) ;F =

Values used are taken from Table E-1 of RG 1.109;F ea

Values used are taken from Tables E-11 through E-14 ofD =g
\, RG 1.109;

!
2 days.t, =

,

8

0

I

\x
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C1.1.4 Potable Water

The dose from ingestion of water was calculated using the equation:

i

Oj ,jge ' * ' **#' 'EDose,g = 1100 D

the dose to the organ j of an individual of age groupwhere: Dose.g =

a from all of the nuclides i in pathway p, in
mrem / year;

a factor to convert from Ci-sec/yr-f t' to pCi/ liter;1100 -

the mixing ratio (reciprocal of the dilution f actor) at theM, =

point of withdrawal of drinking water, dimensionless; j

a usage factor that specifies the intake rate for anU,, =

individual of age group a associated with pathway p, in
1/ year;

the flow rate of the liquid effluent, in f t'/sec;F =

the release rate of nuclide i, in Ci/ year;Q =

the dose factor, specific to a given age group a, nuclideO D, =
,

( i, pathway p, and organ j, which is used to calculate the L

( radiation dose from an intake of a nuclide, in mrem /pCi;

dl the radioactive decay constant of nuclide i, in day ;=i

the average transit time required for nuclides to reach thet, =

point of exposure. For internal dose, t, is the total time
elapsed between release of the nuclides and the ingestion ,

of the water, in days.

,

b

P

,

w
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To calculate the dose per curie released, the egaation above was rearranged
and the calculation perfomed for each nuclide. The rearranged equation is
shown below:

'miPi ^P p ,,p ,e *1 t,P 2= 110 0

The values used in the equation above are:

0.0384 (Withdrawal point is taken as the Two RiversM, =

municipal water intake located a distance of 12 miles
downstream. The plume centerline dilution factor at this
location is 26 using RG 1,111 methodology and the factor of :
2 allowed for current reversals. The dilution factor !
calculations are attached.) ; |

'

Infant - 330, Child - 510, Teen - 510, and Adult - 730U, =

liters / year;

* 1507 f t'/sec. (677000 gpm) ;F =

Values used are taken from Tables E-11 through E-14 ofD,w =

RG 1.109
i

2 days (This was calculated using a current speed of 12.2e t, =

cm/s plus 12 hours to reflect the transport of the water
through the water purification plant and distribution |

system.)

i

.

!.

,

*

f

|

1

l
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C1.1.5 Shoreline Deposits |
|
IThe dose from exposure to radioactive materials deposited on the shoreline of

the lake was calculated using the equation:

Oj j ,jge *'## (1 - e '*J**)# '# TD
-

Dose,g = 110000

the dose to the organ j of an individual of age groupwhere: Dose =g
a from all of the nuclides i in pathway p, in v

mrem / year;

a factor to convert f rom Ci-sec/yr-f t' to pCi/ liter and to110000 =

account for the proportionality constant used in the
sediment radioactivity model; {

the mixing ratio (reciprocal of the dilution factor) at theF, =

point of exposure, dimensionless;

a usage factor that specifies the exposure time for anUW =

individual of age group a associated with pathway p, in
hours / year;

shoreline width factor, dimensionless;W =

the flow rate of the liquid effluent, in f t'/sec;F =
,

the release rate of nuclide i, in Ci/ year; ;Q, =

the radioactive half life of nuclide i, in days;T =i
,

the dose factor, specific to a given age group a, nuclideD,g =

i, pathway p, and organ j , which is used to calculate the
radiation dose from an intake of a nuclide, in mrem /pCi;

the radioactive decay constant of nuclide i, in day ~';1 =
3

the average transit time required for nuclides to reach thet, >=

point of exposure. For internal dose, t is the total time
elapsed between release of the nuclides ,and the ingestion I

cf the water, in days;

the period of time for which the sediment or soil ist, =

exposed to the contaminated water, in days. ;

m

C-10
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To calculate the dose per curie released, the equation above was rearranged
and the calculation performed for each nuclide. The rearranged equation is
shown below:

"Y T D,ipye *''' ( 1 - e ' *' ''')"'P3 = 110 0 0 0 B
*

ip i

The values used in the equation above are:

0.01821 (Point of exposure is taken as the Point BeachM, =

State Park beach which is located 8000 meters downstream. }

The plume shoreline dilution factor at this location is !

54.9 using RG 1.111 methodology. The dilution factor I

calculations are attached. The factor of 2 allowed for t

current reversals was not used.) ; |

Infant - 0, Child - 14, Teen - 67, and Adult - 120,, '=

hours / year;

0.3;W =

Wlues used are taken from Table A-1 of RG 1.109;B, r

1507 f t'/sec . (677000 gpm);F =

Values used are taken from Table E-6 of RG 1.109;D. , =

0.5 day;t, =

5458 days.t. =

r

.

t

i

r

.

( ,

b

I
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C1.2 Atmospheric Release Dose Factors: Non-Gaseous

The equations and values used to calculate the total dose to the maximum i

exposed individual factors for non-gaseous radionuclides released to the
atmosphere using Regulatory Guide 1.109, Rev. 1, 1977 is shown below.
The total dose factor in mrem /Ci released is the sum of all airborne ,

effluent doses in mrem /Ci for the following pathways: milk, . neat, leafy !

vegetables, potable water, and shoreline deposits. A summary of totals
is presented by age group and target organ in matrix format for each -

radionuclide in Section 5, Table 5-1. The highest dose in each matrix
is used as the dose tracking factor to be used for the monthly tracking
of release doses. These values are found in Section 5, Table 5-2.

C1.2.1 Inhalation of Nuclides In Air

The dose from the inhalation of nuclides in the air was calculated using the
equation:

Dos e , = 3 .17 E+ 04 R, ( ) D DFI3 i 33,

where: Dose, = the annual dose to organ j of an individual of age gr.oup
a due to inhalation, in mrem / year;

,

3.17E+04 = the number of pCi/Ci divided by the number of sec/ year;

the annual air intake for individuals in the age group a,R. =

in m'/ year;

the annual average atmosphere dispersion factor, in sec/m'X/Q =

(The location at which the dose was calculated was the site
boundary in the south sector - a distance of 1270 meters.);

the release rate of nuclide i, in Ci/ year;Q, =

the inhalation dose factor for radionuclide i, organ j, andDFI =g
age group a, mrem /pCi.

,

i

;
,

I

t

%

t
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To calculate the dose per curie released, the equation above was rearranged -

and the calculation perfomed for each nuclide. The rearranged equation is
shown below:

,

-Dose'A' = 3 .17 E+ 0 4 R, ( 1 ) DFI,''
Os O

.

The values used in the equation above are:
t

Infant - 1400, Child - 3700, Teen - 8000, and Adult - 8000P, =

m'/ye ar ;

9.36E-07 seconds /m' (This value taken from Table I.4-2 ofX/Q =
*

the FSAR, release mode 1B, annual average, site boundary.) ;

Values used are taken from Tables E-7 through E-10 ofDFI =p
RG 1.109.

C1.2.2 Annual Oroan Dose From External Irradiation From Nuclides Decosited
On the Ground

The organ dose from external irradiation from nuclides deposited on the ground
was calculated using the equation:

,

y = 1E+12 (87 6 0) b, S,. [ Oj (1 - e~M*) DFGQ Dose 39
1 i

!

the annual dose to the organ j, in mrem / year; !where: Dose, =

!

the number of pCi per Ci; t1E+12 =

i

the number of hours in a year.;
,

8760 =
!

the annual average relative deposition of nuclide i,b =i
considering depletion of the plume during transport, in m-2,
(The location at which the dose is calculated is the site .

'boundary in the south sector - a distance of 1300 meters.) -
t

the attenuation factor that accounts for the dose reductionSr =

due to shielding provided by residential structures, !
dimensionless; ,

the release rate of nuclide i, in Ci/ year; ;Qi =

4l the radioactive decay constant of nuclide i, in day ; j
=i

the time period over which the accumulation is evaluated,t, =
,

in days

iDFG = the open field ground plane dose onversion factor fory
organ j from nuclide i, in mrem-m'/pCi-hour.

!

To calculate the dose per curie released, the equation above was rearranged
and the calculation performed for each nuclide, The rearranged equation is j

j shown below.
\ !
\ The values used in the equation above are:

,
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f1 = 1E+12 (8760) 6 S,. ( 1 - e~1'**) DFGDose ,

3 j3

,

31E- 09 m-2 (This value taken from Table I.4-2 of the FSAR,b, =

release mode 1B, annual average, site boundary.);
'

1 (No structural shielding is assumed.);S, =

5479 days (15 years) ;t, =

DFG = Values used are taken from Table E-6 of RG 1.109.3

C1.2.3 Annual Orcan Dose From Atmospherically Released Nuclides In Milk

The organ dose from atmospherically released nuclides in milk was calculated
using the equation:

0 F}FI ,e *'*' {f f, + e **' (1 - f f,) }*

Dose 3, = 2 . 9 E+ 9 U,0,b 3 j3 p p3

r (1 - e ****) Bjy (1 - e *'**)-
-

'X +
YA PAv ri 3

,

the annual dose to the organ j of an individual in agewhere: Dose, =

group a from a dietary intake of atmospherically
released nuclides, in mrem / year;

2.7E+9* = the number of pCi per Ci divided by the number of days
per year;

the ingestion rate of milk for individuals in age group a, !U, =

in liters / year;

the amount of feed consumed by a cow per, in kg/ day;Or =

the annual average relative deposition of nuclide i,b; =

considering depletion of the plume during transport, in m-2,
(The location at which the dose is calculated is the

'
nearest animal location in the south-southeast sector - a
distance of 1300 meters.) ;

the release rate of nuclide i, in Ci/ year;Qi =

4the radioactive decay constant of nuclide i, in day ;1 =
3

the time period over which the accumulation is evaluated, ;t, =

in days;
|

the dose conversion factor for the ingestion of nuclide i,DFI, =,

organ j, and age group a, in mrem /pCi;

the average fraction of the animal's daily intake of (F. =-

nuclide i which appears in each liter of milk, in
days / liter;j

i
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the average transport time of the activity from the feed ft, =

into the milk and to the receptor, in days; i

the fraction of the year that the animals graze on pasture, [f, =

dimensionless; ;

i
the fraction of the daily feed that is pasture grass whenf, =

,

the animal grazes on pasture, dimensionless; ,

the fraction of the deposited activity. retained on crops,r = e

dimensionless; !

!

l the effective removal rate constant for nuclide i from=a ,

crops, in days-', where la = l + 1, and A is the removali
rate constant for physical loss by weathering;

.

!

d1, 0.0504 day ; i
=

the time period that crops are exposed to contaminationt, =

during the growing season, in days; ,

the agricultural productivity, in kg (wet weight) /nd; IYv =

the concentration factor for the uptake of nuclide i inB, = ,

pathway p, expressed as the ratio of the concentration in i

biota (in pCi/kg) to the nuclide concentration in water (in i

"'s pCi/ liter) , in liters /kg;

\ the effective surface density for soil, in kg (dry :P =

soil)/nf. T

*
For iodines, this factor is changed to 1.4E+09.

,

t
i

f

a

,

t

'

k

I
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To calculate the dose per curie released, the equation above was rearranged
and the calculation performed for each nuclide. The rearranged equation is
shown below:

F SFI ,e *''' {f f, + e**^ (1 - f f,) }'A *

o
' = 2 . 7 E+ 9 U,0,b 3 33 p p3

r (1 - e'*"b) 33v(1 - e' ' *)x< + r

YA PXy g3 3
. ,

The values used in the equation above are:

Infant - 330, Child - 330 Teen - 400, and Adult - 310U. =

liters / year;

50 kg/ day;Or =

18. B E - 0 9 m-2 (This value taken from Table I.4-2 of theb =i
FSAR, release mode IB, grazing season, site boundary.);

Values used are taken from Table E-1 of RG 1.109;F. =

Values used are taken from Tables E-11 through E-14 ofDFI =3
RG 1.109;;

\

2 days;t, =

f,, 0.5;=

f, 0.5;=

0.25, 1.0 for iodines, and 0.20 for noble gases, tritium,r =

and carbon-14;

30 days;t, =

20.7 kg/m ;Yv =

Values used are taken from Table E-1 of RG 1.109.;B ,, =

2240 kg/m;P =

5458 days (15 years) .t, = >

i
~

i

i

-

[
}r

\
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C1.2.4 Annual Oraan Dose From Atmosoberically Released Nuclides In Meat

The organ dose from atmospherically released nuclides in meat was calculated
using the equation:

0,F }FIj3,e** ** {f f, + e ~"*' ( 1 - f,f,) }Dose , = 2 . 7 E+ 9 U,0,b33 i p ,

f r (1 - e '*"'*) Bj y ( 1 - e *''*)
~

x4 + '

YA PXv ri 3 ,

where: Dose = the annual dose to the organ j of an individual in agej
group a from a dietary intake of atmospherically
released nuclides, in mrem / year;

2.7E+9* the number of pCi per Ci divided by the number of days=

per year;

the ingestion rate of milk for individuals in age group a,U. =

in liters / year;

the amount of feed consumed by a cow per, in kg/ day;Q, =

the annual average relative deposition of nuclide i, r6 =
3

considering depletion of the plume during transport, in m'2,
(The location at which the dose is calculated is the
nearest animal location in the south-southeast sector - a >

distance of 1300 meters.);

the release rate of nuclide i, in Ci/ year;Q, =
,

4the radioactive decay constant of nuclide i, in day ;l =
i

the time period over which the accumulation is evaluated,t, =

in days;

the dose conversion factor for the ingestion of nuclide i,DFI;, =

organ j, and age group a, in mrem /pCi;

the average fraction of the animal's daily intake ofFe =

nuclide i which appears in each kilogram of flesh, in
days /kg;

the average time from slaughter to consumption, in days;t, -

the fraction of the year that the animals graze on pasture,f, =

dimensionless; i

,

the fraction of the daily feed that is pasture grass whenf, =

the animal grazes on pasture, dimensionless; '

the fraction of the deposited activity retained on crops,r =

dimensionless; ,

i the effective removal rate constant for nuclide i from=n ,

crops, in days", where la = 1 + 1,, and 1 is the removal
3

,
rate constant for physical loss by weathering;

C-17
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the time period that crops are exposed to contaminationt, =

during the growing season, in days;

2the agricultural productivity, in kg (wet weight) /m ;Yv =

the concentration factor for the uptake of nuclide i inEw =

pathway p, expressed as the ratio of the concentration in
biota (in pCi/kg) to the nuclide concentration in water (in
pCi / liter) , in liters /kg;

the effective surface density for soil, in kg (dryP =
2soil)/m.

*
For iodines, this factor is changed to 1.4E+09.

O
(x_

L

[

t

l
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To calculate the dose per curie released, the equation above was rearranged
and the calculation perfomed for each nuclide. The rearranged equation is
shown below:

F pFI,3,eW' {f f, + e ~"*' (1 - f f,) }
'

i1*- = 2 . 7 E+ 9 U,0,b 3 i p pOi

r(1 - e **2#*) B3v(1 - e ' ' ')
-

x< + >

YSei PA,

The values used in the equation above are:

Infant - 0, Child - 41, Teen - 65, and Adult - 110 kg/ year;U, =

50 kg/ day;Or =

4b 18.8E-09 m (This value taken from Table I.4-2 of the=i

FSAR, release mode 1B, grazing season, site boundary. ) ;

Values used are taken from Table E-1 of RG I.109; jF. =

j Values used are taken from Tables E-11 through E-14 ofDFI =

RG 1.109;
-

20 days;t, =

s

f, 0.5;=

f, 1.0;=
-

0.25, 1.0 for iodines, and 0.20 for noble gases, tritium,r =

and carbon-14;
,

30 days;t, =

Values used are taken from Table E-1 of itG 1.109;B, =

20.7 kg/m ;Yv =

2240 kg/m ;P =

41, 0.0504 day ;=

i
5458 days (15 years).

'

t, =

i

f

"%

(
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C1.2.5 Annual Oroan Dose From Atmoscherically Released Nuclides In Produce

The organ dose from atmospherically released nuclides in produce was
calculated using the equation:

- r (1 - e *'s*) . B ,(1 - e '%)= 2. 7 E+9 U,f,6, [ 9,ppy,,,g % 3Dose g
Yv ri PA,A

' L

the annual dose to the orFanj of an individualin age group a from a dietary intake of strnosphericallys here: Dose,, =

released nuclides,in mrem! year;

2.7E4 9' the number of pCi per Ci divided by the number of days per year;=

the ingestion rate of produc.e for individuals in age group a, in kg/ year;U, =

fraction of produce ingested grown in garden of interest, dimensionless;f, =

the annual average relative deposition of nuclide i, considering depletion of the plume during transport, in6, =

m'', (The hxation at which the dose is calculated is the nearest garden location in the south-southwest
sector - a distance of 1460 meters.),

the release rate of nuclide i, in Ci/ year;Q =

the radioactive decay constant of nuclide i, in def*;N =

the time penod over which the accumulation is evaluated,in days;t,. =g

the dose conversion factor for the ingestion of nuclide i, organj, ar.d age group a, in mrendpCi;DF( =

the holdup time that represents the time interval beru een harvest and consumption of the food, in days;t, =

the fraction of the deposited activity retained on cropa, dimensinrdess;r =

the effective removal rate constant for nuclide i from crops, in days', where A = A, + A., and A, in theA =

removal rate constant for physicalloss by weathering;

the time period that crops are exposed to contamination during the growing season,in days;t, =

the egncultural productivity,in kg (wet weight)!ni;Y, =

the concentration factor for the uptake of nuclide i in patha ay p, expressed as the ratio of theB, =

concentration in biots (in pCa'kg) to the nuclide concentration in u nter (in pCilhter), in liter 6 kg;/

the effective surface denoty for soil, in kg (dry soil)/m'P =

*
For iodines, this factor is changed to 1.4E4 09.

t

v
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To calculate the dose per curie released, the equation above was rearranged
and the calculation performed for each nuclide. The rearranged equation is
shown below:

-1 e' r (1 - e '**' * *) 3;v(1 - e' ***)Dose '' = 2 . 7 E+9 U,f bf i + "DFI ,e33g 3 ,

The values used in the equation above are:

Infant - 0, Child - 520, Teen - 630, and Adult - 520U. =

kg/ year;

f, 0.76;=

18 . 8 E - 09 m-2 (This value taken from Table I.4-2 of the6, =

FSAR, release mode 1B, growing season, site boundary. ) ;

Values used are taken from Tables E-11 through E-14 ofDFI =3
RG 1.109;

60 days;t, =

0.25, 1.0 for iodines, and 0.20 for noble gases, tritium, !r =

\ and carbon-14;

d1 0.0504 day ;=

60 days;t, >=

0.7 kg/m';Yv =

Values used are taken from Table E-1 of RG 1.109,B, =

224 0 kg/m ;P =

5458 days (15 years) .t, = ,

i

!

t

,

(
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-
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C1.2.6 Annual Oroan Lsse From Atmosoberically Rellased Nuclides In Leafy
Vecetables

,

The organ dose from atmospherically released nuclides in leafy vegetables was
calculated using the equation:

fr(1-e ''**) 3 ^4-( 1 - e ' ' ')-A't'Dosey = 2 . 7 E+9 U,f b 0 DFI e +
3 3 3 m

the annual dose to the organj of an individualin age group a from a dietary intake of atmosphencallyw here: Dose, =

released nuclides, in mrem / year;

2.7E + 9' the number of pCi per Ci divided by the number of days per year;=

the ingestion rate of prcduce for individuals in age group a, in kg! year;U, =

fraction of leafy vegetables ingested grown in Farden of interest, dimen6ionless;f, =

the annual average relative deposition of nuclide i, considering depletion of the plume dunng transport, in5, =
,

m'', (De location at which the dose is calculated is the nearest Farden location in the south-southwest !

sector - a distance of 1460 meters.);

the release rate of nuclide i, in CUyear,Q, = ,

w

the radioactive decay constant cf nuclide i, in day ; !A =

s

the time penod over which the accumulationis evaluated,in days;t, =

the done conversion factor for the ingestion of nuclide i, organj, and age group s, in mrem /pCi;DFI, =

t, the holdup time that represents the time interval between harvest and consumption of the kiod, in days;=

the fractm of the deposited activity retained or, crops, dimensionless;r =

the effective removal rate constant for nuclide i from crops, in days , where A., = A, + A., and ( is the4A =

removal rate constant for physical loss by weathering;

the time period that crops are exposed to contamination during the Frowing season, in days;t, =

the agricultural productivity,in kg (wet weight)fnf;Yv =

the coNentration factor for the uptake cf nuclide i in pathu sy p, expressed as the ratio of theE,, =

concentratian in biota (in pCilg) to the nuclide concentration in water (in pCi/ liter), in liters'kg;

the etTective surface density for soil, in kg (dry soit)!m'P =

*
For iodmes, this factor is changed to 1.4E+ 09.

G
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To calculate the dose per curie released, the equation above was rearranged
and the calculation performed for each nuclide. The rearranged equation is
shown below:

jy(1 - e *># ) lDose'A' - A'e* <f r (1 - e '**' **)
~

6B
2 . 9 E+ 9 U,f b3 DFIy,e + "=

y

The values used in the equation above are:

Infant - O, Child - 26, Teen - 42, and Adult - 64 kg/ year;U, ,=

f, 1;=

18.8E-09 m'2 (This value taken from Table I.4-2 of the6 =
3

FSAR, release mode IB, growing season, site boundary.),

Values used are taken from Tables E-11 through E-14 ofDFI,, =
t

RG 1.109;

1 day;t, =

0.25, 1.0 for iodines, and 0.20 for noble gases, tritium,r =
' and carbon-14;

0.0504 day-' ;1, =

60 days;t, =

20.7 kg/m ;Yv =

Values used are taken from Table E-1 of RG 1.109;B, =
,

2240 kg/m ;P =

5458 days (15 years).t, =

C1.3 Atmoseheric Pelease Dose Factors: Noble Gases

The equations and values used to calculate the total dose factors for
noble gases released to the atmosphere using Regulatory Guide 1.109,
Rev. 1, 1977 is shown below. The dose factor in mrem /Ci and mrad /Ci
released for each radionuclide is presented in Section 5, Table 5-1.

,

V
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C1.3.1 Annual Gamma and Beta Air Dose From All Noble Gas Releases

The dose from the submersion of individuals in air containing noble gases was
calculated using the equation:

Dose' or Dose 0 = 3.17E+04 ( E ) Q (DF] or DF?)i

where:

Dose' or
Dose # the annual gamin and beta air dose, in mrad / year; '=

the number of pCi/Ci divided by the number of sec/ year;3.17E+04 =

3the annual average atmosphere dispersion factor, in sec/mX/Q =

(The location at which the dose was calculated was the site
boundary in the south sector - a distance of 1270 meters.) ;

the release rate of nuclide i, in Ci/ year;Q =

the gamma and beta air dose factors for a uniform semi-DF} or DFi =

infinite cloud of radionuclide i, in mrad-m'/pCi-year.

(( To calculate the dose per curie released, the equation above was rearranged
and the calculation performed for each naclide. The rearranged equation is
shown below:

Dose'T or pagej = 3.17E+04 (1) (DFJ or DFf)
O 0i

The values used in the equation above are:

39.36E-07 seconds /m (This value taken from Table I.4-2X/Q =

of the FSAR, release mode 1B, intermittent, annual
average, site boundary.) ;

DF] or DFi = Values used are taken from Table B-1 of RG 1.109.

!

I
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C1.3.2 Annual Skin Dose From All Noble Gas Releases
'

The skin dose from the submersion of individuals in air containing noble gases
was calculated using the equation:

Dose = 3 .17 E+ 04 (1 )(1.11Sg { OjDFJ + { OjDFS )j0 2 2

:

where: Dose = the annual skin dose due to immersion in a semi-infinite
cloud, in mrem / year;

the number of pCi/Ci divided by the number of sec/ year;3.17E+04 =

the average ratio of tissue to air energy absorption1.11 =

coefficients;

the attenuation factor that accounts for the doseSr a

reduction due to chielding provided by residential
structures, dimensionless;

the annual average atmosphere dispersion factor, inx/O =

sec/m' (The location at which the dose was calculated was
the site boundary in the south sector - a distance of
1270 meters.);

the release rate of nuclide i, in Ci/ year;( Q =

the annual gamma air dose factor for a uniform semi-DF] =

infinite cloud of nuclide i, in mrad-m'/pCi-year;

the beta skin dose factor for a semi-infinite cloud ofDFS =i
2nuclide i, which includes the attenuation by 7 mg/cm og

skin, in mrem-m'/pCi-year. ,

I

:
;

!

i,

:
,
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To calculate the dose per curie released, the equation above was rearranged
and the calculation performed for each nuclide. The rearranged equation is
shown below:

Dose # = 3 .17 E+ 0 4 (3 ) (1.11 S DFJ + DFS )f j

The values used in the equation above are:

1 (No structural shielding is assumed.);Sr =

9.36E-07 seconds /m' (This value taken from Table I.4-2 ofX/Q =

the FSAR, release mode 1B, annual average, site boundary. ) ;

Values used are taken from Table B-1 of RG 1.109;DFT =

Values used are taken from Table B-1 of RG 1.109.DFS =
3

C1.3.3 Annual Total Body Dose From All Noble Gas Releases

The total body dose from the submersion of individuals in air containing noble ,

gases was calculated using the equation:

\
D Dose = 3.19 E+ 04 5,(1) OjDFB3

the annual total body dose due to immersion in a semi-where: Dose =

infinite cloud, in mrem / year;

the number of pCi/Ci divided by the number of sec/ year;3.17E+04 =

the attenuation factor that accounts for the dose reductionS, =

due to shielding provided by residential structures,
dimensionless;

3the annual average atmosphere dispersion factor, in sec/mx/Q =

(The location at which the dose was calculated was the. site
boundary in the south sector - a distance of 1270 meters.);

the release rate of nuclide i, in Ci/ year;Q, =

the total body dose factor for a uniform semi-infiniteDFB =
3

cloud of nuclide i, which includes the attenuation of 5
g/cm of tissue, in mrem-m'/pCi-year. !2

,

L

b
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To calculate the dose per curie released, the equation above was rearranged
and the calculation performed for each nuclide. The rearranged equation is
shown below:

Dose
= 3 .17 E+ 04 S (1 ) DFBI

y 30 O3

The values used in the equation above are:

1 (No structural shielding is assumed. ) ;Sr =

9.36E-07 seconds /m' (This value taken from Table I.4-2 ofx/Q =

the FSAR, release mode IB, annual average, site boundary.);

Values used are taken from Table B-1 of RG 1.109.DFB, =

O
I
( .

t

I

(w
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DERIVATION OF DILUTION FACTORS

USING
,

REGULATORY GUIDE 1.113

0
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D1.0 LIOUID EFFLUENT DILUTION FACTOR CALCULATIONS

,

t

!

D1.1 Methodoloav '

The dilution factors used for calculating the doses from liquid effluent !
released to Lake Michigan were calculated using the methodology of '

Regulatory Guide 1.113, " Estimating Aquatic Dispersion of Effluents from '|
Accidental and Routine Reactor Releases for the Purpose of Implementing
Appendix I." The parameters used in the calculation and the results of
the calculation are given in Table D-1. The results are presented
graphically in Figure D-1

The centerline and shoreline values were calculated using Reg
,

Guide 1.113 formulae 17 and 18 which apply to discharges to the Great t

Lakes. (The formulae are not presented here. See Section 5 of the PBNP
FSAR for the formulae and origin of values used.) These results are
applied as calculated for fish caught near PBNP. But for other r

pathways, an extra factor of two (2) is applied to account for current
2reversals which occur in Lake Michigan as described in the Appendix I,

Section 5, of the PBNP FSAR.

:

,

h

t
k ;

;

t

5

i
;

i
s=

,

t

.

N
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JABLE D-1 |

SURFACE DILUTION FACTORS
LIQUID EFFillENTS IN A LARE LAKE .

Downstream Distance
(meters) Pitsne Centerline Shoreline

10 8.81 ,

20 B.81
30 8.81
40 8.81
50 8.81
60 8.81
70 B.81
80 8.81
90 8.81

100 B.81 '

200 8.81 '

300 8.81
400 8.81
500 8.81
600 8.81
700 8.81
800 B.81
900 8.81

1000 8.81 122000
2000 8.86 1758
3000 9.01 401
4000 9.25 186
5000 9.53 116

( 6000 9.85 83.8
4 7000 10.2 65.9

( 8000 10.5 54.9
9000 10.8 47.4

10000 11.1 42.1
20000 14.0 24
30000 16.1 20.1
40000 17.7 18.7
50000 18.8 18.3
60000 19.6 18.2
70000 20.3 18.3
80000 20.9 18 6
90000 21.4 18.9 >

100000 21.9 19.2
200000 25.9 23.2
300000 29.2 26.9
400000 32.3 30.3
500000 35.2 33.3
600000 37.8 36.0
700000 40.2 38.6
800000 42.6 41.0
900000 44.8 43.3 !

1000000 46.9 45.5
Note: These values were calculated using the eaaation described in section 5.2 of the PBNP FSAR and ;

the following vetues:

900 cm'/sec z. = 0 metersr, =

2 cm'/see d = 10 meterse, =

12.2 cm/see h = 10 metersu =
152.5 meters b = 305 metersy, =

and a discharge rate of 42.2 m*/sec.
,

t

Os

.
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Dilution Factor at Surface
.

Liquid Effluents in a Large Lake
DF per Unit Release Rate

1.0E+06 g
:

h*e|*,{[|.'|om2,,e.""''"
1.0E+05 : * * " * " "

L: u = 12.2 c m/s e c

: ||:,' : ''," * - 5

1.0E+ 0 4 g | : |g =
;

I b = 305 m
o ] Dl,ch stge rate * 4 2.2 m"3/ sec
* 1.0 E+03 g

:

1.0E+ 0 2 g.
2

riome coni.rnne N _

1.0E+01 ;

:
_

1.0E+00 ' ' ' ' ' ' ' " ' ' ' ' ' ' ' " ' ' ' ' ' ' ' " ' ' ' ' ' ' ' " ' ' ' ' ' "-

1.0 E+ 01 - 1.0E+02 1.0E+03 1.0E +04 1.0E+ 05 1.0E+ 06

Downstream Distance (in meters)- y
Area source, width 305 m and height 10 m

a
b
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D1.2 Dilution Factor Twelve Miles Downstream: Two Rivers Watgr Intake

The dilution factor used at the Two Rivers water intake twelve miles
downstream from PENP included the factor of two described in Section
D1.1. However, instead of using the straight centerline dilution factor
shown in Table 1, the weighted average dilution factor calculated over
the width of the plume was used.

This approach was used for the following reasons. First, the path that
the current takes to reach the Two Rivers water intake is not straight.
In order to reach Two Rivers, the water must flow southeast around Point
Beach State Park, which juts into Lake Michigan, and then curves back 90
degrees towards Two Rivers. As a result of this deviation from straight

'

line flow, any part of the plume or possibly none of the plume would
impinge upon the intake structure.

Second, there is a difference in the distance offshore of the PBNP
discharge and the Two Rivers water intake. The Two Rivers water intake
is located 5080 feet offshore. By contrast, PBNP discharges close to
the shoreline through two flumes, one directed north and one directed
south, and is modeled as a source that extends 1000 feet out into the
lake from the shoreline.

Based on these two considerations, it was concluded that the weighted
average dilution across the width of the plume as it diverges while
flowing south would constitute a better estimate of the dilution factor
instead of the calculated for the centerline of an area source as is-g

, j assumed for the FSAR calculation. The calculation and the values used

\s_f are shown below.

The average dilution factor at 12 miles downstream was calculated in the
following ranner:

1. The standard deviation of the radionuclide concentration in the y
direction at 12 miles downstream on the surface of the lake was
calculated. This calculation used the following formula:

2XE XX !y
0 =\Y U ;

2where e, = lateral turbulent diffusion coefficient in cm/see i

the downstream distance in cm ix =
current in em/seeu -

'
2Substituting the values for c,, x, and u of 900 cm /sec, 19308 m, and 12.2

cm/sec, respectively, into the equation yields

v

D-5
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m
[

-q

2 x 900 x 193 08 m x 100 "*
sec m

*12.2
sec

= 16 8. 8 meterso =
"100
m

,

2. At distances of 0.la, 0.20, etc., off the plume centerline, the dilution
factor was calculated using the equation shown in section 5.2 of the

'

PBNP FSAR. The distances off the plume centerline, the calculated
dilution factor, and the fraction of the area under the nomal
distribution curve is listed below.

Distance Off Plume Centerline
Fraction of Total

Fraction of Equivalent Area Under the
Standard Distance Curve" for
Deviation (m) Interval Dilution Factor

0.10 16.9 0.080 13.8p
O.2a 33.8 0.080 14.0

$' O.3a 50.6 0.078 14.3
0.4a 67.5 0.075 14.7
0.50 84.4 0.072 15.2 >

0.6a 101.3 0.068 15.8
0.7a 118.1 0.065 16.6 *

0.80 135.0 0.060 17.6
0.90 151.9 0.056 18.8
1.00 168.8 0.051 20.2
1.10 185.6 0.046 21.9
1.2a 202.5 0.042 23.9

'

1.3a 219.4 0.037 26.3
1.4a 236.3 0.032 29.2
1.5a 253.2 0.028 32.6 >

1. 75 a ' 295.4 0.053 44.7 '

2.00 337.6 0.035 64.7
2.25a 379.8 0.021 98.4
2.5a 421.9 0.012 158.4
3.0a 506.3 0.010 482 i

t

{Totals 1.00

*
It is assumed that the standard deviation of the radionuclide
concentrations across the plume can be represented by a normal
distribution curve. The fraction of the total area under the curve is
that fraction of the area under the curve that lies between, for
example, the interval 0.la and 0.2a which also includes the area of the' ,

'

curve in the interval -'O.la and -0.2a.

, (
,
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u
,

The average dilution factor over the width of the plume was calculated by
multiplying the dilution factor at each of the locations off of the plume
centerline by the fraction of the total area of the curve occupied by that t

interval and then summing over all the intervals. An average dilution factor !

of 29 was calculated.
i

&
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APPENDIX E
,

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

The submittal consists of the letter and two Attachments.
Attachment II contains Appendices A - G. ,
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WISCONSIN Electnc ma coem '

231 W MCHIGAN Po BCK2046. MILWAUKEE.WiE3201 (414:277 2345

VPNPD-87- 4 30
NRC-87- 104

October 8, 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 CFR 20.302 APPLICATION
POINT BEACH NUCLEAR PLANT j

'

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 to dispose of sewage treatment sludge
containing minute quantities of radioactive materials. Sub-
sequent to the application, Mr. Ted Quay of the NRC staff
requested additicnal 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. In I

addition, the NRC requests 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.

|

O We request that you complete your review of this complete, )
self-contained package and issue an approval of our application !

I
i

E-2 |
!
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NRC Document Control Desk
<-- October 8, 1987

( Page 2
N>

as soon as possible. In order to facilitate your review and
to expedite processing, we would be pleased to discuss these i

matters or provide additional information by_ telephone. Please
!

feel free to contact us.

Very truly yours,

'

-?
L;.~ f dt.

C. W.' Fay
Vice President [
Nuclear Power

bjm

Attachments
.

Copies to NRC Resident Inspector
NRC Regional Administrator, Region III

Blind copies to Britt/Gorske/Finke urstein, Charnoff,
Fay, Krieser, e, Newton, Zach

7

.

,
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ATTACHMENT I
,

RESPONSES TO QUESTIONS CONTAINED IN THE i

REQUEST FOR ADDITIONAL INFORMATION (RAI) -

ON POINT BEACH 1 AND 2 REQUEST
FOR DISPOSAL OF LOW LEVEL RADI0 ACTIVITY ,

CONTAMINATED SEWAGE SLUDGE BY LAND APPLICATION |
WISCONSIN ELECTRIC POWER COMPANY i

UNDER 10 CFR 20.302(a) c

'
:

|

!

!

!
;

J
l

'

,

!
I
;

,

'

. f
.

,

h

,

p

!

!

<

E-4 |
.

9

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



g - .
.u -

- - - . __ -

, .

- The' numbering system used in these responses corresponds directly to numbering
used in the NRC RAI, dated September 9,1987.

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

b. This request is for multiple years, expiration to coincide with
conclusion of decommissioning methities associated with retirement
of P8NP Units 1 & 2.

c. Please refer to the response to question number 10.
2. The pathways used to determine doses to both the maximally exposed-

individual and the inadvertent intruder are documented in Attachment
II, Appendices 0 and E.
Due to the extremely low concentrations of radionuclides in the sewage
sludge and the associate low doses, Wisconsin Electric will control
access to the disposal sites by conditions of use defined in lease
agreements with the lease. Use of the land is not controlled beyond ,

the conditions of the lease, thereby not restraining a casual visitor.
from the disposal site. However continuous occupancy would.be readily ;

observed, and remedial action would be taken. .

3. Information contained in previous submittals has been included in j

Attachment II with modifications to provide specific commitments to J
the NRC. ,

4. Please refer to the response to. question number 10. |
5. Site maps have been updated and are included in Attachment II, i

Appendix C.O
.

6. The direct grazing of cattle on the proposed disposal sites is :

controlled by restrictions contained in the lease agreement. {
.

There vill 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 E) do not indicate a need
. to apply restrictions to fishermen. ]

7. Please refer to revised site maps included in Ati.achment II, 'j
Appendix C. Site number 5 is located on company owned land -
beyond the PSNP site boundary. All other sites are within the ;

PBNP site boundary area. ;
P

8. a. Please refer to Attachment II, Section 3.2, Disposal Procedure. î

b. Please refer to Attachment II, Section 3.2, Disposal. Procedure.
c. Please refer to' Attachment II, Section 3.2, Disposal Procedure. 1
d. Please refer-to Attachment II, Appendix A. |

~

9. Plesse refer to Attachment II, including Appendix D and Appendix E
'

for additional pathways analyzed for this submittal. These identified
pathways will be analyzed prior to all subsequent disposals to insure 3
doses are maintained within prescribed limits, i.e., 1 aren/ year to the !

maximally exposed individual and 5 mrom/ year to the inadvertent '!
intruder.

O 10. A limiting concentration level for the sludge contained in the
storage tank is discussed, in Attachment II, Appendix F. Since this

,

application is for multiple applications over multiple years,
,

Attachment II, Appendix F also addresses an activity limit.' ,

E-5 (
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ATTACHMENT II ;

t

-!
COMPLETE ANALYSIS AND EVALUATION -|

F01NT BEACH NUCLEAR PLANT --
-

,

1

10 CFR 20.302(a) APPLICATION !'
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(O 1.0 Purpose

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

2.0 Waste Description

The waste involved in this disposal process consists of the residual solids
remaining in solution upon completion of the aerobic digestion sewage treat-
ment process utilized at PBNP. The PBNP sewage treatment plant is used to
process waste water from the plant sanitary and potable water systems.
These systems produce non-radioactive waste streams with the possible
exception of wash basins located in the radiologically controlled area of
the plant. These wash basins are believed to be the primary source of the
extremely small quantities of radionuclides in the sludge.

The sewage sludge generated at PBNP is allowed to accumulate in the sewage
plant digestor and 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 aeration basin needs to be reduced to allow '

continued efficient operation of the treatment facility. The total volume
of sludge removed during each disposal operation is typically on the order

P of 15,000 gallons. The maximum capacity for the entire PBNP treatment
( facility and hence the maximum disposal volume is about 30,000 gallons.

In the case of a maximum capacity disposal, doses would not necessarily-

increase in proportion to the volume, since more than one disposal site
may be used.

Trace amounts of radionuclides have been identified in PBNP sludge currently
being stored awaiting disposal. The radionuclides identified and their
concentrations in the sludge are summarized below:

Nuclide Concentration (pCi/cc)

Co-60 2.33E-07
Cs-137 1.50E-07

The total activity of the radionuclides in the stored sludge, based on the
'

identified concentrations and a total volume of 15,000 gallons of sewage
sludge, are as follows:

Nuclide Activity (pCi)

Co-60 13.2
Cs-137 8.5

These concentrations and activities are consistent with expected values
based on prior analyses of sewage sludge. The radionuclide concentration

[ in the sewage sludge has remained relatively constant during sampling
( conducted since December 30, 1983. A detailed summary of the results of

this sampling program are contained in Appendix A for your review.

E-7



"~
..

'

. p

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

V the WDNR requires several other physical and chemical properties of the
sludge 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 of a typical sludge sample analysis
is included in Appendix B.

3.0 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.

3.1 Transport of Sludge

The method used to dispose of the sludge shall utilize a technique approved
by the WDNR. The process of transporting the sewage sludge for disposal
involves pumping the sludge from the PBNP sewage treatment plant storage
tanks into a truck mounted tank. The truck mounted tank shall be required ,

to be maintained tightly closed to prevent spillage while in transit to
the disposal site. The sludge shall be transported to one or more of the
six sites approved by the WDNR for land application of the sewage sludge
from PBNP.

3.2 Disposal Procedure

The radionuclide concentrations in the sludge shall be determined prior'

to each disposal by obtaining three representative samples from each
of.the sludge storage tanks. The sludge contained in the sludge tanks
is prevented from going septic by a process known as complete six and
continuous aeration. This process completely mixes the sludge allowing
for representative samples to be obtained.

The samples tha11 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 limits of
detection are within values specified in the Radiological Effluent
Technical Specifications (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 samples will be
obtained and analyzed to insure a truly representative radionuclide
concentration is utilized for dose calculations and concentration
limit determinations. The average of all statistically valid
concentration determinations will be utilized in determining the
storage tank concentration values.

,

o
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Prior to disposal 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, Waste Description. The results will be compared(Q) to State of Wisconsin limits to insure the sludge does not pose a chemical
,

hazard to people or to the environment. ,

The radionuclides identified 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 limit criteria are met, the appropriate
exposure pathways (as described in Appendix D) will be evaluated prior to
each application of sludge. These exposures will be evaluated to insure
the dose to the maximally exposed individual will be maintained less than
1 arem/ year and the dose to.the inadvertent intruder is maintained less
than 5 arem/ year. The exposures will be calculated utilizing the meth-
odology used in Appendix E, including the current activity to be landspread '

along with the activity from all prior disposal. The remaining radio-
activity from 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 release to Lake Michigan. The residual radio-
activity will be corrected for radiological decay and, if appropriate, the
mixing of the radionuclides in the soil by plowing prior to perfoming
external exposure calculations.

' The sewage sludge is applied on the designated ana of land utilizing the
VDNR approved technique and adhering to the following requirements of
WPDES 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 spread 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.
i

Sludge shall not be spread closer than 1,000 feet from a public water i
*

supply well or 250 feet from a private water supply well. j

Sludge shall not be land spread within 200 feet of any surface water*

unless a vegetative buffer strip is maintained between the surface |
'

watercourse and the land spreading system, in which case a sinimum
[,'i separation distance of at least 100 feet is required between the
V system and the surface watercourse.

E-9
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* Depth to groundwater and bedrock 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.*

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 minimum separation distance of at least 25 feet is required.

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

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

into the surface soil layer at appropriate intervals.

The flexibility implied in the latter provision for soil incorporation is
intended to allow for crops which require more than a one year cycle.
For the Point Beach disposal sites, alfalfa is a connon crop which is
harvested for several years after a single planting. Sludge disposal on

,

an alfalfa 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 sludge on the surface of the plot. At a minimum,
however, plowing (or disking or other method of injection and mixing to '

O a nominal depth of 6 inches) shall be done prior to planting any new crop,
regardless of the crop.

3.3 Administrative Procedures

Complete records of each disposal will be maintained. 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
deteminations, 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 WDNR 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 to 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
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west shore of. Lake Michigan about-30 miles southeast of the i
'

(_ center of the city of Green Bay, and 90 miles NNE'of Milwaukee. :

\ This site is located at' longitude 87* 32.5'W and latitude 44' :

17.0'N. The.six sites are on property owned and controlled by !'
~ Wisconsin Electric and are within or directly adjacent to the !

Point Beach site boundary. The sites are described below and -|
are outlined on the map contained in- Appendix C as Figure 3. !

'

Site No. PB-01 - The approximately 15 acres located in the NE- |

1/4~of the NE 1/4 of Section 23. T. 21N - R. 24E. !

Site No. PB-02 - The approximately 20 acres located in the SE i,

1/4 of the SE 1/4 of Section 14. T. 21N - R. 24E. j
Site No. PB-03 - The approximately 5 acres located in the NW I
1/4 of Section 24, T. 21N - R. 24E. j

Site No. PB-04 - The approximately 5 acres located in the NW |
1/4 of the SW 1/4 of Section 24 T. 21N - R. 24E. ;

Site No. PB-05 - The approximately 5 acres located in the NE I
1/4 of the NW 1/4 of Section 25. T. 21N - R. 24E. j

Site No. PB-06 - The approximately 5 acres located in the NE i
1/4 of the SW 1/4 of Section 14, T. 21N - R. 24E. |

The overall ground surface at the site of tae Point Beach Nuclear i

Plant is gently rolling to flat with elevations varying from ]5 to 60 feet above the level cf Lake Michigan. Subdued knob
Iand 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, diverts the drainage to the north and j
south. ;

The major surface drainage features are two small creeks which f
drain to the north and south. One creek discharges into the j

lake about 1500 feet above the northern corner of the site and i

the other near the center of the site. During the spring, ponds ;

of water may occupy the shallow depressions. As mentioned in
Section 3.2. Disposal Procedure, 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 2. [
~!The disposal of sewage sludge at these six sites will have no

impact on the. topography of this area. f
>

4.1.2 Site Geolony !

Prior to construction of the Point Beach Nuclear Plant, an i

evaluation of the geological characteristics of the area in and j
surrounding the site was made. .The geologic structure of the ;

region is essentially simple. Gently dipping sedimentary rock j
E-11 ;
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^ strata of Paleozoic age outcrop in a horseshoe pattern around a'

'

shield of Precambrian crystalline rock which occupies the
i

( western part of the region. The site is located on the western
Iflank of the Michigan Basin, which is a broad downwarp ringed

by discontinuous outcrops of more resistant formations. The |

bedrock formations are principally limestones, 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. r

The uppermost bedrock under the site is Niagara Dolomite. |

Bedrock does not outcrop on the site but is covered by glacial !

till and lake deposits. The soils contain expansive clay ;

minerals and have moderately high base exchange capacity.
!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 j

adjacent to Lake Michigan at the site consists of the following i

sequence: ,

1. An upper layer of brown clay silt topsoil underlain with' [

several feet of brown silty clay with layers of silty sand; j.

2. A layer of 20 feet of reddish-brown silty clay with some i

sand and gravel and occasional lenses of silt; j

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 silty clay with some
sand and gravel, the lower portion of which contains'

gravels, cobbles, and boulders resting on a glacial eroded i

|surface of Niagara dolomite bedrock.
,

Site drainage is poor due to the high clay content of the soil -|
combined with the pock-marked surface. Additional 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 Meteorology
,

The climate of the site region is influenced by the general ,

storms which move eastward along the northern tier of the United
t

'

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 i

E-12
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temperatures in spring and summer. In autumn the relatively'

wam water to the lake prevents night-time temperatures from
falling as low as they do a few miles inland from the shoreline.
Summer time temperatures exceed 90'F for six days on the
average. Freezing temperatures occur 147 days and below 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 averages about 45 inches
per year. Sludge spreading shall be managed such that the
surface spreading together with any precipitation 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.

4.2.2 Hydrology

The dominant hydrological featura of this site is Lake Michigan, ;<

' one of the largest of the Great Lakes. The normal water level :

in Lake Michigan is approximately 580 feet above 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 i
'

is 3 to 3-1/2 miles off shore. The disposal sites are twenty
or more feet above the normal lake level. There is no record .

1 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. i

i

The subsurface water table at the Point Beach site has a |4

definite slope eastward toward the lake. The gradient indi- i

cated 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 ,

i 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. i

4.3 Water Usage !
l

4.3.1 Surface Water |

Lake Michigan is used as the source of potable water supplies I
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 other potable water uses are recorded
within 50 miles of the site along the lake shore. All public
water supplies drawn from Lake Michigan are treated in puri-
fication plants. The nearest surface water used for drinking,

other than Lake Michigan are the Fox River 30 miles NW and

E-13
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!Lake Winnebago 40 miles W of the site.-

C Lake Michigan is also utilized by various recreational
activities, including fishing, swimming and boating.

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 private use are in existence throughout the region.
The location of private wells within a two mile radius of PBNP
are indicated on Figure 3, Appendix C.

The potable water for use at the Point Beach Nuclear Plant is
drawn from a 257 feet deep well located at the southwest corner
of the plant yard. Water from 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

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

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 counties' farm
production, with field crops and vegetables accounting for most of
the remainder. The principal crops are grain corn, silage corn,
cats, barley, hay, potatoes, green peas, lima beans, snap beans,
beets, cabbage, sweet corn, cucumbers, 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 June to late September or urly 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 to cheese, with the remainder being
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 patture 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.

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

E-14
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information may be found in Section 2.4 of the FSAR.*

o
4.5 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 arem/ year due to
the disposal material. In addition, NRR guidance requires doses of
less than 5 arem/ 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 limits.
The total annual exposure to the maximally exposed individual based
on the identified exposure pathways is equal to 0.072 arem. The
dose to a hypothetical intruder assuming an overly conservative
occupancy factor of 100% is calculated to be 0.115 arem/ year. By
definition, the inadvertent intruder would not be exposed to the
processed food pathways (meat and milk).e

t

C 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 maintained less
than those proposed by NRR. This calculation will include radio-
nuclides 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 radio- '

nuclides, and all pathways associated with a potential release to Lake
Michigan. The residual radioactivity will be corrected for radio-
logical decay and, if applicable, the mixing of radionuclides in the

In addition,soil prior to performing external exposure calculations.
the dose to a farmer potentially leasing more than one application
site will be addressed by summing the doses received from the external
exposure from a ground plane source and resuspension inhalation
pathways for each leased site. In addition, the maximum site specific
dose due to the other pathways identified in Appendix 0, 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 be provided by the PBNP Superintendent - Health Physics.

c)
E-15
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Sample Tank Tank Radionuclide' Concentration i
Date Volume (Gallons)' (uCi/cc) |

l
12-30-83 Digester 8400 Co-58 5. 58E-07. |

Co-60 1.87E-06
Cr-51 4.88E-07
Cs-134 1.59E-07
Cs-137 '3.57E-07 1

!
4-06-84 Digester 7560 Co-60 7.89E-07 !

Aeration 6667 -Co-60 1.87E-07

12-05-84 Digester. 7560 Co-58 1.75E-07 !

Aeration 6667 Co-60 8.29E-07 i
.1

6-03-85~ Digester 7560 Co-60 8.29E-07 |
Cs-137 2.46E-07

'

;

Aeration 6700 Co-60 3.27E-07 !
Cs-137 1.33E-07 .i

i

4-10-86 Digester 7560 Co-60 6.79E-07 ' i

Cs-137 1.72E-07

O-
Mn-54 4.91E-08
Co-60 1.65E-07

|
11-04-86 Digester 7560 Co-58 8.04E-08 i

Aeration & i.

. Clarifier 25100 - Co-58 1.37E-07 !

Co-60 2.18E-07 ;

Cs-137 1.64E-07 :. ;

i

;

.!
f

,

4 4

i

;

O
~|
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~ * '" ** wescons'" SLUDGE CHARACTERISTIC-

I * ** * * " " " * " # ""* Wisconsin $tstute 147 A2(1) and
'

Wisconsin Administrative Code NR 11027(5)* eone woods Arv.so4e-

swage Treatment Plant Sludge
(

. nuese complete this form and send tg the hwm of Naturst Resources appropriate District / Arse Office. Keep one aspy for
your records *

for additional forms, piense sentact yow approprirte District / Area Office.

*
.

PE AWTT LE tWPDK5 PE Ana4T hvadEEA

Wisconsin Electric Power Co:pany WI oo L .2. L .5_ .J.
JT ALET DA AOJTL count Y

231 N. Michican Street Milwaukee
CIT Y.sT ATE. ItP CCDL TMPr90NE hutdBEa (6hC.LUDE AREA CODLJ

"ilvnu::.'e. Y1 53203 .:U -277-2151

.

1. Pleas teport laboratory esting resutts for the folipwing persmeters:

*Parsmrter Abbreviation Resutt *Parameser Abtreviation Resutt

IU Chromium, p Cr
-

Total Solids. % -

30 2200Totst Nitrogen.% TOT N Copper * porn Cu

O.M 190Ammamium Nitrogen,% NHj-N Land. , Pb

3*O' O*OI Wrcury, NTotal Phosphorous,% F

0.25 12
Total Potassium.% . K Nickel, ,, , Ni

25''O1.O Zin ZnArmenic. , As

I*O |I2* pHCadmiurn, p Cd -

1

*$wererted eretyds proemdwss for the above parameters son be found in NR 219, ent>rtiesi tests and proemdures, Wisconsin |
|Adtrdnirtratlye Code. At persmeters ether than persent sonds and pH shall be reported on a dry weight basis.

!
i

1

2. What is me name of the emboratory that did the anstysis and when was k performed? |

April 12, 1953 |Wisconsin Electric Power Co. o,,, ,,nt at_: . w name
|Laboratory Services Division

*re . sle*!!n heldir.g tsnk prior to heulin1 whern et the treatrr nt pa nt was the emple ukent

n
/
\
N Avril 12, 1983.When was the semple uken?.

ug nATt**=Aruna -
.

. f , ,. ej e, rj/. ,-p.r (Itster Ous11ty Engineer, -*
.

. .. . .. - ,
. .

./** e
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I. EXPOSURE PATHWAYS - MAXIMALLY EXPOSED INDIVIOUAL -i

1

1. External whole body exposure due to a ground plane source of
|radionuclides.
i

2. Milk ingestion pathway from cows fed alfalfa grown on plot.

3. Heat ingestion pathway from cows fed alfalfa grown on plot.

4. Vegetable ingestion pathway from vegetables grown on plot.

5. Inhalation of radioactivity resuspended in air above application
site.

6. Pathways associated with a release to Lake Michigan. Ingestion of
potable water at 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 source'as Lake Michigan, ingestion of milk and. meat from
cows utilizing Lake Michigan as drinking water source, swineing
and boating activities at edge of initial mixing zone, and shoreline
deposits.

.

II. EXPOSURE PATHWAYS - INADVERTENT INTRUDER

1. External whole body exposure due to a ground plane source of
radionuclides.

2. Vegetable ingestion pathway from vegetables grown on plot.

3. Inhalation of radioactivity resuspended in air above application
site.

4. Pathways associated with a release to Lake Michigan. Ingestion of
potable water at 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 source as Lake Michigan, ingestion of milk and meat from

,

cows utilizing Lake Michigan as drinking water source, swismiing l

and boating activities at edge of initial mixing zone, and shoreline j
deposits.

.

The milk and meat pathways are not included in calculating the dose to
i

the inadvertent intruder. The doses due to these pathways are calculated I

based on feeding the cows alfalfa grown on the sludge applied land. Since
direct grazing on these lands is prohibited, the alfalfa must be cropped'

,

prior to being used as feed. This effectively removes the availability of |

these pathways to the inadvertent intruder, who by definition occupies
.

O the sludge applied land continuously. I

!

E-25

_ _ . _ . _ .



- - w ,

.
r

'

&

III. GROUND WATER PATHWAY !

!

e The' ingestion of groundwater is not a credible exposure pathway. The two ;

( factors contributing to this detemination are as follows: 1

1. The site map in Appendix C. Figure 3 details the spatial relation-
ship between the proposed disposal sites and the local ground water
wells. The flow gradient of ground water was detemined for the ;

PBNP FSAR to be towards Lake Michigan. Reviewing the sites and
.

local wells shows no private well located in the path of radionuclide '

migration towards Lake Michigan.

The PBNP sita well is located on the plant site, potentially in a
path of radionuclide migration. The P8NP well is routinely sampled

i

as a requirement of the PBNP environmental monitoring program.

2. The cation exchange capacity (CEC) of the soils at each site has ;

been detemined.

Site Cation Exchance Capacity (MEQ/1000) i

1 16
2 11 |

3 11
4 10
5 8 '

,

6 9 .

The cation exchange capacity of soil is dependent on the valance
( of the radionuclides and is detemined by the relation:

{
MEQ = ATOMIC WEIGHT * 1.0E-03VALANCE :,

Radionuclide Valance CEC (MEQ/1000) .

Co-60 +2 3.00E-02
Co-58 +2 2.90E-02
Cs-137 +1 1.37E-01
Mn-54 +2 2.70E-02
Cr-51 +3 1.70E-02
Cs-134 +1 1.34 E-01

Using the values for Cs-137 and site 5 which has the lowest CEC, the
total exchange capacity of the soil is ;

.

1.10 crans of Cs-137
100 grams of soil i

Calculating the specific activity of Cs-137, i

3.578E+05 ,3.578E+05Specific Activity =
TV2(yrs.) ATOMIC MASS 30 137

= 87.1 Ci/ gram

.
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The cation exchange capacity of the soil expressed in the number
- of Curies of radionuclide per 100 grams of soil is :

l 95.8 C1 Cs-137 :
\

. 100 grams of soil ]

Since the proposed disposal of sewage sludge contains quantities
of radionuclides on the order of 10-100 pCi the soll at each site !

has the capacity to effectively eliminate the migration of the
|radionuclide to ground water. ,
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GENERAL ASSUMPTIONS

1. Sewage sludge is uniformly applied over plot acreage.

2. Sewage sludge is applied to one of the 5 acre plots, site p8-03,
1P8-04, P8-05, or P8-06. (Assuming the san 11est site size is- jconservative for the calculation methodology herein.) i

3. Based on the sewage sludge currently stored at PSNP, the following ]data is used in the calculations. i
!

4 Ground Plane- !
Sludge Volume Activity Concentration Concentration !Radionuclide (Gallons) (cm3) (uC1) (uCi/ca )- (uCi/cm )s a

Co-60 15,000 5.68E+07 13.2 2.33E-07 6.53E-08 i
Cs-137. 15,000 5.68E+07 E. 5 1.50E-07 4.21E-08-

!

I. CALCULATION 0F EXTERNAL EXPOSURES

A. Specific Assumptions

11. Conservatively assume radioactivity remains on surface of land plot.
Calculation ignores any plowing or mixing of radioactivity within
soil. Calculations for the proposed disposal will therefore igt. ore 1

self absorption or shielding from soil. |
i

The external exposure at the application site due to prior disposals-
iwill be calculated utilizing the methodology in Appendix G and -|

added to that calculated for the proposed disposal.
,

2. The plots are owned by Wisconsin Electric end have been approved by !
the Wisconsin Department of Natural _ Resources (ONR) as disposal. '

sites. The land is leased and potentially fanned.. ' Occupancy of-

the land can be realistically expected only during plowing, planting
and harvesting. Occupancy has been astimated to be 64 hours per

;year.
J..

B. Summary of Calculational Methodo h

1. Caiculate ground plane radionuclide concentrations in pC1/ce2.
,

4

2. The dose from a plane of uniformly deposited radionuclides is
calculated using_ Regulatory Guide f.109, Revision 1, Appendi.? C,
Formula C-2.

,

3. Dose rates were calculated assuming continuous occupancy then
adjusted for realistic occupancy factors.

;

b
:
!
i
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1 C. External Exposure Rate Calculations
|

'

The dose from a plane of uniformly deposited radionuclides is calculated :

using Regulatory Guide 1.109, Revision 1 Appendix C, formula C-2 |

Dj(r,6)=8760Sp{Cf(r,6)DFGg
where i

D (r,6) = yearly dose j

8760 = hours per year
i

S = 1.0, since no dose reduction due to residential '

p
shielding is applicable.

,

Cf(r,6)=groundplaneradionuclideconcentration(pCi/at) |

DFG(i.,j) = external dose factor for standing on contaminated ground -

as given in Table E-6 of Regulatory Guide 1.109, >

Revision 1.
!

Ground Plane Ground Plane y Dose |
Y Dose Tactor Concentration Concentration Rate !

.

Radienuclide (ares /hr per pCi/s ) (pCi/cm8) (pCi/at) (ares /yr) tt

Co-60 1.70E-08 6.53E-08 6.53E+02 9.72E-02
.Cs-137 4. 20E-09 4.21E-08 4.21E+02 1.55E-02 ;

:.

TOTAL: 1.13E-01 aren/ year j
i

These calculated dose rates assume continuous occupancy. In reality, these ;

sites will be occupied only during plowing, planting, and harvesting.
-

,

Assuming an occupancy of. 2 hours per day,1 day per week, and 32 weeks (8 ;
,

'

month growing season) per year, the occupancy factor becomes ,

;

2 hr/ day * 1 day / week * 32 weeks /yr * 1/8760 hours /yr = 7.3E-03. !

EXTERNAL EXPOSURE DOSE RATE (aren/ year)

i

Radionuclide Continuous Occupancy Realistic Occupancy
|

Co-60 9.72E-02 - 7.10E-04 I

Cs-137 1.55E-02 1.13E-04

TOTAL: 1.13E-01 8.23E-04
- i

i

!

!
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/"N II. CALCULATION OF MEAT AND HILK INGESTION PATWAY EXPOSURES

A. Specific Assumptions

1. All feed consumed by cow is grown on sludge applied acreage.

2. All meat and milk consumed by human is from cattle exclusively fed
feed from sludge applied land.

Stable element transfer coefficients (B are utilized from3.
Regulatory Guide 1.109 to estimate the ffa)ction of radioactivity
which is transferred from the soil to the feed.

ORadionuclide iv

Co-60 9.4E-03
Cs-137 1.0E-02

4. Alfalfa has typically been grown on the plots. Soil tests have indi-
cated a minimum alfalfa yield of 4.1 tons per acre can be expected.

B. Sumary of Calculational Methodology

1. The concentra*. ion of radionuclides in feed grown on the disposal
plot- is estimated. Transfer coefficients (B from Table E-1 of

,eg RegulatoryGuide1.109wereusedtoestimatetkI)fractionofradio- '

nuclide which may be expected to transfer to the feed from the soil.

2. Concentrations of radionuclides in milk and meat were estimated
using Formula A-11 from Regulatory Guide 1.109.

3. Ingestion dose rates were estimated using Formula A-12 from
Regulatory Guide 1.109.

C. Hilk and Meat incestion Pathway Dose Rate Calculation

1. Concentration in feed.

Activity in Feed = B * Activity in Soilgy

Concentration in Feed = Activity in Feed /(ko o Feed * 5 Acres) |

Radionuclide
Activity in Activity in Concentration in

Radionuclide Soil (pCi) Feed (pCi) Feed (pC1/kg)
|

Co-60 13.2 1. 24E-01 6.67E+00
Cs-137 8.5 8.50E-02 4.57E+00

2. Concentration in Milk and Meat

[ Calculate concentrations of radionuclides in milk and meat using
(

E-31
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Formula A-11 in Regulatory Guide 1.109, Revision 1 which is i
i

* Cyp QpCgg , Fgg
*

!
where C = radionuclide concentration of i in component A |

F = stable element transfer coefficient whose values are in '

Table E-1 of the Regulatory Guide ;
C radionuclide concentration in feed ip == consumption rate of feed = 50 kg/d (wet weight) fromQ i

Regulatory Guide 1.109 !
!

Use the following Regulatory Guide 1.109 values for F gg ;

Fgg=, (d/1) for milk Fgg=Ff (d/kg) for meat jElement,

Co 1.0E-03 1.3E-02
Cs 1.2E-02 4.0E-03 :

!
Concentration in Concentration in

Radionuclide Milk (DCi/1) Meat (pCi/kg)
.

.

'
.

Co-60 3.34E-01 4.34E+00
Cs-137 2.74E+00 9.14E-01,

3. Calculated Dose rates
'

(
!

l The fomula for total dose from eating animal products fed vegeta-
tion (alfalfa) grown on PBNP sludge applied land is given by -|

,

Regulatory Guide 1.109, Revision 1, Fomula A-12, page 1.109-16. i~

But, as noted following equation A-13, it is necessary to compute ;
separately the milk and meat portions of the dose. i

] DOSE = I(U,p*D ,pg*exp(-A t,)) g9 g

I where U = consumption rate of animal product '

C$ = conc of radionuclide i in animal product A,

i

D *P8 = average time between milking or slaughtering andtf
= dose factor .

:
; consumption <

| U,, by Age Group [
Infant Child Teenacer Adult :

Milk (1/yr) 330 330 400 310
Meat (kg/yr) 41 65 110-

t

C = concentration calculated above i
'

gg,

D ,E9 = DF whole body dose factors, Regulatory Guide 1.109 Ig

Revision 1. '

i
s

!
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Whole Body Dose Factors (ares /pti Incested)

Infant Child Teenager Adu' t
Nuclide Incestion Incestion Incestion Ingestion

Co-60 2.55E-05 1.56E-05 6.33E-06 4.72E-06
Cs-137 4. 33E-05 4. 62E-05 5.19E-05 7.14E-05

T = 0 for allk (assume consumption on fara)
5 = 20 days for meat (Regulatory Guide 1.109, Revision 1, Table E-15)

MILK INGESTION DOSE RATE (arem/ year)

Radionucline Infant Child Teenacer Adult

Co-60 2.81E-03 1.72E-03 8.46E-04 4.89E-04
Cs-137 3.92E-02 4.18E-02 5.69E-02 6.06E-02

TOTALS: 4.20E-02 4.35E-02 5.77E-02 6.11E-02

MEAT INGESTION DOSE RATE (ares / year)

Radionuclide Infant Child Teenager Adult

2.76E-03 1.77E-03 2.24E-03Co-60 -

Cs-137 1.73E-03 3.08E-03 7.18E-03-

'- TOTALS: 4.49E-03 4.85E-03 9.42E-03-

MEAT AND MILK INGESTION PATHWAY DOSE RATES (arem/ year)

Infant - 4.20E-02
Child - 4.'80E-02
Teenager - 6.26E-02
Adult - 7.05E-02

III. CALCULATION OF VEGETABLE INGESTION PATWAY EXPOSURES

A. Soecific Assumotions

1. The WPOES persit issued to PBNP for the disposal of sewage
sludge prohibits the growing of crops for human consumption
for one year following the application of the sewage sludge. !

Therefore, prior to planting vegetables on the application ?

site, the soil would be plowed. Plowing is assumed to uni-
formly six the top 6 inches of soil.

'

i
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2. The soil density is assumed,to be 1.3 grams /cm3

3. All vegetables consumed by the individual of interest are
grown on the sludge applied acreage.

4. Stable element transfer coefficients (84 ) from Regulatory
Guide 1.109areusedtoestimatethefraltionofradio-
activity transfered from the soll to the vegetables.

,

Radionuclide O
iv

Co-60 9. 4 E-03
Cs-137 1.0E-02

-

i

5.
The consumption factors of food medium (U,pTable E-5 are used) and the mass basis
distributions from Regulatory Guide 1.109,
to determine annual consumption of vegetables.

U,,by Age Group *

Infant; Child Teen Adult

280 kg/yr 340 kg/yr 280 kg/yr-

p * Based on 54% vegetable consumption by mass of fruit, vegetable,(j and grain.I

6. The Ingestion Dose Factors by age group are from Regulatory
Guide 1.109, Tables E-11 E-12, E-13, and E-14.

'

Whole Body Incestion Dose Factors (arem/pci incested)

Radionuclide Infant Child Teen Adult t

Co-60 2.55E-05 1.56E-05 6.33E-05 4.72E-06
Cs-137 4. 33E-05 4.62E-05 5.19E-05 7.14E-05 .

7. Radiological decay of the radionuclides applied to the plot is
not taken into account in these calculations.

<

B. Summary of Calculational Methodology

1. The radionuclide concentration in the soil is calculated in units
of PCi/kg based on unifom application over 5 acre plot, plowing j
to a depth of 6 inches, and a soil density of 1.3 g/cm2 |

The 8 ,the radionuclide concentration in the vegetables
2. 4 values are applied to the soil concentration values to

obtain
.

O The consumption factors (U for each age group are then used3.
todeterminetheannualra8So)nuclideintakebyagegroupdue
to eating these vegetables.

E-34
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/ 4. Finally, the age dependent ingestion dose factors are used to
' obtain annual doses by age group.

C. Vegetable Pathway Ingestion Dose Rate Calculations

1. Concentration in soil

Concentration
*

Activity Soil Volume Soil Mass In Soil
Radionuclide Applied (pCi) (cm3) (ko) (pCi/ko)

,

Co-60 13.2 3.08E+09 4.00E+06 3.30E+00
Cs-137 8.5 3.08E+09 4.00E+06 2.13E+00

2. Concentration in vegetables

Concentration
Concentration In I" Y'9'''DI'5B '

Radionuclide Soil (pci/ko) iv (pCi/ko)

Co-60 3.30E+00 9.4E-03 3.10E-02
Cs-137 2.13E+00 1.0E-02 2.13E-02

3. Calculated Dose Rates
:

O The dose rate for direct ingestion of vegetables grown on the '

sludge applied land is given by the equation.

DOSE RATE = I U,p * D ,p) * EXP (-A t) * Cgg g

where
.

<

U = consumption ate of food medium
D*P
Af"P3==dosefactorforradionuclide,1radiological decay constant '

t = time between harvest and consumption :

C, = concentration of radionuclide, i, in food !
medium. |

1

t, the time batween harvest and ingestion, is assumed to be zero :

for this calculation.
i

:

!
*VEGETABLE INGESTION DOSE RATE (arem/ year)

Radionuclide Infant Child Teen Adult

Co-60 1.35E-04 6.67E-05 4.1CE-05-

Cs-137 2.76E-04 3.76E-04 4.26E-04-

TOTAL 4.11E-04 4.43E-04 4.67E-04-

,
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( IV. CALCULATION OF INHALATION OF RESUSPENDED RADIONUCLI0ES PATHWAY EXPOSURE

A. Specific Assumptions
.

1. The model used to determine the radionuclide concentration
in air above the sludge applied land is taken from WASH-1400,
USNRC, Reactor Safety Study - An Assessment of Accident Risks |
in Commercial Nuclear Power Plants. Appendix VI.

2. The radionuclide concentration in air remains constant for
year of interest, i.e., radiological decay and decrease in
resuspension factor are not taken into account for this
calculation.

3. The maximally exposed member of the general public is assumed '

to be the farmer using the plot of land with an occupancy of
64 hours per year.

4. The inadvertent intruder is assumed to occupy the plot of $
land for the entire year.

5. The Inhalation Dose Factors by age group are from Regulatory
Guide 1.109 Tables E-7, E-8. E-9, and E-10.

WHOLE BODY INHALATION DOSE FACTORS (area /pCi inhaled)
~

!

Radionuclide Infant Child Teen Adult

- Cr 60 8.41E-06 6.12E-06 2.48E-06 1.85E-06
Cs-137 3.25E-05 3.47E-05 3.89E-05 5.35E-05

't

LUNG INHALATION DOSE FACTORS (area /pCi inhaled)

Radionuclide Infant Child Teen Adult
_

Co-60 3.22E-03 1.91E-03 1.09E-03 7.46E-04
Cs-137 5.09E-05 2.81E-05 1.51E-05 9.40E-06

6. The age dependent inhalation rates are obtained from
Regulatory Guide 1.109, Table E-5.

Inhalation Rates (m2/yr)

Infant Child Teen Adult

1400 3700 8000 8000

E-36
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'] B. Summary of Calculational Methodology

1. The ground plane raifonuclide concentrations in pCi/m2

2. Calculate the resuspension factor utilizing equation given
in WASH-1400.

3. Obtain the radionuclida concentration in air (pC1/m3) above
plot utilizing methodology in WASH-1400.

4. Using parameters contained in Regulatory Guide 1.109,
calculate annual dose for continuous occupancy ard for
realistic. occupancy.

!
C. Inhalation of Resuspended Radionuclides in Air Pathway Dose Rate

Calculations - Resuspension of Radionuclide in Air

1. Ground plane radionuclide concentration

Ground Plane
. Ground Plane

Radionuclide Concentration (pC1/cm2) Concentration (pCi/m2)

Co-60 6.53E-08 6.53E+02
Cs-137 4.21E-08 4.21E+02

.

2. Calculation of resuspension factor, K (m' )
k From WASH-1400,

K(t) = 1.0E-09 + 1.0E-05 * EXP [-0.6769 * t)

Eere t = time since radionuclides were deposited on ground surface.
,

t is assumed to be 0 for these calculations, thereby maximizing
the resuspension factor.

Therefore,

K = 1.0E-05 m^

3. Calculate radionuclide concentration (pC1/m2) in air.

From WASH-1400,

K(a ) = air concentration (pti/M)~

surface deposit (pCi/ml)
or

.3
Air Concentration (pCf/m3) = surface deposit (pCi/m2) * K(a )

AIR CONCENTRATIONS

Radionuclide Air Concentrations (pCi/m2)
O
( Co-60 6.53E-03'- Cs-137 4.21E-03

E-37 -
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. 4. Dose Rate Calculations

Dese Rate (area /yr) = Inhalation Rate (m3/yr) * Air Conc. (pCi/m3) *
Dosa Conversion Factor (area /pci)

*
WHOLE BODY INHALATION DOSE RATE (arem/ year)

Radionuclide Infant Child Teen Adult '

Co-60 7.69E-05 1.48E-04 1.30E-04 9.66E-05
Cs-137 1.92E-04 5.41E-04 1.31E-03 1. 80E-03

TOTAL 2.69E-04 6.89E-04 1.44E-03 1.90E-03

LUNG INHALATION DOSE RATE (area / year)

Radionuclide Infant Child Teen Adult

Co-60 2.94E-02 4.61E-02 5.69E-02 3.90E-02
Cs-137 3.00E-04 4.3BE-04 5.09E-04 3.17E-04

.

TOTAL 2.97E-02 4.65E-02 5.74E-02 3.93E-02

\s s
INHALATION OF RESUSPENDED RADIONUCLIOES IN AIR DOSE RATES
.

WHOLE BODY DOSE RATE (area / year)

Occupancy Infant Child Teen Adult

Continuous 2. 69E-04 6.89E-04 1.44E-03 1.90E-03
Realistic 1.96E-06 5. 03E-06 1.05E-05 1.39E-05

,

|

LUNG DOSE RATE (area / year) !

Occupancy Infant Child Teen Adult

Continuous 2.97E-02 4.65E-02 5.74E-02 3.93E-02
Realistic 2.17E-04 3. 39E-04 4.19E-04 2.87E-04

'

,

V. CALCULATION OF WHOLE BODY EXPOSURES OUE TO RELEASE TO LAKE MICHIGAN

A. Soecific Assum.tions

/' 1. The methodology contained in the PBNP Offsite Oote Calculation
_

Manual (00CM) is used to perform this calculation.* ' '

E-38
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- 2. The entire activity. contained in'the sludge is released into

Lake Michigan.
|

,

.

3. The exposure pathways addressed by the 00CM methodology are f
ingestion of potable water from Two Rivers, WI water supply, . iingestion of fish at edge of initial mixing zone, ingestion of '|fresh and stored vegetables, irrigated with. Lake Michigan as '

source of water, ingestion of milk and meat from cows utilizing
Lake Michigan as drinking water source, swimming and boating
activities at edge of. initial mixing zone, and shoreline deposits. ~

,

B. Summary of Calculational Methodolony '

.

1. The activity released in the sludge-is converted into jCo-60 dose equivalent Curies. *

2. The annual design release limit from the 00CM is 94.7 Co-60 I,

equivalent curies.
< >

3. The annual design release limit is based on a limiting dose i
of 6 ares adult whole body. The annual dose due to sewage
sludge is calculated by a ratio of calculated celease compared |to release limit.

/:
C. Whole Body Exposure Calculations -

1. Co-60 equivalent Curies
.

Activity
DF /DF Co-60 eg. I.,

R_adionuclide CuCl) i Co-60 Activity (uCi) i
.,

'

Co-60' 13.2 1.00E+00 13.2 !
Cs-137 8.5 1.51E+01 128.4q

<

TOTAL 141.6pci Co-60
equivalent !

2. Ratio of dose limit to annual design release limit
' ,

I
; 6 ares !

94.7 Co-60 equivalent curies
{

-

.

3. Whole Body Dose Calculation
> >

Dose = 6 aren I
141.6pCi 94.7x10*pC1' !,,

!
-

Dose = 8.97E-06 mres I
,

i
;

O WHOLE BODY DOSE RM E (arem/ year) !
!

;

t
!
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DOSE StM4ARY

.

f

Maximally Exposed Individual
(_'\
(/ The identified credible exposure pathways for the maximally exposed individual 1

are:

1.) External exposure from ground plane source (realistic occupancy)
2.) Milk ingestion pathway
3.) Meat ingestion pathway
4.) Vegetable ingestion pathway
5.) Resuspension inhalation pathway (realistic occupancy)
6.) Pathways identified due to release to Lake Michigan.

AGE GROUP

Pathway Infant Child Teen Adult

External 8.23E-04 8.23E-04 8.23E-04 8.23E-04Milk 4.20E-02 4.35E-02 5.77E-02 6.11E-02
Heat 4.49E-03 4.85E-03 9.42E-03

-

vegetable 4.11E-04 4.43E-04 4. 67E-04
-

Inhalation 1.96E-06 S.03E-06 1.05E-05 1.39E-05
Water 8.97E-06 8.97E-06 8.97E-06 8.97E-06

TOTAL: 0.043 0.049 0.064 0.072
(area / year)

.

,

Inadvertent Intruder

The identified credible exposure pathways for the inadvertent intruder are:

1.) External exposure from ground plane source (continuous occupancy)
.

2.) Vegetable ingestion pathway
3.) Resuspension inhalation pathway (continuous occupancy)
4.) Pathways identified due to release to Lake Michigan.

AGE GROUP

Pathway Infant Child Teen Adult

External 1.13E-01 1.13E-01 1.13E-01 1.13E-01
Vegetable 4.11E-04 4.43E-04 4.67E-04-

Inhalation 2. 96E-04 6.89E-04 1.44E-03 1.90E-03
Water 8. 97E-0E 8.97E-06 8.97E-06 8.97E-06.

TOTAL: 0.113 0.114 0.115 0.115
(area / year)

Reviewing these tables, the calculated limiting doses for both the maximally
exposed individual and the inadvertent intruder occur for the adult age group.
These doses are:

,

Maximally Exposed Individual: 0.072 ares / yearO Inadvertent Intruder: 0.115 arem/ year

E-40
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_ fAPPENDIX F

BASIS FOR SETTING CONCENTRATION LIMITS AND ACTIVITY LIMIT f

FOR DISPOSAL OF SLUDGE !
t
>

i

I

h
i

.

',

h *

j
*

't
e

I

4

9

i

4

1

?

i
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1
!

Analyses of previously disposed sewage sludge have identified six different

,O radionuclides in the sludge. All six radionuclides did not occur in each !
disposal. Therefore, it is difficult to detemine a single concentration !

limit for regulating the disposal of the sludge from the storage tanks. |
!

!To provide a basis to regulate the disposal of the sewage sludge based on
identified radionuclide. concentrations, the following relation is proposed. j

N C |4

11*1"#9 ]0

1

where ;

N = number of different radionuclides identified in the !
sewage sludge. |

C = concentration of the ith radionuclide in theg
sewage sludge. i

MPCg = the MPC value of the ith radionuclide in the 1
sewage sludge, as listed in 10 CFR Part 20 |
Appendix B. Table II, Column 2. i

t

If this criteria is set, the sewage sludge may be disposed of by land spread- ,

ing provided the dose calculations (as identified in Appendix E) indicate |
dose rates within the prescribed limits. !.

The attachment to this' Appendix' details calculations performed to detemineO doses from four radionuclides identified in the sludge. The calculations are !

based on an identified concentration equal to 10% of the 10 CFR Part 20, |'

Appendix B, Table II, Column 2 valves. .The calculations use the methodology. |-

in Appendix E along with the exposure pathways identified in_ Appendix D to (
i

determine the dose rates. These calculations indicate the use of this i
methodology will maintain radiation doses within the appropriate limits. '

i

The maximum allowable activity disposed of per year per acre is calculated j
utilizing 10% of the MPC value, 10 CFR Part 20, Appendix B. Table II, Column 2, i
for Co-58. Volume limit per acre has been proposed at 4,000 gallons / acre / year.
Then. -!

!
'1.0E-05 pCi/cc * 4,000 gallons /acrs/ year x 3.785.43 cc/ gallon

,
= 151.4 pC1/ acre / year

! i

i
!

*

I

i|

( k
!

,

!
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ex Cs-134

- Concentration in Sludge: 9.0E-07 sci /a1

Sludge Volume Concentration Activity Ground Plane
(Gallons) (cm3) (uti/cm3) (pci) Concentration (uti/cm2)

15000 5.68E+07 9.00E-07 5.11E+01 2.53E-07

External Eroosure

y Dose Factor Ground Plane Concentration y Dose Rate(mrem /hr. per pCi/m2) (pCi/m2) (area / year)

1.20E-08 2.53E+03 2.66E-01

Continuous occupancy: 2.66E-01 aren/ year
Realistic Occupancy: 1.94E-03 area / year

Heat & Milk Pathway
,

Activity in Activity in Concentration in Concentration in Concentration in
Soil (pC1) Feed (uti) Feed (pCi/Ko) Milk (pCi/1) Meat (pCi/ko)

5.22E+01 5.11E-01 2.75E+01 1.65E+01 5.50E+00
N._

,
Milk Dose Rates (aren/ year)

Infant Child Teenacer Adult

3.87E-01 4.41E-01 6.03E-01 6.19E-01

Meat Oosa Rate (aren/ year)

Infant Child Teenacer Adult

1.83E-02 3.27E-02 7.32E-02-

Vecetable Pathway

Activity soil Volume Soil Mass Concentration Concentration
(uti) (Cm3) (KO) in Soil (pCi/Ko) in Vegetables (pCi/Ko)

5.11E+01 3.08E+09 4.00E+06 1.28E+01 1.28E-01

J
E-43
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d.

, Veoetable Pathway 00se Rates (area / year)

V Infant Child Teenacer Adult

2.90E-03 3.98E-03 4.34E-03-

Inhalation Pathway

Ground Plane K Air Concentration.

Concentration (DCi/m2) (m" ) (DCi/m3)

2.53E+03 1. 0E-05 2.53E-02

Inhalation Pathway Dose Rates (area / year)

Infant Child Teenacer Acult

continuous occupancy 1.88E-03 5.68E-03 1.39E-02 1.84E-02
Realistic Occupancy 1.38E-05 4.15E-05 1.01E-04 1.35E-04

Release to Lake Michican
4

Activity DF DF Co-60 eq. activityjf Co-60(pC1) (pC1)

5.11E+01 2.56E+01 1.31E+03

6 mrem ,1.31E+03 1 Ci
. 94.7 C1 1.0E+06 pCi = 8.29E-05 aren

Maximally Exposed Individual

Infant Child Teenacer Adult -

External 1.94E-03 1.94E-03 1.94E-03 1.94E-03
Milk 3.87E-01 4.41E-01 6.03E-01 6.19E-01 5

Heat 1.83E-02 3.27E-02 7.32E-02-

Vegetable 2.90E-03 3.98E-03 4.34E-03-

Inhalation 1.38E-05 4.15E-05 1.01E-04 1.35E-04
~

Water 8.29E-05 8.29E-05 8 29E-05 8.29E-05a

Totals: 3.89E-01 4.64E-01 6.42E-01 6.99E-01
|

Inadvertent Intruder

Infant Child Teenacer Adult

External 2.66E-01 2.66E-01 2.66E-01 2.66E-01
Vegetable 2.90E-03 3.98E-03 4.34E-03-

/^ Inhalation 1.88E-03 5.68E-03 1.39E-02 1.84E-02
( Water 8.29E-05 8.29E-05 8.29E-05 8.29E-05

Totals: 2.68E-01 2.75E-01 2. 84 E-01 2.89E-01
E-44
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!

Cs-137 I

!-
"

Concentration in Sludge: 2.0E-06 pC1/a1 |

Sludge Volume Concentration Activity Ground Plane :

(Gallons) (cm3) (uct/cs*)- (pC1) Concentration (pC1/cm2). !
'!

15000 5.68E+07 2.00E-06 1.14E+02 5.62E-07 j

!
.

External Exposure !

y Dose Factor Ground Plane Concentration y Dose Rate-

;

(aren/hr. per pCi/m2) (pC1/et) (ares / year)
|
:

4.20E-09 5.62E+03 2.07E-01 !
:

Continuous Occupancy: 2.07E-01 area / year i

Realistic Occupancy: 1.51E-03 aren/ year .

,

>
Meat & Milk Pathway |

Activity in Activity in Concentration in Concentration in Concentration in ,

Soil (pci) Feed (pC1) Feed (DCi/Ka) Milk (pC1/A) Meat (pCi/ko)
,

'
1.14E+02 1.14E+00 6.13E+01 3.68E+01 1.23E+01

|
.i

'

Milk Dose Rates (area / year) !
l

Infant Child Teensoor Adult j
i

5.26E-00 5.61E-01' 7.64E-01 8.15E-01 t

j
t

. Meat Dose Rate (eren/ year) ;
*

I

Infant Child Teenacer Adult !

2.33E-02 4.15E-02 9.56E-02-

!
Vegetable Pathwey -f

:

Activity . Soil Volume Soll Mass Concentration Concentration !
(uci) (Ca*) (Ko) in Soil (pci/Ko) in Venetables (pCi/Ko) ;

1.14E+02 3.08E+09 4.00E+06 2.85E+01 2.85E-01

s

i

j-
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Vroetable Pathway Dose Rates (nrem/y'ar)
e

.
Infant Child Tcenager Adult

3.69E-03 5.03E-03 5.70E-03
-

f~
l( Inhalation Pathway

Ground Plane K Air Concentration-

Concentration (pci/m2) (m" ) (pCi/m2) -

5.62E+03 1.0E-05 5.62E-02

Inhalation Pathway Dose Rates (area / year)

Infant Child Teenager Adult
Continuous Occupancy 2.56E-03 7.22E-03 1.75E-02 2.41E-02Realistic Occupancy 1.87E-05 5.27E-05 1.28E-04 1.76E-04

Release to Lake Michigan

Activity DF /0F Co-60 eq. activity9 Co-60(uti)__ (uti)
.

1.14E+02 1.51E+01 1.72E+03

* *
47 i 1.0E+ pCi = 1.09E-M arem

,
Maximally Exposed Individual

Infant Child _ Teenager Adult

External 1.51E-03 1.51E-03 1.51E-03 1.51E-03Milk 5.26E-01 5. 61E-01 7. 64E-01 8.15E-01Heat 2.33E-02 4.15E-02 5.70E-03
-

Vegetable 3.69E-03 5.03E-03 5.70E-03
-

Inhalation 1.87E-05 5.27E-05 1. 28E-04 1.76E-04Water 1.09E-04 1.09E-04 1.09E-04 1.09E-04 +

Totals: 5.28E-01 5.90E-01 8.12E-01 9.19E-01

Inadvertent Intruder

Infant Child Teenacer Adult
External 2.07E-01 2.07E-01 2.07E-01 2.07E-01Vegetable 3.69E-03 5.03E-03 5.70E-03

-

Inhalation 2.56E-03 .22E-03 1.75E-02 2.41E-02Water 1.09E-04 1.09E-04 1.09E-04 1.09E-04

Totals: 2.10E-01 2.18E-01 2.30E-01 2.37E-01

E-46
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Co-58

U concentration in Sludge: 1.00E-05 pCi/m1

Sludge Volume Concentration Activity Ground Plane
(Gallons) (cm3) (uti/cm3) (uC1) Concentration (uti/cm2)

15000 5.68E+07 1.00E-05 5.68E+02 2.81E-06

External Exposure

y Dose Factor Ground Plane Concentration y Dose Rate
(arem/hr. per pCi/m2) (DCi/m2) (arem/ year)

7.00E-09 2.81E+04 1.72E+00

Continuous Occupancy: 1.72E+00 aren/ year
Realistic Occupancy: 1.26E-02 ares / year

Meat & Milk Pathway

Activity in Activity in Concentration in Concentration in Concentration in
soil (uci)_ Feed (uti) Feed (pC1/Ko) Milk (pCi/1) Meat (pCi/kg)-

5.68E+02 5.34E+00 2.87E+02 1.44E+01 1.87E+02

,
Milk Dose Rates (ares / year)

Infant Child Teenacer Adult

4.27E-02 2.62E-02 1.29E-02 7.45E-03

Meat Dose Rate (aren/ year)

Infant Child Teenacer Adult

4.22E-02 2.72E-02 3.44E-02-

Vegetable Pathway
1

Activity soil Volume Soil Mass Concentration Concentration
(pCi) (Cm3) (Ko) in soil (pC1/Ko) in Vegetables (pCi/Ka)

___

5.68E+02 3.08E+09 4.0rE+06 1.42E-04 1.33E+00

)
I

k
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VenetableYathway D::se Rates (tres/ year)
i
'

Infant Child Teenacer Adult

2.05E-03 1.01E-03 6.22E-04-

Inhalation Pathway '

i

Ground Plane K Air Concentration
Concentration (oCi/m2) (m'2) (oCi/m3) I

i

2.81E+04 1.0E-05 2.81E-01
?
|

Inhalation Pathway Dose Rates (aren/ year) ~

1

Infant Child Teensoer Adult'

Continuous Occupancy 5.11E-04 8.89E-04 7.80E-04 5. 82E-04 I

Realistic Occupancy 3.74E-06 6.49E-06 5.70E-06 4.25E-06 :
i

Release to Lake Michican

Activity DF /DF Co-60 eq. activity Ig Co-60(uti) (uci) i
. .

5.68E+02 3.54E-01 2.01E+02

6 arem a 2.01E+02 pCi , 1 Ci
94.7 Ci 1.0E+06 pCi = 1.27E-05 area i

|.

Maximally Exposed Individual

Infant Child Teenacer Adult
; i

External 1.26E-02 1.26E-02 1.26E-02 1.26E-02 '

Milk 4.27E-02 2.62E-02- 1.29E-02 7.45E-03
; Meat 4.22E-02 2.72E-02 3.44E-02-

Vegetable 2.05E-03 1.01E-03 6.22E-04-

Inhalation 3.74E-06 6.49E-06 5.70E-06 4.25E-06
Water 1.27E-05 1.27E-05 1.27E-05 1.27E-05 1

,

3

Totals: 5.53E-02 8.31E-02 5.37E-02 5.51E-02
,

h
Inadvertent Intruder I,

p Infant Child Teenacer Adult |
i

External 1.72E+00 1.72E+00 1.72E+00 1.72E+00
Vegetable 2.05E-03 1.01E-03 6.22E-04-

Inhalation 5.11E-04 8.89E-04 7.80E-04 5.82E-04 iO Water 1.27E-05 1.27E-05 1.27E-05 1.27E-05 :

Totals: 1.72E+00 1.72E+00' 1.72E+00 1.72E+00 I
E-48

. -

j
f

'

__s _ __ ______________m ____m__m __ - _m__- - - , - - -- -



- "' x .

I

!
t

co-60 -

' Concentration in Sludge: 5.0E-06 pCi/mi |

Sludge Volume Concentration Activity Ground Plane
(Gallons) (cm3) (4C1/cm3) (uti) Concentration (uci/cm2) j

,

15000 5.68E+07 5.00E-06 2.84E+02 1.41E-06 i
i

i

External Exposure

y Dose Factor Ground Plane Concentration y Dose Rate I

(arem/hr. per pCi/m2) (pci/st) (ares / year) '

'

1.70E-08 1.41E+04 2.09E+00

Continuous occupancy: 2.09E+00 aren/ year
,

Realistic Occupancy: 1.53E-02 aren/ year
1

i

'

Heat & Milk Pathway . . .

Activity in Activity in Concentration in Concentration in Concentration in
Soil (pci) Feed (uti) Feed (pCi/Kg) Milk (DCi/1) Meat (pti/ko)

2.84E+02 2.67E+00 1.44E+02 7.18E+00 9.33E+01

i
- Milk Dose Rates (area / year) !

!

Infant Child Teenager Adult !

6.04E-02 3.70E-02 1.82E-02 1.05E-02 |
!

Meat Oose Rate (area / year)
|

Infant Child Teenacer Adult :

'
.

5.97E-02- 3.84E-02 4.84E-02-

j

|
Vegetable Pathway +

:

Activity Soil Volume Soil Mass Concentration Concentration :
(uci) (Cm3) (Kg) in soil (pci/Ka) in Venetables (pCi/Ka) :

2.84E+02 3. 08E+09 4.00E+06 7.10E+01 6.67E-01 ;

E-49 i
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!

Vegetable Pathway Dose Rates (ares / year) .f
"

Infant Child Teenacer Adult f
t

2.91E-03 1.44E-03 8.82E-04-

;

Inhalation Pathway

i

Ground Plane K Air Concentration i

Concentration (DCi/m } (m 1) (DC1/m3) ',

|1.41E+04 1.0E-05 1.41E-01

-Inhalation Pathway Dose Rates (ares / year)
,

!

|Infant Child Teenager Adult

Continuous Occupancy 1.66E-03 3.19E-03 2.80E-03 2.09E-03 !

Realistic occupancy 1.21E-05 2.33E-05 2.05E-05 1.53E-05 |

|
Release to Lake Michigan !

|

Activity DF /DF Co-60 eq. activity !9 Co-60(pC1) (uti)
,

;

O !.

'

6 stem 2.84E+02pci . 1 Ci
94.7 Ci 1.0E+06 pCi = 1.80E-05 ares .;

!

,

*; j
'Maximally Exposed Individual

Infant Child Teenacer Adult
,

External 1.53E-02 1.53E-02 1.53E-02 1.53E-0$ '!
Milk 6.04E-02 3.70E-02 -1.82E-02 1.05E-02 !,

5.97E-02 3.84E-02 4.84E-02 :Meat -

2.91E-03- 1.44E-03 8.82E-04Vegetable -
;

Inhalation 1.21E-05 2.33E-05 2.05E-05 '1.53E-05 ;

Water 1.80E-05 1.80E-05 1.80E-05 -1.80E-05' ,

Totals: 7.57E-02 1.15E-01 7.38E-02 7.51E-02 |
-

!

Inadvertent Intruder !

!
Infant Child Teenager Adult j

i

External 2.09E+00 2.09E+00 2.09E+00 2.09E+00 !
2.91E-03 1.44E-03 8.82E-04 1Vegetable -

Inhalation 1.66E-03 3.1SE-03 2.80E-03 2.09E-03. !

Water 1.80E-05 1.80E-05 1.80E-03 1.80E-03 -

Totals: 2.09E+00 2.10E+00 2.10E+00 2.09E+00 1

E-50
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APPENDIX G !-

>
)
!

CALCULATIONAL METHODOLOGY FOR DETERMINING
|

EXTERNAL DOSE RATES FROM RADIONUCLIDES
| !

AFTER INCORPORATION INTO S0IL
,

I
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( Wisconsin Electric utilizes QAD, a nationally recognized computer code, to !

perfore shielding and dose rate analyses. The QAD computer code utilizes a
point kernel methodology to calculate the dose rate at a specified point ;

due to a given source of radiation. -

QAD will be used to calculate the dose rate due to standing on a plot of land I
utilized for sludge disposal after the radionuclides.have been incorporated I
into the plot by plowing. The following parameters will be used in the
calculation

>

* The total activity from all previous disposals will be
corrected for radiological decay and used as the radio-' i

nuclide source ters. *
,

Appropriate values will be used to represent the surface !*

area of the plot. |
!

The radionuclides will be assumed to be incorporated I
*

uniformly into the top six inches of soil. !

The dose rate will be calculated at a height of 1 meter !
'

*

above the ground plane at a depth of 5 centimeters in ;

tissue. (Regulatory Guide 1.109 values). j
i

* The density of the soil will be assumed to be 1.3 grams / |
cubic centimeter. t

:

This calculated dose rate will be used to assess the radiological consequences !
of past disposals in conjunction with the consequences of proposed future !

disposals. The total radiological dose consequence of the past and the pro- ;

posed disposal will be compared to the applicable limits to insure the dose !
is maintained at or below the limits. >

-

.

;
.
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APPENDIX F

Modifications to the Wisconsin Electric submittal to the
United States Nuclear Regulatory Commission dated
October 8, 1987 (VPNPD-87-430, NRC-87-104), Disposal by Land
Application of Sewage Sludge Containing Minute Quantities of
Radioactive Material.
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MODIFICATION #1 ,

CHANGE TO ORIGINAL SUEMITTAL

Section 3.2, Disposal Procedure (page 3)

Section 3.3, Administrative Procedure (page 4)

The requirements for sludge characterization (the determination of the
chemical and physical properties of the sludge) contained in the sections
referenced above are modified to allow characterization of the sludge on an
annual basis.

BASIS / EXPLANATION

The October 8,1987 submittal to the USNRC for permission to dispose of sewage
treatment sludge containing minute quantities of radioactive material requires
that, " prior to disposal the waste stream will be monitored to determine the
physical and chemical properties of the sludge. Subsequent to the sub-"

...

mittal and the approval by the NRC, a new Wisconsin Pollutant Discharge
,s Elimination System (WPDES) permit was issued to the Point Beach Nuclear Plant

;

(g by the Wisconsin Department of Natural Resources on November 30, 1988. Both t

the new WPDES permit and the Point Beach Nuclear Plant Sludge Management Plan
specify an annual required frequency for the evaluation of the sludge

,

characteristics. !

,

The original requirement to perform the characterization of the chemical and
physical properties of the sewage sludge prior to each disposal has proven
time consuming and costly for Wisconsin Electric Lab Services. Preparation
of special analytical standards are required to complete the characterization
study. The preparation of these standards, sample preparation, and the actual
analyses are all manpower intensive and difficult to perform on a timely-

basis. This has led to requiring overtime for Lab Services personnel and
support from outside companies. In order to better utilize the resources of
Lab Services while maintaining the requirements of the WPDES permit, the
frequency of sludge characterization in the October 8,1987 submittal to the

-NRC should be changed to an annual requirement.

This change in the requiled frequency for determination of the sludge
characteristics does not change the requirement to analyze the sewage sludge
for radionuclide content or perform dose evaluations ' prior to each disposal.

i
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